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Probabilistic evaluation of sand liquefaction based on Logistic regression model
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Abstract: A simple model for evaluating liquefaction probability using standard penetration test (SPT) data is developed based on
logistic regression analysis of 200 sets case histories of 23 earthquakes. The proposed model uses corrected blow count (Ng.s) and
cyclic stress ratio (CSR) as input parameters. When liquefaction probability level is equal to 50 % as a limit state, the formulation of
cyclic resistance ratio (CRR) was proposed with an exponent and the proposed model’s reliability for liquefaction and
non-liquefaction estimation of saturated sands is 85.71 % and 76.14 %, respectively. Comparisons of the proposed probability model
with previously proposed deterministic and probabilistic approaches are performed to demonstrate the slightly conservation, because
the new test data and modified coefficients are used in this analysis, so some sources of uncertainty and variance are eliminated. In
order to correlate deterministic approach and probability approach, the relationship between the factor of safety against liquefaction
and liquefaction probability is proposed. Five case records are further analyzed to demonstrate the feasibility and reliability of the
proposed method.

Key words: liquefaction evaluation; regression model; standard penetration test; sand; earthquake

1 51 5

MR A R BT R ot T A R ) A
11 Y S AP e o Ol 1 VAR 7 e SO ER 7 NP o
VAR L AR KA PPN 2 I ST AN 1 T 25K )
PR N A W LR 7k AR
o aridi, sl hr iR AR, Sk,
BEAGSE IR IR, I WTE I FA R SR A1
W K eIk DA RE DL AL A A R S fitig
VB S AR e F BRI, XTI R A e I

Wk H I 2006-12-11

b X TRE TR TEINE, — BURYE e R
e Fs FIWOR A 1 Fs<1.0 I, TA R A
M Fs>1.0 I, B RER . WL
Fhg, TRV AR R 28 50 MU E ZER 45 AL
KW ea 250, B RN R, A
& RAEAE R T IR T o B RHABORIN R,
KB (R AL S B SR B B, IO+
WA AR o3 TR T AT Rk VER AR T AT
FEVE BT AERD L WAL PR TP N T . AR
A BT LRE T 20 9 2% A AR SR 3T T WAL 35 PEAR

FEETH: FRARREIESTH (No. 50578029); 2 #AH I & &%l (No. IRT0518).

fEH i LT, 7,

1978 4FA4, 1-EAFFUAE, FENTE TR W BCA R T/ . E-mail: pjp4057@sohu.com



2568 b +

A

MRLAY, IR L 5 RO 7 VAT T R b . o 2%
2 TP 4 i Ao 20 9 2458 o b - 0 M 23 ) 31 s kA
THWI9E. Liao %V T Logistic [AJH4Hrigitb Ak
WAL SPT u#s, #2577 RAERL, (HIER
B 2= oK, BT S — B iK%
SRR TR FC R5gm IR s, g gk &
HAT 12 %5HRSEDTET 12 %7508,
Youd™#1 Juang®J] Logistic [7] )45/} F1 Bayesian i
PRSOT RIS T AR R AT AR, (IR SR IE Rk
RAAAE F B R A MR BIAGE H T Rb -1
R IRGA BT FEAA RN ) ES IR,
JEas B v N ) B b

ARSCRS SCHR[10] B AT R i 1 200 41 A
HhHEE SPT SEIEHEIEAT T Logistic [HJH 434, 4
ST HTRBACE R VPR, O S O MR AR AL
AT T HR My, fEER B T HRE0EAm
POBAL N I LE B S TR s PR ) S
FROMRRAER, e T Fs5 PLRRA, Jfiet
AT T SN o

