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2. loading shaft ﬁft two-component load cell TauliuMAUATINVUAUYDA load frame shaft AANY

top cap ﬁt%ﬂuﬁi 8N inner cell pressure line, suction line, LI back pressure line AU inner Haz
outer cell ¥4AN de-aired water

3. szuu s siFoury loading shaft 1Y axial load 1oz torque 9¥NTLVIIWU rigid end platen
mslfusaf axial load (W) uag torque (M) 9203271 1A0 Bellofram cylinder 1ta2 step motor
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5. ITUUNIIA stress AT strain A1 outer pressure, inner pressure, {lQ& pore water pressure 9270
Tay pressure gauges (P.G.) dial gauge transducer 19#1umsa axial displacement 11 torsional
shear deformation Y93A20013AUZ A 1Ay potentiometer '71 top cap Volume change VYDIAIDYN
AuvzIalay differential pressure transducers (D.P.T.) transducer v{'mumzﬁ'mudaﬁu
ﬂﬂnﬁ’imﬂﬁﬁi) automatic data acquisition 148 closed-loop control ANYMEYO transducer
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A:Bellofraa cylinder -
for axial load (V) -
B:Stepoer motor
C:Dial gauge
for axial deformation
D:Potentiometer
£:Couater weight
F:Two-cowponeat load cell
for T and M.
G:Cell vater
H:Specimen
1:Porous stanes
J:laner cell
K:Burrette for volumse change
af inner cell
L:Burrette for voluve change
of speciven

1:Control pressure

2:Base pressure

3:Digital pulse

4:0uter cell pressure

S:loner cell pressure

6:Back pressure

T:Pressure gauge(P.G.) for P.V.P.

8:P.G. for outer cell pressure

9:P.G. for inner cell pressure

10:Differential pressure transducer
(D.P.T.) for voluse change of
specisen

11:0.P.T. for volume change of inner
cell

12:Target for proxiseter
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42 WANMIMAABY torsional shear hollow cyljnder

717t 42 LA s sitveuATinszAeAI9619AY hollow cylinder tazanmANIRURA WS
TaeqlauueRmudAY dmlszneuvean AU 4 AIUURIBEAY hollow cylinder (O, T, Og,
Te) aunsamvuald laoms mm]w‘huﬂs 4 @7AD outer pressure (p,), inner pressure (p,), axial load
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UUIUBY axial load 92V 1MIAA vertical stress () ATMUUANAINTENII outer pressure LA inner
pressure ‘n::ﬁﬂﬁ'lﬁﬂ gradient Y03 radial stress (O,) 44a¢ circumferential stress (Og) WIUNNIUDIAIDE
rﬁmmm’nu1mﬂ'mf]mm=7imauwmﬂzmm'lﬁ'atinﬁﬂizﬁﬂﬁmn1mf‘imumjmmm principal
stress 14 3 84 {40 3UBUIVDINIANIN major A minor principal stress Mohr circle ¥BaANMAY UM
YDIRIBINAULAL TAN WA HYUYDS major principal stress lAaAslugI 4-3 Tunsdifi outer
pressure LIQY inner pressure finumnu =p) 9271119991 radial stress 1482 circumferential stress (MR
“/%\1 outer LIQ inner pressure ﬁm%”uamwf:ﬁﬁmwm major principal stress wiunusium

intermediate principal stress Troaums b=sin’

§1lﬁ 42 N1IMADD hollow cylinder (a) UsaNVBUIYA (b) duUsTNOUVBINNMAY LA ()

principal stresses HATNANNUDINY
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Hight et al. (1983) l@uaaaluaums (4-1) D (4-4)
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Ty = —-(———)27[ g (4-4)
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AUMSVDINNUIAULALANNIAI AR INA1I9 IHNOAUIUNT principal stress AIAUATT (4-9) D19
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o, = 9. ;Ge +\/(G’ ;G") +7,, (4-9)
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: 7, 2 2

Tudranss uﬂgﬁnzﬁxmn“lumiﬁms 1 principal stress 1u 3-dimensional principal effective

strain ASINY

stress space 11 invariant Y9I NUIAUT I TOUTA IARITUMST (4-15) D3 (4-18)
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fi1 normal stresses ﬂzatﬂug 1 effective stress (c'=0-u) wazan b AvA IS intermediate
o & @ g’ Yy ° o v a " @ . .
principal stress aniuez1a10 <p <1 dwmSumsMussuvamnaseeiian b minu o (triaxial
compression) ELD! (triaxial extension) Tuann plane strain 2231 b 1IN 0.3-0.5
o o Y
gﬂﬂ 4-4 AAIAN mean effective stress ( p' ) UUIHAITSUZATUUAU space diagonal 910
i) e y '

