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Fig. 1 Stress condition of hollow cylindrical specimen

TR 50 SR FH AR A MR, 22 5 AR 5 T o i
TRy B R FR AR N G, = 2. 643, e, = 0. 848,
emin=0. 519, 5 H BT R FH 9 250 [ B R RE Y
SRS N AR B EE 4 518 D= 100 mm, d = 60
mm, H=150 mm. T 3 32 iU B i i ¢ 35 %
FHiE CO, 5 JEA KM 200 kPa Jz & /Y 7 2
PEATIR A TR AN, ZESR FLBR/K K 1 &R 5 B 235 %)
0. 98LA L. 416 ¥A far 28 (1) 4% 8 31K &y 0. 005 Hz,
PRAAE A FL B K A AL 05 A B ) HE S B 2 A
JIT A 3R 55 v 45 0 46 7 304 808 1 AE AR BR8N )
Jite 0 3 R RN AR AR R SR LD A AR
A AL 5E 4 S h BY I 7 B AR fR T B R Y.

RS S5 4T L 06 PR FH B9 358 b 4% i 3
FERT LG FHXT 2 B D, 5090 30905 70% . #11R
[i6] 25 7 7 AR A 508 B0 N 7 IR BE S TR L AR =)
A 35 5 [ 45 S5 1 T, 458 i X RE B 0 1R A X 2
D, =70% WA BI R 3 b n =0. 433 [E 45 5 )
I Ke=1. 67. 5 Xt W1 FE 0 S1 M A o =07,
45°,90°45 3 Fr 2 A [ 45 25 1k L e AT T s BY
JNF 3 Wi T N B0 B R 0 A B A P AN W
KA HE KGR HL BT 56, 3% 2 51 i T se B AR 3 4%
I &5 4% 14 ST I 1) 45 1 o 3 40 o M FL A SR 3
B B AR AR TE L 3 1.2 W o 6 BR AL AR T
FEA AR IR B N 7, p" R XA R N T



248 X #% # I K % ¥ 55 48 %
k1 HEEEFFBTHAERAT RE L4 TIE A 52 ), X AH X2 B D, =30 % B AN D, 7E 3
(K.=1.0) LM HAR KM TFHITT o/ p'=0.555 «/p
Tab. 1 The condition of drained cyclic torsional —0. 80 & 2 45 W A BR 5 5 77 149 HE K 16 55 41 87
sh tests der isotropic consolidation L : - . L . jv
o Gl gy K. P 2 FIEL 4 S5 T 2 B BRI 40 BT 4
56 4 B D/ % o/ kPa /P (R -0 AR e 2R AR FRAR IR R . i (&1 2 o] O
PDn-1 30 30 —0.55~0. 55 WU Bir 7 A 0 B 1N A% i B2 HE0N L B 25 1 2R
ST . I VRN B V725 08 /I ) B RS i
PDn-4 70 30 I 8 9 044 FEARAR U & 0y BB [a] 6 0, WA W PR BT ik B

k2 FHFEESEHAMBTATREF K =1.67)
Tab. 2 The condition of drained cyclic torsional
shear tests under anisotropic consolidation

condition (K.=1.67)

@ pi Do Wy Mo ,
il 56 44 FK T/ p
ST ey JkPa /kPa /KN /(N m) !
FPDnl 0 32.5 28.5  0.057 0 —0.6~0.6
FPDn2 45 30.0 30.0 0 154  —0.2~0.7
FPDn3 90 27.5 32.5 —0.057 0 —0.45~0.45
FPDn4 0 32.5 28.5  0.057 .
FPDn 5 45 30 ; 30 ; 0 1.54 il
n-o 40 . . el
ke
FPDn6 90 27.5 32.5 —0.057 0 WECH I

2 WREME AR E O 5T DI 8

RN 55 V2 R A A8 i P 1) 5 i

Fi R 1 BT 0 A 08 2 (AT T 88 A W 2
HEK G4 873886 . %F T PDn-1 5 PDn-2 % 2 Ff
RIS AE I, 76 A R 3h 85 R A1 b/ p"=0. 55 & AF
NRE A B R - AR G FR K AR AR B AR BA BT N ) L
A B fad AR A 2 A 3 s . X L v, i
R AR e, MARAR. YRR e Ry IE B 3 B AR
PR K AT H S R A AR IR A L 2 ) R ik
FEAL T AR BKOIR 2.l BT L, X A X
D, =30 % [ #a 10 , P B bs 2 02 i 4 1, L B 1 2
BN 7 0 A T I B 3 5 T X T AR X B D, =
70 Y0 BB RO BE L AR AR 5 B sh AR Ak 7E I ) 06 2R
PSS 1 JE I s SR AR ik, B s 359 kWi 4 R A B
E BB, 0 PR BT R 7 3k B I 1) W R R 0 B I 7D
FEFE AR 8 01 0 & A2 BY Ak, 496 B8 59 i )
8 B W AP TR S0 2 A 4 L O [ ) B R
JE B> + BT AT 9 L B B 0 SO 43 A7 RS X
TP RALBRER 2, By B J3/EH N LB AR NG F
HH B B 45 5 25w JORL ) FL PR /N L BT N 3 4E T AL
B A% /0N B B 45 , B 24 B N )RR b it L + 55
ot PR B B, BT ASORE [B] FL PR AR K, B R B
oRAY A

