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Abstract: This paper present experiments which aim to measured steel fiber 

reinforced concrete beams shear strength. We present three of among can 

be found in the literature, with the proposed equations, based on the 

experimental results, to define a fiber reinforced concrete element shear 

strength. An important input parameter of the equations is the τf bond 

strength between fiber and concrete. We present from the literature straight, 

hooked-end and crimped steel fiber pull-out test. The value τf is important 

by the calculation of the load bearing capacity from shear of beams. 
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1. Introduction 

Fiber reinforced concrete means that we mix fibers into the fresh concrete which 

traditionally consist of bending material – aggregate – water – admixture to improve 

some properties of the concrete. The idea, we can improve the building materials 

toughness and durability by mixing fibers into it, dates back for centuries (the wogs mix 

straw and hair into the clay), in concrete we carried out experiments with this only for 

the sixties with growing success. 

Today’s the application field of fibers are very wide. First experiments were made 

with straight, slick steel fibers, after this different shapes came up (for example: 

hooked-end, crimped, flat-end, anchoraged) and finally the materials range has been 

more and more wide when the plastic-, glass-, aramid and carbon fibers appeared. The 

mechanical properties of fibers from different materials are different, so the properties 

of the fiber reinforced concrete which made with them are also different. It follows that 

the choice of the fibers material depends on which concrete property want to improve. 

The different shape of fibers effect better bond strength or better anchorage-capability. 

One of the advantages of plastic fibers is the reducing of the fresh concrete mixture 

crack tendency in the first hours after mixing. The plastic fibers are advantageous in 

fire-resistance. With steel fibers we can enhance toughness, residual tensile-strength and 

the shear strength. The use of carbon and aramid fibers has started lately, but in spite of 

its beneficial properties, the high price interfering the widespread utilization.  

The amount of fibers is given in the fiber reinforced concretes V% (volume percent), 

so for example one V% steel fibers means 78.5 kg/m
3
. The fiber content can vary 
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between wide limits but traditionally fiber reinforcing means 0.1-2 V% fiber amount, 

usually steel or plastic fibers come to that mixed of this two. In this article we deal only 

with low fiber-content steel fiber reinforced concrete. 

The fibers added to the dry or wet concrete mixture. Initially it was difficult to avoid 

fibers interlocking and the growing of the balling effect. In these days this problem can 

eliminate by separated the fibers before mixing or glued them into a flat with water-

soluble glue. 

The fiber reinforced concretes advantageous properties: 

 increase concretes residual tensile-strength, 

 increase concretes ultimate deformation, 

 increase concretes toughness, the area under stress-strain graph (energy 

absorption-capability), 

 fibers help to distribute the cracks better, the cracks width decrease, 

 with steel fibers the shear strength can enhance (therefore for example the 

amount of stirrups can reduce), 

 fibers affect favourably the water permeability, 

 with plastic fibers the fresh concrete mixture cracking sensibility can improve 

because the fibers take up the tensile strength which arise from the shrinkage 

[1], 

 if plastic fibers use the concrete fire-resistance increase namely when fibers 

blow out from concrete it allows of water can get away from concrete so 

stressforce reduce in it [1], 

 structure elements abrasion-resistance and durability improve, 

 in some cases shorter building time can obtain. 

The steel fiber reinforced concrete has the following applications field: industrial 

concrete floors, shotcrete, tunnel elements, pipes, frontage panels, precast elements, 

structural erection, airstrips, structures with dynamic load. 

2. Shear strength 

One area of using fiber reinforced concrete lies in steel fibers can enhance shear 

strength. Application of these fibers can result a reduction in the amount of conventional 

shear reinforcement (stirrups) to minimum or maybe in some cases we can absolutely 

replace them. With this shorter building time can obtain, sessions can simplify (less 

steel assembly) and economic benefit can reach. The basic condition for these is to have 

a standardized design method which can easy used by designers. In these days this is not 

available yet. 

