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The m a ^ i t u d e o f f r i c t i o n produced by two bodies i n rubb ing 
contact i s , among other f a c t o r s , de t e rmined by t h e i r m a t e r i a l 
p r o p e r t i e s . Whenever these p r o p e r t i e s change, f r i c t i o n w i l l 
change a lso . Since rubbe r i s a v i scoe la s t i c m a t e r i a l , whose 
e las t i c and damping p r o p e r t i e s a re s t rong ly a f f e c t e d by t e m ­
pe ra tu re , the f r i c t i o n o f rubbe r s l i d e r s o r sk idd ing t i r e s i s 
l i k e w i s e a f f e c t e d by t e m p e r a t u r e . 

T o be t te r imders tand the e f f ec t that t empe ra tu r e has on 
pavement f r i c t i o n , the adhesion and Iqrsteresis components a re 
separated and t h e i r t empera tu re dependence i s s tudied i n d e ­
pendently. Whereas the adhesion component may increase o r 
decrease w i t h t e m p e r a t u r e , depending upon s l i d i n g speed, the 
hys te res i s component i s usua l ly reduced by t empe ra tu r e . B y 
supe rpos i t ion o f the adhesion and hys te res i s curves , the t e m ­
p e r a t u r e dependence o f f r i c t i o n can be qua l i t a t i ve ly p r ed i c t ed . 

F i e l d and l a b o r a t o r y tes ts made w i t h s k i d t r a i l e r s and p o r ­
t ab le t e s t e r s c o n f i r m t h i s t e m p e r a t u r e dependence. The e x ­
p e r i m e n t a l r e su l t s a re o f t e n d i f f i c u l t to i n t e r p r e t o r somet imes 
ambiguous, however, because the data a r e in f luenced by f a c t o r s 
o the r than t empera tu re and r e f l e c t the sum of adhesion and 
hys te res i s , bo th o f w h i c h a re t e m p e r a t u r e dependent i n a d i f ­
f e r e n t way. 

F o r these reasons c o r r e c t i o n f a c t o r s a re d i f f i c u l t to ob ta in 
ant at present none a re ava i lab le w h i c h w o u l d p e r m i t n o r m a l i -
za t ion of f r i c t i o n measurements to a spec i f i ed t empe ra tu r e 
w i t h i n known confidence l i m i t s . 

• T H A T the re i s some r e l a t i o n between t empe ra tu r e and pavement f r i c t i o n has been 
known f o r some t i m e . When Gi l e s and Sabey (1.) r e l a t e d the mean monthly a i r t e m ­
pe ra tu re s to the percentage o f the t o t a l accidents i n w h i c h sk idd ing on wet pavements 
o c c u r r e d , they found that t h i s percentage was changing seasonally and c lose ly p a r a l ­
l e l i n g the mean monthly t empe ra tu r e s ( F i g . 1). One cannot deduce f r o m these data, 
however, that t empe ra tu r e i s the only f a c t o r caus ing the change i n the incidence of 
sk idd ing accidents . Indeed o ther data ( F i g . 2) show that the f requency of sk idd ing ac­
cidents i s g r ea t e r i n f a l l than i n s p r i i ^ even though, i n f i r s t app rox ima t ion , the mean 
t empe ra tu r e s i n s p r i n g and f a l l should be a l i ke (2, p . 38). 

The seasons not only d i f f e r i n t empera tu re , bu t there may be o ther seasonally i n ­
duced e f f ec t s w h i c h in f luence accident f requency . Pavement su r faces may change, 
average t i r e condi t ions may d i f f e r , d r i v e r response to pavement s l ippe r iness may be 
condi t ioned by r o a d and weather condi t ions , etc. To l e a r n whether t empe ra tu r e a f f ec t s 
accident f requency v i a changes i n s k i d res i s tance a look at how the l a t t e r changes 
d u r i n g a s ingle day should be i n f o r m a t i v e . 

F igu re 3 g ives the data f o r a s ingle 24 -h r p e r i o d (3). The s k i d res i s tance i s h igher 
when the t empe ra tu r e i s l ower , and v i c e ve r sa . Al though i n t h i s case the m a x i m a and 

•Deceased. 
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Figure 1. Seasonal variations of the percentage 
of skidding accidents and of the mean monthly air 

temperatures in Great Britain i^. 
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Figure 2. Seasonal variations of the 
percentage of wet skidding accidents 

in five states (2). 

m i n i m a do not exac t ly coincide the re i s no doubt that some r e l a t i o n ex i s t s between 
t empera tu re and s k i d res i s tance . T h i s i s even be t te r i l l u s t r a t e d by F i g u r e 4 (4). 

