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ABSTRACT 

 The objective of this thesis is to investigate experimentally the 

behavior of high strength steel fiber reinforced concrete beams in shear, 

for predicting the shear strengths of these structural members. 

In the experimental program, the volume fraction of fiber and the 

shear span to depth ratio of the specimens are considered in order to 

determine the effect of these variables on the specimen strength. 

The studied parameters included volume fraction of fibers (0, 

0.25%, 0.5%, and 0.75%) by weight, and shear span to depth ratios (1.5, 

1.7, and 2.2). The elastic behavior of tested beams at flexural zone was 

also investigated. 

Experimental results indicated that the shear strength of tested 

beams was significantly increased as the volume fraction of steel fibers 

increased. The number of the cracks increased by using discrete steel 

fibers and became finer. Moreover, the crack propagation and modes of 

failure may be changed by using discrete steel fibers. Finally, the discrete 

steel fibers increase ductility and failure loads of the tested beams. 

Experimental results indicated also that the shear strength of tested 

beams was significantly increased as the shear span to depth ratio 

decreased. 

Modification of an existing formula, proposed for the prediction of 

beam shear strengths, and the incorporation of a term to account for the 

contribution from the fibers to the specimen strength, yielded results 

which correspond very closely to those obtained experimentally and in 

other research programs. 
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Chapter One 

 

INTRODUCTION 

 

1.1 General Overview 

 The constructions of ever longer span bridges, taller buildings, deeper offshore 

structures, and other mega-structures are calling for construction materials with 

increasingly improved properties particularly strength, stiffness, toughness, 

ductility, and durability. In some instances, simultaneous improvement in a 

combination of properties will needed. Such properties are composite parts of 

what are often called high performance materials or advanced materials to 

differ ate them from the conventional. 

The use of high performance materials, when considered as an 

alternative in design, is generally not necessary throughout the structure. In 

most cases, only a small part of the structure may be affected. Some examples 

include the beam-column connections in earthquake resistant frames, selected 

plastic hinge or fuse locations in seismic structures, the lower sections of shear 

walls or the lower columns in high rise buildings, the disturbed regions near 

the anchorages at the end of prestressed concrete girders, the high bending and 

punching shear zones around columns in two-way slab systems, tie-back 

anchors, and numerous structural members subjected to combined loadings. 

Examples where advanced materials were used to improve structural 

performance are abundant, particularly in aerospace applications. In Civil 

Engineering, the most prominent example is the use of high strength concrete 

in the columns of high-rise buildings and in offshore structures. Different 

building structures, such as beamless reinforced concrete slabs, footings of 
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foundation, shear in beams, have a brittle failure mode and versatile complex 

stress behavior. This failure occurs when tensile strength exceeds limit values. 

 This failure is usually very sudden due to brittle behavior of plain 

concrete in tension. 

High-strength concrete generally has the advantages, over normal 

strength concrete, of providing: 

1. Increased stiffness, 

2. Reduced axial shortening of members and therefore reduced problems 

concerning. 

3. The maintenance of horizontally supported surfaces. 

4. Construction time saving, as strength development occurs at an early 

age. 

5. Possibility of creating new types of structural supporting systems-an 

area that requires further research, economic advantages - the ability to 

remove formwork rapidly, the increased availability of floor area as 

member sizes can be reduced and decreased foundation costs as the 

overall weight of the structure can be reduced. 

Other advantages, such as reduced prestressing losses (due to a reduced 

coefficient of creep) and a reduction in the quantity of reinforcement required, 

can also be incurred. It should be noted that the properties of core samples, 

removed from structural members after seven years of service, have indicated 

that the properties of HSC remain excellent over time. 

1.2 Objectives and Scope of the Research Program 

   The main objectives of this research are to: 

1. Study the behavior of high strength reinforced concrete mixed 

with discrete steel fiber in shear. 

2. Study the mode of failure and cracks patterns with different 

parameters. 
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3. Study the effect of span to depth ratio on shear strength of H.S.C 

beams with discrete steel fiber. 

4. Discussion and analysis of experimental results. 

  Scope of the research program: 

In order to satisfy these objectives, it is necessary to divide the research 

into an experimental and a theoretical program. 

The aims of the experimental program are to investigate the influence on the 

shear behavior of H.S.R.C beams when the following properties are varied: 

1. The volume fraction of fibers (Vf ). 

2. The shear span to depth ratio (a/d). 

The experimental program allows for an effective investigation of some 

of the factors influencing the shear strength of these specimens. In the 

theoretical program, the results of these experiments, will be applied to try to 

obtain a predictive equation will enable the shear strength of steel fiber 

reinforced HSC beams to be quantified successfully. 

1.3 Organization of thesis 

  This thesis divides into six main sections: 

Chapter 2 provides a brief review and discussion of the literature    

          associated with this field of study, 

Chapter 3 outlines the experimental program, 

Chapter 4 provides the observations and results from this program, 

                   and contains a discussion of the results (Result’s analysis), 

Chapter 5 theoretical study,  

Chapter 6 summaries the overall conclusions of this study. 
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Chapter Two 

 

LITRATURE REVIEW 

 

2.1 Introduction 
This Chapter mainly addresses the issues in the shear of high strength 

concrete. The Chapter starts with the definition of HSC, its historical 

development and extensive use across the world, the shear strength of high 

strength concrete beams has been explained on the basis of experimental 

research and empirical relationship developed by different researchers in last 

two decades. Then definition of high strength fiber reinforced concrete 

(HSFRC), its historical development, and the shear strength of (HSFRC) using 

steel fiber will be discussed. lastly, the Provisions of international building 

codes for the shear design of high strength steel fiber reinforced concrete have 

been presented. 

2.2 High Strength Concrete  

The definition of High Strength Concrete (HSC) has been changing with 

time due to advancement in the concrete and material technology.  

At times the compressive strength of 40 MPa was considered as high 

strength, however with improved mixed design, ultra high range water reducers 

(Super-plasticizers), and mineral admixtures, concretes with compressive 

strength above 100 MPa are easily obtained in the field. (ACI-318 committee) 

[1] Revealed that in the 1960’s, 52 MPa (7500 psi) concrete was considered 

high-strength concrete and in the 1970’s, 62 MPa (9000psi) concrete was 

considered as HSC.  

 The committee also recognized that the definition of the high-strength 

concrete varies on a geographical basis. In regions where 62 MPa (9000 psi) 
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concrete is already being produced commercially, high-strength concrete might 

be in the range of 83 to 103 MPa (12,000 to 15,000psi).   

The High Strength Concrete has been successfully used in the construction 

of prestressed bridges in the world such as Braker Lane Bridge, built in Austin, 

Texas, USA in 1990, with concrete strengths ranging from 75.8 MPa to 96.5 

MPa at 28 days. The Red River Cable-Stayed Bridge Guangxi, China (65 

MPa), Normandy Bridge, France (60 MPa) and Portneuf Bridge Quebec, 

Canada (60 MPa) [Bickley and Mitechlles, 2001] [2]. 

Applications of high strength concrete: 

 To put the concrete into service at much earlier age, for example 

opening the pavement at 3-days.  

 To build high-rise buildings by reducing column sizes and increasing 

available space.  

 To build the super structures of long-span bridges and to enhance the 

durability of bridge decks.  

 To satisfy the specific needs of special applications such as durability, 

modulus of elasticity, and flexural strength. Some of these applications 

include dams, grandstand roofs, marine foundation parking garages, and 

heavy-duty industrial floors.   

High-strength  concrete  is  often  used  in  structures  not  because  of  

its strength, but because of other engineering properties that come with higher 

strength, such as increased static modulus of elasticity (stiffness), decreased 

permeability  to  injurious  materials,  or  high  abrasion  resistance.  

In  bridge  structures,  high-strength  concrete  is  used  to  achieve  one 

or  a combination  of  the  following  mechanical  attributes:  

 increase span  length  

 increase girder  spacing  

 Decrease section depth.  
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The decreased permeability of high-strength concrete presents 

opportunities for improving durability and increasing service life.  

 The use of lightweight high-strength concrete provided the advantages 

of reduced weight and increased strength (Zia et al., 1997) [3]. 

2.3 Shear Strength of R.C Beams 

The shear stress acts parallel or tangential to the section of a material.  

When a simple beam is subjected to bending, the fibers above the neutral axis 

are in compression and the fibers located below the neutral axis are in tension. 

 A concrete beam with longitudinal steel when subjected to external loads 

will develop diagonal tensile stresses, which will tend to produce cracks.  

These cracks are vertical at the centre of the span and will become 

inclined as they reach the support of the beam. The stress that causes the 

inclined cracks in the beam is called diagonal tension stresses (Jose M.A, 

2002) [4]. 

The shear stress (v) in a homogenous elastic beam is given as: 

  
   

   
 

Where, V = Shear force at section under consideration. 

Q = Static moment about the neutral axis of that portion of cross      

section lying between a line through point in question parallel to neutral 

axis and nearest face of the beam. 

I = Moment of Inertia of the cross section about neutral axis. 

b = Width of the beam at a given point. 

 (Hennebique and Ritter) at the end of the 19th century [5] were the 

pioneers in the study of stirrups and shear. In 1964 (kepfer,H) [6] stated the 

simple or multiple truss system model where the concrete is the compressed 

strut and stirrups or bent‐up bars are the tensile member. 
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 Later (Kupfer, 1964) [6] proposed a variable strut inclination (even 

smaller than 45 degrees within following limits: 0.25< tgα <1.00with α = 

inclination of the compressive strut to the axis of the member).  

Moreover, (Collins and Vecchio) in 1986[7] developed the modified 

compression field theory for reinforced concrete elements. Nowadays, fibers 

are working to find the best procedure for shear design based on earlier 

experiences with MC78, MC90 as well as MC2010. 

The majority of the analytical models, introduced here before, have to be 

re‐arranged when steel fibers are added in concrete matrix, because they 

considerably influence shear behavior as well as the shear capacity. 

At any rate, along these decades, year by year, different experiments 

done by researchers all over the word, have tried to predict the shear capacity 

of members with and without transverse reinforcement. 

2.4 Mode of Failures of Concrete Beams in Shear 

Various failure modes in RC beams are shown in Figure 2.1.a in the 

region of flexural failure, cracks are mainly vertical in the middle third of the 

beam span and perpendicular to the lines of principal stress. These cracks 

result from a very small shear stress v and a dominant flexural stress f, which 

results in an almost horizontal principal stress ft (max). 

Diagonal tension failure happens, if the strength of the beam in diagonal 

tension is lower than its strength in flexure. The shear span-to-depth ratio is of 

intermediate magnitude for diagonal failure, varying between 2.5 and 5.5 for 

the case of concentrated loading.  

Such beams can be considered of intermediate slenderness. Cracking 

starts with the development of a few fine vertical flexural cracks at mid span, 

followed by the destruction of the bond between the reinforcing steel and the 

surrounding concrete at the support. Thereafter, without ample warning of 

impending failure, two or three diagonal cracks develop at about 1½d to 2d 

distance from the face of the support in the case of reinforced concrete beams, 
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and usually at about a quarter of the span in the case of pre-stressed concrete 

beams. As they stabilize, one of the diagonal cracks widens into a principal 

diagonal tension crack and extends to the top compression fibers of the beam, 

as seen in Figure 2.1.b (Jose,2000) [8]. 

In beams having shear span to depth ratio less than 2.5, a few fine 

flexural cracks start to develop at mid span and stop propagating as destruction 

of the bond occurs between the longitudinal bars and the surrounding concrete 

at the support region. 

Thereafter, an inclined crack steeper than in the diagonal tension case suddenly 

develops and proceeds to propagate toward the neutral axis. The rate of its 

progress is reduced with the crushing of the concrete in the top compression 

fibers and a redistribution of stresses within the top region occurs. Sudden 

failure takes place as the principal inclined crack dynamically joins the crushed 

concrete zone, as illustrated in Figure 2.1.c. This type of failure can be 

considered relatively less brittle than the diagonal tension failure due to the 

stress redistribution. Yet it is, in fact, a brittle type of failure with limited 

warning, and such as design should be avoided completely. This failure is often 

called as compression failure or web shear failure. 

 

 

Fig (2.1.a). 
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Fig (2.1.b). 

 

 

Fig (2.1.c). 

Figure 2.1 Types of cracks expected in the reinforced concrete beams (Jose, 

2000). 
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The joint committee ASCE-ACI-426 in 1973 and later in 1998[9] 

reported the following five mechanisms for resisting the shear in reinforced 

concrete sections (NCHRB, 2005) [10]; 

1. Shear in the un-cracked concrete zone in cracked concrete member: 

The un-cracked compression zone offers some resistance to the shearbut 

for slender beams with no axial force; this part is very negligible due to 

small depth of compression zone. 

2. Residual tensile stresses: 

When concrete is cracked and loaded in uni-axial tension, it can 

transmit tensile stresses until crack widths reach 0.06 mm to 0.16 mm, 

which adds to the shear capacity of the concrete.   

  When the crack opening is small, the resistance provided by residual 

tensile stresses is significant. However, in a large member, the 

contribution of crack tip tensile stresses to shear resistance is less 

significant due to the large crack widths that occur before failure in such 

members. 

3. Interface shear transfer: 

The contribution of interface shear transfer to shear strength is a function 

of the crack width and aggregate size. Thus, the magnitude decreases as 

the crack width increases and as the aggregate size  decreases. 

Consequently, this component is also called ―aggregate -interlock‖ 

denoted by Va. However, it is now considered more appropriate to use 

 the terminology ―interface shear transfer "or "friction". 

4. Dowel action: 

When a crack forms across longitudinal bars, the dowelling  action Vd, of 

the longitudinal bars provides a resisting shear force, which depends on 

the amount of concrete cover beneath the longitudinal bars and the 
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degree to which vertical displacements of  those bars at the inclined crack 

are restrained by transverse reinforcement. 

5. Shear reinforcement: 

This forms the main part of the shear capacity of the beams wit  web 

reinforcement and is typically modeled with 45-degree truss model. 

 

For beams with transverse reinforcement, the basic model to  explain 

the mechanism for carrying the shear was proposed by Ritter  (1899) [11]. 

The load was assumed to flow down the concrete diagonal struts and then 

lifted to the compression chord by transverse tension ties on its  way to support 

2.5 Factors Affecting Shear Strength of Concrete Beams 

One of the major reasons for limited understanding of the shear behavior 

and diagonal failure of the RC beams is greater number of parameters involved 

in the problem. Kani (1967) [12] identified the following parameters affecting 

the diagonal cracking of RC beams. 

1. Grade of steel (tensile strength of longitudinal steel). 

2. Compressive strength of Concrete. 

3. Cross section and shape of beams (web width, depth etc.) 

4. Shear arm or shear span. 

5. Types, arrangements, quantity and location of web reinforcement 

6. Types of loadings. 

7. Types of beams supports (Simply supported or continuous). 

8. Pre-stress forces and its point of application etc. 

The shear of high strength concrete RC structure is comprised of two main 

parts: 

1. (Vc) The nominal concrete contribution includes, in an undefined 

 way,  the contributions of the still un-cracked concrete at the head of a 

 hypothetical diagonal crack, the resistance provided by aggregate 
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 interlock along the diagonal crack face, and the dowel resistance 

 provided by the main reinforcing steel. 

2. (Vs): The shear resistance provided by the stirrups. 

In high strength concrete, the diagonal tension cracks are expected to 

have smooth plane, due to very high strength of concrete matrix. This leads to 

crushing of aggregates and as result, the aggregate interlocking is not playing 

significant role in resisting the shear.  

There is a consensus amongst the researchers, that the aggregates 

interlocking decreases, when the compressive strength of RC concrete 

increases, due to peculiar failure of the HSC (Cladera and Mari, 2005) [13]. 

The decrease of aggregates interlocking may lead to reduction in the shear 

strength of HSC. 

The research of (Ahmed et al. 1986) [14] have shown that the current 

design methods are not conservative for HSC particularly for larger shear to 

depth ratio (Slender beams a/d >3.0) and relatively low longitudinal steel ratio. 

(Duthin and Carino 1996) [15] Further pointed out that most of the 

current shear design techniques either do not acknowledge the loss in the 

aggregate interlock mechanism in high strength concrete or simply do not 

account for the influence of adding shear reinforcement to other shear transfer 

mechanisms.  

(Johnson and Ramirez 1989) [16], reported that for a constant low 

shear reinforcement, the overall reserve shear strength after diagonal cracking 

diminishes with increase in the compressive strength of concrete. 

They further proposed the following expression for the shear strength of 

HSRC beams with transverse reinforcement. 

                         
 

                    
  (

 

 
)

     

                   

 

 ρv: Steel ratio of web reinforcement. 

 ƒyv: Yield stress of web reinforcement. 
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The factor Ib is given by the equation: 

 

  =
                 

                                                  

To check whether the shear failure is due to beam action or arch action, the 

author further proposed a critical value as 

(a/d)c = 0.57 
           

      

  
       

Hence Ib = 0.57 which means that for  

 1). a/d < (a/d)c   <0.57, arch action prevails. 

 2). a/d > (a/d)c   >0.57, beam action prevails. 

 They also proposed an expression for minimum web reinforcement of 

HSRC beams to avoid brittle failure of the beams, which is given as follows; 

      = 
    

   
 
    

  
  Mpa 

Here,      stands for tensile strength of HSC, which is given as; 

       = 0.3 √  
  
  Mpa if fc < 60 MPa  

fc is specified compressive strength of concrete. 

       = 0.58 √  
 

   MPa if fc > 60 MPa 

 They also concluded that the limitation of 2% longitudinal steel for 

HSRC beams with web reinforcement is also not justified. 

2.6 Fiber Reinforced Concrete  

Is a concrete containing dispersed fibers, the concept of discrete 

reinforcement finds its root in 1874 when A. Berard patented it for the first 

time (Balaguru et al., 1992) [17]. Compared to the conventional 

reinforcement, the fibre reinforcement is: 
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‐ Distributed throughout across section (whereas bars are only  place 

where needed). 

