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WEIE R o B P A IR AR 3 R A R OB RIS 4 A SR AT S AT, BRI T 2R
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B BRI H 53 2 AT A BREDGAET AR A R T R TR R R L M
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ASCETREMARY:, 45650 SPTREVOR, @ T LA DI BRE R, JOf B456
Wi f=E B EN] ( Akaike Information Criterion, ATIC)FI DI M1 {Z B 0 ( Bayesian Information Criterion, BIC),
BUE 7R A A FEE o A S A AR DT R AT AL, IR T R AT AR S R I R, A
BB IE RB, A O R R R G N R R T R AR B ) i AR A s e, O S
PRZG AT T 5T, STk 1A SCHR HY A SR ) A R

2 T IB A n] I AR R e A ) A R TR ) B

21 #WEMEIRORPSHMWBESZE EHEAE SRS, 28R (Sigmoid) & HAZLEHE, H
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K 2 AZLR; o(Z) MERREL
ASCR AL RBER BT PO RN, W Oo<P,(0)<15 X=[x, x,, -, o WAZLREH, EALHH
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(0 1+ eXp[—(Bo +Bix, + o +ﬁnxn)] (2
FIgsatE I, B2 AR B (3), HIELanF .
IR A0, O N 1 Bx
QL(X)_IH[1—P,4(X)]_B“+le]+ +B,x, (3)
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PR B AT 32 8 1 U R B T
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A o (XYB) WAL AT (I HER s ' BARAE &, RVSEPRAWfb 0 2R 451, Tl fb 22— 40250
M, B AR =15 AEALRET y'=0.
Xt FAR SR L, HABLAR BR BN X BOE XM
LB X.y) =] [P.CX)VP 1 =P (X)) (5)
In[L(B. X.y)1==>" In{l + expl=(By + > B(x) )1} = > " "1B+ > Bilx) )] (6)
Ao n WREARBCR s m WA BUE AN nem N AERAR U A B B b, B R R A7 A TR R
B S AL o A SCR F S B A AL 35092 ( Broyden—Fletcher—Goldfarb—Shanno, BFGS) #4712 #5 0] 15 & %k
SR, SR AIC F0 BIC 5 Bt o1 )3 2 80 T H 3k SR 0
AIC R BIC A K535 R
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BIC = klnn - 2L(B, X, y) (8)
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Fig. 1 Liquefied - non-liquefied data points in the logarithmic Fig. 2 Liquefied—non-liquefied data points in the rectangular

coordinates .
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P, (X)
1_PL(X)

AR 5 DR KSE, BIP(X)=0.1, 0.2, 0.5, 0.8, 0.9, AI[FEHEZKFE T AR 7 7 M 6 %%k
BRI 1R,

In ( ) = 12.65 — 0.34N, oc + 3.98In(CSR,;) (10)

F 1 ORI A KT A 32 i (] ) A8

Table 1  Logistic regression models at different probability levels

K PO BEAL ) AL HOE 2
0.1 14.85-0.34N, . +3.98In(CSR, ;)=0 CSR, =e! "8 N 7373
0.2 14.04-0.34N, . +3.98In(CSR, ;)=0 CSR, j=¢' 0o =359
0.5 12.65-0.34N, .+3.98In( CSR, ;)=0 CSR, j=e' 0o =318
0.8 11.26-0.34N, ,+3.98In( CSR, ,)=0 CSR, =¢! "W s 7289
0.9 10.45-0.34N, . +3.98In(CSR, ;)=0 CSR, = "0 s =269

B 3—4 45 T AR K N REARBE S 5 In(CSR, ) =N, g0es X CSR,—N, s MR R2HIBT
AN R BE 27K SRR XTI AL« AR AR S0 B0 T A Bl KT B3, 322 4 I i 2% e A2
M. P(X)=0.1. 0.2, VA S AT T HERACE #h 2 DL E, 40856 Ak 500 50 1 i 2 R 34
100.00%; [FlBF, A3 2 0 A WA B A5 A7 TS KO i 4k B0y, B filax 8k i 2 R AR Ak, dE
A A A B B T R 4 5 R 32.50% . 52.50%, BLUIREGAK, M TR M I A, T s R T
TRAF . P(X)=050F, DAl s A AR A S A8 6 Tl e BT, B RS Ak a5 R AR AR A ) )
B #5351 R 85.70% « 82.50% , JAERLE M AT SR K, TR —E WML emE, XA
—E WA, A LREMEE. P(X)=0.8, 098, KEIAEHE AL SO T AR LT ), BRI R
VAR S0 0 ) B ) 53 50 R 92.50% . 100.00% 5[] B A5 48 22 ) VAR B A0 T RSB A I 2R 7,
TR T 33K 28 AN 2 R AR WAL TR SRR R 8 ) 03 i R 63.20% . 59.20% , TN 45 R A TS R
TR A AR 3K .
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Fig. 3  The relationship between In(CSR, ;) and N, gocs at Fig. 4 The relationship between CSR, ;and V| (). at
different probability levels different probability levels

24 HEEASHEMFEOLRR ESHH TARMERAKCE T 5 T2 5 075542 1 B8 5 NCEER 7
(National Center for Earthquake Engineering Research) J7 ¥ . Idriss J7 " (1 Idriss 25 32 H ) W& Ak Il S il 28
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RN 45 R . NCEER 592 fl Idriss AT A AR R B 02 % SCwkl 6], [3]. P(X)=0.51F, fH#Al
5 NCEER J5 ¥ . Idriss WAL G ARG AH T, = RMELES TN, Bl 7 AR SCH A5 T2 48 [0 15
SR B R - A ) ) R R AR AR AT Rk .

