NN 3 !ﬂf?@\‘lﬁ@, 35!7757’1?‘)0?)\], HazuNumMmInaaeN Triaxial

UNA 3 19599309, ITNISNANDY, HAZUHUNISNAABI Triaxial

3.1 YIVIVAUDINTIINAADI
3
=] = = 1=} 3 T = I3 } 8 . .
MSANINGANTTNVBIAUIMTHoIBaungunwa lulnsanstiozii lao 4 tiaxial apparatus
' o 2 9 o 9 9 & A g Y @ . , 3
o9 lsnmumsanil luamwisanszih lddoneaiionisldod luilegiiu (conventional triaxial
Y s A A sg Yo 9 A oy Vo o
apparatus) L‘Wﬂz%mmum3amaw%ﬁ’mmmmmmzmmm‘ﬁﬁm 1@@&7\3&&%1&87 jﬂULﬁW7$ﬂW§')ﬂ
b i
< LY Y ar v ¥ =R s Y Y Y ' o o a
Anwaseaty asadali ldazideand 0.001% Taonisiald laanuduimiui v lé laonis Tauseain
. . ., o Y 1 o d o 9 ar A w
011 riaxial cell Taa14 internal load cell agmTiannuAUNuLUS N 1A Taomsiamsinaeud?
o o Qs T = . { L% k4 a
YOIAUVURIVDIAI0619AU TAen33 (local strain measurement) 91nM157 IuTlogiiu I&nmsWa local
. ot o q Y o k4 -3 @ 1 = Y t
strain measurement ‘V]Nﬂ”JTJJUl’JZ;N‘V]11Wﬂ1%1§ﬂ3@’ﬂ’nmlﬂuLlﬁgﬁﬂ”ﬂf}\lmiUﬂ‘il'ﬂ\‘]ﬂ’)@ﬂﬁﬂﬂ 1@11!%3\3
R X X WY AR L e ' = = = W A oA
small- {16i¥ intermediate-strain ranges [CRERSIFUTER qiﬂiJW\li,JQf11iﬂﬂHWQQ‘WﬂﬂﬂﬁﬁNﬂﬁﬁW"U@GﬂUV]
N 1 o ' 1 . .
mmm?mm”lﬁammwuﬁm (¥4 Tatsuoka & Shibuya, 1991; Jardine, 1992: Smith et al., 1992;
w . - 9.9 : . _
Kuwano, 1999) MIWAIU triaxial apparatus lnan13 19 local strain measurement device 14 triaxial test
0 Y I 2 < o - ; A W Y W
1@L§3Jﬂ$ﬂ618lﬂu3\l']@ﬁj§']'uIUﬂW‘S?’Tﬂ?ﬂWﬂ@ﬂﬁﬁiJ"U@\‘?@‘H (llflﬂﬂﬁ(ﬂﬁi)ﬁ3‘%1‘]{71’4']141”1@11ﬂ1'§‘W¢JJ‘LJ'I§$‘UU
1 @ = @ A 1 o'/ o
local strain measurement LL‘)HJ@N“}I@UETO‘]‘]luﬂ’ﬁﬂﬂ‘H’lLL'ﬁﬁﬁt’fm‘lll&’JﬂE’JG}‘]\‘J‘TV]’J lan A1 local axial
. ot . ! .. R
strain measurement N3 (i) inclinometer gauge (%1 Burland & Symes, 1982), (i1) Hall cffect local strain
gauge (m%u Clayton & Khatrush, 1986), (iii) proximity transducer (ms'u Hird & Yung, 1989}, (iv) original-
local deformation transducer (original-LDT) (!ﬂm Goto ctal., 1991), (v) LVDT (mi‘u Cuccovillo & Coop,
1997), and (vi) cantilever-LLDT (Yimsiri et al., 2005) AIMTUNITWAUITZ VY local radial strain
3 v
measurement WHG3 lifpouws va1e1inili0991ngwInnd M3a3UnunIuG 32D local strain
1 4 ¥
I=3 Y as ar =3 s + . [N
measurement ‘wllﬂ3umﬁw@Juwumuﬁmumwﬁaam”l?f%m Scholey et al. (1995) 1i8e Yimsiri &
b
aw A 2 6 o s O g . . . .
Soga (2002) Tawlulasansideiiaziaonls LVDT §19151 local axial strain measuring device 1ag
proximity transducer §¥ 51 local radial strain measuring device
<4 . o o @ ) o 9 @ =4 g
AVINATDUNIAN IV (stiffness) ﬂl@ﬁﬂucﬂﬁgﬁilﬂ'ﬂmmiﬂ@@ﬂﬂﬂ@']fﬁﬂﬁ'Jﬂﬂ?WNLﬁ'J%@ﬂﬂﬁu
q’; 4 Lﬂ'l:' ¥ a oy Y Y =1 o @ o f=1 ¥ t =R ot
TUTALNDUNIIHNIUAY lﬁﬁi\lwﬂW‘Jﬁﬂ}ﬂﬁ'lWﬂJﬂLJLW‘LJfJ'J'ﬂ?)‘lJﬂE\?LWW"I YU ﬂ']iﬂﬂHWcluﬁ‘lJ??JIﬂﬂ'é'ﬁ
GiN‘f]IWJ Ashford & Jakrapiyanun (1999) 1191 Shibuya & Tamrakar (1999) waznsnaaelu
Y £y ey 9 . .
W@Qﬂ@]ﬂ@ﬂﬁﬂ?ﬂ bender clement Tag Teachavorasinskun ct al (2001) Teachavorasinshun et al. (2002a,
b) Teachavorasinskun & Amornwithayalax (2002) Teachavorasinskun & Lukkunaprasit (2004) i1
. ' =1 B ' e o YA =}
Teachavorasinskun & Akkarakun (2004) @fm"lﬁﬂmmmpgamuu1ﬂ;ummcﬁawnqwmmzmzmu

