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Chairperson :  Farah Nora Aznieta Binti Abd.Aziz, PhD  

Faculty           :  Engineering 

 

 
High cost of building materials and reduction of healthy environmental conditions due to 

excessive use of natural aggregates had leads many researchers to find alternative 

replacement materials for construction. At the same time, abundance of recyclable non-

biodegradable solids such as waste tyres and oil palm fruit fibre (OPFF) cause crucial 

environmental problems if not disposed well. Hence this research is carried out to make 

used of those waste materials as replacement of natural aggregates and as addition to 

enhance the durability performance of rubberised fibre mortar (RFM). RFM is a mix 

combination of treated crumb rubber (TRC) and OPFF in producing a ‘greener’ lightweight 

mortar. The RFM mix composition is made of 10 to 30% TCR as sand replacement and 

addition of 1% to 1.5% OPFF producing sixteen different mixes, in which all mixture are 

using water to cement ratio of 0.48. The mechanical properties of these 16 RFM mixes are 

well studied earlier; however none are reported on the durability aspects. Durability is 

influenced by temperature, humidity and curing methods. This study focuses on two types 

of water curing called ponding and wetting which are practical for brick/block production, 

which is the potential application of the mixtures.  The specimens were cured by each 

curing method for 28 days before being subjected to compressive  strength, chloride ion 

penetration resistance, water permeability under hydrostatic pressure, water absorption, 

Sodium Sulphate ingress and carbonation depth tests. These tests were carried out to 

evaluate the durability performance of the mixes. Based on the results obtained, the 

durability performance of RFM has significantly influenced by addition of OPFF and 

replacement of TCR. It was discovered that RFM mix containing 1.0% OPFF and 30% 

TCR for both curing methods can adequately sustain CO2 penetration, moderate chloride 

ion penetration resistance and sulphate aggression. Medium permeability and moderate 

absorption characteristics were possible with RFM of 1% OPFF and 20% TRC for both 

curing methods. Density of RFM significantly decreased while structural lightweight 

concrete was achieved up to 30% TCR for both curing methods. There was insignificant 

effect of curing on sulphate and chloride ion penetration resistance of the RFM mixes. In 

conclusion it was found that RFM mix of 1.0% OPFF with any of 10% - 30% TCR 

replacements have potential applications in brick/block productions as it meets the 

durability requirements of lightweight materials.  
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Fakulti  : Kejuruteraan  

 

 
Kos yang tinggi bagi bahan binaan dan pengurangan keadaan alam sekitar yang sihat 

kerana penggunaan agregat semula jadi yang berlebihan menyebabkan ramai penyelidik 

mencari bahan gantian alternatif bagi pembinaan. Pada masa yang sama, terdapat banyak 

bahan yang boleh dikitar semula dari bahan pepejal tidak terbiodegradasi seperti tayar 

terpakai dan serat buah kelapa sawit (OPFF) yang boleh menyebabkan masalah alam sekitar 

yang membimbangkan jika tidak diselenggara dengan teratur. Oleh itu kajian ini dijalankan 

untuk menggunakan bahan-bahan buangan tersebut sebagai pengganti agregat semulajadi 

dan sebagai tambahan untuk meningkatkan prestasi ketahanan mortar serat getah (RFM). 

RFM adalah gabungan campuran getah remah terawat (TRC) dan OPFF bagi menghasilkan  

mortar ringan 'hijau'. Komposisi campuran RFM diperbuat daripada 10 hingga 30% TCR 

sebagai pengganti pasir dan 1% hingga 1.5% OPFF sebagai bahan tambahan untuk 

menghasilkan enam belas campuran yang berbeza, di mana semua campuran menggunakan 

nisbah air kepada simen sebanyak 0.48. Sifat mekanikal 16 campuran RFM ini telah dikaji 

dengan baik, walau bagaimanapun tiada aspek ketahanan yang dilaporkan. Ketahanan 

dipengaruhi oleh suhu, kelembapan dan kaedah pengawetan. Kajian ini akan memberi 

tumpuan kepada dua jenis pengawetan air disebut kolam tradisi dan percikan. Spesimen-

spesimen ini diawet oleh salah satu kaedah pengawetan selama 28 hari sebelum dikenakan 

ujian-ujian berikut; kekuatan mampatan, klorida ion rintangan penembusan, kebolehtelapan 

air di bawah tekanan hidrostatik, penyerapan air, kemasukan Sodium Sulfat dan ujian 

mendalam pengkarbonan. Ujian-ujian ini telah dijalankan untuk menilai prestasi ketahanan 

campuran. Berdasarkan keputusan yang diperolehi, prestasi ketahanan RFM dipengaruhi 

dengan ketara oleh penggabungan OPFF dan TCR. Adalah juga didapati RFM yang 

mengandungi 1.0% OPFF dan 30% TCR, untuk kedua-dua kaedah pengawetan dapat 

mengekang penembusan CO2 secukupnya, mampu menghadapi rintangan penembusan ion 

klorida dan pencerobohan sulfat yang sederhana. Kebolehtelapan dan ciri-ciri penyerapan 

yang sederhana juga ditemui dari campuran RFM yang mengandungi 1% OPFF dan 20% 

TRC bagi kedua-dua kaedah pengawetan. Dari segi kesan kaedah pengawetan, ianya 

memberi kesan minimum ke atas campuran RFM. Dapatlah  disimpulkan  bahawa 

berdasarkan semua ujian ketahanan yang dijalankan, didapati bahawa RFM campuran 1.0% 

OPFF dengan 10% - 30% penggantian TCR berpotensi digunakan untuk aplikasi dalam 

pengeluaran bata/blok kerana ia memenuhi syarat-syarat ketahanan bahan ringan. 
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CHAPTER 1 

 

 

1 INTRODUCTION 

  

 

1.1 Research Background 

 

 

Search for alternative sources of concrete building materials are mainly due to high 

cost of the conventional ones. Basically, there are two approaches for replacement of 

the alternative materials, either for cement or for aggregates. Cement replacements are 

carried out using sludge, rice husk ash (RHA) and groundnut husk ash (GHA) as 

reported by Tay & Yip (1989); Oyetola & Abdullahi (2006); Elinwa & Awari (2001); 

Ketkukah & Ndububa (2006).  

 

 

On the other hand, aggregate replacements were either by using waste or agricultural 

by-products or solids. Coconut and palm oil shells are some of agriculture waste 

reported as adequate replacement for conventional coarse aggregate (Apata & 

Alhassan, 2012). Apart from that, sawdust, recycle aggregates, mining tiling waste and 

tyre waste are also reported as appropriate materials for aggregate replacements (Pierce 

& Blackwell, 2003; Ketkukah et al., 2004). Although, there was a general reduction in 

compressive strength over conventional concrete, the strength is adequate for medium 

load bearing structural elements. Waste is considered as one of the most crucial 

environmental problems of the world, particularly waste from scrap tyres which are 

non-biodegradable. Each year, about 8.2 million or approximately 57, 3911 tonnes of 

stockpile waste scrap tyre is generated in Malaysia with 60% unaccounted disposal 

method (Thiruvangodan, 2006). The unmanaged scrap tyre poses environmental and 

health associated risk through tyre stockpile fires and as a breeding ground for disease 

carrying mosquitoes, rats, mice and vermin (Siddique & Naik, 2004; Mohammed et al., 

2012). 

