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•THE National Safety Council Committee on Winter Driving Hazards was established 
in 1939. One of its responsibilities throughout the years has been to evaluate the per
formance of devices offered for sale to the public which are advertised to improve 
vehicle performance under driving conditions involving snow and ice. In attempting to 
meet this responsibility, the Committee has, with few exceptions, held an annual test 
program during the midwinter months, usually covering a two-week period. The re
sults of the Committee's investigations are made available annually in the form of an 
annual report of the Committee, and summaries of the Committee's activities have been 
published periodically ( 1- 6). 

In late 1963, the Comm1ttee became aware that tires containing tungsten carbide 
studs were being offered for sale in the United States in limited numbers. Although it 
was known that such tires had been used for some time in Europe, few published data 
were available in this country to indicate the performance which might be expected of 
such tires as compared with highway tread tires, snow tires, and reinforced tire 
chains. The Committee decided to include in the 1964 annual testing program a very 
limited series of tests on studded tires, with the expectation that the results thereof 
would serve as a basis for the development of a more extensive investigation in the 1965 
testing program. 

These test programs were carried out, within the limitations imposed by uncon
trollable weather conditions. The investigation was not completed in 1965, and an ex
tensive series of studded tire tests was planned for the 1966 program. Although this 
program was heavily curtailed by adverse weather, a great deal of information was 
obtained. This paper summarizes the findings of the Committee on Winter Driving 
Hazards on the basis of three annual test programs involving the performance of studded 
tires. 

TEST SITES AND FACILITIES 

The 1964 program was conducted at Gaylord, Mich., during the period from January 
20 to January 31. A test course was laid out in the northwest portion of the town and 
constructed by city crews (Fig. 1). This course provided an ice strip approximately 
100 ft wide by 600 ft long, running generally from north to south. Joining the strip near 
its southern end was a 50-ft wide circular track having an inner radius of 200 ft. Ap
proximately half of the circular track, adjacent to the ice straightaway, was ice and 
the remainder of the circular track was packed snow. All testing on the straightaway 
was done from north to south, with a return lane through the adjacent snow covered 
field provided for test vehicles. Equipment and warm-up trailers were available ad
jacent to the ice strip. 

The dimensions and geometry of the course precluded the use of both the straight
away and circular tracks at the same time. The testing program selected for 1964 was 
a rather extensive one involving, in addition to the studded tire investigations, studies 
of braking systems of buses and large trucks. Adverse weather conditions reduced the 
testing program effectively from two weeks to six days. When the test crews assembled 
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Figure 1. Test site at Gaylord, Mich. 

Figure 2. Test site at Stevens Point, Wis. 



at Gaylord on January 20, the ambient temperature was well above freezing, the ice 
was melting, and there was a real danger of losing the entire test course. This situa
tion continued through January 25, at which time the weather suddenly became much 
colder. City crews worked throughout the night flooding the facility, and limited tests 
were undertaken on January 26. Testing then continued as rapidly as possible through 
January 31. 

The 1965 and 1966 test programs were conducted at Stevens Point, Wis., where a 
much larger test facility (Fig. 2) was provided and maintained by the city. The facility 
is adjacent to the Stevens Point Airport. An ice course approximately 200 ft wide by 
1000 ft long with suitable packed snow turnarounds at either end was constructed par
allel to a packed snow course approximately 120 ft wide by 600 ft long. Nearby was an 
ice circle having an inside radius of 200 ft and a track width of 50 ft. The straightaway 
courses again lie in a generally north to south direction. The size of the ice course, 
however, permits simultaneous testing in both directions. It also permitted, during the 
1965 tests, simultaneous operation of passenger cars and skid trailers used in the 
studded tire evaluation and very large trucks involved in brake system analysis. 

The 1965 testing program was scheduled for January 25 through February 5. Testing 
continued throughout this period. The rate of testing was somewhat curtailed because 
of extremely cold weather during the first ten days. Although a good snow course had 
been constructed before the testing period, no new snow fell during the period, and the 
snow course soon became hard packed, rough, and generally unusable. 