Obvious ly then, i n d e s c r i b i n g the f r i c t i o n a l c h a r a c t e r i s t i c s o f pavements , t e m p e r a ­
t u r e must be taken in to account. Since i t i s not p r a c t i c a l to postulate that f i e l d tes ts 
a re to be made at a s ingle t empera tu re , a method f o r c o r r e c t i n g the obtained data to a 
s tandard t empera tu re w o u l d be e x t r e m e l y h e l p f u l i f p rec i se compar i sons between 
pavements a re to be made. On the o ther hand, one should also be able to assess the 
e f f ec t o f t empe ra tu r e on the f r i c t i o n a l p e r f o r m a n c e o f c o m m e r c i a l t i r e s i f reasonable 
t r a f f i c ru l e s and p r ac t i c e s a re to be postula ted o r i f the accident po ten t i a l o f pavements 
i s to be p red ic t ed . 

R U B B E R F R I C T I O N AS F U N C T I O N O F T E M P E R A T U R E 

I n the f r i c t i o n a l i n t e rp l ay between wet pavement su r face and t i r e i t i s p r i m a r i l y the 
t i r e w h i c h changes c h a r a c t e r i s t i c s w i t h t empera tu re . I n t h i s paper we address o u r ­
selves to the p r o b l e m of how changing t i r e o r rubbe r t empera tu re a f f ec t f r i c t i o n . T h i s 
i s not to say that pavement and w a t e r t empera tu re s may be ignored , but they a re mos t ly 
e f f e c t i v e t h rough the manner i n w h i c h they in f luence the rubbe r t empe ra tu r e at the 
i n t e r f a c e . 

Wet r ubbe r f r i c t i o n has two p r i n c i p a l components: that caused by adhesion (sur face 
f r i c t i o n ) and tha t caused by hys te res i s ( i n t e r n a l f r i c t i o n ) , see F i g u r e 5. On any r o a d 
su r face bo th components a re generated, though t h e i r r e l a t i v e magnitudes change w i t h 
the charac te r o f the su r face . Unless bo th components respond i n the same manner to 

t empe ra tu r e changes, the f r i c t i o n - t e m p e r a ­
t u r e r e l a t ionsh ip w i l l not be the same on 
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Figure 3. Daily variation of skid resistance and 
temperature P): locked-wheel testsv/ith road fric­
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Figure 6. Separation of the friction components 
by lubricated foil technique (5). 

Figure 5. Friction has two principal compo­
nents: adhesion and hysteresis. a l l pavements even though t i r e o r rubbe r 

a re the same. T h i s mechan i sm expla ins 
at leas t p a r t i a l l y why c o n f l i c t i n g data on the 
e f f e c t of t e m p e r a t u r e a re b e i n g obtained. 

I n the l a b o r a t o r y i t i s poss ible to separate the two f r i c t i o n components (5). The 
upper curve of F i g u r e 6 was obtained by s l i d i n g a po l i shed s tee l b a l l over a d r y rubbe r 
spec imen (the B r i t i s h pendulum tes t e r was m o d i f i e d f o r t h i s expe r imen t ) . The l o w e r 
cu rve was obtained by p l ac ing a t h i n p l a s t i c f o i l on the rubbe r and l u b r i c a t i n g the f o i l 
w i t h a l i g h t l u b r i c a n t . T h i s e f f e c t i v e l y suppressed mos t o f the adhesion. The d i f ­
f e rence between the f r i c t i o n values f o r the two expe r imen t s then represen ts the ad­
hesion component. On wet pavements the adhesion component i s of course p r o p o r t i o n ­
a l l y much s m a l l e r than shown here . 

