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SUMMARY

I. Title

Development of technology to determine soil properties for optimized standard

design of the unsaturated soil slope and compacted soil

II. Purpose and need

IIL.

Almost soils such as slopes and compaction ground has the unsaturated
characteristics which exist over the water table. The unsaturated soil represents
different behavior from the saturated soil because of the existence of matric
suction. The current design method of soil slope has the limitation to assume the
improper conditions such as the fully or nearly saturated state. And the current
evaluation standard of field compaction is based on the empirical method, which
cannot consider the mechanical behavior obtained from the design stage. Therefore
the objective of this research is to develope the technology to determine the
unsaturated soil properties required for optimized standard design method of the

soil structures considering the unsaturated characteristic.

Contents and scope

» Literature research for the estimation methods of unsaturated soil
properties
» Research of variation of matric suction in the field due to rainfall storm
» Set up of experimental equipments for unsaturated soil
» Selection of key factors for the estimation of unsaturated soil properties
* Development of database of unsaturated soil properties
= Set up of RC/TS testing system to control the water content
» Development of technique to determine the nonlinear stiffness of field soils
» Development of estimation methods of unsaturated soil properties from basic

properties



Iv.

» Modification of infiltration model

» Effect of water table on the slope stability analysis

* Model testing of rainfall infiltrated soil slope

» Classification and collection of domestic compaction materials

» Determination of nonlinear stiffness considering variation of the water content,
stress and strain

* Field testing at compaction site

= Comparison of current slope design method with the unsaturated soil slope
stability considering the rainfall infiltration

= Analysis of results of model testing and its verification by numerical analysis

» Suggestion of guideline for optimized standard slope design method

» Suggestion of determination method of constitutive model of compacted
material according to water content and stress state

* Development of evaluation method of degree of compaction of field site based

on the stiffness

Results

» Setup of experimental equipments for soil water characteristic curve,
unsaturated shear strength and unsaturated permeability

= Development of database of unsaturated soil properties for the domestic
weathered granite soils

* Development of estimation technique fro unsaturated soil properties

= Analysis of rainfall infiltration characteristics into soil slope

= Application of estimation methods for the several domestic slope design

» Installation of sensors to collect the water content and matric suction near
the surface of soil slope during the rainfall and its results of field
measurements

» Guideline for slope stability evaluation from rainfall

= Development of RC/TS testing equipment to control the matric suction

*» Preliminary testing to verify the developed system for domestic base road

soil



» Evaluation of field deformation characteristic of base road soil using SASW
test

= Evaluation of field deformation characteristic of base road soil using cyclic
plate load test and its verification at the field site

» Set up of triaxial testing system in the state of Ko consolidation

V. Applications

The results of this research can be used in the prediction system of slope
failures to minimize the slope failures and its damage because the analysis of
the cause of the rainfall induced slope failures and more realistic investigation
of slope stability would be possible by considering the rainfall induced
infiltration into the slope. Also it is useful to minimize the cost of site
investigation to choose the timing of mending of slope and the location of main
measurements of key factor in the current maintenance & repairing
management system for slopes.

If the techniques and new design method of slope are transferred to the civil
engineering company or construction company, the optimized standard design
method of slope would stand to solve the limitation of the current design
method. And the design method can be used to complement the current
unreasonable specifications if the workers get the experience and apply the
method for several cases.

Advanced compaction evaluation method will be used widely because the
determination method of field stiffness can be calculated from the current plate
load testing results and the easy testing method of wave velocity can be used.
Finally, the database of stiffness in the unsaturated state would be applied to

the compaction layers such as roads and dams.

_Vi_
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gugo] A skt

olgFA Fol HFidte ES dUAR dT 5 Utk t7IgRT; v gf gl A
5 WF-olA Zo]l I AU Fol =& WolEol7] k] IIstE IS

Aol A el (free energy state)el golgtth. 1]l o]t IS FO| Y

ol2} stth(Edlefsen and Anderson 1943). Aol A= & o EAjsts 59 F
=

5 7] Y (partial vapor pressure)ol]l <]3ste] =4 " tH(Richards 1965). &2 &
I 545718 FEEE I 498 e tet 2
= m( 50] (3.26)
A7NA, p= Fo w59 e A F59 (kPa)
R= A7 A% [8.31432 J/(mol K) |
T= A% [T=(273.16+t) (K)]
o= =9 HIAA £ B Uxe] % [ 1/w (m'/ke) |
w~ 7719 EAEHF (18.016 kg/kmol)
u = FEFEE7e B (kPa)
o= wd o HHI FA AollA =579 234 (kPa)
Fo Y d F (total suction)o]e} E#™, o]+ E¥IFF ¥ (matric
suction) @} 4HFFE 52 (osmotic suction) o2 FEEAT A F5EHLE Sl o A
FrolyAlel] sty RagFTHd AFAETHES oddd AFouAe airsol
o},

