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SYNOPSIS : Successful design, construction and maintenance of geotechnical structure in soft ground and
marine clay demands prediction, control, stability estimation and monitoring of settlement with high accuracy.
It is important to predict and to estimate the compression index of soil for predicting of ground settlement.
Lab. and field tests have been and are indispensable tools to achieve this goal. In this paper, Artificial Neural
Networks (ANNs) model with Levenberg-Marquardt Algorithm and field database were used to predict
compression index of soil in Korea. Based on soil property database obtained from more than 1800
consolidation tests from soils samples, the ANNs model were proposed in this study to estimate the
compression index, using multiple soil properties. The compression index from the proposed ANN models

including multiple soil parameters were then compared with those from the existing empirical equations.

Key words : compression index, Artificial Neural Networks, field database, predict
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(mapping)EAe] uwal A7) Y(associative memory), ZE(filter), W3H(transformation),
(perception), & A 3Hoptimization)s2 7ls& FdT 4 U} (Hecht-Nielsen, 1990d). <-F4l
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TE st el oste] st = oS bdES FAT ¢ Ak A4 ARREE et d
3} el (generalized delta rule)o]™ #3373 (gradient descent method)ol] 2]3}o] A]aY 5
o, HAFsHHe o5 HAAEE AFAELS FH5AA EFY HA wpibEsE Feke ol
(Rumelhard &, 1986%). % HAAMERS =353 EHT Alold 3t} o] e 24 Fo] &A=
A7 IEgor a9 13 e ASAEE Zerh GSHYAEREY] A5 g5 7Hed Sol s
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A5l = HAMEES o]&3lt)t = HAMEE(multi-layer perceptron) ©=
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o &

J8
o

o
A

H
Lo

target (t)
* ¢ * ¢ ¢ output (k)

Forward
piemyoeg

input (i)

a3 1. v AAYe Fx 9 g% wAT (Rumelhard 5, 1986%)

- 988 -



2.2 Levenberg-Marquardt 2n2|E (LM)

mdexi A}LAS w olFAAY g

H A3 A717] 93 Newton's method+ U3 #&
Tt :xk_Al;lgk (D
ANA, Ay =V Fa),_, °li, g, =VFu),_, °lth Koz AFE 2 2= dehd F glo
™, J&= Jacobian matrix®A4 2 (3)2 E 3 I o]t}
VFz) =27z )v(x) (2)
[ o€, oe,  Oey |
w, ow, ow, o, 1
€, 9€, O€, Ty, z, 1
| dw, ow, ow, |

A7, we AAZES] Y, wyv 7o ‘j]'o]oij\ e ek WEOENEA 'l djgk HAgka
HEY I o8] Axd e xpholth. theo = k, jR 49 Hessian matrixE 7-8to] B™, A (4),
(5), (6) 1gla (7= YERd 4 2

82k (x) v, (x) 81;[(33) 82%(:10)
2 pr— pr—
v F(x)]“ 0,91 22; ox,, ox; (@) ox,0x @
V2 R(x) =27 z)J(z) +28(z) 5)
N
=, 6)
i=1
Vi) =271 2))(z) 7
2 (e A (2 Al Yt Gauss-Newton methodZS 2] (10)3 o] -8 4= gt}
Ty =xp— 2T x,) J()]) 20 (& v () = o, — [T (x,) J(x,)] ™ T e o (z,,) (10)

Newton's methodel] H]3] Gauss-Newton method’} © Yy H& 2xwiEg Aars a7k Qv
L Aolr}, 18} Gauss-Newton methodol] & 7}x EA4do] v} 73S H=Jljo 93888 +
sH717F oAAH Y= Aot} o] AL tha9 1HEFste Hessian WEYHAE FA3A 4T A

G=H+pl (11)
? WEZZ2e dgdds Fshr]l f&l, HY  afad ZRYHE {)\1, Ags *0s )\n} <}

oz, 7HEEHE A (12)2 JEkd 5 gloh

{2y 2y, -
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Gz, =[H+pllz, = Hz + pzy = Nz +pz, = (A +p)z; (12)
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Az, =— [JT<ZL']€)J(.CL‘k)+Mk]]71JT<$k)U($k) (14)
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v w9 &gk Weltt LM gaElse vy FEY Awe Fox H HAg R szl
Newton's methodZ W3t Wolth. o] A8 Mean Squared Error (MSE)E performance index F(x)
2 AP u AFAAL s g 2 W= Aow dy AT Levenberg-Marquardt €alglES
multilayer network®] F&ol A-83= WHS 33 £t} multilayer network @ oA performance
index¥ mean squared error®]th. Zt outpute] #e FEZ dojudtiar 7}483HH, mean squared error
= THEAES QHA output®] squared error?] ol HldlshH, o] AL 2] (15)<} %0] EAE I

