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(0] Table 1  Material parameters for numerical simulation
ﬂ l parameter value
modulus of elasticity £ /MPa 80
: »:' " h .;# compressive strength o, /MPa 0.8
. coal sample tensile strength o, /MPa 0.2
S cnenmye friction angle ¢ /rad 0.66
Poisson’ s ratio v 0.25
effective stress coefficient o 0.90
Weibull modulus m, 1.8 ~2.0
modulus reduction coefficient r 35 ~50
E X TFARE RS R R RS
1 R S B A i DR S v 1 R AR AN BT LA
Fig.1 Schematic of the model under loading ARG By 22 s Pl X A5 1) 5 Ml

11 on whether the speci-

Note There was debate'
men modulus was affected by different confining pres-
sures. Since low confining pressure was used in this ex-
periment, this effect was ignored in calculation.

R EE ST BB ST A IRITHE A FEPG -6 A SR FP A T3

B g fLBR IR ) U s FLBL LR ) p o 0.2 MPa, FilJE Q KW 0.15
MPa . 0.20 MPa 0.45 MPa .0.60 MPa .0.75 MPa.

BE2 SERE, B LBR R R T Bl Q O 0.8 MPa, LB SN 0 MPa 0.2
MPa 0.4 MPa.0.6 MPa 0.8 MPa 1.0 MPa .

(3435 100 000 /ST AR HTT, BAFEITER 20 0.6%0.6X2 mm?)
(meshed into 100 000 hexahedral elements with sizes of about 0.6X0.6X2 mm?>)
B 2[R AR AR T 5 00 e g P s ] 43

Fig.2 Top face and side face meshing of the cylinder coal specimen
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41 HEITERENER

TR R HIBEARE B (AT AR A5 R 5 S B RO — S L A% &) A an 4] 2.

RV WEOR MERTE U

&l 3 2L Q = 0.15 MPa I (8] ¢ = 1 000 s Al ) 259 19% i Al %l i) (2 7% 2 K.

4 JEFIE Q =0.15 MPa, IFA] £ 43514 500 s .1 000 s.2 000 s.2 500 s, %57 () 5] 28 T 43
SR 0.5% 1% 2% 2.5%F e o7 g .

w/m
0

=0.00011111
=0.00022222
-0.00033333
=0.00044444
-0.00055556
=0.00066667
=0.00077778
-0.00088889
=0.001

T

IFTIRTINREREETE

3 KRR LR w

Fig.3 Axial displacement w of the cylinder coal specimen

S\ el

s.. /MPa s.. /MPa s.. /MPa s.. /MPa
—7.488 0E+5 -4.249 6E+5 -5.287 7TE+5 —5.008 IE+5
~7.9198E+5 -5.8192E+5 I ~7.561 0E+5 l —8.094 6E+5
" -8.3515E+5 " -7.388 8E+5 —9.8344E+5 -“L1181E+6
- —8.7832E+5 ' -8.9583E+5 -—1.2108E+6 -—1.426 8E+6
-9.2150E+5 - -1.0528E+6 —1.4381E+6 | ~1.7354E+6
' —9.646 7TE+5 -1.209 7E+6 -1.6654E+6 l -2.044 1E+6
. —1.007 8E+6 . -1.3667E+6 - —1.8928E+6 _ —2.3527E+6
-1.0510E+6 -1.523 7E+6 -2.120 1E+6 —2.6114E+6
-1.0942E+6 -1.680 6E+6 —2.3474E+6 -2.970 0E+6
-1.1374E+6 -1.8376E+6 -2.5747E+6 -3.278 6E+6

B 4 ASIE 2SR ) (s, ARFRETT R )
Fig.4 Axial stress contour of the cylinder coal specimen at different moments

(s, represents axial stress of the micro unit)

K 5 &/ E Q =0.15 MPa, B8] ¢ 435120 500 s, 1000 s, 1500 s, 2 000 s, % 17 4% 5] 25 &



772 A R L 2 TR 8 U I ) AR S RIS

I35 0.5% 1%, 1.5% | 2% RYBBEIRZE SR,

H L 4 BT 3 7 g AT LA HY | B il ) 228 T2 %) 20 38 K, B %) Bl 1) 107 ) A S8 3
Ky FHLEE 3 IS5 4 M8 LLEE, 55 3 MR IEIN J1{ER 1.665 4E6 B2 4 Hi°4 1.426 8E6, AT
Bt 107 73 S BN R B XA R b PR M St BRI SR A5 TR N2k S A A )
R REPE T A S5 D0 B e T R SRS B SR B B R] A SR R A R W DLl 1) AR 0.5%
IR R A T SR AR A G R P T H BRI ; Bl 1) A2 T 190 1) 3CRE I IR IR, i R 5T
W ZBENLAY s Jh 17 22T 1.5% 08 B SRE— 20 e 5 B 1 28T 29 B R S 0 JIC R A e R B
JCEL AT Y SR T

