
Pre-Evaluation of Pavement Materials for 
Skid Resistance—A Review of U. S. Techniques 
W. A. GOODWIN, U n i v e r s i t y of Tennessee, K n o x v i l l e 

T h i s paper i s essent ia l ly a r e v i e w of e x i s t i i ^ methods , used i n 
the l a b o r a t o r y , f o r s tudying pavement m a t e r i a l s as r e l a t ed to 
t h e i r s k i d - r e s i s t a n t qua l i t i e s . I t consis ts of desc r ip t ions of 
t e s t equipment and t e s t i n g techniques along w i t h examples of 
data. 

I t r e p o r t s tha t the l a b o r a t o r y tes ts have genera l ly developed 
around t w o evaluat ion methods. One i s to study compacted 
pavement m i x t u r e s ; the other i s to tes t aggregate p a r t i c l e s o r 
stone chunks. Bo th types of methods seem to be u s e f u l i n e v a l 
uat ing pavement m a t e r i a l s p r i o r to t h e i r use. 

None of the methods r e p o r t e d , however , have widespread 
use, nor a re they e n t i r e l y a l i ke . P robab ly the P o r t l a n d Cement 
A s s o c i a t i o n and the Tennessee Highway Research P r o g r a m 
equipment have the grea tes t s i m i l a r i t y , but tes t p rocedures 
a re d i f f e r e n t . 

There a re s eve ra l new methods that a r e being cons t ruc ted 
that inc lude des ign ideas f r o m o lder methods. A l o n g w i t h the 
mechanized l a b o r a t o r y tes t methods , i n f o r m a t i o n on supple
men ta l p r e - e v a l u a t i o n too l s i s r e p o r t e d , i nc lud ing p rocedures 
f o r s tudying the in f luence on s k i d res i s t ance of sand-size s i l i 
ceous p a r t i c l e s , m i n e r a l content o f aggregates, and pavement 
p e r m e a b i l i t y . 

I t i s concluded that the p r e - e v a l u a t i o n of m a t e r i a l s i s a 
p r a c t i c a l approach to o b t a i n i i ^ be t t e r s k i d - r e s i s t a n t pave
ments , bu t add i t iona l w o r k i s needed to r e l a t e l a b o r a t o r y r e 
su l t s t o f i e l d p e r f o r m a n c e . 

• T H E a b i l i t y to p re -eva lua te s k i d res i s t ance of aggregates and t h e i r combinat ions p r i o r 
t o i n c l u s i o n i n a roadway s u r f a c e i s des i rab le . Pavement su r f ace m a t e r i a l s should be 
p re -eva lua ted f o r the safety of the d r i v i n g pub l i c , as w e l l as f o r economic reasons. I f 
unsa t i s f ac to ry m a t e r i a l s can be e l i m i n a t e d , savings i n accident cos ts , maintenance and 
r e c o n s t r u c t i o n w i l l r e s u l t 

P re sen t ly ava i lab le l a b o r a t o r y methods of p r e t e s t i n g pavement m a t e r i a l s have gen
e r a l l y developed around two techniques. One cons iders the complete m i x t u r e ; the other 
cons iders m i x t u r e components. I n add i t ion t o the l a b o r a t o r y measurement of p r e t e s t 
i n g pavement m i x t u r e s , other supplementary techniques have been used to p rov ide a 
be t t e r unders tanding of the inf luence of aggregate p a r t i c l e s and m i x t u r e s on s l i p p e r i -
ness. These techniques include the d e t e r m i n a t i o n of insoluable res idue of aggregate 
p a r t i c l e s , in f luence of su r f ace wea ther ing , and a i r and wa te r p e r m e a b i l i t y of pavement 
m i x t u r e s . 

