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Correlations Between the Physical Properties and
Consolidation Parameter of West Shore Clay
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ABSTRACT : In the correlation formulas related to consolidation proposed at present, the analyzed areas are limited to certain overseas
or domestic areas and in order to increase the number of data, experimental data of different areas are integrated and therefore in
many cases application is difficult. In addition, models have been developed without clear statistic evaluation of the obtained data.
Accordingly, this study divided the soft areas of the west coast into Hangang, Kumgang and Yeongsangang in order to maximally
reduce uncertainty of the experimental data and performed normality test and regression analysis on the physical and dynamic
characteristics. According to the analysis result, the compression index and the modified compression index had strong linearity and
in all areas modified compression index and initial void ratio had closest correlation, followed by total unit weight, water contents
and liquid limits. As for overconsolidation ratio with depth, the width of overconsolidation ratio was large when the depth was less
than 5 to 6 m in all areas and when the depth was over 5 to 6 m, the ratio was constant.
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Table 1. Kolmogorov—Smirnov normality test about physical properties

o
)

G

Properties | Hangang statistics Hangang p.vleue Kumgang statistics | Kumgang p.vlue | Yeongsangang statistics | Yeongsangang p.value
w, (%) 0.1483 <0.0001 0.2044 <0.0001 0.1012 0.0055
Gs 0.4724 <0.0001 0.2442 <0.0001 0.1709 <0.0001
Y 0.1336 <0.0001 0.1737 <0.0001 0.1222 0.4710
e, 0.1847 <0.0001 0.2679 <0.0001 0.0924 0.4185
LL (%) 0.1382 <0.0001 0.1665 <0.0001 0.1665 <0.0001
PL (%) 0.1230 <0.0001 0.2859 <0.0001 0.1089 0.0030
PI (%) 0.1167 <0.0001 0.0627 0.0334 0.1535 <0.0001
LI 0.0879 <0.0001 0.1113 <0.0001 0.1042 0.0052
#200 (%) 0.1654 <0.0001 0.1801 <0.0001 0.2550 <0.0001
2 um (%) 0.1354 <0.0001 0.0976 <0.0001 0.0704 0.2281
A 0.3650 <0.0001 0.3024 <0.0001 0.1270 0.0025

