545 % 45 3 ] LN A e S 4 Vol. 45 No. 3
2024 45 6 i CHINESE JOURNAL OF SOLID MECHANICS June 2024
\ L . . =
BETiEGs N EFEEEERUAR
AR F O FT O RER SRR R
O T A B 75 2665200 CC A% T 2% 5 BB B 102111000 C 1l ¢ BE A BA P AL Ml A WA 7 P2 710018)
WOE M U R O J A S AR H T MR AE LA PR T X 2 005 (7 T Ll

i HAR 4 R AR
37 AR L Rl A
Yiﬁﬁ@ékﬂq?iﬁﬂlﬂ’ﬂ;ﬁfﬂ% HAL 1 AR

Bl b 45 FEAE I X

KT8 [ A6 A B
[l 5 AR T B R

T EBE IR A AR T AR R IR IE % 8 )1 2 5 i (Peridynamics, PD) i i T4 A0 7 R B0 IR 8L 1

BRI I A I R A T B TR R o g | T LT 7 SR AE 89 Al 2 A
E LA TE WIS A, AR o ], 8 57 1 38 Y 8 g 2 B S AR
IR T AN TRl R 9 8 25 A T S T TR A AR T RN ML LA R R A A0 4 A F 5 A B 2 R 5
W T SORIE SR ZARAR A B AR AR B s A S I R 6 m A7 m N S G MR
Wi B A X AT 52 B R 28 K S AT 0] 52 2y 1R 52 W0 A X sl 553 45 5 A ]2 A0 1 43 A /)
7 3 38 g DX T AN ) 3 SOR TR B B R MR R B R SR
SRERE IR AL - B 20 5 AR BRI ST 7 o AR SCICAR R B L B2 S R i 40 0 A 14 3 3 8l )

Y 8h J15 07

2 5 m L R

%‘ﬁ

i

3 2 IERE T 1 Ak 3
LS

jul=3

a3

55 720 B 05 A TR A 10 43R A0 3R BRI R A0 DA Ao A O T 2 A A P A AL RO IR A SR 48 TR TS T R

XKW nsh ik EE
DOI.10. 19636/j. cnki. ¢jsm42-1250/03. 2023. 054

=)
w
i

T 2 3l A R BB 8 o 3 A 1 [ e 1 32 1R
e e B¢ BT PR R AR 101 R A 1 A 4E 37 BAS L AE
TR 7 R A R A AR E
He B R T B DL S A R AR A Y g o
Wi 137+ DRI 0t » - B S M ATE RS J2 PRIE SR i A 1T A
[ E3- 1P
Il A AR 222 3 02 R 7 6 06 JEAE 43 B
e FCA 05 15 B IR ) R & 1 R R P R O AR R
S5 FH FLACSD 4387 1 7 BEAE B 1 43 i L
R T AR DR R A T 4 A R A B A
BHWE BN SRR BIEAE T R ST
ST FLACSD BF 5T 1 B0RY 5 2 AH 48 A 1
[e] SR 93 18] [ e B 3 A1 L 728 T8 R ik B A R B 42 i) 5
ARG R A A ABAQUS JF Ji 1 30 B2 i
25 AR AR AT ) 2 R AR B2 ROST 8800 43 B ST 1 0

» EFEARBIEA T H (12302264, 11932006, 52104004) ¥ Bl.

2023-10-24 W 245 e »
o JHIRAE .

2023-10-27 M4 1 % .
E-mail: Ixzhangqing@ hhu. edu. cn.