A r ev i ew of the l i t e r a t u r e i n t h i s coun t ry r evea l s that there a re s eve ra l agencies 
that have made s i g n i f i c a n t con t r ibu t ions t o l a b o r a t o r y ^va lua t ion of pavement m a t e r i a l s . 
They include Purdue U n i v e r s i t y , Kentucky Depar tmen t of Highways , the Na t iona l Crushed 
Stone Assoc ia t ion (NCSA), the P o r t l a n d Cement Assoc i a t i on ( P C A ) , Pennsylvania State 
U n i v e r s i t y and the Tennessee Highway Research P r o g r a m , Several agencies inc lud ing 
the states of C a l i f o r n i a , Georgia , M a r y l a n d , Pennsylvania , and V i r g i n i a a re extending 
o r beginning p r e l i m i n a r y w o r k i n es tab l i sh ing l a b o r a t o r y p r o g r a m s . 
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The p re sen t l y known methods may be grouped on the bas i s of r e l a t i v e sample s ize. 
F o r ex imip le , the Georgia , Purdue and Kentucky apparatus use samples between 4 -
and 6 - in . d i a m e t e r , whereas the P C A and Tennessee apparatus use samples of su f 
f i c i e n t s ize f o r t e s t i ng w i t h a s tandard s ize au tomobi le t i r e . The NCSA, M a r y l a n d 
and Peiin State methods u t i l i z e a c i r c u l a r t r a c k . I n genera l , however , a l l methods 
r equ i re a condi t ion ing of the su r f ace , e i the r be fo re o r d u r i n g tes t ing . T h i s cond i t i on 
i n g , somet imes r e f e r r e d to as p o l i s h i n g wea r , i s b rought about by a n i b b e r annulus i n 
the case of Georg ia , Purdue and Kentucky equipment and au tomobi le t i r e s i n the case 
of the PCA, M a r y l a n d , Penn State and Tennessee equipment; a somewhat s m a l l e r t i r e 
i s used by the NCSA. These l a b o r a t o r y techniques a re somet imes r e f e r r e d to as "wear 
mach ines . " 

The f o l l o w i n g f a c t o r s a r e r e p o r t e d by these agencies as r e l a t i n g t o the m a t e r i a l s 
p r o b l e r i : 

For Aggregates 

Angularity 
Gradation (size) 
Texture (micro and macro) 
Mineral content 
Porosity 
Susceptibility to polishing 

For Mixtures 

Surface texture 
Horizontal drainage 
Vertical permeability 

PURDUE U N I V E R S I T Y M E T H O D 

The Purdue U n i v e r s i t y method as desc r ibed by Shupe and Goetz (1) and Stephens and 
Goetz (2) i s adaptable to specimens molded i n the l a b o r a t o r y o r t o ones r emoved f r o m 
the highway surface . Specimen s ize i s about 6 - i n . d i amete r . 

The apparatus consis ts of a v e r t i c a l l y mounted m a n d r e l w i t h a head s u f f i c i e n t l y 
l a r g e to ho ld a 6 - i n . spec imen (F ig . 1). A rubber tes t shoe i s mounted on a b a l l - b e a r 

ing shaf t that i s i n l i n e w i t h the m a n d r e l 
conta in ing the specimen. T h i s sha f t i s 
r e s t r a i n e d f r o m t u r n i n g by a can t i l eve r 
ba r on which a r e located SR-4 s t r a i n gages. 
The r e s t r a i n t t o r o t a t i o n i s r e c o r d e d as 
the f r i c t i o n a l res i s tance . I n the tes t , the 
spec imen i s r o t a t ed at app rox ima te ly 30 
m p h by an e l e c t r i c a l m o t o r and the rubbe r 
t e s t shoe i s f o r c e d against the spec imen 
sur face th rough a mechanica l a r r a n g e 
ment f o r apply ing a constant n o r m a l f o r c e 
of 28 p s i . The app l i ed f o r c e cor responds 
to the n o r m a l p r e s s u r e one wou ld expect 
to ex i s t between passenger car t i r e s and 
the highway pavement. The tes t shoe i s 
he ld against the spinning spec imen f o r 2 
sec and then r emoved . A f t e r a pause of 
app rox ima te ly 2 sec the tes t i s repeated 
and the res i s tance i s r e p o r t e d as a r e l a 
t i v e value. Wa te r i s suppl ied to the spec i 
m e n sur face d u r i n g test . 