0.4 g 7
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Table 2 The prediction accuracy of logistic regression ----NCEER¥&: /// '// ‘," ’
models at different probability levels %: = Idrissik ’," e 7 ,/
& ’
WA P(X) AR % % AEmt sk sh % S
0.1 100.00 32.50
0.2 100.00 52.50
0.5 85.70 82.50
0.8 63.20 92.50
0.9 59.20 100.00 o 10 20 30
A’LSO(‘S

A5 AR 550 5 PR 7 R B LR

Fig. 5 Comparison between probability model and deterministic method
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Fig. 6 Comparison between the proposed model and NCEER , Idriss method at P,(X)=0. 5
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(X)=0.5 3K R B F AL 5 NCEER J7 % Al Tdriss J7 15 BT AL I S il 28 47 0 Ab 58 S0 o A5 R 3 Ak Il 37
MR TE /N T 2232 A, 7 T NCEER J5 ¥ F Idviss T EEPIH T I A TR X Zme, o TW
By RTPAMZE AR, 6 FWE T . Z2MZE sk, S0 52 01 80s s 4, &Ml T
M2 e O B s A IS S Ab , B3 VA V8 e 8 0 B HE AAR /D, a E h R  aE F WAk 0  Th
RN 3P, AR Ak AR AR VAR R A 1 i 3R 4 0 S 85.70% 1 82.50% , NCEER J5 25 % Wi 4k
SRR W AR AR 0 0 8 30 R 43 5] R 87.80% F1 80.00% , Tdriss 75 ¥ X W Ak A I IE W Ak 55 14 30 5] i o %43
S 87.80% H1 85.00% o A SCHE T % 48 1] U5 55 vk 57 A9 B 4 YAk ) I AE SR AR A 5 NCEER J5 % . Idirss
7 15 X VA A RV Y R 0 B T B AR 2 A T R A AE 3% LAY o AR A R A AR R R
(W], NCEER J5#k . Idriss ik )@ Toi @t ik, Hegm& ik 27 s “&7 ZA&wfk, Tkile
HRG A TREDUE Mg >R 5 A SCRE R ] LU 7 Ak DAKE R 8 S, IF AR5 A W) 37 55t ] LASE 8 AS [R) A A R
BR8P 0 A VR AR R 0 A XU Dy e SR A T 5295 A KU 43 A L, W R S ) AR b
VEVP T K o RIET, B ORI SR RN, AR SO N AR Y R AN (EL AT DL L 22 5 e i AL
P AR B, A8 T R S R B AR X B B BT Ak, Ik B0 T MER A ORI AR SRR Y i
PEOL T4 45 NCEER J7 3% . Idriss J7 1 7E N 9 B 2 PR BA H0 00 05 vk o HER AR SCHR i PL(X) =0.5 M K
SN AT AT - R M R TR AR R ], 2 Model -1,

£3 P(X)=0. 5 BERAT T I A SCEIRL 5 NCEER J7 % (Idriss 75 125 (193 16 0 51 B3 %
Table 3 The accuracy of the proposed model, NCEER and Idriss method at P,(X)=0.5

F 590 B T R 1%
A A AL NCEER 75 Idriss J5 1

WAL R AR A s WAL R AR Al s WAL R AR AL R

85.70 82.50 87.80 80.00 87.80 85.00

2.5 HEENHROIFERTERLRIEM 8B 2R AR KCF T BRI 2 S, 5 BT A
P(X)=0.5F, BRI G0 43 KPR BRI U o A1 K B U 82 20 00 37 T Il B 22 A1 1 SPTRRHE 1 o 36
TE AR X BT (A M R AT S, A RS TR 0 28 400 1) 43 SRR . B R U T Cetin %7 B ST T4
FL AL 1964—1995 4 [H] Y 9 YKL A2 /9 67 R BIAEA, YL N 6.2~7.9%% , i 1 H AR L&
H A v 350 45 b 5 o R b DX R A BB Model -1 #E AT W AL H0 51

Pl 7 25 T R 1 WA 5RO 0 B % . Model =1 X WAL A AR TRAL 1 40 531 L )
RO K 88.00% . 72.00% , 44 FE A B K 20 ‘
T BB X U S s B T »
A RO T A R WAL R . R CSR,
Pt TS TG EE N, o T 7N B8 B AE 26 661 DL B2 CSR, 5 T
INTEV B N, goes T R AE WAL 22 481, K3 5053 A
AT, BB EA B 1A ) S 10

R S 590 B Ty 01 YA AT TR R o R Y A
M, 2 XS o SR O AR WAL Y X
WAL 5 R AE S AR WAl R B R AR L,
R RS S, e Ak SR AR WAL

Madcl-1

CSR.

