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Seam Seam Seam Extension Roof Floor Water

Mine  Seam inclination thickness uniformity  of seam quality  quality  condition
(Degree) (m) - (m) (kglcm?)  (MPa)  (m%/min)

K8 325 1 0.8 6500 140.4 1125 5

K10 30 1.6 0.8 10580 226 1125 6

Takht K11 26 1.2 0.8 7000 417.7 83.4 4
K17 30 0.9 0.8 3500 128 258.7 5

K19 30 1.6 0.8 4500 219.6 258.7 3

K20 29 0.6 0.8 5250 65.3 1125 5

P1 51 0.4 25 6300 54.4 27.8 6

P3 36 0.5 2 5680 244 86.32 4

P10 43 0.88 1.14 4435 119.8 27.8 3

K5 48 0.82 121 3670 400.2 86.32 5
Tazareh K6 33 0.59 1.69 7500 80.3 27.8 9
K8b 38 0.82 121 6200 111.6 27.8 6

K10b 31 0.8 1.25 5900 108.9 27.8 4

K14 32 0.58 1.72 4100 78.9 27.8 7

K19U 35 0.53 1.88 8200 278 27.8 4

K19L 35 0.66 151 5000 89.8 27.8 8

Tabas T 16 1.8 0.75 2700 95 80 100
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Effective Criteria for the Mechanization of Coal Mines

Degree of importance Seam Seam

inclination  thickness

Seam Seam Roof Floor Water
uniformity  extension quality quality condition

Very weak importance (VW)

Weak importance (W)

Moderate importance (M)

Strength importance (S) °
Very strength importance (VS) °

23 S e (8) Jsdr

Laslns 95 amslie Gl S 5 oS sduaid £ Jgi

Relative criteria comparison
(verbal judgment)

Numerical score
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Absolute Importance
Very strong importance
Strong importance
Poor importance
Equally importance 1
Preferences between distances 2,468
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Criteria C, C, C; Cy Cs Cs Cy

C,: Seam inclination C, 1 3 4 5 6 7 7

C,: Seam thickness C, 033 1 2 3 4 5 5

Cs: Seam uniformity C; 025 05 1 2 3 4 4

C,: Seam extension Cs 02 033 05 1 2 3 3

Cs: Roof quality Cs 016 025 033 05 1 2 2

Ce: Floor qualit_y_ Ce 014 02 025 033 05 1 1

C;: Water condition C; 014 02 025 033 05 1 1
)lJJ a.)Lo.'I_w\ J))_A Lg)u u_?}) wl.ﬂ.a u,u._fl_ﬁ J.:_g.w;

a;
! by e Slsboes el 0l oalizd tlis 536 slis! cames
el 25 e Jeld s cnl &
o 5, Vi x (@) 538 slael el (gl 165l slusl aculns @
daﬁdjuui)))ﬁgmdﬁj@dtf.op V?&M))_EQGLMJJWJEJ\J&L?Q‘JE
(Liu & Chen, 2007) sl 3L slael rass cpl 53 5,8 e )3 i
n % shiel arule (0) IS5 ud aule e oy e (‘ju
Yy
k=1
Y Laadasly 51 eslanal L g50 sue &G ¢ 4 S ER

vy = Max(By) » k=12 .m (Y¢) (VV) slaadasl; 5l oo FCSILEE s oA G s

A VL ds e S S 4 gy sV B kil o
S e 5= Bije el il e Olaasie Sl
aazie 8 51 bl 4 Cand T elil e sl

.(Liu and Chen, 2007) <! V‘_k

izt Al LB CERY

ai; = (i, i, vij) ()

ai]' = Mln(ﬁuk) ) k= 1, 2, e, (YY)
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inc?ienaaTion thiscelfr?;ss uni?‘gerlrrzity ex?eeﬁsr?on Roof quality  Floor quality  Water condition

Seam inclination (1,1,1) (0.33,1.071,5) (1,2.84,9) (1,3.15,9) (3,4.4,7) (1,3.04,9) (3,5.19,7)
Seam thickness (0.2,0.93,3) (1,1,2) (2,3.19,5) (1,3.11,5) (3,4.26,7) (3,3.63,5) (1,5.45,7)
Seam uniformity ~ (0.11,0.35,1) (0.2,0.31,0.5) (1,1,1) (0.33,1.09,3)  (0.33,1.69,5) (1,1.21,4) (0.2,2.22,5)
Seam extension (0.11,0.31,1) (0.2,0.31,1) (0.33,0.9,3) (1,1,2) (0.33,1.48,5) (0.33,1.63,3) (0.2,2.08,7)

