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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.

I1. 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 6x3.6
m? as well as concrete with 20™ resistance and steel with 415
mpa resistance. The length of pile is Ly 15m and the pile
diameter is Ds: 0.45m.The sand cushion and the horizontal
elasticity modulus is K,=5000 kN/m®.

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/mm? the Poisson factor is v= 0.2 and the elastic
modulus is Eqy,= 30000 N/mm?,
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Fig.1 the building frame located on the pile

Il. 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
(10° up to 10%). 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:
v' The rigid foundation and the

superstructure

elastic-plastic

v' The rigid superstructure and the elastic-plastic

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 |
COMPARING SYSTEM FOUNDATION RESPONSE WITH TWO DEGREE OF
FREEDOM WITH THAT OF ONE DEGREE OF FREEDOM

foundation furteln one degres fwo degres System's. paramaters
- e g I Q X %Smﬂy
. . . I I 2o (X em | 2w | vanance e degree fwo degres
v" The elastic-plastic superstructure and foundation () | Km | Lo |5 I e | & I =
1 500 10202 | B0 | 3T | 10M1 | 1636 | 1603 411 B = 102500
This structure will be designed and analyzed in the system 1| B0 | L | e | 439 | B | 2 | 315 | w4 &y =102
with two degree of freedom. It is presumed that T= 0.25 sec R R AR R R “5“7339;@
and T is the natural period of the structure. The proportion of P T BTV TR R TR ICXVE ITRTR TR I YYTa B AL R “;;"2409er
- "
explosion time to the structure period is equal to 7 =0.12 Sl [ em | we | @ | em | an | | | AR e
and the high pressure resulting from the explosion R, =I5V
corresponds to 70 kN/m?. Byt
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TABLE Il
COMPARING SYSTEM FRAME (SUPERSTRUCTURE) RESPONSE WITH TWO
DEGREE OF FREEDOM WITH THAT OF ONE DEGREE OF FREEDOM

Row | Frame ong degree two degree System's parameters
resistance Plssticity
| A | X G 4= ﬂ K (o | X[ 4e L variance | Q0g degree two degree
Xl Xl
1 180 O[O | W | T4 | 54T | B A8 [y <9000 | &~ 1OV
2 6 | 65 | Wy | BI | 6 | 8% | 98 | 3 | F =400 |Gl
1, =30806%
j 150 63 wg | 151 | en W0 [ 1M | s | R =330 :
’ - : - o #, -0
] 128 s [ mes [ ons | s [ ®mp [ w17 - M0
100 450 [ 13086 | ;e | 4151 | | 20 1617 E = 40000087
£, =157
Fug =450

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 (Po/Ry) (Po is the exercised
peripheral power to the model and R,, is model resistance) in
different (T,/T) (T, 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 Il
COMPARING THE RESULTS OF THE THREE-LINE ELASTIC-PLASTIC DIAGRAM
WITH AN IDEAL (TWO-LINE) DIAGRAM ON THE STRUCTURE RESPONSE

Flasticity | three-line | amount of
P;’IIRM %ﬂ factor of | system | diference %
two-line
system
0.2 12218 1.1566 £313
0.3 1.0602 1.5821 1.:8
4 28424 27562 30326
& 0.6 X | 4 5008 2370
- 0.5 7.70 7.56 136
o 824 208 168
1.0 10.92 10,75 12D
0.2 L1t 204 274
0.4 6.005 £.007 1.60
3 [ §.52 8.71 1.31
0.6 12.07 11.02 1.21
ne 4.7 2430 .57
1 1.7022 1.6531 112
0.2 503 407 1.28
= 3 102 11 11
N 04 17.2 17.046 078
0.5 2137 21.21 .71
005 1.7234 1.71462 .42
10 0.1 5304 526 0.62
15 1108 11.03 055
0.20 18,02 15.06 [ =

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.

REFERENCES

[1]1 An outline of twenty first topics about buildings national regularities, the
housing and building research centre, sixth edition, Aug. 2009

[2] D.O. Baker, and M.G. Whitney, "Design of Blast Hardened Control
Rooms", Structures under Shock and Impact, Proc. of the second
International Conference, Portmouth, U.K., 16-18th June, Edited Bulson,
B.S 1992.

[3]1 G Bela , "Design of Buildings to withstand Abnormal Lo, ding",
Butterworths, London. 1990

[4] H.M. Farag and P. Leach, "The Elastoplastic Design of Reinforced
Concrete Beams and Slabs Subjected to Dynamic Loadings", Proc. Inst
Civil Engg . Structs and Bldgs", VVol. 122, pp 117-123. 1997

[5] J. Henrych , "The Dynamics of Explosion and its uses”, Elsevier
Scientific Publishing Company. 1973.

[6] 1S: 2911, "Code of Practice for Design and Construction of Pile
Foundations”, B.LS., New Delhi. (Parts Il 111/IV)

[7]1 Kinney, G.F. and Graham, J.K. (1985), "Explosive Shocks in Air" 2nd
Edn Springer- Verlag, Berlin

242