Of i n t e r e s t here i s the f ac t that the adhesion and hys te res i s components have d i f ­
f e r e n t t empera tu re responses, both i n s ign and i n magnitude. The net e f f ec t i n the 
present case i s a pos i t ive t e m p e r a t u r e - f r i c t i o n gradient . T h i s i s i n d i r e c t oppos i t ion 
to what F igu re s 3 and 4 show. I t must be borne i n mind , however, that F i g u r e 6 appl ies 
to (a) a p a r t i c u l a r rubbe r compound, (b) a p a r t i c u l a r s l i d i n g speed (which i s much l o w ­
e r i n the case of F i g . 6 than f o r F igs . 3 and 4), and (c) a p a r t i c u l a r type of contact (a 
s ingle s tee l b a l l at some a r b i t r a r y load vs . the contact pa tch of a s l i d i n g t i r e on a 
pavement) . 

I n F igu re 7, s e v e r a l rubbe r compounds were used i n the same type o f exper iment , 
the p lo t t ed r e s u l t s r ep re sen t ing t o t a l f r i c t i o n i n the absence of l u b r i c a t i o n . The curves 
i l l u s t r a t e that not only peak f r i c t i o n values v a r y , but a lso that the peak values occur at 
d i f f e r e n t t empera tu re s . A t a g iven t empe ra tu r e the f r i c t i o n - t e m p e r a t u r e gradient f o r 
one rubbe r compound can be pos i t ive , w h i l e f o r another i t i s negat ive o r ze ro . T h i s 
means that the r e l a t i v e r a n k i n g o f the compounds at one t empe ra tu r e i s not necessa r i ly 
the same as at another. 

F i g u r e 7 also shows that i f one i s f r e e to choose th6 compound and the t empera tu re 
one can, f o r a g iven exper iment , achieve i n s e n s i t i v i t y to s m a l l t empera tu re v a r i a t i o n s . 
T h i s can be used to I m p r o v e the p r e c i s i o n o f rou t ine data a c q u i s i t i o n p r o g r a m s when 
p rec i se t empe ra tu r e c o n t r o l o r measurement i s i m p r a c t i c a l . I t i s , however, necessary 
to v e r i f y the i n s e n s i t i v i t y to t empera tu re v a r i a t i o n s ove r the e n t i r e an t ic ipa ted ope ra t ing 
spec t rum. 
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Figure 8. Coefficient of friction as function of 
low sliding speed at three different temperatures. 
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Figure 7. Temperature sensitivity of the friction 
of four rubber compounds: total dry friction under 

conditions similar to those of Figure 6. 
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Figure 9. Coefficient of friction at high sliding 
speed and tŵ o temperatures. 

F o r the tes t s of F igu re s 6 and 7, the 
s l i d i n g speed was constant. I f i t i s v a r i e d , 
the f r i c t i o n peak w i l l occu r at a d i f f e r e n t 
t e m p e r a t u r e . Converse ly , i f t e m p e r a t u r e i s v a r i e d , the f r i c t i o n peak o c c u r s at a d i f ­
f e r e n t s l i d i n g speed ( F i g . 8) . The data again represen t the r e s u l t s obtained w i t h a 
s l i d i n g po l i shed s tee l b a l l , but t h i s t i m e i n the presence of a l u b r i c a n t (6, p . 23-25). 
I t should be noted that the s l i d i n g speeds f o r F i g u r e 8 a re qui te l o w - e v e n the 160 F 
peak occu r s at only 0.3 f p s o r 0.2 mph. 

A s s l i d i n g speed i s inc reased f r i c t i o n decreases, but eventual ly inc reases again 
( F i g . 9 ) . The exper imen t s f r o m w h i c h the data a re taken (7) cou ld not be c a r r i e d to 
h i g h enough speeds to r e a c h the second peak. C o v e r i n g the e n t i r e speed range i n one 
continuous exper imen t r e s u l t s i n a cu rve o f the type shown i n the upper g raph of F i g u r e 
10. The s o l i d cu rve represen ts the t o t a l observed f r i c t i o n , whereas the b r o k e n l ine i s 
that due to hys te res i s only , as de t e rmined by means o f a r e f i n e d v e r s i o n (6, p . 63-69) 
of the f o i l method. The peak at the l ow s l i d i n g speed i s a lmos t e n t i r e l y the r e s u l t o f 
a m a x i m u m of the adhesion component. The h igh speed peak i s caused by the peaking 
of the hys te res i s component since, at least i n t h i s case, the adhesion component has 
comple te ly d isappeared (the smooth sphere hydroplanes) . I t i s t h e r e f o r e app rop r i a t e 
to speak of an adhesion and a hys te res i s peak, r e spec t ive ly . 

