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Abstract; The inherent anisotropic of the strength of
Shanghai soft clay caused by inherent structure were
investigated by vane shear tests. Block soil samples were
obtained from pit excavation. Then two rectangular vanes
with different length-width ratio and three diamond plates
with different angle (4 = 30°, 45°, 60°) were used in
laboratory to obtain the undrained shear strength at the failure
surface in different directions. Test results indicate that the
inherent structure of Shanghai soft clay leads to the undrained
shear strength increases with the increase of inclined angle
between the failure face and horizontal plane; the strength in
horizontal plane is minimum and the strength in vertical plane
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is maximum. These results have good coincidence with the
direct shear test results and unconfined compression tests
results. The anisotropic strength equation proposed by
Casagrande and Carrillo is suggested to be used to calculate

the strength anisotropy of Shanghai clay.

Key words: soft clay; inherent fabric; strength anisotropy;
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Fig.5 Vane shear curves of Shanghai soft clay
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0°GKI 18.5 10.7 7.1

30° 22.5 10.7 5.8

45° 27.4 11.8 7.6

60° 29.7 13.9 7.9

90° (B ED 32.0 14.7 8.7
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Peak and residual strength of Shanghai soft clay

Fig.6

90°) FJ 58 BE cupy TR, A 32. 0 kPa. BIANEEIRTH
ERIEEREZ I cp/can=1. 73. RFE+FHRIAR
BREAT7 W E R E N 26 kPa, B H M +F
Bk (BP VSV B4R 36D P45 i (5 58 B2 1) F- 39 {E
29.5 kPa(J,3% 2). XL REM, A3 VI E LAY
PRTRBE LA AT ARGRBERY 0. 88 1, 2K - T i
{EIRIE copn AN ELRIE(EIR I copn 20 BI04
WEEBRIERY 0. 63 f5FNL. 08fH.

REBPRAZAARFE 207 B GR P 1a, BEE
[, A 45°) B_EHp AU RS+ AR BEAT T = HhHE
KRBTGS, BB A BN RS o 4 Bk 26.8°,
25.4°F0 28. 8°, JRAE S5tk E ¥ IR VR R B+ A B
B A IR A B 4°, 36 B AYOR BEAE 22 7E 1006
A A RIRB I H e/ o H1I5 1. 73 FFE L
MR ESHEMORE SR RAE RN NAE X, FHiE B
YRR LA HK DR & R R R W
FAIRTT 1 39 V)5 A8 AP 7 A B FLBROK R A R 3
J FLERAK R ) FEE RS IR TE A BE B9 3 KT I/ 0 » 3 A
ANHEKBLBY 95 BE FERR IR 1 A BE A3 RT3 K.

BT+ AR LASh, B #EAT T = EM R BT
B B B A = A B YR BT . A% 49 B A T
FRILEIREE qu BISFI{ER 60 kPa, Xt Rz A HEK ST
BUPRIE ¢, =q./2=30 kPa; HLBVHRBTIAK A BI A
HKIRIE o FI9MER 17. 5 kPa. HIRITAR + T
FERREIR T A K F 1, BI5 0= 007 il E B+ AR5
BEFAXTRL. A 6 AT LA Hi , PR a5 2 47K F-3¥
DI b B3R BB — B RO PR 38 B i e
IR E 5K P EZ B e f ok 45°+¢ /2, % F b
WHF L RERR S MRBRERET, PR o' =
27°, AR B B K B ) 77 1) S5 AR T 2 (8] # Sl
Fih 32°, WERTE A BE 0—58. 5°. NI 6 H 45 HE 3K
AT AR i, oM PR PR3 B A8 3] i A HR K T
BYSRBE (¢, = qu/2=30 kPa) 5 TFHIAL 45 R
HYE.

AYCAI BT R B TR RN 10 m, EE TR
HEFHE 18 kN « m™, i F KRBT 1 m, 35
BHEREAEREERN S ov.= 90 kPa, THEEIHY
BRI IREE /o0 B H A RN 7 BT
. HBYYIE A BE 6 B OB ANE] 90°KY, /50 HTO. 21
BN 0. 35, cp /o0 FP-EIER 0. 28.

