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Summary:  

 
Twelve wide beams were tested in the current experimental program to investigate the 

effect of steel fiber on the shear behavior of wide beam without stirrups. All tested beams 

were simply supported with 1.00m effective length, width 450mm and thickness 200mm. 

Main variables were fiber volume fraction, concrete compressive strength, span-to-depth 

ratio and longitudinal reinforcement ratio. The results showed that the addition of steel 

fibers in RC wide beams without stirrups increase the shear strength, ultimate load capacity 

and ductility. It also decrease deflection and delay appearance of the first shear crack. 

 

 

 

 

nsert photo here 



 

i 

 

Table of Contents 

TABLE OF CONTENTS ............................................................................................... I 

LIST OF TABLES......................................................................................................... V 

LIST OF FIGURES......................................................................................................VI 

ABSTRACT ................................................................................................................... X 

CHAPTER 1 : INTRODUCTION ................................................................................ 1 

1.1. GENERAL ............................................................................................. 1 

1.3. SCOPE OF WORK .................................................................................. 1 

1.4. THESIS OUTLINE .................................................................................. 2 

CHAPTER 2 : LITERATURE REVIEW .................................................................... 3 

2.1. INTRODUCTION .................................................................................... 3 

2.2. TYPES OF FIBERS .................................................................................. 3 

2.3. FIBERS CONTENT AND SHAPE .............................................................. 3 

2.4. FIBERS REINFORCED CONCRETE PROPERTIES IN THE FRESH CASE ....... 4 

2.5. STRUCTURAL BEHAVIOR OF NORMAL STRENGTH CONCRETE BEAMS WITH 

STEEL FIBER .................................................................................................................. 4 

2.5.1. Shear Behavior of  SFRC Beams With Steel Stirrups .................. 4 
2.5.1.1. E.I. El-Niema 1991[11] .............................................................................................. 4 
2.5.1.2. B. H. Oh, D. H. Lim, S. W. Yoo and E. S. Kim 1998[16] .......................................... 4 

2.5.2. Prediction of Shear Strength of SFRC Beams Without Stirrups. .. 5 
2.5.2.1. Sharma 1986[6] .......................................................................................................... 5 
2.5.2.2. Mansur M.A., ASCE, K.C.G. ONG and P. PAramasivam 1986[7] ........................... 6 
2.5.2.3. Narayanan and Darwish 1987[8] ................................................................................ 6 
2.5.2.4. Ashour, Hasanain, and Wafa 1992[13] ...................................................................... 7 
2.5.2.5. Victor C. Li, Robert Ward and Ali M. Hamza 1992[14] ............................................ 7 
2.5.2.6. Imam, Vandewalle and Mortlmans 1997[15] ............................................................. 8 
2.5.2.7. Madhusudan Khuntia, Bozidar Stojadinovic and Goel S. C. 1999[17] ...................... 9 
2.5.2.8. Kwak, Eberhard, Kim W.-S. and Kim J. 2002[19] ..................................................... 9 
2.5.2.9. Dinh H. H., Parra-Montesinos G. J. and Wight J. K. 2011[22] ................................ 10 

CHAPTER 3 : EXPERIMENTAL WORK ............................................................... 11 

3.1. INTRODUCTION .................................................................................. 11 

3.2. TEST SPECIMENS ................................................................................ 11 

3.3. MATERIAL PROPERTIES ...................................................................... 14 

3.3.1. Concrete ...................................................................................... 14 
3.3.1.1. Fine aggregates ........................................................................................................ 14 
3.3.1.2. Coarse aggregates..................................................................................................... 14 
3.3.1.3. Cement ..................................................................................................................... 16 
3.3.1.4. Cement Replacement Material ................................................................................. 16 
3.3.1.5. Mixing water ............................................................................................................ 17 
3.3.1.6. Super-Plasticizer ...................................................................................................... 17 
3.3.1.7. Concrete mix proportions ......................................................................................... 17 