As a l ready poin ted out, the adhesion peak occu r s at v e r y low speeds. A s l i d i n g t i r e 
a lways operates to the r i g h t o f i t , but the f ac t that the peak moves w i t h t empera tu re 
does concern us here . T h i s i s brought out by the l o w e r g raph o f F i g u r e 10; the n o r m a l 
o p e r a t i i ^ speeds f o r t h r ee types o f sk id - re s i s t ance measu r ing i n s t r u m e n t s a re shown 
i n r e l a t i o n to f r i c t i o n cu rves f o r f o u r d i f f e r e n t t empera tu re s . F r o m F i g u r e 8 we know 
that the adhesion peak moves to the r i g h t w i t h i n c r e a s i n g t e m p e r a t u r e ; consequently 
T i , T 2 . . . , designate curves f o r p r o g r e s s i v e l y h igher t empe ra tu r e s . I t can be seen 
that at ST, the s tandard speed f o r s k i d tes ts w i t h a r o a d f r i c t i o n t e s t e r o f the l o c k i n g 
whee l type, inc reased t empe ra tu r e w i l l cause a decreased c o e f f i c i e n t of f r i c t i o n to be 
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Figure 10. Coefficient of friction over a wide range of sliding speeds—(top) constant temperature, fj, 
= adhesion coefficient, f j = deformation (hysteresis) coefficient; (bottom) four temperatures, T ] , T2, . . . . 

DT = Penn State drag tester, BPT = British pendulum tester, ST = skid trailer. 

measured . The same i s not t r u e , however , i f the B r i t i s h pendulum tes t e r ( B P T ) w e r e 
used. Here the c o e f f i c i e n t w o u l d be at a m i n i m u m at T 2 . Us ing the Penn State d r a g 
t e s t e r at v e r y low speed (DT) w o u l d place the m i n i m u m at T 4 , the highest t e m p e r a ­
t u r e shown. 

T h i s example shows why no genera l ized statement about the t e m p e r a t u r e - f r i c t i o n 
r e l a t ionsh ip can be made even i f a l l v a r i a b l e s , except t e m p e r a t u r e and s l i d i n g speed, 
r e m a i n constant. The h o r i z o n t a l s h i f t o f the f r i c t i o n v s . speed cu rves shown i n F igu res 

8 and 10 have been used by G r o s c h to show 
that by app l ica t ion o f a sui table t r a n s f o r m 
they can be combined i n t o a s ing le mas t e r 
cu rve . The concept p e r m i t s subs t i tu t ing a 
s l i d i n g speed change f o r a t empe ra tu r e change 
and v i c e ve r sa . Thus , w i t h the genera l ized 
shape of the f r i c t i o n v s . speed cu rve i n m i n d 
(top o f F i g . 10), i t i s not d i f f i c u l t t o analyze, 
at least qua l i t a t i ve ly , the causes o f obsexved 
changes o f f r i c t i o n w i t h t empe ra tu r e . I n 
p r ac t i ce , ob ta in ing o r us ing such a mas te r 
cu rve may encounter c e r t a i n d i f f i c u l t i e s be­
cause o f the s u p e r i m p o s l t i o n o f hydrodynamic 
e f fec t s , p r o b l e m s of measu r ing o r c o n t r o l l i n g 
t empera tu re s , s e l f -hea t i ng of the rubbe r at 
h igh s l i d i n g speeds, etc. 
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Figure 11. The temperature sensitivity of drag 
tester sliders: averages of results on several 
different surfaces—D/H = damping/hardness 
ratio (Damping determined by rebound method 
ASTM D1054, Hardness acc.to ASTM D2240). 
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I n F i g u r e 11 , the r e s u l t s o f tes ts p e r f o r m e d 
w i t h the Peni j State d r a g t e s t e r a re shown. The 
expe r imen t s w e r e c a r r i e d out to de t e rmine the 
e f f e c t o f changing the r u b b e r compounds o f the 
s l i d e r . The s l i d i n g speed (2.35 ips o r 0.13 
mph) had been se lected to obta in m i n i m u m 
s e n s i t i v i t y w i t h SBR rubbe r ove r the t e m p e r a ­
t u r e range n o r m a l l y encoimtered i n the l a b o r a ­
t o r y . I t can be seen tha t the D T N (d rag teste,r 
number ) i s v i r t u a l l y constant between 60 and 



