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Abstract

This study compares the revised method in loose saturated sandy ground where the LNG storage tank
will be installed with an evaluation method by one-dimensional effective stress analysis using the
UBC3D-PLM model. Various laboratory and field tests were conducted to establish the parameters
necessary for evaluation. The revised liquefaction evaluation method using the seismic response
analysis result and N value from standard penetration testing evaluated the possibility of liquefaction
as high, but assessment using effective stress analysis, which can consider various liquefaction resis-
tance factors, found the site to be somewhat stable against liquefaction. One-dimensional finite element
analysis using UBC3D-PLM modeling facilitated easier assessment of stability against liquefaction
than the other methods and minimized the area required for reinforcement against liquefaction. In
addition, it is expected that two-and three-dimensional numerical analysis considering the foundation

of the LNG storage tank can identify the seismic design and behavior when liquefaction occurs.
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Fig. 1. LNG storage tank.

Mol =kl ok AP E Z]Hke]] 2|71 Shgo] 2R85H3lS w, 29 i Tkt S7toll ihE s daE
AREO FEE 9= A/dolt). of2fgh Vet 2 2K A sl = A Q) A4 2|Hkgeld /4o 2 ALe]4, 7
AR oz W nofE Fe 4 St W= QIgh thiA] mjeiitell= 1964 Y2 Lo]7Fek(Niigata)of| 4] /82t of
TE 7]-&o] i} g o] SALL, 197618 S Bk RS

okl o] A& BT 24T %B‘ﬂ RIARD), 20114

Azfo] AHZ|(Christchurch)olA1 9] ZHHISHAL 5o giet. HH Ujoll A= 20173 ZHAofl A 3 & = 54
Ricigdy ‘:11__?%*’8}0:‘21% Z Holi= AT o] Zo] AlA| Lol dFetE Q19 Q1 E A ibdo] £AS A7

hem, ofo] - T2 AN IAES T4 0= sto] At msiAS 915 A7 X520 & o] FoiR] AL k.
ol2|gt W} T/ WA 7hs & W7IsH ] f15l, 2018\ R A|RtgelR o= =77 | AlE oF oAl =71l
71 “UZIAILGEHKDS 17 10 00y Vet -5-5- A7 |2 A stl o, o] & Rhgste] 2020 =AM P-s o
o= 7 1E AR ZEAEH WR3E B7F AR’ R Vet 7S Rt ik 71E AV E(7 12 E AR W
5 B7F 8R(SH(KISTEC, 20200l k= W35} B7h= olv|g7et 2 Hrt iA=L E|o) 7] Qlrt. H/ds} o
H| g 7h= AREERA(Z] 5k, U, AE 5)& efsto] st 7t kol 5 AAskar, Vet 7= 2[HH-gdl
& o]-85to] Ws Y 7Hs/8S B7tohe Aol shA|a, dldeh Al eI NRE, =S, 1
=

q
oo, A2 6592, Auke] B 81 Abe] ARk (AR 9l Uk So] gloit, Syl ol 2jdh S

B



S 128 = glrk= Zlo]ot. Park(2008) 7} Park and Kwak(2009)°] T2 FH 2] -3 Hal A7} NgES: o-8-<F At} 37 pir
2 VA 7S /dE Mg Foks Zdake] glo, Mot ke 2]l weks Qo= fra-sElslAe] Bastthet
AR,

wbA], 2 A= 2020 71178 WSt oflv]E7t B 2 57 AT RSO NGRS o-8)2F a3 afiAlol 9

O Sl 9 S i) el Sl S S A 3R 1402 shdaL, o]
57} 9 B7}S Ea slelel bkl Y 715 Ao] ks x| Sl UBC3D-PLM E‘Ei_‘é # @319tk £5] UBCID-PLM
wulo] A8 AEL | m7FA0 2 SPTEA} 7HA 2 mele]

ek
BUATS

FES e ofat st W7 shoket 39, b A ite] S AHE AS U TS Y]
5 4 ol Az 2 AN me] M) ufS: Fastey. olgi st W71 ol 7Rs Atk RS

