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Abstract

Numerical simulation samples of combustible ice-bearing sediment are generated by the particle
flow software PFC3P, Triaxial compression simulation experiments are carried out on the com-
bustible ice-bearing sediment with various saturations of combustible ice to investigate the influ-
ences of combustible ice saturation on the mechanical behaviors of combustible ice-bearing sedi-
ment. The findings are as follows. The initial elastic modulus, peak stress and residual strength of
combustible ice-bearing sediment increase upon the increased combustible ice saturation. There
is strain softening phenomenon appearing in the combustible ice-bearing sediment when the ma-
terial stress is above peak stress. The value of axial strain at the starting point of strain softening
increases with the combustible ice saturation increasing when the value of combustible ice satu-
ration is below 20%, while it decreases with the combustible ice saturation increasing when the
value of combustible ice saturation is above 20%. There is a phenomenon of shearing shrinkage
followed by a phenomenon of shear expansion in the combustible ice-bearing sediment during the
process of triaxial compression loading. The phenomenon of shear expansion becomes clearer
when the combustible ice saturation is increased. This work can provide the basis of mechanics
and technical references for the safe mining of combustible ice.
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Figure 1. Grain gradation curve and DEM numerical specimen
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Figure 2. Stress-strain curves of combustible ice sediment
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Figure 3. Curve of elastic modulus Es, and saturation of combustible ice sediment
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Figure 4. Curve of peak strength and saturation of combustible ice sediment
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Figure 5. Curve of volumetric strain vs. axial strain of combustible ice sediment

Bl 5. ATERKTARIR (R FR RN AL - Hhm) By 3R R 2k

SIHT T TR UKV AN X Wl MUK TR 0 2 R VR R, 2S5 IR

1) FTRUKUTRRI IR AG FAE R R . VAR ) L FRAx o BE YA B A PR UKV AT B O 3 I 38K, wT AR DK
VRS2 A8 Ry R L AR ) RS 25 i, T RROK AR AE SR vy 1 OB 1 i P2 AT

2) AIRVKUTRA) B A W] R B NS BRI, FE AT RUKVE AN /N T 20% 0, S 38 KT Sa B F) il i) 7
AR BE A EE G AT R AR AT RROKM NI R T 20%0 , AR R A T 6 I (4 Al 1] 152 A% R A 52 187 48 0 g 9k
/Ny A RE S KIS AT R K ORI I RS N . PR PR AR AT 3

3) LEINEGERE P AT AVK TR YR B I S BT 46 Je BT AR A& s, TRUKUTARY A BT IR B 5% BB TRV A
AN EE PR3 T A W, £ Ry PTRRUK VAR B B0 R T MR UK TR A0 [ B I RN AN 7% A5

4) AL TAF R AT RUK T LA TR IS K R RE D AG R S S R A T8 TR I A, S it 22
A2 BRI AR S

EHEWH

[ 5 & ST R RI(2017YFC0307604) % BT H .

Sk

(11 B, 56, PRI, 55 MR UKEWRI A 580 AR ). A ilEdR, 2001, 22(5):6-10

21  TENRL BRSO L E RO 2 B 1 D) [R50, AbRt: o E R B R TR T
JiT, 2008.

[3] E#&H, dfis, BEZE. b ERRKIT IR KRR FTEI]. 1168, 2010, 29(5): 4-6.

(4] X%k, BMT7, BEHE, 5 RRUKEDEIREARTT FEIUIR[]. A REOR, 2006, 34(5): 87-90.

(51 ZEJ. WEEHRRRTKEPRIT RN 56 B IFHUG U1 LR, e 5500225, 2017(5): 34.

[6] Klar, A., Soga, K. and Ng, M.Y.A. (2010) Coupled Deformation-Flow Analysis for Methane Hydrate Extraction. Géo-
technique, 60, 765-776. https://doi.org/10.1680/geot.9.P.079-3799

[7]1 Freij-Ayoub, R., Tan, C., Clennell, B., et al. (2015) A Wellbore Stability Model for Hydrate Bearing Sediments. Jour-
nal of Petroleum Science & Engineering, 57, 209-220.

(8] SKIENE, Tillz, 25, 55 RASUKEMTIRY R R 7L [I]. & 1775, 2010, 31(10): 3069-3074.

O] AR, BILy, IR, S5 KEYITIRMIRYLE R & S PR, P A AR AR,
2012, 36(4): 97-101.

DOI: 10.12677/hjce.2018.75076 656 T ARTHE


https://doi.org/10.12677/hjce.2018.75076
https://doi.org/10.1680/geot.9.P.079-3799

EEW F

[10] XI5, EWEEH, ¥HEE, . S/KGYITURDSE LR 1) =5 I 7E[7). & TRESAR, 2013, 35(8): 1565-1572.

[11] Hyodo, M., Li, Y., Yoneda, J., et al. (2013) Mechanical Behavior of Gas-Saturated Methane Hydrate-Bearing Sedi-
ments. Journal of Geophysical Research: Solid Earth, 118, 5185-5194. https://doi.org/10.1002/2013JB010233

[12] XURIR, SKIERE, xIEWE, & EKEMUORY =S ilie S B0 gett 0[], J15544K, 2016, 48(3): 720-729.

[13] Z=EH, XNEW, XIRE, % S/KEYIABIURY) =R e N AR ¢ RAFERT]. RARSHEBREL2:, 2017, 28(3):
383-390.

[14] Masui, A., Haneda, H., Ogata, Y., et al. (2005) Effects of Methane Hydrate Formation on Shear Strength of Synthetic
Methane Hydrate Sediments. The Fifteenth International Offshore and Polar Engineering Conference, Seoul, 19-24
June 2005, International Society of Offshore and Polar Engineers, 364-369.

Hans i
PR RN R

1. FTHF%0M T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
THIFIRHEESE: [ISSN], HAWITI ISSN: 2326-3458, RIA] A
2. FTHEIME T http://cnki.net/
Ao« EBRSCERA R HEN, A SCERRRE, BIRE

ehmiE S http:/www.hanspub.org/Submission.aspx

HATIMEAE: hjce@hanspub.org

DOI: 10.12677/hjce.2018.75076 657 T ARTHE


https://doi.org/10.12677/hjce.2018.75076
https://doi.org/10.1002/2013JB010233
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:hjce@hanspub.org

	Numerical Simulation Experiment on Combustible Ice-Bearing Sediment
	Abstract
	Keywords
	可燃冰沉积物三轴压缩模拟仿真试验分析
	摘  要
	关键词
	1. 引言
	2. DEM试样制备
	3. 三轴压缩试验研究
	3.1. 应力–应变曲线
	3.2. 试验结果分析

	4. 结论
	基金项目
	参考文献

