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ABSTRACT 

The need of high performance concrete HPC is increasing in the recent years. This material 

becomes necessary, but it is brittle. So, fibers are used to enhance mechanical properties of HPC. 

The enhanced properties include tensile strength, compressive strength, elastic modulus, crack 

resistance, crack control, durability, fatigue life, resistance to impact and abrasion, shrinkage, 

expansion, thermal characteristic, and fire resistance of concrete. The main objective of this 

research is to study the effect of using Harex, polypropylene and glass fibers on flexural behavior of 

High performance concrete beams under static and repeated loads. 

Keywords: high performance concrete, beams, harex fiber, polypropylene fiber, glass fiber, static 

loading, repeated loading  

1. Introduction 

     Concrete being a brittle material has low tensile strength and low strain capacity, as a 

result, the mechanical behaviour of the concrete is critically influenced by crack 

propagation. Concrete in service may exhibit failure through cracks which are developed 

due to brittleness [ K. komlos, B. Babal, and T. Nurnbergerova. 1995]. To improve 

properties of concrete like low tensile and low strain capacity, fiber reinforced concrete 

(FRC) has been developed which is defined as concrete containing dispersed randomly 

oriented fibers [Johnston C.D. 1974]. 

     Fibers had been used to reinforce cementitious material since ancient times, sun-backed 

bricks were reinforced by using straw as fiber and masonry mortar and plaster were 

reinforced using horsehair. Experimental investigation involving the use of discontinuous 

fibers to improve the properties of concrete was started in 1910 [ Naaman A. E. 1985]. 

During the early 1960, the first major investigation was made to evaluate the potential of 

steel fibers as reinforcement of the concrete [ Romualdi, J. P. and Batson G. B. 1963].  

     The properties of concrete matrix and of the fibers greatly influence the character and 

performance of FRC. The properties of fibers which are of interest include fiber stiffness, 

bond between fiber and concrete matrix, fiber concentration, fiber geometry, fiber 

orientation, fiber distribution and fiber aspect ratio [John E. Bolander 2004].  

     The mixture-stiffening or workability effect is a major factor limiting the type, aspect 

ratio and amount of fibers that can be uniformly distributed throughout a particular 

cementitious matrix, which in turn determine the degree of improvement in the mechanical 

properties of composites in hardened state. Ideally the amount of fibers and aspect ratio 
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should be as large as possible to maximise the improvements in the mechanical properties. 

On the other hand, both should be as small as possible (but compatible with aggregate size) 

to minimise the mixture-stiffenin effect of fibers and associated difficulties in fabricating 

components from FRC [Johnston C. D. 1996]. 

     FRC has been used for numerous applications throughout the construction industry, 

such as in highways and airport runways, in shotcrete tunnel wall linings, as minimum 

shear and transverse reinforcement in precast bridge sections and decks, and in slabs-on-

grade (Wang et al., 1987; Meda et al., 2005; Minelli, 2005). Steel fibres have also seen 

limited use in framed slabs and in other flexure-critical structural members (Meda et al., 

2005). However, FRC has not been substantially utilized in more critical structural 

elements (Richardson and Landless, 2009). This is likely attributable to the limited 

development of rational design codes and standards needed to build the confidence of 

practitioners in the benefits and application of the material (Lee et al., 2013; Noghabai, 2000).  

     The main objective of this research is to predict the behavior of high performance R.C 

concrete beams under static and repeated loads taking the effect of adding different type of 

fibers on the flexural behavior of high performance R.C concrete beams. 

2. Experimental Work 

     Eight beams were tested with main steel diameter 2#18mm having rectangular cross 

section equal to 1230و cm
 
as shown in fig(1). The considered span for all tested beams were 

240cm as showen in fig (1). The study takes in to consideration the following parameters: 

1. Type of loading (static and repeated). 

2. Types of fibers (Harex, polypropylene and glass). 

1. Group of beam without fibers under static load 

fiber type fibers% group 

- - B-S0 

2. Group of beams with fibers under static load 

fiber type fibers% group 

harex fiber 3 B-Sh 

polypropylene fiber 3 B-Sp 

glass fiber 3 B-Sg 

3. Group of beam without fibers under repeated load 

fiber type fibers% group 

- - B-R0 
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4. Group of beams with fibers under repeated load 

fiber type fibers% group 

harex fiber 3 B-Rh 

polypropylene fiber 3 B-Rp 

glass fiber 3 B-Rg 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Beam cross section and reinforcement 

2.1 Materials 

2.1.1 High performance concrete (H.P.C) 
     Concrete mix design was made to produce high performance concrete (H.P.C) with 

grade 600kg/cm
2
 and its components are given in table (1). 

