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Green Level Evaluation System for Whole Life Cycle of Railway Tunnels
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Abstract: To promote the integration of green and environmental protection concepts into the railway tunnel industry,
and to enrich and improve the comprehensive evaluation system for green railway tunnels, the green level evaluation
system for whole life cycle of railway tunnels is studied. First, the connotation and definition of green railway tunnels
are clarified, and the life cycle of railway tunnels is divided into three stages: design, construction, and operation. The
direct or indirect influencing factors between different stages and the ecological environment are screened, and a green
evaluation index system for the whole life cycle of railway tunnels is constructed at three levels. Second, analytic
hierarchy process and entropy weight method are used to comprehensively calculate the combined weights of evaluation
indicators. Based on the grey clustering evaluation theory and the data structure characteristics of indicator values, a
whitening power function is constructed for indicators belonging to different green gray class levels, and a
comprehensive evaluation model for the green level of the whole life cycle of railway tunnels is established. Last, taking
a typical railway tunnel in Guangzhou as a research case, the comprehensive green level of the case is analyzed and
calculated to be "three star green", which meets the construction requirements of green railway tunnels. At the same
time, the main influencing factors of non green or unsatisfactory green grades have been identified.
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Fig. 1 Identification of influencing factors for green evaluation of railway tunnels
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Table 1 Green evaluation index system for the whole lifecycle of railway tunnels
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Table 2 Average random consistency indicator R

n RI n RI n RI
1 0 5 1.12 9 1.45
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3 0.58 7 1.32 11 1.52
4 0.90 8 1.41 12 1.54

2.2 BUNE

WAL S e FAE R e rh R T RoR 2 ) g
AR SIRERE | Ja R T A MR Bt vh DR & R 45 B
RGeS ARG PR R & IR
A SRR ARG A5 P 18 b A9 B OB BE Al AR, Y
TEARAE BRI, 28R B B e N ) #E
PRVTAR S5 SR A5 e A2 B /N | A /N
TACEIT SRR AE | HL3AE T RE 08 3 1 A FEAS
14 S PRETE 75 B e U A, e 1 48 b A5 B0 114 52
e, B A B W, & WA /Y 1585 A 4 X
(6)—(11) iR,

D) BA o DI bR, A R AR YR 2 B ok
U8 B REA TG S X =, (i=1,2, 05
J=1,2, m) AR FE X AT o R NI AL B ST AT 4
PRI PRI 2 28 ARORBME AR FIR /N ESE R

e RBIHEFR «

Xy min(xij)
pij_max(xij) —min(xij)D (6)
e/ NEIFERR .

max(x;) — x;
pij_rnax(xij) —min(xij.)O 7
Tt AL B S BT fE =p, (i=1,2, - ,n;5 j=1,
2’...’m)
2) X FERE P AT BRI TIH—1k

Pi
q; = — (8)

3) HAPEM IR IR G B e, 52 R MERE g,

2.3 HEWE

BT ERIZ R Pk AU RGE 9T 45 5 BUH
R Ay o B AR R Fa (12) TN R A
M EAE

Wiy = AWy + (1 = @)Wy (12)

KA wy s B | DTER AR AN w0 NE
WAHTETT A BIEE § N EFRI AL ; wpq N
WRGETT B BB A | D IEPR IR AL E ; o HIRR
Tt 28, B 0. 5,
3 ZEIEMRRAE

R I Bk LA A i SIS ] B R K IR BE R e [
NSRS X I R T A 0 R ST FE b B Y
SRAEMERE K FERAEA D BRI, AT RAIA K 4k Bk 4%
GRS — A A A < D8 E R, R
ZAHEER RN KORS, MKOREHISEHT
“CEBME BTN, F AR B AR B NREAS B
AHEtE RG>, AR TR ORGP
B KA B IEVAN 5 s, 18 i WL A% 48 b A5 0 U 1l L
PHLE R RFAE A8 A A pR B8R 1 2 2 I Bk 10 2 £
IR, BRI R

WA n MFEXE I8N R = (R ,R,,- R, |, B
MRTXTEH m NBEFIR, IEH X = {x,,1,,,
x, b5 Fa, FORE i MR TS AR AR bR
BB (i =1,2,3,-,n; j=1,2,3,---,m), I HEH
Fobr x, A kD IRIHGL
3.1 XISIENIERER

