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The soil tests have been performed on the specimens obtained from about 1,150 sites including landslides and
non-landslides areas in natural terrains for last 10 years. Based on the results of those tests, the average soil properties
are estimated and the simple equations for estimating permeability are proposed according to geologic conditions.
The average permeability in Granite and Mudstone sites is higher than other sites and the content of silt and clay in
Mudstone and Gneiss sites is higher than other sites. The correlation analysis and the regression analysis were performed
to estimate the coefficient of permeability according to geological conditions. As the result of the correlation analysis,
the coefficient of permeability is selected as a dependent variable, and the silt and clay contents, the water contents
and the dry unit weights are selected as independent variables. As the result of the regression analysis, the silt and
clay contents and the void ratio were involved commonly in the linear regression equations according to geological
conditions. To verify the proposed the linear regression equations, the measured result of the coefficient of permeability at
other sites was compared with the result predicted with the proposed equations. As the result of comparison, there
were a little bit different between them for some data. However the difference was relatively small. Therefore, the linear
regression equations for estimating the coefficient of permeability according to geological conditions may be applied to
Korean soils. However, these equations should be verified and corrected continuously to improve the accuracy.

Keywords : Geological condition, Natural terrain, Coefficient of permeability, linear regression equation, statistical
analysis.
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Fig. 1. Soil sampling method.
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Table 1. Data according to geological condition.
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Geological condition

granite gneiss tuff mudstone  sed. rocks  gabbro schist total
landslides 516(52%) 183(18%)  217(22%)  40(4%) 36(4%) - 3(0%) 995(100%)
non-landslides 46(29%) 48(30%) 2(1%) 37(23%) - 24(15%)  3(2%) 160(100%)
total 562(49%) 231(20%)  219(19%) 77(7%) 36(3%) 24(2%) 6(1%) 1155(100%)
of M EZAIF Aol ek AR B2 vk Zlo] oh o] A AT ool AdxAS dew
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Table 2. Basic statistical analysis result of major factors.
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F 7|28 A B4 E el Zzte]
EZA Y3l 71254 29E EgE 7 X@x A
BRG] 8RS 8T ¢ Sk FollM B nie}
7ol ARt mERAAelx] o] Ao & 7114*
7.9 x107%-3.1 x 10°cm/sec, HrFAA o] F5=A