A n a t t empt was made t o c o r r e l a t e the 
l a b o r a t o r y r e s u l t s w i t h f i e l d tes ts by us ing 
the s topping-dis tance automobi le . I n t h i s 
c o r r e l a t i o n e f f o r t , the au thors concluded 
tha t su r faces of m e d i u m t ex tu re had good 

i 

Figure 1. Purdue laboratory machine. 
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Figure 2. Kentucky friction measuring machine. 

agreement between laboratory and f ield tests. I n the open surfaces , the laboratory 
method indicated poorer ant i -skid character i s t i c s than did the stopping-distance method. 
F o r an extremely dense surface , the laboratory method showed higher values than ob
tained by the field measurements. 

Typ ica l resul ts with this equipment demonstrate the capability of the method to d i s 
cern the effect of replacing the fine aggregate fraction with the coarse mater ia l in a s 
phalt or concrete mixtures. Results reported by Stephens and Goetz (2) also show the 
utility of the equipment for studying the relative res is tance value of rock cores , aggre
gate blending, and the effect of aggregate texture. Supplementary r e s e a r c h reported 
by Shupe and Lounsbury (3) relates to the use of the equipment for evaluating polishing 
character i s t i c s of mineral aggregates. The aggregates were ranked relative to their 
skidding res is tance by the test method. 

K E N T U C K Y D E P A R T M E N T O F HIGHWAYS 

The laboratory r e s e a r c h reported by Stutzenberger and Havens (4) considered the 
testing of stone specimens that were controlled polished. It consists of measuring the 
res is tance to turning of a rubber annulus when placed in contact with a polished stone 
surface. The device i s shown in Figure 2. In operation, an e lec tr ic motor furnishes 
the driving power, through a hydraulic torque converter, such that the rubber annulus 
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Figure 3. NCSA circular track. 

may be ro ta ted at speeds up to 300 r p m when i n contact w i t h the stone su r face . The 
spec imen suppor t ing device i s designed f o r use w i t h specimens v a r y i n g i n length f r o m 
1 to 5 i n . and a d i ame te r of approx ima te ly 4 i n . The load ing mechan i sm consis ts of a 
pneumat ic cy l i nde r that can p rov ide a n o r m a l load on the spec imen f r o m 0 to 32 p s i . 
A s t r a i n gage b a r i s attached t o the un i t tha t holds the spec imen so tha t when the shaf t 
ro ta tes , the res i s tance t o r o t a t i o n i s t r a n s f e r r e d to the s t r a i n gage b a r and i s au tomat 
i c a l l y r ecorded . 

The o r i g i n a l w o r k us ing t h i s equipment invo lved the t e s t i n g of specimens co red f r o m 
l a r g e chunks of stone obtained f r o m d i f f e r e n t q u a r r i e s . These cored specimens were 
po l i shed b y g r i n d i n g t h e i r sawed faces on a whee l that had been faced w i t h an a l u m i n u m 
oxide paper . A f t e r i n i t i a l g r i n d i n g , the specimens w e r e then ground on a glass p la te 
m a s l u r r y of coarse ca rborundum and then w i t h the f i n e g r i t ca rborund iun . The p o l 
i s h i n g was continued u n t i l the su r f ace was u n i f o r m and smooth , a f t e r w h i c h f u r t h e r 
g r i n d i i ^ was done on another glass p la te w i t h a d i f f e r e n t s l u r r y . The f i n a l p o l i s h i n g 
was accompl ished by a b u f f i n g wheel . T h i s f i n a l stage p o l i s h i n g was continued i m t i l 
t h r ee consecut ive readings on a r e f l e c t o m e t e r r ema ined unchanged. A f t e r p o l i s h i n g , 
the stone specimens a re tes ted i n e i ther the wet o r d r y condi t ion . The authors r e p o r t 
a method f o r ca l cu la t ing the coe f f i c i en t of f r i c t i o n f r o m the tes t p rocedure . 

