AIN SHAMS UNIVERISTY
FACULTY OF ENGINEERING

SKEW ANGLE EFFECT ON THE GENERAL BEHAVIOR OF
R.C. BOX GIRDER BRIDGES

By

‘ A THESIS
\C\ / SUBMITTED IN PARTIAL FULFILLMENT = ‘
FOR THE REQUIREMENTS OF THE DEGREE OF
MASTERS OF SCIENCE IN CIVIL ENGINEERING (STRUCTURAL}

L

SUPERVISED BY:

PROF. DR. {3 > “
MOHAMED 1. SOLIMAN

MINISTER FOR HOUSING, UTILITIES AND NEW URBAN COMMUNITIES,
PROFESSOR OF R.C. STRUCTURES,
FACULTY OF ENGINEERING,
AIN SHAMS UNIVERSITY

DR, DR.
ALI SHERIF ABDEL FAIAD OSAMA HAMIDI ABDEL WAEHED

ASSIST. PROF. OF R.C. STRUCTURES. LECTURER OF R.C. STRUCTURES,
AIN SHAMS UNIVERSITY AIN SHAMS UNIVERSITY

Central Library - Ain Shams University



Central Library - Ain Shams University



m
/‘- -
.
ST

::L% 1 :éf %
-— = [ i
,f:EE = 5::_'::

L ‘\ |

Central Library - Ain Shams University



k.

!iJ’

Bt

Central Library - Ain Shams University

TR

vt



Central Library - Ain Shams University



Examiners Committee

Name, Tittle And Affiliation

1-Prof. Dr. Mohamed L Soliman

Signature

AL

Minister For Housing, Utilines And New Urban Communities.

Professor Of R.C. Structures,
Faculty Of Engineering,

Ain Shams University.

2-Prof. Dr. Hassan Hosny

President Of Helwan University
Professor Of R.C. Structures,
Faculty Of Engineering,

Helwan University.

3-Prof. Dr. Abd El-Wahab M. Abou El-Einnen

Professor Of R.C. Structures,
Faculty Of Engineering.
Ain Shams University.

Central Library - Ain Shams University



Central Library - Ain Shams University



STATMENT

This dissertation is submitted to Ain Shams University for the degree of
MASTER OF SCIENCE in structural engineering.

The work included in this thesis was carried out by the author in the

department of civil engineering (Structural Division), Ain Shams University,
from November 1994 to October 1997

No part of this thesis has been submitted for a degree or a gualification at
any other University or Institution

Date o 1997
Name : Hatem Shaker A. EL-Behairy

Signature %@,Aﬁﬂj(ﬁﬂ

Central Library - Ain Shams University




Central Library - Ain Shams University



AIN SHAMS UNIVERSITY
FACULTY OF ENGINEERING
STRUCTURAL DEPARTMENT

Abstract of The M. of Sc. Thesis Submitted By
Eng. Hatem Shaker El-Behairy

Title Of The Thesis: “SKEW ANGLE EFFECT ON THE GENERAL
BEHAVIOR OF R.C. BOX GIRDER BRIDGES”

SUPERVISORS: Prof. Dr./ Mohamed 1. Soliman
Assit. Prof. / Aly S. Abdel Faiad
Dr./ Osama H. Abdel Wahed

Regtsteration Date: /  / Examination Date:
/1997

ABSTRACT

The skew bridge is one whose longitudinal axis forms an acute angle with the
abutment. This thesis deals with the study of the general deformational behavior
of R.C. box girder bridges with different skew angles and cantilever widths.
under the combined action of bending, shear. and torsion stresses. from zero up
to the failure load. The thesis also deals with the effect of varying the skew angle
and the cantilever width on the torsional and distorsional behavior of R.C. box
girder bridges.

The experimental results obtained from testing six R.C. box girders of direct
medium scale models are presented. All girders have the same dimensions and
the  same reinforcement in both longitudinal and transverse directions but with
different skew angles and cantilever widths. The tested specimens were loaded by
single concentrated eccentric load acting at the mid span section of the outer web
to investigate the effect of varying the skew angle and the cantilever width

In the theoretical phase of this thesis. the three box girder bridges were analvzed

using the finite element analysis taking into consideration the non-linear stress -
strain curve of concrete and steel.

The results of the experimental and the theoretical investigations. including
deflections. strains. cracking and failure loads are presented and compared.

Finally. the resuits of this experimental -theoretical study were combined with

other available information to formulate some recommendations for the analvsis
and design of skew box girder bridges.

KEYWORDS:

Reinforced concrete, Bridges, Box girder section, Skew angle, Torsion, Distortion.
Crack pattern. cantilever width.

Central Library - Ain Shams University



Central Library - Ain Shams University



ACKNOWLEDGMENT

It 1s great honor to complete my research work with sincere thanks to
Prof. Dr. Mohamed 1. Soliman, Minister For Housing, Utilities And New
Urban Cotnumumities, Professor OfR.C. Structures, Faculty Of Engineering,
Am - Shams  University, My acknowledgment represents  inadequate
expression  of appreciation for his guidance, continuous cheouragement,

valuable suggestions and kind supervision during this research work.

