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If water between tires and the ground cannot be completely excluded and tires
float upward even out of the ground completely when tires are rolling on a wet way,
then a phenomenon called partly hydroplaning occurred. Once the partly hydroplaning
happens, the friction coefficient between tire and road surface decreases significantly,
less experienced drivers are more vulnerable to making misjudgments toward speed
and distance during driving and braking, which lead to traffic accidents. Therefore, in
order to determine the safe driving speed and distance and guarantee the safe traffic
environment on highway in the rain, it is vital to study water film’s influence
mechanism and rules between the tire tread and road surface.

The paper relies on the western technology project of Ministry of Communications
—Research on Expressway Safety Operation Strategies Under Atrocious Weather
Conditions, and studies key issues of hydroplaning for sedan cars on rainy days.

First, tire’s compressive deformation capability and market share are considered
to select the appropriate representative tires. Three-dimensional finite element model of
tire possessing vertical and horizontal grooves is established based on correlation
parameter. Tire deformation of representative vertical loading is simulated by software;
then after adjusting the water film thickness, FLUENT is used to study hydrodynamic
pressure suffered by the tire model under different driving conditions to got the critical
hydroplaning speed.

On the basis of analyzing the influence factors about of tires and wet road’s
adhesion coefficient, the road adhesion coefficients under different driving conditions,
such as speed, water film thickness, is researched. And according to hydrodynamic
pressure when partly hydroplaning happens, representative models’ stopping sight
distance is calculated. Meanwhile, by analyzing the relationship between rainfall
intensity and visibility, drivers’ reaction distance rule in the rain, and by combining
road longitudinal slope, radius of circular curve environment and other factors,
longitudinal stopping sight distance and the amendment safe speed of expressway on
the rainy day are proposed.

Finally, according to the research results of stopping sight distance and safe speed
under partly hydroplaning, velocity (distance) feedback instrument workflow and
layout methods are designed. To reduce the accident of partly hydroplaning by






misjudgment, highway management departments’ setting the velocity (distance)
feedback instrument in the steep and dangerous sections of sharp bends combined with
Chevron confirmed signs are recommended.

KEY WORDS: partly hydroplaning; FLUENT; stopping sight distance; visibility;
rainfall intensity; adhesion coefficient
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Figl.1 American accident in different weather condition (2001)
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Tab1.1 Comparison the number of accident in different weather condition

7' B | B | R | XZ | XK | BBR | WXE | BX | 9

KEEHE %) | 463 3.93]1.18]0.27]318]|26.3| 0.21 |60.31}12.5

CBEWE (%) | 486|383 | 1.05| 0.31 | 2.87 [26.59| 0.19 | 60.8 | 12.5

AP HEH% | 40.24 {37.34 | 34.43|44.97 | 28.75(38.79 | 33.65 | 38.69 | 38.64
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Fig1.3 Serious accident Fig1.4 Serious accident
in Lingguanxia, 2001.8.23 in ChengYu Expressway, 2009.6.21
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Figl.5 The relationship between accident rate of rainy day and coefficient of friction
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Fig2.2 Tires stress distribution in hydroplaning
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Fig2.3 Component of hydrodynamic pressure
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¥, SEAENTRER, B
p=f(x,y,2) (2.3)
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URE B AEREE— SRR RN
p=1h (2.4)
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Z,+&+a'—v21=22+—p—2+ﬂ& (2.5)
y 2 ry 28
KP: Z, Z,—ZR BN ERRAHN KT ERETRE bR,
Pr P, ZRMER;
y—HREMEE;
an a,—NEEBIERE;
g—EIMEE;

v v, %R BN E B R TE
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WAER, HIZ =2Z,. p=0. v,=0, BB (2.5) A+ HHB HHERA:

pv
= 2.6
p 5 (2.6)

AF: p—KHEE;
v—ERTHEE.
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REMTRKGKEEENFHAEK, BRiZEKRARTREEETERRE
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® BEBRBREMEK (tire tread reversion hydroplaning)
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Fig2.4 The contaction between tires and pavement with water film
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Fig2.5 The lubrication system which composed by tyres and pavement with water film
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Fig2.6 The analyse of stress in microelement tires

Wk M TR KT NESHEP, ANNERNY p+%dx, Tk

EREHR AN, + Lo, FREWEANT, . Bt A ANEARE TR,

pak+(r,+%dz)dx=(p+%dx)dz+r,dx 2.7)
RN R TR =n%wl. HHBAR (2.7) THRELY
P_0 ., %
p" ax(r]az) (2.8)

BT o 1 WAL 2B, B’?u%ﬁ n TEREE, 2 WFREAT
A
u=-1—-@zz+5z+C2 (2.9)
2n o&x n
RESEHROBRES: % =AW, =0 s=hH, =0 (. 445

AR x HIZZHER), Bl GRCA:

-l 1o
C‘""h,-h, 55 i) (2.10)
Lo, U-U
C,—U,+2n axhlh, Wk h (2.11)
BR (2.10). (2.11) RAR (2.9) 7J8
12, (U0 1o 1o, U-U
U—Zn &czz+[lu,—}1, 2 ax(hl+hl)]z+U,+2n >, i wh B (2.12)
# x FRFEMERTE R
q,=I,:'Udz (2.13)
# (2.13) RAR (2.12), & 4H8
P a1
q.= 127 ax+2h(U.+Uz) (2.14)

HMTRAGRRBRNREm, =pg, (p AKMEE), Eik
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m, = p(i 2. Ly, +U)) (2.15)
12n & 2

BEREH2TH, BANERREE 2. v 2 FERE, RERHERGTR
BREESHA:
Am, == 22%) g4y
&

{Am, =22 4 ipis (2.16)

Am. =

2

_9(pu,)
- dxdydz

L

BERETETE, ROREARE. RERHEHRERBZENS TR
EREREEEEWAEENREEE: &
Am, + Am, + Am, =9-dxdydz
:%-’;-+a(gx”*)+a(§'y‘ ’)+a(§:')=o (2.17)
BT EREREZSEBRLRRERKHBEREARSRERAL, Bl
(2.17) h y FAHE. WEE 2B, BT z=h8 =R 2=h8 v=F (F.

K4 SNSRI BRI 2 HIZRIRIERD, #

(5’5 Uﬁhz O 6’5) :-,ap r:(pu) (2.18)
ot x o h.a:

mﬂfu,%m Oh sewm P FHMEHEE 2 FANLE, WK (2.18)
HTRSER, B

¥R (2.15) RAR (2.19), BKIXA
oK By o0 aph)
6x( . %) 6ax(p(U,+U2)h)+12 P (2.20)

R (2.20) NEBEEHTHELHESY, maﬁw.a—”frewma&“,

ph—ft%zmm i, UP—RMEM a(P”) RESFERSN, B ERER

B E 8 T RBEhE. ?%ﬂJZJJEEﬁB‘fEEHEH‘J‘?%ﬁE,
B (2.20) T4, SRAHTHEEIEAERGER. BE. RENSH
=EEFKEBMEYM, REMIRTRIFERESGR. EEROFRRN

HRAGET, KHEEZLILFAZ, ﬂﬂw%ﬁﬁﬁiﬁ%ﬁ?&&ﬂu@%; iz
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ﬁ%ﬁ%ﬁkﬁﬁ&ﬂ.%%%ﬁﬁﬁ,mﬂgﬂﬁﬁiHEﬂMXFiﬁﬁ,ﬁ
BEATBLH R, (2.20) #ATEHATTRR:
4 3. By _ oyt
ak(h dx) 6de (2.21)
BTFRESERKN, RIEFAZANERALTFAT, WTBBIFERT
AR L, RERBARIERE, EAKEMREU—EREE V HNRIKE
(LA 2.7).
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B 2.7 AXERKLIFERRTER
Fig2.7 Conversion of coordinates in hydroplaning

2.3.2 KEBEEEER -

RERERKE, RIESBREZ RERE—BEKE, KEEESRIMER
HEMALYW, ERRERKEKERETUATHARTE™:
h=hy+h (2.22)
AF: b, —IREETERE SR ERANEA RN EE;
h—RERTAER T W ERRME. -
BRIET Y RZRRKREL T AR KRR R TR BEEE
%*ﬁPﬁﬁTﬁﬁﬁﬁ%iﬁﬁﬁAﬁm:

b= [[ L] - Dl 3 (2.23)
u P 2‘10 2qoq1

AA: RTS8 A K E R
p—ERAEBRTAERR (REESL) HEH;
P—EHETEHA;

4 g PSRRI, BEMHKEMERBEXNTERL
t—HERE.
AR (2.22) TUKREN:

wn, (%)
h= h“”frp[zo— Z%;’e ‘ }bdy (2.24)




" % RHBKONERERERNN

2.3.3 BBETEFE

HIMEAERR P NERTEREEMSRERY, RTENBRME Il
REPEHTLE (B2.8). BERMENEEN b, FEERAHRNEKTEX;
EME P OEHEHENKR, KEMEKNENS AL 2.9 Fix.

p P
11
L-——b———l L——b——.-l
2.8 wBERARMEN TEHE 2.9 REBSRERMXEE NS HTER
Fig2.8 Transformation of the tires Fig2.9 Stress distribution in the area of transformation

WA R ARG, EBEAMERMKEEEEEA, WERp KRS, BIHE
18K K AT 2 B B3 RR T L .
N={ pax (2. 25)
A N—KBERTZ IR,

p—BAKEKERTZ MR R .

234 RERKAE
B EXTH, SRERKEXNTES:
O BRFMNBESTE
dh

%(h’-%)=6sz— (2.26)

@ KEEEHRE

h=ho+_U£ _I__M&e(“qf] (2.27)
a2 294 '

® RIFRGE
N = pdt (2.28)
SFR (2.28), Hx=0Ffx=>br N EREMEMMAINRXE, HILHK
R EINRIAETEN 0, BRI EENRERKFBIAF KGH LR=XE
ALKAR.
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2.4 XEG

FEFEMNNKEBNARHR TIREFZERKKOIE, FXEERKNE
WHREHET T 08, BRUTER:

O HSHKREBKHEBEEHKEBTEAR

HRERERKNRBENZ AR, BHIAKEREREF R ENSBER
ErFEERK, HESEEROAEZRFHEES HRER KR BEZIKERNTE
AR

@ SHBHKRERKIE

B RERENERER, NREBKNHARERS. KEEESHKEE
HHIXE. KEFMZIRBERRNAEZE T HRERKFE:

D Lw. By,

&

dx
- p| 1 _4-49p (’qi] .
2) h-—h,'i'g;;l:zo '—12203718 § }!dy.

3 N=[ pae
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B-Z RERGEMARTRUSN

KERBNEARER L AERER, HRABRHNHZNE, RERKSE
KENURGESAREE. 5, RIRELARGEMMEL. ERIEN.
WAL, REHSHERA.

3.1 BEENELXEH

3.1.1 RBARIEM

$IRHRE. KA. BE. KENRS4R. nRAAL—%, FRARE
WYL R, FER. BB, REKE. RESHS. NERR0RE 5
B, SRR BSHS. RREHHEHNERE: BER. RUR. 562,
SER, Aul. RET. AREES. ¥R (EHER) . RBEHESE".

