GUENA 2025 4F 5525 4% 45 10 ) By R 5 T # ISSN 1671—1815 §2
; " 2025, 25(10) : 04292 -08 Science Technology and Engineering CN 11—4688/T Ch-. :

DOI:10. 12404/j. issn. 1671-1815. 2404408
SIS i, BOEE, TRk, S5, RRBRb Tl DO 2 T ARG T S AU SR B AN SE[ ). BRA R 5 TR, 2025, 25(10) ; 4292-4299.
Yang Jing, Duan Pengxin, He Yuqiu, et al. Virtual fuzzy decision-making technology of bridge construction scheme|[ J|. Science Technology

and Engineering, 2025, 25(10) ; 4292-4299.

435 o 1 JER Bt X 9 R T A2 5 T 75 SR8 Pl
BRHIR R AR R

M, B A AT TAC, EaE B Rl
(1. A FERRE KRR, AR E 050043 ; 2. A4 STREREE S 340, A1 FE 050061 ;
3. M RSO A RAF, I 5100005 4. gk T RRAE AR SETHA BRIFEA R, HiM 310004)

O HRRAHERGRTIEAERAETEZII RS T WAL R RS ARk Ty kB REHE, HME
BHEERFRR T BEFRREIRAE LT E EE" AAF( T AR AT L4 AR B EHHEAER FREITRNERS
£ 543 B-AE A (building information modeling, BIM) TTALALHEL A BE#) 45 22 36 Fo &2 & K K5 AT (grey relational analysis, GRA) 48 &
BRB|E RFRAERRE TR L FHE T, ELET TH-RA-AE-L - R 0GB HM § Bt e FAEA (hybrid
fuzzy multi-attribute decision-making model,HFMD) , 535 JA Python 5 BIM # KM &6 TiE A2 TAAL R % B0 A R 347k
FLOERBR B IR AMAC T E P L TR 10 d, RAREAR3. 1% ,ER T bt A A ek ey E AR, A
B RHRIR R R IR T FT T RRBET AE,

RBkiA] ML T R, REXKSM; RABM S BERE,; b TANL

LSS TU470.82; SCERFRERS A

Virtual Fuzzy Decision-Making Technology of Bridge Construction Scheme

YANG Jing', DUAN Peng-xin®, HE Yu-qiu’, WANG Hui*, DUAN Xiao-chen'"
(1. School of Management, Shijiazhuang Railway University, Shijiazhuang 050043, China;
2. School of Mathematics and Statistics, Hebei University of Economics and Business, Shijiazhuang 050061, China;
3. Guangzhou Leyao Industrial Co. , Lid. , Guangzhou 510000, China;
4. Huadong Survey and Design Co. , Ltd. , China Railway Second Institute, Hangzhou 310004, China)

[ Abstract] The construction decision of special geological area is very important and complicated. The uncertainty of geological
conditions will directly affect the selection and implementation of construction scheme. In order to solve the non-equilibrium problem
among the “five control” objectives (time limit, cost, quality, safety and environmental protection) of the bridge construction scheme
in the complex special geological area of Southwest China, the network planning technology and BIM ( building information modeling)
were combined. BIM visualization technology, fuzzy set theory and GRA ( grey correlation analysis) were integrated into the
optimization of bridge construction schemes in complex special geological areas. HFMD ( hybrid fuzzy multi-attribute decision-making
model) based on duration-cost-quality-safety-environmental protection was established, and a visualization system of construction
process was constructed by using Python and BIM technology. Assisted managers to make decisions, and the result met the “five
control” index comprehensive optimization scheme, and the construction period was advanced by 10 days, and the cost was reduced by
3. 1% , which proved the practicability and effectiveness of this model A and method. It provides a reference for the decision of bridge
construction scheme in complex special geological area.

