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Abstract: To study the influence of high-brightness pavement layer on driving safety in the middle
section of tunnel, a transverse contrast test was designed based on the reflective effect of road

surface and drivers’ visual characteristics, the optical of the three kinds of high-brightness
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pavement layers were measured with different optical instruments, and the brightness

performance of the three kinds of high-brightness pavement layers were studied, three kinds of
high brightness pavement layer tunnel simulation driving videos were made through lighting
calculation software and 3D modeling software, the eye-movement data of drivers when they drive
in different paving layer tunnels were collected, through using the driving simulator system and
adopting the eye movement experiment to conduct simulated driving in different paving layer
tunnels. The eye movement characteristics of drivers when they drive in the middle section of
high-brightness pavement layer tunnels were studied, through taking the duration of driver’s gaze
on obstacles and the driver’s pupil diameter as the physiological and psychological indicators
under a relatively safe distance. The driver’s subjective feelings when they take a tunnel drive at
different paving layers were obtained through the questionnaire survey of driving experience, and
the driving safety of three high-brightness pavement layers on the middle section of the tunnel
was comprehensively evaluated. The results show that the high-brightness pavement layer has a
good reflective effect, the addition of titanium dioxide has a better effect on the high brightness
performance of high-brightness pavement layer, high-brightness pavement layer A with 70%
titanium dioxide content (mass fraction, the same below) has the best reflective effect. The
driving safety in the middle part of the tunnel is positively correlated with the reflective effect of
paving layer. The using of high-brightness pavement layer with better reflective effect can help
drivers find obstacles earlier and identify obstacles more easily in their driving, which is conducive
to improving the driving safety of the middle section of the tunnel. However,the visual comfort
of driving in the middle part of the tunnel is negatively correlated with the reflective effect of
paving layer, the road surface in the tunnel reflects the light strongly after the use of high-
brightness pavement layer, which has some influence on the visual comfort of drivers. 11 tabs, 4
figs, 21 refs.

Key words: tunnel engineering; driving safety; high brightness pavement layer; eye movement

characteristic; titanium dioxide; reflective effect
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Tab.1 Technical indexes of light color epoxy asphalt
M ICHERE 2R | B ABE25 C, FERECS C,
Wi | | Bk . Gl
B J&/(Pa * s, 55,100 @)/ ) 5cme min 1)/ )
Ei=tan K/C '/ %
135 'C) 0.01 mm cm

W4, 1.74 49.4 50. 4 89.5 0.72
AR  <3.00 40.0~60.0  |=49.0 =80.0 <2.20
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Tab.2 Physical and mechanical indexes of coarse aggregate

b A [RDKE % (mm) T 19351 o AR % (mm) F 1925 o
(13.2,16] (9.5,13.2] | [4.75.9.5] ARk (9.5,16] [4.75,9.5] Rk
RMWEE /(g em™?) 3.36 3. 39 3. 39 >2.90 3. 04 3.02 >=2.60
FEREE 50 / % 14. 60 <26.00 13. 60 <26.00
WRHLE R (R 80 /% 13. 20 <(26.00 12.40 <(28.00
U [ R 40850 / % 4. 80 4. 80 3. 60 <12.00 4. 90 40. 00 <12.00
WK % O 53 80 / % 1.82 1. 86 2.01 <(3.00 0. 449 0.467 <2.000
G 58. 00 =>45. 00 58. 00 =>45.00
AR B ORESED /% 3. 20 <12.00 5.43 5.21 <15.00
BRIk R R H0 / % 1.11 <2.00
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Fig. 1 High brightness pavement layers
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Tab.3 Measured results of reflectance of different pavement layers

T X 3
1 2 3 1 5

(R IEE A FHEIE

I

s PERRRE L A 0. 225 2(0.257 0]0.251 2[0.232 0]0.265 010. 246 0
B AR E B | 0.182 5(0.229 710,202 7[0.190 5[0.215 6[0.204 2
LR C [ 0.138 2]0.165 0]0.152 110.148 0]0.154 5]0.151 6

i
d

R

b

Tht

s
&
H

0.105 8]0.148 5/0.136 2|0.131 0]0.143 7]0.133 0

I | o

& OE
DI

ok U R B
E9
2.2 BREMEESRSREY

0SS A R Wy B SR B A T AR A B8 B
(9 25 0F B B 7= 2R 00 S8 B (EL SO T BE3E AT 42 45 A F
25 g N\ X TR S O 5 JEE A 2 A L T A oK RE
PO g 0 B R 2 B BOGRIOCR 0 B S AR R )
>R FH T 6 e 4 390 S S5 28 B 7 A e 2R L 4

HI 4 AT BT A i e JE il 5 J2 000 S O 2R
e T 3 0 T TR B R R EL/N T K D8 TR 5
B2 Hrhm s )2 C M R R8I
FREE LR Z M. M B E B REERT
W3 00T IR R L 0 7 R R L R R T OK e TR BE L
AR T AR A B0 B AR B K e TR BE
B JE AR AT L 3P R 5 B R R SO ROR B

0.228 410.227 5/0.230 5/0.233 2{0.229 0]0.229 7

x4 FTEHEREERFRENELR
Tab. 4 Measurement results of retroreflection coefficients of

different pavement layers mcd « (Ix » m?) !
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Tab.5 Measurement results of chromaticity coordinates of

different pavement layers

i 2 4 XYZ {25 A8 b RGB 0, Ji 4 b
SRR A (49. 81,51.39,40. 36) | (193,189,185)
BRI B (43.48,46.23,37.50) | (175,183,179)
SRR C (30.12,31.57,26.64) | (149,153,154)
WP TREE L AR | (1.292,1.487,1.874) | (26,34,29)

HIZE 5 H] RT3 i S B R R R O
AR R R BRI AR R AR O SOk AT
SRIEN TR €A £ A0 T IR VR A B 6 9 e
(ERLINES R NSN Y P57 I i) IR RO RS DN



96 R e 4

RCA KA F 00O

2023 5

PR B 7 335 1 G BA e AN R e
3 ETHRIVKBHNEEEFSHRERE
FEHEITERE
3.1 RERE
b SCHR o 45 SR T i s R 2 B R AF
5 B R L B 0 AR T R P B TR L IRt
T 1 e B A e J2 0 R s BE AR PR L DUAR R 22 A B S (1
PR 2 5F R] i FL ELAR AR A | DL R 28 Tfe 7 4 A R 2
NVFHT 48 B o A1 B2 BRARIHL 2% R 40, i IR 23 50 Y
NAILAE . J7 =TT Je bk 3 oA ] v 5 2 ol 2 S22 X 2 B
AR IR 33 8 2 5 R 3 = WL 2,
Horbr M 22 A RS S RO X R Y R R 2 4k R] T Ky
SIASE MM A MBS Sk IR 1S4 i 25 Bk A
ST AN 5 e ) T A A ) T B 1) RS 2% 5 AH
Xof A R] T Ay 725 3 N & 9L 4 40 1 ] R 2 Sk
) 35 B ik 10 T A 57 B ) B T (] B

B2 B g A0 2 g g

Fig. 2 Eye movement experiment simulating driving scene
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Tab. 6 Age distributions of subjects
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Tab. 10 Calculation results of relative safe distance and time of
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Fig. 4 Corresponding average pupil diameter of
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Tab. 11 Questionnaire results of driving experience
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