IR HH O L B AR GUR I 5 PR 6 % 1
T H B SEBRRE O, XS AR AR AT AT VA, SR AR 1S
A3 IXTE] R 0~ 10 43 [A] BB AN 48 A 09 16 25 2 B 4l 43
NRERE” (0~1) “BH”(1~3) “—f&”"(3~5) .
CERHET(5~T7) CHET(T~9) IR T (9~10) 6 4
S MR FAT ook AL TR 5 A Ry Bk B Bk 3 4 (0 2
AT AT A SR B
3.2 BIAaBREKE

A GB/T 50378—2019¢ & {6 8 S VE M b v ) it
SRS AR, I 25 A R IR R 1B TR A A S B
SRR B BE B SR E FERVEN S RN AN
B AT e — BT B T RY D
B=RYTS NIREFER (TR 1.2.3.4.5,
Bl k=5) 404 3 FimR,



64 BEdE(FEX) %43 %
x3 BEBEFEIENKEER 0, x ¢ [5,9];
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Table 4 Index importance score (Level 1 indicator)

bR TR LHER2 LHR3I LHR4 LXKS T HME
A, 4 5 4 4 4 434
A, 4 5 5 5 3 427
A, 3 5 5 4 3 385

A () —(12) AES R — KI5 E K
WL AR 5 FRANFR 5 s,
®5 —RIEHRNETEER

Table 5 Calculation results of primary indicator weights

— iR AL B WAL HAHE
A 0.350 3 0.300 3 0.3253
A, 0.3418 0.465 7 0.403 7
A, 0.307 9 0.234 0 0.270 1
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Table 6 Calculation results of secondary indicator weights

-/ [ EAE H AR HEME -/ [ EAE H AR HEME
Ay 0.100 8 0.086 0 0.093 4 Ay 0.060 1 0.061 4 0.060 7
Ap 0.078 3 0.1322 0.1053 Ay 0.075 1 0.055 1 0.065 1
Ag 0.081 2 0.066 5 0.073 8 Ags 0.071 9 0.048 1 0.060 0
Ay 0.089 9 0.058 1 0.074 0 Ay 0.166 7 0.083 3 0.1250
Ay 0.072 8 0.053 2 0.063 0 Az 0.1412 0.187 4 0.164 3
Ap 0.062 0 0.168 6 0.1153
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Table 7 Calculation results of third indicator weights

B Tistan FWAE UG HAERE = RARbR FAE WAL E HAERE

A 0.048 6 0.019 1 0.033 8 Ay 0.031 4 0.039 8 0.035 6
A 0.052 2 0.017 6 0.0349 LU 0.0313 0.034 6 0.0330
Ay 0.0319 0.022 3 0.027 1 Ay 0.028 8 0.028 3 0.028 6
Ay 0.023 4 0.017 4 0.020 4 Ay 0.024 0 0.0219 0.0229
A 0.023 0 0.047 4 0.0352 Ay 0.026 3 0.031 6 0.028 9
Ay 0.025 8 0.046 7 0.036 3 Ay 0.024 8 0.016 4 0.020 6
Az 0.027 8 0.030 2 0.029 0 Aysy 0.018 3 0.038 9 0.028 6
A3 0.027 6 0.032 8 0.030 2 Ay, 0.018 7 0.0352 0.027 0
Ay 0.0227 0.0353 0.029 0 Asss 0.016 2 0.0350 0.025 6
A 0.0230 0.028 3 0.025 6 Aysy 0.018 5 0.029 6 0.024 1
A 0.0223 0.029 1 0.0257 Ay 0.051 2 0.039 5 0.045 4
Ay 0.021 8 0.028 2 0.0250 Az 0.056 9 0.049 8 0.053 3
Ay 0.017 4 0.026 6 0.022 0 Ajps 0.058 5 0.060 3 0.059 4
Ay 0.020 3 0.0152 0.017 7 Asy 0.045 6 0.0197 0.032 6
Ay 0.019 1 0.019 4 0.019 3 Ay, 0.049 5 0.018 8 0.034 2
Ay 0.016 0 0.017 7 0.016 9 A 0.046 0 0.048 5 0.047 2
Agyy 0.030 6 0.018 7 0.024 7
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Table 9 Value of whitening power function for some indicators of

railway tunnels
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Table 10 Clustering coefficient and grey level of green evaluation
for railway tunnels to be evaluated
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Table 11 Cluster coefficient and grey class grade of green evaluation for secondary indicators
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