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Summary:  

        This study deals with analysis of prestressed concrete cable-stayed bridges 

during and after construction implementing balanced cantilever construction method 

which includes the load history and geometry changes due to the construction 

sequence and the time-dependent effects due to creep, shrinkage and aging of the 

concrete under static permanent loads and investigate the effect of deck longitudinal 

prestressing on bridge behavior based on Aswan cable-stayed bridge as a case study 

in Aswan, Egypt over Nile river. A simplified procedure presented to conduct staged 

construction analysis based on proposed equation for iteration process after 

verifying the stage construction deformation calculated analysis software and how to 

overcome the shortcoming found. The bridge is analysis without staged construction 

analysis and without longitudinal prestressing to compare the result. The study 

shows how remarkable effect of staged construction on structural behavior and how 

longitudinal prestressing affect cable force distributing in staged and non-staged 

construction analysis. 

 

 



 

   i 
 

Disclaimer 

I hereby declare that this thesis is my own original work and that no part of it has 

been submitted for a degree qualification at any other university or institute. 

I further declare that I have appropriately acknowledged all sources used and have 

cited them in the reference section. 

 

Name: Shady Kamel Esmail El-Shafai Date:       /   /      

 

Signature: 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

   ii 
 

Acknowledgments 

I would like to express my most sincere gratitude and appreciation to my advisors, 

Prof. Walid Abdel Latif and Prof. Eehab Khalil for their guidance, encouragement, and 

patience throughout the completion my thesis work. 

 

I must express my very profound gratitude to my parents and to my sisters for 

providing me with unfailing support and continuous encouragement throughout my years 

of study and through the process of researching and writing this thesis. This 

accomplishment would not have been possible without them. Thank you. 
 



 

  iii 
 

Table of Contents 

DISCLAIMER ............................................................................................................ I 

ACKNOWLEDGMENTS ......................................................................................... II 

TABLE OF CONTENTS ......................................................................................... III 

LIST OF TABLES ................................................................................................... VI 

LIST OF FIGURES ............................................................................................... VII 

LIST OF SYMBOLS AND ABBREVIATIONS ...................................................... X 

ABSTRACT ........................................................................................................... XII 

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

1.1. INTRODUCTION ............................................................................................ 1 

1.2. OBJECTIVE AND SCOPE OF THE CURRENT STUDY .......................................... 1 

1.3. ORGANIZATION OF THE THESIS .................................................................... 1 

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

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

2.2. PRESTRESSED CONCRETE CABLE-STAYED BRIDGE ....................................... 3 

2.3. CONSTRUCTION METHODS OF CABLE-STAYED BRIDGE................................. 5 

2.3.1. The Staging Construction Method...................................................................... 5 

2.3.2. Incremental Launching Method ......................................................................... 6 

2.3.3. Cantilever Method ............................................................................................. 7 

2.4. INITIAL DESIGNED CABLE FORCE .................................................................. 8 

2.4.1. General…… ...................................................................................................... 8 

2.5. CONSTRUCTION STAGE ANALYSIS ................................................................. 9 

2.5.1. General…… ...................................................................................................... 9 

2.5.2. Forward Analysis .............................................................................................. 9 

2.5.3. Backward analysis ........................................................................................... 10 

2.5.4. Time dependent behavior ................................................................................. 12 
2.5.4.1. Development of Strength and Modulus of Elasticity with Time (CEB-FIB 1990 Model) [1] 12 
2.5.4.2. Creep Effect Predication (CEB-FIB 1990 Model) [1] ......................................................... 12 
2.5.4.3. Shrinkage Strain Predication (CEB-FIB 1990 Model) ........................................................ 13 