YV
=328

= o ' o =* o ~ oo 4 o Y
woanssuudsemsidalulddinsanet Tnsin15ivetineeeiinsnannadle bender clement




YN 3 130900, ITMITNAADN, UDSUNUNMTNAADY Triaxial

A& a a{ < A o i
Ay Tasdeyaninwanmsnaasslulnssnsi sztlumamudeyalugiudeyavesdumilgrson

¥ EY ]
= o o 1 ¥ =4 ' ' .
AFUNHA DAN9IATINTHERMIASANYT bender clement TudauR lumeANHININOU 15U anisotropy

Scope of work

Development of system to w

Development of bender element\]

system and incorporate it into
triaxial system

incorporate new local strain
measuring devices

Triaxial and
bender element
test on Bangkok
clay specimens

CIDC on
horizontall-cut
specimens

CIDC on
vertical-cut
specimens

CIDC on
horizontall-cut
specimens

CIUC on
vertical-cut
specimens

(5 specimens)

(5 specimens)

(5 specimens)

(5 specimens)

Torsional shear hollow
cylinder test
on Bangkok clay
specimens

i |
CIUC at different direction of CIUC at different magnitude of
major principal stress intermediate principal stress
o= 0°, 45° and 90° b=0,0.5, 1.0
(at each b) (at each @)

Total of 9 spccimens

Figure 3.1 Rescarch work diagram




Unn 3 lﬂ?@@ﬁl‘], 3%77757’7?’70(‘7% dasupunineaoN Triaxial

3.2 MINAAo triaxial
v
Tud Uiz u1onN1580NUULITNTIVYVDINTNAAD isotropically consolidated undrained
compression (CIUC) 118 isotropically consolidated drained compression (CIDC) @1 FUADE1AU
4

Qs 4 =R & Q g
LLUU@GLL@%LLUQHEULﬁ@ﬂﬂBWWQ@ﬂiiiJ anisotropy UDIWOANTITY stress-strain rlummzﬁ/umum small

8% intermediate

3.241 ITUUMITNANDY triaxial HUUFITUA
2 Y A L < A oo e 2 =9 a
DILHINAT O triaxial LLU‘IJ“ﬁﬁ‘JiJﬂﬁ)m’ljukﬂﬁ’L’NZU’Oﬂ')‘5“/1ﬂﬁ'ﬁ]?]%ﬂﬂh‘ﬂijﬂlﬂﬂWﬁﬂﬂH“IWQﬂﬂﬁﬁ3J
EY o ea A = dy '
stress-strain Eﬂ?ﬂﬂ?iﬂ@ﬁ@ﬁiﬂﬁ@ﬂﬂ@ﬂ@ﬂ?ﬁ HANTINANBIVINUATOIND triaxial LL‘U‘]JTiiﬁZU@Tu@ﬁFU&‘lIN
y = oy . P Y = o Y 1 1 . a A Y
TENDUDINGANT T stress-strain LNITIUDIAY TasinaE WUIEUBIIA1 stiffness YDIALH 1A01A
A 24 . A 9 1 VoA 9 ) . A Ay o .
1309408 triaxial LUUFTIUA9ZTDEAIIAIN 1A9INAT stiffness VOIAWA JADINNIT back caleulation 910
9 A @ ' ~ [ ' -~ =4 = dy '
ﬂl@yjaﬂ13!ﬂﬁ@u@'ﬂuﬂ‘lﬂll@ﬁﬂﬂilﬂﬂ uiﬂmwmwmmwm%m‘lhxmm@m’e)ummmwamu YU NIT
o ' o s t . i 5 Y S o/
FUNIUAIDYWAU, NITIAANT axial strain ﬁiﬂﬁﬂﬂlﬂ‘l/ilh["ﬂ'lﬂﬂWiﬂﬂﬂﬂﬁﬂﬁ}uﬂmuE]ﬂ, e NINYBINTG
t 3 @ o a A =l oY | - ~ -1 t @
NN @Eﬂﬁiﬁﬂ@']']ﬂfﬂﬂﬂUﬁTﬂﬂJW’q@ﬂ@ﬂWﬁ 1@]@1 stiffness NVUIAA WA TUANIINU
Y
mm%&flwmfﬁmmmmmmmwmm3;11 stress-strain UBIAUUY highly non-lincar Uagf1 small-
E . I =T, A o o ; - & = o \ o
strain stiffness ypsavvzitudoyandianannlumsinaziilymimadmnisulgi ed1alsna
] b4 ' ¥
= =) ~ ' = . . [V =i
SU‘MW’VU?N?TJTULQEEJWVIZT‘HGL%L!'Og“@ﬂ%?ﬂﬂ')ﬂ}ﬂﬂjﬁﬂﬂJ?)QLﬂ?@Qﬁﬂ triaxial HITUAN @Qii‘L&ﬂ@ﬁiJﬂTﬁ
" A A L A Y o o : Wy Vo o = o
WAHUATOIUD trnaxial !,W'ﬁ)clﬁﬂ’]NWﬁﬂ'}ﬂWﬂ@ﬂﬁilU non-linear 1@'[’)81%1.1‘1!8'] IROmWITNANUIATIAAN
1IN Iﬂﬂﬁﬂﬁ&ﬁu3?&‘1]1J§51"]\3ﬂ61141ﬂ?’83ﬁ@ triaxial 191 32 1J1 local strain measurcment system UR¥ITUY
bender element W83@ 1 small strain (clastic) stifTness
o ar dy 3 @ A =] i i A gy = o
Iﬂ'ﬁGfﬂﬁ'Ji)EJ‘H&‘I_[‘NﬂWiW(’*JHﬂLﬂi@\‘JZJ@ triaxial LL'lnl‘ﬁﬁﬁﬂJﬂHW@lW’ﬁﬁJ'lﬁﬂf’fﬂ“BT‘WQﬂﬂﬁﬁll stress-

