
 

 

  
Abstract—These Nowadays the explosion of bombs or explosive 

materials such as gas and oil near or inside the buildings cause some 
losses in installations and building components. This has made the 
engineers to make the buildings and their components resistance 
against the effects of explosion. These activities lead to provide 
regulations and different methods. The above regulations are mostly 
focused on the explosion effects resulting from the vehicles around 
the buildings. Therefore, the explosion resulting from the vehicles 
outside the buildings will be studied in this research. 

In the present study, the main goals are to investigate the 
explosion load effects on the structures located on the piles with the 
specific quantity of plasticity and observing the permissible response 
of these structures. The concentrated mass system and the spring with 
two degree of freedom will be used to study the structural system.         

  
Keywords—Concrete-Framework Building, Explosion Load, 

piles.  

I. INTRODUCTION 
N most of the previous researches about the explosion 
effects, the foundation system of the structure has not been 
considered because of this reason that most of the engineers 

with an utmost design exercise the effects of explosion to the 
foundation. This absence of investigation increases the price 
of the structure design for an employer. Therefore in this 
research, the foundation system will be also analyzed 
dynamically for the explosion load. 
 The dynamic analysis of foundation system consists of 
calculating the peripheral leap of system under the dynamic 
load effect. For this purpose, in the present research we have 
used computer programs written in FORTRAN language. The 
first program is GS.FOR which is used for calculating the 
hardness of pile group. This program is on the basis of Nowak 
and Sharnobay methods. The second one is SPPLN.FOR. This 
program is for calculating the peripheral leap of the single pile 
under the subsidiary load effect. In the above program, the 
floating pile in the soil is modeled as a beam on the elastic bed 
(Winkler method) and will be analyzed based upon the 
restricted element method.  
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 The explosion load exercises to the structure immediately, 
with high intensity and in a short period. The elastic design for 
this kind of loading if possible is too expensive to perform. 
But regarding the elastic-plastic behavior, the resistant power 
of the components will be stored and cause the structure to 
present the plastic behavior. When the structure shows its 
elastic-plastic behavior, it can consume lots of energy, and this 
is the very region in which we are interested in designing all 
kinds of intense and tacit loads. Therefore, we can decrease 
lots of designing load when the structure is permitted to inter 
into the plastic procedure (with plasticity restriction). The 
present discussion is on this basis that we permit the structure 
to encounter a series of small breakdowns. Regarding the 
elastic-plastic behavior, in addition to the economic designing, 
the structure will remain usable after a relatively harsh hit 
[1],[2]. A lot of studies have been done about the explosion 
and its effects [3]-[7]. 
 In the present study, the main goals are to investigate the 
explosion load effects on the structures located on the piles 
with the specific quantity of plasticity and observing the 
permissible response of these structures. The concentrated 
mass system and the spring with two degree of freedom will 
be used to study the structural system.  

II. DESIGN PROPERTIES 
The considered building in this study is a concrete-

framework one-floor building under the explosion load which 
analyzes this structure and the effects of different structural 
parameters will be investigated on it. According to the fig.1 , 
the structure and the foundation system properties are as 
follows: 

The frame height is 3.6 m, the frame length is 6 m, the 
frame span is 6 m, the opposite face of the explosion is 6×3.6 
m2 as well as concrete with 20mpa resistance and steel with 415 
mpa resistance. The length of pile is Lf: 15m and the pile 
diameter is Df: 0.45m.The sand cushion and the horizontal 
elasticity modulus is Kh=5000 kN/m3.  
 

The other foundation properties: 
The peripheral freight capacity peak of each pile is 30 KN, 

the safety factor of each pile is 2.5, the soil shear modulus is 
G= 15N/mm2, the Poisson factor is v= 0.2 and the elastic 
modulus is Edyn= 30000 N/mm2.   
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Fig.1   the building frame located on the pile 

III. THE EFFECT OF EXPLOSION LOAD ON THE CONCRETE 
PROPERTIES 

The mechanical properties of the reinforced concrete under 
the dynamic loads are completely different from the static 
ones. These differences will be manifested while system is 
placed under the dynamic loading in a specific period of time. 
Since the dynamic and static hardness of a system are not very 
different from each other, but with increasing the strain rate of 
the concrete, the compression strength increases up to 
quadruple and the tensile strength increases up to sextuple. 
Increasing the mentioned resistance is under the strain rate of 
(102 up to 103). This high strain rate (loading) will affect its 
components. The structures of the reinforced concrete also 
affect the concrete and reinforcement properties which will be 
mentioned below individually.    

