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ABSTRACT 

 

 

 

 

 Fibre reinforced concrete (FRC) has been proven in enhancing the strength, 

ductility and durability of concrete structures. However, when encountered with 

temperature exposure, there is limited information regarding the impact towards the 

mechanical properties of FRC. In this study, two different types of fibres namely the 

steel (SF) and polypropylene (PPF) were combined and mixed in concrete. The 

deterioration severity is the main concerned due to the variability of temperature 

exposure on the FRC. Therefore, the main aim of this study was to investigate the 

fundamental behaviour on the mechanical properties of FRC when exposed to elevated 

temperature. The temperature variations varied between 27C (room temperature) and 

800C, with an increment of every 200C i.e. 27C, 200C, 400C, 600C and 800C. 

Altogether, there were 5 proportions for the combined fibre mix percentage at volume 

fraction of 1.5%, which are SF-PPF (100-0%), SF-PPF (75-25%), SF-PPF (50-50%), 

SF-PPF (25-75%) and SF-PPF (0-100%). Several tests were carried out in determining 

the mechanical properties of FRC which include compression test, flexural test, 

splitting tensile test, Young’s Modulus test, Poisson’s ratio test, toughness test and 

residual flexural tensile strength test. Morphology analysis using Scanning Electron 

Microscopy (SEM) was also carried out on the FRC after the temperature exposure 

and mechanical testing. In general, the experimental results show that the strength of 

FRC decreases as the temperature variation increases. The FRC encountered small 

declining strength when exposed to temperature below 400C. However, when it was 

exposed above 400C, significant impact on the FRC strength was observed. The study 

also suggested that the optimum dosage of the fibres percentage proportion is SF-PPF 

(75-25). With the addition of PPF, the explosive spalling effect was reduced due to the 

existence of tiny channel created by the PPF when it melted. Meanwhile, the existence 

of SF provided better post-cracking behaviour on the FRC. Addition of SF and PPF 

were very effective in minimizing the deterioration and spalling effect when FRC 

exposed to elevated temperature. 
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ABSTRAK 

 

 

 

 

 Konkrit bertetulang gentian (FRC) telah dibuktikan mampu meningkatkan 

kekuatan, kemuluran dan ketahanan struktur konkrit. Walaubagaimanapun, apabila 

terdedah kepada suhu, terdapat maklumat yang terhad mengenai kesan terhadap sifat 

mekanikal FRC. Dalam kajian ini, dua jenis gentian yang berbeza iaitu besi (SF) dan 

polipropilena (PPF) digabung dan dicampurkan ke dalam konkrit. Keterukan 

kemerosotan adalah pemerhatian utama disebabkan kepelbagaian pendedahan suhu ke 

atas FRC. Oleh itu, matlamat utama kajian ini adalah untuk mengkaji tingkah laku asas 

sifat-sifat mekanikal FRC apabila terdedah kepada kepelbagaian suhu yang tinggi. 

Variasi suhu adalah berbeza di antara 27°C (suhu bilik) dan 800°C, dengan kenaikan 

setiap 200°C, iaitu 27°C, 200°C, 400°C, 600°C dan 800°C. Secara keseluruhan, 

terdapat 5 peratus perkadaran untuk gabungan gentian tersebut pada kadar isipadu 

1.5%, iaitu SF-PPF (100-0%), SF-PPF (75-25%), SF-PPF (50-50%) , SF-PPF (25-

75%) dan SF-PPF (0-100%). Beberapa ujian dijalankan dalam menentukan sifat 

mekanikal FRC yang merangkumi ujian kekuatan mampatan, ujian kekuatan lenturan, 

ujian tegangan pemisah, ujian Modulus Young, ujian nisbah Poisson, ujian ketahanan 

dan ujian kekuatan tegangan lenturan. Analisis morfologi menggunakan Mikroskopi 

Pengimbasan Elektron (SEM) juga dijalankan pada FRC selepas pendedahan suhu dan 

ujian mekanikal. Secara umumnya, keputusan eksperimen menunjukkan bahawa 

kekuatan FRC menurun apabila peningkatan suhu meningkat. FRC menghadapi 

sedikit penurunan dalam kekuatan ketika terdedah kepada suhu di bawah 400°C. 

Walau bagaimanapun, apabila terdedah di atas 400°C, kesan yang ketara ke atas 

kekuatan FRC dapat diperhatikan. Kajian ini juga mencadangkan bahawa dos 

optimum untuk peratus perkadaran gentian adalah SF-PPF (75-25). Dengan 

penambahan PPF, kesan letupan spalling adalah berkurangan disebabkan oleh 

kewujudan saluran kecil yang dicipta oleh PPF apabila ia cair. Sementara itu, 

penambahan SF dapat menyediakan perilaku pasca-retak yang lebih baik untuk FRC. 