2 AR M1 Logistic 9] UH 7 12

2.1 Logistic [FIJEHERY K& S8 (18 € J7 1%

1 Logistic [M[HRAL A, W ALMEE P 52
WAL LA B WA pR B PO MR
AR S it eb BB R 20 B o A 5K
RHL PO AT

1

PL(X):Hexp[—(ﬁoJrﬁ]x]+---+ﬁnxn)] (0
X PN WAL R 2, 0<PL(X)<I;
X=[x1,%2,...x,], NEZEEL: B=[Po Bu-.., Bul>
AR ] R EE A . Ol TR 0<Pu(X)<I, PL(X)
WAL OLX), QLX) FE(—o0, +oo) LI AL
PL (X)

1= R (X)

QL(X)zh{ :|=ﬂ0+ﬂ1xl +oet Bx, (2)
FH 5 R S DU A e [P B R R H B, ORIEE X
B IR bR 2N

LB =T[R (O] [1-R (%)) 3

X LG B X FIB IMER KLy, hdR7Ras,
WAERS, y =1, BB,y =05 m Ao Hidid
A B b, B AR A TR R B IR
AL, B RO A R FEC 0. A
TREAHE, B In[LXB)IM—Br S8R LXCB)
fl—Br 8. SEBE X AT B AR BR B R B R sl

s gl (15000 |-

Sh+3n0) | @
A wm AARRAAEG (o) M5 A BAE RN
5 j AR . In[L(X: B RIARABATAE T
o[ L(X;B)]
P
& IEMER LIRS0 B R B it P, o
y112]

=0 (5

p2:1_1n[L(ﬁ)]—(n+1)/z o
In[L(0)]
e In[L(B)] h X HoWE 2 R B ¥ 5 K AE s In[L(0)]
Hy p=0 X BOER KB . Be b, B IENRR LR
B p* A 0~1 200, 4 p*>04, FANRE B RSB
b 2[R Yy AT
2.2 ARERVAR R I PR R LR B T Tk
ST AN [R) W e P 23 W g iR R 2 # 78,

JUANBFRCEMEH, WME IEFRAE TN Nigoess
TEFE Gpaxs e My MRS = FC %, —BHR
PR AP (1) LIPURALERREE, R APt
N JJEE CRR; (2) HusEAiBA/E ISR, Ros AT
IR S CSR. Logistic [FIJAAERIFEsk B AR SR
AHEIANT, RIELK, Nigoes A1 InCSR 24 Logistic |7
BRI A AR . el (2) BB RN

1n{1 TLI‘SL)(())()} = B, B, N,g0e. T 5, N CSR D

RIS £ 1) Nigoes 1!

Nisoes = NmOnCeCrCrCsCrings (8)

A N AMNERIbR G O bR B4 Ny
Akl FE A RN 17 100 kPa tE LIS IE 25 Ce
HEINBER B IEREG Co ME L RIEIE REG
Cr WETFF BB IE REG Cs IR 215 4 82
HHE IE R HL CriNEs RARLE S IE R AL Crmnes= (1
+0.004FC) + 0.05(FC/Ny0), FC AR S, B
B (W27 %EoR A FC=27), AWRiSENT 5 %
I, FC=0; 40RiEHKT 35 %N, FC=35.

bR A A AD L g | ES TR SE UTE F Y  Led
Seed" 1A R HEL, FEHEATREHN LB AT N &
1E:
amax Gv

’
v

CSR =0.65 rMSF™K," (9




59

W4 JL T Logistic [AIABIRL K RD AL BEHVRANY

2569

e e AACT TR I ;s g 2 T Inid )
o, ol SRR BN RGN S5 e AN
Pk R E: Koh EEAA RN B EREL Mo! <100
kPa, K,=1; o >100kPa, K= (o). MSF }5&
PAEIE A4, NCEER #E#( 0 E 1 pios, X
A, MSF = (Mw/1.5) >,

3.0 NCEER #fE#£f# X 8], 2001 4
—=— Seed fll Idriss, 1982 4F
o, 2.5 —— Idriss
§ —— Ambraseys, 1988 7|
= 2.0 —— Andrus 1 stokoe, 1997 ££
N 5 T AL
L
@
= 1.0
i
0.5
wb————
55 60 65 7.0 75 80 85
e My
B1 BHEBIERH
Fig.1 Magnitude scaling factors

