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GT-TOPSIS Evaluation of Blastability of Ore-bearing Rock Mass
Based on Game Theory Weighting
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Abstract; Accurately evaluating the blastability of ore and rock is helpful to ensure the safety of mining
production and obtain a good blasting effect in blasting. In order to reasonably determine the blastability grade of
ore and rock, a comprehensive evaluation model based on game theory and TOPSIS method is established. Six
main factors affecting the blastability of ore and rock are selected as evaluation indexes, and the weights of each
index obtained by AHP and improved entropy weight method are combined and optimized by game theory.
Combined with TOPSIS method, the number of evaluation grades is obtained, and the model is applied to the ore
and rock of Maochang Aluminum Mine roadway in Guizhou. Results show that the prediction results of the
blastability of soil bauxite, compact bauxite, roof dolomite and floor dolomite in Maochang Aluminum Mine are
grade I, 1T, IV and V respectively, which are consistent with the actual situation, indicating that the model
has certain reference value in engineering practice.
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ST BRI AR T AR TGS BRI AN SR IR S G305 R G007 1 2 0 Y AT AR s Sl g 2
3 FBEMIZR G VPR R X B Bk HEA T TRk S0 S A 25 5 AR JH U 5 45 L 00 B0 1o 1
£ T PEPE S RS 3 28 47 S5 sy 32 A3 MTi S5 42 17 B R 4 ( Radial Basis Function, RBF) 122 3 4%
AR VAR AT R SIEA T R 5 BSR40 O P 90 2 A0 TR % ) L, ) P A
TR DU X 57 AT G, SR T 2 A Ay A 1 T 5 0 5 o L i 3ot 9 R 0 0 )
1T PEVE SR, IO R 4570 5 B2 % R 2R 3T I% (Analytic Hierarchy Process, AHP) il
18 3T BEAE R HE Y 5 (TOPSIS) f 37 Z5 5 WA BRG] L L IR B 4 m] F Ak AT 0 BT , B 0) A [ gt A X
GHREBEIE” RN A R S Bl THR B, AR T 9 A1 K e s 11 R4 %1 CRITIC-Vague F278 7
T AT PEAY X AR S B 1 A RIS A R F R A P A O TR
X TR S M R AR AT T AR I3 9 25 B T ads , B A 42 1) vl J 50 S0P i B — € R, (H il
TAAA YY) FE TR R BOR , USRI AW AL, 0 T3 Sbr e A 5 i w7 0t — 2 4iifl
S8, AL HA FE YRR S AR IR AN T B4R B Al A S
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SEHET IR (Game Theory, GT) Fli i FEAR MR HE RS 1 B 5 AR E D RS RN A R, I i A S
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1 7 &7 %% GT-TOPSIS # A

1.1 f5tRATALEE
BRI 5 m A BT SATENRNS n A RREIT SRR Y=1y yn ooy L IERRER X = {0y, 00,
x, b ay FE T AT SR RIS RIS WIS A = (a;) 0, (1=1,2,5-,m;5j=1,2,--,n).
ZRE VRO I R A A — Bl PPN Rt 22 5ps T EUR IR B AN T EU, T X AR s o MO
AATEALFE, H FIRAL TR IR AT AR A — bk AR fis s AR IE B PR IOk 22 57 A |
DR bR AR A DRI A SR PR AP AR Ak PR RS A D SR B = (b,) s by 5 ay 95
AN

a; — min(a;)

max(a) —min(a) (L EIFE AR ) 5
b, = (1)
m“z()_ )mi:("’aj> (MR 47
1.2 EFEELNERR
1.2.1 AHP # 2 T W F
JE2USMHTEE (AHP) e—Flok 22 B AR 2N 20 PR 2% 2202 UK R 4% IR BB S s Ak 5 b LA 20 , P08
Ao S 5 R B AT RIS B 2 ) 2R 55 AW 07 15, 5 AR S 0 f) T A B L (A g ]
S CHR[ 11-13 ], AR AR,
1.2.2 BBt EH T BN E
e HEA# A3 (Improved Entropy Value Method , IEVM ) M & — B AR 5 15 45 48 S /N A B 2 AR 19 %%
LIRS AR EDB S, BB 5 I 22 , A BN B RN T
1) Kb DA B JEFTIR— (L ab PSR BR AR M P, EARERIRE P il BT p, <0(i=1,2, -,
mij=1,2,,n) MF5H5R (2) HATBIE.