CHAPTER 3 : STRUCTURE DEFORMATION FOR STAGED 

CONSTRUCTION ................................................................................................... 15 

3.1. GENERAL .................................................................................................. 15 

3.2. DEFORMATION VERIFICATION FOR ANALYSIS SOFTWARE ........................... 15 

3.2.1. Bridge Element Age Verification ..................................................................... 15 

3.2.2. Cantilever Deflection Verification ................................................................... 17 

CHAPTER 4 : NUMERICAL MODELING AND ANALYSIS ............................. 24 

4.1. GENERAL .................................................................................................. 24 



 

   iv 
 

4.2. ASWAN CABLE-STAYED BRIDGE ................................................................ 24 

4.2.1. Bridge General Description ............................................................................. 24 

4.2.2. Bridge Structural System ................................................................................. 25 

4.2.3. The Geometry of the Bridge ............................................................................ 26 
4.2.3.1. Stay Cables ...................................................................................................................... 26 
4.2.3.2. Deck Prestressing Tendon................................................................................................. 27 
4.2.3.3. Pylon and Piers ................................................................................................................ 27 

4.2.4. Construction Method ....................................................................................... 28 

4.3. FINITE ELEMENT MODEL ........................................................................... 32 

4.3.1. Model Element ................................................................................................ 32 

4.3.2. Material Properties .......................................................................................... 36 

4.3.3. Boundary Conditions ....................................................................................... 36 

4.4. MODEL LOADING ...................................................................................... 41 

4.4.1. Permanent Load .............................................................................................. 41 

4.4.2. Cables Stressing Force ..................................................................................... 41 

4.5. TIME DEPENDENT MODELING DATA .......................................................... 41 

4.5.1. Development of Strength and Modulus of Elasticity with Time ........................ 42 

4.5.2. Creep Effect Predication .................................................................................. 43 

4.6. SHRINKAGE STRAIN PREDICATION ............................................................. 44 

4.7. MODEL CONSTRUCTION STAGES ................................................................ 46 

4.8. INITIAL CABLE FORCES .............................................................................. 53 

4.8.1. General…… .................................................................................................... 53 

4.8.2. Iteration Equation ............................................................................................ 53 

4.8.3. Proposed Iteration Criteria ............................................................................... 54 

4.9. STRESS LIMITS FOR BRIDGE STRUCTURAL ELEMENT .................................. 56 

CHAPTER 5 : RESULTS AND DISCUSSION ...................................................... 57 

5.1. INTRODUCTION .......................................................................................... 57 

5.2. DECK LONGITUDINAL ANALYSIS RESULTS FOR CASES WITHOUT 

CONSTRUCTION ANALYSIS, CASE (1) AND CASE (2) ..................................... 58 

5.2.1. Methodology ................................................................................................... 58 

5.2.2. Stays Cable Forces .......................................................................................... 58 
5.2.2.1. Stays Cable Forces with Longitudinal Prestressing ............................................................ 59 
5.2.2.2. Stays Cable Forces Without Longitudinal Prestressing ....................................................... 60 

5.2.3. Deck deformation ............................................................................................ 61 

5.2.4. Deck Forces and Stresses ................................................................................. 62 
5.2.4.1. Deck Forces and Stresses with Longitudinal Prestressing ................................................... 62 
5.2.4.2. Deck Forces and Stresses Without Longitudinal Prestressing ............................................. 63 

5.2.5. Pylon Deformation .......................................................................................... 65 
5.2.5.1. Pylon Deformation with Longitudinal Prestressing ............................................................ 65 
5.2.5.2. Pylon Deformation without Longitudinal prestressing........................................................ 66 

5.2.6. Pylon Forces.................................................................................................... 67 
5.2.6.1. Pylon Forces with Longitudinal Prestressing ..................................................................... 67 
5.2.6.2. Pylon Forces Without Longitudinal Prestressing ................................................................ 68 

5.3. STAGES CONSTRUCTION ANALYSIS RESULT FOR CASE (3) AND CASE (4) .... 69 

5.3.1. Methodology ................................................................................................... 69 

5.3.2. Stays Cable Forces .......................................................................................... 70 
5.3.2.1. Stays Cable Forces with Longitudinal Prestressing at Final State........................................ 73 
5.3.2.2. Stays Cable Forces Without Longitudinal Prestressing at Final State .................................. 74 



 

   v 
 

5.3.3. Deck deformation ............................................................................................ 75 
5.3.3.1. Deck Deformation Before Closure .................................................................................... 75 
5.3.3.2. Deck Deformation After Closure ...................................................................................... 76 
5.3.3.3. Deck Deformation at final state ......................................................................................... 77 

