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Abstract: The stability characteristics of main seam roof in Yanzhou coalfield are analyzed. And the different
influencing factors are generalized as the sedimentary characteristics, tectonic characteristics, mechanical property
and some others. From sediment analysis, the main seam roof is divided into hardness-upward, softness-upward or
their compound. From tectonic characteristics, the main seam roof is divided into super structure-development,
structure-development, middle structure-development, and nondevelopment. From rock strength, the main seam
roof is divided into extra-high intensity, high intensity, middle intensity, and low intensity. All factors are
comprehensively analyzed, and based on analytical hierarchy process(AHP) and fuzzy mathematics method, the
stability characteristics of main seam roof are evaluated in Yanzhou coalfield. The stability roof are divided into
four grades: super stability, stability, middle stability and instability. The zone of super stability is thick coarse
sandstones, with few structures and extreme high strength. The zone of stability is medium-bedded fine sand and
silt with a few structures and intermittent, and high strength. The zone of middle stability are silt and mudstone
with many structures of partly cutting through and medium strength. The zone of instability are mudstone and
seam with large quantity and continuous structures and low strength.

WrFSE#B: 2005 - 01 -12; f&EIHRE: 2005 - 03 - 29

HEWH: FHXOARAAEE I H (90302011)

&' . XEREQ978 - ), Z, 2001 AFEHEME P ZRABHR R TR Lolk, BN LA A, N TR T I E S AR . E-mail:
lhylsj@mail.iggcas.ac.cn



HEHESE . 58 MR SR TSRS E IR A 23 H

* 1451«

Key words: mining engineering; analytical hierarchy process(AHP); stability of seam roof; fuzzing mathematics;

H254 HTH
weight
1 51 5

XEFH IR TR, R TR E 1 3 22
MR A A T . AR AL Ko A P T OE
TUAR B I ) e AR S A R M S5 0 B T REE B
PERR R TERI 2R G Sk, DRAE TR Bevl iR 1
fifpe Al Al S R TR E PR (K5, HAT HEEE Y
PR RISERR Y B . ITEEAEsk, [N AL
MR TN T BRI TR K
SN, M X SRR 5 TR e
KER, WAFT MR AR SO X S
oLk, RGN, R TR E 17 i
7o, IR IR A HAT S A

2 ERBETHFFES T

FEMA DAL L2 PR o, S B R A
B - —BR, FESHEZRBOE EARGENT &4
RIEH. FoSggd. hT3EREZRAT T
ARG MERIPAL, P DAASCEEI IO SO
B VHAH =TS 2
2.1 THURERFHES

ZEMBEHEE 3 R AE = AP 5 R B R
(¥7, DRI TRURR P AR 2 P B A T S ) A4 2
J ) AR R 2 RCREL A R 1) 2 e, o o e TR
FAI] 430 FAE B, R ERERRTE A 3 2K
(LA 1).

(1) FE EARATR I B2 (L 1(a))

TP 32 AT AR A 26 K = AP R
5 N I DU T o TR RIS N A Rk
BEA, P IRAEAE R IR . b Y ac ot
T EE T I 1 R rh ™ A A 22 5 TR S T
FAA T TR (A T B, AT A Ao B BRI, 4
Pk —E N ME. FER BN IR PR A TR
R PEMR LT, (H 53 KT B ik, 75 R A4y
TRTVEFE IR B

() I EREALTTR T FASHLE (L 1(b))

KPR R EIE BT = AT R OB EE,
RIS Y Ay e ()2 P R TR R BRI =
Bi B DT Y S 1 P O N T B V4 5~ Sy NP P T TR
WA TR S s, e )2 LB N a0 R
fiE, AR TR R A R s . X0
BN R AR URR A A b, Tl by BEARK
THUAR A R

(3) A TTIAR—FH 40 AR 27 (WL 1(c))

(@) THLHB TR

(b) T4k EERTUR

B E ) o Hb PR
g&—i% — .‘ YZ'/nﬁ%}/%i e /EIJE
% — R W -
R - | 4 LR g;% — {2 @
LT P R Da | bi
prET LN . mah | ... | e ===
gﬁza == A | TRE f;ﬁ — //)&
E DT ORE woe| .| =m=f
Fita — g
%25 ___ TR i
_ W E
] N R 3
HHHE G 2 wape | - - *
WHETE SRS A | o b
b N=AN=E) .,
Eiil s =z # PR E T I’f
bR . ® =
] 2 ﬂ]
‘:FE//I‘% I %]]\E&% X N
W B T DT E o
ER — [£ /A S1IF 18] 3
#3E A S 3k

