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Study for Reducing Safety Distance by Installing Ammunition Storage
Facility in Underground
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Abstract

With increasing interest in an underground-type ammunition storage facility, several design results have been
provided recently. However, since not only experts in the tunnel but also military persons in charge of ammunition
have not fully understood the safety distance standard, reliable design results are not being produced. In this study,
the effective design method of an underground-type ammunition storage facility was provided by analyzing the current
safety distance standard. First, the critical safety distances that dominate the size of construction site for
underground-type ammunition storage facilities were evaluated, which are the layout of chambers and the
configuration of the entrances. Then, the decreasing effect of inter-chamber distance was studied according to the rock
type and the storage density of ammunition. In addition, the method of designing tunnels with parallel lines and
two—floors was considered for arranging more chambers while complying with the safety distance standards. In
particular, numerical simulations were carried out to determine the satisfaction of the safety distance standards when
an underground-type ammunition storage facility is composed of two—floor and the decreasing effect of inter-chamber
distance according to the inner explosive pressure reduction. Finally, the method to adjust the size of entrances and
the path of pressure were studied for decreasing the safety distance at the entrance.

Keywords : underground-type ammunition storage facility, design method of ammunition storage facility, safety control
standard of ammunition and explosion, safety distance
LA & 3 AP mFs) 9k, o] u, wekiv} S os
A = 3%, Jﬂrll 4 Jag)7], d 59 a3t EAy
gloprrls glots Fejshs Jgke Ssin], ypro] SR A S AKSOA HshE S H. ol gXst
= wiobuRt ojjel Al AP, MY 5 e 7] 99 Set ) B0 cbelie Ao sebs)
2 APE Aolof) Ha om 71?4—3— olZelES: %o,
Received : February 26, 2020 o]%- Ql—x-]ﬂa]ﬂ-j_ ?ﬁl?é}]_:_ ) Ql—;ﬂ}]a]}_—_ ;(1?(1-5]}1_:_ 1_J'=
Revision received : April 27, 2020 o 2ol =ap = o]: A w
Accepted : May 9, 2020 -’] O llgl"é_o =, Fﬂbﬂ u ﬂ H]-:I‘ ""Zﬂ‘f_‘ \_]_—
* Corresponding author : Park, Young-Jun 75.?_]_ 11:,]_-01{]7__,] O]'x']ﬂ‘j/]}:‘ *}d"‘ﬂ Z 101/“] T’H LH }‘Vé

[Tel: 82-2-2197-2955, E-mail: yjpark@kma.ac.kr]
(©2020 The Korea Institute of Building Construction, All
rights reserved.

253

olelolis e o] Aol e ke Holtk
wjebd glokrojis 2 Wz A QFaZ] 7]



Study for Reducing Safety Distance by Installing Ammunition Storage Facility in Underground

28 SIS We FohaAE sl B, Aze

= g7RAx

A|942 S S WZRHALE ke FeiEo
o] Whgst ol golch AP 2 %
=] wsle Q19 B 9 A
9 Aol ekt WAo] 2
AL Aw Gorsol] 2

JE HIAE Ve e S
A7} 7182 AVl o mshE 4] ek el A
7} ofzt FE=E] At Ede FA g2 A 79
2 7] ghZolt}. &, QFAZE HolA o= Al
A2 wsiE A =il A2t mafe A ok o e
L o= o] s WAL < ke Aol ol
ZZolk= A5t ©efare] it Bo] J4sHA| S71skL
ATk A3t "l ©ofle] Fdto] ofsf WAslE &
Hee A UiFel 7k o Sltke Aol it mebAl
Aot mhHo] ot KA ABRE S48 &
At o, A5k gefare] Hisiee ARt 520 ot
FAARE F7h= aEsiEolof s, 2 Sl A%
o AVSE defare] 3% uhHef diek dAz]e} v
wolo] - A APgEL S 0R Aoy "ekns

et &

AASH = duieh AR Fo] Fd=e] HEE 4 9l
7] thee] e B dYoRn FEs] FE 28

& 5 A =

oSt TSR 22 71N o Fo AR Aoz A5
RIS ARSSRE AR EALs|al Jint 715 of o] AR
o, 7IE Wit FAIE ARJoke "ol "efEE A
oy Btefaro]] AAIA A PIARNRE RS S44]
7|3, SRE FAE reg 5 AR d4] 5 A
ol 285K Talolh. I Ee AR 182 8%
Al fRske "eprle] diEe gol ol Aqdde
EWS o glom, gefitie Jofet 1A19] TS A=
& A 71 ot 2[5ty "gefrs 28 4 itk A
= T #I51 =efal FiAE] 71 vt At FES)
o] o & ARAEE R 8-S sk SAISH

o]

, PR 7ol |eF APgell diet 71E=E
Et AR e A 2t =S 9 &
Tk Holtt. et AAET T mgsiA] ko < ol
e VRS AEisAY vl Ade 7R B

N

(0]
8
N
O_L.r‘orl“_(r_u

AN

|
B
i

254

A

7]

gaEs

T

7R PO St 7]
el = 52)9] At o] A

la}

il

Al e
st WA %
285, Aol 4
Aelsigiet. et Qb

-—

erMIiE| J|E 2

7152 OHA IR Hieh o] Bk 9l ZikE
o] AH AR QIgh Igzt At HelE HAskeleE
gokof| sl ek 9 EHEES: AstopAu ghefaret
Al AlolQ] oA E Al ol EoiFlct. =Y
== DDESB 6055.9-STDE <7k el 1l 2k
A7 |ES 2Mdolo] EoieS ofgleH, kA
7184 o] el SIS ATAE S 1] =
1ol Feolo] st 2 A1 9 oS SS5619ict =
Qo= =] EAE JEete] 7] kA V1SS
A g3h Qlow HIEAOE NATO 3l¥=2] AASTPSL}
UNY [ATG(nternational Ammunition Technical
Guideline) 5°] 2ItH2,3).

