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ABSTRACT

Soil liquefaction is a phenomenon that occurs due to the loss of resistance of saturated
soil mass during an earthquake. In this case, the structure built on this soil loses its
static equilibrium and overturns. Therefore, predicting liquefaction is a very
important issue in civil engineering. There are various methods for determining the
potential of soil liquefaction, most of which are based on field tests and empirical
equations, which can sometimes be accompanied by a large approximation. Today,
the use of modern artificial intelligence methods is of great importance for solving
complex engineering problems. Accordingly, in this paper, an attempt was made to
predict the occurrence of liquefaction in a region by using an artificial neural
network and optimizing it with the Taguchi design of experiments method. In the first
step, by collecting existing data on the occurrence of liquefaction in different parts of
the world, two datasets were created based on CPT and SPT tests. Next, using the
Taguchi design of experiments method, the components of the artificial neural
network, including the number of neurons in the middle layers and the activation
function, were optimized, and the highest accuracy was obtained for the two datasets
of CPT and SPT, equal to 0.89 and 0.73, respectively. Then, the evaluation of the
obtained results with the results of 5 different machine learning models, including
support vector machine, logistic fitting, k-nearest neighbor, decision tree, and
random forest, showed that the optimized artificial neural network gives the best
results. Finally, comparing the results of the present model with the experimental
method of calculating the liquefaction coefficient shows the higher accuracy of the
present model.

ARTICLE INFO

Receive Date: 26 May 2025
Revise Date: 01 September
2025

Accept Date: 27 September
2025

All rights reserved to Iranian Society of Structural Engineering.

Keywords:
Liquefaction
Artificial
network
Taguchi
experiments
Datasets
Optimization

neural

design  of

doi: https://doi.org/10.22065/jsce.2025.523786.3730

*Corresponding author: Mojtaba Karimaei Tabarestani
Email address: Karimae@sru.ac.ir



http://www.jsce.ir/
https://doi.org/10.22065/jsce.2025.523786.3730

Y1 G190 amio (A Fed Jlw co¥ o 5lois AT 0,90 (cdlu 90 jlu (wikigo i g 3 — (oke 49 gutd

Journal of Structural and
Construction Engineering

o lw 9 o)‘Lw (e S0 4.’)...“

www.jsce.ir

g Jy—pale o yiits
CaSlw g 6 jluw uu digo

b oulidinty (Lgman omas a5 jloolaiwl b (21,5519, 989 Jloso| (S s
omiilo (6 puS 0l il (gLt Hoil b b o] A lio 9 295G

T3l hlruan g Tosl3 o (o T (Gl b Sloa 5 (oo o (6 ST Jne Lo

Ol (IR Ty e o S DRI oo eontigre ouSLAI (SiSg) ki 4 g0 2D =)
Ol O 4Ty e o S LRI (Gl prige oSty bl =T
Rl O 4Ty e o S oI (Gl (ruigo ol Sy jloli] -1
Ol Ol (Tl e oo S ol (e (eoiigee oSl o)Ll - F
oS

el ol > ks g 2 2 5 38 U0 1 Bl oS5 a337 Crsplin 53, a1 e 4y 45 ol oy S i,
Bl 5 2 it ol 52l 0 3550 357 5 b o ]y 395 el o ST 5o i3y 5 ok 45 a5l
Slaglej] o g odas 453,10 Spzmg ST 2 [6Sly,) oily e (S0 (Al (sl g, - Cans] ot (pordigs 10 pogs sl
S Sl Eatan Sise s slo iy, loolitid ojs el isd oliar (£0L ) g bl b Ay o Laes 4F diled oy SYoles 5 e
9 a0 omac A0Sl ooliiu] b L ws ew dldo ol jo i ule] ol o] 0,85 0 (g0l Coas] [ pwdigo odzey flao
sl b pus eyl 40 055 dibie G 40 STl & 585 (o b Pl (25T sloilei] (Sl iy, b o (iledig
0. a3 SPT 4 CPT (sloyislo;] sloco o 00ls olSl g0 olow] 4 plad] clois cilizio blii o 1, Sly, £455 dinsj 40 39250 (sloosls
&b 5 o slowY slojygi olini Jols sesico uae a5 sloddlio (255t slajiolej] (b g, I eolizl b aols]
Al oo 2ol Jldo b i i 0 SPT g CPT (o) 10 5,50 00l5 0[Sl 50 (sl oo s C85 [ i g LS dingy (5L JlnS
il ey 3 ile fold yitlo sy 53l ilisio o 8 1 ol sl b ool ety gl i)l s o] Canonts +/VY 5
Ceons |y gl G it o iy (Etae eae 4505 45 0L (L olad S 5 el S50 ilead (i G0k oSt

