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Studded snow tires were introduced by tire manufacturers in 
1964 to provide increased skid resistance and traction on ice 
and packed snow. A typical stud consists of a %2-in. dia
meter tungsten carbide core protruding 1/16 in. from a 3/is-in. 
diameter steel sheath which fits very tightly in holes formed 
in the tread. 

This investigation was performed to determine if studded 
tires would be more slippery than regular snow treads on wet 
or dry pavements, and to examine the effect of studs on skid 
resistance on ice and packed snow. In addition, information 
was desired concerning pavement damage which might be 
caused hy studded tires. 

A studded snow tire and an identical snow tire without studs 
were purchased. The tires (7. 75 x 14) were made by a major 
manufacturer, and one contained about 70 studs, 6 of which 
contacted the road surface at any one time. These tires were 
mounted on the department skid test trailer. Tests were per
formed by locking a trailer wheel and sliding the test tire at 
a constant speed of 30 mph. Over 100 tests were performed 
with the studded tire on ice and snow and on wet and dry bi
tuminous and concrete pavements. After each test the road 
surface was examined for damage. 

The studded and unstudded tires provided approximately 
Lhe-same alll'ount of skid 1·ei;;i,";;tan on bare pavementsi ei U1er 
wet or dry, at 30 mph. At this speed the studded tire in
creased skid resistance on ice about 40 percent and on packed 
snow about 9 percent. The pavement damage caused by the 
sliding studded tire was not considered significant. However, 
it was not possible to obtain an indication of pavement wear 
that might result from extensive use of studded tires on high
ways carrying large volumes of traffic. 

•THE TERM skidding; as applied to motor vehicles, is usually defined as the application 
of the brakes sufficient to slide one or more wheels over the pavement with little or no 
rotation. Skidding is a factor in many serious accidents, especially when the road sur
face is wet or covered by ice or snow. In Great Britain almost 9 percent of all high-
way an:iueul::, iu 19G7 iuvulveti ::,kiutii11g u11 wel ur icy paveme11l::, (1). Iu Virgiuia, [i pe1·
cent of all accidents between 1953 and 1958 were caused by skidding (2). 

In 1960, the New York State Department of Public Works Bureau of Physical Re
search initiated an investigation of the skid resistance of highway pavements. Following 
the construction of a two-wheel drag force type trailer, numerous locked wheel skid 
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tests were performed on various road surfaces (3). With the exception of bleeding 
asphalt, clean dry pavements exhibit very good skid resistance. When wet, however , 
some surfaces become slippery and skidding is more likely to occur . The presence of 
ice or packed snow further increases the skidding hazard. 

To obtain increased traction on slippery surfaces, many special tread designs have 
been produced. The normal passenger car tire has angled ribs cut to increase the 
number of lateral edges in the tire tread. These edges provide a wiping action which 
removes the lubricating water from between the road and tire, thus increasing the skid 
resistance . Tires designed to increase traction in snow are characterized by deep 
grooves which entrap snow and thus dig into snow-covered surfaces (4). 

For the past three years European tire manufacturers have been selling snow tires 
with tungsten carbide studs imbedded in the tread surface . Last year the studded tire 
was i ntrodu ·ed in the United States. The studs, which protrude about 1/1s in. above the 
tread surface, dig into ice or hard-packed snow. This mechanical interlocking results 
in increased skid resistance on these surfaces . There was concern, however , that on 
bare pavement the studs might "skate" over the surface and cause decreased friction, 
or that the studded tire might accelerate pavement wear or cause extensive surface 
damage by dislodging aggregate particles when vehicles brake, corner , or accelerate. 

This investigation was undertaken to (a) determine the ability of tungsten carbide 
studs to increase skid resistance of a snow tire on ice and packed snow; (b) determine 
the effect of studs on the frictional coefficient when there is no snow or ice on the pave
ment; and (c) investigate the extent of pavement damage caused by a studded tire 
sliding along bare pavement. 

