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ABSTRACT

This research project studies the geotechnical properties of soft Bangkok Clay as follow: (i) small-
strain stiffness, (ii) non-linearity, and (iii) stiffness anisotropy. The results of this p‘roject can provide a
very important data for the understanding of the behavior of soft Bangkok Clay. Moreover, if the
constitutive is developed based on these data and implemented into the finite element analysis framework,

it will enable the deformation analysis of the geotechnical structures to be more accurately predicted.
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2.2 ﬂmaﬂuwansxﬂnm‘wqﬂmsu‘n small-strain

3 L = .

VBUANAAINATDU small-strain stiffness "U'ENﬂLIIﬂEJ?J']ﬂi)wﬂ?ﬂ']ﬂﬂﬁ‘ﬂﬂaE]\uL‘lJ‘U dynamic N1l
Y ' . A . A o ' R s/ Y
A79819 undisturbed 130 reconstituted clay, H38A 10819 reconstituted sand A8 IATNIWAIUAULLY
. . { o V. o ] R . aw
1sotropic M3naaouNen14A0 resonant column 138 bender element mgﬂu triaxial system 31U38N
A lAuermehlifladonanvedaiegnsenuA small-strain stiffness YOIAUFURBINUFLTITUNR
waz Inssadavesdy (wu VUIAYBIDYNIA, YUIANDE, ANNNUILLY) Lastse IAN19s3HINe (9
stress history, stress state, ageing, chemical processes) Hardin and Drevich (1972) & 5ﬂ£tﬂﬂﬂ%5&l¢h¢l"}

[ ) o W o w 1o a a P
i 3 ngu Ao dragun, drvgles, uaz liddn dwaasluasied 2-1

b
1
to
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M99 2.1 J93uRiinansenUAD shear modulus 1Az damping TMiU complete stress reversal.

(Hardin and Drnevich, 1972)

Importance to’

Factors Modulus

Clean sands Cohesive soils

Strain Amplitude \% A%

Effective Mean Principal Stress

< | <

Void Ratio

o

o)

Number of Cycles of Loading

Dégree of Saturation

Overconsolidation ratio

Effective Strength Envelope

Octahedral Shear Stress

Frequency of loading (above 0.1 Hz)R

Other Time Effects (Thixotropy)

Grain Characteristics, Size, Shape, Gradation, Mineralogy

Soil Structure

AR IR gmle | <

o = -2 =R B N - -

Volume Change Due to Shear Strain (for strains less than

0.5%)

* V means very important, L means less important and R means relatively unimportant except as it may affect another
parameters; U means relative importance is not clearly known at this time.

® Except for saturate clean sand where the number of cycles of loading is a less important parameter.

. Y a . "o .
Hardin (1978) llﬂ?dfﬂH’IWi]@ﬂﬁiJ small-strain UD4 clay 1A% sand HAZWUIIANT small-strain shear

F 4
=] 1@ Y v . . .
modulus 9UYUBYND current stress state (Tﬂﬂcl‘lfm mean effective stress), current void ratio, ULDE stress
!

. 2 Y ! : : : O-vm'l‘( ! .
history 499A14 (Iﬂﬂl‘lfﬂ’l overconsolidation ratio OCR (= ——h )) 871 small-strain shear modulus

v

Tunseeiuie ldasauns (2-1)

G _ SF(e)(ﬁ-J OCR* @.1)
pﬂ pﬂ

[N
|
(V)
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» ¥

Taen G A9 small-strain shear modulus, F(e) ﬁ@ﬁ’luﬂﬁﬁﬁuﬂéﬁﬂﬁi void ratio, p’ A9 mean
effective stress, p, A0 reference stress (VnlFAANUTUUTIENIA), S. 7 waz k foAndinldain
A1ITNAADY
1 @ d Y o oy ¥ Y o d‘ A o
ADWANUTUWUTAMYAVAUNIT (2-1) ﬂllﬂgﬂlﬁuﬂiﬂﬂﬁl'ﬁ]ﬂﬂu‘]LWE]E]'ﬁ‘U']EJNﬁﬂ']S‘VIﬂﬁE]\?
o v oo a d'! as @ ot v by P v Y o Y a
dmsuAuslaou anuduiusignauensdulduaaslumsed 222 Tudedaldes 1desue

fanansznuvesiledua1andongAnssu small-strain VoA
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.
ot 3/

A9 22 AIPINYDIAUNT small-strain modulus Tugilves

max_ __

1

Sf(e)(i] (G p' 102 p, Svriaeiiiu kPa) (Yimsiri and Soga, 2000)

pa a
Soil type Test method S fle) n Void ratio range reference
Sand:
. (2.174 —¢)’
Round-grain Ottawa Sand RC 690 BTV 0.5 0.3-0.8 Hardin and Richart (1963)
+e
: (2.973-¢)’ . _
Angular-grain crushed quartz RC 327 —1— 0.5 0.6-1.3 Hardin and Richart (1963)
+e
(2.17-¢)
Several sands RC 563 ——l— 0.4 0.6-0.9 Iwasakieral. (1978)
+e
(2.17-¢)
Reconstituted Toyoura Sand Cyclic TX 840 I 0.5 0.6-0.8 Kokusho (1980)
te
Several cohesionless and cohesive (0.3 +0.7¢* )ﬁl
RC 450-14000 0.5 N.A. Hardin and Blandford (1989)
soils
(2.27-¢)
Reconstituted Ticino Sand RC & TS 507 —1——— 0.43 0.6-0.9 Lo Presti et al (1993)
+e

2-5
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. L G Y -
A9 2-2 (cont.) A1AITAVBIANATT small-strain modulus Tugvey —mx — gf (e{fﬁj (Goae» D' MO p, fivvineidlu kPa) (Yimsiri and Soga, 2000)
pa a
Soil type Test method A F(e) n Void ratio range reference
Clay:
Reconstituted NC kaolin RC (2 973 — e)z
327 A e 0.5 0.5-1.5 Hardin and Black (1968)
I+e
Several undisturbed clays (NC (2 973 — e)Z
RC 327 A S 0.5 0.5-1.7 Hardin and Black (1968)
range) l+e
2
. . (2.973-¢)’
Reconstituted NC kaolin RC 450 —1— 0.5 1.1-1.3 Marcuson and Wahls (1972)
+e
, . (4.4-e)
Reconstituted NC bentonite RC 45 —1— ! 0.5 1.6-2.5 Marcuson and Wahls (1972)
+ e i
Several undisturbed silts and clays (2 973 — 6)2 '
RC 74-288 s 7 0.46-0.61 0.4-1.1 Kim and Novak (1981)
(NC range) I+e )
. (7.32-¢)
Undisturbed NC clay Cyclic TX 14 —1* 0.6 1.7-3.8 Kokusho et al. (1982)
+e

2-6
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M9 2-2 (cont.) MASTHYBITUMS small-strain modulus Tugives (;ﬂ =Sf (e{;ij (Growe» P' 102 p, Timrinediu kPa) (Yimsiri and Soga, 2000)
Soil type Test method A F(e) n Void ratio range reference
e’ (average

from

Six undisturbed Italian clays RC & BE 275-1174 0.40-0.58 0.6-1.8 Jamiolkowski et al. (1995)**
e ix=1.11t

1.43)
Several soft clays SCPT 500 e’ 0.5 i-S | Shibuya and Tanaka (1996)***
Several soft clays SPCT 1800-3000 (1+e)™ 0.5 1-6 Shibuya et al (1997)***

* RC: resonant column test
TX: triaxial test
TS: torsional shear test
BE: bender element test
SCPT: seismic cone test
*oE from anisotropic stress condition

KoKk [ '
use G, instead p

2-7
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2.2.1 Effective stress state

¥
= o a ' o J
ANHANTANEINU A stiffness ﬂlﬂiﬂu%’%uﬂgﬂ‘UﬂW mean effective stress N30 principal

effective stress 3111 2-2 1LAAIAIBYNVDIHANTZNUVOA stress level 71D shear stiffness VBIRUFIIAAII

(Coop and Jovicic, 1999).

gﬂﬁ 2-2 HONIZNUVOI stress level AOAT shear stiffness mmﬁmyﬁqu (Coop and Jovicic, 1999)

Dog’s Bay sand
decomposed granite [Korea)

Ham River sand

. -{3- oGrecnsand ygeconstituted;
—[3F - swate dust (Rampelio et al., 1995}
10000 E —F3— Thanetsand
3 —E— decompesed granite (Hong Kong) 3
; — - - Rankir ’ <
-
21000
= 3
v 3
% n
P -
%] 4
100 3
'0 |']II T 11""‘1[ L 4 l"ll'l'ﬁ "'17"]
100 1600 10000 160000
p' (kPa)
(a) sands
—_—— gunds
- === kuolin
— — Fucine clay (Rampello el al., 1895)
Londan clay (Rampello of al | 1595)
Bothkennar clay
10000 - Valleticca clay (Rampeiio et at., 1995)
3  —©— Noih Field clay (Rampello et al., 1995)
-3
- ~J}- Boom ciay
E. 1000
2 E
% .
£ n
U} -
100 3
3
10 le“' T T lll’lll T 1 llll'l' A T I1rrn|
100 1000 10000 100000
p' (KPa)

(b) sands and clays.
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AU (2-1) WAUYAANWAUUUY isotropic 8613 15 Roesler (1979) WUTIAT small-strain
stiffness ?Tuagiﬁu principal stress ﬁzmn@iwﬁu 1ae18%1171539 small-strain shear modulus 910 shear
wave velocity “luﬁaathﬁugﬂgﬂméfﬂ ﬁmmmmuqu principal effective stresse uAazoU 18 Roesler
(1979) WU1R1 shear modulus ﬁ]xe’ﬁ”uagiﬁ'u principal effective stresses “luﬁﬁﬁ shear wave 1AUN LA 14
frfoymadundoud Tmﬂ:'hiﬂdiuagiﬁuﬁw principal stress TUUMIRIRINAUTELIE msduwyild
gntudulasd3deraenunou (19U Yu and Richart, 1984; Stokoe et al., 1985, 1991)

d. A . d' = ) ﬂ' 1 Q
31 2-3 UAAIN shear wave velocity MAUN191U 3 Hemradaanu (V.

1] s=xy

Ve, WV _.)m

S—zX

1 ¥ ]
vertical effective stress (o)) VU IuumL N horizontal effective stress (o, uag 0';) UAIANN
é 1 1 é o a = 4 4
(Stokoe et al., 1995) ¥INUIA1 shear wave V,_ cmwnﬂmsmummaz‘nﬁmmmsmﬁﬂuﬁmmwmﬂ

Auluua out-of-plane direction 21N

i 4

g 23 misiffouniasAives shear wave velocity Tufirmia 3 Agniauanaisiunioldaninaau
Lf’]’mmu anisotropic (Stokoe et al., 1995)
4 ¥ o o S v ° @ . A ' . 3 ' ar
aumshadenuiuesiin ldiauedmsuy clastic wave 98U A1 P-wave velocity 3&UUDEYN

v v
effective stress TUNAMIMIAUMEITUAEAT131R 2-4 (Stokoe et al., 1995)
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g:; a’ 1 : . = =3 1 o v Y
24 maffenui/asaives P-wave velocity lufiemia 3 Aamauanarstiumeldanimanudy

U1 anisotropic (Stokoe et al., 1995)

2.2.2  Stress history
. . IS v A @ A Ada ' o . ~ R
stress history Q% current state Lﬂu‘ﬂ%fuUaﬂauﬁuwuwaqumﬁm stress-strain Y1 small strain

@ a ] 4
TﬂEJ‘Vl’J‘l‘lJ stress history i]zEl‘ﬁ‘IJ’lU@al"Jme overconsolidation ratio Hardin and Black (1969) leryonau
i L luaums 2-1) iNeRI5aIMANIENUVBY overconsolidaion ratio Tnsl¥nanisnaaenan

v

resonant column test AUAMIMTHHIAITAWYNIE TR dUMITHANIT0OTUIWFITUNIT (2-2)

f1 overconsolidation ratio (OCR) luauns (2-2) %zﬁmu“lugﬂmm mean effective stress,
! !
' < ' ] ) a g
R= p—j a81915finuA1 OCR nensaienlugy effective stress lunuane (OCR = —E)
P g,

Gmax =Sf(e{£) Rk (2.2)
Pq P

[’lumqmaﬁu%’mwamﬁmﬁau bender element 182 resonant column test 18 Jamiolkowski ef al.
(1994) 1eA971A1 overconsolidation ratio BINHANTZNUABDA small-strain modulus YDIAIDYIIAN
p=Y Y A a d' t . . =1 by by )
L'HUU'JﬂQﬁﬂ'IWﬂ'lilﬂ'ﬁWfﬂ'lim']ﬂTiL‘]JﬂEJ‘L!LL‘]Jﬁ\‘i“U?NﬂT void ratio 138U DULIA7D Naﬂ”ﬁ'ﬂﬂﬁ'ﬂ'ﬂiﬂﬂ
Tatsuoka and Shibuya (1991) 11812 Lo Presti (1994) udum overconsolidation ratio 1UMUHANTZNUAS

1 small-strain modulus D4 sand (vg‘hﬂ

2.2.3 Void ratio
) . a P S oA d a ) . i
711 elastic stiffness YDIAUITINUVIILDA A NUAUIHUN BV UK T DA void ratio AFAY gﬂ‘ﬂ 2-5

AR08 1B asui/aeai shear stiffness 1A void ratio VosAUFAAe e liamise

2-10
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Fouifivus shear stiffness 113a ldnnAuriaRatunmaummiudesy iorainield
" 9/
{@U® normalizing function F(e) #aayiluas1ei 2-2 a61915A01mA7 void ratio function Tiiluan

.. 2 a s a = o a o,: LY @
empirical HIAATIEHUITINNITINATDUH A YUALDSAUN RIS TUA mumzﬁ’mizummﬂumi

= :19} i J dy
N LA UUaIU
ov'=gh'=200kPa
200 _ e e = e e o e s . e s e e
190 1-',_.__"‘ e e et e e e e "Fﬁfdl‘ﬂ'&mﬂ‘iaﬂ (963
e e = Jarhiolkowski et al. (1991) |
180 L.---- e . R e Tz -mm-re Porovic (1885)— -
7€ i - S _— -
?f .
— 160 %
o H
g i
= 150 |
£ ! |
> i
9 a0 - ;
130 :
© ® RS (Ham Rivei Sand)
120 = X pKS (Duitkerke!saiia))
> :
! GB#10 (Glass Baliotini) 47
10§ +-gugrg- -
100 - e . . . e e e - f
0.6 0.65 07 0.75 0.8
Void ratio
{a) sotropic effective stress state
ov=316kPa, ch'=142kPa (p'=200kPa)
200 - - USSR R 4
{ i :
b . :
190 - e e T e e HErdinARIchart (1963)
: L e Jamiolkawski et al. (1991)
180 r - s s 2 TTEES T IT T Popovie {1996 - -
™
[« N
£
F
>
®

0.6 0.65 8.7 0.75 0.8
Void ratio

(b} anisotropic effective stress staie
d' Ll . . ) 1 e o o . . .
31]71 2-5  HANITTNUUVDINI void ratio ADAT shear stiffness @15 (a) isotropically consolidated sample

uay (b) anisotropically consolidated sample ¥84 HRS (Kuwano, 1999)
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azha"l'iﬁmumiﬁﬂy1ﬁa”amﬂmsmamuazmﬂ‘ﬂqyﬁ (Weiler, 1988; Houlsby and Wroth, 1991;
Viggiani, 1992; Rampello et al., 1994 11 1997) ﬂﬁmﬁguﬁwm small-strain shear modulus 494
overconsolidated clay meldaamanuduuuy 1sotropic Fﬂzsﬁl‘l‘l@g:ﬁ’ij current stress state, f11 state
variable, ItAZ A mean effective stress Tﬂﬂ'hii‘inﬂuﬁ’aaﬁmﬁmwh void ratio ﬁﬂ‘lfufh small-strain shear
stiffness mmm%a%mmﬂumﬁ‘fuaéﬁu 2 /1910 3 ﬁwﬁyF(e), p'uaz OCR Saviueums (2-2) a2
gailuldiluaums (2-3)

G _ S*[L) RE (2.3)
pa pa

i X X = ] [ ]
Taeinseanuie * e I¥iIiuANuuanddUm S, 1, uaz k

2.2.4  Stress ratio

Yu and Richart (1984) wudaums (2-1) ldeuisaldfunanmsnanesiiiian stress ratios
(T)=a/p") q&hligl} VINHANTINATDU resonant column test mwmnﬁa shearing stress 30 stress ratio U
iz 1WA shear modulus Sranas adhalsiauden stress ratio 1losn 1 2.5-3.0 HANTZNUVDY
11ABA1 shear modulus 927i0ENI1 10% uazawsafinsa Idhegluanunnianiouveinisnanss

11un15M191 shear modulus

3
=)

msfunuignuduniondslaod3sonaioniu Rampello et al. (1997) WA elastic shear
¥ ¥
modulus ¥94 reconstituted clay S INMINALTOU drained constant stress ratio test ﬁu%z"lmdiuagﬁum
v ¥ y
deviator stress ratio (7)=g/p") 91 elastic shear modulus LA E 0 20% 131991 deviator stress ratio
v 3
w10 0 lihilu 0.7 Wumenssiudn Pennington et al. (1997) wuhlunisneassuuiforsuiim
deviator stress ratio IINAADAN elastic shear modulus o uA Tu luuuueu
e o v a = 2L ar
1BAINH Rampello et al. (1997) dausaumsdmsuaumilodauilumsaauasonaunis

(2-3) awaas luannis (2-4)

G 2l

{2

pa pa

B Al ) 9 k4 . .
Taoh R,, ADAT stress ratio MO IATNINANVAULL amsotropic

2.2.5 Rate effect
ar £ & a A <! [ - ] P=N ~
8ns M IamandeuamsousuiiuiledonilfiiinansenudongAns suUIAY HANTINUYDA
BNINT IUSIADAN stiffness YDIAUMTTE 1ATINITANYIVINANITNARDY resonant column LA
2 v oA o P { o )
torsional shear ©39 triaxial (Stokoe et al., 1994) Huaa9IuNadR N5 IR URNTU T 1HA shear

a 4 o as Y . v =3
modulus mm’?uﬁmsumsmam resonant column TUEATHAIAUULL compression 2014 I5AMUKE
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manaaosueduluraOuARUTIEAIIM small-strain stiffness T3 a4RUSA3175 HU54 Shibuya et
al. (1995) ANYINANIZNUYDI shear strain rate #91 shear modulus INAIINATD cyclic torsional shear
test tazwudniionuive s anBounlaenn 0.005 i 0.1 Hz 170 liSiansenudes shear
modulus u%]ﬂi)’lﬂﬁyfhﬁ%‘]_l shear strain ‘ﬁlgﬂﬂ’h 2 % 10” A1 stiffness 2 1 ldTnansznunn shear strain
rate, type of loading, number of cycles, 102 cyclic prestraining

Teachavorasinskun et al. (2002) ﬁﬂynﬁmﬁuwaﬂs:wmm stress rate MDA stiffness YD soft
Bangkok Clay 31AN13MA004 cyclic (compression-extension) triaxial tests A1OATINTT THusatiowmlng
vertical stress rate éﬂﬁﬂ"lmﬂ 0.05 kPa/min 115 UM 1AL UL monotonic 881991 YD 1000
kPa/min F1m5uMs TS WU cyclic 081957 WANINANBIAAIIIAN secant Young’s modulus 7
VA sirain 1unana (g, = 0.02 - 0.2%) Wasuudasmuniswliounilasuesdasms s

7171 2-6 uarmansifAuitlasued elastic Young’s modulus ¥0a@uwTia1ei strain rate 19 i
aziftuen elastic stiffness iU MAUAUA1 strain rate (wamimamsﬁmﬁuﬁﬁqﬂhﬂ Lo Presti et

al., 1996 11a¢ Shibuya et al., 1996 @28)

