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The Analysis of Liquefaction Evaluation in Ground
Using Artificial Neural Network

Lee, Song
LI B Park, Hyung-Kyu

Abstract

Artificial neural networks are efficient computing techniques that are widely used to solve complex problems in many
fields. In this paper a liquefaction potential was estimated by using a back propagation neural network model applicated
to cyclic triaxial test data, soil parameters and site investigation data. Training and testing of the network were based
on a database of 43 cyclic triaxial test data from 00 sites. The neural networks are trained by modifying the weights
of the neurons in response to the errors between the actual output values and the target output value. Training was
done iteratively until the average sum squared errors over all the training patterns were minimized. This generally
occurred after about 15,000 cycles of training. The accuracy from 72% to 98% was shown for the model equipped
with two hidden layers and ten input variables. Important effective input variables have been identified as the NOC,
D10 and (N))so. The study showed that the neural network model predicted a CSR(Cyclic shear stress Ratio) of silty-sand
reasonably well. Analyzed results indicate that the neural-network model is more reliable than simplified method using
N value of SPT.

2 X
AFAATE BT HBAAG 7 BAY 2L ¢ BBl A HTYe2H g2 Bopol B
LT Qe B =Rl AL el oA R4S TS| Sisto] ATAAY ol 2L AgatRom, ol $ist

of HHEAREQrEAY Avtel EAALE, AWRAALR 58 T5AAR ARkt shs3t A5l /\15}10}1]9#—4 4374
o] WrEAFZQIEAIY dlolE7} AR E Utk o714 QAFAH L] T<5-2 d5H CSRIL AE3E CSR Aol 9] 2217}
HoAEE AAY) 715 S 545t Aoz ojRojAch A AT et BEAFL A7} 38H o=
ZhAash fi7hR] B2 vHE | o] MFE|n kA o 2 15,000 o]AFe] Ho] R TEE Ao 2 Uehyt) TRt L e
2 IR A st S e Ao, 1HA 24929 471 207011 2MA 422 71 1070 A7)
72~98%0] HFHE AUEE 7IX3 g AAHFETG B4 CSREEE A = YT A7IA
NOC(Number of Cycle)9} D, (N)so 52 QJZH4=7} 2uke] Al A Fo 203 QAR yepytr). 724w

Q) HAI AU 0]83} x|uke] A}l A Eo] d&o] HlnA AHEHA AFEL & 4 JUew, CSRT}F (N))so, NOC}
o] FA7} 7129 A7 At FEEste] YeEhdE & 5 ek

Keywords : Artificial neural network, Back-propagation, CSR, Liquefaction potential

*] A3Y, AEA YA E EAHE e EB-FE3} S (Member, Prof, The Univ. of Seoul, Dept. of Civil Engrg., scugeo@sidae.uos.ac.kr)
¥ AsY, AN Este EA|#ehel B85535 ukAla A (Member, Ph. D. Candidate, The Univ. of Seoul, Dept. of Civil Engrg)



.M E

FH FYolrle FL FEY] 583 8 YUoR
3, TYEA 52 AFH|ytoly mfH Aol A dst
ok 1Lt o) gk ARte] o] WAL - A
uto] elAlel Qlate] AR Fxgof ARe HeiE of
71 A 4= o] I M= F8& FEREC tiet Qe
e §5te] WX HAS AAISHAL Sl ojek E
YALAE sl ¢4 A8 7 e A=
O} NZt 52 ol 831 7ho] A& sastaL, o523
93 7HsAdol EAste Aol diste] Aot wAR
7H3e A XY ZEAI F A BA4E wofste] A
ol it AFEE A7l thFjo] FTEe Ao
ubAo|tt. aju} 7ho] o] &%t A4S} 7HsAdol
A A &3 gt ok 2pol 7t WAk Ao,
B} At AAIsE &S sty A S-S sHst
U @2 A7} ugo] 2eH3 gk mEkd B A
oML AHA ol &g Bate] ARE ARk AhdEe
Zu|o} dAlstol] gL wA= FLUAES o8
AT ARG &g st 7 AR FEEA
£ molst Fofl AA| x|gte] W3S} 7S Tetskal
3, A & Amo] ALrF 7HA 7bof dFo] T
3o, Bt Al&3tn gt A4t 7S BEY
ole.e) wetEr.