Penambahan SF dan PPF sangat berkesan dalam mengurangkan kerosakan dan kesan 

spalling apabila FRC terdedah kepada peningkatan suhu. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background 

 

 

 Concrete is a compound made from cement, water and aggregates. As cement 

combined with water, they react and the hydration process begins. During the 

hydration process, the compound is then rapidly hardens and at the same time, binds 

the aggregates. Concrete had been used widely for development throughout the human 

civilization. From the Egyptian pyramids, to the Great Wall of China until the Roman’s 

Colosseum and Pantheon, concrete materials had been found in these buildings. 

 

 

As time changes, researches have been done for the evolution of concrete. New 

technologies are continuously discovered to be applied in concrete. In the 18th century, 

Portland cement was discovered in Portland, England by Joseph Aspdin and it is now 

commonly used in construction for concrete structures. By the 19th century, there are 

many more new technologies being discovered especially on blended cement and 

admixtures in concrete. Admixtures, either mineral or chemical is function to achieve 

some characteristics that plain concrete does not have. Some types of admixtures 

include air entraining agent, water reducer and plasticizer, fly ash and many more. 
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During the past four decades, there has been rapid development in concrete 

technology. Fibre reinforcement concrete was first introduced in construction in 1970. 

History shows that the Roman had applied fibres by putting horse hair in concrete to 

resist cracks during the hardening process. Nowadays, there are many types of fibres 

that is normally added in concrete such as discrete steel, polypropylene, glass, natural 

and many more. The addition of fibres in concrete can improve the tensile strength and 

brittleness which is a common weakness characteristics for plain concrete. The 

application of fibres in concrete are also very popular in minimising crack growth such 

as shrinkage crack during the hardening process. 

 

 

Most of previous researchers only discuss the effect of adding single type of 

fibre in plain concrete (Ghugal, 2005; Park et al., 2010). However, in the current 

research, two different types of fibre i.e. polypropylene (PPF) and discrete steel (SF) 

are added in plain concrete. Both fibres have difference characteristics and adding 

them together in plain concrete is known as hybrid fibre reinforced concrete. The study 

focused on the effect on its mechanical properties when exposing the fibre reinforced 

concrete (FRC) under elevated temperature and also the impact on its deterioration at 

failure. 

 

 

Fire or exposing at high temperature are some of the most severe problems 

occurred in concrete structures. The spalling effect caused by high temperature will 

deteriorate concrete structure over time. In recent years, many researchers carried out 

investigation on concrete exposed directly to elevated temperature (Arioz, 2007; Kong 

and Sanjayan, 2010; Mindeguia et al., 2010). This is important in terms of its safety 

measure on the effect of high temperature on the development of concrete strength 

(Kong and Sanjayan, 2010; Lau and Anson, 2006). Furthermore, previous study 

normally exposed plain concrete or FRC with single type of fibre under elevated 

temperature (Chan et al., 2000; Kalifa et al., 2001; Lau and Anson, 2006). Others 

researchers on hybrid FRC does not relate the mechanical or engineering properties 

with the increase in temperature (Banthia, 2004; Jameran et al., 2015). This research 

used hybrid FRC and exposed them under elevated temperature in order to evaluate 

the strength development. Previous researchers also show that the application of fibres 
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into concrete can minimise spalling effect caused by continuous exposed to high 

temperature (Chan et al., 2000; Lau and Anson, 2006).  

 

 

 

 

1.2 Problem Statement and Gaps of the Research 

 

 

Most of the previous researches did not exposed the plain concrete or FRC to 

elevated temperature (Celik et al., 2015; Jiang et al., 2014). There are several risks that 

might be occurred when FRC exposed to elevated temperature. The mechanical 

properties of FRC may be affected when exposed to continuous heat. Explosive 

spalling which was observed by many researchers which resulted in serious 

deterioration of the concrete structures also might be occured (Phan and Carino, 2002; 

Suhaendi and Horiguchi, 2005). High temperature causes dramatic physical and 

chemical changes, resulting in the deterioration of plain concrete (Heikal, 2000; Xu et 

al., 2001). Thus, the research will find the answer regarding the effect occurred on the 

FRC after continuous exposed to elevated temperatures. 

