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Abstract: Hydrate mining may induce submarine landslides or other engineering geological disasters. Long-term and stable gas production is
required for any commercial exploitation for natural gas hydrate. Understanding the creep properties of hydrate-bearing sediments is importance
for the estimation of long-term stratum instability. Therefore, we analyzed the creep characteristics of silty clay by using a serial test on
consolidation drainage creep under compression loading conditions with hydrate reservoir silty clay as the test medium. The results show that
the deformation curves of hydrate bearing sediments presented three stages: instantaneous deformation, consolidation deformation, and creep
deformation. With the increase of load and hydrate saturation, the creep strain increased progressively. The modified Singh-Mitchell creep
model was applied, by which the creep properties of hydrate bearing sediments were well predicted at different stress levels and hydrate
saturations.
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Fig.5 The whole-process curve of creeping under different saturation degrees



RN, S5 AN SR F KA W DT W 8% A5 R 43 A 221

t o mEER

14522 7

BT

v

Fif 8] /min
K6 AREE=KERER

Fig.6 Diagram of three-stage deformation process

. —o— ¢=0.5 MPa

0.03F —o— 6=2.0 MPa

—+— ¢=3.0 MPa

)
§ 0.02F
il o
2001 1\
oF %000 00 *—ar-a o—o
10° 10! 10% 10° 104

i 18] /min

7 TR TR AR A AT [R] ) it 2%

Fig.7 Curves of strain rate and time for hydrate-free sediments

s:Ae“Dr(i)m 1)

n

() eRIRAT BN 2 ¢ (N AR AR AL oy
m BRI S0, m N Ine-Ine e 2 B Th Y BLZR AR Y
U WHE, — i m (5K 0.75~ 1.0, 3¢ Hm#1, D, ffi i
FIKFs 00093 B I oy s R 5
PR E A, oo m SASEL KR (1) B4 )
BUR, LIS FIL (2):

m

¢ 1-m
exp(aDy) (Z) (2)

1
E=&+
1-m

2 () th ek Bl 25 0% 00l 7
R % 1 0 RS B e0=0, & A= 1—m.
A" 5 G Al G):

1-m’
A\
e= Bexp(,BDr)(t—) 3)
1
2 (3) RIRAR 75 A%, Hrh 75 B4 2 i S 800 3 4>
S9N By B Ao
M=, He=er, 0] LIS E] 772 (4), 15341 B
XS BT FE (5):
€ = Bexp(BDy) 4)

Ine = BD; + InB (%)

BT B WY AE AT LA B 358 1 B0 2 % B E] o 1Y
Ine-Dy HEE K R K], IR A AR LM% AR Je— 7%
ik, I AR AT LA ) Singh-Mitchell #2545 1 1
JE— R RO B h 4, TR 5 A 09k 25 i A2
R 45 R W) A, K4 Singh-Mitchell §7% 25 45 754 3
A 1 I AR R R A S Y

3.3 K AR TIET S E S

V5 5 A o e b 2 22 o) A BURT B Al B il e, mT A
155 Ine-Ins C RIE (B 8), B WAl LLF H, ZEAS TR 1)
B U A1 KSR RE G 8T AR IR 6 il 2 o — 41 AT
ALY H 2k, B RPR AP A . K r=1min
A 9 R AR A A SR (4) FTX(5) 45 B Ine-Dy K A i
&, WA A RIFMEMEX R, @it (§) v Lt
BHAEIKE DU A BE(E 9) .

B S OK A WU 0 B YN J7, AR
BN RH g=(1-Ko) *o, Hrp Ko b i 1k + 5 1 R 4K,
o Ml B 7 o AR Simpson 5 P IE [ 45 & 1
Ko 5 N5

0.30

025+ W

W

0.15F
—— 0=0.5 MPa
—— 0=2.0 MPa
—— 0=3.0 MPa

0.10 . - > .

