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Dynamic modulus degradation for soft saturated clay under coupling stress
paths of cyclic deviatoric stress and cyclic confining pressure
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Abstract: The dynamic modulus is always the most important parameter in soil dynamics, and the most popular equivalent
linear constitutive model in geotechnical engineering is just to quantitatively describe the dynamic modulus degradation. In the
previous researches on the dynamic modulus, the factors such as OCR, PI, soil fabric, saturation degree, stress history,
frequency and aging have been considered. However, because of some reasons, the stress path, especially the coupling stress
path of cyclic deviatoric stress and cyclic confining pressure, has rarely been studied. Considering the fact that the cyclic
confining pressure is ubiquitous in soil stress fields, the influences of the cyclic confining pressure on the dynamic modulus of
soft saturated clays are studied based on the step-by-step tests. The test results show that the confining pressure changes the
magnitudes of the dynamic modulus under certain dynamic strains, and the changing tendency and magnitudes are related to the
phase differences. The Hardin-Drnevich model is also proved not to fit the behavior of the dynamic modulus degradation, while
the Stokoe equation is more appropriate.
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Fig. 1 Effects of plasticity index on G/Gy,.x ~ y relationships

AHERIL, £E LIRS IR 2 A, I8 “ N
JIREAR” 3K AT BEAT PR 7 T S AT = QORI (328 110 BRI
FEBNBLE AT QU2 R IR, W AT

WA A IBN Y EE) A, LRAT A, XL
ek HRe N B — RN D, TESEIRAN AR A
PN ) B8 AT . AR N S2il i 2 D B e a5 5T 30
B [ SRR, R i TSR AR R 5 A, PRI AR
MEVEAT R LE oA @5 Ve 4. FLRR EL &S L AR 11 [l
AYEFUHLE, )R AR — PR 2R, “F” A
X LARIE) CARREEE” 77 AR5

HE, ORI LT i ke g 11"k
B N7 BR AT AR U R R AR ) - ARG R
()5 Wi AN R 20 o SX M ) N ) A4 p - q 2R T
T I g R L RIS AR AT PR N ) B8 A7 o AR IX N Y,
AN, BARAFAEN AN RN ARG Y ) o e, AH 2
FWABE I AR 5, ] DUEAT Y ) - ARG R
(1%t . Chol® 45, Finnol ' lid K2 hnaf 46 L i
JIFEAIRES , BT T AN RN ) B A% T 1 R ASE f 1) S 9k
FUHE, FRIEARFN AT, TCIe BB 4%y
EAEIL AR AR I T AR KRR EER AN ] kA
A522) gy A 2328 ik g 2 A5 S F K Toyoura
SR ARIS AR, i N ) R A0 S A AR 2
PR BY YA (1) 5% W0 BRI R BY Y g B g s ke
AE 2O o tof - A N g S ARR G 45 SR M, R Bk
WU AEAEN ) - ARG RGN, JHeh T %5
IS B T 5 TR P AS S 0 EAR Y ) - ARG R
eI J7VE: Lancellotta®, Lade®®, Fifias®lg
HH Y ) B AT I AN [R] o PR RA N AR — BY Y AR ARG -
(R LS, DT 32— 235 55 Wi ISR FR) i Jo T S R 8 T T o
AATTIAIE FON MU B BEARAEDNS TS 454K
FUBREC AR 2%, R — A “HME R, (H2A)
SRS AR R AT 5 o

500 I8 3 R LS ]IS AR A0 T J PR S N ) B AR 2R
Bk, AEER s N RGN s R 15 T R 3 25 Y. ) A%
BRI T — MEHE B & (H R AEAHK ST,
ATHR AT B hN AR 3[R, 1R %223 B dg P,
TE5 8 a0 R M AT 2 | EE M 3 Ny
BIEN S 5 W AT AN, (R A EAEER 1E Y. ) A7
23RO B AR IR A P L AL IR R R RN 55t
FEMIR/N, F8H T EER IE N ) 7 A48 etk
AT ZBREVE N . [, Brown 2£PY Nataatmadja
26351 zaman 2P, Chan 2687 Simonsen 2P 5T
Tk 72 P s . g 6 A2 SR - Ak [ e 1 g e, i
N 7 B AT ] SEUASE E FR) s i[RI A 23 R, A—A
1A 2 WA B s R A AN A2 g Rk v AN o] 2R ) AR
e

P TR, AT SCHREE LA I i S ) AR 24

A B IV B 278 55V R ARG 1 B S S YR A 1) 52
Wi, F4E Vucetic S5 IRIFFT AT UL G 1K 47



1220 a5 oE L OB ¥

2014 4F

FERAT DU G/Grnax — ¥ KAV ER . T
PRI ER AR e, R et 0 BT 3
i N 13 AR IA R R A5 B g A% MU A ) Sl Ao
TEPRFAE,  DASE N4 IR AR RIsh AR R R .
Ub, AT A s 3h =l e, 3TN 0301
BB, WFFT T IR X AT, 1 ) -
AR TE AR, I A R W] AR Y ) A A
s PR 15 AR O P I 503 T S A P el L, X
Pl 55 N AR R R A A R, JFEE T Stokoe 24
AT T 2% RGP Bl Hs S0 (10 VR RS 1 A R e A
(AL SIER

1 R E NI T4

ARG BT A 18 4 GDS A8 il I 5h — il R 4
LA BRSS9 Honp LR iy
FARRT 22 o Zh%E 7] I B ARl iR A Lt 0 Bl s )3
Tk 9 s Jit o o

T ARG = A LR, DR R AR UE ik
FEMR—PE . WG Lo, JF R X 3K
Fit, ERNRFERRX AL 5~7 m WbHAS, T4k
IR SNy % p Jy 1.60~1.63 glem®, L
Gy M 272, TIKFE w i 56%~62%, WL we K 76.5%,
IR wy A 41.2%, TBPEFRECPL Oy 353, FikiSEA
54.6%, AR EHR 92.4%.