B 3.1 SBROENAZER (UHERH) B3 2 FFERRNEBIER (UHENHD
Fig3.1 The composition of diagonal tire Fig3.2 The composition of radial tire

3.1.2 #BRMSH A

REBIBBARTAR: FERK. REERK. ERERBAFHERR
TENRARKES. BELTHR: EBRAHHR RRELRRSHBEELR
). BATELIH (BA 5 AR A LI FMEELRRM (BRI,
BRRATSEARNTNR: BERK (KEAN 490—686kPa). KERM (K
[E 3k 196—490kPa) RIBIEERRE (BN 196kPa LA T). RIS % 72
Y, MR, FFERBAERATRBEHELLH, HAREKREX=F
EARLWIMERMERETR.

O fxgHRkh

HXRBNRYEBLEULH]K, HREAAERBHEEZERTHAR, HE
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MAMEARARMAR, HEXXHS, SHEH—RABE, XHEERE
MARAEH AN MR RABE RN 48 B2 55 B2 M, W
BAARRHBERIAHERES. ARHERKREIENTLEE, HEAR
BH %, REERE, CREREEX. MR TRABESEHEZ
MESEER, XRZARENHDE, KEAREYHD, AREERANL
mio, MKERE, EERERE, ENEMTHAAEERERZE, X4
HEBRRRARU EERALAR, FENL, TRIAMBEEZHRE. BE,
HXRIEATEREIZENAL REEARENSFAE, E&TREL
BEL. ALREERBANNERK, FAMEERR, EFERBET—
ERERM, EHTREWENASE, BMTRE, BHEETFERBRR.

Q@ WRAZRM |

HRALRBIRETFERMN, REUSREEEATRBMRENTS
i REWRRRBRETLHT SHXRBEE, EHESTFFERKH
fi. ZEBRNERAERNTRAXRBNFFERKZE, REFFEEALS
HAXREHRA. IRRHEA LRAXRELER, FAGHTRBRTFFERMR
SENTY, BETFERREORRE, IHRKREZHERK.

@ FHERAM

M 3.3 FFERkamE
Fig3.3 The composition of radial tire

FTravEaRT I, ZRENHTREIMEHEEEFT, BERTF
L5 (B3.3), WEARD, —KHO0° , RETRZARELELA, 4
RIBETREES, SHABMAEK, SERARBEK, BEREHREOD,
BETFFERENEHERAZERRHFINTLENLE, 5RETLAE
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% 90° 4%, —AE 70° B 78° , MR—KJLFEAREMKMRIEATE LR,
wiaEE, BERKBHARTY, IMEHFERTEMLE 60%3] 70%H A B
51, BATFERBNETERLBYE, SRZATFERBOTRE.

HTFFERBAEERE, ¥ih, RUFE, 2514, BEERREER
A, BEBRBTHRRNERE. BERLTFFERESTHN 80%
ERHETFLLIR A 90%H 63%.

3.1.3 REAMEL

RREANEEEARNTHARBSRARNEERY, HLERTR,
RIEHZ. WHAMIRE N2, BR, B ERE. WRHE. B8
DURIREGE ST XREX. Eit, NXRERDAFNRENEREX
AERRANRRYMTEL R,

BRBEELRZBRMORE, LHfkE. ERAXGNERRBEN. B
S EMEER THLAHY.

() lﬁﬁﬁ

@ MREM )N B
B34 BREYS%
Fig3.4 Different kinds of grooves in tires

© BRAEL

BRAELME 3.4-a FiR, RUSRMENELCRERNRANER.
BATSRBNES K, RERENBHARE, EATE-RERE LTHEN
EMHES, RMEAELERERE, P EETERRANRETH.

@ YL

YAESnE 3.4-b FiR, ZRBULEYEAEE, ERTERFHEL
FREOREE. ARKRENFE. ZRELNEANBEAN. B, BRBHELT,
BAt AR, BESRATHFERD, BAREERE.

@ BAEL

ERMELN FHRELME AL Z @ ME 3. 4-c Fn. EREH SR
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AR BFHHHARER, WEZERENFRLUHERAEL, BibxHBR
LR IREN R, NAEEZ, ERERTARMNERET, HEAT
BHENRE,

@ BRIEL

RMRRELAEETR, BAREMER— BT R EHBK 40%—60%.
ZR AR KEE LTRN, —B5 L RRAELVEZ P, Bk, BRE
GRENMENK. —BEATERERENIRER. KRR, ERTHEEL,
A —F R ERERATRIELR RO RS ATTEEBELLM 1.5 .

©® FERHIEL

FEMRELNBRAEARUESERAR. B FRERTEEM MUK
RERES, PUBRKHRE T HEET R, 402 T SMUTEL T B 68
ERNARRBHNEREZE TR, AUEBREATRESAERGERER.

RiTegUiR, HLRBMNBRTHERK, RRRENREHEZ
WK, MRRRELER, WARTRIGER, HLORBHLBEN AL TRPT
RESHUR. BE. REEGIRANEMEKES. BITR, TERH=LR
KRR, MERBRUTENITERLERAEE.

ARETELRE, ERBAEF A—RERB-MNABRRE. RIFRRHK
MERER (LE 3.5), —BERBERZIAZX-HFEMNENENER, BH
E%ﬂﬁ%ﬁﬁﬁ%i&ﬁﬁﬁﬁﬁ?ﬁﬁﬁﬂﬁ(i31)“

B 3.5 RRRERES
Fig3.5 The mark of maximal abrasion
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£ 3.1 FRAERMRIEELRMERAZE (mm)
Tab3.1 Different countries’ regulation about minimal depth of grooves in tires

A% REEY

NG E () ¥
T @ 1.6 2
xE 1 1
ZS 1.6 3.2

3.2 #EEHARTE

RERKBAA., PLABREESMEHRNEREEEH, BRNESE
KREEOFRARLERERN, AMIEAEERS. BRERSEX HtTH
5. FHENTERUE, EETENBANCERR, ARTERFFHBELH
WihBH-EMA. Noor A K Tanner AP ZEX BB HIR TR AR5 #H
RITHEAFRE—EHER. BEAXRERXSERIAIRRELKRIEE
RuHE, MIRRERRERFRTHRIVE.

3.2.1 RERZIMIER

BEENMFARE, MERESIBKERNEXRKR, —FTHETIH
EERTHEELEE, B—AAMENERERR, EREFREBIRK
REKEALED. ZEERREARTERENAE, HANARERERR
A Gli (B 3.6, FHBHNE 3.2), REBMERES 195/60R14 RT K%,
54 L HEINBIRTECA 3430N (350kg) » ¥BANIER 250kPa. (HIME 3.7 FTaR).

e

SN

5/0’;’
\f

Al
LI

e
por?
£y

SO

\
\

1]

gt L T P -
B3.6 RigH Gl B3.7 mAho28 Bk
Cig3.6 Pantana d li Cig3.Tt A0Of] O tire of 028
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%3.2 REMGLI BY

Tab3.2 Parameters of Santana Gli
KAEFI Y
fsE=
TS AT A8 5 FEHE R 1781
RESIE U R FHH58 73 cc
A
72/5200
AN% 8 BAINE BRHE 150/3100
| KW/rpm
| ‘ B F AR . .TRHER
| X it BAER & 165km/h
S 2}
BEhA R B E AT %mBs | BAh%ER ®is 195/60R14
1414/1422mm
Z5ER 1100kg L 2548 mm ¥
(RI/E)
2EKE 4546 mm EHEE 1690 mm EZERK 1427 mm

3.2.2 BRARYERM R R EMR

RIENARRSBESR, FEOBR. A&, 6. ML REHEEANAR.
KPBRRAIARABRAECEBR: TEXBREFE. Bh. R, REZ. &
TRIEREMMENEERY, BEEAZREAETERRANEESEE.
K. BRARHAREMY, BA PI197/75R14 HERRBIIARRLE 3. 3",
3.3 EHSRRRTEE SR

Tab3.3 Different materials of Goodyear tire

ZLSE S F& (kg) |REAHH (%)
AR (307D 2.49 26. 16
RE (8F) 2.27 23.84
RRZB (8 F) 2.04 21. 43
. . FRE ) 1. 36 14.29
HRMAL 0. 68 7.14
R BR 0.45 4.73
Ny 0.23 2.42

HEXRTA, BRARBHMIESRBEER 71.43% MRLHHRNL
BEOSEMHGR, ARMEESHRSRRMERERK. ARAERTE,
HER. KRB TL. BHSEA-MIRRTESE; MRLANFRALNS
FHESBRAR, FEIEEAmSHE T .
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© BRREKE

SRMRES AR T AABRERMMES, ARATHREZRILE
SRENEAZILE, ERFERANEHEOHET A,

1 (FELH ) AR, MK R WEAERRE S o0, 0, o,
o, BBRHERRE: &, £ KXEHR:

1
£, = -E[a, ~-v(o, + o,)]

3

@Q.D

v

1
g, = -IL:[G’ -v(o, +0,)]

€

z

=%w;wﬂ+%g

Kp: E—HHEHE,
v—iakatL.
EESE X R Y HINRH, RIERAEREZFRA0 (A 3.8 AR),
M (3.1) ATLARHA:

1
£ =E(0'x - Vo-y)

s,:%(ay—va',) > (3.2)

£ =-—%(0', +0,)

i /

Ox

|
¥
i
I

)_ e — -

e

y

> |

3.8 A HHER

Fig3.8 Effect of microelement on the biaxial compressive

EL o] AT E AR

E(e, +vg))
0, =————

* 1-v?
(3.3
E(ey+v.‘:,) )
.=

y l_VZ
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ENEZMEXFTREMN S, YMZERARMEMBRE, BDEE
o, #0,0,=0,=0, Wz (3.1) FTLARHLA:

o
g, ==

T E

> (3.4

B (3.4) AL, SHXWE—ATTE ERIME AR AT R, FAAEL

KREBHEAR.

BEBRRARKER L, REAW,, BEANH, (L,>W,. H,)) (LB 3.9).
BRI X AR AKEI RdF, BAEHRBMBEARL, B3R (3.4) T

ﬁ[sl
d_LL=;—;W (3.5)
¥ d

;1—[_)::‘:_1?_?' _______ L 8 Lot
- W, LL{_.._____ / ;W dF X
/ B

Lo dL -

L e

3.9 BERAFNRRIEURER
Fig3.6 The change of shape about rubber block with stress
HTFRERMAREE—-BR 0.5, RdAR (3.4) THESH
£, +8,+¢,=0, BMAARRRH AL FBARNZL, WY

HW =V,/L (3.6)
AH: V,—BRERREHRER.
#KX (3.6) MR (3.5) B, W
da _ dF 3.7
L E,
xf L X FiRE S
[
WL % EV,

kA
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F=EVO(£:-L—°) (3.8)
LL,

B (3.8) ALEH, RKRTHRHSHKENXZ LY, EitRiN
KEHBERERIER MRS

@ itk

MEHEBEAETRLNERAL, BXOERMEGER, —SENRE
THhERKTENER, BERTE. BESNSS, ERaSRERERET
BryzctE, FAREWRA.

KEBPBEMTARRBBENLO T ERREREF, AARKRENR
¥ ER LA 90%—97%. KR 130—1356Pa R ALt BB RS, B
BN RNE RN BEEW.

