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The need of high-performance concrete is increased in the recent years. 

Using steel of high grade and maximize the benefit of using these material 

become necessary, but these material were brittle and the failure also 

were brittle .So, fibers are used to enhance composite properties. 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 

characteristics, and fire resistance. .There is little information in the 

available literature about the flexure behavior of high-performance and 

high-performance fiber-reinforced concrete beams with different rib 

geometry under partial bond 

The main objective of this research is to study the effect of rib geometry 

for steel bars and fibers types on the flexure behavior of high-

performance and high-performance fiber-reinforced concrete beams 

under partial bond, also Pattern of cracks, final mode of failure and 

deformational characteristics (deflection, slip, concrete strain and slope 

for beams) were investigated. 
 

KEYWORDS: Bond; High performance concrete; beams; behavior; 

rib geometry; steel, Fiber. 

 

1- INTRODUCTION 

The behavior of hardened high-performance concrete (HPC) can be characterized in 
terms of its short-term (essentially instantaneous) and long-term properties. Short-term 
properties include strength in compression, tension, bond, and modulus of elasticity. 
The long-term properties include creep, shrinkage, behavior under fatigue, and 
durability characteristics such as porosity, permeability, freeze-thaw resistance, and 
abrasion resistance 

The need of high-performance concrete is increased in the recent years. Using 
steel of high grade and maximize the benefit of using these material become necessary. 
So, different ribs are used for the bond strength between steel reinforcement and high-
performance concrete, but these materials were brittle and the failure also was brittle. 

http://www.tfhrc.gov/structur/hpc/hpc2/chap5.htm
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So, fibers are used to enhance composite properties. 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 
characteristics, and fire resistance concrete. 

High-Performance Fiber-Reinforced Concrete (HPFRC) results from the 
addition of either short discrete fibers or continuous long fibers to the cement based 
matrix. Due to the superior performance characteristics of this category of(HPC), its 
use by the construction industry has significantly increased in the last 16 years. A very 
good guide to various portland cement-based composites as well as their constituent 
materials is available in a published book [Balaguru and Shah 1992](1). The book 
provides information on fabrication, mechanical and long-term properties of concretes 
with short discrete fibers. It also covers special topics such as fiber reinforced cements 
and slurry-infiltrated fiber concrete. In 1992, the first international workshop on high 
performance fiber reinforced cement composites (HPFRCC) was held in Mainz, 
Germany [Reinhardt and Naaman 1992](2).   

M. H. Harajli and M. E. Mabsout (2002)(3) have studied the effect of fibers on 
the bond strength of deformed bars embedded  in concrete . They have reported that the 
use of fiber reinforcement significantly increases the development/splice strength and 
considerably enhances the ductility of bond failure. The increase in bond strength 
acquired using steel fibers may reach levels substantially larger than the maximum 
limit stipulated in the ACI building code for ordinary transverse reinforcement.  

Experimental study on steel fiber-reinforced concrete beams were investigated 
by Magdy A. Tayel et al. (2003)(4) as follows : 

1- The addition of steel fiber to a concrete mix has increased the hardened 
concrete compressive and tensile strengths. 

2- The adding steel fiber in very small ratio 0.25% does not increase the concrete   
strengths. 
The effect of rib geometry for steel reinforcement on bond of normal strength 

concrete study by Ali M.A. (2000)(5) found that the final mode of failure  , cracking and 
ultimate load  and deformation for cantilever-to-column connection effective by  the 
relative rib area (αsb) and development length . The geometry of the ribs can be 
expressed by the relative rib area αsb described by Rehm (6) as αsb (ratio of projected rib 
area normal to bar axis to the product of the nominal bar perimeter and the center-to-
center rib spacing). 

Since 1990, several studies have been conducted to investigate specifically the 
bond strength of reinforcement in high strength concrete. De Larrard et al. [1993](7) 
evaluated the bond strength between high strength concrete and reinforcing bars using 
the RILEM beam test. A high strength concrete with 28-day compressive strength of 
95 MPa was used along with a normal strength concrete of 42 MPa as control. Three 
different sizes of deformed bars (10, 16, 25 mm) and one smooth bar (25 mm) were 
used. Based on several preliminary tests, the RILEM recommended bond (anchorage)  
length of 10 times bar diameter had to be reduced to 3 times to 2.5 times bar diameter 
for high strength concrete to ensure bond failure rather than yielding of reinforcement. 
The effect of rib geometry for steel reinforcement on bond characteristics and 
rotational capacity of exterior joints in structures of normal strength concrete study by 
Ali M. Abdallah (2000)(5)  found that the bond stress increased by increased the relative 
rib area (αsb). Also the values of the deflection and the slope at free end of cantilever 
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were increased with the decrease of the relative rib areas (sb) but the values of 
concrete strain; the rotation angle and the rotational capacity for the cantilever-to-

column connection were decreased with the increase of the relative rib areas (sb) 
 

2-EXPERIMENTAL PROGRAM 

Nine beams specimens were tested with steel diameters 16 mm and rectangular cross 
section equal to 12×30 cm2, as shown in fig (1). The considered span for beams 
specimens were 240 cm for specimens. Strength of concrete (fc) was 900 kg/cm2. 

Bonded parts out the support (L1) for steel reinforcement used in the tested beams were 
5db for all beams specimens. The study takes into consideration the following 
parameters: 

1- 1-Rib geometry and its relative rib area (sb for steel reinforcement used in the 

tested beams were 0.00, 0.062 and 0.10. 

