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A Simple Seismic Vulnerability Sorting Method for Electric Power Utility Tunnels

Choonghyun Kang', Jungwon Huh®*, Inn-Joon Park’, Kyeong Min Hwang®, Jung Bum Jang’

Abstract : Due to recent earthquakes, there is a growing awareness that Korea is not a safe zone for earthquakes any more. Therefore, the review of
various aspects of the seismic safety of the infrastructures are being carried out. Because of the characteristics of the underground structure buried in
the ground, the electric power utility tunnels must be considered not only for the inertia and load capacity of the structure itself but also the characteristics
of the surrounding soils. An extensive and accurate numerical analysis is inevitably required in order to consider the interaction with the ground, but
it is difficult to apply the soil-structure interaction analyses, which generally requires high cost and extensive time, to all electric power utility tunnel
structures. In this study, the major design variables including soil characteristics are considered as independent variables, and the seismic safety factor,
which is the result of the numerical analysis, is considered as a dependent variable. Thus, a method is proposed to select vulnerable electric power utility
tunnels with low seismic safety factor while excluding costly and time-consuming numerical analyses through the direct correlation analysis between
independent and dependent variables. Equations of boundary limits were derived based on the distribution of the seismic safety factor and the cover
depth and rebar amounts with high correlation relationship. Consequently, a very efficient and simple approach is proposed to select vulnerable electric
power utility tunnels without intensive numerical analyses. Among the 108 electric power utility tunnels that were investigated in this paper, 30%
were screened as fragile structures, and it is confirmed that the screening method is valid by checking the safety factors of the fragile structure. The
approach is relatively very simple to use and easy to expand, and can be conveniently applied to additional data to be obtained in the future.
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Fig. 1 Status according to Electric Power Tunnel Type
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Table 1 Load Combination

Surface Surface Earth Earth
Load Load Live Lateral Pressure Pressure Vertical Lateral Seismic
Load Comb Dead Load (with (without  Live Load Earth (with (without  Hydraulic Hydraulic Load
Ground Ground Pressure Ground Ground Pressure Pressure od
Water) Water) Water) Water)
Comb 1 1.0 1.0 - 1.0 1.0 1.0 - - - 1.0
Comb 2 1.0 - 1.0 1.0 1.0 - 1.0 1.0 1.0 1.0
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Table 2 Estimation of Safety Factor by Section
Moment (kN-m)/m Safety
Ordinary Seismic Total Design  Factor

Section

Upper End 1270 228 -1498 2532  1.69
Slab  Center 63.9 0.0 63.9 218.1 3.4l

Lower End  -1459 250 -170.9 -2532 148
Slab  Center 67.0 0.0 67.0 2532  3.78

Top -127.0 228 -149.8 -2532  1.69
Wall Center 82.2 0.0 822 2239 272
Bottom -1459 -25.0 -170.9 -223.9 1.31
%% Section info : Inside height = 3.15m, Inside width =2.3m
Wall thickness = 0.45m(all), Cover depth = 8.0m
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Table 3 Minimum Safety Factor Location Distribution

Minimum Moment Safety Factor
[Unit : EA]
at Wall Bottom at Other
Minimum at Wall Top 5 1
Shear at Wall Bottom 45 2
Safety | at Upper Slab End 44 5
Factor at Lower Slab End 4 2

2.5 X|ZIstE Hlg ! LHRIiRE
A ZIA S & Ao H A o vl ARl U 2= LRk
o2 ol 4 (1)o.2 43I Spottiswoode and McGarr,

1975).
logE, = 11.5+1.5M €]
4714 Es= Aol A o] T ME AT 2.5 LERT),

2 (1ol 218hE T2 1.02] 2ol ok 3289] oI o]
= Uehin, 77 02) Aol 2 28] 9] Ao x] Aol7h
ks 218 ok 4 Qe

J. Korea Inst. Struct. Maint. Insp. 113



kA Table 204 AA| L5}l A X RI5}=E0] 21X 5}
= HI&o] B4 S RIS Fig. 8- A A 2H-g-3sh%oll
Al AZABEgo| AFA| 8= B2 35 UERH Zlolth |
A RHESES] BS-L H 19.6%, ARAA] AekslE2]

H&-2 Ht 17.6%% FRAF AT Tef o] vhas i
1/4~3/47-99-& Vel Th A 2] © 2 10~30% B &2 2H= &
Epdict.

