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AIN SHAMS UNIVERSITY 

FACULTY OF ENGINEERING 

DEPARTMENT OF STRUCTURAL ENGINEERING 

Abstract of the M.Sc. Thesis Submitted by 

Eng. / Hesham Abd El Aziz Amna 

Title of the thesis: 

SHEAR BEHAVIOR OF REINFORCED LIGHTWEIGHT CONCRETE T-BEAMS 

 

ABSTRACT 

Many factors affect the shear behavior of lightweight concrete with polystyrene foam particles 

(LWC) was experimentally and numerically evaluated in this study. Polystyrene foam is used 

as lightweight aggregate to produce lightweight structural concrete with unit weight 1800 

kg/m3. Also, thesis has experimental and theoretical phases. The experimental program 

consisted of two phases; namely, determining the LWC mechanical properties and testing six 

LWC beams. The mechanical properties incorporated the compressive and tensile strength of 

concrete as well as its elastic modulus. The second phase included testing the LWC beams 

under two concentrated loads to failure load.  

This research program evaluates the shear behavior of lightweight reinforced concrete beams. 

A total of six reinforced concrete beams (one beam with a rectangular section and five beams 

with T-beams) were tested under static load conditions. The main variables in the study were 

flange width and shear span to depth ratio. 

Research findings indicate that shear strength of T-beans is higher than the shear strength of 

the rectangular beams, but presence of flange or increasing it for beams having the same shear 

span to depth ratio  does not significantly have an effect on  stirrups contribution, while 

decreasing shear span to depth ratio for beams having the same flange width have an effect on 

stirrups contribution. 

The thesis also presents a numerical model that evaluates the applicability of finite element 

method for lightweight concrete T-beams, The analysis was extended to include detailed 

comparison with the experimental result, also more results estimated from the numerical 

program and explained in the finite element results after verification the results.  

Keywords: LWC behavior, Concrete type, Beam, Foamed concrete, Lightweight, Shear 

behavior.  

  



 

vi 

 

Table of Contents 

1      Introduction ...................................................................................................................... 1 

1.1 Background ................................................................................................................. 1 

1.2 Research Scope and Objectives ................................................................................... 2 

1.3 Thesis Outline ............................................................................................................. 3 

2      Literature Review ............................................................................................................ 5 

2.1 Lightweight Concrete .................................................................................................. 5 

2.1.1 Introduction .......................................................................................................... 5 

2.1.2 Historical Background ......................................................................................... 6 

2.1.3 Technical Definition of Lightweight Concrete .................................................... 7 

2.1.4 Classification of Lightweight Concretes .............................................................. 7 

2.1.5 Classification of lightweight aggregates .............................................................. 8 

2.1.6 Advantages and Disadvantages of Lightweight Concrete ................................... 9 

2.1.7 Uses of Structural Lightweight Concrete ........................................................... 10 

2.1.8 Materials Used in producing LWC .................................................................... 10 

2.1.9 Mechanical Properties of LWC ......................................................................... 14 

2.1.10 Mix Design Basics for Lightweight Concrete ................................................... 19 

2.2 Innovative Mix Design for Lightweight Concrete .................................................... 21 

2.3 Basic Shear Theories ................................................................................................. 22 

2.3.1 Introduction ........................................................................................................ 22 

2.3.2 Diagonal Tension in Homogeneous Beam ........................................................ 22 

2.3.3 Shear Transfer Mechanism ................................................................................ 26 

2.3.4 Modes of Shear Failure of Concrete Beams ...................................................... 29 

2.3.5 Factors Affecting the Shear Strength ................................................................. 33 

2.3.6 Effect of Stirrups on Concrete Behavior ............................................................ 38 

2.3.7 Effect of Flange Width on Concrete Behavior for T-Beams ............................. 39 

2.3.8 Code’s Review ................................................................................................... 41 

2.4 Previous Researches on the Innovative Concrete Mix .............................................. 43 

3      Experimental Preogram ................................................................................................ 46 