013 AUV deviatoric plane ﬂ‘afquu (04) 1u deviatoric plane (11?0 TC-plane) YUM invariant YO
stress deviator (J ) i)zuﬂmﬁmmwmmlﬁ'uﬂnqﬁummmu space diagonal (AN ) A1 Lode’s angle

1 4
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o E ) TC (6 = —=/6)
o b=0.5(0 =0)
\\ Space diagonal TE (6 = 7/6)
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0 Bl B
Ey
o) oy

(a) (b)

§_1lﬁ 4-4 Generalized stress state: (a) Principal stress; (b) Deviatoric plane

44  MIMUUMINAALIAZMSIHUYRYR
aouuaesazlFlunsniuguansenen lumnseaile torsional shear TnoTusunsuauguil

FouTaonw BASIC Tulsunsuiivzaiugquannudy 4 (0,,0,, 0, and 7,) SOTHSIEMNTE

ﬂ’JlJf)uﬁﬁVlN‘Uﬂ»l major principal stress mﬂumﬁ'q (o) 1azvYU1AYDY intermediate principal stress

coefficient (b) A3 IWANARGMUIMNNNAATIMAUTIPTUATANAT (4-19) B4 (4-22)
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Taoh p, b, R, uae 10 mean stress, intermediate principal stress ratio, total stress ratio (1113 1/v04 stress
rate), HAZYUATIANIAVDA major principal stress NTLMAVLUIAL

nnddsnauguezaunsasnnundudhvinedsaums (4-23) fa 4-26)
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)= (25)()R(tg—l()+t;(R()t)+2) P “
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I o
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7o) = 0) 1)+ 2RO +2) 7 e
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7 (t)= 2( R((,)t_ 1)+2(R()+ 2)3p

(4-26)
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wuidhlaa stress path fidesms Aaudsmsussaunsadan Taodums (4-1) §a (4-4) uag

(4-27) D4 (4-30)

W =l =)o, ()~ 2{ps? - pr) (4-27)

M, = %ﬂ(rf 1 eat) (4-28)

P, = o, (txro — rt);"' O'o(tXro — rl) (4-29)
0

p = o, (tXro I )2_ Oy (tXro - rl) (4-30)
I

45 UHUMINARBINAZITNIINAADA torsional shear hollow cylinder

HWUNIINANDY torsional shear hollow cylinder aﬂﬂllUUlﬁaﬁﬂquaﬂi 34 anisotropy YD
Bangkok Clay 1uﬁ'1uwaﬂizﬂmmmanwm major principal stress rotation LATYUIAVDI
intermediate principal stress Tﬂuv‘hmmnamﬁﬁﬁmwm tﬁe major principal stress Q= 00, 45° and
90° 1Az the intermediate principal stress ratio b =0, 0.5 and 1.0 Tagvhnsnansaluaam liszune

Ed
U1 (CIUC) UHUNITNANDA torsional shear hollow cylinder ua:f]iuﬁunmmmammu'lﬁ'uﬂm“lu
M3190 4-2
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1

2BN15MANDA torsional shear hollow cylinder 1Rl1erA1TAY flowchart Tugali 4-5 510azBUAvEY

£ 4

UARTYUADUILDT LA

e

Test program

Sampling

1
l
I
I
l
I
I
|
I
v

1€

Sample preparation

Specimen set-up

A 4
Saturation

A4
B-check: B=0.9-0.95

Y

Isotropic consolidation

Y
Checking of excess

pore water pressure

U NN D N SN EEE BN G G G I I G S G G R GEE AEE e G G S G S G e e

Undrained shearing

[ v
gﬂﬁ 4-5 YUABUNIINANDY torsional shear hollow cylinder
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451  MIANUAILENIAY
o 1" a 1 &‘ ~ a o
A19619AUN 190 undisturbed Bangkok Clay Miniufiaani1Iianuan 7.5-15 u Taofudae

. 1 o Y ' d 1
piston sampler 11mmﬁumquunma 12 ¥Y AIDYNICHN wax uazmu"li'ﬂﬂumivmam

452 MuAIBNRIBENAY

NOIINNT101 wax LA cling-film DONVINAIDHNAUITATINADLAMNAIDEN IUNINZ TSV
mminaasenie limnnusesuanviemssuniulagee hildmeswmniy foufivznededieau
1 soil lathe 1Ja1av'%mawaqﬁ"mdn%zqnﬁﬂlﬁﬁuuﬁwﬁﬂ mnﬁ'uﬁ'mtinﬁmzqnﬁ'ﬂﬁw wire saw
wfiduriguinais 70 uy

