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Abstract

Gas explosion in underground coal mine will cause serious damage to the roadway. However, when
the thermal shock damage of gas explosion in roadway was analyzed, the results on damage cha-
racteristics of roadway wall under different explosion intensity are less. In view of the shortcom-
ings of the existing research, LS-DYNA is used to establish the physical and mathematical model of
gas explosion in roadway. The explosion energies are set as 2, 4, 6, 8, 10, 15 and 30 times of the gas
explosion energy of the basic model. The influence of different explosion intensity on the wall fail-
ure characteristics of gas explosion in roadway is simulated. It is analyzed from four aspects: over-
pressure change, velocity change, displacement change and stress change. The results show that with
the increase of explosion intensity, the wall overpressure increases, and the stronger the overpres-
sure load on the closed end, the more serious the wall damage of the closed end. With the increase
of gas explosion intensity, the maximum displacement of wall measurement points increases con-
tinuously. The research results can provide theoretical basis and technical guidance for the pre-
vention and control of gas explosion disasters and the investigation of gas explosion accidents in
coal mine, and will also play a positive role in enriching and perfecting the theory of gas explosion.
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BEA LT E S BORE N AT B8 Bt B & ™ B A BRI 8k, IS R AL &5
Wi[1]o N T SR BLHTE R R UL R AT 2T PLATIR M T, 6l PN M PF 20 1) 223 0 T BL ARk
BEAT T REMFE[2]-[7], FFHRUS KRERIDTFORRR . mlh. TKIEFASE MERIE . SCIG A BB =7 4R 1
AR [ PN AME BC I AR KA 1 5 T AT SR AT TR [8]. 5 1 ESR[9] [LOJAA AR RS L BRI IR
TFEESLAE DT B LIRS, ORI Rt JETAR . R Sl s, DL RLTR R 230
TR, SRS TR DL N R R e AR R I o TR SR IR I AR B . KRR, i
AT I S IR E A BR[1L] [12], 525645 SRARME 76 2 1 44 0L HH BUIYTHR JE Bt FE I S E B R I IR S0 . ERSR AT
AR AR TE FLAT I pR R R R, I HEAT T ORERIWE T TAR[13]-[18], (H R A FIM N 5 FE (A T B i
BRRF AL T b . SRTTT LS-DYNA B BEAR I fift v FA st o o 0 B i AR 1) e X AT T ST AN A2
AHIFFIA] LS-DYNA BB, S 818 ST B, W8 T ERER B s A
PR LIRS ERE R 2, 4, 6, 8, 10, 15, 30 1%, JEITNE FLHTERAE IR AR . AL RIRs AR AL
AL 3 A 558 5 A BT A e o A (100 AN [ A 5 P20 DU 3 P A o B T R R 1 PO R

2. ARFE

LS-DYNA 73 5 sCiH S, e BeaoRAgThRE, B o haesm k. ook . MR
FE L EMRRGE A . RN A AR AT AT AR Ao FEPR AR WD ARRESE . FAA T RET Ry
By TS A AE RS S SRS 2] T2 MR . LS-DYNA Fef Btk W1 H (Lagrange) 5% . B4z (Euler)
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SHEA ALE (A Arbitrary_Lagrange_Euler)5i%. iz H ANSYS/LS-DYNA #iUES, wI2%6F]H ANSYS 57
T, R J5 F ANSYS/LS-DYNA fift i R fif, AT 7E ANSYS Fl ANSYS/LS-DYNA 2 [E) 4% 3% J LA {5 5 A1
SERAE, MATIESMRE - B0 ER A - B, SARERERUE R R IR A TNT =75
SAMIEFRE[19] [20], AVKIERE TNT M7k,

2.1. YEER

2.1.1. BRTERNEL

AR AR LTRSS Y (1 HpoCo e R, A4 3 S DU o3 2 — AT A RO DT O A 2R T A7 R L P B RSSOV 9
BRASE T WL T PN 0 B 1 R 00 Sk D 1 R A CBUE LI TR A T LT 2808 BiESMEE R =
1m, HEHNFER=08m, HiEHK 102 m, EHEEEHE 0.2 m. PHEBAGIE] 1 fros. BE—imdfi,
S AT I, A R P P S AR 10.048 mP, WRJE N 9.50% FLIT TR A, BE NSRS
TR 2 W R TT, =SEA KN 5 me A SO AT AR R R R 2 5035 R H Gt — S AL il
(kg/m/s). FETERALUNIE 2 FrR .

