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0.5 1 1 0.5 1 1 1 0.5 0.091
0.5 1 1 0.5 1 1 1 0.5 0.091

1 2 2 1 2 2 2 1 0.182

oo 3 Glaebl pus jLno 49 Comd b 42955 (o295 o
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O n T T T T T T T
Al A2 A3 A4 A5 A6 A7 A8

O3S 5l liebol pae jlire s s a5 295 dnlie ol (B F) SO

1 0.556 1 1.667 0.714 0.714 0.714 0.714 0.1
1.8 1 1.8 3 1.286 1.286 1.286 1.286 0.18
1 0.556 1 1.667 0.714 0.714 0.714 0.714 0.1
0.6 0.333 0.6 1 0.429 0.429 0.429 0.429 0.06
1.4 0.778 1.4 2.333 1 1 1 1 0.14
1.4 0.778 1.4 2.333 1 1 1 1 0.14
1.4 0.778 1.4 2.333 1 1 1 1 0.14
1.4 0.778 1.4 2.333 1 1 1 1 0.14
Sy &1 SNy 53 s (2 Ulgd Hlomo 583 51 b &y 357 (o295 oy Lo
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0.1 0.1
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0.05 - I
0 1 T T T T T T T
Al A2 A3 Ad A5 A6 A7 A8
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Cl Loe & coi a5 (255 dslio e plo