 

ii 

 

3.3.2. Reinforcing steel ......................................................................... 18 

3.3.3. Steel Fibers .................................................................................. 20 

3.4. SPECIMENS PREPARATION .................................................................. 22 

3.4.1. Shuttering .................................................................................... 22 

3.4.2. Concrete Mixing .......................................................................... 22 

3.4.3. Concrete Casting ......................................................................... 23 

3.5. TEST SETUP AND INSTRUMENTATION ................................................. 23 

3.5.1. Instrumentation............................................................................ 23 

3.5.2. Test frame, control station and data acquisition system.............. 24 

CHAPTER 4 : TEST RESULTS ................................................................................. 25 

4.1. INTRODUCTION .................................................................................. 25 

4.2. OBSERVED GENERAL BEHAVIOR OF TESTED BEAMS ........................... 25 

4.3. TEST RESULTS FOR SERIES B1 ............................................................ 25 

4.3.1. Specimen B1-1 ............................................................................ 25 
4.3.1.1. Mode of failure ......................................................................................................... 25 
4.3.1.2. Load-deflection curve .............................................................................................. 26 
4.3.1.3. Strains in steel reinforcement ................................................................................... 26 
4.3.1.4. Load-diagonal strain curve in shear span ................................................................. 26 
4.3.1.5. Ductility of specimen ............................................................................................... 26 

4.3.2. Specimen B1-2 ............................................................................ 30 
4.3.2.1. Mode of failure ......................................................................................................... 30 
4.3.2.2. Load-deflection curve .............................................................................................. 30 
4.3.2.3. Strains in steel reinforcement ................................................................................... 30 
4.3.2.4. Load-diagonal strain curve in shear span ................................................................. 30 
4.3.2.5. Ductility of specimen ............................................................................................... 30 

4.3.3. Specimen B1-3 ............................................................................ 34 
4.3.3.1. Mode of failure ......................................................................................................... 34 
4.3.3.2. Load-deflection curve .............................................................................................. 34 
4.3.3.3. Strains in steel reinforcement ................................................................................... 34 
4.3.3.4. Load-diagonal strain curve in shear span ................................................................. 34 
4.3.3.5. Ductility of specimen ............................................................................................... 34 

4.4. TEST RESULTS FOR SERIES B2 ............................................................ 38 

4.4.1. Specimen B2-1 ............................................................................ 38 
4.4.1.1. Mode of failure ......................................................................................................... 38 
4.4.1.2. Load-deflection curve .............................................................................................. 38 
4.4.1.3. Strains in steel reinforcement ................................................................................... 38 
4.4.1.4. Load-diagonal strain curve in shear span ................................................................. 38 
4.4.1.5. Ductility of specimen ............................................................................................... 38 

4.4.2. Specimen B2-2 ............................................................................ 42 
4.4.2.1. Mode of failure ......................................................................................................... 42 
4.4.2.2. Load-deflection curve .............................................................................................. 42 
4.4.2.3. Strains in steel reinforcement ................................................................................... 42 
4.4.2.4. Load-diagonal strain curve in shear span ................................................................. 42 
4.4.2.5. Ductility of specimen ............................................................................................... 42 

4.4.3. Specimen B2-3 ............................................................................ 46 
4.4.3.1. Mode of failure ......................................................................................................... 46 
4.4.3.2. Load-deflection curve .............................................................................................. 46 
4.4.3.3. Strains in steel reinforcement ................................................................................... 46 
4.4.3.4. Load-diagonal strain curve in shear span ................................................................. 46 
4.4.3.5. Ductility of specimen ............................................................................................... 46 



 

iii 

 

4.5. TEST RESULTS FOR SERIES B3 ............................................................ 50 

4.5.1. Specimen B3-1 ............................................................................ 50 
4.5.1.1. Mode of failure ......................................................................................................... 50 
4.5.1.2. Load-deflection curve .............................................................................................. 50 
4.5.1.3. Strains in steel reinforcement ................................................................................... 50 
4.5.1.4. Load-diagonal strain curve in shear span ................................................................. 50 
4.5.1.5. Ductility of specimen ............................................................................................... 50 