10° 10 102 103 10*
1, #/min

8 TR G WA 1ge vs lor i 22 1 H 25

Fig.8 The lge vs lgz creep characteristic curve of hydrate-free

samples
32} *
_3.0f
W *
,E *
WEEL
287 In ,-0.206D,+2.58
* # R*>=0.929
26 . . .
0 1 2 3
D,

Kl 9 Ine vs DR RIUA LR

Fig.9 Fitting curve Ing; vs D, relationship



222 YRR M J5 5 56 D0 20 b TR

20234 12 H

1
1———=sing’
2
Koy=—7—— (6)
1+——=sing’
V2

W =5 By U1t gs N EE 4l ' =577 AR (6)
53 K,=0.84, Bl ¢=0.160, [ i} 7 2 2] K [6] Fil & T

1-K,
g0.15~0.2 MPa™), — O 1, G LB D=o.

W iR Z 8015 Singh-Mitchell #7284 74 rp
HIFE S EM, 5 N2 1 PR .

W32 1R B S0 A @) T, DRl
71 ¢ 24 0.5 MPa A 14115 % Singh-Mitchell ;245 54 7Y
2k

8213.360'103t0'0125 (7)

VA A T 5ty 2 R0 3 56 {8 2E A7 % H (BT 10)

A L7 i, Singh-Mitchell & 248 455 1 315 il £k A i A0

TR 00 1 4R 1) % e A ELA A ) — B, A AR R

VF1) 07 745 R K, i ] £9% 354 Jon g ) 7 2 1 T

W o TR MBI 71K F T Singh-Mitchell 8 28

BRI 56 fh 2 5 A 50 1 — B0k, PRSI 85 )

DA O N U = N S N P W [ RO R O
25, BRILE RIS .

34 SKEWABEEERFESN
bR TN E K G W DU R R B

% 1 Singh-Mitchell SRR h S Hi+ EE
Table 1 Parameter values of the Singh-Mitchell creeping model

KEWWMME  6/MPa D, B B pl T,/ min
0.5 05 133 0206 0.0125 1
0 2.0 20 133 0206 0.0101 1
3.0 3.0 133 0206 0.0081 1
30
O 0O 0O OO 0O OO O OO0 OO0 0 0 O
v OO OO0
20+
2 R=0.95
© 6=0.5 MPa (1)
101 o 0=2.0 MPa (%)
o 06=3.0 MPa (iX%)
6=0.5 MPa (Fiijll)
—0=2.0 MPa (T¥iilll)
ot —0=3.0 MPa (Fijll])
0 1x10* 2x10*
FJ 1] /min

K10 Jo/K & MR i 5 i 26 R 56 (8 0 L
Fig.10 Comparison of model calculation curve to the test result

of hydrate-free sediments

ARl £k, il ad 45 S v DI 1 Singh-Mitchell 548

B AT DU R R AR RE M, S T Singh-Mitchell i

AR AT LA IR K G W TR i, T G AR

HATIEIE . 51 AKE WAL Sy Rl iRk & &

I, Sy AR KA S LR Z P,

~Ysu ®)
Vy

KB YIAE A B 23 B i DT 51 AR L B Y
AR Ak, FE 2 MBI RS v | R BRI 4 et A A 2R
SER RN S 07 S0 AR, R I R a6 S 8 4
1116 1E 2 R AR 7K & 0 18 A BE (9 52 i, 7E Singh-
Mitchell 525155780 () FE iy b5 | ARLHL U= (9):

=g (1+Sp)* 9
A, o AR SR, AR i O 50 B A L AR S0 B
0.37.

K& 15 I 19 280 4 AR TR K 5 90 1 i 20 il
BEAL R ) S50 A SEAT L (B 1), T AR A
KL AT AT R 6 &R o

i e ST T —FH& IE 1Y Singh-Mitchell I 25 45
.

SH

A
&=Ag*(1+S H)“eﬁDf(é) (10)

M Sy=0 B, #5270 SR Ak il 28 1 1) Singh-Mitchell
Wil AR AR A

W R, A EIANE TH0 F B 1E R Singh-Mitchell
IGARRARI S8, IR RSB 2) .