(0) ZAATUR

K1 JREE TR
Fig.1 Types of main seam roof



* 1452 «

HAT D1 TR

2006 4F

BRI ENIE TR 2 = b < B N T e T A E 7 A LE1 P
Moo AFURITE . OB VR SR,
DR AT, K3l 4t vse R -
WA B R T /KB ) iRg5 28 AR A%
FUREREE T, ATAFUTRRYIAE Lo RN G54 b= A AN
—PERIZ HE, DORERIS SR . Ak, ER
JE R A A R — 2 BB Bk T T B
o AR ETIRE T R R BB, I A
ik, RS LK TR AT b RN ol 45 44
2.2 TRIRAESFESD #T

A T J22 S R 0 ) JEAT R R, 4% CURIX 3 i 1)
TR /N2 23 A 17 0K 0 RS2 TR A 3 43 DX o T
BRI Ny 4 e MIEMRBIX . WIEREX . 1
EHEREXAMERNREX.

PSR B X /MG SR AT PR, Wrsk A,
T B A AE S AL S VG X, oA e 2
P it B AR (R Aty o AL T A5 R X P /M R A
Z, HEWPEAR, AT, XRPER A X HEAY
S)o3An, SRR TIAR, 5 BANRE E THURR et
. MIERE X 240 KM T X 5, F2 4
INHE R, AHE S GEE, MRS e R,
A VR AR, 2 TR B TR AR I 32 D 3R
PR OR B DX A /N 2 B By, TR 2 e
WPRRRAS L o — MRORAA A I AR AR i
WARBAR, DA TE XS I ER R, KiiE &
W R, AR I, A AR TR e
TS R FEL 28 A R 38 0
2.3 ERNFMERSH

MR TR 7 225 A ) 2 TR wst A 2 TR
A D) AT A I, 300k 4 R M
G2 RN =T 1Y P R 20 P S AR P

FE M B R DX, TR 5 )2 1 U 5 > 55
MPa, XS AafE RIS, AN 7R
SRIEIK, TBCA JZ PT R 58 8 45~55 MPa, Jf-H
JE PUEBRIEE S o Hh X 8 Tk, A AR
FEX, TiACE JZ PR s 35~45 MPa, 3224y
AAESF AL, VG LA AR B B X . fEAR R
FEIX, TiACH 2 PR <35 MPa, AL AifE
IR, 32 PRI & 55 2 5 T 1R 5%
W, 5 R R

3 ERBFETHIEE M0 E =

HI T MR 2 TURREE PR DR 32 A2 1T MR %,

1 HL 48K 22 40050 DR 35 3R o 0 AR e i ) e 1 O
Wy 20 i A T M. 2R 53 #riZi (analytical
hierarchy process, AHP)/2 HiZEE #1525 . L
2548 K7 T. L. Saaty 4% T 20 40 70 4RAUA 14
2 HArZ HEMIYL S ik, JRBRR R, A E K
i, AT R s AT 2 BT X AT
FAIWTREAT AR, FE O RV 2 A )
Z N P
3.1 BROWEERRE

JE IR G BT A Rt Pt B R P e L, AR A
BER R TR, FEFEIEARZRES,
AT AR ) A BEAL . T FRLAK, IR AR ) 1) R
I FH £ 2 T B e B — 2 45 DR 35 A 0 T 1 FR A
i, Wi E—EERARE T2, BERHEHE
FAG PR Y . AR BT (M),
JE AR Z0T H bR 2 MR, DA Aif i 52 e
TR R T e T RE BRI R, S R
P2 T4 it

2R T AL O R

(1) X ) AT 4375

(2) TR R G T R SREE Y P SRS 3
(= €y AP

() [FJE— LM E R UL g B Z AU AT
PR LA, AR B R R A e S AR T, T
) U e 5

(4) RFIE— 270 3 FIW R BE AT 2 R

(5) XoF FIWTRE B HEAT — B 50 5

(6) THE & ERMZR AT .