The 1966 tests were held at the same site with essentially the same facilities as in 
1965. Again, however, the testing program was curtailed to approximately six days 
because of weather. The course was successfuiiy flooded on February 1 and tests 
commenced on February 2. The temperature rose steadily from that date until Feb
ruary 7, providing an excellent range of ice surface temperatures for test. On the night 
of February 7 rain commenced to fall, the temperature continued to rise, and this sit
uation persisted throughout the entire following day. By the morning of February 9, the 
course had been destroyed for further use during 1966, and the test program was 
terminated. 

No tests were performed on the snow course in 1966. The Stevens Point area was 
essentially devoid of snow during the test period. It was, in fact, necessary to truck 
snow into the approaches to the ice course almost daily to prevent the tracking of dirt 
onto the ice surface. 

The data reported herein, therefore, were collected during a total testing period of 
approximately four weeks spread over the period 1964 to 1966 inclusive. 

EQUIPMENT AND TECHNIQUES 

This report deals almost entirely with measurements of automobile stopping distance 
and skid trailer coefficients of friction on glare ice. During each of the three annual 
test programs three skid trailers were operated by the General Motors Proving Ground, 
the Portland Cement Association, and the Tennessee Highway Research Program. 
Descriptions of the trailers and the techniques involved in their use may be found in the 
appropriate annual reports of the Committee and have been published elsewhere (7). 

Stopping distance tests during each of the three years were made with new, current ' 
year model Chevrolet sedans. In 1964 and 1965 two such vehicles were used. In 1966four 
were available, but only three were used during the testing program. Each stopping distance 
vehicle was equipped with a fifth wheel which indicated traveling speed to the driver and re
corded distance traveled after the brakes were applied. All tests, both stopping distance 
and skid trailer, were conducted at a speed of 20 mph. 

Two questions may appropriately be raised concerning data collected in the manner 
and over the time interval of those reported herein. The fir st is whether ice and test 
conditions were sufficiently comparable to permit data collected in 1964, 1965 and 1966 
to be considered together. The second is whether the various test units, particularly 
the skid trailers, were capable of making identical measurements under identical cir
cumstances . 

Since 1963 the committee has stored and used annually a series of tires made from 
the rubber specified by ASTM designation: E 249-64T ~) for use in the standard test 
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tire, but having a conventional highway tread configuration. These tires were originally 
used in an effort to learn something of the variation of ice coefficient of friction with 
temperature, and the effect on ice coefficient of friction of such parameters as ambient 
temperatures and solar radiation. During the past two years they have been used in an 
effort to tie together data collected from year to year. Figure 3 shows the results of 
skid trailer tests performed with these tires during each of the past four years. The 
regression lines and confidence limits are based on the points representing tests in 
1963, 1964 and 1965. All points added as a result of the 1966 tests fall within these 
confidence limits. 

The results of stopping distance tests performed by vehicles on which the same tires 
were mounted are shown in Figure 4. With one exception, the points added to the figure 
in 1966 fall within the confidence limits based on the previous three years' work. The 
exception falls on the lower 9 5 per cent confidence limit. 

It is believed, on the basis of the previously described data, that test techniques 
were comparable from year to year and that data collected during any one of the years 
under discussion may be properly compared with data collected in any of the other 
years. 

At least a limited attempt was made each year to insure that similar pieces of test 
equipment obtained similar results under similar conditions. In 1965 a very careful 
correlation of the three skid trailers was conducted. All three trailers were mounted 
on the highway tread tires made from ASTM E-17 rubber. A very limited area on the 
ice surface was marked off, and all tests were made within the limits of that area. The 
tests were performed by all three trailers within a 15-min time interval while the ice 
temperature was 5. 5 F. The General Motors trailer measured a coefficient of friction 
of 0 .103, the University of Tennessee trailer 0. 093, and the PCA trailer 0. 097. The 
tires were then removed from the three trailers and carefully examined. Those mounted 
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on the PCA and University of Tennessee trailers appeared to be in perfect condition. 
There were a number of slightly worn spots on the tire which had been mounted on the 
General Motors trailer. These apparently resulted from previous use of the tire in a 
few dry pavement tests. Several hours later the tires which had been mounted on the 
General Motors and University of Tennessee trailers were transposed, and the tests 
were repeated at an ice temperature of 12 F. In this instance, the General Motors 
trailer measured a coefficient of friction 0. 087 and the UT trailer 0. 092. It is believed 
that this study showed excellent correlation between the three trailers used during these 
tests and indicates that the trailers are capable of measuring coefficient of friction 
differences on ice somewhat smaller than 0. 01. 