 

 

Hybrid fibre concrete is a combination of two or more fibres added into the 

concrete. SF and PPF have different characteristics and therefore have its own 

weaknesses. For example, PPF has very low melting point between 130C and 170C, 

while in the current study, the temperature was increased from 27C to 800C. SF on 

the other hand is a type of fibre that is not very flexible to fill up the voids and pores 

in the concrete constituents. Thus, PPF will support SF in filling up the voids, while 

SF itself increases the tensile strength of concrete. This research will evaluate the 

interaction between the two fibres in improving their weaknesses in resisting the 

exposure to elevated temperature. 
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There are some gaps found from the previous studies. The gaps are as follows: 

 

 

i. Most researcher studied on the mechanical properties of single fibre. There is 

less information on the combine fibre. The study will be using single and 

hybrid FRC. The fibres are SF and PPF. 

 

ii. The mechanical properties are not exposed to elevated temperature. Less 

information on the effect due to the exposure to elevated temperature. 

 

iii. Most previous researches exposed single FRC to concrete. The study will 

expose FRC which contain single FRC and FRC that contained both SF and 

PPF. 

 

 

 

 

1.3 Objectives of the Research 

 

 

 The main aim of the research is to determine the effects of elevated temperature 

on the properties of FRC in terms of strength and behaviour. Therefore, to achieve this 

aim, several objectives are identified as follows: 

 

 

i. To investigate the mechanical properties of FRC exposed to elevated 

temperature. 

ii. To investigate the deterioration severity of FRC after exposing them to elevated 

temperature. 

iii. To determine the optimum dosage of fibres proportion which resulted to the 

minimum strength reduction of FRC after the exposure to elevated temperature. 
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1.4 Scope of the Research 

 

 

The scope of research in order to achieve the research objectives are given as 

follows: 

 

 

i. Design concrete grade C40 is used throughout the experimental work. 

ii. The water cement ratio is fixed at 0.47 for all FRC batches. 

iii. The combined fibres percentage is fixed at 1.5% from the total percentage of 

the concrete. 

iv. The 1.5% combined fibre percentage is divided into five concrete batches with 

different SF and PPF percentage ratios; (a) 0% SF with 100% PPF, (b) 25% SF 

with 75% PPF, (c) 50% SF with 50% PPF, (d) 75% SF with 25% PPF, and (e) 

100% SF with 0% PPF. 

v. Every FRC batch is exposed to elevated temperature from 200C to 800C with 

an increment of every 200C. The FRC batch remained exposed at room 

temperature ( 27C) is the control. 

vi. There are 5 main FRC batches from the fibres percentage, and each 5 batches 

have another 5 more FRC batches based on the temperature increment. Thus, 

the total FRC batches in this research are 25 with one normal plain concrete 

batch for the control. 

vii. The samples used are cubes, cylinders and prisms. In each FRC batch, the total 

numbers of cubes, prisms and cylinders used are 3 cubes (150mm × 150mm × 

150mm), 3 prisms (150mm × 150mm × 550mm) and 6 cylinders (150mm 

diameter × 300mm height). 

viii. In order to determine the mechanical properties of FRC, compression test, 

splitting tensile test, flexural strength test, toughness test, residual flexural 

tensile strength test, Young’s modulus test and Poisson ratio test are done. 

ix. Scanning Electron Microscopy (SEM) is carried out to study the spalling on 

the FRC samples caused by the exposure to the elevated temperature. 
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1.5 Research Questions 

 

 

i. What is the effect of FRC when exposed to elevated temperatures? Is different 

temperature will shows different effects? 

ii. Can addition of two fibres into the concrete improve the weaknesses of plain 

concrete? 

iii. Is the mechanical properties of the FRC reduced when exposed to elevated 

temperature? 

iv. Will melting point of the fibres affect the strength of the FRC? 

v. What is the highest temperature that the FRC can withstand? 

vi. What is the batch that give optimum strength when FRC exposed to elevated 

temperatures? 

 

 

 

 

1.6 Significance of the Research 

 

 

This research will show the effect of FRC after the exposure at elevated 

temperatures especially on its deterioration effect caused by spalling. At the same time, 

the maximum exposure temperature that the FRC can withstand is determined.  

 

 

This research will give findings on the effectiveness of steel-polypropylene 

FRC which resulted to the minimum reduction of concrete strength after the exposure 

to elevated temperature. At the same time, the weakness of plain concrete can also be 

improved by adding fibres in the mixture. 

