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A B S T R A C T 

Terrorists frequently target iconic and prominent structures, resulting in huge numbers of victims and considerable physical damage. 

Recently, an exterior bombardment of a block of flats with reinforced concrete frames took place. Explosive charges can cause 

catastrophic damage to the lower floors of a building, leading to the collapse of all or part of the structure. The analysis of the unbalanced 

and gradual collapse of a structure requires the identification of critical areas of early impact and the height, width, and depth of the 

detonated building, as well as the structural response.A bomb detonating under or near any structure may produce disastrous destruction to 

the exterior and interior of the building, the collapse of walls, the explosion of large windows, and the disruption of critical safety systems. 

In civilian deaths and injuries, effects due to sudden blast, sudden failure in building, and impact due to rubbish, smoke, and fire are all possible causes. The 

indirect effects may addup to delay or obstruct migration, resulting in further casualties. Huge dynamic loads on many structures emerge from catastrophic 

disasters caused by gas-chemical explosions, which are greater than the original design loads. Because of the dangers posed by such high loading 

circumstances, structural analysis and design methodologies that can survive blast loads have been developed during the previous three decades. This data 

may be utilized to assess the susceptibility of multi-story RC structures to different external blast situations, as well as to design structures that can withstand 

blast loads. 
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1.Introduction 

The structural engineers are showing more devotion to the better design and construction of any structures to offer suitable protection against 

explosions. A large-scale, quick, and unexpected release of energy is defined as an explosion. Explosions are classified as physical, nuclear, or 

chemical occurrences depending on their nature. The catastrophic breakdown of a cylinder of pressurised gas, volcanic eruptions, or simply the 

mixing of two liquids at different temperatures can all result in physical explosions (Meena and Ramana 2021). In case of nuclear explosion some 

energy is formed due to production of various atomic nuclei by inter change in neutrons and protons inside the interrelating nuclei, whereas in 

chemical explosions, energy is generated from the fast oxidation of fuel materials. Explosive materials are classed as solids, liquids, or gases 

depending on their physical condition. Solid explosives are mostly heavy explosives with well-known explosion effects.  

 

Due to effect of strain rate the strength of concrete and steel reinforcement in RCC structures acted blast loading can dramatically increase. The test 

for blast in general, appears to be the greatest way to simulate actual blast activity on an object. It can duplicate complicated structures and 

situations that happen in real life and are exceedingly challenging if possible, to represent in a computational or theoretical model with great 

accuracy. Testing naturally accommodates for genuine behaviour of material, regardless of how complicated it is, and for real situations, regardless 
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of how non-ideal they appear, whether they be supported condition, different elemental connections, or bad craftsmanship. Test on this might nicely 

replicate how other system, functions, and building residents react to the building's significant vibratory reaction to the explosion. However, testing 

has many apparent drawbacks, including expense, environmental danger, safety risk, time to obtain data, a limited number of repeats, and the near-

impossibility of performing parameter analyses. 

 

The shock wave created by the detonation propagates radially into the surrounding atmosphere, and the shock front is referred to as a blast wave. 

High explosives, vapour cloud explosions, pressure vessel explosions, and other sources of blast load are the most common. Blast loading near 

locations includes earth shock, blast pressure, and debris or fragment impacts, whereas blast loading in remote areas simply includes blast pressure. 

External and internal explosions are the two primary kinds (TM 5-1300 1990).The explosive charge applied to the structure can be roughly divided 

into two types depending on the limit of the explosive charge and can be divided into the explosive charge occurring in the donor structure or the 

explosive charge affecting the acceptor structure. 

2.Literature Review 

 

In general, during the structural design process, failure of a rare part of any structure that does not contain the critical elements on that strength of 

the overall building depends is acceptable. Two methods can be used to calculate architectural or technical structures. In terms of both the task 

itself and the explosive effect on the analyzed structure, the structural analysis is either as simplistic as possible or interprets the structure in such 

a way that this analysis reflects it as accurately as possible (Makoviˇcka, D., Makoviˇcka, D., 2014). In actuality, depending on the soil and 

explosive type (Kingery and Bulmash 1984), some energy is absorbed from the earth through the formation of a dip, and one multiplication 

factor added to the weight is around 1.7-1.8.As a result of several terror attacks and military engagements in recent years, practical experience 

relating to the structural reaction of ordinary civilian structures subjected to various military or terror strikes has been acquired.  

 

Detailed information on building explosion analysis is not readily available or published for security reasons. Hence, it is important to study in 

detail the nature and likelihood of the gradual collapse of apartment buildings.The information gathered from real accidents and the knowledge 

obtained from various research, including blast testing, may be used to enhance measurement and tools used for design, also design standards and 

recommendations for construction of either new building or retrofit the old one (Yankelevsky et al., 2013). The information gathered from real 

accidents and the knowledge obtained from various research, including blast testing, may be used to enhance calculation and design tools, as well 

as design standards and recommendations for new buildings and retrofitting (strengthening) of existing structures (Yankelevsky et al., 2013).  