Many researchers have studied this area using laboratory experiments and some of 

them have even proposals on how to define a fiber reinforced concrete elements shear 

strength. This article wants to present a part of tests and predict equations can be found 

in the literature, directing attention to the most important results and details. 
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2.1. Experimental results and the estimated capacity 

Narayanan and Darwish [2] tested 49 simply supported beams with square and 

rectangular cross-section, four-point loaded reinforced concrete beams, in order to study 

the fibers influence on the shear strength of element in case of different concrete 

strength, the possibility of replacing stirrup with fibers and to determine the fiber 

reinforced beams shear strength. The beams had 85x150 mm cross section with tension 

and compression reinforcement, the geometric dimensions and layout of the loading can 

see in Figure 1. 

 

Figure 1. Narayanan and Darwish’s experimental beams [2] 

The test variables were: ratio of shear span and effective depth (a/d), amount of stirrups 

and longitudinal reinforcement (ρstr, s), concrete compressive strength (fcu), amount of 

steel fibers (ρf) and the aspect ratio (L/D=fiber length/diameter). For the tests they used 

crimped steel fibers with 0.3 mm diameter, the aspect ratio was 100 or 130. The 

characteristics of the 49 beams summarized in Table 1. 
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Table 1. – Summary table about Narayanan and Darwish’s [2] experimental beams 

characteristics 

 
beam 

number 
a/d ρs % ρ’s % ρstr % L/D ρf % 

fcu 

N/mm
2
 

1 

SP1 2.0 2.00 0.91 - - - 60.2 

SP2 2.5 2.00 0.91 - - - 60.2 

SP3 3.0 2.00 0.91 - - - 60.2 

SP4 2.0 2.00 0.91 - - - 43.3 

SP5 2.5 2.00 0.91 - - - 36.7 

SP6 3.0 2.00 0.91 - - - 43.3 

2 

SS1 2.0 2.00 0.91 0.25 - - 75.0 

SS2 2.5 2.00 0.91 0.25 - - 60.2 

SS3 3.0 2.00 0.91 0.25 - - 60.2 

SS4 2.0 2.00 0.91 0.25 - - 43.3 

SS5 2.5 2.00 0.91 0.25 - - 36.7 

SS6 3.0 2.00 0.91 0.25 - - 57.2 

S18 3.1 5.72 2.00 0.50 - - 57.2 

S24 3.1 5.72 2.00 1.00 - - 57.2 

S25 3.1 5.72 2.00 1.50 - - 57.2 

S26 3.1 5.72 2.00 2.00 - - 57.2 

3 

SF1 2.0 2.00 0.91 - 100 0.25 61.0 

SF2 2.5 2.00 0.91 - 100 0.25 61.0 

SF3 3.0 2.00 0.91 - 100 0.25 61.0 

SF4 2.0 2.00 0.91 -- 100 0.25 39.2 

SF5 2.5 2.00 0.91 - 100 0.25 39.2 

SF6 3.0 2.00 0.91 - 100 0.25 39.2 

B1 3.0 2.00 0.91 - 133 0.50 60.8 

B2 3.0 2.00 - - 133 1.00 65.8 

B3 3.0 2.00 - - 100 1.50 58.5 

B4 3.0 2.00 - - 100 2.00 63.3 
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B5 3.0 2.00 - - 100 2.50 63.8 

B6 3.0 2.00 - - 100 3.00 61.2 

B7 3.0 2.00 - - 133 0.50 36.0 

B9 3.0 2.00 0.91 - 100 1.00 36.5 

B11 2.0 2.00 0.91 - 133 0.50 60.8 

B12 2.5 2.00 0.91 - 133 0.50 60.8 

B13 3.5 2.00 0.91 - 133 0.50 49.0 

B14 2.0 2.00 0.91 - 133 1.00 57.3 

B15 2.5 2.00 0.91 - 133 1.00 57.3 

B16 3.5 2.00 0.91 - 133 1.00 57.4 

B17 3.0 3.69 0.91 - 133 0.50 49.0 

B18 3.1 5.72 0.91 - 133 0.50 49.0 

B19 3.0 3.69 - - 133 0.50 36.0 

B20 3.1 5.72 - - 133 0.50 36.0 

B23 3.0 3.69 0.91 - 133 1.00 57.4 

B24 3.1 5.72 0.91 - 133 1.00 57.4 

B25 3.1 5.72 3.69 - 100 1.50 63.0 

B26 3.1 5.72 3.69 - 100 2.00 50.8 

B27 3.0 3.69 2.00 - 100 1.50 63.0 

B28 2.0 5.72 2.00  100 0.50 59.0 

B29 2.0 5.72 2.00  100 1.00 54.0 

B30 2.0 5.72 3.69  100 1.50 63.0 

B31 2.0 5.72 3.69  100 2.00 50.8 

The experiment demonstrated that each beams has linear stress-strain diagram until the 