ZEARA AL RT BB R 58 A fl

{ELNE 7 Bl R 58 B2 A2 A 9 #0575 B T 4 o ik
it b AN ] 56 BE AR P R 2. 4R R A5 g
JE R IR T AN TR BERE B8 2 2% 1 T JREAE ] R i
VL7 B 1 I 7 A4 B B 194 7 7 E T o A AR
T8 IR AT RT3 S B T X 4 A
7B R BRGRE M 3 A« F AN [ EAE 8 BE 2% A
A AR B L AR B T A A B R
B VRAE S — B 52 2% b S LR IR 0 AR 3 2
A ANl 2 Jor P A R W L g 2 O AR RE L KR
Y T S 2R WY B A 10 A AR DU I . 3
— Ak B L R A A ST R DU O A R A B R
%%%ﬁ%%m@%%ﬁﬁﬁ%ﬁéﬁTﬁﬁﬁ
J3t 73 5 A ey 0 G A5 B T O (5o T R A SR fige 45 2R
LAYt B4R sl 454 ) 5 A 3 R A A 22 e T Al A

PR VR TR I AN % 22 A8 AR R A 2 BT . 7
/D REAS AT A A B PR TR DU A B L BT



« 364 - W g 22 4l

2024 45 45 4

B BB A% T AR R R Y T SRS T A O3 A O s M
A PR 1 3 2 A0 40 W AR ) 4 e 0

i3 3h J1 2% (Peridynamics, PD) & H 3% & San-
dia B Z 32K % Stewart A. Silling $#2 H 9 —Fp F14
R R B B BT R B W T 4 F B
T2 FTC A% 125 B0 A0 A, M T 2R B8 45 b AN % 2
SEF ) Y EL R MDY PD 3k AR R AR S ALy
R ARG RY | 10 B B R v AN SR AT ROA & 23 R
SR B JC WA J5 vk B AR AL R B AR A g e K A
SRA 4001 T DRI L ) A 3 L R G 3 R T A S A IR )
B Hb B AN % 22 PE A W R R A% R R E A3 AE TR
e Ry RUAE R PD OB E K H 8 O ik i 4R
th S [EV AR 55 5 460 1 8 IR 3 B FFRE TR I iR AR
TEW B AR Jry d A B AN L 22 BB e Al 22 i 40040 Tl
1 55 3 34 25278 T8 I 1) 43 A Bk ELA e 34
BN PD 2R I 4 — 0 B 20 il ik A Jt 7~ RO 31 2 WL
FUBE (9 28 T B I 1) 730 sk f 1 AR e i 2 RUBE ) 22 07
EAEA ) RUBE 7 2 1 4% 8 25 5 11 10 52 2 1 o A T 3
Frigs ROE B

AR SCEE X% 58 BUE D7 ¥ AR A B % 2272 I 9] 7
(4 JRy L » 25 PECRE 2 A b Rk 1 A 34 5 e M L X% 48 PD
BRI HEATIE E A 1 B 1A b R 5 45 40 22 TF i 3R
AT RIE G s 1A 9 S T FORTRAN 318 72
. DA R BEG™ 3, 411 A RIS i 45 O TR 5%,
S5 G AT RTHEET 0 b TR B 2% 1 RS B A 7 BIR L 43
B 74P AR A Y 5 BB B RS S AR B BR R AE
7R T AR I F a2 P B R T AR LA L S A AR AR R
TG AR HE T A ROR AR

1 EZZhAZEEN

1.1 EAXHFRE

PD 38 B 580 S0 R o ) 5T a5 A A
TR Z L ) o A 22 ) SR FH S AR . &l 1 TR X
ZS g R W0 S x,  fEAE BT %) ¢ 19 PD is 8 5
FER] AR R N

pﬁ(x,[):J f(u»,-—u,wxj—x;)dVi},-er(xvl)
H,

@)

X H, FRP A x; L6 i FA2 0 7 4F S

%

Bl 1 PD e ) s %) 2Z ) AR AR
Fig. 1 Schematic diagram of interaction between

material points in PD theory

il su (xo0) NANTEIE b (x.0) MK S BV, &M
BT AR TR,
FEXL E=x;—x; WX ERE . n=u, —u, H

FAXTRLRS KAt f (2 &) BN B o s X x, Ml x; 22 [
(AR F4 F7 p 5. AR R 307 46 v 307 R B RS Y T B AR A
A7AE AT Gl (1 B 2 e R o 6 2

D (.
(&)= %(n &) 2)
A wn, &) M X HEE R I (R TERER ).