Tai S29(Iai et al., 1990), Finn = 2(Byrne, 1991), PM4Sand *2(Boulanger and Ziotopoulou, 2015), UBCSand % UBC
3D-PLM 22)(Beaty and Byne, 2011) 50| 9Jt}. 1714 UBCSand 222 271 melo|m, UBC3D-PLM 2& 23
& 9 321 A-go] 7Ess mdo]tt
feESeah o] ofg IS} 7} Rl Fajelol CEC 2 ool AgiTE Park(2008)2 SRS HHHT} 5
TS ol 5le] ATS Wyt T2 2aato] EPASIAL xHko] ke B e Thjmslsle] S-S e HA R
oh el o] 9k A & o SE QI T3t Park and Kwak(2009)-> HROIERE: AV o A 71sd-S T
7¥sk= Ao 9o " A] Aokl WokS: QoA S a-SEsdo] T gshtekal Ao 6}9;1@ J12]1 Daftari(2015),
Tran et al.(2017) & Tung et al.(2020)]] 2]5}H Finn 2 g2 A5} o HA )= Q74088 of| St 4= Qlokal H7}t
SFITY. Park and Kim(2022)-2 California Imperial Valley 2] Wildlife Slteoﬂ/ﬂ 1987‘51 119 2] 7o) 236 17, ofuf) A
=5 KR T Finn 227 UBC3D-PLM 28-S o] 85 -7 8-8- 2 s Ao} v wstict. 1 27} Finn
S UBCID-PLM 0] S5t o1 A 05 et A & A, A5 Eo
AP} E W 2 Gl AL BR1eHACE o]l AWISHIA Al Aol P 745 B7KLee and Noh, 2016;
Lee et al., 2018; Kim et al., 2019)°]l F-a-8-2loi4 o] @o| A= 1L glch
st B7PEH-2 20104 o] Holl= F2 57HAg 1A i
o Foi= A=A o] ARgol A3 BolA| A QISIEt. o= S7HAgsA 9 ZH ISR AV, @r ‘?z”é’ 7%"*% 3’—}
tg71sE ] wiiZo ot Tt -fra-g-=sl Aol W ast ARtsA] mele ofe] 71x] Aol ARIAME el 4= Qlat, 2 - 37}
A rdgo] 7hsshH, et A & S-S IS 4 3= UBC3D-PLM 29

et

(o]
N
o3
i)
]
ek o
b

g %
LT,
&
i,

M7 Y 2 bS5 AISH UM THS A 2|5 WYL

Fig. 2= & A7V o] A5 AR} AIFFHEE HofFal k. Fig. 2014 LNG7 12442 |45k 918l ?1&

o
2 migo] ol FolREe & & AL, 5 B 5 LNG 71 2AHEe 2|52k 5ok 549 metshr] ffste] 10779



AAIEe] AASIGIEE 10709 AFEAE 5o S0 2|5 P2l the S e, ot
L.

=1}
< O =
E, 9%, 99 W He o' Faskl A, SR/ Rl tiFHE =5t SN < 25) 0= SRIESIeh

(b) LNG longitudinal section

Fig. 2. Geological characteristics by borehole investigation.
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Table 1. Liquefaction preliminary evaluation result

Borehole Depth(c()}f&(_l;fl §act10n (Niso Fine (cozr)ltents Particle size distribution Stable or unstable
BT-6 Landfill, 5.0~10.0 4/30~15/30 43.2~48.8 - Stable
BT-9 Landfill, 11.0~12.0 13/30~16/30 47.4~50.5 - Stable
BT-10 Landfill, 3.0~8.0 8/30~17/12 18.6 Liquefiable soil (A) Unstable
BT-11 Landfill, 7.0~11.0 11/30~22/30 4.5 - Stable
BT-12 Landfill, 8.0~12.0 3/30~14/30 45.1 - Stable

Landfill, 8.0~10.0 14/30~15/30 32 Non liquefiable soil (C) Stable

BT-7 Landfill, 18.0~19.0 17/30~21/30 30.8 Liquefiable soil (A) Unstable
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Table 1. Continued

h of liquefacti Fi C
Borehole Dept ((E}LZ(_])u:l)actlon Ni)eo e (cozr)ltents Particle size distribution Stable or unstable
BT-13 Landfill, 11.0~14.0 8/30~17/30 10.8~31.6 Liquefiable soil (A) Unstable
BT-14 Landfill, 8.0 23/30 32 Liquefiable soil (A) Unstable
Weathered soil, 10~13 7/30~17/30 . .
BT-15 Weathered soil, 14-17 13/30-24/30 28.7 Liquefiable soil (A) Unstable
BT-16 Landfill, 6.0~13.0 15/30~22/30 3.2~31.6 Liquefiable soil (A) Unstable

