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ABSTRACT 

An economical structural system which would mitigate undesirable cost due to seismic and wind  

loads.Seismic and wind loading should consider carefully in Building design in Bangladesh which is 

situated highly earthquake and tornedo/tyfoon pron area. The objective of this research is to analysis, 

design and optimization of multistoried building subjected to seismic and wind  loading using ETABS 

and OPTIMA software respectively. Two case study of computer aided analysis, design and 

optimization of multi-storied building subjected to seismic and wind loading have been conducted in 

this research. The base shear, seismic load of different floor level and seismic shear of different floor 

level are calculated in this study. An extensive analysis and design works was conducted on column 

axial load, column-beam shear & moment  for  eight storied residential building considering 

combination of dead load, live load and earthquake load according to BNBC-2013. The deflection of 

various members, inter-storey drift, lateral displacement of the whole structure and stress of all 

members were checked comparison with limiting value of the design criteria. Moreover, a research is 

conducted on 67 storied tall building to determine the size and stiffness of the variable structural 

elements due to the lateral combined wind load resisting system. After the preliminary design, the 

various cross section of beams and column were reduced by considering their efficiency. Finalize the 

optimum member sizes in which the volume of concrete and quantity of steel is  saved to precise 

amount and maximize the usable floor area by satisfying the design criteria. Finally, the optimum 

member sizes increase the floor area and saving cost up to 12.24% and 10-30% for seismic and wind 

loading respectively. 

 

Keywords: Building; computer aided analysis; design and optimization; siesmic and wind loading 

 

INTRODUCTION 

Structural engineers are facing the challenge of striving for the most efficient and economical design 

solution while ensuring that the final design of a building must be serviceable for its intended 

function, habitable for its occupants and safe over its design life-time. Generally, the design of 

buildings must satisfy earthquakes or severe wind storm loading criteria. The building should have 

sufficient strength and stiffness to control deflection and prevent any structural damage or collapse. 

Deflection of various members, inter-storey drift and  lateral drift performance is a principal concern 

in the seismic design of building structures. The economic design of elements of building structures 

for various levels of lateral drift performance under multiple levels of earthquake loads is generally a 

rather difficult and challenging task. Chan and Zou (2004) conducted a research on drift performance 

optimization for reinforced concrete buildings under earthquake loads using optimality criteria 

approach. An efficient computer-based optimization technique has been developed for lateral stiffness 

design of tall buildings by Chan (1997), Chan and Sui (1997). They developed an efficient computer-

based optimization technique for lateral stiffness design of tall buildings. The optimization technique, 

based on a rigorously derived Optimality Criteria (OC) approach, is capable of optimizing large-scale 

tall steel and or reinforced concrete buildings subject to multiple static wind drift and dynamic wind-

induced vibration design constraints.  

The effectiveness of the state-of-the-art optimization technique has been demonstrated through its 

actual design application on a number of the tallest buildings in Hong Kong Chan (2001, 2004). Field 
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application projects optimized by OPTIMA softwere is shown in Fig. 1. Chan (2004). These actual 

applications represent a major advance in the use of structural optimization techniques for practical 

tall building designs, it should be noted that the research has been primarily focused on the elastic 

wind drift performance of tall buildings. ETABS soft were  used  for optimization of  selected field 

applied projects as shown in Fig. 2. Much effort is still needed to extend the current optimization 

technique to inelastic seismic design of multi-story buildings. Recent trends to construct increasingly 

slender and taller buildings which are wind-sensitive. Very often, such slender and tall buildings 

different member size and stiffness may experience over design or under design. Optimization 

technique can overcome this problem. Therefore a research is needed for effective analysis, design 

and optimization technique of multistoried building. Selected Building This paper presents an 

effective analysis, design and optimization technique of multistoried building subjected to seismic and 

wind loading using ETABS and OPTIMA. Optimization technique always improves the quality of 

design, increase the floor area and saving cost. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                     Fig. 1: Selected building projects optimized by OPTIMA in Hong Kong, China 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                     Fig. 2: Selected building projects optimized by ETABS in Rajshahi, Bangladesh 

 

METHODOLOGY  

The emerging structural optimization technology provides a promising design tool to automate the 

structural synthesis process and to aid in searching for the best design to meet various design 

requirements.Transforming structural optimization theory into design practice of realistic civil 
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engineering structures has always been regarded a difficult task An extensive reserach to analysis, 

design and optimization of multi storied building is conducted subjected to seismic and wind loading 

using ETABS and OPTIMA software respectively. A eight story residential buliding is considered for 

analysis, design and optimization subjected to sismic loading using ETABS. Although there exist 

powerful finite element software for precise prediction of dynamic seismic responses of structures, 

structural optimization of large-scale building structures for various levels of elastic and inelastic 

seismic performance under multiple levels of earthquake events is generally a challenging and 

difficult task.  

Recent attempts have been made to develop an automatic optimal elastic and inelastic seismic drift 

design of concrete framework structures Chan and Zou (2004), Zou  and Chan (2004, 2005a) and 

base-isolated building systems Chan (2005b). Research in the past normally expressed dynamic 

response performance constraints by calculating sensitivity derivatives of equations of motion with 

respect to design variables. Such a sensitivity formulation may be straightforward; but it requires 

enormous instantaneous sensitivity computations and may lead to divergent solution fluctuations. The 

recent studies have shown that a more stable seismic drift responses modeled by various response 

spectrum, time history and pushover analysis methods can be formulated accurately by the Principle 

of Virtual Work Chan and Zou (2004), Zou  and Chan (2004,  2005a). Once the structural form of a 

building is established, the major effort is to size the structural members to satisfy all safety and wind-

induced stability and serviceability design requirements. For a general tall building structure 

composed of ts = 1,2,..,  Ns skeletal steel, ic =1,2, ..,Nc concrete frame elements and  it =1,2, .., Nt 

concrete shear wall panels, the optimal element sizing design can be formulated as follows. 

 

 

 

This formulation was considered subject to top drift constraints, inter storey drift constraints, wind 

induced acceleration constraints, element strength constraints, steel element, sizing constraints, 

concrete element width sizing, constraints, and concrete element depth sizing constraints, concrete 

wall thickness sizing constraints. Similarly, a sixty five story tall buliding is considered for  

optimization subjected to wind tunnel loading using OPTIMA software. Building model was 

generated, assign load, analysis, design and optimization have been completed according to the 

requirements of the selected building code. OPTIMA has been based on an integrated system 

approach as outlined in Fig. 3.  

 

 

 

 

 

 

 

 

 
                      Fig. 4 Integrated design work flow 

 

 

 

 

 
 

                      Fig. 3:  Integrated design work flow 

 

Optimal design formulation is included in this study. All of these modeling and analysis options are 

completely integrated with a wide range of steel and concrete design features. In this paper, the 

Optimality Criteria (OC) method, which has been widely used in the aerospace industry Venkayya 

(1989) and shown to be very effective in lateral drift design of tall buildings Chan (1992, 1997, 2001) 

and Chan et al (1995) will be extended to minimize the cost of tall symmetric steel buildings subject 

(1) 
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to wind-induced acceleration performance constraints expressed in terms of the natural frequency of 

the building. In this approach, a set of necessary optimality conditions for the optimal design is first 

derived and a recursive algorithm is then applied to search for the optimal design indirectly by 

satisfying the set of optimality conditions.  

 

RESULTS AND DISCUSSIONS 

Building model and deflected shape of the building by ETAB‘S subjected to earthquake load is shown 

in Fig. 4. Fig 5 presents the variation of quantity of concrete vs No. of trial analysis and  quantity of 

steel vs volume of concrete. Optimum point was found at point B. Optimal structure design is 

becoming increasing significant due to limited material resources. Fig. 6-7 presents the optimal design 

modling and results form numerical analysis. The members which is shown red colour in the work 

density diagram shown are considered as the relative efficient members (or the critical members) of 

the structure under the given set of design constraints as shown in Fig. 5 and 6. In this model, the 

efficient members under the given set of wind load are found. Economy in design can be achieved 

through an optimization procedure by aiming to find the most efficient structure that will satisfy the 

design criteria.  

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) Generation of the building model                                     (b) Deflected Shape of the structure  

Fig.4: Generation of building and deflected shape of the building by ETAB‘S  

 

 

 

 

 

 

 

 

 

 

 

 

 
(a) Variation of concrete – No. of trial analysis.       (b) Variation of quantity of steel vs volume of concrete 

Fig. 5:  Variation of quantity of concrete vs No. of trial analysis and quantity of steel vs volume of concrete 

The cost comparison of initial model of 67 storied tall build subjected to wind loading and optimized 

model is shown Table 1. The optimum member sizes increase the floor area and saving cost up to 

12.24% and 10-30% for seismic and wind loading respectively. 
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  (a) Work density of 6-10 floor    (b) Work density of 51-55 floor     (c) Work density of 68-73 floor 

Fig. 6: Work density of different floor using OPTIMA 

 

 

 

                                                    

 

 

 

 

 

 

 

 

 
(a) Front view                                                                               (b) back side view 

 

Fig 7:  Over all work density of Front view and back side view. 

 

Table 1. Initial and optimized model comparison using OPTIMA 

Item Initial design 

Model 

5th Cycle 

optimized  

design model 

Drift (Overall) 1 / 424.52 1 / 424.52 

Total Column Member (No.) 380 380 

Total Beam Member (No.) 2,897 2,905 

Total Wall (No.) 7,357 7,358 

Brace (No.) 94 102 

Total Structure Element (No.) 10,728 10,744 

Total length of element 11,414 11,520 

Total planar area (m2) 1,704 1,810 

Total volume of element (m3) 14,157 13,850 

Total cost ($) 4.59 x 107 (Approx.) 4.11 x 

107 

Cost Saving  = 0.48 x 107 
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CONCLUSIONS 

Structural optimization is an advanced computational technique, which replaces the traditional trial-

and-error design procedure by a systematic goal-oriented design synthesis process. Remarkable 

progress has been made on developing an optimization procedure for element sizing optimization of 

practical tall buildings. The effectiveness of the state-of-the-art optimization software OPTIMA has 

been well attested through applications to the design of numerous tallest building projects in Hong 

Kong and Bangladesh. While some initial successes in practical structural optimization have been 

demonstrated in the lateral stiffness and serviceability design of tall buildings, research is still needed 

to advance the field of structural optimization to further develop innovative techniques for a wider 

spectrum of design problems associated with practical engineering of buildings. The efficient 

members under the given set of wind load are found. Economy in design can be achieved through an 

optimization procedure by aiming to find the most efficient structure that will satisfy the design 

criteria. The optimum member sizes increase the floor area and saving cost up to 12.24% and 10-30% 

for seismic and wind loading respectively. Efficient structural design also leads to a better foundation 

design, even in difficult soil conditions. 
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ABSTRACT 

Thin profiled steel sheets are commonly connected to the underlying purlins or steel trusses/frame by 

drilling or tapping of screws and bolts. Fire resistance is quite important for thin steel structures due to 

the fact that the material properties of structural steel become sensitive when temperature exceeds 

approximately 400ºC. The objective of this research to investigate the structural behaviour of screw 

and botted connection of thin profiled steel sheet after elevated temperature. A total of 108 connection 

coupon test including 48 connected specimens at high temperature tensile tests were conducted to 

investigate the material deterioration of the thin profiled sheet steels at elevated temperature. A series 

of test was conducted for bolts and  screw connections in form of  single and double shear conditions 

of thin profiled sheet steels from 25 ºC to 1250ºC temperatures. The investigation was also varied in 

bolt size, screw size, bolt arrangement, screw arrangements and 7 different temperatures. The failure 

modes and ultimate strength of shear of bolted and screwed connections of thin profiled sheet steels 

after elevated temperatures are presented. Based on the test results, it was found that the material 

properties of the profiled steel sheets were found to deteriorate and bolted is better than screwed 

connections after elevated temperatures. The comparison between the deterioration of the tested 

connection strengths and that of the material properties at elevated temperatures showed a similar 

tendency of reduction. 

 

Keywords: Bolted and screw connection; elevated temperatures; failure modes; thin sheet steel; 

ultimate strength 

 

INTRODUCTION 

Bolted and screwed are two conventional connection types which are widely used in light gauge and 

thin steel structures as shown in Fig. 1. Makelainen and Miller (1983) carried out tensile tests of cold-

formed galvanized sheet steel Z33 at elevated temperatures using transient state and steady state 

methods. Behviour of bolted and screwed connections have been investigated by different researches 

(LaBoube and Sokol, 2002; Lim and Young, 2007; Lu et al. 2009; Moze and Beg, 2011; 

Nithyadharan, and Kalyanaraman, 2011). The current design specification for cold-formed steel 

structures, such as the North American Specification (2007), Australian/New Zealand Standard 

(2005) and the Eurocode 3 (2006), provide design rules for bolted and screwed connections. These 

design rules are categorized by different failure modes. However, these design rules of the bolted and 

screwed connections for cold-formed steel structures in these specifications are slightly different. 

Various terms may be adopted by different specifications to define a similar failure mode. It should be 

noted that the design rules for screwed and bolted connection in the current design specifications of 

cold-formed steel structures are only applicable at ambient temperature condition. The North 

American Specification (2007), Australian/New Zealand Standard (2005) for cold-formed steel 

structures improved the bearing factors in the design rules of bearing failure based on hundreds of test 

specimens conducted by Rogers and Hancock (1998,1999, 2000) at ambient temperature. 

The fire resistance of steel structures is an important issue that engineers need to consider. A series of 

equations was proposed to predict the material properties of cold-formed steel at elevated 

temperatures based on coupon test results Chen and Young (2007). The experimental investigation on 

single shear bolted connection specimens of thin sheet steels tested at elevated temperatures using 

steady state test method is reported by Shu and Young (2011). It was shown that the current design 
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equations of single shear bolted connections in the American (2007), Australian/New Zealand (2005) 

and European specifications (2006) provide conservative predictions at elevated temperatures by 

substituting the deteriorated material properties. However, experimental investigation on shear of 

screw and bolted connections of thin sheet steels at elevated temperatures using the transient state 

method is limited. There is no research on such connections after elevated temperature. Therefore, an 

investigation is needed to know the structural behaviour of screw and botted connection of thin 

profiled steel sheet after elevated temperature.  In this study, the structural behaviour of 48 single-

double shear bolted and screw connections fabricated were investigated experimentally by varied in 

bolt size, screw size, bolt arrangement, screw arrangements and 7 different temperatures.  

 

 

 
Fig. 1: Field application of profiled steel sheet using bolted and screwed connections 

 

METHODOLOGY  

 
Material Properties 

Profiled steel sheet and composition layer of profiled steel sheet is shown in Fig. 2. The tensile 

coupons were prepared and tested according to the American Society for Testing and Materials 

Standard, ASTM  and the Australian Standard AS 1391 for the tensile testing of metals using 12.5 

mm wide coupons. Different heat insulating material which is used in this study is shown in Fig. 2.   
 

 

 

 
 

 
 

 

 

 

 

                               

                                    

          (a) Profiled steel sheet                                      (b) Profiled steel sheet composition                                

Fig.2:  Profile steel sheet and its composition 

 

Test Specimen 

A total of 108 connection specimen including 48 connection specimens at elevated temperature were 

experimentally investigated in this study. In the first step, 60 specimens were tested by  connecting 

with bolts and screws of  3 diffrrent diameter of 5.90 mm, 4.70 mm and 4.30 mm for single shear and 

double shear conditions to find out suitable connection specimen and optimum bolt and screw dia. 

Comparing the results for bolted connections the suitable connection type with the optimum bolt 

diameter was identified for both single shear and double shear conditions. In second step, 48 

connection test were conducted using suitable connection type with the optimum bolt diameter which 
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was heated in different elevated temperatures of 25, 250, 500, 700, 850, 1000, 1250 ºC. At first, the 

profiled steel sheets were cut with the snipping tools of certain dimensions 300 mm x 200 mm. The 

test was also conducted in two differen arrangenment of bolt and screw. There are mainly two types 

connection was adopted for this experiment such as bolt and screw are placed parally or vertically. 

B2-P (Two bolt parallel conncetion) test specimen and B2-V (Two bolt vertical conncetion) test 

specimen were adopted for the single shear and double shear bolted connections. The B2-P-test 

specimen and B2-V-test specimen were connected from end to end with bolts of diameter 5.90 mm, 

4.70 mm, 4.30 mm both for single shear and double shear condition as shown in Fig. 3. 

 

 

 

 

 

 

 

     

 

Fig. 3: Connection details for two bolt parallel and verital conncetions 

 

Test Procedure 

A seried of bolted and screwed connection tests were conducted in this study. The bolted and screwed 

connection tests were conducted by a servo-controlled hydraulic Universal Testing Machine which is 

mainly used for the coupon tests. Drilling and conneting of tensile test specimen is shown in Fig 4. 

The connection specimens were set into the grip of the machine as shown in Fig. 5. A pair of grip 

apparatus was specially fabricated in order to provide pin assembly at both ends of the test specimen. 

Two special gaskets were inserted in the grips, so that the shear surface of the single and doubly 

lapped specimen was purely vertical in-line to the loading direction. Clips linked with iron wire were 

used to prevent the extent of out-of-plane curling at the end of the profile steel sheet. After that, 

tensile load was applied gradually and the tensile stresses obtained from the machine were recorded at 

the room temperature. Then, suitable connection type, arrrangement with the optimum bolted & 

screwed diameter specmens were heated in different elevated temperatures of 25, 250, 500, 700, 850, 

1000, 1250 ºC as shown in Fig 6. 

 

RESULTS AND DISCUSSIONS 

A total of 108 connected including 48 connections at elevated temperature specimens varied in bolt-

screw size,   arrangement were tested in 7 different temperatures namely, 25, 250, 500, 700, 850, 1000 

and 1250˚C. The failure modes of steel connections were observed carefully and most of the cases the 

bearing failure occurred as shown in Fig 7-8 and Table1. Diameter of 4.7 and 4.3 mm for screw and 

bolt connections were found better performance for single shear and double shear respectively. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. Drilling and conneting of tensile test specimen 

 

(a) B2-P (Two bolt parallel conncetion) (b) B2-V (Two bolt vertical conncetion) 
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Fig. 5:  Test setup of tensile test specimen 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6:  Specimen at different temperature 

 

 

 

 

 

 

 

 

 

 
Fig.7: Tested failure mode of screw and bolt connection  

 

 

 

 

 

 

 

 

 

 

 
Fig. 8: Bearing failure after elevated temperature 
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Table 1: Comparison of single and double shear tensile of screw connection after elevated temperatures 

Specimen 
Length 

L (mm) 

Width 

W (mm) 

Temp 

(ºC) 

Tensile  Strength 

(lb) Failure 

mode Single 

shear 

Double 

shear 

S2-P- 12 300 50 25 640 560 Bearing Failure 

S2-P- 13 300 50 250 600 545 Bearing Failure 

S2-P- 14 300 50 500 560 525 Bearing Failure 

S2-P- 15 300 50 700 510 485 Bearing Failure 

S2-P- 16 300 50 850 480 450 Bearing Failure 

S2-P- 17 300 50 1000 430 410 Bearing Failure 

S2-P- 18 300 50 1250 410 390 Bearing Failure 

 

 

 

 

 

 

 

 

 

 

 

 

(a) Bolted single shear                                                  (b) Bolted double shear 

Fig. 9:  Comparison of tensile strength of single and double shear bolted connection after elevated 

temperatures  

 

 

 

 

 

 

 

 

 

 

 

(a) Bolt connection                                                          (b) Screw connection 

 

Fig. 10: Comparison of tensile strength of bolted and screwed double shear connection after elevated 

temperatures 

 

Based on the test results, two bolt or screw parallel connections are proved better performance than 

vertical arranged at elevated temperature. Single shear screwed and bolted connections are suitable 

than double shear screwed and bolted connection as shown in Table 1. and Fig. 9. It was found that 

the tensile strength of profiled steel sheet decreases linearly after the elevated temperatures as shown 
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in Fig.9. Moreover, it may be concluded that the bolted connections are more satisfactory than the 

screwed connections after the elevated temperatures as shown in Fig 10. 

 

CONCLUSION 
A series of test program on the structural behaviour of single-double shear, bolted and screwed 

connections of thin sheet steels at elevated temperatures has been presented. A total of 108 including 

48 connections at elevated temperature specimens varied in bolt-screw size, arrangement were tested 

in 7 different temperatures namely, 25, 250, 500, 700, 850, 1000 and 1250˚C. According to the test 

results, bearing failure mode were found most of the specimen at elevated temperature. The optimum 

diameter of 4.7 and 4.3 mm for screw and bolt connections were found for single shear and double 

shear respectively. Based on test results, two bolt or screw parallel connections are proved better 

performance than vertical arrange at elevated temperature. Single shear screwed and bolted 

connections are found suitable than double shear screwed and bolted connection. It was found that the 

tensile strength of profiled steel sheet decreases linearly after the elevated temperatures. Furthermore, 

it may be concluded that the bolted connections are more satisfactory than the screwed connections at 

the elevated temperatures. The comparison of the test strengths of single-double shear bolted-screwed 

connections with the tensile strengths of the material properties of the corresponding sheet steels 

obtained from the coupon tests has a similar tendency of deterioration at elevated temperatures. 
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ABSTRACT 

Laminated rubber bearings (LRB) are one of the widely used isolation devices in elevated highway 

for mitigation of seismic induced damages. This isolation bearing has some consequences problems 

due to strong motions which may causes detrimental effects such as instability of the bearing, 

pounding, unseating problems of the deck and permanent deformation of the bearings. Shape memory 

alloy (SMA) bars are known for their super-elastic properties, which have been utilized in various 

applications in the fields of engineering and science. More recently, these materials have been 

evaluated for applications in the domain of earthquake engineering. SMAs are unique materials with a 

substantial potential for retrofitting of elevated highway when incorporated with LRB. The novelty of 

SMAs lies in their ability to undergo large deformations and return to their undeformed shape through 

stress removal or shape memory effect. SMAs also have some surprising thermo-mechanical 

properties, including super-elasticity and hysteretic damping. All these features make this materials a 

promising solution for blending with LRB to minimize possible seismic risk of bridges which further 

justified by nonlinear dynamic analysis. This study investigates the effectiveness of SMA based 

rubber bearing (SRB) in compare to lead rubber bearing to reduce the seismic vulnerability of an 

elevated highway when subjected to far-field (FF) ground excitations that are spectrally matched to a 

target design spectrum. The seismic response quantities in the analysis include the absolute maximum 

values of pier displacement, bearing displacement, deck displacement, deck acceleration, bearing 

force and residual displacement. The numerical result shows that, the SMA bars are effective in 

limiting the seismic responses, particularly the residual displacement when blended with LRB. The 

combined strengths obtained from LRB and SMA bars offers an optimum synergy for bridge 

retrofitting. Both the Ni-Ti and Cu-Be-Al SMA alloy based rubber bearing proves their superiority in 

compare to the lead rubber bearing and the evidences focused by the analytical scheme.  

 

Keywords: Shape memory alloy bar; laminated rubber bearing; nonlinear dynamic analysis; super-

elasticity behaviour; seismic performance; retrofitting; elevated highway  

 

INTRODUCTION 

Laminated rubber bearings are one of widely used devices in seismic isolation of bridges and 

buildings. They are revealed the ability to carry vertical loads in compression and to accommodate 

shear deformations. The rubber layers, reinforced with steel shims, reduce the freedom to bulge by 

increasing the vertical stiffness of the bearing. Three types of laminated rubber bearings are widely 

used as seismic isolation devices: natural rubber bearing (RB), lead rubber bearing (LRB), and high 

damping rubber bearing (HDRB). RB occupies flexibility property and small damping and hence it 

has been used to accommodate the thermal movement, the effects of pre-stressing, creep, and 

shrinkage of superstructure of elevated highway or it has been used in seismic isolation by combining 

with other energy dissipation devices, such as lead, steel and viscous damper, etc. (Khan et al., 2015). 

Other two types of bearings possess high damping which are developed and widely used in various 

civil infrastructures including bridges in many countries, especially in Japan and USA (Khan, 2016). 

HDRB possess a variety of mechanical properties, which are influenced by their compounding effect, 

nonlinear elasto-plastic behaviour and temperature and strain-rate dependent viscosity property 

(Bhuiyan, 2009; Khan, 2016). Lead rubber bearings also acquire all the mechanical properties of 
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HDRB with reduced extent (Bhuiyan, 2009; Khan, 2016). LRB experiences some consequence-

problems when subjected to strong earthquake excitations, especially the near field (NF) earthquake 

ground motions (Ozubulut and Hurlebaus, 2011a; 2011b). The unfortunate coincidence of the natural 

period of the seismically isolated bridge with that of the NF earthquakes amplifies the seismic 

responses of isolation system. In particular, LRB experiences large horizontal deformation under NF 

earthquakes which cause detrimental problems, such as instability of the bearings, pounding and 

unseating problems of the bridge deck (Choi, 2005; Khan, 2016). In recent years, a number of 

attempts are reported, by combining LRBs and shape memory alloy (SMA) in seismic isolation of 

highway bridges, to partially solve the above mentioned limitations (Khan et al., 2015). The super-

elasticity accompanied by hysteresis property of the SMA allows it to fabricate with LRBs to reduce 

the residual deformation of the bridge system for sustainable seismic protection (Khan, 2016).  

 

The objective of this work is to carry out seismic performance analysis of a bridge acted upon by far 

field (FF) earthquake ground accelerations in longitudinal direction. In this regard, nonlinear dynamic 

analysis of a bridge pier using a direct time integration approach is carried out. Two types of isolation 

bearings are employed in the analysis: lead rubber bearing (LRB) and smart material based laminated 

rubber bearing (SRB). The LRB (Fig.1a) is manufactured by alternating rubber layers with steel shims 

along with lead plugs to be inserted through bearing while the SRB (Fig.1b) comprises Ni-Ti and Cu-

Be-Al based SMA wires with natural rubber bearing. In nonlinear dynamic analysis, the force-

displacement behaviours of LRB and SRBs are evaluated using visco-elasto-plastic models. In 

addition, bilinear and linear elastic models are used for the bridge pier and deck, respectively. The 

variation of seismic responses of the bridge due to the use of LRB and SRBs are explored in the 

study. The bridge responses considered in this study include the peak values of pier displacement, 

bearing displacement, deck displacement, deck acceleration, bearing force and residual displacement. 

The comparison shows that the seismic responses of the bridge are affected by the use of two types of 

isolation bearings; more specifically, the residual displacements of the bridge pier are distinctly 

reduced in the case of SRBs in compare to LRB for all FF ground motions considered (Khan, 2016).  

 

            
                                        (a)                                                                            (b) 

Fig.1: Schematic details of (a) Lead Rubber Bearing (LRB) and (b) Shape Memory Alloy (SMA) based Rubber 

Bearing (SRB) (After Khan, 2016)  

 

MODELING OF ELEVATED HIGHWAY 

 

Physical Model of the Elevated Highway 

A typical three-span continuous elevated highway, isolated by LRB and SRBs, is used in the current 

study. The bridge consists of continuous reinforced concrete (RC) deck-steel girder isolated by LRB 

and SRBs installed below the steel girder supported on RC piers. The superstructure consists of 260 

mm RC slab covered by 80 mm of asphalt layer. The height of the continuous steel girder is 1800 

mm. The mass of a single span elevated highway deck is 600x10
3
 kg and that of a pier is 240x10

3
 kg. 

The mass calculation procedure will be available in literature (Khan, 2016). The substructure consists 

of RC piers and footings supported on shallow foundation. The representative physical model as well 

as analytical model of the elevated highway is tried to given hereunder (Fig.2). The dimensions and 

material properties of the deck and piers of elevated highway with footings are given in Table 1. 
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                                                (a)                                                           (b) 

Fig.2: Modelling of the elevated highway (a) physical model and (b) analytical model (After Khan, 2016) 

 

Table 1: Geometries and material properties of the elevated highway (After Khan et al., 2015) 

 

 

 

 

 

 

 

 

 

ANALYTICAL MODEL OF THE ELEVATED HIGHWAY 

 

Modelling of the Elevated Highway 

The elevated highway model is simplified into a two-degree of freedom (2-DOF) system: one at the 

deck level and the other at the pier top level of the elevated highway. This simplification holds true 

only when the superstructure of elevated highway is assumed to be rigid in its own plane which shows 

no significant structural effects on the seismic performance of the elevated highway when subjected to 

earthquake ground acceleration in longitudinal direction. The mass proportional damping of the pier 

of elevated highway is considered in the analysis. Equations that govern the dynamic responses of the 

2-DOF system can be derived by considering the equilibrium of all forces acting on it using the 

d’Alermbert’s principle. In this case, the internal forces are the inertia forces and the restoring forces, 

while the external forces are the earthquake induced forces. Equations of motion are given as,  

       tumtFtuFtum gpispppp
  , ;                                                                                                 (1a)  

     tumtFtum gdisdd
  ;                                                                                                             (1b)  

where, pm , dm , pu  and du  are the masses and displacements of pier and deck, respectively. pu  and 

du  are the accelerations of pier and deck, respectively. gu  is the ground acceleration. pF  is the 

internal restoring force of the pier. isF  is the restoring force of the isolation bearings (LRB and SRB). 

The unconditionally stable Runge Kutta 4
th
 order method is used in the direct time integration of the 

equations of motion (Eq. 1a and Eq. 1b) (Bhuiyan, 2009; Khan et al., 2015; Khan, 2016). 

 

Properties Specifications 

Cross-section area of the pier cap (mm
2
) 2000x12000 

Cross-section area of the pier body  (mm
2
) 2000x9000 

Height of the pier (mm) 15000 

Young’s modulus of elasticity of concrete (N/mm
2
) 25000 

Young’s modulus of elasticity of steel (N/mm
2
) 200000 
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Modelling of the Pier of Elevated Highway 

The pier is restricted to participate in energy absorption in the elevated highway in addition to the 

isolation bearing. The secondary plastic behaviour was expected to be lumped at bottom of the pier 

where plastic hinge is occurred. The plastic hinge of the pier is modeled by nonlinear spring element. 

Four hysteresis models for the nonlinear spring are usually used in the nonlinear dynamic analysis of 

an elevated highway: elasto-plastic model, bilinear model, Clough degradation model, and tri-linear 

Takeda model. In the current study, the nonlinear spring element is modeled using the bilinear model. 

The ratio of the post yield stiffness with elastic stiffness is considered as 0.01 (Khan, 2016). 

 

Modelling of the LRB and SRB 

The experimental investigations of LRB have revealed the four different fundamental properties, 

which together characterize the typical overall response: (i) a dominating elastic ground stress 

response, which is characterized by large elastic strains, (ii) a finite elasto-plastic response associated 

with relaxed equilibrium states, (iii) a finite strain-rate dependent viscosity induced overstress, which 

is portrayed by relaxation tests, and (iv) a damage response within the first cycles, which induces 

considerable stress softening in the subsequent cycles. Considering the first three properties, a strain-

rate dependent constitutive model for the LRB was developed by Bhuiyan (2009) which is verified for 

sinusoidal excitations and subsequently implemented in seismic analysis using professional software 

(Resp-T, 2006). The geometries and material properties of LRB are presented by Table 2. 

Table 2: Geometries and materials properties of the laminated rubber bearing (After Khan, 2016) 

Sl. No. Particulars Value 

01 Cross section of the bearing (mm
2
) 1000000 

02 Thickness of the rubber layers (mm) 200 

03 Number of rubber layers 6 

04 Thickness of steel layer (mm) 3.0 

05 Nominal shear modulus of rubber (MPa) 1.2 

 

The constitutive model of SMAs is very complicated in a sense that it depends upon many factors, 

such as strain rates, strain magnitude and strain history. Three categories of constitutive models are 

used for characterizing the super-elasticity and damping properties of SMA bar, such as parametric, 

nonparametric and differential equation-based models (Khan et al., 2015). However, the differential 

equation-based constitutive model is widely used for SMAs since it is capable of using in continuum 

mechanics based finite element algorithms considering small and finite deformations and 

subsequently in finite element based professional software packages. In realization, the complexity of 

replicating the mechanical behaviour of SMAs by the use of phenomenological models, three versions 

of the models are used in seismic applications. The models include a simplified model, which is 

constructed based on experimentally obtained data; a thermo-mechanical model, which considers the 

stress-strain-temperature relationship in SMAs; and a thermo-mechanical model, which also takes into 

account the cyclic loading effects in SMAs. In recognizing the intricacy of the phenomenological 

models considering the thermo-mechanical behaviour of SMAs, a simplified model (Bhuiyan and 

Alam, 2013) is used to model the SRBs. Table 3 shows the geometries and material properties of the 

Copper-Beryllium-Aluminium (Cu-Be-Al) and Nitinol (Ni-Ti) SMA wires used in this study. 

Table 3: Geometries and materials properties of SMA wires used in the analysis (After Khan, 2016) 

Sl. No. Particulars SMA bar (Cu-Be-Al) SMA bar (Ni-Ti) 

01 Modulus of Elasticity (N/mm
2
) 32040 72000 

02 Yield Strength (N/mm
2
) 235 270 

03 Length of Wires (mm) 2500 2500 

04 Cross Sectional Area (mm
2
) 600 600 
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SEISMIC GROUND ACCELERATION 

By Caltrans (2004), if the structure under consideration is within 10 miles (approx. 15 km) of a 

seismic fault can be classified as NF. Ground motions outside this range are classified as FF motions. 

Current study considers a suite of five FF ground motion records of medium to strong earthquakes 

with peak ground acceleration (PGA) values ranging from 0.243g to 0.728g (Fig.3(a) to 3(e)). Fig.3(f) 

shows the characteristics of the ground motions performing response spectrum analysis with 5 percent 

damping ratio. Here, the dominant periods of the ground motion records delimited by 0.2 to less than 

1.0 sec which cover the wide range of natural period of bridge structures (Khan, 2016).  

 

    
                                            (a)                                                                                      (b)    
 

    
                                            (c)                                                                                      (d) 

 

   
                                             (e)                                                                                      (f)    

Fig.3 Acceleration time histories of far field seismic ground motion records; (a) EQ-1, (b) EQ-2, (c) EQ-3, (d) 

EQ-4, (e) EQ-5 and (f) Acceleration response spectra  

 

NUMERICAL RESULTS AND DISCUSSION 

In comparative assessment, a few standard response parameters obtained for each earthquake ground 

motion are addressed in the subsequent subsections: pier displacement, bearing displacement, deck 

acceleration, deck displacement, residual displacement of the deck of elevated highway after 

earthquake and bearing force (Bhuiyan and Alam, 2013). Each response parameter of the system 
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equipped with LRB is compared with SRBs. For convenience, Ni-Ti SMA based laminated rubber 

bearing is expressed by “SRB 1” and Cu-Be-Al SMA based laminated rubber bearing is expressed by 

“SRB 2”. The numerical outcomes of a single representative earthquake (EQ-2) were placed in this 

article due to page limitation. Numerical outcomes for rest of the seismic records are available in 

literature (Khan, 2016). Fig.4 to Fig.10 presents typical responses of the elevated highway for EQ-2. 

The trends of the results obtained from absolute maximum responses by nonlinear dynamic analysis 

are exhibits through Fig.11 to Fig.13. The simulation results are summarized in Table 4 for both the 

LRB and SRBs when considering far field ground motion record EQ-1 to EQ-5 respectively. 

 

Pier Displacement 

The pier displacement decreases with increase in energy dissipation but increases with increase in the 

bearing forces. Therefore, the SRBs usually produce larger pier displacement than LRB. Fig.4 to 

Fig.6 exhibits time histories of the pier displacement due to EQ-2 when considering LRB, SRB 1 and 

SRB 2, respectively. Fig.11 confirmed that, the LRB and SRB 2 possess maximum (48.145mm) and 

minimum (38.180 mm) pier displacements whereas SRB 1 possess in the middle (41.301 mm) for 

seismic ground motion EQ-1. Again, Fig.11 argued that, the SRB 1 and LRB possess maximum 

(81.334 mm) and minimum (57.874 mm) pier displacements whereas SRB 2 possess in the middle 

(80.546 mm) for seismic ground motion EQ-2. Similarly, Fig.11 established that, the LRB and SRB 1 

possess maximum (32.688 mm) and minimum (26.203 mm) pier displacements whereas SRB 2 

possess in the middle (30.333 mm) for seismic ground motion EQ-3. Furthermore, Fig.11 says that, 

the SRB 1 and LRB possess maximum (47.943 mm) and minimum (36.150 mm) pier displacements 

whereas SRB 2 possess in the middle (44.721 mm) for seismic ground motion EQ-4. Moreover, Fig. 

4.36 revealed that, the LRB and SRB 2 possess maximum (37.774 mm) and minimum (33.564 mm) 

pier displacements whereas SRB 1 possess in the middle (37.717 mm) for ground motion EQ-5.   

 

Bearing Displacement 

The bearing displacements are obtained from relative displacements between deck and pier. Bearing 

displacement increases with the decrease in energy dissipation of the bearings as revealed from 

Fig.10. It appears from the Figs.7 to Fig.9 that, the residual displacements of SRBs are bigger in 

magnitude than LRB, which correspond to the observations of the pier displacements. Fig.7 to Fig.9 

exhibits time histories of the bearing displacement due to EQ-2 when considering LRB, SRB 1 and 

SRB 2, respectively. Fig.12 confirmed that, the SRB 1 and LRB possess maximum (202.703 mm) and 

minimum (185.765 mm) bearing displacements whereas SRB 2 possess in the middle (200.621 mm) 

for ground motion EQ-1. Again, Fig.12 argued that, the SRB 2 and LRB possess maximum (241.884 

mm) and minimum (193.969 mm) bearing displacements whereas SRB 1 possess in the middle 

(195.929 mm) for ground motion EQ-2. Again, Fig.12 established that, the LRB and SRB 1 possess 

maximum (71.969 mm) and minimum (62.099 mm) bearing displacements whereas SRB 2 possess in 

the middle (65.508 mm) for ground excitation EQ-3. Furthermore, Fig.12 says that, the SRB 2 and 

LRB possess maximum (157.302 mm) and minimum (140.609 mm) bearing displacements whereas 

SRB 1 possess in the middle (155.262 mm) for ground motion EQ-4. Moreover, Fig. 4.37 revealed 

that, the LRB and SRB 2 possess maximum (130.473 mm) and minimum (117.673 mm) bearing 

displacements whereas SRB 1 possess in the middle (119.893 mm) for ground excitation EQ-5.   

 

Residual Displacement 

The residual displacement of the bearing is computed by taking the arithmetic average of the stable 

absolute values of the last 5 to 15 sec of the time history of bearing displacements as obtained from 

the dynamic analysis of the system for each earthquake (Khan, 2016). The residual displacements of 

SRBs are smaller than LRB for all earthquakes as presented in tenth column of Table 4. For seismic 

ground motion record EQ-1, Fig.13 confirmed that, the LRB and SRB 2 possess maximum (7.796 

mm) and minimum (2.980 mm) residual displacements whereas SRB 1 possess in the middle (3.165 

mm). Again, for seismic ground motion record EQ-2, Fig.13 argued that, the LRB and SRB 1 possess 

maximum (7.928 mm) and minimum (3.141 mm) residual displacements whereas SRB 2 possess in 

the middle (3.456 mm). Similarly, for seismic ground motion record EQ-3, Fig.13 established that, the 

LRB and SRB 2 possess maximum (8.114 mm) and minimum (3.031 mm) residual displacements 
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whereas SRB 1 possess in the middle (3.203 mm). Furthermore, for seismic ground motion record 

EQ-4, Fig.13 says that, the LRB and SRB 2 possess maximum (10.135 mm) and minimum (3.673 

mm) residual displacements whereas SRB 1 possess in the middle (3.737 mm). Moreover, for ground 

motion record EQ-5, Fig.13 revealed that, the LRB and SRB 2 possess maximum (7.696 mm) and 

minimum (2.881 mm) residual displacements whereas SRB 1 possess in the middle (3.178 mm).  

 

Table 4: Absolute maximum seismic responses of LRB, SRB 1 & SRB 2 due to Earthquake EQ-1 to EQ-5 

EQ Time 

(Sec) 

PGA 

(g) 

Bearing 

Type 

Bearing 

Disp. 

(mm) 

Deck 

Acc. 

(m/sq.s) 

Pier 

Disp. 

(mm) 

Deck 

Disp. 

(mm) 

Bearing 

Force 

(kN) 

Residual 

Disp. 

(mm) 

EQ-1 30 0.416 LRB 185.765 4.337 48.145 172.321 1241.323 7.796 

EQ-1 30 0.416 SRB 1 202.703 5.143 41.301 211.943 1616.841 3.165 

EQ-1 30 0.416 SRB 2 200.621 4.557 38.180 202.573 1394.977 2.980 

EQ-2 60 0.728 LRB 193.969 6.174 57.874 218.873 1219.012 7.928 

EQ-2 60 0.728 SRB 1 195.929 5.726 81.334 201.989 1587.320 3.141 

EQ-2 60 0.728 SRB 2 241.884 5.962 80.546 247.160 1608.637 3.456 

EQ-3 40 0.555 LRB 71.969 5.521 32.688 65.431 793.803 8.114 

EQ-3 40 0.555 SRB 1 62.099 5.491 26.203 63.276 815.710 3.203 

EQ-3 40 0.555 SRB 2 65.508 5.490 30.333 63.054 764.116 3.031 

EQ-4 40 0.358 LRB 140.609 3.590 36.150 138.975 1006.031 10.135 

EQ-4 40 0.358 SRB 1 155.262 3.632 47.943 171.956 1351.781 3.737 

EQ-4 40 0.358 SRB 2 157.302 3.691 44.721 166.166 1182.712 3.673 

EQ-5 40 0.243 LRB 130.473 2.837 37.774 126.366 998.194 7.696 

EQ-5 40 0.243 SRB 1 119.893 2.893 37.717 122.745 1139.470 3.178 

EQ-5 40 0.243 SRB 2 117.673 2.868 33.564 117.655 995.744 2.881 

 
 

 
Fig.4: Pier displacement due to EQ-2 when considering LRB 

 

 

 
Fig.5: Pier displacement due to EQ-2 when considering SRB 1 
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Fig.6: Pier displacement due to EQ-2 when considering SRB 2 

 

 

 
Fig.7: Bearing displacement due to EQ-2 when considering LRB 

 

 

 
Fig.8: Bearing displacement due to EQ-2 when considering SRB 1 

 

 

 
Fig.9: Bearing displacement due to EQ-2 when considering SRB 2 
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Fig.10: Comparison of force-displacement relationship for LRB, SRB 1 and SRB 2 due to EQ-2 

 

 

 
Fig.11: Comparison of maximum pier displacement for LRB, SRB 1 and SRB 2 due to EQ-1 to EQ-5 

 

 

 
Fig.12: Comparison of maximum bearing displacement for LRB, SRB 1 and SRB 2 due to EQ-1 to EQ-5 

 

 

 
Fig.13: Comparison of maximum residual displacement for LRB, SRB 1 and SRB 2 due to EQ-1 to EQ-5 

Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh 
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.) 

277



  

CONCLUDING REMARKS 

This study presents the seismic performance assessment of an elevated highway isolated by lead 

rubber bearing (LRB) and SMA based natural rubber bearing (SRB). Two types of SRB have been 

employed in this analysis to initiate the seismic performance assessment of elevated highway by 

nonlinear dynamic analysis. These are Ni-Ti based laminated rubber bearing (SRB 1) and Cu-Be-Al 

based laminated rubber bearing (SRB 2). The nonlinearity of the bridge pier was considered by 

employing a bilinear force-displacement relationship developed by Bhuiyan (2009). A fixed restraint 

condition at bottom of the pier was considered. A complicated strain-rate dependent constitutive 

model for the LRB was used where as a visco-elasticity based analytical model was utilized for SRBs 

(Bhuiyan and Alam, 2013). The seismic performance considered in this studies are pier displacement, 

deck displacement, bearing displacement, deck acceleration, bearing force and residual displacement 

(Khan et al., 2015). The numerical results have revealed that, the SRBs satisfactorily restrain the 

residual displacement of the deck and the displacement of the pier of elevated highway for a suite of 

five FF ground motion records considered in this study. However, for deck and bearing 

displacements, the elevated highway with LRB has usually resulted in smaller responses in compared 

to SRBs. Almost a similar trend was observed in the case of deck accelerations. The early activation 

of hardening effect of SRBs in compared to LRB might have significant effect on the seismic 

responses of the system. The LRB designed in this study shows a larger dissipation of energy than 

that of SRBs. From the numerical analysis, it appears that not only the magnitude but the other 

characteristics of earthquake ground motions also have significant effect on the seismic responses of 

the elevated highway which should be carefully considered at design phase. 
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ABSTRACT 
The civil structures are getting slender in vertical direction over the last few decades in order to meet 

the need of the modern cities. Typically, those structures are often used as symbolic status of the 

national pride in addition to the conventional purposes. However, tall structures are prone to extreme 

vibration such as earthquakes. Hence it is essential to provide especial safety measure to those 

structures, for instance, appropriate vibration mitigation solution. The seismic hazard is a worldwide 

challenge, hence, in order to solve the aforementioned problem many attempts have been made over 

the last several decades. In this study, a reinforced building is considered to address the associated 

problems related to vibration mitigation. And mostly, the structures in Bangladesh are not properly 

designed for dynamic loads such as earthquake. Herein nonlinear dynamic analysis is performed of a 

15 storied reinforced concrete building studied and performances are evaluated. It is assumed that 

three dampers will be placed into the building at different floors level. To do this end, an advanced 

modelling technique known as state space modelling is adopted. And the linear-quadratic regulator 

(LQR) is employed as control law. The concept of active control is adopted and numerical simulations 

are performed via MATLAB/SIMULINK®. 

 

Keywords: Earthquakes; reinforced concrete buildings; nonlinear dynamic analysis; state space 

modeling; linear-quadratic regulator 

 

INTRODUCTION 
Modern cities around the globe are having skyscrapers due to several reasons such as to build a city 

inside city to save more space, to make an icon of the country, etc. Those structures incredibly prone 

to dynamic loads such as earthquake. The aforementioned problem is driving the engineers and 

scientist to find better solution for its survival by keeping the structures in safe condition. Even 

though, the skyscrapers are capable of solving mass accommodation problem but they cost millions. 

Therefore, it is essential to make those structures structurally sound by providing better technological 

solution. Typically, all most all of the civil structures are prone to extreme vibrations, in particular, 

modern structures i.e., slender/tall buildings, bridges are critical in terms of vibration mitigation. 

There are several alternatives available and broadly can be categories as follows; (i) passive control, 

(ii) active control and (iii) hybrid control. The performances may vary significantly depending on the 

selection of the control technology mentioned before. For instance, passive control devices are safe 

and reliable but these technologies are not capable of tuning in real-time. In order to avoid the 

aforementioned drawbacks, the active control technology has been successfully used in many 

structures (Dyke 1996; Preumont, 2004) as an alternative. A detail study has been performed by 

(Preumont, 2004) where the advantages of adopting active control as a tool for extreme vibration 

mitigation is reported. However, the semi-active control devices such as magnetorheological (MR) 

damper a particular type of hybrid control e.g. semi-active control can be used an alternative of active 

and passive control systems (Bhowmik, 2011; Dyke, 1996; Miah et al., 2015). There are different 

types of semi-active control devices and the behavior modelling of a very specific type of MR damper 

is studied by (Bhowmik, 2011). The possibility of implementation of a rotational type MR damper in 

combination with real-time model updating is studied in (Miah et al., 2015 and 2016). In order to 

adopt active or semi-active control scheme a control algorithm is essential. Hence, herein a simple but 

optimal control algorithm so called the linear-quadratic regulator (LQR) is employed. The efficacy of 

the LQR scheme has been verified by several researchers (Anderson and Moore, 1989; Mobaieen, et 
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al. 2012; Miah et al., 2015; Weber and Maślanka, 2012). 

 

 

 

Fig. 1. Implemented control in closed-loop form. 

 

Fig. 2. The mass-spring-damper model of the 

15-DOF system 

 

Over the last few decades, due to the economic growth and the scarcity of the land has encouraged to 

build tall structures and it is taking serious attention all over in Bangladesh. However, the use of 

vibration mitigation technology is very limited in Bangladesh. Even, it is rarely that the designers are 

taking proper design measures for extreme dynamic loads due to several reasons; (i) project cost, (ii) 

lack of expertise especially in the area of vibration mitigation and control, (iii) lack of knowledge 

regarding nonlinear dynamic analysis and so on. Typically, the equivalent static analysis (ESA) or 

response spectrum analyses (RSA) are done f o r  seismic/lateral loads analyses. The main focuses 

herein are to reduce the vibration of structures under seismic/dynamic loads. To do this end, the state 

space modelling (SSM) technique is used and linear-quadratic regulator (LQR) is employed as control 

law. A 15 storied reinforced concrete (RC) building frame is considered for the investigations and the 

response of the system is evaluated under dynamic loads. 

 

METHODOLOGY 

 

Problem Statement 

It is mentioned in the previous section that, in this work, a sample 15 storied RC building is 

considered for the numerical implementations and the mass-spring-damper model is depicted in [Fig. 

2]. The foregoing structure is simplified by 15 degree of freedoms (DOF) to avoid modeling 

complexity. Additionally, the system is presumed to be linear time-invariant (LTI) system. In order to 

avoid the modelling complicacy, the SSM formulation is adopted presented by Eq. (1-2). And the 

numerical simulations are performed via the use of MATLAB/SUMILINK®. The control loop is 

presented by block diagram in [Fig. 1]. The structure is subjected to dynamic loads (harmonic type 

mn

mn-1

m2

m1

cn
kn

cn-1
kn-1

c2
k2

c1
k1

. 

 

Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh 
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.) 

604



excitation) as shown in [Fig. 1] by Xg. The structure is then coupled with the LQR control law where 

active control mechanism is employed. The aim of the control is to impose more supplementary 

damping to the system. The structure   is assumed to be underdamped for all of the modes. There are 

two major equations for the SSM, the first equation is known as the system or process equation given 

by 

           (1) 

 

 

 (1a) 

 

where A represents the system matrix which contains mass, stiffness and damping information of the 

structure, B is the input matrix that contains both exogenous excitation and control force,  is the time 

derivate of the state vector  x, state vector x contains displacement and velocity vector of the 

system, u is the input vector, t is the time vector and n represents the number of floors. The 

process equation E q . ( 1 )  requires an accompanied equation known as the measurement equation 

 

             (2) 

 

where C indicates the output matrix, herein all of the displacement, velocity and accelerations are 

observed and D represents the feed-forward matrix. The structure is assumed to have each floor 

weight of 50000 Kg and the stiffness of 70x10
6
 N/m. The simulations are performed for 100 seconds 

with a sampling frequency of 500 Hz. The excitation force is applied at the first resonant frequency of 

the structure for the evaluation of the extreme loading case. In order to see the after load effect, the 

excitation was turned off after 66.67sec. And the simulations are performed for the following cases; 

(i) only one damper is placed at 1
st
 floor level, (ii) two dampers are placed at 1

st
 and 15

th
 floor level, 

(iii) three dampers are placed at 1
st
, 5

th
 and 15

th
 floor level of the structure. In a nutshell, the system 

matrices are assumed to be in a simplified form e.g. diagonal matrix. 

 

The Linear-Quadratic Regulator (LQR) 

The linear-quadratic regulator is considered to be one of the most widely accepted full-state feedback 

optimal control algorithm. The simplicity and robust performance of the LQR attracts researchers and 

control engineers to use it for vibration mitigation and control applications. However, a serious 

drawback of this scheme is that all of the floors displacement and velocity information are needed 

which is quite difficult to get. Hence in order to maximize the performance by minimizing the cost a 

limited sensor information is commonly used which is known as the linear-quadratic Gaussian (LQG). 

The LQG is a combination of the LQR and linear Kalman filter. Herein, it is assumed that the sensors 

are available in all of the floors and the following cost function J is minimized reclusively for every 

time-step  

  (3) 

 

The first part of the above equation ( ) represents the contribution of the system response (e.g. 

displacement and velocity) and the second part ( ) means the controller contribution. Typically, 

it is always expected that in order to get the most out of the controller more weight needs to be placed 

on the first part of the equation in comparison to the second part. The weighting factors are controlled 

by the parameters Q and R. Interested reader may obtain more detail about the LQR algorithm and its 

applications via the following articles (Anderson and Moore, 1989; Mobaieen, et al. 2012; Miah et al., 

2015; Weber and Maślanka, 2012). 

 

RESULTS AND DISCUSSIONS 

The simulations are performed in a nearly real-time platform so-called SIMULINK
®
. In order to 

perform analyses, the 15-DOF system has bring into a formulation known as the SSM. Additionally, 

the weighting parameters Q and R of the LQR control algorithm is adjusted for the vibration 
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mitigation of the structure.  It is mentioned earlier that the simulation of the 15 storied RC building is 

connected with dampers at different floor levels of the structure. In Addition to the SIMULINK
®
, 

MATLAB
® 

2012a package is also used for numerical implementations. The results of different floors 

level are compared. Firstly, the displacement and velocity response of 1
st
 floor in [Fig.3-4]. And the 

response of the 15
th
 floor level is compared for different damper combinations in [Fig.5-6]. For the 

visualization purpose there is a full-time history 0-100 sec and a zoomed vied of 50-60 sec. In the 

above mentioned figures, the blue line indicates the uncontrolled case (what would happen without 

any damper), the black line represents the controlled case for the case damper is placed at the first 

floor level, the green line shows the what would happen when two dampers are used, one at first floor 

level and the second one is at fifteenth floor level. And the red line represents the three dampers case 

here three dampers are placed at 1st, 5
th
 and 15

th
 floor levels of the structure. It can be summarized 

from all of figures that two and three dampers cases are capable of mitigating the response 

significantly. Even, only one damper may also assist to reduce the vibration quite efficiently. Along 

with the aforementioned figures the 10
th
 floor’s responses e.g. displacement and velocity are 

compared in [Fig.7-8]. And finally, the controller’s hysteretic loops for full-time history are evaluated 

and stable closed-loop response are observed in [Fig.9-10]. 

The studied approach is a compact mathematical formulation that makes the whole process faster. 

Even though, very good results are observed but further investigations are essential for practical 

implementations. Hence, further study will investigate the performances under different alternatives 

for the real-time implementations. 

 

 
 

Fig. 3. The comparison of 1
st
 floor displacement uncontrolled versus controlled cases; (a) full time history 0-

100sec, (b) zoomed 50-60sec 

 

 
Fig. 4. The comparison of 1st floor velocity uncontrolled versus controlled cases; (a) full time history 0-100sec, 

(b) zoomed 50-60sec 
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Fig. 5. The comparison of 15

th
 floor displacement uncontrolled versus controlled cases; (a) full time history 0-

100sec, (b) zoomed 50-60sec 

 

 
Fig. 6. The comparison of 15

th
 floor velocity uncontrolled versus controlled cases; (a) full time history 0-100sec, 

(b) zoomed 50-60sec 

 

 
Fig. 7. The comparison of 10

th
 floor displacement uncontrolled versus controlled cases; (a) full time history 0-

100sec, (b) zoomed 50-60sec 
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Fig. 8. The comparison of 10

th
 floor velocity uncontrolled versus controlled cases; (a) full time history 0-100sec, 

(b) zoomed 50-60sec 

 

 

 
 

Fig. 9. The control force versus collocated displacement trajectory 
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Fig. 10. The control force versus collocated velocity hysteresis 

 

CONCLUSIONS 
This paper addresses the vibration mitigation and control problem which is quite crucial in the area of 

structural engineering in general. The aforementioned problem even more serious issue in Bangladesh 

due to the lack of proper analysis and design for dynamic loads as well as vibration mitigation and 

control. Hence keeping the above mentioned issues in mind herein a 15 storied RC building is studied 

and active control is employed for vibration mitigation. The goal is achieved by combining the system 

with the LQR scheme. And all of the floors information are assumed to be measured and feed into the 

controller in order to produce the active control force. The overall outcome of the work shows that a 

significant reduction of structural vibration is possible. The choice of the number of dampers and their 

locations may have a significant impact on overall performance of the structure in terms of vibration 

mitigation. Designer may choose the option according to his/her project needs. Herein a full-state 

feedback type control scheme has been deployed, however, in future a more realistic scenario i.e., 

limited sensors scenario will be investigated.      
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ABSTRACT 

The aim of this study is to investigate the corrosion behavior of artificially peakaged Al-Si 

hypoeutectic alloy in simulated seawater environment. The electrochemical corrosion behavior of the 

thermal treated Al-Si alloy in simulated seawater was investigated using potentiodynamic polarization 

and electrochemical impedance spectroscopy (EIS) techniques. A representative set of samples was 

recovered and laboratory tests performed to evaluate the type and degree of corrosion attack. In 

potentiodynamic polarization test corrosion rate, current, potential and morphology were revealed. 

Corrosion resistance or charge transfer resistance (Rct) and simulated seawater resistance assessed by 

electrochemical impedance spectroscopy (EIS) test. Optical Light Microscopy (OLM) and Scanning 

Electron Microscopy (SEM) were employed to characterize the corroded surface and to observe the 

extent of pitting. Pronounced effect of pitting was observed in presence of Cl- for Al-Si alloy. 

 

Keywords: Al-6Si alloy; electrochemical corrosion; scanning electron microscopy (SEM) 

 

INTRODUCTION 

Al-Si  alloys  with  silicon  as  a  major  alloying  element  constitute  a  class  of  material,  which 

provides the most significant part of all shaped castings manufactured, especially in the aerospace and 

automotive industries. Al-Si Alloy make composite have become a substitute material in automobile 

industries especially in making of piston, cylinder blocks and other engineering components. They are 

also being considered as a potential in making of impellers, agitators etc. in marine structural 

applications because of their enhanced physical, mechanical and tribological properties (Singh et al., 

2010; Shabestari and Moemeni, 2004). Al-Si  alloys  with  silicon  as  a  major  alloying  element  

constitute  a  class  of  material,  which provides the most significant part of all shaped castings 

manufactured, especially in the aerospace and automotive industries. This is mainly due to the 

outstanding effect of silicon in the improvement of casting  characteristics,  combined  with  other  

physical  properties  such  as  mechanical  properties  and corrosion  resistance.  In  general,  an  

optimum  range  of  silicon  content  can  be  assigned  to  casting processes (Rooy, 1988; Shabestari 

and Moemeni, 2004).Owing to their light weight, suitable strength and strong resistance to corrosion, 

aluminum alloys are used in a broad spectrum of engineering applications. The corrosion resistance of 

aluminum is attributed to an exceptionally stable oxide film that forms on its surface. This film is 

resistant to attack from water and oxygen in a wide range of temperatures and pH levels, making 

aluminum alloys useful in a variety of environments (Claycomb and Sherwood, 2004). 

However, service life of any material mainly depends on its corrosion resistance in the surrounding 

environment. For example, if Al-Si alloy make AMC are used in marine environment, their 

susceptibility to pitting corrosion is likely to be increased in the presence of chlorides ions. The 

presence of aggressive ions like chloride creates extensive localized attack Chloride ions adsorb on 

the metal surface and destroy the existing passive oxide film that leads to a localized attack in the 

form of pitting corrosion.  Since pitting corrosion is a main problem of AMC, different approaches 

have been made to control pitting corrosion by halide ions (Garrigues et al., 1995; Singh et al., 2010). 

In addition, it is well known that the corrosion behavior of aluminum alloys is significantly affected 
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by the presence of particles in the matrix. Particles that contain Al, Cu and Mg tend to be anodic 

relative to the alloy matrix, while those that contain Al, Cu, Fe and Mn tend to be cathodic relative to 

the matrix (Wei et al., 1998). Although  the  metallurgical  and  micromechanical  aspects  of  the  

factors  controlling microstructure,  unsoundness,  strength  and  ductility,  and  corrosion  resistance  

of  alloys  are complex, it is well known that solidification processing variables are of high order of 

importance. The cooling  rate  during  solidification  defines  the  fineness  of  the  dendritic  network.  

The solute redistribution, the anodic or cathodic electrochemical behaviour of each component of the 

alloy and the scale of dendrite spacings and thermal treatment are the main microstructural 

characteristics affecting the corrosion resistance of the alloy (Osório et al., 2011). 

The increasing demand from many industries for improved properties in materials has stimulated the 

development of new materials. In this context, various new materials such as the Al-Si alloys have 

been considered. Despite the excellent mechanical and physical properties of the Al-Si-Mg alloys, 

their corrosion resistance in aggressive environments is not yet well known. In recent years some 

work has been carried out to evaluate the corrosion resistance of these alloys in different media 

(Staley and Lege, 1993; Anand et al., 1997; Traldi et al., 2001; Traldi et al.2003). 

The aim of this research paper is to evaluate the electrochemical corrosion properties Al-6Si heat 

treated alloy in simulated seawater environment. 

 

EXPERIMENTAL PROCEDURE 

 
Materials preparation 

The Al-6Si alloy was utilized by melting Al-7Si-0.3Mg (A356) alloy and adding Al into the melt. 

After casting and solidification into a permanent steel mould of the alloy, suitable specimens were cut 

and used for the experiments. The samples were homogenised (500oC for 24hr) and solutionized 

(540oC for 2hr) and finally artificially aged (225oC for 1hr). After heat treatment the rectangular 

samples (30mm x 10mm x 5mm) were prepared for metallographical observation and finally 

subjected to electrochemical test. Deionized water and analytical reagent grade sodium chloride 

(NaCl) were used for preparation of 0.1M simulated seawater. All measurements were carried out at 

room temperature.  

 

Electrochemical Measurements 

Potentiodynamic Polarization Measurements-A computer-controlled Gamry Framework TM Series G 

300™ and Series G 750™ Potentiostat/ Galvanostat/ZRA were used for the electrochemical 

measurements. The Potentiodynamic polarization studies were configured in cells [Fig. 1], using 

three-electrode assembly with a saturated calomel reference electrode, a platinum counter electrode 

and the sample as working electrode in the form of coupons of exposed area of 0.50 cm2 or 10mm x 

5mm. Only one 10mm x 5mm surface area was exposed to the test solution and the other surfaces 

were covered with Teflon tape and allowed to establish a steady-state open circuit potential (OCP). 

The potential range selected was -1 to +1V and measurements were made at a scan rate of 0.50 mV/s. 

First 100s applied for achieving steady state OCP and for potential -1V to +1V immersion time was 

about 67 minutes. The corrosion current (Icorr, measured by Butler-Volmer equation), corrosion 

potential (Ecorr), pitting corrosion potential (Epit) and corrosion rate (mpy) were calculated from Tafel 

curve. The tests were carried out at room temperature in solutions containing 0.1M of NaCl at a fixed 

and neutral pH value. No stirring applied and the experiments carried out in a closed cell.  The 

corroded samples were cleaned in distilled water and examined by optical light and scanning electron 

microscope. 

Electrochemical Impedance Measurements-As in potentiodynamic polarization test, three electrode 

cell arrangements were also used in electrochemical impedance measurements. Rectangular samples 

(10mm x 5mm) were connected with copper wire and adopted as working electrodes for impedance 

measurements. EIS tests were performed in 0.1M NaCl solution at room temperature over a frequency 

range of 100 kHz to 0.2 Hz using a 5mV amplitude sinusoidal voltage. The 10mm x 5mm sample 

surface was immersed in 0.1M NaCl solution (corrosion medium). All the measurements were 

performed at the open circuit potential (OCP). The test cells were maintained at room temperature and 

the NaCl solution was refreshed regularly during the whole test period. The impedance spectra were 
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collected, fitting the experimental results to an equivalent circuit (EC) using the Echem Analyst TM 

data analysis software and evaluating the solution resistance (Rs), polarization resistance or charge 

transfer resistance (Rct) and double layer capacitance(Cp) of the thermal treated alloy.  

 
Fig. 1: Schematic representation of the three-electrode system cell 

 
RESULTS AND DISCUSSION 

Impedance Measurements 

Table 1. shows the Electrochemical Impedance Spectroscopy (EIS) test results. 

Table 1: Impedance test results 

Alloy Code Rs(Ω) Rct(kΩ) Cp(µF) OCP(V/SCE) 

Al-6Si alloy 40.37 15.57 1.259 -0.8454 

 

A large fluctuation in open circuit potential for the alloy was seen during the time of 100s exposure 

(Table1). After a period of exposure the OCP fluctuation decreased and reached steady state. The 

steady state OCP of the alloy is -0.8454V. The OCP values mainly depend on the chemical 

compositions and thermal history of the alloy.  

Impedance measurements-The data obtained were modeled and the equivalent circuit that best fitted 

to the experimental data is shown in Fig.2. Rs represent the ohmic solution resistance of the 

electrolyte. Rct and Cp are the charge transfer resistance and electrical double layer capacitance 

respectively, which correspond to the Faradaic process at the alloy/media interface. Fig. 3. a shows 

the Nyquist diagrams (suggested equivalent circuit model shown in Fig. 2) of the Al-6Si alloy in 

simulated seawater. In Nyquist diagrams, the imaginary component of the impedance (Z") against real 

part (Z') is obtained in the form of capacitive-resistive semicircle for each sample.  

 
Fig. 2:  Electrical equivalent circuit used for fitting of the impedance data of Al-6Si alloy in seawater 

 

Fig.3.a shows the Nyquist diagrams (suggested equivalent circuit model shown in Fig.2) of the Al-6Si 

alloy in 0.1M NaCl in de-mineralized (DM) water. In Nyquist diagram, the imaginary component of 

the impedance (Z") against real part (Z') is obtained in the form of capacitive-resistive semicircle for 

the sample.  

Fig.3.b shows the experimental EIS results in Bode magnitude diagram for Al-6Si alloy. Bode plot 

show the total impedance behavior against applied frequency. At high frequencies, only the very 
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mobile ions in solution are excited so that the solution resistance (Rs) can be assessed. The solution 

resistance (Rs) of the alloy is 40.37Ω, which is very negligible with respect to Rct and the electrolyte 

behaves as a good ionic conductor. For the Al-6Si alloy, the charge transfer resistance (Rct) value in 

simulated seawater is 15.57kΩ, and this indicates the corrosion resistance of the alloy.  

      
Fig. 3: (a) Nyquist plot and (b) Bode plot for Al-6S alloy in simulated seawater 

 
Potentiodynamic Polarization Measurements 

Table 2 shows the potentiodynamic polarization test results obtained from the electrochemical tests. 

Table 2:  Potentiodynamic polarization test results 

Alloy code Icorr(µA) Ecorr(mV) Epit (mV) Corrosion rate(mpy) 

Al-6Si alloy 6.300 -764 -480 5.287 

 
A Potentiodynamic polarization curve of Al-6Si alloy in simulated seawater is shown in Fig. 4. The 

different intermetallic compounds can lead to the formation of micro-galvanic cells because of the 

difference of corrosion potential between intermetallics and α-aluminum matrix. The corrosion 

potential of Al-6Si alloy is -764mV and Pitting potential (Epit) is -480mV. The Icorr value, in simulated 

seawater is 6.3µA, and the corresponding corrosion rate is 5.287mpy. 

        
Fig. 4: Potentiodynamic polarization curves of peakaged Al-6Si alloy in simulated seawater 

 

Microstructural Investigation 
The microstructure of the selected as-corroded samples was observed under OLM and SEM. There 

was evidence of corrosion products of intermetallic compounds in all the samples examined. Besides, 

several pits were visible in all the samples examined. It is probable that the pits are formed by the 

intermetallics dropping out from the surface due to the dissolution of the surrounding matrix. 

However, it is also possible that the pits are caused by selective dissolution of the intermetallic/or 

a b 
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particles of the second phase precipitates. The forms of corrosion in the studied Al-6Si alloy are not 

completely uniform and predominantly pitting corrosion as obtained by the OLM and SEM. Samples 

were characterized by OLM and SEM following potentiodynamic polarization tests. The peakaged 

Al-6Si alloy exhibited pits on their surface (Fig.5.a & Fig.5.b), which apparently had nucleated 

randomly. Conversely, the exposed surface of the alloy exhibited a corrosion product covering the 

surface after polarization. The optical micrographs (Fig 5.a) also showed that there was no corrosion 

in the fragmented and modified Al-Si eutectics. 

      
Fig. 5: (a) OLM and (b) SEM images show the damage surface morphology of as-corroded Al-6Si alloy in 

simulated seawater 

 
CONCLUSION 

The electrochemical impedance technique has been found to be appropriate to investigate the 

corrosion behavior of Al-Si hypoeutectic alloy in simulated seawater environment. The impedance 

results indicate the presence of a surface oxide and the polarisation results indicate this oxide to be at 

least partially permeable.  

 From the EIS test, the solution resistance (Rs) of the alloy is 40.37Ω and this environment is a 

good ionic conductor. The Rct value in simulated seawater is 15.57kΩ, corrosion resistance of 

the alloy.  

 From the linear polarization and Tafel extrapolation plot, the Icorr value, in simulated seawater 

is 6.3µA, and the corresponding corrosion rate is 5.287mpy.  In the anodic region, the Al-Si 

hypoeutectic alloy shows the lower corrosion resistant. 

 Electrochemical results showed that simulated sea water is more accelerated the pitting 

corrosion. The forms of corrosion in the studied alloy are pitting corrosion as obtained from 

the OLM and SEM microstructures study with pits observations. 
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ABSTRACT 

Non-metallic inclusions found in steel can affect its performance characteristics. Their impact 

depends not only on their quality, but also, among others, on their size and distribution in the steel 

volume. The amount of non-metallic inclusions found in medium carbon steel under industrial 

conditions. Molten steels are cast into what are usually known as pencil ingots/billets and do not have 

any refining facilities. In absence of proper refining and quality control, these ingots/billets usually 

contain slags, non-metallic inclusions, inhomogeneities and deformed bars produced from these 

pencil ingots/billets contain significant amount of slags and inclusions. Finished products of these 

pencil ingots are in general of inferior quality and give substandard reinforcing bars. Proper refining 

(ladle refining) of induction melted assorted scrap can give fairly clean and refined liquid steels. 

Reinforcing bars produced from such refined melts are generally free from inclusions and slags. The 

amount of non-metallic inclusions was determined by optical and extraction methods. Inclusions are 

characterized by measuring ranges. Metallographic studies of the deformed bars show the 

deformation behavior of the inclusions. 

 

Keywords: Non-metallic inclusions; structural steel; deformation behavior 

 

INTRODUCTION 
Advances in steelmaking during the last six decades have resulted in steel grades with very low level 

of impurities. In recent years, new “clean and ultra-clean” steels have been developed and 

commercialized by steel producers around the world, thereby responding to the current and future 

market demands of steel having significantly improved mechanical properties (Niclas et al., 2015). In 

Bangladesh most of the steel bars used for reinforcement of concrete are produced by melting iron 

and steel scrap in induction furnaces. Because of the nature of induction heating, the melt in the 

furnace is continuously stirred and complete separation of inclusions cannot take place (Millman, 

1999). An induction furnace is a melting unit. Very little, if any, refining takes place in an induction 

furnace. Thus the quality of steel produced in an induction furnace is directly related to the quality of 

scrap and other raw material. In Bangladesh only limited number of steelmaking units use ladle 

refining furnaces for enhancing the quality of steel produced (Millman, 1999; Amit and Ojha, 1997). 

In many instances molten steel is poured into moulds to produce pencil ingots. The moulds are 

themselves massive castings with a square, rectangular, round or polygonal cross-section. The growth 

and development of steel plants has coincided with the introduction and acceptance of continuous 

casting. In some plants ladle metallurgy has also been introduced. Few of them have gone for inert 

(argon or nitrogen) gas purging in order to reduce inclusion content, gas content and make 

composition and temperature in the ladle homogeneous. Ladle metallurgy incorporates inert gas 

stirring for homogenization of temperature and composition of the steel in the ladle as well as for 

floatation of inclusions. For continuous casting, inert gas stirring of steel in the ladle has become a 

standard practice to improve the quality of steel.   
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The  quantity  and  quality  of  non-metallic  inclusions is determined  mostly  by  the  steel  melting  

technology.  Out-of furnace  treatment  regimes  are  also  introduced  to  minimize  the quantity  of  

non-metallic  inclusions. The  quantity  of non-metallic inclusions  in  steel  is  relatively  low,  

nevertheless,  they  have  a significant  impact  on  the  structure,  technological  and  strength 

parameters of the resulting alloy (Lis,  1999; Wypartowicz and Podorska, 2006;  Lis,  2002; 

Fernandes et al.,  2003). The distribution of inclusions is an equally important factor. Single 

inclusions and clusters of inclusions exert different effects. Large, individual inclusions can produce 

discontinuities that grow rapidly under variable load.  During  processing,  the shape  and distribution  

of micro  particles  change,  and  impurities  undergo anisotropic  deformation.  Non-metallic  

inclusions  play  a  special role  in  the  process  of  steel  hardening.  Due to differences in the 

physical properties of steel and inclusion-forming phases, structural stresses are formed along 

inclusion boundaries (Kocańda, 1985; Wang et al., 2012; Bao et al., 2012; Yang et al., 2006; 

Murakami et al., 1989). Most non-metallic inclusions present in steel have detrimental effects on 

properties, which will lead to poor formability of the product as well as problems associated with 

fatigue life. In addition to improved formability, cleaner steel also benefits the coating and corrosion 

resistant properties. Cleanliness requirements for steel products are often measured in total oxygen, 

and maximum particle size (Zhang and Thomas, 2003). 

A literature analysis shows that, for these steels, the phenomena occurring during their use with 

respect to their microstructure and non-metallic inclusions have been analyzed most deeply.  Fatigue  

tests  are  a  particularly  sensitive method  for  testing  a  material’s  durability.  A  comparison  of 

fatigue  properties  and  the  size  of  impurities  suggests  that Sub-microscopic inclusions in high-

plasticity steel inhibit dislocation motion. Inclusions absorb energy which contributes to the formation 

of discontinuities and slows down decohesion. Their results set strict criteria as to the allowable steel 

impurity. In hard steels, reduced mechanical properties at changing loads are unambiguously 

attributed to non-metallic inclusions (Lipiński and Wach, 2010; Barrie et al., 2008; Park and Park, 

2014; Gulyakov et al., 2012; Srivastava et al., 2014; Lipiński and Wach, 2010; Spriestersbach et al., 

2014; Evans et al., 2014; Lipinski and Wach, 2009; Roiko et al., 2012; Shih and   Araki, 1973; Genel, 

2005). 

The  aim  of  this  study  was  to  determine the extent of variation of inclusion content with the liquid 

metal processing routes  and  analyze  dimensional  structure  of  non-metallic inclusions  in the 

reinforced bars.  

 

EXPERIMENTAL PROCEDURE 

This study was based on analysis of samples collected from the process stream of a steel plant in 

Bangladesh (Fig.1).Care was always exercised to collect a representative sample. The plant concerned 

produces different grades of deformed bars from ingots produced in metal moulds (pencil ingots) and 

also from billets produced by a continuous casting machine. The plant has a ladle refining furnace and 

samples of continuously cast billets, both ladles refined and not refined, were collected. 

Ladle 

refining

Continuous 

Casting
Hot 

Rolling

Quality 

Standard 

Billet (QB)

Reinforced 

Bar

Molten 

Steel

Continuous 

Casting
Hot 

Rolling
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Standard 

Billet (NB)

Reinforced 

Bar

Ingot 

Mould
Hot 

Rolling

Pencil 

Ingot (PI)

Reinforced 

Bar
 

Fig 1: Flow diagram of different route of processing reinforcing bar 

 

A number of pencil ingots of different heats, normal standard billets and quality standard billets were 

chemically analyzed. The chemical compositions of the samples were examined and the heats chosen 

for further work was based on carbon equivalent factor. The sampling procedure of any 

heterogeneous material is of great importance. Two methods of sampling are advocated random 
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sampling and representative sampling. Representative sampling is best achieved by taking samples 

equally spaced throughout the bulk. This method of sampling is perfectly satisfactory. 

Inclusion content may be determined either by a macroscopic or a microscopic method. The 

advantages of microscopic method are that, the character or type of inclusions may be determined and 

extremely small inclusions are revealed. Specimens or metallographic assessment of inclusions were 

prepared by using standard techniques of polishing. Extreme care was used to ensure that the 

inclusions are retained. It was not always possible to retain all the inclusions. However, this did not 

affect the result because the cavities in the samples were counted as inclusions. Many investigators 

have preferred to estimate the inclusion content in steels without recourses to arbitrary standards, 

primarily because the personal factor in these methods is reduced to as rational a basis as possible. 

Several methods have been suggested for assessing the inclusion content in steel. Inclusion content 

was estimated by the method of direct counting and measurement of inclusions on metallographic 

samples (Kjerrmann and Jernkont, 1929).Both longitudinal and transverse sections were examined. 

The locations of inclusion analysis were selected randomly. For understanding the deformation 

behavior, the SEM with EDX analysis was performed on the finished rolled reinforced bars. The 

chemical compositions (as determined by optical emission spectroscopy) of ingot, normal standard 

billet and quality standard billet are listed in Table1.  

 
Table 1: Chemical compositions of the ingots/billets 

Heat No           Chemical Composition  Carbon Equivalent  

= %C + % Mn/6 %C %Mn %Si %P %S %N 

PI 0.33 1.12 0.24 0.04 0.04 0.03 0.52 

NB 0.32 1.15 0.25 0.04 0.04 0.03 0.51 

QB 0.31 1.14 0.31 0.03 0.04 0.04 0.50 

Note: PI=Pencil Ingot, NB=Normal Standard Billet and QB=Quality Standard Billet 

 

RESULTS AND DISCUSSION 

 
Inclusion Distributions 

Steel ingots or billets produced commercially are heterogeneous in nature. The exact distribution of 

the non-metallic inclusions in an ingot or billet is not known, but experience suggests that it could 

vary from top to the bottom or first to the end and also centre to the outside of an ingot or billet. 

Differences between ingots or billets in the same cast have also been observed. The magnitude of 

these differences is largely dependent on steel making and casting conditions.  

The results of inclusion contents are given in Table 2. During the assessment, different particle sizes 

were measured and monitored. The inclusion sizes and distributions were found to be affected by the 

melting, handling and/or processing technique. The casting quality requirements were met regardless 

of the particle size ranges detected in the molten metal just before the pouring operation. The pencil 

ingot contains higher content inclusions than casting billets and gives inferior mechanical properties. 

Proper liquid metal treatment (ladle refining) with synthetic slag ensured lower number inclusions in 

the quality billets and reinforcing bars produced from these billets give better mechanical properties.  

 
Table 2: Inclusion distributions in ingot/billet 

Heat No Inclusions size distribution, µm Total Number of Inclusions /cm2 

3-10 10-20 20-30 30-40 >40 

PI 22150 784 890 252 16 24092 

NB 11895 458 334 24 3 12714 

QB 10125 451 22 7 00 10605 

 

Metallurgical Observations 

Samples polished in the rolling direction were taken from each reinforcing bars. These are examined 

under the optical microscope and scanning electron microscope. All the reinforcing bars had a 

ferrite/pearlite matrix typical of C/Mn steels with a carbon content of about 0.3%. All the steels 

contained inclusions of the oxide, carbide, sulphide or complex types.  
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EDX Analysis: 

Element % of wt Comments 

Fe 23.84 Mainly 
Sulphides  

(FeS, MnS) 

and some 
oxides 

Mn 35.46 

Si 0.39 

Al 0.32 

O 1.94 

S 26.17 

C 11.88 

 

 
EDX Analysis: 

Element % of wt Commen
ts 

Fe 65.89 Mainly 

carbides(Fe3C
, Mn3C)and 

some oxides 

Mn 23.74 

Si 0.52 

Al 0.45 

O 1.98 

S 0.38 

C 7.11 

Fig 2: SE image sulphide and carbide type’s inclusions; chemical composition (mass %) of the inclusions, 

inclusions detected by EDX microanalysis in the deformed bars and shapes after rolling 

 

EDX Analysis: 

Element % of wt Comments 

Fe 53.3 carbides  

(Fe3C,Mn3C)

, silicate and 
oxides( FeO, 

MnO, SiO2 , 

Al2O3) 

Mn 24.26 

Si 1.10 

Al 0.91 

O 7.51 

S 0.00 

C 12.92 

 

 

EDX Analysis: 

Element % of wt Comments 

Fe 52.18  

Mainly 

carbides   
Mn 19.04 

Si 7.12 

Al 3.69 

O 0.00 

S 0.00 

C 17.94 

Fig 3: SE image oxides and carbides type inclusions, inclusions distinguished by EDX and depending on 

their shapes after rolling 

 

The shape change of inclusions after multi-pass hot rolling and EDX results are showed in Fig. 2 and 

Fig.3. During rolling the plastic inclusions change shape and therefore their size, whilst the harder 

types of inclusions are not affected by reduction. Inclusions in the form of thin films located on grain 

boundaries are especially dangerous for steel quality. These are usually low-melting oxysulphide 

inclusions precipitated in liquid state during steel solidification. They weaken the intergranular bonds, 

especially at elevated temperatures (red shortness). After rolling or forging the sulphide type 

inclusions are elongated and rolled out to some extent with the working/rolling direction (Fig.2). 

Elongated MnS found in the deformed bars. Inclusion particles with sharp edges may be quite 

dangerous; these are usually high melting inclusions (Malkiewicz and Rudnik, 1963; Baker, et al., 

1976; Belchenko and Gubenko, 1983). Rounded off inclusion particles are considered less harmful. 

They are formed by substances which have low melting point and are poorly wettable by the metal.  

Small carbide type inclusions are retaining their shape (Fig.3) and particle size, refractory and brittle 

one breaks up. A low concentration of inclusions in steel is not, by itself, the guarantee of high quality 

because the inclusions may be concentrated in particular places of an ingot or billet. 

Fig.4.a shows the Optical micrograph of elongated inclusion. The size of the elongated sample 

indicates the degree of reduction of the material from ingot or billet to deformed bars. With increasing 

reduction, the plastic inclusions change shape and therefore their size, whilst the harder types of 

inclusions are not affected by reduction. Inclusion particles with sharp edges (Fig. 4.b) may be also 

quite dangerous; these are usually high-melting inclusions, i.e. with the melting point above the 

temperature of molten metal. They often serve as stress concentrators in the metal and as sites for the 

beginning of fracture. If such an inclusion passes onto the surface of an article (a ball bearing, rail, 

etc.) it will crumble out soon and cause premature failure of the article. Rounded off inclusion 
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particles (Fig.4.c) are considered less harmful. They are formed by substances which have a low 

melting point and are poorly wettable by the metal. 

 

             
Fig. 4: Optical micrographs showing (a) elongated, (b) sharp edge and (c) rounded off inclusion after hot rolling 

 

CONCLUSIONS  

The nature, size, shape and distribution of inclusions have been studied. It was found that most of the 

inclusions were Mn, Al and Si based complex silicate or oxide or carbide precipitates. Structural steel 

from pencil ingot contain larger size (>40 µm) and higher number (24092/cm2) inclusions. Deformed 

bars produced from normal casting billets (without treatment) content lower size and number 

inclusions. Inclusions level in the reinforced bars produced from quality standard billet (ladle 

refining) are lower number and size (<40 µm) than pencil ingots or normal standard billets. During 

deformation (hot rolling) sulphide type inclusions are elongated and rolled out and elongated MnS 

found in the deformed bars. Small carbide type inclusions are retaining their shape and particle size, 

refractory and brittle one breaks up.    
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ABSTRACT 

Alloy addition increases the tensile strength with increasing lesser amount of ductility for the 

development of high strength low alloy steels (HSLA). Improvement of mechanical properties and 

microstructures, heat treatment was carried out which provide high strength, high yield point 

combined with adequate ductility and toughness. An attempt has been taken to study the effect of 

0.5wt% Cr on structure and properties of ~ 0.10% carbon (low carbon) steel. Samples of the steels 

were annealed and normalized by R.F. Generator machine from their respective heat treatment 

temperatures. The standard tensile specimens made from the annealed and normalized steel bars were 

tested to obtain data on tensile properties such as yield strength, ultimate tensile strength, percentage 

of elongation and percentage of reduction in area. 0.5wt% Cr content steel (Steel-2) shows the better 

yield strength and tensile strength but poor ductility than plain carbon steel (Steel-1)in the heat treated 

conditions. The corresponding heat treatments change the microstructures of the examined alloys.  

  

Keywords: Plain carbon steel; heat treatment; tensile properties; microstructure 

 

INTRODUCTION 

During the last decays, there has been a great demand for steels with higher mechanical strength, 

sufficient ductility and toughness. Moreover, the lightness of the steel is attractive, as in the 

automobile and aircraft applications. These requirements can be achieved by an increase in carbon 

content in a limited way, but even in the heat-treated condition the maximum strength of alloy steel 

can reach 700 MPa above this value; the ductility dramatically decreases (Avner, 1974). Heat treated 

alloy steels provide high strength, high yield point, combined with appreciable ductility even in large 

sections. The use of plain carbon steels frequently necessitates water quenching accompanied by the 

danger of distortion and cracking, and even so only thin sections can be hardened throughout. For 

resisting corrosion and oxidation at elevated temperatures, alloy steels are essential. High-strength 

low-alloy (HSLA) steels, or micro-alloyed steels, are designed to provide better mechanical properties 

and/or greater resistance to atmospheric corrosion than conventional carbon steels in the normal sense 

because they are designed to meet specific mechanical properties rather than a chemical composition. 

The HSLA steels have low carbon contents (0.05-0.25% C) in order to produce adequate formability 

and weldability, and they have manganese contents up to 2.0%. Small quantities of chromium, nickel, 

molybdenum, copper, nitrogen, vanadium, niobium, titanium and zirconium are used in various 

combinations (Aver, 1974; Hossain and Kabir, 2006). 

According to the Alloy Steels Research Committee (ASRC): “Carbon steels are regarded as steels 

containing not more than 0.5% manganese and 0.5% silicon, all other steels being regarded as alloy 

steels (American Society for Metals, 1964). The basic alloying elements added to steel are 

manganese, lead, nickel, chromium, molybdenum, vanadium, niobium, silicon and cobalt. The effect 

heat treatment of low-alloy steel was extensively studied by many researchers during the last decays 

(Frihat, 2015). Low-alloy steels constitute a category of ferrous materials that exhibit mechanical 

properties superior to plain carbon steels as the result of additions of alloying elements such as nickel, 
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chromium, molybdenum and niobium. For many low-alloy steels, the primary function of the alloying 

elements is to increase hardenability in order to optimize mechanical properties and toughness after 

heat treatment. In some cases, however, alloy additions are used to reduce environmental degradation 

under certain specified service conditions (Aver, 1974; Hossain and Kabir, 2006).  

Mechanical  properties  of  steels  are  strongly  connected  to their  microstructure  obtained  after  

heat  treatments  that are  generally  performed  in  order  to  achieve  a  good hardness  and/or  tensile  

strength  with  sufficient  ductility (Mebarki et al.,  2004). Currently,  there  is a strong  interest in  the  

effect  of  cooling  rate  on  the  mechanical  properties and  microstructure  of  industrial  processed  

steels. It  has  been  shown that  oil  quenching  produce  an  essentially  ferrite-martensite  dual  phase  

structure  with  about  4  volume  pct  of fine  particle  and  thin  film  retained  austenite.  In  contrast, 

the slower air cooling results in a larger amount (about 10volume  pct)  of  retained  austenite  in  

addition  to  the  ferrite and  martensite  phases.  On  the  other  hand,  with  the applied  cooling  rate  

increasing,  the  transformed  structure evolves  from  granular  bainite,  lower  bainite,  self-tempered  

martensite,  to  finally  martensite  without  self tempering  (Qiao  et  al.,  2009).  Among  them,  self-

tempered  martensite,  obtained  in  the  transformed  specimens cooled  with  rates  of  25 - 80°C/min,  

exhibits  the  highest hardness values due to the precipitation of fine carbides.  

It  has  been  shown  that  yield  strength  increases  with  increasing  cooling  rate,  while  ultimate  

tensile strength  and  strain-to-failure  is  unaffected.  Although many  papers  have  been  published  

on  the  effect  of cooling  rate  on  the  tensile  behaviors  of  steel  (Chao  and Gonzales-Carrasco,  

1998;  Perdrix  et  al.,  2000;  Serre  and Vogt,  2008)  there  has  been  little  research  on  the  effects 

of  cooling  rate  on  the  microstructure  and  micro-hardness (Nagpal and  Baker, 1990;  Lu et  al., 

2009).  

The influence of Mn, Cr and Mo on hardenability is well known. These elements promote the 

formation of hard phases such as bainite and martensite. Chromium, manganese (both having high 

affinity for oxygen) and molybdenum all enhance hardenability. Cr, Mo and Mn influence on the 

formation of bainite and/or martensite during continuous cooling of medium-carbon steels and 

respective mechanical properties (Sarasola, et al., 2005; Sulowski and Cias, 2011). It was investigated 

the effects of Cr and Ni on low carbon steel with undissolved carbide particles on the refining the 

austenite grain size (Razzak, 2011). Low carbon steel with Cr content showed a lower Widmanstatten 

ferrite content, whereas the proportion of acicular ferrite was increased. Acicular ferrite improves the 

toughness and acts as an obstacle to cleavage fracture. Higher impact absorption energy was 

measured in a specimen with finer acicular ferrite structures. Cr is a ferrite-stabilizing element and 

increases the corrosion resistance of plain carbon low alloy steel (Lee and Lee, 2015). 

The present  study  is  aimed  at  understanding  the  effect  of 0.5wt%  Cr addition on  the  

mechanical  properties and microstructures of heat treated plain carbon low alloy steels. 

 

EPERIMENTAL PROCEDURE  

Two different steels containing about 0.10 % carbon were used in this study. The compositions of the 

steels are presented in Table 1. Steel-1 is the base steel with which the structure and properties of the 

Steel-2 compared. The steels were made in an air induction furnace. All the melts were poured into a 

cylindrical metal mould and sound ingots were produced. These ingots were rolled down to 16mm 

diameter bars.  

