Journal of
Civil Engineering and
Construction Technology

Volume 7 Number 5 October 2016

ISSN 2141-2634




ABOUT JCECT

Journal of Civil Engineering and Construction Technology (ISSN 2141-2634) is published
monthly (one volume per year) by Academic Journals.

Journal of Civil Engineering and Construction Technology (JCECT) is an open access
journal that provides rapid publication (monthly) of articles in all areas of the subject such as
surveying, environmental engineering, hydrology, soil mechanics, shear moments and forces
etc. The Journal welcomes the submission of manuscripts that meet the general criteria of
significance and scientific excellence. Papers will be published shortly after acceptance. All
articles published in JCECT are peer-reviewed.

Contact Us

Editorial Office: jcect@academicjournals.org

Help Desk: helpdesk@academicjournals.org

Website: http://www.academicjournals.org/journal/JCECT

Submit manuscript online http:/ms.academicjournals.me/



mailto:jcect@academicjournals.org
mailto:helpdesk@academicjournals.org
http://www.academicjournals.org/journal/JCECT
http://ms.academicjournals.me/

Editors

Dr . George Besseris

El of Piraeus, Greece
Argyrokastrou 30, Drosia, 14572,
Attica Greece

Prof. Xiaocong He

Faculty of Mechanical and Electrical Engineering
Kunming University of Science and Technology
253 Xue Fu Road, Kunming

China

Prof. Jean Louis Woukeng Feudjio

Department of Mathematics and Computer Science
University of Dschang, P.O. Box 67 Dschang
Cameroon

Dr. P.Rathish Kumar

Department of Civil Engineering,

National Institute of Technology, Warangal 506 004
Andhra Pradesh, India. PhNo

India

Prof. Waiel Fathi Abd EL-Wahed
Operations Research & Decision Support
Department

Faculty of Computers and Information
El-Menoufia University, Shiben EL-Kom

Egypt

Prof. JM Ndambuki

Department of Civil Engineering and Building
Vaal University of Technology

Private Bag X021

Vanderbijlpark 1900

South Africa

Dr. Dipti Ranjan Sahoo
Department of Civil Engineering
Indian Institute of Technology
Hauz Khas, New Delhi-110016,
India.

Dr. Messaoud Saidani

Faculty Postgraduate Manager
Faculty of Engineering and Computing
Coventry University

Coventry CV1 5FB, England

UK.

Dr. Mohammad Arif Kamal

Department of Architecture

Zakir Hussain College of Engineering Technology
Aligarh Muslim University

Aligarh -202002

INDIA




Editorial Board

Dr. Ling Tung-Chai,

The Hong Kong Polytechnic University,
Department of Civil and Structural Engineering,
Faculty of Construction and Land Use,
HungHom, Kowloon, Hong Kong.

Dr. Miguel A. Benitez,

Project Manager,

Basque Center for Applied Mathematics (BCAM ),
Bizkaia Technology Park, Building 500,

E-48160 Derio,Basque Country, Spain.

Dr. Shehata Eldabie Abdel Raheem,
Structural Engineering,

Civil Engineering Department,
Faculty of Engineering,

Assiut University, Assiut 71516,
Egypt.

Dr. Zhijian Hu,

Department of Road and Bridge Engineering,
School of Communication,

Wuhan University of Science and Technology,
Wuhan, 430063, China.

Dr. Mohd Rasoul Suliman,
Prince Abdullah Bin Ghazi Faculty of Science & Information
Technology, Al-Balga Applied University, Jordan.

Dr. Paul Scarponcini PE,

Geospatial and Civil Software Standards,
66 Willowleaf Dr., Littleton, CO 80127,
USA.

Dr. Rita Yi Man Li,
Hong Kong Shue Yan University
North Point, Hong Kong.

Dr. Alaa Mohamed Rashad,

Building Materials Research and Quality Control Institute,
Housing & Building National Research

Center, 87 El-Tahrir St., Dokki, Giza 11511,

P.O.Box: 1770 Cairo, Egypt.

Dr. Alaa Mohamed Rashad Abdel Aziz Mahmoud,
Housing and Building National Research center,
87 El-Tahrir St., Dokki, Giza 11511,

P.0.Box: 1770 Cairo, Egypt.

Dr. Nikos Pnevmatikos,

Greek Ministry of Environment,

Urban Planning and Public Works,

Department of Earthquake Victims and Retrofitting
Services, Greece.

