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Summary:  
The shear strength of joints is a very important issue in the design of prestressed 

concrete segmental systems. In this research, finite element models of these joints under 

different parameters have been studied. The parameters considered in the Thesis include: 

(i) types of joints, (ii) number of shear keys, (iii) confining pressure, (iv) concrete strength, 

(v) shear transfer coefficient for dry joints, and (vi) friction coefficient. Three types of 

joints were used: dry joints with shear keys and without any filling materials, epoxy joints 

having a thin layer of epoxy between segments, and monolithic joints with full bond. Single 

keyed, two keyed, and three keyed joints were considered in this study subjected to three 

levels of confining pressure (1, 2, and 3 MPa), Concrete strength of 40, 50, and 60 MPa, 

with six values of friction coefficient for dry joints ranging from 0.1 to 1.0, and eight 

models with a variable shear transfer coefficient at single keyed joints. The FEM model 

was first calibrated and validated with the experimental results for single-keyed joints 

described in the literature. Then, Nonlinear Materials analysis was carried out for different 

combinations of the above mentioned parameters. In total thirty five FEM models were 

developed.  

The results show shear behavior, shear capacity, crack patterns, and how the loads are 

transferred from one segment to the other. Among the main conclusions: The shear 

capacity increases with the increase of either the confining pressure or the concrete 

strength. The shear capacity of joints increase as the number of keys increase. Coefficient 

of friction between two segments plays role in increasing the capacity of the shear keys. 
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 (Abstract)ص الرسالة لخستم -5
 
 : باللغة العربٌة 5-1
 
الهدددم مددا اددذا البحددس اددو دراسددف سددلوك القددص فددى فواصددل الكمددرات سددابقة الصددب وسددابقة الاجهدداد والمنفددذة علددى  

شددكل  تدديثير دراسددة ،(متصددلةمراحددلت تددت اسددتلدات المت)يددرات انددوو الفاصددل سددواو اا كدداا جددام او ابوكسددى او عينددة 
دراسدة  الضد)ط،قدو   تديثير دراسة اللرسانة،جهاد ا تيثير  دراسة ،اعدد مفاتيح القص( الاتصالالفاصل وعدد روابط 

حمدل الكسدر وشدكل الكسدر بدايدة مدا  تديثيردراسدة معامدل انتقدال القدص(ت تدت دراسدة  القطع،معامل الاحتكاك بيا تيثير 
 درجدةوالتحميل حتى الانهيار والعلاقة بيا الانفعدال والاجهدادت ارهدرت نتدالب البحدس اا ب يدادة قدو  الضد)ط الجدانبى 

الاحتكداك فدى  واا معامدلت  فدى القدص يد داد حمدل الكسدرامفداتيح القدص(  روابدط الاتصدال  عددد واللرسدانة مة مقاو
 يؤثر على حمل الكسرت الجام الفاصل

  

 الكلمات الدالة:

         

 (سلوك القص الفواصل، مراحل،كمرات منفذة على  الاجهاد،سابقة  الصب،الكمرات سابقة ا    
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 : ٌةباللغة الأجنب 5-2
 

The shear strength of joints is a very important issue in the design of prestressed 

concrete segmental systems. In this research, finite element models of these joints under 

different parameters have been studied. The parameters considered in the Thesis include: (i) 

types of joints, (ii) number of shear keys, (iii) confining pressure, (iv) concrete strength, (v) 

shear transfer coefficient for dry joints, and (vi) friction coefficient. The results show shear 

behavior, shear capacity, crack patterns, and how the loads are transferred from one segment to 

the other 

 
(Key Words): 
 

Segmental Beam; Precast Prestressed Concrete; keyed Joints; Shear Strength 
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 :أهم النتائج التطبٌقٌة التى تم التوصل إلٌها -6
 
 

 .  بزٌادة روابط الاتصال )مفاتٌح القص( ٌزداد حمل الكسر  6-1

 
 
الخرسانة ٌزداد  مقاومةزٌادة قوى الضغط الجانبى نٌابة عن الكابلات سابقة الاجهاد وبزٌادة درجة  6-2

 حمل الكسر للعنصر.
 