2002 &£ E K Lan Meng™' 5B A RT3 BT 2478, RAMB KR
B E R 1306Pa, HHAHA 0.3,

3.2.3 BERHMTHEM

AR ANSYS R B RIAARTEEY, BHBRANEBRTT, it 512
AT (B 3.10). WARGSHIRERRERBE, FRSETESHRERS. 4

B 3.10 =S HRuTRE
Fig3.10 Three-dimensional finite element model of tires
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R34 BRRBBAIVBHESH
Tab3.4 Different materials’ parameters of tire

$HSE kPa 250
HmH#EE N 3430
RERS 195/60R 14
B g
YR pa 7.84M 130G
b(EL/N 1 0.5 0.3
#¥ kg/m’ 1100 7850

@ BHLER
BHRENERE. BERFROEAT, =ENRER 150

3.11, HEAEHEN 17.561m. RFZRARY, FHFRLIE 3430N
MERBHHEERANTHREARAN 17. 1m, 5ERTHTHEEME 2.6%.
HERRPAR S ATHSEB L= SH TR R SRR AR TTH.

b2l

~.017561 ~.013659 -.005756 -, 005854 -~.001951
~. 01561 . 011707 ~.007803 =, 003902 0

3. 11 RERERRHRTHELR
Fig3.11 The deformation of model under vertical loading

3.3 XE/G

O EREGERZRIERREEEKMEISH

B RAFRRR RS EERE, KEX[EIY 195/60R14 BB M ARERRHR,
HRFERIGED RAERES T IR R BERER, UENEARRRHR
BEMEE. BEERMBRLT,

@ RBZEMFRTL T



2 #5=% RhSHERTELM

{#F3 ANSYS B[] 77 195/60R14 RIS =4H RTHE, JHEZERARE
ERHEHEATHERE, H52RAXNUE. ERRVELTZNESHEL |
R SRR RSEERYE. ‘
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#ME ET FLUENT RY3BABKERLRIE 47
4.1 Rigit ES B RRA W

4.1.1 REERTRENTHE

HTREREHMHARMEAE, ERINAERATREERETRAES,
Rt RER KRB RERRHEIT T RIRNEREEEAERRERER, HEXH
BRI SRERNHEENLE TRENTEEEEFRAZ2RAKE.

WFH%E 6. Komandi AR RTWRBERFSERMS TERER LB L
TTER, HRUERKBEES (cn) HELRARY:

=cl'_o%Ko
S, D**P*

AP I —REEHZLE (cn);

o —ERBRABROSE, MTFRTRMK =115 TNFFrEeh
¢=1.5;

W—5e i LR (daN);

D—#M5ME (em)s

So—RFREE (cm);

P—REAE (100kPa).,

K,=15x10-3x S, +0.42

REX 4D, AEEARFTFRERVER:

0.8s
§=1.5x 343 x0.7125~1.71 (em)

19.5%7 x 29.48%4 x 2.5%¢
ARDELERRE, AXBEEN, BIRBHER 1. 8cm.

4.1.2 REGEMARREL S HSRNHE

BERKRFRERA N ERRZSKERERARTORAREN: BROEHER
KENTHEEABRALLZE: TWENANBOEHERERE, YRR, &
WRRIELAWE: LRBBREAN, BEHERPERSVER, FHiREs2N
. EERRPARERTOGE, KEBVRELVER, BHERTATRE
"

4.1)

A= fp(i) +2227 1 (B 1-e) (42)
2°\D 4

Bo=Be® /(e -1) (43)
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AF  A—EHEHR (')
L,—¥fuh %5 B B 1A% 0. 95Bo B MK E (cm);
Bo—HAE B (cm);
D—RHIME (cm);
A—Z B, %4B<0.95Bo B, A=0; % B>0.95Bo ki, A=l;
B—HAEE (cm).

4.1 BHREGs. t@

Tab4.1 Different tires’s. t parameter

L el 5. 60R16 5. 60-16 5. 00-10 4.00-12
SHRR Fre #3E Fre o
7% 6 6 4 6
s 0. 557 0. 553 0.576 0. 559
t 122.7 108.9 181.1 113.8

BEARRNSE (R4 HHEHBHEMER:

7 1.8 V7 4-7
A=| Zx58.96x| == | +-—"x174(x19.5=339.3 (cn’)
2 58.96 4

4.1.3 Rt

ORF 0
2t SRR, ASCIER MIE S 195/60R14 B R, 304 L HiINAFTE A 3430N
(350kg) , ¥HaMER 250kPa, L. RISHNE 4.1, ®4.2:

r"ﬂ‘ i
L

Lﬂ_l Lil.as
(a) HEEA (b) ¥mH
(a) Cross-sectional view (b) Plan view

4.1 @71 195/60R14 R AHREER (B m)
Fig4.1 Groove distribution of tires about WARRIOR tire  (Unit:mm)



F4.2 @77 195/60R14 HRREIRTSE (BAI: mm)
Tab4.2 Groove size of tires about WARRIOR tire (Unit:mm)

$IE ET FLUNT SRBIKEARR A 2
|

HE | WExE g RAEL

mm mm HB | EE@) | FE@) | B | EE () | HE(m)
589. 6 195 4 8 7 65 3.5 3
@ RRAFRIT

BRENRRBESHHAYRE, AURBMEIKERSER. RIBELR
. KBEENXR. 2% Janajren™ L3 MARTEMRERE, £KB
Bt E 351 A, BARTEERSH#T. RRUMENZEE (¥ =60-120kn/h,
BRU Sko/h #3), ELRARTANBZTRFAETRIFZMNIKER. #it
HRTAREK 43,
K43 BHARIRR

Tab4.3 Experimentation desi

KBEE | RQURE | KRBE | RQURE | KREE | L8058 E
7

8 15

18

12 20

4
1
7
2 4 10
1
7
4
1

=l =]l l=a]~
L= I S S I I Y N BN S YN

4.2 (FERERIEE

BRI BAKAEHHBERLERERANER, TEERRAFKRESHE
We MFHRERRFAERKAES, BEEERAEREBTHE, DEEH
Re<500 JHE#, Re>500 AER™. BT ERARRBERLENONS, HLETSE
HERPENTRAEREROEREIURT BN ERERBEH TR LRGBS
FAENEREE,

FLUENT BB £ BT MEEE, HPHREE €8 Spalart-Allmaras
A, Standard (FriE) k-¢ B, NG (EBLE) k-¢ BEHA, BENHK
B (RSM) . KRBHMER (LES) AVIRBRFHHERERLL (DES) M vi-f R
F, BOAPEFT LS RRAFME SHRAER, K RNG (EBUE) k-¢ HE
AHE ¢ FEPEMT—ADMME, FERRFERTRERSIN 4 KRR,
FERUTEREAKRRERR. fHLZREREAERITHEN RAERTOHN, FkaEs
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RE-HRERBTE FREBAEE. BERAHENRSGEAFD). AT
FASBREEERFATERRGOLERR, FNHNETREFT T ENEE,
R—ERBMOTIE.

MABKERE LA, bTREERRENERERRKRERARE. X
MUK MK T 6 BB IRARAIZE), BBDMR RIRIBREFIE K918 nima s in, BY
HEL A B EFRS. BT UL, ASCHRIKA FLUENT S04 ) RNG (B RALE)
x-e¢ BHETFESRARBE T ERBERRTREHTHRZNZIKER, L
SEIREL AT R BIMBI K ERA . KREEAE, SKERZLBRLFSH
SHRKHERK—RIMER.

4.3 REAEEINE

4.3.1 HEEERERSHNHE

B BEERMTANY: BRWERKLARFEERERDOBKER,
AR BAKEHBEAMERRKE. ERAKBERE. BEARBHE™. HE
Janajreh™ L+ M RRR, BTiHHEXBARRERNAIRSEGRUER™
4 5%-10%0ER . LEEFRATAEREIRLPRBIIE, BITHLRRH
KM= A RTRIRER (84.2), HEEEENIRRRBREBRST R,
HERMHEEE x. z R RTH80X100cn, y HFHFEERTA Scm, RIAHEE
MFHEREROLE, BUHRAH; ZREEEN=FIES0RE S5 Tom, 4mm,
Im DREFFH. rEBROBBASEERNLHR: SR PRk Ee
3430N, ¥#BASEN 250kPa, BHZEHA 18mn.

K
Fig4.2 Rib-tire finite-element model

BT BB E RN, BB 5 ganbit HAFPHK Terid HiExd
BRI AR RS, BRRIEL BRI A R, 1843222 ML (B 4.3),
TR RATELUERIIE A R 1646402 MR TTA (B 4. 4). BT RRTELR LA E 244,
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ERGSBREEMYEE, K4 E3IA=ZRERSNEARTRERIS

A
4.3 ELRE D Tom B8 BATTHIHER
Fig4.3 Grooved tire model (groove depth is 7mm)

B 4.4 LERESD 1om BEBAT SRR
Figd.4 Grooved tire model (groove depth is 1mm)

4.3.2 DREFMRAMEGERHE

£ F Fluent BEHTHN, HAEN RN EHREHF UL REQTAAN
PO, RGNS, ERHLFHE SRBERRREN L, FABREE
REE, ZAMKUERHTREEANTFREES), KARLTIHELE.

THEXEHNAFEERELE 4.5. XEXRBSMKNZERER, BTHHE
iz, BEAENIOREE T ESMKKEEAND (vater-inlet M air-inlet),
“EUFNEEERPKEEENZR TS Y ERATRRENE RO
(pressure outlet Ml pressure outlet-top), LAEHFARFSHEE /1 RO HER:;
BN THEAREHE AT BEEIAR (vall-ground), HBEHEE KA
M REKNZSHERE; e BERSEREW, BENNEMIERE L
SRR L& R (frictionless wall); BAMERIRE BXHROMH. AL
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A x=1.65cm. x=-1.65cm, y EREREAKREEN—¥, HRITHE
AEBOFR. EERANR, HWREZMRENTRMNITESROERREAER
pAEYH, MAERRKTREEFAALR. REFANERO=£45H, M
fluent REEHBARRT TR AERME. LhFE, BEIFRERAEEX
i, HEERREERLER.

frictionless wall-2

B 4.5 REMRDRABNQEH
Fig4.5 The set-up diagram of the tyre model borderline type
AR RFAUESERECERE, FHEERE FLUENT KRR EFE
BABRES: (segregated NA 4.6), MHEBEMFIEHBHTTENEE, #—

ERBRRANEE, FENALECRY ZRIE.

5

Fnrm [Model Number of Phases]
oo o | I—4
L€ Explicit, 4§ & Volume of Fiuid !
€ Mixture i
pace Jime . ¢ Everian |
;€20 € Steady |
: : : VOF Parameters
€ adgymmetrc | # Unsteady; v
1€ Axisymimetric Swiri —_— VOF Scheme
&30 ;  Implicit
Vo ity oo B
;6 Absolute: € Explicit . [ Tuct,
gt‘nelaﬂve; % 1st-Order impiicit | Courant Number
’ € 2nd-Order implich [529
GradentOptn  Porous Formulaton__ (I Solve VOF Every feration
;6 CeltBased : & Superficial Veloclty Body Force Formulation
{ € Node-Based;  Physical Velocty ﬁ:—wm.:“u ]
_OK | Cancel| _hew | OK_| Cancel| _Help |
4.6 KMBLE 4.7 VOF RIMIG R

Fig4.6 Select of the solution method Fig4.7 Set VOF model
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ERRN RSP, BTHE VOF BE A LA EH (Geo-Reconstruct)
HE (B 47 X ERKRAAR SR R AR 0 A e KRR E S
BR. REXTARAH., EE. ERAESSHHTERNBLRE (8 4.8-4.11),
BEMERERHTERTEEERN . R P KT HHEXSEERNE 4. 2.

