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ABSTRACT : As the scale of the economy expands, the number of cases of damage in enclosed spaces such as tunnels is increasing
due to the accident of transportation vehicles of dangerous substances such as explosive flammable materials that have increased
rapidly. In the case of road tunnels in particular, in the aspect of protection against the long-winding trend and the environment in
the downtown area, the number of cases of passing through the downtown area increases, and securing the safety of structures against
unexpected extreme disasters such as explosions during tunnel passage is very urgent. For this reason, developed countries are already
conducting a review of internal bombardment, but there are almost no evaluation and countermeasures for explosion risk in Korea.
Therefore, in this study, in order to evaluate the explosion safety of road tunnels, a boiling liquid explosive explosion (BLEVE),
which is considered to have the greatest explosion load among vehicles driving on the road, is set as a reference explosion source,
and the equivalent TNT explosion load is used for simulation of the explosion. A method of conversion was presented. In addition,
by applying the derived explosion load, dynamic behavior simulation was performed by assuming various variables for the tunnel,
and the explosion safety of the tunnel was analyzed.
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Fig. 1. Destruction stage of the structure due to the explosion
load (FEMA, 2006)
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Fig. 2. Types of incident pressure and reflected pressure according
to the explosion load (FEMA, 2006)
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(a) Numerical modeling of tunnel structures
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(b) Tunnel analysis boundary condition example

Fig. 3. Example of tunnel explosion simulation (Tiwari et al., 2014)
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Fig. 4. Example of tunnel simulation results (Tiwari et al., 2014)
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Table 1, U.S. department of defense’s protective design documentation system

Classification Document quantity
Unified Facilities Guide Specifications (UFGS) 919
Unified Facilities Criteria (UFC) 326
Unified Master Reference 1
Engineering and Construction Bulletins (ECB) 417
DOD Unified Design Guidance 4
DOD Supplemental Technical Criteria 18
DOD Handbooks 2
DOD Manuals 10
DOD CAD Resources 194
DOD Unit Cost/Area Cost Factors and Facilities Pricing Guides 1
Washington Headquarters Services: Building Code 1
Military Health System (MHS): DoD Space Planning Criteria for Health Facilities 40
MIL-STD-1691 Military Medical and Dental Facilities 1

26 Dynamic behavior Simulation for Explosion in Two-lane Horseshoe Shaped Tunnel



= vl= =SR] A 24 AlAlE Table 13 2

o] |E QUek WA fA ke F AE AAl A AF
t}. o]=-9] GSA(Government Service Administration)o| A+ ol 2SR %] S 3Yste] F2 v|EOF H|u A
YR 2YH Ado] AT Bl Fo® A AN ALE RS PolHE BAT 5 i Aol Yk T
ol tisiA HebdA A HiF ws) Fas gt 24 AAl A 2o iRt ohdt Mapse] sl ALEEA|
7}o]|=2}2l PBS-P100(The Facilities Standards for the Public oFS 4= 9l oFFlo] Qo g WAL Rk B ALE
Buildings ServiceyS A1 Z5k1L Qlck. Egh ol At ]y o] 94 5L AFEs} e A4S 1 S} i), 2em
(FEMA)&- 20030l Hl2|54 2] w3332 913l FEMA 2 ik 52 ko] Aot Aot HhEA] AR AR
4267} 4272 HIEIGIT LA H o8 EukE Zero] whE = o Ay v RN f3Fo] Eojoptt gttt Table 2=

24 o] AATS AN Ytk RPEE 2 o]ZA S
]

3H3x] B5F Aol HFE A4 9w Az =o] =713
S5k Se Aells s A, &8 Al 59 F7H4 Table 2. Program for the analysis of the detonation effect and

ol R7}S St== Aokl ok structural behavior
)=o) A BH LS o) BWA US NRC(United States Name Purpose and type of analysis | Author/Vendor
Nuclear Regulat()ry COH]IIliSSiOIl)o” /\-] :‘}HE]'EEJ-E o} Z]%— BLASTX Blast prediction, CFD code SAIC
TF2E0) 7150t H7} ek AXNSIEen, BA) UFC Dynasp | Structual response * CFD LINL
(Coupled analysis)
. - R
(Unified Facilities Criteria)®] ulj7d¢] &+ FY2016 Program LD Structural response + CFD .
2 Fig. 62 UFC T2 2] FA. yeRyar Qich (Coupled analysis)
+
LS-DYNA Structural response . CFD ANSYS Tnc.
=ubslz=o| WA (Coupled analysis)
2.5 E5tE9 sy CONWEP Blast prediction(emperical) US Army
Zalsls-g sj4sly] $13 lEAQl o R S5 AUTODYN | Stewral response + CED gy pne,
(Coupled analysis)
Ao] 9]0 =z ZaF FHALO ZAIE SE 2
"IO] M———D:L j‘ ‘—(')‘01]/\‘1E %E o= H__10]'7] ‘C‘)‘_]_— ;8_ L Structural response + CFD
o ola . . . . ABAQUS . ABAQUS Inc.
A 98K Computational Fluid Dynamics, CFD)o| d&] A} (Coupled analysis)