 
 
  فى الفواصل الجافة. على حمل الكسر معامل الاحتكاك فى الفاصل ٌؤثر 6-3
 
 
  حمل الكسر للعٌنة المتصلة اعلى من حمل الكسر باستخدام الفاصل الجاف والفاصل الاٌبوكسى 6-4
 
 
 
 
 
 
 
 



 
            

             

 2/6 

 ما هى الجهات التى ٌمكن أن تستفٌد من هذا البحث: -7
 
7-1 

فنة بطنرا تنفٌنذ الكبنار  ٌمكن للمهندسٌن الاستفاده من البحث اثناء التنفٌذ و ذلك عنن طرٌنا المعر
اختٌنار ننوا الفاصنل المسنتخدم فنى  فى ٌوفر معلومات قد تساعدكما ان البحث  -المنفذة على مراحل

   الكبار  المنفذة على مراحل.
 
 
 
7-2 

ٌمكننن للبنناحثٌن مننن الاسترشنناد بهننذا البحننث اثننناء دراسننة الكمننرات سننابقة الاجهنناد وسننابقة الصننب 
 دراساتهم علً بعض المتغٌرات التً لم تدرس فً هذا البحث.والمنفذة على مراحل و اكمال 

 
 
 
 
7-3 

 ٌمكن اخذ نتائج هذا البحث فً الاعتبار اثناء اعداد الكود لدراسه الكبار  المنفذة على مراحل.
 
 
 
 

 
 
 
 

 هل توجد علاقة قائمة بإحد  هذه الجهات :  -8 نعم  لا 

 ذكر هذه الجهات :فً حالة نعم ا
8-1 
 
8-2 
 
8-3 
 
 ا هً طبٌعة العلاقة :م

 مشـــروع بحثـــً  

   

 تعاون أكادٌمً  

   

 مشروع ممول من جهة ثالثة  (                         ذكر ما هً : ا)

   

 أخري  (                                                  ) تذكر
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 امعة :تعاون مع جهات مستفٌدة من خلال الجتوافا علً الهل -9
 

 لا  (                                                          لماذا)
 

 نعم 
 

 تطبٌق البحث :ل)أ(   
   
 )ب( لاستكمال البحث:  
   

 )ج( أخري :  (                                تذكر           )
 

         
 علمٌة أو مؤتمرات  لاتهل تم نشر بحوث مستخرجة من الرسالة فى مج -11

 (و المكان و التارٌخ  مع جهة النشرتذكر )

11-1 
 
 
11-2 
 
 
11-3 
 
 
 (و المكان و التارٌخ جهة المع تذكر )سبا التقدم لتسجٌل براءات اختراا هل  -11

 
 
 

 إعطاء البٌانات المذكورة فى هذه الاستمارة لجهات أخري توافا علًهل  -12
  

 نعم  لا  

 
 

 :فٌنتوقٌع المشر
- 
- 
- 
- 

 :الطالب توقٌع

 
 التارٌخ :

 
 وكٌل الكلٌة) المعهد( للدراسات العلٌا و البحوث :

 

 



i                                                        

Acknowledgments 
 

 

First of all, thanks to ALLAH who guided and helped me to finish this work in this 

proper shape. 

 

 The support my family cannot be praised enough; to them this thesis is 

dedicated. 

 

I would like to appreciate and gratitude to Prof. Dr. Ehab Khalil for my help to 

determine the research point and support in the Masters. 

 

I would like to appreciate and gratitude to Dr. Tarek Thabet for his valuable 

guidance and time for reviewing and modifying the research data and for his guidance 

for presenting the research output in a better format. 

 

I would like to appreciate and gratitude to Dr. Ahmed Mohammed Youssef 

Mohammed, assistant professor of structural engineering department, Cairo University 

for his valuable guidance and time for reviewing and modifying the research data and 

also for his guidance for presenting the research output in a better format. 

  

I would like to appreciate and gratitude to Eng. Mohamed Gamel for his valuable 

guidance and time for preparing the models by ANSYS program. 

 

I wish also to record my special appreciation and gratitude to my advisor, Prof. Dr. 