i k4 .
=N =3 = = =Y .
strain Suamu”lu%mﬂumamm‘ssmm%mmﬂmmimmmm local strain mecasurement 0% bender

element

é’i ] . . y oo cq{’
3.2.2 593U triaxial ?ﬂ‘ﬂmmamu

=1

' b4 . 1Y
1304300 triaxial N1 1uauIeTUsENOUAI tiaxial cell, pressure controllers (DPC) 2 9,
Lﬂ?@\‘iﬁ@’jﬂ@hﬂﬂ U cell pressure, back/pore pressure transducer, 10% controlling microcomputer 113
WAL LA BIUDADNITINNTL VY local axial 1A% radial strain measurement LA 35211 bender clement

A )=} . . a9 oo dy 6 ~ i T Y a @ cﬁy
FEULAT 04110 triaxial N1 lunuitetinaadlugin 32 Tasdamlsznondien ldeTinoaadl
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UNN 3 InT9i0, ITMITNAADY. UASUNUNITNAADY Triaxial

i) Triaxial cell
d' A dy 9 : . ' o @ Y ] a 9 1 o
1A50900N 19 triaxial cell Y94 ELE JU EL25-4157 M5 UAI0019AUY AT UAIRUINAT 50 U
59 luLUINUABAIPE19ALN T 1Y load frame triaxial chamber X105 UANUAULINN A

1700 kPa 1@z load frame @13130 1¥Usanszimnga 45 kN

ii) Digital pressure controller

g‘ﬂ“ﬁ 3-3(a) 1O digital pressure controller (DPC) 1ay DPC fD microprocessor controlled
hydraulic actuator Lﬁammmmﬁﬂmmﬁumawmmmuazmsxﬂ?ﬁuuﬂmﬂ?mm Tagnanmaves
mahanlduanslugilii 3.30) wazeFiolusvaziduaas Menzies (1988) 52uufi 14 DPC 2 F e
ﬂ’J‘UﬂMﬂ'T back pressure L0 cell pressure Tﬂﬂmﬁﬁaﬁu@{ww mma:(ﬁammms’iﬂua:mm}u

ANuAULarnslasunlalsuasae 1 kPa ey 1 mm' YUIANITHINUVDIUSUI0TAD 200 cm’

(@) 3oy

SEERe MGLDY
a6 gearbox

farpusuYe Rty

B

:ut@“

oy

s Braaring sh s it Z‘

—— are s b e .v‘;ﬁ..
ansiogue feedt -

) laozunsy

E‘IJ‘?I 3-3 Digital pressure controller (Menzies, 1988)
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YN 3 1979988, IPNITNAASY, UASUNUMTNAADY Triaxial

iii) Data logger

’
@

lq Y Ay = ' (% § o
Data logger Wimiluorie ELE laod 11 ﬂfammymgﬁmuc WAIUVDY transducer HASVUDLAE

ar

nyeadyunouMImIUdyIY 11)g microcomputer
iv) Microcomputer
o 9 - A A w1 ' S g
microcomputer 1% 1M 3TN UTDYANINAT 0D TR HIU data logger WoanvINTigalaluns

. o g .
AIUAY function generator LAEIAINY waveform 911 oscilloscope

f:'! 2y e

v) 1593090
P v
AAw A

: v g 3 _ . - .
309003 N 15 U5 1Y triaxial TR internal load cell, proximity transducer, submersible
LVDT, external LVDT, volume change transducer. ccll pressure transducer pore, pressure transducer, g

back pressure transducer

3.3 MISWMHITZUY triaxial
o o A - 1 ] .
1. mﬁwmumazﬂmﬂgmmmm triaxial JAOMITIWONTEUY local strain measurement
¥
9 o =) I a = £ R Qe
ﬁTﬂi‘Uﬂ?ﬁﬂﬂ‘HTWi]Glﬂﬁ'illﬂl@\‘i@iﬂuﬂ’flllmﬁfJ@ﬂJTﬂﬂ small D19 intermediate GlLl\‘JTLJ”J‘UEJ‘LI
A A . . Y o a 5 = 2 ! .
19934 8D triaxial “l@”V]’]ﬂ’ﬁWﬁJJUW I8N0 local strain measuremernit Tvu Teeluszun local strain
measurement ﬁﬂﬁ’?@ 2 ¥ila ﬁi’)
. ) ¥ : |
= Local axial strain measurement system Taols submersible LVDT
= Local radial strain measurement system oL proximity transducer
g T ' k2
A [ . 1 1 o 1 = \
HoNINHLMINAIUITZV data acquisition tNBADWIUA5 00 TR InUmM AT g sz v
2. MIwa e iugasEn bender clement

