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FOREWORD 

 
We would like to welcome you all to the 1st Conference on Sustainability in Civil Engineering 

(CSCEô19) held in Department of Civil Engineering, Capital University of Science and 

Technology, Islamabad, Pakistan. The main focus of CSCEô19 is to highlight sustainability 

related to the field of civil engineering. It is a platform for civil engineers from academia and 

industry to share their experiences and different research findings in relevant specializations. 

Th format of this conference is to have several parallel sessions of different specialties, where 

we (the researchers and engineers) can interact and improve our understanding of sustainability 

in the field of civil engineering.  

We are lucky to have six wonderful and renowned keynote speakers for our opening edition of 

CSCE. This year, we have received 132 manuscripts for our conference from China, Pakistan, 

Saudi Arabia, Germany, Italy and UK. After the screening and review process, there are 59 

papers to be presented in Conference. All papers under gone double-blind review process. The 

review committee has comprised of 35 PhDs serving in industry and academia of Australia, 

Malaysia, Hong Kong, China, Pakistan, Saudi Arabia, UAE, UK and Chili.  

With this opportunity, we would like to express many thanks to everyone, especially all the 

faculty and staff at the Capital University of Science and Technology for their great support 

and participation. We are also grateful to all the reviewers and keynote speakers who have 

dedicated their time to share their expertise and experience in this conference.  

We give our greatest appreciation to all the participants of CSCEô19, as authors, presenters and 

audience, without whom this conference will have no positive interactive atmosphere. Last but 

not least, the greatest honor is given to our organizing committee whose hard work has made 

this day a success. 

 

 

 

 

 

 

  

Engr. Sohaib Naseer 

Conference Secretary 
 

Engr. Dr. Majid Ali 

Conference Chair 
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Abstract 
Recently, hybrid fiber reinforced concrete (HFRC) has gained popularity for its 

superior mechanical properties. The fiber hybridization in HFRC means the addition of 

two or more than two fibers in a suitable way to take full benefits from each fiber. The 

growth of cracks in concrete is multi-scale process from micro to macro scale. Also, 

the restriction of cracks with one dimension and length of fibers is limited at their 

particular scale and have no or little effects at other scales. Therefore, it is logical to 

combine various types and sizes of fibers in concrete for achieving optimized strength 

properties. In this study, the compressive and flexural strength of concrete with 

incorporation of calcium carbonate whisker, basalt fiber and steel fiber are evaluated. 

The mix design ratio of PC and HFRC is 1:2:1.5 (cement: sand: aggregate) with water 

cement ratio of 0.4. The HFRC, HFRC1, HFRC2 and HFRC3 were prepared with 5% 

steel fiber and 5% calcium carbonate whisker having basalt fibers content of 0%, 2%, 

4% and 6%, respectively. The compressive and flexural strength tests are performed in 

accordance with the relevant ASTM standard. It is revealed that the compressive and 

flexural strength of HFRC are improved by 14% and 46%, respectively when compared 

with that of plain concrete. It is recommended to optimize the length and content of 

basalt fiber in hybrid fiber reinforced concrete. 

Keywords: Multi -scale fibers, steel fiber, basalt fiber, calcium carbonate whisker, 

strength.  

 

1. INTRODUCTION : 

The concrete brittleness and poor crack resistance can be controlled up to some extent 

by reinforcement of randomly distributed fibers. The cracks from micro- to macro level 

can be arrested by use of fibers reinforcement. The fibers help to resist the initiation 

and crack growth from micro- to macro level and provide bridging effect which 

ultimately enhances the strength and toughness (Banthia and Sappakittipakorn 2007).  

The single type of fiber in concrete as a reinforcement can only be effective up to 

limited extent. Nearly 45 years ago, Walton and Majumdar (1975) studied the use of 

combining organic and inorganic fibers to achieve higher toughness and strength. After 

that different type of hybrid fiber reinforced composites were developed using fiber 

hybridization. It has been observed that the performance of multiscale hybrid fibers 
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reinforced concrete mixtures is superior to that of concrete mixtures reinforced with 

single-type of fibers due to positive interaction between them and this phenomenon is 

commonly known as ñfiber synergyò. The fibers in hybrid fiber reinforced concrete 

(HFRC) can be classified by their geometrical size i.e. micro and macro fibers (Sorelli 

et al. 2015). The HFRC having two or more types of fibers has been studied and shows 

higher compressive strength, tensile strength and energy dissipation capacity (Li et al. 

2017). Also, the strength can be enhanced by using optimized content of different types 

of fibers.  

Sivakumar and Santhanam (2007) combined the different hybrid fiber combination, i.e. 

steel-glass, steel-polyester and steel-polypropylene fibers to study the mechanical 

properties of HFRC. It was reported that addition of steel fiber improves the energy 

absorption mechanism, i.e. bridging effect while the glass, polyester and polypropylene 

fibers results in delaying the development of micro-cracks. The reason for improved 

mechanical properties was due to increased hybrid fibers which provide the bridging 

effect. Steel fibers can bridge macro cracks and restrict the crack propagation at large 

scale ultimately enhances the mechanical properties of concrete. The basalt fibers 

restrict the formation of cracks at meso level. Meanwhile, CaCO3 whiskers can bridge 

micro cracks and prevent further crack propagation at micro scale (Cao et al. 2018). 

Yoo et al. (2017) reported that the restriction of cracks with one dimension and length 

of fibers is limited at their particular scale, but have no or little effects at other scales. 

Therefore, it is necessary to combine different types of fiber and still the research is 

needed form macro-scale to micro scale hybrid fibers at multi -level cracking. In this 

study, the strength parameters of HFRC with steel fibers and calcium carbonate 

whiskers having different contents of basalt fibers are investigated. 

 

2.EXPERIMENTAL PROCEDURES:  

 

2.1 Materials: 

 

The raw materials include cement, fine aggregate, coarse aggregate, super plasticizer, 

calcium carbonate whisker, basalt fibers (BF) and steel fibers. Table 1 shows the 

chemical composition of calcium carbonate whisker. The steel, basalt fibers and CaCO3 

whisker are shown in Figure 1. The properties of different types of fibers are presented 

in Table 2.  

Table 1: Chemical composition of CaCO3 whisker (wt.%) 

Chemical Composition CaO SiO2 Al2O3 Fe2O3 CO2 MgO SO3 

CaCO3 Whisker 54.93 0.29 0.11 0.07 42.07 2.14 0.31 

 

 

 

 
a. 

 

 

 
b. 

 

 

 
c. 
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Figure 1: Raw materials, a. CaCO3 whiskers, b. basalt fibers, and c. steel fibers 
 

 

Table 2: Properties of different types of fibers 

Raw Ingredients 
Size 

Tensile strength 
Length Diameter 

CaCO3 whisker 20ï30ɛm 0.5ï2ɛm 3000-6000 MPa 

Basalt fiber 12 mm 7~15 ɛm 3000-48000 MPa 

Steel fiber 35 +10% mm 0.55 +10% mm 1345 +15% MPa 

 

2.2 Mixing Design: 

 

The mix design ratio of plain concrete (PC) and HFRC is 1:2:1.5 (cement: sand: 

aggregate) with a water cement ratio of 0.4. The super plasticizer content of 1%, by 

cement mass, is added to all HFRCs. The mix design ratios of all concrete mixes are 

shown in Table 3. The mix design ratio is selected from the previous study (Khan et al. 

2018). A layer procedure for the mixing of fiber reinforced concrete was adopted for 

the HFRC mix. Khan and Ali (2016) and Khan and Ali (2018) also reported this method 

for uniform mixing and to avoid balling effect.  
 

Table 3: Mix design ratio of all concrete mixes 

Mix Type Steel fiber CaCO3 whisker Basalt fiber 
Super 

plasticizer 

PC - - - - 

HFRC 5% 5% 0% 1% 

HFRC1 5% 5% 2% 1% 

HFRC2 5% 5% 4% 1% 

HFRC3 5% 5% 6% 1% 
Note: The mix design ratio was 1:2:1.5:0.4 (cement: sand: aggregate: water). 

         All percentages are by cement mass. 
 

2.3 Test Specimens: 

 

After uniform mix, three cylinders of size 100 mm diameter and 200 mm height and 

three beam specimens of size 100 mm width, 100 mm depth and 400 mm length were 

cast from each batch. The fresh concrete mix was poured into the plastic moulds and 

then compaction was performed on vibrating table. After 24 hours, the cylinders and 

beams were demoulded and kept for 28 days in to the curing room. The ASTM standard 

C 192 was followed for making and preparation of specimens.  

 

2.4 Testing: 

 

The compressive strength (CS) and flexural strength (FS) tests were conducted in 

accordance with the ASTM standard C39 and C1609, respectively.  

 

3. RESULTS: 

 

3.1 Compressive strength: 
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Figure 2 shows the CS of PC and all HFRCs with standard deviation values of up to 

10%. The CS of HFRC is increased to 22.4 MPa and then reduces up to 20 MPa at 6% 

BF content. For HFRC, the CS is enhanced with incorporation of 2% BF content and 

then reduced with increase in BF content to 6%. The reason for enhanced CS is the 

filler effect of calcium carbonate whisker and also the crack bridging effect of basalt 

and steel fibers. Also, the addition of higher content of fibers results in creation of air 

voids which ultimately reduces strength. The CS of HFRC is increased up to 14% than 

that of PC. Kizilkanat et al. (2015) also reported the increase CS with addition of basalt 

fiber. The calcium carbonate whisker improved the CS of cement based composites 

(Cao et al. 2014). The incorporation of steel fibers results in enhanced CS of concrete 

and is also reported by Song and Hwang (2004). In comparison with PC, the CS of all 

HFRCs is higher. The increasing trend in CS is observed up to the HFRC1. 

 
Figure 2: Compressive strength of all concrete types 

 

3.2 Flexural strength: 

 

The flexural strength with standard deviation values of PC and all HFRCs are shown in 

Figure 2. The FS is improved up to 46% with incorporation of up to 6% basalt fiber 

content. The multi-scale hybrid fibers crack arresting mechanism results in improved 

FS. 

 
Figure 3: Flexural strength of all concrete types 

 

The steel fibers, BF and calcium carbonate whiskers offered crack resistance at macro-

, meso- and micro-level, respectively. Song and Hwang (2004) stated that the 
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incorporation of steel fibers improves the flexural strength. The improvement in FS of 

concrete with inclusion of BF is also observed by Kizilkanat et al. (2015). The FS of 

all HFRCs are higher as compared to that of PC. It may be noted that as the content of 

basalt fiber increases the FS of HFRC increases. However, the HFRC3 showed the 

highest FS than that of PC and all other HFRCs. The standard deviation values of all 

concrete types are up to 14%. 

 

4. DISCUSSION: 

 

The fibers are surrounded by adhesive contact of paste which improves the strength of 

concrete from stress transfer mechanism between matrix and reinforced fibers as shown 

in Figure 4. Moreover, a part of tensile stresses are taken by fibers generated due to 

applied loading, thus resist crack growth and help to retain compact microstructure. 

Also, the applied load is transferred to the fibers cement-matrix which also keeps the 

fibers together. The competence of a HFRC is dependent on the fiber-matrix interface 

and the capability to transfer stress from the matrix to the fiber. The tensile cracking of 

concrete is controlled and delayed through discontinuous randomly distributed multi-

scale fibers throughout the cement paste. A slow controlled crack growth of the inherent 

unstable tensile cracks is due to the incorporation of multi-scale fibers during crack 

propagation at different levels. This slow crack growth property of fibers delays the 

initiation of shears and flexural cracks and ultimately improves the strength. 

 

 

 

 

 
 

a.  
 

b. 

Figure 4: Fiber bridging during crack propagation, a. steel fiber, b. basalt fiber 

 

5. CONCLUSIONS: 

Following conclusions are made: 

¶ The compressive strength of hybrid fiber reinforced concrete having 2% basalt 

fiber content is enhanced up to 6%, when compared with that of plain concrete. 

¶ Compared to plain concrete, an increment of 46% is observed in flexural 

strength of hybrid fiber reinforced concrete with 6% basalt fiber content. 

¶ The positive synergy of hybrid fibers can be observed from improved strength 

properties of concrete. 

¶ The increased strength shows that the multi-scale hybrid fiber can resist the 

cracking and control the initiation of cracks at multi-level. 

Based on above results, the multi-scale hybrid fibers showed the satisfactory 

performance. Therefore, further studies should be carried out on optimization of basalt 

fiber length and content in HFRC.  
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Abstract 
Nowadays, one of the main concerns of the researchers, is to control the increasing rate 

of pollution. Several studies are conducted to overcome the burden of environmental 

pollutants. The Sugarcane bagasse ash (SBA) being pollution needs proper disposal. In 

addition to SBA, the stone dust (SD) being remaining of the stone processing plants, 

also requires proper disposal. SBA due to cementitious nature and SD being inert nature 

can be used as a partial substitute to the cement and sand, respectively. Hence, the 

suitability of the partial replacement of the cement with SBA and sand with SD, needs 

to be explored. In this pilot study, the slump, compressive strength (CS) and splitting 

tensile strength (TS) of the normal strength concrete for partial replacement of cement 

with SBA and of sand with SD are examined. 9% of cement weight is replaced with the 

same amount of SBA. And 40% and 50% of sand weight is replaced with equal weight 

of the SD. The specimens are tested according to the ASTM standards. The highest 

slump is noticed for the normal concrete having zero percent of SBA and SD. The 

samples comprising of replacement of 9% SBA and 40% SD showed the highest CS as 

compared to other samples. The incorporation of 9% SBA and 50% SD gave maximum 

TS. Hence, the partial replacement of cement with SBA and sand with SD, can be 

employed for strength improvement of normal strength. 

Keywords: Normal strength concrete, Sugarcane bagasse ash, stone dust, strength 

improvement. 

 

1. INTRODUCTION:  

 

In the modern era, the researchers are trying to utilize the industrial wastes in some 

beneficial products to overcome the burden of pollution. The industries have significant 

role for the financial stability of the world but on other hand the by-products and wastes 

generated in the industries during the manufacturing process also grounds a huge 

burden of pollution on the society. One of the wastes produced by Sugarcane industry 

is bagasse ash. Bagasse ash being waste of the sugar mills is damped out in valuable 

lands because of which various ecological issues have been accounted for (Cokca et al. 

2009). Janjaturaphan and Wansom 2010 reported that the Sugarcane bagasse ash (SBA) 

is a cementitious material which carries good binding properties and could be utilized 

for improving the engineering properties of the soil. Sugarcane bagasse could be used 

as a substitute for the manufacture of particleboards and it could also be utilized for 
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various applications of civil engineering like construction of floors etc. (Battistelle et 

al. 2016; dos et al. 2014). Castaldelli et al. (2013) stated that the SBA could be 

employed for preparing concrete and other building material, such as blocks and bricks. 

Like the SBA the stone dust (SD) being waste material is also available in large 

quantity. SD can reduce the cost of concrete by replacing the sand partially. The dust 

produced during the processing of stone in the stone processing plant, normally 

surpasses the limit specified by the ASTM C778-17 and the sand needs to be washed. 

This process shows a significant economic loss in the available natural resources, and 

an increase of waste that makes dust disposal problem at quarries (Malhotra & Carette 

1985; Kalcheff 1977), since, only slight amounts are used as a filler material in asphalt 

concrete. Balamurugan et al. (2013) reported that significant improvement was reported 

in mechanical strengths of M20 and M25 grade concrete when sand was replaced by 

SD. Safiuddin et al. (2007) investigated the effectiveness of the sand replacement with 

quarry dust for cement concrete. It was stated that the sand replacement with quarry 

dust, resulted minute rise in the dynamic modulus of elasticity with reduced 

compressive strength as compared to that of the plane concrete. 

In the current research program, the behaviour of the normal strength concrete for the 

partial replacement of cement with Sugarcane bagasse ash and sand with stone dust are 

evaluated. The general aim is to examine the effectiveness of the usage of Sugarcane 

bagasse ash and stone dust in the same mix of the concrete. In this study, the 

compressive and splitting tensile strengths along with the slump of the concrete are 

evaluated for replacement of the 9% cement weight with same amount of Sugarcane 

bagasse ash and 40% and 50% of sand weight with same quantity of the stone dust. 

 

2. MATERIALS AND CASTING, PROPORTIONING, AND DESIGNATION:  

 

2.1 Materials 

 

Ordinary Portland cement (OPC) complying with the ASTM C150 Type I, is utilized 

in this experimental study. The maximum size of coarse aggregates is taken as 3/4 inch 

(19 mm). Sand graded between No.4 (4.75mm) sieve and No.100 (150 µm) is used in 

making of all samples. The stone dust used complies with the requirements of ASTM 

C33/33M-18. Locally available Sugarcane bagasse ash of Mardan Sugar Mill is used in 

the current investigation. Sugarcane bagasse ash obtained is sieved through No. 200 

sieve.  

 

2.2 Samples preparation and properties 

 

The samples for each test are cast and cured according to the ASTM standard specified 

for corresponding test. The mix design of the 1:2:4 is used for the concrete with water 

to cement ratio of 0.68. The samples used in the study are designated as NC, 9B:40S, 

and 9B:50S. The NC designates the sample, which have zero percent of Sugarcane 

bagasse ash (SBA) and stone dust (SD). In each of the 9B:40S, and 9B:50S, the 9B 

presents the percentage of cement weight replaced by same quantity of SBA while 40S 

presents the percentage of the sand replaced by same amount of SD. Hence 9B:40S is 

the sample having 9% cement weight replacement with SBA and 40% of sand with SD. 

Designations and mixing properties of the samples are demonstrated in the Table 1. 

Three samples are tested for each property and mean of the three results is considered 

as a final value for the corresponding property. 
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Table 1. Sample designation and mixing properties 

 

Sample 

Mix 

design 

 

W/C 

Binder Fine Aggregate Coarse 

Aggregate 
OPC SBA 

River 

Sand 

Stone 

Dust 

NC  

1:2:4 0.68 

100% 0% 100% 0% 100% 

9B:40S 91% 9% 60% 40% 100% 

9B:50S 91% 9% 50% 50% 100% 
OPC = Ordinary Portland cement, NC = Normal concrete (0% SBA and 0% SD) 

SBA = Sugarcane bagasse ash 

 

3. EXPERIMENTAL PROCEDURES  

 

The standard procedure of the ASTM C143 / C143M-15a is used for the slump test. 

ASTM standard C39 / C39M-17 is used to perform the compressive strength test of the 

standard size cylindrical specimens in 2000 kN compression testing machine. The 

cylindrical standard size specimens are tested according to the ASTM standard C496 / 

C496M-17 for determining the splitting tensile strength. 

 

4 RESULTS AND DISCUSSIONS 

 

4.1 Slump 

 

Slump test results of the normal concrete (NC) specimens and Sugarcane bagasse ash 

(SBA) and stone dust (SD) incorporating specimens (i.e. 9B:40S and 9B:50S) are 

displayed in the Table 2. The slumps of 3.62 inch, 2.87 inch, and 2.56 inch are noticed 

for NC, 9B:40S, and 9B:50S, respectively. The NC having zero percent of SBA and 

zero percent of SD gave the highest slump for the same W/C ratio. The slumps of the 

9B:40S and 9B:50S are 0.75 inch and 1.06 inch, repectively, less than that of the NC.  

Table 2. Results of slump tests 

Samples 
W/C 

ratio  

Slump 

(Inch) 

Slump 

(%) 

Slump difference 

(%) 

(1) (2) (3) (4) (5) 

NC 0.68 3.62 100 0 

9B:40S 0.68 2.87 79 21 

9B:50S 0.68 2.56 71 29 

 

The percentage comparsion of the slumps and their percent differences with respect to 

NC, are given in the fourth column and fifth column, respectively, of the Table 2. The 

slump of the 9B:40S and 9B:50S, reduced by 21% and 29%, respectively as compared 

to that of the NC. Hence, it can be deduced that the addition of SBA and SD into 

concrete may reduce its workability. The possible reason for the decrease in the slumps 

may be the high tendency of the SD for water absorption due to its clayey nature.  

 

4.2 Compressive Strength: 

 

28 days compressive strength (CS) test results of the normal concrete (NC) specimens 

and Sugarcane bagasse ash (SBA) and stone dust (SD) incorporating specimens (i.e. 

9B:40S and 9B:50S) are revealed in the second column of Table 3. The CS of 3009.9 

psi, 3221.1 psi, and 3194.7 psi, are observed for NC, 9B:40S, and 9B:50S, respectively. 

The CS of the 9B:40S and 9B:50S are 211.2 psi and 184.8 psi, respectively, greater 
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than that of the NC. The maximum CS of 3221.1 psi is noted for 9B:40S.  

 

Table 3. Results of compressive strength (CS) and splitting tensile strength 

(TS) tests 

Samples 28 days CS (psi) 28 days TS (psi) 

(1) (2) (3) 

NC 3009.9 273.46 

9B:40S 3221.1 251.58 

9B:50S 3194.7 274.45 

 

The percentage comparison of the CS is demonstrated in the Figure 1. The CS of the 

9B:40S and 9B:50S are found 7% and 6%, respectively, more than that of the NC. It 

can be concluded that the collective role of both SBA and SD may resulted in the 

improved CS. The Sugarcane bagasse ash may be helpful in improving the CS by virtue 

of its cementitious nature, which can bond excess quantity of the inert ingredients 

(aggregates) of the mix. Similarly, the SD may also be helpful in strengthening the bond 

between the inert materials due to its clayey nature. Hence, the usage of optimized 

amount of the SBA and SD may be helpful in upgrading the CS of the concrete.  

 

  

Figure 1. Percentage comparison of the    

                compressive strengths (CS) 

Figure 2. Percentage comparison of the     

                splitting tensile strengths (TS) 

 

4.3 Splitting tensile Strength: 

 

28 days splitting tensile strength (TS) of the normal concrete (NC) specimens and 

Sugarcane bagasse ash (SBA) and stone dust (SD) incorporating specimens (i.e. 9B:40S 

and 9B:50S) are demonstrated in the third column of Table 3. The TS of 273.46 psi, 

251.58 psi, and 274.45 psi are noticed for NC, 9B:40S, and 9B:50S, respectively. The 

TS of the 9B:50S is 1 psi greater than that of the NC. While the TS of the 9B:40S is 

21.88 psi less than that of the NC. The 9B:50S outperformed the other SD samples in 

upgrading TS. 

The percent comparison of the TS is presented in the Figure 2. The TS of the 9B:40S 

is 8% less than that of the NC. And the TS of 9B:50S exceeded the TS of the NC by 

minute amount of 0.4%. A significant variation in the TS of the concrete is noticed by 

varying the amount of partial replacement of the sand with SD. As compared to sand 

samples with 0% SD, increase in the TS of the samples having partial replacement of 

the sand with SD is observed. This can be associated with the improvement in the 

packing and binding among the SD particles and other surrounding aggregates due to 

presence small size particles. But this increase in clinging can be limited only to a 

specific percent for any unique mix design. So, use of the optimized percentages of the 

partial replacement are very important for attaining the maximum possible TS of any 

mix design of concrete. The percentage of the SBA and SD need more in-depth 

optimization for the TS. 
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5. CONCLUSIONS: 

 

Following conclusions are made from the present investigation: 

¶ The slumps of the 9B:40S and 9B:50S, reduced by 21% and 29%, respectively, 

as compared to that of the normal concrete (NC). 

¶ The compressive strength of the 9B:40S and 9B:50S, increased by 7% and 6%, 

respectively, as compared to that of the NC.  

¶ Splitting tensile strength (TS) of the 9B:40S is 8% less than that of the NC. And 

the TS of 9B:50S increased by 0.4% than that of the NC. 

The experimental outcomes showed significant improvement in the considered strength 

properties of the concrete by the partial replacement of the cement with Sugarcane 

bagasse ash and sand with stone dust. The optimization of the percentages of the partial 

replacements with Sugarcane bagasse ash and with stone dust in NC is under 

consideration in the parallel study. 
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Abstract 

Foundry sand consists primarily of clean, uniformly sized, high-quality silica sand or 

lake sand that is bonded to form moulds for ferrous (iron and steel) and nonferrous 

(copper, aluminium, brass) metal castings used by foundries. This sand can be recycled 

and reused three to five times before disposal. The disposed sand is known as Waste 

Foundry Sand (WFS). The opportunity to replace the natural fine aggregate with 

industrial by products embodies various technical, economic and environmental 

advantages resulting into a more sustainable construction sector. Different experiments 

have been carried out to assess the strength and characteristics of concrete using WFS. 

Proposed work is an effort to determine the strength and economic feasibility of using 

WFS and recycled aggregates an alternative to fine and coarse aggregate respectively 

in preparation of structural concrete. Concrete mixes were prepared with 0%, 10% and 

15% replacement (by weight) of fine aggregate by waste foundry sand and 20% 

replacement (by weight) of coarse aggregate by recycled aggregate. Mechanical and 

physical properties of the materials were evaluated using various tests. It includes 

Fineness Modulus, Bulk Specific Gravity and Water Absorption test. These materials 

were used to cast the sample in a cylinder of dimensions 6 ↕ Ĭ 12 ↕ for compression 

testing. Testing was carried out at 7th, 14th and 28th day. From the tests it was found that 

WFS based concrete has acceptable working strength and can be used in civil structures.  

Keywords: WFS: Waste Foundry Sand, CA: Coarse Aggregate, RA: Recycled 

Aggregate, F.M: Fineness Modulus 

 

1. INTRODUCTION:  

The word concrete originated from the Latin word ñConcretusò which means compact 

or condensed [1]. It is a very strong construction material and consists of cement, sand 

and coarse aggregate mixed with water. It is the most used material after water and its 

utilization is about a metric ton per annum per capita. Its remarkable properties in fresh 

and hardened state have raised its usage to 12 billion tons per year globally. It is a 

cheaper material and performs better than aluminium and steel 

Waste materials like waste foundry sand and recycled aggregate concrete which are 

burden on environment can be used as a new technique in construction industry that is 

exploring rapidly on a large scale Waste foundry sand is obtained by burning sand after 

the casting process of metal is reuse for many times but when it cannot be longer used 

it is removed from foundry as a waste for disposal. Use of waste foundry sand as a 

partial replacement or total replacement by fine aggregate in concrete results in 

production of economic, light weight and high strength concrete[2].. 
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Recycled aggregate can be generated from demolished construction structure which 

comprises of broken members or components likes the slab, beam, brick wall and 

others. Since the quality data of these broken materials are often unknown, such as 

water cement ratio, kind of admixtures, aggregate origins and gradations, as well as the 

differentiation of its properties during the performance time, thus it should refer to 

historical data of the components, physical characteristics, mechanical characteristics 

and environmental characteristics [3]. 

Due to rapid growth in population the demand of building construction and hence the 

demand of construction materials like concrete is also rising. So other than using natural 

sources we have to find other alternative sources of concrete constituents to produce 

concrete of adequate strength. Waste foundry sand from metal industry causes various 

environmental problems. Such waste material which is harmful for the environment can 

be used for the development of low cost and eco-friendly building materials. Concrete 

is a material which is composed of coarse aggregate, fine aggregate, cement, admixtures 

and water, all of these each material in concrete contributes towards its strength. So, by 

partial replacing of material affects different properties of concrete. The purpose of this 

research work is to study the effect of partial replacement of waste foundry sand (WFS) 

with natural sand on mechanical properties of concrete using recycled aggregate 

concrete. And to produce low cost and eco-friendly concrete using waste foundry sand 

and recycled aggregate concrete. 

 

2. EXPERIMENTAL PROCEDURES:  
 

2.1 Materials 

 

The Ordinary Portland Cement (OPC) ASTM Type l of Grade: 42.5 with 32 % 

consistency was used. The initial and final setting time of OPC was 31 minutes and 130 

minutes respectively. The Lawerancepur sand was used as fine aggregates. The physical 

characteristics of fine and coarse aggregates are summarized in table 1.   

 

Table 1: physical characteristics of fine and coarse aggregates 

Properties 
Fine 

Aggregates 

Coarse 

Aggregates 

Non-Ferrous 

waste foundry 

sand 

Bulk Specific Gravity (Oven Dry) 2.52 2.63 2.14 

Bulk Specific Gravity (SSD 

Condition) 
2.58 2.64 2.27 

Apparent Specific Gravity  2.69 2.66 2.48 

Water Absorption (%) 2.48 0.546 6.40 

Fineness modulus  2.64 7.96 0.93 

Bulk Density (Compacted) lbs/ft3  - 96.76 - 

Bulk Density (Loose) lbs/ft3  - 88.16 - 

Flakines index (%) - 5.10 - 

Elongation index (%)  - 13.72 - 
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2.2 Concrete Mix Design 

Table 2: Mix Design Ratio 

Cement 

(C) 
Sand (S) Coarse aggregate (CA) 

364 673 1088 

1 673/364 1088/3644 

1 1.94 2.98 

¶ Ratio for concrete mix design is 1:2:3 

 

Table 3: Mix Proportion 

Sr.No Mix ID  

No of 

Specimen 

(6 ↕ Ĭ 12 ↕ 

Cylinder)  

Cement Sand W.F.S NA RA Water 

  Kg/m3 Lit/m 3 

1 
Conventional 

Concrete 
09 19.5 39 0 58.50 0 11.70 

2 10 % W.F.S 09 19.5 35.10 3.90 117 0 11.70 

3 15 %  W.F.S 09 19.5 33.15 5.85 58.50 0 11.70 

4 
0 % W.F.S + 

20 % RA 
09 19.5 39 0 46.80 11.70 11.70 

5 
10 % W.F.S 

+ 20 % RA 
09 19.5 35.10 3.90 46.80 11.70 11.70 

6 
15 % W.F.S 

+ 20 % RA 
09 19.5 33.15 5.85 46.80 11.70 11.70 

  
Total no of 

specimen 
54             

 

  
 

a. b. c. 

Figure 1: Recycled Aggregates and Waste Foundry Sand 

 

2.3 Casting of Concrete Specimens  

 

Cylindrical concrete specimen with 6ò diameter and 12ò high were made for 

compressive strength. The concrete constituents were mixed in a revolving drum type 

mixer for approximately three to six minutes to obtain uniform consistency. Additional 
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mixing time of about two minutes was provided for the waste foundry sand mixed 

concrete mixtures to ensure homogeneity. After mixing, the cylindrical moulds were 

ýlled in three layers and fully consolidated on a vibrating table to remove any entrapped 

air.  

 

3. COMPRESSION TEST  

 

The compressive strength of the sample was calculated on 7th and 28th day by dividing 

the maximum load achieved during the test on the transverse region. The test was made 

following the standard procedure described in ASTM C39. Cylindrical specimens 6ò x 

12ò were used. The specimens were cured in lab curing tank until the age of testing. 

Each value of the compressive strength represents an average of three.  Cylindrical 

specimens were capped with plaster of Paris and tested in saturated state. Rate of 

loading was kept at 200 to 400 lbs/sec according to ASTM standard and peak loading 

was kept 23 to 68 lbs. Testing procedure was followed as described in ASTM C 39.  

 

4. RESULTS AND DISCUSSION  

 

4.1 Slump Test 

Workability of concrete mixture is measured by slump test: The slump test was 

conducted in accordance with the ASTM C-143 guidelines. In this test the slump cone 

was used. Three equal layers of concrete were filled in the sliding cone and compressed 

using 25 strokes of crimping rod. The rod was tempered having a diameter of 5/8in and 

length of 24 in. The slump test provides a good estimate of expected operability. 

 

 

 

 

 

 

 

 

 

 

Figure 2: Slump test 

 

Table 2: Slump test values of various mixes of WFSC 

Sr.# Mix ID  Percentage replacement of  WFS + RA 
Slump Value 

(inch) 

1 NRAWFS 0 
Traditional concrete 100 % natural sand 0 % 

W.F.S 
3 

2 NRAWFS 10 10% replacement by WFS 4 

3 NRAWFS 15 15% replacement by WFS 6 

4 RAWFS 0 0 % W.F.S + 20 % RA 3 

5 RAWFS 10 10 % W.F.S + 20 % RA 5 

6 RAWFS 15 15 % W.F.S + 20 % RA 6 
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4.2 Results of Compressive Strength Test: 

 

At each age average of three cylinders was taken for determination of average 

compressive strength. Compressive strength is significantly increased. The behaviour 

can be seen through table 3. 

 

Table 3: Results of compressive strength test of WFSC 

Sr.# Mix ID  
Percentage Replacement 

Of WFS  

Compressive Strength Psi 

7 Days 14 Days 28 Days 

1 NRAWFS 0 
Traditional concrete 100 % 

natural sand 0 % W.F.S 
2980 3240 3465 

2 
NRAWFS 

10 

10 % replacement by 

W.F.S 
2900 2980 3155 

3 
NRAWFS 

15 

15 % replacement by 

W.F.S 
2740 2750 2835 

4 RAWFS 0 0 % W.F.S + 20 % RA 3370 3125 3220 

5 RAWFS 10 10 % W.F.S + 20 % RA 2840 2840 3080 

6 RAWFS 15 15 % W.F.S + 20 % RA 2690 2670 2970 

Figure 3: Compressive strength of N-WFSC at all ages 

 

5. CONCLUSIONS:  

 

The reuse of non-ferrous waste foundry sand and recycled coarse aggregate as a 

substitute for natural sand and coarse aggregate respectively in concrete production 

was evaluated based on the mechanical properties of the resulting concrete. Following 

conclusions are drawn from the finding of literature survey and results of the detailed 

experimental work of this project: 

¶ Concrete prepared with non-ferrous waste foundry sand concrete has various 

benefit characteristics such as reduced the cost and environmental problem from the 

foundry waste disposal. 

¶ The workability of fresh concrete increased with increase in the percentages dosage 

of non-ferrous waste foundry sand content.  

¶ The compressive strength values for concrete with 10% and 15% regular sand 

replacements with Non-ferrous waste foundry sand are lower than the concrete with 

no replacement. 
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¶ Compressive strength of non-ferrous waste foundry sand concrete also decreases 

with increase in content of non-ferrous waste foundry sand.  

¶ Concrete containing 0% replacement of fine aggregate with Non-ferrous waste 

foundry sand and 20% recycled coarse aggregate showed flexural strength higher 

to that of the control mix at 14 days. 

¶ Compressive and flexure strength of non-ferrous waste foundry sand concrete is 

observed to decrease with increase in dosages. 

¶ The analysis of non-ferrous waste foundry sand indicated that non-ferrous foundry 

sand can be a very suitable material for concrete production. However, the fineness 

and high water absorption of this sand increases the water demand of the concrete, 

and by increase in the workability of the concrete due to its fineness and 

composition and chemical reaction. 

¶ Recycled coarse aggregate increases bond strength and hence effective to use as 

partial replacement without sacrificing strength at all and economy can also be 

achieved. 

¶ This sand and recycled coarse aggregate can be used in those projects where low or 

medium strength is required because these will contribute towards economy. 

¶ Cost of non-ferrous waste foundry sand is not more due to their free availability, 

however this sand is cheaper than natural fine aggregate resulted in economy. 

 

6. RECOMMENDATIONS:  

 

In this research WFS and recycled aggregate used and recommend that it is safe to use 

partial replacement of fine aggregate with WFS up to 10% replacement. And coarse 

aggregates partially replaced with recycled aggregates for 20% obtained from 

demolished concrete structures to produce normal strength concrete. 
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Abstract 
Natural resources of limestone, coal, and oil are depleting day by day due to its high 

usage in the production of cement. Researchers are searching for easily obtainable and 

economical materials, which can be used as a cement replacer in concrete. Bagasse ash, 

wood ash (WA), and rice husk ash are pozzolanic nature materials obtained as 

byproducts from agriculture and industry. These are pollutants for surrounding and 

utilizing them as cement substitution materials will lessen the contamination as well as 

expense of the cement. The overall aim of this study is to evaluate the performance of 

the concrete for cement replacement with WA. In the current research, the effect of 

replacement of cement with local WA on workability and compressive strength of 

concrete as well as chemical composition of ashes and strength activity index of WA 

samples were examined experimentally. ASTM C39/C39M-17, was adopted to cast and 

test concrete cylinders for evaluation of the compressive strength at the age of 7 days, 

28 days, and 56 days. Wood ash of three different local sources i.e. boiler of Rado 80 

textile mill, kiln of the Liaquat Hall mess, and Doce bakery was used. The chemical 

composition of each type of the WA was determined by using wet analysis method. The 

control mix consisted of cement, sand and aggregates in the proportions of 1, 2, and 4, 

respectively, with water to cement ratio of 0.60. The test specimens were also cast in 

the same proportion with 10% replacement of the cement by same amount of the WA. 

The workability of the test mix got reduced as compared to that of the control mix. The 

results of compression test showed that concrete containing WA of boiler of Rado 80 

textile mill, was comparatively good as compared to that of other types of the WA 

samples used in the investigation. The incorporation of the WA showed the potential to 

achieve the required strength of the concrete with low cost wood ash as replacement for 

cement. But detailed optimization of the percentage of the replacement of the local 

wood ash with cement is required. 

Keywords: Normal strength concrete, local wood ash, cement replacement, properties 

improvement. 

1. INTRODUCTION  

 

Cement is an important and expansive ingredient of the concrete, which forms 10% to 

20% of concreteôs mass. The cement has the biggest part of ozone harming substance 

in environment. The utilization of waste material as a substitution for cement has turned 

out to be increasingly latest trend to save atmosphere. Number of industrial wastes like 

fly ash, bagasse ash, wood ash, and rice husk ash are produced during different 

mailto:mansoor.elahi@gs.zzu.edu.cn
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processes in industries. Recently, some of the locally produced wastes like lime stone 

quarry dust, electric arc furnace slag, industrial granite sludge, bagasse ash, and glass 

waste sludge were investigated as a possible cement replacer (Khan et al. 2019; Amin 

et al. 2017; Amin et al. 2017; Amin 2017). It was reported by different researchers that 

some of the pozzolanic industrial wastes could be utilized as cement substitute in 

various types of the cement composites (Khan et al. 2019; Rukzon & Chindaprasirt 

2012; Naik et al. 2003; Ganesan et al. 2007). 

The use of timber processing waste and forestry biomass as fuel in various industries 

has caused a key problem, linked to the production of significant quantities of ash as a 

by-product from the burning of such biomasses. A local method of land-filling is used 

for disposal of large portion (about 70%) of produced wood waste ash (Etiegni and 

Campbell 1991; Campbell 1990). The seepage of rainwater or leakage of the heavy 

metal contents may arise numerous issues like contamination of ground water (Udoeyo 

et al. 2006). Hence, the long-term impacts of wood ash disposal through landfilling is 

not a safe and proper solution. These issues need suitable way of wood ash disposal as 

a solution. Several types of factories in Pakistan such as Gourmet foods, Doce foods, 

Rado 80 textile mill and many other are using wood as a fuel. Moreover, timber 

industries have developed boiler units at small size, which use timber wastes as fuel. In 

this way, wood wastes obtained from the same industry are used as fuel for boilers. 

Recent researches had indicated that wood waste ash was found feasible as a cement 

substitute material in production of concrete with satisfactory amount of durability and 

strength (Cheah & Ramli 2011). Naik (1999) reported that all the samples of mortar 

mixes obtained by 10% replacement of cement showed the maximum compressive 

strength. Rajamma et al. (2009) also analyzed that wood waste fly ash from wood 

biomass fired power plant when used as a 10% replacement with cement in mortar mix 

gave higher 28 days compressive strength. As the wood ash showed the potential to be 

used as a cement replacer. Therefore, the suitability of the locally available ash also 

needs to be checked as a cement replacement in concrete production. For this purpose, 

in the current research three different types of locally accessible ashes were analyzed 

as a cement replacer in the concrete mix. 

