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# W E T pavements o f f e r less s k i d res is tance than do d r y pavements . Do d r i v e r s r e a 
l i z e th i s f a c t and govern t h e i r speed a c c o r d i n g l y ? A study of speeds on w e t and d r y 
pavements was conducted i n New Y o r k , i n the s p r i n g of 1954, i n an a t tempt to ob ta in 
f a c t u a l i n f o r m a t i o n on the subjec t . 

STUDY PROCEDURE 

A l l study loca t ions w e r e on open r u r a l highways r e m o v e d f r o m the in f luence of i n t e r 
sect ions and w i t h a m i n i m u m of i n t e r f e r e n c e f r o m roadside development. F o u r s i tes on 
2-lane pavements and one s i te on a 4- lane d iv ided pavement w e r e se lec ted w i t h h o r i z o n 
t a l cu rves of v a r i o u s degrees i m m e d i a t e l y adjacent to f a i r l y long tangents. C u r v a t u r e 
v a r i e d f r o m 2^2 to 9 degrees. The grades w e r e l e v e l o r nea r ly so on the tangent, a-
round the cu rve and f o r a cons iderable distance beyond. T h i s m i n i m i z e d the e f f ec t of 
grades on speed and p r o v i d e d f o r somewhat s i m i l a r e f f ec t s of the c u r v a t u r e on the 
speeds of veh ic l e s f r o m e i t he r d i r e c t i o n . Two of the 2-lane s i t es had b lacktop su r faces . 
The geome t r i c c h a r a c t e r i s t i c s of the s i tes s tudied a r e inc luded i n Tab le 1. 

Observa t ions on we t pavements w e r e taken f i r s t . On a l l occas ions , the su r faces 
w e r e we t and r a i n was f a l l i n g f r o m a s p r i n k l e to modera te ly heavy r a i n (Table 1). On 
no occas ion d i d i t r a i n so h a r d as to a f f e c t v i s i b i l i t y apprec iab ly . Observa t ions on d r y 
pavements w e r e taken a f ew weeks l a t e r at the same t i m e and weekday co r re spond ing to 
the wet observa t ions except , at one study l oca t i on , where add i t iona l observat ions r e 
q u i r e d f o r the we t pavement condi t ion w e r e taken a f t e r the observa t ions f o r the d r y pave 
ment cond i t ion . 

The number of veh ic l e s r e c o r d e d v a r i e d cons iderab ly f r o m s i te to s i te as the we t 
pavement s tudies w e r e dependent on cont inued r a i n . The c o m m e r c i a l veh ic l e s r e c o r d e d 
w e r e excluded f r o m the study as they w e r e too s m a l l i n number to p e r m i t s t a t i s t i c a l 
ana lys i s . T h e r e f o r e , the ana lys i s includes only passenger ca r s and, to i n su re tha t none 
was in f luenced by o t h e r s , those f o l l o w i n g another veh ic le w i t h i n a t i m e spacing of nine 
seconds w e r e excluded. Table 1 shows the number of f r e e - m o v i n g and meet ing passen
ger c a r s i n the sample w h i c h w e r e used f o r ana lys i s . 

A n a l y s i s of F r e e - M o v i n g Passenger Ca r Speeds 

Passenger ca r speeds w e r e tabula ted accord ing to the s i t e , whether on tangent o r 
cu rve l oc a t i on , f o r both we t and d r y pavement condi t ions . Cumula t ive speed d i s t r i b u 
t i o n curves w e r e p l o t t e d f o r each loca t ion s tudied f r o m these data ( F i g u r e s 1-5). 

These f i g u r e s show that there i s v e r y l i t t l e d i f f e r e n c e i n the speed d i s t r i b u t i o n s of 
f r e e - m o v i n g passenger c a r s on we t and d r y pavements . 

TABLE 1 
DESCRIPTION OF STUDY LOCATIONS AND CONDITIONS OF STUDY 

— Wet Pavement Dry Pavement 
Shoulder Super- Duration Precipitation* Duration Precipitation'* 

Pavement Width Curvature Elevation Cars of Study Date Amt Cars of Study Date Amt 
Site Route Location Width Type f t Deg-Mm f t / f t Number hr Mo-Day in Number hr Mo-Day m 
1-2D-1 9 PottersviUe 20' Macadam 4 9 - 0 0 10 144 2 00 5- 3 0 11 132 1 75 6- 7 0 

1- 2D-2 9 N Hudson 20' Concrete 6 5 - 30 0 04 131 3 00 5I 4 o 50 * ° ' ° " 
4-14 0 

2- 2D-2 162 Rural Grove 22' Concrete 8 4 - 0 0 04 103 4 00 4-28 0 113 3 50 4-14 0 
8- 2 2 65 5- 5 0 

8-2D-1 9R Valatia 24' Blacktop 8 2 - 30 0 01 165 1 75 4-27 0 15 196 3 00 5-18 0 
1-2D-7 9 Rice's Corners 48' Divideo 10 2 - 30 0 02 258 3 75 J J J ° ™ 360 3 75 0 

Concrete 
^ Records from US Weather Bureau for Station nearest the site Weather Bureau reports may show variations from conditions encountered at the 
sites because of scattered shower activity prevalent during the spring and summer 
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Figure 1. Distribution of speeds at Site 1-2D-1. 
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Figure 2. Distribution of speeds at Site 1-2D-2. 
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Figure 3. Distribution of speeds at Site 2-2D-2. 
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Figure 4. Distribution of speeds at Site 8-2D-1. 
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Figure 5. Distribution of speeds at Site 1-2D-7. 

