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Strain-rate dependent behaviors of K, consolidated clays

DAN Han-bo, WANG Li-zhong

(Institute of Geotechnical and Engineering, Zhejiang University, Hangzhou 310027, China)
Abstract: Based on the newly developed anisotropic elastic visco-plastic constitutive model for K, consolidated clays, the
expressions of preconsolidation pressure and undrained triaxial shear strength were presented, and their strain-rate dependencies
were investigated. The strain rate parameter of undrained shear strength was a constant which just depends on the ratio of the
consoliation coefficient to the secondary compression index, but the corresponding parameter of preconsolidation pressure was
dependent on this ratio as well as the compression parameter A . For most inorganic clays, the preconsolidation pressure and
undrained strength would increase by 8%~21.2% and 7.2%~12.2% respectively with a tenfold increase in the strain rate.
Considering the differences of strain rate between the laboratory test and the field condition, it is suggested that the measured

preconsolidation pressure and undrained strength should be modified before applied to the in-situ condition. As OCR increases,
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the increasing rate of the strength ratio with strain rate becomes faster.

Key words: clays; K consolidation; preconsolidation pressure; triaxial undrained shear strength; strain rate; anisotropy
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Fig. I Dynamic loading and reference surfaces
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Table 1 Comparison between preconsolidation pressures measured

in conventional and constant strain rate tests
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Boston blue #i - 10 CK4UC 0.022 0.164 0.0072  1.12 33.4 1348 — 0593 1-8  0.05-50 Sk 4

P “*" R FERZ f SER RS AT AL, v RGO 4 B SRR C./C=0.04 IEHETFSEAIE]: 10 55 1 Ko 4 SCHR[4] b Sk Fr S0 A B AR LA .

D EARRIFE T Ko 4555 0 =l AHE A S5 N AR % R
A AR AR R 4 RV 5 ST 45 Rtk b, V5
RN 2. 6 (a) AN =HiELE, B 6 (b) &M
=Hhdrf, P “Cc50” FaslE R 50 kPa [ =l
AtEHL, “E” AR, WU ISHE.

06
05—
0.4 /
* &
. 5 8
03[-¢ ° o caoo
o (150a
02 & CI50b
0.1 | TR
0.1 1 10 100
A R AR S (k)
(a) =HHESH (CK,UC)
05 > o
04 | o Bl
2 R
_ 031
¢ e
02
010 o -
0 | |
0.1 1 10 100
B RS (%)

(b) =4hrfih (CKUE)
E6 FEEAAGHEFLTHOKEENRESIHHERILE

Fig. 6 Calculated and measured normalized shear strengths versus
strain rates of natural Hong Kong marine clay
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Table 3 Summary of the strain-rate parameter of preconsolidation

pressure p,, for different soils

LA, Hrh p, 5 C, [C, MBE AR, i
p 5 C, JC A%, HY5HARMAIGESRA. 4
Ry G ERL OCR ¥ K. — M p, > p oy PIET
ZMRT A X FRhUR %+, C,/C,=0.03~

Aok LR AR pol% 0.05, A=0.6~0.9, i+ 5774 p, = 8%~21.2%, p=7.2%~
Leroueil %% (1985,96) Champlain %1 7~15 12.2%, SE0AT 22 Bt 4k %
Graham % (1983) Ottawa 3 I- 16 (2) o} - & RANBLFH W T IRK o, b
Belfast % 1: 20 &, B HUAR. 24 C, /C, R A ZE LRI iy I,
Winnipeg %i-+: 10 AT &, =036~1.44%/h [ 4 A8 R R %
Nash % (1992) Bothkennar £1.— 8-16.5 0,/ Gy =11~ 1.36, 5L ECRI L5 RHIFF . HiHH 24 h
Cheng 1 Yin(2005)  Aldrich Bay 8t 136 FEAFRI BT o) 5 S50 0T[5 380 S 53, (EL 3L
Tung Chung it 24~57.2 CRKHTG o, WG R A T S - F AL «
Tsing Yi &i 1- 386432 (3) 8, [oty Feik 30t = il Fe 4 R B b i o0 F

e R IR .

