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A Basic Study on Torsion Shear Tests in Soils
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Abstract

Among several types of element tests to predict soil behavior in a laboratory, the torsion shear
apparatus, in which the directions of principal stresses could be rotated during shearing, was
explained. In this study, this torsion shear apparatus was improved so as to be used in tests on
clay specimens. And some undrained torsion shear tests were performed on remolded specimens
of Ky—consolidated clay to investigate the influence of reorientation of the principal stress
directions on the stress-strain behavior.

The soil behavior by the torsion shear apparatus without torque was compared with that by the
conventional triaxial compression tests. The stress path, provided by both vertical loads and
torque during torsion shear tests, has much effect on the stress-strain behavior, the pore pressure
and the effective principal stress ratio. The rotation angle of the principal stress and the b-value
were gradually increased with increasing shear strain, but converged to the values at failure.

LS =1

Fo HBMRES slotelr] 3 EEAERT fise FEHHIAS [T £ s uE
TS 7)ol dHekel HESIATE A& Mol AT o] v SN ARETT Kt kol '4
2 5 A HRBEESA o] AlFAE Agete]  ubE A E 5 Ko-Rmh bkl thak okl
JEPEk v SR ETAERS A4St & @dhol v]X= L hEhe)l [nEged sFo] =Abs| oo}

FAL, torgue glo] WIS RIWHTEKET AEsle] 2O Fo| pEy mEho] T ALY BB &I
Mol o3 At n A gk Fo) mEhH—WREE), MK 2 EE S SR E 5 torg-
ueoll o3& HESfREKl] ZA o 3k whokow] BYHTSMRiAsS] Fobol obel fipE lessg et 2o
AHA 27, b(=(o2—03)/(c1—03)) F= HAHo 2 A s}F1 9 ol £aslad

L o o

« E®R, HRRBE BIsR

KEIHUTREE 17



l. &

B

“EhERY Fo HEN ##HE s 9
T BERROZ ol A& o3 gl =
afaERol et shd A HGR Rl g
B wRSmS Jl2dD 2 o] AlY
a2 RGeS ANS A Bl a4
ol Sl 7F A EhERR el ol UAI=I ek
ey AR S A = EhETRA ) o
ge] ANe EpEHe 277 b ALE B
o] olo og 1—];&1.—3], ‘_/] %m;&:‘_‘; _@}.al o].gqu:]
Aol o) ZH3 Aelo EHAES A4

&9 HENEEHT SulA =AY de vt
Ith, & Sael A= ohd Al EESe #AT
2 4 e SEEEs Y esh =P
LB O 2 FH o] ot FEOALEH
A= /‘lf%% 2A 2 52 4 U s
v R &R B (cubical triaxial test)
daoln] ofE e v E 7 Tk Es( torsion
shear test)®~7oltt, o] % ] & & FYHT A&
1178 [B] 4 71U {38 42 (hollow cylindrical specimen)
2 Abgsho] fikitgmel P SR ol =
FAEE S Zbeba fHikAe b Tofell syiEmTE Y
torque & 7hstod Zbzh dHE S A EENE W
ABzkgA1 7 4 gl A]FHel o)

0] S-Sl B M A BR-o A RhA] RE fEhe] nlagd
%5 i&iﬂé T 31% AAde Az A, F
745 Hbrpo FE?J° E*P”*B

2 ¢

3:0

A

}11

; 6] stol whet )
A Dok, w}aw Al Fo BB LK)
magel = A e we aom

of 7)ol & Bzl A E vl & H W H B E
skl AHeE 4 a&%m %
op7hel v] S AWBARS A skl EE N
HAS He) mEe EAshe] wnat ok vl
SAWHABS TRl BFAH ] ale
Kt peaasol ostol Ko—HEES AT 5 5

18 # 4% ¥ 1% - 1988F 3H

ek Aelol A At =3 A @l AE
o] &SI B Bk i A8 Shed hpE RS (g
A7IA oA Al Aot Bk mfA
it s A EEE R RS HE v
o Agsle] Hols gt