GEORGIA H I G H W A Y D E P A R T M E N T 

The apparatus be ing used b y Georg ia (5) i s s i m i l a r t o the Purdue machine , but uses 
a 10 - in . d i ame te r specimen. The purpose f o r the l a r g e r spec imen i s t o p e r m i t the use 
of a B r i t i s h por tab le t e s t e r f o r the measurement of wear . A l s o , the Georgia method 
u t i l i z e s a w a t e r - a b r a s i v e m i x t u r e t o acce le ra te the wea r p rocess . The apparatus has 
been i n expe r imen ta l use since 1967. 



73 

Figure 4. Maryland circular track. 

NATIONAL CRUSHED 
STONE ASSOCIATION 

Gray and Goldbeck reported (6) on the 
NCSA method of pre-evaluation of pave
ment mixtures. This method also involves 
polishing the specimen before testing for 

- I i m ^ B frictional resistance. A circular track is 
^ flK*" iH^^ISF^BtJK^^^B used for containing the pavement surfaces 

* while they are being polished. The sur
faces may be fabricated in the laboratory 
or obtained directly from the field. 

The track is 14 feet in diameter and 
will accommodate up to 20 different test 
sections (Fig. 3). The surface prepara
tion consists of rotating a pneumatic-tired 
wheel many times around the tract, first 
with water and fine sand on the surface 
and finally with the surface clean and dry 

so that only the rubber tire exerts the polishing action. It is believed by the researchers 
that the circular track technique produces surfaces that closely resemble those formed 
by normal vehicular traffic. 

After the specimens have been polished, measurements of slipperiness are made 
with the NCSA bicycle wheel. This wheel is supported in a frame and is placed directly 
on the pavement section to be tested. The tire is ground off exposing the tire fabric 
over half of its circumference; the other half of the tire retains its full thickness of 
tread. Slipperiness is measured by rotating the tire to bring counterbalance weights 
attached to the rim to the uppermost position and the height of the wheel is adjusted so 
that the wheel turns freely except when the thickportionofthetire is down on the surface. 

The wheel is released allowing the weights to rotate it so that the thick portion of 
the tire strikes the pavement surface, thereby raising the wheel slightly in the slotted 
supports which hold the axle. The wheel is then supported only by the surface, and it 
continues to turn imtil brought to rest by the friction between the tire and the road. The 
more slippery the pavement the greater is the angle of turn required to bring the wheel 
to rest. An average of eight readings is taken in order to indicate the pavement slipperiness. 

Figure 5. Penn State rotary wear machine. 
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M A R Y L A N D S T A T E ROADS COMMISSION 

The M a r y l a n d State Roads C o m m i s s i o n (7) i s m o v i n g in to the l a b o r a t o r y f o r p r e -
evalua t ing pavement m i x t u r e s , and has developed an aggregate p o l i s h i n g device tha t 
has the f ea tu res of a c i r c u l a r t r a c k (F ig . 4). Concrete as w e l l as b i t iun inous mixes 
may be tested. Tes t specimens a re t r apezo ida l w i t h approximate ins ide d imens ions 
of 8 i n . b y 14 i n . and 11 i n . long. A f t e r the spec imen sur faces have been po l i shed , a 
B r i t i s h po r t ab l e t e s t e r i s used to evaluate t h e i r s k i d res i s tance . The c i r c u l a r t r a c k 
p o l i s h i i ^ device cons is t s essen t ia l ly of two wheels mounted 6 f t apar t on a c o m m o n . 
axle . The wheels a re ro ta ted by a 3-hp gearhead m o t o r at app rox ima te ly 2272 r p m . 
The wheels can be adjus ted to toe i n , toe out , o r ro ta te i n a plane pe rpend icu la r to 
axle as w e l l as t r a c k each other o r r u n at s l i g h t l y d i f f e r e n t r a d i i . P r o v i s i o n s have 
been made to add surcharge weights to the wheels to a t t a in a range of d e s i r e d loads. 
The t es t t i r e s a re automobi le s ize and have a s l i c k t r ead . 