INVESTIGATION 

Measuring Equipment 

All tests were performed with the New York State Department of Public Works skid 
trailer (Fig. 1). The effective coefficient of friction between tire and pavement was 
measured in the following manner. The skid truck was accelerated to a predetermined 
speed and a sequence timer was switched on when the test section was reached. The 
timer activated a recorder and water pump and applied brakes which locked the left 
wheel of the trailer. After a 1.8-sec skid , the brakes were released and the pump 
and recorder were shut off by the timer. During all skids, a constant speed of 30 mph 
was maintained by the truck driver. 

When the test wheel locked , the drag force between tire and pavement was trans
mitted through the axle, the leaf springs and the drag links to aluminum bending beams . 
The strain in the bending beams was sensed by electrical resistance strain gages and 
recorded on paper tape . These strain readings , which were proportional to the drag 
force, were converted to effective coefficient of pavement friction by use of a calibra
tion curve. 

Tires 

Tests were performed with two 7. 75 x 14 snow tires of the same tread design and 
composition, one containing 67 tungsten carbide studs and the other none. As a check, 
wetted pavements were also tested with a 7. 50 x 14 ASTM standard pavement test tire. 
Figure 2 shows the tread patterns of these three tires. 

The studded tire used in these tests is typical of those currently available com
mer cially. The studs are forc ed into small holes in the tire tread, and consequently 
held firmly in place . A stud cons is ts of a tungsten carbide center (%2 in. diameter) 
whi h protrudes about 1

/ 16 in. above a steel sheath. The sheath is approximately 3/16 in. 
in diameter at the tread surface and is contoured to hold firmly in the tread rubber. 
The entire assembly is about 1/2 in. long (Fig . 3). 

The tungsten carbide centers of the 67 studs occupied only 0 . 1 0 percent of the nomi~ 
nal tread area (circumference times width). The area occupied by the total stud, in
cluding the sheath , was 0. 43 percent of the nominal tread area. 
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Figure l. Skid trailer. 

Figure 2. Test tire treads. 

. \ •. 
Figure 3. Tungsten carbide stud . 
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TABLE 1 

SKID TEST RESULTS 

Avg. Coeff . of Friction 
Incr ease i n Traction 

Surface Type ASTM Snow Studded Due t o Studs (%) 
Tire Tire Tire 

Ice 
Below 20F 0 . 21 0.29 38 
Above 30F 0.10 0.14 40 

P acked snow 0 . 35 0.38 9 
Old concrete 

Dry 0. 70 0 . 71 1 
Wet 0 . 35 0 . 29 0. 30 3 

New concrete 
Dry 0 . 71 0 . 71 0 
Wet 0. 56 0 . 52 0 . 54 4 

Old bituminous 
Dry 0.67 0.68 1 
Wet 0 . 34 0 . 29 0. 30 3 

New bituminous 
Dry 0 . 69 0 . 70 1 
Wet 0. 59 0 . 56 0 . 58 4 

Pavement Surfaces 

New and old bituminous and concrete pavements were tested both wet and dry . The 
older surfaces had been highly polished by traffic. When tests were performed on 
wetted pavements, water was supplied in front of the sliding tire from a tank on the 
truck which towed the skid trailer . 

For the dry pavement tests , the water pump was disconnected and the skid was 
shortened to% sec (25 ft in length) to prevent excessive tire damage. 

Ice was also classified as wet or dry, but no water was applied by the watering 
system. When the air temperature rose above 30 F, ice was considered wet; when it 
was below 20 F, the ice was classified as dry. 

The snow tested was packed, but the 1000-lb wheel load of the skid trailer was suf
ficient to cause the rubber blocks of the snow tire treads to "dig in." 

RESULTS 

The results of the skid tests performed at 30 mph with the two snow tires and the 
ASTM tire are given in Table 1. To reduce the influence of surface variability on the 
test results, the coefficient of friction values are averages of four to seven individual 
skid tests. The results obtained with the regular snow tire are compared to those ob
tained with the snow tire containing tungsten carbide studs. This table also gives the 
percent increases in skid resistance attributed to the studs in the snow tire so equipped. 

