19 5 Vol.19 No.5
2002 10 ENGINEERING MECHANICS Oct. 2002
: 1000-4750(2002)05-097-06
1
( . 100080)
1 o B|0t
: TU431 : A
1 .
bl ] a
(1.2:34], )
[21,
(3l 4, [89,10]
1
1 1 b
. 1
[5]_ .
Seed Raham'® 2
. Fnn [ 8>
: & g - &
o ' Sij( )
1
’ Sij = Djju(&q - eq) (1)
Biot Diju a
: 2001-01-14; : 2001-01-04
' (K2-951-A1-405)

(1967).
(1944).



98

C -
o dej =" ads, ™
Sij~ '
s, - . n . (6 ()
x :
3Pa(1- 2n)(s,,/Pa)t™
Def = f(sif, D5, % D) 2 E = o ®
. MK »(S o / Pa)
> DN ; n
b h L j
1
=1- 9
n 2-d9nj ©)
2.1
, . Matin M1 .
’ 2.2
, E,
Smo e;o L]
Smo ! €0 "Smo !
1 ] es
&0 = ka(Smo/ Pa)" 3 =X, x=N (10)
4.0 — a+bx+cx? N
i N . Ny
§§2.0 ] s a. b C
v "
. [13]
o0 Ta=(ke- )Y [ag +by XS4 /sp)]
0.0 ib=a,+b,xs,/s?) (11)
:
fe=ag+by s /sph)
1 K, . k. =s2/sd: s,
Fig.1 Unloading volumetric rebound curve ) sr% Y- a-» bsa,s b,
Pa » Ko ’ a;- b, 0.32. 2.737. 5.959. 2.632. -0.795.
. -0.070. -0.179.
Smo 1 ! Martin 21
r . « Seed  Booker'®
e, =k, (s, /Pa) (4) . Eim )
) kl"\ m ) kl o m
1 Sm = Smo 1 e; :e\r,o o a
ky =K, (S o /PA™ ™ (5) . 2
4)
el =k,(S o /P "G ,,/PA)™  (6) (ke =15)
Sy/sds



99

De; ;
c 32 n)Du
De; Er
. e, =
C C
. DS 30
= +
Da; > 2
C C
C ml _ 3DES
De;; = 5 2
Def; = Def
. (14):
2.3
Zienkiewicz & Bettes :

’
. k
€4 +-—'u’ﬁ =0

VYIRS WY

og’j +u,j =0

Biot

Seed Finn ’
1
u X N
—_ ] X:_
Sr?] a+b( Nf
(B}
L] kc =15 a. b 0.252. 0.98.
1.00 —
0.80 — e &
i a1 o8
& 0.60 *
[ + o
~ b *’,
3
040 S8
. AR
Ve
0.20 — ¥°
0.00 T T T T 1
000 0.20 0.40 0.60 0.80 1.00
N/ Nf
2

(12)

0,

(13)

(14)

(15)

(16)

Hie, hEZR, k HBBRY u AIBKES,
YW AKKIBE, o, WARNHKE.

?[K{]{Dﬂ}-[Kz]({ut}-{Ut.Dt})={EF}+{EF°} (17)
1K Db +[K{ud=0
[Ki] s [K,1 [Kg
! [Ks] A {D:} 1
{m} * {Ut}w {ut.Dt} t
t- D » {DF°}
[OF°]1= @gyBl" [D.J{ De°}dxdydz » [D,]
1 [B]T o
3
, 5m,
92m. 10m; 10s. '
12KN/m?, 16KN/m®,
5 10%m/s, 30°, O
(
)  0.05 m 0634 k,
0.00387: n 0.625. 2.2 :
( 3):
IN(N¢) =(2 g /s mo - Ak:))/ B(k) (18)
t, , A B
( 3)-
0507 le3 ke=1.0
L-3 kc=1.5
0.40+ + v ke=2.0
¥ kc=2.5
€ 0.30 * j-\’ + - xe=so
[ * o kc=3.5
==l \\&
AN 0.204 \
O-101.00 I III1‘(‘)‘?00I I II1‘(‘)“0.00 1000.00
1.2:
1.0T A=0.4147-0.0815k +0.862k 2
0.8
0 0.6
< 0.4
0.2 B=0.039k -0.0046
0.0t

3

Fig.3 Dynamic undrained triaxial strength and parameter

regression



100

_r,oH _
Po(xt) = Zcosh(kd)cos(kx W) (19)
H . k(2p/L) . W(2p/T) :
L ' T » X ’
t a
x/L x=0 t/T

Fig4 Extra effective stresses and stress level of seabed after

one cycle of wave action

( ) 4,

5 1
Fig.5 Extrapore water pressure of seabed after one cycle
6
1.35m 500s ,
»  2.71m 580s
L] L]
L] L]
. 1.0 1.0
&
.
s
I;I S0 14 i o ) :Du_ _1|:||}¢
1 LA ]
£ -
o
5
£
(=
0.0 —— 3 aza
t (gl : i =k
6 hl
( ; )