In the present investigation, the wood ashes local sources of boiler of textile mill of 

Rado 80, Doce bakery, and kiln of the mess of Liaquat Hall were incorporated as a 

cement replacer in the cement mortar. The outcomes of the ash wet analysis test, 

strength activity index test, workability, and compressive strength tests of concrete were 

examined experimentally. In this study, 10% of cement weight was replaced in concrete 

mix by same amount of locally available wood ash. 

 

2. SAMPLES CASTING, PROPORTIONING, AND DESIGNATION  

 

2.1 Materials 

The locally available wooden ash (WA) was used in this work. The ashes of the three 

different sources were used for this purpose i.e. i. ashes from boiler of Rado 80 textile 

mill ii. Ashes from Doce bakery situated in Lahore and iii. Ashes of kiln of mess of the 

Liaquat Hall located in Government College of Technology, Rasul. The wood ash was 

passed through 0.074 mm sieve (No. 200) to bring it within the specified size of the 

cement and to make it free of dust and other impurities. 

2.2 Samples preparation and designation 

The mix proportion of 1:2:4 (cement:sand:aggregates) was used for preparation of all 
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concrete samples with a consistent water to cement ratio (W/C) of 0.60. Slump cone 

test was used for determining the workability of the fresh concrete. The standard size 

(150 mm diameter and 300 mm height) cylinders were used. Normal concrete was used 

as a control concrete and three specimens were cast. Twenty-seven cylindrical 

specimens having 10% of cement replacement with same amount of WA (nine for each 

type of wood ash) were cast for determining the 7 days, 28 days, and 56 days 

compressive strength of the concrete. Sample designation and mix proportion for each 

type of the mix are shown in the Table 1. The CC represents the control mix (0% of 

WA), BWA represents the sample had WA of boiler of Rado 80 textile mill, DWA is 

the sample which had the WA of Doce bakery Lahore, and MWA is the sample had 

WA of kiln of the Liaquat Hall mess. The mortar cubes of 50 mm side were cast for 

performing the strength activity test. Total of nine mortar cubes (three for each type of 

WA) were cast. Average of three results was considered the final value for each 

property. 

Table 1. Sample designation and Mix proportion 

Sample Mix 

Design 

W/C Binder Content Fine 

Aggregate 

% 

Coarse 

Aggregate 

% 
OPC 

% 

WA 

% 

CC 1:2:4 0.6 100 0 100 100 

BWA 1:2:4 0.6 90 10 100 100 

DWA 1:2:4 0.6 90 10 100 100 

MWA 1:2:4 0.6 90 10 100 100 
OPC = Ordinary Portland cement, WA = Wood ash 

 

3. EXPERIMENTAL PROCEDURES  

Slump test was performed as per the standard method of the ASTM C143/C143M-15a. 

The chemical composition of all the wood ash samples and cement were determined by 

wet analysis to check the criteria of ASTM C618-19. The compressive strength test of 

mortar cubes for strength activity index and concrete cylinders were carried out 

according to ASTM C109/C109M-16a and ASTM C39/C39M-17, respectively. 

 

4. RESULTS AND DISCUSSIONS 

 

4.1 Chemical content of wood ashes 

Chemical composition of all the wood ash (WA) samples and cement were determined 

by wet analysis to check the criteria of ASTM C618-19 (Mineral Admixture Class C). 

Wet analysis test results are demonstrated in Table 2.  

 

Table 2. Results of wood ash chemical analysis 

Constituents 
Cement 

% 

Boiler WA 

% 

Doce WA 

% 

Mess Kiln WA 

% 

SiO2 13.81 55.52 13.50 20.66 

Al 2O3 6.85 3.11 4.21 3.663 

Fe2O3 0.01 0.401 1.37 1.2 

CaO 60.52 9.92 25.76 17.92 

 

From the chemical analysis of wood ashes, it was found that the amount of CaO was 

less in every type of the WA as comapred to that of the cement. The summation of the 

total amount of the silicon dioxide (SiO2), aluminium oxide (Al2O3), and Iron oxide 



1st Conference on Sustainability in Civil Engineering, August 01, 2019,  

Capital University of Science and Technology, Islamabad, Pakistan. 

24 

 

(Fe2O3) was found 26%, 18%, and 59%, for Boiler WA, Doce WA, and Mess Kiln WA, 

respectively. The Boiler WA was able to achieve the higher value of the sum of three 

types contents as compared to other two types of the ashes but still it did not achieve 

the minimum requirement for natural pozzolana for using as a mineral admixture in 

cement concrete according to ASTM C 618-94. 

 

4.2 Strength activity index 

ASTM C311/C311M-18 was followed for determinng the strength activity index (SAI) 

for wood ash samples. The SAI of the BWA, DWA, and MWA mortar specimens were 

91%, 97%, and 91%, respectively. Hence the SAI of each of the sample was more than 

75%, confirming the pozolanic activeness of the ashes as well as their suitablity for use 

in concrete. 

 

4.3 Slump Test 

 

Workability of concrete was determined by slump cone test in accordance with ASTM 

C143. The slump of 50 mm, 40 mm, 40 mm, and 40 mm was noticed for control mix 

having zero percent of wood ash (CC), Boiler wood ash samples (BWA), Doce wood 

ash samples (DWA), and Mess Kiln wood ash samples (MWA), respectively. The 

slump of BWA, DWA, and MWA reduced by 20% as compared to that of the CC. 

Slump results showed that for increase in the contents of the wood ash caused 

significant decrease in the slump for the same W/C ratio. 

 

4.3 Compressive Strength: 

The compressive strength (CS) of concrete specimens at an age of 7 days, 28 days, and 

56 days were determined in accordance with ASTM C39 / C39M-17. The compressive 

test results are presented in Table 4. The 7 days CS of the control mix having zero 

percent of wood ash (CC), Boiler wood ash samples (BWA), Doce wood ash samples 

(DWA), and Mess Kiln wood ash samples (MWA) were 17.8 MPa, 17.1 MPa, 11.4 

MPa, and 12.6 MPa, respectively. The 7 days CS of 17.1 MPa of BWA was the nearest 

to the 7 days CS of control mix with the slight reduction of 0.07 MPa. The lowest 7 

days CS of 11.4 MPa was noticed for DWA. The 28 days CS of the CC, BWA, DWA, 

and MWA were 23.5 MPa, 21.2 MPa, 16.4 MPa, and 15.3 MPa, respectively.  

 

Table 3. Compressive strength test results 

Mix  

Compressive 

strength  

7-days  

(MPa) 

Compressive 

strength 

28-days  

(MPa) 

Compressive 

strength 

56-days  

(MPa) 

(1) (2) (3) (4) 

CC 17.8 23.5 30.0 

BWA 17.1 21.2 29.5 

DWA 11.4 16.4 16.8 

MWA 12.6 15.3 15.5 

 

By comparing the 28 days CS of the wood ash samples, the highest 28 days CS of 21.2 

MPa was noticed for BWA while the lowest 28 days CS was observed for MWA. The 

28 days CS of the BWA was the nearest to that of the control mix with zero percent 

wood ash. The 56 days CS of the CC, BWA, DWA, and MWA was 30.0 MPa, 29.5 
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MPa, 16.8 MPa, and 15.5 MPa, respectively. By comparing the 56 days CS of wood 

ash samples, the BWA showed the highest CS of all. The 56 days CS of the BWA was 

12.7 MPa and 14 MPa greater than that of the DWA and MWA, respectively. The 56 

days CS of the BWA was slightly decreased by 0.5 MPa than that of the control mix. 

The percentage comparisons of the 7 days, 28 days and 56 days compressive strengths 

are demonstrated in Figure 1, 2 and 3, respectively. The 7 days CS of the CC was 4%, 

36%, and 29%, more than that of the BWA, DWA, and MWA, respectively. The lowest 

decrease in the 7 days CS was noticed for BWA incorporated samples. The 28 days CS 

of the BWA, DWA, and MWA were less than that of the CC by 10%, 30%, and 35%, 

respectively. The minimum decline of 10% was noticed in the 28 days CS of BWA than 

that of CC. As compared to the 56 days CS of control mix, the 56 days CS of BWA, 

DWA, and MWA was decreased by 2%, 44%, and 48%, respectively. A slight decrease 

of 2% was noted in 56 days CS of the BWA sample as compared to 56 days CS of the 

control mix. The 28 days strength results showed that by replacing 10% cement with 

BWA, drop in strength was 10% and this drop in strength reduced to 2% after 56 days 

probably due to delayed hydration in comparison with control concrete. Hence, the 

samples having wood ash of the boiler of Rado 80 textile mill, showed the highest 

compressive strength as compared to samples with wood ash of Doce bakery Lahore 

and wood ash of kiln of the mess of Liaquat Hall. 

 

 
 

 

It can be concluded that the test results indicated that by addition of wood ash in 

concrete the compressive strength decreased, but this reduction in compressive strength 

was less prominent after long time curing. This may be due to the late pozzolanic action 

of the wood ashes. BWA performed better out of three ashes in improving the 

compressive strength of the samples. 

 

5. CONCLUSIONS 

Following conclusions were made from the current study: 

Á The strength activity index of the Boiler WA, Doce WA, and Mess Kiln WA 

mortar specimens was 91%, 97%, and 91%, respectively.  

Á The slump of BWA (Boiler WA samples), DWA (Doce bakery WA samples), and 

MWA (Mess Kiln WA samples) reduced by 20% as compared to that of the 

control mix (CC) ñ0% wood ashò. 

Á As compared to the 7 days, 28 days, and 56 days compressive strength (CS) of 

the CC, the minimum reduction of 4%, 10%, and 2%, respectively, was noticed 

in CS of the BWA as compared to CS of other companions. 

Á The lowest 28 days, and 56 days CS was observed for the MWA that was 35% 

Figure 2: 7 days 

compressive strength 
Figure 3: 28 days 

compressive strength 
Figure 4: 56 days 

compressive strength 
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and 48%, respectively, less than that of the CC. While the lowest 7 days strength 

was noted for DWA that is 36% less than that of CC. 

The experimental outcomes showed significant impact on the considered properties of 

concrete by addition of the wood ash as a partial replacement for cement. Further 

investigation is required to evaluate the optimized content of the wood ash for better 

strength properties of the concrete as well as cement mortars. 
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Abstract 
Use of alternative aggregates has become a dire need of todayôs modern civilization, as 

they have significantly reduced the socio-economic stresses which the construction 

industry is facing nowadays. This research is dedicated to studying the behavior of 

concrete incorporating crumb rubber as a partial replacement of fine aggregate and 

polyvinyl alcohol fibers as the addition of cement. PVA dosages of 1% and 2% by mass 

of cement and rubber dosages of 5% and 10% by weight of fine aggregate were 

incorporated into concrete. The parameters of the study were slump test, the fresh 

density of concrete, water absorption and compressive strength. Test results show that 

the density, workability, and strength of concrete took a nosedive as the rubber content 

increases which is attributed to the fact that rubber is lighter in weight, has a rough 

texture, increases the viscosity and form a weak bond with cement. On the flip side, 

PVA has shown a positive influence on the engineering properties of concrete. Hence, 

PVA can be used to overcome the issues associated with the use of crumb rubber in 

concrete.   

Keywords: Alternative aggregates, rubberized concrete, fiber reinforced concrete, 

polyvinyl alcohol fibers, crumb rubber, mechanical strength parameters, fresh 

properties of concrete. 

 

1. INTRODUCTION:  

Concrete is the second most widely used material in the world (Gagg, 2014). The annual 

production of concrete is estimated to be 30 billion tons(Monteiro et al. 2017). In 

concrete ingredients, aggregates proportion is the highest. It is a fact that these virgin 

resources are limited and needs to be preserved in order to maintain balance in the 

ecosystem. Therefore, it has become a dire need of todayôs world to use alternative 

aggregates which has dual advantages; that is the reduction of cost and removal of 

waste. Which benefits the environment and enable us to conserve natural 

resources(Mannan, April 2004). The investigated alternative aggregates (AAs) 

includes; recycled concrete aggregate (RCA)(Jin et al. 2015), building rubbles (Khalaf 

and DeVenny, 2004), etc.  

In recent years, preservation of the environment seeks undivided attention of engineers 

and scientists. Keeping that in mind crumb rubber can be added into concrete to aid 

preservation of the environment and to conserve natural resources. Crumb rubber is 
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recycled rubber produced from automotive and truck scrap tires. The demand of tire 

production has increased drastically over the years, but their disposal has been an 

alarming concern, as these tires cannot be recycled and are dumped which has caused 

severe threats to the society from environmental impact to health concerns. Among all 

the methods suggested for the disposal of rubber, its incorporation into concrete has 

been proved most effective. The only problem associated with the use of crumb rubber 

as an alternative aggregate is that it causes a reduction of mechanical strength of 

concrete (Liu et al. 2016). Likewise, they are found to cause an increase in the 

workability of concrete but had a negative influence on its compressive and tensile 

strength(Mercy and Ramarao, 2016). However, the aforementioned shortcomings can 

be regained by using different additives/polymers like re-dispersible polymer powders, 

liquid resins, monomers, and water-soluble polymers (Eren et al. 2017). PVA 

(chemically known as polyvinyl alcohol) are high-performance fibers and are the first 

synthetic colloid prepared by Herrmann and Haehnel in the year 1924(Finch, 1973). It 

is water soluble polymer and is always used in concrete for enhancing the mechanical 

strength and durability of concrete. PVA being a chemically reactive polymer on 

reaction with cement forms calcium complexes that fills the pores, thus, densifies the 

structure and improves the properties of the cement paste(Singh and Rai, 2001). PVA 

fibers increase the ductility, toughness, tensile strength and flexural strength of 

reinforced concrete and they help in bridging the cracks thus enhance the crack 

resistance ability of concrete (Noushine et al. 2013). The significance of this research 

work is that it would curb the issues or problems associated with tire disposal. 

Moreover, the rubberized concrete would strike the pay dirt in the construction industry 

for being comparatively cheaper and readily available. The rubberized concrete is 

recommended for non-structural applications like sidewalks, etc. In addition, 

rubberized concrete improves thermal protection and is therefore recommended to be 

used as general insulation of walls and heat insulation on roofs. Moreover, it can be 

used as a noise insulator in theatres, cinema halls, noise proof rooms, etc. 

2. EXPERIMENTAL PROGRAM  

2.1 Materials:  

During the research work, Bestway Cement was used i-e type-1 cement. The fine 

aggregate having a maximum size of 2mm and fineness modulus of 2.64 was used. 

While the locally available crush with a maximum size of 19 mm and fineness modulus 

of 2.65 was used as coarse aggregate. A tire rubber, used as an alternative aggregate, 

was obtained from a recycling industry Swat Tyre & Rubber Co Pvt Ltd Hayatabad, 

Peshawar. It has a fineness modulus of 2.76. PVA fibers were imported from China and 

its properties are shown in table 1. 

 

Table 1: Properties of PVA 

Colour Off white 

Length 6mm 

Diameter 25µm 

Density 1.29g/cm3 

Elongation Ò 40% 

Tensile Strength 425MPa 
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2.2 Specimen designation: 

While conducting experiments, two varying abbreviations were used i-e CM and PR. 

Where CM stands for control mix while in PR, P stands for PVA and R stands for crumb 

rubber. In PR, the digits 0, 1 & 2 comes before ñPò and 0, 5 & 10 comes before ñRò 

that refers to the percentages in which they have replaced the respective ingredients of 

concrete. For instance, 2P5R states the specimen in which 2% PVA was added for 

cement and 5% fine aggregate was replaced by crumb rubber.  

2.3 Mix proportion:  

A total of nine (9) concrete mixes have been used with the ratio of 1:1.5:3 (1 part of 

cement, 1.5 parts of sand and 3 parts of coarse aggregate). They include one CM 

(control mix), while the rest of the eight consists of different proportion mixes of PVA 

and Crumb rubber. The water-cement(w/c) ratio was kept constant i-e 0.45 whereas, 

the design strength was assumed to be 21 MPa. PVA was used in a proportion of 1 & 2 

% while crumb rubber was used in a proportion of 5 & 10 %. The complete mix design 

is summarized in table 2.  

Table 2: Mix Design 

Mix  
Cement 

(kg/m3) 

PVA 

(kg/m3) 

w/c 

ratio  

Water 

(kg/m3) 

Fine 

Aggregate 

(kg/m3) 

Crumb 

Rubber 

(kg/m3) 

Coarse 

Aggregate 

(kg/m3) 

CM 411.11 0 0.45 185 709.49 0 1049.4 

0P5R 411.11 0 0.45 185 674.02 35.48 1049.4 

0P10R 411.11 0 0.45 185 638.54 70.95 1049.4 

1P0R 406.99 4.11 0.45 185 709.49 0 1049.4 

1P5R 406.99 4.11 0.45 185 674.02 35.48 1049.4 

1P10R 406.99 4.11 0.45 185 638.54 70.95 1049.4 

2P0R 402.88 8.22 0.45 185 709.49 0 1049.4 

2P5R 402.88 8.22 0.45 185 674.02 35.48 1049.4 

2P10R 402.88 8.22 0.45 185 638.54 70.95 1049.4 

 

2.4 Testing 

Concrete testing was divided into two phases; the first phase was concerned with fresh 

properties of concrete that include slump test and fresh density of concrete while the 

second phase was concerned with hardened properties of concrete that includes water 

absorption test and compressive strength testing.  

The slump test was performed in accordance with ASTM C 143. The densities of 

concrete were determined in their fresh state by weighing them and subsequently 

dividing them by their volume. However, the water absorption test was performed using 

ASTM C 642 ï 97. While for assessment of compressive strength of concrete ASTM 

C 39 was used. 

3. RESULTS AND DISCUSSIONS 

3.1 Workability  

Slump test was performed for evaluating the workability of concrete. Workability 

reflects the fresh properties of concrete. The results are shown in figure 1, which 

illustrates that rubber has a negative influence on the workability of concrete i-e upon 
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5% of rubber replacement there was a reduction of 17% in concreteôs workability while 

for 10% of rubber replacement the reduction was almost 27%. This reduction in 

concreteôs workability was attributed to the rough texture of rubber and to the increase 

in viscosity of the concrete with the addition of rubber. Unlike rubber, PVA has shown 

a positive influence on the workability of concrete. Where it can be seen that upon 

adding 1% and 2% of PVA the workability was increased by 14% and 45% 

respectively. Likewise, their combined effect has shown an increase in workability i-e 

upon comparing with 0P5R the increase for 1P5R was 15% while for 2P5R the increase 

was 25% respectively. The increase in the concreteôs workability was attributed to the 

ball-bearing effect of PVA (Allahverdi et al. 2010). 

 

 
Figure:1 Average slump test of the fresh mixes versus PVA dosages 

3.2 Density of fresh concrete 

The fresh density of concrete is of extreme importance for its effect on the strength 

parameters and durability etc. It is the measurement of concreteôs solidity. The results 

of this test are illustrated in figure: 2. 

 
Figure:2 Densities of the fresh mixes at different PVA dosages 

Rubber, being lighter in weight, tends to cause reduction of concreteôs density. Higher 

the replacement, lower is the density and vice versa. Likewise, the addition of PVA also 

tends to cause a reduction of concreteôs density. 

3.3 Total water absorption 

The total water absorption of concrete helps in working out the durability of concrete. 

The concrete with higher water absorption suggests that it has high porosity and lower 

durability or vice versa. In this research, the water absorption was evaluated at 7th and 

28th day respectively. The results are illustrated in figure 3. 
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It is clear from the graph that with the addition of rubber the water absorption of 

concrete increases, this is due to the weak bonding between rubber and concrete 

material that lead to cracks in concrete, thus making it susceptible to water penetration. 

Whereas the behavior of PVA was found out to be a bit ambiguous that is at 7 days of 

curing it doesnôt show any significant influence on the water absorption properties of 

concrete, while at the 28th day it causes a significant reduction in the water absorption 

of concrete. At the early days of concrete, the PVA hasnôt undergone any sorts of 

chemical interaction, therefore, the voids remain in the concrete and thus the water 

absorption is high whereas with time it forms calcium complexes that fill the voids, 

densifies the structure and results in a reduction of water absorption (Singh and Rai, 

2001). 

From figure 3, upon adding 1% of PVA into rubberized concrete, the reduction in total 

water absorption was 14% while for 2% of PVA the reduction was 26% respectively. 

Whereas, when both rubber and PVA is added it tends to cause a significant reduction 

in the water absorption of concrete i-e when 1% PVA was added to 5R it causes a 

reduction of 11% while when 2% PVA was added to 5R it causes a reduction of 17%. 

 
Figure:3 Total water absorption of mixes at different PVA dosages 

3.4 Compressive strength 

For concrete, compressive strength is of utmost importance. In the following study, 

compressive strength was evaluated at 7th and 28th day of curing. The experimental 

results are shown in figure 4. It was witnessed that rubber due to weak bonding tends 

to decrease the compressive strength of concrete. For 5% and 10% replacement of 

rubber, there was a reduction of 17% and 22% respectively. 

 
Figure:4 Compressive Strength versus PVA dosages 
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While the addition of PVA has struck the pay dirt by overcoming the reduction in 

strength that results from the addition of crumb rubber. Though at the 7th day the effect 

was negligible as initially PVA hasn't interacted chemically with cement while at the 

28th day, after proper chemical interaction PVA enhance the strength significantly. The 

increase in compressive strength for 1% and 2% of PVA was estimated to be 3% and 

6% respectively. Moreover, their combined effect has shown to cause an increase in the 

compressive strength of concrete. An increase of 5% for 1P5R and 12% for 2P5R was 

observed upon comparison with 0P5R. 

4. CONCLUSIONS: 

The overall result indicates that incorporation of crumb rubber causes a decrease in 

concreteôs workability up to 27%, a reduction in concreteôs compressive strength of 

almost 22% and an excessive increase in water-absorption of 64% respectively. 

Whereas, PVA, a synthetic water-soluble polymer, has overcome these aforementioned 

problems and has significantly improved the concrete engineering properties i-e an 

increase of 45% in concreteôs workability, a reduction of 26% in water absorption and 

a tad increase in concreteôs compressive strength was observed upon adding PVA into 

the concrete. Whereas, rubber and PVA both have shown to cause a steady decrease in 

fresh density of concrete. 
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Abstract 
Recycled aggregates are used worldwide as the replacement of the natural aggregate in 

different ratios causing significant reduction on concrete strength and other properties. 

In this research recycled aggregate concrete filled tubes were used along with lumps of 

recycled aggregate taken from demolished waste. These lumps (50mm to 90 mm) of 

recycled aggregate were used as a replacement of coarse aggregate in different 

proportions (0%,10%,20% and 30%) for casting control specimen, CFST (concrete 

filled steel tube) and CFPT (concrete filled plastic tube) cylinders. Various tests were 

conducted such as slump test, water absorption test, fresh concrete density test, 

compressive and indirect tensile tests. Upon 30% replacement of the recycled aggregate 

reduction in concrete strength for recycled aggregate CFST, CFPT and simple cylinders 

(without any confinement) was to be found 9.22% ,43.2% and 54.14%, respectively 

when compared with control specimen.  

Keywords: Recycled aggregate CFST, Recycled Aggregate CFPT 

1. INTRODUCTION : 

Concrete is utilized more generally than some other substance after water, on account 

of its numerous points of interest. The global material extraction is 48.5 billion 

tons/year, out of which the share of construction material is 16.2 billion tons/year 

(Steinberger et al., 2010). The Building demolition rate is always expanding, making it 

fundamental to successfully reuse destruction waste to save the non-renewable natural 

resources. Nowadays, a large proportion of demolition waste and useable construction 

material is discarded in landfill destinations, making natural issues because of the 

shortage of such sites, unplanned transfer of disposal, and the ecological expense of 

transporting demolition waste. In a concrete mixture, aggregate represent about 80% of 

concrete. Therefore, the replacement of NCA (natural coarse aggregate) in various 

percentages with the RCA (recycled coarse aggregate) can be really helpful to make a 

traditional concrete as a sustainable material (Safiuddin et al., 2011). Panda et al studied 

that up to 30% replacement of aggregate in SCC (self-compacting concrete) there is no 

mailto:arbabfaisal@cuiatd.edu.pk
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noticeable decrease in strength and other properties were found. Increment in RCA 

above 30% will inversely affect concrete properties(K C Pandaa  2013). 

Recycled aggregates additionally reduces the amount of virgin aggregates to be made, 

consequently less evacuation of natural resources. While being smashed into smaller 

particles a lots of carbon dioxide is absorbed. This diminishes the amount of CO2 is the 

air. The utilization of reused aggregates isn't easy but difficult to utilize on the grounds 

because their properties are not quite the same as natural coarse aggregates. That's the 

reason the nature of RCA can vary when gathered from various sources. The qualities 

of RCA ought to be low density, low mechanical strength, and high water absorption, 

more noteworthy porosity when compared with NCA (P. Saravana Kumar and G. 

Dhinakaran, April 1, 2012, Etxeberria et al., 2007). However, the cost of crushing RCA 

is still expensive. The CFST (concrete-filled steel tubular) structures have many 

structural benefits, which includes high load bearing capacity and fire resistances, large 

energy absorption and ductility capacities. It also reduces the construction cost and time 

required for shuttering because of no need for shuttering (Han et al., 2014).Several 

researchers come up with the result that most of the mechanical properties of recycled 

aggregate CFST are similar to that of the ordinary concrete CFST; however, reduction 

in its strength and modulus was found. Steel tabular columns with concrete filled are 

vulnerable to degradation due to corrosion, which results in the reduction of strength. 

For the GFRP (Glass Fibre Reinforce Plastic), the brittle failure of hoop break led to 

the failure of GFRP confined concrete(Xiao et al., 2012). The exceptional properties 

which includes higher resistance to environmental attacks and electromagnetic 

transparency make the plastic attractive for various structural applications. 

Compressive strength of CFPT (concrete filled plastic tube) increased between 1.18 to 

3.65 times the unconfined strength(Gathimba Naftary K, 2014). 

In this study, recycled aggregate CFST and CFPT confined concrete were investigated 

for mechanical and durability assessment by using various percentages of Recycled 

aggregate (0%,10%,20% and 30%) as a replacement of coarse aggregate. Various tests 

were performed and results were compared with the control specimen.  

 

2. MATERIALS AND METHODOLOGY : 

The materials that were used were: Coarse Aggregate, Fine Aggregate, Water, Cement 

(OPC), Recycle Coarse Aggregate (Lumps), Steel Cylinders/tubes and Plastic Tube. 

2.1 Coarse Aggregate: 

Coarse Aggregates are obtained from the ware house located near CUI, Abbottabad 

Campus, Pakistan. Specific gravity, fineness modulus and water absorption of CA was 

found to be 2.68, 2.9 and 3.07% respectively. 

 

2.2 Fine Aggregate: 

Fine Aggregates are obtained from the shop located near CUI, Abbottabad Campus, 

Pakistan. Specific gravity, water absorption and fineness modulus of FA was found to 

be 2.43, 2.04% and 2.65 respectively. 

2.3 Cement: 

Ordinary Portland cement (OPC) ASTM C150 Type-I was used throughout the 

research. Density, Initial and the Final setting time was found to be 3.15g/cm3, 66 min 
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and 335min respectively. Fineness and surface area of Cement was 97.76% and 2827 

cm2 /g. 

2.4 Recycled Aggregate: 

Demolished building waste was taken which includes (slab, beams and columns) 

opposite to Daewoo Bus stand Abbottabad and then with the help of crushing plant 

crushed the demolished waste into lumps (having size 50mm to 90mm). These lumps 

were used as recycled aggregate and replaced with natural aggregate different 

proportion (0%,10%, 20% and 30%). Water absorption and Specific gravity of RCA 

was found to be 8.34% and 2.50 respectively. 

 

2.5 Steel Tube and Plastic Tube: 

Diameter (inner to inner) and the wall thickness of steel and plastic tubes were 6in 

x0.0662in and 6in x 0.19in respectively, while the height of both tubes were 12in. 

 

2.6 Testing Procedure: 

Concrete cylinders used had height and diameter (12in x 6in) and therefore volume 

(339.29in3) and concrete mix was M20 (Mix whose compressive strength after 28 days 

curing is 20N/mm2) while mix proportion was 1:1.5:3. The Steel tube and plastic tube 

were used in which concrete was cast and properties of the recycled aggregate concrete 

fill ed tubes (plastic and steel) were observed. Recycled aggregate lumps (50mm to 

90mm) were replaced with natural aggregate in different proportion (0%,10%, 20% and 

30%). After the selection of material, we had casted 3cylindres for each replacement of 

recycled aggregate for each test. Different tests, such as the slump test for workability, 

compressive and indirect tensile tests for strength were conducted for checking 

structural performance and mechanical properties. Recycled aggregate simple cylinder, 

CFST and CFPT results were compared with the control specimen (without any 

recycled aggregate used). 

 

3. RESULTS AND DISCUSSION: 

 

3.1 Workability  Test: 

This test was conducted as per ASTM C 143. Reduction in slump value was noticed 

with the increment of recycled aggregate proportion thatôs may be due to high water 

absorption of recycle aggregate. R0, R10, R20 and R30 shows recycled aggregate 

replacement percentages with natural coarse aggregate. 
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Figure-1: Workability Test by Slump method 

3.2 Fresh Concrete Density: 

An increase in a percentage of recycled aggregate reduces the fresh concrete density. 

By the replacement of the recycled aggregate up to 30%, fresh concrete density 

decreased by 7.84% as compared to natural aggregate concrete. Values ranges from 

2269.77 kg/m3 to 2447.836 kg/m3. 

 

 
Figure-2: Fresh Concrete Density 

 

3.3 Water Absorption Test:  

The rate of water absorption was increasing with an increase in recycled aggregate 

proportion thatôs may due to the quantity of mortar attached (because it has porous 

structure) with it, and also recycled aggregate initial water absorption was 2.74 times 

(174%) higher than natural coarse aggregate. 
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Figure-3: Water Absorption Test (7 days) 

 

3.4 Compressive Strength Test: 

This test was determined as per ASTM C39. 7-days compressive test shows decrease 

in concrete strength with increment in recycled aggregate proportion. But recycled 

aggregate CFST shows strength which is more than double of the no confinement 

concrete (simple cylinders). Upon 30% replacement of the recycled aggregate reduction 

in concrete strength for recycled aggregate CFST, CFPT and the simple cylinders 

(without any confinement) was to be found 9.22% ,43.2% and 54.14% respectively.  

 

 
Figure-4: Compressive Test 7days 

 

3.5 Indirect Tensile Test (Plastic Tube & Simple Cylinders): 

An indirect tensile test was conducted on recycled aggregate CFPT and the simple 

cylinders because steel is good in tension so, we did not perform on it. It is found that 

upon 30% replacement of the recycled coarse aggregate reduction in CFPT and the 

simple cylinders, reduction in tensile strength was 32.2% and 45.68% respectively. 
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Figure-5: Indirect Tensile Test (Plastic Tube & Simple Cylinders) 

4. CONCLUSIONS: 

 

From the conducted study following conclusions can be drawn: 

¶ Recycled Aggregate in CFST and CFPT reduces the amount of demolished 

waste of construction and reduces the use of virgin materials, which makes it a 

sustainable step towards the eco-friendly environment. 

¶ 37.5% reduction in slump value was observed upon 30% replacement of the 

natural aggregate with recycled aggregate. 

¶ Upon 30% replacement of recycled aggregate reduction in concrete strength for 

recycled aggregate CFST, CFPT and simple cylinders (without any 

confinement) was found 9.22% ,43.2% and 54.14% respectively. 

¶ It is found that upon 30% replacement of the recycled coarse aggregate in CFPT 

and simple cylinders, reduction in tensile strength was 32.2% and 45.68% 

respectively. 
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Abstract 
In this experimental research, the effect of different ratios of bagasse ash and recycled 

coarse aggregates in Two-stage concrete (TSC) was evaluated. TSC is not quite the 

same as normal concrete. In TSC, coarse aggregates are set in formwork and after that 

grout or mortar is infused through a pipe with high pressure. Four mixes of TSC 

concrete were prepared. Control Mix-I was made with 100% natural coarse aggregates. 

Control Mix-II was prepared with 100% recycled coarse aggregates (RCA). The third 

mix was made with 10% bagasse ash (BA) as a fractional substitution of cement and 

100% RCA. Fourth mix was prepared with 20% bagasse ash as a fractional substitution 

of cement and 100% RCA. 1% super plasticizer by the weight of cement was added in 

concrete mixes with 10% and 20% bagasse ash. Water to cement ratio (w/c) was 0.5 

and used for all mixes. Different tests like compressive strength test and split tensile 

strength test were performed on samples made from all four mixes. Compressive 

strength and tensile strength of Control Mix-I was highest among all mixes. Results 

indicate that tensile strength and compressive strength was increased with the addition 

of bagasse ash in mixes having RCA. The maximum increase in compressive strength 

and tensile strength was in 20% BA mix.  

Keywords: Two- stage concrete (TSC), Recycled coarse aggregates (RCA), Natural 

coarse aggregates, Bagasse ash (BA) 

1. INTRODUCTION : 

The most extensively used building material around the globe is concrete (Meyer, 

2004). In TSC, coarse aggregates are set in formwork and after that grout or mortar is 

infused through a pipe with high pressure. TSC has a number of applications, it is 

mainly used in concrete and masonry repair in under water construction, places where 

placing conventional concrete is difficult, in mass concreting where a low heat of 

hydration is required (Stubbs, 1959). TSC need more coarse aggregates than required 

in normal concrete (Abdelgader and Elgalhud, 2008). Shrinkage in TSC is lower due to 
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point to point contact of coarse aggregates (Abdelgader and Górski, 2003). TSC costs 

25% to 40% less than traditional concrete (Abdelgader, 1995).  

Around 10 billion tons of concrete is produced annually, making it the largest consumer 

of Earthôs natural resources, that are water, natural aggregates (gravel and crushed rock) 

and sand. Around 12.6 billion tons of natural aggregate is used annually. Cement 

industry releases around 7% of the total Carbon dioxide (CO2) (Mehta, 2002). To 

protect our environment from depleting virgin aggregate resources, recycled aggregates 

has been used to produce concrete. Recycled aggregates consists of natural aggregates 

and adhered mortar. Concrete obtained from demolished buildings is crushed to obtain 

recycled aggregates. It has more absorption capacity. Due to increased absorption 

capacity, 5% more water is required for concrete made with recycled aggregates to 

acquire similar workability as that of normal concrete (Etxeberria et al., 2007).  

Therefore, recycled aggregates can be used in TSC as an alternative of natural aggregate 

because there is no issue of workability in TSC, as coarse aggregates are placed in 

formwork. It will also help in conservation of natural resources of coarse aggregates. 

But concrete with recycled aggregates need more cement than typical concrete to 

achieve higher strength (Hansen, 1986).  

Wastes obtained from agricultural and some other industries can be used as replacement 

materials in concrete (Hansen, 1986). Sugarcane contains about 25% bagasse. Bagasse 

is also used in paper industry. When bagasse is burnt for energy purpose, it produces 

3% of ash, which is dumped in landfills (Amin, 2010). Pozzolanôs silica reacts with 

Ca(OH)2 and forms calcium silicate hydrate, which enhance the strength of concrete 

(Martirena-Hernández et al., 2001).  

TSC is used in the foundation of an 18 storey building in Gdansk, Poland, refacing of 

Baker dam, Colorado, USA, piers of Mackinac Bridge, USA and repair of water dam 

in Czchow on the Dunajec river, Poland (Nowek et al., 2007). This significance of this 

research work is to tackle the issue of pollution caused by bagasse ash and concrete 

waste. It will help in creating sustainable development and preserve the sources of 

natural aggregates.  Moreover, TSC will play a vital role in underwater construction, 

repair and mass concrete. TSC with bagasse ash and recycled aggregate will be 

economical and will have strength almost equal to conventional concrete. 

2. EXPERIMENTAL DETAILS AND METHODOLOGY:  

2.1 Materials: 

2.1.1 Cementitious materials: 

Ordinary Portland cement (ASTM Type-I) was used for the preparation of TSC. 

Fineness of cement was 93.15%. The surface area of cement was 2137 cm2/gm. Bagasse 

ash was brought from Premier sugar mill, Mardan. It was grinded/crushed in PCSIR, 

Peshawar. It was passed through sieve#200. Specific gravity of bagasse ash was 1.35. 

The surface area of bagasse ash was 2840.7 cm2/gm.  

2.1.2 Aggregates: 

Coarse aggregates were brought from a quarry near COMSATS University Islamabad, 

Abbottabad Campus. Recycled coarse aggregates were brought from an empty plot near 

Daewoo terminal, Abbottabad. The demolished concrete waste of a building was 

crushed with the help of a crusher to obtain recycled coarse aggregates. Cost of crushing 

concrete waste with the help of a crusher was less than purchasing natural aggregate. 
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Twenty-five millimeter was the maximum size of both natural and recycled aggregates. 

Table 1 shows the physical properties of both natural and recycled aggregates. 

Table 1. Physical properties of natural and recycled aggregates 

Physical Properties Natural aggregates Recycled aggregates 

Water absorption 1.85% 7.59% 

Specific gravity 2.75 2.62 

Impact value 14.72% 22.23% 

Fineness Modulus 2.04 2.19 

Density 1532.3 kg/m3 1399.2 kg/m3 

 

Fine aggregates were brought from a quarry near COMSATS University Islamabad, 

Abbottabad Campus. Fineness modulus of fine aggregate was 2.96. Fine aggregates 

had water absorption of 1.1% and specific gravity 2.35. 

2.1.3 Admixture: 

Ultra Super Plast 470 was used throughout the casting of TSC. It was procured from 

Ultra Chemicals, Peshawar. 

2.2 Mixture Proportions: 

Four different mixes of TSC were made with ratio 1:1:2.7 (Cement: Fine aggregate: 

Coarse aggregate). Control mix- I was made with 100% natural coarse aggregates. 

Control mix- II had 100% RCA. Third mix was prepared with 10% BA as a fractional 

substitution of cement and 100% RCA. Fourth mix had 20% BA as a fractional 

substitution of cement and 100% RCA. 1% super plasticizer by the weight of cement 

was used in mixes with 10% and 20% bagasse ash. Water to cement ratio (W/C) used 

in this experimental research was 0.5. It was used for all four mixes.  

Table. 2 Mix types with identification based on replacement ratio 

Mix Types Concrete Mix Proportion 

CM-I Control Mix (100% natural coarse aggregates and 100% cement) 

CM-II  Control Mix (100% recycled coarse aggregates and 100% cement) 

10% BA 
100% recycled coarse aggregates and 10% cement replaced by 

Bagasse ash 

20% BA 
100% recycled coarse aggregates and 20% cement replaced by 

Bagasse ash 

 

2.3 Specimens casting and curing: 

Cylindrical moulds of 6 inches diameter and 12 inches height were used for casting of 

TSC. The inner surface of the mould was oiled, so that concrete should not adhere to 

its inner surface. A pipe of 1-inch diameter and 2-meter height was placed in the middle 

of a mould. In the second step, a mould was filled with coarse aggregates. In the third 

step, grout was injected from the top via pipe. The grout was poured under gravity 

pressure, which was created with the help of 2- meter pipe. This pressure was sufficient 

for filling the voids between coarse aggregates with grout. After the appearance of grout 

at the top of a mould, the pipe was removed from the mould. This procedure was used 

for all specimens. After 24 hours, specimens were taken out from the moulds and kept 

in a water tank. 72 specimens were prepared in total, each mix had eighteen specimens.  
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2.4 Test methods: 

In this research, following tests were carried out on hardened concrete: 

a) Compressive strength test was carried out according to ASTM C39/C39M-03. Tests 

on cylindrical specimens were done at 7,28 and 56 days. 

b) Split tensile strength test was carried out according to ASTM C496-96. Tests on 

cylindrical specimens were done at 7,28 and 56 days. 