B R B ERAALL: pa R
Ultrasonic wave
10°F ~ ]
- O g Q D}H 4 . s D"\ 3
- ard rock core . s
. B E § B - 8 i 0
L g M Y A
- ('&T..’:.‘%ﬁfif’@‘;ff;&i'fia U
| Concrete 1 \ 1
Monrtar Resonant-column
NE 10°F -
O F b
= s
2 [ : .
= — o0 Qoo DD‘/Sagamlhara soft rock (U)
48]
| Metramo silty sand (U)
\ OAP clay (U)
10°F & oD r
N ] 3° a= Wet Chiba gravel (D)
r— <4
o 0B o Saturated Toyoura
t © v o XX sand (U)
8 M é vgg G%}Air-dried
885 8 Hostun sand (D)
10’} > W = s N :
r N.C. Kaolin (CUTC) 1
PUVTIY SEUTIRS SEUTIIN SUUTINS RPUTH EPUTRT BRI BIPTTRN ST
10° 10* 107 10”7 10t 10° w0 100 100 10

Strain rate, E, (%/min)

gﬂ‘ﬁ 2-6 WOANIEZNUVD strain ratc AOM elastic normal stiffness (Tatsuoka et al.. 1997)
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2.2.6 Aging uay time effect

HANSENLYBIIAIAD stiffness TTNE MU clay 1182 sand AIANYITIUIUIINUTAINIAN
small-strain shear modulus %mﬁ'mﬁuﬁmamﬁﬂmwmmxﬁ’umﬁ (L‘Iflu Marcuson and Wahls, 1972; Afifi
and Richart, 1973; Seed, 1979 118z Daramola, 1980) mqwaﬁﬂu”lﬂ"lﬁﬁa creep, msmﬁauﬁﬂmeumﬂ
au, Lm:ﬂmﬁu*ﬁuﬂlm interlocking {@% cementation 91J9) @qmﬂﬁu

70 2-7 warmamsntAouutasvoa shear stiffness (G) FUNA1TENI oreep MOMINATOUR LAY
Dogs Bay sand ﬁﬁmmwmuﬁuﬁma: poorly graded It Jovicic and Coop (1997) gﬂﬁ 2-7(a)
UTAINANTSNUVDY ageing/creep TIMITUIZAY isotropic effective stress GI'NG]LLEW loading direction GiN“]
HAN1SNATBUITYN normalized AIWA1 G (éuﬁuﬁmmqus‘f HAMINANDULTAITINNTENUZLINT

sRUANIA AL T AT RSO shear stiffness TUES 15% Tuszezina1 3 3 Jovicic and Coop

(1997) DTN IRUI DA stiffness (a3t 2-70) »Tﬂaﬁé”ménﬁuagmﬂiﬁ'ﬂﬁ loading U0
unloading LY isotropic) ¥19101/5ANYATAN ageing iesnnszn ity lis creep (IW312 volumetric

1 o
strain iA11nAgud)

1-20 ~
115 500kPa
=)
it
- 1900 kPa
= 1-10 A
(\DQ /
6] e
—— a?8 2900kPa
1-00 L A2 m e e i —
1 10 100 1000
Time: min
{a) Influence of confining stress
1-20 ~
First loading
1-15
)
ft
% 1410 -
— A
1-05 Unloadmg/m)
— Reloading
100 YT Y T YT T YT [ e m |
1 10 100 1000
Time: min

(b} Influence of current loading direction

gﬂ‘t'dl 2-7 WONTSNUUDAUINT (creep) A9 shear stiffness VOIAIDH19AU calcareous sand

(Jovicic and Coop. 1997)
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227  ¥HAYDIAY

M3ITIVIINVB normalized shear modulus degradation curve mmﬁuﬁhdquﬁmﬂlugﬂﬁ 2-8
b4 v
(Kokusho, 1987) 151 modulus degradation U89 gravel 3$51UN 21D sand UAZ clay NISATIIARDY
4 A 4 < = . - .
Tumevuile confining pressure windunazily 1y 1dans degradation curve 91 confining pressure ¢4

WIN1INABGUBNUAUNUAATUFIUT 2-8 (Laird and Stokoe, 1993)

15 Ratio G/ (..,

2y, 100 WP

=

g‘ﬂﬁ 2-8 Normalized shear modulus degradation curves YDIAUT AN (Kokusho, 1987)

2.2.8 Recent stress history (immediate stress path)

71 small-strain stiffness Y03AUIUAUULAI1A resent stress history MsiAoumtlaaves
NFN19YD4 stress path H303zEzIMNNgRaghan mANuAuin s linansENUDI1aNINAD stiffness
NUNAY

Atkinson, Richardson and Stallebrass (1990) finyuReIRUNANIENUVBINSIU Ao UL aaTiem g
Y01 stress path A0 stiffness Y09 overconsolidated soil NMINARBINIAY London Clay Taon1snagou

3
drained constant effective mean stress ( p') 10 constant deviatoric stress ( q) HAZTININITNARBIUNL
) b4 . » v [ 1
= = Qs a Y Y 1 [ =1
Auriinduqdis minadeuimuasuIINEMANIAUNIMTOURLIAMSTUT stress path 1T
3 ¥
Y o 3 1 s [ . 1 ]
AMWATBAUISUAUTAAY WONITNANDILAATI recent stress history THANSZNUDIINNAS
WOAN3 U stress-strain TUNWHAY HANTZNUVBINANIIVGA stress path #DFN stiffness degradation curve
by ~ 2 Y . . A o 2R Y :j o
"lmmm“lugﬂw 2-9 39214 stiffness degradation curves NANNAUINULNINTNATDUNIHUASATSNIN
= o t:. 3 dy d‘ ar ’ a o . 1 as 4 &
stress path {A8INU (@g‘ﬂ‘l’l 2-9(a)) NUIUDINNAIBYNAUY stress path history ANAUNDUNITRNINDU
[ b4 )
(40, BO, CO uag DO) UagWOANIIUTN stiffer 3ZIAATUILDAANIIVO stress path HoUNTL

(D0 X) (317 2-9())
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g‘ﬂﬁ 2-9 HONISNUUDI recent stress history Ao stiffness degradation; (a) stress paths 182 (b) stiffness

degradation Y99 OX stress path (Atkinson et al., 1990)

2.3 Anisotropy

LﬁmmnﬁuLﬁﬂmﬂmmﬂmﬂaumﬂﬁ'maTﬁ’ud’nﬁaifuaqmﬂﬁui]::f%'mﬁmmu anisotropic
HASAUIZUNYANTSULUUL anisotropic ﬁaﬁwqaﬂisufuﬁuﬁﬁmwm stress V139 strain HN329
‘Wi]aﬂi 34 anisotropic 101309511018 inherent LAY stress induced ‘anﬂiiil inherent anisotropy e
VINHATDINTEUIUMITNLOUUDL AN UL UDIDYN AR Giamﬂifumsﬂ‘izmam‘iﬁaaﬁwmwmﬂﬁu
SEHTNMS consolidation M50 stress process %u‘] 1271 171Aa stress induced anisotropy Tuanumiluasa
ﬁu%zgﬂﬂi:%Tﬂw‘?\mmﬂizmumsw%’emﬁu%aﬁﬂﬂh initial anisotropy

mﬁﬂ"ﬁmmTﬂiaﬁ'i"nmﬁmﬂimﬂgﬁmmﬁmﬁﬂﬁumﬂmigmﬁau”lu mode A19°)f1U 910
msAnBIINIBHAAITIAIMSfuIs Ui ouiSn Ao compression mode a3 aliA AR A lAY
extension mode BE19IIN AIUUANA LTSN INATINIRY (1Y NIV principal stress LA
YUIAYDY intermediate principal stress) UNAADNHANTTUUVDIAY wenmnfimsndsunasirmaves

[ ¥
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major principal stress (udatodiag lunwi Iy davesInssadedumn daiumsesniuy
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Tassardumadmnssudgi (9 grusin, auyadn, fudv) R CTIATT TR AT WA
the principal stress axes 1ua1u3§'&5ﬁ1ﬂﬁﬁﬂmNaﬂszmmmmsmumm principal stress direction
HaSUYUIRYDY intermediate principal stress ‘UifN‘Wf]a 1334 stress-strain, pore pressure, 0% strength
characteristics Y84 Bangkok Clay 31wagidvavesminaassludenlfianisuaznanisneacelduans

luuni 5 uaz 6

P = ) P

= a o o
1ums?{nqumﬂim anisotropic VOIAUTUYUN mmumsawamimammmmmmuqu
a . . qs/’ ' ;Y aw dy 4 A <] . .
VUUAENANIIVDI principal stresse 119 3 ala Tuam39oti191n5 0980 torsional shear hollow cylinder

ivedny (rade 2.3.6)

23.1 Inherent anisotropy

WOANT TN inherent anisotropy Y1DINTFTUWIANT anisotropic YDIRUIIDINNIINATZVINAIS Y

o a R = a . . .
DUASDNHUSUYDIBDUNAAY Vaid et.al (1995) ANYINGANTTY inherent anisotropic Y94 Syncrude sand
Taonisnagoy simple shear test (NGI type) 1l0¢ torsional shear hollow cylinder test FBIAULYY
reconstituded Qﬂm%'UNIﬂU%%ﬂﬁLLU‘UGiN"]ﬁ@"S% moist taming D water pluviation HAZ/MS0 air
pluviation HANIINANBILAAIINGANT TUNUANA AU DINTOUAIBE19AEITNA1NY 55 moist

. ] a P . ~ aa | L. 1 a A B daa

tamping 1AWQANTINN soft uag brittle AgA 37 air pluviation 1HWANTTUR brittle Tooas luvaeiss

o s Y a . . @ ~
water pluviation 114‘W€]Glﬂ§'i YLD strain hardening ﬂﬂuﬁﬂﬂugﬂ‘ﬂ 2-10

0. = 200 kPa o
Fines confent = 12 %

ir Ptuvicted
N 0768

20 ~

Shear Stress T, (kPa)
§

Molst Tomped
s, = 0.767

0 T T
0 3 10 18

Shgcr Straln v, (%)

210 mevesSEmsmSoudiedafuRonan15nAaDY undrained simple shear U949 Syncrude

sand (Vaid et al., 1995)
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HANIZNUYDA soil fabric @B small-strain stiffness UYBIAIDY WALV reconstituted Y849 London
Clay specimen "lﬁ'uﬁmﬁlug U7l 2-11 Faurarasei small-strain stiffness Tufiemien1ee (G, ,G,, and
Gy) ma“lﬁ’ﬁnmmmxﬁmﬁmﬁ'u (Jovicic and Coop, 1998) NANINARDILEAIIITINT confining
pressure Hﬁmifum G,, wunnim G, ~ G, Sauuaed stiffness Tunameunnn

9 ¥
UUIALD9910 soil fabric

®

" ¥

N

%S!

gﬂﬁ 2-11 quﬂiill stiffness anisotropy U®4 undisturbed London Clay MelATAINANUIAUIDY

isotropic (Jovicic and Coop, 1998)

HaMINARBILAAII clay MulAammaluAuuLY isotropic 32iim1 G,, wnate G,
Uszina 50% Fuaasdangingsy inherent anisotropic Lﬁ"ﬂ@mﬂﬂﬁéfﬂﬁmﬁwmaqmﬂﬁumﬁfn
(Pennington et al., 1997; Jovicic and Coop, 1998)

Yamiolkowski et al. (1995) 21318n31671Y84 shear wave velocity TutuaueudsuuIRanINKANTS

neouluauvawaaslunisisi 2-3
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v ¥
= Qr ] 1 o
MITNN2-3  DATITIUVDY shear wave velocity IUHUINBUADLUIRIDINHANIITNADY ILaL1Y

(Jamiolkowski et al., 1995)

Site Soil type Vi 1V References
Montalto di Castro Silty sand and silty clay 1.00-1.10 Jamiolkowski and Lo
(Italy) strata Presti (1994)
S.Francisco-Oakland Sand and gravel 0.88-1.10 Mitchell et al. (1994)
Bay Bridge Toll Plaza
Alameda Bay Farm Sand with fines 0.85-1.04 Mitchell et al. (1994)
Island (Dike)
Alameda Bay Farm Sand and clay strata 0.86-1.16 Mitchell et al. (1994)
Island (South Loop
Road)
Port of Richmond Sandy clay, silty clay, 0.93-1.12 Mitchell et al. (1994)
(Hall Avenue) and clay strata
Port of Richmond Sandy clay, silty clay, 0.93-1.08 Mitchell et al. (1994)
(POR2) and clay strata
Port of Richmond Poorly graded sand 0.82-1.00 Mitchell et al. (1994)
(POO7T)
Pence Ranch Idaho Silty sand and gravel to 0.85-1.03 Andrus (1994)
sandy gravel
Anderson Bar Idaho Sandy gravel from loose 0.85-1-15 Andrus (1994)
to medium dense
Larter Ranch Idaho Silty sand to sandy gravel 0.85-1.20 Andrus (1994)
Gilroy No.2 Treasure Quaternary Alluvium 0.91-1.14 Fuhriman (1993)
Island Bay Mud 0.90-1.11
Site A Bolson fill 0.75-1.41 Stokoe et al. (1992)
Site B Fort Honkock 0.57-1.08 Nasir (1992)

(Texas)

2.3.2  Stress induced anisotropy

=S . R 3 a . 4 $ .
WOANTIY stress induced anisotropy 1JUNWYANTIN anisotropy 111999IAM 1 AU BIUB4 soil

fabric AAAINTNINANVAUL anisotropic
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Wong and Arthur (1985) ANHINANTENUVDINEANT TN anisotropy ¥ dense Leighton Buzzard
¥y A F= | . . 9 A 1 :’ a 1 a - an
sand Tnu191n504ile directional shear cell Moldmsiounuuhiszineir MeteAugaasonTauis
pluviation Tae 1NN AN3 5% inherent anisotropy JHszWILMUIUDY (3% 2-12) sz IIMIRBUM
H b4 v 4
0, 99nAIUANN b= 0.4 ANYUVDA stress path Tz NIMIROUT 2 Tuasu Tuduaou A Wi
ar ] a 2 d' 1 . . 7/ / d' o sy . . .
mamaﬂngﬂmau"lﬂmm effective stress ratio (0 /O ',) NMVIUA (Iagfia major principal stress
[ :,‘ < [y A :/’ 3 a ' a
direction = ¥/,) uagMaIINIUA unload ndv 117 0 /0 =1 Tuduseu B iuded1adiuILgn reload
A £ 1 ;’,’ o £

Taoiia1 major principal stress direction = I/, ¥IANANIINUVDIVUADU A Taofmruald Al//=0° uag

70° (A=Y -1/,) (8317 2-12) Tudunou A 2217 axial strain AOUNS unload

Farsampes

GG N

,/y ta

theranlly i
anisonopc E
sample Y ¥

L

JiN 2-12 M9BueveIRIBY19A, stress path, LAZTUINUDINGTTA anisotropy TUMINATOU DSC

(Wong and Arthur, 1985)

, 2 ' .
JUN 2-13 UAAINANITNATOUFIUTAINANTZNVVDY induced anisotropy 9 stiffhess DY

Q

. i Qs d?l (5 a P o :ll £ g v a R &
dilatancy 'l’)ﬂ"l\i‘]fﬂﬁ)uIﬂﬂﬂlﬂ@gﬂﬂﬂ?ﬁ“ﬂiUﬂ‘i’lﬂiz‘ﬂﬂu‘l]uﬂ’é)u A FUYUFINITIAA anisotropy U8
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g‘l.]ﬁ 2-13 wqﬁmsu stress-strain UB4 dense sand N3 ‘W’L']Glﬂiill anisotropic (Wong and Arthur, 1985)
233 msiszgnaldnadifeadiy anisotropy
=Y . . 3 a g =~ =S 9 a = a
MITNYUVYBINANIIVBA principal stress AAYLEINUAG U s sdemedmanssudlgh g1 2-
14 LAY contour maamwyummﬁﬁma principal stress mmﬁuﬁuﬁgﬂa?wwu overconsolidated
£ o o ey . . . . Py s ' oog Y
clay¥43n51£1 187D non-linear isotropic finite element (Yeats, 1983) WA A 1sHiandiinle
¥ . ¥ )
center line ﬁlaaﬂuﬂuuuﬂuﬂzgﬂm:ﬁﬂﬂﬂmimuﬁumm axial stress °lummsai’ﬁmuﬁgﬁ'wmmﬂ
a o ¥ [y . £ = ) o ' a
AUZYNNIEINAI8ANUALTUAAIN unloading Feanusomu idnnmsufeundawesdwosd
o @ a . . . o3 = d a 4
NIZMINULUIAIVOL major principal stress 910 0° 11Tl 90° 91nwanisinsied I lusediug Ing

b

Hight and Higgins (1994) 1119 Jardine (1994) WS@ﬂmi!aUQﬁ’J‘UEN principal stress 11‘10114‘1;@1713‘?!?315‘1‘!

b4 4
< e A o :& s '
muﬁﬂﬂusﬂw 2-15 iﬂﬁlZ’lE‘l%}%%b mutignas1aluan Thames Gravel (X, = 0.5) 1199499196308
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3
VUFUAUNUTIYDN overconsolidated London Clay (K, = 2) é"’aﬁaﬁowmmwmmiwyumm principal

' ) o 09. & & =
stress BYITHIN 30~ 1D 90 G1“»&‘ftf‘uﬁ;l‘l.lL'Vi“LlEJ’.)

Gravel \NF T T excaarion anp

K,305 . PROPPED WALL N
l‘ 0 be—Prop LONDON CLAY
%" 15m
Prop LONG TERM
London cia
K, =20

o y = = Hq v
g 214 1du contour veafimeves o, IuuSnailndsyalu gravel 1az London Clay

(Jardine, 1994)

10 m

1o

G} a=0° G\ o0 G a=r

Ty O, G H .
BN . T WO I before construction
i ’ -

.
P R il T T .
v

afier coastruction

311 2-15  1&u contour ¥DIRANIIUDS major principal stress IARUAUIUFUAUMTEISBUDINMS

Py " o )
2UN3I1LY 1AY non-linear numerical analysis (Yeats, 1983)




TumalgignmsTinnzilymmadnnssulsiezauyanauinganssy isotropic Tums
ﬁfnﬁmmamwmmmiauyaﬁyZdravkovic et al. (2001a) IAANYINANTZNUUBINGANTTY
anisotropic ABWANIINVDIAUAUDUAUMTE Taevhnslns e W ludoAuaalonuniaesau
1 isotropic (Modified Cam-Clay) 148 anisotropic (MIT-E3) wenvIniiwansd it 185l
wieudeufudeyann full-scale test voafuAuAnagouILITAFI31091 100 La Rochelle er al.

