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Behavior of K,—Consolidated Clay in Torsion Shear Tests

Abstract

A series of torsion shear tests were performed according to various stress-paths om
hollow cylinder specimens of Ko.-consolidated clay to investigate  the influence of
rotation of the principal stresses on the stress-strain and strength characteristics.

The effects of stress-paths and reorientation of principal stress were mainly obser-
ved in the prefailure stress-strain behavior. The experimentally obtained failure
surface from torsion shear tests could practically be modeled by an isotropic failure
criterion. Coupling effects between stresses and strains were investigated when both
torsion shear and vertical stresses were applied. The work-space in torsion shear tests
was illustrated and the relation between stresses and strain increments was also inve-

stigated in the work-space.

K —E#Eh+9) Eh—8pas 1 BEREd v Xe FEHEEHY 4FE 287 H3d
rhze AR AA M d8td EHRKRE detAz AAAAEA v EANHRBE 2435

& Fop A zie EOKE D EEHEES F2 BE o9 EH-WBEEd J%e
Az 9ee o 4 dgich. =g, uEUNEHR 49258 dod BRBEEE SH# A
ob®l PiE ¥(failure criterion)d A&4 oz A dXsgo, WHEH SAEED 3
449 W EHS R Aold A% HE(coupling effect)yt TAFFHT. wAtoz W EY
WESEE A ol A3 Yeefi(work space)lidol AW = EHI BWBEES Ateld HAJL

o] Yz Aol AE=A

LiIF ®

HAMRE LRI E K—Ehddz B
wol AP RA =2 EH—WBPEHS Kt
Bz R 5 (cross anisotropy)e] o ¥-& whA =
T, o] H G HiLuike]l Mol Fz=d
NS 277t At FA ERELE T¥

* EGR - ik sy THAE RSE, LARTEH

e M 15t 19834 3 1

= [EgsHA] Ao, ol kKEHe 279
o] wWshe AR mae] Y- R
A ¥ AAA @ ol WA &9 8
Bhol A3t FE8 o}y H3edE TR
HEES] T AAe 2o AAI] Fa3)
& ZEv B EEB=SERR AR
pridfel 43 SEM=E@RBRCoZE WHRR
% XENE BEAR w7 goh orle U

— 151 —



ARFT TEHEEE st 7] $std v
EYETRE) AT A n ek,

# PRl e Ke-MEuiihe) M mme
Bt BEHE PA% ZEIENS 9%
245 A¢ BWLE heRmEpmRE %
& LA JeEk R Bk v RANMRBE =
EHEEe) A%e 499 EHEE 98
A%t o] EHRBE B (A
A9dqe) A¥ AAAS}, wAteon EHI W
AR Aol o] wAIZF Al A Axd,

2. B BRI MR

K—EBFd h2EEBREE 839 15
39 JeshKMERT 2 39 HkmiE A4S
o 4 AL 2kg/cm’S] HHE(confining
pressure) o, AElo]A 28 1o BEAQ BEHR
B2 AASES. 29 1S SEEEED
(vertical deviator stress), (g.—ec,)9} ¥ &9
BUBTIE fi(torsion shear stress), 7. 5b8] A
Rolt}, ol A& FENRE: SREMES tor-
que ¥ jx= st &L EHE WAl oi(strain

{a) %

o0 i) a s
O T N
Toald e I
) )

ag LodER WERRA R

— 152 —

control) F-& 33 A of(stress control)z =4
tte g, BEEHERENS F144 =

S e e Fadd 5 A S %

% q9Aes A WS E KRS
A% 5X107°%/min 0.2 3 kRS A%
1X107%/min 0.2 #4dch. o WHYLEEE
EPK(Edgar Plastic Kaolinite) ;49 Q7
H0%e] TA st MRKES] FL3}A FE5
7ol 8% $xo]t}

BBl BT D0 HgdlAl gowl HHE
o, & BAPEEN(ERY 3$) oy FL& BAE
FEH (RS A)o, 0] Ak, 23} BEED
o] & &3 o, PHEES 0.7 Act.

