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ABSTRACT 
      

     Composite construction is one of the most suitable techniques used 

in many types of buildings. High-rise buildings are one of these types 

and composite construction may be the best way to create large spans 

with suitable clear height. Virandeel is a structural system used in tall 

buildings to create wide spans for conference halls or any other 

purpose. Also it is a convenient system which can be used in 

residential buildings because there is no diagonals contained in this 

system. So it doesn’t waste internal areas. 
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     This thesis discusses the behavior of virandeel system as a 

composite structure. A 3-D finite element model is proposed and 

verified with previous numerical and experimental studies in order to 

simulate the composite virandeel structure. The study is based on 

statically gravity loads and full interaction between steel section and 

concrete slab. This study includes a discussion for the effective width 

evaluation and comparison with Eurocode and Egyptian code. The 

reason for discussing concrete slab width is to investigate the effect of 

normal forces in virandeel girders on the slab width estimation 

obtained from codes. An observations and commentary on the results 

of the finite element models are presented. 

     A development is proposed to the composite virandeel system by 

making the connection between chord members and columns partially 

fixed. This proposal allows the composite chord to behave with its 

maximum capacity and it is found that it improves the composite  

section capacity by 6 percent.



- 7 - 

 

ACKNOWLEDGMENT 

When I started my master studies I really didn’t know that Master 

studies was not the result of a single person’s effort, but rather one a 

group of people working together sharing ideas , providing experience 

and knowledge. 

First of all I would like to thank my supervisors Prof. Dr. Abdel Salam 

Mokhtar and Prof. Dr. Ayman Hussein. They are an excellent example 

of a university professors who really cares for their students. I have 

certainly learned a lot, academically, professionally and most 

importantly personally. Their encouraging remarks and positive 

attitude have always given me confidence and enthusiasm to continue. 

So thank you deeply for your efforts. 

I really would like to represent my gratitude and sincere feelings to my 

parents who were and always are the reason of my success during my 

whole life. They were always beside me, encouraging me and exert 

much effort to support me during my way which is still in the 

beginning. And thanks to my wife who is now my lifetime partner who 

encourages me in the final stage of my research. 

I also would like to thank all the professors and staff in Structural 

engineering Department - Faculty of Engineering - Ain Shams 

University and Zagazig University each one of them has contributed -

in one way or another- in building my knowledge and back ground  



- 8 - 

 

Table of Contents 

TABLE OF CONTENTS ............................................................................................... ‐ 8 ‐ 

LIST OF FIGURES .................................................................................................... ‐ 12 ‐ 

LIST OF TABLES ...................................................................................................... ‐ 16 ‐ 

NOTATIONS ........................................................................................................... ‐ 17 ‐ 