I n n o r m a l opera t ion , f o u r r ep l i ca s o f the same m i x a re tes ted. Two specimens a r e ! 
adjacent t o each other and the other two a r e p laced on the opposite side of the t r a c k . 
Genera l ly the w e a r i n g p rocess i s stopped at selected i n t e r v a l s and each spec imen 
tes ted w i t h the B r i t i s h p o r t a b l e tes te r . Al though only p r e l i m i n a r y w o r k has been done, 
the r e sea r che r s have noted that w i t h a t y p i c a l l y poor a ^ r e g a t e the B P N number i s 58 
a f t e r about 1000 r evo lu t ions and th i s decreases to a B P N of about 49 a f t e r 40,000 
revo lu t ions . 

The r e s e a r c h i s c o n t i n u l i ^ w i t h the i n i t i a l in ten t o f s t andard iz ing the p rocess and 
e s t a b l i s h i i ^ s tandard m i x e s against w h i c h o thers w i l l be judged. 

P E N N S Y L V A N I A S T A T E U N I V E R S I T Y 

The Pennsylvania State U n i v e r s i t y (8) a lso has th ree p o l i s h i n g dev ices , one of w h i c h 
i s a c i r c u l a r t r a c k . One device has been r e f e r r e d to as a " r e c i p r o c a t i n g pavement 
p o l i s h e r " w h i c h i s used t o p o l i s h i n d i v i d u a l aggregate p a r t i c l e s tha t a r e mounted on a 
12- in . square m e t a l p la te . Resul ts w i t h t h i s device l e d the r e sea rche r t o develop 
equipment t o p o l i s h aggregates w i t h a r o t a t i n g t i r e . T h i s device i s r e f e r r e d to as a 
r o t a r y wear machine ( F i g . 5) and i s be l ieved to be m o r e represen ta t ive of the p o l i s h 
i n g p rocess that occurs under t r a f f i c on the roadway. The machine operates by r u n 
n ing an automot ive t i r e against pavement samples that a r e mounted on the outside of 
a r o t a t i n g d r i m i . The tes t t i r e whee l i s r i m against the d r u m at the chosen speed, load , 
and i n f l a t i o n p r e s su re . P o l i s h i n g agents a r e f r e q u e n t l y in t roduced t o acce lera te the 
p o l i s h i n g wear . D u r i n g t es t , the c o e f f i c i e n t of f r i c t i o n i s measured at i n t e r v a l s and | 
i t s decrease i s used as a measure of the p r o g r e s s of test . When the coe f f i c i en t ^ -
proaches a constant va lue , the p o l i s h i i ^ p rocess i s comple te . The "d rag t e s t e r " u t i 
l i z i n g a B P N - t y p e t es t shoe i s mounted i n such a way t o p e r m i t measurement of the , 
c o e f f i c i e n t as the d r u m conta ining the tes t samples ro ta tes . Tes t samples a re 1 by 
14 i n . and consis t of selected aggregates tha t a r e s ized and glued t o a l u m i m m i panels 
f o r a t tachment t o the d r u m . The d r u m speed can be c o n t r o l l e d between 30 and 50 mph. 
The other t e s t p a r a m e t e r s such as t i r e i n f l a t i o n p r e s su re may be v a r i e d to su i t tes t 
condi t ions . I n add i t ion to these two p o l i s h i n g devices , Penn State has a c i r c u l a r t r a c k 
( F i g . 6) w h i c h uses an automobi le wheel . I t can be operated imder load at d i f f e r e n t 
amounts of s l i p o r f r e e r o l l i n g . Speeds a r e c o n t r o l l e d f r o m 5 to 24 mph. The to rque 
on the wheel may be measured to obta in the f r i c t i o n f o r c e t r a n s m i t t e d f r o m t i r e to 
pavement o r the r o l l i n g res i s tance of the whee l . I t . i s designed to r u n cont inuously 
ove r a l o n g p e r i o d o f t i m e wi thou t attendance. The apparatus i s used f o r wea r t e s t on 
t i r e s o r p o l i s h i n g of pavement su r faces and can be operated vinder c o n t r o l l e d e n v i r o n 
menta l condi t ions . Specimens of pavements may be made d i r e c t l y i n the machine o r 
cut f r o m the roadway and f i t t e d i n the machine. 