2. BT

e el IS B AT ET SR EE( simple
shear device) 2t vl & WM A% torsion sh-
ear apparatus) i Ahg3sled ZEAbse] 23 9l
o}, 2 5 HEMBYHTABIES Roscoeo ol
Bl 8.9 31 Bjerrumst Landva!®'o) o) dfe] F2
Ab-Esld ol reu, Wright et al!-& B4k
B BrhE fﬁux\?‘% = dudoll A B /)2 T 3h
A %es Ho] Forh AdwbH o HAMH
3K5§°ﬂt o 2h 22 ARl et (1) s
of SylrRE ol FAIS7) ot (2) R IBA
off FEH I #eFiAge] s EEE R oech
(3) By Al AFE ) FEME ] S ot
Hog of 4 gich?

g, Broms®} Casbarian!?o] #5433

-

r$L

Kaolinite ¥it.o] &R AEE WEk
Bk - Bes AL sho] sREREEC] Wl A=
fE S migg s} R o] S A ol F
o) 5 R Tk BRol AMRE 7] A 2FER of 132 o]
o 52 BT AR A TRELS dike W
Fow 3AMA7 & ke Aolwl A ol
gk fpEhel A= b(=(or—0y) /(a1

03)) 9 b=sin?¥T & AAHZ AA=o] go]
MRS ool e 9 AR 4 9

o] -2 Byl sk el A e [ R AL AR
fE = SMllEl FUd S wm qled
R FE f kBB (plane stress state)ol Eof QA
ok ol SHAHNE wtE sy e §
Hap o] FAAHol FAFA FEE ] 2
ojof e} o] A fifES] A5E A
As AAsleg A KAREAZ ¢ dAchs D

Geiger 9} Lade?” = »| & 2 Byl ;R BF 0. 2 /K
hinligel pEFel ReEAle] pE L RES AT
sk =& Symes et all®& 2o idl
B 5l BB B M SRS L 3Me FE AR



#hol oahod 27| mAhe] 2 WS WA
Saadadl WFE W E v S AR T
Khtol HEh gl v X = MR
duke AFse] 23 ek 2 el w53
Ak Ages HEo) hgFy] A5 of ol
AFsi7) % shglehen

3. H|ERMBEAR
3.1 HIEZBHEEARM

1R S olggel w2 Fo| @Ehs w539k
AEo 7 ZAlslelwl FHEEHI  WETHE 5ol
e E R B o] T oA A EHEE 8
5 284172 4 glojot gk, Ladew o] ¢
% Ag wE:A 7= AYrE Al @
= AAIE bl Qe 619
] M o] AlR7IE MitktolE AHEF
£ WRs,

R E-2) TR BR A % o 3 2}l ek
ol 28 2+ o] A|dAAe] ApAleldh, =
g fgeaplel RERfES) SREETE S 1§ 3olA]
B oneb ol g @ 1304 B
= ule} #o] W®o| 18cmoli HH%o] 22cm
(uetx FAE 2cm)olw Fo] 7} 25cmel
ZeE R MAME ARt o) fHRsE 2
2l 3ol B ule} Fo] AEl|AR kg b
e TEE Y AMSMIES A e 2T
membrane &2 & o] ¢t

Bl E#A Y FAHeR AHEHT e iR
Ao EHAE—-aHLE A7 7] e
of 2 A 7lelle Tzl AFGE A Eioich
shie e o5 25cm P sho  fitalie
o wiggoll 2HEA171 BTHHE foll & 3-8 o
Bt odake HashA 7l Aok o] ¥oliz
Lade® = Wrght et al!¢] o4& He &
Hel B9 JES FAE F AUxe #Hiiee
Higo] 2AE FAI= Foleolth, ® st
= A ASMilE F 3 % (confi-
ning pressure)°] ZH&= 4 QA AAG Aol
o ol WM BREA—FE Qe fiti
FBNel FAMEE SHo] Bl R ITE R 4]
71 4 ol