3. RESULTS: 

3.1 Hardened properties: 

The results of compressive strength test of concrete cylinders at a given curing age are 

shown in Fig. 1. Each compressive strength is an average of three measurements. This 

figure shows that compressive strength at 56 days was higher than 28 and 7 days for all 

concrete mixes. This is because of an increase amount of hydration due to longer curing 

age. Nine concrete cylinders were casted for each concrete mix proportion. The 

compressive strength of CM-I was found to be highest for 7,28 and 56 days of curing. 

CM-II compressive strength is decreased by 22% when compared with CM-I at 7 days. 

This reduction of strength is due to recycled aggregates. Recycled coarse aggregates 

have inferior quality due to a porous surface caused by adhered mortar and high water 

absorption. The compressive strength of 10% BA and 20% BA at 7 days increases by 

14% and 19% with respect to CM-II. This is due to the effect of pozzolanic reaction 

between Ca(OH)2 and BA, which forms calcium silicate hydrate (C-S-H), enhancing 

the compressive strength as reported by  (Martirena-Hernández et al., 2001). There was 

no issue of workability due to recycled aggregate because recycled aggregates were 

preplaced in formwork. The same pattern is followed at 28 days and 56 days. The 

increase in compressive strength was not expressive from 28 to 56 days. The normal 

compressive strength at 7 days is about 60-80% of 28 days in case of normal curing 

(Neville, 1996). 

The results of split tensile strength of concrete cylinders at a given curing age are given 

in Fig. 2.The tensile strength of CM-I was highest at 7,28 and 56 days. The maximum 

increase in tensile strength at 56 days was 44.82% in comparison with 7 days of the 

same mix. This increase was in 20% BA. This was mainly due to the effect of 

pozzolanic reactions. The results follow the same pattern as that of compressive 

strength. This is because of similar reasons discussed in the case of compressive 

strength.  

Figure 1. Curing age vs Compressive strength 
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Figure 2. Curing age vs Tensile strength 

4. CONCLUSIONS: 

The following conclusions are drawn from results: 

¶ Compressive strength of CM-II decreased by 22% when compared to CM-I at 7 

days. 

¶ Tensile strength of CM-II decreased by 38% when compared to CM-I at 7 days. 

¶ Compressive strength of 20%BA increased by 35.35% when compared to CM-II 

at 56 days. 

¶ Tensile strength of 20%BA increased by 52.77% when compared to CM-II at 56 

days. 

¶ Compressive strength and tensile strength of TSC decreased with recycled 

aggregates. 

¶ Compressive strength and tensile strength increased with bagasse ash as fractional 

substitution of cement. 
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Abstract  
The major chunk of construction is covered by concrete construction. Concrete is a 

mixture of cement, sand, crush and water in appropriate ratio. It is good in compression 

but weak in tension. In order to improve these strengths of concrete, this research was 

conducted to evaluate the effect of Hybrid Fiber Reinforced Concrete (HFRC) on 

strength of concrete. Steel reinforced fibers were used to improve the compressive and 

tensile strength of concrete and also to control the progress of cracks in concrete. Steel 

reinforced fibers concrete (SFRC) was produced having 5000 Psi as target strength. 

Two types of steel wires having 25mm and 18mm fibers were used. 1.25% of concrete 

volume was replaced with steel fiber having aspect ratio for 25mm fiber was 60 and 

for 18mm fiber it was 40. Different proportions of steel fibers from 25% to 100% for 

both types of fibers were used to evaluate their effect on strength of concrete. The main 

purpose of introducing fiber steel concrete is to eliminate the traditional shears stirrups 

in concrete members. Cubes and prisms were casted to test for compressive strength 

and tensile strength on concrete. It was observed that there is no significance effect of 

steel fibers on compressive strength of concrete while around 58.33% of tensile 

strength was improved because short length steel fibers controlled the propagation of 

cracks in concrete. The maximum results were achieved at 100% replacement of 18mm 

fibers. The results are helpful for building stakeholders to improve strength of concrete 

by using steel fibers in concrete. Further studies can be carried out to find out other 

properties of steel fiber reinforced concrete.   

Key words: Hybrid steel fibers, compressive strength, flexural strength, Mechanical 

properties, Aspect ratio  

1. INTRODUCTION  

 

A stone like material is known as concrete which is attained by a warily balanced 

mixture of cement, sand, gravel and water. While in fresh state, concrete is a plastic 

which can be molded into any desired shape but with time it becomes hardened. 

Concrete develops micro cracks during curing. Cracks propagate in the fibers that are 

right under the load and these hybrid steel fibers block crack propagation. Due to dry 

shrinkage problem in concrete, formation of cracks also occurs and by elapsing of time 

increase in size and magnitude of cracks take place resulting in failure of concrete. 

(Maruthachalam et al, 2013). To minimize this phenomenon fibers are introduced as a 

new technique which helps to increase the tensile strength of concrete.   

Concrete which contain fibrous material is known as Fiber Reinforced Concrete (FRC) 

which improves its structural strength. It incorporates quick isolated fibers which are 
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equally allotted and haphazardly oriented. Fiber reinforced concrete consisting of, 

cement, water, fine and coarse aggregate, along with discontinuous fibers. The small 

Piece of reinforcing material which own certain properties and minimize the 

propagation of cracks are called Fibers which are equivalently disseminated and 

arbitrarily arranged. This concrete is named as fibers reinforced concrete. (Grijaet al, 

2016). The addition of fibers greatly reduced the post cracking behavior in concrete 

which improves structural integrity and cohesiveness of material.(Vandewalle, 2007)   

Typical aspect ratio of fibers ranges from 20 to 100 while length dimensions ranges 

from 6.4 to 76mm (ACI 544.1R-96). The volume fraction (Vf) is a term, used to 

represent the amount of fibers added in the concrete mix as a total volume of concrete. 

The steel fiber volume fraction used in concrete typically ranges from 0.1% to 3.0% 

(Global Research Analysis). More than 1.0% of volume fraction generally decreases 

workability and fiber dispersion and need a special mix design or concrete placement 

techniques (Portland Cement Association).   

Figure 1 shows the effect of long and short fibers on concrete. Short length fibers 

bridges micro cracks, control the growth of cracks and also delay the coalescence in 

fiber reinforced concrete. Long length fibers prevent the propagation of micro cracks, 

control the macro cracks also and then improve the fracture toughness of composites.  

  
Figure 1: Effects of short and long fibers 

An attempt was made to find out the effect of steel fibers in concrete. Steel fibers of 

length 18mm and 25mm was used in this research at different percentages to evaluate 

their effects on mechanical properties of concrete like compressive strength, flexural 

strength, ultimate load carrying capacity and ductility. Some positive effects were 

observed in concrete after adding hybrid steel fiber in concrete as compare to Plain 

concrete. The results of this study will helpful in selection of concrete with improved 

compressive and flexural strength and also with improved ductility. The greater 

compressive and flexural strength co concrete will help the design engineer to make 

their design more economical and safer.  

2. MATERIALS USED  

 

Ordinary Portland cement having Type-I manufactured by DG cement with fairly high 

CS content for good early strength development was used. Usually include natural 

aggregate with passing through a 9.5mm sieve. Source of Fine Aggregates was 

Lawrencepur having Specific gravity 4.81, Fineness Modulus 3.37 and 0.80% water 

absorption capacity. Similarly, source of Coarse Aggregates was Margalla having 

Specific gravity 2.53, aggregate size 12mm and 1.37% water absorption capacity.             

Hybrid mild steel fibers having diameter 0.43mm were used in concrete having length 

25mm and 18mm with 60 and 40 aspect ratios respectively. Portable water was used 

for this research and Chemrite 520 BA was used as water reducing and set retarding 

concrete admixture at the rate of 0.5 lit/50 kg cement. These fibers were added in 



1st Conference on Sustainability in Civil Engineering, August 01, 2019,  

Capital University of Science and Technology, Islamabad, Pakistan. 

50 

 

concrete at a volume fraction of 1.25% whereas no fibers were added in control mix 

(CM) specimen.  
 

Table 1: Different Ratios of Fibers used 

Mix specimens 
Steel fibers 

by volume of concrete (%) 

CM  Normal Concrete  

Sample-I           100% (25mm)  

Sample-II           100% (18mm)  

Sample-III  50% (25mm), 50% (18mm)  

Sample-IV  75% (25mm), 25% (18mm)  

Sample-V  25% (25mm), 75% (18mm)  

  

The concrete mixture design was carried out to find out values of ingredients. Trial 

mixture design was carried out first to find out the mixture ratios for required strength 

of concrete. For this research concrete mix 1:1.6:1.8 was used with 0.4 water to cement 

ratio.  

Deformed high strength steel of 13mm & 16mm bars were used to provide longitudinal 

reinforcement in beams. 16mm bars provided at bottom of beams and 13mm bars 

provided at top of beams. For stirrups used 10mm bars for all the beams. In plain 

reinforced concrete beams stirrups are provided throughout the beam but in fiber 

reinforced concrete beams two stirrups are provided at its one end two stirrups are 

provided at its other end. Stirrups are provided to hold the top and bottom bar (Singh 

et al, 2016).  

  

3. EXPERIMENTAL METHODOLOGY  

 

3.1 Compressive Strength Test  

 

This test was performed according to ASTM C39. To find out compressive strength of 

concrete the cylinder of size 300x150mm were used. Specimen were placed on bearing 

surface of UTM, of capacity 100 tones deprived of eccentricity and uniform rate of 

loading of 0.25 MPa per second was applied till the failure of cylinder. Machine gives 

compressive strength direct in MPa so no need to convert the compressive strength 

value (Ohitha et al, 2016).   

3.2 Flexure Strength Test  

Plain and SFRC beams of size 100x150x1200mm were tested using a universal testing 

machine. The loading scheme was two point. The beam was simply supported over a 

span of 970mm and a two-point loading system was adopted having an end bearing of 

115mm from each support. A load was applied to stiff steel beam that distributed into 

two points and then from the two points load is transferred to beam specimen. The rate 

of loading applied on beam was 0.5 MPa per second. The load is applied till the failure 

of specimen. The first crack load and ultimate load are noted and deflection was 

measured using the dial gauge (Cho et al, 2009).   
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4. EXPERIMENTAL RESULTS  

 

After the preliminary tests, various samples were casted included cylinders and beams 

to evaluate the properties of concrete with and without use of steel fiber in concrete. 

Cylinders were casted for the compressive strength test and beams were casted for the 

flexural strength test. These samples have various percentages of steel fiber in 

concrete.   

The below figure-2 indicates the comparison of plain concrete and steel fiber 

reinforced concrete with all described percentages. It is clear from figure-2 that there 

is a significant improvement in compressive strength of concrete by adding steel 

reinforced fiber in concrete as compare to plain concrete. The addition of 25%, 75% 

and 100% steel fiber of 18mm and 25mm lengths have not produced large difference 

at 28 days. While among the steel fiber reinforced concrete, the addition of 25mm and 

18mm long steel fibers at 50% yielded the maximum results as compare to all other 

options. Therefore, it is clear that this is the optimum percentage of steel fiber 

reinforced in concrete for the improvement of compressive strength.      

 
Figure 2: comparison of compressive strength for plain and fibrous cylinders 

Similar trend was also found in concrete at age of 14 days. Where the addition of 25mm 

and 18mm long steel fibers at 50% yielded the maximum results as compare to all other 

options.   

  
Figure 3: Compressive strength at 14 days 

Similar trend was also found in concrete at age of 7 days. Where among the steel fiber 

reinforced concrete, the addition of 25mm and 18mm long steel fibers at 50% yielded 

the maximum results as compare to all other options. But the rate of gain of 

compressive with rest to time was not found here in steel fiber reinforced concrete. The 
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compressive strength of steel fiber reinforced concrete remains constant at around 

36.02 Mpa in different ages.   

   

 
Figure 4: Compressive strength at 7 days 

Deflection tests were performed on beams to find out the ductility of steel fiber 

reinforced concrete. It is clear from below graph that steel fiber reinforced concrete 

with 25mm long steel fiber with 100% replacement yielded maximum deflection as 

compare to other samples. It is also clear that there is significant improvement in 

deflection of steel fiber reinforced concrete as compare to plain concrete which shows 

that addition of steel fiber reinforcement improves the ductility of concrete and hence 

improve the warning before failure of steel fiber reinforced concrete structures.   

 

Figure 5: comparison of deflection at failure for plain and fibrous beams 

  

5. CONCLUSION  

 

Concrete is a good building material and widely used in construction all over the world. 

It has good compressive strength but it is very weak in tension which make it lesser 

durable against tension loading. In order to improve the tensile strength of concrete 

steel fibers used in this research has significant effects on all properties of concrete 

when compared to conventional concrete.  Following are the major findings of this 

study.   
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a. Compressive strength of plain cylinder is 33.09 MPa. There is 8.13% improvement 

in compressive strength of concrete by adding steel fiber ratio (25mm 50% +18mm 

50%) in concrete. Because long fibers have greater pull out resistance which 

improves the post cracking tensile strength of concrete and short fibers provides 

micro crack control at early stage so both long and short fibers combined to achieve 

the maximum compressive strength.  

b. Flexural strength at first crack load in plain beam is 7.5 KN. As compare to plain 

concrete, around 58.33% flexural strength of concrete was improved by adding 

steel fiber ratio (18mm 100%). It is because short length fibers control the micro 

cracks in early stage of loading which leads to higher tensile strength of concrete 

so the first crack appear later on 18mm 100% beam sample.  

c. Flexural strength at ultimate load in plain beam is 85 KN (Average of two samples). 

Around 8.11% improvement was found by adding steel fiber ratio (25mm 

50%+18mm 50%) because when the beam was subjected to flexural loading the 

long fibers bridge the micro cracks and prevent the expansion of cracks and when 

long fibers fail than short fiber bridging cracks until its fail so combination of both 

long and short length fibers combine to achieve maximum flexural strength at 

ultimate load.  

d. The variation in results of Load Deflection Curve is due to hand compaction of 

concrete and there is no use of vibrator for compaction concrete, due to this 

deflection is more in 18mm fibers rather than 25mm fiber but according to previous 

studies deflection should be more in long fibers as compared to short fibers.  

e. The energy absorption in plain beam is 445 KN-mm. Around 36.49% improvement 

was found by adding steel fiber ratio 18mm 100% because deflection in case of 

this ratio also maximum so energy absorption also maximum. More the deflection 

more is energy absorbed by the beam sample.  

6. RECOMMENDATIONS  

 

1. Improvement in tensile strength and also in ductility of concrete is helpful in 

choosing steel fiber reinforced concrete structures specially in earthquake areas 

where tension and ductility is the basic requirement of structures.   

2. This improvement inf tensile strength and ductility due to steel fiber reinforced 

concrete also helpful for the designers to reduce the member size and make the 

structure more economical as compare to traditional concrete.   

3. Future research can be carried out by changing the aspect ratios and volume of 

fractions of fibers (such as 1.5% and 1.75%) and check the compressive and 

flexural behavior.  

4. Analytical modeling of fiber reinforced concrete beam can be done.   

5. Stress strain curve can be plotted and their behavior can be studied.   
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Abstract 
Construction industry is considered as one of the biggest industries in the world. It 

mainly covers construction of roads, dams, highways, bridges, residential and 

commercial and high-rise buildings. Some useful construction materials including steel, 

concrete and wood are used for the construction of all the structures. Concrete is widely 

used construction material all over the world for the construction of different structures. 

Concrete usually contains cement, sand, crush and water which collectively regulate its 

strength and other properties. Water is the most important ingredient of concrete which 

takes most of the part in the functional properties that is why it is necessary to evaluate 

the quality and availability of water. In this study, the effect of quality of locally 

available water on the properties of concrete has been identified. The locally available 

water from Tap, Spring, Nula and Marble waste sources were used for the sampling. In 

first run the effect of water quality on strength of concrete was determined. In second 

step of sampling, the sample having maximum compressive strength in stage one was 

considered as benchmark and other samples were made by adding admixture to get the 

benchmark strength. In the first stage 120 concrete samples including 60 cubes and 60 

cylinders were casted to check the effect water quality on compressive strength of 

concrete at different stages like 7 days, 14 days and 28 days. In this stage concrete made 

up of spring water yielded the maximum strength and concrete made up of Nula water 

yielded minimum strength. In the second stage fly ash was added as an admixture in 

concrete and casted same number of samples to check the effect of fly ash on concrete 

strength. It was observed that with addition of admixtures, concrete with Nula water 

and marble waste water yielded maximum strength as compare to that of tap water and 

spring water. Therefore, it is recommended that at the site where water is not easily 

available these types water can be used to prepare concrete by using some suitable 

admixture. 

Keywords: Concrete Ingredients, Water sources, Water Quality, Compressive 

Strength and Admixture. 

 

1. INTRODUCTION  

 

Construction industry consists of five major sectors including Environmental 

Structures, Infrastructures, Residential Buildings, Commercial Building and Industrial 

Buildings. Concrete is mostly used construction material all over the world. The 

properties of concrete highly depend upon the properties of its ingredients like water, 

cement, crush and sand. An attempt is made here to investigate the effect of water 
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quality on the compressive strength of concrete prepared by using locally available 

water in the studied area (Gilchrist, 1972). 

For proceeding the work for different qualities of water that is Tap water, Spring water, 

Nula water, and industrial waste water are the best options chosen for practice because 

in our country various sources of water are available in different regions of the country 

but above-mentioned qualities of water are most feasible and easy to be collected for 

mixing the concrete. The water which is fit for drinking will be good for concrete but 

this criterion is not applicable in all condition like if water contains small amount of 

sugar or salt even then it would be fit for drinking but it will not be fit for concrete 

(Ofori, 1993).  

The construction industry is a tool through which society accomplishes its objective of 

urban and provincial development (Horner, Marenjak, & El̈́ Haram, 2002). It greatly 

affects the economy of all nations however it is at or close to the best in the yearly rate 

of business disappointment and coming about liabilities contrasted with different 

industries. This is a result of the complexities of the development procedure itself and 

the expansive number of parties involved in the development procedure i.e. customers, 

clients, originators, controllers, temporary workers, providers, subcontractors and 

experts. Construction industry is one of the greatest employers of the working 

population (Hooi & Leong, 2017). 

Concrete is used in construction, which is made up of Coarse Aggregate, fine aggregate, 

binding material like Ordinary Portland Cement (OPC) and water. Concrete have good 

ability to bear Compressive stresses, which comes from the Structure self-weight and 

live loads but it Is weak in tension, Steel is use in concrete to resist the tensile stresses 

and it is also known as Reinforced Concrete cement. The coarse aggregate must be 

retained on sieve no (4.75mm) and fine Aggregate should be passing from sieve no 

(4.75mm) (Papadakis, Fardis, & Vayenas, 1992). Concrete is the oldest and common 

material which is use in construction. Concrete is mainly use due to it is in low cost and 

material which is use in concrete it is easily available. Steel is use in concrete to handle 

the tensile stresses. Volume of concrete is made up of around 75% of Aggregate and 15 

% of cement. The Ph. Value of water that is going to be used in concrete must be in the 

range of 6-8. Water should not contain salt contents because it cannot make proper 

bonding between cement and Aggregate (Page & Vennesland, 1983). 

Concrete have different properties at different state like slump value, Initial and final 

setting times, bleeding, segregation, consistency, pore pressure and freeze and thaw are 

the basic properties of fresh concrete in plastic stage while compressive strength, tensile 

strength flexural strength, shrinkage, creep elastic behavior and thermal behavior are 

the basic properties of hardened concrete. Admixture are used in concrete to controls 

the quality of concrete (Neville, 1995). Addition of admixture in concrete improves the 

properties of concrete. The addition of fly ash in concrete in the replacement of cement 

enhance the mechanical properties, chemical properties and also durability of concrete 

(Flatt, 2004). Similarly, the addition of super plasticizers in the concrete will also 

improve the compressive strength, workability, flexural strength, permeability of 

concrete (Criado, Palomo, Fernández-Jiménez, & Banfill, 2009). 

The water in concrete is very important role in making of concrete, it is used in concrete 

to complete the hydration process. The quality of water is important factor in concrete. 

The water ph. value must 7 to 7.5 (Raki, Beaudoin, Alizadeh, Makar, & Sato, 2010) 

Water functions as the single most important and critical factor influencing the 

workability or ease of mixing and placing the concrete. Moreover, water also controls 

the fresh and harden properties in concrete.  These properties include compressive 
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strength of concrete, durability, cracking, permeability and workability (Flower & 

Sanjayan, 2007).  

Concrete is well-defined as a combined tough material that is attained by the setting of 

a mixture of cement, aggregates, and water in standard detailed proportions. The 

discrete materials when mixed together forms a plastic mixture, which can be molded 

to any shape. Later, within a specified time period into hardens. Concrete is a numerous 

material with variable assets. The mixing ratio of concrete ingredients is changeable 

and depending upon the properties of constituent and mix design (Palacios, Puertas, 

Bowen, & Houst, 2009).  

Water is the most important ingredient of concrete which takes most of the part in the 

bond formation that is why it is necessary to be studied regarding its availability and 

preference. Concrete is composed of coarse aggregate, fine aggregate and water. 

Cement is used as a binding material which forms a strong bond between all its 

ingredients. This binding power of cement is only being activated through the 

application of water in short the hydration of cement is only possible in its presence 

(Siddique & Chahal, 2011).  

 So many properties of concrete of concrete i.e. setting time, hardening time and 

strength can be affected by the quality of a mixing water. As the strength and durability 

of structures depend more upon the properties of concrete which is used in the 

construction of that structure (Wongpa, Kiattikomol, Jaturapitakkul, & Chindaprasirt, 

2010). 

Sea water usually comprehends 3.5salinity but faintly hurries the setting time of 

cement. This comprises approximately 78% sodium chloride and 15% chloride sand 

sulphates of magnesium and these chlorides which are present in concrete 

comprehending surrounded steel to steel corrosion. The chemical composition of 

different types of water are analyzed and it is concluded that the sea water and rain 

water had less strength due to their chlorides and some other constituents while the 

fresh water showed better results and achieved high strength concrete (Pangdaeng, 

Phoo-ngernkham, Sata, & Chindaprasirt, 2014) 

As the world is suffering from the water scarcity that is why it is the need of the time 

to reuse the water from different sources like wash basin, kitchen floor wash and other 

sources.  But the properties of concrete like setting time of concrete, compacting 

factors, slump, compressive and tensile strength properties are highly depending upon 

the quality of water. These properties are highly affected by the impurities in the mixing 

water. That is why pure and drinkable water must be used in concrete to achieve 

maximum (Le et al., 2012). 

 

2. RESEARCH METHODOLOGY  

 

The research is based on the experimental study. In the initial stage different 

preliminary tests were performed like dry density, bulk density, surface saturated dry 

density, water absorption, crushing value, initial and final setting time of cement, sieve 

analysis of cement, fine and coarse aggregates and consistency of cement. After 

performing the preliminary tests on ingredients of concrete, several trials were carried 

out to find the best suitable concrete mixture design for the required compressive 

strength of concrete. From each trial mixture cubes, cylinder and beams were casted to 

perform compressive strength, tensile strength and flexural strength tests respectively. 

Below table indicates the results of preliminary tests for the concrete mixture design.  
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Table 1: Properties of Material for Mix Design 

Properties of Material 

for Mix Design 

Values with 

Units 

Properties of Material 

for Mix Design 

Values 

with Units 

Grade of concrete  M15 1 Gallon water 8.34 lbs 

Nominal maximum 

aggregate size  

19mm Slump value 75 mm 

Specific gravity of cement  3.15 Dry rodded weight of 

aggregate 

109 

Specific gravity of fine 

aggregate 

2.69 Coarse aggregate 

moisture content 

1.20 % 

Specific gravity of coarse 

aggregate  

2.63 Coarse aggregate water 

absorption 

0.52 % 

Density of cement 195 Pcf Fine aggregate moisture 

content 

5.20 % 

density of water 62.4 Pcf Fine aggregate water 

absorption 

0.71 % 

1 cubic foot water 7.48 Gal Fine aggregate fineness 

modulus 

3.71 

  

After that procurement of materials, preliminary tests on material as per ASTM D-7332, 

mix design procedure as per ASTM C-94, sampling of concrete as per ASTM C-172 

and curing of samples as per ASTM C-31was carried out. After the final concrete 

mixture design, ingredients of concrete were mixed as per the ASTM C-94 standards 

and then cubes and cylinders were casted and cured in the ponds for different time like 

7-days, 14-days and 28-days. Total 120 samples comprised of 60 cylinders and 60 cubes 

were casted with and without addition of admixture for the compressive strength of 

concrete. Tests on fresh concrete included slump test and density & void content test 

were performed. 

After prescribed time period, compressive strength tests were performed to find out the 

rate of gain of compressive strength at different age.  

3. RESULTS AND DISCUSSION  

 

After the detail and preliminary tests, 120 samples without admixtures and 120 samples 

with admixtures were casted to find out the effect of locally available water quality and 

admixture of compressive strength of concrete. It was observed that in initial samples 

where admixture was not added in concrete, spring water yielded the maximum strength 

as compere to other sample whereas concrete prepared with marble waste water and 

Nula water yielded the minimum strength. The ultimate strength that achieved from the 

concrete sample prepared y using marble waste water and Nula water was lesser than 

the target strength. These results are shown in the below figure-I.     
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Figure 1: Analysis of Results of Cylinders of All Water Qualities at 28 Days 

It is clear from the above figure that there is a clear difference in the compressive 

strength of concrete samples prepared with spring water and tap water as compare to 

marble waste water and Nula water. It is also clear from the above graph that 

compressive strength of concrete prepared with marble waste and Nula water is lesser 

than the target strength and hence it is not recommended to use these types of water to 

prepare concrete at any site without use of proper admixtures.  

As concrete samples prepared with Nula water and marble waste water failed to provide 

required strength, therefore, an admixture was added while casting the samples of Nula 

water, Marble Waste Water and also tap water. Admixture which was used to improve 

the strength was Superplasticizers. Selection of this type of admixture was based on its 

availability and literature. This type of admixture is used to improve the compressive 

strength of concrete by reducing the water to cement ratio in concrete. Amount of 

admixture was calculated according to ASTM C-494 and also from the specifications 

provided by the supplier. Twelve cubes and twelve cylinders samples were prepared 

for each water quality and they were kept for curing for different time period. All of 

these samples were tested at time period of 7-days,14-days and 28-days to check the 

rate of gain of compressive strength at these intervals of time. Below figure-2 indicates 

the results of these samples.   

 
Figure 2: Analysis of Results of Cubes of All Water Qualities at 28 Days 

It is clear from above figure that the strength of all the samples with addition od 

admixture has been improved but samples prepared with marble waste water has gained 

more strength as compare to tap and Nula water. There is an improvement of 18.54% 

in compressive strength of concrete prepared with marble waste water by adding 

admixture in it. Therefore, marble waste water can be used in concrete mixture by 

adding suitable admixture to achieve the target strength.  
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Below figure-3 indicates the rate of gain of compressive strength of concrete samples 

at different ages like 7-days, 14-days and 28 days with the addition of admixture in the 

concrete samples.   

 
Figure 3: Compressive Strength of Cubes of All Water qualities with Admixture 

It is clear from above figure that the maximum improvement in compressive strength 

of concrete is in concrete prepared with Nula water where concrete achieved maximum 

strength as compare to all other samples. But these cubes sample tests result also 

indicates the reasonable improvement of compressive strength of concrete with 

admixture. 

Similarly, cylinders were casted, cured and then tested at different ages to check the 

improvement in the rate of gain of compressive strength of concrete prepared with these 

qualities of waters. The results are given below in figute-4.   

 
Figure 4: Compressive Strength of cylinders of All Water qualities with Admixture 

It is also clear from the above graph that again the improvement in compressive strength 

of concrete samples prepared with Nula water yielded maximum strength as compare 

to all other samples. But it is also cleared that the rate of gain of compressive strength 

and also improvement in compressive strength of all samples is quite good. That is why 

it can be concluded here that at the construction sites where tap water or drinkable water 

is not available for concrete work any type of water can be used to prepared the concrete 

but with the addition of some suitable admixture.    
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4. CONCLUSIONS 

 

Conclusions are made after the sampling and testing of concrete prepared with locally 

available water including spring water, tap water, Nula water and marble waste water. 

Sample were tested at 7-days, 24-days and 28-days to check the rate of gain of 

compressive strength also to check the effect of quality of water on concrete strength. 

It is concluded that spring water yielded maximum strength as spring water is the purest 

form of water that is why it provided suitable results. Compressive strength of concrete 

prepared with tap water, Marble waste water and Nula water yielded relatively lesser 

strength as compare to spring water respectively. It is also concluded that concrete 

having Nula and marble waste water yielded lesser than the target strength. Therefore, 

it is highly recommended that at any construction site concrete should not be prepared 

with these types of water. After the addition of admixture in concrete mix, Nula water 

yielded maximum strength as compare to all other samples. There was a significant 

increase in the compressive strength of concrete prepare with Nula and marble waste 

water with the addition of admixture. The rate of gain of compressive strength of 

concrete having Nula water and marble waste water was also improved as compare to 

spring and tap water. The results of both cylinder and cubes tests indicated that with the 

addition of admixture in concrete having Nula and marble waste water yielded 

maximum strength as compare to traditional tap water concrete sample. Therefore, at 

construction sites where tap water is not easily accessible, these types of studies helpful 

to provide the suitable replacement of water for concreting.     

After analyzing the results of concrete samples of all water qualities with admixture 

and without admixture it was concluded that Compressive Strength of concrete which 

is one of the most important property of concrete and it is affected significantly by the 

water quality which is to be used in the casting of samples. Therefore, it is necessary to 

study water quality for its chemical properties regarding its suitability for making the 

concrete because it does not only have an effect on the strength of concrete but it also 

affects concrete quality after construction.  

 

5. RECOMMENDATIONS   

 

From the results and conclusions, the recommendations are made that spring water 

should be used in concrete if it is easily available to achieve better compressive strength 

as compared to tap water and other types of water. Marble waste water and Nula water 

can also be used in the concrete mixing by using suitable admixture. Marble Waste 

Water can also be used in preparation of concrete if Compressive Strength is to be 

achieved regardless its other effects on concrete after preparation as this is waste water 

and if it will be used in concreting then its effect on environment will overcome. Future 

research can be made on evaluation of chemical properties of water and their effect on 

the compressive strength of concrete. In future, the research can be done by exploring 

other qualities of water and check their effect on properties of concrete such as Tensile 

Strength, Flexural Strength etc.  
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Abstract 
Nanomaterials and its application in construction industry attracted researchers to 

explore their effect due to exceptional properties in term of mechanical and have the 

potential of reinforcing within cementious matrix. Among them carbon based 

nanomaterial exhibit tremendous advantages in the construction industry. In this study 

hybrid intrusion of carbon nanotubes with graphite nanomaterials were added with 

small dosage/concentration ranging from 0-0.08% to surfactant ratio of 1:1 in the 

cement matrix, to explore mechanical properties in term of flexural and compressive 

strength is explored. The result reveals that using a small percentage of nanomaterials 

enhances the flexural strength and compressive strength up to 185% and 70% 

respectively. 

Keywords: carbon nanotubes, graphite nanoplatelets, flexural strength, compressive 

strength 

 

1. INTRODUCTION : 

 

Cementitious materials are widely used construction materials, due to having high 

exceptional compressive strength. However these conventional cementitious material 

offer good compressive values, but still limits the tensile capacity, which makes them 

vulnerable to cracking. These cracks propagate form micro level, which then conjoin 

to microcrack leading to failure of cementitious material. To tackle the mentioned 

issues various materials and techniques have been explored by several researchers 

which include the incorporation of SRMs, well-engineered steel fibres, Carbon 

nanofibers, Carbon nanotubes, Graphene oxide  and carbonaceous nano/micro inert, to 

alter the traditional properties of composites and achieve the required milestones. These 

nanoscale fibers arrest the propagation of crack at the nanoscale, causing enhancement 

in mechanical properties. These nanomaterials have distant and fruitful properties when 

used in cementious material. Among various nanomaterials, carbon-based 

nanomaterials have the most enlightened properties. Small concentration increases the 

mechanical response of cementitious composite. Konsta-Gdoutous et al. used carbon 

nanotubes with small concentration of 0.08% in cement paste and reported 35% 

increase in flexural properties (Konsta-Gdoutos et al. n.d.). Wang et. al. used MWCNTs 

in cement paste and reported increase flexural and compressive strength up to 10% and 

50% respectively (Wang et al. n.d.). Gong et.al incorporated GO sheets with small 
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dosage of 0.03% in cementitious composite and reported 46% and 25% enhancement 

in compressive and flexural response. This is due to the refinement of pore size (Gong 

et al. 2015). 

The properties of Carbon nanotubes can be influenced by its aspect ratio, diameter as 

well as from its chirality. Historically Carbon nanotubes were discovered in 1991 by 

sumio Lijima (Japanese Researcher) while investigating the surface of graphite 

electrodes as sown in Figure 1 (nature and 1991 n.d.) . This discovery of CNTs leads to 

a new dimension which opened a path towards utilization of CNTs in numerous fields 

of engineering. Based on its characteristics, properties and its production CNTs is used 

in numerous viable applications like rechargeable batteries, sporting goods and 

automotive parts (Volder et al. n.d.). 

  

 

Figure 1: (a) Carbon nanotube (Breuer and Sundararaj 2004)  (b) Schematics image 

and TEM image of MWCNTs (Breuer and Sundararaj 2004) 

(Li et al. n.d.) 

 

Graphite nanoplatelet (GNP) is another form of graphite nanomaterials (GNMs) mainly 

carbon-based conductive nano-particles which is produced from graphite. Normal 

graphite consists of stratified layers including series of two dimensional (2D) graphene 

layers stacked together in the parallel form (Pierson 1993) as shown in Figure 2. 

However, graphite nanoplatelets can be obtained via exfoliation and intercalation of 

graphene layers. 

 

 
Figure 2: Structure of Graphite showing the sp2 carbon atoms bounded in 

hexagonal rings (Sengupta et al. n.d.) 

 

Graphite nanoplatelets (GNPs) consist of many graphene layers bonded together with 

a Van Der Vaal forces, having a thickness in nano-meter and diameter ranges in 

a b 
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microns. There nanoscale size, when used in cementitious composite, enhances the 

mechanical properties.  

In order to improve the mechanical properties of composites with nanomaterial 

addition, it is mandatory to properly disperse it inside the matrix. The problem normally 

faced with improper dispersion of nanomaterial is the agglomeration and bundling of 

tubes inside the matrix for which different surfactants need to employ to make the 

nanomaterial homogenously disperse through cement matrix. In the continuation of 

mentioned topic an investigation on the dispersion of nanomaterial and its effects on 

the mechanical response of cementitious matrices (Sobolkina et al. n.d.), concludes that 

proper dispersion leads to 40% enhancement in compressive resistance. In most of the 

research investigations, it has been emphasized those nanomaterials agglomerates 

within the cement matrix without giving proper attention to dispersion (Luo, Duan, and 

Li 2009; Konsta-Gdoutos et al. n.d.). In this research dispersion of nanomaterials was 

done using acacia gum as surfactant with nanomaterial to surfactant ratio of (1:1), as it 

yields maximum dispersion. 

In this paper, hybrid intrusion carbon nanotubes with graphite nanoplatelets in cement 

mortar, with dispersion and exploration of mechanical properties in term of flexural and 

compression has been reported. 

 

2. MATERIALS AND EXPERIMENTS  

 

Type 1, Grade 53 Cement in line with ASTM C150 was used as binding material. The 

features properties of cement/binder can be seen in Table 1. Sand was obtained from 

lawrenecpur, with fineness modulus of 2.4 and superplasticizer obtained from BASF 

chemical for making cementitious mortar. The Multi-wall carbon nanotubes and 

graphite nanoplateletes used in this research were purchased from US Research 

Nanomaterials and Deijung Company and their properties are listed in Table 2. Acacia 

gum used as surfactant for proper dispersal of nanomaterials in water. The features 

properties of superplasticizer are listed in Table 3. 

 

Table 1: Properties of OPC 

Elemental Composition Content (%) 

 CaO  65.11 

SiO2 19.17 

Al2O3 4.96 

Fe3O4 3.21 

MgO 2.23 

MnO + K2O 0.55 

TiO2 0.28 

P2O5 + Na2O 0.64 

 

Table 2: Properties of MWCNTs and GNPs 

 

 

MWCNTs 

Properties 

External 

diameter 

(nm) 

 

Internal 

diameter 

(nm) 

 

Length 

(ɛm) 

 

Purity 

(%)  

 

Specific 

surface 

area 

(m2/g) 

 

Ash 

content 

(wt.%)  

 

Density 

(g/cm3) 

 

20-30 5-10 10-30 >97 110 <1.5 2.1 
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GNPs 

Properties 

Specific 

surface 

area 

(cm2/g) 

 

Particle 

size 

analysis 

(ɛm) 

 

Specific 

gravity  

 

154 6.78 1.62 

Table 3: Properties of third generation superplasticizer 

Master 

Glenium 

®51 

Aspect Relative Density pH Chloride 

ion content 
Light Brown Liquid 1.08 ± 0.01 at 25°C Ó6 <0.2% 

 

2.1 Mixing regime of nanocomposite cement mortar 

The homogenous solutions of graphite nanomaterials (GNMôs) after dispersion were 

used to make nanocomposite cement mortar. The water to binder ratio of 0.38 was 

selected for all formulation and binder to sand ratio of 1:1.5 was used for casting of 

cement mortar. The mixing of all formulation was done by using Hobart mixer of 5 litre 

capacity. After mixing, and for the evaluation of mechanical properties, prisms mould 

having dimensions of 160x40x40mm3 were casted. The details of formulation and the 

mixing time taken by each formulation has been listed in Table 4 and Table 5 

 

Table 4: Formulation regime 

S.No. Formulation CNT 

(%) 

GNP 

(%) 

1 CS 0 0 

2 C 0.08 0 

3 CG 0.04 0.04 

4 G 0. 0.08 

* CS control sample, C carbon nanotubes, CG hybrid carbon nanotubes/graphite 

nanoplatelets, G graphite nanoplatelets  

 

Table 5: Mixing regime 

Mixing regime Time of mix 

Dry mix Half minute ( gentle mix ) 

Dry mix + Dispersed GNMôs 1 minute ( gentle mix ) 

Dry mix + Dispersed GNMôs 2 minutes ( fast mix ) 

 

3. RESULT AND DISCUSSION 

 

3.1 Dispersion 

The dispersion of nanomaterials was checked by using Uv-spectroscopy. The dispersed 

solution of nanomaterials was diluted by using lambert beer law, before using 

spectroscopy. The wavelength was kept between 200-1100 nm and 500 nm wavelength 

was kept to check the dispersed solution of nanomaterials, as it is unaffected at ambient 

conditions (Baloch et al. n.d.).  It can be seen that graphite nanomaterials (CG) having 

small concentration with GNMs to surfactant ratio of 1:1 yield maximum absorbance. 

This is due to the synergistic effect of nanomaterials as shown in Figure 3. 
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Figure 3: UV-Spectroscopy of nanocomposite 

3.2 Flexural Strength 

 

The flexural strength of all prisms was performed according to ASTM C348, under 

bending setup on load controlled machine as shown in Figure 4. The flexural test was 

performed after 28 days of curing. It can be seen in Figure 5 that the flexural strength 

of nanocomposite increases as compared to the control sample. Also, concentration 

(CG) increases the flexural strength up to 185% compared to control specimen. This is 

due to the synergistic effect, which enhances the microstructure causing an increase in 

load carrying capacity  

  

 
Figure 4: Bending test assembly 

 
Figure 5: Flexural response of nanocomposite at 28days 
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3.3 Compression Strength 

The compression test was performed according to ASTM C349-14 on two broken 

pieces of prism after the flexural test as shown in Figure 6. It can be seen in Figure 6 

that the compressive strength of nanocomposite (CG) increases up to 70% as compared 

to control sample, as these fiber enhances the load carrying capacity between fiber to 

fiber and with the adjacent matrix.  

