lO%lDé‘_U'éloélD'él_u'élDé‘_Uélo'élD'§l0'§lDé‘D%‘D%‘D%‘D%‘D%‘D%‘D‘X W

o
i
a

m-)@(-o,—)&‘o.—)@(..;o-—)@(-:c,-)@&-c.—)@-m-—)@(qa-)@(—m—)@(qo.—)@(qop)&qop)&qo-—
NN NN NN AN NS NN TAE

%'?
%é
:
%é
:
?
:
%é
¢
?
%é
%é
:
%é
%é
?
%Ié
?




lO%lDé‘_U'éloélD'él_u'élDé‘_Uélo'élD'§l0'§lDé‘D%‘D%‘D%‘D%‘D%‘D%‘D‘X W

o
i
a

FREPTES JEIPPILIN ooy
“ '

” s
it
L
C,
"“"M‘

af

i i}

L 4

L

il
d 19

m-)@(-o,—)&‘o.—)@(..;o-—)@(-:c,-)@&-c.—)@-m-—)@(qa-)@(—m—)@(qo.—)@(qop)&qop)&qo-—
NN NN NN AN NS NN TAE

%'?
%é
:
%é
:
?
:
%é
¢
?
%é
%é
:
%é
%é
?
%Ié
?




SNV

i il it el At
@ ASUNET
FREPTES JEIPPILIN ooy

Sl (el lin) b
ok 551y (oo ST Gusigad
i

Wlaeetig bl gul i gl DALY ol ot il ot
i Gl 599 i) i Gl @ il O3 (o

-----

llllllllll
llllllllllll

ettty | i ) G| A
@ ASUNET

Ol e
shiid] ol daoad) g@l 58 0ad Basi

/——m. 4 n

=X

dDW‘DW‘DW—-‘DW—-‘Dﬂ-m—-‘ﬂW—-‘DW—-‘DW—-‘DW—-‘DW—-‘DW—-‘DW‘DW‘DW‘DW‘DW‘DW‘DW‘OH

AN AN AN N N AN NNt




g
§
{
§
§
§
{
§
;}
§
{
{
§
§
{
§
§
§

m-)@(-o,—)&‘o.—)@(..;o-—)@(-:c,-)@&-c.—)@-m-—)@(qa-)@(—m—)@(qo.—)@(qop)@o,.-)@(..m—
OIS IEHEATATOSHOH

%'?
%é
:
%é
:
?
:
%é
¢
?
%é
%é
:
%é
%é
?
%é
?




lO%lDé‘_U'éloélD'él_u'élDé‘_Uélo'élD'§l0'§lDé‘D%‘D%‘D%‘D%‘D%‘D%‘D‘X WDH
]

i ol b |
@ ASUNET

FREPTES JEIPPILIN ooy

op)égc-op)&m.—)@(qo-—)@(qcp)@&-c.—)@qo-—)@(qnp)@(—.w—)@(qop)@(qop)@l(o,..-)@(qo.-

A

NN NN NN AN NS NN TAE

DélDé‘Dé‘lDéloélnﬂé‘lDé‘lDé‘Déloéloé‘Dé‘Dé‘Dé‘Dé‘Dé‘Dé‘Dé‘D'




Faculty of Engineering
Structural Engineering Department

BEHAVIOR OF UNSTIFFENED SLENDER WEB
OF TAPERED I-SHAPED STEEL MEMBERS

By
Eng. Mohamed Mostafa Mohamed Ibrahim
B.Sc., M.Sc. Civil Engineering
Ain Shams University

A Thesis
Submitted in Partial Fulfillment for the Requirements
of the Degree of Doctor of Philosophy
in Civil Engineering (Structural)

Supervised by
Prof. Dr. Dr.
Sherif Abdel-Basset Ibrahim Ihab Mohamed EI-Aghoury
Professor of Steel Construction and Bridges Associate Professor
Structural Engineering Department Structural Engineering Department
Ain Shams University Ain Shams University

Cairo - 2020



Examiners Committee

1- Prof. Dr. Ahmed ElGhazouli

(- Hq,:‘\agfi)

Professor of Structural Engineering
Imperial College London

2- Prof. Dr. Abdelrahim Khalil Dessouki

Professor of Steel Construction and Bridges
Structural Engineering Department

Faculty of Engineering

Ain Shams University

3- Prof. Dr. Sherif Abdel-Basset Ibrahim

Professor of Steel Construction and Bridges
Structural Engineering Department

Faculty of Engineering

Ain Shams University

4- Dr. Ihab Mohamed El-Aghoury

Associate Professor

Structural Engineering Department
Faculty of Engineering

Ain Shams University



Acknowledgements

First and foremost, praise and thanks to Almighty Allah, the Most
Gracious, the Most Merciful, and peace be upon His Prophet.

[ would like to express my deepest gratitude and appreciation to my
supervisors, Prof. Dr. Sherif Abdel-Basset Ibrahim and Dr. Thab Mohamed

El-Aghoury for their valuable guidance, support and encouragement.

Finally, I would like to express my heartfelt appreciation to my
father, my mother, my wife and the whole family for their lots of support

and encouragement.



Statement

This dissertation is submitted to Ain Shams University for the

degree of Doctor of Philosophy in Structural Engineering.

The work included in this thesis has been carried out by the author
in the period from June 2018 to June 2020.

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

qualification at any other university or institution.

Date : / /
Signature :

Name . Mohamed Mostafa Mohamed Ibrahim



Abstract

To evaluate the tapered-web plates coefficients of elastic buckling,
an extensive finite element analysis was conducted. different boundary
conditions for the web plate were included along with different geometric
parameters. Three loading conditions were considered: uniform
compression, pure bending, and pure shear. New formulas are proposed for
the axial, bending, and shear buckling coefficients for tapered plates. The
existing procedure for the combined compression and bending interaction
Is validated against the proposed formulas. Moreover, a new expression for
the tapered plates slenderness limit is proposed meeting the AISC
methodology. The proposed formulas were found to be valid for singly

tapered members by introducing newly proposed reduction factors.

An experimental program is performed using three specimens that
are axially loaded. A three-dimensional numerical finite element model is
established considering both material and geometrical nonlinearities. The
finite element model successfully simulates the experimental tests. New
procedures are proposed to predict the web’s effective width in the same
AISC generalized effective width formula. The new procedures are
validated against both the experimental results and the finite element
models. Another experimental program is performed using three specimens
that are selected to fail in shear without any significant flexural
deformations. A three-dimensional numerical finite element model is
established considering both material and geometrical nonlinearities. The
finite element model is successfully calibrated to simulate the experimental
tests. New procedures are proposed to predict the ultimate shear strength

which is validated against the existing experimental results.

v
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