0.1 + p
Py (2)

2 (0.1 +py)
2) TR AR E B AE H;, 02U (3) s,

H; == (In m) 712pijlnp,-j. (3)
i=1
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3) IR j AR ORI E W, 40 (4) Ps A W) MRS A R i) 8 W 3.

1 - H,
W= (4)

> (1~ H)

1.23 HE#sTrmriE

B — SR FH SRR AT B % ORI AR 25 RO 45 SRAFAE 22 5 5 BA S BUA SCIR— Mz FH 42 1 A
WU L A R S VU R ST 445 R 4 B, SR FH R IS AT B B B R L R AR
T R A SCE S RIS (GT) LA WRBUHE & 54T 40 45 31 Y =5 0 1 A5 A T 45 A7 B S 196 o 55015 31 1) 25 00
B AE A TLRNEINAL, 15 B E AR TR 73 RAEPR Y Z B AN .

R N FpSRACE J5 258 n AR FR BYAE ) &, W AT RIS BA S W u,

u, = (u, ,u,,,u,), (k=1,2,--- N). (5)

AR N B2, B AHP 35 BT E B AR B AL A B0 B IRTAGE FITR S YT AR A [0 510K u,.

X N ARG [0 TR B G5

N
u=2aku:‘,(ak >0,k=1,2,---,N). (6)
=

AP u AR R AR o WERMEALS R
NHURRAAE R o« , S u 0w, 22/ IME, B

min | Y ol - |, (k=120 ). (7)
R PR B3 TS
wau, wu, v uuy

T T T
Uy, WU, UpUy

o ululT
H ; ] ®
ay uu,

2 (8) T EN o, A — LA FE, A E R AL o) = |, \/Z Lo, | MBI 25 A AU 1 ik

U = ;a;u{ (k=1,2,---,N), U" 1t EM 2 FR, B U =(2,,2,,,3,).
1.3 GT-TOPSIS %

TOPSIS L J2AE B O A T bngici , (Boe &8 b i e U CEBRARAR ) sl 2508 (00 AR A7) |, IR 4T
PrXF G5 FE bR (RPFR0IAE ) S0 | f AR R 1 BE B2 ok I DA X0 2 A A 45 B B2, > IR I AR i HL 2 17
FRASF T, W Ry S5l , IR Z WA Ry d5e . GT-TOPSIS 2K #3518 5 TOPSIS 345 6% HAR #7275 PN
M7, BARAL TR

1) M EFREAC AR L BE C= (¢)) pns FoPoe, WBOMA, ¢; = 20, (i=1,2,,m;j=1,2,,

n) ,Eﬂ:

zlbll zzblz znbln

C = : : : ] (9)
zlbml ZmeZ znbmn

2) e FE R C W IESRARR o AN BRARAR o

. {]rgg(cy) (AL ISR ) 5 (10)

" Lmin (e,) GHUNRAL R R)

o {lrgiisrlm(ci,-)(tﬂijtﬁiﬁﬁtﬁ.!?‘éﬁ); ()
lrgiasgl(ci,) (/NP RS R ) -
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n

2
Z (lef _c.f+) 3
j=1

(12)
D = /Zl (c; —¢) 7.
b D R FUNAE S BRAR AR AR 5 D O PN 5 G B AR A R
4) TR A BIE LR ES i £ A E .
D;
(13)

E' = :
" Dl +D;

MR £ e [0,1] 4 B #T 1, WFNE-S IEPRARSRET 45 £ T 0, M TiE-5 o1 AR i 4.
2 H I EETEN SR
21 HEAEUFMEZE

SN A ] R B R R AR 22, A 2 ) 1 Jo A7 25 A A B 2 o DA B K 24 BARE 85 AE PRIE X 1A
ALEPERGR A R RTEE T |, R Jal /D AR T M 48 B 191 B8, TR B 348 107 ik 2 iy 6 4% 48 s 1] 110 A 6 1
DAAGE 7 T R A S 3 v S 4 b 0 0 AR RRR I A 4 S RN B O I By TR M 20 2 i il -, 2%
SCHRLO JFNSCHR22-25 ], el A 45 (y) JEBHBT(K) IR ARE () Pk (o) | A iRw B2
()  FEZIHRFE(q) 55 6 DT B MR ZAE N0 7 ] R PR P8 bRt AT 25 B VR 0 A Al iR ok 7