F4.2 ABRMHSHEIER

Tab4.2 material’s parameter

2L

il

% ke/m’ B AKEEE No/m®

BEYKEE mYs

25

998.2 1.002x103

1.004x10°6

=5

25

1.204 1.82x10°

1.51x107

Se WOt W

R oiation nitialiaton

Compute From Reference Frame !
IR | e oot zon

” ‘}W%%I" i oew
o

Phases

Phase Type

| ;
air secondary-phase

D
Interaction... I 2

Set... [ Close] Help ]
e e,

H 4.8 FHEMEE
Fig4.8 Set phase:

j ¢ Absolute

|

Initial Values

Gauge Pressure (pascal) F——__—
X Velocity (nvs)l'g“f““““
¥ Velocity (nvs)|a""‘"‘—"' i
zwmnymg[i}}?‘—‘— Ev

mit | Reset| Ap

M 4.9 RELRE MR
Figd.9 Velocity initial values

ply[ !closeI Help [
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Model Constants

e o .|
§ C Spalart-Allmaras (1 eqn), pews

® k-epsiion (2 eqn)

C k-omega (2eqn) Cl-Epsiion

% ¢ Reynolds Stress (7 eqn) 1.42

@ C Large Eddy Simulation

C2-Epsiion
i-epsiion Model fes
f ¢ standard |
@ RNG
€ Realizable! =
RNG Options . _ UserDefinedFunctions
™ Differential Viscosity Mode |  Turbuient Viscosity
I Swi Dominated Fiow | |none -l

Near-Wall Trez

@ Standard Wall Functions
€ Non-Equilibrium Wall Functions
¢ Enhanced Wall Treatment

o | [l _nen |
w
B 4.10 FRABMIESE
Fig4.10 Select viscous model

4.4 KWHETH

ML Fluent KEA#THETBIARNRATELAGTRERZNKER (RH
F Al).

4.4.1 KEEEE XK ERNF M

B 4.11 B5, SHIESORRE KM 2N R B R 2% m L 43 7 B 60+ 90,
120km/h (1 &\ F) EETEHFTZIMIKER. WE 4. 11 (). (b)\ ()
AUEH: (1) EEKEEEAEN, RBRHZHEIKERFERK, LXRME
FEMCSUERE R HEER A AR, (2) YKBERE M TFRIEERN, HKEEREKE
18, LKEEEATHIEER, shKERSKBEREELEDARERR. REMH:
LK ER BN, BIRELRES RERKEY, RIGIREE=LEK, RiA
HASKERRAD, MESKEAERFEM: EEKEEERMEMN, F—BER
Eidiaesot KKK A, SBRBARKIEEKEY, AR&ERX
BIZh K ER.
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180.0
170.0 |
160.0
2150.0
[-™

21400
#1300 |

S|

.‘\5120.0 r
®110.0
100.0 r
90.0

80.0

3200

280.0 |

H r
_)5180. 0 I
-@160. 0

1200

80.0

520 1
480

~400 |
5360 T
320 |
52280 -
240 |
R0 |
160
120 1

—— JEBRE N T
—~a— JEEURE R4mm
—— {LEURE N 1m

1 1 L L 1 1 1 —

8 10 12 15 18 20
KB ()

(a) {TEEE A 60km/h
(a) Velocity is 60km/h

—o—TEEURE HTum
—a— TEEUE R4
—A— L EE N Im

8 10 12 15 18 20
KB I ()

(b) fTHEEEH 90kn/h
(b) Velocity is 90km/h

—— {E 8RN T
-8 18K N
—— AR Nlon

80

1 2 5 8 12 15 18 20

10

K PLFE (m)

(c) fTEEE R 120km/h
(¢) Velocity is 120km/h

411 ZHEETHKERSKBEEENXR
Tab4.11 Relationship between hydrodynamic pressure and water depth in three velocity

LA 8mm KREAH (B 4. 12— FR), RAEKIBARSYE A K MmN o 7=
AKX, HERBRHBER-MRERSR (B 4 12— 468D, ZHER
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BEEARESFEFEAFRMNER, KBENRS A BKREERE (8m bl
T) B, BTFRBRESHHKERREREEX, BEXKANREIERASTHE
BIRE; BEKEEENRE, RRELENERIKER IRiRERKA
%), BERENRBROEARREERKIR. EATXEIHANA: B3K
EREFRIEABERRSRETLB/ARE™ . LRAEEANTKES RN H
B, PENZKERE M TRIBRBER: BERRIREKNTE, RiATHR
KEBRZEHHK, LHKEBRETRANBERN, RibERETLHEEM, o
H B F KRS

(a)y=0.1cm h=0.2cm V=90km/h  (b) y=0.4cm h=0.8cm V=90km/h (¢) y=0.5cmh=1.2cm V=90km/h
% 4.12 Y FEIKERAHE RBKRELTER Tom)
Fig4.12 Surface-y water pressure distribution (the tire tread depth is 7mm)

(a) y=0.lcm b=0. 2cm V 90km/h (b) y=0.2cm h=0. 8cm V 90km/h (¢) y=0.2cm b=l 2cm V—90km/h
B 413 Y FEHKERSGE GREELRENR 4m)
Figd.13 Surface-y water pressure distribution (the tire tread depth is 4 mm)

iy b S o j-wens ot

(a) y=0.lcm h=0.2cm V=90km/h (b) y=0.4cm h=0.8cm V=90km/h (c) y=0.5cm h=1.2cm V=90km/h
B 414 Y FEHKERDHE GLRHELREN 1)
Fig4.14 Surface-y water pressure distribution (the tire tread depth is 1 mm)
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4.4.2 {TRIBE X FHKERENE

(1) BXKBEETPTFRIGTESRE (hy =2mm), FHEUEHEEE (V<120kn/h)
THE, BKEEHEKER (B4 15-2), REESHAREHE (B 4.16),

(2) SKBERSRMESFEEHNAIKN (b, =5Smm), BHFREHMER, Bk
RIBUY B — % 54T 377 [0 JLF-FAT RO B TR PR T oMk B B S K » DL, $BA7E
LEARETLHBKEY, REWRREREKAREBHKEBRY K. AERKREET
&, SIKEBRSEECEHBUAKIERXRR, HABERNRIKESEEHKEE N RBEIK
EREKEE MR (E 4. 15-b).

(3) HKBEEETKTRIELIRER (hy =1015mm), REAMRYEKRRE

MR, FHKERREEK, REMROELTR (B4 17 PRASEEHFL) BT

RiFFEENAE RS, MREBEEEENERTEK, SIKERSEEER AR
% (B 4.15-c); BEFIAD T5k/h AR, PEERNRMERRIKES, =HE
SHBOHKEREREAEE (B 4.15-d),

B v

BATROFS
EREEEEET
Cecaae

RN (ka/h)

(a) KEEEEH 2mm (b) KEEEE X Smm
(a) The water depth is 2 mm (b) The water depth is 5 mm

EEBEENREGUE

KR (kPa)
FFEIESEEEUERER

e e =

HKTER (kPa)

$ 8 & 2 8 3 2.3 %3 3 z 2 %
(c) KEREREX 10mm (d) KEREEH 15mm
(¢) The water depth is 10 mm (d) The water depth is 15 mm

4.15 FERKIREETHKERSERMXR
Fig4.15 Hydroplaning pressure increasing at different depth of water



(a) v=60km/h (b) v=90km/h (¢) v=120km/h

B 416 KTEENHE (h=2mm)
Fig4.16 Water velocity distribution (Surface h=2mm) |

(a) v=60km/h (b) v=90km/h (¢) v=120km/h
B 4.17 KEEESHE (h=12m)
Fig4.17 Water velocity distribution (Surface h=12mm )

4.4 3 FKEREMAZENS TRESH

| BFTEEE. KEEENRBELRENHKERARAEH, MH
FRAEZAARFHEXXE. BETUELTERE. KREENEHE
BERESHKEBRZAMXRELNENS TR PR,
BRER=FXESHKERELERXER, HH
P =b, +ax, +a,x, +a,x,

BEHRL B 351 AYE CLHEAD EFETARERIF, R 1

BRBRBMMGTHE:
ﬂr =(kogﬂpbz,ﬂ3)= (_84. 686, 2. 26, 9. 437; -0. 9996) ‘
Bl aALEERTEN 1
y=—84.686+2.267, +9437y,-099%6y, (R*=0.9329) (4.4)

ERF By RHKER P  NERTRER V: 7, WEBABEE h ;
i 7 NRIBTESORE hao B, R (4.4) TUHS A 1
P =-84.686+2.26V +9.437h, —0.9996h,, (R*=0.9329) (4.5) ‘

K. P—aKER (KPa);
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V—ATEEE (kn/h);
hx——ERKEEE (m);
h y—RIELFRE (m).
MK (4.5) HTEEHRR, BRR
Hy:p=p,=p=0
AkEHERRETFHH

351 -
§’r =Yy -351y* =898500.5
A i=l A

S, =B b, + B, 1,, + By 1, =783130. 6
351 _ _
ﬁ*’bl:Z(ZH_Zi)(yk_y) (i=1’ 29 3)

k=1

8% = 8% - 8?2 =115369. 9
FR
2
Sk _6.788
Sk
BMEEHKFE a=0.01, EF L HEBF

I-a
Ml 545 c= n_k _IF,_a(k,n—k-l)=0. 0283<6. 788, HIE4E H,, EIITEE X

KREE. REALEEMNHKERNEZERLWE a=0.01 TREEN.
B RARBERTHT, SREELRER Tm i, REEFEKEH
EREKBEEHXRAL 3.5 (kn/h) /om W BRBELFER 4on B,

(kan"k—l)= Fo”(3’401)=3‘ 78, .’v‘

IRBKEESKEEERKXRLAN 4.083 (kn/h) /mm. AETHMAKEE

BB FEELRFE 85—90%. X ER=ANE R BT ERSHTIRH,
ZRRUTEFEEHNHKERNZWRABE (AMEAR 48.43%), KBEE
BERMRBESFENHKERNEM/LTHE (RRES 5 KR 25 82%%
24.07%). Bk, REXXLBAELREUR LB KN TERRFER.

4.5 KENG

A B8 M FLUENT R ARABLE RN E R AT R& S T 23
HIZIKER, BEUTSR:

O RAKERBRNRRTKERE. BYRERKBERIENREE

YKBEERDTRIEELRERN (hy, <5Smm), RIAKHKERHRER, 3
KEBREKERRE, SKBREELTFAFLMEESEK, HXRABEELLRE
EMER TR DKBEEATESRER, REHKERAEL SRS
FEREK, FKERSKBEER2EMREYK.

Q WEKBEENEM, IKERSERNKRREN DL RLIERE
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MKBEER N RRELREN, SKERSEREFRIFRIMERR, 3K
ERMKEE 428, KBEEESRIBELREZHTKRE, RiQEEER
EWEHKERE, BRITRTENKEBNBERS, FEMOBAFHRBINE
SRR, NKEBRSERCEHEUNEMRR. WKBEEEATRIAEL
REN, BARKEHNES, HAERNEERRBRBRBBZENR, SEEE
5| 75kn/h AN, FEBRNSKBEAIKES, SHELRKIHKEEE
REREE.