first crack. The crack closed with the horizontal approximately 45 angle. The beams 

without shear reinforcement shortly failured after this first crack. However the beams 

which contain stirrups or fibers were able to absorb high shear stress after the first 

crack. The shear cracks observed on the fiber reinforced and the conventional reinforced 

beams did not differ significantly from each other, expect that in the case of steel fibers, 

the distance between cracks was smaller because of the smoother stress arrangement, 

thus the fibers distributed the cracks better. The fibers were prevented the concrete 

attrition observed by beams with stirrups at failure. The results of beams with stirrups 

and beams which contain steel fibers instead of stirrups were nearly identical, only a 



Vol. 5. No. 2. 2012 Acta Technica Jaurinensis 

154 

slight increase in the ductility and ultimate shear strength was observed in case of steel 

fibers. Researchers have found that the fibers are suitable to replace conventional shear 

reinforcement. 

The large number of specimens and the variable parameters allowed to examine the 

effect of the amount of fibers, a/d ratio, concrete compression strength and the amount 

of longitudinal reinforcement. They found that when the fiber volume increases 

(0.5V% - 3V%) the shear failure turn to bend-shear failure at 1V%, above this it turns 

typically to bending failure. With fiber addition shear failure can avoided. The change 

of a/d ratio was affected also the failure mode.  

On fiber reinforced specimens with a/d≥3 usually appeared an inclined crack, spread 

up to the two-thirds of height, this is typical by bending failure. Subsequently the fibers 

take most of the shear force as long as the width of crack was so big that fibers can pull-

out from concrete, and then shear bearing capacity was ensured by the compressed zone 

and longitudinal reinforcement. The failure mode was compressed zone failure. On fiber 

reinforced specimens with a/d≤2.5 appeared a definite inclined shear crack after this 

failure was that the stress along the diagonal reached the maximum or crack slope was 

so high that the concrete around the point of load could not take the compressive stress 

or bending-tensile cracks appeared in the compressed area above the inclined crack.  

A slight increase in compressive strength (with the same fiber factor) increased the 

shear strength. At beams with higher fiber factor when amount of tensile reinforcement 

increased the shear strength also increased. Narayanan and Darwish give an equation on 

the grounds of their own experimental results and studied other researchers results to 

predict fiber reinforced concrete beams ultimate shear strength: 

 
bsfcstu

a

d
fe 8024,0

 (1) 

where ffcst: the fiber reinforced concrete (calculated) splitting-tensile strength 
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where τf: average bond strength, the researchers calculated with 4.15 N/mm
2
 (by 

Swamy, Mangat and Rao ) 

df: straight fiber 0.5; crimped fiber 0.75 

L: length of fiber (mm) 

D: fiber diameter (mm) 

f: amount of fibers (V%) 

To predict fiber reinforced concrete beams cracking-shear strength they suggested the 

next equation: 

 

0.24 20 0.5
f

cr fcst s f f
f

Ld
f d

a D
 (3) 

Comparison the ultimate shear strength measured and calculated value (apply other 

researchers test results too) showed that the ratio of the two value is 1.09, standard 

deviation 0.157 and the scattering factor 14.45%.  

Processing the relationships the researchers took as a basis that the total shear force 

is: shear force taken by the compressed zone, vertical component of interlock strength, 

vertical component of pull-out force along the crack and dowel effect. They noted that 

at failure the previous four shear forces are not necessarily additive, and during 

modelling they ignored the interlock strength.  

D. H. Lim and B. H. Oh [3], similar to the previous described experiment, tested 9 

simply supported, four-point loaded concrete beams with square and rectangular cross-

section in order to determine fiber reinforced concrete beams shear strength. The beams 

had 100x180 mm cross section, longitudinal reinforcement and stirrups, the geometric 

dimensions and layout of the load can see in Figure 2. 