E% F#1m
Figure 1. Physical model of roadway
1. BEYIEER

LS-DYNA user input
Time =0

Y

7
Figure 2. Model of roadway
B 2. EERE
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2.1.2. MER)4

ARURS 1 BL T2 SR FH 7S THAAR B e S Il 435 FUIT SRR 2SR F Euler IRASRRALL, 516 BE TR
Lagrange M#%. Hoot BN 0.056 m, R4 MA 5 A FR TR an 1€ 3 Firas,  BLITa M A B AR 7Y
K439 171,700 N EA T,

LS-DYNA user input
Time =0

Y
47

Figure 3. The finite element model after meshing
3. XIS WIS EH AR TR

213 EXBTABEHRHETR

1) FAARER[18] [19]

FEEEA 30K D R B B AU, FRABIRAS T2 I IRAS S 4 P=0.1 MPa, p=1.29
kg/m®, T=298 K, HHFyhaidlis PETIIR i, T DAL 3B i A v S 385 LA % 55 45 T B T 2 i) (1 JBE g T 2280868 AN
T BUTRNE T 42 AR SR R K SR BIE F RN 5 b o d8t » BTN i o Jpk (R R TR AR 1 2 6 0 AR, MR 4 Gama
AEN,  — MR FH A 22 RS T Rkt iR L e

2) MR R SCRAS 7 FE[18] [19]

AR H NULL #RME R DL R *EOS_LINEAR_POLYNOMIAL CIRZS 7R BAR A . 2 TR AS
TiFEN:

P =C, +Cou+Cops® +Cops* +(C, +Cou+Copi’ ) E
. 1, 1)
%
X, PABREIETs ENRMAEBINRE VNAEXHAR: C) ~CoMIRETESE, NEHL.

3) FLET S A BB JORAS 77 2 [18] [19]

FLI 442K FH HIGH_EXPLOSIVE_BURN # MR L) K2 (1) Frid*EOS_LINEAR_ POLYNOMIAL R
BHEMURR, A= SH L 1R,

4) BEBEM B 2 %1[18] [19]

RSO TE AR FR BETH R WA PR, JEARAYTE LS-DYNA F 587 A*MAT_RIGID. &)
MR 2 s,
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Table 1. Air and gas parameters
%=1 BHMEZSSH

*Mat_Null
RO PC MU
TR 1.29 0.00 0.00
LT 1.234 0.00 0.00
*EOS_Linear_polynomial
Co C, C, Cs Cs Cs Cs Vo Eo
A, 0.0 0.0 0.0 0.0 0.4 0.4 0.0 1.0 2.5x 10°
LT 0.0 0.0 0.0 0.0 0.274 0.274 0.0 1.0 3.408 x 10°

Table 2. Material parameters of roadway wall
2 BEEEMRESH

*MAT_RIGID
MID RO E PR N COUPLE M ALIAS
1 0.78E04 2.06E11 0.27 0.0 0.0 0.0 0.0
CMO CON1 CON2
1.0 7.0 7.0
LOC A2 A3 V1 V2 V3
0.0 0.0 0.0 0.0 0.0 0.0

5) Vbl

S A 4 AR BV AR B R CPU I Ja], i i 7R A AR A SR F B AR 40 Rl DU 25 29 CPU ]
{HIR IR it b IR A 2 REAE S, DU 3t 75 3 Vb i b AT L E R ) . T S24R 550 SOLID164 WisTEiil, K
A E N 3 Fran[19] [20].