D o0 3 SEE Aole] T AWF
2ol AR 0A xf274x A3 A4 Yt

2T
tangy =-—"—*— ¢))

ol ¥ zxel Wste] e} b(=(0.—0:)/(6:—03))
e 0ol 1717 WA o

-1 HUWHEE W AR

AR A v EANER RS AERE,
SREIE 2 torque ¥ 2t TYA oz H3H
o F4A4 4 QA AAHe glod, HIM
Ex AR 18cmelx: SHEo] 22 cm(HEHA
EiE 2em)ol™ Eolrt 25cm ol hzZ2fEE R
BERERE Ate 9.

T AR AE 40%9 AERI 60%9
Htiez F44 £94499 EPK 5+ 120
%8 ¥relddE 4E4Y% 5 E 2kg/cm?
o HPHEEL: K—B@sd AL3d, K
#el 589 ¥ B(=du/do)FE& 2489
3 ZIARNEE AR o] Kt Wik
RA HEERAE 474 60 2 3009 HES
2.62 0] FEHEE 0.50 2 JEEEH Ao ).

2-2. BHER

WETARS v Y WHRREAN A K —E%
of #aH9eg Y ¥ AAH9eH, o/
=10kg/cm*ql Wl FFA7 BUBTRERS] M
HEREE 19 13 2

No. 11 8¢ WAl udoz torque glo]
SREMEYE 7M7) Aol o A¥L =
iR 9%, Nos. 3,4,56 3 13-&

KB LA BRI S



ENES AN A EAY F& %7 W
A F Wyl e torque st FFHAL
A %olrh, Nos. 2,7,9,10 ¥ 15 AA YA
oAl oz MEEEENE AR FA A
Aoz 7A&AF ¥ torque & HYAAR F
AN Aok, o|F No. 7 AYME 4
1)l A e ubsk o] Fef o] w4 st
P B4R £ A9¢ Fhgch Nos.
8,16 2 172 WA WEELE FHAA N4
z AHA ZAX 24 ¥ BENES 494
oo g ZaAg A$olr

upx] ke = Nos. 1,12 % 14 & torque ¢l o] 8%
BEWETE dgA s REFAZ AFE
ZEn iR A3

EEAESE No. 148 No. 17 & KRR
2 A4S 9= YA &= SekEReE A4
Aok =8 o¥F HEES 4 ()9 HERE
o o8t gejAet.

3. BRBH

A@e &hH Fd P8l Lade®HPr7) A
«hat 3 X9 PrEmm(failure criterion)o] =},

(i) e

e 3 g pela, LY Ly 43
3 Wz FiAE A1 9 A3 EhHRERE
o, =3 P, EHNY 392 ZAH R2RE|
2, 3 mE Gkl wEt AR EHE Zaeldh

ILi=0,+0;+063 €3]
L,=0,0,°0; . @
& gl AHEE AR A me 2 28

>

2] 2. Edgar Plastic Kaolinite $-4:2} 7 % m

HoB F1M- 19885 3

3y AAH Ak, 29 2& *AAY LY
L—-2D3 (P/1)9) AAE FddFAe %A
Y RAoleh o] 2lF & P/Lie] 19 94
23E Tz me JA9 sl 2d 2
o A48 AzE & FHEAA A4 ¥FY
WERBRERS 539 mHB=HRBRY A
651061}, 233 AL AYPAFAE 0] 431
regression%}ﬁﬂi Fegden & 2112
T3] Az me 0.422 AR

4. HRER

W EUNERBAAE 21 3 24 E uig
22 SHEEEES (0.—0,) 9 SIBTREN 729
A zgeg AHde Ao AZde 23T
g 4(2)9 B fad FadA B
i (failure surface)o]th, o] FEHmES] F=l+
Au & 94¢ 2HoR v AREFE I
2 vk o] AR e iR se] okd ¥
B2 At AL S5 Fd & stz
27 3oE ke BERSH @ Mohr-
Coulomb o] M-S ALEatd o] R E}
o] & Aok, =F} FEEARBY AT+E B
Bk EEol WA ste AA R A ﬁ&%?@ﬁﬁ&
o/° 4 443AE ¥4 F 2, F
A3 wHEEANA APASE A ande
Aol wtA] sz A o3 WmELER
(failure envelope)S wel Fold $49HE o,/
=1.0kg/cm® e FFAHA T

