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Moh (1969)
“Bangkok Clay”
Isopach map 2.3
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(3) cnust

-~ (2) Inteaidal 1
Clay

(1) Marine

Clay

10 -
[‘ Intertidal (Mangrove) facies
Noarshore laces

20 - :: | Pre-Holocene sand and gravel

s Y a
gﬂﬁ 2.4 23AUsTnauraItuAY Bangkok Clay (2@W. 2548)

(1) Marine Clay

Marine Clay
Recent  Holocene 8,000 - 6,000

(Flocculate)
Montmorillonite (60%), Kaolinite (25%) llite (15%) ( . 2548)
(Leaching)



(Sensitivity) 4-6
(Sensitive Clay)
() Intertidal Deposited Clay

Marine Clay

(. 2548)
(3) Weathered Clay (  Recent Flood Sediments)
Marine Clay 2-5
Capillary Action
Drying Crust (Terzaghi, 1955)  Drying Crust
(Chemical Weathering) (Leaching)
Weathering Zone (Drying Crust + Weathered Zone Crust)
Crust
(Water Content), (Compressibility),
(Salt Content),  Liquidity Index,  Activity
(Density), ,
(Sensitivity), (OCR),  Plasticity Index,  Liquid Limit
Plastic Limit (. 2548

2.2

Holocene epoch

(1) Marine Clay
(2) Intertidal Deposited Clay
(3) Weathered Clay( /  Recent Flood Sediments)

Holocene epoch



Transgression Sediments
8000 - 6000
(
2 2.5
(1) Marine Clay
() Intertidal Deposited Clay
Marine Clay

Intertidal deposited cl:l' R

2.5 Transgression Sediments (8,000 - 6,000 ) (. 2548)

Regression Sediments
6000

Marine Clay

Crust

(Terrestrial Deposits)

Intertidal Deposited Clay

Marine Clay
Intertidal Deposited Clay

2.6

10



1

Terrestrial deposits Intertidal deposited clay

Wenthered clay

TN
[ntertidal deposited clay

",'::::.'j::::::"::::.:._._ -(fnoaiio Piestocene)

2.6 Regression Sediments (6,000 - )
Transgression Sediments (. 2548)

2.3

(

) Bangkok Clay 2.7
27 ()

- 2.1
() Bangkok Clay Crust
Marine Clay 21 () Terrestrial
Deposits  Intertidal Deposited Clay

Stiff Clay

120 Crust
35 Stiff Clay

Pleistocene epoch
58 Stiff Clay



ELEVATION RELATIVE TO MEAN SEA LEVEL (m.)

+ 40

DISTANCE FROM COASTLINE (KILOMETERS)

W 1 0 & 0 4 20 0

+20
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AYUTHAYA BANGKOK COASTLINE GULF OF THAILAND

¢ t

TERRESTRIAL DEPOSITS
Assumed marine /
terrestrial division

SOFT MARINE CLAY
[ +« Mean sea level

=, AV-7 ."”'

Pockets of soft clay (Eide 957)

ELEVATION (METERS)

12

CHOL BURI

-20 — —
(old river valley) Yellow, red and brown mottled, stiff clay.
TP A
Sand ‘-;}:'.‘3;::{-;?
-40 Clay =
Soil data from NEDECO (1965) :
_80 A i ) =N A S Aa
a - 1 L 24
(n) suaRuuIula-ln
= 3
O
= S Blo |2
< = ™) Z|Z |0
= o = o Bl Ll |
o= T v S| Tl |
2f 3 : N E Bl |2
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< Z|0 = = |2 218 |=2
a & ula v /M ulx Z|IE |az
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=8 tl"- - CREY FINE SAND |- = -1~ = — 1 ISOFT MARINE CLAY- -~ - - - = _ = = “J =
e T /= A E e I N &
~ 20 | XELLOW, GREY_ BROWN ST ROWN. SANDY CLAY "\ <
e TSIAY SAND STFF AT
3% SILTY CLAY
LEGEND Sc 0 5 10 152025
. Y St —————
ASSUMED PROFILE il KM.

() -
2.1 (Cox, 1968)

27 ()

15-20

Stiff Clay
60



Stiff Clay

Index, PI)

1
2.
3.

231

Liquid Limit

Plasticity Index

232

SPT-N

13

(Plasticity
Pl » 20-30%

Pl » 40%
Pl « 60-80%

(Upper Soft Marine Clay Layer)

IVISHY == 5 )
15 L7 tm3
5 8%
0 80 %
20 3%
(RAU.1981)
(The stiff Clay Layer)
10
0 2

18 20 tm3



Liquid Limit

Plasticity Index

%5 )

2.3.3

SPT-N

Liquid Limit

25 40%
H° 60%

L 30%

1 (The Upper Bangkok Sand)

Sandy Clay  Clayey Sand

2.34

SPT-N

Liquid Limit

= 5 15
30 60
20 t/m3
17 22%
= 20 %
21
(The Hard Clay Layer)
= 2 12
20 50
- 20 28%
48 58%

14
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Plasticity Index = 26 0%
20 3
235 2 (The Second Layer Sand)
= 12
SPT-N = 5 8
E: 7 20%
43 53
45
2.4 Ladd (1963)
.. 1963 Ladd 3
1
(Effective
Stress at Failure, ") (Unique Relation)
(1
(Intermediate Principal Stress, 2
2
(Water Content, ) (Shear Stress)
(0) (Unique Relation)
(op ’ OCR

(Intermediate Principal Stress, 2
3
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() (Shear Stress)
()
©p) (9
25 (Y
(2
(<=0Concept) 2 (Ladd 1967, Ladd et al 1971)
L (3
() (Unique Relation)
() (
Situ Water Content, 1
2
Field Vane  Dutch Cone
(Undisturbed Sample) Uu test  UC test
2. (1
Preshear Effective Vertical Stress ( (Unique Relationship)
cu test
Reconsolidated
(V0 ,
1 (3 (1
“Recompression  Method" 2.5.2 1
Recompression)

( Situ Undrained Shear Strength)
( Situ Condition)

( 255



25.1 Bjerrum (1972)

Bjerrum (1972)

Field Vane Shear Test

(Embankment Test)

Bjerrum

PI>20%

(Field) = [I

Bjerrum's Correction Factor ({J)

(Strain Rate), Anisotropy
Ladd (1975)

Field Vane Shear Test

Progressive Failure
|

P Bjerrum (1972)

17

21)

Bjerrum
0.70-0.85

Eide and Flolmberg (1972)
!