3.1 Introduction ............................................................................................................... 46 

3.2 Objective of the Experimental Program .................................................................... 46 

3.3 Details of Test Specimens ......................................................................................... 47 

3.4 Characteristics of used materials ............................................................................... 52 

3.4.1 Concrete ............................................................................................................. 52 

3.4.2 Conventional Reinforcement ............................................................................. 54 

3.5 Specimens Preparation .............................................................................................. 55 



 

vii 

 

3.6 Mixing and Curing .................................................................................................... 59 

3.7 Mechanical Properties of Tested Concrete ................................................................ 62 

3.7.1 Compressive Strength Test ................................................................................ 62 

3.7.2 Splitting Tensile Strength Test ........................................................................... 62 

3.7.3 Elastic Modulus Test.......................................................................................... 62 

3.8 Mechanical Properties of Tested Steel Bars .............................................................. 63 

3.8.1 Tensile Strength Test ......................................................................................... 63 

3.9 Instrumentation.......................................................................................................... 64 

3.9.1 The Internal Instrumentation .............................................................................. 65 

3.9.2 The External Instrumentation ............................................................................ 65 

3.10 Test Setup .............................................................................................................. 68 

3.10.1 The Test Setup ................................................................................................... 68 

3.10.2 Loading Mechanism ........................................................................................... 71 

4      Experimental Results & Discussion ............................................................................. 76 

4.1 Introduction ............................................................................................................... 76 

4.2 Mechanical Properties of Tested Material ................................................................ 76 

4.2.1 Compreseeive Strength Test Results ................................................................. 76 

4.2.2 Concrete Splitting Tensile Test Results ............................................................. 77 

4.2.3 Concrete Elastic Modulus Test Results ............................................................. 77 

4.2.4 Steel Tensile Strength Test ................................................................................ 78 

4.3 Shear Behavior of Tested Beam Specimens ............................................................. 79 

4.3.1 Modes of Failure of Beam Specimens ............................................................... 79 

4.3.2 Cracking Behavior ............................................................................................. 82 

4.3.3 Load-Deflection Response ................................................................................. 90 

4.3.4 Steel Strain ......................................................................................................... 96 

4.3.5 Compressive Concrete Strain ........................................................................... 109 

5      Finite Element Modeling ............................................................................................. 115 

5.1 Introduction ............................................................................................................. 115 

5.2 Objectives of the Numerical Analysis ..................................................................... 117 

5.3 Finite Element Computer Program (ANSYS®) ....................................................... 117 

5.3.1 What Is ANSYS ............................................................................................... 117 

5.3.2 Program Overview ........................................................................................... 117 

5.4 ANSYS Finite Element Model ................................................................................ 118 

5.4.1 Element Types ................................................................................................. 118 

5.4.2 Real Constant ................................................................................................... 120 

5.4.3 Material Modeling ........................................................................................... 122 



 

viii 

 

5.4.4 Geometry.......................................................................................................... 130 

5.4.5 Loading and Boundary Condition .................................................................... 137 

5.4.6 Non-Linear solution ......................................................................................... 138 

5.4.7 Load stepping and failure definition for FE models ........................................ 139 

6      Finite Element Results ................................................................................................. 140 

6.1 Introduction ............................................................................................................. 140 

6.2 Cracking Loads ....................................................................................................... 140 

6.2.1 Cracking loads for Group I .............................................................................. 141 

6.2.2 Cracking Loads for Group II ............................................................................ 142 

6.3 Failure Load ............................................................................................................ 142 

6.3.1 Failure load for Group I ................................................................................... 143 

6.3.2 Failure load for Group II .................................................................................. 144 

6.4 Load-Deflection behavior ....................................................................................... 144 

6.4.1 Load-Deflection behavior for Group I ............................................................. 146 

6.4.2 Load-Deflection behavior for Group II ............................................................ 152 

6.5 Steel Strain .............................................................................................................. 156 

