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Abstract

Hydrate-bearing sediments can be regarded as a class of mixed granular material forming with
sand and hydrate particles, which is a typically discontinuous problem. The discrete element me-
thod is an effective way to solve the problem. The DEM samples of hydrate-bearing sediments with
saturation of 15%, 25%, 35% and 45% were prepared by discrete element numerical simulation
software PFC2P, and the biaxial compression discrete element simulation experiments were car-
ried out. The strength and deformation characteristics of saturation and effective confining pres-
sure on the mechanical properties of hydrate-bearing sediments were studied. The experiments
results show that there is strain softening phenomenon appearing under low saturation condition,
and with the increase of the saturation, the stress-strain curve would transit from strain softening
to strain hardening. The peak stress and initial elastic modulus of the hydrate-bearing sediments
increase upon the increased saturation and effective confining pressure. The cohesion and friction
angle of the sediments are affected by the hydrate saturation, but the strength of the sediments is
mainly affected by cohesion.
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1. 5|18

RIRFIKEY)(Natural Gas Hydrate), 72 PAFGE R 3 R4+ 5 /K EAR IR R 51 T TR 1 i 28 28 AL
BRI 1], FAFAEREFE  WIARIR K 2 DLRCR G 7k At L . BRTAEROA 30 2AE KT
TKEWIH R AR T TAE, 16 70 ZANE K FHLX ) 100 24K BUKEY, Fdha 80 £ A& 1EH,
HARRMR S ECLIEF] 100,000 20 122 [1] [2] [3] [4]. FREI 1999 78 me i EHE & I T IESL K S
VIR I AE IR S i (5 B LAk, e TR E 1 iy 5 R et DORT R g X R B T A& B R IR SR 0K
BV IR 2017 45 A, PEERKIEERRTOKEDAR BT, 11 A 3 5 EH &b E ek R KE
YIFINEE 173 A58 R, VBN 21 el BB B ARBEIES] [6] [7]. (HH T RASKEWN R EFES B
YT BT Ak DX 35 ) P R 588 2% A T ZK S BN SR AR /K A5 W i J 25 i 5 A 1 100l P32 R P 58 2% A
SRR, T AR T2 3 PR R B 1 2 A S B K A W 2 R R I AR I R SR S 2 TR Z
IR R, X2 RIRSKEWAESAT AT R 2 i 2 ZUA o 1) 1) . DRI 2 R SR SR G TR I
IR T A SRR A P G L s kA TR B F B 3

IKETRINE N — Rl B S LAk, R RRP kL. KA. AKFFLBR SRR, =—FERZHM
B, S HE RS R R BR8], TELA A AL BURE AR (75 5 A= Y HIBEROAR R 2
FHOE = NI SR AR S UTRR 1) 1 A A R R B PR . B HUR VA (DEM) S T B s 5
2, SR T RAREURL I RO AL R RUZ S, TR R BUAM R R LA R ) LR S T A E B
KIS BT DL HCR T0iE BN FE K S TR 71 5 PR R A 2 T L [9]

HAl, C&A V25 N BB IES KAV 15T T — KA, X TKE
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YIHEDURRD R IIRAE T, EWNAMEE S E A =25 © SIRYILBRRERY); @ UinI=Z )
B, @ - ARRLE) RIS 5P [10] [11] [12] [13]. Brugada £5[ 1418 FH B8t Bl #4F PEC3D % T4
BUEFE R K S DU AT = U E 4RI 1 Hyodo Z5[151IAA, K& AR S A7 E TUT
IR, SRR B A s A ORI TR . S BB S5 16] IR % K S IR G5 E T, IE5IN T H
A ST RO IR S5 B, 90 T R &5 ALK B Wrt DR P s B I el . B3R AIE T2 R /K S DU ) 2447
AR TR R

IKEMVIRIVE NI, RIRFOKEY . KIS ILFEAE R Z MR, R E 4,
HEAZ, Hrp, RIRSIKE DR BRI 258 ot H 547 R e ma o A [ 17]. s/ it 5K &
PN B DA B AT 2050 B P %ot 7K iR ) 3 24T R R L, A SO B oG I R: PRCPS.0 il 4% T
KGRI N 15% 25% 35%LA I 45%[) DEM B, FEXTX DA BRSOl MRy e T T
WU R AR IO, FRUT T KA PR B DL KA 2 K S TR I R ) . BIaa e . N
TR BEBE R A REI , R SEIL R AR SR VI KR SR DA R SR 2 v B 3 R M 3 . 2 AT
S RIS S

2. BHUTAGHIR TR
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Figure 1. Grain gradation curve and DEM numerical specimen
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Figure 2. The filling process of hydrate particles
& 2. KEMBHRIATEE

FH Eik 7 S A B T W A A 15% 25%- 35%LL I 45% (1S /K A TR it B8 iRk
l 1(b) RN BE D 45% I B HIOTRARRE, B i s e i ROk AR R, TR R € IR RORE 7R 7K
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Table 1. Material properties used in DEM simulations

5% 1. DEM R R SR

PR UIARIE BRI 0o e

PR HEAGem) om0 N (10° N/m)
Lk 2.65 1.00 1.00 - - 0.75
IKEIRRL 0.3 1.80 1.80 8.30 8.30 0.50
TR PABUREL 15 R0k 4 ik Ak - 1.80 1.80 8.30 8.30 0.50
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Figure 3. The simulation process of biaxial compression of hydrate-bearing sediments
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Figure 4. Deviator stress-axial strain relationship under different confining pressure for hydrate-bearing sediments
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Figure 5. Deviator stress-axial strain relationship under different MH saturation of hydrate-bearing sediments
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Figure 6. Curve of peak strength and saturation of hydrate-bearing sediments
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Figure 7. Curve of peak strength and effective confining pressure of hydrate-bearing sediments
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Figure 8. Curve of initial elastic modulus and saturation of hydrate-bearing sediments
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Figure 9. Curve of initial elastic modulus and effective confining pressure for hydrate-bearing sediments
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Figure 10. Mohr’s envelopes of hydrate-bearing sediment
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Table 2. The internal friction angle and cohesive of hydrate-bearing sediments
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15% 0.1706 7.157
25% 03216 9.548
35% 0.5185 10.76
45% 0.9039 11.32
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