Prof. Karima Mahmoud Attia Osman,
6 Zahraa Naser City, Cairo,Egypt.

Dr. Lim Hwee San,
99E-3A-10, I-Regency Condominium, Jalan Bukit Gambir,
11700, Penang, Malaysia.

Dr. Jamie Goggins,
Civil Engineering, School of Engineering and Informatics,
National University of Ireland, Galway,Ireland.

Dr. Hossam Mohamed Toma,

King Abdullah Institute for Research and Consulting Studies,
King Saud University,P.0.Box 2454,

Riyadh 11451, Saudi Arabia.

Dr. Depeng Chen,

School of Civil Engineering,

Anhui University of Technology,

59# Hudong Road, Maanshan,243002,
China.

Dr. Srinivasan Chandrasekaran,

Room No. 207, Dept of Ocean Engineering,
Indian Institute of Technology Madras, Chennai,
India.

Prof. Amir Alikhani,
Ministry of Oil, Harbour organization, and minister of
Energy Tehran, Iran.

Dr. Memon Rizwan Ali,

Department of Civil Engineering,

Mehran University of Engineering & Technology,
Jamshoro.

Prof. Murat Dicleli,

Department of Engineering Sciences,
Middle East Technical University,
06531 Ankara, Turkey.




Instructions for Author

Electronic submission of manuscripts is strongly
encouraged, provided that the text, tables, and figures are
included in a single Microsoft Word file (preferably in Arial
font).

The cover letter should include the corresponding author's
full address and telephone/fax numbers and should be in
an e-mail message sent to the Editor, with the file, whose
name should begin with the first author's surname, as an
attachment.

Article Types
Three types of manuscripts may be submitted:

Regular articles: These should describe new and carefully
confirmed findings, and experimental procedures should
be given in sufficient detail for others to verify the work.
The length of a full paper should be the minimum required
to describe and interpret the work clearly.

Short Communications: A Short Communication is suitable
for recording the results of complete small investigations
or giving details of new models or hypotheses, innovative
methods, techniques or apparatus. The style of main
sections need not conform to that of full-length papers.
Short communications are 2 to 4 printed pages (about 6 to
12 manuscript pages) in length.

Reviews: Submissions of reviews and perspectives
covering topics of current interest are welcome and
encouraged. Reviews should be concise and no longer than
4-6 printed pages (about 12 to 18 manuscript pages).
Reviews are also peer-reviewed.

Review Process

All manuscripts are reviewed by an editor and members of
the Editorial Board or qualified outside reviewers. Authors
cannot nominate reviewers. Only reviewers randomly
selected from our database with specialization in the
subject area will be contacted to evaluate the manuscripts.
The process will be blind review.

Decisions will be made as rapidly as possible, and the
journal strives to return reviewers’ comments to authors
as fast as possible. The editorial board will re-review
manuscripts that are accepted pending revision. It is the
goal of the ERR to publish manuscripts within weeks after
submission.

Regular articles

All portions of the manuscript must be typed double-
spaced and all pages numbered starting from the title
page.

The Title should be a brief phrase describing the
contents of the paper. The Title Page should include the
authors' full names and affiliations, the name of the
corresponding author along with phone, fax and E-mail
information. Present addresses of authors should
appear as a footnote.

The Abstract should be informative and completely self-
explanatory, briefly present the topic, state the scope of
the experiments, indicate significant data, and point out
major findings and conclusions. The Abstract should be
100 to 200 words in length.. Complete sentences, active
verbs, and the third person should be used, and the
abstract should be written in the past tense. Standard
nomenclature should be used and abbreviations should
be avoided. No literature should be cited.

Following the abstract, about 3 to 10 key words that will
provide indexing references should be listed.

A list of non-standard Abbreviations should be added.
In general, non-standard abbreviations should be used
only when the full term is very long and used often.
Each abbreviation should be spelled out and introduced
in parentheses the first time it is used in the text. Only
recommended S| units should be used. Authors should
use the solidus presentation (mg/ml). Standard
abbreviations (such as ATP and DNA) need not be
defined.

The Introduction should provide a clear statement of
the problem, the relevant literature on the subject, and
the proposed approach or solution. It should be
understandable to colleagues from a broad range of
scientific disciplines.