 

Figure 2. D. H. Lim and B. H. Oh experimental beams [3] 

Variable parameters were the amount of stirrups and fibers. In the experiment, 

researchers used round straight steel fibers, the aspect ratio was 60. We can see the nine 

beams characteristics summarized in Table 2. 
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Table 2.: Summary table about D. H. Lim and B. H. Oh [3] experimental beams 

characteristics 

beam 

number 
a/d ρs % ρ’s % ρstr % L/D ρf % 

fc’ 

N/mm
2
 

S0.00V0 ~3 ~3.09 ~1.21 0 60 0 34.00 

S0.50V0 3 3.09 1.21 0.71 60 0 34.00 

S0.75V0 3 3.09 1.21 0.94 60 0 34.00 

S1.00V0 3 3.09 1.21 1.41 60 0 34.00 

S0.00V1 3 3.09 1.21 0 60 1 38.69 

S0.50V1 3 3.09 1.21 0.71 60 1 38.69 

S0.75V1 3 3.09 1.21 0.94 60 1 38.69 

S0.00V2 3 3.09 1.21 0 60 2 42.40 

S0.50V2 3 3.09 1.21 0.71 60 2 42.40 

During the test from each mix prepared 100×200 mm cylinder specimens, they were 

tested compressive- and splitting-tensile test, and 100×100×400 mm beams were tested 

flexural strength. The results of the specimens shows that increasing fiber content (from 

0V% to 2V%) effect an approximately 25% increase in compressive strength, the 

flexural strength improve approx. 55%, and the biggest rise observed in tensile strength 

which doubled. This means that the fibers can substantially improve the concrete tensile 

properties and increase the resistance to cracking. 

The failure mode and layout of the cracks had similar results as Narayanan and 

Darwish. The beams without stirrups or fibers suffered failure immediately after the 

first shear crack appeared. The reinforced beams (S0.00V0, S0.00V2) showed higher 

ductility and greater shear strength, the shear failure turned to flexural failure. The 

turnout is at 1V% (Narayanan and Darwish have experienced the same). Beams with 

stirrups (S0.05V0, S0.75V0, S1.00V0) at failure showed concrete dropout, this 

phenomenon eliminated by using fibers.  

Analysing the beams shear strength by cracking and the ultimate-shear strength 

researchers established that the fibers most significant effect have by increasing shear 

strength by cracking, and generally, it is larger than in the case of beams with 

conventional stirrups. By growing the amount of fibers or stirrups can achieve the same 

increase in ultimate-shear strength. Against this background, the authors consider that 

with an optimum combination of steel fibers and stirrups can achieve the expected 

strength and ductility. The optimum may be around 50-75% stirrups and 1V% fibers. 

Lim and Oh [3] also prescribed a relationship to calculate fiber reinforced concrete 

beams shear strength. To do this they took as a basis that the total shear force is: shear 

force taken by the compressed zone, vertical component of interlock strength, vertical 

component of pull-out force along the crack and dowel effect. Namely: 
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u uc ufV V V

 (4) 

where Vuc: shear strength of beam without or with conventional shear reinforcement 

Vuf: vertical component of fiber pullout force (the surplus shear strength because of the 

fibers) 

 
0.5

f

uf f f c
f

L
V b h x

D  (5) 

where 

τf: average bond strength 

Lf: length of fiber 

Df: fiber diameter 

f: amount of fibers (V%) 

b: width of cross-section 

h: height of cross-section 

xc: effective depth 

Comparing the measured and calculated (with the previous equation) value of 

ultimate shear strength researchers established that the process provides acceptable 

results as shown in Figure 3., where we can see comparing the measured and calculated 

values. 