Y= (u,~u,)+m (3.2.7)
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Dimensionless water content, 8 (%)

WHW;

n=15
m=1.0
—— a=25kPa
— — a=125kPa
- ~-a=625kPa

|
IR

Dimensionless water content, 8 (%)

20 - — a=3125kPa
®  Location of
aon‘hem
oD.T
i 100
Soil suction (kPa) Soil suction (kPa)
(a) a ate] W3t (b) n #tel W3}
1 25 kPa
—_ a=
& n=15
@ g 1 —_— m=0.6
'g —_— - m=10
2 - - m=14
§ e u - —m=18
= ] Location of
'§ _ a on the curve
40
§ = i ‘
5
E =
5 o =
01 1 10 10000 100000 1000000
Soil suction (kPa)
(c) m ke Ws}
1% 3211 WgkE st wE Fredlund and Xing <54 =7

_41_




3% 3.25 Fredlund & Xing @

Sample o _S a n m
(o] &) (4% 6)
S-C2(0.4)-2 0.286 0.312 231.79 0.414 2.528
S-C2(0.4)-3 0.286 0.404 91.87 1.400 1.029
S-C2(0.4)-4 0.286 0.409 78.90 0.875 1.435
S-C2(0.4)-5 0.286 0.379 42.08 0.743 1.404
S-C2(0.6)-2 0.375 0.394 21.92 0.667 1.658
S-C2(0.6)-3 0.375 0.510 67.70 1.247 1.196
S-C2(0.6)-4 0.375 0.447 46.00 1.058 1.297
S-C2(0.8)-2 0.444 0.371 12.76 0.433 2.212
S-C2(0.8)-3 0.444 0.451 109.97 0.854 1.710
S-C2(0.8)-4 0.444 0.367 73.08 0.672 1.920
S-C2(0.8)-5 0.444 0.425 18.65 0.624 1.805
C-C1 0.400 0.383 317.80 0.577 2.259
C-C2 0.400 0.400 50.91 0.943 1.308
C-C4 0.400 0.448 46.18 1.105 0.933
0-C1 0.363 0.348 193.19 0.501 2.600
0-C2 0.363 0.352 18.14 0.749 1.519
0-C3 0.435 0.398 23.07 0.458 2.336
S-C1 0.370 0.362 61.44 0.793 1.505
S-C2 0.370 0.421 23.03 1.215 1.110
Y-C1 0.320 0.265 17.80 0.513 1.694
Y-C2 0.320 0.302 1271 0.403 2.034
Y-C3 0.320 0.333 31.82 0.948 0.837
¥ 3255 ZF Az gE] fodd FEAAFAHA AP AH}ES Fredlund & Xing
FEEATA mdAe] BH Qo REWFFES HolFm gk,
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3£ 326 ANN Rdlo] ALgH

QAR EAAE

Sample Sad Silll ¢ VOi(.i VS/OCmP a(i\(j[% As a n
(%) Clay (%)| Ratio (%)
S-C2(0.4)-2 | 66.00 2.00 0.40 -8.11 0.026 | 85.37 | 041
S-C2(0.4)-3 | 58.00 42.00 0.40 -8.11 0.118 | 167.10| 1.40
S-C2(0.4)-5 | 98.00 2.00 0.40 -8.11 0.093 | 55.67 | 0.74
S-C2(0.6)-2 | 66.00 2.00 0.60 -8.11 0.019 | 22.79 | 0.67
S-C2(0.6)-3 | 58.00 42.00 0.60 -8.11 0.135 | 9898 | 1.25
S-C2(0.6)-4 | 98.00 2.00 0.80 -8.11 0.072 | 62.70 | 1.06
S-C2(0.8)-2 | 66.00 2.00 0.80 -8.11 -0.073 | 7.85 0.43
S-C2(0.8)-3 | 58.00 42.00 0.80 -8.11 0.007 | 10897 | 0.85
S-C2(0.8)-4 | 54.00 25.00 0.80 -8.11 -0.077 | 60.10 | 0.67
S-C2(0.8)-5 | 98.00 2.00 0.80 -8.11 -0.019 | 16.76 | 0.62
C-C2 76.37 6.43 0.67 -7.53 0.000 | 72.04 | 094
Cc-C4 82.14 17.86 0.67 -7.53 0.048 | 99.75 | 1.11
0-C1 34.23 1.45 0.57 5.97 -0.015 | 76.29 | 0.50
0-C2 84.23 1.45 0.57 -5.97 -0.011 | 2150 | 0.75
0-C3 34.23 1.45 0.77 5.97 -0.037 | 12.25 | 0.46
S-C1 78.70 13.90 0.60 8.11 -0.008 | 73.10 | 0.79
S-C2 78.70 13.90 0.60 -8.11 0.051 | 36.07 | 1.22
Y-C1 60.57 1.56 0.48 5.14 -0.055 | 1791 | 051
Y-C2 60.57 1.56 0.48 -5.14 -0.018 | 9.25 0.40
Y-C3 60.57 1.56 0.48 5.14 0.013 | 83.38 | 0.948
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=5