132 2 P SHCeE AL (10) 15 SR
SEAE, [l B AR G0 E X e an 18] 12 B

M 12 7] LLF H, & IE )5 1) Singh-Mitchell i
75 R A AN [R] 7K A 90 1 R RE R B TN, ) R AR R
e b T 4 5 43 A 0 5 K R G A A Y
AR REPE, PR AT LA A& 1E B9 Singh-Mitchell i

17} o WEMH
A AE °
16
~
157 A=133 (148,)%
R=0.964

14+
13— : : : :

0 02 04 06 08

Su

K11 BRI IR AT 2 5 A L
Fig.11 Comparison of classical model and modified model

parameter 4



#* 2 {2IERY Singh-Mitchell S5 TR B S HE
Table 2 Parameter values of modified Singh-Mitchell creeping

model
KEWWAEE/ %  o/MPa D, A(1+Sp)" B yl
0.5 0.5 14.23 0.200 0.0123
20 2.0 2.0 14.23 0.200 0.0160
3.0 3.0 14.23 0.200 0.0114
0.5 0.5 15.83 0.192 0.006 1
60 2.0 2.0 15.83 0.192 0.0117
3.0 3.0 15.83 0.192 0.0074
0.5 0.5 16.53 0.226 0.0076
80 2.0 2.0 16.53 0.226 0.0092

3.0 3.0 16.53 0226  0.0064

7 R R K I 5 7K B 0 OB 0 R i 11 O 7 R i
2k . & 1E (i Singh-Mitchell i 745 # 8 2 % i1 52 faf
i S I HLAS S R, R 7 18, PR AR
SCHE ST 946 1F Singh-Mitchell #; 75 1 789 35 il & & 7K
B YUY R 0 RS R 2R B Sy i, X TR R
KA A 2 K T SR R W TR T A —
T3 X

4 L

41 ETRIGERDH

A RV K A ) 32 A T LR #1200 m
70 FB PN A0 M 8 A R S5 TR I, B &K
e FLBR B R R A, KA AR RN B R T 3R 90%
DL B8 TR A SRR i i )22 1 52 BRI A A5 1, LUK
GG ZE Wk EE A T, #E 0.5, 2 Fi 3 MPa i )&
MBS T AT T 0. 20%. 60%. 80% /K4 Wil
FRE o it I B I A et 08 . X0 R 0 g A
o, B KA YU 28 1 R i AR T ] 45 AR T R
ARAFTE 3 A B BE; A8 0 28 0 S B 1R) P, B B AR T By
BESERL, 51 A% 1) 28 T 24 i AR TE 2 B 70%~80%,
e KAH A 85.8%, T [MZ57E T B B, FLER /K 768852 1Y
N 3 5T LR HE s, — BN i 9 58 B, 5
A 11 il 1) 07 AR o R AR B Y 15%~ 25%, B S A0 AR
AR I B B — M BROR P 58 A, 5 | R 4 B g AR N T R
97 A5 ) 5%, B 1) T 3 FNK A 0 10 0 E 2406 B 1)
ARTE A R o Al ) R K, R AR AR T AR, il
J 3 A8 B AT 7K ST B A5 A X6l Bl 1 25 9 1 5w K, B

ZEHE, AR TRAR IR IAE T & KB TR ) 05 A R i 4 223
30+ co0000000000
iooooo QOO0 OO0V V00000OQ
20+
dotck—de—A—efe—t—h—k—h—h—k—KK
s / R*=0.95
« 0=0.5 MPa (i 5)
101 o 0=2.0 MPa (i)
o 0=3.0 MPa (i)
0=0.5 MPa (Fiiill)
ol & ——0=2.0 MPa (Tiill)
——0=3.0 MPa (Fil])
0 1x10* 2x10* 3x104
I 18] /min
a. §,=20%
20+ -
R i&&&zmﬁaw T E XXX R
s R=0.95
« 06=0.5 MPa (i3)
10r o 6=2.0 MPa (X&)
o 06=3.0 MPa (iX%)
6=0.5 MPa (Til)
ol o ——0=2.0 MPa (Tl
—0=3.0 MPa (Fijll])