J unean
f O TION
RANSDUCE

T
( : jh SO
L)
di ||
cuLw aaot (A=
SN N
3

Y IS Y d SV ISV

bW

A ——

CENTLR SHAFT

TORSION SHE AR LOADING CYLINDIR

VEATICAL {OADING CYLINOSA

28 L oalER kR

fiRgsoll 247l M gk T
el cell waterd % 3bo] 2H&A]71n] BYHTHE
H3 SR ahZERE S vertical deviator stress)
L {28 el SYEMTE Y torque =z}
A7leh, ol % dFe A7t £3H oz AL
A7 A stden SEAle] B HEF A
557} shgsbA AdAlslo) AT SREFTES
28 13 27 3004 ¥ ape} ol LEMR
(cap plate)oll o3to] fitatatol Huks{n] o
EB#RS: cell o) wbEhE bE-dlo] AA|E hR
#fi( center shaft)ol] o17zd=]o] e}, o] vhoudh
£ g 19 gsEMTEA "] (vertical loading
cylinder)ell o) 3te] Abstz 22 4= QA g
o] ftias WA 75 UL SIERAA
= 2Arh

33, torquet 2% lojA] H&= ule} 7o)
g o] o] S WHr AT ] (torsion shear
loading cylinder)oll 2| &te] houdhsl LHERMS
5stod fititglel A=kslch BETE 112 o] to-

KETHTEEE 19

o



O 20 e SR oM R
Cap Plan\ lc— Chip Gage
7 7
// N 7
I 2—._‘7— O-Ring Seais
-1
| s 1 Cap Ring
e
_— Hollow Cylinder
J\]ﬁ - Specimen
[<— Center
Shatt L“. :
H=25cm ' vz Membrane
Dy =22cm o
D, =18cm ‘
N Full Fricty
. d Surface "
p L —Rolliing //—Flllu Stone
Diaphragm
gF—f Base Ring
s iy ////
007 77
1

Orainage Line

a7 30 s ke Bl

20 #H4% P 1Y% - 1988F 3H

rquecl 9jshe] AR ERA LA H ol WkRE
He frassel FE35 ALA7 7] Asked EE
& (cap ring) ¥ T# 2 (base ring) e Z ol
epoxy & v & g bR A wpEed g gk
ol fitiRfast @ Alele] mlmeiA & A4
o}, o] Byl fol Ao g olsled ffE S
A7) ef ubgko]l wstAl Hcof, F, EHE STl
Mg A2 oA LEHY] SH AT it
AREEA] WA sA "o} o] HkE fjo] AR
spz] dowd R, SREMTEHC] MHE A
S BhEREN o 7h Sl skl S &AE
fE ool ®eh e} v & &I BTERRE fo] 2HE
bl RS PRI S o2 7F Hoh

3.2 (EAHRH

el AFEE kit B+ Feldspar Co-
orporationoll A A2 A|gteka ¢l Ede-
ar Plastic Kaolinite (EPK)#AE o= 40% 9
Ae B 60%9 HEFo2 TAH et o]
ko] MR RE 60%°l 1 WEMRAT 30%
olu w]EL 2.65° o} E3}F iFMEE (activity) &
0.50 ol =2 JRiFMkitol o ek

3.3 #EEERr

F71AzA e EPK #5528 HHERA
o] Ful7} 5= gkibrh HEE REK(de —
aired water) 9} 430} 5+ ol (slurry) & gt
Zolch olwl ¥it+v # 20(0.83mm) US &
Az A4 5o AAHEESH Lo HA
3 Ao tlojEl} F7)7) dol A ¥xF
3 F AZE 15~2087 wEEsh
2 F o] fitH ekl rhreRlo] KRB E
of A3 £2l Yo 2kg/em?o| HEEO D
—RIUBES A48k

o] B4ty A HNi%e] 16.5cm  FHEe]
26cm el HhZeE R0l 27]EolE 66cm A&
olgdct, ktel bmiz Fiol= FoH4e =)
& porous plasticti-S tHol W HEAMKIES