No similarly detailed correlation between stopping distance cars was attempted / 
during any of the three years reported. In each case, however, test tires were re-
peatedly rotated between vehicles and the data collected were analyzed to determine 
whether any bias appeared to be introduced by any one vehicle. No such bias could be 
found in any of the three years. 

It is believed, therefore, that all skid trailer data may be considered together as 
one population, and that all stopping distance data may be treated similarly. 

TEST RESULTS 

Skid Trailer Tests 

In 1964, tires were submitted for test by two manufactur ers. One manufacturer 
submitted tires containing a highway tread, a studded highway tread, a snow tread, and 
a studded snow tread. The other submitted only tires containing a studded snow tread. 
All tires were in a new condition. Tho results of skid trailer t ests on ice having a 
temperature of 25 Fare given in Table 1. The highway tread and snow tread tires, 
neither containing studs, performed in an identical manner. The studded highway tires 
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TABLE 1 

SKID TRAILER COEFFICIENTS OF FRICTION 
AT 25 F ICE TEMPERATURE, 1964 

Improvem ent Over New (%) 
Tire 
Mfg. Tire Tread Coeff. 

Highway Snow 
Tread Tread 

A Highway 0 , 092 
Snow 0 . 092 
Studded snow 0 , 189 105 105 
Studded highway 0 .142 54 54 

B Studded snow 0 . 145 

A Highway w/ r einforced 
chains 0 . 326 254 254 

gave coefficients of friction 54 percent greater, and the studded snow tires showed an 
increase in coefficient of friction of 105 percent. No such comparisons could be made 
in the case of tires from manufacturer B because only one type was provided. 

In 1965, tires were submitted for test by four manufacturers. The first, which sub
mitted tires in the previous year, submitted eight groups of tires, including both new 
and worn tires having a highway tread, a studded highway tread, a snow tread, and a 
studded snow tread. The studded highway tread tires contained 76 studs and the studded 
snow tires 108. All tires designated as worn had been in service for 5000 mi. The 
second manufacturer again provided only new studded snow tires containing 63 studs. 
A third manufacturer provided six groups of tires containing both new and worn tires 
having a highway tread, a snow tread, and a studded snow tread. The studded snow 
tires contained 72 studs. The fourth manufacturer provided new highway tires, new 
snow tires, and both new and worn studded snow tires containing 84 studs. 

The results of skid trailer tests with each type of tire are given in Table 2. For 
manufacturer A, studded highway tread tires showed an improvement in coefficient of 
friction of 63 percent over conventional highway treads, and 36 percent over conven
tional snow treads. After use for 5000 mi, however, 19 percent of the improvement 
over highway treads and 86 percent of the increase over snow treads was lost. Studded 
snow tires containing 108 studs showed an increase of 80 percent over conventional 
highway tires and 50 per cent over conventional snow tires. After 5000 mi of wear, 
however , 54 percent of the increase over highway treads and 72 percent of the increase 
over snow treads was lost. 

The tires of manufacturer B, being available only in a studded snow tread, provided 
no comparisons with other similar tir es. 

The studded snow tires of manufacturer C containing 72 studs per tire showed an 
increase in coefficient of friction of 70 percent over .conventional new highway treads, 
and 43 percent over conventional new snow treads. After 5000 mi of wear, 71 percent 
of the increase over new highway tires and 98 percent of the increase over new snow 
tires was lost. 

For the tires submitted by manufacturer D, the coefficient of friction of new studded 
snow tires containing 84 studs per tire was 93 percent higher than that of new highway 
tread tires and 84 percent higher than new conventional snow tires. After the tires had 
been used for 5000 mi, 39 percent of the advantage over new highway treads and 42 
percent of the advantage over new snow treads was lost. 