 

 
 

 
Figure 6 (a) Assembly of compression test, (b) Compressive strength of 

nanocomposite at 28days 

 

4. CONCLUSIONS 

 

From the study and research regarding nanomaterials, following conclusion has been 

drawn by using small concentration of nanomaterials in cementitious mortar. 

1. Dispersion of Hybrid CNTs/GNPs (CG) nanomaterials with nanomaterials to 

surfactant ratio of (1:1) yield maximum dispersal. This is due to the synergistic 

effect, as these both fibers belong to the family of graphite nanomaterials 

2. Intrusion of hybrid CNTs/GNPs (CG) by small dosage of 0.04/0.04% in 

cementitious mortar increases the compressive strength up to 70% compared to 

control specimen. This is due to enhancement in load carrying capacity  

3. Intrusion of hybrid CNTs/GNPs (CG) with small dosage increases the flexural 

response of nanocomposite of hardened mortar sample. The bending test elucidated 

that using small concentration increases the flexural response up to 185% as 

compared to the control specimen. 
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Abstract 
The waste material produced from the demolition of concrete structures every day 

throughout the world. This concrete waste includes the recycled aggregates and the best 

way of use of this waste is to use as coarse aggregates in the production of fresh 

concrete. The millions of tons of coarse aggregates is use for the production of concrete 

and the rocks are the source of aggregates (whether natural or broken)..In the new 

production of concrete the recycled aggregates is used as the coarse aggregates. In this 

research work from the experimental work performed on the recycled aggregates 

concrete and the compressive strength of the recycled aggregates was determined by 

using the different water to cement ratios. For to determine the compressive strength of 

the recycled aggregate concrete the Lawrancepur sand is used as a fine aggregate, from 

a demolished concrete the recycled aggregates is collected and used as coarse 

aggregates and the DG Cement is used as a binding material. The different water to 

cement ratios has a effect on the recycled aggregates concrete compressive strength. 

W/C 0.50, 0.55, 0.60 was examined in our research work and the results found that W/C 

0.50 gave greater compressive strength. The results show that submerged treatment 

gives greater compressive strength compared to the coagulant because in the case of 

submerged treatment, there is no loss of moisture from concrete samples and enhances 

water reaction. Therefore, to achieve high pressure is recommended submerged 

treatment. The properties of recycled aggregates was determined and compared with 

the properties of natural aggregates. After the experimental work it was determined that 

the water absorption capacity of the recycled aggregates was more as compare to fresh 

aggregates due to the attachment of cement particles.  

Keywords: Recycled concrete, Water cement ratio, Aggregate, Compressive strength.  

1. INTRODUCTION : 

 

The concrete which is produced by the use of natural aggregates has better quality as 

compare to the concrete which is produced by the use of recycled aggregates as coarse 

aggregates. Because the recycled aggregates have greater water absorption capacity due 

to the attachment of cement particles with the aggregates and have a porous mortar 

matrix around the surface of aggregates this make the lower bond in concrete. The 

quality of the recycled aggregates is low as compare to natural aggregates, however the 

recycled aggregates have been used in different construction works for the cost benefit 

analysis and to reduce the waste material produced from demolished of concrete 

structures.  
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The properties of recycled aggregates are low so the use of recycled aggregates is 

limited and used for only low strength concrete and low grade concrete. And if the 

recycled aggregates have good properties then can be used in the production of high 

quality concrete such as structural concrete. The research and the experimental work 

provided good guidance on quality control of recycled aggregates and then use in high 

quality concrete. 

 

2. EXPERIMENTAL PROCEDURES: 

 

2.1 Test Standards 

 

All the experimental work performed by the used of ASTM standard.  

 

2.2 Test Performed on Concrete 

 

o Slump test   

o Temperature test  

o Compressive strength test  

 

a)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: View of  a) RCA in Boulder and b) Crushed form 

 

b)  
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2.2 Research Methodology 

 

.  

Figure 2: Flow Diagram of Research methodology 

2.3 Slump Test 

 

On the fresh concrete the slump test was performed according to ASTM C-143 

procedure for or to check the slump value of fresh concrete the slump cone apparatus 

was used. The slump cone was filled in three equal layer with considering height of the 

slump cone and was compressed with 25 strokes using the steel tamping rod after each 

layer. The diameter of the temping rod is 5/8in and have 24 inches long. The slump 

value gives the indication about the water content and  ease in working on concrete. 

 

 

 

 

 

 

 

 

 

 

Figure 3: Slump test 

 

2.3.1 Procedure 

 

¶ The slump cone base plate is provided on flat surface, the base plate is 
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lubrication is provided and the base plate is made of steel. 

¶ The slump cone is filled up to 1/3  level and then provided the 25 equal strokes 

by the used of tamping rod. 

¶ Then in second layer the slump cone is filled to 2/3 and the 25 strokes equally 

provided by the used of tamping rod 

¶ Then the last layer upto the top level of the slump cone was filled and then 

removed the concrete outer on the top of the slump cone and provided the 25 

strokes equally on top layer of the concrete. 

¶ Then the slump cone was removed carefully in the.vertical direction (it takes 

about five seconds). 

¶ Then the slump cone is placed near to the sloping concrete, then place the 

temping rod horizontally across the slump cone and the sloping concrete, and 

measured the slump value in inches by the used of scale. Figure 3.8 above is 

shown that the  slump test of fresh concrete in inches. 

 

2.3 Compression Test  

 Due to the high compressive strength of concrete it has commonly used to carry 

compressive loads. ASTM C 39 specifies is the standard test method for to check the 

concrete compressive strength. The cylinder size of 6òĬ12ô was used to check the 

compressive strength. The uniformly load applied on the specimen. The compressive 

strength of the specimen was determined at 7 and 28 days. 

 

 

 

 

 

 

 

 

 

 

Figure 4: Compression Testing setup 

2.3.1 Procedure 

¶  The bearing plates provided on the platen of the machine with hard face up and 

wipe clean the upper and lower plate of the machine. 

¶ The specimen with accurate alignment was placed in the compressive strength 

apparatus and then at the centre of the specimen between the plated the load was 

applied. 

¶ The apparatus applied the uniform load on the specimen with the constant loading 

value of 35+ 7 psi/s.  

¶  The apparatus was applied compressive load on the specimen until the load was 

reduced steadily and specimen displays a well define load fracture pattern.  

3. RESULTS: 

 

3.1 Strength at different Curing conditions 

 

On 7 days curing in different conditions the results are being compared as shown in 
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figure above. In submerged condition the strength is greater as compared to BURLAP 

curing.  

 

Figure.5 Strength vs Curing Condition for RAC at 7 days 

 

In figure no 6 there is a compression of the strength of 28 days curing. It can be clearly 

observed the strength of the submerged curing in competitively more than the other 

curing.  

Figure.6 Strength vs Curing Condition for RAC at 28 days 

 

4. FUTURE RECOMMENDATIONS:  

¶ For this project the strength should also be checked for steam curing condition. 

¶ For 0.50 w/c ratio where the concrete was not workable, admixtures should be 

used to increase the workability. 

¶ At the same water cement ratio, the workability of Recycled concrete is higher 

than that of control concrete. The reason for which is the smooth impervious 

surface of recycled aggregate. 

5. CONCLUSIONS: 

 

The results of experimental work have been analysed and conclusions drawn from this 

study are presented below.  
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¶ For the same w/c ratio and changing curing condition the compressive strength 

obtained by submerged curing at 28 days is 11.5 % higher than burlap curing. 

¶ For the same w/c ratio and changing aggregate type the compressive strength 

obtained by natural aggregate at 28 days is 7.13 % higher than recycled 

aggregates. 

¶ The highest compressive strength was obtained by immersion of specimens in 

water tank, submerged curing gives more strength as compared to burlap curing 

because of enough water for hydration process. 
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Abstract 

Sustainable development of nationôs infrastructure in developing countries is a major 

challenge in this era. There is an emerging trend of using locally available natural fibres 

in structural applications to support sustainable development in these countries. Banana 

fibre is abundantly available and can be utilized in concrete roads. These roads are 

prone to hair line micro cracking i.e., shrinkage cracking, instigated by drying shrinkage 

due to volumetric changes in concrete during the curing. The overall aim of this study 

is sustainable development of concrete roads by using Banana Fibre Reinforced 

Concrete (BFRC). And the specific aim is to investigate the tensile behaviour of BFRC 

in comparison with conventional plain concrete (PC). Mix design of 1:2:4 is adopted 

and 0.5% banana fibre by mass of concrete is used in BFRC specimen. Standard 

cylinder specimens (100mmx200mm) of PC and BFRC each are casted and cured for 

28 days. Split tensile test is performed on these specimens. BFRC depicted decreased 

tensile strength and energy absorption as compare with PC. On the other hand, BFRC 

showed an immense increase in toughness value. This improved behaviour of BFRC 

toughness can help in reducing the resulting shrinkage cracking propagation. It is 

recommended that, mechanical properties of BFRC in addition with so other 

strengthening admixtures and its usage as a commercial product should be explored in 

depth. 

Keywords: Shrinkage cracking, Crack propagation, Banana Fibre Reinforced Concrete, 

Split tensile strength, Tensile energy absorption, Bridging effect. 

 

1. INTRODUCTION : 

 

Concrete pavements are durable structures and preferred more over flexible pavements. 

Concrete pavements provide more strength. These pavements need less maintenance. 

But these are also prone to number of pre mature failures. Shrinkage cracking is one of 

these premature failures, which later on results in various distresses of pavements and 

ultimately lessens the design life of the structure (Kumar et al. 2012). These cracks are 

also responsible for creation of chain and transverse cracking in concrete pavements 

(Niken et al. 2016). Figure 1(a), (b) and (c) shows shrinkage crack propagation after six 

months, one year and two year of construction, respectively. The thickness of the lines 

indicate the width of cracks. These issues are resolved by many researchers by use of 

fibres to lessen the impact of damage caused due to poor construction practices.  
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Figure 1: Shrinkage-crack propagation, a. after six months of construction, b. after 

one year of construction and c. after two years of construction 

Rai and Joshi (2014) conducted a research to study the effect of fibre reinforced 

concrete on the shrinkage cracking in comparison with conventional concrete. They 

concluded that fibre reinforced concrete showed resistance against shrinkage cracking 

as compared to plain concrete. Fibres like polypropylene in restrained concrete can 

lessen the drying shrinkage percentage (Yousefieh et al. 2017). Use of mineral fibres 

and nano silica showed improved behaviour in mechanical properties of concrete 

(Larisa et al. 2017). Debate on natural fibres all over the world is increasing. Utilization 

of natural fibres as a source of raw materials for the different industries due to their eco-

friendly nature and for accomplishing the idea of global sustainability has been 

increased. Experts are looking for the new economical, environment friendly and 

sustainable techniques in construction. Researchers are focusing on agricultural waste 

as one potential of source energy. Today throughout the global, increase in awareness 

about issues of environment is acting as the strong motivation for the utilization of 

natural fibres in various kinds of industries. However, there is a changing trend in use 

of natural fibres in structural applications. Banana fibre is abundantly available and can 

be utilized in concrete roads. Mostafa et al. (2015) expressed that banana fibres can be 

utilized in compressed earth block creation, and they reported improved compressive 

and flexure strength of banana fibre reinforced specimens in comparison with 

unreinforced specimens. Binici et al. (2005) reported that in an immense amount of 

agricultural by-product created each midyear in Turkey. Agriculturists consume it, 

causing environmental harm. Rather than being scorched, agricultural fibres can be 

utilized as a part of mud block creation. In the same way, banana fibre is abundantly 

available as an agricultural by-product in Pakistan and being used as export product. 

Sakthivel et al. (2019) did research study on the mechanical properties of banana fibre 

reinforced concrete. Apart from enhanced mechanical properties, they reported banana 

fire was found good in fire resistance. Keeping in mind, enhanced properties of banana 

fibre reinforced concrete, they recommended to explore its future prospects for 

construction industry as an environment friendly material. To the best of authorôs 
knowledge, the research conducted to control shrinkage cracks by using BFRC in concrete 

roads is limited. Therefore an experimental study is planned to investigate the potential of 

BFRC in concrete roads. The overall aim of this research is sustainable development of 

concrete roads by using Banana Fibre Reinforced Concrete (BFRC). And the specific aim 

is to investigate the tensile behaviour of BFRC in comparison with conventional plain 

concrete (PC). Percentage of banana fibre used is 0.5% by mass of concrete is used in 

BFRC specimen. 
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2. EXPERIMENTAL PROCEDURES : 

 

2.1 Raw materials: 

 

Raw materials which are used to prepare specimens comprises of ordinary portland 

cement, sand having fineness modulus of 2.6 and specific gravity of 2.63, aggregates 

of maximum size 19 mm, and banana fibres of maximum length 50 mm.  

 

2.2 Mix design and casting procedure: 

 

In the mix design ratio of PC, the ratio of 1:2:4 is used for cement, sand, and aggregate 

respectively with a water-cement (W/C) ratio of 0.6. The mix design and (W/C) ratio 

for BFRC is equivalent as compared to PCC irrespective to that 50 mm long fibres 

having 0.5% proportion, by mass of concrete. All quantity of materials is mixed by 

mass. For preparation of concrete rotating drum concrete mixer is used. In making plain 

cement concrete, raw materials including water are transferred in the drum of the 

conventional concrete mixer following the sequence of aggregates first, sand second, 

cement third and water in the last, and it is rotated for three minutes. Slump test is 

performed before filling moulds and the result of slump is 2-cm.  

For preparation of banana fibre reinforced concrete, an alternate approach is embraced 

to avoid the accumulation of banana fibres in blender bars of concreting drum. The 

materials are placed in drum in three layers. In first layer, 33% of total aggregates is 

spread in the drum followed by cement, fibres and sand. In this way, fibres are 

sandwiched between aggregates and sand. A similar strategy is embraced for the 

remaining material. The blender is halted at the point where addition of layer is to done  

and remaining water is included. Concrete mixing machine is rotated again for 1 

minute.  

 

2.3 Specimens: 

 

The cylinders were casted for conduction of split-tensile strength test for PC and BFRC; 

having standard size (100mm x 200mm). Total 4 specimens were casted (2 PC + 2 

BFRC). For BFRC, filling and compaction of the mix in the moulds requires special 

consideration. Therefore, another approach is adopted to remove air voids and to 

achieve self-compaction, in addition to standard compaction method. The mould lifted 

up to a height of 200mm approximately and afterward dropped to the floor. After 24 

hours, the specimens are de-moulded and placed in the curing tank for 28 days. The 

density of PCC and BFRC is determined by using ASTM C138/C138M-16 procedure.  

2.4 Split-tensile strength test: 

 

The split-tensile strength is performed on the test specimens as indicated by the ASTM 

standard C496/C496M11. The split-tensile strength, split-tensile behaviour, split-

tensile energy absorbed before crack and split tensile toughness are determined. 

3. RESULTS: 

 

3.1 Split-tensile behaviour: 

 

Load versus time curves under split tensile loading for PC and BFRC are shown in 
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Figure 2(a). The crack development in specimens under split-tensile loading at initial, 

peak and ultimate loads is presented in Figure 2(b). The upper two images i.e., Figure 

2(b) demonstrate the underlying crack in PC and BFRC. The underlying crack in the 

specimens of PC and BFRC is noted at 100% and 95% of their comparing maximum 

loads. The underlying crack length and width in BFRC is lesser when contrasted with 

PCC. The length of initial crack around 60 mm to 75 mm is observed in BFRC. At this 

point, the separated pieces of PC can be around the first crack observed with no time 

distinction, while pieces of BFRC are held together as a result of the interlocking impact 

of fibres. At the maximum load, when contrasted with PCC, the observed number of 

splits, their length and width at the maximum load are less in BFRC as shown in Figure 

2(b). At this stage, the greatest length of crack in the specimen of BFRC is amplified 

up to around 75 mm. The test is proceeded even after the maximum load to see the 

sample behaviour. At the ultimate load, there are various cracks and the most extreme 

split lengths for the example of BFRC is developed up to around 90 mm as shown in 

Figure 2(b). For observation of fibre failure, specimens of BFRC are deliberately 

broken into two pieces after the ultimate load application.  

 

Figure 2: Split-tensile behaviour of PC and BFRC (a). split tensile strength versus time,  

and (b). crack development  

 

3.2 Split-tensile strength (SS), split-tensile energy absorbed before crack (SE1) and 

split-tensile toughness (SET): 

 

For computing the split-tensile strength (SS), the peak load value from split-tensile load 

versus time curve is utilized according to ASTM standard. For split-tensile absorbed 

energy before crack (SE1) calculation, the portioned part of area under split-tensile load 

versus time curve up to the first crack load is utilized. Similarly, the split-tensile energy 

absorbed after crack (SE2) is computed by using the area under split-tensile load versus 

time curve from the first crack load to the peak load. Splitting-tensile absorbed energy 

up to the peak load (SE) is taken as the entire area under split-tensile load-time curve 

from zero to the peak stress. Splitting-tensile toughness (SET) is taken as the ratio of 

the splitting tensile absorbed energy up to peak load to the splitting-tensile energy 

absorbed before crack (SE/SE1). 

 PC BFRC 
F

ir
s
t 

c
ra

c
k

   

C
ra

c
k
 a

t 
m

a
x
i.
 

lo
a

d
 

  

C
ra

c
k
 a

t 

u
lt
im

a
te

 l
o

a
d
   

0

0.4

0.8

1.2

1.6

0 2 4 6 8 10
Time (sec)

BF

Ré

a. 

B
ri
d

g
in

g
 e

ff
e

c
t 
d

u
e

 t
o
 f

ib
re

s 

b. 



1st Conference on Sustainability in Civil Engineering, August 01, 2019,  

Capital University of Science and Technology, Islamabad, Pakistan. 

82 

 

Table 1: SS, SE1, SE2, SE, SET of PC and BFRC 

Parameter 
Concrete type 

PC BFRC 

SS (MPa) 1.43 0.83 

SE1 (kN.s) 176.67 18.8 

SE2 (kN.s) 0 118.3 

SE (kN.s) 176.67 137.1 

SET 1 7.29 

 

The split-tensile strength SS of PC and BFRC are 1.43 MPa and 0.83 MPa respectively, 

which means the split tensile strength of the BFRC is decreased by 42% in comparison 

with PC. The comparison of SS, SE1, SE and SET is shown in Figure 4. BFRC showed 

decreased results in results of SS, SE1 and SET for BFRC in contrast with PC by 42%, 

90% and 33% respectively. The split-tensile toughness of BFRC showed extreme 

increase in its value as compare with PC. 

Figure 3: Comparison of SS, SE1, SE and SET of PC and BFRC 

 

4. KEY ASPECTS FOR USING BFRC IN CONCRETE ROADS: 

Shrinkage-crack propagation in concrete pavements can be bonded with different 

factors which include shrinkage, penetration of water, and tensile strength etc. Due to 

volumetric changes, shrinkage cracking results, which can be eliminated, if the split- 

tensile strength of concrete is greater than the tensile stresses induced by volumetric 

changes due to shrinkage. It depicts that shrinkage cracking can be controlled by tensile 

strength of concrete. Bending stresses in concrete structures are introduced by 

differential settlement in these structures. Similarly, cracks due to bending stresses 

would be controlled if bending strength of the concrete is greater than these stresses. 

Therefore, bending strength of the concrete is also needed to highlight in controlling 

cracks. In order to avoid formation of severe distresses in concrete pavements, it is 

necessary to increase the absorption, toughness and energy absorbed after ultimate 

loads of concrete. For reducing the rate of cracking in concrete pavements, it is essential 

to investigate materials by means of less shrinkage in addition with better mechanical 

properties (tensile strength, flexural strengths and toughness). 

Experimental behavior of PC and BFRC to reduce the rate of shrinkage cracking is 

inspected, in the current study. When contrasted with that of PC, the BFRC 

demonstrates ineffective results in split-tensile strength SS, split-tensile energy 

absorbed before crack SE1, total split-tensile energy absorbed SE. An extreme 

enhancement in SET is seen when contrasted with that of PC. Though, the split-tensile 

strength of BFRC is not found sufficiently effective but the increased toughness of 
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BFRC can help in reducing propagation of shrinkage cracking which ultimately will 

stop different distresses in concrete pavements. 

 

Figure 4: Fibre behavior in broken test specimen 

 

BFRC gives a bridging effect while failing, hence changing the failure mode and 

pattern. Figure 4 shows fibre pull out and fibre de-bonding. It is observed that, nearly 

70% of fibres are pulled out and that of 30% are broken on the broken surface of 

specimen. The pulled out observed in broken specimen is due to lesser bond strength 

between banana fibres and concrete matrix. The reason can be that fibres were not 

properly dispersed while mixing 
 

5. CONCLUSIONS: 

 

This study highlights the usage of banana fibre reinforced concrete to avoid shrinkage-

crack propagation in rigid pavements. Mix design of 1:2:4 with water cement ratio 0.6 

was adopted to prepare PC and BFRC specimens. BFRC specimens included banana 

fibres of 5 cm length. Split-tensile behaviour of samples was judged. Following 

conclusions can be drawn from the conducted study: 

¶ The increased toughness value of BFRC can help in controlling the propagation 

of early age shrinkage cracking in concrete pavements. 

¶ The bridging effect of BFRC prevented the shrinkage cracks from getting deep 

under increased loading during testing. BFRC specimen did not break into two 

pieces like PC specimen. 

 

The results show a potential in BFRC to be used for mitigation of shrinkage cracks in 

concrete roads. It is recommended that, mechanical properties of BFRC in addition with 

so other strengthening admixtures and its usage as a commercial product should be 

explored in depth. 
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Abstract 
In this growing era of advancements and infrastructural growth, concrete has become 

one of the most utilized construction material across the globe. The environmental 

issues may be caused by direct discarding waste materials into the environment. Waste 

materials are now being employed to develop eco-friendly products and can be directly 

used as effective additives in many materials to develop efficient characters and 

durability in them. Stone slurry and solid marble waste are the two most produced waste 

materials of Metamorphosed limestone industry. Because of growing inflation in prices 

of raw materials researches are being made to replace the expensive materials with a 

low cost or waste materials in order to achieve eco-friendly yet cost-effective materials. 

In this paper, cement is being replaced by the metamorphosed limestone powder, burnt 

clay pozzolana, and wood ash. The tests are carried out for concrete developed in 

combination with the replacement of 0, 5, 10, 15 and 20% cement by metamorphosed 

limestone powder, burnt clay pozzolana, and wood ash. The main focus of the current 

study is to effectively identify the optimum range of percentage replacement that can 

be practically useful to achieve high-performance mechanical properties of concrete. 

Keywords: Concrete; Waste Materials, Cement; Mechanical Properties; Strength 

 

1. INTRODUCTION:  

 

Concrete is an amalgamated material prepared with cement, sand, aggregates, 

admixtures or superplasticizers and water. In concrete, cement is used as a binder to 

hold the aggregates while fine aggregate (sand) acts as a filler material to increase the 

density of concrete and water is used to hydrate the cement(Coo & Pheeraphan, 2015). 

The effective properties of cement paste in concrete decides the efficient behaviour of 

concrete. In order to prepare a durable , low cost yet high-performance concrete many 

studies are being conducted around the globe to explore this particular aspect 

(Almusallam, Beshr, Maslehuddin, & Al-Amoudi, 2004). Numerous new skyscrapers 

strengthened bond solid structures have utilized cement with a compressive quality of 

more than 100 MPa. With increased usage of high-quality concrete, comprehensive 

research work has been conducted on base mechanical properties of concrete.  

Research pertaining to the use of waste materials which are the by-products produced 
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by different manufacturing processes to enhance the properties of concrete. It clearly 

shows the fact that human activities in different aspects of production and usage create 

a very strong impact on procuring waste materials in significantly higher volumes more 

than 2500 MT per year. Different detailed studies prove the fact that these waste 

materials are way more profitable in usage nature if treated properly to utilize in 

effective ways. The solid wastes are one of the most prominently produced wastes that 

may include silica fume, fly ash, blast furnace slag, burnt clay pozzolana, 

metamorphosed limestone powder, wood ash and waste construction materials. These 

waste materials are used to improvise the strength of concrete, workability behaviours, 

increase the water tightness, and to reduce the heat of hydration and significant thermal 

shrinkage for concrete.  

The civil engineers are primarily concentrating to develop the advanced concrete to 

enhance the service life of the structures and provide satisfactory performance under 

different climatic conditions. In the past, the proper disposal of such industrial waste 

materials was indeed one of the significant environmental issues across the world 

(Aliabdo, Elmoaty, & AbdElbaset, 2015). But now the engineers are utilizing them for 

plausible purposes. The fundamental objective here is to study the suitability of the 

metamorphosed limestone powder, burnt clay pozzolana and wood ash as pozzolanic 

materials to replace the cement by weight up to a certain amount in concrete. However, 

it is anticipated that the employ of metamorphosed limestone powder, burnt clay 

pozzolana and wood ash in concrete improves the base mechanical properties of 

ordinary concrete.  

These pozzolanas are verily considered as effectively acting source materials to be used 

for the partial replacement of bonder in concrete. While Mineral Additives are also 

known as Pozzolanic Materials. They are the natural residues of different processes and 

they can fulfill our demands and can be replaced with chemical admixtures. Pozzolanic 

materials are: (i) Natural Pozzolanas (Shales and Clay, Cherts, Diatomaceous Earth and 

Pumicites and Volcanic Tuffs) (ii) Artificially existing Pozzolanas (Metamorphosed 

limestone powder, Burnt clay pozzolana, Wood Ash, Slag (GGBFS), Fumes of silica, 

Rice Husk and commonly available Metakaolin).  

These improve numerous characteristics of concrete, for example, these reduce the 

warmth of hydration and warm shrinkage, effectively increases the water snugness 

impact , reduces the plane soluble base total response, improvises the protection from 

assault by sulphate soils and ocean water, elevates the potential extensibility, lowers 

the defencelessness ability towards the disintegration and filtering, improvises efficient 

workability and lowers the gross costs (Agarwal, 2006; Aliabdo, Elmoaty, & Auda, 

2014; Cheah & Ramli, 2011; Coo & Pheeraphan, 2015; Ergün, 2011; Kiran & Sharma, 

2017; Krishnasamy & Palanisamy, 2014; Mansoor et al., 2018; Mohamed, 2011; Omar, 

Elhameed, Sherif, & Mohamadien, 2012; Puri & Srinivasan, 1959; Ranjan, Srivastava, 

& Kumar, 2015; Shirule, Rahman, & Gupta, 2012; Siddique, 2007, 2012; Siddique & 

Klaus, 2009; Torkaman, Ashori, & Momtazi, 2014; Turk, Karatas, & Gonen, 2013; 

Vardhan, Goyal, Siddique, & Singh, 2015).That is why these materials have been tested 

by researchers as partial replacement to cement and sometimes sand/filler as well. 

In this study, three different waste materials have been tested for strength performance 

of concrete as a replacement of a binder i.e. cement. This procedure is designed to 

utilize the sustainable waste management in the field the of construction materials as 

well. 
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2. EXPERIMENTAL PROCEDURES:  

 

2.1 Mechanism 

 

Usage of different wastes in concrete and enhancing the base mechanical properties of 

concrete helps to produce eco-friendly yet efficient structures. Usage of waste marble 

powder, wood ash, and burnt clay pozzolana was explored the an aspect of strength 

improvisation by replacement of cement in varying percentages of the volume of 

cement being used. Cement has been tested to be by using M25 grade concrete in 

combination with the replacement of 0, 5, 10, 15 and 20% cement by metamorphosed 

limestone powder, burnt clay pozzolana, and wood ash. It improvised the binder 

properties and effectively reduced the usage of cement. Addition of pozzolana clay 

allows better binding properties to prevail leading to achieve higher strengths and low 

cracking concerns. Wood ash was finely ground to powder in order to achieve required 

consistency to be utilized in concrete. Fine powder of wood ash serves as replacement 

of vital ingredients of concrete.  In this way, we can develop fine quality, durable and 

all above sustainable Eco-friendly concrete building blocks. After the development of 

concrete, the mechanical properties of concrete were tested to understanding the 

strength behaviour of concrete. 

 

2.2 Materials 

 

Across Pakistan large volumes of metamorphosed limestone powder, burnt clay 

pozzolana and wood ash are generated that went untreated into river waters or landfills. 

Similarly, there is a large industry of brick production in Pakistan that produces tons of 

wastages per day across the country. Utilization of wood ash is also an efficient 

improvisation in concrete that renders finely reliable characters to concrete. All these 

materials were analyzed for detailed properties and their respective behaviors as shown 

in Table.1. 

Table 1. Properties of utilized Cement & Additives 

Materials  Fineness Consistency Initial 

setting 

time 

(min utes) 

Final 

setting 

time 

(minutes)  

Compressive Strength 

(MPa) 

3 days 7 days 

CEM 4% 32% 60 265 16.29 23.14 

MLSP 6.85% 34% 75 275 9.73 14.89 

BCP 5.6% 30% 45 255 12.08 17.41 

WA  7.49% 28% 40 225 8.67 11.93 

 

2.3. Testing 

 

The use of materials like metamorphosed limestone powder, burnt clay pozzolana and 

waste wood ash in the production of concrete had been presented in this paper. Waste 

materials that were to be added were analysed for their base properties like consistency 

measures, fineness, and sieve analysis were conducted before the utilization of these 

materials. For the understanding the impact of cement replacement with these materials 

on strength of concrete, three major mechanical properties were to be tested that are 

explained as under: 

 



1st Conference on Sustainability in Civil Engineering, August 01, 2019,  

Capital University of Science and Technology, Islamabad, Pakistan. 

88 

 

2.3.1. Compressive Strength 

The 7, 28 days of curing led to the compressive strength of concrete (ASTM C 39) 

using burnt clay pozzolana at 10% by weight in place of cement to be effectively greater 

than the normal compressive strength achieved by ordinary concrete. While in all other 

cases, the compressive strength of concrete using metamorphosed limestone powder, 

burnt clay pozzolana, and wood ash at different proportions (5, 10, 15 and 20%) by the 

weight as a replacement of cement that was lesser than the effective compressive 

strength of normal concrete. Compressive strength is evaluated by using the following 

formula: 

 
Compressive Strength (MPa) = P/A, (1) 

Where, 

P = compressive load at failure (N) 

A = cross-sectional area of cylinder, (mm²) 

2.3.2. Tensile Strength 

The 7- and 28-days tensile strength of concrete (ASTM C 496) using burnt clay 

pozzolana at 10% by weight in place of cement was greater than the tensile strength of 

normal concrete. While in all other cases, the effective tensile strength of modified 

concrete using metamorphosed limestone powder, burnt clay pozzolana, and wood ash 

at different proportions (5%, 10%, 15%, and 20%) by weight in place of cement was 

lesser than the tensile strength of normal concrete. In general, the tensile strength of the 

cylinder is 10% of its compressive strength. The effective tensile strength of concrete 

can be evaluated by the following formula: 

 
Tensile Strength (MPa) = 2P/ˊDL, (2) 

Where, 

P = compressive load at failure (N) 

L = length of the cylinder (mm) 

D = diameter of the cylinder (mm) 

2.3.3. Flexural Strength 

The flexural strength of concrete(ASTM C 78) using metamorphosed limestone 

powder, burnt clay pozzolana, and wood ash was higher than flexural strength of normal 

concrete when cement is replaced by weight up to 15% and the flexural strength was 

reduced by adding further metamorphosed limestone powder, burnt clay pozzolana and 

wood ash. The flexural strength is computed by the following formula: 

 Flexural Strength (MPa) = 3Pl/bd2, (3) 

Where, 

ὖ = total load at failure point (N) 

ὰ = effective beam span between supports (mm) 

ὦ = total width of beam (mm), Ὠ = measured depth of beam 

Flexural strength can also be computed as: 

 flexural strength (MPa) = 0.7ãfcË, (4) 
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3. RESULTS: 

 

3.1. Performance Analysis 

 

In the current effectively conducted evaluation of mechanical properties the maximum 

compressive strength is achieved at 7 days for 10% replacement level of burnt clay 

pozzolana with cement so this is considered as optimum replacement level and the 

optimum gained strength is 13.50 MPa after 10% replacement while the compressive 

strength of specimen at control mix i.e. 0% replacement level was 12.26 MPa. For 

effective compressive strength of the cylinder specimen at 28 days, the maximum 

strength is achieved for 10% replacement level of burnt clay pozzolana with cement so 

this is considered as optimum replacement level and the optimum gained strength was 

18.21 MPa after 10% replacement while the compressive strength of specimen at 

control mix i.e. 0% replacement level was 15.91 MPa as shown in Fig.1. In case of the 

tensile strength of cylinder specimens cured at 7 days, we have the strength of 1.165 

MPa at the control mix i.e. 0 % replacement level while the maximum tensile strength 

was 1.25 MPa at 10% replacement level of burnt clay pozzolana. For the tensile strength 

of cylinder specimens cured at 28 days, we have the strength of 1.58 MPa at the control 

mix i.e. 0 % replacement level while the maximum tensile strength was 1.67 MPa at 

10% replacement level of burnt clay pozzolana as shown in Fig.2. For the flexural 

strength of beams, the maximum 7 days strength was achieved for 5% replacement level 

of burnt clay pozzolana with cement which is 3.36 MPa while the flexural strength of 

beam specimen at control mix i.e. 0% replacement level was 2.62 MPa. For the 

effective flexural strength parameter of casted beams at 28 days of curing, the 

maximum strength was achieved for 5% replacement level of metamorphosed 

limestone powder with cement which was 4.58 MPa while the flexural strength of beam 

specimen at control mix i.e. 0% replacement level was 3.38 MPa as shown in Fig.3. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Compressive strength of Concrete Cylinder (MPa) under 7 days and 28 days 

curing 
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Figure 2. Tensile strength of concrete cylinder (MPa) under 7 days and 28 days curing 

 

 

Figure 3. Flexural strength of concrete cylinder (MPa) under 7 days and 28 days 

curing 

3.2 Analysis of Factors 

 

During the analysis major focus was to find the replacement material for cement as it 

is a costly material and need manufacturing process while industrial wastes are the 

available raw materials. To investigate the impact of the change of additive and 

replacing it with cement needs further confirmation before deciding about the 

commercial use of the additives. To further deep analysis a relationship has been built 

via contour plots which are basically between ratios. Compressive/Tensile strength 

ratios and Flexural/Tensile strength ratio have been plotted against the types of 

additives. From Plot (Fig.4.a) we can observe that the highest strengths are with cement, 

but only dominant replacement is additive 3 (i.e. BCP) is true alternative. Similarly, in 

Plot (Fig.4.b) again clear dominance can be observed by additive 3(i.e. BCP). 

 



1st Conference on Sustainability in Civil Engineering, August 01, 2019,  

Capital University of Science and Technology, Islamabad, Pakistan. 

91 

 

  

(a) (b) 

Figure 4. Contour Plot: (a) Comp/Tens Vs Type of Additives (b) Flex/Tens Vs Type 

of Additives 

4. CONCLUSIONS: 

 

Concrete is one of the most used materials in construction industry comprises of 

cement, sand, aggregates, and water as major ingredients. For centuries it is under 

discussion that what are the major influencing factors which contributing the strength 

of concrete. Research has started by testing its mechanical to physical properties and 

later fresh and hardened properties. Sometimes it tends to physics and everything is led 

by forces and revolving terms are stress and strain. Sometimes it starts with chemistry 

like chemical reactions. In this research focal point is a replacement is of cement as 

from all ingredients cement is one of the costly items and need an industrial production. 

Cement has been tested by incorporating it in the concrete ineffective combinations of 

replacements ranging from 0, 5, 10, 15 and 20% of used cement by metamorphosed 

limestone powder (MLP), burnt clay pozzolana (BCP), and wood ash (WA). These 

three materials are usually considered industrial waste are available at a lower cost than 

that of cement. For effective compressive strength of the cylinder specimen at 28 days, 

the maximum strength is achieved for 10% replacement level of burnt clay pozzolana 

(BCP) with cement so this is considered as optimum replacement level and the optimum 

gained strength was 18.21 MPa after 10% replacement while the compressive strength 

of specimen at control mix i.e. 0% replacement level was 15.91 MPa. For the tensile 

strength of cylinder specimens cured at 28 days, we have the strength of 1.58 MPa at 

the control mix i.e. 0 % replacement level while the maximum tensile strength was 1.67 

MPa at 10% replacement level of BCP. For the effective flexural strength parameter of 

casted beams at 28 days of curing, the maximum strength was achieved for 5% 

replacement level of MLP with cement which was 4.58 MPa while the flexural strength 

of beam specimen at control mix i.e. 0% replacement level was 3.38 MPa. Although 

the highest strengths are with cement, only dominant replacement is MLP but BCP was 

found satisfactory in all three-test condition. This study can help in the construction of 

concrete structure like rigid pavements which are saved and need rough construction 

pattern. In case of 100 km of long road a large quantity of cement can be saved by 

applying 15% replacement of cement with MLP or 10% replacement of cement with 

BCP. It can be successful as loading conditions for rigid pavement roads are different 

than that of building and structures. 
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Abstract 
Carbon Nano Tubes adhere together due to strong Vander wall forces, so it is inevitable 

to disperse Carbon Nano Tubes before using them in the cement matrix. In this paper, 

the dispersion of MWCNTs with Arabic gum, Polycarboxylate ether (PCE) based 

superplasticizer and both acting concurrently are described. The initial sonicated 

suspensions were too concentrated; they were diluted according to Lambert beer law to 

molarity of 0.18, 0.14 and 0.1mg/ml. Ultra Voilet-Visible spectrophotometry technique 

was used to check the dispersion of diluted samples. The peak absorbance values of 

Arabic gum, superplasticizer, and their synergistic suspension were measured 

respectively and a graph of these different surfactants was plotted according to Lambert 

beer law which depicts maximum dispersion in case of synergistic suspension of both 

surfactants. 

Keywords: Multi -walled carbon nanotubes, Ultraviolet-visible spectrophotometry, 

Dispersion, Surfactants, dilution. 

 

1. INTRODUCTION:  

 

Carbon nanotubes are held by high Vander wall forces making it inferior soluble in 

water or organic solvent, resulting in difficulties in the preparation of stable carbon 

nanotube dispersions. There are many methods used to achieve dispersions like 

mechanical dispersion (Elias et al., 2005), ultrasonic dispersion (Liang & Li, 2015), 

chemical modification (Ou et al., 2009), dispersants (Yurekli, Mitchell, & 

Krishnamoorti, 2004), polymer coating method (Star et al., 2001), and metal coating 

method (Lordi, Yao, & Wei, 2001), of which the chemical treatment and ultrasonic 

process will cause damage to the structure of carbon nanotubes (Lu et al., 1996). 

Depending on the available equipment and needs, the researcher may use any one or 

combinations of any prior mentioned methods for dispersion of carbon nanotube. 

Furthermore, any kind of surfactant may be used to help in breaking the pi-pi bond 

between each layer and keep the individual layer stable. 

A homogenous suspension of carbon nanotubes is inevitable for the reinforcing action 

of carbon nanotubes in the cement mortar. However due to strong van der wall forces 

in the carbon nanotubes due to its high surface area causes the CNTs to agglomerate 

together and adhere to form bundles in the matrix, originated from there polarizable 

extended pi-electron systems. Different techniques are used to disperse carbon 

nanotubes in the aqueous medium, such as the use of solvents, surfactants, 

functionalization with acids, amines, fluorine, plasma, microwave, moieties, and non-
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covalent functionalization. CNTs form agglomerates due to the adhesion between them 

which is caused by strong Vander wall forces in between the tubes. Surfactants have 

two characteristic features they adsorb on the interface of the CNTs and self-

accumulation into a supramolecular structure.(Vaisman, Wagner, & Marom, 2006).In 

contrast to covalent sidewall functionalization, the noncovalent can immobilize the 

organic molecules on the sidewalls of the nanotubes without destroying the geometric 

and electronic structure of the carbon nanotubes(Zhao, Lu, Han, & Yang, 2003). 