=
Fualeh @ 59 AEzH E 3em AE
o 7 WE GHFoz F3 BEEE AN
grol 447 wl4E H2A%H



a3 4. PR ie Trimming 2He] Abe)

o] 53 F REE RBERREAA
Aol v EUMWEHEES R 2z o
3t o AglolAE Ao o B
Fa2AA Az AAE Agslglen BE o
osled AL s Astn 72 Al o]
T A BHdet, o] #AAE Algsled Qg
AElE AYE foRs 27 49 ARlelA B
£ ule} ol o] fitiREse] ofclol AHlEAz
e bRERE A TERE S A 7ok

3.4 HEH*E

R iE S v S WM R T b
et FERel HEkERS AAAZAC o™ 3 o4t
At SMES dA A T B filter
paper2 7 A3 ftaiEo] S RS o
% membrane 2. & E2 gt o] ¥ memb-
rane® $7¥ 0.04~0.05cm7} 552 slg
c}, %+l membrane-& vlg] A= AFL A}
£3lon] 18] 2004 B upe} o] Fifel
2.5cm7}AY e 7tz Az 2y drs 3

Stk o] R WETARHA ANBAo = Wh
A & B A4 AL g4, J
8§ membrane2 rubber cement & ™A fitzt
#BAfEA A w22 28l T R latexs
6~73] "te| =pEsiolch

I8 membrane® A7 Fuld 231 9
30| Ho|+ rhoulhx} LIRS A A St 8
BER clip gage S 34121

a1 o+g, chamber® Y1 £% A% ok
229 cell pressure & back pressure % 7}3h
o] Ko—RB#S AA st Ko—BEAdlw
KRR AR MLl shEEfol o3
of AbAE AL el PolALE gHEFES
A WA o7 FAA A BEA] RS
= HokEe A ske] Bk A4 2 Y
—kBE FE o5 )l o] sl
2% 3 4SS Aoy YL AALE)
sk MRBRE, B(=A4Au/Aey) 3S =35}

o
AA

cheoll $AEGIE o torqued $H Ao
B2 wyAo{Alo R Hfislod Ik
Bs AAskdch WlraERAl SR E, torg-
ue, MHEME, SNEWTE, WEMEEE o R
WS es S8k =8 JEkA e
7ol MIARS S48 ke A
= HEMEES A W B E
T R A4, A

oh A T A &
Heg g wAAA F2

.
L
mo o> W

5 R4l E 7 s)el

e 200 ~21°C 7}
tt

A
3.5 HEBHHE

o] & 2 3 ek Baskoll A Ko — Bl stadl
Foll oo} e WHTREES JEykkAbE] ol A
A A shod of,

No. 1Al¥ol M= torques #fishal Q¥
spEfEe Ao o2 gihiskel ok,

No. 2A18olAM = =x $FEEh7ENE 1 (verti-
cal deviator stress) o] Ko—Abe) 2 25| 0.66kg/
cm’7t S SREMES RAAIZ Aol 4
torque iF HYP Aokl o 2 kst o,

No. 3A41golA+= w2 wix  HjpRE /o)
0.30kg/cm? 7} H 52 torqued #Hi4 7 Abe

KETHTRE: 21



ofl 4 gpEFETS WY Ao w27 R4 2
ct,

No. 4 A &olA& Ko BEel skg®d F to-
rque =S Ao A o 2 Hiff sl

— R AR A= dkg/cm?9] cell press-

ure®} 2kg/cm?¢] back pressure AEfol4  F
s o, 7} 2kg/cm? Aol A A4 312
o], HEES HIAF| A ode AeiolA BT
e AAssT £ dFelA K07L° 0.55
Aogdch x3 Bat 2Hoz MEr 79
2 359e% Falsidet vlule Aol
MRZHEE 5x103%/min A= 2 Fdct ol
£ 2 A AREH A5 A HRBA
o] RipgAREo] FdsA i€ 4 e HA
g &z qdr

g, FUYY FE MFEE o3’ =2kg/cm® A4
ol A Ko—B# 3 FA] si¥fE— s
B(ACU-2) & A A5kl ep? 20

