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Proposition Empirical Equations and Application of Artificial Neural
Network to the Estimation of Compression Index
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Abstract

The purpose of this paper is to discuss the effects of soil properties such as liquid limit, water content, etc. on the
compression index and to propose the empirical equation of compression index for regional clay and to verify the
application Back Propagation Neural Network(BPNN). The compression index values obtained from laboratory tests are
in the range of 0.01 to 3.06 for clay soils sampled in eleven regions. As the compare with the results of laboratory
test and the predicted compression index value from the proposed empirical equations, the results of empirical equations
including single soil parameter have a possibility to be overestimated. Also, the results of empirical equations including
multiple soil parameters closed to the measured value more than that of empirical equations including single soil
parameter, but the standard error for measured value obtained larger than 0.05. For these reasons, the empirical equations
including single or multiple soil parameters proposed base on the results of laboratory test and the determination
coefficient is up to 0.89. The result of BPNN shows that correlation coefficient and standard error between test and
neural network result is larger than 0.925 and smaller than 0.0196, which means high correlativity, respectively.
Especially, the estimated result by neural network, using only three parameters such as natural water content, dry unit
weight and in-situ void ratio among various factors is available to the estimation of compression index and the correlation
coefficient is 0.974. This result verified the possibility that if BPNN use, the compression index can be predicted by
the parameters, which obtained from simplex field test.
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1. oY xubELE Z35ks 7(EQ YUY MeME

Ao %t | Ao 4 [
For Cc = f (@)
Terzaghi & Peck (1967) Cc = 0.009 (w; — 10) Normally consolidated clays
Azzouz et al. (1976) Cc = 0.006 (w, — 9) All clays
Mayne (1980) Cec = (w/ — 13)/109 All clays
For CC = f (wn)
Azzouz et al. (1976) Cc = 0.01 (wn — 5)
Koppula (1981) Cec = 0.01 wn All clays
Herrero (1983) Cc = 0.01 (w, — 7.549)
For Cc = f (eo)
Nishida (1956) Cc = 0.54 (e, — 0.35) All clays
Cozzolino (1961) Cc = 0.43 (e, — 0.25) Brazilian clay
Sowers (1970) Cc = 0.75 (e — 0.50) Clays with low plasticity

For Cc = f (Pi)

Nacci et al. (1975)
Nakase et al. (1988)

Cc = 0.02 + 0.014 P/
Cc = 0.046 + 0.0104 P/

North Atlantic clay
Best for PI < 50%

* wi, wn, PIO| TE %OITE

B 2. S8 K|dhfHe

2 Z8sk= 71E2 FHY MeMlE
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H ik

Rendon—Herrero (1983)

= 0.141 G52 {(1 + &) / Gs}*®

All clays

Azzouz et al. (1976)

0.37 (e + 0.003w/ + 0.0004w, — 0.34)

678 data points

Koppula (1981)

-0.0997 + 0.0090, + 0.0014P/ + 0.0036w~

+ 0.11656, + 0.0025C»

109 data points

. Co = 0.329 [wnGs - 0.027wr +
Carrier (1985) 0.0133P1 (1.192 + Co/Pl)] All clays
Koppula (1986) Ce = 00090, + 0.0050 Al clays

Al-Khafaji & Andersland (1992)

Cc

-0.156 + 0.411¢, + 0.00058 @/

72 data points

* @i, wn, Pl, Co2 TR %0|Ct.
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3. isMEY

