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Abstract: Based on the basic theories i. e. Mahalanobis-Taguchi System( MTS) Martin System Choquet fuzzy integral group

decision making signal-noise ratio etc. a decision-making model for optimizing tunnel construction method is established. For
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which six indexes such as construction environment etc. are taken for building up the evaluation index system and then the h
decision matrix of each expert and the interval matrix of unconventional construction method are built up in accordance with the
relevant interval number while the group decision matrix and the related normalization are aggregated as well. Afterwards the
Mahalanobis distance matrix among the interval matrices of unconventional construction methods under each sub-attribute set Y,
are solved on the basis of standard deviation variance and Mahalanobis distance theory. Furthermore the fuzzy measure values of
all the attributes are obtained with the relevant larger-the-better characteristic signal-noise ratio. Finally the optimal tunnel con—
struction method is determined in accordance with all the attributes of all the construction methods the calculated comprehensive
evaluation values of Choquet fuzzy integral of all the construction methods and their sequence orders. The model is applied to the
grade IV surrounding rock of Mazui Tunnel of Huaiyang Expressway for evaluating the three construction methods 1i. e. CD
(I,) CRD (1I,) and double side-wall heading excavation from which it is obtained that the ranking of their merit and defect is
I,>1,>1, that is to say the double side-wall heading excavation method is the optimal construction method for the construction of
the grade IV surrounding rock of the tunnel which is consistent with the empirical cognitive result at present.

Keywords: tunnel engineering; group decision-making of construction method optimization; Martin System ( MTS) ; interval

Choquet fuzzy integral; larger-the-better characteristic signal-noise ratio; Mahalanobis distance
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Table 1  Judgment evaluation rules for grey fuzzy
weight vectors of expert
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Table 2 Evaluation index system and evaluation criteria
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(80~100) (60~80) (40~60)  (0~40)
(x5) (80~100) (60~80) (40~60) (0~40)
(80~ 100) (60 ~80) (40~60)  (0~40)
(x) (90~ 100) (70~90) (50~70)
e (30~50) (10~30) (0~10)
(h) S (A L Ty v ry
d" =0 Yd 1 0<sd(®)"” <1 L= bl = ,
h=1 - U ’ - L
1.3.2 h R(®) 5 XN 2
0
2 0 i
O e rY
Ik L — iy U — i
R(®) " =(r,") = (4" 1), (2) o= g1 d
0 v v
1.3.3 R(®) o & oo
h 1.3.4 o(®)
R(®) = (r; 1) (3)
. o(®) = (0; 0) ., (5)
riLj = 2 AR rfj(h) n 2, k 1 2,
h=1
1
° h h ; ;
/ 1( d(®) w4 rl]( ") ()fj OL = max rfj max r,z
U h = 3 3
V= | 6
v l O;‘j 0;] = mkin r,’v mirkl r,fj (6)
H
) ) L U Lo L -
0 h’?l h?l hfz h?z hfj hILj O 01’ 01’ [mkln "l ml? r]”] (7)
D J [, ] [, I |:| / _ 7
y E bk Ry, A A h;j héj B 0% 0% = [m}iix rfj max r,fj]
T A TR B ne
() \ (5) (6)
( ) 52 2021 6 61



/1 MTS-Choquet

~ . 0- —X. 0l - X
0( ®) - Z;C,- Zg — [ kj J kj j] (8)
‘ S; S,
o 1 m ' .
1= o 2 )
R R RN R DM CR TR
J 3m[ y t/ 4.'712 — ) y
1.3.6 \ 4
V=V, . ioj=1 2 p (9)
V, =5,/
1 m

3mt 4m2 t=1 v v
1.3.7 D
Y,
gl e
=0 ) ) , O
|:| dtl d/lul dtz d/er di{/ d/[xq |:|
(10)
L
g = MD,,
kq mkin mqln( MDZ[I MD;;(,)
U
g = MD,,
i mkin mqln( MD,’;] MD,’W)

MD!, MD!, =

T U /-1 U\ T
mln/max[\/ ’"’ Ll ’“/ \/quvq (qu)
v, q

ng

My,

g =—' Y, eX g=1 2 - 2 (11
Mx
1 & 1
an:_lOglo z d;ﬁ,dfq]