6.5.1 Longitudinal Steel Strain ................................................................................. 156 

6.5.2 Stirrups Steel Strain ......................................................................................... 167 

6.6 Compressive Concrete Strain .................................................................................. 178 

6.6.1 Compressive Concrete Strain for Group I ....................................................... 180 

6.6.2 Compressive Concrete Strain for Group II ...................................................... 183 

6.7 Model Validity ........................................................................................................ 185 

6.8 Crack Pattern and Cracking load ............................................................................. 185 

6.9 Concrete Strain ........................................................................................................ 194 

7      Summary and Conclusions ......................................................................................... 200 

7.1 Summary ................................................................................................................. 200 

7.2 Conclusions ............................................................................................................. 201 

7.3 Recommendations for Future Research .................................................................. 203 

8 References ..................................................................................................................... 204 

9      Appendices .................................................................................................................... 207 

 

  



 

ix 

 

List of Figures 
 

Figure 2.1: The Sophia Cathedral. ............................................................................................. 6 

Figure 2.2: Pantheon vault. ........................................................................................................ 6 

Figure 2.3: Approximate unit weight and use classification of lightweight aggregate concrete 

weight [16]. ................................................................................................................................ 8 

Figure 2.4: Fracture path in LWC and NDC [10]. ................................................................... 15 

Figure 2.5: The range of modulus of elasticity values for lightweight concrete. .................... 16 

Figure 2.6: Stress-Strain relationship of NWC and LWC [32]. ............................................... 19 

Figure 2.7: Internal forces in Beam [34]. ................................................................................. 22 

Figure 2.8: Normal, shear, and principal stresses in a homogeneous uncracked beam [34]. .. 23 

Figure 2.9: Principal compressive stress trajectories and included cracks [34]. ..................... 25 

Figure 2.10: Principal compressive stress trajectories and included cracks in a reinforced 

beam. ........................................................................................................................................ 25 

Figure 2.11: Internal forces in a cracked beam without stirrups [34]. ..................................... 26 

Figure 2.12: Internal forces in a cracked beam with stirrups [34]. .......................................... 27 

Figure 2.13: Distribution of internal shears in a beam with web reinforcement [34]. ............. 28 

Figure 2.14: Effect of  a/d on shear for beams without stirrups [34]. ...................................... 31 

Figure 2.15:Shear failure modes [35]. ..................................................................................... 32 

Figure 2.16: Effect of reinforcement ratio on shear capacity [34]. .......................................... 34 

Figure 2.17: Effect of a/d ratio on shear strength [36]. ............................................................ 35 

Figure 2.18: Effect of beam depth, d, on failure shear for beams of various sizes [37]. ......... 36 

Figure 2.19: Effect of axial load on inclined cracking shear [34]. .......................................... 37 

Figure 2.20: Deformation of tension reinforcement after the diagonal tension. ...................... 38 

Figure 3.1: Schematic flow chart for the experimental program comparisons. ....................... 48 

Figure 3.2: Specimens geometry and reinforcement details. ................................................... 49 

Figure 3.3: Specimens geometry and reinforcement details. ................................................... 50 

Figure 3.4: Specimens geometry and reinforcement details. ................................................... 51 

Figure 3.5: Polystyrene Foam. ................................................................................................. 53 

Figure 3.6: Preparing of the wooden form of specimens. ........................................................ 55 

Figure 3.7: Preparing of conventional reinforcement steel cages. ........................................... 56 

Figure 3.8: Preparing of conventional reinforcement steel cages. ........................................... 56 

Figure 3.9: Stirrups strain gauge with its protective layer attached to longitudinal and stirrup 

reinforcement. .......................................................................................................................... 57 

Figure 3.10: Inserting steel cages inside formworks. .............................................................. 58 

Figure 3.11: Mixing dry materials and water mechanically. ................................................... 59 

Figure 3.12: Casting in the forms just after mixing. ................................................................ 60 