52 

120 

! l O O 

I 8 0 

3 60 

a 

u 4 0 

2 0 

BEHR-MANNING 
S P E E D - W E T NO 

E P O X Y P L A T E 
100 T I P S / i n * 

E P O X Y P L A T E 
2 5 T I P S / i n * 

I I 
. N A T U R A L (ORIGINAL 

BRITISH) R U B B E R 
S L I D E R L O A D * S 9 l b 
SLDING S P E E D • 7 mph 

I I I 

•f 8 

+ 6 

+ 4 

+ 2 

DC 

a. 

1 1 1 B U R T H ( 1 9 6 2 ) - l / s V 
1 1 J C W N 

* UMMER a M O O R E ( 1 9 6 3 ) ^ / I V w ' 

G 

B 

I L E S • ! 

A L M E R 

al (196 

(1962) - i j A N > ' ^ s N ^ 

4 0 5 0 6 0 . 

3 0 6 0 9 0 120 ISO IBO 

T E M P E R A T U R E , T , F 

210 

Figure 12. The combined effect of tempera­
ture and surface characteristics on friction 
measured with the British pendulum tester. 
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Figure 13. Corrections derived from several sources 
to normalize British pendulum numbers to 70 F. 

80 F . W i t h d i f f e r e n t compounds the m i n i m a ( s o l i d dots i n F i g . 11), and thus the f l a t 
po r t i ons o f the curves , occu r at o ther t empera tu re s . I f the exper imen t s w e r e to have 
been designed a r o i m d the use of a compound o ther than SBR the s l i d i n g speed w o u l d 
have had to be l o w e r e d i n o r d e r to move the m i n i m u m to 70 F . 

T h i s i s a p r a c t i c a l app l ica t ion o f the concepts d iscussed e a r l i e r , but i t may be c o n ­
f u s i n g that i n the case o f F igu re 11 m i n i m a should occur when e a r l i e r only m a x i m a 
w e r e cons idered . The occur rence o f m i n i m a can, however, be expla ined by r e fe rence I 
to F i g u r e 10. A s a r e s u l t of h igher t empera tu re , the adhesion component o f the f r i c t i o i 
increases i n the r e g i o n o f i n t e r e s t and the hys te res i s component decreases. A t f i r s t 
the decrease exceeds the increase , so that the re i s a net decrease i n observed f r i c t i o n . 
W i t h a f u r t h e r t empe ra tu r e increase a point w i l l be reached at w h i c h bo th changes can­
c e l each o the r : the m i n i m u m point o f the t o t a l f r i c t i o n cu rve i s reached. F u r t h e r 
heat ing w i l l again r e s u l t i n a net r i s e . (The B P T l ine i n F i g . 10 i l l u s t r a t e s such a s i t ­
ua t ion : the c o e f f i c i e n t i s h igher than at T g whenever the t empera tu re i s e i the r h igher 
o r l o w e r than T g . ) 

F o r the cu rves o f F i g u r e 11 , the r e s u l t s f r o m s i x d i f f e r e n t su r faces have been 
averaged. F i g u r e 12 shows how d i f f e r e n t su r f aces in f luence the t empe ra tu r e sens i ­
t i v i t y . No m i n i m a w e r e reached i n t h i s case because the s l i d i n g speed was h igher 
than f o r F i g u r e 11 . The shape and the number o f a spe r i t i e s pe r un i t a r ea in f luence 
not only the genera l f r i c t i o n l e v e l , but a lso the t empera tu re s e n s i t i v i t y . Whether the i 
l a t t e r e f f ec t i s s i g n i f i c a n t o r not cannot be s ta ted genera l ly , i f only because not enough 
data a r e ava i lab le and because d i f f e r e n t appl ica t ions invo lve the rubbe r d i f f e r e n t l y and 
the range of su r f ace c h a r a c t e r i s t i c s v a r i e s f r o m app l ica t ion to appl ica t ion . 

