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Development of shear strength of soft clay under vacuum preloading
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Abstract: The study on development of the shear strength of soft clay is very significant for the use of vacuum preloading
method. The vane shear tests are carried out before, during and after the vacuum preloading. It is shown that the shear strength
increases rapidly in the early stage of the vacuum preloading, but dowly in the late stage. The growth mechanism of the shear
strength under the vacuum preloading is analyzed. The law of the shear strength growth under the vacuum preloading is verified
by using the shear strength cal culation equation based on the effective consolidation stress method and parameters of soft clay.
The process is smulated by use of FEM, showing that the shear strength of soft clay in the early stage under the vacuum
preloading increases faster than that in the late stage, and that the shear strength of soft clay increases not linearly but non-
linearly, and that the shear strength of soft clay increases unlimitedly. The characteristics of the shear strength growth under the
vacuum preloading should be paid attention to sufficiently in the engineering design and construction using the vacuum
preloading method or vacuum-combined surcharge prel oading method.
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Fig. 2 Curves of vacuum loading
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Fig. 4 Variation of void ratio before and after vacuum prel oading
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Fig. 5 Curves of shear strength from vane shear tests
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Fig. 6 Curves of shear strength growth from vane shear tests
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Table 1 The shear strength of the vane shear tests kPa
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B ) 32 27 38 32 35 328
06-21 46 44 56 59 62 53.4
08-15 57 50 63 78 72 64.0
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Fig. 8 Mechanism of shear strength growth under vacuum
preloading
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Fig. 9 Stress circular of shear strength growth under vacuum
preloading
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Table 2 Calculated values of shear strength growth
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Table 3 Calculated val ues of shear strength kPa
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Fig. 11 Curves of calculated shear strength growth

VT AT A G e T A H, SO T
oI S99 162 o I i it Ak P e s BT ] i
SUTFR) B8R S M I

4 FEMIEHIS T EZS EREEE IS

B

AR BRI G R R S s o 2 524k
10 L AHTRE, SR e . Fr TR R P
T AR FLE Bt 25 (CPESRP), 8 45 A — IR &
S VUL TE MR 5y, %2 D AR s bami s N, KA
ABAQUS AR E A AT B AL
4.1 EERHEKIR (RUH) B ARNERI A

TR (D) ARG g, XA
FEREH LA T RERA 10 — A PR G/ AT A 3% (1) TAE =
MHHER, HREATRETEIN . PrLifanEg &k
) FHE 7K A b [ 45 e > 1T AR ] SR A 3. AR SR A
ARRLESHHE HH (1) 25 RS R PR AE FH R D 135 M iy 0 AR A R
TG VE, B Y R R s, il 12
B, I AE P THN AR A PR G S5 IR H A S b L 1
SEPRBIE R BRI

=2k
2b

ds=2’§

/
WX

//E
HAR

12 SXSFRES H e 00 T A RO IR
Fig. 12 Method of sand drain transformed into sand wall
HAEHOT IR
kx = kara » 1l
k P =D,k y @
p — Mz °p

X Ky Ky 20 A B R PR /K R 117205
REG K, Ky 28RS R KK M L R 208
ES /OO QR IEIENCIRE e SR G ]

tiipvd
1
T

B 4(n, - sp)2 (1+n)L? :J

- on’m - 12(1+n)b (np - sp)(sp - l) L2 ;/ )
D, = 2(1+n) | I
3 b

Hrr, n,=Blr,,, BA V2 Whamg, r, % U2
WL, s =0, 1o U2 WRERARRIX T, v
AARALE, L=Blr,, AESIFRERBOCEEL, r, A



5 23

»