£ dolA ARg3h oF HRu AFHEBPNN)2
el At A fAPtAL thro] Fo2 o|Rojl o
Z HHERS S5 = Y dutetd detAe
o831 Yt YwtH oz, oFf HHup UYL U
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A7t HAR H=F 3o w2t AT ES 24
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58 M-St AT o] Yste el E W7t
2| AE7}=E 245 Off-line 858 +Y8HA drt
(A4, 1998; 2=, 2000).
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21079] Bt A|2E AYAIFo) ol 8heAct AT
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A 7k, Al Foen] 23 2ASR dRA Qo
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AFIHAA TN & A|50] Fake vlA e eyt
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Azzouz 52| AR TG of Ao shiTh T A
o} Zhol, #200 Fi-&3} H]Fof o3t YA+ ¥dk=
333 oREZE YERZ Qlo] I FES A9
L ol53 G4 ABHE FAF 47} gk TE
Aol %t kAo AT} AHETE o]
WohH, A Fepu], BYTHA 22 2 RPE Wy
Z te Afolle 25 dEAeE Bagrisial gle
o ol3t AL ol WMpEY #ho] F71E4E B
Z7keks A & 4 Aok 2, A 736 W
2 k= Aol A= Sower(1970)2] A|2H4] A= Hry
71 =y Cozzolino(1961)2) Aot A3t didj=2 3}
&37FEaL Qi o= 712 Ao S HEY UA&EE
A3 o8 5445 Ui Q7] tiZoln 58] Al8E
of ZAstA Altet Y= FFAESY A 2 A
i A9 HEof it daels & AEEHA 432
& 7F Ak 22U, A SeeElet @ EElE
o] g3t Y&EATE FAT AHES A2 25%~T5%
o 0.5~2.09] YA XA = A=
Yt 24530 4S9 BAE ARET
o ZAsH IHEAT A, H=A49] o FH=
Ak 47} Qo0 ARFASR)E 0.630.2 Lebgth
o]} o], 7]&9] =¢] A|eHA L o] 83t YFATE
FAY BF U HEY dFAE HHs] £ -
Ue AgHAE Agstojof Bt 23 HEAN]
atgE AT 4= Q& Aotk

a7 20 =S ZF A Y] Akt AlddRe] ¥
H4l(covariance) T EELAHE AEstH & 49
49| Hto] ZAStH I FE HE dEA+Y

E 3 2 BMUYRIT it HELl 72 SHXEY USKIR 29

BhA & xp7H2 CFOI R & =2 Elg | HAMs AM K| L [STESIPN

WA | i | Te | e || oo | mew | ME e | T
% 50.1~80.1 | 1.38~2.05 | 0.88~1.13 | 98.1~99.5 | 52.2~78.8 | 25.9~45.3 | 2.69~2.70 | 0.53~0.77
oI 32.2~51.210.92~1.47 | 1.10~1.40 NP~42.4 | NP~20.3 | 2.68~2.72 | 0.15~2.72
zg 10.4~63.5]0.78~1.73 | 0.99~1.45 | 141~99.9 | NP~89.2 | NP~46.7 | 2.25~2.71 | 0.20~0.70
45 249 42.3~472 | 1.21~1.34 | 1.15~1.22 58.3~66.3 | 35.9~42.3 2.70 0.38~0.54
Fd= Y3 7.3~72.4 | 0.83~1.98 | 0.93~1.47 6.8~99.7 NP~752 | NP~42.7 | 2.57~2.76 | 0.23~0.94
48 = 29.2~57.6 - - 51.6~63.1 | 35.4~84.2 | 142~488 | 2.64~2.71 | 0.26~0.79
HSdH (7)) | 21.5~41.6 | 0.58~1.02 - 27.7~38.6 | 4.29~15.7 | 2.67~2.76 | 0.01~0.25
g 44 98.1~214.0| 2.55~5.47 | 1.25~1.45 78.6~178.5145.2~120.4| 2.50~2.63 | 1.21~3.06
% 74 27.6~71.2 - - 30.2~58.2 | 6.34~26.6 | 2.58~2.75 | 0.08~0.70
HTEHA 20.5~30.4 | 0.93~1.10 | 1.54~1.72 | 47.2~81.0 | 31.8~42.5|10.4~19.3 | 2.69~2.71 | 0.22~0.36
g ok 27.4~44.6 - - 84.3~94.3 | 30.3~32.6 | 10.4~12.5 | 2.66~2.67 | 0.22~0.45

a0

UB|40 ZHES S ATAAY W A MOt 29



Compression Index, C,_
~
L

1~ =
o o
- o o ° o ° @ 1
o © 0% 5 05% 8 % o
° L 1 2 1 N 1
40 60 80 100
Passing percentage of #200
(a) #200 S2=20i 5101
4 r— 7T 7 v
L g -
Nishida (1956) .
3 Regression curve 4 ? -1

Compression Index, C,
~N
T

Compression Index, C.