The most common method of dispersion employed these days is the use of chemicals 

in the form of surfactants in conjuncture with ultrasonic energy (Parveen, Rana, & 

Fangueiro, 2013). However, these chemicals must be very carefully selected as they 

may sometime interfere with hydration kinetics of cementitious matrices. Various 

cationic, anionic and non-ionic surfactants have been explored to evaluate their 

influence on the dispersion of functionalized and unfunctionalized MWCNTs.Arabic 

gum has also been effectively used as a surfactant to disperse the CNTs. W.Rashmi 

(Rashmi et al., 2011) reported in his work that significant dispersion of the CNTs can 

be achieved by the use of Arabic gum as a dispersing agent. They used CNTs 0.01-

0.1% by weight of water and Arabic gum in the concentration of 0.25-5% by weight of 

water. Dispersion can also be achieved by the use of chemical admixtures. 

Superplasticizer (polycarboxylate based) is commonly used to achieve enhanced 

workability can also act as an effective dispersant of carbon nanotubes (Collins, 

Lambert, & Duan, 2012). Ultraviolet-visible spectroscopy (UV-vis spectroscopy) 

shows a clear difference in dispersion capability of different surfactants. The behavior 

of dispersion may be governed by the chemical interaction of CNTs and surfactants and 

electrokinetic properties (Parveen et al., 2013).  The phenomenon of proper dispersion 

of CNTs with the help of a surfactant is also reported by (Sasmal, Bhuvaneshwari, & 

Iyer, 2013). It is evident from the above discussion that not much work has been done 

on the dispersion of CNTs in the combination of two or more surfactants. In this 

research, we try to evaluate the different suspensions containing surfactant individually 

and their synergistic effect based on their UV-vis spectra.  

 

2. MATERIALS:  

 

The CNT was purchased from SAT nanotechnology material CO. LTD. The properties 

of carbon nanotubes are listed in table1. Arabic gum was purchased from the local 

grocer and later on, was passed through sieve # 200. Similarly, Polycarboxylate ether 

based superplasticizer (master polyheed 996) conforming to ASTM C-494 and acacia 

gum was used for dispersion mechanism. The detail properties of acacia gum and 

superplasticizer are listed in table 2 and table 3. 

 

Table 1: Properties of CNTs. 

Test items Dia. Length Appearance Surface 

Area 

Ash Fe Al  M 

Test results 10-20nm 10-

30um 

Blackpowder 90-

350m2/g 

<2% 0.4% 0.5% 0.2% 
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Table 2: XRF of Arabic Gum 

Analyte CaO K2O Fe2O3 SO3 MnO F2O5 CuO TiO2 ZnO SrO Rb2O 

Result(%) 49.748 28.114 8.441 5.108 5.001 1.088 1.009 0.679 0.403 0.258 0.150 

Table 3: properties of SP. 

Form  color density PH value Chloride content 

Light Light Yellow 1.08± 0.02 Ó6 Chloride free  

 

2.1 Sample preparation.  

 

To measure the comparative dispersion of two different surfactants and the combination 

of these surfactants.  Three different composites were made, MWCNTs to water ratio 

was 0.2% in every composition. In the case of Arabic gum and superplasticizer 

individual compositions, the ratio of MWCNTs to surfactant was 1:4, while in the case 

of the combination of both surfactants the ratio was 1:4:4. In which 1 represent 

MWCNTs and 4 represent Arabic gum and superplasticizer consecutively. The 

compositions were placed on a magnetic stirrer for 10 minutes. After dispersing the 

samples with a magnetic stirrer, further dispersion was carried out with the help of a 

bath sonicator. The samples were placed in the bath sonicator for 1 hour. After 

sonication, the samples were diluted, and the diluted samples were placed in a 

spectrophotometer in quartz cuvette to check the absorbance value. The detail process 

of mixing can be seen in Figure 1. 

  
Figure 1: (a) Stirrer mechanism; (b) Bath sonicator 

 

3. RESULTS AND DISCUSSIONS: 

 

3.1  Effects of dilution: 

The comparative degree of dispersion MWCNTs in an aqueous medium can be judged 

by the measurements of the UV-Vis spectra of the dispersions since multiwall CNTs 

show characteristic bands in the UV region(Miyata, Mizuno, & Kataura, 2011; Saito, 

Fujita, Dresselhaus, & Dresselhaus, 1992). In Ultra Violet-Visible spectrophotometry, 

the measured absorbance at a specific wavelength can be related to the degree that how 
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much Carbon Nano Tubes are dispersed (Grossiord, Regev, Loos, Meuldijk, & Koning, 

2005; Grossiord, van der Schoot, Meuldijk, & Koning, 2007). the three different 

suspensions after the sonication process were taken for the Ultra Violet-Visible 

spectrophotometry. The composites were too concentrated that's why they were diluted 

according to Lambert beer law. Each sample was diluted to get the molarity of 0.18, 

0.14 and 0.1mg/ml. quartz cuvette was used because plastic and glass cuvettes don't 

give significant results in the UV region. The results are shown in  Figure 2. 

 
 

 

Figure 2: Absorbance spectra of the aqueous solution of CNTs in the presence of, (a) 

Arabic gum, (b) superplasticizer and (c) Combination of Arabic gum and 

superplasticizer. 

3.2  Effect of surfactants: 

From the Lambert beer law equation, the graph for each sample (Arabic gum, 

superplasticizer, and their combination were plotted). This graph shows the absorbance 

at 0.18, 0.14 and 0.1mg/ml. The straight line of Arabic gum and superplasticizer is 

showing maximum slope and depicts maximum absorbance. 
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Figure 3: Absorbance spectra at different concentration.   

In this study, different surfactants individually and there combined action on the 

dispersion of MWCNTs in aqueous medium was monitored using the technique of UV-

, Visspectrophotometry. From the results, it is quite evident that when both of the 

surfactants, Arabic gum and superplasticizer were used concurrently the absorbance 

value was maximum which is a sign of thorough dispersion in comparison to individual 

action of both surfactants. It can be because of the reason that both surfactants 

rigorously disperse the MWCNTs, overcoming the Vander wall force. Moreover, the 

relation between dilution and absorbance in the spectrophotometry is also shown which 

shows the direct relationship between the concentration and absorbance 

 

4. CONCLUSION:  
 

To the authorsô knowledge, both of these surfactants had not been used together to 

disperse carbon nanotubes. The current findings do not only add up to the growing body 

of the literature on multiwall carbon nanotubes dispersion but also confer the 

opportunity to perform further extra functionalization steps due to the carboxylate 

reacting group facing the surface. Further, this study concludes that, the peak value at 

362 nm wavelength and molarity of 0.18 mg/ml depicts that on comparison synergic 

composition of both surfactants gives maximum dispersion. 
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Abstract 
Waste materials and some industrial by-products are hazardous to environment and 

health of living beings. But many of these waste materials can be recycled or reused. 

Some of these can be used in concrete as a construction material, that can reduce land 

filling expenses and protect the environment from injurious effects. In this study, 

natural fine aggregates were replaced with steel mill scale, which is produced as a waste 

material in steel industries. A detailed experimental study was carried out to determine 

the effect of replacement of fine aggregates in high strength concrete with steel waste. 

Three grades of fine aggregates and steel waste were used for attaining optimum 

packing density. Compressive strength test was conducted on specimens with varying 

steel waste content. Flow and dry density tests were also performed on these mixes. It 

was observed that an increase in the percentage of steel scale waste increased the flow 

as well as the dry density of the concrete mixtures. The compressive strength of 

concrete mixtures also increased due to steel scale waste content up to a certain 

percentage.  

Keywords: Steel scale waste, recycling, packing density, compressive strength test. 

 

1. INTRODUCTION : 

 

The increase in population, development of industries and escalation of consumerism 

have produced a rapid growth in the production of waste materials. Some of the waste 

materials can be reused or recycled or can be used as a raw material in different 

productions, whenever it is possible. Iron and steel industries are the main producer of 

steel scale waste (SSW) [Furlani and Maschio]. Steel mill scale is produced in all steel 

industries but only small fraction is used in Pakistan. Previously, in Pakistan, mill scale 

was also exported to China, but now huge amount of this waste material is being 

dumped as a landfill. Land-filling is not a suitable solution because some of the portion 

of this metallic waste leaches into the groundwater, thus deteriorating the environment. 

On the other hand, natural resources are depleting day by day due to the development 

of construction industry. Therefore, we need to look for an alternative of the natural 

materials in concrete. Limited researches have been conducted on the use of steel mill 

scale in concrete. Pradip et al. (1990) determined the effects of steel mill scale in the 

production of cement mortar. Al-Otaibi (2008) used the SSW as aggregate replacement, 

where the effect of SSW on concrete was observed by replacing it in percentages of 



1st Conference on Sustainability in Civil Engineering, August 01, 2019,  

Capital University of Science and Technology, Islamabad, Pakistan. 

101 

 

0%, 20%, 40%, 50%, 70% and 100%. Compressive strength tests were conducted at 

3,7 and 28 days. It was seen that compressive strength increased with up to 40% 

replacement. Moreover, reduction in drying shrinkage was observed. Another study 

determined by Pereira et al. (2011) concluded that greater water content is required in 

order to maintain the workability of the mix. It was seen that concrete mix having 

water/cement ratio of 0.55 and 0.65 resulted in high water consumption and greater 

compressive strength. 

The significance of this study is to use steel mill scale as replacement of sand, providing 

an environment friendly solution for waste management. It will help prevent natural 

resources from further depletion. The objective of this study is to evaluate the effects 

of partial as well as full replacement of natural fine aggregates with steel mill scale 

waste on the mechanical properties of high strength concrete (HSC). Combination of 

different grades of SSW and fine aggregates which gave the highest packing density 

are used for preparing concrete mixtures. Flow, hardened density and compressive 

strength of the concrete samples are tested. 

 

2. METHODOLOGY : 

 

Steel mill scale filler was collected and separated into different grades. The optimum 

packing density of steel mill scale was determined and a suitable mix design was 

developed for the optimum mix. Compressive strength test, hardened density test and 

flow table tests were conducted according to ASTM specifications. 

 

3. MATERIAL PROPERTIES : 

 

Commercially available Fauji brand ordinary Portland cement (OPC Type-I) was used. 

Silica fume and quartz powder were added as 25% and 40% of OPC to prepare HSC. 

Locally available sand was used as a fine aggregate. SSW of different grades was 

prepared by sieving (similar to fine aggregates). Fine aggregates/SSW were divided 

into three different grades i.e., Grade I (2-1.18mm), Grade II (1.18-0.6mm) and Grade 

III (0.6-0.075mm). Particle density (PD) of various combinations of these grades were 

checked and the combination with the highest packing density (PD) was used in the 

mix composition. Super-plasticizer was used to increase workability of the concrete. 

 

 
Figure 1: Determination of packing density using vibrating table 

 

3.1 Mix compositions:  
 

It was observed that G1G3 combination of fine aggregates resulted in the highest PD 

for both sand and SSW. Based on the PD results, G1 (50%) and G3 (50%) of sand/SSW 
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were used for final HSC mix. First mix was prepared with 100% sand (0.5 G1 & 0.5 

G3). Then sand was replaced with SSW (0.5 G1 and 0.5 G3) by 20%, 40%, 60%, 80% 

and 100%. w/c ratio of 0.22 was used for all mixtures. Flow of all concrete mixes was 

tested as per ASTM C-1437. Concrete specimens (2òx2ò) of all mixes were cast and 

cured as per standard specification. After curing, dry density of concrete specimens was 

checked and later on samples were subjected to compressive strength test. 

 

 
Figure 2: Samples of HSC before compressive strength testing 

 

4. RESULTS AND DISCUSSION: 

 

4.1 Flow table test: 

 

Figure 3 shows the comparison of flow of HSC made with various combinations. It was 

observed that flow increased with the increase in SSW content in the HSC due to the 

reason that SSW absorbs less water as compared to sand. Mixture with 100% sand 

exhibited flow of 195mm and it increased up to 235mm for the mix in which sand was 

totally replaced by SSW (S0 SSW100). Mixtures with the varying replacement 

percentages have the flow in between 195mm and 235mm 

 

 
Figure 3: Flow of various HSC mixtures waste 

 

4.2 Dry density test: 

 

The dry density test was performed as per ASTM C138 after 28 days of curing. Figure 

4 shows that the increase of SSW content increased the dry density of the HSC, due to 

higher specific gravity of SSW as compared to the natural fine aggregates.  The control 

specimen exhibited a dry density of 2427 kg/m3 and the mixture with 100% SSW 
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showed around 17.5% increase in dry density as compared to the control specimen. 

Therefore, SSW increased the weight of the concrete. 

 
 

Figure 4: Dry densities of various HSC mixtures at 28 days 

 

4.3 Compressive strength test: 
 

Figure 5 compares the 28 days compressive strength of control mixture (S100SSW0) 

and mixtures containing SSW as a fine aggregate in different proportion. It was 

observed that the compressive strength increased with the addition of SSW up to 40% 

replacement, which was the optimum level. S60SSW40 experienced 27% increase in 

the compressive as compared to the control mix. After 40% replacement level, although 

the compressive strength started decreasing, still the mixture prepared with 100% sand 

replaced with SSW (S0SSW100) exhibited 1.8% higher strength than the control mix. 

The higher compressive strength in the case of steel slag mixtures can be attributed to 

higher density of these mixtures. 

 
Figure 5: Percentage compressive strength of concrete mixtures 

 

5. CONCLUSIONS: 

 

Following conclusions can be withdrawn from this study: 

 

¶ Due to different sizes of fine aggregates, varying packing densities were 

observed.  

¶ Flow of concrete mixture increased as percentage of steel scale waste increased. 
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¶ With the addition of SSW content in mixture, increase in dry density was 

observed.  

¶ Optimum compressive strength was observed at 40% replacement of sand with 

SSW. 

¶ 100% replacement of sand with SSW exhibited comparable compressive 

strength with the control mix. 

 

6. FUTURE RECOMENDATIONS:  

 

Any future work in the same direction should also consider deriving stress-strain plot 

for the compression test on concrete cylinders. 
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Abstract 
Concrete is a fundamental constitute of construction industry across the globe. The bulk 

of concrete is made up of aggregates, hence structural behaviour of concrete 

significantly relies on the quality and properties of aggregates. This paper presents best 

combination of fine and coarse aggregates that yields the maximum compressive and 

tensile strength. A research is carried out on coarse and fine aggregates from different 

sources in Pakistan. Primary laboratory analysis was conducted to establish the 

suitability of the aggregates from various sources in construction work. Tests conducted 

include sieve analysis, bulk density, and specific gravity. Nominal mix (1:2:4) was 

adopted for this work and mix compositions were calculated by absolute volume 

method were cast to compute the compressive strength to be monitored at 28 days. Test 

result show that concrete made from has the highest workability followed by and 

crushed granite aggregates. Experiments were conducted on eighteen different 

combinations concrete and a constant W/C ratio of 0.59 for each batch sample. Highest 

compressive strength at all ages was noted with concrete made from Margallah crush 

with blend of 50% Lawrencepur sand and 50% Kashmore sand. Also, the combination 

of Haripur crush with Kashmore sand yields second best value. A common practice is 

to mix Chenab sand with Lawrencepur sand to attain good strength and workability. 

Keywords: Concrete, Aggregate, Potential Sources in Pakistan, Strength. 

 

1. INTRODUCTION:  

 

Concrete is composed of the combination of cement, coarse aggregate, fine aggregates 

and water. It can be said that concrete is a combination of a material that consists of a 

binding medium which are embedded particles of aggregates (Li, 2011). Moreover, it 

is most economical construction material, good in compression, durable and good fire 

resistance, environment friendly and the maintenance of concrete is also easy to 

conduct. Pakistan is a developing country and there are lots of construction projects 

currently running in different areas so there is a huge demand of coarse and fine 

aggregates for those projects. Research has been carried out on chemical and 

mechanical properties of aggregates available in the country. At the start, bio-materials 

like leaves, branches and so on were utilized, which later on changed to more tough 

materials like mud, stone and timber (Khitab et al. 2015).  The most extensively used 

coarse aggregate source in most of the Pakistan is Margallah Hill Limestone, most of 



1st Conference on Sustainability in Civil Engineering, August 01, 2019,  

Capital University of Science and Technology, Islamabad, Pakistan. 

106 

 

the quarrying activity is observed in the Margallah hill source located at Hassan-Abdal 

and Taxila regions of Punjab. The Sakesar limestone of Salt Range is also feeding most 

of the southern Punjab and vicinity. There are a lot of construction material sources 

situated in Azad Jammu and Kashmir. Khurshidabad Dist. Haveli and Bakot area near 

Kohala has millions of tons of limestone (Afzal, 2017). Takial and Khairabad in KPK 

has huge resources of coarse aggregates similarly Khairpur Mir's, Sind has vast 

potential of coarse aggregates which are used for local construction needs. The sand 

from Lawrencepur is one of the best sand available to be used for construction works. 

Other sand types are also used in construction works in their relevant areas (Ghaffar et 

al., 2016). Margallah aggregates resulted in better concrete mechanical properties, 

while Sargodha aggregates showed improved physical characteristics (Abbas, et al., 

2017). Bara River, Basai, LoyeKhawar and Zangali/JaniKhawar can be safely used in 

structure concrete works. Out of these four sources, Basai is found as the best source 

for coarse aggregates (Ayub, et al., 2012). The Chattan Shah Quarry aggregates showed 

the higher specific gravity compared to all other aggregates, therefore higher 

compressive strength (38.2 MPa) was achieved as expected (Aslam et. al, 2015). 

Despite of the availability of number of researches on the utilization of coarse 

aggregates of different sites/areas, the most suitable and economical combination of 

coarse aggregates of different quarrying sites is still not envaulted. This research work 

will be helpful in finding the optimum combination of coarse aggregates of different 

sites. 

2. MATERIALS AND METHODOLOGY  

 

2.1 Materials 

 

Material testing is the process to determine the engineering properties and the 

characteristics of material. Aggregate play important role in the strength of concrete so 

their properties really matter a lot. Therefore, it is necessary to test them in the lab for 

determining their shape, size, gradation, fineness modulus, specific gravity and the 

water absorption. This article describes the procedure as well as the mix proportion of 

the materials used in the research work. The section also elaborates the material 

properties of concrete mix. Ordinary Portland Cement (OPC), provided from Fauji 

Cement Company according to the requirements of ASTM C-150 was used. The 

following Table lists both chemical and physical properties of OPC. 
  

Table 1:Chemical Composition and Physical Characteristics of OPC 

Constitu

ent (wt. 

%)  

SiO2 
Al 2

O3 

Fe2O

3 
CaO 

Mg

O 

SO

3
-- 

Cl- 
Na2

O 

K2

O 

L.O.

.I 

Tot

al 

Mass 

(%)  

21.2

6 
4.49 3.49 

63.8

1 

2.0

2 

3.1

1 

0.0

3 
0.14 

0.0

9 
1.57 

99.9

8 

Physical 

Characterist

ics 

Specific 

gravity 

Consisten

cy 

Blaineôs 

specific surface 

(cm2/kg) 

Initial 

setting 

time (min) 

Final 

setting time 

(min) 

Values 3.15 24% 2415 27 134 
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2.2 Sieve Analysis Test 

 

Sieve analysis id widely used test in civil engineering for finding the gradation of 

aggregates to check whether they can be capable to be used in concrete or not. The sieve 

analysis of fine aggregates was performed as per ASTM C 136  and the gradation results 

are shown in the figure 1. 

 

 
Figure 1: Gradation of Fine Aggregates from various sources 

The graph shows that the Chenab sand is gap graded and has a large number of fine 

particles lesser than size of 0.17mm. Also the fineness modulus of this sand is obtained 

as 1.74 which shows that the average size of particles is in between sieve 200 and 100. 

This sand is not best for use in concrete due to very fine particles but can be used with 

mixing some coarse grained quantity of fine aggregate. A good cement sand mortar can 

be made using this sand.  The Lawrencepur sand is obtained as coarser sand with almost 

40% particles retained on sieve 80. Also the fineness modulus is 2.76 which tells its 

good capability to be used in concrete for better results. The Kashmore sand is well 

graded sand with having particles of all sizes due to which it can make very good 

bonding with coarse aggregate when used in concrete. The fineness modulus of this 

sand is obtained as 2.89 so this is very suitable for high strength concrete. The sieve 

analysis of coarse aggregates was performed and the gradation is shown in the figure 2. 

 

 
Figure 2: Gradation of Coarse Aggregates from different sources 
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The sieve analysis of Haripur and Margallah crush has almost the same gradation with 

well graded nature. Sakhi-Sarwar aggregate also has well gradation. 

2.3 Water Absorption, And Specific Gravity Test  

 

Specific gravity (Gs) is the ratio of density of a material to the density of water. This 

test is used to find out the specific gravity and the water absorption of aggregates. Water 

absorption values are helpful in determining the water absorbed by the pores available 

in aggregate particles. The Tests were performed as per ASTM C127 ï 15. The values 

of specific gravity and water absorption of both coarse and fine aggregates are presented 

in table 2. 

 

Table 2: Gs and water absorption of fine and coarse aggregates 

Source Name Specific Gravity Water absorption 

Margallah Crush 2.61 0.97 

Haripur Crush 2.88 0.81 

Sakhi-Sarwar Crush 2.63 0.70 

Kashmore Sand 2.77 1.28 

Chenab Sand 2.60 1.21 

Lawrencepur sand 2.69 1.01 

2.4 Preparation Of Mixes: 

 

Six combinations were prepared for each type of crush. On these combination tensile 

strength and compressive strength test were performed.  

 

For Margallah crush the combination used are  

1. Margallah-Lawrencepur(ML), 

2. Margallah Chenab(MC),  

3. Margallah-Kashmore(MK),  

4. Margallah-Lawrencepur-Kashmore(MLK),  

5. Margallah-Lawrencepur-Chenab(MLC),  

6. Margallah -Chenab-Kashmore(MCK).  

Likewise, six combinations were prepared for Haripur crush. These combinations are  

1. Haripur-Lawrencepur(HL),  

2. Haripur-Chenab(HC),  

3. Haripur-Kashmore(HK),  

4. Haripur-Lawrencepur-Chenab(HLC),  

5. Haripur-Lawrencepur-Kashmore(HLK),  

6. Haripur-Chenab-Kashmore(HCK).  

Six combinations were prepared with Sakhi-Sarwar Crush. These combinations are  

1. Sakhi-Sarwar ï Lawrencepur(SSL),  

2. Sakhi-Sarwar ï Chenab(SC),  

3. Sakhi-Sarwar ï Kashmore(SK),  

4. Sakhi-Sarwar - Lawrencepur-Chenab(SLC),  

5. Sakhi-Sarwar -Lawrencepur-Kashmore(SLK),  

6. Sakhi-Sarwar-Chenab-Kashmore(SCK). 
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2.5 Slump Test 

 

Slump tests were carried out for each combination prior to the pouring for having best 

workability of concrete according to ASTM C 143. Figure 3 depict the variation in 

slump values by using different combination of fine and coarse aggregates. All the 

slump values were in range of 45mm to 75mm. 

 

 
Figure 3: Variation in Slump with different aggregates combinations 

2.6 Casting and curing of Concrete Specimens 

 

All the samples were made with standard concrete cylinders of 12ò height and 6ò 

diameter. The mix was placed in the mould in three layers of equal depth and compacted 

using stand size rod with 25 blows on each layer. A total of 108 samples were casted in 

6 days with 18 nos. of samples per day. Fig 4 shows the casted samples. 

 

 
Figure 4: Casting of Test Specimens 

The test samples were remoulded after 24 hours and then placed in curing tank for 28 

days filled with tap water at room temperature. 

 

2.7 Testing Method 

 

The samples after their curing were tested for their compressive and tensile strengths 

using compression testing machine and universal testing machine. The compressive 

strength of 28 days cured hardened cylinders was measured according to the ASTM 
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specification using standard compressive testing machine (CTM) having a loading rate 

of 100 KN/min For each combination three samples were tested for compressive 

strength  and three were tested for split cylinder test as shown in figure 5.. 

 

 
 

 

 

 

 

 
Figure 5: Testing of Concrete Specimens 

3. RESULTS AND ANALYSIS 

 

3.1 Compressive Strength Comparison of Aggregates 

Figure 6 present the 28 days compressive strength of all 18 combinations. It can be seen 

that the combination of Margallah crush with a blend of fine aggregates of Lawrencepur 

and Kashmore gave highest strength of 4179psi. It is may be due to the presence of all 

size of particles in Kashmore sand which reduced the voids in concrete and gave very 

good aggregate interlock.  

All other combinations in which Kashmore sand was used gave higher results than the 

rest of the combinations. The lowest values are from the combinations of Haripur crush 

which are due to the rounded surface of aggregates which does not give strong interlock 

of aggregates. 
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3.2 Tensile Strength Comparison of Aggregates 

Split tensile strength was determined as per ASTM C 496. Specimens were casted and 

tested at 28 days of their curing. The results of split tensile strength are shown in figure 

7. As for the compressive strength, all other combinations in which Kashmore sand was 

used gave higher results than the rest of the combinations. The lowest values are from 

the combinations of Haripur crush which are due to the rounded surface of aggregates 

which does not give strong interlock of aggregates. 

Figure 7: Variation in Split Tensile Strength with different aggregates combination 

 

4. CONCLUSION:    

¶ The compressive strength, combinations made using Kashmore sand either fully 

or partially, gave the best compressive strength values which was due to its well 

gradation which enables the great aggregate interlock in concrete due to very 

less air voids. 

¶ The Haripur river gravel gave second best strength when combined with 

kashmore sand but gave lowest strength with other types of sands which was 

may be due to its rounded surface type and less angular structure which cannot 

make strong aggregate interlock with those sands. Also, the paste failure 

phenomenon was observed during the compressive and tensile strength tests 

which clears tells that there were poor bonding in between coarse and fine 

aggregates.  

¶ Kashmore sand has fineness modulus higher than all three sands which showed 

that it will be suitable to be used for achieving good high strength concrete. 

¶ In region around Kashmore, specifically in the DG Khan area where Sakhi 

Sarwar sand was widely used, the Kashmore sand can be used for better results. 

Other aggregates which were Sakhi-Sarwar crush, Lawrencepur sand and 

Chenab sand gave good results also but sand of Chenab river needs to be used 

in combined with other coarse-grained sands for better results as this sand was 

fine grained which causes air voids in concrete.  

¶ The Haripur aggregates which was actually river gravels showed that it meets 

the engineering properties, parameters and requirements so it can be used as a 
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construction material but not for high strength concrete unless otherwise used 

with combination of Kashmore sand.  

5. FUTURE RECOMMENDATION  

 

This research work will be helpful to the construction industry in assessing the best 

combination of coarse and fine aggregate for the different areas of the country. They 

can now decide in a better way keeping the view the material and transportation cost 

without compromising the concrete structural properties.   
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Abstract 
Concrete is weak in tension due to micro cracks, the inherent property of concrete, 

which cannot be fully prevented in the hardened concrete. However, the occurrence of 

micro cracks can be mitigated by introducing human hair as an organic fiber. Human 

hair being a waste material, cause environmental pollution and badly disturbed the 

aquatic life. It is a cheap material and works as a function of steel reinforcement due to 

its contribution in the tensile strength of concrete. Hair also increases the compressive 

strength of concrete to some extent and reduces the permeability and volumetric 

expansion of concrete. For the purpose of this research, hair fibers have been collected 

from the barber shops near UET Taxila. The size of the hair fibers used ranges from 1.5 

to 2 inches and added in the concrete mix by weight of the cement. Concrete mix of 

1:2:4 were prepared for the target mean strength of 3000 psi. Cement was replaced with 

human hair weight of 65 grams, 130 grams, 195 grams and 260 grams in different 

batches. Compressive Strength Test, Splitting Tensile Strength Test, Permeability Test 

and Slump test were performed on 6 x12 inches cylinders for each batch at the age of 

14 and 28 days. As a result, the tensile and compressive strength of concrete decreased 

at replacement of cement with 260 grams of hair by same amount. Water Permeability 

test performed on concrete for 3 days at 30 psi pressure showed that the permeability 

of concrete decreases by increasing the percentage of hair fiber. 

Keywords: Hairs, Permeability, Compressive strength, Tensile Strength, Concrete, 

 

1. INTRODUCTION:  

 

Human hair is a material considered useless in most societies and therefore is found in 

the municipal waste streams in almost all cities and towns of the world [kumar, 2009]. 

Fiber are used in construction from old days. However, then only the small pieces of 

ropes were used in mud for construction of mud structure. Those small pieces increased 
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the overall strength of the mud. Hair is used as a reinforcement in construction due to 

high frictional coefficient and tensile strength. In different areas of many European 

countries, India and Syria [Heyman, 2002] human hair is used in plastering of walls. 

Research shows that hair reinforcement increases the insulation capacity of structures 

[Pillai, 2012]. Human hair reinforcement reduces the cracks in cement mortar due to 

plastic shrinkage up to 92% [Al-Darbi, 2006]. Due to hair reinforcement compressive 

strength of concrete increases by over three times [Akhtar, 2009]. Fibers are used in 

plaster to increase its properties. In 1950s the concept of fiber reinforcement was a point 

of interest, but later on due to its health risks the use of asbestos fibers in concrete was 

discouraged [Naveen, 2015]. A problem discussed in local newspaper, the barber shops 

and parlors in and around UET Taxila caused serious environmental issues. There was 

no system present in Taxila Punjab to safely treat and decompose the human hair waste 

generated by the locals. Currently, this waste is thrown in the Gumrah Kas (near UET 

Taxila), which pollutes and disturbs the aquatic life adversely. After conducting a 

survey of the barbershops and hair salons near the UET Taxila, most of the shops agreed 

that the presence of human adversely affects the lives of locals. It was in this context 

that we decided to use hair as a reinforcement, in order to have safely channeled this 

waste for further use. Hairs are elastic in nature. In dry condition they increase their 

length 20 to 30% under stress, but in wet state the increase can be observed up to 50%. 

The resistance to breakage of hair is function of hair and diameter of thread. When the 

length of hair increases its elasticity decreases. Hair reinforcement also reduce the 

erosion of concrete by increasing its durability. Another additive feature of hair 

reinforcement is that if small micro-cracks appear in concrete, there is no chance of 

corrosion. It is better to use hair reinforcement in Hydraulic structures such as piers, 

sluice gates, where structural member are subject to high velocity water. Finally, human 

hair reinforces the concrete and prevents the sapling effect [Jain, 2012]. 

 

2. RESEARCH SIGNIFICANCE:  

 

The main purpose of this research is to investigate the properties of hardened cement 

concrete after introducing specific percentages of human hair through performing the 

Compressive Strength test, Splitting Tensile Strength test, Permeability test and Slump 

test. The second major purpose is to introduce the idea of using human hair in concrete 

as a reinforcement material to decrease the environmental pollution. No work has been 

carried out in Pakistan on the utilization of human hair in concrete as organic fiber, so 

this work might improve the properties of the concrete by utilizing the waste material. 

Moreover, it will also reduce the environmental pollution caused due to non-utilization 

of human hair. 

 

3. MATERIALS:  

 
The material used in the test specimens were human hair (as fiber reinforcement), 

cement, sand, coarse aggregate and water. Hair were collected from barber shops and 

from hair salons around UET Taxila Punjab Pakistan.  Sand source was of Lawrencepur 

and the coarse aggregate were brought from Margalla hills having size of less than 20 

mm. Hydraulic Fauji cement was used as binding material. Initial and final setting time 

of cement were determined using ASTM C 191-04a [ASTM C191]. The initial setting 

time was found to be 34 minutes and final setting time came out to be 175 minutes. The 

consistency of the cement paste was 30. Hair were washed with acetone, separated, and 

left for drying purposes before utilizing for concrete preparation [Neville, 1990]. 
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4. METHODOLOGY:  

 
Compressive Strength, Splitting Tensile, Permeability and workability test were 

performed on each concrete batch containing human hair as fiber reinforcement. 

Concrete Cylinders of 6 inch diameter and 12 inch height were casted for compressive 

strength and splitting tensile test. For permeability test, cylinders of 6 inch diameter and 

6 inch height were used. The amount of cement in each batch was replaced with hair 

fiber by 65g, 130g, 195g and 260g. Control mix of concrete was also prepared to 

compare results of different tests. For each batch, three samples were casted with mix 

ratio of 1:2:4 and fixed water cement ratio of 0.58. 

5. TEST RESULTS: 

 
Results of various tests performed on concrete sample containing human hair are 

discussed as under. 

5.1 Workability Test:  

For ensuring the workability of hair reinforced concrete, slump test and compacting 

factor test were performed as per ASTM C143-90a and British standard respectively. 

Results of compacting factor and slump test are tabulated in table 1. 

 

Table 1: Comparison of the slump and compacting factor test results 

Hair (grams) Slump(mm) Compacting Factor 

00 28 0.81 

65 31 0.85 

130 33 0.91 

195 30 0.88 

260 26 0.76 

 
Table 1 showed the workability of fresh concrete and it indicates that the workability 

of concrete increased initially till 130 gramsô addition of hair fibers and then it started 

to reduce by increasing hair fiber as a reinforcement for the development of structural 

concrete. When slump decreases workability of concrete also decreases [Neville, 1990]. 

The value of compacting factor test also reduced to 0.76 which shows the decrease in 

workability.  

 

5.2 Compressive strength Test: 

 
Concrete cylinders were prepared for compressive strength of concrete by using 

different weightage of hairs with respect to mix ratio for different formulations. The 

compressive strength test was performed according to ASTM C 39-04a. [ASTM C39] 

at the age of 14 and 28 days. Results are tabulated in table 2 and are compared in fig 1. 
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Table 2: Compressive strength of concrete at 14 days & 28 days 

Hairs by weight of 

cement (grams) 

Mean Compressive Strength (psi) 

at  age of 14 days at  age of 28 days 

0 2236.48 3237.24 

65 2268.39 3285.1 

130 2238.01 3280.83 

195 2387.20 3427.24 

260 2324.95 3321.36 

 

 
Figure 1: Comparison of Compressive strength of Concrete at the age of 14 and 28 

days 

 
From table 2 and figure 1, it was inferred that the compressive strength of concrete 

initially increases but when the amount of hair fibers exceeds 195 grams, it starts 

decreasing at the age of 14 days and 28 days. This can be due to excessive volume of 

hair fibers in the cement paste matrix which ultimately decrease the density and hence 

compressive strength of concrete. Moreover, figure 2 showed the failure/cracking 

pattern of concrete cylinders and it was obvious that there was resistance against cracks 

due to hair reinforcement otherwise specimen would split into pieces. 
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Figure 2: Failure pattern of concrete cylinders 

 

 

5.3 Split Tensile Test: 

 
Splitting tensile test was performed on cylinders according to ASTM standard [ASTM 

C-496], indirect tensile strength of concrete was determined at age of 14 days and 28 

days as shown in table 3. The splitting tensile strength of concrete increased with 

increasing weight of hairs upto 195g. After that, the tensile strength of concrete 

decreased due to weak bonding between hair fibers and cement. During the testing of 

hair reinforced concrete, it was noticed that concrete showed only cracks without 

splitting into pieces contrary to as it split in control mix (concrete without 

reinforcement). This could be the reason hair reinforcement reduced swelling in 

concrete as shown in figure 3. 

 

 

 

 

 

 

. 

 
 

 

 

 

 

 

 

Figure 3. Internal structure of Concrete Cylinders 
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Table 3: Tensile strength of concrete at the age of 14 and 28 days 

Hairs by weight of 

cement (grams) 

Tensile Strength (psi) 

at  age of 14 days at  age of 28 days 

0 494.6 603.4 

65 509.0 617.9 

130 530.8 639.6 

195 546.8 655.5 

260 514.9 623.7 

 
5.4 Water Permeability Test: 

 
The ñFour Cell Automatic Concrete Water Permeability Apparatusò shown in figure 4 

was used for investigating water permeability of concrete specimens.  Figure 4 and 

figure 5 showed the pictorial and schematic layout of apparatus along with testing cell 

details. Cylindrical specimens of 6x6 inch were used to evaluate water permeability of 

concrete. Permeability test was performed as per ASTM standards [ASTM D2324-68]. 

Prior to test, samples were oven dried at 105ęC. Blue Emulsion paint was used to coat 

sides of specimens so that water can permeate through top and bottom Surfaces only. 

The specimens were subjected to hydrostatic pressure and water permeated was directly 

collected in graduated cylinder and measured. Table 4 showed the results of 

permeability test. For research purpose split the cylinder and measure the depth of 

penetration from those samples to measure the penetration of water. 

 

Figure 4: Water Permeability Test apparatus 
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Figure 5: Application of Blue Emulsion pain to prevent penetration of water from 

sides 

 

Table 4: Water permeability Test Results 

Hairs by weight of cement (grams) Penetration depth (mm) 

0 18 

65 13 

130 9 

195 6 

260 3 

 

 
Figure 6: Variation of penetration depth with amount of hair reinforcement added 

The graph between weight of hair and penetration depth, shown in figure 6, depicted 

that permeability of concrete decreased by increasing weight of hair in hair reinforced 

concrete. Initially in control mix, penetration depth of water is more but with the 

increment of hairs, penetration depth of water decreases. In other words, permeability 

of water decreases in hair reinforced concrete by increasing amount of water. 

6.  CONCLUSION:  

The following conclusion can be drawn from the study: 

¶ Workability of hair reinforced concrete initially increases then decreases by 

increasing the amount of hair fibers. 
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¶ Compressive strength of concrete increases at 65 grams, 130 grams and 195 

grams of hair fibers addition while it decreases at addition of 260 grams possibly 

due to decrease in the density of concrete. Maximum 7.26 % increment in 

compressive strength of concrete was observed with addition of hair fibers as 

compared to control mix. 

¶ Due to elastic behavior of hair, tensile strength of concrete increased at 65 

grams, 130 grams, and 195 grams of hairs but decreased at 260 grams of hairs 

addition in the cement matrix. Tensile strength of hair reinforced concrete 

increased by 8.64% as compared to control mix. 

¶ Permeability of hair reinforced concrete decreased by increasing weight of hair 

because hair fibers act as bridging elements and reduce the porosity of concrete.  

7. FUTURE RECOMMENDATION:  

 

Concrete is week in tension. To improve tensile properties of concrete we use steel 

reinforcement. Due to micro-cracking, there is a possible chance to corrode steel 

embedded in concrete. If we use hair as a reinforcement in concrete it reduced the 

propagation of cracks and prevent steel from corrosion. 
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Abstract 
Interlocking masonry walls exposed to lateral loads have reduced lateral resistance due 

to lack of its tensile strength, as reported in the literature. Different techniques have 

been used to enhance the lateral resistance of such structure which include use of 

reinforcement, grout within interlock, plastering and rendering etc. In this study 1500 

mm high interlocked masonry walls mostly used in poor developing countries are 

experimentally tested. The research focus was to evaluate the structural parameters like 

stiffness, load at first crack and toughness by changing the geometrical plan of walls. 

Two walls of 3000 mm length were tested which include straight wall and non-straight 

wall. It was noted that first crack lateral stiffness of non-straight wall as compared to 

straight wall was improved by 800%. Non-straight wall also undertook twice the load 

than straight wall failure load without occurring failure.  

Keywords: Interlocking stabilised soil wall, mortar-less, non-straight wall, lateral 

load, lateral stiffness.  

