ISSN 1009-2722
CN37-1475/P

TR L TR

Marine Geology Frontiers

9536 &5 9 W
Vol 36 No 9

# O BUER, B2 e, 55 RINOKE TR 2 B S0 D). M BTRT Y, 2020, 36(9): 34-43.

RXSKS W A FERNK ST

% 7]:)},\1,2,3,};}_41,6_*)},\1,3’ $%%2,4*’ i“] %M;,‘M
AR I ST R ZE RS R, PEAIHRF(ER), 55 26658052 HAAR RIS RARSKAWESLEE, T EFHER
B GRS T, T 5 2660715 3 R KA (TR A i TR IE, 5 5 2665805 4 F SRRl SHEARER LR =
D BRI SIRIE R DI 0 %, H 5 266071)

W E 4R FABG TN AN R R R ARG RZEZ IR X8, £EH5NNFRE
AAMBER VLB B BOUHAAREINE 77 AR T 2K H R o X RS ALt AR
R, 2 ELET W FAHFN AT 6 227 E A LA L, KR T BT AKEWEEED
PR M RIAFN AR BEGEAR L T ZRE, AT LI R‘AX TRERFM, L4
FPLB T LA F MK L5 BALBLIN GG T7 ok RS-k B T) 5 R R BOR AR AT T, A AT

R L OUEA Bt B AR AR 5 P Aol ) ARG AR
EHRIE: R AR A KA /1 A IR R, 38 E A%k, AR

FE 3 S:P744;P618.13 RRFRIZAD: A

0 5l5

RIREK A WUUR) BAT e 2 2 . 3 B IR 1Y
FebE L KA IR AR, TR R o
(75K W0 K A A, 5 R A 2 3 I R 2
(s, e e IbeEHR S iR
AR o A TR R, R AR RE KA
VIR 2 A Bor & B, WA RO
KIRSK A PR IR 0 12 S5 (BT s B | b
Rk R EEEEAR  IARA L), Rk G
DA% 2 0 3 B 5 HG A T R o o 0 78 T B e, T
LA 2001 38 K SR AR A W JF SRk i oy TR )
(ITEA A, R IR SR A W %2 4 i BOF R
PRAL{R R

ERE Y E PN E PR et ST/l =Pk

WS HER: 2020-06-13

BENTIE . EEK HRBF 4 (41976074, 41876051); ZE 12 HFRI L K
T H (5201712079); FZR RIKSKEH) 127 £55(DD20189330)
fEEE T & A(1992—), F, FE L, FENFRKUKEWIIR
YY1 ERFSE TAE. E-mail: donglinupe@163.com

FIEWAEE: FEH(1989—), 5, Wi, BIRAEAT 01, R E NS R
KA PRCR SRS SR T H A90FSE TAE. E-mail: ylli@gnlm.ac

DOI:10.16028/j.1009-2722.2020.090

B YIRS A AR K R AL 25 R A T
TRAMBEZE ™S, E AT S5 ik T B
S T R B B AR R 0 HEAT 55 7 = A O )
TR BB B, P IR S R A0 R = e
R 2R 2 iy Y R R
BIFS AT, 7K A 0 B f o B K 4 40 A
B (1) 488 K T 48, 7K 4 W 43 A 2 S BOULAR W 9
FERRAR ™ Of ELITURR (0 1 3 BV 2 3K A 0 4
iR L 3T A KA YUY S
B0 T4 B T 00 3 T oh T 7 A g A A Sk
S, A FE X 1 - B | i R A R | T
PEASCHRY | UH B3 L) S 45005 B0 25, 0t — 25 45 A 5%
LA DUTT LA 7K A 400 J2 0 9 25 W) R 65 147
wmte

ARG T UL 5 4R RIRSOK A PR 2%
D S 5 3 A TR A S B 5T R, 4T
T KA TR 2 M BRI B 7 1k A g A A
DL B BT S R HE 2B AT T HRT
KA TR 12 2O B U 472 19 )
RS K A U B DI R AL KA
Wl 14953 43 X R 3 25 P R 1 0 LA e 7 g
TR 4 35 458 R P 468 T, Sk KBRS K A i
F12 O K TR e — 25 BT AR T L


https://doi.org/10.16028/j.1009-2722.2020.090
https://doi.org/10.16028/j.1009-2722.2020.090
mailto:donglinupc@163.com
mailto:ylli@qnlm.ac