@ EHAHHKEREEE. KEEE. RBELRENXRER

KRS TEEMFERRENFTAN 351 ARERTHT, BHIKERS
. KBEEE. REERENXREL, B

P =-84.686 + 2.26V +9.437h, —0.9996h,, (R’=0. 9329)

@ FHKEBREWE KK RS> 2T

MM KERN=AREETERS ST, EFRRO\TEREN
HAEBNEFBNEE (HMEH 48.43%), KBEEENR ISR EX
K EROE R JLTHE (G E S H 9 25. 8247 24. 07%),
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FLE SEABRRARRITERESH
5.1 MANRERMERBMITERLE W

5.1.1 HERMSNRITH

ATREREEER ERE. MGTY, RMSHREZMLAELBHHE
H1. WERY o REENRERY GRS MRRE F,,, SBIIHEREMN S P,
Bgtt{ﬁy EI]:

L G.1)
PG

WERBRERYMTEREN—BEEEARSH. Bk, HERENTE
BE-RRAERBTHRKESEIF. WEREBRERBEY. KESERAL
HEXN EEREHERE. BETERYRERRE. TEEESREXER
#Y), TiEREEREERNEM, HHERBEERERL.

BEBEP. A, HEFRSHLRAGR, RAOMAE. L8HK50MFE
MR EEAE, BROBESBRREERFHRERS=ERKOER, £
EFRERLEM, FEWEN. WEHNRERNGE: —REATEMERRE
HEREREANT, . A REBEBREDN, hFRERNY, HRHERATS
BEMBRAMENT, . BHMTEREEXREN, BRETERNKENT B,
AURA_FZ M, B

¢=

T=T,+T, (5.2)
NTREEREEMRETHENENMINYE, KEEHTURER
(5.2) RFA:

T,=T,+T, (5.3)
MICER™ET 40
T, = (5, + BP)mh,, (5.4)
0.25¢ .h
T, = ‘Z X (5.5)

AH: T, Ty—REENMUMYVEHE NS ERE) ERNTHRARE L E;
1 BP—EESH, TR, B2 5MPa, AI0. 038R0. 05;
r—ANOATIS PR LR () ;

h, —Fi MU LEHRTRE, h, =16r;
o, —REBRRMHEERERY, o,=25
a—MRRNERETHHERERE, ZERI0.09—0. 13;
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P~ I MUY SHE NSRRI, p, = 0.68(—’2)%) o,
R,— R IR R R EA I

P —RIAEAEME, WRRSRRERERN L,
O—HEWEHNE, 0=(1-1)E;

/t—?‘(El*’L}HS;
E—HHER,
3 AR B LS B E 1A
T =i7}An, (5.6)
R An —HEERE EAEHRAZHERENMOENE.
B X BN LI RN B PR F o ™
0.12a,A"F;"" 23
o aegus ? ;-g{:GAm + fFs : (5.7)
A =%;7 (5.8)
lex v
b= t,,(—R:-) (5.9)
V=2t,,£”——1 (5.10)
R

Rp: R, —HRARM AR R A
R,—RBHOERBARERE;
1, — RO AARE T HRKEOERTFIE.
K5, TRARS. 1, BaAHiMSREmMRERITER:

q,:ﬁ:—;'il— F +E2’3A"’PG”’+/3 (5.11)

5.1.2 ANEERMERKEWEER

BEXTH, WENAERKRSREKERENT, ARBIHRARED
T,. M%MRERKN, BKENNEESRABEEAEMEHFAAERR
MHR, SERRESTRALKEVENRD, BlERAELRENSR. 5l
RAEEY.

O TFEE

WREBNMEZSSTEEEEAX. BELHENTER, XEH
WamboldfiHenry™ ZAFRNNTREKKE Yo BITEERY BKREA:

@'= 0874 (5.12)




Warner "% BT #HZR AT, BREBMERMSTERFNX
% (B 1. HETALIES, BARSERERY (F. 8BE) HBEER
H(F. BERE) WEERNOFET TR, REEN. HTREEREN, BB
S HERTERENABREBRBRRKNL, ATRERRSHRENHE .

1 e = = = = - BABHMEZY. THRE
. — R E A, FRRE
91 0 ———— ii@mpﬁ%%ﬁ ERE
B
ﬁpx _____ i aliatls BT Yagipiys subibi ]
5)6 o — :.-.—?: ___________ .- _—'=~__“,__'
0.4 i
0.2
0

20 30 40 50 60 70 80 90

ERE WEABRMRFEFERLSH s
|

!

; E& km/h
|

B51 ERMRANMSTERENER
Fig5.1 The relationship between adhesion coefficientand driving speed
AARE TR SN BRRREX 7. 5-14 B @ L MR AR R 1955R14
HYFERBH TR, BATHERENERRESEENXZAY:

Lof o BXMBEREN 1.2 X MHNN AR
ittt RSy APl VP
et uny e conbomrenmgen -_!_-_—-?:::::“'""":' "'1':.
ok "?-.\“_?.;;—m—.—: 0 RUBRER
% MM ER %
0.4} 0.6
o FRBRT.50- U ~ BERRRI.D-H
o FEEKISSSRU " FFARMIISSRU
A 2 [l 1 ] . n.‘ 3 1 3 N |
0 » 40 o & 00 'E] W w om0
R/ ka/d) R Alen/b)

5.2 FREERAZNSEENXZE B53 VEXEEERANSRENEXZR
Fig5.2 The relationship between adhesion ~ Fig5.3 The relationship between adhesion
coefficient of dry pavement and driving speed coefficient of wet pavement and driving speed

HEETUEY, RARDEERYSRIEREZRETRAERE LR
BHRAB: RUERSHETRELRNERRIEEFEOEUBEL. BREX
BURER, BRHFRENARNEREITEEENXRABARRA:

@'=y—av (5.13)
AP: p—RIERRY
a—H%, HRO.0052;
—TEEXK.



M FhE WEABRNRARTEREMN

@ KREE

HTRRESREFE—BKE, MEREN=EEBER. YRBTET
EoREMEEER, R ESRENOKEREELBERE. REXEMERS™
SEILANSYSER M X RA AT H R TTAT, THE I TREMZEHR60. 70, 80, 90km/h
PAR KBRS, 10, 15, 20mmbt AIBHE ¥ (B5.4) .

0.8 L .

%] I

- Fif

0.6 —a— ~5mm
s 05k —— =10 mm
& wd— =15 mm
: 0.4} —— =20 mm
&® 03F

0.2F

0.1

0.0 3 1 1 L 1

50 60 70 80 % 100

o EVkm o b
BS54 KBEEEXHERENER
Fig5.4 The impact of water depth to adhesion coefficient on pavement

Wk e e S AMVE KT, IR U ARA RS —H4 8 TEIKERKME
AEARKERERSE: -840 THNEEXTHKERESBLREBNR
AR ESEM, Bk, KENRROEEFRETENERG HAT U4 ARED
KERNEESBFASOHRY, NOBREAZNEEFNAN, FFEBEOHN
57 fABREAZNEEREN L, B

f=¢gN (5.14)

EHEE (20C) &M TFKIEE N 002X10°Pa s, AUREEHY M. H

FRAEBHEBAHHKERNEES)BEAZHIRMBER, ZHBIRBHRLT

EWESH, HRREEBRENKERE RN

f oN N
‘== = < (5.15)
=G N+w wew °?

BR B KA ERME R R SITEEE, KBEEE&MEXR, B
P=b,+ax, +a,x,
%R (5.15) MEMEZKEROBLE R THHE, MR HTE T
SERASF, HEHRHENMTE:

ﬁ’=(,2io,b,,/},)= (0. 8256, -0.0043, -0.0072)

Bit, BuHALERBALTEN
¢'=0.8256-0.0043V -0.00722  (R*=0.9317) (5. 16)
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AP: o' —HAIEKE EBRHEE RE
V—TEEE, kn/h
h—ERKEREE, m.
ZRUNVBAHAREARBIAKBERE SHRRE. SURE. HEK. 1
EBREMXR, B
h=0.1258. 0715 . 03147, o076 D08 (=0, 93) (5.17)
Kh: A—HEKBEEE, m;
-, m
—HHHE, %
g—FEMEE, mm/min;
TD—33ERE, m.
&R (5.16) M (5.17) WA BRABHME K ERHERBSITEEE.
B QPRE, BRRE. WERERXER.
@'=0.8256—0.0043F —9.0576x 107 . (J°7 . ;03147 0786 076ty (5,18)
RER (ABHARTRTE) “HE “HEABRBENRERTHKNRT
RERERMASE—R", HHKCRAEBEEinAR. (ABRBERITINE)
S BB N 120kn/hy GUEA-3%EF, BOAHBOKKEVEREIT00m, (4
BOEBRE R AL THEREARBEMNEREL. 8~ 2m2 ANE. &
SCER BT 120km/hy H4K-3%, HAEHEK600m, HIIERE Inm, KB HRAIZNK
ERNER, AR 5.18) T EHsnindWREFFEERLMBEREHNRE
¥ o', £RNKS. 1.
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%5.1 FARAEE THENEERY

Tab5.1 In different rainfall intensity, number of the adhesion coefficient

#EE (kmh)
BEEE (mmsn 60 70 80 90 100 110 120

0.07 0.5604 | 0.5174 | 0.4744 | 0. 4314 | 0.3884 | 0. 3454 | 0. 3024
0.2 0.5532 | 0.5102 | 0. 4672 | 0.4242 | 0.3812 | 0. 3382 | 0. 2952
0.6 0.5316 | 0.4886 | 0.4456 | 0.4026 | 0.3596 | 0. 3166 | 0. 2736
1.0 0.5100 | 0. 4670 | 0. 4240 | 0. 3810 | 0.3380 | 0.2950 *
1.3 0.4956 | 0. 4526 | 0. 4096 | 0. 3666 | 0. 3236 * *
1.7 0.4812 | 0. 4382 | 0.3952 | 0. 3522 * * *
2.3 0.4596 | 0.4166 | 0.3736 | * * * *
2.9 0.4380 | 0.3950 [ 0.3520 | * * * *
3.3 0.4236 | 0.3806 | * * * * *

Wit “+” BRARLTARS, BHAXHFRER, ELRFRITHE.

