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ABSTRACT: The increase in the number of terrorist
attacks especially in the last few years has shown that the
effect of blast loads on buildings is a serious matter that
should be taken into consideration in the design process.
Although these kinds of attacks are exceptional cases, man-
made disasters; blast loads are in fact dynamic loads that
need to be carefully calculated just like earthquake and
wind loads.

The objective of this study is to shed light on blast resistant
building design theories, the enhancement of building
security against the effects of explosives in both
architectural and structural design process and the
design techniques that should be carried out. Firstly,
explosives and explosion types have been explained briefly.
In addition, the general aspects of explosion process have
been presented to clarify the effects of explosives on
buildings. To have a better understanding of explosives and
characteristics of explosions will enable us to make blast
resistant building design much more efficiently. Essential
techniques for increasing the capacity of a building to
provide protection against explosive effects is discussed
both with an architectural and structural approach.
KEYWORDS: Blast resistant design, blast waves, explosive
effects

I. INTRODUCTION

Damage to the assets, loss of life and social panic are
factors that have to be minimized if the threat of terrorist
action cannot be stopped. Designing the structures to be
fully blast resistant is not an realistic and economical
option, however current engineering and architectural
knowledge can enhance the new and existing buildings to
mitigate the effects of an explosion.

The main target of this study is to provide guidance to
engineers and architects where there is a necessity of
protection against the explosions caused by detonation of
high explosives. The guidance describes measures for
mitigating the effects of explosions, therefore providing
protection for human, structure and the valuable equipment
inside. The paper includes information about explosives,
blast loading parameters and enhancements for blast resistant
building design both with an architectural and structural
approach. Only explosions caused by high explosives
(chemical reactions) are considered within the study. High
explosives are solid in form and are commonly termed
condensed explosives. TNT (trinitrotoluene) is the most
widely known example. There are 3 kinds of explosions
which are unconfined explosions, confined explosions and
explosions caused by explosives attached to the structure. [2]

Unconfined explosions can occur as an air-burst or a surface
burst. In an air burst explosion, the detonation of the high
explosive occurs above the ground level and
intermediate amplification of the wave caused by ground
reflections occurs prior to the arrival of the initial blast
wave at a building (Figure 1) As the shock wave continues
to propagate outwards along the ground surface, a front
commonly called a Mach stem is formed by the interaction
of the initial wave and the reflected wave.

However a surface burst explosion occurs when the
detonation occurs close to or on the ground surface. The
initial shock wave is reflected and amplified by the ground
surface to produce a reflected wave. (Figure 2) Unlike the
air burst, the reflected wave merges with the incident wave
at the point of detonation and forms a single wave. In the
majority of cases, terrorist activity occurres in built-up areas
of cities, where devices are placed on or very near the

ground surface.
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Figure 2. Surface burst
When an explosion occurs within a building, the pressures
associated with the initial shock front will be high and
therefore will be amplified by their reflections within the
building. This type of explosion is called a confined
explosion. In addition and depending on the degree of
confinement, the effects of the high temperatures and
accumulation of gaseous products produced by the chemical
reaction involved in the explosion will cause additional

Www.ijtre.com

Copyright 2019.All rights reserved.

6021



International Journal For Technological Research In Engineering

Volume 6, Issue 12, August-2019

pressures and increase the load duration within the structure.
Depending on the extent of venting, various types of
confined explosions are possible. (Figure 3)

Fullyvented  partially vented fully confined
Figure 3. Fully vented, partially vented and fully confined
explosions [2]

If detonating explosive is in contact with a structural
component, e.g. a column, the arrival of the detonation wave
at the surface of the explosive will generate intense stress
waves in the material and resulting crushing of the material.
Except that an explosive in contact with a structure produces
similar effects to those of unconfined or confined explosions.
There are many forms of high explosive available and as
each explosive has its own detonation characteristics, the
properties of each blast wave will be different. TNT is being
used as the standard benchmark, where all explosions can be
expressed in terms of an equivalent charge mass of TNT. The
most common method of equalization is based on the ratio of

an explosive’s specific energy to that of TNT.