i o 7Y 2 orkin 3 Ty i sl 2 gy byl o ol gl ol 5 ni

S ibwdias 0old oGk (25U ‘sLmd'(..lLo)’T b (L gman (mac a5l (21,50, 1 guuls Glals

https://doi.org/10.22065/jsce.2025.523786.3730 el DT Lacs! Sy $5550 O
doi:
10.22065/jsce.2025.523786.3730 VEOYINN | NSSVeh | VEF/eYen | VEEN \E-F/¥-0

o pib (Sloa )5 (oizmo | 1 gummo oukiann 9i°
karimaei@sru.ac.ir | : g psIl con

“ Y1 G190 amio A Fed Jlo co¥ o 5loid AT 0590 (Clu g0 lu (qwiigo (i g 33 — (ods ) g


http://www.jsce.ir/
https://doi.org/10.22065/jsce.2025.523786.3730
https://doi.org/10.22065/jsce.2025.523786.3730
mailto:karimaei@sru.ac.ir

Of 21 03w (qwiigo (ol Jbeleolo

S97y g )0 g Wedee Ey W) e 5o gldl Gl ooy Cuaglie (28, (e 5l ST )0 a5 el (Glonyay S ) Sl

S ks, wnld el (b D] WS (5o (555l 9 S Hlzrd 9 0555 o0 o 03l (Sbiwl Jobs ylyl cnl 5 S (g5, o5l

adlas Coonl daojle Sosl (55, 5 (21,5lg, patins ;30 5 o g jo Coman iol38l Bk 510 o i be Sl @ el> >
LY 5 YT asS o plaizgs (lyee (omiten 58 1, 000y 0l (59 2

Oy Tl (2l Sl 00,5 Gl 1) it 4z 95 45T (50 (i o 2,5y, S 0 rkae il Clegbge le S
ST g nl5 GBI 5o 5o S 5 50 oyl Wil Slasein b (o055 sl L3 2,Slg; [F] el Q1S (ol sl
a1y ol Kimgsy dealyly b 5l 36 sla ol Sls, o ypee Sl [blaas S5 s Glaabie o S LISl slonl el dS o
aS al 0ols dayy Jae S pape oy ol Lice (8 8 00 Sldllas bl 5 csl ailoly o Slgy coloz ;) anlyd (g9, p dslllas
1030 455 508 S 0 1, S szl 5 s ogs a4 del D3 b 5 s a5 cal L8] el S5 21,8 Jols s
5 Slo o ol Slad olidl cde a4y oI Slg;y byl 1o 0,05 0929 S I3 miloaSs Coll sl (o9, 00 gy o 3l Fhe s
a5 el (Sl Sy, wdin o] Lok 5 Ko el aF w5 e 13, Slule wilen S 0358 fge 25 2alS
7] 55 o 0 gy plSom il & o] i

Ot Sl 205 Sty S 2l S0l Jewily Gt $ln ) @bootss Gl 5l gk @3S JLo Y Job o
Gladigas 331 alfilosl Slinlejl plomil gl [V] 05 0 solinal ol o § alfisleil Glilej] mbs 5l LS oI,Sls, caglie
Qe G GRS e B9y @ Ol 278 slagte) el aie g e S (nl a5 ol 5L Yl kS L oo je3dicens
ol VS (5 mge o s 1 (e gy 9 SPT o luilil S9is a3l o (e (29, CPT g yoes 355 slasialos] 2 (siiee ios,
e S Djg0 4y aST WpS e a8 @Sy, ety 2L Sl lsre 4 1 FS S cal Gt da sy cnl 25T S
Iy FS dilors 0926 (Y) U (V) Lailg, diges ylaie 4y 098 oo a2 CSR ogls i G g CRR o9l Cinglin s sloasinl 18
[¥] cocms oo a5l o lasbinl 355 GialesT gl ulul »

CSR
Ol o as
CSR = 0.65max v ., ™
GV
9
N
CRR = I + 1,60 + >0 - ! x MSF D)

_ 2
34 Nl,60 135 (10N1,60 +45) 200
39% kulg, 5o

&l SPT iolesl jo 38> slaas o slosws oo Jloy jlaie N1 60 cbogsyo Gos j0 S Scalins gl (58,5 a5 o b by (25

! Cyclic Stress Ratio (CSR)

Y G190 axio AP0 Jlu co¥ o kow AT 0590 b g 03w (wihign (w9 33 — (ods &) id 13y



Of 21 03w (qwiigo (ol Jbeleolo

Slii ) Ly, ol ©lsiz aidl e djly @l Mol )5S MSF 5 a0 )0 7 (285 (655 cod 5 JulsheS V-0 o), L
ol 9290 [¥] il Gl