 

1. INTRODUCTION : 

 

One of the oldest construction materials is masonry. It is still being widely used with 

some improvements. Different types of the unit developed over the time from simple 

block to interlocking blocks have led to mortar-less construction. The types of the 

blocks used in the mortar-less construction around the globe include Haenar system, 

Mecano system (Vargas 1988), Putra Block (Thanoon et al. 2004), Bamba system, 

Tanzanian interlock block (TIB) system (Kintingu 2009) etc. Among these block 

systems, mostly have similarity with conventional units with the differences in 

projections and keys which provide interlocking mechanism for mortar-less 

construction (Safiee et.al, 2011). The performance of masonry interlocking walls is 

being widely explored (Velazquez and Ehsani 2000, Baqi et al. 1999, Rodriguez et al. 

1998). Wind and earthquake loadings are typical examples of lateral loading, which is 

required to resist by masonry walls. Various research works were conducted to study 

the behavior of masonry walls exposed to lateral loads (Sokairge et al. 2017, Griffith et 

al. 2004, Uzoegbo 2001, Velazquez and Ehsani 2000 and Drysdale and Essawy 1988). 

In the research work by Uzoegbo 2001, experimental work is performed for mortar-less 

wall due to lateral loading and also plastering of walls are considered. The result 

indicated that the addition of plaster affected the lateral capacity of interlocked walls 

and it was noted that load capacity increased by 20%. In another study by Safiee et al. 

2011, interlocking system was used and the behaviour of masonry wall under lateral 

load was experimentally investigated. It was concluded that the lateral behaviour was 

mainly controlled by large displacement and opening of block joint. In another research 

work by Sokairge et al. 2017, mortar-less blocks were used and tested for lateral 
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loading. It was discussed that this system has some disadvantages like low bending 

capacity and also interlocking units had to settle down to balance uneven surfaces which 

could result in low strength of the walls. Therefore, some other mechanism or methods 

are required to overcome these deficiencies. In this study, Interlocking soil stabilized 

blocks (ISSBs) system was used to build the wall and was subjected to lateral load. In 

order to enhance the lateral resistance of these walls, technique of changing the 

geometric plan of the walls was explored. Comparison of structural parameters of both 

walls system was carried out which include peak load, lateral stiffness, energy 

absorption and toughness. This study will enable to explore the technique of enhancing 

the strength of the masonry wall by changing the geometry with similar material cost.  

 

2. EXPERIMENTAL PROCEDURES : 

 

2.1 Wall preparation and specifications: 

 

The dimensions of interlocked stabilised soil block (ISSB) are shown in the Figure 1. 

These blocks were prepared in a machine with manual compression. Two walls (3000 

mm long x 150 mm wide x 1500 mm high) were built with ISSB without any mortar. 

600 mm block returns at the ends were given to avoid wall instability. Both walls tested 

against monotonic lateral load. Sample labelling is shown in Table 1. Sample A 

represents the straight wall whereas sample B has got return in the middle and classified 

as non-straight wall.  

 
Figure 1: ISSB with dimensions  

 

Table 1: Sample Labelling 

Specimens  Straight wall  

 

Non-straight wall   

Label A  B 

 

2.2 Testing Procedure: 

 

The straight and non-straight wall testing are shown in Figures 2 and 3, respectively. 

The application of lateral loading by using pulley at 1000 mm height is also 

demonstrated. Displacements at the top of wall are measured with non-digital 

theodolite. Smaller loads were chosen initially to get the smaller displacement. Load 

was then applied in increments of 40 N so as to observe first crack and peak load 

resistance. 
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a.  

 

 

 

 

 

 

 

 

 
 

 

b.  

Figure. 2: Straight wall testing: (a) Schematic figure and (b) Test setup displaying 

system for lateral load  

 

 

 

 

 

a.  

 

 

 

 

 

 

 

 

 

b.  

Figure. 3: Non-straight wall testing: (a) Schematic figure and (b) Test setup 

displaying system for lateral load  

 

3. RESULTS: 

 

3.1 Behaviour against lateral load  

 

The load displacement plot of each wall is detailed in Figure 4. It may be noted that 

around 5 mm displacement is observed against a load of 100 N for straight wall whereas 

loads for non-straight walls are much higher for the similar displacement.  Non-straight 
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wall showed very high stiffness. The highest load was found much higher for non-

straight wall as compared to straight wall and increased to 617 N. This showed that by 

changing the geometric plan of the walls increased the stiffness and peak load.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Load displacement curves for straight and non-straight walls 

 

Figure 5 explains the highest loads for the straight and non-straight wall. There is an 

increase in failure load from 314 N for straight wall to 617 N for non-straight wall. 

Around two times increase in lateral resistance is observed.  

 

 

 

 

 

 

 

 

 

Figure 5: Comparison of peak load  

3.2 Load, Stiffness and Energy Absorption Properties   

 

The investigated parameters of both walls are presented in Table 2. These are load at 

first crack, peak load, first crack stiffness and energy absorption related to before and 

after crack. The load-displacement slope up to load at first crack is taken as the first 

crack stiffness. First crack and after crack energy absorbed are calculated as the areas 

of load displacement plots up to initial crack load and from initial crack to highest load, 

respectively. Overall energy absorbed was obtained by adding before and after crack 

energy. The fraction of overall energy to first crack energy is considered as toughness. 

It is noted that the first crack stiffness is enhanced from 8.48 N/mm for straight wall to 

68 N/mm for non-straight wall. This is around eight times increase. It can be noted that 

the significant increase in first crack stiffness is achieved by changing the geometry of 

the wall. The before crack energy absorbed for non-straight wall is showing less value 

as compared to straight wall. This is due to limitation of loading as non-straight wall 

could not reached to failure load. However non-straight wall showed after crack energy 
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absorbed and toughness index of 2.05. This showed ductile behaviour of non-straight 

wall as compared to straight wall after first crack. The straight wall showed value of 

toughness index 1.0, indicating brittle failure. The non-straight wall showed higher 

failure load but a lower strain, this is due to the fact that stiffness of the non-straight 

wall enhanced by changing the geometry of the wall.  

Table 2: Investigated parameters of straight and non-straight walls 
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A   284  314 8.48 7526 0 7526 1.00 

 B  340 617 68 1888 1987 3875 2.05 

 

4. CONCLUSIONS: 

 

Experimental work was conducted to find the improvement in structural parameters 

by the changing the geometry of ISSB walling system. Two walls with different 

geometry were considered for lateral loading.  The conclusions are found as below: 

 

¶ First crack stiffness of non-straight wall as compared to straight wall was 

improved by 800%. 

¶ Non-straight wall undertook twice the load than straight wall failure load 

without occurring failure.  

¶ Non-straight wall showed ductile behavior after first crack as compared to 

straight wall with toughness index of 2.05.  

From the results, it can be concluded that non-straight wall enhanced the lateral stiffness 

and lateral load as compared to straight wall. Further investigation required to observe 

the effect on strength of non-straight wall by inclusion of plastering and fibrous plaster. 

Thus, cement content can be reduced with reduction in plaster thickness by utilizing the 

strength gain due to different geometry for economical solution.  
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Abstract 
High Rise buildings are designed as frame structures with shear walls to provide 

sufficient strength, stability and stiffness against these lateral earthquake forces acting 

on the building. For the convenience of users, a Lift Core wall (LCW) is provided 

instead of shear wall which serves the same function as that of shear wall. In this study 

an attempt is made to study the different locations of the LCW in a 10 storey building, 

analysed using ETABS 2016 Static Force Method as per UBC-97 in Seismic Zone-3 of 

Pakistan. A LCW is provided at 4 different locations and the results are compared on 

the basis of displacement, Storey drift and Storey stiffness to select the best location of 

a LCW. It was found that LCW offers maximum seismic resistance at the centre of the 

building. 

Key Words: Lift Core Wall (LCW), Lateral Stiffness, Storey Drift, Torsional 

irregularity, Static force method. 

1. INTRODUCTION  

 

The damages caused by an earthquake must be kept in mind before designing a building 

because it has caused enormous calamities in Asia and other continent (Azad & Gani, 

2016). Lateral earthquake forces are greater in case of Reinforced Concrete multi-storey 

buildings, so they are designed to resist these loads. A Shear wall is the best solution to 

give structural stability to high rise buildings (Schodek, Subagdja, & Suryoatmono, 

1999). Shear wall is a structural element which provides stiffness, strength and stability 

against the lateral forces that are acting upon it. So, high rise buildings are designed as 

framed structures with shear walls to resist the cracks or bending in order to ensure the 

stability of the tall buildings (Chandiwala, 2012). For architectural purposes and for the 

convenience of users, a shear wall is replaced by LCW, which provides the desired 

strength and stability to the buildings and with open sections it also accommodates an 

elevator shaft or a staircase (Constantin & Beyer, 2012; Goud & Pahwa, 2016). A LCW 

must be provided at such a location where it provides maximum seismic resistivity 

(Varna & Bhavana, 2017).In this paper, we will study the effect of location of a LCW 

on the stiffness, lateral displacements and storey drift of the building. 

 

2. RESEARCH METHODOLOGY  

 

In this study, ten storey commercial building was analysed by Static Force Method. The 

building was assumed to be situated in seismic Zone 3 of Pakistan using ETABS 2016. 

Rectangular LCW was provided at 4 different locations and earthquake forces in both 

the x-direction and y-direction were considered. 
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2.1. Building Layout  

 

The building considered had 5 bays in x-direction and 5 bays in y-direction. Length of 

each bay was 20 ft, so the total area of the building was 10,000 ft2. Centre to centre 

height for each storey was 12 ft, so the total height of the building was 120 ft.  
15 in x 18 in concrete beams, 18 in x 18 in columns, 7 in thick slab and 9 in thick 

rectangular LCW of 10 ft x 7 ft with 4 ft x 7 ft openings in y direction was selected for 

analysis. Column supports were assumed to be fixed. 

 

2.2. Lift Core Wall Locations  

 

LCW was provided at four different locations (Fig-1) and the building was analysed 

according to UBC-97. These locations were named as: 

L0 ï Frame with no LCW 

L1 ï First location of LCW (Corner) 

L2 ï Second Location of LCW 

L3 ï Third Location of LCW 

L4 ï Fourth Location of LCW (Centre)  

 

 
Figure 1- LCW Locations 
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2.3. Material Properties: 

Table 1-Material Properties 

Material Properties 

Material Properties Consider Value 

 

 

 

Concrete 

Concrete compressive 

strength, fcô 

3000 psi 

Concrete Modulus of 

Elasticity, Ec 

57000 ãfcô psi 

Weight per unit volume 150 pcf 

Poissonôs Ratio 0.2 

 

 

 

Steel 

Steel Type Grade 60, ASTM 

A165 

Reinforcement Yield 

Strength,fy 

60 ksi 

Tensile Strength, Fu 90 ksi 

Specific Weight 490 pcf 

Steel Modulus of Elasticity, 

Est 

29,000 ksi 

 

Site 

Seismic Zone 3 

Soil Type SD 

 

2.4. Loads on the building: 
 

Load for the structure was considered as per UBC-97. Self-weight of the structure was 

considered as Dead load. 60 psf Live load was considered for typical floors, while for 

the roof it was reduced to 40 psf. Similarly, 3 in thick marble and 1 in thick tiles were 

considered as Floor finish loads whose value was found to be 43.75 psf. This value was 

considered for typical floors but for roof it was increased to 60 psf. For typical floors 9 

in thick brick wall was considered with a height of 10.5 ft and its load was calculated 

to be 1 k/ft while for roof 4.5 in thick brick wall was considered whose load was 

calculated to be 0.135 k/ft (Table-2). 

Table 2- Different Loads 

Load type Load Concentration 

 Typical Floor Roof 

Dead Load Self-Weight of the 

structure 

Self-Weight of the 

structure 

Live Load 60 psf 40 psf 

Partition Walls Load 21 psf 21 psf 

Floor Finish 

(Mortar+Tile) 

43.75 psf 60 psf 

Wall Load on beams 1 kip/ft 0.135 kip/ft 
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3. RESULTS AND DISCUSSIONS: 

3.1. Maximum Storey Displacement: 

 

The maximum storey displacements were decreased by incorporating LCW in the 

building (Fig-2). In both x and y direction, the maximum storey displacements were 

effectively reduced by the incorporation of LCW at L4. In x-direction, the second best 

location was L1 (Fig-2a) while in y-direction; the second best location was L3 (Fig-

2b). 

  

a. b. 

Figure 2-Maximum Storey Displacement 

 

The maximum displacements in y direction at L3 and L4 were almost the same because 

the LCW at both the locations is located at the centre of the building corresponding to 

earthquake. 

 

3.2. Storey Drift  

 

The storey drift was reduced by incorporating LCW in the building (Fig-3). At L4, the 

storey drift was minimum in both x and y directions. However, at locations other than 

L4, the results were different in x and y direction because of the different distribution 

of forces in both directions. For example, L1 had second minimum value of drift in x-

direction (Fig-3a) but it also had the largest drift value in y-direction (Fig-3b). 

a) b) 

Figure 3-Storey Drift 
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Similarly, L3 had second minimum drift value in y-direction while maximum drift 

value in x-direction.  

 
3.3. Storey Stiffness 

 

The storey stiffness in both the x and y direction was found at L4 (Fig-4). The stiffness 

of the building in x-direction was more than that of y-direction because of the in-plane 

behaviour of LCW. The LCW is provided for in-plane forces. As the length of wall is 

more in x-direction compared to the length of wall in y-direction, so it will take more 

loads in x-direction and the stiffness of the building will be increased. At locations other 

than L4, the maximum stiffness in x-direction was found at the corner of the building 

(L1) and this value decreased as the LCW location was changed from L1 towards L3 

(Fig-4a). While in y-direction, the stiffness value was minimum at L1 and it was 

increased as the LCW location was changed from L1 towards L3 (Fig-4b).  

 

Figure 4-Storey Stiffness 

 

3.4. Torsional Irregularities:  

 

When a building does not have the same centre of mass and centre of rigidity, torsional 

irregularities are produced in the building. These torsional irregularities might cause 

the failure of the structure. Dmax/Davgis a factor that is used to find the torsional 

irregularities in buildings. 

  

a. b. 

Figure 5-Irregularities in building 
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If this value is more than 1.4, the building will have extreme torsional irregularities, if 

it is greater than 1.2, the building have moderate torsional irregularities, while if it is 

less than 1.2, the building does not have any torsional irregularities. 

From Fig-5, it can be seen that: At L0 and L4 there were no torsional irregularities in 

building because of the same centre of mass and centre of rigidity. At L1, the building 

had moderate torsional irregularities in both x-direction and y-direction. At L2 and L3, 

the building had extreme torsional irregularities in x-direction, while there were no 

torsional irregularities in y-direction, because, there was more distance between the 

centre of mass and centre of rigidity in x-direction while in y-direction there was less 

distance between them. 

 

3.5. Base Shear 

 

In static force method Natural time period is a function of height. As height of the 

building is same so the natural time period T was also same (1.088 sec) for all the 

locations of LCW. Other factors Cv, R, Importance factor and weight of the building 

was same for all the locations of LCW, so the Base Shear for all the locations was also 

almost the same (fig. 6). 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-Base Shear 

4. CONCLUSIONS 

 
1) LCW reduces the displacement and storey drift and increases the lateral stiffness 

of the building, so it is better to use LCW in buildings to resist earthquake 

forces. 

2) LCW must be provided at the center of the building because it gives maximum 

stiffness, minimum displacement and minimum storey drift and produces no 

torsional irregularities. 

3) Building must be checked for torsional irregularities if LCW is to be provided 

at different location other than the center of the building because LCW produces 

torsional irregularities. 

 

 

REFERENCES 

Azad, M. S., & Gani, S. H. A. (2016). Comparative study of seismic analysis of 

multistory buildings with shear walls and bracing systems. International 

Journal of Advanced Structure and Geotechnical Engineering ISSN, 2319-

5347.  

1
9

0
2

1
9

0
8

.2

1
9

1
4

.0

1
9

1
4

.0

1
9

2
1

.0
0.0

1000.0

2000.0

L0 L1 L2 L3 L4

B
a

se
 S

h
e

a
r 

(k
ip

)

Lift Core Wall Location

Base Shear



1st Conference on Sustainability in Civil Engineering, August 01, 2019,  

Capital University of Science and Technology, Islamabad, Pakistan. 

135 

 

Chandiwala, A. (2012). Earthquake analysis of building configuration with different 

position of shear wall. International Journal of Emerging Technology and 

Advanced Engineering, 2(12), 391-399.  

Constantin, R. T., & Beyer, K. (2012). Modelling of reinforced concrete core walls 

under bi-directional loading. Paper presented at the Proceedings of the 15th 

World Conference on Earthquake Engineering. 

Goud, R., & Pahwa, S. (2016). Study of Effect of Location of Lift Core Shear Wall 

under Earthquake Load. International Journal of Science Technology and 

Engineering, 2(07).  

Schodek, D. L., Subagdja, D., & Suryoatmono, B. (1999). Struktur: Erlangga. 

Varna, K., & Bhavana, B. (2017). Optimum Location of Lift Core Wall for Flat Slab 

and Conventional Beam System Using Generated Response Spectra. 

International Journal of Advances in Scientific Research and Engineering, 3.  

 

 



 

136 

 

Paper ID: 208 

 

Effect of Fundamental Period on Seismic Design of Reinforced Concrete 

Structures 
Javaria Mehwisha, Saeed Ahmadb 

a) Corresponding Author. PhD Student at Brunel University London. 

Email: jav.mehwish@gmail.com 

b) Head of Civil Engineering Department COMSATS Institute of Information Technology Wah 

Campus Pakistan. 

Email: saeed.ahmad@ciitwah.edu.pk 

 

Abstract 
Seismic design of reinforced concrete structures is becoming more important in high seismic areas 

of developing courtiers, because of increased seismic activity. There are number of well defined 

design codes like Uniform Building Code (UBC) 1997, Federal Emergency Management Agency 

(FEMA), Washington, 1997, and International Business Code (IBC) 2000, etc. which are used in 

developed countries for seismic design. Seismic design depends on the base shear (V) of the 

building which acts on the building when any seismic activity happens. UBC 1997 gives empirical 

equations for calculation of óVô. The coefficients involve in calculation of (V) depend upon the 

construction practices and design technique prevailing in the developed countries. Similarly this 

code gives two methods for the calculation of fundamental period óTô of the building. This paper 

describes the influence of structureôs fundamental period on the seismic design characteristics. 

Two different methods define by UBC 1997 have been used in the paper to estimate the 

fundamental period of the structure. Based on the analytical findings, the research concludes the 

ineffectiveness of method B for structures with large fundamental period in high seismic zones. 

TA and TB are discussed in detail along with the factors on which TA & TB depend. Graphs between 

base shear coefficient (Vc) and period (T) are developed and discussed for all seismic zones. 

Moreover, a regular high rise reinforced concrete building is analyzed, designed and compared for 

both fundamental periods. Comparison shows an ample variation in the forces, design and civil 

cost of same building for the two cases.  

Keywords: Uniform building code, seismic design, fundamental period, building height, 

reinforced concrete structures 

1. INTRODUCTION  

 

The frequency of occurrence of earthquake is increasing day by day. The buildings designed 

according to prevailing codes are also damaged by these off & on jolts. Many lacunae in 

construction as well as design have come to light while analyzing the failures due to earthquake. 

In order to design a structure to withstand an earthquake, the forces on the structure must be 

specified. The exact forces that will occur during the life of the structure cannot be known. When 

any earthquake hits the structure, seismic forces arise from the vibration of the mass of the 

structure. The frequency of these vibrations and corresponding period play an important role in 

response of the structure. The period can be determined from the equations defined in specified 

building codes. It is therefore important that careful consideration should be given to the 

fundamental period of a building in its planning and design stage.  
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According to UBC-1997, the world is divided into different seismic zones with respect to the 

intensity of seismic hazards. For a particular zone when a maximum intensity of earthquake jolts 

any building, the code gives formulae to estimate maximum limit of base shear. Base shear 

generates seismic forces which will act on a building. Base shear is the only factor which makes 

the seismic design of the structure different from its gravity design. Base shear is the combination 

of base shear coefficient (will be termed as Vc) and building dead weight. Vc is multiplied by 

buildingôs dead weight to find out the magnitude of Base Shear. The coefficient of Base Shear is 

dependent upon i) seismic zone coefficient Z, ii) soil profile coefficient Ca & Cv, iii) Building 

response coefficient Rwx & Rwz, iv)  building importance factor I, v) fundamental period T. All 

of above mentioned parameters excluding fundamental period are constant, for any Intermediate 

Moment Resisting Frame (IMRF) or Special Moment Resisting Frame (SMRF), in a particular 

zone & soil profile except fundamental period. Code defines two methods for determination of 

period either TA or TB, and variation among both periods may be up to 30 % for zoned 4 and 40% 

for rest of the zones. This variation generates a marginal difference in design forces which are 

addressed in this study. 

In this regards B N Pandya (4) has published a paper presenting a study carried out to compare the 

fundamental natural period (FNP) obtained by free vibration analysis of reinforced concrete 

buildings considering various configuration irregularities with the values of FNP obtained from 

empirical formulae given by Indian Standard Code IS 1893 (Part 1): 2002, International Building 

Code IBC 2000 and Federal Emergency   Management Agency FEMA 368. It was found that 

structural configuration irregularities tend to increase the FNP and that the IS 1893 (Part 1): 2002 

empirical formula gives FNP which is almost half the computed values. The IBC 2000 and FEMA 

368 empirical formula gives FNP, which varies marginally from the computed values. 

 

2. PERIOD AND STATIC LATERAL FORCE PROCEDURE  

 

The period óTô of the structures is defined as ñelastic fundamental period of vibration, in seconds, 

of the structure in the direction under considerationò 

UBC-1997 presents a stepwise procedure for determination of lateral forces. 

The flow diagram to represent the calculation procedure for different seismic parameters is shown 

here. The following equations represent the relationship of base shear with period. 

 

 

 

 

 

 

 

V = Cv I W/RT   eq. (1)              Vmax = 2.5CaW/R   eq. (2)                 Vmin = .11CaW  eq. (3) 

Where: V = Base shear, W = Total dead load, R = Response modification factor,

 T = Time period.Ca = Acceleration based ground response coefficient, Cv 

= Velocity based ground response coefficient,  I = Importance factor, 

In this paper combination of Cv, I, R & T is considered as base shear coefficient (Vc). 

 

 

 

CALCULATION FLOW  

I Ą R Ą Zone  Z ĄSoil Profile Type Ą Cv Ą T Ą W Ą V Ą Ca Ą V(max) Ą 

V(min) Ą Ft Ą Fx Ą Vx Ą Mx Ą Drift Ą Reliability  
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2.1 Governing Parameters Of Period By Method óAô  

 

In UBC 1997 following formula is used for the calculation of Fundamental period (T) for 

all the buildings from Method óAô. 

    T = Ct (Hn) 3/4    eq. (4) 

Ct = .035 (.0853) for steel moment resisting frames. 

Ct = .030 (.0731) for reinforced concrete moment resisting frames. 

Ct = .02 (.0488) for all other buildings. 

Hn = Height in feet (meters) 

 

The value of Ct for structures with concrete or masonry shear walls may be taken as .1/ãAc 

(For SI: .0743/ãAc for Ac in m2). 

 

The value of Ac shall be determined from the following formula  

 

    Ac = × Ae [0.2 + (De/Hn) 2]  eq. (5) 

The value of De/hn use in formula shall not exceed 0.9.  

 

 Fundamental period calculated form Method óAô is termed as TA depends upon 

height, so it remains constant for a particular building. Ct is dependent upon type of 

building, type of material and also upon construction methodology. 

 

2.2 Governing Parameters Of Period By Method óBô 

 

In UBC 1997 the calculation of Fundamental period from Method óBô is termed as TB calculated 

following the structural properties and deformational characteristics of the resisting elements in a 

properly substantiated analysis. The value TB shall not exceed 30 percent greater than the value of 

TA obtained from Method A in Seismic Zone 4 and 40 percent in Seismic Zone 1, 2 and 3. The 

fundamental time period may be TB computed by using the following formula. 

 

    T = 2ˊ ã (Ɇwiŭi2 õ g Ɇäiŭi)           eq. (6) 

The value of äi represents any lateral force distributed. The elastic deflection ŭi shall be 

calculated using the applied lateral forces, äi. 

 

As TB is dependent upon weight & deflection of the structure, so it is highly variable. Deflection 

can be reduced by increasing stiffness of the structure and weight is also variable due to 

architectural considerations or any other buildingôs usage requirement. 

 

Base shear calculated from TA is normally more than that calculated from TB. Apparently, TB 

seems to be more realistic than TA as it considers many factors as shown in its equation. But codes 

give freedom to use any one method, so importance of its use is of much interest. Selection of T 

(either by method A, or by method B makes a marginal change in design) is made in this research. 

 

The coefficients Ct, R and I depends on the construction methodologies and construction 

techniques. The construction techniques in developed countries are very well defined and 

followed. In developing countries these design codes are applied in design but importance is not 

given to construction techniques, which make the design vulnerable and doesnôt give the same 



 

139 

 

level of safety against earthquakes. Therefore it is vital requirements to either strictly follow the 

same level of construction methodologies or revise those coefficients against prevailing 

construction practices in developing countries. 

 

2.3 RELATIONSHIP BETWEEN BASE SHEAR COEFFICIENT AND PERIOD 

 

The relationship between base shear coefficient & period is shown in eq. (1) to eq. (3). In these 

equations all the parameters are fixed for a particular zone and soil profile except period will 

depend upon the structure. Thus graph can be plotted for determination of base shear coefficient 

against different values of period. Graphs are plotted against different values of period.  

These graphs show the range of period for any building vary from TA to TBÒ1.4TA in Zone 1, 2A, 

2B & 3, for zone 4 period ranges is TA to TBÒ1.3TA. These graphs are developed for all zones and 

soil profiles but only graphs for soil profile E in all zones are presented here due to insufficiency 

of space available for this paper. If the building need to design against TA  

Another interesting thing presenting in these graphs is same base shear coefficient against two 

different periods. As in zone 3 VC  is .00618 against period 1.6 if TB is considered and 1.15 if TA 

is considered. This shows that 201ft high RC frame building will have same VC with TB, as it is 

for 129ft high building with TA. 
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(a)  (b) 

 

 

 

 

 

(c)  (d) 

 
(e) 

Figure 1: Graphs Between Base Shear Coefficient and Period for Soil Profile óEô Shown as 

SP5 and Seismic Zones Zone 3 and & Zone 4 

Determination of Base Shear Coefficient  
Z 2B & SP5 
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3. CASE STUDY  

 

Regular Structure selected for this research is (3B +G+ 16) 20 storey office building to see the 

effect of fundamental period on the structural design. Different structural elements of the building 

have following properties. 

  i) All basement beams are 12òx27ò, ii) All peripheral floor beams are 13İòx36ò, 

iii) All internal floor beams are 12òx36ò, iv) Columns from lower basement to 2nd floor are 

48òx48ò, v) Columns from 3rd floor to 6th floor are 42òx42ò, vi) Columns from 7th floor to 10th 

floor are 36òx36ò, vii) Columns form 11th floor to 14th floor are 30òx30òviii) Columns from 15th 

floor to 20th floor are 24òx24ò, ix) Thickness of Pile Cap/ Raft is 66ò, x) Thickness of Basement 

Wall is 12ò.ix) Building is 243ft high. Penthouse height is 18.5ft. 

 

3.1 GENERAL PARAMETERS  

 

Building is designed for basic five loads i) Seismic Load in X-dir, ii) Seismic Load in z-dir, iii) 

Dead Load, iv) Live Load, v) Roof Live Load. Seismic and factored Load combinations are 

determined from basic load combination 1612.2.1 of UBC-1997. Seismic parameters considered 

are i) RWX & RWZ= 8.5, ii) I=1, iii) NA & NV= 1, iv) S=5, v) Z=.3 & .4. The schematic views of 

the building are shown in Fig-02. 

Pile foundation is provided as recommended by Geo-Tech investigation report. Fig 02 (b) shows 

the spring which are designed against piles stiffness calculated with following formula  using 

values given in report. 

K (FY) = Pile Capacity/Settlement.  

 In material properties all main reinforcing steel is deformed bars with 60 ksi yield strength, where 

as for secondary steel is mild with 40 ksi yield strength, fcô compressive strength of concrete for 

columns is 4 ksi & 3 ksi for other structural members. 

                                                                        

 
  

 
 

(a) 3D View (b) Front View (c) Top View 

Figure 2: StaadPro Model of Structure  

3.2 STRUCTURAL ANALYSIS  

 

In structural analysis following parameters are determined, which are used in calculation of design 

forces for all structural elements. 
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3.2.1 FUNDAMENTAL PERIOD  

 

Time period provided for structural design is calculated against total height of building excluding 

penthouse, shown as follows 

¶ TA      1.795 in X & Z DIR. for Zone 3 & 4  (considering building height only) 

¶ TB      2.34 (1.3 TA) in X-DIR & Z-DIR for Zone 4,  

¶ TB  2.34 (1.3 TA) in X-DIR 2.513 (1.4TA) in Z-DIR. For Zone 3  

 

Comparison of both designs with time period TA and TB is shown in terms of percentage reduction 

in forces.  

 

3.2.2 BASE SHEAR & DEFLECT ION  

 

Base shear determined in both directions is tabulated in Table (01). For a particular building 

displacement of nodes make a considerable variation in design forces due to Pȹ effect. Therefore 

values of maximum displacement are also noted for each model. Displacements are only noted 

against factored loads with seismic force combination to make a comparison. 

 

3.3 STRUCTURAL DESIGN 

 

3.3.1 PILES / PILE CAP -RAFT  

 

Piles design is not in the scope of this project, only forces acting on piles are shown. In building 

in Zone 3 & 4, almost 70% piles have governing forces against gravity loads so design remains 

same either TA or TB is used. For 30% piles governing forces are against seismic load 

combinations. Thus when pile designed with TA is compared with TB the reduction in axial forces 

is 6% and in plane forces are also reduced up to 25%.Piles with 30ò diameter and 76 ft length is 

assumed to be sufficient for both designs. 

Pile cap/raft with 66ò thickness is provided. The reduction in design of raft for a building in Zone 

3 with TB is 8% & 16% for top moment in longitudinal & transverse direction, where as bottom 

moment is reduced 13.5% & 58.7% for exterior & inner column strip in longitudinal. For 

transverse direction it is 21% & 27% respectively. Area of steel is reduced in only on those 

locations where flexural moment governs and reduction is almost in same percentage as moment 

reduced. The reduction in design of raft for a building in Zone 4 with TB is 9% for top moment in 

longitudinal & transverse direction, where as bottom moment is reduced 20% for exterior column 

strip in longitudinal & transverse direction. Area of steel is reduced in only on those locations 

where flexural moment governs and reduction is almost in same percentage as moment reduced.  

Table 1 

BASE SHEAR (KIPS) DEFLECTION (INCHES)  

SOIL 

PROFILE 

óEô 

TA TB TA TB 

X DIR Z DIR  X DIR  Z DIR  X DIR  Z DIR  X DIR  Z DIR  

Zone 3 10248.44 10248.44 7861.51 7371.52 10.978 14.32 9.178 11.607 

Zone 4 11712.5 11712.5 9003.83 9003.83 12.545 16.365 10.503 13.78 
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12ò thick retaining wall is provided all around the basement. For design of retaining wall moment 

does not govern and only minimum reinforcement against temperature and shrinkage is provided. 

Results for columns and beams are tabulated below. 

 

 

3.3.2 COLUMNS  

 

Design of 20 storey columns is divided into 5 parts. Each 4 storey have same X-section and almost 

they have similar results, so same design is used for 4 storey column. In general almost all columns 

up to 16 storeys have minimum 1% area of steel. So there is no comparison. Whereas last four 

storey column are designed against governing forces and area of steels varies marginally. Some 

results are presented in Table (02) shown above. 

 

Table 2 

Typical 

Column 

 Percentage reduction with 

TB in Z=3 

 Percentage reduction with TB in  

Z=4 

Represents 

P MX  MY  As P MX  MY  As   

Exterior 

Column 

-

1% - -3% -3% -1%   -3% -3% 

Inner Column 

-

1% - -2% -3% -1%   -2% -3% 

 

 

3.3.3 BEAMS  

 

Beams results also tabulated to represent the comparison given in Table (03). Where (M+ive) & (M -

ive) represents bottom and top moments of beams. (T) represents torsion and (V) represents shear 

in beams. 

Table 3 

Averag

e Beam 

Results 

with 

Storey 

Level 

Percentage reduction with TB in 

Z=3 

Percentage reduction with TB in 

Z=4 

M +ive M -ive T V 
Botto

m 
Top M +ive M -ive T V 

Botto

m 
Top 

    Steel 

req. 

Steel 

req. 
 

 

  Steel 

req. 

Steel 

req. 

1ST TO 

5TH 
19% 25% 

20

% 

12

% 
17% 26% 18% 24% 

19

% 

12

% 
19% 26% 

5TH TO 

10TH 
21% 28% 

13

% 

17

% 
20% 29% 19% 25% 

12

% 

16

% 
20% 26% 

11 TH 

TO 

15TH 

18% 27% 3% 
14

% 
18% 29% 17% 24% 3% 

13

% 
18% 28% 
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4. COST ANALYSIS 

 

In both cases concrete outline of all structural members is kept same. Therefore comparison is only 

possible among area of steel ratio of all structural elements of the structure. The accumulative 

concrete quantity for both cases is 423,000 CFT. Whereas G-60 steel required for case study in 

Zone 3 is 5435 tons with TA and 16% reduction is found for TB. Similarly for case study in Zone 

4, G-60 steel required is 5877 ton for TA with 12% reduction for TB. Total civil cost for both cases 

is 926million PKR with TA & 846.8 million PKR with TB for case study in Zone 3 and for case 

study in Zone 4 total civil cost is 968 million PKR with TA and 904.5 million PKR with TB.  Thus 

8.6% cost is reduced if building is designed with TB as compare to TA in zone 3 & soil profile E, 

where as 6.6% cost is reduced for same building in zone 4 & soil profile E. Cost is only reduced 

due to steel, if concrete outline does not kept same there will be further reduction in cost. This cost 

analysis was done in 2009 and schedule of rates prevailing at that time in Pakistan were used. 

 

5. CONCLUSIONS & RECOMMENDATIONS  

 

 The following conclusions have been made from this study. 

1. The base shear coefficient VC of the building with Intermediate moment resisting frame 

(IMRF) designed with TA is 54.5% more than Special Moment Resisting Frame (SMRF) 

system. Similarly if same building is designed with TB (1.4TA) than VC will be 40% 

reduced, giving the design near to SMRF design without any SMRF detailing. 

2. The graphs in Fig (01) depicts that building with Time period 0.5 sec. to 2 sec. which 

corresponds to 5 to 20 storey height buildings, there is marginal increase in base shear if 

TA is used as compared to TB. 

3. Reinforced concrete building with height 60 ft or less has TA & TB equal to 0.6 sec, as 

shown in Fig 01, (d & e). So the building VC will remain same for zone 3 & 4 in soil profile 

óEô. Thus five storey height building will have same design either in zone 3 or 4. For the 

two most critical zones in loose soil profile, our design will not change. This needs 

reconsideration of factors for calculation of VC. 

4. The present study shows that if building is designed with larger period TB the result shows 

less deflection see Table 1, and also more economical design as compared to design of 

same building with higher deflection and lower period TA.  The other formula for 

calculation of time period TB as shown in eq. (6) depends on displacement. So when the 

lateral displacements will be increased then Time period will also be increased. This 

contradicts to each other. 

5. The height of the building used in Method óAô for time period is also contradictory. Design 
code says if penthouse area is less than 10% of the total area of the building than penthouse 

height should not included in total height of building for calculation of time period with 

Method A. The height of the building plays important role in calculation of base shear so 

the percentage of penthouse are in relation to total area of building should be reconsidered 

to make the design more economical. 

16TH 

TO 

20TH 

5% 5% 2% 3% 4% 5% 5% 5% 2% 
3

% 
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6. Similarly if the building have a basement without seismic/expansion joints, we must 

consider that height in total height of the building. 

7. The variable involves in a calculation of base share with eq. (1) to eq. (3) are Ca & Cv 

should also be reconsidered especially for zone 3 & 4 in soil profile óEô to make the design 

different in these zones.  

8. Construction material and techniques are different for all over the world. Therefore value 

of CT may not be constant for all regions. It should be estimated for a particular area 

according to prevailing practices. 

9. For any value of period corresponding height of the building can be determined using 

following Eq.     

H =4/3(T/Ct)     eq.(7) 

Where H is in feet and T is in seconds. Thus for assisting quick design graph between VC 

& H can also be developed and can be presented in further studies. 
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Abstract  
The quality of construction projects can be enhanced by reducing the defects in the projects during 

and after construction. Some defects in the construction projects are harmful for the durability and 

structural stability and some of them are harmful for the indoor air quality and building aesthetic. 

Dampness is main defect that reduces the life of building as well as the comfort level for the 

resident of the building. Bitumen coating has been used for number of years to control dampness. 

But this technique is not efficient and not good for the health as it produces hazardious gases which 

are harmful for the human health. In this study synthetic polymers were used to control the 

dampness by improving the water proofing quality of the material. The effect of the polymers on 

the compressive strength of concrete was also checked by adding these polymers into concrete 

during concrete mixing. Structural members like wall footing, concrete slab, concrete cubes and 

septic tank were casted and tested to check the efficiency of synthetic polymer against seepage or 

leakage of water. The precast concrete slabs were also tested by using these polymers. The crack 

was produced along the length of the sewerage pipe and also tested for water leakage after applying 

multiple coats of polymers. It was found that these polymers are equally efficient for water 

proofing, crack filling and also improving the compressive strength of the concrete. The water 

absorption of brick and concrete was also tested by applying multiple coats on each side of the 

brick and concrete cube. These polymers reduced the water absorption of both bricks and concrete 

to almost zero. So, these polymers are highly recommended to the construction industry to improve 

the project life, durability, strength and aesthetic. 

Key Words: Defects in concrete, Dampness, Water Absorption, Strength Improvement, Crack 

Filling and Aesthetic.   

1. INTRODUCTION  

The development of any country highly depends upon the development of construction industry. 

Construction industry comprises six to nine percent of the gross domestic products of developed 

countries. Buildings are the most important part of the constructions industry. There are many 

defects in buildings like structural and temperature cracks, dampness, settlement and failure. These 

defects produce due to poor quality workmanship. A typical example is water infiltration through 

some portion of the building structure that is called dampness, which may create an environment 

for the growth of mold. Most common defect in buildings is the dampness. Dampness is the 
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existence of unsolicited moisture in different members of a buildings, either because of 

interruption from outside or condensation of water vapors from within the structure. Many 

techniques are there to control dampness.  In this study new waterproofing techniques are 

introduced using synthetic polymers. In order to control the dampness bitumen coating is preferred 

over polymers as some of the polymers are costly and require skilled labor. Conventional 

techniques of waterproofing are still used in different developing countries. So, there is a need to 

introduce the new technique to control the dampness that must be equally economical as well as 

environment friendly. In this study, modern techniques of waterproofing are introduced by using 

synthetic polymers like crack filler (PP 007), sealer, hyper coating, Concrete mix (PP 500) and PP 

50. The polymers are, Acrylic Polymers, Super Absorbent Polymer (SAPs), Epoxy, Dr. Fixit, 

Kembond K Fix 75, Polypropylene (PP), Polyvinyl Chloride (PVC) and Polystyrene (PS). 