2.3 BERSHEERTE KRG RN AT
TEHE M Ah 23 IR FR AT 5.6~8.0 Z 1] VL
B HA s i 200 41 SPT SZill % 4 Logistic 7]
AT I bR an £, it 112 4, 4EdifL 88
AU 3K (3) ~ (5) BHATIRIAAMHT, AL
MR AR
{ R (X) }
In| ——="2_1-14541 6-0.328 2N, +
1-P(X) 160
4.783 91n CSR (10)
BIEHERELIER 0 = 0.496 8, BE WK T S48
RET L 2K .
TEAFBAERE DT, P8 (10) ' CSR
F Nigoes ZIHI I R 20 K] 3 Fis. 22K 2 g
ARFRFIREARFR 235 J& InCSR A1 Nygoess ik HIPI
ZIEHX R B3 YLFRAE A CSR, AR
N Nigoess FTULEH, B2 2RI CR. ik
PL 50 Yotk 2 KT it SRR G 5 5, 510D

0.7 — Seed, 1985’4&) ”L:O-fi B 07 — &
. — A PL=095)PL=05 | — Juang, 20024
= iﬁ 0.5 FC=35 = % 0.5
2 'E O X
juny N R
B o3
e P -02R Z 03
- = 2=
BE . BE
Sizol SPTH:EL &5 o
f=y ﬁ

U0 A A0 AR VAR ) T 2R 4k 8571 % A
76.14 %, VLA 8 1 Ay FEdE .

K 4 A 2k 5 O M R 1 L
K 4(a)h Seed" il ALk (FC=5) 48 50 %~70
Yol 2], [ 4b)ELE T Juang®gh R, Bk L
ARICEE R e 4, R BT oW s B LS5
B IEAAS R T B8, R TG 2 . ] 4(c)
A S SR I 2 OV 22 0 248 5 9 B LA
B HAEAIRIRE, ASCE R mER, (R mdR ki)
22 4s, {BAE Nigoes™>27 W SUHE TR fafe; TRl 7E
EIBACHER S U0 P, (H B AN R
K, P ZERINE K.

TEIRI A3 L it B SR HL InCSR

20 30 40 50
EIEARTIR 2L Nigoes
B2 AFBEERKFE InCSR 5 Ny FIRF
Fig.2 Relation of InCSR and N4 with different
probabilities

0.7¢
o it

UL R S

0.5}
0.4 F
03F

PEIRIN F7 L CSR

02
0.1E

0.0

20 30 40
B IEFR T Nigocs

0 10 20 30 40 0 10
& IEARBEEL Nigocs
(a) Seed 4%

20

B IEFRTHEL Nigocs
(b) Juang %%

Fig.3 Relation of CSR 5 N4 with different probabilities
0.7 — AL
« BRE, 20064
% 305
O x
2R
X E o3
< p =095 2 g =0.95
2—P=080 £% 0.80
3—PL=050 301 0.50
4—P =020 = 0.20
30 40 0 10 20 30 40

B IEFRBTEL Nigoes
(c) Bl 245

B4 ASOBERALAY 5 AR e Lh

Fig.4 Comparison between the available models



2570 b +

b 2008 4

Pi= 0.5 1 Logistic 1) £k 45 R X it 5
AL LT Seed S H IO e Pk fai 4k 20 B 7
EA AU N e 2R, BY Fs=1.0 115 DL
Kk, B 3 H1 Pi=0.5 I CSR 5 Nigoes 1155 R 2555
BT CRR 5 Nigoes FIRFRMZ . 4 P= 0.5 I,
# (100 BHURAN ) A58

CRR =exp(—14.541 6 + 0.328 2N60c5)/4.783 9

K 5 o8 B A = B 50 O R kAT T XL
W AT LAE Y 2 Nigoes<<6 I, A3 45 3 5 NCEER
A1 Thomas J7iZE3EA—F, LLFRE ARG 6
< Nigoes <27, AL 4EF LY Thomas A1k FE 2 45 B FH
LA, AITE Nigoes>27 I, ARILEERAHEL Thomas
FIR 5 RO s el . — A, 1 Nigoos
>30 I, MOFID AN A . ABL R EE R
g, A QD R CRR 2 WEER.

