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Abstract

Recently, expansion of urban and social infrastructures is planned to go through the transfer of mlitary facilities or
crossing the infrastructures via underground tunnels. However, when crossing facilities such as ammunition and
explosive storages, a high level of safety assessment is required to prevent an accidental explosion of ground
ammunition. In this study, a case study was conducted to evaluate the effect of blasting for the construction of tunnel
on the ground ammunition facilities. The design section of Sinansan train operated by the Korea Railroad Authority
with agreement of the Ministry of National Defense was selected. For the purpose of this study, the vibration velocity
due to explosion was predicted by using GTS-NX, a numerical analysis program. Through literature review, it was
confirmed that the vibration velocity of 0.2cm/sec can be a safety evaluation standard. These safety evaluation
indicators and procedures used in this study can be utilized as an index of safety evaluation in the planning of social
infrastructures that cross the ammunition facilities in the future.
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Table 1. The tolerance standard of singapore

Maximum allowable

Utility Installation peak particle velocity
(cm/sec)
Gas All 25
Power stations 1.3
Sub-stations (major) 1.3
Sub-stations (minor) 25
Electricity Underground cable 13
joints :
Underground cables o5

& pylon foundations

Non water retaining

= A9k A 0?}‘_]—_9,__/;3]]@' ZE 7l GTS-NX structures & water 25
mains
MIDASADE ol83fo] i <la) glokio] whasi 11 Weter ——— .
AT E o5y =%] 7} e SLzx2 o] & structures :
S4wg sk, oA5E gl dheis T8 o e "
SREEE AT} vlustglon, o]E &) x|l gy Drains & Sewers Al 25
Highways Al 25
Telecom_utilities Al 25
. . A Housing estates,
Field investigation Schools Al
Other structures (Useless specifically 25
Ground Structure modeling ~ Buildings stated otherwise)
Determination of (Ammunition and Explosion Private properties
material properties Storage) Railway structures Al 25
Ancient Monuments Al 1.3
. . Geotechnical modelin Medical Centre, All (Unless agreed
Numerical Modeling (Tunnel etc) g Hospitals otherwise) 05
l Places of worship Al (Utr;:ess_a%reed 05
. - Explosion modelin otherwise
Numerical Analysis xp | 9
(Limited vibration velocity) (Tunnel etc.) Fresh concrete Less than 2 days old 05
l 2 10 8 days old 25
Safety Assessment More than 8 days old 2.0
Slopes All (Unless analyzed) 05

Figure 1. Process of safety assessment

& retaining walls
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Table 2. The tolerance standard of South Korea

Allowable vibration

Design criteria Building types velocity (cmsec)
Culture heritage area 0.2
The Ministry of Land, House & APT 0.3-0.5
Infrastructure and Stores 1.0
Transport Reinforced concrete
: 1.0-5.0
structures & factories
Concrete structures
The department of labor with/without brick walls 10-40
Seoul metro standard of Reinforced concrete
: structures, 4.0
construction
Steel frame structure
Korea land and housing  Reinforced concrete 10 - 40

corporation structures

Table 3. The tolerance standard of Russia

Allowable vibration velocity

L (cm/sec)
Building types Repeated One-time
vibration vibration
Hospitals 0.8 3
Residential houses 1.5 3
Public facilities 3 3
Business and industrial structures
Reinforced concrete structures for
business and industry thransportaion 6 12
tunnels
Metal and block reinforced concrete
12 24
structures
Secondary mine opening o 8

(service life up to 3 years)
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Figure 3. Ground and tunnel mesh design
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Table 4. The results of soil investigation

Location Layers Depth (m) Thickness (m)
Weathered soil 0.0~7.0 7.0
A&B Weathered rock 70~117 47
troops
Soft rock 1.7~ -
Weathered soil 0.0~11.2 1.2
Weathered rock 11.2~18.8 76
C troop
Soft rock 18.8~46.5 276
Hard rock 465~ -
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A troop

Face of tunnel
& charge hole

/

Figure 4. Location of ground ammunition and explosion storage
facilities and representative nodes for A troop

Figure 5. Location of ground ammunition and explosion storage
facilities and representative nodes for B troop

C troop

Figure 6. Location of ground ammunition and explosion storage
facilities and representative nodes for C troop
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Table 5. Dynamic properties of soil layers