Il. EXPLOSION PROCESS FOR HIGH EXPLOSIVES

An explosion occurs when a gas, liquid or solid material
goes through a rapid chemical reaction. When the
explosion occurs, gas products of the reaction are formed at
a very high temperature and pressure at the source. These
high pressure gasses expand rapidly into the surrounding
area and a blast wave is formed. Because the gases are
moving, they cause the surrounding air move as well. The
damage caused by explosions is produced by the passage of
compressed air in the blast wave. Blast waves propagate at
supersonic speeds and reflected as they meet objects. As the
blast wave continues to expand away from the source of the
explosion its intensity diminishes and its effect on the objects
is also reduced. However, within tunnels or enclosed
passages, the blast wave will travel with very little
diminution.

Close to the source of explosion the blast wave is formed
and violently hot and expanding gases will exert intense
loads which are difficult to quantify precisely. Once the blast
wave has formed and propagating away from the source, it is
convenient to separate out the different types of loading
experienced by the surrounding objects.[3] Three effects
have been identified in three categories. The effect rapidly
compressing the surrounding air is called “air shock wave”.
The air pressure and air movement effect due to the
accumulation of gases from the explosion chemical reactions
is called “dynamic pressure” and the effect rapidly
compressing the ground is called “ground shock wave”.

The air shock wave produces an instantaneous increase in
pressure above the ambient atmospheric pressure at a point
some distance from the source. This is commonly referred to
as overpressure. As a consequence, a pressure differential is
generated between the combustion gases and the atmosphere,
causing a reversal in the direction of flow, back towards the
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center of the explosion, known as a negative pressure phase.
This is a negative pressure relative to atmospheric, rather
than absolute negative pressure. (Figure 4) Equilibrium is
reached when the air is returned to its original state.
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Figure 4. Blast wave pressures plotted against time
As a rough approximation, 1kg of explosive produces about

1m®  of gas. As this gas expands, its act on the air
surrounding the source of the explosion causes it to move
and increase in pressure. The movement of the displaced air
may affect nearby objects and cause damage. Except for a
confinement case, the effects of the dynamic pressure
diminish rapidly with distance from source.

The ground shock leaving the site of an explosion consists
of three principal components [3]. A compression wave
which travels radially from the source; a shear wave which
travels radially and comprises particle movements in a plane
normal to the radial direction where the ground shock
wave intersects with the surface and a surface or Raleigh
wave. These waves propagate at different velocities and
alternate at different frequencies.

I1l. ARCHITECTURAL ASPECT OF BLAST
RESISTANT BUILDING DESIGN

The target of blast resistant building design philosophy is
minimizing the consequences to the structure and its
inhabitants in the event of an explosion. A primary
requirement is the prevention of catastrophic failure of the
entire structure or large portions of it. It is also necessary to
minimize the effects of blast waves transmitted into the
building through openings and to minimize the effects of
projectiles on the inhabitants of a building. However, in
some cases blast resistant building design methods, conflicts
with aesthetical concerns, accessibility variations, fire
fighting regulations and the construction budget restrictions.

3.1 Planning and layout

Much can be done at the planning stage of a new building to
reduce potential threats and the associated risks of injury and
damage. The risk of a terrorist attack, necessity of blast
protection for structural and non-structural members,
adequate placing of shelter areas within a building should be
considered for instance. In relation to an external threat, the
priority should be to create as much stand-off distance
between an external bomb and the building as possible. On
congested city centers there may be little or no scope for
repositioning the building, but what small stand-off there is
should be secured where possible. This can be achieved by
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strategic location of obstructions such as bollards, trees and
street furniture. Figure 5 shows a possible external layout for
blast safe planning.
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Figure 5. Schematic layout of site for protection against
bombs [8]

3.2 Structural form and internal layout
Structural form is a parameter that greatly affects the blast
loads on the building. Arches and domes are the types of
structural forms that reduce the blast effects on the building
compared with a cubicle form. The plan-shape of a building
also has a significant influence on the magnitude of the blast
load it is likely to experience. Complex shapes that cause
multiple reflections of the blast wave should be discouraged.
Projecting roofs or floors, and buildings that are U-shaped on
plan are undesirable for this reason. It should be noted that
single story buildings are more blast resistant compared with
multi-story buildings if applicable.
Partially or fully embed buildings are quite blast resistant.
These kinds of structures take the advantage of the shock
absorbing property of the soil covered by. The soil provides
protection in case of a nuclear explosion as well.
The internal layout of the building is another parameter
that should be undertaken with the aim of isolating the
value from the threat and should be arranged so that the
highest exterior threat is separated by the greatest distance
from the highest value asset. Foyer areas should be protected
with reinforced concrete walls; double-dooring should be
used and the doors should be arranged eccentrically within a
corridor to prevent the blast pressure entering the internals of
the building. Entrance to the building should be controlled
and be separated from other parts of the building by robust
construction for greater physical protection. An underpass
beneath or car parking below or within the building should
be avoided unless access to it can be effectively controlled.
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Figure 6. Internal planning of a building
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A possible fire that occurs within a structure after an
explosion may increase the damage catasthrophically.
Therefore the internal members of the building should be
designed to resist the fire.