2.8



18

14

¥ Su(FlIiLD)=p.xSu(VANE)
ot A
x Milligan (1972)
Ladd & Foott (1974)
| EaRochell e aT- (1974}
é 1.0 Layered and Varved Gayr_L
z t
; PLASTICITY INDEX P.l.,8906 G i
2.8 Bjerrum (1972) GeonorVane  HD =20
Bjerrum (1972)  Mersi (1975) '
(Field) = Mswv~0.22a"p (.=0.7) (2.2)
2.2
(ap Oedometer Test
(2540)
Field Vane Shear Test UC test  UU test
Pinit (1984) W ou Triaxial
Anisotropic
T = 1.0250F (2.3a)

SUE “ 0.7-0.85WV (2.3b)
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uc
Triaxial Compression
UE
Triaxial Compression
(2529) 4
( Bjerrum (1972) Bl W 100-150
2.5.2 Recompression
1 Recompression
Preshear
Effective Vertical Stress ( \0) (Unique Relationship)
CU test

(Undisturbed" Sample)
Reconsolidated ( Situ Condition)
Reconsolidated

(w<Gy( 1 2

29) OCR
(Reconstituted Soil)
(ctp) 100 kPa OCR 10 Consolidated
Ve= gp 100 kPa (Shearing)
OCR 2.0 Consolidated 0'c< g’p 50 kPa
(Shearing)
Recompression

Recompression

LSHANSEP
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Recompression

Reconsolidated
(213 )
, NSP Recompression

Recompression

v

:
g
VERTICAL CCOHSOLIDATION STRESS , 6"": (LOG SCALE)
% v logalc
Recompression ~ SHANSEP CKOU -TC
1 Normalized Soil Parameters (NSP)
2531 NSP (NSP Concept)
NSP
MIT (1960) !
Normalized Preshear Effective Vertical Stress ( W
OCR Pl 0'\C p
NSP Normalized ' '

\C Stress-Strain



™

)

2.10(a) Normalized 0’\C Stress-Strain

210(b)
25
0£‘= 4 llg/t:m2
20
e
L5
10
" 0:'=2 kgaem?
Bos
0]

O 25 50 75 100
AXIAL STRAIN, 9%

() TRIAXIAL COMPRESSION TEST DATA FOR (=2 8 4 kgytm*

_ 08
Yoa
02

o

0,

G-

(e] /gs 50 75 100
AXIAL STRAIN %

() NORMALIZED PLOT OF TRIAXIAL TEST DATA

2.10 Normalized NSP
(Ladd et al, 1977)

T 02} f Notes - -
6,4‘ 0;;:02!0_1 kg/cmz Symbol|w, %0’.7. O:,c.hg/cm
™ 0l ﬁ 0"; :04:01 kgAm et Y098 | ©99

1 T, is the shear stress |—°—|55:8/ 441 150
on a horizontal plone |—o—[77:4| 52 [ 3.00
in the sample

0

0O 5 10 1B 20 25 30
SHEAR STRAIN, ¥, %

211 Normalized Behavior CKQ - DSS
Normally Consolidated Marine Organic Clay (Ladd Foot, 1974)
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Normalized 2.10
2.11
(Non-Homogeneous)
Normalized
I wiA 1EL « OCR Log
OCR Pl (212
NSP
Normalized
NSP Recompression ~ SHANSEP

//W/ OCR=8

OCR=4

5 06 @1 &_\\"\K\N

0. \
e oall OCR=2

TFLRITITLIT, 2
I/ OCR= |<f727[ L2227,

0-2 £ \J\\\\\IVL\\\\\\
(o) Normalized stress vs. strain i
0 1 1 1
0] 5 10 15 20 25
SHEAR STRAIN, %
1.0 T T i T
| (b) Normalized S, vs. OCR .

Op =4 to B kg/em®

Yol

Oi.c'_ /

-

02
T\Ranqe from 9 tests
L

1 1 1 1

[ 2 4 6 8 10
OCR = O, /Ove

2.12 Normalized Behavior CKO - DSS
Boston Blue Clay (Ladd ~ Foot, 1974)



2532 1 SHANSEP

23

SHANSEP (Soil Histories and Normalized Soil Engineering Properties

Method of Consolidation) ,
Ladd and Foot (1974)

NSP (Stress History)
Reconsolidated KOCondition
(1 (ap
Virgin
Compression Line (1 3 2.9)
( load) (W
OCR (3 4 2.9)
% @ ~z=a
9: m3wdvunaswos void
: A R
> @k\\\\
VERTICAL EFFECTIVE STRESS , é'vc OR P (LOG SCALE)
2.13 Void Ratio () Vertical Effective Stress
CNg Reconsolidated
Consolidation SHANSEP (NC Clay)
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(Reconstituted Soil)

(o' 100 kPa OCR 10 Consolidated
\c>(1.5- 2.0)0p 2.0 2.0 x 100 = 200 kPa
(Shearing)

OCR 2.0 Consolidated

ve> (15 - 2.0)ap 2.0 . 100 = 200 kPa

( ad)  200/2.0 =100 kPa OCR 2.0

(Shearing)
SHANSEP ,
SHANSEP Normalized

(Normally Consolidated Clay) OCR
(Insensitive Clay)

(Sensitivity > 4) Normalized
(Chemical Cementation) Reconsolidated
Virgin Compression Line
(Brittle) (Sensitivity)
(
213 )
254 NSP (Application of NSP)
NSP NSP Recompression
NSP
NSP

Triaxial Compression, Triaxial Extension  Field Vane
Shear NSP 214,215 216
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h W @ hooft

ObRMa057-5 75 77 «472 usai.4 fiVOHp.
0 OMAHE9G3) 5 4 0 2 N
0 MY AT 40 y©0-00 1000 1.2-22 Room

NAVE LCIN]CN@

O PT 09 40004600 0000 11030
06
1
7 < Jy
]
) P
09 <
v |
04 C!
5 2093
tog OCR
2.14 1CW  Log OCR CKJJ-TC

Recompression
(Sambhandaraksa ~ Taesiri, 1987)

name ~ LOCAION &] rlfls (4 ”-Pﬁg m%

1
0 RJAME.HIj gpfg<37-39 73-77 66-72 USAL6 RAB9

i
A 0904) Alt 46-60 01 060-90 L2-2.2 Retp
T (1994 INtNFGH 4 -60 66-60 60-90 11556
07 |/
05 "y
0 /
% ;
04 A
O a ' "
Q3
5/ ’ 0.96
rz =u.
02 | 2 4
log OR
2.15 1 W0 Log OCR CKo -TE

Recompression
(Sambhandaraksa Taesiri, 1987)



0.9

0.8

\
\..‘.\

0.7

10
~

%
2
\\p,.

0.2

LEGEND

SAMBHANDHARAXSA
= AND TAESIR! (1987),
Pi= 52— 80 %
—-—— PINIT(I984),

P1=4030 Y%
IN-SITU VANE CHOOCHARTETAL. (1989)
O mestiwanecryeer] @ VANE mz}m

BOH
KLONGDAN -
®0B-1 | HIGHWAY,PI=50-8s| Y VANETYPEX/ P1=52 -
2 80(%)
noB-2 Yo

1 | 1 1

2.16
Vane Shear Tests

Vane Type |

Vane Type |l

| il |
2 3 4 5 6 7 Q910
OR

Ucro  Log OCR Situ Field

(Sambhandaraksa, 1999)

Geonor Field Vane Shear Test

Bored Hole Field Vane Shear Test

26
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SHANSEP
(2526) (Pl « 37%, , a4
Normalized U North (1983)
(Pl « 3%, , «4)
Normalized (Normally Consolidated)
(Chemical Cementing Agent) Carbonate
SHANSEP
(2540) 1w A OCR
(214 216 223 NSP
KGCondition Recompression
(w<ap Unique
255
(Factors Effects on Undrained Shear strength, 1
, (2
(Short Term Condition)
1
(Cohesion) (Friction) (Interference)
(Dilatancy)
(True  Cohesion)
Carbonate Silica  Iron Oxide
Weathering
(Interparticle Force)
(True

Cohesion)
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(True Friction Angle) ¢
g
u
u=( cos >a\0sin S0+ Af (1-«QJ)/"1+(2Af - 1) sin 4 (24)
2.4 \0 1 A( A «0
1
2551 (Influence of Basic Properties)
Plastic Index (PI) Liquidity Index
(Normally Consolidated Clay)  Liquid Limit
(2540)
P 0 [a’p
. AU P OCR
\0 OCR J W0 P
P OCR
\0 1
P OCR Aging
\0 1

