Appendix A

The experiment of measuring the normal forces in the model tests

And the experimental results



Materials and devices

Materials

Devices

Properties of the straws filled with sand
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Straws filled with sand 210 mm. with & 4.5 and 6 mm. (mixed ratio 3:2)

Plywood board (d=12 mum.}

Sand paper #400

Wire

Small wheel & 30 mm.
Rubber (d=1 mm.)

Computer
Scanner
Data Logger
Vermier
Weight items

Sensors

NEC PC-9801 RX
KYOWA USB2IA
KYOWA UCAM-20PC

KYOWA miniature load cell LM-5K.A
Lot no. EN3610 ClassJ 5 units
Lot no. EQO0570 Class L 15 units

The straw filled with sand are made by put the sand into the straw which has diameter

4.5mm. and 6mm., then compact with the glue. And mix with the portion of 60% (&J=4.5mm.) to

40% (=6mm.)
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® Shear strength parameter of the straws filled with sand

WEIGHT

PLYWOOD BOX

LOAD

Strength parameter among the sand sticks
18 - |y =0.5579x +0.8429
o~ 1
g
(&)
=
[=1i]
o
3
w
&0
§=
&
ar
£
w
0 5 10 15 20 25 30
normal stress, gflem?2
From the graph,

@5 =29.2°, C =0.843 gffem’ = 0.008 t/m’ = 0.083 kN/m’

Fig. A.1 How to determine the shear strength parameter of the straw filled with sand
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®  Shear strength parameter between the sand paper #400 and the straw filled with sand

WEIGHT
PLYWOOD BOX
o-sgtsoog
D PAPER #40 Q 09
SAN R #400 0 -rgg*q (e
AL« B Behied
LOAD

Strength parameter between sticks and sand paper #400
|y =0.5335 +0.2492

16

shearing stress, gffem2

} 0 5 10 15 20 25 30 |
j normal stress, gficm2 3

From the graph,

@ =28.1°, C=0.249 gfiem’ = 0.002 ¥m’ = 0.024 KN/m"

Fig. A.2 How to determine the friction angle between the straw filled with sand

and sand paper #400
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® Density of straws filled with sand

i 21cm

21cm

Mass

Density —
Volume

Density (Y) = 1.147 gf/cm3
= 1.147tUm' = 11.24 kKN/m’

Fig. A.3 How to determine the density of the straw filled with sand

Slope model and cross-section

There are 3 slope models varied in the slope inclination angles; 15.0, 17.5 and 20.0
degrees in the experiment. The shape of slope models arc the optimized shape which the
composition of the slope model is done by 4 straight line-shaped slip surface (sIbpe was divided
in 4 slices which slice 1 is on the left). Each slope model is divided into 3 parts. One is the model
base made of rigid plywood boards, 210 mm. width and 800F50 mm. length. Another is the slip
surface made of the plywood boards (thickness 12 mm.) covered with sand paper #400. There are
4 load cell sensors (Kyowa : LM-5KA) which were set under the plywood boards for each slice.

The other is the sliding mass made of straws filled with sand diameter 4.5 and 6.0 mm. formed to

be a slope homogeneously on the plywood board.



Model 1 Slope inclination angle = 15.0 degrees
Load = 588 N/m Anchoring force = 294 N/m FS=1.5517

Q 10 ¢ 30 40 50 €0 70 a0

Model 2 Slope inclination angle = 17.5 degrees

Load = 588 N/m Anchoring force = 235.2 N/m FS=1.4326

0 10 20 30 40 50 60 10

Model 3 Slope inclination angle = 20.0 degrees

Load = 588 N/m Anchoring force = 196 N/m F§=1.3231

60

Fig. A.4 The optimized shape of the slope models and model conditions
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Table A.1 The co-ordinate of the slope models (unit: cm.)

Model 1 Model 2 Model 3

X Y z X Y zZ X Y z

2.887 | 16.643 | 16.643 0.335 | 20388 | 20.388 -4.528 | 25306} 25.306
35.000 | 21.491 8.038 | 35.000f 22.603 9.459 | 35.000 | 24.312| 10919
50.000 [ 20.227 4.019 | 50000 | 20.679 4729 | S50.000 | 21.478 5.460
65.000 { 13.485 0.000 | 65.000| 13.818 0.000 | 65.000| 14.214 0.000
72.500 6.742 0.000 | 72.500 6.909 0.000 | 72.500 7.107 0.000
80.000 0.000 0.000 { 80.000 0.000 0.000 | 80.000 0.000 0.00u

Remark: X: distance in horizontal, cm.

