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TIME-DEPENDENT BEHAVIOR AND UNIQUENESS OF ITS
KEY PARAMETERS FOR SOFT CLAYS

ABSTRACT

Soft clays are widely distributed in the coastal area of China. In these regions, the
economic development and urbanization is rapidly developing. The behavior of soft clay
is very complicated and brings big challenge to the Engineers in the design and
construction of geotechnical projects. The time-dependent properties are the most
important factor of natural clays for estimating long term settlements and instability of
structures. Therefore, investigations on time-dependent behavior of natural clays are
significantly important for reliable design in practice. The uniqueness, a wide concept,
refers to a variety of things that have the same essence. Now, studies on time-dependent
behavior are seperated by creep, rate-dependency and stress relaxation behavior of soft
clays. However, the different mechancal behaviors are decided by the essential viscosity
properties of clays. Theoretically, there must have a uniqueness between different
time-dependent behaviors of soft clay. Hence, it is necessary to investigate their internal
links and build the uniqueness of constitutive models.

In this thesis, based on tests on Shanghai clay and investigations on various clays, the
time-dependent behavior and uniqueness of its key parameters were studied. The
uniqueness of different rate-dependency parameters and the uniqueness of creep,
rate-dependent and stress relaxation behaviors of soft clay were presented. The anisotropic
creep behavior of three different clays from Southeast China was investigated. A nonlinear
creep formulation was proposed. An enhanced elasto-viscoplastic model by incorporating
time-dependent parameter was developed accounting for both the packing density and the
structure. In general, some developments for soft clays are involved in this dissertation as
below:

1. Based on the investigations of rate-dependent experiments on various clays, the
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uniqueness of rate-dependency behivior of soft clay under different conditions was studied.
The applicability of five rate-dependeny formulation with its key coefficients in
correlating the preconsolidation pressure and the undrained shear strength with strain-rate
was discussed. With various experimental results, the suitbale rate-dependeny formulation
in describing rate-dependency of preconsolidation pressure and undrained strength was
determined. The uniqueness of rate-dependency for soft clays under 1D and triaxial
compression and extension and different OCR conditions was studied. Based on the 1D
CRS tests, the triaxial compression and extension tests and multi-loading-rate triaxial
compression tests on Shanghai clay with OCR=1, 2 and 4, the uniqueness of
rate-dependent behavior was verified and the variation of rate-dependeny coefficient for
Shanghai clay was determined.

2. By deriving the analytical solution of stress relaxation, the uniqueness between
different time-dependent coefficients was proposed. Based on the summary of laboratory
test results, a stress relaxation coefficient was proposed. Based on the rate-dependency
formulation, the analytical solution of stress relaxation with time was derived. Then, the
relationship between stress relaxation coefficient and rate-dependency coefficient was
obtained. Combining secondary consolidation coefficient (or creep index), the unique
relationship between rate-dependency coefficient, secondary consolidation coefficient and
stress relaxation coefficient was established and verified. 1D relaxation and creep tests
were conducted on reconstituted Shanghai clay, together with the rate-dependent tests
conducted above, the uniqueness between time-dependent parameters was verified.

3. Experiments on samples with various load direction with their natural deposition
plane were conducted to investigate the anisotropic behavior of time-dependent
parameters. These tests were conducted on Shanghai clay, Zhoushan clay and Wenzhou
clay. The anisotropy of secondary consolidation coefficient and stress relaxation
coefficient was specifically studied. The results showed that: the anisotropic behavior is
obvious for high plasticity clay and cannot be negligible; when applied stress is smaller
than preconsolidation pressure, the initial soil tensor plays an important role for the
anisotropic behavior of time-dependent parameter; when the stress increases, the
anisotropy will gradually vanish.

4. Based on the creep tests soft clays and their physical and mechanical properties,
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the nonlinear behavior of time-dependent parameter was studied. With the experimental
results on reconstituted clay, the evolution of Cee (Secondary consolidation coefficient)
with the packing density (or void ratio) of soils can be described by a simple non-linear
creep formulation. For intact clay, the contribution of the inter-particle bonding and
debonding for soft structured clays to Cqe Was analyzed based on test results on intact and
reconstituted samples of the same clay. A nonlinear creep formulation accounting for both
packing density and structure was finally proposed. The parameters used in the
formulation were correlated with Atterberg limits, allowing us to suggest a relationship
between Coe, Atterberg limits and inter-particle bonding for a given soil. The validity of
the proposed formulation was examined by comparing experimental and theoretical Coe
values for both reconstituted and intact natural soft clays.

5. Based on the uniqueness and nonlinear behavior of time-dependent parameters, An
enhanced elastic viscoplastic model (EVP-Nonliear) was developed and tested with
applications. Adopting the uniqueness of the secondary consolidation coefficient,
rate-dependency coefficient and the stress relaxation coefficient, one of them can be
adopted as the time-dependent parameters which broadens the wide of parameter ranges.
By incorporating the nonlinear properties of time-dependent parameters into ANICREEP,
an enhanced elastic viscoplastic model was developed. From the aspects of effectiveness
and convergence, three algorithms for elasto-viscoplastic models based on overstress
theory were studied. Adopting EVP-Katona algorithm, the Umat subroutine for Abaqus
finite element software was developed. The Umat subroutine was calibrated by laboratory
tests and used to predict the long-term behavior of Murro test embankment.

Keywords: Soft clay, Creep, Rate-dependency, Stress relaxation, Uniqueness,
Elasto-viscoplasticity, Constitutive relation
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Fig.1-13 Conceptual structure of the Bingham model
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Fig.1-14 Illustration of axial creep rate versus time for triaxial creep tests
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w1, IR (2-2) F(2-5) i A M HMME (R? B KD . ZEF ik, 78 F e 5X(2-2)
F1(2-5)%eF IO [R5 5 2 K0 g A e AR 0 10 2 3R ] 485 R 7 8508 2R Ak o R
%18 Casagrande 1% B 72 (& 2-2), A& %6 L AR T + (CL).
EAMETENE L (CHDY . S8R A LA E = (OH). AT HERSHE S+
R AR &, IRIEE LA R T B, Govt A XA P A &
THER S E o Mgu FERK. BANCTFME LK 2-2, kBT ESMHRKH
Tungchung Zi+). ATLAEH, ¥MEE S OH X RSHCTIMERE K, CHXIRZ,
CL X/
IE4h, Mesri 1 Choi™ ™5 —4E CRS 305 — 4 [ 251X 50 ¢ &, $&H Ja ilE &5
JE AN B Z 1 F A 5 AR R B 45 R Coe S R AHESL Ce #HK
o, lot=(é1&) """ (2-10)
Xf L7 #(2-5)F1(2-10), MR
7,=C,. /C, (2-11)
I Kutter &Sathialingam(®7, Leoni 5%, Yin 20091 A (2-12) F /5 &R S LR

M1=Coe /(Cc _CS) (2-12)

HT Coilii 2 Cs i 10 f5 e tn, Bl NNARG REONEIR . R F AL R &
THEERSH AR —EREK, B TRR-2)M(2-5), HEESH o Mau X RN
na _ (/9 —f) 2.13)
., |Og(0'p/0'p)
Mele =100, HTEE-2) R o,/o, —1=n,,» HITHEQ2-5)WfF0,/0, =10™, 4k
1]
g =10" —1 (2-14)
T Z A+, Ul Co/Ce I — M 0.03~0.092Y, [Rlit miq AL TE N 3% ~
9%, JEI(2-14)THE H nna IR LTE RN 7.2% ~ 23%, X 53K 2-1 AT A%
B H g M gu BTSRRI & (gne: 4.7% ~ 23.4%, mui: 2% ~ 8.9%).
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Table.2-1 Physical characteristics and rate parameters for selected clays

B

¢ BRIt 2]

Z3

Ju

% 2-1 Prifb L3045 Bk B A K

THELFR W Wp Ip N1 R? N2 R? 1 R? nL2 R? n3 R?
Berthierville 7} 1-[150] 59 25 34 0.176 | 0.8592 | 0.190 | 0.8237 | 0.062 | 0.8491 | 0.066 | 0.8078 | 0.187 | 0.6681
St-Cesaire % 1-[150] 70 27 43 0.168 | 0.8527 | 0.192 | 0.8774 | 0.058 | 0.8728 | 0.066 | 0.8913 | 0.260 | 0.8765
Gloucester Zf; +[150] 53 24 29 0.168 | 0.8779 | 0.179 | 0.8800 | 0.058 | 0.8957 | 0.062 | 0.8925 | 0.319 | 0.8561
Varennes %f 1:[150 65 26 39 0.166 | 0.7595 | 0.184 | 0.7361 | 0.059 | 0.7803 | 0.066 | 0.7507 | 0.173 | 0.4914
Joliette Zh 111501 41 22 19 0.144 | 0.9861 | 0.160 | 0.9701 | 0.053 | 0.9794 | 0.059 | 0.9576 | 0.268 | 0.9781
Ste-Catherine %} 11501 60 25 35 0.113 | 0.8748 | 0.126 | 0.8698 | 0.043 | 0.8937 | 0.048 | 0.8862 | 0.382 | 0.9030
Mascouche % +-[150] 55 25 30 0.087 | 0.5587 | 0.098 | 0.5443 | 0.034 | 0.5764 | 0.038 | 0.5581 | 0.116 | 0.0774
St-Alban % 11150 40 22 18 0.147 | 0.8161 | 0.169 | 0.8422 | 0.057 | 0.8234 | 0.065 | 0.8473 | 0.847 | 0.7854
Fort Lennox % 11501 45 23 22 0.114 | 0.4363 | 0.123 | 0.4245 | 0.041 | 0.4573 | 0.043 | 0.4397 | 0.128 | 0.1538
Louiseville % 1501 70 43 27 0.132 | 0.7441 | 0.149 | 0.7738 | 0.050 | 0.7722 | 0.056 | 0.8000 | 0.588 | 0.8452
Batiscan % 11150 43 22 21 0.128 | 0.9535 | 0.169 | 0.9112 | 0.051 | 0.9603 | 0.067 | 0.8929 | 0.401 | 0.8531

R 520 63.4 27.6 35.8 0.088 | 0.9688 | 0.102 | 0.9773 | 0.035 | 0.9722 | 0.041 | 0.9774 | 0.169 | 0.8870
Tungchung Zf 159 57 26 31 0.500 | 0.0640 | 0.574 | 0.9345 | 0.146 | 0.9206 | 0.166 | 0.8858 | 0.265 | 0.9191
Backebol % 11181 99 34 65 0.234 | 0.8980 | 0.256 | 0.9091 | 0.077 | 0.9085 | 0.084 | 0.9117 | 0.335 | 0.7807
Bothkennar % 11154 85 37 48 0.116 | 0.8580 | 0.176 | 0.8522 | 0.058 | 0.8366 | 0.062 | 0.8267 | 0.174 | 0.7799
St-Herblain % 1-[109 96 54 42 0.22 | 1.0000 | 0.322 | 1.0000 | 0.089 | 1.0000 | 0.130 | 1.0000 - -

A LI £ (258 53 26.5 26.5 0.047 | 0.9611 | 0.028 | 0.9831 | 0.020 | 0.9619 | 0.027 | 0.9836 | 1.38 | 1.0000

T

P& St-Herblain 2 = HAGT M ATINEGE R T ARRIREIR, IrAEEM G ne, HME N mos pullpu i R2ZET 1.
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150 . CL: Low plastic inorganic clays, sandy and silty clays # Berthierville clay
OL: Low plastic inorganic or organic silty clays m St-Cesaire clay
CH: High plastic inorganic clays A Gloucester clay
OH: High plastic fine sandy and silty clays X Varennes clay

X Joliette clay
@ Ste-Catherine clay
+ Mascouche clay
= St-Alban clay
= Fort Lennox clay
< Louiseville clay
O Batiscan clay
A-line: 1,=0.73(w_-20) & Wenzhou clay
O x Tungchung clay
o Backebol clay
o Bothkennar clay
O St-Herblain clay
) X Xiaoshan clay
0 50 100 150

U-line: 1,=0.9(w -8) —_
’7N1,max:0-234 nLl,max:O'O77
TiNgmin=0-047 71 min=0,870
Tnzae=0-141 774

100 |

N l,maxzo' 147
77N1,min:0'114
77N 1,ave:0' 133
50 77L1,max:0'057
TL1,min=0.041
Mi1.a06=0.05

Ir

bod TN max=0-22 77.1,max=0.089
e min=0-132 77i1,min=0.050

1
1
OLt O 11ae=0.176 7111,2e=0.059

B 2-2 Pricsh £ E BB Loy 5T
Fig.2-2 Classification of selected soils in plasticity chart

222 ZHIFHTHNEERSH

H—4E R 45 CRS I 7T 775280, 75 = CRS %0 [FIAE R H R S 4k R
AE B RN AHK BT SR 2,  H =5 CRS IS AHEK BB 58 5 IR R S 4
5—4E CRS 1% Je I 45 s /1 i R 2 HAERE X 58 MR . RS
T J78, R RE AL AR A REZESE D AR FRHUE A HE R S EOR
o AR SR

fTRBOE X ZE S
Py = (qpeak / q'rgeak.r_l)

log(2/¢")

Rt WGBS & %IRRT R s ol 905 5% RBTASH % &' 4 L0

RS, pa SR BALG AHEK G AR Su= Goead2.
A EEOE RIS

(2-15)

_ (qpeak /qrr)eak _1)

¥ log(21£ +1)

RS E X5 (Q2-15)HF, 5 (2-15) M) 2 HIE T4 BEAE 3 2 LA A Rt Fom 1,
o2 NIEEZH . Hele =100, HNEESE on, pne ZEIFIR RN

(2-16)
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P =logll: py, (2-17)
XHHUE A R S5
oy = Iog(qpeak /q[r)eak) ﬁ* qpeak _ 8_ ™ (2_18)
H |Og (8 / é‘r ) qpr)eak ér
= 109 (Gyese /e ) o G (4| (2-19)
©olog(a/8 +1) T Oy L€

.= |Og(qpeak /q;eak _1) @Z qpeak 1= g_ " (2_20)

- log(2/¢") Olpeak &'

X o p pe NEINEOEREFE S, HERfF 51 ST EQ-15)FFH .
HMéle" =100, = NMEFESHpu, pos peZHFIRRN

P
= Pu 2-21
P2 log11 ( )
ps =log (107 —1) (2-22)

R ERAHEK BB s AR TR ((2-15)(2-16) F1 5K (2-18)(2-19)(2-20)) 1
&AM, LA Winnipeg 6 o861, B 2-3a AAHEKRN. 7 gpea S IMEGER KR, 1EH
SR SAL " F o pear NIRF SIS RE, ILAERSEIIA 451 5 LK 2-3b-e.
LR, FREOE AR 307 72 2((2-15)(2-16) Xt FoT 2 2 7 72 5 (2-18) (2-19)
LA RIS R EERE R BOK, AL R NEAE. 1hhh, Exrdik, K(2-16)F1(2-19)
TEACL &/ e MR n 1, AR BAER:, L& (2-20)4 H A4 e 14 FH u