Properii Common value C troop A & B troops
roperties
P Weathered soil Weathered rock Soft rock Hard rock Soft rock
Unit weight (kN/m?) 19.8 22.8 235 24.7 26.86
Cohision (kPa) 20.15 30.1 8,100 13,100 13,100
Angle of friction (°) 295 32 453 50.8 50.8
Absorption (%) 10% 10% 0.2% 0.5% 0.59%
Dynamic shear modulus (MPa) 715 824 5,190 7.850 34,060
Dynamic elastic modulus (MPa) 831 2,400 9,973 20,900 82,040
Dynamic modulus of volume change (MPa) 5,180 9,140 14,700 20,700 46,248
Poisson ratio 0.463 0.456 0.379 0.332 0.204
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Table 7. Parameters used in dynamic load

Parameters Value
Ve 5,900 m/sec
de 50 mm
Oh 76 mm
See 1.3 (high explosive emulsion)
B 16,338 (constant)
Charge weights 20.0 kg
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(a) Time = 0.005 sec (b) Time = 0.025 sec

(c) Time = 0.075 sec (d) Time = 05 sec
Figure 7. Contour plots for A troop model

(a) Time = 0.005 sec (b) Time = 0.025 sec

(c) Time = 0.06 sec (d) Time = 05 sec
Figure 8. Contour plots for B troop model

(@ Time = 0.015 sec (b) Time = 0.02 sec

(c) Time = 0.06 sec (d) Time = 0.5 sec
Figure 9. Contour plots for C troop model
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Table 8. Analyzed maximum vibration velocity

Location Storage number  Maximum vibration velocity (cm/sec)
Storage 1 0.0129
A troop Storage 2 0.0173
Storage 1 0.01
Storage 2 0.0115
B troop Storage 3 0.04
Storage 1 0.0188
Storage 2 0.0194
C troop Storage 3 0.0169
Storage 4 0.0163

QA b, BT EOFL 3 $IXjelA T $)xle]
W3 - 2 HmbE SEsh WA ROE dzEn,
ol thit WS TEHE ) S1GUFLEY] A0



Safety Evaluation Method for Ground Ammunition and Explosive Storage Facilities due to Underground Tunnel Blast

9] Zlsd= 15T,
0.02cm/sec?] 527}t
%o 0. lem/sec?]
Sh= Aoz d#A Qlrt,
AEEE7) 0. 74em/secyS 11H5FHS wf ghekar
of| A} ZEshs FHeloll Sfelixe Ayt st R,
ol &% A5<4w2] 0.04cm/seco] QA= EA|71 BHAY
S1A] 92 A= o

=

T

5.2
B AT AF FEBY AUS 5 Furao]
AAfe] EopA o] mlX| = S
Y - 9] 715 Ak BEENE Al
shgick, ol Slaf BT TESH: 4
AEF RS olgato] HgAS it A
T2 SASAE B 55, HekT

oFio] QNS HESHT HelT el
23 o] B ALE S A
baom, 7bg 2 dksigo) 248
B E 7|20 A Muh A
oFm7 A 91A19) A E o] HEY
ARl T2 i} SEE BAsEI,
718t oz} Qlke] el ofs) WA 4= g
Ao vlwslol Ao Qb

T
o=

ol
ol
rlr

B

It do
ﬁt‘

i
2 ok

YO
o~
mu)

ki

o

[e]

s

!
Ay

a1

|

e

X,
lr rO

T

£l 1o
e,
o
ol

&’l

flu)
T

=4 Mo
!

f

)
rﬂl

H1
e
ol

ol

o
ol ;9‘
™

2
lo
ol
2 -

A

il

3)4

>
3

Lo = d

ok
bt
o

3
;

of
d

chell A 2
ohl B

=
o
i,

I}, A Fojel B o, T12jal ¢ F
EEEE FABH A= St
34 Ede] wo ZAER Q3
oh2 YIXJof| wlal} w9 2 HlE &t S Zlos
oA SE| Q) o] Aol od&H Mg+ 0.04cm/secE
ol AIFIE FREQ] o|SFEter o] dut Y]
T 4821 2.5cm/sec®] oF 1.6% o™, 71/ ul-g-FollA] AJA|
Sk A& AJsld Wbl sl-8gkolA w3 2 Jd 714
A A& gt 58 2E &0 2cm/sec, FH4 5187
)9 oF 2092 & EAZE WASHA] gk AoR
TAEGICE E3E FRo] Al HEe] Esdhs

S oprl ZAIE AR eskE e alEel Ed

it

=]

oz
—

To et

¢

-{OY‘J

>
3
il

o] EJok

=

AZ Z ek A5 Ee] o3 Helel el sepn
W QIR R TS S 9 A0 Bt

338

Aofitol tiek S23 ¢
Rt ANE =SsP] flsid 7R
(Validation)o] 8k, E3h @A ol 85h=
AT 'hefal, ol R Y |
E AEZ R kil 5871
ddiel Hevieol A=
I B7PIES 2t

oltt.