Y depth of slip surface, cm.

Z: depth of ground surface, cm.

SENSOR

MODEL BASE

Fig. A.5 Cross-section and the detailed composition of the slope model
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Sensor calibration
Before do the experiment, calibrate the sensors by put known weights on the sensor
according fig. A.6. Then, measure the force acting on the sensors by Scanner and Data logger.

The sensors calibration values were shown in table A.2.

Fig. A.6 Sensors calibration
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Procedure of the experiment

The experiment methods of this study have done in 2 cases.

(a) Slope without anchoring case

How to measure the normal forces acting on the slip surface have done

following the steps;

1. Put the plywood boards attached with sensors on the rigid base model. Then,

set all sensors to be zero according fig. A.7.

Fig. A.7 All sensors were installed under the plywood boards

2. Pile up the straws filled with sand homogeneously on the model to form to
be a slope according fig. A.8. Measure the force acting on the sensors.

These measured forces are that from the weight of straws filled with sand.

Then, set all sensors to be zero again.

Fig. A.8 The straws filled with sand were homogeneously piled up to be a slope
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Load the certainly weights on the top of the upper side slice (slice 4)
according fig. A.9 and measure the force acting on the sensors after loading
immediately (about 10-20 seconds). These measured forces are that from the
loading weights. The normal forces acting on the base plane can be obtained

from the measured force of straws filled with sand and loading weights.

Fig. A.9 The weights were loaded on the upper side slice

Increase the load and do as step 3 and 4 until the slope collapse or failure
according fig. A.10. While changed the load, should take out the precious

load and put the new load instead. Should not gain the load.

=y g RIS

Fig. A.10 Slope failure is occurred
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(b) Slope with anchoring case

In the case of anchoring slope, the experiment steps are similar to case (a),
except in step 2. After piled up the straws filled with sand to form to be a slope, place the
anchoring forces attached ‘with 4 sensors perpendicularly over the poéition of slice 3 according
fig. 8. These 4 sensors attached to the anchoring board are to verify the anchoring forces in the

experiment. Then, measure the forces acting on all sensors and follow the same step as case (a).

Fig. A.11 The anchoring forces were installed in the case (b) model
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Fig. A.13 Checking the slope angle by handy angle measurement
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Fig. A.15 The sensors are attached under each slice to measure the normal forces



Model 1, 3=15.0°

Model 2, 3=17.5°

Model 3, $=20.0°
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Fig. A.16 The slip plane of all 3 slope models



110.

Model 1, 3=15.0°

Model 2, 3=17.5°

Model 3, [3=20.0°

Fig. A.17 The optimized shape of all 3 slope models
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Model 1, B=15.0°

Model 2, 3=17.5°

Model 3, [3=20.0°

Fig. A.18 Failure of the slope models at the maximum load
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Fig. A.19 Setting 4 sensors to verify the anchoring forces

Fig. A.20 Placing the anchoring force perpendicular to the slope



113

Results of the experiment
The results of the experiment were recorded by Data scanner and Data logger in the term
of the normal forces per unit length: gf/fcm.

Table A.3 Experimental result of the slope model 1 (B:IS.O degrees)

Case (a) : slope without the anchoring force

Load Normal force (IN/m)
{(N/m) slice 1 slice 2 slice 3 slice 4
0.000 271429 243810 201.048 114.095

23.334 271.333 244619 201.905 126.905
46.667 272476 245333 202.714 141476
93.333 274.667 246.667 203.000 174.190
186.666 283.238 246952 207.190 237.429

280.000 285.762 248.524 207.571 294571

373.333 291.857 247905 215.238 350.143

Case (b) : slope attached the anchoring force

Load Normal force (N/m) Anchoring force
| (N/rﬁ) slice 1 slice 2 slice 3 slice 4 (N/m)
0.000 292 857 288.000 347.143 220.810 291.340
46.667 293.952 288.952 350429 251.524 291.013
93.333 294.667 290.524 354.524 281.333 291.854
186:866 | 296.952 293.381 | 363.857 343.095 290.360
) 280.000. | 297.667 296.524 367.762 405.429 290.874
.37.3.333 | -3.0.2.333 .299.000. | 373.143 | 465.619 290.827
466666 | 307476 303.333 384.09.5 | 517-952 290.780

“ssso00 | 31405 | 310048 | 393095 | sor1s0 | 201574
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Table A.4 Experimental result of the slope model 2 (B-——l 7.5 degrees)