UNA 2 no¥uazauIteiineI o
|

" v o & o |

(1974) uaz Tavenas et al. (1974) junIswuazgdavesruauilnaalugili 2-16 ‘

«

;.30.5m

LiR23

e R6 i Ry |1
g ' : ' : ;
o . le—1 a)

e Settlement gauges
= Horizontal markers

AW
7.6m

Cross-scction A-A

gﬂﬁ 2-16 (a) gﬂuu’mu 1ag (b) gﬂﬁmm Saint-alban test embankment (Zdravkovic et al., 2001a)

4 4 % { @ o J Y o . 9 J
i 2-14 namamsndous Tuuwanufivhvesiudiu TasmnsiadeudIg.normalized A6
& o = 9 Ao o a wva dyd [ a o
ﬂ']il,ﬂﬁfluﬂ'ﬂuuu'Jﬁ'I‘UﬂJTﬂq@ﬂﬂﬁ‘&;’il'lmllﬂﬂﬂu‘ﬂﬂUQH"I]Z’/JUC‘] g‘].’utluﬂu'ﬂﬂﬁﬂ’liﬁlﬂiWZﬂiﬂﬂ
o . . P v 1 @ a {o wada o o a
HUVIIADILUUY anisotropic 1ﬁﬂﬁﬁﬂﬂ31 ﬂTﬂTlqu\‘]‘ll'E]\iﬂuﬂ‘Uﬁ’J‘Uﬂﬁ")lﬂS'ISSYIIﬂfJLL‘IJ‘}J%'IﬁENﬂHH‘IJU
anisotropic agnamInagoU IuauIATIAUN 3.9 AT MINATILHAIAsTTMS VLDV 04
anisotropic Gl‘lsfli’llma{a undrained shear strength 91NN NATDY direct simple shear (DSS) Y triaxial
o a ' a o @ @ a ¢ o
compression/extension NUAIDYIIAUN isotropically consolidated Tunsnaunumsiasizviaauls
TMIVUVVIIR09 isotropic cl‘ff}‘fllﬂyla undrained triaxial compression strength uaﬁmﬁzwﬂlﬁ’mmmqa
v a Ao wad‘ A U ) a Aa N Y a 4’]
PDNAUAUNIUAN 4.9 1UNT (KD 1 L?JG]TL;Nﬂ'J'Iﬂﬁ]iQ) LWG{}WﬁW?LﬂTﬂWllﬂﬂ']lﬂﬂlﬂu‘llllu@\‘liﬂﬂ'lﬂﬂTi

1BeuuaaNANI19UD major principal stress MUTLUIVATITA

2-23




unit 2 mguguaganiveiinede

—
W

— MIT
------ MCC-TXC
— —-MCC - 1.25xDSS

e
i

IE

0 0.5 1 1.5 2 25 3 35 4 4.5
Embankment height (m)

<

Normalised horizontal displacement, u/u,,,

wn

4 v oa ia wa a o )
1 217 manfSeufouanugeuesfuauiniiinnnsIins e iiuueen (Zdravkovic et al., 2001a)

234 UENURIM QL MAL b
1 dy o a ~ A o o 9 a ) I~ )
"UU'Iﬂ"U?)\?ﬁ'JUﬂ'5$ﬂE]'1J“U'O\‘1 stress vector YUBYNUNFANWNADNT NI VUNUD DY @Eﬂ\iulﬁﬂ@nllﬂ'l
v F4 ¥
=Y 12 v oA a [
principal stress 3R 1Az VLIAAIT VLA URANIYRILNUS19BY Aetiuan mveInILIAY

mmma%mm’ha stress tensor AYAUATT (2-5)

O—: T:y T:\
I,=\t, o, 7, (2.5)
T o

a s 9 [ q’/’ Y a
vnnswYsananwangadazld 7 -7, 7.=-7 uar 7.=-7. dniuSedesmdunlstasy 6

o qy a ' a I B yw s a
mtﬁaummmml’nmé’fummﬂamumuwum u’@ﬂi]TﬂﬁENﬁ'lﬂJ"IiﬂEJ\?ﬁ']ﬂJ']'iﬂUU'lﬂJﬁﬂ']Wﬂ'ﬂiﬂfsl’u

E v
b3 [ a R R @ v R .
AWNINMUUAVUIRUASNANINYDI principal stress NIHUA i)"lﬂg‘ﬂﬁ 2-18 UHANNIYUYD principal stress

14
Wy (a, fuaz p)

oo 0 0
T' =0 o, 0 (2.6)
0 0 o
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(2) Independent stress components (b) Major principal stresses

4 1 . P o a o 1 q’;’ .
s 2-18  duilsznolwesanuiduiinseyhuueamudiau () aaudszneuvianua (b) major

principal stress

) ¥ F 4

Tuaawn Tdmedennssudgitumsiuouvesduaziasulusiamauss 1usleeslan
as g 2 ! r{l/l Y O o Y . a0 .
ANUU]IMANTU LANNYN = ,B= Y=0" @171 normally consolidated clay 9%3If1 vertical stress

¥
V1NN horizontal stress AU O=0,ua¢ 0,=0,=0,<0, Tumsassdnudmsy heavily-
o s

overconsolidated clay 314 0> 0, G,-0,=0, uaz =0, TumMspBUI0YUIAUD intermediate
principal stress ‘ﬂ%al‘lgf}ﬁ")uﬂi intermediate principal stress parameter (b ) AIEUNS (2-7) (Bishop, 1966)

r !
_9,70;

b (2-7)

o) — 0y
A = Y Y % 1 d’l 91 ' O o r
weebeanmANMANA IR s matiez 1a a1 b=0 ey =0° §113V normally-
consolidated clay 44031 b=1 10 (¢=90° d1M3U over-consolidated clay M3 UAMWANUALLLY

plane strain 92iA 5=0.3-0.5

= a a
235  HaMIANMINANIENUVBI OL KT b ABVGANITNVBIAY
aw o a d ' R a 4 XY
NNHAUITYN IARNUNITALI shear strength UAZ stiffness YDIAUATUBYALVUIAYDS
3 y a2 o
intermediate principal stress (cmaﬁmﬂﬁ"wmulli b) HAZYUDYINVUUIAIYDY major principal stress
& a ar . a ) a o :
@somededus @ Tulassadamedmnssulgiidmannauszganszidvanmanudud
v b4

Fudoulaoh Q0 uaz 670 uoz =1 anmanudunuyil lisunsosnesldTasmsnagenly
woslrianisialal

A - ~ @ a . a - 1 v A =] 3 ]

UMSANEIININBINEINUNGANISY anisotropy VBIAUTHAAIe TasHinToailon1ae 15w

) 14
. 1 < v
triaxial, simple shear, directional shear cell, true triaxial, i8¢ plane strain 2619 IsAA RS adiomar il




Unn 2 nuHuazuIseiine o

v
Y o w A

J s = a . a 4 ’ o a { LY
Yoi1nanuana 9L lunIsANYINGANTSN anisotropy ¥89AY n50silodumniidefiafetums
auquiAmatazInaveIn Ay IdediBeszuagifediy stress/strain non-uniformity #ieanm
¥ 8 k4

Msszed s1eazidsevoIiatetiienanediazidoaiuluiite 2.3.7

v 9 g 1 = aw o @ = s a 3 Q.qw P Y

Tuadetiaznandenuituneadumg@ng sy anisotropic vosau TaowunuSsaRotanin

¥ v [ v

liszinmiungszsnanhuewsdauigassi lavanmanuduiifirmied a9 99 major

principal stress axis () uazﬁmumﬁhaqmm intermediate principal stress (b)

2.3.5.1 HANITNUVOS O
) ammszIngh

Symes (1983) 1417 15ANYINAYDA initial anisotropy TAENISNATBY torsional shear FUIRI9E13
AU medium-loose Ham River sand (HRS) 341301189633 water pluviation e ldmsideuuuusz e
éf’)’é]ﬁhﬂa‘ugﬂ isotropically consolidated Vl‘ﬂ‘ﬁm mean effective stress (p 1WA 200 kPa itaz i back
pressure 1111 400 kPa 1o 1¥ifim saturation B NTNYIel fvg1IAuIzgRIRBUAIAY LAz b 199
Lﬁaﬁﬂmwaﬂswmquﬁmm anisotropy moldannzszuionh manududousmiudusti
monotonic IUN5EMITTAULY stress-controlled TuvaIZTiFN p=600 kPa Laze b TA1AT LUBBIVDA
major principal stress AoLAURWZIURsUIIa93EM 13 0° LAz 90°

591 2-19 ‘Wﬁﬂﬁ?ﬁ stress ratio (O'/,/((3) AU octahedral shear strain (€oct) MINMINATDU HCA

Q

ﬁ 191 b=0.5 uaza1 oL ’E]EJE“"H’J'N 0 iag 90° f1 Eoct ALY

2 \/ 2 2 2 S =
—ﬁ (5,-&) +(s,-¢,) +(g,—&) wanInAaDUEAIIIM stiffness VoIALIZAAN

] ) 14 1 ¥ » " 4
o1 aWinAL WRnssy volumetric compression 3t LD QIRNTY A1 ultimate stress ratio 3
: ' 4 a . o 2 4 <
AARIDININILONANINYDI major principal stress M1 l/vnuuaAe 317 2-20 uansmsi/aouulag
YD drained strength “‘fomﬁﬂﬂﬂﬂm friction angle V] maximum stress ratio (¢ veat) Taonaasnmm ¢ ek

%“ﬁﬂﬂ\iﬂﬂ’l\?lﬂﬂm@ aﬂllui]'lﬂ 0° thJu 90 ‘Ll’t)ﬂinﬂuuu’JI‘HNLUJUL@U’JﬂuﬂWUﬁ'l‘HSUﬂW b=0,

0.14unz 1 ﬂ\il!il'ﬂﬂﬂﬂi%‘ﬂ‘ﬂiﬂﬂﬁ:ﬂi]%Lﬂﬂ"UuLll’t) b=0.5
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Octahedral shear strain

. & a¢t (%)

gﬂﬁ 2-19 11 stress ratio U octahedral shear strain MNMINAADU HCA 11U isotropically

consolidated medium-loosec HRS ma‘lé’ﬂmﬁauunmgmaﬁvﬁ b=0.5 (Symes, 1983)

4 'peak ()

20 40

()

A0

gﬂﬁ 2-20 M (b'pcak G peak stress ratio 91NN1INATOU HCA N1 isotropically consolidated HRS

Yoy
MoldmsiRounuusT U0 5=0.5 (Symes, 1983)

Wong and Arthur (1985) ﬁmmﬁauﬁaaénﬁuuﬁwm dense Leighton Buzzard sand Taeld
directional shear cell (DSC) h1f11 b NAIN (b=0.4) uazm‘uquﬁﬁmwm major principal stress NUNANIG

- o]} (o] QO w I o t ny = 4 =Y d'
VBINITNUDY 5=0 , 707 1ng 90 mamaﬂummugmmaumamiTﬁaﬂumﬁlmmumamm‘um
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a A’ Ya A o v a Y v 9 [ P
Lﬂuwsﬁytwaiﬁﬂﬂmwmﬂmnau'vmgummﬁ‘mamadm'munu'lﬂmmmmsﬂmﬁm“lugﬂw 2-12
3 strain-strain 1INMsNATOY 3 AIDH19NATNTNIVD bedding plane 7199 (O= 0°, 70° 1AL 90°)

9 a 1 o @ @ A :‘ £ v . . / /
"lmmm“lugﬂm 2-13 AMMAITUUTIRDUUV VIS UNYUIFIAULTAINIY maximum stress ratio (G /O j) Ik
A 1 a R R . 7’ =) 3 [ R v
Lﬂaaublﬂmmgu 0 FTNINNAN1IVD major principal stress (0 ) UDZNAAININND bedding plane A1

] » ¥ v 1 [
stiffness 3zaRRULIRMIYY O 1N AW friction angle F31TA (@) aaaufiov 5° lemyu & nlfey
J N : s
111 0° TU# 6=70~90° wamsnaaesiinsafuHANINARBIVDS Symes (1983)

Oda et al. (1978) 1M INADBINY Toyoura Sand 1UIATDI3D plane strain Mel@NTRoULLY
521 MINAABINTAILAULUYBY major principal stress FULUIRT O TENI19 0° Lag 90° (aoyy
§1umsmammﬂdﬂnmﬂmuuu ¢ lunsfinu1ues Symes (1983) 1102 Wong and Arthur (1985) 11l
fail CZ=90-5) ﬁ’J’t)EJNauQﬂ isotropically consolidated hl‘l]‘ﬁ mean pressures L‘Vhﬁ"lj 50, 100, 200 t1ag
400 kPa uazieu Tasmstua A A Ada luvaziinugua o/, Wasiuazaugue
o, 1d0019liwg@nssu plane strain (5~0.2~0.3)

a I

WHANTTY stress-strain IINNTTWDINYDY deviator stress (O /,-O' ,) 108 major principal strain (€,)
0w a s g Y a 4 Y g a .
dmsumsieui 0 7=200 kPa ldumaalugd 221 Fawansliifiuwgfnssy stress-strain 12 softer
A : 4 4 ' o4 . A& Ay
oA O ana (A1 QIANTU) M1 stress ratio T peak deviator stress 92 0ARETBA1 O anaslaviinloy

A ~. dy ' . . = = R kY A&
qaile 0=24° uenIniin1 volumetric strains (¥ Tug1l) asfiwgfAnssy dilatant Yovauilon 6 anas

9 a o A A . Y] ~ @ ¥ A
LLu']quLL'U‘lJLﬂEJ'Jﬂuu‘U@QWf]ﬁﬂiﬁll stress-strain ﬂi];‘i‘lﬂ"l]'mﬂ']‘i"ﬂﬂﬂ@\‘l‘ﬂﬁ%ﬂﬂﬂ'ﬂlﬂﬂuﬂu‘]

Cy (kg/cmz)

S 3 3
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= a . . . . .
31]71 2-21  WHANTIY stress-strain IINNTNAND plane strain VB4 isotropically consolidated dense

Toyoura sand (Oda et al.. 1978)
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WOANUINGAYDY ¢;A Yss11a1 6°-7° wamsnaavsiiuana1eaInfisieay lny Symes (1983) uag

] < o A = o . . . .
Wong and Arthur (1985) atm"liﬂmmﬁnﬂﬁuqmmmimam drained plane stain, true triaxial, 110
Qs o o v A

torsional shear NU Toyoura sand ﬂ"lﬁ"wqmﬂsi U stress-strain U0 strength ﬂé’wﬂumwamim Oda et al.

(1978) (Tatsuoka et al.,1986; Lam and Tatsuoka, 1988a; Miura et al.,1986)
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gﬂﬁ 2-22 Wf]aﬂiill anisotropy Y94 mobilised (1)’ # peak 31NNITNAADA plane strain NV isotropically

v 14 F4
S o w 9 o £ 1 a . v KX o a a [} a =1
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Lé‘m’:’aﬂw?mﬁmu (Menkiti, 1995; Porovic, 1995; Hight et al., 1997)
i) anwhiszuei
Shibuya (1985) ?iﬂquﬁﬂﬁsmm undrained shear strength 499 water pluviated loose Ham River

sand (HRS) N1y 6199 1non15nAad hollow cylinder A19819AUILYN isotropically consolidated

i . Yy
111 effective mean stress p £200 kPa tlazif oui stress-controlled Iﬂﬂﬂ’J‘UﬂMl‘HN total mean

stress, p HA1AININAD 600 kPa n1smAnBInTziIfie cuay b e




o =t Qo A 4
Unm 2 NyHuazaIuIgningIves

317 223 uamsmmaduey (Howlas g=(0" -0",)/2) 1) octahedral shear strain (. ) n1018
maiouiiiian 5=0 uaziia 32w 0° uag 90° WOANTIY stress-strain % softer 1A ductile i1aF
Qi wqﬁﬂsmﬁyﬁmmﬁaﬁdmm'lﬁmﬂ effective stress path uﬁﬂﬂugﬂﬁ 2-24 uazvzdunaiy
9199 phase transformation %z&ﬁﬂ%’waw%mﬂ"lﬂxf]aﬁmﬁmgummﬁﬂmwm major principal stress
ﬂmﬂﬁlauuﬂawaa undrained shear strength, s, (1167W717® maximum shear stress mobilized Tuvouivn
contractant) LA Oz'lﬁ’uﬁm“lugmﬁﬂmmgﬂ 2-24 M s, Vl{?{gﬂ normalized 1ABA1 mean effective stress
ROUMSIROU (p /=200 kPa) A1 undrained strength anAsOEILINGIBAT C WABLIN 0° Talg 60° s,
wuduszine 2.3 mdle amo° denfuidle =000 1 TRerfuiwinile 5-0.5 uaz 1.0
waﬂizwunmmﬁmﬁ'uﬁsiawqﬁﬂﬁu undrained Y84 pluviated loose Ham River sand (HRS) "lfvg]’_ﬁﬂ'ﬂ1
’c')ijﬂ}J’N‘ll’nﬂﬂfJLﬂé@Qﬁ@ hollow cylinder (L‘I;‘Ll Symes, 1983; Symes et al., 1984; Shibuya, 1985;

Shibuya et al., 2002a)

Y;::I A

gﬂﬁ 2-23 anﬂiiu stress-strain 91ANIINATOU HCA U84 isotropically consolidated medium-loose

HRS 91 b=0 tazlifil 0L #1497 (Shibuya, 1985)
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;a:llﬁ 2-24  Effective stress path 919017 MARDI HCA WD isotropically consolidated HRS N b=0 uazdl

1 oL thi”] (Shibuya, 1985) (gﬂlaﬂuﬁm normalized undrained shear strength)

Shibuya and Hight (1996) 1182 Shibuya et al. (2002b) LHAINITNATDUILUAGINUNY loose HRS
usme1AanIN K, -consolidation (K=0.5) et efnszmenlae3nmoafunasnanssdiomnsale
Lﬁﬂ?ﬁﬂﬁﬂﬁi%jﬂﬂ Symes (1983) 4@t Shibuya (1985) gl”:l’e)fj’]ﬂauﬂzgﬂ consolidated hl‘l]ﬁ mean
effective stress IR 200 kPa udnsnaaeui 19/1 5=0.3 mitusznemsifeunuy hiszunoas
v lWTimgAnssulndRuanin plane strain WOANTIY stress-strain LAE strength ARUVINAIINAABIT
mioufufinyludedrauuy isotropically consolidated WqANIFUA softer LAY weaker aeAaduiam
vty ummnﬁ%mﬁu”lﬁ%mmgﬂﬁ 2-25 11 anisotropic consolidation 3AUHANTZNUAD
undrained strength anisotropy s, i C£=0° TA1 3.8 WA CE=90° gﬂ‘ﬁ 2-25 wanamiloy
FoumsnAsuuasvesm sy’ fu oL SmSumsnageuuy isotropically consolidated TifouAI

A1 5=0.5 (Shibuya, 1985) t1nz K, -consolidated ones (G’{’JEJﬂ'T b=0.3)
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a()
g‘lj‘ﬁ 2-25 Wﬂaﬂﬁu anisotropy Y04 undrained shear strength 3IANSNATBY isotropically Lag K,-
consolidated HRS sand lagn1snasay HCA (%gm'm Shibuya (1985) uag Shibuya and

Hight (1996))

WRANTIN anisotropy V0IAY 1ATINISANYIDL1921AT Imperial College M3199 2-4 ag1n1539e

] td '
GlN“’]ﬁ Imperial College U reconstituted clay L8 silt éhiwmmu?iﬂyﬂm“l%’m?mﬁe hollow cylinder
apparatus (HCA) N3A1 C uae b A9 g‘ﬂﬂ 2-26 WHAINIIAARIVDIA undrained shear strength
] 1 a
M&4910 normalized AIUAT effective consolidation pressure (s,/p :,) iief OL MuAUINAIINATDA K,

normally consolidated A1 reconstituted soil




Uni 2 nguguazuIeinngIves

& o lo = =
13190 24 N1IMARI HCA N reconstituted KO recompression clay 419 silt nauduMsh

Imperial College London

Soils Author CF Iy h-ratios Inclinations at shear
(Year) [9%] [kPa] considered o [7]
HK Menkiti (1995) 7 400 049 0,0.5,1 0,225, 45,90
KSS Menkiti (1995) 44 300 0585 0,0.5,1 0, 22.5,45,90
HPF4  Zdravkovic (1996} 0 200 0.5 0,03,051 0,15, 30,45, 60,90
HK15 Rolo (2003) 15 200 05 0,03,05,1 0, 45, 90
Notes:

HK = a mixture of kaolin and sand (Ham River Sand)

KSS = a mixture of kaolin, sand and silt

HPF4 = non-plastic quart-based silt

HK15 = a mixture of kaolin and HPF4 silt

Zdravkovic (1996) also performed series inclined-consolidation tests, which are not reported here.
CF: Clay fraction

p ;: Mean effective pressure at the end of anisotropic K0 consolidation
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g‘ﬂﬁ 2-26 anﬂi’i 4 anisotropy U8 undrained shear strength Nb=05v09 normallyK -consolidated
soil (OCR = 1) %mgm%’agamm Imperial College (Jardine et al., 1997) Al S, 41910 peak

shear stress L1ag T phase transformation point (PT) §115UAI0819 HPF4

Nakata ez al. (1998) 1N15NAADYI hollow cylinder (200 mm height, 100 mm OD 8% 60 mm ID)
» ¥ 1
wiefnuwgAnssunuL 152010111909 Toyoura sand iefinsHanveafie major principal stress
A108 110383 1ABTT air pluviation 10z 1¥M3 vibration (W 1# 18R relative density 119 (Dr=30% to