2- Types of fiber, two types of fibers (polypropylene, and harex steel fibers) were 

used for all specimens 

The beams were tested and the average values of both cracking and ultimate 

loads were considered. The behavior includes the initiation of cracks and their 

propagation, the final mode of failure , the relationship between the applied flexural 

load and the maximum induced deformation ; in terms of deflection ,slip, strain and 

slope  for ( HPC) and (HPFRC) beams specimens reinforced with steel having 

variable  relative rib area (sb ) and different types of fibers were studied . 

The beams were tested and the behavior includes the initiation of cracks and 
their propagation, the final mode of failure, the relationship between the applied load 
and the maximum induced deformation; in terms of deflection, slip, strain and slope for 

(HPC) beams reinforced with steel having variable relative rib area (sb  were studied . 
 

                                                                                                                                  

                                                  
                Steel bar 2Ø16mm           2Ø12mm    stirrup 10Ø8/m               section 12×30cm 

 

                                         mm.122                                                              
       

 

                                               L1                                                2.4 m                    

L1      L1=   5,10&15db                                                           L1=   5, 10&15db  

 
 

Fig.(1) : Details  of R.C. Tested  Beams 
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2.1- Materials: 

2.1.1- High performance concrete (HPC):  

Concrete mix design was made to produce high performance high strength concrete 

having 28-day cubic strength of 900 kg/cm2. Concrete mix proportions are given in 

Table (1). 

 

Table (1): concrete mix proportions 

Cement 
kg/m3 

fine 
aggregate 

kg/m3 

Coarse 
aggregate 
 kg/ m3 

Silica-fume 
kg/m3 

Super plasticizer 
(B.V.S.) Litre/m3 

Water 
liter/m3 

500 580 1200 110 17.5 140 

     
Ordinary Portland cement was used (Assiut Cement).  The coarse aggregate 

used was crushed basalt of 12mm nominal size. Local natural sand was used as fine 
aggregate; Super plasticizer (B.V.S.)type , with optimum dosage 17.5 litre/m3 for 

concrete mix ; 110 kg/m3  optimum dosage of silica fume with specific gravity  2.15  
 

Steel Reinforcement:  

Plain bars of normal mild steel(Sm &Sm* αsb =0.000), its diameters 8 and 16 mm used 

for stirrups in RC beams and main steel as well as deformed bars of high tensile steel 

were used as longitudinal tension/compression reinforcements (B\S αsb =0.062, 

EZ•AL2 αsb =0.100& EZAL αsb =0.060) , their diameters are 16 and 12mm in  R.C. 

flexural members (beams)  , are given  in table (2) 
 

Table (2): Mechanical and Geometrical Properties of Deformed Bars. 
 

  
Group 

Series 
db 

(mm) 
Specimens 
Notation 

Relative 
Rib 
Area 
(αsb) 

Yield 
stress  (fy) 

kg/cm2 

Ultimate 
stress (fu) 
kg/cm2 

% 
Elongation 

% e                                  

B  
 and 
BF 

  
B1-3 
and  

BF-PP 
 and 

BF-HS 

16 

Sm 0.000 3100 4600 28.6 

B\S 0.062 4600 6700 19.2 

EZ•AL2 0.100 4750 6900 18.5 

Top steel 12 EZAL 0.060 4600 6700 22.0 

Stirrups 8.0 Sm* 0.000 2900 4200 29.5 
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2.1.2 -High-performance fibers-reinforced concrete (HPFRC):  

Six beams with high performance fiber reinforced concrete equal to 900 kg/cm2 (with 

polypropylene and harex steel fibers), with the same material used of(HPC). Typical 

properties of various types of the non-metallic fiber (polypropylene fiber) and metallic 

fiber ( harex steel fiber) are given in Table (3) and the shape of fibers as shown in 

fig.(2) . One fiber concentration was used in the specimens this was 1.0% by volume of 

the total mix 

      
 

                a-Polypropylene fiber                                         b-Harex steel fiber       

Fig. (2): Shape of non-metallic and metallic  fibers  
Table (3) : Typical  properties of fibers 

Type of fiber 
Diameter 

(μm) 
Length 
(mm) 

Density 
(gm/cm2) 

Tensile 
Strength 
kg/cm2 

Young's 
modulus 
kg/cm2 

Elongati
on  (%) 

Polypropylene 2-20 18 0.91     5000 50000 8-10 

Harex steel 1000 32 7.8 20000 2000000 3 

 

2.2 Test Procedure:  

Nine beams of 28 days age were tested simply supported over a clear span of 2.4 m and 

were tested under two third-point loading. The available testing machine (EMS 60 tons 

Pu) was used in testing the beams specimens under static loading. Average values of 

28-days concrete compressive strength determined from cubes of 15cm side length 

were (907, 900 and 918 kg/cm2) for (HPC) beams without fibers, (HPC) beams with 

polypropylene fibers and harex -steel fibers respectively.  

 

http://www.tfhrc.gov/structur/hpc/hpc2/chap5.htm
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3-TEST RESULTS 

3.1- Crack Pattern and Mode of Failure.  

The cracks pattern and modes of failure are explained for the tested reinforced high-

performance concrete (HPC) and high-performance fiber–reinforced concrete 

(HPFRC) beams. Three rectangular (HPC) beams and six rectangular (HPFRC) 

beams tested under static loading. Generally, two types of final failure mode can be 

distinguished according to the relative rib area (sb) and fibers types as follows: -  

(1) Bond failure. 

(2) Flexural failure. 

The effect of the various parameters on the cracks and final modes of failure 

for beams will be discussed as follows. 
 