5.3.4. Deck Forces and Stresses ................................................................................. 78 
5.3.4.1. Deck Forces and Stresses Before Closure .......................................................................... 78 
5.3.4.2. Deck forces and Stresses After Closure ............................................................................. 81 
5.3.4.3. Deck forces and Stresses at final state ............................................................................... 84 

5.3.5. Pylon Deformation .......................................................................................... 87 
5.3.5.1. Pylon Deformation with Longitudinal Prestressing for final state ....................................... 87 
5.3.5.2. Pylon Deformation without Longitudinal prestressing for final state ................................... 88 

5.3.6. Pylon Forces.................................................................................................... 89 
5.3.6.1. Pylon Maximum and Minimum Forces with Longitudinal Prestressing .............................. 89 
5.3.6.2. Pylon Maximum and Minimum Forces without Longitudinal Prestressing .......................... 90 

5.4. COMPARING STAY CABLES FORCES FOR ALL CASES ................................... 91 

5.4.1. Construction Analysis of PC Cable-Stayed Bridge Considering Five Approaches 

1, 2, 3, 4, And 5 ............................................................................................. 91 
5.4.1.1. Stay Cables Forces ........................................................................................................... 91 
5.4.1.2. Deck Deformation ............................................................................................................ 93 

5.4.2. Influence of Construction Analysis and Time Dependent Material Effect ......... 95 
5.4.2.1. Stay Cables Forces for Deck Without Longitudinal Prestressing ........................................ 95 
5.4.2.1. Stay Cables Forces for Deck with Longitudinal Prestressing .............................................. 97 

5.4.3. Influence of Longitudinal Prestressing on PC Cable-Stayed Bridge .................. 99 
5.4.3.1. Stay Cables Forces Not Considering Construction Stage Analysis ...................................... 99 
5.4.3.2. Stay Cables Forces Considering Construction Stage Analysis .......................................... 101 

DISCUSSION AND CONCLUSIONS .................................................................. 104 

Considering Analysis Procedure .................................................................................. 105 

Considering influence of Construction Analysis ........................................................... 105 

Considering influence of Longitudinal Prestressing ...................................................... 106 

5.5. CONCLUSIONS ......................................................................................... 106 

5.6. RECOMMENDATIONS FOR FUTURE WORKS................................................. 107 

REFERENCES....................................................................................................... 108 

APPENDIX A: DECK ANALYSIS RESULT FOR STAGED CONSTRUCTION 

ANALYSIS ............................................................................................................. 109 

 

  



 

   vi 
 

List of Tables 

 

Table 3-1: Joint Displacements at Age of 1970 Day ................................................... 16 
Table 3-2: Calculations of Joint Displacement ............................................................ 18 

Table 3-3: Joint Displacements for All stages ............................................................. 23 
Table 4-1: Model Element Properties ......................................................................... 33 

Table 4-2 Stay Cables Equivalent Modulus of Elasticity ............................................ 36 
Table 4-3 Model Material Properties .......................................................................... 36 

Table 4-4 Links Properties ......................................................................................... 37 
Table 4-5: Material Unit Weight ................................................................................ 41 

Table 4-6: Model Material Time-Dependent Parameters ............................................ 41 
Table 4-7: Creep Coefficient versus Time .................................................................. 44 

Table 4-8: Shrinkage Strain versus Time .................................................................... 45 
Table 5-1: Analysis Cases .......................................................................................... 57 

Table 5-2: Stay Cable Forces Case (1) ........................................................................ 59 
Table 5-3: Stay Cable Forces Case (2) ........................................................................ 60 

Table 5-4: Proposed approaches ................................................................................. 70 
Table 5-5: Applied Cables Forces at Each Constraction Stage .................................... 70 

Table 5-6: Stay Cable Forces Case (3) ........................................................................ 73 
Table 5-7: Stay Cable Forces Case (4) ........................................................................ 74 

Table 5-8: Applied Cable Forces for All Approaches ................................................. 92 
Table 5-9: Deck Deformation for All Approaches ...................................................... 94 

Table 5-10 Absolute Deck Vertical Displacement and Iteration Number .................... 94 
Table 5-11: Cable Forces for Case (1) and (3) ............................................................ 95 