‐ Relatively short and closely spaced (while bars are continuous and not 

as closely spaced). 

‐ Not comparable, in term of area, to the one of the bars. 

As stated before, the addition of fibers to plain concrete totally changes the 

post-cracking behavior leading to a softening branch after the peak load. 

 Moreover, the fibers bridging the cracks contribute to increase the 

strength, the failure strain and the toughness of the composite.  

The toughness is significantly increased obtaining, thus, a versatile 

construction material but fiber reinforced concrete becomes more and more 

attractive when it is able to totally replace transversal reinforcements that are 

one of the more labor‐cost activities necessary for concrete structures. This 

technology also improves the durability of concrete structures.  

The fiber reinforced concrete is not a recent concept, but, due to the lack 

of national and international standards, it is not used in significant structural 

applications.  

Nowadays it is mainly used in non‐structural elements like: 

‐ Slabs and pavements in which fibers are added as secondary 

 reinforcement and with the aim of withstanding the crack induced by 

 the humidity and the temperature variation (crack for which the 

 conventional reinforcement is not effective); 

‐ Tunnel linings, precast piles (that have to be hammered in the ground), 

and blast resistance structures that have to carry high load or 

 deformation; 

‐ Thin sheets or elements with complicated shape where the 

 conventional reinforcement cannot be used and, in any case, due to the 

 thin concrete cover, it will be difficult to preserve from corrosion. 
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In most of the applications, the function of the fibers does not consist into 

increasing the strength (although an increase of tensile strength is 

consequence) but just to control and delay both widening cracks and the 

behavior of the concrete after the crack of the matrix. In a simple view, the 

elements involved in the system FRC are three: the concrete, the bond and the 

fibers. 

 The moderate addition of fibers has no effect on the mechanical material 

properties of plain concrete before cracking unless the fiber dosage exceeds 

around 80 kg/m3 (Technical Report No. 63) [18]. In consequence, the 

addition of fibers does not change the compression strength after 28 days that 

is the main characteristic used to classify concrete. 

However, fiber addition causes a less brittle failure; this is due to the fact 

that compression failure of concrete is related to its tension failure, since 

tensile stresses cause growth of the pre‐existing micro cracks in the concrete 

(and tanks to the fiber bridging the stresses continue to increase). 

2.6.1 Length of Fibers 

 The fiber length  , is the distance between the outer ends of the fiber. 

The developed length of the fiber  , is the length of the axis line of the fiber. 

The length of the fiber should be measured according to specific reference 

codes. 

2.6.2 Equivalent Diameter 

 The equivalent diameter, df, is the diameter of a circle with an area equal 

to the mean cross sectional area of the fiber. 

 For circular cross sections with a diameter greater than 0.3 mm, 

the equivalent diameter of the fiber shall be measured with a 

micrometer, in two directions, approximately at right angles, with 

accuracy in accordance to specific reference codes. The equivalent 

diameter is given by the mean value of the two diameters. 
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 For fibers with a diameter less than 0.3 mm, the diameter shall be 

measured with optical devices, with accuracy in accordance to 

specific reference codes. 

 For elliptical sections, the equivalent diameter shall be evaluated 

starting from the measuring of the two axes, using a micrometer 

with accuracy in accordance to specific reference codes. The 

equivalent diameter is given by the mean length of the two axes. 

 For rectangular sections, the width, bf, and the thickness, hf, shall 

be measured in accordance to specific reference codes. The 

equivalent diameter is given by: 

   √
       

 
 

 Alternatively, and in particular for fibers with irregular sections, 

the equivalent diameter can be evaluated with the following 

formula:  

   √
   

        
 

Being m the mass, ld the developed length and ρf the fiber density. 

 

 Nevertheless, the addition of fibers changes the consistence. The 

mutation depends upon the aspect ratio of the fibers that is defined as the ratio 

of its length lf to its diameter df (when cross section is not circular, diameter is 

substituted by equivalent diameter). 

 It is physically difficult to include fibers with an aspect ratio of more 

than 50 because concrete contains about 70 % by volume of aggregate 

particles, which, obviously, cannot be penetrated by fibers. 

Longer fibers of smaller diameter will be more efficient in the hardened 

FRC, but will make the fresh FRC more difficult to cast. This explains why the 
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mix design of FRC often requires additives for obtaining the consistence 

needed. 

Another important factor that could not be ignored is the maximum 

aggregate size; every time that a concrete matrix is designed, particular 

attention should be paid to the determination of this parameter that influences 

the phenomenon of interlock. 

The bond between the matrix and the fibers influences the performances 

of the FRC. The value of the bond strength for a straight round steel fiber 

rarely exceeds four MPa, but, with mechanical deformation of the fiber or 

devices (anchors), the bond slip can be avoided during the fiber failure. 

It is difficult to predict the behavior of the fiber; this is because it 

depends on both fiber shape and concrete strength. Therefore it is not possible 

to give a generalized ―bond strength‖ which could be used in numerical 

calculations. The only certainty in the fiber behavior is that the fiber bond lies 

between fiber slip and fiber failure. 
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2.6.3 Types of Fibers 

As shown in Table (2.1), there are many different types of fibers in 

commerce with different properties. On the whole, steel fibers remain the most 

used fibers (50 % of total tonnage used), followed by polypropylene (20 %), 

glass (5 %) and other fibers (25 %) (Benthia, 2008) [19]. 

Table (2.1) Properties of Fibers Used As Reinforcement in Concrete (Banthia, 

2008). 

Fibre type 

Tensile 

strength 

(MPa) 

Tensile 

modulus 

(GPa) 

Tensile 

strain (%) 

min               

max 

Fiber 

diameter 

(μm) 

Alkali 

stability 

(relative) 

Asbestos 600÷3600 69÷150 0.1 0.3 0.02÷3 excellent 

Carbon 590÷4800 28÷520 1 2 7÷18 excellent 

Aramid 2700 62÷130 3 4 11÷12 good 

Polypropylene 200÷700 0.5÷9.8 10 15 10÷150 excellent 

Polyamide 700÷1000 3.9÷6 10 15 10÷50 ‐ 
Polyester 800÷1300 up to 15 8 20 10÷50 ‐ 

Rayon 450÷1100 up to 11 7 15 10÷50 fair 

Polyvinyl Alcohol 800÷1500 29÷40 6 10 14÷600 good 

Polyacrylonitrile 850‐1000 17÷18 9 19  good 

Polyethylene 400 2÷4 100 400 40 excellent 

Polyethylene pulp 

(oriented) 
400 2÷4 100 400 1‐20 excellent 

High Density 

Polyethylene 
2585 117 2.2 38  excellent 

Carbon steel 3000 200 1 2 50÷85 excellent 

Stainless steel 3000 200 1 2 50÷85 excellent 

AR‐Glass 1700 72 2 12÷20  good 

 

The type of fibers to be used depends mainly upon the application of the 

FRC. Asbestos fibers have been used for a long time in pipes and corrugated or 

flat roofing sheets. Glass fibers find their application as reinforcing materials in 

automotive and naval industries or like cladding materials. Vegetable fibers 

have been used in low cost buildings. Synthetic fibers like polyethylene (PE), 

polypropylene (PP), acrylics (PAN), polyvinyl acetate (PVA), polyester (PES) 
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and carbon are incorporated in the cement matrix mainly for reducing plastic 

shrinkage cracking and for increasing the resistance to fire spalling. 

At any rate, the most interesting fibers in the building materials sector 

are those made out of metal. They improve the toughness and reduce the crack 

widths. Surely, along the years, thanks to the new technology, their shape is 

changed and today modern steel fibers have higher slenderness and more 

geometry that is complex. 

2.6.3.1 Steel Fibers 

In particular, metallic fibers are made of either carbon steel or stainless 

steel and their tensile strength varies from 200 to 2600 MPa. 

ACI Committee 544 [20]showed that; for conventionally mixed steel 

fiber reinforced concrete (SFRC), high aspect ratio fibers are more effective in 

improving the post-peak performance because of their high resistance to 

pullout from the matrix. A detrimental effect of using high aspect ratio fibers is 

the potential for balling of the fibers during mixing. Techniques for retaining 

high pullout resistance while reducing fiber aspect ratio include enlarging or 

hooking the ends of the fibers, roughening their surface texture, or crimping to 

produce a wavy rather than straight fiber profile. 

The European Standard EN 14889‐1:2006 (CEN, 2006) [21]says that 

steel fibers are straight or deformed pieced of cold‐drawn steel wire, straight or 

deformed cut sheet fibers, melt extracted fibers, shaved cold drawn wire fibers 

and fibers milled from steel block which are suitable to be homogeneously 

mixed into concrete or mortar. 

 Moreover, in that norm, steel fibers are divided into five general groups 

and are defined in accordance with the basic material used for the production 

of the fibers according to: 

 ‐ Group I, cold‐drawn wire; 

 ‐ Group II, cut sheet; 

 ‐ Group III, melt extracted; 
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 ‐ Group IV, shaved cold drawn wire; 

 ‐ Group V, milled from blocks. 

There are also many other classifications made by other standard bodies 

that consider different fibers features. The Japanese Society of Civil Engineers 

(JSCE) has classified steel fibers according to the shape of their cross‐section: 

 ‐ Type 1: Square section; 

 ‐ Type 2: Circular section; 

 ‐ Type 3: Crescent section. 

ASTM A 820 provides a classification for four general types of steel 

fibers based upon the product used in their manufacture: 

 ‐ Type I—Cold‐drawn wire; 

 ‐ Type II—Cut sheet; 

 ‐ Type III—Melt‐extracted; 

 ‐ Type IV—other fibers. 

For steel fibers, three different variables are used for controlling the 

fibers performance:  

1. The aspect ratio; 

2. The fiber shape and surface deformation (including anchorages that 

increase their performance) and  

3. The surface treatments (Lofgren, 2008) [22]. 

For fibers, in order to be effective in cementations matrices, it has been 

found (by both experiments and analytical studies) that they should have the 

following properties:  

(1) A tensile strength significantly higher than the matrix (from two to 

 three orders of magnitude); 

 (2) A bond strength with the matrix preferably of the same order as, or 

 higher, than the tensile strength of the matrix; 

 (3) An elastic modulus in tension significantly higher than that of the 

 matrix (at least three times) and 
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 (4) Enough ductility so that the fiber does not fracture due to its 

 abrasion or bending.  

In addition, the Poisson ratio (ν) and the coefficient of thermal expansion 

(α) should preferably be of the same order of magnitude for both fiber and 

matrix (lofgren, 2008) [22]. 

 A great variety of fiber shapes and lengths are available depending on 

the manufacturing process. 

The cross‐section of an individual fiber could be circular, rectangular, 

irregular, flat or any substantially polygonal shape. 

 Mechanical deformation along their length can improve the bond 

strength producing smooth, indented, deformed, crimped, coiled and twisted 

fibers. In addition, different shaped ends could improve the bond strength (end 

paddles, end‐buttons, end‐hooks or other anchorages). 

 Steel fibers can also have coatings like zinc (for improving corrosion 

resistance) or brass (for improving bond characteristics). 

Fiber length ranges from 10 to 60 mm with equivalent diameters 

between 0.5 and 1.2 mm (0.15‐0.40 mm thickness and 0.25‐0.90 mm in width) 

and an aspect ratio less than 100 (typically ranging from 40 to 80). 

While the straight fiber is only anchored in the matrix by friction and 

chemical adhesion, all other fibers, which have a deformation along their axis, 

develop greater bond properties.  

In order to utilize the usually high tensile strength of fibers it is 

important that fibers are well anchored in the concrete matrix. 

(Minelli, 2005) [23] Indicated that crimped fibers show a better 

workability compared to straight or other forms of fibers for a similar fiber 

aspect ratio  

The orientation and the distribution of fibers are worth mentioning. They 

play an important role for the mechanical performance of the FRC. Body 

random orientation is characterized by equi‐probable and unlimited (free) 
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distribution of short fibers throughout the body of the concrete (in three 

dimensional space). Plane random orientation occurs in thin walled elements 

(flat sheets, plate, thin walls, etc.).  

The smaller the cross‐section is, the more restricted the possibilities of 

free orientation of the fibers and a three dimensional bulk are.  

The mechanical behavior must include the orientation of the fiber in 

order to quantify the fibers bridging the crack. For this purpose, it is common 

to define the fiber efficiency factor as the efficiency of bridging, in terms of the 

amount of fibers bridging crack, with respect to orientation effects.  

The fiber content in a mixture, when steel fibers are used, usually varies 

between 0.25 and 2 % by volume, i.e. from 20 to 160 kg/m3. Normally lowest 

percentage is used in slabs on grade while the upper value is used for 

structurally more complicated applications. 

Nowadays, it is believed that a proper characterization of fibers should 

be undertaken by considering the post‐cracking behavior itself rather than the 

geometry and the amount of fibers provided in the matrix. In fact, the same 

amount of fibers in different types of concrete give quite different. 

  

 

Fig (2.2) Different types of steel fibers. 

 

2.6.3.2 Developing Technology for Steel Fibers: 

ACI Committee 544[20] presented that SFRC technology has grown 

over the last three decades into a mature industry. However, improvements are 

continually being made by industry to optimize fibers to suit applications. 
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 A current need is to consolidate the available knowledge for SFRC and 

to incorporate it into applicable design codes.  

A developing technology in SFRC is a material called SIFCON (Slurry 

Infiltrated Fiber Concrete). It is produced by filling an empty mold with loose 

steel fibers (about 10 percent by volume) and filling the voids with high 

strength cement- based slurry. The resulting composite exhibits high strength 

and ductility, with the versatility to be shaped by forms or molds 

2.6.3.4 Modes of Failure 

When beams are tested under a load up to the failure it is essential to 

record the mode in which the beam fails observing the crack path and position 

at failure. The types and formation of cracks depend on both the span‐to‐depth 

ratio of the beam and the load. 

These variables influence the moment and shear along the length of the 

beam. For a simply supported beam under uniformly distributed load or 

concentrated load at the mid-span, without pre‐stressing, three types of cracks 

are identified (Amlan et al, 2011) [24]: 

‐ Flexural cracks: these cracks are located near the mid-span; they start 

from the bottom of the section and propagate vertically upwards. 

‐ Web shear cracks: these cracks are located near the neutral axis and 

close to the support, they propagate inclined to the beam axis. 

‐ Flexure shear cracks: these cracks start at the bottom of the beam due 

to flexure and propagate inclined due to both flexure and shear. 

Beams with low span‐to‐depth ratio or inadequate shear reinforcement 

often present a shear failure. A failure due to shear is sudden if compared to a 

failure due to flexure, cracks are more localized and most of them are located 

above and along the inclined line joining the support with the point at which 

the load is applied. The following five modes of failure due to shear are 

identified: 
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a) Diagonal tension failure: in this mode, an inclined crack  propagates 

 rapidly due to inadequate shear reinforcement. 

b) Shear compression failure: there is crushing of the concrete  near the 

compression flange above the tip of the inclined crack. 

c) Shear tension failure: due to inadequate anchorage of the 

 longitudinal bars, the diagonal cracks propagate horizontally along the 

 bars. 

d) Arch rib failure: for deep beams, the web may buckle and 

 subsequently crush. There can be anchorage failure or failure of the 

 bearing. 

e) Web crushing failure: the concrete in the web crushes owing to 

 inadequate web thickness. 

The modes are shown through sketches in Figure (2.3). 

 

Figure (2.3) Modes of failure: (a) diagonal tension failure, (b) shear compression failure,(c) 

Shear tension failure, (d) arch rib failure and (e) web crushing failure (Amlan et al,2011). 
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The occurrence of a mode of failure depends on the span‐to‐depth ratio, 

loading, cross-section of the beam, amount and anchorage of reinforcement as 

well as the concrete strength. The flexural failure, opposite to the shear one, is 

characterized by crack that appear progressively, allowing the beam to reach 

significant ductility (Figure 2.4) 

 

Figure (2.4) Crack patterns at flexural ultimate condition (Chucchiara et al., 

2003) [25] 

 

2.7 Shear Strength of High Strength Steel Fiber Reinforced Concrete 

Beams 

High strength concrete is a brittle material, and the higher the strength of 

concrete the lower its ductility. This inverse relation between strength and 

ductility is a serious drawback for the use of higher-strength concrete, and a 

compromise between these two characteristics of concrete can be obtained by 

adding discontinuous steel fibers. 

Addition of steel fibers to concrete makes it more homogeneous and 

isotropic and transforms it from a brittle to a more ductile material. 

Steel fibers have some advantages over vertical stirrups or bent-up 

flexural steel. First, the fiber spacing is much closer than the practical spacing 

of stirrups, since the former is randomly and more or less uniformly distributed 

throughout the concrete volume. Secondly, the first crack and the ultimate 

tensile strength of concrete are increased by the presence of steel fibers. 
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 This results in an increase of the load necessary to produce shear 

cracking as well as the ultimate shear resistance of the beams. Thirdly, stirrups 

require a high labor input for cutting, bending and fixing and in thin webs, they 

can be impractical and difficult to fix. Lastly, in relatively shallow beams, the 

necessary development length of the stirrups may not be available because of 

the short distance between the mid-depth and the compression face of the 

member, and therefore the use of stirrups may not be economical. 

The methods recommended in codes of practice for calculating the 

ultimate shear strength of ordinary beams cannot be used for fiber concrete 

beams because of the different properties of the plain and fiber concretes. 

 Considerable amount of experimental data are available on the shear 

strength of steel fiber mortar and concrete rectangular beams. Predictive 

equations for shear strength of fiber-reinforced concrete beams have also been 

suggested by some previous investigators. Some of these equations are 

generally based on tests of a particular type of steel fiber. The need for a 

generalized shear strength equation is therefore obvious if steel fibers are to be 

used in actual structural members. 