A1001931N 79N 32 VONITYNYUAIY two-part steel mould (WUFIgUINAINIE UMY 120 1)
Umevesdantuezgnanouioliiinanige 120 i md iy mould szqilaiilatoday end cap
wazwdoudmiutunsumsrimsanszuennanmely e lilimecuauAadUMIIves steel mould
wlduiunaa@inuavealediedn 13neunsld mould A33nA19YD4 end cap 9ziigurna

Y o o Y U4 a o 1 a Y .:i
(EUHIGUENATY 30 uu uaz 10 uu iauazau jvesqunsaimawsoudedeay Iduanslugili 4-6
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(a) soil lathe 1182 wire saw tNoaAAU W v IanBUDn

2008/07/11 16:15

(b) steel mould ttazaNnuioaaau i lavuianisly
4 u’nd' =1 @ [] a
3N 4-6 QUnsainlFlumsmSouie61981 hollow cylinder
= ad o = ad g "o a a LY ] 1 le:i Y
unaw’aﬂuﬂ15mmqmsuenmﬂiuuazmsLaamﬁ“lmjuagﬂwummﬂu AUIUFUITN 19

1A Porovic (1995) 1A Albert et al. (2003) 9214 soil lathe wuuda Tuianesqthadulilduuia lavana

(- | (Y T a o - 1 o " a aw 4
‘U'N'Wliﬁlﬁl8»1ﬂ'J'E)U'NQUﬁﬁzﬁﬂﬂlﬂuﬂ']ﬂU"?QWﬂ'lim']315Uﬂ3u¢]')00’]ﬂﬂuﬁ’ﬂﬂ 1“\11“3%8{3
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o a 1 < .
mqnszuanmv'lmzmmumsTﬂﬂﬂumuwm‘uemsmszuaﬂmtﬂuTﬂu‘l%’ﬁmumwgaanuaz%’f wire

saw INvIAYegaansluzii 4-7

1'2008/07/11 16:27

(a) Tube sample (b) Outside trimming in the soil lathe

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

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

120mm)

300 47 NIZUIUMTIETENRIE19 hollow cylinder
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1 o . = J &‘ ' L aa U 1
'luumazmamaﬂuﬂnzﬁmi111mm1wunauuaxnmmﬂmam UAVDINIOYN (H, D,and D)

o o ° ] 91 a ° o 9/ o 1 a s ¥ o Y
WIAN 4 ﬂ']ll'l'ﬂlQllﬁ31‘liﬂ'l!ﬂﬁ01uﬂ'liﬂ1u'Jﬂ!ﬂlﬂﬂ']‘lﬂﬁ AIDYNAUICYNTIUTNUNAW

453  MIAANIMIBENIAY

vy ) . y
M3ARAUAIBILBIAZAI0E19AU hollow cylinder TAuaAslugili 4-8 uazeBinudAsil

4-14



Unil 4 1AT03410, I5NITNAALY, UAZUNUMINAADN Torsional Shear Hollow Cylinder

(a) Installing base pedestal, bottom porous stone | (b) Placing a specimen on the bottom porous stone

and inner membrane in the position

|

o Wy

(c) Attaching 8 damp trip filter papers on the (d) Setting the top cap and enclosing inner and

specimen wall outer membrane

(¢) Connection between load cell and top cap and (f) Filling cell water and connection between the

potentiometer installation set of stationary and load frame

[ v
31N 48 nyzUIUNMIARALAIDE13 hollow cylinder
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unil 4 m?avﬁa, IBMINAADY, UALUNUMITNAABN Torsional Shear Hollow Cylinder

v
- N15AAAIAIBY 1AL

. [l v
AIDYNAUIZYNINNUU base pedestal ¥l porous stone LI inner membrane ANAIDEY porous
s a - v Ay o A = o 1A '
stone ICUATUNDAUNADIUIN 6 'e)uLwaﬂaaﬂumsau'lnamlmwmmamuummnmsmmm

torsion (3 1n 4-9)

2008/07/11 16:09

310 49 Top 1Az bottom porous stone AUATUNBINADS

- Side drain

HOUNTZATHATOAI 1 o5y 117U 8 Buvza1e IR uLenvesRIed1ea Lo T 100 1S

consolidation

- Inner U@ outer membrane
] = ) o a :‘/ & .
HANINAIBYNAUINBYUU pedestal W3 oUAUARAAY side drain 110 top cap 1187 inner 112 outer
s
rubber membrane 93QnATOUA061 1 nelinisseSaluldiierneivey ndaamin o-ring $1uau 2
o a ¥4 . v o " a Ay v 34 ) . o A
ANTYNARAINLANZATUYDIAIB1IAUINDTIBINUUITINN outer cell Uaz1d o-ring 1 A top cap (D