Data i n Tab le 2 shows the average speeds, v a r i o u s p e r c e n t i l e speeds and m a x i m u m 
speeds observed on the tangent loca t ions at the f i v e s i t es Studied. A t these loca t ions , 
the m a x i m u m d i f f e r e n c e between the average speeds on we t and d r y pavements was 2. 8 
mph. The average d i f f e r e n c e was 1.4 mph. A t two of the f i v e tangent loca t ions , the 
average speeds w e r e h igher on wet pavements than on d r y pavements . A l s o , at th ree 
of the f i v e tangent loca t ions , the m a x i m u m speeds w e r e h igher on w e t pavements Uian 
on d r y pavements . I t i s to be noted that the v a r i o u s p e r c e n t i l e speeds show the same 
gene ra l r e l a t i ons as the average speeds. 

Data i n Tab le 3 shows the average speeds, v a r i o u s pe rcen t i l e speeds and m a x i m u m 
speeds observed on the cu rve locat ions at the f i v e s i t es s tudied. A t these loca t ions , the 
m a x i m u m d i f f e r e n c e between the average speeds on we t and d r y pavements was 1. 8 m p h . 
The average d i f f e r e n c e was about 1 mph . A t two of the f i v e cu rve loca t ions , the a v e r 
age speeds w e r e h igher on wet pavements 
than on d r y pavements . A l s o , a t t h r ee o f 
the f i v e c u r v e loca t ions , the m a x i m u m 
speeds w e r e h ighe r on we t pavements than 
on d r y pavements . A g a i n i t i s noted that 
the v a r i o u s p e r c e n t i l e speeds show the 
same gene ra l r e l a t i ons as the average 
speeds. 

F r o m an examina t ion of the speed data 
i n Tables 2 and 3 and F i g u r e s 1 to 5, i t 
w i l l be found that d r i v e r s of f r e e - m o v i n g 
passenger c a r s opera ted at about the same 

TABLE 2 
SPEED DATA RECORDED AT THE TANGENT LOCATIONS 

Tangent Speed 
Pavement Surface Average 70* 85* 90* 95* Maximum 

Site Type Condition mph mph mph mph mph mph 
1-2D-1 Macadam Dry 45 27 48 0 50 8 52 5 54 7 59 

Wet 44 64 47 2 49 9 51.4 53 5 61 
1-2D-2 Concrete Dry 52 11 54 8 57 2 58 3 59 8 64 

Wet 52 45 54 9 57 7 59 0 61 5 71 
2-2D-2 Concrete Dry 51 01 55 0 58 4 59 7 61 5 66 

Wet 52 78 56 3 59 7 61 5 64 2 70 
8-20-1 Blacktop Dry 56 13 59 S 62 4 63 7 65 6 82 

75 Wet 53 37 57 1 60 9 62 5 65 2 
82 
75 

1-2D-7 Divided Dry 53 36 56 7 59 8 61 5 64 0 77 
Concrete Wet 52 08 55 4 58 3 59 7 61 8 66 
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Figure 6. AASHO maximum side fr i c t ion factors assumed for curve de
sign and coef f ic ients of side f r i c t i o n actual ly developed at var

ious speeds on curves. 

speed on we t pavements as on d r y pavements . I f the above data, obtained at the f i v e 
study s i t e s , a r e t y p i c a l of opera t ion on the m a j o r i t y of our open r u r a l h ighways , des ign 
speed f o r w e t pavements should be the same as that f o r d r y pavements . 

Pe rcen t O v e r d r i v i n g AASHO Recommended M a x i m u m Side F r i c t i o n F a c t o r s 
A s s u m e d f o r Curve Des ign 

F r o m the data r e c o r d e d f o r t h i s study and by us ing the f o l l o w i n g basic f o r m u l a , the 
coe f f i c i en t s of s ide f r i c t i o n developed on the h o r i z o n t a l cu rves inc luded i n t h i s study 
w e r e de t e rmined : q QgYy2 

R - S 

i n w h i c h F = C o e f f i c i e n t of side f r i c t i o n ; 
V = Speed, m p h ; 
R = Radius of c u r v e , f e e t ; and 
S = Supere levat ion , f ee t p e r foo t . 