Sharma (1986) [26] tested seven beams with steel fiber reinforcement, 

of which 4 also contained stirrups. The fibers had deformed ends. Based on 

these tests and those by Batson et al (1972a) and Williamson and Knab 

(1975) [27], he proposed the following equation for predicting the average 

shear stress vd in the SFRC beams. (In the equation that follows, a 

typographical error in Sharma’s 1986 paper has been corrected.) 

        = 
 

 
    

    (
 

 
)

    
 

where     
    is the tensile strength of concrete obtained from results of 

indirect tension tests of 6 x 12 in. (150 x 300 mm) cylinders, and d/a is the 

effective depth to shear- span ratio. Straight, crimped, and deformed-end fibers 

were included in the analysis and the average ratio of experimental to 
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calculated shear stress was 1.03 with a mean deviation of 7.6 percent. The 

influence of different fiber types and quantities is considered through their 

influence on the parameter   
    . 

 The proposed design approach follows the method of ACI 318 for 

calculating the contribution of stirrups to the shear capacity, to which is added 

the resisting force of the concrete calculated from the shear stress given by 

above eq. 

J. Son1, B. Beak1, C. Choi2 [28] investigated the behavior of steel fiber 

reinforced normal strength concrete subjected to predominant shear. This study 

aims to effect on shear strength, about steel fiber in Ultra High Performance 

Concrete through experiment, also steel fiber is how to effects at the strength 

and ductility of Ultra High Performance Concrete. Investigate shear equation 

of UHPC through comparing previous proposal, how to effects steel fiber on 

shear strength equation of UHPC. 

 In this study, steel fiber effect on the shear strength in UHPC. It is 

difficult estimation of shear strength, common approach in the area of high 

strength. So, study the impact of each factor what configure UHPC will.  

From this investigation, the conclusions can be followed. 

(1) Initial shear strength 3 times increase to the effect of steel fiber.  

(2) 200MPa specimen (BS-200-2.0) is 15% increase shear strength than 

 compressive strength 100MPa (BS-100-2.0).  

(3) Steel fiber contained specimen (BS-200-2.0) is 140% increase shear 

 strength than without fiber specimen (BS-200-0).  

(4) Flexural failure induction is more effective when steel fiber contain. 

 (5) Steel fiber contained concrete was increase the ductility at ultimate 

 strength.  

 (6) It is difficult to express UHPC shear strength using previously 

 proposal equations.  
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More research is needed for factors that are  influencing the shear. (Steel 

fiber, strength of concrete, shear span ratio). 

Divya S Nair,  Dr. Ruby Abraham, and Dr.Lovely K M M.Tech[29] 

presents the details of an experimental investigation to determine the shear 

carrying capacity of high strength fiber reinforced concrete beam (HSFRC). 

M60 grade concrete was designed as per ACI method and the aspect ratio of 

the fibers were taken as 40 for the present investigation and volume fraction 

varied from 0 to 1%. Specimens of size 100×150×1200mm were prepared  and 

tested under 2 point loading.  

The test results show that the addition of fibers in high strength concrete 

increases the load carrying capacity and also the ductility. The available 

equations in the literature for calculating the shear strength were studied in 

detail. The existing equation proposed by Shin was modified. The comparison 

between computed values and experimentally obtained values is shown to 

validate the proposed model. 

 Test result shows that by adding fibers the  hardened property of the 

concrete was increased. Only slight variation was found in the compressive 

strength due to the addition of fibers but increase in flexural strength was about 

40% when the fiber content was increased from 0% to 1%. In addition, there 

was a significant increase in split cylinder strength. 

Table (2.2) Properties of Steel Fiber (Divya S Nair Dr. Ruby Abraham 

Dr.Lovely K M M.Tech) [30] 

Length (mm) 20 

Diameter (mm) 0.5 

Aspect ratio(l/d) 40 

Ultimate Stress 412 N/mm2 
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Table (2.3) Hardened Properties of Concrete 

Property CB FB0.25% FB0.50% FB0.75% FB1.0% 

Cube compressive 

strength 
79.25 80.70 81.20 81.96 82.3 

Cylinder 

strength 
63.90 65.40 67.24 67.42 68.67 

Modulus 

of 

elasticity 

6.96x1
4
 8.23x1

4
 8.54x10

4
 8.63x10

4
 8.643x1

4
 

Split 

tensile 

strength 

3.11 3.54 3.82 4.53 4.95 

Flexural 

strength 
4.37 4.54 5.85 6.86 7.23 

 

In the present study, 15 beam specimens of size 100×150×1200 mm 

were prepared. The volume fraction of fibers used was 0.25%, 0.5%, 0.75% 

and 1% (FB 0.25%, FB0.5percentage, FB0.75percentage and FB1percentage). 

For each volume fraction, three specimens were cast. Three control specimens 

without fibers were also prepared. The required materials were thoroughly 

mixed in a drum type mixer machine and the super plasticizer (SP) was added 

along with 50% of the water. Since the workability was reduced with the 

addition of steel fibers, the dosage of SP was adjusted to obtain a constant 

workability of compaction factor of 0.9. 

After 24 hours of casting, specimens were remolded and kept for water 

curing. After 28 days of curing specimens were taken out and kept ready for 

testing. Results: 
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Table (2.4) shows the test result of first crack load (by visual inspection) 

and ultimate load. It can be observed that as the fiber content increases the first 

crack load increases gradually and specimen with 1% fiber, the first crack load 

increased by 52.7%. Similarly, ultimate load also increased due to the addition 

of fibers and at 1% fiber, the increase was about 60%. 

Table (2.4) ULTIMATE LOAD, FIRST CRACK LOAD 

Designation of beam 

specimen 

First crack 

load(KN) 

Ultimate load 

(KN) 

CB 34 41 

FB0.25% 40 52 

FB0.5% 44 59 

FB0.75% 52 78 

FB1% 72 102 

 

All the specimens exhibited linear behavior initially and as the load 

increases specimens with higher percentage of fibers exhibited non-linear 

behavior. It can be observed that as the fiber content increases the stiffness of 

the specimen increases.  

The specimen with fiber content 0 to 0.75% failed in shear and the 

specimens with 1% fiber content it was observed that the failure was due to the 

combined action of flexural crack and shear crack. 

Energy absorption capacity of all the specimens was calculated as area 

under load deflection curve. It can be observed that as fiber content increased, 

the energy absorption capacity increased and for 1% fiber, an increase of 

75.5% was found. This can be attributed to the effect of fibers in bridging the 

crack and hence enhancement in energy absorption capacity. 
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Table (2.5) Energy Absorption Capacity of SFRP 

Beam Specification 

Energy absorption capacity 

(N-mm) 

Energy absorption capacity 

(N-mm) 

CB 1.76×10
6
 

FB0.25% 3.2×10
6
 

FB0.5% 4.1×10
6
 

FB0.75% 5.8×10
6
 

FB1% 7.2×10
6
 

 

Divya S Nair, Dr. Ruby Abraham, and Dr.Lovely K M M.Tech [29] show 

that 

 The addition of fibers in high strength concrete increases the first 

crack load and ultimate load. For 1% volume fiber the ultimate load 

increased by 60%. Inclusion of steel fibers in the concrete mix 

improves the shear strength of RC beams and tends to change the 

mode of failure from brittle shear to ductile flexure. 

 The ultimate shear strength of HSFRC beams can reasonably 

predicted by the modified equation suggested. 

Remigijus Šalna, Gediminas Marčiukaitis [30] analyses the influence 

of steel fiber volume and shear span ratio on the strength of fiber reinforced 

concrete elements in various states of stress. 36 beams with three different 

shear spans (a/h = 1, 1.5, and 2 %) and three different fiber volumes (1, 1.5, 

and 2 %) were tested to examine how these factors influence the behavior of 

such elements. 

Test results suggest that steel fiber volume and shear span can increase 

load capacity, plasticity and cracking. Experimental research showed that steel 

fiber volume has different influence at different shear span ratios. Regression 
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analysis of experimental data was carried out and empirical approach showing 

different effect of these factors was proposed. Furthermore, test results were 

compared with different theoretical and empirical approaches of other authors. 

Nine beams have been tested by D.H. Lim, B.H. OhA [31] to 

investigate the influence of fiber reinforcement on the mechanical behavior of 

reinforced concrete beams in shear. The major test variables are the volume 

fraction of steel fibers and the ratios of stirrups to the required shear 

reinforcement. The test results show that the first crack shear strength increases 

significantly as fiber content increases and the improvement in ultimate shear 

strength is also achieved. The present study indicates that fiber reinforcement 

can reduce the amount of shear stirrups required and that the combination of 

fibers and stirrups may meet strength and ductility requirements. The volume 

fraction of steel fibers were varied from 0% to 2% and the ratios of stirrups 

from 0% to 100% of the required shear reinforcement, The beams were tested 

under four-point loading condition and the load was applied to the test beams 

as two equal concentrated loads by means of steel spreader beam. 

D.H. Lim, B.H. OhA, showed that the compressive strength increased 

by about 25% when fibers were introduced into the concrete by up to 2% by 

volume, the increase in flexural strength was about 55% when the fiber content 

was increased to from 0% to 2%. One other more important characteristic in 

flexural behavior is that the fiber reinforced concrete showed remarkable 

ductility and energy absorption capacity. 

 D.H. Lim, B.H. OhA, represented that One predominant effect of steel 

fibers is to increase the shear cracking strength. Generally, the shear cracking 

strength of fiber reinforced concrete is higher than that of conventional 

reinforced concrete. Fig. 7 shows the variation of shear cracking strength with 

fiber contents. It can be seen that the inclusion of fiber increases shear-cracking 

strength significantly. This indicates that it is more effective to increase the 

shear cracking strength and ductility through the addition of more steel fibers. 
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 It can be seen that by D.H. Lim, B.H. OhA, experimental work that 

fiber reinforced concrete beams exhibited similar improvements in ultimate 

shear strength compared with the companion beams without fibers. Fiber 

contents of up to 2% employed in the beams, showed small improvement in 

ultimate shear strength. However, mentioned earlier, as the volume of fiber 

increases, improvements in shear cracking strength is significant compared 

with companion beams without fibers and with only stirrups. 

 From these test results, it can be concluded that through the addition of 

fiber reinforcement, we can reduce the amount of shear stirrups required. An 

optimum combination of steel fibers and shear stirrups may be arrived at the 

required strength and ductility. It is possible that 50–75% of conventional 

stirrups, together with 1% of fiber volume contents may be an optimum for the 

beam tested. 

 Review  of  Ashour [32] The results  of  this  research  indicated  the  

same  general  relationships  between  the  a/ d ratio  and  the  mode  of  failure. 

 The  tests  indicated  a  marked  improvement  in  the  post-peak  behavior  of  

the  specimens,  with  a significant  increase  in  the  ductility. 

 The  effect  of  the  fibers  on  beam ductility  became more  pronounced  

as  the  a/d  ratio  increased,  and  this  supports  the idea  that  the  fibers  are 

more  effective  in  contributing  to  the  beam  transfer  mechanism,  than  to  

the  arch mechanism. 

 Most  significantly,  the  results  confirmed  those  noted  by  Valle  [45],  

in  that  it  was observed  that  the  addition  of  fibers  to  the  specimens  

caused  a  noticeable  increase  in the  shear  strength.  

  Two formulae (in MPa) were also proposed for the prediction of the 

shear capacity of HSFRC beams: 

   (    √  
    )

 

 
        

 

 
  a/d      
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   (    √  
      )                a/d > 2.5 

     (
 

 
)        And      is the fiber effectiveness 

 In 1987, two researchers, Narayanan and Darwish [33], postulated 

their formula that, in the following years, has been one of the most used and 

has later been shown to be one of the best alternatives through comparison 

with published data. 

 Their purpose was to investigate the behavior of steel fiber reinforced 

concrete beams subjected to predominant shear. After their investigation, they 

presented the semi‐empirical equations that are tools to be used for design 

purposes. 

 These predictive equations are suggested for evaluating  

 (1) The cracking shear strength and  

 (2) The ultimate shear strength of fiber reinforced concrete beams. 

 In the paper mentioned above, they established that the inclusion of steel 

fibers in RC beams results in a substantial increase in their shear strength (e.g., 

when 1 % volume fraction of fibers was used, an increase of up to 170 % in the 

ultimate shear strength was observed). 

 The test program consisted on fabricating 49 beams having identical 

rectangular cross section of 85 x 150 mm, and testing them under four 

symmetrically placed concentrated loads. 

 Four clear spans and four shear spans were employed. Three different 

types of beam were tested:  

 (1) Beams without web reinforcement,  

 (2) Beams with conventional stirrups and,  

 (3) Beams containing crimped steel fibers as web reinforcement. 

 Test result showed that the first‐crack shear strength     increased 

significantly due to the crack‐arresting mechanism of the fibers. Even for a 

fiber volume fraction of 1 %, which was the optimum percentage, the ultimate 
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shear strength improvements were of the same order as those obtained from 

conventional stirrups. 

 They recognized that the shear force V withstood by a beam could have 

the following form: 

    +  +  +   

 Where    is the vertical component of the interlocking force, which 

results from interlocking of aggregate particles across a crack;    is the vertical 

component of the fiber pull‐out forces along the inclined crack;    is the 

shearing force across the compression zone and    is the transverse force 

induced in the main flexural reinforcement by dowel action. 

  However, it should be noted that the above four shear forces are not 

necessarily additive when failure is imminent. In the formula hereinafter 

shown, the contribution of the aggregate interlocking has been ignored (this 

assumption gives a safe prediction). 

 

Figure (2.5) free body diagram of part of the shear span of a simple supported beam 

fiber reinforced concrete beam (Narayanan et al., 1987) [33]. 
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Fiber factor F given by    (
 

 
)       

 Where 
 

 
 is the fiber aspect‐ratio,    is the fibre volume fraction and    is 

the bond factor that accounts for differing fiber bond characteristics; based on a 

large series of pull‐out tests,   was assigned a relative value of 0.5 for round 

fibres, 0.75 for crimped fibers and 1.0 for indented fibers. 

           +                    
 

 
 

Where   is the average fibre matrix interfacial bond stress. With steel 

fibers in cementitious composites, the fiber matrix interfacial bond is mainly a 

combination of adhesion and friction and mechanical interlocking. The 

available investigations on the fiber bond resistance have shown a large scatter 

of test results (Narayanan et al., 1987). However, the indirect methods adopted 

by Swamy, Mangat and Rao (1974) [34] seem to be more realistic, and the 

value of 4.15 N/mm2. Suggested by them for the ultimate bond stress   was 

adopted in the Narayanan &Darwish study. ( =4.15 Mpa). 

fspfc: the split cylinder strength. 

fspfc = 
    

(   √ )
      √    Mpa 

Where  fcuf  is the cube strength of fiber concrete. 

The term e is a non‐dimensional factor that takes into account the 

effect of arch action and is given by: 

   e=1 when 
 

 
 > 2.8 

  e=2.8 
 

 
 when 

 

 
 < 2.8 

A’ is a non‐dimensional constant having a value of 0.24. 

B’ is a dimensional constant having the value of 80 N/mm2. 

 The last and third term, considers the dowel action provided by the 

amount of longitudinal tensile reinforcement  = As/bd with the shear span 

ratio a/d. 



Literature review chapter two 

26 
 

 RILEM TC 162‐TDF (2003) [35] The RILEM Design Method is based 

on the European pre‐standard ENV 1993‐1‐1 (Euro code 2) [36]. This 

method calculates the shear capacity V as consisting of 3 separate 

contributions: 

V =Vc +Vw +Vf 

 This is the equation given in the first draft of EC 2 (1993) [36] with the 

addition of the term for the contribution of the fibers Vf. However, the shear 

resistance of the plain concrete Vc is taken from the second draft of the EC 2 

(2001) with the partial safety factor  c =1.5. 

   = {
    

  
   (         )

 

         }      

 Where     √
   

 
   ,    =           ,     =         ,   

        (
  

  
) (

  

 
) and        and       √

   

 
   

      Characteristics cylinder compressive strength [N/mm
2
] 

b: Width of the beam [mm] 

d : Effective depth of the beam [mm] 

      Factor for taking into account the contribution of the flanges in T‐section 

it is equal to one for rectangular sections 

   : The height of the flange 

    The width of the flange 

   : The width of the web 
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 Shin et al. (1994) [37].This paper reports the results of an investigation 

on the strength and ductility of fiber reinforced high strength concrete beams 

(with concrete compression strength equal to 80 MPa) with and without steel 

fiber reinforcement, the diagonal cracking strength as well as the nominal shear 

strength of the beams were determined. 22 beam specimens were tested under 

monotonically increasing loads applied at mid‐span. The major test parameters 

included the volumetric ratio of steel fibers, the shear‐span‐to depth ratio, the 

amount of longitudinal reinforcement and the amount of shear reinforcement. 

 Empirical equations are suggested for evaluating the nominal shear 

strength of SFR high‐strength concrete beams 

For beam with a/d <3 

                 
 

 
          

 Ding et al. (2011) [38]. This paper presents the results of an 

experimental research program on the shear behavior of steel fiber reinforced 

SCC beams. 

  The major aims of this program are to evaluate the possibility of 

replacing stirrups by steel fibers, to study the hybrid effect of steel fibers and 

stirrups on the mechanical behavior of beams, and to analyze the influence of 

steel fibers in the failure mode and shear strength. The beams studied in the 

test program had a cross section of 200 mm x 300 mm and 2400 mm length. 

 They were tested on a span of 2100 mm having two stirrups ratio and 

two fiber contents. They were nine beams, but only 3 over these were suitable 

for the investigation carried in this work. Moreover, the authors investigated 

the validity of the existing semi‐empirical equation for predicting the shear 

strength and they suggested a new formula. 

     [       
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ξ: factor tacking account size effect = 
 

√  
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d: depth,     : maximum agg.size.  