TR 2 R S BT AR SR B, 43T g e
JA TR R A P () J LA R R 3R
32 ERBETMBEMER BRI

MR 28 E N 4 AN DT AT 24T, BAEUTIR
o M A 1 AR

(1) FEL ) BRI A 2 R 5 1

AR N S A R G o) R R A P R R
WX LB R B 4% SR R O R A IR R 3%, n it
JRIZG R, TN RDIR 2 IR G50, Bk
Y R IREE R, R A TR S R R 3 2 R AR G &R
Hhdg BN R, & N2 g Rei sk s
K2, TR E 1 5w PR 25 22 R) R G &R 3R b
Bl 2 TR IR I 2 IR 54

(2) Hayics ) Wit R R

Pt 5 AR B, S T AR R OO E— 2
05 B — TR 254 DG I DR 35 2 [ S o S 2 1



Fo5E HETH KIMFHEAE . 78 MR P 2SR 2 DO AR s PEARFALE 20 # * 1453 .
[ 9% B & R AR TR B R R R ]
v !
[T A& A I U] [rmERs Al U] [T sH % A0 U
S R K "W 1
) /J\ W i)
= X n % el ey Vit
& # E E21 z # H ) iil B4
4 P m| |4 4% i 7 i # &
& % | | 4 » ¥ = il &
n i w| R s - 5 M v %
ES # i G 5 " f
v Va 8 Vi Vs Ve Vs Vs Vo Vio
K2 JRZorHras i
Fig.2 Structural model of analytical hierarchy process
M, HFEITREABRS MR M EEENE g
(O YN GES PP T S0 o
HEARZHZEHE 1~9(Lk 1), PIMLLEs " e,

PFEPAIW R R 2 Fron. K 2 W Bl
%%% Uil%% Uj*ﬁ Hﬁ?% a;j» )I_I\IJ U; Lt Uj %’J%ﬁy‘j
a; = ayo

L1 A MEAR I K S X T

Table 1 Matrix scales for judging and its implication®® "

b i X

1 PIAIRANLE, HA R R

2 LA TAREE 170 3 2 i)

3 PRI, — AR — AR R

4 TS T AR 3 A1 6 2 i)

5 PIABEZEAML, —ABERES—AE R R

6 FLHEATHREE 5 M 7 2 14]

7 PIANRIZARLL, —ARE S AR

8 FBEATHRRE 7 M 9 2 1]

9 PIANRIRANLL, — AN RIFE B 53— AN D 38 i 2

®2 AR
Table 2 Matrix scales for judgment

R U; U, Us U, w
Ui 1 113 1 5 0.21
U, 3 1 3 7 0.53
Us 1 1/3 1 5 0.21
Us 1/5 7 1/5 1 0.05

() BEHHIF, FHHAT SR

T S A RS AR B () B KA A P
H A® = nws 8 A TR N VRFAE ) 00 @ 22
AAREA G, BIEh R — 2R AR R G A E— R
DR Z A T B A A (W)L,

Rl (Aw), Ao 5 T A T0E.
BB Ay S0 T BEREAT — SLPERY, R

FFE—SEsRbs C1 o SO

imax il
=T @
A n HEFER S, M Cl=0, WA, =nk, %
MR8k CLADK, FRRR—ErE .
¥ Cl 5PNl — Bk Fabr RI BEATLHEEE, 4

CR :%, ¥k CR OUBEHL - SChELLZ. 4 CR<0.10

B, AT R — B, A UK R O
B, HERAWEN—80E. XA E A,
X REE ) e, S bRUEAL S, A 0T AR 2
REHE P IBEW),  THEAE 5 — SR e 25 51 W,
2, RIBUEE 3.

H£ 3 FIBTEFER PRl S f s RI A
Table 3 Average random consistency indexes Rl of matrix for
judgment!®!

¥r&n RI fE
1 0.00
0.00
0.58
0.90
1.12
1.24
1.32
141
1.45

© 00 N o g B~ W N




* 1454

HAT D1 TR

2006 4F

(4) B, BEATEHER?

