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CHAPTER 1

INTRODUCTION

1.1 Motivation

The risk of using explosives in urban areas by terrorist groups has increased.
National Consortium for the Study of Terrorism and Responses to Terrorism (START) has
maintained a 47-year (1970-2017) period database and released statistics showing nearly
half of terrorist attacks are due to use of explosives (Figure 1-1). The same statistics also
show built infrastructure, particularly government and commercial buildings (Figure have

been the frequent target for terrorist attacks.

3.5% 0.4% m Armed Assault

= Unarmed Aassult

m Assasination
Bombing/Explosion

M Facility/Infrastructure Attack

m Hijacking/Hostage taking

m Other

Hm Government
T:5%6; £.4%. 25% m Business
m Infrastructure/Utilities
= Military/Police
W Private Citizens & Property
m Airports and Aircraft
M Religious
W Educational Institute
m Journalist/Media
= Aborted
m Other

Figure I-1:  Different terrorist attack types and attack targets for USA (GTD)
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Each of these attack result in loss of millions of dollars. The global economic
impact of terrorism by Institute of Economic and Peace (Figure 1-2) shows that impact was
high for 2011 due to September 11 attacks and after 2013 it has always remained high
(McCarthy, 2017). Insurance Information Institute (I.I.I) has released statistics showing -
1993 WTC attack caused $872 million, 1995 Oklahoma bombing caused $203 million and
1988 Lockerbie attack caused $80 million insured property losses. This shows that the
consequence of explosive attacks can understood in terms of property loss. Realizing the
need, methodologies have been developed in this study to quantify consequence of blast in

terms of loss.

Along with loss of billions of dollars, each attack poses threat to lives of people.
Washington Post data (2013) showed, the 2001 WTC attack took lives of around 3000
people and injured more than 6000. The 1993 WTC attack took lives of 6 people and
injured more than 1000 (Dwyer et al., 1994). Likewise, the 1995 Oklahoma City bombing
took live of 166 people and injured more than 680 people. (Shariat et al., 1998). The
primary effects of blast include burns, lung damage and ear drum rupture and the secondary
damages are due to flying debris. The psychological effects are greater and much harder to
quantify. This again shows the consequence of explosions can be understood as injuries
and casualties it has caused. For this purpose, casualty models have been developed to

quantify the consequences of explosions on human exposure.
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Figure 1-2:  Different terrorist targets for bombings in USA.

There are numerous empirical blast models available for quantifying blast
parameters but all of them are not reliable. Reliable CFD (Computational Fluid Dynamic)
models like FLACS, AutoDyna and LS-DYNA which demand a lot of computation time
and modeling effort. That is why empirical models are preferred for blast load calculations.
Therefore, there is a need of a swift and dependable methodology to estimate blast related
risk and thus a probabilistic version of popular Kingery and Bulmash blast model is
developed to address this. Baker Risk (2015) have developed a platform named MARSH
which helps in analysis of explosions taking in 2D geometry of the built environment has

input. In this study we have developed a methodology for considering the 3D geometry.

24



Special Moment Frame

Ordinary Moment Frame

Figure 1-3:  Seismic Design of Beams for High and Low Seismic Zone shown
on USGS map [Source: USGS National Seismic Hazard Map 2013]

On April 19™ 1995 a truck bomb was exploded in downtown Oklahoma City,
Oklahoma. The truck bomb was at 15 feet stand-off from Alfred P. Murrah Federal
Building and had the yield equivalent to 40001b of TNT (Mlakar et al., 1998). The bombing
left 167 dead, over 680 injured (Shariat et al., 1988) and estimated $652 million worth
damage (Hewitt et al., 2003). The building in low seismic hazard zone was designed for
Ordinary Moment Frame (cast in place ordinary reinforced concrete framing). Would the

building have survived had it been designed for higher seismic hazard?
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Blast loads cause upward forces or negative moments in beams and floor slabs
above it. Reinforced concrete (RC) buildings designed for high seismic zone (e.g. in
Southern California) will general have more negative steel reinforcement and are expected
to perform better under blast loads compared to those designed for gravity load only
(Figure 1-3). Design of buildings for blast resistance design is still not a common practice
whereas, after San Francisco earthquake (1906) various codes and laws have been
developed to enforce seismic resistance design. After 100+ years of development and
enforcement, seismic resistance design has become standard practice. Therefore, there is a
need to relate seismic design to blast performance and study the influence of seismic
resistant on blast performance. FEMA P58 Vol. 1(2012) & Vol.2 (2012) has methodologies
to evaluate building repair cost in case for seismic demand. The same framework has been

modified to and used to evaluate repait/loss for blast demand.

1.2 Objective

1. Development of a probabilistic and blast model.

A probabilistic version of popular Kingery and Bulmash (KB) model was
developed by collecting available experimental data. The developed model is call KB beta

model and is capable of handling uncertainty related to blasts.
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2. Development of an Assembly Based Loss Estimation Framework for RC buildings.

A building assembly consisting of beam, column, slab and fagade was developed
and blast effects on each component is identified to estimate its damage and repair cost
under blast loads. A progressive damage estimation algorithm was also developed to

predict effects of damage progression.

3. Evaluate Blast Performance for RC buildings for three Seismic Design

Blast loss estimation framework was used to study six archetype buildings in
different seismic design categories. The loss values obtained for each of these archetypes
for different blast scenarios was used to develop loss contours plots. The loss values were

compared and benefit from seismic design levels was observed and quantified.

4. Development of terrorism model framework for blast loss estimation.

A blast loss estimation framework was developed to study the influence of
terrorism. Framework strategically places bombs around the building considering security
of the building and estimates loss for various probable terrorist attack scenarios. Brussels’
airport attack case was used as a case study. Also, security improving strategies and their

influence in risk reduction was studied.
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5. Development of blast casualty estimation framework

Injury models relying on FEMA data were developed to estimated blast effect on
people and three case — 1991 Oklahoma bombing, Brussels’ Airport bombing, and

Manchester bombing were modeled and compared with injury actual data.

1.3 Contribution

1. Probabilistic version of popular Kingery and Bulmash blast model.

2. Glazing fragility curves for Annealed, Dual pane and Tempered type Glazing

3. Assembly based framework for blast loss estimation in RC buildings.

4. Study of influence of seismic design on last performance of 6 kinds of archetype

buildings.

5. Quantification of benefit of different seismic design categories for blast resistance.

6. Terrorism modelling framework for blast loss estimation using the concept of

protection zones.

7. Terrorism loss case study results for Brussels’ Airport Attack.

8. Casualty modelling framework and case studies for 1991 Oklahoma bombing,

Brussels’ Airport bombing, and Manchester bombing
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1.4 Organization

The study has been divided into 6 chapters. Chapter 1 contains motivations and
objectives of the study and contributions from this study. Chapter 2 is about development
of probabilistic version of popular Kingery and Bulmash (KB) blast model. The previous
blast models, methodologies for developing the model and its applications are presented
here. Chapter 3 discusses on development a blast loss estimation framework for RC
buildings and its application to quantify blast performance for archetype buildings. Chapter
4 is about development of probabilistic methodology for probabilistic terrorism blast loss
estimation and its application for Brussels’ Airport case study. In Chapter 5, methodologies
for developing a blast casualty model has been presented and applied to study three case
studies. Finally, Chapter 6 discusses on conclusions of this study and recommendations for

future work.
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Figure D-2: DOD PI damage curves for Reinforced Masonry Structure
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Dual Pane Glazing DOD Pl Curves
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Figure D-5: DOD PI damage curves for Glazing Systems
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