Al A2 A3 A4 A5 A6 A7 A8
Al|l 1 1 1({0333 3 50111 0429 1 |0.143 0.6 1.667(0.091 0.333 0.714|0.2 1 51(0.2 1 5{0333 3 5
A2(02 0.333 3 1 1 10111 0.143 0.6]0.143 0.2 1 0.091 0.111 0.429]0.2 0333 3 (0.2 0333 3|0333 1 3
A3| 1 2333 91667 7 9 1 1 110714 14 3 0.455 0.778 1.286| 1 2333 9|1 2333 9|1667 7 9
A4|06 1.667 7 1 5 710333 0714 14 1 1 1 0.273 0.556 1 0.6 1667 7 |0.6 1667 7 1 5 7
A5 |14 3 1112333 9 11(0.778 1.286 2.2 1 1.8 3.667 1 1 1 1.4 3 11114 3 1112333 9 11
AG | 0.2 1 510333 3 50111 0429 1 |0.143 0.6 1.667|0.091 0.333 0.714| 1 1 1(0.2 1 50333 3 5
A7 0.2 1 510333 3 50111 0429 1 |0.143 0.6 1.667|0.091 0.333 0.714|0.2 1 511 1 110333 3 5
A8(02 0333 3(0333 1 3/0.111 0.143 0.6(0.143 0.2 1 0.091 0.111 0.429|0.2 0.333 3 (0.2 0333 3 1 1 1
C2 Jlro & coni laay 57 (255 dumlio oo 5ile
Al A2 A3 Ad A5 A6 A7 A8
Al| 1 1 1 1 2 5/0429 0667 1|06 1 1667|0333 05 0.714 1 2 5 1 2 5 1 2 5
A2| 0.2 05 1 1 1 1|0.143 0.333 0.6(/0.2 0.5 1 0.111 0.25 0429|0333 1 3|0333 1 3{0333 1 3
A3| 1 15 2333|1667 3 7 1 1 111 15 2333|0556 0.75 1 1667 3 71667 3 71667 3 7
A4l 06 1 1.667 1 2 5(0429 0667 1|1 1 1 0.333 05 0.714 1 2 5 1 2 5 1 2 5
A5 14 2 3 2333 4 9 1 1.333 18(14 2 3 1 1 1 2333 4 9|2333 4 92333 4 9
A6| 0.2 05 1 0333 1 3|0.143 0.333 0.6(/0.2 0.5 1 0.111 0.25 0.429 1 1 1/0333 1 3|0333 1 3
A7| 0.2 05 1 0333 1 3|0.143 0.333 0.6(/0.2 0.5 1 0.111 0.25 0429|0333 1 3 1 1 1({0333 1 3
A8| 0.2 05 1 0333 1 3|0.143 0.333 0.6(/0.2 0.5 1 0.111 0.25 0429|0333 1 3|0333 1 3 1 11
C3 Jlrs 4 i 1Ay 5 255 annlio G le
Al A2 A3 Ad A5 A6 A7 A8
Al 1 1 1 1 2 5 1 2 5| 06 1 1.667 1 2 5 1 2 5 1 2 5| 06 1 1.667
A2l 02 05 1 1 1 1033 1 3| 02 05 1 (0333 1 3(033 1 3|0333 1 3| 02 05 1
A3l 02 05 1 |0333 1 3 1 1 1|02 05 1 (0333 1 3|0333 1 3|0333 1 3| 02 05 1
Ad| 0.6 1 1.667 1 2 5 1 2 5 1 1 1 1 2 5 1 2 5 1 2 5| 06 1 1.667
A5 02 05 1 |0333 1 3|033 1 3| 02 05 1 1 1 10333 1 3(0333 1 3| 02 05 1
A6l 02 05 1 |0333 1 3|033 1 3| 02 05 1 (0333 1 3 1 1 10333 1 3| 02 05 1
A7l 02 05 1 |0333 1 3{0338 1 3|02 05 1 (0333 1 3(0333 1 3 1 1 1| 02 05 1
A8| 0.6 1 1.667 1 2 5 1 2 5| 06 1 1.667 1 2 5 1 2 5 1 2 5 1 1 1
Ca JLro b i ey 5 295 annlio ke
Al A2 A3 Ad A5 A6 A7 A8
Al 1 1 1 (0273 0556 1 (0429 1 2.333|0.6 1.667 7 {0.333 0.714 1.4|0.333 0.714 1.4|/0.333 0.714 1.4|0.333 0.714 1.4
A2 1 18 3667 1 1 1 1 18 3667{14 3 11|0.778 1.286 2.2|0.778 1.286 2.2|0.778 1.286 2.2|0.778 1.286 2.2
A3(0.429 1 2.333(0.273 0556 1 1 1 1 (0.6 1.667 7 |0.333 0.714 1.4/0.333 0.714 1.4|/0.333 0.714 1.4|0.333 0.714 1.4
A4/0.143 0.6 1.667|0.091 0.333 0.714]0.143 0.6 1.667| 1 1 110.111 0.429 1 |0.111 0.429 1 |0.111 0.429 1 |0.111 0.429 1
A5(0.714 1.4 3 |0.455 0.778 1.286|0.714 14 3 1 2333 9 1 1 1]0556 1 18/0556 1 1.8|0556 1 1.8
A6(0.714 1.4 3 |0.455 0.778 1.286|0.714 14 3 1 2333 90556 1 18] 1 1 110556 1 1.8(0556 1 1.8
A7(0.714 1.4 3 |0.455 0.778 1.286|0.714 14 3 1 2333 9|0556 1 18/0556 1 18| 1 1 10556 1 1.8
A8(0.714 1.4 3 |0.455 0.778 1.286|0.714 14 3 1 2333 9|0556 1 18(0556 1 1.8(0556 1 18| 1 1 1

WY




el Judo gy 51 oolinal b (55 slo)lop sl (25 dlie glo e sile (g8 JS& 5l e
el )z b 4 Slawlre (pl a5 090 (s (5518 (51 5

b )lxe (o 556 (295 dnlio o yilo

c1 c2 c3 ca ™M,
c1| 1 1 1702 0333 1 025 05 1]0338 1 1 |1783 2833 4
2| 1 3 5 1 1 1 1 2 4 2 4 6 5 10 16
| 1 2 41025 05 1 1 1 1 1 3 5 | 3.25 6.5 11
ca| 1 1 3]016 025 05| 02 033 1 1 1 1] 236 2583 55

S, 2, M), = (12.39,21.92,36.5) 2o, o, Mjgi]_l = (0.027,0.046,0.081)
S, = (1.783,2.833,4) x (0.027,0.046,0.081) = (0.048,0.13,0.324)

S, = (5,10,16) x (0.027,0.046,0.081) = (0.135,0.46,1.296)

S; = (3.25,6.5,11) x (0.027,0.046,0.081) = (0.088,0.299,0.891)

