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Introduction 

The effect of blast loads on buildings is a serious 
matter that should be taken into consideration in the 
design process. Although these attacks are 
exceptional cases, man-made disasters (terrorist 
attacks), blast loads are dynamic loads that should be 
precisely calculated just like earthquake and wind 
loads. Loss to the building, loss of life and public fear 
should be reduced if terrorism cannot be stopped. 
Even though designing the structures to be fully 
blast resistant is not a realistic and economical 
option, current engineering and architectural 
information can improve the new and existing 
buildings to ease the effects of a blast. 

The main aim of this work is to give a requirement of 
protection against the explosions. The guidance 
describes the method for mitigating the effects of 
detonations, thus providing protection for human 
being, structure and the important equipment inside. 

In this work, I have explored the accessible literature 
on blast loads, the possibility of vulnerability 
evaluation, risk easing, details that develop ductility 
and structural response characteristics of structures 
with structural analysis software. 

General Characteristics of Blast and Effects on 
Structures 

The quick discharge of energy due to a blast is 
characterized by air pressure and an audible blast. 

The energy released is divided into two different 
phenomena, thermal radiation and pairing with air 
and ground, known as air blast and ground shock. 
Air blast is the principle cause of the spoil to a 
building exposed to blast loading. On the other 
hand, the ground shock-wave propagates by 
compressing the air molecules in its path producing 
the ambient overpressure or the incident pressure 
(Bangash and Bangash, 2006). 

Smith and Hetherington (1994) explained the 
sequence of events that take place when a high 
explosive material is initiated. A typical conventional 
pressure wave from setting off is illustrated in Figure 
1. There is nearly immediate rise to a peak pressure, 
Pso, and the pressure rise time is well below 
microsecond. Behind the shock front, the pressure 
tapers off and in time goes below that of ambient, 
later returning to ambient, Po. The area of positive 
pressure is called the “positive phase” and the area 
of negative pressure is called the “negative phase”. 
Overexpansion at the centre of the explosion creates 
a vacuum in the source region and results in a 
turnaround of motion (Kinney and Graham, 1985) 
and causes the creation of the negative phase that 
trails the positive phase (T. Ngo et al., 2007). In 
general, the negative phase pressure is lower in 
magnitude than that of the positive phase but longer 
in duration than the positive phase (Cormie, Mays 
and Smith, 2009). Positive phase loads are more 
powerful and liable for most of the pressure 
damages than the negative phase loads. However, 
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the negative phase pressure may cause secondary 
harm by propelling artifacts towards the point of 
origin (Pape et al., 2010). 

 

Figure 1: Incident and reflected pressures on building 

Method of analysis  

In this work four different models were generated in 
ETAB 2015 software and analysed as non-linear static 
(since the loads are converted to static joint loads) in 
four different blast load cases. The dimension of 
frame chosen as 4 bay of 3.5m in each direction. The 
material used are M30 concrete mix and Fe500 steel 
for the structure. The four models generated are as 
follows,  

Model 1: Normal framed structure of column size 
400mmx400mm, beam size of 300mmx400mm 

Model 2: Increased cross section of column size 
600mmx600mm, and beam size of400 mmx600mm 

Model 3: Addition of shear walls of thickness 150 
mm around the structure on model 1 

Model 4: Addition of X shaped Steel bracing on 
model 1 

Bracing used: Channel section of ISLC 200  

And the blast load cases used are,  

Case 1: Blast of 100 kg explosive with standoff 
distance of 30m 

Case 2: Blast of 100 kg explosive with standoff 
distance of 20m 

Case 3: Blast of 300 kg explosive with standoff 
distance of 30m 

Case 4: Blast of 300 kg explosive with standoff 
distance of 20m 

 

Figure 2: a- model 1 (Structure with normal cross-
section), b- model 2 (Structure with increased cross 
section), c-model 3 (structure with outer shear wall), 
d- model with outer steel bracing). 

 

Figure 3: Plan of model 1 

Load Calculation and Application  

For the case 1 load used are, 

1. Dead load 

2. Live load taken as 3 KN/m2 for all the floors 

3. Blast Load acting on structure due to explosion 
calculated using IS: 4991 - 1968 (Reaffirmed 2003) 
are as follows for different blast load and standoff 
distance are as follows,   

100 KG Explosive Used From 30m Standoff Distance,  

Scaled Distance =  = 64.65  
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From Table 1, from IS 4991 1968, linearly 
interpolating between 63 m and 66 m and assuming 
Pu=1.00 kg/cm2 for the scaled distance 64.65 m, the 
pressures are directly obtained as, 

Pso = 0.35 kg/cm2 

Pro = 0.81 kg/cm2 

qo = 0.042 kg/cm2 

The scaled times to, and td obtained from Table 1 for 
scaled distance 64.65 m are multiplied by .1(1/3) to get 
the values of the respective quantities for the actual 
explosion of .1 ton charge. 

to = 37.71* (.1)1/3 = 17.5 milliseconds 

td = 28.32* (.1)1/3 = 13.15 milliseconds  

M =1.14 

 a = 344 m/s  U = 392 m/s =  0.392 m/millisecond 

b) Pressures on the Building 

Here H = 6 m, B = 10.5 m, and L = 10.5 m 

Then S = 6 m 

tc =  =  = 45.91 milliseconds > td 

tc =  =  = 26.7856 milliseconds > td 

tr =  =  = 61.22 milliseconds > td 

As tr>td no pressure on the back face are considered. 
For roof and sides Cd = -0.4 

 pso+ Cd *qo = 0.35 - 0.4 x O-042 = 0.33 kg/cm2 

The pressure diagrams are as shown below: 