3.1.1 Effect of relative rib area ( sb).  

The following noted cracks for tested beams were observed as follows: 

 The initiation of cracks were observed at smooth bar or small value of (sb) for 

specimens (B1,B1P,B1S)although they were observed for beams  (B3,B3P,B3S) 

at greater value of ( sb)  

 The width of cracks and spacing between it were significantly large for beams 

(B1, B1P, B1S) having smooth bars, but narrow for other beams having ribbed 

bars. 

 The propagation of cracks for beams (B3,B3P,B3S)and (B2,B2P,B2S) were 
more than those compared  for beams (B1,B1P,B1S). 

 The major cracks were formed at the max .moment for all beams (at mid span of 

beams). 

 The final modes of failure of beams (B1,B1P,B1S)  with smooth bars were 

noticed to be bond failure , and for ribbed bars with rib area (sb) = 0062 , 0.010 

as a beams (B2,B2P,B2S and B3) but were flexural  failure for beams (B3P and 

B3S ) . 
 

3.1.2 Effect of fibers types 

The following noted cracks for beams were observed as follows: 

 The initiation of cracks was observed for beams without fibers (B1, B2, B3) 

although they were observed for beams with polypropylene. Fibers (B1P, B2P, 

B3P) and beams with harex steel fibers (B1S, B2S, B3S). 

 The propagation of cracks for beams  (B1S, B2S , B2S) were less than those 

compared for beams (B1P ,B2P, B3P) and beams (B1P ,B2P, B3P) were less 

than those compared  for beams (B1, B2 ,B3). 

 The major cracks were formed at the max moment for all specimens (at mid span 

of beams). 
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 The final modes of failure of series (B1-3), (BF-PP) and (BF-HS)  were noticed 

to be bond failure except beams B3P and B3S were flexural failure shown in figs 

(3), (4) & (5 ).  

 Fig. (3): Crack pattern of beams (B1 to B3) 

Fig. (4): Crack pattern of beams (B1P to B3P)  

http://www.tfhrc.gov/structur/hpc/hpc2/chap5.htm
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 Fig. (5): Crack pattern of beams (B1S to B3S)  
 

3-2 Measured Deformations:   

The flexural load-mid span deflection; the load-end slip; the load-concrete strain and 
the load-slope curves obtained from tests are shown in Fig. 4 to  12 . The effect of the 
various parameters on the load-mid span deformations characteristics will be discussed 
as follows. 

 

3.2.1- Load – Mid Span Deflection:  

The measured and theoretical values of mid span deflection are plotted versus  the 
applied load from starting the loading up to failure of beams as shown in Fig. (6) . All 
plotted values indicated that the deflection increases as the applied load increases up to 
the ultimate load for all beams and then starting from the ultimate load, the beams 
started to show  the sign of failure and the slope of the load- deflection curve becomes 
steep from top to bottom or  horizontal straight line and the slip increased with or 
without decrease of the loads for beams with fibers .The relation between the applied 
load and the mid span deflection tends to be in linear or non linear relation depending 

on the applied load level , and the relation depend on the relative rib area ( sb) , as 
well as the fibers types . The theoretical central  deflection at all loads was calculated 
by using ACI (8)equations as( Ie=(Mcr/Ma)

3Ig +(1-( Mcr/Ma)
3 Icr) , Ec=3320√ƒ/

c  +6900 
Mpa  , Mcr =(fctr .Ig)/yct  ,   fctr =0.94√ƒ/

c  Mpa . Ig =bt3/12, yct =t/2, b=12cm , t=30cm . 
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Fig. (6): Ultimate Load versus Mid-Span Deflection for Beams with and without Fibers 

 

Effect of relative rib area (Sb). 

The values of the applied load from beams test increased with the increases of the 

relative rib area (Sb). Generally the shape of the load-mid span deflection curve of 

tested beams for small relative rib area (Sb) differs from the shape of the load- mid 

span deflection curve of tested beams for high relative rib area (Sb). 
 

Effect of fibers types 

The values of the applied load at all values of deflections for beams having 
polypropylene fibers were more than that values of beams without fibers and  the 
values of the applied load at all values of deflections for beams having harex steel 
fibers were more than that values of beams with polypropylene fibers. For high 
performance concrete, the mode of failure of beams without fibers were more brittle 
.But For high performance fibers reinforced  concrete, the mode of failure of beams 
were ductile , as shown in figs. (6)  . 
 

3.2.2 Load – Slip relationship 

Stresses for concrete and steel are transferred between the two materials if they work 
together in beams. The term “bond” is used to describe the means by which slip 
between concrete and steel is prevented or minimized wherever the tensile or 
compressive stress in a bar changes or not. Bond stresses must act along the surface of 
the bar to produce the change. Bond stresses are the longitudinal shearing stresses 
acting on the surface between the steel and concrete. Bond resistance of plain steel bars 
is largely dependent on adhesion between the bar and concrete. But even after adhesion 

http://www.tfhrc.gov/structur/hpc/hpc2/chap5.htm
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is broken, friction between the materials continues to provide a considerable bond 
resistance. Friction resistance is low for a smooth bar surface.  Deformed bars have 
larger bond capacity because of the interlocking of the ribs with the surrounding 
concrete .The mechanism of bond is comprised of three main components: chemical 
adhesion, friction, and mechanical interlock between bar ribs and concrete.  

The slip is plotted against the applied load from the starting of loading up to 
failure as shown in Fig. (7).  
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 Fig. (7): Load - End slip relationship for beams with and without fibers 

Effect of relative rib area for steel ( sb): 

The measured values of the slip for all tested beams indicated that the end slips 

decrease with the increase of the relative rib area ( sb). Also, the loads increase with 

the increase of relative rib area ( sb). 
 