ZW shs9] Hlgo] FA] Athe 212 g o b gol
S 7S T AT AR Agit) iH o= sk o
H| X515 B8] ou g A GJAAE 2935}
= Azlo] AT A9 AAAIH S st A-8etzol
e 7HsAd o] EolRitt ol & £ Fig. 99} 2ol Al
°] 80, A|XI350] 20, AAAFEH S 1152 7P, HH &
L LI5E A", o] u, oG 28] 2 AEFH(F
20+20=40)°] Ty 2Hg3kgo] 1200 AA PSS

1.0ET} ZFobA] A H .

=
=
]
&
=
=
]
&

Avg 19.6% Avg 17.6%

.
=1
)
b3

s
=1
-
o

10% -

=
]
o

Seismic Moment Ratio
(=]
(=]
=
E
Seismic Shear Force Ratio
[
(=]
=
E
-

Upper Lower Wall Wall Upper Lower Wall Wall

Slab  Blab Top Bottom Slab  Slab  Top Bottom

(a) Moment (b) Shear Force
Fig. 8 Seismic Load Ratio

=
=
&
=
=
&

Design
1 _ Safety Factor
115
Ordinary Seismic
80 20
Ordinary Seismic _ Safety Factor
80 40 0.82

Fig. 9 Example of Safety Factor changes due to Seismic Load
Increase

B Aol A ol T o) ko] A2l Tk o o)
ulg-2 ofe) 4 (2)9} 2ol Ujxlel -2 Abgatel WeTel
Aok Byl 2 g5t

_ DS—(0L+SL)
SR = o )

114 $=2RZSXICHSX|M2|58ts =2F) H 223 H 53 (2018. 9)

7] 4] SRS W71 f-8(Seismic Redundancy), DSE A2 A7+
S(Design Strength), OL-2 *3A13}1(Ordinary Load) 2|3l
SL-E A 21 8}5(Seismic Load)E WERATE
B ATolAE ARHF A5 AET ol FRd
TR AE v o 2 b &3 T Bo] WA {E&-E At
|3tATh WRlodfr&o] 1.0ET Iohe AL A 7skze] 2
717 AR RSS2 287 Ho &= P &o] 1.00)70] FH.
S om| gt

31 o MAwsol M
Aol 2 MAMSEE A Ak AA MG} o
A AR UYe o Aok ARkzd AANTEE
v a1, A8, 7]‘?1’% Zo), E= AA NX| Ht, A&+ 9
] o] N#|, Z] Z 15F7), HhA e ATE S 9 X ukgA
, SRR A= R, UEol,
B “'|:‘77ﬂ, Y TA, AL ZAYE HRE L A
2=7} itk T2l Tz Mg Zhzte) W) g
B g oy F2ES g #sly] wFel /1
gk Ao] vpgAsi) ubd, Aukzd Haees W
T A} AE MXJQ—TL_A

7

o]
q
[ = SolRitt, iOﬂ?Oﬂ o
2l
}\

fr

4
Lo
o
3
€
ml>

8 AAHF] A QlojA] o] gk AT FE uj Al sk}
Aqtz2A HeEs Zl'-/] WA B ﬂo}ﬁq’

’J3-E-4(correlation analysis) 2 F SHHSG Alo] 2] AY
A AEBARH 1 A7 7 ]' | = 75l AREEH
TKTang and Ang, 2007). 5 H<= X2} Yo A = o}z
2 3)9] FBATE AT - Ak

Cov( X, V)

—Corr(X. Y
p= oY) = e SV ARY

A3

o714 Corr& A< (correlation coefficient), Covi= &3
4Hcovariance) ~12] 1L VAR-& H-+Kvariance)2 YERATE
AukA o & A mR TS ek AL A Brbsaly)

ol FEOFHE] A2 FE A BA G(sample correlation

coefficient) S £l 5=43sh= Zlo] Ry Z oln o} 2] (4=
A4k 4 Sl
Sxy B Sz, —2)(y,—y)

