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Table 1 Related parameters of the studied tunnels
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Fig.1 South-east orientation of Baosheng tunnel
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Table 2 Percentages of the sky view.area of studied tunnels
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Fig.2 Field measured sky brightness values of the investigated
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Table 4 Percentages of corresponding pavement area of investigated tunnels
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Fig.4 Measured tunnel pavement brightness values
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Table 5 Area percentages of bamboo—truncated type

tunnel portals

RIS | 1) R IE | 53 Wil | ERRIE

SN
BEREIE | b | An e | An e | PLaE

IR AYER §a

GE5THT, S 2R 1A 5 B2 X6 LU A3 B AR ], %o o bk
IR T A 52 AR T 158 B Loo( SYELARI T T2 A >
BRI A5 FE Lo S) TR 1 53 U HEA T 20 AT, 43 B 2%
R e - 12 K 13 iR,

=6 inEXBRERITERE S

2.02 2.34 291 242
(%) Table 6 Area percentages of end—wall type tunnel portals
BEiE ([ SRRIE IE | XL B | TTAESEE VAR E
AR | REIm | IERSEIE | ARIEEIE | PR
. i T AR
L AN ML | 844 11.52 3.37 8.53
B ! /(%)
R w0q o« T P
— / v b
,@ 2000 v A /./
2 ——. v
% 300-) o . 2400 -
£ T T ]
E 10001 E/ 2000
S A T T T B o]
13 1600 -
WU 0
b 12007
% 1000 - e R R
10 BIFT BRI J5EE S R
Fig.10 Brightness values of bamboo—truncated tunnel portals W) et
TRV

1500
1400 4

1300 e

FEL, () (cd/m?)

1200 4

Y=
56

1100

1000 4

900

800

EIKEN S R b

plinw/ €8

I HIPT ARSI 515 BE Lol S)
Fig.11 Brightness values L(S) outside bamboo—truncated

tunnel portals

P B SIS 2 I, o TN B R ) 280y
IR T 15 BEAE AR AR FRR , I 936.7~3 455
ed/m> ANEE, AH I I A0 BE 6 A8 A3 il 815.00 ~
1427.51 ed/m®, 8 PR G A7 =X A )5
JEERS, 2 BH HE SR 7R BETE TR ] e B He e T 1] 5
FEME . KW 2T R, WA AT ] 52 BE (AT
MK BH BRI R AR T DS B AR, IR
I T3 B AR Ak LR .

4.1.2 gkl TS R
SR PRI 87 Pl 32 B |1 A AL BT 200 115 R HE A 7 A

B 12 it CREE A e

Fig.12 Brightness values of end—wall type tunnel portals

& 2200
E 21004
< 2000
2 1900
1800
@6 17004
o 1600
1500
i 1400
2 1300
= 12004
1100
= 1000
o 900 ]
o 800 ]
fd 700 5
® ik I v v
4 v
'5?400_.,?.7!..,.07
i’ 0 2 4 6 8 10
TR E

K13 S U T AP Lao(S)TE
Fig.13  Brightness value Lx(S) outside end—wall type tunnel

portals

FH T 12 R0 13 AT RN, 2 B R | ) 28 5 diig il
ST, I T 5 B2 AR A ] R 365.1%2 343 ed/m’,
SR 58 BEAE AR AR 3 R A 1 B XeH I A5 i
Lao(S)[E 1 5T HRAEL LU () 20~ ELHE R E 19%0~15% Y [l
KA T 10%~15% Z 1] .

E58EE I (RE398H), 2021 4 6 A HAR 75
Vol.58, No.3 (Total No.398), Jun.2021




e

AU K 8 B R

MODERN TUNNELLING TECHNOLOGY

BRI B 34 1% 38 R S0 5 B Lo SYIEL 6 %R BT 1

4.2 SEINZERESFRIERINE E L(S)ER N5

Zob X\ B BRI R T 58 BE SR S FE Loo( S)EY
— RN FEU R FECE 53 B 01X 1] 10~ 181 13
VEAS IR MO AU RETE T 15 B SR A2 T Lao(S)
HIFE AR, UL 14,

4000

3500

3000 |- T

2500 |-

it |
==

1000 |- l
0 . 1 L .
HITT-RITRE BT WEC-RIIRE WL,

ZERE N (ed/m?)