S, = (2.36,2.583,5.5) x (0.034,0.055,0.089) = (0.064,0.119,0446)

Fodad 4 Cond S polie 51 G e S a0

V(S; = S,) = 0.364 V(S; = S5) = 0.583 V(S, =8,) =1

V(S, >S,) = 0.973 V(S, = S,) = 0.477 V(S, = S5) = 0.665

ca | 3| c2 | a1 o
0477|0824 | 1 | 0364 | exisJboy o
0.179 | 0.309 | 0.375 0.137-

RN



Cl Lo a0 Cos 1Ay ;5 295 anlin o Sle

Al A2 A3 A4 A5 A6 A7 A8 Y M, ; i
Al| 1 1 1]0.333 3 5]0.111 0.429 1 |0.143 0.6 1.667|0.091 0.333 0.714|0.2 1 502 1 510333 3 52411 10.362 24.381
A2|0.2 0.333 3 1 1 1]0.111 0.143 0.6/0.143 0.2 1 |[0.091 0.111 0.429|0.2 0.333 3 (0.2 0.333 3 (0333 1 32278 3.453 15.029
A3| 1 2333 91667 7 9 1 1 110714 1.4 3 |0.455 0.778 1.286| 1 2.333 9| 1 2333 9|1.667 7 9| 8503 24.177 50.286
A410.6 1.667 7 1 5 70333 0714 14| 1 1 1 ]0.273 0.556 1 |0.6 1.667 7 |0.6 1.667 7 1 5 75406 17.271 384
A5|14 3 11)|2.333 9 11|0.778 1.286 2.2| 1 1.8 3.667| 1 1 1 (14 3 1114 3 11{2.333 9 11|11.644 31.086 61.867
A6|0.2 1 5(0.333 3 5/0.111 0.429 1 |0.143 0.6 1.667|0.091 0.333 0.714| 1 1 1102 1 5(0.333 3 52411 10.362 24.381
A7|0.2 1 5(0.333 3 5/0.111 0.429 1 |0.143 0.6 1.667|0.091 0.333 0.714(0.2 1 5|1 1 1]0.333 3 52411 10.362 24.381
A8|0.2 0.333 3]0.333 1 3|0.111 0.143 0.6(0.143 0.2 1 |[0.091 0.111 0.429|0.2 0.333 3 |0.2 0.333 3 1 1 12278 3.453 15.029

L, Ym, ML = (37.342,110.53,253.75)

;11
[Z?:1ij21M‘gi = (0.004,0.009,0.027)

S, = (2.411,10.362,24.381) x (0.004,0.009,0.027) = (0.01,0.093,0.658)

S, = (2.278,3.453,15.029) x (0.004,0.009,0.027) = (0.009,0.031,0.406)
S, = (8.503,24.177,50.286) x (0.004,0.009,0.027) = (0.034,0.218,1.358)
S, = (5.406,17.271,38.4) x (0.004,0.009,0.027) = (0.022,0.155,1.037)
Se = (11.644,31.086,61.867) x (0.004,0.009,0.027) = (0.047,0.28,1.67)
S¢ = (2.411,10.362,24.381) x (0.004,0.009,0.027) = (0.01,0.093,0.658)
S, = (2.411,10.362,24.381) x (0.004,0.009,0.027) = (0.01,0.093,0.658)
Sg = (2.278,3.453,15.029) x (0.004,0.009,0.027) = (0.009,0.031,0.406)
Foded 4 Cod S polie 1SS e S a0
V(S; =S, = 1 V(S; > Ss) = V(S; =S, = V(S; > Ss) = VG259 =1 | V5, 25)=1 | V(5,255 =1
0.833 0.911 0.766
VS, =S, = V(S, = S,) = V(S, =S, = | V(S >55) =059] V(S,>Sg) = VS, =S,) = V(S, = Sg) = 1
0.865 0.665 0.756 0.865 0.865
VS =S) =1 | V(53=25)=1 | V(S3=5,) =1 VS 2S) = | V(53259 =1 | V(S325)=1 | V(S;>59=1
0.955
VSi=S) =1 | VS,=5)=1 V(S; > Ss) = V(S; > Ss) = VG250 =1 | VG.2S)=1 | VS, =1
0.941 0.888
VGE:=S) =1 | VBs=5) =1 | VSs2S)=1 | VGs2S)=1 | V(:250=1 | VGSs=5S)=1 | V(S;=5g =1
V(Se=S) =1 | V(S¢=S, =1 V(Se > Ss) = V(Se = S,) = V(S > Ss) = V(Se=5) =1 | V(Sg>5y =1
0.833 0.911 0.766
VG, 25D =1 | VS, 25) =1 VS, = S5) = V(S, = S,) = VS, =S = | V(5,259 =1 | V(S, =59 =1
0.833 0.911 0.766
VG =S = | VGa=S) =1 | V(Gs=5,= V(Ss = Ss) = | V(Ss > S5) = 059 | V(Sg>Sq) = V(s =5,) =
0.865 0.665 0.756 0.865 0.865
A8 | A7l a6 A5 | Aaa ] a3 | a2 | A1 e
059 | 0.766 | 0.766 | 1 | 0.888 | 0.955 | 0.59 | 0.766 | souis Joys 35
0.093 | 0.121 | 0.121 | 0.158 | 0.14 | 0.151 | 0.093 | 0.121 -