  
  : Compressive strength of cylinder = 0.86    

       
       

       

   
 

      
       

   
       

      

    
    

    (
 

 
)

     
 

 Lim et al. (1999) [39]. The purpose of this study was to explore the 

shear characteristics of reinforced concrete beams containing steel fibres. The 

tests reported in this article consist of nine beams reinforced with stirrups and 

steel fibers. The main aims of this study were to investigate  

(1) The mechanical behavior of reinforced concrete beams containing 

steel fibers under shear. 

  (2) The potential use of fibers to replace the stirrups. 

(3) The combinations of stirrups and steel fibers for improvements in 

ultimate and shear cracking strengths as well as ductility.  

A method of predicting ultimate shear strength of beams, when reinforced with 

stirrups and steel fibers, is proposed. 

 Cucchiara et al (2004) [25]. The aim of the paper consists of the 

evaluation of the improvement in the post‐peak behavior due to the presence of 

fibers and in particular to the coupled effects of fibers and stirrups. 

  The load‐deflection graphs recording the post‐peak branch, allowing the 

conclusion that the inclusion of fibers can modify the brittle shear mechanism 

into a ductile flexural mechanism, thus allowing a larger dissipation of energy 

necessary especially in seismic resistant reinforced concrete framed structures. 

 The tests were carried out by considering two different values of shear 

span, different volume of fiber and stirrups, for two series of eight beams. 

 Kwak et al (2004) [41]. Twelve reinforced concrete beams were tested to 

failure to evaluate the influence of fiber‐volume fraction, a/d and concrete 

compressive strength on beam strength and ductility.  
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 The beams denoted by the letters FHB (fiber‐reinforced, higher‐strength 

concrete beams) were constructed with concrete having a compressive strength 

near 65 MPa while the one denoted by FNB2 had an average compressive 

strength of 31 MPa. No stirrups were included in the shear span, only behind 

the supports in order to preclude the possibility of anchorage failure of the 

longitudinal bars. 

The authors’ results demonstrated that the nominal stress at shear cracking and 

the ultimate shear strength increased with increasing concrete compressive 

strength, fiber volume, and decreasing shear span‐depth ratio.  

Moreover, the results of 139 tests of FRC beams without stirrups were 

used to evaluate existing and proposed empirical equation for estimating shear 

strength. 

  The evaluation indicated that the equation developed by Narayanan 

and Darwish [33] and the equation proposed herein provided the most 

accurate estimates of shear strength. 
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 Kearsley et al (2004) [41]. The authors of this paper investigated the 

effect of stainless steel fibers by casting nine different series of beams. 

 Three beams in each series were cast, resulting in 27 beams. Out of nine 

series, one series was done in plain concrete without any shear reinforcement, 

three series were with fiber reinforcement and five series were with both fiber 

and conventional shear reinforcement. To evaluate the effect of the fibers, the 

equivalent flexural tensile strength of the SFR‐concrete was determined 
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applying load in control of displacement on 150 x 150 x 750 beams in four 

point bending test (clear span equal to 600 mm). 

 The test values confirm that the stainless steel cast fibers are 

significantly less effective in providing post‐cracked concrete strength than 

draw wire fibers. 

  It can be observed that the contribution of fibers to the ultimate shear 

strength depends essentially on the volume fraction of the fibers, on their 

geometric characteristics and on the fiber‐matrix interfacial bond that 

determines the resistance to fiber pull‐out. 

 ACI 318 [1] expresses the ultimate strength for HSC concrete in shear 

   by the following equation: 

            

    *     √  
        (

    

  
)+              √  

             

       : Shear force and moment at the critical section. 

          : Longitudinal tension steel ratio. 

ACI allows the following simplification assuming that the term 
    

  
  is small; 

        √  
   b.d    Mpa 

    
                             

 
 

Where 

   :  Area of shear reinforcement within spacing S. 

    :   Yield strength of shear reinforcement. 

     :  Lever arm resisting flexural moment (usually =0.9d). 

      :  Angle of inclination (which varies between 30 and 60 degrees) of the 

 diagonal compressive stress to the longitudinal axis of the beam. 

       : Angle of inclined stirrups to the longitudinal axis of the beam. 

 (BS8110) [42] British Standard expresses the ultimate strength for HSC 

concrete in shear    by the following equation: 
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 Euro Code2 (EC2) [36] expresses the ultimate strength for HSC 

concrete in shear    by the following equation: 

           
                    Mpa 

              

 Chinese Code for Design of Concrete Structure, GB50010–2002 [43] 

expresses the ultimate strength for HSC concrete in shear    by the following 

equation: 
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  Mpa 

 Where    is the shear load of the RC member,    is the tensile strength 

of the prism, λ is the shear span-to-depth ratio, and   is the shear strength of 

the RC member. 
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  Mpa 

Where    is the shear load of the fiber reinforced RC member,    is the 

influence coefficient of the steel fibers,    is fiber factor,     =        , and 

    is shear strength of fiber reinforced RC member. 

 Ultimate shear strength of High strength fiber Reinforced Concrete is 

given by Li (1992) [44] by the following equation: 

            (      )       

    :  Split cylindrical strength; 

     :  Flexural strength of fibre concrete. 

 Most  significantly,  the  results  confirmed  those  noted  by  Valle,  

M.O.,  Shear  Transfer  in  Fiber  Reinforced  Concrete,  M.S.  Thesis, 

Department of Civil Engineering, Massachusetts  Institute  of  Technology,  
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1991[45]. observed  that  the  addition  of  fibers  to  the  specimens  caused  a  

noticeable  increase  in the  shear  strength. 

  Two  formulae  (in  MPa)  were  also  proposed  for  the  prediction  of  

the  shear  capacity of  HSFRC  beams  : 

         √  
  + 7F ) 
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          √  
  
 + 7F ) 
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     Mpa 

 

Evaluation according to Egyptian code (ECP-203) [46]:  

Shear force is present in beams at sections where there is a change in 

bending moment along the span. An exact analysis of shear strength in 

reinforced concrete beam is quite complex. Several experimental studies have 

been conducted to understand the various modes of failure that could occur due 

to possible combination of shear and bending moment. Despite the great 

research efforts, however, there is still not a simple. In addition, many of the 

factors that influence the determination of the required minimum amount of 

shear reinforcement are not yet known. 

 The shear strength of R.C. beams depends on the strength of concrete, 

the percentage of the longitudinal reinforcement and the span-to-depth ratio or 

stiffness of the beam. From shear force, diagram find that the shear force is 

equal to support reaction that equal to haft of vertical load, and the theoretical 

shear force is equal to the force for allowable concrete shear strength, as in Eq. 

(1) plus the force from carrying shear strength by vertical stirrups as in Eq. (2): 

          √
   

  
       Eq (1) 

      
      

      
  MPa            Eq(2) 

Where    is characteristic cube compressive strength of concrete in 

N/mm2,     is the area of stirrups, b is the section width, S is the spacing 

between stirrups.    ,    is the material factor of safety of concrete and steel, 
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respectively and are taken equal unity in calculation. Then, the theoretical 

shear force can be calculated as the following equation: 

     [           ]    
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Chapter Three 

 

EXPERIMENTAL PROGRAM 

  

3.1 Introduction 

This chapter describes the experimental work performed through this 

study; beginning with specimens details, determination of the properties of 

used materials, preparing of mix design of specimens, the measurement 

devices, casting procedure, test setup, and finally test procedure, , in order to 

study shear strengthening of  high strength concrete beams with added discrete 

steel fiber. 

3.2 Objectives of the Research 

1. Study the behavior of high strength reinforced concrete mixed with 

discrete steel fiber. 

2. Study the effect of span to depth ratio on shear strength of  HSRC  

beams with discrete steel fiber 

3. Study the mode of failure and crack pattern for all specimens. 

4. Discussion and analysis of experimental results. 

3.3 Description of Test Specimens 

  Present study includes twelve specimens, divided to three groups, the 

first group of specimens contains four specimens which are identified as (A–0), 

(A–1), (A-2), and (A-3), the second group contains four specimens which are  

identified as (B-0), (B-1), (B-2) and (B-3), and third group also contains four 

specimens which are identified as (C-0), (C-1),(C-2), and( C-3). Each group 

has beams of constant span equal 1500 mm and rectangle cross section 250mm 

depth and 120mm width as listed in Table (3.1). The letter (A) indicate that  

shear span  to depth ratio (a/d) is (1.5), the letter (B) indicate that shear span to 
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depth ratio (a/d) is (1.7), and the letter (C) indicate that shear span to depth 

ratio (a/d) is (2.2). Where (a) means the distance from applied concentrated 

load to support of beam, and (d), is the depth of  beam as shown on figure 

(3.1). Using numbers (0), (1), (2), and (3) in the specimen's names indicate the 

volume of fraction of fiber in specimens by weight, are equal to (0%), (0.25%), 

(0.5%), and (0.75%) respectively.  

Volume of fraction percentage can be defined as: 

              

Where     Is the volume of steel fiber, and    is the volume of specimen. 

The dimensions of the tested beams are shown in Fig (3.1), the tested 

beams represented about half scale models of prototype structural beam in 

building. They have Rec-section, consisted of 250 mm in thickness and 120 

mm width and its supporting length was 1500 mm. Table (3.1) present beams 

dimension and details of reinforcement. 

 

Fig (3.1). Beam Dimension 
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Table (3.1). Specimens Details. 

Compres. 

St. 

Main 

Steel 

Vertical 

Stirrups 

Fiber 

Content 
Specimens Dimension a/d 

GROUB 

No. 

2D12mm 2D16 7Ф8 / m 0% A-0 120x250 

1.5 A 
2D12mm 2D16 7Ф8 / m 0.25% A-1 120x250 

2D12mm 2D16 7Ф8 / m 0.5% A-2 120x250 

2D12mm 2D16 7Ф8 / m 0.75% A-3 120x250 

2D12mm 2D16 7Ф8 / m 0% B-0 120x250 

1.7 B 
2D12mm 2D16 7Ф8 / m 0.25% B-1 120x250 

2D12mm 2D16 7Ф8 / m 0.5% B-2 120x250 

2D12mm 2D16 7Ф8 / m 0.75% B-3 120x250 

2D12mm 2D16 7Ф8 / m 0% C-0 120x250 

2.2 C 
2D12mm 2D16 7Ф8 / m 0.25% C-1 120x250 

2D12mm 2D16 7Ф8 / m 0.5% C-2 120x250 

2D12mm 2D16 7Ф8 / m 0.75% C-3 120x250 

 

3.4 Tests of Used Materials 

This part presents a summary for the properties of used materials in this 

research. The used materials were tested in order to investigate their properties. 

A summery for the properties of the materials used and the mix design for the 

tested beams will be presented later on. 

3.4.1 Coarse Aggregates 

Coarse aggregate (Crushed Dolomite) was used in this research with 

maximum nominal aggregate size 40mm and fineness modulus 6.3. The used 

coarse aggregate was clean, free of impurities and with no organic compounds. 

Coarse aggregates tests carried out according to the Egyptian Standard 

Specifications. The characteristics of coarse aggregate are tabulated in Table 

(3.2). 
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Table (3.2). Coarse Aggregate Characteristics 

Test Results Specification Limit 

Specific Gravity 2.72 2.6 – 2.8 

Unit Weight and voids 1.59 ---------------- 

Materials Finer than  Sieve no 200 1.82 Less than 2 % 

Abrasion (Los Anglos) 19.26 Less than 25 % 

Absorption 2.03 ---------------- 

Crushing 23 Less than   % 30 

Impact 18.6 Less than 30 % 

 

3.4.2 Fine Aggregates 

Fine aggregate used in this research is natural sand composed of 

siliceous materials. The used fine aggregate was clean, free of impurities and 

with no organic compounds with fineness modulus 2.84. Fine aggregates tests 

also carried out according to the Egyptian Standard Specifications No. 1109 / 

2002. The characteristics of fine aggregate are tabulated in Table (3.3). 

 

Table (3.3). Fine Aggregate Characteristics 

Test Results Specification Limit 

Specific Gravity 2.61 ------------- 

Unit Weight and Voids 1.79 ------------- 

Materials Finer than Sieve  no 200 2.60 Less than  4 % 

 

3.4.3 Combined Aggregates 

Coarse aggregate and fine aggregate were combined with ratio 0.68: 0.32. 

The grading of this mix obtained from sieve analysis test according to the 

Egyptian Standard Specifications No. 1109 / 2002. The max nominal aggregate 
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size is 20mm and fineness modulus is 4.93. The results of the test were 

tabulated in Table (3.4).  

Table (3.4). Results of Sieve Analysis Test for Combined Aggregate 

Sieve Size 

(mm) 

Retained on 

Each Size (gm) 

Total 

Retained 

Total Retained 

% 
Passing % 

40 

20 

10 

5 

2.5 

1.25 

0.65 

0.3 

0.16 

Pan 

0 

100 

432 

819 

186 

140 

496 

280 

38 

9 

0 

100 

532 

1351 

1537 

1677 

2173 

2453 

2491 

2500 

0 

4 

21.28 

54.04 

61.48 

67.08 

86.92 

98.12 

99.64 

100 

100 

96 

78.72 

45.96 

38.52 

32.92 

13.08 

1.88 

0.36 

0 

 

3.4.4 Cement 

The cement used in this research was ordinary Portland cement (OPC). 

Tests of cement were carried out according to the Egyptian code No. 373/1991. 

This type of cement is suitable for all ordinary construction work. It does not 

resist sulphate attack and it has medium rate of strength. It has resistance to dry 

shrinkage and crushing, but less resistance to chemical attack, thaw-freezing, 

and abrasion. The characteristics of used cement were tabulated in Table (3.5). 
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Table (3.5). Characteristics of Ordinary Portland cement 

Properties Test Results Limits of the E.S.S 

Fineness of cement, percentage of  

retained on the standard 0.09 mm 

sieve by weight 

8 % Not more than 10 % 

Specific Gravity 3.15  

Expansion (mm) 1.2 Not more than 10 

Initial Setting Time (hr’s min’s) 1     40 Not less than 45 min 

Final Setting Time (hr’s   min’s) 3     20 Not more than 10 hrs 

Compression 

Strength (Kg/cm
2
) 

3 days 240 Not less than 185 kg/cm
2
 

7 days 375 Not less than 265 kg/cm
2
 

 

3.4.5 Reinforcement Steel  

The steel used in this research was high tensile steel (36/52) for 

longitudinal reinforcement. It have 3600 kg/cm
2
 yield stress. The bars used for 

reinforcement were 12mm and 16 mm diameter deformed bars. Tests were 

carried out of  the Egyptian standard specifications. Table (3.6) presents a 

summary of tests performed on the steel to determine its properties. 

Table (3.6). Properties of Steel Used in the Experimental Work 

Properties Φ 12 Specification 

Yield Stress (MPa) 380 360 

Ultimate Stress (MPa) 615 520 

Weight per meter Length 0.601 0.587-0.649 

Ultimate Stress/ Yield Stress 1.5 1.05 

Elongation 14 12 
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3.4.6 Proprieties of Steel Fiber Used 

The steel fiber with length 60mm, diameter 0.75mm, aspect ratio 80, 

density 78.5KN/m
3
, an ultimate tensile strength of 1100 MPa, and an ultimate 

tensile strain of 2.2% (based on the manufacturer) were used. 

 

Fig (3.2). Fiber Shape 

3.5 Mix Design and Preparing of Specimens 

The mix proportions of the concrete used are given in Table (3.7). 

Mechanical-mixed concrete with replacement of 10 percent (by weight) of the 

cement by silica fume was used to produce high strength concrete.  

 The silica fume has 2.23 a specific gravity and 200000 cm²/gm surface 

area which is about 50 times finer than the used Portland cement. Due to the 

very high surface area of silica fume, there is a commensurate increase in water 

demand. To produce high-strength concrete water-cement ratio of about 0.30, 

high range water reducing admixture was used. Super plasticizer was added as 

admixture to reduce water ratio and to improve the workability of high-

strength concrete during casting. Normal Portland cement product was used for 

all specimens. Coarse aggregate with maximum nominal size of 40 mm was 

used in order to ensure good compaction of concrete, for each test specimen, 

three150 x 150 x 150 mm cubes and two cylinders of 150mm diameter and 

300mm height were prepared, the cubes were used to determine the 

compressive strength of concrete, and the cylinders were used to determine the 

splitting tensile strength of concrete. 
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Table (3.7). Mix Design 

 

 

3.5.1 Quantity of Materials Needed 

  Table (3.8) give the volume of beams, which were used in preparing of 

all the test specimens. This table helping to estimate materials cost. The total 

volume of beams was 0.6 m³. This volume needed to approximately 330 kg of 

normal Portland cement, 33 kg of silica fume, 6 liter of super plasticizer, 390 

kg of sand, 633 kg of coarse aggregate, and 40 kg of steel fibers. 

Table (3.8). Quantity of Materials Needed 

Material Weight (kg) 

Cement (kg) 330 

Coarse aggregate (kg) 633 

Fine aggregate (kg) 390 

Water (kg) 99 

Water /cement ratio (w/c %) 0.3 

Super plasticizer 

(L/100 kg of cement) 
1.75-1.8 

Silica fume (% of cement) 10 

Constituent Mix Proportioning 

Cement 550 kg/m3 

Fine aggregates 650 kg/m3 

Coarse aggregates 1050 kg/m3 

w/c ratio 0.3 

water 165 litres 

Silica fume % of cement 10% 

Super plasticizer 

(L/100 kg of cement) 

1.8 

Average Cylinder Compressive strength 

( 28 days) fc′ 

510 MPa 
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3.5.2 Fabrication of Wooden Forms 
 

  The test specimens were cast monolithically in timber forms. One form 

has been made for each group of the specimens. The length of the form for the 

all groups was 1650 mm. The form was made of 25 mm thickness plywood, 

which was coated by a film of polyurethane to stiff the form and to proof it 

from water. After casting, the test specimens were covered with polyethylene 

sheets to prevent loss of moisture by evaporation; Fig (3.3) shows the 

arrangements and dimension of the wooden form. Test specimens were 

stripped off the forms on the second day after casting, and they were dispersed 

by water for an average one month. 