A 25 5 R R LLBOBE R B X 4, X . *
W, WA B % R I R AL IR TN, g . . . . .
CSR, P55 [ 2, 4525 5 A 47 482 21 o di o 0 10 S 0 %0
LA AL JOE R L I AL 2 0 R o -

IEM s e, EHETEEE# LGRS Fig. 7 Verification of the model validity
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B KA o R F I R B AR A AL TR B R B 2, G IO BRSO AT A X R R A
AR AL S P — BB B A R AR T X — R T LA N, oo FI CSR, S FIBER AN
X SO i A P 8 DX 531 2 TG P9 st AT AR 0] 18 B A AR T o X T IV, oo BT CSR, (BRI R
T B0 A AR WA R, R DA R A R I T R B BT R BE S Ak B b R (LR AR Y R
MR H T S Al s, T B — PR R R S EL N R Z M R

4 RICEA Y NCEER J5 i Idriss Jy B 7E SRS b 19 A0 31 25 2R 1 X 1L
Table 4 Liquefaction discrimination results comparison of the proposed model with the NCEER method and the Idriss method on

validation set
F 1) A 1%
A SRR NCEER J5 ik Idriss J7 %
Wtk s AR Al 1 WAl s JE Al 1 oAl s FE AL 1

88.00 72.00 80.95 68.00 85.71 68.00

T AL T AR SCHEAF IR Model-1 5 5 P NCEER J7 15 . Tdriss J7 B AE B TE 4R 1 0000 45 56 i) %6 1E
SR, IR IR R B CSRIS /N, ARYE LIRS 858, BA NCEER J5 ik . Idriss J7 2 046 H0 51 il
LN, oo I —E RS, S BURGHME2 S, A4 H 2 94 5 803 1wk h 28 i)
A XA RS, DT 350 3 YA 1 28 081 R Al WAk S8 491 ) o A Sk 132 i ] 0 B3 vk 2 1 A 0 4 ViR 0 3 AR
BERURNAZAE [ 25 B0 4, 5% 00 UE 4 v 0 2 2 5] A 900 o0 7 % 5 T NCEER 55 | Idriss rik, HABIARYY
Mg AT U/, PRBL T AR SO I A

SCEE T E AT E AT IZ N A HE R ] Cetin B RY DL KB % 1) #2599 45 HIL A 24 2] BERLAE Ry X E
B, SR SCHE ALY Model—1 AT TN 45 S XF b, PR O R B R R v B B R S Y B
5%, PRSI MFR S PR . & 7 AR R E B E R 0 00 BR TR ASAURT DL T 25 5, (] s R R A
9t B ARREA I WAL 3R, 3R] 7E ROk 5 BA 1 JE T AR 11 b 7R AT B P S BT RE DG T L AR X Ak A

F5 AR SRR B BT SRS IR GF 8 A T 45 2R ) X L

Table 5 Prediction results comparison on the validation set between the proposed model and existing probability model

- AR SRR Tt 28 ) 246 R 7Y Cetin f5 75
Z 1) SR LI 45 SR - - -
HEH /% T 2% HE21% T 2% HE21% FRESES
1 = 79.15 2= 80.20 = 70.37 =
2 = 74.22 P 90.35 P 76.36 =
3 = 91.25 ps 85.25 ps 85.28 =
4 = 99.08 pes 100.00 pes 99.99 =
5 = 30.59 i 25.13 f 28.36 w
6 = 96.30 = 97.28 = 95.00 s
7 = 96.57 = 98.25 = 98.00 2
8 P 79.42 = 74.03 = 75.03 2
9 s 97.22 b 80.25 S 79.26 2
10 b3 92.65 2 99.28 & 70.28 b
61 75 13.49 & 5.69 & 3.96 T
62 & 9.38 & 4.37 & 12.56 &
63 Ea 7.73 & 10.28 & 10.56 7
64 E 0.00 & 0.00 & 4.73 75
65 n 78.70 ps 90.25 p 85.25 =
66 w 0.16 i 0.00 i 0.00 i
67 7w 41.94 7 40.28 7 40.16 &
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A A 5B 0 00 B BT 232 53 501 Ry 88.00% . 72.00% ,  HLAT BT A ) i) B Ty 5 il 28 I 2 A5 AL T Ceetin 58 7Y
XoF WA 22 450 1 0 ) Bl 2R 4y Bl 90.28% . 86.74% 5 %o AE W Ak 2 6] 1 ) 5 B B 43 5 R 80.00%
74.00% . A ORI TH L5 5L 5 7792 W A Y Cetin AR RUAH 24, W& 22 T b 260 I 28 B RD | {0 ot 458 ) 4% A6
RUA T bR AR AR i A SO R T AR T A K, WO RS S B AT B AR LA, AR SOR AR
LA R 04 0 RS o

3 WALSBUE IR R o3 B

AR TOR F R AR B  Model=1, 73 BRSNS BB IER B LEAKM A —RE. LEA
RO IR IE AR R R BB I FR A RS, BEAT A S R LB, SRR R AT
WAL 2 G TE BRI B R B2 R . FEVP IR — SR Ry, O TR R, B e &
il 2R T T B IE .
30 MHEKEBMEERE 40K E X LR 2R Oy SO P A 52w, DT R e A B AL RE
T3 RARFTANRL & ik (FC) BYAE TE X HE A5 5 Model—1 40 31 B 3 04 520, A% SCH T FCAE TE 1T 5 7
B 8L, Model—1 R 1 Seed 45 41 th ) 41 KL & 18 1E R B X FCHEATEIE, dHRE AKX M (11)
(12), Ho, €. 0 Seed AKX I SH

