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Abstract— Whenever a bomb explosions takes place , 

outside or inside a building or structures, it leads to large 

damage of building’s interior and exterior elements. Some 

of its consequences are as : wall gets collapsed , blowing out 

of the doors and the windows, breakage of other 

components which are not able to resist  the load produced 

due to blast. Collapsing of wall , breakage of windows and 

blowing out of the glasses , flying debris ,mitigating fire and  

surrounding clouds of smoke often leads to loss of life and 

injuries to the people’s occupying the building  as well to 

the people surrounding the building’s.The work presented in 

this thesis , comprises a detailed study of  the  behavior of 

single bay – single storey frame building when subjected to 

blast loading at different  scaled distance and a constant 

weight of charge i.e. 2 ounces. This weight of charge is 

further expressed in TNT equivalent.  Numerically, the 

value of side- on overpressure and the positive phase time 

duration has been determined at various scaled distance. 

Next , for various time interval , the resulting values of 

displacement and velocity have been worked out effectively.  

As blast loads are classified as impulsive loading, so the 

values of displacement and velocity are determined using 

Duhamel’s integral. 
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I. INTRODUCTION 

Due to  various  accidental or intentional events, the 

structural components are subjected to certain changes, and 

this change which occurs due to blast loading  has been an 

area of interest as well as research effort in recent years , 

and  soon would gain the interest of many researchers in 

future years. Normally, conventional buildings or structures 

are not designed for resisting the load due to blast , the basic 

reason  behind this is that, load produced due to  explosion 

are very large as compared to load for which structures are 

designed.  So this way, conventional structures are likely to 

be damaged by explosions.  Keeping this in mind, architects, 

design engineers, structural engineers are finding the 

ways,with which they can protect building people’s and 

structures. 

Some of the terriorist attacks that occurs across the 

world are mentioned below , which proves the need to make 

important public building blast resistant. In the year 1993, 

the WTC (world trade center ) situated in New York, was 

striked by two planes,  in year 1995, the terriorist attacks at 

Murrah federal building situated in Oklahoma city , and on 

26  November 2008 , the city Mumbai was the target of 

several blast attacks.This paper presents a relationship 

between the stand-off distance and the response of the 

structure. Here, structure means single – bay , single –storey 

frame building ,w hose end conditions are fixed. The 

response of the structure is calculated using duhamel’s 

integral, by reducing it to single degree of freedom system . 

II. EXPLOSIONS AND LOADS OF A BLAST 

An explosion is defined as sudden and rapid release of  huge 

amounts of energy within a restricted  space.  

Mathematically, blast loading can be represented by 

pressure-time profile, as shown in fig: 1. It usually consists 

of an initial positive phase duration followed by an negative 

phase duration. Negative phase is of longer duration and of 

lower intensity as compared to positive phase. Charges 

situated extremely close to a target structure impose a highly 

impulsive, high intensity pressure load over a localized 

region of the structure; charges situated further away 

produce a lower-intensity, longer-duration uniform pressure 

distribution over the entire structure. Eventually, the entire 

structure is engulfed in the shock wave, with reflection and 

diffraction effects creating focusing and shadow zones in a 

complex pattern around the structure. During the negative 

phase, the weakened structure may be subjected to impact 

by debris that may cause additional damage. 

 
Fig. 1: The variation of overpressure with distance at a given 

time from centre of explosion 

Pressure – time variations of an explosions 

comprises of following parameters. Such as: peak side-on 

overpressure (Pso) , positive phase duration (Td) , negative 

phase duration, positive and negative impulse . all these 

parameters directly influences the characteristics of an blast 

wave. This pressure – time variation is further reduced to 

triangular loading conditions. 

For best determining the above parameters, general 

expressions  given by  Kinney and Graham are used in this 

paper . the given equation gives the expression for obtaining 

side –on overpressure , in terms of scaled distance(Z). 