Materials and methods should be complete enough
to allow experiments to be reproduced. However, only
truly new procedures should be described in detail;
previously published procedures should be cited, and
important modifications of published procedures should
be mentioned briefly. Capitalize trade names and
include the manufacturer's name and address.
Subheadings should be used. Methods in general use
need not be described in detail.




Results should be presented with clarity and precision.
The results should be written in the past tense when
describing findings in the authors' experiments.
Previously published findings should be written in the
present tense. Results should be explained, but largely
without referring to the literature. Discussion,
speculation and detailed interpretation of data should
not be included in the Results but should be put into the
Discussion section.

The Discussion should interpret the findings in view of
the results obtained in this and in past studies on this
topic. State the conclusions in a few sentences at the
end of the paper. The Results and Discussion sections
can include subheadings, and when appropriate, both
sections can be combined.

The Acknowledgments of people, grants, funds, etc
should be brief.

Tables should be kept to a minimum and be designed to
be as simple as possible. Tables are to be typed double-
spaced throughout, including headings and footnotes.
Each table should be on a separate page, numbered
consecutively in Arabic numerals and supplied with a
heading and a legend. Tables should be self-explanatory
without reference to the text. The details of the methods
used in the experiments should preferably be described
in the legend instead of in the text. The same data
should not be presented in both table and graph form or
repeated in the text.

Figure legends should be typed in numerical order on a
separate sheet. Graphics should be prepared using
applications capable of generating high resolution GIF,
TIFF, JPEG or Powerpoint before pasting in the Microsoft
Word manuscript file. Tables should be prepared in
Microsoft Word. Use Arabic numerals to designate
figures and upper case letters for their parts (Figure 1).
Begin each legend with a title and include sufficient
description so that the figure is understandable without
reading the text of the manuscript. Information given in
legends should not be repeated in the text.

References: In the text, a reference identified by means
of an author’s name should be followed by the date of
the reference in parentheses. When there are more than
two authors, only the first author’s name should be
mentioned, followed by ‘et al. In the event that an
author cited has had two or more works published
during the same year, the reference, both in the text and
in the reference list, should be identified by a lower case
letter like ‘a‘ and ’b‘ after the date to distinguish the
works.

Examples:

Abayomi (2000), Agindotan et al. (2003), (Kelebeni,
1983), (Usman and Smith, 1992), (Chege, 1998;

1987a,b; Tijani, 1993,1995), (Kumasi et al., 2001)

References should be listed at the end of the paper in
alphabetical order. Articles in preparation or articles
submitted for publication, unpublished observations,
personal communications, etc. should not be included
in the reference list but should only be mentioned in
the article text (e.g., A. Kingori, University of Nairobi,
Kenya, personal communication). Journal names are
abbreviated according to Chemical Abstracts. Authors
are fully responsible for the accuracy of the references.

Examples:

Chikere CB, Omoni VT and Chikere BO (2008).
Distribution of potential nosocomial pathogens in a
hospital environment. Afr. J. Biotechnol. 7: 3535-3539.

Moran GJ, Amii RN, Abrahamian FM, Talan DA (2005).
Methicillinresistant ~ Staphylococcus  aureus in
community-acquired skin infections. Emerg. Infect. Dis.
11: 928-930.

Pitout JDD, Church DL, Gregson DB, Chow BL,
McCracken M, Mulvey M, Laupland KB (2007).
Molecular epidemiology of CTXM-producing
Escherichia coli in the Calgary Health Region:
emergence of CTX-M-15-producing isolates.
Antimicrob. Agents Chemother. 51: 1281-1286.

Pelczar JR, Harley JP, Klein DA (1993). Microbiology:
Concepts and Applications. McGraw-Hill Inc., New
York, pp. 591-603.

Short Communications

Short Communications are limited to a maximum of
two figures and one table. They should present a
complete study that is more limited in scope than is
found in full-length papers. The items of manuscript
preparation listed above apply to  Short
Communications with the following differences: (1)
Abstracts are limited to 100 words; (2) instead of a
separate Materials and Methods section, experimental
procedures may be incorporated into Figure Legends
and Table footnotes; (3) Results and Discussion should
be combined into a single section.

Proofs and Reprints: Electronic proofs will be sent (e-
mail attachment) to the corresponding author as a PDF
file. Page proofs are considered to be the final version
of the manuscript. With the exception of typographical
or minor clerical errors, no changes will be made in the
manuscript at the proof stage.