X T W) 46 1O i M 42 7 (Prototype Micro-
elastic Brittle Model, PMB)U , Hpf bl 2 R 5
OB 5 ¢ DL SR B 2 s A K. EFEAEY
JOT 08 (BB H (1) 1 X S RE PR w (. &)

wm,g):ﬂf-dn (3)

Py x, AEHE G 0 WAL TR REE N

_ 1 D N L S
W= gl = 5 ()i s

4
S RE L A5

Kb RECL/2 FoR AW BT 28
W) J5T ) AR T R % 1 —2F.
12 PD b, J ) Bt s 7 H 3T 37 30 B DY B B 4
H 5“8 S8 5 iyt 3R s 5 3B 4
JH#(xb,-—x,v, ) dV;

ol y=1—""1 5)
J av,

e

4R Silling il Askarit® Hﬂ)(E[’J PMB #t %}, A
“HETR) MR AR s RAESMAT B WY B R X 5 X, Z
(] A B AE R RS2, 2 s B 2ok 3 — 5 048 ) 2 PR RE



5 33 B4, T

Yyl 3 2 (0 78 A 58 P A AL WF 72 + 365 -

A R EAR W B AT Z 8] 1“7 2 Al AR A IR AR
(R 7K BT, 20 (R 06 T o I R I Al 2 TR
%Zj‘j”ﬁlﬁ‘1$k$ So.

Wik s
W g

e

So fifi i =

B2 o R R R s X
Fig. 2 Schematic diagram of failure mode based
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Schematic diagram of fracture energy density

simulation for fracture surface

Go — ZJsJaJcos (=/® [CK(S’Q)SGSJQd@deZ (10)
0

A= RoR W) B xs B W7 R A B RS
.

T W SR 3R THT ¢ 4 73 185 A 80K i B 30 ¢ A HeAth
FERLHLH] A AT $2 5 . 7T DU = BB B R Go Wik
LB AT

JS(W—l)E&s‘ﬁ

3 0 N e %

(plane stress)

47

G()
14(Tt1)E5S(Z)
o1

HETT AT A4S B 3B 5 pR AL ¢ (6,0) LA B IE AR

Rl B s, B RE A
60E el
v) <1 )

1D

(plane strain)

(plane stress)

o (1— S
ﬁ&g(l_’_u)(l—zy)(li 5 ) (plane strain)
(12)
J 3(:17?0)55 (plane stress)

o (13)
e
N4(r—1)ES plane strain

1.3 HEXREHAE
SR ff PD 3z 85 e # B 1) AL 43 L I 2 [ B

SR WA 4 FToR S ZAESS R ol IESE 3 5T B
B LA 24 AT B HOh DY 8 138 B U B T
BT .

TEZH MR B 5L % 32 3B M 3 9 L o
PN A ) B o A T 7 A 1 B A R g AT L
TSRO O AR B X D S ) 8, 1T LR 3h
A it HEA T SRR 7SR I B BEL S 5t Ce s 25



+ 366 - W g 22 4l

2024 45 45 4

[Ax] *
¥

Kl 4 PD ¥R x 1SR AR SR
Fig. 4 Schematic diagram of solution domain of

material points x; in PD

[) B0 5 A T g i LA R I S

pul +Cul = > f(u —ulx, —x)V, +b(xl)
j=1

14
i Velocity-Verlet
JEu(x,t)

it i 1] 9 2 (B Bl DL
2203 i AT 2N W) B LA w (st FlTGE
o350

U, =u, +Ae ilqu% (15

A Ar IR L /N F il B A2 R A,

B B 2 A e, = B A B R KK
L

Co ARk v 9N ik 2

e g8 B8 v (4 N g i B AR F O g B H2 it I AE
PD i, &b Jy 3 5 7 3 2o 1A R 0y %5 B g om A& vh g
TH] 9t N AE 21 L2 W S b R T 32 46 ) p
B, AR L A Sy PD rpo S g %5

b(x.t)=—L— (+€R) (16)