4-1. R@soio| Him

A8 3¢ FEstd 29 33 A o
270 &3t A (2] g FAHLE AFA S

OBl 3wl &Y SUETEERCT o ¥ WD

— 158 —



Ag4Aez & 9% ¥ & dsh 2V b

=09l MEMERERS Aok s=19 MHERERY

AL AYAsL ol B ne} oz FAAl vEy
et

ol 4o AdzYEH K —EHEHKLY HA73
= BHREY EEHEEA d%E A ¥
A &2 ¢ 5 9o weld o A HERE
Az 28 APz d9 WEEE ALY
A &H% mEpges 399 7 ddx
¢ 9ok A K@it 3 EUR
Bt EHEES F2 o9 oA EhH—8
BEE 4%FE Tz d&E ¢ T I8 9
€ KRB 3 4 Hael aA %
REng Hite) PRk 2ex aA 7
o8}z %817 @ Foe Azg

4-2. BHRBBES

st3} A9 b kel W3 PAEEEERA ¢79] W5
& BERstd 29 49 Aok, o)A IREEE
A ¢ & A(5)o] o3k A=t
g, —ay’
o +os’

2~ (0 —a,")? 20
— (o (a:{+)o'i:i)+r (5)

28 48 FE AQ@Y BEEHEoR T4 B
RATE AgASYS F dAF T G T
oleh. =E o] 2@ oz HiE NEMEEMAE b3k
o] oJ kg wov AF IS 0.9 =7
o of#e W & F ok F, ANEEEA
L p=0 u] AY Fow b=0.60] 2 = 7=
Z748 F bbb Loo] AT wel %7t i
goh, b=1.0 32 JEERKEEY ASe RNEE

sing’=

€pa1.0 kgfem?

- FAILIRE m=0.42

K] SUAFACE ; Y271
w10 b o)
k)

5 © ]

{0 undrained Test
4§ Prained Test

L 5

0.7 a0.% 0.8 T.0
PR ladk. WY

oy~ %3

a8 4. M EY BRG] O % REEERA

#mel &7 =2A vdehta glow oy HAA
o HHBNEEN o7} i AL ¥ 2
Az AR, ol#g FAAL kBB A
Az a9 4ol4 2E uis) 7o) HEAD T
A3t

b=1.0¢]4 RTEEK 7T Fxdhe A
= RN JE SERBIAY At
9}5 o&;’(] -{z}:q.n%u).

5. @igEAol2] A

5-1. Y=

2% 5% v EYEERRA T 3 XA €
Zeff(work space)i&g Ad9dtz k. HE
B WHEE o, & Yehlz ATES shERE
YES3(o.—0,) St SUMRES c. & vHERA S Sl
29 % pEfigcurved failure surface)® 4
)z 89 AY o,=0FEE] & FHE
Au]) A E Aoz HEEE ol F2 Ytk o
o] AAg WY FAALLE (6,—0)EFH tn F
o AL 2HoE 3} ARRFE oFH
o] #}3el-& 28 3o EmE HAUA FUI}
A gk gEREBO fEHol o stAHRY &A
39 s $AsA gded

ARl A E T WHAIB ] o5l Y
3odA g dwE YZEMERAA A 2
o] x¥d + gtk

dlvzaa'ég+gz‘éz+0'r°ér

FTaroTartTroTrotTa0°T 20 (6)
e, F
[ ‘k T8 L)
RS
¥ Qe H .
o i,
/ Z (0 pmr g
-
b=l p=0
=90 =0