 

Figure 4: Case 1 blast pressure on structure 

Loads on Front face joints: 

Loads on Centre joints = 81 KN/ m2 * 3.5*3 = 850.5 KN 

Loads on Side joints = 81 KN/ m2 * 3.5*  = 425.25 KN 

Loads on Edge joints = 81 KN/ m2 * *  = 212.625 KN 

Loads on Roof and Side walls: 

Loads on Centre joints = 33 KN/ m2 * 3.5*3 = 346.5 KN 

Loads on Side joints = 33 KN/ m2 * 3.5*  = 173.25 KN 

Loads on Edge joints = 33 KN/ m2 * *  = 86.625 KN 

Table -1: Summery of blast loads on structure 

  
Case 

1 
Case 

2  
Case 

3 
Case  

4 

Loads on Centre 850.5 1953 1743 4110 

Front face Side 425.2 976.5 871.5 2205 

joints 
(KN) Edge 212.6 488.2 435.7 1102.5

Loads on Centre 346.5 682.5 633.3 1225.3

Roof and Side 173.2 345.4 316.6 612.6 

Side walls 
(KN) Edge 86.6 172.7

2 158.3 306.3 

 

Results and Discussions 

The maximum lateral displacement are 380 mm, 150 
mm for 300 Kg blast load from 30m and 20 m 
standoff distance, and 73.4mm, 168.5mm are the 
lateral displacement for 100 kg blast load from 30 m 
and 20 m standoff distance for model no 1 (Normal 
cross-section structure which is not designed for 
blast resistance).18 mm is the allowable maximum 
lateral displacement as per IS 1893 (H/500).So the 
maximum lateral displacement is not satisfying the 
limit given by IS Code in model 1. 

The maximum Inter storey drifts are 54.3, 21.4 for 
300 Kg blast load from 30 m  and 20 m standoff 
distance, and 10.5,24 are the max storey drift for 
100kg blast load from 30 m and 20 m standoff 
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distance for the model 1. According to IS 1893 
maximum allowable storey drift is 12 (.004* Storey 
height).So maximum storey drift are not satisfying IS 
code recommendation in model 1. 
 
For all the cases in model 2 when we increase beam 
and column cross-section of structure compared to 
model one the maximum storey displacement are 
reduced by around 70 %., and maximum storey drift 
reduced by around 65%. 
 
In model 3, the addition of shear wall around the 
structure in model 1 results in the reduction of 
maximum storey displacement by around 95 %, and 
max storey drift by around 95% compared to the 
maximum storey displacement and drift from model 
1.In this model shear wall helps to decrease storey 
displacement effectively so that the maximum 
displacement and maximum storey drift in this model 
are within the allowable max storey displacement 
and max storey drift given by IS 1893. 

 
Chart -1: a– maximum storey displacement in Y 
direction in case 1, b- maximum storey displacement 
in Y direction in case 2, c- maximum storey 
displacement in Y direction in case 3, d - maximum 
storey displacement in Y direction in case 4. 
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Chart -2: a– maximum storey drift in Y direction in 
case 1, b- maximum storey drift in Y direction in case 
2, c- maximum storey d drift in Y direction in case 3, 
d - maximum storey drift in Y direction in case 4. 
 
Storey displacement in x direction and storey drift in 
x direction compared to storey displacement in y 

direction and storey drift in y direction are too low 
and are within the permissible limit. 
 

  
Chart -1: a– maximum storey displacement in X 
direction in model 2, b- maximum storey drift in Y 
direction in model 2. 
 
In model 4, the addition of steel bracing around the 
structure helps to reduce the maximum storey 
displacement by around 80% and maximum storey 
shear by around 80% compared to maximum storey 
displacement and maximum storey shear from 
model. 
 
Conclusions 
 
From a thorough analysis of reinforced concrete 
structure exposed to blast load, it can be drawn as a 
conclusion that structure designed for normal loads 
are not safe when it exposed to an explosion. For the 
safety of civilians and for the valuables, the 
important structures should be analysed by blast 
criteria given by IS 4991-1968. 
 
1) As the blast load increases and standoff distance 
decrease the displacement and storey drifts are 
increasing drastically in the structure. The blast 
parameters are depend on blast load and standoff 
distance. So the structure response depends on blast 
load and standoff distance values. 
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2) By increasing column and beam size in a structure 
will improve the resistance but it’s not practical in 
most cases due to serviceability problems because 
the huge cross-section of beam and column needed 
to resist blast loads. 
 
3) The addition of shear wall and steel bracing (x 
type) helps to resistant blast loads effectively. The 
steel bracing addition give the good result but shear 
wall gives more desirable results than steel bracing, 
and it is economical too, compared to other methods 
to resist blast loads. 
 
4) Large values of storey shear and overturning 
moments are developed due to blast loads, and for 
resisting these moments and storey shear large cross 
section is needed. Here outer shear wall structure 
and steel braced structure perform more resistance 
against these. 
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