AR T~V BRI 1.
R 1 FETREHESE

WA Eictan
aJ g ) B BT N i
h WHAE . G AREL B TEREE R AL Y2 B FE
Lo K/(10%kg - i e
v/(t+m™) f o, /MPa n ¢/ (kg +m™)
m?3em-sh)

I <2.50 <3 <8 <7 <0.20 <1.0 &5
| =2.60 =6 =10 =10 =0.35 =1.1
1 =2.75 =9 =12 =13 =0.45 =1.2 w05
v =2.90 =12 =14 =17 =0.55 =14 4
v =3.16 =15 =16 =20 =0.65 =16 s
Vi =3.30 =18 =18 =23 =0.75 =1.8 X
VI =3.50 =20 =20 =26 =0.90 =2.0 M

22 HELGZAMEE
1) AHP 5 FWURLE R8T XS PP O 8 AR 1T 0 A i P AE o, 159 4% R AR I A R O 04T — 2K
PER R, Forp - CT O — B A8 AR s R HBEAL—UCHESR bR ; CR O — S .
FWTRE M S — SRR B 45 2R I3k 2 PR,
x2 FIETERER-HERR

A v K f o n q W

¥ 1 172 172 172 173 172 0.080 8
K 2 1 172 1 173 172 0.113 1
f 2 2 1 2 172 1 0.192 2
o, 2 1 172 1 172 1/2 0.120 7
n 3 3 2 2 1 1 0.278 1
q 2 2 1 2 1 1 0.215 0

Amax =6.114 9 CI=0.023 0 RI=1.264 0 CR=0.018 2<0.1

2) SO AU E B WA ARG R 1 A s Jea(2) ~ S (4) T4 5 b 5 A0 Ve AR 1)
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FW=(0.162 8,0.185 3,0.167 7,0.173 9,0.152 3,0.158 0)..

3) FEZR IS 4 A A X 2 4IRS AT Ak, AR A% (8) , I Python X 414 AU R BCR i, 15
a, =0.894 6,a, =0.125 2 WA E R EUH— LA HTS o =0.877 0,0, =0.123 0, M5 2 A4 A A 1)
B U =(0.0909,0.122 0,0.189 2,0.127 2,0.262 7,0.208 0).

4) AR RS LA AR YR AT A, BTk 4 AR AR B3 R 8 NI, WA 8 PR AR AERE S € oy
r0.0909 0.1220 0.1892 0.1272 0.2627 0.208 07
0.0818 0.1005 0.1577 0.1071 0.2064 0.187 2
0.0682 0.0789 0.1261 0.0870 0.1689 0.166 4
C=10.0545 00574 0.0946 0.0603 0.1314 0.1248].
0.0309 0.0359 0.0631 0.0402 0.0938 0.0832
0.0182 0.0144 0.0315 0.0201 0.0563 0.0416
0.0000 0.0000 0.0000 0.0000 0.0000 0.000 0.

= (12) AT AR FNAE 5 0k | B AR A i DB 2 20l Ay

D" =(0.432 9,0.361 6,0.301 0,0.227 3,0.153 5,0.0827,0) ;
D = (0,0.074 5,0.136 0,0.207 6,0.280 3,0.351 4,0.432 9).
i 0 (13) AIAR A AR SR 5 E PRARRR T B, BV nl e e S 5 24
E* =(0,0.170 8,0.311 2,0.477 3,0.646 2,0.809 6,1).