(&>6)

[FIFEHL, RIFHER G EMA TE 1-6 F A L 0K BT 55 B IS0 234
N, LA HORAE RS HME . B REOL AR EAS M R 2-2. AT L RER R
ZHaT g0, :(2-15)A1(2-18) B A3 B FHME (R? B k) - 2 T, 78 F e R il B 530(2-15)
F(2-18) % BL [ 2 S K pong Al pLa SRR 8RN 1 AN HE /K B0 BY i BE I 300k 28 30 R
P

%1% Casagrande ¥AP:E433% (B 2-4), B %+ B R G F5 S oL £

(CL). =EMETHA L (CH). &I A LM R - (OH). HR4EFI AR
PEEI AT AR X 38, et KIN T B L RS H o Fpn (R 2-2), {3 7 FA
Xk R SHER R BN CPE (K 2-4), aTLUEW, SRS CH X R
SR YRR, OH Xk, CL X&),




B3 d PN [ R VAT WoE BB LIS RS
0.6 rwinnipeg clay 05 r Winnipeg clay
0.5 B o)
o O 04 (qpeak /q;r)eak _1)
04 + 0O PNM=—
o Qpealb o©O A 03 + Iog(g/er)
<03 F g Pni=0.058 X 1n(10)
g Reference T =0.134
02 | | Ppoint ¥ 02
o ¥ = 0.058In(x) + 0.0106
01 0.1 © R=2= 0.9891
é
O 1 1 1 1 J 0 c ) ,
0.001 0.01 0.1 1 10 100 1 10 100
(a) ¢ (%/h) (b) &l
05T Winnipeg clay 2 [ Winnipeg clay
04 r
q eak /q eak -1
Pne = M |09 (qpeak /qrrleak )
<03t log(é/é& +1) ¥15F pPu=———F—"~
. 0. _ o 2 Iog(g / g')
g Onp=0.0624 X In(10) —
T =0.144 E:
§ 0.2 - £.1=0.0478 o
(on
01 L = 0.0gﬁlg(ggélo.m% =1.0196x0.0478
Y R=:0.982
0 O 1 J 1 [C 1 J
1 10 100 1 10 100
(© ¢/ é+1 (d) el
2 0 Winnipeg clay 1 Winnipeg clay
[ y= 0.0609x0-2964
e 10 ( Ceck /e ) RZ=08954 o
£ 70 7Y log(él 4 +1) - o 2
< p=0.0512 al:
OC_L 0 é o _ Iog(qpeak /qrr)eak _1)
< P g (21 2,)
y = 0.9992x0.0512
R== 0.9684 p15=0.2964
1 Fa¥ 1 ] 001 1 ]
1 10 100 1 10 100
(e) 1 é+1 () £l

B 2-3 =4 CRS X2 RHF K% B R FAKT LI ¢ (a) RHKRFTBRESwBEREXE; (b)
2 pn; (C) BAE pngs () B2 pa; (€) #AEpo; () #AE pis

Fig.2-3 Comparison of rate formulation for triaxial undrained shear strength: (a) Relationship between
undrain shear strength and strian rate; (b) on1; (€) ponz; (d) oa; (€) pr2; (F) ous




Entis 5 SN L e A0S BoE BELRINEER S

HAh, ARYEI(2-15)A1(2-18) 7] LAHE H pny Al pus [R5 &

Pni (qpeak /q;eak _1) (2_23)

le - |Og (qpeak /q;eak)

LK & [ € =100,
p,=log ( Pri +1) (2-24)
AISCRTIR, X F—MMEE L, & B8 on FIEEN 5% ~ 20%, X5 2-2
FrAgh &+ HIE R S 8 ong ARG FEA—3: pna1=5.5~23%, p11=2.3~8.7 %.

150 . CL:Low plastic inorganic clays, sandy and silty clays ¢ Winnipeg clay

OL: Low plastic inorganic or organic silty clays W Belfast clay
CH: High plastic inorganic clays A Lyndhurst clay
OH: High plastic fine sandy and silty clays XHKMD

X Mastermyr clay

@ Sackville clay

+Le Flumet clay

=St Jean Vianney clay
= Boston clay

< Glaucester clay
OHaney clay

U-line:1,=0.9(w, -8)

Onimax=0-177 PL1max=0.058

le,min:O-OSS le,minZO-

le,max:0-230 :DNl,ave:O-:I-O7 le,av .
- Pt min=0.059 CH

Anrave=0.131

100

=0.087 A Kawasaki cla
0T /pﬁi::l::o.ozs S-Aine:l,=0.73(W-20) o HKMDR g
PL1,ae=0.048 o Mexico Clay
cL P1max=0-093 PLima=0-037 o st-Herblain clay
\ Pnmin=0.081 ALmin=0-033  xWenzhou clay
o} O 01ae=0.087 P12e=0.035 X Dalian
0 L L s a Tungchung clay

0 50 100 150

B 2-4 Priefht R e oA
Fig.2-4 Classification of selected soils in plasticity chart
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AT SR R R AR iR 2 2t T A8 4 R0 (Rl B L R — B RO BIE FE 9, TR
A BRI R LR R ST S D S ISR R I R R I, AT
BUNBUR =T TR N R S HN G (D AHOKPUE R EER S5 5%
WA 25 5 R Z R G (20 AHEKRPURY 95 R S =Rl S48 5 =i
SR TG 1tk (3D B[] 25 B ANHRZK Bt BY o B R 2 B i
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% 2-2 PRikfh X A3 bk Rk R A%
Table.2-2 Physical characteristics and rate parameters for selected clays

TR R Wi wp lp PNI R? N2 R2 oL R2 pL2 R? pLs R?
Winnipeg % 11261 77 32 45’ 0.134 | 09801 | 0.144 | 0.9821 | 0.048 | 0.9820 | 0.051 | 0.9684 | 0.296 | 0.8954
Belfast % 11261 92" 32 60" 0.116 | 0.9752 | 0.126 | 0.9518 | 0.043 | 0.9615 | 0.047 | 0.9303 | 0.418 | 0.6321
Lyndhurst % 11261 36 23 13 0.230 | 0.9957 | 0.286 | 0.9914 | 0.087 | 0.9954 | 0.108 | 0.9841 | 0.688 | 0.9087
"HKMD J5R 11561 57 25 32 0.085 0.993 0.099 0.992 0.034 0.994 0.040 0.990 0.330 | 1.000*
Mastermyr %fi 1261 26 17 9 0.108 | 0.9894 | 0.136 | 0.9689 | 0.044 | 0.9855 | 0.055 | 0.9621 | 0.519 | 0.9763
Sackville %fi +17] 50.1 20 30.1 0.177 | 0.9963 | 0.191 | 0.9987 | 0.058 | 0.9971 | 0.062 | 0.9933 | 0.155 | 0.9720
Le Flumet 1[5 38 24 14 0.091 | 0.9988 | 0.102 | 0.9942 | 0.036 | 0.9979 | 0.040 | 0.9903 | 0.421 | 0.9581
St Jean Vianney % 11571 36 20 16 0.069 | 0.9954 | 0.078 | 0.9814 | 0.028 | 0.9921 | 0.031 | 0.9754 | 0.213 | 1.000*
*Boston 7} +: (381 454 21.7 23.7 0.059 0.954 0.064 0.959 0.023 0.957 0.025 0.959 0.348 0.951
Glaucester % 11471 48 24 24 0.093 | 0.9833 | 0.100 | 0.9894 | 0.035 | 0.9791 | 0.037 | 0.9913 | 0.249 | 0.9815
Heney %fi 1141 44 26 18 0.095 | 0.9855 | 0.106 | 0.9959 | 0.037 | 0.9880 | 0.042 | 0.9950 | 0.486 | 0.9022
Kawasaki % 11581 55.3 25.9 29.4 0.107 | 0.9985 | 0.125 | 0.9987 | 0.042 | 0.9999 | 0.049 | 0.9959 | 0.332 | 1.000*
‘HKMD %3 1161 60 32 28 0.055 0.956 0.065 0.967 0.023 0.959 0.027 0.968 0.442 | 1.000*
‘Mexico Zf 1159 211 63.9 147.1 0.222 0.873 0.242 0.862 0.072 0.863 0.078 0.849 0.521 0.924
*St-Herblain 7 1109 96 54 42 0.093 | 1.0000 | 0.109 | 0.9950 | 0.037 | 0.9996 | 0.043 | 0.9910 | 0.305 | 1.000*
L 152 63.4 27.6 35.8 0.077 0.991 0.090 0.999 0.031 0.987 0.036 0.999 0.378 | 1.000*
K% Fh 060 36 18 18 0.210 | 0.9606 | 0.236 | 0.9790 | 0.073 | 0.9788 | 0.082 | 0.9900 | 0.438 | 0.9535
Tungchung JiR 1581 57 26 31 0.093 1.000 0.109 0.994 0.037 0.999 0.043 0.990 0.301 | 1.000*

T ARCHE R RS HUE N E A BB £ OCR 4 FHSFAME : FRiC R IRAE N M "Shric R2EET 1 B+ A M AN E0E 5T F RIS puse
"HKMD J& AR 1.
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231 —HER-ZHEREESHEG—N

DNAR T —YE A5 R = R 4R IR R S 2 R OC R, I R R D04 Sy
WEFERT %, WER 4SS5 5 /) (B 2-5a) =4 R HE K BT 8T 5 55 4 1a) 7 A8 5
RKFH (FE2-5b), FHLIR(2-2). (2-5)- (2-15)H01(2-18) il it 4 I R S H e =
8.8%-. m1=35% pn1=7.7%, p1=3.4% Cona Mo N=EIE FHFA1ED . i
— Y SR 45 i AN = A AN HE K BB 58 FE 43 0 N Z R 260 0.2%/h 1580 B R 5
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VA — Ak R AR i ) R AR ZE R O AL R A S R . BRI, W RAUIR M &S A —
Y5 =T T RN B G

SR T St-Herblain %5 M1 TungChung JEUIR 006N, H— 4 IR 45 A1 =%k
JESE 5 R A — st 2= R B R (B 2-6), B HHER RS HAEANEAR LK
INEGERSH— V. FEEE A2, St-Herblain 2 19— 4825 ik id 56 X
AEHNINEER TSR, mTERERGERES —EREss, Kb —4
EINBGE RN KA T ERSHEFEEE S Tungchung &L mv = 50%,
TG T A ST G g 1) — FRAS AL TE ] (4.7% ~ 23.4%), JLSCHk k= JEUIR L REAR Y
S B T AT ) B AR

232 ZHESE-= R ES G —M

SEPR TR, A SRS RS PR e, InHERR, JH2550%4, H
Jit 3 R 0 b K R AR B IR e AR . BRI, O T IR UG A =
o P R0 = ARV B A ) S R, 20T TR JEDIR 10 Mastemyr JEUIR 4-I01
7t o 9 1 (1081 5 gk JOR - 115010 Kawasaki = %8 IS8R [R] i 22 1 1) = Jab R 4
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130 rWenzhou natural clay
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B 2-5 EBMsE LB R R (@) —HFHT; (b) Z#FHT; () —K
Fig.2-5 Strain rate effect for Wenzhou clay: (a) 1D condition; (b) triaxial conditons; (c) Uniqueness
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L6 r st-Herblain natural clay
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(b) Axial strain rate (%/h)

B 2-6 #pht—Y Rt Ae = 4R YR B0 . (a) St-Herblain; (b) Tungchung &+
Fig.2-6 1D and triaxial rate effect for clays: (a) St-Herblain clay; (b) Tungchung clay
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L6 r wenzhou natural clay
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K27 7~ R 5N KA A oEREXR: () BMEEL; (b) Mastemyr #+; (c)
FHRERL; (d) HHRKLE; (e) Kawasaki £5 £
Fig.2-7 Normalized compression and extension strength versus axial strain rate: (a) Wenzhou clay; (b)
Mastemyr clay; (c) HKMDR; (d) HKMD; (e) Kawasaki clay

KRS ESCHFERE IR —4 7%, BgE & =R gE M = K&
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BRone = 21.2 %, 25 b, B b = RUESE S =R KRR DN B R N AE A
Ao—1.
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2.3.3 I[F OCR iZEX S ¥ —14

FBIE 285 L 10 77 2R I FT R RE A 1 7 24 8 b I B R . 7 DAAE 1R 36
[ B 2% FE N FE 22 A0 OCR X & L AHEK YU s s s iR e D, R EA FHEY
401631 Boston %8 1381 17 Mexico AR+ VR BG 1 7T

KRS ESCEFERI A X =R, 1HE & OCR %44 T R RS o
FlpLr, 2] 7 H—Asm B SR RS R ) CR B (B 2-8). B HER R HAEA
TEARSC B S MEE R S — R E N, LBRxes —gilimz2mER, mrbif
HAEUEE L. Boston A1 Mexico i H-7F AR [F] OCR k14 R Inakis R v A 4t
— M.

16
HKMDR

OOCR=1 | p, = 4.9%, p,= 2.0%
| OOCR=2 p,= 7.0%, p, = 2.8%
AOCR=4 py, = 6.9%, p, = 2.8%
XOCR=8 [y = 3-2%, p, = 1.3%

=
~

Normalized strength
=
N

1.0
Reference
point
0.8 1 11l 1 11l 1 11l 1 111l
0.01 0.1 1 10 100
(a) Axial strain rate (%/h)
16 ]

Boston reconstituted clay

OOCR=1 p;=8.6%, p;=3.3%
<14 | OOCR=2 py=62%, p;=2.4%
=) AOCR=4 py,=5.3%, p;=2.1%
g X OCR=8 | = 34%, pp, = 1.9% |
@ 8
212
N
T
£
§ 10 f<— X

Reference
point
08 Loyl Lo aaal Lol Loy
0.01 0.1 1 10 100

(b) Axial strain rate (%/h)
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32 . .
Mexico reconstitutd clay

g | OOCR=0.32 py; =19.8%, o, = 7%
- OOCR=0.6 py; = 16.4%, p ;= 5.6%
=) AOCR=1.2 py,=17.1%, p., = 2.9%
S 24 [ xXOCR=2.4 [py,=35.7%, p, = 10.1% ]
% X
B 20 | X
N
= X
€16 |
o
z Reference

12 point

08 1 T A1 1 L1l 1 Ly

0.01 1 100 10000

(©) Axial strain rate (%/h)

K 2-8 1F OCR £ Tl —amE MG mERFEXAR: () F#BETEL; (b) Boston T#
#5+; (c) Mexico £ # +;
Fig.2-8 Normalized compression strength versus axial strain rate for different OCR: (a) HKMDR; (b)
Boston reconstituted clay; (c) Mexico reconstituted clay

2.4 EBFTMERRS MR

f FWER T RAT T — R T . SR EAE IR K S A A [F] OCR =4 & 4f 2% 1F
TR R AR, BAAESE LR LR R R S IR R AR R, BEK
B NBEGE RN GE 1. T SRR P (SO A A bR, L, RS
B 5 R R 0 B AR & R IR S HUE

24.1 THEHIERYIENFEE

RSP LR L E T R T XAT X AL R % S 61 )1 %28 A SRR Z T
My, BCEBREDN 12 m, HRERE OV AE) B @ORRERE LR, AR
A LR 2-3.
% 2-3 LA X648 ) SRR
Table.2-3 Properties of Shanghai clay

TR ¢ ¥ W WL Ip Kv Esi2
€o
(m) (9 | (@lemd) | (%) (%) (%) (cm/s) | (MPa)
12 275 17.7 37 425 20 2.0x10° 2.2 1.06
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2.42 —HEMBIERIAE

KA — SRR (CRS) HE5 Mg H L —4EmEudE R et —4Ein
BT IO A AR B A5 EH AR Ko [ 45 26 B RN — Rl S 80 T i 12 TR % B I e
GBI R LA 2 T DL AL RS AR A . — 4R DN Z A5 R FH 1 2 i IR
it W LR RS AR 30 cm?, S 4 em.