62

- log [ ]
’ 2 dindiy
1.3.9 Choquet
[f,dg
H s
p(A hi hy) =L by k)=
1 hy = by o] ol (12)
max — max| — . -
{ (hf}—hﬁ—th% ) ]
(12)
[t
Ax) <flx) <= <flx) x, x x eX
[fde = [flde [f'de = f{(x) (0 -g,) +
fL( x}‘) (quw - qu)‘) o +fL( xz) gz fb( xm) (g\/ -
gr,) +(x) (&, —gy) + o +f(x)g (13)
x, e X x, ¢V, ) Y,
x} € Y‘/u: x} $ Y[I) Yqu' 2 Y{/v
1.3.10 I,
I\ 1, Choquet
ol ffadg = fﬁ,dg) =
I:l ff‘[)l}dg _ Jf}Ldg D
max{ 1 — maxH : OB 0
e = Jrde = [rde - [rde B
(14)
(14) 0
2
2.1
ZK7 +
990—ZK9+646 1 656 m;
K8+020—K9+673 1 653 m, 1
- N 1
( ) 52 2021 6



N Ban
A E dE
¢ o £ HES
S e Wt B 5[ T=
£ = iﬁﬁ

Pt NN, e e e e e e e e T 5 —
| %
: 4
] &
N N A ) O N e e . e ———
~
= !
& [HEer T
o A &
S = 3