500 -

Pl 14 ANFR T IR 52 5 S TR A MEIE Lao(S) I
Fig.14 Box plot of brightness and outside—portal brightness
values Ly(S) for different types of portals

M 14 HORHER H A R AT S i Gl
1158 22 SR TRl AT =R 1) 5 8 s T ol =X
TR o vk HAT =R T TR MERE Lo( AR
SRy T 25 SN M T2 T TR MERE Loo( S)(EAR
AR N sttt X AR A B R AR A o TR Y
T 1R TR sl i =X 355 AR AR LA 55 14
T 152 BERTHIA AL Lol S)TELAY BT R F5c o AH 22
300 cd/m?,

FEIRON ST T 5 R P2, R ] e AR
B4 /N O L i =R T A S 43 L), g8
T T TR RO ChR R Bl it S5 T A A, R Ah 52
JE Loo(S)(E Y40 T — & Vi Bl Y, B b Ah 52
Loo( S) B 5 M (B A5 A3 FET /1N 5 T DA SR i b =X )
A, SRS AR T TE R 0 B e R T A =Xl 1)
TR E 43 ), T At =2l 1) 1 T B R ] R
FHVRBE 1 55 I 5 55 e B AR B AL, AN R 32k
oMt A5 R R = (A L

5 ZhigHEE
51 4 ¢

(1) XTI AR 25 28 5 S 55 B Loo( S)(E 1 52
MR | AR Al B 5 B IS0 Pl A, B A 1 A3
HNFETE LooS) ML A (E 22 /0 A 52 Bl il B (F 1 1
I b o RIS F AR R R A E5H R FH A 23
BT A4 T BT, 45 R 2 RN AR b i 5 5
HNSERE Lo S)[E AR T —EL

(2) ST AN 1T 5 BE XA A2 E Lol S) B M)
AL, BT RGBAER/INET M 45 80K T < VR (ALK T
<IROFKI < REE SR OPFEEIE . PR S
Y XF o7 (43R A0 5 BE Lo S) FA1{EL BT 2 IR B 45 5
KL 5 A DRI T > A% S0 > TR 661K 11> 7%
PR, PRI A B 5 ROB A AR I — 3, 5
TR A58 B Loo( S)ELNT 2 [ R 1 RE BTG5 ), b
T A0 8/ 1A% 45 4200 Y1 B A 386 T 1 2 Fh R4 (e 46
RGB{EH K T2 B O RGB E R/ N RIS (4
TR A58 BE Lo S)(EAT LAREAIG

(3) XF T TZEF XTI S SEJE Loo(S)TEH 5]
HR A5 IR S 00 FcHe 22 B, A = T 5 B v o
T, 53 [ 2 ARSI 931 S5 JBE Lol S)TEL A5 )
TP 2E 0N IR T il =, 3%
BHAHFE I AAE T 0T T58 BEXH SR 52 BE Loo(S)TE Y 5T
HR LB 5 AH 22 300 ed/m?®s 243 115 FH it =X st 1
TR E 43 B R R 3 F AT =R T m B 4y
Lt ), wiigdids IR %) T T 58 B 10 AT R FH TR -
HWT SRR AR
52 B 2

A SCELIR G ik i i R A B >, A e
A B 4 [ T P 1) R O B R S B AR A ik A T
FHIRAITFGE

VRS Tols I A1t 1 S TR A SR B
TASSCHE AR 30 N 2% BT AP PR 2 XA &b
SETE Lo S)ELEFREM

5% ik
References
[1] 5K b8 e — FREE e A v i S B T TR A e 2 BOIFE D). T BR: FEPR K 2%, 2016.

ZHANG Ting. Research of Determining Typical Elements ' Luminance at Tunnel Portals by Radiation—Illuminance Conversion Meth-

od [D]. Chongging: Chongqing University, 2016.