Engineering Senior Executive Panel (ESEP)

(Chair)
Michael McAndrew Joseph Gott James Dalton Edwin Oshiba
Director FIM Chief Engineer Chief Engineer Dep Dir Civil Eng
DUSD I&E NAVFAC USACE USAF
Coordinating Panel (CP) Technical Coordinating Panel (TCP)
-y
g 3
Gene Mesick (Chair) Eric Mucklow (Chair)
— €————— > == m
& & =

Thadd Buzan Scott Wick Bernie Deneke David Asiello  Kail Macias Craig Mellerski

PROGRAM MANAGEMENT

Discipline Working Groups (DWG)

Architecture Aviation Civil Comprehensive Planning  Contingency Engineering

Cost Engineering Design-Build Electrical Facility Space Planning Fire Protection

Geotechnical Mechanical Medical Pavements/Airfields Renewable Energy Generation
Security Specifications Structural Sustainability Utility Control

Waterfront

DOCUMENT PRODUCTION

UNIFIED FACILITIES CRITERIA AND GUIDE SPECIFICATIONS

Fig. 6. Organization of UFC program in USA

Journal of the Korean Geo-Environmental Society Vol 21, Issue 5, May 2020 >> 27



2o} malel 2 A% NS et TRIBE e
1.

Table 29] 3fjA 233O BLASTX, CONWEP 51}
2o Zuelze o|%sl 7|4, LS-DYNA, AUTODYN,
ABAQUS 57} & Eusizo] e 1280 A5 Ay
2 SHsks TMHoR P 4 ik 53] B sgat 7

=52 A% Ag-of w2 ARA| X4 (Coupled Analysis)S &
o FEe] A5 WA $Aj0] o] RolHolt Ttk CONWEP
2 HFNE Algk=lo] QJA9E LS-DYNAO||A] AlF-51= Load
Az s Aste 4= vk 19
U} CONWEPT} Load BlastE o]-&3F 7+ 31& A5} 54l
2 Coupled Analysis7} 125 A] §9)7] wj&of Zoff 5=
o st 4 ole.

Blast 7|58 &3

ot
2
jany
o|\
>
4
ol

2

Udrbz oz Zalsigo] gk A3
=

Holug Zukslgo| Yia FaEol

o
i

Y,

Q o
SR
= o
R
)
Ej;%_m
=
S~
= 2oz
o\:oryﬂ‘
LI
o=
;0“%
L:M
ﬁgﬁ
m D=
>~°7V‘~
= 3
o & H
B ooy
e 228
o{l"l']—l"
TERET
H:QJ\J*T
Jlgnﬂl ol
m!%gf.?f
2. ox o
o G o oE o

4
T o
ol
)

o 2o

2
u
1
Hir
flo
En}
E ]
i)
i
AT o
1%
m "
4

o o

i
M
=2
ot
o)

O
AT o

%
I

rlo E R
Hom 4 4>

o & oo fr &

doox g 4r o oX rlo o

fr JkH:_
e ™
jug
T
I
el
it
)
i
juid)
o
of
o

H, LS-DYNA, AUTODYN, ABAQUS

53 e 2 515 e PREo) A% AN st
= 7Ifes fLie 4 ok 53] ik gy} LB
A5 A-gof tigt AAI)A(Coupled Analysis)S Sl =
20| 7% @A BA40] o] o] Mo k. CONWEPL b]F
W= AgtE o] UA|HE LS-DYNAO| A A|5-3}+= Load Blast

TNT 25kg

e B AR SHES A 4 ek s
CONWEPZ} Load BlastE o83t 7+ 35 A5t 42
skl elelsl tol 34 i3l Astd < ok
wheba] B ol Lof A= CONWEPO| 2|3t 2l
ShiL AUTODYNS o] slo] 4l b5l T e
o] ABEHS AL

3.1 24 AEH0|ME S5 & EY 05

Zul 27340 thEa MY 4 slo|lmg A=l
AUTODYNZ ARESIQITE fld=d 23 Al 57F TNT &
S HIE O 2 Fig. 73t o] PHl &

Wedge o] THEY 11 QR 37|15 A
74 vle) Fiake] Aukg ANGH: WAL B8 Zk 4] A
Zholl W2 Az)d E9kS oS3tk