— Y BRI A SRR WK 2-9. —4E CRS JE45 I % A R RE 43 31l
B, AR AR, BRI RR P R R . AP RA T 3 AMAFET
R, #7734 CRS . Wi KWK 2-4.

() —4En#iinkE (b) Bk kE
B 2-9 —#he B FXIaBLE A2 XA
Fig.2-9 1D strain rate test apparatus and test sample

% 2-4 —#F R ERR
Table.2-4 1D CRS tests

K Wiegms | M | ndeEER s (%h)
CRS-1 1 0.3
—4E CRS W% CRS-2 1 1.0
CRS-3 1 2.0
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243 ZHESRS ZHAKMEERRE

NFEEE EUGRE A = A HEK A T W 4R S5 Ko BoE 2= e, 58 R A [
SEAHEK AR BCR BTSSRI, BUREAR TR o Tl e R 7 s N B
WK, REAS g —FRZ KR .

(D) R %

= EE WA SR H A mT R A TR S A, A TR = e
RGReHE IS ER /RN RS H B B m I S RS R . 8 RGN
FICH R i L RO URE R L e« O AVl R S AT 4 ], 1k R A S (] B e 3R
B FE A IR 7T FLIEFALRS o 6 2 1% R 40 0 aURE = B 100 mm, ELA% 50 mm.
A 53— b s i AN — B e R ) g SR
H AR ES - & KA ] 2-10 s .

«l. i . '”

(a) AR (b) B,
B 2-10 = 40X IS A=k Af
Fig.2-10 Triaxial experiment apparatus and test sample
(2) RETTHE

=AAHEK AR T BT YA 4 S R AN [ S A BTTIRAN B, BRI RN
S iFELE 200kPa 70 T ORI, 8 B EAIKHAFEAI R, 2 B KT 0.95 J5
THIRIE G50 B o b Ho A0 [ R 4218 Ko ELBRZ TGN, AT SEIRIRE Ko N /IR B 4
I#5] £ 56 B PR R e AN AR, e aad 398 o sl /) el 1) s ) 2k SIS 5 1) . 4 Ao 4 B
Pl TEBSYIEFR AN T = ANAS R B ) Ao 26 . Jaky O AL T — /M iz B
WY IEH 255+ Ko 5 RN EBEAR SRR, S LR ERM 2755 i

46

=
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K, =1-sinp =0.54 (2-25)
NEIEARIEAL N TPIRES, AER 750 B S E e Ko=0.54 IR JPIRZS T [
4, %N 39 kPa.
(3) RHET R
ASCH EAE AR KBS UG A “C” il “BE” Fow, BARRE T R R 2-5,
HAFEPIARE, FNRRHECR A T =AM R, i — A0l ge g 13
B AR RN ACE A . R AR ARG B8 8 T 2 B0 I (R ANAR 5F AR
& 2-5 JEYAeAP K LR EH ik I
Table.2-5 Multi-stage compression and extension shear tests
582 BURERH ) INEOE S (%/h)
4(2%)—3.5(2%)—7.5(20%)—7(20%)—11(0.2%)
—10.5(0.2%)—15(2%)

4(-2%)—>-3.5(-2%6)—>-7.5(-20%)—-7(-20%)—-11(-0.2%)
—5-10.5(-0.29%)—-15(-2%)

T RIS S WE NGO BITIE B NARE, 55 BT A B AR BB N 0 2808 =%

JE4i851]-CKCU

i 3I1]-CKEU

2.4.4 A[E OCR &H T =R EMRMBRZEK AL

NI B AR [ B g 7 sk 44 OCR BIsEM, AR 4r Hig %S LA F OCR fn#is
FA ARG A T A Lt AT R . B B AR R BAR T A R T BRI
TR B, A VEN (SL237-1999) + TiRue#yE . AR5 B % H AR
ONEZE AT (CEELFEHIFFEE), HEE OB LR (ZL 2010 1
0564744.8). TR 7749 50 kPa.

ZPMBOE RN = AMRFELEAR R 056 & 5 FIE 4585 1), 1 J67E 200 kPa
PR T T2, 4 5 1 JHe oR — AN RE BRI B 22 100 kPa,  — AN RURE (1 BBl PRI 22
50 kPa, MTTEE] T OCR=1. 2. M1 4 [J=ANRFE. BIVIR B, InEad =R fh N AR il
SANARER A FEIR T %, BARMINE0E 2% 3% 2-6.
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F
L,
2
1. h#t
2. INHEFF
3. EHER
[ I~ 10 4. TR
F—3 5. [EEREHT
6. [EfE
5 7. EKA
8 8. MMEMK
9. &I
1 6 10. F04R
mim ] ] ‘; 4
7

211 R EHHRE
Fig.2-11 Device for making reconstituted clay
%k 2-6 =4h % BoimEak FiX %
Table.2-6 Triaxial multi-stage multi-load rate tests

A OCR | Ml (kPa) TR RS A In#E ZE (%/h)

1 200 2.48(3.3%)—27.6(6.3%)—0.22(9.7%)
=HhZgmE CRS KK | 5 100 —2.48(12%)—27.6(14%)
y = —50.22(16.2%)—2.48(20%)

T RIS S W N RGO BTIE B RNARE, 55 1 A EUE 9 AR BOIn s 182 0 28k =

245 EEFHIMBERBMIRNEER

(D — 4k 5045 R

A AE—4E CRS 1050 R FH I Kl fry s 4, A o 7 A i i R AL RSUKE
DT RIS B R . Lee SEUSSHRI,  JUA7 2 S5 A N 80 S A0 5C (T BN 24
XN 0.1 I, RIS g B Sl S MR b — R R 4 Ol e 308 . X THR AN

X =¢gh’/C, (2-26)

Arb ¢, 8 CRS AR RI AR INBOE 2 ho NAFERIVIIRRE: Cv AR 45 R,
LW
_KE
2

C (2-27)
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Hi1%¢ 2-3 h Big &1 Ky Fl Es fHTHAAS Cv = 4.4%10°m?/s. A3 CRS 5K H 1 i
KA A INEIE 0y 2%/, AT A] THEC K X = 0,002, i 2 285K, IX st A SO
SR FH (1 el TP 280 = 2 15 B AT AT 1Y

K 2-12 Ny ESedl R IS A I 25 R, B () LR S AR RN IR AR,
52 v PR T A8 30 N A R BT RO g, BRI A8 3 7 A A v R S U s 4 s )
W AN EGE RN (6, <1%/h), AR LR BB RGE,  — A5 & fLES
PR ST FR S M 52 1991 22 ok < B KRS, L Y B T B AR 0508 R Bk
H A RBARSC. B (b) i RKINEE R a5 (2%/h) (LA, W] L
i, HALE u RGP BULFOE, i N KT S8 ] 45 1 70 5 12T
K, EREHEKENT 10kPa.

(2) =528 5 = AR I 8d R g 4 R

K 2-13 Y =R 4 AR R 45 R . 1 (@) I AT g Bl il 1] S A 3 AL R
{CEP AV SIKE SR i N | = BRSSOt = T2 SO ) <R 5N 0 | T A i S 1
B N A BN RN SR . B (b) DY LR K R ) Au TEAS R, HIa6n#
BrBe (2%/h), Au iZEiIER, FEEIETEB (2%/M), Au B¥ECDN, i METE 2~3kPa
Z 18] AR INEFT B (20%/h), Au TUEIE R, TAR|—E M 5 XA /NMERVE, (E
HER B (20%/h) Au FIUk/MEZ) N SkPa, XL, FEFLER/KE 7 ARG R R
A3 RE WA B RN

2-14 =K AR AR I 25 . B (@) (b) 237 L) o AR FLERZK
JIAu BE A AR TR AR, AT = Al R A AR R e, =i AT R s
q 5 Au HEA B BN HEGE RN .

2-15 7 = Hl s 4 AN = A i AR R IR O B A . o iR A2 IR s (K i
RE, PRI ST pr B A FE BB, I Al SRS R EE e A o Jm i 2l AR
SUEE R AIWHEANF, RSORS00 AH R TN o 5/NEN T o3 K
fE R E S SRS, FFA5 3 _E i R Al 56 208 T HE afpy Me = 1.1, XL
BEBAAET 2755 INEGE RN L ARIE SRS Me (BB 2T . ARFE IR 5 2
7T Me 5 Me HJ2K %

M, = M, (2-28)
3+M,

AT Me = 0.8 5K 2-15 W30 45 Bxfbt, s/ TaliefE, AdHZEAK,
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1.2

\oid ratio
o
[e0)

0.6

0.4
@)

100

B D [0
o o o

N
o

Excess por pressure, u (kPa)

0

(b)

—— Strain rate = 0.3 %/h
- = = Strain rate = 1.0 %/h
----- Strain rate = 2.0 %/h

10

100
Effective vertical stress (kPa)

© Strain rate = 2.25%/h

o0
o0® © <.> .

< Lo O 101 B Oy

1000

10

100
Effective vertical stress (kPa)

1000

B 2-12 — %5 FEHEBERAILEETNE: () e-ov; (b) u-oy
Fig.2-12 1D CRS test and the evolution of pore pressure: (a) e-o'y; (b) u-o'y

60 1

40

q (kPa)

20

20%/h

0.2%/h

@

5 10
Axial strain (%)

15
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60 -

40 -

20 A

Excess pore pressure (kPa)

0 T T )
0 5 10 15

(b) Axial strain (%)
B 2-13 =4 R RRE TR () hEH-HEapE; (b) BILE-shEEE
Fig.2-13 Multi-stage triaxial compression test: (a) q versus axial strain; (b) u versus axial strain
30 -

15 A

q (kPa)
5

30 4 —2%h _ J -02%hh

-

-_——

-20%/h

(@) Axial strain (%)

Excess pore pressure (kPa)
o
N
e
e

-15 4

-30 -
(b) Axial strain (%)

B 2-14 =4 K EREFT XL (@) BEH-fHmeE; (b) BILE-thE g T
Fig.2-14 Multi-stage triaxial extension test: (a) q versus axial strain; (b) u versus axial strain

% 51 W
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60 - M.=11

45 4 ===-=- CKEU

30 ~

15 1 H
1

q (kPa)

. b
-15 A NR, p' (kPa)

-30 4

-45 M,=0.8

B 2-15 =4 E4A K TRE S /) %%
Fig.2-15 Stress path of multi-stage triaxial compression and extension test
(3) AN[A] OCR %A T =l 1 4 I gk 2 1206 44 2R
K 2-16~ 181 2-18 73 Jll 25 Y 7 =Ff OCR 26114 T I 4 40 45 5 - MK 2-16~18] 2-18
(a) HIIRN A SN AE (=Bl AR BT D) o 8 i) B AR S (M Ae ) S8 & T DA

% OCR A N BT 2B A ZR0L, InBuE Z 0 Bl A HKUBT s A 4 B2 1)
SO, R A FEN N (1) S 1Ko R, OCR K, [F)— i A A 1) i 2 7
BN o T ARSI S0 AE 5 IO A (] AT 1 Nk itilae, MBI BUE H, %
TNAGE ZR 0 N W IR E R

=4 nEcER A, OCR = 1 KRR HIL 7B AR AL R, XA RAE
Hofth— e (ORI th A 4R e, Lt Graham 25081 B g Ho At 1814 24 4 g 16618
A G 52 O S AR R A I G VA 5 T B Uy 10 7 A 1152 1671, f - H 7 A [ T PR
BA W EE — AR,

2-16~18 2-18 (b) vt e i ALK K I AZ A, OCR = 141 2 (1)
AR FL KB AR I T K BR, B JRIZ8E T 1R £ SN S0E Rk 4 7]
FRUKIE S =H DVRIBEE, (B AR SLR KIS K B a B s . 281, OCR =
4 WRERTFLBUK I AR BN, JF LA N30 22 1 2 A A L6 5)

2-19 A=A FEA BN J1#gAe, =FiANFE OCR H A R JJ I AL AR ¢
4 AME, OCR =1 el T SLBUKIE 4, P H RN /) prigddisly; OCR
=4 A prgdrtEn, H of p It ERR 311, RICHASMEEIE; i OCR =2 §)+
FEA RN A AR T 38 2 [A) o AR I FOIRGS BRI, LRl e 2k NI
G TIR

¥ 52 W



B SSPNE A R R A7 BT BEF LN RS H A
200
OCR=1
<
2"‘, 150
o
2
£ 100
(%]
S
%’ A2 0.22%/h
& 50
a 02.48%/h
& 027.6%/h
0 1 1 1
0 5 10 15 20 25
(@) Vertical strain, ¢ (%)
200
OCR=1
<150 |
S
>S5
g
3100
4]
s
g 50 | £ 0.22%/h
a 02.48%/h
027.6%/h
0 & . . . .
0 5 10 15 20 25
(b) Vertical strain, £(%)

B 2-160CR=18F: () B AFfpEXE; (b) ILEAEEXAR
Fig.2-16 Test results for OCR = 1; (a) g versus &, (b) u versus &

150

100

al
o

Deviator stress, g (kPa)

OCR=2

20.22%/h
02.48%/h
027.6%/h

10 15 20
Vertical strain, & (%)

25
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50
OCR=2
®40 r
[a
=
230 t
(5]
7
g 20
o £0.22%/h
& 19 02.48%/h
027.6%/h
0 ¢ L L L L
0 5 10 15 20 25

(b) Vertical strain, &(%)

B 2-170CR=2#: () mEAfFpgETXx%F; (b) LEFEE XA
Fig.2-17 Test results for OCR =2; (a) g versus &, (b) u versus &

150
OCR=4
=
s .
Swo . _ -
o RS
¢
3
S
3 %0 £0.22%/h
[«5)
o 02.48%/h
027.6%/h
0 5 1 1 1 1
0 5 10 15 20 25
@ Vertical strain, ¢ (%)
25
OCR=4
SO0 A0.22%0n
= & | o248%h
g 027.6%/h
>
2
@10 |
o
(3]
S
a5
08
0 5 10 15 20 25
(b) Vertical strain, £(%)

K 2-180CR=48F: (a) mEAfpgTXA;: (b) LEAREXA
Fig.2-18 Test results for OCR =4; (a) q versus &; (b) u versus &
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250
1
— 200 M,= 1.1
(]
o
<
T 150
2
= @
3 100 S
5 -
s
>
g 50t
Cr = OCR=2
O | == ) L
0 50 100 150 250

Mean principle stress, p'(kPa)
B 2-19 A7) %A%
Fig.2-19 Effective stress path

24.6 EEFtTmMEBERSH G

R 2-7 G 1K 2-12a v = SR A A AL 4 2k 1Y) S S [ 45 TR 4R, W N A =
A A, bR A RSB I 45 15 7170 127kPa. 131kPa i1 134kPa. HAR
WEHOCEE S H o KR ARG H RiEBR L —4EmEis 2 50m1=2.9%.

k27 Lisghr—tf%x FiXBER
Table.2-7 1D CRS tests on Shanghai clay

Ribge | NEGEE (%/h) o,, (kPa) n1(%)
CRS-1 0.3 127.0
CRS-2 1.0 131.0 2.9
CRS-3 2.0 134.0

LB IR A5 R RN, ARINECGEZ T R A i 2R FAHE, A
[ ) o {16, 104, 1661 | BRJ by, A4 ] 2-13 ATIE] 2-14 rhk g B o h 42, W& 7
ZRPAERE R T R R M2 CEIPE SR ). 8 A 5 T % DN A8 28 X6t B 1)l B )
WEAE, MgE TR 2-8, HHITHEH 7 =4 B4R = Sl i 24 R N akaE R 20N 250
oL AR 2.7%F0 2.6%,  IEAR AL T HT SRR S5 45 H K e — IR A TE

#* 2-9 gE T B A OCR % N =HIAHEK R4 AL R RH¥IH T
5 T8 35 2 % N7 ) R P R A B fy 5 . [543 8 OCR =1, 2 1 4 i FE N
WIEB N ZE o 70N 2.5%. 2.6%F1 2.5%., FTLLAE Y, BnEs R s S5
Kb T ST R A S5 15 H ) o — SRR ALTE L

gr bR, R —4ERgE, —HR4E S AP, AF OCR 44 T 1 =Hli&

% 55 T
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TR RS EUE AN T 2.5%~2.9% 2 18], K, F 20 - 285 8 5 4 s 4 1k [5) B
HES M.