Vix)

2 BEBEBEEEMWASIEESEN

FIRE

2.1 PEHERSTHIELESN
) PR A T Y L A 5 s L AR

A% FRSF- fr FEEn] LR AR R R AR U A
BEPBRATEE W,
W=Ww,+W,+W, 17
KyH+——
=l " tan% (18)
Ztang C, Jr&

tang, p

W,=W,+W,)X(30%~50%) (19
Ao WA FERE s W o B IX B T AE I R 5 7R
SR 28 DX O A oo 7 A g B M IXOSE R s W, Ol B R
FEEEE R Mg i B R R e REGW,
AT A RE K . W, = 2.0 msh HHZER L
=4 mip AMEZREG H p=v/ (A=) 50 HIAML
=0. 2550, N2 FETH N EESE A . 0o = 30°: Co N2
RPN ET).Co=1.5 MPa; K Jy i Jj 8 b 244,
K=2.05y 7 BAUEZ 458 H 3B HR,
H =500 m; P. 2}y 5 7 X5 B 9 S 4 B Jy . P =
0. 25 MPa.

B 5 RS sA MBS R IHE
Fig.5 Simulation of the width of narrow pillar

of gob-side entry driving

BRI RS BACAI (17) L (18) FI (19) i1 % Al 15
W,=2.49 m,W,=1.35-2. 25 m, it & H B ¥
75 AR I B A AL 5 TR VU Dy W=5. 84-6. 74
m o, 7E IR TG T rh 2 W TR 3 N T DR 2
Fi1 45 R 2R SR DR T 7E OB T SR B op 2 R AR
M TE RO By W=5-10 m, H Y RIME 1 m & &
6 R TT 28 DL OR IR B A 8RR 98 B AR S LA SE
FELA .

2.2 FHRBEEEEFH N FERWHE

W A EL AT ph 280 B L2 BRI 2 BT B Y
A5 b R Ml SRR A L AR 7 2 AR B TR P W R
AR TE [ 1A E . TR AT RL T, T B 1 SR
B 4515 275 B4R B Bk B L N 6 TR AR SCHEYY



%3

RAUEZE S T 8 g A R SRR SE A AL F T - 367 -

STRSHOT SRR R 5 | AT BE BTN B R KRR
R L AL AR FL B L SRS Bl B L DA R
WA PR B A T 2 AR B TR A 7 R L
Wt AIL DT B 3] 14 450 10 11 DAy AR 32 SR R 1 400 4 A
7 M Sy AL BT B8 3 5 Dinge A X R 19 9 I 45 46 4
AL

6 PD AL b BEATL T 3R B
Fig. 6 Schematic diagram of bond random breaking

in PD simulation model

M=25%

Dindex =0.0494

7 T BE RIS g 7 AL BB IR 18 R T
Fig. 7 Degree of material heterogeneity characterized

by bond random pre-breaking

XTI B X xR s B9 AR 3 R R o
M (x5 M Gy W J5 50 6] (9“8 7§ = x, — x,
TREFSEUF AE RN -

p:(l—MA(/I’f”))@—MA(/I’?)) (20)

s M () O B — Wy o 9 AR 2 50 1 B i AL
YA M. BRI S 2 R

TE 3 5] B HBOREBY vp L AU 4% Ak 1 AR 3 R 3
M Cx) - B J50 R (8 90 33 2 40 45 B8O -

)

TE PD SR 87 1 Bl R R ¢ (6,60 A
PR s IS EERIEA BHY 12 PERE. | T2
JTAF B OB L R R 2 S B R =
0 7R 32 G54 R BOREZ TOUR AR AT AL AN
Il o J2 A TS S R R TR R R B
JEB) 3 JZ RN G X 85 B = R T2 N BT A Y
R R BRI ¢ (6.0 R B A s AT U
L 3 0T LA AR IS 3 2 2 B R AP P B
2 2E.E;

