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Cluster Analysis of Roadway Stability in Jiaoping Mining Area

and Engineering Application

YU Yuan-xiang', LIU Lu-yuan'", He Heng-wei’, HUO Xiao-quan’, YUE Dong’
(1. College of Architecture and Civil Engineering, Xi’an University of Science and Technology, Xi’an 710054, China; 2. Xi’an Rail Transit Group
Company Limited, Xi’an 710018, China; 3. Shaanxi Coal Tongchuan Mining Co. , Ltd. , Tongchuan 727000, China)

[ Abstract] Aiming at the blindness of the current coal mine roadway surrounding rock support programme and its parameter design,
in order to improve the effect of roadway surrounding rock support and meet the requirements of safe and efficient production of mines,
taking the Jiaoping mining area as the engineering background, the roof strength, coal gang strength, bottom plate strength, the basic
top comes to press the equivalent, mining disturbance, roadway buried depth, roadway protection coal pillar width, span height ratio,
top height ratio and the maximum horizontal principal stress were selected as roadway stability master control indicators, and 16 typical
roadways and chambers were selected as samples, and the weights of 10 classification indicators were determined based on the analytic
hierarchy process. On this basis, the stability of the sample roadway was clustered and analyzed, and the optimal classification number
was selected according to the F-statistic method to divide the sample roadway into five categories: very stable, stable, basically stable,
unstable and extremely unstable, and then the cluster center of the stability of the mine roadway was constructed. Finally, based on the
above theory, the stability of the surrounding rock in the 2407 return wind channel of Yuhua Mine was predicted, and the targeted sup-
port measures and parameters were proposed. The results show that the classification results of 2407 return wind channel roadway sta-
bility are in line with the actual field engineering, and the deformation control effect of surrounding rock is good, which provides a
strong guarantee for the safe and efficient production of the working face.

[ Keywords] coal mine roadways; cluster analysis; stability classification; supporting measures; engineering application
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Fig. 1 The current situation of deformation and damage of the

surrounding rock of the roadway in Jiaoping mining area
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Table 1 The relative importance of each indicator
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Table 2 Comparison matrix of impact indicators
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g, 0 2 2 -1 -2 -1 1 1 1 1
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H 2 2 2 2 0o -1 2 1 2 2
X 1 2 2 2 1 0 1 1 1 1
D -1 2 2 1 -2 -1 0 1 1 1
L -1 1 1 -1 -1 -1 -1 0 1 -1
N -1 1 1 -1 -2 -1 -1 -1 0 -1
oy, -1 -1 -1 1 -2 -1 -1 1 1 0
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k=1

e’ =4.4817,
[) B AT A5 AR R D nst(5) FroR
FE|2  IHRARIRBUE AT SRS AUE T
TEHFE RS D %
W, = 14,

Wi = 1«0/]‘71'
R (6) . M, BT W, B T4 d, N
FUMNHERE A i 4756 7 9RO E.,

HE(5) Mo (6) T 1545 18 ThpR 5 B AL EE

(6)

rd, s d,,

D - d, dy d,,

Ld, d, - d,
rl.0000 4.4817 3.6693 1.6487 0.3679
0.2231 1.0000 0.8187 0.3679 0.0821
0.2725 1.2214 1.0000 0.4493 0.100 3
0.606 5 2.7183 2.2255 1.0000 0.2231
| 2.7183 12.1825 9.9742 4.4817 1.0000
T 12.2255 9.9742 8.1662 3.6693 0.8187
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r1.0000 4.4817 3.6693 1.6487 0.3679 0.4493 1.0000 2.0138 2.7183 2.2255770.107 [1.246 17
0.2231 1.0000 0.8187 0.3679 0.0821 0.1003 0.2231 0.4493 0.6065 0.496 6 0.07 0.278 0
0.2725 1.2214 1.0000 0.4493 0.1003 0.1225 0.2725 0.5488 0.7408 0.606 5 0.03 0.339 6
0.6065 2.7183 2.2255 1.0000 0.2231 0.2725 0.6065 1.2214 1.6487 1.3499 0. 06 0.755 8

DW = 2.7183 12.1825 9.9742 4.4817 1.0000 1.2214 2.7183 5.4739 7.3891 6.049 6 0.27 | |3.3872
2.2255 9.9742 8.1662 3.6693 0.8187 1.0000 2.2255 4.4817 6.0496 4.9530 0.23 2.773 2
1.0000 4.4817 3.6693 1.6487 0.3679 0.4493 1.0000 2.0138 2.7183 2.2255 0.10 1.246 1
0.4966 2.2255 1.8221 0.8187 0.1827 0.2231 0.4966 1.0000 1.3499 1.1052 0.05 0.618 8
0.3679 1.6487 1.3499 0.6065 0.1353 0.1653 0.3679 0.7408 1.0000 0.8187 0.04 0.458 4