Figure 3.13: Smoothing the final concrete surface .................................................................. 60 

Figure 3.14: Preparation of concrete cubes and cylinders at the construction site. ................. 61 

Figure 3.15: Splitting tensile strength test. .............................................................................. 62 

Figure 3.16: Test set-up for performing the elastic modulus test. ........................................... 63 

Figure 3.17: Test set-up for the tensile strength test. ............................................................... 64 

Figure 3.18: A Temporarily wooden frame for fixing the LVDTs. ......................................... 66 

Figure 3.19: LVDTs arrangement along the specimen. ........................................................... 66 

Figure 3.20: Concrete strain gauge with its protective layer attached to top surface of the 

beam. ........................................................................................................................................ 67 

Figure 3.21: Demic points distributed across the elevation of beam ....................................... 67 

Figure 3.22: Test Setup. ........................................................................................................... 69 

Figure 3.23: Position of typically used Strain gauges. ............................................................. 70 

Figure 3.24: Typical support conditions for the experimented beams..................................... 70 

file:///D:/Master%20Works%203-05-2017/EXP/Thesis/39-aFTER%20mODF/AIN%20SHAMS%20UNIVERSITY-39-02.docx%23_Toc514257000
file:///D:/Master%20Works%203-05-2017/EXP/Thesis/39-aFTER%20mODF/AIN%20SHAMS%20UNIVERSITY-39-02.docx%23_Toc514257001
file:///D:/Master%20Works%203-05-2017/EXP/Thesis/39-aFTER%20mODF/AIN%20SHAMS%20UNIVERSITY-39-02.docx%23_Toc514257002
file:///D:/Master%20Works%203-05-2017/EXP/Thesis/39-aFTER%20mODF/AIN%20SHAMS%20UNIVERSITY-39-02.docx%23_Toc514257020


 

x 

 

Figure 3.25: Painting sides of the beam. .................................................................................. 71 

Figure 3.26: Leveling the steel plate using a spirit level. ........................................................ 72 

Figure 3.27: Typical hinged support for the rigid steel beam. ................................................. 72 

Figure 3.28: Typical roller support for the rigid steel beam. ................................................... 72 

Figure 3.29: Loading system for B1. ....................................................................................... 73 

Figure 3.30: Loading system for B2. ....................................................................................... 73 

Figure 3.31: Loading system for B3. ....................................................................................... 74 

Figure 3.32: Loading system for B4. ....................................................................................... 74 

Figure 3.33: Loading system for B5. ....................................................................................... 75 

Figure 3.34: Loading system for B6. ....................................................................................... 75 

Figure 4.1: Average compressive strength development for the LWC. .................................. 77 

Figure 4.2: Stress-strain curve for the LWC. ........................................................................... 78 

Figure 4.3: Flange width – Failure load Relationship. ............................................................. 80 

Figure 4.4: Shear span to depth ratio – Failure load Relationship. .......................................... 81 

Figure 4.5: Crack Pattern of beam specimen (B1). .................................................................. 84 

Figure 4.6: Crack Pattern of beam specimen (B2). .................................................................. 85 

Figure 4.7: Crack Pattern of beam specimen (B3). .................................................................. 86 

Figure 4.8: Crack Pattern of beam specimen (B4). .................................................................. 87 

Figure 4.9: Crack Pattern of beam specimen (B5). .................................................................. 88 

Figure 4.10: Crack Pattern of beam specimen (B6). ................................................................ 89 

Figure 4.11: Applied load versus deflection for (B1). ............................................................. 91 

Figure 4.12: Applied load versus deflection for (B2). ............................................................. 91 

Figure 4.13: Applied load versus deflection for (B3). ............................................................. 92 

Figure 4.14: Applied load versus deflection for (B4). ............................................................. 92 

Figure 4.15: Applied load versus deflection for beam specimens (B1), (B2), (B3), and (B4).