3.3 Bomb shelter areas

The bomb shelter areas are specially designated within the
building where vulnerability from the effects of the
explosion is at a minimum and where personnel can retire in
the event of a bomb threat warning. These areas must afford
reasonable protection against explosions; ideally be large
enough to accommodate the personnel involved and be
located so as to facilitate continual access. For modern-
framed buildings, shelter areas should be located away from
windows, external doors, external walls and the top floors if
the roof is weak. Areas surrounded by full- height concrete
walls should be selected and underground car parks, gas
storage tanks, areas light weight partition walls, e.g. internal
corridors, toilet areas, or conference should be avoided
while locating the shelter areas. Basements can sometimes
be useful shelter areas, but it is important to ensure that the
building does not collapse on top of them.

The functional aspects of a bomb shelter area should
accommodate all the occupants of the building; provide
adequate communication with outside; provide sufficient
ventilation and sanitation; limit the blast pressure to less than
the ear drum rupture pressure and provide alternative means
of escape.

3.4 Installations

Gas, water, steam installations, electrical connections,
elevators and water storage systems should be planned to
resist any explosion affects. Installation connections are
critical points to be considered and should be avoided to
use in high-risk deformation areas. Areas with high
damage receiving potential e.g. external walls, ceilings,
roof slabs, car parking spaces and lobbies also should be
avoided to locate the electrical and other installations. The
main control units and installation feeding points should be
protected from direct attacks. A reserve installation system
should be provided for a potential explosion and should be
located remote from the main installation system.

3.5 Glazing and cladding

Glass from broken and shattered windows could be
responsible for a large number of injuries caused by an
explosion in a city centre. The choice of a safer glazing
material is critical and it has been found out that laminated
glass is the most effective in this context. On the other hand,
applying transparent polyester anti-shatter film to the inner
surface of the glazing is as well an effective method.

For the cladding, several aspects of design should be
considered to minimize the vulnerability of people within
the building and damage to the building itself. The amount of
glazing in the facade should be minimized. This will limit the
amount of internal damage from the glazing and the amount
of blast that can enter. It should also be ensured that the
cladding is fixed to the structure securely with easily
accessible fixings. This will allow rapid inspection after an
explosion so that any failure or movement can be detected.
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IV. STRUCTURAL ASPECT OF BLAST RESISTANT
BUILDING DESIGN

The front face of a building experiences peak overpressures
due to reflection of an external blast wave. Once the initial
blast wave has passed the reflected surface of the building, the
peak overpressure decays to zero. As the sides and the top
faces of the building are exposed to overpressures (which
has no reflections and are lower than the reflected
overpressures on the front face), a relieving effect of blast
overpressure is experienced on the front face. The rear of the
structure experiences no pressure until the blast wave has
traveled the length of the structure and a compression wave
has begun to move towards the centre of the rear face.
Therefore the pressure built up is not instantaneous. On the
other hand, there will be a time lag in the development of
pressures and loads on the front and back faces. This time lag
causes translational forces to act on the building in the
direction of the blast wave. [4]

3. Blast wave surrounds structure.
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Figure 7. Sequence of air-blast effects [5]
Blast loadings are extra ordinary load cases however,
during structural design, this effect should be taken into
account with other loads by an adequate ratio. Similar
to the static loaded case design, blast resistant dynamic
design also uses the limit state design techniques which
are collapse limit design and functionality limit design. In
collapse limit design the target is to provide enough
ductility to the building so that the explosion energy is
distributed to the structure without overall collapse. For
collapse limit design the behavior of structural member
connections is crucial. In the case of an explosion,
significant translational movement and moment occur and
the loads involved should be transferred from the beams to
columns. The structure doesn’t collapse after the explosion
however it cannot function anymore.
Functionality limit design however, requires the building
to continue functionality after a possible explosion
occurred. Only non-structural members like windows or
cladding may need maintenance after an explosion so that
they should be designed ductile enough.
When the positive phase of the shock wave is shorter than the
natural vibration period of the structure, the explosion effect
vanishes before the structure responds. This kind of blast
loading is defined as “impulsive loading”. If the positive
phase is longer than the natural vibration period of the
structure, the load can be assumed constant when the
structure has maximum deformation. This maximum
deformation is a function of the blast loading and the
structural rigidity. This kind of blast loading is defined as
“quasi-static loading”. Finally, if the positive phase duration
is similar to the natural vibration period of the structure, the
behavior of the structure becomes quite complicated. This
case can be defined as “dynamic loading”.
Frame buildings designed to resist gravity, wind loads and
earthquake loads in the normal way have frequently been

