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Liquefaction probability criteria table based on shear wave velocity
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Abstract: The existing methods are mainly expressed in equation form for evaluating the soil liquefaction, among which the equation
of liquefaction probability evaluation method is particularly complicated and conservative. However, for the liquefaction microzoning
of large-area and multi-points, objective and simple methods are needed. Therefor an optimized Logistic liquefaction probability
equation and the corresponding tabular liquefaction probability evaluation method were developed. According to the published results
of shear wave velocity liquefaction field in-site tests, the liquefaction probabilities of samples were calculated as the basis for grading
the liquefaction possibility, and three precision liquefaction probability criteria tables were constructed by decision tree method. Then
the data set constructed by Kayen et al. was used as the judgment data set. The differences between the optimized equation and
Kayen’s liquefaction probability equation were compared to meet the purpose of measuring the reasonableness of the optimized
equation and criteria tables. The results show that the influence of misjudgment by the optimized equation on actual engineering is
less than Kayen’s equation. All the three criteria tables can properly isolate more than 70% of the sites, and the evaluation of liquefied
site and non-liquefied site are both well considered. The criteria tables simplify the evaluation process of liquefaction probability,
improve the applicability of shear wave velocity liquefaction probability evaluation method, and realize the purpose of evaluating
liquefaction probability without calculation. The tabular method will provide support for liquefaction microzoning based on shear
wave velocity.

Keywords: liquefaction probability grades; decision tree; rank of importance of liquefaction factors; shear wave velocity

Wk H#A: 2022-06-18 S H: 2022-08-12

HETH: RIRTH ERFIZEHESE (No. LH2020E019).

This work was supported by the Natural Science Foundation of Heilongjiang Province (LH2020E019).

HAEEW AN BT, Lo 1989 44, f, YHW, FTAGEE LHGE TAEPA. E-mail: y53739623@126.com
WWERE: IMBE, 2, 1972 4R4, 4, #FF0IR, REENEE LR TR Y. E-mail: iemsr@163.com



B Mo S T BTUIBCE AL T RE P SR Rk 635

1 5l

B HhRE R R R B RWTIR N, SRR 1
G TR T 3 T2 AN ) P BRI 77, AR OK H S
T IX A ThRE I RR A RS R A PTG X
XSS, FRE A 2 AEAT 1O RR 22 A VRPN AT XU PP L
P, Forr, VAN DX R P X A 8 A XU (1)
AT X0 75 A R BT RVl 5
AR R FE TG PR 43 o WA P BT DAl 22 VAL
WEARFR BE TG AT, R AL /N X K ) 2

5 B TR H AL B AN ], BTG
Bl (R S X IR AL X R T R It e = EOR, 09
FBAT BTG bR BN T v FE 2 R E BN 14
o BIVIBCE MR TT 2 B SIS o . Hdfi 3R
B f Gy e S s, 2 —MaEEEH T KR
FEIRAR/INX R AR B3 37 S A I s s R B 7 =X
B T LE VAR VP Al B S IR (R e, RS
FRbt. B 1RSI AL AR L, BT S5
FENEI R R SR, 2 — MR TRAEAE
5t FA B 0 SRR VAR, Ik PR A 2R
TREMBACI A SRS IR, HE2) 78
VIBCHE A F 0 72 K F& . Dobry 250K T
SR PR RS 5 1 BY I | TR A VP A T AR ST
BETREHE G & T RE N SRR A
o BREDGEEBR R T —45E H T8 L 1 e Ml
e FA J77% . Andrus®!. Kayen'MZ:7E 1992—2013
A, FREEMAEIFEIE 400 ZAHBHE, JoRREA
[ i) 3 B 45 B IE T — 2R s AL VR4
LSRR . LB 2R T —HA
[FIMEZR AT N A R 16 R 4. iR T
FE BT AL R B B a1 AR T IR S
HO AR SRR

IR T T BT A VA R R BT
SEVETT IR M MR T VR A a s, T 7RI R I
RN ARTEA T HREREFEAG T 51HE
PRI &, A ZOB AL AT BE 1 VT AL 75 22
BRI S E SN R 0. B ETT
ERRENHAR TR M) 22 4, 85 R &
TR, X5 7 EROUVTAG U 1) XA /N X
RN TAEBEEA— 3. BRG] @, A PARALIX
RI9B I 5, AL @ B2 AR T R A
3, FI R SR 7 i A T As T 2 A 9 2 Mok 12
VB T RETE VT 2, TR B B AL P75 248
AR PR AR H Y, B 2 S bR LRE R k),
NZ RS 20 FE AN X RIBT Fe 40 5 L

a3

AR NP . B, fifk Logistic [Al
1 (LR MR A, R AR R 4G
A S brtE oot b, PR AR AR ) & ER A
HIR, MRS B & o B I ) 4o 3 Fh
R FE AL P BE PR VPAL 2 A4 0K - A o] REE 56
RN, 2R EHE R . R
PR IS5, PR B B4 3 FPokE BE AR AL AT
RePESE R, IR SR IR U PPN A v] REVESE
PRI G BN