Effect of fibers types       

The measured loads for beams series (BF-HS) having harex steel fibers were larger 
than that measured for series (BF-PP) having polypropylene fibers. A1so, the measured 
loads for series (BF-PP) having polypropylene fibers were larger than that measured 
for series (B1-3) without fibers as shown in Fig. (7). The measured end slip for bars 
steel of beams should be decreased due to used the fibers. 

 

3.2.3 Concrete strain at the top compression zone for the beams. 

The measured strain values are plotted versus the applied load from starting loading up 
to failure as shown in Fig. (8). Generally, the compressive concrete strain increases as 
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the applied load increases up to the ultimate loads .The rate of increases of 

compressive concrete strain due to applied load depends on the relative rib area ( sb) 
and the fibers types, the effect of these parameters can be observed from such curves. 
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Fig(8): Load – Compressive concrete strain at top mid span relationship for beams with 
and without fibers   

 

Effect of relative rib area (sb):  

The measured values of the concrete strain for all tested beams in group (B) and (BF) 

decrease with the increase of relative rib area ( sb). 
 

Effect of fibers types       

The measured values of compressive concrete strain for all tested beams for group (B) 
decrease with the used the fibers of group (BF) as shown in Fig. (8).  
   

3.2.4 Load-Slope characteristics  

The maximum measured slope at the center of  hinged support of  the  beams is plotted 

versus the applied load from zero loading up to failure as shown in Fig.(9). Generally, 

the slope at the center of hinged support increases as the applied load increases up to 

limit of cracking load, beyond this limit a sharp decrease in the rate of increase of the 

ultimate slope was observed and after that increasing in the slope was accompanied 

with a slight increasing of the applied load up to ultimate load. 

The effect of the studied variables on the load-slope will be discussed as 

follows: -  
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Effect of relative rib area (( sb).  

The values of slop for all tested beams in groups (B) and (BF)  increase with the 

decrease of the value of relative rib area ( sb) due to the  increase of the bond between 

the steel and concrete of beams.   
           

Effect of fibers types       

The values of slop for all tested beams  in groups (B) decrease with the used of fibers 

for beams in group (BF)as a result of increased in bond stresses between main steel and 

concrete for beams . 
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 Fig.(9):   Load - end slop  relationship for beams with and without fibers 
 

 4- DISCUSSIONS OF RESULTS   

This item describes and interprets the analysis of the obtained test results of the (HPC) 
and (HPFRC) beams. The analysis includes the relationship between the   values of 
the cracking and  ultimate loads , slips , deflections , concrete strains  and slope versus 

relative rib area of bars (sb) and fibers types used for beams . 
 

4.1- cracking and ultimate loads 

The theoretical values of the cracking load (Pcrth) of beams (without fibers) can be 
determined according to (ACI 1995)(8)  .  
Where Mcr = (fctr .Ig)/yct  ,   fctr =0.94√ƒ/

c  Mpa ,   Pcrth =  2.5Mcr .  

Then Pcrth= 3.81 ton   ………………………………………………….(1)  
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The theoretical values of the ultimate load (Puth) can be determined according to  the 
smallest  value of the following cases(a)- due to bending ,(b)- due to shear or(c)-due to 
bond .The critical case was due to bending as follow by (ACI code 1995)(8): 
Mn=As ƒy d (1-0.59ρƒy/ƒ/

c )  in-lb ,  ƒ/
c =0.9fc ,    Puth = 2.5Mn   , ρ = As/Ac . 

Then   Puth = 2.7 fy (1 – 0.9 fy/105
)       kg………… ………………… (2) 

The theoretical values of the ultimate load (Puth) of beams (without fibers) were 
8.14; 11.91 and 12.28 ton for beams reinforced by bars Sm; B\S and EZ•AL2 
respectively.  

The values of the experimental cracking (Pcr) and ultimate (Pu) loads for beams 
tested   are given in table (4). 
 

Table (4): Values of cracking and ultimate loads for beams with and without 

fibers 

Group 

No. 
Series 

Relative 

Rib Area 

(sb) 

Fiber 

Types 

Pcr 

(ton) 

Pu 

(ton) 
Mode of Failure 

B 

B1 0.00 

Without 

Fibers 

2.6 6.40 Bond Failure 

B2 0.062 4.0 10.10 Bond Failure 

B3 0.100 4.3 11.30 Bond Failure 

BF 

B1P 0.00 PP.F 2.94 6.9 Bond Failure 

B1S 0.00 HS.F 3.15 7.3 Bond Failure 

B2P 0.062 PP.F 4.8 11.11 
Bond Failure  

B2S 0.062 HS.F 5.2 11.82 
Bond Failure 

B3P 0.100 PP.F 5.3 12.55 
Bond -Flexural  Failure 

B3S 0.100 HS.F 5.85 13.34 
Bond -Flexural  Failure 

 

Pcr  and  Pu    : Experimental values 
 

Influence of Relative Rib Area (sb ) 

The values of the cracking (Pcr) and the ultimate loads (Pu) for beams  tests increase 

with the increase of the relative rib area (sb) as shown in Fig.(10 ) and table (4) . 
The values of the cracking and the ultimate loads for bars (B\S) and (EZ.AL2) 
compared to the corresponding values for bar (Sm) at different fibers were respectively 
as follows: 
(a)-For cracking load  

For beams without fibers: The compared values were 153.9 and 165.4 %. 
For beams with polypro: Fibers the compared values were 163.2 and180.3 %.  

http://www.tfhrc.gov/structur/hpc/hpc2/chap5.htm


     Aly Abdel-Zaher ELsayed et al. 368 

For beams with Harex-steel fiber: The compared values were 165 and 185.7%.  
(b)-For ultimate load  

