B33 1 KA 5 TR Vol.33  No.l
2016 4£ 01 H Journal of Mining & Safety Engineering Jan. 2016

XEH/S: 1673-3363-(2016)01-0122-06

R TR TR D)7 M 3K T 1K R AL 55y

MR, BREHE, BARE, FKIANR
(PEIRZACR) 1= S @A TR 2R, dbat 100083)

BT ADXRIZHEEEF R A BRI P TRARE A S TIRFRTARIEER R E N FA, &
P ABTUERAE ZREAVER TAHREASE XA RAAFIE, B3 T BARM-AHER- LR A5
AR B FAER. AR REBEHR T B T A% RAEHH, FFT ZAAEBHAE
FHRABENERNEN R ERAX, ST AAEBHEZY R L. n%ﬁ%:ﬁﬁm%
KB, FHT MO WE, ZAKERS LRA AIBETUE RN E e B A AR X9F,
5% BAT AR B SR ETIEA X, 4A6TREY, BiET EbiEF oK, F4 ﬁ?i
2.

KR RIEHEE; XA AEM; TRIE; KAEHE

PESES TD353 XHkFRERS A DOl 10.13545/j.cnki.jmse.2016.01.019

Catastrophic analysis of support crushing disasters
while roof cutting in shallow seam mining
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Abstract Aiming at the problem of roof cutting support crushing disasters caused by roof step con-
vergence along the coal wall during the periodic weighting in shallow seam mining, based on the
nonlinear variation characteristics during unstable failure of immediate roof under the abutment pressure,
a system mechanics model composed by the main roof-immediate roof-powered support-waste rock was
established. In addition, the instability mechanisms of the system under the loads were studied by catas-
trophic theory. The necessary sufficient condition for instability failure of the system and the formula of
the jump value of displacement of immediate roof were gained, and the main factors for instability fail-
ure of the system were analyzed. The results show that the unstable failure of immediate roof leads to
the roof cutting, the failure of the system is not only related to the stiffness ratio of the powered support,
the immediate roof and the material parameters, but also related to the upper load and the cycle weight-
ing interval. The rationality of the theoretical derivation has been verified by engineering example, some
suggestions were given to the mining face.
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Fig.1 Simplified mechanical model
WHBENCE RIS A TR u, SCRESEER w,
SCR-ERETRNRE N a; WA AR v, SN
JEH ks ATATRIEER Ky
AR A 7 A ) 27 R w2 (0 300 2% A1 BEe it 2
3

JitEN
1 gx* glx’ gPx. v-a
y:E#%Z_ﬂ2+Z4 I
12 EEEARBAEXR
LR A AR B AR R 5% 2 0 B A A P i Al
AMER AR, SCRR[1410 5 A7 SRR Y. - A8 5% 2
BEAT TRV, IR HE AN ) o0 AR £ KR
o = Es[1-[ § p(t)dr] )
ﬁ*:E%ﬁﬁﬁ%@%@;ﬂﬁij&ﬁﬁ%
&, HEAME G A A K. A A
T IBR B AT SRR AT I, ARG A SR R A
o=FEge "™ 3)
PRI A ik H FJERCA A, W3R 5
I u FIRAR(E 2) &R A
R = Jue™"™ 4)
e A=EA/H, EREIWTIRNIEE s o Ay WA A 22
IS0 I R AR o 2U(4) AR Lt T 2 7E MY AR 1 =2u0
RoAT 43 2, RN RLERLEXHE N 2=2e7

B — — —

o I u

K2 AR R

Fig.2 Stress-strain curve of rocks

2 EEMKEBMRTESN

2.1 HETE
SEAF RIS SRR B AR UE L N



124 Kl 524 TREEAR

533 %

1, 1,
Vx)=—x"+—px" +¢gx 5
()4 S P +a (5

X x WRGUREZRE: p, g WRGHEHIZE,
PUEZTTSE @ Nl U IR S G ER A K ESI
()P4l 77 RE (] 3a o) I 7 R :
Vix)=x+px+g=0 (6)
V'(x)=3x"+p=0 7
WAr=(6), (W% x, 193015 XETTHE

4p* +27¢4> =0 ®)
EMEE 3a BB TR R A S AL,
BN 3b FHDEHATIE 04 #1 OB |, H V'(x)=0,
RS> AR TTRE(8) e AN T, RGN V4
mBE), IEBEFCAPIRES, MRS ER ~ &
Bah i e RS, 80w B sk, A
RYGRAL RIS 3¢ FR).