 

 

The use of rubber waste shredded tyres in concrete was studied in the past by many 

researchers in various forms such as crumb, chips, or particles and in the form of 

fibres. The potentialities of utilising waste crumb tyres in various mechanical 

properties of mortar and concrete shows that the compressive strength, density, and 

modulus of elasticity were decreasing as the percentage of waste crumb tyre 

replacement was increased. On the same note, the initial water absorption capacity was 

decreasing but later it increased in line with the addition of percentage of crumb tyres 

replacement, with no significant change in slump height during the process. The 

abrasion resistance, noise and thermal insulation were also increased as the percentages 

of replacement were increasing. Hence, the study finally recommended the use of 

waste crumb tyres for non-structural Portland cement concrete, such as floor rips, 

partitions, back stone concrete, concrete blocks, and other non-structural uses (Shtayeh, 

2007). 
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Natural fibres are another waste materials that have potential to enhance the properties 

of concrete. Fibres are usually used in concrete to control plastic and drying shrinkage 

cracking. They also lower the permeability of concrete and thus reduce bleeding of 

water. Some types of fibres produce greater impact, abrasion and shatter resistance in 

concrete (Balaguru & Shah, 1992). Some examples of natural fibres are sisal, coconut, 

jute, bamboo, palm, industrial hemp, banana leaves and wood fibres with the view to 

produce a sustainable ‘green’ concrete material. These fibres have always been 

considered promising as reinforcement of cement based matrices because of their 

availability, low cost and low energy consumption. 

 

 

In Malaysia, about 4 million hectres of land is used for oil palm plantation yielding 

about 19 million tons of palm oil per year. The waste from this plantation industry give 

significant impact to the environment if not treated or disposed well. Therefore, the 

waste products derived from the oil palm such as its leaves, trunks and empty fruit 

bunches need to be recycled and use in other industries. One of the waste product is 

natural fibre called oil palm fruit fibre (OPFF) that has a potential to be used in 

concrete to reduce the shrinkage in concrete. The OPFF had been tested and it proves 

to improve mechanical properties of concrete and mortar matrix when added as an 

additive in concrete (Ismail & Hashim, 2008; Aziz et al., 2014). 

 

 

Apart from various studies on the mechanical properties of concrete using these 

alternative waste products, durability studies are very limited. The deterioration of 

concrete and or mortar can occur in various forms. If adequate precautionary measures 

are not exercised in their protection from adverse effects that could be as a result of 

exposure from natural or artificial conditions, deterioration due to cracking is as a 

result of several physical, chemical and electrochemical processes which could lead to 

eventful failure of concrete elements, particularly if the raw materials used in the 

concrete are not adequately studied, understood and controlled.  

 

 

1.2 Problem Statement  

 

 

Uses of crumb rubber in concrete as replacement materials for aggregates are well 

reported in many journals, however apart from works by Bida (2014) on the 

mechanical properties of mortar with crumb rubber as sand replacement and OPFF as 

addition, no studies have reported on the durability of this mix composition of mortar.  

Hence this study will focus on the durability of the same mortar mixture as Bida 

(2014).  

 

 

Durability of concrete or mortar is defined as an ability of concrete to resist weathering 

action, chemical attact and abrasion while maintaining its designed properties without 

deterioration for a long period of years. The durability of concrete are depending on 

factors such as cement content, compaction, curing method, cover thickness and the 

important factor is the permeability of the concrete itself. Since work by Bida (2014) is 

the main reference of this research, the cement content and compaction effect on 

durability are not further studied in this research and the same mortar mix 
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compositions with addition and replacement percentages of OPFF and crumb rubber 

are followed. However only the durability of OPFF and cement treated crumb rubber 

mortar mixes are further studied because the mechanical properties of those are better 

than mortar made of OPFF and untreated crumb rubber.  

 

 

As mentioned in the introduction, the potential use of this mixture is as nonstructural 

construction building product which specifically planned for block or brick productions 

and curing method is one of the factors influencing the durability of mortar or concrete, 

hence two potential curing methods which are practical for brick or block production 

were studied, namely ponding and wetting curing methods.  

 

 

Apart from curing methods, the mix composition resistant to weathering action, 

chemical attack, abrasion and other degradation processes are the other importance 

durability properties that must be quantified before the mixture is safe and economical 

for general use. To understand these aspects, the carbonation resistance, sulphate 

resistance, chloride ion penetration resistance, water permeability and water absorption 

of this mortar mixture compositions that must be addressed.  

 

 

Therefore this research will focused on the durability performance of treated crumb 

rubber and OPFF mortar by penetrability tests including absorption, diffusion, and 

permeability. Mix design proportion by Bida (2014) is followed to confirm the strength 

achievement as it is not the focus of this study. Success of this study gives complete 

durability performance of treated crumb rubber and OPFF mortar which from here 

onwards will be addressed as “Rubberised Fibre Mortar” (RFM). Output of this 

research when combine with the mechanical performance reported by Bida (2014) will 

provide the complete properties of RFM that are ready to be used as greener mixture 

for brick and block productions. 

 

 

1.3 Research Objectives 

 

 

The aim of this research is to determine the effect of different curing methods on the 

durability properties of the Rubberised Fibre Mortar (RFM), thus the following specific 

objectives are outlines:  

 

 

i. To determine the effect of curing methods on density and compressive 

strength of the RFM samples in relation to its structural morphology.  

 

ii. To examine the effect of curing methods, crumb rubber replacements and 

OPFF additions on water absorption, permeability and the durability 

performance (carbonation resistance, sulphate resistance and chloride ion 

penetration resistance) of the RFM samples in relation to its morphology. 

 

iii. To examine the morphology of the RFM samples subjected to two different 

curing methods due to carbonation and sulphate attack. 
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1.4 Scope and Limitation of Study 

 

 

This research is limited to the laboratory investigation for the determination of 

durability performance of samples produced in accordance with the standard method of 

civil engineering laboratory practice using RFM. The laboratory performance 

requirements investigated includes compressive strength, chloride ion penetration 

resistance, water permeability test of concrete under hydrostatic pressure of 500 ± 50 

KPa, water absorption, accelerated carbonation resistance and sulphate resistance. The 

microstructure of the matrix mix was also examined using scanning electron 

microscopy (SEM). Fibre content (30-50 mm length) by weight of cement of 0.5% 

1.0% and 1.5% was used as well as treated crumb rubber content (150 µm to 4.75 mm 

sizes) of 10%, 20%, and 30%. A mix ratio of 1:2.75 and a constant water cement ratio 

of 0.48 maintained at a minimum target strength of 17 MPa. The investigation does not 

include field effect of the durability performance. Chemical treatment was not 

performed on any of the materials (crumb rubber and oil palm fruit fibre) with the view 

of achieving green mortar mix for sustainability.  