R ol

2. R &

Z|QrgEHRofof A 9] A1 W= 1980 FREOIAF
B gst d7rt A=A Elis(1992)7F A543
e o] &sle] malel FAl AFE AFIIRL,
Anthony(1994)= A&7} w20 77| &L 0|83}
AAYL SEA7) I 5ol ARSI B2 ARE )
A3 HAE TRs A4S WU A3 71EY HAEAHY W
o v AFe) e FUEE /ML & 78
= AL BoFYa, w3 WS 7Hs Aol FFE F=
ZQ o1& mpotdt 4= Utk 13 Anthony(1995)=
CPT field DataZ o] &35t MAIS} 742 H7I5HIL,
Fo] AekAgtzta vhe 2] 7o) A I8 a A

3l 7RsA7re) WA shetalelr.

38 g=AurEsEl=2d Hi8A Ms=

3. WA HIIUHY

o2 gk A|et Yol 2§ WEATIHL vw
oA o|FolAth. A|uke] AAS} 2L 5t B
Holis 22 Auke] EEwAde] ofat Ngk £ 9
=, $EARIY D AR Ao hsE S e A%
ol BAZ oIk 7ho] A&} A\2S YA
W AN oA AR she] ol BREH 7 A
AES wEFORA A PASAS BEsHs
A ASIROR TA Wl 427 T 4 Uk

d

o
=

3.1 Z2t0] AMs HIMY

B =Bo A AMGH 7ho] HA3} F7IHE S Seed2}
Idriss(1983)e]] &J&t HAks} ol o2n A|uke] Nk,
SEAAY 2 AAFE ME o}g3te] x|ute) HAIS}
HAYFEE A4 & 5 Qlck o2 Y3 WA 2 (D
SEAAE o, ton/m’)ol] 23 Nk AL ek

(ND)g=Cnx'N 1)
Cy=0.7710g (&) @

1% 12 Seed(1984) 5ol AlHE ol wE (Nideo
I} CSRZO] TAE vehd 22 9jollA 73t EAH
Nt AMg-3to] CSRE APgdtT) o714 7, &= 384
3ol

08

#200 > 38% (oo <5%

Tav/a'e
o
=
i

0 10 20 30 40
N1

a3 1. M=7.50lM HEX malof cist CSRa (Ny)gomte] 2|
(Seed and Idriss, 1983)



S

5; - Q

g |

£ ;

= 03 —

[~

» E -

@

& o

Hl 02 —

@

&

2 R

=

ES

Q01 - |
|
|

0 1 [ R R i | [ [ A A :
1 10 100 1000 10000
Number of Cycles
T8 2. SEEAMSAEHAM N=103/Y of HEHTRS|

3.2 oA Y3 B

B =EollA AASE A AEE Brpg-L et
SUSAE L o] g3 PHOR FUT FAETELL
PLUAZ & Z2-5E HSIAAIHA wh]zt dAY

3= vHE315=9} CSRILS] BAZRE AYSAYZE
HlE Attt &, 2% 29 Zo] o] o]2AE=
HHEA)3k8l4=el NOCZH# CSR¥te] E£04 NOC7}
100]) == Aol A2 CSR ghe #uke] oAkt A
% ZweH|et g

4. AZAZYS| M7 X HS

4,

p—

ASHZYL| HA

UAY A 22 I o8 edoR gus
493 B gkt gro] WRSHE QAT 4 gl Seo
Q7] thRe] QI Filo] NG 2T Bt HYE B
Walste] 2oy e AL FRAFH EE AFA
Anpolet gtk olelet T2E 71 AFRE Ag o]
Elg E3to] shaElolAE 54 7 Z2ad B
Tk 2 AEAQ WAle] BFEHY o] vle] e
SAe] meh SasE Z2Yo] okl U 2eg
o] FoiAW Ushs AT I 4 YEE Lok Ao|
52 A7 o) 2ol s} 022 7
% 0] 219 35} 22 A Ao Boka RIS

The0] o] jof B HlATE Sho] thet 3t ol
AE 7155k Hee 94 tert 202 714 83
B2 dlo]E S salatolof sk, w3, h & 4 HE

—_

ofd
>,
onl

d
=)
filo
o

N
s
olr
«— o C’b

Data &%
(H+sh)

