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(Bangkok Clay)
(soil mixing)
3 Triaxial

Undrained Triaxial Compression Test)

(Clay+Sand)

(729
Consolidated Pressure
CIUC Test
Ciraj (atadnmx $
8)) C (a va3)na
411
()
Limit
() @ =66 82%
(liquid limity % =72  90%
plastic limit =46 60%
specific gravity =278

()
(sand)

CIUC (Isotropically Consolidated

Confining

Atterberg



percent finer by weight
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80 - —
70 —#- sand gradation -
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" | \ R
\ : Cc=1.02
40 — \ : —— ]
30 4 A ———
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diameter in mm.
4.1 Seive Analysis



()
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4.2

Sieve Analysis

41 41
Cu=3 Ce = 1.02
Unified Soil Classification SP material
SP material
4.2 dynamic compaction

Standard Proctor

0, 20, 40 60%

optimum water content
Maximum dry density %
dry side

yD yO0

wet side
3.
22% ( 4.2)

dynamic standard proctor ( 4.2)

y Dhax optimum water content

optimum water content

y Dhax

static compression



dry density ,pcf

4.2

140

-
N
o

-
o
o

80

compaction curve

///k_\
,§A

S N

.

5 10 15 20

water content (%)

X clayl00% —H—Clay80%+sand20% A Clay60%+sand40% —

(Standard Proctor Drydensity)

Clay40%+sand60%

25

30



variation

4.1

% 1

20
40

60

4.2

variation '

yDa  optimum water content

IDmax(PCf)
106.5
1115
119.0

125.0

CIUC Test

60%

Yt (

Gc

crc
Gc @0
compact
yD

yD

%water content

17.6
16
12
11
cic
Clue Test
CIc
20% 40%
y1
)
yD
@0
dry side
wet side yD

(42



final (5)
212.695
207.533
211.663
207.533
215.793
216.825
213.728
219.923
214.76
226.118
223.02
225.085
230.248
228.183
229.215
231.28

42 v, yD %
Ymixed Consolidated pressure water content (%) density (pcf.) (3)
%clay  %sand (psi.) as compacted (0) initial (1) failure (2) as compacted (yY) initial (4)
100 0 15 17.6 175 24.2 206.50 202.37
100 0 45 17.6 175 22.9 206.50 200.305
100 0 60 17.6 175 213 206.50 207.533
100 0 0 17.6 175 21.4 206.50 203.403
80 20 15 16 16.25 21.12 213.7275 207.533
' 80 20 45 16 16.5 19.3 213.7275 211.663
80 20 60 16 16.25 19.9 213.7275 206.5
80 20 90 10 16.25 22.05 213.7275 208.565
60 40 15 12 11.6 17.88 214.76 213.728
60 40 45 12 11.6 16.5 214.76 214.76
60 40 60 12 11.6 16.4 214.76 210.63
60 40 90 12 1.6 15.66 214.76 217.858
40 60 15 11 10.7 14.55 229.215 220.955
40 60 45 1 10.7 14.95 229.215 218.89
40 60 60 11 10.8 15 229.215 216.825
40 60 0 11 10.7 15.25 229.215 220.955
(0) as compacted y dla standard proctor test
) static
@
(3  density (y, yD pcf.
@
G

©®)

dry (6)
170.363
168.298
174.493
170.363
178.623
178.623
178.623
180.688
181.72
194.11
192.045
196.175
200.305
199.273
198.24
201.338



42

4.3 45
1 4.3 Gc
Cilac
2. 4.4 Gc
AU Af
3. 45 g, Af, 8f,
yield (OZ/0jOmax Gc
Gc
Section
1 Section 4.2 (GrG3
2. Section 4.3 AU
strain Af strain
3. Section 4.4
4, Section 4.5
5. Section 4.6 Eu 50%
stress level Gc
4.2 Gc¢
(deviator stress) (axial strain)
421 Ooc¢
4.3 4.3 4.6 (OrG3
% 4.3
1 3 5% yield point

(CT$03)



deviator stress (psi.)

4.3
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40
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consolidated pressure 15psi
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strain (%)

15
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25

sandO%

-+ - sand20%

sand40%

sand60%



consolidated pressure 45 psi.
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D sand 40%
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\ sand 60%

deviator stress (psi.)
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v v v
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strain (%)
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deviator stress (psi.)
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250

200

150

100

50

consolidated pressure 60 psi.

5 10

strain (%)

15 20

60

25

-¢“ sand 0%

sand 20 %

sand 40%

“ ®-"sand 60%



deviator stress (psi)

280

240

200

160

120
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40

4.6

consolidated pressure 90 psi.

®

10

15

strain (%)

20

90

25

sand 0%

sand 20%
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-*-sand 60%



GrG3

) 60%

40%, 20%, 0%

60%
20% 0%

(GrG3

5% 1

5%

(15 )

40%,

Eu 50% stress level (

yield section) Gc
(GrG3 0 20%
yield 40
60% strain hardening
material Gc = 15 psi. Gc (40 psi.
90 psi.)
(GrG3 yeild condition
( 4.6)
% 0 20% (GrG3-8
Gc
40% 4.7 (GrG3 (G/IG3)nx
40% Gc 4.7
Gc 45 psi. 90 psi.