36559 W

M, S RIUREYUURY A B S T 35

1 SKREYURRY 1 Rt e ot

1.1 =3s0iRie

UL 5 R 25 1F T = A0y b1k g S 3R K A
IR F1 2 SRR Sk ez —T . HAr
] N AT GO 5 K A W LR 2 R P T
TRIRBST, FERRER 471 A IR A L K
SR 2% P . DL R S TS T AR
WA, I BRI 12 B A A AT T
AT BT L R KSR
Sy T2 B KA IR | A5 AR L TR 1Y
YIEER | IRE T RS | R R R 2
S KA RRE f 8 D AR 1 3
W S 50wk

H T S BR A hoK A i A 2 B TR D 3t
RIFREE RS0, IR KA WFIR AR . ok
LR | Bk AR AN DL B 4 R 5 2R 1 T
E" " 1R KA AR T IR E
AR, HH R VR R R . 2R
KA YA oL W BRI 1 S, KA A
TEYN )L FE B R A A RHAE , B [7) - J2 ) o
i 5L A% 16 S, T TR P B 4 i TR
KA AR AR, R T2 K A B3
TR TURE (0I5 25 A0 A A 2 5, ¥ LA AR 11
s R IS I e 2 2 T S, O ELEER L i 2
76 YRR UK . Btk Bk
TETERT, KA IBAR K A 4 - DU SR T4 R
B4 e T e 2 e A 2 ) 4 B S R LR A
A 12 e . UMD A 3R FEE O B LA S 3 5 )
AR TR BAT B 8 (AR 2 bk, FCBEER ML AR 22 T
KA S R 2 kBB
DL B K A 0 R LR 3 2 S BUU IR (R
JERAETE T2 B R D AR B
BR 1, 3 P e LA SEBR A4 R 2 h K A4
58 R RRAEREAE, PRI (G0 3 12 5 = Sl 3 U0 3
FEARA ARSI 405 S R UUR I 12 e e
WERHUH A7 ZEAR S PRI

S GNER =BT B 50 AT L 1o % 8k
MEFT A ] LR 4 1F T Wt 3R A RE 1 F1 2 B
LYINESN T Sk AP TURY R (E3R FE | Sfbk

(A: Ulleung Basin, B: Offshore India, C: South China Sea,
D: Nankai Trough)

1 fERFKREWITFFE (HEzm 15])

Fig.1 Distribution pattern of gas hydrate in reservoirs

(after reference [15])
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Fig.2 Mechanical parameters of hydrate sediments under single-stage and multi-stage loading (after reference [25])
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Fig.3 Comparison of failure strength under different conditions (after reference [10])
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MEASUREMENT AND ASSESSMENT OF MECHANICAL PROPERTIES OF
HYDRATE-BEARING SEDIMENTS

DONG Lin"*’, LIAO Hualin'"”, LI Yanlongz’M, LIU Changlingz’4
(1 Key Laboratory of Unconventional Oil and Gas Development, Ministry of Education, China University of Petroleum (East China), Qingdao 266580,
China; 2 Key Laboratory of Gas Hydrate of Ministry of Natural Resources, Qingdao Institute of Marine Geology, China Geological Survey, Qingdao
266071, China; 3 School of Petroleum Engineering, China University of Petroleum (East China), Qingdao 266580, China; 4 Laboratory for Marine
Mineral Resources, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266071, China)

Abstract: Right estimation and prediction of mechanical properties of reservoirs are the keys to natural gas hy-
drate development in an economic, safe, and efficient manner. In this paper, recent advances in measurement and
numerical calculation of mechanical properties of hydrate-bearing sediments are summarized respectively from the
viewpoints of testing, modeling, and discrete element numerical simulation, etc. The primary methods for evaluat-
ing and predicting the mechanical parameters and their characteristics are analyzed. The existing problems and
causes in the measurement and estimation of mechanical characteristics are discussed in depth. In order to solve
the concerned geological problems, the mechanical behaviors and failure mechanism should be investigated by
combining the experimental measurement and numerical simulation in the future, and a more accurate calculation
model needs to be established for obtaining more accurate mechanical parameters under specific operating condi-
tions and reservoir characteristics.

Key words: natural gas hydrate; mechanical properties; testing techniques; strength parameters; constitutive model