These test data show that on ice there is an improvement in skid resistance due to 
the studs. On wet ice, the effective coefficient of friction was 0.10 with the snow tire 
and 0.14 with the studded tire. On dry ice , the coefficient increased from 0. 21 to 0. 29 
with the addition of the studs. These values represent about a 40 percent increase in 
skid resistance at 30 mph, which is attributable to the action of six studs (Fig. 4a) in the 
tire -ice contact area. 

On packed snow (Fig. 4b) the studs also increased the effective coefficient of friction , 
but to a lesser degree than on ice. The coefficient increased from O. 35 to 0. 38 with 
the addition of studs to the snow tire. This represents about a 9 percent increase in 
skid r esistance at a speed of 30 mph on packed snow. 

The studs did not decrease skid resistance on clear pavement, and were slightly 
beneficial on wet pavements. All dry surfaces exhibited very good skid resistance 
regardless of the tire used for the test or the amount of surface wear. The reason 
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Figure 4. Skid marks on (a) ice and (b) snow. 

the studs did not decrease skid resistance on clear pavement was that ao the tire ::,lopped 
rotating, six studs were in contact with the pavement, and this number was not suf
ficient to lift the tread from the pavement , as evidenced by the amount of black rubber 
marks in the upper portion of Figures 5a and 5b. 

Over 100 individual skid tests with the studded tire were performed on wet and c:lry Ne~ 
York state highways to determine the extent of surface damage caused by the studs. Since 
tungsten carbide is very hard, surface scratching was expected when the studded tire stopped 
rotating and slid across clear pavements. All road surfaces tested were scratchf\rl hy the 
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Figui-e 5. Skid marks on bituminous pavement. 

Figu re 6. Skid marks on concrete pavem ent. 
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sliding studs. When the trailer brakes were fir st applied and the wheel had not yet stopped 
rotating, different studs skidded and each one made a short scratch on the surface 
(Fig. 5). However, when the wheel locked, 6 studs were in contact with the pavement 
and the scratches became continuous and uniform in depth (less than 1/16 in.) on the bi
tuminous pavements (Fig. 5). On concrete surfaces the scratches were very shallow 
and barely visible (Fig. 6). No aggregate particles were dislodged from the pavement 
surfaces. 

It is felt that scratching of the pavement surface by a sliding studded tire is the most 
severe damage that can result from a single pass of a vehicle. However, only panic 
stops are made with the wheels fully locked. Normal braking and accelerating would 
not slide the studs on the surface since the coefficient of friction on clear pavement is 
essentially the same with or without studs. Due to the limited time and number of 
personnel available to perform this special study, pavement wear resulting from the 
passage of thousands of studded tires was not determined. 

CONCLUSIONS 

1. The installation of 67 tungsten carbide studs in a 7. 75 x 14 snow tire provided 
about a 40 percent increase in skid resistance on ice at 30 mph. 

2. On packed snow the studs increased skid resistance at 30 mph, about 9 percent. 
3. At 30 mph, the studs did not decrease the effective coefficient of friction on clear 

pavements, either wet or dry. 
4. The pavement damage caused by the sliding studded tire was not considered 

significant. However, it was not possible to obtain an indication of pavement wear that 
might result from extensive use of studded tires on highways carrying large volumes of 
lraific. 

REFERENCES 

1 . Giles, C. G., and Sabey. B. E. Skidding as a Factor in Accidents on the Roadi; of 
Great Britain. First Internat. Skid Prevention Conf. Proc., Pt 1, pp. 27-40. 

2. Mills, J. P ., and Shelton, W. B. Virginia Accident Information Relating to 
Skidding. First Internat. Skid Prevention Conf. Proc., Pt 1, pp. 9- 26. 

3. Skid Test Trailer, Development and Evaluation. New York State Dept. of Public 
Works Res. Rept. RR 61-7, Dec. 1961. 

4. Mari ck, Louis. Effect of Tread Design on Skid Resistance. First Internat. Skid 
Prevention Conf. Proc. , Pt 1, pp. 155-162, 1959. 

5-.- Csathy-,-T-homas-I-.- Skidding- and-Skid-Resistance..- Ontar.io-Dept._oLRighway.s ___ _ 
Report No. 46. 