4. HEBER

4.1 ZsHEmBRRER

No. 14189 7%+ torque & Al Al #
A7 b sEEMEEE AR
R RS Tdsttte A 4 ook o
ab, fEAME PR AHEst FAH 9
2717k Ak id}%f@:%:ﬁ%ﬁﬂl AREE S it
@iasl 2A obE Fold, oly: ¥ Rl
o] g Ko-Baasiel o 0}04 %%'ﬁ&b?‘ﬁl%@ A
ol AlAE = @BaEamA HE AR vla
dto] ®wd 23 59 ok

$A 2ds5(a)2 Y EEHE(g—0) o
wmEhs AHuw F A L5 JEPER Rl
A KM o1—03)max 7F A" F FAE 7
&3t gl °l“ Ko-Bmifte] SHeo=
olu] ZAbR 3 = w} Qleh?® whebd A1E el
DA o] Ko— Mt THEH%E #EHS &
g o & ok ® (01— 03)ma R HIE
2§ Er B tell o3 ARt B4 =wh Bk
of ol Asurct A el v Aok

a8y BREE A0 /03 ) max s W 5
(b)oll 4] BE uiel o] v E&IAFH 7o gt

22 H4%$ 1 - 1988% 3H

h

(a)
2.0
( 04=—d2q)
k(j]/r rg/‘) OOOO
© O
[ J (o]
1 r_)() o 00 ACHI=-2
[ ]
No. 1
L0 1 1 H 3
0 10 20
1(%)
1
(b)
173
I ACLI=2
3 oOO
of "0
[ J
L No.1
2
1 1 1 ] i ]
0 10 20 30
€4(%)
1.5
ACU-2 -
o]
o O
(o}
1.0 } OC’o (e)
' (o}
au Oa® ® o
No.1
(Kg/cmz)L &'
a
0.5 |0
o) Il 1 i t i I
10 20 30

gl s,

£4(%)

o R A A



ARt BAY AREAIY ol o3 AR 3}
A el g 9l whebd FrNEREsRs ¢
T HER-AY7 & A5 A =,
(01/03 )maxoll S8 HY F e v EHA
7)ol & A7 A AFAIF 7o o3
Aach " 2ok, BAe] AEAYEY AF
(o1—03)max ©1F A3 WHagKLH L] U
A F (01'/03 ) max ol &3P} 8] 531437

PR T T L T T T T
o~
E
g ¢ ()
o J
X
@
©
'.
5
% NOoL2 |
4 4
o
=
n
e -
=}
=
=4
-
n 4
[a)
)
<
o —
=
=
o
s3]
=
-15 1 A 1 1 N 1 L 7
9] 1 2 3 4 5 3] 7
TORSION SHEAR STRAIN, ) (96)
09 T T T T T T |
. (b)
NE08 E
\g No. 2
07 |- 4
X
@
NOL T .
05
0
0]
o
£0a
%)
29
§03 B No.3
T
7]
02 IF
S
ot
w
o, (.1
<
B
0 L L 1 1 1 1 t
0 1 2 3 4 5 [3) 7
TORSTON SHEAR SITRAIN, r,/e(‘),.)
a7 6.

o] AYE vlaA 27|HY bAoA gl =
ek ofn]ghc

q KBS BEhe 23 5(c)oA BE
npo} o] z7|ciAlo] F AlY 2 F u]d B
S Mol ot 1.5%9  fzzko] FollA
o] 7} A Z e}, HFEH o2 AEAYe A5
7} vl S8l Al ol o qt 2ot MHkEe] 2
A AL ol

2
A

10 T T T T T T T

PORE PRESSURE, au(kg/cm?)