The heat treatments of the specimens were carried out in the Induction R. F. Generator (Radio 

Frequency). The steels were held at their respective heat treatment temperatures for pre selected 

periods. Then they were allowed to cool at two different cooling rates, namely 67, ~4ºC/min. These 

cooling rates indicate the natural cooling or normalizing (67oC/min) and annealing (4oC/min). The 

heat treated bars were then machined into standard tensile specimens with a nominal diameter and 

minimum parallel length of 3.99 mm and 25 mm respectively.  

The tensile specimens were then tested with a Universal Tensile Testing Machine (INSTRON) to 

obtain data on yield strength (YS), ultimate tensile strength (UTS), percentage of elongation (%EL), 

and percentage of reduction in area (% RA). 

For metallographic observation, the heat treated specimens were taken for micro examination. The 

samples were then ground, polished up to gamma-aluminum powder and then etched in 2% nital. The 

microstructure of these specimens was then studied with the help of an optical microscope and 
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photograph of these structures of each specimen were taken. Chemical compositions of the examined 

steels have shown in Table.1. 

 
Table 1: Chemical compositions of the examined steels 

Steel Name Composition weight percentage 

C Si Mn S P Cr Fe 

Steel-1 0.10 0.28 1.18 0.021 0.028 - Bal. 

Steel-2 0.11 0.20 1.28 0.022 0.022 0.5 Bal. 

 
RESULTS AND DISCUSSION 

 
Tensile Properties 

The results of the tensile test of the heat treated (both annealed and normalized) tensile specimens of 

the Steel-1 and Steel-2 are shown in Fig.1. It is evident from Fig.1.a that yield strength of the Steel-2 

is higher than the Steel-1.Between the alloy steels; Steel-2 with Cr produces the higher yield strength 

than Steel-1 all over the applied heat treatment. This indicates that chromium increase the yield 

strength. A similar trend was found with the ultimate tensile strength of these steels. Chromium (Cr) 

in the form of CrC precipitates increases the strength by means of precipitation strengthening. CrC 

also pins the grain boundaries and inhibits the grain growth. This results in grain refinement and 

hence higher strength. 

 

    
Fig 1: (a) Tensile strength and (b) Ductility at annealed and normalized condition 

 

Fig.1.b shows that ductility i.e. percentage of elongation and reduction in area in Steel-1 and Steel-2 

in both annealed and normalized condition. Steel-2 showed lower percentage of elongation than Steel-

1 in both heat treatment conditions. This may be due to the presence of precipitates (CrC in Steel-2).  

This indicates that CrC is harmful for increasing the ductility. The percentage of reduction in area also 

decreases due to present CrC. This happens because ductile behaviour is normally inversely 

proportional to yield strength. 

 

Microstructural Investigation 

The microstructure of annealed and normalized Steel-1 and Steel-2 are shown in Fig.2.a and Fig.2.b 

respectively. It has been observed that Steel-1 showed regular ferrite pearlite structure in the annealed 

condition (Fig.2.a) and fine ferrite pearlite & few Widmanstatten structure & bianite in the normalized 

condition (Fig.3.a). The finer structure in the normalized condition is due to the faster cooling rate. In 

the annealed condition Steel-2 revealed regular ferrite pearlite structure (Fig.3.b) finer than Steel-1 

revealed ferrite pearlite. In the normalized condition Steel-1 showed some Widmanstatten structure 

along with regular ferrite pearlite. The amount of Widmanstatten structure is only small in Steel-1. 

The Steel-2 showed only regular ferrite pearlite in the normalized condition (Fig.3.b). Optical 

microscopy also revealed finer ferrite pearlite in Steel-2 than plain carbon Steel-1. 

Steel-2 showed more or less same grain size of ferrite pearlite compared to Steel-1. Steel-1 is a plain 

carbon steel. It does not contain any alloying element. So, there are no second phase particles to 

a b 
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inhibit grain growth. In the annealed condition Steel-1 also revealed very fine ferrite pearlite in some 

areas. This is may be due to the segregation effect. The finest grain size in Steel -2 containing Cr and 

Cr is due to the precipitation of finer CrC during cooling. For this reason Steel-2 showed finest grain 

size than Steel-1. 

 

                     
Fig 2: Optical microstructures of (a) Steel-1 and (b) Steel-2 at annealed condition, X600 

 

                  
Fig 3: Optical microstructures of (a) Steel-1 and (b) Steel-2 at Normalized condition, X600 

 

CONCLUSION 

Heat treatment affects the microstructure and tensile properties of the experimental low alloy steels 

remarkably. At annealed condition, Cr in Steel-2 revealed regular ferrite pearlite structure, finer than 

plain carbon Steel-1. Steel-2, it has been observed that fine ferrite pearlite & few Widmanstatten 

structure & bianite in the normalized condition (faster cooling rate).The yield and ultimate tensile 

strength of Cr content Steel-2 is higher than steel-1 but the ductility is lower all over the heat treated 

condition. 
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ABSTRACT 

The history of Chittagong is very royal for many branches of history. The oldest archaeological and 

historical buildings are one of them. Near about 53 number of historic building are situated in 

Chittagong. Most of them are about to ruin due to age and lack of maintenance. At the same time the 

buildings have experienced different types of natural disaster like earthquake, flood, landslide, 

cyclone etc. Our most valuable traditional oldest archaeological and historical buildings are now at 

vulnerable condition due to frequent occurrences of natural disaster specially for earthquake and 

landslide. It is high time to take necessary steps to keep these buildings safe. Here we conduct a 

preliminary and detail survey on Chandanpura Mosque, CRB (Chittagong Railway Building), Zia 

Memorial Museum, Chittagong Railway Station (old), Chittagong Railway School, Chittagong 

Polytechnic Institute, Chittagong Club and Chittagong Court Building. Various dimensions of 

structure and other features collected by physical measurement from existing building’s and prepare 

their floor plan, front elevation, sectional elevation. By visual observation we identified their visible 

faults. Then categorized them in plaster cracks, brick wall cracks, corrosion in steel, horizontal cracks 

in the beam, vertical cracks in the column.Then recommend probable retrofitting measures in civil 

engineering practice according to identified problem. 

 

Keywords: Historical Building; traditional value; vulnerability; cracks; retrofitting 

 

INTRODUCTION 

Notable numbers of buildings are carrying our tradition, culture & history. Many Buildings are 

informally constructed in a traditional manner without formal design by qualified Engineers or 

Architects. Now a days this is become our responsibility to save this structures to conserve their 

traditional, historical and archaeological value. 

Chittagong is also very important for its many historical & archaeological buildings. Such buildings 

involve stone, brick, concrete block, rammed earth and wooden post, combination of some or all 

above materials. For last six decade these buildings are completely out of proper maintenance on 

time. As a result they are almost nearby to damage before design life time. It is high time to take 

necessary action to save these structures. Most of them have not been designed for seismic loads. 

Recent earthquakes have shown that many such buildings are seismically vulnerable and should be 

considered for retrofitting. Retrofitting is the process of saving the structure from damage and 

strengthens the structure. Different conventional retrofitting techniques are available to increase the 

strength or ductility of these historical and archaeological building. 
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METHODOLOGY  

 

Methodology of the work are given below as a work flow diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Identification of Historical & Archaeological building’s 

For identifying a project as a historical & Archaeological a building must satisfied three common 

criteria e.g. Age, Integrity of a Building and Significance.  

 Age: A building must be "old enough" at least 50 years old to be considered historic. In another way 

a structure must be old enough to have been studied by historians, architectural historians or 

archaeologists. This latter perspective allows some types of properties that are less than 50 years old 

to be considered as "historic". 

Integrity: For physical integrity a building, structure, landscape feature, historic site, or historic 

district must be relatively unchanged. For an archaeological site, integrity means that the site must be 

relatively undisturbed, with its patterns and layers of artifacts and other archaeological evidence 

relatively intact.  

Significance: Finally and most importantly a property must be significant to be considered historic. 

Significance is defined in three ways:  (1) through direct association with individuals, events, 

activities, or developments that shaped our history or that reflect important aspects of our history; (2) 

by embodying the distinctive physical and spatial characteristics of an architectural style or type of 

building, structure, landscape, or planned environment, or a method of construction, or by embodying 

high artistic values or fine craftsmanship; or (3) by having the potential to yield information important 

to our understanding of the past through archaeological, architectural, or other physical investigation 

and analysis. 

 

Preliminary survey on identified building’s 

We have conducted a preliminary survey of identified buildings by a questionnaire survey form 

shown in Table 1 

 

Data collection 

We collect data by field measurement and for required data we create a data base. 

 

Preparation of Plan, Elevation & section  
From surveyed data and field measurement we have prepared floor plan, front elevation and sectional 

elevation of surveyed buildings. 

 

Fault identification  

From visual investigation and field visit we have identified different types of fault on the existing 

structures e.g. plaster crack, beam column crack, ceiling crack, reinforcement corrosion, slab & stair 

problems, masonry wall crack. 

 

Retrofitting measures 
After identification of all types of faults we recommend required retrofitting measures. 

Identification of Historical & Archaeological building’s in Chittagong City 

Preliminary survey on identified building’s 

Selection of historical and Archaeological building’s for detail survey 

Various dimension of structure & other features collection by physical measurements 

Preparation of plan, elevation and section of the surveyed buildings for making database 

Identification of various problems which makes the structure vulnerable 

Suggestion of probable retrofitting measures in civil engineering practice 
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RESULTS AND DISCUSSIONS 

The 2nd largest city and sea port of Bangladesh, Chittagong has its past glory. During the 18th and 

19th centuries Chittagong was under the British rule. For this reason different important historical and 

archaeological buildings were constructed in here in different times. The Preliminary Survey results 

are shown in Table 2  

Table 1: Questionnaire survey form for preliminary survey 
Sl. 

No. 

Description of building Information Notes 

01 Name    

02 Address    

03 Name and type of owner  Private/government 

04 Name of Architect   

05 Name of Engineer   

06 Use of  building  Residential/ office/ commercial/ 

industrial 

07 Type of structure  Load bearing/frame 

08 Open ground storey Yes / No  

09  Heavy machinery or any other type of large 

mass 

Yes / No  

10 Expansion / Separation joints   

11 Photograph / sketch  Attach with sheet 

12 Structural drawings available Yes / No  

13 Architectural drawings available Yes / No  

14 Geotechnical report available Yes / No  

15 No. of Storey   

 
Table 2: Preliminary survey results 

Sl. 

no. 

Name  of the building & Location Established 

Year 

No. of 

storied 

Previously 

Retrofitted 

Type of Structure 

  1. Chandanpura 

Mosque<Andarkilla> 

1920 02 No Bricks masonry & 

RCC Structure 

2. CRB (Chittagong Railway 

Building)<S.S.Khaled Road> 

British 

Victorian 

Period. 

03 No Bricks masonry 

3. Zia Memorial 

Museum<S.S.Khaled Road> 

1913 02 No Bricks masonry 

4. Chittagong Railway Station(old) 

<Kotowali> 

1972. 02 Yes Bricks masonry 

5. Chittagong Railway School 

<Pahartoli station road> 

1936 02 No Bricks masonry 

6. Chittagong Polytechnic Institute 

<East Nasirabad> 

1962 03 No R.C.C. frame 

structure 

7. Chittagong Club Ltd. 

<S.S.Khaled Road> 

1875 03 Yes R.C.C. frame 

structure 

8. Chittagong Court 

Building<Kotowali> 

1953 03 No Bricks masonry 

 
Preparation of Plan, Elevation & section 

Different floor plan and elevation drawn from collected data of the surveyed buildings shown in 

Table 3 
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Table 3: Drawing of surveyed building 

Chandanpu

ra Mosque 

( Floor 

Plan & 

Front 

Elevation ) 

  
CRB 

(Chittagon

g Railway 

Building) 

(Ground 

floor plan 

and North 

side 

elevation)  
  

Zia 

Memorial 

Museum 

(Ground 

floor plan 

and Front 

elevation) 

  
Chittagong 

Railway 

Station 

(Old) 

(Ground 

floor plan 

and Front 

elevation ) 

 
 

Chittagong 

Railway 

School 

Building 

and 

Chittagong 

Polytechni

c Institute 

(Ground 

floor plan) 

  

Chittagong 

Club 

(Ground 

floor , 1st  

floor,  

Mezzanine 

floor plan ) 
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Chittagong 

Court 

Building 

Complex 

(3D Model 

View )  

 
 

Identified problems and their probable retrofitting measures 

During detailed survey of structure identified problems and their probable retrofitting measures in 

civil engineering practice are shown in Table 4 

 

 

 

Table 4: Identified problems and their probable retrofitting measures 

Crack in Ancillary part & plaster of the structure  

Cracks in railing and corrosion of steel 

(Chandanpura mosque). 

Cracks in railing (Chandanpura mosque) Cracks in the wall plaster (C.P.I). 

   
Repair technique: Plaster should remove properly in cracks area. Then  apply de-salt chemical in the wall and re plaster . 

Ancillary part like railing crack fault should recast. 

Crack in the wall 

Cack in the wall (C.R.B) Corrosion in the wall (C.R.B) Cracks in the wall (old fire service building) 

   
Repair technique: Cracks that are small in width (≤ 0.75 mm) can be effectively repaired by pressure injection of epoxy (IS 

13935: 1993).The surfaces are thoroughly cleaned of loose materials.  Injection ports are placed along the length of the cracks on 

both sides, at intervals approximately equal to the thickness of the member. Low viscosity epoxy resin is injected into the ports 

sequentially, beginning at the port at the lowest level and moving upwards one by one.  The resin is pushed through the packer till 

it is seen flowing from the other end or from a port higher than where it is injected. The port is closed at this juncture and the 

packer is moved to the next higher port.    

Larger cracks will require larger packer spacing depending on thickness of the member. Vacuum injection has a typical fill level of 

95 percent and can fill cracks as small as 0.025 mm. A similar technique can be applied to strengthen weak walls. 

Re-pointing:  For re-pointing, first the wall should be made wet and all loose debris cleared. The joints that are to be re-pointed 

should be raked to a depth of 2 times the joint height. Next fresh mortar should be placed by trowels. The mortar should be non-

shrinking type. The re-pointed portion should be cured properly. 

Grout Filling: Selected cells in a hollow block masonry wall can be filled with grout. Filling the voids with grout will increase the 

compressive strength and make the wall more impermeable to water penetration. The inside of the cavity should be pre-wetted, 

then drained prior to grouting. 

Crack Stitching: It is possible to introduce internal ties in a masonry wall by drilling a hole, placing a bar and finally grouting the 

hole. A similar ‘pinning technique’ can be used for stitching cracks in the walls and strengthening the arches. 
Cracks in the column   

Cracks in column (C.P.I) Repair technique: Column jacketing method can be applied for re-

strengthening the column 
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CONCLUSION AND RECOMMENDATION 

 

CONCLUSION 

In a sense of social & professional responsibility of an Engineer we take some step as starting of the 

preservation of Historical and Archaeological buildings. From above study we saw that identified 

problems are not a major problems at all. These can be easily retrofitted by suggested retrofitting 

measures in civil engineering practice in a economic way. Problem is lack of awareness, lack of 

regular repair & maintenance. In this way we throw our most valuable Historical and Archaeological 

buildings in a threat. 

 

RECOMMENDATION: 
 This paper can be used for conservation of these historic Structures. 

 Prepared database can be used for taking priority of treatment at vulnerable stage. 

  
Cracks in the Beam 
Crack & corrosion of steel in beam (C.P.I) Repair technique: Beam jacketing method can be applied for re-

strengthening the beam 

  
Ceiling fault   

Corrosion of steel on roof (C.P.I) Corrosion of steel on roof (Court building) 

  
Repair technique: Ceiling should re plaster after removing the old damaged plaster immediately to prevent steel corrosion and in 

R.B slab (reinforced brick) steel section can be repaired by applying anti corrosion chemical.   

Cracks on the floor 

Cracks on the floor (C.R.B) Repair Technique : Large Cracks and Crushed Material 

For cracks with width larger than 6 mm or in regions where brickwork or concrete is crushed, the 

following procedure is suitable.  

1. Removed loose material in the crack. 

2. If necessary, the crack is dressed to have a V grove.  

3. At wide cracks, fillers like flat stone chips can be used.  

4.To prevent widening of the cracks, they can be stitched  

The stitching consists of drilling small holes of diameter 6 to 10 mm on both sides of the crack, 

cleaning the holes, filling up these with epoxy mortar and anchoring the legs of stitching dogs (U-

shaped steel bars of diameter 3 to 6 mm with short legs).  The stitching dogs can have variable 

length and orientation. The spacing of the reinforcement should be reduced at the ends of the crack. 

Stitching will not close the crack, but it prevents further propagation and widening of the crack. The 

stitching will stiffen the area near the vicinity of the crack. 
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 Can prepare a master plan for restoring the Historical Buildings in future. 

 Data base can be used for the numerical modelling to get the specific retrofitting technique of 

this building. 
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ABSTRACT 

This paper reports on the response of RCC structures over time due to Static and Dynamic loading. 

Here structures with different span lengths are modeled. Three different cases based on span lengths 

are considered (Case-01: Length/Breadth (L/B) ratio 0.60, Case-02: L/B ratio 0.80 and Case-03: L/B 

ratio 0.95). These structures are designed within reasonable drift limits and analyzed for probability of 

occurrence of the most unfavorable effect resulting from the combination of different loads. The 

effect of same loading on different span lengths are compared with each other. The effects of four 

Earthquakes of different magnitudes: Imperial Valley 1940 (Magnitude-6.95), Imperial Valley 06 

(6.53), Imperial Valley 07 (5.01) and Imperial Valley 08 (5.62) – on the same structure are 

determined by Time History Analysis and results are compared with each other. This paper highlights 

on the variations observed in Column Bending Moment, Column Shear Force and Joint 

Displacements due to Static and Time history analysis. From the analysis, it is found that Maximum 

Moment for dynamic analysis is 245% of the Maximum Static Moment, Maximum Shear for dynamic 

analysis is 167% of the Maximum Static Shear and Maximum Joint Displacement for dynamic 

analysis is 255% of the Maximum Static Joint Displacement.  

 

Keywords:  Static Analysis; time history analysis; column bending moment; column shear force; joint 

displacement 

  

INTRODUCTION 

Earthquake forces are random in nature and unpredictable, the engineering tools need to be sharpened 

for analyzing structures under the action of these forces. Earthquake loads are required to be carefully 

modeled so as to assess the real behavior of structure with a clear understanding that damage is 

expected but it should be regulated. Various simplified nonlinear analysis procedures and approximate 

methods to estimate maximum inelastic displacement demand of structures are proposed in the 

literature. Within this framework, two analysis tools are currently offered with different levels of 

complexity and of required computational effort, nonlinear static analysis (Pushover) and nonlinear 

dynamic analysis (Time-history). 

A full time history analysis will give the response of a structure over time during the application of 

dynamic loading. Time history analyses are required to define the real seismic response of structures, 

especially for irregular, highly ductile, critical or higher modes induced structures.  

The main objectives of this paper are-  

 Determination of the displacement and ductility demands of a building structure, which may 

exhibit inelastic behavior during an earthquake.  

 Determination of the nonlinear behavior of building structures by utilizing time-history 

analyses of various deformation levels. 

 

METHODOLOGY 

 

Model Development 

The building model considered for this study is a ten-storied building.  
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Fig. 1: Plan Layout (Left), 3D view of the structure (Right) 

 
Table 1: Different Span length 

Case Length Breadth 

01.  (L/B= 0.60) 12´ 20´ 

02.  (L/B= 0.80) 12´ 15´ 

03.  (L/B= 0.95) 12´ 13´ 

 

All structural models consist same beam-column layout; just the spacing between columns varies. All 

building models of Ordinary Moment Resisting Frame have been developed with Concrete beam, 

column and 6´´ concrete slab. Material properties for all members is 4000 psi and yield stress is 60 

ksi. Here fixed support condition has been selected. The effects on the structures are analyzed using 

SAP2000 V-14 software. 

Loads that act on structures can be divided into three general categories. They are: 

 Dead load: The dead loads are Floor finish (25 psf), Partition Walls (20 psf), which will act 

along with the self-weight of the beam, column & slab. 

 Live load: Live Load 60 psf has been used according to the BNBC. 

 Lateral load: Two types of lateral loads are considered – Wind Load and Earthquake Load. 

These loads are applied using ten different combinations according to BNBC. These combinations 

are: 

i) 1.4 DL + 1.7 LL                                           vi) 1.05DL + 1.275 LL + 1.405 EQX                                        

ii) 1.05DL + 1.275 LL + 1.275 WX                                 vii)  1.05DL + 1.275 LL – 1.405 EQX 

iii) 1.05DL + 1.275 LL - 1.275 WX                                  viii) 1.05DL + 1.275 LL + 1.405EQY 

iv) 1.05DL + 1.275 LL + 1.275 WY                                   ix) 1.05DL + 1.275 LL – 1.405EQY 

v) 1.05DL + 1.275 LL - 1.275 WY                                      x) ENVELOPE  

In this study, we have also used four different earthquake data. They are: 

 Imperial Valley 1940 of Magnitude 6.95 

 Imperial Valley 06 of Magnitude 6.53  

 Imperial Valley 08 of Magnitude 5.62 

 Imperial Valley 07 of Magnitude 5.01 

 

RESULT AND DISCUSSION 

Variations are observed on the effects of same parameters such as Column Bending Moment, Column 

Shear Force and Joint Displacements. 

 

Static Analysis 

Different structures are analyzed with the same arrangements of beams and columns, but with three 

different L/B ratios of 0.6, 0.80 and 0.95. In case of static loading the structures are analyzed for 

probability of occurrence of most unfavorable effects resulting from different load combinations 

provided by BNBC. Effects of the same type of loading on different spans are described below: 
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 Column Bending Moment                                         Column Shear Force  

 

Fig. 2: Moment distribution and Shear force distribution of Column C1 along different story levels 

 

For Column C1 the maximum moment 81155.85 lb-ft is obtained at Ground Floor of the structure 

with L/B ratio 0.6 and  minimum moment 5234.15 lb-ft is obtained at Base Level with L/B ratio 0.95. 

For Column C1 the maximum shear 13047.7 lb is obtained at Base level of the structure with L/B 

ratio 0.6 and minimum shear 422.57 lb is obtained at Roof Level with L/B ratio 0.95 

 

Joint Displacement due to Static Loading (Wind-X and Wind-Y) 

 
Fig. 3: Joint Displacement due to Static Loading Wind-X (Left) and Wind-Y (Right) 

 

For Wind-X and Wind-Y the maximum joint displacement 7.24*10^-2 ft is observed at joint-12 and 

16.97*10^-2 ft is observed at joint-12 of the structure with L/B ratio 0.95. Again, minimum joint 

displacement 0.28*10^-2 ft is observed at joint-02 and 0.64 ft. at joint-02 with L/B ratio 0.6. 
 

Joint Displacement due to Static Loading (EQ-X and EQ- Y) 

 
Fig. 4: Joint Displacement due to Static Loading Earthquake-X (Left) and Earthquake-Y (Right) 

 

For Earthquake-X and Earthuake-Y the maximum joint displacement 17.28*10^-2 ft is observed at     

joint-12 and 14.56*10^-2 ft is observed at joint-12 of the structure with L/B ratio 0.60. Again, 

minimum joint displacement is 0.82*10^-2 ft is observed at joint-02 with L/B ratio 0.95 and 

0.08*10^-2 ft. is observed at joint-02 with L/B ratio 0.80. 

 

Time History Analysis 

Time history analysis is a step by step analysis of the dynamic response of a structure to a specified 

loading that may vary with time. The dynamic time history analysis is used to determine the dynamic 

0

20000

40000

60000

80000

100000

0 1 2 3 4 5 6 7 8 9 10 11

M
o

m
en

t 
(l

b
-f

t)

Storey Number

L/B= 0.6
L/B= 0.8
L/B= 0.95

0

2000

4000

6000

8000

10000

12000

14000

0 1 2 3 4 5 6 7 8 9 10 11

S
h

ea
r 

fo
rc

e 
(l

b
)

Storey number

L/B= 0.6
L/B= 0.8
L/B= 0.95

0 2 4 6 8

J-2

J-4

J-6

J-8

J-10

J-12

Joint Displacement (*10^-2 ft)

J
o

in
t 

N
u

m
b

er

L/B= 0.95
L/B= 0.8
L/B= 0.6

0 5 10 15 20

J-2

J-4

J-6

J-8

J-10

J-12

Joint Displacement (*10^-2 ft)

J
o

in
t 

N
u

m
b

er

L/B= 0.95
L/B= 0.8
L/B= 0.6

0 5 10 15 20

J-2

J-4

J-6

J-8

J-10

J-12

Joint Displacement (*10^-2 ft)

J
o

in
t 

N
u

m
b

er

L/B= 0.95
L/B= 0.8
L/B= 0.6

0 5 10 15 20

J-2

J-4

J-6

J-8

J-10

J-12

Joint Displacement (*10^-2 ft)

J
o

in
t 

N
u

m
b

er

L/B= 0.95
L/B= 0.8
L/B= 0.6

Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh 
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.) 

305



response of a structure through the direct numerical integration of the dynamic equilibrium equations. 

Here the dynamic time history analysis is done to analyze parameters like Column Bending Moment, 

Column Shear force and Joint displacement. Two types of comparisons are shown here:  

 

Comparison of Effects of Different Span Length 

In this study different structures are analyzed with the same arrangements of beams and columns, but 

with three different Length/Breadth (L/B) ratios of 0.6, 0.80 and 0.95. Time History Analysis is done 

only for Earthquake data ‘Imperial Valley 1940’ of magnitude 6.93 for different L/B ratios of 0.6, 

0.80 and 0.95 . 

Column Bending Moment                                       Column Shear Force  

 
Fig. 5: Moment distribution and Shear force distribution of Column C1 along different story levels 

 

For Column C1 the maximum moment 19.86*10^4 lb-ft is obtained at Base level of the structure with 

L/B ratio 0.6 and minimum moment 0.12*10^4 lb-ft is obtained at Roof Level with L/B ratio 0.95.                                                                       

For Column C1 the maximum Shear 21.78*10^3 lb  is obtained at Base level of the structure with L/B 

ratio 0.6 and minimum Shear 0.28*10^3lb is obtained at Roof Level with L/B ratio 0.95 

Joint Displacement due to Dynamic loading 
Joint displacement due to Dynamic Loading (Earthquake data of Imperial Valley 1940 of magnitude 

6.93) along the X - direction at different elevations (from Joint-02 to Joint-12) is shown below: 

 
                                           Fig. 6: Joint Displacement due to Dynamic Loading 

 

Maximum joint displacement 4.405*10^-1 ft is observed at Joint-12 of the structure with L/B ratio 

0.95. Again, minimum joint displacement is observed at joint-02 with L/B ratio 0.80, the value of 

which is 0.1752*10^-1 ft. 
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Comparison of the Effects of Four Different Earthquakes 

The effects of four earthquakes are compared for the same structure of L/B ratio 0.6. Comparisons are 

done for Column Bending Moment and Column Shear Force by Time History analysis using SAP. 

 

Comparison for Column Bending Moment                   Comparison for Column Shear Force  

 
Fig. 7: Moment distribution and Shear Force distribution of Column C1 along different story levels 

 

For Column C1 maximum moment 45.43*10^4 lb-ft at Base Level of the structure for earthquake 

Imperial Valley 06 (magnitude 6.53) and minimum moment 0.24*10^4 lb-ft and 0.91*10^4 lb-ft  is 

obtained at Roof Level for earthquake Imperial Valley 07 (magnitude 5.01) 

For Column C1 maximum shear 4.989*10^4 lbs. is obtained at Base Level of the structure for 

earthquake Imperial Valley 06 (magnitude 6.53) and minimum shear 0.09*10^4 lbs. is obtained at 

Roof level for earthquake Imperial Valley 07 (magnitude 5.01). 

Comparison between Static and Dynamic (Time History Analysis) 

Two types of analysis have done here. Static for different load cases and dynamic time history 

analysis for Earthquake Data ‘Imperial Valley 1940’ (magnitude 6.95). Variations are observed on the 

effects of same parameters such as Column Bending moment, Column Shear force and joint 

displacements.  

 

Variation in Column Bending Moment                     Variation in Column Shear Force  

 
Fig. 8: Variation in Column Bending Moment for (C1), Variation in Column Shear Force for (C1) 

 

Here it is observed that for dynamic analysis the value of moment (19.46×104 lb-ft/ft) at base level is 

maximum, for static analysis at the same level we get the minimum moment value (1.74×104 lb-ft).                                     

From the Column shear force graph we can see that the values of Column Shear Force for C1 are 

higher in dynamic analysis whereas that is lower for static analysis.  

Variation in Joint Displacement 

For Joint Displacement variation in the result obtained from static (Wind-X, Wind-Y, EQ-X and EQ-

Y) and dynamic analysis is shown below:  

                                 
Fig. 9: Variation in Joint Displacement for static and dynamic analysis 
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The above curves show the variation of joint displacement due to static and dynamic loadings. Due to 

dynamic loading joint displacement is much higher than that of any static loadings (Wind-X, Wind-Y, 

EQ-X, and EQ-Y). 

 

CONCLUSION 

In this study structures with different span lengths are modeled to attain adequate stiffness against 

lateral loading and designed within reasonable drift limits and according to other safety parameters. 

The outcomes of this study are discussed below: 

Variation due to different Span Length 

1) For same plan layout, values of Bending Moments (BM) of Columns decrease with increasing span 

length. 

2) The variation of Column Shear Force (SF) is similar to the variation of Bending Moments of 

Columns. Shear Force in Columns also decreases with increasing span length. 

3) Joint Displacement increases with the increasing elevation of the joint from ground level.  

Variation due to four different Magnitudes 

1) Column Bending Moment and Column Shear Force each increases with the increasing magnitude 

of earthquake data. 

2) Column Bending Moment and Shear Force decreases and joint displacement increases with the 

increasing elevation above ground level.  

3) We also observe an exception. For Imperial Valley 06 each parameter shows considerably higher 

values, though its magnitude is smaller (i.e. 6.53) than that of Imperial Valley 1940 (6.95). 

Variation due to Static and Dynamic Analysis 
1) Column Bending Moment - Maximum moment for dynamic analysis is 19.86×104 lb-ft at Base 

Level of Column C1 for L/B=0.60 which is 245% or 2.45 times of the Maximum Static Moment 

(81155.85 lb-ft at the Ground Level of Column C1 for L/B=0.60)                                                                    

2) Column Shear Force - Maximum shear for dynamic analysis is 21.78×103 lb at Base Level of 

Column C1 for L/B=0.60 which is 167% or 1.67 times of the Maximum Static Shear (13047.7  lb at 

Base Level of Column C1 for L/B=0.60).                                                                                                                         

3) Joint Displacement - Maximum Joint Displacement for Dynamic Analysis is 4.41×10-1 ft at Joint-

12 for L/B=0.95 which is 255% or 2.55 times of the Maximum Static Joint Displacement (17.28×10-2 

ft at Joint-12 for L/B=0.60 due to EQ-X). 
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ABSTRACT 

Chittagong is the largest port city and commercial capital of Bangladesh which has many development 

activities as like of planned residential areas, but over the last 30 years the unchecked development in 

Chittagong has been resulted in little resilience to earthquake. So now-a-days it is very important to 

identify buildings that are high vulnerable. This paper represents the seismic vulnerability of RCC 

buildings of 8 no. Shulakbahar ward, Chittagong by using Turkish method based on a number of 

structural parameters like soft story, pounding effects, apparent quality etc. at level-I survey and two 

parameters like redundancy and strength index are also calculated at level-II survey that determined on 

the basis of engineering knowledge and observation. In this method, the discriminate scores obtained 

from two discriminate functions are combined in an optimal way to classify existing buildings as “safe”; 

“unsafe”; “moderate” from level-I survey and those moderate group buildings are further analyzed in 

Level-II survey and obtained the high risk and low risk group, moderate risk group. 

 

Keywords: Turkish method; soft story index; pounding effect; stiffness index; strength index 

 

INTRODUCTION 

Earthquake is caused due to tectonic movements in the earth's crust. Earthquake is also occurred away 

from plate boundaries at weaknesses in the earth's crust known as faults. In case of Bangladesh which 

is possibly one of the country’s most vulnerable to potential earthquake threat and damage because the 

location of Bangladesh close to the boundary of two active plates: the Indian plate in the west and the 

Eurasian plate in the east and north. For this reason the country (e.g. Chittagong) is always under a 

potential threat to earthquake at any magnitude at any time, which might cause catastrophic death tolls 

in less than a minute. In the basic seismic zoning map of Bangladesh, Chittagong region has been laid 

under Zone II, has seismic coefficient of 0.15, which means this area (Chittagong) under the high risk 

of earthquake. According to Global Hazard Assessment Program (GSHAP), the most hazardous 

division in Bangladesh is the Port City Chittagong. About 80-90 percent of buildings and physical 

infrastructures in Chittagong are vulnerable to future massive earthquake measuring 6-7 magnitudes on 

the RS, as most of these were not designed to withstand against seismic load. Hilly terrain of this city 

corporation area may create huge land slide during a heavy earthquake. Now evaluation of the seismic 

resistance and the assessment of possible damage are quite imperative in order to take preventive 

measures and reduce the potential damage to civil engineering structures and loss of human lives during 

possible future earthquakes. 

The objective of this study is to compile a database of R.C.C. buildings to make a vulnerability analysis 

of those structures of the selected area in 8 No. Shulakbahar ward, to classify the buildings into 

seismically safe or unsafe as well as to identify the buildings that are highly vulnerable.  

 

OBSERVED AREA 

The study area is Sholokbahar R/C/A at ward no.8 of Chittagong City Corporation situated on the bank 

of Karnaphuli River.  

Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh 
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.) 

309



 
 

 
Fig. 1: Study Area Shulakbahar Ward 

 

METHODOLOGY 

There are several methods to determine seismic risk assessment such as FEMA 154 (1988), FEMA 310 

(1998), EURO CODE 8, NewZeland Guideline, Modified Turkish Method, NRC guideline, IITK-

GSDM method, Japan method. All the methodologies have common objective to determine the risk of 

building due to earthquake. Among these Turkish Method of simple survey procedure is adopted for 

this case study for the study area of 8 No Shulakbahar ward.  

 

TURKISH METHOD 
In recent times, after the 1999 earthquake in the cities of Kocaeli and Duzce, Government of Turkey 

and Japan International Cooperation Agency (JICA) came forward for implementing a regional seismic 

assessment and rehabilitation program. Researchers from various universities were involved in this 

program supported by the Government of Turkey and JICA. In this method a simple two-level Seismic 

Assessment Procedure for a building stock was proposed (Sucuoglu and Yazgan 2003). In this most 

vulnerable buildings that may undergo severe damage in a future earthquake are identified. The first 

level (Level - I) is known as “Walk Down Evaluation”. This simple level does not require any analysis. 

In this level the street survey procedure based on simple structural and geotechnical parameters that can 

be observed easily from the sidewalk. In second level (Level - II), the observers enter the basement and 

ground stories of the buildings for collecting the simplest structural data.  
 

Level – I: (The Walk Down Evaluation procedure)  

In this level of observation some structural parameters that have been observed during the field surveys 

and selected for representing building vulnerability are given below. 
 

Survey Parameters 

(a) Number of Stories [Up to seven stories]: This is the total number of floors above the ground level. 
(b) Existence of a soft Storey [Yes or No]: A soft storey usually exists in a building when one particular 

storey, usually employed as a commercial space, has less stiffness and strength compared to the other 

stories. 

(c) Existence of heavy Overhangs [Yes or No]: Heavy balconies and overhanging floors in multistory 

RC buildings shift the mass center upwards; accordingly give rise to increased seismic lateral forces 

and overturning moments during earthquakes. 

(d) Apparent Building Quality [Good, Moderate or Poor]: A close relationship has been observed 

between apparent quality and experienced damage during recent earthquakes in Turkey. 

(e) Existence of short Columns [Yes or No]: Frames with partial infill’s lead to the formation of short 

columns which sustain heavy damage since they are not designed for the high shear forces due to 

shortened heights that will result from a strong earthquake. 

(f) Pounding Effect [Yes or No]: When there is no sufficient clearance between adjacent buildings, they 

pound each other during an earthquake as a result of different vibration periods. Uneven floor levels 

aggravate the effect of pounding. 

(g) Topographic Effects [Yes or No]: Buildings on slopes steeper than 30 degrees have stepped 

foundations, which cannot distribute ground distortions evenly to structural members above. 
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(h) Local Soil Conditions [Stiff or Soft]: The intensity of ground motion at a particular site 

predominantly depends on the distance the causative fault and local soil conditions. As there exists a 

strong correlation between PGV and the shear wave velocities of local soils (Wald 1999), in this study 

the PGV is selected as to represent the ground motion intensity. The PGV map in the JICA (2002) report 

has contour increments of 20 cm/s2. The intensity zones in Istanbul are expressed accordingly, in terms 

of the associated PGV ranges. 

Zone I : 60<PGV<80 cm/s2 

Zone II : 40<PGV<60 cm/s2 

Zone III: 20<PGV<40 cm/s2 

Based on their number of stories and the seismic hazard level at the site buildings are assigned different 

base scores as shown in Table given below. 

 
Table 1: Base scores and vulnerability scores for concrete buildings, (Sucuoglu et al., 2003) 

No. of 

Stories 

Base Scores(BS) Vulnerability Scores(VS) 

Zone I Zone II Zone III 
Soft 

Story 

Heavy 

Overhang 

Apparent 

Quality 

Short 

Column 
Pounding 

Topographic 

Effects 

1or 2 100 130 150 0 -5 -5 -5 0 0 

3 90 120 140 -15 -10 -10 -5 -2 0 

4 75 100 120 -20 -10 -10 -5 -3 -2 

5 65 85 100 -25 -15 -15 -5 -3 -2 

6 or 7 60 80 90 -30 -15 -15 -5 -3 -2 

 

Building Seismic Performance 

The vulnerability parameters of a building are obtained from walk down surveys and its location is 

determined, the seismic performance score PS can be calculated by the following equation: 

PS = (BS) - Σ (VSM) × (VS); Where, BS is the Base Score (Defined in Table 1), Σ (VSM) is the 

Summation of Vulnerability Score Multiple (Defined in Table 2), VS is the Vulnerability Scores 

(Defined in Table 1) 
Table 2: Vulnerability Parameters, (VSM) 

 

 

 

 

 

 

 
Level - II (Preliminary Assessment) 

Yucemen et al. 2004, Ozcebe et al. (2003) and Yakut et al. (2003) employed the discriminant analysis 

technique to develop a preliminary evaluation methodology for assessing seismic vulnerability of 

existing low- to medium-rise RC buildings in Turkey. The procedure is applicable to RC frames and 

frame-wall structures, having the stories up to seven. The main objective of the procedure is to find the 

buildings that are highly vulnerable to damage. 

Definition of the discriminating parameters and the procedure to be followed are introduced below: 

 
Table 3: Variation of LSCVR and IOCVR values with number of stories 

n LSCVR IOCVR 

3 or less 0.383 -0.425 

4 0.430 -0.609 

5 0.495 -0.001 

6 1.265 0.889 

7 1.791 1.551 

 

  

Soft storey Does not exist = 0, Exist = 1 

Heavy overhangs Does not exist = 0, Exist = 1 

Apparent quality Good = 0, Moderate = 1, Poor =2 

Short columns Does not exist = 0, Exist = 1 

Pounding effect Does not exist = 0, Exist = 1 

Topographic effects Does not exist = 0, Exist = 1 
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Table 4: Variation of CMC values with soil type and distance to fault 

Soil Type 
Shear Wave Velocity 

(m/s) 

 Distance to Fault (km)  

0-4 5-8 9-15 16-25 >26 

B >760 0.778 0.824 0.928 1.128 1.538 

C 360-760 0.864 1.000 1.240 1.642 2.414 

D 180-360 0.970 1.180 1.530 2.099 3.177 

E <180 1.082 1.360 1.810 2.534 3.900 

 

By comparing the CV values with associated DI value calculate performance grouping of the building 

for life safety performance classification (LSPC) and immediate occupancy performance classification 

(IOPC) as follows: 

If DILS> CVLS take PGLS=1 

If DILS< CVLS take PGLS=0 

If DIIO> CVIO take PGIO=1 

If DIIO< CVIO take PGIO=0 

 

RESULTS & DISCUSSIONS 

After analyzing data, among 500 buildings 191 buildings are unsafe, 215 buildings are safe and 94 

buildings are moderate category that is shown in Fig. 2. 

 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Number of vulnerable buildings 

 

The study can be summarized as follows: 

 The vulnerability factor which is the most severe in study area recognized with soft story in 

41.2% and heavy overhanging in 24% building found at level I survey. In case of level II survey 

50% buildings have soft storey problem and 26% found heavy overhanging problem. 

 The moderate apparent quality of the buildings is ensured by 55% and 12% in level I and II 

survey respectively. About 14.4% buildings have poor apparent quality found at level II survey. 

 From the Level I survey results, the pounding and topographic effects of the buildings covered 

maximum percentage 6% and 8% respectively. In case of Level II survey these effects were 

found for 12% and 8% building respectively. 

 The redundancy and strength index at level II survey were found in case of 28% and 8% 

buildings respectively. 

 

CONCLUSION 

1) This study mainly targets to attract the interest on the present situation of Chittagong earthquake 

by seismic vulnerability assessment based on Turkish method. 

2) The results of the first level and the second level investigations indicated that, in general 

consistent results, which further indicated that walk down survey provides a realistic priority 

ordering for the second level investigations. 

3) Some buildings, which were assigned moderate at the end of first level, may be ranked in the 

high seismic risk group buildings by the second level survey. 
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ABSTRACT 

This paper is concerned with buckling problem of flexible beams on an elasticfoundation for free 

vibration. An exact solution for the post-buckled geometric nonlinear beam with clamed-clamed and 

clamed-hinged end conditions are presented in this paper. The cubic nonlinearity of the governing 

equation of motion is induced due to the mid-plane stretching, which is considered in the analysis. 

The critical buckling load, associated mode shape, the effect of foundation stiffness, andvibration 

behavior are obtained. The optimum locations of an internal hinge and the optimum buckling force 

are also investigated for various foundation stiffness of the nonlinear beam on an elastic foundation. 

 

Key words: Buckling; exact solution; hinge; free vibration; nonlinear beam 

 

INTRODUCTION 
Buckling is a static instability of structures due to in-plane loading and solving the nonlinear buckling 

problem for a given axial load results in the post buckling configurations [Nayfeh and Emam 2008]. A 

plenty of research has been carried out on the subject of buckled beam[Fang and Wickert 1994, 

Nayfeh et al. 1995, Addessi et al. 2005, Zhang et al. 2005, Li and Batra 2007,Emam and Nayfeh 

2009, Xia et al. 2010], plates [Chen 1994, Librescu and Lin 1997] and rods [Whiting 1997, Wang 

1997, Li et al. 2002] for many years. Among them, Nayfeh et al [1995] and Chen [1994] were 

formulated the static buckled configurations to obtain buckled shapes and their associated natural 

frequencies with the fixed and simply supported post-buckled beams. The governing equations of the 

nonlinear buckled beams were induced a geometric nonlinearity in the most of the researches. The 

geometric nonlinearity is due to the mid-plane stretching, which is taken into account in the present 

study. Fang and Wickert[1994]studied the static deformation of micro-machined beams under 

prescribed in-plane compressive stress by analytical and experimental means based on geometrically 

nonlinear imperfect beam. Addessi et al. [2005] investigated free un-damped in-plane vibrations of 

shear undeformable beams around their highly buckled configuration neglecting rotary inertia effects. 

Zhang et al.[2005] investigated the secondary bifurcations and tertiary states of a beam resting on 

nonlinear foundation. They used a three mode Galerkin discretization to produce a set of nonlinear 

algebraic equilibrium equations and then the algebraic equations were solved by numerically using the 

root solving and pseudo-arch-length method.  

In the recent years, Li and Batra[2007] studied the buckling and the post buckling deformation of 

uniformly heated pinned-pinned and fixed-fixed Euler-Bernoulli beams supported on linear elastic 

foundations. They used the shooting method to compute the buckling modes and transitions among 

them by solving analytically the linear problem. Recently, Xia et al. [2010] investigated the static 

bending, post buckling and free vibration of nonlinear micro-beams. This study established a 

nonlinear non-classical Euler-Bernoulli beam model for micro-scale beam by using the modified 

couple stress theory.  

Buckling of column/beam is basic in elastic stability. In some cases beam may have to provide 

interior joints or internal hinge. The internal hinge may be necessary in designs to facilitate the 

opening of doors and hatches or other swivel motions. Previously, the buckling force and optimum 

hinge location on fundamental frequency had beeninvestigated on beams [Wang and Wang 2001, Lee 

et al. 2003, Cheng et al. 2003] and plates [Xiang et al. 2001, 2003, Gupta and Reddy 2002]. 

Also,exact vibration solutions of structural members were summarized by Wang et al. [2005]. In the 
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recent years, buckling of column [Wang 2008] and an infinite beam [Wang 2010] with the internal 

hinge attached to an elastic foundation have been investigated.Most the works available in the 

literature for determination of internal hinge location of a beam are the linear vibration problem 

except Cheng et al. [2003] is a nonlinear random response. Nonlinear vibration of buckling problems 

of beam with an internal hinge is rare in the literature. The aim of the present study is to determine the 

optimum location of internal hinge and critical buckling forces at various foundation stiffness of 

nonlinear beam for clamped-clamped (C – C) and clamped-hinged (C – H). 

In this study, an exact solution of the governing differential equation is presented. The geometric 

nonlinearity is governed due to the mid-plane stretching of the beam; as a result the governing 

equation is formulated with a cubic nonlinearity. Two types of end conditions of the geometric 

nonlinear beam such as C – C and C – H on an elastic foundation are taken into account for the 

analysis of the buckling problem. Exact vibration solutions for internal hinge locations and optimum 

buckling force corresponding to various foundations stiffness are also investigated for C – C and C – 

H nonlinearpost-buckled beam on an elastic foundation.  

 

THEORY 
The governing equation of motion of nonlinear vibration of the Euler-Bernoulli beam on elastic 

foundation including the effect of mid-plane stretching [Barari et al. 2011] is as follows 

 (1) 

Where, the prime indicates the derivative with respect to , over dot indicates the derivative with 

respect to  and denotes the transverse displacement by the mid-plane stretching of the beam on 

elastic foundation. The m is the mass per unit unreformed length,cross section area A, moment of 

inertia I, length of the beam L, Young’s modulus of the beam E, damping coefficient of the beam ξ, 

foundation coefficient of modulus Kf, axial force acting on the beam , excitation amplitude , 

excitation frequency . For the convenience, the following non-dimensional variables are used 

 

, , , ,  , , , and           (2) 

 

Where, r is the radius of gyration of the cross section of the beam, therefore, equation (1) can be 

written as 

 

                (3) 

 

The associated boundary conditions for C – C and C - H beam is as follows: 

 

and  at                                                  (4) 

 

and  at                                                (5a) 

 

and  at                                               (5b) 

 

BUCKLING FORMULATION 

Consider the time dependent, damping factor and force terms are zero, the buckling problem can be 

obtained from Eq. (3) is as follow 

                    (6) 

 

Exact Solution 

The integral is constant [Nayfeh and Emam 2008]in Eq. (6) for given W(x). So, consider denotes this 

constant 

 

(7) 
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Substituting Eq.(7) into Eq. (6), the results can be expressed as 

                                                     (8) 

where λ = F – Q represents the critical buckling load and Eq. (8) is a fourth order ordinary differential 

equation whose general solution can be expressed into three types [Wang 2008]. 

Case 1, if λ2>4Kf , the solution can be written  

 

                               (9a) 

 

Where        and                                 (9b) 

 

Case 2, if  λ2 = 4Kf , the solution can be written  

(9c) 

Where                                                               (9d) 

Case 3, if λ2<4Kf , the solution can be written  

       (9e) 

Where , ,  and        (9f) 

 

In this study, we consider only the case 1, λ2>4Kf, therefore the general solution of the different types 

of end conditions of the nonlinear beam are as follows: 

 

C – C beam 

Applying the boundary condition of Eq. (4) for clamped-clamped beam, we have 

 

(10) 

 

(11) 

 

                              (12) 

 

(13) 

 

The determinant of the coefficient matrix of equations (10) – (13) represents the characteristic 

equation. Therefore, the following characteristic equation can be obtained  

 

                               (14) 

 

The Eigen-values are determined by solving the Eq.(14). Now the mode shapes are given by 

 

 (15) 

Where, d is a constant to be determined. The expression of mode shapes W(x) governs both the 

symmetric and anti-symmetric mode shapes. The buckle configuration W(x) satisfies the boundary 

condition as well as the following condition due the mid stretching of the beam. 

(16) 

Substituting Eq. (15) into Eq. (16), a relationship with the variables F, Kf, d and λ are obtained. 

Therefore, for a given axial load F, the constant d corresponding to any λ can be determined, and 

subsequently, the mode shapes of beam can be obtained by using the Eq. (15) 

Simplify the Eq. (14) the symmetric mode is as follows 

Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh 
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.) 

316



                             (b) 

 (17a) 

(17b) 

Simplify the Eq. (14) the anti-symmetric mode is as follows 

                                                     (18a) 

(18b) 

C – H beam 

Similarly, satisfying the boundary conditions Eq. (5) the characteristic equation for the clamped-

hinged beam can be written as  

(19) 

The Eigen-values are determined by solving the Eq. (19). Again the mode shapes yield Eq. (15) and 

the critical buckling load can be determined after determining the constant d by using the Eq. (19).The 

characteristic equations and Eigen-values for various end conditions of beam on elastic foundation are 

summarized in Table 1. 

 
Table1 The Eigen values for various end conditions of beam on elastic foundation 

 

RESULTS AND DISCUSSION 

The nonlinear post-buckled vibrations of beam on an elastic foundation are analyzed with C – C and 

C – H. The results are presented in the following Sections with non-dimensional parameters such as 

length of the beam, axial force, static deflection and foundation stiffness. Figure 1 shows  flexible 

beam on elastic foundation subjected to the axial load, (a) without internal hinge and (b) with internal 

hinge. 

Fig. 2: illustrates the non-dimensional static deflection with respect to various foundations for C – C 

and C – Hbeam. The first two modes bifurcation diagrams for non-dimensional static deflection as a 

functionof non-dimensional foundation stiffness are presented in Figure 2a-b. The non-dimensional 

static deflections are plotted of the point at x = 0.3L. As the foundation stiffness decreases from the 

first critical stiffness at Kf = 38.00 and 28.76, the straight position loses stability and therefore, the 

buckling is formulated for C – C and C – H beam respectively in Figure 2a-b. The stability analysis is 

not included in this study. 

End conditions of beam 
Eigen values when β=0.3 by using Eqs. (14) and (19) for C – C and C – H 

beams, respectively 

C – C 6.298, 8.971, 12.575, 15.451, 18.858 

C – H 4.483, 7.752, 10.889, 14.084, 17.212 

Fig. 1:  A flexible beam on elastic foundation subjected to the axial load, (a) without internal hinge and (b) 

with internal hinge 
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(a)                                                                                           (b) 

 

                                                                                                               

(a)                                                                                             (b) 

 
 

Fig. 3 shows the non-dimensional critical buckling load obtained from exact solution for C – C and C 

– H beam. The first two modes bifurcation diagrams for non-dimensional deflection as a function of 

non-dimensional axial force are presented in Figure 3a-b. The non-dimensional static deflections are 

plotted at x = 0.3L with the foundation stiffness when Kf= 1. As the axial load increase from the 1st 

mode critical buckling load at F/π2 = 4.105 and 2.038, the straight position loses stability and thus, the 

buckling is formulated for C – Cand C – H beam in Figure 3a-b. The stability analysis is not included 

in this study. It can be seen that the critical axial force are increasing with increasing the foundation 

stiffness in Table 2a-b for C – C and C – H beam respectively.  

    
Table 2 a The critical buckling force at various Kf for C – C beam. 

 Kf Axial load  at  

1st mode 2nd mode 3rd mode 

1 4.015 8.148 16.014 

5 4.035 8.158 16.019 

10 4.061 8.170 16.026 

15 4.086 8.183 16.032 

20 4.112 8.195 16.039 

Fig 2 Non-dimensional static deflection corresponding to foundation stiffness of 1st and 2nd mode (a) C – 

C beam and (b) C – H beam. 

Fig. 3 Non-dimensional static deflection corresponding to axial load of 1st and 2nd mode (a) C – C beam and 

(b) C – H beam. 
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Table 2 bThe critical buckling force at various Kf for C – H beam. 

 

 

 

 

 

 

 

 

 

On the other hand, the phase diagram of C – H beam has a non-closed trajectory and the shape of the 

curve is more likely kidney shape. The nature of the phase diagram of the C – H beam demonstrates 

that the nonlinearity dominates in the system of C – H beam on elastic foundation at 1st mode 

vibration. Moreover, the trajectory of the C- H beam originates at the centre of the displacement and 

velocity; and the trajectory is vertically i.e. velocity axis symmetric. In addition, there is a common or 

fixed centre of the phase trajectories in the all cases of foundation stiffness for C – H beam. 

 

CONCLUSIONS 

An exact solution is presented to solve the nonlinear vibrations of post-buckled beam on an elastic 

foundation with C – C and C – H end conditions. The effect of foundation stiffness, critical buckling 

force and interesting vibration behaviors are investigated. The exact vibration solutions for axially 

loaded nonlinear beams on an elastic foundation with an internal hinge are obtained. The optimum 

non-dimensional buckling forces are investigated corresponding to the different foundation stiffness 

for C – C and C – H beam. The result shows that the foundation stiffness is greatly influenced to the 

buckling force of the beam with an internal hinge. The result obtained from the bifurcation diagrams 

and the internal hinge locations are useful for practical application with such kind of axially loaded 

nonlinear beam on an elastic foundation. 
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ABSTRACT 
Plastic waste disposal has become one of the most important issues in today’s world because of its non-

biodegradable nature. Using plastic in construction practice has become popular in recent years. In this 

study plastic is used in concrete as replacement of coarse aggregate, both crushed stone and brick chips, 

and compared their various fresh and hard properties to find out itsapplicability in structural 

concrete.Both crushed stone and brick chips arepartially replacedwith polypropylene(10% and 20 % by 

volume) and the results are compared with concrete without any polypropylene.After conducting 

extensive tests, it can be concluded that,polypropylene can be used as a partial replacement (10% by 

volume) of coarse aggregate for construction practice. 

 
Keywords: Polypropylene,Compressive Strength,Workability,Tensile Strength. 

 
INTRODUCTION 
In 2013, around 299 million tons of plastics were produced which was about 4%more than the production 

in 2012. In America alone around 31750 thousand tons of plastic waste was introduced in the municipal 

solid waste in 2012. During the year 2010 – 2011, some 750thousand tons of recycled plastic waste was 

produced in Bangladesh(Islam, M.J et.al,2015). Non-biodegradable behavior is the main problem with 

plastic materials which leads to congestion and pollution of the environment. Polypropylene (PP) is a 

cheap and plentiful thermoplastic used in a wide variety of applications including food packaging, 

textiles, laboratory equipment, automotive components, and polymer banknotes. Because of its wide 

application it is also turned out in significant amount as solid waste material. In 2012, 34.20% of PP was 

found in the total plastic products as durable goods in the municipal solid waste in the USA. So surely it 

has made people’s lives much easier but it also has a difficult disposal system, negative environmental 

impact and other consequences. Some research works were previously conducted where plastic wastes 

were used as a replacement for aggregate in concrete.Based on the literature review, it is evident that PP 

performs better as a replacement of aggregate in concrete compare to other form of plastics.In the present 

studyfresh and dry properties of concrete withPP used as partial replacement of coarse aggregate has been 

investigated. Tests have been carried out to compare the compressive and tensile strengths, slump test and 

unit weight of 10% and 20% PP replacedconcrete with the conventional concrete (0% replacement).  

METHODOLOGY  
Using plastic in construction practice is a modern idea.In order to achieve the desired outcome,a lot of 

experiments have been performed. The ideas were to find out the workability, compressive as well as 

tensilestrength of the sample concrete cylinder and also to inspect the uniqueness of the material . 

 

Materials: 

For the research work , three different types of coarse aggregates have been used, Stone chips, Brick chips 

and recycled Polypropylene(PP).The grading of the coarse aggregate were done according to  ASTM 

C33. For fine aggregates, Local sand has been collected and used . Burnt clay  brick  were purchased from 

the local market and then crushed into desired sizes. Crushed stones were purchased from local market 

according to desired shapes.Shredded polypropylene (PP) was used as coarse aggregate in this research 
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work.. PP aggregate were prepared through a process . At first, scrap plastic had been collected and 

washed, and then it had been melted and cooled into certain shape. Those cooled plastic bars can be 

shredded into specific sizes.  

Unit weight, fineness modulus ,specific gravity  and absorption capacity of coarse and fine aggregates 

used are summarized in the table provided following. Materials properties have been found out doing 

specific tests in the laboratory according to the ASTM standards. 

 

 

Table-1: Properties of aggregate 

 

Description Crushed 

Stone 

Brick 

Chips 

Sand Polypropylene 

(PP) 

Maximum size   19 mm 19 mm - 19mm 

Bulk specific gravity 2.61 6.54 2.25 0.85 

Apparent specific 

gravity 

2.58 2.43 2.43 - 

Water absorption 1.05% 14.3% 3.40% 0.80% 

Fineness modulus 7.29 6.54 2.60 7.29 

Mix design: 
 

Mix design for the concrete specimens is proposed for both types of aggregates(Stone Chips and Brick 

Chips).For both cases,two different water cement ratios were chosen along with three different types of 

replacements. The water cement ratios were .45 and .55. 

Both Stone chips and Bricks chips are replaced by PP(Polypropylene) and thus mix design for 1 

m3concrete has been proposed. Three different replacement ratios by volume were chosen and thus three 

different cases were proposed for both type of aggregates. The proposed cases were 

a) with no PP,b)With 10% PP by volume and c) With 20% by volume . 

 

Following tables shows the mix design for the concrete specimens. WC45P0 = water-cement ratio 0.45 

and 0% PP replacement, WC55P0 = water-cement ratio 0.55 and 0% PP replacement, WC45P10= water-

cement ratio 0.45 and 10% PP replacement, WC55P10= water-cement ratio 0.55 and 10% PP 

replacement, WC45P20= water-cement ratio 0.45 and 20% PP replacement, WC55P20= water-cement 

ratio 0.55 and 20% PP replacement.  BWC45P0 = water-cement ratio 0.45 and 0% PP replacement, 

BWC55P0 = water-cement ratio 0.55 and 0% PP replacement, BWC45P10= water-cement ratio 

0.45 and 10% PP replacement, BWC55P10= water-cement ratio 0.55 and 10% PP replacement, 

BWC45P20= water-cement ratio 0.45 and 20% PP replacement, BWC55P20= water-cement 

ratio 0.55 and 20% PP replacement.. 

 

Table 2: Mix Design for 1 m3 concrete(Stone chips replaced with PP) 
Designation Cement 

(kg) 

Water (kg) Sand 

(kg) 

Crushed Stone 

(kg) 

PP 

(kg) 

Water/Cement ratio = 0.45 

WC45P0 340 153 539 1251 - 

WC45P10 340 153 539 1126 40.5 

WC45P20 340 153 539 1001 81.0 

WC45P30 340 153 539 876 121.5 

Water/Cement ratio = 0.55 

WC55P0 340 187 514 1192 - 

WC55P10 340 187 514 1073 38.6 

WC55P20 340 187 514 954 77.2 

WC55P30 340 187 514 834 115.8 
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Table 3: Mix Design for 1 m3 concrete(Brick Chips replaced with PP) 
Designation Cement (kg) Water 

(kg) 

Sand 

(kg) 

Brick Chips (kg) PP (kg) 

Water/Cement ratio = 0.45 

BWC45P0 340 153 539 1251 - 

BWC45P10 340 153 539 1126 40.5 

BWC45P20 340 153 539 1001 81.0 

BWC45P30 340 153 539 876 121.5 

Water/Cement ratio = 0.55 

BWC55P0 340 187 514 1192 - 

BWC55P10 340 187 514 1073 38.6 

BWC55P20 340 187 514 954 77.2 

BWC55P30 340 187 514 834 115.8 

 
RESULTS 
For determining the applicability of polypropylene in concrete  following test were performed and their 

results are shown in the graphs for better perceptive. 

 

Effects on Slump  values: 

Slump test is done to find out the workability of the concrete .The workability depends on various factors 

like size and shape of the aggregates, water-cement ratios etc. As previously stated, two conventional 

aggregates,Stone chips and brick chips were partially replaced by Polypropylene, workability seems to 

increase for both cases with the increment of replacements. Following graphs shows the comparison 

among various replacements made with Polypropylene. 

 

 
 

 

 

 

Effects on Compressive strengths: 
Compressive strength of the sample cylinders were measured for both type of replacements.Compressive 

strength tests were done after 7 days and 28 days of casting. 

For Stone chips replaced with PP,increments in strengths were 14% and 69% for  10% replacements and 

for both water cement ratio respectively than conventional concrete. Similarly for brick 

chips,anincrements in strengths were observed 9% and 4%  for 10 % replacements and for both water 

cement ratio respectively than conventional concrete .This increase in strength may be caused due the 

rough and edgy surface texture of the PP aggregates. However, with further increase in PP content in 

concrete (20% replacements) decrease in strength trend was observed for Stone chips and Brick chips 

replaced concrete.Following figures shows the comparison of compressive strength of 7 days and 28 days 

of all types of replacements for  both Stone chips and Brick chips. 

Fig 1:Slump values of Conventional Concrete with PP replaced 

Concrete with Stone chips and Brick Chips 
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Effects on Tensile Strength: 

For both of aggregates (Stone chips and Brick chips) replaced with Polypropylene,showed increment in 

tensile strength with certain increase of Polypropylene. In 10% replacements of Stone chips with PP ,for 

both water cement ratios, tensile strength increased certain amount than regular concrete .For further 

replacement(20% by volume) ,strength seemed to be decreased for both water cement ratios.Similarly for 

Brick chips replaced concrete ,also shows the similar trend. 

Following graphs shows the values of tensile strength of both types of aggregates with two different water 

cement ratios. 

 

Fig 3:Compressive Strength (7 days) of  PP replaced Concrete 

with Stone chips and Brick Chips 

 

Fig 2:Compressive Strength (28 days) of  PP replaced Concrete 

with Stone chips and Brick Chips 
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DISCUSSIONS: 

After investigating the above data appropriately, followingconclusion can be provided ; 

 
1.Compare to the concrete with no PP, 10 % PP replaced concrete in case of stone chips showed a 

significant increase in both compressive and tensile strengths However, with 20% replacement showed 

opposite trend.  

2.For the brick chips replacements,10% PP replaced concrete showed better results than other concrete in 

the case of compressive as well as tensile strengths. 

3.For both cases,density of the concrete reduced significantly for PP replaced concrete.  

4.But overall, polypropylene replacement with crushed stone chips showed better results than brick chips 

replaced concrete.This type of concrete may be used for structural purpose having low density as well as  

high strength. 
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ABSTRACT  

Throughout the world cement, mortar and concrete cubes are the most widely used construction material 

the expanded use of the technologist for its use in aggressive. Concrete is a composite   material 

composed of aggregate bonded together with a fluid environments cement which hardens over time. 

Concrete refers to Portland cement concrete or to concretes made with other hydraulic cement, such as 

cement found. However, road surfaces are also a type of concrete, "Asphaltic concrete", where the 

cement material is bitumen. The main aim of the study is to select the most effective proportion of rice 

husk ash that can be used in replacing cement in concrete. In this study a total 45 no. of 4inch concrete 

cubes were casted with fresh water using water cement ratio 0.485 with different replacement level of 

cement (100:0, 95:5, 90:10, 85:15, and 80:20). Concrete cubes were tested for compressive strength at 

3 days, 7days &28 days. The compressive strength of the various concrete specimens is observed to 

increase with the age of curing and decrease as the percentage of RHA content increase among the 

different concrete mix, the optimum partial replacement of RHA continent is found to be 10%.  
 
Keywords: Rice Husk Ash (RHA); cement; water cement ratio; cubes; compressive strength 

  
INTRODUCTION  

Concrete is a composite material composed of coarse granular material (the aggregate or filler) 

embedded in a hard matrix of material (the cement or binder) that fills the space between the aggregate 

particles and glues them together. Concrete is the most widely used construction material in the world. 

It is used in many different structures such as dam, pavement, building frame or bridge. Also, it is the 

most widely used material in the world, far exceeding other materials. Rice husk ash is an industrial 

waste possess some of the cementing properties that can be economically utilized as the replacement 

of cement in producing concrete. RHA is collected from rice mills but it may be obtained using basket 

burner whereas rice husk burned at 250 degree centigrade temperature. RHA is a carbon neutral green 

product. Lots of ways are being thought for disposing them by making commercial use of this RHA. 

RHA is a good super-pozzolan. This super-pozzolan can be used in a big way to make special concrete 

mixes (Concrete –Chapter 5). There is a growing demand for fine amorphous silica in the production 

of special cement and concrete mixes, high performance concrete, high strength, low permeability 

concrete, for using in bridges, marine environments, nuclear power plants etc. This market is currently 

filled by silica fume or micro silica, being imported from Norway, China and also from Burma. Due to 

limited supply of silica fumes in Bangladesh and the demand being high the price of silica fume has 

risen to as much as US$ 500 ton in Bangladesh. From RHA we can manufacture organic micro-silica / 

amorphous silica, with silica content of above 89%, in very small particle size of less than 35 microns 

– Sillica-pozzolan for application in High Performance Concrete (Obilade, I.O.). The goal of the study 

is to reduce the construction cost as well as to utilize the environmental polluted material and also to 

introduce a new binding material as a partial replacement of cement which is environmentally 

benefitted.  

 

METHODOLOGY   

Out of many tests applied to the concrete, compressive strength test is the most important which gives 

an idea about all the characteristics of concrete. By this single test one judge that whether concreting 
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has been done properly or not. In this study 4in. Cubes of concrete were used in this study. Casting and 

curing of concrete cubes have been completed by using fresh water. Various parameters have been used 

in this laboratory investigations such as concrete mix ratio: Cement-Sand-aggregate ratio is 1:1.5:3; 

Percentage of rice husk as a partial replacement of cement: 0%, 5%, 10%, 15%, 20%; Percentage of 

rice husk ash as a partial replacement of cement: 0%, 5%, 10%, 15%, 20%; Exposure period: 3 days, 7 

days, 28 days. For mixing, water-cement ratio 0.485 has been used in this experimental work. At first 

some specimens were carried out from curing water in this study. Then each one was put in the open 

air for 24 hours for drying. After drying, the cubes were scaled by an inch scaled and then placed in the 

compressive strength testing machine. In the testing position, the cube was at right angles to the as-cast 

position so that the weaker and stronger parts (Parallel to one another) were extended from plate to 

plate. The load on the cube should be applied at a constant rate of stress equal to 0.2 to 0.4 Mpa/second 

(30 to 60psi/second). Finally, the data would be recorded which was got from compressive strength 

testing machine.  

  
RESULTS AND DISCUSSIONS  

Compressive strength values of test specimen’s in compressive strength testing machine (for different 

mix ratio, curing period) have been shown in Table 1: 
 

Table 1: Compressive Strength value of test Specimen   

Rice Husk  Curing Period   3 days  7 days  28 days  

Plane  

Compressive 

Strength(psi)  

1690  

  1619  1619  1831  1690  1479  2816  3520  3661  

Average   1642.66  1666.66  3332.33  

5%  

Rice Husk 

Ash  

Compressive 

Strength(psi)  1084  1549  1436  1513  1197  1408  2535  2323  3732  

Average   1356.33  1372.33  2863.33  

10% Rice  

Husk Ash  

Compressive 

Strength(psi)  1619  1197  1338  1338  1831  2183  3943  4506  3732  

Average   1384.66  1784  4060.33  

15% Rice  

Husk Ash  

Compressive 

Strength(psi)  1349  1319  1338  1253  1331  1842  2464  3661  3520  

Average   1335  1475  3215  

20% Rice  

Husk Ash  

Compressive 

Strength(psi  1197  1056  774  1338  1127  1056  2064  3561  3520  

Average   1009  1173.67  3048  

  
Variation of compressive strength vs curing period and compressive strength vs different cement, rice 

husk ash ratio are given below: 
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Curing Period(days) 

Fig. 1: Compressive Strength VS Curing Period 

relation  for concrete specimen {C:RHA=100:0, 

Sand: Cement=1:1.5} 

Fig. 2: Compressive Strength VS Curing Period 

relation  for concrete specimen {C:RHA=95:5, 

Sand: Cement=1:1.5} 
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Fig. 3: Compressive Strength VS Curing Period for 

concrete specimen {C:RHA=90:10, Sand: 

Cement=1:1.5} 

Fig. 4: Compressive Strength VS Curing Period for 

concrete specimen {C:RHA=85:15, Sand: 

Cement=1:1.5} 

Fig. 5: Compressive Strength VS Curing Period for 

concrete specimen {C:RHA=80:20, Sand: 

Cement=1:1.5} 

Fig. 6: 3 days compressive strength of concrete 

with various C:RHA  ratio (Cement:Sand=1:1.5) 
Fig. 7: 7 days compressive strength of concrete 

with various C:RHA  ratio (Cement:Sand=1:1.5) 

Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh 
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.) 

329



  
 

 

 
CONCLUSION 
Based on studies following results are made: For all mixes the compressive strength of the specimen 

increases with the age of curing and decreases as the RHA content increases. The replacement of cement 

content of the mix by 10% RHA is very close and greater in some case to 100% cement mix with 

regards to its compressive strength. The optimum replacement level of cement with RHA is found as 

10%.  
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Fig. 8: 28 days compressive strength of concrete 

with various C:RHA  ratio (Cement:Sand=1:1.5) 
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ABSTRACT 

A strong earthquake affecting a major urban area like Chittagong city may result in destructions of 

massive proportions and may have disastrous consequences for the entire nation. Chittagong, located in 

the south eastern part of Bangladesh, is a strategically and commercial capital of the country. The study 

area situated at no.25 Rampur ward of Chittagong City Corporation with more than 30,000 populations. 

The study methodology comprised of the most popular method of modern Turkish, where about eight 

individual parameters were surveyed like soft story, pounding effects, apparent quality etc. at level I 

survey. Based on the selected parameters, performance score has been assigned to individual buildings 

by which the buildings have been classified as damage category of safe, moderate and unsafe at level I 

survey. A total of 400 buildings have been surveyed in the study area of interest. Among those 400 

buildings 179 buildings are safe, 39 buildings are unsafe and 182 buildings are of moderate category 

after level I survey. The important outcome of the study is the complete building inventory of the study 

area identifying the damage category. 

 

Keywords: Seismic vulnerability assessment; Turkish method; Rampur ward; Chittagong city 

 

INTRODUCTION 

By its geographical position, Bangladesh is being treated as one very vulnerable country with its high 

risk of earthquake hazard. The Indian plate is moving ~60 mm/yr in a northeast direction and sub 

ducting at the rate of 45 mm/yr under the Eurasian and 35 mm/yr under the Burmese plates in the north 

and east, respectively (Bilham, 2004). 

When the rocks along a weak region in the earth’s crust reach their strength, a sudden movement takes 

place and opposite sides of the fault suddenly slips and release the large elastic strain energy stored in 

the interface rocks. The sudden slip at the fault causes the earthquake. A violent shaking of the earth 

when large elastic strain energy released spreads out through seismic waves that travels through the 

body along the surface of the earth. Most earthquakes in the word occur along the boundaries of the 

tectonic plates. Earthquakes can also occur far from the edges of plates, along faults. They are more 

common near the edges of the plates (UPSeis, 2016). 

Bangladesh stands on the northeastern corner of the Indian plate while Chittagong is situated over 

Chittagong-Tripura Fold Belt (CTFB). Most of the active faults within CTFB is thought to be secondary 

faults and deformations related to the rupture of the Tripura segment shown in [Fig. 1]. However, a part 

of these faults may generate large earthquakes separately from the plate boundary fault like the 1918 

Srimongal earthquake. However, it is difficult to separate active structures from the secondary 

structures (Morino et. al., 2013). Some active faults within Chittagong have been shown in [Fig. 2] 

among which Sitakund fault, Patia fault, Sitapahar fault, Kalabunia fault have potentials to produce 

some significant earthquakes. Sitakund fault zone is located at Northwest side of Chittagong city and 

the nearest fault from main city. 
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Fig. 1: Active faults in and around Bangladesh 

(Morino et. al., 2013) 

Fig. 2: Active faults in and around Chittagong 

(Alam, 2011) 

 

In the seismic zoning map of Bangladesh, provided in BNBC (Bangladesh National Building Code), 

Chittagong has been shown under Zone II with basic seismic zone coefficient of 0.15. But recent 

repeated study reveals shocking value around this region indicating the possibilities of potential threat 

of even much higher PGA like 0.28g than projected, which has already been proposed in BNBC draft 

2012 as for Chittagong under Zone III with basic seismic zone coefficient of 0.28 (Al-Hussaini et. al., 

2012).  

 

  
Fig. 3: Chittagong City Corporation map Fig. 4: 25 Number Rampur ward map 

 

The study area is ward no.25 of Chittagong City Corporation known as Rampur ward situated near the 

Bay of Bengal. This ward is one of the densely-populated wards of Chittagong city and has a residential 

of more than 30,000 people shown in [Fig. 3] and [Fig. 4]. Some typical buildings of study area are 

shown in [Fig. 5] and [Fig. 6]. This study has been carried out to identify the vulnerable structures in the 

study area so that highly vulnerable structures can be retrofitted on the priority basis. In order to develop 

an earthquake preparation program, earthquake vulnerability has been assessed on the basis of potential 

Vulnerability of Structures. 
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Fig. 5: Building ID 01 Fig. 6: Building ID 56 

 

SEISMIC VULNERABILITY ASSESSMENT  

Current approaches in seismic vulnerability evaluation methods can be classified in three main groups 

depending on their level of complexity. The first, most simple level is known as “Walk down 

Evaluation.” Evaluation in this first level does not require any analysis and its goal is to determine the 

priority levels of buildings that require immediate intervention. The procedures in FEMA 154 (1988), 

FEMA 310 (1998) Tier 1 and the procedure developed by Sucuoglu and Yazgan (2003) are examples of 

walk down survey procedures. The second level or Preliminary assessment methodologies (PAM) are 

applied when more in-depth evaluation of building stocks is required. In this stage, simplified analysis 

of the building under investigation is performed based on a variety of methods. These analyses require 

data on the dimensions of the structural and non-structural elements in the most critical story. The 

procedures by FEMA 310 (1998) Tier 2 and Ozcebe et al. (2003), later complemented by Yakut et al. 

(2003) can be listed as the examples of preliminary survey procedures. It is possible to survey large 

building stocks by employing the preliminary evaluation methodologies within a reasonable time span. 

The procedures in third level employ linear or nonlinear analyses of the building under consideration 

and require the as-built dimensions and the reinforcement details of all structural elements. In the 

present study only first level has been covered for seismic vulnerability assessment of buildings in study 

area. 

 

Walk down Evaluation (Level – I) 

For level-I assessment the procedure developed by Sucuoglu and Yazgan (2003) has been used. The 

first survey level is conducted from the sidewalk by trained observers through walk-down visits. A 

street survey procedure must be based on simple structural and geotechnical parameters that can be 

observed easily from the sidewalk. The time required for an observer for collecting the data of one 

building from the sidewalk is expected not to exceed 10 minutes. The parameters that are selected for 

representing building vulnerability in this study are the following: 

 

1. The number of stories above ground (1 to 7) 

2. Presence of a soft story (Yes or No) 

3. Presence of heavy overhangs, such as balconies with concrete parapets (Yes or No) 

4. Apparent building quality (Good, Moderate or Poor) 

5. Presence of short columns (Yes or No) 

6. Pounding between adjacent buildings (Yes or No) 

7. Local soil conditions (Stiff or Soft) 

8. Topographic effects (Yes or No) 
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Each parameter reflects a negative feature of the building system under earthquake excitations on a 

variable scale (Sucuoglu and Yazgan, 2003) 

The intensity of ground motion at a particular site predominantly depends on the distance of the 

causative fault and local soil conditions. As there exists a strong correlation between PGV and the shear 

wave velocities of local soils (Wald, 1999), in this study the PGV is selected as to represent the ground 

motion intensity. As for Chittagong no PGV map is available, the intensity zones are expressed 

accordingly, in terms of the associated PGV ranges as developed for Istanbul.  
Zone I: 60<PGV<80 cm/s2 

Zone II: 40<PGV<60 cm/ s2 

Zone III: 20<PGV<40 cm/ s2 

Based on their number of stories and the seismic hazard level at the site buildings are assigned different 

base scores as shown in Table 1. 

 
Table 1: Base Scores and Vulnerability Scores for Concrete Buildings (Ahmed et al. 2012) 

Number 

of 

Stories 

Base Scores(BS) Vulnerability Scores(VS) 

Zone I 

(60<PGV<80) 

Zone II 

(40<PGV<60) 

Zone III 

(20<PGV<40) 

Soft 

Story 

Heavy 

Overhang 

Apparent 

Quality 

Short 

Column 

Pounding 

Effects 

Topography 

Effects 

1or 2 100 130 150 0 -5 -5 -5 0 0 

3 90 120 140 -15 -10 -10 -5 -2 0 

4 75 100 120 -20 -10 -10 -5 -3 -2 

5 65 85 100 -25 -15 -15 -5 -3 -2 

6or 7 60 80 90 -30 -15 -15 -5 -3 -2 

 

Building Seismic Performance 

Once the vulnerability parameters of a building are obtained from walk down surveys and its location is 

determined, the seismic performance score PS can be calculated by using Eq. (1). The base scores (BS), 

the vulnerability scores (VS) and the vulnerability score multiplies (VSM) to be used in Eq. (1) are 

defined in Tables 1 and 2, respectively 

 

PS = (BS) - Σ (VSM) × (VS)                   (1) 

 
Table 2: Vulnerability Parameters (VSM) (Ahmed et al. 2012) 

 

 

 

 

 

 

 

Buildings are classified into three risk groups in this study based on the calculated Seismic performance 

score (PS) as shown in following Table 3. 

 
Table 3: Risk Groups Based on Seismic Performance Score (PS) 

Risk Groups Performance Score Range 

Unsafe PS≤30 

Moderate 31˂PS≤60 

Safe 61˂PS≤100 

 

RESULTS AND DISCUSSIONS  

Total number of structure in this area is almost residential, where most of the percentages are moment 

resisting RC frame. A total of 400 RC buildings were surveyed in case of Level I survey. Among 400 

buildings 34 two storied, 77 three storied, 139 four storied, 102 five storied and 48 six storied buildings 

exist in the study area as shown in [Fig. 7]. After assessing the overall survey parameters, among 400 

Soft story Does not exist=0 Exists=1 

Heavy overhangs Does not exist=0 Exists=1 

Apparent quality Good = 0; Moderate = 1; Poor =2 

Short columns Does not exist=0 Exists=1 

Pounding effect Does not exist=0 Exists=1 

Topographic effects Does not exist=0 Exists=1 
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buildings 277 buildings have heavy overhangs problem, 11 buildings have short column problem, 110 

buildings have soft story problem, 186 buildings have pounding possibilities and in terms of apparent 

quality 53 buildings are poor, 91 building are good and 256 building are average as shown in [Fig. 8].  

At end of Walk down evaluation survey, according to their seismic performance score building are 

classified into three categories of safe, unsafe and moderate as shown in [Fig. 9]. Finally, [Fig. 10] 

shows that among 400 buildings 179 buildings are safe, 39 buildings are unsafe and 182 buildings are of 

moderate category after level I survey.  

 

 
 

Fig. 7: Total Number of different storied Buildings Fig. 8: Vulnerability Parameters after Walk down 

Evaluation 

 

 

  
Fig. 9: Summary of Level I Survey Fig. 10: Risk Groups after Level I Survey 

 

CONCLUSIONS  

 From this assessment, soft story in 27.5%, pounding effect in 46.5%, short columns in 2.75%, and 

heavy overhanging in 24% building among 400 buildings in study area have found at level I survey.  

 From the level-I survey results we found Apparent Building Quality (Average) in 64% building, 

Apparent Building Quality (Good) in 23% building, and Apparent Building Quality (Poor) in 13% 

building. 

 Among 400 buildings 179 (45%) buildings are found to be safe, 39 (10%) buildings are found to be 

unsafe and 182 (45%) buildings are found to be moderate in terms of their performance score (PS) 

value after level I survey. 

 Those 39 unsafe buildings and 182 moderate buildings should be taken under further assessment to 

identify their vulnerable structural component and retrofit thereafter as early as possible on priority 

basis. 

 

REFERENCES 

Ahmed, M; Khaleduzzaman, KM; Siddique, NA and Islam, S. 2012. Earthquake Vulnerability 

Assessment of Schools and Colleges of Sylhet, a North-eastern City of Bangladesh. SUST Journal of 

Science and Technology, 19(5):27-34. 

Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh 
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.) 

335



 

Al-Hussaini, TM; Hossain, TR and Al-Noman, MN. 2012. Proposed Changes to the Geotechnical 

Earthquake Engineering Provisions of the Bangladesh National Building Code. Geotechnical 

Engineering Journal of the SEAGS & AGSSEA, 43(2): 1-7.  

Alam, MJ. 2011. Earthquake Risk in Bangladesh, University of Kassel, [online], Available at: 

http://www.unikassel.de/fb14/stahlbau/eartheng/downloads/Earthquake%20risk%20in%20Banglades

h%20Prof.%20Jahangir%20Alam.pdf [Accessed 20July, 2016]. 

Bilham, R. 2004. Earthquakes in India and the Himalaya: tectonics, geodesy and history. Annals of 

Geophysics, 47 (2/3): 839-858. 

FEMA 154, 1988. A Hand Book on Rapid Visual Screening of Buildings for Potential Seismic Hazards, 

Federal Emergency Management Agency, Washington DC, USA 

FEMA 310, 1988. Hand book of Seismic Evaluation of Buildings-A prestandard, Federal Emergency 

Management Agency, Washington DC, USA 

FEMA 356, 2000. Prestandard and Commentary for the Seismic Rehabilitation of Buildings, Federal 

Emergency Management Agency, Washington DC, USA 

Morino, M and Kamal, ASMM. 2003. Report of active fault mapping in Bangladesh: 

Paleo-seismological study of the Dauki fault and the Indian-Burman plate boundary fault. 

Comprehensive Disaster Management Programme (CDMP II), Ministry of Disaster Management and 

Relief, Govt. of Bangladesh, 3-9. 

Ozcebe, G; Yucemen, MS; Aydogan, V and Yakut, A. 2003. Preliminary Seismic Vulnerability 

Assessment of Existing Reinforced Concrete Buildings in Turkey- Part I: Statistical Model Based on 

Structural Characteristics.  Seismic Assessment and Rehabilitation of Existing Buildings, NATO 

Science Series IV/29, 29-42. 

Sucuoglu, H and Yazgan, U. 2003. Simple Survey Procedures for Seismic Risk Assessment in Urban 

Building Stocks. Seismic Assessment and Rehabilitation of Existing Buildings, NATO Science Series 

IV/29, 97-118. 

Wald, DJ; Quitariano, V; Heaton, TH;  Kanamori, H; Scrivner, CW and Worden, CB. 1999. Trinet 

Shake Maps: Rapid Generation of Peak Ground Motion and Intensity Maps for Earthquakes in 

Southern California. Earthquake Spectra, 15(3): 537-555. 

Yakut, A; Aydogan, V; Ozcebe, G and Yucemen, MS. 2003. Preliminary Seismic Vulnerability 

Assessment of Existing Reinforced Concrete Buildings in Turkey -Part II: Inclusion of Site 

Characteristics. Seismic Assessment and Rehabilitation of Existing Buildings, NATO Science Series 

IV/29, 43-58. 

UPSeis, 2016, Where Do Earthquakes Happen, Michigan Technological University, [online], Available 

at: http://www.geo.mtu.edu/UPSeis/where.html [Accessed 21July, 2016]. 

Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh 
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.) 

336

http://www.geo.mtu.edu/UPSeis/where.html


 

A COMPARATIVE STUDY ON PHYSICAL PROPERTIES OF 

CEMENT: ASTM AND BDS EN STANDARDS 
 

 

M. A. A. Siddique*, M. S. Islam & U. K. Halder 

 

Department of Civil Engineering, Bangladesh University of Engineering and Technology, Dhaka, 

Bangladesh  
*Corresponding Author: alamin@ce.buet.ac.bd 

 

 

ABSTRACT 

Reinforced concrete (RC) is widely used in civil infrastructure due to cheap labor and availability of 

construction materials. Cement is used as a binding material for different ingredients of members of 

these structures. At present, Bangladesh’s cement industry has become the 40th largest market in the 

world. In Bangladesh, different types of cement are produced and are followed BDS EN 197-1:2003 

standard for the standardization. In addition, a standard such as ASTM is widely used as 

specifications for construction of civil infrastructures. There are some differences of the requirements 

and specifications as well as testing procedure and evaluation of quality of cement considering BDS 

EN and ASTM. Since cement is a global product for construction industry, a comparison among the 

requirements and specifications of cement using different standards might become necessary. A 

review study has been conducted to figure out the different specifications and requirements for the 

properties of cement following ASTM and BDS EN.  In addition, an experimental program is carried 

out to determine the different physical properties such as normal consistency, initial and final setting 

time, and compressive strength of cement. Two types of cement such as Ordinary Portland Cement 

(OPC) and Portland Composite Cement (PCC) are considered in the experimental program. OPC 

grade 52.5N and PCC grade 42.5N are used. Specimen preparation and testing have been conducted 

for each cement sample on the same day. From the experimental results, it has been shown that 

compressive strength of cement for OPC 52.5N grade following ASTM standard is found to be 71% 

higher at 28 days than that from the minimum requirement. However, this strength is shown to be 

22% higher at 28 days following BDS EN standard. 

 

Keywords: Cement; standards; ASTM; BDS EN; grades; setting time; compressive strength 

 

INTRODUCTION 

The development of cement industry in Bangladesh dates back to the early-fifties but its growth in 

real sense started only about a decade. Till 1990, about 95 percent of the country’s demand for cement 

had been met through import. The country has been experiencing an upsurge in cement consumption 

for last 6/7 years. The transition of traditional low rise buildings to high rise ones has pushed up the 

use of cement. Increase in demand for cement has soared up due to mainly the property sector boom 

and infrastructure development in the country. With the implementation of large-scale infrastructure 

projects, exhilarated pace of urbanization, construction of apartment buildings and multi-storey 

shopping complexes in urban areas, and changes in the taste and economic condition to a large 

number of rural people, aspiring for modern houses, the demand for cement has been gaining 

momentum by the day. Now, cement industry in Bangladesh has become the 40th largest market in 

the world. Bangladesh is producing different types of cements following BDS EN (Bangladesh 

Standard- European Norm) 197-1:2003 standard. In addition, ASTM (American Society for Testing 

and Materials) standard is still widely used around the world for the specifications and requirements 

in different development projects.  From the earlier studies, it has been shown that the requirements 

and specifications for each standard vary from one to another. However, for a global construction 

material, a comparison among the specifications, requirements and test results following different 

standards might become necessary. Therefore, the main objective of this paper is to identify the 

requirements and specifications for cements considering BDS EN and ASTM. In addition, an 

experimental program is conducted to determine the different physical properties such as normal 
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consistency, initial and final setting time, and compressive strength of cement following both the 

standards. The obtained test results are compared with the requirements following both the standards.  

 

COMPARISON OF REQUIREMENTS FOLLOWING BDS EN AND ASTM STANDARDS  

Two types of cement categories such as Ordinary Portland Cement (OPC) and Portland Composite 

Cement (PCC) are widely used around the world as binding materials for concrete. PCC is also 

known as blended cements in many standards. OPC Type-I is the most common type of cement in use 

which has more than 95% clinkers. It conforms with the Bangladesh Standard BDS EN 197-1:2003 

CEM-I 52.5, European Standard EN 197 type CEM-I, and American Standard ASTM C150 PC Type 

I. OPC is the most common type of cements which is used in general concrete construction when 

there is no exposure to sulphates in the soil or groundwater. PCC is a variation of OPC which includes 

a mixture of a pozzolanic material having a portland cement clinker ranges from 65% to 79% and is 

widely used in Bangladesh. Pozzolan or similar materials such as volcanic ash, clay, slag, silica, 

fume, fly ash, or shale are used in different types of blended cements. It conforms to BDS EN 197-1: 

2003 CEM-II/B-M (S-V-L) 42.5 and ASTM C595 Types of IP/IS/IL/IT. Physical requirements such 

as compressive strength, initial and final setting time in ASTM standard are provided in C150 and 

C595 for OPC and PCC cements, respectively. BDS EN197-1:2003 specify the physical requirements 

for both the cement types. OPC and PCC grades are identified considering 28 days compressive 

strength of cement. 42.5 MPa strength is normally used for CEM II type and 52.5 MPa is used for 

CEM I type. In both cases, specification for initial setting time is provided. However, both the initial 

and final setting time of cement are considered in ASTM standard. Compressive strength of cement at 

2 and 28 days are required following BDS EN while 3, 7, and 28 days strength requirements are 

followed in ASTM. Letters "N" and "R" are used in BDS standard to specify the normal strength and 

high early strength requirements for a cement grade. Table 1 provides the compressive strength and 

setting time requirements following BDS EN and ASTM both for OPC and PCC cements. From the 

table, it is observed that specifications for initial setting time are different for different grades of 

cements as per BDS EN. However, no requirement for final setting time is provided. On the other 

hand, both the initial and final setting time are provided in ASTM standard as requirements. Initial 

setting time is the same both for OPC and PCC as per ASTM.   