For the 1966 tests an effort was made to minimize the number of tire variables by 
selecting test tires from only one manufacturer. Inquiries were made to tire manu
facturers concerning the number of studs being offered for sale in their studded snow 
tires for 1965-1966, and it was determined that a tire containing 72 studs fell within the 
range of those on the market, being somewhat below the middle of this range. The 
manufacturer agreed to make available to the Committee enough tires to test a new high
way tread, a new snow tread, and both new and worn studded snow treads with 72 studs. 
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TABLE 2 

SKID TRAILER COEFFICIENTS OF FRICTION AT 25 F ICE TEMPERATURE, 1965 

Improvement Reduction in 

Over New(%) Improvement 

Tire Tire Tread No . Condition Coeff. 
Over New (j)R 

Mfg. Studs Hwy Snow Hwy Snow Tread Tread 
Tread Tread 

A Highway New 0.084 
Highway Worn 0.064 
Studded hwy 76 New 0.137 63 36 
Studded hwy 76 Worn 0 .106 26 5 59 86 
Snow New 0. 101 20 
Snow Worn 0,087 
Studded snow 108 New 0.151 80 50 
Studded snow 108 Worn 0.115 37 14 54 72 

B Studded snow 63 New 0.160 

c Highway New 0,080 
Highway Worn 0.080 
Snow New 0.095 19 
Snow Worn 0.080 0 
Studded snow 72 New 0. 136 70 43 
Studded snow 72 Worn 0.096 20 1 71 98 

D Highway New 0.083 
Snow New 0.087 5 
Studded snow 84 New 0.160 93 84 
Studded snow 84 Worn 0.130 57 49 39 42 

D Highway w/reinforced 
chains New 0.370 346 325 

aAfter 5000 mi wear , 

TABLE 3 

SKID TRAILER COEFFICIENTS OF FRICTION AT 25 F ICE TEMPERATURE, 1966 

Improvement Reduction in 

Over New(%) Improvement 
Tire No . Over New (~)a 
Mfg . Tire Tread Studs 

Condition Coeff . 
Hwy Snow Hwy Snow 

Tread Tread Tread Tread 

c Highway New 0 . 085 
Snow New 0 , 094 11 
Studded snow 48 New 0 . 149 75 59 
Studded snow 72 New 0.162 91 72 
Studded snow 144 New 0 , 161 89 71 
Studded snow 48 Worn 0 , 109 28 16 63 73 
Studded snow 72 Worn 0.137 61 46 33 36 
Studded snow 144 Worn 0 .159 87 69 2 3 
Highway w/reinforced 

chains New 0.315 270 235 

aAfter 5000 mi wear , 

In addition, the manufacturer agreed to produce identical snow tread tires containing 
48 and 144 studs. The 48-stud tire contained fewer studs than any known to be offered 
for sale, and the 144-stud tire contained more. These were made available in both a 
new and a worn condition. 

The results of tests on these tires are given in Table 3. The data summarized 
ther e in represent results of many more tests than any of those shown for 1964-1965, 
and of tests made over a wider ice temperature variation than was available in either 
of those years. Studded snow tires containing 72 and 144 studs performed in an almost 
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identical manner when compared with either new highway or new snow tread tires. 
Slightly fewer benefits were achieved with the 48-stud snow tires. However, the loss 
of effectiveness after 5000 mi wear was inversely proportional to the number of studs 
in the tire, ranging from 73 percent for 48-stud snow tires to 3 percent for the 144-
stud snow tires. 

To provide data concerning the upper level of coefficient of friction of ice, a limited 
number of tests were run with highway tread tires on which reinforced tire chains had 
been mounted. Results of these tests are given in Tables 1, 2, and 3. Coefficients so 
measured ranged from 346 percent higher than that for highway tread tires alone in 
1965 to 254 percent higher in 1964. Similar improvements over snow tires alone ranged 
from 325 percent in 1965 to 235 percent in 1966. 