4.3 summary ] Eu, Af, f, c,ef  (CA-CTjdmax f 0" (GY/(X3)maxpi Eu50 (Modulus at 50% shear stress level)

%sand content G ¢ (psi.) atyield point at «
, Af f ¢ E p q , A + c p' q

0 15 2.85 022 314 0.04 1094 17.1 102 41 o021 319 0.49 17.4 102

0 45 3.05 0.53 314 0.04 2064 382 175 5.04 0.57 319 0.49 36.4 185

0 60 3.56 0.44 314 0.04 2728 541 27.8 5.2 0.46 319 0.49 52.4 28.4

0 90 3.62 0.62 314 0.04 3591 638 36.5 4.03 0.63 319 0.49 36.5
20 15 2.82 011 2681 4.79 1685 21.7 14.7 3.18 0.15 28.3 4.47 201 136
20 45 286 037 2681 4.79 2664 43.2 22.3 5.9 0.39 28.3 447 423 235
20 60 2.67 039 2681 4.79 4335 56.5 304 3.56 0.42 28.3 447 54.9 303
20 90 2.72 05 2681 4.79 5633 771 39.2 4.62 0.54 28.3 4.47 737 38.8
40 15 353 006  33.92 6.62 1474 25.4 18.7 353 0.06 36.4 4.93 25.4 18.7
40 45 3.79 013 3392 6.62 3391 61 401 3.2 0.17 36.4 4.93 57.2 379
40 60 3.74 009 3392 6.62 5575 836 57.9 3.74 0.09 36.4 4.93 836 57.9
40 90 2.15 02 3392 6.62 12576 106.7 62.5 3.56 0.18 36.4 493 1105 686
60 15 28 -009 4324 10.18 2526 46.4 375 2.49 -0.04 445 9.06 39.9 335
60 45 3.23 -0.04 4324 1018 6549 107.1 83.3 2.99 -0.03 445 906 1028 80.3
60 60 331 001 4324 1018 8462 1259 95.3 2.54 (0102 445 906 1174 90.3

60 90 3.75 002 4324 1018 8286 164.1 117.5 2.64 01 445 9.06 136 99.4



4.4 w A, %

excess pore pressure
at (CTvo-3)nax

consolidated pressure

%sand 15psi  45psi  60psi
0 41 20.9 26.5
20 4 18.4 25.3
40 21 13 10
60 -2.6 -4.3 28
A parameter
at « ,

consolidated pressure

%sand 15psi  45psi  60psi
0 0.21 0.57 0.46
20 0.15 0.39 0.42
40 0.06 0.17 0.09
60 004  -003 0.02

90psi

46.4
42.2
25.3
20.3

90psi

0.63
0.54
0.18

0.1

at yield point

consolidated pressure

%sand 15psi  45psi  60psi 90psi
0 514 276 60.1 73.8
20 53 184 28.8 48.7
40 5 104 16.9 254
60 41 10 14 29.6

at yield point
consolidated pressure

%sand 15psi  45psi  60psi 90psi
0 37.3 = 566 475 70
20 0.48 0.54 0.42 0.72
40 0.3 0.14 0.12 0.22
60 031 0.29 0.11 031



45 A g, vield point  (3,/GI)n& oy

ay (psi.) %sand content at yield point. at ( ml/CI3)nax
£f A E P q : A B P q
15 0 2.85 0.22 1093.66 171 10.2 41 021 864.04 174 10.2
15 20 2.82 011 1685.11 217 14.7 381 0.15 1598.71 201 136
15 40 3.53 0.06 1474.44 254 18.7 353 0.06 14744 25.4 187
15 60 28 -0.09 2525.97 46.4 375 249 -0.04 2642.54 399 335
45 0 3.05 0.53 2064.05 38.2 175 504 0.57 1377.38 36.4 185
45 20 2.86 0.37 266351 43.2 22.3 59 0.39 15605 42.3 235
45 40 3.79 0.13 3391.43 61 401 32 0.17 3391.43 57.2 379
45 60 3.23 -0.04 6548.78 107.1 83.3 2.99 -0.03 6637.58 102.8 80.3
60 0 3.56 0.44 2727.53 38.2 17.5 52 0.46 2008.24 524 28.4
60 20 2.67 0.39 4335.16 56.5 304 3.56 042 3325.28 54.9 303
60 40 3.74 0.09 5575 88.6 57.9 3.74 0.09 5574.43 88.6 579
60 60 331 -0.01 8461.68 125.9 95.3 254 0.02 8333.33 117.4 90.3
90 0 3.62 0.62 3590.81 38.2 175 4.03 0.63 3438.46 68 36.5
0 20 2.72 0.5 5633.33 771 39.2 4.62 054 3347.2 737 38.8
90 40 215 0.2 102222 106.7 62.5 3.56 0.18 8388.9 110.5 68.6
90 60 3.75 0.02 8285.56 164.1 1175 264 01 8656.06 136 994



