Ain Shams University
Faculty of Engineering
Department of Structural Engineering

Investigation of the Rotational Capacity
of VVarious Steel Shear Connections

A THESIS
Submitted in Partial Fulfillment of the Requirements of the Degree
of
MASTER OF SCIENCE IN CIVIL ENGINEERING
(STRUCTURAL)
Submitted by

Haytham Ayman El-Sayed Zaghoul
B.Sc. in Civil Engineering — Structural Engineering (2016)
Faculty of Engineering — Ain-Shams University

Supervised by
Prof. Dr. Sherif Abdel-Basset Ibrahim Prof. Dr. Sherif Mohamed Ibrahim

Professor of Steel Structures Professor of Steel Structures
Department of Structural Engineering Department of Structural Engineering
Faculty of Engineering Faculty of Engineering
Ain Shams University Ain Shams University

Dr. Thab Mohamed EIl-Aghoury
Associate Professor,
Department of Structural Engineering
Faculty of Engineering
Ain Shams University

May - 2020






Ain Shams University
Faculty of Engineering
Department of Structural Engineering

Name :  Haytham Ayman EI-Sayed Zaghoul
Thesis  : Investigation of the rotational capacity of various steel

shear connections

Degree : Master of Science in Civil Engineering (Structural)

EXAMINERS COMMITTEE

Name and Affiliation

Signature

Prof. Dr. Sherif Ahmed Mourad
Professor of Steel Structures

Department of Structural Engineering
Faculty of Engineering, Cairo University

Prof. Dr. Abdelrahim Khalil Dessouki
Professor of Steel Structures

Department of Structural Engineering

Faculty of Engineering, Ain Shams University

Prof. Dr. Sherif Abdel-Basset Ibrahim
Professor of Steel Structures

Department of Structural Engineering

Faculty of Engineering, Ain Shams University

Dr. Thab Mohamed EI-Aghoury
Associate Professor of Steel Structures,
Department of Structural Engineering

Faculty of Engineering, Ain Shams University

Date: / /2020







Ain Shams University
Faculty of Engineering
Department of Structural Engineering

Name : Haytham Ayman EI-Sayed Zaghoul
Thesis : Investigation of the rotational capacity of various steel

shear connections

Degree : Master of Science in Civil Engineering (Structural)

SUPERVISORS COMMITTEE

Name and Affiliation

Signature

Prof. Dr. Sherif Abdel-Basset Ibrahim
Professor of Steel Structures

Department of Structural Engineering

Faculty of Engineering

Ain Shams University

Prof. Dr. Sherif Mohamed Ibrahim
Professor of Steel Structures

Department of Structural Engineering
Faculty of Engineering

Ain Shams University

Dr. lhab Mohamed EI-Aghoury
Associate Professor,

Department of Structural Engineering
Faculty of Engineering

Ain Shams University

Date: [/ /2019

Postgraduate Studies

Authorization stamp: The thesis is authorized at / /2020

College Board approval
/12020

University Board approval

[ 12020






Curriculum Vitae

Name: Haytham Ayman EIl-Sayed Zaghoul
Date of Birth: 11 November 1993

Place of Birth: Egypt

Nationality: Egyptian

B.Sc. in Civil Engineering, Faculty of

University Degree: Engineering, Ain-Shams University, 2016

Current Job: Structural Engineer at AGECS, Cairo, Egypt



Vi



Statement

This dissertation is submitted to Ain Shams University for the degree
of Master of Science in Civil Engineering (Structural Engineering). The
work included in this thesis was carried out by the author in the
Department of Structural Engineering, Faculty of Engineering, Ain
Shams University, Cairo, Egypt. No part of this thesis has been submitted

for a degree or qualification at any other university or institution.

