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Abstract: In order to investigate and predict the internal failure and instability characteristics of gas
hydrate coal samples under triaxial action,laboratory triaxial compression tests were first conducted based

on the gas hydrate solidification method. Using scanning electron microscope ( SEM ) images as reference,
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composite Clump particle templates were constructed to establish biaxial compression models through
discrete element method (DEM). The models were featured different particle shapes ( irregular and
spherical) and saturation levels (40% , 60% , 80% ) , followed by simulated triaxial compression tests. A
comparative analysis was then performed from both macroscopic and mesoscopic perspectives to examine
the effects of Clump particles versus spherical particles on the mechanical behavior of gas hydrate-bearing
coal. The results demonstrate that the peak strength of specimens increases with hydrate saturation for both
particle shapes. The enhancement becomes less pronounced at higher saturation levels. Irregular particle
specimens exhibit significantly greater strength than spherical ones, with maximum strength improvement
reaching 142.01%. Both saturation and particle shape show limited influence on failure modes. All
specimens exhibit bulging failure and X-shaped shear band distribution. Spherical particle specimens
display substantially more particle rotations and larger failure zones compared to irregular particles. During
loading, irregular particles form stable load-bearing networks through interlocking, supported by their
notably higher average coordination number than spherical particles. These findings confirm the superior

performance of irregular particle models in characterizing the mechanical behavior of gas hydrate-bearing

coal.
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Fig.1 Gas hydration solidification— mechanical property test device
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Fig.3 Failure diagram of gas hydrate-bearing coal
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Table 1 Geometry of coal particles
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Fig.4 Clump template generation process
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Table 2 Numerical simulation scheme
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Fig.5 Diagram of DEM samples with different particle shapes and saturations
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schematic ( Modified from literature [ 19])

2.3 BEHTHERNISIIE
SCHVR RV 7 07 A8 il e 2 7R I {1 o R B

T + (5)
S Bt 3 MR R ANILS B, I AR SRR
= (6) A RERE RAARE AL SR, L3,
xR 3 EMERSH
Table 3 Contact model parameter
LR Ml TR S 4L TATER S S5
N ] » 4+ 117
PR E/MPa | NIEELL ngiﬂz E*/MPa zaf; T“E g./MPa | &/MPa }ffﬁ; @fﬁ

SR A 6 000 1.0 0.2 5.0 1.0 8.0 8.0 20 0.2
IKE WK W4 i 6 000 1.0 0.2 5.0 1.0 8.0 8.0 20 0.2
SR — R fh 6 000 1.0 0.2 — — — _ _ _
AR — 35k 2 fh 100 — — — - — — _ _

TRV £ R 28 R 5 R B AS A0 i 15 77
i exd LR Bl AN 10 i, & IR G- 5 B e 0L
BRAF IR S — R AR 26 AR W) A, 05 A B C A
WA B 55 3 25, A B .C” a8 AR B i e
BB BE S, ST R R R R 2l
9.92% , fe KR PEAL IR 250 15. 89% , iX i FH AU {H

BRAUSE ARG 5 IR 1 7 - AR 2R S5 R AR 5
BUE T RE AR Al FEE

AN R BURE I IRAS TR 7 — 78 5 22 0 FE AN P 11
IS AL 11 AT LU H R 7 2 AR B o A
BEAL Y, 7Kt 0 RE X6 [58 J AR 1A e A L U
SRR G (BB JBE 14 52 IR 4 45058, 50 A B FI €™ o