AR UM FEAG R 25 DR AR, TH50F
BEAT - BUEMBENUER S R, A3 2E. BIURE NN
FARIRI AR BE (LK 4).

x4 KU ERAE R
Table 4 Ordering weight values of influencing factors

nennmy  oewmm  BURR S
Vi 0.72 0.1512

U, V., 0.20 0.0420 0.21
V3 0.08 0.016 8
Vg4 0.07 0.0371

U, Vg 0.28 0.148 4 0.53
Ve 0.65 0.3445
Ve 0.65 0.136 5

Us V< 0.23 0.048 3 0.21
Vg 0.12 0.025 2
Vg 0.83 0.0415

U, 0.05
V10 0.17 0.008 5

4 FREMITER T ES MR

4.1 FiA*

BRI 2575 PP AR I O 45 HE PP bR UE S VT
IR BB, B eAT R R, TE R R 5
BOMIARE A, BRI AHP VERE RS R Z 0
H bR otk KN RIRCE [ R, 20500 &, 75 2106
RY RN PEIESE B, l ROA=B, i B=

JE R o
RTVEAIREE A SRUE R & S pik, IR
AT BERRGER ., ERRR BB
AU, ol TR AR A 2 45 R 0 TR 32 4 442 PR 1 45
R JFARE D EE, AR AN R ALY
BRIBEAT VY
BLO=M(-, O) B, o .7 0
eI, “O7 JSRABEHP, GIABIALRE

& &, v Ay

Ay Ayp Ay
A = (aij )nxm

anl anZ e a'nm

EREIER = (1), ={r> o 6} WA
VS B = ROA = {bis by - b}, b= ra,
i=1

(=12 -+, m)
4.2 BEFEITFHAENRREBEENHE

(1) SRR VEARE

FERT AW SRR RN I, 45 & A X 52 brds
AU ZS N AR TR RS 2y 4 ATV R
Faoe X 1, REX N, PERGEX L, AREX IV,
FHIN b, PP AR (0 FR AR S B — it 42 30 IR o
KI5y ik 4 (W3 5).

(2) RJERE e

BB OC F8 5 b 1) SR B 2 1 2 25 d e b s T
TR IFEE RN, — Mo LUK R R ok R oR

[Bi, By -5 Bils BIATEUIXNZXNER | 0 FIERIR SR ek a2 — IR SR AT, Harm
®5  TREETEVEY R Sa s
Table 5 Indexes for single factor evaluation of roof stability

ESES FEFRER | FEEX N FRAERGERX 1N ARGEX IV
Eay = RE DI J AR E A JE~h R E A A R A~k ib A W ~Je s A G
EPE S A b W LA EN O e VB Fpek
JEFAEAL Yotk o IR 2N rdySt
DX Ity A TE Wi 4R i B EA T AR 5 S TR AE EE B WA AE
MEGEHSIE K <1 %/m? 1~5 %/m? >5 4&/m’

BAGHINRT, ERKEAKR,

ANy a8 ¥
AT T2 R 2
EeVEWIE st N >55 MPa 45~55 MPa
EAELME R U, AN CE TR E R
HiRE P 5 7 ¥
B fRHLRY ) X HHL R 7K
FERHAR A — B 7. MR K& A A
A RN ERAN