5.1.3 Mi&REFIHIZNEBHIT MW

AEHEEAY: BERRAEFENENEESDNESE, BELT L NA
MRBEA B RBRERAHIZTN, A NASIBERB R ERRRT
SRR, o B, 1,50 RARABYRRBM AL, g . YRR TAEHE
I, SRRy RIS HZE 2 AREE, KN HENATFREER,
fBE—RE AL WHKETRE, EARELTRELE, 5LHAKA
KERBMA L, (—BH0.55) « REREBTH A 1, FREEELHIL,

Hblzhd B RE 5. 5.

o Gs)

N

e

B 5.5 AEFNIRTER

Fig5.5 The process of vehicle breaking




FRE RELABWRIRETEREMT 47

ARETEN, YEEA L 20, PEA 0. 1n b, BERRAHFIEBYE L
EERRORETEERNAMEENSENES, ™. B LXTH, FENES
BEAERS: BRARNMNRIREETRERS, ., KEHZ) RN & KT
BHBER S g MEBNBIERERLE LATTRIERS,, . MESEERER
BhoMEHLY (kn/h) KALEEHTHIZIN

O WERAMKENRMNIREZ MK 2.5, W

v v
S =—xt=—ot! 5.19)
aw =367 =54 W ¢

y?
@ Sy =§5—m(m)
AW i—EBYH, BEIE, TR,
B (5.18), (5.20) W&, RKERERMEKNHBIEESERAR. 7%
BE. BRREAX. AXUNRIHEE 120kn/h, BERABN-3%. FEBEHLK
A, BRI (5.18). (5.20) M/ MEEMGIFERETHE, FRAKS.2.. .
#5.2 FRTHEHTNEEGHZHEE (B m)
(i=-3%, Va=120kmh, A EIREE h w=4mm)
Tab5.2 In different conditions, saloon car’s stopping distance  (Unit:m)
(longitudinal gradient=-3%, design speed is 120km/h, tire tread depth is 4mm)

(5.20)

HE (kmh)
B o/ 60 70 80 90 100 110 120

0. 07 26.7 | 39.6 | 56.7 | 79.4 | 109.8 | 151 | 208.1
0.2 27.1 | 40.2 | 57.6 | 80.9 | 112.1 | 154.6 | 213.8
0.6 28.3 | 42.1 | 60.6 | 85.6 | 119.4 | 166.2 | 232.7
Lo 29.5 | 441 | 64 | 90.9 | 127.8 | 179.8 | *
1.3 30.4 | 45.6 | 66.4 | 94.7 | 134.1 * ¥
L7 31.4 | 4.3 | 69 99 * * *
2.3 33 | 49.9 | 73.3 * * * *
2.9 34.7 | 52.9 | 78.3 * * * *
3.3 36 55 * * * * *

MiE: “o” BRATLBARE, BHALHARESR, ERFERTRE,
5.1.4 RRMETEENEITEHER
BERERE=ARY: Bl R RN RNAETRNERS, . WEH

,,,,,,,,,
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JR BB (] 9 AT B (R BE I Sy » VARSI AE R E 2B LT HHIBE R Sy o
BAWKELT, PRTERLHNERIERKEMERKN TR, Hit, 7
it AASHTO BEMBERER (X 5.21) . (R 5.18) BIHEPNEENRLMEL,

VB R %R R T R T RN IFFEULE,
%t+2T:(I-¢T+—5+LH+L%SL, (5.21)
AA: V—ATEER, kn/h;
t—R N[, B 2.5s;
¢ —HARKEM T ERRE R
i—TE BRI
Ly~ Ly, —BIZEMEMZ2HER, HHX 5m;

5.2 MRERENTEREHE N

MRTEN, BRAKLERE, BEEKLSI R LR RS R HE
F, SRERRBANE TR, BHRAME. WRNX/DURITERETRE™
%MK EYMAENHREHOHENE, SHSRAREHRMERANURE P E
N, SERZLTEFRRAFEW.

5.2.1 ERMEXRBRRENSE

© MREX

FRAES AR —EREFES N TETHRKE, LERAN 0. 2-6m,
IR IR A BRI RN /MTRER, HA SRR B AR MENE, Bl m/min
K m/h R RESRHI—RERERED D 6 MR, HOGIRET LR
5.3

#5.3 BRBRESRRE
Tab5.3 The grade of different rainfall intensity

. ST
12/ PHRFE (mm) 24 /MEFAME (mm)

Ml <5 <10

i) 5-14.9 10-24.9

] 15-29.9 25-49.9

el =30 =50

ARH =170 2100

BARW =140 =250




FhE HEABRARTERZENW 49

@ MHEHHA

e T S T B OB 2 A T A AR

D KEEME

HAAFRMERARNSAMAE, RESRELTHIETHTRERMBEE
FHRABERFBKFEER. REMNEAK, TEREYRREABERTITY,
MITEZLEFRABR . EHREREENERETIRENFER B KK E,
KEBRTE, FRERNERERBE: REURETYFENKEREKTESY
WRENEEME; EHENTRTREPRKRBETERRFRNEREIFN
MiLtE.

2) REHXER

RRtXER-REHABKEHATSREEAREETSBIIEE, &
BLETEZARENR, KAERTAH, BEMHKRNT. ZXRERBEL
BA, BhN8E, SRAENEDS, —BRUEERE, ESHRIRZ. kB
MEHNERSTHRENRFERN TERTAANER AL WR™ERM, EX
BEEHE DS EREE LB ANBERYBLEHE.

5.2.2 MM EENERER

@ sEREREX

REAERRMERSEVEN—MER, SANMRIEREIRE. LHH
R, & DERER[IEN, KUBNERK, RAERE. ESR%ET,
BERAEASRARUBRERERRRY.

SRAFUREEARUT R AR A2T00KK TR K EREEKRSFH
BEMBENSKTEL MBRKE. ARELERENAEER WAZEL. 0L
L) MAESHRSEBTREARZERPEANFANERY (BE. KM
EE) MBRAKTPER: REGLERR: (1) RESABHMMBEEEERK
¥ ERXPMIRBEFDEBFINFALNBRAOKFER; (2) PEREN
RO REE BRI KRAKFRER.

. BETRELEREET, ERRANERIUERLERE, RS
THEERNAKESHZ . LSEAENTI0mNEEHEINE, EXHELT
EREFBIINRN—RIIEE (HAER. BHERTR) . BROFERT
EREBK, BRENOKERE. ERNRRELHENRR, WEEREEX
REHEBGHER.

@ BRSHRILENXER

ERAERE TROEEREXR RSP EFHRRR AT AR RER#EE, Tk
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o Em R LERFIFELESHREZ LR TENMEREBRLNE
B, WA, KHTEANELENEH, BRERKETFIRE. BERENSH
SRR HE N RBHRHE,

1) EHEER

R YRR ELEEHORER . OBRNEEI KBRS FERN
HRMMRABEBIEK: OBRANAMEEERRARDTIRTE D OBM
WRANSHRERIIMEE, FRAENTHERABHETEKE. ANTTERBERR
AR, T REMAFRIER BB THEE BN ERZLITERR
AFIE .

5. 6T F5 4 EIT S R BRI 1920084E5 5 27 B 12-17R G 44 R AR
AR EALE . BEETA, M12:30-15:00 8B A K50 b M I8 (E 19 S B Ak
WERIZI TR, 7£13:50% %4, IninkE A NS, Tom, XS B A2 REE M 650mEE
[KBI50mE A . XFE RSN AANBERAA S FBTEFHNRE.

Ar

2 13 K 15 6 n
Juwet

5.6 SIFHEHIH 2008 4£ 5 A 27 B 12-17 8 Imin ERBEMERLELLE
Fig5.6 Curves of1 min rainfal and visibility at the
Zhenjiang station from 12:00 to 17:00 on May 27, 2008

23335, 65 IninfE WAF AT, —RAKBRIRTANETAND
A%, HBENRLMER. T, WK, BRRERHEE. 5. 6% IninEH
BB RAABSARENMIRERE. NRNEGHE, MKREKEZR
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ERAEXZARLR, ERELALELAERARERBRNES, MK
mTTERE,

AR$E20084-5 427 B GIL 1 93 M RS L 72 7 LABR ST 1min P 9 385 S5 4R L 6 L
EH#AXZE (&5.7) .

1400

BELBEL (m)
g 8 B

g &8 8

o

0 4

1 2 3
15 6rE R ER (mm/min)
5.7 2008 £ 5 A 27 AT tmin A BE SRLEN @A HEE
Fig5.7 Scatter diagram of 1 min rainfall against visibility and the fitting curve
at the Zhenjiang station on May 27, 2008

HE5. TRI A HMERREREUMY, B0 LBE & B R SR B RI¥) 18 K 7
f€: HFEFENBERATFIm/nin/s, BLELHERERRAZERMEHALS, BtrEER
BECLREE200nA T, LRERBERATF 2mm/minf, 8 HER/MF100m, XfE
HSSABURH AT BT, FIHAHERBERMAELELNXAME, ZihLn
XERA:

L=2521R""" (R?=0.8402) (5.22)
Af: L—HELE (n) ;
R—PET5RE (mm/min).

2) KEAd. NER

BZRUBERNEAELMNERR: ORERETRZENKE: OFHE
AN R ERFUKRE T ERRAFETRBAROMAE. AT REREM
W, BHSIRERREERLEY.

HE#EAKMF. MEFHREER HMarshall MPalmer ™ F19484F 12 tH KIMP4}
i

N(D)=N,e™® (5.23)
A=41R"% (5.24)



52 E2RE BEABRAHBETEREM

Kep: N,—RESH, BEASX10" (n*/cm)
A—R2% (o™
D—RKER (m) ;
R—Mm5%EHE (mm/h) .
Bk AE— BRSNS, TR, MERNEBRRYT.
UlbrichfAtlas"F19844E2E M P 4} i 2R b 5| AFYARE F~Gammas) 7 -
N(D)=N,D*e™ (5.25)
%> 08, & (5.25) AMES: Lu<0f, R (5.25) ALK Hp
=08, & (5.25) BEANR (5.23) . CammaiM A%t & R REK L KA BRE
RiF, RERMD, MENBHESREEN, ERASHNAHEHRIR. BWA
EREEAHRBHIKXEHRN:

R =%I:N(D)p,p’v, (D)dD (5.26)

Rep: p,—WHEH;
v,— B TERRER.

BFBARFHRAEREATTRNEK, FARKERENNRNEA
BUHTHE. 4259 TARREROEHBREETHEA, ERERNE
RPHERTRESENESRAT 2, ERAXERRLEFRERRTH
FRBERTH2, BQ.~2.

LATRNEAGRY, RUARABRROMNERY (B o) X

Oy = %N,, j:’ D*Q,_(D,A,m)D"e™*’dD (5.27)
_ N I(m + 3)
2An+3
MFSREE (AL mm/h) A
4
g < 228X10' 2N, T(m +5) (5.98)

Am+5
AREFLEP TS SBERR TR RENEMH, BX (6.21) Mk

(5.28) B RBANEL (B n) SERBERKXRA:
_0302 _1376x10°T(m+5)

T3 (5.29)

L

O rain

5.2.3 BRRITHEEFIEHRERE
B RERER, AL80%M ENERRBUREAZN, AERKEERT

BEEMHNKE. ERMEEERORA, ERARBOER[ZHNE, BN
FRRBETRSELE, BRATENTEEEBPRTNEIBERBH
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HECKRESHAMEZEMNEE, NTERBEERSEARHEY. A0S
EIRERANARKRAK G TTERMEHRMREAE, FULRERRES
EEME.

R (ABBERITMGE) M (ABRIEBEARFAE) “hkTEERER
ER, EMERSNAFANRRENBRESTEY RARELE FTEREL
W7 R BRI

@ RREM

D REFARSES (BXR. ME. W) TERAELTERBESHTHT
FEEZFNER;

2) BARESAHMHTEN ERERBITHN, BE-HHMNE.

@ WEARE. HAMAR

D REER

ARUBERAREH K ZRAPREEARRES, ARG, BBR
RERRAE. '

B 5.8 R
Fig5.8 Experiment Vehicle

2) WAR%

B 5.9 HER
Fig5.9 Steel Tape Fig5.10 The Sign of detecting distance between
vehicles informatjon




@s. 11 |mikit
Fig5.11 Rainfall Recorder
ARIRARRFAEL R HRIET, MNEBNRREY (DHE) EERT
AEREEHERE EABKENBRRNEEY AERRARSES FTTEREXRR
NHERY. MIERH. BER—A R4, BHEERMFEM 3R (50
¥. 100 %K. 150 %), HABHR 15—20 A (KL 1/4), TRIEARS A.

@ AR
1) EBBRSEAGTES 13HE 16 HEARRRE LI EERRENGTE

(FREEBABL 200n), HEITHELT, UHLRNANERELSAME AT

BEZ RWGEE 3 BARR), ER—REEHALREEEXRREZRME
B (HHEK), EEXELIRTARCENEAERRANNE, SMMAERA
5 K. 2BEREHMETHEESATEMEE, M- EBEKA

) RAEWAMERFEWAME, WENTHRIFEBIEEEEHEE
WAREENER AL, RAERTHENELERMEAERTTRER (BSR4
BRP9ME, #if500m AER “KF 500m”), —RKAKLER.

