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Optimization of support parameters of development roadway passing through

collapse column based on AHP—entropy weight combination

JIA Ce', FAN Chaojun', LI Sheng'?, LIU Xiaoshuai', WANG Xuezeng', LUO Mingkun®, YANG Zhenhua'
(1. College of Mining, Liaoning Technical University, Fuxin 123000, China; 2. Liaoning Geology Engineering Vocational College, Dandong 118000, China;

S

3. Ventilation Department of Energy Business Division, Lu’an Chemical Group, Changzhi 0460002, China)

Abstract: Collapse column crushing area is easy to induce safety accidents, reasonable design of roadway support parameters in the col-
lapse column area is especially important for safe and efficient tunneling. A combination of theoretical analysis, numerical simulation, and
engineering testing was employed to investigate the optimization of support parameters for surrounding rock in development roadways
passing collapse columns. In this paper, the technical and economic indexes of support are considered comprehensively. The evaluation
system of the support effect of the development roadway passing through the columm column is constructed. The comprehensive evalu-
ation method of AHP-entropy weight combination assignment is proposed to determine the optimal support parameters. Interface develop-
ment based on Node-Red language. Intelligent design system for roadway support parameters in Zhangcun Coal Mine was developed us-

ing FLAC™® software as the platform bottom service. The results indicate that the identified support technology evaluation indicators in-
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clude roof subsidence rate, sidewall deformation rate, floor heave rate, and bolt deformation rate. The support economic indicators are sup-
port cost and tunneling speed. The system incorporates five key functions: login, roadway stability analysis, initial design of support para-
meters, support scheme result display, and roadway support effectiveness evaluation. These features enable intelligent design and assess-
ment of roadway support in Zhangcun Coal Mine. The optimal support scheme II are 900 mm row spacing between blot, 3 cables arranged
in the roof, and 900 mm spacing between the sheds of industrial steel sheds. After the field application, in the mine pressure monitoring
0—60 d, the maximum value of the surface displacement of the roof is 218 mm, and the maximum surface displacement of the two sides
reaches 105 mm. The maximum value of the roof slab away from the layer is 5 mm at depth and 5 mm at the shallow base. The roof cables
are all stressed, with forces ranging from 196 kN to 206 kN. It stabilized around 30 d and the surrounding rock was effectively controlled.

The intelligent roadway support design system was successfully validated in the Zhangcun Coal Mine, offering a novel methodology for

optimizing support parameters in roadway sections passing collapsed column.

Key words: AHP; entropy weight method; support parameter optimization; collapse column; support optimization system
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Table 2 Fuzzy comprehensive evaluation scoring table
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SHE 2 4 6 8 10
C1/% >0 15~20 10~15 5~10 0-~5
C2/% >0 15~20 10~15 5~10 0~5
C3/% >20 15-20 10~15 5~10 0-~5
C4/% >0  16~20 12~16 12~8  0-~8
C5/% >0  16~20 12~16 12~8 0-~8

B3/(m - d ") <7 7~8 8~9 9~10 >10
B4/% <10 10~18 18~26 26~34 >34
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Fig.6 3D model and support structure
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Table 5 Support structure parameters

ERE WA /GPa HA%/mm HEL/NEA HKIRIEMIEE/(N + m™2) IKIEHKFEGE SN - m™)
HFF 210.0 2 — 6.7x10° 2.4x10°
] 20.0 — 0.25 — —
LA 25.5 — 0.30 — —

2)E R RIBGAE . W FLAC™ #4540 B 7%
FE B i X RS B TR 45, O R AT 2 80k, WA 7a
FiR o BSE T BHE 1 . RS A1 AR B (9 %5k e

Hr, BRI 6. B FLAC™ BB AT ki
5, WNP 7 B o BRI G S0 A
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Fig.7 Numerical model validation
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Table 6 Numerical simulation softening function

YL FRIIMPa NEESEA/°) IR HhiR AL/ MPa

0 G [ 0 T,
0.005 Gy/5 0p—2.5 0.005 T,-2.5
0.010 0 o5 0.010 T,-5
0.050 0 95 0.050 7,5
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J&R T ARSI S T BIAE A o0 i . AIED 8a.