C A U F O R N I A DIVISION O F IHGHWAYS 

C a l i f o r n i a ' s apparatus (9) may be used i n the l a b o r a t o r y o r f i e l d . I t i s p re sen t ly used 
a lmos t e n t i r e l y i n the f i e l d ? The device ( F i g . 7) consis ts of a s m a l l t r a i l e r - t y p e t i r e 
that i s mounted on two p a r a l l e l guides that move on a ca r r i age . The guides a re r i g i d l y 
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Figure 6. Penn State circular track. 

connected into the frame of the assembly and are firmly fastened to a restraining 
anchor. In conducting the test the tire is brought to the desired test speed and is then 
dropped instantaneously to the test surface. Usually the test speed is 50 mph. In the 
pretest condition the tire is raised and adjusted to about in. above the test surface. 
The coefficient of friction is determined by reading the calibrated gage attached to the 
guide rods. 

Although this method has been used to rate pavement surfaces in the laboratory, it 
is now almost entirely used in the field for locating and monitoring potential slick areas. 
In field operation it is attached to a bumper hitch of an automobile for proper position
ing on the pavement. 

TENNESSEE HIGHWAY RESEARCH PROGRAM 
Whitehurst and Goodwin (1 )̂ reported on a device for determining the relative poten

tial slipperiness of pavement mixtures prior to their use. It consists of an automobile 
wheel driven by an electric motor at a desired constant speed. With the test wheel 
spinning against a specimen surface, the power required to drive the wheel is con
sidered to be a measure of the specimen surface resistance. As the surface becomes 
more slippery, less power is needed. Figure 8 is a general view of the test apparatus. 
It is used for testing specimens 6 by 8 in. up to 36 by 36 ia and 6 in. thick. Usually 
the specimens are about 24 by 24 in. and six tests are conducted on each specimen sur
face. Specimens may be fabricated in the laboratory or acquired directly from cut 
sections of the roadway. In addition to bituminous concrete, portland cement concrete, 
blocks of stone, and thin surface treatments may also be evaluated. 

When in operation, the drive motor maintains a constant wheel speed of 10 mph 
under a normal pressure of 270 lb. The equipment is designed to operate unattended 
for conducting tests continuously for a long period. As a rule, however, four 1-hr 
tests constitute a "run" on each specimen surface. Generally speaking, no effort is 
made to provide accelerated wear of the pavement surface, although this can be done 
if so desired. 

Test results are graphically presented with the ordinate of the graph representing 
power consumption of the motor with the wheel spinning gainst the specimen surface; 
the abscissa for the data graph is as test time. The chart paper of the recording 
wattmeter can serve directly as the graphical display. 
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Figure 7. California slipperiness measuring device. 