0 1x10* 2x104 3x10*
FF 1] /min
b. S,=60%

40

i

20 |-

rﬁ,t} RrARRE RARRKAR

&/%

R>=0.95
« 0=0.5 MPa (i %)
10t o 06=2.0 MPa (i{%)
o 0=3.0 MPa (i)
0=0.5 MPa (Tl
—06=2.0 MPa (Tijlll)
——0=3.0 MPa (F5l)

0 1x10* 2x10* 3x10*

5 18] /min

c. 5,=80%
K12 A IRK & v AN R R TR o B o 2 Rt B (L T b
Fig.12 Comparison of model calculated curves and the test

values at different hydrate saturation degrees

Bl ) R Ty R RG S AR e R BN . KA PR
JE 32 3 3k AR R T TOUR L B 6 A T 5 e
ARREME, A3 A R A OK A 0 1 RN R, I AR AR R i
Ko KE YT EEFEAR R S5 X AR TE S m /), 76
N 0.5 MPa B, I TG KA 90 B K A 40 0 i 3
JInE 80% s, Hhi[a AR FE N 17.25% 38N %) 18.8%, 1fi7E
HHHR 3 MPa B, i 2T A 26.83% HEME] T 34.73%.

4.2 T Singh-Mitchell §91& IE & 5Y

P R 5 R 45 0 28 i 2 ) 1 75



224 YRR M J5 5 56 D0 20 b TR

20234 12 H

KZ W H T o Z 10 0 I Y H 5T 9 A T K
Yy fitt 24 o b - 2R A7 0 A8 R PR B A SRS R, A SO
JH 5 A 06 245 SR, 38 4o 37 1% 1 A9 Singh-Mitchell
ARG, XIS X3 N K W it )2 ) I A AR v 2
TTH125 3 0 o IIGAS LAY dn] DU Y, 38 3 il 1) e
1K A P VR R T S W 3L B R A T A AT
A I AR AR R R S 3K TR S ) B b R e AR R Y
FEE W R R B S o MR G SRR
K, FEMIER I AR, S AR p G AR R R S
T ARFLBRTIOW 2544 . JORL 9L |« v g g s A Z2 A A
EX P

(1) KA P UTR P B 5 A8 R 1 il £ 7T L 4
R R AR TE | [ 25 ARG R AR AS AR 3 A B . R
AR T B B N S I, R R K R AR T, 45 AR TE L
ANEF I SE R, SRR BN AR TE | i AR AR T R 8
B, 51 EB/NYAETE .

(2) W5 758 A5 T Wit 25 I 3  1 7KSF- L K G 1
JE 3G TG I, KA i R R T S A AR TR
PR it 1 L B 45 g AT 52 i) 05 A8 A8 T, 7K 40 A
JEE B R L FL B 5 A 52 5 o R B, R 1 ) B
)2 TR 22 . ZEAR N 1KV B, K & W i
Xof U5 A5 A T 1 5 e N B K

(3) 3T 1 I3 7K SF-F 7K G W 1 0 BE S 7 A& IF
Singh-Mitchell 8 A5 B Y, ] LLUAT 250 b 35000 25 7K 5 40
OB 5 A8 5, X 7K & W Aid )2 4 010 SR s i T
B AR T FIN HL A 4 58 S, TS bR TR
A FR T 50 2 000 45 DR AR SR K B TR
WA AR WL AT IR ABE S, 1% B 5] 40 A 1 &
KA W URR I AR R L T i — P AR

£ X Hk (References)

(1] Z0M8, SKIBNE, XISRAR, S5 DRI R IR UK SN A TR 7 12
WER LR [J]. J1253R, 2022, 54(8): 2269-2286. [LI Peng, ZHANG
Xuhui, LIU Lele, et al. Review on the mechanical-thermal combined
exploitation methods of deep sea natural gas hydrate[J]. Chinese Journ-
al of Theoretical and Applied Mechanics, 2022, 54(8): 2269-2286.]