 

 

To reduce the risk of deterioration and spalling, previous literature claimed that 

the use of fibre such as PPF or SF have sufficient fire protection on concrete structures 

(Kalifa et al., 2001). However, minimal or even negative effects of PPF on the residual 
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performance of the heated concrete may also occurred (Chan et al., 2000). The initial 

moisture state of the concrete and the rate of heating may be the main parameters 

determining the effect of PPF (Luo et al., 2000). Therefore, there is a necessity to 

quantify this claim in terms of fibre dosage, strength of concrete and most important 

is to know the residual mechanical properties of FRC under exceptional actions such 

as high temperatures from a fire incident.  

 

 

 

 

1.7 Thesis Outline 

 

 

i. Chapter 1 provides the introduction and background of the research. The 

research objectives, research scopes, research questions and the research 

significance are stated in this chapter. 

ii. Chapter 2 discussed is the literature reviews which is critically discuss on the 

previous work carried out by previous researchers. The type of fibres, 

temperature effects, mechanical properties of FRC and severity of deterioration 

are explained in this chapter. 

iii. Chapter 3 explains the methodology adopted in this research by experimental 

work. The fibre percentage calculation and the test procedures based on the 

current Code of Practice are explained in this chapter. 

iv. Chapter 4 analyse and reports the result of all the experimental tests. The results 

are presented in graphs and tables including brief discussion on some of the 

relationships. 

v. Chapter 5 discusses in detail the test results which also includes relationships 

between the test parameters. The SEM findings and behaviour of deterioration 

are also explained in this chapter. 

vi. Chapter 6 drew the conclusions of the research. Future work recommendations 

are also stated in this chapter. 

 

 

 



 

 

 

REFERENCES 

 

 

 

 

 Al Qadi, A.N.S., and Al-Zaidyeen, S.M. (2014). Effect Of Fibre Content And 

Specimen Shape On Residual Strength Of Polypropylene Fibre Self-Compacting 

Concrete Exposed To Elevated Temperatures. Journal of King Saud University - 

Engineering Sciences. 26(1): 33–39.  

Alhozaimy, A.M., Soroushian, P., and Mirza, F. (1996). Mechanical Properties Of 

Polypropylene Fiber Reinforced Concrete And The Effects Of Pozzolanic 

Materials. Cement and Concrete Composites. 18(2): 85–92. 

American Society for Testing and Materials (2002). ASTM C469-02: Standard Test 

Method for Static Modulus of Elasticity and Poisson’s Ratio of Concrete in 

Compression.United States of America: ASTM. 

American Society for Testing and Materials (2003). ASTM C617-98: Standard 

Practice for Capping Cylindrical Concrete Specimens. United Staes of America: 

ASTM. 

Arioz, O. (2007). Effects Of Elevated Temperatures On Properties Of Concrete. Fire 

Safety Journal. 42(8): 516–522. 

Banthia, N. (2004). Hybrid Fiber Reinforced Concrete (Hyfrc): Fiber Synergy In High 

Strength Matrices. Materials and Structures. 37(274): 707–716. 

Banthia, N., and Gupta, R. (2006). Influence Of Polypropylene Fiber Geometry On 

Plastic Shrinkage Cracking In Concrete. Cement and Concrete Research. 36(7): 

1263–1267. 

Banthia, N., and Nandakumar, N. (2003). Crack Growth Resistance of Hybrid Fiber 

Reinforced Cement Matrix Composites. Journal of Aerospace Engineering. 

24(2): 154–161. 

Barros, J.A.O. (2004). Post-Cracking Behaviour Of Steel Fibre Reinforced Concrete. 

Materials and Structures. 38(275): 47–56. 



123 

 

BBC NEWS (2005, February 2). Madrid Skyscraper Faces Collapse. BBC UK. 

Retrieved February 2, 2005, from: http://news.bbc.co.uk/go/pr/fr/-

/2/hi/europe/4261315.stm 

Behnood, A., and Ghandehari, M. (2009). Comparison Of Compressive And Splitting 

Tensile Strength Of High-Strength Concrete With And Without Polypropylene 

Fibers Heated To High Temperatures. Fire Safety Journal. 44(8): 1015–1022. 

Beneš, M., and Štefan, R. (2015). Hygro-Thermo-Mechanical Analysis Of Spalling In 

Concrete Walls At High Temperatures As A Moving Boundary Problem. 

International Journal of Heat and Mass Transfer. 85: 110–134. 

British Standards Instituition (1997). BS 8110-1:1997: Structural Use of Concrete- 

Part 1: Code of Practice for Design and Construction. London. BSi. 

British Standards Institution (2007). BS EN 14651:2005+A1:2007: Test Method For 

Metallic Fibre Concrete - Mesuring The Flexural Tensile Strength (Limit Of 

Proportionality (LOP), Residual). London: BSi. 

