
          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                 Volume: 05 Issue: 04 | Apr-2018                     www.irjet.net                                                                 p-ISSN: 2395-0072 

 

© 2018, IRJET       |       Impact Factor value: 6.171       |       ISO 9001:2008 Certified Journal       |        Page 3730 

 

A Review on the Study of the Response of Ground Blast Loads on RCC 

Structures 

Ashalekshmi K G1, Dr. Subha K2 

1PG Student, Department of Civil Engineering, NSS College of Engineering, Palakkad 
2Professor, Department of Civil Engineering, NSS College of Engineering, Palakkad 

---------------------------------------------------------------------***---------------------------------------------------------------------

Abstract - One of the fatal threat to every society is the 
increase in terrorism. Bomb blasts are associated with almost 
all terrorist activities. Due to this, there can be adverse effect 
on within and nearby the affected structures. The loading to 
which the structures are exposed to, is of very higher order 
when compared to earthquake, wind gust etc. Due to the 
threat from such extreme loading conditions, many studies 
were conducted on the behavior of structural concrete 
subjected to blast loads and techniques of making a structure 
blast resistant. The analysis and design of structures subjected 
to blast loads requires a detailed understanding of blast 
phenomena, precise estimation of blast loads and the dynamic 
response of various structural elements. In this thesis work, it 
is decided to conduct a study on explosive loading on RCC 
structures. Ground blast loading on an RCC bridge pier is 
considered for this study. The mechanisms of various blast 
waves are explained. The effects of change in stand-off 
distance of blast, change in grade of steel, diameter of main 
bars, change in diameter and spacing of lateral ties etc. are the 
parameters to be studied. The thesis is mainly aimed at 
generalizing the effect of ground blast loading on structures 
and proposing a load factor for buildings subjected to ground 
blast. This is a review paper prepared as a part of the thesis 
work. 
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1. INTRODUCTION 

Technologies are developing day by day. One of the abuses of 
these technologies is seen in terrorism. The number of 
terrorist activities is increasing these days. Mostly associated 
with bomb blasts, terrorist activities cause catastrophic 
effects on within and nearby the structures. Shattering of 
blast loaded structures is the prime reason for the loss of life 
and properties.  So blast resistant design of structures is 
essential. Designing the structures for full blast resistance is 
not a realistic option, however, studies are ongoing to 
mitigate the effects of an explosion. 

An explosion is defined as a rapid and sudden release of 
energy in the form of light, heat, sound and a shock wave. 
Blast waves are produced by an explosion. Explosions can be 
categorized on the basis of their nature as physical, chemical 
and nuclear events. In physical explosions, energy may be 
released from the disastrous failures like volcanic eruptions, 
bursting of a cylinder of compressed gas, etc. In a chemical 
explosion, energy is released from the rapid oxidation of fuel 

elements whereas, the formation of different atomic nuclei 
by the redistribution of the protons and neutrons within the 
interacting nuclei is the main source of energy in the case of 
nuclear explosions [44]. 

2. THEORY OF BLAST LOADING 

As already mentioned, a blast is a pressure disturbance 
caused by rapid release of energy. 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. Explosions caused by high explosives like 
TNT are called detonations whereas those caused by low 
explosives are called deflagration. 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. When a charge 
explodes, a pressure wave is formed by the explosion that 
applies a load on the surrounding building. The blast wave 
starts propagating from the point of explosion approximately 
in spherical wave-fronts and upon striking any surface or 
terrain, the wave-front is reflected and modified (Fig. 2.1) [2]. 

 
Fig -1: Propagating blast wave [44] 

In the design process it is important to determine the 
potential danger and the extent of this danger. Most 
importantly human safety should be provided During an 
actual event, the action of the load depends on the 
interaction of the load with the surface of the structure, 
atmospheric pressure at the time of the scenario, 
temperature conditions at the time of blast loading and some 
other factors which are usually neglected for a simplified 
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analysis. The design of such a structure when all these effects 
are considered will lead to lack of economy. The structural 
response to explosion load can be estimated, either more 
accurately by a calculation or approximately based on 
empiric formulas and criteria. [6] 

2.1 Characteristics of Blast Wave 

An idealized pressure-time history indicating the important 
parameters of a blast load is shown in Fig.2.2 

 
Fig -2: Blast wave pressure – Time history [8] 

The various parameters of this idealized curve are: 

Po  = Ambient pressure 

Pso = Peak positive side-on overpressure 

Pso
-  = Peak negative side-on overpressure 

Ps(t)  = Time varying positive overpressure 

Ps(t)-= Time varying negative overpressure 

Is  = Positive phase specific impulse, the integration of 
 the positive phase pressure-time history 

Is
-  = Negative phase specific impulse, the integration of 

 the negative phase pressure-time history 

tA  = Time of arrival 

td  = Positive phase duration 

td
-  = Negative phase duration 

The time at which the blast load hits a structure is called 
its time of arrival (tA). At that time, the pressure at that 
position of the structure suddenly increases to a peak value of 
overpressure, Pso, over the atmospheric pressure, Po. The 
pressure then suddenly reduces to ambient level after a time 
td, then decays further to a negative pressure Pso

- before 
eventually returning to ambient conditions at time td+td

-. The 

quantity Pso is referred to as the peak side-on overpressure or 
simply peak overpressure. All these happens within some 
milliseconds of time. 

