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The effectiveness of four commonly used antiskid materials 
was tested on a circular track apparatus on ice and packed 
snow. The tests were conducted with a full-sized automotive 
wheel which was made to slip until the maximum coefficient of 
friction was obtained. Initial friction values were quite high 
and deceptive. To sustain relatively high coefficients of fric
tion after some traffic has passed, increased rates of appli
cation are required. The difference in the performance of the 
four materials was found to be small. The particle size has a 
pronounced effect on the performance of antiskid materials 
and especially the contribution of the very fine particles (pass
ing a No. 50 sieve) is minor and their elimination is recom
mended, The physical properties of the materials that affect 
their usefulness as antiskid materials were determined and 
are reported. 

•IT is a widely accepted practice to spread ice or snow-covered roads with sand, stone, 
or cinders to improve the driving condition1; if only until the simultaneously applied 
melting agent has done its duty. Materials used for this purpose are called antiskid 
materials or abrasives. We shall use the first term, since it describes the desired 
effect of the material. 

Despite the enormous amounts spent yearly for antiskid materials (the Pennsylvania 
Department of Highways has spent $15½ million in 1965-1966 for the purchase and ap
plication of antiskid materials), the selection is usually made on the basis of local ex
perience and convenience. Accepted practices are reviewed by Mellor (1). 

There is no objective criterion, however, on the effectiveness of different antiskid 
materials-on the effect of size, shape, etc. Only two intensive investigations have 
been made, one by Matern and Kullberg (2) in Sweden, the other by Wehner (3) in 
Germany. Both conducted field tests with a slip and skid tester, respectively, and 
supplied valuable information on the improvement in road friction by spreading anti
skid materials. The test methods, however, were not sensitive enough to discrimi
nate between different antiskid materials and other factors. 

We are aware that the final selection of antiskid materials will not be made on the 
effectiveness rating alone, but will be determined by other factors such as availability, 
cost, ease of storage and application, effect on the pavement, and dust and its effect 
on the surroundings. There is no doubt, however, of the importance of establishing 
an objective set of data on the relative effectiveness of antiskid materials. 

Several states have issued specifications for antiskid materials; these usually con
tain some general requirements plus mandatory gradations. The gradation require
ments of the Pennsylvania Department of Highways are given in Table 1. The findings 
in this paper might be profitably applied to review and possible rewriting of such 
specifications. 

MATERIALS INVESTIGATED 

Four materials widely used in Pennsylvania were investigated: boilerhouse and coke 
cinders, sand and stone. The cinders were of the quality as purchased by the Pennsyl-
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TABLE 1 

PENNSYLVANIA SPECIFICATIONS FOR 
GRADATION OF ANTISKID MATERIALS 

Maximum Permissible Percentage Passing 

Sieve Size 

No. 100 

No. 50 

No. 8 

3/. In. 
½ In. 

1¼ In. 

Cindersa 

18 

17 

100 

Crushed 
Stoneb 

10 

30 

70-100 

100 

10 

85 

100 

~Boi lorhouse or coke cinders, or combinations thereof. 
c Crushed <loM, gravel or s lag. 

Sand, natural or manufact ured. 

Boiler Slag 

5 

5 

80 

100 
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vania Highway Department. The 
sand was of a grade .which is used 
as antiskid material. The stone 
was crushed limestone, which 
is also used extensively as anti
skid material. The results of 
sieve analyses of the materials 
as received are given in Table 2. 
When the fines passing the No. 50 
sieve and the large chunks re -
tained on ¾-in. mesh are re
moved, the total weight for the 
four samples would be up to 11 
percent less than in the as-re
ceived condition. 

Typical values for specific 
weights and volumes are given 
in Table 3 after these materials 
had been sieved through a ¾-in. 
mesh sieve and fines had been 

removed by a No. 50 sieve. The specific volumes of boilerhouse and coke cinders are 
roughly twice those of sand and stone. 

The materials were subjected to static and dynamic breakdown tests. The static 
test measured the reduction in volume under a static load. At 125 psi, the reduction 
in volume for sand and stone was about 1. 75 percent. When the unit loading was in
creased above 125 psi, the stone tended to compact still more, whereas the sand 
seemed to have been completely compressed. For cinders the volume reduction un
der a 125-psi pressure was about 3. 25 percent and was slightly higher for boiler
house cinders than for coke cinders. 