   

Table 1: Comparative requirements for physical properties of OPC and PCC cements 

 STANDARDS BDS EN ASTM 

Physical Requirements BDS EN 197-1:2003 C 150 C 595 

42.5N 42.5R 52.5N 52.5R OPC PCC 

Compressive Strength (MPa) 

-2 days 

-3 days 

-7 days 

-28 days 

 

≥ 10 

--- 

--- 

42.5 to 62.5 

 

≥ 20 

--- 

--- 

42.5 to 62.5 

 

≥ 20 

--- 

--- 

≥ 52.5 

 

≥ 30 

--- 

--- 

≥ 52.5 

 

 

12 

19 

28 

 

 

13 

20 

25 

Setting Time (minutes) 

-Initial Setting Time (min.) 

-Final Setting Time (min.) 

 

≥ 60 

--- 

 

≥ 60 

--- 

 

≥ 45 

--- 

 

≥ 45 

--- 

 

45 

375 

 

45 

420 

 

EXPERIMENTAL PROGRAM 

An experimental program is carried out to assess the different physical properties following ASTM 

and BDS-EN standards. Two types of cement such OPC and PCC are considered. OPC with grade 

52.5N and PCC with 42.5N are used in the present study. Normal consistency, setting time and 

compressive strengths are determined for each case following ASTM and BDS EN standards. 

Although 2 days and 28 days compressive strengths are required for cement following BDS EN 

standard, compressive strengths at 3, 7, and 28 days are evaluated to assess the development of 

strength with age as well as for a comparative study.    
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PREPARATION OF SPECIMENS AND EXPERIMENTAL RESULTS  

 
(a) Normal consistency and setting time of cement 

The amount of water that brings the cement paste to a standard condition of wetness is called normal 

consistency. Both the ASTM and BDS EN standards use manual Vicat apparatus to determine the 

normal consistency of cement as a percentage of dry cement. The suitable temperature for this test is 

(23 ± 2)°C and relative humidity is more than 50% according to ASTM C187. The temperature shall 

be maintained (20 ± 2)°C and a relative humidity of not less than 50% following BDS EN 197-1. The 

same diameter and the weight of the plunger are used for measurements. According to ASTM, the 

cement paste shall be in normal consistency when the plunger rod settles to a point 10±1mm below 

the original surface in 30 sec after being released. However, the paste is considered in a normal 

consistency when the distance produce between the plunger and base plate of the mould of 6±2 mm in 

30 sec after being released. Table 2 shows the normal consistency values of OPC considering both the 

ASTM and BDS standards while table 3 shows those values for PCC. 

For the determination of initial and final setting time of cement, the same Vicat apparatus is used with 

a needle diameter of approximately 1 mm. The same temperature and relative humidity as mentioned 

for the normal consistency test is used. The cement mould using the same amount of water as used for 

consistency is kept in moist cabinet or moist room for 30 min after moulding without being disturbed 

as per ASTM C191. The elapsed time between the initial contact of cement and water and the 

penetration of 25 mm into the paste is the Vicat time of setting or Vicat initial time of setting. The 

final setting time is obtained when the needle does not sink visibly into the paste. On the other hand, 

the filled mould and base plate is placed in the container filling with water so that surface of the paste 

is submerged to a depth at least 5 mm as per BDS EN 196-3. After sometime the paste is lifted from 

water and kept under the needle. The needle is released freely. Penetration into the paste is calculated 

after 30 minutes of releasing. The time elapsed between zero time (starting time of mixing of cement 

and water in a mixer) and the time at which the distance between the needle and the base plate (6 ± 3) 

mm measured to the nearest minute is the initial setting time of the cement. The mould is then 

inverted to determine the final setting time. Final set are made on the face of the specimen originally 

in contact with the base-plate. The elapsed time is measured from zero to that at which the needle first 

penetrates only 0.5 mm into the specimen as the final setting time. Tables 2 and 3 provide test results 

both for the initial and final setting time of OPC and PCC, respectively. From the tables, it is shown 

that both the cements satisfied the ASTM and BDS standard requirements. Initial setting time is 

higher for PCC than that of OPC and is matched better with BDS EN requirements.   

   

Table 2: Normal consistency and setting time for OPC 52.5N cement 

Test standard Consistency (%) Initial setting time (min) Final setting time (min) 

ASTM 26 167 273 

BDS-EN 30 165 240 

 

Table 3: Normal consistency and setting time for PCC 42.5N cement 

Test standard Consistency (%) Initial setting time (min) Final setting time (min) 

ASTM 26 182 240 

BDS-EN 32 195 255 

 

(b) Compressive strength of cement 

Cement as a binding material in concrete or mortar is usually subjected to compressive stresses. 

Mortar is a mixture of cement and sand in a specified ratio on which the strength of the mortar 

depends. The mechanical strength of hardened cement is most important for structural use. According 

to ASTM C109, compressive strength of the hydraulic cement mortars is determined by using 2 inch 

or 50 mm cube specimens as shown in Fig. 1(a). Room temperature should be maintained (23 ± 3) ̊C 

and a relative humidity should be above 50%. A 2.75 parts of sand is mixed with 1 part cement where 

as water–cement ratio should be 0.485. The sand  used for making test specimens shall be natural 
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silica sand conforming to the requirements for graded standard sand in specification C778. Hand 

tamping is used in a layer of mortar about 1 inch or 25 mm (approximately one half of the depth of 

the mold) in all of the cube compartments. In each cube compartment, 32 times in about 10s in 4 

rounds, each round to be at right angles to the other and consisting of eight adjoining strokes over the 

surface of the specimen is used. When the tamping of the first layer in all of the cube compartments is 

completed, the compartments are filled with the remaining mortar and then tamping is done as 

specified for the first layer as shown in Fig. 1(b). The prepared test specimens are shown in Fig. 1(c). 

Immediately upon completion of molding, the test specimens are kept in moist room or moist closet 

for 24 hours. Then the specimen is kept in the water mixing with lime water for determining 

compressive strengths at 3, 7, and 28 days.  

 

 

(a) Mould for compressive strength test   (b) Hand tamping for compaction  (c) ASTM mould with mortar 

Fig.1: ASTM mould, hand compaction and specimens for compressive strength test of cement 

 

Compressive strength is determined on prismatic test specimens 40 mm x 40 mm x 160 mm in size as 

shown in Fig. 2(a) following BDS EN standard. These specimens are cast from a batch of plastic 

mortar containing cement- sand ratio of 1:3  with a water-cement ratio of 0.50. According EN 196-1 

CEN standard sand is used in preparation of mortar. CEN reference sand is a natural, siliceous sand 

consisting preferably of rounded particles and has a silica content of at least 98%. The moisture 

content is less than 0.2% expressed as a percentage by mass of the dried sample. The mortar is 

prepared by mechanical mixing and is compacted in a mould using a standard jolting apparatus as 

shown in Fig. 2(b). The specimens in the mould are stored in a moist atmosphere for 24h and then the 

demoulded specimens are stored under water until strength testing. The prepared specimens for 

compressive strength test are shown in Fig. 2(c). For a comparative study, these specimens are 

prepared and tested on the same day as done for ASTM specimens. 

 

 

(a) Mould for compressive strength test   (b) Jolting apparatus for compaction  (c) BDS EN mortar filled moulds 

Fig.2: BDS EN standard mould, jolting apparatus for compaction and prepared mortar specimens 

 

From the experimental results, it is shown that all the tested specimens satisfied the minimum strength 

requirements both for ASTM and BDS EN standards. Figs. 3(a) and 3(b) present the compressive 

strength results of cement mortars for OPC and PCC, respectively. As mentioned earlier, cement 

grades OPC 52.5N and PCC 42.5N are used in the experimental program.   
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Fig. 3: Test results for compressive strength of cements (a) OPC and (b) PCC 

 

A comparatve study between the requirements and obtained compressive strength is also conducted 

both for ASTM and BDS EN standards. Figs. 4(a) and 4(b) show the required minimum and obtained 

strengths for ASTM and BDS EN standards, respectively. The comparison is done both for OPC and 

PCC strength requirements as shown in the figure. It is observed that obtained test results are well 

above both for OPC and PCC as per ASTM requirements. The rate of gaining cement compressive 

strength with age is shown well pattern for both the grades of cement. At 28 days, an increase in 

compressive strength of 71% for OPC and that of 52% for PCC is reported. On the other hand, an 

increase of compressive strength at the age of 28 days is obtained only 22% for OPC and 24% for 

PCC as per BDS EN standard. 

 

Fig. 4: Comparison of compressive strength requirements and obtained results (a) ASTM and (b) BDS EN 

From the study of standard requirements and experimental results, it is observed that the minimum 

compressive strength requirements for cement are lower values in ASTM than those of  BDS EN. 

Also, initial setting time is the same both for OPC and PCC as per ASTM. Compressive strength 

enhancement at 28 days is shown higher for OPC than those of PCC following ASTM. However, this 

enhancement in the strength for tested cement sample is almost the same both for OPC and PCC 

following BDS EN.  

CONCLUSIONS  

A review study is conducted on different specifications and requirements for the different properties 

of cements following ASTM and BDS EN standards. An experimental program is also conducted to 

determine the different physical properties such as normal consistency, initial and final setting time, 

and compressive strength of cement. Both OPC and PCC types of cement are considered in the study. 

OPC grade 52.5N and PCC grade 42.5N are used in the experimental program. Specimen preparation 

and testing have been done on the same day for each grade of cement samples. 

Following conclusions can be drawn from the present study: 

 Requirements for initial setting time is provided in BDS EN while both the initial and final 

setting time are considered in ASTM. 
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 Specification for initial setting time of tested cement sample is matched better with BDS EN 

standard.  

 Minimum compressive strength values for OPC and PCC are very close following ASTM 

while those values are well separated as per BDS EN.  

 For OPC 52.5N, an enhancement of compressive strength at 28 days is obtained 71% higher 

than that of the required value as per ASTM while that value is only 22% higher following 

BDS EN. 

 Strength enhancement ratio is higher for OPC than that of PCC as per ASTM while that 

enhancement is almost the same both for OPC and PCC following BDS EN.  
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ABSTRACT 

The predominant criterion for assessing concrete quality is its 28-day compressive strength. Concrete 

mix design by ACI method is popularly used in Bangladesh for producing concrete of required strength, 

but for determining its compressive strength one has to wait 28-day after casting. Predicting 28-day 

compressive strength of concrete has been a significant research challenge for many years. In this work, 

early age strength of concrete was considered as the tool for concrete strength prediction so that early 

age, for example 7-day, strength can be regarded as another criterion for concrete quality assessment. 

Although prediction of 28-day strength from early strength data is already proposed by ACI, it is still 

not used by construction Engineers in the country. Considering its potential as a powerful tool in mix 

design, extensive laboratory research has been carried out focusing on this specific area using locally 

available materials. Three hundred concrete cylinders were cast varying their water cement ratio, 

cement content, aggregate cement ratio and concrete strength at 7 and 28 days was observed. Along 

with predicting 28-day compressive strength from early strength data this paper also analyses the 

standard deviation of the data set to check its acceptability. 

 

Keywords: Concrete; mix design; ACI method; compressive strength; early strength; standard 

deviation 

 

INTRODUCTION 

Majority of structures found in Bangladesh are made of concrete. The guideline generally followed in 

this country for producing concrete is the one provided by ACI mix design (ACI Committee 211. 1-91). 

The criterion used is primarily 28-day strength of concrete. However, often it becomes necessary to 

predict 28-day strength from early age strength of concrete. There is no Code prescribed formula for 

such prediction. As a result, a number of research endeavours have been carried out in this field (Hasan 

& Kabir, 2012; Abd Elaty, 2013; Telisak et al., 1991)  and different strength prediction models have 

been proposed. Telisak et al. (1991) studied the applicability of some non-destructive test methods for 

assessing concrete strength in field and Abd Elaty (2013) proposed a new model for predicting concrete 

strength using data taken from previous research papers (Colak, 2006; Givi et. al, 2011; Wild et. al, 

1995 and Han & Kim, 2004). Hasan and Kabir (2012) took data from a previous experimental study 

conducted in Patiala (Garg, 2003) and proposed a mathematical model, then validated it using an 

experimental data set of 23, prepared using materials found in Bangladesh. However, mathematical 

model developed using test data of samples prepared by local materials and larger sample size may 

provide more accurate prediction of strength. With this end in view, a research endeavour is conducted 

using locally available materials in Bangladesh and then proposing a model to predict 28-day strength 

based on early age test data. 

The objectives of this research were to: 

 Conduct a detailed experimental study with large sample size (consisting of 300 cylinders) to 

observe the 7-day and 28-day compressive strength of concrete having different water cement ratios 

and cement content. 

 Obtain simplified equations to predict 28-day strength from 7-day strength of concrete based on 

different water-cement ratios. 

 Validate the equations with results obtained from previous researches. 
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 Obtain normal distribution curves of 28-day strength at different characteristic strength and find out 

the statistical variance for each band of experimental data. 

 

METHODOLOGY  

The mix design of concrete has been carried out as per ACI Mix Design Method (ACI Committee 

211.1-91). The concrete samples were prepared using locally available materials. Stone Chips were 

used as coarse aggregate and local sand with fineness modulus 3.09 was used as fine aggregate. 

Gradation curves for coarse aggregate and fine aggregate are shown in Fig. 1 and Fig. 2, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Gradation curve for coarse aggregate 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Gradation curve for fine aggregate 

The compressive strength of the cylinders has been tested conforming to the ASTM specifications 

(ASTM C39 / C39M - 16a). Following self-explanatory figures (Fig. 3) show the total procedure of mix 

design and compressive strength test of concrete in concise form. 
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STATISTICAL ANALYSIS 

The experimental data obtained for 28-day compressive strength based on the characteristic strength 

were tallied and normal distribution curves were drawn. The results, as shown in the graphs below (Fig. 

4), show fairly bell shaped normal distribution curves as were expected. Standard deviations of the 

experimental data from characteristic strength were determined for each of the three target strength 

data; each consisting 30 (or more) data sets as specified by ACI Committee118 (1991).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: (a) Compaction of the freshly cast cylinders and cubes (b) Determination of compressive strength of 

concrete 

 

(a) (b) 

(b) 

(a) 
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Standard deviations of the three range of compressive strength data set were calculated to be 5.43 MPa, 

4.52 MPa and 4.88 MPa respectively whereas the mean strength of the data ranges were calculated to be 

38 MPa, 34 MPa and 29 MPa respectively. The standard deviation values are relatively low, so the 

acceptibility of the utilized experimental strength results is verified. 

 

RESULTS AND DISCUSSIONS 

A mix design data set of 100 was taken varying their water cement ratio (w/c) and cement content. Fine 

aggregate to total aggregate ratio (fa/ta) and aggregate gradation were kept constant (0.40). Their water 

cement ratio was varied from 0.35 to 0.5. All the data were then divided into three ranges of w/c ratio: 

0.35 to 0.40, 0.41 to 0.44 and 0.45 to 0.50. 28-day strength versus 7-day strength values were plotted for 

these three ranges of w/c. 

 

                                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 

y = 0.0373x
2
 - 1.3929x + 

44.487 

R² = 0.8201 

 

(b) 

y = 0.0066x
2
 + 0.6972x + 

11.089 

R² = 0.9065 

 

Fig. 4: Normal Distribution of 28-day compressive strength obtained in the laboratory based on the characteristic 

strength of (a) 43.75 MPa, (b) 37.5 MPa and (c) 34.35 MPa 

(c) 

Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh 
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.) 

346



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The above three figures (Fig. 5) show the plots of 28-day compressive strength versus 7-day 

compressive strength for the three-different water cement ratio range. They show the regular trend of 

increasing 28-day strength resulting from increased 7-day strength. 

 

DERIVATION AND VALIDATION OF MODEL 

The next step was to determine three sets of equations which would assist in predicting 28-day strength 

from 7-day strength. The following three equations were developed [Eq. (1), Eq. (2) and Eq. (3)] for w/c 

ratio ranges of 0.35 to 0.40, 0.41 to 0.44 and 0.45 to 0.50, respectively.  

 

y = 0.0373x
2
 - 1.3929x + 44.487                   (1) 

y = 0.0066x
2
 + 0.6972x + 11.089                  (2) 

y = 0.0011x2 + 1.194x + 2.1546                    (3) 

Where, y is the 28-day compressive strength and x is the 7-day compressive strength of a 

specific sample. As can be seen from the R2 values, the experimental data reasonably satisfies 

the proposed equations. 

 
Table 1: Validation of previous research results with the derived equations 

 

w/c Range w/c 
7-day strength 

28-day 

predicted 

strength 

28-day 

Actual 

strength 

MPa MPa MPa 

upto 0.4 

0.4 23.33 32.29262 32.34 

0.35 39.29 47.34012 47.29 

0.375 34.76 41.1378 41.5 

0.41-0.44 

0.42 18.04 25.8144 24.64 

0.42 26.15 33.83401 34.2 

0.44 20 27.673 25.97 

0.45-0.50 

0.47 21.26 28.03623 27.67 

0.48 23.38 30.67161 30.9 

0.5 20.36 26.92042 27.51 

 

Fig. 5: Plot of 28-day versus 7-day compressive strength at water cement ratio of (a) 0.35 to 0.40 (b) 0.41 to 

0.44 and (c) 0.45 to 0.50 

(c) 

y = 0.0011x
2
 + 1.194x + 

2.1546 

R² = 0.9022 
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The derived equations were validated using data taken from previous researches (Kamal & Rumman, 

2014; Garg, 2003; Hasan & Kabir, 2012). Table 1 shows the validation of the three equations for three 

water cement ratios ranges. From Table 1, it can be observed that for each range of water cement ratio, 

the 28-day predicted strength and actual strength are almost similar. Numerically, a maximum deviation 

of 4.8% is observed. 

 

CONCLUSIONS 

ACI mix design, although generally used all over the globe, may need modifications at different regions 

of the world due to differences in ambient conditions and materials. Equations and statistical data 

obtained from this study from rigorous experimental research can assist the practicing engineers of the 

country and south-east Asian regions as an important tool in early evaluation of a concrete mix. In 

addition, early prediction of strength may assist in taking important decisions regarding quality control 

of concrete work. Such decision may save both time and cost of a construction project. 
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ABSTRACT 

Setting time is affected while concreting in hot weather condition. To prevent concrete to set early due 

to adverse effects of hot weather, admixtures are usually incorporated in it. On the other hand 

emergencies may arise, due to traffic congestion and for massive concreting, to increase the setting 

time. The objective of this paper is to investigate the effect of sugar as a retarding/accelerating 

admixture on Type - I and Type - V Portland Cement paste. The setting time tests were performed for 

different concentration (0 to 0.25%) of sugar. Sugar was added with water, and then mixed with cement. 

The test result revealed that for lower concentration (0.01~0.08%), sugar acts as retarding agent and for 

higher concentration (over 0.17~0.19%), sugar acts as accelerating agent. Optimum concentration was 

found to be 0.073% and 0.05% for Type - I and Type - V cement respectively. 

 

Keywords: Initial Setting Time; final setting time; cement; sugar; admixture 

 

INTRODUCTION 

Traffic congestion has triggered on time arrival of concrete truck on construction site. In addition, high 

temperature also lowers the setting time of concrete. When water is added to cement, paste is formed 

which gradually stiffens and then hardens. The stiffening of cement paste is called setting. Normal 

setting of cement is associated with the hydration of Tri-calcium silicate (C3S) and formation of the 

calcium silicate hydrate (C-S-H gel). Due to the conditions of hot weather, there is rapid evaporation of 

water from the surface of the fresh cement paste/concrete. As a result, the cement paste or concrete sets 

rapidly than its normal setting and reduces the length of time for concreting operations. So, less time is 

available for placing, compaction and finishing. That would lead to porous concrete and loss of 

strength. So, there is rise of demand of efficient retarder for cement paste/ concrete.  

Retarding admixtures are mainly based on materials having lignosulfonic acids and their salts, 

hydroxy-carboxylic  acids and their salts, sugar and their derivatives and inorganic salts such as borates, 

phosphates, zinc and lead salts. Retarding effects of a retarder depends upon a number of factors 

including dosage of the admixture, time of addition to the mix and curing conditions. Some admixtures 

act as retarders when used in small amounts but behave as accelerators when used in large amounts. For 

example, sugar behaves as a set retarder but the small amount of sugar will virtually prevent the setting 

of cement (Ashworth, 1963; Jumadurdiyev et al., 2005; Abalaka, 2011; Abalaka, 2011).  

Owing to the retardation of ordinary Portland cement, sugar falls into three categories: non-retarding, 

good retarders and most effective retarders. The non-retarding sugars, α-methyl glucoside and α, 

α-trehalose are effectively non-retarding; the retarding sugars glucose, maltose, lactose and celloboise, 

are grouped together as good retarders; and  sucrose and raffinose are the most effective retarders 

(Thomas and Birchall, 1983). Because of retarding action of retarder, the one day strength of concrete is 

reduced. However, ultimate strength is reported to be improved by using set controlling admixtures. 

Rate of drying shrinkage and creep would increased by using retarders, but the ultimate values cannot 

increase. 

The main objective of this study is to investigate the possibilities of using sugar as retarding agent for 

Type I and Type V cement. The specific objective of this study is to determine the optimum dosages of 

sugar for both types of cement and its effect on setting time.  

 

METHODOLOGY  

The length of time for a mixed preparation of materials to reach a state of hardness, measured from the 

start of the mixing. The end point for dental materials is usually determined by a penetration test. The 
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setting and hardening of cement is a continuous process, but two points are distinguished for test 

purposes. The initial setting time is the interval between the mixing of the cement with water and the 

time when the mix has lost plasticity, stiffening to a certain degree. It marks roughly the end of the 

period when the wet mix can be molded into shape. The final setting time is the point at which the set 

cement has acquired a sufficient firmness to resist a certain defined pressure. It is different for different 

types of cement, depends upon the type of project in which it is being used. Initial setting time of 

ordinary Portland cement should be maximum 45 minutes according to the British Standard. Final 

setting time of cement should not be more than 10 hours. 

To investigate the effect of sugar as a retarding agent, normal consistency test was undertaken 

according to ASTM C187. After completing normal consistency test, with the known consistency 

(water/cement ratio) six samples were tested to measure initial and final setting time according to 

ASTM C191. At first, one sample was tested without adding sugar to the mixture (control specimen). 

Then initial and final setting time was recorded, to know the actual situation of the cement. Then rest 5 

samples were tested with different concentration of sugar, added to the mixture by mixing with water as 

a percentage of cement. The concentrations of sugar were taken as 0.05%, 0.10%, 0.15%, 0.20% and 

0.25%. Then for all the samples initial and final setting time were recorded and compared with the 

control specimen. To find out optimum dosage of sugar Newton’s Forward Interpolation method was 

adopted. 

 

RESULTS AND DISCUSSIONS 

Six specimens were tested to find out initial and final setting time. Among the specimens, one was 

control specimen without sugar content and other five specimens were having increasing amount of 

sugar. The amount of sugar was added as the percentage of cement content in the mixture. The 

concentration was 0.05%, 0.10%, 0.15%, 0.20% and 0.25%. Then following the same procedure initial 

and final setting were recorded for different concentration of sugar. Table 1 shows the experimental 

results.  

 
Table 1: Sugar Concentration, Initial and Final Setting Time 

Sugar added as 

the percentage 

of cement 

Weight of sugar 

added (gm) 

Setting Time 

Type I Cement Type V Cement 

Initial (minutes) Final (minutes) Initial (minutes) Final (minutes) 

0 0 135 215 187.8 600 

0.05 0.325 378 780 690.8 900 

0.1 0.65 373 675 313.4 720 

0.15 0.975 219 510 190 510 

0.2 1.3 50 420 111.9 356 

0.25 1.625 23 360 35.7 240 

 

The outcome of this research is discussed below: 

 The normal consistency was found to be 0.26 and 0.28 for Type I and Type V cement respectively. 

 For lower concentration (up to 0.08%), sugar acts as retarder and for higher concentration (more 

that 0.17~0.19% approximately), sugar acts as accelerator comparing with the control specimen 

(without sugar). 

The optimum sugar content for which highest amount of retardation was 0.073% (using Newton’s 

Forward Interpolation Method) and 0.05% approximately for Type I and Type V cement respectively. 
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Fig. 1: Setting Time Vs Concentration of Sugar Diagram 

 

Discussion can be made about result: 

 The setting time of cement is highly affected by sugar and amount of sugar to be added to get 

additional time (in case of retardation) or reduce the time (in case of acceleration) before set, can be 

found out from Fig. 1.  

 The retarding effects of sugar, when added to a mix, continue until it is removed from the solution 

by reaction with C3A from the cement or by some other way, it is removed and incorporated into the 

hydrated material (Khan and Ullah, 2004). 

 For higher concentration of sugar, setting time had decreased. The exact cause of this abnormal 

behavior of the retarding admixture to accelerate the initial set is not known. However, it was 

reported by some researchers that in addition to the reaction between lime and pozzolana, some 

other reaction between C3A or its hydration products and pozzolana can occur (Plowan and Cabera, 

1984). There may be some reaction between the pozzolana and the admixture to form some 

compounds giving rigidity to the paste earlier than that obtained by the hydration products of the 

cement. According to the opinion of the Author of this paper, higher concentration of sugar 

increases the reactivity of C3A. 

 

CONCLUSIONS  

This research was undertaken to investigate the retarding action of sugar on setting time of 

cement paste. All other variable was kept constant, except the concentration of sugar. From the 

result of initial and final setting time it can be reported that 

 Up to optimum sugar content (0.06-0.08%), sugar can be used as a retarding admixture 

for hot weather countries. 

 Above 0.20% sugar content can be used as a accelerator for cold weather countries. 

 Optimum concentration can be chosen for highest amount of setting time. 

 From the graph below, extra time required for transporting, placing, compacting and 

finishing can be calculated and for that corresponding sugar concentration should be 

added to have desired initial setting time. This curve was drawn for 0 to 0.08% of sugar 

content by interpolating the data from 0 to 0.05% concentration. Otherwise, for 

required additional initial setting time, sugar concentration can be calculated from the 

equations and added to actual initial setting time. 
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Fig. 2: Initial Setting Time Vs Sugar Concentration 
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ABSTRACT 

This paper presents the statistical analysis of test results for different properties of steel for the 

reinforcement of concrete in Bangladesh. A number of tests have been conducted on reinforcing bars 

having different steel grades such as 276 MPa (40 ksi), 414 MPa (60 ksi) and 500 MPa (72 ksi). 

These bars have been used or will be intended to use for a wide range of structural applications such 

as buildings, bridges, flyover, culverts, road drainage networks etc. These include constructions by 

government and semi-government organizations, private as well as developer companies. From the 

experimental results, it is observed that tested diameters of rebars are usually lesser than that of the 

specified nominal diameter. This trend is found more dominant for 500 MPa bars than that of 276 

MPa and 414 MPa bars. Average yield strength of rebars satisfies the minimum standard requirements 

set forth by ASTM and BDS ISO. The ratio between tensile strength to the yield strength and percent 

elongation are observed higher both for 276 MPa and 414 MPa bars than those of 500 MPa bars. 

Higher coefficient of variation is shown for bars with yield strength of 414 MPa.  

 

Keywords: Reinforcing bar; grade; yield strength; tensile strength; percent elongation 

 

INTRODUCTION 

Three types of steel reinforcement bars (rebars) such as hot-rolled (HR), cold twisted deformed 

(CTD), and thermo-mechanically treated (TMT) have been used in concrete structures. HR rebars are 

produced through hot rolling followed by a slow cooling to an ambient temperature. The high yield 

strength of the bar is obtained by raising carbon as well as manganese contents, and to a great extent, 

by cold twisting. CTD bars are produced by cold working process, which is basically a mechanical 

process that involves stretching and twisting of mild steel, beyond the yield plateau, and subsequently 

releasing the load. There has been an increasing demand for high strength deformed bars. TMT bars 

were introduced in Bangladesh in the last decade. Thermo mechanical treatment is an advanced heat 

treatment process in which hot bars coming out of last rolling mill stand are rapidly quenched through 

a series of water jets. Rapid quenching provides intensive cooling of surface resulting in the bars 

having hardened surface with hot core. The rebars are then allowed to cool in ambient conditions. 

During the course of such slow cooling, the heat released from core tempers the hardened surface of 

martensite while core is turned into ferrite-pearlite aggregate composition (Islam, 2010). The design 

of reinforced concrete (RC) structures in Bangladesh was dominated by the use of steel reinforcement 

with a yield strength, fy, equal to 276 MPa (40 ksi) and 414 MPa (60 ksi). Currently, 500 MPa (72 ksi) 

rebars are widely used in concrete industry. ACI 318 (ACI 2011) and AASHTO (2012) edition of the 

AASHTO LRFD Bridge Design Specifications permit the use of rebars beyond 552 MPa. Earlier 

versions of these codes, the yield strength of rebars was limited to 552 MPa as the behaviour of 

structural members using rebars with yield strength above 552 MPa was not well documented. Use of 

high strength bars for design could provide various benefits to the concrete construction industry by 

reducing member cross-sections and reinforcing quantities, which would lead to savings in materials, 

shipping, and placement costs. However, the use of high strength reinforcements such as 500 MPa 

bars is not fully utilized in design practice in Bangladesh. This may due to the fact that the behaviour 

of structural RC members having reinforcing steel with yield strength of 500 MPa is not well 

documented. However, upcoming BNBC-2015 might permit the use of reinforcing bar up to 600 MPa 

considering different ductility classes following BDS ISO standards. This ductility class depends on 
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tensile strength-to-yield strength (TS/YS) ratio and specified characteristic value of elongation at 

maximum force, Agt. According to H. Bachmann (2000), RC structures may be classified as moderate 

ductile when TS/YS ≥ 1.15 and Agt ≥ 6% are met and high ductility having TS/YS ≥ 1.25. In addition, 

no maximum limit is specified for upper yield strength of the rebars. Although, 500 MPa bars are now 

currently in use for the construction industry in Bangladesh, there is a concern in structural behaviour 

of concrete members having high strength rebars. If a higher strength reinforcing steel is used in 

concrete but not fully accounted for in design phase, there may be an inherent overstrength in the 

members that has not been properly taken into account in the design phase. Overstrength in one 

member may result in unanticipated higher loads being transmitted to adjacent members or joints 

affecting assumed structural behaviour. This concern is most critical for members in seismic areas or 

when progressive collapse state is considered. 

In structural design, uncertainties in loadings, design and constructions are considered by load factors 

and strength reduction factors. The purpose of these factors is to limit the probability of structural 

failure to an acceptable low level. For the case of material property variations, the variability of the 

physical and mechanical properties of reinforcing steel affects the performance of RC structures. In 

Bangladesh, these properties have minimum requirements, as detailed by ASTM A615 and BDS ISO 

6935-2. These standards do not set maximum limits for yield strengths except ASTM A706. 

Designers normally use the minimum values in design without considering the true strength of rebars. 

This may be of concern because member behaviour can differ from the assumed response if material 

properties are significantly higher than those used in the design. If the reinforcement is too strong in 

RC flexural member, it will be over-reinforced and this can result in brittle failure with the concrete 

crushing before the steel yields. Therefore, the objective of this paper is to evaluate the variability of 

mechanical properties of reinforcing steel produced in Bangladesh and to analyze the degree to which 

manufacturers satisfy the minimum requirements established by ASTM and BDS standards. The 

study is conducted statistically by analyzing the tested rebar data. Trends in the data are evaluated 

based on different grades and bar sizes. Cross-sectional properties such as diameter as well as weight 

per meter length are considered. For the mechanical properties, yield strength (YS), tensile strength 

(TS), strength ratio (TS/YS), and percent elongation (%) are considered. General data descriptors are 

used, including mean, standard deviation, coefficient of variation, minimum and maximum values for 

each grade and bar size. These results would provide the quality assessment of reinforcing bars for 

concrete used in construction sectors in Bangladesh. 

 

METHODOLOGY 

A statistical analysis has been carried out on the tested data to evaluate the variability in the properties 

of steel reinforcements. Cross-sectional property such as nominal weight as well as actual diameter 

and mechanical properties such as yield and tensile strengths, strength ratio (TS/YS) and percent 

elongation are assessed in terms of the requirements as set forth by ASTM and BDS. Three grades of 

rebars such are 276 MPa, 414 MPa and 500 MPa are considered in the study. Available diameters 

range from 10 mm to 20 mm for 276 MPa bars whereas 8 mm to 25 mm are considered for 414 MPa 

and 500 MPa rebars. In addition, 28 mm, 32 mm and 40 mm are considered for 500 MPa bars and 32 

mm for 414 MPa bars. All the reinforcing bars were tested in universal testing machine to obtain the 

mechanical properties of rebars following ASTM A370.    

 

RESULTS AND DISCUSSIONS 

In this paper, a statistical analysis is conducted to evaluate the physical and mechanical properties of 

rebars and to compare these properties with requirements set forth by ASTM and BDS standards. 

Table 1 presents the number of specimens tested in the laboratory for different grades and bar sizes. 

These rebars are tested in the year of 2015-16 and are used or intended to use for a wide range of 

structural applications. From the analysis, it is observed that average diameter of 20 mm rebar having 

grades of 500 MPa and 414 MPa are obtained 19.9 mm with a lower standard deviation and co-

efficient of variation (CoV) for 500 MPa than those of 414 MPa bar. However, average diameter is 

obtained 20.1 mm for 276 MPa bar with a higher standard deviation and a higher CoV. These 

statistical values can be determined for other bar diameters as well as for different grades of rebars. 

Fig. 1 shows the variation of 20 mm bar dia for three grades as well as average dia vs. nominal values.  
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Table 1: Number of rebar specimens used for analysis 

Grade 

ksi (MPa) 

Bar size (mm) 

8 10 12 16 20 22 25 28 32 40 

40(276) --- 162 193 175 147 --- --- --- --- --- 

60(414) 12 216 164 187 179 12 118  17 --- 

72(500) 45 324 278 364 375 21 168 15 18 12 

 

(a)         (b) 

  
Fig.1: Variation of 20 mm bar diameters for different grades of rebars (a) 500MPa (b) 414 MPa (c) 276 MPa 

and (d) average bar dia for three grades 

 

Fig. 2 shows the variation of yield strength, tensile strength, TS/YS ratio and percent elongation for 

500 MPa rebars with maximum and minimum values for each parameters. From Fig. 2(a), it is 

observed that a wide range of yield strength is obtained with a minimum 325 MPa for 12 mm bar and 

a maximum 750 MPa for 8 mm bar. A number of specimen fall below the minimum yield strength 

values. Similar trend is observed for tensile strength, TS/YS ratio and percent elongation as shown in 

Figs. 2(b), 2(c) and 2(d), respectively. Figures 3 and 4 present the variations of the same parameters 

as mentioned in Fig. 2 for the rebar grades 414 MPa and 276 MPa, resepctively. From these figures it 

is observed that average yield strength is well above the standard minimum criteria. However, a 

higher strength variation is observed for 12 mm of 500 MPa and 16 mm of 414 MPa bars. Percent 

elongation as well as strength ratio values are hgher for 414 MPa and 276 MPa bars than those of 500 

MPa bars. Fig. 5 shows CoV of different parameters for three grades of rebars. From this figure, it is 

shown that a higher CoV is observed for yield strength and strength ratio of 414 MPa bars than those 

of 500 MPa bars. However, CoV for percent elongation is comparable for the tested three grades of 

rebars as shown in Fig. 5(d) 

 

 

 

 

(c) (d) 
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(a)        (b) 

 
(c)        (d) 

 
Fig.2: Variation of different properties of 500 MPa rebars (a) Yield strength (b) Tensile strength (c) Strength 

ratio (TS/YS) (d) Percent elongation 

(a)        (b)    

(c)        (d) 

 

 

 

 

 

 

 

 

 

Fig.3: Variation of different properties of 414 MPa rebars (a) Yield strength (b) Tensile strength (c) Strength 

ratio (TS/YS) (d) Percent elongation 
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(a)        (b) 

(c)           (d)        

 

 

 

 

 

 

 

 

 

 

Fig. 4: Variation of different properties of 276 MPa rebars (a) Yield strength (b) Tensile strength (c) Strength 

ratio (TS/YS) (d) Percent elongation 

(a)               (b) 

 
(c)                  (d) 

 

Fig. 5: Variation of CoV for three grades of rebars  (a) Yield strength (b) Tensile strength (c) TS/YS ratio (d) 

Percent elongation 
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CONCLUSIONS 

A statistical analysis is conducted in this paper to evaluate the physical and mechanical properties of 

reinforcing bars and to assess the quality of the rebars used in concrete construction in Bangladesh. 

Three grades such as 500 MPa, 414 MPa and 276 MPa are considered. A wide range of rebar 

diameters from 8 mm to 40 mm are considered for wide areas of construction applications by 

government and private sectors. Following conclusions can be drawn from the present study: 

 Average yield strength values for all the tested speciemns satisfy the minimum yield strength 

requirements set forth by ASTM and BDS standards.  

 Tensile strength-to-yield strength ratio and percent elongation are observed higher values for 

414 MPa and 276 MPa bars than those of 500 MPa bars. 

 Higher CoV are obtained for yield strength values of 414 MPa bars than those of 500 MPa 

and 276 MPa bars. However, almost the same CoV is shown for percent elongation for three 

grades of rebars. 
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ABSTRACT 

The performance of different types of frame with base isolator and Rectangular shape frames with 

different types of bracing under earthquake is investigated to know the building response. A 20 story 

SAC frame was selected for this study and the base isolated frame is introduced to compare with the 

rectangular shape frames. Modal time period and frequency are compared between base isolated frame 

and rectangular frame with bracing. Displacement and drift is compared with the rectangular frame 

bracing and base isolated frame. The results show that base isolator reduce the inertia forces introduced 

in the structure due to earthquake by shifting the fundamental time period of the structure. The 

displacement of a base isolator frame is 42% higher than the E Bracing frame for the case of EI Centro 

and hereby increases the flexibility of the structure. 

 

Keywords: Base isolation; bracing system; rectangular frame; SAC frame 

 

INTRODUCTION 

Earthquake is one of the most uncertain loads in nature. It cannot be predicted when and with how much 

energy it will be generated. Like other loads, it cannot be calculated precisely or forecasted with 

reasonable accuracy. Due to the unpredictable nature of the load it has always been a challenging task 

for structural researchers and professionals to prepare any guideline. Therefore, the behaviour of 

different types of frame under earthquake should be determined. The technique of base isolation has 

been developed in an attempt to mitigate the effects on buildings and their contents during earthquake 

attacks and has been proven to be one of the more effective methods for a wide range of seismic design 

problems on buildings in the past two decades. Seismic isolation consists essentially of the installation 

of mechanisms which decouple the structures and their contents from potentially damaging 

earthquake-induced ground motions. This is achieved by mounting the structure on an isolation system 

with considerable horizontal flexibility so that during an earthquake, when the ground vibrates strongly 

under the structure, only moderate motions are induced within the structure itself.  During earthquakes, 

the conventional structure without seismic isolation is subjected to substantial Story drift, which may 

lead to damage or even collapse of building (Hoq, S.M. 2010). Whereas the isolated structure vibrates 

almost like a rigid body with large deformations or displacements endured by the isolation bearings. 

The lateral forces of the isolated building are not only reduced in magnitude but also fairly redistributed 

over the floors, which further mitigates the overturning moment of the structure (Peng-Hsiang et al. 

1998). The aim of this paper is to model and investigate a SAC frame with base isolation system to 

minimize contents related damage by controlling acceleration response and keep allowable resonance 

range. Maison, B. F et al. (1999) studied the effect of semi-rigid connections within the SAC program. 

But, in those studies all the connections were considered as partially restrained (FEMA-355c). Thus 

base isolated frames and bracing frames are selected which were subjected to four earthquake records 

from four different frequency earthquake. These are for El Centro, Northridge, Array and Kobe 

earthquakes. The control frame was selected to be the rectangular frame based on the SAC frame 

geometry. The aspect ratio and geometrical dimensions were same to obtain their earthquake response 

which included lateral displacement, inter-story drift. For the first part of the investigation, time period 

and frequency compared between base isolated frame and rectangular frame with bracing. In the second 

part of the study displacement and drift is compared with the rectangular frame with different types of 
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bracing and base isolated frame to identify the effect of base isolation. Finally a 20 story of SAC frame 

(FEMA-355e) as a case study has been taken into consideration through simulated analysis for both, 

with and without base isolation systems. Fig. 1 represents the 20 story of SAC frame. Fig. 2 to fig. 4 

shows the sac frame with Cross bracing, E bracing and inverted V bracing. Numerical analyses are 

applied in order to observe dynamic behaviour of such structures under seismic loads. 

 

                           
   Fig. 1:  Twenty Story SAC Frame                  Fig. 2:  SAC frame with cross bracing 

 

                          
          Fig. 3:  SAC frame with E bracing               Fig. 4:  SAC frame with inverted V bracing 

 
METHODOLOGY  

A 20 story 5-bay frame is used to observe the effect of earthquake on medium high-rise building. All the 

member sizes are W14 X 283. All the frames are analyzed under four different earthquake excitation 

data. These earthquakes reflect a wide variation in frequency content. Later a base isolator has been 

proposed to see the effect of behavior of the frame. The base isolator has been constructed by placing 

the rubber isolator between the building and the foundation of the rectangular frame. This isolated 

frame has the same height and width ratios as the rectangular shape. All member sizes, joint loads and 

uniformly distributed loading were kept the same for both the shapes. For each earthquake results of 

rectangular, braced frames are compared with base isolator frame. Comparison is accomplished with 

the help of Time history analysis and modal history analysis by using SAP2000 software. All the 

connections are considered to be rigid. Total dead load and 25 percentage of live load are considered for 
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calculating member mass. Results include top displacements and inter story drifts. All the results are 

plotted to compare the performance of individual shape under earthquake excitations. The time steps 

and the step size for different earthquakes are listed in the Table 1. Corresponding time period and 

frequencies for first ten modes are also determined. 

 
Table 1:  Time steps and step size 

Earthquake 
Number of output time 

steps 

Output time step 

size 

EICentro 2674 0.02 

Array 3939 0.01 

Northridge 2990 0.005 

Kobe 3000 0.02 

 

RESULTS AND DISCUSSIONS  

Comparison between the time period and frequency of the moment resisting frame with the other 

bracing frames are obtained from the SAP2000 software. Time periods and frequencies are tabulated in 

Table 2 and Table 3. 
Table 2:  Time periods of different types of bracing 

Time Period (sec) 

Mode 
Moment Resisting 

Frame 

Base Isolator 

Frame 

Cross Bracing 

Frame 

E Bracing 

Frame 

Inverted V 

Bracing Frame 

1 2.612 2.824 1.774 1.843 1.753 

2 0.860 0.929 0.499 0.576 0.501 

3 0.481 0.592 0.318 0.314 0.318 

4 0.338 0.517 0.227 0.293 0.233 

5 0.301 0.364 0.217 0.221 0.215 

6 0.268 0.297 0.177 0.191 0.171 

7 0.241 0.272 0.134 0.168 0.143 

8 0.203 0.219 0.112 0.145 0.111 

9 0.183 0.198 0.096 0.115 0.102 

10 0.169 0.182 0.093 0.110 0.094 

 

Table 2 shows the maximum time period 2.824 sec is obtained for base isolated frame and minimum 

1.753 sec for inverted V bracing frame. Using of base isolator increases time period and decreases 

frequency. Table 2 shows that moment resisting frame has 2.612 sec time period and after introducing 

base isolator time period increases and frequency decreases. Among all types of frames inverted V 

frame shows minimum time period. 

 
Table 3:  Frequency of different types of bracing 

Frequency (cyc/sec) 

Mode 
Moment Resisting 

Frame 

Base Isolator 

Frame 

Cross Bracing 

Frame 

E Bracing 

Frame 

Inverted V 

Bracing Frame 

1 0.382 0.354 0.563 0.542 0.570 

2 1.162 1.075 2.001 1.735 1.992 

3 2.076 1.688 3.143 3.181 3.136 

4 2.959 1.931 4.406 3.408 4.285 

5 3.321 2.747 4.593 4.510 4.629 

6 3.864 3.368 5.633 5.230 5.829 

7 4.150 3.669 7.435 5.923 6.966 

8 4.914 4.554 8.920 6.883 8.930 

9 5.466 5.037 10.340 8.647 9.764 

10 5.912 5.493 10.679 9.042 10.562 

 

Table 3 shows that minimum frequency 0.354 cyc/sec is obtained for base isolated frame and maximum 

0.57 cyc/sec for inverted V bracing frame. Using of base isolator frequency decreases. Table 3 shows 

that moment resisting frame has 0.382 cyc/sec frequency and after introducing using base isolator 

frequency reduces. 
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Graphical presentation of displacement profile for all frames with different earthquakes considering El 

Centro, Northridge, Kobe, Array earthquakes are shown in Fig. 5 and Fig. 6. Table 4 shows 

displacement for 10% earthquake. Displacement for Elcentro and Array earthquakes increases to 25.45 

inches and 22.18 inches which was 25.91 inches and 22.86 inches for simple moment resisting frame. 

By increasing displacement base isolator decreases time period. 

 
Table 4:  Displacement for 10% earthquake 

Displacement (inch) 

Earthquake 
Moment 

resisting frame 

Base isolator 

frame 

Cross Bracing 

Frame 

E Bracing 

Frame 

Inverted V 

bracing frame 

El Centro 25.91 25.45 15.9 15.00 15.36 

Array 22.86 22.18 15.72 17.24 14.93 

 

       
a) EI Centro               b)   Array   

Fig. 5:  Displacement profile for 10 % earthquake EI Centro and Array 

 

Table 5 shows maximum displacement for 2% earthquake. Displacement for Northridge earthquakes 

increases to 55.36 inches which was 55.34 inches for simple moment resisting frame. But displacement 

for Kobe earthquakes decreases to 40.56 inches which was 41.47 inches for simple moment resisting 

frame. 
Table 5:  Displacement for 2% earthquake 

Displacement(inch) 

Earthquake 
Moment 

resisting frame 

Base isolator 

frame 

E bracing 

frame 

Inverted V 

bracing frame 

Cross bracing 

frame 

Northridge 55.34 55.36 45.8 46.26 47.41 

Kobe 41.47 40.56 36.39 39.08 39.22 

 

  

a) Northridge                b)  Kobe 

Fig. 6:  Displacement profile for 2 % earthquake Northridge and Kobe 

 

Fig. 7 and Fig. 8 shows the inter story drift profile for rigid rectangular frame with different types of 

framing and base isolator for four types of earthquake. 

Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh 
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.) 

362



 

 

   

a) EI Centro                b)   Array 
Fig. 7:  Drift for 10 % earthquake EI Centro and Array 

 

For Northridge and Kobe earthquake, base isolated frame experience less drift than the rigid frame. 

Base isolated frame subjected to EI Centro and Array earthquake gives greater drift values than the rigid 

rectangular frame. For EI Centro and Array earthquakes moment resisting frame drifts are 0.03076 and 

0.04615 which increases to 0.08923 and 0.09384 for base isolated frame. For Northridge and Kobe 

earthquake moment resisting frame drifts are 0.07769 and 0.10076 which increases to 0.11692 and 

0.17384 for base isolated frame. Semi- rigid connections make a structure flexible and for that reason, 

in those levels the structure experience more drifts than the rigid frame. 

 

       
a) Northridge               b)    Kobe 

Fig. 8:  Drift for 2 % earthquake Northridge and Kobe 

 

CONCLUSIONS 
For all the considered earthquakes, base isolator frame experience less inter story drift than the other 

frames in portion of the higher story. In contrast, few stories like story 1 and 2 of a 20-story base isolator 

frame experience a more drift than the other frames. The time period of base isolator for all modes is 

much higher than the all other frames. The time period ranged from 2.824 sec to 0.182 sec for base 

isolator and 1.774 sec to 0.093 sec for cross bracing frame. Whereas the frequency of base isolator is 

much lower than the other frames. The frequency ranged from 0.354 cyc/sec to 5.4993 cyc/sec for base 

isolator and 0.563 cyc/sec to 10.679 cyc/sec for cross bracing frame. Therefore, it can be said that Time 

period increase in the base isolated structure but as frame frequency reduces the frame does show some 

flexibility on the stories. Time period can also be changed within safe limit of resonance. Base isolator 

does not make a building earthquake proof but it can make the structure more flexible to control its 

frequency from dangerous resonance range. It can reduce amplitude. The segmental building concept 

can be considered as an extension of the base isolation technique with a distributed flexibility in the 

superstructure. Base isolator also protects nonstructural elements and equipment by reducing the entire 

structures acceleration during an earthquake, as opposed to reinforcement alone. 
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ABSTRACT 

Transverse opening in RC beams allows the utility line to pass through the structure and encourages the 

designer to reduce the height of the structure leading to an economical design. Because of sudden 

changes in the dimension of cross section of the beam; the corners of opening would be subjected to 

stress concentration and it is possible to induce transverse cracks in the beam. Also it can reduce the 

stiffness, which leads to excessive deflection, both elastic and plastic, under service load. The main 

objective of this paper is to study the deflection and stress of beam, numerically using COMSOL, with 

and without of square web opening and to provide additional reinforcement to overcome excessive 

deflection and stress. To overcome the excessive deflection in the beam, two additional reinforcement 

bars across the width were provided. COMSOL result showed that deflection was reduced because of 

providing additional reinforcement. Similarly, both elastic and plastic stresses increase with the 

increment of the size of web opening which can be reduced with additional reinforcements, though bars 

with higher diameters do not have any significant effect on plastic and elastic stresses.  

 

Keywords: RC beam; web opening; additional reinforcement; COMSOL 

 

INTRODUCTION 

A beam is a structural element that is capable of withstanding load primarily due to bending. The 

bending force induced into the material of the beam as a result of the external loads, own weight, and 

external reactions. In the construction of modern building, many pipes and ducts are necessary to 

accommodate essential services like water supply, sewage, air-conditioning, electricity, telephone, 

computer network etc. Usually, these pipes and ducts are placed underneath the soffit of the beam and 

for aesthetic reasons, are covered by a suspended ceiling, thus creating a “dead space”. In each floor, the 

height of this dead space that adds to the overall height of the building depends on the number and depth 

to be accommodated. The depth of ducts or pipes may range from a couple of centimetres to, as long as, 

half a meter. An alternative arrangement can be undertaken by allowing these ducts to pass through the 

transverse opening of the floor beams. This arrangement of building services leads to significant 

reduction in the headroom and results in a more compact design. For small building, saving may not be 

significant compared to the overall cost. But for multi-storey buildings, any saving in story height 

multiplied by the number of stories can represent a substantial saving in total height of structures, length 

of air conditioning and electrical ducts, plumbing risers, walls and partition surfaces, and overall load 

on the foundation. Some researcher studied this phenomenon and tried to give practical and economical 

solution (Amiri et al, 2011; Chen et al, 2008; Mansur, 2006; Vasehiamiri and Alibygle, 2004).  

The main objective of this study is to understand the behaviour of a beam with web opening. The 

specific objective of this study is to observe the deflection and stress of beam with & without of web 

opening and to provide additional reinforcement to overcome excessive deflection and stress. 

 

METHODOLOGY  

In this study, a simply supported solid beam (control specimen) had been analyzed by commercially 

available software COMSOL 4.3b. Then the same beam with different web openings (Table 1) had been 

analyzed and deflection and stress had been recorded and compared with the deflection and stress of the 

control beam. 
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Beam Specification 

To observe the effect of the opening in the web of a beam, 12 simply supported beams were modelled 

and analyzed in COMSOL. Specification of the beam is shown in Table 1 with reinforcement detailing 

(Fig. 1). 25 mm bar was used as longitudinal main bar with clear cover of 3.25 cm and 10 mm bar was 

used as stirrups with a spacing of 20 cm c/c distance. Plastic strain increased near the hollow with the 

increase of web opening. Strain localization was observed in the top of the web opening and in higher 

opening areas. So, two additional reinforcements were provided to cope up with strain localization and 

huge strain. 
Table 1: Solid Beam Specification 

Specifications Beam 

Length 4 m 

Width 30 cm 

Depth 50 cm 

Main Reinforcement 25 mm (4, in each corner with 3.25 cm clear cover) 

Additional Reinforcement (25 × 25 cm) 10, 12, 14, 16 mm (2, spacing 10 cm c/c) 

Stirrups 10 mm (spacing 20 cm c/c) 

Load Applied 200,000 N/m
2 

(Pressure) 

Support Condition Simply Supported 

 

Material Properties 
In this study, 12 beams were analyzed. Two materials were used- concrete and structural steel. The 

uniaxial compressive and tensile strength of concrete were assumed to be 30 MPa and 3 MPa, 

respectively. The density, modulus of elasticity, and Poison‟s ratio of concrete were assumed to be 2400 

kg/m
3
, 26 GPa, and 0.25, respectively. Density, modulus of elasticity, and Poison‟s ratio of steel were 

assumed to be 7850 kg/m
3
, 200GPa, and 0.3, respectively. 

 

RESULTS AND DISCUSSIONS 

Both elastic and plastic deflections at mid span increase with the increment of the size of the web 

opening (Fig. 2). It has been observed that additional reinforcements have reduced both elastic and 

Fig. 1: Details of Beam, Web Opening and Additional Reinforcement 
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plastic deflections. The mid-span deflection of beam with 25 mm square web opening reduces gradually 

from 2.3796 mm to 2.31854mm (elastic) and 3.38365 mm to 3.2083 mm (plastic) as the diameter of 

additional reinforcement increases up to 16 mm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3: Elastic Stresses of Beam around Web Opening 

 

It has been observed from Fig. 3 that elastic stresses gradually increases as the dimension of the square 

web openings increase from 10 mm to 25 mm. Stresses at points „a‟ and point „d‟ as well as stresses at 

points „c‟ and point „b‟ are almost similar (Fig. 1). It should be noted that points (a, d) and points (b, c) 

are located at the same horizontal distance from centerline. After the inclusion of 10 mm additional 

reinforcements to the model, elastic stress decreases sharply. As the diameter of additional bars 

increases, elastic stresses decrease, though the change is not as prominent as that of the model with 10 

mm additional bars.  
 

 

 

 

Fig. 2: Elastic and Plastic Deflection of Beams at Mid-Span 

Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh 
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.) 

367



 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
Fig. 5: Plastic Stress at Points a, b, c and d for both Solid and Hollow Beams (MPa) 

 

For plastic stress, as shown in Fig. 4, stresses increase as the dimension of the opening increases. Plastic 

stresses at points „a‟ and „b‟, both of which are below neutral axis, increases sharply as the opening has 

been introduced. After that, stresses increase gradually for points „a‟, „b‟ and „d‟. Point „c‟ undergoes 

excessive plastic stress compared to other three points.  Additional bars have decreased plastic stress, 

similar to elastic stresses, though increasing diameter has very negligible effect. 

It should be noted that as the dimension of web opening increases, distance of four points (a, b, c and d) 

from neutral axis is also increased. So, for better understanding, graphs in Figure 5 compare the plastic 

stresses in solid beam and plastic stresses in hollow beams at the same four points mentioned above. All 

four graphs in Figure 5 show that each of the four points undergoes significant plastic stresses due to 

web openings, which gradually increases as the size of openings has been increased. 

Fig. 4: Plastic Stresses of Beam around Web Opening 
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CONCLUSIONS  

In this study, 12 simply supported beams, with different size of web opening, were analysed by 

commercially available software COMSOL 4.3b. For all beams, the elastic and plastic deflection and 

stresses were recorded and compared. It can be concluded that 

1. Beams with web opening undergo excessive elastic and plastic deflection under service load. The 

deflection gradually increases with the increment of cross sectional area of beam web opening. 

2. Maximum deflection was found to be 3.38365 mm at 25 cm square opening. 

3. Maximum elastic and plastic stresses were found to be 6.3 MPa and 20.3 MPa respectively, at the 

corner of 25 mm square web opening. 

4. After providing two additional reinforcement with 10, 12, 14, 16 mm diameter bars, the deflections 

were found to be decreased significantly.  

5. Stresses were found to be decreased significantly for two 10 mm additional reinforcement. But for 

12, 14 and 16 mm bars, stresses were found to be similar and deflection were reduced significantly. So, 

addition of bars with higher diameter increases the local stiffness of the beam. 

6. Stresses induced in four corners were found to be much higher than that of the solid beam. It happens 

due to stress concentration. 

So, as the area of web opening was increased, deflection at mid-span and stresses (elastic and plastic) at 

four corners of the opening were also increased. To overcome excessive deflection, additional 

reinforcements should be provided with proper arrangement. 
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ABSTRACT 

With more than 160 million people, Bangladesh is ranked as 8th most populous place on earth. 

Bangladesh has a tropical monsoon climate characterized by heavy seasonal rainfall, high temperatures 

and high humidity. Natural disasters such as floods, tornadoes and earthquakes affect the country yearly. 

Geographical location of Bangladesh makes it ideally suited to earthquake. Scientists have come to 

recognize that it sits at the juncture of several active tectonic plate boundaries. Study area are selected as 

Sylhet, Barisal, Cox's bazar, Dhaka, Rangpur and Rangamati district based observatories. The seismic 

data is of duration between 1988 and 2008. This paper introduced the feasibility of the approach and 

methods to find a possible correlation between temperature change and earthquake. 

 

Keywords: Temperature; earthquake; tectonic plate; seismic data 

 

INTRODUCTION 

In the past, a great number of thermal deviation associated with strong earthquakes were recorded in 

China. This aroused seismologists to consider the possibility of predicting earthquakes by monitoring the 

changes in temperature. Analysis of seismicity with temperature shows that strong earthquakes are 

associated with thermal deviation and measuring temperature can be used to monitor and predict 

earthquakes. In general, the deviation starts to appear in more than one month before a strong earthquake 

with covering area of thousands Km
2
. Temperature abnormally increases 1

0 
C or more in one month, and 

2
0
 C or more, even 10

0
 C in a half month. The epicenter locates within the anomaly area (Huangguangsi; 

Luo Zhaofu). The Chinese succeeded in warning the local population about a large Earthquake in 

Haicheng (a city in northern China) in 1975. The magnitude of the Earthquake on the Richter scale was 

7.3. As a consequence of the warning, people were moved from several areas within the city to the 

outskirts. The City’s inhabitants numbered 500,000. It was estimated that 90% of the buildings in the city 

collapsed in the earthquake, resulting in 2,000 people losing their lives. It has been estimated that the 

warning saved the lives of thousands of people, perhaps as Many as 100,000 (Celin Wangetal., 2006). 

The notion that earthquake prediction was possible was gaining impetus. The Chinese prediction was 

based on a number of observations. To name a significant few, they observed small earthquakes, changes 

in the levels and chemical content of ground water, changes in surface elevation, as well as changes in the 

magnetic field and electrical signals. Koshiyama (1976), who was actually involved in a survey, at the 

time of the measurement, particularly the deviated ground disturbance just before (probably one or two 

hours) the Tonankai earthquake of 7 December, 1944. According to his description, a strong wind was 

blowing, so the author further examined the weather conditions and observed the velocity of the wind and 

the atmospheric temperature at the Hamamatsu weather station. This figure does not show any anomalous 

weather condition during the period before and after the Tonankai earthquake. In particular, the velocity 

of the wind was not very high immediately prior to the earthquake. So it is not reasonable to attribute the 

systematic anomalous change in levelling data to a change in weather conditions. In Northern areas of 

Pakistan, from 1961 to 2005, collected data in this period shows increase in earthquake frequency. The 

main factors for increase in earthquake frequency can be the temperature. Increase of temperature is 
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causing glaciers to melt thus releasing pressure on Earth below which in turn possibly rebounds, causing 

earthquakes (Usman, M., Qureshi, S.N. and Amir, 2010). Some recent research has found a 

correlation between a sudden relative spikes in atmospheric temperature 2-5 days before an earthquake. It 

is speculated that this rise is caused by the movement of ions within the earth's crust, related to an 

oncoming earthquake. Scientists analyzing the March 11, 2011 earthquake in Japan reported a sudden 

spike in the temperature in the atmosphere above the quake site detected just before the event. Bangladesh 

is extremely vulnerable to seismic activity.  Accurate historical information on earthquakes is very 

important in evaluating the seismicity of Bangladesh.  Information  on  earthquakes  in  and  around  

Bangladesh  is  available  for the  last  250 years.  The earthquake record suggests that since 1900, more 

than 100 moderate to large earthquakes occurred in Bangladesh, out of which more than 65 events 

occurred after 1960. This brings to  light  an  increased  frequency  of  earthquakes  in  the  last  30  years.  

This  increase  in  earthquake  activity  is an  indication  of  fresh tectonic activity or propagation  of 

fractures from the  adjacent seismic zones. So, it is important to know about the trend of earthquake that 

has occurred in the past so that we can prepare ourselves for the future. At a glance, several factors that 

were incorporated with earthquakes are temperature variation, wind velocity, changes in the levels and 

chemical content of ground water, changes in surface elevation as well as changes in the magnetic field 

and electrical signals. The aim of this paper is to find out possible relationship between temperature 

variation and earthquake to know about the possible trend of earthquakes ahead. 

 

METHODOLOGY 

The temperature data and seismic data contains twenty year period from 1988 to 2008. To find 

temperature change, maximum temperature of the specific day on which earthquake occurred and 

maximum temperature of five days before it is found out. The temperature data is provided by 

Bangladesh Meteorological Department and seismic data are collected from Earthquake-report.com 

website. Following recent earthquakes in Bangladesh were taken into study (Data courtesy: NOAA 

Natural Hazards database). 

 
Table 1: List of Earthquakes in Bangladesh (1988-2008) 

 
Table 2 contains date and temperature data for selected areas collected from Bangladesh Meteorological Department 

 

RESULT AND DISCUSSION 

Figure 1 to 8 summarizes graphical representation for the data obtained from table 1 and table 2. The 

earthquake ensued in February 6, 1988 at 14:50 hit Sylhet with a magnitude of 5.8. [Fig. 1] shows 

temperature data of previous five days before that earthquake. Temperature variation is in ascending order 

until the day earthquake occurred. [Fig. 2] Shows ascending and descending variation of temperature just 

before the day earthquake hit Barisal with a magnitude of 5.2. 
 

 

Date Earthquake location in 

Bangladesh 

Earthquake Parameters 

Year Month Day Location Zone Focal Depth (Km) Magnitude 

1988 February 6 Sylhet I 33 

 

5.8 

1989 June 12 Barisal III 6 5.1 

1999 July 22 Cox's Bazar II 10 4.2 

2001 December 19 Dhaka II 10 4.5 

2002 June 20 Rangpur II 40 4.5 

2003 July 26 Rangamati II 10 5.7 

2007 November 7 Rangamati II 29 5.1 

2008 January 12 Rangamati II 34 5.0 
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Table 2: TEMPERATURE DATA AND DATE OF EARTHQUAKE ENSUED 

Place 
 

Date and Maximum temperature ( 
0
 C) 

Temperature 

Difference 

Sylhet 

 

1/2/88 2/2/88 3/2/88 4/2/88 5/2/88 6/2/88 
1.7 

27.8 28 28.3 30 30 28.3 

Barisal 
7/6/89 8/6/89 9/6/89 10/6/89 11/6/89 12/6/89 

2.1 
32.6 34 34.5 33 33 32.4 

Cox’s Bazar 
17/7/99 18/7/99 19/7/99 20/7/99 21/7/99 22/7/99 

2 
32 31.5 29 28.1 31 30 

Dhaka 
14/12/01 15/12/01 16/12/01 17/12/01 18/12/01 19/12/01 

1.2 
24.5 26.7 25.7 26.9 26 25.7 

Rangpur 
15/6/02 16/6/02 17/6/02 18/6/02 19/6/02 20/6/02 

1.5 
28.5 29.5 30.5 29 27.9 29 

Rangamati(2003) 
21/07/03 22/07/03 23/07/03 24/07/03 25/07/03 26/07/03 

0.2 
31.8 31.8 34.5 33.4 33.6 34.7 

Rangamati(2007) 
2/11/07 3/11/07 4/11/07 5/11/07 6/11/07 7/11/07 

1 
31.5 27.2 30.4 29.5 29.4 30.5 

Rangamati(2008) 
7/1/12 8/1/12 9/1/12 10/1/12 11/1/12 12/1/12 

0.2 
26.4 26.6 27.2 27 27.8 27.6 

 

             
             Fig. 1: Temp. Data for 1/2/1988 to 6/2/1988                         Fig. 2: Temp. Data for 7/6/1989 to 12/6/1989 
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        Fig. 3: Temp. Data for 17/7/1999 to 22/7/1999                    Fig. 4: Temp. Data for 14/12/2001 to 19/12/2001 

 

On 22 July, 1999 at Maheshkhali Island in Cox’s Bazar, earthquake occurred with a magnitude of 4.2. It 

was severely felt around Maheshkhali Island and the adjoining sea. Focusing into the temperature 

variation in [Fig. 3], temperature continued to fall down up to 20th July, but raised to 31
0
 just before the 

day earthquake occurred. The earthquake of December 19, 2001 with magnitude of 4.5 and focal depth of 

10 km was located very close to Dhaka city. [Fig. 4] shows temperature variation close to sine curve type 

for this earthquake. 

 

            
        Fig. 5: Temp. Data for 15/6/2002 to 20/6/2002                  Fig. 6: Temp. Data for 21/7/2003 to 26/7/2003 

 

Fig. 5 shows sine curve variation of temperature for the earthquake occurred in 20/6/2002 in Rangpur. 
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     Fig. 7: Temp. Data for 2/11/2007 to 7/11/2007                   Fig. 8: Temp. Data for 7/1/2008 to 12/1/2008 
 

Fig. 6, 7, 8 shows temperature variation with date for earthquakes occurred in 2003, 2007, 2008 

respectively for Rangamati district. Of them, Fig. 6 and Fig. 7 temperature variations are quite similar 

trend. 

 

Considering temperature difference obtained from table 2, following graph is plotted. 

 

 
Fig. 9. Temperature change data with different earthquake location in Bangladesh 

 

Fig. 9 shows temperature change for different earthquake location in Bangladesh. Green line indicates 

decrease in temperature and red line indicates increase in temperature. Temperature decrease for Sylhet, 
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CONCLUSIONS: 

Bangladesh is extremely vulnerable to seismic activity.  Accurate historical information on earthquakes is 

very important in evaluating the seismicity of Bangladesh.  Information  on  earthquakes  in  and  around  

Bangladesh  is  available  for the  last  250 years.  The earthquake record suggests that since 1900, more 

than 100 moderate to large earthquakes occurred in Bangladesh, out of which more than 65 events 

occurred after 1960. This brings to  light  an  increased  frequency  of  earthquakes  in  the  last  30  years.  

This  increase  in  earthquake  activity  is an  indication  of  fresh tectonic activity or propagation  of 

fractures from the  adjacent seismic zones. From analysis, considering earthquakes occurred in 2003, 

2007 and 2008 with temperature change (positive and negative) following graph is obtained for 

Rangamati district which is located in zone 3 of earthquake zoning map. 

 

 
Fig. 10. Temperature change data (positive and negative) for Rangamati District 

 

From Fig. 10, if obtained trend line (polynomial of second order y= -0.22 x
2
+882.5x-885006 of R

2
=1) is 

further analysed, it can lead to predict earthquakes ahead. Other temperature data can lead to be decisive 

in finding correlations between temperature change and earthquake for other zones. 
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ABSTRACT 

Aggregate Crushing Value (ACV) is an index of loss of coarse aggregate (CA) under sustained loading. 

However, ACV is not considered in concrete mix design according to ACI 211.1(ACI 211.1, 2009). In 

this paper effect of ACV of CA on compressive strength of concrete has been explored. Coarse 

Aggregate was collected from five different sources. Concrete mix design was conducted for target 

strengths of 3000, 4000 and 5000 psi according to ACI. Total 135Concrete cylinders were tested for 

compressive strength at 7, 14 and 28 days. ACV test for each type of Coarse aggregate was performed. 

Achieved strength Vs. ACV was plotted for each sample. It is observed that, compressive strength is 

inversely related to the ACV. Higher strength concrete is more dependent on ACV. To achieve target 

strength at 28 days, ACV should be less than 30, 29, and 28 for 3000 psi, 4000 psi and 5000 psi 

respectively. 

 

Keywords: Aggregate crushing value; compressive strength; target strength; mix design 

 

INTRODUCTION 

Concrete is a versatile engineering material consisting of cementing substance, aggregates, water and 

often controlled amount of entrained air. It is initially a plastic, workable mixture which develops 

strength from hydration due to reaction between cement and water. Concrete is said to be as man-made 

rock. Reason behind its popularity is its high strength, fire resistance, durability and workability. 

Compressive strength of concrete is the most important property of concrete. This property depends on 

various factors (constituting material properties and their proportion, method of preparation, curing, test 

condition). Aggregate Crushing Value (ACV) is one of the important properties of coarse aggregate. 

ACV gives a relative measure of resistance to crushing under gradually applied compressive load. Thus 

ACV is inversely related to strength of coarse aggregate.  

In concrete pavement design ACV of coarse aggregate is given much importance. In concrete mix 

design ACV of coarse aggregate is not considered. ACV may have effect on the strength gaining of 

concrete.  

The objective of the study is to observe the variation of compressive strength of concrete with different 

coarse aggregates, the variation of aggregate crushing value of different coarse aggregates, strength 

gain of concrete with time for different coarse aggregates and to establish a relation between aggregate 

crushing value of coarse aggregate and compressive strength of concrete.  

In the study, Portland Composite Cement (PCC) has not been used. Only Ordinary Portland Cement 

(OPC) has been used. Same type of fine aggregate has been used for all tests. Admixture has not been 

used for concrete mix. 

 

METHODOLOGY  

Concrete cylinder test was performed in the laboratory using cylindrical molds (4”× 8”) according to 

ASTM standard C 470(ASTM C470, 2009).Total 135 concrete cylinders were tested. Five different CA 

samples were collected from different sources named Fazilpur, Meghalaya, Volagonj, Priggable and 

Aluvutu. Two sizes of aggregates were used. One is ½” and the other is ¾”. Total fifteen sets of mix 

design was conducted using the five samples of aggregate for three different target strength 3000 psi, 
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4000 psi, 5000psi. The process of concrete mix design and determination of Aggregate Crushing Value 

according to ACI 211.1(ACI 211.1, 2009) and BS 812-110 standards (BS 812-110, 2009)was used in 

our project work respectively. For ACI mix design procedure required material information are Sieve 

analyses of both fine and coarse aggregates (ASTM C136, 2006), unit weight (ASTM C29, 2009), 

specific gravities, and absorption capacities of fine aggregates (ASTM C128, 2009) and coarse 

aggregates (ASTM C127, 2007). 

 

Properties of coarse aggregate 

The aggregate properties that were determined during the study are given in the following Table. 

 
Table 1: Properties of Coarse Aggregates of Five Sources 

Properties of Aggregate 

  

                          Name of Aggregate 

Meghalaya Fazilpur Volagonj Priggable Aluvutu 

Bulk Specific Gravity(OD Basis) 2.6 2.5 2.6 2.52 2.52 

Bulk specific Gravity(SSD Basis) 2.67 2.6 2.64 2.6 2.6 

Apparent Specific Gravity 2.79 2.76 2.71 2.73 2.74 

Absorption Capacity (%) 2.6 3.7 1.6 3.2 3.2 

Unit weight (kg/ m3)  1480 1560 1560 1690 1700 

Moisture content (%) 1.197 3.17 0.42 1.24 2.98 

Aggregate Crushing Value(ACV) 23 24 23 30 26 

 

RESULTS AND DISCUSSIONS 

In this study, compressive strength and ACV of various samples has been determined. The results are 

shown in Figures 1 to 3.  
 

                      
 

 

 

 
 

Fig. 1  Fig. 2 

 

Fig. 3 
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Fig. 1 shows that, Compressive strength has an inverse relationship with the ACV. It also shows that all 

stones have reached 3000 psi in 28 days. Aluvutu, Fazilpur and Volagonj have reached greater than the 

target strength 3000 psi. To achieve 3000 psi, ACV should be less than 30. 

Fig. 2 shows that, all the stones except Priggable have reached strength beyond 4000 psi in 28 days. For 

4000 psi, deviation from the points of the curve is lesser than that of 3000 psi strength curve. To achieve 

4000 psi, ACV should be less than 29. 

Fig. 3 shows that, all the stones except Priggable have reached strength beyond 5000 psi in 28 days. For 

5000 psi, deviation from the points of the curve is lesser than that of 4000 psi strength curve. To achieve 

5000 psi, ACV should be less than 28. 

 

Differences in Pattern in Strength Gain of Concrete with Time 

Strength gain of concrete cylinders at 7, 14 and 28 days have been shown in the same graph for 3000 

psi, 4000 psi and 5000 psi. 

                       
                                               Fig. 4                                                           Fig. 5               
                                               

 
Fig. 6 

 

Fig. 4 shows that, with the increase of time, the nature of graph tends to be more erratic. Fig. 5 shows 

that, the curves at 7, 14 and 28 day follow almost similar pattern. Fig. 6 shows that, the curves at 7, 14 

day follow almost similar pattern. But the 28 day curve is slightly of different pattern. 

From Fig. 5 to 6, it is observed that- 

 Graphs for 3000 psi and 4000 psi strengths are more erratic in nature than 5000 psi strength. 

 Though Volagonj and Meghalaya have same ACV, but they have different compressive 

strengths. 

 

CONCLUSIONS  

This study gives a general scenario of strength development characteristics of concrete for different 

coarse aggregates having different ACV. It can be expected that these findings will be useful for 

construction of concrete structure. 
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Observing the obtained experimental results for concrete with different coarse aggregate having 

different ACV, the following conclusion can be drawn: 

 Higher strength (4000 psi & 5000 psi) concrete is more dependent on ACV than lower strength 

(3000 psi). 

 To achieve 3000 psi, 4000 psi and 5000 psi strength at 28days, concrete should have coarse 

aggregate having ACV less than 30, 29 and 28 respectively. 

 For higher strength concrete, differences between strengths for various coarse aggregate are 

decreased. So Compressive Strength Vs ACV curve is smoother for higher strength concrete. 

 For 7days, all the samples have achieved 65% of target strength. 

 For 14days, all the samples have achieved 90% of target strength for 3000 psi target strength. 

But in case of 4000 psi and 5000 psi target strength, only Priggable could not achieve 90% of 

target strength. 
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ABSTRACT 

In this study, the seismic performance of three existing reinforced concrete garment buildings located 

in moderate seismic zone (0.20g) of Bangladesh has been investigated according to proposed 

Bangladesh National Building Code (BNBC-2014). Three dimensional analytical models of these 

buildings have been developed to assess different performance indices. Performance parameters such 

as average column compressive stress, realization rate of longitudinal reinforcement for columns, shear 

force capacity ratio and the moment capacity ratio were computed using the analytical model developed 

in finite element platform. The performance of these structural properties are evaluated in two step 

process - in the first step considering only the effect of gravity loads and later considering the seismic 

loading as per Bangladesh National Building Code along with the contribution of the vertical loads. 

Result shows that, columns in the ground floor level are highly susceptible to collapse due to inadequate 

longitudinal reinforcement and lack of shear reinforcement to provide adequate lateral confinement. 

Most of these columns also possess a threat of premature failure due to inadequate shear capacity under 

earthquake hazard. 

 

Keywords: Garment buildings; seismic performance; capacity ratio; finite element analysis 

 

INTRODUCTION 

Bangladesh garment industry has went through a rapid expansion to approximately 5600 garments 

factory with approximately 4 million workers working under this sector (BGMEA website). In financial 

year 2015, Ready Made Garments (RMG) industry exported garment products of 24.49 billion USD 

that accounts for about 80% of the country’s foreign earnings (Wadud & Huda, 2016). Despite the huge 

contribution of garment industry in country’s economic development, the infrastructure system of this 

sector is now being castigated due to the recent incident of ‘Rana Plaza’ collapse which caused a total 

death of over 1138 workers. Furthermore few past earthquakes in nearby region of Bangladesh such as 

2011 Sikkim earthquake (M=6.9) and the devastating 2015 Nepal earthquake (M=7.8) that jolted 

Bangladesh with long duration shaking have garnered attention among the stakeholder and researchers 

to evaluate the performance of structural properties of these garment buildings (Al-Hussaini et. al., 

2015). Moreover, the recent Myanmar earthquake (2016) revealed the inadequacies of current 

reinforced concrete building stocks in Bangladesh which resulted in 11 tilted buildings sustaining 

different damage level in Chittagong city. One of these buildings has been assessed and suggested for 

demolition due to the sustained damage posed by the earthquake ground motion.  

The damages in RC structures due to past earthquakes around the world are of similar nature and are 

attributed to virtually very few parameters like inadequate design and detailing, inferior material 

quality, construction malpractices, change in occupancy category over time, presence of different 

distress due to environmental conditions etc. (Ergun et. al., 2015; Sezen et. al., 2003; Kaplan et. al., 

2004; Dogangun, 2004). The existing garment building stock comprises most of these inadequacies in 

advance with accommodating a large number of garment workers. Hence, they possess a great risk of 

causalities as well as monitory losses due to infrastructural damage and a passive impact due to 

hindrance in manufacturing garment products. The performance of structural properties of these 

buildings under earthquake hazard is thus a primary measures for their seismic vulnerability assessment 

and hence to ensure the margin against collapse.  
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The seismic performance evaluation of large number of reinforced concrete garment buildings in 

Bangladesh necessitates a simplified method over the detailed structural evaluation. The detailed 

assessment seems practically impossible and rather extravagant for structures with minimum level of 

vulnerabilities. Hence, the parameters and structural variables affecting the performance of the garment 

buildings should be determined through a preliminary assessment. At the same time the preliminary 

assessment procedure needs to represent the true behavior of the buildings under earthquake loading. 

Previous researches have been conducted to investigate the contribution of different structural 

performance indices such as concrete quality, number of floors, lateral confinement in the seismic 

performance of reinforced concrete buildings (Ergun et. al., 2015; Inel et. al., 2010). The current study 

aims at to investigate the effect of abovementioned parameters on seismic performance of the garment 

buildings. For this purpose, three reinforced concrete garment buildings in moderate seismic zone with 

different floor height is considered to represent the current garment building stock in Bangladesh. 

 

DESCRIPTION OF SELECTED GARMENT BUILDINGS 

In order to attain the aforementioned objectives that is effect of structural properties on seismic 

performance of reinforced concrete garment buildings, a total of three RCC garment buildings from 

moderate seismic zone (0.20g) of Bangladesh have been selected for the current study. The three 

buildings have further been classified into three specific categories namely well designed, moderately 

designed and poorly designed depending on the design consideration while constructing the building. 

Well-designed building represent the current design code and considers the seismic design provision 

mentioned as per the Bangladesh National Building Code (BNBC), whereas the poorly designed 

building lacks proper design guideline and has been constructed based on local practices without 

following any particular design specification. In contrary, the moderately designed garment building 

follows basic design guideline but doesn’t consider any specific seismic design code for construction. 

They are classified and named as Well designed low-rise building; moderately designed mid-rise 

building and poorly designed mid-rise building. All the three buildings are selected in a way so that 

they represent the low to mid-rise building stocks of current reinforced concrete garment buildings in 

the moderate seismic zone of Bangladesh. The floor system of all the buildings comprises of solid slabs 

of 125mm for poorly designed building and 200mm for both moderately designed and well-designed 

buildings. Properties of the selected buildings are presented in Table 1. 

 
Table 1: Selected garment factory building parameters 

Building Parameters Well Designed Moderately Designed Poorly Designed 

Number of storey 3 7 5 

Bottom storey 

height (m) 

6.75 4.7 5 

Typical storey 

height (m) 

5.75 
3.5 

4 

Plan area (m2) 1180 3147 336 

Plan irregularities Regular Irregular Regular 

Vertical 

irregularities 

Regular Irregular Irregular 

Bays in X-Z plane 8 6 6 

Bays in Y-Z plane 2 9 2 

Infill wall 

(Peripheral) 

Brick Masonry Wall No Infill Wall Brick masonry Wall 

Structural System Beam-Column Moment 

Resisting Frame 

Beam-Column Moment 

Resisting Frame 

Beam-Column Moment 

Resisting Frame 

Concrete strength  

(MPa) 

28 21 21 

Rebar yield strength 

(MPa) 

413 413 413 
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The loading conditions considered for the analysis are divided into two steps. In the first step of analysis 

only the dead loads (buildings self-weight, partition wall load and floor finishes) and live loads for 

special occupancy structures are considered as per Bangladesh National Building Code (BNBC’14). 

Both the live loads and floor finish loads are applied as uniformly distributed shell loads and the 

partition wall loads are applied as both shell loads and uniformly distributed on peripheral beams of the 

buildings. The magnitude of live loads considered are of 3.8 kN/m2 for well-designed and poorly 

designed buildings and 4.8 kN/m2 for moderately designed building. A uniformly distributed load of 

1.2 kN/m2 has been applied for floor finish loadings. Furthermore the second stage of loading consists 

of earthquake and wind loads in addition to the basic gravity loadings. The seismic design category “C” 

has been considered for all the three buildings. Cross sectional properties and reinforcement detailing 

of the structural concrete columns considered for the analysis are represented in the study of Murtuz et. 

al., 2015. 

 

METHODOLOGY 

Three different reinforced concrete garment buildings of varying height have been considered to 

represent the low and midrise building stock of Bangladesh. All the necessary design data regarding 

structural properties of the buildings are obtained from the as build drawing provided by the designer 

of these buildings. In this study, the performance of the buildings are assessed in two loading steps i.e. 

considering only the gravity loadings and later considering the earthquake loading as per proposed 

Bangladesh National Building Code (BNBC’2014) along with the gravity loads applied in step 1. 

The average column compressive stresses (σca) were computed as the ratio of the total weight of the 

building and total column cross sectional area in the ground floor level and the average stresses at 

ground floor base (σga) were calculated by dividing the sum of gravity loads by the total floor area in 

the ground level. 

 σca = (∑DL + ∑LL)/Ag, col (1) 

 σga = (∑DL + ∑LL)/Ag, gf  (2) 

Here, DL = dead load considered in the building, LL = Total live load considered, Ag, col = Column x-

sectional area in ground floor level and Ag, gf = Total floor area in the ground level. 

  
Fig. 1: Variation of (a) Average Column Compressive Stress (σca) and (b) Average Stress at Ground Floor 

Base (σga) 

 

The realization rates of longitudinal reinforcement have been obtained from the analysis result of the 

buildings. Two sets of realization rate and reinforcement optimization factor for all the columns in the 

ground floor levels are obtained in the two steps of analysis and their variation due to the employment 

of earthquake load is compared for each column in the ground floor level. The realization rate and 

optimization factor of longitudinal reinforcement is calculated following the stated Eq. (3) and Eq. (4). 

 Reinforcement Realization Rate (RRR) = (∑As, req / ∑As, pr) / n   (3) 

 Reinforcement Optimization Factor (ROF) = (∑As, pr - ∑As, req) / ∑As, pr  (4) 

Here, As, req = Total reinforcement area required, As, pr = Total reinforcement area provided and n = Total 

number of columns/beams considered. 

Finally, the shear force capacity ratio (Vcr), normalized shear capacity ratio (Vncr) and the moment 

capacity ratio (Mcr) in the two orthogonal directions of the buildings are calculated following Eq. (5), 

(6) and (7) bellow –  Vcr = (∑Vcap / V)X and Y  (5) 
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 Vncr = (∑Vcap / ∑W)X and Y (6) 

 Mcr = (∑Mcap / Mo)X and Y  (7) 

Here, Vcap and V represent the shear capacity of individual column in the ground floor level and the 

base shear demand considering the seismic loading in two orthogonal directions. The moment capacity 

ratio is determined in the similar fashion as the ratio of moment capacity of the columns (Mcap) with the 

overturning moment (Mo) at the base of the building. Details description of the above parameters can 

be found in Ergun et. al., (2015). 

 

RESULTS AND DISCUSSIONS  

The result obtained from the study is used to evaluate the properties of structural components in the 

ground floor level to check their performance under existing loading condition and expected behaviour 

under earthquake loading. The Mean of average column compressive stress as shown in Fig. 1(a) is 

found to be 11.48 N/mm2 under factored gravity loads which is well below the specified concrete 

column compressive strength of 21 N/mm2. Hence, it can be concluded that the column cross sectional 

area are adequate against the existing gravity loading condition and thus justifies the fact that they are 

still functioning under service loading without undergoing any major damage. The variation of average 

ground floor stress level is represented in Fig. 1(b). The maximum average stress at ground floor base 

is observed for moderately designed building and the other two buildings follows similar average stress 

rate at the ground floor base level. 

  
Fig. 2: Variation of (a) Reinforcement Realization Rate (RRR) and (b) Reinforcement Optimization Factor 

(ROF) for the three garment factory buildings 

 

However, the average reinforcement realization rate as shown in Fig. 2(a) under gravity loads in 

combination with earthquake loading is found to be 9.62 for poorly designed building whereas the value 

is only 1.34 for well-designed building. Result clearly depicts that the column in the ground floor level 

of poorly designed building are extremely under-reinforced and thus expected to undergo severe 

damage due to design level earthquake. The more deliberate view of the reinforcement deficiency or 

surplus is presented in Fig. 2(b) as the Reinforcement Optimization Factor (ROF) for all the three 

buildings. Result shows that the design reinforcement requirement for well-designed building is far less 

than the provided reinforcement area and hence they are represented in the positive side of the bar 

charts. In contrary, moderately designed and poorly designed buildings follows a negative trend that 

shows the deficiency in total reinforcement area provided for these buildings.  

 
Fig. 3: Shear Force Capacity Ratio of selected garment buildings under earthquake loading 
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The maximum normalized shear force capacity ratio (the ratio of total shear force capacity of the ground 

floor columns to that of the total building weight) for the ground floor column as presented in Fig. 4 is 

computed as 0.26 for poorly designed building which exceeds the limiting value of 0.25 and thus 

showing inadequate shear capacity of reinforced concrete columns under lateral loading posed by 

earthquake excitation. All other buildings have lower normalized shear capacity ratio than the poorly 

designed building and hence predicting safe against shear failure. Variation in Shear Force Capacity 

Ratio for all the three buildings are illustrated in Fig. 3, where the base shear is calculated according to 

the Bangladesh National Building Code (BNBC) and the shear capacity of the column sections are 

computed considering the effect of concrete and transverse reinforcement as specified by the design 

data of the examined buildings. Result shows a linear increase from well-designed building towards 

poorly designed buildings having the maximum shear force capacity ratio for the poorly designed 

building. 

 
Fig. 4: Normalized Shear Capacity Ratio of examined garment buildings 

 

The Moment Capacity Ratio and the Normalized Moment Capacity Ratio are illustrated in Fig. 5 and 

Fig. 6 respectively. The ratio of moment capacity as computed by dividing the ultimate moment 

capacity of the ground floor columns to that of the overturning moment at the base of each building 

considered. The normalized moment capacity in both the orthogonal direction (global X and Y axes) 

has further been computed with respect to the total building weights. Maximum moment capacity is 

obtained with the well-designed building whereas the minimum capacity is observed for the poorly 

designed garment building. 

 
Fig. 5: Moment Capacity Ratio of the selected buildings in two orthogonal direction 

 

CONCLUSION 

The study conducted investigates different performance parameters for three different buildings 

classified as well-designed, moderately designed and poorly designed according to their design 

philosophy and consideration of loadings from earthquake excitation. Comparing the results obtained 

from the investigation, the following conclusion can be drawn –  

 Average column compressive stress for all the three designed buildings were far below the 

specified concrete compressive strength and hence prove that the design of these buildings 

inevitably considers the effect of gravity loads. It can also be inferred that the buildings under 

investigation are still functioning without any damage is due to their capacity to sustain the 
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gravity loads but their performance under earthquake events are questionable resulting from 

the increased shear and moment demand posed by the seismic excitation. 

 
Fig. 6: Normalized Moment Capacity Ratio for the examined buildings under different loading conditions 

 

 Result shows that two of the buildings (presented as moderately designed and poorly designed) 

lacks the required longitudinal reinforcement area required to sustain the designed level 

earthquake and hence making them under-reinforced building during any earthquake events. 

So it can be concluded that catastrophic damage due to brittle structural failure could takes 

place during any moderate level earthquake event. 

 From the result of shear force capacity ratio and normalized shear force capacity ratio it can be 

concluded that the columns in the ground floor level satisfy the requirements to sustain against 

shear failure except the poorly designed building where the ratio exceeds slightly beyond the 

critical value. 

 Overturning moments generated due to the seismic action shows insufficiency of the buildings 

capacity to resist demand and hence making them vulnerable against earthquake loadings. 
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ABSTRACT 

This paper summarizes the results of eight parametric columns reinforced with GFRP rebars. 

Nonlinear 3D finite element models have been developed using ABAQUS finite element code to 

investigate the compressive behaviour of GFRP reinforced square concrete columns. The load versus 

deflection response of the parametric columns was formulated using the static riks solution strategy. 

The parametric study was conducted to investigate the influence of -- the concrete compressive 

strength, reinforcement ratio and spacing of ties on ultimate axial load capacity and deflection of 

GFRP reinforced short columns. The results are presented in detail in the paper. 

 

Keywords: Fibre Reinforced Concrete, Finite Element (FE) Modelling, Glass Fibre Reinforced 

Polymer (GFRP), Non Linear Analysis, Parametric study. 

 

INTRODUCTION 

Most of the building columns and bridge piers are often in need of high corrosion resistance and high 

yield strength. The use of concrete structures reinforced with fibre reinforced polymer (FRP) 

composite materials has been growing to overcome the common problems caused by corrosion of 

steel reinforcement (ACI Committee 440 2007). The use of internal reinforced FRP bars can be a 

cost-effective alternative for upgrading the performance of concrete columns.Extensive experimental 

research have been conducted by research groups on the behavior of GFRP rebars used as internal 

reinforcement for beams, slabs and pavements (ACI Committee 440, CSA S806- 02,Benmokraneet 

al., 1998). These efforts have contributed greatly in improving our knowledge on analyzing and 

designing concrete structures reinforced with FRP bars in flexure and shear. On the other hand, the 

behavior of GFRP RC compression members is less defined. Previous experiments carried out by 

Kobayashi et al., 1995, De Luca et al. 2009, Tobbi et al.2012, etc. studied the behavior of FRP 

reinforced columns.Tobbi et al., 2012conducted an experimental researchstudying the behaviour of 

square concrete columns reinforced with GFRP bars under concentric loading. To extend the range of 

applications of GFRP reinforced columns in practice and to enhance the limited data on square 

columns reinforced by GFRP rebars, a parametric analysis is required using a validated analytical 

model. 