\F




C2 Jlow 0 Cod 1Ay ;5 295 awnlin o Sle

Al A2 A3 A4 A5 A6 A7 A8 XM, ;i

Al 1 1 1 1 2 5|0429 0667 1 (06 1 1667|0333 05 0.714 1 2 5| 1 2 5| 1 2 5| 6362 11.167 24.381
A2(02 05 1 1 1 1{0143 0333 06|02 05 1 0.111 0.25 0429|0333 1 30333 1 3|0333 1 3| 2653 5583 13.029
A3| 1 15 2333|1667 3 7| 1 1 1|1 15 2333|055 0.75 1 1667 3 7|1667 3 7(1667 3 7(10.224 16.75 34.666
A4|06 1 1.667 1 2 5|0429 0667 1|1 1 1 0.333 05 0.714 1 2 5| 1 2 5| 1 2 5| 6362 11.167 24.381
A5|14 2 3 2333 4 9| 1 1333 18|14 2 3 1 1 1 2333 4 92333 4 9(2333 4 914132 22333 4438

A6 |02 05 1 0333 1 3|0.143 0.333 06|02 05 1 0.111 0.25 0.429 1 1 1{0333 1 3|033 1 3| 2653 5583 13.029
A7(02 05 1 0333 1 3|0.143 0.333 06|02 05 1 0.111 025 0429|0333 1 3| 1 1 1|0333 1 3| 2653 5583 13.029
A8|02 05 1 0333 1 3|0.143 0.333 06|02 05 1 0.111 025 0429|0333 1 3(0333 1 3| 1 1 1| 2653 5.583 13.029

S, T, M) = (47.692,83.749,180.344)

S; = (6.362,11.167,24.381) x (0.006,0.012,0.021) = (0.038,0.134,0.512)

S, = (2.653,5.583,13.029) x (0.006,0.012,0.021) = (0.016,0.067,0.274)

S; = (10.224,16.75,34.666) x (0.006,0.012,0.021) = (0.061,0.201,0.728)
S, = (6.362,11.167,24.381) % (0.006,0.012,0.021) = (0.038,0.134,0.512)

Ss = (14.132,22.333,44.8) x (0.006,0.012,0.021) = (0.085,0.268,0.941)
Se = (2.653,5.583,13.029) x (0.006,0.012,0.021) = (0.016,0.067,0.274)
S, = (2.653,5.583,13.029) x (0.006,0.012,0.021) = (0.016,0.067,0.274)
Sg = (2.653,5.583,13.029) x (0.006,0.012,0.021) = (0.016,0.067,0.274)

Faded 4 S S polie 51 S e S a0

1—1
(2, zm vy = (0.006,0.012,0.021)