AT ALS)Z|HEAE O] St Tigt 4= = Q8] AR
o] oot A9 ekt A&H o R sl §)
o} 2y AT e A ST wjofl= ghefo]
R o7 ENElA| Qs 1w O] QP HrPt A
ofof gt} olof X5 fL2ES] S $I5h Wupatelo]
Ape] ghekaHof| mixl= Faks B8] el =rdet
A EA AT o] QJaf M=l AlQHA HA A
A AARTE 5 A B S Satsto] sl BdT
2| el AR ATE AATsIGATE EHE Aol
&5 A 223l GTS-NXE &85} o
[ BHARALE Bl e e 2B dieiix
o] JaFS v|A|A] %= 0.2cm/sec?] AN EEEE
g 77|02 AAstoint, &2 Atolla S84 <t
1] B7IR) 3} Ak 9 BRRAAS s AR

M AR A QA BN AER B8 5 e Aol

¢

|

N 1o
ol

N

¢

A

= A A |
o4 FN

Mz o oX

=}

o
A

A

¢

=

Il9E



ORCID

Sang—Woo Park, http://orcid/0000—-0003—2381-3146
Kuk—Joo Kim, http://orcid/0000—0002-9747-1807
Young—Jun Park, http://orcid/0000—-0003—-4006-8192

10,

11.

. Singapore Power Assets,

References

. Kim JO, Cho YJ. A study on the proposals for improvement

of the national emergency management system based on past
disaster cases, Korean Journal of Construction Engineering
and Management, 2010 Sep;11(5):24—33,
https://doi,org/10,6106/KJCEM, 2010,11,5,24

. Park YJ, Son KY, The study on the sustainable sharing plans

of military installations for a civil military con—existance,
Korean Journal of Construction Engineering and Management,
2016 Mar;17(2):110-7,

https://doi,org/10,6106/KJCEM, 2016,17.2,110

. Son MR, Jung YK, Yoo JS, Hwang YC, Moon DH, An analysis

of explosion vibration standard, Tunnelling and Underground
Space Association, 2013 Oct;15(5):29—42,

. Lee JW, Ha IS, Oh BH, Shin DH, The explosion vibration case

of real size dam, Geotechnical Engineering, 2011 Jul;22(7):
8-15.

Material and Workmanship
Specification, Design and Construction of FEast—West
Transmission Cable Tunnel Contract EW2, Singapore: Rail and
Engineering Groups; 2011, p. 8-15,

. National Highway Institute, Rock Blasting and Overbreak

Control, United States: Federal Highway Administration; 1991,
415 p.

. Department of Defense, UFC 3—340—02: Structures to Resist

the Effects of Accidental Explosions, United States: Defense
Technical Information Center; 2008, 16 p.

. Stagg MS. Siskind DE, Stevens MG. Dowding CH, Effects of

repeated blasting on a wood—frame house, United States: US

Department of the Interior, Bureau of Mines; 1984, 47 p.

. Ministry of Land, Infrastructure and Transport, Tunnel

standard specification, Seoul (Korea): Korean Tunnelling and
Underground Space Association; 2015, 126 p.

Ministry of Employment and Labor, Explosion work standard
manual: Act 26—94. Korea; 2018, 25 p.

Ministry of Land, Infrastructure and Transport, Standard for
permit of blasting noise and vibration, Seoul (Korea): Office
of Audit and Inspection; 2002, 51 p.

339

12,

13,

14,

Korea Land and Housing Corporation, Explosion noise and
vibration tolerance standard, Korea; 2007, 64 p.

Starfield AM, Pugliese JM, Compressional Waves Generated
i Rock by Cylindrical Explosive Change: A Comparison Between
a Computer Model and Field Measurements, International
Journal of Rock Mechanics and Mining Sciences, 1968
Jan;15(1):65—77.

Lysmer J, Wass G. Shear waves in plane infinite surface, Journal
of the Engineering Mechanics Division, ASCE, 1972 Jan;
98(1):85—105,