PORTLAND CEMENT ASSOCIATION 
The laboratory studies of the Portland Cement Association are reported by Balmer 

and Colley (IJ.). Their initial work was directed to the objective of determining the 
influence of aggregate properties on the skid resistance of concrete pavements. The 
test machine, patterned after the Tennessee machine, is shown in Figure 9. Essen
tially, it consists of a 25-hp electric motor movinted above an automobile differential 
assembly. The differential has been modified to provide a direct drive with the motor 
connected to the drive shaft through a series of belts and pxilleys. The motor provides 
the power to rotate the wheel and tire against the test specimens. The tire is rotated 
at a constant speed of 20 mph and loaded with a normal force of 600 lb. The normal 
force is produced by deadweights mounted on a lever that acts against the supports for 
the test specimens. Water is conducted to the top of the test tire to aid cooling when 
the test is run continously. The ASTM Standard Tire for Pavement Tests (E249-64T) 
is usually used. During tests, an electric vibrator stimulates the flow of fine sand that 

• 

Figure 8. Tennessee slipperiness measuring machine. 
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Figure 9 . PCA slipperiness measuring machine. 

is blown into the water stream to accelerate specimen wear. Test specimens in the 
order of 24 by 24 by 6 in. may be accommodated in the machine. They may be tested 
imder either wet or dry conditions, but generally they are tested wet. 

The testing procedure consists of placing the pavement specimen in the machine, 
turning the water on to keep the specimen surface continously wet, and energizing the 
electric drive motor to bring the test wheel to a speed of approximately 20 mph. After 
the machine is operated without load and the recording wattmeter is adjusted to zero, 
the specimen is lifted against the rotating tire and the normal test load of 600 lb is 
applied. During the first phase of the test, the tire rotates continously on the speci
men for 75 min. In the second phase, a fine Ottawa sand is fed from the vibrator and 
blown onto the specimen so that it passes under the rotating tire that is in contact with 
the specimen. After two hours of sand abrasion, the third phase of the test is con
tinued without sand for an additional 75 min. It is during this phase that the frictional 
resistance of the worn pavement is assessed. 

Data from the test are in the form of a graph that relates a "wear index" with the 
time period of test. The wear index is considered to be a comparative measure of the 
skid resistance of the material, and is taken as the electrical power, in kilowatts, that 
is required to rotate the tire against the pavement specimen. Results are reported at 
the end of 270 min of testing. Such factors as concrete finish, exposed coarse aggre
gate, aggregate size, use of abrasives on concrete to develop frictional resistance, and 
the effect of different surface treatments in the restoration of skid resistance may be 
studied with this equipment. 

Data developed in laboratory have been compared with field data and the authors 
observed that the wear index increased as field performance improved. They con
cluded "that the laboratory tests can be used to prejudge performance prior to using 
an aggregate in the field." 

SUPPLEMENTAL PRE-EVALUATION TOOLS 
In addition to the mechanized laboratory test methods, there are at least three other 

laboratory techniques that have the reported potential for providing supplemental in-
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Figure 10. Tennessee water permeabi lity device. 

formation; these include the influence of sand-size siliceous particles based on the in- | 
soluble residue test, the influence of mineral content and nature of the total aggregate, 
and the influence of pavement permeability. '• 

The work by Shupe and Lounsbury (3) along with that of Stutzenberger and Havens j 
(4) related to studying the relationship between aggregate mineral content and sus- ^ 
ceptibility to polishing. Shupe and Lounsbury revealed that grain size and percent of 
calcium carbonate are useful factors in assessing the susceptibility of an aggregate to ' 
polishing under traffic wear. The research by Stutzenberger and Havens on specimens , 
cut from blocks of sandstone and limestone points to the differences in coefficient of j 
friction among these materials as influenced by coarse wear, differential hardness, 
cementitious material, and grain size. For example, the fine-grain dense stone polished 
more readily than the coarse-grain stone when subjected to Kentucky's testing techniques, i 