Compression Index, C_

Azzouz et al. (1976) .
7
5] < i
-,
. ) /oo/O ol
Regression curve o ° L= -
@?80 &

Herrero (1983)

150 200 250
Water content of natural state, w, (%)

(b) Xi4 B0l CSHod

Regression curve

Azzouz et al. (1976)

<=~ Mayne (1980)

00 6 120 160 200
In-situ void ratio, e Liquid limit, o, (%)
(c) ®F 2=l tisliof (d) HetAI0l CHEHO!
4 v T r T . T Y T r T v T r
- E E
UU o _ U ° -
i i
g o ) ,s 8 [e3 .
g . g oo & 0° .
g Sg g g 0l o g 88,
o o © -
E - g ° %o o B 0%
3 Nakase et al. (1988) | S .
1 N 1 N 1
120 160 2.5 2.6 28
Plastic index, PI (%) Specific gravity, G,
(e) 2410 CHEIOf (f) HIZ0 chstod
4 — T T v
S 3k ‘. -
_5 \
s T \ e A
g o Sﬁ% -
g b CC= 0434y, O% .
E' A =0.63
6 (o] O ? o
O p° 05}50_%% ®
0 N R 1 H
0 0.4 0.8 1.2 1.6
Dry unit weight, vy, (t/m*)
() A=CHIEE st
a3 2. Aol ot 2t x|E SMxIe AE| AL} 7IZ HOMISH| Hiw

30 SRXPTE=S

M7 Hes



E 4. O AWESE e UEX0 e 24 2|Z mQkAe] Aot MFAML| covariancet EE2X}

H o X Ot X} Covariance REEQX i X[ Ot R} Covariance BEZX}
Sowers 0.630 0.130 Mayne 0.289 0.188
€o Cozzolino 0.361 0.069 W] Azzouz et al. 0.189 0.431
Nishida 0.454 0.022 Terzaghi & Peck 0.284 0.183
Azzouz et al. 0.311 0.099 Nacci et al. 0.331 0.132
@n Herrero 0.311 0.108 Pl Nakase et al 0.246 0.280
Koppula 0.290 0.114 ’ ’ '
5 CiY XHHHSE 2= 7[E0] HoM D & AR0A e RO
H et Xt | b ] 2 P02l HotA
For Cc (w)
Terzaghi & Peck (1967) Cc = 0.009 (w, — 10) _ _
Azzouz et al. (1976) Cc = 0.006 (@, — 9) gg _ 8'39134 (0= 9.69)
Mayne (1980) Cec = (@ — 13)/109 ’
For Cc = f (wn)
Azzouz et al. (1976) Cc = 0.01 (@, — 5) _ _
Koppula (1981) Cc = 0.01 @, gzc _ 8'8;46 (@n = 16.7)
Herrero (1983) Cc = 0.01 (wn — 7.549) '
For Cc = f (e,)
Nishida (1956) Cc = 0.54 (e, — 0.35) _ _
Cozzolino (1961) Cc = 0.43 (g, — 0.25) gzc _ g'gf7 (¢o ~ 0.586)
Sowers (1970) Cc = 0.75 (e, — 0.50) )
For Cc = f (P))
Nacci et al. (1975) Cc = 0.02 + 0.014 P/ Cec = 0.092 + 0.018 P/
Nakase et al. (1988) Cc = 0.046 + 0.0104 P/ R? = 0.89