1 FC < 5%
(1 + 0.004FC) + 0.05(—C) 504 < FC < 35%
Coner = Moo (11)
114+ 273 FC > 35%
N s = Chues (12)
Fl 825 i T A& it FC & IE B X B A5 1% 4 07 —
SIS SR Mo B 4 A A R K i
fb, Model-1 % ifb i . W fesmommmsy Model-1
RO K 89.40% . 75.00%, it FCBIE)G, 05
N A = NN | I R A A=t OB 1| 5 A <8 o 71
85.70% . 82.50% (M4 3 Fi/R). #IERAEwM 0
SR 3 T2 7.50% , WAL $
WRTFHET 3.70%, Model-1%t 23t FC&IE & ) .
B SR 0 oy S e, HLB A RS R A 02 -
AT, ORI A SCHEZE () Model-1 i 17 o
WAL G, e gk & = AT B IE . '
AN TR J5 B 0 FC B TE X 2 7 1 AR 0.0 ' ' ' ' L
. 0 10 20 30 40 50 60
R I BT R S, A SCIEHL T NCEER N
J5 V5 R Ldriss J5 3 346 H 0948 1E 2 801 x4 18 Model-1 X FC {6 T BT HCH 31 51145 5
-H»%:/A\J—:t ﬁn J—it ( 13) ( 14) , /ﬁ\: ,:P a. B ﬂ\] NCEER Fig. 8 The results of Model-1 before FC correction
05 ¥ M Tdriss J5 36 FC R HIFE S50 RAEZ
7 M TE U R R DB A 8 1 TE I 9 0E 5 B Model-2.
Niges = a+ BN, ¢ (13)
0 FC < 5% 1.0 FC < 5%
o =1 [ (el 5% < FC < 35%. B =1(0.99 + (FCL00)) 5% < FC < 35% (14)
50 FC > 35% Lo FC > 35%
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F& 6430 %4 T R [RI RS R A SRR Ak s i S T 3R . Model—1 X Ak L JE AR A 1 50 531
J 5510 85.70% . 82.50%; Model-2 XU AL A . AR AR A 09 F 3] L2 #5353 4 87.80% . 70.00% . &l
945t T Model—1. Model—2 5 837 W A6 8 25 BHis (0 AH XSG 21, IS ASE 250 (0 9 A0 I A oty 28 10 A L ) L2230
GELF AT, Model—2 XAk #5370 51 1 21 2458 Model-1 32 TH 29 2%, AR WAL 1550 51 2 R R R 12.50%,
BiH Model-1 BAT AR M. 25 DR, 7638 A SCRER BB AT IR AL BB, 55 S8 X N, o (38 3 2
BRI IERBVATIBEIE, HeAE il Model-1 H i 18 IE S50 BL WAL V8 2 B s A T 1B 1E .

Fo6 P(X)=0.50F ARl FCHEFBAIXT L
Table 6 Comparison of probability model under different FC for P,(X)=0. 5

F 1T 1%
Model-1 Model-2
(0.085N, 0 = 3.18) CSR, = (0.085N, s - 3-
WAL A B WAL R AL R AR WAL
85.70 82.50 87.80 70.00
0.7
o Al o LA
*  ARRAbE *  ARRILR
Model-1 0.6 Model-2
0.5
v . 0.4
& &
o] Q
03
o *
* 02r *
0.1
: 4I0 5I0 60 O'OO 1 I0 2I0 3I0 4I() 60
jvlﬁms N],(yw
(a) Model-1 (b) Model-2
B P,(X)=0. 5 IR R ADBL f i TF 2 026 58 46 B XY 1
Fig. 9 Comparison of models after adjusting of fines contents correction coefficient at P,(X)=0. 5
32 LERABERY WFARSEMEN 04— —
A 9 DI Bl B 3 3R T AT — s AT RO T, AT _AJZ /:/
S b HEOR AL ) BUREY . Rt N B IE R — P,=05 s s
. o R —_—= P =(). . / ' SN
H(C,), WL ERA R MR Ry Y T ; v
SPT Bt ABH I EIH— b A — A R EA T E R -__.NLCEER;K ,’4 ,."' ,/
. a /.
AR . RGO B SR T, s ARyt
KK T C B ERRIH LR, MRO5)(16)
Fis, M P, 0 N N, 2858 KRR
L%ﬁﬂfﬁ\¢ﬁmﬁ%u%WEFmﬁ U
SZHE IR AR BUE
co=De <1 (15)
Ny = CyNg (16) 20

F 1045 T C & 1E 17 X B Ps 4 /0 ) 5 2%
B H AP Z WA S s E A S AR
1k, CBIERT, Model-1 XF WAk &5 . AF WAL 5

N,

16008

P10 Model~1%F C 6 IE B 540 0 5 25 24

Fig. 10 The results of Model-1 before C, correction

— 279 —



1) 500 B B #6433 K 67.30% « 92.50% 5 i CAEIE G, WAk AL . JE Ak 500 0 50 B T % 43531 2 85.70% .
82.50% . & IF Ji WAk s B0 J0 500 A 2 R b T 24 18.40% , AR AL 2 F 50 R DR FRE T 10.00% . 48 C & IE
S, RS XF B a0 0 S T R T A A, ORI AR SCHERE (1 Model-1 #EAT WAL N B, e R
AR I — RECHATIEIE .