\

k) 2-8 LiES L Z MR A fp KAn Bk BX I 2E R
Table.2-8 Experimental results of multi-stage triaxial tests on Shanghai clay

I e agit] In#HE 2 (%/h) q(kPa) oL1(%)
0.2 45.0

— R4 2.0 48.0 2.7
20 51.0
-0.2 -34.0

L LIRS 2.0 -36.0 2.6
-20 -38.5

% 2-9 L&A RF OCR & 4T =405 A0 Bk X I
Table.2-9 Experimental results of multi-stage triaxial compression tests on Shanghai clay

OCR s % (%/h) J ow(kPa) q(kPa) q/cx oL1(%)

0.22 200 147.06 0.735

1 2.48 200 156.25 0.781 25
27.6 200 166.67 0.833
0.22 100 108.70 1.087

2 2.48 100 115.61 1.156 2.6
27.6 100 123.46 1.235
0.22 50 98.04 1.961

4 2.48 50 104.17 2.083 25
27.6 50 111.11 2.222

2.5 KE/NG

KRERN R G DA, T RS 080 22 AN R M AR TG 7 TR A R B R
et TANE SR TR L AR AN g — 1, P B O REe R R, Bk R
Fi BRI S, IFE T R L mEGE R ST . 15
P F &5

(1) Sy B S I 25 16 0 BN BOE 2308, K R EOR X E R 28 g0
KRAE . HESH o1 FRIEIR R T AHEK DTS 5 B R RN e . A4S

TIERSEE)— AR IEE: N 2% ~8.9%; o1 N 2.3% ~ 8.7%.

(2) ETUHRGERFE T M =52 . =50 E 48R =5 K 204

JANTA] OCR S5 A4l Lo BE M BR F A 48—, &5 RERWIIRE ﬁifﬁwﬁ/«#
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TNHINBER S AA G 1.

(3) @ LR R SR R, = AR ECR R 45 ALK LU AR [R] OCR
MR A ESERES, AR BRI 4R E R S n0n=2.9%; —HESE S =5
R EFE S E o1 20 FIN 2.7%F1 2.6%; OCR =1. 2 Fil 4 - REMIINEE RGN S5
oL 7N 2.5%. 2.6%F1 2.5%, MITIA H iR T R kol R AN R B A g — 1

% 57 W
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FZE RFLRESHGE MR

3.1 5|8

ot 10 T8 R AR L AT AR RS DU 5 A SR IR AR SRS ik, IR
FOW L ARLAE RS NSk stRFVE R S SRR 0 G o BT St X 8 R DA g B e
LA B AL RE , L Rk R AR IR AT AR I T FE T R IR, AR RS A
B AR g1k, PR A7 st e A 2 B IR AR S AN RO — A B TR
(LRSI pIRr

A T A B R AR N80 RN B N A b st AR AR (K 5 — k. AR A
IR PR 1 N RA st MBS, R 5N TR AR N s R B AR,
e —4EN PR IR AT AR AT, JF S AR IR Ak st R BCE LI R,
YA SN = %0 S5y I S VA A TP SR £l w2 w91 7 R o A
WSS — R R

3.2 NAORHSHEIRE
321 WREHHE

FEATASFHOIX R AL 2 MR PR T IR 7 R kA i Ee i e, 3 2
Lacerda F1 Houston81%} SFBM (San Francisco Bay Mud) %4 - 76 =5l AN HEK N IR AS
Zhu ZE O i AL LA = HAHEK B PIRES, Fodil 21906} Le Flumet 76 = $hHEK M.
FPIRAS, Yin F1 Hicher®Ux} Saint-Herblain %4 7655 536 7, Yin A1 GramhamP®®lxf
FIAF R AE—YE R JRZS BL & Kim F1 Leroueil ™% Berthierville 26 178 —4E 3 J74R
SRR FIFA AT . WIS R 3-1, W LLEH, FrE B s 75
[ LE XU BA AR R T I AL R At R R




Saint-Herblain £+ ;

(e) THEMFAL

AT K AR S FEF R LRSI
1 1
- 0.9- - 0.9 HKMD
E_ E‘ -0.041}
2 0.8+ 2 0.8 R’ = 0.9818
£ 071 £ 0.7 9635x %
[75] w
2 0.6 2 0.6 5
o o _ -0.042]
g 05 i g 05 Y oorts
> .0 > ol =u
3 Strain rate . 3 Strain rate
B O 0.00081 %/r_nln y= 0.8106x°%Y 3 O 0.001 %/min
_% 0.44 < 0.0162 %/_mln R? = 0.9955 % 0.449 & 0.025 %/min
e 4 1.52 %/min e A 0.41 %/min
j- -
=1 Triaxial undrained relaxation = Triaxial undrianed relaxation
Z 03 . . : : Z 03 +———m—m—m—
0.1 1 10 100 1000 10000 0.1 1 10 100 1000 10000
(@) Time t (min) (b) Time t (min)
1 120 - -
09 Saint-Herblain
g - =
g 0.8 1 g 110 4
S 071 e © ooy
@ o y=116.7"""
(%2}
§ 0.6 1 $ 1004 R’=0.9691
g - *v‘>
é 0.54  Strain rate !,: 1.2856x"% g
S O 0.00198 %/min R°=08183 S g0l e
& 04 ¢ 0.0198 %/min Y = 1.3481x 2
= O Imi R?=0.8394 =
£ A 0.198 %/min g = 105375 §
S 0.3 Triaxial drianed relaxation R*=0.8524 L0 80 Relaxation of pressuremeter test
1 10 100 1000 10000 10 100 1000 10000 100000
(© Time t (min) (d) Time t (min)
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Fig.3-1 Results of stress relaxation test on different clays: (a) SFBM; (b) RHKMD; (c) Le Flumet clay;
(d) Saint-Herblain clay; (e) Reconstituted Illite; (f) Berthierville clay
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Fig.3-2 Simulations for CRS oedometer tests and stress relaxation
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Fig.3-3 In the simulation of stress relaxation (a) Evolution of vertical stress with time; (b) Evolution of
normalized vertical stress with time.
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Fig.3-6 Experiments on Reconstituted Illite for determining mechanical parameters: (a) CRS test; (b)
Relaxation test.
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Fig.3-7 Determination of S from CRS oedometer tests
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Fig.3-8 Experiments on Berthierville clay for determining mechanical parameters of clays: (a) CRS test;
(b) Relaxation tests; (c) creep test.
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Fig.3-9 Comparison of the influence of experimental and derived S on the relationship between
preconsolidation pressure and strain rate. (a) Reconstituted Illite; (b) Berthierville clay.
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Fig.3-10 Comparison of y measured from experiment and derived by Sand R,: (2) Reconstituted Illite;
(b) Berthierville clay.
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Fig.3-11 Comparison of experimetal and predicted results of stress relaxation by three ways: (a)
Reconstituted Illite; (b) Berthierville clay.
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Fig.3-12 1D constant rate loading and conventional consolidation creep test
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Fig.3-13 Evolution of void ratio under different stresses
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Fig.3-14 Evolution of vertical stress in relaxation

K 3-15 Dy b ifg B S R A B K I 45 AR BOBE A KA U . FTRAE M, BN
JINT ISR SIS (o'y<50 kPa), T ARKE TR 45 8 IR, IRIE 45 R HbE A % 1)
I OR, YT 45 R EAE 100 kPa I IA BB RAE )5 HAARAL T I8 [l 45003,
YNGESE S/ IR B NTR 24 NI (=R RN =] 1 (= NP o w8 Y YAV A L VU bl £ 5 T
400 kPa H)Re[m) B T AaFASREY), BRI AR S HUN R A B /2 BT 400kPa B (7]
8273 B 45 Z 8y = 0.0029. b — 5 45 2 1) H PR N HOE AN S HCF B E pu
=2.53%, RUINEER RZEB=1/p1=39.4, BfEE T LiEF L —4RAESH. N
v R R ] 5 T A it 42 BRI R V) 251 = 0.133, 1= 0.021,

* 3-2 HOMRASHOE I X (3-23) M (B-24) IH H A RA S HI LS R . Kb 2-4
SIS —FIP S EOHE TS . DB AT 096, @il CaimBoE R 2 %p=39.4 it
Bt w=0.00284 1 Ro = 0.214. 5 "PHME Ay TH A5 SEIME R 22, S0 B9
W7z, LB ERESHIHETERER —EMzE (WMERKEN 9%), (Hik
R WO B G, iin#oE R K55 R E 45 R By K g — M 22 5 )
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Fig.3-15 Secondary compression coefficient versus vertical stress
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Table.3-2 Relationship between the time-dependent parameter of Shanghai clay

B v Ra
B=39.4 - 0.00284(-2.1%) | 0.0214(7%)
w=0.0029 38.62(-2.0%) - 0.0218(9%)
R, = 0.02 42.11(6.9%) | 0.00266(8.3%)
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Sorbf € _EERE L B RA it AR AR B 25 R K, A G AT BTN BOE R 2L B
E T AFRARRFE S B G — MR, BRI 45E:

(1) &7 UMER ARSI RER A 2, ARGE— e =B Ak i isle, $Ei 7
2T IHA 5t AR, R D L TR st i A i il 1 I 77 B IR ) 5 AR LR XSO B AR B T
S SCR R, BIN AR i 22 Ra = —Aln(a'v)/In(t).

(2) MR RE PR AZ A, AT BRI A RR AR 55 SR S AR AR AL,
BT iR IER A, BRI T RE, T R AR S AR, N T
JS7 DI FEAR St 2 R AR o In(o'v) X InQ) ISy, A3 3T By Ha it R A iR
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Fig.4-1 Sample locations of tested clays
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R RMIEERL . SRR SRR RER L AR EERR, SRR,
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TREMERTA & S TEVE A, RN AR AR A R RIS . SR SE AR 248 iy
Ve DX RO S B T A R DX R, I DX 26 A P ol e X RE  B RE A,
TREREZE
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Fig.4-2 Grain size distribution of three clays
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Table.4-1 Grain size distribution of clays

Y Y >0.075mm f5F; | 0.002~0.075mm ¥3ki | <0.002mm Zbki
iRt 1.6 72.4 26
FHLE L 5.2 57.8 37
M E £ 1.2 54.8 44

4.2.3 FTEEYIBHZFIER

ARSI AR A AR ] ERE I 2R AT, =M LR A B A 2 R R 4-2
Pion: LR LE R R ZEAR, BRI R L, T
RREGRKFIRT AR Lo RMELRRREAKE, WIRMBEVESR L = T _Ligmn
FRLR . RN RIS B A LR O, T HIRR, SRR Bt ALK
E=FE EARENR RS FR G EL T IAREEE B (B 4-3), fHLFrEtE
617 (AP w627 SR~ PV v w8 1 TSV VA RS (AT ] TR N2 571 1T s e b 2 5
Hoa R R BR L TR PR AIE,  BARRIUN &K, FLBLE R,

IAVEFE FE i BERRAE, S VRS K Z TR AR A R . B I 2Rk
R R AR ) AT . MU =R R IX3), M Casagrande Y8 7E&]
XEANBEAT I (K 4-4), g BT A &z b, AL BB IR,
IR RS Lot — A B R L, =R R AT O L.