D =1=p=1 (1

2D

E(x’x)zi_‘_i_E,,-i—E; 22)
E. E
-2 2GiGE
Go(x,x>—i+i GG (23)
G: G}

AH I A 2 B 2 TOURG Al 23 22 ) R 52 5
%ﬁ*ﬁi C<1v})u&lﬁﬁf$ﬁ$w (fv-i)ﬂ‘j

60E (z,2) (1_ﬂ)2
70" (1+v) (1—2y) 5

C(I,JAC):

24

L A):«/ 5nGy (x,x)
S0t L(x— 1 E(x.2)0

2.3 FERBEEHNTE

A T8 A i E e R R O A R T A R
T2 R T 38 A7 1 B3 2 o b AR A 20 A 119 R
WLTEARSCHETE . 2O T OB TR B A T VD R
RE VI UGBL 3 Y 58 4 il R T 7 A o T B R
JEG 1A 188 L 7 i) 57 % [ 00 T 3 1) K 81 A [
AR B B AR AR 38 B 40K 2 gt vl 35
T2 BT A 8. %5 I8 B R PD Be b BA  A
JO7 78 (4 MR 22 o 7 L A St A A R T e i S R
Jit T A B A 2 SR AT Jo T A2 B R T R AR DR
I8 5 22 T 42 15 UL it 0 B Bh 2% 1R 9 B
o s T MG R AP ) T AR I RS R L HLA
TR LA 8 TR,




+ 368 - W g 22 4l

2024 45 45 4

BiR ]

| HARON . BANCE (WRAGRE. HESES) |
| Ez“%”%¥§,%&ﬁ%ﬁ |
— mm&%mﬁ;#\ﬁﬂai |
| ﬁﬁ%ﬁﬁgzmwmr |

. ;
ECrey

ERIL B

1
| SRR S T

&R

& 8 PD Hr 5 IF 425 B il e 26 i e ]
Fig. 8 Flow chart for calculation of excavation

release load in PD

3 MAZA ANRTEEEERERE
i

3.1 IR

ASFRE B A7 T 1L AR 4 O BL B O A e AR AR
g 120 300 J7 M iz W ESRIEE D 3 (ol 3,
HEFN 3+ B0 2 B R 3 E WM oy 0~12. 5%,
JERE 5.19~5.57 m, JEERE IZMEE Tt 2k
S AL M HA SRS EIE. 3 L 411 TAR I 8 i A%
fLT 3408 (81 R A T80 A4 I 5O 9 3 1 RS A 4
HE, MK 15220 1 m, T 4F 1 38 % F ¥ 28 480 ~ 530
m, 3 411 AR — YR 42 Ja 1B 2l R Jr i
3 M2 R FLTOUR Al )2 Hb o 5 R DL 3% 1.

AR BRI 0 R AR A AR T R BER L SEEE 3,
411 TAEM 5 3,408 TR MY & SE e 42 1k 7= T 1E
31408 LA T [|] R 18] $EAT 3, 411 L AE I is i 4%
{18 9 4 o 7E 2 S R P ok 52 B 3 408 AR TR A 1Y)
Bl He SR A5 X5 L A5 T8 DL S AP AR A ) 32 31

x1 BREMEREEMREH

Table 1 Geological conditions of roof and floor of coal seam

BUEMR a2 R (m) AL

AT mubh 6. 80 IR @ AR E5 1 Bk RS R A 3 2 &0 o B e B mUR BBk
HED  WRERE 2.80 KB F DAY A EVR KPR B B

Bz 3 M 4.00 Bt LIS O L BEOLE

ThIE b B e 0. 80 WRE WP W E R

HAEE b 8.80 WIRE OKF 2B S0y Mgk R R E

A SR 7 TAR R 8 R ) DL R 25 X 5. 5
B T8 [ Wy B LR A3 AT R, B PR A 3, 411
AT A2 s U A 3 AR A A BLTE B S
Z IR ] fE AR ) S A AR S IR T T B A A
Sz HLAT T 7 5L R R T A e 1) B R M R
3.2 AEBETEERR