Curved Failure Surface

a8 5. v EFWE AE d=M
KL ARBERILE



A7 A, &y ea R &L HAMBEIBHO| L Tur, Tro
D Ta = SIETMBERE o] Y.
WY MHREIAE A()H o] drh
Tar=Tpp=0
Tar=7s=0 Q)
Tp=0r=0celi
kA, A(6)E & Fo] Frt
dw=0,&+0:€:+0, &+ Ta00Tas  (8)
A@®E (0:—00), 0. R 7209 FHozAH B
BEBTERS (=6+6+E8)E =439 4
@7 def Ax}.
dw=(0:—07) ;0 &, +Tas T )]
aeg, 29 59 4223 3H(e:—00),
or R ol WS BYRERSE 47 i,é
2 72 7F A rh
=% KRB AL =022 4
(D= F8 40)] g Arh
dw=(0:—00)"&x+Tzg*Ts (10)
5.2 mEpEI NWRLE
23 6L SIEEBTE & § WEBPAET .,

I8 6. AEEEEES SRR 34
HeE B1W 19884 31

At Fd A golvh, 2g9F AL 4L I
AA el st WET. &S 120 8] Aol
® &7y dAE Addae @k dAF
v 9ok, =2 5<0.5¢9 A$(2d 69
ELE)E B4de A3E 19 F3 3

No. 29 No. 9 499 A$& BEmEe 4
AA FAHZ dgdx ¥73a torque 7}
Bifd = ETEBR 1, o g 544
BMER o, = SRR S8 &S ¢
T ek ol T WD mMEHAR Abold
&% B (coupling effct) BUMTHESI0] =&
e 2E A FRAH GG, o9 FA AR
#7F No. 16 € No. 173 #2 dA3 BEHE
Fstel X EWES BWAE A4d= #E
FhEERE D YRR Alole] Has ¢t

5-3. WpEMHUE] WE ;

Gzeple) BEE AelA  wisEg s g
o g =AY Siete  SBEEMERS
é: 9 BUMIBIEES 709 e 296 &4
o Az rEEEEN(r.—0) B EIED
720 O] Bl 28 59} o] FAH Ak

o3 A8 fEHBEbs A FAE F glem
B OEMEREAY LS FAE F U weby,
HFAAE HY L FE2 AY o WL 4
ot g9 A9 @REugsAEe] Wig 2406
A5t o,=1.0kg/em? = Aol Teig 574
o] paEs e BgE AQ)d o5 B
s} @A A0 R A BASE 23
73 Zo] "l o7 A @WpREsuE Y 9
2 2% 69 e & a0 Aol g 33 A F A7)
€728 78 ¢ vk

el 0 {kgenl)
0,42
2741

.

QO 'mdrainnd Tensts
Prainoed Tonts
VNN T S N0 T A s Pt
¢ 1.0 1.0

2440

|

e e e et e e e et e e

28 7. ¥EY WERR T e WEa
BT

— 155 —



o] 2elA nE vk Zo], WHAEIUE

e QmpgdlA BAmEd H4E olFA &=
gty =# o] WHEMSNEE ¥ ALE
Agsns g4 oz ANYEIE YA
#Fx Gx gleh eV, FEhEE] FAR A
2o WYBRHAHNREE Az AY FYE
O!’Fr!‘:‘l 21;9—‘:%, Bﬁﬂ@%;’}' (Uz“ﬂﬁ)ﬁﬁ'-g-% K27}
el 24T A4 3 HAPB T AE AT W
WaE S wike] AR o2 HAgd A
o g8z gk

6. &8 W

WEAYd Ko——mﬁ*ﬁ:l:ﬁﬂﬂl d#e] gk
2 FEEEK v EH Emfﬁiﬁi&% AN e 8
WER T BEKEY v AE 3&1’3%-‘3 4
o] At g o F&3h L e d

(D) MEHRBS TEHEE-- it BHEE
B 9%& vlAA et

(2) ¥ S UMTaERY B g SHE
of HE=HE PEEHMEe AL4 AHELd F 4
t}.
(3) HEREG=1.0)F%FY & UERE
L BkEBgoz AAgo] vh3E e,

(O PEEN BEh F oz st B
o Az AAd u}%wmmo@m BYBRHE D
I EEBTE Alo] I HEENS WETEEE A}
olof FEAEKEI At

(5) WpEESYE = dEi 4o JEE
A e AR gor M 9w
HE o AdugdE e gl

myel o

& Wt &5 GA 3o 1085 8 dubridgas
Ao e FHHf o AFANE =LE F
ULCA ¢ Poul V. Lade #iZell Al 7+Arz g & upo] ),

g & X M

1. Saada, A.S. and Baah, A.K.: “Deformation and
Failure of a Cross Anisotropy Clay Under Com-
bined Stresses”, Proc., 3rd Panamerican Con-
Serence on Soil Mechanics and Foundation
Engineering, Venezuela, Vol. I, 1967, pp.67~

— 156 —

10.