1D Wedge 2E& 2DU 3D F7HAtol| E8]9A = &
ks BEL 712 Y9 SRS Golo] Foie]
v Qe 2oz zkzk QF Loz ox|sHA i
oA WY E = Heo] 371 84E Fal HutE
of whg et 01 & 74K 4= 9ltk 1D Wedged]
2F 25kg(BY 22| 27,0008] €))L 2t
55 et ?4 FHE FuE Axtst, 1 A
1 Eq. (12)9} 2t}

i

l:I

> rlr I _EL
~

4

SI7|A, W ZureAe] deoln, r& WAE
wero] Wes vehi,

Fig. 8& TNT 25kg Zdlo] w2 =9} Aue Uehja
9lom, Fig. 9% 7 2mE thehiia Qlek

Aol W Zare 9104 Wolxl o] A7) Im, 2m,
3m, 4m % SmE Uehu], ZukEol A 0|77 Imef 2
fobis Zo) 2R 0.30msol A 6.9MPaZ Lehfgic). &
3 o] A7) Z7to| we} 2485
UreRi STt 012712 2mol el Hd] Z9ke 0.72msol A
3.1MPa, ©]27]2] 3moi|x]e] Hr] ZQRe 1.33mso]4] 1.8MPa
szom BAETh Eat Ay o472 smolAe] A

i
1

L 3ZolOo =11 kO
= Z9ke Z:]l-—/l\—ol"\:‘ A

Fig. 7. TNT's 1D Wedge Model

28 Dynamic behavior Simulation for Explosion in Two-lane Horseshoe Shaped Tunnel



12002
H o
e

e
bf e

S

s

Fig. 8. Propagation characteristics of explosion pressure due to
TNT 25 kg explosion
7,000
6,000
5,000
)
= 4,000
=
2
oW
% 3,000
&
2,000
— (1)Gauge# 1
1,000 (2)Gauge# 2
(3)Gauge# 3
. —— (4)Gauge# 4
(0] T —— (5)Gauge# 5
0 10 20 30 40 50
TIME (ms)

Fig. 9. TNT 25 kg explosion

Z o2 3,19mso)| A 0.67MPa -0 2 o|A 7 g F7}of u}
2§ Ay EQhe WA ik Aoz BAHGL,

i)

3.2 B2 EL AlZo|M He HF

= AolX e mrmEd 4 1&E=2 Y vHAE H
7} Eolst EU]E mde] 6}01] Zu

pa

& AlEEolde s
o} HY YF =2E2 92m, =0] 7.295m, 2o 20m=E
mdgate] 44 AFE Y5kt Table 3-2 Foield
Zuk AJEHol ol AHE F14] W4S vERfa Yk

Table 3. Variables used in this study
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Table 4. RHT concrete material properties

Parameter Value

Equation of state P alpha
1.220E+00 (none)
3.527E+07 (kPa)
0.000E+00 (kPa)
3.000E+02 (K)
6.540+02 (J/kgK)
0.00E+00 (J/mKs)

Parameter Bl

Parameter T1

Parameter T2

Reference temperature

Specific heat

Thermal conductivity

Compaction curve Standard

Bulk modulus Al 3.52E+07 (kPa)

Strength

Shear modulus 1.670E+07 (kPa)
3.50E+04 (kPa)
1.0E-01 (none)
1.80E-01 (none)
1.60E+00 (none)

6.10E-01 (none)

Compressive strength(fc)

Tensile strength (ft/fc)

Shear strength (fs/fc)

Intact failure surface constant A

Intact failure surface exponent N

Failure

Damage constant, D1 4.00E-02 (none)
1.00E+00 (none)
1.00E-02 (none)
1.30E-01 (none)

Hydro (Pmin)

Damage constant, D2

Minimum strain to failure

Residual shear modulus fraction

Tensile failure

Erosion Geometric strain

2.00E+00 (none)

Erosion strain

Variable Condition
Tunnel shape specifications 9.2x7.295x20m
Explosive size TNT 25kg

Location of explosives (ground explosion)

Om (Central), 1m, 2m, 3m, 4m, 5m (Horizontal movement)

Explosion time

10ms

Material model

RHT Concrete
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3.2.2 RHT(Riedel-Hiermaier—-Thoma) concrete
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Table 5. Limestone material properties

Parameter Value

Young’s modulus 3.7845E+10 (Pa)

Poisson’s ratio 0.3077

Bulk modulus 3.280E+10 (Pa)

Shear modulus 1.447E+10 (Pa)

Fig. 11. Tunnel modeling
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Fig. 14. Analysis results of majestic tunnel explosion simulation by TNT location
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