3) AR Z AL ABY AR B FIEERIAMFEN, HEERE, RRE
B ERWE LR, SIS HENESR.

4) EFRELET UPF. BH) BENTARHSRER LR,



B 5.13 XA iE)RE
Fig5.13 Change the distance

B 5.14 f5igiEEE
Fig5.14 Record the data &

@ RBLERIT
BERREFER. M. FTREMRAFG THTEREHNERLHE A2—
M.

%Lﬁi%*%ﬁ#ﬁﬁﬁ%ﬁ,%Fﬁ EREERTHATEM, 8.
X,g Xig~Xix (5.30)

Z(X,, Xe) (5.31)

l-l

%ﬁﬁﬁ,WiM—Mm#$ﬁ§%§ﬂi&L
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#£5.4 ARNENBEAHELERR
Tab5.4 Sample variance of the testing data

BANE RENBEERIMFENR
REkH & £
X 209. 04 50. 51
NG| 220.29 51.72
i) 280. 47 98. 30

B 5 4 TH, BRAMTEAEHSNREEERLENBUTEL, &
HRPH. REEERAFEROTET, BRRANRELHERNS 2 £, B
hEERERRNTEREERRW, #BRKTREERFUNRK. ERRKR
S&GT, EEHMFERESEERTEY AT ERBEHMAERE.

5.3 KE/N

@ BIWMBKEERMERHEOHEAR

HNAEBRNE RSN HER, KEENEHKERMENERAAET
LA THBIERYETHE, HHMERETHEARETERERM: &
AFRUXTEBABEESERBENXER, BHBMRKERKERYS
FEEE. BRBRE. JRHXERR.

@ BTRRBIFFARRFE T EY 7% FREH AW A

B RN E L RRFENSRRTRR, MTERBESELENXR,
BAIFARKFETERRITEMENHSRE. RRRYA: BRARTERE
HW R ERE R RENBATER, BHRETH. BAEERIFERN%K
HT, BYAHNHREHERH2AE.
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FRE BABRKNSERABITEREMNERK

HEXTTA, REABRAASBFAMEREER: (1) BERWERKHE
KEERKE RGN AN EERE=ERAMNT AR ) (2) BIEK
SRR ERENEH T RERERER: (3) BHRKIAERKERAN=E
£, ERFRRERNE. BEAIANUATAMFEAF, UREFREEL
BITER2.

6.1 it ENNRTE

6.1.1 EEHEMNEEE

HAR (5.18) WA, BENESERAR. HEREEX. HTFHMEK
FERMERANORERIRERL, Bk ERMEKEEENENRFTE
MR R. (ABBERIME) “ECHA 7.9.1 FEE “GERETH
BENETHERXANCAZSH O FREETRE”, BEEEARATELGT
P& R BURE B AR S ERME LR .

AXUMRBMBKAZHER, SEMILE. BSOS E RS
EEVENZWETHT. £44K (5.18), K (5.21). K (5.29), #ili/p,
FRAEREARAR S ENERNBIEE, HHERENEK6.1-6.6.

6.1 AHREFKXT 500m A/ NEENRLEE (B m) L
(i==3%, V=120ka/h, HR/EERLER h w=4mm)
Tab6.1 If visibility is more than 500m, saloon car’s safety space  (Unit:m)
(longitudinal gradient=-3%, design speed is 100km/h, tire tread depth is 4mm)

HE (kmh)
[ S 60 70 80 90 100 110 120
(mm/5min)
0.07 78 98 122 152 189 237 301
0.2 79 99 123 153 192 241 307
0.6 80 101 126 158 199 253 326
1.0 81 103 130 163 207 266 *
1.3 82 104 132 167 214 * *
1.7 83 106 135 171 * * *

MiE: ‘9" REATRRARE, BLHAXHRRED, EHFHRTHE (FR).
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% 6.2 AMEEAT 500m FUNEEMRLEE (S m)
(i=2%, Va=120ka/h, PEERIE hw=4mm)
Tab6.2 If visibility is more than 500m, saloon car’s safety space  (Unit:m)
(longitudinal gradient=-2%, design speed is 100km/h, tire tread depth is 4mm)

A (kmh)
KM 60 70 80 90 100 110 120
(mm/5min)

0. 06 78 97 121 150 186 233 294
0.1 78 98 122 151 188 236 299
0.5 79 100 125 156 195 247 317
0.9 81 102 128 161 203 260 *
1.1 81 103 130 165 209 ¥ *
1.4 82 105 133 168 * * *
1.9 84 107 137 * * * *

$6.3 AIMEEAT 500m R PMEFNRLEE (B m)
(i==1%, V¢=120km/h, o EERTERG hw=4mm)

Tab6.3 If visibility is more than 500m, saloon car’s safety space ~ (Unit:m)

(longitudinal gradient=-1%, design speed is 100km/h, tire tread depth is 4mm)

HEE (kmh)

R 3 60 70 80 90 100 110 120
(mm/5min)

0. 04 71 97 120 148 183 228 287
0.1 78 97 121 149 186 232 292
0.4 79 99 123 154 192 242 308
0.6 80 101 126 158 199 254 *
0.9 81 102 129 162 205 * *
1.1 82 104 131 166 * * *
1.5 83 106 135 * * * *
1.8 85 109 139 * * * *
2.1 86 11 * * * * *
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% 6.4 THUEEAT 500m B NEFNLLEE (B4: m)
(i=1%, V=120km/h, HAEBERTAH h w=4mm)
Tab6.4 If visibility is more than 500m, saloon car’s safety space  (Unit:m)
(longitudinal gradient=1%, design speed is 100km/h, tire tread depth is 4mm)

BE (kmh)
MER 60 70 80 90 100 110 120
(mm/5min)
0.04 7 95 118 145 178 220 275
0.1 77 " 96 118 146 180 223 279
0.4 78 97 121 150 186 232 293
0.6 79 99 124 154 193 243 *
0.9 80 100 126 157 197 * *
1.1 81 102 128 161 * * *
1.5 82 104 131 * * * *
1.8 83 106 135 * * * *
2.1 84 108 * * * * *
#6.5 THEEKATF 500m HNEENRLEE (BAL: m) .

(i=2%, V¢=120km/h, & BEREEH h w=4mm)
Tab6.5 If visibility is more than 500m, saloon car’s safety space  (Unit:m)
(longitudinal gradient=2%, design speed is 100km/h, tire tread depth is 4mm)

EE (km/h)
[255) 60 70 80 90 100 110 120
(mm/5min)
0. 06 76 95 117 143 176 217 | 269
0.1 76 95 117 144 178 219 | 213
0.5 7 97 120 148 183 228 | 286
0.9 78 98 122 152 189 238 *
1.1 79 99 124 155 194 * *
1.4 80 101 126 158 * * *
1.9 81 103 130 * * * *
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% 6.6 THIEEAT 500m B/NEEMRLERE (AL m)
(i=3%, Vw=120km/h, HFEEERERRE h o=dom)

Tab6.6 If visibility is more than 500m, saloon car’s safety space (Unit:m)
(longitudinal gradient=3%, design speed is 100km/h, tire tread depth is 4mm)

HE (kmh)

RER 2 60 70 80 90 100 110 120
(mm/5min)

0.07 76 94 116 142 174 213 264
0.2 76 94 116 143 175 216 268
0.6 7 96 119 146 180 224 280
1.0 78 97 121 150 186 233 *
1.3 19 99 123 153 191 * *
1.7 79 100 125 156 * * ¥

@S ERE EARAL, Bl (ABBERIATE “ACKEEN

WA DERRIBAEYG T IEFEEENERTEE.

6.1.2 REFEREIW
MENELERTE, EENTESIBKNERSAIAE, HLBERHS

B, AR AT MBE S A SO E S R ERKIAS] 18. T,

BEABREERNEARKAEAH TREREABRRLBEN —RERRER. HE
BAEFENRERRER A4, RORR. TER. BEAHEEENELML,

H AT A B E E— R E AR

ASCEUB A& 120km/hy HIE-3%, K 600n, HEHRE lm, LER

(5. IR AL 3%, HE AR ERE T RERKPIEFEE, GRAK6.7.

#6.7 ERERETIEENRARKER

Tab6.7 In different conditions, Saloon car’s hydroplaning speed.

B T AR
mm/5min)
HaTELL 0.1 0.2 0.6 1.0 1.3 1.7 2.3 2.9 3.3
%E (mm)
7 >120 1 >120 | >120 | 119 111 | 100.5 90 83.5 79
4 >120 | >120 | >120 | 117.5 | 107 98 86 81 75
1 >120 | >120 | >120 ] 110 104 93 83.3 78 72
O K. &W

X, RHHBTRETHBRERNHRITAREANRK, BMEBRR
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NE&MEEERRERNTRME D, NERE AL, KRR HER
FE—MR7E 200—500m, £RHA TRE 500 £5. LEBELENE—FHENNE
ERHIZHERER, RER (5.18) « K (5.21) « R (5.22) B, REZMER
BETERRZLETEREV . AXLNRHEE 120km/h, KK 600m, HIER
B lm MEEARA, BRELETEETHELRENEKG.8.

#6.8 X. REXSBIERLSETERV (241 kn/h)
Tab6.8 Theoretical safe speed in heavy rain or torrential rain (Unit: km/h)

PR

mm5min) | 2.3 | 2.6 [ 2.9 [ 3.4 | 41 | 50 | 6.5
93 (%)

-1 >120 | 119 113 106 97 86 71
-2 2120 | >120 116 109 101 91 78
-3 2120 | >120 | 117 111 103 93 80
-0.3 117 111 104 95 84 70 51
0.3 118 112 105 96 85 1 52
1 2120 | >120 | 116 108 99 88 73
2 >120 | >120 | >120 114 106 95 82
3 >120 | >120 | >120 118 110 99 86

ZER6. TR, R6.FBIANARARNEE FRLREETERY LilM
B, BWEZFHETIEECRERSRK. BEK. REEAHT, HUNEER
ER/KEEENBUZLEITHRBER,

@ ZEfTEREM

REEGETRN, RAMAANER, BINES. BiEEH, ZREASH
frAs. afEREER EHMARAIKTFRRAKE AN, KESBEURNK
fERA AR . REBIRKE, SEREAAMETEER, EASREMNA
BHEBE, W (ABBRLRIME) “PHEEBERRUETEARA.

B 6.1 AEERE LTI MR N
Fig6.1 The transverse force of the automobile at circular curve
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REEMAEESEETRRNZIHELLE 6. 1.

BaAY A
Y =CcosatG,sina (6.2)
% o fR/E, cosa=l, sina=tana=i,
uy Y =C+G,i, (6.3)
Kef: “+” —BETSM, “-” —BRHTURAN;

a — BRI E

i, —BRERRIBRE

C—BLJ, C=(Ga-V})G-R)

R—FHZ&+R.

BMEEEEARSE, BaENa, RENEEERA R BEREER
Wi, WLh FORERK, 4BON FETRAAYH, KERXEMAR
FHEREBAERS. BEALEBHTURSHREERABNEN « FER LR
B AR A (R AR R A

Vo =,/gR(¢u ti) (6.4)
RF: —HEAREMBORRER, n/s;
og—BERRARERY, —BIR0.6-0.7¢;
g—ENMEE, n/s’.