327 Td% ANNo| 3 weights®} biases

Parameter 1st layer 2nd layer
0.8048 -0.4158
. 0.9527 -0.6697 1.5504
weight
As -0.6533 0.8949 -1.7029
0.1659 1.1596
bias 0.4288 0.7346 0.0828
0.1286 -0.1593
. 0.9527 -1.0254 1.2722
weight
a -0.6205 0.6908 -1.4060
-0.0549 0.0096
bias -0.0295 0.0327 -0.0343
0.4030 -0.4216
. 0.9451 -0.9794 1.1540
weight
n -0.1751 01777 -1.2194
-0.1208 0.1269
bias 0.1368 -0.1530 -0.0286
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¥ 328 EX3ES AExUFAT gk WP E £

.. Strain Rate 0 L5
A2 Triaxial Test (rm/min) A |
Boulder clay CwW 0.0021 Bishop 5 (1960)
CW 0.00282
Braehead silt Bishop¥} Donald(1961)
CD 0.000498
Talybont boulder clay Undrained 0.0000282 Donald(1963)
) CW 0.0402 § ]
Dhanauri clay Satija®} Gulhati(1979)
CD 0.0078
Undisturbed CcD 0.001
decomposed granite and Multist Ho®} Fredlund(1982)
thyolite uttistage 0.004
Undrained and
Clayey Sand Unconfined 0.102 Chantawarangul(1983)

4) 243 23

k. oleld AnES Aoty Busl Aol W@ Aol APARES 2

AL dee BolFa vk (T d 3.29~341).
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TS50l A AR AR, F, C-Cl¥# C-C2 183 O-Cl¥ 0-C29 A¥ 55 Hla
qE W FE&FAA GAD AgEe] AxFdA dA AgEY EdFTH e
S7hl mERR7] AFEe] SEo] g 2 As FAY F UM dxFelA
A Ales 22 WS 2Ha ol saSodA Az Algel Bl k=9

A og e Aow dFgudArt weba] ol AL Vanapalli 5(1996)¢] E#dE4H
streol Ao dAl =9 ARt 9o £
stmol sdsts B9 WA vz FdEE A 3t WA H(normalized area of
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300F T T T T T T .
O Test Results(Undisturbed)

—— Formulation Results : Cmax=120
250+ -
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Apparent cohesion(kPa)
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o

0 1 1 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350 400 450 500

Matric suction(kPa)

a9 3229 53 O-N A&

300 F T T T T A

O Test Results
—— Formulation Results : Cmax=300
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0 Il Il

0 50 160 léO 260 2%0 360 3%0 460 450 500
Matric suction(kPa)

1% 3230 3 O-Cl A&
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O Test Results
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O Test Results
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—— Formulation Results : Cmax=230
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O Test Results
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¥ 329 o2 A7ASe oJaA AojW AMEAN FE A%

. R
gravel| sand Sﬂ;{ml Lo . c’ , ron |OMC | Grax
©8) | ©8) | o | T T Lapay |9 )| (o) | ey | Reference
(%)
0 | 28 | 72 | 077 | 1183 | 10 | 255 | 16 | 150
0 | 28 | 72| 053 | 115 | 10 | 255 | 16 | 300
Gan et al.
0 | 28 | 72| 069 | 1227 | 10 | 255 | 16 | 280
0 | 28 | 72| 051 | 1223 | 10 | 255 | 16 | 300
0 | 135|865 |0672%| 136 |237| 225 | 17 | 300 | Escaro &
0 | 5 | 9 |0666+| 215 | 0 | 35 |215| 200 |Krahn et al.
0 |8778(1226] 062 | 227 | 0 | 417 | - | 40
Rassam &
William
0 |7117|2863| 062 | 227 | 0 | 407 | - | 43
0 | 28 | 72 | 0517 | 163 | 056 |2219| 163 | 200
0 | 28 | 72 | 0578 | 13 | 0 | 229|163 | 8 |Vanapalli et
0 | 28 | 72 | 0542 | 192 |022 2318|163 | 230
0 | 5 | 95 |0677| 222 | 78| 29 | - | 320 | Satija
26 | 503|471 115 | 24 | 0 | 264| - | 120
De-Campos
& Carrillo
91 | 60 [309| 10 | 167 |137|287 | - | 80
Cui &
0 4 |9 | 063 18 |25 | 22| 18| 200 | FIL&
35 5077 [14.23| 0514 | 12 |0888| 442 | 10 | 80 | Lee et al

