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The Enemy's threats against Islamic country have obliged the military
force to regard the importance of underground spaces as safe structures
against air strike. These structures are capable of protecting military
equipment such as ammunition store and non- military targets like urban
tunnel from missile attack. The design of military and non-military
infrastructure should have a proper application against natural disaster at
peace and war time. There is no written standard in terms of the effect of
the projectile blast on structures. So, Numerical modeling is the
economical method to be applied as the useful tool in engineering design
and analysis. In this study, the effect of main parameters on stability of
underground spaces subjected to explosion wave has been considered
and suggested the safe design for these structures. In this regard, the
influence of the presence and absence of water condition, geometry and
dimensions of underground spaces, the tunnel depth, the geomechanical
properties of rock mass, stress ratio, the size of crater and the horizontal
distance of projectile collision versus amount of particle peak velocity on
underground spaces have been taken to account, using FLAC3D software.
Then, tagochi design method has been used to assess all mentioned
parameters. The results show that, in variance analysis, rock mass
classifying and stress ratio have the maximum and minimum effect on
underground stability respectively. With regard to input parameters,
water was accounted as damper and among the geometries; circle- shaped
tunnel is the best shape. The tunnel cross section should be small and
optimized. The stability of underground spaces is improved with
increasing depth, owing to the better quality of rock mass. The higher
crater distance from tunnel and the bigger crater are caused less influence
on stability.
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Geol. Eng., 2006, 24, 227-248.

P SPEEN NN P S B F eSS S I N g
2 Jog ahie (wain JSE 3L () oBLS (ESL
e il NS L 1 Ceos el aY o Shee

D Jlow g wiblay lacs,5ld 5 pole iyl sols alns
ATAY &) amis o) ojles

3l5e Hlgi s coibes] b sl 5 so0e g3l o o]
g0 &3, gt ol 5l 0wl Cawsd & =l Glee 41y 55

5 sl o e slad Slasl L g ol JYW-ER

A aley e Loyl poges ool byt a ) ol s

Gloyd ey Jlade palS el as Sl Jole G olgie
oo rals ) lrasl 51 a6 Ol jlus g oo

ol b5 a3 Jelge oaled 4 a9 b 59l ablie Y

356 zae plr 50 ol Gliee 1S b talejl ik 5o
slal Jolie )0 ablie gl coglsl ais gy, Ll
J sanle gblio 4 bgpe cod e Jlonil 5l (80 (Sl
bgnye dlgicor yol (nlddlboe S5 (elatas 5 (9 ccon
kel (2l sla)lb Jolie o 48 (sl 3L
FosS il 5 L8065k Jlie jo ol az 2 0Bl 5y e
48 oo Yl oo (UL Oliee Bl 6568 sl gl
o3l 55 (3 zgn dVF] Jlonisl (lSail (5,95 @ a5 L
Silmirel St 45 39-B o0 4o (nlpl Nadioo )55 %e
shlsas sl Lol ataio duwdin ( o)) sboojle
Ot =l 00 45 sl DLl (gl Cgz el i gLl
ity aabo Gyt Olsie ]y ol ghie mhw Gl o

Dged

LS“A—SS) 6“’)5 [GNR N )ASLD U‘)—““ = JL:U‘ UMJ‘}J‘ AN

Dol Gllidl alade slal ax o aS semtay 0SS o Wyl (s0gr0
QHG_A ).))L)._)L)l; J._Jy 9 uh U"’""J‘Jl Lg‘o)é C Q‘)‘A
DOl (6 5SS slal lils sy slad 4z o jguaadl o>
b ass o a5 gan [l 5l L6 Zlesl blae o
ahaie olal (n Faige o 05 @ Ly (e slaojle (b
Fadro & g yie 55 SIS g i i) 5o oS e Sl

Foe el Olyie & Gein) laoile o Ges sl ¥
U eyl )3 mledor BB il ojle lub e 2
Coal Pl il 51 56 syl pln 5 o3le (65518 Bos
Wil 53S0y il e 4 5 eS ojls Bos az o Zul
Golomly 4ot jo g 4l Slalidl gl ey STas lade
2 kil 5 (U zse e ol cnl o oo 205 Jig
Abl oo ob; sloalols

Ol 30 Siwodgh (quwdige ol yal)ly gy ;o 0
sl slayl ol o i slad Blbl ol yd Gl )|

o mll o el C)-.‘.)S)‘;‘—?):tﬂ-’" Olgre a4 eyl (ol ol



VEe¥ ks o o losds cpguw Jlw € Suijle yood g poler ol alxo

¥5

[14] Nagy, N. M.; Eltehawy, E. A.; Elhanafy, H.
M.; Eldesouky, A. "Numerical Modeling of
Geometrical Analysis for Underground Structures";
In 13" international conference on Aerospace
science & aviation technology, Egypt. 20009.

[15] Nagy, N.; Mohamed, M.; Boot, J. C.
"Nonlinear Numerical Modelling for the Effects of
Surface Explosions on Buried Reinforced Concrete
Structures”; Geomech. Eng., 2010, 2, 1-18.

w“‘)ﬂ" Sy 5 50 00l ide JLb aamme , ol [v¢]
653,90 alllas (o5 sLadiss 55, ¢ olniil gge 3l
ATAD ¥ o) asmio F ojled ¥ Jlo copes aiblay slacs ol
[17] Mitelman, A.; Elmo, D. “Modelling of Blast-
Induced Damage in Tunnels Using a Hybrid Finite-

Discrete Numerical Approach”; J. Rock. Mech.
Geotech. Eng., 2014, 6, 565-573.

[18] Montgomery, D. C. “Design and Analysis of
Experiments”. John Wiley & Sons, 2008.

S, g oles Lo,y e Slyes s cblaae wooly cas i [V
AV dao i MK cwaige
[20] Alamut Bridge and Building Engineering Co.

“Design and Calculation of Concrete Segments”;
2006.

[21] Hustrulid, W.A.; Kuchta, M; Martin, R.K.
“Open Pit Mine Planning and Design”, Two
Volume Set & CD-ROM Pack. CRC Press, 2013.

[22] Jimeno, E. L.; Jimino, C. L.; Carcedo, A.
“Drilling and Blasting of Rocks”, CRC Press; 1995.

[23] Itasca Consulting Group. INC. “FLAC-Fast
Lagrangian Analysis of Continua”, Version 5.1.,
Minneapolis, MN, 2012.

slga ohleasl " oles 4o 6 s T dil Coos ol [V

YA oS el gimio 2 Riils

oils )8y 2" sy c0dly £ | i o ¢ eelont [0)]
Vbt - 69,50 asllae) g )lxiil sla )l il cod s
S RS Glnl i S rentin (O 9%

AYAA ) Bgs cpezl oyl o oy
[6] Wang, Z.; Lu, Y., Hao, H. “Numerical
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