LL
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Jamiolkowski et a (1985)

(Normally Consolidated Clay) 2.17
T Jx

TE  DSS P

0.4 T T T o T T T T

03 r.—.m-ﬁbﬂ RE_ A & e

0:3-9’0:“'6 ...-? sy ——'_A-_-_—o
Sy/Cie 93 -’; et ek
i O DIRBALSMPLE SHEAR (059 | Su-siman
V  TRIAXIAL EXTENSION (TE) : Su= gf
b —
PI, %
2.17 (JCJ e Pl (Jamiolkowski et al., 1985)
2.5.5.2
(Influence of Nature Anisotropy)
Anisotropy
(Shear strength) (Stress  Path)
Anisotropy
(Anisotropic  Material)
KO< 1.0
\0 4, a3
Ladd and Foot (1974) 1

a, a3 Anisotropy 2 1) Inherent Anisotropy
Anisotropy 2) Stress Induce

Anisotropy Anisotropy
(Stress System) Anisotropy
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(2525)
450500 . 700750 . Anisotropic
(60 ' ( D) P

w0 072 059
450-5.00  7.00-7.50 .

Isotropic C>dp SUF/Sup?
Isotropic Anisotropy
Anisotropy ' A 0 P
Qureshi (1973) 5
7. Anisotropic
(2525) (/MW 05 08
(2542) AIT 4
Isotropie U
P u P 30°, 60° 90° 79%, 90% 82%

Inherent Anisotropy
Duncan and Seed (1966), Lambe and Whitman (1979), Parry
and Nadarajah (1974), Wesley (1975)  Arthur et al (1977)

2.5.5.3
(Influence of Stress System)
2.5.5.2  Anisotropy Stress
Induce Anisotropy
a, 03 Inherent Anisotropy
Anisotropy
(Stress System) (ul),clap EY
(2540)
(Total Stress Path, TSP) 0L o3
(Anisotropic  Material) 0,

03 i, A
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(Effective Stress Path, ESP)

Jamiolkowski et a (1985) (Stress
Induce Anisotropy) u Anisotropy P
2.17)

2554 (Influence of Stress History)

(Stress  history)
(Overconsolidation Ratio,
OCR) (2540) OCR u
(Effective Stress Path, ESP)
(OCR>1.0) q
(OCR=1.0)
(Chemical Cementing Agent) (219

- o, =0
iduvenivai o)/ o) nip ——2

(A0
OCR = 1.0

T OCR > 1.0
¥ne
¥ =
v o

I ¥oc — Ty = Ogtand’ + C’
c' faia
)’

2

[ W0 u Eu OCR
J0\00C= | ve(NC)°CR) (Jamiolkowski et al 1 1985)
2.16 1 w Field Vane Shear Test
: OCR ESP
OCR Au, A, OCR
(OCR>>4) Au, A,
(NC) A gmx A 1.0
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A OCR  (OCR>>4) A

A A (219
2.20 )
!
q
normally e
consolidated 7{ A |
U
A= 90"
& ries
N P.p
2.19
(Normally Consolidated Clay)
A Ufi-ve)
/
9 Au negative Ean
lightly overconsolidated 7/
— Y
B
B 7 — heavily overconsolidated
compacted Esp &
‘ /I &/
\ A
g e @5"
A A, p.p
. ]
2.20
(Overconsolidated Clay)
Au OCR
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v A" NongNgooHao
\ 0 Pom-Prachul Dockyard
10 +  Ta-Chang Bridge
TEEE 1 Thonburi-Paktho, Site 2
8 Vo 0 Thonburi-Paktho, Site 3
cp b A p\k \ V. Rgt(ALT)
R » Stress Path Test
0.4] o\ Vs CKquC Af
® Vv
CIUC (Wang, 1967) 1 - / 0
0 1 2 3 4
OCR
221 A OCR
15 (Lee, 1983)
P <60% Larsson (1980)
OCR<20
(F/a'p= 0.23£0.04 (25)
Wa'\c (Bjerrum 1972 1
Mesri 1975) W/a'\cw0.23.(OCR)m
m 10 P 22 Wap OCR
P 930-60 %)
LEGEND
+ NongNgoo Hao
A BangkcJc-Sriracha
+  Thonburi-Paktho, Site 2
P N . . V' Thonburi-Paktho, Site 3
AL : éa A ivm !
i o
logocR
2.2 Wap OCR

(', 2540)
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) = (OCR)L (26)

Jamiolkowski et al (1985)
Preloading
Ladd et al (1977) [1 0 /] daw\C
OCR 2.23

a = Su/C},. Y94AU OC
b = Sw/C,. ¥BIAU NC

S p=—

223 " [7JI[1JINX  OCR(Ladd et d, 1977)

. KO OCR
KO OCR
(Loading) KO
(Unloading) OCR KO
Unloading (2540) Schmidt

(1966) (Pl « 40%) me« 0.39
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2555

(Influence of Sail Structure and Sample Disturbance)
Clay Particles

2 Dispersed

Structure Flocculated structure 2.24 Clay

Particles

Fm = force where contacts is mineral-mineral

Fa = force where contacts is air-mineral

Fw = force where contacts is water-mineral of water-water
R = electrical repulsion between particles
A" = electrical attraction between particles

(b) Dispersed structure

2.24

Flocculated  structure
Particle (R-A) Fm

Dispersed structure
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Disperse Structure
Particle R-A’ Fm
Particle Double Layer
Particle
Flocculated structure
Flocculated  structure

Secondary Compression (Delayed Compression)  Aging

Cementation
Aging
Aging
! Overconsolidated ap
A
C 2.25 Bjerrum (1967)

, 2.26 Consolidation Curve  Natural Aged Clay
Reconstituted Young Clay Aged Clay Consolidation Curve
Maximum Curvature Young Clay

Consolidation Curve Consolidation
Curve Aging
Cementation  Chemical Bonding

2.21 Secondaary Compression  Aging

Cementation \C al
Void Ratio A B
Aging 2.25

(Cementation) Interlocking



Vertical Pressure (tf/m?2)
1012)5 20 30
16 TTTT 5 —

Instont Compressi
During Sedimentot
15 20 yemrs—\N\VA D
320):) years--—- \\/Cg‘!noly’sedsswn
ér 14 3000 years \\ A('idilionol
o \\Op Looding
> C
1.3 ont--
12 o VANEN
225 Aging NC Clay oc Clay (Bjerrum, 1967)
Log oy,

Aged clay

Young clay

2.26 Aging  Cementation  Consolidation Curve (Tsuchida, 2001)

secondary End primary
compreSSIgP consolidation

e-log Cyc curve
rv  of naturally

| sedimented day

Increase of Op due to
secondary compression

X £
Clpse D rTAe
Cementation
Mmoo loga;c
2.21 Consolidation Curve ~ Natural Aged Clay

Reconstituted Young Clay (Tsuchida, 2001)
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p
(Volumetric Compression)
(Aged Clay ~ Natural Clay)
BCDE 2.21 (2 8
Secondary Compression ~ Aging (B B Mechanical
Chemical Cementation
Cementation
(Cementing Agent) Carbonated Fenic Oxide, Flocculation, Thixotropy 1
Leaching Tsuchida (2001)
Cementation
: Marine  Clay
Skempton Sowa  (1963)
(Disturbance)
(0
(3
(0
Reconsolidated
Reconsolidated
OCR
(ap 1-D Consolidation