 

METHODOLOGY 

A nonlinear finite element model for GFRP reinforced column was developed using ABAQUS finite 

element code. Detail description of the model has been included in Morshed et al. 2016. A damage 

plasticity model was used in the analysis to simulate the behaviour of reinforced concrete. The perfect 

bonding between FRP rebars and concrete was simulated using embedded element algorithm. A static 

Riks formulation was implemented to trace the stable load-displacement history of FRP reinforced 

concrete up to failure. The load was applied through displacement control technique. This model have 

been verified against the results from Tobbi et al. 2012. The numerical analysis results of the model 

are found to be in good agreement with the experimental results. The FE model as shown in Figure 1 

is used here to conduct the parametric study. A comparative graphical results have also been plotted 

and shown in Figure 1. 
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DESIGN OF PARAMETRIC STUDY  

The finite element model generated in the published research will be used to conduct a detailed 

parametric study on the behaviour of GFRP reinforced square concrete columns.  

Variable Parameters 

For designing the parametric study, the concrete compressive strength, reinforcement ratio and 

spacing of ties are identified as the most important geometric variables. The geometric and material 

properties of the columns designed for parametric study are included in Table 1. The specimens are 

named as PCX-Y-Z where X, Y and Z represent concrete compressive strength in MPa, reinforcement 

ratio (%) and tie spacing in mm respectively. 

Table 1 Geometric and material properties of parametric columns 

Column 

Specimen 

Concrete 

compressive 

strength fcu 

Reinforcement 
Reinforcement 

Ratio 
Tie spacing 

 MPa  % mm 

PC33-1.85-120 33 8-φ19 mm bars 1.9 120 

PC33-3.21-120 33 8-φ25 mm bars 3.2 120 

PC33-1.85-330 33 8-φ19 mm bars 1.9 330 

PC33-3.21-330 33 8-φ25 mm bars 3.2 330 

PC25-1.85-120 25 8-φ19 mm bars 1.9 120 

PC25-3.21-120 25 8-φ25 mm bars 3.2 120 

PC25-1.85-330 25 8-φ19 mm bars 1.9 330 

PC25-3.21-330 25 8-φ25 mm bars 3.2 330 

 

Fig. 1: FE Model of validated GFRP reinforced concrete columns (Morshed et al., 2016) 

0

10

20

30

40

50

0 0.005 0.01 0.015
S

tr
es

s 
(M

P
a)

Strain

Comparison of FE model vs Exp results 
of GFRP reinforced concrete columns

FEM

Exp

Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh 
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.) 

387



 

Fixed Parameters 

For all column specimens following parameters have been kept constant:  

 Column dimensions: 350 X 350 X 1400 mm(Tobbi et al., 2012, Morshed et al., 2016) 

 Loading pattern: Displacement Controlled until failure at a rate of 0.002mm/s 

 Boundary conditions: One end fixed. 

 

RESULTS AND DISCUSSIONS ON PARAMETRIC STUDY 

The output parameters that have been extracted from the analysis are: Load and deflection. The axial 

load and deflection data are directly obtained from the Abaqus simulation. The summary of the results 

is shown in Table 2. The load versus deflection curves are then generated from the numerical analysis 

is investigated in this study. 

Table 2 Results of parametric study 

 

Effect of Concrete Compressive Strength, fcu 

To evaluate the influence of varying concrete compressive strength on axial load capacity, two 

compressive strength of concrete 33 MPa and 25 MPa were considered as presented in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Effect of concrete compressive strength 

Column Specimen   
Ultimate 

Load, Pu 

Deflection at ultimate load 

Δu 

   (KN) mm 

PC33-1.85-120   4161 2.6 

PC33-3.21-120   4318 2.6 

PC33-1.85-330   4109 2.4 

PC33-3.21-330   4258 2.6 

PC25-1.85-120   3225 2.4 

PC25-3.21-120   3350 2.2 

PC25-1.85-330   3179 2.2 

PC25-3.21-330   3306 2.4 
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All of the specimens confirmed significant increase of an average of 23% in ultimate capacity when 

characteristic concrete compressive strength was increased by 25 %. The curves show a higher initial 

stiffness for that of compressive strength 33 MPa. However, no noteworthy change was observed in 

deflection at peak strength. 

 

Effect of Reinforcement Ratio, ρ % 

To evaluate the influence of varying reinforcement ratio on axial load capacity, two reinforcement 

ratio of 1.9% and 3.2% were considered as presented in Figure 3. 
 

Fig. 3: Effect of reinforcement ratio 
All of the specimens confirmed increase in ultimate capacity when reinforcement ratio was increased 

by 73%. However for the columns with concrete strength 25 MPa and tie spacing 330 mm, the 

increase in ultimate capacity due to increase in reinforcement ratio was more compared to others . The 

curves show almost same initial stiffness for the two reinforcement ratios.  As predicted, the ductility 

of the columns increases due to increase in reinforcement ratio. 
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Effect of Tie spacing, s (mm)  

To evaluate the influence of varying tie spacing on axial load capacity, two spacing of 120 mm and 

330 mm were considered as presented in Figure 4. 

 

 

 

 

 

 

Figure 4 Effect of tie spacing. 

All of the specimen confirmed increase of around 1.4% in ultimate capacity when tie spacing was 

decreased by almost 3 times in identical configuration. Thus, smaller the spacing, the increased 

confinement efficiency. In addition, the tie spacing controlled the buckling of the longitudinal bars.  

As predicted, the ductility and toughness (larger deformation region) of the columns improved due to 

increased transverse reinforcement ratio. 

 

ULTIMATE CAPACITY AND CODE PROVISIONS 

The nominal capacity of an axially loaded RC column Pnis given by the following equation 

𝑃𝑛 = 0.85 𝑓′
𝑐(𝐴𝑔 −  𝐴𝑠) +  𝑓𝑦𝐴𝑠  (1) 

The 0.85 reduction factor suggested by the ACI Building Code (ACI Committee 318 2008) in 

capacity is mainly attributed to the differences in size and shape of RC columns and the concrete 

cylinder.CSA S806-02 permits the use of FRP bars as longitudinal reinforcement in columns 

subjected to axial load only, without taking into account the FRP bars’ contribution in calculating the 

ultimate capacity of the columns, as shown in the following equation 

𝑃𝑛 = 0.85 𝑓′
𝑐(𝐴𝑔 −  𝐴𝑠)   (2) 

Figure 5 compares the axial strength computed,Pn, according to the equation as suggested by 

Kobayashi and Fujisaki, 1995 (Eq. (3)) considering the contribution of GFRP bars in compression to 

be equal to 35% of GFRP tensile strength.  

𝑃𝑛 = 0.85 𝑓′
𝑐(𝐴𝑔 −  𝐴𝑠) + 0.35 𝑓𝑦𝐴𝑠  (3) 

Clearly, Eq. (1) overestimates column maximum capacity by 25% as evident from the Pn / Pu factor 

from figure 5. Conversely, ignoring the contribution of FRP longitudinal bars would underestimate 

maximum capacity. Setting GFRP compressive strength at 35% of the GFRP tensile strength made it 

possible to accurately predict the maximum axial load, as shown in Fig.5 
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Table 2: Comparison between numerical and theoretical values by Kobayashi (1995) model, Eq. (3) 

 

 

SUMMARY AND CONCLUSIONS 

A parametric study was undertaken to study the behaviour of GFRP reinforced concrete columns. It 

was found that the gain in ultimate axial load capacity ranges from 22-23% with 24% increase in 

concrete compressive strength. The reinforcement ratio was increased by 73% and the gain in ultimate 

load capacity varied from 3.5-5.8 %. The reinforcement ratios modelled were 1.9% and 3.2%. The 

gain in ultimate axial load capacity was found to be around 1.4% with reduction in tie spacing by 3 

times. Finally,setting the GFRP compressive strength at 35% of the GFRP maximum tensile strength 

in code provisions produced a reasonable estimate of ultimate capacity compared to the experimental 

results.  
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ABSTRACT 

A few of the world’s waste glass is recycled into new glass. This study is an attempt to recycle the waste 

glass by replacing natural sand with crushed waste glass in concrete. The objectives of this investigation 

are to study the strength of concrete made with 100% replacement of natural sand by glass sand 

(glasscrete) and also to compare the result with concrete made with natural sand. The results show that 

glasscrete gain less strength than normal concrete and require less w/c ratio. On the other hand, 

glasscrete have greater elastic modulus than normal concrete.  

  

Keywords: waste glass; glasscrete; concrete; strength and elastic modulus 

 

INTRODUCTION 

Concrete is the most widely used artificial substance on earth owing to its remarkable versatility as a 

construction material (Crow, 2008). The annual concrete production exceeding 2 billion metric tons per 

year across the world. One shortcoming of concrete as a construction material is the harmful effects on 

the environment posed by the production of its components (Roskos et al., 2014). 

The generation of waste is vastly increased due to rapid growth of population and industry. So, 

worldwide recycling of waste materials has become a serious issue. The closed loop recycling 

technique is considered as the most appropriate practice to recycle waste materials. However, 

sometimes, because of high cost enforced from sorting and cleaning processes of waste material, the 

closed loop cannot be applied in recycling process. For example, the closed loop recycling process is 

not viable to recycle contaminated mixed-color waste recycled glass in glass industry because it 

required high cost for sorting and cleaning and inconsistence in the properties of the contaminated 

mixed-color waste recycled glass (Taha and Nounu, 2010). 

Numerous research works were performed to examine the opportunity of reusing waste recycled glass 

in concrete and construction industry as alternative solution to reduce the generated bulk of mixed-color 

waste recycled glass, and establish solid ground for clear understanding and further investigation (Dhir 

et al., 2004; Jin et al., 2000; Shayan and Xu, 2003). Most of the past research on the use of glass 

aggregates in concrete engrossed on the mitigation of the deleterious alkali-silica reaction (ASR). ASR 

develops when aggregates with highly amorphous silicates (e.g., glass) are in contact with the alkaline 

pore solution of concrete. This contact causes dissolution of the silicates and formation of ASR gel, 

which swells and might crack the concrete (Wright et al., 2014). 

This investigation was performed to study the strength of concrete made with 100% replacement of 

natural sand by glass sand (glasscrete) and also to compare the result with concrete made with natural 

sand. This study will present the results of a research effort   focused on developing a green concrete for 

structural application made with Portland Composite Cement (PCC) as a binder material and crushed 

waste glass as fine aggregate.   

 

METHODOLOGY  

One of the most important tasks of this study was collection of waste glass and preparation of glass 

aggregate. The main ingredient of study waste glass was collected from locally available glass stores, 

domestic wastes and wastes of construction work [Fig. 1]. The glass was crushed to sand size using a 

standard Los Angeles (LA) abrasion machine to obtain a fineness modulus similar to the natural sand 

used in this study [Fig.2]. Although the  FM is a rough estimation of consistency across mixtures, its 
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simplicity evaluation provides a basis for quality control of workability (Mindess et al., 2003).The 

coarse glass aggregate was collected by separating from the crushed aggregate using a No. 4 ASTM 

standard sieve. Crushed glass passed through on N0. 4 sieve was used as fine aggregate. 

 

     
. 
                   Fig. 1: Collected Waste Glass                                Fig. 2: Fine Glass Aggregate 

 

The natural sand used in this thesis was locally available river sand, locally known as Sylhet sand, 

adhering to ASTM C33 (ASTM, 2011), with a saturated surface dry (SSD)specific gravity of 2.4,water 

absorption 4.1% and fineness modulus(FM) of 2.9. The dry rodded unit weight of the natural sand was 

determined 1600 kg/m3. The glass sand adhered to the ASTM C33 (ASTM, 2011) gradation and had a 

specific gravity of 2.6 and water absorption 0.00%. The FM was maintained at 2.9 ± 0.1. The glass sand 

also had dry rodded unit weight of 1795 kg/m3. The natural coarse aggregate used in this research was 

crushed stone chips adhered to the ASTM C33 (ASTM, 2011) gradation as a #57 coarse aggregate with 

a dry rodded unit weight of 1495 kg/m3 ,SSD specific gravity of 2.73, and water absorption 0.70%.  

 
Table 1: Proportion of concrete mixtures (kg/m3) 

Mix 

Design 
Cement 

Coarse 

Aggregate 

Fine Aggregate 
Water 

Design 

Strength(psi) Natural Sand Glass Sand 

N1 465.12 930 803.06 - 200 5000 

G1 465.12 900 - 793.19 200 5000 

N2 363.64 930 777.36 - 200 4000 

G2 363.64 900 - 870.71 200 4000 

N3 333.33 930 800.45 - 200 3500 

G3 333.33 900 - 895.72 200 3500 

N4 307.69 930 819.99 - 200 3000 

G4 307.69 900 - 916.89 200 3000 

N5 285.71 930 836.73 - 200 2500 

G5 285.71 900 - 935.03 200 2500 

 

Proportioning of concrete was performed according to the ACI 211.1 standard volumetric 

proportioning method. Concrete was mixed according to ASTM C192 (ASTM, 2007) using a standard 

concrete mixture. 100mm×200mm concrete cylinders were cast and compacted according to ASTM 

C31 (ASTM, 2000) in two layers with 25-rod blows per layer. Concrete cylinders were cast for various 

desired strength [Table 1] and compressive strength was tested at 1, 3, 7 and 28 days after casting. 

Elastic modulus was determined at 28 days after casting. In Table 1 the mixture identifier starts with N 

refers natural sand and G refers glass sand. 

 

RESULTS AND DISCUSSION 

The compressive strength development over time between the glasscrete and the conventional natural 

sand mixtures that were designed for a 28-day compressive strength of 5,000 psi (G1 and N1) and 4000 

psi (G2 and N2) are shown in Fig. 3 and Fig. 4 respectively. It is observed that glasscrete always gain 

less compressive strength than concrete made with natural sand.  
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Both N1 and G1 exceed their design strength 5000 psi at 28 day but conventional concrete gains more 

strength than glasscrete .The strength difference between them is 6.42% of their designed strength. The 

same observes for N2 and G2 mixtures whose desired strength was 4000 psi at 28 days and strength 

difference is 11.4%. 

 
Fig. 3: Compressive Strength Gain Curve for N1 and G1 Mixtures 

 
Fig. 4: Compressive Strength Gain Curve for N2 and G2 Mixtures 

As concrete matures, the weaker bonding of glass aggregate to hydrated cement paste may become the 

weak link, which controls the compressive failure of glasscrete mixtures. Natural sand may allow for a 

better bond with cement paste given its greater surface roughness and moisture absorption capacity. 

Correlations were determined between the w/cm and the compressive strength at seven [Fig. 5] and 28 

[Fig. 6] days, for glasscrete and natural sand concrete mixtures. Exponential regression curves were 

fitted with the experimental results and the correlation coefficients are offered. These figures may serve 

as design tools for proportioning concrete mixtures containing recycled glass fine aggregates to achieve 

a target compressive strength. For example, Fig.6 shows that to design a glasscrete mixture with 28-day 

strength of 4,000 psi, w/cm= 0.51 is required, whereas this strength is achieved in a conventional 

mixture with w/cm =0.55. 

Elastic modulus of both glasscrete and conventional concrete was determined at 28 days after casting. A 

comparison of elastic modulus is presented in Fig. 7. It is observed that for 100% sand replacement 

(glasscrete) always attain higher elastic modulus than conventional concrete for all mixtures. So 

glasscrete is stiffer than conventional concrete. 
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Fig. 5: Relation between w/cm and compressive strength at 7 days 

 
Fig. 6: Relation between w/cm and compressive strength at 28 days 

 
Fig. 7: Elastic modulus Comparison of natural sand concrete and glasscrete 

 

CONCLUSION  

This paper studied the performance of conventional concretes and concretes containing 100% glass 

sand as replacement of natural concrete (glasscrete). This study found that glasscrete always attain less 

compressive strength than conventional concrete for a similar w/cm ratio. Similarly for a definite 

desired strength glasscrete required less w/cm ratio than conventional concrete. This may happen for a 

lower fracture toughness of glass particles and weaker bond between glass aggregates and cement paste. 
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The empirical correlations that were developed in this study might be useful in practicing glasscrete 

mixtures.  On the other hand, for a similar w/cm ratio glasscrete always attain larger elastic modulus 

compared to conventional concrete. Hence, glasscrete exhibits more stiffness than conventional 

concrete.   

 

REFERENCES 

ASTM. 2000. Standard Practice for Making and Curing Concrete Test Specimens in the Field. C31, 

West Conshohocken, PA. 

ASTM. 2007. Standard practice for making and curing concrete test specimens in the laboratory. 

C192-07, West Conshohocken, PA. 

ASTM. 2011. Standard specification for concrete aggregates. C33-11, West Conshohocken, PA 

Crow, JM. 2008. The concrete     conundrum. Chem. World, 5(3): 62–66. 

Dhir, RK; Dyer, RK and Tand, MC. 2009. Alkali-silica reaction in concrete containing glass. Mater. 

Struct., 42(10): 1451–1462. 

Jin, W; Meyer, C and Baxter, S. 2000. Glasscrete—concrete with glass aggregate. ACI Mater. J., 97(2): 

208–213. 

Mindess, S; Young, J and Darwin, D. 2003. Concrete, 2nd Ed., Pearson Education, Upper Saddle River, 

NJ 

Roskos, C; White, T and Berry, M. 2014. Structural performance of self-cementitious fly ash concrete 

with glass aggregates. Journal of Structural Engineering, ASCE, B4014010-1-10. 

Shayan, A and Xu, A. 2004. Value-added utilization of waste glass in concrete. Cem. Concr. Res., 

34(1): 81–89. 

Taha, B and Nounu, G. 2009. Utilizing waste recycled glass as sand/ cement replacement in concrete. J. 

Mater. Civ. Eng., 10.1061/ (ASCE) 0899-1561(2009)21:12(709), 709–721. 

Wright, J; Cartwright, C; Fura, D and Rajabipour, F. 2014. Fresh and Hardened Properties of Concrete 

Incorporating Recycled Glass as 100% Sand Replacement. J. Mater. Civ. Eng., 10.1061/ (ASCE) 

MT.1943-5533.0000979, 04014073.  

 

 
 

Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh 
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.) 

397

http://dx.doi.org/10.1617/s11527-008-9465-8
http://dx.doi.org/10.1617/s11527-008-9465-8
http://dx.doi.org/10.1617/s11527-008-9465-8
http://dx.doi.org/10.1617/s11527-008-9465-8
http://dx.doi.org/10.1016/S0008-8846(03)00251-5
http://dx.doi.org/10.1016/S0008-8846(03)00251-5
http://dx.doi.org/10.1016/S0008-8846(03)00251-5
http://dx.doi.org/10.1016/S0008-8846(03)00251-5
http://dx.doi.org/10.1061/(ASCE)0899-1561(2009)21:12(709)
http://dx.doi.org/10.1061/(ASCE)0899-1561(2009)21:12(709)
http://dx.doi.org/10.1061/(ASCE)0899-1561(2009)21:12(709)
http://dx.doi.org/10.1061/(ASCE)0899-1561(2009)21:12(709)
http://dx.doi.org/10.1061/(ASCE)0899-1561(2009)21:12(709)


 

PRESENT STATUS OF APPLICATION OF STRENGTHENING AND 

REPAIRING TECHNIQUES FOR COLUMN JACKETING AND ITS 

OUTLOOK IN BANGLADESH 
 

J. Wasim* & AKMH Julkernine 

 

Department of Civil Engineering, Bangladesh University of Engineering and Technology, Dhaka, 

Bangladesh 
*Corresponding Author: wasim@jaherwasim.com 

 

 

ABSTRACT 

With better understanding of seismic demand on structures and with our recent experiences with large 

earthquakes near urban centers, the need of seismic retrofitting is well acknowledged especially in the 

ready-made garments sector in Bangladesh. This paper summarizes and reviews the use of the industrial 

structures strengthened and repaired with column jacketing in Bangladesh with respect to realistic case 

studies. According to different codes and engineering practices retrofit measures may vary 

considerably. The paper will be introducing and evaluating retrofit measures using column jacketing 

based on FEM modeling and in perspective to existing seismic conditions. Seismic analysis has 

conducted based on nonlinear time history analysis using SAP2000 a product of Computer and 

Structure Inc. in basic frame and retrofitted frame. The study results are discussed in detail both in 

diagrams and with a simple formula. Based on the suggested procedure, seismic retrofitting has been 

carried out by using the ACI-562 guideline.  

 

Keywords: Retrofit; ACI-562; SAP2000; column jacketing; Bangladesh 

 

INTRODUCTION 

The massive 7.9 magnitude earthquake in Nepal (2016) and its climbing death toll have raised the 

heavyweight cautionary signal for Bangladesh and the surrounding’s about colossal earthquake. So 

now a day detailed engineering assessment and retrofitting measures are a vital issue in this Asian zone. 

Retrofitting is the modification of existing structures to make them more resistant to earthquake by 

optimizing the strength, ductility and earthquake loads (O. R. Chowdhury et al, 2015). Earthquake load 

is generated from the site seismicity, mass of the structures, important of buildings, degree of seismic 

resistant etc. Due to variety of structural condition of building, it is hard to develop typical rules for 

retrofitting. Each building has different approaches depending upon the structural deficiencies. Hence 

engineers are needed to prepare and design the retrofitting approaches. In the design of retrofitting 

approach, the engineers must comply with the building codes. The results generated by adopting 

retrofitting techniques must fulfil the minimum requirements on the building codes such as 

deformation, detailing strength etc. In view of this, the paper will be assessing a case study of an 

existing six storied industrial building. This building is used mainly for light factory operations 

including operational offices, dining, and sewing, cutting, finishing and finished goods storage. A plan 

view of this building has shown in Fig. 1. 

 

METHODOLOGY 

This paper presents seismic retrofits technique suitable for improving the local and global response 

performance of existing reinforced concrete industrial buildings that was designed for mainly gravity 

load and situated in low to moderate seismic zone of Bangladesh.  Retrofit schemes are developed to 

focus on redistributing damage throughout the structure providing a control of story deformations.  This 

is achieved by retrofitting using column jacketing method, thereby a low-cost solution with minimal 

structural disturbance.  A six-storied industrial building has been used as a case study for this research.  

Several visits were made to check and collect data to assess building stability through scanning, rebar 
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Fig. 1: Plan View of a 6 Storied Industrial Building  

 

testing and core cutting on rcc column, beam and slab of different levels of the building. To assess and 

analyse data, followed the code of BNBC, the guide line of Accord, Alliance and National Tripartite 

Plan of Action (NTPA) on structural integrity, using ACI-562 code to evaluate concrete strength from 

core test results. Finite element software ETABS (a product of Computer and Structure Inc.) was used 

to analyse different types of load calculation and developed a 3D model of existing building structure 

and based on the evaluation a retrofit model was also developed. 

 

Geotechnical Investigation 

From soil report it has found the structure is built on soft soil (SD Type, SPT < 15) in zone 2 (moderate 

seismic intensity zone) of Bangladesh Seismic map.  

 

Strength Assessment of Concrete  

To assess the strength of the concrete, core test has conducted on January 2016. According to the core 

test result of the concrete strength varies between 1580 psi and 3700 psi. Considering all these, concrete 

strength value of 1683 psi was found as per ACI-562 and this value was considered in the analysis. 

 

Test of Collected Steel Sample 

Rebar samples collected from the building showed 63 ksi yield strength according to laboratory test 

results. To be in accordance with real-time scenario 60 ksi yield strength was considered for the 

assessment. 

 

Scanning of Structural Member 

To verify the reinforcement in the existing columns, beams and slabs, Ferro scanning was performed. 

Reinforcements were scanned at twenty locations at different floor levels. Three locations are at level 1 

(two beams and one column), five locations are at level 2 (four columns and one slab), seven locations 

are at level 3 (four columns, one slab and two beams) and another five locations are at level 6 (four 

columns one slab). 

 

STRUCTURAL ANALYSIS  

 

Structural Model 

Finite element analysis has been performed for this building based on as-built structural and 

architectural layout. The building has beam supported slab system (level-1, 2, 3) and edge supported  
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Fig. 2: 3D Finite Element Model of the 6 Storied Building 

 

slab system (level-4, 5, 6). Beams and columns were modeled with appropriate frame elements. The 

slab was modeled with shell elements. Fig. 2 shows the 3D model of the building. 

 
Boundary Condition 

For this 6-storied industrial building with pile foundation, it is reasonable to assume that the bases of 

columns are fully restrained in all directions both translational and rotational. Thus, all the nodes at the 

bottom of each column were rendered fully restrained against all sort of displacement in the node. 

 

RESULTS 

After finite element analysis, a several number of columns of the structure were found to be inadequate. 

Design Load to Structural Element Capacity of Column (D/C Ratio) for columns in Level-1 are shown 

in Table-1. Inadequate columns are to be considered as those with D/C ratio greater than 1 and marked 

in red in the table. Concrete column jacketing has been applied by encasing existing columns in 

concrete jacket with longitudinal and transverse reinforcement as shown in fig-3. The columns have an 

increased size and added reinforcement so that their flexural capacity becomes greater than that of the 

joining beams. For the columns at the ground floor level, the added column reinforcement was anchored 

into the pile cap as foundation has defined as fixed. Transverse reinforcement has added to the potential 

plastic hinge regions in base columns to provide adequate rotational ductility and enhance shear 

capacity. The concrete used for this retrofit technique is a high-performance material that has the  

 
Table 1: D/C Ratio of Level-1 Columns 

Grid 

Line 

A B C D E F G H I J K L 

1       2.18 1.91 2.37 2.34 2.33  

1C            O/S 

2 1.61   1.75  1.66       

3       2.66 1.98 2.06 2.01 2.42 2.24 

4   1.71   1.67       

5       2.95 2.01 1.99 1.97 2.02 2.11 

6  1.36    1.64       

7       1.88 1.95 1.96 1.97 1.95 1.95 

8       2.55 2.02 1.90 1.92 2.01 1.89 

 N O P Q R S T U V W X Y 

1A       2.51 2.58     

1B 1.65   2.23  1.87       
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characteristic properties of low shrinkage, high strength (f’c = 6 ksi), and superior bond adhesion by 

epoxy coating to existing concrete members.  

 
Fig. 3 : Concrete Column Jacketing Technique 

 

Another finite element model has been developed to investigate the structure Load/Capacity ratio after 

retrofitting. After retrofitting the design load to structural element capacity are as follows in Table 2. 

 

Table 2: D/C Ratio for Level-1 Columns after Retrofitting  

Grid 

Line 

A B C D E F G H I J K L 

1       0.44 0.38 0.39 0.36 0.33  

1C            0.32 

2 0.42   0.21  0.41       

3       0.42 0.35 0.34 0.33 0.34 0.33 

4   0.48   0.47       

5       0.44 0.35 0.24 0.24 0.27 0.31 

6  0.43    0.43       

7       0.39 0.27 0.23 0.23 0.24 0.24 

8       0.37 0.25 0.19 0.19 0.24 0.25 

 N O P Q R S T U V W X Y 

1A       0.89 0.91     

1B 0.81   0.96  0.82       

Column jacketing method was incorporated in the structural retrofit model using SD section design 

process in the ETABS finite element software. The column sections were increased by 5 inches on each 

side by reinforced concrete jacketing method (Teran & Ruiz, 1992).  

 

Time History Analysis 

The retrofit solutions outlined in the previous section provide local retrofit measure for frame 

structures. However, the global effectiveness of this retrofit measure in a structure is not completely 

obvious. Application of this certain types of retrofit measure may not be beneficial to overall structural 

performance. Global verification of integrating the local retrofit measures throughout the structure is 

most effectively evaluated by using inelastic dynamic analysis programs.  In this study, nonlinear time 

history analysis was performed using SAP2000 (a product of CSI Inc.) implemented by 

Modak-Sotelino Generalized algorithm (Sukomol & Elisa, 2002) in pre-retrofit frame and retrofitted 

frame. It has seen that, in retrofitted frame story drift was decreased in a significant manner with respect 

to the original sub assemblage. Story drift data has shown in fig 4.  
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Fig. 4: Story Drift in Pre-Retrofit Frame and Retrofit Frame 
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CONCLUSIONS 

Based on the present study, the following conclusions can be drawn: 

 Concrete jacketing of columns and encasing the joint region in a reinforced fillet is an effective 

but the most labour-intensive strengthening method due to difficulties in placing additional joint 

transverse reinforcement.  

 Retrofitting by column jacketing decrease storey drift in a large extent.  

 It is important to obtain accurate as-built information and analytical data to perform a seismic 

evaluation of the existing structure and to select the appropriate retrofitting strategy 

 Further research should be conducted to improve the selection of appropriate retrofit techniques 

using criteria based on performance, economy and constructability 

 

 

REFERENCES  

Chowdhury, OR; Wasim, J and Julker Nine, AKMH. 2015. Detail Engineering Analysis of Assessment 

of Retrofit Measures of Existing Structures Using Column Jacketing Method. Proceedings of  First 

International Conference on Advances in Civil Infrastructure and Construction Materials. (CICM 

2015) Dhaka, Bangladesh, 14 – 15 December, 2015. 

Computer and Structures Inc., ETABS Nonlinear Version 9.7, California, USA. 

Computer and Structures Inc., SAP2000, California, USA. 

Modak, S and D Sotelino, E. 2002. The generalized method for structural dynamics applications 

Article · Jul 2002 · Advances in Engineering Software. 

Teran, A and Ruiz, J. 1992. Reinforced concrete jacketing of existing structures. Earthquake 

Engineering, 10th World Conference (ISBN 9054100605), Balkema, Rotterdam. 

 

 

 

Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh 
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.)

882

http://mistceconf.org/
http://mistceconf.org/
https://www.researchgate.net/profile/Sukomal_Modak
https://www.researchgate.net/profile/Elisa_Sotelino
https://www.researchgate.net/publication/242819162_The_generalized_method_for_structural_dynamics_applications
https://www.researchgate.net/publication/242819162_The_generalized_method_for_structural_dynamics_applications


 

EFFECT OF LOCALLY AVAILABLE FLY ASH AS PARTIAL 

REPLACEMENT OF CEMENT ON CONCRETE STRENGTH 
 

 

M. R. Kamal1* & R. Rumman2 

 
1Department of Civil Engineering, Sonargaon University, Dhaka, Bangladesh 

2Department of Civil Engineering, Bangladesh University of Engineering and Technology, Dhaka, 

Bangladesh 
*Corresponding Author: rubayat.kamal@gmail.com  

 

 

ABSTRACT 

Cement industry is the most energy intensive of all manufacturing industries of recent time. So various 

solutions are currently under investigation with the aim of reducing the environmental impacts of 

cement production; and one of them is replacing cement with fly ash.  Fly ash is a naturally-occurring 

by-product from the coal combustion process which is used as a partial replacement of cement. Because 

fly ash use displaces cement use, it also reduces the need for cement production – a major energy user 

and source of greenhouse gas emissions. Fly ash being less expensive, increased percentage of fly ash 

replacement results in cost reduction of concrete. Due to its pozzolanic effects, fly ash also enhances the 

compressive strength and durability of concrete. In Bangladesh, Portland Composite Cement (PCC), 

which contains certain percentages of fly ash and other supplementary cementing materials, is 

becoming popular nowadays, but its exact composition is not mentioned by the production companies. 

This paper investigates the effect of locally available fly ash as partial replacement of cement and tries 

to determine an optimum percentage of fly ash for maximum strength; making the concrete economical 

in the process. It was found that 10% fly ash replacement provided maximum compressive strength. 

 

Keywords: Fly ash; compressive strength; Portland Composite Cement; Ordinary Portland Cement 

 

INTRODUCTION 

Fly ash, consisting of spherical and glassy particles, is a residue produced from combustion of coal. 

Presently in Bangladesh, it is estimated that 1.3 million cubic feet of fly ash is produced per annum from 

thermal power plants, and is estimated to reach an alarming crescendo of 9.5 million cubic feet by 2018 

(Tamim et al., 2013). Dumping of this huge amount of fly ash is a big concern. Experts estimate that 

cement production contributes to about 7% of carbon dioxide emissions from human sources. If all the 

fly ash generated each year were used in producing concrete, the reduction of carbon dioxide released 

because of decreased cement production would be equivalent to eliminating 25% of the world’s 

vehicles. (“Fly Ash & amp; The Environment | Headwaters Resources,” n.d.) Fly ash replacement also 

helps in reducing the cost of concrete as fly as is cheaper than cement. Several investigations have 

already been carried out by researchers all over the world to study the effect of fly ash replacement on 

compressive strength of concrete (Berryman et al., 2005; Pitroda et al., 2012; Thomas, 2007;  Kumar, et 

al., 2014).  (ASTM C618 - 03 Standard Specification for Coal Fly Ash and Raw or Calcined Natural 

Pozzolan for Use in Concrete)However, very few researches are found regarding locally produced fly 

ash of Bangladesh. Farooque et al. (2010)  investigated the pozzolanic activity of fly ash collected from 

Meghna Cement Factory. Sultana et al. (2014) studied the influence of rice husk ash (collected from a 

rice mill of Joypurhat) and fly ash (locally produced in thermal power plant of Boropukuria) on 

properties of clay samples collected from Naogaon. Islam et al., (2015) also used fly ash from 

Boropukuria power plant as a replacement of clay and made fly ash bricks. Muhit e al. (2013) studied 

fly Rainbow Holdings Limited, Dhaka as partial replacement of cement and found 10% replacement as 

optimum in terms of strength. In this study, fly ash collected from Boropukuria thermal plant was used 

as a partial replacement of cement and its effect on concrete compressive strength was observed.  
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EXPERIMENTAL PROGRAM 

The experimental program was planned to study the effect of locally produced fly ash as partial 

replacement of cement on the compressive strength characteristics of hardened concrete at different 

curing ages. The details of the program including different materials used test conducted are 

summarized below. 

 

Materials 

a. Cement: ASTM (C-150 Type-I Portland Cement was used as binding material.  

b. Fly ash: Fly ash collected from Boropukuria thermal power plant was used as a supplementary 

cementing material. The fly ash was of class F according to ASTM (C618 – 03) as already analysed 

and classified by previous researchers (Khan et al.,2013; Tamim et al., 2013). 

c. Aggregate: 20 mm downgrade and 10 mm downgrade stone chips in the ratio of 60:40 were used as 

coarse aggregate and Sylhet sand was used as fine aggregate for preparing the test specimens.   

   

 Mix Design 

Two different grade concrete mixes, M25 and M40, were produced having water cement ratio of 0.50 

and 0.40 respectively using 10%, 20 %, 30% and 50% fly ash replacement. Percent replacement of fly 

ash was done by weight of cement. Table 1 shows the mix designs used for preparing the concrete 

specimens. 
Table-1: Mix designs used for preparing sample 

Mix No Characteristic 

Strength 

Coarse 

Aggregate 

Fine 

Aggregate 

Cement Water W/C 

Ratio 

(MPa) (kg) (kg) (kg) (kg) -- 

       1 25 1250 618 380 190 0.5 

2 40 1225 605 450 180 0.4 

 

Compressive Strength Test of Cylindrical Concrete Specimens 
Compressive strength test on concrete specimens was done according to the specifications of ASTM 

test method for Compressive Strength of Cylindrical Concrete Specimens (ASTM C39 / C39M - 16a). 

Compressive strength test was carried out on 4'' X 8''cylindrical concrete specimens at 3, 7 and 28 days. 

Procedure for mixing and casting of fresh concrete cylinders and determination of compressive strength 

are shown in the self-explanatory figures below (Fig. 1). 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1(a):  Weighing of fly ash 
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Fig. 1: Compressive strength test of cylindrical concrete specimens 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1(b):  Mixing and casting of cylinders 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1(c):  Cylinders prepared for compressive strength test 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 
Fig 1(d):  Crushing of cylinder 
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RESULTS AND DISCUSSIONS 

Fig. 2 and Fig. 3 show the comparison of compressive strength for different percentages of fly ash 

replacement of M25 and M40 grades respectively. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2: Variation of compressive strength with age for different percentages of fly ash replacement of M25 grade 

concrete 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3: Variation of compressive strength with age for different percentages of fly ash replacement of M40 grade 

concrete 

 

From the graphs, it can be seen that for both M25 and M40 grade concretes, 10% fly ash replacement 

provided the highest compressive strength at all ages. The 2nd highest strength was achieved using OPC 

cement with no fly ash replacement. Compressive strength of M25 and M40 grade concretes with 10% 

fly ash replacement were 2.4% and 3.5% higher than that of OPC cement concretes respectively. After 

10%, with increasing percentages of fly ash, compressive strength decreased and 50% fly ash 

replacement provided the lowest strength at all curing ages.  
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Fig. 4: Variations of 28 day compressive strength of M25 and M40 grade conretes for different percent 

replacement of fly ash 

 

Fig. 4 presents a bar chart showing variations of 28 day compressive strength of both the concrete 

grades for different percent replacements of fly ash. Since 28 day strength is taken as concrete 

compressive strength so this strength was used for drawing the bar chart. This bar chart represents the 

comparison of the percent replacement of fly ash better. 

 

CONCLUSIONS  

Bangladesh has a vast resource of fly ash produced in Boropukuria thermal power plant and it has 

potential to be extended in the future. The proper use of local fly ash can solve the major problems of its 

disposal and reduce the consumption of energy and resources. This experimental exercise has helped to 

study the effect of replacing cement with fly ash at different percentages on concrete compressive 

strength, which is generally used in Bangladesh as a property for concrete quality control. The 

conclusion that can be drawn from this research is that, 10% fly ash replacement provided the maximum 

compressive strength of concrete for both grades. This strength is even higher than that of concrete 

made with Type I Ordinary Portland Cement. Since fly ash is less expensive than cement and its 

production generates less Carbon dioxide and also since it provides greater strength, 10% fly ash 

replacement could be considered as optimum. 
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ABSTRACT 

Fibre reinforced concrete is one of the most promising construction techniques and repairing materials 

of modern times. Polyester fibre is, by far, the front runner in the field of reinforcing fibres from long 

ago. On the other hand, micro-concrete technology is a new trend where the size of coarse aggregate 

is reduced significantly without compromising the strength of concrete. Here along with strength, 

workability is ensured using chemical admixture (Super plasticizer). In micro-concrete, polyester 

fibre is mainly used for increasing its tensile strength. So in this research, it was aimed to determine 

the optimum fibre content at which micro-concrete will hold sufficient tensile strength without 

deteriorating other major properties. So in this research fibre content was varied from 0.1to 0.5% by 

volume  and it was found for the addition of polyester fibre compressive strength increases upto 43 

percent and splitting tensile strengths increases upto 30 percent with respect to control. 

 

Keywords: Micro-concrete; polyester fibre; optimum content 

 

INTRODUCTION 

Micro-concrete technology is a new trend where the size of coarse aggregate is reduced significantly 

without compromising the strength of concrete. Now a days it is mainly used for retrofitting purposes 

for its various inherent characteristics (pattanaik, 2009; Lakshmanan et al., 2006). As the size of 

coarse aggregate is kept smaller than usual size, it can be pumped easily to the desired height. Not 

only that, it requires less compaction than conventional concrete and it is also easy to handle. The 

main advantage of using this concrete is its capability of using in congested area where the spacing of 

reinforcement is kept small for different purposes (Habert & Roussel, 2009). On the other hand for 

retrofitting purpose, tensile strength of concrete is also considered as an important property of 

concrete for different application. For example, for retrofitting measures of beam-column joints where 

sufficient shear reinforcement has not been provided, the tensile strength of concrete may help to 

make it ductile.  Increasing tensile strength of concrete using fibres is a popular technique from long 

ago. In this research the tensile strength of micro-concrete will be tested using different content of 

Polyester fibre. Then the optimum dose of fibre will be determined at which concrete would hold 

sufficient tensile strength without deteriorating other properties like compressive strength and slump. 

 

METHODOLOGY 

At first micro-concrete mixture with proportion Cement: CA: FA=1:1:1.5) was prepared for casting at 

least thirty 4 inch x 8 inch concrete cylinder. In this research 5mm downgraded crushed stone was 

used as coarse aggregate.  Superplasticizer (Master Gelenium) was added 6ml/kg of cement to get 

desire workability. Then the mixture was equally divided into six groups and then Polyester fibre was 

added at different proportion on volume basis of total concrete (0.1%, 0.2%, 0.3%, 0.4%, 0.5%) to 

different groups (Hossain, 2015). One group was kept without fibre and it was used as control mix for 

the comparison with other groups. 
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Fig. 1: Recron-3S polymer 

modified fibre. 

Table 1: Properties of Recron-3S fibres. 

Properties Recron 3S 

Type Polyester 

Cross section  Modified triangular 

Form Monofilament (Micro) 

Specefic gravity 1.36 

Tensile strength (MPa) 578 

Modulous of elasticity      (MPa) 17240 

Length (mm) 12+1, 18+1 

Equivalent diameter (mm) 0.0375 

Aspect ratio 320 and 480 
 

 

Before casting in the mould, concrete will be tested from each group for their slump according to 

ASTM C143 and the change of slump with different content of Polyester fibre will be measured. 
After 24 hours the moulds will be removed and the cylinders will be kept in water tub for 28 days 

curing. After 28 days curing from each group three cylinders will be tested for their compressive 

strength according to ASTM C39/C39M, three cylinders will be tested for tensile strength ASTM 

C496/496M. Thus “The percentage of optimum fibre content” will be determined for steel and 

Synthetic fibre at which micro-concrete would hold sufficient tensile strength without deteriorating 

other properties.  

 
Table 2: Properties of Coarse aggregate and Fine Aggregate 

Basic Property Coarse aggregate Shylet sand 

Unit Weight 1584.9 kg/m3 
1554.30 

kg/m3 

Specific Gravity 2.804 2.709 

Absorption 

capacity 
2.95% 2.67% 

Fineness 

modulous 
4.95 2.92 

  

 
Fig. 2: Gradation curve of fine aggregate (Sylhet 

sand) 

 

 
Fig. 3: Gradation curve of coarse aggregate 

(crushed stone) 

RESULTS AND DISCUSSIONS 

The graphical representation of the results of concrete cylinder found from concrete testing laboratory 

is given below. In the figure PFRMC means Polyester Fibre Reinforced Micro concrete. 
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Fig. 4: Slump Vs. fibre 

content 

 
Fig. 5: Compressive strength 

Vs. Fibre content 

 
Fig. 6: Tensile strength Vs. fibre 

content 

 

It was found with the increases of Polyester fibre content the value of slump decreases and after 0.3% 

Polyester fibre content the amount of concrete slump reduces significantly. Though this property can 

be improved by using admixture (Superplasticizer) but it can be said fibre content has influence on 

slump of concrete. On the other hand fibre content and attributes do not have direct influence on 

compressive strength properties of fibre reinforced concrete but the extent of this effect depend 

largely on preferential orientation of the fibres which is impracticable to control in such case. In this 

case for Polyester fibre it was found for different content of fibre the increase of compressive strength 

don’t follow a regular pattern. The maximum increase of compressive strength was 43 percent with 

respect to control and was found at 0.4 percent Polyester fibre content. On the other hand it was found 

for different content of polyester fibre the maximum increase of tensile strength is 30.14 percent for 

0.2 percent polyester fibre content and at this content the increase of compressive strength was 25.3 

percent. 

 

CONCLUSIONS  

 From the graphical presentation, it is easily noticed that 0.2% polyester fibre content is the 

optimum content at which micro concrete will hold sufficient tensile strength along with 

compressive strength and slump. 

 Though at 0.4% fibre content concrete shows more compressive strength but considering 

slump and tensile strength it was not defined as optimum fibre content. 
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ABSTRACT 

The slab system that is supported by columns without any column line beams is known as flat plate. 

Board strips of the slabs centred on the column lines in each direction serve the same function as the 

beams. Flat slab systems are also susceptible to significant reduction in stiffness resulting from cracking 

that occurs from construction loads, service loads, gravity loads and lateral loads. The brittle punching 

failure due to transfer of shear forces and unbalanced moments between slabs and columns in flat plate 

structures causes serious problems. Flat plate construction is mainly used as the vertical load carrying 

system in structures where shear wall is responsible for lateral capacity of structures. During earthquake 

shaking, when the crack forms, the sections are transformed from elastic to plastic state. So, 

Performance Based Analysis or Pushover Analysis was done here to find actual behaviour of the 

structure in earthquake. As a result of using of shear wall the capacity spectrum curve meets with 

demand spectrum curve at less deformation representing the performance evaluation of shear wall. 

Shear wall increases the lateral (earthquake) capacity of flat plate structures tremendously. 

 

Keywords: Pushover analysis; capacity spectrum curve; demand spectrum curve 

 

INTRODUCTION 

Now a days, flat plate structure is widely used due to the many advantages it possesses over 

conventional moment-resisting frames. It provides low building heights, unobstructed space, 

architectural flexibility, easier framework and shorter construction time. However it suffers low 

transverse stiffness due to lack of deep beams. This may lead to potential damage even when subjected 

to earthquake with moderate intensity. Bangladesh is situated adjacent to the plate margins of India and 

Eurasia where devastating earthquakes occurred in the past. Widespread damage of structures and loss 

of thousands of life in the country will happen due to earthquakes. The primary focus of the present 

study is structural damage estimation of flat plate building with shear wall and without shear wall 

designed as per BNBC (2006). The objective of this study is to find out the efficiency of shear wall as a 

solution for flat plate structures against earthquake loading and the effective way to model shear wall in 

ETABS 9.6. 

 

METHODOLOGY 

Some medium rise i.e. five storied, ten storied and fifteen storied flat plate structures are modeled and 

analyzed with the help of finite element software ETABS 9.6. The building is 3X3 bays residential 

building, located in Dhaka. Length of each bay is 20 feet. There are sixteen columns in the flat plate 

structure. Typical storey height is 10 feet. The height from ground level to the bottom of foundation is 6 

feet. Earthquake load are calculated automatically by the program. Wind load is calculated according to 

BNBC. Standard load combinations are taken according to BNBC (2006). At first flat plate buildings 

are were analyzed without shear wall , then were analyzed with shear wall as wall element and at last 

shear wall was modeled as column whose length and width were equal to shear wall . The flat plate 

buildings were also analyzed as beam column frame where beam depth was taken as equal to slab depth 

and beam width was taken as the slab width for which uniform rotation across its width gives the same 

column displacement as the original slab. Capacity spectrum method (ATC 40) is employed for finding 

performance situation of the flat plate structures. Pushover analysis is used to evaluate the nonlinear 

behavior of the structure. To define hinge in shear wall false storey has been created of three feet height. 
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Fig. 1: Spectral acceleration vs. spectral displacement for five storied flat plate structure with shear wall as 

wall element 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2: Comparison of capacities between flat plate and beam column frame for five storied structure with shear 

wall modelled as wall element 
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Fig. 3: Increasing trend of capacity for five storied flat plate structure with respect to stiffness ratio by shear 

wall modeled as wall element 

 
Table 1: Design details of structural members 

 

beff =  Keff * l                       (1) 

qz  =  Cc CI Cz Vb
2               (2) 

pz = Gz CP qz                       (3) 
Equation [1] is the formula for the calculation of effective beam width. Effective beam width (beff) is a 

fraction of span length (l) where span length and beam width must be in the same direction. Keff is the 

effective beam width coefficient. Equation [2] and Equation [3] have been used for wind load 

calculation. In these equation qz, Cc, CI, Cz, Vb, pz, Gz and CP are sustained wind pressure at height z in 

KN/m2, structure importance coefficient, velocity to pressure conversion coefficient, combined height 

and exposure coefficient, basic wind speed in km/hr, design wind pressure at height z in KN/m2, gust 

coefficient and pressure coefficient for structures respectively. 

 

RESULTS AND DISCUSSIONS 

Fig. 1 shows that the up to displacement of 1.2 inch the structures behaves elastically. At performance 

point spectral displacement is 1.978 inch and spectral acceleration is 0.427g. At performance point 

effective damping is 13.3 % and the effective time period of the structure is 0.666 sec. So, performance 

point falls in inelastic range. From Fig. 2 it is obvious that flat plate structures should not be modelled as 

equivalent beam-column frame (effective beam concept) rather it should be modelled as flat plate 

structures because in case of beam-column frame it shows less capacity as well as less ductility 

compared to flat plate structures. When shear wall is modelled as column it gives less capacity than that 

of wall element. So, shear wall should be modelled as wall element. As a result of using of shear wall 

the capacity spectrum meets with demand spectrum curve with less deformation representing the 

performance evaluation of shear wall. Though shear wall increases the lateral load (earthquake load) 

capacity, it decreases the ductility of the flat plate structures. With the increasing height of flat plate 

buildings capacity of the structure against earthquake load reduces while ductility increases. For all 

other cases either the structure is structure ten storied or fifteen storied the curve shape remains same; 

the difference is that the value varies. Also the results in X-direction is only shown in the figure. As the 

Member 
Size (Inch) 

Designed as purely flat plate Designed as beam-column frame 

Slab 5 Absent 

Beam 
24 X 18 (perimeter 

beam) 
38 X 5 (exterior beam ) and 67 X 5 (interior beam) 

Column 25 x25 25 x25 

Grade 

beams 
18 x 18 18 x 18 
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structure is symmetric it will give same results in Y-direction. So, the interpretation on those cases have 

not been shown here.  

 

CONCLUSIONS  

It is economical to use shear wall to the amount corresponding to 25% - 30% stiffness ratio (ratio of the 

stiffness of shear wall to the stiffness of all column including shear wall). 
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ABSTRACT 
Now-a-days, modern structures are becoming slender, irregular shaped and long spanned which are 

susceptible to floor vibration phenomena. The purpose of this study is to determine the minimum slab 

thickness of a RCC slab to prevent undesirable vibration that will not cause discomfort to occupants and 

compare the obtained result with (Rakib, 2013) who investigated on this previously. Though American 

Concrete Institute (ACI) provided code for minimum slab thickness requirement from static deflection 

criteria, it might not be sufficient for dynamic serviceability like vibration. An investigation based on 

3D finite element modeling of a reinforced RCC floor subjected to gravity load including partition wall 

load is carried out to study the natural floor vibration. The ANSYS model verification is done and is 

validated by ETABS modeling. The variation of the floor vibration is studied for several parameters 

such as different slab thickness, span length and floor panel aspect ratio. 

 
Keywords: Floor vibration; RCC floor; slab thickness; ANSYS modeling of RCC Floors 
 

INTRODUCTION 
Modern construction techniques make use of lightweight materials to create long-span floors. These 

floors sometimes result in annoying levels of vibration under ordinary loading situations. In extreme 

cases this vibration can render the floor unusable by the human occupants of the building if it creates 

excessive discomfort to them.  If the structures have the frequency below 10 Hz, then it creates 

resonance with human body. This resonance may cause discomfort to the people (Murray et al. 1993). 

The aim of the current study is to enlarge knowledge regarding the vibration response of a RCC building 

floor with change of different parameters. The variation of floor vibration is analyzed with change of slab 

thickness, floor panel aspect ratio and span length. A 3D finite element model of floor having three 

spans and bay will be developed. Verification of the built model is done by ETABS. Modal 

analysis is to be executed to determine mode shape and frequency. Analysis of the variation of natural 

floor frequency with variation of slab thickness, span and floor panel aspect ratio as well as analysis of 

the slab thickness with variation of span length and floor panel aspect ratio will be rendered. Finally the 

analyzed data is compared with M. Rakib (2013). 

 
METHODOLOGY 
American Institute of Steel Constructions (AISC) Steel Design Guide, Series 11: Floor Vibrations Due to 

Human Activity (Murray et al. 1997)  states that the floor system is satisfactory if the peak acceleration, 

due to walking excitation as a fraction of the acceleration of gravity, g, does not exceed the acceleration 

limit. DG11 states that from experience and records, if the natural frequency of a floor is greater than 9-

10 Hz, significant resonance with walking harmonics does not occur. Bachman and Ammann (1987) 

recommend that concrete slab-steel framed floor systems have a minimum first natural frequency of 9 

Hz. Wyatt (1989), however, has recently proposed design criteria for walking vibration for 

fundamental natural frequencies not less than 7 Hz. Ohlsson (1988) has recommends that floors not 

to be designed with fundamental frequencies below 8 Hz. Vibration design of floors guideline 

incorporated in RFCS report suggested that frequency is related to modal mass. This guideline sums 

up that for a certain modal mass of floor, safe zone is reached beyond a frequency in the range of 3-

10 Hz.   
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Fig. 1: Typical Frequency v/s Modal mass curve 

 

Floors that have a natural frequency at or near 4-8 Hz may exhibit an excessive response because the 

input force component of the harmonic may coincide with the resonant frequency of the floor. The 

following Fig. 2 explains that human walking frequency mostly varies from 1.6 Hz to 8.8 Hz (Setareh, 

2010). So building floor modes with natural frequencies in excess of 10 Hz is not usually excited by 

people walking.  If the natural frequency of floor is more than 10 Hz, resonance will not occur for human 

excitation and discomfort to occupant is prevented. 

The natural frequency of a floor can be calculated by the following formula that describes that with 

increase in stiffness the natural frequency of the system increases and  

 
Fig. 2: Variation of the frequency weighting versus frequency (Setareh, 2010) 

 
frequency decreases with the increase in mass of the structure. The formula follows:  

Natural Frequency,   
 

  
√
         

    
  … (1) 

Finite element methods can be used to accurately predict the dynamic properties of reinforced concrete 

structure. ANSYS 11.0 is used in this study for its relative ease of use, detailed documentation, 

flexibility and vastness of its capabilities. ANSYS 11.0 is one of the most powerful and versatile 

packages available for finite element structural analysis. The verification of the model built in ANSYS 

11.0 is done by building the model in ETABS 9.7. The  x-z  plane  is  acting  as  the  horizontal  plane  

in  global co-ordinate system. To find the dynamic behavior of multistoried RC framed building, basic 

un-factored load case is considered as DL (self-weight, partition wall, floor finish). In calculation of 

column size determination, factored dead and live load is used. 

 

Only self-weight of beams, columns and slabs and nonstructural load (Partition wall, floor finish) are 

considered as dead load case of the structure. All vertical loads except self-weight of beams, columns and 

slab are applied as mass on the structure. Total vertical load applied on the structure is 25×4.786×10
-5

 

N/mm
2
 (25 psf) and 50×4.786×10

-5
 N/mm

2
 (50 psf) for floor finish and partition wall load respectively. 

Total live load applied on the structure is 100×4.786×10
-5

 N/mm
2
 (100 psf). This live load will only be 

used in determining the beam, column size. In modal analysis live load is not used. 
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In this study author made reinforced floor model with ANSYS 11. The model was analyzed with modal 

analysis to get the dynamic behavior such as frequency of that floor for different span length and floor 

panel aspect ratio (beta). The floor should be modeled as a three dimensional space frame with joints 

and nodes selected to realistically model the stiffness and inertia effects of the structure. Each joints or 

nodes should have six degrees of freedom, three translational and three rotational.  

 

For this study, a building  frame of  one floor with three  span  and  three bay (bay is the longer floor 

panel)  has  been  analyzed for 3m, 4m, 5m, 6m, 7m, 8m, 9m,10m span length. Floor panel aspect ratios 

are considered as 1, 1.2, 1.4, 1.6, 1.8.The slab thickness is takes as 50 mm increment starting from 50 mm. 

The column size is calculated from the load imposed on the floor assuming that the floor is a typical floor 

of a 5 storied building. Beam size is taken as the function of slab thickness and span length. The plan, 

elevation and three dimensional view of model are shown in following Fig. 3: 

 

     

 
 

Fig. 3: Plan, 3D and Elevation of the Model 

 

Modal analysis is used to calculate dynamic behavior of the floor (frequency). Every mode shape have 

a particular frequency. We have to be careful in determining the proper mode shape corrosponding to 

the natural frequency of the floor. Initial shapes generally corrosponds to sway shapes. The minimum 

natural frequency from mode shape must be defined carefully. Typical mode shapes are provided 

following in Fig. 4. 

 

       
 

Fig 4: 1st Mode Shape, frequency 5.43 Hz and 4th Mode Shape frequency 16.87 Hz respectively 

 
Validation of the ANSYS model is necessary in order to check whether the result found from ANSYS is 

accurate or not. A model is generated in software ETABS 9.7 and a particular mode shape frequency is 

checked whether it matches with that particular mode shape frequency of ANSYS model. From ANSYS, 

the natural frequency of the model floor (4
th
 mode shape frequency) is 22.295 Hz. Three dimensional 

and elevation views are shown in Fig 3. From ETABS, the natural frequency of the model floor (4th 

mode shape frequency) is (1/0.0405) Hz = 23.25 Hz. 
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RESULTS AND DISCUSSIONS 
Analysis of determining minimum slab thickness for 10 Hz limit (Murray, 1997) for a building floor is 

modeled and parametric study with results will be discussed now. Parameters are taken based on practical 

values so that the actual building behavior under vibration will be same as the 3-D modeling frame. Only 

natural vibration of floor including 10 Hz criteria is studied. Comparison of ACI limit with 10 Hz criteria 

requirement including both present study and Rakib, (2013) is also discussed here. Typical curves are 

following: 

 

    
Fig. 5: Frequency v/s Slab thicknesses for floor panel aspect ratio 1.0 for 3m and 5m span 

 

    
Fig. 6: Frequency v/s Slab thicknesses for floor panel aspect ratio 1.0 for 7m and 9m span 

 

      
Fig. 7: Frequency v/s Slab thicknesses for floor panel aspect ratio 1.2 for 3m and 5m span 

 

     
Fig. 8: Frequency v/s Slab thicknesses for floor panel aspect ratio 1.2 for 7m and 9m span 
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The natural frequency of floor is increasing with increase of slab thickness due to the fact that with 

increasing slab thickness, the beam and column size is also increased, due to self-weight of the slab. 

Hence increase the moment of inertia of structural elements and consequently increases the natural 

frequency of the floor. With increase of span length, the stiffness of the floor decreases, as a result the 

floor frequency is reduced. With increase of floor panel aspect ratio, the natural frequency of floor is 

decreasing. Increase of mass means decrease of natural frequency of the structure. But increased slab 

thickness increases the beam and column size that increases the moment of inertia and stiffness that 

increases the floor frequency.  

 

For a particular curve, due to these two contradictory conditions, the initial part of the curves mentioned 

above in the figures are steeper when mass is small and when the mass is higher the curve becomes less 

steep. The frequency still increases due to increased stiffness. The typical shape of the curve obtained in 

this study is almost same as provided by Rakib (2013) but in comparison with Rakib (2013), it is seen 

that natural frequency is in the higher range found in this study than by Rakib (2013). In some curves 

provided by Rakib (2013), the frequency is very low resulting unrealistic slab thickness requirement. 

 

Slab thickness fulfilling 10 Hz limit is plotted against various span length for various aspect ratio for both 

Present study and Rakib (2013) and compared with ACI Serviceability limit. Typical figures are shown 

in Fig. 9. Slab thickness fulfilling 10 Hz limit can also be plotted against various aspect ratio for various 

span for both 10 Hz limit and ACI limit. The slab thickness required for satisfying the 10 Hz limit, is 

increasing with the increase of span for a particular floor panel aspect ratio. Also, the larger the aspect 

ratio, the higher the slab thickness required for satisfying 10 Hz criteria.In comparison with Rakib 

(2013), it is seen that the 10 Hz limit curves provided by Rakib (2013) is higher than the curve provided 

by this author. It means that minimum slab thickness requirement is larger for Rakib’s (2013) analysis 

and if the span length is large, the minimum slab thickness is sometimes found unrealistic.  
 

     
 

Fig. 9: Minimum Slab Thickness v/s Span length for aspect ratio of 1.2 and 1.6 respectively 

 

CONCLUSION 

In the present study an investigation has been done to determine the required minimum slab thickness 

from dynamic serviceability. Minimum slab thickness determination and comparison with slab thickness 

requirement investigated by Rakib (2013) is done. Floor frequency is dependent to mass of floor as well 

as the stiffness of the floor system. Increasing mass decreases the frequency and increasing stiffness 

increases the floor frequency. Floor frequency decreases with increase of span length and floor panel 

aspect ratio. ACI serviceability limit may not be sufficient for preventing floor vibration while span and 

aspect ratio is larger.  
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The minimum slab thickness requirement provided by Rakib (2013) is in the higher side in comparison 

with this present study. It may be due to the fact that this study only considers single floor for the 

vibration analysis. Only a single floor vibration is analyzed here and understanding the proper mode 

shape and corresponding frequency is easier. On the other hand Rakib (2013) considered 3 floors, 

building vibration characteristics may be merged with the floor vibration phenomena. Also the column 

axial stiffness may be included in the analysis of Rakib (2013). 

 

The current study has some limitations. The results are not sufficient to apply for all type of situations as 

so many other factors have not been considered. Advancement of current study can be done combining 

some other variables. The model was considered to be linearly elastic. To be more realistic with the 

results a finite element analysis with nonlinearly material properties can be performed. The asymmetric 

floor frames can be studied under the variables considered for symmetric frames. Different number of 

span and bay other than three can be studied. Study can be carried out for without partition wall load. 

Effect of result due to floor height change can be another part of study. Vibration effect due to other 

sources (machinery, traffic) can be studied. Only gravity load on floor is considered in the study. 
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ABSTRACT 

This paper presents a theoretical discussion on the subject of reinforced brick masonry (RBM) 

structures. It is intended as an overview of the types of available RBM and how they work. It discusses 

commonly applied terminology and models of mechanical behaviour that form a basis for 

understanding material performance without presenting mathematical details. Structure made with 

reinforced cement concrete (RCC) are not cheap and construction period of time is long. Moreover, 

they need extra shuttering cost. In addition, unreinforced brick masonry (URM) is weak in flexural and 

shearing resistance and hence they are very much vulnerable during an earthquake. They suffer severe 

damage under earthquake effects. On the other hand, RBM consist of both reinforcements and masonry. 

The two materials (masonry and reinforcement) complement each other, resulting in an excellent 

structural material. By reinforcing the masonry with steel reinforcements, the resistance to seismic 

loads and energy dissipation capacity can be improved significantly. The reinforcement provides 

additional tensile strength which can overcome the limitations in the use of URM. RBM shows the 

prospect of constructing low-to-mid rise masonry structures of residential buildings, hospitals and 

schools in the rural area of Bangladesh at a low cost and low construction period of time with adequate 

margin of safety. 

 

Keywords: Bricks; reinforcement; earthquake; tensile; compressive strength; shearing resistance 

 

INTRODUCTION 

Brick masonry is one of the oldest forms of building construction, and reinforcement has been used to 

strengthen masonry since 1813. Reinforced brick masonry (RBM) is a construction system where steel 

reinforcement in the form of reinforcing bars or mesh is embedded in the mortar or placed in the holes 

and filled with concrete or grout. This masonry has greatly increased resistance to forces that produce 

tensile and shear stresses. The reinforcement provides additional tensile strength which can overcome 

the limitations in the use of unreinforced masonry (URM). This results an excellent structural material 

by complementing two materials such as masonry and reinforcement. By reinforcing the masonry with 

steel reinforcement, the resistance to seismic loads and energy dissipation capacity can be improved 

significantly (PWD, India 1996). Reinforced brick masonry contributes huge amount of shearing 

resistance and gives lateral stability against earthquake. A number of experimental works were carried 

out on RBM beams to study the flexural and web reinforcement ratio on the ductility, ultimate flexural, 

shear strength and mode of failures. According to several research works, design of RBM can be 

performed using the ultimate strength design method similar to that used for reinforced concrete beams 

(Khalaf et al., 1983 and Taly N, 2001). Mohamad et al. (2005) carried out experimental tests on 

masonry prisms subjected to compression.The failure mechanism of masonry depends on the difference 

of elastic modulus between brick unit and mortar. Oliveira et al. (2000) carried out the tests on prisms 

under cyclic loading and the stress-strain behaviour of the brick prisms showed a bilinear pre-peak 

behavior. Gumaste et al. (2007) studied the properties of brick masonry using table moulded bricks and 

wire-cut bricks from India with various types of mortars. It is also found that strength of URM is 

notably lower in comparison to that of RBM. Reinforced cement concrete can overcome this situation 

but they are not cheap and requires longer construction period. RC construction needs shuttering cost. 

On the other hand, URM is weak in flexural and shearing resistance and very much vulnerable during 
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earthquake (Qazi et al., 2011). It is known that masonry structures have relatively low resistance to 

horizontal seismic forces and suffer severely during seismic forces (Priestley and Bridgeman, 1974). In 

earlier decades, masonry buildings mainly 4/5 storied were constructed as residential buildings, 

hospitals and schools. However, experience of past earthquakes has shown that a number of masonry 

structures are vulnerable to seismic actions and severe damage was observed (Dutta et al., 2013). 

Therefore, the main objective of this paper is to study the mechanical properties (compressive, tensile, 

flexure, shear, seismic performance, etc.) of RBM and discuss the feasibility of constructing RBM over 

URM in rural areas of Bangladesh. 

 

METHODOLOGY  

Based on the literature available, a comprehensive investigation has been carried out to assess the 

effects of compressive and tensile strengths, modulus of elasticity, shear, flexure and seismic 

performance of RBM. Finally, all such results will be compared to URM. Finally, some discussions to 

the feasibility of constructing RBM in rural areas of Bangladesh will be provided. 

 

Mechanical strength tested by various researchers 

Khan et al. (2012) conducted a research on compressive strength, diagonal tensile strength as well as 

modulus of elasticity, stress strain behavior of the unreinforced masonry prism having a size of length 

=16 inch, height = 16", thickness = 9" for compressive strength according to ASTM C1314–11a. 

Diagonal tensile strength was calculated from diagonal compression tests on masonry prisms (27" x 

27"x 9"), as shown in Fig 1. The cement to sand ratio was 1:6. Campione et al. (2016) tested both 

concentric and eccentric loading conditions as shown in Fig 2. In order to accomplish these tests, 

universal testing machine (UTM) was used. The loading area had a width equal to b= 0.5B, with B the 

side of the square transverse cross section. The eccentricity was equal to B = 6. 

 

  

 

 

Fig.1: Strength test of brick prisms, a) Compressive strength  

 b) Diagonal tension; Khan et al. (2012). 

Fig 2: Compressive strength test a) Concentric 

b) Eccentric; Campione et al. (2016) 

 

Eccentric tests were carried out by loading the specimens on a reduced area with respect to the entire 

cross section, producing a disturbed region (D-region). Linear variable displacement transducers 

(LVDTs) were used to record the displacement of the prism. Table 1 shows the material properties of 

bricks and mortars that have been used by the researchers. Khan et al. (2012) obtained weak bond- 

between the bricks and mortar and, consequently, low diagonal tensile strength (7.3 psi) and 

compressive strength (438 psi). Freeda et al. (2013) found the compressive strength of unreinforced fly 

ash brick masonry was 34% more than the unreinforced clay brick masonry. The reinforced fly ash 

brick masonry was 20.7% more than the reinforced clay brick masonry. The introduction of wire mesh- 

in the clay brick masonry resulted in an increase of load carrying capacity by 25%. However, the main 

limitation of this study was the effects of moisture on the strength of brick masonry and the strength of 

eccentrically loaded brick work. Table 2 presents the summary of the results conducted by Campione et 

al. (2016), Freeda et al (2013), Khan et al. (2012), and Sakthivel et al. (2016). The peak loads and 

compressive strengths of URM and RBM under concentric and eccentric loads are provided. It is found 

(a) (b) 

  (a) 

(b) 
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from the results that rupture strain limit of URM is around 30 % lower than that of alternate steel grids 

(SG) of RBM and around 40% lower for every course of RBM as shown in Fig. 3. 

 
Table 1: Mechanical properties of mortar and bricks 

Sl no. Description of the test Value Adopted from 

1 Compressive strength of mortar, MPa 6.09 Khan et al. (2012) 
2 Water absorption of bricks, % 23.0 Khan et al. (2012) 
3 Elastic modulus of masonry, MPa 1230 Khan et al. (2012) 
4 Specific weight of masonry material, Pcf 94 Khan et al. (2012) 
5 Compressive strength of mortar, MPa 7.89 Campione et al. (2016) 
6 Tensile strength of mortar, MPa 1.14 Campione et al. (2016) 
7 

8 

Flexure strength of mortar, MPa 

Compressive strength of brick, MPa 

2.07 

7.83 

Campione et al. (2016) 

Nayak and Dutta (2016) 

 
Table 2: Results of compressive strength adopted from various researchers 

Series 
e = 0 (Concentric) e = b/6 (Eccentric) 

Adopted from Peak Load (KN) Strength (MPa) Peak Load (KN) 

UM 759 12.60 213 Campione et al. 

(2016) SG every course 1125 17.39 281 

SG alternate course 942 15.08 253 

URM       -    1.70           - Freeda et al 

(2013) RBM       -    2.20           - 

URM       -    3.00           - Khan et al. 

(2012) RBM       -    4.20           - 

URM     8.56       -           - Sakthivel et al. 

(2016) RBM     22.48      -          - 
 

 

 
Fig 3: Stress-strain diagram of URM and RBM; Campione et al. (2016) 

 

According to Sakthivel et al. (2016), RBM can be adapted where high compressive and diagonal tensile 

strength is required instead of RCC as shown in Fig. 4. During the diagonal compressive strength tests 

of URM and RBM, the result is found 8.56 kN and 22.487 kN, respectively in which capacity of RBM 

is 2.63 times higher than URM. Freeda et al. (2013) also conducted research on stress-strain behavior of 

URM and RBM with 10% and 20% replacement of fine aggregates with fly ash as shown in Fig 5. It is 

seen that rupture strain limit of unreinforced clay brick (CBP) is around 25% lower compared to 

reinforced clay brick (CBPR). Similar trend is observed for unreinforced clay brick with 10% and 20% 

replacement of fine aggregates with fly ash CBP10 and CBP20, respectively. 
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Fig 4: Uses of steel bar in masonry; 

Sakthivel et al. (2016). 

Fig 5: Stress-strain behavior of URM and RBM;  

Freeda et al. (2013). 

 

Seismic behavior of masonry structures  

Horizontal shear failure, corner/junction failure and failure of out-of-plane walls initiated by junction 

failure are the most common type of failures in unreinforced masonry structures when subjected to 

seismic excitation. Corner/junction is identified as the weakest portion of such structures. It is needed to 

improve the integrity of the structures to behave as a single unit and to ensure proper interlocking 

between orthogonal walls to reduce the causalities during earthquake. Keeping in view of the above 

mentioned facts, Nayak and Dutta (2016) used 12 mm thick poly propylene (PP) bands, steel wire mesh 

and reinforcing bars to strengthen URM walls for achieving better seismic performance as shown in Fig 

6. Use of PP band and wire mesh help to improve the integrity of the structures. Horizontal reinforcing 

bars ensure proper interlocking between orthogonal walls. The shake table with a 1m x 1m single axis 

horizontal electro dynamic shaker capable of shaking 1000 kg mass with peak ground acceleration of 1g 

is used in the experimental study. All experiments were carried out under the same ground excitation. 

Since, the real acceleration time history available corresponding to various real earthquakes may be 

biased by their spectral shape and frequency content, a ground excitation in the form of swept sine 

motion had been used in all the cases. Thus, PGA is used as a parameter for damage indicator in the 

study.  

 

    

(a) (b) (c) (d) 

Fig 6: Construction of reinforced four sided walls: (a) PP band provided in form of grid; (b) steel wire mesh all 

around; (c) horizontal re bar at the junction and (d) vertical re bar at the corner; Nayak and Dutta (2016). 

 

The study conducted by Nayak and Dutta (2016) was extended to assess seismic behavior of 

unreinforced masonry (URM) wall as well as different types of reinforced masonry walls (RMW).  For 

free standing walls, it was seen that URMW was destroyed at a very low (0.5 g) PGA as shown in Fig. 

7(a). On the other hand, reinforced masonry PP band wall (RMPPBW) was destroyed at a very high (2.0 

g) PGA compared to the URMW. Similar trend was found in case of reinforced masonry walls wrapped 

with wire mesh horizontal wall (RMWMHWI, II) and reinforced masonry walls wrapped with wire 

mesh full height wall (RMWMFWI,II). Unreinforced L shaped masonry walls (URMLW) was also 

failed (0.84 g) to relatively lower PGA compared to reinforced masonry PP band L shaped masonry 

walls (RMPPBLW), reinforced masonry  L shaped walls wrapped with wire mesh (RMWMLW) and 

reinforced masonry walls horizontal L shaped reinforcing bar (RMRBLW) as shown in Fig. 7(b). 
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(a) 

 

 

(b) 

Fig 7: Comparison of strength in terms of PGA for: (a) free standing walls; (b) L-shaped walls adopted from 

Nayak and Dutta (2016). 

 

According to Sakthivel et al. (2016), RBM can be adapted for high seismic zone buildings as shown 

earlier in Fig 4. It is shown that shear stress was obtained 361.32 kN/m2 and 137.54 kN/m2 for RBM and 

URM, respectively which is 263% higher than ordinary brick masonry (URM). Thus, it can be 

concluded that the use of steel embedded brick is one of the best solutions against brittle fracture in 

brick wall systems in shear. Also, it withstands higher seismic forces compared to ordinary brick 

structures. Hence, it can prevent a large of masonry structures from collapses and damages during 

seismic activities.  

 

Fractured surface 

It is seen that URM failed both horizontal and vertical directions for compressive strength test. In case 

of seismic test, the condition was incendiary. On the other hand, reinforced masonry did not collapse 

fully. It is also said that a brittle failure is seen for URM. But for RBM only horizontal shear crack is 

seen and the failure mode is relatively ductile. Fig 8 shows different types of fractured patterns studied 

by Campione et al. (2016) and Nayak and Dutta (2016). 

 

    
(a) concentric loading (b) concentric loading (c) URM (d) RBM with PP band 

Fig 8: Fractured surface concentric (a) URM (b) RM with CFRP; adopted from Campione et al. (2016) (c) URM 

(d) RM with PP band; adopted from Nayak and Dutta (2016). 

 

CONCLUSIONS 

In this paper, a theoretical discussion on the subject of reinforced brick masonry (RBM) structure is 

presented. It is intended as an overview of the mechanical properties of unreinforced brick masonry 

(URM) as well as RBM of various techniques adopted from literature. The effects of the confinement 

produced by steel wire, vertical and L shaped reinforcements are also reviewed. The main conclusions 

that can be drawn from the present study are given below: 
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1) The compressive strength of RBM is significantly higher than that of URM. Strength of RBM 

can be obtained 263% higher than that of URM. 

2) Tensile strength and modulus of elasticity of RBM are in higher capacities compared to those of 

URM. 

3) Rupture strain limit of RBM is significantly higher compared to that of URM. 

4) It is seen high modulus of toughness for seismic resistant structures of RBM can be achieved 

compared to a very low modulus of toughness of URM. 

5) It is also seen that for a seismic test, URM failed at a low level of PGA which is a vulnerable 

condition during earthquakes. 

6) Brittle failure pattern is shown for URM in a seismic excitation whereas a relatively ductile 

fracture is shown for RBM. 

Finally, by reinforcing the masonry with steel reinforcement, FRP, wire mesh, the resistance to seismic 

loads and energy dissipation capacity can be improved significantly compared to URM. The reinforcing 

materials are also cheap, easily available and can be easily installed. Therefore, RBM shows the 

prospect of constructing mid-rise residential buildings, hospitals and schools in the rural area of 

Bangladesh at a lower cost and low construction period of time with adequate safety. 
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ABSTRACT 

Bridges are an important part of road and transportation systems and deflection is an important index to 

evaluate the structural health of bridges. In this study, a method of measuring vertical bridge deflection 

by Refractorless Total Station (RTS) is introduced. A calibrated target board is fixed on the mid-span of 

the bridge girder and cross hair of the target board was observed remotely by RTS to assess the vertical 

deflection while passing railway locomotives and coaches. The study was conducted on major Railway 

Bridges in Bangladesh. It includes Hardinge Bridge, Bhairab Bazar Bridge, Akhaura Bridge, Ghorashal 

Bridge, Ghatina Bridge and Arani Bridge. The least count of the RTS was 1/8" (3.17mm) and 

monitored deflection ranges from 1/8" to 7/8" (3.17mm to 22.22mm) for all bridges. The results from 

the study reveal that the methods to monitor vertical deflection of bridges are quite simple, practical and 

reliable. It needs less manpower, time and has the potential to access bridge deflection with good 

accuracy. 

 

Keywords: Total station; vertical deflection; target board 

 

INTRODUCTION 

Measurement of deflections of bridges because of dynamic and semi-static loads is essential for their 

design, function, and structural health (Brownjohn et al. 2010; Bardakis and Fardis 2011), but until 

recently it was a rather unsolved problem. Moreover, deflection is an important index for safety 

evaluation of bridges. A high rate of deflection indicates the materials is significantly displaced which 

may bend, warp or shift in response to the imposed load. Lower rate of deflection indicates higher 

structural stiffness. Bridges whose deflections overpass the specified limit of design may increase 

damage accumulation and  even collapse at any time, which pose a serious threat to people’s lives and 

bring about a great loss of property. Now a day, monitoring bridge deflections is a challenge to the 

structural engineers. 

There are some studies that report about major difficulty in testing bridges is the measurement of 

vertical deflections. Dial gauge, accelerometer, tiltmeter etc are traditional tools and methods to 

measure structural displacement and rotation. These tools must be installed, maintained, and frequently 

recalibrated to produce reliable results.  The collected data from these tools need to be interpreted to 

obtain direct deflection results which in many cases is very complicated procedure and out of the 

control of the general structural engineers. The use of instruments such as mechanical dial gauges, 

linear potentiometers and linear variable differential transducers is usually not feasible. Access under a 

bridge structure is usually limited, which requires erecting temporary supports to mount the 

measurement instruments to the ground. Hence, a flexible surveying technique is needed to overcome 

these obstacles, and make the process of measurements easier and more accurate. These difficulties can 

be eliminated by using Refractorless Total Station (RTS), which offers the capability to measure the 

spatial coordinates of discrete points on a bridge without touching the structure.  

Systematic measurements of deflections of bridges became possible with the invention of the Global 

Positioning System (GPS) (Roberts et al. 2004; Meng et al. 2007), on the condition that an unobstructed 

view of the horizon and of the satellites exists, which is not the case with various railway bridges in 

which the passing trains deform or even disrupt the satellite signal (Wieser and Brunner 2002). Stiros et. 

al. (2007) studied about the results of RTS monitoring of the Gorgopotamos Railway bridge in central 

Greece, a bridge over 100 years old with several openings of ~30m. This bridge was partly destroyed 
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and rebuilt twice, and its dynamic behaviour is practically unknown. Their study focused on the 

apparent vertical displacements of a reflector set at the mid-span of an opening, where maximum 

displacement was expected, during the passage of trains. The objective of the present study is to 

measure the vertical deflection of railway bridges of Bangladesh with the use of RTS which can 

measure deflection accurate to 1/8" or 3.17mm. This monitoring system is much easier to set up and 

use, reducing labour and time. The system has almost no site restrictions. This paper discussed the 

implementation of RTS and contrasts its use to traditional load testing monitoring equipment. In this 

survey work, RTS is used with target board instead of prism. 

 

METHODOLOGY 

Vertical deflection of railway bridges was measured in three different methods. The study accepted 

deflection results of bridges only when three methods produce same result.  

Method 1: Observation of Target Board Only  

For measuring mid-span deflection the study used calibrated target board as appeared in Fig 1, 2 and 3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Calibrated target board (Fig. 1) was placed at mid-span (Fig. 4) of bridge and the cross hair (Fig. 2) of 

RTS was kept at origin (0, 0) of target board as like in Fig. 3 with no vehicular load (only dead load).  

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Due to passing of passenger coaches, locomotives and oil tankers, bridges undergo vertical deflections 

and the target board kept at mid-span moves downward. It was remotely observed by the RTS and the 

real differences between the cross hair of RTS and target board (as in Fig 5, 6) is observed by operator. 

 

 

Fig 1: Calibrated Target Board 

(Scale: 1 grid = 0.3in) 

Fig 2: Cross hair of 

Total Station  

Fig 3: Cross hair of Total Station 

coincides with origin (0, 0) of Target 

Board at no Load 

Fig 4: Placement of target board at mid-span without 

vehicular load 

Fig 5: Deflection observation on target board at mid-span 

with vehicular load 
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Method 2: Observation of LASER on the Target Board  

The calibrated target board was kept on the mid-span of the bridge and LASER was released from RTS 

to pass through the origin of the target board during no vehicular load. Afterwards, at loaded condition, 

while train passes, LASER released and the intersecting points observed on the target board as appeared 

in Fig. 7. The position of LASER from the origin of target board is the deflection as shown in Fig. 7. 

 

 

 

 

 

 

 

 

 

 

 

 

                                               

 

 

 

 

 

 

 

 

 

 

 

Method 3: Missing Line Measurement (MLM) by Total Station 

MLM means missing line measurement which is used in RTS to measure horizontal distance (HD), 

vertical distance (VD) and slope distance (SD). At the beginning of this measurement, the origin of 

target board and the centre of cross hair of RTS were kept at same line of sight at unloaded condition. 

Then, at loaded condition, while the origin of target board moves downward, the centre of cross hair of 

RTS again sighted to the origin (0, 0) of target board. This readjustment of line of sight of RTS gives the 

value of HD, VD and SD. The VD usually gives the vertical deflection of the studied bridge.  

 

RESULTS AND DISCUSSIONS 

In this study, six railway bridges were studied and the deflection results are presented in Table. 1. 

 

RTS cross hair 

Vertical Deflection observed by RTS 

Target board 

Fig 6: Observed Displacement of Cross hair of RTS & 

Origin of Target Board during Vehicular Loads 

 

Fig 7: Observation of LASER Rays on the Target Board at Loaded & Unloaded Condition 

a. Unloaded Condition 

LASER passes through the 

origin of the target board 

b. Loaded Condition 

LASER passes other than 

the origin of target board 

Vertical Deflection  
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Table 1: RTS Observed Deflection of Major Railway Bridges of Bangladesh 

No. Bridge Name Span (ft) Condition Vertical Deflection (in) 

1. Hardinge Bridge 345' (105.18m) 

For Locomotive 5/8" (15.88mm) 

For Passenger Coach 3/8" (9.53mm) 

For Oil Tanker 7/8" (22.22mm) 

2. Bairab bridge 335' (102.13m) For Passenger Coach 3/4" (19.05mm) 

3. Ghatina bridge 206' (62.80m) For Passenger Coach 3/8" (9.53mm) 

4. Arani bridge 54' (16.46m) For Passenger Coach 1/8" (3.17mm) 

5. Akhaura bridge 105' (32.01m) For Passenger Coach 5/8" (15.88mm) 

6. Ghorashal bridge 104' (31.70m) For Passenger Coach 1/2" (12.7mm) 

 

The results of field survey lead to the following conclusions: 

1. AASHTO Standard Specifications for Bridges (2002) states that, for simple or continuous 

spans, deflection due to service live loads shall not exceed 1/800 of the span for Railway 

Bridge. Vertical deflection of bridges varies with respect to span length. According to 

AASHTO specification, deflections of all studied bridges are within allowable limit. 

2. In case of Hardinge bridge, deflection is comparatively less with respect to span length.   

3. In case of Akhaura bridge, deflection is comparatively high with respect to span length. 

4. Using target board with RTS gives good accuracy for the measurement of vertical deflection. 

 

 

CONCLUSIONS  

Use of RTS to monitor vertical deflection of major railway bridges is the concern of this paper. RTS has 

the potential to produce accurate results compared to the traditional deformation monitoring systems. 

Deflection estimation of major railway bridges in Bangladesh by three different measurement methods 

produce same vertical deflection results ranging from 3.17mm to 22.22mm. Thus, RTS measurements 

showed promising results and can be regarded as a powerful tool for monitoring bridge deflection.  
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ABSTRACT 

The majority of existing masonry buildings using unreinforced masonry walls (URM) has been 

constructed for low service loads. These buildings consequently do not have enough capacity to 

dissipate the energy resulting from high service loads, the excitation action during event like 

earthquake. As a result, there is an urgent need to strengthen these walls in order to improve their ability 

to withstand to higher service loads. Several strategies for strengthening of masonry structures have 

been proposed and applied to increase the axial strength of masonry. The new generation of advanced 

concrete technology, ultra-high performance concrete (UHPC), has created enormous possibilities for 

innovative construction utilization. This work addresses the behavior of strengthening concrete block 

masonry walls subjected to axial compression loading and retrofitted by UHPC plastering on both sides 

of the wall, with mortar having microsilica as strength modifier and steel fibers as reinforcing additive. 

 

Keywords: URM; UHPC; strengthening 

 

INTRODUCTION 

Masonry wall is one of the most popular and common type of structural component in the world which 

has a long history and is beautiful in appearance, low cost and ease of construction. Masonry wall is the 

component of structures made from individual units laid in and bonded together by using mortar. The 

key advantages of masonry wall are the thermal mass of a building and protection of the building from 

fire has been increased, there is no requirement of painting and resulting reduced life-cycle costs and 

useful life cycle is 30 to 100 times higher than structural steel.  Most common uses of masonry wall are 

for partition walls, structural wall, and retaining wall and even in heritage structures. It is well-known 

that those structural elements are constructed mainly of unreinforced masonry wall (URM). These 

URM walls are subjected axial load, earthquake load etc. URM walls can be used as load-bearing wall, 

if proper strengthening material is used. Some researchers had used CFRP, GFRP sheet and bars, testile 

reinforced mortar (Basaran et al, 2013; Vasconcelos et al, 2012; Mahmood et al, 2008; ElGawady et al, 

2006; Zhao et al, 2003 for strengthening. URM wall can be more useful for load-bearing type of wall 

with proper strengthening techniques and cementitious material could be one of the possible solutions. 

Ultra-High Performance Concrete (UHPC), also referred as Ultra-High Performance Fiber Reinforced 

Concrete (UHPFRC), is a new generation of cement-based materials that was developed in France in 

the 1990s. UHPC is relatively a new generation of concrete optimized at the micro and nano-scale to 

provide superior durability and mechanical properties compared with conventional and high 

performance concretes. Improvements in UHPC are achieved through limiting the water-cementitious 

materials ratio (w/cm < 0.2), optimizing particle packing, eliminating coarse aggregate, using 

specialized materials and implementing high temperature and high pressure curing regimes. In addition, 

randomly dispersed and short fibers are typically added to enhance the material’s tensile and flexural 

strength, ductility and toughness. Some researcher studied the physical and mechanical properties of 

UHPC (Hakeem, 2012; Wang and Lee, 2007). The improved mechanical properties of UHPC give the 

indication to be used as strengthening material. 

The main objectives of this study are a) to investigate the mechanical properties of block, mortar, and 

UHPC b) to investigate the axial capacity of Unreinforced Concrete Masonry Prism (NCMP) and c) to 

investigate the axial capacity of Unreinforced Concrete Masonry Prism Retrofit (NCMPR), which is 

UHPC plastered NCMP. 

 

Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh 
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.) 

427



 

METHODOLOGY  

The load bearing capacity of unreinforced concrete masonry prisms were evaluated on the basis of axial 

load tests. In this test incrementally increased vertical load was applied to the prism. Experimental 

program included two tests conducted on two prisms. The first one was unreinforced masonry prism 

(NCMP), second one was unreinforced masonry wall but plastered by 12.5 mm thickness of UHPC on 

both sides of the wall (NCMPR). 

 

Construction of Test Specimen 

In this study, two unreinforced concrete masonry prism were used under axial loading test. One of the 

prisms was made of concrete masonry blocks (400×200×100 mm) and Portland cement mortar. 

Another NCMP prism was plastered with UHPC by 12.5 mm thickness (NCMPR). The aspect ratio for 

all walls was kept to be 1. Height to thickness of the wall ratio was 60.  

The key ingredients of UHPC include micro silica and steel fiber. There were two types of steel fibers 

used in the same mix. One of these steel fibers was straight and other one was hooked end. Hooked end 

steel fibers were used for better gripping and anchorage. The developed UHPC mix was utilized for 

strengthening. The UHPC was mixed in a horizontal pan mixer. After casting specimens were cured for 

28 days under water curing process. After curing period was completed, the specimens were tested. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a)      (b) 
Fig. 1: Experimental Setup, (a) NCMP and (b) NCMPR 

 

Experimental Setup, Instrumentation and Procedure 

According to ASTM C 1314 and European Standard EN1052-1(1999), masonry prisms (NCMP and 

NCMPR) were tested under uniaxial compressive load. To conduct the test, the prisms were placed in 

the proper position within a steel frame fabricated for purpose of testing under compressive load. 

Placing of the prism was critical issue, which the prism has to be perfectly aligned vertically and 

horizontally so that the application of vertical load using the hydraulic jack actuator will not result 

eccentricity when applying load. Laser leveler was used so that perfect alignment could be achieved. 

The axial compression forces were exerted on the prism through a steel plate attached to the top and 

bottom of the wall. High strength mortar (BASF EMACO S88C) was placed in top surface of the prism 

to ensure uniform distribution of the axial force on the prism without any stress localization. The wall 

deformations, vertical as well as horizontal, were captured and recorded using four vertical CDP-25 

LVDTs and one horizontal CDP-25 LVDTs attached to the prisms at different positions [Figure 1]. 
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Material Properties 

Mechanical properties of various wall components, like concrete masonry block unit, mortar, UHPC 

were found out by experimental tests. According to EN 772-1 European Standard 2000, compressive 

strength of concrete masonry blocks was obtained and average value was 9.46 MPa. Modulus of 

elasticity and Poisson ratio of concrete masonry blocks was 4 GPa and 0.15, respectively.  