Roof quality (0.14,0.2,0.33) (0.14,0.2,0.33) (0.2,054,3)  (0.2,0.57,3) (1,1,2) (0.2,0.7,3) (0.33,1.28,3)

Floor quality (0.11,0.32,1)  (0.2,0.27,0.33) (0.25,0.82,1) (0.33,0.85,3)  (0.33,0.32,5) (1,11) (0.2,1.83,5)
Water condition  (0.14,0.19,0.3)  (0.14,0.22,1) (0.2,044,5)  (0.14,047,5)  (0.33,0.66,3) (0.2,0.54,5) (1,1,1)

)‘JJJ &'i 45‘7\71 J.:A\)ki (.k;.iL@J BE J.:JL’L;G 6)b slael @}-

] {x‘—|

L Ol e 1 bl o 4 Glate (56 055 cad> 0 00l 2
IYV] 3 8 s (YV) 5 (Y) slaakaly 5l sl

1
Z; = [@,;® ... @y, |" )

W1 = Z1®(Z1®Zz@z3)_1 =
Wz = Zz®(Z1®Zz@Z3)_1 =

[0.3,0.292,0.293]
[0.31,0.29,0.21]

W, = Z”3<§z>(z”1eez”2eaz"3)'1 = [0.09,0.1,0.01]
w, = Z4®(zleazzeaz3) [0.07,0.1,0.12]

Wy = Zs®(zleazzeaz3) =[0.067,0.064,0.07]
W = Z,®(Z,02Z,8Z;)" = [0.075,0.09,0.08]

W7 = Z7®(21®ZZ®Z3)_1 =

[0.06,0.05,0.1]

7, = [4,,®0,,Q ... ®d, ]% = [1.16,2.48,5.43]
7, = [0, R0,,® ... ®d, ]% [1.19,0.92,2.01]
7y = [05,®05,® ... ®dis;]7 = [0.34,0.92,2.01]
7, = [0, ®01,® ... ®d47]7 = [0.29,0.85,2.23]
Zs = [35,®d5,® ... @a 7]% [0.25,0.54,1.35]
Zs = [6:®86,® ...®a67]% [0.28,0.76,1.56]
Z; = [0,194;,,® ...®d77]% [0.23,0.44,1.96]
Zzi = [3.77,8.49,18.53]

1
3 3
W, = (ﬂ a)]-) (YA)

i=1

W, =030, W,=027 , Wy=0.1 ,

SLalss o8l Sl ey 638 el 055 035 (3L o @
Shoslial b slael olas o oyl 51 S a4 by s 55U
Liuand ) L3 ks 5L 8 &) goas (YA) dhayl

:(Chen, 2007
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Criteria Degree of importance
Seam inclination 0.3
Seam thickness 0.27
Seam uniformity 0.1
Seam extension 0.1
Roof quality 0.07
Floor quality 0.08
Water condition 0.07

W,=01, Wy =007 , W,=0.08 , W, =0.07

bl o e slaslae Ceal Az s (V) Jd
Al Lo g 5l ssbinal U Jl Ooles 0 sl ilSe
[SPIrNy NRIN W ij Aas e Olis s (g5 Sl e
Cosldie 03 o2y 53 sl (guall dajlas Coeal o
ad A 5 s b (o o e Ll

NG P
Ol 5580 bl 5 S50 slasline 4S5 (25 gduaid A Jgder
Criteria Quantitative and qualitative categories of criteria
Seam inclination 0-10 10-20 20-30 30-40 40-50
Flat Low slope Relatively inclined Inclined High slope
Seam thickness 0.6-1.5 15-2.5 2.5-4 4-5 56
Very thick thick thickly Thin Very thin
Seam uniformity 0-06 0.6-1.2 12-18 18-24 243
Totally uniform Uniform Relatively uniform Non-uniform Totally non-uniform
Seam extension 200-1000 1000-2000 2000-_3000 3000-4000 4000 <
Very small Small Medium Large Very large
Roof quality 0-30 3 30-60_ _ _60-90 3 90-120_ _ 120 < 3
Very poor Stability  Poor Stability ~ Medium Stability Strong Stability Very strong Stability
Floor quality 0-25 25-50 _50-75 75-100 100 <
Very poor Poor Relatively Stable Stable Very Stable
Water condition 0-35 35-70 70-105 _ 105-140 _ 140 <
Dry Wet Very wet With water content High water content
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Qualitative category