The explosion load on the structure will be investigated 
with the following three ideal conditions: 

 The rigid foundation and the elastic-plastic 
superstructure 

 The rigid superstructure and the elastic-plastic 
foundation 

 The elastic-plastic superstructure and foundation   

This structure will be designed and analyzed in the system 
with two degree of freedom. It is presumed that T= 0.25 sec 
and T is the natural period of the structure. The proportion of 
explosion time to the structure period is equal to 12.0=τ  
and the high pressure resulting from the explosion 
corresponds to 70 kN/m2. 

 

IV. THE EFFECT OF THE TYPE OF ELASTIC-PLASTIC DIAGRAM 
ON THE  STRUCTURE RESPONSE 

The concepts use for structure design against the 
explosion are different from the concepts use in the usual 
building design. These differences are because of the loads 
resulting from the explosion which basically are different 
from the usual loading. The very restricted repetition of this 
kind of loading once or twice permits the designer to take the 
advantage of structure energy absorption.  

In order to use this property, the structure has a 
permission to deform more than its elastic form otherwise the 
structure system exits the economic mode of system. So, using 
the plasticity of components and materials is necessary. For 
this reason the over deformation of yield is essential for the 
economic design of the structure. The maximum  
proportion of the elastic-plastic leap to the yield point one is 
called “the proportion or the plasticity coefficient”. In equal 
circumstances for the structures, the more the plasticity rate is, 
the less the required resistance power will be. So, the 
plasticity effect should be investigated in the structure well. In 
this research, we have studied the effect of utilized elastic-
plastic diagram on the structure response. As we know, the 
utilized diagram in an ideal model is a two-line diagram 
whose behavior is different from the real behavior of the 
structure. For this reason, the elastic-plastic two-line diagram 
in analyzing the ideal model will be substituted with a three-
line diagram. 

V. RESULT 
GS.FOR program was used to calculate the hardness of pile 

group, and SSPLL.FOR was used to calculate the hardness of 
single pile. The results are as follows: 

The response of the foundation with one and two degree of 
freedom and the comparison of system foundation response 
with two degree of freedom with that of one degree freedom 
have been shown in table number 1 as well as the comparison 
of the system frame (superstructure) response with two degree 
of freedom with that of one degree of freedom which has been 
shown in table number 2. 

TABLE I 
COMPARING SYSTEM FOUNDATION RESPONSE WITH TWO DEGREE OF 

FREEDOM WITH THAT OF ONE DEGREE OF FREEDOM 
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TABLE II 
COMPARING SYSTEM FRAME (SUPERSTRUCTURE) RESPONSE WITH TWO 

DEGREE OF FREEDOM WITH THAT OF ONE DEGREE OF FREEDOM 

 
In order to investigate the effect of the utilized elastic-

plastic diagram on analyzing the structure response, the ideal 
model was analyzed for two diagrams and the results were 
examined. For a comprehensive investigation, we analyze the 
analytic model for different (P0/RM) (P0 is the exercised 
peripheral power to the model and RM is model resistance) in 
different (TD/T) (TD is the explosion time and T is the structure 
period), then we compare the plasticity coefficient and finally, 
we present the results of three-line elastic-plastic diagram 
comparison with an ideal (two-line) diagram on the structure 
response in TABLE III. 

 
TABLE II 

COMPARING THE RESULTS OF THE THREE-LINE ELASTIC-PLASTIC DIAGRAM 
WITH AN IDEAL (TWO-LINE) DIAGRAM ON THE STRUCTURE RESPONSE 

 

VI. CONCLUSION 
In this study which was presented as “designing the 

concrete-framework building and examining its behavior 
under the explosion load”, it was determined that the great 
changes appear in the frame (superstructure) leap of the 

systems with one and two degree of freedom. Therefore, in 
more precise methods, a system with two degree of freedom 
presents more economic results. With decreasing the hardness 
of the system, the amount of plasticity changes decrease in the 
systems with one and two degree of freedom. Also, the leap 
and the plasticity of two components of system (frame and 
foundation) are sensitive to the system resistance. Frame 
plasticity is almost compatible with the system resistance but 
as it was mentioned, the foundation rarely shows this 
sensitivity. Here is an important point: if the resistance of one 
of the system components (superstructure or foundation) 
changes, the changes patterns in the plasticity of both systems 
will be opposed to each other. With increasing the foundation 
resistance, the frame plasticity increases meaningfully, but 
with increasing the frame resistance, the foundation plasticity 
increases with lower speed so that it shows about 20% 
increase in plasticity instead of 100% increase in the 
foundation resistance. 

In order to reforming the elastic-plastic diagram and 
making closer the ideal model behavior to the structure real 
ones, the three-line diagram instead of the two-line ones has 
been used in the analysis, but as it was presented in the results, 
the amount of difference is between 0/5% to 5%. This small 
error witnesses that the type of utilized diagram in the 
analysis, has a small effect on the structure response. 
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