Blocks were attached in the walls by mortar. The water/cement and cement/sand ratio was kept to be 0.6 

and 1/3 respectively. Compressive and flexural strength of mortar was 30 MPa and 2 MPa respectively. 

Specimens were tested after same age curing of walls. The modulus of elasticity was recorded to be 

20.5GPa and Poisson ratio to be 0.18. In case of UHPC, average compressive strength found to be 128 

MPa (150×150×150 mm specimens) in compression test and 11.5 MPa was found in direct tension test 

(Dog-Bone Test). The modulus of elasticity was obtained 45 GPa and Poisson ratio was 0.26. 

 
RESULTS AND DISCUSSIONS 

The experimental work was carried out in two specimens. The maximum compressive strength was 

recorded to be 5.28 and 11.13 MPa for NCMP and NCMPR prisms, respectively. So, the axial strength 

was increased by 111% approximately for NCMPR, comparing with NCMP. The maximum 

displacement captured in case of NCMPR was 1.44mm, which was lower than the NCMP. So, the 

plaster made the NCMPR prism stiffer than NCMP. Axial load Vs vertical displacement diagram is 

shown in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a)       (b) 
Fig. 2: Axial Load Vs Displacement Diagram, (a) NCMP and (b) NCMPR 

 

CONCLUSIONS  

An innovative system for strengthening concrete masonry walls using UHPC plaster has been 

investigated. As a retrofit measure, UHPC plaster is congruous and compatible with the existing NCMP 

in contrast to other retrofitting techniques including use of CFRP and other non-cementitous materials. 

Following conclusions can be drawn from this study: 

 UHPC plaster of plaster thickness to wall thickness ratio of 0.25 was able to increase the 

strength of the URM wall by an order of 111%. 

 Use of UHPC plaster resulted in increase of overall stiffness of the URM wall. 
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ABSTRACT 

Granulated Blast Furnace Slag (GBS) is a major by-product of steel manufacturing. Many research 

has been conducted on slag while used in cement. Here we will discuss the real life data of strength 

development for a period of three years of Portland Composite Cement using slag and limestone, and 

compare the same with development of strength with Portland Cement (OPC). This Paper presents the 

results of a test on the effect of Portland Composite Cement mixed with Slag and limestone as per 

CEM II ratios of BDS-EN 197-1:2003 (Equivalent of En 197) and compared the same with CEM I 

(OPC) of the same standard for the similar duration. This is of great value in the construction of mass 

concrete using CEM II as it would save a big amount of money, and on the other hand will provide 

similar strength like OPC. As slag and fly ash etc. were used for land filling (it will rise the sea level) 

only, steps were taken to manage these materials by mixing with cement all over the world for more 

than 75 years. Though the requirement of Cement having Slag has a tendency of lower early strength, 

but it becomes similar in later stages. The paper would try to establish that at 365 days both CEM I 

and CEM II show similar compressive strength results, but later on CEM II will show more strength 

than CEM I. The further development of strength even after 365 days would also be monitored. 

 

Keywords: Granulated Blast Furnace Slag (GBS); Portland Composite Cement; Portland Cement or 

OPC; compressive strength 

 

INTRODUCTION 

Granulated Blast Furnace Slag (GBS) originates in an iron blast furnace. Carefully controlled amounts 

of iron ore, along with limestone or dolomite, are fed into a blast furnace and heated to 1,480C. 

When molten, the iron is kept for steel production and the slag is send to a granulator. Here, the slag 

is rapidly quenched with large quantities of water and converts to a light coloured glassy sand-like 

material. The process minimizes crystallization and forms “granulated slag,” which is composed 

principally of calcium aluminosilicate glass. (Formation of this glass provides slag cement with its 

cementitious properties.) At this point, the slag is the consistency of fine sand. It is then dewatered 

and dried. Finally, the slag is interground with Portland cement clinker and limestone to make 

Portland Composite Cement. EN 197 or BDS EN 197 has allowed producing 27 types of cement 

which is mentioned in Table of the standard. In the table the CEM II B-M (S-L) allows to mix 21~ 

35% slags and limestone with Portland cement clinker and Gypsum.  

Composite cement of various types is the major cement produced in Bangladesh. Only around 20% of 

total produced cement in the country is OPC. Composite cement has been produced here since 2003 

after being introduction of the standard BDS-EN 197: 2003. And all major formulation and expertise 

were provided from abroad. Very few RND works were done among any cement producers to learn 

any comparison between the newly introduced composite cement and OPC. To overcome this 

problem, Royal Cement conducted a comparison test between OPC and Composite cement having 

15% Slag with no Limestone first in 2003, and later placed that data in various in-house seminars. 

That test was conducted with a span of one year, and since no Limestone was used the results may be 

claimed inconclusive. For that reason, in 2011 another similar test was conducted with a span of 3 

years period. This has helped to achieve genuine experience of strength development of PCC, and 

share the same to others. 
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METHODOLOGY  

For the test ASTM test methods were followed; like for determination of setting time, ASTM C191, 

for Fineness ASTM C204 and finally for compressive strength ASTM C109 were followed. For 

compressive strength test ASTM Graded Sand conforming C778, 2 inch Cast iron cube moulds were 

used, Lime saturated water was used for curing which conforms to ASTM C511. The range of curing 

room temperature was 22.5C~23.6C. Humidity of curing room was more than 70%.  

Both samples i.e. CEM I and CEM II B-M (S-L) should have similar physical properties like fineness 

and setting time, which are very important for such test. Same curing room, as well as same 

compressive strength testing machines (Pre Calibrated) were used which will eliminate errors due to 

machine, curing room condition etc. 

20 sets (3 moulds in each set) of 2 inch moulds were prepared for each type of cement and they were 

broken using a calibrated compressive strength testing machine of 300 KN capacity. Samples were 

cured according to ASTM C109 and tested on 1 Day, 2 Days, 3 Days, 4 Days, 5 Days, 6 Days, 7 

Days, 14 Days, 21 Days, 28 Days, 35 Days, 42 Days, 49 Days, 56 Days, 180 Days, 365 Days, 1.5 

Years, 2 Years, 2.5 Years and finally for 3 Years.   

All moulds were prepared and cured following ASTM C109 standard and they were prepared and 

cured simultaneously to eliminate all possible variables in an industrial test lab. For this reason, it is 

believed that the results are more conclusive and genuinely comparable to each other; and while put 

on the plot the graph was also amazingly accurate.    

 

Observations 

Some slow development of strength were observed in CEM I (OPC) for the ages of 5~7 days, which 

was unexplainable. It was anticipated that this is due to the allowed possible standard deviation of the 

ASTM Test method.  

 
Table 1: Mixing ratio of raw materials in the experimental cements 

 Clinker Slag Limestone  Gypsum 

CEM I 97.5% -- -- 2.5% 

CEM II B-M (S-L) 65% 25.5% 7% 2.5% 

 
Table 2: Chemical Composition of Raw Materials 

 CaO SiO2 Al2O3 Fe2O3 MgO SO3 IR LOI Free lime 

Clinker 66.10 19.28 7.82 3.26 1.03 1.68 2.40 0.31 0.89 

Slag 40.26 31.60 17.20 0.82 4.81 1.16 3.2 0.78 -- 

Limestone 51.81 -- -- -- -- -- -- -- -- 

Gypsum -- -- -- -- -- 35.37 -- -- -- 

N.B.: Slag was totally dried out of moisture 

 
Table 3: Physical Properties of cements 

 Fineness Residue on R90 Initial Setting Time Final Setting Time 

CEM I 367 m2/kg 0.2% 140 mins 180 mins 

CEM II B-M (S-L) 365 m2/kg 2.8% 145 mins 190 mins 

 

Equations 

The machine reading during breaking were in KN. Value in PSI were found using the following 

conversion formula;      
 

 

 
RESULTS AND DISCUSSIONS 

For comparison the data is placed in two separate tables; Early Strength and Later Strength. The 

values of strength are in lb/in2 or psi for easy understanding. The data were not rounded up for getting 

a more accurate curve in the table.  

 

2.481.9

204.21000

insq

lb
KN
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Table 4: Compressive Strength Results of the samples (Early Strength) 

  

1 

Day 

2 

Days 

3 

Days 

4 

Days 

5 

Days 

6 

Days 

7 

Days 

14 

Days 

21 

Days 

28 

Days 

CEM I (psi) 1180 2340 2677 3120 3315 3483 3876 4606 5112 5560 

CEM II B-

M (S-L) 

(psi) 768 1540 2078 2378 2640 2950 3080 3470 3820 4200 

 
Table 5: Compressive Strength Results of the samples (Later Strength) 

  

35 

Days 

42 

Days 

49 

Days 

56 

Days 

180 

Days 

365 

Days 

1.5 

Years 

2 

Year

s 

2.5 

Years 

3 

Year

s 

CEM I 

(psi) 5861 5992 6011 6161 6254 6250 6300 6460 6460 6560 

CEM II B-

M (S-L) 

(psi) 4600 5000 5310 5740 6070 6340 6600 6840 7060 7110 

 

After placing these values in a plot a figure is found which indicates that though Portland Composite 

Cement develops at a much slower late at early stage, but it shows higher strength on later stages.  

 

Comparison of Compressive Strength between CEM I (OPC) and CEM II B-M (S-L) (PCC)
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Fig 1: Comparison of Compressive Strength between CEM I (OPC) and CEM II B-M (S-L) (PCC) 

 

It the Figure 1 one more observation can be found, whereas the strength of the OPC has a tendency to 

stabilise after 180 days or six month with only 4.8% development in rest of the time; the CEM II was 

clearly gaining strength day by day and the rising tendency of plot shows some upwards trend even at 

3 years duration (17% increase in strength in the same time).  

The benefits of limestone filler (LF) and granulated blast-furnace slag as partial replacement of 

portland cement are well established. However, both supplementary materials have certain shortfalls. 

LF addition to portland cement causes an increase of hydration at early ages inducing a high early 

strength, but it can reduce the later strength due to the dilution effect. On the other hand, BFS 

contributes to hydration after seven days improving the strength at medium and later ages. 

Slag Cement has higher resistance to sulphate and salinity content sand and environment. When 

Portland cement hydrates, it forms calcium-silicate hydrate gel (C-S-H) (about 50~60%) and calcium 

hydroxide (Ca(OH)2) or C-H (about 20~25%). C-S-H is the "glue" that provides strength and holds 

the concrete together. Permeability is related to the proportion of C-S-H to Ca(OH)2 in the cement 

paste. The higher the proportion of C-S-H to Ca(OH)2, the lower the permeability of the concrete as 

C-H is a by-product of the hydration process that does not significantly contribute to strength 

development in normal portland cement mixtures. When slag cement is used as part of the 
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cementitious material in a concrete mixture, it reacts with Ca(OH)2 to form additional C-S-H, which 

in turn lowers the permeability of the concrete. 

When slag cement is incorporated in a concrete mixture, less heat is generated and thermal stress is 

reduced: Due to increased strength with slag cement, the total cementitious content can be reduced. 

Portland cement content is reduced by the percentage of slag cement used. Hydration characteristics 

of slag cement are such that the early rate of heat generation and peak temperature of the concrete are 

reduced. 

The composite cement price in lower, thus bigger saving during volume usage. 

The Quality of the material used are also another important criteria, the similar curve may not be 

achieved without getting similar type of GBS Slag.  

In both of the studies it is found that at the age of 365 days both CEM I and CEM II are showing 

similar results, of which surprisingly CEM II has a bit higher strength. The result also indicates that 

the both CEM I and CEM II cement uses in the experiment has the tendency to gain strength even 

after 1 and 2 years. The tendency of the curve is still upwards even after 3 years.  

 
CONCLUSIONS  

This plot indicates that cement containing slag may produce higher strength than OPC after 

systematic curing which is the main requirement for the development of concrete strength. As the 

civilisation develops, people are using up most of their environmental resources by manufacturing 

product like cement. A big volume of virgin raw materials is consumed each year to produce clinker 

for cement. This causes a vast release of Carbon-di-Oxide into the environment. The production of 

clinker cannot be stopped, but the volume can be reduced by using by-products like Granulated Blast 

Furnace Slag. About 300 KG of Slag is produced during production of one Metric Ton of Steel. And 

this huge amount of slag can help to reduce the stress on the environment by helping cement to gain 

similar results like OPC. PCC has many more benefit to the environment; such as less heat 

production, protection against chemical attack etc. 

In contrast to the stony grey of concrete made with Portland cement, the near-white colour of GBS 

cement permits architects to achieve a lighter colour for exposed fair-faced concrete finishes, at no 

extra cost. To achieve a lighter colour finish, GBS cement also produces a smoother, more defect free 

surface. Dirt does not adhere to GBS concrete as easily as concrete made with Portland cement, 

reducing maintenance costs. GBS cement prevents the occurrence of efflorescence, the staining of 

concrete surfaces by calcium carbonate deposits.  

In both of the studies it is found that at the age of 365 days both CEM I and CEM II are showing 

similar results, of which surprisingly CEM II has a bit higher strength. The result also indicates that 

the both CEM I and CEM II cement uses in the experiment has the tendency to gain strength even 

after 1 and 2 years. The tendency of the curve is still upwards even after 3 years. 
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ABSTRACT 

Bamboo is a low cost construction material and is available in Bangladesh. So, it is more effective and 

economic in rural construction. Usually steel is used as reinforcement in concrete, but it is costly than 

any other materials. If bamboo is used as the replacement of steel, then the rural people can build 

bamboo reinforced concrete building. In this study, performance of bamboo as reinforcement in 

concrete has been investigated. Strength property of bamboo is observed by tensile test of bamboo 

sticks and suitability of bamboo as reinforcement in concrete has been evaluated by testing of slab and 

beam. Three types of sample having without node, middle node and node at a distance L/4 of single and 

double seasoned are used for tensile test. Also, three types of beam are used for flexural test, namely 

plain concrete beam, single reinforced beam and doubly reinforced beam having same dimensions 750 

mm length, 200 mm width and 250 mm depth. Again, two identical two way slabs of 750 mm width, 

1200 mm length and 150 mm depth are used for slab test. In singly reinforced concrete beam the load 

carrying capacity is found about 2.2 times and for doubly reinforced beam about 3.0 times more than 

plain concrete beam. The ultimate load carried by slab is 78 kN and corresponding deflection is 2.17 

mm. The doubly seasoned stick can increase the tensile and flexural stresses than single seasoned.  

 

Keywords: Bamboo; reinforcement; seasoned stick; concrete beam; slab; flexural stress. 

 

INTRODUCTION 

As Bangladesh is a developing country, the cost of housing is a major consideration. Although most of 

the houses in rural areas are made of wood, bamboo, brick which are easily available. Concrete is 

widely used construction material for its various advantages such as low cost, availability, fire 

resistance etc. But it cannot be used alone everywhere because of its low tensile strength. Therefore, 

generally steel is used in reinforce concrete. Though steel has a high tensile strength to complement the 

low tensile strength of concrete, use of steel should be limited since it is very costly and so much energy 

consuming in manufacturing process. Thus a suitable substitute of this with a low cost, environmental 

friendly and also a less energy consuming one, is a global concern; especially for developing country. 

Addressing all these problems, bamboo is one of the suitable replacements of reinforcing bar in 

concrete for low cost constructions. Bamboo is natural, cheap, widely available and most importantly 

strong in both tension and compression. The mechanical properties vary with height and age of the 

bamboo culm. Research findings indicate that the strength of bamboo increases with age. The optimum 

strength value occurs between 2.5 and 4 years and the strength decreases at a later age (Amada and 

Untao, 2001). The function of the nodes is to prevent buckling and they play a role of axial crack 

arresters. The tensile strength of bamboo can reach up to 370 MPa, which makes bamboo an attractive 

substitute to steel in tensile loading applications (Rahman et al., 2011).  

Janseen (2000) conducted her study on Bamboo reinforced building and discusses the joints and 

building with pure Bamboo. Listed in her book are several things that are more of a hassle than steel 

reinforcement. Of those, the bonding between the Bamboo and concrete is considered the biggest 

problem due to absorption of water and smooth wall of the Bamboo culm. Vengala et al. (2004) 

constructed a prototype Bamboo reinforced concrete house and used an earthquake simulator to find 

that the house stood sound during a 7.8 (on the Richter scale) earthquake. They found no cracking in the 

concrete, the Bamboo to be extremely resilient to earthquakes, and the cost to be split in half compared 

to mud and brick construction. Lo et al. (2004) and Amada et al. (1997) investigated the mechanical and 
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physical properties of Bamboo. They conducted a thorough investigation into the structure and 

purposes of the nodes, which they found to strengthen the Bamboo culm. They also commented on the 

advantage of Bamboo has over other natural building materials with its fast growth rate. Amada and 

Untao (2001) studied the fracture properties of Bamboo. In contradiction to other studies, this study 

states that the tensile strength of Bamboo fibers almost corresponds to that of steel. The main discovery 

is that the fracture properties of Bamboo depend upon the origin of fracture. Ghavami (1995, 2004) 

discussed the mechanical properties of Bamboo, specifically pertaining to Bamboo in concrete. This 

study showed that the ultimate load of a concrete beam reinforced with Bamboo increased about 400% 

as compared to un-reinforced concrete. It was found that, compared to steel, there was lower bonding 

between the Bamboo and concrete, and the Bamboo had a Modulus of elasticity 1/15 of steel. This 

study concluded that Bamboo can substitute steel satisfactorily, and that there is a need to establish the 

characteristic strength of Bamboo for design purposes. In the current study, tensile property of bamboo 

is observed and performance of bamboo as reinforcement in concrete with replace of steel has been 

thoroughly investigated. 

 

METHODOLOGY  

 

Bamboo 

Bamboo is a composite material, consisting of long and parallel cellulose fibres embedded in a ligneous 

matrix. The density of the fibres in the cross-section of a bamboo shell varies along its thickness. In this 

study, bamboo was given consideration for using as reinforcement for the construction of low-cost 

houses in Bangladesh. As a high demand of occupy houses in Bangladesh is highly increasing. 

Therefore, urgent and effective action is required to secure the demand in sustainable basis. Most 

bamboos are hollow. In the hollow inner area, some horizontal partitions called diaphragms. On the 

outside, these partitions are denote by a ring around the culm. A diaphragm and the ring on the outside 

together form a “node”. Branches grow from these nodes. The part between two nodes is called an 

inter-node. The internodes of most bamboos are hollow. They have a cavity. The wall of the culm is 

called simply the culm wall as shown in Fig. 1. 

 

Preparation of bamboo sticks 

Bamboo preparation is essential for increasing its durability, long life and to prevent it from insects. 

After cutting the bamboo plant, it should be allowed to dry and season involves immersing the culms in 

stagnant or running water for four to six weeks to leach out the sugars. After that the wet bamboos are 

air-dried under shade. Air drying is necessary before using the bamboo as reinforcement for preventing 

 

 
 

 

 

 

contraction and shrinkage because it may contain 50-60% moisture content depending on the season, 

area of growth and species. Usually, one or two weak is used for full air drying (Janseen, 2000). During 

cutting great care should be taken not to split the specimen, because splitting will result in continuous 

tearing of fiber. Bamboo sticks are cut according to the size of the specimen and allowed to dry and 

again season for 30 days. When seasoned bamboo either split or whole is used as reinforcement, it 

should receive a waterproof coating to reduce swelling when in contact with concrete. Without some 

type of coating, bamboo will swell before the concrete has developed sufficient strength to prevent 

cracking and the member may be damaged. A dip coat of asphalt emulsion is used in this study shown in 

Fig. 2. 

Diaphragm Ring Node 

Node 

Inter-node 

Cavity Clum 

Fig. 1: Various parts of Bamboo culm 
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Tensile test of bamboo sticks 

Bamboo sticks are generally more popular than whole culms in construction works. In order to conduct 

the tensile strength test, bamboo stick samples are cut of 750 mm length and around 25 mm width 

shown in Fig. 3. The first set of tensile tests was conducted on bamboo samples having without node, 

second set of tensile test was conducted on bamboo sticks having single node at middle and third set of 

tensile test was conducted having node at L/4 distance. These all three sets are taken as single seasoned; 

also another set is taken doubly seasoned. Specimen was placed in Universal Testing Machine (UTM) 

and tensile load was being applied until failure. During these tensile tests, all tensile specimens were 

failed at node point. The maximum tensile strength is obtained for the sample having node at L/4 

distance and tensile stress is increasing 6.4% in double seasoned stick than single seasoning shown in 

Table 1. 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3: Tensile strength test of bamboo sticks (a) bamboo sticks (b) testing under UTM machine  

 (a)    (b)   

Fig. 2: Preparation of bamboo sticks (a) Seasoning (b) Air drying (c) Asphalt emulsion coating 

 (a) Seasoning   (b) Air drying   (c) Asphalt emulsion coating 
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Table 1: Tensile stress of bamboo specimens 

Seasoned 

type 

Specimen 

type 

Sample no. Average Area 

(mm2) 

Ultimate load 

(kN) 

Stress (MPa) Average Stress 

(MPa) 

Single 

seasoned 

Without 

node (S1) 

1 177 22 124.30 

118.5 2 174.33 22 126.20 

3 200 21 105.00 

Middle 

node (S2) 

1 185 19 102.70 

116.72 2 197 23 116.75 

3 153 20 130.71 

Node at L/4 

(S3) 

1 148.33 20 134.83 

132.84 2 162 21 129.60 

3 141.67 19 134.11 

Doubly 

seasoned 

Node at L/4 

(S3) 

1 154.5 22 142.39 

141.31 2 147 21 142.86 

3 137 19 138.67 

 

Preparation and testing of beam and slab 

In this research, three types of beam were used namely plain concrete beam, singly reinforced beam and 

doubly reinforced beam having same dimensions. In plain concrete beam, no bamboo stick was used. 

Three bamboo sticks were placed at the bottom with 25 mm clear cover in singly reinforced beams. 

Similarly, three bamboo sticks were placed at the top and bottom with 25 mm clear cover in the case of 

doubly reinforced beams shown in Fig. 4. When placing the bamboo, the top and bottom of the stems 

were altered in every row and the nodes were staggered. This ensured a fairly uniform cross-section of 

the bamboo reinforcement throughout the length of the member, and the wedging effect was obtained at 

nodes increased the bond between concrete and bamboo. After 28 days curing, beam was carefully 

placed under the testing machine (UTM) and supports were placed at the measured location of 100 mm 

inside from each end. Dial gauges were also provided at mid-span to calculate the deflection. After 

placing the beam, one point loading at the mid-span of the beam was applied gradually by controlled 

pumping unit. The deflection of the beam at mid-span was measured at regular interval of loading 

shown in Fig. 5.  

 
 

 

 

             

 

  

Fig. 4: Dimensions and cross-section of sample concrete beam 
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Also two identical two way slabs were used in dimension 1200 mm length, 750 mm width and 150 mm 

depth. Clear cover 25 mm is provided and bamboo reinforcements having uniformly spaced from center 

to center are ensured. After 28 days curing, slabs are tested under the universal testing machine (UTM). 
Dial gauges were also provided at mid-span to calculate the deflection. After placing the slab, line 

loading along length at the mid-span of the beam using I-beam was applied gradually by controlled 

pumping unit shown in Fig. 6.  

 

RESULTS AND DISCUSSIONS 

Load-deflection curves of bamboo reinforced concrete beams are shown in Fig. 7. The ultimate load 

carrying capacity of plain concrete beam, singly reinforced with single seasoned (SB-SS), singly 

reinforced with double seasoned (SB-DS), doubly reinforced with single seasoned (DB-SS) and doubly 

reinforced with double seasoned (DB-DS) beam were found to be 32 kN, 66 kN, 67.5 kN, 88 kN and 89 

kN respectively. Also the corresponding deflections were 0.69 mm, 2.94 mm, 3.11 mm, 3.90 mm and 

3.92 mm respectively. From the test results, it can be observed that the maximum deflection of 

singly and doubly reinforcement beams are 4.5 and 6 times larger than the plain concrete beam 

respectively. Also in singly reinforced concrete beam (SB) the load carrying capacity is found about 

2.2 times and in doubly reinforced beam (DB) about 3.0 times more than the plain concrete beam (PB). 

The doubly seasoned (DS) stick can increase 3% flexural stresses and 6% tensile stress than single 

seasoned (SS) stick. The ultimate load carried by slab is 78 kN with corresponding deflection 2.17 mm 

shown in Fig. 8. Flexure failure was occurred in each slab. From the test conditions, bamboo can 

potentially be used as substitute for steel reinforcement with treatment to control water absorption and 

to increase the bond. Steel reinforced concrete structures built in the past 30 years can reveal serious 

deterioration caused mainly by the corrosion of the steel reinforcement. Ghavami (2005) tested the 

bamboo reinforced beam, after that it has been exposed in open air climate. It can be observed that the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

bamboo sticks of the beam reinforcement, treated against insects as well as for bonding with concrete, is 

steel satisfactory condition after 15 years. Therefore, the durability analysis shall be done before 

Fig. 5: Flexural test of beam 
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Fig. 7: Load-deflection curve of bamboo reinforced 

concrete beam 

Fig. 8: Load-deflection curve of bamboo reinforced 

concrete slab 

Fig. 6: Flexural test of slab 
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employing it in important construction. Tensile strength of the bamboo shall be tested before designing 

structural members as it varies on soil condition, topography, water table, water absorption etc. 

 

CONCLUSIONS  

For developing country like Bangladesh, the cost of housing is a major concern to the poor or, 

low-income people. Steel is mainly used as reinforcement which is very costly. Scientists and engineers 

are seeking for new materials as substitute of steel, the idea of using bamboo as reinforcement has gain 

popularity due to cheap, natural and also readily available. From test results, the load carrying capacity 

of singly bamboo reinforced concrete beam is increased about 2.2 times and that for doubly bamboo 

reinforced beam about 3.0 times than plain concrete beam having same dimensions. The ultimate load 

carried by slab is 78 kN with corresponding deflection 2.17 mm.The doubly seasoned bamboo sticks are 

more effective than single seasoned bamboo sticks. Tensile strength of bamboo is good enough. 

Bamboo is week at node section and major failure occurs at node point. In the green material concept, 

the replacement of steel reinforcement can be possible by using bamboo for low cost construction. 

Moreover, there is a need to establish more characteristic strength of bamboo for design purpose based 

on experimental and rigorous statistical analysis.  
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ABSTRACT 

In order to make the structure safe during seismic vibration, the structure can be strengthening by 

using different kinds of bracing system. If ordinary brace is used for this purpose, it will be buckled 

under lateral compressive load. This study will investigate the performance of the cylindrical wedge-

type non-compressive bracing system. The whole experimental investigation has been done into two 

phases: in the first phase only uniaxial test has performed. In the second phase, the test has been 

performed by applying cyclic load through the hydraulic actuator on a half portal frame. The 

cylindrical wedge grip worked properly under compression by releasing the sacrificial steel, which 

prevent buckling of steel core. The hysteretic loops from tension load are not stable in size and slope 

even the same load. It is anticipated that non-linearity from the device itself or from the gripping 

device of the universal testing machine may cause this unstable hysteresis. The developed device 

needs some improvement to use in the inclined configuration. Pre-loaded spring as well as the 

improvement in steel casing for perfect alignment of both wedge and steel core might resolve problem 

from inclined configuration. 

 

Keywords: Cylindrical; wedge-type; non-compressive; bracing system; buckling 

 

INTRODUCTION 

In the present world, building of high rise structures is a common trend not only in the developed 

country but also in the developing country. Tall buildings had changed the scenario of the landscape 

of the major cities in the world. The main problem of Tall structures is normally susceptibility to 

earthquake and wind. It is noticeable that the life safety purpose has been served in conventional 

structural configuration at the cost of property loss or repair. As the demand of the tall building is 

increasing day by day, some advanced technology should be implemented in the design methodology. 

After Kobe earthquake a survey has been done on the damage of structural members and connections 

with respect to structural type. Damaged structures are classified as having resisting braced or 

unbraced frames. Di et al. (2009) mentioned that from the survey it had been confirmed that majority 

of damaged buildings had unbraced moment frames (MRF) as earthquake resistant system.  

Tremblay (Tremblay, 2002) observed that under a severe earthquake, a nonlinear response generally 

initiated when the compressive force in one of the braces reached to its ultimate value and buckling of 

that brace occurred. In other words, the main problem that is faced by conventional bracing is the 

buckling during compression. However, the members that act only in tension and moves freely in 

compression also decrease the effectiveness of the system. It is because until it reaches the start of the 

compressive point there is not that much buckling compressive strength. For this reason, Golafshani et 

al. (2006) suggested the development of such type of bracing mechanism that could endure tensile 

force every time with a resisting stiffness against earthquake excitation. 

In this study, therefore the main focus will be not only on the mitigation of the problem associated 

with conventional bracing system but also on the behavior of tension only bracing member. 
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METHODOLOGY  

The method of doing test of this research work has been influenced by the technique of prestressing at 

which a small chuck plays main part to achieve goal. The strand chuck is also known as wedges, 

grippers and lock off. 

PREPARATION OF THE TEST ASSEMBLAGES FOR THE TEST 

Cylindrical wedge-type non-compressive device 

The Cylindrical wedge-type non-compressive device has three parts (i) Conical shaped Grip (ii) Outer 

cylinder (iii) Cover of the cylinder. 

                                                        

Fig. 1: (a) Outer cylinder (b) Cross sectional view of Cylinder with wedge grip (All dimensions are in 

cm) 

Sacrificial Bar 

For the UTM test, a 12mm diameter rod reduced to 9mm diameter in the yielding part has been used. 

Total six numbers of specimens are with this dimension. For the top part 27mm diameter bar with 

12mm groove of 6cm length has been used as an adapter. From the top edge of 12mm bar 6cm length 

is threaded to screw inside the adapter rod. 

                        

             Fig. 2: Schematic diagram of specimen for uniaxial test(All Dimensions are in cm) 

Loading protocol for testing 

Since no specified loading protocol has been depicted in the past research for non-compressive 

bracing system, loading provision for BRB in Fema-450 has been chosen to do the final test. 

Instrumentation 

For the instrumentation purpose, load cell of capacity 50 ton, LVDT and strain gages were installed to 

measure force, the linear displacement and strain respectively. Strain gages are put at 5cm, 20cm and 

35 cm from the bottom portion of yielding part. According to this placement, the strain gauges will be 

introduced in this report as top, middle and bottom strain gauge respectively. Finally all the 

instruments were connected to the data logger to record the respective data. 
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Testing 

After completing all the arrangement shown in figure 3, displacement control test has done following 

the loading protocol. Total six specimens have been tested by universal testing machine. This whole 

process has been controlled from the observing data of data logger. Among six, three specimens have 

been tested till rupture. 

                                              

                Fig. 3: Test set up for uniaxial testing at Structural Engineering laboratory at AIT 

 

Brace for actuator test 
For the actuator test, 27 mm diameter rod reduced to 16mm diameter in yielding part has been used as 

bracing. Two piece of specimen are connected with a coupler. Only one specimen has been subjected 

to the test with hydraulic actuator.  

 

                                                              (a) 

 

                                                              (b) 

Fig. 4: Specimen for test with actuator (a) upper part (b) lower part (All Dimensions are in 

cm) 

Coupler 
To avoid the yielding in the coupler, the area of the coupler kept higher than the expected yielding 

zone of 16mm diameter portion. The thickness of the coupler is 12mm and outer diameter is 51mm. 

Total length of coupler is 10cm.  

Steel plate 

For the test with actuator, two steel plates are used. Between these two plates, one is used as gusset 

plate and another one is used as connector with the hinge support. Both plates are 10mm thick. 
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                                    (a)                                                                                          (b) 

                             

                                                                    (c) 

Fig. 5: (a) 12mm thick coupler (b) Gusset plate  (c) Steel plate for using at the lower portion of 

bracing  

 
Set up of Test Assemblages for second phase of final test 
The specimen has been subjected to quasi-static cyclic loading. Lateral load was applied at two (2) 

meter height from the center of the hinge pin by a hydraulic actuator with capacity of 30ton. All 

components in the frame are consisted with W250x76.0 kg/m. The frame is supported by a hinge. The 

brace has been connected to the gusset plate with help of two steel plates (figure 3). Both the steel 

plates were bolted in such a way that the outer cylinder of the energy dissipating device can be fit well 

in between. A clearance length of cm 15% of the yielding length of brace has been kept between the 

gusset plate and brace to restrain the brace from hitting the gusset plate. The another end of the brace 

has been welded with a steel plate of thickness 10mm and thus the plate has been connected to 

another hinge support. 

                  

                Fig. 6: Set up of brace with frame at Structural Engineering laboratory at AIT 

Instrumentations 

Instruments were installed in order to measure the force, the displacement and the strain occurred 

during testing. LVDT has been placed at the tip of steel beam. Strain gages are placed at five 

positions. From the edge of top yielding part strain gages are provided at 5cm, 20 cm, and 36 cm 

distances. From the bottom edge of yielding part at 5cm and at 20 cm distance strain gages are 

provided.  
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Test 

After completion of the erection of the test assemblages the alignment has been checked. Then, the 

displacement transducers and the strain gages were connected to the data logger. Respective 

Coefficients of each LVDT, strain gage and load cell were adjusted to the data logger. All channels of 

the strain gages were checked to ensure that data were recorded to the data logger. Before starting the 

test, a zero reading was taken for all devices, except data from the actuator load cell.The lateral load 

implemented by the actuator to all assemblages according to the predetermined story drift. Steps of 

the movement in each story drift were divided into four steps. A movement to a peak backward 

position is termed as step one. At this time test assemblage was pushed by the actuator. In the same 

manner, step three was a movement to a peak forward position. In this case the, assemblage was 

pulled by the actuator. At Step two and four the assemblage returned to the initial position. 

 
RESULTS AND DISCUSSIONS 

Discussion on results got from the test with Universal Testing Machine (UTM) 

Hysteretic Behavior 

The behavior of the steel specimen under both tensile loading and cyclic axial loading perceived from 

the test can be explained from the force-displacement response diagram (figure7a). The steel core did 

not exhibit general hysteretic behavior. For example, the hysteretic loops from tension load observed 

in the experiment are not stable in size and slope even the load are same. It is anticipated that non-

linearity from the device itself or from the gripping device of the universal testing machine may cause 

this unstable hysteresis. Moreover, the specimen did not subject to any degradation of stiffness 

because of lateral deformation due to compression with the increment of displacement amplitude. In 

this research work, the slope of the hysteresis curve just after compression depended on the locking 

efficiency of both developed and existing UTM’s lower grip. 

 

Stress-Strain relationship 

The entire specimens showed linear behavior with in the elastic range and after yielding there were 

some non-linearity in behavior of steel which was obvious. From the stress-strain diagrams (figure 

7b) it is reflected the fact that during compression the grip unlocked properly as there was no negative 

strain values except the Poisson’s strain values at the very beginning. The stress-strain diagram of the 

specimens underwent cyclic axial loading, did not show any compressive strain. It exposed the fact 

that the specimen did not suffer through any local buckling or fracture because of non-compressive 

device. 

 
Fig. 7: (a) Force-displacement response of specimen (b) Stress-strain diagram of specimen 

                                                          

Discussion on results got from the test with hydraulic actuator:  

Final test has been performed by hydraulic actuator of capacity 30ton.After completing first step (6 

cycles) of FEMA loading protocol it has been noticed that the recorded data of loading was very 

smaller than expectation as the developed grip did not hold the brace in tension. 
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Fig. 8: Force - displacement response for 6 cycles of 5.3mm displacement 

CONCLUSIONS 

The integrated intent of this research work is to develop a non-compressive device to disengage 

compression from bracing system. To verify the performance of the developed wedge-type grip, the 

entire experimental process has been divided into different phases. On the basis of the experimental 

results, the following conclusions can be drawn: 

1. The cylindrical-wedge type compression free hysteretic energy dissipative device was 

experimented through various loading protocol and exhibit steel hysteretic behavior over steel 

plasticity under tension load. The device worked properly under compression by releasing the core 

plate (sacrificial steel), which prevent buckling of steel core. 

2. The hysteretic loops from tension load observed in the experiment are not stable in size and slope 

even the load are same. It is anticipated that non-linearity from the device itself or from the gripping 

device of the universal testing machine may cause this unstable hysteresis. 

3. The device, developed in this research, cannot be used in the inclined configuration since the 

orientation of wedges is affected by gravity. Pre-loaded spring to keep the wedge in place might help 

resolve the problem. Furthermore, the steel casing which keeps the core steel in proper alignment 

might resolve problem from inclined configuration. 
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ABSTRACT 

The casting of concrete may be delayed from the time of mixing due to many reasons, which can 

affect the compressive strength of concrete. This investigation showed that loose the casting delay 

causes considerable variation of the compressive strength of concrete. A large number of 4” inch by 

8” inch cylinders have been cast for this study. The cylinders were cast at different times after mixing 

with water. The cylinders were tested at different dates to see the effect of curing time and age on 

compressive strength of concrete. OPC has been considered in this study for the testing compressive 

strength of concrete. The results of this study indicate that casting delay of concrete does not decrease 

the compressive strength rather it helps to enhance the strength. This investigation has been made for 

W/C ratio of 0.5 and 0.6 respectively. Results are quite encouraging which may invite interest to the 

researchers for further study by involving more parameters. 

 

Keywords: Concrete; workability; compressive strength; water-cement ratio; mechanical properties; 

time independence; the strength of materials. 

 

INTRODUCTION 

Concrete industries and especially ready mixed concrete industries are faced with a common problem 

is known as casting delay, which usually results in a considerable loss of workability, so that concrete 

may be unworkable. Delay in the production and delivery of ready-mixed concrete is inevitable, 

which is influenced by the location of construction sites in relation to the central batching plant and 

traffic conditions on the route. On the other hand, improper methods of handling, lack of site 

organization, work scheduling, and breakdown of equipment are some other causes of unexpected 

long delays. So in this research, it is tried to investigate the relation between casting delay 

compressive strength of concrete.  

 

Most of us have a silly notion that the delay of the casting of concrete causes reduction of strength 

significantly. For this they try to place the concrete as soon as possible otherwise concrete may be 

unworkable. If delay casting is unavoidable, which causes a considerable loss of workability it is a 

common practice in our country to add some water into the concrete mix. The addition of extra water 

is known as Re-tempering with water. That is why it is required to know the effect of Delay casting of 

concrete and re-tempering with water on strength. Gonnerman and Woodworth investigated re-temp 

that it was a harmful practice as the strength is lowered due to increase in w/c ratio of the re-tempered 

mix. 

 

By studying the behaviour of concrete made with locally available Ordinary Portland cement (OPC) 

casting both before and after initial setting time with two different water-cement ratios(0.6 or 0.5), 

anyone can create a general scenario of the strength gain characteristics of concrete. And which will 

be helpful for the construction planning of building construction spatially for ready mixed concrete 

industries? This will give idea how much strength will be reduced if water is added after initial setting 

time because sometimes people of our countries are used to add extra to increase workability of 

concrete 
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METHODOLOGY  

The properties of different ingredients of concrete (coarse aggregate, fine aggregate, and cement) 

would be tested. Then the amount of different ingredients of concrete for the target compressive 

strength of 3000 psi and 4000 psi would be calculated by ACI mixed design method of concrete of 

ordinary Portland cement (OPC).Concrete cylinders would be cast using OPC for two different target 

design strengths. The cylinder would be cast after a certain interval. Additional water would be mixed 

with 3 initial setting times. The sample would be cured continuously until they are tested. The 

compressive strength of concrete samples would be tested at 7 days, 14 days and 28 days of age of 

concrete. The graph would be plotted showing the compressive strength of concrete with age which 

would represent the compressive strength variation of concrete made with OPC at different delay 

casting of time. Also, the compressive strength variations of tempering with water would be studied. 
 

Different physical properties of both fine and coarse aggregate would be tested according to ASTM 

codes. Fineness modulus, Unit weight and specific gravity of coarse aggregate would be performed 

according to ASTM C136, ASTM C29, and ASTM C127 respectively. Fineness modulus, bulk 

specific gravity and absorption capacity of fine aggregate would be performed according to ASTM 

C136 and ASTM C128 respectively. Normal consistency, initial and final setting time the direct 

compressive strength of cement mortar would be tested according to C 187, C191 and C109 

respectively. Concrete testing is done by several steps such as preparation of mold, use of the batch 

mixture, controlled time of mixing, Placing and compacting the mixture, Vibration of concrete, 

Casting of concrete, Curing of concrete, Compressive strength test of concrete and finally calculate 

the compressive strength of concrete. 
 

RESULTS AND DISCUSSIONS 

This study gives a general scenario of the strength development characteristics of concrete made with 

locally available Portland composite cement (PCC). These finding will be useful for design and 

construction planning of concrete structure especially for ready mix concrete industries for calculating 

the transportation time on the basis of delay casting time. My findings of this investigation are 

described in graph below: 
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Fig. 1: (a) compressive strength vs. Time of curing (days); (b) compressive strength vs. Casting delay time(for 

w/c ratio 0.5); (c) compressive strength vs. Casting delay time(for w/c ratio 0.6). 

 

By analysing those graph we observe the following behaviour: 

1) Graph (a) indicates that with the increase of water cement ratio compressive strength 

increases.But we know up to a certain value of water cement ratio compressive strength 

increases after that compressive strength decreases with the increase of water cement ratio. 

2) Graph (b) and (c) indicates that with an increase in casting delay time the strength of 

concrete increases (after an initial setting time until it cast). But after an optimum time, the 

strength of concrete begins to decrease. 

 
CONCLUSIONS 

From the experimental investigation based on general and comparative study of cylinder compressive 

strength at different time and different age of two fixed w/c ratios, following conclusion can be drawn 

 In the general compressive strength of concrete made with Ordinary Portland cement (OPC) 

increases due to casting delay (0 min, 30 min, 60 min, 120 min) up to an optimum time. 

(Initial setting time) 

 In general, the casting attains maximum strength at 60 min. Casting delay time after which the 

strength starts decreasing. 

 With the increase in W/C ratio compressive strength of concrete decreases 

 

 

(a) 

(b) (c) 
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ABSTRACT 

Concrete strength is considered as a function of water to cementitious materials (w/c) ratio, 

aggregates quality, admixtures and proper quality control. But the properties of cement such as 

cement ingredients and fineness also affect the strength and workability of concrete. In this research, 

total of four concrete trial mixes with different amount of fly ash were prepared and investigated for 

45 days in which fly ash was used as the replacement of Ordinary Portland Cement (OPC) and other 

parameters were kept constant. The experimental results showed that the strength gaining rate (SGR) 

for concrete containing 100% OPC is higher at early ages and almost negligible at later ages.  On the 

other hand, SGR of concrete containing 25% fly ash and 75% OPC is higher at later ages rather than 

at early ages. It is interesting to note that fly ash content more than 25% significantly decreases the 

concrete strength and workability. In industrial application where early strength is not a primary 

requirement, 25% fly ash as an admixture of OPC is recommended as materials cost, workability and 

compressive strength consideration. 

 

Keywords: Fly ash; OPC; strength gaining rate; mineral admixture 

 
INTRODUCTION 

In the year of 1950s, ready-mixed concrete with design strength of 35 MPa was considered as HSC. 

The increased use of chemical and mineral admixtures in the decade of 1960s quickly led to 

significant increases in attainable compressive strength and in the 1960s, 41 MPa and 52 MPa 

concrete were produced commercially. In the early 1970s, 62 MPa concrete was produced. Today, 

compressive strengths approaching 138 MPa have been used in cast-in-place buildings. Laboratory 

researchers using special materials and processes have achieved compressive strength of concrete in 

excess of 800 MPa [Schmidt and Fehling, 2004]. 

The major difference of HSC from conventional concrete is essentially the use of Supplementary 

Cementitious Materials (SCM) or mineral admixtures. The Supplementary Cementitious Materials 

physically act as a filler to decrease the average size of the pores in the matrix of HSC [Safiuddin and 

Zain, 2006] which is known as micro filling. Most of the SCMs contribute to increase the strength of 

HPC due to enhanced cementing efficiency resulting from secondary hydration or pozzolanic reaction 

[Safiuddin, 1998; Safiuddin and Zain, 2006]. Some of the SCMs are Fly Ash (type-F, type-C), Silica 

Fume, Ground Granulated Blast-furnace Slag (GGBS), carbon black powder, and anhydrous gypsum 

based mineral additives. Most widely used SCM for HSC are obtained as industrial by-products.  

Fly ash reduces the water demand and thus improves the workability of concrete. In contrast, Silica 

Fume and rice husk ash increase the water demand due to lower particle size and excessive surface 

fineness and thus decrease the concrete workability for given water content but increase density of 

concrete mix [Safiuddin and Zain, 2006]. The content of Silica Fume differs from 3% to 30% by 

weight of cement depending on the strength and durability requirements. However, the practical and 

economical optimum content of Silica Fume is chosen toward 10% to 15% due to high cost and 

workability problem encountered in fresh concrete [De Larrard and Malier, 1994]. Class C Fly Ash 

has been used with a content varying from 20 to 40% [Ellis, 1992] whereas the content of Class F Fly 

Ash is usually limited to 15% to 25% and the GGBS is in the range of 30% to 50% in HSC 

[Safiuddin, 1998; Safiuddin and Zain, 2006].  
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The chemical admixtures used for HSC are mainly Water Reducer (WR), High Range Water Reducer 

(HRWR) or super plasticizers. Sometimes to increase the setting time, retarder is also used. HRWR 

can reduce the quantity of mixing water in the range of 12 to 45% [Safiuddin, 2008; ASTM C 494/C 

494M-99a, 2002]. Very high dosage of HRWR might cause segregation and bleeding, delayed setting, 

plastic shrinkage, and air entrainment in fresh HSC and may delay cement hydration. The dosage 

limit of liquid HRWR for HSC generally varies from 5 to 20 l/m3, but dosage limit should be higher 

for hot weather than cold weather [Aïtcin et al., 1994]. 

The plasticizing effect and water reduction will be higher if HRWR or WR are mixed with damp 

concrete [ACI 211.4R-93, 1998]. According to Canadian Association’s Preliminary Standard A 

266.5-M 1981, tests have shown that HRWR is most effective and produce the most consistent results 

when added at the end of the mixing cycle after all the ingredients have been introduced and 

thoroughly mired.  

 

Following are the objective of this study: 

 

1. To investigate the parameters that affects the strength of concrete and finding the optimum 

Fly Ash content as ingredients  of cement that produce High Performance concrete. 

2. To develop a mix design with the above combination by trial and error procedures to achieve 

desired compressive strength and workability of concrete using locally available materials of 

Bangladesh. 

3. To optimize the cost of concrete 

 

METHODOLOGY  

In this study, ingredients used were ½’’ L/C Stone (Table 1), Sylhet sand of FM 2.5(Table 2) , 

Ordinary Portland Cement (OPC), Class F fly ash (Table 3) and admixture named as Glenium ACR 

30 (JP) (Table 4)  which are locally available in Bangladesh.  The properties of materials such as 

specific gravity and absorption capacity of coarse and fine aggregates and crushing values of coarse 

aggregates are determined according to the procedure specified in ASTM C127, ASTM C128, ASTM 

C29 and BS 812.The graded aggregates, both fine and coarse aggregates, were washed and soaked in 

water for 24 hours and then air-dried to Saturated Surface Dry (SSD) condition before mixing with 

other ingredients. The proportioning of the materials was done according to British method of mix 

design. The mixer machine (rotating drum) was used for mixing the various constituents of concrete.  

The ingredients were fed into the machine into three layers. In the first layer one-third of estimated 

sand, cement, and coarse aggregate fed into the mixer machine and 30 sec time was allowed to mix 

the ingredients thoroughly. Simultaneously other two layers of ingredients fed into the machine and 

30sec time was allowed for each layer to mix thoroughly. After the ingredients were mixed 

thoroughly about 70% of the water was poured in the machine then 60 sec time was allowed for the 

mixing of all three layers.   Remaining 30% of the water was mixed with admixtures and then it was 

fed in the mixer machine with damp concrete and allowed to mix about 40 sec. If the admixture is fed 

with dry mix, it will not mix thoroughly with other ingredients. When mixing was completed, the 

mixtures were poured on a large tray. The workability of the fresh concrete was measured with a 

standard slump cone immediately after mixing. The test specimens were cast in steel mold of 100 x 

200 mm cylinders. The concrete was poured into the mold in three layers each layer being compacted 

approximately 20 sec with a vibrator nozzle. After compaction of the third layer the upper surface of 

the concrete was levelled. Precautions were taken to avoid over compaction which leads to 

segregation of concrete. The test specimens were demolded 24 hours after casting and cured under 

water for 3, 7, 14, 28 and 45 days. Three cylinder of each strength level were tested after 3, 7, 14, 28 

and 45days. Concrete Compressive strength was performed on the cylinder at least after three hours of 

removal from the curing tank. Crushing strength was performed on the cylinder at least after three 

hours of removal from the curing tank. Load was applied continuously till the cracks in the specimen 

were developed with a rate of 2.4KN/sec according to ASTM C31. Casting procedures used in this 

study are shown in Figure-2. 
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Table 1: Properties of Coarse Aggregate 

 

                  Properties ½ ″ LC stone 

Bulk specific gravity (oven dry basis) 2.638 

Bulk specific gravity (S.S.D basis) 2.652 

Crushing value (%) 25 

Crushed/uncrushed crushed 

Absorption capacity (%) 0.57 

 

Table 2: Properties of Fine Aggregate 

Properties Sylhet sand 

Bulk specific gravity (oven dry 

basis) 

2.530 

Bulk specific gravity (S.S.D 

basis) 

2.579 

Apparent specific gravity 2.659 

Absorption capacity (%) 1.91 

Fineness modulus (FM) 2.5 
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Fig. 1: Particles size distribution of fine aggregate 

 

Table 3: Properties of Fly Ash 

Properties Fly Ash Class F 

Pericles retained on 45μm sieve(%) 

basis) 

30% 

Specific Surface Area (m2/kg) 200-250 

Specific gravity 2.70 

 
Table 4: Properties of Admixtures 

Product information Glenium ACR 30 (JP) 

Specification Type ASTM C 494 Type F 

Polymer 2nd generation poly-carboxylic ether based 

Strength developments Very early strength gain 

Specific gravity 1.09±0.02 at 250C 

Addition rates (per 100 cement) 400ml to 1200ml at 250 C and dosage rate increase with 

temperature 

Compatibility Most of the POZZOLITH series products including 

POZZOLITH 55R 
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Table  5:   Proportioning of Ingredients used to produce 1m3 of concrete (Density=2400 Kg/m3) 

Batch-

ID 

Fly Ash 

(%) 

Design 

Strength 

(28 days) 

(MPa) 

Ingredients used to produce 1m3 concrete 

Cement 

(Kg) 

Coarse 

Aggregate 

(CA) 

(Kg) 

Fine 

Aggregate 

(FA) 

(Kg) 

Free 

water 

(Kg) 

Admixture 

(Kg) 

w/c 

ratio 

A 0 80 636.4 990.90 633.00 140 8.30 0.22 

B 15 80 540.6 990.90 633.00 140 8.30 0.22 

C 25 80 467.15 990.90 633.00 140 8.30 0.22 

D 30 80 445.48 990.90 633.00 140 8.30 0.22 

 

 
  Fig. 2: Casting of Cylinder Specimens 

            

 
ANALYSIS OF RESULTS  

In this section the experimental results of slump values and compressive strength of concrete 

for each trial mixes are represented.  
Table 6: Slump values and compressive strength test results of concrete 

Batch-

ID 

Fly Ash 

(%) 

Design 

Strength(28 

days) 

(MPa) 

 

 

 

         Experimental results of cylindrical concrete specimen 

             Compressive strength (MPa) Slump values 

(mm) 
3 days 7 days 14 days 28 days 45 days 

A 0 80.00 70.97 75.38 77.84 83.41 84.10 75 

B 15 80.00 38.87 47.82 55.87 63.85 69.24 100 

C 25 80.00 38.00 47.33 58.33 62.28 82.23 125 

D 30 80.00 33.00 40.35 45.67 50.66 60.00 150 
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Experimental result revealed that with the increment of fly ash content in concrete there was a 

significant increase in the workability. On the other hand, this increased amount of fly ash exhibited 

almost same compressive strength of concrete as that of prepared using only OPC at the latter stage 

(45 days) up to the optimum content (25%) of fly ash. It is mentionable that this phenomenon is due 

to the pozzolanic reaction of fly ash with cement.  

 

Compressive Strength: 

 

From Figure-3, it is observed that all four  trial mixes (Batch-A, B, C and D)  of concrete were mixed 

with same materials as shown in Table-1, 2,3, and 4 except  but the amount of Fly Ash varies. 

Moreover, these Batches were designed with 28 days compressive strength of 80 MPa but after 

experimental investigation it was not achieved. Followings are the sources of deviations: 

1. Aggregate Size was not used as specified in the mix design. ½ inch downgrade aggregates was 

used. 

2. According to design, the specified cement type was Type-1 Ordinary Portland Cement (OPC) 

but in the all three fly ash was also used which provides lower strength at early age due to the 

pozalonic reaction of fly ash with cement. 

3. Designed aggregate properties and used aggregate properties were different. 

4. Gradation of Fine aggregate was not fully matched with the Specified (ASTM 136). 

 

Workability: 

The workability of concrete as slump (in mm) is shown in Figure-4, slump values of concrete increase 

as the % of Fly Ash were increased, and thus workability of concrete also increases.  
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CONCLUSION 
I) Due to the POZALONIC reaction of Fly Ash with cement, it has lower strength at early age and 

higher at later age than Ordinary Portland Cement concrete. On the other hand, incorporation of Fly 

Ash as partial replacement of Ordinary Portland Cement increases the workability and decrease the 

materials cost of concrete. 

II) Proper gradation of aggregate having smaller inter-particle voids, smaller size aggregate and 

appropriate compaction increase the strength of concrete 

III) With the increase of cement contents the strength of concrete also increases.  

IV)Lower water-binder ratio along with High Range Water Reducer and retarder are essential to produce High Strength Concrete. 
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ABSTRACT 

World is producing a huge amount of waste glass, that is an environmental concern. These waste glass 

provide an available resource for potential use in concrete by partially replacing coarse and fine natural 

aggregates. The objective of this study was to test the fundamental properties of concrete that utilized 

15%, 30%, 40% and 50% waste glass as a partial replacement for coarse and fine natural aggregates in 

conventional concrete. This study also compared the results with conventional concrete. The outcome 

of this research demonstrate that waste glass has negative impact on the compressive strength of 

concrete. On the other hand, waste glass improve resistance against chloride ion penetration and lesser 

the water sorptivity compared to the conventional concrete.   

  

Keywords: waste glass; concrete; strength; chloride ion penetration and water sorptivity. 

 

INTRODUCTION 

The generation of waste is vastly increased due to rapid growth of population and industry. So, 

worldwide recycling of waste materials has become a serious issue (Taha and Nounu, 2009). 

Numerous efforts have been made within the concrete industry to use waste glass (WG) as a 

partial replacement for natural aggregates or ordinary portland cement (OPC), with work using 

crushed WG as a concrete aggregate first being published in 1974 (Johnston, 1974). Numerous 

research works were performed to examine the opportunity of reusing waste recycled glass in 

concrete and construction industry as alternative solution to reduce the generated bulk of 

mixed-color waste recycled glass, and establish solid ground for clear understanding and 

further investigation (Dhir et al., 2004; Jin et al., 2000; Shayan and Xu, 2003). Most of the past 

research on the use of glass aggregates in concrete engrossed on the mitigation of the 

deleterious alkali-silica reaction (ASR).  

Due to the strong reaction between the alkali in the cement and the reactive silica in the glass, 

the use of glass in concrete has been previously found to not be satisfactory due to excessive 

expansion and strength loss (Almesfer and Ingham, 2014). This effect of alkali-silica reaction 

(ASR) can be mitigated by using 20% fly ash of weight of ordinary Portland cement (Wright et 

al., 2014).  

This paper investigated the effect of partially replacement of coarse and fine aggregate by glass 

aggregate in conventional concrete, where Portland Composite Cement was the key binding 

material. The objective of this study was to test the fundamental properties of concrete that 

utilized 15%, 30%, 40% and 50% waste glass as a partial replacement for coarse and fine 

natural aggregates in conventional concrete. This study also compared the results with 

conventional concrete. 

 
METHODOLOGY  

One of the most important tasks of this study was collection of waste glass and preparation of glass 

aggregate. The main ingredient of study waste glass was collected from locally available glass stores, 

domestic wastes and wastes of construction work [Fig. 1]. The glass was crushed to sand size using a 

standard Los Angeles (LA) abrasion machine to obtain a fineness modulus similar to the natural sand 
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used in this study [Fig.2]. Although the FM is a rough estimation of consistency across mixtures, its 

simplicity evaluation provides a basis for quality control of workability (Mindess et al., 2003). The 

coarse glass aggregate [Fig. 3] was collected by separating from the crushed aggregate using a No. 4 

ASTM standard sieve. Crushed glass retained on N0. 4 sieve was used as coarse aggregate and passing 

material was used as fine aggregate. 

 

     
.                   Fig. 1: Collected Waste Glass                                Fig. 2: Fine Glass Aggregate 

 
Fig.3: Coarse Glass Aggregate 

 

The natural sand used in this thesis was locally available river sand, locally known as Sylhet sand, 

adhering to ASTM C33 (ASTM, 2011a), with a saturated surface dry (SSD)specific gravity of 2.4,water 

absorption 4.1% and fineness modulus(FM) of 2.9. The dry rodded unit weight of the natural sand was 

determined 1600 kg/m3. The glass sand adhered to the ASTM C33 (ASTM, 2011a) gradation and had a 

specific gravity of 2.6 and water absorption 0.00%. The FM was maintained at 2.9 ± 0.1. The glass sand 

also had dry rodded unit weight of 1795 kg/m3. The natural coarse aggregate used in this research was 

crushed stone chips adhered to the ASTM C33 (ASTM, 2011a) gradation as a #57 coarse aggregate 

with a dry rodded unit weight of 1495 kg/m3 ,SSD specific gravity of 2.73, and water absorption 0.70%. 

As mentioned earlier, coarse glass aggregate was separated from the crushed waste glass by using 

ASTM standard No. 4 sieve and then they were prepared to adhere  the ASTM C33 (ASTM, 2011a) 

gradation as a #57 coarse aggregate with a dry rodded unit weight of 1522 kg/m3 ,SSD specific gravity 

of 2.6, and water absorption 0%. 

 

Table 1: Proportion of concrete mixtures (kg/m3) 

Mix 

Identifier 
Cement 

Coarse Aggregate Fine Aggregate 

Water 
Glass 

Stone 

chips 

Natural 

Sand 
Glass Sand 

R0 364 - 930 777 - 200 

R15 364 140 790 661 117 200 

R30 364 279 651 544 233 200 

R40 364 372 558 466 311 200 

R50 364 465 465 389 389 200 
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In this study, total five batches of concrete were cast and all the mixture were designed for 4000 psi 

compressive strength at 28 days after casting. The proportion of different ingredients of concrete is 

given in Table 1. In the table R represent replacement and the lateral digits represents the percent of 

natural coarse and fine aggregate was replaced by glass aggregates.  Proportioning of concrete was 

performed according to ACI 211.1 and 100×200 mm concrete cylinder was cast and compacted 

according to ASTM C31 (ASTM, 2000) in two layers with 25-rod blows per layer.  

The uniaxial compressive strength of concrete was determined at 1, 3, 7 and 28 days after casting. Test 

for static elastic modulus was performed at 28 days and Rapid Chloride penetration test (RCPT) and 

water sorptivity test were at 90 days after casting. 

  

RCPT and Water Sorptivity Test 

The ability of concrete to resist penetration from aggressive elements (i.e., chloride ions) is key to the 

durability of reinforcing steel in concrete. 

 
Fig. 4: Schematic diagram of RCPT test 

 
Fig.5: Experimental Setup of RCPT test 

To evaluate the resistance of concrete against chloride penetration (RCPT), this test was performed on 

one specimen per mixture at the age of 90 days. Concrete cylinders 100×200mm in size were prepared 

and cut into 50mm thick disks from the center of the specimen. The test was performed according 

ASTM C1202 (ASTM, 2010). A schematics diagram of RCTP test and experimental setup of this test 

are shown in Fig.4 and Fig.5 respectively. 

Water sorptivity test of concrete was performed according to ASTM C1585 (ASTM, 2011b). For this 

test 50 mm thick disk from a 100×200mm concrete cylinder and they were kept at 60o C for three days. 

Then they were kept in atmospheric condition for 15 days.   
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Fig. 6: Experimental setup of water sorptivity test 

 

RESULTS AND DISCUSSION 

The compressive   strength gain curve for all five mixtures are presented in Fig. 7 and comparison of 

compressive strength is made [Fig. 8]   at 1, 3, 7 and 28 days after casting. All of the mixtures were 

designed for 4000 psi. None of the mixtures attained the designed strength 4000 psi except R 0, where 

no waste glass was used. The maximum strength gained 3755 psi for 30% replacement of natural 

aggregates by glass aggregates, which is 93.88% of the design strength. Minimum strength was found 

74.98% of designed strength for 50% replacement of natural aggregates 

 
Fig. 7: Compressive Strength Gain Curves  
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Fig. 8: Comparison of Compressive Strength 

Elastic modulus of concrete was determined at 28 days after casting. Maximum elastic modules was 

found 552 ksi for R50 mixture [Fig. 9], where 50% replacement of natural aggregate was made. On the 

other hand, conventional concrete (R0) attained 456 ksi which is less than that for R50. 

 
Fig. 9: Comparison of Static Elastic Modulus 

The result showed with the percentile increased of glass aggregate in concrete, the charge passed 

through concrete decreased [Fig.10]. The strength may reduce for a lower fracture toughness of 

glass particles and weaker bond between glass aggregates and cement paste. On the other hand with 

the increase in glass aggregates, increased resistance in charge passing. Waste glass also improved 

the water sorptivity of concrete than conventional concrete. 
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Fig. 10: Comparison of RCPT results 

 

Table 2: Results of sorptivity test 

Mix Identifier R0 R15 R30 R40 R50 

Initial sorptivity (10-4 

mm/s0.5) 
140 165 140 136 142 

Final sorptivity (10-4 

mm/s0.5) 
14 14 17 15 11 

 

The results of sorptivity test are presented in Table 2. The results showed that percentile increasing 

glass aggregates in conventional, bot initial and final sorptivity (rate of water absorption) decrease. So 

introducing waste glass aggregate in conventional concrete reduce water absorption thus increase 

durability. 

 

CONCLUSION  

This paper studied the effect of partially replacement of both natural fine and coarse aggregates by glass 

aggregate. Glass aggregate notably reduced the compressive strength of concrete. As concrete matures, 

the weaker bonding of glass aggregate to hydrated cement paste may become the weak link, which 

controls the compressive failure of glasscrete mixtures. Natural sand may allow for a better bond with 

cement paste given its greater surface roughness and moisture absorption capacity. On the other hand, 

considering durability performance glass aggregates have positive effect on conventional concrete. 

With percentile increasing glass aggregate in conventional concrete, RCPT and water sorptivity 

decreased. 
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ABSTRACT 

Bangladesh is situated in the seismic prone area on the world seismic guide. Existing fault lines are 

capable of producing moderate to high magnitude earthquake in Bangladesh. The Chittagong city is 

quite substantial to earthquake according to proposed seismic map of Bangladesh National Building 

Code (BNBC). Chittagong University of Engineering and Technology (CUET) is located about 27 km 

away from the center of the city. This study was carried out to identify the condition of existing 

structures of CUET in terms of seismic risk. Rapid Visual Screening procedure especially FEMA 154 

and Turkish two levels risk assessment procedures are applied to assess the seismically vulnerable 

buildings. A total number of 80 buildings are assessed in the first level investigation. Moreover, seven 

buildings (administrative and academic) were selected based on importance and considered in the 

second level investigation. Most of the buildings are found to be performed well during both first and 

second level assessments. 

 

Keywords: Assessment; CUET; rapid visual screening; risk; seismic vulnerability 

 

INTRODUCTION 

Bangladesh is located in the moderate seismic region in the world seismic map prepared by Global 

Seismic Hazard Assessment Program (GSHAP, 1992). The country is situated close to the boundary 

of two active plates: the Indian plate in the West and the Eurasian plate in the East and North. An 

earthquake of even medium magnitude on Richter scale can produce a mass graveyard in major cities 

of the country. For the existing buildings, it is important to identify the seismically vulnerable 

building before taking any strengthening measure. To survey all buildings in detail level is neither 

feasible nor possible. Rapid Screening Procedure is widely accepted before considering any structural 

detail level of investigation. Chittagong University of Engineering & Technology (CUET) region falls 

into zone 2 in Bangladesh National Building Code (BNBC 1993) with a seismic coefficient of 0.15 g 

and zone 3 with a coefficient of 0.28 g in the new seismic map. It has been felt necessary to prepare a 

structural database of existing buildings in CUET campus. The results of the current study will be a 

guideline in any future development plan. This study is carried out to assess the seismic safety of 

existing structures by considering rapid screening and preliminary approach. The first tire includes a 

simple walk-down assessment by visualizing the structural vulnerability parameters. In the second 

tire, buildings were assessed by checking structural integrity checks. 

This study aims at evaluating the structural vulnerability of existing buildings by means of multiple 

assessment techniques. The main objectives of this study are to assess the seismic safety of existing 

buildings and to provide a direction how to judge in a practical way whether the minimum safety 

requirements are fulfilled. 
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Fig. 1: Google map of CUET Campus 

 

METHODOLOGY 

Mainly two major types of structures are present at CUET. Reinforced Concrete (RC) Frame 

Structures with masonry infill wall and Unreinforced Masonry Buildings with the flexible diaphragm 

and Unreinforced Masonry Buildings with fixed diaphragm. To evaluate the seismic condition of the 

existing buildings, two methodologies were mainly used named R.V.S (Rapid Visual Screening) 

suggested by FEMA (Federal Emergency Management Agency) and Turkish simple screening 

procedure developed by Ozcebe et al. in 2006.  

 

The FEMA 154 methods assign a basic structural score based on lateral force resisting system of the 

building. Score modifiers are specified to take into account the effect of number of stories, plan, 

vertical irregularities, pre-code or post-benchmark code detailing and soil type. This approach enabled 

users to classify surveyed buildings into two categories: those acceptable as to “risk to life safety” or 

those that may be seismically hazardous and should be evaluated in more detail by a design 

professional, experienced in seismic design. Ozcebe et al (2006) developed seismic vulnerability 

evaluation methods that can be classified into three main groups. The first, the simplest level is known 

as “Walkdown Evaluation”. In this survey, major vulnerability factors are considered as soft story, 

heavy overhang, apparent quality, short column, pounding possibility and topographic effects.  

Evaluation of this first level does not require any analysis and its goal is to determine the priority 

levels of buildings that require immediate intervention. Preliminary assessment methodologies (PAM) 

are applied when more in-depth evaluation of building stocks is required. The procedures in the third 

tier employ linear or nonlinear analyses of the building under consideration and require the as-built 

dimensions and the reinforcement details of all structural elements. 

 

RESULTS AND DISCUSSIONS 

There are mainly two types of structures exist in CUET campus. Most of the buildings are 

Unreinforced Masonry (URM) structure with the flexible and rigid diaphragm. Rest of the buildings 

are RC frame (C3) structures with masonry infill. A total number of 86 buildings exist in the campus 

area of which 80 buildings are surveyed and analyzed. However, remaining 6 buildings which are 

found to be under construction are not taken into consideration. All of the buildings are less than 6 

storied. Figure 2 represents the number of buildings exists according to their story numbers. The 

figure illustrates that 92 percent buildings are less than 4 stories. Among the surveyed buildings, 68 

percent buildings are RC structures, 32 percent buildings are Unreinforced Masonry structure (figure 

3). 
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Fig. 2: Proportion of buildings according to no. of stories 

                            

Fig. 3: Building structural types and no. of stories 

 

Total buildings are classified into eight categories based on their purpose of uses. Figure 4 reflects 

existing building use categories in percentage. Majority numbers of the buildings were using for the 

residential purposes. Only 8 percent buildings are used for the academic purposes, 4 percent buildings 

are administrative and 1 percent buildings are emergency center. 

 
Fig. 4: Proportion of occupancy class of the buildings 

 

Level 1 Assessment 

First stage assessment is basically rapid screening procedure including Turkish tier 1 Walkdown 

Survey and FEMA 154 Rapid Visual Screening. The prior one is followed for the RC structures and 

later method is used to evaluate unreinforced masonry types of buildings. Turkish level 1 survey 

method is used for 26 RC structures. 

 

Turkish Walkdown Procedure 

In the Turkish level 1 survey, major vulnerability factors are surveyed and shown in tables and 

figures. Figure 5 represents the existing structural physical visible condition of the buildings in 

percentile form. Table 1 displays the relationship of the buildings apparent quality varies with 
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building number of stories. Figure 6 represents number of buildings present having short column 

effect. Table 2 shows short column presence with respect to different number of stories.  

 
Table 1: Apparent Building Quality 

 

No of Story Average Good Poor Total 
1 3 3 2 8 

2 5 2 0 7 

3 5 0 1 6 

4 3 0 0 3 

5 0 2 0 2 

Total 16 7 3 26 
 

Fig. 5: Proportion of Apparent Quality 

 
Table 2: Short Column Effect 

 

No of Story Identified Not Identified Total 

1 2 6 8 

2 6 1 7 

3 5 1 6 

4 3 0 3 

5 1 1 2 

 
17 9 26 

 

Fig. 6: Proportion of Short Column 

 

There are only two buildings which are identified as pounding possibility with each other. However, 

three parameters such as soft story, heavy overhang and topographic effects are not found in any of 

the surveyed buildings. From the level 1 survey, performance scores are calculated for each building. 

Table 3 shows the performance scores are obtained for RC buildings. The buildings having a score 

above 80 are classified as low risk building. The building having a score below 60 is considered as 

high risk buildings. The score ranges from 61 to 80 marked as moderate risk class. Table 3 represents 

level 1 performance score variations with different number of stories. 

 
Table 3: Summary of Performance Score (PS) 

Number of Stories PS < 60 60  PS  80 PS > 80 Total 

1  0  0  8 8  

2  0  0  7  7  

3  0  6 0  6  

4  3  0 0  3  

5  1  1  0  2  

Total  4  7  15  26  

 

Rapid Visual Screening 

FEMA 154 RVS can be applied for both structures. Turkish method can’t be applied for masonry 

structures, as a result, RVS is conducted for remaining 54 nos. masonry structures. Table 4 and Table 

5 shows the no. of buildings having RVS score modifiers plan irregularity and pre-code/post-

benchmark. The proportion of these modifiers are shown in figure 7 and figure 8. The modifier 

vertical irregularity is not considered as all the buildings are vertically regular. As the soil condition 

was unknown the soil type D is taken as a modifier as per FEMA 154 guideline. From the RVS 

procedure, final scores are calculated for each building. Table 6 shows the nos. of buildings require 

detailed evaluation based on cut-off score 2 suggested by the guideline. 
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Table 4: Plan Irregularity 

 

No of 

Story 
Irregular 

Narrow 

Rectangular 
Rectangular 

1 19 6 11 

2 0 0 3 

3 0 2 12 

4 1 0 0 

Total 20 8 26 
 

Fig. 7: Proportion of Plan Irregularity 

 
Table 5: Pre-Code and Post-Benchmark 

 

No of 

Story 
Post-Benchmark Pre-Code 

1 17 19 

2 0 3 

3 1 13 

4 1 0 

Total 19 35 
 

Fig. 8: Proportion of Pre-Code and Post-Benchmark 

Table 6: RVS Final Score Summary 

No of Story 
Detailed Evaluation Required 

Yes (Final Score  2) No (Final Score > 2) 

1 18 18 

2 0 3 

3 2 12 

4 0 1 

Total 20 34 

 

Level 2 Assessment 

Second level assessment is conducted for the RC buildings following Turkish Tier 2 guideline 

prepared by Ozcebe et al. in 2006. Seven buildings are analyzed based on building importance level in 

terms of building use. Academic and administrative buildings are preferred in this stage. Table 7 

represents the risk class for each building that is obtained from the Turkish level 2 analysis. The 

building integrity values are checked after taking detail structural floor sketch and preliminary 

assessment calculation. Finally Table 7 shows the risk class for each buildings that is obtained from 

the Turkish level 2 analysis. 

 

Table 7: Summary of assessment results and Risk Class in level 2 

ID No. Building Name Risk Group 

15 Dormitory Low 

57 EME Building Low 

61 Engg. Office Building Low 

63 CE Building Low 

65 Central Library Low 

66 Pre-Engineering Building Low 

68 Admin Building Low 
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CONCLUSIONS 

It is seen that most of the single story residential building configuration are somewhat similar. 

Therefore the obtained performance for single story residential URM represents similar results in first 

level assessment. It is observed that building performance score decreases with increase in number of 

story. All the buildings in second level assessment procedure lie in the low risk group. The overall 

findings are summarized in table 1. 

 
Table 8: Summary of findings based on first and second level assessments 

Level of Assessment First Second 

Assessment Approach 
Walk-down 

Procedure 

Rapid Visual 

Screening 

Preliminary 

Assessment Method 

Structural Type 
RC frame with 

Masonry Infill 

Unreinforced 

Masonry 

RC frame with 

Masonry Infill 

No. of Building Assessed 26 54 7 

High 04 20 0 

Moderate 07 - 0 

Low 15 34 7 

 

Among the applied methods, FEMA 154 covers all the structural types whereas Turkish method are 

limited to apply for RC frame buildings only in the first level of assessment. In FEMA 154, six 

parameters are dominated (mid-rise, high-rise, plan irregularity, vertical irregularity, pre-code, post-

benchmark and soil condition). Masonry buildings need to be assessed in details for more consistent 

results. This study contains basic structural vulnerability information which can be employed for any 

decision making in any future development work. As under construction buildings are not considered 

in this study, these buildings should be assessed in future. 
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ABSTRACT 

Torsional capacity is the ability of the cross section to resist a torque that attempts to twist the cross 

section. Mechanical properties, like shear stress and torsional stress, can be improved by using 

composite section rather than using single material. The main purpose of this paper is to improve the 

torsional capacity of Aluminium by combining with brass. Torsional capacity and shearing stress were 

calculated for five cross sections (Cases I, II, III, IV, and V), two of them were composed of one  

material (CS-I and II, Aluminium and Brass) and other three were composite sections with different 

arrangement of Aluminium and Brass (Case III and IV). Finite difference method was adopted to 

calculate the stress function, shearing stress and torsional capacity. The analysis of cross sections was 

performed in Wolfam Mathematica 8.0 software. The analysis result revealed that brass, individually, 

can provide higher torsional capacity among the studied materials and composite section having 

aluminium inside and brass outside, can bear highest shearing stress among the studied composite 

sections. 

 

Keywords: Torsional stress; shear stress; composite section 

 

INTRODUCTION 

A composite material is a combination of two or more different materials. Composite section produces 

a new material with new properties, which are not found in the individual materials and it is the key 

advantage of using combination of two or more different materials. It has high performance due to the 

high specific strength, high specific stiffness, high flexibility, low density, low thermal expansion, and 

easy to fabricate. There are two phases of composite materials. The first one is reinforcing phase. In this 

phase, material exhibits high strength with low specific densities. The second phase is the matrix. In this 

phase, the material shows ductility and toughness, these properties are improved by other reinforcing 

materials. Composite materials can be generally involved into three categories, which are dispersion 

strengthened, particle reinforced, and fiber reinforced. In Dispersion strengthened, the matrix of the 

material is reinforced by fine distribution of secondary particles. The secondary particles affect the 

performance of the material causing deformation in it. Particle reinforced materials have many particles 

impeded in the matrix. In case of Fiber reinforced materials, materials are reinforced by fibers and most 

of the load carried by the fibers.  

Torsional capacity is defined as the ability of the cross section to resist a torque that attempts to twist a 

cross section of its axis. In order to improve the torsional capacity for two or more materials, a 

combination of materials should be performed. Some researchers studied various cross section to assess 

the torsional and shear stress capacity (Massa and Barbero, 1998; Rao, 2007; Roberts and Al-Ubaidi, 

2012; Salim and Davalos, 2005; Tarn and Wang, 2001).  

The main purpose of this study is to improve the torsional capacity of Aluminium material combining 

with brass material and to find suitable arrangement of materials so that cross section can bear higher 

torsion and shearing stress. 

 

METHODOLOGY  

To investigate torsional capacity and shearing stress, square cross sections were chosen. Torsional 

capacity and shearing stress were found out for modulus of rigidity of two different materials by taking 

other parameters like dimensions and angle of twist as constant. To find out torsional capacity and 

shearing stress, the Saint Venant’s theory of torsion and Prandtl stress function were used. Finite 
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difference method was used as analysis technique. All sections were analyzed to find out torsional 

capacity and shear stress by using Wolfam Mathematica 8.0 software. 

 

The Prandlt Stress Function 

The Poisson’s equation can be written like Eq. (1).Where Ф is the Prandlt stress function and  is angle 

of twist.  

∇2Ф = -2GØ′  (1) 
This equation can be rewritten as, 

 

∇2Ф̄  = -2 in the cross section, and   

Ф̄ = 0 on the boundary    

 

By using these governing equation and condition, Torque and shear stress can be determined as follows, 

 

 
 
Finite Difference Method  

Finite difference method is a techniques of replacing ordinary differential equation, partial differential 

equation and their boundary conditions by a set of algebraic equations. Let’s assume a 1-D structure 

with length L and let’s divide into ‘n’ nodes 

 

 

 

 

 

 

 

 

 

 

 

 

(a)        (b) 
Fig. 1: (a) Nodes taking for 1 D, (b) Graphical representation of nodes 

 

So, the differential equation for all nodes can be written as 

 

Now approximating each differential operator by a finite difference. From Taylor series, for  
first and second order central finite difference can be written as  

 

 
For 2-D, second order central finite different can be written as, (in y and z direction) 

 

 
 

Tangent Line 
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Fig. 2: Nodes taking for 2-D 

 

From the derivation of stress function, 

 
Here,  

 

 
So,  

 
For hx = hy = h 

 
 

Experimental Cross Sections 

To investigate torsional capacity and shearing stress square cross sections were chosen. Torsional 

capacity and shearing stress was found out for different modulus of rigidity by taking other parameters 

like dimensions and angle of twist as constant. Modulus of rigidity was taken as variable for different 

cross sections [Fig. 3]. 

The parameters are as follows, 

Length in Y direction = 2 meter 

Length in Z direction = 2 meter 

Angle of twist, θ = 1 radians 

Modulus of rigidity of Aluminium = 24000 MPa.  

Modulus of rigidity of Brass = 40000 MPa. 

 

 

 

    2 m 
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Y 

Z 
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(a) Axis System     (b) CS-I             (c) CS-II 

 

 

 
 

 

 

 

 

 

         (d) CS-III                   (e) CS-IV              (f) CS-V 
Fig. 3: Different Cross Sections 

 

RESULTS AND DISCUSSIONS 

Result was recorded for four points [Fig. 4]. Torsional capacity and shearing stress were recorded and 

tabulated for these points. 

(1,2)

(2,1)

(1,0)

(0,1)

Y

Z

 
 

Fig. 4: Position of Recorded Shear Stress 

 

By using Mathematica, torsional capacity and shearing stress was calculated. Table 1 shows the 

comparison among the cross sections. 

 

CONCLUSIONS  

In this study, torsional capacity and shear stress were found out by analysing square composite sections, 

which were in different arrangement of two materials (Aluminium and Brass). Two cross sections of 

one material (CS-I and CS-II) were analysed, which has aluminium and brass, individually. Other three 

cross sections (CS-III, CS-IV, and CS-V) were analysed with different combination of aluminium and 

brass. It was found that for single materials, brass gives higher torsional capacity and can bear higher 

shearing stress among the cross sections having single material (CS-I and II), because brass has higher 

modulus of rigidity. Composite section having brass inside and aluminium outside (CS-III), gives 

higher torsional capacity. Because, the core material has higher modulus of rigidity. Composite section 
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Table 1: Torsional Capacity, Shearing Stress 

 

having brass outside and Aluminium inside (CS-IV) can bear higher shearing stress. It is known that 

shearing stress varies with the length and increases with the increase of distance from the centre and 

material having higher modulus of rigidity was placed outside. Due to this fact, CS-IV can bear higher 

shearing stress comparing with other composite cross section. So, it can be concluded that 

 Materials having high modulus of rigidity should be used for high torque, where high torsional 

resistance is required. 

 Materials having higher modulus of rigidity should be placed outside in a cross section for the 

resistance of higher shearing stress optimum material area. 
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Sl. 

No. 

Cross 

Section 

Shearing Stress, τ (MPa) Torsional 

Capacity, T 

(N-mm) (1,0) (2,1) (1,2) (0,1) 

01 CS-I 32357.68 32357.68 32357.68 32357.68 53864.31 

02 CS-II 53929.46 53929.46 53929.46 53929.46 89773.86 

03 CS-III 40165.51 40165.51 40165.51 40165.51 72925.5 

04 CS-IV 46121.63 46121.63 46121.63 46121.63 70712.67 

05 CS-V 43632.4 33776.33 32932.39 33776.33 58766.93 
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ABSTRACT 

Traditional coarse aggregates are very costly and its reserve will be gradually finished, possessing a great 

threat. Slag is considered as third class hazardous waste that requires a large place for dumping. To 

transform the slag into an environment-friendly resource and to save the environment from the pollution, 

the possibility of the use of slag as coarse aggregate cannot be overlooked. The main objective of the 

study is to investigate the strength properties of slag incorporated as coarse aggregate in concrete. The 

proportion of slag and stone chips used as coarse aggregate was varied from 0 to 100%. A total of 500 

specimens of 4 inches cube were cast using plain water in normal temperature for the curing periods of 7, 

14, 28,90 and 180 days. W/C ratios were varied as 0.60, 0.50 and 0.42 for making 20, 30 and 40 MPa 

concrete respectively and compressive as well as tensile strengths were evaluated. Concrete made by 

replacing coarse aggregate with BFS is observed to increase upto a replacement level of 40%. 

 

Keywords: Coarse aggregate; compressive strength; concrete, slag  tensile strength 

 

INTRODUCTION 

Slag is a byproduct of steel production left over after a desired metal has been separated (i.e., smelted) 

from its raw ore and it is usually a mixture of metal oxides and silicon dioxide. Low iron slag is considered 

as third class hazardous waste which may require a large place for dumping. Traditional coarse aggregates 

like stone chips, brick chips are very costly and huge amount of stones are withdrawn from Sylhet every 

day and as a result one day the reserve of stones will be finished which will possess a great threat to us. 

As per the survey conducted by En Safe, Inc. (2002) a single ferroalloys industry produces 220,000 tons 

of low carbon slag per year. Also survey report of European Slag Association EUROSLAG conducted 

among its member (European steelworks and processing companies) since 2000, it is known that in 2008, 

45.6 million tons of ferrous slag was produced and more than 400 million tons of iron and steel slag is 

produced each year in the world. Scarcity of coarse aggregate in future and problem of dumping place for 

slag can be minimized if slag can be used as the partial replacement of coarse aggregate, fine aggregate or 

cement. The objective of the study is to minimize the cost of construction by using slag as a replacement 

of coarse aggregate in making environmental friendly concrete and solving the dumping problem of slag. 

The compressive as well as tensile strength of concrete due to the use of slag as a replacement of coarse 

aggregates in various proportions and at different curing period are evaluated so as to observe the 

effectiveness of slag as coarse aggregate in concrete.  

 

Reviews of literature survey are presented as below-   

Chen Meizhu, Zhou Mingkai, Wu Shaopeng (2007) worked on mortar made up of ground granulated 

blast furnace, gypsum, clinker and steel slag sand. The experimental results show the application of steel 

slag sand may reduce the dosage of cement clinker and increase the content of industrial waste product 

using steel slag sand. 

Isa Yuksel, Omer Ozkan, Turhan Bilir (2006) experimented use of non ground granulated blast furnace 

slag as fine aggregate in concrete. The study concluded that the ratio of GGBs/sand is governing criteria 
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for the effects on the strength and durability characteristics. 

Li Yun-feng, Yao Yan, Wang Liang (2009) investigated effects of steel slag powder on the 

workability and mechanical properties of concrete. Experimental results show that mechanical properties 

can be improved further due to the synergistic effect and mutual activation when compound mineral 

admixtures with steel slag powder and blast furnace slag powder mixed in concrete.  

Saud Al-Otaibi (2008) studied use of recycling steel mill as fine aggregate in cement mortars. The 

replacement of 40% steel mill scale with that of fine aggregate increased compressive strength by 40%, 

drying shrinkage was lower when using steel mill scale. 

Tarun R Naik, Shiw S Singh, Mathew P Tharaniyil, Robert B Wendfort (1996) investigated application of 

foundry by-product materials in manufacture of concrete and masonry products. Compressive strength of 

concrete decreased slightly due to the replacement of regular coarse aggregate with foundry slag however 

strengths were appropriate for structural concrete. 

 

METHODOLOGY 

In this study, concrete strength of 20, 30 and 40MPa are considered with a W/C ratio of 0.60, 0.50 and 

0.42 respectively for the replacement level of 0%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% and 

100%.of natural coarse aggregate by slag and studied for compressive as well as tensile strengths for the 

curing periods of 7days, 14days, 28days, 90days, 180days. For each percent replacement and curing 

period 6 samples are prepared, 3 samples for compressive strength and 3 samples for tensile strength test. 

 

Mix Proportions 

The concrete mix proportions (design) were obtained for a control mix of slump 4 ± 1 in. (100 ± 25 mm) 

for 20, 30 and 40 MPa of concrete with a W/C ratio of 0.60, 0.50 & 0.42 respectively. 

 

Materials 

ASTM Type I Ordinary Portland Cement (OPC) conforming to ASTM C-150 was used as binding 

material. Locally available natural sand passing through 4.75 mm sieve and retained on 0.015 mm sieve and 

stone chips passing through 20 mm sieve was used. Slag from the steel plant was consumed throughout 

the experimental investigations. Table 1 shows the properties of ingredient materials used in this 

experimental investigation. Table 2 shows the physical properties of OPC. 

 

TEST CONDUCTED 

(a) Compressive Strength tests 

Compressive strength of concrete specimens was tested at the ages of 7, 14, 28, 90 and 180 days in 

accordance with the BS EN 12390-3:2009. Reported strength is taken as the average of three tests results. 

 

(b) Tensile Strength tests 

Tensile strength of concrete specimens was tested at the ages of 7, 14, 28, 90 and 180 days in accordance 

with the BS EN 12390-3:2006. Reported strength is taken as the average of three tests results. 

 

RESULTS AND DISCUSSIONS 

The test results of the study are shown below through the graphical presentation (Ref. Fig.1 to  

Fig.6). 

 

Compressive strength and tensile strength: 

For making compressive & tensile tests specimens, compaction is done by a temping rod in place of 

vibrator machine. The specimens are cured in open air water tank in tap water in room temperature. The 

specimens were dried up before the tests. However, in the rainy season it is very difficult to dry which 

might cause the variation of test results. In normal consistency test, initial & final setting time test is 

affected by the temperature & the humidity of the surrounding medium. In this investigation, tests are  
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Table 1: Physical Properties of Ingredient Materials 
 

Properties 
Fine 

Aggregate 

Coarse 

Aggregate 
Slag 

Fineness Modulus 2.40 6.55 -- 

Specific Gravity 2.58 2.67 2.57 

Unit Weight (kg/m
3
) 1600 1700 1350 

Absorption capacity (%) 2.05 1.63 1.55 

Moisture content (%) 0.908 0.30 -- 

Bulk Specific Gravity -- -- 2.62 

 

 
Table 1: Physical Properties of Cement 

 

Properties OPC 

Fineness (cm
2
/gm) 98.5 

Normal consistency 27% 

Soundness 2.7 mm 

Initial Setting 180 min 

Final Setting 270 min 
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carried out in room temperature and humidity condition. 

The test result shows that 40% slag replacement shows good result. Also replacement levels of 50% and 

60% shows reasonable improvement of concrete strengths at different ages. Table 3 shows the summary 

of the test results. 

 

CONCLUSION 

The following conclusions can be drawn from the study: 

(1) Compressive strength of concrete made by replacing coarse aggregate by slag is higher than normal 

conventional concrete (concrete with stones chips). 

(2) Compressive strength as well as tensile strength for concrete made by replacing coarse aggregate by 

slag is observed to increase upto replacement level of 40%. 

(3) Concrete made by using 40% partial replacement of Slag shows the strength improvements that vary 

from around 6 to 20%. 

Finally, it can be concluded that, Slag from Bangladesh Steel Re-Rolling Mills (BSRM) can be used as 

coarse aggregate at a proportion of 40% of total coarse aggregate which may offer more compressive and 

tensile strength and also considering the environmental issue. 
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ABSTRACT 

This paper contains a parametric study on re-strengthening of rectangular RC columns using different 

widely practiced RC jacketing techniques. Finite element program ANSYS Multi Physics is utilized for 

non-linear finite element analysis owing to its capabilities to predict and pictorially represent the 

response of RC columns in post-elastic range to the ultimate strength. Comparisons are done among 

four different popular techniques of RC jacketing to find out the link between reinforcement pattern and 

columns’ structural behaviour, i.e., lateral and axial deformation response and crack formation. A 

rectangular RC column without retrofitting is analysed and then it is retrofitted to a target ultimate 

strength theoretically in four distinct ways: retrofitted with (i) one reinforcing bar at each corner; (ii) 

two reinforcing bars at each corner; (iii) three reinforcing bars at each corner with diagonal confinement 

bar at corners; and (iv) four reinforcing bars at each corner having two layers of additional tie bars and 

analysed. The study finds the jacketing technique (iii) to be the most efficient for jacket of RC column. 