Kl 8b AT LA Y, MR AP 7 28 1 sk, Bl bR v
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Fig.8 Distribution of surrounding rock displacement in three support schemes
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Table 7 Evaluation indicators for three support plans
FEES TR TFIER%  WAER%  RARURER%  TRAEAT A R%  TAER% P ARAR/% e/ (m - d )
1 5.35 3.16 5.67 7.13 4.58 23 7.8
4.89 3.03 5.67 7.12 3.12 22 7.5
1] 4.73 2.82 5.35 6.50 291 20 5.5

3.3 BAEH AHP-HIAEME&IEN

DR B R B E . 3T AHP—IRAUAL & A
WIZRE VRN T IE X 3 T 07 S8 00 SCIP RCR 2E AT
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I3Hr.

1 IH A 1E

i B VAR LR R R,
B 7 FEEBRI 70 BAR R CASEBRIE S I pR A5 21
SCPRCRIEAN HE AR SRR BE R, BRI 8.
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Table 8 Membership function of evaluation indicators
P
5 £
b V2 Vs
1,x>02 0,x>02,x<0.1 0,x<0.05,x>0.15 0,x>0.1,x<0 1,x<0.05
Cl (0 = {(x=0.15)/0.05,0.15 < x <02 po(x) =4 (x=0.15)/0.05,0.15 < x <02 p3(x) = { (x=0.1)/0.05,0.1 <x<0.15  pa(x) = { (x—0.05)/0.05,0.05 < x < 0.1  ps(x) =1 (0.1 -x)/0.05,0.05 < x < 0.1
0,x<0.15 (0-0.1)/0.05, 0.1 < x<0.15 (x=0.05)/0.05,0.05 < x< 0.1 %/0.05,0 < x < 0.05 0,x>0.1
1,x>02 0,x>02,x<0.1 0,x<0.05,x>0.15 0,x>0.1,x<0 1,x<0.05
C2 11(x) = (x-0.15)/0.05,0.15 < x <02 p2(x) =4 (x=0.15)/0.05,0.15 < x <02 p3(x) = (x=0.1)/0.05,0.1 <x<0.15  pa(x) = (x—0.05)/0.05,0.05 < x < 0.1  ps(x) =1 (0.1 -x)/0.05,0.05 < x < 0.1
0,x<0.15 (0-0.1)/0.05, 0.1 < x<0.15 (x~0.05)/0.05,0.05 < x< 0.1 x/0.05,0 < x<0.05 0,x>0.1
1,x>02 0,x>02,x<0.1 0,x<0.05,x>0.15 0,x>0.1,x<0 1,x<0.05
C3 11(0) = (x-0.15)/0.05,0.15 < x <02 fo(x) ={(x~0.15)/0.05,0.15 < x <02 p3(x) = {(x—0.1)/0.05,0.1 <x<0.15  ps(x) = (x—0.05)/0.05,0.05 < x < 0.1  ps(x) =1 (0.1 -x)/0.05,0.05 < x < 0.1
0,x<0.15 (0-0.1)/0.05, 0.1 <x<0.15 (x~0.05)/0.05,0.05 < x< 0.1 x/0.05,0 < x<0.05 0,x>0.1
1,x>0.2 0,x<0.2,x<0.12 0,x<0.08,x<0.16 0,x>0.12,x<0.08 1,x<0.08
C4p11(0) = {(x=0.16)/0.04,0.16 < x <02 f2(x) = (x=0.16)/0.04,0.16 < x < 0.2 p3(x) = {(x=0.12)/0.04,0.12 < x < 0.16  p4(x) = { (x—0.08)/0.04,0.08 < x < 0.12  pts(x) = { (0.12 = x)/0.04,0.08 < x < 0.12
0,x<0.16 (x=0.12)/0.04,0.12 < x < 0.16 (x 0.08)/0.04,0.08 < x < 0.12 x/0.04,0 < x < 0.08 0,x>0.12
1,x>02 0,x<0.2,x<0.12 0,x<0.08,x<0.16 0,x>0.12,x<0.08 1,x<0.08
C5 110 = {(x=0.16)/0.04,0.16 < x <02 o(x) = (x=0.16)/0.04,0.16 <x <02 p3(x) = (x 0.12)/0.04,0.12 < x<0.16  pa(x) = { (x—0.08)/0.04,0.08 < x < 0.12  p5(x) = {0.12  x/0.04,0.08 < x < 0.12
0,x<0.16 (x=0.12)/0.04,0.12 < x< 0.16 ~0.08)/0.04,0.08 < x < 0.12 x/0.04,0 < x<0.08 0,x>0.12
1,x<0.1 0,x<0.1,x>0.18 0,x<0.18,x>026 0,x<0.26,x>0.34 0,x<0.26
B3 41(x) = {(0.18-1)/0.08,0.1 < x<0.18  f2(x) = (x=0.1)/0.08,0.1 <x<0.18  p3(x)—{(x=0.18)/0.08,0.18 <x<0.26  p4(x) = { (x~0.26)/0.08,0.26 < x <034  ps(x) = { (x—0.26)/0.08,0.26 < x < 0.34
0,x>0.1 (0.26-x)/0.08,0.18 < x < 0.26 (0.34-x)/0.08,0.26 < x < 0.34 (0.42-x)/0.08,0.34 < x < 0.42 1,034 < x
lLx<7 0,x<7,x>8 0,x<8,x29 0,x<9,x>10 0,x<9
B4 (0 ={8-x7<x<8 ) ={x-77<x<8 w30 ={x-8,8<x<9 pa()={x-9,9<x<10 ps()=1x-9,9<x<10
0.x>7 9-x8<x<9 10-x,9 <x<10 H-x10<x<11 Lx>10
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RARIR 7 AT 4y B KON C1>C2>C3; 4

