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Influence of Uneven Wet Pavement Surface Condition on Driving Safety

ZHANG Chi, GUO Xin-xin, CUI Bu-xin
(Key Laboratory for Special Area Highway Engineering of Ministry of Education, Chang’an University, Xi’an Shaanxi 710064, China)

Abstract. Through establishing tire-pavement-fluid 3D finite element model using Fluent FE simulation
software, the theoretical values of hydrodynamic pressures that tires suffered under the condition of different
water film thicknesses and running speeds are simulated, and the influence of lateral-rotation angle and lateral
stability of vehicle running on water surface is quantitatively analysed. The result shows that (1) when water
film thickness exceeds tire tread depth, the growth rate of hydrodynamic pressure intensity that tires suffered
increases with increasing of vehicle speed, and hydrodynamic high pressure zone turns to be approximate
triangular distribution from the tire center to the tire edge; (1) when the driving wheels of vehicle separately
move on the dry and water surface (water film thickness is between 9 mm and 12 mm) at high speed ( >90
km/h), the lateral-rotation angle difference of vehicle will exceed the optimal control angle (25°) when the
vehicle is unmanned in 1 s, which descends the handling stability of vehicle, and the lateral-rotation angle
difference of vehicle will exceed 90° in 2 s, which causes the car side slipping and occurrence of accident.
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Fig. 1 Dynamics model of vehicle on wet pavement
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Fig. 4 Hydrodynamic pressure intensity that tire suffered in different water film thicknesses and vehicle speeds
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Fig. 5 Curves of hydrodynamic pressure varying with

water film depth and speed
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varying with water film depth and speed
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Tab. 4 Lateral-rotation angle differences of vehicle on

wet pavement after 1 s
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80 11.778° 14. 081° 16. 282° 18. 399° 20. 587° 22. 696° 24. 847°27. 057°
90 14. 049° 16. 733° 19. 340° 21. 906° 24. 546° 27. 049° 29. 586°32. 175°
100 16. 483° 19. 698° 22. 804° 25. 769° 28. 901° 31. 899° 34. 867°37. 879°
110 19.346° 23. 013° 26. 537° 30. 038° 33. 709° 37. 247° 40. 689°40. 816°

120 22.372° 26. 602° 30. 675° 34. 765° 39. 025° 40. 816° 40. 816° 40. 816

i 4 nTRAEH, P8R (<90 km/h) 1748
TEMZBUK S OKIEIESE <8 mm) i, 154
TR S 1 2 A AN, 25 B 63 AT DI o 0
7 ) EARPERAT A RE . (HS 4R T 90 km/h, FH
IK XK BRI EER T 9 mm i, 94 RS 5 f 22 2
Mt T ERAEE R AR, IR R AR E TR
W&, AR R AT RE, 2 Bk 5y A5 5 R R T 1)
Bho PIL, FERUK B AT By, 954 f g DL
( <90 km/h) 1750 4 i BUREFEI, %A D
T 80 km/h, i H 2 KRR 5 1] 35 LRI AR
RN

£S5 2s FRAKBESRENEXNNERAE A

Tab.5 Lateral-rotation angle differences of vehicle on wet pavement after 2 s

TR R J3E/ mm
WERE/(km - h™1)
5 6 7 8 9 10 11 12
80 47.114° 56.324° 65.128° 73.596° 82.349° 90. 785° 99. 387° 108. 226°
90 56.194° 66. 933° 77.362° 87. 624° 98. 186° 108. 196° 118. 344° 128.702
100 65.933° 78.791° 91.215° 103. 075° 115. 606° 127.597° 139. 467° 151.517
110 77.382° 92.053° 106. 147° 120. 153° 134. 836° 148.988° 162.757° 163. 265
120 89.490° 106. 407° 122. 699° 139. 060° 156. 102° 163.265° 163.265° 163. 265

MRS "TRAE T, KBS EE 8 mm, HAT
BEE R T 90 km/h I, P4 B A XTI 4% #f1 22 ©
id 90°, BRI EE /N T O mm, oA U oy i JEE
Frghms, o= AR BUR 4R A s T
SRS R BE R 1R, e e DR T A A R 1)
BT, TS 92 T B DA 08, 3R e A i 1)
o 50 53N e ISP 5 1) 5 22 MR (4 — 00 077 1 L
/N RS RE Sy, S RE AT A AR G 1 B, B
T3 1o} B PR B A5 2 R M (8 T A TR o ]
MM NMT S, BRI R 58 e SE
= TE, ARTARSAS R NE TR, hikd, K5 ik

AU, HAT RO — e, A XIS Ay 2% 5K
IR B S AR S 2R 5 T 254 % e /K 8B JE — SE I
BB VAT B B A6 0, I B LRSI A2 i 4 K
AR EE

4 £5iE

(1) Bl AR RN, ShoKs B X i
MR, Hirgelarpral i g S M =Moo /K
JERE/NTRRTIAESOREE 7 mm B, 44 T30 BE X 3
IR ISR MRS/ MR BEE R T 7 mm I, BEH
P s BRI, SlK Heas 2 ARZR I E R FIE R



%510 ) 5, S AIISIBUKIRAXT B AT 4% A2 I 111

(2) Bl K I 5 B AT 0 B g 38 T, e
AT — % M 6] JEE 452 T AR AR 0/ IR LA 100 ~
120 km/h (942584 T B AR ALK B 1T L, JEE 45 7 i
(K R BE AR ARAE IR 21 500 N P4 A2 A e AT
BOAE TR AN BUK S 1IN, 6 2K IS BB, At
MR, e S M A AT BE M

(3) SRJTIMEEL Sy 45 b 2 12 i 2 0 000 1
P, AERFWIAE L B BB O, R A
( >90 km/h) FTH7E)EZBUK B (KBS EE
9 ~12 mm) WF, 1 s GV RIAXTINES f 22 1 e f
TRl (25°), WARNRFEBRIEITR TR 2 s )5
TRAEARXS I 1 22 OB 90°, EHRAMME, Bk
ER SR )

SE Lk
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