Fees and Charges: Authors are required to pay a $550 handling fee. Publication of an article in the Journal
of Civil Engineering and Construction Technology is not contingent upon the author's ability to pay the charges.

Neither is acceptance to pay the handling fee a guarantee that the paper will be accepted for publication.
Authors may still request (in advance) that the editorial office waive some of the handling fee under
special circumstances.

Copyright: © 2016, Academic Journals.

All rights Reserved. In accessing this journal, you agree that you will access the contents for your own personal use
but not for any commercial use. Any use and or copies of this Journal in whole or in part must include the customary
bibliographic citation, including author attribution, date and article title.

Submission of a manuscript implies: that the work described has not been published before (except in the form of an
abstract or as part of a published lecture, or thesis) that it is not under consideration for publication elsewhere; that if
and when the manuscript is accepted for publication, the authors agree to automatic transfer of the copyright to the
publisher.

Disclaimer of Warranties

In no event shall Academic Journals be liable for any special, incidental, indirect, or consequential damages of any
kind arising out of or in connection with the use of the articles or other material derived from the JCECT, whether or
not advised of the possibility of damage, and on any theory of liability.

This publication is provided "as is" without warranty of any kind, either expressed or implied, including, but not
limited to, the implied warranties of merchantability, fitness for a particular purpose, or non-infringement.
Descriptions of, or references to, products or publications does not imply endorsement of that product or publication.
While every effort is made by Academic Journals to see that no inaccurate or misleading data, opinion or statements
appear in this publication, they wish to make it clear that the data and opinions appearing in the articles and
advertisements herein are the responsibility of the contributor or advertiser concerned. Academic Journals makes no
warranty of any kind, either express or implied, regarding the quality, accuracy, availability, or validity of the data or
information in this publication or of any other publication to which it may be linked.




Journal of Civil Engineering and Construction

ARTICLE

Strengthening of existing security buildings against vehicle bomb using fluid
viscous dampers, in Egypt
Islam M. Ezz El-Arab




academic]ournals

Vol. 7(5), pp. 37-47, October 2016

DOI: 10.5897/JCECT2016.0413

Articles Number: F81FOA561364

ISSN 2141-2634

Copyright ©2016

Author(s) retain the copyright of this article
http://www.academicjournals.org/JCECT

Journal of Civil Engineering and Construction
Technology

Full Length Research Paper

Strengthening of existing security buildings against
vehicle bomb using fluid viscous dampers, in Egypt

Islam M. Ezz El-Arab

Department of Structural Engineering, Tanta University, Egypt.

Received 25 July, 2016; Accepted 19 October, 2016

This paper presents nonlinear numerical simulation of air blast loading with an over pressure level (500
kg TNT) with a different standoff distance of 10, 20, and 50 m to evaluate the effectiveness of Fluid
Viscous Dampers (FVD) as new strengthening techniques to reduce blast loading responses on the
existing reinforcement concrete buildings. Taking into consideration, most of the security buildings in
Middle East, especially in Egypt, during the last three decades, had suffered many blast attacks. This
paper presents nonlinear numerical modeling to study the effect and performance comparisons of a
conventional structural building frame system with and without FVD. Simulation results indicate that
FVD provide a cost-effective way to greatly improve the performance of structural building frames
under blast loading.

Key words: Air blast loading, security building, strengthening of exciting building, fluid dampers, vehicle bomb.

INTRODUCTION

In buildings lifetime, building structures could be exposed
to extreme natural phenomena (earthquakes, tornados,
fire, natural floods) and anthropogenic phenomena (blast
or impact). Structures are not usually designed for
extreme loadings and when such events occur, it can
lead to catastrophic failure. Recently, terrorist attacks
targeted security and important buildings led to structural
collapse, with important human lives and buildings
damages. The term “progressive collapse” refers to the
development of an initial local failure (TM 5-1300, 1990;
Jankowiak and Tomasz, 2005), which could lead to local
or total crush. The main characteristic of progressive
collapse is the significant disproportion between initial
phase and the final state. Vehicle bomb is one of the
famous and repeated ways to attack security buildings
that has been a feature of campaigns waged by terrorist

organizations throughout the world.