For beams without fibers: The compared values were   157.8 and 176.6 %. 
For beams with polypro: Fibers: The compared values were 161 and 181.9%. 
For beams with H. steel fibers: The compared values were162 and 182.7 %. 
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Fig. (10): Cracking and ultimate loads versus relative rib area of steel bar for beams 
 

Influence of Fibers Types 

The values of the cracking (Pcr) and the ultimate loads (Pu) for beams tests were more 
for beams with harex steel fibers than beams with polypropylene fibers , also the 
before loads for beams with polypropylene fibers were more than beams without 
fibers, as shown in Fig. (11) The values of the cracking (Pcr) and ultimate (Pu) loads 
for beams HPFRC with harex-steel and polypropylene fibers compared to the 
corresponding values for beams HPC without fibers  for bars (Sm) ,(B\S )and 
(EZ.AL2)  were  respectively as follows:- 
(i) For cracking load  

For bar (Sm ): the compared  values  were  113.07 and  121.15%. 
For bar (B\S): the compared   values   were   120.0 and   130.0   %. 
For bar (EZ.AL2): the compared values were 123.2 and   136.04%. 

(ii) For   ultimate load. 
For bar (Sm ): the compared values were  107.8 and 114.08 %. 
For bar (B\S): the compared values were 110 and 117.03   %. 
For bar (EZ.AL2): the compared values were 111.06 and 118.05 %. 
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Fig. (11): Cracking and ultimate loads versus  fiber types for beams with  fiber 
 

4.2- Deformations: 

The values of the obtained deformation at cracking (Pcr) and the ultimate loads (Pu) for 
beams tests  are given in tables (5),(6), (7) and (8). The values of this deformation 

depend on the relative rib area ( sb) , as well as the fibers types. 
  

4.2.1- Mid-Span Deflections: 

The values of deflection and the loads are considerably affected by the following 
parameters, as shown in figs.(12) and table (5). 
 

Influence Of Relative Rib Area (sb ) 

At the constant deflections, the loads increase with the increase of relative rib area 

(sb). The loads were increased by different percentage ranged from 30% to 57 % for 
deflections=0.5mm. Whereas these increases ranged from 33% to 71.4 % for 
deflections = 5 mm. 

At the cracking loads, the deflection increases with the increase of the relative 

rib (sb) due to increase of the cracking   loads and constant the stiffness of beams. The 
deflection was increased by different percentage ranged from 14.2 % to 21 %. 

At the ultimate loads, the deflection decreases with the increase of the relative 

rib (sb). The deflection was decreased by different percentage ranged from 23.3 % to 
30.3 %.  

The reduction of the values of the  defection for the beams reinforced with steel 

bar (EZ.AL2) , (B\S) having (sb = 0.10 , 0.062) may be due to the increase of the bond 
strength and the decrease of the slip resulting from the increase of the relative rib area 

(sb) and the decrease in number, length and width of cracks. Therefore, the stiffness of 
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these beams were more than the corresponding stiffness for beams reinforced with steel 

bar (Sm) having (sb = 0.00). 
 

Table (5): Values of experimental deflection at cracking and ultimate loads and 

the load at different deflection 

Group 
No. 

Series 
Fiber 
Types 

Relative 
Rib Area 

(sb) 

Load (ton) at 
Deflection 

Deflection 
(mm) at Pcr 

(δcr) 

Deflection 
(mm)at Pu 

(δu) 0.5mm 5mm 

B 

 

B1 
Without 

Fiber 

0.000 0.87 4.72 1.34 16.21 

B2 0.062 1.16 6.6 1.53 12.25 

B3 0.100 1.30 7.12 1.62 11.3 

BF 

B1P 

PP.F 

0.000 1 5.07 1.27 15.25 

B2P 0.062 1.36 7.07 1.48 11.7 

B3P 0.100 1.57 8 1.53 10.9 

B1S 

HS.F 

0.000 1.2 5.25 1.23 14.75 

B2S 0.062 1.56 7.56 1.45 10.8 

B3S 0.100 1.78 9 1.47 10.5 
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Fig ( 12 ):Deflection at cracking and ultimate load versus  relative rib area for beams 
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Influence of Fibers Types 

At the constant deflections, the loads increase with used the fiber in reinforced 
concrete. The loads were increased by different percentage ranged from   15 % to 37.9 
% for deflections=0.5mm.  Whereas these increases ranged from 7.1   % to 26.4 %   for 
deflections=5mm. 

At the cracking load, the deflections decrease with used the fiber in reinforced 
concrete .The deflections were decreased by different percentage ranged from 3.27 % 
to 9.3 %. 

At the ultimate loads, the deflections decrease with used the fiber in reinforced 
concrete. The deflections were decreased by different percentage ranged from 3.5 % to 
11.84 %. 

The decrease of deflections for increases used the fiber in reinforced concrete 
resulting to decrease the slip and increase the bond strength which accompanied with 
decrease length and width of cracks. Therefore, the stiffness of these parameters with 
used the fiber in reinforced concrete were more than those for beams without fiber, as 
shown in Fig. (13). 
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Fig. (13): Deflection at cracking and ultimate load versus Fiber Types for beams 
 

4.2.2- End Slip of Steel 

The values of slip at the cracking and the ultimate loads and the loads are considerably 
affected by the following parameters:-  
 

Influence Of Relative Rib Area (sb) 

At constant slip, the loads increase with the increase of the relative rib area (sb) due to 
increase of the bond strength (fb). The loads   were increased by different percentage 
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ranged from 112.5% to 317% for slip=0.025mm. Whereas these increases ranged from 
110 % to 285%   for slip =0.25 mm. 