I LFE IV ER N K IR o, R
HIAOKHIETRHR, e EIKERN 150%. R
FRBY [ 25O Je B AT [ 45, B IR FFLE 50 kPa,
W5 TR2 00 1 AN o Rl g5 L3, PIEGE 100
mm, Eff 50 mm ) FAEHIVE ZHARE . S ulren
=g b2 Ja, bl OB TR, e
BHIEH] 0.97 Z Ja AT N — 2 [ 455

2 AR

W 2 fis, STV G

G=tly , 3)

R, o VR B Y,y
I 45 720 A B R

RN HTTIRI T, AR R TR A
B I IO R BRI HEA TS . F A
OV, AEIBRAR RGN AR R, A2
B 1R, SRR 10 BRI S BT BRI 2
BOERRBIEE . RN JT, FTIFHEK R L
TR SE A0 B, SRIE MM T — ik,

7 T FR ) B AR T, A S 3
MEIRI A BRI GBI, 243
DB, RS 2 Bk T I SR 2t

R AR AL, L AR AL AR A 4 . DRI,
AT BRI R, AR EE SR I, - gondk
FA%CK 3, JEEUR 2 SR,

’ Ginax G=1ly

B2 ShiEERENX
Fig. 2 Definition of dynamic modulus
ARSI AE AR B 5 — il 26 T AR ST 2561 i
S EAE g™« B o™ UL P AR 2 6 .
15 p - q 7, HAHALZEO 4 0° Bl 180° I, [
NN — 4 HL, HERRE EATHRIEN
™™D CAEFRT 1 N A S G A S AP L
{E, P
77ampl _ pamp]/qamp] i (4)
20 g

EH %: pamp] — GI —
3

frzEh 00 mf, X (4) &H
"™ =1/3+0c™ /g™  (0=0") . (5
DRI AR AT 25 0 180° INF, =X (4) ARy
"™ =1/3-ci™/¢"™ (0=80°) . (6)

M (5. (6) AT%n, M HfEE AR, W)
PEAERERAEA 1/3, (HIZIEAN 05 AT A ) FNE
IR AN 2255 0° I, N TR RER T 05 24
IO 25T 180° , Hoi™ /g™ =1/3 I, N Jjkfe ke
B ST 180° HL.ot™ /g™ >1/3 i, N )i
EREEANT 0,

R4S, BRGNS, R
FEN 1A Rt — 8, X —ndk, JE T
SE TR At . T (L LA R ) B AR R P M, T8I
(5 5zl (6) THENEHH IR . AR ILEAT
T 9 ARE, For 6 4LIMWILAAT S 45 L K py oA 100
kPa, 3 2GR 45 & py ok 200 kPa, 1V J)i%
BRERIER 1/3, £1.5 K £2.0. HARKRE 5 a4
1 s, o W45 g gesich 19, f—90m)
PEE S IRAE TN 51 T 1 he

PRI S0 (™™ =1.5, 2.0; p,=100 kPa)
(IR ) = BFIa] . PR — B[] DL S IRy, g 428 ith 26
Wl 3, 4 fose AT, ™ =2.0 I, FEF RN
FVIGER R R AL, 2n™™ =1.5 B, fEER L S

ampl

o, L2




5 7 3] PRCEE, S ARG ) MR R 1 B B AR LRI RS - Sl B S AR T T 1221

PEIAE SS AT AL o XEHE S0, N BRAR IR R AN
o R
PR 0.01 Hz, 7 I ORIE FB Hs (R 2 08 BEE

Bt N8R ) B AR i Ae Ak, 1 JL-F

HERG, — 50k TAERY ) AR R S N A
x1RBAR
Table 1 Test programs

[ &5 [ . o NS AR g E
P, /kPa R Yt NN Y EN
11 13 2.3, 4,
1-2 13 5,6,8
1-3 15 10, 15, 20
100 1-4 -15 25, 30, 35
1-5 2.0 40, 45, 50, 60
1-6 -2.0 65, 70, 75
200 ;; ;/ (3) 2 4% 100 kPa FIf
22 20 R

500

(=100 kPa
’numpl= -15

q/kPa, o3/kPa
[
S
(=}

0 SIO 160 15‘0 260 25‘0 300
T/s
(a) FEZR R 704783 BB I 2 il 2%

60

40 -

g/kPa
(=]
T

| P6=100kPa
71ump|= -15

—60
320 360 400 440 480
p/kPa
(b) BB

3 BRI L A FBER EE A 72 #h Ze 0 ) B8 12
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