CHAPTER(1)  : INTRODUCTION ................................................................................ ‐ 19 ‐ 

1.1    GENERAL………………………………………………………………………………………………..‐ 19 ‐ 

1.2  PROBLEM DEFINITION .................................................................................. ‐ 19 ‐ 

1.3      OBJECTIVES…………………………………………………………………………………………….‐ 21 ‐ 

1.4  THESIS ORGANIZATION .................................................................................. ‐ 21 ‐ 

CHAPTER(2)  : LITERATURE REVIEW ........................................................................ ‐ 24 ‐ 

2.1 Tall Buildings…………………………………………………………………………………………..‐ 24 ‐ 

2.2 Composite Construction in Tall Buildings ................................................... ‐ 25 ‐ 

2.3 Why Composite Construction.....................................................................‐ 26 ‐ 

2.4 Advantages of Composite Construction ..................................................... ‐ 27 ‐ 

2.5 Composite Elements……………………………………………………………………………….‐ 29 ‐ 

2.5.1  Composite slabs ................................................................................. ‐ 29 ‐ 

2.5.2  Composite Girders ............................................................................. ‐ 31 ‐ 

2.5.3  Composite Columns ........................................................................... ‐ 31 ‐ 

2.5.4  Composite Diagonals ......................................................................... ‐ 33 ‐ 

2.5.5  Composite Shear Walls ...................................................................... ‐ 33 ‐ 

2.6 Classification of High‐Rise Structural Systems ........................................... ‐ 35 ‐ 

2.6.1  Bearing Wall Systems ......................................................................... ‐ 36 ‐ 

2.6.2  Bearing Walls with Core(s) ................................................................. ‐ 37 ‐ 

2.6.3  Self Supporting Boxes ........................................................................ ‐ 37 ‐ 

2.6.4  Core with Cantilevers ......................................................................... ‐ 38 ‐ 

2.6.5  Flat Plate Systems .............................................................................. ‐ 38 ‐ 

2.6.6  Interstitial Frames .............................................................................. ‐ 38 ‐ 

2.6.7  Suspension ......................................................................................... ‐ 39 ‐ 

2.6.8  Staggered Truss ................................................................................. ‐ 39 ‐ 

2.6.9  Rigid Frame ........................................................................................ ‐ 39 ‐ 

2.6.10 Rigid Frame with Core ....................................................................... ‐ 39 ‐ 

2.6.11 Trussed Frame ................................................................................... ‐ 39 ‐ 

2.6.12 Belt‐Trussed Frame with Core ........................................................... ‐ 39 ‐ 

2.6.13 Tube‐in‐Tube ..................................................................................... ‐ 40 ‐ 



- 9 - 

 

2.6.14 Bundled Tube ..................................................................................... ‐ 40 ‐ 

2.7 Composite Beams………………..…………………………………………………………………‐ 41 ‐ 

2.7.1  Types of Composite Beams ................................................................ ‐ 41 ‐ 

2.7.2  Construction Methods of Composite Beams ..................................... ‐ 43 ‐ 

2.7.3  Components of a Composite Beam ................................................... ‐ 45 ‐ 

2.8 Composite Action……………………………………………………………………………………‐ 47 ‐ 

2.9 Types of interaction………………………………………………………………………………..‐ 49 ‐ 

2.10 Methods of shear connection ................................................................. ‐ 50 ‐ 

2.10.1 Bond ................................................................................................... ‐ 50 ‐ 

2.10.2 Corrugated Metal Decking ................................................................. ‐ 50 ‐ 

2.10.3 Shear Connectors ............................................................................... ‐ 52 ‐ 

2.10.3.1  Types of Shear Connector .................................................... ‐ 52 ‐ 

2.10.3.2  Distribution of Shear Connectors ........................................ ‐ 53 ‐ 

2.10.3.3  Basic Forms of shear Connection ......................................... ‐ 54 ‐ 

2.11 Continuous composite beams ................................................................. ‐ 57 ‐ 

2.12Interaction of Shear and Moment in Composite Beams .......................... ‐ 58 ‐ 

2.13Evaluation Effective Width of Concrete Slab ............................................ ‐ 59 ‐ 

2.14Fire‐Resisting Composite Beams ............................................................... ‐ 63 ‐ 

2.15Modes of Failure of Composite Beams ..................................................... ‐ 64 ‐ 

2.15.1  Composite Beams Without Corrugated Steel Sheet .......................... ‐ 64 ‐ 

2.15.2  Composite Beams With Corrugated Steel Sheet ................................ ‐ 65 ‐ 

2.16  Previous Investigations ................................................................. ‐ 66 ‐ 

2.16.1  COMPOSITE BEAMS .................................................................................. ‐ 66 ‐ 

2.16.2NUMERICAL STUDY OF COMPOSITE BEAMS ...................................................... ‐ 70 ‐ 

CHAPTER(3)  : PROPOSED FIITE ELEMENT PROGRAM ............................................. ‐ 77 ‐ 

3.1  Introduction ............................................................................................. ‐ 77 ‐ 

3.2  Scope ....................................................................................................... ‐ 78 ‐ 

3.3  Modelling of Composite beams .............................................................. ‐ 78 ‐ 

3.3.1 General .................................................................................................... ‐ 78 ‐ 