 

Keywords: ANSYS; finite element analysis; interface; RC column jacketing; re-strengthening 

 

INTRODUCTION 

Reinforced concrete members are often damaged due to natural disasters, notably earthquakes, 

overloading, change in building usage and so on. Damage may take place in almost all parts of a 

structure, namely slabs, beams, columns, walls etc. Rehabilitation is needed after the damage has taken 

place to bring the damaged member to the strength previously existed. Re-strengthening is also carried 

out when the purpose of an existing structure changes, predicted load increases or environmental load 

increases than that was taken into account when designed. Re-strengthening of reinforced concrete 

members has become very common in the modern world. There are different retrofitting techniques for 

different members of a structure. Jacketing is the most popularly used method for strengthening of 

building columns. The most common types of jackets are steel jacket, reinforced concrete jacket, fiber 

reinforced polymer composite jacket, jacket with high tension materials like carbon fiber, glass fiber 

etc.  Enlargement of the existing structural members such as column and beam sections by placing 

reinforcing steel rebars around its periphery and then concreting it is widely adopted option; which is 

referred as concrete jacketing. This method significantly increases the member sizes and thereby its 

stiffness. Concrete Jacketing primarily enhances the confinement along with the shear and axial 

behaviour in case of columns. 

 

There is a wide spectrum of published work on column jacketing. The published work emphasizes 

finding out the minimum requirements, interface treatment and the failure type. Several experimental 

and numerical analyses show the minimum requirements for reinforced concrete column jacketing 

(Vedprakash et. al., 2014, Pravin et. al., 2011). Strength of the new materials will be equal or greater 

than those of the existing column. Minimum jacket thickness will be 4". All published work on RC 

jacketing recognize the importance of interface preparation to achieve a good bond between the original 

column and the added jacket so that the resulting element behaves monolithically (Ju´lio et. al., 2003). 

The current practice of surface treatment in several countries consists increasing surface roughness, 

application of bonding agent and application of steel connectors. Hand chipping, sand-blasting, 

jack-hammering, electric hammering, water demolition and iron brushing are the most common surface 
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roughening methods. Several authors state that increasing the roughness of the interface surface is 

necessary, but its influence has not been quantified (Rodriguez et. al., 1994, Bett et. al., 1988, Alcocer 

et. al., 1990). Several publications  conclude that adding steel connectors crossing the interface does not 

meaningfully increase the debonding force, but increases almost directly the longitudinal shear strength 

considering slipping (Ju´lio et. al., 2001). In this work, a comparison among various techniques (Teran 

et. al., 1992) of RC jacketing is done using ANSYS Multi Physics computer program. This study aims 

to investigate and compute the lateral and axial deformation responses at different stages of axial 

incremental loading and find the effect of reinforcement pattern on lateral and axial deformation 

responses and crack formation. 

 

NUMERICAL MODELING IN ANSYS 

The concrete material model predicts the failure of brittle materials. An eight-node solid element 

SOLID65 is used to model the concrete. The solid is capable of cracking in tension and crushing in 

compression. The element is defined by eight nodes having three degrees of freedom at each node: 

translations in the nodal x, y and z directions. Link8 element is used to model the steel reinforcement. 

LINK8 is a 3-D spar element which is a uniaxial tension-compression element with three degrees of 

freedom at each node: translations in the nodal x, y, and z directions. Interface surface is created using 

TARGE170 and CONTA174 geometries. For 3D modeling, the surface of old concrete is taken as 

contact surface and the surface of new concrete is taken as target surface by default. Then a contact pair 

is created using standard contact behavior. Default values of normal penalty stiffness and penetration 

tolerance are allowed for the surface to surface contact creation. Maximum friction stress is taken to be 

1x1020 psi. 

 

The criterion for failure of concrete due to a multi-axial stress is controlled by the expression given by 

Willam and Warnke (1975). 

𝐹/𝑓𝑐−𝑆≥0 

where, F = a function of the principal stress state (𝜎𝑥𝑝, 𝜎y𝑝, 𝜎𝑧𝑝); S = failure surface expressed in terms of 

principal stresses and five input parameters 𝑓t, 𝑓𝑐, 𝑓𝑐𝑏, 𝑓1 and 𝑓2; 𝑓𝑐 = uniaxial crushing strength; σxp, σyp, 

σzp = principal stresses in principal directions. However, the failure surface can be specified with a 

minimum of two constants, ft and fc. The other three constants default to Willam and Warnke:  

𝑓1=1.45𝑓𝑐 ; 𝑓2=1.725𝑓𝑐 ; 𝑓𝑐𝑏=1.2𝑓𝑐 

These default values are valid only for stress states where the condition  

|𝜎ℎ|≤√3 𝑓𝑐 ; 𝜎ℎ=Hydrostatic stress rate=(1/3)(𝜎𝑥𝑝+ 𝜎𝑦𝑝+ 𝜎𝑧𝑝) 

is satisfied. This condition equation applies to stress situations with a low hydrostatic stress component. 

All five failure parameters should be specified when a large hydrostatic stress component is expected. If 

condition equation is not satisfied, the strength of the concrete material may be incorrectly evaluated.  

When the crushing capability is suppressed with 𝑓𝑐 = -1.0, the material cracks whenever a principal 

stress component exceeds 𝑓t. 

 
 

Fig. 1: 3-D failure surface in principal stress space 

(ANSYS, 2011) 

Fig. 2: Failure surface in principal stress space with 

nearly biaxial stress (ANSYS, 2011)  
 

Both the function F and the failure surface S are expressed in terms of principal stresses denoted as, 𝜎1, 

𝜎2, and 𝜎3 where:  

𝜎1=max (𝜎𝑥𝑝, 𝜎𝑦𝑝, 𝜎𝑧𝑝); 𝜎3 = min (𝜎𝑥𝑝, 𝜎𝑦𝑝, 𝜎𝑧𝑝) and 𝜎1 ≥ 𝜎2≥𝜎3. 

The failure of concrete is categorized into four domains:  

0 ≥ 𝜎1 ≥ 𝜎2≥𝜎3 (compression - compression - compression) 

𝜎1 ≥ 0 ≥𝜎2 ≥ 𝜎3 (tensile - compression - compression) 
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𝜎1 ≥𝜎2 ≥ 0 ≥𝜎3 (tensile - tensile - compression) 

𝜎1 ≥𝜎2 ≥𝜎3 ≥0 (tensile - tensile - tensile) 

In each domain, independent functions describe F and the failure surface S. The four functions 

describing the general function F are denoted as 𝐹1, 𝐹2,𝐹3, and 𝐹4 while the functions describing S are 

denoted as, 𝑆1, 𝑆2 , 𝑆3 , and 𝑆4. The functions (i = 1-4) have the properties that the surface they describe 

is continuous while the surface gradients are not continuous when any one of the principal stresses 

changes sign. In this work, a 12"x12" column is taken to be re-strengthened. The dimensions of jacket 

(4" at each side) for all four techniques are kept unaltered. Length of each model is 10 ft. The design is 

done in such a way that the compressive strength of the four models after re-strengthening are 

theoretically equal. The design compressive strength for non-jacketed (A) and jacketed (B, C, D, E) 

columns are 433.8 kips and 1115.2 kips whereas the nominal compressive strength are 667.4 kips and 

1715.6 kips respectively. The modelling of interface surface is done in the same way for four models. 

These conditions ensure that the change in structural responses with incremental loading obtained in 

numerical analysis will be controlled only by reinforcement pattern. 

  
Table 1: Details of numerical modelling in ANSYS 

 A B C D E 

Plan view 

 

    

Isometric 

view 

     
Size 12″x12″ 20″x20″ 20″x20″ 20″x20″ 20″x20″ 

Longitudinal 

Steel 
4#8φ 8#8φ Equivalent to 

8#8φ 

Equivalent to 

8#8φ 

Equivalent to 

8#8φ 

Transverse 

Steel 

#3φ @12″ 

c/c 

#3φ @6″ c/c Equivalent to #3φ 

@6″ c/c 

Equivalent to #3φ 

@6″ c/c 

Equivalent to #3φ 

@6″ c/c 

 

Material Properties 

The properties of concrete and reinforcing steel are as the table below. 

Table 2: Material Properties 

Concrete  Reinforcing Steel 

Property Value  Property Value 

Compressive Strength 4000 psi  Modulus of Elasticity 2.9x107 psi 

Modulus of Elasticity 3.605x106 psi  Poisson’s Ratio 0.3 

Poisson’s Ratio 0.18  Yield Strength 60000 psi 

Uniaxial Cracking Stress 474.34 psi  Tangent Modulus 2900 psi 

Open shear transfer coefficient 0.3    

Closed shear transfer coefficient 1    

 

Element Meshing 

After modeling and inputting all the data the models are meshed. The original column (A) is subdivided 

into 6x6x20=720 elements whereas the retrofitted columns (B, C, D and E) are subdivided into 

10x10x20=2000 elements. Each element sizes 2″x2″x6″. The mesh size is kept the same in contact 

surface i.e. 2″x6″. Number of elements in contact surface is 6x20x4=480. 
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Loads and boundary condition 
Displacement boundary conditions are needed to be constrained in the model to get a unique solution. 

To ensure that the model acts the same way as the experimental columns specimens, boundary 

conditions need to be applied where the supports and loadings exist. For concentric columns model the 

displacement of all nodes at bottom base of column in x, y and z. directions is held zero ( Ux=0 , Uz=0  

and Uy=0 ). To apply the axial load on the top of the concentric column specimens, loads were applied 

on each nodes at the top of the columns. 
 

  

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Interface 

Surface 

Modelling 

Boundary 

Conditions 

Top view Top view 

Front view Front 

view 

      
Fig. 3: Interface and Boundary 

Conditions 

Fig. 4: Selected directions for structural response comparison 

 

RESULTS AND DISCUSSIONS 

In the following section, the four models of RC jacketing will be compared on the basis of 

load-deflection plots at selected locations on the columns, first cracking loads and loads at failure.  

 

First Cracking Load 

The analysis of the five column models shows the following first cracking loads. The increment of the 

first cracking load with compared to model A is also shown in the Table 3. 

 

Table 3: Comparison of first cracking load 

 

Displacements and Stresses 

Four directions are selected for the comparison of displacements and stresses as shown in Fig. 4. Total 

72 different comparison are made on displacements (i.e. x-component of displacement, y- component 

of displacement, z- component of displacement and displacement vector sum) and stresses (i.e. 1st 

principal stress, 2nd principal stress, 3rd principal stress, stress intensity and equivalent Von Mises 

stress). Some of the comparisons are shown in Fig. 5 to Fig. 12. 

 

Fig. 5 shows that at top edge nodes of plan displacement is maximum at two opposite sides and 

decreases from side to middle. Displacement plot shows that displacement both at middle and side are 

minimum for model D at the same concentric loading condition.  

Model A B C D E 

First Cracking Load (Kips) 230.6 648.6 619.9 652.1 648.3 

Increment (compared to A), % 0.00 

 

181.27 

 

168.82 

 

182.78 

 

181.1

4 
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Fig. 5: Variation of Vector Sum of Displacement 

(direction shown in Fig. 4a) 

 

Fig. 6: Variation of x-component of Displacement 

(direction shown in Fig. 4b) 

  
Fig. 7: Variation of y-component of Displacement 

(direction shown in Fig. 4b) 

 

Fig. 8: Variation of z-component of Displacement 

(direction shown in Fig. 4b) 

   
Fig. 9: Variation of Vector Sum of Displacement 

(direction shown in Fig. 4b) 

 

Fig. 10(a): Top corner 

node location 

Fig. 10(b): Top edge  

  
Fig. 11: Stress-strain diagram for top corner node. Fig. 12: Stress-strain diagram for top edge middle node 

 

In Fig. 6, it is found that the x-component of displacement is always minimum for model E, then model 

C, and maximum value for model B. Fig. 7 describes the variation of y-component of displacement at 
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top middle nodes of plan and shows maximum displacement is for model C at edge whereas minimum 

displacement is for D at the edge node. The minimum displacement at the center node is for model C. In 

Fig. 8, the z-component of displacement is minimum for model D and maximum for model B. 

Displacement value decreases from edge to middle nodes. Fig. 9 describes the variation of vector sum 

of displacement at top middle nodes of plan and shows minimum displacement is for model D at the 

edge node whereas maximum displacement is for C. The minimum displacement at the center node is 

for model C. 

 

CONCLUSIONS  

Based on the analysis and comparison of the four different models, conclusion may be stated as: In very 

low range of loading, the axial and lateral deformation responses of model B, C, D and E are almost 

similar. From the stress-strain diagram shown in Fig. 11 it can be concluded that all the four models act 

almost the same upto the proportional limit. After exceeding the proportional limit, the model E shows 

most brittle behavior. The model C also shows brittle nature whereas the model D shows a relatively flat 

stress-strain diagram which indicates its ductile nature. The model B also shows maximum strain at the 

same stress level but the curve ends before reaching the maximum stress level reached by the model D. 

From the stress-strain diagram shown in Fig. 12, it is established that all the four models act almost the 

same upto the proportional limit and after exceeding the proportional limit, the model C shows a steeper 

stress-strain diagram. The model E shows almost same behavior as model C but gives a flatter 

stress-strain diagram than that of the model C which indicates E to be more brittle than C. The 

stress-strain diagram for model B is flatter than that of the model D. The model B shows maximum 

strain at the same stress level as the model D but the curve ends before reaching the maximum stress 

level reached by the model D.  Cracking starts at 652.1 kips load for model D, which is greater than the 

other three (B=648.6 kips; C=619.9 kips; E=648.3 kips). From the stress-strain diagrams (Fig. 11 and 

Fig. 12), it is observed that the model D shows more ductile behavior than model C and E. Model D is 

the best RC jacketing technique based on its axial and lateral deformation responses, such as strain at 

different stages of incremental loading; stresses at different points; and cracking load. 
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ABSTRACT 

Reinforced concrete members are designed with specified code specifications.  In general, the 

compressive strength of concrete and the yield strength of steel are assumed in the design process. 

Compressive strength of concrete depends on a number of factors and generally shows some degree of 

variation from the desired strength. On the other hand, reinforcing bars with higher yield strength than  

that  recommended  in  the Bangladesh  National  Building  Code is  available  in  the  market and 

being used in construction. Therefore, increase in yield strength of steel and decrease in compressive 

strength of concrete may have adverse effects on the flexural behavior of beams. This study includes 

the behavior of reinforced concrete beam due to this variation in strengths. This study shows that 

some  certain  beam  turns  into  over-reinforced  from  under-reinforced  state  as  well  as  

compression controlled from tension-controlled state due to change in strengths. Besides, reduction in 

ductility is also  observed  due  to  strength  variation  in  the  properties  of  the  major  constituent  

materials.  A complete theoretical analysis along with some experimental investigation is presented in 

this paper. 

 

Keywords: Ductility; high-strength steel; BNBC; beam behavior 

 

INTRODUCTION 

The  building  construction  industry  is  one  of  the  emerging  sectors  of  Bangladesh  and  

reinforced concrete (RC) building frames are the most popular choice in this regard. Recent 

earthquakes as well as some tragic incidents have raised the issue of performance of these buildings 

during an earthquake or under ultimate load.  Concrete  and  reinforcing  bars  are  the  chief  

constituent  materials  in  RC buildings. Since reinforcing bars are made in the factory its quality can 

be easily controlled and high strength steel bars are also available in the local market. The use of high-

strength steel bars offers several  advantages,  such  as  the  reduction  of  the  reinforcement  ratio,  

less  cost  for  reinforcement placement, reduced reinforcement congestion, better concrete placement 

etc. On the other hand the quality of concrete is difficult to control and this job has become an 

impossible one in Bangladesh because of the crude construction technology and no-trained workers. 

Another important issue is the use of higher strength steel than that specified in the Bangladesh 

National Building Code (BNBC). BNBC (1993) adopted some of the ASTM Standards for structural 

steel and allowable yield strength of steel reinforcing bars was limited to 410 MPa (60 ksi). The 

important concern is that RC members are designed with Code specified maximum yield strength of 

410 MPa and constructed with locally available higher grade steels such as thermo mechanically 

treated (TMT) high strength structural steel bars having yield strength up to 500 MPa or 72.5 ksi 

(Islam, 2010). Therefore such increase in yield strength of steel and decrease in compressive strength 

of concrete may have adverse effects on the behavior of RC flexural members and the beam would 

not achieve adequate ductility under ultimate load. This study aims to focus on 

1. the behavior  of  beams  using TMT  high  strength  structural  steel  bars and  concrete  having 

specified design strength. 

2. the   behavior  of  beams  using TMT  high  strength  structural  steel  bars  and  concrete  having 

strength less than the specified design strength. 
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2 
 

METHODOLOGY 

The  study  is  divided  into  two steps  (i)  analytical  study  with  some typical beam  sections  (ii) 

experimental investigations. In each case ultimate load carrying capacity of the beam and ductility 

was measured.  

Ductility is an important issue in the design of structure and structural member and is defined as the 

ability of the material/member to sustain deformation beyond the elastic limit while maintaining a 

reasonable load carrying capacity until total failure (Pam et. al., 2001). Ductility is a valuable 

structural property as it allows stress redistribution and provides warning of impending failure. The 

ductility of a reinforced concrete beam depends on the amount of tension reinforcement, the amount 

of compression reinforcement and the strength and ductility of the materials used (Sarkar et. al., 

1997).  

Generally, reinforced concrete beams are under-reinforced by design, so that failure is initiated by 

yielding of the steel reinforcement, followed, after considerable deformation at no substantial loss of 

load carrying capacity, by concrete crushing and ultimate failure. That is a ductile mode of failure is 

desired and is ensured by designing the tensile reinforcement ratio to be substantially below the 

balanced ratio, which is the ratio at which steel yielding and concrete crushing occur simultaneously.   

The mathematical expression of balanced reinforcement ratio (Nilson et. al., 2004) is  

𝜌𝑏 = 0.85 𝛽1
𝑓′𝑐

𝑓𝑦

∈𝑢

∈𝑢+∈𝑦
              (1) 

where, 

𝑓′𝑐=  compressive  strength  of  concrete, 

𝑓𝑦=  yield  strength  of  steel, 

∈𝑢=  ultimate  strain  in concrete (usually taken as 0.003), 

∈𝑦= yield strain of steel and 

 𝛽1 = constant depends on compressive strength of concrete. It is clear from Eq. (1) that for a 

particular beam  section the balanced reinforcement ratio depends on the material properties. Besides  

upper limit of the reinforcement ratio has been introduced in the design Codes (e.g. ACI 318-05)  to 

guarantee ductility   

 

𝜌𝑚𝑎𝑥 = 0.85 𝛽1
𝑓′𝑐

𝑓𝑦

∈𝑢

∈𝑢+0.004
               (2) 

The reinforcement ratio thus provides a measurement for ductility and the ductility corresponding to 

the maximum allowable  reinforcement ratio provides a measure of the minimum acceptable ductility. 

The mode of failure is another important issue which is defined as a function of net tensile strain. The 

net tensile strain is the tensile strain in the extreme tension steel at nominal strength. According to 

ACI Code (2005), a beam section is said to be tension-controlled if the net tensile strain is equal to or 

larger than 0.005 and compression-controlled if the net tensile strain is equal to or less than 0.002. A 

section is in a transition region between compression- and tension-controlled sections. 

In this article the curvature ductility was considered. The ductility factor was taken as the ratio of the 

curvature at yield and ultimate condition. The ductility can be estimated as shown below: 

 

 

 
Fig. 1: Calculation of ductility 
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The curvature at yield condition, 
)1(
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                           (3) 

where, y  = curvature at yield condition, k = constant, Es =modulus of elasticity of steel, d = effective 

depth of the beam. 

The curvature at ultimate condition, 
ac
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where, u  = curvature at ultimate condition, a = depth of rectangular compression stress block. 
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Another important factor, the strength reduction factor, is also incorporated in the design of the 

reinforced concrete members which is essentially based on the deformation capability of the member. 

The strength reduction factor depends on the net tensile strain of the beam. The purposes of the 

strength reduction factor are (1) to allow for the probability of under-strength members due to 

variations in material strengths and dimensions (2) to reflect the degree of ductility and required 

reliability of the member under the load effects being considered and (3) to reflect the importance of 

the member in the structure (ACI 318-05, 2005). Design strength or usable strength of a member or 

cross section is the nominal strength multiplied by the strength reduction factor. 

 

NUMERICAL STUDY 

To understand the effect of the variation in chief constituent materials a numerical analysis was 

conducted on a beam section. A typical beam section (width = 12 inch, overall depth = 26 inch, 

effective depth = 22.5 inch) reinforced with three No.7 and two No. 9 bars was considered and 

analyzed. The analyses results are presented in Table 1. The beam section was analyzed considering 

two different grades of concrete to understand how the material strength affects the behavior of 

reinforced concrete beams. Balanced steel ratio, maximum steel ratio and ductility were calculated for 

each beam using the equations shown in the previous section and are presented in Table 1.  

It is clear from Table 1 that the nominal strength of the beam increases as the yield strength of steel 

increases (Beams A2 and B2). However, the ultimate strength or the design strength of the beam may 

not increase in each case because the net tensile strain reduces appreciably. On the other hand, 

ductility of the member reduces with the inclusion of higher strength steel than that was primarily 

specified in the design. The minimum ductility may be obtained if the compressive strength of 

concrete decreases and the yield strength of the steel increase (Beams A3 and B3). The reduction in 

ductility is obvious and irrespective of concrete grade. Similarly, the net tensile strain reduces as the 

yield strength of the steel increases or the compressive strength of concrete reduces. Balanced steel 

ratio or the maximum steel ratio also decreases the yield strength of the steel increases or the 

compressive strength of concrete reduces. 

 

EXPERIMENTAL INVESTIGATION 

To make the analysis more reliable, an experimental program was rtaken. Three rectangular singly 

reinforced concrete beams having dimensions 4in. x 10in. x 48in. (breadth x depth x length) were 

fabricated for testing. The beams were cast from normal strength concrete with cylinder compressive 

strength ranging from 2500 to 3000 psi. In order to study the effects of different materials strength 

yield strength of steel was also varied. The main bars (two No. 4 bars) were placed near the bottom of 

the beams. Near the top of the beams, two No. 3 bars (8 mm) bars were added as hanger bars for 

fixing the stirrups. All of the beams were simply supported at a span of 42 in. and were tested by 

subjecting them to monotonically applied point load at mid-span, as illustrated in Figure 2. Detailed 

properties of the beams are given in Table 2. During loading, the vertical deflections at mid-span of 

the beams were measured by a displacement dial gauge. Visual inspection of the cracks was carried 
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Table 1: Numerical analysis results 

Sl. 

No. 
𝑓′𝑐 

(ksi) 

𝑓𝑦 

(ksi

) 

Steel 

ratio 

Balance

d 

steel 

ratio 

Max. 

steel 

ratio 

Net 

tensile 

strain 

Strength 

reductio

n 

factor 

Mode of 

failure 

 

Ductilit

y 

Nominal 

Moment 

Capacit

y 

(k-ft) 

Ultimat

e 

Momen

t 

Capacit

y 

(k-ft) 

A1 3.0 60.0 0.014 0.0214 0.0155 0.0050 0.90 Tension 2.24 356.7 321.0 

A2 3.0 72.5 0.014 0.0163 0.0128 0.0033 0.76 Transition 1.53 413.2 315.0 

A3 2.5 72.5 0.014 0.0136 0.0107 0.0024 0.68 Transition 1.24 392.5 265.0 

B1 4.0 60.0 0.014 0.0285 0.0206 0.0077 0.90 Tension 3.07 374.4 337.0 

B2 4.0 72.5 0.014 0.0217 0.0171 0.0059 0.90 Tension 2.10 439.0 395.1 

B3 3.5 72.5 0.014 0.0190 0.0150 0.0048 0.69 Transition 1.79 428.0 295.0 

 

out throughout the tests. The test was terminated when the specimen failed completely, i.e. when the 

resistance of the specimen dropped. The load-deflection plot and failure patterns are shown in Fig. 3 

and 4 respectively.  

Fig. 2: Beam cross section and loading arrangement 

 

Table 2:  Properties of the beam specimen 

Sl. 

No. 
𝑓′𝑐 

(ksi) 

𝑓𝑦 

(ksi) 

Balance

d 

steel 

ratio 

Max. 

steel 

ratio 

Net 

tensile 

strain 

Strength 

reductio

n 

factor 

Mode of 

failure 

Ductilit

y 

Deflectio

n (in) 

Ultimat

e 

Load 

(k) 

C1 2.93 60.0 0.021 
0.015

1 

0.005

3 
0.90 Tension 2.51 0.26 10.5 

C2 2.97 72.5 0.016 
0.012

7 

0.004

0 
0.66 

Transitio

n 
1.74 0.18 12.1 

C3 2.52 72.5 0.014 
0.010

8 

0.002

9 
0.61 

Transitio

n 
1.44 0.14 12.5 

 

4 in. 

10 in. 5.87 in. 

(a) Beam cross section 

P 

3.5 ft. 

1.75 ft 

(b) Loading arrangement 
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Fig. 3: Typical load- deflection curves 

 
Fig. 4: Failure pattern of experimental beams 

 

Experimental Results 

The experimental program was designed in such a way that the variation of the material strengths on 

the behavior of beam can be studied. From the numerical study results it is clear that a section may 

turn into over-reinforced if the strength of concrete decreases or strength of steel increases. Therefore, 

the tension reinforcement may or may not yield before the concrete in the compression zone is 

crushed. If the strength of the materials remains the same as it was considered in the design the 

reinforcement ratio may lie below the allowable maximum amount as a result the tension 

reinforcement will yield before the concrete is crushed and the beam will fail in a ductile manner. If 

the reinforcement ratio becomes larger than the allowable maximum, the concrete will be crushed 

without prior yielding of the tension reinforcement and the beam will fail in a brittle manner. 

Beam C1 was designed considering compressive strength of 3000 psi and yield strength of steel as 

60,000 psi. Due to some limitations, measurement of strain of steel or concrete was not possible. It 

was expected from the previous numerical study that the use of higher strength steel or lower strength 

concrete will affect the behaviour of the beam significantly. From the experiment the ultimate load 
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capacity of the beam was measured as 10.5, 12.1 and 12.5 kips for beam C1, C2 and C3 respectively. 

It is evident that the load carrying capacity of the beam has been increased after increasing the yield 

strength of steel. However, the ultimate load of beam C3 was larger than the expected. It is 

noteworthy that the deflection of the beam specimens reduces as the yield strength of steel increases 

or compressive strength of concrete decreases. The measured deflections are well correlated with the 

theoretical ductility. It is evident from the analytical study that there is a remarkable effect on the 

mode of failure of the beam and the beam which was initially designed as an under-reinforced section 

may turn into an over-reinforced section i.e. the beam may also fail by crushing of concrete instead of 

yielding of steel. The experimental beam also reflects the same as it can be seen from Figure 4.  

 

CONCLUSIONS 

In the design of a reinforced concrete beam, both the flexural strength and ductility need to be 

considered. However, more importance is usually given to the flexural strength and only a simple 

check is carried out to ensure that a certain minimum level of ductility is provided by keeping the 

beam under-reinforced. From the structural safety point of view, ductility is as important as strength. 

A good ductility would provide the beam with a much better chance of survival when it is overloaded, 

attacked by a severe earthquake or subjected to an accidental impact. 

From the above, it is evident that the major factors affecting the flexural strength and ductility of a 

reinforced concrete beam section are the concrete grade, yield strength of steel and tension steel ratio. 

In the case of a singly reinforced section, at a fixed concrete grade, the use of a higher tension steel 

ratio leads to a higher flexural strength but a lower ductility. Hence, the increase in flexural strength is 

achieved by compromising ductility.  

When specified design strength and actual strength remain the same, then the steel ratio is below the 

allowable maximum steel ratio thus beam shows tension failure and produce higher deflection and 

ductility. When compressive strength remain the same but steel strength is increased, then beam 

shows larger nominal strength and produces relatively lower deformation and ductility. In case 

compressive strength is decreased but steel strength is increased which may be a common case in 

Bangladesh, the steel ratio increases and mode of failure of the beam is also changed and results lower 

deformation and ductility. 
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ABSTRACT 

Recently, the rise of the commercial uses of building is enormously large, especially in urban areas of 

developing country like Bangladesh. Many of the investors are using a residential building as 

garments factory without any improvement of structure, which leads it to collapse such as, the tragedy 

of RANA PLAZA.  The aim of this study is to provide a better solution of using a residential building 

safely and efficiently as a garments factory while it had not been predesigned for commercial use. The 

whole study includes analysis of structure elements with increasing loads, detect the failed members 

and provide them proper treatment of strengthening so that the building can sustain with moderated 

loading condition. There are number retrofitting methods are available in modern civil engineering 

works. In this study jacketing procedure is used for strengthening the existing building. The major 

analysis and design works, both in initial and retrofitted structural conditions are done by ETABS 

software. It is observed that, the correlative strengthening work can be carried out if any of structure 

members is damaged or cracked due to unsuspected loading or environmental disruptions. 

 

Keywords: Strengthening method; retrofitting technique; jacketing; garments factory 

 

INTRODUCTION 

The RC buildings are designed and constructed according to which purpose it is to be used such as 

residential purpose, industrial or commercial purpose. The elements of the building are though so that 

they are carried out according to their functions. If the purpose of use of a building is changed, the 

whole loading patterns is replaced by moderated loading system. So the behaviours of the structural 

elements may be changed. In some cases, some of the members need to be improved. The whole 

process requires strengthening the existing elements (Handbook, 2007). 

 

The Garments sector has emerged as one of the biggest earner of foreign currency and day by day it is 

extending. The investors are opting to generate the factories in urban areas where the labours are 

available. The problem that arises includes limited resources with lack of place. It is much efficient, in 

this case, to convert a residential building into an industrial building. 

 

The present study provides a better solution of using a residential building safely and efficiently as a 

garments factory while it had not been predesigned for commercial use. In the study analysis work is 

done of structure elements with increasing loads, detect the failed members and provide them proper 

treatment of strengthening so that the building can sustain with moderated loading condition. 

 

RETTROFITTING TECHNIQUE USED FOR EXISTING BUILDING 

 

Jacketing of Columns  

Jacketing of columns consists of added concrete with longitudinal and transverse reinforcement 

around the existing columns. This type of strengthening improves the axial and shear strength of 
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columns while the flexural strength of column and strength of the beam-column joints remain the 

same.   

 

 
 

Fig. 1: Construction Techniques for Column Jacketing. 

 

Jacketing of Beams  

Jacketing of beams is recommended for several  purposes as it  gives continuity to the columns and  

increases  the  strength  and  stiffness  of  the  structure (Md. Akhter et al., 2013).  While  jacketing  a  

beam,  its  flexural resistance  must  be  carefully  computed  to  avoid  the  creation  of  a  strong  

beam-weak  column system.   

 

Enlarging the Area of Footing  

The loads from a building get transmitted to the soil through the foundation. A seismic retrofit of a 

building includes strengthening of inadequate foundations or supplementing with new foundation. 

This covers the important aspects of deficiencies of foundation, analysis and assessment of 

foundation, the types of intervention to strengthen the foundation and the methods of execution.  

 

STRUCTURAL PLANS 

A five-story residential building was designed and constructed according to the BNBC, 1993 code. 

The plan of typical floor is shown in Fig 2.  

 

 
Fig. 2: Typical floor plan. 

 

Initialy the building was constructed for residential use. After some times, it was decided that 

the building is to be used as garments factory. Then remodeling of plans was necessary.  The 

revised floor plans are given below:  
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Fig. 3: Typical floor plan of Garments. 

 
Table 1: Data of building element 

Ground 

floor 

space 

(sq. ft.) 

Typical 

floor 

space 

(sq. ft.) 

Columns Beams 

Types Cross-

Section 

Number Types Cross-

Section 

Number 

3925.76 4427.04 

C1 10 × 20 8 B1 10 × 22 18 

C2 10 × 15 6 B2 10 × 20 1 

C3 10 × 15 18 B3 10 × 15 5 

C4 10 × 12 3 B4 10 × 15 31 

 

DESCRIPTION OF ANALYSED MODELS 

In the present study the analysis is conducted with the aid of ETABS software. Three types of 

analysis was done according to ACI-318-05. 

i. Analysis as residential building 

ii. Analysis as garments factory of same structure 

iii. Analysis as garments factory of retrofitted structure 

It is observed from Fig. 4 for section J, when the loading pattern was changed from residential to 

garments factory, some of the members are failed. It is occurred when a beam is subjected to loading, 

at the end of the beam, there is huge shear but the moment is comparatively small. Then due to the 

combination of shear stress and flexural stress, the principle stress is generated. Here, the failed beam 

sections are increased by beam retrofitting. 

 

 
(a) 
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(b) 

 
(c) 

Fig. 4: Analysis data of section J for (a) Residential building, (b) Garments factory before retrofitting, (c) 

Garments factory after retrofitting 

 

Similar observation can be made for section 4 and I. It is indicated that the ground floor columns 

requires extra reinforcement. So the short columns and ground floor columns are to be retrofitted. 

 

RETTROFITTING DESIGN 

It is seen from the previous section that when the loading cases were changed for garments factory, 

some members of previously designed structure were failed. Therefore the failed members needed to 

be retrofitted. The structure is redesigned with retrofitted members. 

 

Retrofitting of Beams  

When the manufactured load case is assigned in the structure, the result shows that B1 at grade beam 

(4I-6I section), the shear stress due to shear force and torsion together exceeds maximum allowed. 

Therefore the member is failed. Moreover, B2 beam at section 3J-5J, from ground floor to 2nd floor, 

is also failed due to the shear stress due to shear force and torsion together exceeds maximum 

allowed. 
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Fig. 5: Location of Beam Jacketing. 

 

Those sections are needed to be increased by retrofitting. After retrofitting by concrete jacketing 

method, those sections are adequate. According to the code, the minimum thickness of jacketing i.e. 4 

inch at each face is provided. Minimum reinforcement is also provided. The detailed analysis data of 

retrofitted beam is given at Table 2. 

 
Table 2: Analysis data of retrofitted beams. 

Beam 

NO 

Size 

(in x in) 

  MAX  

+Mu(kip-

in) 

MAX 

-Mu(kip-

in) 

Req. Rebar  

Area (in
2
) 

Provided 

Rebar  

(in
2
) 

Shear 

Vu 

Shear 

Rebar 

Req. (in
2
) 

B1-R 18×32 1380 3137.9 Top 3.0 Top 5.72 63.31 .041 

Bottom 2.98 Bottom 4.84 

B2-R 18×30 868.66 1737.34 Top 2.5 Top 4.84 39.41 .005 

Bottom 2.5 Bottom 4.4 

 

Retrofitting of Columns  

After assigning the manufactured load case in the structure, the result shows that C1 (4B-4I section) at 

ground floor, reinforcing required exceeds maximum allowed. Therefore the member is failed. Those 

sections are needed to be increased by retrofitting. After retrofitting by concrete jacketing method, 

those sections are adequate. According to the code, the minimum thickness of jacketing i.e. 4 inch at 

each face is provided. Minimum reinforcement is also provided. Shear connector are used @ 12inch 

c/c in each face of column. 

 

 
Fig. 6: Location of Column Jacketing 

 
Table 2: Analysis data of retrofitted beams. 

Column No. Size 

(in x in) 

MAX 

Mu(kip-in) 

Req. Rebar  

Area (in
2
) 

Provided 

Rebar (in
2
) 

C1-R 18×28 -964.33 4.82 7.04 
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Retrofitting of Foundation  

When the load cases are changed for garments factory, the retrofitted columns required improved 

foundations. From manual calculation, the improved foundation area is 8’-6” × 8’-6” whereas the 

previous footing was 7’-6” × 7’-6”. So the foundation has to be increased. As one layer of steel is 

provided in square footing, the outer faces of existing footing has to be roughly disrupted so that the 

internal rebar is freed at least 3inch. For new foundation, rebars are welded with the existing bars up 

to 1 ft. The retrofitted column rebars have to be inserted 10inch with epoxy. Then the concrete is 

casted at sufficient depth. The details of retrofitted foundation is shown in Fig. 7. 

 

 
 

Fig. 7: Retrofitted foundation details. 

 
CONCLUSIONS  

The structural failure occurs due to change in live load from residential building to garments factory. 

It includes failure of columns, beams and foundation. In this paper, a retrofit of beam, column and 

foundation is introduced. After considering several causes, it is concluded that, 

 

 With respect to our country, concrete jacketing is the most economic and efficient process of 

retrofitting of beam, column and foundation. 

 As a member section has to be increased at least 4inch in each face, the rebar requirement is 

decreased in some cases. In such a situation, minimum reinforcement must be provided. 

 In jacketing, a new layer of concrete is applied on the surface. The bond between new and old 

concrete does not act monolithically. But they are considered monolithic in the analysis. 

 As the building structure is symmetrical by loading pattern, torsion effect is ignored. 
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ABSTRACT 

Fracture toughness of plain cement concrete using brick aggregate cured in marine water has been 

determined in this study. To determine the fracture toughness value for different depths having initial 

crack, thirty beams using brick chips were made according to ASTM specifications. During the casting 

of test specimen initial crack was introduced. Range of initial crack depths was taken 30%, 35% and 

45% of the beam depth. Test specimens were then cured in marine water for 28 days. Experimental 

failure load for each beam, with the specified initial crack depth, was determined using the 4-point 

bending test of the beam. Fracture toughness values were then determined for failure loads and crack 

depths using the equation given by ASTM specifications for 4-point loading. Fracture toughness of 

concrete using brick aggregate cured in marine water in the study was found in the range of 0.376 to 

0.608. The experimental investigation refers that the fracture toughness value increases with the 

decreasing of crack depth and increasing of beam width. 

 

Keywords: Fracture toughness, plain cement concrete, brick aggregate, marine water 

 

INTRODUCTION 

The resistance of a material to failure from fracture starting from a pre-existing crack is known as 

fracture toughness (Cardarelli, 2000). Most structural parts have flaws or defects present in them. These 

defects may be produced during manufacturing for fabrication process. The defects may be sharp 

corners, tool marks or damage due to shaping or construction.  

When a fracture in the form of crack develops in the structure, its load bearing capacity reduces 

significantly. If it develops in the major structural components such as beams/girders, columns/piers, 

shear wall, retaining walls, dams, etc., to a significant amount, the entire structure could collapse within 

a minutes. Since inherent flaws (micro level) exist in concrete material and it could be activated for any 

accidental combination of loads, it is important to pay attention in minimizing flaws in any concrete 

structural elements and inhibiting their growth under normal and accidental loads. It is also important to 

study the behavior of concrete with inherent flaws under static or dynamic loading. For this reason 

fracture toughness test of concrete is important. The high strength materials have a low crack resistance 

(Fracture toughness) the residual strength under the presence of cracks is low. When only small cracks 

exist, structures designed in high strength materials may fail at stresses below the highest service stress 

they were designed for. The structure is made fail-safe by selecting materials with low growth rate and 

high residual strength and by adopting a design with inherent crack stopping capabilities (Broek, 1989).  

Due to the application of repeated loads or due to a combination of loads and environmental attack the 

existing crack will grow with time. The longer the crack, the higher the stress concentration induced by 

it. This implies that the rate of crack propagation will increase with time. For the presence of crack, the 

strength of the structure decrease. After a certain time the residual strength has become so low that the 

structure cannot withstand accidental high loads that may occur in service. From this moment on the 

structure is liable to fail. If such accidental high loads do not occur, the crack will continue to grow until 

the residual strength has become so low that fracture occurs under normal service loading. Some of the 

structures are designed to carry service loads that are high enough to initiate cracks, particularly when 

pre-existing flaws or stress concentrations are present. The designer has to anticipate this possibility of 
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cracking and consequently he has to accept a certain risk that the structure will fail. In order to ensure 

the safety of a structure, the designer must estimate the load carrying capacity of a structure after the 

propagation of cracks (Broek, 1984).  

Brick chips are widely used for construction in rigid pavement, bridge, culvert, buildings, water tank, 

and drainage purposes in the countries like Bangladesh, India, Pakistan and many other countries. 

Cracks are formed in the concrete using brick aggregate due to the presence of void, improper curing, 

temperature changes, moisture content, w/c ratio, presence of joints in the structure. For the presence of 

cracks, the strength of the structure decrease.  

Recent publications have shown that fracture mechanics has now been established as a fundamental 

approach that can explain certain nonlinear aspects of concrete behavior, help to prevent brittle failures 

of the structure and be an important aid in materials engineering (Kishen, 2005). Applications of 

fracture mechanics to failure of concrete structures have been demonstrated that experimental 

phenomena associated with the failure of concrete such as size effect on tensile strength and brittleness 

of concrete can be interpreted properly through fracture mechanics (Shah et. al., 1992). Fracture 

toughness of large concrete specimens have been investigated and found that fracture toughness 

increases initially as crack propagates but that a length-independent value is reached asymptotically and 

concluded that failure of large size concrete elements can be predicted realistically using linear elastic 

fracture mechanics (Wittmann et. al., 1985). Naturally cracked beams (pre-cracked) yield higher failure 

loads and stress-intensity values than notched beams with the same crack length (Swartz et al., 1982). 

Fracture toughness for the concrete using brick chips cured in normal water are determined by 

researchers but for the concrete using brick aggregate cured in marine water are rarely determined. 

Since brick chips are the very important material for construction and also the marine water is a huge 

resource of water that can be used for curing, it is aimed to determine the fracture toughness for 

concrete using brick chips cured in marine water in order to determine the service load under presence 

of cracks in the structure and to raise awareness of the engineer during the design of the structure. 

  

FRACTURE TOUGHNESS BY STANDARD ASTM TEST PROCEDURE 
The Fracture toughness KIC is the material toughness at the onset of fracture. The ASTM E1290-08 
Standard suggests the formula for fracture toughness calculated based on the empirical equation (Eq. 1) 
given by (Srawley et. al.,1976) for single edge straight through cracked rectangular beam under 
four-point loading as given below: 

        (1) 

Where, 

KIC = Fracture toughness in MPa√m  

P = Load 

l1 = Center to center support length 

l2 = Loading span 

B = Width of the beam 

W = Depth of the beam 

a = Crack depth 
 

Materials and Test Specifications: 

All beams were tested by following ASTM specification. Materials and test specifications are given in 

the following Table 1- 
Table 1: Materials and Test specifications 

Mixing ratio: 1: 1.5: 3 

Type of cement: Portland cement  

Type of sand: Local sand 

Size of fine aggregate: #16 passing & #30 retaining, #30 passing & #50 Retaining, #50 passing & #100 

retaining = (1:2:3) 

Size of coarse aggregate: 25 mm passing  19 mm retaining 

Size of cylinder: Diameter = 152 mm; Height =305 mm 

w/c ratio: 0.365 
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Different test results of cement, sand, aggregate and plain concrete are given in the following Table 2- 

 
Table 2: Different Test results of Cement, Sand, Aggregate and Plain Concrete 

Name of test Test results 

F.M. (Fineness Modulus) of sand  2.49 

Slump value (average of 05 tests)  79 mm  

7 days compressive strength of cement mortar (average of 10 tests)  25.9 MPa  

28 days compressive strength of cement mortar (average of 10 tests)  33.5 MPa  

7 days tensile strength of cement mortar (average of 10 tests)  2.25 MPa  

28 days tensile strength of cement mortar (average of 10 tests)  3.30 MPa  

28 days cylinder compressive strength of cement concrete with 

brick aggregates (average of 15 tests)  

19.0 MPa  

Aggregate crushing value of brick aggregate (average of 03 tests)  38.33% 

 

Preparation of Test Specimens 

Six uncrack beams, six beams with 30% depth of crack and standard width (152 mm), six beams with 

35% depth of crack and standard width (152 mm), four beams with 45% depth of crack (76 mm width), 

four beams with 45% depth of crack (102 mm width) and four beams with 45% depth of crack (127 mm 

width) were cast by using brick chips. Steel plates of 1 mm thickness were provided during casting for 

producing pre-cracked beam having 1 mm crack width as shown in [Fig. 1].  

 
Fig. 1: Casting of pre-cracked beams inserting steel plates 

 

The details of different test specimens are given in the following Table 3- 

 
 Table 3: Details of different test specimens 

Test Specimen ID Total no. of Test 

Specimen 

Beam dimensions  

(mm) 

Crack depth  

(% of beam depth) 

1-1 to 1-6 6 813×152×203 uncrack 

2-1 to 2-6 6 813×152×203 35 

3-1 to 3-6 6 813×152×203 30 

4-1 to 4-4 4 813×127×203 45 

5-1 to 5-4 4 813×102×203 45 

6-1 to 6-4 4 813×76×203 45 

 

Standard ASTM Test Procedure: 

In specified formwork the specimens were casted. The formwork was removed after 24 hours and 

specimens were kept under marine water for curing for 28 days. Marine water was collected directly 

from Patenga sea beach of Chittagong. Specimens were removed after 28 days from the water and kept 

in dry place for 24 hours to evaporate the moisture from their external surface. Loading positions and 

supporting positions were clearly marked and uneven surfaces were made smooth surface by using sand 

paper and Weir brush. Swivelling supports (in one vertical plane, perpendicular to the length) were 

provided at a distance 12.5 mm from both ends of the beam. Four-point loading positions were fixed at 

one-fourth of span length from both supports. This loading was chosen for obtaining pure bending at the 

middle-half portion of the beam where crack was present. Load was applied on the beam monotonically 

without any jerk and it was increased continuously at a rate of 10kN/min until the test specimen failed. 

Failure load was recorded from a digital load meter. A dial gauge with a sensitivity of 0.01 mm was 

used for measuring the load point deflection. Displacement controlled load was applied on the 

specimen. Load was recorded at each 5 division increments of the dial gauge up to failure load. All 

specimens were tested under simply supported conditions. Experimental setups for standard ASTM 

Test procedure are shown in the following figures: 
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Fig. 2: Experimental setup for standard ASTM Test 

 

 
Fig. 3: Experimental setup of crack beam by using 

brick chips 

 

 
Fig. 4: Failure of crack beam by using brick chips 

 
Fig. 5: Experimental setup of uncrack beam by using 

brick chips  

 
Fig. 6: Failure of uncrack beam by using brick chips  

 

RESULTS AND DISCUSSIONS 
The crack depth and peak load for each test beam and the corresponding computed fracture toughness 
are shown in Table 4. From this table it is seen that the magnitude of the maximum load varies with the 
depth of crack as well as width of the test beam. The peak load capacity decreases with the increasing 
depth of crack which can be easily described by the a/W ratios, where a/W is the ratio between depth of 
crack (a) and height of beam (W). Three types of a/W ratios used in the standard ASTM test procedure 
which are 0.3, 0.35, 0.45 among which test beams with a/W ratio 0.3 have shown larger peak load 
capacity whether test beams with a/W ratio 0.45 have shown smaller peak load capacity. In the other 
hand, peak load capacity decreases with the decreasing width of beam. Test beam with 152 mm width 
has shown larger peak load capacity whether test beam with 76 mm width has shown smaller peak load 
capacity. 
 
Figure 7, 8, 9, 10 and 11 show the load-deflection plot for cracked beam with different depth of crack 
and width of test beam made with brick aggregates cured in marine water. Figure 12 shows the 
load-deflection curves for combined average load. From all the load- deflection curves it is seen that 
material behaves almost linearly at the beginning of the applied load and becomes nonlinear near the 
peak load. A part of this non-linearity could be attributed to the coalescence of tensile micro-cracks 
(development of fracture process zone) before the subsequent crack extension. The remaining part is 
due to the nonlinear compression behavior near maximum loads. It was found that when the load 
reached its maximum value, the test specimen began to lose its resistance very fast, which could not be 
plotted properly. For this reason, only the load deflection plots up to peak load have been showed in this 
study. The peak load was then used to determine the fracture toughness according to Eq. (1). 
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Table 4: Fracture Toughness of cracked Test Specimens 

Sl no. 

 

Test Specimen ID Beam 

Dimension   

(mm) 

Crack 

Depth (% of 

beam depth) 

Load (KN) 

 

Fracture 

toughness 

KIC(MPa√m) 

1 2-01 

813×152×203 35 

8.1  0.394 

2 2-02 9.7  0.472 

3 2-03 8.3  0.404 

4 2-04 9.1  0.443 

5 2-05 9.8  0.477 

6 2-06 9.0  0.438 

7 3-01 

813×152×203 30 

12.5 0.547 

8 3-02 11.2  0.490 

9 3-03 13.9 0.608 

10 3-04 11.5  0.503 

11 3-05 12.6  0.551 

12 3-06 13.0  0.567 

13 4-01 

813×127×203 45 

8.0  0.479 

14 4-02 8.5  0.509 

15 4-03 8.2  0.491 

16 4-04 9.1  0.545 

17 5-01 

813×102×203 45 

6.9  0.409 

18 5-02 7.3  0.433 

19 5-03 6.7  0.397 

20 5-04 7.1  0.421 

21 6-01 

813×76×203 45 

5.5  0.405 

22 6-02 5.3  0.390 

23 6-03 5.2  0.383 

24 6-04 5.1 0.376 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Load deformation curves for crack of 35% 

depth of beam (152 mm beam width) 

 

 

 

 

 

Fig. 8: Load deformation curves for crack of 30% 

depth of beam (152 mm beam width) 
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Fig. 9: Load deformation curves for crack of 45% 

depth of beam (127 mm beam width) 

 

 

 

 

 

 

 

Fig. 10: Load deformation curves for crack of 45% 

depth of beam (102 mm beam width) 

 

Fig. 11: Load deformation curves for crack of 45% 

depth of beam (76 mm beam width) 

Fig. 12: Load deformation curves for combined 

average load 

 

CONCLUSIONS 

 The fracture toughness values obtained from the experimental study with marine water curing 

increases with the decreasing of crack depth and increasing of beam width. 

 It was found in case of beam with different crack depths, the failure loads of beam decrease when 

the crack depth increases. 

 When the width of beams decreases, the failure load also decreases having constant crack depth.  
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ABSTRACT 

This paper describes the influence of mainly the curing method on the strength of brick aggregate 

concrete. Six types of curing method (CM-1: water submersion curing; CM-2: wet earth curing; CM-3: 

polythene sheet curing; CM-4: gunny sack curing; CM-5: water spraying curing; and CM-6: air curing) 

which are followed in various practical cases in Bangladesh have been considered. Other parameters 

considered are the concrete mix ratio (1:2:4 and 1:1.5:3 by volume) and the age of concrete (7, 14, 28 

and 90 days). The Ordinary Portland Cement was used in making concrete and the water-cement ratio 

considered was 0.50 by weight. A total of 144 nos. of standard concrete cylinders were cast and tested 

for crushing strength of concrete. It has been found that curing method CM-1 gives the highest concrete 

strength and the curing method CM-6 gives the lowest strength to concretes irrespective of the concrete 

mix ratio. The rich concrete mix (1:1.5:3) gives higher strength than that of lean concrete mix (1:2:4) 

except the curing method of CM-4. For lean concretes, at the age of 28 days, the curing methods CM-3, 

CM-4 and CM-5 yielded 13%, 33% and 8% higher strengths than that of the CM-6 method. The 

increase of concrete strength at the age of 90 days over that at 28 days has been found to vary from 1% 

to 48% with a mean of 18%. 

 

Keywords: Age of concrete, brick aggregate, compressive strength, curing method, mix proportion  

 

INTRODUCTION 

Concrete is the most widely used man-made construction material. It is a stone like material obtained by 

permitting a carefully proportioned mixture of cement, sand, gravel or other suitable coarse aggregate, 

and water to harden in forms of the shape and dimensions of the desired structure. The compressive 

strength of concrete is commonly considered its most valuable property, although, in many practical 

cases, other characteristics such as durability and permeability may in fact be more important. 

Nevertheless, compressive strength usually gives an overall picture of the quality of the concrete. 

Moreover, the strength of concrete is almost invariably a vital element of structural design and is 

specified for compliance purpose (Nilson et al., 2010). 

 

Curing of concrete is the process of controlling the rate and extent of moisture loss from concrete during 

cement hydration. It may be needed after concrete has been placed in position thereby providing time 

for the hydration of the cement to occur. Since the hydration of cement does take time – days, and even 

weeks rather than hours – curing must be undertaken for a reasonable period of time if the concrete is to 

achieve its potential strength and durability. Curing may also encompass the control of temperature 

since this affects the rate at which cement hydrates. The curing period may depend on the properties 

required of the concrete, the purpose for which it is to be used, and the ambient conditions, i.e. the 

temperature and relative humidity of the surrounding atmosphere. Curing is designed primarily to keep 

the concrete moist, by preventing the loss of moisture from the concrete during the period in which it is 

gaining strength. Curing may be applied in a number of ways and the most appropriate means of curing 

may be dictated by the site or the construction method (James et al., 2011). 

 

The physical properties of concrete depend to a large extent on the extent of hydration of cement and 

the resultant microstructure of the hydrated cement. Upon coming in contact with water, the hydration 

Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh 
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.) 

504



 

of cement proceeds both inward in the sense that the hydration products get deposited on the outer 

periphery of the cement grain, and the nucleus of un-hydrated cement inside gets gradually diminished 

in volume. At any stage of hydration the cement paste consist of the product of hydration, the remnant 

of un-reacted cement, calcium hydro-oxide and water. The product of hydration forms a random three 

dimensional network gradually filling the space originally occupied by the water. Accordingly, the 

hardened cement paste has a porous structure, the pore size varying from very small (4×10-10 m) to very 

large and are called gel pores. As the hydration proceeds, the deposit of hydration products on the 

original cement grain makes the diffusion of water to the un-hydrated nucleus more and more difficult 

and so the rate of hydration decreases with time. Therefore, the development of the strength of 

concrete, where starts immediately after setting is completed, continue for an indefinite period, though 

at a rate gradually diminishing with time. Eighty to eighty five percent of the eventual strength is 

attained in the first 28 days and this strength is considered to be the criterion for the structural design 

and is called the characteristic strength (Sing, 2001). 

 

In Bangladesh, depending upon the suitability and availability, different methods are followed for 

curing of concrete in different structures. Pounding method (blocking water on the surface of cast 

concrete) is normally used for curing the top surface of flat or near-flat surfaces such as floor slab, 

pavements, roof slab etc. Structural elements such as footings, pile cap, column below grade etc. are 

usually covered by soil after few hours/days of their casting. This is done with the view that the curing 

of these concrete will continue by the damp environment created by the surrounding soil. Sometimes 

concrete structures such as column, floor slab etc. are wrapped or covered with polythene sheets in 

order to keep the concrete moist by preventing evaporation of water from it. In some cases, after 

removing the formwork, concrete structures are wrapped or covered with gunny-sacks and then water 

is sprayed several times in a day for curing the concrete. This method of concrete curing is usually 

followed for column, pier, retaining wall and some other vertical structures. On the other hand, exposed 

side surfaces of floor beams are generally cured by spraying water on the concrete surfaces several 

times in a day. In some exceptional cases concrete elements are just left exposed in the open air which 

may be due to the non-availability of curing facilities or some other reasons. However, in all of the 

above mentioned cases, the representative concrete specimens (cylinder and/or cube) of various 

concrete elements are normally cured by full submersion of specimens into water. This difference 

between the curing conditions of real structural element and the representative concrete specimens may 

yield concretes of different qualities. As a result the strength of the representative specimens may differ 

from that of the concretes of actual structures. 

 

In Bangladesh, both crushed stone and broken bricks are widely used as coarse aggregates in making 

concrete. However, due to non-availability and price considerations of stones, the use of broken bricks 

as coarse aggregate is getting popularity especially in the private sectors. Effect of the moist curing on 

the strength of brick aggregate concrete was investigated experimentally by Rahman et al. (2009). It 

was reported that moist-cured brick aggregate concrete show significant higher compressive strength in 

comparison with that of the air-cured concrete. An average value of the ratios of the compressive 

strengths of air-cured concrete to those of moist-cured concrete was found to be 0.74. Also the initial 

moist curing of 3, 7, 14 and 21 days yielded 67%, 68%, 81% and 89% respectively of the 28 days 

moist-cured compressive strength (all were tested at 28 days). 

 

Experimental investigation on the effect of curing on the strength of brick aggregate concretes was also 

done by Ahmad and Amin (1998). They reported that the curing of concrete at any stage is beneficial to 

overcome the losses due to discontinuity in curing. The delayed curing was found to be helpful even in 

attaining the desired strength provided that the early age (1st one week) curing is not hampered. 

However, in such cases curing for a longer duration was reported to be required. 

 

So far, no study on the influences of different curing methods on the real structural concrete elements 

(those are practically followed in Bangladesh) has been reported. This paper has, therefore, been aimed 

at to study the above mentioned issue considering the brick aggregate concretes. 
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EXPERIMENTAL PROGRAM 

In the experimental program a total of 144 standard cylindrical concrete specimens (150×300 mm) 

have been cast and then tested to get the concrete crushing strengths. Three parameters considered were 

curing method, age of concrete and concrete mix ratio. Six type of curing methods of concrete which 

are commonly followed in Bangladesh have been considered as the main parameter. The curing 

methods considered are: 

(i) Full submersion of concrete specimens into water (CM-1). 

(ii) Covering the concrete specimens with wet earth (CM-2). 

(iii) Wrapping the concrete specimens with polythene sheets (CM-3). 

(iv) Covering the concrete specimens with gunny sacks and then spraying water on this several times 

in a day (CM-4). 

(v) Spraying water on the exposed specimens at several times in a day (CM-5). 

(vi) Concrete specimens left in the open air outside the lab (i.e. air cured) (CM-6). 

 

Two types of concrete mix ratio (1:2:4 and 1:1.5:3 by volume) along with the age of concrete (7, 14, 28 

and 90 days) have also been considered in this study. Therefore, a total of 6×2×4 or, 48 nos. of mixes of 

concrete and hence a total of 48×3 or 144 nos. of cylindrical specimens were cast and then tested for 

compressive strength at the age of specified days. Ordinary Portland Cement (Type-I) was used in this 

experiment. Properties of the cement used are shown in Table 1. 

 
Table 1: Properties of the cement (OPC) used in the experiment 

Property of cement Test value 

Normal consistency 28.6% 

Initial setting time 3 hr. 0 min. 

Final setting time 6 hr. 0 min. 

Compressive strength (3 days) 25.5 MPa 

Compressive strength (7days) 34.3 MPa 

 

The coarse aggregates used were 25 mm down well graded brick aggregates. The properties of fine and 

coarse aggregates used in the experiment are presented in Table 2. Potable water was used in making 

concretes with a water-cement ratio of 0.5 by weight. 

 
Table 2: Properties of fine and coarse aggregates used 

Property of materials used 

Test values of 

Fine aggregate 

(sand) 

Coarse aggregate 

(brick aggregate) 

Fineness modulus 2.4 7.4 

Water absorption (%) 2.0 6.0 

Unit weight  ( kg /m3) 1492 1102 

 

Required numbers of steel moulds each of 150×300 mm size were cleaned using wire brush and then 

their joints were tightened by nut-bolts. These cleaned moulds were placed on firm and level floor on 

concrete laboratory. Lubricating oil (Mobil) was used to smear the bottom and inside of the mould for 

its easy removal after hardening of concrete. Fresh concrete was prepared as per designed mix in a 

mixture machine. Immediately after unloading from mixture machine, the fresh concrete was placed in 

the mould in three layers and was compacted each layer of concrete by using nozzle type vibrator 

machine. The fresh concrete in the specimen molds were kept in the laboratory without any disturbance 

for about 24 hours. Then the concrete specimens were demoulded and were placed under the specified 

curing method. The maximum curing period considered was 28 days except for the curing method of 

CM-2 in which the maximum curing period was 90 days. 

 

The test cylinders were collected from their specified curing conditions before 24 hours of their testing 

and kept in air dry condition in the laboratory. Both the ends of cylinders were ground by grinding 

machine in order to make the end surfaces smooth and level. Then the measurements for diameter of 

each specimen were taken using slide callipers. Average of three measurements those at top, middle 
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and bottom were considered in determining the diameter and then the cross sectional area of each 

specimen. Concrete cylinders were tested in the lab using the 2000 KN capacity Universal Testing 

Machine following the ASTM C39 specifications. At first the test cylinder was placed on the machine’s 

base platen keeping it vertical and centered on the plate. Then load was applied on the top surface of the 

specimen. This load was increased gradually until the specimen failed. The crushing load was then 

recorded. The crushing load of each of the test specimens was divided by the average cross sectional 

area of respective cylindrical specimen and was recorded as the compressive strength of that concrete. 

The compressive strengths of all concretes along with different parameters are presented in Table 3. 

 
Table 3: Compressive strength of test concretes 

 

ANALYSIS AND DISCUSSION OF TEST RESULTS 

Test data have been analyzed with a view to study the influence of curing methods along with other 

variables considered in this study and are discussed in the followings. 

 

Influence of the Curing Methods on the Concrete Strength 
Fig. 1 shows the relative influences of curing methods considered in this study on the concrete crushing 

strength for a wide range of the age of concretes made with brick aggregate. It is seen that the curing 

method CM-1 (full submersion of concrete specimens into water) gives higher concrete strength than 

any other curing method irrespective of the concrete mix ratios except that of mix ratio of 1:2:4. The 

exceptional case may be due to a comparatively lean concrete mix along with the much higher 

absorption capacity of brick aggregates. On the other hand, the air curing method CM-6 (concrete 

specimens left in open air in the lab) gives the minimum strengths to concretes considered.  

 

The curing methods CM-3 (wrapping the concrete specimens with polythene sheet) and CM-4 

(covering the concrete specimen with gunny sack and then spraying water on this several times in a day) 

are seen to be the much influential in giving strengths to concrete. These may be due to the available 

moisture around the concrete specimens provided by the almost air-tight polythene sheet system and 

long time existence of sprayed water on concrete surface because of the coarse gunny sack. The curing 

method CM-5 (spraying water on the exposed specimens several times in a day) also gives higher 

strengths, but to a lesser amount, than those of the air-cured concretes. 

 

A comparative study of the 28-days crushing strengths of concrete cured following the different 

methods is given in Table 4. Ratios of strength of concrete cured following either of CM-1, CM-2, 

CM-3, CM-4, and CM-5 to that of the concrete cured by CM-6 (air curing method) are presented in this 

table. From Table 4 it is seen that for rich concretes (mix ratio=1:1.5:3) curing methods CM-2, CM-3, 

CM-4 and CM-5 do not have any influence in increasing the concrete strength over that by CM-6 curing 

Age of concrete 

(day) 

Compressive strength (MPa) of concrete under the curing condition of -  

CM-1 CM-2 CM-3 CM-4 CM-5 CM-6 

Mix ratio = 1:2:4 (by volume) 

7 23.7 24.4 25.8 27.6 25.4 17.6 

14 27.5 25.4 32.9 32.3 27.5 22.4 

28 32.2 28.7 32.6 38.5 31.3 28.9 

90 39.4 42.4 43.3 41.9 38.4 34.8 

Mix ratio = 1:1.5:3 (by volume) 

7 24.7 24.7 27.3 35.5 31.6 26.7 

14 35.2 32.9 31.3 36.1 35.1 27.1 

28 42.9 37.9 36.8 36.6 37.1 38.1 

90 46.5 41.2 44.1 39.9 40.8 38.5 
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(a) 

 

 

(b) 
 

Fig. 1: Influence of different curing methods on the strength of concrete 
 

method. Whereas the CM-1 method gives a significant increase (an average of 12%) in concrete 

strengths for both the rich and the lean (mix ratio=1:2:4) concretes. On the other hand, the CM-2 

method of curing has no influence in increasing concrete strength over those of CM-6 method for either 

rich or lean concretes. However, for lean concrete, CM-3, CM-4 and CM-5 show 13%, 33% and 8% 

increase, respectively, in concrete strength. 

 
Table 4: Ratios of compressive strengths (28-days) obtained following different curing methods. 

Coarse 

aggregate 

Mix Ratio 

(by volume) 

Ratio of concrete strengths at 28 days for curing methods 

CM-1/CM-6 CM-2/CM-6 CM-3/CM-6 CM-4/CM-6 CM-5/CM-6 

Broken 

bricks 

1:2:4 1.11 0.99 1.13 1.33 1.08 

1:1.5:3 1.13 0.99 0.97 0.96 0.97 

Mean 1.12 0.99 1.05 1.15 1.03 

Standard Deviation (SD) 0.008 0.001 0.115 0.263 0.077 
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Influence of the Concrete Mix Ratio on the Concrete Strength 
The relative influences of the concrete mix ratios on the crushing strength of concretes made with brick 

aggregates are presented in Fig. 2. It is seen from this figure that the rich concrete mix (1:1.5:3) gives 

higher strengths than those of lean concrete mix (1:2:4) except the concrete cured with CM-4 method. 

 

           
                        (a)                 (b) 

 

           
         (c)           (d) 

 

            
                                 (e)                                                                             (f) 

         

Fig. 2: Effects of mix ratio on the strength of concrete 
 

Concrete Strengths at 7 and 14 Days 

The ratios of concrete strengths at 7 days to those of 28 days and the strengths at 14 days to those of 28 

days are presented in Table 5. From the table, it is seen that the concrete continue to increase its strength 

with its age. The mean strength of concretes at the age of 7 days is 75% of that at 28 days. While the 

concrete reaches 87% of its 28-days strength at the age of 14 days. 
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Table 5: Comparison among compressive strengths (28-days) of concrete 

Concrete mix 

ratio (by vol.) 

Curing 

method 
7,cf   

(MPa)
 

14,cf   
(MPa)

 
28,cf   

(MPa)
 

28,

7,

c

c

f

f





 
28,

14,

c

c

f

f




 

1:2:4 

CM-1 23.7 27.5 32.2 0.74 0.85 

CM-2 24.4 25.4 28.7 0.85 0.89 

CM-3 25.8 32.9 32.6 0.79 1.01 

CM-4 27.6 32.3 38.5 0.72 0.84 

CM-5 25.4 27.5 31.3 0.81 0.88 

CM-6 17.6 22.4 28.9 0.61 0.78 

1:1.5:3 

CM-1 24.7 35.2 42.9 0.58 0.82 

CM-2 24.7 32.9 37.9 0.65 0.87 

CM-3 27.3 31.3 36.8 0.74 0.85 

CM-4 35.5 36.1 36.6 0.97 0.99 

CM-5 31.6 35.1 37.1 0.85 0.95 

CM-6 26.7 27.1 38.1 0.70 0.71 

Mean 0.75 0.87 

SD 0.1120 0.083 

 

Increase in Concrete Strength after 28 Days 
The ratios of concrete strengths at 90 days to those of 28 days are presented in Table 6. It is to be 

mentioned here that after 28 days no curing was applied to any concrete specimen except those for the 

curing method of CM-2 in which the maximum curing period was 90 days. From Table 6 it is seen that 

the gain in concrete strength at the age of 90 days over that at 28 days ranges from an insignificant value 

(1%) to a quite high value (48%) and the mean increase is 18%. 
          

Table 6: Ratio of concrete strength at 90 days to that of 28 days 

Concrete mix 

ratio (by vol.) 

Curing 

method 
28,cf 

 
(MPa)

 
90,cf 

 
(MPa)

 
28,

90,

c

c

f

f





 

1:2:4 

CM-1 32.2 39.4 1.22 

CM-2 28.7 42.4 1.48 

CM-3 32.6 43.3 1.33 

CM-4 38.5 41.9 1.09 

CM-5 31.3 38.4 1.23 

CM-6 28.9 34.8 1.20 

1:1.5:3 

CM-1 42.9 46.5 1.08 

CM-2 37.9 41.2 1.09 

CM-3 36.8 44.1 1.20 

CM-4 36.6 39.9 1.09 

CM-5 37.1 40.8 1.10 

CM-6 38.1 38.5 1.01 

Mean 1.18 

SD 0.129 

 

CONCLUSIONS 

Following conclusions can be drawn based on the findings of this study- 

(i) Curing method CM-1 (full submersion of concrete specimens into water) gives higher concrete 

strength than any other curing method irrespective of the concrete mix ratios. On the other hand, 

curing method CM-6 (air curing) gives minimum strengths to concretes considered. 

 

(ii) The rich concrete mix (1:1.5:3) gives higher strength than that of lean concrete mix (1:2:4) except 

the curing method of CM-4. 

 

(iii) For lean concretes, the curing methods CM-3, CM-4 and CM-5 yielded 13%, 33% and 8% higher 

strengths (28 days) than that of the CM-6 method (air curing). 
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(iv) The increase in concrete strength at the age of 90 days over that at 28 days (maximum curing 

period except the CM-2 method of curing) varies from an insignificant value (1%) to a quite high 

value (48%) and the mean increase is 18%. 
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ABSTRACT 

Bridges are the economic benchmark for the countrywide transportation development which 

facilitates emergency rescue operation, first aid, fire fighting, medical services and relief operation for 

disaster prone areas. As a transportation lifeline, it seems very important to minimize the seismic 

induced losses of bridge function as much as possible. At past, the performance of highway bridges 

against moderate to high seismic thrust was quite unsatisfactory at different part of the world which 

proves that bridges are highly susceptible to damages during earthquake. A significant amount of 

global bridges collapsed in the recent years have exposed inadequacy of the design of existing bridge 

structures which pushes engineers to rethink about the optimization of seismic provision. A fragility 

curve (FC) illustrates the conditional probability that a structure surpasses some defined limit states at 

different levels of load or seismic shock. This study clarifies the research importance of developing 

the seismic fragility functions (FF) and FC for the major bridge classification in Bangladesh. This 

literature based study reconfirm the necessity of FF and FC of existing bridges in a particular territory 

so that, the prediction of damage probability for a certain ground motion may possible. Both the FF 

and FC could be fruitful in damage state assessment for a defined seismic event as well as financial 

seismic losses prediction following density and speed of traffic, environmental exposure, soil 

condition, degree of uses and structural importance of the major bridge classification in Bangladesh. 

To do so, at the very infant stage of this study, a tentative methodology flowchart have been tried to 

establish which cordially urges further refinement. 

 

 

Keywords: Fragility function; fragility curve; seismic induced losses; damage state analysis; seismic 

performance; highway Bridge   

 

INTRODUCTION 

Bridges are a crucial part of the overall transportation system as they play very important roles in 

evacuation and emergency routes for rescues, first-aid, fire fighting, medical services and transporting 

disaster commodities to expatriates. In this regard, bridges serve as a transportation lifeline of modern 

society. In view of the importance of the bridge structure, it is a contemporary key issue to minimize 

as much as possible the loss of the bridge functions against earthquakes to enhance continued 

functioning of the community life. A large number of bridge structures collapsed in recently occurred 

destructive earthquakes in different places in the world have exposed inadequacy of the design of 

existing bridge structures, which have led engineers rethink widely on how to design bridge structures 

against earthquakes. These occurrences have indicated that the necessity to construct/rehabilitate 

bridge structures to withstand seismic forces in earthquake prone regions is more than a mere 

philosophy (Khan, 2014; Khan and Bhuiyan, 2015). The performance of highway bridge systems 

observed in past earthquakes — including the 1971 San Fernando earthquake, the 1994 Northridge 

earthquake, the 1995 Great Hanshin earthquake in Japan, the 1999 Chi-Chi earthquake in Taiwan, the 

2010 Chile earthquake, and the 2010 Haiti earthquake — have demonstrated that bridges are highly 

susceptible to damages during earthquakes (Alim et al., 2015). Bridges give the impression of being 

rather simple structural systems. Indeed, they have always occupied a special place in the affections 

of structural designers because their structural form tends to be a simple expression of their functional 
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requirement. Bridges, possibly because of their structural simplicity, have not performed well as 

might be expected under seismic thrust. In recent earthquakes in California in 1989, Japan in 1995, 

etc. modern bridges designed specifically for seismic resistance have collapsed or have been severely 

damaged when subjected to ground shaking of an intensity that has frequently been less that 

corresponding to current code intensities (Alim, 2014; Alim et al., 2015). FC displays the conditional 

probability that a structure surpasses some defined limit state at different levels of load or other 

actions. For seismic fragility, the curves represent the probability of seismic damage at various levels 

of ground shaking, which is described for the purposes of this research in terms of peak ground 

acceleration (PGA).  

 

LITERATURE REVIEW 

Since last decade, several authors have tried to explain this term with different parameters from 

different seismic eyesight’s (Alim, 2014; Alim et al., 2015). Most of these assumptions and 

explanations were mainly focused on different civil engineering structures - particularly on buildings 

and bridge structures. Yamazaki et al. (2000) developed a set of empirical FC based on the actual 

damage data acquired from the 1995 Hyogo-ken Nanbu (Kobe) earthquake. Shinozuka et al. (2000) 

presented both empirical and analytical approaches for FC. Kim and Shinozuka (2004) then 

developed FC for concrete bridges retrofitted by column steel jacketing. The FC were expressed in the 

form of a two parameter lognormal distribution function with the estimation of the two parameters 

performed an optimization algorithm, and it could be achieved through ground motion records and 

seismic structural response analyses (Alim, 2014; Alim et al., 2015). 

 

In the seismic fragility analysis, different forms of engineering demand parameters (EDP) are used to 

monitor the structural responses under earthquake ground motion and measure the damage states (DS) 

of the bridge components. DS for bridges should be defined in such a way that each DS indicates a 

particular level of bridge functionality. A capacity model is needed to measure the damage of bridge 

component based on prescriptive and descriptive DS in terms of EDP (Choi et al., 2004; Neilson, 

2005). Four DS as defined by Federal Emergency Management Authority (FEMA, 2000) through 

HAZUS are commonly adopted in the seismic vulnerability assessment of engineering structures, 

namely slight, moderate, with extensive and collapse damages. Bridge piers are one of the most 

critical components, which are often forced to enter into nonlinear range of deformations under strong 

earthquakes. Alim et al. (2015) affirmed that, the displacement ductility of the bridge pier is adopted 

as damage index (DI). Hwang et al. (2001) recommended four different DS for bridge pier based on 

ductility limit. But retrofit affects the seismic response and demand of the bridge pier and the capacity 

as well. For the retrofitted bridge pier new limit states (LS) need to be defined (Alim, 2014). LS 

capacities for the retrofitted bridge bent might be obtained by transforming the ductility LS proposed 

by Hwang et al. (2001). The use of ductility limit for retrofitted reinforced concrete (RC) columns is 

well documented in literature of Ramanathan et al. (2012), Billah and Alam (2012), Alim (2014) and 

Alim et al. (2015). 

 

In Incremental Dynamic Analysis (Vamvatsikos and Cornell, 2002; Alim, 2014; Alim et al., 2015), 

the structure is subjected to a series of non-linear time-history analysis of the increasing intensity (e.g. 

Peak ground motion acceleration is incrementally scaled from a low elastic response value up to the 

attainment of a pre-defined post-yield target limit state). Incremental Dynamic Analysis (IDA) is a 

new methodology which may postulate a clear indication of the relationship between the seismic 

capacity and the demand. An analysis scheme was carried out for the as-built and retrofitted concrete 

bridge bent (Alim, 2014). The peak values of base shear are plotted against their top displacement 

counterparts, for each of the dynamic runs, giving rise to the so-called dynamic pushover or IDA 

envelop curves (Alim et al., 2015). FC allows the evaluation of potential seismic risk assessment of 

any structure. Fragility function describes the conditional probability i.e., the likelihood of a structure 

being damaged beyond a specific damage level for a given ground motion intensity measure (Alim, 

2014; Alim et al., 2015). In order to develop FC, different methods and approaches have been 

developed. Depending on the available data and resources, fragility functions can be generated 

empirically based on post-earthquake surveys and observed damage data from past earthquakes 
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(Basoz and Kiremidjian, 1999; Yamazaki et al., 2000; Alim, 2014). However, limited damage data 

and subjectivity in defining DS limits the application of empirical FC (Padgett and DesRoches, 2008).  

 

In absence of adequate damage data, fragility functions can be developed using a variety of analytical 

methods such as elastic spectral analyses (Hwang et al., 2001), nonlinear static analyses (Shinozuka et 

al., 2000) and nonlinear time-history analyses (Hwang et al., 2001; Choi et al., 2004). In order to 

generate analytical FC, structural demand and capacity needs to be modelled. Alim (2014) and Alim 

et al. (2015) studied the Probabilistic Seismic Demand Model (PSDM) that was used to derive the 

analytical FC using nonlinear time-history analyses of the retrofitted bridge bents. Though this is the 

most rigorous method, yet this is a dominating reliable analytical method (Shinozuka et al., 2000). 

The PSDM establishes a correlation between the EDP and the ground intensity measures (IM). 

Displacement ductility demand of retrofitted bridge bent was considered as the EDP, and the PGA 

was utilized as IM of each ground motion records (Alim, 2014; Alim et al., 2015). Two approaches 

are used to develop the PSDM. These are (i) the Scaling Approach and (ii) the Cloud Approach 

(Alim, 2014; Alim et al., 2015). Following Scaling Approach, all the ground motions are scaled to 

selective intensity levels and an IDA is conducted at each level of intensity; however, in the Cloud 

Approach, un-scaled earthquake ground motions are used in the nonlinear time-history analysis and 

then a PSDM is developed based on the nonlinear time history analyses results. Alim (2014) and Alim 

et al. (2015) studied the Cloud method that was utilized in evaluating the seismic fragility functions of 

the retrofitted bridge bents. In this approach, a regression analysis is carried out to obtain the mean 

and standard deviation for each limit state by assuming the power law function (Cornell et al., 2002), 

which gives a logarithmic correlation between the median EDP and selected IM. In order to create 

sufficient data for the Cloud Approach, IDA is carried out instead of nonlinear time history analysis 

where the median and dispersion value of the DS are described by Ramanathan et al. (2012). 

 

Effect of isolation on FC of thirty highway bridges based on simplified method was assessed by 

Karim and Yamazaki (2007) where strong ground motion records were utilized for dynamic analysis 

towards FC development. Another fragility assessment of a multi-span highway bridge (i.e., isolated 

by shape memory alloy restrainers and lead rubber bearing) was postulated by Bhuiyan and Alam 

(2012). The authors offered fragility functions of the bridge components that are generated and then 

combined to approximate the overall system fragility functions at different damage states. A 

comprehensive Bayesian methodology for developing probabilistic capacity and demand model for 

structural component of highway bridge system was formulated by Gardoni et al. (2002) where both 

aleatory and epistemic uncertainties were considered. The PSDM are used in conjunction with the 

component capacity models to objectively assess the seismic fragilities of RC bridge bent for a set of 

ground excitations. Analytical probabilistic fragility studies require extensive computer simulations to 

account for the randomness in both input motions and response characteristics. Jeong and Elnashai 

(2007) initiated an approach where a set of fragility relationships with known reliability was derived 

based on the fundamental response quantities of stiffness, strength and ductility of bridge frames.  

 

A set of seismic FC for the bridges commonly found in the Central and Southern United States 

(CSUS) was developed to predict economic losses due to earthquake and prioritization of retrofit 

action (Choi and Jeon, 2003). The authors assessed the seismic resistance of several retrofitted bridges 

and also evaluated using fragility analysis and compared with that of the as built bridges to verify the 

effect of each retrofit measures aggressively. A method was presented for the evaluation of seismic 

fragility function of RC bridge structures subjected to both rigid and spatially varying excitation in 

association with nonlinear dynamic analysis and plain Monte-Carlo simulation (Lupoi et al., 2004). 

An expanded methodology for the generation of analytical FC for highway bridges in CSUS was 

presented by Nielson and DesRoaches (2007a). The methodology considered the contribution of the 

major bridge components (i.e., pier, abutment and bearing) to its overall bridge system fragility. The 

fragility of individual bridge component was then compared with the overall bridge system and it was 

observed that, the overall bridge as a system is more fragile than any one of the individual 

components. Seismic FC for nine major classes of highway bridges at CSUS was developed by 

Nielson and DesRoaches (2007b). The methodology adopted three dimensional analytical models and 

nonlinear time history analysis to develop FC and further compared with the HAZUS-MH procedure. 
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Analytical FC for typical Algerian RC bridge piers was developed by Kibboua et al. (2011) in 

association with forty one worldwide accelerometer records and nonlinear dynamic analysis to assess 

the damage indices express in terms of the bridge displacement ductility, the ultimate ductility, the 

cyclic loading factor and the cumulative energy ductility. Combining the damage indices defined for 

five damage rank with the ground motion indices, the FC for the bridge piers were derived assuming a 

lognormal distribution. Mackie and Stojadinovic (2004) addressed the analytical and numerical 

formulation of FC for single bent RC highway bridges. FC was derived at the demand, damage and 

decision variable levels that are useful for traffic network modelling. El-Arab (2012) proposed an 

analytical methodology of seismic FC for RC pier bridges in Egypt. The study strongly argued that, 

the peak ground acceleration for 50% probability of exceeding slight, moderate and severe damage 

ranges from approximately 0.15g to 0.4g for the typical Egyptian RC pier bridges.  

 

FC for two span simply supported concrete bridge pier in near fault region was developed by 

Shirazian et al. (2011) incorporating several earthquake time histories. To assess the loss estimation 

due to bridge damage, FC (both empirical and analytical) have been developed for various bridge 

types across America (Nielson, 2003). FC alone cannot predict the indirect losses associated with a 

given level of damage. Therefore, damage-functionality relationships are required in addition to FC 

that might be able to assess the indirect losses associated with a particular seismic event. Dukes et al. 

(2012) studied the sensitivity of design parameters used to develop bridge specific FC. A bridge 

specific fragility methodology can be developed that takes into account certain design aspects of a 

bridge design in order to provide FC particular to a bridge design. The authors conducts a sensitivity 

study to test which design parameters have a significant impact on bridge response and should 

therefore be consider as predictive variables in bridge specific fragility analysis used in the design 

procedures. 

 

Tanaka et al. (2000) presented a methodology for developing the seismic fragility function that takes 

both physical and functional aspects into account. The authors deals with the fragility functions that 

can be used for post earthquake transportation management system where both space and time factors 

are relevant and follows three step procedure. (i) Construct the GIS based damage database, (ii) 

estimates spatial distribution of ground motion and assign to facility and (iii) develops the seismic FC 

for the highway bridges to estimate possible seismic losses. Fragility analysis of wall pier supported 

highway bridges of Southern Illinois in USA was initiated by Bignell and LaFave (2010). A series of 

hammerhead and regular wall pier supported bridges were randomly selected to analytical procedure 

and hundred three dimensional finite element model that are excited by synthetic earthquake records. 

Second stage liquefaction potentiality was also considered in the fragility analysis and it was observed 

that, the Southern Illinois wall pier supported bridges are moderately vulnerable to structural damage 

in a 2% probability of exceeding in a 50 years earthquake, and in some cases they could be highly 

vulnerable to on-site liquefaction arousal.  

 

Evaluation of effectiveness and optimum design of isolation devices for highway bridges might be 

possible by using fragility function methodology (Zhang and Huo, 2009). The author adopts the 

performance based evaluation approach to investigate the effectiveness of isolation devices 

incorporating probabilistic seismic hazard analysis and IDA to produce fragility functions. The study 

shows that, the mechanical properties of isolation devices have significant effect on the damage 

probability of isolated bridges and these issues should be effectively considered under the fragility 

function framework. PSDM and fragility estimates for highway bridges with single column bent was 

assessed by Huang et al. (2010). The PSDM was proposed considering ground motion characteristics, 

prevailing uncertainties, statistical uncertainties and model errors in association with Bayesian 

updating approach. The uni-variate deformation shear fragility and the bi-variate deformation shear 

fragility were crucially assessed for the target bridge. 

 

Fragility analysis of a highway overcrossing bridge with soil structure interaction was 

comprehensively discussed by Kwon and Elnashai (2010) for Central and Eastern USA. Four 

different modelling methods were adopted to represent abutment and foundations of the bridges and 
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FC of the components and bridge system are derived. Four different SSI approaches results different 

seismic FC. The authors argued that, careful consideration is necessary when selecting an analytical 

representation of a soil and foundation system to obtain reliable seismic impact assessment. It was 

also observed that, abutment bearings are the most critical components of the bridge systems.  

 

Mechanistic quantification of RC bridges DS under earthquake through fragility analysis was 

performed by Banerjee and Shinozuka (2008). Bridge damageability information in a succinct from as 

FC is needed to pursue the seismic risk assessment of a highway network consisting of as large as 

thousand of bridges that could be affected by a high magnitude earthquake with in and near the 

service area of the network. FC for seismically retrofitted RC bridge was evaluated by Kim (2003). 

The CALTRANS specified bridges were seismically strengthened and then Monte-Carlo simulation 

was performed to study nonlinear dynamic responses of the bridges before and after retrofit. The 

effect of retrofit is expressed in terms of the increase of the median value of the FC for retrofitted 

bridge from that of the before retrofit. The comparison clarifies that, the retrofitting effort shows 

excellent performance for the ascertained damage states. Preliminary study on the FC for highway 

bridges in Taiwan was initiated by Liao and Loh (2004). The FC was used to represent the 

probabilities that structural damage, under various levels of seismic excitation, exceeds specific DS. 

Since, it is neither necessary nor practical to evaluate individual bridges, bridge classification and 

mapping scheme plays an important role. Calculation of site-specific seismic demand and demand 

function (i.e., capacity curves and fragility curves) are the key factors in bridge damage assessment 

and seismic losses prediction.  

 

In the light of above discussion, it becomes appealing to critically assess the fragility functions of 

highway brides in Bangladesh based on which a meaningful and representative fragility curves should 

be developed. Both these fragility function and fragility curves will be synergistically supportive in 

damage state assessment for a particular seismic event as well as financial seismic loss prediction 

incorporating the socio-economic context, density and speed of traffic, environmental exposure, soil 

condition, degree of use and structural importance of the major bridge classifications in this seismic 

region.  

 

OBJECTIVES OF THE PROPOSED RESEARCH WORK 

Motivated by the study done so far, the current work is aimed to conduct the following works stated 

hereunder: 

i) To propose a major classification of bridges in terms of structural importance and 

serviceability based on existing bridge inventory in Bangladesh. 

ii) To develop physical and analytical modelling scheme of the proposed bridge classification for 

probabilistic seismic hazard analysis. 

iii) To select a set of ground motion records for incremental dynamic analysis incorporating the 

finite element procedure of the major bridge classification towards seismic performance 

assessment. 

iv) To derive the analytical seismic fragility function for the major bridge classification 

considering engineering demand parameters, different damage states, ground motion intensity 

measures and probabilistic seismic demand model based on available literature. 

v) To develop seismic fragility curves following steps (iii) and (iv) for major bridge 

classification of Bangladesh that will best suited for seismic losses determination and retrofit 

prioritization. 

 

POSSIBLE OUTCOMES 

A meaningfully sophisticated and more objectively tuned fragility function and fragility curves for 

major bridge classification of Bangladesh will be developed. It is expected that, this more 

comprehensive fragility function with fragility curves will be better capable of evaluating the 

probabilistic seismic hazard analysis by accurately assess damage states that are important to estimate 

possible loss estimation and taking retrofitting decision for overall bridge systems in Bangladesh. 
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TENTATIVE FLOWCHART OF METHODOLOGY 

A tentative flowchart of the research methodology have been tried to discussed by following steps 

given hereunder which might helpful to reach the research goal positively [Fig. 1]. This research work 

still in very primary stage which needs further modification and cordially promote comments and 

valuable suggestions from research community. 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Fig. 1: Proposed methodology flowchart for fragility assessment of highway bridges in Bangladesh  
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STEP - 5: Development of the analytical seismic fragility function for the 

major bridge classification incorporating engineering demand parameters, 

different damage states, ground motion intensity measures and probabilistic 

seismic demand model following different methodology available in 

literature. 

 

                   

                 
STEP - 6: Seismic fragility curves for major bridge classifications will be 

developed that will perform better in potential seismic losses prediction and 

retrofit prioritization in the specific context of Bangladesh. 

                   

                 

Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh 
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.) 

517



  

Banerjee, S and Shinozuka, M. 2008. Mechanistic Quantification of RC Bridge Damage States under 

Earthquake through Fragility Analysis, Probabilistic Engineering Mechanics, 23: 12–22. 

Basoz, N and Kiremidjian, AS. 1999. Development of Empirical Fragility Curves for Bridges, 

Proceedings of the 1999 5
th
 U.S. Conference on Lifeline Earthquake Engineering: Optimizing Post-

Earthquake Lifeline System Reliability, August 12-14, 16: 693–702. 

Bhuiyan, AR and Alam, MS. 2012. Seismic Fragility Assessment of Multi-span Continuous Highway 

Bridge Isolated by Shape Memory Alloy Restrainer and Lead Rubber Bearing, Proceedings of the 15
th
 

World Conference on Earthquake Engineering, Lisbon, Portugal. 

Bignell, J and LaFave, J. 2010. Analytical Fragility Analysis of Southern Illinois Wall Pier Supported 

Highway Bridges, Earthquake Engineering & Structural Dynamics, 39: 709–729. 

Billah, AHMM and Alam, MS. 2012. Development of Fragility Curves for Retrofitted Multi-Column 

Bridge bent Subjected to Near Fault Ground Motion, Proceedings of the 15th World Conference on 

Earthquake Engineering, Lisbon, Portugal. 

Choi, E DesRoches, R and Nielson, B. 2004. Seismic Fragility of Typical Bridges in Moderate 

Seismic Zones, Engineering Structures, 26(2): 187–199.  

Choi, E and Jeon, JC. 2003. Seismic Fragility of Typical Bridges in Moderate Seismic Zone, KSCE 

Journal of Civil Engineering, 7(1): 41-51. 

Cornell, CA; Jalayer, F; Hamburger, RO and Foutch, DA. 2002. Probabilistic Basis for 2000 SAC 

Federal Emergency Management Agency Steel Moment Frame Guidelines, Journal of Structural 

Engineering, 128(4): 526–532. 

Dukes, J; DesRoaches, R and Padgett, E. 2012. Sensitivity Study of Design Parameters used to 

Develop Bridge Specific Fragility Curves, Proceedings of the 15
th
 World Conference on Earthquake 

Engineering, Lisbon, Portugal. 