.................................................................................................................................................. 93 

Figure 4.16: Applied load versus deflection for (B3). ............................................................. 94 

Figure 4.17: Applied load versus deflection for (B5). ............................................................. 95 

Figure 4.18: Applied load versus deflection for (B6). ............................................................. 95 

Figure 4.19: Applied load versus deflection for beam specimens (B3), (B5), and (B6). ........ 96 

Figure 4.20: Applied load versus longitudinal steel strain for (B1). ....................................... 97 

Figure 4.21: Applied load versus longitudinal steel strain for (B2). ....................................... 98 

Figure 4.22: Applied load versus longitudinal steel strain for (B3). ....................................... 98 

Figure 4.23: Applied load versus longitudinal steel strain for (B4). ....................................... 99 

Figure 4.24: Applied load versus longitudinal steel strain for beam specimens (B1), (B2), 

(B3), and (B4). ......................................................................................................................... 99 

Figure 4.25: Applied load versus longitudinal steel strain for (B3). ..................................... 100 

Figure 4.26: Applied load versus longitudinal steel strain for (B5). ..................................... 101 

Figure 4.27: Applied load versus longitudinal steel strain for (B6). ..................................... 101 

Figure 4.28: Applied load versus longitudinal steel strain for beam specimens (B3), (B5), and 

(B6). ....................................................................................................................................... 102 

Figure 4.29: Applied moment versus longitudinal steel strain for beam specimens (B3), (B5), 

and (B6). ................................................................................................................................ 102 

Figure 4.30: Applied load versus stirrups steel strain for (B1). ............................................. 104 

Figure 4.31: Applied load versus stirrups steel strain for (B2). ............................................. 104 

Figure 4.32: Applied load versus stirrups steel strain for (B3). ............................................. 105 

Figure 4.33: Applied load versus stirrups steel strain for (B4). ............................................. 105 

Figure 4.34: Applied load versus stirrups steel strain for beam specimens (B1), (B2), (B3), 

and (B4). ................................................................................................................................ 106 

Figure 4.35: Applied load versus stirrups steel strain for (B3). ............................................. 107 



 

xi 

 

Figure 4.36: Applied load versus stirrups steel strain for (B5). ............................................. 107 

Figure 4.37: Applied load versus stirrups steel strain for (B6). ............................................. 108 

Figure 4.38: Applied load versus stirrups steel strain for beam specimens (B3), (B5), and 

(B6). ....................................................................................................................................... 108 

Figure 4.39: Applied load versus concrete strain for (B1). .................................................... 110 

Figure 4.40: Applied load versus concrete strain for (B2). .................................................... 110 

Figure 4.41: Applied load versus concrete strain for (B3). .................................................... 111 

Figure 4.42: Applied load versus concrete strain for (B4). .................................................... 111 

Figure 4.43: Applied load versus concrete strain for beam specimens (B1), (B2), (B3), and 

(B4). ....................................................................................................................................... 112 

Figure 4.44: Applied load versus concrete strain for (B3). .................................................... 113 

Figure 4.45: Applied load versus concrete strain for (B5). .................................................... 113 

Figure 4.46: Applied load versus concrete strain for (B6). .................................................... 114 

Figure 4.47: Applied load versus concrete strain for beam specimens (B3), (B5), and (B6).

................................................................................................................................................ 114 

Figure 5.1: SOLID65 Geometry, Node location, and the coordinate system. ....................... 118 

Figure 5.2: LINK180 Geometry, Node location, and the coordinate system. ....................... 119 

Figure 5.3: SOLID185 geometry, node location, and the coordinate system. ....................... 120 

Figure 5.4: Experimental Result of Stress Strain curve. ........................................................ 123 

Figure 5.5: Idealized stress Strain curve for LWC. ............................................................... 124 

Figure 5.6: Failure surface in principal stress space with nearly biaxial stress [43]. ............ 125 

Figure 5.7: Tension stiffening for the cracked condition [43]. .............................................. 126 

Figure 5.8: Typical idealized stress-strain curves for reinforcement steel. ........................... 128 