V(S = S,) = V(S; = Ss) =
V(S1 > Sz) =1 V(S; = 54) =1 V(S = 55) =1 V(S = 57) =1 V(S = Sg) =1
0.871 0.761
V(S, =Sy = V(S, > S) = V(S, > S, = V(S, > Ss) = N R B
0.779 0.614 0.779 0.485
V(S3 = Ss) =
VS;=S) =1 | VS3=2S)=1 | V(S328)=1 to0c VS:2S) =1 | VS:2S)=1 | V(S3285) =1
V(S, =S,) = V(S, =>S:) =
VS, 2S) =1 | V(S,28)=1 (842 53) (84 2 S5) V(Ss2Se)=1 | V(S,=S)=1 | V(S,=Sg) =1
0.871 0.761
VSs=S) =1 | VSs=2S)=1 | V(Ss2S:)=1 | V(Ss=S)=1 | V(Ss=S) =1 | VSs=S)=1 | V(Ss=5g) =1
V(S =Sy = VG251 V(Se=S,) = V(S =S,) = V(Se = Sg) = o5y -1 | Vs> 501
0.779 0.614 0.779 0.485
V(S; 28 = VS, 28,) = 1 V(S; 2S3) = V(S; 2Sy) = V(S; =2 Ss) = VS, 28 = 1 VS, >S9 = 1
0.779 0.614 0.779 0.485
V(Sg =Sy = S5y —1 V(Sg = S5) = V(Sg = S,) = V(Sg = S5) = I IR
0.779 0.614 0.779 0.485
A8 | A7l a6 | A5 | Aad ] a3 a2 A1 ono
0.485 | 0.485 | 0.485| 1 | 0.761 | 0.906 | 0.485 | 0.761 | souts Jeys 35
0.09 | 0.09 | 0.09 | 0.186 | 0.142 | 0.169 | 0.09 | 0.142 -

Yy




C3 L 0 Cod 1Ay ;5 295 awnlin o Sle

Al A2 A3 Ad A5 A6 A7 A8 Z;’;l M ;i
Al| 1 1 1 1 2 5 1 2 5(06 1 1667 1 2 5 1 2 5 2 5(06 1 1667 7.2 13 29.334
A2 |02 05 1 1 1 1] 0.333 1 3|02 05 1 0.333 1 3| 0.333 1 3| 0.333 1 3[02 05 1 2932 6.5 16
A3 |02 05 1 0.333 1 3 1 1 1|02 05 1 0.333 1 3| 0.333 1 3| 0.333 1 3[02 05 1 2932 6.5 16
A4|06 1 1.667 1 2 5 1 2 5(1 1 1 1 2 5 1 2 5 2 5(06 1 1667 7.2 13 29.334
A5 |02 05 1 0333 1 3(033B 1 3|02 05 1 1 1 1(/033 1 3/033 1 3|02 05 1 2932 6.5 16
A6 |02 05 1 0.333 1 3] 0.333 1 3|02 05 1 0.333 1 3 1 1 1| 0.333 1 3[02 05 1 2932 6.5 16
A7 |02 05 1 0.333 1 3] 0.333 1 3|02 05 1 0.333 1 3| 0.333 1 3 1 102 05 1 2932 6.5 16
A8 |06 1 1.667 1 2 5 1 2 5(06 1 1.667 1 2 5 1 2 5 2 51 1 1 7.2 13 29.334
. .o9—1
n,Ym, M, = (36.26,71.5,168.002) [2?=1zjf21 M'gi] = (0.006,0.014,0.028)

S, = (7.2,13,29.334) x (0.006,0.014,0.028) = (0.043,0.182,0.821)