Table1.  

Concrete mix proportion. 

concrete 
Cement 

kg/m3
 

Silica-

fum 
kg/m3

 

Water 
liter/m3

 
Superpl. 

liter/m3
 

Fine 

aggregate 

kg/m3
 

coarse 

aggregate 

kg/m3
 

Vf /m3
 

C 500 110 160 17.5 531 1000 3% 

2.1.2 Fiber types and its properties  
     The study concerned with metallic fibers (harex fiber) and non-metallic fibers 

(polypropylene and glass). The shape of fibers as shown in Fig. (2), typical properties of 

various types of the metallic and non-metallic fibers are given in Table (2). 
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Fig. 2. Fibers type used in beams.  

Table 2. 

Typical properties of fibers. 

Type of fiber 

Diameter 

(μm) 
 

Length 

(mm) 

 

Density 

(gm/cm3) 

 

Tensile 

Strength 

kg/cm2 

 

Young's 

modulus 

kg/cm2 

 

Elongation 

(%) 

Harex steel fiber 1000 32 7.8 2*10
4
 2*10

6
 3 

Polypropylene 

fiber 
2-20 18 0.91 0.5*10

4
 0.5*10

5
 8-10 

Glass fiber 

(Cem-Fil) 
2-20 12 2.7 2.5*10

4
 8*10

5
 3.6 

2.2 Test procedure 

2.2.1 Static loading 
     Four beams were tested at ages of 28 days under static loading; each of the tested beams 

was loaded by a minimum load with increment of 0.5 tons; This minimum load was kept 

constant between two successive increments for about five minutes. During this period, 

readings of the electrical strain gauges for concrete and steel strain, dial gauges for 

deflection, and the cracks propagation were recorded at the beginning and at the end of each 

increment of loading. 

2.2.2 Repeated loading 
     The available testing machine (EMS 60 tons Pu ) was used in repeated load. The testing 

machine gives a frequency changeable between 300 and 750 load cycle per minute. The 

stroke of the working piston is adjustable between zero and six mms. 

     During the fatigue tests the frequency was chosen to be 500 cycle per minute and the 

chosen stroke of the working piston was 0.2 mm. The selected testing machine is provided 

with heavy steel tare through which the applied load was transmitted to the tested beam. 

The own weight of the testing machine tare is 1.4 tons. This weight was released in the rest 

1. Harex steel fiber   2. Polypropylene   3. Glass fiber 
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on time of tested beams. 

     The remaining four repeated loading beams were tasted under 60% of the ultimate static 

loading tests result. Beams loaded until 1 million cycles loading after that loaded with 

static load up to failure. Repeated test was summarized on Fig.(3) where the tested beam 

was firstly subjected to a static cycle , part 1-2 . After that strokes were began part 2-3 after 

0.5 million cycle the load released gradually to zero load part 3-4. The statically loading 

again from zero to the level of load part 4-5, After that strokes were began part 5-6 and 

after another 0.5 million cycle. After complete 1 million cycle the loading case is to be 

static and increased to the end of beam life. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3. The repeated loading was summarized in this chart. 

