
 

 

 

 

Ain Shams University 

Faculty of Engineering 

Structural Engineering Department 

 

Composite Steel-Concrete Beams  

With Corrugated Steel Webs 
 

By 

Hosny Fathallah Hosny Ibrahim Alqattan 

B.Sc. Structural Engineering 

Ain Shams University 

 

A Thesis 

Submitted in Partial Fulfilment for the Requirements 

of the Degree of Master of Science 

in Civil Engineering (Structural) 

 

Supervised by 

 Prof. Dr. 

Ezzeldin Yazeed Sayed-Ahmed  

Professor of steel structures & bridges 

 Construction Engineering Department 

American University in Cairo 

Prof. Dr. 

Ahmed Abdelsalam El-Serwi  

Professor of steel structures & bridges 

Structural Engineering Department 

Ain Shams University 

 

Dr. 

Amr Abdel Salam Shaat 

Associate Professor 

Structural Engineering department 

Ain Shams University 

© Cairo - 2018 



 

 

  



 

EXAMINERS COMMITTEE 

Prof. Dr. Osama Mohamed Alhosseny      (………………..)  

Professor of steel structures & bridges 

Structural Engineering department  

Faculty of Engineering  

Zagazig University  
 

 

Prof. Dr. Abdelrahim Khalil Dessouki             (………………..)  

Professor of steel structures & bridges 

Structural Engineering department  

Faculty of Engineering  

Ain Shams University  

 

 

Prof. Dr. Ezzeldin Yazeed Sayed-Ahmed  (………………..)  

Professor of steel structures & bridges   

Construction Engineering department  

Faculty of Engineering  

American University in Cairo  

  



 

AIN SHAMS UNIVERSITY 

FACULTY OF ENGINEERING 

STRUCTURAL ENGINEERING DEPARTMENT 

Thesis submitted by: Hosny Fathallah Hosny Ibrahim Alqattan. 

Thesis title: Composite Steel-Concrete Beams With Corrugated    

                       Steel Webs  

 

Supervisors: 

Prof. Dr. Ezzeldin Yazeed Sayed-Ahmed     (………………..)  

Professor of steel structures & bridges 

Construction Engineering department  

Faculty of Engineering  

American University in Cairo  

 

Prof. Dr. Ahmed Abdelsalam El-Serwi         (………………..)  

Professor of steel structures & bridges 

Structural Engineering department  

Faculty of Engineering  

Ain Shams University  

 

Dr. Amr Abdel Salam Shaat       (………………..)  

Associate professor  

Structural Engineering department  

Faculty of Engineering  

Ain Shams University  

Registration date:      Examination date:  



 

  



 

i 

 

STATEMENT 

This dissertation is submitted to Ain Shams University for the degree of Master 

of Science in Structural Engineering. 

The work included in this thesis has been carried out by the author in the 

department of Structural Engineering, Ain Shams University, from June 2015 to 

April 2018. 

No part of this thesis has been submitted for a degree or a qualification at any 

other university or institution. 

 

 

Name       : Hosny Fathallah Hosny Ibrahim Alqattan 

 

Signature: 

 

Date         :                      /        /   



 

ii 

 

ACKNOWLEDGMENTS 

First and foremost, I thank God through whom all things are possible.  

I would like to express my deepest gratitude and appreciation to my supervisors, 

Prof. Ezzeldin Yazeed, Prof. Ahmed Abdelsalam and Dr. Amr Shaat, for their 

help, guidance, technical and moral support provided throughout all the phases 

of this research project. I would like to thank their help, which covered not only 

the professional help, but also personal advices. In addition, I appreciate their 

care to introduce this research in a way to match the international standards. 

I think this research would have not been completed without the continuous 

support from my family. I would like to thank my father, Fathallah, and my 

mother, Samira, for their continuous encouragement, on-going love, sacrifice, 

care, and support over the course of my lifetime. I would like to thank my 

brother, Ahmed, and my sister, Shaimaa, for their help in all the stages of this 

research, unconditional support, and on-going encouragement. Thank you for 

believing in me, and standing by my side for every step of the way.  

I would also like to recognize and thank my spouse, Salsabeel, my partner in all 

successful things I am achieving, for her support during long nights of work that 

kept me motivated to do my best, for limitless believing in me and for 

encouraging me to complete this work. 

I would like to express my appreciation to Dr. Mahmoud Ramzy for his 

technical support and for the fruitful negotiations about every single phase of 

this research project. Special thanks to my friend, Eng. Abderhman Hesham, for 

his technical advices and support to execute the presented research. 



 

iii 

 

ABSTRACT 

Corrugated steel web beams are widely used in structural engineering 

applications, and are sometimes more preferred than the flat web steel beams 

especially in the slender web, due to their aesthetic appearance and high 

strength-to-weight ratio. In many cases, the maximum capacity of such beam is 

governed by the geometry of the corrugation profile. Merging a composite 

action with the accordion effect in one beam is considered as a modern 

technique of construction. 

This research program investigates new composite steel-concrete beams with 

corrugated steel web. The research focused on composite beams of zigzag-

corrugated web subjected to two-point loading flexure test simply supported.  

The study includes a numerical model using finite element analysis, the model 

was verified against experimental results. FEM was carried out to investigate 

the behaviour of composite steel-concrete beams with corrugated web including 

local & global behaviours, and to examine a wide range of parameters such as 

the corrugation angle, corrugated web depth, panel width and thickness, in 

addition to concrete slab width. Results are presented in terms of load-

deflection, load-concrete strain, load-steel strain plots and deformed shapes of 

girders at ultimate loads. The finite element model also investigates the effect of 

the corrugated web geometry on the strength, stiffness, and ductility. It was 

found that corrugated steel web enhances the efficiency of the composite steel-

concrete beams. 

Based on the research outcome, combining composite action with accordion 

effect is proven numerically to be an effective structure design technique. Panel 

width and corrugation angle affect largely on the buckling strength, stiffness, 

and ductility of beams. Effect of panel width on strength is cleared more in case 

of slender web. 
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A high buckling resistance could be reached at angles larger than 25°  and at 

60° the buckling could be prevented. From the analysis of the effect of 

corrugation on the ductility and stiffness, beams with corrugation angles range 

from 25° to 60° achieve maximum ductility and minimum rate of stiffness 

reduction. Larger corrugation width and depth, in view of bigger plate 

slenderness, has been observed to result in a drop in ultimate shear strength. It 

is, therefore, necessary to arrive at optimum values for the corrugation width 

and depth in order to achieve an efficient design. The study revealed also 

guidelines for the choice of the corrugated web geometry limited to the studied 

parameters. Effective concrete width is highly influenced by corrugation profile 

of the web. 
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