3.3.2 Concrete Slab .......................................................................................... ‐ 80 ‐ 

3.3.3 Reinforcing Bars ...................................................................................... ‐ 81 ‐ 

3.3.4 Steel I‐Beam ............................................................................................ ‐ 83 ‐ 

3.3.5 Shear Connector ...................................................................................... ‐ 85 ‐ 

3.3.6 Beam slab interface ................................................................................. ‐ 90 ‐ 

3.4  Verification of the Proposed Model with Previous Tested Specimens ... ‐ 92 ‐ 



- 10 - 

 

3.4.1Case (1): Simply Supported Composite Beam with a Mid‐Span Concentrated 

Load [Partial shear connection]........................................................................‐ 92 ‐ 

3.4.2Case (2): Two‐span Continuous Composite Beam with a Uniform Distributed 

Load [Full shear connection]…………………………………………………………………………‐ 95 ‐ 

3.4.3Case (3): Steel – concrete composite beam to column joint [Full shear 

connection]………………………………………………………………………..………………………‐ 102 ‐ 

CHAPTER(4)  : FINITE ELEMENT ANALYSIS FOR VIRANDEEL IN 3‐D MODEL .......... ‐ 109 ‐ 

4.1   INTRODUCTION............................................................................................‐ 109 ‐ 

4.2   SCOPE…………………………………………………………………………………………………..‐ 109 ‐ 

4.3  ELEMENT SELECTION AND MODELLING PROCEDURE ............................................ ‐ 110 ‐ 

4.3.1 CONCRETE SOLID SLAB ................................................................................ ‐ 110 ‐ 

4.3.2  REINFORCING STEEL BARS ........................................................................... ‐ 111 ‐ 

4.3.3   STEEL SECTIONS ........................................................................................ ‐ 111 ‐ 

4.3.4  SHEAR CONNECTION ................................................................................ ‐ 112 ‐ 

4.4  MODEL ACCURACY ................................................................................ ‐ 112 ‐ 

4.5  NONLINEAR STRUCTURAL ANALYSIS ................................................................. ‐ 113 ‐ 

4.5.1  CAUSES OF NONLINEAR BEHAVIOR ............................................................... ‐ 114 ‐ 

4.5.2  CHANGING STATUS ................................................................................ ‐ 114 ‐ 

4.5.3  GEOMETRIC NONLINEARITIES ....................................................................... ‐ 115 ‐ 

4.5.4  MATERIAL NONLINEARITIES ......................................................................... ‐ 115 ‐ 

4.6  BASIC INFORMATION ABOUT NONLINEAR ANALYSES ........................................... ‐ 115 ‐ 

4.7  MODELING MATERIAL NONLINEARITIES ............................................................ ‐ 118 ‐ 

4.8  PLASTICITY………………………………………………………………………………………………‐ 119 ‐ 

4.9  CONSERVATIVE VERSUS NON‐CONSERVATIVE BEHAVIOUR; PATH DEPENDENCY ........ ‐ 119 ‐ 

4.10  SUB‐STEPS…………………………………………………………………………………………….‐ 120 ‐ 

4.11  THREE DIMENSIONAL VIRANDEEL STRUCTURAL SYSTEM WITH TWO MAIN FLOORS . ‐ 121 ‐ 

4.11.1  GEOMETRY AND MATERIALS ...................................................................... ‐ 121 ‐ 

4.11.2  LOADS AND SIMULATION .......................................................................... ‐ 124 ‐ 

4.11.3   RESULTS................................................................................................‐ 128 ‐ 

4.11.4   REMARKS…………………………………………………………………………………………..‐ 132 ‐ 

4.12   THREE DIMENSIONAL VIRANDEEL STRUCTURAL SYSTEM WITH TWO MAIN FLOORS AND 

ONE SECONDARY INTERMEDIATE FLOOR .................................................................. ‐ 133 ‐ 

4.12.1   Geometry and Materials……………. .................................................... ‐ 133 ‐ 

4.12.2  Loads ................................................................................................... ‐ 133 ‐ 

4.12.3  Results….………………………………………………………………..………………...……‐ 135 ‐ 

4.12.4  Remarks ............................................................................................... ‐ 136 ‐ 



- 11 - 

 