Y
Y19111159910 inner cell

- ﬂﬁl%ﬂllﬂ'ﬂiZH’jN load cell L1 top cap

v ¥ v v
o a s o a Qs » o ] a e é
MA391NAAAI membrane HRITTNINTAAAS potentiometer VINUUITNINITAAAI cell chamber 43
2 a o ) . . . ¥ o 2 a o A a4 9 @ ?
UAAANUIIUAIY stiffening ring Taols bolt 3 A7 cell WYANANUFTUUDIUATOINDAIY bolt HAININUY

o a ¥ A A o A o A
NITAAAUNTIDIUDIAD U NIVIAD
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H 1
- MuANiuNg cell

a ¥ [ o o ] 1 ¥ a g
mimuum’fm chamber 92911y 3 Yunou laoiAazYuABUILIANY 1Y outer cell chamber wﬁa
v 49 ' Y42 a 3 . < o day A4 & o ¥ Y y
5$ﬂﬂﬂﬂﬂﬂﬂ1iﬂ6ull’d']i]»imlmﬂu inner cell chamber IUDNITLAUNADINTG memszﬂumqwmuuaa

a % . o g 1 '
211U inner cell chamber yuiAuie hildiioimemaooy

454 Saturation
Y a ¥ o " a Y . ' . : A aa
Ma191NN13ANAIA8619AUIE192 1 suction 100 kPa @B cell 118 suction line INDQYADINIANARA
Y 1
ﬁ'waqaanmnsxuu naanniu 15 winemalu drainage line 9290 flush A2 de-aired water SEMIN
4 . g ¢ v A ’ !
NAaAN1 suction pressure wnjuquu back pressure WQfﬂ‘iﬂWBmi saturation 11 cell pressure (10 back
) .3 o & ' [ z {
pressure 92 QAANTUNS ou A lunaeqdu Tasnruguanuuanaevesnuauaeslinsiuaz
[ y

(WA initial effective stress A back pressure 1 1979 200 kPa 52¥INNTEUIUMITHIZIMIATINAOU
ANTNAT saturation AIUATTENY cell pressure wazia drainage value HazWuNM Skempton B-value 'l

' & @ ° o .
11NN 0.95 YINTINY degree of saturation 100% TN IV soft LA stiff clay

4.5.5 Isotropic consolidation
ﬁT’Jﬂtl'Nau%Qﬂ isotropic consolidation 11 mean in-situ effective stress 510AZIBUAUDIAT mean
; : ?
in-situ effective stress 11aaLmazmimam"lﬁ'ﬁ;ﬂ“lumswﬁ 4-3 3¥¥1719M3 consolidation Y19

41150 11099N9NAIBEIAUNTY drainage valve
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4 4 ‘
unil ¢ 150, IBNITNAADY, UALUNUNITNAAGN Torsional Shear Hollow Cylinder

SEUZIMMIAUGANS consolidation 9291581 1AYTF 3-time method TAETWEBAM volume
change (AV ) ua time (1) UUAIIHIDY semi-logarithmic scale uagMIAvIaNdMTIFUAgAvEINT M
nadunsannasuduiiuunsm semi-logarithmic Tnefiszor ¢ @ufiozitonih “3tine” ilons
AV -log ¢t Dadu 3-t line sz nilunis ’?7 UGANTT consolidation (The Japanese Geotechnical
Society, 1999).

456 M3INTIVAOUA excess pore water pressure #a3910M3 consolidation
inanineyaaliiints drainage nesdmuueadantsdu I lia 30 31 excess pore
water pressure 18lusennams consolidation ASATIVADUA excess pore water pressure NAINAS
consolidation Y1 1aumsia drainage valve LA AUNANTT fi1 NINA1 excess pore water pressure i
ﬁﬁuuﬁmiﬁmdnﬁua;j“luﬁmww%’aw?ivzﬁmﬁwﬂam undrained shearing UAYINA excess pore
water pressure fifiuANazAB IR sz ethee /BN M3 gAveA isotropic consolidation

NIUNLD excess pore water pressure AAIIUNUA (Au <1 kPa)

4.5.7 Undrained shearing
av g o 1 %’ % - :’1 o v a
mvsiimsReunuy luszuiei Tunsdives compression g extension HUAIBIIAUIZ
A & aawa ad A o P 4 o 4 o o A
QRIRBUIUNTETNILR ualunstinReunuy a=45° msRousengaiiielimsinioudnnavieiile

Msvyudan 30° MAIINAMIIHEUILIINMINATBY water content YDA AU
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