~0.4493 2.0138 1.6487 0.7408 0.1653 0.2019 0.4493 0.9048 1.2214 1.0000- -0.05- ~0.5599-
(12)
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Table. 4 . Average stochastic coriﬁi]stency WiirE (U 1) A [m] DU A ( U 150 KA M T AT 224
indicator (RI) value table Iﬁaﬁéﬁﬂlﬁﬁg( Uy ) 3t 16 %%ﬁfﬁjﬂ%%i
" RI " RI " RI TG, FEPEA AR AR 46 18 A2 % 1 20 AH OC 458 Fr JUHE
1 0 6 1.26 11 1.52 ﬂn%%SF)]"%
2 0 1.36 12 1.54 2 Py
3 0.52 1.41 13 1.56 3.1.2 ﬁ%%’&j& o .
4 0.89 1.46 14 1.58 TR R bR 0 AR R L S 4
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Table 5 Samples and their parameters analyzed by roadway clustering analysis in Jiaoping mining area
FEAS o./MPa o, /MPa o/ MPa P./kPa H/m X/m D L N o,/MPa
U, 51.60 52.10 12.23 782 432 20.0 0.56 1.56 1.35 15.64
U, 48.51 55.31 13.65 895 545 15.0 0.60 1.55 1.28 10.40
Us 35.68 45.36 8.96 982 441 15.0 0.48 1.30 1.30 13.05
U, 54.56 33.00 9.51 773 470 15.0 0.40 0.86 0.75 13.01
Us 48.30 38.50 16.85 873 456 17.5 0.60 0.90 0.88 12.95
Uy 35.84 44.51 14.55 864 466 17.5 0.56 1.25 1.33 13.02
U, 45.00 50.00 5.69 927 552 20.0 0.64 1.55 1.28 20.80
Ug 44.35 48.21 8.88 764 438 17.5 0.60 1.38 1.46 13.03
U, 45.55 35.85 8.56 814 489 12.5 0.52 1.35 1.45 12.97
Uy 55.68 40.56 10.56 866 520 17.5 0.56 1.26 1.33 15.55
Uy, 58.55 42.88 14.55 796 485 20.0 0.60 1.35 1.28 15.65
Uy, 43.88 45.66 12.36 955 512 12.5 0.48 1.14 1.55 18.16
Ui 46.55 38.33 15. 66 895 495 12.5 0.52 0.89 1.05 13.03
Uy, 55.88 40.55 7.89 788 450 17.5 0.48 0.95 0.88 18.21
U 56.55 52.23 8.56 810 466 15.0 0.36 1.25 0.95 15.64
U 60.52 38.13 9.55 869 485 17.5 0.56 1.55 1.15 18.16

IS MHE - www. stae. com. cn



2025,25(5)

TILAE A SR PR DCOBE RS E R SR I B TR R ]

2039

AR bR R FE BRI R, T 46 ) /N A A A
P A /N7 AR5 IR B A I 22
I, X8 S A KA R AT b o Al A B R B e 4 #
[0, 1 JHIIX N R R E R — D, Bt —R KR
PREGIEIG B oy, R KRAEN v, /ANMEA
Vi » AIEBRAREALTH A N

Y = Ymin
x = ————
Ymax ~ Ymin
A FEL 5 ToR ik B A 461), H e KAHL oy, =60.52,
F/MHE y,. =35. 68, MIFEATEIR S5 51. 6 tnifEf
HH

(16)

51.60 — 35. 68
= 2109 = 55. 00 17
Y516 = 60.52 - 35. 68 (17)

He e 5 Bl AT AR e AL 2R, Ik 6 Frais

=0.64

3.1.3 H¥EAFE
PRAEXT 16 254518 4% 10 MEr T 2, B
J6, #EST I A PR e A b (R A AL R Y St
R Y ERECE S TR, kU
1

’

y. = 10
i 1—Cz‘xik_xjk"
k=1

A (18) e R LU 0= v, <1.
A e=0.1, 04
Yo =1 =010 |y, =y [+ |2y, —xp, |+ 0 +
N xuoH = 0.674
() B, AT A5 A AR [ A AR LR BE e 3 vy,
IFREHE I U bR R AR AL C R FFE R =
(Vi) wrn» WA(19) FiT7R

1=

1 F (18)

Fo6 HHTRXBEREANSTHEAREITELSH
Table 6 Cluster analysis of roadway samples and their standardized parameters in Jiaoping mining area
FEAR o,./MPa o,./MPa o/MPa P, /kPa H/m X/m D L N o,/MPa
U, 0.64 0.86 0.59 0.08 0.00 1.00 0.71 1.00 0.75 0.50
U, 0.52 1.00 0.71 0.60 0.94 0.33 0.86 0.99 0.66 0.00
Us 0.00 0.55 0.29 1.00 0.08 0.33 0.43 0.63 0.69 0.25
U, 0.76 0.00 0.34 0.04 0.32 0.33 0.14 0.00 0.00 0.25
Us 0.51 0.25 1.00 0.50 0.20 0.67 0.86 0.06 0.16 0.25
Uy 0.01 0.52 0.79 0.46 0.28 0.67 0.71 0.56 0.73 0.25
U, 0.38 0.76 0.00 0.75 1.00 1.00 1.00 0.99 0.66 1.00
Uy 0.35 0.68 0.29 0.00 0.05 0.67 0.86 0.74 0.89 0.25
U, 0.40 0.13 0.26 0.23 0.48 0.00 0.57 0.70 0.88 0.25
Uy 0.81 0.34 0.44 0.47 0.73 0.67 0.71 0.57 0.73 0.50
Uy, 0.92 0.44 0.79 0.15 0.44 1.00 0.86 0.70 0.66 0.50
Uy, 0.33 0.57 0.60 0.88 0.67 0.00 0.43 0.40 1.00 0.75
Ups 0.44 0.24 0.89 0.60 0.53 0.00 0.57 0.04 0.38 0.25
Uy, 0.81 0.34 0.20 0.11 0.15 0.67 0.43 0.13 0.16 0.75
U 0.84 0.86 0.26 0.21 0.28 0.33 0.00 0.56 0.25 0.50
U 1.00 0.23 0.35 0.48 0.44 0.67 0.71 0.99 0.50 0.75
r1 0.674 0.612 0.517 0.597 0.713 0.351 0.797 0.625 0.726 0.805 0.554 0.489 0.642 0.674 0.709
0.674 1 0.628 0.459 0.609 0.689 0.689 0.653 0.635 0.696 0.655 0.628 0.647 0.438 0.584 0.637
0.612 0.628 1 0.583 0.599 0.799 0.557 0.741 0.725 0.668 0.581 0.726 0.643 0.606 0.664 0.607
0.517 0.459 0.583 1 0.698 0.562 0.320 0.586 0.674 0.621 0.572 0.503 0.694 0.781 0.757 0.606
0.597 0.609 0.599 0.698 1 0.768 0.466 0.664 0.616 0.701 0.688 0.547 0.818 0.737 0.591 0.666
0.713 0.689 0.799 0.562 0.768 1 0.572 0.782 0.716 0.795 0.760 0.675 0.712 0.617 0.627 0.694
0.351 0.689 0.557 0.320 0.466 0.572 1 0.620 0.536 0.655 0.626 0.595 0.450 0.495 0.491 0.664
R - 0.797 0.653 0.741 0.586 0.664 0.782 0.620 1 0.770 0.717 0.730 0.601 0.562 0.663 0.659 0.668
0.625 0.635 0.725 0.674 0.616 0.716 0.536 0.770 1 0.737 0.676 0.725 0.764 0.627 0.669 0.694
0.726 0.696 0.668 0.621 0.701 0.795 0.655 0.717 0.737 1 0.815 0.702 0.681 0.728 0.702 0.841
0.805 0.655 0.581 0.572 0.688 0.760 0.626 0.730 0.676 0.815 1 0.581 0.620 0.679 0.667 0.776
0.554 0.628 0.726 0.503 0.547 0.675 0.595 0.601 0.725 0.702 0.581 1 0.723 0.582 0.588 0.607
0.489 0.647 0.643 0.694 0.818 0.712 0.450 0.562 0.764 0.681 0.620 0.723 1 0.635 0.591 0.630
0.642 0.438 0.606 0.781 0.737 0.617 0.495 0.663 0.627 0.728 0.679 0.582 0.635 1 0.762 0.741
0.674 0.584 0.664 0.757 0.591 0.627 0.491 0.659 0.669 0.702 0.667 0.588 0.591 0.762 1 0.671
=0.709 0.637 0.607 0.606 0.666 0.694 0.664 0.668 0.694 0.841 0.776 0.607 0.630 0.741 0.671 1 -
(19)
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3.2 fRBEEITEEMSENER PR
BT ROMI S5 o R B R0 M, AR M a7 HEMISE R - R? = R iz 455 = (23) R .