A bomb explosion inside or directly beside a building
can cause catastrophic damage to the building's external
and internal structural frames, collapsing of walls,
cladding, facades, and shutting down of critical life-safety
systems. There are many rezones beyond the casualties
and injuries among a building’s occupants such as direct
blast-effects and structural collapse.

The progressive collapse became an interesting topic
for building designers and researchers after the partial
collapse of the Ronan Point block in London 1964 and
the importance of that subject has highly increased with
recent terrorist activities throughout the world. Extreme
events as blast and impact, considered improbable in the
past, were moved to credible events, having a finite
probability of occurrence (Lee et al., 1973; Zhongqi et al.,
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Figure 2. Time history function of blast wave pressure on building.

2004).

Figure 1 presents conventional truck bomb with the
blast effect pressure on buildings. The major effective
parameters can be defined by charge weight of TNT and
standoff distance between the blast source and building.
Blast wave instantaneously increases to a value of
pressure above the ambient atmospheric pressure. Side-
on over pressure decays as the shock wave extends
outward from explosion source. After a short time, the
pressure behind the front side of the building may drop
below the ambient pressure. Suction wave is also
accompanied by high suction winds that carry the debris
for long distance away from the explosion source
(Longinow and Mniszewski, 1996).

Air blast wave’s characteristics are found to be affected
by physical properties of the explosion source. Figure 2
shows a typical blast pressure profile. At the arrival time
ta, following the explosion, pressure at that position
suddenly increases to peak value of over pressure, Ps,,
over the ambient pressure P,. The pressure then decays
to ambient level at time ty, then decays further to an
under pressure P’s, (creating a partial vacuum) before
eventually returning to ambient conditions at time tg+ty.
The quantity of Ps, is referred to the peak value of
overpressure (side-on) (TM 5-1300, 1990).

All blast parameters are primarily dependent on the
amount of energy released by a detonation in the form of
a blast wave and the distance from the explosion.
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Figure 3. General view of Directorate of Security in Dagahlia
Government.

A universal normalized description of the blast effects can
be given by scaling distance relative to (E/Po)l’3 and
scaling pressure relative to P,, where E is the energy
release (kJ) and P, the ambient pressure. For
convenience, however, it is general practice to express
the basic explosive input or charge weight was an
equivalent mass of TNT. Results are then given as a
function of the dimensional distance parameter (scaled
distance) Z = R/W™3, where R is the actual effective
distance from the explosion, W is generally expressed in
kilograms. Scaling laws provide parametric correlations
between a particular explosion and a standard charge of
the same substance (TM 5-855-1, 1986).

SECURITY BUILDING IN EGYPT: STUDY CASE

Until 1997, security buildings were developed by the
Ministry of Interior in all Provinces in Egypt. After 2000,
typical projects have been prepared by the General
Authority for Security Buildings (GASB) with the increase
in terrorist attacks rates resorted (GASB) of the Egyptian
Interior Ministry of the Interior. Provincial directorates
have the responsibility for construction supervision of
these security buildings. Although, these typical projects
display minor differences from one province to another,
they are architecturally similar.

GASB has divided security buildings into seven
models. This classification was based on two main items.
The first is the capacity and function of building; while the
second is the security level that depends on the
construction site.

The general and common characteristics of mid-
security level buildings designed by GASB are as follows:

(1) The load-bearing system of these buildings is
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composed of a reinforced concrete column and beam
system with or without shear walls.

(2) Interior Ministry Buildings are designed and
constructed in accordance with ECP- 201 (2007) for
loading and ECP-203 (2008) for reinforcement concrete
design.

(3) Spaces inside the buildings are created through non-
load bearing brick walls.

In this research, the middle of Delta Region in Egypt has
been chosen as an objective of research, where all
security buildings are classified as mid-security level of
buildings. In addition, most of these buildings were built
based on old criteria put into consideration, that is, the
security requirements in terms of the structural design of
buildings. The case study is a directorate of security that
consists of a basement, ground floor, and four typical
floors, located in Dagahlia Governor (Middle of Delta,
located in North of Egypt).

Figure 3 shows photos of Directorate of Security (case
study), which recently suffered a car bombing. This case
study was chosen to represent a wide range of buildings
located in middle of Delta region. This will enable the
preparation of 3D finite element models for comparison
with  and without Fluid Viscous Dampers (FVD)
strengthening techniques due to the different level of
blast loads (500 kg TNT) with a different distance a
building (10, 20, and 50 m). The statistical system of this
public security building is normal skeleton reinforcement
concrete building beam and columns system without a
shear wall where this building was constructed 1975.
Figure 4 presents general architectural and structural
layout of typical floors.

