NS NS NS NS NS N TN NS N N NS N N N N N N N N AN AN X

=X

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

@ ASUNET
HANAA ALY

oA DEAD DA ADEEADEDEAE AN EADE=

SN NN N NN NN NN AN N NN/

Y7
12

N AN AN A AN AN A AN AN NN NN EAEEANEENEAE N




BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

=X

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

“|

5
*

* &

Uy

df

| il gdugal

@ ASUNET
le

la

ds2
ol
.

(el
HANAA ALY
ceAEEAEEAEEAEEAEEAEEAEEATE AT AT A A AN

SN NN N NN NN NN AN N NN/

Y7
12

PR AR A A A A A A A A




BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

=X

il o ==
@ ASUNET

et | i ekl | S
(O el 1§ w3 G ol

Al

b

*

b ey

2al) Gal j3Y) sla Jadad

* ® o0

Al Bala) o aglial) Allly

s

19 ol § bl d| ot el
(o=t

»

@ ASUNET
N]
Loy daa

(ol
it

b ogd cane 28 daasal) (ol 31 oda o
HANAA ALY

»

)
A g
i
okl e
—

<

oA DEAD DA ADEEADEDEAE AN EADE=

SN NN N NN NN NN AN N NN/

Yo
12

N AN AN A AN AN A AN AN NN NN EAEEANEENEAE N




Cairo University

PERFORMANCE-BASED PLASTIC SEISMIC DESIGN
OF RC STRUCTURES CONSIDERING SOIL-
STRUCTURE-INTERACTION

By

Mohamed Kamal-Eldin Mahmoud Hassan Elkazak

A Thesis Submitted to the
Faculty of Engineering at Cairo University
in Partial Fulfillment of the
Requirements for the Degree of
DOCTOR OF PHILOSOPHY
in
Structural Engineering

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2021






PERFORMANCE-BASED PLASTIC SEISMIC DESIGN OF
RC STRUCTURES CONSIDERING SOIL-STRUCTURE-
INTERACTION

By
Mohamed Kamal-Eldin Mahmoud Hassan Elkazak

A Thesis Submitted to the
Faculty of Engineering at Cairo University
in Partial Fulfillment of the
Requirements for the Degree of
DOCTOR OF PHILOSOPHY
in
Structural Engineering

Under the Supervision of

Prof. Dr. Adel Yehia Akl

Professor of
Structure Analysis and Mechanics
Faculty of Engineering, Cairo University

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2021






PERFORMANCE-BASED PLASTIC SEISMIC DESIGN OF
RC STRUCTURES CONSIDERING SOIL-STRUCTURE-
INTERACTION

By
Mohamed Kamal-Eldin Mahmoud Hassan Elkazak

A Thesis Submitted to the
Faculty of Engineering at Cairo University
in Partial Fulfillment of the
Requirements for the Degree of
DOCTOR OF PHILOSOPHY
in
Structural Engineering

Approved by the
Examining Committee

Prof. Dr. Adel Yehia AKkl, Thesis Main Advisor

Prof. Dr. Ashraf Hasan El-Zanaty, Internal Examiner

Prof. Dr. Ahmed Sherif Essawy, External Examiner
- Professor of Concrete Structures, Ain Shams University, Cairo, Egypt.

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2021






Engineer’s Name: Mohamed Kamal-Eldin Mahmoud Hassan Elkazak

Date of Birth: 13/09/1983

Nationality: Egyptian

E-mail: eng mk1983@yahoo.com
Phone: 0100 84 23 913

Address: 17, Shafee street, Abdeen, Cairo
Registration Date: 01/10/2013

Awarding Date: v/ 12021

Degree: Doctor of Philosophy
Department: Structural Engineering
Supervisors:

Prof. Dr. Adel Yehia Akl

Examiners:
Prof. Dr. Ahmed Sherif Essawy (External examiner)
Professor of Concrete Structures, Ain Shams
University, Cairo, Egypt.
Prof. Dr. Ashraf Hasan El-Zanaty (Internal examiner)
Porf. Dr. Adel Yehia Akl (Thesis main advisor)

Title of Thesis:

PERFORMANCE-BASED PLASTIC SEISMIC DESIGN OF RC STRUCTURES
CONSIDERING SOIL-STRUCTURE-INTERACTION

Key Words:

Performance-Based Plastic Design (PBPD); Reinforced Concrete Special Moment
Frames (RC SMF); Soil-Structure Interaction (SSI); Pushover Analysis; Fragility
Curve.

Summary:

Performance-Based Plastic Design (PBPD) method is widely extended for seismic
design of building structures. A pre-selected target drift and yield mechanisms are used
as key performance objectives. In this research, reinforced concrete special moment
frames (RC SMF) were used in four architypes concrete structures designed according
to both ACI-318/ASCE-07 and PBPD. RC SMF was also combined with a
homogeneous soil half-space to provide a simplified Soil-Structure-Interaction (SSI)
model. Six types of clay and sandy soils were considered in this study. In addition to
considering pile caps and piles foundation system to provide a soil-pile-structure-
Interaction (SPSI) model. Nonlinear lateral load-transfer from the foundation to the soil
is modeled using p-y curves for soft clay soil that was considered in this study.
Numerical results obtained using soil-structure-interaction model conditions were
compared to those corresponding to fixed-base support conditions, such as fundamental
time period, structural capacity, storey displacement and storey drift. On the other hand,
incremental dynamic analysis (IDA) in addition to pushover analysis were conducted
under a set of ground motion records, and scaling peak ground acceleration to an
increasing design acceleration. Five levels of performance based seismic designs,
namely: operational phase (OP), immediate occupancy (10), damage control (DC), life
safety (LS), and collapse prevention (CP), were considered to assess structural
performance. Numerical results obtained for fixed-base support conditions, and fragility
curves for several performance limits were generated for both types of models.
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