* Void ratio (e) estimated by an assumption of G;=265
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1) 6-3-1 structure, Bayesian regularization, 20 data sets(Model I)
2) 6-3-1 structure, Bayesian regularization, 25 data sets(Model II)
3) 5-3-1 structure, Bayesian regularization, 25 data sets(Model III)
4) 5-3-1 structure, Bayesian regularization, 20 data sets(Model IV)
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Simulation result, Cmax(kPa)
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Test result, Cmax(kPa)

(b) ¥ =

(a) Alddtel Algeeld 23 vl

400

Predicted Cmax(kPa)

o
=)

L L L L L L L
20 40 60 80 100 120 140 160

Apparent cohesion fitted with test results(kPa)
o tiste] HEE7

180

&5 I~
59
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Measured Cmax(kPa)

(b) o= R4

X o] A3 b = b
e Agdsel #4249
19 3243 6-3-1 +x22 FHE ANN 24
<
— Q& 180
y =
R=0.965 ] Z el R=0986 |
S z
e | < 140 R
S >
e a
e - 120 |
e b 2
4 © = 100} © 1
e g— 801 Yo 1
//Z © ] 2 000
o / § 60 O\/ 4
jod 1 S a0} &e° ]
s - 5
o 1 & 2| 1
= o
7 g |
. . . . . . L o on L L I . . . L .
50 100 150 200 250 300 350 400 <L O 20 40 60 80 100 120 140 160 180

Apparent cohesion fitted with test results(kPa)
ol dste] 2R

=R
3 Ay A=t Az
(a) Al@ZAze} Alggold A} vl Ao Agdyaet =443
% 3244 347 o] dojxl Aypet AdAve] vl (Model 1)
¥ 3211 $99 YEYA 2o od Ao A A
Coefficient of Determination(R) for Cpuax
Model Structure Craxe by ANN model and Apparent Fohespn at
test results various matric suctions by
ANN model and test results
I 6-2-1 0.82 0.95
5-2-1
I ; . )
(R F-wpzzE A 9]) 0.84 0.96
5-2-1
111 (7h=] A 9]) 0.80 0.95
5-2-1
I _ . 94
Vo @ Ae) 0.76 09
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#3212 £d¥ ANN9| weight®} bias
Model Ist layer 2nd layer Input parameters
-0.2283 0.5716
0.3734 ~0.8953 1. sand fraction
weight -0.0006 0.5780 0.7042 2 Sﬂf & c}ay fraction
I 0.2135 -0.7207 ~1.6356 . void ratio
0.3002 ~1.3423 4. water content
-0.1902 0.2060 5. cohesion
6. friction angle
bias 0.1067 0.0559 0.4168
0.7160 -0.1176
-1.2468 0.3620 19650 1. stand fraction |
weight 1.0797 0.4856 2. silt & clay fraction
I 07721 0.4552 LOBT 13, void ratio
-2.0471 -0.4136 4. water content
5. cohesion
bias 0.1356 -0.1327 0.5148
-0.2455 0.5476
0.4246 ~0.9349 1. sand fraction
weight | 0.2264 ~0.6780 0.7904 | 2 silt & clay fraction
T 0.49492 ~1.9800 ~1.6152 3. water content
0.0045 0.1442 4. cohesion
5. friction angle
bias 0.1138 -0.2641 0.3484
0.4800 0.3216
-0.8148 ~0.4444 1. sand fraction
weight | 04776 0.0342 “15251 | 9 il & clay fraction
IV -1.2251 ~0.3492 ~0.5376 3. void ratio
0.0222 0.2051 4. cohesion
5. friction angle
bias -0.0669 -0.0977 0.9382
ol g3t ol AHEE Azl A AFWE ol §F FFIPAA F el
s GFAEE Aotd £ YRE 7 YRS d vgE 2AE s}
Ack. F, WAE A g B4l Wdel web a5 A AwodHE F
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(b) Trend of Guax with variation of sand fraction
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(3) Fredlund ¢ 74 (1994)
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[¥ 3] Fredlund & Xing