Pso= Pa
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Z(scaled distance) =
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Where, Pso is the peak side-on overpressure , in 

psi, Pa is the atmospheric pressure , in psi and W is the 

weight of charge expressrd in terms of equivalent TNT 

(kg).,  

Td = W^0.3333 
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(milliseconds)…………(3) 

The given equation (3) , gives the general 

expression for  determining the time duration of the positive 

phase , considering scaled distance as the main parameter. 

The response of SDOF system are determined using 

Duhamel’s integral as given in equation(4) 

y(t)= {𝐴(𝑡)𝑠𝑖𝑛𝜔𝑡 − 𝐵(𝑡)𝑐𝑜𝑠𝜔𝑡}/𝑚𝜔……….. (4)  

where, A(t) =∫ 𝐹(𝑡)𝑐𝑜𝑠𝜔𝑡 𝑑𝑡
𝑡

0
   

And ,    B(t) =∫ 𝐹(𝑡)𝑠𝑖𝑛𝜔𝑡 𝑑𝑡
𝑡

0
 

Where, A(t) and B(t) are Duhamel’s coefficient , 

𝜔 is the natural frequency and m is the equivalent mass of 

the system. 
Details 

parameter 
Design value 

Height of 

building 
4.5m 

Span of 

building 
6m 

Cross- 

sectional 

area of 

column 

(0.2 x 0.5)m 

Actual 

distance 
0.3048m,0.39624m,0.51816m,0.7014m,0.8892m 

Grade of 

concrete 
M25 

Weight of 

charge 
0.0567 kg ( 2 ounces) 

Table 1: Details of parameters used in this paper 
Distance 

(m) 
W(kg) Pso(psi) Td(milliseconds) Pso(KN/m^2) 

0.3 0.0567 235.530 0.11 1620.26 

0.4 0.0567 135.011 0.21 933.99 

0.5 0.0567 74.177 0.30 509.89 

0.7 0.0567 36.86 0.40 252.84 

0.9 0.0567 21.493 0.51 141.34 

Table 2: Showing the values of Pso and Td 

Td 
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42.9

5 

359.

04 

0.47

59 

1.98

35 

0.012

86 
2.23 1.03 

0.5

1 

159.

01 

22.2

0 

381.

24 

0.31

77 

2.30

12 

0.016

07 
1.55 5.16 

Table 3:  Showing the response of structure 

 
Fig. 2: Graph Positive Duration Vs. Side On Overpressure 

 
Fig. 3: Graph Positive Duration Vs. Velocity 

 
Fig. 4: Graph Positive Duration vs. Acceleration 

III. CONCLUSIONS 

The various conclusions and observations drawn from this 

study are as follows: 

1) With the increase in the time duration of the positive 

phase , the side –on – overpressure first rises then, goes 

on decreasing,.  

2) As the distance of point of explosions moves farther 

away from the target , it follow the same pattern as that 

of above, that means it first increases rapidly , and then 

goes on decreasing 

3) The relation between time period and displacement 

produced in the building  has been shown. This follows 

that at different interval of time duration, the column 

are displaced from their normal position .  
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4) It should be remembered , that structure can not be fully 

protected by direct hitting of the blast loads. What we 

can do , is to design a blast resistant building, and trying 

best for increasing the distance between the burst point 

and the target point. 

5) For some important  buildings or structures,  say public 

buildings , or the tall structures ,where there is a high 

risk of blast attacks . for such a condition the structure 

should be designed blast resistant following the 

guidelines, against the abnormal conditions . Thus, 

preventing the structures from being collapsed and 

trying utmost to reduced the progressive collapse. 

IV. FUTURE WORK TO BE CONDUCTED 

1) Cases should be studied , where bomb is placed inside 

the multi- storey building, then the blast waves 

generated effects the internal elements . This effect of 

time versus loading conditions of internal girders, 

connected to beam should be studied. 

2) Cases can be studied for the effects of different types of 

steel connection, when subjected to interior blast. The 

various parameter related to this can be worked out 

3) For comparing the behavior of laced steel concrete 

column and the fiber reinforced column when it is 

effected by direct blast waves, by the explosion inside 

or outside the building.  
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