[2] Commission Internationale de L’ Eclairage. Guide for the Lighting of Road Tunnels and Underpasses: CIE 088:2004[S]. 2004.
[3] Commission Internationale de L” Eclairage. Guide for the Lighting of Road Tunnels and Underpasses: CIE 088:1990[S].1990.

76 %5855 387 (5398 H), 2021 £ 6 A HAR
Vol.58, No.3 (Total No.398), Jun.2021




e

BOC R E B AR

MODERN TUNNELLING TECHNOLOGY

TRIE B 7 3T N B TR ST 58 JE Lao(SYIAL R 3% " A 5T

[4] British Standard. Code of Practice for the Design of Road Lighting—Part 2: Lighting of Tunnels: BS 5489-2[S].2008.

[5] European Committee for Standardization. Lighting Applications—Tunnel Lighting: CEN. CR 14380: 2003[S].2003.

[6] Uk Fn. A HEBETE T RERRILR G ST )], A PR ACIEEA, 2008(6): 117-120.

TU Yun. Research on Energy Saving nghtlng System in Highway Tunnel[J]. Technology of Highway and Transport, 2008(6): 117—
120,

[TIABEK . BRI A BRI R A FSACEEIA, 2007(4): 114-115+122.

ZHENG Qiongshui. Discussion on Illumination Design at Entrance of Tunnel[J]. Technology of Highway and Transport, 2007(4):
114-115+122.

81 W W, MRAFZE, N, 4 JL B IX RS 2 B A S B 5T D). BB, 2013, 29(8): 1-4+89.

LUO Tao, LIN Ruoci, ZHAO Jianping, et al. Observation and Study on Sky Luminance Distribution in Beijing[J]. Building Science,
2013,29(8): 1-4+89.

(91 7 S, TS . BRI IR S EE Loo fELAY FABETE I BEAINR MR 1B DS IR, 2003(3): 20-24.

CAO Yanrui, ZHANG Haicong. Discussion on Blackness Measurement and Hole Decoration of Luminance Ly Value outside Tunnel
Tunnel[]]. Lamps and Lighting, 2003(3): 20=24.

[10] 5 3k, BRIF R, T 4z, 55 KRS T ATT 23 18 1A B s RE/3T)). BB TRE44H, 2018, 29(2): 106-110.

MA Fei, CHEN Kailiang, WANG, Qian, et al. Lighting Efficiency Influence of Highway Tunnel Based on Different Pavement Types
[J]. China Illuminating Engineering Journal, 2018, 29(2): 106-110.

[11] MG RS . 2~ BT T 1 T SCA 70 26 Sl FH AR PERIBITSED]. 754 1R, 2012,
LIANG Pengkun. Classification of Road Tunnel Portal Forms and Their Applicable Conditions [D]. Xi’ an: Chang’ an University,
2012.

[12] BRAbR, INERET . 2\ B W% IR A BRI ST L)), 475 IR B, 2007, 31(3): 32-35+52.
CHEN Zhonglin, SUN Chunhong Research on Road Tunnel Lighting Design[J]. Light & Lighting, 2007, 31(3): 32-35+52.

[13] R AR 5L, T2, XIAEAE . PSR AT MRS TR A 05 B Lao(S)[T). A &S B A, 2004(5): 117-121.

Qu Zhihao, ZHAO Qingbi, LIU Xianghua. Tunnel Ambient Exterior Luminance Lx(S) Tested by Environmental Sketch Method|[]].
Technology of Highway and Transport, 2004(5): 117-121.

[14] rhe N RIERIE SSEE 8 . 23 MR MBI 2 JTGP D70/2-01-2014(S]. Jtnt: AR A i hitkt ey A B2 F, 2014,
Ministry of Transport of the People’s Republictof China. Guidelines for Design of Lighting of Highway Tunnels: JTGT D70/2-01-
2014 [S]. Beijing: China Communications Press;2014.

[15] R 48, 5K 6. S 2 g T AN m BE 5 ). EARESR S3REE T AR, 2016, 38(3): 118-122.