 

Figure 3. Comparing the measured and calculated ultimate shear strength [3] 

Kwak et al. [4] tested 12 simply supported, rectangle cross-section, reinforced concrete 

beams with four point bending test. The beams has 125x250 mm cross-section, 

longitudinal reinforcement without stirrups, the geometric dimensions and layout of the 

load can see in Figure 4. In order to avoid the formation of axial tensile forces at one 

end the beam was supported by a roller and at the other end by a hinge.  
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Figure 4. Kwak et al. experimental beams [4] 

Test variables were the amount of fibers, the concrete compressive strength and the 

shear span / effective depth a/d ratio. For the test, researchers used 50 mm long, hooked 

steel fibers with 0.8 mm diameter so the aspect ratio was 62.5. Characteristics of the 

beams showed summarized in Table 3. 

Table 3. – Summary table about Kwak et al. [4] experimental beams characteristics 

beam 

number 
a/d ρs % ρ’s % ρstr % L/D ρf % 

fc’ 

N/mm
2
 

FHB1-2 2.0 1.5 0 0 62.5 0 62.6 

FHB2-2 2.0 1.5 0 0 62.5 0.5 63.8 

FHB3-2 2.0 1.5 0 0 62.5 0.75 68.6 

FHB1-3 3.0 1.5 0 0 62.5 0 62.6 

FHB2-3 3.0 1.5 0 0 62.5 0.5 63.8 

FHB3-3 3.0 1.5 0 0 62.5 0.75 68.6 

FHB1-4 4.0 1.5 0 0 62.5 0 62.6 

FHB2-4 4.0 1.5 0 0 62.5 0.5 63.8 

FHB3-4 4.0 1.5 0 0 62.5 0.75 68.6 

FHB2-2 2.0 1.5 0 0 62.5 0.5 30.8 

FHB2-3 3.0 1.5 0 0 62.5 0.5 30.8 

FHB2-4 4.0 1.5 0 0 62.5 0.5 30.8 

Studying the experimental results of the 12 beams, Kwak et al. established the same as 

other researchers earlier [2,3]. The results showed that the cracking and ultimate shear 

strength increase as the fiber volume extend, reducing with a/d ratio and also increase as 

the concrete compressive strength rise. As fiber volume increase, the failure mode also 

changed from shear failure to bending failure. The researchers collected 139 fiber 
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reinforced beams experimental results which did not contained stirrups and suffered 

shear failure, and compared these results with calculated values using their own and 

four other researchers equations (Sharma; Narayanan and Darwish; Ashour, Hasanain 

anf Wafa; Imama and Vandewalle). This comparison showed that the most accurate 

relationship is the equation proposed by Narayanan and Darwish (1).  

Kwak et al. recommend the following to calculate fiber reinforced concrete beams 

ultimate shear strength: 

 

0.22
0.7 0.972.1 0.8u fcst s b

d
e f

a  (6) 

where 

 

1.0 / 3.5
0.41 3.5 / 3.5b f
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ffcst: the fiber reinforced concrete (calculated) splitting-tensile strength 

(Narayanan and Darwish [2]) 

νb: shear load bearing capacity from fibers, calculated by Narayanan and 

Darwish (2)  

The equation is very similar to that proposed by Narayanan and Darwish (1). In 

addition, starting from the equation (3) recommended also by them, Kwak et al. offered 

the next formula to estimate fiber reinforced concrete beams cracking shear strength: 

 

1
2

3
33cr spfc s

d
f

a  (7)
 

The researchers note that the accuracy of (3) and (7) equations are almost identical, 

but the advantage of their relationship is its simplicity.  

3. Bond strength, fiber pull-out test 

On the score of the proposed formulas we can pointed out that the bond strength τf 

between the fiber and the surrounding concrete (matrix) plays an important role in the 

shear capacity. The previously mentioned researchers did not give a clear answer how to 

define these feature, most of them taken it up for 4.15 N/mm
2
 by Swamy, Managot and 

Tao.  

The fiber pull-out test is used to study the relationship between fiber and matrix. In 

these tests different types of fibers are embedded into a cement based sample with 

different embedded length and during the test fiber pull-out force and displacement are 

measured. In the following we will present pull-out tests on three different shape of 

steel fibers (straight, hooked, crimped) and their results.  
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3.1. Straight and hooked steel fibers 

When individual, straight steel fibers embedded in cement-based material the pull-out 

force is influenced by two main factors: adhesion between fiber and matrix and, after its 

termination, the friction between fiber and the side wall of the hole in the matrix. The 

process which actually formation is very difficult to observed, because the cement-

based materials are not transparent. Some researchers have experimented with 

transparent polymer matrix, but their behaviour is substantially different from the 

relationship between the brittle cement and fiber. Others, for better understanding the 

process, after fiber pull-out have examined the hole in the matrix.  