 

 

1.5 Significance of Research 

 

 

Determining the effect of the durability performance of the research material is not 

only to help in sustainable green construction, it is to add to ascertaining that RFM 

does no harm  user  and the environment once incorporated into the building structure. 

The success of this work removes large chunk of non-biodegradable and biodegradable 

(crumb rubber and OPFF) resulting in a cleaner, safer and healthier construction 

material.   

 

 

1.6 Thesis Outline 

 

 

In this section, the layout of the thesis including contents of each chapter is 

highlighted. 

 

 

The background of the research study elucidating the need for alternative sourcing of 

greener building construction material, statement of the research problem, aim and 

objectives of the research, also scope and limitations of the study are presented in 

chapter one. 

 

 

In chapter two, literature review on the performance of crumb rubber concrete and 

OPFF mortar including their applications is deliberated upon with particular reference 

to some properties of crumb rubber concrete.  

 

 

Chapter three thoroughly highlights the methodology and experimental works 

conducted, including detailed procedure for the treatment of crumb rubber, curing 
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methods, and experimental methods used in the determination of durability properties 

of the RFM samples produced.  

 

 

In Chapter four, the results of the experimental studies are presented and discussed in 

terms of effects of curing method, rubber crumb replacements and OPFF additions to 

the durability properties of RFM accordingly. 

 

 

Finally in Chapter five, the conclusions derived from chapter four are stated and 

deliberated upon including given necessary recommendation as regards the viability of 

greener construction with the material in relation to its durability performance were 

presented. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

112 

 

6 REFERENCES 

 

 

 AASHTO (1998). Standard specification for burlap cloth made from jute or kenaf. 

182-91, Washington, DC. 

 

Adam, J. K. and Stephan, A. D. (2015). Strength, durability and environmental 

properties of concrete utilising recycled tire particles for pavement 

applications. Construction and Building Materials. 98, 832-845. 

 

Ahmad, Z., Saman, H. M, & Tahir, F. M. (2010). Oil palm trunk fiber as a bio-waste 

resource for concrete reinforcement. International Journal of Mechanical and 

Materials Engineering (IJMME), 5(2), 199-207.  

 

Aiello, M. A., & Leuzzi, F. (2010). Waste tyre rubberized concrete: Properties at fresh 

and hardened state. Waste Management, 30(8), 1696-1704.  

 

Al-Akhras, N. M., & Smadi, M. M. (2004). Properties of tire rubber ash mortar. 

Cement and concrete composites, 26(7), 821-826.  

 

Al-Sulaiman, F. A. (2002). Mechanical properties of date palm fiber reinforced 

composites. Applied Composite Materials, 9(6), 369-377.  

 

Al Rim, K., Ledhem, A., Douzane, O., Dheilly, R. M., & Queneudec, M. (1999). 

Influence of the proportion of wood on the thermal and mechanical 

performances of clay-cement-wood composites. Cement and Concrete 

Composites, 21(4), 269-276.  

 

Andrade, C. (1993). Calculation of chloride diffusion coefficients in concrete from 

ionic migration measurements. Cement and Concrete Research, 23(3), 724-

742.  

 

Apata, A. O., & Alhassan, A. Y. (2012). Evaluating locally available materials as 

partial replacement for cement. Journal of Emerging Trends in Engineering 

and Applied Sciences, 3(4), 725-728.  

 

Arib, R. M. N., Sapuan, S. M., Ahmad, M. M. H. M., Paridah, M. T., & Zaman, H. M. 

D. K. (2006). Mechanical properties of pineapple leaf fibre reinforced 

polypropylene composites. Materials & Design, 27(5), 391-396.  

 

ASTM C31 (2012). Standard practice for making and curing concrete test specimens in 

the field. American Society for  Testing and Material,West Conshoshocken, 

PA. 

 

ASTM  C33 (2004). Standard Specification for Concrete Aggregates. American 

Society for Testing and Material, West Conshohocken, PA. 

 

ASTM C109 (2005). Standard test method for compressive strength of hydraulic 

cement mortars (using 2-in. or [50-mm] cube specimen). American Society 

for Testing and Material, West Conshoshocken, PA. 



© C
OPYRIG

HT U
PM

 

113 

 

ASTM C124 (1971). Standard test method for flow of hydraulic cement 

mortar.American Society for  Testing and Material,West Conshoshocken, PA. 

 

ASTM C128 (2007). Standard test method for density, relative density (specific 

gravity) and absorption of fine aggregate. American Society for Testing and 

Material, Philadelphia, PA. 

 

ASTM C150 (2001). Standard specification for portland cement. American Society for 

Testing and Material, Philadelphia, PA. 

 

ASTM C192/C192M (2012). Standard practice for making and curing concrete test 

specimens in the laboratory. American Society for Testing and Material, West 

Conshoshocken, PA.  

 

ASTM C230 (2008). Standard test method for flow of hydraulic cement 

mortar.American Society for  Testing and Material,West Conshoshocken, PA. 

 

ASTM C270 (2005). Standard specification for mix design of hydraulic cement 

mortars. American Society for  Testing and Material,West Conshoshocken, 

PA. 

 

ASTM C1202 (2005). Standard test method for electrical indication of concrete's 

ability to resist chloride ion penetration. American Society for Testing and 

Material, West Conshohocken, PA. 

 

ASTM C1437 (2001). Standard test method for flow of hydraulic cement 

mortar.American Society for  Testing and Material,West Conshoshocken, PA. 

 

ASTM C1437 (2007). Standard test method for flow of hydraulic cement 

mortar.American Society for  Testing and Material,West Conshoshocken, PA. 

 

ASTM C1602 (2012). Standard specification for mixing water used in the production 

of hydraulic cement concrete. American Society for Testing and Material, 

West Conshoshocken, PA. 

 

ASTM C1723 (2010). Standard guide for examination of hardened concrete using 

scanning electron microscopy. American Society for Testing and Material, 

West Conshoshocken, PA. 

 

ASTM C1403 (2000). Standard test method for rate of water absorption of masonry 

mortars. American Society for Testing and Material, West Conshoshocken, 

PA. 

 

ASTM C1437 (2007). Standard test method for flow of hydraulic cement mortar. 

AmericanSociety for Testing and Material, West Conshoshocken, PA. 