Structural defects are those which arises in the structural member of the building to cause these 

defects is due to poor design, use of poor materials and human errors these defects arise separately 

or may be some time in combination. Structural defects caused in members of building including 

beams, columns, retaining wall and slab. Defects in brick work, dampness in old structure and 

defect in the plaster work are some type of non-structural defects (Kofi Agyekum, 2013). Another 

study in Malaysia on seven hostel buildings identified some common defects in the buildings. That 

are the leakages of water, erosion in steel, penetration of rain water and other types of water in the 

buildings, horizontal cracks in the interior and exterior walls. These all defects need proper 

maintenance. Buildings need proper waterproofing to stop water from penetration to stop the 

damages and to protect the health of users of the building from harm (Wahab, 2011). Crakes are 

caused in many construction materials because it is nature of construction materials to crake after 

some time.  Contraction and expansion take place due to variation in temperature during winter 

and summer seasons respectively. This contraction and expansion produce cracks in concrete 

members which allow the water to enter the structural members through these cracks. As walls 

cover the major area of buildings that is why thermal cracks are more critical in walls. The cracks 

in wall are produced due to over loading of wall, use of poor material and poor workmanship. The 

other reason of wall cracks might be settlement of underneath soil (Nurul Nadia Omar Bakri, 

2014).  

Different studies exposed that the defects also effect directly users of the building that is some of 

defects create health and economical problem for users. So, these defects should have identified 

first and then remedial measure should use. These defects should deal separately. The focus will 

be on the dampness which is one of the most damaging defects in buildings (Ogunoh P. E., 2016). 

Roof leakage accident arises many times due to poor and improper waterproofing system. As they 

are using bituminous membrane which causes a lot of problem for them because the bonding 

between roof concrete and bitumen was poor due to these cracks appears. The water leakage 

through those cracks produce dampness which damages the building and effects the health of the 

users of the building (Suffian, 2013). Dampness sources are classified into four major types are, 

Mounting dampness, Penetrating dampness, Condensation, Pipe leakages. Minor sources or causes 

are, not proper drainage system at the building site. Poor orientation of building, Flawed slope of 

the roof (fat slab), Poor construction. Indications of dampness are dull spots on the building, paint 

detaching, sometime plaster flaking, growth of Fungi etc. (Kofi Agyekum, 2013). Buildings should 

be such that it prevents any kind of water to penetrate through its element. A research was done 

on six room residential building in which they use three different stages to investigate the 

dampness. The first one is visual inspection on which they found from the result that interior and 

exterior walls are damp the symptom they found is dirty spots, sweltering of paint and 

efflorescence. The second stage is non-destructive test for which they use moisture meter which 
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give the result is that the dampness is very much noticeable. The third and final stage is destructive 

test in which they found that the dampness in the kitchen and bathroom is due to the pipe leakages 

and precipitation penetration. From this it is concluded that when there is not proper waterproofing 

system to each element or where needed this problem will be damage the building and the health 

of user also.  In spatially in residential building if there is not a proper ventilation then the 

condensation dampness will occur which disturb the health of users. (Agyekum, 2014). Results 

from the walls test were carried out like on the double side cladding the free twist limited by 75 % 

and on the single sided cladding free twist restrained only by 13 %. In order to achieve more 

rigorous demands from the end users there should be a better interaction between timber producers 

and contractors of structures and building (Kliger, 2006).  Paint was blistered due to the dampness; 

plaster was damaged and surface efflorescence could be seen on most of the external and internal 

wall surfaces. Dampness could be seen on the walls having a height of approximately 1200mm in 

the walls inside the apartment the dampness could easily be seen on the walls of the bedrooms. 

Partition walls between the bedrooms and the washrooms were showing serious symptoms of 

Dampness (Kofi Agyekum, 2013). The effect of dampness and mold is increasing because the 

bacteria are becoming stronger than previous many years and there is need to improve lifestyle 

and stop dampness to cause such types of diseases at the end the researcher suggested that indoor 

dampness and mold problems constitute an important health hazard. And there is a need to prevent 

dampness and molds production in workplaces and especially in homes to prevent dangerous 

diseases of asthma and allergy (Maritta S. Jaakkola, 2009).  

Indoor dampness and mold problem are universal and major problems for health diseases and 

structural members which affects the lives of people, their money and resources. The major 

problem of dampness and mold is health diseases like asthma. These types of issues are very 

common in countries where temperature remains very low.  insufficient maintenance, improper 

construction work and construction of tight building to conserve energy by ventilation might be 

the critical factors for the severity of these issues specially in the cold climatic areas and countries. 

The dampness in residential buildings is significantly dangerous because it increases the chances 

of asthma specially in the children (Martín Sevilla, 2014). Polymer Modified Cement Impermeable 

Coating Material: It is a type of sealing material used in construction and engineering work. When 

the polymer emulsion and the cement mixed with powder are mixed and took on site and applied 

to the base, the cement is hydrated to form a seal coat. Polymer modified cement impervious 

coatings are commonly used as reliable and safe impervious materials because they have the 

quality of combining polymer flexibility, hardness and tackiness of cement and they do not require 

the use of an organic solvent or naked flame (Jack J. Fontana, 2005).  

A special type of Geo-Polymers has been produced which can be used to increase the strength of 

structural members and also provide better waterproofing. With the increase in contact angle on 

Geo-Polymer surface from   210 to 220, the specimen will float in water causing low water 

adsorption. This is called surface hydrophobic modification of material. These polymers will 

improve the different properties of materials like short setting time, significantly high flow rate, 

improvement in compressive strength, high bond strength through interfacial bonding of particles 

which can be shown through dense microstructure. These polymers can also repair concrete of 

rigid pavement or it can also provide protective coatings for concrete for marine structures (Ping 

Duan, 2016). With the application of these polymers on samples, the reduction of water level 

adsorption can be achieved around 0.5% within 28 days. These polymers repair the materials and 

improve the properties like short setting time which is only 24 minutes, significant high flow rate 

which is around 212 m, high early compressive strength of concrete and also high bond strength 

of concrete (A. Kamel, 2016). 
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2. RESEARCH METHODOLOGY  

 

The research is based on the experimental study on the effect of synthetic polymers on strength 

and dampness of concrete structures. Most effective polymers are, Acrylic modified polymers, and 

epoxy modified polymers, PP 50, PP30 crack fillers, and crack sealer. These polymers are equally 

good for improving the strength as well as for improving the resistance against dampness. For 

water proofing, sealer is a Liquid synthetic polymer used as primary coating. The function of sealer 

is to seal the pores on the surface of concrete and plastered surface. Crack filler is a solid synthetic 

polymer made up with cement. It has property to make grout or slurry flexible throughout its life. 

It is used to fill cracks, gaps between different structural members and expansion joints.  

It is manufactured in Pakistan by Pakistan Phthalates Ltd. Company. They are manufacturing and 

selling it in market also as crack filler PP 007. Concrete mix is a liquid synthetic polymer 

manufactured by PPL. It is used in concrete as self-leveling agent and for reducing water quantity 

in concrete. It is also increasing the strength of concrete. Primer is also a liquid synthetic polymer 

by PPL available in white color used to close pores in plastered surface while painting it. It can 

also be manufactured of different colors. Hyper is a liquid synthetic polymer by PPL have 

transparent properties use after Crack filler to make the surface hard like glass and waterproof it. 

This polymer is many times used in plumbing work in core filling in kitchen, washrooms and in 

inlet/outlets of water.  

Acrylic modified synthetic polymers are also available in liquid form. The use of these synthetic 

polymers is to increase strength of mortar and concrete by 3 time of its compressive strength. 

Epoxy modified synthetic polymers are manufactured in liquid form along with epoxy. These are 

also used in concrete and cement mortar to increase the compressive strength of concrete by 6 

times the compressive strength of concrete. 

Seven samples are selected including Spread Footing of Wall, R.C.C Slab with R.C.C Parapet 

Wall, R.C.C pre-cast Slab with Brick Parapet Wall, Septic Tank (Bricks), P.C.C Blocks (for 

strength in Compression), P.C.C Blocks (Waterproofing) and Sewerage Pipe.  First of all, 

construction of 3 steps wall footing of 4ôx18ò, 3.75ôx13. Polymers are also used for increasing 

compressive strength of concrete for that purpose 3 cubes were casted at same W/C ratio and mix 

design for each test and compare the strength of it.  

In order to check the effect of three different polymers total nine cubes were casted having three 

cubes for Acrylic Modified Polymers, three cubes for Epoxy modified polymers and three cubes 

without edition of any polymers to compare the strength of polymers edition concrete with this 

one. To check the effect of polymer in water proofing, a cube with normal water to cement ratio 

was casted and then polymer was applied at its all sides and put it in the pond for one month for 

water absorption test. These polymers are good in filing the cracks in structures. For this purpose, 

a major crack was produced in the asbestos cement pipe and then that crack was filled with this 

polymer to check its effect in crack filling. Water was pored in pipe and kept it for several days to 

check the leakage of water from crack.    

 

3. RESULTS AND DISCUSSION  

 

After the preliminary tests on the materials, concrete mixed design was carried out to prepare the 

concrete samples. Samples were casted and cured in the pond for further tests. The samples were 

cured for prescribed 28 days before the application of polymers. Then the samples were tested by 

using ASTM method of concrete cubes testing procedure. The results are shown in the below table. 
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The table undoubtedly directs that there is a substantial increase in the compressive strength of 

concrete after the addition of polymer. It means that these polymers are equally good for water 

proofing and strength improvement. The polymer almost doubled the compressive strength of 

concrete. 

Table 4: Compressive Load Capacity of Cubes 

S/N Normal 

concrete 

Acrylic Modify 

Polymers 

Epoxy Modify 

Polymers 

KN KN KN 

1 362 659 860.1 

2 349.59 665.78 871 

3 342.98 658.35 867.8 

Avg. 

Load 

351.52 661.04 866.3 

The sample of the cube which was simple of concrete had the compressive strength of maximum 

load 362 KN, other went to 349 KN and the last one went down on 342 KN. Now when the acrylic 

modified cubes were tested a big difference was seen in load bearing as the first sample took load 

up to 659 KN second one took 665 KN load and the last one took 658 KN. Now the last three 

cubes of epoxy modified cubes were tested and major difference in load bearing could be seen. 

 
Figure1: Load Carrying Capacity of Concrete Cubes 

Compressive strength of concrete expressed in Psi (pound per square inches), KN/sq.m (kilo 

newton per mete square) and different other units. As polymers used for waterproofing have dual 

performance waterproofing as well as strength enhancement. Results shows that acrylic modified 

polymers and Epoxy modified polymers increase the strength of concrete. Table 2 shows that with 

the help of synthetic polymers compressive strength will increase.  
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Table 5: Compressive strength of Cubes with polymers 

 

 

 

Figure 2: Compressive strength of Cubes with polymers 

The compressive strength as well as other properties of the structural members highly depends 

upon the water absorption power of those members. Amongst all construction material brick have 

maximum tendency to absorb water. An attempt was made to check the same property of brick but 

after applying the polymer the water absorption power of brick was significantly reduced to almost 

zero. After polymers coating bricks do not absorb more water. Results are clear that before 

polymers coating bricks absorb water more than 35% water and after polymers coating same bricks 

absorb only 1% water on avg. 

Below figure indicated that these polymers are really good in reducing the water absorption of 

concrete as well as in bricks. These polymers reduced the pores in concrete and bricks that is why 

water cannot seep through those pores and hence water absorption of material is reduced.   
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factor 

Normal 

concrete 

Acrylic 

Modify 

Polymer 

Epoxy 

Modify 

Polymer 

KN KN KN Sq.in - Psi Psi Psi 

1 362 659 860.1 36 224.82 2260.78 4115.62 5371.54 

2 349.59 665.78 871 36 224.82 2183.28 4157.96 5439.61 

3 342.98 658.35 867.8 36 224.82 2141.99 4111.56 5419.63 

Avg. 351.52 661.04 866.3 Avg. Strength 2195.35 4128.38 5410.26 
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Figure 3: Water absorption of bricks and concrete with and without Polymer 

Similarly, visual inspection was carried out by apply polymers on cast on site concrete slab, 

asbestos cement pipe and on wall footing. After a month of visual inspection, it was observed that 

water was not penetrated through the layer of polymer and not a single dampness spot as observed 

on the surface of these structural members.  

 

4. CONCLUSIONS  

 

From the results discussion, it is concluded that the synthetic polymers are the good waterproofing 

agent that control the seepage and leakage of the water. These synthetic polymers are equally good 

for the improvement of the compressive strength of concrete as these polymers almost doubled the 

compressive strength. The water absorption of the material defines its strength. So, the water 

absorption of structural members can be reduced by using these synthetic polymers. The efficiency 

of these polymers is equally good for the sewerage pipe where the leakage effects the durability of 

the pipes. The damp proof course can be improved by applying some coating of synthetic polymers 

at DPC level.        

 

5. RECOMMENDATIONS  

 

From the results and conclusions, the recommendations are made that Polymers are recommended 

for the thin walled structures like warehouses and other types of shells because they are prone to 

cracks, so the use of polymer will improve the strength of these members and also control the 

cracks.  Footing pads is required for the heavy machineries used in any industry. Dampness in the 

footing pads will cause the rusting of the machine parts. So, application of the polymers will reduce 

the chance of rusting by improving the waterproofing. For the future studies, the existing building 

can be used to improve the waterproofing by applying these polymers on the defective areas. 

Future studied can be done by using other types of polymers like polymer for the insulation.  

The other properties of concrete can be studied like durability, weathering and soundness. 

Polymers should be applied outside where there is direct sun rays or heat so that it should take less 

time to dry and to complete the desired project on time and to see the full results on the time or 

schedule. Proper coating should be done there should be no such space remaining on the surface 

where polymers should be applied if space is remaining it would cause the seepage or dampness 
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which will fail the desired project. Strength will be lesser if dampness is caused as polymers 

increase the strength also which can be seen in the testing of the polymers on the concrete and the 

bricks. If the project or samples are made inside the building or any room having stoke or heater 

type instrument could be used to dry them as would not increase much cost of the project. Cost 

doesnôt very much in using polymers instead of the bitumen or any other materials to stop the 

seepage. Polymers work 100 % if they are used in the initial stage of the project or construction of 

any building. 
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Abstract 
This research aims to compare the seismic response parameters of gravity designed model tested 

by Rizwan et. al (2018) by introducing novel haunch retrofit technique in already damaged exterior 

reinforced concrete connection. The model tested by Rizwan et. al was 1/3rd scale bay 2 story RC 

frame with deficient connection design. Scaled testing was performed on a quasi-static assembly 

installed at Earthquake Engineering Centre (EEC), UET Peshawar. Dissipating haunches were 

installed by first removing damaged concrete from the joints. Afterwards, damaged portion was 

replaced with rich concrete and haunches were anchored in them to reduce demand on beam-

column joints. The Quasi static cyclic load was applied to damaged beam-column assembly by 

deforming the structure from elastic to inelastic state under displacement control condition. The 

ACI ITG-5.1-07 protocols were used as loading history, in which different target roof 

displacements equivalent to target drifts were applied. The structure force deformation capacity 

curve was derived, for the computation of Response Modification Factor (R) and global structure 

ductility (µ). The comparison of the retrofitted and as-built model shows that the retrofitted model 

not just regained its capacity but increased its stiffness, ductility, strength and response 

modification factor by 70%, 20%, 40% and 70% respectively. 

Keywords: beam-column joint, haunch retrofit technique, response modification factor, quasi-

static.  

1. INTRODUCTION:  

Severe deficiencies have been found in moment resisting frames (MRF) built before 1970s owing 

to inadequate shear resistance of their beam-column connections. In many developing countries, 

the RC structures are still constructed without considering the design guidelines for beam-column 

joints provided by their respective building codes. This is primarily due to the unfamiliarity, lack 

of skill workmanship and cost insinuation as shown in Figure 1 and 2. The gravity load designed 

structures are not designed for lateral actions due to earthquakes and also there is no such load 

transfer mechanism available in these structures to resist the lateral actions.  
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Figure 1: Manual batching and mixing  Figure 2: Bent Reinforcement and Non- 

                                             Seismic Hooks 

2. EXPERIMENTAL PROCEDURES:  

 

2.1 Test Specimen 

 

Rizwan et. al (2018) tested five scaled RC portal frames amongst which only one was code 

compliant RC portal frame, designed according to the BCP-SP 2007. The other four frames were 

incorporated with some deficiencies in reinforcement detailing and material strength. For the 

purpose of this research, the model designed for gravity loads was considered for retrofitting. 

 

2.2 Retrofitting of Model: 

 

The retrofitting process of damaged RC portal frame consists of four steps i.e. removal of concrete, 

model repositioning, concrete replacement and haunch installation. Initially the model was 

supported by applying jacks to both the floors and lateral support was provided to avoid the 

collapse of model during retrofitting process as shown in Figure 3(a). The damaged concrete from 

the joint region, columns and adjacent beams was removed up-to 2 times the depth of the joining 

members as shown in Figure 3(b) and 3(c). Repositioning was performed with the help of belts to 

remove the out of plane tilt from the model. Joint concrete was replaced with rich concrete (34.5 

MPa) in order to increase the jointôs shear capacity and to provide better anchorage to the haunch 

element by joining members Figure 3(d) and 3(e).  

           
Figure 3: (a) Damaged Frame, (b)Damaged concrete removed from joints, (c) Joint after concrete 

removal 
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(d) Formwork for concreting, (e) Joint after replacing damaged concrete 

2.3 Haunch Design: 

Design of energy dissipating haunch used in this research work was based on the design procedure 

specified in the research work of Genesio (2012). The idea of haunch retrofit technique revolves 

around relocation of the plastic hinge from the joint region. Application of haunch to the joint 

region will reduce the flexural moment at the beam-column interface with the goal of reducing the 

shear stress in the joint region. Considering the structural and architectural requirement, the length 

of the haunch element is kept in range of 0.1 to 0.2 times the length of the beam (Sharma et al, 

2012). In design of haunch element, certain geometric parameters of trial haunch member are 

considered i.e. projected length (L'), angle of haunch (Ŭ) and haunch stiffness (Kd). The strength 

hierarchy of the mechanisms involved in beam-column joints are given from least severe to most 

severe on the structure: Vc, beam-hinge Ò ʌ1Vc, column-hinge Ò ʌ2Vc, joint shear Ò ʌ3Vc, 

column-shear Ò ʌ4Vc, beam-shear. Haunch element consists of a dog-bone specimen which is 

enclosed in a steel cylinder which is then filed with rich mortar to resist buckling during 

compression of the haunch element subjected to lateral loading. Figure 4 shows the designed 

haunch element diagrams. Haunches were placed both at top and bottom of the beam in order to 

get a better performance in resisting the lateral loads Figure 5 shows the haunch placement scheme. 

The type of anchorage used in this research is through anchorage. It consists of 6 bolts passing 

through steel plates at both sides of the column and beam Figure 6.  

Table 1: Haunch element details 

Haunch Parameters  Anchorage details  Anchorage 

details 

Haunch Diagonal (Lh)= 353mm Anchorage type= Through 

Anchors 

Fc'= 34 MPa 

Projected Length of Haunch (L') = 

250mm 

Number of anchors (n)= 6 Fy= 414 

MPa 

Haunch angle (Ŭ)=45Á Anchors diameter(dnom)= 6 

mm 

 

Es= 200GPa 
  

Cross sectional area of Haunch (Ad)= 30 

mm2 

  

Haunch Stiffness (Es.Ad/Lh)= 16.9 

KN/mm 
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Figure 4: Haunch schematic diagrams 

                     

Figure 5: Placement scheme                      Figure 6: Through Anchorage in beam and columns 

 

2.4 Test Setup and Loading Protocols 

Quasi static lateral cyclic load was applied to the test model with the help of displacement-

controlled hydraulic actuator. The actuator consists of a ram and load cell having capacity of 50 

tons and having ± 6in (150 mm) displacement capacity of the shaft. The hydraulic actuator is 

connected to the vertical distribution beam at 1/3rd span from the top end, to apply lateral loads 

simulating triangular lateral force distribution. The test setup of the retrofitted specimen is shown 

in Figure 7. 

The loading history consists of series of three cycles at increasing level of target roof drift (0.4%, 

0.5%, 0.7%, 1%, 1.5%, 2%, 2.5%) prepared as per ACI ITG-5.1-07 protocols (Figure 8). To record 

the in-plane lateral displacement, two displacement transducers were attached to each floor, while 

one displacement transducer was attached to the base pad of the structure in order to record any 

sliding in the structure. The applied load was recorded by the load cell attached to the hydraulic 

actuator. 
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Figure 7: Test Setup                                                    Figure 8: Loading History 

3. RESULTS: 

3.1 Damage Behaviour: 

Damaged behaviour was observed in relation to story drift. At 0.4 % drift, pre-existing cracks 

reopened in columns. Further increase in drift to 1% led to development of shear cracks in joint 

region. At 1.5% drift, haunch fractured at ground storey while further increase to 2% led to further 

widening of shear cracks in column base and joint. Widening of flexural and shear cracks 

continued at 2.5% drift accompanied by severe damage to column base. 

3.2 Comparison of As-Built and Retrofitted Structure:  

The as-built structure of Rizwan et al (2018) was not designed for any kind of lateral loading so it 

withstood 50% of intensity of Northridge accelerogram and showed very lower stiffness and severe 

joint panel damage due to lateral loading conditions. Due to the use of lower strength concrete and 

the lack of stirrups in the joint region, it has very less tensile strength resulting in a brittle failure 

mechanism in the form of joint shear cracking which ultimately led to lower overall lateral load 

capacity of the structure.  

Table 2: Structural Properties 

Structural Properties As Built Model DH Model % Increase 

Stiffness (N/mm) 817.51 1399.87 71.24 

Ductility (µ) 1.65 1.99 20.46 

Ductility Factor (Rµ) 1.65 1.99 20.46 

Overstrength Factor (Rs) 1.73 2.46 42.15 

Response Modification Factor (R) 2.86 4.89 71.24 

Strength (KN) 90.85 129.18 42.15 

 

In the retrofitted structure with rich concrete and haunch retrofit technique, slight shear cracks 

were observed in joint region. The observed ultimate mechanism was hinging and the core concrete 

crushing at the base of the columns under large lateral displacement cycles. The haunch retrofit 

technique significantly improved the seismic performance of a damaged reinforced concrete 

gravity designed structure.  
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3.3 Force-Deformation Capacity Curve 

The force-deformation capacity curve was developed from the recorded data of the quasi-static 

testing of the retrofitted frame. The capacity curve shows that severe pinching effect (Figure 10) 

reduced the energy dissipation 

n in the structure. Both the positive and negative lateral roof displacement and lateral loads were 

plotted and then averaged to obtain the mean capacity curve for the prototype structure shown in 

Figure 9(a). The retrofitted structure shows substantial increase in the lateral load carrying capacity 

as compared to the as-built structure. In order to compute the structural response parameters, 

bilinear idealization of the capacity curves was performed using equal area principle. Figure 9(b) 

compares the bilinear idealized curves for as-built and retrofitted structure. 

 

4. CONCLUSIONS: 

 

The following conclusions are derived from this research work: 

¶ The retrofitting technique substantially improved the strength and stiffness of the 

retrofitted structure by approximately 42% and 71% respectively as compared to the as-

built structure. 

¶ The retrofitting technique increased the overall response modification factor (R) of the 

structure by 70%.  

¶ The proper anchorage design made the retrofit technique more effective. Through 

anchorage was provided in this research. The drilling through the members is risky, if not 

done properly can weaken the members internally by introducing pre-test damages and is 

Figure 9(a): Roof Displacement,                     (b) Comparison with Rizwan et al 

Figure 10: Hysteretic Curves 
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ultimately the failure of the retrofit technique. 
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Abstract 
A 1/3rd reduced scale two story reinforced concrete frame tested on shake table was repaired and 

retrofitted using steel haunches, to check the efficiency of haunch retrofitting in restoring seismic 

capacity. Repairing was done by removal of damaged concrete from the joints and replacement 

with rich concrete. Haunches were installed at each joint to change the hierarchy of strength from 

brittle shear damage in joints to ductile flexure damage in the beam. Testing was performed using 

quasi-static cyclic loading setup. From the comparison of the tests it was observed that the repaired 

and retrofitted frame showed a ductile failure mechanism of beam flexure cracking as campaired 

to joint shear cracking in as-built frame. Also a substantial increase in the seismic response 

parameters of the retrofitted frame was noted showing the effectiveness of the repair and haunch 

retrofitting technique. 

Keywords: Haunch retrofit technique, quasi-static cyclic loading, seismic response parameters.  

1. INTRODUCTION : 

Due to earthquakes every year a large stock of buildings is damaged in addition to the loss of many 

human lives. The risk of damage to the buildings and lives is increased further if non-seismically 

designed or some type of construction deficiency is found in it, which is the case of a huge stock 

of buildings in developing countries. Mostly attributable to non-seismic design and construction 

deficiencies, the Kashmir 2005 earthquake killed more than 73,000 people in addition to severely 

injuring 70,000 people, while making 2.8 million people homeless. According to an estimate some 

US$5.2 billion loss to the economy was attributed to the Kashmir earthquake (Asian Development 

Bank and the World Bank, (2005)). 

The study in this work will consider such deficient structures with beam-column(BC) joints in 

focus, as in past beam-column joints were assumed as to behave in an elastic nature during an 

earthquake event, that assumption proved to be wrong as when the joints were observed to be one 



 

163 

 

of the most vulnerable part of a structure and become the reason for brittle failure of many 

structures, either designed as per old colds with improper seismic provision, or with construction 

deficiencies (Pampanin et al. 2006). Either by increasing the seismic capacity or decreasing the 

demand on BC joints its brittle failure mechanism in the form of shear cracking can be prevented. 

To prevent the shear failure of joints many techniques were developed, the applicability of which 

depends on materials, expertise, cost considerations, architectural and aesthetics requirements. 
Haunch technique due to its less expensiveness, less invasiveness and easily applicability was 

proposed by Pampanin et al. (2006) for reinforced concrete(RC) BC joints, while for the haunch 

technique to be faster, easier and lesser invasive post-installed anchors were used for fastening of 

the diagonal haunch with the beam and column by Genesio, G. (2012). 

 

2. EXPERIMENTAL PROCEDURES : 

 

2.1 Introduction:  

 

For the purpose of investigating the effectiveness of haunch retrofit technique in restoring seismic 

capacity of a deficient structure and already damaged during shaking table test performed by 

Rizwan et al (2018) on the as-built model to be repaired and retrofitted, was tested under quasi-

static cyclic loading conditions. In addition to a two story control frame designed according to 

Seismic Provision of BCP-SP (2007) by Rizwan et al (2018) four other frames were constructed 

considering the deficiencies found in field practices. The model frame considered in this study was 

the one with reinforcement details (Figure 1) as of the control frame with concrete strength of 

2000psi as campaired to the design strength of 3000psi. The frame constructed and tested, were 

1/3rd reduced scale simple model idealized. 

 

2.2 Model Repairing: 

 

The damaged frame was repaired by firstly repositioning the frame from the induced tilting due to 

testing, then the removal (Figure 2) of damaged concrete from joint and the adjacent beams and 

column region, which was replaced (Figure 3) with rich concrete of 5000psi of compressive 

strength. Concrete of higher strength was used in the joints to increase its shear strength, and in 

the adjacent parts of the beams and columns for better anchorage of the haunches to the beam and 

column. 
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Figure 1: Steel reinforcement details of control frame used by Rizwan et al (2018) as well as 

candidate model in this study. 

 

              

 

 

 

 

 

 

 

 

 

 

 

Figure 2: 

Removal 

of damaged 

concrete.          

Figure 3: 

Replacement with rich concrete. 

 

2.3 Haunch Design and Application: 

The haunch design performed in this study was based on the procedure of fully fastened haunch 

retrofit solution (FFHRS) introduced by Genesio, G. (2012), that intern is an extension to the 

procedure used by Pampanin et al (2006). The effectiveness of the haunches in diverting the shear 

demand from the joint towards the beam depends on length, the angle it makes with the beam and 
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stiffness of the haunch element, where the stiffness of the haunch element depends on its 

dimensions, material and also anchors stiffness. The dimensions, geometry, and material properties 

of members that connects with the joint in addition to the trial haunch element and stiffness of the 

anchors, were the parameters used for designing of the FFHRS. The haunches were connected to 

the beam and column by drilling of holes, where the anchors passing through the haunches base 

plates are bonded to the concrete using epoxy. 

 

Table 1: Details of the haunches used for retrofitting. 
Haunch Parameters Anchorage details Anchorage details 

Haunch Diagonal 

(Lh)=353mm 
Anchorage type=Bonded  

anchors 
Fc'=34MPa 

Projected Length of Haunch 

(L')=250mm 
Number of anchors(n)=6 Fy=414MPa 

Haunch angle=45 Anchors effective 

depth(hef)=60mm 
 

Es=200GPa Anchors 

diameter(dnom)=8mm 

 

Cross sectional area of 

Haunch(Ad)=1080mm^2 
 

Haunch Stiffness 

(Es.Ad/Lh)=612KN/mm 
  

 

2.4 Test methodology, setup and Loading Protocol: 

Tests on the repaired and retrofitted frames were conducted by applying quasi-static cyclic loading 

through a hydraulic actuator of 50-tons of load and 12 inches (300mm) of displacement capacity 

(Figure 4). Two pin connections were provided with the actuator assembly for avoiding any 

accidental eccentricity that can be induced due to loading.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Test setup and instrumentation plan. 

The actuator was attached at 1/3rd height from the top to a distribution girder attached to the top of 

first and second stories, so as to create loading conditions equalling to that of code linear triangular 

load distribution between the floors. Loading history as per ACI ITG-5.1-07 protocols was applied, 
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where 0.4, 0.5, 0.7, 1.0, 1.5. 2.0, 2.5% of roof drift cycles were applied with each drift cycle 

repeated three times. Based on the code allowed maximum inter story drift for low rise structures, 

a maximum to be applied roof drift was selected. Load cell to the actuator was attached for 

recording load, while displacement transducers were attached to the floors for recording 

displacements. Also to record any horizontal sliding of the retrofitted frame another displacement 

transducer was attached to its base pad. 
 
  

3. RESULTS: 

3.1 Damage behavior: 

By starting with the application of 0.4% of roof drift and increasing to 2.5% as per ACI ITG-5.1-

07 protocol, the damage started with hair line cracking in the beam at the end of haunch plates that 

widened significantly in the subsequent drifts up-to 2.5%. Also some hair line shear cracking in 

the joints and shear cracking in the columns of ground story at the end of haunch plates was 

observed during the application of the last drift cycle, which can be attributed to the detachment 

of the haunches through concrete pry-out that further weakens the substrate member. Also some 

pinching behavior in the load-deformation response (figure 5) of the frame was observed that can 

be attributed to the opening and closing of already existing cracks, which can be 

controlled/minimized by injecting epoxy. 
 

 
Figure 5: Force-displacement hysteretic response of prototype of retrofitted test frame. 

 

3.2 Comparison between Retrofitted and As-Built RC Frames: 

In case of the as-built frame tested by Rizwan et al (2018) through a shaking table, that was built 

using low strength concrete, had lower load resistance and higher deformation under same loading 

conditions. This frame has also lower lateral load capacity due to early joint shear failure (Figure 6) 

due to the use of low strength concrete. The frame when then repaired using higher strength 

concrete and with haunches installed showed much higher stiffness and lateral load capacity. This 

can be attributed to the higher joint shear strength due to the use of rich concrete and also due to 

the shear transfer mechanism produced by the haunches installed at beam-column joints, from joint 

to the beam. That resulted into flexure plastic hinge (Figure 7) formation in beam as opposed to joint 
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shear damage mechanism in as-built frame.  

 

            
Figure 6: Damage in joint of as-built frame     Figure 7: Flexure cracking in beam of retrofitted 

frame. 

3.3 Seismic Response Parameters: 

The capacity curves were generated from the hysteretic behaviour of the frames and then this 

capacity carves were bi-linearly idealized using equal energy principal. From the Idealized Elastic-

Plastic Capacity Curves the different Seismic response parameters were calculated as per procedure 

followed by Rizwan et al (2018), so as to have quantitative comparison between the seismic 

response of the as-built and repaired plus retrofitted frame. From this comparison it was found that 

the repair and retrofitting not just restored but increased stiffness, strength, ductility and response 

modification factors of the deficient and damaged frame by 75%, 52%, 15% and 75% respectively. 

 

4. CONCLUSIONS: 

 

The objective of transferring damage from brittle shear cracking in the joint was achieved in the 

form of ductile flexure cracking in the beam. Due to which a reasonable increase in structure 

stiffness, strength, ductility and response modification factor was observed. It was observed that 

the attachment of fully fastened haunches to beam and column, which is through drilling of holes, 

can further weaken it and in case of earlier detachment of anchor through concrete pry-out can 

further weaken the beam or column (especially) and can lead to its shear failure. Also as pinching 

behaviour in the hysteretic response of the structure was observed due to opening and closing of 

already existing cracks, epoxy injecting is recommend. Additionally to avoid anchors failure and 

weakening of beam and column due to drilling done for anchors attachment, attachment of 

haunches through external anchors is recommended. 
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Abstract 
Recent disastrous earthquakes reveal the vulnerability of the existing reinforced concrete (RC) 

buildings in Pakistan. The increased level of awareness about possible seismic hazard raises 

serious concerns about the structural performance of RC buildings. Most of the RC buildings in 

Pakistan are not in compliance with the prevalent stringent seismic requirements. In the current 

study, a 13-story RC shear wall building, located in the capital city of Pakistan, is considered as 

case study to evaluate the structural performance of existing buildings. The case study building is 

categorized as mid-rise RC building. Nonlinear response history analysis (NLRHA), as per ASCE-

41-06, is used to evaluate the seismic performance of the case study building. The result shows 

that the case study building will be severely damaged In the case of an event of an earthquake. 

This study concluded that more studies are needed to access the seismic performance of the 

existing RC buildings in Pakistan so that suitable retrofitting measures can be devised. 

Keywords: Seismic Evaluation, NLRHA procedure, RC Shear walls 

1. INTRODUCTION  

Natural disasters have always been threatening to human civilization. Earthquake is one of the 

most devastating natural hazards. Pakistan geographically situated in a region of vigorous seismic 

activities. Pakistan has a long history of seismic events essentially because of the interaction of the 

plates in the Karakoram Range. In recent times Pakistan has faced many major earthquakes, 80,000 

people died in Kashmir earthquake 2005 and nearly 2000 causalities were reported in Peshawar 

earthquake in 2014. These events of ground shaking is related with complex plate boundary 

conditions, which encompasses Pakistan. Indian plate and Eurasian plate are moving towards each 

other at 3cm and 1.3cm per year respectively. This opposite movement of plates has cracked Indian 

plate into many slices. 

In a developing country like Pakistan, we are lacking far behind in technical skills and expertise 

to understand the seismic activities and accordingly designed safer structures, the situation is much 

worse than we thought. Recent earthquake raised serious concerns about the structural 

performance of reinforced concrete (RC) building in Pakistan.  

After the Kashmir earthquake in October 2005, Government of Pakistan directed national 

engineering services of Pakistan (NESPAK) to develop new seismic codes for the country to save 

the buildings during earthquakes. Due to the delay in the process of developing the new codes, 

Earthquake Reconstruction and Rehabilitation Authority (ERRA) started using Uniform building 
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codes (UBC-97, 1997). Later on, building codes of Pakistan (BCP, 2007) was published in 2007. 

Although this building code named as Building code of Pakistan, due to lack of ground motion 

filed data and experimental lab data, it is almost similar to the UBC 1997. 

Recent earthquake raised serious concerns about the structural performance of reinforced concrete 

(RC) building in Pakistan. Severe damage was reported in the mid-rise buildings in 

Rawalpindi/Islamabad region. The incident of margalla tower collapse in prominent. So, there is 

a serious need for assessment of existing RC buildings in Pakistan. 

 

2. BUILDING INFORMATION  

 

AWT plaza is a thirteen story building, and it is located on the Mall road in Rawalpindi. The 

building was built in the 1980s. The building consists of two parts separated by 1-inch wide seismic 

joint. One part of the building is thirteen-story, while the other part is a single story. The thirteen 

story part of the building has a footprint of about 140ô x 120ô; the buildingôs area decreases at each 

floor after the fifth level, making it an irregular structure in planar, as well as, vertical sense. The 

total height of the building is about 156ft (47.5m); its story height is 12 ft. (3.66m), and columns 

of the building are spaced at 20 ft. (6m) for the selected floor plan. Reinforced concrete walls have 

been employed in the building to cater to the strength and stiffness requirement of the structure 

against lateral loads. The building has reinforced concrete frames which enables it to transfer 

gravity loads from floors to the foundation. The floor system consists of reinforced concrete beams 

between columns and, predominantly, six inches thick reinforced concrete slab; the foundation of 

the building mainly consists of 53 inches thick mat for 13 story part.  
 

3. COLLECTION OF BUILDI NG DATA  

 

The data regarding the structural system and sizes of structural members are taken from structural 

drawings. A visual inspection of the building was also made, and the size of shear walls, columns, 

and spacing between columns was verified with structural drawings. The strength of rebar is also 

taken from the structural drawings. The strength of concrete for different structural members is not 

mentioned in the structural drawings, only the class of concrete is mentioned, without reference to 

any structural member. The strength of concrete for foundation, beams, and slabs was assumed, 

while the strength of columns and shear walls was taken from the results of non-destructive tests. 

3.1 Cross-section of columns 

The size of columns has been taken from structural drawings and was confirmed with 

measurements while doing a visual inspection of the building. The detail of reinforcement of the 

column at a particular location could not be determined from structural drawings because of non-

availability of the column layout plan. The reinforcement of a column at a particular location was 

assumed with the help of results of the ETABS model of the building and the data of column cross-

sections on structural drawings. Table 1 shows the cross-section of columns. 

3.2 Cross-section of Shear Walls 

All shear walls in the building are 8 inches thick and have the same amount of flexural and shear 

reinforcement. Table 2 shows the detail of transverse and longitudinal reinforcement of the walls. 
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Table 1: Reinforcement detail of columns 

Column 

ID 

Size 

(inches) 

Longitudinal 

reinforcement (in²) 

Transverse reinforcement 

C1 24 x 24 6 at all levels #3@8ôô c/c ; 0.33 inĮ in each direction 

C2 24 x 24 6 (1-3 levels); 

7 (remaining levels) 

#3@8ôô c/c ; 0.33 inĮ in each direction 

C3 24 x 24 12.64 (1-3 levels); 

7 (remaining levels) 

#3@8ôô c/c ; 0.33 inĮ in each direction 

C4 40 x 8 13 (1st level) 

5.5 ( remaining levels) 

#3@8ôô c/c ; 0.22 inĮ  parallel to short 

direction 

0.44 in2 parallel to long direction 

C5 Triangular 

39 x 31 x 47 

22 at all levels #3@8ôô c/c ;  0.44 inĮ in both directions 

C6 24 x 24 26.6 (1-2 levels) 

12.6 (3rd level) 

6 (remaining levels) 

#3@8ôô c/c ; 0.11 x3 inĮ in each direction 

 

Table 2: Reinforcement detail in shear walls 

 

 

 

 

 

 

 

 

 

 

Table 3: Material strengths 

Level Longitudinal 

reinforcement 

Transverse 

reinforcement 

thickness 

1-2 #5 @ 8 in c/c #12 @ 8 in c/c 8 in 

3-4 #4 @ 8 in c/c #3 @ 8 in c/c 8 in 

5-till 

end 

#3 @ 8 in c/c #3 @ 8 in c/c 8 in 

 

 

Member Concrete,  fôc 

(ksi) 

Main bars, fy 

(Ksi) 

Slab 3 60 

Beams 3 60 

Columns 4 60 

Shear Walls 4.5 60 

Foundation 3 60 
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4. NONLINEAR SEISMIC EV ALUATION   

4.1 Performance Objective  

The main objective is to evaluate the structural performance of the existing building under gravity 

and seismic loadings. For seismic loading, the building shall be checked to satisfy Basic Safety 

Objectives, with a goal to provide a low risk to life safety for any seismic event likely to affect the 

building. ñLife Safetyò performance level shall be checked against 475-year return period 

earthquake the earthquake that has a 10% probability of exceedance in 50 years, also Known as 

Design basis earthquake (DBE), and ñCollapse Preventionò performance level shall be checked 

against the 2475-year return period earthquake the earthquake that has a 2% probability of 

exceedance, also known as Maximum considered earthquake (MCE). 