L2 ABOR A A A B RE T R 3 AN AR SRR
DA, By, =10 =)) s QRFEE, By, =, (i,
j=1,2,n) ;O8N DR RCR, Y 51FfE
T LI, 7 T AT RS AT, T OCRAERE R
SRR B M 350 0 2 T A 3e PR R A R, R A
XOPAEARUHE W 144 6 2 A s M 1) e de . A i T A%
126 P A T B AL 3 P B
R-RCR ,RP-R°CR',R"-R" CR"

(20)
H(20) . o " A G OB EAT S, B RIsEITE Iy
Y :k{:;l (7ik A 714) (21)

KU F A T RBUNEE,C V TNIRKIER,
Wt (19) Fk(21) Bz 45 R an=t(22)
1 0.696 0.741 0.674 0.713 0.782 0.674
0. 696 1 0.689 0.647 0.696 0.696 0.689
0.741 0.689 1 0.674 0.768 0.799 0.655
0.674 0.647 0.674 1 0.737 0.698 0.621
0.713 0.696 0.768 0.737 1 0.768 0.664
0.782 0.696 0.799 0.698 0.768 1 0. 689
0.674 0.689 0.655 0.621 0.664 0.689 1
0.797 0.696 0.782 0.674 0.768 0.782 0.664
0.770 0.696 0.741 0.694 0.764 0.770 0.664
0.805 0.696 0.795 0.728 0.768 0.795 0.689
0.805 0.696 0.760 0.688 0.760 0.795 0.664
0.702 0.696 0.726 0.694 0.723 0.726 0.655
0.712 0.689 0.725 0.698 0.818 0.768 0.655
0.726 0.696 0.668 0.781 0.737 0.737 0.664
0.702 0.696 0.669 0.762 0.737 0.702 0.664
~0.776 0.696 0.694 0.741 0.737 0.795 0.664

0.797
0. 696
0.782
0.674
0. 768
0.782
0. 664
1
0.770
0.782
0.797
0.726
0.764
0.717
0.702
0.737

0.797
0. 696
0.782
0.737
0.768
0.795
0. 689
1
0.770
0.797
0.797
0.726
0.768
0.741
0.737
0.797

0. 696
1
0. 696
0. 696
0. 696
0. 696
0. 689
0. 696
0. 696
0. 696
0. 696
0. 696
0. 696
0. 696
0. 696
0. 696

0.795
0. 696
1
0.737
0.768
0.799
0. 689
0.782
0.770
0.795
0.795
0.726
0.768
0.741
0.737
0.795

0.741
0. 696
0.737
1
0.737
0.741
0. 689
0.737
0.737
0.741
0.741
0.725
0.737
0.781
0.762
0.741

0.768
0. 696
0.768
0.737
1
0.768
0. 689
0.768
0.768
0.768
0.768
0.726
0.818
0. 741
0.737
0.768

0.795
0. 696
0.799
0.741
0.768
1
0. 689
0.795
0.770
0.795
0.795
0.726
0. 768
0.741
0.741
0.795

0. 689
0. 689
0. 689
0. 689
0. 689
0. 689
1
0. 689
0. 689
0. 689
0. 689
0. 689
0. 689
0. 689
0. 689
0. 689

0. 696
0.795
0.741
0. 768
0.795
0. 689
0.797
0.770
0. 805
0. 805
0.726
0. 768
0.741
0.741
~0. 805

R =

R ML www

R - R* = R* L5 R =0 (24) iR

R® o R® =R iz 45 R (25) iR,

R" o R =R* iz &5 Rz (26) i,

ALLE T R = R? I R Tk /2% 33 M5
K, AT AT R, X R RAATRI A EA{E A C
(0,1 HEATEUB, 24 RPWPITE v, = A W, iE 0 1
y; <A B IC 0, B AT A 3] — R 51 A K-
R, . ZHERE R0, 1] H R, HAG AR R AR AR 1) 42 1 B
TR K-,

T FRH ISR, 24 0.762< A <1 B}, AR
RIS R W A5 B JE MR 2 (27) i, ik
B, AP XA A R T R 4ok 5 2 |YY
11,3,5,6,8,9,10,11,13,16}, {4,14,15}, {2},
{71, 1124,