J8l 3 HEY =2OHY 58%

£ =017 flaiAE A4 52 21717 Aol )
OJE}E 0~ 1Ato]9] greg At3} slofof gt} 2 =&
of AMEE A3} HhHL Master(1993)2] WS whar]
2 3t} a8y 28077} ofd QXSS 0] 835 sk
2 235|2 Y=o i BEE o AR T BSEHA
=Hug o ket &8 AT JHTAE ohetste
2jaghe] 9 JIRIAE qelshe Ao] Fasith
AFAATY shg2 2495 8 24 o414
Node®] 5 WA AZIY 2} Al 9] go] 2|47} 5
= ﬂ%%—% HH NAFo R st T5S 73
st, Shgol FRE Fof gl AMSEHA &
< IOIE% 7R A7 A1248E FFEshoiof ot
, oluf] ol ARS-EH= dlole Y] Fst | o W
4= A& 0~1 Apo 9 gh& 7hA|of gith. qhef o] H o]
ZFE|R) =rhH 5ol 2% Mapping® HAE |
ofuA Eo2n AR HFo &I 2AE AHESH

¢

A

A 3 s 98 Wk ek
42 QIZAMZAYO| M8 U HZ

[*]

& AeAAEE k5ol ol &E AldHolHE 43

2 olFoM BAME SFFARE 83132, 1071
HASARRE o] 8stach AddolHe Bl
13} 2.

UEAEUSAIEY CSRE S5317] st 9719

N

i

=< Il

TEIAE 7L SeAZl A A BA 2933 F
WA 243 m=rh 242 20, 107] 225 SeE

olZAIZY

()

-

IIJIU

OlEE Xigtel dalst Jisd

rs

g 39



E 1. 81400 0[28 AMHUOIES ERYS

EAF4 20 Fo| Mg
(%) HEHHEE 2%, 5%, 10%
(N1)eo OlLIX 23 (60%) N 4.4 ~ 25
a's(kg/cm?) RESH 0.59 ~ 2.65
do(kg/cm?) HeH 0.87 ~ 4.75
#200(%) #200 S 33 ~ 72
D1o(mm) 594 0.003 ~ 0.033
Dao(mm) 30% A YF 0.030 ~ 0.070
Deo{mm) 60% SIAl U7 0.068 ~ 0.110

0.1, 2oy A7t 0.1% Aol A shg 22171 71 2HA|
ERGTE 23 49} 7o) 15,0001 2] dH5o0] 3w 5o
o7 5x10° o] UET) 1ot F R YU
£ 7M1 ggo] =3igo] UEhtth E3E CSRO|| g3
2 v|A= AR st AThAQl FoEE wolst F
T} 19 So|A] HEo] NOCS} Dig, (Ni)eol] =42 A

0.1 ‘

Lol

001 i
- E ;
St
H ——
A d
5
s 4
Tt
M 0001 5
on 3
g 3
= 1
=
<
¢ -
=]
0.0001 —
1E-005 -+ T i T
] 4000 8000 12000 16000
Iteration Number (N)
A A
7 4. SE550 0E Er
0.5
—~ .q
£ 04 \
&
w Y
4] '\
2 7 \
3 \
P \
g 03— \
E
5 \
£Y
3
= LN
172 ~N
2 N
=
& 02 \\\ i
LNy |
—
B Tre-—__g
a.1 T L— T T T
1 10 100 1000

Number of Cycles

2! 6. NOCOl e MERSEH|

40 E=XESEE =28 H18A M5Z

FEES v[AE AoE etttk A7 Add Fax
-2 Garson(1991)0] A|¢HsE H S AMESIES St

A AAg AFAAEY SEATel H849
Z13 CSRO| & v|A= Fadxele] A5BAE
ot 7] fsto] 29 63 I8 7& EAISte] Bttt
olof QJeje] x4 milo] o]2= NOC A<
CSR& =AlE A3 % 63} 7o) NOCof wha} CSR
ghol Zrash ¢1o)9] CSRtol| =HEE ¢ 4= ATk
9 72 AlFEE $EFo] 40.5%% A& thate] (Nideo
3 CSRE}te] BAE T A8kgch 1 AT} Seed9} Idriss
o] WAFE}L 7o) BrPHOlA AR EE 19 19 BF

40 —

30 —

20

Relative Importance (%)

Al

e NOC (N)o o o #200 D10 D30 D60
Factor

38 5 S| mE 4y SRk

0.5 oo o

Percent fines content = 40.5% ]

04 — e

Cyclic Shear Stress Ratio(CSR, %)

02 1 \ ' ‘ \
(N1)60

38 7. (Neott MTRSEH|QfS] 21|



08

i r +— — Neural Network(e r=2%)
| —>&—— Seed & Idriss(#2002 35%)
i @ Estimated Value

L
06 — x

o
0o | LA

Cyclic Shear Stress Ratio(CSR, %)