Dynamic breakdown strength was measured by subjecting the samples to a sieve 
analysis before and after an impact test in which a total compactive energy of 8650 ft
lb/ft2 was applied to all samples. The relative breakdown is given in Table 4 and is 
about 5 to 6 times greater for cinders than for sand and stone, whereas in the static 
test the ratio is approximately 2 to 1. The dynamic test reflects the actual conditions 
on the road because passing wheels impart an impact load to the material. Thus a 
dynamic test is more representative, although it may be possible that there is a cor
relation with the simpler static test. In either case, the change in size fractions 
should be measured by sieving and not by change in volume. However, the breakdown 
of the largest cinder particles is advantageous, as will be made clear from the experi
mental results. 

Since antiskid materials are almost exclusively used in conjunction with a melting 
agent, usually calcium chloride, the four materials were tested for their ability to 
absorb calcium chloride (Table 5). 

TABLE 2 

GRADATIONS OF MATERIALS AS RECEIVED 

Percent Weight Passing Sieve No. 
Material 

100 50 30 16 8 4 3/.In. ¼ In. 

Boilerhouse cinders 0.9 6. 3 19.9 35. 2 47.4 63.4 85.4 96.2 

Coke cinders 0.4 2.8 17.8 29.4 41. 2 52. 3 64.1 95.0 

Sand 2.6 7. 4 43.4 60.7 74.6 93.4 99.8 100.0 

Stone 0 5.1 98.1 98.6 100.0 

• 
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TABLE 3 

SPECIFIC WEIGHTS AND VOLUMES OF 
TESTED MATERIALSa 

Material 
Weight Volume 

(pcf) (in.3/ lb) 

Boilerhouse cinders 48.6 35. 5 

Coke cinders 60.5 28.6 

Sand 117. 5 14.7 

Stone 103. 0 16.8 

a After removal of fractions passing No. 50 sieve and re
tained on ¾-in. mesh sieve. 

In the friction tests, the antiskid ma
terials were tes,ted with and without cal-

TABLE 4 

DYNAMIC BREAKDOWN TESTa 

Material 

Boilerhouse cinders 

Coke cinders 

Sand 

Stone 

Breakdown (%) 

5.3 

3.9 

0.7 

0.8 

aBreakdown due to 50 blows of o 10-lb weight 
falling 1.5 It onto the 4-in. diame ter free sur
face of the test cylinder (= 8650 lt-lb/lt2). 
Breakdown deli ned as the percent change in the 
sum of the cumulative percentages retained on 
each sieve before and alter the test. 

cium chloride. When treated with calcium chloride the proportion used was 5 percent 
by weight for all materials. This is within the range recommended by a committee of 
the Highway Research Board (4). With this percentage, the calcium chloride will be 
completely absorbed by all materials except the stone. 

EXPERIMENTAL TECHNIQUE 

Preliminary field tests were made with the Penn State road friction tester which 
measures skid resistance with an automobile tire. Repeatability, however, was poor 
due to the difficulty in controlling test conditions. There seemed to be little chance 
that the desired information could be obtained in this manner. Matern and Kullberg (2) 
and Wehner (3) had come to similar conclusions; namely, that field tests are not suf-
ficiently sensitive to discriminate between different antiskid materials and determine 
effects of size, shape, etc. 

Therefore, a special test apparatus was built. Figure 1 shows the circular track 
apparatus as installed in a cold room. It is a self-contained unit with base 1 and frame 
11, whose main structure is rotated by an electric motor 7 and reducer 6 (Fig. 2). The 
test wheel 3 runs on track 2, the prepared test surface , The reference wheel 9 runs 
on the inner track 10 which has a high friction surface. The test and reference wheels 
are mechanically coupled through chain drives 4 and 8, gear unit 15, driveshaft 16 and 
variable speed transmission 20 which can be remotely adjusted via servo-motor 21 to 
obtain the desired speed of the test wheel relative to that of the reference wheel. The 
test wheel can therefore be caused to move along the test track with any amount of slip 
which the drive system components permit. Torque transducer 14 measures the 
torque due to the tire-test surface interaction. 

The wheels and the transmission system are mounted on two half-frames 13 and 22 
which are pivoted to center frame 5 and can be lifted or forced downward to apply loads 

to the wheels by two pneumatic cylinders 
18. The turret 17 carries a rotary gland 

TABLE 5 

CALCIUM CHLORIDE RETENTIONa 

Material CaC~ Retained ('1, by wt.) 