0.770
0. 696
0.741
0. 694
0. 764
0.770
0. 664
0.770
1
0.737
0.737
0.725
0.764
0.728
0.702
0.737

0. 805
0. 696
0.795
0.728
0. 768
0.795
0. 689
0.782
0.737
1
0. 815
0.725
0.737
0.741
0.728
0. 841

0. 805
0. 696
0.760
0. 688
0. 760
0.795
0. 664
0.797
0.737
0.815
1
0.702
0.712
0.741
0.702
0. 815

0.702
0. 696
0.726
0. 694
0.723
0.726
0. 655
0.726
0.725
0.725
0.702
1
0.725
0.702
0.702
0.702

0.712
0. 689
0.725
0. 698
0.818
0.768
0. 655
0. 764
0.764
0.737
0.712
0.725

0.726
0. 696
0. 668
0.781
0.737
0.737
0. 664
0.717
0.728
0.741
0.741
0.702
0.737
1
0.762
0.741

0.702
0. 696
0. 669
0.762
0.737
0.702
0. 664
0.702
0.702
0.728
0.702
0.702
0. 694
0.762
1
0.741

0.7767
0. 696
0. 694
0. 741
0.737
0.795
0. 664
0.730
0.737
0. 841
0. 815
0.702
0. 694
0. 741
0.741
1

0.737
0. 694
0. 694

(22)
0. 8057
0. 696
0.795
0. 741
0. 768
0.795
0. 689
0.797
0.770
0. 841
0. 815
0.726
0.768
0.741
0.741
1

0.770
0. 696
0.770
0.737
0.768
0.770
0. 689
0.770
1
0.770
0.770
0.726
0. 768
0.737
0.737
0.770

0. 805
0. 696
0.795
0.741
0.768
0.795
0. 689
0.797
0.770
1
0. 815
0.726
0. 768
0.741
0.741
0. 841

0. 805
0. 696
0.795
0.741
0.768
0.795
0. 689
0.797
0.770
0. 815
1
0.726
0. 768
0.741
0.741
0. 815

0.726
0. 696
0.726
0.725
0.726
0.726
0. 689
0.726
0.726
0.726
0.726
1
0.726
0.726
0.725
0.726

0.768
0. 696
0.768
0.737
0. 818
0.768
0. 689
0. 768
0.768
0.768
0.768
0.726

0.741
0. 696
0. 741
0.781
0.741
0.741
0. 689
0.741
0.737
0.741
0.741
0.726
0.737
1
0.762
0. 741

0.741
0. 696
0.737
0.762
0.737
0.741
0. 689
0.737
0.737
0.741
0.741
0.725
0.737
0.762
1
0. 741

0.737
0.737
0.768

(23)
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ro1
0. 696
0.795
0.741
0.768
0.795
0. 689
0.797
0. 805
0. 805
0. 805
0.726
0.768
0.741
0.741
-0. 805

0. 696
0.795
0.741
0.768
0.795
0. 689
0.797
0. 805
0. 805
0. 805
0.726
0.768
0.741
0.741
-0. 805

0. 696
0.795
0.741
0. 768
0.795
0. 689
0.797
0. 805
0. 805
0. 805
0.726
0. 768
0.741
0.741
~0. 805

0. 696

0. 696
0. 696
0. 696
0. 696
0. 689
0. 696
0. 696
0. 696
0. 696
0. 696
0. 696
0. 696
0. 696
0. 696

0. 696

0. 696
0. 696
0. 696
0. 696
0. 689
0. 696
0. 696
0. 696
0. 696
0. 696
0. 696
0. 696
0. 696
0. 696

0. 696

0. 696
0. 696
0. 696
0. 696
0. 689
0. 696
0. 696
0. 696
0. 696
0. 696
0. 696
0. 696
0. 696
0. 696

0.795
0. 696

0.741
0.768
0.799
0. 689
0.795
0.795
0.795
0.795
0.726
0.768
0.741
0.741
0.795

0.795
0. 696

0.741
0.768
0.799
0. 689
0.795
0.795
0.795
0.795
0.726
0.768
0.741
0.741
0.795

0.795
0. 696

0.741
0.768
0.799
0. 689
0.795
0.795
0.795
0.795
0.726
0.768
0.741
0.741
0.795

0.741
0. 696
0.741

0.741
0. 741
0. 689
0.741
0.741
0.741
0.741
0.726
0.741
0.781
0.762
0.741

0.741
0. 696
0.741

0.741
0.741
0. 689
0.741
0.741
0.741
0.741
0.726
0.741
0.781
0.762
0.741

0.741
0. 696
0.741

0.741
0.741
0. 689
0.741
0.741
0.741
0.741
0.726
0.741
0.781
0.762
0.741

0.768
0. 696
0.768
0. 741
1
0. 768
0. 689
0.768
0.768
0.768
0.768
0.726
0. 818
0.741
0.741
0.768

0.768
0. 696
0.768
0. 741

0.768
0. 689
0.768
0.768
0.768
0.768
0.726
0.818
0.741
0.741
0.768

0.768
0. 696
0.768
0.741

0.768
0. 689
0.768
0.768
0.768
0.768
0.726
0.818
0.741
0.741
0.768

0.795
0. 696
0.799
0. 741
0.768
1
0. 689
0.795
0.795
0.795
0.795
0.726
0.768
0.741
0.741
0.795

0.795
0. 696
0.799
0. 741
0.768

0. 689
0.795
0.795
0.795
0.795
0.726
0.768
0.741
0.741
0.795

0.795
0. 696
0.799
0.741
0.768

0. 689
0.795
0.795
0.795
0.795
0.726
0.768
0.741
0.741
0.795

0. 689
0. 689
0. 689
0. 689
0. 689
0. 689
1
0. 689
0. 689
0. 689
0. 689
0. 689
0. 689
0. 689
0. 689
0. 689