Seam thickness

Seam inclination

1

1

Very weak Q"0 = 1+ exp((4) x (x — 1.5)) 0" = 1+ exp((—0.15) x (x — 140))
- Pome(A) e )
Moderate ig)(x) = exp (—%(%)3 £3)(x) = exp <— % (x _1?)7'5)2>
Strength §4) (x) =exp (—%(%)3 £4) (x) =exp <— % (x—1—325)2>
Very Strength QiS)(x) - 1+ exp((—i) X (x — 5)) QiS)(x) - 1+ exp((—0.115) X (x — 35))
Qualitative category Seam extension Seam uniformity
very weak 0w =13 exp((0.004§ x (x — 1000)) 0w =1y exp((—6; X (x — 2.4))
wek a0 =en(—5("5") | o0 =en(~5(5) )
Moderate QiS)(x) =exp (—%(%)3 Qis)(x) =exp (— % (x ;;5)2>
Strength QP (x) = exp (—%(%)3 0P (x) = exp <— % (x ;;)9)2>
Very Strength Q70 = 1+ exp((—0.00ll}) x (x — 4000)) 700 = 1+ exp((6)1>< (x—06)
Qualitative category Floor quality Roof quality
Very weak 76 = 1+ exp((0.15) x (x — 25)) 6 = 1+ exp((—0.115) x (x — 30))
w0 HEE) - HR)
wowse P =en(5(5E)) 0= (305
Strength Qf” (x) = exp (—%(#)3 Qf}) (x) =exp <— % (x—l_;o5>2>
O = : O = :
Very Strength 1+ exp((—0.2) x (x — 100)) 1+ exp((—0.15) x (x — 120))

Qualitative category

Water condition

Very weak
Weak
Moderate
Strength

Very Strength

0P () =

1

1+ exp((—0.15) X (x — 140))

_ 2
QF)(X) =exp (_l(ﬂ> )

2 10

1 /x — 87.5\*
£3)(x)zexp(_i(x 10 )>

1 /x — 52.5\°
F)(x):exp(_i(x 10 )>

1

0¥ ) =

1 + exp((—0.15) X (x — 35))
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Fuzzy matrix components

Mine Very

Criteria Poor Moderate Good Very Good
data Poor
vy @™ (G) (vG)
Seam inclination 26 0.0009 0.0111 0.9459 0.0012 0.0003
Seam thickness 1.2 0.7685 0.2780 0.0002 0 0
Seam uniformity 0.8 0 0 0.0657 0.9459 0.2314
Seam extension 7000 0 0 0 0 0.9999
Roof quality 417.7 0 0 0 0 1
Floor quality 83.4 0.0001 0.0046 0.3281 0.9580 0.0348
Water condition 4 0 0 0 0 0.9905
VP P M G 144
0.0009 0.0111 0.9459 0.0012 0.0003
0.7685 0.2780 0.0002 0 0
D = f(W,R) ..[03,0.27,0.1,0.07,0.08,0.1,0.07]0 8 8 0'08’57 0'98‘59 O'Zf 14
0.0001 0.0046 0.3281 0.9580 0.0348
0 0 0 0 0.9999
0 0 0 0 0.9905

di(w) = (1 — wpvry (WA ... /\((1 - W7)vr71(u)) =0.7
dy (W) = (1 — wy)vr (WA ... /\((1 - W7)vr72(u)) = 0.7
ds @) = (1 = w)vrs (WA o A((1 = wyvrys(W)) = 0.73

dy(u) = (1 = w)vria(W)a ... A((l - w7)vr74(u)) =0.7
ds(w) = (1 — wy)vris @A .. A((1 — wy)vrys (W) = 0.7

D=

f(W,R) = (0.7,0.7,[0.73],0.7,0.7)
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Fuzzy matrix components

Criteria '(\j/le:?ae gg?; Poor Moderate Good Very Good
(VP) P (M) G) (VG)

Seam inclination 48 0.9820 0 0 0 0
Seam thickness 0.82 0.9381 0.0617 0 0 0
Seam uniformity 1.21 0.0007 0.0122 0.6267 0.5863 0.0250
Seam extension 3670 0 0 0 0.0647 0.2108

Roof quality 400.2 0 0 0 0 1

Floor quality 86.32 0.0001 0.0022 0.2351 0.9964 0.0608
Water condition 5 0 0 0 0 0.9890
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D = f(W,R) ...[0.3,0.27,0.1, 0.07,0.08,0.1,0.07]0

di(w) = (1 —w)vri (WA ... /\((1 — w7)vr71(u)) =0.9
dy(w) = (1 — wy)vri(u)a .../\((1 — W7)vr72(u)) =0.7
ds(w) = (1 = w)vrs @A .. A((1 = wy)vrys(w)) = 0.7

dy(u) = (1 —wy)vriaW)a ...
ds(u) = (1 —wy)vris)A ...