T S BT HE K I 5 8 i R KO PR 5 289

FIABHK X ¥42, b =k, 1k NiBIEREGREIK
e, Kk AWKXBIER, moh 5t n=r/r,
Cr, WP iR s=r/r, CroMiRkIX
A L b RIS,
m = n inh. - +ﬁnz—
n-s s 4n>  k n
7% LBV I BE s B3 FEAR B R FLBRK B T IR 5
Wi, THEL A IR O bR T S SR, bR
J& W45 LK S AR CAME IS T B (f
fED
4.2 HERBSH
IRHEKBOINACT-BIERE R 18.2 m, M4k 15 4%
P R BT s e B, MR B RE RS ) 119 m,
o 59 m 2N X, 60 moE X, 5t A&
FLA TR IR MR RS, THELAR BN 26 mo S8R0 %
dw=2(a+b)/pit 513 ry=6.6 cm. FERHHEL 7T,
O X — 2R TR 9T . w5 2 R B IE SR
B, HEKBCR s R, AR TR R I
[RS8, BRI 4.
A RIG B nE S R, Lo Ryt 2L A fr 2
E R ILA A B A IR o AR L U o [ B ) T
PESEPRIEDL, K I8 R 3728, BT
e OB mE A md, maAh 5d; @% 8
fE# 80 kPa, INTHI2E K 92d; @)% =25 M HIFRE A
B, INTE 6 do FH RS M TT D G4 N i b 1 Ay R ]
SEREG L, RIS RT TR AT O P, BN S
SO 45 He g Je M AT N R 2, b g T4 i
B s ) AR 7K Ar BT B 5
4.3 HEERS5HH
Sl ROTREUTE S, I X O MBI )T
Bt 2 il 13 o ANEITh b Zem] LU, BRR 55
B, TR SHUS LSO e R e, BIANRE
TERBAUSE R AR ) - ARG R, AHILA T [
G547 BRTT TSI 4 b 2 NI
Kl 14 2 FEM BU 45 RACN LR THERL A 5K
(3) THEAF I HUEHK B 5 - R 2 m, 6 m
L7€ LR RSNy S

SZ
>—Ins . (6)

il

04-08 0508 0607 07-07 08-06 09-05
0 i

100
200f
\5300—
&F 400}
12 500l
600}
700

13 fnE XL RERE 2 - B iE ghk
Fig. 13 Relationship between surface settlement and time of

improvement center

351
30 -
«
=9 L
225
20
%15 r —+— -2m
g10}
—s— 6m
5L
() 1 1 1
0 50 100 150

mffaj/d
[ 14 shEIREIBK ML
Fig. 14 Curves of shear strength growth of soft clay
FH 1] 14 vt e m WL 0 5 A L5 90 T ST IR
B, PRSI, B IG KEERg:, B
S5 TV D FRY 385 100 28— A 8 1 3 PR o
Kl 15 A3 R 2 m Ak FEM BRIV 5 10 4 15 5 34
K 2 b5 S 25 SR AE S AChE g R 3G K i 2] B IR,
P oH SRR D AR BRSO v S P i B 1 At 2k
P SR O MR B S 00 405 SRS 1 i R K
ek, Pl rb il o 1 B T s K I 2 i B YT
U, RIZLAR IR A S ACRE o P 3G g R AR R, S5
UL RS RE- 28t TR/ 4 N ek <) I il L1 B | P13
KA TR
307

25
20

]

Bist
gl —— S
B —s—HEE
5
0 1 1 1
0 50 100 150
Fif i /d

15 -2 mAbibE SR K dh 4k 3 LL &
Fig. 15 Comparison between observed and cal cul ated shear

strengths
%4 WEHESH
Table 4 Parameters of soft clay

+)Z g/(kNm¥  EMPa Vv | k M e, K /(cms?) k, /(cms™)

i+ 18.0 300 030 0123 0010 1126 1.160 45x10°° 6.0x10°
ﬁﬂ”%ffﬁﬁﬁ 17.3 300 030 0143 0021 0992 1206 54.9x10° 8.03x10°°
*ﬁ}ﬁ’i%ﬁ 17.5 48 030 0115 0012 1104 1.083 56.7x10°® 7.67x10°®
i 18.4 7.94 03 0.9 0.01 1.0 0.827 419x10°° 300x10°
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