Table 3. Hourglass control

3 3. ibimiE

*HOURGLASS
HGID IHQ QM IBQ Q1 Q2 QB QW
1 1 1E-05
6) s KAiE

16 K SO, R gk A B B a0k 4 BT[19] [20].

Table 4. Ignition position setting
F4 RRUBERE

*INITIAL_DETONATION
PID X Y 4 LT
2 0.0 0.0 2.0 0.0

7) S A)
SRR LR BB E N 0.05s, B [A]2GK 36 0.67, WZ 5 Araw.
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Table 5. Time control

52 5. BHE)EE

*CONTROL_TIMESTEP

DTINIT TSSFAC ISDO TSLIMT DT2MS LCTM ERODE MSIST
0.0 0.67 0 0.0 0.0 0 0 0
*CONTROL_TIMINATION
ENDTIM ENDCYC
0.05 0
22. WEFER

221 BEXRE

N T T RV AR, AU AT N Bt © B HALSE SN A R4, (i 2
BRI @ FEAMERTURRAF T © LRy R AR, B R R R
@ BEOAZAINAIVERETT, AN A TE A A (8] 5 A IR AR AR . © BN R TR AT

® INRESESERE, T HE B AU IHRS N . @ Bl N EE .
2.2.2. BEAXIEHISE

ANSYS/LS-DYNA %t 3 % R M T Lagrangian ## ik 88 &5 . A Y B W) 46 I 18] 1 R A 67 B

X;(1=12,3), {EAFR tEBZ], S AN E N X (1=12,3) . FRREEs) 57 R[19] [20]:

% =x(X;.t)(i,j=123) )
fEt=0 I, W FAA:
xi(Xj,O):xi 3)
% (X;,0)=V,(X;,0) (4)
KA VOV .
1) FhEspE T2
oy +pfi=pX ®)
A oy N Cauchy RiJy; BRI BTEAART): X & .
2) By IETTE
AV =p, (6)
Kb p WUFREEE: p, AVIRERE: V = |Fij| NAXHER  F =§X7i TR o
j
3) ReEFIEHE
E:VSijéij_(p+q)v )
S; =0y +(p+0a)d; ®)
1 1
p:_go-ijé‘i'_q:_go-kk_q ©)
K, e ANARZR, q RREBRYER T S AWM T3 p AKTI: 6 P NS,
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4) A
© TSyl %A
on; =t (t) (10)
A 0y (j=123) FRB A MINEL I ARG 4 (i=12,3) NE I E.
@ MDA
X (X;,t) =K (1) 1D
A K (t) A% EM SR (1=123).
@ W BB Ab I LR 1] W7 Ak PR A, s A«

(Gi} —Gijf)ni =0 (12)
FESRAREFR L AR OSBRI PO 4 i BT B R /M, B
At™ = amin(Aty, At,,, -+, Aty ) (13)

A NOHITHH .
FATTHIAR BRI 2P HT LA 2 (14) T S AT 75
L2

At (14)

3. BUEENIRER O

BTN AR BN P 4 B, NETFIX 5, BRI cill S5 ard o AL By C S, Hrk A 5
N 41605 5 #T, AARfIE N a (0, 0, 0.2); Bl AN 25729 S HIG, ARFRAZE N b (0, 1, 2.5), CIAH
36097 5 H.o6, AR E N c(0,1,7.5).

LS-DYNA user input
Time =0

b

Figure 4. Measurement point settings
E4 MegE
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31 BEEZEWFERL

5 R TASERER Ay By C = AN s fEA R FLETAR KE SR A N I S AR AL AR .t &) 5 A A IR
FERFRIESRE B R FE M 28 o DURE, FEARFRIESRE R, A I A BER E) A R A — 2, 1
K B i KA J5 SR T 0. P JRVE SR A i, A IS B RAEAE AT I . 24 SO VE SR Ty 2
FEEE, A R R A KB N 1.38E07 Pa, M PLITAR SR N 30 £, A I pkE & A KAE M 2.01E08 Pa,
FHT A D s At e e P ey, PP L B Ak AL 4%, [RIE A M AR IR IIME K. bl 154518
P BLT R B R, AT g 52 280 P 7 S 268 e i, S ] i B T 53405 At 00 B . [ MR i B ) 1
T, B SR i RAE AR AW . TR IE BE I 200, pp ol B T ZE BT Sk [0 S 8, FL AT AR M S bR K,
B ¥l A5 BE TR S S AR R AR K. 1 5 o C I A AEANE AR SR N R I R i £ AT AAS B, A B
WS —2, mF CsaFERKX, Bl ST EX, Arbl C &S ENAE A R FLrR e b e
& FEAR AN Filhn, 75 10 5 FLHTRIER RS, B I s f KE A 4.95E07 Pa, C il S KAA A 2.02E07 Pa,
B AU C A 2 5% . TR B YU 50 FEL BT 453 R B C Y00 s,