 

ASTM D6270 (2008). Standard practice for use of scrap tyres in Civil Engineering 

applications. American Society for  Testing and Material,West 

Conshoshocken, PA. 

 



© C
OPYRIG

HT U
PM

 

114 

 

Aziz, F. N. A. A., Bida, S. M., Nasir, N. A. M., & Jaafar, M. S. (2014). Mechanical 

properties of lightweight mortar modified with oil palm fruit fibre and tire 

crumb. Construction and Building Materials, 73, 544-550.  

 

Balaguru, P. N., & Shah, S. P. (1992). Fiber-reinforced cement composites. McGraw 

Hill Inc. New York, USA 

 

Bala, M., and Mohammad, I. (2012). Performance of natural rubber latex modified 

concrete in acidic and sulfated environments. Construction and Building 

Materials. 31, 129-134. 

 

Ballester, P., Hidalgo, A., Mármol, I., Morales, J., & Sánchez, L. (2009). Effect of 

brief heat-curing on microstructure and mechanical properties in fresh cement 

based mortars. Cement and Concrete Research, 39(7), 573-579.  

 

Batayneh, M. K., Marie, I., & Asi, I. (2008). Promoting the use of crumb rubber 

concrete in developing countries. Waste Management, 28(11), 2171-2176.  

 

Beddoe, R. E., and Dorner, H. W. (2005). Modelling acid attack on concrete: Part I. 

The essential mechanisms.  Cement and Concrete Research.  37, 2333 –    

2339 

 

Benazzouk, A., Douzane, O., Langlet, T., Mezreb, K., Roucoult, J. M., & Quéneudec, 

M. (2007). Physico-mechanical properties and water absorption of cement 

composite containing shredded rubber wastes. Cement and Concrete 

Composites, 29(10), 732-740.  

 

Benazzouk, A., & Queneudec, M. (2002). Durability of cement-rubber composites 

under freeze thaw cycles. Proceeding of International congress of Sustainable 

Concrete Construction, , Dundee-Scotland, 355-362. 

 

Bida, S. M. (2014). Properties of tire crumb and oil palm fruit fibre in lightweight 

mortar. Master of Science Thesis, Universiti Putra Malaysia.  

 

Biel, T. D., & Lee, H. (1996). Magnesium oxychloride cement concrete with recycled 

tire rubber. Transportation Research Record: Journal of the Transportation 

Research Board, 1561(1), 6-12.  

 

Bilba, K., Arsene, M., & Ouensanga, A. (2007). Study of banana and coconut fibers: 

Botanical composition, thermal degradation and textural observations. 

Bioresource Technology, 98(1), 58-68.  

 

Blumenthal, M. H. (1996). Producing ground scrap tire rubber: a comparison between 

ambient and cryogenic technologies: 17. biennial conference 31 Mar - 3 Apr 

1996. American Society of Mechanical Engineers, New York, NY (United 

States). 

 

Bravo, M., & de Brito, J. (2012). Concrete made with used tyre aggregate: durability-

related performance. Journal of Cleaner Production, 25, 42-50. 

 



© C
OPYRIG

HT U
PM

 

115 

 

BS EN12390-8 (2000). Depth of penetration of water under pressure. British Standard 

Institution (BSI), London. 

 

BS EN12390-3 (2002). Testing hardened concrete:compressive strength of test 

specimens. British Standard Institution (BSI), London. 

 

BS1881-114 (1983). Testing concrete: methods for determination of density of 

hardened concrete. British Standards Institution (BSI), London. 

 

Bullard, J. W., Jennings, H. M., Livingston, R. A., Nonat, A., Scherer, G. W., 

Schweitzer, J. S.,  Thomas, J. J. (2011). Mechanisms of cement hydration. 

Cement and Concrete Research, 41(12), 1208-1223.  

 

Cairns, R., & Kenny, M. (2004). The use of recycled rubber tyres in concrete. 

Proceedings of the International Conference on Sustainable Waste 

Management and Recycling: Used/Post-Consumer Tyres, London, 14-15 

September; 135-142. 

 

Chang, C. & Chen, J. (2006). The experimental investigation of concrete carbonation 

depth. Cement and Concrete Research, 36(9), 1760-1767.  

 

Chen, C-J., Tang, Y-M., Tseng, S-S., Wang, H-Y. (2010). A study of the engineering 

properties of concrete with the application of pozzolanic material and waste 

tire rubber powder. In proceedings of the 6
th

 Civil Engineering Conference in 

Asia region: Embracing the future through sustainability. 53-63 

 

Chou, L. H., Lin, C. N., Lu, C. K., Lee, C. H., & Lee, M. T. (2010a). Improving rubber 

concrete by waste organic sulfur compounds. Waste Management & 

Research, 28(1), 29-35.  

 

Chou, L. H., Lu, C., Chang, J., & Lee, M. T. (2007). Use of waste rubber as concrete 

additive. Waste Management & Research, 25(1), 68-76.  

 

Chou, L. H., Yang, C. K., Lee, M. T., & Shu, C. C. (2010b). Effects of partial 

oxidation of crumb rubber on properties of rubberized mortar. Composites 

Part B: Engineering, 41(8), 613-616.  

 

Claisse, P. A., El-Sayad, H. .I, & Shaaban, I. G. (1999). Permeability and pore volume 

of carbonated concrete. ACI Materials Journal, 96(3), 378-381. 

 

Colom, X., Carrillo, F., & Canavate, J. (2007). Composites reinforced with reused 

tyres: surface oxidant treatment to improve the interfacial compatibility. 

Composites Part A: Applied Science and Manufacturing, 38(1), 44-50.  

 

Dhakal, H. N., Zhang, Z. Y., & Richardson, M. O. W. (2007). Effect of water 

absorption on the mechanical properties of hemp fibre reinforced unsaturated 

polyester composites. Composites Science and Technology, 67(7), 1674-

1683.  

 



© C
OPYRIG

HT U
PM

 

116 

 

DIN 1048 (2000). Test methods of concrete impermeability to water: Part 2, : German 

Standard, Deutscher Institute Fur Normung, Germany. 

 

Dong, Q., Huang, B. & Shu, X. (2013). Rubber modified concrete improved by 

chemically active coating and silane coupling agent. Construction and 

Building Materials, 48, 116-123.  

 

El-Gelany I., Mohamed A. (2009). Study on the properties of palm oil fiber. Master 

Thesis, Universiti Teknologi Malaysia. 

 

Eldin, N. N., & Senouci, A. B. (1993). Rubber-tire particles as concrete aggregate. 

Journal of Materials in Civil Engineering, 5(4), 478-496.  

 

Elfordy, S., Lucas, F., Tancret, F., Scudeller, Y., & Goudet, L. (2008). Mechanical and 

thermal properties of lime and hemp concrete (“hempcrete”) manufactured by 

a projection process. Construction and Building Materials, 22(10), 2116-2123.  