Stopping Distance Tests 

All stopping distance tests were performed from 20 mph with new highway tread tires 
on the front wheels of the vehicle and the indicated test tires on the rear wheels. Only 
a relatively few stopping distance tests were performed in 1964 and 1965. In some in
stances, the number performed with a given tire combination was insufficient to warrant 
reporting; the other results of this test series are given in Table 4. New studded high
way tread tires on the rear wheels of the vehicle stopped the vehicle in a distance 14 
percent shorter than that required when new conventional snow tires were on the rear 
wheels, and new studded snow tires reduced the stopping distance, compared to new 
conventional snow tires, by 28 percent. 

Table 5 summarizes the stopping distance test results from 20 mph at an ice tem
perature of approximately 9 F, in 1965. New snow tires decreased the stopping dis-

TABLE 4 

STOPPING DISTANCES FROM 20 MPH AT APPROXJMA TEL Y 
28 F ICE TEMPERATURE, 1964 

Tire Tire Treada Condition 
Distance 

Mfg . (ft) 

A Snow New 164 
Studded snow New 118 
Studded hwy New 141 

OHighway tread on front wheels, indicated tread on rear wheels. 

TABLE 5 

Improvement 
Over New(%) 

Hwy Snow 
Tread Tread 

28 
14 

STOPPING DISTANCES FROM 20 MPH AT APPROXIMATELY 9 F ICE TEMPERATURE, 1965 

Improvement Reduction in 
Improvement 

Tir e TireTreada No . 
Stopping Over New(%) 

Over New (%)b 
Mfg . Studs Condition Distance 

(ft) Hwy Snow 
Tread Tread Hwy Snow 

Tread Tread 

D Highway New 130 
Snow New 109 16 
Studded s now 84 New 95 27 13 
Studded snow 84 Worn 107 18 2 33 85 
Highway w/reinforced 

chains New 75 42 31 

0 Highway tread on Front whee ls, indicated tread on rear wheels. 
bAfter 5000 mi wear. 
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Figure 5. Highway tread on front wheels, snow tread with 72 studs on rear wheels, 1966. 

TABLE 6 

STOPPING DISTANCES FROM 20 MPH AT 25 F ICE TEMPERATURE, 1966 

Improvement Reduction in 

Stopping Over New(%) Improvement 
Tire Tire Treada No. 

Condition Distance Over New (~)b 
Mfg. Studs (ft) Hwy Snow 

Tread Tread Hwy Snow 
Tread Tread 

c Highway New 162 
Snow New 151 7 
Studded snow 48 New 133 18 12 
Studded snow 72 New 129 20 15 
Studded snow 144 New 118 27 22 
Studded snow 48 Worn 151 7 0 61 100 
Studded snow 72 Worn 143 12 5 40 67 
Studded snow 144 Worn 126 22 17 19 23 
Highway w/reinforced 

chains New 85 48 44 

0 Highwoy tread on front wheels 1 indicated tread on rear wheels. 
bAftcr 5000 mi wear. 

tance, compared to new highway tread tires, by 16 percent, and new studded snow tires 
containing 84.studs decreased the distance required by 27 percent. The new studded 
snow tires stopped the vehicle in a distance 13 percent shorter than new conventional 
snow tires. However., after the studded snow tires had been used for 5000 mi, 33 per
cent of the increased effectiveness over new highway tread tires was lost, as was 85 
percent of the effectiveness over new snow tread tires. 

The Committee generally reports the results of tests on glare ice at an ice tempera
ture of 25 F. Where possible, data collected with each combination of tires are plotted, 
the least mean square regression equation calculated, and the value at an ice tempera
ture of 25 F taken from the regression line. A typical example of such treatment is 
shown in Figure 5. All stopping distance tests made in 1965 were performed at much 
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TABLE 7 

TRACTION TEST DATA 

Tire No . 
Break-Away (lb) Spinning (lb) Tire Treada Condition 

Mfg. Studs 1964 1965 1965 

A Highway New 120 
Studded hwy New 394 
Studded snow New 604 

A Highway New 287 204 
Snow New 358 300 
Studded snow 108 New 585 370 
Studded s now 108 Worn 385 350 

B Studded snow 63 New 615 610 

D Highway' New 316 290 
Snow New 344 315 
Studded snow 84 New 492 
Studded snow 84 Worn 410 395 

A Highway w/ r einforced Tires worn 1060 1112 
chains chains new 

ORear whee Is . 

lower temperatures. The data in Table 5, being based on an ice temperature of 9 F 
throughout, show materially shorter distances than would have been the case had an ice 
temperature of 25 F been available. 