 

Fig (3.3). Wooden Forms 
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3.5.3 Reinforcement Details of Specimens  

  Fig. (3.4) shows the reinforcement details of specimen (A–0) as an 

example for the reinforcement of the specimens .The main longitudinal 

reinforcement of the beam was the same in all test specimens. It was 

approximately 1.34 % of the cross-sectional area of the beam,  it was 2 bars of 

16 mm diameter deformed steel ,the secondary reinforcement was 2 bars of 12 

mm diameter deformed steel, and For all specimens shear reinforcement ( 

stirrups) was 7 ϕ 8 / m .All reinforcement bars were provided with adequate 

anchorage lengths at their ends. In all specimens the clear concrete cover was 

25 mm. 

 

Fig (3.4). Reinforcement Details of Beam 
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3.6 Measuring Device 

3.6.1 Load Cell 

Digital Load cell of capacity 550KN with accuracy of 0.1KN was 

adopted to measure the applied load. The value of loads was recorded from the 

monitor connected to the load cell.  

3.6.2 Electrical Strain Gauges 

Electrical strain gauges were used to measure strain in stirrups and steel 

reinforcement. The electrical strain gauges were of type PL-60-11-1L. The 

gauges had the following characteristic: gauge length 60mm, gauges resistance 

120.3±0.5Ω, gauges factor 2.07±1%, temp. compensation for 11x10
-6

 and 

transverse sensitivity 0.7%. The strain gauges were connected to a strain meter 

device with accuracy 1x10
-6

, and covered by a waterproof coating to protect 

them from water and damage during casting. Figure (3.5) and (3.6) show the 

strain gauges on stirrups, and steel reinforcement. 

 

 

Fig (3.5). Strain Gauge for Stirrups 
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Fig (3.6). Strain Gage at Mid-Span of Beam 

3.6.3 Deflection Measurements 

Deflection was measured using three dial gauges, which were assembled 

at the edge of the test zone. The distance between the each dial gauges was 250 

mm. These dial gauges have accuracy 0.01 mm. 

3.7 Testing procedure 

3.7.1 Preparation and Casting of Specimens  

The rebar was first assembled into reinforcing cage using utilizing 

stirrups, and there were hold together with steel wire. The reinforcing cages 

placed inside formwork. The concrete was then prepared following the 

procedure outlined below: 

1. The sand, cement, silica fume, and gravel were placed in rotating-drum 

mixer and mixed for 30 seconds, 
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2. At this stage, the water, and super  plasticizer were  then gradually added 

to the mixer, 

3. If fibers were used, these were sprinkled into the  mixer, 

4. The mixing was then discontinued 5 minutes after step 2 had been 

completed. 

The concrete was then placed in the formwork, in addition three test cubes, and 

twelve test cylinders were casting, and the specimens were then vibrated for 3 

minutes. Curing stage began for one month from casting of specimens as 

shown on figure (3.7), and figure (3.8). 

 

 

 

 

 

 

 

 

 

 

Fig (3.7). Casting the Standard Cubes and Cylinder 
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Fig (3.8). Specimens after Casting 

3.7.2 Compression and Splitting Tensile Tests: 

Twelve cubes each of 150x150x150, and eight cylinders each of 150mm 

diameter, and 300mm height, were prepared during casting processes, cubes 

were used for compression tests, and cylinders were used for compression tests 

and tensile tests. Prior to testing, the cylinders for compression tests were 

capped using hydro stone, in order to ensure an event contact surface with the 

loading platens of the testing machine. The compression test program consisted 

of three main stages: 

1. Test cubes get average compressive strength for them. The young's 

modulus of cylinders were measured by placing two linear Voltage 

displacement Transducers (LVDT) on diametrically opposite sides of the 

cylinders being tested, and then loading the cylinders up to 

approximately 40% of the expected ultimate capacity, at displacement 

rate of 0.016 in/min. 
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2. The LVDT'S were then removed, and the cylinders reloaded at a 

displacement rate of 0.016 in/min. To enable the ultimate compressive 

strength fc' to be determined.   

In performing the splitting tensile tests, the cylinders were placed flat on 

their longitudinal axis, and loaded until the occurrence of vertical cracking, 

which was readily determined from the load-displacement plot, as loading 

occurred. The results from these splitting tensile tests were not utilized in 

this experimental program.  

3.8 Compressive Strength 

Table (3.9) represented compressive strength for specimens after 28 days 

from casting, after 7 days, six cubes and four cylinders of these specimens 

were tested and the remains specimen (six cubes and four cylinders) were 

tested after 28 days. Figures (3.9) and (3.10) represented the standard cubes 

and cylinders failure.  

 
 

Fig (3.9). Standard Cube Failure Shape 
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Fig (3.10). Standard Cylinder Failure Shape 

Table (3.9). Results of Testing Concrete Specimens Cubes and Cylinder 

Average Compressive 

Strength 

(MPa) 

Fiber Content Specimens No. 

51 0% 0 

53 0.25% 1 

55.8 0.50% 2 

68.9 0.75% 3 

 

3.9 Test Setup 

The beam shear tests were performed using four points loading. The 

beams were tested after removal from water, to avoid the development of 

shrinkage cracks and a consequent reduction in the tensile strength of the 

specimens. Digital Load cell of capacity 550KN with accuracy of 0.1KN was 

adopted to measure the applied load. The value of loads was recorded from the 

monitor connected to the load cell. The beams were tested using an incremental 

loading procedure. The vertical displacement of the beams was recorded using 

three electric dial gauges. One at the middle of beams, the other at distance 
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equal to half of the beam depth from the support, and the third near support as 

shown on figure (3.11). 

 

Fig (3.11). Specimen Details. 

 Figure (3.12) and (3.13) shows sample of specimens before testing, and 

the positions of dial gauges. During tests, the applied load was kept constant at 

each load stage for measuring and observing. 
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Fig (3.12). Specimen before Testing. 

 

Fig (3.13). Specimen during Testing. 

 Test results will be describe on the next chapter in details.  
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Chapter Four 

 

TEST RESULTS AND ANALYSIS 

 

4.1 Introduction 

In spite of the fact that analytical modeling is less expensive and 

provides the capability to effectively, explore the influence of more parameters 

than experimental programs, experimental studies remain the most reliable and 

most efficient approach.  

Experimental testing provides physical knowledge and information 

about the behavior of the experimental of test program. Moreover, test results 

are essential in calibrating and verifying analytical models.  

In this chapter, the results obtained for all tested beams in the 

experimental program are presented, and analyzed. These results include 

behavior of tested beams, load-deflection for beams, deformed shape for 

beams, modes of failures, and shear strength of tested beams. The observed 

behavior of all the tested beams is also described in this chapter. 

4.2 Behavior of Tested Beams 

This section describes the most important results observed after testing 

of the specimens. The effect of changing shear span-depth ratio (a/d) are 

illustrated in tables and figures, the effect of changing volume fraction of steel 

fiber on shear resistance are presented on tables and figures. 

4.2.1 GROUP A 

4.2.1.1 Beam (A-0) 

The beam has rectangular - section, of 250 mm in height and 120 mm 

width and its length was 1500 mm as mentioned before. The beam consisted of 
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two 16 mm bars used as tension reinforcements and vertical stirrups 7ϕ8/m. 

Shear span-to-depth ratio for this beam was (1.5). The behavior of this beam 

can be summarized as follows: 

a- First shear cracks were initiated at 118 KN. 

b- At a load of about 129 KN another shear cracks appeared. 

c- The flexural cracks not appeared in this specimen. 

d- Shear failure took place at a load of 145 KN; this failure was sudden 

and loud. The crack patterns and load-deflection diagram of this beam are 

shown respectively in Fig. (4.1) and Fig. (4.2). 

Fig (4.3) indicates the deformed shape of beam deflection along beam 

length at various values of loads 60 KN, 100 KN, and 145 KN. 

 

 

Figure (4.1) Crack Patterns for specimen (A-0). 
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Figure (4.2) Load-Deflection Curve for Specimen (A-0). 

 

 

Figure (4.3) Deformed Shape for Specimen No (A-0). 

4.2.1.2 Beam (A-1) 

The beam has rectangular - section, of 250 mm in height and 120 mm 

width and its length was 1500 mm as mentioned before. The beam consisted of 

two 16 mm bars used as tension reinforcements and vertical stirrups 7ϕ8/m. 
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Shear span-to-depth ratio for this beam was 1.5, with fiber content (0.25%) . 

The behavior of this beam can be summarized as follows: 

a- First shear cracks were initiated at 145 KN. 

b- At a load of about 150 KN flexural crack was appeared. 

c- The first flexural shear crack initiated at a load of about 150 KN. At 

this stage propagation of the flexural crack was also observed. 

d- Shear failure took place at a load of 165 KN. This failure was sudden 

and loud. The crack patterns and load-deflection diagram of this beam are 

shown in Fig. (4.4) and Fig. (4.5) respectively. 

Fig (4.6) indicate the deformed shape of beam deflection along beam 

length at various values of loads 60 KN, 110 KN, and 140 KN. 

 

 

Fig(4.4). Crack Patterns for specimen (A-1). 
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Fig (4.5). Load-Deflection curve for specimen (A-1). 

 

 

Fig (4.6). Deformed Shape for Specimen No. (A-1). 

4.2.1.3 Beam (A-2) 

The beam has rectangular - section, of 250 mm in height and 120 mm 

width and its length was 1500 mm as mentioned before.  
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The beam consisted of two 16 mm bars used as tension reinforcements 

and vertical stirrups 7ϕ8/m, Shear span-to-depth ratio for this beam was 1.5, 

with fiber content (0.5%). The behavior of this beam can be summarized as 

follows: 

a- First shear cracks were initiated at 155 KN. 

b- At a load of about 170 KN first flexural crack was initiated. 

c- The shear crack propagated until a load of about 175 KN  which 

 the second flexural shear crack initiated, at  thisstage propagation  of 

 flexural crack, and also initiation of three minor  flexural cracks was 

 also observed. 

d- Shear failure took place at a load of 180 KN. This failure was 

 sudden and loud. The crack patterns and load-deflection diagram of this 

 beam are shown in Fig. 4.7 and Fig. 4.8 respectively. 

Fig 4.9 indicate the deformed shape of beam deflection along beam 

length at various values of loads 60 KN, 90 KN, and 140 KN. 

 

Fig (4.7). Crack Patterns for specimen (A-2). 
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Fig (4.8). Load-Deflection curve for specimen (A-2). 

 

 

Fig (4.9). Deformed Shape for Specimen No (A-2). 

4.2.1.4 Beam (A-3) 

The beam has rectangular - section, of 250 mm in hight and 120 mm 

width and its length was 1500 mm as mentioned before. The beam consisted of 
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two 16 mm bars used as tension reinforcements and vertical stirrups 7ϕ8/m. 

Shear span-to-depth ratio for this beam was 1.5, with fiber content (0.75%). 

The behavior of this beam can be summarized as follows: 

a- First shear cracks were initiated at 165 KN. 

b- At a load of about 180 KN first flexural crack was initiated. 

c- The shear crack propagated until a load of about 195 KN  which 

 the second flexural shear crack initiated, At this stage propagation  of 

 flexural crack, and also initiation of three  minor flexural cracks was 

 also observed. 

d- Shear failure took place at a load of 215 KN. This failure was 

 sudden and loud. The crack patterns and load-deflection diagram of this 

 beam are shown in Fig. 4.10 and Fig. 4.11 respectively. 

Fig 4.12 indicate the deformed shape of beam deflection along beam 

length at various values of loads 50 KN, 90 KN, and 140 KN. 

 

Fig (4.10). Crack Patterns for specimen (A-3). 
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Fig (4.11). Load-Deflection Curve for Specimen (A-3). 

 

Fig (4.12). Deformed Shape for Specimen No (A-3). 
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4.2.2 GROUP B 

4.2.2.1 Beam (B-0) 

The beam has rectangular - section, of 250 mm in hight and 120 mm 

width and its length was 1500 mm as mentioned before. The beam consisted of 

two 16 mm bars used as tension reinforcements and vertical stirrups 7ϕ8/m. 

Shear span-to-depth ratio for this beam was 1.7, fiber content of this specimen 

was (0%). The behavior of this beam can be summarized as follows: 

a- First shear cracks were initiated at 130 KN. 

b- At a load of about 132 KN another shear crack was appeared. 

c- The flexural cracks not appeared in this specimen. 

d- Shear failure took place at a load of 135 KN; this failure was sudden 

 and loud. The crack patterns and load-deflection diagram of this beam 

 are shown in Fig. 4.13 and Fig. 4.14 respectively. 

Fig 4.15 indicates the deformed shape of beam deflection along beam 

length at various values of loads 50 KN, 100 KN, and 135 KN. 

 

Fig (4.13). Crack Patterns for specimen (B-0). 
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Fig (4.14). Load-Deflection Curve for Specimen (B-0). 

 

Fig (4.15). Deformed Shape for Specimen No (B-0) 

4.2.2.2 Beam (B-1) 

The beam has rectangular - section, of 250 mm in height and 120 mm 

width and its length was 1500 mm as mentioned before. The beam consisted of 

two 16 mm bars used as tension reinforcements and vertical stirrups 7ϕ8/m. 
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Shear span-to-depth ratio for this beam was 1.7, with fiber content (0.25%). 

The behavior of this beam can be summarized as follows: 

a- First shear cracks were initiated at 135 KN. 

b- At a load of about 145 KN another shear crack was initiated. 

c- The shear crack propagated until a load of about 155 KN which shear 

 failure took place. This failure was sudden and loud. The crack patterns 

 and load-deflection diagram of this beam are shown in Fig.  4.16 

And Fig. 4.17 respectively. 

Fig 4.18 indicate the deformed shape of beam deflection along beam 

length at various values of loads 50 KN, 110 KN, and 145 KN. 

 

 

Fig (4.16). Crack Patterns for specimen (B-1). 
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Fig (4.17). Load-Deflection Curve for Specimen (B-1). 

 

 

Fig (4.18). Deformed Shape for Specimen No (B-1). 

4.2.2.3 Beam (B-2) 

The beam has rectangular - section, of 250 mm in height and 120 mm 

width and its length was 1500 mm as mentioned before The beam consisted of 
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two 16 mm bars used as tension reinforcements and vertical stirrups 7ϕ8/m. 

Shear span-to-depth ratio for this beam was 1.7, with fiber content (0.5%). The 

behavior of this beam can be summarized as follows: 

a- First shear cracks were initiated at 145 KN. 

b- At a load of about 148 KN first flexural crack was initiated with a 

 small load drop. 

c- The shear crack propagated until a load of about 162 KN  which 

the second flexural shear crack initiated, at  this stage Propagation  of 

flexural crack, and also initiation of eight  minor flexural cracks was 

 also observed. 

d- shear failure took place at a load of 170 KN. This failure was 

 sudden and loud. The crack patterns and load-deflection diagram of this 

 beam are shown in Fig. 4.19 and Fig. 4.20 respectively. 

Fig 4.21 indicate the deformed shape of beam deflection along beam length at 

various values of loads 50 KN, 100 KN, and 130 KN. 

 

Fig (4.19). Crack patterns for specimen (B-2). 
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Fig (4.20). Load-Deflection Curve for Specimen (B-2) 

 

 

Fig (4.21). Deformed Shape for Specimen No (B-2) 
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4.2.2.4 Beam (B-3) 

The beam has rectangular - section, of 250 mm in height and 120 mm 

width and its length was 1500 mm as mentioned before. The beam consisted of 

two 16 mm bars used as tension reinforcements and vertical stirrups 7ϕ8/m. 

Shear span-to-depth ratio for this beam was 1.7, with fiber content (0.75%). 

The behavior of this beam can be summarized as follows: 

a- First shear cracks were initiated at 156 KN. 

b- At a load of about 161 KN first flexural crack was initiated. 

c- The shear crack propagated until a load of about 178 KN, which the 

second flexural shear crack initiated with drop in load, at thisstage propagation 

of flexural crack, and initiation of three minor flexural cracks was observed. 

d- Shear failure took place at a load of 195 KN. This failure was sudden 

and loud. The crack patterns and load-deflection diagram of this beam are 

shown in Fig. 4.22 and Fig. 4.23 respectively. 

Fig 4.24 indicates the deformed shape of beam deflection along beam 

length at various values of loads 50 KN, 130 KN, and 180 KN. 

 

 

Fig (4.22). Crack Patterns for specimen (B-3). 
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Fig (4.23). Load-Deflection Curve for Specimen (B-3) 

 

 

Fig (4.24) Deformed Shape for Specimen No (B-3) 

 

 

 

0

50

100

150

200

0 2 4

fa
ilu

re
 lo

ad
 (

kn
) 

defelction(mm) 

-5

-4

-3

-2

-1

0

D
ef

le
ct

io
n

 (m
m

) 

Span of beam (mm) 

50 kn

130 kn

180 kn



Chapter four  Test results, and analysis 

67 
 

4.2.3 GROUP C 

4.2.3.1 Beam (C-0) 

The beam has rectangular - section, of 250 mm in height and 120 mm 

width and its length was 1500 mm as mentioned before. The beam consisted of 

two 16 mm bars used as tension reinforcements and vertical stirrups 7ϕ8/m. 

Shear span-to-depth ratio for this beam was 2.2, with zero fiber content. The 

behavior of this beam can be summarized as follows: 

a- First shear cracks were initiated at 80 KN. 

b- At a load of about 105 KN small shear crack was initiated. 

c- The shear crack propagated until a load of about 112 KN, which the 

second flexural shear crack initiated with a drop in load. At this stage, 

propagation of flexural, crack, flexural shear crack and initiation of six minor 

flexural cracks in st.4 was also observed. 

d- Shear failure took place at a load of 115 KN. The crack patterns and 

load-deflection diagram of this beam are shown in Fig. 4.25 and Fig. 4.26 

respectively. 