90%) ﬁ”J’e]EiNQﬂ saturated 1@®&n15 flush A28 CO, Uun% de-aired water ﬁ’l@ti’lﬁgﬂ 1sotropically
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consolidated 114 p 2100 kPa msifounsziiinioldnsaaunues torsional strain Tnsnauguida
b=0.5, A1 total mean stress p=300 kPa, Lmzﬁagm%awmﬁﬂ major principal stress 1149) (&)

37U 2-27 uarAs effective stress path HAE stross-strain curve Y4 NARBIRINETY TAowLd1
§10819011992 softer (BaUTTMOANTTY stress-strain 1 small strain 92 l1I5A19Y) 1ag weaker 1oA1
aazﬁw'ﬁ”u HRNIENUYBIA1 void ratio (relative density) ApNgANISUUBIRUMY |d0e19F AN
#0019 NUMLNILNNNT (relative density 110NT1) SzuAAING AT dilatant Tunnyuidesves
Il major principal stress f?m%”u&'aathaﬁﬁmmwumﬂuﬁ'emzﬁwq&ﬂﬁm collapsible 12 brittle 1§}

A9 major principal stress NYUDDATIAUUIA

7 ayotr N Or=00%)
2= X00RPA, D205

T CYRIL SENKDNL30%)
alCRPa, b=08S

163

G {kPay

gﬂ‘ﬁ 2-27  HANIZNUYBINANIGUDY principal stress Ao 1sotropically consolidated Toyoura sand

(Nakata et al., 1998)

ﬂﬁ 2-28 ILEASA maximum undrained shear strength A1 a’UﬁTWS‘Uﬁ’J’OEJ’Nﬂu‘VIM D=30% %2

a

HWUNLMIAADIVDIAT 5, aSaniluilen aazﬂaauuﬂmmﬂ 1513 75
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Sulp'

¢ 10 20 30 40 50 B0 TU &0 @
o (7}
gﬂﬁ 2-28 ‘Wf]aﬂi JY anisotropy U84 normalized undrained shear strength U84 isotropically

consolidated Toyoura sand (E{’J’mgamﬂ Nakata et al., 1998)

2.3.5.2 WANSINUVD b
) aamIzImi

daoFnendalusiade 1.1 91 Symes (1983) I&vinmsnansauuszueiy isotropically
consolidated medium-loose HRS (OCR=1) Tngin3 03578 hollow cylinder msﬁﬂmf’:@wamwmmqu
(D09URINA major principal stress LAZUUIAVDY intermediate principal stress (e laedauls b) won
ANVINIINAN MIINARBY hollow cylinder Y119 b = 0,0.14, 0.5, uaz 1.0 vaizhian oL azfvua’ld
FEHIN 0° AL 90°

131 stress ratio 1482 octahedral shear strain 1INMINAADITINTUAT Q=45° Vlﬁuﬁﬂﬂugﬂﬁ 2-29

msnaneuiilian 5=0.14 uag 0.5 N1 strain NIVAYooRgALAZIAT initial stiffness 1AZ stress ratio 11

] 4 [ v v
ﬁf;m MINATOY 2 BUTTULAAY volumetric strain NITALBENTA 31U 2-30 LA angles of shearing

9 a

i a wad ¢ 1 4 =] s o v .
resistance (@) NyaTiAFwaasif ¢ wnlfoumlaudnioosunisufounlaswes intermediate

1 ¥ ’
principal stress A1aINNgRIziaTwioninsineulndanin plane strain (5~0.3~0.5) 1

. L 4 '
stiffness 1102 strength vz UAoogAOA1 5=0.1
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g‘ljﬁ 2-29  WONITNUYDIAI b Gi’e)‘WE]aﬂii'JJ stress-strain Y94 isotropically consolidated medium-loose

HRS (OCR=1) (Symes, 1983)
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gﬂﬁ 2-30  WANTTNUVUDIAT b ADAT ultimate (1)' U84 isotropically consolidated medium-loose HRS

(OCR=1) (Symes, 1983)

Say@do and Vaid (1996) v'hmsﬁﬂm medium-loose Ottawa sand Iﬂﬁﬂ‘ff&ﬂ?’a\iﬁﬂ hollow cylinder
f0819aUuNIA5 o1 1ne3T water pluviation 3291 isotropically consolidated 117 effective mean stress

1 4 ¥
p =300 kPa ndsnIMiumiedeazgadeusuiianuldanineszunethlnesmuam b =0, 0.3, 0.5,




unil 2 nouPuagIINISeHNeITed

uaz 0.8 Tusaefidmuan o asfiidy ase 31 231 UAAIWY AN 5 shear LAE volumetric ¥9IA3
AaoUHaTE wgAnssUA stiffﬁflﬂ%ﬁﬂ"ﬁ’mﬁ'@ b=0.3 Failuanmiiladfuanm plane strain
anﬂiiuﬁ soft ﬁqmmmﬁﬂ volumetric strain mﬂﬁQQ%ZLf‘?ﬂ‘ﬁmﬁ@ b=0 a1 ultimgte stress ratio 9
wasunlasedrannidde 5<0.3 nazndsuulasornnndenni HaMsNARBYinTsf s eI TAy

T . . d’ =} g g A
Symes (1983) A1 stress ratio aziaeulauissaniisedion b uaz OL u1n

D,=34%; 0,,=300 kPa; a,=45"

30
28 1 gpe0
abs0.3
o=
-n 221 0pa08
o}
e 18 4
o) 4
2 G &
T 44 18
10 — —
0.0 0.4 0.4 12 14 2.0
Y oy (%)

b)

O,'4 0.8
£y (%)

3N 231 wanseMUYRas b @BNAANTIY stress-strain Y94 Syncrude sand (Saydo and Vaid, 1996)

g‘ﬂﬁ 2-32 uam%uﬁa drained strength ﬁﬁﬂyﬂﬂﬂéﬁffﬂﬁmﬂﬂu (Ochiai and Lade, 1983; Lade and
Duncan, 1973; Lam and Tatsuoka, 1988b) ﬁﬂﬂﬁ@dﬁuau isotropically consolidated (OCR=1) ﬁ ﬂﬁﬁ‘lﬁ"ﬂg
fiwufion drained strength seiuiniion b uauInEr 0.6 wasfianefinioanaudniosndenn
¥ mﬂmiﬁﬂmmdwf':ﬁmﬁﬂaatin%'ﬂmudwwqﬁm511 anisotropy 9zannLiioTAM19YD4 major

principal stress mgu"lﬂ%umaﬁu bedding plane

2-37




DA ) av A4 oy
UNn 2 noyRuazIIuIngnngIveN

(3]

S e

e &30 idense}

—_—

¢ (deg)

30

@ 0102 03 0s 05 66 07 08 09 1

o

L U e AP

232 mansenuvesA b AeNGANTIY anisotropy YOI peak O (U51l5an1917 Zdravkovic

(1996))

i) anmliszuei
NMIANY VDI Shibuya (1985), Shibuya and Hight (1987), 1tag Shibuya et al. (2002a 1D

LY d' £y Yy 9 w Y 1 J = [} :’
2002b) A Iduaras udaluiade 1.2 nansmansznuvesm » dewgdnssuuuy lsznethves
medium-loose isotropically consolidated HRS 1agn15naaoll hollow cylinder TaginmsaAnuInm b=0,
0.5 uaz 1 uoznldounloei1 & send19 0° uaz 90° A5IW stress-strain 10 effective stress path 9IN13

A . Y P A & v, . .. 2
NAaUIND O=30° "lmmﬂﬂugﬂw 2-33 WONIENUVYBINITINUYUYDIAT intermediate principal stress 1

¥ v »

tooanndmium b wuile 0.5 Baufazuanswgfnssy compressible 1INTUT large strain oA b

¥ . Y F4
mnusziingAnssuuuy szt soft, weak, 1ag brittle 1NTU
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Shibuya (1985))
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Uni 2 ng¥HuasaIseine e

wqﬁnsimdwfﬁuaéﬁuﬁwm o Faueraslughnlugafl 2-330b) M1 undrained strength, s, 0
normalized TAf1 effective stress ABUMIIROU (p /200 kPa) dmiusm & Hirioundn 450 vz lais]
WOANT5Y undrained strength anisotropy (e b<0.5 pdhelsamumsaliouloses s, 09.40% Y
FAufian b unay ndamnm oedse waves b wsiinau o s, szt 1.5 widor b ity
101l |

HamMsnAaeLTiIUeuAyIi U 1851097 A8 Yoshimine ef al. (1998) 1 loose Toyoura sand
MoE19AudMTuAISNAADI hollow cylinder 1501 10875 air-pluviation 1Az vibration FI0E19AUGN
isotropically consolidated bl‘lJ‘lc"lf’h mean effective stress p £100 kPa Lngﬂlﬁﬂumﬂm’ﬁ A s 31116151
fimwes intermediate principal stress A9 InAIVANA1 Q=45 ung p 1ﬁﬂ§ﬁ

A5 stress-strain 1A% effective stress path F1mSuI0E19AURIABUT b=0, 0.25,0.5,0.75, uaz 1
TRuermalugaf 2-34 Taowudua T Taoa Tumiousuitidesunelluds dosh b ivauasild
WOANITUAU weak LA compressible niy edielsimunansznuiSunde b Svesdeiion
AU¥ee HRS M511fAunuii)asvess normalized undrained strength TRuanslugilii 2-35 Tag
wioufeuiudeyaues HRS fie =450 milouiu 1ngUllaRI3IHaNIENUYEIAN intermediate
principal stress ‘Lj’:‘uﬂﬂﬂﬂ’j'lf’oﬂﬂgﬂ TS 1Houfu HRS sthatiesfdmsum aﬁﬁuhﬁy 1 undrained

v 4 v 3 I~{ & 1 .
strength 494 TS aand 1.8 o b 1Wasuain 018 1 Fanaaninnives HRS Usuim 28%

hy
o
o

-

(o

&
¥

a, -, (kFa)

Shear stress, ¢

150}

a,~a, (kPa)

1004

Shear stress, q
(643
o

Effective mean principal stress. p' (xPa)
19

H . ¥ R
J1 2-34  wansznuves b Aenndns suiwy sz 1v04 isotropically consolidated Toyoura sand

(Yoshimine et al, 1998)
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gﬂﬁ 2-35  WANIYNUYDIA b @B undrained strength U84 isotropically consolidated sand nReaun

Ot=45° (012310 Yoshimine et al. (1998) 1A Shibuya (1985))

23.6  AIMUMINZANVBAUATOIID torsional shear hollow cylinder IDANYINGANTTH anisotropy
VDIAN
= a a 9 9 o way A =l s ti'l =1
MsANEINgAns suveeAU lasunazldmsnansslude sl fiansda 1ddmswansesile
' A v ' v W v oA v v Y A a &
Ao a I DA fuAe619an1d msnuniuiadeRertuinsesilenisnaasaly
9/ a wa Y 1 ..
ﬂ’f)\i‘i_];]‘UGlﬂ"lillﬂﬂm’Jul’SJ}IﬂU Saada and Townsend (1981), Arthur (1988), Tatsuoka (1988), 118 Menkiti
(1995)
=R a a n’/’ Y Aﬂ' A Y a wa a
TumsANYINGANII anisotropy YoIAUUADINITIAT D ENARoIuTpeRTAmsiananse
Py
¥V v
@ a R . 1 @ 9
AUANNIVUIAUAZAANIIVOI principal stress 5z 19MaReuld vennniiddosansoniunums
Sy A gy o o Y J ' by
szeth lame i ansaiinmsnaasaineldanmwszuresiues lseuni
& =) . . < A A Aa awv = =
IATBIND torsional shear hollow cylinder navitlunToeloN oy luauITonsdnnssulgf
¥
mazasanIugu IdMsvuIauaz iem19uea major principal stress 1A8N13AIUAVA axial load,
torque, LTS outer LD inner pressure ua:ﬁammmmuqmmﬁﬂﬂ'w back pressure HAZAIUITONING
4 ¥ b4 tY *
naaed lanaluamwszuniuas liszanni dafudromsauquanudufivenivadengdnassin
Glﬁﬁ’lllﬁﬂﬂ’)‘ﬂﬂuﬁﬂﬂ%ﬁl@d major principal stress UDEYUIAYDN intermediate principal stress
1139910 triaxial 9219 Taowa I Tukeetl fiidns Tasazeusodnesanmwanuduisia g

4 o ' [ 1
1WE9 2 DB compression LAZ extension F99:iMsnsz Iaavosm a 910 0° 15 90° wazd1 b 910 0




= =t aw oo Fd
Unm 2 NQyHUasnIuIngmneIven

A4 Yo A A . L. v A - ) Ade a
i NUNNA b ﬂzmmmmu‘ﬂﬂumimm plane strain L% true triaxial LAIATDINDHDIUNGIY
Y o w ' A A N . & A A A < a
mﬂ%Wﬂﬂjuﬂ1iﬂfJUﬂ3\Jﬂ’] O 1713903109 directional shear cell Lﬂu’t)ﬂmﬁﬂ\‘ill?)%ﬁmwﬂﬂﬂHTWQQﬂi'iﬁJ
. A & dqy v . v o A P
anisotropy Lﬂj’l’]\‘lu@uGl‘Hﬁﬂ’]Wﬂ'J’]llLﬂuuuu plane strain !Lazfﬂlﬂiﬂch’uﬁ\’]ﬂ\‘]ﬂ-]ﬂuﬁglﬁdlﬂau‘ﬂ
3 9 (Y v 4 [ os;’ 4 o ’ I
mu‘ilN"lJ’E)\Wl’JE)UNEﬂQﬂUWﬂﬂ ﬂquu%§ﬁ1N15ﬂﬂ'J1Jﬂuﬂjllﬂi 381 (O-/, 0-3, uae Q) ﬁjﬂﬂigﬂau
¥ Aa d? . . Y] o ' 4 S o - @
ﬁ]a\iﬂj']ulﬂuﬂlﬂﬂsuuclu directional shear cell Vlﬂllﬂﬂqnlugﬂﬂ 2-36 @U'l\‘]vhﬂﬁ']UﬂUQﬂ\jnfﬂﬂJﬂ']ﬂU
d' A dyd . . d‘ @ ] r Y v v = d. 1 Qr
[IDNUDUAD non-umfonmty ﬂﬂl'ﬂﬂ‘ﬂﬂ\?ﬂ'}@fn\ulaz\lilﬁ’]u15011’7ﬂ']ﬂ’a’llllﬂucluuﬂﬁzcylﬂ‘ﬂ’mﬂﬂ’mﬂu

¥ A . - Y A A a
wn 1Aiitesnnilyn side membrane 317 2-37 uamsanmassanuidulunsoionsnansia
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A1
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Plane strain condition ¢, =— (» =0 tan 2n =
' T~ 0y

(a) b)

31]‘?1 2-36 Directional shear cell (a) dszneuuoInNuau (b) Principal stresses HAZNANIG

T T T ¥ T T T T T

o (Po > i) ]
% 08 .
" e b=sin“a //' TTE
é ” (Po = P/)
D06} / 4
=
& /
e N ES P PSE
a. B / R
= :
o 7
go2r / .
£ @ /.// (po < pl)

0 / 1 1 1 1 1 1 1 i 1 ]

0 10 20 30 40 50 60 70 80 9

Legends: Principal stress rotation angle, o [deg]

TC, TE: Triaxial compression (0 = 0°,5 = 0) and extension (&t = 90° ,b=1)
PSC, PSE: Plane strain compression and extension (under condition of € = o)

TTC, TTE: true triaxial compression and extension (Range 0 < 5 <1; ot =0 or 90°)
DSC: Directional shear cell (0° < ot < 90° under condition ofe, =0)

HCA: Hollow cylinder apparatus at all possible regions ( p,,, p, are outer and inner cell pressure)
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v 3 Y a A oA . . A . . .
o614 15N uYBLFvv03A5 0930 torsinal shear hollow cylinder A9 stress {10 strain non-uniformity

A . o ¥ o a y a4 o l,l s
WBN910 end-restraint 10 sample curvature Wveilvzeiueiazivoaiuane 11

237  Non-uniformity Tufiee19auluMINAa04 hollow cylinder
& g A A . Y2 a a Y Y o
DUUIUATBIND hollow cylinder dzeinsalaAnyInganssuvesaunaldaniizanudun
tw Sa89 A . 3 L) 1 ] ° Qo v
NAINMABUANUNLVDITBLIIBIDINAINIZDVVDIANUAULE AR sapea Tuatuaus lugios
Au
. o Y a = . L.
WATINYDY normal stress UAY torsional shear stress 91 1AIAANITIOHIVDING major principal
a o [V U = o . { o ° 3 a
stress INLUIAIT M TVAIDE1AU TUBUNIDL hollow cylinder 1159 torque NN352¥192111H1AA shear
4 v ¥
stress 19 TUNALUIAWALHUINOY A gradient YD radial stress L0 circumferential stress 3EUNAUN
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une Dr=30% (Wijewickreme and Vaid, 1991)

N13N3$IBVBIAT stress ratio HIUHIIUDIAI0E hollow cylinder 7t p’ = 300 kPa, R = 2.0
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g‘lj‘ﬁ 2-47 L’CQTJ‘L! contour Y09IA1 BR ﬁ p' =300 kPa, R =2.0& 1ag Dr = 30% (Wijewickreme and Vaid
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1991)

i8] Linear Lisst o (Sayno, e e et Bagle Hyternote

3UN 248 1du contour voas1 B, #i p'= 300 kPa, R = 3.0, g Dr = 30% (Wijewickreme and Vaid,
1991)
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s Tanm stiffness vosAuszuana1aiulilawsnavesnnuaieaiieule 317 2-49 uaag
YBAUYAVDIANUAUATINS UN1TNAADIA19) (Ishihara, 1996) ﬁmmm?Uﬂqeaxnwuwzﬁuﬁﬂzi%’ﬂ15
NARDIVUNIDIY 195U triaxial, direct shear, 11¥ unconfined compression test “lwmzﬁmmm?aﬂﬁ'
éiwmmn%zéfaﬂ%’mi NAABY dynamic loading 18 wave propagation technique 1% resonant column test
1102 Bender Element test a3 uauinfaunsoldnms NANDY in-situ shear wave velocity tests, cross-

down hole seismic test, 10 pressuremeter test

Magnitude of strain 10° 10° 10" 10° 107 10"
Wave propagation, Cracks, differential Slide, compaction,
Phenomena vibration settelment liquefaction
‘Mechanical Elastic Elasto-plastic - Failure
charecturistics .
Effect of load < S
repetition
Effect of rate -
. ~N Ve
of loading
Angle of interal
Constants Shear modulus. Poisson's ratio. Damping friction, cohesion
Seismic :
wave method
In-situ In-istu L S
measurement | vibretion test
Repeated < >
loading test

Wave propagation
precise test
Laboratory Resonant column
measurement | precise test
Repeated

loading test

v

A 4

3UN 249 vouAvRINNUIASuA TAUNINARDITTIAAISY (Ishibara, 1996)

f11 stiffness ﬁmﬁuﬁ"lﬁ'mﬂmimaawhmazﬁdnmﬂdwﬁu SuhudoimanBuudioum
stiffness 9INN1INAADIANAU azdpaRnsaniladoa1aadae 1w
- strain level
- stress state
- MITUAIUVBIAIDO AU
- mode of shearing
- stress/strain rate