The results of stopping distance tests from 20 mph at an ice temperature of 25 F in 
1966 are given in Table 6. Average stopping distances for the various tire combina
tions tested ranged from 162 to 118 ft. New snow tread tires on the rear wheels of the 
vehicle reduced stopping distance, as compared to new highway tread tires, by 7 per
cent. Studded snow tires with 48, 72, and 144 studs reduced the stopping distance, as 
compared to new conventional snow tread tires, by 12, 15, and 22percent, respectively. 
The loss in effectiveness of the 48, 72, and 144 stud snow tires after 5000 mi, as com
pared to new conventional snow tires, was 100, 67, and 23 percent, respectively. 

As a further measure of the relative effectiveness of studded tires, a limited number 
of stopping distance tests were performed with reinforced tire chains mounted on con
ventional highway tires on the rear wheels of the test vehicles. The average stopping 
distances under such conditions measured in 1965 were 75 ft and in 1966 85 ft, showing 
a reduction in stopping distance of 42 to 48 percent. 

Traction Tests 

In both 1964 and 1965 a limited number of drawbar traction tests were performed by 
attaching a second vehicle to the test vehicle by means of an instrumented draw bar and 
measuring the pull in the bar as increasing power was ·fed to the test vehicle until the 
wheels began to spin. The load on the bar immediately before spinning is referred to 
as the break-away traction. The load remaining on the bar after the wheels are spinning 
is referred to as spinning traction. In 1964 only break-away traction was measured. 
Both were measured in 1965. 
. The results of these traction tests are given in Table 7. The limited data available 

do not permit the drawing of any extensive conclusions. In general , however, snow 
tread tir es exhibited somewhat greater traction than highway tr~ad tires, studded tires 
exhibited considerably greater traction than identical tires witl10ut studs, and worn 
studded tires exhibited materially less traction than identical n'ew studded tires. The 
greatest traction was obtained with reinforced chains mounted on highway tread tires. 

Truck Tests 

In the 1966 test program a few tests were performed using studded tires on a four
wheel drive truck. The results of stopping distance tests with the truck (Fig. 6) reveal 
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TABLE 8 

DRY AND WET PAVEMENT TESTS 

Snow Tiresa 72 Studsa 144 Studsa 

Pave- Speed Stopping Trailer Stopping 
Trailer 

Stopping Trailer 
n1ent (mph) Distance Coeff. Distance Coeff. 

Distance Coeff . (ft) (ft) (ft) 

Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet 

20 20 27 0.50 20 28 0.52 21 28 0 . 53 
30 42 63 0.79 0 .45 42 62 0. 77 0 ,45 44 63 0.78 0 . 47 
40 73 121 0 . 78 0 . 41 74 122 0. 78 0.41 77 121 0.78 0.42 
50 0.79 0 .38 0. 75 0, 39 0.78 0 . 39 

20 20 22 0,81 0.57 20 23 0 .79 0.57 22 22 0 , 79 0.61 
2 30 43 52 0.82 0.52 43 50 0. 78 0,53 43 51 0,77 0.56 

40 75 93 0.81 0.48 74 93 0. 80 0,48 75 99 0.78 0.51 
50 0. 81 0.44 0. 80 0.43 0.78 0.45 

3 20 0 . 45 0 .45 0 . 49 
40 0 .38 0.36 0. 36 

0 Highwoy tread on fron t wheels, indicated tre ad on rear whee ls. 

that stopping distances varied from 283 ft when highway tread tires were mounted on all 
wheels to 58 ft when chains were used in the rear wheels. When studded mud and snow 
tires were placed on the rear of the truck, the stopping distance was reduced by 35 
percent as compared to tests with identical tires having no studs on the rear of the truck. 

Results of traction tests with the truck are shown in Figure 7. The break-away 
traction shown for highway tires does not fit the general pattern established by the rest 
of the tires tested. This may have resulted from some unusual ice condition at the time 
of the test. The remainder of the tests fall in a reasonable order. The studded snow 
tires materially increased both break-away and spinning traction, but by far the greatest 
traction was obtained when chains were mounted on conventional highway tires. 