(N1)so = Cn % Neo
where, Cx: Overburden correction factor; Ngo: Corrected SPT blow counts to account for the characteristics of the test.
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Table 2. Liquefaction main evaluation result

Depth FS
Borehole (GL(m) CRR75 CRR (M=6.5) Safe factor Stable or unstable
3.0 0.122 0314 0.580 Unstable
4.0 0.103 0.344 0.449 Unstable
5.0 0.103 0.352 0.439 Unstable
BT-10 6.0 0.112 0.339 0.495 1.0 Unstable
7.0 0.163 0.319 0.766 Unstable
8.0 0.199 0.292 1.021 Stable
18.0 0313 0.178 2.637 Stable
BT-7 19.0 0.240 0.184 1.974 1.0 Stable
11.0 0.099 0.133 1.116 Stable
12.0 0.155 0.136 1.714 Stable
BT-13 13.0 0.179 0.140 1.920 10 Stable
14.0 0.205 0.144 2.136 Stable
BT-14 8.0 0.257 0.183 2.103 1.0 Stable
10.0 0.205 0.268 1.150 Stable
11.0 0.134 0.269 0.747 Unstable
12.0 0.096 0.271 0.531 Unstable
13.0 0.124 0272 0.685 Unstable
BT-13 14.0 0.155 0.268 0.869 1.0 Unstable
15.0 0.205 0.265 1.161 Stable
16.0 0.333 0.265 1.884 Stable
17.0 0.373 0.265 2.113 Stable
6.0 0.192 0.273 1.054 Stable
8.0 0.170 0.273 0.937 Unstable
9.0 0.170 0.278 0.917 Unstable
BT-16 10.0 0.192 0.286 1.008 1.0 Stable
11.0 0.160 0.292 0.824 Unstable
12.0 0.242 0.295 1.230 Stable
13.0 0.170 0.297 0.860 Unstable

RESHNS I3t At

| =

LNG Tank”} A2 2J5t ol A1) 1071 A5zl vish 3s} oHg7 2 2 H7HE 588kt 23, 3709 A%
(BT-10, BT-15, BT-16)°4 g} A 7Fs-do] A= St olofl Bt o Al=)4d 3l *M]?f WIeh Ay 7F*m
&5t sl fra-gHeiide St et B HE gsteint. ofofl tHEA Q! AR A 2= Flac®] Finn 223 Plaxis
©] UBC3D-PLM E20] 9oL}, Daftari(2015), Tung et al.(2020) 2 Park and Kim(2022)-& 2Ake} 5 S )= ve) 7t
2S¢l &g 4> Q1= UBC3D-PLM R o] alAts) mWrlof| o] 245t mellojaby gatgith whaha] 2 o)A
ol g5 =2 =2 UBC3D-PLM o] W4 Plaxis2DE A5, A8t Hrletaial ks 2152 A|qtnd
-2 UBC3D-PLM &3, AC] A§F L Linear Elastic 23, 71 0]2]9] Z|5¢]i=HS Small Strain & 2-& 4-85}
il



UBC3D-PLM 2

B A Lof|A] AAISLSAof o] 8 Z]HEREl.e UBC3D-PLM R Eo]th, 2% Puebla et al.(1997)0] A|oket R ele 22}
¥ 2 (UBCSAND)®| It} 712]1 Beaty and Byrne(1998, 2011)+= tgh L2 1310 o] 5 2-goto] BeElS 3061
T}, UBC3D-PLM @2 UBCSAND R 2 321 Elslst Zlo|t} %7] UBC3D-PLM R 22 Tsegaye(2010)°]] 23]
=Y HHE S 59k A T2 T3 Plaxis2DOJ|A] User-defined Soil model 2 A-8-5|%1 11, o= A rndl 2 o]
85|77 Q)r}. Plaxis2DUef| 4] UBC3D-PLM 2% Parameteri= BT IAIH((WV, )gy) BIHE o] 8510 AT 4= 9100
(Bentley Systems International Ltd., 2021), ©]= o}2lj<} £t

@ Stiffness parameter

¢ =21.7x20.0 X ((V, )g )" 3)
kS = kS, < 0.7 “)
0= kg > (N} )go)? > 0.003 +100.0 (5)
A7|A, k- BT
kG« AATAS
K, » A/dATAIS