(Soil Structure)
2.28 (Stress History)



Stroin N
Good sample \\\
Disturbed somple—-\\_

t Disturbed

- -

-

Stromn

39

(o) Effect on Compression

log 0’,;

(b) Effect on Coefficient
of Consolidotion

1og O

(c) Effect on Rote of
Secondary Compression

log Oye
(d) Use of on Unlood- Relood

Cycle

log Oy

< G, ' ’ s .
31.]‘/1 2.28 HATDIUTZIRUDINUILUTIUAZNITTUNIUADAIDENY

(2540)

([ E

Up heave

z 3
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2556 (Influence of strain Rate)
Bjerum and Simons (1960)

Triaxial

Undrained  Creep
Excess Pore Pressure (Au)

u

(2540)
08 - 10 %

(Shear strain Rate)
ASTM 6528 - 00 standard Test Method for Consolidated Undrained Direct
Simple Shear Testing of Cohesive Soils 5%

2.6
(Direct Shear)
. .1936 Royal  Swedish
Geotechnical Institute (SGI; Kjellman,1951) SGI
( 6 2 )
(Grooved Plate) 2.29
(Rubber Membrane)

(Vertical Compression)
(Lateral Expansion)
(Vertical Stress)
(Horizontal Shear Stress)
(Stress Controlled)
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2.29 SGI Simple Shear Apparatus (Kjellman, 1951)

..1960  Norwegian Geotechnical Institute (NGI)
Simple Shear
SGl (Bjerrum Landva, 1966)
KO Consolidate
(Undisturbed Sensitive Clay) (Strain)
Simple Shear (
8 1 ) SG
1 sGl 2
(Wire-Reinforced Rubber Membrane)

2.30 (b)
(Soft Sensitive Clays)
(Constant Volume
Test) (Normal Force)
(Screw-Controlled Loading  System)
Geonor Dilect Simple Shear ~ Massachusetts Institute of

Technology Geonor Model 4 DSS
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Ginert Bhsemico et e
l
s |
l i - 8 —i
230 ()
(b) NGI (Franke, et. al., 1979)
NGl ..1953
(Cambridge University)
Simple Shear , (Simple
Shear strain) (Rectangular 6 x 0
2 ) NGI (1960)
NG|
(1960) 2 (Sand)
(Roscoe, 1953)
( 2.30a)
..1953 Simple Shear
T ML M)
(Normal Force) (Shear Force)
( 2.31)

Simple Shear ( 2.32)
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2.31 MK7

(d) (Budhu, 1985)

(a) (b)
2.32
(CSSA) (a) (h) (Budhu, 1985)
Budhu (1988) Simple Shear
(Load Cell
(Shear Force) (Vertical
Force) (Pore Pressure)

. .1960 Simple Shear
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(Cyclic  Tests)
Peacock Seed (1968), Finn, et al.(1971), Hara Kiyota
(1977), Ansell ~ Brown(1978), Sidney, et al.(1978) Idriss, et al.(1980)

(Pressure Chamber) Franke,
et al.(1979), Silver, et al.(1980)  Tatsuoka  Silver(1981) Simple
Shear
(Multidirectional Cyclic Loading)

(Liquefaction) Cassagrande(1979) Ishinara

Yamazaki(1980), DeGroot, et al.(1991c)
Multidirectional Direct Simple Shear (MDSS)
(Horizontal Shear Stress) 2

(Simulate)
(Offshore Arctic Gravity Structures)
2.1
KO Consolidated Undrained Direct

Simple Shear (CKOUDSS) (Normally Consolidated)
100 M.LT. '
25

1

(Degree of Non-Uniformity of Stress)

(Numerical

Analyses) (Elastic Behavior)

(Degree of Non-Uniformity of Stress and strain)
(Peak  Shear
Resistance)
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DSS  Geonor
(Vertical Stress,a')

(Shear Stress (TH & Horizontal Plane)
7 (Mohr's Circle)

(Maximum Shear Stress(Thna )

1) (pure shear)

(Undrained Strength Ratio,(TH G'c )&

0.22
(3) (Undrained Shear strength)
(THna qf=0.5(al—a 3f
T, = qfcos
(Wire - Reinforced
Membrane) (Radial Stress, G
DSS  Geonor ,
(«0 Virgin - Consolidation Rebound
(Radial Stress,G')
(State of Stress)
Norwegian Geotechnical Institute (N.G.L)
Geonor DSS back pressure

(Normally Consolidated Clay)
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Strain Softening Behavior CKOUDSS
Strain Softening 2

Strain ~ Softening

(Plasticity Indices) (liquidity indices)
M.L.T.

2 (Non-

Uniform  State of Stress)
Strain Softening
(Neutral Axis)
(Vertical Effective Stress)
(Shear Resistance)

(Reversal)
(Large Shear strain) (Neutral Axis)
Strain - Softening
CKQUDSS
(Degree of Difference)
2.8
Simple  Shear
(Normal Stress) (Shear Stress)

..1951 Kijellman ‘

(Normal Force)
(Normal Stress)
(Shear Stress)

(Stress System)
(Pure Shear)"
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2.33 Roscoe(1953)

-———>—‘\\ Specimen \\A -——>-K Specimen \*—ﬁ—
r- T
deal Actual
2.33 Simple
Shear
28.1
Roscoe(1953)
(Normal
Stress)

(Large Normal Stress) (
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1 3
Leadin Trailin
geg Th Ecgeg
L=B=6cm H :|-2 cm
JL
a) Test Specimen
J
\\ /(K i
> +
Aoy,
+ < N

A

N

(b) Normal Stress Acting on Surfaces

'

(c) Shear Stress on Top and Bottom Surfaces

2.34
(Roscoe, 1953; Duncan

Simple Shear

Dunlop, 1969)
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2.34 Duncan  Dunlop(1969)
(Nonlinear)
(Anisotropic ~ Stress - Strain
Constitutive)
Roscoe
(Elastic Material)
Roscoe

7

(Progressive Failure)
(San Francisco Bay Mud, SFBM)

Lucks, et al.(1972) 3
Linear Elastic Isotropic

Geonor 2.35
70
80

Strain Softening

Prévost and Hoeg (1976)

isotropic elastic



Leagin Traling
Edgen 0
P DSS Specimen
=2cm (v =0.49, E =200 kg/cm?) ol y=2%

e g e e e
o : »1

D =8cm

-4 Top Surface
(Along Centerline) )
% 55 Tension
2 [N .
3
< 2{ \% Compression
4 .

Tension Compr.

' E
Trailing Edge
(Along Centerline) _ :
' -‘z; 0 2
Aa", kglem2
1.6"|" W—
2l 7 1 i P
2ol T M orizontal Plane
= 1.0_/ 2 Qﬂ% nterine)
0.8+ +
& 3 2 1 0
cm
2.35 Direct Simple Shear

Geonor (Lucks, etal, 1972, Ladd  Edgers, 1972)

236 " (X =0

Roscoe's) 3

(k=02 50 (X = 05)

50
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Elasto-Plastic

Lacasse Vucetic (1981)

Mishu, et al., 1982

0.9

0.0

Stress rotio

0.8

1.2

2.36

NG R T
\ 4’“\ No slippoge,y ” e

Z“\?\J \fj?%\\\
i pacvis SuU\\\

QX 2 0.2
A=05

: /x:o.s%\
[t i r:

—

=

F——— ~
——
—

\ W
\ N
&\'_—2 //z \\\

. e No slippage \\

N s
y G, \\\\\
el ORI .