HE el 2dlshA =W Z39L 1, 24 ohE, &,
SEIAREA| 59 HE AVt s, o] T Z3<dTt o}
o] PHAE Aol Fa35t Ygolct g, Hod
of 3t} &, =gl met A EE F 471

o fr mx

o W

2 798 % ol A AsH B 4 G
ANl efes FANEARIBD:  Inhabited

Building Distance), 91t Z24 23 2jF 5of| tiafA
+ 32 AZ(PTRD: Public Traffic Route Distance),
gele] ARdS gt Fd i AEEEol HieiAe W
Az] AZ(LD: Intraline Distance), TFAHOZ Q1F &t
oF i gt A 9fRt "eral 7+ AZI(IMD: Inter
magazine Distance)= AJsto] 1785k Qle}. Hasjof
S tidel wet 51 8E= Hof Bt tEus, QEdA
7|&4o] H% ti=cKFigure 1).



Inhabited building 1
distance (IBM)

e e 30 :
Inter—magazin‘e\‘ %
distance (IMD) Public traffic

route distance (PTRD)
Intraline

distance
(ILD)

Security of the force

Figure 1. Safety distance standard according to facilities
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Table 1. Standard for inter-chamber distance (ICD)

ICD (m) Storage density of chamber (w) Type of rock
0991 W' w < 4806 kg/m®

Normal/Strong rock
1982 W' w > 4806 kg/m®
1387 W' - Week rock

% W = Total net explosives weight in chamber (kg)

Table 2. Inhabited building distance (IBD) by ground shock

IBD (m) Storage density of chamber (w) Type of rock
23 W' W < 4806 kg/m®
o 5 Normal/Strong rock
5.414 f,W w > 4806 kg/m
4.808 f,W* - Week rock
0.91 f,W** - Soil
# 1y = 0.116w°°
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Table 3. Safety distance standard for underground-type
ammunition storage facility

Effect IBD PTRD ILD IVD ICD
% Critical thickness at upper ground of chamber
Spall - Satisfaction: x )
- UnSatisfaction: O
Ground o
(dzhsclage (severe x X X
prevention) damege)
60%
50 of
m IBD
Fragment (10°) o 59 m (10°) x
whole
effect
Blast o o
wave O , .
(@owele (6283 kPl eiter (B2
pressure)

% IBD: Inhabited Building Distance
% |LD: Intraline Distance
# ICD: Inter-chamber Distance

#* PTRD: Public Traffic Route
Distance
# IMD: Inter magazine Distance
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Figure 2. Schematic of safety distance standard for
underground-type ammunition storage facility
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Figure 3. Safety distance for ground shock and Inter-chamber
distance according to net explosives weight in chamber

[=2}

= n
! !

3%}
Ly |

(5=}

Inefficiency of site utilization

—a&— Strong rock (w ~ 48.06 kg/m?)
9 ®— Strong rock (w < 48.06 kg/m?)

4— Week rock
T T T T T T T T T T ]
50 100 150 200 250 300 350 400

Total net explosives weight in chamber (ton)

o

0 450

Figure 4. Site utilization efficiency regarding on rock type

HA AR Eoko] & Zoko] g2 A4 7t 4
2jo} XuEEZd] gt FAAEAR ] HslE Figure 3]
Uehich 24947} AuSAL 743t ol o 2 At
=og AFUTr} 48.06kg/m’ 27 A9 A4 7F Ha
Azlel AHkEZ0) gt FAA LA 733t ohlollA ¢
24 e A & 5 otk ok AR}
48 06kg/m’ o151 A% okat QhhET} gt Qhlol A @
32 AukEZo] ofgt Wal} Asl=|, E5] AkEAo] of
g FANEA o] AR RS B1g 4 gt
olo] ko] FHe} elofo] Aol WE Hx| E8o]
BE/dE Figure 49 YERATE Figure 49] y&2 ZH5
Aol gt FANEA o] A4 7 FaAREA A4
X2 ofet B2 UnjE F8A 0 ka3t 4 Q)0
ot AHES Uehict, B0 okt et A9 71 ]
B89 BAEgo] dEsn, 75t lolN A
48 06kg/m’ oJetz et Hhdo] 71 #2491 Bx|g
4 Wo] | o HAEo)

ol

257

Chamber /,Tunnel Inter-chamber distance
% | C
[ LT |
a [ LT ]
B 7]
[ J [ J
I
1 Ground [ \ ) L

(@) Tunnel of single line (b) Tunnel of parallel lines
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Figure 6. Schematic of chamber arrangement with two floors
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Figure 7. Contour plots for inner-explosion at chamber

Table 4. Velocity of ground at point 60 m away from chamber

Location Upward Downward Leftward Rightward

Velodity of ground 62 cn's 711 cmfls 712 om/s 710 cmys
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Figure 8. Schematic of protective structures in
underground-type ammunition storage facility
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