@ Strength parameter

N _
¢, = ,;+max o.o,(1)+15 (6)
(V)
¢pi = ¢cv + 110 ~ (7)
Ry =1.1x((V)g0)~ " < 0.99 ®)
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® Advanced parameter

(Nl)ﬁo = Cy + Ny )
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Fig. 3. Relationship between shear modulus and shear strain (Atkinson and Sallfors, 1991).
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Soft rock
— x
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Fig. 4. Evaluation depth of liquefaction by borehole and one dimensional finite element.
Table 3. Displacement and dynamic boundary conditions for each analysis step
Displacement boundary Dynamic boundary
Stage name - - - -
Left and right side Bottom Left and right side Bottom
Initial phase Horizontal fix Vertical fix - -
Seismic phase Free Vertical fix Tied degrees of freedom Compliant base

B A= AT A1), BEAHAF71(4,8009), Z[HEe] BR(S,) -2 T 3fste] Uiz A7 1K CSC,
2018)°] B3 SeismoArtif 2020 T2 T3-S o]830] QI FA|AutS FE3519th(Fig. 5 IX).
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Fig. 5. Standard response spectrum and artificial seismic wave used for liquefaction evaluation.
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Table 4. UBC3D-PLM model parameter

Borehole BT-10 BT-15 BT-16
Depth(m) 30 40 50 60 70 110 120 130 140 80 90 100 11.0 120 13.0
(kl\?/;ﬂ 185 185 185 185 185 170 170 170 170 170 170 170 170 170 170
K, 934 873 849 904 1,041 968 838 923 1,013 1,101 1,080 1,136 1,067 1218 1,088
kS 654 611 594 633 729 678 586 646 709 770 762 795 747 853 762
K, 380 274 244 323 699 460 230 357 595 98 924 1202 811 1,904 918
me 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05
ne 05 05 05 05 05 05 05 05 05 05 05 05 05 05 05
np 05 05 05 05 05 0.5 05 05 05 05 05 05 05 05 05
bro 40 40 40 40 40 26 26 26 26 26 26 26 26 26 26
®, 41 41 41 41 4 27.1 271 271 271 279 278 284 275 297 278
(kij2) 0 0 0 0 0 14 14 14 14 14 14 14 14 14 14
(kT\(IT/tm ) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Fiens 10 1.0 1.0 1.0 10 10 1.0 1.0 10 10 1.0 10 1.0 10 10
S ipost 10 10 10 1.0 10 10 10 1.0 10 1.0 10 10 10 10 10
" kﬁ]/lil 2 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
R, 09 09 09 09 09 09 09 09 09 09 09 09 09 09 09
(V) o 10 8 8 9 14 11 7 10 13 16 16 18 15 22 16
(CI;“/S) 10 10 10 10 10 001 001 001 001 00l 001 00l 00l 001 001
Table 5. HS Small model parameter
Unit Gravel Sand Weathered soil Weathered rock
Y (kN/m’) 185 17.0 18.0 19.6
E! (KN/m?) 7,247.8 6,952.6 6,892.3 37,7412
El (KN/n) 7,247.8 6,952.6 6,892.3 37,7412
Ey/ (KN/m?) 21,7434 20,857.8 20,676.9 113,223.6
m - 0.5 0.5 0.5 0.5
c (KN/m?) 0 14 10 30
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Table 5. Continued

Unit Gravel Sand Weathered soil Weathered rock
c (KN/m?) 0 14 10 30
) ©) 40 26 26 30
Yor - 0.0002 0.0002 0.00014 0.00014
el (KN/m?) 75,4332 177,451.6 339,266.1 896,884.8
Vo - 0.2 0.2 0.2 0.2
Prey (KN/m?) 100 100 100 100

Table 6. Linear elastic model parameter for soft rock

Rock type Unit weight (kN/m®) Elastic modulus (kN/m?) Poisson’s ratio
Soft rock 24.0 500,000 0.27
S CEREE
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Fig. 6. Characteristics of time-excess pore pressure during earthquakes.
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Fig. 6. Continued.
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Fig. 7. Characteristics of depth-excess pore pressure during earthquakes.
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Fig. 9. Characteristics of depth-Effective vertical stress during earthquakes.
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