10§lDé‘l_U'éloélD'él_u'élDé‘_Ué‘lo'élD'§l0'§lDé‘D%‘D%‘D%‘D%‘D%‘D%‘D‘X WDH
)

5, i L L ..:-:
et bl b k|
@ ASUNET

datiy bl i gl | it

m-)@(-o,—)&‘o.—)@(..;o-—)@(-:cpw&-c.—)@-m-—)@(qa-)@(—m—)&qo.—)@(qop)&qop)&qo-—
AN AN N NN N AN NEANTAE

¢
%é
?
%é
?
?
?
%é
¢
?
?
%é
?
%é
?
%Ié
?
%Ié




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

A
i
o

datiy bl i gl | it
i '

” s
A
» 4
\Guinl

"“""h.‘

af

ot g

L 4

L

head) oz
wbls

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

¢
%é
?
%é
?
?
?
%é
¢
?
?
%é
?
%é
?
%Ié
?
%Ié




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

A
i
o

S bt Wi
shoid)
il it ek

@ ASUNET

datiy bl i gl | it

it

=
) odd (s

*d

issh
9 Mol
i il (09 @i

Ny
alf galsadl oan Giss

* & ¢o

&

i
O e

o il Bl o unkitiad ] il
g il

&a‘:?.m

dlg g Sl Guiga
e died

RPN EET DY o
@ ASUNET

Shad) s
~—

m
Y
ﬂ' :
-

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

¢
%é
?
%é
?
?
?
%é
¢
?
?
%é
?
%é
?
%Ié
?
%Ié




g
§
§
§
§
§
§
§
;}
§
§
§
§
§
{
§
§
§

P e Ba
! i s La
e bl b k|
@ ASUNET

datiy bl i gl | it

m-)@(-o,—)&‘o.—)@(..;o-—)@(-:c,-)@&-c.—)@-m-—)@(qa-)@(—m—)@(qo.—)@(qop)@o,.-)@(..m—
O EH AT OSSOSO

¢
%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
)

5, st BB --::_
e bl b k|
@ ASUNET

datiy bl i gl | it

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

A

W
AN AN N NN N AN NEANTAE

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




AIN SHAMS UNIVERSITY
FACULTY OF ENGINEERING

Structural Engineering

Vibration Behavior of Post-

Tensioned Concrete Flat Slabs

A Thesis submitted in partial fulfillment of the requirements of the degree of
Master of Science in Civil Engineering
(Structural Engineering)
by
Fady Ibrahim Ezzat Aziz
Bachelor of Science in Civil Engineering
(Structural Engineering)

Faculty of Engineering, AUC The American University in Cairo, 2017

Supervised By
Prof. Dr. Amr Abdelrahman Prof. Dr. Ezzeldin Yazeed Sayed-Ahmed
Professor of Concrete Structures Professor of Steel Structures
Structural Engineering Department Construction Engineering Department
Faculty of Engineering School of Sciences and Engineering
Ain Shams University The American University in Cairo

Cairo - (2021)






Ain Shams University
Faculty of Engineering
Structural Engineering Department

Vibration Behavior of Post—Tensioned Concrete
Flat Slabs

A Thesis Presented by
Fady Ibrahim Ezzat Aziz

A Thesis Submitted in Partial Fulfilment of the Requirements for the
Degree of Master of Science in Structural Engineering

Examiners Committee Signature

Prof. Dr. Youssef Fawzy Rashed
Professor of Structural Engineering

Structural Engineering Department, Cairo University

Prof. Dr. Mohammed Nour El-Din Saad Fayed
Professor of Structural Engineering

Structural Engineering Department, Ain Shams University

-
Prof. Dr. Amr Ali Abdelrahman M
Professor of Structural Engineering

Structural Engineering Department, Ain Shams University

Prof. Dr. Ezzeldin Yazeed Sayed Ahmed ‘@Zd&%

Professor of Structural Engineering
Construction Engineering Department, The American
University in Cairo

Date: 9/9/2021






Statement

This thesis is submitted as a partial fulfilment of Master of Science in Civil
Engineering, Faculty of Engineering, Ain shams University.

The author carried out the work included in this thesis, and no part of it has
been submitted for a degree or a qualification at any other scientific entity.

Student name
Fady Ibrahim Ezzat Aziz

Signature

Date:21 September 2021



\



Researcher Data

Name : Fady Ibrahim Ezzat Aziz
Date of birth : 24/9/1992

Place of birth : Cairo, Egypt

Last academic degree : Bachelor of Science
Field of specialization : Construction Engineering

University issued the degree : AUC The American University in Cairo
Date of issued degree : January 2017

Current job : Structural Engineer

Vil



Vil



Thesis Summary

Post-tensioned concrete flat slabs are susceptible to vibration problems for high span-
to-depth ratios. Although the issue was addressed in many research, there is no final agreement
for the effect of prestress level on the fundamental frequency of post-tensioned concrete flat
slab. Thus, this research discusses the different perspectives presented in past research in
relation to this point. Through numerical modelling using ABAQUS-SIMULA software, this
research presents the modal shapes for slabs of different aspect ratios, and the effect of
prestressing forces on the fundamental frequencies of these slabs. Comparing the results of
models with linear elastic materials behavior and those for cracked and uncracked post-
tensioned concrete slabs with nonlinear materials behavior, it is concluded that prestress level
has no impact on frequencies of uncracked post-tensioned concrete flat slabs. The models
reveal that no compression softening occurs; however, the frequencies of cracked post-
tensioned concrete flat slabs increase with prestressing forces. This research also examines the
applicability and the accuracy of the available methods and mathematical models of the
international codes of practice and other references for different slab geometries and different
applied loads. Finally, the research presents two newly proposed mathematical models created
by Neural Designer program. The first model is to estimate the fundamental frequencies of
uncracked concrete slabs of inputs “Sustained Loads (kN/m?)” and its corresponding
“Deflection (mm)” without considering the prestress force camber, and it generates values of
higher accuracy than the currently available equations and mathematical models. The second
proposed model is to estimate the peak acceleration of uncracked concrete slabs of inputs
“Fundamental Frequency (Hz)” and “Initial Displacement (mm)” due to service loads
including the prestress force camber. This model is applicable for dynamic motion of human

walking of forcing frequency 2Hz, and damping ratio 2%.

Keywords: Vibration, Finite Element Analysis, Prestressed Concrete, Post-Tensioned Concrete

Floors, Flat Slabs, Static Deflection Method, Fundamental Frequency, Peak Acceleration