ar t =y a Y 1
Tagmsviaa1ee) ldeTu1uaati1e9ans

3.3.1 93UV local strain measurement
o : . Y = . 4 g v . .
TunIWAILIAS 951 triaxial JAAY submersible LVDT e 1439 local axial strain measurement
A LY . A < ¢ = A
ﬁ?&ﬂ@iﬂﬂ?ﬁmﬂﬂi“}f submersible LVDT L‘L&@\‘]%Wf‘lﬂ’ﬂukﬁlx‘iuﬁﬁ%@ﬂ@ﬂﬂﬁm UASUMIIWLTSUY
. $_ q Yo . . < Y .
proximity transducer 1o 1939 local redial strain measurement mm@mﬁ@ﬂ% proximity transducer

A < o I ' = o Y ' =y 5
Lu@\‘]gﬁ’lﬂlﬂu@ﬂﬂ§ﬂ”’]ulllﬂllWﬂﬂﬂ@’)@ﬂ?\?@ucﬂﬁlﬁQWU@'@ﬂ'ﬁﬂﬂ@\j
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UNi 3 1950908, I5N1TNAADY, UASUHUNITNAADY Triaxial

i) Submersible LVDT
(- . : . A A A W A A a ) .
Qﬂﬂim linear variable differential transformer (LVDT) ADIAIDIUDIANITINADUNTUA inductive

TuedAnaziioulduuy fixed-type LVDT 512 LVDT TuasisAsuivunialvainldzdeenmsdodig

A aAa |d?’ 9 9 . ' <] v A [~}
aunivina Imyuumnaeans 14Uy floating-type 081915Aa1 LVDT Tuilvgiiufivuriamdnuas

b4 v
water-submersible #9111 Tuilagiiudetonldiuy floating-type LVDT uaz 1819 uau3doil

4
(4

' 1 Vv v
U7 3-4 ueag floating-type LVDT A1 luauddoi. Taszld 2 Afadandiuinavesdiesns

E4
@ Y

Auluniansnasadiuiu dmsudI0e19 clay 102 uncemented sand $AINITOAAFI LVDT @280
R YI 2 a P Y a :zl < 9 o 5 6} o

uarreglHUNBARAHIY membrane 191 11 TuAY 1INTUANIZYNYARIY vulcanizing solution Tunsdin
I Y < Y ' A @ ' a : : A ] ~ a 3 Y

Tigunselandnla (YU NINUAIDYNAU stiff soil HID soft rock) NITIWIRANIAIY cyanoacrylate

instant cement U4 membrane

= "
;5‘1]11 3-4 Floating-type LVDT

J0AU03 LVDT fo: (1) linear calibration curve, (ii) 1 resolution ﬁaﬂﬁzmm 2x10°% D4 1.4x10
Yo LAz (i) ANERES TuN199595 LYDT Rildesidade: (i) #09m3 cell fluid 7 11 1w agu
91MAIIAE silicone oil) BALAULIUL water-submersible LVDT, (i) 330 WW4, (iii) yuia Ivna) sndunuy
miniature LVDT, 112 (iv) w2 10UfaeAadaued inner rod INT12m318896u09 LVDT o lndanin

B (Yimsiri and Soga, 2002)
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UNi 3 509400, I5MTNAABY, UASUNUNITNAADN Triaxial

ii) Proximity transducer
' { o o o
91N30! proximity transducer A1© inductive displacement transducer MAINULUHANNITVDINITIA
1 I~ 9 a ' g @ @
avuiman lheinns lnaves eddy current TuithTang mgapdoauuwimansgulsiuaseniy
] v o W@ aw dy LY . g o ’ .
szogsenarianuithTany Tuamivviils proximity transducer 151g1n 50l local radial strain
4 v
measurement N1IAAAIVDI proximity transducer | duver ﬂ\‘lﬁlu‘g‘, 17 3-5 lag proximity transducer ﬂzgﬂﬁﬂ
T AL @ ] g 9 @ 9 ] L4 dw =R W
agiuN Iagien langnnanaanugavosdiognelunuinsadnuiuausiguena Tasmtigneany
FIUVDN triaxial cell A20ang 111 Tane l4unY aluminum foil U5 19TMALLTRSAUUIA 5%5 cm” AAny

9 . 4 ~ 0 v A o L.
rubber membrane 19819 silicone sealant M3ipdouRvouthluuusaTieyialay proximity transducer