Ror. disp. at top face, u:
‘ u» 6{ 1=Asin(nx/0})

o 0.25 0.% 0.7% 1.0

x/o
X ovarqga horizontal 5h«or $trasj oppllad
on th« Ipaciman.

Hoeg (1976;  Lacasse  Vucetic, 1981)

Yield

Prévost

5l



52

Shen, et al. (1978)
Geonor 3

(Membrane Stiffness),

(Specimen  Geometry), (Boundary
Displacement)
1
2. Wire - Reinforcement
3. Elastic Modulus
4, (Poisson’s Ratio)
b,

Saada  Townsend (1981)
St. Venant's '‘Photoelastic Wright, et al. (1978)

Photoelastic 47
Christian

(1981) ' Photoelastic

Isotropic, Elastic,

2.8.2

Vucetic Lacasse  (1982)
membrane (Membrane Stiffness)
Geonar,
cL
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Haga 2.31 OCR =1 10

3 0.32, 0.20 0.14
1.6 cm. membrane 2

Geonor
Wire Reinforcement Membrane

Vucetic Lagasse (1984)

HORIZONTAL SHEAR STRESS

DSS
20 2 5 2 Drammen 2.38
2
CYLINDER No. 1 (1980) CYLINDER No. 2 (1981)
100 T T .
(OCR=li
Fay A a \
R 7 e 0 a "
i e I0CR )L
g ol r—— - £ A
< 20} H a
0 1 1 1
; 0 QIO_O.%O—O.%O_UAO
° 00 0% i SO DIAVETER RATO, HD
A wmembranes A0, A8, Alls
¢ Membranes 6 0,8
2.37

DSS  Geonor Haga (Vucetic  Lacasse, 1982)

Vucetic Lacasse
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Sall Yield

nd
SRR IFEERR
ETAEEIRERI :
5 el 3
4 0! 22
ili | . 3
I " ¥/ “ il 3
| | . HEYARE!
¢ °

4
SHEAR STRAM, (%4l
\/”.‘
\ |
\
=
{‘\Q‘L
»4

-
P
-~
— Tt e e

|

|i

,,

{ !
\ / i M
‘ 4
V SRNEE RN

3

N\ \ / i
,{ - b o °‘

N 2 M ™ - e Y ™ oo N ”“7“&‘&““ =
2L S @ S S S < P .m.m.. 7, =
/

oY1 "$5IH1S YYIHS M o/n ‘3805538 J% °SSIVLS YYIHS NWR) WINOZIWOH
TYINOZIHOR BIZITYHYON 3404 BIZIYHYON

e G
e e NoCH 1

” -
HUMBER OF (YCLES TO SHEAR STRAM 23X

0.1

20

(Constant Volume)
()
Lacasse, 1982)

Drummen

(Vucetic

2.38
(Geonor

DSS
50
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Cambridge (Aireg
and Wood, 1984; Budhti, 1984 & Budhu, 1984b; Aireg, et al., 1985)
Cambridge (Normal
Stresses) (Shear Stress)
1
(a)

:::g? ~‘°0' — a = 00
%zoo.\_/._\;a"\"’? % so} :-::g-.;
L g e = - N iy

0}___../ —— —

! 7 y X Yo et ———
100»;;::._—_:::-':.——:"'/ 50? e
206————>TTT11 A1 ONCE 100

(b) ©
2.39 1 3
' Kaolin -~ Cambridge CSSA (a) Principal third load cell ( )
() (a= Yi (Arey  Wood, 1987)
(Aireg

Wood, 1984; Aireg, et at., 1985; Aireg Wood, 1987) 239

13 (Load Cells)
Kaolin
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Cambridge :

Quintic
Polynomial 1 (a=00)
y=10%  20% a=01 02
Aireg, et at. (1985) ‘
"Areg  Wood (1987)
283
(Yields) Aireg Woods1
(1987) Kaolin Vucetic Lacasses's (1982, 1984)
DSS
(237 2.38) Aireg  Wood
DSS 3
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DSS Geonor
() (2

(Undrained Shear Strength)

oev

Stess, ct2
USACE, 1970)

57

Geonor

Intermediate  Principal
(Ladd, 1988; Wroth, 1987



u=05(a, —G3cos §; 240

Cu = T1f

2.40

)

(Principal Stress)

291

§CU=%’

58

TEf = QfCos ¢’

(

a3 U oy

, u=af 2)

Mk 7

qr = 0.5(0y — o3)¢

(1)

, Wood, et al. (1979)

(Load Cells)

f

, U= I;’: qfCostj)’.

Stress Tensor



(©p),
241
Mohr - Coulomb
1 Tﬁ G’”

Envelope

(0V)
2.9.2

Pascoe (1993)

Ladd Edgers (1972)

Blue Clay)

3
KO ( 05 054 065
Monotonie

29.3

59

2.4))

Geonor
«0Condition
(
Failure
( drained Shearing)
DSS
Dunlop (1969)
GGy
gCTe 0

(Principal  Stresses)
Edgers, 1972)

Ochiai (1981)

( (y>80° Boston
GG
Zimmie (1983)
DSS  Geonor GMGYv
3 )
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2.43) =1, adaw 15 + ()72
( a'>CT

Roscoe, et al. (1967)
Mk6  Cambridge ,
load cell 13 ,

(), ()
("), (), ()
244, ( )

245 (

)
Koalin (Airey, et al., 1985),

5-15°

DSS

Airey, et al., CKQUDSS

45°

Roscoe, et al. (1967)
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(244 ‘

295 ' 4 - Mohr-

Coulomb

(Che i) Mohr-
Coulomb (247 2
(Ladd Edgers, 1972) CMGVv
1

2.9.6 5-
de Josselin de Jong (1971)

2.48

45 + 412

-4 (249
de Josselin de Jong
Randolph ~ Wroth (1981), Wroth (1984)  Wroth (1987)
de Josselin de Jong

Borin (1973)
Kaolin 2.50



; 2.49
Wroth
(MCC) (Roscoe Burland, 1968)
clays)
1972)
( ),n
Wroth's
LThGy) , (Th ),
0.222 ,
Airey, etal. (1985) '
Josselin de Jong's
2.9.7 6 -
Kgand
Oda  Konishi (1974)
(V<Y
, 8
t] ol = Ktanﬁ
K

1976b)

62

2

2.43) Randolph
Modified Cam Clay
(Th/a’ve)f ()
(lightly overconsolidated
( Ladd  Edgers,
2.51 Randolph
MIT (THC o \/
CKO (7 =tan'
(THGve)f =
DSS
de Josselin de Jong
( )
(249
5-15° de
ThCTV
28)

(Ochiai, 1975, 1976a,



- 1. e 2sing,
R Ty (29
Theit
K = 1
(Jor =
0 =
(2.8) G'3=KqGv (2.8) (29
( 252) Ochiai (1981)
gChe
i +K)i+((ML,<)2
o 2)3(1%0) ) (210)
Tneii
(Thnex =
B= G_O_Au = = :i
sing = : 0) +((Th) : )