S, = (2.932,6.5,16) x (0.006,0.014,0.028) = (0.018,0.091,0.448)
S, = (2.932,6.5,16) x (0.006,0.014,0.028) = (0.018,0.091,0.448)
S, = (7.2,13,29.334) x (0.006,0.014,0.028) = (0.043,0.182,0.821)
Se = (2.932,6.5,16) x (0.006,0.014,0.028) = (0.018,0.091,0.448)
Se = (2.932,6.5,16) x (0.006,0.014,0.028) = (0.018,0.091,0.448)
S, = (2.932,6.5,16) x (0.006,0.014,0.028) = (0.018,0.091,0.448)
Se = (7.2,13,29.334) x (0.006,0.014,0.028) = (0.043,0.182,0.821)
Foded 4 Cond S polie 31 S e S a0
VS 28) =1 | V(S;28)=1 | VS 2S)=1 | V(5,2S) =1 | V(S;2S)=1 | VS, 2S,)=1 | V(5;2Sg) =1
V(s 25, = V(S, = S;) =1 V(2 254) = V(S,;2S) =1 | V(5,250 =1 | V(5,285,) =1 V(S22 Se) =
0.817 0.817 0.817
V(s 251 = V(Ss=S,) =1 V(s 25,) = V(S32Ss)=1 | V(S32S9) =1 | V(S3=S,)=1 V(s 2 Se) =
0.817 0.817 0.817
VS, 2S) =1 | V(S,28)=1 | V(S42S:)=1 | V(S;2S)=1 | V(S42S) =1 | VS, 2S)=1 | V(S4=Sg) =1
Vs 2 51) = V(Ss2S,)=1 | V(S8 =1 V(s 2 54) = V(Ss=2S) =1 | V(Ss=S,)=1 V(S5 2 Se) =
0.817 0.817 0.817
V(e 251) = V(Se=S)=1 | V(S¢=85s) =1 Ve 25, = V(Se>Ss)=1 | V(S¢=S,) =1 V(s 2 So) =
0.817 0.817 0.817
VS, =S, = V(S, = S,) = V(S, = Sg) =
V(S;2S) =1 | V(S, 285 =1 V(S; 280 =1 | V(S, 250 =1
0.817 0.817 0.817
VS5 =S) =1 | V(Sg=2S)=1 | VSs=Ss)=1 | V(Ss2S) =1 | V(S32S) =1 | VSs=Se)=1 | V(Ss=S,) =1
A8 A7 A6 A5 A4 A3 A2 Al e
1 0.817 | 0.817 | 0.817 1 0.817 | 0.817 1 oais Jloy (o33
0.141 | 0.115 | 0.115 | 0.115 | 0.141 | 0.115 | 0.115 | 0.141 -

A




Ch low 0 Cos a5 295 aanlin o Sle

Al A2 A3 A4 A5 A6 A7 A8 Z}'; M ;i
All 1 1 1 |0.273 0.556 0.429 1 2.333(0.6 1.667 7|0.333 0.714 1.4|/0.333 0.714 1.4{0.333 0.714 1.4|0.333 0.714 1.4|3.634 7.079 16.933
A2 1 183667 1 1 1 183667(1.4 3 11|0.778 1.286 2.2|0.778 1.286 2.2|0.778 1.286 2.2|0.778 1.286 2.2|7.512 12.744 28.134
A3|0.429 1 2.333|0.273 0.556 1 1 1 |06 1667 70333 0.714 1.4|/0.333 0.714 1.4|0.333 0.714 1.4|0.333 0.714 1.4|3.634 7.079 16.933
A4|0.143 0.6 1.667|0.091 0.333 0.714|0.143 0.6 1.667| 1 1 1]0.111 0.429 1 |0.111 0.429 1 (0.111 0.429 1 |0.111 0.429 1 |1.821 4.249 9.048
A5(0.714 1.4 3 |0.455 0.778 1.286(0.714 1.4 3 |1 2333 9| 1 1 1(0556 1 18(055% 1 1.8|055% 1 1.8|5551 9.911 22.686
A6(0.714 1.4 3 |0.455 0.778 1.286(0.714 1.4 3 |1 2333 9|0556 1 18| 1 1 1055 1 118|055 1 1.8|5551 9.911 22.686
A7(0.714 1.4 3 |0.455 0.778 1.286(0.714 1.4 3 |1 2333 9|055 1 1.8(0556 1 18| 1 1 1055 1 1.8|5551 9.911 22.686
A8(0.714 1.4 3 |0.455 0.778 1.286(0.714 1.4 3 |1 2333 9|0556 1 1.8(0556 1 1.8(055% 1 18| 1 1 15551 9911 22.686

n, XM, ML = (38.805,70.795,161.792)