250

200

4.7

20 40 60

%sand

maximum obliquity

15psi
45psi
60psi
90psi



(Gr G3 8

40% yield point strain
hardening material
dilate yield
undrained
yield slope (GrG3
yield (G"a™max yield
strain hardening material
(G,-G3 4.7 (GG 3)na
422 GC
48 an Gc %
1 Gc (GrG3 %
2 yieti yield
Gc yield %
3. 0 40% ( ductile
material Gc ) % 60%
Gc
strain hardening yield
4. Eu Gc
90
60, 45, 15
5%

yield point



deviator stress (psi)
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deviator stress (psi.)
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Clay40%+sand60%
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57

4.3 (pore pressure) Skempton A

parameter (strain) ( )
43.1 ! (excess pore pressure)
(axial strain)
() Au a:
412 4.15
(Au)
« )
5%
a0 15, 45,
60 Au
aC = 15 psi. Au
Au 8 GC=45psi 60 psi. ( 4.9
4.10) Au : yield Au
0%  20% Al 8

40% 60% Au

60% AU Gc

(Au) (positive)
(negative)
40% 60% (  4.14 4.15) Au
() « Au )



consolidated pressure 15 psi.
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consolidated pressure 45 psi.
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60% a; 45 psi.
a; dilate (
dilate AU AU
)
control AU %
40%
AU
yield Gc ( 412 4.15)
() A unax
416 4.19 (AU)
1 ductile material
yield AU
a, A U n&
( 4.16)
2. % 40%
4.18) dilatancy AU
A unx GC =90 psi. %
40%  eo% Au (
Aung)
(ac) Gec=%0psi. AU negative
40% ( 4.18) Au negative
60% ( 4.19) Ge



A llnmx

4.12

(Au)

(peak)

0% Qc 20% Gc =60 90 psi.

5%

5%

(peak)
(peak)
40% 60%
3%
(peak)
b 1 1 90
45, 60, 15

] 40% 60%

A unx

Gc

4.19

60, 45, 15

Gc

3%
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90



60

(o))
o

N
(@]

excess pore pressure (psi.)
S
(@]

=
o

4.16

clayl 00%

10

strain (%)

15

100%

20

25

15 psi
45psi
—0O—60psi

90psi



60

o)
o

H
o

)
o

excess pore pressure (psi.)
w
o

-
o

4.17

Clay80% +sand20%

— 15 psi.
45 psi
60 psi.

90 psi.

10

strain (%)

20

25

20%



Clay60% +sand40%

w
o

N
o
T

N
o

ok
(6}
|

(62}

excess pore pressure (psi.)
[y
o
|
l

o
|

4.18

strain (%)

40%



40

excess pore pressure (psi.)
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60%
40%
15
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«V a3

maximum  obliquity
4.20

maximum obliquity
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maximum obliquity
60% maximum obliquity

4.3.2 (A parameter)

(axial strain)
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421 4.24
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0%  20% ( 421 4.22)
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A peak A
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Clay40% +sand60%
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40% 60% A
a; 4.23 4.24
GO A 0.3
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A dilatancy
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dilatancy
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A peak value
A dilatancy
(A parameter)
Gc 15 psi. ( 4.25) A peak
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20% A peak
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consolidated pressure 45 psi.

sand0%
% — sand20%
< sand40% |
= sand60%

strain (%)

4.26 45



consolidated pressure 60 psi.
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( 15 psi.) dense sand

A ( dilatancy) 60%
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Gc 45 psi. %
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{6 116G 3')max A
4.29 A

maximum obliquity
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0-20%
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4.4 g,
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Clay60%+sand40%
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Clay40% +sand60%
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OCR

%

4.5

OC clay

4.34

0; 90 psi.

NC

86

clay

slightly oc clay ( 4.30)
20% effective stress
paths ( 4.31)
effective stress paths 60
90 psi. Op’ OCR
0% Gc 60 psi. 90
psi.
40 60%
effective stress paths
control effective stress paths dilatancy
( 4.32 4.33) 4.30 4.32 4.33
dilatation 8))
c %
%
dilatancy Gc
mechanism dilatancy effective stress paths
OCR
(0Z/G3)n=x
40%
(0Z/G3)nax

4.37 (GZ/IG3) 8



4.38

practical

1.
2.
(cjiva 3)nx
43 C
4.39
q yield
20%
4.6
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4.40
variation
C
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clay 40% + sand 60%
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Total Shear strength Envelope
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Effective Shear strength Envelope
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4.6 a a Total Stress Paths

Total Stress Path
%sand a a
0 0.3469 16.01
20 7.3423 12.52
40 8.3126 25.72
60 10.268  28.69

4.7 a' ac Effective Stress Paths

Effective Stress Path
%sand a a
0 0.9385 27
20 5.248 24.6
40 5.1714 311
60 8.7841 33.9



4.6

20
40
60

a; =90 psi. 4.8

Eu Qc =90 psi.
Eu at 50% stress level at G¢ = 90 psi.
3590
5633
10222
8285

96
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