At constant loads, the slip decreases with the increase of the relative rib area 

(sb) due to increase of the bond strength (fb). 
At the cracking and the ultimate loads, the slip decreases with the increase of 

the relative rib area (sb). The slip were decreased by different percentage ranged from 
50.4% to56.9 % for the cracking loads and ranged from 47.1% to 52%  for the ultimate 
loads the decreased due to increase of the bond strength and the decrease in number, 
length and width of cracks. Therefore, the stiffness of the cross-section of beams was 
increased, as shown in Fig. (14) and Table (6). 

 

Influence of Fibers Types 

At the constant slip, the loads increase with used the fiber in (HPC).The loads were 
increased by different percentage ranged from 50% to163%for slip= 0.025 mm .Whereas 
these increases ranged from 56%to102.7 % for slip = 0.25mm. 

At the cracking load, the slip decrease with used the fiber in (HPC).The slip 
were decreased by different percentage range ranged from17.3 % to38.3 %. 

At the ultimate load, the slip decrease with used the fiber in (HPC).The slip 
were decreased by different percentage range ranged from 15.56% to 37.5%. 

The measured end slip for beams series (BF-HS) having harex- steel fibers 
were less than that measured for series (BF-PP) having polypropylene fibers . A1so, 
the measured end slip for series (BF-PP) having polypropylene fibers were less than 
that measured for series (B1-3) without fibers. The measured end slip for bars steel of 
beams should be decreased due to used the fibers, as shown in Fig. (15) and   table (6). 

 

 

Table (6): Values of slip at cracking and ultimate loads and the loads at 

different slip 

Group 

No. 
Series 

FIBER 

TYPES 

Relative 

Rib 

Area(sb) 

Load (ton) at 

Slip   (mm) 
Slip  (mm) 

at 
Pcr 

Slip(mm)at 

Pu 
0.025 0.25 

B 

B1 
Without 

fiber 

0.000 0.08 0.75 0.81 2.25 

B2 0.062 0.17 2.05 0.47 1.34 

B3 0.100 0.24 2.65 0.40 1.19 

BF 

B1P 

PP.F 

0.000 0.12 1..17 0.67 1.90 
B2P 0.062 0.36 3.86 0.32 1.09 

B3P 0.100 0.5 4.8 0.28 0.96 

B1S 

HS.F 

0.000 0.16 1.5 0.58 1.75 

B2S 0.062 0.41 4.51 0.29 0.95 
B3S 0.100 0.63 5.85 0.25 0.84 
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Fig. (14): Slip at cracking and ultimate load versus relative rib area of steel bar for beams 
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Fig. (15): Deflection at cracking and ultimate load versus Fiber Types for beams 
 

4.2.3-Concrete Strain 

The values of concrete strain are measured at top compression zone corresponding to 

the relative rib area (sb), fiber types for loads at (0.07and 0.7) strain, cracking and 
ultimate loads in table (7). 
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Table (7): Values of concrete strain at cracking and ultimate loads and loads at 

concrete strain = 0.07 , 0.7 m/m . 
 

Group 
No. 

Series 
Fiber 
types 

Relative Rib 

Area(sb) 

Load (ton) at  
Strain(m/m)     Strain *10 3 

 at Pcr  
Strain *10 3 

at Pu 
0.07  0.70  

B 

B1 
Without 

fiber 

0.000 1.0 6.2 0.18 0.75 

B2 0.062 1.75 7.28 0.24 1.29 

B3 0.100 2.0 7.59 0.25 1.46 

BF 

B1P PP.F 0.000 1.2 6.38 0.20 0.85 

B2P 0.062 2 7.53 0.25 1.45 
B3P 0.100 2.25 8 0.28 1.62 

B1S HS.F 0.000 1.5 6.6 0.21 0.93 

B2S 0.062 2.2 7.76 0.26 1.56 
B3S 0.100 2.4 8.41 0.30 1.69 

 
The values of concrete strain at the cracking and the ultimate loads and the 

loads are considerably affected by the following parameters:-  
 

Influence of Relative Rib Area (sb) 

At constant strain, the loads increase with the increase of the relative rib area (sb). The 
loads were increased by different percentage ranged from 46.7% to100% for strain 
=0.07mm. Whereas these increases ranged from 17.4% to 27.4% for strain =0.7mm. 
The increased due to decreased slip, length and width of cracks and increased               

At the cracking loads, the concrete strain increases with the increase of the 

relative rib (sb). The concrete strain was increased by different percentage ranged 
from   23.8% to 42.8 %. 

At the ultimate loads, the concrete strain increases with the increase of the 

relative rib (sb). The concrete strain were increased by different percentage ranged 
from 67.8 % to 94.7 % . 

The increase of the values of concrete strain at cracking  and ultimate loads for 

beams  reinforced  with steel bar having more relative rib area (sb)  may be  due to the 
bond strength increase and decrease of the slip between main steel and concrete for 
beams resulting from the decrease in length and width of cracks . Therefore, the 
stiffness of these beams were more than the beam with main steel having  less relative 

rib area (sb) , as shown in fig.(16). 
 

Influence of Fibers Types 

At the constant values of concrete strain, the loads increase with used fiber in (HPC). 
The loads were increased by different percentage ranged from 20% to 50% for strain = 
0.07.Whereas these increases ranged from 3% to1.8 % for strain = 0.7mm. 
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At the cracking load, the strain increase with used the fiber in (HPC).The strain 
were increased by different percentage range ranged from4.16 % to 20 %. 