Hatem Mostafa M., for his valuable guidance, helpful suggestion and continuous 

support during the research program. 

 

I wish also to express my sincere gratitude to my research supervisor, Prof. Dr. 

Mourad M. Bakhoum., for his valuable advice, comments and his efforts in reviewing 

the manuscript. 

 

Finally, I would like to thank my friends and colleagues who helped me in the 

completion of this work, especially Prof. Dr. Ehab Khalil, Dr. Mohamed Anwar, Dr. 

Mostafa Abd Elmohsen, Eng. Ezz E. Kamel, and Eng. Ayman M. Aboraya.  

 

 

 

 

 

 

 

 



ii                                                        

Table of Contents 

ACKNOWLEDGMENTS ............................................................................................. i 

TABLE OF CONTENTS ............................................................................................. ii 

LIST OF TABLES ....................................................................................................... vi 

LIST OF FIGURES .................................................................................................... vii 

ABSTRACT .................................................................................................................. x 

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

1.1. BACKGROUND & MOTIVATION .............................................................................. 1 

1.2. OBJECTIVES AND SCOPE .......................................................................................... 1 

1.3. ORGANIZATION .......................................................................................................... 2 

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

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

2.2. DEFINITION OF CONCRETE SEGMENTAL BRIDGES .......................................... 3 

2.3. CAST IN PLACE CONCRETE SEGMENTAL BRIDGES .......................................... 3 

2.3.1. Methods of construction ............................................................................... 3 

2.3.2. Brief History of segmental Bridges in Egypt ............................................... 5 

2.3.3. Description of some recent segmental concrete bridges in Egypt ............... 5 

2.3.3.1. Talkha-Mansoura bridge ....................................................................................... 5 

2.3.3.2. Kafr el Zayat bridge .............................................................................................. 9 

2.3.3.3. Aswan bridge ...................................................................................................... 10 

2.4. PRECAST CONCRETE SEGMENTAL BRIDGES.................................................... 10 

2.4.1. Methods of construction of precast segmental bridges .............................. 11 

2.4.1.1. Precast span by span method .............................................................................. 11 

2.4.1.2. Precast progressive placement method ............................................................... 13 

2.4.1.3. Precast balanced cantilever method .................................................................... 14 

2.5. JOINTS IN PRECAST CONCRETE SEGMENTAL BRIDGES ................................ 16 

2.5.1. Types of joints ............................................................................................ 16 

2.5.1.1. Epoxy joint .......................................................................................................... 16 

2.5.1.2. Dry joints ............................................................................................................ 16 

2.5.2. Shear keys .................................................................................................. 17 

2.6. BEHAVIOR AND DESIGN OF JOINTS .................................................................... 18 

2.6.1. AASHTO guide specifications for design and construction of segmental concrete 

bridge 1998  .............................................................................................................. 19 



iii                                                        

2.6.2. ATEP Spanish design code 1998  .............................................................. 19 

2.6.3. Review of some Published Research works on the shear strength and behavior of 

joints in precast segmental beams ............................................................................. 20 

2.6.3.1. Buyukozturk, Bakhoum, and Beattie (1990) ...................................................... 20 

2.6.3.2. Roberts, Breen, and Kreger (1990)  .................................................................... 21 

2.6.3.3. Foure et al. (1993)  .............................................................................................. 22 

2.6.3.4. Rombach and Specker (2002)  ............................................................................ 22 

2.6.3.5. Turmo et al. (2006)  ............................................................................................ 24 

2.6.3.6. Issa and Abdealla (2007) .................................................................................... 25 

2.6.3.7. Alcalde, Cifuentes, and Medina (2013)  ............................................................. 26 

2.6.3.8. Summary ............................................................................................................. 27 

2.7. ADDITIONAL INFORMATION CONCERNING PRECAST CONCRETE SEGMENTAL 

BEAMS AND BRIDGES ......................................................................................................... 28 

CHAPTER 3: COMPUTER MODELING AND VERIFICATION...................... 29 

3.1. INTRODUCTION ........................................................................................................ 29 