63
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(2.10) «0=05 Ochiai

normalized BBC 0.213 25.2°
Airey, et a. (1985)
Leighton Buzzard (Cole,

1967, Stroud, 1971, Budhu, 1979) 253
=ThCNC )
tand :
Wood, et al. (1979) Airey, et al. (1985)
DSS
Geonor 2.53
Borin (1973) Kaolin
(2.8) K=04( 254 2.9 KO
0.6 0.64 Nadarajah (1973) Kaolin
Alrey, et al. 2.8 Monotonie
Kaolin
2.54
KO 2.8
298 7-
1 Isotropie Elastic

Perfectly  Plastic
Isotropic  Material
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(Hill, 1950)

2.55) 3-
( 246)
Roscoe, et al. (1967)
Leighton Buzzard

( 2.44) Budhu (1979)
Leighton  Buzzard ( 2.56)

1 (EL=X),
=
Borin (1973) Kaolin Airey, et al. (1985),
() K
it) Kaolin
2.9.9
BBC
Geonor - DSS 2.57
B yal'y Th
L (3
g/avd
<))
2 ( 2) (G'n/af
yield 1 (Crf >(7 ),
@)

Roscoe, et al. (1967)  Airey,
et al. (1985) Kaolin
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BBC Th

G\ &

OCR =1 BBC, ()
(Plane strain Compression)

) (Plane strain Extension) (Seah,
1990)

( 2.51)
[ (=tan'1(XHG ))
(THG\Qmax = 0.22
251
0} TH(TV> 0.3 ( /=16.7°) 2.57
6. THCTV= Ktand ( 6)

(T
KO



Ladd

2.9.10

67

Edgers (1972)
(KO !
gt X =qfcos ()
Mohr-Coulomb
Wroth (1987) "X b 6

Airey Wood (1987)
Kaolin

(Radiography)
Th
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2911

Mohr-Coulomb
Geonor-DSS
Kaolin
(KU
Ladd and Edgers (1972)
CKguDSS
Ladd  Edgers
L Act,
45° ( )
)
2.
(L
3
(Undrained Young's modulus,
EY
Modified Cam Clay model
(Low Undrained Shear strength), (THCTvgnax < 0.22,
(ThChgnax = 0.22
50% CKdJDSS (NC Clay)
MIT  yield strength ( 25])
20 Ladd  Edgers (1972)
Th
0, = qf cost})' 1 ( TH

DSS



1991)

241

69

(back analysis) (Ladd, 1981

[ e J=— "he — K od\C

Origin of
Plaxgxtzs, opm

g ’
d'he U a've 4

Qo = o_s(d'vc - U'hc) = 0-5(1 2 Ko)a'yc

po' = O.S(U'VC + a'hc) = 0.5(1 + Ko)d‘vc

Failure Stresses

Og
¢'
< 4qr
t—————— Th " ———————0Th
Op 0 I
: by '
Iy it 1;'1 T gy Ovf = 0'ye
L Au —_!

7¢r = Shear stress on the failure plane at failure.
9 = Orientation of the failure plane.
9p = Orientation of the plane on which  1acts.

Direct Simple Shear (Ladd ~ Edgers, 1972)



Ad;

: b/AO'[

Applied Stresses for Pure Shear

Initial Stresses Final Stresses

qrlerve =« g . t (1 \ﬁ)].

Tif = qfCos0 pitfe 2(00 Au)l(ive
sin0 = qf/p'f Ot=45-+ 072 - tfp
'S ot
2.42 Direct Simple Shear

1:
(Ladd Edgers, 1972)

10



2.43

gff - vc="ofg>\C rff = A~
pfla'e= i \C+ (n,/ vctan™
Anffrvt > 1 tany’ = Th/af
(o= 4"+ 012 =0

Direct Simple Shear

ot

71



Ae T

01,10

coaost
o0h0$
004,04
Ae Txfogy
T 0,07
008341 5

oo404f

002,02

Fi
? o r_xf(sr»cu increment) G g‘o —
§ 40{ 7 CE (strsin incrment) 3 g
o ke ¥ (stress) 0 (ox. obliquity) = o ot biie
3 B (Mox. sheor stress) " G
o S 2. A ° o1 : e >3 Sy
0 B (Max. sheor stress)
(a) (b)
2.44 13
() (%), ©),
(P), (()
() (0= 0.68); (b)
(e0=053; Roscoe, et al., 1967)
\ \ "o
p \ A\
2.45 Radiograph Simple Shear

Kaolin Airey, et al., 1985)
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T 4[ )
b
0p
4 = ~Th =4t
TH — l
|
|
AN
' + t -
aaf 0".‘.{: U'hf-_-p'f a if a
( vw= /M Tff = qfCOs”L

Pifimve = avilove

hilTve = 1 sin™ = Th/ Vf

Op = 45- @ 072

2.46 Direct Simple Shear 3
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2.47

14

¢
Os
Op
=ity

THf = } |

| | |

)

I/ /g4 =,
0J3f o'ff a'hr a"v_f OJ“’ o'

gffo-'ve = (rff/ vQlcos™

p'iffve = fifflcrve 4 (qrl ve)sin™

ff3f- p'f-qf

0’ = assumed O =45 4 ~72- 9

tantfp = Th/(Vvf— )

Direct Simple Shear 4
Mohr - Coulomb
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45~ %
P~

n 2
. Y
B, g, ¢

B SRR

F

%;ﬁ
e
A

(de Josselin de Jong, 1971)



T 4\ 4
ar 14
0
Vree] — L — o — = -
- |
) |
f 'ﬁ apil L aaand
o' lla'hf D't o'yt 7y 7
l
|
Ty
p
1/a% A ! "\
(;f/o \C~ TW A /—>* = ilg SCI(IJ]S#
Tff = quOSN p'ticrive = o'v/o'\C- (rhlcr've)tatth
Op = 45" - ﬁ - arctan(rh/ Y)
e{= W
2.49 Direct Simple Shear 5:

16
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03 .
Pop = 23
(ord o 8
(9. 5,)
0.‘ —
25 .
5 1 1 ) A
s 9 02 03 3 o8 Y
alo
=0 to,.t,)
-02k T
-o3k

Teat by Bonn (1973)

2.50

CKguDSS
Kaolin (Wroth, 1987)

----- LR:A{ ) = 1.15 + 86.76(rh<AgdX, ( =100, 12=0.73)

Randolph and Wroth (1981) Relationship

x 32 T T T
™
AE —
% i
-— . . L ] .
@ 28 ~ »
:—~> ° /(‘/ ]
% g
h J_:‘ k] .0 $./2 0.

c 24 ® g.y =

2 . 0. L 5 Ba 4
2 o - »

2 . » :/1' sy oo

I} 20 ).’ b >
o s ,"‘l\ o
4 - ) PP N Theorgtical 3
5 . o Ay Limit | :
o o.-d% |-

c =
< /' B
= 3
& 1 ] 1 1 1 1 i

-h
N

0.15

2,51

0.17

0.19 0.21 0.23 0.25 2.27 0.29 0.3

Normalized Undrained Strength, (r,/o" ).