= Y 1 o
uaxuﬂsx'ﬂumiLﬂaauuﬂmmmmwmmu FIFUENAN

10

3‘1]“?1 3-5 Proximity transducer

3 - = as . . s : Ao
YDAV proximity transducer Ao: (1) linear calibration, (i1) 4 resolution NAs23781 0.001% Hag
o B A Y. PR Sy a A . azﬂ
(iii) § accuracy AT 0.008% TUN19ATIVIN proximity transducer NUVBLTBAD: (1) NITAAAAULN
' v o y A ) 2 a =
I'ﬂﬁg, (i1) FIAWNY, (111) ‘lummmmmu%m (fJﬂL'J‘L!LN@@T')‘?\‘]MHﬂH‘WLﬂH), uay (iv) UNANITNUIIN

- @ Y A 9 3 a . oy
msasundasvesnnuausous (enduieas U uneY) (Yimsiri and Soga, 2002)
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‘I/TI';I’ 3RS UMY, JHH B U O, s U veaod Triaxial

3.3.2 321U bender element
D MINMaTMIANNT
4 N . A g o @
Qﬂﬂim bender element 7D electro-mechanical transducer Mlasundsnunaazndanu g
[ ar Y . . w A a W Y o a o
asu lUnduu Tavdsenaudie piczo-ceramic plate 2 DUITOUAAAUAD A LUYUITNHDIIDTULY
& = . 2 S . =
91Ny (%QLHMW%?&J%&’L‘UU receiver) HAZHRUUVYUIU (Gmmmxﬂmmﬂu transmitter) bender elements 1
4 ] [
19 uauIteiifeuuy T226-A4-303X/Y poled gll‘ﬂ 3-6 LS piezoceramic bender element NND2993
9 o Liyc:l L!'! =1 Ll t s o =1 Y
HUUBUNITVUAZUUIU LﬁﬂNﬁ%aﬂﬂﬁﬁi%ﬂﬁﬂuﬂ@m@ﬂﬂizuﬁ1W‘1N1N"IM§J‘H%3‘VI@G\’J‘V1§@‘UUWUG’YJLL@%
] 3 . Y
@ o o A o @ @ Y Y Y @ 9 = as
lunsndunuieiunadinsoveodniuag I iheenin awiudld voltage NNIA0IAIUVB
3 @ = -4 @  w t Y <!
bender element AUNTI49zHAR AL BNAIUNTIIVLNAAIAIZUN 3-7(a) UBNDINT bender element 111
¢ . Y 3 ' dy Y c?/l o o o :JJ o g 4 =]
g1nsal high impedance #3111 Tienansagnanudu ladnziusziansdnies duinduiludedinig
v o & ¥ = A = Y & o e
Hostunimazanuiulaomsly epoxy 37 3-7(b) uARd bender clement MnFow Piodadnaly

¢ a
Qﬂﬂﬁﬂéﬂ?i‘ﬂﬂﬁ@ﬂﬂ’u
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YN 3 IATENID. ITNITNAADN, UAZUANLNITNAAY Triaxial

Electrode (nickel or siver)

Piezocreanic

T o R T T g —— Penesive bond loyer

—— Center Shim
I T T Ay S T E S LA — Adhesive bond loyer

Piezocreanc

Electrode ¢(nickel or siver)

< J
() laseadraveq 2-I.ayer piezoceramic element

Chaput Force

shape 2fzer Deformatien

Laput Electrs Fre

3 QL

—ix

Shape befors Defaramnon

Oz Polarszanon Freld

Prezo Lavers

Shage befors Deformastion

Chspus Eleoone Field

Vo 77

ial Polanzanon Field

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

g‘ﬂ‘ﬁ 3-6 Piezoceramic bender element ﬁ@LLUU@HﬂﬁNLLﬁ%%uW‘u
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UM 3 INF0NID, T5N1INANSY, HDSUNUNITINDEY Triaxial

g‘ﬂ‘ﬁ 3-7 Bendcr element (Dyvik and Madshus, 1985)

b4 '
e = a6 -~ = o wa Y o
91n38i bender element wisnanaslunToalionanedluvesnl§idns lananvalauines
a o A L a o o A L v
AAAI IUATOIND triaxial 1A oedometer ﬂ?ﬁﬂ@ﬁﬁ@ﬂﬂim bender clement 111A70491/8 triaxial lALTA
' b4

1ugﬂﬁ 3-8 Tagn transmitting bender element ARAIN top cap 101¢ recetving bender element AARAIN base

' o & 1 3 & )
pedestal @2URUNTAINTUTI108199UAD function generator 1A oscilloscope

gﬂﬁ 3-8 N13AAAT bender element (Viggiani and Atkinson, 1995b)
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UM 3 1950900, IBNITNANDN, URSUHLMINARDN Triaxial

jii) Interpretations of arrival time

t - o 4 4 i
A1 small-strain shear modulus (G, ) @13150AIUINIINANNETIVBUATDWNOU (V) NIHIU

max
AIDENAUAITUNIT (3-1)

G . =pV’ (3-1)

max

Taofl p AoANUUUILUUDIAY

uu’ﬂﬁ'wmmﬁﬂwmmaamﬁ@m shear modulus (AG ) neraa lagaums (3-2)

_—AGmax = A’a + 2.AL__.. + %él‘

max

(3-2)

0 I f
£ ]

J
max

i

Viggiani and Atkinson (1995) 1851091 Md04 19530255 M3190 210904 bender element 10

v
as

o [ LYRR-N o9 . Y] { =) s Y -
fuaua1 ¥, unzdaiins1ziaag fast Fourier transform MUAAUNS DU WRgURUAAUNAG 09N 1AY cross-

correlation function LLBE cross-power spectrum Lﬁ@a@m*m”l;iuﬁu@uﬁluﬂﬁmagﬂznmmﬁ@uma (H