hoE e B o e

H35%

- 112 - China  Safety Science Journal 20254F
16 ¢ 5 T RE SR
Ay
3 20
- A
g & Ty — A HNIB0%
A {555 : 14.8 MPa 3 / o
-% gy A’ B IR R - 14.32 MPa 15+ == ﬁﬁﬁ:}jﬁ:ﬁn
E BUPR AR 1 560 MPa & M
or RIOHHEBLL: | 808 MPa £ WL £/ v arae
- — B 5=40% = o 0 M T IEUES{):A}
i —mmﬁam & /",,'«.'-.-' o/ Yeap = Eﬁgg;o
: .“,. S ., e Z o
0 2 4 6 8§ 10 1 . PR
b o ol o T .fl'
(a) S,=40%RH BLDIR L. 5 - R R S R R
20 1 3 5 7 9 11 13 I5
2 1 8%
B oV B 11 AEGHRRAERR S RT3 R Xt
§ B RAGEIRIR: 16.81 MPa Fig. 11 Stress-strain relationships of different
210 B I HIRIE  16.04 MPa article shapes
o U3 B 2 229 MPa p P
. ISR 1 981 MPa
: -~ i 5,760% 3 SEREKEYMEEENHFEER
B, 5,=60% ﬁﬁ*
S I B A 7
20p - X RURLAA R 5, 7= A T IR PR A, AR A
™, o S TR — R X3k, JE W B — A SR AL B 1)
i A AP DD 1A JOR 2 7 A R R 9 8 R 8
& ; LA VT L NS N
% C' R4 TR :16.13 MPa AN RO T RASE AU 1R 76 1 28 R 2% 6% FiT 109 Ak
0 ' . . S . .
3 ‘ oo WO S 2 P 12 B i 12 6T DL
k! i i = a TN Y A GET N
al “ _ TEIM BT R A AN [) ORI PR 0RE 85 DA 1 &k B &8
Gt v RFE 2545 90 5 R ), 2 ORI AR R 26 00 44
L] N — N
o . . . . . . RO EIRBEIR X 5= N = R840 T
0 2 4 6 8 10 12

il 1] B 4E %
(c) 5,=80% RS BUT 3T Lk

B 10 ZERBLEIE

Fig. 10 Diagram of numerical model validation

SIS A 40% ,60% F1 80% Y (51 T 0k 1B 16
R BERRAE 8 AN B D) AB0RE 12 v AR 0 32 2 60%
AR FE AH 55 40 AN R 40% RO RE SR R = T
7. 38% AN E R 80% 1 IRAE AR A TR A Ry 60%
FIRFESR R T 4.30%, AT WK W i A 5 43
T AL A R R 7 v R R RE AR U i R 4
S AN B AR TR R e A AR 5 R A K T R
WORL, 1A SR 409% .60% 1 809% A KIL I A 1 R 1
{HL 5 B AR A T R 0k URE 2 4R T T 142, 01%
71. 46% 1 40. 34% ., 43l iRt o BE He i 2l BE 42
5 RN 2 TR AR B, A I AE R 3 58 T AN RI
DPBURL ] WG 28R RS ) e sl 5% 80, 31

RSG5 K 3 MR AR, Xt 70
IS UE T AE RS A AT AR, Rl A ) AR Y
Hahn , e SETE A N ERIE /N U /NS U)t 1818
KIBTURIF WA I, AR A P s X R
BYUIAHE RIS T — MR IR Byt 7R

TEARRNINEARE T, R BORRRE & A 7 5 i
ORI S 22 TORF U AR 43T SR Rk
EERAERAG , BRSOk R JUR (] AT B4 A
LA E WA VR, BUOEB0R 25 5 K ATt
IEAI, BE T RN B4 T, 2 Fob U IR 30 A A ]
Sty e 17 A T BB AR BT VAT I AR 5 A 3 I
25 HURN RE B Ry A 2 S BE A B U A
b, B, & RUHK G W AR R AL 5 U1 B
B R R TE B SR AN A2 758 ToK A WA A B iy H.
T JIURE A AS R AR
3.2 WhEEM A ER RS

FENNZE FE R PR URL Y B DI B e 3h



#
&
i

190 A ORI AR 5 FUI K & W R PR 240 0 ) 2 o F) 52 - 113 -

i s

(d) BITES,=40% (e) EITES,=60%
gl ]
-10 10

B 12 FAEFHERRERNENERE
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