=L <~ E 37 = I~
St EA e et

i

(1)

o T LRSS IS
Sample i _S a n m
(o] &) (4% 6)
S-C2(0.4)-2 0.286 0.312 231.79 0.414 2.528
S-C2(0.4)-3 0.286 0.404 91.87 1.400 1.029
S-C2(0.4)-4 0.286 0.409 78.90 0.875 1.435
S-C2(0.4)-5 0.286 0.379 42.08 0.743 1.404
S-C2(0.6)-2 0.375 0.394 21.92 0.667 1.658
S-C2(0.6)-3 0.375 0.510 67.70 1.247 1.196
S-C2(0.6)-4 0.375 0.447 46.00 1.058 1.297
S-C2(0.8)-2 0.444 0.371 12.76 0.433 2.212
S-C2(0.8)-3 0.444 0.451 109.97 0.854 1.710
S-C2(0.8)-4 0.444 0.367 73.08 0.672 1.920
S-C2(0.8)-5 0.444 0.425 18.65 0.624 1.805
C-C1 0.400 0.383 317.80 0.577 2.259
C-C2 0.400 0.400 50.91 0.943 1.308
C-C4 0.400 0.448 46.18 1.105 0.933
0-C1 0.363 0.348 193.19 0.501 2.600
0-C2 0.363 0.352 18.14 0.749 1.519
0-C3 0.435 0.398 23.07 0.458 2.336
S-C1 0.370 0.362 61.44 0.793 1.505
S-C2 0.370 0.421 23.03 1.215 1.110
Y-C1 0.320 0.265 17.80 0.513 1.694
Y-C2 0.320 0.302 1271 0.403 2.034
Y-C3 0.320 0.333 31.82 0.948 0.837
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[3 4] ANN 2o A8 dHAz9} AR (m=1.7)

Sample Sad Silll ¢ VOi(.i VS/OCmP a(i\(j[% As a n
(%) Clay (%)| Ratio (%)
S-C2(0.4)-2 | 66.00 2.00 0.40 -8.11 0.026 | 85.37 | 041
S-C2(0.4)-3 | 58.00 42.00 0.40 -8.11 0.118 | 167.10| 1.40
S-C2(0.4)-5 | 98.00 2.00 0.40 -8.11 0.093 | 55.67 | 0.74
S-C2(0.6)-2 | 66.00 2.00 0.60 -8.11 0.019 | 22.79 | 0.67
S-C2(0.6)-3 | 58.00 42.00 0.60 -8.11 0.135 | 9898 | 1.25
S-C2(0.6)-4 | 98.00 2.00 0.80 -8.11 0.072 | 62.70 | 1.06
S-C2(0.8)-2 | 66.00 2.00 0.80 -8.11 -0.073 | 7.85 0.43
S-C2(0.8)-3 | 58.00 42.00 0.80 -8.11 0.007 | 10897 | 0.85
S-C2(0.8)-4 | 54.00 25.00 0.80 -8.11 -0.077 | 60.10 | 0.67
S-C2(0.8)-5 | 98.00 2.00 0.80 -8.11 -0.019 | 16.76 | 0.62
C-C2 76.37 6.43 0.67 -7.53 0.000 | 72.04 | 094
Cc-C4 82.14 17.86 0.67 -7.53 0.048 | 99.75 | 1.11
0-C1 34.23 1.45 0.57 5.97 -0.015 | 76.29 | 0.50
0-C2 84.23 1.45 0.57 -5.97 -0.011 | 2150 | 0.75
0-C3 34.23 1.45 0.77 5.97 -0.037 | 12.25 | 0.46
S-C1 78.70 13.90 0.60 8.11 -0.008 | 73.10 | 0.79
S-C2 78.70 13.90 0.60 -8.11 0.051 | 36.07 | 1.22
Y-C1 60.57 1.56 0.48 5.14 -0.055 | 1791 | 051
Y-C2 60.57 1.56 0.48 -5.14 -0.018 | 9.25 0.40
Y-C3 60.57 1.56 0.48 5.14 0.013 | 83.38 | 0.948
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¥ 5] £H¥® ANNel| 3t weights®} biases

Parameter 1st layer 2nd layer
0.8048 -0.4158
. 0.9527 -0.6697 1.5504
weight
As -0.6533 0.8949 -1.7029
0.1659 1.1596
bias 0.4288 0.7346 0.0828
0.1286 -0.1593
. 0.9527 -1.0254 1.2722
weight
a -0.6205 0.6908 -1.4060
-0.0549 0.0096
bias -0.0295 0.0327 -0.0343
0.4030 -0.4216
. 0.9451 -0.9794 1.1540
weight
n -0.1751 01777 -1.2194
-0.1208 0.1269
bias 0.1368 -0.1530 -0.0286
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(2a)

| !
CA,max - QI1;1X+C , A= tan(b’ ’ b= C <2b)

max

(% 6] ofe] AFAEe] M BolW AR FE AR
o

gravel| sand silt+cl - ] c’ , or | OMC | Grgx
(%) | (%) (fg) &= ?‘i*’[’—;ﬂ (kPa)|? () (%) | (kPa) Reference
%