Initial States

- J i 1
05, 1 A 4 g —

TORSION SHEAR STRAIN, 1,4 %)

Py
01‘/03

EFFECTIVE STRESS RATIO,

TORSITON SHEAR STRAIN T

£3 9TH IR

AETHTHEE% 23



4.2 HSEUNEHBER

28 6& No. 29 No. 3A13doz Fg o
oj A Azjo|th, o7|H HIE ¥ 7(a) H
(b)se} et
No. 24131l Bypre 12 27 6(b)ollM »&
upo} Zro] FYHrsszRe] Zobel A HA Ao
2 Z7)8le] shol o] & Foll=  EAEk(L
(strain softening) @Abe] A stadcl =2}
No. 34189 AL= 23 6(a)dly BE upet
o] SR BAZERE fo] IhR A AR WYL
o Z7to} A LTS 2o Fu Uk o
£ 3.5 AP EhEme MRS
FH3slo] Fa Qe a¥F AL Y& &KRE
FE St 01’/ 03" Jmaxoll B3 oS A
gk No. 22139 FAAlE skl e
No. 3418 ZAlAlRch A & SYhme 52t
$hEEEE S Aeold alF s} WA= A o
2} o] & F A9 ulis] Whrsae 2
Aol b gldeh, AT ol 27 6(a) % (b)el
A o 4 9l uleh o) Fo| jEh MR
B FEHSH wet G s P U
dd, MHAEAus 23 6(c) Zol A
ok & No. 24189 7% 270l $FEME
BRfiERPEol M= ZAste] & MHMEKMEe] oF
7b bkl 2 torque #ifioF v Bl Aa F
7Fetd et No. 34189 2-F+ 7] torque #
T ERRgol A BB F el o) gaE T E S
PR ER gl A= A ste] #o] R KRR W
AEigdoy, 2V REEERE S0l &9 Tl o
22Ae HRAKR] o] FrhE oo
HINEHE St o'/ os'oll Htele 23 6(d)
of BI/RE vks] o], No. 24189 73-%, HH
TRty 2719 $MEMERFERA A S o
7y Z+x 39 oo torqueE #iAw gl whal &t
slo] gh7jel] oleglth &, No. 3418 7
L= 279 torqued #ifiidtell wel A rE
hibe 2k Fohsn spiE T Ee] Bkl
g} zrasodel el sREEEE Ho] Aol
ol Holl ute} ofr] FhE A

£

24 4% %15 - 19884 3H

5. X HEHE

e E R ek B 2F&-3hs pEHS (BRI
2 A3 Zo]l 27l 7(a)olth o] ayF 9
3h BFoll &3t MEHRSS HE st 2w,
FEHBENCZE o0, 00 % oo7} 2510 W
ENOEE tee( =76.) 7k ZHE-Teh, vhok By
fE S0l &3] %ol FHESN o, or Y oo
t adl® ko] "ok ol §YkRE ol
288 A= EEHY Wk 2717 HEHA

{a) O,

,,1—Direction




90

1
o

)
w
~
Ul

Tée(%)
a8 8. WM EEHEMA] WA
He}, o] EEME I Wk o2 Mohro fE
HEE 2eiRd 23 7(b)ot o] =« “‘}E}
A, AT o W RATEES oE A(1)e]

o3l 42d 4 ek

Z;} Z%(az—kae)i\/%(

o, —0e8)l+ 12

FHEEES e 2% 7(a)d EREA B
= ups} ol or0] HEsle wol= WHE S
of A&ekA ¥ fygEEnt FHL3lm HMEE
ool & 027} "k

WAREES 019 29 r: Mohr i flH
o] 71stety Exoz HE A(2)9 7o) T3}
of Ay 28 7(c)9f o] FAHc} weby F
FES o1 o] WA BYMRE S e o) 8ol o) s}
of o2 FE Tukd A A =}

tan 2¥= 2 Teo - (2)