FFARTE &8 73 B EEFR FEAR U C4>CS, H s 2] 17 H)
Wi R, EAR LER 10—3% 13,

W LRI AR A = (4) —= R (8) i A T IH— 1k
Fe K ARAEAE A — B AR B0 T4, 45 7 PR AR A AHP
DA o K HIWT R B AR B =K (9)—=R (1) 315315
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Table 9 Fuzzy relationship matrix of three support plans

UES SFRARR \%! V2 V3 V4 Vs
Cl 0 0 0.070 0.07 0.93
Cc2 0 0 0 0.632 1
C3 0 0 0.134 0.134 0.866
ED! C4 0 0 0 1.782'5 1
Cs 0 0 0 1.145 1
B3 0 0 0 0.125 0.125
B4 0 0 0 0.5 0.5
Cl 0 0 0 0.978 1
C2 0 0 0 0.606 1
C3 0 0 0.134 0.134 0.866
EA C4 0 0 0 1.78 1
C5 0 0 0 0.78 1
B3 0 0 0.5 0 0
B4 0 0.5 0 0 0
Cl 0 0 0 0.946 1
C2 0 0 0 0.564 1
C3 0 0 0.070 0.07 0.93
FE C4 0 0 0 1.625 1
C5 0 0 0 0.7275 1
B3 0 0 0.250 0 0
B4 1 0 0 0 0
R 10 —RIERRH T AE R x 12 BEELERAERAIETER
Table 10  First level indicator judgment matrix Table 12 Matrix for judging surrounding rock deformation
— AR BRI AR R Al A2 S U C1 2 c3
Al 1 3 C1 1.00 2.00 3.00
A2 0.33 1 c2 0.50 1.00 2.00
R 11 RISk R C3 0.33 0.50 1.00
Table 11 Secondary indicator judgment matrix
TR Bl B2 B3 B4 ® 13  EITERIEFRFIETAERE
Bl 1.00 2.00 3.00 4.00 Table 13 Matrix for judging cable deformation indicators
B2 0.50 1.00 2.00 3.00 FABTRER: C3 c4
B3 0.33 0.50 1.00 2.00 C3 1.00 3.00
B4 0.25 0.33 0.50 1.00 C4 0.33 1.00
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Table 14 Weight values of evaluation indicators

HHARIT AHPI%: LGS ERATAE
Al 0.61 0.50 0.55
A2 0.39 0.50 045
Bl 0.42 0.23 0.32
B2 0.28 0.23 0.26
B3 0.18 0.26 0.22
B4 0.12 0.28 0.20
Cl 0.46 0.32 0.39
c2 0.32 0.33 0.32
c3 0.22 0.35 0.29
c4 0.61 0.50 0.55
Cs 0.39 0.50 045

4) 3P TT W o KR AL TR S X N AR
AR R [ AR SR R B | — AR hn i SR, IR
R —ZAEbr A1 T A2 AR B R R, TR R
R R TO7 58 1 BsRES R, Wk 15—k 16, #%
Al A2 ZEA AU 5 S E ARG B H AR Z A H
PRERE 53 2 S HMEHEATRBUFRI T % 1 1925
BV, HAR S Ir R R BRI AR, 3 RSy O Reia
PR ANIEL 10 s o IR DI, SCp i & TN
A,

