AIN SHAMS UNIVERSITY
FACULTY OF ENGINEERING
STRUCTURAL ENGINEERING DEPARTMENT

STRENGTHENING OF PONTOONS OF RIBBON
TYPE FLOATING BRIDGES

BY
Eng. Kayed Ragab El Sayed Ibrahim Eid

A thesis
Submitted in partial fulfillment for
The requirements of the degree of doctor of philosophy
In Civil engineering (structural)

Supervised by

Prof. Dr. Ahmed Abd EI-Monem Korashy
Structural Engineering Dept.
Faculty of Engineering
Ain Shams University

ASS.Prof.Dr. Hisham Ahmed El-Arabaty Dr. Saleh Mohamed EI-Mekawy
Structural Engineering Dept. Structural Engineering Dept.
Faculty of Engineering Faculty of Engineering
Ain Shams University Ain Shams University

CAIRO (2016)



EXAMINERS COMMITTEE

Signature

1- Prof. Dr. Khalid Mahmoud Mosalam
Taisei Professor of Civil Engineering

Director,Pacific Earthquake Engineering Research (PEER) Center
University of California, Berkeley

2- Prof.Dr.Ahmed Abd EI-Monem Korashy
Professor of theory of structures
Structural Engineering Dept.
Faculty of Engineering
Ain Shams University

3- Prof.Dr.Ibrahim Shawky Moharam
Professor of theory of structures
Structural Engineering Dept.
Faculty of Engineering
Ain Shams University

4- Dr.Hisham Ahmed El-Arabaty
Ass.Prof. of Theory of Structural
Structural Engineering Dept.

Faculty of Engineering
Ain Shams University



INFORMATION ABOUT THE RESEARCHER

NAME
DATE OF BEARTH
PLACE OF BEARTH

QUALIFICATION

: Kayed Ragab EIl Sayed Ibrahim Eid
. 22/3/1971
: Cairo — Egypt

:B.Sc.(Civil Engineering), Military Technical

College, Cairo, Egypt, June 1993
M.Sc. Degree in Civil Engineering

(Structural) — Ain Shams University, Cairo,

Egypt, 2002.



ACKNOWLEDGMENT

| wish to express my deep gratitude to Prof. Dr. Ahmed
Abd EI-Monem Korashy, Professor of theory of structures,
Faculty of Engineering, Ain Shams University, for his constant
supervision, planning, generous support, helpful advice and

constructive criticism throughout this wok.

| am deeply indebted to Dr. Hisham Ahmed El-Arabaty,
Assistant Professor of theory of structures, Faculty of Engineering,
Ain Shams University, for his skillful kind supervision, support,
guidance, help, encouragement and useful suggestions since the
start of the wok.

My thanks go to Dr. Saleh Mohamed EI-Mekawy for his
support, collaboration, and for all the learning experiences and

invaluable guidance.

| wish to extend my thanks to my colleagues and all the
staff of Structural Engineering Department, Ain Shams University,
for their help and encouragement. Also, my best thanks to all those
who, in one way or another, helped in making this work possible,

especially Dr. Nasr Eid.

A special gratitude and love goes to my family for their

unfailing support.
Eng. Kayed Ragab Eid



STATEMENT

This dissertation is submitted to Ain Shams University for

the degree of Doctor of Philosophy in Civil Engineering (Structural).

The work included in this thesis was carried out by the
author in the Department of structural engineering, Faculty of

engineer, Ain Shams University.

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

qualification at other university or institution.

Date [ 12016
Signature

Name . Kayed Ragab Eid



Ain Shams University
Faculty of Engineering
Department of Structural Engineering

Abstract of Ph.D. thesis submitted by:
Eng.Kayed Ragab El Sayed Ibrahim Eid
Title of thesis
" STRENGTHENING OF PONTOONS OF RIBBON
TYPE FLOATING BRIDGES"

Supervisors:

Prof. Dr. Ahmed Abd EI-Monem Korashy
Assoc. Prof. Dr. Hisham Ahmed El-Arabaty
Dr. Saleh Mohamed EI-Mekawy
ABSTRACT

The objective of this research work is to study the different
techniques for strengthening the internal structure of pontoons of
the "ribbon-type" floating bridges with an emphasis on increasing
the "load — carrying" capacity of existing floating bridges.

The research presented here is directed into two main approaches,
the first approach is concerned with the strengthening of existing
bridge pontoons through addition of structural elements, to

increase their moment-carrying capacity. The newly designed



pontoon bridges are analyzed in detail to determine their dynamic
behavior under the effect of moving vehicles, with careful
consideration of the additional weights imposed by the
strengthening system applied to the pontoons. The second
approach is mainly directed towards developing partial fixation
between pontoons through modification of the pontoon
connections, without any changes to the internal pontoon
configuration.

An extension is made to the analytical model already developed in
previous research, for the determination of the dynamic response
of floating bridges interactively with the moving vehicles. A new
nonlinear element is proposed for the simulation of the newly
proposed pontoon connections. A mathematical model is proposed
to idealize the reaction of the underlying fluid, incorporating the
proposed nonlinear element. A software package is developed
using Microsoft Excel in connection with Visual Basic for the
implementation of the mathematical model.

An extensive parametric study is conducted for the determination
of the effect of the main factors affecting the behavior of the
strengthened pontoon bridges, including pontoon weight, fixation
type, degree of partial fixation, and vehicle loads. The analysis
results were used to develop conclusions and recommendations
related to the practical strengthening of existing pontoon bridges.
The effect of various strengthening strategies on the overall bridge

load-carrying capacity are discussed in detail.
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Chapter (1)
INTRODUCTION

1.1 Introduction

Bridges are constructed to cross obstacles. The obstacles may be
water, infrastructures or elevation difference. A floating bridge can
be used doubtlessly to cross a water obstacle when it is impossible
to construct a conventional bridge. The construction difficulties of
the conventional bridges involve the several factors such as a high
water depth, a seabed soil weakness, an occurrence of sever

earthquake etc.

The human necessity to cross the obstacles was existed since the
times. Although of using many type of structures for this purpose
such as the conventional bridges, floating bridges, tunnels and
tubes, civil engineers still face many difficulties to find the suitable
alternatives to cross the unusual obstacles. All the mentioned
conventional structures have design and construction limitations
which make them inappropriate for all situations. In spite of the
broad variations in the types of those structures, there is still lack to
cover all cases. . The technical restrictions are not the only
factors influencing the choice of a floating bridge; the economical
factor plays also an important role. A floating bridge is a cost-
effective solution when the cost of conventional bridge construction
is too high. The bridge foundations are the most costly structural

element.