| ’ KGR,
A R A T T S 2 S

AT N AR
35~45 MPa <35MPa
55, K RRALI G EREEAR PR PR AR 22, SR ML K
R g DXL R K

Ny R KSR A
S




H255 BT A 8 MR TR TR RS s PR I 20 A 1455
— B SEBLAT W R S E I AR 3987
HRA BT SO SORI S RIS, 25 el - i
To T DAIEZS R B SR R e 8, A TR SR AR AN Ty ~ db
fa, T FLA R SOR A a S NAN RN
T NG5 RN e SR B (R Al |, &5 S AT 3932 ﬁ%ﬁ‘ﬁj@jﬂt nw \\_/2_\\%&
PEDX Y SEBRFBG,  SR I 23 T AR T IR 7 2k 5 A @Qﬁ Ly 5
RIRIBE B %&Z" : ;*}u T ﬂgéﬁ}%
HOCHIRHALGE T B, P ITET 05 5ol sty AEETR A A
km~0.5 km FgFEL, BRARIRTITEN S=025km™. & | SN R T
Wai=1, 2, 3, > 10; k=1, 2, 3, 4% Haf N ol R
- > — P A g B | 2
AR n AT K SRR, B sonp & i PN e e
k) SRARCEW RRELNasRioe
RER N soml (/—\%‘ SR ERe
0 (RAHEIDMHEERTHE EEER e T S i [ 4]
. . 3920t /j:'t/ T e 7 ﬁ”i’éi
K 252 T 5 TR 0) P R R R AR N
% ST @ | 113 X
S o . 3918F CIN > K‘;é‘ FLEERLE
é%%m%r¢ﬁiﬁﬁmﬁ =7 & w8
& = 3916 : =" @, )
K %2&¢%Eﬁ$ﬂyﬂsk) 20 480 20482 20 486 20490 20 494
x/km
A s AN N2 A
L (e AR oes 3 MO AR U R et 3 B
K S5 BT AN S) Fig.3 Synthetical subarea map of stability of main seam

RO IEM e SRR AR B, 5T,
I B ARG SRR O, A — M AT IR

(3) =& M & FabrH)E T Fik X ke
SEORNTAME, VR E BN
43 ZREMEETHEE

P SR P RO 2R A VPRI FE AR R U], AN VP A
R

(1) 20 DXIZM IR RI5 ik, Mgk 685
ANTTKE, AER 3 BTSN ST (I
Kl 3). IH4udk 5 M dbrift, 2l & R X K.

(2) THE S P AR AR A S T % S G i AR
H, THEIHSER RN

(3) —WBMNLEEVPHA: LR ITT 5 o s
AHICLE Ury Uy, Uss Uy TSRS FEE 2 R 06 3R
FERE A Ag Agy AGRIRTH BI85 B SR H IRAL
MM E Ry, Ry Ry REAT ROA =B MG o
i 1t RPD75 2815 7 DU DA

U;: B, =R,0A =

8, &, a; ay
aZl aZZ a23 a24

Ny My Ny I =
{11’ 122 113 T4 a, @, a; a,

a, ap 25 9y

roof in Yanzhou coalfield

{b,, b, b b}
U,: B,={b,, b, b, b,}
U, B, ={b,, b, by, b,}
U, B,={b,, b, b, b,}
(4) —HBWIZESTEA: FFE, AEHER R,
H By, By Bsy B ALSHIBIRI O RHFE A = (05) 4
FRIRZ C=ROA &, R

[
s

b, b, b, b
b, b, b,y b

C, =ROA={r, 1, 1y 1, bZl bzz b23 b24 =
b, b, b, b

{€w Cyp Ca Cu} (3)
¢,=max{c,, C;» Cj» C,} (=1, 2, 3, 4) (4)
Kb o WX VEMT RGBT X AR e S G SR
JERE, s KSR RUUEEA T VRO, e RS e
o I, o REIEFREX, o REREX, c
REPERER, cARATEX . WKL

Uz’ Cz :{021’ Cypr  Cyp C24}

Us’ C3 :{C31’ Cp  Cyp C34} (5)

U4’ C4 :{041’ Crr Cyp C44}



* 1456 «

HAT D1 TR

2006 4F

A o AHENE U &R PR EXT U 158
553 [10] A

5 ZFEIFEM

IR S 1 GebritE, TR A D ZROR DA
2 4 45 DR 2R 010 43 DX PR DO, AR FE AR 7 PN X 45 DR 3%
FIRKAR, G BMLRa VPR, i A R AT
T HARZ SRR, R PITAT A % XA e 55 40
R, AR AR

6 & it

A Z R Hridf e SEma I = B JE RS
X BEATER G M SEFSHIEE FH T RAZ TR A S
Moy 4 e BURARHRUE D THRAUERX . Tk
SRR E DT AR E X

(1) TARAEH A E X

TEALT IR AL, AP R LIRS
T, MEWRARE, AR .