3 AN A

3.1 IFE#R

TR A DXL T 5N o, 0 AU ORI R VEIRK Al B R NEE (4 T LA T
TR LR R EBMG THOCH KANT R T AR AZARIEA(CLd) FEERAR(CLA2) T, 8
GEAUARL I B AT e A 2R 43R AR AR - R B RS T RN ECE RS T R B A A A R
R ERCI LU= e b = I i e = I =11 12 s

T840 AR ) B ) 2 T 22 55 ) 3 UM o) KR 24 BURE Aot g B A R A R, 45 6 37 S B
T 00, AR SCHER Ak oRER 0 BURIRER 147, TR B =% BFFE e 7 AR m] g xfe 2 A
3.2 FAWME

PR ARF LT 2 A AT IORE  JE A T A bR e R R A T 3 4 IR A5 SR BT 4
PAIS/INGE 25 0 L5 B AR A8 0 BUR R 0 TR 1 = AR = R S B 5 DU IR,
@50 mmx100 mm, i KK K K, Y-1~K,Y-5,K,Y-1~K,Y-4, TY-1~TY-7,DY~-1~DY-8; Hiifi it £f,
@50 mmx50 mm, ZFEAK KA K, L-1~K,L-4 ,K,L-1~K,L-5,TL-1 ~TL-6,DL-1 ~ DL-7. i B 5 v i FE G
L 7S BRI T JR 28 N A0 ) 2l , 0 465 SRk T 4 B 8 i R A ARG I S5, >R T 2 W) 317
A A 7127  SRU-PST 5 A 75 YA S 55 I 152 4 6 R R A T A I, S0 i 25 i) 2 Fn &l 3
N, BRSO 3 s,

Bl AR
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B2 3894568580 FREMN B 3 SRU-PST & £ & Ji ] i AL

R3 WETRESH

WEETE y/(t+m™) K/(10°kg + m™ - m - s71) f o, /MPa " o (kg - )
RN R 2.626 6.392 2 4 2.84 0.32 0.81
E N RN 2.782 11.147 7 7 3.51 0.39 1.20
TR A &4 2.761 16.806 6 15 8.55 0.44 1.88
A = 2.822 18.243 7 22 8.36 0.48 2.51
3.3 fI5H

15 I 298 X & 38 bR AT 40 A WAL, M4 GT-TOSIS 1 # #5551 55 4 Fh o 5 4 25 4 W i
E"=(0.116 4,0.204 8,0.472 0,0.588 1) . R} 4-R45 -4 0y B PEPEM 250 0.116 4, & T 11 ( 5 ) s BUFIR
B PE SRR 0.204 8, )8 T 11 (&) s WA 1 & A TINS5 58 0.472 0, )& F IV (FP &%) S JIEAR =
PPN 45 0.588 1, )8 TV (3K .

X — AR TR PR B, 25 TR MR VR A — 8 B e — DA R |, 2R AT GT-TOSIS A5 AT i
A HEAR T o B KN HATER G AT, LR B0 S RS 40300 7 BT XAk T [F]— 1) 3 9 ) AN [) 25 A n]
DAt — 20 HE R L, an AR50 B R BURR SR T Al SR8 T 1 (&) B S B 255 Wk BE K TRl
L BVAT R ME R IS B R TR, R AT AR SR 255 00 B i RN BT BRI S0, DI ™ 1Ll 43

PACHT , %0 X B T30 KIBUR B S BOE A G B, B 50 B 2% , SR He 3 AN 3557 e G 1R
FESH A~6 K IR TREE T AT, 45 G PRI 25 R TR A AT R M B BB, TR X T
K FH )RR AL I S Bk OUAE 1 30 FL L Sl B LA e 2 4, AR IS (A5 R 4% B B [m) RA T el
RUPZAARD TR S B BA — 0 W48 T B SO AR AT IS PR SR 43 i an il 4 FEl S s,

B4 RACHT A ROR B S5 RS REaEcR

4 #ib

1) 3z FIZRE ARX M i vl R 6 DGR A A AT IR PT 5 R R A DU B R o8
PR RO KE 25 BB TER B AR O Bt/ 1 Bl el P SE WA ( AHP 325) FE WAL (TEVM 3% )
AR R BR , BEACE (R 1 a7 B R
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2) 2T GT-TOPSIS {y# & rME AN BB N T T 00 a0 TR VE PN KL 6 v, 15 2 A A TR A
e RS PRI DUAHAT , U2 T BB D SE b A% i al Jg P ) P 0 S 105 B A 11440 W, 1] e
A AR ME D) R BE VR D7 i I PR Bt — Rl BT I 2%
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