PR
02 —{® ' e

4 8 12 16 20 24
MN1)60

33 8. (Ndeolll IHE CSRY Ol &gt A&

7} o] (NDwd] Z7bel ubet CSREHo] 27Hhe & 4
QAT 714 TF 6, 7S T FFAAE 1A
T 22912191 NOCS} (N HEHA7 CSRE EA|3}
qAct

ob#) 717 8 (N)wol T2 CSRZHe) AZgtat o=
e BAF IOt 1 A3} AFAAT) )3 CSR
AP A oF 72~98%0] TS HUEE S & 5
QgAck. ole] I8 Seed2} ldriss©} ZFo] AArE} ALY
ol efato] A E CSRE kol Hlsto] vjma 47
7t e o 4 Utk

6. NZUSEEM Zat

A Z-§HEAS 913t SHAKE91o] ARg-3H A}
22 O¥ 99 22 AW7t& o Xztold, ARte] &
Z B4 219} 28] Profiled Q& stAT) o7 A, Peak
Acceleration(g)=0.11289, A]<4:A|7Hsec)=10.922. 2, 20m
A9t Profile2 16508 LE3}to] Zkzbo] isf UF 3
A5t 1 dxk 79 103} Zo] ) F B ot oA
45} 715 40] EAF AL Yo, slita A4
= oyziol thet A0l RokxlE Ao Uit

7.4 B

£ AT 712 WEASASAY A
AbRAL RS olg3te] ATAAYY HH 43

st} AEA HE A CSRE 4AHY3 A oheat 2

ol

0.08 - - -!
| |

{

|

Acceleration(g)

0.12 — ‘

0 4 8 12
Time(sec)

13 9. NYI7ISES| AlZiolY

0 - - . —

L. — & — Shear Stress(Shake91)
——%——— Shear Strength(Neural Network) '

' * . \\
. T
| [
1A
8 N
_ "
E |
< : .
& Yo%
/A T
12 — AN
\
4
\\
16 .
.'\
“
\\
*
20 I - —
0 20 40 80 80 100
Shear Stress(kPa)
33 10. XIERSE siME
o] = o A
- 7237 = 01:*'5 T 9,)19»&—“:}'

(1) F3AEE 547 CSRY| & n|A]= F2981
A= NOCEF Dig, (N)eo 522 e

) ABAAT J5to] CSRZEE AVYET Ak oF T2~
98%°] dFot= ALEE 7HIS & 4= Ak E
3}t Seed®} Idrisso]] o]3to] A% CSRIFS vlnL3
AEgkol vl faH7t & o 5 013&4‘_4'-

(3) AFAIFGol 23te] AA) ol Zof vja) A3t 7t
o] fEHrt HEFt A|Hke] o 4t3t 7]‘6*3 ol

st qc.
@ B} £& AUES Ax= AAY wdo] dAS
QIBAIEAUS 0188 KPS HAg Jisd T 41



okl Bt BE e ShadEst Bast &
A7 AT DeisA BE IR

stgro] WA RO AR

o

ALl =2

o] =B 2 2001 A% A-SA| Yt stn ShEATL AN
o gJate] AFERL olof FAA=ZH Y

42 S=RXEIBEE =28 H18d M5&

o2

P ?_{

Mo

. Anthony T.C. Goh., 1994, “Seismic Liquefaction Potential Assessed

by Neural Network”, J. Geotech. Engng. ASCE, Vol.120, No.9,
pp.1467-1480.

. Anthony T.C. Goh., 1996, “Neural-Network Modeling of CPT

Seismic Liquefaction Data”, J. Geotech. Engng. ASCE, Vol.122,
No.1, pp.70-73.

. Eberhart, R. C., and Dobbins, R. W., 1990, “Neural network PC

tools: A practical guide.”, Academic Press, San Diego, Calif.

. EHis, G. W(1992), “Neural network modeling of the mechanical

behavior of sand.” Proc., 9th Conf, ASCE Engrg. Mech., ASCE,
New York, N. Y., pp.421-424.

. Garson, G. D., 1991, “Interpreting neural-network connection

weights.” Al Expert, 6(7), pp.47-51.

. Master, T., 1993, “Practical neural network recipes in C++",

Academic Press, San Diego, Calif.

. Seed, HB. and Idriss .M., Ignacio Arango., “Evaluation of

Liquefaction Potential using Field Performance Data”, 1983, J.
GED, ASCE, Vol.109, No.3, pp.458-483.

AL 2002, 2. 20, AAFEEY 2002, 10. 10)