4.5.2. Specimen B3-2 ............................................................................ 54 
4.5.2.1. Mode of failure ......................................................................................................... 54 
4.5.2.2. Load-deflection curve .............................................................................................. 54 
4.5.2.3. Strains in steel reinforcement ................................................................................... 54 
4.5.2.4. Load-diagonal strain curve in shear span ................................................................. 54 
4.5.2.5. Ductility of specimen ............................................................................................... 54 

4.5.3. Specimen B3-3 ............................................................................ 58 
4.5.3.1. Mode of failure ......................................................................................................... 58 
4.5.3.2. Load-deflection curve .............................................................................................. 58 
4.5.3.3. Strains in steel reinforcement ................................................................................... 58 
4.5.3.4. Load-diagonal strain curve in shear span ................................................................. 58 
4.5.3.5. Ductility of specimen ............................................................................................... 58 

4.6. TEST RESULTS FOR SERIES B4 ............................................................ 62 

4.6.1. Specimen B4-1 ............................................................................ 62 
4.6.1.1. Mode of failure ......................................................................................................... 62 
4.6.1.2. Load-deflection curve .............................................................................................. 62 
4.6.1.3. Strains in steel reinforcement ................................................................................... 62 
4.6.1.4. Load-diagonal strain curve in shear span ................................................................. 62 
4.6.1.5. Ductility of specimen ............................................................................................... 62 

4.6.2. Specimen B4-2 ............................................................................ 66 
4.6.2.1. Mode of failure ......................................................................................................... 66 
4.6.2.2. Load-deflection curve .............................................................................................. 66 
4.6.2.3. Strains in steel reinforcement ................................................................................... 66 
4.6.2.4. Load-diagonal strain curve in shear span ................................................................. 66 
4.6.2.5. Ductility of specimen ............................................................................................... 66 

4.6.3. Specimen B4-3 ............................................................................ 70 
4.6.3.1. Mode of failure ......................................................................................................... 70 
4.6.3.2. Load-deflection curve .............................................................................................. 70 
4.6.3.3. Strains in steel reinforcement ................................................................................... 70 
4.6.3.4. Load-diagonal strain curve in shear span ................................................................. 70 
4.6.3.5. Ductility of specimen ............................................................................................... 70 

CHAPTER 5 : DISCUSSION OF TEST RESULTS ................................................. 74 

5.1. INTRODUCTION .................................................................................. 74 

5.2. GENERAL BEHAVIOR OF TESTED BEAMS ............................................. 74 

5.3. EFFECT OF FIBER VOLUMETRIC RATIO (VF) ........................................ 75 

5.3.1. Series B1 ..................................................................................... 75 
5.3.1.1. Load-deflection behavior of specimens .................................................................... 76 
5.3.1.2. Ductility of specimens .............................................................................................. 76 

5.3.2. Series B2 ..................................................................................... 78 
5.3.2.1. Load-deflection behavior of specimens .................................................................... 78 
5.3.2.2. Ductility of specimens .............................................................................................. 78 

5.3.3. Series B3 ..................................................................................... 80 
5.3.3.1. Load-deflection behavior of specimens .................................................................... 80 
5.3.3.2. Ductility of specimens .............................................................................................. 81 

5.3.4. Series B4 ..................................................................................... 83 



 

iv 

 

5.3.4.1. Load-deflection behavior of specimens .................................................................... 83 
5.3.4.2. Ductility of specimens .............................................................................................. 83 