SJI N

Q Q
E t —a t —aq)z ZeqTeq: z (ej7q)2 — 2(%)2 (15)

q=1 q=1j=1 =1

A7NIA, e qHA JE @ FH gk Fol g j‘ﬂ”‘ﬂ o] @ xfo|t}. Levenberg-Marquardt &3l
Zoll A F23 @AE Jacobian matrixE AlAelE Aolth o] AL AAsUZIHEi e GHn daelE
o] ®igto] ARG-¥th network® AZAZE¢} biasel thall AWHA ]l Gt dare]Fe 4= squared error
o] m#-& AAkstt}, Jacobian matrixE® THS7] 984 squared errord wETAlY] errord wES A
AbefoFalt}, error MEE= 4] (16), parameter WE = 2] (17)% YERATH

VT: [’Ul 'U2 cec ’UN] = [6171 62/1 cec eSJ[ 61 9 """ 6541,1 Q] (16)

X'=lz,zy - x,]= [wilwiz wsl by - bsl w11 bsu] (17)

o 7)4  N=QxSYo]i, n=S'(R+ 1)+ S*S'+ D+ ...+ SMS" '+ Delth. A (16)3 1DE 4 (3] WYy
3 multilayer network®] Jacobian matrixe= 4 (18)%} 7t}
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Levenberg—Marquardt &328]<o] & &3+ Jacobian matrix® 2+
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ow;;  on, dw; ;
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3. eiSX|r FHUY
3.1 B RipHs SE0] ol3 ARG FHA
HAEANS] kA F4& fsto] AMEHAZ RS FoAA 7] EGXY G Ay
2ok 9le AUAES 2ok Bee] E 13 g) 9] olelsage Avasd oau, 9%
of 4RHQ AFL F 5 Y WY AMEEE APAA ), AT (w,), B AF(e,), 17
A ABAFPDR grAskaL o o5 FAete] WA= B AP o w Agketal it
E 1w ANASE TPaE 729 28 ALNE
Al < A \ Al <k A \ H 3
For CC: f(w,)
Terzaghi ¢} Peck (1967) Ce = 0.009 (w; —10) Normally consolidated clays
Azzouz & (197611) Cp = 0.006(w,—9) All clays
Mayne (1980%) Cp = (w;—13)/109 All clays
For Cp= f(w,)
Azzouz 5 (1976 Ce = 0.01(w, —5)
Koppula (19814) Co = 0.01w, All clays
Herrero (1983%) C, = 0.01(w, — 7.549)
For Cp = f(eo)
Nishida (1956d) Ce = 0-54(ey —0.35) All clays
Cozzolino (1961d) Cp=0.43(e,—0.25) Brazilian clay
Sowers (1970%) Cp=0.75(ey — 0.50) Clays with low plasticity
For CC: (P])
Nacci & (19754) Cc=0.02+0.014 P1 North Atlantic clay
Nakase & (19884) C.= 0.046+ 0.0104 P7 Bset for PI< 50%
3.2 H4 RlpHs DE0) o3 PEXIS FHA
HEAGR] 544 F85 ot AEHAZ AEAE FTole= F 13 #2o] 7|2 5449 &
WIS A gals 49 slol 2 oldel B AMNEE nels AASE AdHn e
aoksba & 29 2
£ 2. %% AMNSE EFE JlEe A9A A s
A oF 2k A oF Al H] 31
Rendon-Herrero (1983%) Cpr=0.141G&* (1+ey)/ G5 All clays
Azzouz 5 (19761) Cp= 0.37(60+0.003wl+0.0004wn—0.34)

678 data points

Koppula (1981)

Cp= —0.0997 4 0.009w, + 0.0014 P1

+0.0036w, + 0.1165¢, + 0.0025Cp

109 data points

Carrier (1985%)

Co = 0.329[w, Gg—0.027w,+
0.0133P1(1.192+ Cp/ PI)]

All clays

Koppula (1986%3)

Cr = 0.009w, +0.005w,

All clays

Al-Khafaji ¢ Andersland (1992%)

