Cairo University

A PROPOSED METHOD TO REDUCE VULNERABILITY
OF STEEL MOMENT RESISTING FRAMES TO
PROGRESSIVE COLLAPSE

By

Mina Diaa Shoukry Nageeb

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

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2018






A PROPOSED METHOD TO REDUCE VULNERABILITY
OF STEEL MOMENT RESISTING FRAMES TO
PROGRESSIVE COLLAPSE

By
Mina Diaa Shoukry Nageeb

A Thesis Submitted to the
Faculty of Engineering at Cairo University
in Partial Fulfillment of the
Requirements for the Degree of
MASTER OF SCIENCE
m
Structural Engineering

Under the Supervision of

Prof. Dr. Sherif A. Mourad Dr. Maha Moddather Hasan
LN
Maha Modeky ther
Professor of Steel Structures and Bridges Assistant Professor
Structural Engineering Department Structural Engineering Department
Faculty of Engineering, Cairo University Faculty of Engineering, Cairo University

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2018






A PROPOSED METHOD TO REDUCE VULNERABILITY
OF STEEL MOMENT RESISTING FRAMES TO
PROGRESSIVE COLLAPSE

By
Mina Diaa Shoukry Nageeb

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

Approved by the
Examining Committee

7

Prof. Dr. Sherif A. Mourad, Thesis Main Advisor

[:‘A' % \(EEJ‘» - c-L’—

Prof. Dr. Hazem Most a%lmadan, Internal Examiner

Prof. Dr. Sherif E amal ﬁsaﬂ Mohamed, External Examiner

- Ain Shams University







Engineer’s Name: Mina Diaa Shoukry Nageeb
Date of Birth: 19/03/1989
Nationality: Egyptian
E-mail: MinaDiaaS@gmail.com
MinaDiaaSN@gmail.com
Phone: 00201226850717
Address: Agouza-Egypt
Registration Date: 01/10/2014
Awarding Date: 2018
Degree: Master of Science
Department: Structural Engineering
Supervisors:
Prof. Dr, Sherif A. Mourad
Dr. Maha Moddather
Examiners:
Prof. Sherif Kamal Hassan (External examiner)
Ain Shams University
Prof. Hazem Moustafa Ramadan (Internal examiner)
Porf. Sherif Ahmed Mourad (Thesis main advisor)
Title of Thesis:

A Proposed Method to Reduce Vulnerability of Steel Moment Resisting Frames to
Progressive Collapse

Key Words:
Progressive Collapse; Steel Moment Resisting Frame; Linear Static Analysis; Linear
Dynamic Analysis; Time History

Summary:

Progressive collapse may be defined as the spread of an initial local failure from
element to element, eventually resulting in the collapse of an entire structure or a
disproportionately large part of it. There is uncertainty regarding which column(s) will
be lost during extreme events (blast, moving truck collision, plane collision,
earthquake, fire, overloading, etc.) which makes it very complicated to consider all the
possibilities of column loss scenarios. In addition to the mentioned uncertainty,
choosing the proper method of analysis based on the available resources is an important
factor to consider — The benefits and drawbacks of each method need to be assessed.
In this study, multi-story steel moment resisting frames were studied (6, 9, and 12
floors). Each structure had multiple column loss probabilities that were considered
using static linear analysis and dynamic linear analysis methods. The dynamic
amplification factor was determined for each structure. A new structural system
consisting of tension ties was proposed to improve the performance of structures under
the extreme event that causes loss of columns leading to progressive collapse and
decrease the domino effect or stop it. The new structural system was checked under
different column loss scenarios and its impact on reducing the vulnerability of the
structures to progressive collapse was evaluated. Also, a method of simple procedure
was proposed to predict the straining actions in members near to the lost column. The
research was concluded by a summary of the findings in addition to recommendations
for future research.
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