Pompo et al. [5] have developed a way how to observe the pull-out process from 

inside. They made 40×40×160 mm-sized specimens with normal portland cement, 

w/c=0.5 water-cement ratio, in which a steel fiber was embedded perpendicular to the 

direction of making. They studied hooked fibers with various aspect ratio (Dramix ZC 

50/0.5  ZC60/0.8  ZC60/0.8), the embedded length was 21 mm. In some cases, they cut 

off the hooked end of the fiber and the resulting straight fibers were also tested. A part 

of specimens were broken into two pieces, the fracture surface passed thought the 

embedded fiber plane. Then a sheet of glass was glued to the surface so that they could 

record the pull-out process. During the evaluation of the results the researchers 

compared and associated the traditionally prepared specimens force-displacement 

curves and the video recordings of the special prepared (glass plate) specimens with the 

same features. This allowed us to understand better the straight and hooked steel fibers 

pull-out process.  

The Figure 5.a. shows a straight steel fibers while Figure 5.b. shows a hooked fibers 

typical force-displacements diagram [5]. At straight fibers the end of the initial linear 

(elastic) section is when the adhesion between fiber and the surrounding concrete 

terminated and a crack formed in the contact surface. Then pull-out force sharp decrease 

from the maximum and stabilize on a nearly constant value, during this time fiber 

slipping out of the hole which formed in the matrix. The end of the process is when 

fiber completely pull-out from the matrix, at this time pull-out force suddenly drops to 

zero. During a straight fiber pull-out the energy absorption process is the adhesion and 

after its termination the friction. At hooked fibers the process is more complex. After 

studying the video and the force-displacements curves Pompo et al. divided the graph 

into four parts [5]. The first section last until adhesion between fiber and matrix ends, it 

is the same at straight fibers too. After this the fiber slips. Then the main energy 

absorbing mechanism is the plastic deformation of the hooked end while it is trying to 

straighten, and friction between steel fiber and the porous surface. After the plastic 

deformation finished (hooked end straightened) only the friction remained as a single 

energy absorption process which develops between the not perfectly straight fiber and 

the hole surface. Finally the last section is when the force suddenly reduces to zero as 

the fiber completely pulls out of matrix.  
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               a) straight fiber              b) hooked fiber 

Figure 5. Straight a) and hooked b) fibers typical force-displacement curves [5] 

Namely a straight steel fiber typical pull-out process takes place as follows: 

1) linear (elastic) section, followed by termination of adhesion 

2) friction between fiber and hole surface 

3) fiber pull-out from the matrix. 

A hooked steel fibers pull-out process can be divided into the following sections 

[5,6]: 

1) linear (elastic) section, followed by termination of adhesion 

2) fiber slips and hooked end straighten 

3) friction between fiber and hole surface 

4) fiber pull-out from the matrix. 

The second stage of the hooked steel fibers pull-out process was sectioned by 

Laranjeira et al. [6], which is illustrated in Figure 6. In Figure 6.a) we can see the initial 

stage when the hooked end is not straightened yet, this is the moment when adhesion 

between fiber and matrix terminate and then fiber starts to slip. Then each curved 

sections are subjected to a strong bending and plastic deformation begins, which results 

an increase in the pull-out force. The maximum of the pull-out force is the point when 

G2 and G3 points enter into the straight section of the hole which results a significant 

slipping. After this pull-out force reduce because there is no significant plastic 

deformation, G2 and G3 points slipping with friction. When G1 point passing through 

the upper curved section the fiber will subjected to an opposite direction bending to the 

original form, see on Figure 6.c). On the third stage of hooked fibers pull-out process, 

see in Figure 6.d), a moderate decrease in pull-out force can be observed while point G2 

enters into the final straight section. Then the magnitude of pull-out force is determined 

by friction between point G1 and G3 and the holes wall. When point G1 passes through 

the second curved section the friction expressed to the holes wall slightly increased. The 

final phase begins when point G1 enters into the straight section, Figure 6.e). After this 

there is no plastic deformation, the only residual resistance is the slipping with friction 

between holes wall and the not perfectly straight fiber.  
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Figure 6. Hooked fiber pull-out process [6] 