Fig 4.27 indicates the deformed shape of beam deflection along beam 

length at various values of loads 50 KN, 100 KN, and 110 KN. 

 

 

Fig (4.25) Crack Patterns for specimen (C-0). 
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Fig (4.26) Load-Deflection Curve for Specimen (C-0). 

 

 

Fig (4.27). Deformed Shape for Specimen No (C-0). 

4.2.3.2 Beam (C-1) 

The beam has rectangular - section, consisted of 250 mm in thickness 

and 120 mm width and its length was 1500 mm as mentioned before. The 
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beam consisted of two 16 mm bars used as tension reinforcements and vertical 

stirrups 7ϕ8/m. Shear span-to-depth ratio for this beam was 2.2,with fiber 

content (0.25%).  

The behavior of this beam can be summarized as follows: 

a- First shear cracks were initiated at 111 KN. 

b- At a load of about 119 KN flexure shear crack was initiated. 

c- The shear crack propagated until a load of about 126 KN, which the 

 second flexural shear crack initiated with a drop in load. 

 d- Shear failure took place at a load of 130 KN. The crack patterns 

 andload-deflection diagram of this beam are shown in Fig.  4.28 

 And Fig. 4.29 respectively. 

Fig 4.30 indicates the deformed shape of beam deflection along beam 

length at various values of loads 50 KN, 90 KN, and 130 KN. 

 

 

 

Fig(4.28). Crack Patterns for specimen (C-1). 
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Fig (4.29.) Load-Deflection Curve for Specimen (C-1). 

 

 

Fig (4.30). Deformed Shape for Specimen No (C-1). 

4.2.3.3 Beam (C-2) 

The beam has rectangular - section, consisted of 250 mm in thickness 

and 120 mm width and its length was 1500 mm as mentioned before. The 
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beam consisted of two 16 mm bars used as tension reinforcements and vertical 

stirrups 7ϕ8/m. Shear span-to-depth ratio for this beam was 2.2, with fiber 

content (0.5%). The behavior of this beam can be summarized as follows: 

a- First shear cracks were initiated at 114 KN. 

b- At a load of about 124 KN flexure crack was initiated. 

c- At a load of about 133 KN shear crack was propagated. 

d- diagonal shear  failure took place at a load of 148 KN. This failure 

 was sudden and loud. The crack patterns and load-deflection diagram of 

 this beam are shown respectively in Fig. 4.31 and Fig. 4.32. 

Fig 4.33 indicates the deformed shape of beam deflection along beam 

length at various values of loads 40 KN, 90 KN, and 148 KN. 

 

 

 

Fig (4.31). Crack Patterns for specimen (C-2). 
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Fig (4.32). Load-Deflection Curve for Specimen (C-2). 

 

 

Fig (4.33). Deformed Shape for Specimen No (C-2). 
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4.2.3.4 Beam (C-3) 

The beam has rectangular - section, consisted of 250 mm in thickness 

and 120 mm width and its length was 1500 mm as mentioned before. The 

beam consisted of two 16 mm bars used as tension reinforcements and vertical 

stirrups 7ϕ8/m. Shear span-to-depth ratio for this beam was 2.2, with fiber 

content (0.75%). The behavior of this beam can be summarized as follows: 

a- First shear cracks were initiated at 122 KN. 

b- At a load of about 133 KN flexure crack was initiated. 

c- At a load of about 145KN flexure crack was propagated. 

d- Diagonal shear failure took place at a load of 160 KN. This failure 

 was sudden and loud. The crack patterns and load-deflection diagram of 

 this beam are shown in Fig. 4.34 and Fig. 4.35 respectively. 

Fig 4.36 indicates the deformed shape of beam deflection along beam 

length at various values of loads 40 KN, 90 KN, and 130 KN. 

 

Fig (4.34). Crack Patterns for specimen (C-3). 
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Fig (4.35). Load-Deflection Curve for Specimen (C-3). 

 

 

Fig (4.36). Deformed Shape for Specimen No (C-3). 
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4.3 Failure Loads and Mode of Failure 

Failure loads for all beams and failure modes are represented in 

Table(4.1). 

Table (4.1). Failure Loads and Mode of Failure. 

Mode of Failure 

Failure 

Load 

(KN) 

Vf a/d Specimens Group no. 

( shear failure) 145 0.00% 1.5 A-0 

A 
( shear failure) 165 0.25% 1.5 A-1 

( shear failure) 180 0.50% 1.5 A-2 

( shear failure) 215 0.75% 1.5 A-3 

( shear failure) 135 0.00% 1.7 B-0 

B 
( shear failure) 155 0.25% 1.7 B-1 

( shear failure) 170 0.50% 1.7 B-2 

( shear failure) 195 0.75% 1.7 B-3 

( shear failure) 115 0.00% 2.2 C-0 

C 
( shear failure) 130 0.25% 2.2 C-1 

(diagonal shear failure) 148 0.50% 2.2 C-2 

(diagonal shear failure) 160 0.75% 2.2 C-3 

 

4.4 Analysis of Experimental Results 

 We will discuss the comparison between the results to study the effect of 

two variables on shear strength of beams, mode of failure of beams, and 

deflection of beams these variables are, 

 1. The effect of variation of volume fraction of steel fibers (Vf ). 

 2. The effect of variation of shear span to depth ratio (a/d).  

4.4.1.1 Analysis the results of group (A) included beam (A-0), beam (A-1), 

beam (A-2) and beam (A-3): 

 All the beams failed as it was expected. The values of ultimate shear, 

failure modes, and percentage of load increase based on the ultimate load of 

control beam are given in Table (4.2). As shown in this Table, the discrete steel 
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fiber increased the ultimate capacity of R.C beams. The percentage of increase 

reached to about 48.2 % when the fiber ratio was increased to 0.75 %  for the 

same span to depth ratio.  

 Crack pattern and failure mode for beams with and without steel fiber 

are shown in Table. The failure of concrete without steel fiber showed a brittle 

failure behavior compared to specimens with steel fiber. The higher the fibers 

ratio, the brisker failure of specimens.  

 The cracking pattern and failure mode of the beams were closely 

observed. When loads were applied to beams with steel fiber vertical cracks 

appeared in the mid span region. Initially the cracks were of small width and 

concentrated in the mid span region with angles vertical.  However with further 

increase of load, the depth and width of cracks increased. The angles of cracks 

became small and turned diagonal. The change in the angle of cracks can be 

attributed to the cantilever action of the cracked concrete restrained by the 

longitudinal reinforcement in the tension zone. When load was further 

increased, the depth of some of the diagonal cracks further enhanced and 

crossed into the compression zone of the beams, which ultimately caused the 

failure of the beams as the cracks extended further towards the point of 

application of loads. This kind of failure is also called “diagonal tension” 

failure, which was observed in the beams having fiber  of  (0, 0.25) percent. 

For beams having fiber (0.5, 0.75) percent, the failure has been observed 

predominantly due to shear cracks, which are also called the shear failure. Here 

the flexural cracks are dominant in the middle third region and the angle of 

failure is large.  
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Table (4.2) Effect of Fiber on Specimens Group A. 

Mode of 

failure 

Increase 

ratio 

Failure 

load(KN) 
   

Specimen 

no. 
a/d Group 

Shear failure CONTROL 145 0% A-0 

1.5 A 

Shear failure 13.80% 165 0.25% A-1 

Shear failure 24.13% 180 0.5% A-2 

Shear failure 48.20% 215 0.75% A-3 

 

4.4.1.2 Load Deflection Curves for group A 

 Figure 4.37 shows the relationship between the applied load and mid-

span deflection for different steel fiber ratio (group A). While increase ratio of 

steel fiber enhances the stiffness of beam when beam (A-0) start cracking at 

load equal 118 KN the deflection of beam at this load equal 1.8mm while beam 

(A-3) cracks at load 165 the deflection was 1.5mm. Moreover, it is clear that  

the increase of steel fiber ratio decreases the ultimate deflection as shown in 

Fig. 4.37 and in turn, increases shear capacity of beams, and increase stiffness 

as shown on table (4.3).  

Table (4.3) Initial Stiffness for Group A. 

Increase Ratio Stiffness(KN/mm) Specimen No. a/d Group 

CONTROL 65.56 A-0 

1.5 A 
7.40% 70.45 A-1 

48.00% 97.06 A-2 

67.70% 110.00 A-3 
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Fig (4.37). Load - Deflection Curves for Group A 

4.4.1.3 Energy Absorption Capacity 

Energy absorption capacity of all the specimens was calculated as area 

under load deflection curve. Table (4.4) shows the results and it can be 

observed that as fiber content increased, the energy absorption capacity 

increased and for 0.75% fiber, an increase of 42.6% was found. This can be 

attributed to the effect of fibers in bridging the crack and hence enhancement in 

energy absorption capacity. 

Table (4.4) Energy Absorption Capacity for Group A. 

Energy Absorption 

Capacity(KN-mm) 
   Specimen No Group No 

6.4X10
2
 0% A-0 

A 
8X10

2
 0.25% A-1 

8.6X10
2
 0.5% A-2 

11.2X10
2
 0.75% A-3 
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4.4.2.1 Analysis the Results of Group (B) Included Beam (B-0), Beam (B-

1), Beam (B-2) and Beam (B-3). 

 All the beams failed as it was expected. The values of ultimate shear, 

failure modes, and percentage of load increase based on the ultimate load of 

control beam are given in Table (4.5). As shown in this Table, the discrete steel 

fiber increased the ultimate capacity of R.C beams. The percentage of increase 

reached to about 44.5 % when the fiber ratio was increased to 0.75 % at the 

same span to depth ratio.  

 Crack pattern and failure mode for beams with and without steel fiber 

are shown in Table. The failure of concrete without steel fiber showed a brittle 

failure behavior compared to specimens with steel fiber. The higher the fibers 

ratio, the brisker failure of specimens.. When loads were applied to beams with 

steel fiber vertical cracks appeared in the mid span region. Initially the cracks 

were of small width and concentrated in the mid span region with angles being 

more or less vertical. However with further increase of load, the depth and 

width of cracks increased. The angles of cracks became small and turned 

diagonal. The change in the angle of cracks can be attributed to the cantilever 

action of the cracked concrete restrained by the longitudinal reinforcement in 

the tension zone. When load was further increased, the depth of some of the 

diagonal cracks further enhanced and crossed into the compression zone of the 

beams, which ultimately caused the failure of the beams as the cracks extended 

further towards the point of application of loads. This kind of failure is also 

called “diagonal tension” failure, which was observed in the beams having 

fiber of zero, 0.25 %. For beams having fiber 0.5, 0.75 % the failure has been 

observed predominantly due to shear cracks, which are also called the shear 

failure. 
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  Here the flexural cracks are dominant in the middle third region and the 

angle of failure is large. These represent the values of a/d, where the beams are 

about to achieve the flexural strength before shear failure.  

Table (4.5) Effect of Fiber on Specimens Group B. 

Mode of 

failure 

Increase 

ratio 

Failure 

load(KN) 
   

Specimen 

no. 
a/d Group 

Shear failure Control 135 0% B-0 

1.7 B 

Shear failure 15% 155 0.25% B-1 

Shear failure 25.90% 170 0.5% B-2 

Shear failure 44.50% 195 0.75% B-3 

 

4.4.2.2 Load Deflection Curves for group B 

 Figure 4.38 shows the relationship between the applied load and mid-

span deflection for  different steel fiber ratio (group B). While increase ratio of 

steel fiber enhances the stiffness of beam. when beam (B-0) start cracking at 

load equal 130 KN the deflection of beam at this load equal 2.8 mm while 

beam (B-3) cracks at load 156 the deflection was 3.1 mm. Moreover, it is clear 

that  the increase of steel fiber ratio decreases the ultimate deflection as shown 

in Fig. 4.37 and in turn, increases shear capacity of beams.  Moreover, it is 

clear that the increase of steel fiber ratio decrease the ultimate deflection as 

shown in Fig. 4.38 and in turn increases shear capacity of beams, and enhance 

the stiffness of beam as shown on table (4.6). 
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Table (4.6)  Initial Stiffness for Group B. 

Increase Ratio Stiffness(KN/mm) Specimen No. a/d Group 

control 46.43 B-0 

1.7 B 4% 48.21 B-1 

7.70% 50.00 B-2 

8.40% 50.32 B-3 

 

 

Fig (4.38). Load - Deflection Curves for Group B 

 

4.4.2.3 Energy Absorption Capacity 

Energy absorption capacity of all the specimens was calculated as area 

under load deflection curve. Table (4.7) shows the results and it can be 

observed that as fiber content increased, the energy absorption capacity 

increased and for 0.75% fiber, an increase of 34.4% was found. This can be 

attributed to the effect of fibers in bridging the crack and hence enhancement in 

energy absorption capacity. 
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Table (4.7) Energy Absorption Capacity for Group B. 

Energy Absorption 

Capacity(KN-mm) 
   Specimen No Group No 

4.2X10
2
 0% B-0 

B 

4.8X10
2
 0.25% B-1 

5.6X10
2
 0.5% B-2 

6.4X10
2
 0.75% B-3 

 

4.4.3.1 Analysis the results of group (C) included beams (C-0), beam (C-1), 

beam (C-2), and beam (C-3). 

 All the beams failed as it was expected. The values of ultimate shear, 

failure modes, and percentage of load increase based on the ultimate load of 

control beam are given in Table (4.8). As shown in this table, the discrete steel 

fiber increased the ultimate capacity of R.C beams. The percentage of increase 

reached to about 39 %  when the fiber ratio was increased to 0.75 % at the 

same span to depth ratio.  

 Crack pattern and failure mode for beams with and without steel fiber 

are shown in Table. The higher the fibers ratio, the brisker failure of 

specimens.  

 The cracking pattern and failure mode of the beams was closely 

observed. For beams having fiber 0, 0.25 % the failure has been observed 

predominantly due to flexural cracks, which are also called the shear failure. 

Here the flexural cracks are dominant in the middle third region and the angle 

of failure is large. For beams having fiber 0.5, 0.75 percent the failure has been 

observed predominantly due to diagonal shear failure. 
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Table (4.8) Effect of Fiber on Specimens Group C. 

Mode of 

failure 

Increase 

ratio 

Failure 

load(KN) 
   

Specimen 

no. 
a/d Group 

shear failure Control 115 0% C-0 

2.2 C 

shear failure 13% 130 0.25% C-1 

shear failure 28.70% 148 0.5% C-2 

shear failure 39% 160 0.75% C-3 

4.4.3.2 Load Deflection Curves for group C 

 Figure 4.39 shows the relationship between the applied load and mid-

span deflection for  different steel fiber ratio (group C). While increase ratio of 

steel fiber enhances the stiffness of beam. when beam (C-0) start cracking at 

load equal 80 KN the deflection of beam at this load equal 1.7mm while beam 

(C-3) cracks at load 122 the deflection was 2.2 mm. Moreover, it is clear that  

the increase of steel fiber ratio decreases the ultimate deflection as shown in 

Fig. 4.37 and in turn, increases shear capacity of beams.  Moreover, it is clear 

that the increase of steel fiber ratio decrease the ultimate deflection as shown in 

Fig. 4.39 and in turn increases shear capacity of beams, and enhance the 

stiffness of beam as shown on table (4.9). 

Table (4.9) Initial Stiffness for Group C. 

Increase Ratio Stiffness(KN/mm) Specimen No. a/d Group 

CONTROL 47.06 C-0 

2.2 C 3% 48.26 C-1 

10.00% 51.82 C-2 

18% 55.45 C-3 
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Fig (4.39). Load - Deflection Curves for Group C 

 

4.4.3.3 Energy Absorption Capacity 

Energy absorption capacity of all the specimens was calculated as area 

under load deflection curve. Table (4.10) shows the results and it can be 

observed that as fiber content increased, the energy absorption capacity 

increased and for 0.75% fiber, an increase of 20.6% was found. This can be 

attributed to the effect of fibers in bridging the crack and hence enhancement in 

energy absorption capacity. 
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Table (4.10) Energy Absorption Capacity for Group C. 

Energy Absorption 

Capacity(KN-mm) 
   Specimen No Group No 

3.1X10
2
 0% C-0 

C 

3.32X10
2
 0.25% C-1 

3.63X10
2
 0.5% C-2 

3.9X10
2
 0.75% C-3 

 

4.5 Effect of Variable Changing of Volume of Fraction on Behavior of All 

Beams: 

 Table (4.11) shows the test result of ultimate load. It can be observed 

that as the fiber content increases the ultimate load gradually. ultimate load 

increased due to the addition of fibers, at the same shear span depth ratio of 1.5 

ultimate load increased by 48.2 % from changing fiber ratio to 0.75 percent, 

when shear span depth ratio increased to 1.7 ultimate load increased by 44.5 

percent, and when increasing shear span depth ratio to 2.2 the ultimate load 

increased by 39 percent. It was observed that using of steel discrete fiber is 

more effective in shear strength at lower shear span to depth ratio; the stiffness 

of beam was increase also with increase fiber content. 

Fiber volume has a significant influence on plasticity and compression 

zone of the element. With small vf , normal crack destroys compression zone in 

nearly the same manner as in the concrete element. With the increase of vf, 

compression zone plastic hinge is formed like one in simple bending beam. 

Besides, fiber volume has significant influence on the height of compression 
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zone. Experiments show that the average height of compression zone for group 

A (a/d=1.5 was equal to 75– 84mm in conventional concrete element. In SFRC 

beams it was noticeably greater: the average height of compression zone, at 

fiber volume 0.75%, was equal to 95–102mm. 

For group B (a/d=1.7) the average height of compression was equal to 

86– 92 mm in conventional concrete element. In SFRC beams it was 

noticeably greater: the average height of compression zone, at fiber volume 

0.75%, was equal to 104–110mm. 