r=

= 4
N R N P oV T @



02 4 6 10 30

50

50000 200000

| I | 1 1 1 | T |
Cover F oo
pth 015 0.23 0.15 015 0.71 012 [
< 3 °q,,°.; ° q Groundwatgr
e Depth 011 0.15 0.16 0.14 011
- g .
e 8% N Hase surfacp L2
® e a0 ® e 8 L °° th -
e o oo 2o | P -0.49 026 |[0.83 029 [ g
e | e Y [ o
@ 7'% 4 fRe.se] Becge N value
] R I i)
5B oo E& o P :ﬁﬂ_‘ 0.80||-080 || -028 0.79
i O A . . = N value G
ﬁ?g}_ =2 ‘i’i‘é—‘n_& Ay 3 (attun 052 O 99 Fe
@?gfof%os '5.:8 ko m;o.?: : : &dﬂ° mm ' ) C ]
w Natural
= | *m 8 ° g & CO i
e | L o S [T Sy Feried 11 017 || -0.52
2 Tt a1 - Sty
: ° e °, H ° Relative C -
. o ol o __7__&%3 Den i’éno LI - ound 016 C
ﬁﬂa ’ I Xy @ ﬁa's Z' i&ﬁ?a P Lo
5—?%&% g = .| presge. | . o oS
a1 ;.:g?g—— ?F“MT-_@ \L;i(g\_.:% o0 ge x’rﬂ \; %—?3—?_“ G_rcu;ld
el LA N e SRS Aot | |y a

\Ilnl
10 30 50

T T
2 6 10

lI’I\\II
05 15 25

LI I
10 30 &0

Fig. 10 Correlation Analysis between Design Parameters related to Soil Condition

7|4 S&= FE-FE4Hsample covariance)S LERATE
FBA () 2 B0l AH 551 B 19 77

Ao, Aulel) DAL
R
2 it

o
o 2k, whlE DAY ) S
.]

S o ALFE (o VS ZF

do] Hom A5

Fig. 102 A& 7-9] Atz w3te] oAl 23
£ UEPATH Chang, 2012). #atdt T = F W] &

9} ) A TS LEe] 3T F WSkl
% Q%ol,

Uehdith, Aol A gheld &=
HiH Zlo)9} B+ Nx| £} 2+ 0.83, -0.802] HAITE,

HhAuk AT A9 =139} 0.71 9] JBATE, AN
& AT 913 NX19H0.99] JHASFE ehv] e B
e BT, UA| oS W4t SHNIY 2§ 34 Fol
AAHE GO 13 SYAFE HOE A T pas
2@ % Itk B ATl E SRS e B 3 o
A R o] Yo 2 Tedste] WAISkL PN A
oFiE 4ol ALg ST,

32 T2 alHset oRiSZIo| AREH

WA 30 A AL QR k] 2R A Q) JRUA S B
Q13) Mgk Fig. 11 212} Ev) 318} )8 FAlo] mRIE ¢t
A3} HBEE etk )37} Zold 48 malE
Rk go] ashs AFe B2 G 4 glouk, £yl m
£ qhr ge) AASE 03272 AT H 0 2 ok kAo

ATk REA, ) FA| = A2 o)A &
SRR A o] yehubA| efan, 2l
AG A -0.1072 79| BEA o] Y-S
. Table 4= <] H sl Aol 3l BE 2
A ARt ot} A= TRzl A 2
| Ev|arel dwke Aoigk 0.301739] A

S
o

e
e ™
N
N,

o
L 1
© 4

[m e

o
i

b
18

oo 2 fo 3o
=4
T L

Mooy o
rd
RO
(SO A o

o
Jr 2

2= 9]

=

_1

o
v
ue)
e
Moo
>
o
E
2
1o

ANete g ol A o] mIAd A
Tk ARBA S| Akl A
el 7k A= st rF A2 dASAY F2 A |
sljitt. o] w), 3kF FE7} A A= NAI7F =& 735
ARk M9 o] AL AA|sto] AZIA8HE =71E AAl e
o}, o|F X AN B2 ARt S THE o= st
of A=, 3 o] HAETFE B
o7 At o 2E AAA SR
A W 2otk &, A A E 285k A2l
AAEE A oA FHa & 1.00)/de]ooF g
U= 7|ERke.2 A7} o] Fofx| g eix]<, BA 57
Sde] w231 Bl 2R A S w) AAIRke] A

J. Korea Inst. Struct. Maint. Insp. 115



w
w

s ° 3 A
g4 r=-0327 g4 r=-0.107
P~ B~
g3 |ee o 73 "
< L ] 5]
©n 4 ° e o %) A;‘A
E 2 0‘. «a 2
g ) » £ NN
Sl ‘ - S 1 [ t
= =

0 0

0 5 10 15 20 0 02 04 06 08

Cover Depth (m) Wall Thickness (m)

(a) vs Cover Depth (b) vs Wall Thickness
Fig. 11 Correlation with Moment Safety Factor (Wall bottom)

Table 4 Correlation Coefficient with Moment Safety Factor

Key Variables Correlation Coefficient

Cover depth -0.327

Groundwater level 0.093

Base surface depth -0.156

N value 0.141

Internal height -0.218

Wall thickness -0.107

Amount of rebar 0.336
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Seismic Redundancy
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