0 28 72 0.77 11.83 10 | 255 | 16 150

0 28 72 0.53 11.5 10 | 255 | 16 300

Gan et al.
0 28 72 0.69 12.27 10 | 255 16 280

0 28 72 0.51 12.23 10 | 255 | 16 300

0 | 135|865 | 06725 | 136 |237| 225 | 17 | 300 | Esearo &

aez

0 5) 95 | 0.666* | 21.5 0 35 | 215 | 200 |Krahn et al

0 87.78112.26| 0.62 22.7 0 41.7 - 40
Rassam &
William

0 |71.17 12863 | 0.62 22.7 0 | 40.7 - 43

0 28 72 | 0.517 163 | 056 | 22.19| 16.3 | 200

0 | 28 | 72 | 0578 | 13 0 | 229|163 | g0 | Vanapalli et

0 28 72 | 0542 19.2 | 0.22 2318 | 163 | 230

0 5) 9% | 0677 22.2 78 | 29 - 320 Satija

26 | 503|471 | 1.15 24 0 26.4 - 120
De-Campos
& Carrillo

9.1 60 | 309 | 1.0 16.7 | 13.7 | 28.7 - 30

0 4 96 0.63 18 25 22 18 270 I%gliagé

35 |90.77114.23| 0.514 12 0.888] 44.2 | 10 80 Lee et al.

* Void ratio (e) estimated by an assumption of G;=265

- 149 -



[ 7] 5ol A Lozl AvrEgds = A s

ilt+cl =
gravel | sand s1a+c = ¢’ , on | OMC | Guax
Y Z_]_"j't] ?15:],’ H Q Z [e=]
© | 8 | o [ FT L apay (27O o) JaPa)| 1
(%)
0.37 | 94.79 | 4.84 0.57 19.87 20.44 | 36.8 | 13.9 | 300
0.37 | 94.79 | 4.84 0.57 7.93 22.51 346 | 139 75 Okchun
0.37 | 94.79 | 4.84 0.77 19.87 12.79 34 13.9 70
0.98 | 9259 | 6.43 | 0.673 23.78 20.49 | 34.35 | 16.25| 230
0.98 | 9259 | 6.43 | 0.673 8.72 24.95 | 32.05 |16.25| 180
Chochiwon
0.98 | 92.59 | 6.43 1.0 23.78 18.2 31 16.25| 210
0 82.15 | 17.85 | 0.673 8.72 10.18 329 | 1.59 | 230
574 19271 | 1.56 0.48 18.77 17.15 | 41.21 | 13.63| 95
574 19271 | 1.56 0.48 8.49 7.8 40.82 | 13.63| 90 Yungi
0 95. 13| 4.87 0.48 18.77 15,5 | 36.48 | 13.63 | 160
0 78.71 | 13.89 | 0.606 | 20.61 597 | 36.04 | 1.644| 95 | Seochang
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Hd3H ANNS weight®} bias

Model 1st layer 2nd layer Input parameters
-0.2283 0.5716
0.3734 ~0.8953 1. sand fraction
~0.0006 0.57%0 0.7042 2. silt & clay fraction
bt ) ) ) ) _
| TR 0.2135 ~0.7207 16356 | 3 void ratio
0.3002 13493 4. water content
-0.1902 0.2060 5. cohesion
6. friction angle
bias 0.1067 0.0559 0.4168
0.7160 -0.1176
-1.2468 0.3620 1. sand fraction
weight 1.0797 0.4856 ~1.9620 2. silt & clay fraction
II -0.7721 0.4552 LOST 1 3. void ratio
~2.0471 -0.4136 4. water content
5. cohesion
bias 0.1356 -0.1327 0.5148
-0.2455 0.5476
0.4246 ~0.9349 1. sand fraction
: . . 0.7904 2. silt & clay fraction
weight 0.2264 -0.6780 : y
III 04942 _12800 716152 3 water content
0.0045 0.1442 4. cohesion
5. friction angle
bias 0.1138 -0.2641 0.3484
0.4800 0.3216
~0.8148 ~0.4444 1. sand fraction
weight | 0.4776 00342 15251 | 2. silt & clay fraction
' ' -0.5376 : :
v 12251 | -0.3492 3. void ratio
0.0222 0.2051 4. cohesion
5. friction angle
bias -0.0669 -0.0977 0.9382
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H(Lam
et al., 1987; Barbour et al., 1993; Sun, et al.,, 1997; Ng, et al., 1998; McDougall,

et al., 1999; Gasmo, et al., 2000 Cho, et al.,, 2001, Ng, et al., 2001, Tsaparas, et

al., 2002).
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(3.3.5)
(3.3.6)
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& A6(moist deficit, FFFEH7F H7] A3 Fo AA F4F Aol2 )t FF