Case (a) : slope without the anchoring force

Load Normal force (N/m)
{N/m) slice 1 slice 2 slice 3 slice 4
0.000 286.857 232.857 206.762 127.429

-23.334 287.190 233714 208.190 141.571
.4:5.6.67 | .2“87.905 234.524. .210.286 | 156.476
93.333 | 289.524 235810 21l4.4.2.94 & 188.8i0
140.‘000 291 143 23 7..7 i4 2 1.8‘ 190 2 19.095

186.666 292.857 238714 221.952 248.857

280.000 295.762 241.381 225.095 312.381

Case (b) : slope attached the anchoring force

Load Normal force (N/m) Anchoring force
{N/m) slice 1 slice 2 slice 3 slice 4 (N/m)
0.000 293.238 263.190 340.048 193.333 232.307
46.667 293.667 264.667 344.619 224,333 231.840
93.333 294.762 267.333 352.429 254.381 232493
186.666 296.810 269.952 354.190 313.333 231.466
.I.Z.é0.000 .298.9;52 272.66;7 366.?;33 369.952 230.907
373.333 1 300.667 275.667 3 3;/'1 524 427143 230347
7466.66.6 303.381 280.714 379.381 484810 230.533
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Table A.5 Experimental result of the slope model 3 (B=20.0 degrees)

Case (a) : slope without the anchoring force

Load Normal force (N/m)
(N/m) slice 1 slice 2 slice 3 slice 4
0.000 322714 224333 197.905 107.667

23.334 323333 225.048 198.762 122.905

| 46.667 324.905 224 667 | 200.429 | i39.000- |
70.000 3215..429 226.095 200.905 | 153.476
93333 326.000 226.619 200.714 168.143

140.000 328.571 229000 200.571 200.762

186.666 330.571 228.619 200.238 228.476

Case (b) : slope attached the anchoring force

Load Normal force (N/m) Anchoring force
(N/m) slice 1 slice 2 slice 3 slice 4 (N/m)
0.000 324.524 256.000 295.143 171.524 201.905
46.667 324.905 257.905 297.190 202.333 202.143
93.333 325952 258.810 300.048 232.143 201.810
140.000 326.619 260.286 300.238 261.524 201.762
| .1 86.666 3;27.6719 262.333 302.667 1 287.524 201 .714
2.80.000 .329.857 | 264476 310.048 | 347714 202.381
37;’3.‘33.3 332..0.4.8 267.905 305.857 409476 202.571




Appendix B

Data of landslides in Northern Thailand
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Highway Research and Development Bureau, Ministry of Transport

Boring L.og
Location Route no.1093, section Km.29-+000-Patang Village
Station 35+390.50 Boring No. BH-1
Offset L.T.2.00m. from CL. Boring stated 5/12/2000
Surface elevation 101.150 m. Boring completed 6/12/2000
i SPT HATURAL
DERTH | GRAPHIC SCIL DESCAIPTION . (btown/7H ) WATER CONT
m. Les - 4
it 17
100 {— = — -
| = | mepum  BRown sirY  sanD
20077 - : ¥ s
s.00] = - 1
4.00 18
500 2
MEDIUM TO DENSE BROWN GRAY WEATHERING ROCK
" 6.00 ] : 34
7.50 | G2 S
. - I =50
VERY DENSE GRAY LIMESTONE (BEDROCK )
a.00 END OF -BOREHOLE 8.40 M.

Fig. B.1 Soil profile of Boring log no. BH1 at Km. 35+400, Public highway no. 1093
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Highway Research and Development Bureau, Ministry of Transport

Boring Log

Location Route no.1093. section Kim.29+000-Patang Village

Station 35+391.00 Boring No. BH-2
Offset R.T.250m. from CL. Boring stated 7/12/2000
Surface elevation 101.115 m. Boring completed 7/12/2000

DE:.? ) Ga::::“ y SCIL. GESCAPTION . Cotowe st} WATER CONTEN

'-‘."%.—',—'—_ MEDIUM BROWN SITY SAND

oed——r c e, -
- :'I— : , ~ [CT AR

2.00|Z===-] DENSE BROWN GRAY WEATHERING ROCK a4 1

VERY DENSE BROWN GRAY LIMESTONE (BEDROCK) »50

300+ END OF BOREHOLE 2.85 M.