Shy it A2 KU AT N LA B Rk L B B i T 2
BT A B W RSF R 4. 2 m <3, 8 m, 4 & Wb 1 18 R
29k 16 m”, J& T W A 3 L AR LA R
Fe AN T AR B U RS 10 558G, ST 60 m
X40 m, AN 9 Fros . R R b & E R R LA K

AR W) B 7 4 S 800 L3R 2. i nl ] DL fRT A6
ST N AR ] B, 7R B R PD RE AL R i IA RS B, v =
0.25. 73T PD Jy ik AT iH B mt ok HIIE 58 2450 1)
Wy S W B s TRl (RN EE A | Az | = 0. 1 o, I BR
A T B DA B OR 28 DX A 1 0 5 e BB AL 1 )
JoT B R 232320 A, 38 H 5k BCRER 1Y 3 3 [ AT
PASR i v H R BE L AH S35 e T SRR, — Rk 0=
3| Az | AT DU BT 50K BE 5 80 AEAR SO . i TR
BT H B ATL ST B AR AR Y R A T L R bk
G A 1 AL b L A IR L 3 3 T RT3 Y 4
KERCH 0=6]Ax].



%3 L. BT 3) J) 5 1078 AT T R DL AL BIF Y + 369 -

0—q b—d

FEERE

o—q b—d

o—q b—d

o— b—q

b—d b—d

[ SN P 21 2 N/ i R a N R
Fig. 9 Schematic diagram of simulation model for deformation and failure of surrounding rock in gob-side entry
*2 BERTNENREEVENZSH
Table 2 Physical and mechanical parameters of coal seam and roof and floor rock layer
SR W BrhLok i P He o 7 %4 fiE PR i MR T J& B
HIE KA kg/m’ MPa MPa N/m E(GPa) MPa m

FEA T 2460 2.8 62.2 85 13.3 9.6 6.8
HAET-1b R 2483 1.55 28. 4 23 7.2 3.955 2.8
B2 1420 1.73 10. 5 8.5 6.3 1.25 4.0
hIE-1> e & 2530 2.4 67.9 56 28.8 11.0 0.8
HEIR-4w A 2873 3.0 84.1 88 11.1 12. 6 8.8
ks KA 1120 — — 2.5 1.5 — 4.0

AR A (] SR LR AR T 0 B 0 IR A B T
AR T PR 2 AR TR 2 A A B i BEAS T B AL A
PhE W5 [l 5% R 25 X E K AT A 2 R O o B
BUA 5 o R 28 X 47 78 35 Bt A I 1) PR 4fE A% 50
SRUR 2R 23 DXORT A 9 S R 2 i O o 0 R 25 Xk
PR B RE G S R 73 Wi W 55 v 1) L2 TOUAR. 7 4R SC 1Y
THA R A 20 O/ R 2R TR S I SR 25 IX
A1

BIEMIRAE — 500 m Zc Ay - 4508 JH 10 5 2 B
S AL B AR BT L e OB R AR 2 BT S 500, %
Rt 0 1 3 A A R R E N v =
20 kN/m® , g & b in e S A AL b A i = )2 W) S5
A b BERYTE U B A 0 3 SR 2 ROK S 5 A R

T3 B2 R s T 1 6
3.3 BEESERNMNRSH

& 10-18] 15 43530 S S [a) BEAE 98 B2 25 41 11515
E|NEOEESTENGE By O i 1 1 i = R A N EOR A S N
Bl v e s 25 R a] DA Y A [ BT i 32 o) 4% 18 1]
AT W R RFAEAT 035 RE . fH TR 7S DX AR T8 DT
TR AR T XA A A P AR B AR TR X S O
HRAZ KB e 7 U 2R 25 DX A T 0 BE 2B 3 O
V5 BERTE T RE AN AN ) R RERE (1 AR T o TR X
BIEFE AR BN LA W .