CKgUDSS
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T

¢l
O¢
— = Th
Tff l
| [
|
I |
| =
L 4 } - —t—
a3 o'nf o'vi o'
m/dv=nxtand =48 x=1-=K,
B=1—-Au/dy Tif = QfCOSP'
azlcfvc a K, /i (= 45* + 072- 0p
af/o've = - (= Ko)I £ 1((?;/0“)2
l/avc_ﬂ’(l e Ko% +—(Th;/°'vc)°
Db 1 - Ko)? + Th d've)?
fiag = 0 : + (m avz
P't/0've = 0.5(c"/0've + 03/ 0'vc)
N = (<7/\ ”)
Direct Simple Shear

ThCJIv K.tan.5

T 6:

18



10Or .
e
oy Y
£ P
5 -0
& ® ,és’é*
N
; .4l q@a
& Jﬁ’
Ed
0 2 a 3 8 10 TR
tand
2.53 R-= (=THCTw)
Direct Simple Shear
Leighton Buzzard (Airey, et al., 1985)
P
0.2} 00?)
< »9
5> 8%
&
1 £
: s
G
& g
/O
/ B s T b
0 02 0.4 08 0f
tang
254 R= (=THCTY)

eu Direct Simple Shear
( Arey, etal, 1985)

tanb

tan8
Kaolin

9



i/2
7/\

0

p‘—* ('i/z)lax

&

Mohr’s Circle of Strain Increment
(undrained test)

2.55

TH — Ry,
|
|
|
pe. %

'3 G"Vf; Iy oy 7
qritfve = Uff've T[f = gjeos™
p{/a\C= Ov/ ¢\C
ohflirvi=1
S0 =17ayi = &

% =+72

Direct Simple Shear

7:

80



2.56

E T R T To% 004 G
L&Y
=3 49 ﬁ_—-—o"”‘y

"& strain increment
Sa1
X
= P stress
Y .
X

y
_\/\x
X

| So" stress increment

Bhudd (1979; Airey, et al., 1985)

8l



Computed < (')

2.57

O 'ax, w| © I 1 f
. 25k v ©) [/ A/

40 T T

35} |Criterion|Symbol

Failure : ;/

II o)

20— f/J }3//

s

15 ré//

10 (j/
5 Range of measured data (Figure 3.12 )
Ll A\ T
5 \
0 0.2 0.4 0.6
Measured /0’y at (Th)max
& (The )

Direct Simple Shear

82

2,35
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2.10
CU-DSS (Normally Consolidated
Clay, NC Clay) 7
P.. OCR 6
Geonor 8.0 Wire-
Reinforced Rubber Membrane
(Undrained
Shear)
M.LT. CU-DSS
KO - Consolidated Triaxial Test (Pore
Water Pressure Measurement)
Oedometer Test (Stresses)
(Undrained DSS)
(1) Pure Shear
(Low Strains)
(2) (Horizontal Shear Stress, Th
(Maximum Shear Stress)
(3) Effective Stress strength Envelope
(peak TH M.LT.
DSS (Undrained)

Triaxial Compression  Triaxial Extension  Plain strain
Active  Passive

CU-DSS
(1) Ey (Undrained Modulus)  Lean Clays
Plastic Clays
2) (F.)
(Circular Arc) KO - Consolidates Non-

stratified Soft Clays
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2.10.1 CKO DSS Normally Consolidated Clays
13
Atterberg Limits (Sensitivity)
CKOU DSS  Triaxial Compression
Normally Consolidated Clays IC\c
Reconsolidated Situ Maximum  Past
Pressure(i'w) Bangkok Clay  Liquid Umit(wl) 65
Plasticity Index(P.L) 41 2
Thimay DSS gf
= X1 1- Cna Triaxial Compression
04 1 b & S —
AB — FHANSGS B —
0.3 0
04 5 . ©
1 B
i 351 % o 2
y oo
01 —=F
o
? et M L
) PLASTICITY INDEX, PI., % 4D
2.58 e Pl. CKOUDSS
Triaxial Compression Che> 1.5-2 Ghm
Sua'c Plot Pl 258 1
1G\c
021 £ 001 Pl 25 UCT\C
P.. 25 Maine Organic Clay

Trieste Clay
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Strength DSS Atchafalaya Clay
Creep strength Varved Clay
Suac , DSS Plot Pl Sit Layer
Triaxial Compression Varved Clay
Strength (Failure)
Varves (Ladd and Wissa, 1970)
Varved Clay
IChe CkguC Pl
25 034 + 001
Connecticut Valley Varved Clay Trieste Clay Atchafalaya
Clays Undrained Strength
Strength DSS 5% 5
Triaxial Compression Pl. 25 1
Varved Clay Strength
Plastic ua'\c 8+ 6
Atchafllaya Clay Jac
Triaxial Compression Trieste Clay strength DSS
Triaxial Compression
CKQ 10
p.l.(%) e ) () e
10-25 021 £ 001 65+ 5%
30-85 026 £ 0.02 80 £ 5%
Varved Clay Trieste  Clay

Atchafalaya Clay Creep
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2000
R —
L
1000 N
800 Q-\\ b <
600 *\Q S 5 V‘:
N < \ !
- B G 9
N
. . \\\
\\\\ O,
2 200 N\ \\\@)
\3 @
100 N
80 CLAY W |RL \ ‘
P e o % | % \
(D | Portsmoutn, N.H 35 | 15 X5
() | Boston Ble 4 | 21
2 (3) | Bongkok 65 | ai
(@ | Moine Organic 65 | 34
(5 | achataloya 95 | 75
@s 0z 04 06 08 10
APPLIED SHEAR STRESS RATIO, th/S,
2.59 EJ U Applied Shear Stress Ratio
CKO -DSS 5
2.59 Undrained Young's Secant Modulus
CKQU - DSS Normally Consolidated Clays 5
Plot  Normalized EuSu
Applied Shear Stress Ratio 2 P..
(1) EuSu 2 EL u
(Stress)

EuSu
DSS Triaxial Compression



87

Clay Kcfor TC Tests Ratio EUSu& DSSITC

Boston Blue Clay KO 12
Portland Marine Clay KO 12 - 13
Trieste Clay KO -1
Atchafalaya Clay K=1 213~ 1-2

drained Modulus 4 5 2.59

Plastic Maine Organic Atchafalaya Clays
CkO -DSS
DSS Portsmouth Clays Plastic
Boston Blue Clays ( 2-3)
Lean Clays

Reconsolidated
Maximum Past Pressure

2.10.2 CKQU DSS Overconsolidated Clays
2.60 Ja’ OCR -

5 Plasticity
Bangkok Clay 2
Strength OCR
Undrained strength Rebound ~ Maximum Past Pressure 5
Bangkok Clay 2.61
Strength Overconsolidated Undrained strength
Maximum Past Pressure Rebound ¥ Gwn( OCR=14)

u 25+ 5%



L8

1.6

0.8

Sy’ Ty

06

04

0.2

2.60

™ PRI
No. L ' ;
e %o %o LT CD Maine Orgonic Clay
()| 65 |34 |10 /
(@ |65 | a1 |oss
2) Bongkok Clay
@ 99 75 | ass / 74.3) Atchafalaya Cloy
/
@« 21 |os /
@’ 65 39 /
35 | 12 4
” w ,
» Cloy and
/
r

"siit" layers
R K@) Boston Bive Clay
A /,
L/

/ /
Z / ,, @ Connecticut Valley

& / / Vorved Clay
A K
/
2 a :

Note :
SU = (Th) max.