2.2 VNS VR A A P 1 S

kT 2 5% BY N AR R AR AN A - AR RAE fL R

2.1

G WORLFL BR AR N AR A Y I R L
Rl T AR AR /N, F BT 4 W] D 0 N 2 7 A= 1 BT
AN I B AR o I A 0 P U B B o B A i R
ENERVES SR IR | E= X B Waata UL 0 T N 2
BYRE 7 FEIA 21200 0. 55 Ja it R A AR T /N, 9
YN B A= 1A B B, 6 0 5 04 406 B0 5 D) 2o 7
R AR A GE ) R TE BRI B 4 S R RS
B B BT Ak

HE— 20 Hb BE X AR 8 BE D, = 70 %0 B % b i
A5 7 B 0 A7 e it A B v 4807 140 37 48 K 1 HE K
AL BTG, S 2 g 25 AR 5 iR, B’
() A1) 43 B 45 T A6 P41 89 33 A% b Jir 8 A e
10 A~ 3 416 B8 3k 7 v BY R ) bL 5 BT 0 AR 2 (8] 11
KF S (b)) FI(d) 433 2R & P4 57 3 B A 10 4>
L 1A B v A AR BTG R B N AR AR R R AR
B R AR 2 6] A 56 Zr . fl T AT O e X R B4R B B
TIAE T 7= A= 08 B 5 7 AR I AN X FR. FERT 3 A
A8 P P9 5 7 78 7K S5 L A AR St IR AL G ] 2 AR
B, R SRR g WA BT K 4.
INER 4 JEFF 46 AR AR M B /N e A & A B K L B
JNF 77 WA B A, T 7= A ) B A B K [R) e B K
AR I S BT R A I R A v N % A R T R K
ST H 4 AR Ol R RK

A WEE I 2~5 0l LL& B, 7 35 46 [ 45 4 1
T TR I B . 5 i FAR T 2 59 1
7R L R T AR ) B 1 AR R R L AR RN D H ]
il S BB 4 1M N & AR B K, s e R R A T
SRR I L LR 58 4 PR L 5 v 1 B 0 AR R
T RS RN A 2 B BY Ak B4, L SR 2 ]
K I R R Bl . A BUR AR A BE A9 R A AR
Xof R R A 1) 5 67 BB 1 AN e RS 6 A8 L 2 BY
7735 B WA B, BY I AR e K, BY ik b e B L
B N7 7 F W B AR R A R 4 S 4 45 + 90k BT b
F 10 A REAR S 76 FUE VR T, B9 i 7 %
K 1 B EED 28 A 4 B 420, o e B Bk B A AT R
P A & 58 A B Y.



2 I % HFREATANEGETDLEEHEER LR

PDn-1
0.6

X 04 —21__<‘"_/_,~——=—-

oot —?

' 1

L 0 1 1 yl
-0.2 0 0.2 -06-03 0 03 06

yzﬁ/% Tzﬂ/p/
(@) /P Ve (b) & -ty9/p

B 2 # & H K48 38 ) 45 CF O PDn-1)

Fig. 2 Drained shear behaviour of sand under isotropic consolidation condition for the case of PDn-1
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Fig. 3 Drained shear behaviour of sand under isotropic consolidation condition for the case of PDn-2
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Fig. 4 Drained shear behaviour of sand under isotropic consolidation condition for the case of PDn-3
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Fig.5 Drained shear behaviour of sand under isotropic consolidation condition for the case of PDn-4
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Fig. 6 Experimental results measured from drained cyclic torsional shear tests with constant amplitude of

cyclic shear stress under anisotropic consolidation condition
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Fig. 7 Experimental results measured from drained cyclic torsional shear tests with increasing amplitude of

cyclic stress under anisotropic consolidation condition
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Experimental study of volumetric strain characteristics

of sand subjected to drained cyclic shearing
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( 1. State Key Laboratory of Coastal and Offshore Engineering. Dalian University of
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Abstract: The soil static and dynamic universal triaxial and torsional shear apparatus is employed to
perform drained cyclic torsional shear tests of saturated Fujian standard sand under initial conditions of
isotropic consolidation or three-directional anisotropic consolidation. The effects of initial orientation
of principal stress, relative density and shear strain amplitude on characteristics of volumetric strain
induced under drained cyclic shear condition are examined on the basis of comparative tests. It is
shown that the characteristics of volumetric change are noticeably affected by shear strain amplitude
and relative density. The higher shear strain amplitude and the larger relative density, the heavier the
dilatancy of sand subjected to drained cyclic shearing. It is indicated that the feature of volumetric
change is closely dependent on the initial orientation of principal stress under initial three-directional
anisotropic consolidation condition. The patterns of the stress-strain relation are associated with the
initial orientation of principal stress and both variation mode of volumetric strain accumulation and
dilatancy or/and contraction behaviour are related to the initial pre-shear stress imposed on the

horizontal and vertical planes.

Key words: drained cyclic torsional shear test; three-directional anisotropic consolidation; initial

orientation of principal stress; dilatancy; contraction