0. 689
0. 689
0. 689
0. 689
0. 689
0. 689

0. 689
0. 689
0. 689
0. 689
0. 689
0. 689
0. 689
0. 689
0. 689

0. 689
0. 689
0. 689
0. 689
0. 689
0. 689

0. 689
0. 689
0. 689
0. 689
0. 689
0. 689
0. 689
0. 689
0. 689

0.797
0. 696
0.795
0.741
0.768
0.795
0. 689
1
0.770
0.797
0.797
0.726
0.768
0.741
0.741
0.797

0.797
0. 696
0.795
0.741
0.768
0.795
0. 689

0.797
0.797
0.797
0.726
0.768
0.741
0.741
0. 815

0.797
0. 696
0.795
0.741
0.768
0.795
0. 689

0.797
0.797
0.797
0.726
0.768
0.741
0.741
0. 815

0. 805
0. 696
0.795
0.741
0.768
0.795
0. 689
0.770
1
0.815
0.815
0.726
0.768
0.741
0.741
0.815

0. 805
0. 696
0.795
0. 741
0.768
0.795
0. 689
0.797

0. 815
0. 815
0.726
0.768
0.741
0.741
0. 815

0. 805
0. 696
0.795
0.741
0.768
0.795
0. 689
0.797

0. 815
0. 815
0.726
0.768
0.741
0.741
0. 815

0. 805
0. 696
0.795
0.741
0.768
0.795
0. 689
0.797
0. 815
1
0.815
0.726
0.768
0.741
0.741
0. 841

0. 805
0. 696
0.795
0.741
0.768
0.795
0. 689
0.797
0. 815

0. 815
0.726
0.768
0.741
0.741
0. 841

0. 805
0. 696
0.795
0.741
0.768
0.795
0. 689
0.797
0. 815

0. 815
0.726
0.768
0.741
0.741
0. 841
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0. 805
0. 696
0.795
0.741
0.768
0.795
0. 689
0.797
0. 815
0. 815
1
0.726
0.768
0.741
0.741
0.815

0. 805
0. 696
0.795
0.741
0.768
0.795
0. 689
0.797
0. 815
0. 815

0.726
0.768
0.741
0.741
0. 815

0. 805
0. 696
0.795
0.741
0.768
0.795
0. 689
0.797
0. 815
0. 815

0.726
0.768
0.741
0.741
0. 815

0.726
0. 696
0.726
0.726
0.726
0.726
0. 689
0.726
0.726
0.726
0.726
1
0.726
0.726
0.726
0.726

0.726
0. 696
0.726
0.726
0.726
0.726
0. 689
0.726
0.726
0.726
0.726

0.726
0.726
0.726
0.726

0.726
0. 696
0.726
0.726
0.726
0.726
0. 689
0.726
0.726
0.726
0.726

0.726
0.726
0.726
0.726

0. 768
0. 696
0. 768
0.741
0.818
0. 768
0. 689
0.768
0.768
0. 768
0.768
0.726

0.741
0. 741
0.768

0.768
0. 696
0. 768
0.741
0. 818
0.768
0. 689
0. 768
0.768
0.768
0.768
0.726

0.741
0.741
0.768

0.768
0. 696
0. 768
0.741
0. 818
0.768
0. 689
0. 768
0.768
0.768
0.768
0.726

0.741
0.741
0.768

0. 741
0. 696
0.741
0.781
0.741
0. 741
0. 689
0.741
0.741
0. 741
0.741
0.726
0.741

0.762
0.741

0.741
0. 696
0.741
0.781
0.741
0.741
0. 689
0.741
0.741
0.741
0.741
0.726
0.741

0.762
0.741

0.741
0. 696
0.741
0.781
0.741
0.741
0. 689
0.741
0.741
0.741
0.741
0.726
0. 741

0.762
0.741

0.741
0. 696
0.741
0.762
0.741
0. 741
0. 689
0.741
0.741
0.741
0.741
0.726
0.741
0.762

0.741

0.741
0. 696
0.741
0.762
0.741
0.741
0. 689
0.741
0.741
0.741
0. 741
0.726
0.741
0.762

0.741

0.741
0. 696
0.741
0.762
0.741
0.741
0. 689
0.741
0.741
0.741
0. 741
0.726
0.741
0.762

0.741

0. 8057
0. 696
0.795
0.741
0.768
0.795
0. 689
0.797
0. 815
0. 841
0.815
0.726
0.768
0.741
0. 741

(24)

0. 8057
0. 696
0.795
0. 741
0.768
0.795
0. 689
0.797
0. 815
0. 841
0.815
0.726
0.768
0.741
0. 741

(25)

0. 8057
0. 696
0.795
0.741
0.768
0.795
0. 689
0.797
0. 815
0. 841
0.815
0.726
0.768
0.741
0. 741

(26)
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[F L AT 45 {5 A 43 % 1.,0.841.,0. 818,
0.815. 0.805. 0.797. 0.795. 0.781 . 0.768 .
0.741.0.726.0. 696 K 0. 689 [yA ] #5406 [ , H
REHPITTHAARRM I, BHEIE, BIARRE
U iy (1

M =1 B AR o 16 25 R, {21,
(31,141,050, 061, {71,{8),{9),{10}, {11},
f124, {13}, {14}, {15}, {16},

A =0. 841 B, BEARB R 00 15 25, B {10,
164, (1), {24, {3}, {41, 151,{6),17},{8},19},
[I1f, {124, {134, {14}, {151,

MA =0. 818 B, FEAW A 0 14 25, B {10,
164, (5,13}, {11, 124,13}, {4},{6f,{7},{8},
[9F, {11}, 1121, {14}, {15},

M =0.815 B, FEAHE R 43 12 25, B {9,
10,101,161, {5,131, {1} ,12},{3},{4},{6},{7},
{81,112}, 114,115},

24 A =0. 805 B AEARBE R 43R 11 28,00 {1,9,
10,11,161, 15,131 ,{2},{3},{4},{6},{7},{8},
(121,114}, 115},

24N =0.799 BF AEARB K430 10 28, 80{1,9,
10,11,16},15,131,13,61, 121,14} ,{7!,181},
(121,114}, 115},

M =0.797 B, FEAYE R 4r ok 9 2 RP{1,8,
9,10,11,161}, 15,13}, 13,61, 12}, 14},17},
[12}, {14}, 115},

