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Instability Analysis of Coal Pillar and Roof System Under
Non-uniformly Distributed Loading
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Abstract: Since the loads on the coal pillar and roof system were non-uniformly distributed, the
instability mechanism of the system under non-uniformly distributed loading was studied. Based
on the Winkler’s hypothesis, the stiff roof was assumed as an elastic beam and the coal pillars
were equal to continuously and uniformly distributed support springs, which formed the
mechanical model of the pillar and roof interaction system. Then the instability mechanisms of the
coal pillar and roof system were explored, the instability mechanical criterion was deduced and
the critical thickness of roof was obtained based on the catastrophe theory. Furthermore, some
suggestions for application were given according to the parametric analysis. At last, taking a coal
mine in Gansu Province as an example, the exact critical thickness of roof was calculated. The
result is useful for the further research of the stability of the pillar and roof system and designing
of relevant codes.
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Fig. 1 Cross Section of Coal Pillar and Roof System
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Fig. 2 Mechanical Simplified Model of Coal

1

Pillar and Roof System
2 EHmEAERER TECIRE R KR

15 52 bR M 5 AR P 2 A AR AR B A L A
Wiks BRI AR TR Y 3 T B 34 A i
ORI i 0 1 % e BOR 2 A 2z A, B

q(x)=c, tcysin(rx/D) (D)
g NAEH A AT B L RS E 500000
0 7 A 49 A1 i 2880 A

SHLPE b, X TOURR () VE I AT 28 p

p=kw (2)
AP w N TREREE .
Hy P& 2 m T AR - TR AR 46 1Y i S ] S,

Lil
dw _ N
,—O,Eﬁlﬂméﬁlﬂ@%ﬁ&:

ﬁ“%{¢j‘j w‘,.:o_,:O,T [
X x=0.
A& 7 2
w:%%k—ms%g) (3)

K cu WSS T HRIZIE wa.
P S T THOR 1 R AR B

EI(" dw., , EI%
_ £ = 2,7 .
U 5 Jo(dl'z) dx LT

4

~l 4
J cos(2ﬂ)d1 == 3E1u2
0 /A A

A E D B SR s T o TOUAR AR 78 T F s il
HIFE S a, T =0h° /12,0 Ny TR 98 5 - i O TH AR
JRJE .

XTI 55 A1 7 ph A AR TR 9 AR 3 A
AR S M R S T T 3 A s U A T AT L 3k
IRA



%3

W& F AR A A RAE A T HAR-TUR & 489 R A& AT 39

o ‘ o

L = J qwdx+f pwdxr = J (p+@uwdxr =
L (12¢; 7+ 32¢; + kmu)u (5
247

TR 14 s 35 E T O THO AR IV A% R R AT 47 i 2 2
L R B A

g _mEL, L,
n=U—L= R 2/17_r(12c17r7L
32¢, + 9knuw)u (6)

AR e /NARE TR FEAE oI =0, %F 2 (6) SR 28 43 1]
RPEEME T ESE u

_ 20" (3¢ +8¢y)

3n(8x' EI—3kI")

B ORAK G b w15 TR B B2
, Zme

— (3C17[+8C2)[1 (17
OB EI—3ki) - 9%

3 REMBMEY

3.1 RGHEERBAIKE
X (6) ¥ w B R RHES] 15 2 M S F g ry

nH=U—L=(

D

u

) (8

<El 3k, . al | 4l
IE g G T3,

ANHE 22 B, 2 C9) I AR R W R AL BB HETE X X
I T 20 CO) AR TH AR W AS RE IS A8 T — X 19 3 B3
JRCEY . FESE L TOUAR 4 1o A B Ik ANy

7Q1 d2w2 @2
v=E[ @ e @@ ao

BRE B (O AR 10), R 5 6 (10D i

du (9

Taylor 235 & It nl 1%
on'EI 8x°El | 32°EI. ,
4x°El 64 EI. | 5
( a7 HE Yu' +0®) [@E))

Bt LA TRUM B e 3 e

U] — 386 ?510E1u1+(17 SZZSEL

Skly o Gamt8e)l | hsy (12
8 671

S F ORI R o S w BRI B0 R O T
PLBE 4 RIUE AR 0 1 S fIK U 3L, B mT w2 6 1k
S ILLL I T AN 43 5% ) TOURR G 4 g 1T 7 5t A Fff
WA,

3.2 RERTHEEME

XF 2 (12) 78 s A3 o L% b AR sR A8 1Y

i R, 54 o= (383 910EI/0)Y wy o =

(386 910EI/I°)V? (386 910EI/7 ) * WA

HRBBAT R o p R EHIZ R L o AREL
RO RSB [

I=—(z'"+ax’+pr) (13
J LA T e 1 7 Sk
42° + 202+ =0 14

ZWARET R QD WK T 2 38 o
B WA w=w(a,B) H & 3 B s i i e ih i .
MR g A8 BT 1 5 (14) I i 5 202 5 g A5 A R A
Ko LIPS TH7EF5 ) S 80T 1H R PR Z R o 7
LW O XADO W SETRN

B3 mEMmE
Fig. 3 Manifold Curved Surface
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Fig. 4 Bifurcation Point Set in Control Parameter Plane
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