33 LBEREARERH VG LEASN KRS S MK EIHBEAR, S 2800 ik LT
T CSRIE /N o 3 A RN S B IE R (K, X MR SRS () CSREATRGIE , vl LK+ SPT 1 “fdf
erE” R R BIR 2L TER . R EEIE K, X BRI TR R, AR SCHI B T K B IE TR
PR T 0L, X Fos, Ko P, oo Al RAE ST . B RO )RS R A SR

!

T,
Kﬁtﬁy (17)
BT KB ERTB R 8, os "
P Al W A B B K R WAL . K, B « ERALS
IERT, Model-1 AL AT . AR A AROFIBIR 05 . Ll
I 2R 4 5 K 85.70% . 80.00%; i K, & 1F )& ,
WAk AR AR A R T R Ay ™
85.70% . 82.50%. AFW kSR BRI B Y
T2.50%, A% KBRS AR §
SRE M, AV A SR 1) Model-1 3647 | ) *
WAL B SR A O ) R O B *
HATIEIE o
34 BRBMER LIRS EAMLS
EEAHE UM, MM, HREK, B oo Tt
G WBE L . T A WAk 2 i 2%
BT M =75 HMEE B, HI B ER BI11 Model—1 % K, 165 T i i 41 91 245
;}g( (MSF) m‘ U» /i,; Jﬁ 5 %f' é& *B 3‘% E(J ﬂﬁ % fjj -1'# Hd‘ Fig. 11 The results of Model-1 before Kg correction

XF CSR AR o N ER 5T MSF XiF A5 A% 74 H)
BRI IR AR, A SCH T MSFASIERT G WA Tod, X (18) frs, Hdm, hZE.

ﬂﬁde%%H—QM&MM<18 (18)
12 25 T MSF A& IF By B AU B8 a5 n ) o g 31, Hoh s Z AR Ak S 9 K @ o & A= wifk, MSF
EIERT, Model—1 Xy AL A5 . AW Ak 55 B 20 500 G 31 % 4550 4 89.80% . 67.50%; MSFAEIE &, WAL A .

BV A AR F 50 B ) 2R 4 51 85.70% . 82.50% . MSF {5 1E Ji B SR VB Ak o5 J40 591 B ) 2R A5 B AR, (HL A
WA B 0 R T R TR T 22.60% , 5 AL T BHE A 0 0 0 T A T P A, R AR SCHE TR Y
Model=1 HEA7 AR, Se M = G m R B AT 2 I .

4 TR

AR 3C B SPT 4 fL Yuanlin-YL-BH—-42 {E N AF 58 X 5, 438 A% SC 5 36 78 52 B T8 o (4 1 FH 200
KA SCHE S NCEER J77k |« Idriss 777 . Cetin A5 70 I 28 X 26 B R0 J7 A S % L O vk o SEBR TR
BRI T 1999 4F “SEEHGR", FEMHIE, hEGEWX AL T Z 0 RIS, B A RiET
TR AL . 1999 4F “HEEME” BR M 7.6, Yuanlin-YL-BH-6 £ L0 T 515 %
L E IO S B, B8k B Youd 57 AR SY . FESLUMbRR T, R A A T EMR Ak, FECT R
AR R E . BFLOL T4 120.56°, 45 23.97° e KM FWE(E N 4 0.23 g, HF /K474 0.0 mo
AL B 13 s . )2 AnEb A )2 Ak, HARFIRARA, &R R AP A 5 R LK 14,

— 280 —



07 SPT AL N

o JfbA 0 0 15 30 45
LI | T et = 00m lnf$E + * ' '
0.6 B[ I SF) !
05 T %
) gakm 1 ||
(SM)
Lcé“: 0.4 . 10} ﬁ\/ﬁ
% - BiBgh L (L) }
& 03 5L &«
\
. I
02 * . , N
2000 FHARED .!
0l M)
25 1
O'Oo 1lo 2|o %Io 4|0 'Io 60
. : BT L) /
1.60C8 ,%0 4
[#112 Model—1 %} MSF & 1F 1 54 ) 51 45 B3 4L 3 i
Fig. 12 The results of Model-1 before MSF correction Fig. 13 SPT borehole profile
NCEER#: Tdrissi Celinf& Y TPRLE A RS i A A
0 TR
i . ‘ B[R4 a
‘ itz WAL
WILE
10+ WAL
AL R
£ 5] WILE
Jewfb)2
20
BRI d= EmiL= EI A=
R