EENP T
Fig.3 Point catastrophe model

22 RHGEHEH
OEATR, PR, SCAURIRE A AL 2%
s PIRL
V(x)=W1+Ue+Us ©)
A Uy N SESORIRF AT LS AE, Up=UphUs;
U, W TR REA TR RS, Us=UptUps Wy W
SMIREREEMIITY, W, = gy

T Z2 45 1 A A
l l ! "2
V(x):—joqydx+EI0EI(y ) dx +
| | (10)
[ Aue" du +ha —u)? +Ek2v2
23 REDHR
DA $2 U AR PR 48w JP RS, ARG AR A
SR V=0 153147 1 T M
v =—q7l—k](a—u)+ﬁuefu/”“ =0 (11)

W7y TR

Li=h+zeW%@_£J:o (12)
Uy
AT IITET M AER AR AR V" =0, FSRIFR R
V= [2—ijie”“ﬂ =0 (13)
Uy ) Uy
MIFEDR KA
u=2ug= u, (14)

BIESENENEIPRE Skt S aal HESHINEZ
NGIR RIRAR R BB AR HETE 3, AR i AL

BEAT RN EETT, AT 3 T

—q?l—kl (a—u)+Aue™™ + {kl + /1(1 —iJe“/"O :l .

Uy

Uy Uy

A u 1
Z e u/ug 3__1 u—u 3
u? [ uOJ( ) 3!

BIALENS S =270 % R R T

(u—u])—ie-"’”v (2—ﬂJ(u—ul)2%— (15)

1/[1
R GAR B 31 1 o T R
X+ px+qg=0 (16)
s
3
p—E(K—l) (17)
34 _
1= 2[ 2Aue” tKe 1) (18)
ko k
et A (19)
g=2"H (20)
ul

SH K SCORNI I B TTUR AR 50 2 26
FEP R R R Z W, FRANIELL. & Refi#S
B, HXHMBERTBIN MY o 5. B1X17),
(I8, R R p, ¢ SN K. 44
WSH & AMTEL qo FIFEARTIE IR I 2D R 145 5%

o AT R ARG R T 5, thaX (@)
g, HAH p<0 I, REGEA Iy XK AR



E1M

Wy G5 PR TR IR TV He J9C 5 (K52 )M 125

BBk, p<0 2 RG RV ELM, hmX17)n]

A, WIEELLaA i/ N T45T 1, R
K<1ﬁ5:55i<1 (21)

A EA
IR, R p, q WS XETTF®R)
N, REGEA SRR, Kby XETEZEFRHR
GrRBk R T 4 tE. I 3 T, 25 AEM
S (q>0) BB 2237 (q<0)i, X B A b T AR 2
R, RS x AR, N T BEIETCA AR
AR BRIRIIE K, U@V 1% T2 R R KA 7

LA

2
/
2K 1P +9| ——L° 1 ke—1| =0
oo ke

ue
K-1<0 (22)
q!
- +kE-1<0
2ue” ¢

H1 IS LU K S RN ey 5 B T AR
VAR AR DT AL IR RER A Z LG, BrRANIEELE K-
LRGN EYE TR, BN R R gk A
AR LB R (22)h REZEAR RS 24 B2
FATFIE TR, AR BUA RSB 28—
I, SRRSO ks SCRTARBLI RN, KB LE
KWK, RGUMRRE, HEATIAG VIR IR, M
ANSCHRNIBE kys WIBEEE K N, 255 S AR GOR TR
DAL A BV L PAY 0 S SR S 68 TR A e L AT
FEAE o 4 SORBE ey, RO EL T
J2 B R T PR R A, T A L T
BSERE, NIEEHOR, Fsf PR e oR, NI K
Hoh, RGA G RE, SFEEEATVIRIEN; H
BIUA AR, WIS, SEop RO, I
KK, REGsiEE .

B 3c P FrHAUR R E RN R
FE, BEI, SRPESRGEIREIE N, REAETRUEIRE
(il 5 o BEAT R TARRI4RE:, ST A 221
SR, EEIUE VR A B w BN ) AR 2k
BN AR, A EE LR, Bk
A A8 B u=2ug= uy, ZETCHITIRIBFIRIIE R, 1
RARGIRES, FEOEATREED)VE, RGUE2H
HPHPIRAS . EETARTE R A LR, e &
GRS RAL T L .