Name: Haytham Ayman EI-Sayed Zaghoul
Signature:

Date:

VIl



VI



Acknowledgment

I wish to express the highest thanks and appreciation to my
supervisors Prof. Dr. Sherif Abdel-Basset Ibrahim, Prof. Dr. Sherif
Mohamed Ibrahim and Dr. lhab Mohamed EIl-Aghoury for their great
support and useful instructions. The effort exerted by Dr. Ihab Mohamed
El-Aghoury with me was more than that from a father to his son. | will be
all my life thankful to his patience with me and owing to his favor on me.

I would like to express my appreciation for Muhannad Emad, whose
discussions and help has been invaluable throughout this study. I also
wish to thank the team of AGECS Research Center who has been a great
source of support.

Words cannot describe the amount of support | had from my father
surgeon Ayman Zaghloul, my mother and my brothers 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.






Abstract

In practice both in structural analysis and design, shear connections
are always considered as pinned connections that transfer no moments
between the connected elements. However, in some practical situations,
this becomes non-realistic when these connections have a significant
rotational stiffness which could lead to straining actions on the connection
different than those taken into consideration in the design phase.
Normally, design codes of practice provide qualitative descriptions for
various types of connections. They are often clarified as flexible, semi-
rigid and rigid connections without providing clear values for their
rotational stiffness and without giving strict limits between the
aforementioned classifications.

In this research, a comprehensive parametric numerical analysis is
performed using the Finite Element Method (FEM). The study covered
several different types of shear connections by varying their defining
elements’ thicknesses and lengths. The effect of several factors related to
the member is also studied to identify the sensitivity of the generated end
moments to these parameters.

The main outcome of this research is a set of design charts and
equations relating the different investigated parameters to the rotational
stiffness of the double angle and fin plate shear connections. The

developed charts are intended to help the designer to accurately model
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such connections in finite element modeling programs with their actual
rotational stiffness. This helps in predicting the actual behavior of the
structure to accurately check serviceability limit states such as deflections
and drifts under lateral load actions. Moreover, several interesting
observations, conclusions, and recommendations are given.

Keywords: Shear connections, Moment Rotation curves, Semi-rigid

connections, Rotational Stiffness, Double Angle, Fin Plate.

Xl



Table of Contents

CUrTICUIUM VITAE ..o \
SEALEMENT ... e Vil
ACKNOWIEdgMENT........c.ooiiiiieeee e IX
ADSTFACT. ..o XI
Table of CONTENTS.......cceiiiieie X1
LISt OF FIQUIES...c.viiiiiiicie e XVI
LiSt Of TaDIES ...ooviiiieicece e XVII
LiSt Of SYMDOIS.....ccooiiiiic XIX
CRAPTEE L ..o 1
INErOAUCTION. ... 1
1.1 Research MOotiVatioN..........ccccooeveneiiiisieee s 5
1.2 Thesis OrganiSation ...........ccceveriririnieieee e 6
CRAPLEE 2 ..o 8
LIterature REVIEW .......cocveiieiiecieeee et 8
2.1 Previous RESEArCNES .......cccvviiviieie e 8
2.2 Connections to be studied............cccoveviieiiiiiiee, 43
2.2.1.1 Single Angle Simple Shear Connection ...........cccceeceverireninne. 44
2.2.1.2 Double Clip Angle Connections...........cccceevevieiieveeiiesieseenns 44
2.2.1.3 Fin Plate CONNECLIONS......cccerieiirieiiisiesiieeseeee e 46
Chapter 3 ... s 47
Finite Element Modeling.........cccooveiiiiiiiiniceee e, 47
3.1 MOdel t0 STUAY .....vveiiiieiiee e 47
3.2 Introduction to the Finite Element Method ............ccccceeiinee. 48
3.3 Finite Element Computer Program Adopted in the Current Study

................................................................................................... 50
3.3 INrOAUCION .. 50
3.3.2  SOlId EIEMENtS......ccoocieiieecieceee e 50
3.3.3  Contact elements .........cccoeiiiiiiiii 52
3.3.4  Material NONINEANTLY ......ccovveiiiiiiieieeee e 53
3.3.5  Von Misses Yield Criterion.........cccoovvvvvinienenencseneseeeeees 54