For group C (a/d=2.2) the average height of compression was equal to 

120– 125 mm in conventional concrete element. In SFRC beams, it was 

noticeably greater: the average height of compression zone, at fiber volume 

0.75%, was equal to 160–180mm. 

In conclusion, the influence of shear stresses on principal stresses and 

fiber volume effect on the height of compression zone are the main factors 

determining load capacity. 

The addition of fiber display an increased number of both flexural and 

shear cracks at closer spacing than the corresponding beams without fibers. As 

showed on beams (A-3),(B-3, and (C-3) clearly because of the fiber spacing is 

much closer, fibers bridging cracks like aggregate role. 

Steel fibers beneficially and substantially improve the crack and 

deformational behavior as well as the ultimate strength because steel fibers 

enhance the post cracking behavior of beams. It can be noted that the fibers 

provide increased stiffness after cracking. Reduction of deflections is due to 

more effective control of cracking, regardless of the value of the modulus of 

elasticity which increased with addition of fibers.  

The addition of fibres increases the work of fracture (represented by the 

area under the stress‐crack opening curve) The fiber contributes to dissipate 

energy thanks to: (1) matrix fracture and matrix spalling, (2) fiber‐matrix 

interface deboning, (3) post‐deboning friction between fibre and matrix (fiber 
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pullout), (4) fiber fracture and (5) fiber abrasion and plastic deformation (or 

yielding) of the fiber. 

Table (4.11) Effect of Fiber on All Specimens. 

Increase ratio Failure load(KN) 
Fcu 

(MPa) 

   
Specimen no. a/d 

Control 145 51 zero A-0 

a/d =1.5 

13.80% 165 53 0.25% A-1 

24.13% 180 55.8 0.5% A-2 

48.20% 215 68.9 0.75% A-3 

Control 135 51 zero B-0 

a/d=1.7 

15% 155 53 0.25% B-1 

25.90% 170 55.8 0.5% B-2 

44.50% 195 68.9 0.75% B-3 

Control 115 51 zero C-0 

a/d =2.2 

13% 130 53 0.25% C-1 

28.70% 148 55.8 0.5% C-2 

39% 160 68.9 0.75% C-3 

 Figure 4.40 shows the influence of steel fiber content on the shear 

strength of beams with different shear span depth ratios. It can be seen that the 

shear strength increases with the increase of fiber content for each shear span 

depth ratio. 
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Fig (4.40) Effect of Fiber Content. 

4.6 Effect of Variable Changing of Shear-Span Depth Ratio on Behavior of 

All Beams: 

 By comparing, the test results in this study The relation between the 

failure load and fiber content with different span to depth ratio will shown on 

the table (4.12) and figure 4.41. 

In general, by change ratio of a/d from 1.5 to 2.2 the failure load 

decreased by 21 percent at the same fiber content 0, 0.25 percent. Moreover, by 

using discrete steel fiber with ratio 0.5% and 0.75% the load decreased by 

about 18 and 26 percent, respectively. By comparing between the strength for 

span to depth ratio 1.5 and 2.2 it found that, the shear strength in a/d=1.5 is 

more than that in a/d=2.2. The ratio between shear strength for a/d =1.5 to 

a/d=2.2 in the case of not used fiber is less than that in the case of used fiber     

From studding the effect of span to depth ratio on the shear failure and using 

discrete steel fiber it was found that, by increasing span to depth ratio the 

efficiency of used discrete steel fiber decreased. The shear strength decreases 

with the increase of a/d values for the same longitudinal steel. 
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Table (4.12) Effect of Shear Span Depth on All Specimens. 

decrease ratio failure load a/d Fcu(MPa) specimen no. fiber content 

Control 145 1.5 51 A-0 

VF0.0% 6.70% 135 1.7 51 B-0 

21% 115 2.2 51 C-0 

Control 165 1.5 53. A-1 

VF0.25% 6.00% 155 1.7 53 B-1 

21% 130 2.2 53 C-1 

Control 180 1.5 55.8 A-2 

VF0.5% 5.50% 170 1.7 55.8 B-2 

18% 148 2.2 55.8 C-2 

Control 215 1.5 68.9 A-3 

VF0.75% 9.30% 195 1.7 68.9 B-3 

26% 160 2.2 68.9 C-3 

 

Figure 4.41 shows the influence of shear span to depth ratio on the shear 

strength of beams with different volume fraction of steel fiber.  Whenthe shear 

span increases, the deflection under external loads also increases and flexural 

cracks are formed at relatively lower values of external loads.  
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Fig. (4.41) Effect of Shear Span Depth on Ultimate Load  

At lower shear span ratios (a/d =1.5,and 1.7) the behavior of beams 

without fiber were closer to deep beam which the concentrated load is resisted 

by two major inclined diagonal struts from compressive concrete at this zone 

which called disturbed region or (D-region). This means that resistance of 

concrete at this zone by arch action not beam action. We can also show that the 

effective compression strength at two ends of struts differs due to different 

bearing lengths. The strut was idealized as uniformly tapered strut as shown on 

figures (4.42and 4.43). 
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 Fig. (4.42) Effect of Shear Span Depth on Ultimate Load at lower shear span 

ratios  

 

Fig. (4.43) Tappered strut model (Ghoneim, M, And El-Mihimy, M) [47] 

At the same shear span ratios (a/d =1.5 and 1.7) the behavior of beams 

with fiber content equal  0.5,0.75% were closer also to deep beam which the 

concentrated load is resisted by two major inclined diagonal struts from 

compressive concrete at this zone, and resistance of concrete at this zone by 

arch action not beam action. However, we showed that the effective 



Chapter four  Test results, and analysis 

776 
 

compression strength at two ends of struts lookalike bottle shape and steel 

fibers acting as ties at this zone causes increase on shear strength and flexure 

cracks appears on these specimens as shown on figures (4.44 and 4.45). 

 

Fig. (4.44) Effect of Shear Span Depth on Ultimate Load   

 

 

Fig. (4.45) Bottled Shape for Strut(Ghoneim, M, And El-Mihimy, M) [47] 

When we increased shear span ratio bigger than 2 for group C (a/d =2.2) 

we showed that the beams were acted as beam action which having disturbed 

region and beam region as shown on figures (4.46 and 4.47).  
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Fig. (4.46) B-Region and D- Region for Group C  

 

Fig. (4.47) Effect of Shear Span Depth on Ultimate Load Group C  

We can showed that the increase of fiber enhance post cracking stiffness 

of beams at this shear span ratio, and increase energy absorption ratio due to 

fiber bridging of crack and very bond between fiber and matrix. 
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Chapter Five 

 

THEORETICAL ANALSIS 

 

 
5.1 Introduction 

In this Chapter a comparison between the values of ultimate shear 

strength obtained by the experimental investigation (     .b.d , being   = 

Pu/2) and the values deduced by using the expressions proposed in the 

literature, and codes are presented. Two expressions proposed in the literature 

(shin [37], and ashour [32]) where they take fiber effect into consideration..   

The shear design of the high strength concrete beams is usually done by 

adopting the provisions of different codes based on various rationales. These 

provisions are expressed in the form of empirical equations. Some of the most 

commonly used design equations for the shear design of RC structures are as 

follows: 

 ACI Code 318 (American Concrete Institute) [1] 

 Egyptian code (ECP-206) [46]. 

  European Code EC2-2003[36]. 

 Chinese Code[43].  

 Some of these codes take the fiber effect into consideration such as 

Chinese code, and others not take fiber effect. A proposed model is suggested 

within the range of the experimental results of this study, to take into account 

the effect of fiber percent   . 

5.2 Review of Shin et al. (1994). [37] 

The study reports the results of an investigation on the strength and ductility 

of fiber reinforced high strength concrete beams (with concrete compression 
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strength equal to 80 MPa) with and without steel fiber reinforcement, the 

diagonal cracking strength as well as the nominal shear strength of the beams 

were determined. 22 beam specimens were tested under monotonically 

increasing loads applied at mid‐span. The major test parameters included the 

volumetric ratio of steel fibers, the shear‐span‐to depth ratio, the amount of 

longitudinal reinforcement, and the amount of shear reinforcement. 

 Empirical equations are suggested for evaluating the nominal shear 

strength of high strength concrete beams with steel fibers: 

 For beam with a/d <3 

                 
 

 
       .F 

   -Split cylindrical strength. 

a- Shear Span. 

d - Effective depth. 

d/a - Effective depth / Shear span. 

ρ- Area of tensile reinforcement; ρ=As/bd. 

  - Average fiber matrix interfacial bond stress; τ=4.15. 

F- Fiber factor given by:    (
 

 
)       

   -Bond factor;   =0.75 for crimped fiber. 

    Fiber volume fraction.  

(
 

 
)-Aspect ratio of fibre. 

 The comparison of experimental and (Shin) results for shear strength of 

HSC beams with and without steel fiber has been given in Table 5.1. 
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Table (5.1). Comparison of the Shear Strength of Beams with the Provisions of 

Shin [37] 

    /          (KN)      (KN)      MPA F a/d Beam title 

1.09 145 132.86 27.5 0.00 1.5 A-0 

1.13 165 145.69 28.6 0.15 1.5 A-1 

1.13 180 158.86 30.1 0.30 1.5 A-2 

1.22 215 176.32 37.2 0.45 1.5 A-3 

1.02 135 131.78 27.5 0.00 1.7 B-0 

1.07 155 144.61 28.6 0.15 1.7 B-1 

1.08 170 157.78 30.1 0.30 1.7 B-2 

1.11 195 175.24 37.2 0.45 1.7 B-3 

0.89 115 129.94 27.5 0.00 2.2 C-0 

0.91 130 142.77 28.6 0.15 2.2 C-1 

0.95 148 155.94 30.1 0.30 2.2 C-2 

0.92 160 173.40 37.2 0.45 2.2 C-3 

 

The comparison of values given by the shin`s equation with the tested 

values of shear strength of HSC beams shows that the equation of shin gives 

very closer values for almost all level of steel fibers and shear-span depth 

ratios for this study  

5.3 Review of Ashour. (1992). [32]  

  Two formulae (in MPa) were also proposed for the prediction of the 

shear capacity of HSFRC beams: 

   (    √  
    )

 

 
        

 

 
  a/d      

   (    √  
      )                a/d > 2.5 

     (
 

 
)        And      is the fiber effectiveness 

  
  -Cube compressive strength of concrete. 

The comparison of Ashour results for shear strength of HSC beams with 

and without steel fiber has been given in Table 5.2. 
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Table (5.2). Comparison of the Shear Strength of Beams with the Provisions of 

Ashour [32] 

    /          (KN)      (KN) F a/d Beam title 

1.06 145 136.298 0.00 1.5 A-0 

1.05 165 157.806 0.15 1.5 A-1 

1.00 180 179.99 0.30 1.5 A-2 

1.02 215 210.575 0.45 1.5 A-3 

1.08 135 124.731 0.00 1.7 B-0 

1.08 155 143.709 0.15 1.7 B-1 

1.04 170 163.279 0.30 1.7 B-2 

1.02 195 190.27 0.45 1.7 B-3 

1.10 115 105.015 0.00 2.2 C-0 

1.09 130 119.68 0.15 2.2 C-1 

1.10 148 134.802 0.30 2.2 C-2 

1.03 160 155.659 0.45 2.2 C-3 

 

 The comparison of values given by the Ashour`s equation with 

the tested values of shear strength of HSC beams shows that the 

equation of Ashour gives very closer values for almost all level of steel 

fibers and shear-span depth ratios. 

5.4 Review of ACI Code 318-06 (American Concrete Institute) 

The ACI building code 318-06 is no doubt the most widely applied Code 

for the shear design of concrete. The nominal shear capacity of reinforced 

concrete beam    is given as the sum of concrete contribution   , and 

contributions of stirrups   .i.e. 

            

    *     √  
        (

    

  
)+              √  

                      

       :    Shear force and moment at the critical section. 

          : Longitudinal tension steel ratio. 

ACI allows the following simplification assuming that the term 
    

  
  is small; 

         √  
   b.d    MPa 
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Where 

   :  Area of shear reinforcement within spacing S; 

    :   Yield strength of shear reinforcement; 

     :  Lever arm resisting flexural moment (usually =0.9d); 

      :  Angle of inclination (which varies between 30 and 60 degrees) of the 

 diagonal compressive stress to the longitudinal axis of the beam; 

       : Angle of inclined stirrups to the longitudinal axis of the beam. 

Table (5.3). Comparison of the Shear Strength of Beams with the 

Provisions of the ACI with No Fiber Effect 

    /

     

     

(KN) 

     

(KN) 
Vs ( N) 

fc' 

MPA 

d 

mm 

b 

mm 
a/d 

beam 

title 

1.17 145 123.68 37981.44 40.8 250 120 1.5 A-0 

1.32 165 124.60 37981.44 42.4 250 120 1.5 A-1 

1.43 180 125.87 37981.44 44.64 250 120 1.5 A-2 

1.64 215 131.42 37981.44 55.12 250 120 1.5 A-3 

1.09 135 123.68 37981.44 40.8 250 120 1.7 B-0 

1.24 155 124.60 37981.44 42.4 250 120 1.7 B-1 

1.35 170 125.87 37981.44 44.64 250 120 1.7 B-2 

1.48 195 131.42 37981.44 55.12 250 120 1.7 B-3 

0.93 115 123.68 37981.44 40.8 250 120 2.2 C-0 

1.04 130 124.60 37981.44 42.4 250 120 2.2 C-1 

1.18 148 125.87 37981.44 44.64 250 120 2.2 C-2 

1.22 160 131.42 37981.44 55.12 250 120 2.2 C-3 

 

 Comparison of actual test results of shear strength of HSC beams with 

the results given by ACI-318 in Table 5.3, comparison gives the following 

general observations; 

  The ACI-318 provisions for shear strength of HSC beams is  more 

conservative for small values of shear-span depth ratios both for                                                       

beams with  and without steel fiber because the fiber effect not taken             

into consideration on ACI. 
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 5.5 Review of European Code EC2-2003. 

 Expresses the ultimate strength for HSC concrete in shear    by the 

following equation: 

           
                    Mpa 

              

The comparison of actual and euro code results for shear strength of HSC 

beams with and without steel fiber has been given in Table 5.4. 

Table (5.4). Comparison of the Shear Strength of Beams with the 

Provisions of the Euro Code with No Fiber Effect 

    /          (KN)      (KN) Vs ( N) k     d mm b mm beam title 

1.02 145 141.80 37981.44 1.35 51 250 120 A-0 

1.15 165 143.51 37981.44 1.35 53 250 120 A-1 

1.23 180 145.89 37981.44 1.35 55.8 250 120 A-2 

1.37 215 156.48 37981.44 1.35 68.9 250 120 A-3 

0.95 135 141.80 37981.44 1.35 51 250 120 B-0 

1.08 155 143.51 37981.44 1.35 53 250 120 B-1 

1.17 170 145.89 37981.44 1.35 55.8 250 120 B-2 

1.25 195 156.48 37981.44 1.35 68.9 250 120 B-3 

0.81 115 141.80 37981.44 1.35 51 250 120 C-0 

0.91 130 143.51 37981.44 1.35 53 250 120 C-1 

1.01 148 145.89 37981.44 1.35 55.8 250 120 C-2 

1.02 160 156.48 37981.44 1.35 68.9 250 120 C-3 

 

 Comparison of actual test results of shear strength of HSC beams with 

the results given by EC2-2003 in Table 5.4, comparison gives the following 

general observations; 

The Euro Code provisions for shear strength of HSC beams is more 

conservative for beams with and without steel fiber because the fiber effect not 

taken into consideration on Code. 
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5.6 Evaluation According to Egyptian Code (ECP-206): 

 Shear force is present in beams at sections where there is a change in 

bending moment along the span. An exact analysis of shear strength in 

reinforced concrete beam is quite complex. Several experimental studies have 

been conducted to understand the various modes of failure that could occur due 

to possible combination of shear and bending moment. Despite the great 

research efforts, however, there is still not a simple. In addition, many of the 

factors that influence the determination of the required minimum amount of 

shear reinforcement are not yet known. The shear strength of R.C. beams 

depends on the strength of concrete, the percentage of the longitudinal 

reinforcement and the span-to-depth ratio or stiffness of the beam. From shear 

force, diagram find that the shear force is equal to support reaction that equal to 

haft of vertical load. And the theoretical shear force is equal to the force for 

allowable concrete shear strength, plus the force from carrying shear strength 

by vertical stirrups. 

          √                

                  MPa         

Where fcu is characteristic cube compressive strength of concrete in 

N/mm2,     is the area of stirrups, b is the section width, S is the spacing 

between stirrups. Then, the theoretical shear force can be calculated as the 

following equation: 

     [        ]        (N) 

 The comparison of actual and ECP results for shear strength of HSC 

beams has been given in Table 5.5. 
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Table (5.5) Comparison of the Shear Strength of Beams with the Provisions of 

the ECP with No Fiber Effect. 

    /          (KN)      (KN)          d mm b mm beam title 

1.22 145 118.8 1.53 2.34 250 120 A-0 

1.38 165 119.7 1.56 2.34 250 120 A-1 

1.49 180 120.8 1.59 2.34 250 120 A-2 

1.71 215 125.8 1.78 2.34 250 120 A-3 

1.14 135 118.8 1.53 2.34 250 120 B-0 

1.29 155 119.7 1.56 2.34 250 120 B-1 

1.41 170 120.8 1.59 2.34 250 120 B-2 

1.55 195 125.8 1.78 2.34 250 120 B-3 

0.97 115 118.8 1.53 2.34 250 120 C-0 

1.09 130 119.7 1.56 2.34 250 120 C-1 

1.22 148 120.8 1.59 2.34 250 120 C-2 

1.27 160 125.8 1.78 2.34 250 120 C-3 

Comparison of actual test results of shear strength of HSC beams with 

the results given by ECP-206 in Table 5.5, comparison gives the following 

general observations; 

The ECP code provisions for shear strength of HSC beams is more 

conservative for beams with and without steel fiber because the fiber 

effect not taken into consideration on Code. 