[ Keywords] fuzzy set; optimal construction scheme; grey correlation analysis; hybrid fuzzy multi-attribute decision making;

visualization of construction process
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Table 1 Five-level fuzzy language index and its normalization

(triangular fuzzy number)
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Visual optimization flow chart of construction process

Fig. 1
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Table 2 Operation parameters of network plan for construction project of super large bridge
T AR AT T AR BRI T Rt BT ORI A WM R BB B
1 [29,32]  [60.31,62.47] o] = B
1 it T A 5 it 2 [27,30]  [61.52,63.23] s — % a1
3 [25,28]  [62.45,64.58] 1tk BAR BAK
1 [88,95] [827.33,832.46] 5 B e
17 A 2T T AR M B e AR 2 [85,92] [830.53,834.72] Ly 545 —
3 [81,89] [833.72,838.41] B — i
R®3I RFKERER
Table 3 Decision matrix R
TR (25 O T ROR B A AR bR GRS R bR
1 [29,32] [60.31,62.47] (0.7,0.9,1) (0.7,0.9,1) (0.6,0.8,1)
1 2 [27,30] [61.52,63.23] (0,0.2,0.4) (0.3,0.5,0.7) (0.8,1,1)
3 [25,28] [62.45,64.58] (0,0.1,0.3) (0,0.2,0.4) (0,0.2,0.4)
1 [59,62] [20.01,21.38] (0.6,0.8,1) (0.6,0.8,1) (0.7,0.9,1)
2 2 [57,61] [21.39,22.08] (0.6,0.8,1) (0.7,0.9,1) (0.3,0.5,0.7)
3 [55,58] [21.43,22.17] (0,0.2,0.4) (0,0.1,0.3) (0,0.1,0.3)
1 [88,95] [827.33,832.46] (0.8,1,1) (0.6,0.8,1) (0.8,1,1)
17 2 [85,92] [830.53,834.72] (0.6,0.8,1) (0.8,1,1) (0.3,0.5,0.7)
3 [81,89] [833.72,838.41] (0,0.2,0.4) (0.3,0.5,0.7) (0,0.1,0.3)
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Table 4 Normalized decision matrix X

TJF AR T A g o BNGS

1 [0.3604,0.397 7] [0.408 6,0.421 9] (0.434 1,0.558 1,0.6202) (0.3836,0.4932,0.548 0) (0.272 7,0.454 5,0.454 5)
2 [0.3845,0.427 2] [0.402 4,0.413 6] (0.000 0,0.124 0,0.248 1) (0.164 4,0.274 0,0.383 6) (0.363 6,0.454 5,0.454 5)
3 [0.4119,0.461 4] [0.394 0,0.407 5] (0.000 0,0.062 0,0.186 0) (0.000 0,0.109 6,0.219 2) (0.000 0,0. 181 8,0.181 8)
1 [0.3849,0.404 5] [0.408 1,0.436 1] (0.363 6,0.454 5,0.4545) (0.286 0,0.381 4,0.476 7) (0.389 5,0.500 8,0.556 4)
2 1 [o0.

3 ] (0.

[0.3913,0.418 7 3952,0.407 9] (0.292 8,0.390 4,0.487 9) (0.3337,0.4291,0.476 7) (0.1669,0.278 2,0.389 5)
[0.4115,0.4339 393 6,0.407 2] (0.000 0,0.097 6,0.1952) (0.000 0,0.047 7,0. 143 0) (0.000 0,0.055 6,0. 166 9)

1 [0.3786,0.408 8] [0.414 2,0.416 8] (0.363 6,0.454 5,0.454 5) (0.2565,0.342 1,0.427 6) (0.423 4,0.529 3,0.529 3)
17 2 [0.3910,0.4232] [0.408 7,0.415 27 (0.2727,0.454 5,0.454 5) (0.342 1,0.427 6,0.427 6) (0. 158 8,0.264 6,0.370 5)
[0.404 2,0.444 1] [0.411 3,0.413 6] (0.000 0,0. 181 8,0.181 8) (0. 128 3,0.213 8,0.299 3) (0.000 0,0.052 9,0. 158 8)

w

R5 IEIEEMR
Table 5 Positive ideal solution
1EFRAE it T A o=y L4 77
Vi [0.4119,0.461 4] [0.408 6,0.421 9] (0.4341,0.5581,0.6202) (0.3836,0.4932,0.548 0) (0.363 6,0.454 5,0.454 5)
Vi [0.4115,0.4339] [0.408 1,0.436 1] (0.363 6,0.454 5,0.454 5) (0.333 7,0.429 1,0.476 7) (0.389 5,0.500 8,0. 556 4)