30
14 B I7 A 2

Fig. 14 Assessment results with various methods

o 14 AL, RSO H AR 5 NCEER J5 ik o #4845 A R B0k T 2 R AR — B, IUFE WAk
DA WAL XIS RN BT 26 57, BERLR D9 AL )Z I IXBAE T B )=, %Ak b 4 DL R AR o3 5 Rkt
EAARN BN, B RIEA AL TR, A5 e R B R A AR — i IR A KU, B LR I X
FIR WA XI5 BEAY , Tdriss 75 % F1 Cetin BB TH 30 5 W A7 7 2 AN AL X, W S AR~ FRCEDAE T
ST IEAR T bR TR A — 5 19 R HTAT 35 o

5 NS

AR SCHEET i NHE ST TR AR R R LAY e 5B ARG, B T B A A A
P, o TR & BB IERE. BEASN IIH— R, EEA RN RO R RGBS
SRR AL H A BT 2, FEAIR T

(1) AR SCHE T 32 5 [ 9 B35 3 10 0% 0 T A 0 i) ARG S5 A A8 0 v A L A1 W T 22 4 % T ) it 2 232 43 )
)9 85.70%, 82.50%; X5 iE A A4 ) 5 B Th # ik 88.00% . 72.00%, E.A B UF9H B e Th &, [ mkal LA

— 281 —



26t AR K A RO

(2) fE fift FHA SCHR A9 00 - WAL A R R I, Al 00k & B IE AR 8. BB B IE R R
BRI RE BB R R RO I SPT I AL A R AT S E AR W A B BT R

(3)38 3 S B3 M, A SCHR H A R A 7 K a4 b (R RE LA sy i AR P 0 B 3R, [ ot ml 25
AR A, EERESEUEIE, RRIE AT TR ACHFEA J5 X R R R 4T 2k

SRRSO S B R AR BT AT 7 A AR 2 B T A, (EL I ZRASE R I SR ) E A A A
/b, B BRI B BT N ) H LB TR TR bR B BORZR G MR S . PRBE AR IR LA K AR A
SR, AEORE— 20 PR AL 2% DR A28 S M TS A R A S, B 7 B 6 2% R T 531 i S R R
Tk R T W T 2 (9 B WAL 5 B SPT dls LR SE Rl B 4, JF A AR SORE B Rl B X W Ak 3
Wi P28 BEAT 4 50, A AN B 2 R B 5 R AR A R R A i — 2 R AL

& £ X #:

(1] VEMEE. ARG T AR+ ay B AR IR T ]. KR4, 1980(1): 14-27. (WANG Wenshao.
The strength, liquefaction and failure problems of saturated sandy soil under round—trip loads[J]. Journal of Hydrau-
lic Engineering, 1980(1): 14-27. (in Chinese))

[ 2] VEmE. EAmAEHLBELT]. KFI2E4R, 1981(5): 22-34. (WANG Wenshao. The liquefaction mechanism of soil
[J]. Journal of Hydraulic Engineering, 1981(5): 22-34. (in Chinese))

[ 3] YOUDTL, IDRISSTM. Liquefaction resistance of soils: Summary report from the 1996 NCEER and 1998 NCEER/
NSF workshops on evaluation of liquefaction resistance of soils [J]. Journal of Geotechnical and Geoenvironmental
Engineering, 2001, 127(4): 297-313.

[ 4] BRE>¢, RBL, FMIRE, 5. LIEMRWRALTT O Jr ik or s gt e (], B R TR 24, 2021, 41(4): 677-
709, 733. (CHEN Guoxing, WU Qi, SUN Suyu, etal. Advances in soil liquefaction triggering procedures during
earthquakes: Retrospect and prospect[J]. Journal of Disaster Prevention and Mitigation Engineering, 2021, 41
(4): 677-709, 733. (in Chinese))

[ 5] 64, A, BIER, 5. 3T hn BRI 09 16 0 5 O ik xR s wb + 38 R[], =+ 1%,
2025, 46(7) : 2085-2094. (FAN Meng, LI Jingjun, YANG Zhengquan, et al. Applicability of standard penetra-
tion test based liquefaction assessment methods for sandy soil in deep layer [ J]. Rock and Soil Mechanics, 2025, 46
(7): 2085-2094. (in Chinese))

[ 6] SEEDHB, CETINKO, MOSSRES, etal. Recent Advances Soil Liquefaction Engineering: A Unified and Con-
sistent Framework[ R]. 26th Annual ASCE Angeles Geotechnical Spring Seminar, 2003.

[ 7] CETINKO, SEED R B, Der KIUREGHIAN A, et al. Standard penetration test—based probabilistic and determin-
istic assessment of seismic soil liquefaction potential[J]. Journal of Geotechnical and Geoenvironmental Engineering,
2004, 130(12): 1314-1340.