T E M P E R A T U R E CORRECTIONS 

I f one w o u l d a t tempt to p rov ide a t empe ra tu r e c o r r e c t i o n to data obtained w i t h the 
B r i t i s h pendulum t e s t e r t h i s does not seem too d i f f i c u l t a t a sk at f i r s t . Tha t i t i s not a { 
s i m p l e p r o b l e m i s i l l u s t r a t e d by F i g u r e 13. Data r e p o r t e d by s e v e r a l authors have 
been p lo t t ed i n t e r m s o f the B P N ( B r i t i s h pendulum number ) w h i c h mus t be added o r 
sub t rac ted to c o r r e c t the observed B P N to 70 F . A t t empera tu re s be low 70 F the d i f -
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f e r e n t sources agree reasonably w e l l , but above 70 F the re i s cons iderable spread. 
Not enough i n f o r m a t i o n i s avai lable to r u l e out the p o s s i b i l i t y that a good p a r t of the 
spread comes f r o m d i f f e r ences i n e x p e r i m e n t a l technique. Another f a c t o r i s undoubted­
l y that d i f f e r e n t su r faces w e r e used f o r each set of data. 

B u r t h (8) used cement concrete , K u m m e r and Moore (9) abras ive paper (the r a w 
data a re those shown i n F i g . 12), B a l m e r (10) machined epoxy (see also F i g . 12), and 
Gi les et a l (11) eight d i f f e r e n t road su r faces . P r e c i s e l y what c h a r a c t e r i s t i c s of the 
su r f ace must be cons idered i n a c o r r e c t i o n f o r m u l a cannot be deduced f r o m the i n f o r ­
ma t ion g iven i n these sources . One migh t f a v o r the c o r r e c t i o n suggested by the Gi les 
et a l data because they come f r o m ac tua l r o a d sur faces , but be fo re m a k i n g a choice 
one wou ld have to know why B u r t h ' s data f r o m cement concrete sur faces f a l l on the 
opposite side o f the range shown i n F i g u r e 13. 

These c o m p l e x i t i e s a re i l l u m i n a t e d , though not reso lved , i f the f r i c t i o n p rocess 
t h rough w h i c h the s l i d e r of the B r i t i s h pendulum t e s t e r goes i s inves t iga ted i n m o r e 
de t a i l . I n F i g u r e 14, the f r i c t i o n h i s t o r y of t h r ee d i f f e r e n t passes i s shown. They 
d i f f e r f r o m the s tandard pass i n tha t the s l i d i n g l eng th i s somewhat g r ea t e r than n o r m a l 
and that the s l i d e r was f o r c e d to move at constant speed. The dependent v a r i a b l e i s 
t h e r e f o r e not the t o t a l energy loss , but the instantaneous coe f f i c i en t o f f r i c t i o n . (I t was 
measured by suppor t ing the tes t spec imen on an a i r bea r i ng and b i a s ing the spec imen 
against a p r e s su re t r ansducer w i t h a v e r y h igh s p r i n g r a t e . ) The c o e f f i c i e n t r i s e s 
r a p i d l y to a m a x i m u m , w h i c h cor responds to the adhesion peak o f the f r i c t i o n speed 
curve , and then drops o f f g radua l ly as the s l i d e r edge heats up. Since the tes t su r face 
was e x t r e m e l y smooth s ta in less s teel , t he re i s l i t t l e d i f f e r e n c e between the d r y and 
wet condi t ion . The s l i d e r wipes away the wa te r a lmos t comple te ly . T h e r e f o r e , the 
f r i c t i o n i n t h i s case i s a lmos t e n t i r e l y due to adhesion. When a w e t t i n g agent i s added 
to the w a t e r the adhesion component i s suppressed and only hydrodynamic , v i scous 
and i n t e r f a c i a l t ens ion f o r c e s r e m a i n ; even t h e i r sum i s a lmos t neg l ig ib le under the 
condi t ions o f the expe r imen t . 

I f a less smooth sur face had been used the process wou ld have become s t i l l m o r e 
complex . I t i s t h e r e f o r e not d i f f i c u l t to apprecia te that su r face c h a r a c t e r i s t i c s can 
s i g n i f i c a n t l y a f f ec t the manner i n w h i c h t empera tu re in f luences f r i c t i o n as measured 
w i t h a pendulum device . A c c o r d i n g to F igu re 14, the i n i t i a l t empera tu re o f the rubbe r 
s l i d e r should have l i t t l e in f luence on the in t eg ra ted coe f f i c i en t o f f r i c t i o n , but t h i s can 
be sa id w i t h ce r t a in ty only about nea r ly p e r f e c t l y smooth sur faces . 