Table 2. Kolmogorov—Smirnov normality test about mechanical properties

Properties Hangang statistics | Hangang p.vleue | Kumgang statistics | Kumgang p.vlue | Yeongsangang statistics | Yeongsangang p.value
Disturb strength 0.1645 <0.0001 0.145 0.0069 0.1709 <0.0001
Sensitivity 0.0439 0.0498 0.1448 0.007 0.1222 0.471
Cohension 0.1132 <0.0001 0.0699 0.2723 0.0924 0.4185
Preconsolidation load 0.0718 <0.0001 0.075 0.1524 0.1535 <0.0001
Compression index 0.133 <0.0001 0.1965 <0.0001 0.1042 0.0052
Overconsolidation ratio 0.1631 <0.0001 0.1938 0.0096 0.255 <0.0001
Expansion coefficient 0.1787 <0.0001 0.143 0.357 0.0704 0.2281
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Table 3. Change on physical properties with outlier filtering
. Hangang Kumgang Yeongsangang
Properties - - -
CoV Skewness Kurtosis CoV Skewness Kurtosis CoV Skewness Kurtosis
before O.F 0.2749 3.0469 23.2779 0.5290 3.7792 25.9158 0.3318 0.6191 3.3069
o after O.F 0.1713 0.2985 3.0827 0.2422 0.3448 3.0470 0.3187 0.4686 2.9627
G before O.F 0.2941 30.3356 922.3948 0.0214 -5.7563 57.4298 0.0067 -1.4531 15.2768
s
after O.F 0.0059 0.8399 3.1756 0.0083 0.0127 3.0485 0.0054 0.8308 3.3758
before O.F 0.0515 -1.5910 8.9818 0.0937 -1.7013 7.2658 0.0672 -0.7734 6.8034
K after O.F 0.0317 -0.4631 3.1342 0.0574 -0.5650 3.4426 0.0435 -0.3865 2.5645
before O.F 0.2833 4.0289 32.0640 0.5119 2.6220 11.0767 0.2623 0.6260 2.9165
c after O.F 0.1457 0.5378 3.2767 0.1939 0.6507 3.7503 0.2540 0.5346 2.7180
L before O.F 0.2602 1.5447 6.1760 0.4109 7.3035 87.5206 0.3437 0.9429 2.7687
after O.F 0.2072 0.8800 3.1951 0.2466 0.6655 2.6971 0.3437 0.9429 2.7687
PL before O.F 0.1668 -1.0875 10.0295 0.5514 13.5429 206.1516 0.1442 1.0812 5.8065
after O.F 0.0927 -0.1459 2.8895 0.1549 -0.1931 29721 0.1171 0.5638 2.9605
. before O.F 0.5961 1.1693 4.6751 0.5404 0.5857 3.1273 0.6070 1.0173 3.0186
after O.F 0.5522 0.7438 2.7599 0.5242 0.3787 2.3650 0.5909 0.9742 2.8731
U before O.F 0.6424 1.1062 5.9458 0.7533 0.5262 6.5602 0.6477 -0.1269 9.7748
after O.F 0.5305 0.2749 3.0358 0.5257 0.4883 3.0574 0.5135 0.1245 2.9761
5 before O.F 0.6469 1.7641 7.6234 0.6095 2.1714 17.8973 0.3469 -0.0260 2.4376
um
after O.F 0.5029 0.7461 3.1829 0.5419 0.6083 2.7023 0.3469 -0.0260 2.4376
A before O.F 2.1310 12.5403 179.2614 1.2518 10.1425 124.4773 0.4651 0.7611 3.0253
after O.F 0.3042 0.4722 3.2227 0.3021 0.2563 2.9339 0.4439 0.5948 2.4929
Table 4. Change on mechanical properties with outlier filtering
. Hangang Kumgang Yeongsangang
Properties - - -
CoV Skewness | Kurtosis CoV Skewness | Kurtosis CoV Skewness | Kurtosis
. before O.F 0.7422 2.9643 17.2679 0.6548 1.1682 3.9492 0.4368 0.8973 3.1123
Disturb strength
after O.F 0.4894 0.7883 3.2180 0.6096 0.8930 2.8871 0.4368 0.8973 3.1123
Sensitivit before O.F 0.3318 0.1616 3.1973 0.4842 1.2842 4.5774 0.6854 3.6515 20.2411
ensitivi
Y after O.F 0.3243 -0.0112 2.6546 0.3812 0.5783 2.9946 0.4404 0.9406 3.0647
S before O.F 0.6178 2.6221 17.4519 0.5906 1.1714 5.6740 0.6372 2.1401 8.6956
ohension
after O.F 0.4662 0.4878 2.9024 0.5226 0.4133 2.9788 0.4485 0.6698 3.0049
o before O.F 0.4913 1.2979 8.5914 0.5780 0.6343 2.8575 0.5319 2.0942 8.6780
Preconsolidation load
after O.F 0.4398 0.3010 2.6398 0.5709 0.5705 2.6612 0.3689 0.5960 3.0954
o before O.F 0.5141 1.5613 6.5684 0.7396 2.8527 15.1707 0.3705 0.2976 2.3097
Compression index
after O.F 0.4302 0.8525 3.0818 0.4494 0.9064 3.7784 0.3705 0.2976 2.3097
o . before O.F 0.5054 2.3200 10.4561 0.9040 1.7431 5.9070 0.7053 1.6875 5.3670
Overconsolidation ratio
after O.F 0.3536 0.5050 2.8057 0.7519 1.1947 3.7558 0.5103 0.9910 3.4039
) . before O.F 0.5927 2.7078 16.6815 0.3745 1.0934 3.5455 0.3450 1.0891 5.3140
Swelling coefficient
after O.F 0.3800 0.8471 34212 0.3452 09115 2.9443 0.2954 0.2398 2.7617
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P (kaff em®)

P.=007339273x=D +0 7934792 (R* =0.3069204)

(a) Hangang

3.0
|

P (kaff em®)

P.=006370002x=D +0 60618563 (R* =0.2633333)

(b) Kumgang

P (kaff em®)

P, =004002951xD +0 5561528 (R® =0.1942351)

(c) Yeongsangang

Fig. 1. Relationship of depth—preconsolidation load after outlier

filtering

Table 5. Linear regression analysis results of depth—preconsolidation load

Test Region Outlier filtering Regression equation Coefficient of determination

before O.F P.=0.0719D + 0.8471 0.240

Hangang
after O.F P.=0.0733D +0.7934 0.307
Standard before O.F P.=0.0626D + 0.6233 0.244

oy Kumgang
consolidation after O.F P.=0.0637D + 0.6061 0.264
before O.F P.=0.0652D +0.4512 0.356