= o

a g o
i 7% e Iianurenaialumsmn G i5lu £15%

317 3-9 eIy U INNITNANDI bender clement 130 108 oscilloscope AN ADEATY
@ 1 < 9 o [ ~ Y =R @ a [ LY @ o P g
poNINAIA AL IRod Tl uIRYaa AT LD Uz luAsesmn dyauniuzsumun

’
=y

' d?‘ o 03/’ s P = ' =] @ 0,: ~ g
9 0 ﬁ%ﬂ%ﬂ@ﬂﬂlWﬂJﬂJUﬂ‘HS{]ﬂﬂ 1 ‘Viﬁ\‘liﬂﬂuui]?‘dE\JﬂﬁiLiJﬁﬂu‘Vlﬁ@UWQﬁgﬂﬁ7! UAINNUUHITUNTITVUDN

Bavawsouneufdy Uz 1

@

3-9 @YUM bender element N9 law oscilloscope

=h.

31

]
3 -

I a e o ¥ A A = = =S A Ao o k4 3,'
i fiia laein ldfsgiansanldgeanadudewaumanifogansudyaiu ldasausn
4 Ao

@ 3 i A Y @ @ ng; 3 ad ’
(Aoya 0) MInduTIoINAUNTUNOTUNAMINAUTIVEINAUNTVITLIT TuMITIaAIIA 0 i

' = R [ < =2 =t
IAVDA first arrival Y94 shear wave DE19LNRDTI (Abbiss, 1981) 8813 lsnmumsinymenguq lag
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YN 3 1A59939, I5NITNAADY, UASUALMTNARSN Triaxial

. tow i % 1 v . [~ .
Salinero et al. (1986) naaandynunsni 185101992 1319 arrival 494 shear wave uatilu arrival ¥04
A oA . : ~ Y 3 t oW . . . . .
AAUNITIN I near-field component FIVLIIAA NS UMDY compression wave Viggiani and Atkinson
= ' =) \ - ‘9) o Y Y ¥ - = 1 <
(1995) 8318 NMINTANAAY near-field Hannsaildlam G wmaullfe 11% oalsnaw
14 k4
R 1 a = Vo ' )
Salinero et al. (1986) WUIMSAATUUD Y near-field effect VUDYNVITLHTNIITEH I source LAY receiver
' . v o 2 &8 Tasot o Ay
(L) unen1 wavelength (A ) UDY sine wave AIUUWUVUDYNVAT frequency (1) LAZTANULIIVDINAUAY

= o ' [~ o = [ dy
Taotionni1UIUYDI wavelength 38114 source HAa receiver ( R,) iHudnnlsnniuguasil
L
LA (3-3)

d 1 I/\
@ c?: 1 P ) o o
aariuvz 1iiAa near-field effect A13iA1 R, wnnnnlszuna 5 uaglaena llvidulaTaoms

9 . 1
ﬂTUQllGl’H frequency Y84 transmitted wave ﬁmq UNGIND

iii) YBINAVDININADDY bender element
I o o .
NINANDY bender element (Dyvik and Madshus, 1985) 14nilu1l52811un139AA1 small-strain shear

. = =3 V@ o =3 A Y@ R . 1
modulus (G ) Y99AU muﬂ’smufﬂxﬂizﬂm'nmmﬂumahm clay, sand, #9g stuff material 15U

max

o as

E
. ! - . ' a Ay ] N
cemented soil (11 Jovicic et al., 1997; Ismail et al, 2004) UAUUHINUDIINANTINTININAIU (Ismail and
Rammah, 2005)
¥ 1y - A o . o
e  bender clement 9z@nalatn 11/ udr0819AUIHDE 18N 15IADOUAUIDY bending 1111114 shear
. a =4 o @ ! . a )
strain THAUTOVY901902181NTTUAIUAIDEI undistured 1102 cemented N3 131U
s [l =y 9 = 9 o v Y as ' P d! o Y o
aregauzdoudng iy lunienasdie ageu epoxy 130 gypsum 5991993711 1HIAANS
' Y
SUNIUAIBEINRLIINUY
e coated bimorph 3 FufanUAU Tasns i It TduaziTome 1azANUTE 10909 epoxy
coat 3L 1MIAANITAA 995
1 o o d' c:' - 1 '
e bender element LI EIMSUANINLIAABUNTUHTINTITAZAIBIDFUHIU epoxy 151 11
AFAIUDA electrokinetic treatment
s Y L% ' o o 1
e bender element ¢ 185 UMansenunInANMAL LA IRE9AL Taommizaiunitonsstlay
A70819MAAITBIINAVUTYTL VDA platen
' ' I = v = . . s
® IW31¢71 bender element ADUUINVIN (0.5-1.0 mm) vauuun unz g depolarization 91 high

1 b4

¥ '
' =1 'ow o . '
voltage @fm"liﬂmmzﬂdiuagﬂummumm working cycle Lngﬂﬁdﬂj’ﬂﬂﬂ’ﬁu voltage ‘ﬁq\iﬂj