4.2 Seismic Loads 

Uniform Hazard spectra used in the Pakistan Building Code-2007 (BCP, 2007) resulting from a 

probabilistic seismic hazard is used in this evaluation. Effective viscous damping of 5% of critical 

damping in considered in both 475-year (DBE) and 2475-year (MCE) return period earthquakes. 

4.3 Expected Seismic Hazard and ground motion Selection 

As required by the Building Code (TBI-2010, 2010), seven accelerogram sets were used for 

Nonlinear Response History Analysis (NLRHA). Keeping in mind this, deaggregation analysis is 

performed to identify the sources of the expected seismic hazard. This will help to select the 

suitable ground motion for AWT building. Results of deaggregation analysis, are shown in Figure 

1 and Figure 2. The result of geographic deaggregated seismic hazard map for AWT Plaza shows 

that  the 0-50Km seismic source dominates the seismic hazard (M6.60 at a distance of 14 km) and 

the Main Boundary Thrust is the single fault which shows a little bit contribution (M7.78 at a 

distance of 13 km). Based upon these results following ground motions were selected from the 

PEER NGA data base, Table 4.  

 
 

Figure 1: Deaggregation analysis for the earthquake    

with a 10% probability of exceedance in 50 year 
 

 

 

Figure 2: Deaggregation 

analysis for the earthquake with 

2% probability of exceedance in 

50 years 
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Table 4: Selected ground motions 

No Earthquake Event Year Mw PGA (g)  Duration (sec) 

1 Loma Prieta 1989 6.93 0.14 60 

2 Loma Prieta 1989 6.93 0.21 59.88 

3 Chi-Chi_ Taiwan 1999 7.62 0.27 80 

4 Chi-Chi_ Taiwan 1999 7.62 0.15 70 

5 Chi-Chi_ Taiwan 1992 7.62 0.13 70 

6 Cape Mendocino 1999 7.01 0.33 28 

7 Iwate_ Japan 2008 6.9 0.35 47 
 

4.3 Acceptance Criteria 

4.3.1 Adequacy of Components against seismic + gravity loads   

The response of the components is checked based on the type of action, namely force control, and 

deformation control. For force control actions, the expected strength of the component should be 

less than the demand due to gravity and seismic forces. The expected strength of the component is 

calculated according to the procedures of ACI-318. The response of components is checked against 

ñLife Safetyò performance level under 475-year return period earthquakes while ñCollapse 

Preventionò performance level will be checked under 2475-year return period earthquakes. The 

axial strain in shear walls is compared against the maximum allowed to check their adequacy 

against flexural-demand. 
 

4.3.2 Story drift   

Story drifts shall not exceed the following limits of table 11-2 in (ATC-40, 1996) 

 
Load Case Story Drift Limit  

DBE  Seismic (10%/50 yr) 2% 

MCE Seismic (2%/50 yr) πȢσσ
ὠ

ὖ

πȢσσ  πȢπψ

ρππ
ςȢχϷ 

 

5. NONLINEAR MODELING O F THE AWT BUILDING  

 

A nonlinear model of the AWT building is created to Perform 3D version 5.0 (Perform3D, CSI). 

Each structural wall is modeled by nonlinear fiber elements over the entire height since flexural 

cracking and yielding may occur at any location. The wall is divided into many horizontal layers, 

where each layer is modeled by a newly developed fiber model called Multi Vertical Line Element 

Model (MVLEM) (Orakcal & Wallace, 2012). This model is made of a large number of vertical 

concrete and steel fiber elements to simulate the combined axial and flexural behavior of the wall. 

It also has a horizontal shear spring to simulate the elastic shear response. A bilinear hysteretic 

model of non-degrading type is used for the steel fibers. The post-yield stiffness is set to 1.2 percent 

of the elastic stiffness.  In making concrete fiber elements, the Manderôs stress-strain (Mander, 

Priestley, & Park, 2008) model for either confined or unconfined concrete is approximated by a 
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tri-linear envelope. Each RC column is modeled by a combination of a linear elastic beam-column 

element with nonlinear plastic zones at its two ends. The un-cracked flexural rigidity is assigned 

to the linear element. The plastic zones are assumed to have a length of 0.5D, where D is the lesser 

cross-sectional dimension of the column. They are modeled by concrete and steel fibers in a similar 

manner to RC walls. By this way, the un-cracked (linear elastic), cracked, yielded, and post-yielded 

states of the column can be fully simulated(Najam & Warnitchai, 2018). 

RC beam is modeled by a combination of a linear elastic beam-column element with nonlinear 

plastic zones at its two ends. The un-cracked flexural rigidity is assigned to the linear element. For 

nonlinear plastic hinge zone on both ends of beams, moment rotations relationships were 

developed using available construction detail(Najam, Warnitchai, Qureshi, & Mehmood, 2018). 

The concrete slabs are assumed to remain elastic and are modeled by using rigid diaphragm floor 

constrains command. The mat foundation is treated as a rigid boundary, which is displaced 

horizontally by the input ground motion. 
 

5. RESULTS OF NONLINEAR  SEISMIC EVALUATION  

 

5.1 Story Shears   

 

Figure 3 presents the comparison of story shears obtained from the NLRHA procedure and from 

the code based Equivalent Lateral Static Force procedure. This comparison clearly indicates that 

there is significant shear amplification due to the negligence of higher mode contribution in the 

design procedure. Approximately a shear amplification factor of 2.8 and 3.6 was observed at the 

base of the structure. Usually, a shear amplification factor of 1.3 to 1.5 is anticipated to strength 

reduction factors and strain hardening. This shows that no shear amplification due to irregularities 

of the buildings are included in the design procedure.  

 

6.2 Story drift   

Story drift ratios are checked for MCE level ground shaking and found to be within the specified 

limit. Results are presented in Figure 4.  Story drift ratios are lesser in the x-axis, which is 

obviously due to higher lateral stiffness contribution from RC walls in the x-axis direction.  

 

6.3 Component responses 

 

6.3.1 RC shear walls 

 

Shear strength of RC walls is checked against the seismic shear demand obtained from both MCE 

and DBE level ground shaking.  Results are presented in Figure 3.  Five walls are estimated to fail 

in the shear mode of failure at several levels at MCE level seismic hazard, while 3 walls are 

estimated to fail in shear at DBE level seismic hazard. 

The axial strain is an important seismic performance response parameter to assess the deformation 

related damage to a structure in an event of an earthquake.  To avoid the crushing of RC shear 

walls, compression strain should be within the specified limit by ACI-318, which is 0.003.  

 

6.3.2 RC Columns 

 

Shear strength of columns is calculated based on ACI-318 (ACI-318-14, n.d.) equation and 

compared with the seismic shear demand obtained from both DBE and MCE level ground shaking. 
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It was observed one of the RC columns, shown in the red in Figure 6, is expected to fail in the 

shear mode of failure under both MCE and DBE level at several floor levels. All other columns 

possess sufficient reserve capacity against the expected level of seismic hazard. Average demand 

to capacity ratio (D/C) is approximately 0.5. Flexural yielding occurs only in few columns at upper 

floor levels due to an increase in inter story drift ratios.  

 
Figure 3: Story shear (a) X-axis (b) Y-axis 

 
 

Figure 4: Inter-story drift ratio at MCE (a) X-axis (b) Y-axis 

 

 

0

1

2

3

4

5

6

7

8

9

10

11

12

13

0 20 40 60

L
e

v
e

l 
 N

o
.

Story shear (KNx106)

NLRHA Mean 

Design

0

1

2

3

4

5

6

7

8

9

10

11

12

13

0 0.5 1 1.5 2

L
e

ve
l  

N
o

.

Inter-story drift ratio (%)

Mean

0

1

2

3

4

5

6

7

8

9

10

11

12

13

0 0.5 1 1.5 2

L
e

ve
l  

N
o

.

Inter-story drift ratio (%)

Mean

0

1

2

3

4

5

6

7

8

9

10

11

12

13

0 20 40 60

L
e

v
e

l 
 N

o
.

Story shear (KNx106)

NLRHA Mean 

Design



 

176 

 

 
Figure 5: Shear demand versus shear capacity of RC walls at MCE level 

 
Figure 6: Shear failure in RC columns at MCE and DBE level 

 

7. CONCLUSIONS 

Following conclusions can be made based on the result of the nonlinear seismic evaluation. 

¶ Structural walls are expected to fail in shear against MCE, as well as DBE, level seismic 

hazard. 

¶ Structural walls are expected to behave favourably in flexure against both levels of seismic 

hazard. 

¶ Beams should respond, to both levels of seismic hazards, favourably against force 

controlled, as deformation controlled, actions. 

¶ One column is expected to fail in shear, as well as flexure, against both levels of seismic 

hazards. All other columns should respond favourably. 

¶ The diaphragm is found to be adequate in transferring inertial forces to vertical members 

of the structure. 

¶ The building should not be in serviceable condition after experiencing both levels of 

seismic hazards. 

¶ The building poses a life safety hazard in the event of DBE level earthquake due to shear 

and flexural failure of one column; the failure of that column can lead to the partial collapse 

in that part of the building. The column is highlighted by an oval in figure 6. 
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¶ The building should not collapse under MCE level seismic forces as the drift ratio is under 

control, compression strains are within allowable limits and the bare frame can take at least 

50% of the seismic force in both directions. 

 

8. RECOMMENDATIONS  

¶ It is recommended that the column, discussed in the previous section, be retrofitted to avoid 

a possible partial collapse in that part of the building. 

¶ Pakistan building codes need to be developed and implemented efficiently and more 

studies are needed to assess the seismic performance of existing RC buildings in Pakistan 

So that suitable retrofitting measurements can be devised. 
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Abstract 
In order to evaluate the present status of aging structures, destructive and non-destructive testing 

(NDT) techniques are employed. Visual testing, as one of the oldest methods for NDT, plays a 

great role in the inspection of civil infrastructure. As NDT has evolved, more quantitative 

techniques have emerged, such as vibration analysis. New computer vision techniques for 

analyzing the small motions in the videos have been recently developed, allowing quantitative 

measurement of the vibration behavior of structures from videos. Video cameras offer the benefit 

of long-range measurement and can collect a large amount of data at once because each pixel is 

effectively a sensor. This work presents a video camera-based vibration measurement 

methodology for civil infrastructure. By projecting the vibrations of objects, we offer cameras as 

low-cost vibration sensors. The work includes the estimation of material properties for a variety 

of rods with known geometry by passively observing their motion in a regular frame rate video. 

Centering on the case where geometry is known or prepared, we indicate how information about 

an objectôs mode of oscillation can be excerpted from video and used to calculate the objectôs 

material properties. 

Keywords: Visual Vibrometry, Material properties, Vibration analysis; Image processing 

 

1. INTRODUCTION:  

 

In the last century, there has been an unprecedented growth in infrastructure. With the passage of 

time, physical conditions and properties of structures change due to aging and environmental 

effects. Therefore, there is a need to assess the residual strength and stiffness of the existing 

infrastructure. Performance evaluation of the existing infrastructure is crucial to assess the 

strength/stiffness degradation of the structures to anticipate their performance under future extreme 

events. This identifies the structures under risk of major harm and even collapse in the aftermath 

of future extreme events which may result in loss of lives and damage to property. Structural health 

monitoring (SHM) field has therefore been developed in the past to come up with effective 

techniques to predict the performance of existing structures against extreme events. Different 

techniques developed for the SHM consist of both destructive and non-destructive testing (NDT) 

methods. NDT is the process of inspecting, testing, or evaluating materials, components or 

assemblies for discontinuities, or deviations in characteristics without destroying the serviceability 

mailto:irshad.qureshi@uettaxila.edu.pk
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of the component or system. NDT includes rebound hammer test, ultrasonic pulse velocity test, 

half-cell Penetrometer test, carbonation test, etc. These tests usually predict the residual 

compressive strength, stiffness and durability properties of structures. However, the results usually 

provide an assessment of local properties of different members while an explicit assessment of the 

global behavior of structures is limited. Degradation of the stiffness of existing structures will 

result in an increase in the natural time periods and change of mode shapes which may result in an 

increase or decrease in the force and displacement demands against seismic and wind actions 

depending upon the seismic characteristics and soil conditions of the area, manifested by the design 

response spectra. Certain methods have been developed in the past which relies on the calculation 

of natural time periods and mode shapes of existing structures to relate it to the health of the 

structure (Carden et al. 2016 and Doebling et al. 1996). It is well recognized that structures vibrate 

at preferred frequencies and mode shapes. The frequencies and forms of these modes mainly 

depend on the type of structure, material properties, mass, and boundary conditions. Field testing 

with the help of sensors placed at predetermined locations to record the vibrations is required to 

estimate the properties of these dominant vibration modes through vibration analysis. Different 

sensors with different arrangements have been utilized in the past for this purpose (Lynch JP. 

2006). However, these sensors are usually limited in number, giving limited data and their cost 

and availability, especially in developing countries, may limit their use. In the recent past, 

ambitious works have been performed in the area of image and video processing where the video 

of a vibrating object has been used to get the natural frequencies (Davis et al. 2015). Use of such 

techniques is mostly limited in structural engineering, but it has huge potential as an alternative to 

traditional structural health monitoring of existing structures using sensors. Image processing has 

been used in the past works to measure deflection and crack width in civil engineering structures. 

However, use of video processing to calculate modal properties of structures is quite limited. The 

current work aims to explore the possibilities of using visual vibrometry techniques in predicting 

the natural frequencies of vibrating structures and ultimately assessing their material properties, 

resulting in a cost-effective and more detailed health monitoring of existing infrastructure. 

 

2. METHODOLOGY:  

 

2.1 Scheme of the experimental setup: 

 

The experimental setup is presented in . In this experiment, three rods of different materials were 

used with boundary condition at the base as fixed and free end at the top mounted with an 

accelerometer at the tip of the rod, which assist the two roles: firstly it works like a lumped mass 

in order to get the rod to vibrate in the first mode and second to record acceleration data. A small 

video camera of 60 frames per second (fps) was clamped with the aid of a stand such that the 

camera was perpendicular with respect to the rod. A black dot target was attached at the tip of the 

rod. The background was made clear in order to get our target more visible. Improper setup could 

compromise the accuracy of the results, therefore, the apparatus chosen and setup established was 

considered to avoid any error. The oscillations were induced in the rod by using a sound amplifier 

and by hand. 
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Figure 1: Experimental Setup 

2.2 Material of the rod and dimension: 

 

Three rods of different material, i.e. Steel, aluminium, and brass were used in the experiments. The 

length and diameter of all the rods were 533.4 mm and 6.35 mm, respectively. 

 
2.3 Experimental Procedure: 

 

In the first experiment, vibrations were induced in the rod by giving it an initial deformation and 

then letting it go. At the same time, the accelerometer was switched on to record acceleration data. 

By using a stopwatch, the time span between on/off of the accelerometer was noticed. In the 2nd 

experiment, vibrations were induced by using the sound of frequency starting from 32 to 2000 Hz 

by using a sound amplifier. The accelerometer recorded the acceleration in rods due to these 

vibrations. Same experiments were done on all three types of rods. 

 

2.4 Calculation of Natural frequency of rod: 

 

Natural frequency or time period is an inherent property of a structure as it depends upon the 

stiffness of the structure which is a function of material and geometric properties of the structure. 

If the mass, geometry and boundary condition of a structure are known, its natural frequencies can 

be used to calculate its material properties/stiffness. For this purpose, three procedures were 

employed. In the first procedure, the video of the vibrating rod was analyzed manually to calculate 

the time required for a complete cycle of vibration. In the second approach, shaking in the rod was 

induced by using a sound amplifier and accelerometer data was used to find out the dominant 

frequencies by using Fast Fourier Transform. In the 3rd approach, the video of the rod was analyzed 

by using a code in MATLAB developed by Kashif (2014). The Graphical Use Interface (GUI) of 

the MATLAB code is shown in Figure. The MATLAB code first divides a video into several 

images depending on the fps rate of the video. These images are then analyzed to find out the 

displacement of the target.  
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                                    Figure2: Digital Image Correlation Software Interface 

2.5 Estimation of modulus of elasticity 

 

After calculating the fundamental natural frequency and using fixed geometric parameters of the 

rods i.e. Length and diameter, the following formulas were used to calculate the modulus of 

elasticity of the rod. 

Bending frequencies of beams, rods, and pipes (Irvine et al. 2012) is given by:   

 

 Ὢ  
ρ

ς“
 

σɞɢ

πȢςςσυ”ὒ  άὒ
 (1) 

 

Where Ὢ is the fundamental frequency, ɞ  is the modulus of elasticity, Ὅ is the area moment of 

inertia, ὒ  is the unsupported length, ” is the mass density (mass/length) and ά is the mass of the 

attached objects. 

 

Another formula for calculating natural frequencies introduced by (Shabana and Shabana. 1991) 

is as follows: 

 

‫ σȢυρυφσ
ὉὍ

άὰ
 (2) 

 

Where, ‫  is the angular frequency equal to 2ˊf, ɞ is the modulus of elasticity, Ὅ is the area 

moment of inertia, ὰ is the length and ά is the mass of the rod. 

3. RESULTS AND DISCUSSION: 

 

The results from both the Eq (1) and Eq (2) are quite close, but Eq (1) gives more accurate results 

due to the involvement of additional important parameters like it consider the mass of the object 

(rod) and the end mass which is attached at the end of the object (rod) while these parameters are 
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not considered in Eq (2). Thus, these two main equations are applied to obtain the material 

properties of the targets. 

Different materials have different strength properties. Rods made of steel, aluminium, and brass 

used in the present study have material properties shown in table 1. After going through certain 

experiments and by adopting different methodologies as explained in the methodology section, 

results were obtained from the accelerometer and form processing the video of the vibrating object. 

Modulus of elasticity calculated by using accelerometer results is shown in Table 1, which shows 

a reasonable accuracy level with aluminium results showing minimum error while brass showing 

more than 20% error.  

 

Table 1: Comparison between Results from Accelerometer and Actual values 

Material Experimental E (GPa) Actual E (GPa) % Error  

Steel 164.5 193 14.77% 

Brass 127.93 105 21.84% 

Aluminium 72.13 69 4.54% 

 

The MATLAB code used is not able to capture the video of vibration of the objects against sound 

vibrations generated by a sound amplifier. So, the vibrations of the bars were processed by using 

the video in which an initial displacement was given to the bar top by hand. The MATLAB code 

provided the displacement time history of the top end of the bars. Figure 3 shows the displacement 

time history of aluminium and steel bars. Once the displacement time history is known, it is easy 

to find out the fundamental time period/frequency of the bar, which is then used to calculate the 

modulus of elasticity using EQ 1 as shown in Table 2. 

The results exhibit a reasonable accuracy with the percentage of error for modulus of elasticity 

ranging from 3% to 20% for different material types. The results can be further refined by 

minimizing the impact of different sources of errors. Like the use of a high-speed camera capable 

of recording largest possible frequencies along with a more sophisticated testing apparatus. 

Furthermore, future studies can be focused on simple multi degree of freedom structures to find 

out natural frequencies as well as the mode shapes. 

 

  
 

Figure 3: Displacement time history of a. Aluminium and b. Steel 
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Table 2: Comparison between Results from MATLAB and Actual values 

Material  Experimental E (GPa) Actual E (GPa) % Error  

Steel 163.247 193 15.42% 

Brass 125.9 105 19.90% 

Aluminium 71.23 69 3.23% 

A comparison of % error in both the cases is shown in the form of a histogram as shown in Figure 

4. 

 
Figure 4: Comparison of error in two methods 

Visual vibrometry has several applications for civil engineering works including the health 

monitoring of buildings, bridges, flexible structures, billboards etc. A lot of work has been done 

in the past to find out the deformation of structures using target or target-less approach with the 

algorithms being developed for target tracking. The current work aims to monitor and record this 

deflection in time domain, which may then be used to find out natural time period of structures. 

Also, such techniques can be extended to even calculate the strains in concrete using high speed 

video cameras. Currently, this work is underway in our research group for calculation of axial 

strain in concrete cylinders and the initial results are showing promising results. 

 

4. CONCLUSIONS: 

 

In the current study, the use of visual vibrometry to calculate the material properties of single 

degree of freedom structures is discussed. The results show that video-based evaluation of natural 

frequency gives comparable results to that of the accelerometer. The results for three different 

materials show a percentage error of 5% to 20%. However, the current code is able to analyze the 

vibrations where displacement is relatively high and visible through the naked eye. Future works 

should explore the efficiency of this technique for relatively smaller displacement values usually 

expected in building structures.  
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Abstract 
During the 1960s, half joints were commonly used in the design of concrete bridges. Due to the 

age and condition of such structures, it was necessary to carry out assessments of structural 

resistance of the half joint structures. The most commonly used method of assessment for half joint 

structures is the Strut &Tie Method (STM). However in many cases a simple application of the 

STM without further iteration can result in an underestimate of the structural resistance. For this 

reason, other analysis methods were developed over the period. Alternative methods include the 

upper bound collapse mechanism approach (CMA) and the development of the yield assumption 

method (YAM) as described in this paper. Experimental work was carried out by Desnerck et. al 

2016 on a series of half joint beams. The aim of this paper is to compare the experimental results 

with analytical methods and to ascertain the efficiency of recently developed assessment method 

YAM. The reinforcement layout and details are taken from the experimental work and analysed 

using STM and YAM. It was found that the resistance obtained from YAM matches the 

experimental work within an error of 7%.  

Keywords: Half joint, strut and tie method, yield assumption method.  

1. INTRODUCTION : 

 

The half joint form of structure was commonly used in bridges during the 1960s (Northing 2015). 

This concept enabled efficient installation of a centrally supported deck, and allowed a reduced 

construction depth by recessing the supporting corbels into the depth of the beams supported. 

(Mattock 1979). The other benefits of half-joint structures include the ability to standardise the 

design of the supported span, enabling a modular design approach to be used for a series of bridges.  

However, there are some disadvantages associated with this form of construction. The most 

prominent is related to the lack of water tightness of the joint itself resulting in deterioration 

(Desnerck et. al 2017). Seepage of chloride-contaminated water can accumulate in the lower half 

joint, resulting in corrosion of steel reinforcement. Due to access issues, half-joints can be difficult 

to inspect as easily as other structures and therefore there can be uncertainty about the condition 

of reinforcement. Limited guidance is available for the assessment of concrete half-joints. In the 

UK, the DMRB standards and advice notes BD44, BA39, BA51, and IAN 53 give some guidance 

about the consideration of section loss of reinforcement and method of assessment for half joint. 

These documents are very useful but are based on limited data and do not give specific guidance 

on the combined effect of reinforcement deterioration, concrete spalling and improper detailing at 

the same time.  
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In the practical assessment of half joint structures various analytical methods have been proposed. 

These include: strut and tie method (STM); collapse mechanism approach (CMA); and yield 

analysis method (YAM). STM is a well-known method, most commonly used for design of new 

structures as set out in EN1991-1-1, and is based on the lower bound theorem of limit analysis, so 

it generally provides conservative estimates of resistance.  CMA is an implementation of the upper 

bound theorem of limit analysis, therefore it can give unsafe estimates of resistance unless fully 

optimised. Nevertheless it has been proposed in the assessment of some half-joints as a departure 

from the standards. The third method YAM is presented in this paper, and is a development of 

STM that enables the conservative estimates from STM to be improved, whilst still giving a safe 

estimate of resistance. The brief procedures of these three methods are detailed in section 2.  

Experimental work carried out by Desnerck et. al (2016 & 2018) considered four large scale half 

joint details with different reinforcement arrangements. The size of specimen and reinforcement 

details have been taken from the experimental work by Desnerck et. al (2016 & 2018) for this 

study. The outcome of the experimental work by Desnerck et. al (including failure load and failure 

mode) have been theoretically analysed using the STM and YAM methods. The reinforcement 

details and layout considered for these two methods are shown in Figure 1. Comparison was carried 

out with the experimental output and the efficacy of each method is discussed. The aim of this 

paper is to compare the experimental results with analytical methods and to ascertain the efficiency 

of the recently developed assessment method YAM. 

 

 

 

 

 

 

 

 

 

 

Figure 1: Reinforcement layout (Desnerck et al 2016) 

2. METHODOLGY   

 

2.1 Assessment of half joint structure in accordance with STM (using the default models in 

BD 44/15) 

 

According to BD 44/15, assessment of half joint structures should be done using the Strut-and-Tie 

Method (STM). This method comprises idealising the forces in the half-joint using concrete struts, 

reinforcement ties and connecting nodes. STM is a lower bound method which requires that the 

equilibrium and yield criteria to be satisfied.  

BD 44/15 permits two simple strut and tie models (orthogonal and inclined) to be analysed. The 

load carrying capacities of the half-joint structure is obtained by taking the results of the two 

models. Based on the reinforcement layout of Figure 1, the models, as shown in the Figure 2, are 

used for assessing the capacity of half joint in accordance with BD 44/15.  

It is recognised that the STM can also be carried out using alternative arrangements of struts and 

ties, which might give a better result. However, in this study the results for the STM method are 

based on an assumption that the simple models of BD44/15 are applied directly without further 
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iteration. This is a common interpretation of the BD44/15 content by practising engineers. It should 

be noted that a length of horizontal reinforcement was assumed as it was not indicated in the study 

by Desnerck et. al 2016. The assumed length will provide a full anchorage condition for the 

horizontal tie at the node in the orthogonal model. Hence, this may overestimate the load carrying 

capacity of the structure. The same assumption has been adopted for the Yield Assumption Method 

(YAM).  

 
Figure 2: Strut-and-tie models in accordance with BD 44/15  

    

2.2 Assessment of half joint structure in accordance with YAM (D AS ID:80895) 

 

The existing STM (BD 44/15) has been adopted due to the simplicity of this approach and the 

capacity of the structure can be calculated by hand. Nowadays, a complex strut-and-tie model can 

be proposed and analysed with the help of computer aids (e.g. MIDAS Civil 2018 v2.1). The Yield 

Assumption Method (YAM) proposes a combined strut-and-tie system to estimate the capacity of 

the half-joint structure. In the system, the tie members that are fully anchored can yield one by one 

starting with the most critical member. Once a tie member reaches its yield condition, this tie, will 

be replaced with a force equal to the yield capacity of the reinforcement and applied to the relevant 

nodes to represent the tie in the system. Figure 3 shows the combined strut-and-tie system which 

is used to calculate the capacity of the half-joint structure.  

 

 
Figure 3: Proposed YAM model  

 

3. RESULTS AND DISCUSSION  

 

Table 1 details the results from the three methods of half joint assessment as explained in section 

2. It should be noted that all the partial safety factors have been set to 1.0 for the evaluation 
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purpose. It can be observed that difference of STM and YAM are 36%, and 7%, respectively, as 

compared to the experimental work. The results demonstrated that the capacity obtained from the 

YAM are matching with the experimental results within an error of 7%. It should be noted that 

STM is underestimating the capacity of the half -joint structure whereas the YAM is slightly over 

estimated the capacity of the half-joint structure. This may be due to the assumption made for 

length of the horizontal reinforcement. However, once including the partial safety factors and 

design strength of the materials, the STM will well underestimate the capacity of the half-joint 

structure. 

Failure mode for each method and experimental work are also presented in the Table 1 and Figure 

4. It can be observed that the failure mode determined by the YAM is comparable to the 

experimental work. It should be noted that failure cannot be determined by STM. In both cases, 

horizontal and inclined reinforcement reached to its limit and resulted in the failure of the half 

joint. This has developed further confidence in utilising the YAM for the assessment of half joint 

structures. 

Table 1: Half Joint Assessment Results 

Method  Maximum 

Half Joint 

Capacity 

(kN) 

Ratio 

(Analytical / 

Experimental) 

% 

Failure Mode  

STM 256.7 64 Yielding of the inclined bars and the 1st vertical 

link. 

YAM  431.9 107 The top 2 elongated reinforcement are the 

horizontal reinforcement and the inclined bars 

based on the strain analysis. 

EXP  402.3 - Due to the rupture of inclined bars and the 

horizontal reinforcement. 

 

  
Figure 4: Comparison of Failure Mode (Experimental vs YAM) 

 

5. CONCLUSION  

 

The outcome of the experimental work by Desnerck et. al which include failure load and failure 

mode were taken in this study and theoretically analysed using STM and YAM methods. The 

conclusions are as follows:  

 

1. The difference of failure load for the half joint from STM and YAM are 36% and 7%, 
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respectively, as compared to the experimental work. 

2. The capacity obtained from YAM is matching with the experimental work within an error 

of 7% difference. 

3. Once including the partial safety factors and design strength of the materials, the STM will 

well underestimate the capacity of the half-joint structure. 

4. Failure mode was observed by the YAM is comparable to the observation in the 

experimental work. 

This study has suggested that YAM is more suitable method for the assessment of half joint 

structures than STM. However, only one experimental result has been assessed in this study, 

therefore, it is recommended to carry out further checks with other experimental results to confirm 

the adequacy of YAM.  
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Abstract 
This paper presents a simplified seismic design procedure for the seismic analysis and design of 

HDRB isolation for reinforced concrete (RC) bridges. Reduced-scale HDRBs were locally 

fabricated in Pakistan, which were investigated through shake table tests at the Earthquake 

Engineering Center of UET Peshawar. A natural acceleration time history of 1994 Northridge 

earthquake was used for multi-levels excitations from 0.10g to 1.0g. The essential mechanical 

properties of HDRB were obtained; including shear moduli, shear stress-strain relationship and 

hysteretic response curves. A simplified Bi-Linear hysteretic model was calibrated, which was 

incorporated within the fiber-based nonlinear finite element numerical model of representative 

bridge, for nonlinear time history analysis. An example bridge studied for seismic isolation design 

is presented, which was verified through nonlinear time history analysis procedure using design 

spectrum compatible natural acceleration time histories. This preliminary research have shown 

promising behavior of the locally fabricated HDRBs in limiting chord rotation demand on bridge 

piers, essential for controlling damage, under representative design basis earthquakes.  

 

Keywords: Seismic isolation, reinforced concrete bridges, HDRBs, risk mitigation 

 

1. INTRODUCTION : 

 

Bridges are very critical structures and should be designed with great care, which otherwise could 

result in catastrophic failure, causing human and economic losses. It is not only common to 

developing countries, but countries with cutting edge technology and research in the field of 

structural and earthquke engineering are continuously suffering from the damaging earthquakes. 

For example, the 1989 Loma Prieta, 1971 San Fernando and 1994 Northridge earthquakes in USA 

and 1995 Kobe earthquake in Japan, among others, where number of important bridges collapsed, 

or severely damaged, and resulted in huge economic losses (Figure 1). The structural collapse 

mechanisms of such bridges included; fall of deck, pounding, flexure or shear failure of bridge 

piers, foundation or soil failure and failure of abutments. Seismic codes worldwide donôt allow the 

collapse of bridge in any earthquake, thus, design and construction procedures were stipulated over 

the course of time to safeguard bridges against typical modes of collapse and limit structural 

damages under seismic actions, through establishment of desired strength hierarchy in the bridge 

to ensure damage occur where designer intends (Priestley et al., 1996). Further, the bridge should 

sustain functionality for emergency traffic and repair must be easy, in case a bridge incurs damages 
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duirng an earthquake. In response to this, bridge piers were considered appropriate with the 

emphasize to design these for adequate inelastic deformation and seismic energy dissipation. Such 

ductile behavior of bridge piers can be promising in moderate to high seismicity region, however, 

alternative techniques will be needed to avoid or at least control damages in piers. Recent studies 

have focused on the development of design procedures and isolation devices, and their verification 

through experimental testing (Priestley et al., 1996; Christopoulos and Filiatrault, 2006; 

Kawashima, 2004; Skinner et al., 1994; Constantinou et al., 2007), which have shown excellent 

seismic performance in limiting actions on bridge components. Unfortunately, majority of 

reinforced concrete bridges and flyovers in Pakistan have been provided with non-seismic 

elastomeric bearings without proper design. Further, the installtion of such bearings is also 

carriedout without proper care i.e. bridge girders are directly placed on bridge pads without proper 

connection between padïpier or bent beam and padïgirder. Shear keys are provided with marginal 

clearance between girder and keys, that prevent transverse movement of girder, thus, transfer 

lateral seismic force to bridge piers. The present research focuses on the investigation of low-cost 

seismic isolation using high damping rubber bearings (HDRBs), locally produced in Pakistan. 

These HDRBs have been recently installed also in Gulpur Hydropower Project in District Kotli, 

Azad Jammu Kashmir, which is an area of high seismicity. The present pilot research focus on 

shake table testing of these HDRBs for seismic qualification and to obtain the essential mechanical 

properties of low-cost indigenous HDRBs, which can facilaite design of seismic isoaltion for 

structures. 

 

(a) - 1971 San Fernando, USA (b) - 1995 Kobe, Japan 

Figure 1: Critical damages observed in some important bridges in past earthquakes. 

2. PILOT RESEARCH BACKGROUND AND SCOPE: 

 

The deck inertial forces generated during transverse seismic excitation are fully transferred to the 

bridge piers and abutments through structural connections, achieved through monolithic 

connections or bearings supplemented with shear keys. Depending on the type of bridge (e.g. steel 

or concrete) and expected loads, the engineer can select among various types of bearings like 

elastomeric, pot, line rocker and spherical bearings. In case of reinforced concrete bridges and 

flyovers, to provide comfort to the passing vehicle, elastomeric bearings made of natural or 

synthetic rubbers are widely used in Pakistan. These bearings are placed between pier and girders 

to allow translation and rotation movements in the longitudinal direction, however, shear keys are 

provided between bearings and girders, with a marginal separation, to restrain horizontal 

translation in the transverse direction but permitting rotation. Depending on the vertical load, the 

elastomeric bearings may be provided also with thin steel shim plates to avoid bulging of 

elastomers. Such bearings are ideally used for short span bridges located in low seismicity regions. 

As the conventional constructions of bridges involving bearings transmit the total inertial force to 
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the supporting components: abutments and piers, which can incur severe damages under extreme 

seismic actions. This can be catastrophic in case of deficient bridges where low quality 

construction materials (low strength concrete and low quality re-bars) are coupled with poor 

quality of reinforcement detailing, as commonly observed in the existing bridge stock of Pakistan 

(Ali, 2009). Alternatively, this seismic action on supporting components can be reduced by 

permitting horizontal translation of bridge deck, yet, within the allowable deformation limit. An 

economical solution is to modify the design and materials of existing laminated rubber bearings; 

by altering the geometry, selected based on appropriate design for seismic loads, and using high 

damping rubber bearing (HDRB) materials instead of ordinary elastomers. Elastomers exhibiting 

damping in excess of 6 precent can be regarded as HDRBs (EN 15129). In this regard, the Rainbow 

Rubber Industry in Karachi was contacted to produce indigenous high damping rubber bearings, 

which were tested at the Earthquake Engineering Center of UET Peshawar, in order to retrieve 

their essential mechanical properties for facilitating seismic analysis and design of bearing 

isolations for bridges. The following sections describe the initial findings from this pilot research 

conducted on the indigenously produced HDRBs 

 

3. SHAKE TABLE TESTS ON INDIGENOUS HDRBs: 

 

3.1 Test model, instrumentation and loading protocols: 

 

The test model comprised of a wide-deep beam with a superimposed load of 1.20 tonne, resulting 

in a total weight of 3.66 tonne, which was acting as a simply supported beam (Figure 2). Bearings 

of cross-sectional area 135 mm x 135 mm and height 90 mm were provided at both the ends. These 

bearings were resisting a vertical stress of about 2.00 MPa, considering the limit state 

displacement, which can be experienced in short-span bridges subjected to lower gravity loads. 

The bearings were provided with 30 thin steel shim plates (1 mm), dividing the total bearing height 

into 31 layers of rubber of about 2.00 mm thickness. This gave shape factor ñSò of bearing of about 

16. The bearings were provided with steel plates both at the top and bottom to facilitate 

connectivity. For testing, the bearings were mounted on the shake-table and fully secured through 

anchor bolts. The beam was also attached to the bearing through anchor bolts. The test model was 

instrumented with displacement transducers and accelerometers both at the top and bottom, in 

order to record the seismic input and model response under each test run. The test model was 

subjected to acceleration time history of 1994 Northridge earthquake, scaled to multi-levels of 

excitation from 0.10g to 1.0g in order to retrieve the full response of bearings. The data obtained 

under each test run was processed for the required baseline correction and filtering, in order to 

derive lateral force-displacement hysteretic response of bearings under seismic excitations.   
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Figure 2: Experimental test model.  

3.2 Observed behavior and seismic response: 

The bearings under low intensity shaking were not observed with any apprecial deformation. 

However, the bearing exhibited signficant lateral deformation, and even rocking, under extreme 

shaking. Rocking of bearing was experienced due to the low-vertical stress, nevertheless, the 

bearings avoided overturning and were still able to recover their lateral deformation.  Figure 3 

shows the displacement response and force-displacement hysteretic response of the tested model 

under extreme level shaking (1.0g). Despite the extreme level shaking, the bearing was able to 

control lateral displacement demand, which was due to the high damping exhbited by the bearings. 

This can be evidenced also from the force-displacement response of the test model (Figure 3b).        

 

 
(a) ï Displacement Response 

 
(b) ï Hysteretic Behavior  

Figure 3: Response of bearings under shake-table test with extreme shaking 1.0g. 
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4. VERIFICATION OF HDRBs  ISOLATION FOR RC BRIDGE : 

 

4.1 Nonlinear modelling of HDRBs: 

 

The Bi-Linear hysteretic model available in SeismoStruct was adopted, which was calibrated with 

the observed experimental data. The calibration involved calculating the yield force, yield stiffness 

and post-yield stiffness of the numerical hysteretic model. These parameters were obtained through 

regression analysis performed on data obtained experimentally. The calibrated numerical 

hysteretic model was tested against each run, which has shown excellent performance in predicting 

the displacement time history response of test model (Figure 4).     

 
(a) ï Displacement Response, 0.50g 

 
(b) ï Displacement Response, 1.0g 

Figure 4: Comparison of numerically predicted-to-experimental displacement response 

4.2 Selection, Scaling and Matching of Accelerograms:  

 

A suite of 07 acceleration time histories, compatible with the regional tectonics, were obtained 

from the PEER strong ground motions data base. These accelerograms were scaled and matched 

to the seismic design spectrum specified in the Building Code of Pakistan (BCP-SP 2007) for 

highest seismic zone i.e. Zone 4, for type D ñStiff Soilò. SeismoMatch program of SeismoSoft 

(2016) was used for scaling and matching of accelerograms. The matched accelerograms, 

simulating the design basis earthquakes, were used for the nonlinear time history analysis of an 

example bridge.  

 

 

4.3 Pier Chord Rotation under Design Basis Earthquakes:  

 

An example bridge with single cantilever pier of 4 m height and diameter 1.50 m, supporting 

superstructure with total weight of 190 kN/m, was considered for seismic analysis in transverse 

direction (Figure 5a). The pier is considered with longitudinal reinforcement of 1%, which gives 

lateral yield strength of pier Fy = 1715 kN. The initial yield stiffness of pier is 967 kN/cm, resulting 

in the initial time period of 0.56 sec for bridge pier in transverse direction. The bridge was analysed 

through nonlinear time history analysis procedure, using accelerogram of 1971 San Fernando 

earthquake, scaled and matched to seismic design spectrum. Figure 5b shows the pier chord 

rotation demand, with a maximum observed chord rotation of 2.40% and ductility (ratio of 

maximum displacement demand to yield displacement capacity) of 5.40. This chord rotation 

demand is clearly a larger demand for bridge pier having construction deficiencies.  

Initial design of HDRBs was carried out for target period of 3.0 sec, to obtain the geometric 

dimensions (length, width and height) of required bearings. A total of four bearings were 




































































































































































































































































































































































































































