VP P M G 44
0.9820 0 0 0 0
0.9381 0.0617 0 0 0
0.0007 0.0122 0.6267 0.5863 0.0250

0 0 0 0 1
0.0001 0.0022 0.2351 0.9964 0.0608

0 0 0.0647 0.9438 0.2108

0 0 0 0 0.9890

/\((1 - W7)vr74(u)) =0.7
/\((1 - W7)vr75(u)) =0.7

D = f(W,R) = (0.9],0.7,0.7,0.7,0.7)
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Fuzzy matrix components

Mine Very

Criteria Poor Moderate Good Very Good
data Poor
VP) (P) (M) (&) (VG)
Seam inclination 16 0 0 0.0111 0.9459 0.0474
Seam thickness 1.8 0.2314 0.9231 0.0149 0 0
Seam uniformity 0.75 0 0 0.0439 0.8824 0.2890
Seam extension 2700 0.0011 0.0561 0.9231 0.2780 0.0054
Roof quality 95 0 0.0038 0.4111 0.8007 0.0229
Floor quality 80 0.0002 0.0099 0.4578 0.8663 0.0179
Water condition 100 0.0024 0.0795 0.4578 0 0
VP P M G VG
0 0 0.0111 0.9459 0.0474
0.2314 0.9231 0.0149 0 0
0 0 0.0439 0.8824 0.2890
D = f(W,R)..[0.3,0.27,0.1,0.07,0.08,0.1,0.07]0 0 00038 04111 08007 0.0229
0.0002 0.0099 0.4578 0.8663 0.0179
0.0011 0.0561 0.9231 0.2780 0.0054
0.0024 0.0795 0.4578 0 0

di(w) = ((1 = w)vryy @A . A((1 = wy)vry; (W) = 0.7
dy(w) = (1 — wy)vri (WA ... /\((1 — W7)vr72(u)) =0.7
ds;(w) = (1 —wy)vris(W)A ... /\((1 — W7)vr73(u)) =0.7
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dy(u) = (1 = w)vria(W)A ... /\((1 - W7)vr74(u)) =0.73
ds(w) = (1 —wy)vris(W)a ... /\((1 — w7)vr75(u)) =0.7
D = f(W,R) = (0.7,0.7,0.7,[0.73,0.7)

L aallas 3500 Kl o8SI8 VY (gl sielisay =
5 oy e Sloslial L SO 55 &ogline Jaul 2
22 S hath s LS S5 ke 4 s

el 0 &L OF) Jsi
35 &S 03y b edsp Ol T ¥ (il Gl
Gl I b e S 63wl Ol ae K1
ol el ol s isls paliatsl g 1) Ol S
Al S LY ) VG b Sl 5 i 035



¢ G)LA..: ‘V.AA)"U.) _,\.l;- AYAA QL:.M.A)

Ol pl pmebige ool 3 cpammdl imsy — ake e /1Y

el ol as Jles glaa¥ sla aisls ol
Ad 55 Sdms glawY Kos 5 ogb il glaa
ool s st 4 |y chnd S 5 i A4S laes,
A el J s andlas 5550 slaa¥ sl sls
s b 03 Odae T Y caalllas 550 sbaasY Ols S
gl e o Y il 5 0538 Ll o5
o=l Sl ol s ey slasglis el pl &S W s e
sl a5 50 Slaas adly 5L, L huadd
oy bwge a8 63y a8 C adhn K11 Y 5,50 53
oo St s Sl 4l gz esls polant s g
gl st 4okl lnl Olsieas o5 5l 5 055 Shans
L b sosal)l gauanl (s 3 3 oslazal Kwdle
Jslse 5 ol sdel s a6 sl bl 4 a5
Aoledis a S L s gduaib R STt
O g 5080 LB Al 31 e S ] rjy ol als
Glaih (e 4 a5 LS pbeY (Sl glaaY
il s B 0 sl 05 B el el

L8 13 oLl s axdllas 5 se 50 g3l

asdllas 550 Glaa il 50, L sluadd e o0l

RGN

adllas 5550 sbaa¥ sl (36 sduarl ol MY Jguer

Mine Seam Qualitative Index
Tabas T Good
K8 Poor
K10 Very Poor
K11 Moderate
Takht K17 Very Poor
K19 Very Poor
K20 Very Poor
P1 Very Poor
P3 Poor
P10 Very Poor
K5 Very Poor
K6 Poor
Tazareh K8b Very Poor
K10b Very Poor
K14 Very Poor
K19U Poor
K19L Poor
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