- drainage condition
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- discontinuity
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stiffness uazwqaﬂﬁ‘m stress-strain Y99AUN small D9 intermediate strain
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1) Advanced triaxial test
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anuAsafina, A11IDAIVAN stress path, LD TINITONATIUAIUAAY 9819 l5Amudesiiaves

msmamuﬂa'lummmmm damping ratio EJﬂL'ml‘L!ﬂﬁ‘V]ﬂ’ﬁ’fN cyclic test

ii) Bender Element test

NIINANDY bender elemént ﬁmmﬁu Tag Shirley and Hampton (1978) rﬂu'i%"lumﬁﬂ small straiﬁ
stiffness 1892 1A elastic shear modulus YDIAUIINAITIAAT shear wave velocity ﬁ%dmuﬁ’lﬁ)d%‘iau
F$UUNINADBA bender element mmmaﬂé)"’a"lmum%ﬂ'mﬁamﬂam“luﬁ’mﬂﬁﬂfﬁmsthumﬂ el
Taownezldsausuniesile riaxial (3 Dyvik and Madshus (1985)) YU 1AUBIAMMATIALUAIDE
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A1 elastic stiffness #11891Nn13MABS bender clement vz1iualss Towilumsse mmmé’fuﬁ
, mmmwwuaaqmm stiffness degradation curve ﬁTVi’i'Uﬂ’li’JLﬂ'ﬂzﬂwaﬂ"l’ﬁ’lﬂa’e)\‘l dynamic 130 small-

. R . @ o3 Y . a da w o o . .
strain cyclic loading wazdutludunlsfidesmslumsinneiiFadiuavdmsu non-linear numerical
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analysis ﬁﬂ’ﬂumiﬂﬂ‘ﬂq\iﬁu (Jardine et al., 1991; Stallebarass et al., 1997)

iii) Shear-plate transducer
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31]171 2-50 LN TINI 19U DY shear-plate transducer F9U52NOUAY electrode NI IUNAL
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1J°?I 2-50 Shear- plate transducer (Brignoli et al., 1006)

Ismail and Rammah (2005) llﬁlﬁﬂymﬁﬂi;’ﬁﬂ@ﬂ‘ffl shear plate Lﬁauﬁumﬂ%’ bender element WO
ﬂTiﬂﬂaﬂﬁlLﬁﬂﬂﬁTﬂl@ﬂJﬁ%Tﬂ shear plate 118y bender element @l']\?ﬂulllllﬂu 2.5% “ﬁ\iﬂiﬂﬂ‘ﬂﬂﬂﬂ']ﬁﬂﬂ‘ﬂ'l
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iv) Resonant column test
[ ~ ~ [ = a
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NI IATIZHN NG BHUBIA shear modulus VOILNAUNIINTZUBNTTUAIEAIUET resonant T
3 . 1 a ] o d' 1 R R 1 Sy Y =1 =/

MINAABININITO IN axial mmammumgiu triaxial #1 shear modulus w"lﬂmﬂmsmammmﬂu

v oA =) ° -3 -1
ATNANUNTTAN (ﬂ‘iglﬂm 107% to 10 %)

v) Torsional shear hollow cylinder test

A A . . & Aa ¥ -4 a . a

INIDIYD torsional shear hollow cylinder Lﬂ‘u‘Vluﬂllcl"lfﬁluﬂﬁﬂﬂy'mi]ﬂﬂﬁu anisotropy UYD4AU
(] 1 E4 ¥
1HBennIATeeiloflau1s0AIANIIYLIAYDS principal stress LAZTANIIVDS major principal stress
B . v
Taomsnauguaanils 4 AIfo axial load, torque, 18T outer 14AS inner pressure UBAVIATITIFINITO
E4 ¥ v ¥ ]

AIUAULAZIAM back pressure LATTIMINAnDI luanwszuothas sz danfuiisaniie

} 4
VBUIATIMUAGAAIUANII R ANY IMANTE NUVYPIRANIIVD major principal stress LS VUIAUDY

intermediate principal stress




UNi 2 ngERuasIteingIve

232 mInaasdluainy
i) Pressuremeter test
AINANBY pressuremeter test HIUMsVeIENIINTEUORB lUAUBEN TILASHTT neRnssuves
] t4
auensafne 1dnnms dasanuduuazmsifouulawesSinasuasSalivesmsanssueni
k4
Iﬂﬂﬂi}‘ﬂgﬂﬁ‘ﬂﬂaﬂ\‘luﬁ’mﬁ DIAA strength, stiffness, consolidation parameter, 4812 in-situ horizontal
stress ANINAAD unload-reload cycle AINITOANYINGANTTU non-linearity voIau 14
A & a' & ' - Yt R Ay
INTBIND pressuremeter (Glugﬂ“n 2-51(a)) HIuuMInsInszueneIN Bianuanidesmslu
[ b4
wquinizuazlinms A uduly cell ARulnde probe uaaaluglii 2-516) Mmsluswni
’ 4 v H
iy . . . . o a K P ™
iilouniuilyn cylindrical cavity expansion ANVAUIZINNIUGTRequazin T ansfeuulasues
= o by 9/ . & e G Y gy .
Y5y nasnntiuse ldnsm préssure=volume change #9192 U150 14 UATIZYVIM elastic modulus,

. v
shear modulus, 110¢ undrained shear strength 14

g'll?l 2-51 Pressuremeter test (a) Meard pressuremeter U (b) anunulng probe (Budhu, 2000)

ii) Geophysical method
. . &l aa . aa . B = | .
NINANDIULY seismic test (TUITNITNI geophysics survey 7% seismic 3EUNITNY elastic
. . a a w M a o v a a 3
pulse (ﬂ??) continuous elastic wave) mﬂmauuaz’mmiﬁuﬁzgﬁeummﬂumﬂmmuumsﬂuiﬂﬂiﬂf
. A ar o A a v 9 <1 A Aa
setsmometer Y30 geophone ms’smwsnaﬂumﬁmumwmﬂau"lﬂmigﬂmm%z“lwmmgs'mauma
¥ s/
T a s/ o 9 = L4 . . = Y J Y
AIUAU %msuaagaﬁ%wﬂﬁmm'smmﬁwm elastic wave velocity VNAUTUANNUASANHUSNIT
v
[589AVDIFUAY
BN INAADIVY seismic test NOIULUL 19U cross-down hole seismic test LA seismic cone
¥ » E4
penetration test N1INANDI cross-hole seismic test ﬁuﬂz‘ﬁmqmm: 2 ﬁquﬁf{iwzmmamﬂm wave

¥ ’ ] 4 []
o [ o [ bl = ' Q@
source UAZ receiver IUTEAUIALITUNNMTUITIATEznAMAdL 1 luns@umessnhanguiteaesd
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o = S o A ¥
Unm 2 NgHHuasNIuIennNg 9o

Y ) . . o Iy (% 1q 3
szﬁmmmﬁﬂmm N1INAOBIdown-hole seismic test NUUANNITAANY)AUYDI cross-hole eauald
a £ a 2 Aa a a = A A dy (&
HQURIBIWOINUIN QU Iﬂﬂ%zﬂﬂﬂ\‘] wave source wmﬂmmmmzﬂ:nm'ﬂﬂau%zmaeuﬂﬂm sensor
d' 19 3a = £ v . L] a a & =) v
Hoglaanlungy Tuuensdlenssz 1 source oflumquuas receiver BYVUHIAUTIILITINIING

NATDON up-hole method

Ce

o

MINADD cross-hole seismic method 3 1HTouaNANEIAUTUALILLLITIL dIunsnaass

U

a

down-hole seismic method %zﬁsmmﬂﬂﬁmazmmanr’lﬁ’%’au”acf?uﬂuLlﬂ"ﬁﬂdmsiﬁ%mﬁaﬁaﬁmms
source ﬁfjf‘hé’d11wmf}amamﬁmmﬁﬂmmﬁmmﬂ energy decay
NINANDY seismic cone penetration test (SCPT) Lﬂuﬁﬂ‘ifﬁ“lumsmm in-situ seismic wave
velocity c“ﬁwzﬁflﬂi%“lumﬁmawﬁﬂmﬁnﬁﬁmaeﬁu 1%U shear modulus 1A% Poisson's ratio A3
naneslsznoudems InsseznmmsAuN IR ALTIAINI9In wave source unau liguad
s

1 4 H 3 ’
U geophone ‘nmmag”lu seismic cone penetrometer Wgﬂﬂﬂﬁﬂﬂw{w’mu ﬂﬁu‘wmumauﬁm shear

wave (S-wave) IL0¥ compression wave (P-wave)
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Nl 3 1n5eaiie, I5MINAADY, UDSUNUNITNAABY Triaxial

UNA 3 1n50930, ITMINANLY, UAZUNUNIINAADY Triaxial

3.1 YIUVAVUBINTIINAADY
v
nsfnIngAnssuvesAumiletseungunwa luTnsamsiiagsii Iaold triaxial apparatus
. d = O Y A a4 dagy o . ..
st lsimunsnyil luansansed 1ddrensealenii 19egluilogiiu (conventional triaxial
9 P=1 4’! =1 d' Yo 9 s Y ] ] o ar
apparatus) Wﬁ13%3@9@1]lﬂ5@\311@1’]1‘]5'3@93']1]LﬂuLmzﬂ')’]lllﬂiﬂﬂllﬂﬂinﬂlluuEl’l IﬂUmW‘]Sﬂ’li'Jﬂ
b4 )
a Y o kY = @ v g Y a ! o o y s
anunseau dosiald Idazidoais 0.001% Taomsiald ldanuduiuuudi idlaemsSaussan
. R T @ Y A 1 o C o 9 Y A'I o
mtﬂu triaxial cell Iﬂﬂcl‘lf internal load cell Lm%ﬂTi'Jﬂﬂ'J’]iJLﬂuﬂl!uuﬂTﬂﬂ’]qﬂTﬂUﬂ'ﬁ?ﬂﬂ'ﬁLﬂﬂﬂuﬂﬁ
YOIAUVUAIVBIAID19AU TALASI (local strain measurement) 9100157 Iuilogiiu 1@TimswaILN local
strain measurement Ailinu Irgavh Idawsafannuduuazanunivavesiedadn 1 lugo
. . . Y 1o &R o ' 2 ~ a o a a
small- Li01% intermediate-strain ranges T IR qmn"lﬂqmsﬂﬂmqummsumﬁmﬁuaaﬂu‘n
anunioad1 1ave19auY ol (19 Tatsuoka & Shibuya, 1991; Jardine, 1992: Smith et al., 1992;
Kuwano, 1999) N13WAIU triaxial apparatus Taun13 14 local strain measurement device 1Y triaxial test
a o3| a a A =1 [V
Ulal'ii]i]zﬂﬁ’]ﬂ!ﬂi‘!u?ﬁiﬁ']uclUﬂWﬁﬁﬂB']Wf]ﬂﬂﬁﬁNﬂJ@\‘lﬂu Gluﬁf‘]\‘n’lf"{’lﬁ5‘HWW7UNTH%M?’H§W?MUT§Z‘U‘U
local strain measurement UULA199 Iaoaro1iunM ARy Az a911u3I386199512 Tan Tud1u local axial
a 1
strain measurement A (1) inclinometer gauge (4% Burland & Symes, 1982), (ii) Hall effect local strain
gauge (15U Clayton & Khatrush, 1986), (iii) proximity transducer (%% Hird & Yung, 1989), (iv) original-
local deformation transducer (original-LDT) (1% Goto et al., 1991), (v) LVDT (14 Cuccovillo & Coop,
1997), and (vi) cantilever-LDT (Yimsiri et al., 2005) §1M3UNITAMUITLUY local radial strain
¥ o
measurement &4 TuABsUNI HAWTNITO9ING90INNTY MSAFUNUNINEITTUY local strain
1 9 ¥
measurement 71 143 UMINBINTUIANTIUAMNT0814 IA9IN Scholey et al. (1995) uaz Yimsiri &
v
Soga (2002) TaslulasanisIveiiazdenls LvDT @115 local axial strain measuring device IO
proximity transducer M5V local radial strain mecasuring device
o a 9 ~t o @ < 4
NTNATDUNIAIIULYY (stiffness) ‘U@\‘lﬂu'ﬂﬁgﬂUﬂ’ﬂﬂJ!ﬂﬁUﬂﬂTlﬂﬂﬁ')Uﬂ'ﬁ'Jﬂﬂ')']llﬁ?‘il@ﬂﬂﬁu
duazienunivhuau IdisulinmsAnudmsuaumiloiseunsunng wu msinuluauinlaes
GiN“]IﬂU Ashford & Jakrapiyanun (1999) ita2 Shibuya & Tamrékar (1999) HaznIsnaaouu
ﬁ'mﬂﬁﬁﬁms #18 bender element 19t Teachavorasinskun et al (2001) Teachavorasinshun et al. (2002a,
b) Teachavorasinskun & Amornwithayalax (2002) Teachavorasinskun & Lukkunaprasit (2004) 118
1 [~ v I ar J a @
Teachavorasinskun & Akkarakun (2004) ’e)tm"liﬂmm%’ﬂy’amu3Jmmfﬂmé’a%ﬂqmmmuazmu

a oo Yo = Ao A ° Y
Wq@]ﬂﬁill‘ﬂ’]ﬁﬂizﬂ']iﬂﬂﬂVlilllﬂﬂTﬂTiﬁﬂBT Tﬂi\‘]ﬂ’]ﬁ'.]"l]ﬂu%\jﬂzvnﬂ'ﬁﬂﬂaa\?ﬂjﬂ bender element
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unil 3 19509810, IBMITNADDY, UASUNUMITNAASN Triaxial

v b4 '
Ay Tasdoyannuamsnaneslulnsensil wwdlunsfindeyalugudeyavesiumiivsou

14 4 ]
N3N DA lASIMIHEiIMIANYT bender clement Tudufi liinedny1inou 191 anisotropy

Séb-pié of work

|
Development of system to

incorporate new local strain
measuring devices -

1
Development of bender element
system and incorporate it into
triaxial system

Triaxial and
bender element
test on Bangkok

clay specimens

1 1 1
CIUC on _ CIDC on CIDC on CIDC on
vertical-cut horizontall-cut vertical-cut horizontall-cut
specimens specimens specimens specimens

(5 specimens) (5 specimens) (5 specimens)

(5 specimens)

Torsional shear hollow
cylinder test
on Bangkok clay
specimens

1

CIUC at different direction of
major principal stress
o= 0°, 45° and 90°
(at each b)

CIUC at different magnitude of
intermediate principal stress

b=0,0.5,1.0
" (at each @)

Total of 9 specimens

Figure 3.1 Rescarch work diagram




Uil 3 1ATeie, IBNITNARDY, UATUANUMINAADN Triaxial

3.2  MINAao triaxial
) «
TuduilazeTUIonN1seenuUITNMSITIVOINTTNANDY isotropically consolidated undrained
compression (CIUC) 1121 isotropically consolidated drained compression (CIDC) TMSUAIDINAU
¥ »
HUIAWAZUUIUDUINDANYINGANTTY anisotropy YDINOANTTN stress-strain 1UAMMAUYUIA small
110Y intermediate
3.2.1 IUUNITNAADY triaxial HUUSITINAI
< L A . . ) [~ A = A a ~ = a
O9LUIUAT DY triaxial LLUUﬁiiﬂJﬂ'ﬁ]%LﬂuLﬂiE)Qil'é]ﬂWi‘V!ﬂﬁ@‘U‘Vluﬂﬂﬂq@1uﬂ13ﬁﬂy1wq@ﬂﬁiﬂ
1 4
. 9 e wa . R . ]
stress-strain 11ANsNARDI TURBIANS HANMINARBINATEIND triaxial HDDFITNAIHDIRE ]
- , oA g A A o . vy . ’ a dpy
TENOUNNOANTIY StreSS-Straln'ﬁ!ﬁ’lﬂiﬁ‘“ﬂ\iﬂu Tﬂaumz,w_mﬁuamm stiffness “llﬂ\‘lﬂu‘ﬁ"lﬂ’ﬂ'lﬂ
A4 A 9 v Ay o a Apy .
(ATD410 triaxial HUVTITUADLBENIIAM 1AINAT stiffness YBIAUTN 1ADINNTS back calculation 310
Y @ v [ 1 a I~ = Y '
%ﬂyaﬂ1ilﬂﬁ@uﬂ3111lﬁu']3J'E]U']\13J'Iﬂ ﬁﬂﬁ)%ﬂﬁﬂ'\ﬂﬂﬂwﬂﬂ'ﬁ]ﬂmﬂuﬁ'llﬂﬂ"ll'f)\?ﬂ')'lllwﬂwa']ﬂﬁ WU N3
FUNIUAIDENAL, NMIIANT axial strain N 1AV AL TnMIaaNAUMBUDN, 1AL FNIWYBINT
) <3 v o w A A v . = A 0w
NAQ0Y ﬂfﬂﬂl’lﬁﬂﬂTHﬂ%%UﬁWﬂﬁJﬂq@ﬂﬂﬂTiqﬂﬂW stiffness NUVUIAAITUATUAANNU
Y-
MUV NN IUIINAUTAITINGANT U stress-strain YOIAUNU highly non-linear LAZA1 small-
. . a Y oo w a o a ~ ] .q
strain stiffness ‘Umﬂuﬁlmﬂuﬂmga‘nmﬂiymﬂium'i?;mswﬂﬂmummmmmmﬂgw 't‘)fJ"N"lﬁﬂC‘n‘JJ
o oA 2 A A . v o yya
ﬂlummmﬂ’nmmmmﬁusli]u@guaﬂmﬂmmmmamlmm‘smu’e) triaxial 5ITUAT ﬂ\‘iuul‘lﬂﬂﬂ'ﬁ
[ A A .. A v [ a . Y 1 o ~ = =1
NWAUUATOIUD triaxial LW@iWﬁTMTﬁﬂ'J@WQﬁﬂﬁ‘JN non-linear llﬂ'f)U'NLllluEnIﬂEJ!ﬂW’lg'ﬂﬂ'JnJlﬂSUﬂmﬂ
110 el snNIsUUa199 11n3e9300 triaxial 19U 581U local strain measurement system LALLUL
“bender element (W9 3@ 114 small strain (elastic) stiffness
a o dy @ :é -~ d' £ < =
Iﬂi\?ﬂ'ﬁ?%ﬂﬂlﬂﬂﬂ']ﬁw%lu’]mi@ﬂlla triaxial LLUUﬁi53JﬂT!W@iWﬁTNTiﬂﬁﬂHTWQ@]ﬂiiM stress-
0 F4 1 .
strain ¥99AU lUVBLIVAA NWAToATNNA19TU TAEATIRYTEVY local strain measurement (A2 bender

element

d’ 2 . . 3 XY dv
322 1A999310 triaxial NF MM

] 1 4 . o
1509310 triaxial 1 19110 HYTZABUAIY triaxial cell, pressure controllers (DPC) 2 8U,

A 1 1

m?mumamm 19U cell pressure, back/pore pressure transducer, 10 controlling microcomputer 13

Waruun3 03uoADMIINNI U local axial LAY radial strain measurement LA£5£11 bender element

[] 3 b v v
.. 3 awv : ) ' Y a o
S2UVIATN triaxial N1FluaITeiinanslugli 3-2 Tasdaulszneunie ldeinoaail




{ ) .
unil 3 lﬂiﬂ\?f’lﬂ, Jgﬂ'lﬂ’lﬂﬁ@\i, HASUAUMINAQDN Triaxial

Cell pressure DPC

Back pressure DPC

Instrumentation

Internal load cell h |
Submersible LVDTs
- External LVDT

Proximity transducers

Cell pressure transducer

Pore pressure transducer

Funetion Generator

¥

JUN 32 szuwnTeaile miaxial N1F1uauIseiisystem

awv

34



UNT 3 1A58948, IAITNAADY. UASUNUMINARDY Triaxial

i) Triaxial cell
A A dy ¥ . ’ 9 v 1 a kY 1 o
1AT0UBH 14 triaxial cell Y99 ELE JU EL25-4157 FMFufI18819AUYNAdUA1g1ENA13 50 Wy
39 BN UADAIDE1AUNTENN 1AY load frame triaxial chamber TN1IDIDITVANUAUNINNYA