Table 5-12: Cable Forces for Case (2) and (4) ............................................................ 97 
Table 5-13: Cable Forces for Case (1) and (2) ............................................................ 99 

Table 5-14: Cable Forces for Case (3) and (4) .......................................................... 101 
Table 5-15: Applied Cable Forces for Case (3) and (4) After Closure Only .............. 103 

 

 

  



 

  vii 
 

List of Figures 

 

Figure 2-1: Solar Boats ................................................................................................ 3 
Figure 2-2: Tempul Aqueduct ...................................................................................... 4 

Figure 2-3: Brotonne Bridge ........................................................................................ 4 
Figure 2-4: Sunshine Skyway Bridge ........................................................................... 4 

Figure 2-5: Staging construction [3] ............................................................................. 5 
Figure 2-6: Ben Ahin cable-stayed bridge .................................................................... 6 

Figure 2-7: Illhof pedestrian bridge .............................................................................. 6 
Figure 2-8: The Julicher Strasse Bridge Construction [3].............................................. 7 

Figure 2-9: Free Cantilever Method [3] ........................................................................ 8 
Figure 2-10: Forward Analysis Flowchart [2] ............................................................. 10 

Figure 2-11: Backward Analysis Flowchart [2] .......................................................... 11 
Figure 3-1: Test Problem by Analysis Software [15] .................................................. 16 

Figure 3-2: Typical segment activation procedure ...................................................... 17 
Figure 3-3: Test Problem for Free Cantilever ............................................................. 18 

Figure 3-4: Cantilever deflection parameters .............................................................. 18 
Figure 4-1: Aswan Cable-stayed Bridge ..................................................................... 25 

Figure 4-2: Aswan Bridge Elevation .......................................................................... 25 
Figure 4-3: Bridge Spans Arrangement ...................................................................... 26 

Figure 4-4: Deck Typical Section ............................................................................... 26 
Figure 4-5: Bridge overall geometry ........................................................................... 26 

Figure 4-6: Pylon Dimension above Deck .................................................................. 27 
Figure 4-7: Pylon Foundation ..................................................................................... 28 

Figure 4-8: Piers Section ............................................................................................ 28 
Figure 4-9: Construction of Aswan Bridge ................................................................. 29 

Figure 4-10: Construction Stage Phase 1 .................................................................... 29 
Figure 4-11: Construction Stage Phase 2 .................................................................... 30 

Figure 4-12: Construction Stage Phase 3 .................................................................... 30 
Figure 4-13: Construction Stage Phase 4 .................................................................... 31 

Figure 4-14: Construction Stage Phase 5 .................................................................... 31 
Figure 4-15: Finite Element Model in Extruded View ................................................ 32 

Figure 4-16: Finite Element Model in 3-D View ........................................................ 32 
Figure 4-17: Model Element Section Assignment ....................................................... 33 

Figure 4-18: Pylon under Deck Section ...................................................................... 34 
Figure 4-19: Pylon Base Minimum Section Dimension .............................................. 34 

Figure 4-20: Pylon Base Maximum Section Dimension .............................................. 34 
Figure 4-21: Pier P5 and P10 Section ......................................................................... 35 

Figure 4-22: Pier P6 and P9 Section ........................................................................... 35 
Figure 4-23: Pylon above deck Section ...................................................................... 35 

Figure 4-24: Typical Deck Section as Modeled .......................................................... 35 
Figure 4-25: Deck Pylon Idealized Connection at P7 and P8. ..................................... 38 

Figure 4-26: Deck Pylon Idealized Connection at P7 and P8 Extruded View Showing 

Bridge. ....................................................................................................................... 38 

Figure 4-27: Deck Pier Idealized Connection at P6 and P9 ......................................... 39 
Figure 4-28: Deck Pier Idealized Connection at P6 and P9 Extruded View Showing 

Bridge. ....................................................................................................................... 39 



 

  viii 
 

Figure 4-29: Deck Pier Idealized Connection at P5 and P10 ....................................... 40 
Figure 4-30: Deck Pier Idealized Connection at P5 and P10 Extruded View Showing 

Bridge. ....................................................................................................................... 40 
Figure 4-31: Mean Concrete Strength ......................................................................... 42 