RS o 7

slozel BB pé g aniey Wy ge a8 Coul Gialesl ploxil g (6510 paiged slagy, 4 Ll SI51 alaulejl by, Cudgae
axwg b IY] 08,8 oy lmasinl 3 5 Jow 10 89290 slaa i e 4y Ll (BBL 35 0 v pgw o (5 Lol slo by, ol ol pl .aril
wSs IS pl Jo a4y 3l sla Sl jo ladse ools ple 5 coian hgn

Wged YYP 51 olinl ainges solawl S o Sls) oo lp ' oran guae a5V 0 Y Jlo o oK 5 SSlg>

Sty 2Ky, sleesls /A Moo ali lade b ol o] Jow a5 aisges eoliiwl Jow gjlwosly sl CPT islejl a0l
805 ) sae a4 &l opl ke a8 g el b it JS Slaws  zmmme (sla s i 3o s ol oo il e [Y] S
<S5, swodls (m iy sln bty Jlop eBle IV 27 Lo 5o b (6,500 Gaiod 5o el ylig oud oolaiial o3 o8l 285 wily
g Lla YooV Jlo yo JA] sl cass <48 L plp como b laie 4y aiiadlys 5 ws,5 oslis] SPT 3 CPT (slailesl 5l Jol>
ooy S5 g ol 1298 Jle salil; 5 onds cusley ), Sly, bosls go, p |y adlipmens 35ln omas aSd Jow il Sen
2 Coglie adlge izman 0l Jaw jo 2l Sly) (i o Sl )*-‘L’ R T S g &S B8 S A e (linlais S
Tolaity oy eile g Sgran oras 4ol Jow g0 ¥ )Y Jlo )5 alloien 5 migels L] an aslis S5e aalie oloie 4 395
S Slp G Joe plaiiy Jlop uile a5 ol lis oy @L,.; 30,5 ool SPT jislesl e ol oli)b S5 s9y 2
ool Jow aw 5l YN Jlo 0 weaiS g soe Vo] cadl egran ras S a4 cos SB s oS, oolog, Jlexs!
aoly Jow ez ol 50 00,8 eolatul o1, Kls, ooz Sbjyl glp F olosis awsiaaly ¢ 8 s (SUSy s gidel S SLss
a5 5 Blagpo JBlao iy Sl dle YOV Jlo 0 st 5 aigelo [N il oo aly 4y i 1 0 Shoe 0 fidnds S
€589y Azl B (i ge al3)5 QL ols (lad ol mlid o) (gusy » CPT slaialosl 5l Lol gloools g5, 2 |y (egran (orae
solitnl o1, Silg; 98y Jlaim! dnin sy A il (658 omae gliil aibole 31 VoY Jlo yo Kb g 295 [NV ] el IS5,
wllo § (egtan omac a5 B0 VoY Jlo o Ll Kes g (15559 VY] ot < IVA b plp como ol jlade 4 aaslys 5 20,8
St @S (Foan (oras aSD aF GBS s g wisly 18 anglie 9550 Sy, (st @l ) Sk 656 rae gl
4 axtdlys g 033,5 oolitwl ol ,Sily, cimiie 1y YuYais it cmagiaelp 5 VVE Jlo jo pmil)Ses 5 Jlsbe [VF] ezl
Jll ot lp ) dolas S abele 51 Y10 Jlo jo (il Kan 5 SliwnsS [VF] sl cavs /20 b ol como &b laie
a5 0,8 demlie Gl oy (redle 5 (otan oras aSed gladue |y 055 L5 @l bap)T i3 eslid (o], Sl e85
5 oolitnl b1, Jow egias omac aSid 5l oslinnl L Y18 Jlo yo ooliebe V0] o)l (6 VL cds Solas JSin Jow a5 axd 5
a5 ol anwgi ol Sly; 58y Jleixl ity ln 3 Glrosls Sleslatul L) (6,500 Jae § (SiSigs5 5 (Sl (plaesls
989 Jlox! oot slp Vi a5ed 51V VS Jlo yo 1l Sen g g0 V] el S A5 Glaosls 1 Jol> Jaw 8o a5 cd 8

! Artificial Neural Network (ANN)

2 Accuracy score

3 Support Vector Machine (SVM)

4 Genetic Programming (GP)

3 Regression Genetic Programming (RGP)

¢ Multi-statement Programming (MSP)

7 Least squares support vector machines (LSSVM)
§ Adaptive neuro-fuzzy Inference System (ANFIS)
 Multi Layer Genetic Programming (MLGP)

10 Random Forest (RF)

! Bayesian network (BN)
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! Particle Swarm (PS)

2 Kernel Fisher Discriminant Analysis (KFDA)
3 Stochastic Gradient Boosting (SGB)

4 Evolutionary Neural Network (ENN)

5 Stochastic Gradient Descent (SGD)

¢ Gray Wolf Algorithm (GWA)
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