4,004

5.00

600l ] ) :

Fig. B.2 Soil profile of Boring log no. BH2 at Km. 35+400, Public highway no. 1093
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Highway Research and Development Bureau, Ministry of Transport

BH-3

11/12/2000

- Boring Log
Location Route no.1093, section Km.29+000-Patang Village
Station 35+392.50 Boring No.
Offset L.T.7.80 m. from CL. Boring stated
Surface elevation 101.145 . Boring completed

12/12/2000

SGIL DESCRIPTION

5T
(Blows/?2)

HATURAL
WATER COMTE!

LOOSE @ROWN GRAY SLTY SAND

200 [—==] .
— = =1 gTiFE To VERY STiFF YELLOWISH BROWN SilTY CLAY

5001 L MEDIUM YELLOWISH BROWN SHTY SAND

2= ] DENSE TO VERY DENSE BROWN GRAY SILTY SAND

VERY DENSE GRAY WEATHERING ROCK

VERY DENSE GRAY LIMESTONE { BEDROCK )

END OF BOREHOLE 12.23 M.

65

53"

> 50

\

Fig. B.3 Soil profile of Boring log no. BH3 at Km. 35+400, Public highway no. 1093
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Fig. B.7 Profile plan of the mountain slope in Bhuping Palace, Chiang Mati
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Fig. B.8 Profile plan of the failure slope in Mae Moh Dam, Lampang



Appendix C

Procedures and results of the laboratory tests and field tests
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BORING LOG
PROJECT: Thesis BORING NO :BH!
LOCATION : Doi Suthep PEPTH: 4.20m. DATE START : 05/02/2003
OBSERVED W.L.: DATE FINISH : 05/02/2003
g ol 3o PL.  Wn LL. SPT
E |5 S| 2 15|z
= o * [PO|d p———o—— (blows/ft)}
£ (2 SOIL DESCRIPTION 2] 2 |3lz -
|z &1 S |58 (%)
1 g 5| £ 15|
@ & 10 20 30 40 10 20 30 40
00 A ———
N H ]
| 1A [cOLLAPSED BASE. SUBBASE \ €Dy |
] OF ROAD f L ;
] |
RESIDUAL SOIL: : i Loy
.00 SPT HE I K iuu ¥
LOOSE -MEDIUM SANDY CLAY
| ' |
SPT 2 ' [ ] ‘
DS 1 | e
2.00 d .
RESIDUAL SOIL: _
MEDIUM-DENSE SANDY CLAY SPT 3 "
LLOW PLASTICITY. RED BROWN o
SPT4 i*
L300 ] L -
i
MODERATELY WEATHERED i : ‘
ROCK SPT S L. |
oo
o
400 SPT6 q: i 1 SR - )
END OF BORING 4,20 M., i i =
REMARK ; PA : Pawer Auger C5 : Casing DS : Disturbed Sample

HA : Hand Auger

WB : Wash Boring

US : Undisturbed Sample (Open tube 3 inch.)

SPT : Split Spoon Sampler

q,: Pocket Penetrometer

Fig. C.1 Soil profile of boring log no. BHI
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BORING LOG
PROJECT : Thesis BORING NO :BH2
LOCATION : Doi Suthep DEPTH: 4.80m. DATE START : 07/02/2003
OBSERVED W.L.: DATE FINISH : 07/02/2003
g w PL. Wn L.L. CT
: | 2 8| g |2|x
= w Sz |8]|5 —— a—— (blows/ft)
oQ -
= SOIL DESCRIPTION =| 2 [4]3
-9 o B
4 e 1= (%)
=} & § o I
[ o > v
“ 2 10 20 30 40 10
_0.00 ] e A
i i ; i
1 ma CT1 ; Y N
, RESIDUAL SOIL: i : i ! '
I ; ; ! :
] LOOSE SANDY CLAY ¢ o 0 p 4
LOW PLASTICITY. RED : : .
CT3 ' i 4 4
1 .
100 oA
CT4 : ! 7
’ RESIDUAL SOIL: !
CTs | : b o
MEDIUM-DENSE SANDY CLAY j .
DS to———
LOW PLASTICITY. RED BROWN || :
ust |
oo UL | |
, |} : :
i ; ;
CT6 ’
CT7
3.00
i CT8
MODERATELY WEATHERED
ROCK CT9
: j| cTi0
4.00 Ll
o CTl
§ ci
d cTi3 . ‘ ;
L V€
5.00 i | ; . : ;
REMARK.: PA:Pawer Auger C5 : Casing DS ; Disturbed Sample
HA : Hand Auger US : Undisturbed Sample (Open tube 3 inch.} 4  Pocket Penetrometer
WB : Wash Boring SPT : Split Spoon Sampler CT : Cone Penetration Test