Boilerhouse cinders 13. 5 

Coke cinders 9.9 

Sand 6.9 

Stone 0.9 

0 Retentian determined from the weight increase al oven dried 
material saoked far 75 min in saturated calcium chloride 
solution, drained and dried. 

for supplying air to the cylinders and 
slip rings for connecting the to r q u e 
transducer, a tachometer generator 12 
on the test wheel shaft, and the trans
mission servo-motor to the control sta
tion outside the cold room. The forward 
speed of the test wheel is obtained by 
measuring the speed of the main drive 
motor 7. Thermocouples in the test 
track permit monitoring the ice 
temperature. 

For the tests reported here a Fire
stone 6.00 x 13 tire with standard high-



Figure 1. Circular track apparatus. 
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way tread was used. Inflation 
pressure was 26 psi and the 
load 630 lb. The test wheel 
speed was 7 mph and the wheel 
passed over a given spot of the 
track ten times per minute. 
The speed of 7 mph might be 
considered excessively low, 
but all previous experience in
cluding our own, had shown 
that the coefficient of friction 
on snow and ice, with and with
out antiskid materials, is prac
tically speed independent. Thus, 
the choice of the test speed be
came a matter of convenience. 
The slip was varied to find the 
maximum coefficient of fric
tion. The maximum occurs 
at a slip of 6 to 12 percent. 

On a vehicle, any slip beyond the friction maximum will cause the wheel to go immedi
ately into the locked condition. This is precisely what we wish to prevent through the 
use of antiskid materials. Therefore, their performance is evaluated best at the con
dition which determines whether or not, or when, a skid will develop. Although the 
friction with wheels locked determines how far the vehicle will slide on ice or snow, 
disaster will usually occur before the end of the skid. Besides, in a test such as this 
in which the test wheel moves along a fixed path and repeatedly passes the same spot, 
locked wheel tests are unrealistic. Track and treatment would get an exposure which 
differs from that by real traffic. 

The preparation of the track, whether of ice or snow, required a certain amount of 
experimentation. The details of the procedures finally adopted are not thought to be 
of interest here. Suffice it to say that the ice track was scraped smooth with a scraper 
attached to the rotating test rig and that the natural snow was packed down for the snow 

Figure 2. Circular track apparatus layout. 
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tests. All tests, unless otherwise noted, were made when the temperature of the air 
in the room and the track had stabilized at 21 F. 

The antiskid materials were applied by hand. Various mechanical methods of ap
plying them were considered, but all were discarded as either not good enough or im
practical. Since the test wheel torque was recorded continuously, an automatic check 
was obtained that the application was uniform along the track. 

RESULTS AND DISCUSSION 

The initial friction obtained after an antiskid material has been spread on an ice or 
snow-covered road is quite high and gives a false indication of the safety improvement 
achieved. The effectiveness of antiskid materials must be judged by the friction avail
able after exposure to traffic. Usually the time between application of an antiskid ma
terial and the melting of the snow or ice will be a matter of hours. To simulate this 
condition with the circular track apparatus all test conditions were held constant and 
the coefficient of friction was measured as a function of the number of wheel passes. 
The four materials were tested in this manner. The results for two materials with the 
rate of application as parameter are shown in Figures 3 and 4. All curves represent 
the averages of the data from at least two tests, with a maximum variance of 15 percent. 

The initially high friction value decreases with the number of wheel passes and 
higher application rates give higher coefficients throughout, even when the coefficient 
has stabilized. There is probably an upper limit to the rate of application above which 
no additional benefit will be derived, but in practice the rate will be governed by cost 
considerations. The performance of all four materials was similar, with only the 
stone giving somewhat lower friction values, probably because the limestone does not 
absorb calcium chloride as well as the other materials. 