' AT SEAET B FRAE 38 R
2-00E+008+ RIERR 2 —r
1.50E+008 .
8
= 1.00E+008 i
g | —6
2 ——2
2 5.00E+007-
£ L
0.00E+000- %% ftffﬁgﬁfw@%’fzﬂ%ﬁ ARRansuad
] I
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Time (s)
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- B AOER NI T | s
] B I e it 2k ——10
1.00E+008 8
| —— 4
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< a Ry EF{ l\‘*‘ # ¥ A'fhuv;i R fems A ARRA: Lae
€ oomeont PP
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CIN S AEA ) TLIT B
S N R ph 2

Figure 5. Time-history curve of wall point overpressure under different explo-

sion intensities
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3.2 RETHIER

6 JEIR T ASIEEEM Ay By C =AM ATEAN A FLITR B P R B AR . £l 6 B AL B
C Il SAEAS[RIBRME R B T (R BE I AR 42T DUR I, FEAS R IETRAE T Ay By C I s Jf B2 1) A8 AL A
A5, RIBEAGERIEREERI N, &0 S RV AE AT . A A DN R, 58 P v B [0 52 B R A
W, AN, JEREUA R, MR 2 58, A WIS TE 0.0004 s A E] 0.547 mis, 4
FE 30 fiFi}, R Z0 A I RO EEE R 8.184 mis, B E IR SR FEMMERGE 9, MifE By C AL,
TR IR RGE R, 1R ERS, Hoh B WASHRAARm T C M. Sk AL By C &
FEAH [F) (1) E 5 2T 3o FEE VB (AR I kN, Ko B2 5% DX 3 1) B T o 497 B A R
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AN S AEAF FLT R SESR I 4
TH A R 2k ——6
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T) 4
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& 4
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\ A -
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Figure 6. Time-history curve of wall point speed under different ex-
plosion intensities

6. EIERKESERE T B M sk B A AR R 2%

3.3. UBEHIFR

B 7 JER T AERET Ay By C = /NI S7EAN A FLT R NE SR BE T AL RS A piARE . R 15 7 A A I R
1E Z J5 AN [EENE SR BE T AL RS I FE M Ze v LUK I,  FEAN[A) PO NESRBE T, Jaf P g B [T 0T B 5 A (] 1)
i s, £ 0.05s AR A&RRE . PLITBENEREE M 2 53] 30 £, fifg&E 4% 0.00173 m, 0.00243 m,
0.00297 m, 0.00343 m, 0.00383 m, 0.00468 m, 0.00661 m. HI[% 7 d B Ml A0 C ¥l s fE Y Jy A A [l 4
YERRFE T N R IRt 4 nT LLKI, Bl DU ME SR B R 38 o, B Tl e KA RS AN TG R 1 B ok
JESRIE N 30 50, AL B, C & s i KALA% 459 0.00669 m, 0.000624 m, 0.000548 m. & #(F
FRTHE BE 4 5K AL T E R0 51 3 R B [ (W 45 A0 RS 00, SRR, AT K AR A1 O 7 N i P o) 85 T B T
PR A e