(2] #h44, AER, FTR, & Bk AR T ERERRSOKREDIT
KIS [1]. KRR Tk, 2022, 42(2): 156-165. [WEI Na, BAI Ruil-
ing, ZHOU Shouwei, et al. China ’s deepwater gas hydrate develop-
ment strategies under the goal of carbon peak[J]. Natural Gas
Industry, 2022, 42(2): 156-165.]

[3] Sloan E D Jr. Clathrate Hydrates of Natural Gases[M]. 2nd ed. New

[4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

York: Marcel Dekker, 1998.

GRS, TRINNE, PR, 55, RRUKE YRGS 7140 Fe kR ).
R E R MBS J1%E RICE, 2019, 49(3): 034605, [LU Xiaobing,
ZHANG Xuhui, WANG Pingkang, et al. Advances of formation dy-
namics of natural gas hydrate[J]. Scientia Sinica Physica, Mechanica &
Astronomica, 2019, 49(3): 034605.]

BUAHE, ey, EFRE, S5 E KR UKEW IR 1 R IT R
HERE [7]. VTR SRR BT R, 2021, 41(4): 524-535. [ZHU Youhai,
PANG Shouji, WANG Pingkang, et al. A review of the resource poten-
tials and test productions of natural gas hydrates in China[J]. Sediment-
ary Geology and Tethyan Geology, 2021, 41(4): 524-535.]

LiJF, YeJL, Qin X W, et al. The first offshore natural gas hydrate
production test in South China Sea[J]. China Geology, 2018, 1(1): 5-
16.

Mao P X, Sun J X, Ning F L et al. Effect of permeability anisotropy on
depressurization-induced gas production from hydrate reservoirs in the
South China Sea[J]. Energy Science & Engineering, 2020, 8(8): 2690-
2707.

KK, ERz, 5T, & RRUKEWUURY A R
WA [J). &+ 7%, 2010, 31(10): 3069-3074. [ZHANG Xuhui,
WANG Shuyun, LI Qingping, et al. Experimental study of mechanical
properties of gas hydrate deposits[J]. Rock and Soil Mechanics,
2010, 31(10): 3069-3074.]

Zhang X H, Liu L L, Zhou J B, et al. A model for the elastic modulus
of hydrate-bearing sediments[J]. International Journal of Offshore and
Polar Engineering, 2015, 25(4): 314-319.

Hyodo M, Wu Y, Nakashima K, et al. Influence of fines content on the
mechanical behavior of methane hydrate-bearing sediments[J]. Journal
of Geophysical Research:Solid Earth, 2017, 122(10): 7511-7524.

Lei L, Santamarina J C. Physical properties of fine-grained sediments
with segregated hydrate lenses[J]. Marine and Petroleum Geology,
2019, 109: 899-911.

Winters W J, Dallimore S R, Collett T S, et al. Relation between gas
hydrate and physical properties at the mallik 2L-38 research well in the
mackenzie delta[J]. Annals of the New York Academy of
Sciences, 2000, 912(1): 94-100.

Winters W J, Waite W F, Mason D H, et al. Methane gas hydrate ef-
fect on sediment acoustic and strength properties[J]. Journal of Petro-
leum Science and Engineering, 2007, 56(1-3): 127-135.

Masui A, Haneda H, Ogata Y, et al. Mechanical properties of sandy
sediment containing marine gas hydrates in deep sea offshore
Japan[C]//Seventh ISOPE Ocean Mining Symposium. Lisbon: ISOPE,
2007.

Lee J Y, Santamarina J C, Ruppel C. Mechanical and electromagnetic
properties of northern Gulf of Mexico sediments with and without THF
hydrates[J]. Marine and Petroleum Geology, 2008, 25(9): 884-895.
RenJ J, Yin Z Y, Li Q P, et al. Pore-scale investigation of CH4 hy-
drate kinetics in clayey-silty sediments by low-field NMR[J]. Energy
& Fuels, 2022, 36(24): 14874-14887.