This profile gets modified if there is any reflecting surface 
or hindrance in the path of the wave. The incident peak over 
pressure, Pso is amplified by a factor as the shock wave 
reaches an object or a structure in its path. The reflection 
factor depends on the intensity of the shock wave and angle 
of incidence of these waves on the structure. These reflection 
factors are typically greatest for normal incidence of wave on 
the surface of a structure. For detonations using large 
explosives at normal incidence over a structure, these 
reflection factors may increase the incident pressures by a 
large factor [9]. 

Throughout the pressure-time profile, two phases of 
loading can be seen; loading above atmospheric pressure is 
called positive phase of duration td, while that below the 
atmospheric pressure is called negative phase of duration, td

-. 
As the stand-off distance increases, the positive phase 
duration of blast wave increases resulting in a lower-
amplitude, longer-duration pulse on the structure. The 
negative phase is of a lower intensity and a longer duration 
than the positive duration. As the proximity of blast load to 
the structure increases, the load intensity increases and the 
duration of loading decreases. During the negative phase, the 
weakened structure may be subjected to impact by debris 
that can cause additional damage. 

3. LITERATURE REVIEW 

 In conventional design of RCC structures effect of blast loads 
are not considered as it leads to an uneconomical design. 
Hence, severe damages are caused to such structures when 
subjected to blasts. Many studies were conducted in this field 
of research. Some of the main works are reviewed hereby. 

One among the pioneer works in the field of blast analysis 
of structures was done by M.A. Cook et.al. (1962). They 
conducted studies on air blast wave and blast induced 
seismic wave measurements at long distance which are 
produced by chemical detonations, using results from a 
survey conducted by Field Service Division, Ordinance 
Ammunition Command. They concluded that the air blast 
wave impacting the ground may give rise to induced seismic 
waves [31]. Later Robert J. Odello et.al. (1976) conducted 
studies on the effects of ground shock caused from 
explosions on structures and their relevance. Various semi-
empirical equations for estimating peak airblast induced 
pressure are presented and direct-induced ground shock 
motions are studied. It was concluded that the ground shock 
effects are more critical within structures than for the 
equipment or persons outside structures [40]. TM 5-
1300/NAVFAC P-397/AFR 88-22 is a manual titled 
“structures to resist the effects of accidental explosions” 
explains several methods for establishing blast load 
parameters. It provides a step-by-step analysis and design 
procedure, including the information on blast and shock 
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loading, principle on dynamic analysis. Provisions for 
reinforced concrete and structural steel design and some 
special design considerations are given. It gives proper 
guidance to blast resistant design of structures [45]. Another 
important work by F. B. A. Beshara et.al. (1994) explained 
about some former studies of the structural effects of 
confined explosions, contact blast and explosion-induced 
ground shock. The effects of providing ventilations are 
considered in the evaluation of dynamic loads. The loading of 
an on-surface explosion and the associated effects on a 
concrete target are determined. Finally, the evaluation of 
both airblast-induced ground shock and directly transmitted 
motion are included in simple form.  Soil-structure 
interaction is not considered in this study. Equations for 
peak particle displacement, velocity and acceleration are 
given [18]. Later, B.M. Luccioni et.al.  (2004) studied the 
effects of mesh size on pressure and impulse distribution of 
blast loads using hydrocode. A computational dynamic 
analysis using AUTODYN-3D was carried out over the 
congested urban environment of the opposite rows of 
buildings of a block, in the same street. The results obtained 
for different positions of the explosive charge are presented 
and compared. The effect of mesh size for different boundary 
conditions is also addressed. It is concluded that the 
accuracy of numerical results is strongly dependent on the 
mesh size used for the analysis. On the other side, the mesh 
size is also limited by the dimensions of the model and the 
computer capacity [10]. Chengqing Wu et.al. (2005) 
investigated the simultaneous ground shock and airblast 
forces that can be applied in structural response analysis. 
They conducted a parametric numerical simulation of 
surface explosions. Empirical expressions of airblast 
pressure-time history as a function of surface explosion 
charge weight, distance to structure etc. is provided. The 
time lag between airblast pressure and ground shock on 
structure is also determined. The empirical formulae are all 
given in analytical forms and they can be used in structural 
response analysis to surface explosions. The results from 
this study was used in their next study and it was found that 
airblast load governs structural response and damage when 
the scaled distance is small. When the scale distance 
increases, the relative importance of the ground shock on 
structure response increases, and ground shock will 
dominate the surface explosion effects on structures at large 
scaled distance. This result can be used in this thesis work 
[13]. Later, Yong Lu et.al.  (2005) conducted a research on 
the effect of the various input parameters of blast on the 
ground shock parameters. The datas obtained from this 
research work are processed to form a suitable dataset to 
represent the physical problem. Artificial Neural Network 
(ANN) technique is then applied to identify the system 
pattern, which also serves as a function for the prediction of 
the ground shock. The neural network approach proved to 
be successful as it predicted the unseen test data with 
sufficient accuracy. The results proved the significance of 
blast load path orientation on the ground shock parameters 
[49]. 