Fig. C.2 Soil profile of boring log no. BH2
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BORING LOG
PROJECT : Thesis BORING NO : BH3
LOCATION : Doi Suthep DEPTH: 4.20m. DATE START : 06/02/2003
OBSERVED W.L.: DATE FiINISH : 06/02/2003
8 - =, - P.L. Wn L.L. SPT/CT
215 2| 2 (8]&
= [ < |2 f——eo——] (blows/ft)
= = SOIL DESCRIPTION 21 @ |91z
B & S 1&]0 o
] Z sl e |22 (%)
e & gl &[S~
= 2 10 20 30 40 10 20 30 40
0.0 ‘ ! [ 1 : !
=] o A IR ;
2 AN |
RESIDUAL SOIL: R :
LGOSE SANDY CLAY A
LOW PLASTICITY. RED !
1,00
SPT1 | o ! 2
RESIDUAL SOIL:
SPT 2 ;e s
2.00 MEDIUM-DENSE SANDY CLAY ;
LOW PLASTICITY. RED BROWN Ds1 A S A
SPT3 ® X
3.00 us! ]
MODERATELY WEATHERED , I AW
ROCK SPT 4 el
] I
’ 1
A -
4.00 CT! S ét_..__“r_‘,..,,:r e e R !
END OF BORING 420 M ‘ ! ! ‘ ‘ !
REMARK ; PA ; Pawer Auger CS : Casing DS : Disturbed Sample

HA : Hand Auger

WB : Wash Boring

US : Undistsrbed Sample {Open tube 3 inch.}

SPT : Split Spoon Sampler

q, : Pocket Penetrometer

CT : Cone Penetration Test

Fig. C.3 Soil profile of boring log no. BH3
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HA : Hand Auger

"WB : Wash Boring

_SPT : Split Spoon Sampler

BORING LOG
PROJECT : Thesis 'BORING NO :BH4 | ;
LOCATION : Doi Suthep DEPTH : 26.05 m. - ‘DATE START : 12/03/2003
: : éOBSERVED W.L.: :DATE FINISH : - §2/03/2003
8 o | 3 - PL. Wn LL. SPT
E|E sl 2 |2 & (blows/R)
= 0 —e— OWS
E |2 SOIL DESCRIPTION = & |8]3
2| AR )
a & = S = °
o] S| E |4
® 0 20 30 40 10 20 30 40
0.0
J.HAL
] RESIDUAL SOIL:
T |LOOSE -MEDIUM SANDY CLAY e y
i Y. .. _ SPT1 p 4
] LOW PLASTICITY. RED
1.00 y A
i USsl
2.00
i Us2
3.00 | SPT2 ] s !
- [ ]
- DSt
7 RESIDUAL SOIL: uss3 —
i MEDIUM SANDY CLAY
400 | LOW PLASTICITY. RED BROWN e B
] B us4 E g
1 | 1 B sers [ q A
L RESIDUAL SOIL: ]
5.00 | ‘
] MEDIUM SANDY CLAY
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Soil profile of boring log no. BH4
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BORING LOG
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Fig. C.5 Soil profile of boring log no. BH5




131

BORING LOG

PROJECT :

Thesis

LOCATION:  DoiSuthep

:BORING NO :BHé

‘DEPTH: 245m
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Fig. C.6 Soil profile of boring log no. BH6
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Table C.7 The maximum deviator stress and the percentage of strain at the maximum

deviator stress

Bore Sample { Consolidated At the maximum deviator stress
hole No. pressure € Ac Au G/’ G
(t/m’) e | @) | @) | @) | @)

Al0 7.028 18.73 16.586 0.000 24.614 8.029

BH 2 A20 14.056 6.51 39.652 0.712 54.709 15.057
A30 21.084 18.92 47.213 0.711 70.008 22.795
BOS 3514 10.15 15.69%9 0.000 20.924 5.225

BH 4 B10 7.028 17.20 20.085 0.000 28.824 8.739
B20 14.056 19.97 27.660 0.000 44.138 16.478
C05 3514 9.85 12.696 0.000 18.632 5.936

BH 4 CI0 7.028 7.68 20.868 -1.421 31.028 10.160
C20 14.056 12.06 26.272 0.000 43.460 17.188
C30 21.084 19.52 39.953 0.000 64.170 24.216
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Fig. C.7 Deviator stress vs. strain relationship, and effective principle stress
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Upper soil layer ; Loose Red Sandy Clay with low plasticity
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Shear Stress, t/m2
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Laboratory procedures in soil mechanics