6.3 x 107°9.8 x 102 cm/sec, 3]UAH 9] Tfﬁlf~

8.1 x 10723 x 107 em/sec, ©|UAFY FFAFTE

coefficient of silt and

clay

water contents  dry unit weight

permeability(cm/sec)  contents(%) (%) (t/m%) void ratio
contents
non- oceur non-  occur  non-  Occur  nOn-  OcCur  non-  oceur
occur. -rence occur. -rence occur. -rence occur. -rence occur. -rence
N 513 45 500 28 500 27 513 45 497 27
mean 20E-1  24B-1 563 776 1953 1616 135 132 096  1.08
gt median 75E-3  76E-3 487 575 1826 1586 137 133 090 097
standard deviaion 14E-1  9.6E-1 378 669 766 555 015 008 025 045
minvalue  7.9E-5 3.0E-6 033 073 487 823 08 115 046 071
maxvalue  3.0E+0  63E+0  27.83  32.56 5487 3184 178 155 222 321
N 183 46 156 20 183 48 183 46 183 46
mean 20E-2  35E3 545 1339 2165 1830 129 131 109 105
. median 10E-2  23E-4 467 770 1993 1872 130 133 104  1.02
BCSS - andard deviaion 2.4E-2  9.8E-3 453 1152 830 524 017 014 028 023
minvalue  63E-5 20E-6 037 278 686 872 099 103 055 070
maxvalie  9.8E-2  60E-2 2851 4046 4571 3347 172 158 164 157
N 214 2 217 ; 215 ; 214 2 214 ;
mean 10E-2  2.1E3 880 ; 26.98 ; 125 118 114 ;
- median S4E-3 21E3 800 ; 26.17 ; 125 118 110 ;
standard deviaion 2.0E-2  1.0E-3  4.60 ; 8.12 ; 015 014 029 ;
minvalue  8.1E-5  13E3 145 ; 10.20 ; 065 108 060 ;
maxvalue ~ 23E-1  2.8E-3 2885 ; 7.6 ; 162 129 296 ;
N 40 37 19 5 19 4 40 37 19 4
mean 31E-1  90E-2 1077 1162 2575 3636 120 111 120 16l
mud- median 85E-3  32E-3 938 1235 2520 3761 120 112 124 174
stone standard deviation 6.1E-1 3.5E-1 5.16 2.17 6.77 11.79 0.14 0.93 0.34 478
minvalue ~ 8.6E-4 48E-4 422 842 1130 218 086 084 060 098
maxvalue  25E+0  19E+0 2200 1403 3678 4841 162 132 191 200
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Table 2. Continued.
coefficient of silt and clay water contents  dry unit weight void ratio
permeability(cm/sec)  contents(%) (%) (t/m?)
contents
non- occur non- occur non- occur non- occur non- occur
occur. -rence  OcCur.  -rence  OCCUL.  -rence  OcCcur.  -rence  Occur.  -rence
N 36 - 36 - 36 - 36 - 36 -
mean 1.0E-2 - 10.32 - 27.45 - 1.27 - 1.12 -
4 rocks median 3.7E-3 - 8.89 - 29.04 - 1.28 - 1.05 -
56 0% tandard deviation  2.0E-2 - 6.16 - 9.47 - 0.15 ; 029 ;
min.value 1.0E-4 - 2.15 - 9.60 - 0.83 - 0.65 -
max.value 1.3E-1 - 21.80 - 45.33 - 1.59 - 2.18 -
N - 24 - 24 - 24 - 24 - 24
mean - 3.0E-2 - 7.03 - 37.55 - 1.18 - 1.35
median - 1.7E-2 - 7.06 - 38.06 - 1.16 - 1.38
gabbro .
standard deviation - 5.0E-2 - 2.99 - 9.17 - 0.15 - 0.30
min.value - 7.1E-4 - 2.14 - 23.15 - 0.94 - 0.83
max.value - 2.4E-1 - 14.17 - 53.21 - 1.48 - 1.97
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Table 3. Statistical model for estimating the coefficient of
permeability.

dependent variable k (permeability)

F  (silt and clay contents)
. . ®  (moisture contents)
independent variables Yo (dry unit weight)

e (void ratio)




39 ARz ME AP B30 AT AR At

FAH B2 ek itk FoM wi vish o]
FENFE FFE S SYNTE AETRY,
), AERSIEY B R ST SUNsES
olgale] FMsel FEASE WY 5 e
Hg wFstan gt

=
575 A 918 BAA mal) g Adxa

FEASA= Table 49} o). (A2 fFEdSA=
BE Az st faaEx]e 471 ddsiuz §
ARAo] 7hsgt A2 YT

stzhet

st gk fFEASXE EHE dAAEY
(stepwisey= o83l 3|ARENS AAIBIGITE AR S
AR A3t AHETTHE folalr] o= A4

2ol At sPdete] Tl et AR
2 A3= Table 59 7ot

A 2HdS S8l AR 7=, AT
g S]] 294 SHAATE AR, F9g9E ol
FIFE S%elBle| B2 BAIK R folsi, FAFeAIZ}
0.15c}F A3, EAEIAAI(VIF)Ze] 108t gterg

Table 4. Effective data according to geological condition.

geology total effective data missing data
granite 562 524 38
gneiss 231 174 57
tuff 219 214 5
mudstone 71 23 54
sedimentary rocks 36 36 -
gabbro 24 24 -
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Table 7. Explanatory to the linear regressive equation of granite.

R R-square
749 .561 558

corrected R-square

Table 5. Regression analysis result of granite.

non-standardized coefficient  stand. coef. collinearity
predicted value t-value  significance prob.
b standard deviation beta tolerance limit  VIF
constant -5.923 276 -21.439 .000
e 2.106 .083 1.787 25513 .000 172 5.806
Y4 3.011 .146 1.480 20.574 .000 .163 6.126
® -.007 .002 —-.179 —4.965 .000 .649 1.540

Table 6. Result of fitness to the regression analysis model of granite.