S, /ol Wi &, (7 (L BUHE S HERCLT S . 3

R4 FRFHLFRIREGEI M =S T HAKIN TR E M E RS M pAERKIT

Table 4 Summary of strain-rate parameter o of triaxial undrained shear strength for different soils and test types

A A I FE# B RN e ATt OCR & /(% +h")  p(K4i) o (Firfi)
Bjerrum %% (1958) Formebu i1 (N) CIUC 1.0 0.0036~10  ps=13%
Richardson and Whitman(1963) Z'I']'Z?IZ‘“‘I";E' IV ?rlalg CIUC 10 012460  pps=3.5%
Ladd % (1972) Atchafalaya % 1-(N) CIUC 1.0 0.5~60 P05=10%
Alberro Fll Santoyo (1973) Mexico i 1:(N) Cluc 1.0 0.045~94 Po.s=9%
Berre I Bjerrum (1973) Drammen 3 +(N) CAUC 1.0 0.0014~35 Ms=13%
Vaid il Campanella (1977) Haney £ 1-(N) CIUC 1.0 0.01~670 os=8%
Hight (1983) Lower i 1-(RS) CAUC 1.0 0.04, 15 DPons=9%
Graham “% (1983) Belfast 4fi 1:(N) CAUC 1.0 0.05~5.0 £0.1=9.3%
Graham %% (1983) Mastemvr % (N) CAUC. CAUE 1.0 0.003~04  9,,=94%  0y,=94%
Lefbvre Fil LeBoeuf (1987) Various i 1:(N) CIUC,CAUC 1.0 0.05-32 Ms~=10%
Kulhawy F1 Mayne (1990) Marine i 1= CIuC 1.0 2o.1=10%
Nakase I Kamei (1986) Kawasaki 1 CIUC, CIUE 1.0 Pos=9.0% Po.1=9.0%
Yin 5§ (2006) TR - (N CKoUC, CK,UE 1.0 0.2~20 P02=85%  pm2=121%
Bjerrum %% (1958) Formebu % 1-(N) CIuC 20 0.0036~10  pys=10%
Richardson I Whitman(1963) ETIIE:ZTZT Iv?l!g CIUC 16 0.12-60 Pos=6%
Berre Fl Bjerrum (1973) Drammen i 1:(N) CAUC 1.5 0.0014~35 Pos=13%
Hight (1983) Lower & 1-(RS) CAUC 4,7  0.04~470 Poas=6%
Sheahan %5 (1996) Boston blue % 1:(RS) CK,UC 1-8 0.05~50 P0s=9.0%
Zhu % (2000) kAN L (RS) CIUC, CIUE 1~8 0.15~15 Pis=55% 1 =8.4%

TE: LNAGREUR L, RS ACRIEN T,

2. CIUC, CIUE %5 1[4 45 A~ HE K s i R f 10

CAUC, CAUE {03 Ko B85 AR i i i il 4% .
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(DL, 5. Ko [ 45 40 1 14 AR 22 AW F 5T 725

RS T3 S, F T A R e b i, RS S, 3
TN AERIEIE, 12IERECH 0.82~0.89.

(4) & MFARS, 11k OCRBEK, Fifd s, ik,
& ARFINY, OCR MK, S, 5 &, ALk, ZH p th o
il S HE R M S e OCR A A i FE5 T4 A48 20 1) 51 o

(5) [[—¢&, &, LAER S R4 S o'
ARC, JCATH, 5 e KANTEK MTF—M K, 45
il ¢9'=20" ~30° , {EC,/C. HI AL,
17 Sye[Sue =0.45~0.6, SRIBLERIEALTG .
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