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Figure 5. Vehicle Standoff Explosion *

explosive devices in Figure 4 are examples
of a potential contact detonation as they
are lying against the wall of a structure in
Baghdad, Iraq, and Figure 5 shows a van-
delivered standoff explosion.

Both styles of blast produce a powerful
wave of positive pressure projected outward
from the explosion. Once detonated, the
pressure wave produced can travel outward
at over 700 mph. Although the initial shock
wave caused by both blasts are the same,
the actual blast load felt by the structure is
inversely related to the distance between
the building and the blast. The blast load
is reduced by a cubic factor as the blasts
location moves away from the building.3
The simplest way to negate the differences
in these two blast attacks is to have every
potential contact detonation turned into a
standoff explosion, thus lessening the shock
wave. Steven H. Miller said that, “for this
reason, the first principle of blast resistance
is to limit access to the target.
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Similarly, Miller went on to state the
first priority of limiting access to a structure
should be that of limiting access by large
and convenient platforms of explosive
arrival, such as cars, trucks or vans.

These techniques, when utilized to remove
the threat of vehicles, have come to be
known in the blast resistant building design
community as hostile vehicle

mitigation (HVM).

As shown in Figure 6, the top left
illustration shows no HVM techniques,
while the other three use speed lessening,
vehicle indirection or total removal of
access to the building by approaching
vehicles. Once vehicles have gotten within
an attackable distance of a building target,
it is necessary to employ vehicle security
barriers (VSB). VSBs can be either passive
or active in the way they mitigate blast
damage. Passive barriers do not move and
can include berms, water, fences or bollards
among others. Active barriers include
operable gates, blockers or retractable
bollards. Figure 7 shows examples of VSBs
used in blast design.

To measure the effectiveness of VSBs a
rating system was developed and is shown
in Table 1. This rating system is based on
barriers ability to stop a 15,000lb truck
traveling at a constant speed. For example,
the barrier rated at K8 is able to stop the
15,000lb truck at a speed of 40 mph. At
impact, the cargo bed of the truck must not
penetrate more than one meter beyond the
inside edge of the barrier.

Now that blast attack styles, hostile
vehicle mitigation techniques, and vehicle
security barriers have been discussed, the
integrated physical security system of a
blast resistant building can be addressed. As
stated before, the first priority in improving
a buildings blast resistance is the ability to
limit the overall access to the target. This is
achieved first by utilizing vehicle mitigation
techniques to limit not only the ability of
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Figure 6. Hostile Vehicle Mitigation *

Figure 7: Vehicle Security Barriers™

Speed at Impact | Barrier Rating

30 mph K4
40 mph K8
50 mph K12

Table 1. U.S. Department of State 2003
Certification Standards"




cars and trucks to get near a structure, but
also with which the speed they can. As

the threat vehicle approaches, at a reduced
speed, it is met with both passive and
active VSBs. Security personnel operate
the active VSBs. Their job is to examine the
approaching vehicle and inspect the car or
truck, its occupants, and their credentials
before allowing them to proceed into

the structure.

The integrated physical security system
can be seen in Figure 8, which shows the
techniques used to increase blast resistance
at a high-value government facility. Here,
HVM offset techniques at A reduce speed
and increase distance from structure.

Once the vehicle is closer, active VSBs are
utilized at B, preventing immediate entrance
into the space. Throughout the figure,
passive VSBs can be seen at C, D

and E. Overall, these combined systems
form a site that is increasingly resistant to
blast attacks, regardless of the construction
of the critical facility at its center due in
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TO ANALYZE BLAST RESISTANT
BUILDING DESIGN, IT IS ESSENTIAL
TO EXAMINE KEY PHYSICAL
ELEMENTS WITHIN STRUCTURES,

THE BUILDING MATERIALS
AND HOW THE OCCUPANTS
OF THE STRUCTURE INTERACT
WITH THE BUILDING.
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Figure 8. Integrated Physical Security System

large part to the large standoff zone, which
will negate contact detonations from large
delivery devices and lessen any standoff
explosions that may occur.

Most techniques covered so far have
been in relation to large delivery devices
such as cars or trucks; many can be modified
to, or already are useful in deterring smaller
delivery techniques such as improvised
explosive devices (IEDs) or suicide bombing
styles. Water bodies, fences, lighting, and
increased surveillance techniques are also
practical approaches in deterring human
delivered blast attacks.

While increased standoff distance and
large delivery prevention are crucial in
increasing building blast resistance, it is
sometimes inevitable that a blast attack
will occur. This is when the construction
of the target building and the materials
chosen will be put to the test. When a blast
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attack occurs outside of a target building,
generally the walls of the structure are the
first of its components to be affected by
the pressure waves generated. Exterior
walls must be designed to fail in a ductile

Figure 9. Oklahoma City Bombing?

manner rather than in a brittle manner.
Because of this, the preferred material for
exterior wall construction is poured-in-place
reinforced concrete. In fact, “virtually all
new U.S. embassies are constructed using
this material " This material is preferred
because it has significant mass, unparalleled
continuity between members, and extensive
research and performance testing by the
military as it is readily used for defensive
bunkers. It is essential that the concrete

be designed in a ductile manner. Ductile
design allows for significant deflections of
structural members before failure. These
significant deflections warn building
occupants of the impeding failure, allowing
time for evacuation. Ductile failures also

DESIGNING FOR BLAST LOADS
HAS SEEN AN INCREASE
OVER THE LAST DECADE DUE
IN LARGE PART T0 THE EVENTS OF
SEPTEMBER 11TH, 2001,

THE PREVALENCGE OF TERRORISTIC
THREATS AROUND THE GLOBE AND
THE UNITED STATES’ AND UNITED
NATIONS' INVOLVEMENT IN
MULTIPLE WAR ZONES.
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produce less shrapnel, which can reduce
the injuries caused. Buildings built with

a non-ductile concrete design can have
catastrophic consequences when
subjected to a blast attack.?® As seen in
Figure 9, the Alfred P. Murrah Building in
Oklahoma City was constructed using
non-ductile concrete design and its
design proved to be catastrophic.

