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ABSTRACT 

An analysis of structure was carried out with ANSYS software by the application of blast load under different medium. The 

structure was subjected to different load combinations by varying the load and the distance at which the blast takes place. The 

analysis is carried out based on the fact that density of air varies with the variation in temperature. The density of air increases 

with the decrease in temperature and vice versa. Hence the loads are acted upon by varying the environmental temperature. The 

deformation in structure due to blast load is taken as the parameter for comparison and study of results.  
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1. INTRODUCTION 

In recent years, a number of tragic terrorist attacks, 

particularly, in the USA, UK and other countries have resulted 

in a number of initiatives to study the resistance of structures 

to blast. The main aim of these efforts is to protect the safety 

of the occupants of the building, the rescue workers and those 

who are around the building whom can be killed or injured by 

the collapse of the structure and the falling debris. One of the 

main areas of research and development in this field is the 

progressive collapse prevention. From structural engineering 

and construction point of view, of course, one can design a 

building that can withstand a terrorist bomb attack with 

minimal or no damage. This has been done for years and 

continues to be done for militarily sensitive and other critical 

buildings that are necessary to be functional and occupied 

even after a bomb attack on them. In addition, to achieve the 

objective of the minimal damage, the designers may end up 

sacrificing the exterior aesthetics and in some cases the 

internal functionality of the building. Although in case of 

military installations, the high cost and bunker like appearance 

of a building can be justified, however, for civilian buildings, 

such high costs cannot be afforded and the loss of aesthetics 

may not always be acceptable. This was because of the 

assumption that civilian buildings had a very low probability 

to be a target of terrorist attack. By taking these into 

consideration if the effect of medium over the impact of blast 

load on structure is studied we can design the structure based 

on the geological factors thus making the construction of 

seismic resistant structure economical. 

 

2. ANALYTICAL PROCEDURE 

2.1 Shock Wave Theory 

To understand the behaviour of concrete structures subjected 

to severe loading from military weapons, the nature and 

physics of explosions and the creation of a blast wave and 

reflections from a bomb must be understood. When the blast 

wave hits a concrete surface, a shock wave propagates through 

the concrete. There are two main theories to describe the 

response, the Eulerian and Lagrangian methods. When treating 

the shock wave with the Eulerian method, where a fixed 

reference in space is chosen and the motions are derived with 

respect to that region, the shock wave theory is based on the 

conservation of mass, momentum and energy. When treating 

the shock wave by the Lagrangian method, with moving 

reference, the stress wave theory is based on the classic wave 

equation of motion, where equilibrium and compatibility are 

considered. 
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An explosion is characterized by a physical or a chemical 

change in the material, which happens under sudden change of 

stored potential energy into mechanical work, with creation of 

a blast wave and a powerful sound. The explosive material can 

react in two ways, as a deflagration or a detonation. For 

deflagration, the chemical change in the reaction zone occurs 

below the sonic speed through the explosive material. In the 

case of a detonation, the chemical change in the reaction zone 

occurs over the sonic speed through the explosive material. In 

military situations, detonations are most common; for 

example, if a TNT charge explodes, this means that it decays 

as a detonation.  

2.2 Blast Waves and Reflections 

A shock wave resulting from an explosive detonation in free 

air is termed as air-blast shock wave, or simply a blast wave. 

The blast environment will differ depending on where the 

explosion takes place. In the case of an airburst, when the blast 

wave hits the ground surface, it will be reflected. The reflected 

wave will collide the incident wave and a mach front is 

created, as shown in Fig 1. The point where the three shock 

fronts meet – incident wave, reflected wave and the mach 

front – is termed the triple point. 

Fig 1: Blast environment from air blast 

In the case of a surface burst, the reflection happens 

instantaneously against the ground surface and a shock wave 

is created; this is termed a ground-reflected wave, as shown in 

Fig 2. At a short distance from the burst, the wave front can be 

approximated by a plane wave. 

 

Fig 2: Surface burst blast environment 

2.3 Prediction of Blast Pressure 

Blast wave parameters for conventional high explosive 

materials have been the focus of a number of studies during 

the 1950’s and 1960’s. Estimations of peak overpressure due 

to spherical blast based on scaled distance Z = R/W1/3 were 

introduced by Brode (1955). 

  (Pso > 10 bar)  (1) 

 (2) 

(0.1 bar < Pso < 10 bar)   

   

Newmark and Hansen (1961) introduced a relationship to 

calculate the maximum blast overpressure, Pso, in bars, for a 

high explosive charge detonates at the ground surface as: 

  (3) 

Another expression of the peak overpressure in kPa is 

introduced by Mills (1987), in which W is expressed as the 

equivalent charge weight in kilograms of TNT, and Z is the 

scaled distance: 

   (4) 

As the blast wave propagates through the atmosphere, the air 

behind the shock front is moving outward at lower velocity. 

The velocity of the air particles, and hence the wind pressure, 

depends on the peak overpressure of the blast wave. This later 

velocity of the air is associated with the dynamic pressure, 

q(t). The maximum value, qs, say, is based on the dynamic 

pressure is then likely to be dominant. Conventional wind-

loading pressure coefficients may be used, with the 

conservative assumption of instantaneous build-up when the 

wave passes the plane of the relevant face of the building, the 

loads on the front and rear faces being numerically cumulative 

for the overall load effect on the structure.  