2 —Og

No. 2, No. 3 % No. 49 A& Az o5
of ByETRERAR LR HEEgme] BAE BR
sl e 8 ek o] adely @ £ Uk
ve} Zro] ByETARsARSl Fbol whel FpE [
WUt SobE, & EEAmEe] Y5 A
As o & gleh 2y msse wmEe
Wi Fotet vigo] Zhashe] My
ool 2 A% shdAel #Aze] S st
7L° o;_}' o]r,].'
, ERESIS AuiA A7) bel wWIE =
Hwy 18 9¢f 3} o] mElolA U £
ule} 7ol wyrsFiAs e}l Zkel 3 b
Ag 0ol BAHo Fohsted w4
o) EHS Z7)o| ojshed AAE = bkl 4
ghoh, wheba Ao ZihikEgolA of 2ol b=
0ol AW i sk Aedsl boql A$e
AEE NEY = gicka Azbgoh

F]O rlr b, r#'i
2 &

o Bl 30 >

#

6. #&

YW RGIE KRR Ko -
Wbkl Y AmE 4% R e
e ARE & 4 sleh

a3 9. WEIEE D} bzl

ABTHIHSEE 25




(1) 2R ITMaEME S AF-Sho] Ax|E 2
YRR AEIABR-S AN R - EhEEREC] o3

SRR wlste] RATEhEE AA
Vel Ve, BAEREHbet BIBKES zZHA
el wiek

(2) BRERE s @R A Skl 2l gk

73¢7F vl & E B Bkl o’k Aot &
A 2 %‘%0‘]‘1 A R wk kRS
T AlE7] BF &27|Hy shAlel A walE o

(3) & FEH—2as, R, T HLt
= SSEMTE P torqueol| o8 JE SRR 2
Al s et

(4) WHPRsARS] 3 olol whel LA s
3 EEhe AR 2713 el bgke A
Ao 2 FAEEE WA padhed 594 o
E#8 £ b kel e sho] 7o,

ol ol AAY fhwS ATH ohtel wES
Folof oAl WA et B RS
| $el9 BEA ook olol Ha A%H B
Je deie] PR el A chEl 2 S,

3}

o

ot

w2

A Brgec LEEEHREAES] 19854 A ub
sl ool 2 Yol oJsle] UCLAoNA 43 5]
gonl A% F B AYUS soiF P
ul V. Lade ##%ol Al Az el wlolcf,

2 £ XM

1. Bishop, A.W .and Henkel, D.J. : The Measu-
rement of Soil Properties in the Triaxial Test,
2 nd ed. Armold, London, 1962.

2. Saada, A.S. and Townsend, F.C. : “State of
the Art: Laboratory Strength Testing of
Soils, "ASTM STP 740, R.N.Yongand F.C.
Townsend, Eds, American Society for Testi-
ng and Materials, 1981, pp.7-77.

3. Lade, P.V.
for Soil Testing, " Geotechnical Testing Journ-
al, Vol. 1, No.2, 1978, pp.93-101.

4. Matsuoka, H. : “Stress-Strain Relationships
of Sands Based on the Mobilized Plane, ” Soils

: “Cubical Triaxial Apparatus

26 H 4% B 1K -1988F 37

10.

11.

12.

13.

14.

. Lade, P.V.

. Macky, T.A. ad Saada, A.S.

and  Foundations,
pp.47-61.

Hight, D.W. Gens, A. and Symes, M.]J. :
“The Development of a New Hollow Cylinder

Vol. 14, No.2, 1974,

Apparatus for Investigating the Effects of
Principal Stress Rotation in Soils, " Geot-
echnigue, Vol.33. No.4, 1983, pp.355-383.
> “Torsion Shear Apparatus for
Soil Testing”, Laboratory Shear Strength of
Soil, ASTM STP 740, R.N.Yong and F.C.
Townsend, Eds., American Society for Test-
ing and Materials, 1981, pp.145-163.

. “Dynamics
of Anisotropic Clays under Large Strains,

“Jour., GED,ASCE,Vol. 110 No.4, 1984,
pp.487-504.
. Roscoe, K.H. : “An Apparatus for the Appli-

cation of Simple Shear to Soil Samples,”
3rd ICSMFE, Zurich, Vol.l, 1953,
pp.186-191.

Proc.

. Roscoe, K.H, Bassett, R.H. and Cole, E.R.