2. Blast wave forces
. floors upward
1. Blast wave breaks windows v
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found to be deficient in two respects. When subjected to
blast loading; the failure of beam-to-column connections
and the inability of the structure to tolerate load reversal.
Beam-to-column connections can be subjected to very high
forces as the result of an explosion. These forces will have
a horizontal component arising from the walls of the
building and a vertical component from the differential
loading on the upper and lower surfaces of floors. Providing
additional robustness to these connections can be a
significant enhancement.

In the connections, normal details for static loading have
been found to be inadequate for blast loading. Especially for
the steelwork beam-to-column connections, it is essential
for the connection to bear inelastic deformations so that
the moment frames could still operate after an
instantaneous explosion. Figure 8 shows the side-plate
connection detail in question [7]. The main features to
note in the reinforced concrete connection are the use of
extra links and the location of the starter bars in the
connection [3] (Figure 8). These enhancements are intended
to reduce the risk of collapse or the connection be damaged,
possibly as a result of a load reversal on the beam.
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Figure 8. Enhanced beam-to-column connection details for
steelwork [7] and reinforced concrete [3]
It is vital that in critical areas, full moment-resisting
connections are made in order to ensure the load carrying
capacity of structural members after an explosion. Beams
acting primarily in bending may also carry significant axial
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load caused by the blast loading.

On the contrary, columns are predominantly loaded with
axial forces under normal loading conditions, however under
blast loading they may be subjected to bending. Such forces
can lead to loss of load-carrying capacity of a section. In the
case of an explosion, columns of a reinforced concrete
structure are the most important members that should be
protected. Two types of wrapping can be applied to provide
this. Wrapping with steel belts or wrapping with carbon
fiber-reinforced polymers (CFRP).

Cast-insitu reinforced concrete floor slabs are the preferred
option for blast resistant buildings, but it may be necessary to
consider the use of precast floors in some circumstances.
Precast floor units are not recommended for use at first floor
where the risk from an internal explosion is greatest.
Lightweight roofs and more particularly, glass roofs should
be avoided and a reinforced concrete or precast concrete slab
is to be preferred.

V. RESULTS
The aim in blast resistant building design is to prevent the
overall collapse of the building and fatal damages. Despite
the fact that, the magnitude of the explosion and the loads
caused by it cannot be anticipated perfectly, the most
possible scenarios will let to find the necessary engineering
and architectural solutions for it.

Matlab Model of Blast Resistant Building Structure
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Fig 10- Thermal Effect control subsystem
The control subsystem of fig 10 shows the Thermal effect
controlling for any blast effect mitigation or reduced the
temperature effect in building design structures, the all block
design of Building are shown in this subsystem.
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Fig 11- Ventilation Control subsystem
Simulation results of Blast Resistant Building Structure

Fig 9- Main System of Building Design for blast resistant
structure

In this Matlab Simulation we have design the Matlab model
for Building structure for blast resistant effect and the
proposed control system will provides temperature, heat and
ventilation controlling for reducing the blast effect produced
due to blast effect in commercial, home, and other building
design structures.

Fig 12- Building Mass flow controlling subsystem

Fig 13- Blast effect Temperature control output
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Fig 14- All block temperature output parameters

Fig 15- Pressure output parameters of the building structures

VI. CONCLUSION

This paper has reviewed the design concepts and process for
blast-resistant design of concrete structures. For the design
process of concrete members to resist blast loads, the
formulas used are similar to those in the ACI code for
strength design. In addition, limit-state analysis and design
should be performed to ensure that connections perform as
desired. One of the most important things to strive for is a
ductile design and allowing for redundancy similar to
earthquake-resistant design, a fact that should be recognized
and explored by designers of new structures under blast
loading.