100 1 4 zhoushan clay
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= 80 A Wenzhou clay
S
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g=. High activity
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Clay fraction <2um (%)
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Fig.4-3 Activity of clays
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Table.4-2 Physical properties of three clays

B LA S HA A SRR T

R Im w /% w /% Ip /% €0

i 12 40.5 42.5 20 1.08

A&+ 11 45 40.7 20 1.13

VM k- 8 76.7 63 35 1.98
100

CL: Low plastic inorganic clays, sandy and silty clays
OL: Low plastic inorganic or organic silty clays

| CH: High plastic inorganic clays
OH: High plastic fine sandy and silty clays

]
o

U-line:1,=0.9(w, -8)

D
o

& Zhoushan clay
Em Shanghai clay
A Wenzhou clay

A-line:1,=0.73(w, -20)

Plasticity index, I,
N B
o o

OH

oL

0 20 40 60 80 100
Liquid limit, w,

B 4-4 iR IR 5B IEER 5
Fig.4-4 Classification of clays by liquid limit and plasticity index
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TR AN HEZ T 20 DL S RIURE 2 8] RS 5 55, UKL 7 ) P 2 AR5 1) S 0 2 R 1 )
FENTERZELA,

T 548 (HJ SEM, Scanning Electronic Microscopy) & - AARTHOUL 45 /17T
Fi s A A B — R AT B, B AR R, nT AR S AR SO R A
FLBRE 3 ARt o A3 SEM B 73 A B 55 [ National Institutes of Health J & (1) 2
T java I AL EMEG AL A Imaged TE R, R AR BRI FE MR 5% Ao BT BRI [ i
B L URLAR TSP 7 ) B HE SRR, RS I B T S5 R % ) Sk ol I RS b B
SN, BRI EHIX R BRI, K 45 BOR T & LR AN SEM BE, DL
G B B RIORE 7 1l HE BRI o I PR RORE 7 R £E & A RS R 234 A g3 bl T R
RifR R SRR, KERBR AL S AT 30° 3] 150° FIRRA .
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Fig.4-5 SEM photos and orientation of clay particle on vertical plane of natural depositions: (a)
Zhoushan clay; (b) Shanghai clay; (c) Wenzhou clay
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4.3 FTHESRET

AR A (0 R e AR R P A T S ST I A R (OB . WF T I
e AR VEE H AR A = AR A B I S5 . T E e el G i i A g
FORBON™ K NI AR RBORAE R, JF BT = Al o T#AE . i,
ERZE R e S L W W N ] Ve o - =2 S e B S R WD A ED R S v

431 —4%ERIRTIRE

I AR B2 B T r 5t H o G BR A w B YS-3 B BT 5 [k [ 25
o AN BE 8 HEAT R B LA EE B R R AE XU HE K 564 S I o ik . — 4
JEAgiAFEmE N 2 cm, HARDY 30 em?e X =ANHBIXR L BEAT NG EE Dy 1 ) S SN
JEARIEAR IR . N TL YA 12.5~1600 kPa, 7E %[ 5 7174 800 kPa Abidh47 3%k 7
IR, AR LR sikett, ASCh A g R T FE B InET &, Bk
HRER T R WA 4-3. teAh,  H AT ISRV U R AR AR E AR, —ARAT BASK ] 10000
PPN AR TE B/ T 0.01 m ARSI AR AE B R FHARAERS (8], AR5 AR AT B RF 25 24
h AR I RIFRHE . T A SO e iy &G 38 B I, AERR ey 38 T I 4 3= ]
SEMT B R LR 2 /NI, ORI BT AR AR T RO AR T . (R, SR 24h R
HEINARr 7 ikt A FE Y

k43 RUEETRBST R
Table.4-3 Test programe of compression creep
TR DI e i 77 /kPa

FiEFE+ | 0, 22, 45, 68, 90 12.5—25—50—100—200—400— 800

Al g+ 0, 30, 60, 90 —200—>50—12.5—>50—200—800—

mINEEt | 0, 22, 45, 68, 90 1600

4.32 WHHIEHE

AR TR L R AE R S RO M 8 R, RIEE S LR TUR T B A AN )
£ FERFE AT — 4RI AR IR SL LR . DI T 2 AN 5K IS R A B e, ik
DI DI iR 4-6 /R, fJE N OSRFE-FAT T L ARUTRE, % 90914k
FEFEE T HARUTRT . A SO =AM IX B 1 2% E R DB B L2 4-3.
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Fig.4-6 Sample block of soil and sampling angle relative to natural deposition plane
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4.1 [BRREL S

4-7 o T =MEi LA EA AR RSt 28 Ce-log(o'v))e AT fHLEE L,
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FER RS0 B 2R FLER EL AR B o MRS, VAR 280 - R 285 = 10 AN TE4 i 2825480,
ANEAETE R Z DA K. TR A, #RYE Casagrande J7iEHfE T &4
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HEMER, T REF L, ORI 25 ) o'po 5K, 85 Bl A IRRE A 1Y)
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Fig.4-7 Compression curves of samples from (a) Zhoushan clay, (b) Shanghai clay, (c) Wenzhou clay;
(d) yield stress versus sampling angle
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Fig.4-8 Influence of sampling angle on (a) compression index, (b) swelling index for initial
compression and (c) swelling index for unloading and recompression
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Fig.4-9 Evolution of permeability with void ratio for clays from (a) Zhoushan, (b) Shanghai and (c)
Wenzhou.
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Table.5-1 Summary of secondary compression coefficient of reconstituted clays under normally
consolidated stage

T WL g, | Coe MEIRAT e w | we | e
/m kPa

Nanjing 26 ()8 | 7 | 0007-0.011 25-1600 18| 27| 44 | 23 | 21
Nanjing & -)@® | 9 | 0011-0015 200-800 133|2.72| 52 | 26 | 26
Wenzhou %+ (1)0178] 4 0.013-0.021 25-1600 16727 | 60 | 28 | 32
Wenzhou %+ (2)1178 10 0.015-0.023 50-1600 1.79| 2.7 | 65 | 28 | 37
Lianyungang & L(DE® 4 | 0.023-0.039 25-1600 23 |2.74] 86 | 31 | 55
Lianyungang & - 12 | 0014-0022 50-1600 178|272 63 | 27 | 36
Shanghai & (L) | 85 | 0.0072-0.0086 100-800 102|2.64| 51 | 264|246
Haarajoki % -8 5-15 | 0.0108-0.0668 40-640 297|277 | 88 | 26 | 62
Suurpelto % 1180 11 0.0117-0.0585 40-640 266|252 | 80 | 23 | 57
Vanttila Zf 43 2.8 | 0.0212-0.0516 40-640 33512790 | 30 | 60
Murro 7 198 4 0.0184-0.0375 10-600 1.9412.66| 88 | 34 | 54
HKMCI106] seabed| 0.0054-0.0163 100-3200 151266 60 | 28 | 32
Shanghai % 1-(2)* 12 0.0062-0.0076 100-1600 1.06| 2.7 |425]225| 20
Zhoushan i £* 8 0.0058-0.0076 50-1600 1.07(2.72140.7(26.7| 20
Kaolin* - 0.0058-0.0062 50-1600 1.1312.65| 40 | 20 | 20
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Fig.5-4 Secondary compression coefficient versus void ratio in double logarithmic scale for different
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Fig.5-6 Relationship between bonding ratio with plastic void ratio increment for soft natural clays
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Table.5-2 Summary of secondary compression coefficient of intact clays under normally consolidated
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Wenzhou %f +:[178] 4 0.021-0.049 200-1600 173 | 27| 60 28 32 |131
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Bethville &+ | 3.2-35| 0.023-0.115 51-135 1.73 - 46 22 24 -
Bastican %f 108 7.3 0.101-0.0092 90-151 1.92 - | 43 | 22 | 21 | -
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Fig.5-8 Defination of secondary compression coefficient for intact and reconstituted clays
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Fig.5-10 Inter-particle bonding induced secondary compression versus normalized bonding ratio
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' n=2.02486 - 0.03718w, + 0.02764l,
R?=0.6300

L % Liquid limit, wy_
(c) Plasticity index, Iy o %

B 5-14 A% n 5EKEEARXF: (@) n-we; (b) n-lp; (€) n-we-lp
Fig.5-14 Relationship between n and Atterberg limits: (a) m-wy; (b) m-Ip; (c) m-w.-Ip
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@) Liquid limit, w,_ (b) Plasticity index, 1p
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@l yo= 1.0323-0.0247 wy_+0.0203lp
R?=0.5020

® %  Liquid limit, w_
(C) Plasticity index, lp o %

B 5-15 molyo 5 2B B X Z: (@ @lyo-we: (b) @/ yp-le; (€) @l yo-Wi-lp
Fig.5-15 Relationship between ratio @/ yo and Atterberg limits: (a) @o/ yo-wi; (b) @/ yo-1p; (C)
@ol yo-Wi-lp
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Fig.5-16 Relationship between plasticity index and liquid limit
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0.04  Vanttila clay 0.04 ~Murro clay

O Experimental @ o © O Experimental

0.03 | =—Theoretical © (e 0.03 F=—Theoretical

G0
o o
3 o B o
0002 e} o 0.02 |
001 001
0 1 1 1 1 J 0 1 1 1 J
0 20 40 60 80 100 0 20 40 60 80
@) w (%) (h) W (%)

0.04

O Experimental
0.03 | = Theoretical

A Experimental
------ Theoretical
Joo02 p © Experimental |\ o
= = Theoretical

0.01 /
O

P Snbhs

HKMC

Zhoushan clay

0 20 40 60
(i) w (%)
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Fig.5-17 Comparison of measured and estimated C,e values for reconstituted clays
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Water content, w (%)
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Fig.5-18 Evolution of Ce with water content for w equal to 40% and 90%
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Fig.5-19 Comparison of measured and estimated C,e values for intact clays
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B 6-1p-q = 18] FAE . A7 A2 A 2 L
Fig.6-1 Definition of overstress model in p-q space
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Fig.6-2 Yield surface in general stress space
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6.2.2 HEFEMELLIEN
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% 6-1 AR HARALRE S M A LRSS R
Table.6-1 State parameters and soil constants of elasto-viscoplastic models
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Fig.6-3 Schematic plot for definitons in e-In(o’v) space under isotropic compression conditions
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E, =&t =——¢ (6-29)

\ X—K \

K77 (6-29) 15 N(6-27), R EVE AN AR AT LS Dy

Vi)
Y _AM[—.] (6-30)
K O-pO
T b R (6-26) F 5 T2 (6-30), AT LA BB E S 5L
(M2
1=pt il : )ﬂlN i (6-31)
K (M 77K0)

HAMESLS, RS EppEs 2 BINEoE R0 JEiE s MRS N ST I8 FE R
. moh, BEAMBOEE RS KE SRR R R G — R R,
3 (6-24) AT LLH g
A-x (ME-a)
BL+e)r (M —77%))
#(6-31)F1(6-32) 1 X HIE T SR Rz, Lbr BIX AR 5H, 2
TIEH A
(2) B —4ER TR TR E S5
SEBR b, SRAIASCES = ST AN B R R A B, K 45 R By M SR Bt R AR
RofIGi— M &R, W DR @ o — 4 B A stk se i e R 8 S 8. HBEH R
BT RE(6-24) K w, M43
AR, (M?-afy) N Aok
1+e)z, (Mf—mio) AR,
M, 76 CEN AR S SR LR, A5 o 8 2 B i A 2((6-24) (6-31) #1(6-33) 1
DLRH a2 250 B, IR [ 45 w MR It 5280 Re = /MR AL S HH AT R — RS

FN=p (6-32)

MU=

(6-33)
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6.4.2 RESHIELM

BT SRR T ENE, LARE S KRBy, SEIL et i A S8R Lt AR 4L
AR . BF LR A ZHARL R R DT R Y], eIl T B3R k2 IR
Fit, LRSS RECER A B AR AR A FL R P B 5 /K R PR AR T/ o F TS
BRI Iaa FLRREL eo ARIASEL, LARLEN AR IR AL L e (178 AR IR AR 8] 5
T ARFR N AR 5

e=e,—(l+e))e, (6-34)
JNETEREE R o RN, 872 (5-23) I 241 & /K2 w FHFLFR L e A1 Ek
H GkER. NETIHE, ITFE(5-23)H 1 log A4br T IR [ 45 REE #4 In A
bR, PIEHIRZRN Cae = IN10xy =~ 2.3%p, M, WAESE I LIER AN
w="F(ew,x)

(2.02486-0.03718w_+0.02764(0.8381w, —16.438))-
1

23| log (lj+ 2.34exp(—0.047w, )x z, +1

Xo

(6-35)

100*e

x (0.0007w, — 0.0223)(

}0.014978W|_ -0.23031

JiRe(6-35)E A IUANS K, KA L S AFLERLE e TN EN TG (E T
s BLMELE G —ffE 2.6~2.8 28], —BFOLT, FTRAEK 2.7, AT, pAXAN AR
FEBPR & KA A — A SHORIAE -

SR ST B3R S A i AR A T (6-24) M1 (6-35), =5 B AR L M iR AR O 3 26 8 M AR Y 1
AR N

A-x
A
oo

1

ew__ YV (Mf—af(o)[p,ij

T (rey)r (M -7 ) L
Ay (6-35) A0 . Bk B 5 2 (6-36) Al JE A A ANICREEP #HLL, # &% 1k
LR PRI AR 1) 3 LR R VAR R A R NS 8, ME— I ZE BIE TS
Hoy B o TR A 7K E wi.

6.5 ETHENIERHEFHBMRBE R

(6-36)

G LR T HE R IR AEAE T B AR R AR . —RIGOL R, AR
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AKRERL PR K5 R B AU I T VA BB AR N ARIE SR B . W46 N 1927 e AU A,
W T T SRARLENE ) fL. HT06 N ARE S — I T HERE T iR BE R BV TE, B4
A TR ARIENE LA R R BRI e, TR A R N D R BRI B AR HE S A AR AR A
AR ARV LS T 1 S et AR A R TG N AR, IR R AR
TRBMBEA AR BT X TRV R, S v s AR A, an R Pt 5
HH PR T AR L e AR b, 2R AR gl S BRI [RIAE — e 5 R 72k, R N AR T
RGN FPPRGSHEEEIRRGE B RAMRDS, R RS, HE SN R .

AR SO E A O FE P AN FE AR B s (1) S0 T P 0, 5 A 7 48 ol 82 T 88 2
VENAZHRE s (20 N7 JAR I 530 I 55 I P A e 5 58 1k B AR S R A O, BN

6, =Déf (6-37)
A D NFIERIEAERE, AT LR
6;=D(&—&") (6-38)
EHTTREAE— DI R ACR Gy, IESTA] th 2 the 3T TR R0
Aoy =D(Ag; - AgP) (6-39)

K Ao=0"1-0", o"=oftn), KFMNAEEAGRLIIKR.

NOCERGE T RN R R vk (4 MRk A EVP-Desai B i5 189,
EVP-Stolle 5% EVP-Katona 5519, &A1 X 3l £ T 77 #2(6-39) f Ag” I
SESTVEANED, EIERT L T e AT s .