1700 kPa it load frame ﬁTiJ'IiﬂiﬁLLix‘lﬂi%ﬁ'lﬁJ’lﬂf!ﬂ 45 kN

ii) Digital pressure controller

g‘ﬂﬁ 3-3(a) 1ern g digital pressure controller (DPC) 1ay DPC 7B microprocessor controlled
hydraulic actuator Lﬁ'amuquuaxi'ﬂmmﬁmawmmmuammﬂﬁauuﬂmﬂ?uWﬁ Tagnannsves
msthan IBuaasduguil 3.30) uazeSeluswaziBenlas Menzies (1988) ssuui 19 DPC 2 darite
ATUANAT back pressure LAE cell pressure 1AoNITIRDAIBAU ANUBzBIAveInIs TauazAIURY

anuaunazmMsldeunlaatsuinsae 1 kPa gy 1 mm' YUIANINIINIUYIUSUIRIAD 200 cm’

e

s GLDs

pG Gearbox

ity

) lavzunsy

31]‘?1 3-3 Digital pressure controller (Menzies, 1988)
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UNi 3 150940, IBNITNAABY, UASUNLNSNAAEN Triaxial

iii) Data logger
oy 9 = Y =t ] [ d’ s ar
Data logger N1%3uvdo ELE Taoll 11 YONTYVIUINDITUTYWIUYDN transducer LAV TULRY
nIssdagIuneunIsMUdyyIulig microcomputer
iv) Microcomputer

. N v o g A A o ' t:yu/ Y
microcomputer 1% 1UMITANUTDYAINATDITD AN 197 WIY data logger UBNDINRTIIFIUMS

. v o .
AIUAN function generator LASIAINY waveform 310 oscilloscope

d' A o
v) IA583348IA
EY

] ] 4
m?mﬁmw‘l%’imzw triaxial 113043 internal load cell, proximity transducer, submersible
LVDT, external LVDT, volume change transducer. ccll pressure transducer pore, pressure transducer, Liag

back pressure transducer

33 MSWAISZU triaxial
1. maanmasUfudsunTeile tiaxial 1non1sineusEU local strain measurement
Y
FMSUMSANEINGANTINVDIAUTUAMNAS UAYUIA small B9 intermediate 11191153507
& & L. Y o @ = ) : .
1509810 triaxial 1@911N157 @11 18NSR local strain measurement W3 108145201 local strain
measurement ﬁmi%’ﬂ 2 WA ﬁ@
. . 9/ .
- Local axial strain measurement system Taed submersible LVDT
. . ’ 9 R
- Local radial strain measurement system Taely proximity transducer o
dyd o P d' ' ] d' 23 o.; 17 ' dy s}‘ -v
UONINULNIITWAINITZVY data acquisition L‘W@mawaamamumﬂﬂlwummumqiwu
2. MsWmULeLdiUU 955U bender element

Tasmswaun199) Iaeturedadnaai

3.3.1 3211 local strain measurement
@ A P . . y a . A Ya . .
°lumiwmmmsmm triaxial "[mwu submersible LVDT 1o 1%3a local axial strain measurement
& v . A o ' a a
f\"llﬂﬁﬂl.lﬂ?imﬂﬂcl‘lf submersible LVDT L‘Ll@\‘]‘ﬂ’lﬂﬂ'N?JLL‘INuix‘lSUBGQTJﬂSiu HAZUMIINUTESUD
.. A 9 Yo . . A v ..
proximity transducer (Wo'l93@ local redial strain measurement @ Wmamaaﬂ% proximity transducer

A [~ P ' @ @ @ 1 a o Yt ] =y 3
iesnnitluginsaid idudadudedaumlihedenisaads




Uni 3 1ATeile, IBMINADGY, UASUNUMSNAAEN Triaxial

i) Submersible LVDT
o . . . . A n:'! A o d’ c; =) . .
Q‘ﬂﬂim linear variable differential transformer (LVDT) A9IAT09U9IANTIAADUNTUA inductive
Tuednvzilioulduuy fixed-type LVDT 31z LvDT Tuationoufivinalvgildzdesnssaodie
a da 2 Y ¥ X ' o o A o
auntvg Ineiumndeans 14uuu floating-type 2819 15Aam LvDT Tuilagtiuiivinadnias
4 E4
water-submersible @911 Tuiagiiudailon4uuy floating-type LVDT uaz 1814 uanu3sei
] i ¥ b4 ]
317 3-4 UAA4 floating-type LVDT 1% luanisuil. Tasezld 2 sdadsndudravediods
] ¥
aulunrmaeiinsetiudy dmsvudied clay U0¢ uncemented sand IS HWINAANI LVDT A8n12
Y Yl 2 a v a o g Y o . ot
waneylHduGaAAK Y membrane 191 11 luAY 11ntludNIZgNYARIY vulcanizing solution 11Tl
[} o v o o [ = . . < = a :;l
Tiensaldun1d 154 nsdidred1edu stiff soil 139 soft rock) AvzINeNAARIAIE cyanoacrylate

instant cement‘]J‘LI membrane

g‘ﬂﬁ 3-4 Floating-type LVDT

oA LVDT f10: (i) linear calibration curve, (ii) 3 resolution ﬁaﬂsxmm 2x107% 49 1.4x10°
*o%, uag (i) Anades lunianssdiy LVDT Aldesdadoe: (i) §99n15 cell fluid 7 T 1w (9
9INMADE silicone oil) N ILIDY water-submersible LVDT, (ii) 31011m3, (i) 110 va) sniduuuy
miniature LVDT, 40 (iv) una 1 ufiez@adaued inner rod IN512m3186951u09 LVDT e lndenin

21 (Yimsiri and Soga, 2002)
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unii 3 1A5eelie, IEMINAGEY, UAZUNUMSNAADN Triaxial

ii) Proximity transducer
4 A o o [
'Q‘]Jﬂiiu proximity transducer o inductive displacement transducer NN INTHUUHANNITVDINITIA
r o t o @ o
auiiman ih0nn s Inaves eddy current TuidhTan: mgapfvaunuimdnssulsiuasedy
] v o w aw ; 3/ .. [~ L4 . .
seozsevnaiViaduthlane luannuisenls proximity transducer Lﬂuqﬂﬂsm local radial strain
s & . 7 y < . =
measurement A1IAAAIVDY proximity transducer T m“lu; 19 3-5 Taw proximity transducer 3ZNYA
row A 4 LY i 9 s Y 1 o dy =Y
agnuﬂﬂﬂmﬂaﬂxwﬂ\‘mmammqwmm@ma°luummwmﬂmﬁumgruﬂﬂma Iﬂﬂlﬁ1ugﬂﬂﬂﬂ‘ﬂ
. . by Y . . i d’ = Y 2a o
FIUY0A triaxial cell Aavang 111 Tans 19usn aluminum foil 315 1FMABLTR VA 5%5 cm’ Rafy
Y . § & w Y .
rubber membrane 1A¢1% silicone sealant Msiadounveauthluuasatiosialae proximity transducer

a v o
wosulsiumsulfeunasnnuenveaduigudnaa

g‘l]‘ﬁ 3-5 Proximity transducer

Y A . . o Aa
YDAYDY proximity transducer AD: (i) linear calibration, (ii) 3 resolution NAYUTLUIN 0.001% LA
~ et 9 SAY A A = g
(iii) ¥ accuracy NALTZ1IM 0.008% TuN19959913 proximity transducer NUUBLTAAD: (1) mMsanfath
' o v 3 y 4y & a ~
Taﬂ:, (i) SIAWENY, (iii) 'lnmmmvm1u1mu1 (UﬂnumaﬁsNmmuwmy), HAS (iv) UHANIZNUIN

3 Qs g ) )
msiasulasvesnnuauseun (ondudioad auiuiay) (Yimsiri and Soga, 2002)
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Unn 3 lﬂ?@\?ﬁﬂ, ﬁﬂ"lﬁ’lﬂﬂf)\?, HASUAUMINAQDN Triaxial

3.3.2  3%UU bender element
i) MINAUMAZMIANAS
o & R A % [
Qﬂﬂim bender element 1® electro-mechanical transducer MdasundINUnAAzNAITU THHN
ndvlunduun Tasilsenoudan piezo-ceramic plate 2 SuwsNARfUAT B9 fULAIUITHADINT LY
4 . P [ ) =
oUNITU (mmmzﬁmmﬂu receiver) HASUUVYUIY (FURWIETULIY transmitter) bender elements 1
3 ] . v
1¥luaIteiifeuuy T226-A4-303X/Y poled 3 U7 3-6 Lans piezoceramic bender element NfD993
Yo dy-ﬂ A a2 ' s : s =] Y
wuveYNINLAYIY manavesns IFTagiidnliolnszua lWihiuiuznadmsovenedauas
[T Y A W ar A @ a Eid @ 3 +4 4 = 3 Y
Tumenduduiiiedunadmseveedaiue v Idhesnut daiudl voltage Aisansdruves
A Qs = & o @, o ’ >4
bender element AuniisazBadauazBamumnilenznadafagli 3-7(a) uenanil bender element iy
: E "' ".“f" i R ‘ S T y : q :/, S L Qr 3 Lo L&, ) ~
gunsel highimpedance srinlianusagnausuldingiuzifansdarns daiusidudesting
: y Y ‘ L4 d o wyd o
floafuihuaznnuiiulaons 14 epoxy 317 3-7(b) uerAe bender element w3 onT3iRoAac 1y

Ls a
gUnsainsnagovAL
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UNA 3 1A58940, IBNITNAREY, UASUNUMITNAABY Triaxial

Etectraode (nickel or siver)

Piezocreanic

| —— Adhesive bond loyer
—— Center Shim
Adhesive bond layer

Piezocreanic

Electrode (nickel or siver)

) Taseadaves 2-Layer piezoceramic element

. Output Force

Shiage afrer Deformatien

o

/. e

Tnput Electree Freld ,

\: —ix ) rd
aur - N

Stape befors Deformanon

A7
. A A
Bieze LJ}'&!‘S/ 5.7

“Crizmal Polarizason Freld

Prezo Lavers
TN

Shape before Deformation

//; g g A
Quipw Eiecmnie Field 27 / Ny -
fpus Elezie Feld ™, S Origemal Polarizarion Freld

(c) X - poled with series connection (3 wires)

g‘ijﬁ 3-6 Piezoceramic bender element ssimmumgﬂimmmmu
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UN 3 1Teeie, I5NITNAABY, LASUNUNITNAABN Triaxial

{4y Bendsy slement i pxoiiation

gﬂ‘ﬁ 3-7 Bender element (Dyvik and Madshus, 1985)

L4 =N :/} A r=1 Y a wa ¥ @
9Unsal bender element AXNIDAAGIIATDITONARBI TUADAIGIANS IdvarnnareTasine:
a & & o L. a o s ] A .. v
AnAeluAToaB triaxial UAZ oedometer M3AAAIGNTAI bender element 11150 triaxial Auan
’ ] Y ' 3
“lug 19 3-8 Tnoh transmitting bender element AAAIN top cap LD receiving bender element ANAIN base

i dlo o v A A . .
pedestal mu’qﬂmmmnﬂuemqauﬂa function generator 0% oscilloscope




unii 3 1nseviie, I5MINARGY, HALUNUNITNAGEN Triaxial

ii) Interpretations of arrival time

v . o [ A =] Aa
1 small-strain shear modulus (G, ) TUITOAMUINNNANVITIWDAAADURDU (V) NI

max
AIDUNAUAITUNTS (3-1)
Grax = PV (3-1)
Taufl p Aonunmunniuveshy
uuﬂﬁummﬁﬂwmﬂmmmﬁmﬁ shear modulus (AG
AGu. _Ap 20L 2t

max

G P L t

max

) waad lagauns (3-2)

max

(3-2)

Viggiani and Atkinson (1995) 18510018 1dszez55m 31900189049 bender element 1o
A ¥, sm:ﬁﬁﬂﬂzﬁﬁ"aa,‘fastFou‘rier.,transfonn Suadud Susfousuaiudicdeeon 1ag cross-
correlation function LUag cross;power spectrum Lﬁ'aaﬂmm‘lﬁuﬁuau‘lumsmazﬂmmﬂmﬁuma 6]
dlu 7% Jei I nuRanaalumsmem G, 1 +15% |

327 3-9 UAAIFYRILIINMINARDI bender clement 737 T oscilloscope yanmiidesndu
ponnnddaziiu 1doiedanudaanmiiaduindeiifues lideodany dyanuisuszismiui
190 azazﬁaﬂmﬁuﬁmuﬁaqﬂ | iannsussfimsn Goufinediesinds ndntuesinsaung

- oy
pAvaesoUnouNdyIuazne 1y

=.

g‘l] 3-9 ”ﬂgty,mmﬂ bender element 1A 1Ay oscilloscope
a wa n‘; d' ~ Y t:i Lﬁ & a 2 A d'w ar ) 9 q’j
Al §iiaTasia Iz insanlfyefindudeudumanisisyeisudyanuldasusn
& @ 3 A A A o @ :/I A Ao g aa )
(Aoga 0) MsndudvesnaunduiodunamsndvdvesndunFuaziluiz lumsuansinge 01l

1 = . ' I~
AV first arrival Y94 shear wave 619411953 (Abbiss, 1981) 8613 lsnamnisAnyImnangui lay
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Una 3 lﬂ?@\?ﬁ@, 3§ﬂ757’lﬂﬁ8\1, HASUAUMTNADON Triaxial

Salinero et al. (1986) teraa A usndi 185001992 14115 arrival Y049 shear wave sty arrival 489

ﬂﬁuﬁﬁﬂﬂ’h near-field component ‘;li;\‘l ﬂzéaﬁ'wmmﬁmmﬁu compression wave Viggiani and Atkinson
(1995) 03 1101M3RNTUINAY near-field Tawzari 1 1dan G,.. Wnnulilie14% od1alsfinu
Salinero et al. (1986) WUIMSIAATUYDY near-field effect ﬂ%uagiﬁmzﬂzmaﬁzwm source LAY receiver

' [ :1’ -4 " t o q
(L) uazA1 wavelength (1) Y94 sine wave AIUTIIUDYAUA frequency () LATANNISIVBIAAUA

a o ' . < ar ~ [ dy
Tagilo s uIuveg wavelength 381319 source LY receiver (R, ) nJumuﬂsmm‘uqnmu
L :
g L_fL o
PN

b 4 J
ATz Tiifin near-field effect 813iM R, 1nadszans s uazlaonaletu 18 Taens

AUANIN frequency ¥4 transmitted wave Tiigaiivane

iii) Vo31HAVDINIINAADY bender element
§ [ ) o i
MINANDI bender element (Dyvik and Madshus, 1985) Gl%'zﬂuﬂizmﬁlumi’mm small-strain shear
a v w o o @ R . ]
modulus (Gmax ) UDIRAU 5\‘1uﬁamu%zﬂasﬁummmmﬂumﬂ%’ﬂn clay, sand, 10 stiff material (%4
. ¥
cemented soil {1 Jovicic et al., 1997; Ismail et al, 2004) umuumﬁ%’a%mwNﬂﬁmwmﬁ (Ismail and
Rammah, 2005)
9 [ o ' = 4 T 4 @ . I~
* bender element 3zAva e T luda0d19AIio g 0 TIAREUS WY bending N1y shear
. a 2 [<{ % ) . Q
strain TUAUTOUN 39919921 UNI5UNIUAIDE1S undistured 11AZ cemented M3 13T
L9 ] = v = v d v Y I [ =1 & a Y a
MotsAuIsnouaN; 1AL TuAendIa 10 Taqan epoxy 130 gypsum Gae1vvzildifans
. v 'Y
TUNIUAIDIIUNULINTY
* coated bimorph v fudaiuAU Tasas e IdTuua Tuezidonie uazanwdonioves epoxy
coat 3 linan1sdanaes
e bender clement WHINgd S UANWINARDUNTULTINMIALAIB019FURIU epoxy 151 Tu
NSQVDY electrokinetic treatment
Yar 9 o 1 a [}
e bender element 32 IasuransznuMAANMUAL NG IBHEL Taamwizdiunslensslate
AIDUNNUAALTBIDINATIWYFVTLVD platen
v t @ & = + = . . = .
e W51 bender element ADUUINL (0.5-1.0 mm) aWitu? 1wz iinis depolarization M high

14

v =1 ¥ Ta o . v X A
voltage 9614 13AiA 3z AUBYHIUTINIUYDS working cycle t1az31/519U89RA voltage Agad

Y

¥ 3 s | . ' a oA . da
9199¢AB9 1% 1UAR1UNITOINI signal attenuation 117 15U IUNTAIUD soft soil N30 stiff soil NI

FZUSIAUNIET
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Unii 3 195098ie, IBMINAADY, UAZUNUNISNAASS Triaxial

iv) Function generator
{ < ; 4 o .
function generator Alduuuy Agilent 33220A Woas Nﬂﬁug 1 sine 1970 transmitting bender

. v A Aa =2
element 1A® function generator IUTDTTNAAUNUANNDNG 5 MHz

v) Oscilloscope
oscilloscope TSuu Agilent 3000 series receiver bender element 9&M®NU oscilloscope Taosunau
NIUAIDE1990 transmitting bender element oscilloscope wADouA microcomputer WU USB

port INOMIAUANLAZ Tt TDYA

34 UHUMSNAQDA triaxial
UHUNISNATDY triaxial §ROBNUULINDANYINGANTIN stress-strain Y84 Bangkok Clay 71 small-
. ¥ . v v kY
train levels 1A8N1314 local strain measurement 182 bender element SIUA20 LHUAIINAABIRBINTS
v
AN INANTEN VDA non-linearity 0% anisotropy ABWOANIIU stress-strain YD Bangkok Clay A9HUIZ
v
MININARDING isotropically consolidated undrained compression (CIUC) L isotropically consolidated
v Ty Y
drained compression (CIDC) NuA78gauUNaa luuIaua: lumueu Iasiinisnaasananya 20

AIINABDY LINUMINARDA triaxial Toagdlumisei 3-1
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Uil 3 1950989, I5NISNAABY, UASUNUNITNAABY Triaxial

ﬂ]‘ﬂ\‘lﬁ 3-1 URUNITNANDY triaxial

Test No. Description Specimen orientation
Uv-1 CIucC Vertical direction
Uv-2 CIuC Vertical direction
uv-3 CiuC Vertical direction
uUv-4 CIUC Vertical direction
UH-1 CIuC Horizontal direction
UH-2 CIucC Horizontal direction
UH-3 ~cwc . | Horizontal direction
UH-4 | | CIUC | Horizontal direction
DV-1 CIDC Vertical direction
DV-2 CIDC Vertical direction
DV-3 CIDC Vertical direction
DV-4 CIDC Vertical direction
DH-1 CIDC Horizontal direction
DH-2 CIDC Horizontal direction
DH-3 CIDC Horizontal direction
DH-4 CIDC Horizontal direction

ag . . by ~ an ] o’.: Y a
IBMINAAGY triaxial TALAAI1U flowchart Tugilii 3-10 Fmsnanssveanazdunsuldeduw

lurrdosslal




Unil 3 1A509is, I3MINARDY, UAZUNUNITNAASY Triaxial

Test program

Sample preparation

-

Specimen set-up

Determination of ¢!