7ol At A ARPHEE Zhe 7]E A ES
7% =415 W42 3 Nishida, A+ pH)E Bl
g Azzouz F, WATHAIE W4E S Terzaghi o
Peck 1831 AAX]SE H-E 3 Nacci S 02 Vg
Wt ol m Ze Aalsof TASA & AolAe o
A3HA|, A Sheed], @4 7] 28l AR5
ZF ARt B4R 9Jito AEAE =T = e
AL 7180 =9 =l 9ate] A HE A
9] &3l FE| S 7| E o 2 dto] Aotk B AT
oA Aot ARAET 7|E AU FHAES A 2
oFstH 3 5+ Zth AlQkd HEAe A ¢+ 0.89 9]
Aol AgAoe] FE QA= 0.015~0.0182 A E
Ack webA olE ARk A4S AMgSoh 2y
Eof qlojA] B} e HQl &)= 9] Hrie} o)of w2
HEARLY] st Aol 7H8 A oR AtR¥ch
O 3& 3 2004 AT B AubARE 2=
EX 9] AP S A A@Aue; vwsty] ¢
stod ZF ARMAFES Alof 25t Aute} AHATE T4
gt Zojtt. ¥ 6= 1 39 Ay gt ZF A4 <]
Ao} Al dTeto] F K covariance) It EEQANE

gt Aol 2 oAe} o], A F g B Ayt
HeE g At S A3t 9 AN Ae
AHA S AvpETt AFAT et iAol £2 A
< ¢ 4 22U, Koppula(1981)9] A|¢H4e] Aib= A
HAmete] FZ 027t 023524 HEr} o Ho
Ae Aoz eyt 719 59 x5 o| Aetst 73
HAHE FolA U HE did dEAFE MY A=
B 4T 5 A AL BEA ] ZASTH
2719) A|Hk 244X E ©]-8-38l= Koppula(1986)2t 574¢]
ARt 24 RE ©|-&3h= Carrier(1985)9] A|QtA]ojtar
e 4= Aok 22, Koppula®} Carrierd] AQHA = A1
ATpeto] 20 2}7} 00513 0.0552 4 0]& o]-g3}
HEAGLY AaiFs Bt AEs] Agstrloe 7

7b Aok S HEL g Z=old, gAE &, ¢
& AEZE 59 a0 o3t FHE =9 JEE
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E 6. 28 KUMEAE 2= USKIS0| U3 2 JIZ HWe| Fet NHTME| covariancedt BELX}
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B 7 HEYL YHE A

JE—— ojmt s 24z s S4B =L
Hi Ha 7
Model | l2 Ha-4 O1 Wa, 7d
Model Il I3 Hg-4 O ®n, 74, €o 8 4
Model I l4 Hg-4 O4 @n, 7d, €0, O 0.9 0.9
Model IV Is Hig-5 Oy Wn, 7d, €, @1, lp 10
Model V le Hiz-6 O1 Wn, 74, €0, 01, lp, Gs 12
Model VI l7 His—7 O Wn, 7d, €, @i, lp, Gs, #200 14 0.4
2004 AAZE =9 gAE0] st HPE 5 US o A7) A FE o] gt thFst ARt 248%
Apeke] Aol B2 AT, dF =], A Eo 9t Ad&EA|9 dF 7hedE HESUH.
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Alof ot Aubg YehlH 19 49 Zon a9 3 2 AFoAE 4EAFE 47 o E AT 729
HAE A Ak AR A A9 2RASE A BT A& P ol AFATY A5
T 0.960]8], A|FATL}e] B QA= 0.0158 HA At AAFNA PHHEFEY FAo TE AEES
=5t} wetbA, 2 Aol A Algtsks B A ol8st o} AN ANAS HESIT AAY A A
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E 8. Y25 Hao YA W9
2w 52 (Xmin) FICHZh (Xmar) g Azt
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XA sH|, 0, (%) 10.0 220.0 214.0 ~ 20.5
#200 EME (%) 0.0 100.0 14.1 ~ 99.9
HIBHA, w1 (%) 20.0 180.0 178.5 ~ 27.7
A2EX £, Pl (%) 0.0 130.0 120.4 ~ 4.29
7| Z2H2H|, e 0.5 6.0 0.58 ~ 5.47
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