
  

 

 

 

 

SHEAR BEHAVIOR OF REINFORCED CONCRETE 

SHORT SANDWICH PANEL WALLS  

UNDER STATIC AND LATERAL CYCLIC LOADING 

 

 

By 

 

 
FATIMA AL ZAHRAA IBRAHIM ABD EL-LATIF REFAIE 

 

A thesis submitted to the  

Faculty of Engineering at Cairo University  

In partial fulfillment of the 

Requirements for the degree of 

DOCTOR OF PHILOSOPHY  

In 

STRUCTURAL ENGINEERING 

 

 

 

 

 

 

 

 

 

FACULTY OF ENGINEERING, CAIRO UNIVERSITY 

GIZA, EGYPT 

2016 









     

i 

 

 

 

 

 

 

 

 
DEDICATED TO: 

 

 

 

MY WONDERFUL MOTHER 

MEMORY OF MY FATHER 

MY LOVELY SISTER 

& 

MY GREAT BROTHRS 

 

 

 

 

 

 

 

 

 

 



     

ii 

 

ACKNOWLEDGEMENTS 

  

 

All praise and glory to Almighty ALLAH (SWT) who gave me the strength and 

the patience to complete this thesis. 

I have been amazingly fortunate to have advisors who gave me the freedom to 

explore on my own and at the same time the guidance to recover when my steps faltered. I 

would like to express my sincere gratitude and thanks to Prof. Dr. Mahmoud EL-Mihilmy 

for his continuous encouragement, help and stimulating. His valuable comments and his 

efforts in reviewing the manuscript are greatly appreciated. My great appreciation to Prof. 

Dr. Tarek M. Bahaa El-Din for his generous guidance and encouraging, sincere help, 

consistent support by all means and precise advice through all stages of my work. His 

patience and support helped me overcome many difficult situations and finish this thesis.      

Very special thanks goes out to Prof. Dr. Mohamed Sayed who has been always 

there to listen and give advice. He supported, encouraged and helped me throughout the 

work time.  I doubt that I will ever be able to convey my appreciation fully, but I owe 

him my eternal gratitude. 

I would like also to extend my deep thanks to Prof. Dr. Yehia M. Abd-El Magid, 

head of concrete construction testing laboratory, for providing me with all the necessary 

support to accommodate the setup and loading protocol of the experimental phase of this 

study. 

 During my research work, Dr. Wael Hassan offered me a lot of friendly help; he 

transferred to me his research links and suggested to me the necessary readings for 

pursuing this research. Our discussions enlightened my way of thinking, and so I would 

like to give my sincere thanks for his generous help.  

My sincere thanks to Prof. Dr. Mohamed Khafaga, head of building materials and 

quality control research institute, for his patience and support.  

I would like to express my gratitude to my colleagues Dr. Sherif Khafaga, 

Dr. Shady Nabil, Dr. Sayed Hussien, Dr. Enas Khattab, Dr. Ghada Diaa and Dr. 

Amal Belal for their support and help.  

Special thanks are owed to the laboratories technical staff of Housing and Building 

National Research Center for their help in the experimental work. 

I would like also to express my gratitude to my friend Dr. Amal Abd El-Moneim 

for her continuous encouragement and support. I greatly value her friendship and I deeply 

appreciate her belief in me. 

Most deserving of special gratitude is my kind family, my wonderful mother, my 

sister and my brothers for their encouragement, support and devotion. I am especially 

grateful for my mother unconditional love, prayers and patience. 

 

 

 



     

iii 

 

ABSTRACT 

 

 

Cast in situ reinforced concrete sandwich panel structural system is considered one of 

the promising panelized systems. The main advantage of this system is the combination 

of insulation properties and the ease of manufacturing and construction.   

Walls in the sandwich panel structural systems play the role of bearing and shear walls. 

The previous research works on sandwich panel walls focused on the walls tested under 

vertical loads or the three dimensional structures under seismic loads. However, there is 

a lack of experimental works on sandwich panel walls subjected to lateral in-plane loads.  

Shear behavior of reinforced concrete sandwich panels was investigated in this study 

through a two-phase experimental program. The first phase aimed to evaluate the shear 

strength of five square sandwich panels tested under diagonal compression loads. The 

effect of horizontal reinforcement ratio and compressive strengths of the concrete layers 

on the performance measures is evaluated. 

The second phase included testing two-third scale eleven sandwich panel walls under 

quasi-static cyclic lateral loads accompanied with constant axial loads. The main 

parameters of the tested specimens were wall edge detailing, wall aspect ratio, lateral 

reinforcement ratio, concrete compressive strength of the structural layers, axial load 

level and the presence of window or door openings. The influence of the key parameters 

on the behavior of the tested walls was evaluated through the performance measures. 

These measures included shear strength, stiffness, ductility and energy dissipation.  

The limited database in the literature disabled the opportunity for developing provisions 

for shear strength prediction of the sandwich panel walls. This resulted in the necessity 

of resorting to the provisions of reinforced concrete walls to predict the shear strength of 

the sandwich panel walls. Twelve prediction provisions from different codes, guidelines 

and research studies were presented. Statistical evaluation of the ratios between 

experimental and predicted shear strength values was conducted to select the most 

reasonable predictive provisions. The New Zealand Code NZS 3101:2006 presented the 

best code prediction provisions that correlated best with test results. 

A rational analytical model was needed to simulate the behavior of short sandwich panel 

walls subjected to both axial and lateral loads. A softened strut-and-tie analytical model 

was proposed. The model satisfied the equilibrium of stresses, compatibility of strains 

and the constitutive relationships of concrete and steel. The proposed model was verified 

using the experimental results and exhibited reasonable shear strength predictions. 
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