4.12.5  Comparison between two and three floors results ........................... ‐ 139 ‐ 

4.12.6  Commentary on the Results and comparison .................................... ‐ 142 ‐ 

4.13 SYSTEM DEVELOPMENT ................................................................................ ‐ 143 ‐ 

4.13.1  First System ......................................................................................... ‐ 143 ‐ 

4.13.2  Second System……………………………………………………………………………....‐ 147 ‐ 

4.14  REMARK……………………………………………………………………………………………….‐ 148 ‐ 

CHAPTER(5)  : SUMMARY AND CONCLUSIONS ..................................................... ‐ 149 ‐ 

5.1  SUMMARY .................................................................................................... ‐ 149 ‐ 

5.2  CONCLUSIONS…………………………………………………………………………………..……..‐ 150 ‐ 

5.3SUGGESTED AREAS FOR FUTURE RESEARCH ........................................................ ‐ 151 ‐ 

REFERENCES ........................................................................................................ ‐ 153 ‐ 

APPENDIX (I) ........................................................................................................ ‐ 159 ‐ 

APPENDIX (II) ....................................................................................................... ‐ 164 ‐ 

APPENDIX (III) ...................................................................................................... ‐ 170 ‐ 

 

 

 



- 12 - 

 

List of Figures 

Chapter (1) 

Figure  1-1 examples for tall buildings with large opening ............. - 20 - 

Figure  1-2 Multistory building with large opening ........................ - 21 - 

Chapter (2) 

Figure  2-1 Some Shapes of Corrugated Steel Decks ...................... - 30 - 

Figure  2-2 Connection Between Columns and Beams in Composite 

Structures ........................................................................................ - 32 - 

Figure  2-3 Common R.C. Cores ..................................................... - 34 - 

Figure  2-4 Composite Shear walls with steel plates: (a) plan, (b) 

section ............................................................................................. - 35 - 

Figure  2-5 High rise building systems ............................................ - 41 - 

Figure  2-6 Types of Composite Beams .......................................... - 42 - 

Figure  2-7 Components of Composite Beam ................................. - 47 - 

Figure  2-8 Precast Concrete Units in Composite Beams ............... - 48 - 

Figure  2-9 Composite Action Effect on a Deflected Beam ............ - 49 - 

Figure  2-10 Slip of Composite Beam ............................................. - 51 - 

Figure  2-11 Steel Sheet Dimples in Composite Slab ..................... - 52 - 

Figure  2-12 Types of Shear Connectors ......................................... - 55 - 

Figure  2-13 Alternative Forms of Connections .............................. - 57 - 

Figure  2-14 Interaction between Moment and Shear ..................... - 59 - 

Figure  2-15 Stress Distribution Across the Width of the Concrete Slab - 

61 - 

Figure  2-16 Stress Distribution Across the Concrete Slab at Positive 

Moment ........................................................................................... - 62 - 

Figure  2-17 Stress Distribution Across the Concrete Slab at Negative 

Moment ........................................................................................... - 62 - 

Figure  2-18 Fire-Resisting Composite Beams ............................... - 64 - 

Figure  2-19 Composite Beam Tested by Davies ............................ - 67 - 

Figure  2-20 Continuous Composite Beam Tested by Aribert ........ - 68 - 



- 13 - 

 

Figure  2-21 Tested Simply Supported and Continuous Composite 

Beams ............................................................................................. - 71 - 

Figure  2-22 Typical Finite Element Mesh used by Razaqpur and Nofal

 ........................................................................................................ - 72 - 

Figure  2-233 Connection modeling using Moussa et al. ................ - 73 - 

Chapter (3) 

Figure  3-1 Meshing of Steel I-Beam .............................................. - 79 - 

Figure  3-2 ANSYS Concrete Solid Element (Solid 65) ................. - 80 - 

Figure  3-3 Typical Stress-Strain Curve of Concrete ...................... - 81 - 

Figure  3-4 ANSYS 3D Spar Element (Link 8)............................... - 82 - 

Figure  3-5 Typical Stress-Strain Curve used for Structural Steel .. - 83 - 

Figure  3-6 ANSYS Solid Element (Solid 45) ................................ - 84 - 