Yeongsangang

after O.F P.=0.04D +0.5561 0.194
CRS Hangang before O.F P.=0.8254 0.127
Kumgang before O.F P.=0.9343 0.113
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Table 6. Analysis of correction factor for modified compression

index

C,=1.178xC,

a7

(a) Hangang

C,=1126xC,

or

0.6

0.5

04

03
&

0z

0.1

(b) Kumgang

C,=1.192xC,

(c) Yeongsangang

Fig. 2. Relationship of compression index and modified compression
index

Region Mean Median SD Variance

95% confidance interval
LL UL

CoV Skewness Kurtosis

Hangang 1.22 1.233 0.0818 0.0066

0.067 2.4659 38.614 1.233 1.290

Kumgang 1.124 1.137 0.0859 0.0073

0.0739

-0.3027 5.861 1.09 1.214

Yeongsangang 1.182 1.176 0.0388 0.0015

0.0329

0.5036 2.337 1.152 1.253
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Table 7. Linear regression analysis of compression index and modified compression index

95% confidance interval
Region Mean Median SD Variance CoV Skewness Kurtosis
LL UL
Hangang 0.1507 0.1469 0.03044 0.000927 0.202 0.7634 4.257 0.1313 0.2069
Kumgang 0.1355 0.1414 0.0449 0.002016 0.3314 -0.3431 2.047 0.1027 0.1941
Yeongsangang 0.1269 0.1125 0.0439 0.0019 0.3464 0.4957 2.2310 0.0914 0.1900

C,=0441xe,-0.07672 [_R: =0.5005)

k)

&

(a) Hangang

C,=05112x8,-0.1953 (R’ =0.627)

(b) Kumgang

C,=0.399xe,+0.01602 R'=0 5365)

Fi

Q@

(c) Yeongsangang

€

. 3. Linear regression analysis of ¢,—C.

Table 8, Linear regression analysis between modified compression
index and physical properties

. . . Coefficient of
Region Parameter Regression equation L.
determination
w—C/ C./=0.0128w,~-0.1377 0.513
LL—C; | C/=0.01142L-0.081 0.449
Hangang p -
e,—Ce C. =0.5112¢,-0.1953 0.627
v, —C. | C/=-14173~,-29142 0.545
w—C. C./=0.0121w,0.0627 0.452
LL—C/ C./=0.0162LL-0.19 0.288
Kumgang p p
e,—Ce C. =0.441¢,—-0.0767 0.5
5, —C./ C./=-1.755~,-3.602 0.501
w—C/ C./=0.0lw,+0.1319 0.286
LL—C. | C/=0.0042LL +0.4223 0.081
Yeongsangang p p
e,—Ce C. =0.399¢,+0.016 0.536
5, —C. C./=-1.024~, +2.331 0.376
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Table 9. Descriptive statistics of compression index and swelling index