3.2. EXPERIMENT-BASED TESTING OF CONCRETE SEGMENTAL BEAM ........... 29 

3.2.1. Setup and instrumentation .......................................................................... 30 

3.2.2. Material properties ..................................................................................... 31 

3.2.2.1. Concrete .............................................................................................................. 31 

3.2.2.2. Steel .................................................................................................................... 31 

3.3. ANSYS FINITE ELEMENT MODEL ......................................................................... 31 

3.3.1. Element types ............................................................................................. 32 

3.3.1.1. Solid 65 element ................................................................................................. 32 

3.3.1.2. Solid45 element .................................................................................................. 33 

3.3.1.3. Contact elements ................................................................................................. 34 

3.3.2. Sectional properties (real constants) .......................................................... 37 

3.3.3. Material properties of the models .............................................................. 37 

3.3.3.1. Concrete .............................................................................................................. 37 

3.3.3.2. Steel .................................................................................................................... 41 

3.3.4. Modeling .................................................................................................... 42 

3.3.5. Meshing ...................................................................................................... 43 

3.3.6. Boundary conditions and applied loads ..................................................... 43 

3.4. RESULTS ..................................................................................................................... 44 

3.4.1. Load-deformation response ........................................................................ 45 

 



iv                                                        

CHAPTER 4: FINITE ELEMENT MODEL .......................................................... 49 

4.1. INTRODUCTION ........................................................................................................ 49 

4.2. FINITE ELEMENT MODEL ....................................................................................... 49 

4.3. GEOMETRICAL PROPERTIES OF THE MODELS ................................................. 49 

4.3.1. Keyed dry joints ......................................................................................... 49 

4.3.2. Monolithic joints ........................................................................................ 49 

4.3.3. Keyed epoxy joints ..................................................................................... 50 

4.4. MATERIAL PROPERTIES OF THE MODELS ......................................................... 51 

4.4.1. Concrete ..................................................................................................... 51 

4.4.2. Steel ............................................................................................................ 51 

4.4.3. Epoxy in wet joint ...................................................................................... 51 

4.5. ELEMENT TYPES ...................................................................................................... 52 

4.6. SECTIONAL PROPERTIES ........................................................................................ 52 

4.7. MODELING IN FINITE ELEMENT........................................................................... 52 

4.7.1. Dry joint ..................................................................................................... 53 

4.7.2. Monolithic .................................................................................................. 53 

4.7.3. Wet joint ..................................................................................................... 53 

4.8. MESHING .................................................................................................................... 53 

4.9. BOUNDARY CONDITIONS AND APPLIED LOADS ............................................. 53 

CHAPTER 5: RESULTS AND DISCUSSION ........................................................ 56 

5.1. INTRODUCTION ........................................................................................................ 56 

5.2. OUTPUT DATA .......................................................................................................... 56 

5.2.1. Dry joints .................................................................................................... 56 

5.2.1.1. Single keyed dry joints ........................................................................................ 56 

5.2.1.2. Two keyed dry joints .......................................................................................... 61 

5.2.1.3. Three keyed dry joints ........................................................................................ 63 

5.2.2. Monolithic joints ........................................................................................ 64 

5.2.3. Epoxy joints ............................................................................................... 66 

5.3. PARAMETRIC STUDY .............................................................................................. 67 

5.3.1. Number of keys ................................................................................................. 67 

5.3.2. Confining pressure ............................................................................................ 67 

5.3.3. Concrete strength .............................................................................................. 67 

5.3.4. Friction coefficient ............................................................................................ 67 

5.3.5. Shear transfer coefficient .................................................................................. 67 



v                                                        

CHAPTER 6: SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS FOR 

FUTURE WORK........................................................................................................ 70 

6.1. SUMMARY .................................................................................................................. 70 

6.2. CONCLUSIONS .......................................................................................................... 70 

6.3. FUTURE RESEARCH WORKS ................................................................................. 72 

REFERENCES ........................................................................................................... 73 

APPDENIX A: DATA BASE OF PAPERS FOR SHEAR KEYS AND PCSB 

APPDENIX B: TOLERANCES IN EGYPTIAN CODE FOR BRIDGES 

  