Figure 5.9: Typical perspective view for finite element modeling of beams. ....................... 130 

Figure 5.10: Geometry of specimen (B1). ............................................................................. 131 

Figure 5.11: Perspective view for finite element modeling of beams (B1). .......................... 131 

Figure 5.12: Geometry of specimen (B2). ............................................................................. 132 

Figure 5.13: Perspective view for finite element modeling of beams (B2). .......................... 132 

Figure 5.14: Geometry of specimen (B3). ............................................................................. 133 

Figure 5.15: Perspective view for finite element modeling of beams (B3). .......................... 133 

Figure 5.16: Geometry of specimen (B4). ............................................................................. 134 

Figure 5.17: Perspective view for finite element modeling of beams (B4). .......................... 134 

Figure 5.18: Geometry of specimen (B5). ............................................................................. 135 

Figure 5.19: Perspective view for finite element modeling of beams (B5). .......................... 135 

Figure 5.20: Geometry of specimen (B6). ............................................................................. 136 

Figure 5.21: Perspective view for finite element modeling of beams (B6). .......................... 136 

Figure 5.22: Loading of beams. ............................................................................................. 137 

Figure 5.23: Boundary condition of beams............................................................................ 137 

Figure 5.24: Newton-Raphson iterative solution [43]. .......................................................... 138 

Figure 6.1: Finite element cracking loads in group I. ............................................................ 141 

Figure 6.2: Finite element cracking loads in group II. ........................................................... 142 

Figure 6.3: Failure load of FEM compared to EXP. results for group I. ............................... 143 

Figure 6.4: Failure load of FEM compared to EXP. results for group II. .............................. 144 

Figure 6.5: Deflection of FEM compared to EXP. results for group I. ................................. 145 

Figure 6.6: Deflection of FEM compared to EXP. results for group II. ................................ 146 

Figure 6.7: The deformed shape of (B1). ............................................................................... 147 

Figure 6.8: Load-Deflection curves for (B1). ........................................................................ 147 

Figure 6.9: The deformed shape of (B2). ............................................................................... 148 

Figure 6.10: Load-Deflection curves for (B2). ...................................................................... 148 

Figure 6.11: The deformed shape of (B3). ............................................................................. 149 



 

xii 

 

Figure 6.12: Load-Deflection curves for (B3). ...................................................................... 149 

Figure 6.13: The deformed shape of (B4). ............................................................................. 150 

Figure 6.14: Load-Deflection curves for (B4). ...................................................................... 150 

Figure 6.15: Applied load versus deflection for beam specimens of group I from Ansys. ... 151 

Figure 6.16: The deformed shape of (B3). ............................................................................. 152 

Figure 6.17: Load-Deflection curves for (B3). ...................................................................... 152 

Figure 6.18: The deformed shape of (B5). ............................................................................. 153 

Figure 6.19: Load-Deflection curves for (B5). ...................................................................... 153 

Figure 6.20: The deformed shape of (B6). ............................................................................. 154 

Figure 6.21: Load-Deflection curves for (B6). ...................................................................... 154 

Figure 6.22: Applied load versus deflection for beam specimens of group II from Ansys. .. 155 

Figure 6.23: longitudinal steel strain of FEM compared to EXP. results for group I. ........... 157 

Figure 6.24: longitudinal steel strain of FEM compared to EXP. results for group II. ......... 157 

Figure 6.25: Longitudinal steel strain of (B1). ...................................................................... 158 

Figure 6.26: Longitudinal steel strain curves for (B1). .......................................................... 158 

Figure 6.27: Longitudinal steel strain of (B2). ...................................................................... 159 

Figure 6.28: Longitudinal steel strain curves for (B2). .......................................................... 159 

Figure 6.29: Longitudinal steel strain of (B3). ...................................................................... 160 

Figure 6.30: Longitudinal steel strain curves for (B3). .......................................................... 160 

Figure 6.31: Longitudinal steel strain of (B4). ...................................................................... 161 