 

Elinwa, A. U.& Awari, A. (2001). Groundnut husk ash concrete. Nigerian Journal of 

Engineering Management, 2(1), 8-15.  

 

Fidelis, M. E. A., Pereira, T. V. C., Gomes, O. F. M., Silva, F. A. , & Filho, T. R. D. 

(2013). The effect of fiber morphology on the tensile strength of natural 

fibers. Journal of Materials Research and Technology, 2(2), 149-157.  

 

Forsyth, R. A., and Egan, J. P. (1976). Use of Waste Materials in Embankment 

Construction,. Transport Road Reasearch (TRR), No. 593, 3-8.  

 

Ganjian, E., Khorami, M., & Maghsoudi, A. A. (2009). Scrap-tyre-rubber replacement 

for aggregate and filler in concrete. Construction and Building Materials, 

23(5), 1828-1836.  

 

Geiker, M., Thaulow, N. and Andersen, P. J. (1990). Assessment of chloride ion 

permeability test of concrete with and without mineral admixtures, In 

Durability of Building Materials, E&FN Spon, London,,  493-502.  

 

Goodspeed, C. H., Vanikar, S., & Cook, R. A. (1996). High-performance concrete 

defined for highway structures. Concrete International, 18(2), 62-67.  

 

Güneyisi, E., Gesoğlu, M., & Özturan, T. (2004). Properties of rubberized concretes 

containing silica fume. Cement and Concrete Research, 34(12), 2309-2317.  

 

Gupta, T., Chaudhary, S., Sharma, R. K. (2015). Mechanical and durability properties 

of waste rubber fibre concrete with and without silica fume. Journal of 

Cleaner Production. 1-10. 

 

Gupta, T., Chaudhary, S., & Sharma, R. K. (2014). Assessment of mechanical and 

durability properties of concrete containing waste rubber tire as fine 

aggregate. Construction and Building Materials, 73, 562-574.  

 



© C
OPYRIG

HT U
PM

 

117 

 

Harrison, T. A., Jones, M. R., Newlands, M. D., Kandasami, S., Khanna, G. (2012). 

Experience of using the prTS 12390-12 accelerated carbonation test to assess 

the relative performance of concrete. Magazine of Concrete Research, 64(8), 

737-747. 

 

Haynes, H., O’Neill, R., & Mehta, P. K. (1996). Concrete deterioration from physical 

attack by salts. Concrete International, 18(1), 63-68.  

 

Hernández-Olivares, F., & Barluenga, G. (2004). Fire performance of recycled rubber-

filled high-strength concrete. Cement and Concrete Research, 34(1), 109-117.  

 

Hernandez-Olivares, F., Barluenga, G., Bollati, M., & Witoszek, .B. (2002). Static and 

dynamic behaviour of recycled tyre rubber-filled concrete. Cement and 

Concrete Research, 32(10), 1587-1596.  

 

Hu, J. and Wang, K. (2005). Effects of aggregate on flow properties of mortar. 

Proceedings of the August, 2005 Mid-Continent Transportation Research 

Symposium. Ames, Iowa State University. 1-8. 

 

Huang, B., Li, G., Pang, S., & Eggers, J. (2004). Investigation into waste tire rubber-

filled concrete. Journal of Materials in Civil Engineering, 16(3), 187-194.  

 

Huang, B., Shu, X., & Cao, J. (2013). A two-staged surface treatment to improve 

properties of rubber modified cement composites. Construction and Building 

Materials, 40, 270-274.  

 

Huynh, H., and Raghavan, D. (1997). Simulated shredded rubber tyre in highly 

alkaline environment. Advanced cement based materials. 6, 138-143. 

 

Hyun-Ki, K., Cortos, D. D., and Santamarina, J. C. (2007). Flow test; particle-level and 

macroscale analyses. ACI Materials Journal, 104(3), 323-328. 

 

Idicula, M., Malhotra, S. K., Joseph, K., & Thomas, S. (2005). Dynamic mechanical 

analysis of randomly oriented intimately mixed short banana/sisal hybrid fibre 

reinforced polyester composites. Composites Science and Technology, 65(7), 

1077-1087.  

 

Ismail, M. A., & Hashim, H. (2008). Palm oil fiber concrete: Preceedings of the 3th 

ACF International Conference Sustainable Concrete Technology and 

Structures in Local Climate and Environmental Conditions,11-12 November, 

Ho Chi Minh City, Vietnam.   

 

Ishizaki, K., Sridhar, K. and Nanko, M. (1998). Porous materials process technology 

 and applications.  Kluwer Academic 1- 11.   

 

James, G. W. (1994). Sulfate attack on hardened cement paste. Cement and Concrete 

Research. 24(4), 735-742. 

 

Joseph, K., Filho, R. D. T., James, B., Thomas, S. and Carvalho, L. H. (1999). A 



© C
OPYRIG

HT U
PM

 

118 

 

review on sisal fiber reinforced polymer composites. Revista Brasileira de 

Engenharia Agrícola e Ambiental, 3(3), 367-379. 

 

Joshi, P., & Chan, C. (2002). Rapid chloride permeability testing. Concrete 

Construction, 47(12), 37-43.  

 

Karger-Kocsis, J., Mészáros, L., & Bárány, T. (2013). Ground tyre rubber (GTR) in 

thermoplastics, thermosets, and rubbers. Journal of Materials Science, 48(1), 

1-38.  

 

Kayali, O., Haque, M. N., & Zhu, B. (2003). Some characteristics of high strength fiber 

reinforced lightweight aggregate concrete. Cement and Concrete Composites, 

25(2), 207-213.  

 

Keller, G. R. (1990). Retaining Forest Roads. Civil Engineering, ASCE, 60(12), 50-53.  

 

Ketkukah, T. S., & Ndububa, E. E. (2006). Groundnut husk ash (GHA) as partial 

replacement of cement in mortar. Nigerian Journal of Technology, 25(2), 78-

87. 

 

Ketkukah, T. S., Wambutda, W., &  Egwurube, J. (2004). The use of mining tailing 

waste as a concrete material. Research and Publication Association of Nigeria 

Review Journal, 2(2), 38-40.  

 

Khalil, H. P., Shawkataly, A.,  Alwani, M. S., & Omar, A. M. (2007). Chemical 

composition, anatomy, lignin distribution, and cell wall structure of Malaysian 

plant waste fibers. BioResources, 1(2), 220-232.  

 

Khaloo, A. R., Dehestani, M., & Rahmatabadi, P. (2008). Mechanical properties of 

concrete containing a high volume of tire–rubber particles. Waste 

Management, 28(12), 2472-2482.  

 

Khatib, Z. K., & Bayomy, F. M. (1999). Rubberized Portland cement concrete. Journal 

of Materials in Civil Engineering, 11(3), 206-213.  