/1 MTS-Choquet
0.5 m,
2.2.2 (x)
(xl) A (962) N
(3) (2 (x5)
(%) X.
3

3

Table 3 The main quantitative index value of each construction

method of Mazui tunnel

Fig. 1  The typical plane layout chart of Mazui tunnel project
N N o / 11’17l /m /h
2 0 cD 9.5 0.7 10
CRD 11.2 0.7 12
v 12.6 0.5 13
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Table 4 Each expert h normalizes the initial interval number matrix
| k, \ k, \ ks \ k, \ ks \ kg
' h(D(®)=(0.24 0.10))
I (70 75) (895 1 000) (63 78) (120 150) (76 80) (20 30)
L (74 79) (915 1056) (53 60) (70 80) (38 55) (15 31)
I (82 88) (900 1 100) (25 45) (30 40) (41 48) (10 18)
I, hy(D(®) =(0.19 0.25)
I (73 79) (1080 1 150) (0.6 0.3) (85 100) (65 75) (17 29)
L (60 68) (1000 1 100) (0.6 0.1) (65 90) (34 58) (19 35)
I (60 66) (1200 1500) (0.6 0.3) (42 60) (31 50) (8 21)
3 h(D(®)=(0.22 0.15))
I (83 88) (900 930) (52 65) (70 65) (71 80) (18 29)
I (71 80) (850 1 150) (35 50) (62 68) (29 39) (18 20)
I, (65 70) (1100 1200) (45 48) (50 60) (21 38) (10 19)
1, h(D(®)=(0.19 0.27))
I (68 75) (750 790) (68 75) (40 65) (69 75) (32 45)
I, (55 62) (850 1 100) (53 60) (76 95) (19 38) (22 33)
I (50 55) (800 900) (34 48) (30 50) (23 43) (8 17)
1, hs(D(®) =(0.15 0.41))
I (74 80) (1000 1 080) (55 68) (50 75) (73 82) (29 33)
L (75 79) (1100 1200) (43 65) (58 65) (30 41) (19 22)
I (65 70) (1000 1050) (33 55) (41 70) (13 34) (11 21)
( ) 5 2021 6 63
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3 Table 5 Group decision matrix
3 ( 5) k 1 L £
(8) 6 k, (0.33 0.39) (0.30 0.36) (0.29 0.34)
k, (0.32 0.42) (0.27 0.39) (0.27 0.36)
4 (9) s (0.33 0.51) (0.25 0.41) (0.20 0.36)
(10) ky (0.35 0.55) (0.25 0.40) (0.18 0.34)
7 s ks (0.42 0.62) (0.18 0.37) (0.16 0.34)
ke (0.28 0.67) (0.22 0.57) (0.11 0.39)
5 (11)
7 o 6
6 (12) Choquet Table 6 The exception method matrix
(14) o by (0.330.39) (0.29 0.34)
(12) Choquet k, (0.27 0.36) (0.320.42)
i i ky (0.33 0.51) (0.20 0.36)
L [fidg = 0326 0495 ; Li [fdg= 0211 ky (0.35 0.55) (0.18 0.34)
ks (0.42 0.62) (0.16 0.34)
0.383 ; I [fdg= 0.201 0.39 . (14) ks (0.28 0.67) (011 0.39)
k, (-0.34 2.23) (-1.83 0.34)
Choquet k, (-1.90 0.64) (-0.49 2.14)
k -0.18 2.21 -1.89 0.17
]3 >]2 >11 2 ( ) ( )
: ky (0.08 2.18) (-1.77 -0.06)
v 1 ks (0.54 2.04) (-1.40 -0.07)
. ke (-0.73 2.20) (-1.93 0.12)
7
Table 7 Normalized Mahalanobis distance and fuzzy measure values
q Y, MDy, MD:, gy g Y, MD3, MD;, gy,
1 {0} 0 0| 0.00 33 (2 3 4 77.81 198.05 | 0.24
2 {1} 1.98 3.01 0. 06 34 {2 3 5} 7 783 641. 15 240 727 143.09 0.97
3 {2} 13.02 1. 00 0. 08 35 {2 3 6} 8 767 274. 50 227 703 731.58 0.96
4 {3} 1. 00 2.73 0.04 36 {2 4 5} 6 443 304. 12 273 921 230. 71 0.97
5 {4} 3.26 19.55 0.09 37 {2 4 6} 7 361 931. 19 293 214 014. 09 0.97
6 {5} 2.47 2.12 0.03 38 {2 5 6} 6 815 032. 66 242 102 888. 67 0.95
7 {6} 4.48 3.08 0.05 39 {3 4 5} 6 656 888. 70 85 311 168. 80 0.93
8 {1 2} 301.23 115.58 0.31 40 {3 4 6} 10 907 803. 73 139 788 649. 98 0.95
9 {1 3} 15. 50 58.61 0.19 41 {3 5 6} 3 502 376. 45 44 884 606. 24 0.76
10 {1 4} 98. 84 23.53 0.23 42 {4 5 6} 39 672 399. 14 35172 147.42 0.93
11 {1 5} 18. 85 4.56 0.14 43 {1 2 3 4} 1 664 498. 89 329 664 797. 34 0.94
12 {1 6} 7.31 3.10 0.10 44 {1 2 3 5} 23 464 016. 14 221 794 403. 80 1. 00
13 {2 3} 135.85 19. 59 0.24 45 {1 2 3 6} 8201 013.76 217 866 051. 32 0.97
14 {2 4} 273.52 29. 47 0.27 46 {1 2 4 5} 13 383 292. 94 241 672 411. 31 0.97
15 {2 5} 73. 46 5.54 0.18 47 {1 2 4 6} 6 204 785.92 250 849 361. 41 0.96
16 {2 6} 21.85 5.52 0.15 48 {1 2 5 6} 12 115 669. 48 218 141 192. 87 0.96
17 {3 4} 35.63 7.61 0.17 49 {1 3 4 5} 27 877 975. 14 78 128 795. 63 0.96
18 {3 5} 11. 61 3.18 0.11 50 {1 3 4 6} 9 316 149. 37 137 168 518. 81 0.97
19 {3 6} 11.25 3.14 0.09 51 {1 3 5 6} 6 870 616. 37 364 924 591. 61 0.99
20 {4 5} 8.05 2.61 0. 06 52 {1 4 5 6} 4 696 814.76 759 819 398. 25 0.93
21 {4 6} 13. 80 3.31 0.11 53 {2 3 4 5} 6 585 632. 25 673 850 634.78 0.96
22 {5 6} 11.42 3.14 0.10 54 {2 3 4 6} 6 320 424. 16 837 320 942.97 0.94
23 {1 2 3} 33 280 280.96 | 6 613 414. 47 0.95 55 {2 3 5 6} 8 892 914. 02 350 079 517. 56 0.97
24 {1 2 4} 21 859 342.51 | 6 603 095.73 0.94 56 {2 4 5 6} 12 419 305. 66 516 757 570. 90 0.95
25 {1 2 5} 43 202 573.81 | 7224 204.22 0.96 57 {3 4 5 6} 2 456 633. 45 31 482 916. 46 0.90
26 {1 2 6} 40 501 225.58 | 7 828 332.82 0.96 58 {1 2 3 4 5} 930 416. 34 193 973 565. 55 0.93
27 {1 3 4} 7366 337.55 | 2086 120.21 0. 87 59 {1 2 3 4 6} 8 201 420. 43 217 533 605. 02 0.97
28 {1 3 5} 19 148 769.56 | 2 268 712.39 0.91 60 {1 2 3 5 6} 10 227 539. 43 213 692 239. 00 0.97
29 {1 3 6} 8 969 566.29 | 2041 476.03 0. 87 61 {1 2 4 5 6} 7 960 541. 50 208 164 137.25 0.95
30 {1 4 5} 17 700 330. 18 | 4 028 600. 56 0.92 62 {1 3 4 5 6} 6 118 067. 07 78 405 915. 43 0.92
31 {1 4 o6} 10 267 047.08 | 4276 912.35 0.90 63 {2 3 4 5 6} 8 778 927. 15 206 085 974. 11 0.96
32 {1 5 6} 12 153 818.65 | 2766 212. 84 0.90 64 {1 2 3 4 5 6} 47 675 541.99 207 417 557. 61 1. 00
64 )y ;2 2021 6
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