British Standards Institution (2009). BS EN 12350-2:2009: Testing fresh concrete-

Part 2: Slump test and Vebe test. London: BSi. 

British Standards Institution (2009). BS EN 12390-3:2009: Testing Hardened 

Concrete- Part 3: Compressive Strength of Test Specimens. London: BSi. 

British Standards Institution (2009). BS EN 12390-6:2009: Testing Hardened 

Concrete-Part 6 :Tensile Splitting Srength of Test Specimen. London: BSi. 

British Standards Institution (2013). BS EN 12390-13: Testing Hardened Concrete-

Part 13: Determination Of Secant Modulus Of Elasticity In Compression. 

London: BSi. 

British Standards Institution (2013). BS EN 206:2013+A1:2016: Concrete- 

Specification, Performance, Production and Conformity. London: BSi. 

Buratti, N., Mazzotti, C., and Savoia, M. (2011). Post-Cracking Behaviour Of Steel 

And Macro-Synthetic Fibre-Reinforced Concretes. Construction and Building 

Materials. 25(5): 2713–2722. 

Celik, K., Meral, C., Gursel, A.P., Mehta, P.K., Horvath, A., and Monteiro, P.J.M. 

(2015). Mechanical Properties, Durability, and Life-Cycle Assessment of Self-

Consolidating Concrete Mixtures Made With Blended Portland Cements 

Containing Fly Ash and Limestone Powder. Cement and Concrete Composites. 

56: 59–72. 

Chan, Y.N., Luo, X., and Sun, W. (2000). Compressive Strength And Pore Structure 



124 

 

Of High-Performance Concrete After Exposure To High Temperature Up To 

800°C. Cement and Concrete Research. 30(2): 247–251. 

Chen, G.M., He, Y.H., Yang, H., Chen, J.F., and Guo, Y.C. (2014). Compressive 

Behavior Of Steel Fiber Reinforced Recycled Aggregate Concrete After 

Exposure To Elevated Temperatures. Construction and Building Materials. 71: 

1–15. 

Cheng, F., Kodur, V.K.R., and Wang, T. (2004) Stress-Strain Curves for High Strength 

Concrete at Elevated Temperatures. Journal of Materials in Civil Engineering. 

84–90. 

Ding, Y., Liu, H., Pacheco-Torgal, F., and Jalali, S. (2011). Experimental Investigation 

On The Mechanical Behaviour Of The Fiber Reinforced High-Performance 

Concrete Tunnel Segment. Composite Structures. 93(4): 1284–1289. 

Ding, Y., Azevedo, C., Aguiar, J.B., and Jalali, S. (2012). Study On Residual 

Behaviour And Flexural Toughness Of Fibre Cocktail Reinforced Self 

Compacting High Performance Concrete After Exposure To High Temperature. 

Construction and Building Materials. 26(1): 21–31. 

Faezah Asmahani Binti Othman (2014). The Mechanical Properties and Structural 

Performance of Hybrid Fibre Reinforced Concrete Composite. Master Degree 

Thesis. Universiti Teknologi Malaysia, Skudai. 

Gao, J., Sun, W., and Morino, K. (1997). Mechanical Properties Of Steel Fiber-

Reinforced, High-Strength, Lightweight Concrete. Cement and Concrete 

Composites. 19(4): 307–313. 

Ghugal, Y.M. (2005). Performance Of Alkali-Resistant Glass Fiber Reinforced 

Concrete. Journal of Reinforced Plastics and Composites. 25(6): 617–630. 

Heikal, M. (2000). Effect Of Temperature On The Physico-Mechanical And 

Mineralogical Properties Of Homra Pozzolanic Cement Pastes. Cement and 

Concrete Research. 30(11): 1835–1839. 

Husem, M. (2006). The Effects Of High Temperature On Compressive And Flexural 

Strengths Of Ordinary And High-Performance Concrete. Fire Safety Journal. 

41(2): 155–163. 

Ibrahim, I.S., and Che Bakar, M.B. (2011). Effects on Mechanical Properties of 

Industrialised Steel Fibres Addition to Normal Weight Concrete. Procedia 

Engineering. 14: 2616–2626. 

International Union of Testing and Research Laboratories for Materials and Structures 



125 

 

(2002). RILEM TC 162-TDF: Test And Design Methods For Steel Fibre 

Reinforced Concrete. France: RILEM. 

Iqbal, S., Ali, A., Holschemacher, K., and Bier, T.A. (2015). Mechanical Properties 

Of Steel Fiber Reinforced High Strength Lightweight Self-Compacting Concrete 

(SHLSCC). Construction and Building Materials. 98: 325–333. 