Figure  3-7 ANSYS Shell Element (Shell 43) ................................. - 85 - 

Figure  3-8 ANSYS Plastic Beam Element (Beam 23) ................... - 87 - 

Figure  3-9 Modelling of Shear Connection Elements (Beam-Spring 

Model) and Beam Slab Interface .................................................... - 89 - 

Figure  3-10 Typical Load-Slippage Curve for Headed Stud Connectors

 ........................................................................................................ - 90 - 

Figure  3-11 Cross-Section of Simply supported ............................ - 93 - 

Figure  3-12 Load-Deflection Curves, Beam IP4 ............................ - 94 - 

Figure  3-13 Statical System and Cross Section Details ................. - 95 - 

Figure  3-14 Stress-Strain Curve of Concrete ................................. - 97 - 

Figure  3-15 Stress-Strain Curve of Steel Section ........................... - 98 - 

Figure  3-16 Stress-Strain Curve of Steel Bars ............................... - 98 - 

Figure  3-17 Details of stiffeners and base plate at supports ........... - 99 - 

Figure  3-18 Plan of symmetry for continuous beam ...................... - 99 - 

Figure  3-19 beam load and constraint .......................................... - 100 - 

Figure  3-20 Load - Deflection Curves for continuous beam ........ - 100 - 

Figure  3-21 Stress distribution in steel beam ............................... - 101 - 

Figure  3-22 Stress distribution in concrete slab ........................... - 101 - 

Figure  3-23 Crushing and cracking in concrete slab .................... - 102 - 

Figure  3-24 Test scheme for an interior joint ............................... - 103 - 



- 14 - 

 

Figure  3-25 Strut – Tie model ...................................................... - 103 - 

Figure  3-26 Mechanisms and mechanical models reproducing the 

Column-concrete slab normal stress transfer of an interior joint . - 104 - 

Figure  3-27 Min. principle stresses in slab of an interior joint in - 105 - 

Figure  3-28 Direction of  forces in slab ........................................ - 105 - 

Figure  3-29 Additional RFT around column ................................ - 106 - 

Figure  3-30 beam to column connection detail ............................ - 107 - 

Figure  3-31 Frame structure simulated in ANSYS ...................... - 107 - 

Figure  3-32 Slab reinforcement simulated in ANSYS ................. - 108 - 

Figure  3-33 Minimum principle stresses in slab of an ................. - 108 - 

Chapter (4) 

Figure  4-1 Common Examples of Nonlinear Structural Behavior - 114 - 

Figure  4-2 A Fishing Rod Demonstrates Geometric Nonlinearity - 115 - 

Figure  4-3  Newton-Raphson Approach ....................................... - 116 - 

Figure  4-4  Load Steps, Sub-steps, and Time ............................... - 118 - 

Figure  4-5 Elastoplastic Stress-Strain Curve ................................ - 119 - 

Figure  4-6 Non-conservative (Path-Dependent) Behavior ........... - 120 - 

Figure  4-7 Elevation for Virandeel System .................................. - 122 - 

Figure  4-8 Plan for Virandeel System .......................................... - 123 - 

Figure  4-9 Cross Sections for Virandeel Parts ............................. - 124 - 

Figure  4-10 Statical System and applied loads position ............... - 125 - 

Figure  4-11 Plan of Symmetry (application of boundary conditions) .... - 

125 - 

Figure  4-12 Applied concentrated loads ....................................... - 127 - 

Figure  4-13 Slab and Column Reinforcement .............................. - 127 - 

Figure  4-14 Stiffeners between steel column and chord member - 128 - 

Figure  4-15 Load-Deflection curve .............................................. - 130 - 

Figure  4-16 Stresses in steel element along girders ..................... - 130 - 

Figure  4-17 Stresses in concrete slab on the top fibre .................. - 131 - 

Figure  4-18 Stresses in concrete slab on the lower fibre .............. - 131 - 

Figure  4-19 Crushing in concrete slab .......................................... - 132 - 

Figure  4-20 Elevation of Virandeel System ................................. - 134 - 