5.4. EFFECT OF CONCRETE COMPRESSIVE STRENGTH (FCU) ........................ 86 

5.4.1. Load-deflection behavior of specimens ...................................... 86 

5.4.2. Ductility of specimens ................................................................. 87 

5.5. EFFECT OF LONGITUDINAL REINFORCEMENT RATIO (Ρ) ...................... 92 

5.5.1. Load-deflection behavior of specimens ...................................... 92 

5.5.2. Ductility of specimens ................................................................. 92 

5.6. EFFECT OF SPAN-TO-DEPTH RATIO (A/D) ............................................ 97 

5.6.1. Load-deflection behavior of specimens ...................................... 97 

5.6.2. Ductility of specimens ................................................................. 98 

5.7. ANALYTICAL PREDICTIONS .............................................................. 103 

5.7.1. Sharma [6], (Type 2) ................................................................. 103 

5.7.2. Narayanan and Darwish [8], (Type 1) ....................................... 103 

5.7.3. Ashour et al. [13], (Type 1) ....................................................... 103 

5.7.4. Imam et al.[15], (Type 1) .......................................................... 103 

5.7.5. Kwak et al.[19], (Type 1) .......................................................... 104 

5.7.6. Comparison of observed values with predicted values ............. 104 

CHAPTER 6 : SUMMARY AND CONCLUSIONS ............................................... 105 

6.1. SUMMARY ........................................................................................ 105 

6.2. CONCLUSIONS .................................................................................. 105 

6.3. RECOMMENDATIONS FOR FUTURE STUDY ........................................ 106 

REFERENCES ........................................................................................................... 107 

 

  



 

v 

 

List of Tables 

Table (3.1) Specimens grouping and details .................................................................. 13 

Table (3.2) Properties of fine and coarse aggregate ....................................................... 14 
Table (3.3) Cement Test Results .................................................................................... 16 
a) Physical properties .................................................................................................. 16 
b) Mechanical properties ............................................................................................. 16 
Table (3.4) Properties of Silica Fume. ............................................................................ 17 

Table (3.5) Concrete mix proportions per one cubic meter ............................................ 18 
Table (3.6) Physical and mechanical properties of steel bars ........................................ 19 
Table (3.7) Properties of steel fibers .............................................................................. 21 
Table (3.8) Chemical Compositions of steel fibers ........................................................ 21 

Table (5.1) Details of test specimens and test results ..................................................... 75 
Table (5.2) Shear strength prediction models for SFRC beams used in this study. ..... 104 

 

 

  



 

vi 

 

List of Figures 

Fig. (3.1) Specimens details and cross sections.............................................................. 12 

Fig. (3.2) Aggregate gradation curve for combined aggregate (25 MPa mix) ............... 15 
Fig. (3.3) Aggregate gradation curve for combined aggregate (50 MPa mix) ............... 15 
Fig. (3.4) Stress strain curve for mild steel .................................................................... 19 
Fig. (3.5) Stress strain curve for high grade steel ........................................................... 20 
Fig. (3.6) End Hook Steel Fibers .................................................................................... 21 

Fig. (3.7) Reinforcement Steel Cage Arranged Inside the Shuttering ............................ 22 
Fig. (3.8) Test Setup ....................................................................................................... 23 
Fig. (3.9) Instrumentation of test specimens .................................................................. 24 
Fig. (3.10) Schematic diagram of the test procedure ...................................................... 24 

Fig. (4.1a) Cracks pattern at failure for specimen (B1-1) .............................................. 27 
Fig. (4.1b) Close-up of shear failure for specimen (B1-1) ............................................. 27 
Fig. (4.2) Load-deflection curve for specimen (B1-1) ................................................... 28 
Fig. (4.3) Steel strain in the longitudinal steel bar for specimen (B1-1) ........................ 28 

Fig. (4.4a) Load-diagonal strain on left side for specimen (B1-1) ................................. 29 

Fig. (4.4b) Load-diagonal strain on right side for specimen (B1-1) ............................... 29 
Fig. (4.5a) Cracks pattern at failure for specimen (B1-2) .............................................. 31 