I t i s not s u r p r i s i n g that locked-whee l tes ts w i t h f u l l - s c a l e t i r e s give even less 
agreement on how to c o r r e c t f o r t empera tu re ( F i g . 15). Only the K u m m e r and Whi te 
data w e r e obtained w i t h the A S T M s tandard tes t t i r e . The r e s t o f the tes ts employed 
d i f f e r i n g t i r e s and tes t speeds. 
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Figure 14. Instantaneous coefficients of friction when the slider from a British pendulum tester passes 
across a very smooth surface at constant speed. 
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CONCLUSIONS 

1. The f r i c t i o n - t e m p e r a t u r e gradients a re i n 
p rac t i ce a lways negative f o r the c u r r e n t l y used 
s M d t e s t e r s . The magnitude o f the gradients i s , 
however, s t i l l quite i m c e r t a i n even f o r the A S T M 
s tandard t i r e and the pendulum tes t e r s l i d e r made 
of e i the r A S T M rubbe r o r B r i t i s h n a t u r a l rubber . 

2. Since d i f f e r e n t su r faces cause d i f f e r ences 
i n the t empera tu re gradients , compounds which , 
i n the opera t ing range, a re least t empera tu re 
sens i t ive have advantages. S m a l l gradients r e s i l l t 
i n s m a l l e r e r r o r s i f the su r face c h a r a c t e r i s t i c s 
a re not o r cannot be taken in to accoxmt o r i f the 
t e m p e r a t u r e measurements a re not p rec i se . 

3. F r i c t i o n - t e m p e r a t u r e grad ien ts are a 
func t i on of sur face c h a r a c t e r i s t i c s because the 
v a r y i n g con t r ibu t ions of the adhesion and h y s t e r e s i 
components to the t o t a l f r i c t i o n d i f f e r . Because 
the two components have d i f f e r e n t t empe ra tu r e 
c h a r a c t e r i s t i c s the e f fec t of t empera tu re changes 
i s so complex that the e f fec t probably can never 
be def ined quan t i t a t ive ly i n a r i g o r o u s way except 
s t a t i s t i c a l l y on the bas i s o f a l a rge number of 
c a r e f u l l y c o n t r o l l e d expe r imen t s . 

4. Al though the t empe ra tu r e o f the rubbe r i s 
responsib le f o r the observed t empera tu re de- I 
pendence of t i r e o r s l i de r -pavemen t f r i c t i o n 
the t empera tu re of the pavement and of the 
w a t e r used f o r w e t t i n g i t do p lay a p a r t because | 
o f heat t r a n s f e r ac ross the contact area. I n 
rou t ine tes ts i t i s , however, i m p r a c t i c a l to mea­
sure m o r e than one t empera tu re . Wi thout ex - ' 

tensive expe r imen ta t ion i t cannot be stated how and where t h i s t empera tu re should be 
measured . Any c o r r e c t i o n us ing i t w o u l d conta in a degree o f uncer t a in ty . E x p e r i ­
ments w o u l d have to define the l i m i t s of the possible e r r o r . The e r r o r migh t be r e ­
duced by m o r e r i g i d tes t p rocedures than a re now being used. 

5. When compl iance w i t h a s tandard must be shown and the observed values a re 
close to the cu to f f value i t may be necessary to make the compl iance tes ts w h i l e the 
ambient t empera tu re i s w i t h i n s p e c i f i e d l i m i t s . I n con junc t ion w i t h a t i g h t l y con­
t r o l l e d tes t p rocedure t h i s wou ld e l imina te the uncer ta in t i e s w h i c h a r i s e f r o m the 
complex e f fec t s caused by t empera tu re changes. 

- 2 0 

Figure 15. Corrections derived from sev­
eral sources to normalize skid numbers 
to 70 F: locked-w/heel tests of different 
tire types at different speeds on un­

identified surfaces. 

A C K N O W L E D G M E N T S 

Some of the o r i g i n a l w o r k r e p o r t e d i n t h i s paper was c a r r i e d out i n connect ion w i t h 
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T h i s paper was to have been w r i t t e n by H . W. K u m m e r . He had p repa red notes 
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