Jameran, A., Ibrahim, I.S., Yazan, S.H.S., and Rahim, S.N.A.A. (2015). Mechanical 

Properties of Steel-polypropylene Fibre Reinforced Concrete Under Elevated 

Temperature. Procedia Engineering. 125: 818–824. 

Jiang, C., Fan, K., Wu, F., and Chen, D. (2014) Experimental Study on The 

Mechanical Properties and Microstructure of Chopped Basalt Fibre Reinforced 

Concrete. Materials and Design. 58: 187–193. 

Kakooei, S., Akil, H.M., Jamshidi, M., and Rouhi, J. (2012). The Effects Of 

Polypropylene Fibers On The Properties Of Reinforced Concrete Structures. 

Construction and Building Materials. 27(1): 73–77. 

Kalifa, P., Chéné, G., and Gallé, C. (2001). High-Temperature Behaviour Of HPC 

With Polypropylene Fibres - From Spalling To Microstructure. Cement and 

Concrete Research. 31(10): 1487–1499. 

Kayali, O., Haque, M., and Zhu, B. (2003). Some Characteristics Of High Strength 

Fiber Reinforced Lightweight Aggregate Concrete. Cement and Concrete 

Composites. 25(2): 207–213. 

Khaliq, W., and Kodur, V. (2011). Thermal And Mechanical Properties Of Fiber 

Reinforced High Performance Self-Consolidating Concrete At Elevated 

Temperatures. Cement and Concrete Research. Ltd 41(11): 1112–1122. 

Khaloo, A.R., and Afshari, M. (2005). Flexural Behaviour Of Small Steel Fibre 

Reinforced Concrete Slabs. Cement and Concrete Composites. 27(1): 141–149. 

Khoury, G.A., and Willoughby, B. (2008). Polypropylene Fibres In Heated Concrete. 

Part 1: Molecular Structure And Materials Behaviour. Magazine of Concrete 

Research. 60(2): 125–136.  

Kim, J., Lee, G.P., and Moon, D.Y. (2015). Evaluation Of Mechanical Properties Of 

Steel-Fibre-Reinforced Concrete Exposed To High Temperatures By Double-

Punch Test. Construction and Building Materials. 79: 182–191. 

Kim, S.B., Yi, N.H., Kim, H.Y., Kim, J.J., and Song, Y. (2010). Material And 

Structural Performance Evaluation Of Recycled PET Fiber Reinforced Concrete. 

Cement and Concrete Composites. 32(3): 232–240. 



126 

 

Kong, D.L.Y., and Sanjayan, J.G. (2010). Effect Of Elevated Temperatures On 

Geopolymer Paste, Mortar And Concrete. Cement and Concrete Research. 40(2): 

334–339. 

Kriker, A., Debicki, G., Bali, A., Khenfer, M.M, and Chabannet, M. (2005). 

Mechanical Properties Of Date Palm Fibres And Concrete Reinforced With Date 

Palm Fibres In Hot-Dry Climate. Cement and Concrete Composites. 27(5): 554–

564. 

Lataste, J.F., Behloul, M., and Breysse, D. (2008). Characterisation Of Fibres 

Distribution In A Steel Fibre Reinforced Concrete With Electrical Resistivity 

Measurements. NDT and E International. 41(8): 638–647. 

Lau, A., and Anson, M. (2006). Effect Of High Temperatures On High Performance 

Steel Fibre Reinforced Concrete. Cement and Concrete Research. 36(9): 1698–

1707. 

Liu, X., Ye, G., De Schutter, G., Uan, Y., and Taerwe, L. (2008). On The Mechanism 

Of Polypropylene Fibres In Preventing Fire Spalling In Self-Compacting And 

High-Performance Cement Paste. Cement and Concrete Research. 38(4): 487–

499. 

Liu, Y., Wang, W., Chen, Y.F., and Ji, H. (2016). Residual Stress-Strain Relationship 

For Thermal Insulation Concrete With Recycled Aggregate After High 

Temperature Exposure. Construction and Building Materials. 129: 37–47. 

Luo, X., Sun, W., and Chan, S.Y.N. (2000). Effect Of Heating And Cooling Regimes 

On Residual Strength And Microstructure Of Normal Strength And High-

Performance Concrete. Cement and Concrete Research. 30(3): 379–383. 

Mike Rudin. (2008, July 4). 9/11 Third Tower Mystery Solved. BBC UK. Retrieved 

July 4, 2006, from: http://news.bbc.co.uk/2/hi/americas/7485331.stm. 