Vi
1.00000
0.88889
0.77778
0.666 66
0.55555
0.44444
0.33333
0.22221
0.11110

(Vi TURHBITRIBIRTREE , Vi, (A 0 B 1 7R MORBIR B 58 207
( Vi represents damage extent of the micro unit, the Vy,, values from 0 to 1

indicate from no damage to complete damage )
5 R B
Fig.5 The failure pictures of cylinder coal sample at different time
42 MAMTEXRHZSH

Pl 6 SRy ANTm] B e 21 T AR 114 17 oy o 728 o . AT DL Bt T e b s, SRR 1) T 2 PR B AR K
A AL S FE M 0.15 MPa B #HE K E] 0.75 MPa I, 50 X (e840 ) B 4, A it 2k
R R g A FIR SR ) M BB i 4 B A i B 0 T R 15 B I LT 28 W 49 O, R A R
WHEIBAEZ e .
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BT TE g SR AR S IR b S PR S .
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e experimental points conhnm% pressure
numerical curve 0.75 MPa
3t

0.60 MPa

0.45MPa

0.20MPa

axial stress ./ MPa

.0.15MPa

0 " " 1 1 1
0 1 2 3 4 5 6
axial strain ¢. /%

6 fLIEp 7 0.2 MPa, AFEESM FRITIN T o, - Bl R AE &, RN

Fig.6 The axial stress vs. axial strain curves under different confining pressures (p = 0.2 MPa)

5.5
. experl@ental points 0.0 MPa
— numerical curve

4.5}
< 0.2 MPa
[}
2 35t 0.4 MPa
S
2 *().6 MPa
=
a2 0.8 MPa
s 251 *1.0 MPa
g

pore pressure
1.5F
0'5 1 1
0 1 2 3 4 5 6 7

axial strain & /%

B7 R Q% 0.8 MPa, RIFFLEIE ) 4L FHIA IS o, - RS o, X7 M2k
Fig.7 Q = 0.8 MPa, the axial stress vs. axial strain curves under different pore pressures

FESL 1 AR R B 2 AR SR AR T BB B SE B0 0k i FE Atk b, 43 0% R
0.2 MPa 0.4 MPa 0.6 MPa B}, A[RSUE T IR 7 048 & R AT T BUARL, 25 R F.

1A 8 K9 ] UL 24N 0.2 MPa 0.4 MPa I}, & SUSEAEAEAE & 5 I 5 64 Mt ik 3R
f & 10 AT 0L, S R 0.6 MPa B BEFLER 7 H1 0.8 MPa F# % 0.0 MPa, L ] 1 A% il 28t ife
PR IR 2R A S BRAR YA 1 7 T L, 2 iR 5] 0.8 MPa ), BEFLBRE J1 i 1.0 MPa P& &
0.0 MPa, 1 J7 )07 745 i1 28 JL-F- 24 S B0k AR S P AR AR IE 2 | 302 1 el PB4 g, 1
I T A EIPER OL. LA b e S SR B S S R A8 IR S R R R S T B AL B
FIRHER ST 55 e I S Jfa P A R

T B I AABE R L REASEADLRA R I P T 22 28 068 85 (0 R SR AN 280 2 S A R o8 i IR S
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Fig.8

B9 FIE QN 0.4 MPa, ANFFLBE S S TN ) o - HEINE &, KR ML

Fig.9

10
Fig.10

axial stress o,/ MPa

(Q = 0.2 MPa, the axial stress vs. axial strain curves under different pore pressures

axial stress o,/ MPa

Q = 0.4 MPa, the axial stress vs. axial strain curves under different pore pressures
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FIE Q 4 0.6 MPa, ANFIALBRIE ) 5P TR NS o - SIS &, AR LR

Q = 0.6 MPa, the axial stress vs. axial strain curves under different pore pressures
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Study on the Stress-Strain Relationship of Gas-Bearing
Coal Rock Under Variable Confining
Pressure-Pore Pressure Conditions

FANG Ping-liang'>, SHAO Li-ming', ZENG Zhi-guo®, LI Ning'
(1. Research Institute of Petroleum Exploration & Development ( RIPED) ,
PetroChina, Beijing 100083, P.R.China;
2. School of Energy Resources, China University of Geosciences, Beijing 100083, P.R.China;
3. Petrolewm Production Engineering Research Institute of Huabet Oilfield Company ,
Renqiu, Hebei 062552, P.R.China)

Abstract. Under different confining pressure-pore pressure conditions, the numerical method
was used to simulate the failure process and the stress-strain relationship of gas-bearing coal
rock. A micro-heterogeneous elastic-brittle model based on elasticity theory and failure theory
was constructed with the influences of confining pressure and pore pressure considered. An
FEM program was developed partially out of the FEPG software, to simulate the deformation
and failure behaviors of the gas-bearing coal rock under variable confining pressure-pore pres-
sure conditions. The results show that the coal rock becomes ductile with increase of the confi-
ning pressure, and the carrying capacity is enhanced, while the influence of the pore pressure
is just opposite. The simulation results quantitatively agree well with the experimental results,
which, to a certain extent, proves accuracy of the proposed constitutional model and effective-

ness of the FEM program.

Key words: confining pressure; pore pressure; micro-heterogeneous; elastic-brittle model;
stress-strain relationship; brittleness; ductility
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