5.7 Proposed Theoretical Equation: 

The ratios between experimental results and theoretical results of Egyptian 

code were from 0.97 to 1.71 without fiber effect. From this we will included 

that steel fiber has obvious effect on the shear strength of beams. 

The recommended theoretical equation will be as the following; 

Vc=   +  +     (N) 

Where         √       .b.d   (N),  

                     (N), and 

   (
 

 
)                 . 

To consider fiber effect we will adding the term    to shear strength from the 

Egyptian code where; 
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(
 

 
): The aspect ratio for steel fiber. 

    The volume of fraction for steel fibers. 

  : Fiber factor. 

By analytically we find that the fiber factor   is equal (2.68). 

Table no (5.6) showed the comparison of the shear strength of beams with fiber 

effect into consideration according to our equation. 

Table (5.6) Comparison of the Shear Strength of Beams with the Provisions of Our 

Equation with Fiber Effect. 

    /          (KN)      (KN)          d mm b mm beam title 

1.2 145 118.89 1.53 2.34 250 120 A-0 

1.15 165 142.51 1.56 2.34 250 120 A-1 

1.08 180 166.43 1.59 2.34 250 120 A-2 

1.1 215 194.21 1.78 2.34 250 120 A-3 

1.13 135 118.89 1.53 2.34 250 120 B-0 

1.08 155 142.51 1.56 2.34 250 120 B-1 

1.02 170 166.43 1.59 2.34 250 120 B-2 

1.004 195 194.21 1.78 2.34 250 120 B-3 

0.96 115 118.89 1.53 2.34 250 120 C-0 

0.91 130 142.51 1.56 2.34 250 120 C-1 

0.88 148 166.43 1.59 2.34 250 120 C-2 

0.82 160 194.21 1.78 2.34 250 120 C-3 

Comparison of actual test results of shear strength of HSC beams with 

the results given in Table 5.6, equations gives the following general 

observations: 

1. The shear strength given by suggested equation for a/d =1.5 and 1.7 

are however reasonably good and not more conservative for a/d=2.2. 

2. The increase in shear strength of HSC beams due to addition of steel 

 fibers in all beams is not same, as given by results.  

3. The increase in shear strength of HSC beams due to addition of 

 steel fibers is shown clear fully for small values of a/d , as given by 

 results.  
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5.8 Review of Chinese Code for Design of Concrete Structure, GB50010–

2002: 

Expresses the ultimate strength for HSC with steel fiber in shear    by 

the following equation: 

     
    

   
    (      )      

     

 
       N 

     
   

   
  MPa 

Where    is the shear load of the fiber reinforced RC member,    is the 

influence coefficient of the steel fibers=0.75,    is fiber factor,     =        , 

       √  
  , and     is shear strength of fiber reinforced RC member. 

The comparison of actual and Chinese code results for shear strength of 

HSC beams with and without steel fiber has been given in Table 5.7. 

Table (5.7) Comparison of the Shear Strength of Beams with the Provisions of 

the Chinese Code 

    /          (KN)      (KN)       MPa d mm b mm beam title 

1.27 145 113.74 0.2 3.86 250 120 A-0 

1.26 165 130.86 0.2 3.93 250 120 A-1 

1.21 180 149.16 0.2 4.03 250 120 A-2 

1.20 215 179.20 0.2 4.48 250 120 A-3 

1.25 135 108.30 0.2 3.86 250 120 B-0 

1.25 155 123.90 0.2 3.93 250 120 B-1 

1.21 170 140.93 0.2 4.03 250 120 B-2 

1.16 195 168.72 0.2 4.48 250 120 B-3 

1.18 115 97.30 0.2 3.86 250 120 C-0 

1.18 130 110.50 0.2 3.93 250 120 C-1 

1.19 148 124.84 0.2 4.03 250 120 C-2 

1.08 160 148.30 0.2 4.48 250 120 C-3 

Comparison of actual test results of shear strength of HSC beams with 

the results given by GB50010–2002 in Tables 5.7, equations gives the 

following general observations; 
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 1. The GB50010–2002 provision for shear strength of HSC beams 

  is  conservative for small values of shear-span depth ratios  

  both for beams with and without steel fiber. 

 2. The shear strength given by GB50010–2002 for a/d =2.2 are  

  however reasonably good and becomes more conservative for  

  a/d=1.5 and  a/d=1.7. 

 3. The increase in shear strength of HSC beams due to addition of 

  steel  fibers in all beams is not same, as given by GB50010–2002.  

5.9 Comparison between Results 

The overall comparison of     /     for proposed equation, GB50010–2002, 

shin`s, and ashour`s equations have been shown in Table 5.8. 

Table 5.8 Comparison of      /     for, (Equation, Gb50010–2002, SHIN`S, AND ASHOURS) 

EQUATIONS for BEAMS with VARIABLE FIBER`S RATIOS. 

    /     

   
 

beam title  Ashour Shin GB50010 
Suggested 

eq. 

` 

1.06 
1.09 1.27 1.22 0.00% A-0 

Group A 

a/d=1.5 
1.05 1.13 1.26 1.16 0.25% A-1 

1.00 1.13 1.21 1.08 0.50% A-2 

1.02 1.22 1.20 1.11 0.75% A-3 

1.03 1.14 1.24 1.14 Mean 

 0.03 0.06 0.04 0.06 standard dev 

1.08 1.02 1.25 1.14 0.00% B-0 

Group B 

a/d=1.7 

1.08 1.07 1.25 1.09 0.25% B-1 

1.04 1.08 1.21 1.02 0.50% B-2 

1.02 1.11 1.16 1.00 0.75% B-3 

1.06 1.07 1.21 1.06 Mean 

 0.03 0.04 0.04 0.06 standard dev 

1.10 0.89 1.18 0.97 0.00% C-0 

Group C 

a/d=2.2 

1.09 0.91 1.18 0.91 0.25% C-1 

1.10 0.95 1.19 0.89 0.50% C-2 

1.03 0.92 1.08 0.82 0.75% C-3 

1.08 0.92 1.16 0.90 Mean 

 0.03 0.03 0.05 0.06 standard dev 
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From the comparison of Vexp/Vpre given in Table 5.8, the following 

general comments can be made; 

1. All the equation of various codes and methods discussed in the study 

 are safe for the shear design of tested HSFRC beams with and  without 

 steel fibers. 

2. For beams with fibers, the corresponding values  Vexp/Vpre have 

 increased for a/d=1.5 and a/d=1.7 for all equations hence the equations 

 given by most of the  codes and  methods discussed are 

 conservative for HSC beams with a/d=1.5,a/d=1.7, and a/d=2.2 for 

 both the cases with and without discrete steel fibers. 

3. The equations are giving reasonably good predictions of the shear 

 strength of HSC beams for a/d=1.5 and 1.7.  

4. The shear design of HSC beams at low-level shear span to depth  

 ratios  by all the methods and equations considered need further work 

 and verification of the improvement of the equations. 

5. The shear strength of HSC beams with steel fibers is generally Con-

 sidered as the sum of the individual contributions of the concrete and 

steel fibers but in fact is more complicated phenomena as their roles are 

 not independent.  

6. The our proposed equation gives reasonably  good  estimate of the 

HSC beams with steel fibers as shown on figure (5.1). 
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Fig(5.1) Comparison of      /     for, (Our equation, (Gb50010–2002), Shin, and Ashours). 
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Chapter Six 

SUMMARY, CONCLUSIONS, AND 

RECOMMENDATIONS  

6.1 Summary 

In the experimental program of this research study, the behavior of 

HSFRC beams was studied where different values of a/d and vf were taken 

into consideration. In the theoretical program, an existing codes and purposed 

equations were used in order to incorporate the effect of steel fiber, and shear 

span depth ratio, where a comparison are presented between the values of 

proposal equation and different researches and codes. 

6.2 Conclusions 

6.2.1 Effect of Steel Fibers on Shear Strength of HSC Beams: 

 Adding of fibers to high strength concrete increases the first crack 

load and ultimate load. For 0.75% volume fiber the ultimate load 

increased by 48.2% at a/d=1.5, for 0.75% fiber the ultimate load 

increased by 44.5% at a/d=1.7. In addition, for 0.75% volume 

fiber the ultimate load increased by 39% at a/d=2.2. 

 Adding of steel fibers to the concrete mix improves the shear 

strength of RC beams and tends to increase initial and post 

cracking stiffness of beam. 

 For each a/d ratio, increasing the volume fraction of steel fibers 

can increased the ultimate loads, the shear strength, and decreased 

ultimate deflections.  

 The combination of stirrups and steel fibers demonstrates a 

positive hybrid effect on the mechanical behavior, and is one of 

the optimal choices for improving the shear capacity. 
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 Test results show that plasticity, cracks propagations and load 

capacity of elements are greatly influenced by steel fiber volume 

added. 

 Steel fibers work as splice, which help the matrix to exhibit less 

cracks, and increase the stiffness. 

6.2.2 Effect of Shear Span-Depth Ratio on Shear Strength of HSC Beams:  

The shear span to depth a/d ratio has a strong influence on the shear strength of 

HSRC beams like NSRC beams. 

 The shear strength decreases with the increase of a/d values for 

the same longitudinal steel. 

 The increase in shear span ratio increases the number of cracks 

formed and as result more cantilever force applied at the cracked 

concrete, reducing the shear strength of concrete to greater extent. 

 In general, by change ratio of a/d from 1.5 to 2.2 the failure load 

decreased by 21 percent at the same fiber content 0, 0.25 percent, 

by comparing between the strength for span to depth ratio 1.5 and 

2.2 it found that, the shear strength in a/d=1.5 is more than that in 

a/d=2.2 because of arch action performed on lower shear span 

ratio. 

 From studding, the effect of span to depth ratio on the shear 

failure and using discrete steel fiber it was found that, by 

increasing span to depth ratio the efficiency of used discrete steel 

fiber decreased. 

From the discussion presented in Chapter 5, the following conclusions   

are drawn: 

 The experimental variations in a/d, and    were performed in 

order to validate the proposed equation. It is seen that the equation 

offer very satisfactory predictions for these various cases. It 
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should, however, be noted that the model and equations do not 

provide good estimates for a/d >(1.7). 

 The suggested equation applicable to take effect of steel fiber on 

shear strength of high strength concrete beams. 

 The shear strength form ACI code and ECP code not take effect of 

fiber on strength into consideration. 

 we found that differences of experimental values and predicted 

values from ACI and ECP codes up to 64% and 71%  

respectively, but the suggested equation given mean values up to 

14% and the equation is valid for shear span ratio equal (1.7). 

6.3 Recommendations for Further Study 

Several areas may be identified which need further study in order for a 

more complete understanding of the behavior of HSFRC beams to be attained : 

 The post-peak behavior of beam specimens needs to be modeled 

more accurately. 

 More tests and studies are required towards a better understanding 

of the role of fibers in shear strengthening. Full-scale beam tests 

are also required to check the validity of the above findings and 

the proposed methods. 
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Appendix A 

 

DESIGN OF H.S.C BEAMS 

 

Flexure Analysis: 

 

 

 

Step 1: calculation of the balanced compression zone depth     : 

     
     

        
 

  = 
  

  
 = 

   

       
 

         

We get    = 140.6 mm 

Step 2: calculation of compression reinforcement stress      : 
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C`=15 mm 

C = 1.25 a 

              

 

Step 3: calculation of compression zone depth ( c ) : 

At equilibrium C = T 

C1+C2 = T 

0.67.  a * b+    *     =   *     

0.67 * 51 * a * 120 + ( 2 * 112 ) * ( 300 * a – 360 ) = ( 2 * 201 ) *      

Assume tension failure                   

We get a = 20.8 mm c = 1.25*a = 26 mm  

c      ok ( valid assumption) 

 

 

Step 4: calculation of ultimate flexure moment (  ): 

            (    )                   
 

 
 ) 

                                                   
 

 
 ) 

               = 30.7556 KN.m 

 

     
 

 
 Where a (distance from load to support) 

At a/d =1.5 and     = 51 MPa 

   30.7556 KN.m and P = 164 KN 

At a/d =1.5 and     = 53 MPa 

   30.741 KN.m and P = 164.1 KN 

At a/d =1.5 and     = 55.8 MPa 

   32.4813 KN.m and P = 176 KN 

At a/d =1.5 and     = 68.9 MPa 

   36.7 KN.m and P = 195 KN 

 

At a/d =1.7 and     = 51 MPa 

   30.7556 KN.m and P = 144.9 KN 

At a/d =1.7 and     = 53 MPa 
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   30.741 KN.m and P = 144.7 KN 

At a/d =1.7 and     = 55.8 MPa 

   32.4813 KN.m and P = 155 KN 

At a/d =1.7 and     = 68.9 MPa 

   36.7 KN.m and P = 172 KN 

 

At a/d = 2.2 and     = 51 MPa 

   30.7556 KN.m and P = 112 KN 

At a/d = 2.2 and     = 53 MPa 

   30.741 KN.m and P = 111.8 KN 

At a/d = 2.2 and     = 55.8 MPa 

   32.4813 KN.m and P = 120 KN 

At a/d = 2.2 and     = 68.9 MPa 

   36.7 KN.m and P = 133 KN 

Shear Analysis: 

 

Step (1): Calculate the shear stress due to the ultimate shear force 

   [        ]     (N) 

         √             

                        MPa 

Step (2): Calculate the ultimate shear load 

For    = 51 MPa   

n = 2 ,               ,      = 240 MPa , and S = 166.7 mm  

Ultimate shear stress               and ultimate shear load 103.2 KN 
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For    = 53 MPa   

n = 2,               ,      = 240 MPa , and S = 166.7 mm  

Ultimate shear stress               and ultimate shear load 104.4 KN 

 

For    = 55.8 MPa   

n = 2 ,               ,      = 240 MPa , and S = 166.7 mm  

Ultimate shear stress               and ultimate shear load 106 KN 

 

For    = 68.9 MPa   

n = 2 ,               ,      = 240 MPa , and S = 166.7 mm  

Ultimate shear stress               and ultimate shear load 113 KN 

 

Beam no Ultimate Flexure Load ( KN) Ultimate Shear Load ( KN) 

( A – 0 ) 164.3 103.2 

( A – 1 ) 164 104.4 

( A – 2 ) 176 106 

( A – 3 ) 195 113 

( B – 0 ) 144.9 103.2 

( B – 1 ) 144.7 104.4 

( B – 2 ) 155 106 

( B – 3 ) 172 113 

( C – 0 ) 112 103.2 

( C – 1 ) 111.8 104.4 

( C – 2 ) 120 106 

( C – 3 ) 133 113 

 



 ملخص البحث
 

 عنوان البحث
 

في ياف والمدعمة بالأل عالية المقاومة للكمرات الخرسانية القص" سلوك 

."الخلطة الخرسانية  
 

الانشائية الموجودة بالمنشأ حيث أنها تعمل عمى نقل الأحمال الأفقية  الكمرات الرئيسية من أهم العناصر تعتبر

من الأحمال ذات  القصاحمال ر عرض لأحمال داخميه متنوعة وتعتبوالراسية من البلاطات والكمرات الثانوية وتت

التأثير عالي الخطورة عمى الكمرات حيث أنها من الممكن أن تؤدي إلى عممية انهيار قصف في الكمرات ومثلل 

هللللذا الانهيللللار يسللللب  كللللوارث ويجلللل  تلافيلللله وقللللد ظهللللرت فللللي الاونلللله الاخيللللر  مللللواد تصللللم  لتحسللللين أدا  

بإضلافتها لمخمطلة الخرسلانية أثنلا  والتي يمكلن اسلتخدامها الفولاذية ومن هذ  المواد الالياف  العناصرالإنشائية

فلي الكملرات  الفولاذية بنس  مختمفلةالالياف إضافة دراسة مدى تاثير ومن هنا جا ت فكرة البحث وهي  الص 

يلاف الفولاذيلة بالخمطلة تزيلد وقلد أوضلحت النتلائل العمميلة أنله ملة زيلادة نسل  الأل .الخرسانية عالية المقاومة

بلالأكواد والدراسلات  مقارنه النتلائلنهيار وعدد وحجم الشروخ الناتجة وتم مقاومة الكمرات لمقص ويتغير نوع الا 

 .  السابقة

 

 

 

 

 

 

 



 شكز ٔتقذيز
 

 

 فى انبذايّ اشكز الله عش ٔجم عهى َعًّ انتى اَعى بٓا طٕال طزيقى لآَاء ْذا انبحث ٔعهى 

 

 َعًّ فى كم حياتى .

 

 كًا اتقذو بخانض انشكز ٔانتقذيز نهسادِ انًشزفيٍ عهى َظائحٓى ٔتشجيعٓى انًستًز نى 

 

  ْٔى : اجٓتُىطٕال فتزِ انبحث ٔانبزَايج انعًهى خاطّ ٔحم انًشاكم انتى ٔ

حسٍ. َظز سيُٓى / .د .وا  

 

/ عثًاٌ. يظطفي عبذ انًجيذ  .د .وا  

 

شعيب. انكزيى عطا  أ.و.د/

  

 كًا اتقذو بانشكز لاطذقائى ٔانسادِ يشزفى يعايم انخزساَّ ٔخٕاص ٔيقأيّ انًٕاد عهى

 

انبحث. ءيساعذتٓى ٔتشيجعٓى عهى آَا   

 

 ٔفى انُٓايّ اتقذو بكم يعاَى انحب ٔانشكز ٔانتقذيز انى اسزتى ) ابى ٔايى ٔاختى ٔاخى ( 

 

ْٕ ارضاء  فى انذَيا ٔكم يا اتًُاِعهى حبٓى ٔتشجيعى ٔيًٓا فعهت يٍ اجهٓى لا أفى حقٓى   

 

. ربى ثى ابى ٔايى فهٓى يُى كم انحب ٔانشكز  
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