Mindeguia, J.C., Pimienta, P., Noumowé, A., and Kanema, M. (2010). Temperature, 

Pore Pressure And Mass Variation Of Concrete Subjected To High Temperature 

- Experimental And Numerical Discussion On Spalling Risk. Cement and 

Concrete Research. 40(3): 477–487. 

Mohamedbhai, G.T.G. (1986) Effect of Exposure Time and Rates of Heating and 

Cooling on Residual Strength of Heated Concrete. Magazine of Concrete 

Research. 38(136): 151–158. 

Nematollahi, B., Voo, Y.L., and Saifulnaz, M.R.R. (2014). Structural Behavior of 

Precast Ultra-High Performance Fiber Reinforced Concrete (UHPFRC) 



127 

 

Cantilever Retaining Walls: Part II - Full Scale Experimental Testing. KSCE 

Journal of Civil Engineering. 18(5): 1481–1495. 

Neville, A.M. (2002). Properties of Concrete. (Fourth and Final Edition). Harlow, 

England: Pearson Prantice Hall. 

Noor Nabilah Binti Sarbini (2014). Optimization of Steel Fibre Reinforced Concrete 

as Concrete Topping in Composite Slab Construction. PhD Thesis. Universiti 

Teknologi Malaysia, Skudai. 

Noumowe, A. (2005). Mechanical Properties And Microstructure Of High Strength 

Concrete Containing Polypropylene Fibres Exposed To Temperatures Up To 200 

°C. Cement and Concrete Research. 35(11): 2192–2198. 

Othman, F.A. (2013). The Mechanical Properties of Hybrid Fibre Reinforced 

Composite Concrete. The Thirteenth East Asia-Pacific Conference on Structural 

Engineering and Construction. 11-13 September. Sapporo, Japan. 1–10. 

Ozawa, M., and Morimoto, H. (2014). Effects Of Various Fibres On High-

Temperature Spalling In High-Performance Concrete. Construction and Building 

Materials. Ltd 71: 83–92. 

Ozawa, M., Uchida, S., Kamada, T., and Morimoto, H. (2012). Study Of Mechanisms 

Of Explosive Spalling In High-Strength Concrete At High Temperatures Using 

Acoustic Emission. Construction and Building Materials. 37: 621–628. 

Park, K., Paulino, G.H., and Roesler, J. (2010). Cohesive Fracture Model For 

Functionally Graded Fiber Reinforced Concrete. Cement and Concrete Research. 

40(6): 956–965. 

Peng, G.F., Yang, W.W., Zhao, J., Liu, Y., Bian, S., and Zhao, L. (2006). Explosive 

Spalling And Residual Mechanical Properties Of Fiber-Toughened High-

Performance Concrete Subjected To High Temperatures. Cement and Concrete 

Research. 36(4): 723–727. 

Pešić, N., Živanović, S., Garcia, R., and Papastergiou, P. (2016). Mechanical 

Properties of Concrete Reinforced With Recycled HDPE Plastic Fibres. 

Construction and Building Materials. 115: 362–370. 

Phan, L.T., and Carino, N.J. (2002). Effects Of Test Conditions And Mixture 

Proportions On Behavior Of High - Strength Concrete Exposed To High 

Temperatures. ACI Materials Journal. 99(99): 54–66. 

Pliya, P., Beaucour, A.L., and Noumowé, A. (2011). Contribution Of Cocktail Of 

Polypropylene And Steel Fibres In Improving The Behaviour Of High Strength 



128 

 

Concrete Subjected To High Temperature. Construction and Building Materials. 

25(4): 1926–1934. 

Poon, C., Azhar, S., Anson, M., and Wong, Y. (2001). Strength And Durability 

Recovery Of Fire-Damaged Concrete After Post-Fire-Curing. Cement and 

Concrete Research. 31: 1307–1318. 

Poon, C.S., Shui, Z.H., and Lam, L. (2004). Compressive Behavior Of Fiber 

Reinforced High-Performance Concrete Subjected To Elevated Temperatures. 

Cement and Concrete Research. 34(12): 2215–2222. 

Purkiss, J.A. (1984). Steel Fibre Reinforced Concrete At Elevated Temperatures. 

International Journal of Cement Composites and Lightweight Concrete. 6(3): 

179–184. 

Qian, C.X., and Stroeven, P. (2000). Development Of Hybrid Polypropylene-Steel 

Fibre-Reinforced Concrete. Cement and Concrete Research. 30(1): 63–69. 

Ramadevi, K. (2012). Flexural Behavior of Hybrid (Steel-Polypropylene) Fibre 

Reinforced Concrete Beams. European Journal of Scientific Research. 70(1): 81–

87. 