3.2. Crimped fiber 

Vhanvillard and Aitcin [7] performed pull-out test with crimped fibers. They embedded 

steel fibers into 100×200 mm w/c=0.3, 0.5, 0.7 (water-cement ratio) concrete specimens 

with different embedded length. The fibers closed with the cracking surface 90 and 45 

degree. The researchers examined the effect of the embedded length, the direction of 

fibers and the matrix strength to the pull-out. During the test, two main failures have 

been observed: 

 fibers, after adhesion terminated, slipping with friction out of the matrix until 

completely pulled out (pull-out failure), 

 before termination of adhesion fibers broke away (tensile failure). 

Mainly, the embedded length influenced which failure mode occurred. In case of 

shorter, one or two waves long, embedded length fibers in almost all cases suffered pull-

out failure irrespectively of the concrete strength or the direction. In case of longer, 

three waves long, embedded length fibers which were perpendicular to the cracking 

surface tore, in case of 45º degree and lower concrete strength most of them pulled-out 

while in stronger matrix only about 50%. The pull-out failure occurred in two ways: 

 fiber retains its original shape and the surrounding concrete damaged during 

the pull-out process, 

 the concrete was not damaged however the fiber continuously deformed during 

the slipping until it completely pull-out, and at the end of the process it almost 

completely lost its wavy shape. 

Researchers the latter failure process (fiber straightening) elaborated as follows. 

Initially the fiber behaves flexible, the fiber and the matrix deformation is the same. As 

the load raise, at first on either side of the crack a little concrete crumble down. At this 

time the adhesion between fiber and concrete do not eliminate, the fiber just becomes 

free in a few millimeters length. As the load further increase this section straightened. 

At the same time the fiber loses its adhesion along its total length, but as long as the 
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anchored end does not move only a few tenths of millimeter displacement can seen 

between the cracked surfaces. Finally each part of the fiber, after adhesion totally 

eliminated, slipping out from the matrix and continuously deform whereas passing 

through the original shape appropriate form tunnel. The researchers named this process, 

which involves a significant energy-absorption due to the fibers continuous 

deformation, mechanical anchorage. They noted that the maximum pull-out force 

observed not necessarily when the adhesion between fiber and matrix cease, but when 

the fiber begins to slip. Then beyond the aforementioned mechanical anchoring friction 

can be observed between fiber and concrete surface.  

Chanvillard and Aitcin [7] statistical analyzing the tests results concluded the 

followings: 

 the lower the w/c water-cement ratio (the higher the concrete strength), the 

greater the force at failure, but 

 the behaviour between fiber and matrix primarily determined by the embedded 

length and fibers direction, the w/c factor has only a small role. 

3.3. Evaluation of pull-out tests 

A fiber reinforced composite materials mechanical properties depends of course on the 

fibers and matrix surface characteristics. Yue et al. [8] defined these characteristics as 

follows: τi (τf) surface bond strength, Po pressure developed to the fibers because of 

matrix shrinkage and μ coefficient of friction between fiber and matrix after adhesion 

eliminated. The effect of these three characteristics presented on the pull-out force – 

displacement curve, see in Figure 7. Given fiber and matrix combination, we can see in 

the Figure 7.a. that, better bond strength (higher τi) result greater Fd maximum pull-out 

force. Higher Po also result greater Fd and in addition increase the area under the curve 

at pull-out section (III) (Figure 7.b.). So when Po increases the composites strength and 

toughness increase while increasing τi results only strength growth. If the adhesion μ 

between fiber and the surrounding matrix grows only the area under the curve, the 

toughness, increase in the pull-out section (Figure 7.c.).  

 

   7. a.        7. b.   
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7. c. 