contents sum of squares degree of freedom mean square F-value significance probability
linear regression analysis 29.679 3 9.893 221.196 .000
residual 23.257 520 .045
total 52.936 523
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Table 8. Regression analysis result of gneiss.
. non-standardized coefficient  stand. coef. Lo collinearity
predicted value t-value  significance prob.
b standard deviation beta tolerance limit VIF
constant -.020 .006 -3.502 .000
e .047 .005 544 9.688 .000 998 1.002
F -.002 .000 -.384 —6.848 .000 998 1.002
Table 9. Result of fitness to the regression analysis model of gneiss.
contents sum of squares degree of freedom mean square F-value  significance probability
linear regression analysis .050 2 .025 73.485 .000
residual .058 171 .000
total .108 173
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Table 11. Regression analysis result of tuff.

non-standardized coefficient stand. coef. collinearity
predicted value - t-value  significance prob. -
b standard deviation beta tolerance limit  VIF
constant .063 .012 5.155 .000
F -.002 .000 -.355 -5.371 .000 .939 1.065

Yd -.030 .009 -222 -3.364 .001 939 1.065
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Table 12. Result of fitness to the regression analysis model of tuff.

contents sum of squares degree of freedom mean square F-value significance probability
linear regression analysis .013 .006 16.630 .000
residual .080 211 .000
total .093 213
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Table 13. Explanatory to the linear regressive equation of tuff.
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Table 16. Explanatory to the linear regressive equation of
mud stone.

R R-square corrected R-square R R-square corrected R-square
.369 136 128 868 754 729
Table 14. Regression analysis result of mudstone.
. non-standardized coefficient ~stand. coef. o collinearity
predicted value t-value  significance prob.
b standard deviation beta tolerance limit VIF
constant .011 399 .027 979
e 1.173 223 .609 5.271 .000 921 1.085
F -.075 018 -471 -4.077 .001 921 1.085

Table 15. Result of fitness to the regression analysis model of mud stone.

contents sum of squares degree of freedom mean square F-value significance probability
linear regression analysis 20.537 10.269 69.184 .000
residual 3.117 .148

total 23.654
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Table 17. Regression analysis result of sedimentary rocks.
non-standardized coefficient  stand. coef. collinearity
predicted value t-value significance prob.
b standard deviation beta tolerance limit VIF
constant .007 .018 371 713
F -.002 .001 -.488 -3.449 .002 .994 1.006
e .029 014 292 2.068 .047 994 1.006
BRI A S15tel AeE 1 um AR ET e
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f gabbro.
Kisoarouy=0.007-0.002-+0.029-F (5 8o
contents UM of degrecof mean Fvalue &gmhce_xr'lce
. . . squares freedom square probability
Table 19. Explanatory to the linear regressive equation of -
sedimentary rocks. linear regres- 1 023 13.347 001
sion analysis ' ' ’
R R-square corrected R-square residual 038 0 002
587 345 305 total .061 23

Table 18. Result of fitness to the regression analysis model of sedimentary rocks.
contents sum of squares degree of freedom mean square F-value significance probability
linear regression analysis .018 2 .009 16.114 .000
residual .019 34 .001
total .038 36

Table 20. Regression analysis result of gabbro.

non-standardized coefficient  stand. coef. collinearity
predicted value — t-value significance prob. —
b standard deviation beta tolerance limit VIF
constant .108 .022 4.885 .000
F -.011 .003 -.614 -3.653 .001 1.000 1.000
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Table 22. Explanatory to the linear regressive equation of
granite.

R R-square corrected R-square
614 378 349
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Table 23. Beta coefficients of linear regressive equations
according to geological conditions.

selected variables

Geology data
e Ya ®
Granite 524 - 1.787 (1) 1.480 (2) -0.179 (3)
Gneiss 174 -0.384 (2) 0.544 (1) - -
Tuff 214 -0.355 (2) - -0.222 (1) -
Mudstone 23 -0.471 (2) 0.609 (1) - -
Sedi. rock 36 —0.488 (2) 0.292 (1) - -
Gabbro 24 -0.614 (1) - - -

() : ranks of beta coefficient to the selected variables.
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Fig. 2. Comparison between measured and predicted values
to the weathered soils from granite.
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Fig. 3. Comparison between measured and predicted values
to the weathered soils from gneiss.
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