2.3 Measured strains of concrete and steel  

     Strains of concrete and steel were measured by means of electrical strain gauges at the 

shown positions in Fig (4).The gauge length was 52mm, and the 800mm resistance was 

600 ohms and gauge factor (2 ± 0.75%) . Strain gauges were connected to strain indicator 

with its box résistance. The deflection was measured by dial gauge with accuracy of 

0.01mm fixed at the position of maximum deflection for each beam as shown in fig (4). 
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Fig. 4. Method of measuring deformation of beams 

3. Test Result 

3.1 Crack pattern and mode of failure 

     The crack pattern and mode of failure are explained for the tested reinforced high 

performance concrete (H.P.C) beams. Eight rectangular (H.P.C) reinforced concrete beams 

tested under static and repeated loading. The cracking and ultimate loads were summarized 

at table (3) and mode of failure was as follow: 

 

1. Group of Beams Without Fiber  

 

 

 

 

 

 

 

Fig. 5. Crack pattern of beam (Bs0) [static load] 
 

 
 

 

 

 

 

Fig. 6. Crack pattern of beam (Br0) [repeated load] 
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2. Group of Beams with Harex Fibers 

 

 

 

 

 

 
 

 

Fig. 7. Crack pattern of beam (Bsh) [static load] 

 
 

 

 

 

 

  
 

Fig. 8. Crack pattern of beam (Brh [repeated load]) 

 
3. Group of Beams with Polypropylene Fibers  

 
 

  
 
 
 

 

 
Fig. 9. Crack pattern of beam (Bsp [static load]) 

 
 
 
 
 
 
 

 

 

Fig. 10. Crack pattern of beam (Brp) [repeated load] 
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4. Group of Beams with Glass Fibers  

 

 

 

 

 

 

 

 

Fig. 11. Crack pattern of beam (Bsg) [static load] 

 
 

 

 

 

 

 

 
 

Fig. 12. Crack pattern of beam (Brg) [repeated load] 

 

 

Table 3. 

 Cracking and ultimate loads for tested beams under static and repeated loads. 

Mode of failure 
Pu   

(ton) 

Qcr 

(ton) 

Pcr 

(ton) 
FC  

Type of 

fibers 
series Group 

shear failure 15.2 5 4 534 
Without 

fibers 
Bs0 

static 

flexural failure 17.5 8.5 5.1 721 
Harex 

fibers 
Bsh 

shear flexural failure 16.4 7 4.6 618 
Poly. 

fibers 
Bsp 

shear failure 14.5 5 4.3 412 
Glass 

fibers 
Bsg 

shear failure 15 5 4 534 
Without 

fibers 
Br0 

repeated 

flexural failure 17.7 8.5 5.1 721 
Harex 

fibers 
Brh 

shear flexural failure 16.5 7 4.6 618 
Poly. 

fibers 
Brp 

shear failure 

8.7 at 0.25 

million 

cycle 

5 4.3 412 
Glass 

fibers 
Brg 
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3.2 Deflection characteristics 

     The measured values of maximum deflection are plotted versus the applied load from 

starting the loading up to failure as shown in Fig. (13),(14). All plotted values indicated 

that, the deflection increases as the applied load increases. 

3.2.1 Beams tested under static loads 
 

 

 

 

 

 

 
 

 

 

 

 

 
 

Fig. 13. Load - Mid Span Deflection relationship for beams tested under static loads. 

3.2.2 Beams tested under repeated loads 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 14. Load - Mid Span Deflection relationship for beams tested under repeated loads.  

3.3 Concrete Strain Distribution.  

     Figure (15),(16) shows the behavior of the concrete strain in compression for all beams. 

The results indicated that all specimens presented almost have the same trend where as the 

load increased, the strain also increased. 

mailto:jes@aun.edu.eg


2112 

Abeer Mohamed Nageeb Mohamed et al., Effect of fibers type on flexural behavior of high 

performance concrete beams under repeated load, pp. 2103 - 2125  

Journal of Engineering Sciences, Assiut University, Faculty of Engineering, Vol. 41, No. 6, November, 

2013, E-mail address: jes@aun.edu.eg 

3.3.1 Beams tested under static loads 
 

 

 

 

 

 

 
 

 

 

 

 

 

 
Fig. 15. Concrete Strain Distribution for beams tested under static loads. 

3.3.2 Beams tested under repeated loads 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 16. Concrete Strain Distribution for beams tested under repeated loads. 

3.4 Steel Strain Distribution  

     Figure (17),(18) shows the behavior of the steel strain in compression for all beams. 