 

Kim Huat, B. (2008). Use of bioengineering (live pole) and scrap tire for mitigation 

and repairing of slope failures. International Conference on Geotechnical 

Engineering, 10-12 Dec 2008, Chiangmai, Thailand.  33-50. 

 

Koehler, E. P., and Fowler, D. W. (2003). Summary of concrete workability test 

methods,  ICAR Report 105-1, International Center for  Aggregates 

Research, the University of Texas at Austin, Austin, Tex., 83. 

 

Kumar, K., & Krishna, R. (2015). Strength and workability of cement mortar with 

manufactured sand. International Journal of Research in Engineering and 

Technology, 5(1), 186-189. 

 

Law, K. N., Daud, W. R. W., & Ghazali, A. (2007). Morphological and chemical 

nature of fiber strands of oil palm empty-fruit-bunch (OPEFB). BioResources, 

2(3), 351-362.  



© C
OPYRIG

HT U
PM

 

119 

 

Lea, F. M. (1970). The Chemistry of Cement and Concrete. London: Arnold. 

 

Lee, B. I., Burnett, L., Miller, T., Postage, B., & Cuneo, J. (1993). Tyre rubber/cement 

matrix composites. Journal of Materials Science Letters, 12(13), 967-968.  

 

Li, G., Garrick, G., Eggers, J., Abadie, C., Stubblefield, M. A., & Pang, S. (2004a). 

Waste tire fiber modified concrete. Composites Part B: Engineering, 35(4), 

305-312.  

 

Li, G., Stubblefield, M. A., Garrick, G., Eggers, J., Abadie, C., & Huang, B. (2004b). 

Development of waste tire modified concrete. Cement and Concrete Research, 

34(12), 2283-2289.  

 

Li, Z.,Li, F., & Li, J. S. L. (1998). Properties of concrete incorporating rubber tyre 

particles. Magazine of Concrete Research, 50(4), 297-304.  

 

Li, Z., Wang, L., & Wang, X. (2006). Flexural characteristics of coir fiber reinforced 

cementitious composites. Fibers and Polymers, 7(3), 286-294.  

 

Limbachiya, M. C., & Roberts, J. J (2004). Used/post-consumer Tyres. 3. Thomas 

Telford Publishing, London. 

 

Liu, F., Zheng, W., Li, L., Feng, W., & Ning, G. (2013). Mechanical and fatigue 

performance of rubber concrete. Construction and Building Materials, 47, 

711-719.  

 

Lothenbach, B., Winnefeld, F., Alder, C., Wieland, E., & Lunk, P. (2007). Effect of 

temperature on the pore solution, microstructure and hydration products of 

Portland cement pastes. Cement and Concrete Research, 37(4), 483-491.  

 

Malek, R. I. A., & Roy, D. M. (1996). The permeability of chloride ions in fly ash-

cement pastes, mortars and concrete.Materials Research Society (MRS) 

Symposium, Pittsburgh, 113, 291-300. 

 

Maria, E. A. F., Pereira, T. V. C., Gomes, O. F. M., Silva, F. A., Filho, R. D. T. (2013). 

The effect of fibre morphology on the tensile strength of natural fibres. 

Journal of Materials Research and Technology. 2(2), 149-157. 

 

Massazza, F. (1993). Pozzolanic cements, Cement and Concrete Composite, 15, 185- 

 214. 

 

Marques, A. M., Correia, J. R., & De Brito, J. (2013). Post-fire residual mechanical 

properties of concrete made with recycled rubber aggregate. Fire Safety 

Journal, 58, 49-57.  

 

Mavroulidou, M., & Figueiredo, J. (2010). Discarded tyre rubber as concrete 

aggregate: a possible outlet for used tyres. Global NEST Journal, 12(4), 359-

387.  

 

 



© C
OPYRIG

HT U
PM

 

120 

 

Megandaran, N.  (2007). Palm oil fiber as an additive in concrete. PSM Thesis, 

 Universiti Teknologi Malaysia. 

 

Mehta, P. K. (2000). Sulfate attack on concrete: separating myths from reality. 

Concrete International, 22(8), 57-61.  

 

Mehta, P. K., & Monteiro, P. J. M. (2006). Concrete Microstructure. Properties and 

Materials,Prentice Hall, Englewood Cliffs, New Jersey, 7632, 425-428.  

 

Mobasher, B., & Mitchell, T. M. (1988). Laboratory experience with the rapid chloride 

permeability test. ACI Special Publication 108, American Concrete Institute. 

 

Mohammed, B., & Azmi, N. J. (2011). Failure mode and modulus elasticity of concrete 

containing recycled tire rubber. The Journal of Solid Waste Technology and 

Management, 37(1), 16-24.  

 

Mohammed, B.,  S, Hossain, K. M. A., Swee, J. T. E., Wong, G., & Abdullahi, M. 

(2012). Properties of crumb rubber hollow concrete block. Journal of Cleaner 

Production, 23(1), 57-67.  

 

Mohammad, I., Bala, M., Nur, A. M. (2009). Durability performance of natural rubber 

latex modified concrete. Malaysian Journal of Civil Engineering. 21(2), 195-

203. 

 

Mwangi, J. P. M. (2001). Flexural Behaviour of Sisal Fibre Reinforced Concrete 

Beams. Ph.D. Thesis, University of California.  

 

Naaman, A., & Harajli, M.  (1990). A State-of-the-art report on mechanical properties 

of high performance fibre concrete. University of Michigan, USA. 

 

Naghoj, N. (2013). Mechanical properties of block masonry units manufactured from 

different kinds of recycled materials. Innovative Systems Design and 

Engineering, 4(5), 43-54.  

 

Nahata, Y., Kholia, N., & Tank, T. G. (2014). Effect of curing methods on efficiency 

of curing of cement mortar. APCBEE Procedia, 9, 222-229.  

 

Nascimento, D. C. O., Ferreira, A. S., Monteiro, S. N., Aquino, R. C. M. P., Kestur, S. 

G. (2012). Studies on the characterisation of piassava and their epoxy 

composites. Compos. Part A: App. Sci. Manuf. 43(3), 353-362. 

 

Nayef, A. M., Fahad, A. R., Ahmed, B. (2010). Effect of micro-silica addition on 

compressive strength of rubberised concrete at elevated temperatures. J. Mater 

Cycles Waste Manage. 12, 41-49. 

 

Neville, A. M., & Brooks, J. J.  (2002). Concrete Technology. Pearson Education Ltd., 

London 

 

Neville, A. M., & Neville, A. M. (1996). Properties of concrete (Vol. 4): Longman, 

London. 



© C
OPYRIG

HT U
PM

 

121 

 

Obla, K. H., & Lobo, C. L. (2007). Acceptance criteria for durability tests: minimizing 

the risks of accepting defective concrete or rejecting acceptable concrete. 