T. Ngo et.al. (2007) performed an analytical study on RCC 
column subjected to blast loading. The 3D model of the 
column was analyzed using the nonlinear explicit code LS 
Dyna 3D which takes into account both material and 
geometric nonlinearity. It was observed that the increase in 
flexural strength was greater than that of shear strength. 
Thus, the increase in the material strengths under dynamic 
conditions may lead to a shift from flexural failure to shear 
failure mode [44]. Zeynep Koccaz et.al.  (2008) studied about 
the blast resistant building theories and designs, the 
enhancement of building security against the effects of 
explosives in both architectural and structural design 
process and the design techniques. It was found that it is 
possible to build a blast resistant building with correct 
selection of the structural system with well-designed 
structural frames and connections, moment frames that 
transfer sufficient load and high quality material. They also 
explained about designing structural elements to withstand 
the possible blast loading [50]. Zoran Bajić et.al. (2009) 
studied about blast parameters of high explosives in terms of 
TNT equivalents. Primary blast wave parameters, 
overpressure, impulse and positive phase duration are 
calculated using modified Sadovsky equations and the 
modified Kingery-Bulmash equation. The calculated 
parameters showed significant influence of used explosives 
concerning the TNT equivalent [51]. Hrvoje Draganić et.al. 
(2012) described the process of determining the blast load 
on structures and provides a numerical example of an 
arbitrary structure exposed to this load. They arrived at a 
methodology for calculating the blast loading on structure. 
The numerical model of an RCC structure was created in 
SAP2000 and blast load which was analytically determined 
as a pressure-time history is applied to the structure. The 
results confirmed the initial assumption that it is possible 
with conventional software to simulate an explosion effects 
and give a preliminary assessment of the structure [23]. 
Designer’s notebook (2014) provides various design 
considerations for blast resistance of architectural precast 
concrete façades. The book very well explains about the 
basics of blast loading and comparison with other 
catastrophic loadings like earthquakes. Various design 
considerations about architectural cladding, connection 
detailing, glazing materials and their cost considerations etc. 
are well explained in the book [16]. Olaniyi Arowojolu et.al. 
(2017) studied the response of a conventionally designed 
reinforced concrete bridge pier and subjected to blast 
loading. LS-DYNA is used for simulating blast loads using 
Arbitrary Lagrangian-Eulerian simulations. A conventionally 
designed pier was subjected to a near ground blast loading 
by varying the charge weight and stand-off distance while 
keeping the axial load constant. The modes of failure of the 
pier is observed for peak displacement and residual 
displacement. The results obtained were used to propose 
methods of retrofitting and repairing the bridge piers to 
support combined gravity and blast loading [36]. Aswin Vijay 
et.al. (2017), conducted a parametric study on the effects of 
air blast loads on RCC Viaduct Piers. Kochi Metro Project 
model pier is taken for the study. They studied about various 
aspects of blasting, types of blasting and modelling aspects of 
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pier in ANSYS software. Modelling of bridge pier and force 
modelling aspects for air blast loading is presented which 
can be used in this thesis work [8]. Also, IS 6922-1973, 
Indian Standard Criteria for Safety and Design of Structures 
Subject to Underground Blasts, was also studied and the 
terms and notations used in blast loadings in India were 
studied. The general characteristics of blast and its effects 
were looked into. Equation for ground acceleration 
calculations was studied and can be used in the thesis work 
[24]. 

4. SUMMARY 

From the literatures reviewed, a clear idea has been 
developed in various aspects of theory and modelling of 
blast loading on structures. Also it is understood that not 
much studies were conducted on ground blast loading on 
structures. So it is decided to do a project work on analytical 
study on RCC bridge pier subjected to ground blast loading. 
Rather than taking an arbitrary pier, an RCC viaduct pier of 
Kochi Metro Rail Project is considered. The effects of lateral 
ties spacing, strength of concrete etc. were studied so far. 
The effects of change in stand-off distance of blast, charge 
weight, change in grade of steel, diameter of main bars, and 
spacing of lateral ties are the parameters to be studied for 
various load conditions including maximum and minimum 
axial load, maximum bending moment etc. in this project 
work. ANSYS software is selected for the modelling and 
analytical purposes. Ground blast loading is applied on the 
pier. Direct shock effects along with ground shock effects are 
considered in the loading. As the loading get closer to the 
structure, the effect of temperature is more pronounced. But 
in this study, temperature and debris drag effect are 
neglected. 
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