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Abstract: To ensure the effective energy conservation and lighting for disaster prevention and emergency
escape, the energy-storage and luminous multifunction materials are decorated on the sidewalls of tunnels.
Based on laboratory model test and measurement in practical engineering, the performance of auxiliary
lighting and emergency escape guidance of energy-storage and luminous multifunction materials in road
tunnels is studied. The result shows that (1) decorating the sidewalls of highway tunnels with energy-storage
and luminous multifunctional materials not only can increase brightness and effectively reduce lighting powers
of different lighting facilities, but also can significantly eliminate “ black hole” and “blind glare”
phenomenon at the entrance and exit of tunnels, improve illumination uniformity inside tunnels and eliminate
light spot phenomenon of road and wall surfaces in tunnels, which is good for driving safety; (2) it is
conductive to improve visual performance of human eyes and increase visible distance for small-size objects,
which can increase more than 1.3 s of the safe disposal time for drivers in case of emergency; (3) energy-
storage and luminous multifunctional materials have a strong ability of penetrating through smoke, when

painted on the tunnel walls, they can play the role of illumination for emergency escape guidance in the
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darkness and in the smoke with high concentration; (4) with energy-storage and luminous multifunction

materials decorated on the sidewalls of tunnels, it could realize the functions of beautiful decorative effect,

fireproofing, inflaming retarding and anti-fouling, lighting for emergency escape and energy conservation,

which could overcome the defect of traditional indicating device for emergency escape in fire disaster.

Key words: tunnel engineering; energy-storage and luminous multifunction material; coating; emergency

escape; penetration through smoke

0 HI

It 2 T ] 55 ] 0 A 8 0 1 28 T B PR R
B F TR AR g R R E
2015 4FJR, FRIE OB A 25 RR T 1 26 800 km, - H.
BAE DAL 3 000 km [ BEAS W3 i AR B,
R BR R I 12 683.9 k' /N [ T R B fiE
FER, HINZCH G R RRIR M o) S BOsc il & e 5
W, — ELRR T A RO X B R, 4 2014
A, T EEA BRI P IRBCA SRR IE <317 HRR
T RTH RS G AL i R R S i i 31 A BT, 9 A
SR, IR S AR R FE A R 3 7 R TR D
T,

BRI K I PEBE A M, MBS, R
BT C IR T AR TGEE B W, T IE 3 B R 4
SUW S R R BRI 2 2, BRI N — B A
L, R B A B IR TR A S i, OB 3 A
BRI B TSI, BN B AR 2 A SRR A A7 T O B A
%, W E R ERE WY ML, ERE A
BT R i g JLR Y NIRRT
ISR E R T T N LRSS S RN 0.57 ~
5.13 %k, P 168 W fERRIERIH AL, KR
Bogdik Z A mi, AN BERRIE KR IR RS R
AR REULEEAR. ANosia. FhRodE, Bok K as
F49 1575 7 30k A BB Sy T

I F PRI A T 2003 AR TFIAHTF & ERe ke £
DIREIR B A== B EE AR, [ 2006 4ELIK, 43l AE
G AR SN SR, WIdn. Hol, e,
WILAEE TR T & BB ARG 2 D Be TR BH 4 B 2 1% bk i
WA [ RV WFFE B DAL T, FEHUS T RAEFRY
oyt s WM, 45420 B E 18k 4 i
KL BRI RE T 5 75 Y S a5, BIF R SR T T A R A
FoRAGR, B & BE & O 2 ThRERHRE 20 Wi % 3 BE TH
AIERBY RN 2 BEBH, FRREIR B . T RE, IR 4
PR, ERBEEME O IR CEOET WM
G100 R AR R AR KR S A, RA RIS
WA 7R IR W AR D RE

il

1 BRRESEMBHNERSER

EHE L6 L R bR AR K & WL A
“ZUIRETRB L w5k (GRS 2120081014
6949.7) MEARBEATHI &1, ZFid ZAFm B TT B K
T ZEME, AR %M R4 2 B
KEHRA . WEOCIE T JER KOk 18 S AF . TR R AR
MR, W75 . A EE TKPE. PUEARE. 3T
R EE AN A KR B T IR R
TodE, H . TR, AR A KA T RE T — 1R,
WRIEAFI BT, HIER Aol 73 ar e, Kt
waR AR OAEBIE . AR R DB
JEXTEA 200 ~ 380 nm A A] WLOG O R 7 AR R T
RO T IARZ G 1) SR RRAE, 7 AR HOL I 52 L
g (WAHREREER) 5 e biE, Hshe T
PN 2 ] U U2 T 7 A SE I A B B G, S
B} R IERFER B AT 5 12 h DA E o SR e e
WAOLIIRESEPr B — M BB, HMERERRE,
HATGH, IFE . TSR A

2 ZRMNERBERE

AT A s £ 2 A s s it (LM -
2) . BREMET (Z-10) P50 GEME AL
(LB -FC) | WULIKINss KB4 (ZB -2998B)

FNETREERE (WLE 1) SRAKF
ERRIE A SEPRBERGE, #1005 H], K 1S m il
YE, A ECDUT 45 S BB A R R &
“HIERET FEREAOCZ IIREIR L. OIS RIRE R A
JERIASCE IR . A I E I BR TE AR A R T