. 1-1
[Z?=1Z,-‘21 M’gi] = (0.006,0.014,0.026)

S, = (3.634,7.079,16.933) x (0.006,0.014,0.026) = (0.022,0.099,0.44)

A4

S, = (7.512,12.744,28.134) x (0.006,0.014,0.026) = (0.045,0.178,0.731)
S, = (3.634,7.079,16.933) X (0.006,0.014,0.026) = (0.022,0.099,0.44)
S, = (1.821,4.249,0.048) x (0.006,0.014,0.026) = (0.011,0.059,0.235)
S. = (5.551,9.911,22.686) X (0.006,0.014,0.026) = (0.033,0.139,0.59)
Se = (5.551,9.911,22.686) X (0.006,0.014,0.026) = (0.033,0.139,0.59)
S, = (5.551,9.911,22.686) x (0.006,0.014,0.026) = (0.033,0.139,0.59)
Sg = (5.551,9.911,22.686) x (0.006,0.014,0.026) = (0.033,0.139,0.59)
ot 4 Cond S polie 31 G e S p a0
V(S =S,) = P V(S; = Sg) = V(S; = Se) = V(S =S,) = V(S; = Sg) =
0.833 0.911 0.911 0.911 0.911
V(S 2S) =1 | VS, =2S)=1 | V(S,=2S)=1 | V(S,=2S)=1 | V(S,=S9)=1 | V(S,;=2S)=1 | V(S,=Sg)=1
Vs =5y =1 V(S; = S,) = Vs =50 =1 V(S; = Ss) = V(S; = Sg) = V(S; = S,) = V(S; = Sg) =
0.833 0.911 0911 0911 0.911
V(S, =S,) = V(S, =S, = V(S, = S3) = V(Sy = Ss) = V(S = Se) = V(S, =S,) = V(S, = Sg) =
0.842 0.615 0.842 0.716 0.716 0.716 0.716
V(Ss = S,) =
V(Ss=8) =1 0,933 V(Ss=S)=1 | V(GSs=S)=1 | V(Ss=Se)=1 | V(Ss=S,)=1 | V(Ss=Sg) =1
V(S = S,) =
V(Ss=S) =1 0933 V(Se=S)=1 | VSs=2S)=1 | V(S¢=Ss)=1 | V(S4=S,)=1 | V(Sg=Sg) =1
V(S, =S,) =
VS, 28) =1 0,933 V(S;28)=1 | V(S;2S)=1 | V(S,2S5)=1 | V(S,=S)=1 | V(S;=S8g) =1
V(Sg =S,) =
V(Sg=S) =1 0,933 V(Sg=S)=1 | V(Sg=S)=1 | V(Sg=Ss)=1 | V(Sg=Se)=1 | V(Sg=S,)=1
A8 A7 A6 A5 A4 A3 A2 Al e
0933 ]0933]0933|0933|0615|0.833| 1 |0.833 ] sois Juy o
0.133]0.133 | 0.133 | 0.133 | 0.088 | 0.119 | 0.143 | 0.119 -




IS e ksl 5 2y alie la Gl o Gl Colpo aiile mls A sk 4

il g a bban S

0.142 0.141 0.119 | 0.1347
0.093 0.09 0.115 0.143 | 0.1076
0.151 0.169 0.115 0.119 | 0.1409
0.14 0.142 0.141 0.088 | 0.1318
0.158 0.186 0.115 0.133 | 0.1507
0.121 0.09 0.115 0.133 | 0.1097
0.121 0.09 0.115 0.133 | 0.1097
0.093 0.09 0.141 0.133 | 0.1139
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TBM downtime analysis summary Time(%)
rock jam/ clean muck from cutter head 0.00
clear rock fallout 0.00
cutter change 1.38
ST ground improvement/ foam, mortar injection 0.00 —
water inflow problems 0.00
probe drilling or other drilling 0.00
hydraulical & related problems 1.08
TBM mechanical & related problems 2.15 3.23
electrical & related Problems 0.00
net boring 13.99
Advance | support placment (segment Installation) 0.00 19.29
re-storck/regrip TBM 5.30
Pea gravel injection 0.48
track placement & Problems 0.94
conveyore problems 12.90
Back up train exchange 17.65 3197
hydromechanical & related problems 0.00
electrical & related Problems 0.00
utility installation(water, air, power) 6.45
.. derailment 2.42
Logistic lack of materials 1.34 Lo
transportation & unloading 4.41
shift change and safety meeting 20.43
lunch & sandwiches 4.17
Other washing & cleaning/ cutter check/ routine maintenance 491 29.50
unknown 0.00
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TBM downtime analysis summary

