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A nonlinear cyclic constitutive model for soils considering pore-water-soil-skeleton
coupling effects and its numerical realization in 3D stress space
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Abstract: Wave action leads to complex pore-water-soil-skeleton coupling effects of seabed soils, that is, the soils are
subjected to three-dimensional coupled shear action of normal stress difference and shear stress, and the transient excess pore
water pressure increases in two modes of oscillation and accumulation, resulting in cyclic softening of soils. Most of the
already-established Masing nonlinear dynamic constitutive models have failed to fully consider the growth mode of the excess
pore water pressure and the cyclic softening effects of the soil skeleton. In this study, the Davidenkov skeleton curve is
extended to the three-dimensional stress space, and the stress-strain hysteresis curve of soils is constructed by the "extended
Masing" rule. Based on the Biot dynamic consolidation theory, the shear volume strain coupling model proposed by Byrne is
introduced into the fluid continuity equation as the source term of the growth of the cumulative excess pore pressure, and a
nonlinear dynamic constitutive model for soils is established to describe the pore-water-soil-skeleton coupling effects. Based on
the FLAC?P platform, the secondary development of the constitutive model is realized. The calculation accuracy of the program
is validated by comparing with the theoretical solution of the model. The feasibility and the rationality of the proposed
nonlinear dynamic constitutive model to deal with such problems are verified by comparing with the soil element cyclic
torsional shear tests. It provides an effective means for the study on marine geotechnical engineering using the FLAC3P,
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cyclic softening; liquefaction of sand
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T, AR SOR A AR S 77 AR R
Davidenkov & Z2HHZE 5 RH “¥ fE Masing” v N#)
T PR A 7 g — 2 A A [ i 24 4 e 2 — 4 g 4 ),
T Biot &) 77 [l 45 AR FENL 7 — A>T HA AL [ AR A RN

KL T AZARIERL N TR, FFRAIE T A Rk,

1 IR HREREE R RE
1.1 ML E R ER A B AR
CHRAERLR, RO BIA R, S
FLBRARALIG . Biot 21 /1 HL5 G 18 T TR %
FLI - SERIFLIE P VP 2 A AT TR WL (B
T AL R RO T . FUBRIRL IR %
I RIPERATE SR, AR R A, SR
A

G ..
GV’u, +( —2\/)8‘”"" =p,+pi, > (D)
ivz _ﬁ_é +F" )

y P T T ’

A u ALEHRICBRE: & NIIFRT I
FANAR: MOGLLBEIE; p NEBALBUKED), HIRG
HAELIE P 5 BRUEEALIE P BT : p R 5
KWNILBUKEEE: G LB DI R, v NIARA L.
X 58 A Ak, 2y b UKL A AT 4
M=k, /n, k, NEEEREE, n BfLR%,
3020 IR AR AR R AR € A PIAS 73 B 2H ke
gy =€) ey o )
Kob: &) ATRE KRR B &) NIEEREY
DI A (R 5R A PR AR 3B BT Masing R AELR MEZh 1
MR TOVE R IR IR AR RS Sy i, T SR AR fif
BAER T RAVEILE M OCTE T i R AR RAR 7 B o
B ASCAEABR TR (2) PEIN—ANHIE I F
FI Ak BRI, 8 SCABRR IR &, S
SCHR[14] P Rk N _
F =g = n)Cen-C ) . (@
th
A QO GNFRE, SHXN%EHNERTTEA
XN C =7600(D,) >, C,=C,/0.4; v NBIRNA; 7,
P RAR BME, AT AR HEK BT R
R AR EAE A Ty K458 MBIE Ve RARIA
ARG BT S, BN E.
1.2 TAEIRERLIRIL
KH Davidenkov SRR 1 42 H 2 114k 2k
M, ZiEY I Masing V2 NG IE B R - R AR A ] 56 &
HEZRUS100, WigE InEk e, E ALk FoR N
t=f(1)=Gy =Gy 7 -0-H({)] - (5)

o,
e |
Mﬂ_%+WWJ% i (©)




2636 "+ T OB % M

2023 4F

¢ B ZI PR AR B DR ] R OR N

ot 24B7,"°
G'=—"=¢G 1-|11+—|H ° 7
a}/ max { |: + }/ZB o+ }/028 :| (}/)} ( )

WHEY & Masing VAN, A S J5, Ja 2Nk
TR IR BY 87— AR i [A] fth 2 78 N
] o

T_Trcv _ }/_yrcv
s

:G .M.|:1_H(|y_yrcv
2

max
2

t ISP 2] (P B AR B YA B ] R RN
G = o(rt—-1,,)

Oy = V)
gz L)
(270)* + |7'7mv 2
K ¢ ABIRTT; Gra NECKENBIVIRE: 4, B, 7,
NE LA KRR SH, @A IR BERE =
MBI IRIR ) G/ Graxo — Y IS EIM, ¢, 7., 7751
D INEN B YT SR R BY B ) 5 BT R AR
T EA A, B A 2R NI R SR n A A
T 2SRRI EEIEN, X2 L E RS
FLBUK BRI ek . DRI R AE RS [ 7 s AT AR
Bk, Bi@ I 58T Davidenkov B T HIZE /() T Ginax
KR LB SRR AL

o, —-p
Gmax = Gmax,O po—yp = GmaX,O 1 - ru ° (10)
o

K Graxo AW RSN BT VIR oy NEIIVIA
VRSB RN n=p/ow ARBEBILIE. LG,
VRS RE A K p B REIE A R G R & T
&, WG, EERRNAL S HEAT BT, W€ LA
IR TR BV Ginax=0.01Gmax 0. Bl 2 WAL
DavByrne 574 fifi idt [ N 77— WA 5k 24 ks i

4 MR

© B2 B (fevs i) Onixd o G

B0 %5 o1 P

R ‘M

: / MR ERNA
,,,,,,, s [ | s

2 DavByrne 8B AR N /1~ N3 X RN EE
Fig. 2 Shear stress-strain curves described by DavByrne model
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Fig. 3 Program flowchart of nonlinear dynamic constitutive model
considering pore-water-soil-skeleton coupling effects
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Table 1 Model parameters of simulated cyclic shear tests
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