2 BRI R I AR S

PESMH

RN I TAE BRI T Hh B b i o
AHiEtk, HHEERS, g e k. Rk
AREMEVPAN I AR, — R R AL M S £,
TR &5 B . SR, 0K S B0 A TS
RREEINE A, 0T R BB TG B iR A /N X I T
PERAIE R Kk, ERERITR S5 R E IS5
ISP, T T ARSI R A L R,

AR B BRI BT R B R T T e
B EEMHT, JrEIEH TR (CRT)
B AT AL, B RIET Andrus 04k R
AT B, B35 225 AT AL AR R IE 240
TR, LRI mACh AR R, CUITE AL
MMSHON AR, REEEEHTSRWE BT
Ne Horf, IEIRRE (hEHES S HIXKIK) (GB
18306—2015) S G1, FSzBrizih i i ik
EIE R 7 T H R RS .

T Tk AFBUBIL AR S M A ) e R 3 R B T A
VT E A . B, B 1 AR E R S
, WRES. PRI CSR ANEEINEE o, »

0.4 r
0.3
R
B
#H0.2
2
L)
10
1111
SR R 253 8 7 R R R A R ) KK KK
BE QTR M R H R R X E B b
ZEEEX ERE BREKREZN
FREEmRE BUR HRIUED
e B BINR
® T el
= B
TR

WAL S5
1 WAL EREEEET BERRIRT SCR4D

Fig.1 Ranking of importance of liquefaction factors
(data from reference[14])



636 = +

) 2023 4

R MIL. MIKA R L, %7755
B0 14 25 800 T I 4% SR 2 A B AT A
TAECHITI O & s TN

WEZAE [F, CSR. o FEZ 3 ANSHUR
AR BN OB BRI, 1% 3 NSRRI R
H IUHIAIE, R0 T A RO E 4. Joh,
a,, A CSR X7 T WAL I 52 51 (0 4% 3 388 B bR
SRR, T a,, BTHSIPEER, T LLE A SR
LI 483 5 9 08 4 2 O B WA

T I 2 R T, AR BRI
St A BRI R
W R E L —, XS R A B
ANO-14, 1617 DLk A R R T B
(CTTREREVE R, IS B N 2 IV 7325
S BT U o 5 5 R TR v T AR,
UL - AR PERR, BT IS 3 BOR A 2 L
S TT I M IR 0 U0 N R AT B R I Ak
WSO O AW . TR, 75 A S B b
FER AL IR T, B R A R ik
PR A e, W TUUBIR MR, 5 RIS
FO T S PRI R, T T 8 — X Sk
o DU PR A e A O X s, AL
e P PR, X S URER B — 8, YR
S RN I8 (A 4 SR BT . 5381
EARER IR, TEPFICRII, JIRA M Sl
SET7 R L g o . I, KRR
S BRI TA T i T B A it
BFIC, A SCEARH X TANE R M, 1T )
FAREE % . H R KRR d, RG2S d, R
PUHSMEFANSH . ol R, Tl
Hof 2 F R, E B R Sy, AR
RESE, AT CSR. BAME, M4 4, F1d {E
N R BH

3 BUIBOE AR S A A
AR SCE B IR L Logistic AL A 501

2Eal EEAT . JEARF, AR S R RN )
FUREIX, FERRANZURE X E) A EAT AN B H, 31551
JERVIL VI IXEERS A A 30, AR SCHE
IHERN b, ¥ a,, B— R EE Y In(CSR) 1 [=] 15
RE, SR ZLRE RE A T LR A R — /A
AT KR 77 AT LR UEAS [ 21 XA
FIRAC R DPAl 45 S A SO TR A %L
A& Andrus SN 225 B & HUR
31 ARtk
AR, FET 0 Logistic [FIVABEAY, R
H CSR E NS Z%, HT CSR Zidid d,
d, FEZHAFEIN, FTUSL M AXAEIL CSR £
K. N TSR RBLA XU RS RE IRCE, %
¥ 7T a,, ZHAEHN CSR MBLE, Insdih R 35 E 7w
WAL T REPEVPAS R R o A SRAS I BT )i
AL A XA

P = {1 + exp{—(SSamx +1.78) ln[0.65amax ‘

-1
Y4 _0.008d,)|+0.0387 —95|0 (1)
9d, +10d,,

L

194
7% 1(1-0.0084.) |[+9.5¢ /0.038
[9ds+10dw]( S)} }// 2

X POBA L PRAREER s v,y SEI B D)9 s
(m/s); V, ATBBRALEESR B, il 5L 8 D)3 0
FEFR AR RIS, S BTTI kv, N TV, B
L ERERN A B, A KA.
3.2 ARAEHEFY