At the ultimate load, the strain increase with used the fiber in (HPC).The strain 
were increased by different percentage range ranged from 10.95% to24% . 

At the cracking and ultimate loads , the values of concrete strain, increase for 
beams with polypropylene and harex-steel fibers than beams without fibers .Also the 
values of concrete strain, increase for beams with harex-steel fibers than beams with 
polypropylene fibers than beams without fibers . 

The increase of the values of concrete strain at cracking   and ultimate loads 
for beams with polypropylene and harex-steel fiber may be due to the bond strength 
increase and decrease of the slip between main steel and concrete resulting from the 
decrease in length and width of cracks. Therefore, the stiffness of these beams were 
more than the beam without fiber, as shown in Fig. (17). 
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Fig.(16): Strain at cracking and ultimate  load versus  relative rib area for beams. 

 

4.2.4- End Slop of Beams 

The measured values of slope at the support of thr beams corresponding to the point of 
maximum slope at cracking and ultimate loads are recorded in table (8).The values of 
slope at the cracking and the ultimate loads and the loads are considerably affected by 
the following parameters:-  
 

Influence of Relative Rib Area (sb) 

At constant slope the values of loads increase with the increase of the relative rib area 

(sb). At the cracking loads, the slope of beam at the support increases with the increase 

of the relative rib area (sb) due to the increase of the cracking loads and constant the 
stiffness cross-section of the beam. At the ultimate loads, the slope of beam at the 

support decreases with the increase of the relative rib area (sb) due to the decrease of 
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slip and the increase of bond strength which causes  a decrease in length and width of 
cracks , as shown in fig.(18).  
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Fig. (17): Strain at cracking and ultimate load versus  fibers types for beams 

 

Table (8):Values of slope at cracking and ultimate loads and the loads at 

different slope. 
 

Group 
No. 

Series 
Fibers 
Types 

Relative 
Rib 

Area(sb) 

Load (ton) at 
Slope (radian) 

Slope * 10 

3    at Pcr 
 

Slope  * 10 3        
at Pu 

 0.001 0.01 

B 

B1 
Without 

Fiber 

0.000 1.50 5.27 1.68 20.3 

B2 0.062 2.0 8.0 1.98 15.9 

B3 0.100 2.15 9.05 2.1 14.6 

BF 

B1P 

PP.F 
0.000 1.55 5.67 1.60 19.75 

B2P 0.062 2.21 8.71 1.91 15.2 

B3P 0.100 2.56 10.38 1.98 14.14 

B1S 

HS.F 

0.000 1.76 6 1.56 18.85 

B2S 0.062 2.47 9.46 1.88 13.99 

B3S 0.100 2.7 11.78 1.91 13.65 

Influence of Fibers Types 

At constant slope the values of loads for beams increase with used the fiber due to 
increase of the bond strength and   decrease of slip which causes decrease in length, 
width of cracks and increase the stiffness cross-section of the beam.   
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At the cracking   load the values slope for beams increase with used the fiber 
due to increase o f cracking   load and constant of the stiffness cross-section of the 
beam. The reduction of the values of slope at ultimate loads for beams with  harex- 
fiber are due to increase of the bond strength and  decrease of slip which causes 
decrease in length, width of cracks and increase the stiffness cross-section of the 
beams, as shown in Fig. (19). 
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Fig. (18): Slope at cracking and ultimate load versus relative rib area of steel bar for beams. 
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Fig. (19): Slope at cracking and ultimate load versus fiber types for beams. 

 

SUMMARY AND CONCLUSIONS 

i- For high-performance concrete (HPC) 

(1) The final mode of failure for high-performance concrete (HPC) beams was bond 
failure and the mode of failure bond failure& bond-flexural failure depend on the 
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rib geometry (sb ) for the steel bar for high-performance fiber reinforced 
concrete (HPFRC) beams  

(2) The first cracking load was early observed at small values of relative rib areas 

(sb ) for beams. 
(3) The width of cracks and spacing between it were significantly increased with the 

decrease of both relative rib areas (sb ) for beams. 
(4) The major cracks were formed at the maximum moment for all beams.  

(5) For increase the relative rib areas(sb) increases the cracking and the ultimate 
load and concrete strain at cracking and the ultimate load also increases the 
deflection and slope at the cracking load but decrease slip at the cracking and  
the ultimate load . 

(6) Increasing the relative rib areas (sb) from 0.0 to 0.062 increases the cracking 
and the ultimate load by about 48 % and 62.3 % respectively. Also for increasing 

the relative rib areas (sb) from 0.062 to 0.10 increases the cracking and the 
ultimate load by about 9 % and 11.75 % respectively. 

 

ii- For high-performance fiber reinforced concrete (HPFRC) 

(1) The first crack was early observed for (HPFRC) beams with bars having 

smaller values of relative rib area (sb).  
(2) The width of cracks and spacing between it were significantly large for beams 

having smooth bars, but narrow for other beams having ribbed bars. The 
propagation of cracks for beams with ribbed bars were more than those 
compared for beams with smooth bars 

(3) Adding fibers to the concrete mix improves the crack propagation patterns for 
all tested (HPFRC) beams.  

(4) The values of the cracking and the ultimate loads were increased with the 

increase of the relative rib areas (sb).  
(5) Adding fibers to the concrete of (HPC) beams showed consistent higher first 

cracking and the ultimate loads than those without fibers .Also adding harex 
steel fibers to the concrete of (HPC) beams showed consistent higher first 
cracking and ultimate loads than those for beams with polypropylene fiber.  