Concrete material modelling properties

Under dynamic load conditions, the mechanical
properties of concrete have different significant changes
compared to concrete under static loads. Figure 5
presents stress strain curve of concrete under static and
dynamic loads, respectively. The stresses that are
sustained for a certain period of time under dynamic
conditions may gain values that are remarkably higher
than the static compressive strength. Strength
magnification factors as high as 4 in compression and
up to 6 |n tension for strain rates in the range of 102
t010° s™ have been reported (Grote et al., 2001).

The concrete’s natural characteristics are presented in
Table 1, used in the finite element modeling case study of
security building which is fully constructed of reinforcement
concrete as shown in Figure 4 as frame skeleton
reinforcement concrete structures.

Finite element modelling

In the finite element modeling, the original ordinary
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Table 1. Material properties of the RC structure (Jankowiak and Tomasz, 2005).

The parameters of CDP model Value
Young's modulus E (GPa) 19.7
Poisson's ratio v 0.19
Concrete strength (Mpa) (Cube) 30
Yii 38°
Flow / potential eccentricity (&) 1
%h0 / %c0 112
Kc 0.666

Table 2. Modeling of TNT explosive parameters [JWL parameters]

Parameter Value
Detonation Wave Speed, Cy 6930 m/s
A 373.8 GPa
B 3.747 GPa
R1 4.15
R2 0.9

) 0.35
The Density of The Explosive pq 1630 kg/m®

Initial Specific Energy Emg

3.63 Joule/kg

building of the case study was modeled in accordance
with the nonlinear explicit code LS-DYNA (2002), which
takes into consideration material nonlinearity and
geometric nonlinearity (Stewart and Morrill, 2015). The
super structure was simulated as reinforcement skeleton
structure system beams and columns as frame element,
for slabs was assumed as shell elements (solid slabs)
with diaphragm in the orthogonal direction of horizontal
expected motion. The soil structural interaction was
neglected and all columns in foundation level have fixed
boundary condition. The explosive charge (TNT) is
modeled using the Jones Wiilkens-Lee (JWL) equation
of state. It simulates the pressure generated by
explosion of the detonation product (Lee et al., 1973).
The parameters of the TNT charge with the properties
presented in Zhonggqi et al. (2004) are listed in Table 2.

In this study, the security building was chosen as case
study to be exposed of the explosive pressure force of
500 kg TNT by offering two proposals; in the first
proposal, the security building, which is the original state
of the building, while the second proposal will address
the same building in the same conditions and
assumptions made using FVD as a way of strengthening
the building against the impact generated by the forces
of the explosion.

Figure 6 presents general view of the Taylor FVD,
which was 60 and 20 pieces, erected from ground up to
roof level in X Shape for longitudinal and transversal

direction, respectively. Table 3 is the general information
Taylor FVD (Miyamoto and Taylor, 2016).

Due to the FVD, the overall structural additional
damping ration was increased in longitudinal and
transversal direction of exciting building by 2.21 and
2.36%, respectively. Some cross brace configurations
were used due to limited space and FVD were used in
locations where there was no space for a brace but
additional stiffness was needed.

D= Keps . v+ Xu” (1)

where K= equivalent stiffness of the liquid flexible unit;
C = damping coefficient; u = the displacement of the
piston rod; © = the motion velocity of the piston rod; and
a = velocity exponent.

INTERPRETATION  OF
RESULTS

NUMERICAL  ANALYSIS

Figures 7 and 8 present over stress at the case study
columns if the corner column and edge column in edge
column in transversal direction were completely burst,
respectively due to blast loading with explosion loading
rate 500 TNT at different standoff distance of 50, 20, and
10 m for the structure.

After destroying the column, the efforts that were initially
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Table 3. General information on damper parameter.

No. types Stiffness (KN/m) Vel. Exp.a

C (kN.(s/m) a) F (kN) D (mm) Qua.

1 FVD 700 0.3

3000 1000 +100 80

undertaken by this column are redistributed to the
adjacent beams through the slab and then to the next
columns. The bending moments in the beams connected
to the considered column, having an initial negative
value, become positive after the removal event. Along
with the slab, the beams redistribute a part of the extra
loads to the adjacent columns.

