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Table 1. Properties of soil considered in model
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Fig.1. Schematic view of loads applied to the structure
accordance with TM5-855-1
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Table .2. Results of maximum pressure on concrete cover of
underground structure under surface explosion with 500 Kg
TNT
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Fig. 2. Soil pressure variation under surface explosion in
different times and steps of formation of explosive pits in
numerical model
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Table .3. Results of PPV with numerical, TM5-855-1 and
smith method with 500 Kg TNT

Sous ki 9 (S ilwamis -0
0 9 o3l Sous i V-0
S gl 5l fo > @LS.': Sleslaal b s ol s
)\)Bojl__.wvz-)u 6“}‘){‘}}@6‘3)&).)& d.l.a

S axtlae S48 W)'ﬁ)'ajbﬁo.l..i .))b)\.g ‘.x.,lef

o) 8 0l (89 SRl §I Sdue i V-0
Sl 5 bedd (oluand Jue s bl Jol s (V) S
s e 0L 1y Obey s dS = s pls 5!

3o e 534S 355 e sdalie S5 (pl 4 ar 5 L
o3be Slniil 3 ol (g lomisl Wl Slniil LT L Ol jan
Sl L ol s 2 s e JSET ) e 3 6 ki
5> Gl byl b o I O plat 5 Ges Ol
Fe VAL O plad 5 (52 Y70 Ges U Ladde alas
S oy 58l

Tl oged sdalis Olg oo I3 @ a5 b e
23 89S glsel Do a0 i ool il ) Lol



ARGVA JL&/W&)L«J:/&))} 093

S O VR R N T PR K WP ST CP VS SR L

J:Ab j;kw il

Sl osle oy dsb el syl bl Sk 5l Jo -
el kel (TM5-855-1) asliipml 5 (g3 o3, 55 ,a

TR IR AR N WEICOY DI PR |

a)L»&JLBA.G&‘f‘b_}ob}a;;f)féJJ&&))ww

TNT (:J_fjlcsoN B B I USRS o5le 6,198 ,L Jles! b amlis £ g

TM5-855-1 AUTODYN
R
Kin  Lateral load 1/5 coefficient Regulations Roofload Kny  Lateral load Roof load M) W(kg) No.
0/58 1/74 4/5 3 0/65 1/5 2/3 10 1
0/75 0/3 0/6 0/4 0/6 0/22 0/37 20 500 2
0/82 0/14 0/27 0/18 0/67 0/11 0/16 30 3
0/86 0/086 0/15 0/1 0/73 0/065 0/089 40 4

Table .4. Results of surface explosion of underground structure with 500 Kg TNT
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Analysis of explosion loading on underground structures under
surface explosion

Abstract

Most of underground structures are designed and built to withstand the effects of precision penetrating
weapons and heavy bombs in the soil. Usually the depth of the structures is high and there is no possibility of
missiles to the main structure. Accordingly, the design of these structures is performed for blast loads. The
explosion phenomenon is a type of high strain rate problem that requires dynamic analysis to solve. Also,due
to the interaction between underground structures and soil, the analysis of these structures is affected by any
type of nonlinear analysis. Thus, the analysis of underground structures in simulations affected by the
explosion is a high strain rate problem that requires nonlinear dynamic analysis. There are two implicit and
explicit solutions to dynamic analysis that, given the explosion problems, their analysis is explicitly integral.
The loading of underground structures is often based on the relationships obtained from theoretical and
experimental research. Currently, the most important reference for explosive loading in the field of
underground structures is the US code (TM5-855-1) provided by the US army. The numerical simulation
methods have recently been widely used as a novel method in the calculation of nonlinear dynamic loads.
According to the researchers, among the explicit software available in AUTODYN software, due to its ability
to solve very high strain rate problems, it yields good results from simulation and explosion problem analysis.
On the other hand, the explosive loading of underground structures is often based on theoretical and empirical
research. In this study, a numerical simulation method was used to analyze and simulate the effect of the
surface explosion on the underground structure. Also, all the simulation steps were performed using
AUTODYN hydrocode. In order to analyze the loading and response of underground structures, the effect of
the explosive charge weight and the depth of burial of the structure has been studied and the numerical results
have been compared with the relationships presented in reliable US scientific and guidance sources. Finally,
suggestions are made to improve the loading of these structures. Also, considering the results of the load on
the roof of the structure, it was observed that the values of the US code are conservative compared to the other
two methods. Therefore, it is recommended not to apply 1.5 incremental coeficient load to the structure in
accordance with this instruction. The numerical simulation results including a comparison of maximum
pressure and the velocity values with the values provided in the by code (TM5-855-1) showed that the
predicted values for the maximum pressure values larger than of instructions America's Army. The reason for
this is that the code assumes that the investigations take place in the full explosion range (mating coefficient f
= 1), while in the numerical model under consideration, the explosion is formed at the joint surface of air and
soil. Hence the coupling coefficient is equal to (f = 0.4). In other words, the depth of the explosive charge is
almost zero and there is little difference between the results.
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