Richardson, A., and Broadfoot, A. (2013). Closed Loop Wire Reinforcement To 

Concrete Beams. Construction and Building Materials. 43: 278–285. 

Saba, N., Paridah, M.T., and Jawaid, M. (2015). Mechanical Properties of Kenaf Fibre 

Reinforced Polymer Composite: A Review. Construction and Building Materials 

76: 87–96. 

Serrano, R., Cobo, A., Prieto, M.I., and Gonzalez, M.N. (2016). Analysis Of Fire 

Resistance Of Concrete With Polypropylene Or Steel Fibers. Construction and 

Building Materials. 122: 302–309. 

Sivakumar, A., and Santhanam, M. (2007). Mechanical Properties Of High Strength 

Concrete Reinforced With Metallic And Non-Metallic Fibres. Cement and 

Concrete Composites. 29(8): 603–608. 

Smarzewski, P., and Barnat-Hunek, D. (2015). Fracture Properties Of Plain And Steel-

Polypropylene-Fiber-Reinforced High-Performance Concrete. Materiali in 

Tehnologije. 49(4): 563–571. 

Song, P.S., and Hwang, S. (2004). Mechanical Properties Of High-Strength Steel 

Fiber-Reinforced Concrete. Construction and Building Materials. 18(9): 669–

673. 

Song, P.S., Hwang, S., and Sheu, B.C. (2005). Strength Properties Of Nylon- And 



129 

 

Polypropylene-Fiber-Reinforced Concretes. Cement and Concrete Research. 

35(8): 1546–1550. 

Sreeja, M.D. (2013). Behaviour of Steel Fibre Reinforced Concrete Beam under Cyclic 

Loading. IOSR Journal of Mechanical and Civil Engineering. 6(3): 1–4. 

Suhaendi, S.L., and Horiguchi, T. (2005). Fiber-Reinforced High-Strength Concrete 

Under Elevated Temperature-Effect Of Fibers On Residual Properties. Fire 

Safety Science-Proceedings of The Eighth International Symposium. 18-23 

September. Beijing, China. 271–278. 

Tai, Y.S., Pan, H.H., and Kung, Y.N. (2011). Mechanical Properties Of Steel Fiber 

Reinforced Reactive Powder Concrete Following Exposure To High Temperature 

Reaching 800ᵒC. Nuclear Engineering and Design. 241(7): 2416–2424. 

Tanyildizi, H. (2009). Statistical Analysis For Mechanical Properties Of 

Polypropylene Fiber Reinforced Lightweight Concrete Containing Silica Fume 

Exposed To High Temperature. Materials and Design. 30(8): 3252–3258. 

Wang, Z.L., Liu, Y.S., and Shen, R.F. (2008). Stress-Strain Relationship Of Steel 

Fiber-Reinforced Concrete Under Dynamic Compression. Construction and 

Building Materials. 22(5): 811–819. 

Xu, Y., Wong, Y.L., Poon, C.S., and Anson, M. (2001). Impact Of High Temperature 

On PFA Concrete. Cement and Concrete Research. 31(7): 1065–1073. 

Yan, L., Su, S., and Chouw, N. (2015). Microstructure, Flexural Properties and 

Durability of Coir Fibre Reinforced Concrete Beams Externally Strengthened 

With Flax FRP Composites. Composites Part B: Engineering 80: 343–354. 

Yao, W., Li, J., and Wu, K. (2003). Mechanical Properties Of Hybrid Fiber-Reinforced 

Concrete At Low Fiber Volume Fraction. Cement and Concrete Research. 33(1): 

27–30. 

Yoo, D.Y., Yoon, Y.S., and Banthia, N. (2015). Flexural Response of Steel-Fiber-

Reinforced Concrete Beams: Effects of Strength, Fiber Content, and Strain-Rate. 

Cement and Concrete Composites. 64: 84–92. 

Zhang, B., Bicanic, N., Pearce, C.J., and Philips, D.V. (2002). Relationship Between 

Brittleness And Moisture Loss Of Concrete Exposed To High Temperatures. 

Cement and Concrete Research. 32(3): 363–371. 

Zheng, W., Li, H., and Wang, Y. (2012). Compressive Behaviour Of Hybrid Fiber-

Reinforced Reactive Powder Concrete After High Temperature. Materials and 

Design. 41: 403–409. 



130 

 

Zheng, W., Luo, B., and Wang, Y. (2013). Compressive And Tensile Properties Of 

Reactive Powder Concrete With Steel Fibres At Elevated Temperatures. 

Construction and Building Materials. 41: 844–851. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