6.5.1 EVP-Desai B3k

Desai il ZhangM W E LB, 7E—ANEHEZEKHN (Ath =thea-ta), 2(6-39) 7+ 1)
BRI N
Ay, = AL, [ (1-0)&), + 68" | (6-40)
K ORVEHITE 0~1 Z (AR H 4 0= 0 fRERK(6-40) 8 WA 7 (T ER 1 T )
A9, Asy, AT LURYE AR 20 AR 1 O 0 ARG BB IR ML AR 5 &) tH AR 2], D9 fRIERL
ETF SRR ENE, At NOZIREIE - ERVEEN . RMaAREFo> 0, HT Agy HR
SRR 20 G5 RN B £ AHOG, ATITETHSE 7795 v ke Nk . 290> 05 I, LEIEZE T
SRR E 02, TR AL B, B R A R AR B AR B AR R AR E
PSR ES n D RSV AR T Al i B N ) A TS, AR AT B TR
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HOYCHIE . 1025 n+1 2D ISR R ANVE N ASH R ] 28 h O 58, RS mifnad, At

N+l -n aévp ’ n .n n n
Ep =Ept G Ac" =&, +G Ao (6-41)
Kb A" R ERE, GRS n BIIEE, Kit, 1E5(6-41)fA A\ (6-40)7] 13

At (&5, +60-G"-D-As")

Agy, = -
1+0-At -G"-D

Arb SFSHUHONCHE. BiE(6-42) TS 6 N7 RN A, 4K
A DA S8 58 1 A R A A 7 A M 285 B v 2 A

Agl =Ag? + A +Agyy (6-43)

(6-42)

2
(ZAgyf —AER — A&l T +(2Ag;§ —AEP — A&l j
3 3

Agf® = (6-44)

wlnN

\ +(2Ag§5 ‘A;ZV; ‘Aglvlpj v2(acs ) +2(ace ) +2(Ack Y
BT, AT RLHE H X (6-19) BRI A i M S B M 3 (6-5) R % ) S 8 aa 1Y
TR A 72 o

6.5.2 EVP-Stolle &%

Stolle % MOMR W T — AN ARG A 1 I8 45 1 B - AR - I (R RSP I AR Y, HL
T AR AP S . XA ERE R U AT LS VRO I ) 24, Wil
B0f. Aid Stolle ZF IR TR AR p M q IR TE, AR&TZEHME, H6
MR ITMERI IR

FEBRAt AR, 5 n B REVE RN AR I B RN

Agf, = In(l-ﬁ- At,u<(I)(F)>§Ld.J (6-45)
ot
Stolle FEMOUR FH It A SR A 25 T 24 x TE RN
lim[ In(1+x) ] - x (6-46)
AR08 2X(6-45) I B U ) 2 i 6 2Bk AR S B, 3 Bk
Aoy =D(Ag;—A&l,) (6-47)

WA n BN
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o) =07 +D(Ag;— A&l (6-48)
MRIEH IR A, T 5 SR i 2b B AR 1 &
A& =In (1+ Atu<CD(F)>id.] (6-49)
80‘ij
HI oAs, 58T As,
snew =BG A8y AsT —Asy (6-50)
! oAe” oo OA&®
1- = 1- =1 .(—D)
ooy, 8A5i‘j’p0 oo
A&y =Agl" +Ne", (6-51)
1G] 5X(6-52) F T ¥ 72 13 E 2208t
A&P =~ AP, (6-52)
[N A 6 i, ERE A 2(6-52) Bk 1) S8t )75 N
NAg“Yp Aef —\[AepP, Mg, | <10x10™ (6-53)

WRAE—MEHE, K (6-53) AL, WITHE =B H 25X (6-47)~(6-51), H &2
(6-53) UL SR e . TS 2] T 265 n B 25 1) 6 N R PR &, 4k T DATE 580 1
PR AR g AR

TRV, (6-45)IERAE T THE — AN 20 ARV RIS I AR(E, 2R
IR N (6-47)~3(6-51), FIWTI ST IFRHE N (6-53).

6.5.3 EVP-Katona H3%

Katonalt 950 7 (6-39) IR R SR 1L A 18 1 FH 30 (6-40) B e, I 4 v Ao=0™-0",
SRR IERFIIURAE /23, R4S 3]

D™ +AtOE] = As—At(1-0)&) +Do” (6-54)
TN, RS b e R E R
P(c™, &rt)=0q" (6-55)

b q" NTREG-SA) AL R, AL ANIEE N, HONBEEE. R P KRS
PR LT

M0>0 0, XA R, TFE(6-54)E K 6 MR, T ER BT
AR &y T AT SN U FIAR S et IR R 5B B A D9 1 SRABIETT R, (s T A0
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PR, KT NPIRES O A RB#ZEEY R RERE P. o £o™ MMk
fH, 1 do' AHE—FEIEME, BN ~c"+do'. Mifi, BIEE do' &M FEH 2kt
053 7 E 1)
P'do' =q"—P' (6-56)
A P'=0P' /00 &5 | YGEA BT 7 LA B
YT A — AR (i=1) , PP o B BT S

i ~(p) (-7

v

Gi+1:O_i+do_i

g\i/;l _ gn+1 _ D—lo_i+1
- A _ o
i=i+1 F|+1:F(G|+1’g\|l;rl)
|do] < tolerant
P = Do 4+ ALGE! v

P'=D"+At0(08)'/ d0)

Nl e
i 6-4 EVP-Katona - ikxi% Kt 42
Fig.6-4 Itetative procedure for EVP-Katona algorithm
Kl 6-4 Bt T ARRIERARTE EEAUT R, AR LIS 8] tn IS PTG 1728 2 T
B, [T thes B PR EINRAR 2 ORI, T SO FEAE THAE ther N LRI AL &
R, ST MNMERERE (=1, P\ PRI ED &M EMETHES, FEH
R R R 6-4 AR .

6.5.4 =FEEXTLE

N T W38 = Fh s R B SR AOAT R ARSI, AR SCR A = Fh S35 73 Jhll
TS AR LV A B A AL T i B O AR e, IR T AR
CRS ZZuin#ik g AR =R ANHEK SR . AU H AL T A SR AL £ — A
EEARNEIE, AP B 1] R SR AR 7R KCSHE I, AN R A
MAZHFE. BILRH ALK 6-2.

Fo142 W



FIRASE R A A RS FoNE EM AR SRR R R R R

k 6-2 KB IR ERSHK
Table.6-2 Soil parameters in the modeling of HKMD

v A K €0 M POP wi (%) X0 ¢ &
0.2 0.233 0.033 1.877 1.22 80 60 5.45 11 0.3
(1) CRS 24 m#ER AL

#* 6-3 %I 7 CRS I ML AR, IR 1 5 ANnEbh B, R RS H
T BB BRI BGE AR L DR (A& B B R AR A o ARALSR T PRI 2NN 2, Casel
LB T Case2 1204, K 6-5 AP Fl Case B M AIHL4E H . MKl 6-5a (Casel) #f
DIEH, EPEESEMNEN T, SFEEMES R, 5R06E R ARIF
(RIW)& 1 . T M Case2 HIFTXT R ()& 6-5b Fa] LLAE HY, =R LA ILE I IEM B
SEILAH R, 0 AE A I O B A O . SR ENE R A IR KRB ZE N,
EVP-Stolle 1 EVP-Desai HiL &4 Rk % . K& EVP-Katona Hik K0 & 45 Rt
A /DVERIIEE, SR IR 3, EVP-Katona S0 B A 54T (04 Rt Ak $iok .

% 6-3 KIGAE L CRS Ao ik At & 4514
Table. 6-3 Strain-rate and time step in the simuation of CRS test

MR | A Cacel Cae?

s (miny | TEEE | i | IRy | RO

M HEE
0.2 1080 0.036 200 0.00018 100 0.00036

20 12 0.04 200 0.0002 100 0.0004

2 120 0.04 200 0.0002 100 0.0004

20 12 0.04 200 0.0002 100 0.0004
0.2 1200 0.04 2000 0.00002 1000 0.00004
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2 ------ Staged CRS experiment 2 ---©--- Staged CRS experiment
e Simulation EVP-Katona e Simulation EVP-Katona
=« = Simulation EVP-Stolle =« = Simulation EVP-Stolle
------ Simulation EVP-Desai +«++«+ Simulation EVP-Desai
18 1.8 |
"‘2 20%/ h 20%/h
k=) kel
g g
) 1.6 o 1.6
o o
= 20%/h > 20%/h
14 | 1.4 F T
0.2%/h &
Casel Case2
1.2 11l PR 1.2 1 1 1111l 1111
10 100 1000 10 100 1000
(@ Vertical stress (kPa) (b) Vertical stress (kPa)

B 6-5 =ANF kAR AF #4LL CRS % Zw# X attb: (a) Casel; (b) Case2
Fig.6-5 Comparison of three algorithms in the simulation of multistage CRS tests on HKMD: (a) Casel;
(b) Case2

(2) Z8AHK AR

# 6-4 B TS F =M SRR = A HE KRS I P T 5 SR B iU R
1%/h, {H2 R AR5, Casel Fl Case2 [ 3254 5 43 7124 0.000025 Al 0.00001.
& 6-6 Oy = A ELIERAL, Casel B ELAE IR, &l a A1 b 730 73 AN HEZK 356 1 72 A #4182 7
AR R RN RAR AR I B . FTLAE H, BB BRI, =B sl )
SERABKNZESR . B 6-7 N=FhEIEEH Case2 KX LU R, KIREW, HMNAL
KA, =P BRI S5 R P AR . ] 6-8 Jv EVP-Katona 5544 Casel
I Case2 J7RINLER, 455K W], Casel Al Case2 ML LA X0
EVP-Katona HIEEREUNNA L KT, WEitt B HBONERKIS R T EVP-Stolle
H EVP-Desai 5Lk # T SRR RLAR K 4 e ik 31 EVP-Katona S0 THR AR AE . M
1M, =5 ANHE AR I AN 25 o0 e B 356 W] EVP-Katona SR ZEA0 T 7 Ah A AR

& 6-4 =5 RHKRIAR T &
Table. 6-4 Simuation of triaxial undrained test

Ik | A Cosel Case?
IR Z R
i [ BN || Bk
(wh) | 07 I 17 3
W& W
1 20 0.2 | 8000 | 0.000025 | 20000 | 0.00001
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N

50 50
— EV/P-Katona
RSN EVP-Stolle -
401 01 EVP-Desai :
= =
[a [a
g =S
2 30 @2 30
g 8
> @
L ©
S 20 - S 20 -
= >
[<5 [<)
ol a il
10 - 10 -
-\
)
0 . . . 0 . —
0 0.05 0.1 0.15 0.2 0 20 40 60
(@) Axial strain (b) Effective mean stress (kPa)

B 6-6 A FEM s I HER K3tk (Casel) (@) RA-BREXFR; (b) &%z
Fig.6-6 Comparison of three algorithms in the simulation of triaxial undrained test (Casel): (a)
stress-strain relation; (b) stress path

50 50
Case2 —— EVP-Katona
EVP-Stolle
40 - 40 - ) 3
R e N Rt EVP-Desai 2
g 30 A 3 30 A
3 3 ]
2 2 3
S 20 220 - ]
2 2 ]
a) g g
10 - 10 A \
E
4
4
0 . . . 0 . —
0 0.05 0.1 0.15 0.2 0 20 40 60
() Axial strain (b) Effective mean stress (kPa)

B 6-7 AN A = s T HE Rk (Case2) (@) RA-REXF; (b) &%z
Fig.6-7 Comparison of three algorithms in the simulation of triaxial undrained test (Case2): (a)
stress-strain relation; (b) stress path
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50 50
Simulation EVP-Katona CSL

40 40
5 =
[a [a o
3 3 :
ﬁ 30 A g 30 A
£ 3 ]
Q 2 K
S 20 1 £20 1
3 3 !
a a :

10 1 10 - \

0 T T T 0 T T

0 0.05 0.1 0.15 0.2 0 20 40 60

(a) Axial strain (b) Effective mean stress (kPa)

B 6-8 EVP-Katona §-ik#4% 4k Casel #= Case2: (a) mA-REXFZ; (b) &) %7
Fig.6-8 Simulation of Casel and Case 2 with EVP-Katona: (a) stress-strain relation; (b) stress path

6.6 BRITIHE Abaqus ZX A%
6.6.1 ABAQUS k& &i /v

VERIBH R BA IR CHET, Abaqus 724 L TP EAT ZHRAH. HEZEH
P LML . Abaqus/Standard i F 4> HT A BT Abaqus/Explicit 27~ 73 H AR
e Rk, Abaqus 7575 - TFE A I EUE 73BT A DL R A

(1) B Ref8 ST ARTAR I AR, B /R EARASEAY . Druker-Prager
B, BRSNS, W] DU BRI 43 B ) AR R Ao

(2) AR = AN AR, G+ 72\ A AR 8 B 5 AR R
THMNIT, T Abaqus FEEFLERIT, W LABEAT WA 15 SRR 1 A2 DL [
gharHt, DR Abaqus REGSH 2 A RN 1T

(3) Abaqus H AT ITASEINRE FIALER B 0 Ft . Beami 26 ERIIRE 70, AT LURS I )
B DL S 47238 B30 S 2% A R

(4) Abaqus & [ H4L T HILE N PR 428 Geostatics, @it ik /3 #r 2 7] LAR
TG HERf L ST ARG N IRAS

(5) Abaqus #2487 I RO, 3 HEA RIGRIFFEE, w7 LU R A
I RR T 3 O A AR bR AL 2 AT AR T SR B R 2 R () D RE DA 2 AN R Bl P R
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T HARRIR N R R B AR SR IS A& = %, T Abaqus
RO AR % AR IR YE . TRk Abaqus AR RIS, AT R T ot
(P AR LR 1 S R SRR . Abaqus B K H Fortran 1B S #: 0720, AR PR TFE
(K P FRE P32, Umat (42#% 4 User-defined Material Mechanical Behavior) #
Abaqus $Et45 FH 7 it 4T Abaqus/standard A48} AK R IT R B—AH P PR,
i Bz O] DLSEIATRL B 2 AN ) SRR AR, F15E FAE 5 - TR o A

6.6.2 #/E Umat FIEF

(1) Umat FFRHAFEHE
Umat /2K Fortran 5 5 9w, 752231 K Umat is47 44011 Fortran PRE4,
AR, MEPABEIA TR 2L Abaqus H B ISCRE. ASCHT S I Abaqus hiRAH 6.10(x64),
Fortran 3435}y Microsoft Visual Studio 2008+ Inter Visual Fortran11.1 . % %% 411X &6 Umat
TE R 24 BB A FE A DS ) W B, 18 F Abaqus B 7 () Veerification D BEEAT M .
MR 5 Ui B TR HLE A 7 Abaqus T —IRIF K IIsAT P&, AT LAJFEE Umat
TR 5 MIEAT .
(2) Umat Rt
Umat 57 1 Dl e 2 AR A5 N\ B R AR 3 & 1 55 8 38 & 01 [F) 20 4 HOIRAS AR &
CAnA 3D, 58 L Ay B8 7 Y ] I 25 HEOHE 5 EEAE % Ao/ 0Ae  (DDSDDED. Umat
€ MR Z A ) RE, ALE:
® T HT Abaqus/Standard HEATI Sy o b, RLAEER B oM. B
ST TUARB RN JIREG o A S5 1l
o FUHTHERAMBEHEBENRIT, Wiy HRseErT (1~3 Mg H
HED. B2t (4~6 M MEEzhH B MERE o on (aFEL
JEAEN 8 NE D 45,
® T LI Abaqus e M RMEE—RA R, WBIE R HE%.
(3) Umat FREFK—BA%K
HH T Abaqus 5 Umat Z [AJFA7E R T AR . RS & 1Y 80 SR 50808 1) =S 6,
UEAZE Umat 187 BITFAR AL & Je e SO &, HRAREDERRE R, Bigh:

SUBROUTINE UMAT(STRESS,STATEV,DDSDDE,SSE,SPD, SCD,
1 RPL,DDSDDT,DRPLDE,DRPLDT,
2 STRAN,DSTRAN,TIME,DTIME,TEMP,DTEMP, PREDEF,DPRED, CMNAME,
3 NDI,NSHR,NTENS,NSTATV, PROPS,NPROPS, COORDS,DROT, PNEWDT,
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4 CELENT,DFGRDO,DFGRD1,NOEL,NPT,LAYER,KSPT,KSTEP, KINC)
INCLUDE 'ABA_PARAM.INC'

CHARACTER*80 CMNAME

DIMENSION STRESS(6),STATEV(NSTATV),

1 DDSDDE(NTENS,NTENS),

2 DDSDDT(NTENS) ,DRPLDE(NTENS),

3 STRAN(NTENS) ,DSTRAN(NTENS) ,TIME(2),PREDEF(1),DPRED(1),

4 PROPS(NPROPS),COORDS(3),DROT(3,3),DFGRDO(3,3) ,DFGRD1(3, 3)

fCAG & X DDSDE, STRESS, STATEV ZE#(2H 1M H50EF/FH 4
RETURN
END

(4) Umat N EFH KT E

ik Umat H F BB E UAERIA, BV —L Abaqus A< P8 e &
BT X B3 EAGA A SO 1 Umat JT & R b =™ 55 22 ) 0 20 58 i i AR i,

EATTRM AR IR R e BB ER 4
® DDSDDE: HEwgtbHiFE oA/ 0Ae » i SUAET-Hf 52 n) @ 1 =R Aok B DA R vt
e, FER M, DDSDDE H 2820 ja] B (s ok BE, 1 A it
A R AR . AR IBYERIA ) — X &+ DDSDDE %51 6-4

PHRERE, Bl

DDSDDE = (D + At9(0¢ /067)) (6-57)

® STRESS: MiJjsk&E, £ MEEDN, H Abaqus FIAYILEE, Umat fith
(B 18 B A 45 PR B3 3 (KM o 2 TR ) RO 75 B R R AR ) i b
71, A FIREE T A AL S Umate A SCHAREYEMERLRY () — T &,
N 15K BRI ot oAl N, AR5 BT 6-4 Frniit AR TS L N /1 & d o,
M o+d R A B8 73t (Y 5K £

® STATEV: RffidfErh F ZMRIEM MRS TR S48 NS HEL
HEHESAMBERACH S . AR CHFEWRAE Rkt "B T
10 ANIRAA R, A3 5HA &0 B LIS o oy s oy Az Ox
Mao; BEAWRRST pmi; ity FLELE e.