18 A A T R A R TR A R
BV AR bR AR S ORI SAE R TR0 Y A TR
7 m B AR AR TR A X /N A R R



370 - W g 22 4l 2024 A5 45 &

Dis_x Dis_y
6.00X107" 1.65X10°°
3.25X107" —8.64X1072
5.00X107 —1.89X107"
—2.25X107" —2.92X107"
—5.00x107" —3.95X107"
(a) JKFH OB (b) B8 m A

B 10 $raR R S8 B 5 mo IR E B AR A i =

Fig. 10 Displacement of gob-side entry surrounding rock with coal pillar width W=5 m
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Fig. 11 Displacement of gob-side entry surrounding rock with coal pillar width W=6 m
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Fig. 12 Displacement of gob-side entry surrounding rock with coal pillar width W=7 m
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Fig. 13 Displacement of gob-side entry surrounding rock with coal pillar width W=8 m
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Fig. 14 Displacement of gob-side entry surrounding rock with coal pillar width W=9 m
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Fig. 15 Displacement of gob-side entry surrounding rock with coal pillar width W=10 m
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Fig. 16 Layout of displacement monitoring points of roadway surrounding rock
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Fig. 17 Vertical displacement curves of gob-side entry roof with different simulation schemes
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Fig. 20 Failure modes of coal pillar corresponding under different simulation schemes
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Fig. 21 Failure modes of gob-side entry surrounding rock under different simulation schemes
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Optimization Study on the Width of Narrow

Coal Pillar along the Goaf Tunnel with Peridynamics

Shijun Zhao' Qing Zhang® Weizhao Zhang’® Yusong Miao' Xinbo Zhao!
(! School of Science s Qingdao University of Technology . Qingdao, 266520)
(*College of Mechanics and Materials, Hohai University , Nanjing, 211100)
¢ Xibei Mining Co. » Lid. s Shandong Energy Group » Xi’an, 710018)

Abstract Coal-rock mass exhibits extremely complex and discontinuous deformation, as well as het-
erogeneous characteristics. Traditional numerical methods, such as the finite element method(FEM), are
difficult to accurately describe the entire process of damage accumulation and progressive failure. Based on
the non-local peridynamics(PD) method, the corresponding micro-modulus function and critical elongation
are derived by reconstructing the kernel function of the constitutive force function. This approach intro-
duces heterogeneity by incorporating random pre-breaking bonds into the homogeneous discrete model. As
a result, peridynamics can be applied to the simulation and analysis of deformation and failure of natural
heterogeneous materials and structures. Taking the Fucun coal mine as an example, a heterogeneous peri-
dynamics simulation model is established. The deformation and failure laws of the roadway’s surrounding
rock and failure characteristics of coal pillars with different widths are analyzed. It is found that when the
width of the coal pillar is 5 m, the roadway is at the edge of the extrusion deformation zone. The signifi-
cant change in abutment pressure results in severe deformation and damage to the roadway’s surrounding
rock. When the width of the coal pillar increases to 6 m and 7 m, the roadway’s surrounding rock gradual-
ly moves away from the extrusion deformation area. Consequently, the influence of the basic roof rotation
movement in the goaf on the coal pillar weakens, resulting in reduced deformation and damage to the road-
way. However, when the width of the coal pillar continues to increase, the roadway’s surrounding rock
enters an area where the stress increases. The high bearing pressure from the external stress field leads to
an increase in deformation and damage to the roadway. Considering the deformation and damage character-
istics of the roadway’s surrounding rock and coal pillar, a reserved width of 7 m for the coal pillar is finally
determined. The proposed peridynamics simulation model provides a new and effective simulation tool for
optimizing the size of coal pillars in gob-side entry driving.

Key words peridynamics method, gob-side entry driving, coal pillar dimension, numerical simula-

tion, width optimization