Fig. (4.5b) Close-up of shear failure for specimen (B1-2) ............................................. 31 
Fig. (4.6) Load-deflection curve for specimen (B1-2) ................................................... 32 
Fig. (4.7) Steel strain in the longitudinal steel bar for specimen (B1-2) ........................ 32 

Fig. (4.8a) Load-diagonal strain on left for specimen (B1-2) ........................................ 33 
Fig. (4.8b) Load-diagonal strain on right side for specimen (B1-2) ............................... 33 

Fig. (4.9a) Cracks pattern at failure for specimen (B1-3) .............................................. 35 
Fig. (4.9b) Close-up of shear failure for specimen (B1-3) ............................................. 35 

Fig. (4.10) Load-deflection curve for specimen (B1-3) ................................................. 36 
Fig. (4.11) Steel strain in the longitudinal steel bar for specimen (B1-3) ...................... 36 

Fig. (4.12a) Load-diagonal strain on left side for specimen (B1-3) ............................... 37 
Fig. (4.12b) Load-diagonal strain on right side for specimen (B1-3)............................. 37 
Fig. (4.13a) Cracks pattern at failure for specimen (B2-1) ............................................ 39 
Fig. (4.13b) Close-up of shear failure for specimen (B2-1) ........................................... 39 

Fig. (4.14) Load-deflection curve for specimen (B2-1) ................................................. 40 
Fig. (4.15) Steel strain in the longitudinal steel bar for specimen (B2-1) ...................... 40 
Fig. (4.16a) Load-diagonal strain on left side for specimen (B2-1) ............................... 41 
Fig. (4.16b) Load-diagonal strain on right side for specimen (B2-1)............................. 41 
Fig. (4.17a) Cracks pattern at failure for specimen (B2-2) ............................................ 43 

Fig. (4.17b) Close-up of shear failure for specimen (B2-2) ........................................... 43 
Fig. (4.18) Load-deflection curve for specimen (B2-2) ................................................. 44 
Fig. (4.19) Steel strain in the longitudinal steel bar for specimen (B2-2) ...................... 44 

Fig. (4.20a) Load-diagonal strain on left side for specimen (B2-2) ............................... 45 
Fig. (4.20b) Load-diagonal strain on right side for specimen (B2-2)............................. 45 
Fig. (4.21a) Cracks pattern at failure for specimen (B2-3) ............................................ 47 
Fig. (4.21b) Close-up of shear failure for specimen (B2-3) ........................................... 47 

Fig. (4.22) Load-deflection curve for specimen (B2-3) ................................................. 48 
Fig. (4.23) Steel strain in the longitudinal steel bar for specimen (B2-3) ...................... 48 
Fig. (4.24a) Load-diagonal strain on left side for specimen (B2-3) ............................... 49 

Fig. (4.24b) Load-diagonal strain on right side for specimen (B2-3)............................. 49 



 

vii 

 

Fig. (4.25a) Cracks pattern at failure for specimen (B3-1) ............................................ 51 

Fig. (4.25b) Close-up of shear failure for specimen (B3-1) ........................................... 51 
Fig. (4.26) Lad-deflection curve for specimen (B3-1) ................................................... 52 
Fig. (4.27) Steel strain in the longitudinal steel bar for specimen (B3-1) ...................... 52 
Fig. (4.28) Load-diagonal strain on left side for specimen (B3-1) ................................. 53 

Fig. (4.29a) Cracks pattern at failure for specimen (B3-2) ............................................ 55 
Fig. (4.29b) Close-up of shear failure for specimen (B3-2) ........................................... 55 
Fig. (4.30) Load-deflection curve for specimen (B3-2) ................................................. 56 
Fig. (4.31) Steel strain in the longitudinal steel bar for specimen (B3-2) ...................... 56 
Fig. (4.32a) Load-diagonal strain on left side for specimen (B3-2) ............................... 57 