El-Arab, IME. 2012. Analytical methodology of Seismic Fragility Curve for Reinforcement Concrete 

Pier Bridges in Egypt, International Journal of Engineering and Advanced Technology (IJEAT), 

ISSN: 2249 – 8958, 2(2): 392-299. 

FEMA 366/September 2000. HAZUS
®
99 Estimated Annualized Earthquake Losses for the United 

States, Reported by Federal Emergency Management Agency, Washington D.C., US. 

Gardoni, P; Kiureghian, AD and Mosalam, KM. 2002. Probabilistic Models and Fragility Estimates 

for Bridge Components and Systems, Pacific Earthquake Engineering Research Center, PEER 

Report 2002/13, University of California, Berkeley. 

Huang, Q; Gardoni, P and Hurlebaus, S. 2010. Probabilistic Seismic Demand Models and Fragility 

Estimates for Reinforced Concrete Highway Bridges with One Single-Column Bent, Jour. of Engg. 

Mech. @ ASCE, ISSN 0733-9399/2010/11, 136(11): 1340–1353. 

Hwang, H; Liu, JB and Chiu, YH. 2001. Seismic Fragility Analysis of Highway Bridges. Reported 

under Project MAEC RR-4, Mid-America Earthquake Center, USA. 

Jeong, SH and Elnashai, AS. 2007. Probabilistic Fragility Analysis Parameterized by Fundamental 

Response Quantities, Engineering Structures, 29: 1238–1251. 

Karim, KR and Yamazaki, F. 2007. Effect of isolation on fragility curves of highway bridges based 

on simplified approach, Soil Dynamics and Earthquake Engineering, 27: 414–426. 

Khan, A.K.M. TA. 2014. An Improved Rheology Model of Laminated Rubber Bearings for Seismic 

Analysis of Multi-Span Highway Bridge, M.Sc. Engg. Thesis, Dept. of Disaster and Environmental 

Engineering, Chittagong University of Engineering & Technology (CUET), Chittagong, Bangladesh. 

Khan, AKMTA and Bhuiyan, MAR. 2015. Damage State Analysis of Seismically Isolated Multi-Span 

Continuous Bridge, IABSE-JSCE Joint Conference on Advances in Bridge Engineering III, 21-22 

August, Bangladesh. 

Kibboua, A; Naili, M;  Benouar, D and Kehila, F. 2011. Analytical Fragility Curves for Typical 

Algerian Reinforced Concrete Bridge Piers, Structural Engineering and Mechanics, 39(3): 411-425. 

Kim, SH. 2003. Fragility Curves for Seismically Retrofitted Concrete Bridges, Proceedings of the 

Pacific Conference on Earthquake Engineering, New Zealand, Paper ID – 168, pp. 1-8. 

Kim, SH and Shinozuka, M. 2004. Development of Fragility Curves of Bridges Retrofitted by 

Column Jacketing, Probabilistic Engineering Mechanics, 19: 105–112. 

Kwon, OS and Elnashai, AS. 2010. Fragility Analysis of a Highway Over-Crossing Bridge with 

Consideration of Soil–Structure Interactions, Structure and Infrastructure Engg., 6(1–2): 159–178. 

Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh 
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.) 

518



  

Liao, WI and Loh, CH. 2004. Preliminary Study on the Fragility Curves for Highway Bridges in 

Taiwan, Journal of the Chinese Institute of Engineers, 27(3): 367-375. 

Lupoi, G; Franchin, P; Lupoi, A and Pinto, PE. 2004. Seismic Fragility Analysis of Structural 

Systems, Proceedings of the 13
th
 World Conference on Earthquake Engineering, Paper ID - 4008, 

August 1-6, Vancouver, B.C., Canada. 

Mackie, K and Stojadinovic, B. 2004. Fragility Curves for Reinforced Concrete Highway Overpass 

Bridges, Proceedings of the 13
th
 World Conference on Earthquake Engineering, Paper ID - 1553, 

August 1-6, Vancouver, B.C., Canada. 

Nielson, BG. 2003. Bridge Seismic Fragility-Functionality Relationships: A Requirement for Loss 

Estimation in Mid-America, Reported by CBE Institute, Texas A&M University, US. 

Neilson, BG. 2005. Analytical Fragility Curves for Highway Bridges in Moderate Seismic Zones, Ph. 

D. Thesis, School of Civil and Env. Engineering, Georgia Institute of Technology.  

Nielson, BG and DesRoches, R. 2007a. Seismic Fragility Methodology for Highway Bridges Using a 

Component Level Approach, Earthquake Engineering and Structural Dynamics, 36: 823–839. 

Nielson, BG and DesRoches, R. 2007b. Analytical Seismic Fragility Curves for Typical Bridges in 

the Central and Southeastern United States, Earthquake Spectra, 23(3): 615–633. 

Padgett, JE and DesRoches, R. 2008. Methodology for the Development of Analytical Fragility 

Curves for Retrofitted Bridges, Earthquake Engineering & Structural Dynamics, 37: 1157–1174. 

Ramanathan, K; DesRoches, R and Padgett, JE. 2012. A Comparison of Pre and Post-seismic Design 

Considerations in Moderate Seismic Zones through the Fragility Assessment of Multi-span Bridge 

Classes, Engineering Structures, 45: 559–573. 

Shirazian, S; Ghayamghamian, MR and Nouri, GR. 2011. Developing of Fragility Curve for Two-

Span Simply Supported Concrete Bridge in Near-Fault Area, Reported by World Academy of Science, 

Engineering and Technology, 51: 571-575. 

Shinozuka, M; Feng, MQ; Lee, J and Naganuma, T. 2000. Statistical Analysis of Fragility Curves, 

Jour. of Engineering Mechanics @ ASCE, 126(12): 1224-1231. 

Tanaka, S; Kameda, H; Nojima, N and Ohnishi, S. 2000. Evaluation of Seismic Fragility for Highway 

Transportation Systems, Proceedings of the 12
th
 World Conference on Earthquake Engineering, Paper 

ID - 0546, New Zealand. 

Vamvatsikos, D and Cornell, CA. 2002. Incremental Dynamic Analysis, Earthquake Engineering and 

Structural Dynamics, 31(3): 491-514. 

Yamazaki, F; Motomura, H and Hamada, T. 2000. Damage Assessment of Expressway Networks in 

Japan Based on Seismic Monitoring, Proceedings of the 12
th
 World Conference on Earthquake 

Engineering, Paper ID – 0551, Auckland, New Zealand. 

Zhang, J and Huo, Y. 2009. Evaluating Effectiveness and Optimum Design of Isolation Devices for 

Highway Bridges Using the Fragility Function Method, Engineering Structures, 31: 1648-1660. 

Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh 
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.) 

519

http://www.sciencedirect.com/science/journal/01410296
http://www.sciencedirect.com/science/journal/01410296/45/supp/C


  

ADOPTION OF REGULAR COLUMN INSTEAD OF SHEAR WALL AT 

LIFT-CORE OF MODERATELY TALL RC FRAME STRUCTURE   
 

 

A. K. M. T. A. Khan
*
 & M. R. Alam 

 

Department of Civil Engineering, Chittagong University of Engineering and Technology, Chittagong, 

Bangladesh,  
*
Corresponding Author: thohidul.ce@gmail.com 

 

 

ABSTRACT 
Shear wall are prominently used in lift-core of reinforced concrete (RC) frame structure for their 

optimum lateral stiffness and dynamic vibration resistivity. The ambient lateral load resistance, high 

stiffness and vibration resilience are the prime motivation to use such kind of solid element in the 

building structure. Providing shear wall, the deflection might be significantly reduced and therefore 

structural engineers are frequently choose this option. This study investigates the optimization of 

shear wall and evaluating the potentiality of regular column (instead of shear wall) in lift-core of a 

typical RC building frame. Two different modelling approaches of the lift-core (shear wall oriented 

and column oriented) have been employed to assess the seismic performances of a RC frame by 

nonlinear dynamic analysis. The RC building frame was considered as a intermediate moment 

resisting frame (IMRF) and a fixed restraint condition at foundation level of the building frame was 

considered. Five optimization schemes were adopted for both models by changing the relative 

position of shear wall and column arrangement. The seismic performance considered in this studies 

are storey deflections for both models, which further compared with the maximum permissible storey 

deflections following BNBC-2006, ACI Code 9.5.2 and Nilson et al. (2003). The numerical result 

shows that, the shear wall oriented lift-core posses less storey deflection than the column oriented lift-

core whereas, for moderately tall structure (i.e., up to 9 storey), column oriented lift-core may use 

instead of shear wall as the permissible limit allows this initiation. But, for more than 9 storey, 

column oriented lift-core may not be adequate and then mandatorily shear wall have to adopted at lift-

shaft because of the exceeding of permissible storey deflection at top storey. 

 

Keywords: Shear wall, rc frame structure, nonlinear dynamic analysis, maximum permissible 

deflection, seismic performance, building code 

 

INTRODUCTION 
Shear wall is a common practice in lift-core for the multi-storied reinforced concrete (RC) building 

construction. At the RC building frame, lift-core is the most vibratory portion as the lift-cabin moves 

up and down continuously for transporting human being and goods at different floors of structure. The 

vibration produced by the lift in a RC frame may cause dilemmatic situation. In the very early stage of 

its invention, the weight of the lift's machine unit and cabin was quite heavy. But trend of modern 

science makes this issue a simple one. Recently, most of the lift is made from light fiber materials and 

they are comparatively lighter than earlier one. Earlier heavy lifting unit produced huge vibratory 

effect and they are dominantly manually operated (i.e., Pulley-Crane subsystem), so that structural 

engineers tried to emphasis on thicker lift-core (10 to 12 inch) with adequate reinforcement to reduce 

the vibration phenomena. Today’s nominal-weighted lift is fully automated by the modern 

electromagnetic interaction and is appealing to rethink about the lift-core mechanism i.e., simple 

column instead of shear wall (Khan, 2015). Different authors focused on the shear wall and column 

analogy in the lift-core and the vibration effect of the continuous movement of lift-core. The 

optimization of shear wall has been assessed by Katkhoda and Knaa (2012) in the selection of 

structural systems for the design of RC high rise building for seismic resilience. The authors studied 

RC high rise building (10, 15, 20 storied), where the genetic algorithm was applied to access optimum 

solution, which ensures the economic dimensions that achieve the saving in concrete and steel amount 

thus gain lower cost also. The authors consider shear wall system, moment resisting frame and the 
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optimum combination of frame and shear wall system. Effect of change in shear wall location on 

storey drift of multi-story building was critically observed by Agrawal and Charkha (2012) when 

structure subjected to lateral loads. The authors argued that, shear wall is very prominent for high 

plain stiffness and strength which can be used to resist large gravity loads. It is very important to 

determine effective, efficient and ideal location of shear wall. The analysis proceeds by changing 

various position of shear wall with different shapes for determining parameters like storey drift, 

displacement and axial load etc. incorporating ETABS software. Shear wall are oblong in cross 

section, i.e., one dimension of the cross section is much higher than the other. While rectangular cross 

section is common, box shaped, L-shaped, U-shaped and other required sections are also used. Husain 

(2013) argued that, the hollow RC shaft around the lift-core of RC building act as shear walls and 

could be utilize to significantly resist seismic forces. Properly designed and detailed shear walls have 

shown very good performance in past earthquake as lateral loads caused by wind. Shear wall 

buildings are a popular choice in many earthquake prone countries, like Chile, New Zealand, USA, 

India and even in Bangladesh. Optimum structural modelling for tall buildings was performed by 

Jameel et al. (2012) where more emphasis was adopted on shear wall at lift-core. The authors argued 

that, dual system modelling combining frame and shear wall is appropriate for multi-storied buildings 

at lift-core and stair case portion. The investigation promotes the effects of multi-storied framed and 

shear wall structure in terms of storey displacement, natural frequency and natural time periods. 

Lateral displacement and storey drift were measured and it was observed that shear wall is a fruitful 

solution with cost effectiveness. Effect of different configuration of shear walls on seismic behaviour 

of high rise building was evaluated by Kharade and Chore (2014) where shear wall mainly used at 

lift-core. In multi-storied building, presence of lift-core wall causes localized increase of lateral 

stiffness of the overall system. Effect of placement and opening in shear wall on the displacement at 

various levels in a building subjected to seismic thrust was evaluated by Gupta and Pande (2014). 

Considering column at lift-core might reduce significant amount of costing in compare to shear wall 

construction. Moreover, the structural self weight could be noticeably reduced at the lift-core portion 

which finally helps to reduce foundation volume. In the BNBC-2006, ACI Code 9.5.2 and Nilson et 

al. (2003), a guideline provided for maximum permissible computed deflections for the residential 

building structure. It could be earnestly possible to analyse the effectiveness of simple column in 

compare with shear wall made lift-core and check the deflection limits accordingly. Column based 

lift-core allows the deflection limit for certain height (i.e., up to 9 storey) might be a cost effective 

alternative. The objective of this work is to carry out the optimization of shear wall in lift-core of RC 

building structure and evaluating the effectiveness of regular column instead of shear wall at lift-core. 

 

MODELLING OF THE RC FRAME BUILDING 
A RC building frame [Fig. 1 & Fig. 2] suitable for FE software analysis was selected after taking the 

necessary permission from the project owner. Geometric and material data of RC building frame have 

been assigned after critically analyse the collected information. Some initial hand approximation has 

been initiated to primarily consider the tentative section of beam, column, slab and shear wall 

members. A Professional finite element (FE) based software namely Extended Three Dimensional 

Analysis of Building System (i.e., ETABS Nonlinear Version 9.7.0) was incorporated for dynamic 

analysis of the RC building frame. A new model was initiated from the software opening interface 

and assign total number of stories (B+G+7). The grid spacing have to be defined according to the 

column to column distance following the spacing in X and Y direction. The grid ID in X direction are 

delimited to A - J with corresponding spacing with 50", 182", 118", 109", 74", 83", 84", 47" and 42", 

respectively. Again, the grid ID in Y direction are delimited to 1 - 10 with corresponding spacing 

were 34", 63", 74", 32", 96", 92", 32", 35", 41", 45" and 30", respectively. The storey ID has been 

assigned according to features including level, height and comparative elevations. In this study, the 

height of typical floor was 10 ft and the basement floor was at 5 ft top of foundation level. “Define” 

menu helps to confirm the materials properties and frame sections. Four structural elements of the RC 

frame were Beam (fc'=3500 lb/in
2
), Column (fc'=4000 lb/in

2
), Slab (fc'=3500 lb/in

2
) and Shear wall 

(fc'=4000 lb/in
2
). 72 Grade (Fy=72000 lb/in

2
) steel was blended in each structural elements. 
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(a) 

 

 
(b) 

 

Fig. 1: Physical model (typical plan) of the RC building frame (a) shear wall at lift-core (Model A), (b) only 

column at lift-core (Model B)  
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(a)                                                                         (b) 

 
Fig. 2: 3D Model at FE scheme (a) shear wall at lift-core (Model A), (b) only column at lift-core (Model B)  

  

The modulus of elasticity was assigned following the formula [E = 57000√(fc')], where fc' is in lb/in
2
. 

Frame sections of the structural elements were ensured with the relevant cross section of Beam (10" x 

24"), Column (10" x 25") and Column (10" x 30") at lift-core, Column (12" x 20") at corner, Column 

(12" x 25") at side span and Column (12" x 30") at mid span. All sections are rectangular in shape. 

Slab is 5.5" thick and shear wall is 10" thick with pier level P1. All the structural members have been 

digitally drawn based on the grid and following the sequence of columns → beams → shear walls → 

slab chronologically. The base support condition was assigned as fixed. The dead load and live load at 

each floor slab was assigned as uniformly distributed in nature. The entire slab member and shear 

wall elements was meshed to 4 by 4 for accurate analysis. The inner portion of lift-core was assigned 

as opening. The centre of diaphragm was checked which should be nearly at centre of RC building 

frame. The model was critically checked for the FE software ETABS analyse. After successful 

analysis, the design combination following the “select design combo” was initiated for both USD 

(Ultimate Strength Design) and WSD (Working Strength Design) loading pattern. Both the concrete 

frame and shear wall member was designed individually to find the deformed shape and storey 

deflection. The storey deflection was then compared with the code provided allowable deflection 

values for shear wall based lift-core and simple column based lift-core. Other optimization models 

was analysed and designed following aforementioned steps chronologically to find out the storey 

deflections at every grid of each model.  

   

LOADS AND LOAD COMBINATIONS 
Following expert based opinion, assume that, the dead load is 100 lb/ft

2
 and live load is 40 lb/ft

2
. 

These loads were uniformly distributed on the top of each slab from basement floor to 7
th
 floor. At the 

top roof, the entire distributed loads assigned as its half of the regular floor by the practical 

observation. Earthquake and wind load was assigned according to UBC (Uniform Building Code) 

1994. For earthquake loads, seismic zone factor (Z) is 0.15, site coefficient (S) is 1.2 and structural 

importance factor (I) is 1.0 with time period 0.030 and numerical response modification factor (Rw) is 

8.0. The active zone for seismicity is base to top roof. For wind load, basic wind speed is 150 mph 

(mile/hour), exposure type is B, and structural importance factor is 1.0 with windward coefficient is 

0.8 and leeward coefficient is 0.5. The active zone for wind induced vibration is ground floor to top 

roof. Two load combinations are considered in this study, namely WSD and USD combination. For 

WSD combination, both the dead load and live load coefficient is 1. Whereas, for USD combination, 

dead load coefficient is 1.2 and live load coefficient is 1.6. Some other default combinations were 

automatically initiated by the professional finite element environment of ETABS 9.7.0.  
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ALLOWABLE DEFLECTION BY BNBC-2006 AND OTHER CODES 
According to BNBC–2006 (Table 6.6.4), ACI Code 9.5.2 and Table 6.2 of Nilson et al. (2003), the 

maximum permissible computed deflection for RC frame structure is [(L/480)++] with complying 

some other conditions. Current study incorporates (L/500) to compute the maximum permissible 

deflection, where L means total height of building structure in "inch". The allowable deflection at top 

roof becomes 2.28". Following same approximation, the allowable deflections at basement floor to 7
th
 

floor were 0.12", 0.36", 0.60", 0.84", 1.08", 1.32", 1.56", 1.80" and 2.04", respectively. The allowable 

deflection at foundation level was considered as zero for fixed support condition. 

 

NUMERICAL OUTCOMES 
Table 1: Comparison of maximum and allowable storey deflection for different modelling approaches  

Model 

 

 

Storey 

ID 

 

 

Grid 

ID 

Maximum 

Storey 

Deflection, 

δU (inch) 

Allowable 

Storey 

Deflection 

by BNBC 

– 2006, δA 

(inch) 

Comparison 

of Maximum 

and 

Allowable 

Storey 

Deflection 

% 

Change 

in 

between 

δU & δA   

Model A (Shear wall at Lift) Top Roof Grid 2 1.194 2.280 δU < δA (Safe) 90.888 

1
st 

Optimization of Model A Top Roof Grid B 1.464 2.280 δU < δA (Safe) 55.749 

2
nd 

Optimization of Model A Top Roof Grid B 1.470 2.280 δU < δA (Safe) 55.052 

3
rd 

Optimization of Model A Top Roof Grid B 1.646 2.280 δU < δA (Safe) 38.534 

4
th 

Optimization of Model A Top Roof Grid 2 1.573 2.280 δU < δA (Safe) 44.915 

5
th 

Optimization of Model A Top Roof Grid B 1.689 2.280 δU < δA (Safe) 35.013 

Model B (Column at Lift) Top Roof Grid B 1.665 2.280 δU < δA (Safe) 36.956 

1
st 

Optimization of Model B Top Roof Grid B 1.862 2.280 δU < δA (Safe) 22.436 

2
nd 

Optimization of Model B Top Roof Grid B 1.931 2.280 δU < δA (Safe) 18.056 

3
rd 

Optimization of Model B Top Roof Grid B 1.826 2.280 δU < δA (Safe) 24.856 

4
th 

Optimization of Model B Top Roof Grid B 1.891 2.280 δU < δA (Safe) 20.601 

5
th 

Optimization of Model B Top Roof Grid B 1.786 2.280 δU < δA (Safe) 27.680 

 

 

      
(a)                                                                         (b) 

 
Fig. 3: Deformed shape with maximum deflection (a) Model A (at grid 2), (b) Model B (at grid B)  
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(a)                                                                         (b) 

 

 

    
(c)                                                                         (d) 

 

 

    
(e)                                                                         (f) 

 
Fig. 4: Plan of the RC frame (shear wall provided at lift-core) (a) Model A, (b) 1st Optimization, (c) 2nd 

Optimization, (d) 3rd Optimization, (e) 4th Optimization, and (f) 5th Optimization 
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(a)                                                                         (b) 

 

 

    
(c)                                                                         (d) 

 

 

    
(e)                                                                         (f) 

 
Fig. 5: Comparison of maximum & allowable storey deflection for (a) Model A (shear wall at lift-core), (b) 1st 

Optimization, (c) 2nd Optimization, (d) 3rd Optimization, (e) 4th Optimization and (f) 5th Optimization 
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(a)                                                                         (b) 

 

 

    
(c)                                                                         (d) 

 

 

    
(e)                                                                         (f) 

 
Fig. 6: Plan of the RC frame (only column provided at lift-core) (a) Model B, (b) 1st Optimization, (c) 2nd 

Optimization, (d) 3rd Optimization, (e) 4th Optimization and (f) 5th Optimization 
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(a)                                                                         (b) 

 

 

    
(c)                                                                         (d) 

 

 

    
(e)                                                                         (f) 

 

Fig. 7: Comparison of maximum & allowable storey deflection for (a) Model B (only column at lift-core), (b) 

1st Optimization, (c) 2nd Optimization, (d) 3rd Optimization, (e) 4th Optimization & (f) 5th Optimization 
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CONCLUDING REMARKS 
This study presents the optimization of shear wall and evaluating the effectiveness of traditional 

column instead of shear wall in lift-core of a typical residential RC building frame. Two individual 

situation of the lift-core have been considered to assess the seismic performances of the target RC 

frame by nonlinear dynamic analysis. These are lift-core made by shear wall (Model A) and lift-core 

made by regular column instead of shear wall (Model B).  The RC building frame was considered as a 

intermediate moment resisting frame (IMRF) following the provision of  building codes. A fixed 

restraint condition at foundation level of the building frame was considered which causes zero 

deflection after dynamic analysis. Five optimization schemes were adopted for both Model A and 

Model B by changing the relative position of shear wall and column arrangement. Storey deflection 

has been considered as the seismic performance for both Model A and Model B, which further 

compared with the maximum permissible storey deflection following BNBC-2006, ACI code 9.5.2 

and Nilson et al. (2003). The numerical results revealed that,  the shear wall based lift-core posses less 

storey deflections than the column based lift-core. For moderately tall (i.e., up to 9 storey) building 

frame, column based lift-core may practice instead of shear wall because, the permissible limit allows 

this operation. For high-rise/tall RC frame (i.e., more than 9 storey) column based lift-core may not be 

adequate and then obviously shear wall have to exercised at lift-core because of the exceeding of 

permissible storey deflection at top storey. For both the model A and B, 5
th
 optimization possess the 

most cost effective and convenient alternatives. More rigorous analysis is required using further 

sophisticated finite element software to gain refined knowledge about this column-shear wall analogy 

at lift-core of RC building frame which might be dealt as a future work. 
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ABSTRACT 

Coastal concrete i.e. structural concrete exposed to sea environment needs special care regarding its 

durability. Fly ash, coal burnt waste products, is reported to be well effective as blending material with 

cement for its contribution in making impermeable concrete and also in reduction the CO2 emission 

associated with the production of cement. Bangladesh government has made a mega plan to reach a 

capacity 40,000 MW of electricity by 2030, half of which will be generated from coal. Now in 

Bangladesh 250 MW coal based power plant is in running condition at Boropukuria. Additional 5250 

MW coal based power plant is going to be installed. This paper investigates the performance of fly ash 

concrete exposed to artificially made sea water (SW). Fly ash concrete specimen of 100 mm cubical 

size made by cement fly ash mix ratio 100:0, 80:20, 70:30, 60:40 and 40:60 have been studied in PW, 

normal and accelerated SW environment (1T & 6T) and also in submerged (SUB) and alternate wetting 

drying (AWD) condition up to 12 months. After 12 months of curing, the loss in compressive strength 

as compared to PW cured specimens of similar age are reported to lie in the range of 12% to 28% for 

OPC and 4% to 17% for 70:30 fly ash concrete. Fly ash concrete of cement replacement level 30 to 40% 

showed relatively less negative half cell potential (HCP) value as compared to other concretes. The 

study reveals that fly ash concrete of cement fly ash mix 70:30 may be effective for concrete exposed to 

coastal environment form strength and durability point of view. 

 

Keywords: Cement; compressive strength; fly ash; marine environment; half cell potential 

 

INTRODUCTION 

Reinforced concrete is one of the most widely used building materials all over the world due to abundance 

of materislas, speed and versatility in construction, strength, durability, economy and relatively long life 

spans. However, corrosion of the reinforcement in concrete structures is of utmost important to the life 

cycle of these structures especially to those areas exposed to marine environment. The expanded uses of 

concrete have increased the interest of scientists / researchers for its use in aggressive environments 

although a well designed concrete structure is reported to survive up to its design life without any major 

repair/maintenance work in adverse environment. SW is a complex solution of many salts containing 

living matter, suspended silt, dissolved gases and decaying organic material. The average salt 

concentration of SW is about 3.5%. Compound of chloride present in SW is around 89%; whereas the 

presence of sulphate compounds is around 10%. Reinforced Concrete structures in SW environments 

are often found to be deteriorated. So prior to the construction of any concrete structure in such location, 

proper steps should be taken to overcome the risk of deterioration of concrete due to chloride and sulfate 

attack. Depending on the tidal range, nature, extent and mechanism of deterioration process, a 

reinforced concrete structure exposed to SW environment can be divide into different zones like 

Atmospheric zone, Splash zone, Tidal zone and Submerged zone. The tidal zone experiences alternate 

wetting drying action in SW and is considered as corrosive area (Gowda, 1981). In coastal environment, 

chloride ion penetrating into the concrete from SW reacts with Ca(OH)2 liberated from cement 

hydration and form calcium chloroaluminate (Friedels Salt). On the other hand, sulfate ions that 

penetrates inside concrete forms gypsum and a complex compound namely calcium sulphoaluminate 

(Ettringite). Both the products occupy a greater volume after crystallization in the pores of concrete 

than the compounds they replace. The formation of gypsum hydrate may cause an increase in volume of 

17.7% in concrete (Islam et al., 2010). 
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The use of blended cement containing supplementary cementitious materials as a replacement of certain 

percentage of Portland cement is more effective than ordinary Portland cement in reducing the rate of 

chloride diffusion when properly cured (Juenger, 2015). The four primary types of SCMs are slag, fly 

ash, silica fume, and metakaolin. Fly ash has been shown to drastically improve chloride ingress 

resistance (Basheer, et al. 2002, Thomas, 2004). Fly ash, a byproduct of burning pulverized coal at 

electric power generating plants, is a fine-grained material consisting of spherical, glassy particles 

comprised of silicate glass containing silica, alumina, iron and calcium. Due to its chemical 

composition, fly ash exhibits both pozzolanic and hydraulic activities (Plank et al., 2015). These 

properties allow it to be added to Portland cement as a mineral additive at the time of batching, or it can 

be interground with the cement clinker during the production of the cement. In the hardened state, the 

addition of fly ash greatly reduces the permeability of concrete which provides great resistance to 

chloride ion ingress (Scrivener et al., 2015). This is primarily due to higher fineness of fly ash compared 

to cement which leads to more compact concrete mix that reduces pore sizes in the cement paste and 

reduces the space available for chlorides to penetrate into the concrete (Erdogan et al., 2014). Some of 

the benefits of including fly ash admixtures in concrete include improved workability, reduced 

segregation, bleeding, heat evolution and permeability, inhibiting alkali-aggregate reaction and 

enhanced sulfate resistance (Federal Highway Administration 2011). Bangladesh has a long coastline 

along its southern border. Structural concrete in such location are always under the adverse effect of 

marine environment. Hence prior to construction of concrete structures at such locations care should be 

taken to mitigate the risk of chloride and sulfate attack. Relevant literature reveals that addition of fly 

ash as a partial replacement of cement in making structural concrete reduces the permeability of 

concrete, which in turns may resist the penetration of harmful salt ions within the concrete structure. 

Studies on the use of fly ash concrete in aggressive environments show that the percentage of cement 

replacement with fly ash and their relative proportion for making concrete in such environment is very 

important and still debatable as well. Bangladesh government has launched a mega plan to reach 40,000 

MW capacity of electricity generation by 2030, half of which will be generated from coal. There 

already exist a 250 MW coal-based power plant at Barapukuria in Dinajpur utilizing coal from 

Barapukuria Coal Mining Company Limited. Adjacent to the Barapukuria Power Plant, another 250 

MW plant is supposed to be set up. The 1200 MW coal based power plant will be built at Matabari, 

Cox’s Bazar using ultra super critical technology with the funding from both GOB and JICA. In 

addition 1320 MW coal fired power plant, “Maitree Super Thermal Power Project” at Rampal, Khulna 

is going to be established as a joint venture between India and Bangladesh. Also a MOU between GOB 

and Huadian Hong Kong Co. Ltd has been signed for setting up a coal-fired power plant of Further 

Bangladesh government has planned to install one of the similar plants at Mawa of Munshiganj with a 

capacity of 522 MW, while two others with the total capacity of 566 MW in Khulna region, all of which 

are coal based. According to the EIA report, 28.1 million tons of coal will be burnt to produce the 

estimated 5500 MW of electricity at the proposed power plant. Considering 10% ash generation, it will 

produce around 2.8 million tons of fly ash. These ashes comprising of fly ash, bottom ash and liquid ash 

which are extremely hazardous contain hazardous and radioactive metals like arsenic, lead, mercury, 

nickel, vanadium, beryllium, barium, cadmium, chromium, selenium and radium. About managing the 

waste, the EIA report states that the fly ash “could” be used in cement factories and brickfields. Taking 

Barapukuria as an example, it produces more than 300 metric tons of fly ash in one day, none of which 

has ever been used in cement factories and brickfields. Rather, they are found dumped in surrounding 

locations including at the ponds, lagoons or landfills which is spirally affecting the environment. The 

unused fly ash and bottom ash disposed from coal combustion power plants, makes major negative 

environment effects such as air pollution and groundwater quality problem due to leaching of metals 

from the ashes, specially unused fly ash which has very small particle size. The aim of this research is to 

evaluate and explore the suitability of the use of Bangladeshi fly ash in structural concrete and its 

efficiency in enhancing concrete durability performance as well as strength characteristics through 

improvement of the concrete microstructure. 

 

EXPERIMENTAL PROGRAMS 

The experimental program was planned to study the effect of fly ash replacement with cement in 

concrete as per following steps:  
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Properties of materials used 

(a) Cement: ASTM Type-I Portland Cement was used as binding material. Chemical compositions of 

ASTM Type-I (OPC) are given in Table 1. 

(b) Fly ash: A low calcium ASTM Class F fly ash collected from Barapukuria Power Plant, Bangladesh 

was used. Chemical analysis of fly ash as conducted using XRF study is shown in Table 1.  

(c) Aggregate: Locally available natural sand with fineness modulus 2.58, specific gravity 2.61, passing 

through 4.75 mm sieve and retained on 0.075 mm sieve was used as fine aggregate. The coarse 

aggregate was crushed stone with a maximum nominal size of 12.5 mm with fineness modulus 6.58 and 

specific gravity 2.70.  

 

 

 

 

 

 

 

 

 

 

 
 

Variable Details 

Different variables used in this experimental program are listed below: 

(a) Five different mix proportions of cement fly ash (100:0, 80:20, 70:30, 60:40, 40:60) were used as 

cmentitious material.  

(b) Artificial SW of two different concentrations (1T and 6T) was used as curing water. PW was also 

used for comparison. SW (1T) is simulated in laboratory by mixing tap water with exact amount and 

proportion of different chemical compounds found in natural SW (Table 2). 6T simulated SW is 

obtained by mixing 6 times chemical compounds respectively as that of 1T solution.  

(c) Two different exposure states namely submerged (SUB) and alternate wetting drying (AWD) were 

used to simulate immersed and tidal zone condition. 

 

Mix design 

Sample description 

A total of 400 no’s of cubical specimen of size 100 mm were also cast from M38 concrete for different 

test as per program. The specimens were demoulded after 24 hours of casting and cured in PW at 

ambient temperature for 28 days. After that specimens were placed in SW of different concentration 

(1T, 6T) as well as PW for different exposure periods. Some of the specimens were subjected to AWD 

cycles (12 hours wetting followed by 12 hours drying) to simulate the tidal marine zone 

condition.Concrete specimens were designated as per grade of concrete and amount of fly ash as a 

percentage of total cementitious material. Thus M38FA40 concrete means grade of concrete is M38 and 

cement fly ash mix ratio is 60:40. 

 

TEST CONDUCTED 

(a) Strength tests 

Compressive strength of concrete specimens was tested at the ages of 1, 3, 6 and 12 months in 

accordance with the BS EN 12390-3:2009. Reported strength is taken as the average of three tests 

results. 

 

 

          Table 2: Composition of Artificial Sea Water                                                    

(Mayers, 1969) 
 

Salt 
Amount 

(gm/ liter) 

% of 

total 

salt 

Sodium chloride (NaCl) 27.21 77.74 

Magnesium chloride 

(MgCl2) 
3.81 10.89 

Magnesium sulfate (MgSO4) 1.66 4.74 

Calcium sulfate (CaSO4) 1.26 3.60 

Potassium sulfate (K2SO4 ) 0.86 2.46 

Calcium carbonate (CaCO3) 0.12 0.34 

Magnesium bromide 

(MgBr2) 
0.08 0.23 

Total 35.00 100.00 

 

Table 1: Chemical composition of ordinary 

Portland cement and fly ash 
 

Types 

ASTM 

Type-I 

Cement 

ASTM 

Class F 

Fly Ash 

Chemical analysis (%) 

Calcium oxide, CaO 65.18 8.6 

Silicon dioxide, SiO2 20.80 59.3 

Aluminum oxide, Al2O3 5.22 23.4 

Ferric oxide, Fe2O3 3.15 4.8 

Magnesium oxide, MgO 1.16 0.6 

Sulfur trioxide, SO3 2.19 0.1 

Sodium Oxide, Na2O -- 3.2 

Loss on ignition 1.70 -- 

Insoluble residue 0.6 -- 
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(b) Half Cell Potential measurement 

Half-cell potential of the steel reinforcement placed at two depth level 15 and 25 mm in fly ash concrete 

specimens that were exposed to SW of different concentration under SUB and AWD state of exposure 

was measured at every month upto 12 months of curing in accordance with ASTM C 876. 

 

RESULTS AND DISCUSSION 

Fly ash concrete specimens that are exposed to PW and SW of different concentration for various 

exposure periods were tested after specific exposure periods. The test results are graphically presented 

and discussed in the following sections: 

 

(a) Compressive strength 

The compressive strengths of OPC and fly ash concretes exposed to different marine environment, have 

been graphically represented in Fig.1 and Fig.2. Also for the ease of comparison, the relative 

compressive strengths are plotted in Fig.3 and Fig.4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compressive strengths corresponding to “O” month curing age represent the 28 days PW cured 

strength. In case of PW curing, the specimens for compressive strength were kept in SUB condition 

only and for SW curing, both SUB and AWD state of exposure conditions are used. In case of PW 

curing, OPC concrete shows higher strength at initial ages than that for fly ash concrete. But for 

relatively longer curing periods, the differences between the results are seen to be decreased. In case of 

PW curing, compressive strengths for 1 month exposure period is 38.6 MPa for OPC concrete, and 

34.9, 33.9, 31.3, 19.7 MPa for fly ash concrete of cement fly ash mix ratio 80:20, 70:30, 60:40, 40:60 

respectively; whereas the same values after 12 months curing, are 48.8 MPa for OPC concrete and 54.9, 

58.3, 55.9, 40.9 MPa for fly ash concrete of similar replacement level. This is due to slow hydration rate 
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Fig.1: Compressive Strength - Exposure Period Relation for Concrete Exposed to 1T SW
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Fig.2: Compressive Strength - Exposure Period Relation for Concrete Exposed to 6T SW
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Fig.3: Relative Compressive Strength - Exposure Period Relation for Concrete (1TSW)
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Fig.4: Relative Compressive Strength - Exposure Period Relation for Concrete (6T SW)
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of fly ash at early age of curing. Test results show that compressive strength of concrete cured in SW 

and under SUB condition show relatively higher values than those for AWD condition. In case of fly 

ash concrete with cement fly ash mix ratio 100:0, 80:20, 70:30, 60:40 and cured in SW of 6T 

concentration, compressive strength for SUB condition are 40.8, 45.5, 48.2, 47.1 and 38.6, 44.3, 49.6, 

45.5 MPa for 6 and 12 months of curing; whereas the corresponding values are 38.2, 42.1, 46.1, 44.5 

and 36.6, 40.8, 45.7, 43.3 MPa respectively for AWD condition of similar curing peirod. During 

wetting cycle, SW enters into the pore spaces of the concrete and during drying cycles the penetrated 

salt ions become dried up and react with the cement hydrates that result in the formation of expansive 

compound and leads to the strength deterioration. Also during drying cycle, moisture inside the 

concrete may come out from the specimens for which normal hydration process is disturbed. Rate of 

strength deterioration for different types of concrete is observed to vary with SW concentration as well 

as exposure condition.  

 

The compressive strength data also provide important information regarding the gain in strength of 

concrete under SW curing. In case of AWD condition and for 12 months of curing under 1T SW shows 

a gain in strength of 17%, 27%, 19% for fly ash concrete of cement fly ash mix ratio of 80:20, 70:30, 

60:40 respectively; whereas the same value for 6T SW curing under similar exposure condition are 6%, 

18%, 12% respectively. Thus in aggressive environment, gain in strength for fly ash concrete of cement 

fly ash mix ratio 70:30 is observed to be higher than that for any other concrete studied. The loss in 

compressive strengths as compared to 12 months compressive strength of PW cured OPC concrete, are 

observed to lie in the range of 12% to 28% for OPC concrete, 8% to 22% for 80:20, 4% to 17% for 

70:30, 7% to 20% for 60:40 and 18% to 40% for 40:60 fly ash concrete when exposed to SW of 

different concentration. Cause for strength reduction may be the formation of expansive compounds 

includes ettringite or frields salt when concrete specimens are cured in SW. Due to formation of these 

expansive materials, micro cracks are developed inside the concrete and their subsequent propagation 

with the progress of hydration weakens the bond between hydrated product and aggregate particles. 

Ultimate result is the deterioration of concrete and the loss in compressive strength. Fly ash concrete 

specially cement fly ash mix ratio 70:30 shows higher resistance to SW penetration as compared to 

OPC concrete at longer exposure periods. Gain in compressive strength after 12 months exposure 

period for fly ash concrete of cement fly ash mix ratio of 80:20, 70:30, 60:40 are in the range of 106% to 

126%, 118% to 136%, 112% to 128% with respect to 28 days compressive strength of PW cured 

concrete, whereas this value is 95% to 105% for OPC concrete. For longer exposure periods with the 

progress of hydration, fly ash concrete offers better resistance against the penetration of SW due to its 

impermeable nature that results in higher gain in strength at later ages.  

 

Overall observation reveals that fly ash concrete shows relatively lower rate of strength reduction as 

compared to OPC concrete. Fly ash concrete specially cement fly ash mix ratio 70:30 shows higher 

resistance to SW penetration as compared to OPC concrete over longer exposure periods as well as least 

reduction in compressive strength. Overall reduction of compressive strength was 22% for OPC 

concrete, 16% for 80:20 fly ash concrete, 12% for 70:30 fly ash concrete, 15% for 60:40 fly ash 

concrete and 27% for 40:60 fly ash concrete. From all the above discussion it is clear that fly ash 

concrete shows comparatively higher gain in compressive strength in SW and fly ash concrete of 

cement fly ash mix ratio 70:30 shows lowest strength deterioration at larger curing periods in any curing 

condition among all the concretes studied.  

 
(b) Half Cell Potential   

Half-cell potential (HCP) of the steel reinforcement placed at two depth level 15 and 25 mm in fly ash 

concrete specimens made from five different replacement level of fly ash which were exposed to SW of 

different concentration under SUB and AWD state of exposure are shown in Fig.5 to Fig.8. Half cell 

potential was measured at an interval of one month for all the specimens. The reinforced concrete 

specimens were air dried for one hour before the half cell potential measurement. All potential values of 

concrete specimens become more negative with the increase of curing period. HCP value of M38FA0, 

M38FA20, M38FA30, M38FA40, M38FA60 concrete at a depth level of 15 mm were -122, -126, -119, 

-120, -125 mV respectively when exposed to SW of concentration 6T after 9 months of curing; whereas 

the same values for the same concretes after 12 months of curing in 6T SW were -274, -266, -255,    
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-262, -268 mV respectively. From the Figures, it is observed that there is a sudden drop of HCP values 

of all the concretes within the period of 10 to 11 months of exposure and this value drops from -100 to 

-200. This sudden drop can be attributed to the change in the condition of the potential of steel-concrete 

interface, possibly due to the ingress of sufficient amount of chloride at the rebar level. Therefore the 

chloride concentration at rebar level at the time of sudden drop can be considered as the critical chloride 

concentration responsible for depassivation of the steel reinforcement. Correspondingly the time at 

which this sudden drop had occurred was the corrosion initiation period under specific circumstances of 

the present investigation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is also revealed form the HCP readings that fly ash concrete has better resistance against corrosion of 

steel as compared to OPC concrete for long exposure periods. In case of M38FA20, M38FA30, 

M38FA40, M38FA60 concretes, HCP values are -241, -228, -231, -240 mV for the steel at a depth level 

of 15 mm after 12 months of curing in SW of 1T concentration and in AWD condition; whereas the 

HCP values for same concretes are -281, -265, -277, -272 mV for 6T SW of similar condition. On the 

other side HCP values for OPC concrete are -249 and   -293 mV respectively.  From these HCP values, 

it is clear that fly ash blending can increase the resistance of concrete against rebar corrosion. Corrosion 

of reinforcement takes place due to ingress of chloride inside concrete. The passive oxide film 

surrounding the steel bar was destroyed due to presence of chloride ions. But in case of Fly ash 

concrete, ingress of chloride ion is observed to be reduced as compared to OPC concrete. Overall 

observation reveals that fly ash concrete of cement replacement level 30 to 40% shows relatively less 

negative HCP as compared to other concretes used in this study.     
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Fig.5: Half Cell Potential - Exposure Period Relation for Concrete Exposed to 1T SW (SUB)
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Fig.6: Half Cell Potential - Exposure Period Relation for Concrete Exposed to 1T SW (AWD)
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Fig.7: Half Cell Potential - Exposure Period Relation for Concrete Exposed to 6T SW (SUB)
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Fig.8: Half Cell Potential - Exposure Period Relation for Concrete Exposed to 6T SW (AWD)
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CONCLUDING REMARKS   

Based on the test results of plain and reinforced concrete of five different replacement levels of cement 

by fly ash exposed to simulated SW of 1T and 6T concentrations under SUB and AWD state, the 

following conclusions may be drawn: 

(1) Fly ash concrete shows relatively slower rate of strength gaining as compared to OPC concrete at 

early age of curing. But after 56 days of curing, compressive strength gaining rate increases for fly ash 

concretes as compared to OPC concrete. 

(2) Compressive strength of concrete specimens cured in SW of different salt concentration and in 

different exposure show a decreasing trend with the increase of exposure periods. Also for concrete 

specimens exposed to AWD state exhibited higher loss in strength than that of SUB state of exposure. 

(3) Effect of SW on strength reduction is lower for fly ash concrete as compared to OPC concrete. Upto 

12 months of exposure in SW, overall losses in compressive strength lie in the range of 12 to 28% for 

OPC concrete, 8 to 22%, 4 to 17% and 7 to 20% for 20, 30 and 40% cement replaced fly ash concrete 

respectively. Concrete of cement: fly ash ratio 70:30 shows the least strength deterioration in all SW 

environments.  

(4) At the initial stage of curing, HCP values were almost constant before the initiation of rebar 

corrosion. After the dipassivation of steel, HCP rapidly decreased to more negative values. Fly ash 

concrete showed relatively lower negative value of HCP values as compared to OPC concrete.  

(5) The use of fly ash as partial replacement of cement clinker in cement production will reduce CO2 

emission to the environment and the problem of its disposal, saving the valuable fertile lands. Also it 

will save the national revenue by reducing the import of fly ash from foreign country. 
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ABSTRACT 

Construction sector involves several regulation policies including environmental protection, energy 

efficiency, work safety, taxation, and public procurement. Environment friendly and sustainable 

construction practice with competitiveness is essential for the balanced development of a country. 

Being and part of that, proper management of construction wastes is an important issue now a days. 

Being a developing country, Bangladeshis in the face of massive construction development work 

considering its current socio-economic condition. However, construction waste management practice is 

very poor in most cases. It is high time to think about some timely steps in order to implement different 

strategies for overall management. For successful waste management strategies, reliable and examined 

case studies are necessary. This study considered reviews on construction wastes, their generation and 

available management strategies. Finally, recommendation is provided on Bangladesh perspective. 

 

Keywords: Waste management; construction waste; project management; sustainable development 

 

INTRODUCTION 

In recent years, landfill loading and operation is heavily burdened with construction and demolition 

(C&D) waste. Eurostat reports illustrates that around 2 billion waste is being produced every year in 

European Union, which includes 31% of construction waste (DEFRA, 2007).About 29% of world’s 

municipal solid waste is generated at China; among which 40% comprised of construction waste (Wang 

et al., 2010). Study reported that 3158 tons material waste were disposed every day at landfills which 

is23% of the total solid waste generated at Hong Kong (EPD, 2008). Land filling process is inefficient 

due waste of resources as well as inducing substantial adverse impacts on environment. Old landfills are 

almost reaching their capacity to its fullest, uncontrolled landfill sites chose for C&D waste are 

enlarging, because, strong pressure still exists to merely landfill construction debris (Kartam et al., 

2004).   

Construction waste generation has become a major concern owing to it direct impacts on environment 

while affecting the efficiency of this industry (Formoso et al., 2002). Building activity has huge 

environmental impacts from air pollution, noise pollution and water pollution (EPD, 1999). The most 

important and unpleasant environmental effect is from incineration which discharge pollutants to air 

(Kartam et al., 2004). Contractors have to bear profit loss because of additional overhead costs and 

delays and loss of efficiency due to further time spend for cleaning (Skoyles and Skoyles, 1987). Since 

subcontractors have to estimate the amount of cost and involvement of time for waste generation during 

bidding, subcontractors are often blamed form construction waste generation (Johnston and Mincks, 

1995). Construction organizations are willing to imply environmental friendly ways towards waste 

management only if they are profitable since profit maximization is their main objective (Hao et al., 

2008).  

Any practices that might induce waste reduction must be prompted while deciding optimum waste 

handling methods by considering cost implications. A successful waste management can be promoted 

by developing a CWM plan and thus incorporation of the plan in construction specification. Reduction 

of construction waste on a project site can meet its sustainability objectives. 
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Depending on the economic and cultural characteristics the amount of waste generation, data used for 

categorization of waste and recording methods differs country wise (Kourmpanis et al., 2008). 

Similarly, the effective execution of WM strategy is swayed by the affinity of WM plans with the actual 

situation (Manowong, 2012). Being a densely populated country Bangladesh cannot afford waste 

management by land filling, therefore, research is required to identify useful methods to mitigate 

construction waste generation and its management. This research aims to explore effective approaches 

to sort out and/or reduce waste generation in construction projects in Bangladesh. 

 

CONSTRUCTION WASTE & ITS GENERATION 

Construction waste is principally a mixture of surplus materials generated during new construction or a 

demolition waste. It can be a mixture of lot many materials or in some cases can be individual ones 

depending on the type of work. C&D waste could be formed due to excavation work, clearance of any 

project site, road works and renovation or demolition of structures etc. Masonry wastes can be easily 

mixed up with other wastes such as wood and drywall. 

Some of the more common C&D wastes can be lumber, drywall, metals, masonry (brick, concrete), 

carpet, plastic, pipe, rocks, dirt, paper, cardboard, or green waste related to land development 

(AIA,2008). Inert materials such as brick, concrete, rock etc. generally considered as masonry 

construction waste. Dirt removed from a demolition site is also included in that part. Waste materials 

from new wood for construction works like plywood, chipwood, dimensional lumber, shavings and 

sawdust and different demolition wood waste is considered as wood waste in construction site. Cut 

pieces of metallic materials such as new metal studs, metal beams, pipes are considered as metallic 

waste. Besides these, plastic and other different types of waste materials can be found in any 

construction site. Table 1 shows sequential list of construction wastes considering hazardousness nature 

adopted from the government of UK website. 

 
Table 1: Construction and demolition waste classified according to hazardous characteristics. (Adapted from 

Govt.UK (2016)) 

Hazardous Non-hazardous 

Insulation and asbestos materials Insulation and asbestos materials 

Concrete, bricks, tiles and ceramics in 

mixtures 

Concrete 

Treated wood, glass, plastic (alone or in 

mixtures) containing hazardous substances 

Bricks 

Mixed metals containing hazardous 

substances 

Tiles & ceramics 

Cables containing oil, coal tar and other 

hazardous substances 

Concrete, bricks, tiles and ceramics in mixtures 

Soil and stones Wood - untreated 

Dredging spoil Glass - uncontaminated 

Gypsum materials Plastic - excludes packaging waste  

Un-used or un-set cement Metallic waste, including cable 

Copper, bronze and brass, Aluminum 

Lead, Iron and steel, Tin 

Paints and varnishes Soil and stones 

Paint cans Dredging spoil 

Adhesive or sealant containers Gypsum materials 

 Paints and varnishes 

 

Cheung (1993) defined construction waste as the “by-product generated and removed from 

construction, renovation and demolition work places or sites of building and civil engineering 

structures”. Similar to definition of waste, waste measured is considered in different ways. While 

Treloar et al., (2003) in terms of embodied energy of materials, Bossink and Brouwers (1996) described 

three case studies where waste of each type of material considered in different ways such as (i) 
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percentage of total construction waste; (ii) percentage of purchased materials and (iii) percentage of 

total cost of waste. However, categorization of waste streams along with volume/weight waste 

generated is essential to calculate these percentages. Some factors always influence the production of 

wastes during the life cycle of any construction projects, viz. design, procurement, materials handling, 

construction/renovation, demolition (Graham and Smithers, 1996). Patel et al. (2016) stated a 

conceptual framework at their study, where the sources of construction waste was organized into five 

categories as presented in figure 1. Ekanayake and Ofori (2000) limited the causes of waste into four 

major categories such as Design, Procurement Operation and Material handling. 

 

 
Fig. 1: Waste generation sources; adapted from Patel et al. (2016) 

 

ENVIRONMENTAL ISSUES 

Impact of construction waste on the environment is always a major issue and proper management is 

required to avoid environmental liabilities. Natural resources of a region are affected during 

construction activities required for the development work. From the study of Kumar & Kaushik (2005), 

it can be inferred that construction related energy consumption, including both direct and indirect 

activities, amounts to around 50% of national energy use. The activities also associated with transport 

of materials. The negative effect of construction wastes inaugurates by dumping activities viz. dumping 

into forests, streams, ravines, empty land etc. which leads to cause erosion, contaminates wells and 

affects water tables and surface water (Arslan et al., 2012). With proper synergy between build 

environment and natural environment can influence the hydrological system (Dixon, 2010). Using 

thoughtful planning system, design of buildings and landscapes can play role in operating construction 

development activities without causing any desolation of environment. 

 

IMPLEMENTATION OF CONSTRUCTION WASTE MANAGEMENT 

Construction waste management (CWM) can be termed as reduction and diversion of construction 

waste, demolition debris and land cleaning rubbishes from disposal and rerouting recyclable resources 

back into the construction process (AIA, 2008). It is seen that construction solid waste management is 

given low priority when there is financial limitations and considerable amount of waste minimization 

can be attained when waste management is implemented as part of project management functions 

(Coffey, 1999).  

Construction waste management plans require cooperation between all personals involved in a 

construction project. The client, designer, contractor, site engineers, technicians, sub-contractors, 

workers, material providers all need to work from the pre planning stage till end of any projects for 

ensuring an effective and efficient waste management plan. A framework called Leadership in Energy 
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and Environmental Design (LEED) in which Green Building System is widely applied. A bunch of 

standards are set to practice environmentally sustainable construction including practices for sound 

waste management into construction activities (LEED, 2004). Several research studies promoted the 

importance of incorporating waste management process in design an procurement phases. (Lingard et 

al., 2000; Mcdonald and Smithers, 1998). Some research outcomes support the attitudinal approaches 

than the technological improvements (Kulatunga et al., 2006; Wong and Yip, 2004). Disparity among 

construction waste management performance can be caused by client contractor relationship even 

standing within same jurisdiction has been noticed by Tam et al. (2007).According to Kulatunga et al., 

(2006) attitudinal variances between different working groups and inadequate training to support the 

importance of waste minimization practices have obstructed proper waste management practices in the 

construction industry. Further, lack of communication of strategies from the top level to the bottom 

level of the organization, and insufficient data flow from construction sites to estimators, negatively 

disturbs waste management applications. Moreover, research on CWM performance has commonly 

suffered from insufficient quality data to support an informed debate on CWM performance. One can 

link different construction techniques, work procedures and common practices during construction 

work with construction waste management performance and provide quantitative data for 

benchmarking construction waste management practices across different projects by investigating 

Waste generator rate (WGR) (Lu et al., 2011). WGR is widely used as an indicator to measure 

construction waste management performance which can be calculated by dividing the waste is volume 

(m3) or quantity by the amount of virgin materials purchased or the amount required by the design or per 

m2 of gross floor area (GFA) (Formoso et al, 2002). 

In an Australian federal government study (DOE, 2013), four key points were pointed out for improving 

the resource recovery from construction and demolition wastes viz. (i) design buildings or structures 

considering there deconstruction ability enabling resource recovery and reduction of integral energy; 

(ii) reduction of on-site contamination of wastes and segregation of materials; (iii) encouragement for 

using recovered waste materials with improved specifications and knowledge of implementation; and 

(iv) Promoting research and development activities for overcoming the business and technical barriers 

with innovation approaches. Yuan (2013) conducted an SWOT (strength, weakness, opportunity and 

threat) analysis aiming to understanding the status of construction waste management of a particular 

city in south China and suggested some government efforts for enhancing the awareness through some 

methods viz. launching of series of promotional activities via public advertisement, newspaper, radio 

and outdoor advertising, enhancing contractors, engineers and architects awareness through vocational 

training and establishment of awards for general public and industry stakeholders who actively 

participated in CWM activities. 

CONSTRUCTION WASTE MANAGEMENT IN BANGLADESH: 

Being a developing country, Bangladesh continuing huge development works. Mega projects such as 

Padma River Bridge are ongoing around the country are copious and many to start in upcoming days. 

According to previous reviews, before starting construction work at any region waste generation and 

management becomes an important issue. But research and technical resource related to construction 

waste management scenario in Bangladesh is very poorly disregarded. Some statistics are available 

relating to solid waste generation and management. But when it comes to construction and demolition 

wastes, sufficient information is not available to predict a future condition and thus take preventive 

measures. Zahur (2007) published a research work considering the solid waste generation in 

Bangladesh, added brick, wood, metal, glass and industrial wastes as a part of solid waste. The 

prediction of solid waste generation gives us some idea about overall waste generation. The urban areas 

in Bangladesh generates approximately 16015 tons of waste per day and it is projected to grow up 

around 47000 tons/day in the year 2025 (Bahauddin & Uddin, 2012). So, serious thoughts should be 

given to construction waste generation and its management incorporating detailed research and study. 

Field survey can be an effective approach at the for the kick start. Collaboration and communication at 

different level of construction starting from client to field workers are essential. In Bangladesh concerns 

about construction waste management are hardly seen among consumers as well as clients. When profit 

maximization and completion of project within due time is the main goal, CWM could be regarded as 

extra burden. In addition to that skilled manpower is an important issue for the overall management. 
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However, minimizing the waste generation rates by effectively using raw materials represents an 

effective construction manager. 

CONCLUSION 

For sustainable development, practice of sustainable construction process has received great 

importance throughout the world. The consumption of materials for construction purposes being huge, 

this sector has great responsibility to contribute to the term ‘Sustainability’. With the continuing 

research activities and practical experiences of the personals related to this industry, proper 

management of construction waste is necessary. The government should introduce incentives and 

benefits to the projects implementing an effective construction waste management plan. Planning, 

assessment, selection of consultants and contractors, design, operation, each step has contribution to a 

successful waste management output. We would consider one step ahead towards the green building 

technology after being able to implement proper waste management practices in all major construction 

projects in Bangladesh. 
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ABSTRACT 

As per the statistics of the Pakistan Government, approximately 1/4th of the country’s population is 

living in single room house. Natural calamities like floods and earthquakes also leave thousands 

homeless. There is an urgent need of research to device low cost construction techniques and develop 

cheap materials in order to make available inexpensive housing to common people. The main purpose 

of this study was to explore potential of ferrocement panels for quick construction in order to achieve 

economical housing in the country. To fulfil the said objective, eighteen ferrocement panels reinforced 

with galvanized iron mesh were tested in compression and flexure. Cost comparison of ferrocement 

panels with traditional brick construction was also carried out for a small unit of 65 m2 (three marla) 

area. The results of testing demonstrate that ferrocement panels are capable to take care the expected 

loading in a single story house. Their high ductility and energy absorption make them favourable for the 

areas which are prone to seismic activity. The material cost of ferrocement panel construction is close to 

the conventional brick and mortar construction, however, a ferrocement panel house can be ready for 

living in almost 1/4th of the time as compared to its brick counterpart.  

 

Keywords: Low cost housing; thin wall concrete; ferrocement  

 

INTRODUCTION 

Cost of constructing new houses is increasing rapidly throughout the world, therefore, building new 

houses has become very challenging for low income families. In the wake of rapidly growing 

population, need of affordable housing has become a much discussed and researched topic. Owning a 

dwelling is not an affordable proposition for a major section of the society (Sumadi and Ramli 2008). 

According to the data of Pakistan Government (2011) almost 1/4th of the total population in Pakistan is 

living in a single room housing unit. Natural disasters make the situation even worse and leave hundreds 

of thousands of people homeless and for these displaced people the principal need is to have a safe place 

to live.  

 

Economical housing is a comparative term, which does not mean achieving low cost through reduction 

in quality (Tam 2011) or compromise on function. Instead, low cost is achieved through alternative 

construction techniques, light-weight materials, better resource management of resources etc. 

According to Miles (2003), housing is considers low cost if it can be acquired for up to 30% of the 

house hold income.  

 

Cost of housing can be achieved either by using locally available low cost materials or by reducing time 

of construction through accelerated/innovative construction techniques. Pre-engineered steel structure 

is one such option, however this is more common for industrial buildings. Using steel prefabrication for 

housing may not be appropriate due to high initial cost and low serviceability attributes. On similar 

lines, some kind of cementitious material may be a better choice to carry out prefabricated house 

construction. Ferrocement is a material which has great potential to be used in cheap housing. Thin wall 

ferrocement panels can be easily manufactured in plants using common materials in a very short time 

and be assembled quickly in to a housing unit. Ferrocement is a thin wall concrete reinforced with 

layers of wire mesh, which are embedded in cement sand mortar (ACI 549R-97). In comparison to 

conventional concrete, the tensile strength to self-weight ratio of ferrocement is greater and it also has 
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improved cracking behaviour. These are the reasons which make ferrocement a favourable material for 

water-tight and light-weight structures. Ferrocement is a very suitable alternative material for the 

construction of prefabricated houses.  Non structural application of ferrocement like plant pots, chairs, 

tables and boats are being constructed since 1884 (Aboul-Anen et al. 2009).  

 

The ductile behaviour of ferrocement is attributed to close distribution of reinforcement in the form of 

mesh. Ferrocement has great potential to become an economical choice for the construction of 

temporary as well as permanent structures (Saleem and Ashraf 2008). Use of ferrocement as a roofing 

material in less privileged communities has been previously reported by Ibrahim in 2011. Ferrocement 

has potential to be used to construct almost all kinds of structures which can be constructed using 

traditional materials and this is one of its major advantages. Although there are some limitation of 

ferrocement, however, within the limitation it be considered as one of the most suitable composite 

construction materials.  

 

One of the primary reasons of selecting ferrocement for this project is that all its ingredients are coming 

available in Pakistan at a very reasonable price. The ferrocement panels are easy to manufacture, light 

weight, easy to transport and assemble which make them a very suitable choice for low cost 

prefabricated houses. The concept of assembling ferrocement housing unit has been previously 

proposed as a do-it-yourself concept by Saleem and Ashraf (2008).  

 

The main purpose of the current research was to explore the viability of ferrocement panels as a 

substitute material for the construction of cheap housing units. An effort was made to reach an 

economical and structurally suitable design of section of the panel in terms of dimension and number of 

layers of wire mesh. A minor objective was to carry out comparison of cost between the traditional 

brick and mortar construction and the ferrocement construction. 

 

EXPERIMENTAL WORK  

Table 1 provides the test matrix which was developed to 

achieve the desired objectives of the research. A total of 

nineteen ferrocement panels were tested including one trial 

specimen. Size of each panel was 450mm x 1500mm. 

Number of galvanized iron (GI) mesh layers in each panel 

and the thickness of panels were varied, as presented in 

Table 1. Every panel had its own ID number which had 

information about the No. of mesh layers, thickness of 

panel and mode testing; flexure or compression. For 

instance, 30-2-F1 means that the panel is 30 mm thick with 

2 mesh layers, it will be tested in flexure and it specimen 1 

of such nature. For the specimen tested in axial, ‘F’ was 

replaced with ‘A’. Two specimens with each unique 

specification were tested.  

 

Mortar for the ferrocement panels was prepared using 

ordinary portland cement which was acquired afresh for 

every batch of casting. Also, for consistency, cement from 

same source was used for the entire stock of specimens. 

Fine aggregates were used as per the recommendation of ACI 549 which recommends using sand which 

passes through sieve #8 (2.36 mm). Use of only small size aggregate is necessary because of thin 

section of panels and small opening size of mesh reinforcement. Sand from lawrancepur was used, 

which is considered one the best in Pakistan. Cement/sand ratio was kept as 1:2. This rich mix results in 

a dense matrix which in turns provides good compressive strength. The water to cement ratio varied 

between 0.4 and 0.43. Ferrocement can be prepared by using several types of reinforcement including 

chicken wire mesh, one dimensional fiber mats and discrete fibers etc. For this project, galvanized iron 

chicken mesh having square openings was selected, since it is locally available in abundance at a very 

cheap price. The opening size of the square mesh was 12.5 mm with a 1.4 mm diameter of wire. The 

Table 1 Test Matrix 

No. Panel ID 
Reinforcement 

Mesh 
Layers 

Volume  
Fraction 

1 30-2-F1 2 1.67 
2 30-2-F2 2 1.67 
3 30-3-F1 3 2.51 
4 30-3-F2 3 2.51 
5 40-3-F1 3 1.88 
6 40-3-F2 3 1.88 
7 40-4-F1 4 2.51 
8 40-4-F2 4 2.51 
9 50-4-F1 4 2.01 

10 50-4-F2 4 2.01 
11 50-5-F1 5 2.51 
12 50-5-F2 5 2.51 
13 30-2-A1 2 1.67 
14 30-2-A2 2 1.67 
15 40-3-A1 3 1.88 
16 40-3-A2 3 1.88 
17 50-4-A1 4 2.01 
18 50-4-A2 4 2.01 
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volume fraction of reinforcement was varied by using different number of mesh layers from two to five. 

The ACI 549 allows using skeletal steel which keeps the wire mesh at correct spacing and position 

during the casting. Therefore, 6 mm diameter steel rebars were used as skeletal steel, which is the 

highest size allowed by ACI 549.  

 

In order to achieve smooth finish, plywood was used in the formwork to cast the specimens. Three 

separate formworks were prepared for casting 30, 40, and 50 mm thick panels. Fresh mortar was 

prepared for casting each specimen. A pan type mixer was used to prepare the mortar. First of all dry 

mixing of the materials was carried out for 2 to 3 minutes and then water was added while the mixer was 

running. Wet mixing took another three minutes which ensured a uniform mix. The formwork was put 

on the flat table vibrator and the first, layer of mortar was placed, which would serve as clear cover for 

the wire mesh. It was then vibrated. On this first mortar layer, the wire mesh was positioned along with 

the skeletal steel on top of it. Then next mortar layer was then poured, which was followed by the next 

layer of wire mesh. In this manner, the specimens with the desired number of mesh layers were 

prepared. The final layer of mortar was placed on the top and was levelled with the help of a float to 

achieve a smooth finish. The panels were then transported to the curing room. After 48 hours of casting, 

the formwork was disassembled and the curing was carried out for four weeks with the soaked jute 

cloth.  

 

Specimens tested in flexure were applied with two-point loading as presented in Figure 1. The spacing 

between the loads, and between loads and supports was kept as 1/3rd of the center-to-center span of the 

panel, which turns out to be 450 mm. A 75 mm clear distance was provided from the edge of the panel 

to the center of the support. A high speed data acquisition system was used to record the load and 

mid-span deflection at a sampling rate of 1 hz. Test was carried out by applying displacement at the rate 

of 0.5 mm per min. A pair of all the unique specimens was also tested in compression (see Fig. 2). For 

the axial case, a displacement transducer was positioned at the middle height to acquire the horizontal 

deflection. Compression test was run displacement control having the displacement rate of 0.5mm per 

min. 

 

  
Fig. 1 Test Setup for Flexural Test Fig. 2 Test Setup for Compression Test 

 

As a criterion for acceptance, the expected bending moment and compressive load was calculated for a 

5 m x 5m single story unit.  The bending moment was based on the wind forces produced due to a wind 

velocity of 160 km per hr. The factored moment comes out to be 0.1 kN-m. The compressive load due to 

roof and snow comes out to be 121 kN for the most heavily loaded wall.  

 

DISCUSSION ON RESULTS 

Strength of Mortar in Compression 

To determine the strength in compression, 100 mm dia. and 200 mm high cylinders were prepared from 

every batch. These cylinders were tested on 7th, 14th, and 28th day. Table 2 provides the summary of 28 
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days compressive strength of these cylinders. The maximum and minimum cylinder strength attained 

was 49.7 and 33.1 MPa, respectively. The average compressive strength of all eighteen batched was 

41.6 MPa having a standard deviation of 5.0.  

 

Flexural Tests 

The Fig. 3 present the load-deflection response for the all the specimens. The specimens 50-5-F1 and 

50-5-F2 achieved the ultimate loads of 8.17 and 5.9 kN, and max. deflection of 30.7 and 30.8 mm, 

respectively. The specimens 50-4-F1 and 50-4-F2 exhibited very similar responses in terms of ultimate 

loads, maximum deflection and stiffness. The ultimate load for both the specimens was nearly 16.5 kN. 

The failure mode of 50-5 F1,2 specimens was however more ductile than the specimens 50-4-F1,2.  

 

The 40 mm thick specimens exhibited consistent 

trend of increase in ultimate loads with the 

increase of GI wire mesh. The specimens 40-4-F1 

and 40-4-F2 attained the ultimate loads of 7.85 and 

12.84 kN, and max. displacement of 38.6 & 42.2 

mm, respectively. The specimens 40-3-F1 and 

40-3-F2 reached max. displacement of 36.9 mm & 

16.6 mm, respectively.   

 

The wall panel with 30 mm thickness gained 

higher deflections in comparison with 40mm & 

50mm thick specimens. However, their failure 

loads were smaller. The maximum deflection 

achieved by specimen 30-3-F1 was around 81 

mm. For a constant volume fraction the ultimate 

load increases as the thickness of panel increases. 

The max. deflection, however, goes up with the 

reduction in the panel thickness.  

 

The flexural cracks in all the specimens initially appeared in the mid-span region and then propagated 

towards the top with the increase in the crack width. As the applied load increased, more cracks started 

appearing in the region of constant bending moment. The appearance of cracks continued till the 

specimen failed. A typical pattern of the flexural cracks is shown in Figure 4.  

 

Compression Tests 

Figure 5 presents the load displacement responses for the compression tests. The slenderness ratio of 

the panels with 30, 40 and 50 mm thickness was 173, 130 and 104, respectively. The ultimate capacity 

and the vertical displacement at collapse increased as the panel thickness increased. The ultimate loads 

for specimens 30-2-A2, 40-3-A2, and 50-4-A1 were 284, 494 and 666 kN, respectively. The specimens 

with 30 mm thickness finally buckled at failure, while the panels with 40 and 50 mm thickness 

exhibited compression failure close to the support area.  

 

First Crack and Ultimate Load 

An increasing trend was observed in the magnitude of first crack load with the increase in the number of 

mesh layers and thickness of the panel.  A comparison of first crack loads of twelve flexural specimens 

is presented in Figure 6. The ultimate load also followed a trend similar to the first crack load except the  

50-5-F1,2 specimens. In the compression tests, ultimate loads increased with the increase in the panel  

thickness and number of mesh layers.  

 

Table 2 Compressive Strength at 28 Days 

S. No. Panel ID 
28 Days Compressive 

Strength (Mpa) 

1 50-5-F1 42.6 
2 50-5-F2 44.7 
3 50-4-F1 40.9 
4 50-4-F2 37.1 
5 40-4-F1 47.1 
6 40-4-F2 39.1 
7 40-3-F1 35.1 
8 40-3-F2 47.2 
9 30-3-F1 44.1 
10 30-3-F2 43.1 
11 30-2-F1 33.1 
12 30-2-F2 48.1 
13 50-4-A1 38.3 
14 50-4-A2 42.1 
15 40-3-A1 38.1 
16 40-3-A2 49.7 
17 30-2-A1 33.1 
18 30-2-A2 43.1 
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Energy absorption 

The area under the load deflection responses was calculated and reported as energy absorbed by the 

specimens. The specimens with 30 and 40 mm thickness exhibited increasing trend of energy 

absorption with the increase in numbers of mesh layers, however the 50 mm specimens showed in 

consistent behaviour (see Figure 7)  

 

COST ANALYSIS 

Material cost and labour cost are two 

main contributors towards the final cost 

of the housing unit. If a 50 mm thick wall 

panels with 5 layers of GI wire mesh are 

used to construct a house, its material 

cost is almost same as the conventional 

brick and mortar house.  This 

comparison was carried out for a single 

family, single storey house having an 

area of 65 m2 (3 Marlas). Table 3 

provides a comparison of man hours 

break-up for the two types of 

construction. It is evident from this 

comparison that a prefabricated 

ferrocement house can be constructed in 

almost 1/4th of the time as compared to 

the traditional brick and mortar house. 

The reduction in the man hours 

requirement is the major contributor 

towards cost saving.  

 

SUMMARY AND CONCLUSION 

The ferrocement wall panels proved to 

have sufficient strength to take care of 

the loading expected in a single family 

house. For a single story house the most 

heavily loaded wall of a 5m x 5m room 

has to bear an ultimate compressive load 

of 121 kN, which is just 42% of the 

minimum compressive collapse load of 

284 kN, achieved by 30 mm thick panel. 

The highest compressive load among all 

panels was 666 kN, achieved by the 50 

mm thick panel. For the wind velocity of 

160 km/hr. the flexural demand for the 

panel comes out to be 0.1 kN-m which is 

much lower than the lowest achieved 

moment capacity of 0.6 kN-m for the 30 

mm thick panel. The absolute maximum 

moment capacity was attained by 50 mm 

thick panel which amounts 3.88 kN-m. 

The entire stock of panels fulfils the 

moment requirement, however it is 

suggested to use at least 40 mm thick panel because the 30 mm thick panels fail in buckling unlike the 

40 and 50 mm thick panels which fail in compression. 

 

(a) 50 mm Thick Panel 

(b)  40 mm Thick Panel 

(c)  30 mm Thick Panel 
Fig. 3 Load Deflection Reponses for Flexural Tests 
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Fig. 4 Flexural Cracks in Specimen 30-2-F2 
 

 
 

Fig. 5: Load Deflection Responses for Axial Load 

Tests 

Fig. 6: First Crack Comparison for Flexural Test 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The material cost of 50 mm thick wall panel is similar to 230 mm thick wall made of traditional burnt 

clay bricks. The real saving in cost comes from the man hours. Only 1/4th time is required to assemble a 

ferrocement cement house as compared to the brick and mortar house.  

Ferrocement panels have shown great promise to be used in house construction, however, work is still 

needed to evaluate their performance under impact loading and punching shear. Reinforcement meshes 
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Fig. 7: Energy Absorption for the Flexural Tests 
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made of other non-corrosive materials like polypropylene may be used to develop corrosion free panels, 

which will be suitable for areas with high humidity. A scaled room made of ferrocement panels may be 

tested on shake table to prove their effectiveness in the earthquake prone areas.  

 
Table 3 Breakup of Man Hours 
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No. Activity 

Brick 

Construction 

Ferrocement 

Construction 

Days 
Man 

Hours 
Days 

Man 

Hours 

1 Excavation/Back Filling 3 96 3 96 

2 Strip Foundation 5 120 - - 

3 Block Foundation - - 1 24 

4 Damp Proffing 1 24 - - 

5 Joint Sealing - - 1 16 

6 Brick Wall 10 400 - - 

7 Ferrocement Panels Erection - - 2 48 

8 Roof Shuttering 3 120 - - 

9 Concreting 1 80 - - 

10 Curing of Roof slab 14 - - - 

11 Formwork removal 2 48 - - 

12 Wooden Truss Installation - - 1 24 

13 Roof Sheeting Installation - - 1 24 

 
Total 39 888 9 232 
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ABSTRACT 

Determination of Live-load distribution factors is an important step in the analysis of bridge structure. 

This paper describes a numerical study on live load distribution factor of a three dimensional (3-D) 

finite element model of a skew composite bridge which was developed by using commercial software 

ANSYS. The finite element model was developed from an existing work and then accuracy of the model 

was verified by comparing the numerical results to the existing experimental results. The bridge models 

investigated the effects of skew angle and different vehicle position on the live-load distribution factors 

for shear and moment. To evaluate the skew effect, the skew angle of the bridges was varied from 0° to 

60°. Load distribution factors (LDFs) from finite element were compared with those calculated 

according to the American Association of State Highway and Transportation Officials (AASHTO) 

specifications. It is found that AASHTOs standard specification “S-over” equation is simple to use but 

this equation may under estimate the distribution factor for some bridges and over estimate for others. 

Though AASHTO LRFD formula considered more parameters such as skew correction continuity but 

it is complex to use. 

 

Keywords: Load distribution factor; vehicle position; skew bridge; numerical study; ANSYS  

 

INTRODUCTION 

Nowadays skew bridges are very commonly used all over the world. The skew bridges are built to cross 

railways, waterways, roadways that are not perpendicular to the bridge at the intersection. The skew 

bridges can be defined as the bridge where the center line of the bridge is not perpendicular to the center 

line of the abutment and pier. Proper live-load distribution factor is important for bridge design. The 

American Association of State Highway and Transportation Officials (AASHTO) Standard 

Specifications for Highway Bridges did not account for the effect of skew. The distribution of load in a 

skew bridge is different than a normal straight bridge because of skewness. Usually the load transfer in 

short direction more than the long direction. The load distribution factors in lateral direction for live 

load moment and shear is determined using the AASHTO Load and Resistance Design Specifications 

(AASHTO LRFD). The specification additionally require the application of skew correction factors 

(SCFs) to beams when the line of bridge support is skewed. 

 

Live-Load Distribution Factors 

Live load distribution is the proportion of the vehicular load carried by each girder. The AASHTO 

Standard Specifications for Highway Bridges have given live load distribution factors since 1931. The 

earlier approaches were based on the work done by Westergaard (1930) and Newmark (1938), but the 

factors were modified as new research results became available. To calculate the distribution factor, 

American Association of State Highway and Transportation Officials (AASHTO 2002) standard gave 

a simple “S-Over” equation. This “S-Over” equation is developed for straight bridges and the effect of 

skew angle and continuity are not considered in this code. Several investigation have been carried out 

to find the effect of skew angle on the live load distribution factor. Some researchers suggest new 

equations of live load distribution factor for moment and shear.  In addition, AASHTO load and 

resistance factor design (AASHTO 2008) takes into account more bridge parameters such as girder 

spacing, girder stiffness, span length, continuity and the skew effect than the AASHTO standard 
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(AASHTO 2002). AASHTO LRFD presented skew correction factor for shear and moment distribution 

factor for skew bridge, however, the accuracy of those is still questionable (Huo et al., 2003; Zhang, 

2008).  According to Zokaie et al. (2000) study the LRFD code distribution factors lie within 5% of the 

distribution factors calculated with detailed finite-element models. The main objectives of this study 

are: (1) Development and verification of Finite Element Model of the skew bridge; (2) Disparity 

between the live-load distribution factor obtained from the finite element analysis to the present 

practiced code; (3) To figure out the effect of skew angle and vehicle position on live-load distribution 

factor; (4) Behavior of typical skew bridges; (5) To develop better design guidelines for bridge 

designers. 

 

FINITE ELEMENT MODELING 

Model Description 

The finite element model developed for this study is taken from an existing work done by J. Meng et 

al. (2004) at the Federal Highway Administration Turner-Fairbank Highway Research Center. Here, 

approximately 1/6 reduced scale model was used for the finite element analysis. A two-span continuous 

bridge with a span length and deck width of 12 ft. and 7 ft., respectively was designed. The actual bridge 

would have a span of 72 ft. and width of 42 ft. The skew angle was selected based on practical skew 

angles used for real skew bridges. For most skew highway bridges, the skew angles fall in the range 

of 30°~60°. The existing model has a skew angle 36.87°. 

 

The girders and diaphragms were model using SHELL63 element. The girders were connected using 

diaphragms. Diaphragms are generally used to (1) transfer lateral wind loads to the deck and then to the 

bearings, (2) provide stability to the stringer or girder flanges during erection and placement of the deck, 

and (3) distribute laterally the vertical dead and live load from one stringer to other adjacent. 

 

Bridge decks are used to carry the traffic load and to transfer the loading to the supporting girders and 

piers. Although most bridge decks are made of reinforced concrete, a 3/8 in. steel plate was used as the 

deck. Based on the theory of transformed section, this steel deck roughly simulated a 9 in. thick 

reinforced concrete Deck. Here the deck was modeled by using the SHELL63 element.   

 

To simulate actual bridge bearings, pinned supports were provided at one end of the two span bridge 

and roller supports were provided to middle and other end of the bridge. The pin supports are designed 

to allow only the rotational movement about the pin and roller supports were designed to allow 

rotational movement plus translations along the length of the bridge. 

 

Table 1 Basic geometric property of the bridge model 

    Span length       12 ft.   

    Width        7 ft. 

    Girder spacing      2 ft. 4 in. 

    Girder depth       6 in. 

    Web thickness      0.23 in. 

    Flange width       4 in. 

    Flange thickness      0.28 in. 

    Diaphragm cross-section    6 in. x 0.234 in. 

                   Deck thickness      3/8 in. 
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                (a) Plan View (J. Meng et al., 2004)                 (b) Finite element model (ANSYS) 

 

Fig. 1:  Bridge model 

 

Model Verification by Incremental loading test 

As a precursor to Live Load distribution factor calculation, two numerical incremental loading test was 

performed to verify the finite element model. For each numerical test, the load was applied in four 

increments of 200 lbs. each to a maximum of 800 lbs. The loading procedure is depicted in Table 2. 

 

In the table 2, M1, M2, M3 and M4 refer to the load applied point in Fig. 1(a). Thus, for numerical test 

1, load was applied to the model at only one location. However, for numerical test 2, loads were applied 

to two location. For each numerical test, displacement measurements were recorded at six location 

named L1, L2, L3, L4, L5 and L6 in Fig. 1 (a).  

              

The value of the six displacement records from numerical analysis, experimental results (J. Meng et al., 

2004) are shown in Fig. 2. The results obtained from finite element analysis are very similar to the 

experimental results which verified the model accuracy. Due to errors in measurements, 

instrumentation, uncertainty in support conditions, material properties and load placement, as well as 

approximations and assumptions used in any experimental test, it is difficult for the experimental and 

numerical values to compare to a high degree of accuracy. 

 

Table 2 Loading procedure (units: lbs., 1 lb. = 4.45 N) 

 M1 M2 M3 M4 

Numerical test 1 Step 1 -200 - - - 

Step 2 -400 - - - 

Step 3 -600 - - - 

Step 4 -800 - - - 

Numerical test 2 Step 1 - -200 -200 - 

Step 2 - -400 -400 - 

Step 3 - -600 -600 - 

Step 4 - -800 -800 - 
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                                      (a)                                            (b) 

Fig. 2. Displacement comparison. (a) Numerical test 1; (b) Numerical test 2; 

 

LIVE-LOAD DISTRIBUTION FACTOR 

Shear Distribution Factor 

Skew angle has significant effect on live load distribution factor. The ratio of distribution factor at any 

skew angle to the distribution factor at zero skew shows the effect of skew (Barr et al., 2001). For a 

bridge with skew, the shear at the obtuse corner has been found to be higher than that at the acute corner. 

As a result, the presence of skew can significantly increase the exterior girder shear and reduce the 

interior girder shear. 

 

In Fig. 3, there are four location was selected to apply vehicle load on the bridge named as P1, P2, P3 

and P4. The girders are designated by G1, G2, G3 and G4. Here, when load applied at location P1 and 

measured distribution factor in girder G1 (Exterior) than it is denoted by G1 P1 and similarly others. 

Since this research is carried using a scaled bridge model, to similitude with bridge model a scaled 

vehicle (HS20-44 truck) load were used. 

 

The effect of skew was investigated by performing a finite element analysis with skew angle varies 

from 0° to 60° and at different position of the vehicle load. The FE results for different skew angle 

under the single-lane loading on exterior and interior girder shown in Fig. 4. The live-load distribution 

factor by AASHTO standard specification (S-over equation) is very much conservative for both exterior 

and interior girder shown in Fig. 4(a). In finite element analysis, curve G1P1 and G1P3 shows that the 

distribution factor of the loaded girder is decreased with the increase of skew angle up to 450 and then 

for 60°, the distribution factor increased slightly when the load was applied at acute corner. In contrast, 

curve G4P2 and G4P4 shows that the distribution factor increased with the increase  

 
 

Fig. 3: Vehicle location and girder numbering 
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     Fig.4: Comparison of LLDFs for shear with code 

 

of skew angle up to 450 and then for 60°, the distribution factor decreased slightly when the load was 

applied at obtuse corner. Here the distribution factor by lever rule method for exterior (loaded) girder 

is slightly unconservative for load applied at obtuse corner and conservative for acute corner. 

 

For interior girder both AASHTO standard and LRFD gave conservative distribution factor. In Fig. 4 

(b) curve G3P4 and G3P2 shows that for the interior girder there was nearly a linear decrease in the 

distribution factor for skew angles up to 45° and then above 45°, the distribution factor increased 

slightly when load applied at obtuse corner. Curve G2P1 and G2P3 shows a slight up and down in 

distribution factor when load applied at acute corner. 

 

Moment Distribution Factor 

Fig. 5(a) shows a variation of moment distribution factor in exterior girder with increasing skew angle. 

Also it shows the difference in between the codes to finite element distribution factor. AASHTO 

specification gave highly conservative moment distribution factor for both exterior and interior girder. 

Curve G1P3 and G4P4 shows a gradual increase in distribution factor for exterior girder. Due to the 

skew angle, the moment at the acute corner has been found to be higher than that at the obtuse corner. 

Here, curve G2P3 and G3P4 shows a slight decrease with increase in distribution factor. 
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Fig. 5: Comparison of LLDFs for moment with code 
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CONCLUSIONS 

Based on this FE study and result, the following conclusion are made: (1) the shear distribution factor 

for exterior girder increasing and decreasing depending upon the position of vehicle with increasing 

skew angle. (2) For interior girder both AASHTO LRFD and standard equation overestimate the shear 

distribution factor and (3) Also for interior and exterior girder AASHTO gives higher value for moment 

distribution factor. Here the study shows that the lever rule method can very well predict the shear 

distribution factor for exterior girder. In the authors’ opinion, the lever rule method with skew correction 

factor can be used to obtain fairly well live-load distribution factor for skew bridge. It is also 

recommended that more research should be performed to quantify a good distribution factor for skew 

bridge design. 
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ABSTRACT 

In this study, three-dimensional finite element models, incorporating Mohr-Coulomb elasto-plastic 

material model, are validated for the evaluation of the shape effect of the square and circular surface 

footing under vertical loading in 𝑐-𝜙 soil. The numerical models have closely predicted experimental 

load-settlement relationships. The shape effects on the results are also discussed in relation to the 

progressive failure around the foundations and the shape of the failure mechanism inside the soil. 

Having detailed parametric studies, the shape factors of square footing are fitted by a simple 

exponential function of the soil friction angle and shape factors of circular footing are expressed as a 

function of shape factor of square footing.  

 

Keywords: Bearing capacity; square footing; circular footing; numerical analysis 

 
INTRODUCTION 
Bearing capacity of soil is one of the most interesting research subjects in geotechnical engineering as 

this problem has multi-dimensions with respect to the geometry of footing, loading and supporting 

foundation soil. Extensive studies were conducted for bearing capacity in two dimensions for 

infinitely long strip footing rest on a horizontal and inclined slope surface. In this regard, different 

methods of analysis and theories were developed over last few decades to determine the bearing 

capacity of soil. But the basic structure of formulae used for calculations of bearing capacity today, 

was first proposed by Terzaghi in 1943. The first important contributions are due to Prandtl (1920) 

and Reissner (1924), who considered a rigid perfectly plastic half space loaded by a strip punch and 

Sokolovski (1965), in regard to ponderable soil, all under plain strain conditions. Keverling Buisman 

(1940) and Terzaghi (1943) proposed the following formula to calculate the ultimate bearing pressure 

of soil beneath the footing, where the influence of soil cohesion (c), surcharge (q) and the weight of 

soil (γ) are considered independently. 
𝑄𝑢𝑙𝑡

𝐵
= 𝑞𝑢𝑙𝑡 = 𝑐𝑁𝑐 + 𝛾𝐷𝑓𝑁𝑞 + 0.5𝛾𝐵𝑁𝛾                                                                                       (1) 

Where Qult, qult = Ultimate load and pressure respectively; B= footing width; D= depth of embedment; 

γ=unit weight of the soil; and c=soil cohesion and Nc, Nq and Nγ=bearing capacity factors dependent 

only on the angle of the internal friction of soil. Terzaghi calculated all three components in Eq. (1) 

based on limit equilibrium. Prandtl (1920) and Reissner (1924) calculated the bearing capacity factor 

Nc and Nq for weightless soil using the method of characteristics assuming that the soil satisfied 

associate flow rule. The stress field for two independent solutions by Prandtl (1920) and Reissner 

(1924) has identical trajectories of principal stress and, even though the stress equation is nonlinear, 

the superposition of first two terms yields the correct solution. However, once the soil weight is 

considered, the Eq. (1) is not strictly valid, but it is used in design as a reasonable estimate. These two 

factors in Eq. (1) take the form  

𝑁𝑞 = 𝑡𝑎𝑛2 (
𝜋

4
+

𝜙

2
)                                                                                                                       (2) 

𝑁𝑐 = (𝑁𝑞 − 1)𝑐𝑜𝑡𝜙                                                                                                                     (3)                                                                           

Where 𝜙 = internal friction angle. Michalowski (2001) obtained Nc directly for frictional soil by 

applying “rules of equivalent states”(Caquot 1934). There are several solutions in the literature for the 
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third factor Nγ. Meyerhof (1951, 1963); Hansen (1970); Vesic (1973); Hjiaj et.al (2005); Kumar and 

Khatri (2008) and Chakraborty and Kumar (2013) subsequently proposed different equation to 

calculate this bearing capacity factor. In contrast, there are large differences among the published 

numerical solutions for Nγ.  

 

In recent years, both theoretical and experimental investigation on the ultimate bearing capacity of 

square and circular footings received the attention of many researchers (Cerato and Lutenegger 2006; 

Merifield and Nguyen 2006; Cerato and Lutenegger 2007; Yu et al. 2010; Lavasan and Ghazavi 2012; 

Ma et al. 2014). However, according to the author knowledge, very few experimental studies (Pathak 

et al. 2008) were performed that estimate the bearing capacity of square and circular footing placed on 

c-ϕ soil. Therefore, an extensive experimental investigation is required to determine the ultimate 

capacity of footing on c-ϕ soil, which would be a helpful tool for the design engineers.   

 

This paper deals with the experimental and numerical investigation of ultimate bearing capacity of c-φ 

soil beneath square and circular footing subjected to vertical load, exploring the differences of failure 

mechanism of soil under the both footings. A detailed parametric study is carried out to determine the 

shape effect of square and circular footing as a function of soil property. Finally a new set of 

equations of shape factor for square and circular footing is proposed comparing its performance with 

past studies.  

 

MODEL FOOTING TESTS 
Plate load test provide a direct measure of compressibility and occasionally the bearing capacity of 

soils. The technique adopted in this investigation for carrying out the plate loading test is described in 

D1194-94. (1998). The size of the square and circular model footings used were 400 mm and 420 

mm, respectively, having a steel base with thickness of 30 mm. All tests were performed with the 

footing resting on the soil surface on the saturated clayey soils. The load was applied to the plate 

incrementally via a factory calibrated hydraulic load cell and a hydraulic jack, and the settlement was 

measured using computerized data acquisition system. In order to measure any tilt that may occur, 

two gauges on the perimeter of the plate were used. These gauges supported on rigid uprights fixed 

firmly into the ground at a distance of more than twice the plate width from the plate center. From the 

load-settlement data, a load settlement curve for square and circular footing was produced. The 

ultimate bearing capacity and the settlement of the footings were determined from load settlement 

curve for the test plates (Figure 2). Collecting the undisturbed samples from the soils of the test 

locations, following soil properties were obtained in the laboratory. 