Geology TBM
1.38% ~3.23%
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TBM downtime analysis summary Time(%)
rock jam/ clean muck from cutter head 0.00
clear rock fallout 0.00
Geology cutter cr_lange - 1.21 121
ground improvement/ foam, mortar injection 0.00
water inflow problems 0.00
probe drilling or other drilling 0.00
hydraulical & related problems 3.76
TBM mechanical & related problems 0.00 3.76
electrical & related Problems 0.00
net boring 25.71
Advance | Support placment (segment Installation) 0.00 19.29
re-storck/regrip TBM 11.63
Pea gravel injection 0.00
track placement & Problems 0.00
conveyore problems 4.17
Back up train exchange 19.38 26.90
hydromechanical & related problems 1.48
electrical & related Problems 1.88
utility installation(water, air, power) 11.25
. derailment 3.90
~ChJEille lack of materials 0.00 Do
transportation & unloading 1.08
shift change and safety meeting 3.23
lunch & sandwiches 4.17
Other washing & cleaning/ cutter check/ routine maintenance 7.12 14.57
unknown 0.05

TBM downtime analysis summary

Geology TBM
1.21% 3.76%
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TBM downtime analysis summary Time(%)
rock jam/ clean muck from cutter head 0.00
clear rock fallout 0.00
Geology cutter cr_lange - 0.71 071
ground improvement/ foam, mortar injection 0.00
water inflow problems 0.00
probe drilling or other drilling 0.00
hydraulical & related problems 0.00
TBM mechanical & related problems 1.25 1.65
electrical & related Problems 0.40
net boring 15.32
Advance | Support placment (segment Installation) 0.00 18.88
re-storck/regrip TBM 3.56
Pea gravel injection 0.00
track placement & Problems 0.00
conveyore problems 0.81
Back up train exchange 23.52 26.87
hydromechanical & related problems 2.55
electrical & related Problems 0.00
utility installation(water, air, power) 2.02
. derailment 3.90
Logistic lack of materials 25.81 SR
transportation & unloading 3.90
shift change and safety meeting 4.30
lunch & sandwiches 4.17
Other washing & cleaning/ cutter check/ routine maintenance 7.80 16.26
unknown 0.00

TBM downtime analysis summary

TBM Geology
1.65% 0.71%
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Abstract

There are many variables that make ground conditions unpredicted and uncertain in
Tunnel and underground constructions. It could endanger the safety or economy of
project. Evaluating and ranking of risky projects like mechanized tunneling is necessary
to manage and respond to the associated risks, this required to identification of risk
factors. In this study by help of experienced technicians and geological study to identify
risking factors, eight (category) level of risk are considered. The most important factors
of risk are water inflows, gas emotions, face instability, roof and wall instability,
squeezing, swelling of rock, mixed face conditions and clogging of soil. The main
problems of these risks and ways to predict and prevent have been discussed.

Probability factors and impact factor are using in ideal risk analysis but in this study
we use both of ideal and some supplementary factor like uncertainty of estimate and
risk manageability. Some multi criteria decision making technique like Technique for
Order Preference by Similarity to Ideal Solution (TOPSIS), Analytical Hierarchy
Process (AHP), and Fuzzy Technique for Order Preference by Similarity to Ideal
Solution (FTOPSIS) and Fuzzy Analytical Hierarchy Process (FAHP) are used to
ranking of risk. To normalized ranking of risk in all techniques, aggregate methods like
Rank means, Borda method and Copeland method are used. In final squeezing and face
instability are high level and gas emotions clogging of soil are less level of risk.

Key words: risk management, geology risk, multi criteria decision making, Golab
tunnel
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