AT Ko7 488t /M-S ntg e = star v
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(3.3.10)
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(3.3.13)
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Horton(1933, 1939) Equation:
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(3.3.19)
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(3.3.20)

for 2 < L,

zp = F,/ A6,

(3.3.21)
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(3.3.22)
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_ F,—L,(A8, — Ab,)
T A0,

for z, > L, (3.3.23)

A7 E= LA, (K/K,), H=A0,(L +1,), F,=LA0, T = A5

P ze Aaddcl e BRST o= £90 AT g &AM 7o

)
Ot

0
=K (1+ ;fﬂ) for z < I, (3.3.24)
H+F—F,
f I(E—l-F*Fl) for z> L,

Ft i, A

F= ﬁ;)—l—[(l (t1 —tp)“r’(/JflAelln(WffllAell) forz < I, (3.3.25)
F+H—-F|

F= F;)"FKl (t1 —tp)— (E— H)ln(m) forz > L1 (3326)
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(3.3.33)
(3.3.34)
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& W9 (wetting band method):
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Smith,
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AHE el RaEsds =487 Yste]l |1 E(SoilMoisture  Equipment
Corporation)7} AF-&5 Atk BIMuEHol A= FEA 29 ¢d Azgtgyx2aE 53
of &7 Awre] BAFFEN FERIA Yol @1 E9 §feo] wdszith o] g

99l told Aol AY EdlaFgAe oste] SAHE. A v
-1 71 olste] stol € AF FF 3t Y (cavitation) 22 Qlste] 80 kPa 714 9
ERFTFEAT SHo] Jhsdtth AR EH o3 RaFaEe] A4 oiiE
03~1.8 m ¢ &2 ZolZ At rh(Anderson, 1984; Krahn, et al. 1989; Lim, et
al. 1996; Zhang, et al. 2000). ¥ AlSoA = A&HH ol AFsd g FAHS 9
sto] ERAFAE ARG

1% 3319 "AHH

(2) AA e 4

WCR (Water Content Reflectometer, Campbell Scientific Inc.)& A=}7| 547} =
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Matric suction (kPa)

Volumetric Water Content
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Matric suction (kPa)

Volumetric Water Content
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Matric suction (kPa)

Volumetric Water Content
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Matric suction (kPa)

Volumetric Water Content
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U Lo A A F7HA] T2 ALEHo & FEFFHEALS Talbot &, Sherman
g, 718]3 %3 Japanese B (o] 3T WIF 1969; o] Ay by, 1992; o] A
=2 o] A4 1999; HAE &, 2000; Wenzel, 1982, Chen, 1983; Chow %, 1988)%}

ol A@7|zbell whE A &7|Rbo]l xohE FAo] Ut o] A5 4 (3.3.44)¢F

t"+b (3.3.44)
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71ZH(E, min)o]l™, a, b, n< Z} A

714, (e 44 =m/hr), te % X
: 74 9-i= Talbot @ol 33}

A(EE AG)ni g E s 89 4ol

™, b=09 "= Sherman ¥, n=05% W= &% Japanese ¥oletil FEU

=574

AN

o

, n=1

ol B g/ A48T F J=F Hol AdrIzbe]l £3E 4 (33459 22
Tl 5, 1993; Chow &, 1983) T+ 4] (3.3.46

ol F7t2 ud TFAGEIER 5, 1999)0] AAH AL Sl
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a+blogT

Ht.T)= +C (3.3.45)
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A71A, I, D)= 494 =(m/hr), t= Z5 A