DENG Min, ZHANG Fei. Method Obtaining Scenery Luminance outside Tunnel Portals with In-situ Testing[J]. Journal of Civil,
Architectural & Environmental Engineering, 2016, 38(3): 118-122.

[16] TS . 1L T8 R A IR BETE TR P52 Lo(SYPFIE)]. A MRS, 2013(3): 27-29.

WAN Mingfu. Study on the Outer Brightness Lx(S) of Expressway Tunnels in Liaoning Province[J]. Highway Tunnel, 2013(3): 27—
29.

Study on the Influence of Environmental Factors on the Brightness Value L,(S)
outside Highway Tunnel

ZHANG Xiaojian' LIANG Bo'? ZHONG Shengming'’
(1 School of Civil Engineering, Chongging Jiaotong University, Chongqing 400074; 2 State Key Laboratory of Mountain Bridge and
Tunnel Engineering, Chongqing Jiaotong University, Chongqing 400074; 3 School of Civil Engineering, Chongqing University of Axts
and Sciences, Chongqing 402160)

Abstract Brightness Lx(S) outside a tunnel, as the basic parameter of lighting at entrance section of a highway tun-
nel, affects the lighting design of the transition section, and its value is subject to the ¢ombined action of various fac-

tors. Many factors affect the measurement of brightness outside a tunnel. This paper studies the influence of each

E585E I (RE398H), 2021 E 6 B HAR 77
Vol.58, No.3 (Total No.398), Jun.2021




e

BOARBE JE B R < . . :
MODERN TUNNELLING TECHNOLOGY TR B N 5 1R ST 58 SR Lao(SYIAL WY % vR1 BF 5T

factor on the brightness L»(S) value outside the tunnel based on three factors, i.e. the sky exposure rate outside the
tunnel, the form of the tunnel-portal and the color of the pavement surface outside the tunnel. Through investigating
highway tunnels within the main city of Chongqing, corresponding tunnels which meet the requirements are selected
as the research-objects. In combination with theoretical analysis and field test verification, the influence law of each
index parameter on the brightness L(S) outside the tunnel is obtained and the indices of brightness outside a high-
way jtunnel are put forward based on field brightness test method. The study results show that: (1) the recommended
value of the brightness L(S) outside a tunnel in autumn and winter should be at least one time and above the actual
measured brightness value; (2) the patterns of the values of pavement brightness are consistent with that of the RGB
values; and (3) the brightness outside a tunnel with end—wall type portal is smaller than that with bamboo—truncated
type portal.

Keywords Highway tunnel; Brightness outside-the tunnel; Field test; Sky exposure rate; Pavement surface out-

side the tunnel; Type of the tunnel portal
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DRS-Cloud Model Based Evaluation of Construction Safety of Tunnels with
High Geotemperature

GAO Let\-BAO Xueying LI Aichun
(College of Civil Engineering, Lanzhou Jiaotong University, Lanzhou 730070)

Abstract With respect to the construction safety of tunnels with high geotemperature, this paper attempts to estab-
lish an appropriate and effective evaluation system for a comprehensive evaluation. Firstly, it uses the DSR model to
establish an evaluation index system of environment driving force — measurement state — measure response; Secondly,
it determines the indicator weights by using the variable weight theory; Thirdly, it obtains the numerical eigenvalues
of the integrated cloud model and generates the contours through the cloud model theory,/ and then determines the
evaluation levels by combining the calculated maximum membership degrees;<Finally, it applies this evaluation
method to the engineering case for verification. The results obtained from thé engineering case show that its safety
state is slightly worse than medium, and the indicators leading to the ‘decrease of the safety level are screened and
picked out. The results show that the indicator system developedby the DSR model is comprehensive and relevant;
the variable weight theory makes the indicator weights objective and realistic; the use of the cloud model dissolves
the fuzzy and random characteristics of qualitative concepts in the evaluation process and makes the evaluation re-
sults more reasonable and effective.

Keywords Tunnel with high geotemperature; Construction safety; DSR model; Cloud model; Variable weights
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