It is possible to identical structural systems that could provide
substantial increase in  protection against blasts.
Compartmentalized construction, in which a large portion of
the building has structural walls that are adequately
reinforced to provide structural integrity in a damaged
building, can reduce progressive collapse, Other systems
offering toughness and ductility are Special Moment Frames
and Dual Systems that are used in areas of high seismic
activity. Close spacing of columns at the lower levels is also
helpfid. Transfer girders at these levels should be avoided.
Blast-resistant glass should always be used for windows.
Also, the stand-off distance of the building should be
maximized.

REFERENCES
[1] Haitham Al-Thairy, “A modified single degree of
freedom method for the analysis of building steel
columns subjected to explosion induced blast load”,
International Journal of Impact Engineering,
ELSEVIER, 19 April 2016.
[2] Zeynep Koccaz, Fatih Sutcu and Necdet Torunbalci,

ISSN (Online): 2347 — 4718

“Architectural and structural design for  blast
resistant buildings”, The 14th World Conference on
Earthquake Engineering October 12-17, 2008,
Beijing, China.

[3] Mir M. Ali, “Protective design of concrete buildings
under blast loading”, Structures Under Shock and
Impact VII, N Jones, CA Brebbia and AM
Rajendran (Editors), ISBN 1-85312-911-9, 2002
WIT Press, Ashurst Lodge, Southampton, SO40
TAA, UK.

[4] Zac Liskay, Shane Rugg, and Conor Thompson,
“Blast Resistant Building Design: Building
Behavior and Key Elements”, Lehigh University,
Volume 22 - 2014. Paper 5.

[5] Manmohan Dass Goel and Vasant A. Matsagar,
“Blast-Resistant Design of Structures”,Practice
Periodical on Structural Design and Construction -
May 2014.

[6] Sourish Mukherjee, Rittik Bhowmik, Aparna Das,
“Review paper on blast loading and Blast resistant
structures”,  International Journal of Civil
Engineering and Technology (IJCIET) Volume 8,
Issue 8, August 2017, pp. 988-996.

[71 Mahdi Bitarafan, SayedBagherHosseini,
SayedJavadhashemi-fesharaki, Armin Esmailzadeh,
“Role of architectural space in blast-resistant
buildings”, Science Direct, 2095-2635 &
2013.HigherEducationPressLimitedCompany.Produ
ctionandhostingbyElsevier.

[8] CK. Gautam and R.C Pathak, “Design of Blast
Resistant Structure”, fence Science Journal. Vol 47,
No 2, April 1997. W. 139-148 @ 1997.

[9] Swamini T. Gaikwad and M.N.Shirsath, “Study of
Blast  Analysis for  Structural  Building”,
International Research Journal of Engineering and
Technology (IRJET), Volume: 04 Issue: 07 | July -
2017.

[10]Hrvoje Dragani¢ and Vladimir Sigmund, “Blast
loading on structures”, Tehnicki vjesnik 19,
3(2012), 643-652.

[11]Demin George and Varnitha M.S, “Structural
Analysis of Blast Resistant Structures”, 1JSRD -
International Journal for Scientific Research &
Development| Vol. 4, Issue 05, 2016 | ISSN
(online): 2321-0613.

[12] Naveenkumar Khatavakar , B K Raghu Prasad ,
Amarnath K, “ RESPONSE OF HIGH RISE
STRUCTURES SUBJECTED TO BLAST
LOADS”, International Journal of Science,
Engineering and Technology Research (IJSETR)
Volume 5, Issue 7, July 2016.

[13] C.K. Gautam and R.C. Pathak, “Design of Blast
Resistant  Structure”, ~fence Science Journal.
Vol47, No 2, April 1997. W. 139-148 @ 1997.
DESIOOC.

[14] Payoshni Mali, Savita Lokare, Chitra V., “Effect
of blast loading on Reinforced Concrete structures”,
International Journal of Scientific & Engineering
Research, Volume 5, Issue 12, December-2014.

Www.ijtre.com

Copyright 2019.All rights reserved. 6026



International Journal For Technological Research In Engineering _
Volume 6, Issue 12, August-2019 ISSN (Online): 2347 — 4718

[15] Aditya C. Bhatt, Snehal V. Mevada, Sumant B.
Patel, “Comparative Study of Response of
Structures Subjected To Blast and Earthquake
Loading”, Aditya C. Bhatt.et al. Int. Journal of
Engineering Research and Applications, 1SSN:
2248-9622, Vol. 6, Issue 5, (Part - 2) May 2016,
pp.62-66.

Www.ijtre.com Copyright 2019.All rights reserved. 6027