Figure 6.32: Longitudinal steel strain curves for (B4). .......................................................... 161 

Figure 6.33: Applied load versus longitudinal steel strain for beam specimens of group I from 

Ansys...................................................................................................................................... 162 

Figure 6.34: Longitudinal steel strain of (B3). ...................................................................... 163 

Figure 6.35: Longitudinal steel strain curves for (B3). .......................................................... 163 

Figure 6.36: Longitudinal steel strain of (B5). ...................................................................... 164 

Figure 6.37: Longitudinal steel strain curves for (B5). .......................................................... 164 

Figure 6.38: Longitudinal steel strain of (B6). ...................................................................... 165 

Figure 6.39: Longitudinal steel strain curves for (B6). .......................................................... 165 

Figure 6.40: Applied load versus longitudinal steel strain for beam specimens of group II 

from Ansys. ............................................................................................................................ 166 

Figure 6.41: Stirrups steel strain of FEM compared to EXP. results for group I. ................. 168 

Figure 6.42: Stirrups steel strain of FEM compared to EXP. results for group II. ................ 168 

Figure 6.43: Stirrups steel strain of (B1). .............................................................................. 169 

Figure 6.44: Stirrups steel strain curves for (B1). .................................................................. 169 

Figure 6.45: Stirrups steel strain of (B2). .............................................................................. 170 

Figure 6.46: Stirrups steel strain curves for (B2). .................................................................. 170 

Figure 6.47: Stirrups steel strain of (B3). .............................................................................. 171 

Figure 6.48: Stirrups steel strain curves for (B3). .................................................................. 171 

Figure 6.49: Stirrups steel strain of (B4). .............................................................................. 172 

Figure 6.50: Stirrups steel Strain curves for (B4). ................................................................. 172 

Figure 6.51: Applied load versus stirrups steel strain for beam specimens of group I from 

Ansys...................................................................................................................................... 173 

Figure 6.52: Stirrups steel strain of (B3). .............................................................................. 174 

Figure 6.53: Stirrups steel strain curves for (B3). .................................................................. 174 

Figure 6.54: Stirrups steel strain of (B5). .............................................................................. 175 

Figure 6.55: Stirrups steel Strain curves for (B5). ................................................................. 175 

Figure 6.56: Stirrups steel strain of (B6). .............................................................................. 176 

Figure 6.57: Stirrups steel strain curves for (B6). .................................................................. 176 



 

xiii 

 

Figure 6.58: Applied load versus stirrups steel strain for beam specimens of group II from 

Ansys...................................................................................................................................... 177 

Figure 6.59: Compressive concrete strain of FEM compared to EXP. results for group I. ... 179 

Figure 6.60: Compressive concrete strain of FEM compared to EXP. results for group II. .. 179 

Figure 6.61: Compressive concrete strain curves for (B1). ................................................... 180 

Figure 6.62: Compressive concrete strain curves for (B2). ................................................... 180 

Figure 6.63: Compressive concrete strain curves for (B3). ................................................... 181 

Figure 6.64: Compressive concrete strain curves for (B4). ................................................... 181 

Figure 6.65: Applied load versus compressive concrete strain for beam specimens of group I 

from Ansys. ............................................................................................................................ 182 

Figure 6.66: Compressive concrete strain curves for (B3). ................................................... 183 

Figure 6.67: Compressive concrete strain curves for (B5). ................................................... 183 

Figure 6.68: Compressive concrete strain curves for (B6). ................................................... 184 

Figure 6.69: Applied load versus compressive concrete strain for beam specimens of group II 

from Ansys. ............................................................................................................................ 184 

Figure 6.70: (a) Integration points in the concrete solid element, (b) Cracking sign. ........... 187 

Figure 6.71: Typical cracking signs occurring in finite element models: (a) flexural cracks, 

(b) diagonal tensile cracks, (c) compressive cracks ............................................................... 187 