Lu C, Xie P F, Li H, et al. Study on the mechanical properties of silty
clay sediments with nodular hydrate occurrence[J]. Journal of Marine

Science and Engineering, 2022, 10(8): 1059.



543 % 5 6

RN, S5 AN SR F KA W DT W 8% A5 R 43 A

225

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

Xie P F, Yang L, Liang Q Y, et al. Stability analysis of seabed strata
and casing structure during the natural gas hydrates exploitation by de-
pressurization in horizontal wells in South China Sea[J]. China Geo-
logy, 2022, 5(2): 300-309.

Zhang J D, Liu X H, Chen D Y, et al. An investigation on the permeab-
ility of hydrate-bearing sediments based on pore-scale CFD simulation
[J]. International Journal of Heat and Mass Transfer, 2022, 192:
122901.

Yao Y X, Guo Z H, Zeng J M, et al. Discrete element analysis of hy-
draulic fracturing of methane hydrate-bearing sediments[J]. Energy &
Fuels, 2021, 35(8): 6644-6657.

FE, FERE, ESPRE, S5 o E R UK S IR B K S
A EB AL gEiA 5 R 1], FEHTR, 2022, 49(3): 749-769.
[QIN Xuwen, LU Cheng, WANG Pingkang, et al. Hydrate phase
transition and seepage mechanism during natural gas hydrate produc-
tion tests in the South China Sea: A review and prospect[J]. Geology in
China, 2022, 49(3): 749-769.]

A7 (BRI A, _E IR YR UM IS & 1 Singh-Mitchell #5AR R Y [].
A+ 1%, 2000, 21(4): 363-366. [LI Junshi, LIN Yongmei. Singh-
mitchell creep model of Shanghai very soft silt clay[J]. Rock and Soil
Mechanics, 2000, 21(4): 363-366.]

Wik, RS, dPR il B =R g AR SIS AT KA R T (1),
+ 71,2012, 33(S1): 105-111. [YANG Chao, WANG Ren, MENG
Qingshan. Study of soft soil triaxial shear creep test and model analys-
is[J]. Rock and Soil Mechanics, 2012, 33(S1): 105-111.]

FBR, KA, XEE . =Wtk i 3 sh s £ A s Singh-Mitchell
GRS T RE [T]. & J1%, 2005, 26(3): 415-418. [WANG Chen,
ZHANG Yongli, LIU Haowu. A modified Singh-Mitchell’s creep
function of sliding zone soils of Xietan landslide in Three
Gorges[J]. Rock and Soil Mechanics, 2005, 26(3): 415-418.]

R, B, T, & AR BB L = AR RS SRR T
] R RZ24R: A ﬁi‘sﬂﬂ&, 2022, 52(4): 704-711. [YU Yunyan,
LUO Chongliang, WANG Kun, et al. Triaxial creep test and model
analysis of unsaturated saline soil[J]. Journal of Southeast University:
Natural Science Edition, 2022, 52(4): 704-711.]

DRRH, Wret, T, 55 W AT L sl 2 2 Bt A o
5 [I]. #7915, 2016, 37(1): 66-75. [LUO Qingzi, CHEN Xiaop-
ing, WANG Sheng, et al. An experimental study of time-dependent de-
formation behaviour of soft soil and its empirical model[J]. Rock and
Soil Mechanics, 2016, 37(1): 66-75.]

Lai X L, Wang S M, Qin H B, et al. Unsaturated creep tests and empir-
ical models for sliding zone soils of Qianjiangping landslide in the
Three Gorges[J]. Journal of Rock Mechanics and Geotechnical Engin-
eering, 2010, 2(2): 149-154.