3.4 BRABE EEREMRYE

B 6 iR T HF ARSI KRR E.
AT LA, A T UGR05 BT , B AR BE B 4% 1) SR AR
BEE/NME L, B RE R EHED 5 H/ME GRS B



1662 B oAk EERERADEBR H4a%

0401 Cw = cucos?G+ cysin®f (5)
035} (2) Richardson Az
030 Richardson #3# Bangkok #&: + i+ F R iA5

€ 025 LRI T U FHEAR,

" 020 Cw = CunCuv (clpsin® @+ c&,cos? )2 (6
015k (3) Davis # Christian Az
010 FRYE Hill $2H 5 & 1) FE W, Davis 205 F

0 10 20 30 40 50 60 70 80 90
o/(%)
B7 LEMERFLIE—LEE cop/ow
Fig.7 Strength ratio ¢,,/6+. of Shanghai soft clay

FfEA 1. 36. &l 8 45 i T+ F AR 8 Bl M5 i
cu FEBY V)T F1 BE B9 RAK. AT LA i, B 285 BE A &5 i)
SAEREA R, FIELA N 7. 3 kPa. XK ES
RULH, e+ FRBT VIS AR T, BEE 1 5T M B A3
K, R+ I RREBIR R R, A HEKPTTR B A
B [ AR B 2R H B

0201

[ C_ud:7-3 kPa
0.05 F B

58 d

0 10 20 30 40 50 60 70 80 90
o/(%)
B8 LEiERRRERFLIEREE
Fig.8 Remolded strength of Shanghai soft clay

BETHRGE S B EEBEE o, SEH
FREE I HLME, B Si=cyp/cu. KA ES BRI EER
R EERE o SOVIAE 0 F K, BB
caMEEA R —EH. HiL, RF L REE S 55
FBER K. RI\A SRR SR, B Ie R+ R
BUETE 2. SOR PN 5 4. 4CEE YYD Z [,
BEE BY U1 B A3 RT3 K. RAEH M A ARE 2
A 5 BE T AR B RN 4. 0, X (H 5 H I
BURBINRAME 4. 4 FEHHEGE.

4 FERREBEAR

TEAMIANHER AL 0 A
HKBLYRBE c o A

(1) Casagrande F1 Carrillo A=

Casagrande i Carrillo F 1944 R K m B
PRSI B T M6 [RITE 2 15 5 72

1971 FEHERH T AT R R
_ ecos 20+ a(1 +csin*2)"*

€0 1+ dsin’26 D
_ G T O _ € s _at—é _
a="75" b=a Ceacd ¢= " 1,
— a;z _ _ Cuh ™ Cw
d 2 1, e B

A rcws A 4577 10])_ERIBLEYSREE.

B 9 & HARAR G ~(DIHHEBBM AR
Y105 m) BB BYaE B 4%, I SRR S5 R AT T X
K. HESEEUE N ct,=18. 5 kPa, ¢, =32. 0 kPa,
cus =27. 4 kPa, D\[® 9 V] LLF H}, Richardson A
R OWHEBELEREHBNTHRESR;
Casagrande I Carrillo A, (W, 5) ¥ &5 F—8k,
WA TR 45 5% ; Davis Al Christian AR (K D5
REERYESH/BEF, BHET NS cus  XNS
PR ER RN RR T A 53]

35 AT FHRRLE
o R = B R .

30+ E R34
o % . E/ ﬁ(S)
s ] . MV
<5 27 A E
20 Do N TR
3 H(o) = &
) l

15 1 1 1 1 1 1 1 1 1 1 1 J

=90 -75-60-45-30-15 0 15 30 45 60 75 90
o)

B9 mEBEETEARXILL

Fig.9 Comparison of several strength equations

B 9 sy i T kiR E A HK =i
BT HATILTr B R ERR LA HEAKGR D,
Rif 5K FE TN 6, B =A% SR E
H5REMITEIe N 32°. [ LUF H, BRI 54
ORI G RR— B, BRI 6K 45° B3R EE
B/, R ERE ) R oK P 18] (6 = 0°) 3R BE , 2 B
DN HE R =907 MBRBE R K. XA 5 2R
IR LB S R R — B