Figure 4-32: Modulus of Elasticity ............................................................................. 43 
Figure 4-33: Creep Coefficient ................................................................................... 44 

Figure 4-34: Shrinkage Strain..................................................................................... 45 
Figure 4-35: x and y Points Representation ................................................................ 53 

Figure 4-36: Iteration Process Flowchart .................................................................... 55 
Figure 5-1: Stay Cables Number ................................................................................ 58 

Figure 5-2: Internal and Applied Stay Cables Force Case (1)...................................... 59 
Figure 5-3: Internal and Applied Stay Cables Force Case (2)...................................... 60 

Figure 5-4: Deck vertical Deflection with Longitudinal Prestressing Case (1) ............ 61 
Figure 5-5: Deck vertical Deflection without Longitudinal Prestressing Case (2) ....... 61 

Figure 5-6: Deck Bending Moment Case (1) .............................................................. 62 
Figure 5-7: Deck Normal Force Case (1) .................................................................... 62 

Figure 5-8: Deck Stresses Case (1) ............................................................................. 63 
Figure 5-9: Deck Bending Moment Case (2) .............................................................. 63 

Figure 5-10: Deck Normal Force Case (2) .................................................................. 64 
Figure 5-11: Deck Stresses Case (2) ........................................................................... 64 

Figure 5-12: Pylon Displacement [mm] Case (1) ........................................................ 65 
Figure 5-13: Pylon Displacement [mm] Case (2) ........................................................ 66 

Figure 5-14: Pylon Normal Force and Bending Moment Case (1)............................... 67 
Figure 5-15: Pylon Normal Force and Bending Moment Case (2)............................... 68 

Figure 5-16: Internal and Applied Stay Cables Force Case (3) .................................... 73 
Figure 5-17: Internal and Applied Stay Cables Force Case (4) .................................... 74 

Figure 5-18: Deck Vertical Displacements Envelope for Case (3) Before Closure ...... 75 
Figure 5-19: Deck Vertical Displacements Envelope for Case (4) Before Closure ...... 75 

Figure 5-20: Deck Vertical Displacements Envelope for Case (3) After Closure ........ 76 
Figure 5-21: Deck Vertical Displacements Envelope for Case (4) After Closure ........ 76 

Figure 5-22: Deck Vertical Displacements for Case (3) at Final State ......................... 77 
Figure 5-23: Deck Vertical Displacements for Case (4) at Final State ......................... 77 

Figure 5-24: Deck Bending Moment Envelope for Case (3) Before Closure ............... 78 
Figure 5-25: Deck Bending Moment Envelope for Case (4) Before Closure ............... 78 

Figure 5-26: Deck Top Stresses Envelope for Case (3) Before Closure....................... 79 
Figure 5-27: Deck Top Stresses Envelope for Case (4) Before Closure....................... 79 

Figure 5-28: Deck Bottom Stresses Envelope for Case (3) Before Closure ................. 80 
Figure 5-29: Deck Bottom Stresses Envelope for Case (4) Before Closure ................. 80 

Figure 5-30: Deck Bending Moment Envelope for Case (3) After Closure ................. 81 
Figure 5-31: Deck Bending Moment Envelope for Case (4) After Closure ................. 81 

Figure 5-32: Deck Top Stresses Envelope for Case (3) After Closure ......................... 82 
Figure 5-33: Deck Top Stresses Envelope for Case (4) After Closure ......................... 82 

Figure 5-34: Deck Envelope Bottom Stresses for Case (3) After Closure ................... 83 
Figure 5-35: Deck Bottom Stresses Envelope for Case (4) After Closure ................... 83 

Figure 5-36: Deck Staring Action for Case (3) where (a) Deck Bending Moment and 

(b) Deck Normal Force .............................................................................................. 84 

Figure 5-37: Deck Staring Action for Case (4) where (a) Deck Bending Moment and 

(b) Deck Normal Force .............................................................................................. 85 

Figure 5-38: Deck Stresses Case (3) ........................................................................... 86 
Figure 5-39: Deck Stresses Case (4) ........................................................................... 86 



 

   ix 
 

Figure 5-40: Pylon Displacement [mm] Case (3) ........................................................ 87 
Figure 5-41: Pylon Displacement [mm] Case (4) ........................................................ 88 