L. : “Principal Axes Observed during Simple
Shear of a Sand,” Proc., the Geotechnical
Conference, Oslo, Vol.l, 1967, pp.231-237.

Bjerrum, L. and Landva, A : “Direct Simple
—Shear Tests on a Norwegian Quick clay”,
Geotechnique Vol. 16, No.1, 1966, pp.1-20.
Wright, D.K., Gilbert, P.A. and Saada, A.

S. : “Shear Devices for Deterniming Dynamic

ASCE  Specialty
Conference on Earthquake Engineering and

Soil Properties, " Proc.,
Soil Dynamics, Pasadena Californice, Vol. 2,
1978, pp.1056-1075.

Broms, B.B. and Casbarian, A.O. . “Effects
of Rotation of the Principal Stress Axes and
of the Intermediate Principal Stress on Shear
Strength, " Proc., 6 th ICSMFE, Montreal
Vol, 1,1965, pp.179-183.

Lade, P.V.
ionless Soil”, Proc. 5th Panamerican Con-
ference on SMFE, Buenos Aires, Vol.l,
1975, pp.117-127.

Lade, P.V.
Shear Tests on Sand”,

. “Torsion Shear Tests on Cohes-

. “Interpretationof ofITorsion

Proc., 2nd Inter-



15.

16.

17.

18.

19.

20.

national Confevence on Numerical Methods in
Geomechanics, Blacksburg, Virginia Vol.l,
1976. pp.381-389.

Saada, A.S. and Baah, A.K.: “Defo-
rmation and Failuré of a Cross Anisotropic
Clay under Combined Stresses”, Prov. 3 rd
Panamerican Conference on SMFE, Venez-
uela, 1967, Vol.l, pp.67-88.

Saada, A.S. and Bianchini, G.F. . “Stren-
gth of One Dimensionally Consolidated Cla-
ys,” Jour., GED, ASCE, Vol. 101, No.
GT 11, 1975, pp.1151-1164.

Saada, A.S.and Ou, C.-D. : “Stress-Strain
Relations and Failure of Anisotropic Clays”,
Jour . SMFE,Z ASCE, Vol.99. No. SM 12,
1973, pp.1019-111.

Saada, A.S.and Zamani, K.K. ! “The Mec-
haincal Behavior of Cross—Anisotropic Cla-
ys", Proc., 7 th ICSMFE, Moscow, Vol. 1,
1973, pp.351-359.

Symes, M.J.P.R., Gens, A. and Hight, D.
W. : “Undrained Anisotropy and Principal
Stress Rotation in Saturated Sand”, Geote-
chque, Vol.34, No.1, 1984, pp.11-27.
Geiger, E. and Lade, P.V. : “Expeimental

21.

22.

23.

24.

25.

26.

Study of the Behavior of Cohesionless Soil
during Large Stress Reversals and Reor-
ientation of Principal Stresses, Report to the
National Science Foundation. Under Grant
No. ENG 7505325, UCLA—-ENG 7917,
1979, pp.46-49.

Hicher, P.-Y. and Lade, P.V."Rotation of
Principal Directions in Ko—Consolidated
Clay”, Subnitted to Jour., GED, ASCE, 1986
Kirkgard M.M. : “Consolidation Char-
acteristics Determined during the Constant
Rate of Strain Consolidation Test”, MS
Thesis, UCLA, 1981

BT . "EREERL FEHKYETRE
Al EEAEe BET, RBHHTIRBEHR,
%34, 2%, 1987, pp.41-53.
it o "EREERN LY BE
KiEBWHR", KRBT REGHE, B75%,.%5
3%k, 1987, pp.183-193.

ot H 0 v S WETEREC & Ko-IEEK
o BE, KB ALEHTE, B8E, B
%, 1988, Pp. 151— 157.

BEITH L Ko BEE Lol RS mE wHhE",
KBt REBEHICE, £84%5, H1WW, 1988,
pp. 159— 164.

u] 2] &

(2= 1988.1.16)

RETEHTREE 27