MX=0.795 B, BEAYE R 4r ok 8 25 B {1,3,
6,8,9,10,11,16}, (5,13}, {2}, 14},{7},{12},
141,115},

2N =0.781 W, BEAYE R 430 7 25, B0 (1,3,
6,8,9,10,11,161, (5,13}, 14,14}, 121,17},
[12}, 1154,

0
0
0
1
0
0
0
0
0
0
0
0
0
I
1
0
(

A =0.768 B HEAR A 6 25, 00{1,3,
5,6,8,9,10,11,13,16}, {4,141}, {2} ,171,112},
{154,

2N =0.741 B FEARBRN 0 4 25 10 (1,3,
4,5,6,8,9,10,11,13,14,15,16} ,12} {7}, 112},

M =0.726 B, FEARDER o 3 25 B0 {1,3,
4,5,6,8,9,10,11,12,13,14,15,16} ,{2},{7} .

A =0.696 B, BEARBE R 08 2 25, B0 (1,2,
3,4,5,6,8,9,10,11,12,13,14,15,16} ,17! .

24N =0. 689 B, T EARIE N —2
3.3 BHABSERMESRHBNHTE

FERORI R A b i At v AR B AN TR BIAE A, 7]
DR BIAE B REA B 18 4325, B(E A (R R
SEBHM R Z  fE TR, — Bk F 5
TR S FEAR T B M R 8B, Hoh &
NHh

A
F == 28
p; (28)
RS S,
j=1 k=1 r— (29)
Lol [2D — 30 ]2
B — Z ik k

j=1 i=1 k=1 n-r
P on WA BB r o288 n N8R RO REA
By m HAEAREL x, WERBFEAE kAR AR F
YA« W IS ANRPRITIME ») R
B L AR B D TEPME,

B4, >4 A =0.762 I 5 )1 FE AR 1A AR e P
X ork 5 R Rt ST F TR R
3.3.1 4T AMHE

(1) &350 M «, W3H5. BRAEFR S 1 16
MEARTSIE 10 NMEPRA G EE , AT LAk 4
TRFR 5 5 A x, =49.188,43.824,11. 126,
938.313, 481.375, 65.625, 13.313, 1.256, 1.208
}.5.750,

(2) RFEZEGN T AR T 2HE «) T3 X
%12641,3,5,6,8,9,10,11,13,16} 19 10 MEEA
T8, S[R3 b 097 B E 4 0 ok o = 48.262,
42.443 12.035,935.2,470.7,67,13.9,1.279,1. 258,
5.5, [FIFHATASHAD 4 N0 NN RIS AR F- 1A 2350
¥ =55.663,41.927 8. 653,868. 667,462 ,63. 333,
10.333,1.02,0. 86,6; x.*’ =48.51,55.31,13. 65,985,
545,60,15,1.55,1.28,4; x\¥ =45,50,5.69,1 020,

552,80,16,1.55,1.28,8; x> =43.88,45.66,12.36,
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1 050,512,50,12,1. 14,1. 55,7,

() AR, T 1 A20011,3,5,
6,8,9,10,11,13,16| A 10 EEAEGE , 250 288
r=5,n, =10,m =10 B B HIEFRIIE « Y 5 35 FR
SFEIME «, FRAZ(30) 55 1 DA F a5
FHA =10(0.214 1 +0.476 6 +0.206 7 +2.421 9 +
28.488 9 +0.472 7 +0.086 3 +0.000 1 +0.000 7 +
0.015 6) =323.837 4,

WA, AT LIS 2055 2 ~ 5 25590 F AR F it
BT KNG HI N A, =3 968.958 1. A, =
1 601.068 0. A, =2 991.245 9 A, =3 423.153 0, ]
Bt F o A=A +A, +-- +A, =12 308.262 4,
3.3.2 4 BWHE

XEFEE 1 AE1,3,5,6,8,9,10,11,13,16}
B 10 MEAREIE, 538 r=5,n=16,n, =10,
m =10 B B3R 5 5 1 ASZ00F 10 MEAR R 545
PROIUGRE «f 5 A0 R 4548 b 09 - 389 4E & 1RA
Ki(30) , FTLIBRNS 1 DA St E FitE e
J3HBE B, = 675.137 8 +2 007. 114 9 + 80.055 4 +
37.754 5 +927.396 1 +209.448 2 +252.976 7 +
373.759 5 +308.524 8 +71. 173 7 =4943.341 6,

M EHE AT LAFE SR 2 ~ 5 28500 F ARG
F it m s8R/ B, =118.110 8 B, =0,
B,=0 B, =0, MG il & F /2t B=B, +B, +- +
B, =5061.452 4,

3.3.3 FAi#9mZE

AR B IEARARX(28) A5t E F =
2.43, FF ikt #E  [R BE ] A3 = A BE A K
HAAR B T gt & F A, h SCik [ 28-
20 FIH10.05 AIMERE N HEHEE N (r = 1,n =) BFA
A TE R A BB FRIE Fy s (r=1,n 1),
4N, YRR AR E R n =16, 70280 r =5 BF,0. 05 7]
(E AN BRI R EVS)

F,.s(5-1,16-5) =3.36 (30)

[, F SCHk[ 29 ] AT A A5 At 7 250 %4 T 1Y
G E F, 050 MR X FEACETE 20 J8%0H 2 B
215 W AN A A STt FE AR 0,05 7]
GRETIGIHA F, (HIFR 7 P, RIEEEES T
T 22T BRIE  F 5 F, s Z [ A 22 (EE O, R IR
FEAR 2 0] () 22 S PRk d 2, o3 SRR it