 

3.Methodology 

 

If the outer wall of a building can withstand the load of an explosion the shock that penetrates from the front side of openings in windows and 

doors, walls, exposing floor, ceiling, and person to apply immediate pressure on broken windows and doors. To withstand the explosion wave, it 

is broken and further disintegrated and displaced by the dynamic pressure immediately after the shock wave front. As storms spread, buildings 

and people move and collapse. Thus, the explosion spread throughout the building. All parameters of an explosion depend mainly on the amount 

of energy released during the explosion in the form of an explosion wave and the distance to the explosion.The law of scale provides a parametric 

correlation between a given explosion and the standard load of an object. After the blast wave passes through the back edge of the prism barrier, 

the pressure propagates back in the same way, and it is proposed in a linear function in terms of 5S/Us. Therefore, for skeletal structures, the 

effective period of net overpressure loads is short, and resistive loads based on dynamic pressures may predominate.  

 

Several conclusions have been proposed regarding the decomposition rate of dynamic compression loads. Parabolic damping in time equal to the 

total duration of the positive overpressure is a practical approximation. Several studies in the 1950s and 1960s focused on blast wave parameters 

for conventional high-explosive materials. The speed of the air particles and the resulting wind pressure depends on the maximum overvoltage 

pressure.This subsequent air velocity is related to the dynamic pressure q (t). Due to an internal explosion, complex compression load profiles 

may occur as a result of the two loading phases. The first result of an explosion is a reflection of excess pressure, which causes reflection due to 

the limitations offered by the structure.  
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Depending on the impact, the target structure can be described as either ventilated or unventilated. The latter must be more resistant to resistance 

to certain explosions than ventilation structures in which part of the explosive energy is dissipated by breaking windows or fragile 

partitions.Explosion hazard calculation methods are generally divided into methods for predicting explosive loads on structures and methods for 

calculating structural responses to loads. Explosion prediction and structural response programs use the first major and semi-empirical methods. 

Taking into account the movement of the structure when calculating the explosion, it is possible to predict more precisely the pressure caused by 

the movement of the structure and the failure. 

 

Computer modeling has become an effective tool, especially for the analysis of structures under spontaneous loading. Because dynamic analysis 

of any building with the help of soft computation is difficult to conduct experimental studies on explosion safety issues, the performance of 

structures on time-varying tasks, such as explosive tasks, can be more accurately assessed (Ngo et al., 2007). Because experimental studies are 

associated with high explosion risks and safety issues, computerized code is a reliable and convenient way to study the response of structures to 

explosions (Lucioni et al., 2004). 

3.1. Determination of Blast Load Parameter 

 

In this section one numerical is taken as a case study so that different parameters can be determined easily for the problem related to blast loading. 

Determine the parameters of a free-field blast wave for an explosion that takes place at a height of 8 m from ground level, at 18 m far apart, and 

charge weight of 1000 kg. 

Procedure:  

1. First, locate the point where blasting is to be done. Measure the weight of explosive and ground distance (R)  

2. Find out the scaled distance in the ground ( ZG) using the formula 𝑍𝐺 =  
𝑅

𝑊1/3 

3. Calculate various parameters for blast waves using the chart given in figure 3.4 for various values of scaled distance. 

 

Solution: 

Ground distance (R) =  182 +  82 = 19.7 m 

The angle of an incident (α) = tan
-1

 (19.7
18 ) = 47.6

0
> 45

0 

Take α = 45
0
 

Now scaled ground distance 𝑍𝐺 =  
𝑅

𝑊1/3 = 
19.7

10001/3 = 1.97 m/kg
1/3 

Calculate blast wave parameters using figure 3.1 corresponding to 
 

𝑍𝐺= 1.97 m/kg
1/3 

Pr = 1700 kPa = 1.7 MPa
 

Pso = 300 kPa = 0.3 MPa 

𝑖𝑠

𝑊1/3= 95 kPa-ms/kg
1/3 

𝑖𝑟

𝑊1/3= 20 kPa-ms/kg
1/3 

𝑡𝐴

𝑊1/3 = 0.22 kPa-ms/kg
1/3 

𝑡0

𝑊1/3 = 0.9 kPa-ms/kg
1/3 

U0  = 4 m/ms 
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Fig. 1 - Different parameters in the blasting corresponding to scaled distance (Z) (Unified Facilities Criteria 2008) 

 

4.Conclusions 

 

The study of blast-resistant design refers to improving the structural integrity of structures instead of a complete collapse of the building. The 

present study on the G+3 RCC building which was affected by a surface blast of 3300 lbs. from a standoff of 20m and the subsequent general 

failure was studied. The impact of the blast led to the failure of 40 structural elements; from the failure pattern it has been observed that surface 

blast impact more predominantly the foundation and subsequent upper stories and not the entire building. This validated the blast characteristics 

of incurring localized failure. Facing columns and beams along with parallel faces were the ones to be greatly impacted and a twisting 

deformation happened to the building. It is not economical to design all buildings to be explosion resistant. Public buildings, skyscrapers, and 

city centres must be designed to prevent terrorist attacks and sudden explosions.  
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