These ca lcu la ted c o e f f i c i e n t s of s ide f r i c t i o n f o r the v a r i o u s speeds on each of the 
f i v e cu rve loca t ions s tudied a re shown i n Tab le 3 and have been p lo t t ed i n F i g u r e 6 w i t h 
the AASHO recommended m a x i m u m side f r i c t i o n f a c t o r s assumed f o r cu rve design. ^ 

^ A P o l i c y on Geome t r i c Des ign of R u r a l Highways , A m e r i c a n A s s o c i a t i o n of State H i g h 
way O f f i c i a l s , 1954, p. 439, F ^ r e in-4. 
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TABLE 3 
SPEED DATA AND COEFFICIENTS OF SIDE FRICTION DEVELOPED ON CURVES 

Curve Soeed Coefficient of side friction Percent of all cars 
„ „ . „... . ... developed at indicated speed overdriving design 

Site Pavement Surface Curvature Average 70* 85* 9î E 95*̂  Maximum Average 70* 85* 5Î E 95* Maximum coefficient of side Type Condition deg-•min mph mph mph mph mph mph mph mph mph mph mph mph friction ̂  
Dry 38 18 40 5 42 7 43 7 45 3 53 0 05 0 07 0 09 0 10 0 11 0 20 1 5 

1-2D-1 Macadam Wet 9 - 0 37 94 40 5 43 0 44 1 45 7 56 0 05 0 07 0 09 0 10 0 12 0 23 2 1 
Dry 47 43 50 1 52 2 S3 3 55 3 65 0 ID 0 12 0 13 0 14 0 16 0 23 14 0 

1-2D-2 Concrete Wet 5 - 30 46 45 48 8 51 5 52 6 54 5 64 0 10 0 11 0 13 0 14 0 15 0 22 12 2 
Dry 48 44 51 2 53 6 55 0 57 2 63 0 07 0 09 0 10 0 11 0 12 0 15 3 5 

2-2D-2 Concrete Wet 4 - 0 49 03 52 5 55 8 57 5 60 0 65 0 08 0 09 0 11 0 12 0 13 0 16 8 7 
Dry 47 29 50 4 52 8 53 8 55 2 59 0 06 0 06 0 07 0 07 0 08 0 09 0 

8-2D-1 Blacktop, Wet 2 - 30 45 45 48 3 51 2 52 8 55 1 61 0 05 0 06 0 07 0 07 0 08 0 10 0 
Divided Dry 48 50 50 8 53 8 55 3 57 4 72 0 05 0 06 0 07 0 07 0 08 0 13 0 3 

1-2D-7 Concrete Wet 2 - 30 49 77 52 7 55 5 56 8 58 5 67 0 05 0 06 0 07 0 08 0 08 0 11 0 
^ AASHO recommended maximum side friction factors assumed for curve design 

R e f e r r i n g to F i g u r e 6, the poin t of i n t e r s ec t i on of each cu rve f o r the p lo t t i ngs of the 
c o e f f i c i e n t s of side f r i c t i o n ac tua l ly developed, w i t h the s t r a igh t l i ne r ep re sen t ing the 
AASHO m a x i m u m side f r i c t i o n f a c t o r s assumed f o r cu rve des ign, indicate the speeds 
beyond w h i c h c a r s w e r e o v e r d r i v i n g the AASHO recommended des ign c o e f f i c i e n t of side 
f r i c t i o n f o r each cu rve loca t ion . T o de t e rmine the percentage of the c a r s o v e r d r i v i n g 
the AASHO recommended design c o e f f i c i e n t of s ide f r i c t i o n , these speeds w e r e appl ied 
to the appropr i a t e cumula t i ve d i s t r i b u t i o n of speed c u r v e , shown i n F i g u r e s 1 to 5. 
These values a re shown m the las t c o l u m n of Tab le 3. 

The percentage of passenger ca r s shown o v e r d r i v i n g the AASHO recommended de
s ign c o e f f i c i e n t of s ide f r i c t i o n appears to be h ighe r f o r the concrete pavements than 
the b lacktop su r faces . D r i v e r s apparent ly r e a l i z e that the s ide f r i c t i o n on b lacktop s u r 
f ace s , whether they be wet o r d r y , i s l o w e r than i t i s on concre te pavements . However , 
the lack of any s i g n i f i c a n t v a r i a t i o n i n speed indicates that they recognize no d i f f e r e n c e 
i n f r i c t i o n f a c t o r between we t and d r y pavements whether the pavement be blacktop o r 
concre te . 

CONCLUSIONS 

1. The speeds of f r e e - m o v i n g passenger c a r s on wet pavements a re not apprec iab ly 
l o w e r than those on d r y pavements . T h i s was found to be t r u e on macadam and b l ack 
top su r faces as w e l l as on the p o r t l a n d cement concre te su r faces . 

2. Even though the speed of f r e e - m o v i n g passenger ca r s i s not gene ra l ly reduced 
on wet pavements , an ana lys i s of speed and the coe f f i c i en t s of side f r i c t i o n ac tua l ly de 
ve loped shows that mos t d r i v e r s of passenger ca r s do not exceed the des ign c o e f f i c i e n t 
of s ide f r i c t i o n r ecommended b y the AASHO. 
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