D

kY 9/ o s . . 1 = . . . PRy
p1992d04 1 uen1un3 0N signal attenuation 119 15U IUNTAIVDI soft soil W30 stiff soil 1T

FLULIAUNIGE




uni 3 ipseaiie, INITNAREY, UASHHUMINADEN Triaxial

iv) Function generator
. i < . A Y : . Y a ..
function generator Aldtluuny Agilent 33220A Lﬁam'mﬂﬁugﬂ sine 19Ny transmitting bender

. Y Y ala A
element @Y function generator AuTaas NaauntnNn0e s MHz

v) Oscilloscope
oscilloscope GATSTET Agilent 3000 series receiver bender element WADAL oscilloscope Tassunau

NIHIUAIDE191N transmitting bender element oscilloscope 1LADBUAL microcomputer W11 USB

d" 1 1 9/
port INBNTTAUANUDSTNDIYUBYD

3.4 MAUNISNADDY triaxial

HAUNTNATDN triaxial gﬂaammmﬁaﬁﬂmwaaﬂﬁm stress-strain Y8 Bangkok Clay ‘17] small-
train levels 1aBA13 1% local strain measurement 1A% bender element 32UA38 LHUNITNAADIADIAT
ANYINANTZNVUDY non-linearity 1A anisotropy AONHANTTY stress-strain YBY Bangkok Clay Kathiog
ﬁiﬂﬁ‘l’lﬂﬂ@ﬁ%ﬁ isotropically consolidated undrained compression (CIUC) 1012 isotropically consolidated
drained compression (C1DC) Fudothasufigaluuaunsluiuuou Tasfiniamane s anus 20

1 . Y ~
ATINAADI LHUNIINAA DI triaxial ”l@mqiﬂumsww 3-]
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YN 3 1A50900, I5MINAADY, LAZUNUPITNARSN Triaxial

M3 3-1 LEUNITNADA triaxial

Test No. Description Specimen orientation
Uv-] CIuC Vertical direction
Uv-2 ClucC Vertical direction
Uv-3 CIUC Vertical direction
uv-4 CIuC Vertical direction
UH-1 CIucC Horizontal direction
UH-2 CIUC Horizontal direction
UH-3 CIac Horizontal direction
UH-4 CIuC Horizontal direction
DV-1 CIDC Vertical direction
DV-2 CIDC Vertical direction
pV-3 CIDC Vertical direction
DV-4 CIDC Vertical direction
DH-1 CIDC Horizontal dircction
DH-2 CIDC Horizontal direction
DH-3 CIDC Horizontal direction
DH-4 CIDC Horizontal direction

H E4
act . . = s 1 o Yy a
F5MINANDA triaxial 1Auanalu flowchart Tugilfi 3-10 Fmsnanesvewaazduneu ldeFue

Turadeno 'l
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yNA 3 1950980, IBNITNAADY, UBLUNUMINAADN Triaxial

Test program

Sampling

Sample preparation

Specimen set-up

Determination of o/

Y
Saturation: S = 95%

v

B-check: B=0.9-0.95

Consolidation:

Measurement of

A4

Compression shearing
CIUC: Undrained shearing
CIDC: Drained shearing

Shear wave velocity

Data analysis and interpretation

JUN 3-10 F5MINAaD wiaxial
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YN 3 1A50910, IFAITNAADN, UASUHUNITNARDY Triaxial

341 Sampling
o v e kX . . =] . Ag’ ot o - I3
mamd@uﬂﬂumﬁwmm triaxial A9 undisturbed Bangkok Clay 3MNWUNITUANINAIINAN
@ v . iy =3 . £y ' 4 e
10-14.5 4 91719813 undisturbed ugﬂmﬂ@ﬂ piston sampler VUIALTUAITUINATI 12.5 ¥ (5 U1)

as ' oS w '
mama%zgﬂmﬁa‘lﬁaa wax HOZINUINEINDUNTNAN DN

342 MIASENAIVE
] ;4 ¥
WAIINTOIFY wax 1A cling-film DOAVINAIVINAULAIILININIATIVAOUINOANINADIY

o s R b LﬂQ’ =Y = as @ 1 = [l 1 n q Yaw 1 o :zl

mnzaudmiuldlunsnagey Mldraladduaedan i a seouan o luldgdegreduiy
dy ] @ Y @ 1 [ Y ] g . Y] ] = s In 9
uonnildmnIMevesaingzgnan Iiisoune 119097 soil lathe Aa0819AUYNAA A 1A
. Yt Y t 4 A 1 I oA @ i 09_{ o i
YA lag wire saw IHNIEUAIUENNG TasliA9819aY 2 wila Ao Are019 Tuuudwazdogely
£ 1 ¥

HUAUBU ANNGIUBIFIBE19AU Tz 100 W MwDavesdegatiuaaalugld 3-11 wudun

9 =t W ' o 86 .
189nnismseudie1392111 1114 111n19M71 moisture content

[ ¥
31U 3-11 nwsvesdand e luwud ez Iuey

3.43  NISAAAIAIBLEIY
as t o =) as;/ rd' d‘{ = . . Is3 Qjm; q’;’ £ z:li 1
AIDEIAUITYNAAAING UV UATDIND triaxial Tagnedumngu INawisdosdiorions