Outlier 95% confidance interval
Region . Mean Median SD Variance CoV Skewness | Kurtosis
filtering LL UL
" before O.F 0.2671 0.2300 0.1373 0.0188 0.5141 1.5610 6.5680 0.1750 0.5330
angan
gang after O.F 0.2484 0.2240 0.1069 0.0114 0.4302 0.8525 3.0820 0.1715 0.4725
before O.F 0.4483 0.3650 0.3316 0.1100 0.7396 2.8530 15.171 0.2460 1.0536
Cc Kumgang
after O.F 0.3612 0.3425 0.1623 0.0263 0.4494 0.9064 3.7780 0.2350 0.6618
before O.F 0.5080 0.5050 0.1883 0.0354 0.3705 0.2976 2.3100 0.3548 0.8300
Yeongsangang
after O.F 0.5080 0.5050 0.1883 0.0354 0.3705 0.2976 2.3100 0.3548 0.8300
. before O.F 0.0361 0.0300 0.0214 0.0005 0.5927 2.7080 16.681 0.0240 0.0804
angan,
sane after O.F 0.0309 0.0290 0.0117 0.0001 0.3800 0.8471 3.4210 0.0230 0.0555
before O.F 0.0515 0.0455 0.0193 0.0004 0.3745 1.0934 3.5450 0.0373 0.0898
Cs Kumgang
after O.F 0.0501 0.0450 0.0173 0.0003 0.3452 09115 2.9440 0.0370 0.0860
before O.F 0.0596 0.0555 0.0206 0.0004 0.3450 1.0890 5.3140 0.0475 0.0935
Yeongsangang
after O.F 0.0577 0.0550 0.0170 0.0003 0.2954 0.2398 2.7620 0.0468 0.0895
Table 10. Descriptive statistics of overconsolidation ratio
. Outlier . . | 95% confidance interval
Region . Depth Mean Median SD Variance Range Skewness | Kurtosis
filtering LL UL
before OF <5m 2.1970 1.6800 1.4230 | 2.0260 | 0.6418~6.4860 | 1.3840 | 4.3910 1.1050 5.3490
efore O.
. 5m< 1.6910 1.6530 | 0.5020 | 0.2520 0.53~3.2 0.4553 | 3.2730 1.3650 2.6060
angan,
sane fler OF <5m 1.9720 1.6400 1.0970 1.2030 0.6481~5.22 1.1730 | 4.2450 1.0590 4.1110
after O.
5Sm< 1.6540 1.6470 | 0.4555 | 0.2075 0.53~2.655 0.1481 2.7870 1.3600 2.4730
before O.F <6m 2.7610 | 2.0790 | 2.0400 | 4.1610 0.209~9.197 1.3800 | 4.4610 1.3040 7.3440
cIore .
" 6m< 0.9383 | 0.6840 | 0.7455 | 0.5557 0.35~3.912 2.7130 11.210 0.4860 1.7520
umgan;
sane fler OF <6m 2.2440 1.9800 1.3440 1.8060 0.209~5.882 | 1.0800 | 3.7510 1.1950 5.1710
after O.
6m< 0.8074 | 0.6630 | 0.4161 0.1731 0.350~1.763 1.0560 | 3.0360 0.4860 1.6680
before OF <5m 3.6520 | 3.1000 1.9280 | 3.7160 1.17~7.90 0.7620 | 2.5300 2.2370 7.2300
efore O.
Sm< 1.4950 1.5950 | 0.5512 | 0.3039 0.50~2.72 0.1448 | 2.2350 1.0950 2.4110
Yeongsangang
fer OF <5m 3.5060 | 3.0000 1.7840 | 3.1820 1.17~7.50 0.7571 2.6000 2.2300 6.8200
after O.
Sm< 1.4950 1.5950 | 0.5512 | 0.3039 0.50~2.72 0.1448 | 2.2350 1.0950 2.4110
Table 10-& Zrelujo] oijat gxzo} o4 A7 %o £ 1.49500]t}. OIS AAT A$ 5m olste] Tty
thgahiol chat BAEA AukE Uil Zolch 44 C LI7-75002 Bushn 9on BEE 1506002
2} 7$- 5m o]s}e] TQIWH|E 0.6418~6.48600.2 Hwa} ERLOm, Sm oL 0.50~2722 Exsli glow HEe
A om HFL 21972 JERFOH, Sm oA 0.53~3.2 1.49500]c}.
82 B3 9lom HF2 1.690]th oA S AT A
£ 5m o]5}9] U] 0.6481 ~5.22% HE5}T Q1o
=/ |
BFE 1972005 Upekkon], Sm o[RS 05326555 & 4.8 E
Eoha glom BFE 1.65400]e. F3A 9] %% 6m o]
a0 TQPUH]= 0.209~9.1978 Bzsla glow H-2 27610 & Aol Alsiote] AerAt 548 Bk sl
o2 e on, 6m oA 0.35~3.9122 BEsla gle oHE AR N9S W, g4, dAAgeR
o] P2 0.93830]ck oA E A AE AL 6m olsle] T} T 5 =uA BRI qota] EAA| O tisto] At
U HlE 0.209~5.882% F-ESLIL QlOow Hard 224402 S gHeds edstoieod 1 das aofshd o
2 UElton, 6m o]4FS 0.350~1.763 0.2 H3slal glo I o

B Bt 0.80740|ct. FAPFA| 2] 7-5- Sm o]5}e] Ief
YH]= 1.17~7.900.2 F3xstal §lom Hit2 3.65200.2
elon], Sm oJARL 0.50~2.728 HEFT glon] B

(1) Kolmogorov-Smirnov2] HH-&
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