Y

Saturation:

S 295%

A 4

B-check: B=0.9-0.95

A 4

Consolidation:

Measurement of

Y

I
1
I
I

Compression shearing
CIUC: Undrained shearing
CIDC: Drained shearing

1
I
|
i
i
: Shear wave velocity
]
|
1

Data analysis and interpretation

d‘ ad . .
31N 3-10 FTn15MAaDY triaxial




N 3 !ﬂ?ﬂ\?ﬁﬂ, ?ﬁmswmm, HASUAUMINAABN Triaxial

34.1 Sampling
] k4 . [
Aed19AuN 14 1un15MAa0A triaxial A9 undisturbed Bangkok Clay 3niufiswdumafinnudn
Y v dy a2 ] o Qy
10-14.5 4 @0019 undisturbed HgMn1 10y piston sampler ﬂjmmﬁ'umg{uﬂﬂma 12.5 53 (S U2)

o ' $  w '
ﬁ?ﬂﬂ?ﬁﬂzgﬂlﬂﬁﬂﬂﬁﬂﬂ wax UaZIinuUIinEINoUNITNaned

342  MASaN6AI0819
1 ¥ )
MNA9INTADIFU wax LAY cling-film 2ONIINAII AN R IMSAS WD UIRBAANNAIY

. R ¥

mangaudmsullunmsnaaey driiFRndnatudt19aY U Y soauan 32l 198 0g 9B Uty
‘_dy ] o 9 ar ) 1) . Qr Y U . LY 1 = ar Iy ¥
uennnlidIuiIMevesieiezsgndaliisounousznsasiu soil lathe dregeauIzgnAn R 14
el B I ST Wy . 1 oA Coa M v 13. .
winalag wire saw TalIduRIgnanarslaolisnahediu 2 ¥iia fs fredrs s oy
v . »

UUIUBY ANVFIVDINIBEIIAUITY T 100 WU MWTvesdIpgeTinanslugli 3-11 muAuR

Tannmsnseusiegiaaz1i 11 114n 1541 moisture content

v 14
311 3-11 mwsevesdiedsluiuadaasiuiuey

3.43  M5ANAIAIBEN

Y
Qr

[ U a a tl'l =1 . . =3 9/4: 3 " ) 4’ ]
AIBYNAUISHNAANNTIUVYDUATONUD triaxial IﬂU’JN‘Hu‘WE‘uhl’J‘lﬂ‘]JaWEWNﬂENWlu!WE)‘]S')Uﬂ']S

a3

3 ] E4 v
i1 bender element vzgndgh T ludetsmlmeamesdiu uazieanmssunudiegadusn
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UNA 3 1ATe9die, I5NISNAABY, UASUNUNITNAGBN Triaxial

[ 9 o [] =4 sld' L% ] ] FY ar :3 ar ]
A3 bender element 141 11vzvigeanng Aiideenoulasldiaan ndwintiuszaseudiot
3 v N A @ )
7Y rubber membrane 1) top cap 10T base pedestal ITNIAIY silicon grease etloadunissidu
Aoul¥ O-ring 119y

E 4
qATIY triaxial cell chamber 33gNYTENOUNDLIAUAIY deaired water T51I19MITAARITIBEIIAY

o 4 @ ' % 1 a :I Y
9 UANAININITZUY back pressure thoTlosiulildded1afugainin lduasuanda

3.44 Saturation

71m574 back pressure 200 kPa 1fip1¥ida06137U fully saturated TaolvanlunszuIums
saturation 15235104 24 $2 T8 MSANYIMINGURLAZNTNABBUALINUMS saturation VosAUTALIE
back pressure 1805176 1At Black and Lee (1973) TUsEN19NT2UIUNY saturation 32iTA drainage
vatve TUg@a061981 713 full saturation vosdresAuudeduilumedlostunnuiawarnlumssa
msffeulasvenlSunsvesiioden

MA99INNITUIUNIG saturation ANYIBV2INI5IAAT Skempton B-value (Skempton, 1954) Tag
wueelianlszana 0.90-0.95 F3ms 91 degree of saturation A 100% FMSY soft &4 stiff clay (Black

and Lee, 1973)

3.4.5 Isotropic consolidation
é’m1m§Lﬁmwﬁmimmimam constant-ratc-of-stress consolidation 7® 1 kPa/20 minutes
ol fully drainage senafiniing Tnasenongaogeiuri drainage valve fiduaaag sz I
excess pore pressure 91} pore pressure transducer ﬁﬁWHU‘LﬁJ@Qﬁ’J@E}NauLﬁi’Jm 19001 fully drainage
uanmm‘fi ZHINNTT isotropic consolidation 9231579 shear wave velocity A2 bender element

§ a 4 3 as 4 )
Lﬁﬁ]’)tﬂi WRHAANUTUNUBITEHIN small-stain shear modulus LAY consolidation stress

3.4.6 Rest period

1 [ v v
IWONILAANANTZNUUDA recent stress history 2 MIF108190U 1301nN91 24 $2 TueRouMsIHoy

3.477 Compression shearing
aw dy . A Y 1 a :II 1 Z’ :} & us.: [=f a
1ua1ua%au%zmaumamaﬂumu‘uu”lmxmﬂmua:izmauw mmﬂmu‘uu%ztﬂumsmmtsa
. y o
Tl MAUIDY strain-controlled HaEAIURAY cell pressure Tvnen
Ed
f"hﬁ%”'umiLﬁauuuﬂmwwﬂwﬂ% external strain rate 1110 0.15 HU/BU LLASINAT excess
] 3 v
pore pressure MRady FMSuUMsRoULUYsTLe1192 14 external strain rate IMN1 0.02 /BN LD

3 y ¥
o ar 1 = ] . o 3 a X
mgﬂﬁﬂGlﬁ’uﬂﬂaL‘i’h/i)f)ﬂiﬂﬂﬁnﬂﬂ’mﬂuNTLI drainage valve LI IAAT excess pore pressure MNATU
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uNi 3 1n5ouiie, I5MINaaey, LASUNUNITNABEN Triaxial

348 muiudeya
¥ R 1 v 3 < a o
IENINMINANDY triaxial NANITBIUAINN transducer Nenuavzgrny I3 uneuiunes
A33UIUNII data logging s NYINTIMTUNSIAAIN small strain 521 19M5I5UAN compression

] Y < i 1 a o Qs '
shearing Tugstideyassgminudennudinniosyng 15 was 30 Suniidmsumsdeunuy lszue

b4 ;4 Ed
@ =

thuazssnmhmuddy Jeyefisluusazyadeyaiiaail
= 19
- Axial load
= Cell pressure
- Pore water pressure
- Back pressure
- Volume change
- Local axial displacement
- Local radial displacement
- External axial displacement
- Proving ring |

£4 ] ¥ .
aNYUZYDA transducer ManuaN 1 lusmITodayllunised 3-3
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UnA 3 1ATedie, IENITNAADY, UASUNNNITNAAEN Triaxial

4' [ = 9/ =]
M3190 3-3 ANYAUSUDY transducer N 1% 1UITUITET

¥
a o

Channel Transducers Capacity Vin (V) Vout Gain No. Offset Calibration factor Resolution
1 Submersible load cell 3 kN +5/-5 Oto-10V 1 0 -0.051904 kN/V 5.894x10" kKN
2 External LVDT 5cm +5/-5 Oto 10V 3 0 | 5.486 mm/V 6.679x10” mm
3 Cell pressure transducer 1500 kPa +5/-5 0to 143 mV 2 0 | -124.050570 kPa/V 0.706 kPa
4 Pore pressure transducer 700 kPa +5/-5 0to 143 mV I 0 -51.020386 kPa/V 0.581 kPa
5 Back pressure transducer 1000 kPa +5/-5 0to 143 mV | 1 -48.490658 kPa/V 0.575 kPa
6 Volume change transducer 60 cm’ +5/-5 Oto1.25V 4 0 39.373 cm’/V 12.016 mm’
7 Local LVDT 1 10 mm outside Tiov 1 0 0.473061 mm/V 1.216%10” mm
8 Local LVDT 2 10 mm outside Tiov 1 0 0.437756 mm/V 1.213x10° rﬁm
9 Proximity transducer 1 5 mm outside Oto5V I 0 0.942 mm/V 1.150%10” mm
10 Proximity transducer 2 5 mm outside Qto5V 1 0 0.957 mm/V 1.168x10” mm
11 Proving ring 2 kN +5/-5 Oto2V 4 0 -0.775 kN/V 2.365x10™ kN
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Uil 4 1n5eviie, I5nTNARSY, UBSUAUMINATEN Torsional Shear Hollow Cylinder

UNN 4 1n3093i8, IBMINARLY, UAZUAUNTNADBY Torsional Shear Hollow Cylinder

4.1 3TVUNIINAQDY torsional shear hollow cylinder

N13NANDNY torsional shear hollow cylinder rﬂumsmaaﬂuﬁ'mﬂﬁﬁﬁﬂmﬁmﬁmmiﬂmuau
"lﬁsl’ﬁ,;\i major principal stress direction L8% intermediate principal stress Twdoudu (Iago1iinanszny
VDY stress non-uniformity ‘fllN) (Hight et al., 1983) mm‘ﬁummzm?mﬁamam‘ﬁyﬁﬂ’nwﬁucﬁ’euua:ﬁ
munsseds lifindeaderiafiludssmalng i imelinmsfinunansznuves major
principal stress direction U102 intermediate principal stress si'oquaniimmﬁumﬁméauﬂ;amwwm
reu dwduludinlsemanimanes torsional shear hollow cylinder HouNIeMAVAUNTIOWINATIAY
mﬁmm@wadauwﬁmﬁ"mmﬂéfmmsﬁﬂquﬁﬂssu liquefaction c'émflquﬁnsmmmmmmw
MulAan1azudn@n1n) (91 Symes et al,, 1984, 1988, Nakata et al., 1998, Yoshimine et al., 1998,
Zdravkovic & Jadine, 2000, 2001, Sivathayalan & Vaid, 2002) fchumﬂmamﬁ%ﬁvﬁumﬁmﬁimau
uaammm (mm Hicher & Lade, 1987, Lade & Kirkgard, 2000, Lin & Penumadu, 2005) mumwﬂ‘w

ENhlimsllﬂilﬁu1‘14ﬂ'liﬁﬁ']\iLLflJ‘lJmai’N‘VlNﬂmﬂﬂWﬁWSﬂﬂﬂﬁﬂx‘iﬁTﬁﬁ‘UﬂuLWHU’J’E’J’t’JuﬂSQMW"I muu

QU

~

Iﬂiﬂmﬂ"ﬂ&lu% MNINANDA torsional shear hollow cylinder nmumuma@uﬂ;amw Taotiinis
NARBILUY undrained test (CIUC) 91 A1 b 11as X Cv]'N”] Lﬁ@ﬁﬂmﬁwaﬂiwmm major principal stress
direction Li01% intermediate principal stress Giawqﬁﬂssmmﬁumﬁma’auﬂ;aqu

ar

t A A . ~ 9 ao c:y P~ a o
AWINVOUATDIND torsional shear T1lFTuan T viinaasluglii 4-1 Tnelidnnlsznevdiny
] ] o 3 .
. cell chamber yu1a Ingjiduringudnats 256 wu 1180 stainless steel 119 perspex 111 15 13l
= s Y
HAZEANUTIUATIY 3 bolt
2. loading shaft by two-component load cell 1AgIUMNUATITULAUYDS load frame shaft AAA1)
top cap N¥oUADAY inner cell pressure line, suction line, 140 back pressure line @74 inner (1
outer cell 3R de-aired water
v iAo . . ot .
3. 5zun AU IMI¥ONAY loading shaft 1 axial load U torque 9LNTEHIIL rigid end platen
k-
715 1A1L59919 axial load (W ) uag torque (M) 92032711100 Bellofram cylinder il step motor
AUTAL
¥ ;’,' [~ A . =
4. szuumsMussamsodatuuuy stress control 3¥U1ILU electro-pneumatic controller 1
NIV de-aired water interfaces [WoR UAY inner pressure, outer pressure, LAY back pressure

dy ! 1 @ a o A
3¥U1 electro-pneumatic controller m%maﬂmauwamassﬁamsmugumsvmam




unil 4 1950viis, TEMINAAEY, UASUNUMITNARSN Torsional Shear Hollow Cylinder

TLUUMIIA stress LD stréin 11 outer pressure, inner pressure, Q% pore water pressufe 2230
Ty pressure gauges (P.G.) dial gauge transducer 151un1599 axial displacement f11 torsional
shear deformation YB4#19819AUIZ A 1Ay potentiometer ﬁ top cap Volume change YDIAIDE1
Auazialae differential pressure transducers (D.P.T.) transducer ﬁﬂﬂﬂﬂ%z&%@ﬁﬁiﬂﬁv
AoNRIADT Lﬁ@ automatic data acquisition 410 closed-loop control 9NHMULUOY transducer

4 v
nanualdag)luaisied 4-1

o 8:Steoner actor
€ Pisi gauge
for axial fefossavicn

siure change

gﬂﬁ 5-1 Lﬂ‘iﬂ@x‘iﬁﬂ torsional shear
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unii 4 inTesdie, FTNITNAADY, UALUNUMINARDY Torsional Shear Hollow Cylinder

9197 4-1 SNULUDI transducer N1 UTZUY torsional shear hollow cylinder

Channel Transducers Model No. | Serial Number | Offset Gain Calibration factor R
(mV/(mV/V))

I Axial Load TS8300 576301 0 4000 0.7378 N/an -
2 Torque TS300 576301 0 4000 0.007354 N.}fl/mV -
3 Axial Displacement DT-20D YD9415 0 4000 0.004981 mm/mV 0.99998
4 Rotation CP-2ut - 0 4000 0.019487 Deg/mV | 0.99994
5 Outer pressure transducer | PG-10KU | EE9360020 0 2255 0.2186 kfa/mV 0999998
6 Inner pressure transducer | PG-10KU | YT0060050 0 2268 0.21589 kPa/mV | 0.999999
7 Pore pressure transducer PG-5KU AF-5913 0 2263 0.10889 kPa/mV | 0.999998
8 Volume change transducer | BP15-24 74114 0 ZERO 4.46 SPAN 3.92 | 0.005608 cm3/mV | 0.999968
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unil 4 1A5evlie, TBMINATGN, UAZUNUMINARSY Torsional Shear Hollow Cylinder

42  WANNIINANLY torsional shear hollow cylinder
d' d' d‘ o 1 ar v o : Y d'
21]1’] 4-2 UHPULIINVOLYRANNIZMNORIDYIAYU hollow cylinder UASTATNAIIAUNTINITO
o a () v ar LY t A R
$roeeldvwediuudau dauilszneuvesniudu 4 §10uFI88198Y hollow cylinder (0, O, Op
Tp,) ’mm'saf‘imuﬂ'lﬁiﬂﬂmimuquﬁmﬂi 4 777D outer pressure (p,), inner pressure (p,), axial load
E 4 1
(W), ua torque (M) torque 95311 1W1AiA torsional shear stress (Tg, 1ag T, Melussuinumdfway
. o Y a . 1 T .
HUIUBY axial load 9z 19 INA vertical stress (0,) ANUUANAINTEYIIG outer pressure LAY inner
pressure sz liing gradient Y94 radial stress (O,) 1l0¢ circumferential stress (Opg) NTUHTIUDIA D814
Lui’)\i%'lﬂﬁ'li.l'liﬂﬂ'J‘LlﬂllLﬁ\‘i'V)‘U'E)UL‘UG]‘VNWiJﬂhlﬂE’JfJ'Nf’JE‘Ti“"VﬂolWﬁ']il']ﬁﬂﬂ'lﬂuﬂ‘uu']ﬂ‘ll@ﬁ principal
stress 1/N 39U Lmuumaﬂwamﬁmq major LR mlnor principal stress Mohr circle mmmmmu‘luwm
summamaﬂuuazwﬁmamsmgumm miajor principal stress llﬂ!!.’dﬂﬂugﬂ‘ﬂ 4-3 1umm°ﬂ outer
. 1 1 o o Y1 . . . [ Y
pressure LB inner pressure LANNIAY w=p) 9391119191 radial stress a2 circumferential stress 1911171
¥ 3/
ar . o o Ao . R . v o do
YN outer LIQZ mner pressure TIMITUTATNUNANIIUDI major principal stress ICHUWUTAVAY

intermediate principal stress Taoaun1s b=sin’ &

Po

(a) (c)

4-2  MINAAD hollow cylinder (a) H5INVBVLA (b) TINYTENDVVBIANUAY 1AL (c)

o
==
=

principal stresses HAZNANISVDINU




Uni 4 1A50930, IBNITNARDY, UAUNUMSTNARSN Torsional Shear Hollow Cylinder

T3 ay (e} a

gﬂ‘ﬁ 4-3 ﬁmmamumsﬁuumm major principal stress &

43  MSAHIVANUAKUDZAMNINATHA
drulsznovvesanuifuiazaNunIon luAI9619 hollow cylindrical enansasituan ldau
aw . a el 9 3 & t ar )
U6V Hight et al. (1983) M3AATIZARMANUAULAZANMASIAU LT AUYATIUU19INNAIDE1
a a o o A k4 = ' &Y @ ] . [ q’: 2
Auiluedwudingy Weawinanuduasuutasnumiiveaning e hollow cylinder A9
o o 3 o ' 9 =t ] a o ] 9 A A
fuiludestuiumnanuduuazanunisalusdusaunie mssuumanudumdoieus lae
. Y . <2
Hight et al. (1983) 1duaaaluaunis (4-1) De (4-4)
2 2
W poro _piri

o, = + 4-1)
©oal2-r?) -
+ p.r
O—r — p()r() plrl (4_2)
rn + r,
Yy — Y.
0_62p1)0 pll (4_3)
Fo =1
3M,

Ty = (4-4)
6
27rir03 —rf ) , ‘
Taeh O, O, Op Wz Ty, AoAunasusg axial, radial, circumferential, 1l01% shear stress M, Aof
torque, W flon axial force, QT p 1AL p, ADA outer LAY inner cell pressure m5aumeouenuazniely
waaslay r, uag r,
3 { a o a Y 3
mmﬁamm axial t10% circumferential stress 'JlﬂﬁTZﬂil'l"lﬂﬂﬂ'liWﬂ']iﬂ!'lﬁﬂT‘Wﬁllﬂﬂﬂ\iuu%;ﬂ
3
am3nle1a lasluduiy constitutive law ﬂl@ﬁ"i’ﬁﬂ (Hight et al., 1983)
] = =3 9 a [ 9 o kY
ﬁ')u‘l]igﬂﬂ‘ll"llﬂ\'iﬂ'l'llllﬂiﬂﬂ (uﬂ'lilclulLﬂ'Ll@'NE]\‘JLﬂfJ'Jﬂ‘lJ‘U'ENﬂ'J']lILﬂu) fTTlJ'ﬁﬂﬂ'lu'Jiuhlﬂﬁlu

MusufsInusuaas laeauns (4-5) fa (4-8) Fea5116 1ae Hight et al. (1983)

£, =—— (4-5)
H, ‘
g, =t (4-6)
ry_ —F




ynit 4 1A5eile, TEMINATOY, UAZUNUMITNARDY Torsional Shear Hollow Cylinder

u +u,
g, =0 M @-7)
r()Z + riZ

(4-8)

laef ¢ , €., &, DY AoANABYDY axial, radial, circumferential, 1l8% shear strain H ABANNYA
2> &5 &y Vor 0 ]
q’ 97 ar 1] = = = A Y & = < r
BuauveIIBtNAY w Aemsiisgllumnununnanugesudu 0 femsidugiFam (Galy
' . A o o A v aa g
WU radian) u, uoz u, AemadegUluniativesiriisudumeusnuasaelu r, uaz r,
MURIAY
2 = o J s)d; o . . (Y] =

ﬁﬂJﬂ"li‘U'ENﬂ'ﬂﬂJLﬂuLLﬁSﬂ’J"lﬂJLﬂfiﬂﬂﬂ\‘iﬂﬁW’Jﬂgﬁl%LW@ﬂ’luﬂiHWT principal stress ATUNT (4-9) D4

(4-11) 1 intermediate principal stress 930¢ 1ULUUOUUDALIMAY radial stress (ETND A1 maximum UAE

minimum principal stress %80@1’u5$u1ﬂ z-6

2
o, +0, o,—0, 5
o, =—=% -+ = +T (4_9)
‘ 2 ( 2 J &
o, =0, (4-10)
2
o, +0 o.—0
o, = 22 o ( ‘*2 ‘9) +7) : @-11)

A1 principal strain taAaluauns (4-12) H1 (4-14) TavauyAdfien19ves principal stress LAY

strain 590U

2 2
g ofte, (-8 (7 (4-12)
2 2 2
& =6, (4-13)
E,+¢e€ E.—-& : ?
g =2"% _ (|88 | (Ve (4-14)
2 2 2