(2) TidRAsE X

TEALT IR PURg AL AR,
LA M i SO 2 B2 IR, & /b ie s
WG R FE A, R MR, A n e
ERGE PSSR i PN iU SIS

(3) TitAR AR E X

R ER: % ivam A ol St 2 P S | WU N 5 L e
b gk, AELUR R A Yes . FE N
T, Mg ERAFEX . KEREPERFX, R
SRR, T R I B I
DX, A AT I AR T AR

(4) TR AREE X

TERL I FHABHS SR ER /NI, v LAY
e W IE MR E T, WIENE . AR
WK Z, A0 Az,
Buft ASCHETURMCERIERE S, 15 RIF ML )
U ARSI, AR SR SO R T AT AR AR S
LR, AR R

S &3k (References):

(1] GHP, B, s B TURECE R M 53
FIRZR[]. A4 J1% 5 TRE4R, 2000, 19(2): 136 - 139.(Meng
Zhaoping, Peng Suping, Qu Hongliang. The relationship between

composition and texture of sedimentary rock and its mechanical

[2]

[3]

[4]

[3]

[6]

[7]

(8]

[]

[10]

properties in the roof and floor[J]. Chinese Journal of Rock Mechanics
and Engineering, 2000, 19(2): 136 - 139.(in Chinese))

XA, A, J7RE7E. A £ R AT TOUR A e 1 A
BHUN). A0 1% 5 TR, 2002, 21(H%): 2 121 -2 124.(Liu
Changyou, Qu Qundi, Wan Zhijun. Numerical simulation on rock
stability in fully mechanized coal face under the condition of deep
mining and large inclination[J]. Chinese Journal of Rock Mechanics
and Engineering, 2002, 21(Supp.): 2121 -2 124.(in Chinese))
HERL, B, B, AF. LRBOT R I TR R R 1 A B A
WWFRE]. AR 55 TR, 2000, 19(4): 472 - 475.(Cao
Shenggen, Qian Minggao, Miao Xiexing, et al. Numerical simulation
study on roof stability of face area in fully mechanized mining with
top coal caving[J]. Chinese Journal of Rock Mechanics and
Engineering, 2000, 19(4): 472 - 475.(in Chinese))

d AT R OO R e 5 ) o JFC o TSR R 1 5% g [ 9 -2
g ][D]. dbst: HEY K, 1999.(Meng Zhaoping. Influence
of sedimentary characters on stability of roof of coal seams[Ph. D.
Thesis][D]. Beijing: China University of Mining and Technology,
1999.(in Chinese))

FEBRL. T R R ATIE R 5a PP R[] A I8 ol K222 4R
(AR FL2£FR), 2000, 23(4): 582 - 585.(Zhuang Suofa. Study of
synthetic evaluation model based on analytical hierarchy process[J].
Journal of Hefei University of Technology(Natural Science), 2000,
23(4): 582 - 585.(in Chinese))

W&, T, SREE. Z NI S BT S R 2
FIALTE[D]. B k224 5FR{%, 2004, 31(3): 4 - 8.(Fan Jinzhi, Guo
Deyong, Zhang Jianguo. Confirm the weight value of coal and gas by
AHP[J]. Mining Safety and Environmental Protection, 2004, 31(3):
4 - 8.(in Chinese))

o EEET, B, AF PRI e MR R A S
YK M %AAAR, 1997, 3(3): 42 - 52.(Sun Ye, Tan Chengxuan,
Yang Guisheng, et al. Quantitative assessment and zonation of regional
crustal stability in China[J]. Journal of Geomechanics, 1997, 3(3):
42 - 52.(in Chinese))

Saaty TL, Wong M M. Projective average family size in rural India
by the analytic hierarchy process[J]. Journal of Mathematical
Sociology, 1983, 9: 181 - 209.

ki, ARASC, PhBES, A TR DARAS E PR R IR A T RO £
B[] TR F244R, 2002, 10(4): 408 - 414.(Nie Hongfeng,
Qi Shengwen, Sun Jinzhong, et al. Analytical hierarchy process and
fuzzy mathematical evaluation of regional stability of Chongging
municipality[J]. Journal of Engineering Geology, 2002, 10(4): 408 -
414.(in Chinese))

HEEIHE. 7 PR P 3 SR )2 TR RS 52 R VP A [ 2% 2. 18 3] [D].
T8 IAREH K%, 2004.(Liu Haiyan. The evaluation of stability
characters of main seam roof in Yanzhou coalfield[M. S. Thesis][D].

Qingdao: Shandong University of Science and Technology, 2004.(in Chinese))