Gray (12), and later Gray and Renninger (13), reported that sand-size siliceous 
particles in an aggregate have an effect on skid resistance. The work reported by Balmer 
and CoUey (IJ.) and Goodwin (14) also supports this thesis. The procedures for deter
mining the sand-size siliceous particles consist essentially of obtaining approximately 
10,000 gm of the aggregate and soaking it in a dilute solution of hydrochloric acid until 
the acid has dissolved the carbonate minerals and there remains only a residue, which 
is filtered, washed, dried, and weighed. The residue is usually silt, clay, and siliceous 
material. The silt and clay, determined by washing the filtered solution over a 200-
mesh sieve, are considered detrimental to skid resistance and are subtracted from the 
total residue to obtain the siliceous particle content. Balmer and CoUey concluded 
that "the general trend of the data shows an increase in the wear index as the siliceous 
particle content increases." 

The influence of pavement permeability, as affected by permeation of the water into 
the roadway surface and channelization over the roadway surface, is reported by Good
win (1 )̂ as another measurable factor that can be used to aid in the pre-evaluation of 
pavement mixtures. The water permeability apparatus is shown in Figure 10. Typical 
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data r e p o r t e d show that as the pavement wa te r p e r m e a b i l i t y increases so does the r e 
s is tance t o the t u r n i n g of the l a b o r a t o r y t e s t t i r e . 

Other r e s e a r c h e r s , f o r example , Hutchison at the U n i v e r s i t y of Kentucky and the 
la te Pete K u m m e r at Pennsylvania State U n i v e r s i t y have s tudied p e r m e a b i l i t y as w e l l 
as su r face t ex tu r e . The r e s e a r c h at the U n i v e r s i t y of Kentucky (15) i s b e i i ^ used to 
de t e rmine the dynamic p e r m e a b i l i t y of pavement m i x t u r e s . The r e s e a r c h i s i n the 
deve lopmenta l stage bu t i n i t i a l w o r k has i nvo lved l a b o r a t o r y s tudies f o r d e t e r m i n i n g 
the amount of wa te r that can be d ra ined v e r t i c a l l y in to a g iven pavement beneath a 
vehic le t i r e at va r i ous speeds of t r a v e l . The device essen t ia l ly consis ts of f o r c i n g the 
wate r in to the pavement by a shotgun b las t and m e a s u r i n g the w a t e r f l o w by v o l u m e t r i c 
means. Fu tu re plans a r e t o develop a device essen t i a l ly f o r l a b o r a t o r y use that w i l l 
d i s c r i m i n a t e be tween the e f f e c t o f t i r e i n f l a t i o n p r e s s u r e and t i r e speed as they r e l a t e 
to the hydrodynamic p r e s s u r e that f o r c e s the w a t e r in to the pavement. 

S U M M A R Y 

The l a b o r a t o r y methods discussed a re only those that a r e t r u l y f o r l a b o r a t o r y t e s t 
i n g , except the machine used by C a l i f o r n i a w h i c h may be used i n both the f i e l d and 
l abora to ry . Other dua l -purpose machines such as the B r i t i s h po r t ab le t e s t e r a re not 
r ev i ewed . T h e r e a r e a l so l a b o r a t o r y machines be ing used f o r t e s t i n g o f f l o o r c o v e r 
ings that may have usefulness to the t e s t i n g of pavement su r faces but such usefulness 
has not as ye t been demonst ra ted . Undoubtedly other machines ex i s t ( f o r example , the 
one used by J imenez of the U n i v e r s i t y of A r i z o n a , tha t i s s i m i l a r to P u r d u e ' s ) w h i c h 
have not been developed s u f f i c i e n t l y f o r r e p o r t i n g and a re consequently unknown to the 
author . 

P robab ly the greates t need i n p r e - eva lua t i on of pavement m i x t u r e s i s the c o r r e l a 
t i o n of l a b o r a t o r y r e s u l t s w i t h f i e l d p e r f o r m a n c e over a p e r i o d of t i m e . 
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