The writer wishes to express his deepest gratitude and appreciation to
Dr. Ali Sherif Abdel Faiad, Assist. Prof. OFf R.C. Structures, Ain Shams
University, for his constant supervision, constructive criticisin, generouse

support and constant encourgement during all phases of this research work.

The writer is extremely indebted to Dr. Osama H. Abdel Wahed,
Lecturer Of R.C, Structures, Ain  Shams University, whose instructive
supervision, continuous advice, pernanent encouragement’s and experienced

guidance during the research work.

Furthermore, the author is grateful to all members of the Reinforced
Concrete Laboratory Staff, Faculty Of Engineering, Ain Shams

University, for their kind belp during the experimental phase of this study.
Last but not least, the wiiter dedicates this thesis to his Father And His

Family And His Friends for their continuous cncouragement, immeasurable

support and fruitful care,

Central Library - Ain Shams University



Central Library - Ain Shams University



[ Teble Of Contents

TABLE OF CONTENTS

Abstract
Acknowiedgment
Table Of Contents
Table Of Figures

CHAPTER (1): INTRODUCTION

b —

CHAPTER (2): LITERATURE REVIEW

- Structural Actions Of Box Girder Bridges.............coooooio 6
-2.1-Distortion Or Deformation Of The Cross-Section 6
2.2.2- Warping Of The Cross-Section 6
2:2.37 SN LAg. ..o 7
2.2 4- Stress Pattemns Due To Bending And St.Venant Torsion...... ... . . 8
8
8
9

2.1-General 5
2.2-8
2.2.1-Distortion Or Deformation Of The Cross-Section........ ...

2.2.5- Poisson s Effects
2.2.6- Local Effects In The Top And Bottom Slabs
2.2.7- Transverse Nommal Stresses
2:28- Torsional Stress Patterns............oooo . 9
2.2.9- Bimoment

ST POCIL e 10
3:3= Previous Worki.....oooooooicocn T 10
2.3.1- Proportioning For Initial Design....o.oiooio 11
2.3.2- Methods For Analyzing Box Girder Bridges........................ 12
2.3.3- Other Aspects Affecting The Analysis Of Box Girder Bridges................. 15
2.3.4- Load Distribution on Box Girders................o.____ . 18
2.3.5- Effect of Diaphragms and their POSILION. ..o 20
2.3.6- Thin Walled Beams. ..., """ 22

neglecting warping ..
2.3.6.2- Elastic analvsis of thin walled beams of undeformatble cross section. 23
considering warping

2.3.6.3- Elastic analysis of thin walled beams of deformable cross section

...... 24
2.4- Analysis Of Some Skew Bridges As Right Bridges ... ... 25
2.3- Structural Response Of Skew R.C. Box Girder Brdge........................ 27
2.6- Effect Of Diaphragm On The Behavior OFf Skew Box Girder Bridges..... . ... 29
2.7- Analysis Of Seismic Failure In Skew R.C. Box Girder Bridge....... . 30
282 SUMMMALY T 31

Central Library - Ain Shams University



I Table (f Contents

CHAPTER (3): EXPERIMENTAL WORK

Detalls Of The Tested Box Section Girders

3.1-

3.2-

5.3- The Scope OF THE WOTK. oo eee oo oeeers e eees e eun e e assmmae s Ee e e
3 4-

3.

3. 5 I QN T £ L1 PTU U OO PSP P PSS PR RIS PP E S LT LR LR TLLE R
3.5.2- Concrete Mix Design
3.5.3- Concrete Specimens
3.5.4- Reinforeing Steel ..o
3.6- Construction. Casting And Curing Of The Tested Girders

- Equnpment And Instrument And Instruments

w
\J
)
o =
=]
)
Lyl
=g
=)
3

3.7..1 G ETALIIS .o eee et eeee et eee s ea e sue s ese e e eSS

3.7.4- Crack Width
3 8- Test Procedure

CHAPTER (4): EXPERIMENTAL RESULTS

4.1- General

4 7- Behavior Of the Tested GIFAers........ooooiviiiiie et
42.1- (‘racking And Crack Pattern

4.2 32 CONCTEIE STTAITIS ..uvvrreesieveeiaereeiaeeosnessmen s ims e s e m oo s Tan e m bt et b

4.2.3 1- Longitudinal Concrete Strains
4.2.4- Sreel Strains

4.2.410- Loneimdinal Steel Strains

CHAPTER (5): FINITE ELEMENT MODEL

il

1- General

5.2- Finite Element Idealization
5 3- Finite Element Method.. ..o
5 4- Finite Element Formulation
S d 1= BrICK EMIEIL. oot eereeseeeii s s iae e rirma s ss st
5.4.1.1- Displacement Fleld.. ..o
5.4.1.2- Strain Displacement Relationship
5.4.1.3- Steel Strain Relationship

Central Library - Ain Shams University

199
199

201
201
205
203
203