Fig. (4.33a) Cracks pattern at failure for specimen (B3-3) ............................................ 59 
Fig. (4.33b) Close-up of shear failure for specimen (B3-3) ........................................... 59 
Fig. (4.34) Load-deflection curve for specimen (B3-3) ................................................. 60 
Fig. (4.35) Steel strain in the longitudinal steel bar for specimen (B3-3) ...................... 60 
Fig. (4.36) Load-diagonal strain on left side for specimen (B3-3) ................................. 61 

Fig. (4.37a) Cracks pattern at failure for specimen (B4-1) ............................................ 63 
Fig. (4.37b) Close-up of shear failure for specimen (B4-1) ........................................... 63 

Fig. (4.38) Load-deflection curve for specimen (B4-1) ................................................. 64 
Fig. (4.39) Steel strain in the longitudinal steel bar for specimen (B4-1) ...................... 64 

Fig. (4.40) Load-diagonal strain on left side for specimen (B4-1) ................................. 65 
Fig. (4.41a) Cracks pattern at failure for specimen (B4-2) ............................................ 67 

Fig. (4.41b) Close-up of shear failure for specimen (B4-2) ........................................... 67 
Fig. (4.42) Load-deflection curve for specimen (B4-2) ................................................. 68 
Fig. (4.43) Steel strain in the longitudinal steel bar for specimen (B4-2) ...................... 68 

Fig. (4.44) Load-diagonal strain on left side for specimen (B4-2) ................................. 69 
Fig. (4.45a) Cracks pattern at failure for specimen (B4-3) ............................................ 71 

Fig. (4.45b) Close-up of shear failure for specimen (B4-3) ........................................... 71 
Fig. (4.46) Load-deflection curve for specimen (B4-3) ................................................. 72 

Fig. (4.47) Steel strain in the longitudinal steel bar for specimen (B4-3) ...................... 72 
Fig. (4.48a) Load-diagonal strain on left side for specimen (B4-3) ............................... 73 

Fig. (5.1) Normalized shear resistance-deflection curves for series (B1) ...................... 76 
Fig. (5.2) Effect of fiber volumetric ratio on shear cracking and ultimate loads of series 

(B1) ................................................................................................................................. 77 

Fig. (5.3) Effect of fiber volumetric ratio on ductility of series (B1) ............................. 77 
Fig. (5.4) Normalized shear resistance -deflection curves for series (B2) ..................... 79 

Fig. (5.5) Effect of fiber volumetric ratio on shear cracking and ultimate loads of series 

(B2) ................................................................................................................................. 79 
Fig. (5.6) Effect of fiber volumetric ratio on ductility of series (B2) ............................. 80 

Fig. (5.7) Normalized shear resistance -deflection curves for series (B3) ..................... 81 
Fig. (5.8) Effect of fiber volumetric ratio on shear cracking and ultimate loads of series 

(B3) ................................................................................................................................. 82 
Fig. (5.9) Effect of fiber volumetric ratio on ductility of series (B3) ............................. 82 

Fig. (5.10) Normalized shear resistance -deflection curves for series (B4) ................... 84 
Fig. (5.11) Effect of fiber volumetric ratio on shear cracking and ultimate loads of 

series (B4) ....................................................................................................................... 84 
Fig. (5.12) Effect of fiber volumetric ratio on ductility of series (B4) ........................... 85 
Fig. (5.13) Effect of fiber volumetric ratio on normalized shear resistance of all series85 

Fig. (5.14) Effect of fiber volumetric ratio on ductility of all series .............................. 86 
Fig. (5.15a) Normalized shear resistance-deflection curves for specimens (B1-1 & B2-

1) ..................................................................................................................................... 87 



 

viii 

 

Fig. (5.15b) Load-deflection curves for specimens (B1-2 & B2-2) ............................... 88 

Fig. (5.15c) Normalized shear resistance-deflection curves for specimens (B1-3 & B2-

3) ..................................................................................................................................... 88 
Fig. (5.16a) Effect of concrete compressive strength on shear cracking and ultimate 

loads of specimens (B1-1 & B2-1) ................................................................................. 89 