= AA7I0E, year)olW, a, b, ¢, n ZF A vt} A E = 57350l

71 ZHE, min), log= A&, T
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& 351 FHE Ul AR 7EEAAE A
YR T Y e |MEHIEA] & B | A
T | #4 | #200 LL PI AASH| OMC | Ydmax
0 | 0o | | & G @ | © |7 10 | 0o |wmd
SG-1| 87| 13 | 12 | 69 | 267 | - | NP | SW |A-1-a| 105 | 2.03
SG-2| 966 | 339 | - - | 271 | 388 | 142 | SC |A-26| 148 | 1.84
SG-3| 957 | 09 | 083 | 514 | 267 | 258 | 49 | SP |A-1-b| 106 | 2.04
SG-4| 696 | 16 | 057 | 161 | 267 | 255 | 78 | SP |A-2-4] 112 | 201
SG5| 87| 13| 12 | 69 | 267| - | NP | SW |A-l-a| 105 | 203
SG-6| 773 | 29 | 091 | 124 | 267 | 274 | 61 | SP |A-2-4| 92 | 210
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Applied Stress on Plate, q(kPa)
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Before Corretion for Mean Effective Stress
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Shear Wave Velocity, Vs(m/s)
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[E SEER/¥ SOLVE - testsez [0 [0)[K]

Verify/Sort Data

Infarmation:

Werilying that each node is attached to an element... A
“erilying infinite elements. ..
Werifying secondany nodes for each element.

“Jerifying that each element has a positive area...

“erilying that nat all elements are MULL elements...

Werilying that aVol. "W ater Content function is defined for each element material...

Werifying g boundary nodes

“Jerifying that fux sections do not intersect any nodes. ..

Werifying initial water table...

“erilying that the prablem data range is acceptable...

“Werification completed - O errorf) found,
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[&|SEEP/W SOLVE - test.sez

Modify  Tools  Help 5 :
File Help File Help
Step# Review # |teration # Residual Step#t Review #f Iteration t Residual
1 1 1 4502664000 A
1 1 2 941438005
2 1 1 1.9559E-003
2 1 2 5.0028E-007
3 1 1 1.9556E-003
3 1 2 5.0326E-007
4 1 1 1.9554E-003
4 1 2 5.0627E-007
5 1 1 1.9552E-003
5 1 2 5.0925€-007
Done. A

Data File: test sez Data File: test.sez

Initial Head File: [none] Iritial Head File: [rone]

Initial P4/ File: [nane] Initial PP File: [none|
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Yiew Time Increments

View Time Increments

Increments available: Increments to view:
Step # Elapzed Time Step # Elapsed Time
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Remove All
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Draw Contours
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Celors Pet Interval: [1 . Colors Per Interval: |1 ' 4 },ff’ Size e
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Analysis Settings

Eile Edit Set Mew Proiect D | Method PP | Control | Convergencs |
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Z
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¥ Use pore-water pressures
Soil Properties, . Pore-water pressures are identified by:

W -V y-ﬂ LC Strength Functians » " Bu/B-bar

" Piezometric lines with Fu / B-bar
Points,.. &
Lines, .. " Pressure contours
Slip Surface > " Grid of pressure heads
Fare Pressure 4 " Grid of pressures
Load L © Grid of Ru coefficients
ressurelbines™ From other GEC-SLOPE Dffice products

Filename: Time Step:

& SEEPAWtotalhead  |testsez Browse... Clear

I

O SIGMAM PP Clear
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Analysis Settings

F‘ro|e:lID] Methud] PwP  Control IEDnvelgen:e]
[ Apply Probabilistic Analysis

T —

Slip Surface Option

Grid and Radius -
Min. Slip Surface Thickness: |0

Tension Crack Option

Specify:

Specify: | [none)

Direction of Movement

" Left to Right ‘
& Right to Left ‘i
<A g A 4>

File Edit Set Miew 3 2
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Slip Surface 3 Unitweight Fhi
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-
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ﬂ@w Slip Surface Radius
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Draw Slip Surface Radius

# of Radius Increments @ |5 Rotata

Slip Surace Projection &ngle
[~ Use Left (Passive) Angle of:
[~ Use Right (Active) Angle of:

CEpply ] ]

Cancel
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SOLVE
m ¥ contour
Options.,..

Information:

ool
F<Pake gy

NS

N Verify Data @

Checking that a ling is defined for each soil
Compacting list of line and soil numbers.

Checking it data exceeds size limitations.

‘Verifying that the problem data rangs is acceptable
Checking that all line endpoints are aligned at the edae of the geometny...
Checking for slip suface data...

Checking for vertical line segments. ..

Checking pressure lines. .

Checking that lines are in descending order. ..
Checking for integration files.

Werification completed -- I errarfs] found,

Werity

~

|E SLOPE/W SOLVE

Skatch  Modify  Tonls  Help Eile Help
Minimum Factor of Safety
Moment Farce
Ordinary: 1102
Bishop: 1216 -
Janbu - 1.083
M- P 1210 1.216
Slip Surface #: 216 of 216
DataFile:  testslz
HeadFile:  TEST.h0®
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