Figure 7. Effect of τi, Po and μ characteristics [8] 

These characteristics can be changed as following based on Yue et al [8]. In practice, τi 

can be influenced by pre-treatment of the fibers surface or with any surface treatment 

material, and of course different fiber-matrix combination has different value of τi. The 

shrinkage pressure in the matrix depends on the residual stress, but actually it has an 

effect only on the plastic fibers yield strength, on steel fibers probably it has no mater. 

The size of the coefficient of friction μ depends on fibers and matrix physical 

characteristics. 

The authors have proposed a method how to calculate these three surface 

characteristics. The basis of this method is a graph where embedded length L and Fd 

maximum pull-out force are depicted, see in Figure 8.  

 

Figure 8. Relationship between embedded length L and pull-out force Fd [8] 

The initial phase of the curve is a non-linear section where Fd force is growing as L 

increase. Then there is a breakpoint, after this, the two parameters have linear 

relationship. They nominated that embedded length which belongs to this breakpoint Lc, 

and the pull-out force Fuy. After this the authors proposed linear regression analysis to 

determine the straight sections intersection with the vertical axle, Io. If these are well 

known, the surface characteristics can be determined as follows by Yue et al. [8]: 
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where 
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r: fiber radius 

N: a parameter depends on the specimens size and the physical characteristics of 

fiber and matrix 

[dFd/dL]: tangent of deflection angle of the linear curve part.  

The surface frictional shear stress τf (during fiber pull-out section III), which equals 

the product of Po and μ: 
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After τf was calculated by (9), Po and μ can be determined if one of the two is known. 

The authors proposed that μ can defined with slipping friction test or with the test 

results theoretical analysis.  

4. Conclusion 

The application of fiber reinforced concrete continuously expanded in 50 years since the 

first attempts in the 1960s, and still takes place in many research aimed at better 

understanding of these materials and thus increase their potential. The fibers material 

mixed to the concrete can be steel, glass, plastic, aramid and carbon, but the most 

commonly used are the steel fibers. In terms of shape steel fibers are available in many 

forms, for example: straight, hooked, crimped, flat, hooked-flat, with anchorage end. In 

Hungary the most common are the hooked steel fibers. Mixing steel fibers to the 

concrete can increase the shear strength of concrete structural elements, thus can reduce 

the amount of stirrups, or with the same amount of stirrups higher shear capacity can be 

achieved. With fewer amounts of stirrups we can reduce construction time and 

simplifying one session (less reinforcement preparation) as well as economic 

advantages can be achieved. 

In this article we presented three experiment results of fiber reinforced concrete 

beams with rectangle cross-sectioned, two-point loaded and simply supported. In the 

tests the amount of fibers and the conventional shear reinforcement (stirrups) were 

changed so that it was possible to compare the results and failure modes of beams 

contained only fibers, only stirrups or both. The experiments presented here and further 

research found in the literature have the same conclusions: the experimental results of 

the beams contain only stirrup or only fibers were nearly identical, only a slight increase 

was observed in the ductility and ultimate shear strength in the case of steel fibers, and 

with fibers concrete dropout at failure can avoided and crack width can reduce. It also 

observed that increasing fiber volume (above 1V%) can avoid the beams shear failure. 

All these corroborate applying steel fibers as additional shear reinforcement. For the 

practical application, it is essential to have a design method for calculating the shear 

capacity of a steel fiber reinforced concrete beam. We can see on the experimental set 

formulas that the adhesion between fiber and concrete has an important role in shear 

capacity, however researchers deal less with determining this adhesion, and in most 

cases they took the value of 4.15 N/mm
2
 for τf by Swamy, Mangat and Rao. The value τf 

is important by the calculation of the load bearing capacity for shear of beams. The 
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bond strength can be determined experimentally by pull-out tests, we presented here 

three of this and their conclusions. We have seen that the shape of fibers, the embedded 

length and the angle with cracking surface basically influenced the failure mode and of 

course the magnitude of pull-out force. As this feature decisive influenced the shear 

capacity, so this area is essential for detailed analysis and further experimental and 

theoretical investigations are necessary in order to know the magnitude of bond strength 

between a given type of fiber and concrete. Without knowing the value of τf or the 

method how to determine it, the shear strength of steel fiber reinforced concrete 

elements can be estimated but not calculated, and this forbid their application as shear 

reinforcement.  
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