Fig. (5.16b) Effect of concrete compressive strength on shear cracking and ultimate 

loads of specimens (B1-2 & B2-2) ................................................................................. 89 
Fig. (5.16c) Effect of concrete compressive strength on shear cracking and ultimate 

loads of specimens (B1-3 & B2-3) ................................................................................. 90 
Fig. (5.17) Effect of concrete compressive strength on ductility of series (B1 & B2) ... 90 

Fig. (5.18) Effect of fiber volumetric ratio on relative increase of shear strength of 

series (B1, B2) ................................................................................................................ 91 
Fig. (5.19) Effect of fiber volumetric ratio on relative increase of ductility of series (B1, 

B2) .................................................................................................................................. 91 
Fig. (5.20a) Normalized shear resistance-deflection curves for specimens (B1-1 & B3-

1) ..................................................................................................................................... 93 
Fig. (5.20b) Normalized shear resistance-deflection curves for specimens (B1-2 & B3-

2) ..................................................................................................................................... 93 
Fig. (5.20c) Normalized shear resistance-deflection curves for specimens (B1-3& B3-3)

 ........................................................................................................................................ 94 
 Fig. (5.21a) Effect of longitudinal reinforcement ratio on shear cracking and ultimate 

loads of specimens (B1-1 & B3-1) ................................................................................. 94 
Fig. (5.21b) Effect of longitudinal reinforcement ratio on shear cracking and ultimate 

loads of specimens (B1-2 & B3-2) ................................................................................. 95 

Fig. (5.21c) Effect of longitudinal reinforcement ratio on shear cracking and ultimate 

loads of specimens (B1-3 & B3-3) ................................................................................. 95 

Fig. (5.22) Effect of longitudinal reinforcement ratio on ductility of series (B1 & B3) 96 
Fig. (5.23) Effect of fiber volumetric ratio on relative increase of shear strength of 

series (B1, B3) ................................................................................................................ 96 
Fig. (5.24) Effect of fiber volumetric ratio on relative increase of ductility of series (B1, 

B3) .................................................................................................................................. 97 
Fig. (5.25a) Normalized shear resistance -deflection curves for specimens (B1-1 & B4-

1) ..................................................................................................................................... 98 

Fig. (5.25b) Normalized shear resistance -deflection curves for specimens (B1-2 & B4-

2) ..................................................................................................................................... 99 

Fig. (5.25c) Normalized shear resistance-deflection curves for specimens (B1-3 & B4-

3) ..................................................................................................................................... 99 
Fig. (5.26.a) Effect of span to depth ratio on shear cracking and ultimate loads of 

specimens (B1-1 & B4-1) ............................................................................................. 100 
Fig. (5.26.b) Effect of span to depth ratio on shear cracking and ultimate loads of 

specimens (B1-2 & B4-2) ............................................................................................. 100 
Fig. (5.26.c) Effect of span to depth ratio on shear cracking and ultimate loads of 

specimens (B1-3 & B4-3) ............................................................................................. 101 
Fig. (5.27) Effect of span to depth ratio on ductility of series (B1 & B4) ................... 101 
Fig. (5.28) Effect of fiber volumetric ratio on relative increase of shear strength of 

series (B1, B4) .............................................................................................................. 102 
Fig. (5.29) Effect of fiber volumetric ratio on relative increase of ductility of series (B1, 

B4) ................................................................................................................................ 102 
 

 



 

ix 

 

  



 

x 

 

Abstract 

Shear failure in reinforced concrete structures is known to be catastrophic and 

sudden. So, it is a major concern to structural engineer. Shear cracks are developed 

when the principal tensile stress is exceeded. Once tensile cracking occurs, the shear 

strength of the beam is reduced. Design engineers control this problem by using stirrups 

in the reinforced concrete structures. 