FHEE7 AT%0, S BE A =0. 762, 028 r =5 i,
FY5F,ZRZEREEsRRE, Wik, EEFT X
lo M EARBHEREE HEFRE (L) BE
(IN) BEARE() AfRE(V) KlATRE(V)
s KEEAGH, BIEREEESIEME ™ N

v=WX (31)

(31 H W R PR ALE 4R X N HEAR AR TE 48 b5 bs
AL e Ba

TR — R E N, M 2 DA E
I AR AR TE 25 G PPN (B 1 (AR R iZ e e v
KRG ETEME, 3R 3 kX3 A& RE
PRI T W ZR AT A, 4, B R A5 E I 7Y
A THNME N

¥ =0.38x0.10 +---+1 x0.05 =0. 86 (32)

[Fi) B P 75 A A T8 R MRS I 255 PR
R IRERE VP B RN R I S 45 R AT HE R, R FE 0
DXREA AR P 2R R N3 8 P

x7 BT REEREEEMSBETEER

Table 7 Calculation results of optimal classification
number for roadway stability in Jiaoping mining area

TREL A F Fo o F-Fy s
2 0.696 1.94 4.60 -2.66
3 0.726 1.74 3.81 -2.07
4 0.741 2.33 3.49 -1.16
5 0.762 2.43 3.36 -0.93
6 0.768 1.83 3.33 -1.5
7 0.781 1.60 3.37 -1.77
8 0.795 1.23 3.50 -2.27
9 0.797 2.00 3.73 -1.73
10 0.799 2.41 4.10 -1.69
11 0. 805 3.27 4.74 -1.47
12 0.815 4.56 5.91 -1.35
14 0.818 8.00 19.42 -11.42
15 0.841 11.77 245.36 -233.59

*8 EIFTRBEREMESEHER
Table 8 Classification results of roadway stability in

Jiaoping mining area

il GAVHNE FEARAS G0 5
I 0.86 ~1.00 7
I 0.67 ~0.86 2
Il 0.48 ~0.67 1.3.5.6.8.9.10,11,13 .16
v 0.35~0.48 12
v 0.00 ~0.35 4.14 .15

3.4 BERTEUESRERBEPOHEE

B REAS S8 bR 0 LR (B B Y (AR I B2 45
TEFPRIOPRIE(E . MR 22 8 MBI IrEE R 456 %5
K% 6 B E A A AR 0 OB L A R e R 2
Hul, g 9 B,

FE AN AR PR X A I AR PR R 2 o 1 S
bR R AR T Y 10 S B SRR AL (16)
HE TR AL A I A S (31) 15 4 s 1A
ARERLEAINE, IF 5 BB P LA T E
FXt e 44T, BIVRT o At 00000 5 9 5 38 LA 0 RS e Tk
20, ET A BT LA B S O R RS
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F9 EFFXBERTEEREHO
Table 9 Clustering center of roadway stability in Jiaoping mining area
B 0.1 0.07 0.03 0.06 0.27 0.23 0.1 0.05 0.04 0.05
2 RERS SZATME B EhRE g, o, o P, H X D L N ay,
SEAL AT 45 50 5.69 927 552 20 0.64 1.55 1.28 20.8
I HEE 0.86~1.00 PR
brifEfkJE 0.38 0.76 0 0.75 1 1 1 0.99 0.66 1
LR 48.51 55.31 13.65 895 545 15 0.6 1.55 1.28 10.4
Il e 0.67 ~0.86 jf'j/g FE
bR )E 0.52 1 0.71 0.6 0.94 0.33 0.8 0.99 0.66 0
LR 48.26 42.44 12.04 850 471 16.75 0.56 1.28 1.93 14.31
M EARE  0.48~0.67 f’jM H
Rt e 0.51 0.42 0.57 0.4 0.32 0.57 0.7 0.6 0.64 0.38
LR 43.88 45.66 12.36 955 512 12.5 0.48 1.14 1.55 18.16
v AEasE 0.35~0.48 jﬁf‘g -
bRt )E 0.33 0.57 0.6 0.8 0.67 0 0.43 0.4 1 0.75
BRI AT 55.66 41.93 8.65 790 462 15.83 0.4 1.02 0.86 15.62
A% B AFaE  0.00~0.35 ~
BeAE bRt e 0.8 0.4 0.27 0.12 0.25 0.44 0.19 0.23 0.14 0.5

4 FTIEITERRSW
4.1 EFFTXBEZIPXRIHT

BT FiR R XA AR B Moy S 4
3 ST AR P DA [ 28 551 485 38 AR T e SR RRAE 26 A T F
5% BN AN AR AR T AR XS A
PESZP O R AN 10 s, SEBSE 0 25 b
4.2 2407 ERFE R E MR

FARW 2407 T AR £ Z A RIGZ AR 22 42

SR 1m0 XU 50 ) 4 BE 2R 1 620 m, - 3 3R
490 m,JEEEE R 5.0 ~10.0 m, FIHEEF 7.4 m,
2407 [m] RIS FF 25 1, 860 TR v 2 358 e i i
PRI IR VR 1A Sk B TR () R B G, S 1E TE N
5.0 m, &H S 4.0 m, IR 2407 57 48 5] XU $2
HEAT ] 4 52 2R FH 400 m A5 [RIEE 1434 4 A X Btk A T
BRI B Ik T, O 45 & 3% 5 FE A 45 18 B0 M
A (18) FEATAR AL AL B T30 W 17T 45 48 b 9] Ui 1
FHAREATTF A ZE R 11 PR,