[ 8 1 M, HIERL, ZE8%, 5. BT Rem L SR R b I A (1], 55 £ %%, 2025, 46(12): 3985-
3997, 4028. (FAN Meng, YANG Zhengquan, LI Jingjun, et al. Soil seismic liquefaction discrimination model
based on support vector machine[ J]. Rock and Soil Mechanics, 2025, 46(12): 3985-3997, 4028. (in Chinese))

9] xUhA:, wER, ®Wht, 5. Ak 8 Rt i 2 T[], AKR“#4, 2005, 36(11): 1298-1306.
(LIU Xiaosheng, WANG Wenshao, CHANG Yaping, et al. Some problems in determining dynamic characteristics of
natural foundation soils[J]. Journal of Hydraulic Engineering, 2005, 36(11): 1298-1306. (in Chinese))

(10 ] A AR E A B fIg £ a3l . @ SPi s I tAE 77k . GB/T 50011—20100S]. dbnt: mvE A Tl i
ikt , 2010. (Ministry of housing and urban—rural development of the people’s republic of china. Standard Method
for Seismic Design of Buildings: GB/T 50011—2010[S]. Beijing: China Architecture & Building Press, 2010.
(in Chinese))

(1] A R IR A s Ak 2 @5 . K & f TR R EHE . GB 50287—2016[S]. dbat: b1l H AR
4, 2016. (Ministry of housing and urban-rural development of the people’s republic of china. Code for Hydropower

— 282 —



[12]

[16]

[17]

[19]

[20]

[21]

[ 23]

[ 26 ]

[27]

[ 28]

Engineering Geological Investigation: GB 50287—2016 [S]. Beijing: China Planning Press, 2016. (in Chinese))
CETINK O, YOUD T L, SEED R B, et al. Liquefaction—induced lateral spreading at izmit bay during the kocaeli
(izmit) —Turkey earthquake [J]. Journal of Geotechnical and Geoenvironmental Engineering, 2004, 130 (12) :
1300-1313.

BOULANGER R W, IDRISS I M. Probabilistic standard penetration test — based liquefaction - triggering procedure
[J]. Journal of Geotechnical and Geoenvironmental Engineering, 2012, 138(10): 1185-1195.

UYANIK 0. Soil liquefaction analysis based on soil and earthquake parameters[J]. Journal of Applied Geophysics,
2020, 176: 104004.

LIAO SS C, WHITMAN R V. Overburden correction factors for SPT in sand[J]. Journal of Geotechnical Engineer-
ing, 1986, 112(3): 373-377.

ATANGANA N P G, SHEN S L, ZHOU A N, et al. Evaluation of soil liquefaction using AT technology incorporat-
ing a coupled ENN/t—=SNE model[ J]. Soil Dynamics and Earthquake Engineering, 2020, 130: 105988.

AR, KR, BUEA. B LW AR AT LG RO )], MR AR S TR RS, 1997(1): 83-89.
(SHI Zhaoji, ZHANG Rongxiang, GU Baoche. Study on synthetic methods for criteria and appraisal of sand liquefac-
ton[J]. Earthquake Engineering and Engineering Vibration, 1997(1): 83-89. (in Chinese))

R, #EM, B4, F. hEBRNRE LR AT Tk ()] AR TR, 2024, 57(9):
98-108. (YUAN Jinyuan, CUI Jiawei, LI Zhaoyan, etal. A new method for evaluating liquefaction potential index
of gravelly soils under Chinese mode[J]. China Civil Engineering Journal, 2024, 57(9): 98-108. (in Chinese))
BREXS, LB =, Z2/h%, . LIS ST A4 1Y i iR Ak aff o e BORESR 1 5 (0], A %%, 2015, 36
(1): 9-27. (CHEN Guoxing, KONG Mengyun, LI Xiaojun, et al. Deterministic and probabilistic triggering corre-
lations for assessment of seismic soil liquefaction at nuclear power plant[J]. Rock and Soil Mechanics, 2015, 36
(1): 9-27. (in Chinese))

ZEPEME, TR, MRS, S BT AR ST Y S ARLAD b W A HE SR A D R B[] B R TR A A
2024, 44(5): 1133-1139. (LI Pingping, ZHAO Shaofei, BAO Junwen, etal. A new SPT-based model for lique-
faction probability discrimination of fine—grained sandy soil [J]. Journal of Disaster Prevention and Mitigation Engi-
neering, 2024, 44(5): 1133-1139. (in Chinese))

HRFSE, TR, B, S BT OT UG AL )] B IO TR, 2020, 40(4): 490-497.
(XIAO Shihao, ZHANG Jie, GE Yixun, etal. Probabilistic evaluation of soil liquefaction potential based on shear wave
velocity[J]. Journal of Disaster Prevention and Mitigation Engineering, 2020, 40(4): 490-497. (in Chinese))
RIEE, X7, E2ER, 5. ORISR r k] a R TR, 2022, 44(3): 541-549.
(YUAN Jinyuan, LI Tianning, WANG Lanmin, et al. New method for calculating probability of sand liquefaction
[J]. Chinese Journal of Geotechnical Engineering, 2022, 44(3): 541-549. (in Chinese))

EWFR, EAS%, 24K, & BTS2 - MR RN LA T[], RS ehid, 2024, 43
(5): 82-93. (WANG Zhaodong, WANG Zifa, LI Zhaoyan, et al. Prediction of sandy soil liquefaction based on
machine learning—GridSearchCV[J]. Journal of Vibration and Shock, 2024, 43(5): 82-93. (in Chinese))

YANG Z Q, FANM, LIJJ, etal. Study on the empirical probability distribution model of soil factors influencing
seismic liquefaction[ J]. Buildings, 2025, 15(16): 2861.

LIJJ, FANM, YANG Z Q, et al. A study on the soil seismic liquefaction artificial neural network probabilistic
assessment method based on standard penetration test datal J]. Applied Sciences, 2025, 15(18): 10229.