The addition of steel fiber in the concrete matrix enhances the structural behavior 

of this composite. It helps to improving shear strength, tensile strength, compressive 

strength, toughness and ductility. Using steel fiber in the concrete could allow reducing 

conventional transverse stirrups or increase spacing between them. It could eliminate 

the conventional stirrups. 

Twelve wide beams are tested in the current experimental program to investigate the 

effect of steel fiber on the shear behavior of wide beam without stirrups. All tested 

beams were simply supported with 1.00 m effective length (1.20 m total length), width 

450 mm and thickness 200 mm. Beams are divided into four groups according to the 

studied parameters; each group has a specific parameter influencing the shear strength. 

Main variable were fiber volume fraction (Vf= 0.00, 0.75&1.25%), concrete 

compressive strength (fcu = 27& 49 MPa), span-to-depth ratio (a/d = 1.8 & 2.4) and 

longitudinal reinforcement ratio (ρ = 3 & 2%). All beams were tested under four-point 

loading to investigate their behavior in shear, cracking, ultimate capacity and ductility. 

All beams failed in shear. The results of the experimental work showed that the 

addition of steel fibers in reinforced concrete wide beams without stirrups increases the 

shear strength, ultimate load capacity and ductility. It also decreases deflection and 

delays the appearance of the first shear crack. As with conventional reinforced concrete 

beams the ultimate shear strength decreases with increasing shear span depth ratio a/d 

increases with increasing flexural reinforcement ratio ρ, and increases with increasing 

concrete compressive strength fcu. 

 

Most of the existing models available in the literature to predict the shear strengths 

of SFRC members without shear stirrups, which were adopted for slender beams, gave 

a reasonable estimate of the shear strengths for SFRC wide beams. 



 

1 

 

Chapter 1 : Introduction 

1.1. General 

Shear failure in reinforced concrete structures is known to be catastrophic and 

sudden. So, it is a major concern to structural engineer. Shear cracks are developed 

when the principal tensile stress is exceeded. Once tensile cracking occurs, the shear 

strength of the beam is reduced. Design engineers control this problem by using stirrups 

in the reinforced concrete structures. 

      The addition of steel fiber in the concrete matrix enhances the structural behavior of 

this composite. It helps to improving shear strength, tensile strength, compressive 

strength, toughness and ductility. The increased shear strength and ductility of fiber-

reinforced beams stems from the post-cracking tensile strength of fiber-reinforced 

concrete. The use of steel fibers is particularly attractive for high-strength concrete, 

which can be relatively brittle without fibers. Also using steel fiber in the concrete 

could allow reducing conventional transverse stirrups or increase spacing between them 

and it may eliminate the conventional stirrups which reduces reinforcement congestion. 

Several researchers have studied the shear behavior of steel fiber reinforced concrete 

(SFRC) slender beams, however, the influence of steel fibers on shear behavior of wide 

beams has not been established, and a very limited work has been reported. Further 

study, however, is required to investigate the shear behavior of the SFRC members for 

the various combinations of shear span-depth ratio (a/d), fiber content Vf %, grade of 

concrete fcu and percentage of longitudinal reinforcement ρ. 

 

. 

1.2. Main Objective 

The main objective of this research is to investigate the overall shear behavior of steel 

fiber reinforced concrete (SFRC) wide beams without conventional stirrups. Also, to 

study the effect of steel fiber volume fraction, concrete compressive strength, 

longitudinal reinforcement ratio and span-to-depth ratio on crack pattern, failure mode, 

ultimate and cracking shear load and ductility of wide beams. In addition, to compare 

the experimental shear strength values with those predicted by the existing models 

corresponding to slender beams.   

1.3. Scope of Work 

Twelve wide beams are tested in the current experimental program to investigate 

the effect of steel fiber on the shear behavior of wide beam without stirrups. All tested 

SFRC beams were simply supported with 1.00 m length (1.20 m total length), width 

450 mm and thickness 200 mm. All beams are tested under four –point loading. Beams 

are divided into four groups; each group has a specific parameter influencing the shear 