KNP}, XEERK, EOP, & R = A A3 S 1B IER Singh-
Mitchell #iAERE [J]. R K 40 H AR BL AR, 2012, 43(4):
1440-1446. [LIU Yeke, DENG Zhibin, CAO Ping, et al. Triaxial creep
test and modified Singh-Mitchell creep model of soft clay[J]. Journal
of Central South University:Science and Technology, 2012, 43(4):
1440-1446.]

[29]

[30]

[31]

[32]

[33]

(34]

[35]

[36]

(371

[38]

EwyE, EER, BT, & R EAIRES T EL R L 1iE AR
PEREFC [J]. HF 25 10 5 TR 243K, 2020, 16(6): 1689-1695,1704.
[WANG Jingyu, WANG Zhiliang, SHEN Linfang, et al. Study on con-
solidation creep properties of dianchi peaty soil under one-dimensional
compression[J]. Chinese Journal of Underground Space and Engineer-
ing, 2020, 16(6): 1689-1695,1704.]

RAEAR, ZET, RS, 8RR UKEME G AT
PN S TR [T]. AR S 58 DY 40, 2021, 41(5): 3-11.
[WU Nengyou, LI Yanlong, LIU Lele, et al. Controlling factors and
research prospect on creeping behaviors of marine natural gas hydrate-
bearing-strata[J]. Marine Geology & Quaternary Geology,
2021, 41(5): 3-11.]

SR, E T . ORISR R UK SRR 5 B85 ()
Bl R, 2018, 63(1): 2-8. [WU Shiguo, WANG Jiliang. On the
China’s successful gas production test from marine gas hydrate reser-
voirs[J]. Chinese Science Bulletin, 2018, 63(1): 2-8.]

IMRER, tRadE, UMY, 55 AR R BORTEBUR B R K S
YIRS R R RLA [J]. MR 5 58 DY 20T, 2020, 40(3): 206-213.
[SHUAI Qingwei, XU Yunxia, WEN Pengfei, et al. Application of
non-linear tomography technology to gas hydrate imaging in the
Qiongdongnan area[J]. Marine Geology & Quaternary Geology,
2020, 40(3): 206-213.]

KR, SRIANE, Bels, % KEWo RIS TR 45 6 458 T
RIGHT 7T [Cl/H B F15 K28 34 (CCTAM 2019). Bifil: HE 5
22 2019: 3255-3260. [ZHANG Lianghua, ZHANG Xuhui, LU
Xiaobing, et al. Experimental study on compression consolidation de-
formation of sedimentas after hydrate dissociation[C]//CCTAM 2019.
Hangzhou: Chinese Society of Theoretical and Applied Mechanics,
2019: 3255-3260.]

Singh A, Mitchell J K. General stress-strain-time function for soils
[J]. Journal of the Soil Mechanics and Foundations Division,
1968, 94(1): 21-46.
Simpson B. Retaining structures: displacement and design[J].
Géotechnique, 1992, 42(4): 541-576.

FELL, KO, &S, 55 BIEK AR LT 71 Rt i
MEAUHE S [J]. 1% 524, 2015, 47(3): 521-528. [SHI Yaohong,
ZHANG Xuhui, LU Xiaobing, et al. Experimental study on the static
mechanical properties of hydrate-bearing silty-clay in the South China
Sea[J]. Chinese Journal of Theoretical and Applied Mechanics,
2015, 47(3): 521-528.]

KUK, WA, TRAGKE, 5. &K ST 3 BB A R R ).
J1%54R, 2020, 52(2): 556-566. [LIU Lin, YAO Yangping, ZHANG
Xuhui, et al. An elastoplastic constitutive model for gas hydrate-bear-
ing sediments[J]. Chinese Journal of Theoretical and Applied Mechan-
ics, 2020, 52(2): 556-566.]

TR, G, Rt
KTk, 2020, 40(8):

&t B RAR SRS WIRAFRHE [1]. REK
1-24. [NING Fulong, LIANG Jingiang, WU
Nengyou, et al. Reservoir characteristics of natural gas hydrates in

China[J]. Natural Gas Industry, 2020, 40(8): 1-24.]