USRI 2%, FEERLMAE, BR (6.4) 5R (5.16) BIEAX
RRERA KA ENRORBER: LI ELERKTRKREFR 2 ER R
WMoEBMEEREIT RS TAEENRNRNZEEE, SRARG6.9.

%69 FARHTEEHTA-EMBHRURLER
Tab6.9 The suggestion velocity of vehicle in different circular curve

4%
KA 2@ | 1000 | 2000 | 3000 | 4000 | 5000 | 6000 | 7000 | 8000
(mm)
1 61 80 93 102 | 110 | 116 | 120 | 120
2 61 80 92 102 | 109 | 115 | 120 | 120
5 60 78 91 100 | 107 | 113 | 118 | 120
8 59 77 89 98 105 | 111 | 116 | 117.5
10 58 76 88 97 104 | 107 | 107 | 107
12 58 75 87 96 98 98 98 98
15 57 74 85 86 86 86 86 86
18 56 73 81 81 81 81 81 81
20 55 72 75 75 75 75 75 75
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6.2 EEYEEH

MNTREAREE, WARRREHEZENTERREKBENERIER, B
REFRBIRKOELRR . BEEEENRE, R0 SRERREE PR,
B, REFEREMRSXMGTRBTERENANREE. RATBRRAEFTK
MEEMTEABNANEREZAETE, BEBUREAREERIERTHR
BEERBRMERNEBERITES, TUEXERBETHEEERANFEN
B AMITRE, DGl T NIRRT EBMKEREFH.

REFRAFBLBETKEIESRNBENXER, LAXNER. A8
BARARE, THEHAATERMTRERKNEAEERREEEWE. K

ERHONERRHTRE, BUREEMNEGARER (RE) RN (B 6.4),

HEFRRNBHELEUBRLERRFER, TEARWE 6.5, THEERDA
6.6.

R
@)

HiA-12345

m/mzﬁaa%ﬂzj

2SR5 (JRIFE100) 2@

B6.4 FR (B RIRUEEHLE
Fig6.4 Printing plate’s implantation of velocity (distence) feedback instrument
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B6.5 & (8 RRNURFERAFEHTESILE
€ig6.5 The plan view about velocity (distence) feedback instrument and
following distance acknowledgement signs’ implantation



H6.6 Fi® (HAE) RIRMUITIERER
Fig6.6 The work-flow diagrammatical of velocity (distence) feedback instrument

64 BAE THBKNBEARITEZEHNERE
S ERRE
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v ]
EikhiE SR REE \
* l
EHERR BikRE
|
|
|
/\ }
REKFIEFERE ‘
2 & ‘
v v
ErBNRLER ERBNREMEE

6.3 KBS

REAXEAENFARR, AERYUTBIRKEATRERELHTE
REMEHIX R H:

O YEBEEMESENTERREESE

et H TR RHAEHT R, ARNRIHNARKSERAS. BlLy
BRBEHERENSENERSEERNEWMBITH, RENKBEAHN
BEENBENREEERWBER.

@ %FHE () FENHEERE

A BWRARKITENEENTERNENHSERERETEX—IR, &
X ER (FE) R|MRIERE. ANBURHEAREERNERTH
WEAERBRBAEEREEE (AE) R/N HEREERMFENBRAE
TIRAE, LA BT NIRRT £ R R K.
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FtE Zit5RE
1.1 £E41%

O ABKEBRKAEFAREFERKINE, BLRARE BRI HZ
KEBOTREAR: REREREHHERER, NREBKRKHKRRE. K
BREESREZHOMEXEA. BKRKERZIRBTROAEMTEHRE
BATE.

Q@ HREBRIARBS) RENFHEERAEHMESH, R ANSYS B U
71 195/60R14 MRIEM=HAMTHY, EHZENERRERNTRERATHE
B&, URRERMESEHAEE.,

Q@ ELBIIAFELRE. HHREWEHRIER, (EA FLUENT SKEHH
URRENERRKBEEE T URFRERE (60kn/h-120kn/h) 17 BEH BT 2 HIZ)
KER, BUHKERSTERE. ERKBEEE. RBELRENXER:

P =-84.686+226V +9.437h, —0.9996h, (R'=0.9329)

ZUNMNTBATEEENHKEBNEMBANE, KEEENRKELR
BEXEhK KR L EAER. ‘

@ SHMRERHERBNEMEER, RBSKEROEDS R MK EH%
ERME RERATERLT, BEERREBIBKE ERIERBSTEEE.
KR % R K 1

¢'=0.8256 - 0.0043V ~ 0.0072h (R’=0.9317)

© FAERAM. WAL 2NBEMME R BENERSEEENEH
HITAH, RENAAEREABRPREENEBEENZEFERWNE.

1.2 KXEIHE

O BEBLBAFSFREHAR RS IERTHE, R FLUENT 35
REFZMHKER, ARG 0AERSHKERSEERTETER, B
HKEBSTHEER. ERKBREE. BRELREOXER, HMFKH
ERHNERMSTERE. KBREENXRR.

@ &M EAMXBIHAENTR, SEERAE. BHRLRHBEHEZR
M EFNEREENYMRTH, RENRBEAREENENAREIEHE
MEZEEFREWE.

@ GEANMBARR, RitHER () RBNWTEEENHRY R,
HEEFERMFENERHTRE, RS WREEABBMEKEY,
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1.3 RHE

AXEERERARGRITRARBKFS TERTEREHFRARRCLTA
T8I, BRFE—ERRRY, FRE—SHRA.

O #ERIHMARTHEYOIES, ARUEHEHREREET K TR
FEEL, SLFELFHIHA.

® AXRLRMRBEHFNEURS, KR PRABYRAHNRBRLE
BEARR.

EFULFHA, SREHNFABMLBEILRY, HNBRRASRRRRE
SHAANF, FAREE, REEBIEERR KR EHHENOTAFR,
STENBERXER.
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B

FREE, ZFMAEEEZRRIE. RE=FURAERSERE, W&
BERANZATRUREREBRET -8, —RER=F, NERFIHPN=
W, RRREXBREFNFFFLRHET BR. RER, ERTEHXE!

EXZPBERZRRALMR R, RERREECNHEEFRE, ANEXHE
ETHNRE. HHZE, REREAS, HR2HE, BAERNENPERAL
FARAHAZRAERER.

BAZOBHBRNSMEAREE, ARERUEE. ERXR. RIES.
BEYEZRATRNEMEES, EEMALMREHIER. TO0RE, A8
EUBRISER, S5FMOARLMMFKRERTHN. A5 EBUEHMLEAN
ZEE, BEMETFTREUAZENRIFABBABOHE, HUSEY, 56
S, HERBZZRNNELRBBUEREEHMAMRN—£.

BHREAXESHHER. RAMNER, BAFTHRII™HE. IR, BRE
MES, BIREXNFOHZILBRPEREWVDAFRERARS: BHRE
FEIMAEE B LM, WEHEIIER L SEMRIL fuent AT EPARNE M
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F A2 XTEEEHFER

Tab A2 The estimated value of travelling spacing (Sunshine)

KRR B BEEE: 0 WEIELL: X
RENEFEERIMFER
Ax 8 B 53] A =
w5 GEAR)
fhit | RgME | fhitE | RS
60 56 75 785
70 67 95 93.5
1 24 2 L] 95 95 105 110
130 115 85 96
150 143 60 59
40 38 50 59
80 70 70 54
2 24 1 X 98 97 90 91
130 140 110 107.5
110 113 120 123.5
50 45 125 123.5
60 56 140 139
3 26 2 5 100 90 110 115.5
90 94 100 95.5
4 55 100 95.5
80 78 80 79
120 92 60 64.5
4 23 1 X 150 126 55 55
40 36 40 41
60 53 45 4
100 76 60 61
130 93 80 85.5
5 28 3 L] 160 115 90 94.5
25 46 110 112
45 71 100 112
6 36 4 5 80 91 110 127
105 113 120 156




53 66 18 20
80 86 20 226
95 103 30 35.1
8 35 110 118 38 428
90 110 60 60.5
80 74.7 70 736
55 70 85 85.4
40 46 100 98.9
9 28 20 2.3 105 103.2
20 2 120 1184
32 203 110 107.1
50 52 100 97.4
65 65 90 86.2
10 28 68 78.5 80 747
80 88.6 65 643
95 103.4 60 57.4
120 114.6 50 452
110 1053 40 371
1 38 95 88.6 30 25
80 75.4 20 184
65 63.9 30 395
50 574 50 55.4
45 48.6 60 63.9
12 32 40 40.1 70 78.4
45 33.7 80 90.4
30 202 100 106.7
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A3 PIBXRSITEREHFER
Tab A3 The estimated value of travelling spacing (Sprinkle)

RERR: Nl PERE: 33 &AL RFE 2B
RENEEERAFER
BARS | % B 15 A 2
[LEIpE

it | AL | i | RZE

50 69 65 50

60 80 85 )

1 32 2 5 85 108 95 95
120 128 75 81

125 150 50 412

30 51 40 55

70 83 60 39

2 28 2 5 88 110 80 76
100 120 100 92.5

130 126 110 108.5

40 58 115 108.5

50 69 130 124

3 26 2 5 90 103 100 95
80 107 90 80.5

34 68 90 85

70 91 70 64

95 90 50 495

4 23 1 & 110 100 45 40
30 49 30 26

50 66 35 28

90 79 50 46

120 96 70 70.5

5 4 2 8 150 118 80 79.5
15 49 100 97

35 74 90 90

6 24 1 T 70 94 100 112
95 116 110 120




8

9

10
70 91.6 55 49.3
85 106.4 50 424
110 117.6 40 30.2
100 108.3 30 22.1

11 36 4 85 91.6 20 15
70 78.4 10 8
55 66.9 20 245
40 60.4 40 404
35 51.6 50 48.9

12 31 3 30 43.1 60 48.6
35 36.7 70 80.2
20 23.2 90 71.6
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Tab A4 The estimated value of travelling spacing (Moderate Rain)

F A4 PEXSITEEEHHER

RERR: +F fEr@: 6.1lmm WAL R B
RENEERHIAFER
X R B 147 L L
mS HERE
il | Refd | #itE | RSE
30 255 43 329
40 40 52 563
1 23 1 X 50 64 68 72.8
80 80 80 86.8
110 104 100 105
120 104 105 105
100 97 115 120
2 24 1 5B 80 75 100 107
60 55 95 89.5
30 40 65 74
40 40 60 74
60 65 70 60
3 24 2 5 80 88 50 43
100 108 25 26.4
130 126.7 10 13.2
120 140 10 132
110 128 25 31.8
4 23 1 x 100 112 47 46.1
80 100 57 632
70 83 85 80
80 117 78 80
90 96.5 105 93.8
5 26 2 5’8 70 83.6 140 106.5
60 70.6 155 121
40 49 150 108.4
6 28 3 8 40 40 102 108.4
90 65 101 100




7

8
45 54.3 150 140
45 54.3 150 140
40 40 120 1234

9 31 62 71 80 87.2
90 88.5 60 60
120 113.5 20 215
123 113.5 25 27.5
109 94 20 16.8

10 26 90 88.5 25 26.4
76 69 50 46.8
62 55 60 61
43 55 65 61
35 46 69 75.3

31 40 19 38 90 89.4
13 21.6 105 102.1
15 15 110 116.7
17 15 120 116.7
30 29 100 102.8

12 32 55 51 85 95.4
85 78.2 80 78.6
100 90 50 55