11.

12.

13.

. Saada, A.S. and Ou, C.-D.:

88.

. Saada, A.S. and .Bianchiai. G.F.: “Strength of

One Dimensionally Consalidated Clays”,. Jour.,
GED, ASCE, Vol. 101, No. GTi1, 1975, pp.
1151~1164.

“Stress-Strain Rela-
tions and Failure of Anisotropy Clays,” Jour.,
SMFD, ASCE. Vol. 99, No. SM12, 1973, pp.

1019~1111,
. Saada, A.S. and Zamani, K.K.: “The Mechanical

Behavior of Cross-Anisotropy Clays,” Proc., 7th
ICSMFE, Moscow, Vol. 1, 1973, pp.351~359;

. 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., 6th ICSMFE, Montreal, Vol. 1, 1965,
pp. 179~183.

. Hight, D.W., Gens, A. and Symes, M.J.: “The

Development of a New Hollow Cylinder Appara-
tus for Investigating the Effects of Principal
Stress Rotation in Soils,” Geofechnique, Vol. 33,
No. 4, 1983, pp.355~383.

Lade, P.V. and Musante, H.M.:
sional Behavior of Remolded Clay”, Jour., GED,.
ASCE, Vol. 104, No. GT2, 1978, pp.193~209.

“Three-Dimen-

. Lade, P.V.: “Torsion Shear Apparatus for Soil

Testing,” Laboratory Shear Strength of Soil,
ASTM STP 740, R.N. Yong and F.C. Town-
send, Eds., American Society for Testing and
Materials, 1981, pp.145~163.

Bty s &S vl B WA Y Y W
%, KEERAITREEE, S48, H1H, 1088 &
.

Kirkgard, M.M.:
Determined During the Constant Rate of Strain
Consolidation Test,” MS Thesis, UCLA, 1981.
Lade, P.V.: “Elasto-Plastic Stress-Strain Theory
for Cohesionless Soil with Curved Yield Surfa-

“Consolidation Characteristics:

ces,” Imtermational Journal of Solids and Str-
uctures, Pergamon Press, Inc., New York, Vol
13, 1977, pp.1019~1035.

Lade, P.V. and Duncan, J.M.: “Cubical Triaxiak
Tests on Cohesionless Soil,” Jour., SMFD,
ASCE, Vol. 99, No. SM10, 1973, pp.793~812.

Ochiai, H. and Lade, P.V.: “Three-Dimensional

KRR B B o



14.

15.

Behavior of Sand with Anisotropic Fabric,”
Jour., GED, ASCE, Vol. 109, No, GT10, 1983,
pp. 1313~1328.

Tsai, J.I. and Lade, P.V.: “Three-Dimensional
Behavior of Remolded Overconsolidated Clay,”
Report to the National Sciemce Foundation
Under Grant No. 78~20239, UCLA-ENG-85
-09, 1985.

YAy 1 “EHBENLY  JEHuKIERE
 BEHSY B, ARLIRTISEE,

w1
43 %

WE H1¥- 19834 37

16.

17.

— 157 —

#5298, 1987, pp.41~53.
BOTH ¢ “ESEEHL B8l
BHR", KMLEBARIR, B7E,

1987, pp.183~193.
Lade, P.V.: “Failure Criterion for Frictional

Materials,” Chapter 20 in Mechanics of Engi-
neering Materials, C.S. Desai and R.H. Gallag-
her, Eds.,, John Wiley and Sons, Ltd., 1984,
pp. 385~402.

WA KB
B3R,

(¥ : 1988. 1. 16)