Vi [0.4042,0.444 1] [0.4142,0.416 8] (0.363 6,0.4545,0.4545) (0.342 1,0.427 6,0.427 6) (0.423 4,0.529 3,0.529 3)

xo6 HIBEM
Table 6 Negative ideal solution
1AL fig T A [ig=:s G NG
Vi [0.3604,0.397 7] [0.3940,0.407 5] (0.000 0,0.062 0,0.1860) (0.128 3,0.213 8,0.299 3) (0.000 0,0.052 9,0.158 8)
Vi [0.3849,0.404 5] [0.3936,0.407 2] (0.000 0,0.097 6,0.1952) (0.000 0,0.047 7,0. 143 0) (0.000 0,0.055 6,0. 166 9)

Vi [0.378 6,0.408 8] [0.4113,0.4136] (0.128 3,0.2138,0.299 3) (0.000 0,0. 109 6,0.219 2) (0.000 0,0.181 8,0.181 8)

RT REXEKRYUEMR

Table 7 Grey correlation coefficient matrix

Ty KA TH A [t Ll AN
AP AR + - + - + - + - + -
& 0.643 0 1.928 9 2.007 9 0.669 3 1.2222 0.407 4 1.897 8 0.632 6 1.000 0  0.500 0
1 & 0.9313 1.000 0 1.000 0 0.996 9 0.433 6 1.000 0 0.901 0 1.000 0 1.3430 0.380 4
& 1.928 9 0.6430  0.669 3 2.007 9 0.407 4 1.2222  0.6326 1.897 8 0.4477 1.0128
3 0.594 7 1.784 0 1.109 8 0.369 9 1.354 3 0.451 4 1.000 0 0.433 6 2.0062 0.668 7
2 & 0.783 1 1.0000  0.3808 1.000 0 1.000 0 0.488 2 1.2222  0.407 4 1.0000  1.000 0O
& 1.784 0 0.594 7 0.369 9 1.109 8 0.451 4 1.354 3 0.407 4 1.2222 0.668 7 2.0062
& 0.623 8 1.871 4 2.399 2 0.799 7 1.343 0 1.343 0 1.0000 0.7380 1.9194  0.6398
17 & 0.877 0 1.000 0 0.656 9 1.000 O 1.000 0 1.3430 1.736 5 0.578 8 0.912 7 1.000 0
& 1.871 4 0.623 8 0.799 7 2.399 2 0.447 7 1.343 0 0.578 8 1.736 5 0.639 8 1.919 4
®8 XEKKEMMREE FAFEARIALEAE: w, =0.25, w, = 0.21,
Table 8 Correlation degree and dominance degree wy, =0.23, w, =0.15, w, =0.16,
L frirfsd ti 1l = #5728 55 TE SRR A R B AR S 17 G 1B B2 A T
1 1.3151 1.209 9 0.541 6 -
1 2 0.912 4 0.998 6 0.4550 EE
3 L2099 13151 0.4584 BAEFI TR 1~ TF 17 S i it
1 0.902 4 1.014 4 0.441 8 2 NI Vi s
1| R4 SH IR -
L L e L0 0 e T HES PR B ALK (1
3 1.014 4 0.902 4 0.558 2 3,1,3,1,1,1,1,1,1,2,3,1,1,2,1,1),
wY: T e FEATR A TR H S i 15 S8 I, 7E 06 2 B U8
B 0 S Ao SRR R FAR I 4 T S i B I 2 1) ok
3 12468 14946 04103 SEFTIR R0 AL, 75 Hh s 2 25 1L, 30 T B 7% Bk
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Fig. 3 Geological condition of special bridge
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