While not as popular as cast-in-place
reinforced concrete, pre-cast concrete panels
are another viable option for constructing
a blast resistant structure. These pre-cast
panels should be at least 5 inches thick
and have two-way steel reinforcement bars
to increase ductility, which is still one the
most necessary properties, which is similar
to cast-in-place. Two-way reinforcement
will aid in the prevention flying concrete
debris.?* Embedding wire mesh within
the pre-cast slabs can also reduce flying
concrete debris. Recently, the blast resistant
building community has been addressing
concrete reinforcement in nonconventional
ways such as the use of embedded fiber
reinforcement or textile. Lafarge, the
building materials company, has produced
a concrete mixture reinforced with needle-
size steel fibers throughout. This new style
of concrete can increase tensile strength by
up to ten times by providing a better bond
than conventional steel rebar.” The steel
fiber reinforced concrete from Lafarge was
subjected to blast tests at RAF Spadeadam
in Cumbria resulting in cracking but no
shrapnel production.

Improving concrete mixtures and
reinforcement is not the only way
blast resistant builders are combatting
fragmentation of the target structure.
Surprisingly enough, pickup truck spray
on bed liners have become a mainstay in
fragmentation prevention. Liner treated
rooms survived a 200 pound TNT explosion
at 30 feet which destroyed the same room
that was left untreated.® The truck bed liners
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Figure 10. Shard Reduction in Windows

are so effective at increasing a buildings
blast resistance that the pentagon began a
program to coat the entire building after the
attacks of September 11%, 2001.%

Although it is essential that the outer
walls of structures targeted for blast attacks
be resistant, they are often limited by their
weakest links, namely windows and doors.
Windows are incredibly vulnerable during
a blast attack and it can be hard to prevent
their failure. Because of this, windows
are generally designed to fail before their
anchoring system, and to fail in a way that
prevents excessive shards. It is imperative
to prevent widespread glass shards, as this
is responsible for a large number of injuries
during a blast attack.?® After decreasing
the number of windows in a blast resistant
building, the next step is to utilize shard
reduction techniques such as those in Figure
10. Here, safety bars, blast curtains or a
secondary window are used to catch shards
and prevent them from entering an occupied
room in a target building. For each design
in Figure 11, the blast is occurring to the left
and the target room is to the right. To further
prevent glass shards, many designers use
laminated annealed glass. The lamination
holds the glass shards together when broken
and the annealed glass is weaker than others
preventing it from transferring further load
to the structural components of the building.

In blast resistant building design, doors
do not receive the attention that windows
usually do, as people in target structures
are generally not near exterior wall doors
for extended periods of time. Exterior
blast resistant doors are often double steel
with internal cross bracing. They have an
increased number of fasteners connecting
them to the wall and secured as to not
propel inwards upon a blast attack.

SUMMARY

Blast resistant design is an important
aspect for high-risk structures, including
public, commercial and government
buildings. Designing for blast loads has
seen an increase over the last decade due
in large part to the events of September 11%,
2001, the prevalence of terroristic threats
around the globe and the United States’ and
United Nations’ involvement in multiple
war zones. To better design structures to
negate the effects of a blast attack, it is
necessary to examine a structure’s specific
response to the initial blast pressure wave
as well as the secondary building behavior
once the blast has subsided. Research must
be conducted to determine the buildings’
natural properties (mass, stiffness, natural
frequency) in order to predict the buildings’
responses. Buildings’ strength is essential
in preventing immediate collapse from
the blast magnitude, and to withstand the

dynamic response. Building damage through
progressive collapse can be prevented

with redundancy systems. Furthermore,

a building’s response is not limited to its
structural elements. Designing for extreme
loading involves the building owner,
structural engineer, architect and blast
design experts. It is crucial to mitigate the
threat of hostile vehicles as well as design a
structure in coordination with the integrated
physical security system. Building materials
and architectural elements can provide
increased levels of safety and performance
of structures. The first, and most important
step in increasing blast resistance is the
need to create a large standoff distance.

This is achieved through multiple
techniques of hostile vehicle mitigation

and vehicle security barriers. Once a blast

is detonated outside of the standoff zone,
while lessened, the blast will still affect the
target building. For this reason, potential
target buildings must be built with extreme
durable materials such a cast-in-place
reinforced concrete or steel-fiber-reinforced
pre-cast concrete. Once the exterior of the
building is constructed from either of these,
windows capable of handling specific blast
zthreats must be installed as well as similarly
capable doors.

FUTURE WORK

Blast resistant building design research
has been growing rapidly. The prediction
models are quickly becoming more
advanced as technology improves. The
high demand for blast resistant buildings
is creating opportunities for research and
development. Focused efforts will lead to
finding better materials and techniques to be
used in the building of protective structures.
As improved methods are discovered
and implemented, people will have to
continually look for the most cost effective
ways to adequately withstand the blasts to
be expected.
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