®15 —RIERREE
Table 15 Membership degree of primary indicators

B gt an \%! V2 V3 V4 V5
Al 0 0 0.021 0.47 0.558
A2 0 0.159 0.138 0 0

*k16 FE| BHEENE
Table 16 Target layer weights for scheme |

Y ARRZE A% V2 V3 V4 V5

LES 0 0 0.021 0.47 0.558
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Fig.10 Comprehensive evaluation of three support schemes

AR TE AR E MR o3 A A 45 A5 1A Wr T 26 8 | Wi
RAFCEIZERE . MBSE 1N TS EN R
R HRES SE A B 2 , BASE AL S5
eV LEys iU STE LN TTIANG W R & 2 & LA VA B
JRESEHIE R RS . S R Gk A S E U A IS
B EAE R, B PR A B R DAT ST,
B 11 s

N
\
\
\
%
%
\
\
\
&
§

5.0

n ; =
B mokuaihauf3dat X 4
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zone create brick point 0000 point 1 @length 0 0 point 2 0 @width 0 point3 00 @ aheight group ' 1'
size @length @width ;@ aheight
zone create brick point 0 00 @ aheight point 1 @length 0 @ aheight point 2 0 @width @ aheight point 3 0
0 @ bheight group'2' size @length @width ; @ bheight
zone create brick point 00 0 @ bheight point 1 @length 0 @ bheight point 2 0 @width @ bheight point 3 0
0 @ cheight group'3' size @length @width;@ cheight
zone create brick point 00 0 @ cheight point 1 @length 0 @ cheight point 2 0 @width @ cheight point 3 0
0 @ dheight group'4' size @length @width; @ dheight
zone create brick point 000 @ dheight point 1 @length 0 @ dheight point 2 0 @width @ dheight point 3
00 @ eheight group'5' size @length @width; @ eheight

zone group 'hd’ range position-x @alength @blength position-y @awidth @bwidth position-z @aheight
@bheight
zone face skin
zone attach by-face

zone cmodel assign mohr-coulomb ;range group ‘1° or ‘2" or ‘3' or '4' or '5'
zone property density [alan(1,1)] bulk [alan(1,2)] shear [alan(1,3)] friction [alan(1,4)] cohesion [alan(1,5)] tension
[alan(1,6)] range position-z 0 @ aheight

zone property density [alan(2,1)] bulk [alan(2,2)] shear [alan(2,3)] friction [alan(2,4)] cohesion [alan(2,5)] tension
[alan(2,6)] range position-z @ aheight @ bheight

B AR R AT
Fig.11 Function of stability analysis of roadway
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AU 12 s .
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fish def maoganzuobiao|
local jianju=0.9 jjianju
local n=7;genshu
local boltlength=2.4
local maogulenth=1.3
local freelenth=1
local yujingli=90e3
ccc=n-1
af=hdlength-jianju * ccc
bf=af/2
x1=length/2 - hdlength/2
boltx1=x1+bf
boltx2=boltx1+jianju
boltx3=boltx2 +jianju
boltx4=boltx3+jianju
boltx5=boltx4+jianju
boltx6=boltx5+jianju
boltx7=boltx6+jianju
bl=bheight+boltlength
tuopan=bheight+0.1
nfreelenth=tuopan+freelenth
nmaogulenth=nfreelenth+maogulenth
end
@maoganzuobiao
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Fig.12 Initial design function of support parameters
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Fig.13  Support effect evaluation function
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Fig.14 Mine pressure monitoring instrument
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Fig.15 Monitoring of displacement on the surface of the roof
VAR TG )Z . 17 Ry 3 /4100l A T A 5
JE RS U T O R thZk . WAL, 15
0355 TR 25 )2 TR R 5 B J2 B K AR 5 mm, PRI




i

WRAE: HET AHP—RSALH S A T Hh A T b v 1 B A S 2 AL

2025 455 8 A

110

oY e NN B e}
S O O o O
T T T T T

I P S R 7 F2/mm
3

I M) /d

A 16 FH L@ Ll

Fig.16 Surface displacement monitoring of two sides
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Fig.17 Roof separation monitoring curves
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