6.6.3 Umat FIEFRYER

8 HT B 22 SCMPRHNS , 75 26 38 15 € 1B A2 R 1L Abaqus TR FRITE Z A0 £ AT
It HREWXS SHGHATIE, 3050 B9 44 Umat 8% Fr B4 A A 05 9k -
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(1) i Abaqus 18 H & XK

7t Property Bt i B RIS, KIXIAT [Material] [Create], X} <5 H
Wl 6-9 Fr i Edit Material XFiEHE, FH A AT DAFEIX B FEA R DL S W E A B2
Ho MAFA ST A & XA, #1447 [ General 1 [ User Material ] 774, IS #E Material
Behaviors X513 User Material, FKHIZEHE X R, MEHIZSEAE Data XIEH
[ Mechanical Constants] FHHiA, BALFIEHE<—kE AN Umat 725 H 1 Props
e, THANSERIAEEI A NProps. A HE XM I ASHCON 114, Hbd
& TR IR SR, S5, TS A, HTARSCH & A
KR AR BRI ENTEI,  HESE LUAR R XFR I, BT DA TR ZE4)3% Use unsymmetric
material stiffness matrix. #4T [General] [Depvar] 74, LLE]7E Material Behaviors
X H I Depvar, FHEMEMRERE, HI2H EIR STATEV $d . AR CH E A
PPRAER 8N 10 A4S, KL/E N HIPHEN B E A 10, 7E Abaqus 1 NSTATV X RORZS
RN WM TR EIL SR — SR 25, L% B aiE 12E 24, AR LA

BT HNARBRAERE, K69l TRE TBERISH.

Genera | Mechanical Thermal Other General Mechanical Thermal Other Delete

User Material Depvar

User material type: Mechanical B Number of solution-dependent

g 10
state variables:

[7] Use unsymmetric material stiffness matrix
Data Variable number controlling oF

5 N element deletion (Abaqus/Explicit only):

{ Mechanical
gRConstantey

K 6-9 7 Abaqus/CAE # ik & A & U #
Fig.6-9 Setting of Umat in Abaqus/CAE
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(2) @it inp & AR
7£ Abaqus/CAE "% B 1 H & XM R & A&7 inp BIiE, X Abaqus &
BrA P, BEEAE inp Rk E HE MBS 2 BASR R JE . XNTE 6-9 Fr
ANEE, RTEEL inp ST RS XA R 5iE A
*User Material, Type=Mechanical, constants=11
0.3, 0.01, 0.18, 1.57, 1.7, 50., 1
5., 0.2, -100.
*Depvar
10,

*Permeability, specific=10.
0.000737129, 1.

(3) A Umat 727
FIRRE TREFMEISE, SRS TREF R E, Abaqus i EEEERIAMIIT K
() Fortran #£/7, 75 2280 FH LU B A 7 20
® (ETAENBEN, WE RS, WHRFM, MEELIEMET Job 5,
FHLAE Job AEHL R, [Edit] %FMf#) Job, 7E User subroutine file fi7 Bik#H

5 X Fortran F£ Umat.for. 582 Ja, BIALA$AT J5 2R Data Check LA J%Z
Submit.

. 3.5

Name: Murro-anis3mcc
Model: murro_anis3mcc
Analysis product: Abaqus/Standard
Description:
Submission‘} General | Memory [ parallelization l’ Precision |
Preprocessor Printout
| Print an echo of the input data
[7] Print contact constraint data
[T Print model definition data

[C] Print history data

Scratch directory:
User subroutine file:

Umat.folI

oK Cancel

B 6-10 Umat T42 578 F)
Fig.6-10 Call Umat subroutine file

® ki, AT RN, Ui AR, #E Umat 7P A (i
Kl 6-10), SR M AE TR B AT, 7] UASR A AE CAE HH3E5E inp, T2 /£ Abaqus

St
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Command k47, X B H—MASEH T2 AA K Command #4]:
abaqus job=*.inp cpus=N user=Umat.for, 1 F F{II % 75 ZE40 Umat.for 727
5 inp SXACE TR — ANk
I, ARSOT I B AR M AL 1 3R 20 B I AR AU AE. Abaqus H R A FH 1]
R ARG T SCH R FH 2 RS SR B TE A TR 7 £E Abaqus H TR 1) & BRIV AN 24,
I T BR SR IR S AR T 18] JURE 7

6.7 ERAIIEUE

6.7.1 EMELAW

SR FH S0k (1) AR 22 At 5t 3 R ME B RSN, | b B I L R 45 K0, AR
AU R

(1) BEENA

® PRI g 4y IR = 4 [ 25 e I I T RS N EAR 61.8 mm,
= EEN 20 mme A SCREHDR A SR AH RS B, A RST o0 #fr, 15 R
N 1446, HIGHCH 1090, HIGKRALN C3D8P. HIAAFLBRKIE /1%, MFIfE
4H2%H 100 %.

® UM RWIIR A WA BT R N IE AL S AR A 1 AR )
PR e ;s JRHER T AU A R [ e, He T s m AR A SZ IR ) AT b
F AT 2, R B E 5 R I AR R ) 20 A v RS AN TE, AT B WA
WIGE N -4, 1 A8 I AT AG B ) i 4 53 BC A BT R I A6 N )T 5
kPa.

® ikt ENTHLE L A%, ECP N 125 kPa, 25 kPa, 50 kPa,
100 kPa, 200 kPa, 400 kPa, 800 kPa F11 1600 kPa. 2 fif #FF 420 8] R 1
Ko

o HiASHL X THBAN, AFEFBRBLRGHIEMHERNSE, XTHREE P
= &= & =00 N—4E B 55 R0 0 = HlIe i e 7T IR Z R S8 WK 6-5.
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b)———D=61.8mm—+
C3D8P

Element: 1090 Node:1146
B 6-11 —%4 B4Rt AR
Fig.6-11 Numerical model of 1D consolidation test
% 6-5 Lisgt A
Table.6-5 Values of parameters of consolidation model for the test on Shanghai clay

v 2 K eo M Wi kv/m/h Ck O
0.3 0.133 0.021 1.06 1.1 425 3.2x10° 0.4 50
(2) GRaHr

P 6-12 5xiF bt 17 00 ] 245 X6 L Bt L - ) b 2 RO RADL A B 45 R, PR qbL 45
W AR R TR T A, FLRE ELad a1y o 5 1) N AR AT AR AL R L 5/ 21 T DA
RS RAR I SR I 85 R Y5, AITUERT T AR 3 NIRRT

11 o Reconstituted Shanghaiclay < Experiment
—— Simulation

O SOOGHR> 12 5 kPa

1 X XXX XXX KRR 00> 25 kPa

SO0 50 kPa
60— T O o———000o® 100 kPa
. T T IR0 200 kPa

o _W
0.6 3 So0008%> 800 kPa

0.5 A OS0%e> 1600 kPa

\Void ratio

0.4 T T T T 1
0.1 1 10 100 1000 10000

Time (min)
B 6-12 ¥ # Shanghai 4+ % LB £5 X 12 4E 5
Fig.6-12 Test simulation for conventional oedometer test on reconstituted Shanghai clay
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6.7.2 —4t CRS i{i&

(1) Bstiscan &+
Leroueil 25:081%f Bstiscan &i-3H47 7 2 /MIN#GE R N CRS W56, In#u# M
1.7X10° st 2] 4x10° st AGE . LARRIVIERIESUA: F7KEE w =80 %, IR wi=43 %,
IR we=21%, HAIEEy=17.5kN/m3, ZLHI46 % W8 /108 65 kPa, 5T AT
N Yo RS R ] 5 e A [ R A DL R ok, i 6-11 . 1462
LK 6-6, BARKIS e il #2018 6-13 B GRIG 45 R, [FIFREH,
B R BE IS /L, BORRT 4 R A DV 22, (B A S AR AT LR
TF IR RS 1 CRS IR N /I A A S . Lhhn, B S g A4 T adcis 4 R,
L A PR PR o s 5 0o 2 5 0 v ) S S T 45 s g AR M v 2 g e e S 3 45 T 7 )
TARGER T AR PRIE IR .
% 6-6 Bastican 45+ £ %
Table.6-6 Values of parameters of consolidation model for the test on Batiscan clay

v A K €0 M Wi o, kPa 70 & &
0.3 0.41 0.037 1.92 0.98 43 65 15 10 0.3
01 CoEges
Strain rate
01.43e-5/s
0.05 ©2.13e-6/s
A1.07e-7/s
0.1 4 —— Simulation
=
@ 0.15 -
b7y
0.2 -
Bastican clay
0.25 T T T T |
50 100 150 200 250 300

Stress (kPa)
K 6-13 Bastican %5 £ CRS X J& 4 il
Fig.6-13 Test simulations for CRS oedometer tests on Bastican clay
(2) biEgt

MR AT SR, R oS, =05, 556, R4 N(6-22)F1(6-23) 13
BRI S HEM & 739 9 A10.2, 0 B3R 6-5 F i) Rl R LAY S 4, SRR
LB AR B T LR L CRS IR . K 6-14 24 i Fi 1 CRS WIG MBI 45 R,
SERRN, ASCRARAR R AT DR G MRS e R0 1 B i 2 SN 1
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1.2 -
<©0.3 %/h
01.0 %/h
1 4 A 2.0 %/h
— Simulation
e N
[
S 0.8
S
0.6
04 T T L T T LN B e |
10 100 1000
Stress (kPa)

B 6-14 L%+ CRS KXIAHE 4
Fig.6-14 Simulations for CRS oedometer tests on Shanghai clay

6.7.3 =4 HEKIAE

(1) Kawasaki &+

Nakase 1 Kameil**81%} Kawasaki % 81T 7 % 483 % M 0.7 ~ 0.007 %/min ] CSR
HIAHEKEIYASS . B L ERRRE Y R wi=55.3 %, IR we=25.9 %, LLE
Gs=2.69, FRLEN 22.3%. LAEAE Ko 251 T EI 4521 392 kPa, 4R J5 T4k = fill 4
A AHEK BT Y] o

DN, IR ZG 1) CRS AHEKSEME, @57 T K 6-15 FoRfih AR BAR
ARSI R S IREE, =N 80 mm, A E4E 39.1 mm. AT HL 250 4N, 554K
396 1, [FIFERH C3D8P fLILH I, it Bt e B a A s, L&
TR AR . AR [EEARIG T R, EFEE SR B (RS A [ 45 B i)
8 1D, 5Lt 10 kPa [ KA, SRIGPI RIS, 78 Ko Z504 T [E 45
WFER 392 kPa, B J5 e M4 B 45 5 Ko [ 45 56 BUG FF U6 R 48 A K85 1) . Kamei
1 Sakajol™®lT4s T Kawasaki & 1014, &, eofH. MR4E =HliI6 45 £15 5] Mc= 1.64.
5 18 B I Y LI R VIR IR A R, W€ o = 0. FTASEGIER 6-7. A
BRI, BT Kawasaki 26+ B+ H 2T RAHKRE:, R RS Fif,
KA F AR EARL R AR WSS AR ANICREEP 13 2 (150 25 R A0 A .

RIS 5 S FIAR Y U 25 SRS B o AR SO RY ] DR B BB =l R 4R . SR
MM, W TR, R - R 26 F0G N I BE AR &, A SO A B 385K
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PR, IX G A AR ) 2 B AR AL B SO A AR OG0, A ikl XA
Wi A SRR 5 N A I A

£ 39.1mm 1

C3D8P

Element:
810
Node:
1056

B 6-15 =40 3 X3 it A4
Fig.6- 15 Numerical model of triaxial sheat test

% 6-7 Kawasaki 45 £ & £
Table.6-7 Values of parameters of consolidation model for the test on Kawasaki clay

v A K €o M WL o, KPa
0.2 0.16 0.021 1.07 1.64 55.3 10
400
00.7%/min
300 A
<©0.07%/min
200 1 A 0.007%/min
— Simulation
‘< 100 A
o
=
o 01
-100 - 9
8 o0 < 8% 8
-200 A
m]
'300 T T T
-0.3 -0.2 -0.1 0 0.1 0.2
@ Axial strain, g,
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400
00.7%/min
300 ©0.07%/min
200 A 20.007%/min
——Simulation

—~ 100 -
©
<
= 0
o

-100 A

-200 A qu

-300 T T T T

0 100 200 300 400 500

(b) p’ (kPa)

K 6-16 ¥ # Kawasak 6 £ RHEK =4 CRS X IatEii: (a) RAREXZ; (b) ARKE ) HE
Fig.6-16 Test simulations for CRS undrained triaxial tests on reconstitutd Kawasaki clay: (a)
stress-strain; (b) effective stress path

(2) LiEF+

K FMR T —4E CRS RIS AT IS4, LLKIE 6-15 Ars i) —Hhii sy, Al
T R A R RN HEK R 4 A AR . B 6-17 X LU 1 SRR R 8
BRFEILBRKE SR R RERW, ASCE R AT DUR GF M0l & B AR G &R
177 A FLBS /K S g (0 F3000 5 s B #230

(2]
D

<
Experiment 3 5 20%0M
----- Simulation g 40
%
L
S 20 +
@©
> i
[<5) ]
a .
T T AV} T T
-15 ;10 -5 /[0 5 10 15
/ Axial strain (%)
- 0,
N 0.2%/h LA
-2%/h == 40 A
’ Zo%h 0
(a)
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[«2]
D

