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

Capital University of Science and Technology, Islamabad, Pakistan. 

 

 

1st Conference on Sustainability in Civil 

Engineering 

(CSCEõ19) 

 

 
 

 

 

Editor-in-Chief 

Engr. Dr. Majid Ali 

 

 

 

Editors 

Engr. Dr. Syed Shujaa Safdar Gardezi 

Engr. Sohaib Naseer 

 
 

 

  



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

Capital University of Science and Technology, Islamabad, Pakistan. 

ii  

 

 

Proceedings of  

 

1st Conference on Sustainability in Civil Engineering 

(CSCEô19) 
 

 

 

 

Publication Note 
 

This book has been produced from files received electronically by the individual 

contributors. The publisher makes no representation, express or implied, with regard to 

accuracy of the information contained in this book and cannot accept any legal 

responsibility or liability for any errors or omissions that may have been made. All titles 

published by Capital University of Science and Technology (CUST) Islamabad 

Pakistan publishers are under copyright protection: said copyrights being the property 

of their respective holders.  

All Rights Reserved. No part of this book may be reproduced or transmitted in any form 

or by any means, graphic, electronic or mechanical, including photocopying, recording, 

taping or by any information storage or retrieval system, without the permission in 

writing from the publisher. 

 

 

 

 

 

 

 

 

 

 

 

 

Published By  

 
Capital University of Science and Technology, Islamabad ï Pakistan 

ISBN: 978-969-23344-0-2 

www.cust.edu.pk 
  



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

Capital University of Science and Technology, Islamabad, Pakistan. 

iii  

 

 
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 
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(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 
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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.   


































































































































































































































































































































































































































































































































































































































































































































