4 6 8 10
OCR = Gy, /5e

Undrained strength Ratio OCR
CKOUDSS

88



v <‘>
- No. CLAY
< : ®
- —o—| (1) | Maine Orgonic
2
-~-0==| (@) | Bangkok
04}==-a--| (@ | Achataoya
—o0——| (@) | Boston Bive
—_— @ Conn. Valley Vorved
03| 2 p. 6 0
OCR = &ym /Gyc
261 Undrained strength ~ Rebound

CKdJDSS 5
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2.11 M.IT.
2111
Haley  Aldrich Inc,
Camp. Dresser  McKee of Boston, Massachusetts

4 (Moh, et al., 1969)
(1) 211
1.5-2.0 ( )
10£ 0.5
@)
12 4
2
8)
@
CKO - DSS
5 5 ( =64 )
Atterberg’s Limits 4 )
() (%)
1 65.0 55.6-72.2
WP 24.0 22.0-26.2
Pl 41.0 32.0-50.2

67.0 58.0-76.0
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(Montmorillonite) (Ilite) (Kaolinite)
3t 2 (Ladd, Moh  Gifford, 1971)
(Salt Concentration)

(a\) 5
1 .. =01 )
Oedometer (a'J 9 -
14 . Pre-compression
(Secondary Compression)
3-8
U
( ) (D) )
1) Field Vane 3"x 6" 2.75 0.50
Sprague  Henwood
5
2) UU-Test 2.30 0.55
12% strain
Ck0 -DSS (NC Clay) 3
Rebounded Sample 4 ( OCR =1.5-12)
Recompressed 4 i
(Asian Institute of Technology)
CluC  CAIC

Camp. Dresser ~ McKee (Moh ~ Wang, 1968  Moh, 1969)

2112 CKJJ-DSS
451 452 262 268
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(Compression Curve) 2.68

(Maximum Past Pressure) ~ 8-10 . i
2 Consolidated (Maximum Stress) ~ , 20
. Virgin Consolidation
262 265 G’ [
OCR (NC Clay) 1 w=027
Rebounded  CTim= 20 . OCR
2.0 Recompressed
Rebounded OCR ‘
Boston Blue Clay (BBC) 2.69
Normalized Stress Path - ' 2.63
2.64 OCR
(Heavily Overconsolidated Clay)
Strain
Softening
El 1 266 267 EuSu OCR
( 2.70 2.71
Boston Blue Clay (BBC) ~ Maine Organic Clay )
2113
Moh ~ Wang (1968)
CluC 8
n=80+5 SUG'c=
g/G’c 1 (Consolidation Stress)
0.285 G'c = 40-85
CA)GE/-DSS Rebounded
(Maximum Past Pressure) 5% &
2.65
SUG'\c OCR DSS OCR
Moh (1969) CAUC

(NC Clay) (Kc=061 £0.01) MIT
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a’\c = 16-60 - 0/G"c = 0.46-0.34

(Strength Ratios) CK0 - DSS CluC
(Natural Water
Content) 36-43 CAUC
Ladd, Moh  Gifford (1971) u
Field Vane (Triaxial Compression)
SHANSEP
CKJJ-DSS 2.65
(Maximum Past Pressure)
00 ( )
SHANSEP DSS Field Vane
() ulzS.D. 1M+S.D.
4 1.85 2.1 2.1
(1.5-2.5) £0.7 £0.8
8 2.6 2.15 2.1
s £0.85 £0.4
DSS
Field Vane
U (
o) o u
DSS  Field Vane
Bjerrum  (1972)
(1= 150%, Pl = 85%)
40
CK Consolidated <0 Je ¢C
OCR = 15 - 17 Secondary Compression

Quasi - Preconsolidation



CKOUC

CKO - DSS

Field Vane

CKOUE
Field Vane

(Strain Rate Effect)

M
0.70
041
0.40
0.59
047

94
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© Normally consolidated

@® Specimens reboun

ded from 20 TSM

m Specimens rebounded from 20 TSM
back to 2.5 TSM, then recompressed

25

e

=T

|

l

0 4 - 8 12 16 20
VERTICAL CONSOLIDATION STRESS &y » TSM
2.62 Undrained strength ~ Consolidation Stress CKdUDSS

e,
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N9l

SYMBOL 0 [

TEST No. 1 2A
VC 1TSM 20.0 10.0
crvm 1TSM 20.0 10.0
OCR 1.00 1.0

0

0 I !

2B 3 4

40.0 133 6.67

40.0 20.0 20.0
1.00 150 3.00

[
b
1.66
20.0
12.0

O O A etc. indicates max. T
W XX etc. indicates max. /&,

/_:‘:‘_TEN
- - y S \F
< /
| )
we /] /
Pid 7 7. T
'.a y /
’ i ! /
i / /
é u ¥ A
1 1 1 1 1
0.2 0.4 . 06 08 10
Gy /ym

2.63 Normalized Stress Path

CKOUDSS




1.0 e W
e g T P
/ T
o SYMBOL | OCR U:IC TEST No.
0.8 Vi —@— | 100 | 200 |
3 ~-=@-- | 150 | 1333 3
—a— {30 667 4
/ A —g=— | 6.0 333 5
—l
T 0.6 ¥ // OCR = 50\ \\
._'_‘. ..
\
04 |+/
! i ) == B— R Ve
/" OCR =15 "“ﬁ—._‘~
7 e B 1 e
i OCR = 10 N
0.2 ——

-08 ——m A
OCR=60
1 1 L 1 1 1 1 L o 1 1
o 8 16 24
- SHEAR STRAIN ¥, %
2.64 Normalized Stress Strain CKO - DSS

OCR=10, 1530 60




1.6 = =T T T
- S,/ T, from TIUC tesis where ! v
o —‘Q S: = g¢ {Moh and Wong, 1968} : !
i A%ﬁms
[~ —0—— 5, /5, trom TK,UDSS fesis i /
12 [ /
---@-—— S,/T,c from CKJUDSS tests on | /1
iz specimens recompressed from / o
OCR = 80 / /l
7 ciuc
1.0 ' g
&
. ; /\/ -
" A ;
~ / I
> i
w s !
;
i
! | ! 5 5 B
O'2I.O 2 4 6 8 10 15
OCR = a‘vm /EVC
2.65  drained strength Ratio  Overconsolidation Ratio

CKJJ-DSS

CIUC
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2000
1000 o
800 f
600 —
-
400
200
U’;’ 9 OCR=1.0
~ OCR= 15
=
Ll
100 OCR=3.0
80 '
B — N
60 SYMB8OL : OCR TSSOT iy \\ OCR=60
—o— i 10_[182 *s e
—wv— |30 4
—&— | 6.0 5
—~&--.RO | 6
“93 0.2 04 06 08 10
APPLIED SHEAR STRESS RATIO, Th/S,
2.66 Eusu Applied Shear Stress Ratio CKJJ - DSS

OCR=10 20
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VERTICAL STRAIN &, ,

20

25

SYM |TEST No. |Wy,%

) | 486

o] 2A | 522

A 28 -

10/ 3 52.3

A 4 51.9

v 5 54.1

o 6 58.3
L L= | | I | | E ol
05 2 5 10 20

2.68 Vertical strain

VERTICAL CONSOLIDATION STRESS &y¢ , TSM

Overconsolidation Ratio CKdJDSS
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fi2 .
—J— Average ond range from
- rebounded samples(Fig.3-7)

- —O—Samples recompressed /

i from an OCR =8

08

& o6
Toc Curve for
re bounded
= samples
| s
0.4 &
///\ Curve for
recompressed
somples
0.2F
1 1 ] ]
ol 2 4 6 8 10
ocCR = Zm/ %
2.70 Undrained strength Ratio Overconsolidation Ratio
CKO - DSS Boston Blue Clay Rebounded

Recompression
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271 EuUSu Overconsolidation Ratio CKOU - DSS

Maine Organic
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