Figure 5 compares results on bare ice and bare packed snow with those obtained 
with 2 lb of coke (0.6 lb/sq yd) applied to the same ice and snow tracks in treated and 
untreated condition. Without antiskid materials, friction becomes constant after only 
eight wheel passes. The initial drop is probably due to smoothing and slight melting 
by the slipping wheel. With antiskid material applied, the initial friction value is much 
higher but continued to drop more and longer although at a slower rate. The addition 
of calcium chloride to the coke cinders gives it initially a better bond to the snow, but 
after several wheel passes, both the treated and untreated materials embedded equally 
into the packed snow and give the same coefficient of friction. On ice, there is no mea
surable difference whether the material is treated or not. Although data are incom
plete, we conclude that the added calcium chloride does not significantly increase the 
obtainable friction. It does, however, facilitate the handling of the antiskid materials 
and eventually assists in clearing the pavement of the ice and snow. 

The four materials were compared on an equal weight basis. The tests were run 
with 1 to 4 lb of antiskid material spread along the circular wheel track with 1 lb cor
responding to 0.3 lb/sq yd. Comparison on an equal volume basis may be of more in
terest since hauling and spreading are functions of volume rather than weight. Cinders 
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Figure 3. Coefficient of friction f vs number of 
whee I passes n for treated coke cinders on ice at 
21 F for different amounts spread along wheel
track. 
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Figure 4. Coefficient of friction f vs number of 
whee I passes n for treated sand on ice at 21 F for 
different amounts spread along wheeltrack. 
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Figure 6. Coefficient of friction f vs number of 
wheel passes n for four antiskid materials com
pared on an equal volume basis. 

have about twice the specific volume of 
sand and stone; therefore Figure 6 was 
plotted to compare 2 lb each of the two 

cinder types spread along the track with 4 lb each of sand and stone. Compared on 
this basis sand and stone give a somewhat higher coefficient of friction than cinders. 

Whatever way the comparison is made, the effectiveness of all four materials tested 
is very similar and the friction values obtainable with any can be improved by increas
ing the rate of application. Using the material which is the least expensive under given 
circumstances is therefore justified and the criterion should be the maximum rate of 
application per dollar. No attempt was made here to make a cost comparison, since 
the prices vary considerably between districts. 

The question of how the effectiveness of different size fractions differs is answered 
by Figure 7. In all cases, the highest coefficients are obtained with sizes between No. 
16 and 4. It should be noted that this graph is for effectiveness immediately after 
spreading except for curve No. 2. Any comminution which may be caused by exposure 
to traffic is implicitly contained in the earlier graphs which show the change of the 
coefficient with the number of wheel passes. The conclusion to be drawn is that the 
fines and large particles are not as effective as the middle sizes. We have not deter
mined how gradation changes with the number of wheel passes but the shift of the peak 
of curve No. 2 would indicate a breakup of larger particles. Reliable information can 
be obtained only in the field. Our data do indicate, however, that a modest improve
ment can be realized by removal of the fines from the original product. Here again, 
the effectiveness gain must be weighed against the cost increase and other factors. 
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Figure 7. Coefficient of friction for seven size 
fractions of two antis kid materia Is: 1-coke 
cinders on snow, at first wheel pass; 2-coke 
cinders on snow, after 4 wheel passes; 3-boi ler
house cinders on ice, at first wheel pass; and 
4-coke cinders on ice, at first wheel pass. 

CONCLUSIONS 

In contrast to highway experiments, the 
experimental conditions of the present in
vestigation could be closely controlled so 
that the results were reproducible within 
narrow limits, allowing us to draw the 
following conclusions, wnich we believe 
are applicable to all speed and temperature 
conditions normally encountered in winter 
driving throughout the United States. 

1. The four materials tested are the 
most widely used antiskid materials. They 
were tested untreated and treated with 
calcium chloride. The performance of all 
four materials was similar, and therefore 
factors other than effectiveness will usually 
decide the choice of material. Delivered 
price and cost of application, as well as 
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the ease of handling under below freezing conditions, are the most important 
considerations. 

2. To retain good effectiveness after exposure to traffic, the rate of application 
should be high. 

3. Fine particles, those passing the No. 50 sieve, should be eliminated, since they 
contribute little to the obtainable friction. The fines constitute less than 10 percent by 
weight for the currently procured materials. 

A more basic study of the mechanism by which antiskid materials perform their in
tended task may be warranted. .A practical benefit of such a study could be the eventual 
development of antiskid materials of superior performance. No matter how much melt
ting agent is applied, antiskid materials are needed to provide a friction coefficient, 
which is higher than without them, for the period betwe.en a snowfall, plowing or the 
formation of an ice layer on the roadway and the removal of the ice and snow by the 
melting agent. 
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