Experiment §
----- Simulation £ 40
g
o
g s ?0% /h . ( 2%/h
[ [z
D A
15 A1 - v 5 10 15
------ PO -2% Axial strain (%
2% 0.2%/M 0 -20 - 7
-40 -
(b)
66

B 6-17 LiEf X RHK =4 E 25 fe i KX AR (@) RAREXF; (b) JLEEEALE
Fig.6-17 Simulations for CRS undrained triaxial tests on Shanghai clay: (a) stress strain relationship; (b)
evolution of excess pore pressure

6.8 TIER M

Murro 130 32 2 T 45 VERRERS B T3 FUR IR, — s % %
PEREAT I 7198 1200, S SR ANE F T S IR AR B R A R S AR Y, 4 L BRI 45 1
W, RS 1 BB NI T A i S ) e DA R U [ (R 5 A5R o AR B, SR Y
REZHFE CnytRE. KT AR BLBEK IS 77D #RAT AR 5. RAE Ik, B
BRI R Y], AR AR 2 kiR A R P RO B S I 22T N

6.8.1 Murro IR Ti245M

(1) BFR
Murro 1058 #6552 T 1993 F & T- 25 22 PR 1 Seindjoki LT, TR -2 )5 23
m, IR E S TR L, H B R TR e s . B E T I — 2 UK
Fo JiPTRT 7R B iZ M X L2 M LU i, B A SR ) I e (] 5 4 R 45
Mo RICER ST bR 70 P35 - 37.5 m.
(2) IS5l
Murro 532 = 2 m, 1 30 m. BESRIIHTE 10 m, HEE N 1:2 (A0 6-18).
PESEMBLZRIZ N 0~ 65 mm (A (BaBERMRE ). BRI T NP, BHR
FHIRIFERIES ] . Murro 058 2% 32 (1l &A% SR B TR AR (S1 ~ ST, WlAMY (11,
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12), KA (E) FIZAFLEALEAL (UL ~ U10). BRIZI 1993 SETFHA I, frilk
—IRAAE 2007 . [ 6-18 45 tH AL IR B0 AT, EFITH b, LIRSS E P ERRIE T
O R 10 myEREIN, JURFMR S2, S5, S7 AEBSSRH O ZRIIIE T, Hw M FRAR Xt
PR A ERRIT T o B ACnT DA 1.0 ~ 8.4 m R E I PTRFE .

]
1
— S5 I
2m ‘ |1 m —
us i us uv sm
U1 + 1. U+3
U4 1-5m
A —{o5m tut + [ 1 — 12 A
—————————— - - ————————.——-—-—-—-—-—-—.————————
_’ss Sw‘_sz.’“"’sa sa 9
5m
— ‘ e -
— ‘ I
S . ST I
1
1
)
10m
I
) | @ 11 12
1
2m /17/86 s1 S21(S5,87) 83 s4
P U U -
2m E 3.5 m
—+— st U3
S: settlement plates L + —
I: inclinometers 55m . u4 2m
U: pore pressure probes us l »
E: extensometers 15m & + ‘+U5 65 m
K T
Gm Pt 1 A-A
U1 i 8m —
-— t+ us
4+ —

(b)
B 6-18 Murro 32 3% 40 5 W 4. (2) -Fa; (b) #@
Fig.6-18 Murro test embankment with details of instrumentation: (a) plan and (b) cross section

(3) AL
Karstunen 258125 T VEZHIY) Murro B3R IIAZEE LI B . B ENEH 2 ~
3WH LT A TR, RS /KELE 65 %A 100 %2 [A484k, REUE (S» N T 2
14 28], NSRS, 23 m ERE L Z T LUHBS R N )ZE: 1.6 m B
STV R E R R R T IR B4R . NERE LERT L4 N 5
MEJZ . BRKEREENTIRE 1.6 ~6.7m Z[a], HF/KAATH T 0.8 m 4b., 3 6-8
NEE ST Murro 2 38 PB4 T 31
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% 6-8 Murro s £ 432 1 R -F 3944
Table.6-8 Average values for physical properties of Murro clay

HEE Im w/ % Ip 7/ KN/m3 €o St
0.0-1.6 56.8 38 16.1 1.57 3.5
1.6-3.0 64.1 48 15.7 1.81 7
3.0-6.7 91.6 66 14.4 2.45 7
6.7-10.0 79.5 51 15.2 2.16 7

10.0-15.0 67.6 49 15.7 1.76 5

15.0-23.0 58.3 31 16.2 1.53 7

6.8.2 IERHINAE

SRS SE I ARYE, ASCEE T HIX I CPHERBAR AR M FR 5L )
AhKFJT R 36 m, B 23 m, Gnl 6-19 Fras. AR i St BRI T
¥, 1R RGIKERR RPN ARRuMEEA 1536 4~ 8 17 i) C3D8P
FIuAT 144 /> 8 15 fi ) C3D8R BT, A 4562 A1 . 552, 0 C3D8P H
TCIM RS 1y C3D8R BA T, ] S Aty T AR 2 o 9 1 B8 IR - A AR 2R ) She 3R 1% 32
WA RN S RAEAT N MRS Karstunen 2R3, HU IGI & E = 40000 KN/m?,
AL =0.35, IRFVIRSEE M @=40 BIKASET 05 H/Zy=19.6 kN/m?, AT
BRSO B 47, BURE SR 7 ¢ = 2 KN/m3. BRIRAE P R IR ] N i T 58 e . 3% 6-9
I T BRSER R SR, AR SO SRR N, Hoh S Boa i w R
SERIGA =R A , SEITEAIE AR, L SCERE,

5m 4m

e

S I: Water table
N =2

& 6-19 Murro 432 A (R TAE A
Fig.6-19 Finite element model for Murro test embankment
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% 6-9 Murro 7432 5 £ 6942 A A
Table.6-9 Values of parameters of enhanced EVP model for Murro foundation clays

?ST%FE/m M. Ko K Ai v wL/%
0.0-1.6 1.7 1.25 0.01 0.18 0.3 45
1.6-3.0 1.7 0.34 0.024 0.18 0.3 60
3.0-6.7 1.65 0.35 0.041 0.25 0.3 70
6.7-10.0 1.5 04 0.024 0.21 0.3 90
10.0-15.0 1.45 0.42 0.024 0.21 0.3 60
15.0-23.0 14 0.43 0.02 0.15 0.3 60
REEIm POP/kPa 20 £ & k/m/h Ck v
0.0-1.6 100 25 5 0.2 6.5x<104 0.43 0.0087
1.6-3.0 22 6 12 0.2 2.0<10° 0.65 0.0097
3.0-6.7 22 6 9 0.2 1.6x<10° 0.69 0.0121
6.7-10.0 22 6 10 0.2 1.0x<10° 0.49 0.011
10.0-15.0 35 4 0.2 5.4x10° 0.44 0.0095
15.0-23.0 40 6 8 0.2 2.2x10 0.45 0.0086

6.8.3 ZER%IEL

RNV AR LR IRAR 52, Af A S o R MR AR AR (FH EVP-Nonlinear
™) B Murro B 5K IRAR AR A [R5 {3 PSR ANICREEP X Eb 7 R 45 R,
A ANICREEP A H [l 25 REUILER 6-9 ) —51. T AT xs b 1 /MR
[TEVEE

(1) BmEyikE

€1 6-20a %} b T Murro #3722 A R B AT AR S1-S7 8 a7t B Sl 5 Tt 45
Fo LA H, #iA ANICREEP FHct () EVP-Nonlinear #SHE LT M T 4% 32 S il
ARV . R T GRS TS LT 5eh 20 . R T
457K 2000 KLAJG, ZEHIJFEEFL. EVP-Nonlinear #57 fy F5i v F4 2 B I 6] & f& 58
NSRS R I (A1 B2 4000 R A4, R IR WA i 23 A 2 S At A ot
Bede e, A SCEUEARL I BIA R 7 5 5 R RN EARFRE, B 6-20b Byl
FE [ 59T BRI BERR MR, i AE B LB /K T BIUG DR FE i % RSB O s 3 T
- 5E A [ S5 45 R TR B KL 50 4F . [l g4 R ek S B, TELEPY B, EVP-
Nonlinear 5 71 F5i () 10 P48 % JE 8 T ANICREEP f%74, B[l EVP-Nonlinear 17 [k
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Entis 5 SN L e A0S

FoNE EM AR SRR R R R R

HECES /N R S e SR g @ SE T U ETE AR o R AN E S
K 6-21 JiE7s 1 SR It 45 AN AN i [ 5 R i R TR . MR AL AR AR 47

Mt IR 1 [8] 2 TRE rP IAS ) H R  F A

» HlG SR 5bRTTEES 8. FEU

IR, BRSE P II L R TR ZE A A R RO 2, XA ZE A R AR A AR AR 000 A i
HZZEEN . HERIRRE LR B, K 6-21 FiW 22 il LR 2 .

0
4 S2: centre-line o S5: centre-line
o S7: centre-line m S1:2 m off
R A S3:2moff x S4:5m off
-0.2 0% + S6:5m off - - ANICREEP
——EVP-Nonlinear
£ 04
IS
(3]
€
KT}
£ -0.6
[«5]
wn
-0.8 -
(T d
'1 T T T 1
0 1000 2000 3000 4000
(@ Time (days)
0 -
0.4 - End of
Consolidation after
g about 50 years
v_08 4
=
[}
=
@
£ -1.2 . . Q
& & S2: centre-line 0 Sb5: centre-line AN
O S7: centre-line m S1:2 m off S
16 4 A S3:2moff x S4:5m off
T + S6:5 m off - —= ANICREEP
——EVP-Nonlinear
‘2 T Trororrrm T T rrrrom T Trorrrrm T T rrrrom "' Trrrrm
1 10 100 1000 10000 100000
(b) Time (days)

P 6-20 S1-S7 S H M) 5 7 ) 5T M 3 kb«

(a) eSS X ZA; (b) Ktk &

Fig.6-20 Comparison between the measured and predicted settlements of settlement plates S1-S7:
(a)Settlement versus time; (b) Settlement versus logarithm of time

St

CH]
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0.2 1

Imediately

210 days

756 days

1132 days
1966 days
3058 days

--- ANICREEP
—EVP-Nonlinear

O X X D> ¢ 0O

Vertical displacement (m)

_0.8 ! T T T T T T T T T T T T T T 1
0 5 10 15

Distance from centre-line (m)
B 6-21 52 5 Fam) & & it b
Fig.6-21 Comparison between the measured and predicted settlements for surface settlement

(2) KFPhke

6-22a A1 b o6 EE T OURFE 11 A0 12 CRARALE WA 6-18) Absei/K-FHr# 5 W
AR TR ZE R . A 6-22a HSIIME R LA, MUARLE 11 KA AR R N
B, SRIGREE R MR, AR SRR, 76 Tm IRALIEBIEME, K520k
FEAIS, HURIRIE 15m T AR KPR BN o PIANE RS TN ) L A de KK P2
SERIL, MIRAEMAR. 11 AT B A /KA RS, #RHE Karstunen ZEM20 1t 5,
XAEWETEXRMR R iEMh R LG, B 6-22b IRV 12 B, ARE&EK
I AR 2 B KK B BT AR 1) T 2R %, EVP-Nonlinear #EAUER4A H T HOR G
T LS R . TR R A, PSR E A O TR T AR A B AL A 0 1 7
¥, X ] e 5 5L br L AR AL BN TR AU SR FH B 0.3 B 72 /N AR B B L A4 I B2
BORAHIG, IR T L 2 1) TG .
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—0—
o i xp O
. ity
e
g 10 ~
N
§ Atll
Q 15 <& After construction
): O 207 days
& 754 days
X 1137 days
20 W + 2001 days
' ® 3201 days
=== ANICREEP
—EVP-Nonlinear
o] =
-50 0 50 100 150
(@) Displacement (mm)

[Ey
o

At 12

207 days

754 days

1137 days
2001 days

® 3201 days

-=-=- ANICREEP
—EVP-Nonlinear

Depth (m)

[N
S}
+ X & O

20 Y

-50 0 50 100 150
(b) Displacement (mm)
B 6-22 £ 5HMM KP4z F L (@) 11 4; (b) 12 &
Fig.6-22 Comparison between measured and predicted horizontal displacements: (a) at I1; (b) at 12

(3) BILBRAKES

K 6-23 45t 1 R SRS A 2 7 B ALEE FLRRBE T 7 BN TR R A T R . ALK
JESA P 3B U R WA T v WA Fe o U1 <0 B o A S B et oo A e N R RPN DY S W e G S
FroRE, DREA R 2R H B R SR IS AT R ML A - A Murro BB 45111
ATULVE H, E T ROEARRE RO T KSR AL, FrillfLE RS EE A L. K 6-23 [F]
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FEGS T PR £ F0 A0 S IR LB K s ) BRI AR I A o Ik A iR 23 A1 WL 1&] 6-18.
AIDLE H, MR IR FE 15m S BBl A AR LA M 000 et Ak () LB /K s 7 Tt A 5 S A
W& B HR o A AT LA . ANICREEP 1 EVP-Nonlinear i 8 £L B 7K 15 /7 () 50
AKX FERFNH LUK IE 71 £ T ARIBE RECFI 8O0/ MHE R

40

End of construction o & U2-20m
i m U3-35m

0 U4-55m
®© o ~-=ANICREEP
o580 %U —EVP-Nonlinear

w
o

20

10

Excess pore pressure ( kPa)

0 T t—T—T T T T T T TTTIT T T T T T T T T T T T TTTm
1 10 100 1000 10000 100000
(a) Time (days)
50 A U5-75m
. End of construction m U6-90m
40 _ o U7-120m
>, --- ANICREEP
” ""::::\ \,—EVP-Nonlinear

Excess pore pressure (kPa)

"1 o oo oo 100000
(b) Time (days)
B 6-23 il 5 A2 LR K E A k. (a) U2, U3 4= U4 &; (b) U5, U6 F= U7 &
Fig.6-23 Comparison between measuted and predicted excess pore pressures: (a) position of U2, U3
and U4; (b) position of U5, U6 and U7

6.9 AB/NGE

KB IALSE G PEAAE LR ML 3 N TR 2 MR ANICREEP m, 152 T
D RS SRR A (EVP-Nonlinear) . R 17 3 T 87 7 BE 18 i 33200 28 1k A5 AL 450925
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S sitE, 3T Abaqus PG IT K 7 BB Umat 7127, 4G = NIRRKAE T
Umat FHREFFIIIERYE, N BTN T Murro BSS2KIH J1 2245 15310 F 4%
i

(1) AR S E AR LN AR A O B 3R R B A R A S I I 2 8. % &
FIMBEZH G 1, So R TR S EUE RE .

(2) R T =AE - 3R 1) 3R AP AL 570 (EVP-Desai, EVP-Stolle
A EVP-Katona 53D FERAEL— 2 I 28d 2 106 A0 — il AN HE K 6 H 18 o A i
Yo MRS 25 0 f FE R VE, EVP-Katona 3 B4 5 MM -

(3) M ASLEGHE R AR A MRS 7 Umat TRF, KBl 72T
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