QED)

0.6
A
5 0.5 F NCEER, 20014
/
5 | 5
N 0.4
B JIGE N, 2006 4E
R 03 F . R . YRS,
é B X Thomas F.B.
02t
R . .
01k [EB Ak IX
oS
0.0 : . . !
0 10 20 30 40
B IEFRBOHEL Nigoes

B 5 B EBAHIAR R
Comparison of different cyclic resistance ratio
CRR for liquefaction evaluation

3 URREH MR K SR
Ui 24 REOE XN
Fs= CRR/CSR (12
ST BRI, HAIRS 11 CRR W% (1)
A A5 CSR Al (9) W5, RJEH
10> A= (120 2 nlvk S AL % Py

AP 24 REL Fs, I LTSGR W 6 o,
WA RARAN

Fig.5

Pi=1/(1+Fs"") (13)

MK 6 Fi, 05<Fs<1.5f, P B Fs Az
s 2 Fs<0.5 I, JUFHERAERML: 4 Fs>1.5
Iy, RAEBACIT T REEAR /N e B P 2 A VAR
Fs<1.0, AH RN, FERATE BRI
M, WARREGE. SCPrifERy, B0k

SRR, B 2B o R aX(13)TH R R .
1.0

08

o
e

<
~

.
o

o
=)

0 1 2 3 4
PO 224 R AP

B 6 Fs- P HIRR ML
Fig.6 Relation curve of Fg and Py,

4 5Bl

MSCHRIISTERIAL 5 A I, A SRR
PR T, PRI 1. WBLRH, AL
SR I EA B, AR PURIZ 2 R Fs
(RITTIS s JRG AR (R PLo A7 I 20 42 R AL
NT L0, FEAEMAE AR A, W 1S 2 0 K.

R1 AW RHREERE KA TR
Table 1 Partial boring seismic data and
Analysis results of the text

R AREEE AR RN #ikiEE B A3

My B Nigoes £ amad g 6 CSR FC/ % oL Fs PL
7.9 2 0.20 0.19 14 w03 1.0
73 29 0.35 0.37 2 AWt 09 0.6
8.3 11 0.16 0.26 10 Wi 04 1.0
6.1 6 0.10 0.06 13 Witk 12 03
6.1 6 0.10 0.06 27 it 1.1 0.4

5 4 B

FL T Logistic [PV 77383 708 ) 52 AR B3
B, VTRV, S A
R M Zexs B oA, A DG ASSCAT SRR i 2 45
L Pi=0.5 [FER thd o B RRZS th £k, diar 1Tk
RS IR L AN R AN L /A Wl | R A T IR
ARG A NAAT: HeT 200 ASSEMEHE AT, 2
AL T AR RGO 2 A R AU R RS,
I S WIRFRST = A IWIREN Y 5 QU R
SRR, ASCHBRBRABER PP RIRAT HL A S8
WML T35, AMUBERERAI KSR, &
RE 2 H B IO RE S o B A 7 3t ST i P 18
WACHEA VAN T i AT A3 215838, et oAy
RS BRI ES S I A 2 A5 2
R (1 AL



5 9 3] WA ST Logistic [AIJIRERY IR D 1 iU BER PPARY 2571
2 % X W NCEER Workshop on Evaluation of Liquefaction

(1]

[3]

[4]

(6]

(8]

skyesh, WA, Lah ML dEat: HE AL,
1989: 164—167.