DOI: 10.12677/me.2022.103032 282 i AR


https://doi.org/10.12677/me.2022.103032

TYesE 45

A SAEAF LR T

0.001 - ‘
] PAEYR AN e e A
0.000-
-0.0011
S -0.002
= ]
3 -0.003
Q
£ -0.004 -
& 1 P pfiaramannpaamennsnangasmnse
2 -0.005
-0.006- NN T
1 i \/] \// \(,,/-\'\v‘/»"’\’/ /.\.s‘-j"i\“'v\u"v\('i‘,;:~\(«<$/(j¢£\,g,4\..'-::«m'_
-0.0071
000 001 002 003 004 005
Time (s)
‘ =2
0.0015- Bl AL AN [F) LA AR AR SR EE N 4
Y [5)7 AS ) FE H 2 — g
0.0010- 10
——15
_ ——30
£ 0.0005-
g
£
(5]
£ 0.0000- L
o, A ¢
2
-0.0005-
_0-010 T L] T L T T T ¥ T 5 T
000 00l 002 003 004 005
Time (s)
. ) —3
CM SAEAELARIEEET | g
0.0006- Y 1A R I e T 4% ——6
> v ¢
2 00004 v ]
é 0.0002- I
5
£ 0.0000-
&
2 0.0002
-0.0004-
-0.0006-
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3.4. MHZUER

8 JE/R T ASIEEEM Ay B C =AM ATEAN A FLITB eSS R IR AR . il 8 H AL B.
C Il SAEAN[RIBRXE 9 B2 F N I AR 4 mT LUK IR, BEAE RNESRZ I 0, A By C IS i RAEZEAN
SEm. LA AW SO, BEE RIS EE R SEN, 7) B ORAE AR 23 ) 9 1.83E07 Pa, 3.67E07 Pa, 5.50E07 Pa,
7.32E07 Pa, 9.14E07 Pa, 1.36E08 Pa, 2.72E08 Pa. FLIHENEphili#ams Ak B Beh, B AR P2 A2 80 4,
4 N JHE R R TH] T AR AN ] Wk B2 2k BB TR 7K 52 . IR PR, 55 v 7 AN BT 885 I i B T 3t 2 12 RROAS AT AB SR
16 By C W sSBET 29 3R S 808 B AR Z G, BLAIWSREINEEE &) S SO 57 1040, 5 INE5E FEAN
TEVR R A RE T 2 IR o TEAH [FIAR I 3 P  d e LG 2 &% s B T R ) [RIREHG 2 A > B > Co BETM/EMRSE AR
R TR . SR AR AR ) A B A G A AR P (Y B BRI R, ik ASADLAS 31 E A N s
FOXEIN, BEMIFEIE. . RN AN T
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Figure 8. Time-history curve of wall point Stress under different explosion inten-
sities
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AR ICIZH ANSYS/LSDY NA S 538 A A [) T 038 X0 5 FEE T F) B 307 o 85 T B T e AR PR AT 1 3
EEAL, 558,

1) FRIEEEN Ay By C =N A AEAN A TR E SR FE T I8 AR AR 7, B TN i P 38 o
BETH R R 3G K, ot DAYty 52 200 P s 2 Ay iR, P i B TR 57 1% A A 7 ™ o

2) [ ENESRE N, W s O B AE AN . Sk B AL By C 25D s AEAH R R A E R
FEE T PR P WA A BRI, 6T L 25 DX 5l PR B THT 3 A R IR AR B

3) Wi PLATRENE SR EE A HE I, BE T s e KL RS AN WG K . AR S B TE BE Y 7k AT R R
B BET I B L, SRR AT R PR FO T8 e e P o) A T B TR A ABR 28 O B E

4) TEARI PR IERRFE T, 58 A vty B [T e S 6 5 A i P 1 D @ s B o R e TR B, FLATIX
B ERE . LRSI ST IE E s XK, BUAT DX BE T 25 PR me 2 B A, BT DXBE [T 45 9 Bl s AR X B
4545 7 B
E ST H

B R A ARREA RS T H B BLITERIE Re SR UL AR M R o R REARERIE L7 (Y5« 52174177)
I 2 PR LT AR AL RR R I R B i Bl ) AL 5T (S5 - 52174178). WA UE T H AR H “ AR
A B AR M A T R [ I T R s B AR AVRRAE Y (Y5 20B204). SiMAHBITHFEMKIH “B
PR M LU bR 22 A PP 5 2R A 1R B SR —— DA SN BE XS XA (G5 - B8 80A KY 72[2019]22) .

&5k
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