°1u"3mﬂiiuﬂgﬁﬁlzﬁzmniumiﬁmsm principal stress 11 3-dimensional principal effective

stress space 11 invariant maammw’fummsmmm"l&’fﬁ'aﬁums (4-15) a4 (4-18)

'\ _O1+0, 40y (4-15)
3

J=%\/(a]'—o-;)2+(a;—0";)2+(0“;—0',’)2 (4-16)

0= arctan@ (4-17)

L (4-18)
0) =03




Unil 4 1n5edile, IEMINATE, UASUNUMSNARDY Torsional Shear Hollow Cylinder

1 normal stresses %zacﬂugﬂ effective stress (07 = o —u ) 1ALA b foA2u11)5 intermediate
. . o/ 3 Y ) o LY o Y . .
principal stress #4132 18310 < b <1 dmFums IfusswuvauuInsaziia b 1911H U 0 (triaxial
compression) H3o 1 (triaxial extension) JUANINW plane strain LA b 1IN 0.3-0.5
v kY
gﬂ‘n 4-4 UAIIAY mean effective stress ( p' ) HULARAITLYZATULAY space diagonal 919
’ - 4

ﬁgm%’m?{umm deviatoric plane “ihi;uu (0OA) 1u deviatoric plane (‘H%i’e] Tl-plane) UUA invariant YD
stress deviator (J ) %zuﬁmﬂ'mﬂ1wm1mﬁ’u§]wﬁumﬂuﬂu space diagonal (AN ) A1 Lode’s angle

4
(8) LLﬁﬂ\ifﬂi’JN@’J‘U?Nﬁﬂ’lwﬂ’J'liJLﬁMH‘UUi%HWUﬂ\iﬂﬁTJ

. L L TC (8 =—-a/6
a) Ey oy £t ( /6)
b=0.5(8=0)
A~ ~ w-plane :
! AN Space diagonal TE (6 = 7/t)
lN N7y ’ ’ ) ’
! AV NG =0y =y, T
\ g -
A
\»",gj)l \
> ~—
0 £
£y
o al 2

(a) )

g‘l]‘?l 4-4 Generalized stress state: (a) Principal stress; (b) Deviatoric plane

44 MINIVANNINATDBZMSINVTOYE

]
~

=Y o LY o v d‘ A R
reuiunesez lTunmsarugudausan luaseile torsional shear TnaTsunsunIuguf
a ndy FY Y [y n?l’ <
Woulaoniw BASIC Tilsunsuflssaiuquanudu 4 (o, ,0,, o, and 7,) faiufeauisa
ﬂ’J‘Uﬂllﬁﬂ‘ﬂN‘U?J\? major principal stress 91LUIAY (¢r ) HAZYUIAYDA intermediate principal stress

coefficient (b) AumlsmugusmegAannnnnanusuilagiudeaums (¢-19) 3 (4-22)
— (Gz + g, + 0-9)

4-19

3 (4-19)
o, — (gﬂj + l\/(o; - 0'0)2 + 47;

b= 2 2 4-20)

\/(O-z - 0-19 )2 + 42—;:

R(t)_az+0'0+\/(az—ag)2+4r;z @2

= - -
o, +0, —\/(O'z - 05) + 4z,

a= —I—arctan(zr—ﬁ') - (4-22)

2 O,—0,
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unil 4 1n5evile, I5MSNAADY, UBLUNUMINARBN Torsional Shear Hollow Cylinder

Taeh p, b, RS & i mean stress, intermediate principal stress ratio, total stress ratio (“lu;ﬂsum stress
rate), uazgu‘ﬁﬁﬁmwm major principal stress N3ZMAVIUIAY

nadulsmuguIzaInsadaa R uihineasauns 4-23) 4 (4-26)

o A @
0= 50177
- A
O~ A

(4-24)

(4-26)

natuzimsminussluunuuazanuduhnangdug srgaiuia Intiieszdsumany
oy - Y o
wuldidluluaw stress path idoesms daudlsmsliuseeansadiam Invaums @-1) 89 (4-4) uay

(4-27) D4 (4-30)

W = 7r(r02 — r,.2 )02 (f ) -7 (puroz - p,.r,.2) “-27)

M, = %7[(7”,,3 - ’”,-3 )1'91 (t) | (428)

)= O (e)r, - r.-); oyt )r, — 1) (4-29)
-

A A )2_1' oot )r, - 1) (4-30)

!

4.5  URUNSNABBINAZIBNIINARDY torsional shear hollow cylinder

HAUNITNAD DY torsional shear hollow cylinder aammmﬁ'aﬁﬂquﬁﬂﬁu anisotropy U84
Bangkok Clay 1uﬁ’1uwaﬂszwmmmiwgumm major principal stress rotation HASUYUIAVD
intermediate principal stress T UﬁTﬂ’li‘ﬂﬂaﬂQ‘ﬁﬁﬁﬂN%@Q the major principal stress 0= 00, 45° and
90° 1oz the intermediate principal stress ratio b =0, 0.5 and 1.0 Tagvhnisnaasaluaninliszue
1 (CIUC) 1HUMINARDA torsional shear hollow cylinder uazAuaUTATDIA 08 19AU IAuaaslu

A13197 4-2
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unil 4 (n5oeie, TTMINAADY, UAZUNUNITNAABN Torsional Shear Hollow Cylinder

A9 42 LINUNITNARBA torsional shear hollow cylinder LazAmayTAUDIFIDE19RY

Test No. o b Borehole Depth Natural Liquid Limit | Plastic Limit | Liquid Index | Plastic Index
(o) No. (m) water (L) (PL) (LD 02)]
content (%) (%) (%) (%)
(w,)
(%)
A00BOO 0 0 BH-5 14.0-14.6 20.16 64.8 16.31 48.49 7.94
AQOBOS 0 0.5 BH-5 13.3-13.8 22.16 53.6 17.97 35.63 11.76
A00B10 0 1 BH-5 13.2-13.8 25.26 59.6 17.65 41.95 18.14
A45B00 45 0 BH-6 11.8-12.4 54.29 85.18 32.97 52.21 40.84
A45B05 45 0.5 BH-5 10.6-11.2 61.83 - - - -
A45B10 45 1 BH-5 12.0-12.6 49.4 85.8 27.39 58.41 37.68
A90B00 90 0 BH-6 11.5-12.0 53.36 87.6 31.85 55.75 38.58
A90BO0S 90 0.5 BH-7 9.8-10.4 79.33 114.2 40.04 74.16 52.98
AS90B10 90 1 BH-7 7.0-7.6 55.58 62.80 22.31 40.49 82.16
Hugve u = underdrainage to lower and stratum

K,=0.7
y, =17 KN/m’




YNl 4 1A50908, T5NISNABEY, UASUNUMITNADBN Torsional Shear Hollow Cylinder

25M15MAAD torsional shear hollow cylinder 1Auaaalay flowchart Tuzilfi 4-5 T1waziBonves

3 ¥
LABSUUADUIL BT LA

Test program

i

Sample ﬁréparation

Specimen set-up

\ %

Saturation

\ 4
B-check: B=0.9-0.95

L 4
Isotropic consolidation

Y
Checking of excess

pore water pressure

4
Undrained shearing

v v
gﬂ‘ﬁ 4-5 TUABUNIITNANDI torsional shear hollow cylinder
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UNA 4 1950900, TBMTNARDY, UAZUNUMSNARON Torsional Shear Hollow Cylinder

=] o ] =%
4.5.1 N1NUAIDUINAY
o 1 A Ag YA . A 4 Y A < 4w
me&nﬂﬂuﬂcl‘)fﬂ’o undisturbed Bangkok Clay 31OWUNAIAWIIINANUAN 7.5-15 U Tﬂﬂlﬂ‘ﬂﬂﬁlﬂ

. 9 ] 4 W T =3 Y1
piston sampler VUIRLTUAIFTUINAN 12 HU AIBUNITYN wax uazmu'hﬂﬂummﬂam

452  MNILNMIDEIIAY

MA991NNI3497 wax UDE cling-film 0ONVINAIVINAUITATINAOLANINABGIIUNINSFINTY
‘v‘hmimamw?a"llimﬂwmammw?amimmu“lm%"lii“l%ﬁmemﬁu‘lfu Aoufiay1adaedienm
U soil lathe ﬂaw*ﬁaﬂawmﬁmdwﬁ):gﬂﬁﬂ‘lﬁ'ﬁ'ﬂnﬁ'wﬁﬂ mm’fuﬁ’mdnﬁmsgﬂﬁﬂﬁw wire saw
wdidurguénats 70 v

Fr061931IN39n521N92gARNAIL two-part steel mould (i’%’uvhgm%amma“luwhﬁ'n 120 n)
Umpvosiodnazgadadsuiie 1 iaugs 120 wu W& mould azqilafivarsdae end cap
uazwdoudmiudumeumsimsanszuennamely e lilEEIotauRafUATwes steel mould
wlduiunaaanuaeniededu 13nounisld mould AsInNa19904 end cap 2ziizuina

YR o P ) s P @ v oa ) a
Lﬁuw'lflfuﬂﬂa'lﬁ 30 B ug 10 WL NAUDTZATY qﬁj‘lhl@\7@‘"Llﬂﬁﬂlﬂ'ﬁL@ﬁﬁlllﬂ')@fnﬁﬂu'lﬂllﬁﬂﬂcluz‘l_‘ﬂ 4-6
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{ A
unil 4 1A5094, IBNMITNABDY, UAZUNUAITNAREN Torsional Shear Hollow Cylinder

(b) steel mould Hazanuodaau 1 lauuianielu

4 o=t ar A
3U 4-6 gunsainldlunmsmSeudaeg198u hollow cylinder

r=Y =} o & ad d? tar = = % ’ T Qdc; Vv
a3t lumsimsenszuenmelunazmsifenis laduegiurilavesdu Aree1usuIsnls

. g . ar w1 a [
Tag Porovic (1995) 11az Albert et al. (2003) 9219 soil lathe uuUdA Isianosgnauly ldvuialavan

V- a ] a a 9 3 o o £ a ] @ [} a 9 aw dy
‘U‘LI']ﬂ'iﬁﬂJ‘ilf)\iﬂ')ﬂﬂ']\?ﬂu‘ﬂﬁguﬂmﬂuﬁ'lﬂllGINW‘ﬂ']'imTﬂﬁUﬂ?uﬂ')ﬂﬂ’l@ﬂuu'E'JU 1ua1u3%uu
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unil 4 1nsevdie, I5n1TNARBY, UAUNUMTNARG Torsional Shear Hollow Cylinder

o a 1 =1 .
nsanszuenmuluszduiiunms lnsverevinavesmsanszuennslulasldaiumnzgdnuas 14 wire

saw IWNYIIAYDgAaLEaIlug U 4-7

(e) Drilling inner cavity to 30 mm () A hollow cylinder specimen diameter by the

wire saw (D,= 30 mm, D, = 70 mm and H, =

120mm)

31N 4-7 N3ZUIUMIIRTENFETIE hollow cylinder ‘

|
i




o A A Qg
UNN 4 1939300, IBMITNADON, UDSUHUMINAAS Torsional Shear Hollow Cylinder

4
luusazdrednduzimsmannuduneunazniinisnaass 1Avesd10619 (1, D,and D)

] [ [ K] . E4
wini 4 dumiwes Mdaundelunisdunaiifiondes detiauzgasanimindae

453  MSANAINIBENNAY

a 3 ﬁ' A a v a . g/ ~ a a dy
NMIAAMNIATBINBUTSAIDYWNAU hollow cylinder ‘lﬂuaﬂﬂugﬂw 4-8 UDTDTUIUAIU
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unil 4 1n5euiie, IMTNARGY, UALUNUMISNARBY Torsional Shear Hollow Cylinder

> BB 2 3

(a) Installing base pedestal, bottom porous stone

and ifinef membrane in the position

(e) Connection between load cell and top cap and

potentiometer installation

(d) Setting the top cap and enclosing inner and

outer membrane

set of stationary and load frame

H k4
31N 4-8 NIZVINIAAAIAIDE9 hollow cylinder
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unil 4 1n303ile, TNSNAABY, UAUNUMISNAGDN Torsional Shear Hollow Cylinder

s
- MINANIAIDEIIAU

3 }4
ATDUNAUILYNINUU base pedestal 9% porous stone L0 inner membrane ANAIDY porous
s A =) o d‘l [ Y A t:’ o ' ‘H' ’
stone WUATUNBTUNADIVIN 6 ’E)HL‘W’?]‘]ﬂ'ﬂﬂﬂ‘LlﬂTiﬁu‘lﬂﬁ'ﬂﬂﬂWU‘Uﬂ\‘mj'ﬂﬂ'NLuﬂ\‘i%’]ﬂﬂ']'iﬂ’lﬂuiﬂ

torsion (3 10 4-9)

3111 4-9 Top LAz bottom porous stone LA UNBUNADI

- Side drain

a

HOUATEAIEATEATA 1 9 311U 8 DUz AR RIATLNENVBIRI0E 19 R LR DTI8A5

consolidation

- Inner UQY outer membrane
B v
ﬂﬁwmﬁaamaﬂmmeguu pedestal WIOUAUAAAY side drain LD top cap U&7 inner DT outer

9/
rubber membrane 9zgAAsOUA0E1 11 TviinisseTe hildTioimadeeg ndanmiu o-ring $1u7u 2

} 4 ] » Yy v (]
ArggnandsiusazduvesitedeAuivetosiuit3 1910 outer cell 1azld o-ring 1 #9) top cap 1D

£

1946111152979 inner cell

- NISHOUADIZH 4 load cell AL top cap

¥ k4 4 £
ar S W o a  w . Y o a  w &
NAIVINAAAY membrane 4BIVLHINIAAH potentiometer MNUUITNINITAAAS cell chamber B4
QA a o 9 . . . EY Y R a o A N g [ nsl'
UAAANUIIUAY stiffening ring Iﬂﬂ‘l‘ﬁ bolt 3 717 cell VUARANUTIUUDAUATOINDAIY bolt HAINNUU

d o & A & o A 4 A
NITARAIUATDINDINDUNNINAD
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unil 4 1n5e98le, TEMSNARDY, UASUNUMITNARBN Torsional Shear Hollow Cylinder

b4
- Mg cell
a :I Y 1 o uszl T 3 a :‘ =
MIANUNUIY chamber ﬂs‘mr'flu 3 wmuiﬂmmazwmu%muuﬂu outer cell chamber 31049

o Ay ' Y 2 a 2 . =< v Ay ) w 2 v Y
‘i::ﬂmmmmiﬂﬂuua’smmuuﬂu mner cell chamber UNITLAUNADINIG mamamumq&mwum

v

a o . o 4 i '
21@311111 inner cell chamber uAue lsi 1A Tio1msmmAong

4.5.4 Saturation

wianInn1sAadeiet13RuIE 9 1 suction 100 kPa 4o cell 1A suction line wogaeniAian
fuegosnunzuy ndmniu 15 wiemaly drainage line 92 flush A0 de-aired water 31314
ﬁaﬂm suction pressure %utﬂug{ut‘f back pressure %:Qﬂi‘lﬁfllﬁﬂmi saturation f11 cell pressure 1812 back
pressure %zgmﬁiﬁ;’ﬁw%’@mﬁ'uiuﬂmﬂq’ifuiﬂamm;ummLmﬂﬁwwmmmﬁuf;"mm“lﬁ'mﬁuaz
IMNAY initial effective stress 11 back pressure ﬁi‘]’f’ﬁ@ 200 kPa sz‘nﬂwﬂi:mums5@3ﬁ1n13m’mﬁ@u
THINANIT saturation ﬁ'wﬂmﬁu cell pressure nazila drainage value HAZWUIA Skempton B-value ﬁ"lﬁ’

UINNI1 0.95 FIATIHU degree of saturation 100% G145 soft LAY stiff clay

4.5.5 Isotropic consolidation
ﬁaaéwaﬁngﬂ 1sotropic consolidation 117 mean in-situ effective stress 310AZDEAVBIA mean
[ ¥
L . , v q Sy e
in-situ effective stress ‘UE]\?Lma:im‘iﬂﬂam‘lﬂﬁ’;ﬂﬂlumiN‘ﬁ 4-3 38U INNIT consolidation UL

411130 1Ma09N9NAIBENAUMIY drainage valve
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unii 4 A5eadie, 3EMINAABY, UALUNUAITNAGDY Torsional Shear Hollow Cylinder

M3199 4-3  S1UaTPUAVWABLAITNABDY

Consolidation.

Test No. a b Borehole No. Depth In-situ effective Initial effective Back pressure
() (m) overburden pressure p, stress p; u,
pressure G, (kPa) (kPa) (kPa)
(kPa)
A00BOO 0 0 BH-5 14.0-14.6 133.1 105 50 200
A00BOS 0 0.5 BH-5 13.3-13.8 126.2 100 50 200
AQ0B10 0 1 BH-5 13.2-13.8 124.5 100 50 200
A45B00 45 0 BH-6 11.8-12.4 104 85 50 200
A45B05 45 0.5 BH-5 10.6-11.2 923 75 50 200
A45B10 45 1 BH-5 12.0-12.6 109.1 90 50 200
A90B00 90 0 BH-6 11.5-12.0 105 85 50 200
A90B05 90 0.5 BH-7 9.8-104 79.7 65 50 200
A90B10 90 1 BH-7 7.0-7.6 54.1 45 45 200
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uni 4 1n503lis, IEMINADEY, UAZUNUMITNARDN Torsional Shear Hollow Cylinder

S:’ﬂ%t’)ﬁWﬁé‘lﬁ!ﬂﬂTﬁ consolidation 929158111633 3-time method TntosnEoAm volume
change (AV ) 8¢ time (z) UUATINIUDY semi-logarithmic scale ua:m1ﬁmsmwdauﬁ%uﬁq¢wmmwJ
nadunssvinafuduiuuns semi-logarithmic Tauilszue ¢ @UTi9250n “3tcline” donsl
AV -logt DU 3-t line azRN TN INTUMS ’é‘ HEANTS consolidation (The Japanese Geotechnical

Society, 1999).

4.5.6 N1INTIVABLA excess pore water pressure HA391INNI3 consolidation
A Yt . Q’l’ Y Y] ' =y o 9 ] [V
LHGQ%'IﬂE)‘lgi]J'IﬂiWiJﬂ']i drainage ﬂﬂﬁﬂﬁﬂTuﬂlﬂﬂﬂ?ﬂﬂNﬂu1’1111’1‘11Jﬂ’lﬂ'13€1’3ﬂ1 excess pore
water pressure "lﬁ’f‘lu'szﬂinms consolidation MNIATIVADUA excess pore water pressure H49910N13
consolidation #11agn151la drainage valve LAZTUNANIIAT HINAT excess pore water pressure 13
e Fd H
a Y " a v v z o . . N !
rwmdiuu’dm’nmamﬂuag“luﬁn1wwsauﬁﬂ:mmimam undrained shearing UANINAT excess pore
P | y & o v o 4 a 2 . . sy .-
water pressure NﬂnWll"Uu%Gl’fN‘VlQGI’)?JEJN‘WS:’,‘U‘IEJNWIE]‘lﬂGﬂ NITAUGAVDY isotropic consolidation

%zﬁmimuﬁa excess pore water pressure DANIIUNUA (Au <1 kPa)

4.5.7 Undrained shearing

4
Qv A o =y

» Y
QWU?%HU‘W’]ﬂ'ﬁLﬂaullllﬂ‘luizll'lﬂﬁ'] 1uﬂiﬂeﬂﬂ\3 compression QY extension ﬁuﬁ')ﬂﬂ’]\jau%g

& o o wa ' A A o A A o A o A A
NRIUIUNISNIIUA llﬂiuﬂﬁmﬂlﬂauu_ﬂﬂ =45 ﬂ’]iLﬂ't‘)uﬂgﬂf‘Jﬂlnﬂuﬂ'ﬁlﬂﬂﬂuﬁ?N'Iﬂﬁ5?.““'8)

MInyudan1 30° ¥AINMIIRBUILININATDY water content YBIFIDEIIRY
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