The results indicated that all specimens presented almost have the same trend where as the 

load increased, the strain also increased. 
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3.4.1 Beams tested under static loads 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

Fig. 17. Steel Strain Distribution for beams tested under static loads 

3.4.2 Beams tested under repeated loads 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 18. Steel Strain Distribution for beams tested under repeated loads. 

4. Discussion of Test Result 

     This item describes and interprets the analysis of the obtained test results of the HPC 

beams. The analysis includes the relationship between the value of cracking and ultimate 

loads, deflection, concrete strain and steel strain for tested beams. The characteristic of 

tested beams at cracking,cracking shear load, 0.6 ultimate load and ultimate load are given 

in table (4) to (7) the values of the experimental values of beams are in fig (19) to (24). 
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Table 4. 

The characteristic of tested beams at cracking loads. 

Steel Strain 

/10
-5

 

Concrete 

Strain /10
-5

 
Deflection Pcr 

(ton) 
Type of  fiber series Group 

єcr єcr δcr (mm) 
19 30 1.87 4 without Bs0 

static 
20.5 34 1.57 5 harex Bsh 

22.5 33 1.54 4.5 polypropylene Bsp 

20 32 1.73 4 glass Bsg 

19 30 1.87 4 without Br0 

repeated 
20.5 34 1.57 5 harex Brh 

22.5 33 1.54 4.5 polypropylene Brp 

20 32 1.73 4 glass Brg 

 

Table 5.  

The characteristic of tested beams at cracking shear loads. 

Steel 

Strain 

/10
-5

 

Concrete 

Strain /10
-5

 
Deflection 

Qcr (ton) Type of  fiber series Group 

єcr єcr δcr (mm) 
27 46.5 2.58 5 without Bs0 

static 
37.5 59.5 3.5 8.5 harex Bsh 

35 52.5 3 7 polypropylene Bsp 

26.5 37.5 2.29 5 glass Bsg 

27 46.5 2.58 5 without Br0 

repeated 
37.5 59.5 3.5 8.5 harex Brh 

35 52.5 3 7 polypropylene Brp 

26.5 37.5 2.29 5 glass Brg 
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Table 6.  

The characteristic of tested beams at 0.6 ultimate static loads. 

Steel 

Strain 

/10
-5

 

Concrete 

Strain /10
-5

 
Deflection 

Pr (ton) Type of  fiber series Group 

єr єr δr (mm) 
57.28 81.2 6.28 9.12 without Bs0 

static 
48.75 77.25 4.57 10.5 harex Bsh 

49.2 78.5 5.14 9.84 polypropylene Bsp 

48.5 72 5.28 8.7 glass Bsg 

57.28 81.2 6.28 9.12 without Br0 

repeated 
48.75 77.25 4.57 10.5 harex Brh 

49.2 78.5 5.14 9.84 polypropylene Brp 

48.5 72 5.28 8.7 glass Brg 

Table 7.  
The characteristic of tested beams at ultimate loads. 

Steel 

Strain 

/10
-5

 

Concrete 

Strain /10
-5

 
Deflection 

Pu (ton) Type of  fiber series Group 

єu єu δu (mm) 
120 175 14.5 15.2 without Bs0 

static 
160 220 12.7 17.5 harex Bsh 

144 190 13.1 16.4 polypropylene Bsp 

115 160 13.4 14.5 glass Bsg 

148 233 16.2 15 without Br0 

repeated 
160 245 13.09 17.7 harex Brh 

155 240 14.95 16.5 polypropylene Brp 

135 210 15.89 8.7 glass Brg 
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Fig. 19. The values of deflection of beams tested under static and repeated load at 

cracking load 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 20. The values of concrete strain of beams tested under static and repeated 

load at cracking load 
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Fig. 21. The values of steel strain of beams tested under static and repeated load at 

cracking load 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 22. The values of deflection at ultimate load of beams tested under static and 

repeated load 
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Fig. 23. The values of concrete strain at ultimate load of beams tested under static 

and repeated load 

 

 

 
 

 

 

 

 

 

 

 
 

 

Fig. 24. The values of steel strain at ultimate load of beams tested under static and 

repeated load 

5. Effect of number of cycles (N) for beams tested under repeated loading. 

     The values of deflection , concrete and steel strains are measured at mid span of the 

beam with fibers and without fibers. The values of the measured deflection , concrete and 

steel strains due to (N) cycles  shown in Table (8) to (10). The comparison between beam 

without fibers (Br0) for repeated loading with beams have fibrous content Harex, 

polypropylene and glass fibers are included in Figs. (25) to (27). 
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Table 8.  