113

BB, & : BEEKEH L08R 4% 1

1663

5 ZipSiip

AICRAZRNBE T FIRARAR T LIBRE
R A G5 BT R 3R A HE K T 5Y 5 BE 1Y A 1) B
T RIS RRY, EEERH L RS SB P
SREE A 1 Rt AR R B 8. RSN T K- TH B (6=
0" M fE5R BE e/, 457K 2, B H I | (=90 &% K,
Cu/Can=1. 73. JH— LR PE cp/ow KT (§=0")
f4 0. 21 BB EE (6=90") ) 0. 35. FLBRKFE Sy
FEE RS U T AR BE PR R /) » R RS HE K P BY
R BE BERE IR T A B KT R B R, BB
TSGR 5 B LA T PR P R B g 45 R
W19 E0F, Bl IS BME RN AR B, R —
PR A BRI T SRR 4% 1) S BE O TR

RERARGER BERARIETEN
Casagrande #1 Carrillo AR EHE % E - AR[E
SYEITE B AR EE. R AN ARXM T B ZAETX
AR REBE AN B —ca cw, XS EAT LA
WA YU 7 16 Ry O° A BBy tRBY 3R BE ¢, AR BT Y
AR 45°+¢' /2 B M BRIL R 38 B g R
B XFNSPEIEREE T AR R,
AR B HE R HRE R ISR BE cupn PR Cun 70
R H A FARMEER B 0. 63 £5F0 1. 08 £

THRAZSHMIGRE RS & REE EEY
M. ASSCEE A R & ) R AR 5 2R
A RESIWF MRS RE B, EX
BETEATRENE MM X MHRE LR FEHE
— BB, TERHIIE N2, FELRPL A+, B
BRI EE IR BN 1R & 10 .

&30k

[1] MitchellJ] K, Soga K. Fundamentals of soil behavior [M].
[S.1.] John Wiley & Sons, INC, 2005.
[2] Duncan] M, Seed H B. Anisotropy and stress reorientation in

(3]

[4]

(5]

L6]

£7]

[8]

[9]

[Lo]

[11]

[12]

[13]

clay[J]. Journal of Soil Mechanics and Foundations Division
(ASCE), 1966, 92(5): 21.

FER. BELHEIMI. HiM: BT RFEHREE, 1996.
GONG Xiaonan. Advanced soil mechanics [M]. Hangzhou:
Zhejiang University Press, 1996.

FER. B LB RENSEIT] WL REER
(TR > 1986, 20(4): 98.

GONG Xiaonan. A preliminary research on anisotropy of soft
clay ground[J]. Journal of Zhejiang University, 1986, 20(4);
98.

EEE. B EmREEROBRBHTEEETETHNA
[D]. b¥%: FHAELARTHRE, 1995.

YUAN Juyun. Experimental studies on anisotropic hehavior of
soft clays and its engineering appicaltion [DJ]. Shanghai:
College of Civil Engineering of Tongji University, 1995.
REM. BRLEEAEMREN =N ERBATR
[Cl/#E 19 HEBEMTRERSVOGECEEE LD, ¥
B b TR H R, 2010:282-285.

LIANG Lingzhi. Study on the shear test of inherent anisotropy
[C]//Proceedings of the 19th National Structural Engineering
Conference, Jinan. Beijing: Tsinghua University Press, 2010.
282-285.

Aas G. Vane tests for investigation of anisotropy of undrained
shear strength of clays [ C]//Proceedings of Geotechnical
Conference. Oslo:[s.n.], 1967:3-8.

Silvestri V, Aubertin M. Anisotropy and in-situ vane tests
[C1//Vane Shear Strength Testing in Soils: Field and
Laboratory Studies. Philadelphia: ASTM STP 1014, 1988: 88-
103.

Casagrande A, Carrillo N. Shear failure of anisotropic materials
[C]//Proceedings of Boston Society of Civil Engineers. [S.1]:
Society of Civil Engineering, 1944 74-87.

Richardson M, Brand E W, Memon A. In-situ determination of
anisotropy of soft clay [ C]//Specialty Conference on In-situ
Measurement of Soil Properties. Raleigh. ASTM, 1975. 336-
349.

Davis E H, Christian J T. Bearing capacity of anisotropic
cohesive soils[J]. Journal of Soil Mechanics and Foundation
Engineering Division, 1971, 98. 126.

Hill R. The mathematical theory of plasticity[M]. London:
Oxford University Press, 1950.

R, BN LR MR M. JLE.: A RSHE W R,
1987.

WEI Rulong. Strength and deformation of soft soil [M].
Beijing: China Communications Press, 1987.