A chart for predicted blast pressures is given in table 1 which 

is derived using the above calculations and charts listed in 

UFC 3-340-02, U.S. Army Corps of Engineers. (Appendix 1-

7). 
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S.No. Explosive 

(kg) 

Blast radius 

(m) 

Intensity 

(kPa) 

1 5 5 354.2 

2 5 10 74.7 

3 5 50 7.5 

4 1000 5 39475.6 

5 1000 10 8148.7 

6 1000 50 100.7 

Table-1: Predicted blast load 

2.4 Modelling of Structure 

The modelling is done for the consideration of standard 

structure for the purpose of analysis as shown in Fig 3.The 

structure is modelled with 5 bays in x-direction and 5 bays in 

Y-direction with each bay having 4m span. 

Fig 3: Modelling in AutoCAD for conventional structure 

2.5 Designing in FEM Package 

The structure is modelled in FEM package as shown in Fig 4 

and checked whether the structure can withstand the dead load 

and live load applied as shown in Fig 5 and Fig 6 for effective 

comparison of results to be obtained in ANSYS.  

 

Fig-4: Stadpro model of conventional building 

 

Fig-5: Design of beam for conventional building 

 

 

Fig-6: Design of column for conventional building 
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2.6 Modelling in ANSYS 

The conventional structure is modelled in ANSYS as shown in 

Fig 7 and applied with dead load, live load and various blast 

load combinations. 

 

Fig-7: ANSYS model for conventional structure 

3. RESULTS 

The displacement for various load combinations with varied 

medium is shown below. 

3.1 Results for 5kg Load at 5m Blast Distance 

The deformation caused due the temperatures -20°C, 0°C and 

50°C are shown in Fig 8, 9 and 10 respectively. 

 

Fig-8: Deformation for -20 degree Celsius 

 

 

Fig-9: Deformation for 0 degree Celsius 

 

 

Fig-10: Deformation for 50 degree Celsius 

3.2 Results for 5kg Load at 10m Blast Distance 

The deformation caused due the temperatures -20°C, 0°C and 

50°C are shown in Fig 11, 12 and 13 respectively. 

 

Fig-11: Deformation for -20 degree Celsius 
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Fig-12: Deformation for 0 degree Celsius 

 

 

Fig-13: Deformation for 50 degree Celsius 

 

3.3 Results 5kg Blast Load at 50m Blast Distance 

The deformation caused due the temperatures -20°C, 0°C and 

50°C are shown in Fig 14, 15 and 16 respectively. 

 

Fig-14: Deformation for -20 degree Celsius 

 

 

Fig-15: Deformation for 0 degree Celsius 

 

 

Fig-16: Deformation for 50 degree Celsius 

 

3.4 Results for 1000kg Load at 5m Blast Distance 

The deformation caused due the temperatures -20°C, 0°C and 

50°C are shown in Fig 17, 18 and 19 respectively. 

 

Fig-17: Deformation for -20 degree Celsius 

 



 
INTERNATIONAL JOURNAL FOR RESEARCH IN EMERGING SCIENCE AND TECHNOLOGY, VOLUME-3, ISSUE-4, APR-2016                                  E-ISSN: 2349-7610  

VOLUME-3, ISSUE-4, APR-2016                                                COPYRIGHT © 2016 IJREST, ALL RIGHT RESERVED                                                                                          44 

 

Fig-18: Deformation for 0 degree Celsius 

 

Fig-19: Deformation for 50 degree Celsius 

 

3.5 Results for 1000kg Load at 10m Blast Distance 

The deformation caused due the temperatures -20°C, 0°C and 

50°C are shown in Fig 20, 21 and 22 respectively. 

 

Fig-20: Deformation for -20 degree Celsius 

 

 

Fig-21: Deformation for 0 degree Celsius 

 

 

Fig-22: Deformation for 50 degree Celsius 

3.6 Results for 1000kg Blast Load at 50m Blast 

Distance 

The deformation caused due the temperatures -20°C, 0°C and 

50°C are shown in Fig 23, 24 and 25 respectively. 

 

Fig-23: Deformation for -20 degree Celsius 
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Fig-24: Deformation for 0 degree Celsius 

 

 

Fig-25: Deformation for 50 degree Celsius 

 

3.7 Comparison of Results 

The comparison of results for -20°C, 0°C and 50°C for various 

load combinations and blast off distances are shown in Fig 26, 

27, 28, 29, 30 and 31 respectively. 

 

Fig-26: Graph for 5kg load at 5m distance 

 

 

Fig-27: Graph for 5kg load at 10m distance 

 

 

Fig-28: Graph for 5kg load at 50m distance 

 

 

Fig-29: Graph for 1000kg load at 5m distance 
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Fig-30: Graph for 1000kg load at 10m distance 

 

 

Fig-31: Graph for 1000kg load at 50m distance 
 

4. CONCLUSION 

The results obtained from the analysis have shown clearly that 

the impact of blast load over the structure varies with the 

variation in medium. This helps in understanding the impact 

of blast load depending on the geological characteristics. 

Hence the structure to be designed against blast load can be 

designed effectively and economically depending on the 

medium. 
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