Values of experimental deflection at (N) cycles for beams tested under repeated load. 

Group series 
Def. at 

(N)=0 

Def. at 

(N)=0.25 

million 

Def. at 

(N)=0.5 

million 

Def. at 

(N)=0.75 

million 

Def. at 

(N)=1 

million 

 

δu 

repeated 

loads 

Br0 6.28 7.1 7.9 9.1 9.9 16.2 

Brh 4.57 5.17 5.77 6.14 6.74 13.09 

Brp 5.14 5.79 6.44 7.14 7.79 14.45 

Brg 5.28 15.89 - - - 15.89 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 25. The values of the deflection due to(N) cycles of tested beams under 

repeated load. 
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Table 9. 

Values of experimental concrete strain at (N) cycles for beams tested under repeated load. 

Group series 

Concrete 

strain at 

 (N)=0 

×10
^-5

 

Concrete 

strain at 

(N)=0.25 

million 

×10
^-5

 

Concrete 

strain at 

(N)=0.5 

million 

×10
^-5

 

Concrete 

strain at 

(N)=0.75 

million 

×10
^-5

 

Concrete 

strain at 

(N)=1 

million 

×10
^-5

 

 

єcu×10
^-5

 

repeated 

loads 

Br0 86 100 120 140 160 233 

Brh 77.25 91 109 108 126 245 

Brp 78.5 100 120 125 145 240 

Brg 72 210 - - - 210 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 26. The values of the concrete strain due to(N) cycles of tested beams under 

repeated load. 
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Table 10.  

Values of experimental steel strain at (N) cycles for beams tested under repeated load. 

Group series 

steel 

strain at 

 (N)=0 

×10
^-5

 

steel 

strain at 

(N)=0.25 

million 

×10
^-5

 

steel 

strain at 

(N)=0.5 

million 

×10
^-5

 

steel 

strain at 

(N)=0.75 

million 

×10
^-5

 

steel 

strain at 

(N)=1 

million 

×10
^-5

 

 

єu×10
^-5

 

repeated 

loads 

Br0 60.4 70 84 84 98 148 

Brh 48.75 56 67.5 65.5 82.5 160 

Brp 49.2 62.5 75 82.5 95 155 

Brg 48.5 135 - - - 135 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

 

Fig. 27. The values of the steel strain due to(N) cycles of tested beams under 

repeated load. 

6. Conclusions  

     This work presents an experimental study on the behavior of high performance 

reinforced concrete beams (H.P.C) with and without fibers subjected to static and repeated 

loading. From the test result and their analysis, the following conclusions are obtained: 
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1-  For static load test  

a) Harex fibers beam has an increase in the ultimate load by 15.1%, decrease in 

deflection by 12.4% and increase in ultimate concrete and steel strain by 25.7%, 

33.3% respectively. 

b) Polypropylene fibers beam has an increase in the ultimate load by 7.9%, decrease 

in deflection by 9.7% and increase in ultimate concrete and steel strain by 8.6%, 

20% respectively. 

c) Glass fibers beam has decrease in the ultimate load by 4.6%, decrease in deflection 

by 7.6% and decrease in ultimate concrete and steel strain by 8.6%, 4.2% 

respectively. 