(6) The values of the deflection, strain, slip and the slope at free end of beams 

were decreased with the increased of the relative rib areas (sb).  
(7) Adding fibers to the concrete of (HPC) beams showed smaller deflection, 

strain, slip and the slope values than beams without fibers; also, those are less 
for beams with harex- steel fibers than beams with polypropylene fibers. 

(8) The addition of fibers to a concrete mix has greatly improved its ductility by 
increasing both the strains at max loads, and the ultimate strains under 
compressive stresses.  

(9) HPFRC beams (with fibers)showed smaller crack widths and numbers 
compared with HPC beams (without fibers) at the same loading levels, also 
beams with harex steel fibers showed smaller crack widths and numbers 
compared with beams with polypropylene  fibers at the same loading levels. 
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 سلوك اƂƃمرات اƃخرسانة عاƃية اƃمقاومة  اƃتي تحتوي وا تحتوي 
 علي اأƃياف متأثرة بهندسية اƃنتوءات 

وتعدتظييخآةآتيي وآ مييالآ يييآوت ييتةت آآخفيياآونة ييخآوة ظييت آلحييت آوتخداييخآخريين  واآوت ترييد خآ و آوت  دة يي
نرييلظلآةآليي تخآوت ترييد خآتمييلاآوتآخوريين  واآخ ظيي آوتنرييلظلآلييدتاآوت  دة ييخآةت ريين د  آ يييآ  ميي آ  دة يي

 و آوت  دة ييخآوتعدتظييخآتيي وآآفييديآوة ييتآظناليياآ يية آن درييخآلدفظييخآآآاييظيآوتخ ظيي آةآوت ترييد خآ  ييدآظريينل اآ يآ
ظخداآآآرالآخ ظ آوتنرلظلآا نةءو آنل لآنةتي آ يةاآوتن دريخآوتلدفظيخآظآة ليتوآخ ين يآ   ريظخآوت نيةءو آ

ت عتفيييخآوهيييتآ ييي وآوخ ييين يآللييياآريييلةخآوتع دميييتآآة يييةودآخ ظييي آوتنريييلظلآوت  نل يييخآف ييي آلحيييت آوتخدايييخ
ظيييتآغوتعدتظيييخآ يييد  آ مييي خآةآآخوإ شيييد ظخآ ييييآوت تريييد خآلدتظيييخآوت  دة يييخآآآة ليييتوآخيآوت تريييد خآ و آوت  دة ييي

  اةتظيييخآتييي وآوخنداييي آوت لايييخآ تييياآاعييي آوإ يييدفد آتنخةظلحيييدآوتييي آ يييد  آ و آ  اةتظيييخآظآة ليييتوآت ييييلخآ
 آوت ترد خآلدتظخآوت  دة خآةآآوتل تو آوت ترد خآلدتظخآوت  دة خآ و آوت علة د آوت نةفت آليآرلةخآوتل تو

وةتظديآآ عآوة  آفاآوخلنادتآاع آوت نغظتو آوتناآنؤهتآلل آ  وآوترلةخآة ي آوت ريدخخآوت رياظخآتل نيؤآ
 ف آةاة آن درخآا   آت حدظد آوتخ ظ آظآ

آ3ل ييتو آايي ةيآ تظييديآةآ3ظييخآةل ييتو آ ترييد ظخآ و آ  دة ييخآلدتآآ9ةآنيياآ تييخآآاييااتوءآو ناييدتآليي  آ
آآ×21ل يييتو آنخنيييةاآللييي آآ تظيييديآوتحيييدتل آآةآآ و آ ايييددآآآآ3ل يييتو آاحيييدآ تظيييديآوتايييةت آايييتةالظيآآة

 يتآآآ5ريا آآآآ143 اآآآآلد  آ ايةولآوتعظ يد آوت  نايت 21 اآآةللة آآ21ةآنرلظلآآآت ظراآآآ1را33
آو آ اتآوترظخآةآ  آناآون  آفاآوخلنادتآوتعةو لآوتندتظخآ:

   ريييظخآوت نيييؤو آةوت ريييدخخآوت رييياظخآتل نيييؤآتخ ظييي آوتنريييلظلآوت رييين  اآفييياآلظ يييد آوخ نايييدتآة ظ حيييدآ ييياآآآآ-2
آ(آظآ3.23ييآ3.311ييآ3.3)
آ ةدآوةتظديآوت رن   خآ) تظديآوتاةت آاتةالظيآآةآ تظديآوتحدتل آآ(آ-1
آ3(آ1لاا/راآ933)يآناآورن  واآتناخآةوخ  آآ يآوت ترد خآلدتظخآوت  دة خآةآلد ي آ ظ نحدآ اآ3

ةوتحي يآوتت ظرياآ ييآ ي دآوت توريخآ يةآ خدةتيخآوتة يةيآللي آنيةهظتآ   ريظخآوت نيةءو آةآ يةدآوةتظيديآللياآ
رلةخآوتل تو آوت ترد خآلدتظخآوت  دة خآةآوتل تو آوت ترد خآلدتظخآوت  دة خآ و آوةتظديآآآ عآوة  آفاآ

آوت ردخخآوت راظخآتل نؤآظوخلنادتآاع آوت نغظتو آوتناآنؤهتآلل آ  وآوترلةخآة  آ
ة يي آنيياآوتنةمييلآت نييد يآ د ييخآفيياآ يي وآوتاخيي آ يييآخظيي آ يآاييتو آوخ حظييدتآآةآرييلةخآوتل ييتو آوت ترييد خآ
لدتظخآوت  دة خآ آنعن  وآلل آآ   رظخآوت نؤو آةرظدخآوتخ ظي آوت رين  اآةآلي تخآ يةدآوةتظيديآوت رين   خآ

آظآ
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