EWI, 2. AR RS A SO
MNHI]. & TREAR, 2000, 22(5):542—544.

WANG Ming-wu, LUO Guo-yu. Application of reliability
analysis to assessment of sand liquefaction potential[J].
Chinese Journal of Geotechnical Engineering, 2000,

22(5): 542—544.

IR, KB, o EWE. BB A A ].

TREHIEE, 2002, 34(5): 4—7.

SHE Yue-xin, LIU Han-long, GAO Yu-feng. Probabilistic
model for evaluation of site liquefaction potential[J].
Geotechnical Investigation & Surveying, 2002, 34(5):4
—7.

IR BY WA F T AR 0], 0,
2004, 25(5):803—807.

SHE Yue-xin. Probability evaluation of liquefaction
distinguishing method of sands[J]. Rock and Soil
Mechanics, 2004, 25(5): 803 —807.

R, YRS OB ARSI (R 4 TR ).
+7J1%%, 2004, 25(10): 1 569—1 574.

SHE Yue-xin. Neural network approach for prediction of
liquefaction potential of two-dimensional site[J]. Rock
and Soil Mechanics, 2004, 25(10): 1 569—1 574.
WREE %, 507 W], T4 ) ik bRy 50 £ 1 0% A5 8 ) D
TR FINIA]. A TR, 2006, 28(3):
301—305.

CHEN Guo-xing, LI Fang-ming. Probabilistic estimation
of sand liquefaction based on neural network model of
radial basis function[J]. Chinese Journal of
Geotechnical Engineering, 2006, 28(3): 301 —305.
LIAO S S C, VENEZIANO D, WHITMAN R V.
Regression models for evaluating liquefaction probability
[J]. Journal of Geotechnical Engineering, 1988, 114(4):
389—411.

YOUD T L, NOBLE S K. Liquefaction criteria based

statistical and probabilistic analysis[C]/ Proceedings of

[10]

(11]

[12]

[13]

[14]

[13]

Resistance of Soil, Technical report No: NCEER-97-0022,
New York: State University of New York at Buffalo, 1997:
201—216.

JUANG C H, JIANG T, ANDRUS R D. Assessing
probability-based methods for liquefaction potential
evaluation[J]. Journal of Geotechnical and Geoe-
nviron-mental Engineering, 2002, 128(7): 580—589.
CETIN K O, SEED R B, KIUREGHIAN A D, et al.
Standard penetration test-based probabilistic and
deterministic assessment of seismic soil liquefaction
potential[J]. Journal of  Geotechnical and
Geoenvironmental Engineering, 2004, 130(12): 1 314—
1 340.

LAI S Y, CHANG W J, Lin P S. Logistic regression
model for evaluating soil liquefaction probability using
CPT data [J]. Journal of Geotechnical and Geoenvi-
ronmental Engineering, 2006, 132(6): 694—704.
HOROWITZ J L. Evaluation of usefulness of two
standard goodness-of-fit indicators for comparing
non-nested random utility models[R]. Washington D C:
Advances in Trip Generation, Transportation Research
Record 874, Transportation Research Board, National
Research Council, 1982: 19—25.

YORD T L, IDRISS I M. Liquefaction resistance of soils:
summary report from the 1996 NCCER and 1998
NCCER/NSF workshops on evaluation of liquefaction
resistance of soils[J]. Journal of Geotechnical and
Geoenvironmental Engineering, 2001, 127(4): 297 —
313.

SEED H B, IDRISS I M. Simplified procedure for
evaluating soil liquefaction potential[J]. Journal of the
Soil Mechanics and Foundations Division, ASCE, 1971,
97(9): 1 249—1 273.

ANTHONT T C. Seismic liquefaction potential assessed
Journal of Geotechnical

by neural networks[J].

Engineering, 1994, 120(9): 1 467—1 480.