Cp= —0.156 +0.411e, + 0.00058w,

72 data points
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1.0 1.6

12-24-1
09 14 &
08 b
207
= v 1
z 06T o
205 @) £ 08 I
= m
S04 06 B
&)
03 0.4
02 1 O Learning 02
01 [ O Testing
0.0 I I 0
00 01 02 03 04 05 06 07 08 09 10 0 1000 2000 3000 4000 5000
Measured value EPOCH

a5 AARI d53ke] v - LM a9 6. REESIgo] wE Errore] W3t - LM

ol =
1 2 3 10 11 12 ==
2y=
1 2.143 -0.837 0.617 0.769 0.518 1.998 -3.898
2 -0.792 2.948 -1.082 -0.258 -1.27 1.919 3.601
3 0.744 -0.68 -1.003 -0.767 2.894 -1.248 | -2.651
22 0.721 -4.436 3.442 0.065 -4.322 | -0.813 -4.48
23 -1.642 2.195 0.939 -1.068 | -0.711 | -2.415 | -3.652
24 0.749 -0.961 0.375 -0.29 0.378 1.683 1.833
nfojo]~ zk 1 2 3 22 23 24
2y= -1.086 0.816 0.248 -0.359 0.821 0.065
== -0.79 - - - - -
5.3 JLE QISMAWD JIE HHA HW HE
E 69dA= 99 77HA FA A2 LM 2 T @A RMSEZ vluste] Boyrh, o XHbd
TE5 A& 4242 Nishida (1956@)4 *—101 S5 A SARAA FBATIE PG =2 AeE U
B}k A9, RMSE+ Terzaghi ¢ Peck (1967yd)e] 2lo] 7% = 5

= w2 UEhl= Ae 2 5 vk
g XW“E’“E /\F‘i‘ﬂ F44Z Azzouz 5 (19760)9] Ao] 53 oSas RN GaAs7E 7t

I

o
s
o ¢
>}L
i
xl
31

& 6. 7t U St 59 dal4rek RMSE
k5 o=

T']:_La H}H
N °H A A RMSE A 4 RMSE
Terzaghi 9F Peck (19674) 0.6643 0.0743 0.5795 0.0724
o) Koppula (1981%1) 0.3780 0.1103 0.2283 0.1112
A uh 2 Nishida (19561) 0.7275 0.1045 0.7984 0.0990
Nacci & (19753) 0.3255 0.0984 0.2591 0.0908
. Rendon-Herrero (19834) 0.6973 0.0826 0.7626 0.0719
X];};A Azzouz % (19764) 0.7691 0.0615 0.8253 0.0515
e Al-Khafaji ¢} andersland (19924) 0.7505 0.0599 0.6361 0.0717
2 LM oFie= 0.9376 0.0311 0.8089 0.0485
A7) BP tie]E 0.9374 0.0311 0.8060 0.0481
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RMSE+ Al-Khafaji ¢ Anderland (1992%)2] 2]o]
S AME Azzouz 5 (19761)2] Aot o] 7 &
v FANERD AFAAYe] Aot ¥ £55 ¢ T

S 1 =

= —

T A dtel] tfek et ko] A Rbggeel bE Ao tlste] ulolE] HlolAE FraEle] QFAAY
S ol &skith Algte A Ee] FA e AEnaEg Fote AFEE HESIL au A
o g S HES Ay, oy g2 2SS Iy
1. 4FAF F4 v HH0A4de LM dagF2 ?ﬁ% RES 12, 2HYF wES 24, FEF
== 1, A 0.010]th LM €ag]FelA ¢S5 AdAT = 0.8089, RMSE+ 0.04850]th
2. @ WSS ARR3E 2A 28 Nishida (195611)¢] 2lo] 3t53 o EatgolA AaAASF7 7HE
=S Ao YEYA W RMSEE Terzaghi 9 Peck (19673)¢] o] 74 £& S Y= AL
o 4 vk 53 AWHSE } ok FAHAL Azzouz o (1976%3)2] o] 853} o FHAHE BT
A AAAE7E M 52 Ao R Uit RMSEE Al-Khafaji 9} Anderland (19925)2] 2o] 2
AT M= 7P £ Aom YA oS A= Azzouz T (1976W)9] AgH Ao 7HF o
Aoz yehwgth LM ZduglEy vuds e FAERT cFaAAdge Axrr ¢ £35S &
T Ut
3. Al ARAAS AR ETE Hoh e A9l AokARkY] HstE AT 4 o] AAAA AAE #

sa=sl
1. &9k ( “-gug} AAFESY EFZAS FHAA, HAL Q=1 st
2. o 4¥ a (2003), “=u] B FA| o] A3k AFA|G 52 Aok, I EETI X, fIEE

8}3], X1]23€ﬂ, xﬂsci, pp. 169-176.
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