H1(22) R G RAL RIS 78 73 A PEA IR AT
5, RGURFEEAMTE gol FRo BEE qo K,
RGPZATEIE, RGFE TR HEC . (808

B —@EHN, RERAETDIREG; ST YR
PR DB, REFEEMERRR, YRR
A, W T RBRRBM RS &, REKAE
KA RIS DIAMar g go B IEATIE Jk AP 36 1
JERGRIA MR YE R 2, MR LS R4
P ESER N

WA R RGBT R, &R
G R AalR S AL AR (HAETR R B
JBRE H KJE L 98FE by NN ARSC R S SCAENI
FEVAHOG, 35 FEART 17 7 J b 78 P A B2 fir K/
Ko X DU AR U L N AR R AR Bk, o
PERBLCE O, PR A B, NIBELE K g, &
GUA Ty R AT BB, FEATIUE K
PR, BT S X RAR, RGBS R

VIR AR A I R AN B R, A A
WA AR IR A b, B2 A T i TR
R, BEE AR RS, FEATI F 7 fr 304
WK, AR FEEGRA RIS N SAh, X
ZEWIFE—E T OL R s SO0 R GeRe e Tk (1 s i A
o K SCHR P ZAr B R, BT B AL TTA R 1 )
SR FIM B S, R SIS RS,
Yo T HETUA ARG S PVRES, HET At
2 RS SN DURT SR 1) e A AT Ve P
24 KBEITE

YRGS RIS BT, X (16)
79 3 ANSEMR, 230K

o _£ 1/2:_£ ~ i
X, = { 3} S (1-K) (23)
x2=x3=2{~§} =J2(1-K)" 24)

P B AR PIRS AL x RAERBR LA
3c), RBEEA

Ax =x, —x, zg(l—l(')”2 (25)
X IV ) R 48 R AR e LB TR 28 B R 4 A
Au = u,Ax = 33/2u, (1- K)™ (26)

¥ p, g RAKL®), H

_i q! ﬁ 32
g_K{H—Zﬂulezi 3 (1-K) } 27)

e =270 IR, 4

U

a=P+%{H— al j+iZU—Kfﬂh% (28)

2ue” ) 3




126 KW 5 24 TR AR

533 %

it 0(26), (28), MARG N E—E TS L
T, M BEERXQe)IIRER, R EER
Bk, PkEIDNHRXE)E. BB o KBRS
RGN A CAMNE 5 AMar 8 A7 6, 5Bk A u
AR E R TR R M BE EE e E
25 RGKIBHIEEERM

P R G AR B IE R (10)7E 2R a5 Ak 2 8 A 2
HRIF, JHEM A 4 7o, SINLEENSH X, p,
q 1%

v =§/1ule'2u§ [x“ +2px+4qx+c] (29)

HR©23), QHTHI X, s CATR(Q29), R
= %(K — 1) A5 R 0 R I

AV =V (5)=V(x) =2 Ae 1=K (30)

HIZNB0) AT, ARGETAL PRI g L 5
AR TC R, HuksE TRIFELE K DL E R
PRIR R 2L

M K—0 I, fERREHOE S R{E

Amﬂzéaawg €2))

2 e a(30), GAIH, WIEELL K B, R4
RAGIS (P RE R, SR AR 21, KA R4
AN i N

3 BHAMEIREH

RN 3 W1 38 58 R A IR R L T mp THURRL 14 4 o
Boh a MRERERCE AV I EBSEmNE, 4500
B IX KM €202 TARTH TREH GO, %t
HEESHEAT T, B 4, 5 oM. X
ZRMIRE « AT IR s 0 B AR I Xk 17 R 40 7
AR RBE BRI AR 2

rMTHIZRIE 4, 5 RN, B S EORT R R
25 BRSO, TR ) 4 A% o a S MBI %
BT AT B IR P RGN, FR g R A
AR S B SE K. e 5 w50, RN
HRGRILRE R IR R 2 EIE AR MRS
MRS HAR TR AR R R, 2 SORMI AN T
ELIRTIAIEER, BESCZRWIBERE R, R GUREIUN RE
BEHTREAR, SN T EEA TR I, R
RE R IA BN, B)E, SORNIESE I, Rk
FERETR e BB K. DR, A A T S AR )
JEE 50 9l /s R A K e oxsk A T 3 B PR AU B AT B
fER .

0.5
£ 0.4
S 03
0 IIIIIII

2
0 020406081.0121.4
g/(kN'm™)

(a) AMTE

1.0
0.8
g
3506
0.4
0.2

0 4 8 12 16 20

I/m
(b) YR
B4 AR IR ICE IS SRR OO R Hh2k
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