F 10 FIEH XBIEZIPXRIEERE
Table 10 Selection criteria for roadway support countermeasures in Jiaoping mining area
-
R W R il s
U 2/ mm KB /m [ HE#E/nm Fi4%/mm KB /m W HERE/nm
i Wb’z R 16 ~18 1.6~1.8 1.0~1.2 — — —
HiH BFT 16 ~18 1.6 ~1.8 1.0~1.2 — — —
g TR R (72) 16 ~20 1.8~2.2 1.0~1.2 — — —
- H B (%) 16 ~20 1.8~2.2 1.0~1.2 — — —
SR W‘)i %%(%)M%? 18 ~20 2.0~2.2 0.8~1.2 17.8 3~7 1~4
3 TR (A7) 19 18 ~20 2.2~2.4 0.8~1.2 — — —
Wik ARGE) MR 20 ~22 2.2~2.4 0.8~1.0 17.8 4-~9 1-~-3
NSV s FEGE (1) 19 20 ~22 2.2~2.6 0.8~1.0 — — —
AR BT 20 ~22 2.5~3.5 0.8~1.0 — — —
TR ARCE) MR 22 ~25 2.4~2.6 0.7~1.0 17.8 5 21.6 6~10 0.7~2
WA E I ARG MR 22 ~25 2.4~2.6 0.7~1.0 17.8 # 21.6 5~7 0.7~2
R FFF 20 ~25 2.5~3.5 0.7~1.0 — — —
R 11 2407 EIXUGEEEETRE R
Table 11 Stability index of surrounding rock of 2407 return wind along the groove roadway
i i g, /MPa o, /MPa o, /MPa P /kPa H/m X/m D L N 7,./MPa
WA 1 42.32 46.56 11.68 801 490 15 0.50 1.25 1.13 14.85
bR lE 0.27 0.61 0.54 0.17 0.48 0.33 0.50 0.56 0.48 0.43
WA 2 42.88 43.10 10.53 801 505 15 0.48 1.25 1.15 15.26
FrifEfbfE 0.29 0.45 0.43 0.17 0.61 0.33 0.43 0.56 0.5 0.47
BT 1A 3 45.84 48.40 12.78 801 509 15 0.54 1.25 1.13 15.65
bRk 0.41 0.69 0.64 0.17 0.64 0.33 0.64 0.56 0.48 0.50
WA 4 46.04 49.40 12.55 801 510 15 0.52 1.25 1.16 15.88
FrifEfbfE 0.42 0.74 0.61 0.17 0.65 0.33 0.57 0.56 0.51 0.53

IS MHE - www. stae. com. cn



2025,25(5)

FImtt, 55 AP OB R OE R I S TR N 2045

FRAE R 3 B e AR AT R 10 T brTH 1 448
FrpnEfbfE , X (31) Al A5 K AR 2407 [m] XU A
KB R e tEgE SR E N

¢, =0.27 x0.10 + --- +0. 43 x0. 05 =0. 42

(33)

[FIE AT IX B 2 ~ 4 MZRETEME ST 1R 0. 44
0.50 } 0.51, W& WmLr I E SR 9 B2t
CEGTFNME G BB EAT HL ¢, v R0 2407 [m] JRUITAS X BE
1 2 I FARRERS, X B 3 4 b FIATERS,
4.3 2407 ERAEEE XTI FE

FRA 2407 T AR ]RGS ELAR T REHb BT 25, 45
AF 1 FFS ISP e B 2 (] XU <7 40 7 28 K
S5
4.3.1 12 REBEIPFTE

(D) WA, R + BERIEE ZP, B
HEA % 5 AR D17, 8 mm AYTH R JARNLE Lk SR K
78 500 mm, 4 [ K EE 3 000 mm, [8] HEH A
1200 mm x 1 200 mm, J7 3044 2R M B 345 A 3
B, i R S BT AT A 30° 8 A7 R A AR
BE6 MR D20 mm Y 27 THE R S0 B T, B AT B R
2 400 mm g [# K 900 mm, [B] HEHE A 900 mm x
900 mm , FiFT A1 FE 34 5 T AR 2 B

(2) B, R XY, B S
R @20 mm (1) 22 TiE B8 S0 E6 AT, B AT S BE Sl 2 400
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ZETRBSUN AT
FA%: ©20<2 400

1200

To v B AT FE TR 200 mm , JEE 5B AT HE S AR 200 mm,
BRFAKSE 7 Al A 1002247 1A A

(3) M A, RT3, BHEm R 7
HRAAT , PR AR B AT R @20 mm 1) 7 g 158
SUR R AT, B AT EE R 2 400 mm, 44 [ K 900
mm ; JFE B B BIAR AT SR ] @20 mm A 22 E MR 20 4N A
FF, BFFEE R 3 000 mm, £ E K 1200 mm, JEEH
FATIRIHERE 4 1 000 mm x 1 000 mm , B JEIES AT 1% 7
D7 AR 30° A A . PR, 2407 IR XU 2
X Bl S as i tn s 2 Fis
4.3.2 3~4RBABIPTE

(1) Tk SZd, R BT + BRSSP, &
HeA 15 5 AR @17.8 mm AU TR JIIZ LR, M R K E
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mm x 1 000 mm , "R 22 1 B2 5 TR 22 1, V) o il
R 10 v 47 30° 22 A F i £ 5 B HE A I 6 AR
@20 mm [ ZEFERSCRAN AT, BFTF N 2 200 mm,
B TR BE 800 mm, [H]HERE 4 800 mm x 800 mm , 4 FT
£ 1 34 5 Top AR

(2) BH P, RS Z, B S
HE @20 mm [ 22 i€ SR SCH B AT, Bl AT BE R 2 200
mm , £ [F 4 B 800 mm , [B]HEHE A 900 mm x 900 mm ,
T5U A A AT HE THUME 200 mm , JBS A A5 AT B IS AR 200 mm
BRFKE T A 10 224 R, Bk, 2407 (5]
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Fig. 2 2407 return air along the groove 1 and 2 section support programme
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Fig. 3 2407 return air along the groove 3 and 4 section support programme
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Fig. 4  Monitoring of roadway surface

displacement after support
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K5 Scp)aEscr
Fig. 5 The effect of the roadway after the support
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