2- For repeated load test  

a) Harex fibers beam has an increase in the ultimate load by 18%, decrease in 

deflection by 19.2% and increase in ultimate concrete and steel strain by 

5.2%,8.1% respectively. 

b) Polypropylene fibers beam has an increase in the ultimate load by 10%, decrease 

in deflection by 7.7% and increase in ultimate concrete and steel strain by 3%, 

4.7% respectively. 

c) Glass fibers beam has decrease in the ultimate load by 42%, decrease in deflection 

by 1.9% and decrease in ultimate concrete and steel strain by 9.9%, 8.8% 

respectively. 

d) Harex steel fiber improved the shear and flexural capacity for beams under static 

and repeated loading, The mode of failure changed from shear to flexural failure. 

e) Both fiber reinforced concrete beams with Harex and polypropylene has mode of 

failure flexural and shear flexural failure because of the fiber addition enhanced 

shear strength for fiber concrete beams. 

f) The addition of Harex and polypropylene fibers to reinforced concrete beams 

increases the fatigue life and decreases the crack number and its width under 

fatigue loading. 

g) Flexure strength of beams with harex steel fiber is substantially greater than beams 

without fibers in tension or compression because ductile behavior of the FRC on 

the tension side of a beam alters the normally elastic distribution of stress and 

strain over the member depth. 

h) Additional of the fibers in the concrete mixture confine the cracking behavior of 

the HPC beam.  

i) Fiber reinforced concrete has substantial enhancement of the load carrying 

capacity of the FRC beams with harex and polypropylene. 

 

j) The first-crack tensile strength and the ultimate tensile strength of the concrete 

increased by harex and polypropylene fibers. 

k) It is not recommended to use reinforced concrete beams with glass fibers under the 

effect of repeated loading resulting unability to resist this kind of loading. 
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مرا األيافتأثير نوع   على سلو اانحناء لل
ررة اوم تحت تأثير اأحما المت  الخرساني عالي الم

 الملخص العربي
م       ا ا م اف التي ل ا ق اح من اكث ال سان  ا  ضعيف تع ال سان  ي ال . تم تط ل

ت سان ت ي حتى تعطي ال اني ي ا ال سين ال ت االياف لت ا م .  تأثي أح ل م ال س ت
ن  ب ااستجاب ال ي  ب ال يار. حتى مج  اان

سان        سنإضاف االياف الى ال م  ي ا م م الم ا ي يعت يئالتي تتغي من م ه م ج ا  الى م
م  ا ن االياف ، نس الط إلى الع لالياف ، م ع االياف ، معامل م امل مثل ن ع ع ى مج ع

اسك  ساناالياف ، ق الت سان  بين االياف  ال اخل ال  .، اتجا االياف 
سان االياف ه       ا خ ائ است ا ا من اهم ف اض ح  ساني. ع  أص أ ال ن م ل يا ع ال

ار عن م ه ع أ ا جزء من ل  ال ن ر ال يق السام  عق ج من  ت م ال ا ى ال
. ا ب م ال ار ع ال ى م أ ع ن يم ال ج من ت ف ال  ال

ا االياف ه        سان  م ل سين ع ال انب ت  ال من ت الاح من اهم ج
ن   خ م يا بال ح ل ك ال التي تس ي ااتساع ، ت نع من ت ش ك ا. االياف ت  اتساع

. سان ل ل ت ر ال ه ي أ الت أ ال  ص

ت  سان ت راس س ال ا ب ي   اأح اااستاتي : اأح ج أ ر  ت  ال

ت الياف ال .1 ا م ا  م ال ا ا م ياركس ل ت تأثي  اع ص ت افي منط العز  ال  اأح
ي  ينامي ي  ال يار في منط  ,ااستاتي ا من الن يار في منط العز ب يار تغي الى ان ا اان ط

ص.  ال

ت  .2 ا م ا  م  أليافال ا ا م ين ل بي لي ب يال ت تأثي  اع ص ت اافي حال العز  ال  أح
ي . ينامي ي  ال  ااستاتي

ا  .3 ل ال ين حسن من ت بي لي ب اركس  ال اإضاف كا من ألياف ال ل من  لأح ر  ق ت ال
ا.  ع ال  اتساع

ت  .4 ا م ا  ل ال اا في ال يا في ح ين . األيافهنا  ب لي ب اركس  ال  ال

ح  .5 اا ين ت ال باست ا م ت  األيافا  االزجاجي ت ر . اأح ت  ال
 
 
 
 
 
 
 
 
 

 