 

FINITE ELEMENT MODEL AND VALIDATION 

Finite element engine ABAQUS was used to determine the failure load (ultimate bearing capacity) of 

square and circular footing. The program is most suitable for analyzing nonlinear behavior of 

material, failure phenomena and related instability. The three-dimensional finite-element mesh used 

for analysis of a circular footing and square footing of as shown in Figure 1. It represents a half-

footing cut through one of the orthogonal planes of symmetry. In numerical simulations, the elastic-

perfectly plastic, associative Mohr-Coulomb material model was used. The material parameters used 

in the analysis is given in Table 1. Eight node linear brick elements with reduced integration were 

used for discretization of the foundation soil. The distance between the boundaries parallel to the 

footing length is 15 times the width of footing and the depth of the model is half of that distance (Zhu 

and Michalowaski 2005). The base of soil layer is fixed in all directions. All vertical boundaries are 

fixed in horizontal direction but free in vertical direction. The rigid surface footing is modeled by 

applying uniform vertical downward displacements at all nodal points below the footing at the top 

surface of domain. 
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(a) (b) 

Fig. 1. Finite element meshes: (a) Half square footing and (b) Half circular footing. 

Horizontal displacements at the footing-soil interface were restrained to against movement to model 

the perfect rough base of the footing. To determine the collapse load of the footing, displacement 

based analyses were performed. The total displacement was applied over a number of sub-steps and 

the bearing pressure was then calculated by summing the vertical components of the forces at the 

nodal points immediately beneath the footing divided by the footing area. The mesh is refined in the 

vicinity of foundation edge since it is in the zone of stress concentration. In this study, mesh 

convergence studies were performed to optimize the mesh size especially at the neighborhood of 

footing.  

 
Table 1. Material Parameters 

Parameter Value 

Bulk density, γ (kN/m3) 15.83 

Elastic modulus, Es (kPa) 4,800 

Cohesion, c (kPa) 10.75 

Internal frictional angle, 𝜙 (Degrees) 20 

 

RESULTS AND DISCUSSIONS 

    The load-displacement curves obtained from the analysis for square and circular surface footings 

are shown in Figure 2. It is observed that the FE model can satisfactorily predict the experimental data 

points. It is noticed that the settlement curves of the circular and square footing is almost same up to 

the settlement of 13 mm and then, they deviates. The bearing capacity of square footing is 1.21 times 

higher than the circular footing. This is consistent with the experimental results obtained by Terzaghi 

(1943) and Cerato and Lutenegger (2006), where the bearing capacity of square footing is 

approximately 1.33 and 1.25 times higher than a circular footing according to Terzaghi and Cerato et 

al, respectively. Terzaghi (1943) proposed the shape factors sc=1.3, sq=1, sγ =0.8, and sc=1.3, sq=1, 

sγ=0.6 for square and circular footing, respectively. The factors sc=1.3, sγ=0.8 for square footing in 

Terzaghi’s suggestion was derived from Golder (1941)’s experiments on clay soil with 3 in. square, 

18 by 3 in. rectangular and sand with 6 in. square footing. These test data were highly scattered and 

Terzaghi disregarded the scatter for establishing a provisional equation. Terzaghi also ignored the 

influence of internal friction angle on shape factors. 
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Fig. 2. Load displacement curves of square and 

circular footing 
Fig. 3. Cohesion shape factor (sc) as a function of 

internal friction angle 
 

Terzaghi’s proposal for shape factors (sc and sq) of square and circular footing was same, but there 

was small difference in sγ.Variation of sc for both square and circular footing with earlier approaches 

(Meyerhof, 1963; Hanssen, 1970; Vesic, 1973) are shown in Figure 3. Earlier approaches that are 

presented here for square footing only, which are based on small size experiments or semiempirical 

considerations. Hence, the bearing capacity of circular footing is being considered same as that of the 

square footing in many design codes. Factor sc calculated using  

 

  
Fig.  4. Variation of surcharge shape factor (sq) as a 

function of friction 
Fig. 5. Surcharge shape factor sγ as a function of 

friction angle 
 

Meyerhof (1963) and Vesic (1973) methods fall very close to one another especially lower friction 

angles. The newly proposed sc for square footing or circular footing is greater than Meyerhof and 

Vesic’s solution and the differences are below 1% at 𝜙=0°and increased to 30% at 𝜙=40°. Zhu and 

Michalowaski (2005) also proved with their finite element analysis that the shape factors of Meyerhof 

are far too low. On the other hand, Hansen’s proposal for cohesion shape factor of square footing is 

constant (sc =1.2) and it is independent of friction. From experimental and numerical results, it can be 

concluded that Terzaghi and Brinch & Hanssen proposals for sc are invalid.  

Figure 4 presents the effect of friction angle on the shape modifier (sq) for both square and circular 

footing. It indicates that the difference of sq is found small at lower values of friction angle and it 

increases with the increase of friction angle. The trends that are shown are similar to the trends of sc 

(Figure 3). The maximum difference between the shape factor sc and sq for square footing is below 5% 

and this difference decreases to 4% for circular footing. For this reason, sq can be expressed as a 

function of sc. But in this paper, sc and sq of circular footing is expressed as a function of sc and sq of 

square footing, respectively. Earlier proposals (Meyerhof 1963;, Brinch Hanssen 1970;,Vesic 1973)  

show conservative estimation of sq as compared to the finite element results for both footings.  
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Figure 5 shows that the Meyerhof’s proposal and Brinch and Hanssen’s proposal for sγ is 

contradictory to one another. According to the Brinch  Hanssen’s proposal, sγ is constant and 

independent of 𝜙. On the other hand, Meyerhof’s proposal shows that sγ increases with the increase of 

𝜙. According to this proposal sγ=1 when 𝜙=0°, sγ=sc when 𝜙≥10° and sγ will never less than 1. But, 

Terzaghi’s suggestion for shape modifiers sγ for square (sγ =0.8) and round (sγ =0.6) load is less than 

1. Meyerhof’s proposal is quite contrary with Terzaghi’s suggestion as well as numerical results of 

this study. The work done by the soil weight during deformation is called the effect of soil weight on 

bearing capacity. When soil is incompressible (𝜙=0°), the net work will be zero, because the negative 

work of soil volume that moves upward is equal to the positive work of the soil volume that moves 

downward. In this way, the influence of soil weight on bearing capacity is negligible, Nγ=0 when 

𝜙=0° and Nγ>0 when 𝜙>0°. Erickson and Drescher (2002) and Zhu and Michalowski (2005) also 

proved that for small dilatancy angles the volume of displaced soil for a circular and square footing is 

less than the volume of displaced soil in plane-strain mechanism. But at larger dilatancy angle this 

relationship is opposite. For this reason, sγ can be less than 1 as similar to the result shown in Figure 5. 

It shows that, sγ for circular footing is always lower than the sγ of square footing. sγ for circular 

footing changes from 0.71 to 1.36 at a friction angle ranging from 5 to 40°. Consequently, sγ for 

square footing changes from 0.75 to 1.60 at a friction angle ranges from 5 to 40°.  

 

CONCLUSIONS 

This paper presents that numerical models have predicted closely the experimental data points of the 

load-settlement relationships of square and circular footings under vertical loading on homogeneous 

clay soil. It is observed that there is a difference between their load-settlement behaviors and ultimate 

bearing capacities. Based on this study, it is fair to conclude that square footing exhibits higher 

bearing capacity as well as shape factors than the circular footing on homogeneous clay soil. Detailed 

parametric studies are conducted to compare the shape effect of circular and square footing as a 

function of frictional angle. This study has proposed new set of shape modifiers, sc, sq and sγ for 

circular and square footings.  
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ABSTRACT 

With an application of the finite element analysis, the vertical pullout capacity of a horizontal strip plate 

anchor placed in a cohesive-frictional (c-ϕ) soil has been computed. The variation of the uplift factors Nc 

, Nq and Nγ, due to the contributions of soil cohesion, surcharge pressure and unit weight, respectively, 

has been evaluated for different friction angles (ϕ) and embedment ratios (H/B). These break-out factors 

increase continuously with the increase of embedment ratios. The variation of Nq and Nγ has found 

almost linear and Nc varies nonlinearly with the friction angle.  

 

Keywords: Anchor; numerical analysis; uplift capacity; finite element analysis 

 

INTRODUCTION 

Plate anchors are light structural members employed to withstand uplift forces for conditions, where 

immediate breakaway occurs. Plate anchors are commonly used in transmission tower, sheet piles, 

retaining wall, deep water offshore developments, and airport hangars. (Hanna et al. 2014; Merifield and 

Smith 2010; Sahoo and Kumar 2012a; Sutherland et al. 1983). During the last 50 years, numerous 

experimental and numerical investigations have been conducted by several researchers to evaluate the 

pullout capacity of plate anchor. Experimental studies include (i) conventional 1-g laboratory model 

tests (Das and Seeley 1975; Neely et. al. 1973; Ranjan and Kaushal 1977; Rokonuzzaman and Sakai 

2012) and (ii) centrifuge model tests (Dickin and Laman 2007). While, numerical study consists of (i) 

lower bound limit analysis (Merifield et al. 2006; Meyerhof 1973), (ii) upper bound limit analysis 

(Kouzer and Kumar 2009; Merifield and Sloan 2006; Sahoo and Kumar 2012a), (iii) method of 

characteristic (Kumar and Rao 2004; Neely et al. 1973) and (iv) Finite element method (Kumar and 

Kouzer 2008; Merifield et al. 2006; Murray and Geddes 1987; Rowe and Davis 1982; Sahoo and Kumar 

2012b).The pullout capacity of soil anchors are mainly influenced by anchor geometry, embedded ratio, 

soil-anchor interfaces and local soil conditions. Several researchers have investigated the effect of 

anchor geometry on the pullout capacity of plate anchor and recommended shape factors for the design 

engineers ( Hanna and Ranjan 1992; Hanna et al. 2011). Kumar and Kouzer (2008) studied the effect of 

embedment ratio and frictional angle on the pullout capacity of plate anchor in sand and found that the 

uplift capacity increases with the increases with the increase in the embedment ratio and the frictional 

angle. Furthermore, plate anchor could be installed vertically and horizontally as per the requirements. 

Horizontal anchors are generally used to resist vertical uplift forces for the foundations of structures 

such as transmission towers, pipelines buried under water, and dry docks (Deshmukh et al. 2011; Kumar 

and Kouzer 2008; Merifield and Sloan 2006; Merifield et al. 2001). Moreover, it is noted from the 

literature that most of the study are conducted to evaluate the pullout capacity factor in either dry sand 

(c=0) or saturated clay (ϕ=0). According to the author’s knowledge, limited information is available in 

the literatures that estimate the pullout capacity of plate anchor in c- soil. Although, Kumar and Naskar 

2012 studied on the vertical uplift capacity of a group of two axial anchors in a c- soil using the lower 

bound finite element limit analysis and showed the variation of the uplift capacity factors, Nc and N, 

with the change in embedment ratio and vertical spacing.  

In this study, an extensive elasto-plastic finite element analysis has been performed to investigate the 

pullout behavior of horizontal plate anchor in frictional cohesive soil (c- soil). In order to investigate 

the effect of embedment ratio on the pullout capacity, anchor plates were buried at different embedment 
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ratio. Furthermore, the effect of frictional angle of soil on the pullout capacity factors Nc, Nq and N, due 

to the components of cohesion, surcharge pressure and soil weight, respectively are also investigated. 

The results have been compared with the existing results reported in the literature and design charts have 

been proposed for predicting the pullout capacity of anchor plates 

 

PROBLEM DEFINITION 

A typical layout of a strip plate anchor having width B and thickness t is shown in Figure 1. The anchor 

plate is considered perfectly rigid and embedded in a cohesive-frictional (c-ϕ) medium. The ground 

surface is horizontal and a uniform surcharge of q= 18 kN/m2 is applied on the top surface. The anchor 

plate is embedded at a depth of H from the ground surface, which is varied through a wide range of 

embedment ratio (H/B=1 to 10).  The collapse load (qu) per unit length of the plate anchor is computed 

for the immediate breakaway (vented) of the anchor plate i.e. anchor interface separates immediately 

upon pullout action. The uplift capacity factors Nc, Nq and N are calculated by assuming the principle of 

superposition using equation (1). 

 .......................(1)u c qq cN qN BH N     

The bearing capacity factor Nc, Nq and N  have been computed separately by taking, (i) c ≠ 0, but q=0 

and γ=0, (ii) c=0, but q≠0 and γ=0 and (iii) c=0, but q=0 and γ≠0, which signifies the validation of the 

principle of superposition.  

 

  
Fig. 1. Definition of the problem Fig. 2. FE mesh (H/B=3 , B=1m) 

 

FINITE-ELEMENT MODEL 

An extensive elaso-plastic finite element (FE) analysis was conducted using ABAQUS to determine the 

ultimate pullout load of strip anchor in c- ϕ soil. The present numerical analysis are carried out on 

isotropic and homogeneous soil with associative Mohr-Coulomb yield criterion and is defined by the 

cohesion value c, angle of internal friction ϕ, and dilatancy angle ψ. In this study, a strip rigid plate is 

made contact with the soil domain, which is displaced progressively along the pullout direction. The 

interfaces between the anchor plate and soil domains are defined as (i) tangential behavior and (ii) 

normal behavior. In tangential behavior, a penalty friction formulation is used with a friction coefficient 

of 0.4, while in normal behavior hard contact is defined for pressure overclosure. Separation after 

contact is also allowed. The FE analyses are based on six-noded modified triangular elements. Figure 2 

presents a typical two-dimensional finite-element mesh for a strip plate anchor embedded at H/B=3 and 

B=1m. The analyses assume a perfectly rigid plate anchor, with incremental displacement being 

prescribed on the anchor nodes in contact with the soil. The dimensions of soil domain are selected in 

such a way that the stress and displacement gradients at boundaries would decrease and become zero. 

The soil domain is extended to 10B in horizontal directions from the edge of the anchor for the 

embedment ratio (H/B) 1 to 9. However, it is not sufficient for the H/B=10 and therefore, the soil domain 

is extended to 20B. This extension of soil boundaries is sufficient for the computation of Nc, but it is 

proved insufficient for determination of Nq and Nγ, especially when the rotation of anchor is greater than 

67.5 degree. Thus, the soil domain is extended to 20B in horizontal directions for embedment ratio 6 and 

8, and 30B for 10. However, the vertical boundaries are remaining 10B from the bottom of the anchor 
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for all cases. Zero-displacement boundary conditions are applied to prevent out-of-plane displacements 

of the vertical boundaries and the base of the mesh is fixed in all three coordinate directions. To obtain 

more accurate results, elements are kept very small near the plate, increasing gradually in size and 

moving away from the plate. To determine the collapse load of the footing, displacement based analyses 

are performed. The total displacement is applied over a number of sub-steps and the uplift pressure is 

then calculated by summing the nodal forces along the pullout direction divided by the footing area. 

 

RESULTS AND DISCUSSIONS 

The validity of the numerical results for the horizontal anchor is established through verification against 

published results before conducting the detailed parametric study. The designed FE model is validated 

for the pullout capacity factor Nc of a strip anchor in weightless soil (=0). It can be seen in Figure 3 that 

Nc for horizontal anchor agrees well with the numerical solution obtained by Yu et al. (2011) and 

Merifield et al. (2001). Nc values for horizontal are closer with the upper bound solution up to a 

embedment ratio of 3 then deviates and maximum differences are found 6.6% for horizontal anchor. 

Note that, the current FE results, Yu et al. (2011), Merifield et al. (2001) and Rowe & Davis (1982a) stay 

close together for shallow embedment ratio (H/B=2). FE result of Rowe & Davis (1982a) shows lower 

values and almost constant at large embedment ratio (H/B>3). These differences may be due to 

truncation criterion, where the pullout capacity was taken at a displacement as 15-20 % of anchor width 

rather than the ultimate capacity for large embedment ratio. 
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Fig. 3. Comparison of the bearing capacity factor Nc for 

plate anchors in weightless uniform soil 

Fig. 4. Effect of friction angles, ϕ on Nγ at different 

embedment depth (H/B) 

 

The pullout capacity factor Nγ due to the contribution of soil weight for different embedment ratio and 

friction angle is shown in figure 4. The effect of friction angle on anchor breakout factor due to the 

contribution of soil weight is obtained for different combination of embedment depth and anchor 

rotation is shown in figure 4. For the purpose of validation, the current finite element results are 

compared with the lower bound solution obtained by Merifield and Solan (2006) which is shown in 

figure 4.  The anchor break-out factor Nγ varies almost linearly with the friction angle as found by 

Merifield and Solan (2006). This trend is found similar as the variation of Nq (see Fig. 7) but in contrast 

with the variation of Nc (see Fig. 5).The current finite element results are found higher than the lower 

bound solution of Merifield and Solan (2006) at al embedment depths and the difference between the 

two decreases at higher embedment depth.  
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Fig. 5. Effect of friction angles, ϕ on Nc at different 

embedment depth (H/B) 
Fig. 6. Comparison of factor Nc for horizontal anchor 

at different friction angles, ϕ 

 

The variation of break-out factor Nc with friction angle (ϕ) ranging from 0 to 40° at an interval of 5° 

corresponding to different embedment depth (H/B) is presented in Figure 5. It can be seen that Nc 

increases gradually with friction angle upto the peak point and after that friction angle does not show 

any significant effect. This trend is found similar as found by Rowe and Davis (1982a) and Kumar and 

Naskar (2012). It is also noted that, Nc increases with the friction angle upto 20 degree for embedment 

ratio 1 to 3. After that, the peak value of Nc is shifted to 5 degree apart (i.e. 25° for H/B=4) from 

embedment ratio 4 to 10.This peak value is different for different embedment ratio.  
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Fig. 7. Effect of friction angles, ϕ on Nq at different 

embedment depth (H/B) 

Fig. 8. Comparison of factor Nq for horizontal anchor 

at ϕ=30° 
 

For example, maximum value of Nc is found 6.18 and 11.74 at a friction angle 20° and 30°, for 

embedment ratio of 3 and 6, respectively. For the purpose of validation, the values of Nc obtained from 

current finite element studies are compared with the Sahoo and Kumar (2012) based on upper bound 

finite element analysis. Three friction angles (i.e. 20°, 30°, 40°) are considered in the following 

comparisons, which are shown in the Figure 6. Present finite element results are found almost same as 

Sahoo and Kumar (2012) particularly at friction angle 30° and 40°, respectively. But, a small difference 

upto 5.6% are found at friction angle of 10° and embedment ratio of 8. 

 

The variation of uplift factor (Nq) due to the contribution of surcharge pressure with friction angle is 

obtained for different embedment ratio is shown in Fig. 7. Friction angle, ϕ varies from 5° to 40° at an 
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interval of 5°. It is found that for a given embedment ratio, the breakout factors increase almost linearly 

with an increase the soil friction angle, which is in contrast with the variation of Nc. It also represents the 

comparison of break-out factor with previous available data. As per author knowledge, little studies 

were performed to determine the effect of surcharge pressure on anchor break-out factor Nq. For this 

reason, the values of Nq (see Fig. 8) obtained in current finite element analysis are compared only with 

those obtained in simple upper bound analysis by Murray and Geddes (1987) and Sahoo and Kumar 

(2012), respectively. It shows that, at a low embedment depth upto 2, the break-out factor Nq is found 

same as Murray and Geddes (1987) and Sahoo and Kumar (2012). The difference increases with the 

increase of embedment depth and the variation is almost linear as found by Murray and Geddes (1987) 

and Sahoo and Kumar (2012).  

             

CONCLUSION  

A rigorous finite element investigation has been performed to determine the pullout capacity of strip 

anchor in c-ϕ soil. Consideration has been given to the effect of soil friction angle and anchor 

embedment ratio on anchor pullout capacity factor Nc, Nq and Nγ. At a given embedment ratios, anchor 

break-out factors Nγ and Nq increase continuously with the friction angle. But, their does not exist any 

peak point on Nγ and Nq which is in contrast with the trend of Nc. The variation of Nq and Nγ has found 

almost linear and Nc varies nonlinearly with the friction angle.  
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ABSTRACT 

Aerodynamic response is one of the main deign consideration for long-span bridge deck and this is 

quite sensitive to the shape of the bridge deck. This paper numerically investigates the influence of 

handrail types such as solid handrail, perforated handrail with curb and without curb on aerodynamic 

responses of bridge deck with fairing. Edge fairing is attached at the side of the bridge deck to make it 

more practical and improve the aerodynamic responses.  The steady state force coefficients and the flow 

field were taken as a parameter of interest. It was found that the types of handrail alter the aerodynamic 

behaviour of the bridge deck noticeably.     

 

Keywords: Deck equipment; handrails; curb; aerodynamic response; bridge deck; CFD 

 

INTRODUCTION 

Long span bridges are susceptible to various aeroelastic phenomena under the wind action and in the 

design stage of the bridge deck, aerodynamic responses are considered as one of main design aspect. 

Accurate prediction of aerodynamic responses is required to ensure safety and stability of the bridge 

deck against wind. To obtain the exact responses under wind action, bridge deck should be modelled 

along with its deck equipments. There are a number of common deck equipments such as handrail, 

safety barrier, median divider, inspection rails and light post etc attached to the deck. Even though, the 

size of these deck equipments are small as compared to the deck, their presence will influence the 

aerodynamic responses as it is already shown that aerodynamic response is a quite sensitive to the shape 

of the bridge deck (Shiraishi and Matsumoto, 1983 and Larsen and Wall, 2012).  

 

Among these deck equipments, handrail is one the most common and often attached to the deck. Nagao 

et al. (1997) investigated the effects of perforated handrail on vortex-shedding vibration. They found 

that the size of the horizontal bars affects the vortex-shedding vibrations significantly. Later, Bruno and 

Mancini (2002) showed that addition of perforated handrails increases the overall bluffness of the deck 

by employing Large Eddy Simulation (LES). In previous studies only the perforated handrails were 

taken into consideration, however, for practical bridges, along with the perforated handrail, solid 

handrail is also attached. Further, perforated handrails are provided along with the curb or without curb. 

Therefore, it is required to know how the variation of the handrail types affects the aerodynamic 

responses due to its practical demand. 

   

In the present study a numerical investigation was carried out by employing Unsteady Reynolds 

Averaged Navier-Stokes simulation (URANS) to show the influence of handrail types on aerodynamics 

of bridge deck with edge fairing. Fig.1 shows the cross section of the considered bridge deck. The top 

and bottom plate slopes of the fairing are set to 40⁰ and 20⁰, respectively. The side ratio (R) of the bridge 

deck is maintained at 5 and Reynolds number (Re) is set to 6.0 x 104. Three different types of handrail 

namely, solid handrail, perforated handrail with curb and without curb is taken into consideration as 

shown in Fig.2.  The steady state force coefficients and the flow fields are taken into consideration as 

parameter of interest.  
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Fig.1: Cross section of the bridge deck (with perforated handrails without curb) considered in the present study 

 

 
(a) Solid Handrail 

 
(b) Perforated handrail with curb 

 
(c) Perforated handrail without curb 

Fig.2: Types of handrail considered in the present study 
   

 

NUMERCIAL FORMULATIONS 

The ensemble averaged Navier-Stokes equations called unsteady Reynolds-Averaged Navier-Stokes 

(URANS) equation was used to model the flow around the bridge deck. The flow was assumed to be 

two-dimensional and incompressible in nature. The governing equations were as follows; 
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where, iU  and xi were the averaged velocity and position vectors respectively, t was the time, P  was 

the averaged pressure, ρ was the air density, ν was the fluid viscosity. The turbulence modeling was 

attained by utilizing the k-ω SST turbulence model (Menter, 1994; Menter et al., 2003). Convective and 

diffusive terms in the governing equations were discretized with second order accurate central 

differencing schemes. For time integration second order accurate backward differentiation formulae 

method was utilized. PISO (Pressure implicit with splitting of operator) algorithm was utilized to solve 

these discretized equations. An open source code OpenFOAM was used as a solver. 

 

Simulations were performed in a two dimensional domain with 48D in length and 25D in height, where 

D was the height of the bridge deck section. The object was placed at 18D downstream of the inlet. The 

outlet boundary was placed at 25D downstream of the object and height of the domain was 25D. The 

domain was sufficiently large to avoid unnecessary disturbance of the boundary conditions. At the 

outlet, pressure boundary condition, at the top and bottom of the domain, slip boundary condition and at 

the body, non-slip boundary condition was implemented. The domain was discretized spatially by a 

non-uniform structured grid and the cell size was varied gradually with a geometric progression of 1.05 

in all directions. Further details of the model, grid system and validation can be found in (Haque et al., 

2015a and 2015b). 

 

RESUTLS AND DISCUSSIONS  

The mean and rms values of the steady state force coefficients of the considered bridge decks are 

compared in Table 1. All the force coefficients are normalized with the width of the deck (B). As can be 

seen the reduction of the solidity ratio of the handrails improves the static aerodynamic responses of the 
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bridge decks. A trend can be noticed that both the mean and rms value of the force coefficients 

decreases from solid to perforated with curb and perforated with curb to without curb case. However, 

the perforated handrail with curb has the highest negative lift force value among the three, which means 

the deck with this type of handrail has increased stability against wind.  Most interestingly, only the 

absence of the curb has noticeable influence on the force coefficients as reflected in the last column 

where a comparison was made between the perforated handrail with and without curb cases.     

 

To better understand the responses, the time averaged pressure distributions are plotted in Fig. 3. 

Various important flow features can be noticed in the pressure field. For the case of perforated handrails 

without curb, very large suction appears at the leading edge side just before the handrail, after that,  

 
Table 1: Steady state force coefficient comparison of the considered bridge decks 

Force coefficients 
Solid 

(1)  

Perforated 

With Curb (2) 

Perforated 

Without Curb (3) 

Percentage variation (%) 

(1) & (2) (2) & (3) 

Mean value of drag force coefficient (CD) 0.732 0.649 0.553 11.33 13.12 

Mean value of lift force coefficient (CL) -0.156 -0.246 -0.176 57.69 44.87 

Mean value of moment coefficient (CM) 0.202 0.099 0.051 51.00 23.75 

rms value of lift force coefficient (CLʹ) 0.007 0.002 0.001 71.42 14.29 

rms value of moment coefficient (CMʹ) 0.001 0.0004 0.0002 60.00 20.00 
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(a) Top surface of the bridge deck 
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(b) Bottom surface of the bridge deck 

Fig. 3: Time averaged pressure distribution around the bridge deck (Contd.) 

 

suddenly pressure recovery occurs at the top surface of the deck. However, reverse phenomenon can be 

observed for the case of solid handrail case. Similar to the deck top surface, pressure field are mainly 

affected at the leading edge side of the deck bottom surface. Large suction appears at the leading edge 

bottom surface of the deck for the cases of solid and perforated handrail with curb. In the case of 
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perforated handrail without curb the deck has the highest negative lift value, which implies that the 

pressure distribution at the deck top surface is the influential one as it has the lest magnitude of suction.    

 

The time averaged velocity distribution around the bridge deck for the considered types of handrail are 

compared in Fig. 4. The observation made earlier is also reflected in the velocity distribution. Large 

shear layer separation can be noticed both at the deck top surface and leading edge bottom surface. 

Basically, this separated shear layer creates the suction at the top and bottom surface of the deck. In the 

all the three cases clear after-body vortex shedding can be seen at the trailing edge side. However, the 

size of the vortex decreases for the case of perforated handrail with and without cases as compared to 

the solid handrail case.  

 

CONCLUSIONS  

A relative comparison of steady-state aerodynamic characteristics of bridge deck for various handrail 

types was made. At the current Reynolds number (Re of 6.0x104) and considered geometry (R=5), we 

found that the types of handrail has noticeable influence on the force-coefficients and flow field. As the 

solidity ratio of the handrail decreases, the steady-state aerodynamic responses of the bridge deck 

improve. Even though, the variation in handrail types is made at the top surface of the deck, it affected 

the bottom surface of the deck pressure and velocity fields as well. Due to the presence of the handrail, 

the follow separation occurs both the leading and trailing edge side of the deck and depending on the 

solidity ratio of the handrail, the intensity of separation varies. Therefore, handrail should be properly 

modelled during the time of numerical and experimental investigation for actual estimation of the 

aerodynamic responses of the bridge deck.  

 

 
(a) Solid handrail 

 
(b) Perforated handrail with curb 

 
(c) Perforated handrail without curb 

Fig.4: Time average velocity distribution around the bridge deck 
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ABSTRACT 

In the conventional practice masonry walls are considered as non-structural element and its load is 

considered on the corresponding elements. Effect of infill is mostly ignored during analysis of the 

structure. To obtain the perfect model of a building the behaviour of all the primary components is 

needed and their load carrying capacities are required. This study attempts to simulate the nonlinear 

behaviour of URM infill frames using SeismoStruct v7.0 where diagonal strut model is used to 

idealize the effect of infill wall. A six storied ordinary moment resisting frame is considered with and 

without infill walls and capacity of the structure is evaluated and compared using capacity spectrum 

method. Prior to that pushover analysis was carried out for both configuration of the structure. It is 

observed from pushover analysis that the bare frame comprises lesser stiffness when compared to the 

frame with infill within a range of displacement. Ductility of bare of frame also reduces with 

inclusion of infill masonry walls as is observed from capacity demand curve of the structure. However 

inclusion infill walls increases the capacity of the structure to withstand stronger ground motion 

compared to bare frame structure. 

  

Keywords: Diagonal strut model; stiffness; ductility; un-reinforced masonry; capacity spectrum 

method 

  

INTRODUCTION 

The Reinforced Concrete frame building with URM infill walls are very common in Bangladesh and 

many other countries. Easy and low-cost constructing is known as a main reason for uses of the brick 

masonry in the developing countries. The purpose of masonry is mostly to protect inside of the 

structure from the environment and to separate internal spaces. In most of the cases of seismic 

resistant design, particularly in Bangladesh, the brick masonry infill walls in RC frame building is 

typically considered as non-structural elements. Therefore, this consideration may result inaccurate 

prediction of the lateral stiffness, strength, and ductility of the structure. Reluctance of numerous 

engineers to take into account the contribution of brick masonry infill is due to the inadequate 

knowledge in structural modelling and uncertainty involved in interaction between infill and RC 

frame. 

 

In recent times several researchers (Decanni et al., 2004; Baran and Sevil, 2010 etc.) have compared 

experimental and analytical results of interaction between RC frame and URM infill walls. Such 

experimental results revealed that performance of URM infill walls inside RC frame varied with 

lateral loads applied on the structure (Decanni et al., 2004; Baran and Sevil, 2010). URM infill 

remains in contact with RC frame under very low lateral loads and hence there is composite action 

between RC frame and URM infill walls. Initial lateral stiffness increased for the URM infill model in 

compare to bare frame model. A number of research works have been done in past decades to 

generate acceptable model for structural analysis in order to account interaction between URM infill 

and RC frames. Among several models, equivalent diagonal strut model for infill panels is preferred 
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due to its simplification in URM behaviours. In this study, the structural model was developed in a 

software package Seismostruct v7.0 to perform structural analyses for the index building. The 

objective of this work is to compare the seismic performance of RC frame building with and without 

inclusion of unreinforced masonry walls. 

 

 

METHODOLOGY 

 

Modelling of Infill Wall  

The most critical part of modelling of a RC frame with URM infill wall is to model the URM infill 

properly. There have been several research conducted in past studies to develop micro model for the 

numerical simulation of infill panels using two dimensional finite element (Ellul and D’Ayala, 2012), 

however, the diagonal strut model (see Fig.1) is still the most widely used and accepted by the 

researchers as its simplified approach for bulk analysis, and has been advocated in many documents 

and guidelines (CSA, 2004 and NZSEE, 2006). 

 

 
Fig.1: Diagonal strut for masonry infill panel modelling; (a) Equivalent diagonal strut representation of an infill 

panel, (b) Variation of the equivalent strut width as function of the axial strain, (c) Envelope curve in 

compression 

 

Diagonal strut model utilizes a four-node masonry panel element for the modeling of infill panel. Six 

strut members are used to illustrate each panel. Every diagonal direction characterizes two parallel 

struts to carry axial loads across two opposite diagonal corners and a third one to carry the shear from 

the top to the bottom of the panel. The operation of fifth and sixth strut members activate on 

deformation of the panel as they only act across the diagonal that is on compression. Stiffness and 

strength of an infill panel is calculated from width of equivalent strut using formula proposed by 

Mainstone and Weeks (1970) and Mainstone (1971). 

                                                                                                      (1) 

Where, 

                                                                                                               (2) 

 

Where λ is the coefficient used to determine equivalent width of infill strut; hcol is column height 

between centerlines of beam; hinf is height of infill panel; Ec is expected modulus of elasticity of frame 

material; Em is expected modulus of elasticity of frame material; Icol is moment of inertia of column; 

rinf is diagonal length of infill panel; tinf is thickness of infill panel and equivalent strut; and θ is angle 

whose tangent is the infill height-to-length aspect ratio. 
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Fig.2: Equivalent strut model for infill panel (Crisafulli, 1997) 

 

The selected building is modelled using finite element package software named SeismoStruct. 

SeismoStruct is able to predict large displacement behavior of space frames under static or dynamic 

loading, taking in to account both geometric nonlinearities and material inelasticity. Bare frame and 

infill frame model of the building is shown in Fig.3(a) and Fig.3(b) respectively. 

 

                             
                           

                                    (a)                                                                                        (b) 

   
Fig.3: (a) Bare frame model; (b) URM Infill frame model 

 

 

Design Spectrum and Seismic Design 

The design spectra in proposed BNBC is developed based on following relationship, 

 

                                                                                    (3)                                          

 

                                                                                                 (4) 

 

                                                                                                 (5) 

 

                                                                                       (6) 

Cs depends on S and values of TB, TC and, TD which are all functions of the site class (in Fig.4) is the 

damping correction factors. Z represents seismic zoning coefficient, I is the structural importance 

factor and R is the response reduction factor.  
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Fig.4: Normalized acceleration response spectrum for different site classes for proposed BNBC 2010. 

 

RESULTS AND DISCUSSION 
Pushover analysis is performed by applying a controlled displacement (Response control) at the top of 

a particular frame. Capacity curve is determined for both configuration of the building. Pushover 

analysis provides non-linear force-displacement relationship of the Multi Degree of Freedom 

(MDOF) system. Relation between Normalized lateral forces and normalized displacements are 

assumed as Eq. (7) where, mi is the mass of the i-th story. Displacements are normalized in such a 

way that n = 1, where n is the control node whereas n denotes roof level. Fig.5 to Fig.11 describes the 

step by step procedure for the determination of performance point for bare frame and URM masonry 

infill frame structure. 

                                                                                                                                        (7) 

Step-1: Pushover Curve for Bare and URM Frame Model 

 

 
Fig.5: Pushover curve for bare frame and infill frame  model 

 

Step-2: Demand Spectra in AD Format 

  
Fig.6: conversion of elastic acceleration spectra to demand spectra 
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Step-3: Equivalent SDOF Model 

 

 

 

 

Step-4: Equivalent Conversion of Pushover Curve to Capacity Curve 

 

 

 
Fig.9: Capacity curve for bare frame model (left)  and for infill frame model (right) 

 

 

Step-5: Superposition of Capacity Curve and Demand Curve 

Intersection point of the capacity curve and the demand curve gives the displacement demand. 

Performance point of the selected building is obtained for both infill and bare frame model by 

superposition of capacity curve and demand spectra for soil type 1. 

  
 

Fig.7: Pushover curve for MDOF bare frame model (left) and for equivalent SDOF model (right) 

 

  
 

Fig.8: Pushover curve for MDOF infill frame model (left) and for equivalent SDOF model (right) 
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Fig.10: Capacity curve versus demand curve for bare frame model 

 

 
 

Fig.11: Capacity curve versus demand curve for infill frame model 

 

 

CONCLUSIONS 
By closely observing, Fig.5 reveals that the pushover curve for infill frame structure has larger 

gradient than of structure without infill walls up to a certain displacement which indicates higher 

stiffness of the structure. However, this stiffness drops sharply at a particular value of displacement 

and the same trend is observed for further displacement value. Such behaviour figures out the fact that 

Inclusion of masonry wall in bare frame structures increases the lateral stiffness and resistance of RC 

frame building significantly. Although, Seismic performance of bare frame is found to be inferior to 

infill frame, ductility of the structure decreases with the inclusion of URM infill. Comparative 

response of bare frame and infill frame is summarized in Table 1. 

 

Table 1: Comparative response of bare frame and infill frame model 

Analysis types Parameters 
Bare Frame 

Structure 

Infill Frame 

Structure 

Nonlinear Static 

(Pushover) 

Approximate Peak Loading Capacity (Kips) 200 280 

Yield Displacement (inch) 4.8 4.2 

Ultimate Displacement (inch) 11.4 11.4 

Capacity Spectrum 

 

Sa (g) 0.22 0.25 

Sd (inch) 2.27 2.18 
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ABSTRACT  

This study presents an overview of the development and application of recycled aggregate in the 

production of concrete. Nowadays, in a large part of the world, demolition of old and deteriorated 

buildings and traffic infrastructure, and their replacement with new ones is a usual phenomenon. As a 

consequence, the volume of demolished concrete is increasing day by day, which generates a lot of waste 

and ultimately pollutes the environment. However, because of rapid industrialization, production and 

utilization of concrete is rapidly increasing, which results in increased consumption of natural aggregate 

as the largest concrete component. Hence, the preservation of natural aggregates sources is being 

threatened day by day. On the other hand, the protection of the environment has become one of the major 

issues of our present world. The reduction of raw material consumption and energy consumption is 

critical elements in this regard. Therefore, recycling of demolished concrete for new construction is 

essential to preserve the natural resources as well as to solve the disposal problems of demolished 

concrete.  

 
Keywords: Demolished concrete; recycling; recycled coarse aggregate 

 
INTRODUCTION 

Nowadays, in a large part of the world, demolition of old and deteriorated buildings and traffic infrastructure, and 

their substitution with new ones is a usual phenomenon (Malešev et al., 2010). It is worth mentioning that the prime 

reasons behind these are a rearrangement of a city, expansion of traffic directions, changes of purpose, structural 

deterioration, & increasing traffic load, natural disasters, etc (Malešev et al., 2010; Kumar & Babu, 2015). As a 

consequence, the volume of demolished concrete is increasing day by day, which generates a lot of waste and 

ultimately pollutes the environment. Uddin (2007) stated that the global production of demolished concrete is 

estimated at 2–3 billion tons per year. Furthermore, Fisher & Werge (2009) reported that about 850 million tons of 

construction and demolition of waste are generated in the EU per year, which represent 31% of the total waste 

generation. Also, in the USA, the construction waste produced from building demolition alone is estimated to be 

123 million tons per year (FHWA, 2004). Similar to many other countries also in Bangladesh, the volume of 

demolished concrete is increasing alarmingly due to the deterioration of concrete structures as well as the 

replacement of many low-rise buildings by relatively high-rise buildings due to the booming of real estate business 

(Uddin, 2007). The typicalway of managing this material has been through its disposal in landfills. Consequently, 

the human environment is getting polluted incessantly because of such disposal of huge amount of construction 

waste. 
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Fig. 1: Consumption of concrete and population in the world (Uddin et al., 2006) 

However, because of rapid industrialization, production and utilization of concrete is rapidly increasing, 

which results in increased consumption of natural aggregate as the largest concrete component. For 

instance, two billion tons of aggregate are produced each year in the United States, is expected to raise to 

more than 2.5 billion tons per year by the year 2020 (FHWA, 2004). Crushing of concrete to produce 

coarse aggregate for the production of new concrete is one common means for achieving a more 

environmentally-friendly concrete. Hence, the preservation of natural aggregates sources is being 

threatened day by day. One of the ways to preserve natural aggregate is to utilize the recycled aggregate 

in the production of concrete (Uddin et al., 2006; Khalaf et al., 2004). Therefore, recycling of demolished 

concrete for new construction is essential to preserve the natural resources as well as to solve the disposal 

problems of demolished concrete. Recycling of demolished concrete will also provide other benefits, such 

as the creation of additional business opportunities, savingthe cost of disposal, saving money for local 

government and other purchaser, helping local government to meet the goal of reducing disposal, etc. 

Based on this perspective, it is realized that concrete industry can be made sustainable through recycling 

of the demolished concrete. 

 

RECYCLED AGGREGATE 

Recycling is the act of processing the used material for use in creating a new product. The usage of natural aggregate 

is getting more and more intense with the advanced development in infrastructure area. Recycled aggregate is 

comprised of crushed, graded inorganic particles processed from the materials that have been used in the 

constructions and demolition debris. Recycled aggregates are produced from the re-processing of mineral waste 

materials, with the largest source being construction and demolition waste. These wastes are normally composed of 

concrete rubble usually, constitutes the largest proportion of C&D waste. It has been shown that crushed concrete 

rubble, after separation from other C&D waste and sieved, can be used as a substitute for natural coarse aggregates 

in concrete or a sub-base or a base layer in pavements. 

Recycling concrete wastes will lead to reductionin valuable landfill space and savings in natural 

resources.  In addition  to the environmental benefits in reducing the demand on land for disposing the 

waste, the recycling of construction and demolition wastes can also help to conserve natural materials and 

to reduce the cost of waste treatment prior to the disposal. If the technology and public acceptance of 

using recycled aggregate are developed, there will be no requirement for normal aggregate if 100% of 

demolished concrete is recycled for new construction (Malešev et al., 2010; Uddin et al., 2006).Therefore, 

the topic of recycling of the demolished concrete is getting considerable attention under sustainable 

development nowadays.  

 

RECYCLED CONCRETE AGGREGATE 

Generally, recycled concrete aggregate (RCA) is made by following two-stages, crushing of demolished 

concrete and screening for the removal of contaminants such as reinforcement, paper, wood, plastics and 

gypsum (Malešev et al., 2010). A lot of research has been done with respect to the applicability of 
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recycled concrete in the production of concrete. The researchers applied different techniques in order to 

examine the suitability of RCA to produce sustainable concrete. Based on the literature study, it has been 

found that of recycled aggregates are suitable mainly for non-structural concrete applications (Yong & 

Teo, 2009). 

 
    Demolished Concrete Blocks 

 

Recycled Coarse Aggregate (RCA) 

Fig.  2: Demolished Concrete Block and Recycled Coarse Aggregate (Uddin et al., 2006) 
Concrete made with such recycled concrete aggregate is called recycled aggregate concrete (RAC). The 

activities of renovation and demolition in the maintenance and modernization of buildings generate large 

amounts of solid waste and rubble, adding to the already vast and continuously increasing solid waste 

stream. Currently, there is a widespread move to adopt new operational strategies aimed at prevention and 

minimization of the waste generation as close as possible to the sources aiming for a responsible pursuit 

of environmentally sustainable developments. This development is primarily induced by aspects of 

economics such as rising tip charges, transport distances and fuel costs, which are forcing demolition 

contractors to find other less costly options to dispose of building and demolition waste than at waste 

management centers and landfill sites.  

The use of recycled concrete aggregate (RCA) as an alternate for dense-graded aggregate base course 

(DGABC) applications over the recent years have been approximately 10% to 15%.Presently 60 to 70 

percent of demolished concrete is using as sub-base course aggregate for road construction. Researchers 

are continuing investigations to utilize recycled aggregate in new construction effectively. Most of the 

contractors are left with the decision as to which material to be used where their usage of RCA is 

seemingly based on cost. The aggregate particles of recycled concrete compare well to conventional 

mineral aggregates in that they possess good particle shape, high absorption, and low specific gravity. 

Recycled concrete aggregate has also been shown to have no significant effect on the volume response of 

specimens to temperature and moisture effects.  
 
PROPERTIES OF RECYCLED AGGREGATE 

Based on the literature study, when demolished concrete is crushed, a certain amount of mortar and cement paste 

from the original concrete remains attached to stone particles in recycled aggregate. Certainly, this attached mortar is 

the main reason for the lower quality of RCA compared to natural aggregate (NA). Recycled aggregates typically 

are of poor quality compared with natural aggregates due to lower stiffness caused by crushing of waste concrete 

and higher water absorption capacity given by old cement paste attached to the surface of recycled aggregate. The 

properties of RCA in comparison to the Natural aggregate are listed below (Malešev et al., 2010):  

 increased water absorption  

 decreased bulk density  

 decreased specific gravity  

 increased abrasion loss  

 increased crushability 

 increased quantity of dust particles 

 increased quantity of organic impurities if concrete is mixed with earth during building demolition 
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APPLICATION OF RECYCLED AGGREGATE 

Application of recycled concrete is important as it helps to promote sustainable development in the protection of 

natural and reduces the disposal of demolition waste from old concrete. After World War II, the applications of 

recycled aggregate in construction have started by demolished concrete pavement as recycled aggregate in 

stabilizing the base course for road construction (Olorusongo, 1999). Yong (Khalaf et al., 2004) reported 

thatrecycled concrete can be applied as many types of general bulk fills, bank protection, sub-basement, road 

construction, noise barriers and embankments. Furthermore, it can be applied to soil-cement pavement bases, lean-

concrete bases, structural grade concrete and bituminous concrete (FHWA, 2004; Yong & Teo, 2009). Recycled 

concrete can be also used inthe production of concrete for pavements, shoulders, median barriers, sidewalks, curbs 

and gutters, building and bridge foundation. Growth in the use of recycled concrete for retaining wall backfill, 

portland cement concrete mix, landscaping rock, drainage aggregates, and erosion control is also happening (Uddin 

et al., 2006). 

 
BENEFITS OF RECYCLED AGGREGATE 

The advantages associated with the recycling of demolished concrete can be pointed as below (Kumar & Babu, 

2015; Poon et al., 2002, Xiao & Falkner, 2007; Olorusongo, 1999): 

 Saving of natural resources 

 Creation of additional business opportunities 

 Saving cost of disposal of demolished concrete 

 Saving money for local governments and other purchasers 

 Saving energy when recycling is done at site 

 Helping local government to meet their goal of reducing disposal and 

 Minimizing hazards to collect coarse aggregate from different natural resources 

 

CONCLUSIONS  

In this day and age, the world is concern as well as passionate about reducing, recycling and reusing.  Earlier, the 

waste from non-biodegradable material like demolished concrete or this type of project would end up in a landfill, 

costing a huge amount of space. Auspiciously, the scenario is not the same any longer. In recent years, the 

researchers have found that it is possible to recycle the old concrete. Even though the word “recycled concrete” 

could be a little bit perplexing, this recycled concrete is extremely robust and reliable. Review of several studies 

suggested that the use of recycled materials has a positive impact on different aspects. This includes the benefits in 

enhancing the sustainability of the construction industry while reducing cost, providing solutions to environmental 

pollution and reducing the need for natural resources. 
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ABSTRACT 

The onset of industrialization and the sustained urban growth of large population causes the build-up of 

large amount plastic wastes. Because of the non-biodegradable property of plastics, decomposition is 

not possible. So, they remain in the environment for a long time, pollute soil and water that creates 

ecological problems. If these harmful non-biodegradable materials can be substituted as a construction 

material by using in concrete, that will be a significant source of plastic wastes management. This paper 

deals with the investigation of using grinded plastic wastes as a partial replacement of fine aggregate in 

concrete and to find the optimum percentage of plastic that can be used in concrete without reduction of 

concrete strength or with a slight amount of strength reduction which are considered as negligible. 

Plastic wastes consist of discarded old computers, TVs, refrigerators, radios, old electrical and 

electronic equipment were collected at first and then grinded through using a pulverizing machine. 

Through ACI method, a mix design was made for concrete of grade M-28. The proportion of mixing of 

the grinded plastic wastes are 2 %, 4 %, 6 %, 8 % & 10 %. The specimens have been cured for 7 & 28 

days. Compressive strength and Tensile strength test of concrete were conducted. As the melting 

temperature of the plastic is low thus it is susceptible to temperature. So, it is important to focus on the 

impact of heat in concrete strength when using grinded plastic. Post-heat compressive strength test was 

also conducted. After obtaining the data, they were analyzed by comparing with a controlled specimen. 

Result had showed that there was slight reduction in strength with the mix proportion of 2%, 4% and 

6% of grinded plastic wastes. 

 

Keywords: Non-biodegradable materials; plastic waste; compressive strength; tensile strength; 

temperature  

 

INTRODUCTION 

Plastic waste is a pertinent part of the complete amount of waste worldwide. Due to rapid 

industrialization and civilization the quantity of plastic waste generated each year, especially 

computers, televisions and all other kinds of electronic wastes has assumed alarming proportions. 

According to a projection of the International Association of Electronics Recyclers (IAER) in 2006 that 

3 billion electronic and electrical appliances would become WEEE (Waste Electrical and Electronic 

Equipment) by 2010.Now it is 2015 and so obviously the projected amount have already acceded. Each 

year more than 22.88 million tons of electronic waste generated in Bangladesh (ESD, 2010). A report 

shows that, About 50% assembler companies are sold out the generated waste, 30% are dumped, 20% 

are stored for long time.30% repairers stored the old TV sets for repairer and farther uses, 15% dumps 

it, 5% didn’t give any importance to inform. Among the customers 40% sold rejected sets to the 

repairers, 10% through away and 20% reuses it after repairing. Also, Some eight million metric tons of 

plastic waste makes its way into the world’s oceans each year and the amount of the debris is likely to 

increase greatly over the next decade unless nations take strong measures to dispose of their trash 

responsibly, new research suggests. The report, which appeared in the journal Science on Thursday, is 

the most ambitious effort yet to estimate how much plastic debris ends up in the sea. The amount of 

plastic that entered the oceans in the year measured, 2010, might be as little as 4.8 million metric tons or 

as much as 12.7 million. So it is a great concern to dump it. But Traditional landfill is not 
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environmentally friendly way to get rid of. In the disposal process is also very difficult to accomplish 

the EPA regulations. How to reuse the non-biodegradable Electronic Waste and Plastic Waste become 

an important research topic. And so we have made an effort to use this non-biodegradable components 

in concrete industry as partial replacement of fine aggregate. This study alleviates the crisis in 

decomposition of non-biodegradable thermoplastic. It will also provide a significant substitutional way 

to control the huge amount of wastes plastic and a substitute construction materials at a very low cost. 

The main purpose of this project is to study the strength of concrete due to replacement of fine 

aggregate by plastic wastes in concrete. The variation of compressive strength, tensile strength of 

concrete using plastic, the optimum replacement level of sand by plastic for maximum strength, 

minimization of the cost of construction and making environmentally friendly concrete by using plastic 

as a replacement of sand, which otherwise been dumped and make environmental hazard, all are the 

main objectives of this project. 

 

METHODOLOGY  

 
Experimental Investigation 

The aim of the experimental programme is to compare the properties of concrete made with and without 

plastic, used as fine aggregate. 

 

Experimental Programme 

For preparing the testing specimen, an ACI mix design has been conducted for concrete with strength of 

M28. Fine aggregate has been replaced by plastic as proportion of weight by 0%, 2%,4%,6%,8% and 

10%. The specimen have been tested for 7 days & 28 days curing period. 

 

Mix Design 

An ACI Mix Design has been conducted for M28 strength of concrete. Specification of Materials 

according to ACI Mix Design-    Fine Aggregate (796 kg/m3), Coarse Aggregate (992 kg/m3) & 

Cement (422.22 kg/m3). 

 

Material Properties 
 Cement: Ordinary Portland Cement(OPC)  

SL No. Characteristics Value Obtained Value ASTM 

1. Fineness (cm2/gm.) 253 >=280 

2. Normal Consistency   

3. Soundness   

4. Setting Time: 

Initial Setting: 

Final Setting: 

 

56 min 

108 min 

 

>=45 min 

<=6 hr. 15 min 

 

 Properties of Aggregate  

Properties Fine Aggregate Coarse Aggregate 

Fineness Modulus 2.6 4.54 

Specific Gravity 2.4 2.8 

Unit Weight 1580 kg/m3 1600 kg/m3 

Absorption Capacity .36 % .25 % 

Moisture Content 5.26 % 2.04 % 

 

Plastic Wastes 
At first, various types of plastic are collected from different sources like old TV, electronic board, old 

computer monitor etc. Then all of them are grinded through grinded machine into small pieces. As there 

residues some big particle of plastic after grinding process, they are sieved through No.4 sieve. Then 

they have been collected for further use in concrete as a partial replacement of fine aggregate. 
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Properties of Plastic Wastes 
PROPERTIES NAME VALUE 

Specific Gravity 1.01 

Absorption (%) <0.2 

Color White 

Fineness Modulus 6.58 

Shape Angular 

Melting Temperature 80-85° C 

 

Flow Chart of Experiment 

 
 

Design Strength Test: 

For the testing specimen, mix design of 28 MPa concrete have been conducted. For the design strength 

test, 3 cylindrical specimens of 6 inch dia and 12 inch length, have been casted with different water 

cement ratio. They have been cured for 28 days in fresh water. After 28 days curing period, they have 

been taken for the compressive strength test. Three different water ratio i.e .40, .45 and .50 have been 

used for casting the test specimens. After conducting the test, it has been found that .40 water cement 

ratio have given the required strength for the design test specimen. So we have used .40 w/c ratio for 

casting the concrete cube specimen. 

 

Compressive Strength with regard to Different Water Cement Ratio 
Water Cement 

Ratio 

Specimen 

No 

Applied 

Load(KN) 

Average Applied 

Load(KN) 

Average Compressive 

Strength(MPa) 

 

1 50 

  0.4 2 52 51.67 28.41 

 

3 53 

  

 

1 49 

  0.45 2 48 49.00 26.80 

 

3 50 

  

 

1 48 

  0.5 2 48 47.33 25.79 

 

3 46 
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Fig. 1 : Cylinder Compressive Strength Test Fig. 2 : Specimen Under Applied Compression Force 

 
 

Fig. 3 : Specimen Under Applied Tensile Force Fig. 4 :Crushed Concrete Cube 

 

RESULTS AND DISCUSSIONS 

 
GRAPHICAL REPRESENTATION OF COMPRESSIVE STRENGTH(MPa): 

  

Fig. 5: Compressive Strength of Concrete(7 Days) Fig. 6: Compressive Strength of Concrete (28 

Days) 

 
GRAPHICAL REPRESENTATION OF POST HEAT COMPRESSIVE STRENGTH(MPa): 

  
Fig. 7:  Post Heat Compressive Strength of Concrete (7 

Days) 

Fig. 8: Post Heat Compressive Strength of 

Concrete (28 Days) 
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GRAPHICAL REPRESENTATION TENSILE STRENGTH(MPa): 

 
 

Fig. 9: Tensile Strength of Concrete(7 Days) Fig. 10: Tensile Strength of Concrete (28 Days) 

 
GRAPHICAL REPRESENTATION OF VARIATION BETWEEN    COMPRESSIVE STRENGTH 

AND POST HEAT COMPRESSIVE STRENGTH: 

 

 
Fig. 11: Compressive Strength vs Post Heat 

Compressive Strength(7 Days) 

Fig. 12: Compressive Strength vs Post Heat 

Compressive Strength(28 Days) 

 

DISCUSSION: 

In this test all laboratory test are done carefully. In spite of these experimental result may vary from 

actual result due to following reason: 

In the compressive, tensile and post heat compressive strength test mixing is done manually whereas 

mechanical mixing give actual strength. 

The specimen are cured in open air water tank, which may contain impurities. As a result the strength 

may affected. 

Although the specimen must be dried up before the test, in the rainy season it is very difficult to dry, so 

actual result may vary. 

In post heat compression test the thermal exposure of mechanical oven could not be controlled properly 

due to mechanical error, so the actual result may vary. 

 

CONCLUSIONS  

Following conclusions can be made based upon the studies we have conducted: 

1. Compressive strength of concrete has been found decreasing gradually with increasing of adding 

plastic. From our investigation, it has been found that 28 days compressive strength for 2 % is 32.03 

MPa, 4% is 31.23 MPa, 6% is 30.02 MPa, 8% is 27 MPa and 10% is 25.39 MPa. There is also a sharp 

decrease in compressive strength with percentage of 8 % and 10 % of plastic. That clearly represents 

that plastic can be used as a substitute material by 2%, 4 % and 6 % of sand by weight because it 

provides sufficient compressive strength. But for further increase in percentage of plastic the 

compressive strength goes down rapidly. 

2. With the increase in percentage of plastics that is used as a partial replacement of sand the post-heat 

compressive strength also decreases. From the results, the 28 days Post-heat compressive strength for 

0% is 32.44 MPa, 2% is 31.83 MPa, 4% is 31.03 MPa, 6% is 30.42 MPa,8% is 25.79 MPa & 10% is 

24.78 MPa. It clearly shows that if we increase the percentage of plastics beyond 6% the post-heat 

compressive strength reduces rapidly. 
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Introduction  of  plastics  in  concrete  tends  to  make  concrete  ductile,  hence  increasing the ability of 

concrete to significantly deform before failure. This characteristic makes the  concrete  useful  in  

situations  where  it  will  be subjected  to  harsh  weather  such  as expansion and contraction, or freeze 

and thaw. 

3. For 1 m3 concrete, It has been found that replacing sand by 2 % of plastic wastes, sand is substituted 

by 15.92 Kg of plastic .Replacing sand by 4 % of plastic wastes, sand is substituted by 31.84 Kg of 

plastic. Replacing sand by 6 % of plastic wastes, sand is substituted by 47.76 Kg of plastic .So, when it 

would be used in large scale in construction site, there would be a significant way to control this huge 

amount of plastic wastes that have to be dumped. 

 

SCOPE FOR FURTHER RESEARCH: 

The use of recycled plastics in concrete is relatively a new development in the world of concrete 

technology and lot of research must go in before this material is actively used in concrete construction.  

The  use  of  plastics  in  concrete  lowered  the  strength  of  resultant concrete,  therefore,  the  research  

must  be  oriented  towards  ternary  systems  that  helps  in overcoming this drawback of use of plastics 

in concrete. Emphasis has been given to grind the waste into fine powder and mix into such proportion 

so as to achieve maximum packing density which may result to increase in compressive strength. 

 

NEED FOR FURTHER WORK: 

It  is  necessary  to  work  out  a  project  proposal  to  carry  out  further  studies  on  various aspects such 

as collection, processing and effective utilization of this waste material. To start with, such a study 

could be initiated with the following components: 

1. Estimation of the types, quantity and useful components present in the waste plastic materials in the 

city and surrounding areas.  

2. Methodology  for  collection  and  sorting  out  the  useful  components  of  the plastic waste. 

3. Methodology  for  processing  the  plastic  bags  as  required  for  use  in  the preparation  of  modified  

bitumen,  including  cleaning,  shredding  and  further processing of the plastic waste materials. 

4. Identification  of  two  or  three  construction  companies  /  entrepreneurs  who could  incorporate  

appropriate  mixing  units  in  their  hot  mix  plant  to  add  and mix the required proportion of the 

processed plastic additive. 

5. Carrying out further laboratory investigations, construction of some test tracks and field studies on 

the performance of concrete using the modified concrete. 

6. Preparation of specifications and standards for the construction industry. It is hoped that on 

completion of the above project, the plastic waste materials will be put to effective use in construction 

industry, resulting in improved environmentally friendly concrete structures and also relief from the 

waste plastic materials being littered all around urban areas. 
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ABSTRACT 

In recent days, Reinforced Concrete (RC) column jacketing is been increasingly used in structural 

strengthening in Bangladesh. This research work investigates the structural capacity enhancement of 

column by RC jacketing. Twelve jacketed short column samples composed of 25 mm and 31.5 mm 

jacket thickness were experimented for axial capacity. Samples vary in terms of use of surface 

preparation, welded ties, and change of clear cover in jacketed part. Analytical equations in terms of 

Interaction Diagram are formulated. As an outcome, a software is developed to analyse and compare the 

capacity under combined compression with uniaxial bending. Tested sections are modelled in ETABS 

2015 and SAP 2000 for Finite Element analysis. Experimental result shows that new concrete collapses 

earlier at the interface than that of the old concrete. Welding jacket ties contribute to axial capacity by 

resisting rebar buckling. Proposed analysis accounts the effect of interface bonding thus differs with 

Japanese code, ETABS, and SAP. However, test results validated the analytic axial capacity at an 

accuracy of 89 to 96%. Hence a bondage coefficient of 0.85-0.95 is proposed in determining axial 

capacity. 

 

Keywords: Column; retrofitting; jacketing; interaction diagram; Finite element  

 

INTRODUCTION 

In order to avoid potential earthquake hazard, latest Bangladesh National Building Code (BNBC)-2015 

guideline demands more structural resistance that suggests to strengthen many existing building 

structures of Bangladesh. Recent earthquakes, Rana Plaza incident and some other structural hazards 

raised the attentions towards the structural strengthening. Previously, many buildings were designed 

neither following the guideline nor considering lateral load. In addition, changes in live loads and user 

facilities, deterioration of the load carrying elements, design errors, poor construction quality during 

erection, and aging of structure, addition and alteration of existing structure force the users to strengthen 

the structural elements. Column being the most important structural element requires the utmost 

priority to be retrofitted. In recent years, column jacketing is commonly used to enhance the strength 

and stiffness of existing RC structure. Applications of RC column jacketing has already been executed 

in some garments buildings of Bangladesh. Still there is a large number of building structures that 

requires strengthening work immediately.  

Effect of surface preparation, failure criteria and capacity of concrete jacketing has been experimentally 

and analytically investigated in the past by Bett et al. (1988), Saatcioglu and Ozcebe (1989), Alcocer 

and Jirsa,(1993), Erosy et al.(1993), Park and Rodriguez(1994), Stoppenhagen et al. (1995), Abu-Tair 

et al.(1996), Austin et al.(1999), Climaco and Regan (2001), Julio et al.(2003), Eduardo et al. (2005), 

Beushausen and Alexander (2008), Yuce et al. (2007), Roberto et al. (2008), H. Sezen and Eric A. 

Miller (2009), Stephanos E. Dritsos et al. (2010), D. W. Zhang et al.(2013), Veena M and Mini Soman 

(2014) and M. G. Marques et al. (2015). Indian code [3] and Japanese code [4] has separate 

methodology and equations for designing jacketed section. In Bangladesh, analysis and constructional 

methodology are recently published as guideline [6] that is modified and based on Japanese guidelines. 

Due to increasing use of RC jacketing, engineers need a simplified, time saving design and analysis 

approach. However, no significant research work has been reported yet and also the analysis and design 

guideline for RC column jacketing is yet to be established authentically. 
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This paper investigates the structural capacity enhancement of column by RC Jacketing. Hence, 

experimental investigation on jacketed column were carried out to determine load carrying capacity 

under pure compression. Simplified analytical equations are proposed to estimate jacketed column 

capacity in terms of Interaction Diagram which was compared with that of derived from Japanese 

retrofitting codes. Tested samples are modelled in ETABS 2015 & SAP 2000 v17 for Finite Element 

(FE) analysis. Finally, a computer program is developed which is able to analyse and compare the 

capacity of jacketed sections under combined compression with uniaxial bending.  

 

EXPERIMENTAL INVESTIGATION 

Twelve short column samples of 610 mm height with a cross section of 102 mm x 102 mm were used as 

Reference Sample (RS). Four 8 mm bar were used as longitudinal reinforcement. Tie (2.5 mm) with 6.5 

mm clear cover (CC) were used at 150 mm spacing. To depict old column section comparatively 

weaker concrete was used in RS. Eleven samples were retrofitted using RC jacketing with 25 mm and 

31.5 mm jacket thickness. Eight longitudinal bars were used with the same diameter as RS. Ties were 

spaced at 100 mm. Other than two samples as mentioned in Table 1, typical CC was kept as 12.7 mm. 

Brick and stone chips of 19 mm and 12.7 mm downgraded respectively were used. Local and Sylhet 

sand of Fineness Modulus (FM) 1.1 and 2.2 respectively were used in test. Mix ratio was 1:2:4 and 

1:1.5:3 by percent of volume for RS and jacketed samples respectively. Before jacketing surface were 

roughened using hand chisel. Afterwards, sand blasting was carried out using coarse sand of FM 2.2.  

Samples are named according to their thickness. Suffix letter used to describe the jacketing process; 

‘N’-no bonding agent, ‘B’-surface prepared and bonding agent, ‘M’- monolithic casting, ‘W’-welded 

ties, and ‘C’ change of clear cover. CC was changed from 12.7 to 8.5 mm and 15 mm for 25 mm and 

31.5 mm jacket thickness respectively.  

Compressive capacity was tested in Universal Testing Machine (UTM) as in Fig. 1. Steel base plate of 

205 mm x 205 mm cross section and 15 mm thick was used for uniform distribution of axial load. Load 

was applied at a rate of 1 mm/ min rate. Machine was programmed to stop at 40 % strain after reaching 

to the maximum axial load. Peak axial capacity was displayed in both the dial meter and in computer 

monitor system generating required graph of load, stress and strain.   

   (a)         (b)       (c)        (d)            (e)        (f)  
Fig. 1: (a) Surface roughening (b) Sand blasting (c) application of epoxy bonding agent (d) Jacketing of sample 

(e) UTM machine (f) Test Setup 

 

ANALYTIC ASSESSMENT 

Both weighted average concrete strength ( c avgf  ) and old concrete strength ( c oldf  ) are used for analysis 

of jacketed section as in [6] and [7]. However, lower elastic modulus need to be considered in design as 

mentioned in [2]. Compressive strength is increased for the active confinement determined by various 

equationsby Scott et al. (1982), Uzumeri (1982), Mander et al. (1988) and Yong et al. (1988). In this 

regard, a concrete model is proposed to account confining stress generated by the jacket thickness. 

Effect of longitudinal reinforcement is negligible in pure compression according to P. Christou et al. 

(2013). Thus, thickness of jacket concrete in between longitudinal bar and old column face innerjackett is 

only used to determine confining stress. Volumetric ratio of the concrete to old column sections 

0(4 ) /innerconcrete jackett b    [Modified to concrete according to FRP formula of R. Benzaid and H.A. 
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Mesbah, (2013)]. Confinement coefficient (1/ 1 )e concretek   . Tensile strength of concrete rcf and 

volume of confine concrete to the volume of column section ratio cc  is determined to find out 

confining stress 0.5 e cc rcfl k f     . Finally jacketed compressive stress 'c Jacketf is determined using 

Mander concrete model [5]. 

 

Proposed Interaction Diagram Equations 

Simplified five-point interaction diagram is formulated by deriving equations which are based on 

column interaction diagram with ACI code 318-08. It is considered that, old rebar is corroded hence 

cross sectional area is considered negligible in analysis to contribute in compression which is agreed 

with V. C. Marlapalle et al. (2014). Thus, pure compression for jacket sections can be written as: 

     [0.85 ( - - )] ( )' jacket old jacket jacket jacket jackets s st sc ycP CB f A A A A A f                        (1) 

CB = Coefficient of bondage; to account the reduction factor due to bonding effect at interface of 

different concrete. A = cross section after jacketing,  oldsA and  jacketsA =area of longitudinal steel in 

existing column and jacket respectively,  jacketstA and  jacketscA = area of tension and compression steel 

respectively in jacket,  jacketyf = yield strength of jacket longitudinal steel.  

Bending capacity of old rebar is considered to contribute along with jacketed bar. To account for the 

remaining contribution of old longitudinal bar, a partial value of their original bending capacity is 

assumed. It is denoted as Coefficient of moment (CM). It is considered that, these bar had reached to 

yield strength and their remaining ductility is added in the bending capacity of jacketed section. 

Thus 1 ( / )yold uoldCM f f  in which ( / )yold uoldf f is ratio of yield and ultimate strength of old column 

rebar. Generally CM gives a value ranging from 0.20-0.35. Thus pure bending point is denoted as: 

    [ ] ( - )
2

n

jacket jacket old oldst y st y n
a

M A f CM A f d                                (2) 

 oldstA = area of tensile steel in old column, nd = distance of centroid of tensile jacketed steel from top 

fibre, na = dimension of equivalent stress block in jacketed section. 

Jacketed concrete strain ujacket is taken as 0.003 in analysis. However, old concrete strain uold is 

considered up to 0.005. Basing on strain compatibility a single concrete strain is considered for 

simplification. Basing on strain and force, weighted average concrete strain uavg is calculated. Finally 

following equations are proposed for balanced, compression and bending control points: 

    0.85 'c jacket jacket jacket jacket jacketn new sc s st yP f a b A f A f                    (3) 

 0.85 ( ) ' ( ' )
2 2 2

c jacket jacket jacket

new n new
n new sc s new

h a h
M f a b A f d           

     ( ) ( )
2 2

jacket jacket

new old
st y new st old y old old

h h
A f d CM A f d                                (4) 

  

Interaction Diagram using Japanese equations 

Following [4] and [6] maximum theoretical axial capacity maxP and bending equations are formulated. 

max     c avgjacket jacketst y st old y old new newP A f A f b h f                                (5)   

[According to 3.3.4-2 a of Japanese guidelines]  
2

    

max

max

( 0.12 )

( )
0.4

c avg

c avg

jacket jacketst y jacket st old y old old new new

new new

M A f g A f g b h f

P P

P b h f













        


 

           (6) 

oldg and jacketg  are distance between tensile and compressive longitudinal steel in jacket portion and 

existing column respectively         

 

FINITE ELEMENT MODELLING USING ETABS 2015 AND SAP 2000 

Section designer is used to model jacketed column section in ETABS 2015 and SAP 2000 v17. Material 

properties were defined according to the test samples. Rectangle and box section was used to model 
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samples. Longitudinal and tie bar were placed in the model following the actual dimensions of samples. 

After modelling, interaction diagram and moment vs. curvature diagram can be extracted as output. 

SAP 2000 produces advance features for analysis stress and strain in different conditions as well as 

moment vs. concrete and steel strain and compression data. Interaction diagram are formulated using 

these data. Fig. 2 displays the model and stress distributions. 

 
                                          (a)                          (b)                                       (c) 

Fig. 2 (a) Old column section (b) Jacketed column (c) Stress distributions 

  

RESULTS AND DISCUSSIONS 

Results of the test and analytical assessment are shown in Table 1. Bonding does not follow a liner 

behaviour and vary greatly according to construction, material property and types of surface 

preparation, moisture content of substrate [8]. Effect of creep and any direct tension stress caused by 

shrinkage are ignored in analysis. All these factors contribute in the deviations of test with analytic 

results. Monolithic samples 25-M and 31.5-M had the less deviation due to absence of different 

concrete interface. Whereas 25-N and 31.5-N had the larger deviation. Since there is no provision of 

reduction factors due to bonding interface in FE analysis and Japanese code therefore proposed pure 

compression point differs as much as 26% as in Fig. 3. Other points agree with the Japanese code by a 

variation of 8-12% while pure bending resulted deviation by only 1-2.5%. On the other hand, for 

maximum bending capacity, proposed analysis agrees well with an accuracy of 93.5-98 % with the 

Japanese code. However, both differ with ETABS and SAP with a deviation of 16.5-25% due to liner 

addition and composite action account which is shown in Fig. 7. 
  

Table 1. Experiment vs. Analytical Results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Failure Pattern 

Samples failed with generation of full and partial depth longitudinal crack as in Fig. 5. Few lateral 

cracks were generated also. Local failure occurred due to stripping out of concrete at the new and old 

concrete interface which agrees with [7]. This happens as the jacketed column is unable to maintain 

strain compatibility at the interface of new and old concrete. Crushing of jacket concrete along with 

failure of ties were seen. Concrete failed at the corner due to the high concentration of stress which 

agrees with [9]. Significant increase of axial capacity was found up to 178% depending on compressive 

strength of jacket. From Table 1 it is seen that, for same area ratio bonding and surface prepared sample 

had increased capacity ratio from 18-22% than the nonbonding sample.  

Sample 

Name 

fc'old 

(MPa) 

fc'jacket 

(MPa) 

Analytic 

capacity 

(KN) 

Test 

capacity 

(KN) 

% 

variation 

Area 

Ratio 

A/Aold 

Capacity ratio 

Pn/Pold 

Analytic Test 

25-N 11.12 19.35 243.29 226.21 7.02  

 

2.220 

1.522 1.521 

25-B  

 

11.13 

 

21.63 289.64 258.51 10.74 1.948 1.739 

25-B-W 21.98 289.75 264.38 8.78 1.813 1.778 

25-M 21.80 289.69 302.5 4.36 1.812 2.030 

25-B-C 21.89 329.83 298.83 9.46 2.064 2.010 

31.5-N 11.12 24.98 336.9 305.67 9.26  

 

2.617 

2.108 2.056 

31.5-B  

12.20 

29.42 441.00 416.78 5.51 2.759 2.803 

31.5-M 29.87 441.72 452.86 2.69 2.764 3.046 

31.5-B 2 11.12 20.85 403.70 379.45 6.01 2.526 2.552 

31.5-B-W  

11.12 

20.21 402.43 382.78 4.88 2.518 2.575 

31.5-B-C 21.32 372.08 342.68 7.74 2.328 2.305 

RS - 159.80 148.65 6.97 - - - 
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Fig. 3: Comparison of Interaction Diagram.            Fig. 4: Developed software output interface 

 

Development of Analysis Software 

A software is developed to analyse jacketed column using Eq. (1)-(6) in the programming language of 

‘Microsoft C#’. Interface takes the input of material properties and dimensions to generate interaction 

curve both with and without phi. A comparison is also generated with Japanese code in the output 

interface as shown in Fig. 4. User facility like print, save as image, and zoom options are incorporated. 

Jacket design verification can be performed using the dynamically generated point. 

 

Stress-strain Behaviour 
Maximum loading occurred in an average strain of 0.012-0.013 mm/mm for all the sample as in Fig. 6. 

However, 25-M, 31.5-M and RS samples had lesser rate of 0.011 and 0.01 respectively. Thus ultimate 

strain of confined concrete increases due to jacketing as tensile reinforcement undergoes strain 

hardening well agreed with S. Chun and H.C. Park (2012). 0.3% ductility is achieved in axial loading 

corresponding to 1.61% increase of size. This approves the seismic effectiveness of jacketing. 
 

 
25-N       25-B       25-M  31.5-N   31.5-B   31.5-M 

Fig. 5: Typical failure pattern of samples 
 

Effect of Surface Preparation, Confinement Stress and Welded Ties 
Increase capacity can be achieved without using any bonding agent and surface preparation. However, 

use of this increased the capacity to 24-30%. A detailed trial method was carried out with different 

value of CB ranging from 0.85-1 for bonded and 0.60-0.70 for non-bonded. Hence CB in the range 

0.85-0.95 is proposed. For perfect bonding the value is 1. Tabulated capacity is calculated with the 

minimum value of CB as 0.85 and 0.65 for surface prepared and non-prepared sample respectively. Test 

result verified the analysis with an accuracy of 89 to 96%. For same jacket thickness, clear cover of bars 

in jacket determines the effective thickness of confinement concrete. Thus the reduction of clear cover 

will increase the capacity with a ratio varying from 0.45-0.50 and vice versa. For constant clear cover, 

confinement stress increased due to increase in the thickness and compressive strength of jacket 

concrete. Welding of ties prevent buckling of main and tie bar in failure with an increase of axial 
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capacity at a range of 1-2.5% only. Thus for construction convenient welded ties may not be applicable 

except joint. 

 
   Fig. 6 Stress vs. Strain       Fig. 7 Maximum bending capacity comparison 

 

CONCLUSIONS  

Based on the results and findings presented in the paper, following conclusions can be drawn: 

 Capacity enhanced significantly (up to 178% in this research) by RC jacketing depending on 

compressive strength, clear cover, use of surface treatment and bonding agent. Outer concrete and 

interface bonding governs the failure pattern.  

 Developed compressive stress of RC jacketing can be used instead of weighted average or existing 

value. Proposed equations can be used for simplified analysis of RC column jacketing. 

 Idea of using commercial software (such as ETABS, SAP) in analysing and designing jacketed 

column is controversial. Engineers should be careful in case of retrofitting column design.  

 The developed program can be a useful tool in jacketed column capacity prediction. It can be 

effectively used by the engineers to analyse and design for simplicity and enhanced time efficiency. 

 Proposed CB and bending capacity analysis can further be evaluated for precision by axial and 

bending test of actual size column.  

 This research work may contribute to develop a design guideline for column strengthening using 

RC jacketing. 
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ABSTRACT 

Concrete is the most abundantly used manmade material in the world. The main component  of 

concrete  is  the  Ordinary  Portland  Cement(OPC)  which  is  the second most utilized material after 

water. After automobile ,OPC  production  is  the  second  major  generator  of  carbon-di-oxide 

which pollutes  the  atmosphere. Geopolymer has been widely used as a cement replacement material 

which leads to reduce the carbon di-oxide emission by using the industrial by product as a base 

material. Ground Granulated Blast Furnace Slag (GGBS) is a latent hydraulic material that can 

directly react with water  in presence of an  alkali  activator. After  activation, GGBS  in  alkali 

activator  solution is  termed  as  alkali  activated  slag(AAS)  and act as  the  main constituent of  

geopolymer .This  paper  focuses  an  experimental  results  of  a study conducted to assess the 

strength of AAS concrete over 7,14,28 & 60 days exposure in normal & sodium chloride 

environment. This  programme  covers  the immersion  of  cubical  specimen  in  NaCl  solution  of 

different  concentration. The performance  of  the  specimen was evaluated  in  terms  of  visual  

appearance, change  in  weight  &  compressive strength  over  the  stated exposure periods. From this 

study, it is observed that the strength of geopolymer concrete specimens  increase with the increase of 

dosages  &  ages  in  normal  environment  while  in  chloride  environment, the corresponding gain in 

strength is observed to be lower as compared to normal environment. 

 

Keywords: Geopolymer; GGBS; alkali activators; strength; chloride environment  

 

INTRODUCTION 

Concrete  is  the  most  widely  used construction material due to its versatility and energy efficient  

next  to  steel  and  aluminium (Hardjito et al., 2004). The main component of concrete is the ordinary 

Portland cement (OPC) which is conveniently used as the binder in concrete still now. But the 

production of OPC is a concerning issue for the environment now a days. In the production of OPC, 

carbon dioxide gas is produced which is the main source of greenhouse gas and global warming. 

Statistics shows that the amount of carbon dioxide production is almost one ton for every ton of      

OPC produced. Alarming issue is that, this carbon dioxide contributes to greenhouse gas emission 

approx. 7% of the total greenhouse gas (GHG) emission to the earth’s atmosphere. Among the GHGs 

CO2 contributes 65% of the total global warming. It can be seen that even a small reduction of 

greenhouse gas emissions per ton of manufactured concrete can make a significant impact on 

environment (Flower and Sanjayan, 2007). Each year the concrete industry produced almost 12 billion 

tons of concrete (Attwir and Kabir, 2010) globally and utilized 1.65 billion tons of cement for that 

purpose. Production of 1 ton of cement requires around 2.8 tons of raw materials  including  fuel as 

reported  on  four  different studies  (Björk, 1999 ; Reddy  et al., 2010 ; Anuar et  al.,  2011 ;  Guo  et  

al.,  2010). The increase of cement production is reported to be almost 3% per year. Geopolymers are 

inorganic polymeric binding materials, firstly developed by Joseph Davidovits in1970s.  

Geopolymerisation  involves  a  chemical reaction between an alumino-silicate (Al-Si) material and a 

strong  alkaline  solution yielding amorphous  to  semi crystalline  three-dimensional polymeric  

structures,  which consist  of  Si-O-Al  bonds. In 1978, Davidovits proposed that an Al-Si compound 

could polymerise with an alkaline solution.  Davidovits  (1988)  discovered  that the concrete used in 

ancient structures is alkali -activated aluminosilicate  binders  and  named  it  as  geopolymer concrete  

because  of  polymerization reaction .This  led  to the  idea  of  cement  replacement  and  the  
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subsequent creation  of  “Geopolymer  Concrete”. Geopolymer  is  a  type  of  amorphous alumino-

hydroxide  product  that  exhibits the  ideal  properties  of  rock-forming elements, i.e., hardness, 

chemical stability and  longevity.  Geopolymer  binders  are used  together  with  aggregates  to  

produce geopolymer  concretes  which  are ideal  for building  and  repairing  infrastructures  and for  

precasting  units  because  they  have very high early strength. The polymerization process involves a 

substantially fast chemical reaction under alkaline condition on Si-Al minerals, that results in a three 

di-mensional polymeric chain and ring structure consisting of Si-O-Al-O bonds, as follows 

(Davidovits 1999): 

 

                                                 Mn [-(SiO2) z–AlO2] n.wH2O                                              

 

Where: M = the alkaline element or cation such as potassium, sodium or calcium; the symbol – 

indicates the presence of a bond, n is the degree of polycondensation or polymerisation; z is1, 2, 3, or 

higher, up to 32. 

The chemical reaction may comprise the following steps (Davidovits 1999; Xu and van Deventer 

2000): 

   1. Dissolution of Si and Al atoms from the source material through the action of hydroxide ions. 

   2. Transportation or orientation or condensation of precursor ions into monomers. 

   3. Setting or polycondensation/polymerisation of monomers into polymeric structures. 

However, these three steps can overlap with each other and occur almost simultaneously, thus making 

it difficult to isolate and examine each of them separately (Palomo et al. 1999). 

The main objective of this study is to evaluate the strength, durability and suitability of Slag (GGBS) 

based geopolymer concrete as an alternative of conventional concrete. However, the specific 

objectives are listed as follows: 

 To optimize the mix design for AAS (alkali activated slag) concrete. 

 To evaluate the compressive strength of AAS concrete at different age. 

 To evaluate the performance of AAS concrete in Chloride environment compared to normal 

environment. 

 

METHODOLOGY 

The following articles discuss the materials and methodologies used for the study. 

 

Materials and Sample Preparation                                         

 Slag sample used for this study was collected from Royal Cement Company,Chittagong 

(Bangladesh). Table-1 shows the chemical properties of slag used for the experiment. 

                             Table 1: Chemical Composition of GGBS (% mass) 

Composition SiO2 Al2O3 Fe2O3 MnO CaO MgO Na2O K2O LOI 

GGBS 29.27 17.07 1.76 0.49 40.07 8.35 0.61 0.23 0.06 

                                                                                                                          *LOI- loss of ignition 

Combined Aggregate: 

Combined aggregate means the mixture of fine aggregate (43%) & coarse aggregate (57%).Fine 

aggregate were collected from locally available source. Fine aggregate & coarse aggregate were 

prepared in accordance with ASTM C778-02 & ASTM C33-03 respectively. The grading & material 

properties of coarse & fine aggregate are shown in the Table-2 & Table-3. 

                                 
             Table 2: Grading of Combined Aggregate                                  Table 3: Properties of Aggregates 

 

 

Coarse 

Aggregate 

 

 

Sieve 

size(mm) 

      

Passing Retain    % 

19 12.5 19.95 

12.5 9.5 17.1 

9.5 4.75 19.95 

                                            Coarse aggregate=57% 

Fine Aggregate 43% 

                             Total combined aggregate=100% 

 Fine 

Aggregate 

Coarse 

Aggregate 

Specific Gravity 2.52 2.67 

Absorption Capacity 1.45(%) 0.8(%) 

Moisture Content 1.25(%) 0.57(%) 

Fineness Modulus 2.57 NA 

Unit Weight (kg/m3) 1580 1560 
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Alkaline Activators: 
The alkali activators used in this study is a sodium silicate based solution which is a mixture of 

sodium silicate (Na2SiO3) & sodium hydroxide (NaOH). The NaOH solution was prepared in 

laboratory by dissolving NaOH petles in deionized water at least 1 day prior to mixing.15 molar 

NaOH solution was used (prepared by dissolving 600g of NaOH palate per liter of water). The 

Na2SiO3 was collected from local suppliers. Table-4 shows the chemical properties of activator 

solution. 
Table 4: Chemical properties of activator solution 

Components Na2O SiO2 H2O Molarity(M) 

Na2SiO3 8% 26% 66% NA 

NaOH 29.05% 0% 70.95% 15 

 

EXPERIMENTAL PROGRAMME 

 

Mix Design: 

The  combined solution  of  sodium  silicate  (Na2SiO3)  and NaOH  solution  was  used  as  alkaline 

activators. Two dosage of Na2O (%Na2O ) was  selected for experiment those were 5% & 7% 

respectively which was the ratio of Na2O content of alkaline solution  to GGBS. Two activator 

modulus having 1.0 and 1.5 respectively was selected for this experiment which is the mass ratio of 

SiO2 to Na2O. The alkaline  activator  was  prepared  by  mixing  a  sodium silicate  and  NaOH  

solution  with a  concentration  of  15 M. Specimen notation used for alkali activated slag concrete is 

given in Fig.1 

 

                                                
Fig. 1: Specification notation for AAS concrete specimen 

 

Mix Details: 

The mass ratio of combined aggregate to slag was fixed at 3 for all batches. A water binder ratio of 

0.45 was used & kept constant for all batches. A total 96 nos. of 100mmX100mmX100mm cubical 

specimens were prepared for compressive strength test using four mix combination. The variables of 

AAS concrete are shown in Table-5.  

The proportioning of ingredients (binding materials, activator solution, fine sand, coarse aggregate 

and water) were conducted based on the absolute volume method (Neville, 1996) which assumed that 

the volume of compacted concrete is equal to the sum of the absolute volume of all the ingredients. 

The mix proportion for the concrete are given in Table-5 

 

Mixing, moulding and curing: 

The sodium hydroxide and sodium silicate solutions are mixed in a plastic container 24 hours before 

casting. The other ingredients like fine aggregate, coarse aggregate, extra water, and binder (GGBS) 

were measured in required amount and mixed for 5 minutes. Then the alkaline activator was mixed 

gradually and the mixture were poured into100mm cubic moulds and compacted by tamping rod. The 

curing regime for AAS concrete was 24 hours at room temperature prior to demoulding followed by 

heat curing continuously at 400C for 72 hours in temperature controlled room. After completion of 

heat curing the specimens were kept at room temperature up to the completion of corresponding 

testing. Various stages of mixing, preparation and curing of AAS concrete specimens are shown in 

Fig.2 – Fig.6.  
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Table 5: AAS concrete mixes and variables 

Mix 

Variables Mass of materials (kg/m3) 

Na20 

Dosage 

(%) 

Activator 

Modulus 

(Ms) 

GGBS 
Combined 

aggregate 

Added 

water 
Na2SiO3 NaOH 

AAS 5-1.0 5 1.0 537.42 1612 128.19 103.4 64.04 

AAS 5-1.5 5 1.5 538.29 1615 104.35 155.3 49.83 

AAS 7-1.0 7 1.0 536.32 1609 82.558 144.4 89.48 

AAS 7-1.5 7 1.5 537.54 1613 49.128 217.1 69.75 

 

                 
      

                  
           Fig.5: Demoulding 

 

Durability Study: 
The cubical specimens were submerged in NaCl solution of different concentration i.e.2T & 3T 

concentration. Sea water contains around 2.78% of NaCl and hence 2T & 3T concentration means 

5.56% (two times) and 8.34% (three times) NaCl solution. The enhanced salt concentrations were 

used to get the accelerated effects in short time. For durability study, compressive strength and % 

weight loss data after 14, 28 & 60 days exposure periods (Fig.7), were studied to evaluate the 

performance of specimens. 

 

RESULTS AND DISCUSSIONS 

The compressive strength gain of AAS concrete having different combination  is shown graphically in 

figure 8.It also shows the compressive strength gain of AAS concrete exposed to NaCl environment 

of two different concentration. The AAS concrete showed significantly higher strength for the 7% 

Na2O compared to the 5% Na2O. At the age of 60 days, maximum strength for 5% dosage of Na2O is 

recorded as 45 Mpa and for 7% dose is 65 MPa. Thus increase of Na2O that increases the alkalinity of 

the dosage, increases the strength of the specimens in normal as well as chloride environment. 

However strength of AAS specimens in chloride environment is observed to be lower than the normal 

environment for all mix combination. It is also seen that the strength gain in concrete higher dosage of 

Na2O is more rapid i.e. in case of AAS 7-1.5, almost 76% of strength is gained after 7 days. 

 

  Fig.2: Alkali activator solution 
 Fig.2 A lkali activator solu tion  

     Fig.3: Mixing        Fig.4: Moulding 

      Fig.6: Heat Curing Fig.7: After curing at NaCl solution 

Proceedings of 3rd International Conference on Advances in Civil Engineering, 21-23 December 2016, CUET, Chittagong, Bangladesh 
Islam, Imam, Ali, Hoque, Rahman and Haque (eds.) 

600



 
                                                                                             

Fig 8: Compressive strength of AAS concrete in normal & chloride environment 

 

The results of weight change for concrete specimens in chloride environment (2T & 3T) are presented 

graphically in Fig.9. The negative value of weight change data indicate the loss of weight due to 

immersion in NaCl environment which may be associated with surface erosion. After 60 days 

exposure, it has been seen that the AAS concrete made of higher dosage (7%Na2O) shows less 

deterioration & lower weight change. It also indicates the stability of specimen increase with the 

increase of dosage of Na2O & activator modulus of alkaline solution .From weight change study it has 

been seen that the mixed combination AAS 7-1.5 shows relatively better performance as compared to 

other mixes.  

 

 
 

Fig 9: Weight Change (%) of AAS concrete in chloride environment 

 

CONCLUSION: 

The followings are the conclusions drawn from the study: 

1. AAS 7-1.5 mix attained 50 MPa compressive strength (almost 76% of 60 days) after 7 days which 

indicates that geopolymer mixes having higher dosage of Na2O can attain ultimate strength very 

rapidly. 

2. The compressive strength of AAS concrete is observed to increase with the increase of Na2O 

dosage & activator modulus. 
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3. In NaCl environment, AAS concrete showed no noticeable signs of surface degradation, i.e. change 

of color, sign of cracks/spalls etc. although few signs of salt deposition is noticed at some location of 

specimen surfaces. It indicates that AAS concrete can offer ample resistance against chloride attack. 
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