FAN M, YANGZ Q, LIJJ, etal. Study on the soil seismic liquefaction probability distribution model for environ-
mental factors[ J]. International Journal of Geomechanics, 2026, 26: 04025321.

KIrse, R, BHIER, 5. B0 5E By B b Ay U £ORE SRR i R AP U T 2 (0] P KR K R R
SRS BE AR (P2 3C), 2025, 23(4): 412-425, 437. (ZHU Fangliang, ZHU Kaibin, YANG Zhengquan, et
al. Rapid determination approach for elastic modulus coefficient of rockfill materials in rockfill dams at preliminary
decision—-making stage[J]. Journal of China Institute of Water Resources and Hydropower Research, 2025, 23(4):
412-425, 437. (in Chinese))

BT, BIEAL, REDK, % L RECRHIE S ESE RN T B )] KFIER, 2024, 55(5): 597-606.

— 283 —



(FAN Shukang, YANG Zhengquan, ZHU Kaibin, et al. Study on soil gradation characteristics and continuous
grading equation[ J]. Journal of Hydraulic Engineering, 2024, 55(5): 597-606. (in Chinese))

[29 ] BHATTACHARYA S, HYODO M, GODA K, et al. Liquefaction of soil in the Tokyo Bay area from the 2011
Tohoku (Japan) earthquake[J]. Soil Dynamics and Earthquake Engineering, 2011, 31(11): 1618-1628.

[30] DONGZX, SUNZG, WUSW, etal. Influence of soil liquefaction effect on seismic failure mechanism of river—
crossing simply—supported girder bridges subjected to near—fault ground motions[J]. Engineering Failure Analysis,
2023, 154: 107664.

[31] FEx. ETE2HLEMND HEAAFBIEID]. BRE: PEER TR0 T, 2017. (WANG Liang.
Study on logistic regression model-based procedure for evaluating liquefaction potential [ D]. Harbin: Institute of
Engineering Mechanics, China Earthquake Administration, 2017. (in Chinese))

(32 ] WAc . 6 DUk S0 190 2 9 3 7 o fe AU B BE RS SE [D ). o . RSB Tk %, 2016, (HU Jilei.
Research on seismic liquefaction risk analysis model based on bayesian network [D]. Dalian: Dalian University of
Technology, 2016. (in Chinese))

[33] MBS, XI/NE, BEA, . L TH0E60FEM kRS RELI]. o E KR K HL B2 058 B 2 4, 2018,
16(5): 417-429. (ZHAO Jianming, LIU Xiaosheng, YANG Yusheng, et al. Review of aseismatic research of
earth structure at IWHR in the last 6 decades and its future development[J]. Journal of China Institute of Water
Resources and Hydropower Research, 2018, 16(5): 417-429. (in Chinese))

[34] MBIER, XVREE, XNE, 4. JEJRNZIR CCS K ML u PR IR A 5 2 SO BTN b 2y s B A5 i il ga wF o [ . KR
i, 2014, 45(S2): 161-166. (YANG Zhengquan, LIU Qiwang, LIU Xiaosheng, et al. Study on dynamic
strength characteristics tests for deposited soils of voleanic ash [J]. Journal of Hydraulic Engineering, 2014, 45

(S2): 161-166. (in Chinese))

Study on the probabilistic assessment model of sand liquefaction based on logistic regression

algorithm

LI Jian', LI Jingjun®’, FAN Meng>’,ZHU Kaibin>’, YANG Zhengquan®’

(1. Power China Chengdu Engineering Corporation Limited , Chengdu 610072, China; 2. China Institute of Water Resources and Hydropower
Research , State Key Laboratory of Water Cycle and Water Security , Beijing 100038, China; 3. Engineering Research Center on
Anti-Earthquake and Emergency Support Techniques of Hydraulic Projects , Ministry of Water Resources , Beijing 100048, China )

Abstract: Sand liquefaction caused by strong earthquakes is receiving increasing attention due to the frequency of
extreme seismic events. The liquefaction possibility assessment is the primary task in the study of sand liquefaction.
In this paper, a probability assessment model is established based on the field investigation of liquefaction cases, com-
bined with the knowledge of probability statistics and logistic regression algorithm. The effectiveness of the model is
verified by comparing with the existing deterministic liquefaction assessment methods. Furthermore, the parameters
analysis affecting the liquefaction assessment results is also conducted. The results show that the liquefaction discrimi-
nation model established in this paper has a success rate of 85.70% and 82.50% for rejudging the liquefaction and
non-liquefaction cases; and a success rate of 88.00% and 72.00% for the discrimination of the validation set, demon-
strating a good discrimination success rate. The fine particle content, overburden stress correction factor, the correc-
tion coefficient for overburden stress, and the adjustment coefficient for seismic magnitude should be applied to cor-
rect case data when applying this model to assess liquefaction potential , which can improve the accuracy of sand lique-
faction assessment.At the same time, the model can provide specific discrimination formulas. In the future, when new
samples are incorporated, the model can be further improved by adjusting and modifying based on various parameters.

Keywords: earthquake; sand liquefaction; logistic regression algorithm ; liquefaction assessment; probability model
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