Concrete International, 29(5), 43-48. 

 

Ohama, Y. (1995). Handbook of Polymer-Modified Concrete and Mortars: Properties 

and Process Technology: Noyes Publications. New Jersey USA. 

 

Oikonomou, N., & Mavridou, S. (2009). Improvement of chloride ion penetration 

resistance in cement mortars modified with rubber from worn automobile 

tires. Cement and Concrete Composites, 31(6), 403-407.  

 

Okubo, K., Fujii, T., & Yamamoto, Y. (2004). Development of bamboo-based polymer 

composites and their mechanical properties. Composites Part A: Applied 

Science and Manufacturing, 35(3), 377-383.  

 

Oyetola, E. B., & Abdullahi, M. (2006). The use of rice husk ash in low-cost sandcrete 

block production. Leonardo Electronic Journal of Practices and Technologies, 

8(1), 58-70.  

 

Ozyildirim, C. (1994). Rapid chloride permeability testing of sílica-fume concrete. 

Cement, Concrete and Aggregates, 16(1), 53-56. 

 

Paillere, A. M., Raverdy, M., & Grimaldi, G. (1986). Carbonation of concrete with 

low-calcium fly ash and granulated blast furnace slag: influence of air-

entraining agents and freezing-and-thawing cycles. ACI Special Publication, 

91, 541-562. 

 

Paine, K. A., Dhir, R. K., Moroney, R., & Kopasakis, K. (2002). Use of crumb rubber 

to achieve freeze/thaw resisting concrete. In Proceedings of the 
International Conference on Concrete for Extreme Conditions, 
University of Dundee, Scotland, UK. 486-498. 

 

Paul, J. (1985). Encyclopedia of Polymer Science and Engineering. 787-802.  

 

Pelisser, F., Barcelos, A., Santos, D., Peterson, M., & Bernardin, A. M. (2012). 

Lightweight concrete production with low Portland cement consumption. 

Journal of Cleaner Production, 23(1), 68-74.  

 

Pickering, K. L., Beckermann, G. W., Alam, S. N., & Foreman, N. J. (2007). 

Optimising industrial hemp fibre for composites. Composites Part A: Applied 

Science and Manufacturing, 38(2), 461-468.  

 

Pierce, C. E, & Blackwell, M. C. (2003). Potential of scrap tire rubber as lightweight 

aggregate in flowable fill. Waste Management, 23(3), 197-208.  

 

Raghavan, D., Huynh, H., & Ferraris, C. F. (1998). Workability, mechanical 

properties, and chemical stability of a recycled tyre rubber-filled cementitious 

composite. Journal of Materials Science, 33(7), 1745-1752.  

 



© C
OPYRIG

HT U
PM

 

122 

 

Rangaraju, P., & Gadkar, S. (2012). Durability evaluation of crumb rubber addition 

rate on portland cement concrete. Department of Civil Engineering, Clemson 

University, Clemson, 1-126.  

 

Reddy, N., & Yang, Y. (2005). Biofibers from agricultural by-products for industrial 

applications. TRENDS in Biotechnology, 23(1), 22-27.  

 

Richardson, A. E., Coventry, K. A., & Ward, G. (2012). Freeze/thaw protection of 

concrete with optimum rubber crumb content. Journal of Cleaner Production, 

23(1), 96-103.  

 

RILEM CPC-18 (1998). Measurement of hardened concrete carbonation depth. 

(International Laboratories and Experts in Construction Materials, Systems 

and Structures). RILEM, Bagneux, France,  Materials and Structures. 21(126), 

453-455. 

 

Rodriguez-Navarro, C., Doehne, E., & Sebastian, E. (2000). How does sodium sulfate 

crystallize? Implications for the decay and testing of building materials. 

Cement and Concrete Research, 30(10), 1527-1534.  

 

Rostami, H., Lepore, J., Silverstraim, T., & Zundi, I. (2000). Use of recycled rubber 

tires in concrete. In Proceedings of the international conference on 
concrete . London, United Kingdom: Thomas Telford Services Ltd. 
1993,  391-399. 

 

Roy, D. M., and Idorn, G. M. (1993). Concrete microstructure. Strategic Highway 

Research Program Report SHPR-C-340, National Academy of Sciences, 179. 

 

Samaha, H. R., & Hover, K. C. (1992). Influence of microcracking on the mass 

transport properties of concrete. ACI Materials Journal, 89(4), 416-424. 

 

Savas, B. Z., Ahmad, S. h., & Fedroff, D. (1996). Transportation Research Record no. 

1574, November 1996. National Research Council, Washington, DC, USA, 

80-88.  

 

Savastano, H., Warden, P. G., & Coutts, R. S. P. (2005). Microstructure and 

mechanical properties of waste fibre–cement composites. Cement and 

Concrete Composites, 27(5), 583-592.  

 

Sedan, D., Pagnoux, C., Smith, A., & Chotard, T. (2008). Mechanical properties of 

hemp fibre reinforced cement: influence of the fibre/matrix interaction. 

Journal of the European Ceramic Society, 28(1), 183-192.  

 

Segre, N., & Joekes, I. (2000). Use of tire rubber particles as addition to cement paste. 

Cement and Concrete Research, 30(9), 1421-1425.  

 

Segre, N., Monteiro, P. J. M., & Sposito, G. (2002). Surface characterization of 

recycled tire rubber to be used in cement paste matrix. Journal of Colloid and 

Interface Science, 248(2), 521-523.  

 



© C
OPYRIG

HT U
PM

 

123 

 

Shen, J., & Amirkhanian, S. (2005). The influence of crumb rubber modifier (CRM) 

microstructures on the high temperature properties of CRM binders. The 

International Journal of Pavement Engineering, 6(4), 265-271.  

 

Shen, J., Amirkhanian, S., Xiao, F., & Tang, B. (2009). Influence of surface area and 

size of crumb rubber on high temperature properties of crumb rubber modified 

binders. Construction and Building Materials, 23(1), 304-310.  

 

Shetty, M. S. (2005). Concrete Technology (ME): S. Chand, India. 

 

Shtayeh, S. M. S. (2007). Utilization of waste tires in the production of non-structural 

portland cement concrete.Masters Thesis,An-Najah National University.  

 

Shu, X., Huang, B., & Liu, J. (2013). Special issue on materials innovations for 

sustainable infrastructure. Journal of Materials in Civil Engineering, 25(7), 

825-828.  

 

Siddique, R. (2007). Waste materials and by-products in concrete: Springer Science & 

Business Media. Berlin Heidelberg 

 

Siddique, R., & Naik, T. R. (2004). Properties of concrete containing scrap-tire rubber–

an overview. Waste management, 24(6), 563-569.  

 

Sim, J., and park, C. (2011). Compressive strength and resistance to chloride ion 

penetration and carbonation of recycled aggregate concrete with varying 

amount of fly ash and fine recycled aggregate. Waste Management. 31(11), 

2352-2360. 