Figure 9 presents the blasting loads effect of loading
rate 500 kg TNT at standoff 50 m distance from the
structural building. Figure 9a, b, and c presents the axial
forces reaction redistribution due to explosion corner,
transversal, and longitudinal, respectively.

In Figure 9a, b, and c, the axial force before the event of
explosion and the axial force of columns after explosion
present the extra load value and percentages for the
others two columns. The same figures show the values of
axial loads present with FVD, which was erected as
presented in Figure 6b and c.

The axial force of adjacent columns in longitudinal and
transversal directions is increasing by 16.8 and 25.9%,
respectively as shown in Figure 8a. In case of erecting
FVD as facade bracing, the increase of axial force for the
same columns will be 6.3 and 9.6% with decrease
percentages of 10 to 15%, due to the application of FVD
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Figure 7. Case of corner column removal.

Figure 8. Middle column of short side of structure removal case.

in the redistribution of exploded corner column, as well
as, absorption of force of air blasting.

Figures 10 and 11 present the blasting of loading rate
of 500 kg TNT with 20 and 10 m standoff distances,
respectively. For the cases, Figure 8a, b, and ¢ present
the axial force increasing percentages of the remaining
columns in case of explosion corner, adjacent column of
longitudinal, and transversal columns, respectively; for
exciting skeleton security building (case study) as per the
conventional system, without and with FVD for
strengthening the building.

Axial forces percentage of conventional system is
bigger than 25% with standoff distance 10 m compared to

20 m standoff distance as shown in Figures 10 and 11,
respectively.

The increasing rate is not linear, where blast loading
effects on structural members may produce both local
and global responses associated with different failure
modes. The type of structural response depends mainly
on the loading rate, the orientation of the target with
respect to the direction of the blast wave propagation and
boundary conditions. The general failure modes
associated with blast loading can be flexure, direct shear
or punching shear. Local responses are characterized by
localized explosion of columns, and generally, result from
the close-in effects of explosions, while global
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Figure 9. Redistribution value of columns axial forces of corner, adjacent longitudinal and transversal
directions, respectively (500 kg TNT at standoff distance 50 m).
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Figure 10. Redistribution value of columns axial forces of corner, adjacent longitudinal and transversal
directions, respectively (500 kg TNT at standoff distance 20 m).
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Figure 11. Redistribution value of columns axial forces of corner, adjacent longitudinal and transversal
directions, respectively (500 kg TNT at standoff distance 10 m).



responses are typically manifested as flexural failure.

The close-in effect of explosion may cause a localized
shear or a flexural failure at the closest structural
elements. This depends mainly on the distance between
the source of the explosion and the target, and the
relative strength/ductility of the structural elements. The
localized shear failure takes place in the form of a
localized punching and an explosion, which produces low
and high-speed fragments.

Figures 9, 10, and 11 present the effect of the Fluid
Viscous Damper upon erecting it as a facade bracing in
the longitudinal and transversal directions of exciting
security building; the air blasting loads effects at all
different standoff distance 50, 20, and 10 m will be
decreased where FVD is being worked as an energy
dissipation devices. Also, it succeeded to be working into
the redistribution of straining action on the other columns
through horizontal elements like slabs and beams, which
efficiency improve the overall structural performance
under blasting loads as compared to conventional
systems.

CONCLUSION

This paper numerically investigated the behavior of
conventional skeleton structural system of the security
buildings in Egypt as case study subjected to a high level
of air blast loading (500 kg TNT), with different standoff
distances 50, 20, and 10 m as compared to the same
case study with FVD as strengthening tools.

(1) For high risks facilities such as security buildings in
Egypt, design consideration against extreme events
(bomb blast and vehicle bombs) is very important to
taken into consideration. Egyptian code of provisions on
progressive collapse prevention should be included in the
current Egyptian building regulations and design
standards where it was missing in Egyptian codes.

(2) Fluid viscous damper as supplements devices should
be succeeded to reduce the overall axial force on the
adjacent columns of destroyed columns by average
percentages of 10 to 17%, for the different standoff
distances of blasting loads. FVD is considered effective
strengthening technique. FVD worked with the
geometrical configuration of the model and the
reinforcement position allowed for effort redistribution, so
that the collapse can be avoided, which proved to be an
effective technique especially for exciting security
buildings.
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