2 ' Y l
° Y Y v =t s ¥ = o i <
#1117 bender element 3zgnawd ) ludrediendannseosdn nazmoaan133unIu@I0819AUIN
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uni 3 Kﬂ??)dﬁ@, ’.7?!7757](97(7?)0, HOSUAHWNITNADDN Triaxial

Qs 3/ o 1 =1 9/ o 1 ] o Y v aaj as )
N139U bender element L“lﬂﬂﬂﬂ%“ﬂﬁf@ﬁmﬂ‘]vl?‘?\@]')f‘)fﬂ\‘]ﬂ’ﬂu 1@81%%@9% MO TNUUITATBUAIDEN
k4 Y o A Y o A
#1738 rubber membrane 39U top cap HaY base pedestal WA silicon grease o1l 5 9y
nougld O-ring 119971

Y
4 . . o . i o Y 3 =
YANWY triaxial cell chamber %th:ﬂ@mmmmﬁw deaired water ¥V INNTAAAIAIDYIIAU

o 4 @ ' Qs ' S 09; Y o
2 ANA19IN38UD back pressure tiotloanu luldaogadugaiind luaz uauda

3.4.4  Saturation

=4 9/ A Y 1 o . s q 9 3

1M 1% back pressure 200 kPa o lnaaedieau fully saturated laalaa lunssuiums

. @ = = = w . a o
saturation Y5118 24 47109 MIANYINIINGHYLOZNITNAADUABIAUNT saturation VoIAU Tae 14

Y = § ! . .
back pressure 1@oF118TAY Black and Lee (1973) Tus1319n52UIUMIT saturation A drainage
t o ' = . @ y = =1 a o A Y = as
valve "lﬂqm@mamx 19 full saturation ‘U@Q@’3@511\‘3@‘HL‘L‘HETQ?HHJMLW'@‘{]'ENﬂuﬂ'J"[NW@WﬂTQCIUﬂWTJQ
manlasunlasveliunsvesaioneau
[ 4 = ar 4

HAIINNTSVIUNIT saturation THLTNUITHNITIAAT Skempton B-value (Skempton, 1954) IWJ

WuMAENAITEUIN 0.90-0.95 HINTIN degree of saturation 0 100% F W5 soft D stiff clay (Black

and Lee, 1973)

3.4.5 Isotropic consolidation
99 IMIANLTITEHIINITNAND constant-ratc-of-stress consolidation 18 1 kPa/20 minutes
o 1W fully drainage spn ety lnaoonnng e g9 drainage valve fidua1aazez Jaan
excess pore pressure 91 pore pressure transducer ‘ﬁ@J}TLJ‘IJlJﬂi@Gﬁ’JE]EJ'WQam‘V/&@@ﬁ/Jf’ﬂﬁﬁm fully drainage
uﬂﬂﬁﬂﬂ‘ﬁyﬁzﬁj%‘]mﬁ isotropic consolidation 123M39A shear wave velocity A1t bender element

4 a L4 @ o ' . . .
Lﬁmmawwmmawwumw 19 small-stain shear modulus 118% consolidation stress

3.4.6 Rest period

¥ 1 WV 1
P=1 =Y s 1 = 1 s r -~
INONIZAANANTENUVDA recent stress history 92 N4A 1061981 131100791 24 1 Tuensumanou

3.4.7 Compression shearing

Tunuiteihdeudiomedun sz uazszneh daisroamuafumaiuege
TULWAUIVY strain-controlled HaEAIUAY cell pressure Gl,ﬁjﬂx‘lﬁl

Smdumadounnn liszuo1102 19 extemal strain rate R 0.15 W3/ tag Tan excess
pore pressure ﬁtﬁﬂ%’u ?OTWI’%uuﬂﬁLﬁ’e)uLL"LJ‘IJﬁ%”LJmi{’l"U%(l‘IBf} external strain rate (01 0.02 WU/ A

g’ £ o ' I 1 . @ ' o a 4?'
autym‘lﬁuﬂwam1/@@ﬂmﬂmamam;wm drainage valve A2 IAAT excess pore pressure YUNAYU
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NN 3 !ﬂ??)dﬁ@, ?‘Eﬁ?i‘l’lﬂﬁ@\i, HAZUAUM I NARBN Triaxial

= Vv
3.4.8  MaNvvoYa
[} ] U 3 <3 % =Y L4
SENIINITNABDI triaxial HANTBIUAIDIN transducer NIMBAvzAINY 1 TuAouA A0S
ASEUIUMS data logging 2@ IAYUINTIMTUATIAAIN small strain 5213191515 UAY compression

. 1 dyﬂl =<4 Y ] =N o a T
shearing 6114“)5331!%@3%@ﬂzgﬂmﬂﬂﬁ]ﬂﬂ’ﬂmﬂ‘ﬂﬂﬂﬂﬂﬂﬂ 15 Uay 30 ’Juﬁﬁ’fﬂﬁﬁ‘l,Jﬂ'lﬁlﬁf’JuLL‘U‘Uvlllﬁz‘lﬂfl

£ b4 3
4w

dhuagszonmbahdy feyaiieulundazyadoyadiae
= o
= Axial load
= Cell pressure
= Pore water pressurc
- Back pressure
= Volume change
= Local axial displacement
= Local radial displacement
- External axial displacement
- Proving ring

3 1 # '
ANHMZUDI transducer NanuaN 1 I uamotioguluaisei 3-3
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