 

Skalny, J., & Brown, P. W. (2002). Sulfate attack on concrete: Taylor & Francis. 

 

Sukontasukkul, P. (2009). Use of crumb rubber to improve thermal and sound 

properties of pre-cast concrete panel. Construction and Building Materials, 

23(2), 1084-1092.  

 

Sukontasukkul, P., & Chaikaew, C. (2006). Properties of concrete pedestrian block 

mixed with crumb rubber. Construction and Building Materials, 20(7), 450-

457.  

 

Sukontasukkul, P., & Tiamlom, K. (2012). Expansion under water and drying 

shrinkage of rubberized concrete mixed with crumb rubber with different size. 

Construction and Building Materials, 29, 520-526.  

 

Tattersall, G. H. (1991). Workability and quality control of concrete, E & FN Spon, 

 London, UK, 269. 

 
Tay, J., & Yip, W. (1989). Sludge ash as lightweight concrete material. Journal of 

Environmental Engineering, 115(1), 56-64.  

 

Terzaghi, K.,  Peck, R. B., & Mesri, G. (1996). Soil mechanics in engineering practice: 

John Wiley & Sons. USA. 



© C
OPYRIG

HT U
PM

 

124 

 

Thiruvangodan, S.  K. (2006). Waste tyre management in Malaysia.Master Thesis. 

Universiti Putra Malaysia.    

 

Thomas, M. D. A, & Jones, M. R. (1996). A critical review of service life modelling of 

concretes exposed to chlorides. Concrete in the service of mankind: Radical 

Concrete Technology, 723-736.  

 

Thomas, B. S., and Gupta, R. C. (2015). Long term behaviour of cement concrete 

containing discarded tyre rubber. Journal of Cleaner Production. 102, 78-87. 

 

Topcu, I. B. (1995). The properties of rubberized concretes. Cement and Concrete 

Research, 25(2), 304-310.  

 

Topcu, I. B., and Demir, A. (2007). Durability of rubberised mortar and concrete. 

Journal of Materials In Civil Engineering. 19(2), 173-178. 

 

Transport Research Note (TRN). (1985). Tire-anchored timber walls-economical and 

practical, 117, Washigton, D.C. 

 

Turatsinze, A., & Garros, M. (2008). On the modulus of elasticity and strain capacity 

of self-compacting concrete incorporating rubber aggregates. Resources, 

conservation and recycling, 52(10), 1209-1215.  

 

Turcry, P. H., Oksri-Nelfia, L., Younsi, A., Arit-Mokhtar, A. (2014). Analysis of an 

accelerated carbonation test with severe pre-conditioning. Cement and 

Concrete Research, 57, 70-78. 

 

Turgeon, C. M. (1989). The use of asphalt-rubber products in Minnesota,Minnesota 

Department of Transport, MN,Report No.89-06, 11.  

 

Uygunoğlu, T., & Topçu, İ. B. (2010). The role of scrap rubber particles on the drying 

shrinkage and mechanical properties of self-consolidating mortars. 

Construction and Building Materials, 24(7), 1141-1150.  

 

Verbeck, G. J. (1958). Carbonation of hydrated portland cement. Cement and 

Concrete, 17-36.  

 

Wafa, F. F. (1990). Properties & applications of fiber reinforced concrete. Engineering 

Sciences, 2(1), 49-63. 

 

Wang, H. Y., Chen, B. T., Wu, Y. W. (2013). A study of the fresh properties of 

controlled low strength rubber lightweight aggregate concrete (CLSRLC). 

Construction and Building Materials. 41, 526-531. 

 

Whiting, D. (1981). Rapid determination of the chloride permeability of concrete. Final 

Report Portland Cement Association, Skokie, IL. Construction Technology 

Labs., 1. 

 

 



© C
OPYRIG

HT U
PM

 

125 

 

World Growth Palm Oil Green Development Campain: Palm Oil - The Sustainable Oil. 

A Report by world growth, September, 2009. Available on line at 

http://www.worldgrowth.org/assets/files//palm_oil.pdf, (accessed 25
th

 June, 

2014). 

 

www.indexmundi.com. (2006). Oil Palm Production by Country.   Retrieved 02.02.15, 

2015 

 

www.trpmorwel.com (2014). Global tyres and plastic recycling solutions. Victoria, 

Australia. Retrieved 02.02.15, 2015  

 

Xue, J., and Shinozuka, M. (2013). Rubberised concrete: a green structural material 

with enhanced energy-dissipation capability. Construction and Building 

Materials. 42, 196-204. 

 

Yilmaz, A., & Degirmenci, N. (2009). Possibility of using waste tire rubber and fly ash 

with portland cement as construction materials. Waste Management, 29(5), 

1541-1546.  

 

Yoshida, N., Matsunami, Y., Nagayama, M., & Sakai, E. (2010). Salt weathering in 

residential concrete foundations exposed to sulfate-bearing ground. Journal of 

Advanced Concrete Technology, 8(2), 121-134.  

 

You, K., Jeong, H., & Hyung, W. (2014). Effects of accelerated carbonation on 

physical properties of mortar. Journal of Asian Architecture and Building 

Engineering, 13(1), 217-221.  

 

Yusoff, M. Z. M., Salit, M. S., & Ismail, N. (2009). Tensile properties of single oil 

palm empty fruit bunch (OPEFB) fibre. Sains Malaysiana, 38(4), 525.  

 

Zemajtis, J. Z. (2014). Role of concrete curing. Portland Cement Association, Skokie. 

 

Zhang, S. P., & Zong, L. (2014). Evaluation of relationship between water absorption 

and durability of concrete materials. Advances in Materials Science and 

Engineering, 2014. 1-8 

 

Zhao, H., Sun, W. (2012). Effect of initial water-curing period and curing condition on 

the properties of self compacting concrete. Materials and Design. 35, 194-200. 

 

Zheng, L., Huo, X. S., & Yuan, Y. (2008). Strength, modulus of elasticity, and 

brittleness index of rubberized concrete. Journal of Materials in Civil 

Engineering, 20(11), 692-699.  

 

Zhu, H., Thong-On, N., & Zhang, X. (2002). Adding crumb rubber into exterior wall 

materials. Waste Management &Research, 20(5), 407-413.  

 

Zhu, W. H., Tobias, B. C., Coutts, R. S. P, & Langfors, G. (1994). Air-cured 

banana-fibre reinforced cement composites. Cement and Concrete 

Composites, 16(1), 3-8. 

 

http://www.worldgrowth.org/assets/files/palm_oil.pdf
http://www.indexmundi.com/

	DURABILITY PERFORMANCE OF RUBBERISED FIBRE MORTAR
	Abstract
	TABLE OF CONTENTS
	CHAPTER 1
	REFERENCES