Figure 5-42: Pylon Normal Force and Bending Moment Case (3)............................... 89 
Figure 5-43: Pylon Normal Force and Bending Moment Case (4)............................... 90 

Figure 5-44: Applied Cables Forces for All Approaches ............................................. 91 
Figure 5-45: Envelope Deck Vertical Displacement for All Approaches. .................... 93 

Figure 5-46: Absolute Deck Vertical Displacement for All Approaches ..................... 93 
Figure 5-47: Applied Cable Forces for Case (1) and (3) ............................................. 96 

Figure 5-48: Internal Cable Forces for Case (1) and (3) .............................................. 96 
Figure 5-49: Applied Cable Forces for Case (2) and (4) ............................................. 98 

Figure 5-50: Internal Cable Forces for Case (2) and (4) .............................................. 98 
Figure 5-51: Applied Cable Forces for Case (1) and (2) ........................................... 100 

Figure 5-52: Internal Cable Forces for Case (1) and (2) ............................................ 100 
Figure 5-53: Applied Cable Forces for Case (3) and (4) ........................................... 102 

Figure 5-54: Internal Cable Forces for Case (3) and (4) ............................................ 102 
Figure 5-55: Applied Cable Forces for Case (3) and (4) After Closure Only ............. 103 

 



 

   x 
 

List of symbols and abbreviations 

2-d Two dimensional  

A Girder cross section area 

𝐴𝐶   Cross-section area  

B Girder distributed load length 

CAB Cable 

CEB-FIP Comité européen du béton- Fédération Internationale de la Précontrainte 

CS Construction stage 

D Girder depth 

DC Components Dead Load 

DW Super imposed dead load 

E Young's modulus 

𝐸𝑐(𝑡)  Modulus of elasticity at the age t 

𝐸𝑐(28)  Modulus of elasticity at the age of 28 days 

𝐸𝑐𝑖    Modulus of elasticity at the age of 28 days 

E Distance from support of distributed load resultant force 

allF Allowable stay cable force 

uF Ultimate stay cable force 

cF Allowable compression stress for prestressed concrete  

tF Allowable tension stress for prestressed concrete 

𝑓𝑐𝑘   Characteristic strength of concrete  

𝑓𝑐𝑚  Mean compressive strength of concrete at age of 28 days 

𝑓𝑐𝑚  Mean compressive strength of concrete at age of 28 days 

𝑓𝑐𝑘   Characteristic strength of concrete  

𝑓𝑐𝑚(𝑡)  The mean concrete strength at age t 

ℎ  National size of the member  

HDPE High density polyethylene 

I Girder moment of inertia 

I33 Moment of inertia about element local axis 33 

Kn Kilo newton 

L Girder total length  

M Meter 

mm Millimeter  

Max. Maximum  

Min. Minimum  

MPa Mega Pascal 

N Newton 

Ns Segment number  

N/A Not applicable 

P Pier  

PC Prestressed concrete  

R Joint rotation 

𝑅𝐻  Relative humidity of the ambient environment  

𝑠  type of cement coefficient for creep 

T Ton  

𝑡  Age of concrete in days 

𝑡𝑠  Age of concrete when loaded and termination of curing. 



 

   xi 
 

𝑡0  Age of concrete when loaded  

U Joint displacement 

𝑢  Perimeter of the member in contact with the atmosphere  

W Girder distributed load 

X Distance along girder length  

θ Girder slope at specific point 

𝜖𝑐𝑟(𝑡, 𝑡0) Creep strain at time t 

𝜎𝑐(𝑡0) Applied stress 

𝜑28(𝑡, 𝑡0) Creep coefficient 

𝜑0  Notational creep coefficient 

𝛽𝑐  Coefficient to describe the development of creep with time after loading 

𝜀𝑐𝑠(𝑡, 𝑡𝑠)  Time-dependent total shrinkage strain 

𝜀𝑐𝑠0  Notational shrinkage coefficient 

𝛽𝑠(𝑡 − 𝑡𝑠)  Coefficient to describe the development of shrinkage with time.  

𝜀𝑐𝑠0  The notational shrinkage coefficient 

𝛽𝑠𝑐  type of cement coefficient for shrinkage 
  