Figure 6.72: Cracks propagation process for B1. .................................................................. 188 

Figure 6.73: Cracks propagation process for B2. .................................................................. 189 

Figure 6.74: Cracks propagation process for B3. .................................................................. 190 

Figure 6.75: Cracks propagation process for B4. .................................................................. 191 

Figure 6.76: Cracks propagation process for B5. .................................................................. 192 

Figure 6.77: Cracks propagation process for B6. .................................................................. 193 

Figure 6.78: X-Component strain diagram for (B1). ............................................................. 194 

Figure 6.79: Principle tensile strain diagram for (B1). .......................................................... 194 

Figure 6.80: X-Component strain diagram for (B2). ............................................................. 195 

Figure 6.81: Principle tensile strain diagram for (B2). .......................................................... 195 

Figure 6.82: X-Component strain diagram for (B3). ............................................................. 196 

Figure 6.83: Principle tensile strain diagram for (B3). .......................................................... 196 

Figure 6.84: X-Component strain diagram for (B4). ............................................................. 197 

Figure 6.85: Principle tensile strain diagram for (B4). .......................................................... 197 

Figure 6.86: X-Component strain diagram for (B5). ............................................................. 198 

Figure 6.87: Principle tensile strain diagram for (B5). .......................................................... 198 

Figure 6.88: X-Component strain diagram for (B6). ............................................................. 199 

Figure 6.89: Principle tensile strain diagram for (B6). .......................................................... 199 

 

 

 



 

xiv 

 

List of Tables 
 

Table 2.1: Code recommendations for effective width for T-beams: ...................................... 40 

Table 2.2: Summary of shear design equations according to ECP. ......................................... 43 

Table 3.1: Details of specimens. .............................................................................................. 47 

Table 3.2: Material quantities in Kg/m3 for the LWC specimens. ........................................... 52 

Table 4.1: Mechanical properties of LWC concrete mixture. ................................................. 78 

Table 4.2: Mechanical properties of tested steel. ..................................................................... 78 

Table 4.3: Summary of test results for beam specimens. ........................................................ 79 

Table 5.1: Real constant used in finite element modeling. .................................................... 121 

Table 5.2: Material properties for concrete element. ............................................................. 127 

Table 5.3: Material properties for reinforcement steel element. ............................................ 129 

Table 5.4: Material properties for steel plate element. .......................................................... 129 

Table 6.1: Comparison between cracking loads for EXP. And FE. ...................................... 141 

Table 6.2: Comparison between failure load for EXP. And FE. ........................................... 143 

Table 6.3 Comparison between deflection for EXP. And FE. At load 170KN. .................... 145 

Table 6.4: Comparison between deflection for EXP. And FE. at failure load for Group I. .. 151 

Table 6.5: Comparison between deflection for EXP. And FE. at failure load for Group II. . 155 

Table 6.6: Comparison between steel strain for EXP. And FE. At load 170KN. .................. 156 

Table 6.7: Comparison between longitudinal steel strain for EXP. And FE. at failure load for 

Group I. .................................................................................................................................. 162 

Table 6.8: Comparison between longitudinal steel strain for EXP. And FE. at failure load for 

Group II. ................................................................................................................................. 166 

Table 6.9: Comparison between steel strain for EXP. And FE. At load 170KN. .................. 167 

Table 6.10: Comparison between Stirrups steel strain for EXP. And FE. at failure load for 

Group I. .................................................................................................................................. 173 

Table 6.11: Comparison between Stirrups steel strain for EXP. And FE. at failure load for 

Group II. ................................................................................................................................. 177 

Table 6.12: Comparison between compressive concrete strain for EXP. And FE. At load 

170KN .................................................................................................................................... 178 

Table 6.13: Comparison between compressive concrete strain for EXP. And FE. at failure 

load for Group I. .................................................................................................................... 182 

Table 6.14: Comparison between compressive concrete strain for EXP. And FE. at failure 

load for Group II. ................................................................................................................... 185 

 

  