1. Tests for physical properties of soil

The procedures in all tests are reasonably standard, ASTM standard, as following;

a. Natural water content

b. Atterberg’s limit ASTM D423-66, D424-59, D427-61
c. Grain size analysis ASTM D421, D422-63

d. Specific gravity ASTM D854-58

2. Triaxial test — Consolidated undrained with pore pressure measurements
2.1 Sample preparation and device setting

2.1.1  Carefully cut soil samples from a sample extruder in 10 cm. length for
cach test samples. Then trim the soil samples by using a miter box to be a cylinder shape which
L/d ratio equals 2. Use vernier to measure the measure the height and three diameters at the top, at
mid-height, and at the base of the specimen. Campute the average diameter of the specimen and
weigh it. Take the remained soil to find water content of specimen.

2.12  Verify a proving ring by weight checking with a calibration chart of
product company and calibrate a transducer by a standard pressure test machine. Then, check a
condition of a cell base and all connectors. Water used in the test should be boiled-deaired water.

2.1.3  Place the porous stones with wet filter paper at the base and top of the
specimen, and place a top cap on a porous stone. To help saving a time of saturation, cut 4-8
strips of filter paper that are about 5 mm. wide and long enough to fit under the porous stones.
2layers of condoms (acted as cell membrane) will be placed cover the specimen and tight it with 2
O-rings at the top and the base. Coat the outer rim of platen, cell cover and piston with a grease to
protect a water leakage.

2.2 Sample saturation

Using a lead chamber fluid alternately apply the cell pressure and back pressure
continuous with rate 5 psi/min until the desired pressure (25 psi) to make a saturated sample. To
hold the sample standing, and not to expand inside the cell or self-destruct, cell pressure should

.be larger than back pressure about 1-2 psi. Then, set a dial gauge to measure a sample

deformation and attach a transducer to the cell so that the pore pressure can be measured.
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2.3 Sample saturation checking
Observing a response of water pressure in soil sample by close off a back
pressure line and apply the increment of cell pressure (AC‘)’3 about 5-15 psi). Then, read water
pressure from a transducer. If water pressure increases more than 95 percents, assume the sample
is saturated and continue. If it is less, the sample is still not saturated. The sample should be
lea\;'ed in saturated condition for 12-24 hours more and checked saturation again.
2.4 Sample consolidation
After saturation is complete, close the back pressure line and apply cell pressure
until the desired consolidated pressure according to table 4.2. Open a drainage valve {valve A) to
release the water until it stops. Consolidation stage usually spends time at least 24 hours. If water
pressure is larger than saturated stage’s, the consolidation is not finished. So the sample should
continue a consolidation. |
2.5 Axial stress increment
Make a final check of deformation gauge, load gauge, and cell pressure gauge
and that the load piston is still in contact with the sample. Re-zero all gauges and set the
compression machine to the strain rate 0.12 mm/min. Start the test and make the load and

deformation dial reading (every 25 divisions of dial gauge) until 15-20 percents strain of

deformation occurs.
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Fig C.12 Disturbed soil sampling by hand auger
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Fig. C.13 SPT and CPT in the field along the centerline of the slope
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Fig. C.14 Undisturbed samples for triaxial test to obtain the shear strength parameter of soil
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Table C.8 Values or value ranges for Poisson’s ratio, L

Type of soil H

Clay, saturated 0.4-05
Clay, unsaturated 0.1-0.3
Sandy clay 0.2-0.3
Silt 0.3-0.35
Sand, gravelly sand 0.1-1.00

Commonly used 0.3-34
Rock (depend on type of rock) 0.1-0.4
Loess 0.1-0.3
Ice 0.36
Concrete 0.15
Steel 0.33

Source: Bowles, 1997
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Table C.9 Value ranges for Modulus of elasticity, E for selected soils

Type of soil E, MPa
Clay
Very soft 2-15
Soft | 5-25
Mediuvm 15-50
Hard 50-100
Sandy 25-250

Glacial till

Loose 10-150

Dense 150-720

Very dense 500-1440
Loess 15-60
Sand

Silty 5-20

Loose 10-25

Dense 50-81

Sand and gravel

Loose 50-150

Dense 100-200
Shale 150-5000
Silt 2-20

Source: Bowles, 1997



Appendix D

Results of the analysis by various slope stability analysis methods
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