SRR PR (1), () WHERRME, A STA
X5 Kayen MALHERAXIL[F[FIH Kayen FAAHE
A, XHAFEACTE 287 Hi LI 5 128 HAER
Yyt Kayen S5 ORI 2H Z040 40 422 1 DL et 30 5
(Bayesian analysis) BY V) HR AR A AN

qu{m(l;f1)+63amx+L7&h{06&%ﬂ-

(3

A @ ERAX PR, IZ AR IS
HUEREFANIES; V, MEIEBIUIBGE: M,
N o)y NAMEEEEILT); FC MRS &,

FEARMIZIET, PIASE RPNy
WAL, 315350 (1) 5 Kayen AR/ 2
FEAE 3 AMFIREIX (VIEEIX S VIEELX . IXFERXD

b [(0.007 37,)**' ' ~1.946In M, ~0.009 9In o, +0.002 8FC |
LU 0.480 9

RGO, QI 2 fros. o, BEE BCR B i i
1%, AR R AR &, AR AL A )
IR AR B PIAL 2 UARI A A (MR R S 2
VEVEOY, (ESIREREAN, HeAE N SR AT o
LABAEAER 50% NS, SRAGEA AR T =
P RAL R F ST, BRI S IR 5 SEBaliA 45 R



14T Wi PESE: BT BTDISCE AL AT REE SR ST A 637
XPHE, HUONIETRRIEES], SERWME 1 P, HE REFW T KR A ) FEm 7 et — IR

FIBIY)POEM B WAAAEREE, K- 10%3I V)P PRI RTHI-10%51

100 100 100 100
80t 80 80| 80t
= 6o} = o} = 6o} = ot
£ PUSI . P I o 2
I 4or oyt D OT o D Aor o-yif 5401 - i fL
- Rt - itk = AL R B
20¢ Tkt 20p
0 1 1 1 1 J 0 1 1 L 1 J 0 1 1 1 1 ] 0 1 1 1 1 J
0 20 40 60 8 100 0 20 40 60 8 100 0 20 40 60 80 100 0 20 40 60 80 100
TR/ % TRBCRALIER/ % B/ % TRBCRALIER/ %
g VI VIl IX
(a) Kayen A=
100 ¢ 100 100 100
80 f 80t 80+ 80+
3 3 s 3
= 60 =~ 60 =~ 60 = 60
= a0} # = q0r . = a0t ¥ = a0t w
NP AN - r AN <
201 - |t 20f iﬁ%{w 20 = E 20t - i
% 20 40 o0 80 100 "0 20 40 60 80 100 0 20 40 60 8 100 0 20 40 60 80 100
BB AR % BRI/ % B/ % BRI/ %
ot VILEE VI IXFE

(b) AXA
B2 Kayen AREARXAR (1) EREMEKFFHARILER

Fig.2 Success rates of different preset liquefaction probabilities by Kayen equation and Equation (1) in this paper
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Fig.6 Refined decision tree for medium grade
(20%<P; <80%)
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Table 5 Judgment results for medium grade
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Table 7 Judgment results for four grades
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Fig.8 Criteria table of liquefaction potential grade (five grades)

[Z. ARV (m« sHRRACATREN: 5> 2 d,
/g (0,120]  (120,130]  (130,140]  (140,160]  (160,195]  (195,260] (260,317 >317 /m
(0, 0.045] 2 2 1 1 1 1 1 1 -
(0.045,0.11] 3 2 2 1 1 1 1 1 -
5 4 4 3 1 1 1 1 (0,0.5]
5 3 3 3 1 1 1 1 (0.5,0.9]
(011, 0.18] 4 3 3 3 1 1 1 1 (0.9, 1.7]
4 3 3 2 1 1 1 1 >1.7
5 4 4 3 2 1 1 1 <l.I
(0.18, 0.27] h 4 4 3 2 1 1 1 >1.1
(0.27, 0.35] 5 4 4 3 2 1 1 1 -
(0.35,0.4] 5 4 4 4 3 2 1 1 -
5 5 5 5 4 2 1 1 (0, 1.7]
(0.4, 0.5] 5 5 5 5 3 2 1 1 (1.7,2]
5 4 4 4 3 2 1 1 >2
0 5 5 5 5 4 3 2 1 (0, 1.7]
5 5 5 5 3 2 1 1 >1.7




642 = +

) 2023 4

5 SELVPAG XTI 1 1] 25 R angk 9 f
TNe BEARIEHIRN 78%, T 3 55 4 PP
T2 18] o SRS HP IR S5 20 351 23 s 1) 1E
AR T HoAh 3 AN, HAR A EERIE T B R 5%
(RO A K 4 2 A AT R A5 o G P — IR S R [ )
IE#2 N 65%, (B 28%H 137 Mtk vl B 4%
Al B ARYL. IX R IS e T ORI, AT
WA RS, R REATE IR (BES G,
BE A A R b 7E, IR A B R 3 2
RAE S mE A,

R SEFIHHEREHALER

Table 9 Judgment results for five grades
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