3 REHBNRAAERE

3.1 RREIEtE = taE

N T B E BEAOCZ I RER B ROR,
BILLESRE, WHELT . LED AT, &5 EGNAT ROL IR,
DAz B E BT i e o i, 1R TR 2 E RE RO R
AiJe, MEATREARNAR . & A AL 2 D RE M R HE O
FORAEF W A AROEHDE R MBI 1A 1R P 2



104 7 S

%534 &

(a) fulif

(b) 1ETHI
E1 =miEsE
Fig.1 Laboratory test model
PR s AR R AR AT BHOG B Y 28 P gk
Friclse, BEI A3 m A3 OEAR Ny 56.5% , iR 1
7.5m Qb OE AN 25% 5 WRELT MR T B O AN
80% ; LED ATHAS FHIEH Ny 25.6% ; 75 AT I
SHRHER A 35. 1%, WK 2,

751
70
65t
?3 60 — HEBRKIGHE
r .. P2 =% AN |
@ TE Ik
I 55t
50 +
4 T
1 6111621263136414651566166717681 86
R[] /min
(a) LEDIZEHHEL
w[_‘—\~_______\\__
84
f{‘; 791
-'8 T4
é 69k — HERKIHE
----- fie k5 £
2 et THE R ICHM B
59+
saf
49 ----- i Bl S PRy SR LI |
1 11 21 31 41 51 61
i} [71] /min

(b) e R BkT B ith 2
E 2 LED 55EMATEREIAIE PRYIELE S i 4k
Fig. 2 Brightness increase curve of LED and high

pressure sodium lamp in model test
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Tab.1 Average increase rates of brightness of energy-storage

and luminous materials under different light sources
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Fig. 3 Practical engineering application in Chenjiawan
Tunnel of Sanli Expressway, Guizhou Province
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Tab.2 Delayed luminescence values of energy-storage and

luminous materials under different light sources (unit: cd/m?*)

Eﬁ_m/ E0t LEDAT wIEGHT FORKT 19REST BT ﬁﬁ
min [ia7ps
0 4.800 0.9980 0.6600 0.2300 0.1010 1.2150 0.8700
10 0.5100 0.1010 0.1800 0.0520 0.0150 0.106 0 0.140 0
30 0.0620 0.0350 0.0100 0.0240 0.0070 0.0380 0.0360
60 0.0260 0.0160 0.0080 0.0140 0.0040 0.0040 0.014 0
90 0.0190 0.0090 0.0060 0.0130 0.0040 0.0010 0.008 0
120 0.0130 0.0070 0.0050 0.0100 0.003 0 0.0009 0.0050
150 0.009 0 0.003 3 0.0020 0.0090 0.001 0 0.0008 0.002 1
180 0.008 0 0.0027 0.0009 0.0070 0.0009 0.0007 0.0015
240 0.0042 0.0023 0.0008 0.0040 0.0008 0.0006 0.000 8
300 0.003 1 0.0011 0.0007 0.0033 0.0007 0.0006 0.000 7
360 0.0025 0.0008 0.0007 0.0027 0.0006 0.0005 0.000 6
450 0.002 0 0.0007 0.0006 0.0023 0.0006 0.0004 0.000 4
720 0.001 0 0.0006 0.0006 0.0011 0.0005 0.0004 0.000 4
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Fig. 4 Delayed luminescence effect of energy-storage and

luminous materials in tunnel
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Tab.3 Measured values of improvement of illumination
uniformity with auxiliary lighting based on energy-

storage and luminous material
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Fig.5 Improvement of illumination uniformity in Zhongcun

South Tunnel of Huangtatao Highway decorated with

energy-storage and luminous material

4 5| SRAAtE

4.1 X/ AL RE B R R0

A P/ BRSP4 15 em BSZ TR, 3RH
PR, BLEROICSOUM R A A T
BALAAR AL NN B, WHAEE R WL 4.
HIHASE A LA, IREE RE A A Al W R 39 /Ny
PR ATALBEES , XX T A2 A BB 3

BT kI S A B f HE T L) B T
BIFTARME O, ANIRAIGEAL T Hp ) A AR 25
T SR 0 R RR 20 e [ R A, ONHR Y
BRI DG BB MBI SRS T 1Y 555 nm, 24k
R TER ST 89 507 nm, Bl A R 4 HRAK
IR A HIRAR PR L 18 A 22 1 40 i 3o 9 K ) D' A S
SOMABURR, I BRSO A R T AL 4,
SR H il WL E, HAT SR DB AR . i
THEAEKICZ IREM B L6 (480 ~ 580 nm)
TEAR TR B 05 0L 58 SRR Y TR, DR e o g o
TR BEE RSO Z DIREM RS 2 (DL AE 0358 5 i i

R4 FHREZDREMBTRS/NMIERTERILE

Tab. 4 Test of improvement of visual range for small-sized objects with energy-storage and luminous material
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Fig. 6 Visual range with light on or off in same smoke concentration
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Fig.7 Comparison of guidance effects of energy-storage and luminous material and emergency light in smoke
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