Fig.6 Vertica and horizontal normal stresses in shallow part
of seabed vs. Wave loading time (The upper curveis vertica
stress, the lower is horizontal stress)

7 100
Fig.7 Stresslevel of seabed soil after 100 cycles



101

. . [24] [8]

‘E“ 1.48 N
_h% ! 1 - _l_
¥+l 3-1 A% 73
r-T WE=0.35m . WHE=0.28m
FF’- . * |3. 198
2a 4n [ ].]

t(s)

@ bl

1-6,/020

1
1000

5 W ‘

X #5556 Lo BRS4
-bE ‘bE
J 1 | 1

o T T Teen w00 ‘o s00 1000

. t{s) t(s)

© &
8 hl

Fig.8 Comparison of test results, numerical resultsin this paper and in the literature
4 Texas, May, 1974. 597-606.
[3] Finn, W. D. L., and Martin, G. R., Offshore piled
foundations in sand under earthquake loading [J]. Applied
a Ocean research, 1980,2(2): 81-84.
: [4] Finn, W. D. L., la, S, Ishihara, K. Performance of
’ o artificial offshore idands under wave and earthquake
loading: Field data analyses [C]. Proceedings, Offshore
a Tenology Conference, Houston, Tex., May, 1982,1:
661-672.

[5] Natargia ,M. S. and Gill, H. S. Ocean wave induced
liquefaction analysis [J]. The Journa of Getechnical
Engineering, 1983,109(4):573-590.

[6] Seed, H. B., Rahman, M. S. Wave induced pore pressure

in relation to ocean floor stability of cohesonless soils [J]

Marine Geotechnology, 1978,3(2): 123-150.

Finn, W. D. L., Siddharthan, R. & Martin G. R. Response

[1] Henkel, D. J. The role of waves in causing submarine
landdlide]J]. Geotechnique, 1970, 20(1): 75-80.

[2] Christian, J. T., Taylor, P. K., Yen, J. K. C., and David, R.
E. Large diameter underwater pipeline for nuclear power
plant designed against soil liquefaction [C]. Proceedings,

sixth annual off-shore technology conference, Houston, [7]



102

of seafloor to ocean waves[C]. ASCE Annua Convention [11] Martin, G. R, Finn, W. D. L., and Seed, H. B.

and Exposition, Hollywood, Fla, Oct. 27-31, 1983, Fundamentals of Liquefaction under cyclic loading [J].

109(4): 556-572. Journal of the Geotechnical Division, ASCE, May, 1975,
[8] Oka F., Yashima, A. Kao, M. And Naksjima, Y. 101(GT5): 423-438.

Numerical analysis of wave-induced liquefaction in seabed, [12] , [D].

Proceeding of the third international offshore and . 1986.

engineering conference [C]. Singapore, 611 June, 1993. Liu Li. Dynamic behavior of saturated sandy loam under

591-598. periodic load[D]. Dissertation for Master’ s Degree. Dept.
[9] Noorzad,A.,Poorooshash,H.B., Elasto-plastic behaviour of Hydraulic Engineering, Tsinghua University, Beijing,

of sandy seabed to wave loading [C]. Proceedings of the 1986.

Ninth International Offshore and Polar Engineering [13] Clukey, E. C., Kulhawy, F. H., and Liu, P. L. —F.

Conference, Brest, France, May 30-June 4, 1999, | SOPE, Response of silts to wave loads. Experimental study,

556-561. Strength Testing of Marine Sediments, Laboratory and
[10] Yang,Q.S.,Poorooshash,H.B., Seabed response to wave In-Situ Measurements [M]. ASTM STP 883, R. C.

loading [C]. Proceedings of the Seventh International Chaney and K. R. Demars, Eds., American society for

Offshore and Polar Engineering Conference, Honolulu, Testing and Materias, Philadephia, 1985. 381-396.

USA, May 25-30, 1997, | SOPE, 689-695.

STABILITY AND LIQUEAFACTION ANALYSISOF SEABED TO WAVE
LOADING

WU Meng-xi , LOU Zhi-gang

(Institute of Mechanics, Chinese Academy of Science, Beijing 100080)

Abstract: Stability of seabed in response to ocean wave loading is an important consideration in the design of
offshore structures. To describe the strain characteristic of cohesionless soils under cyclic loading, a framework
of a practical constitutive model is proposed and model parameters of a silt are obtained mainly from un-drained
dynamic triaxial tests. Plastic strain of soils under cyclic loading can be calculated from initial stresses state,
cyclic stresses and its duration in the process of FEM calculation, and the elasto-plastic matrix relating stress and
strain is not needed. Biot’' s consolidation equation is applied in the FEM Program developed by the authors.
Variation of effective stresses of silt seabed response to progressive waves is given. Numerical results agree well
with the wave tank test resultsin trend.
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