Wet and Dry Pavement Tests 

The Committee is fully aware that when studded tires are placed on a vehicle in the 
fall and removed in the spring, most of their operation will be on pavement surfaces 
bare of snow or ice. The Committee felt that at least limited tests should be made on 
wet and dry pavements in which the performance of studded tires could be compared to 
that of similar tires containing no studs. 

These tests were performed by the Tennessee Highway Research Program in the fall 
of 1965, using some of the tires which were to be evaluated in the 1966 test program. 
Comparisons were made between new snow tires and new studded snow tires containing 
either 72 or 144 studs. Both skid trailer and stopping distance tests were made-in a 
wet and a dry condition-on two bituminous pavement surfaces, one of which had rea
sonably high skid resistance and the other somewhat less. Skid trailer tests were also 
made on a wet portland cement concrete surface. The results of these tests are given 
in Table 8. 

There are essentially no systematic differences between the performance of the snow 
tires and that of the snow tires with 72 studs. A very limited tendency toward longer 
stopping distances and lower coefficients of friction at some speeds on some surfaces 
may be observed in the case of the snow tires with 144 studs (which is a larger number 
than is now generally available to the public). This tendency is by no means universal 
for all speeds on all surfaces tested. 

CONCLUSIONS 

Inasmuch as this report deals with the effectiveness of studded tires, it seems ap
propriate that conclusions be based only on comparisons of tests of tires which are 
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identical, except for the presence or the absence of studs, to tests of highway tread 
tires with and without reinforced tire chains. As the data presently available on studded 
highway tread tires are exceedingly limited, and as the use of such tires by the public 
appears equally limited, conclusions herein are based on tests of studded snow tread 
tires and similar snow tread tires without studs. 

Subject to the foregoing limitations, the following conclusions are drawn. 

1. New studded snow tires increase the coefficient of friction between the tire and 
glare ice at a temperature of 25 F, as measured by skid trailers at 20 mph, from 43 to 
105 percent. When the tires have been driven for 5000 mi, however, from 36 to 98 
percent of this increase is lost. 

2. New studded snow tires, containing numbers of studs now generally available to 
the public, mounted on the rear wheels of a passenger car, decrease the stopping dis
tance on glare ice at 25 F from 20 mph by 13 to 28 percent. After the tires have been 
driven for 5000 mi, 67 to 85 percent of this increased effectiveness is lost. 

3. New studded snow tires similarly increase the pulling traction of the vehicle on 
which they are mounted. After 5000 mi of use, much of the increased traction is lost. 

4. Studded tires may be somewhat more effective, in both reducing stopping dis
tance and increasing traction, on trucks than on passenger cars. This is probably a 
function of the axle weight distribution of the vehicles, with the heavier vehicle having 
the relatively heavier rear axle load. 

5. The effectiveness of studded tires does not appear to be directly related to the 
number of studs in the tire. Ifis probably more nearly a function of the number of grooves 
cut in the ice by the studs. There is limited evidence, however, that tires containing a 
greater number of studs tend to lose their effectiveness less rapidly than those containing a 
lesser number. · 

6 . Studded snow tires containing a number of studs now generally available appear 
to perform essentially the same on dry or wet pavements as similar tires containing no 
studs. 

7. Reinforced tire chains, mounted on conventional highway tread tires, provide 
materially greater traction and stopping ability than any other devices tested to date. 

Finally, a strong precautionary recommendation is made concerning the use of this 
and other reports dealing with the effectiveness of studded tires or other devices in
tended to alleviate some of the hazards of winter driving. Statements concerning very 

200 

GLARE ICE AT 25°F 

162' 
160 151' 

i--: er LL <t 129' w 
w a: a: a: u 120 0 <( 

~ z z w 

f:! <t a: 0 f-
(/) f- z f- 3: ::::> 

0 z w z 0 f- 8 5' w ::!! 0 z (/) 

(!) 80 ~ w a: (/) C\J 
w > u. ,... 

z > ~ 0 ...... ..... a: 
a:: <( 

<( z 3: <( 

a.. a. w 0 w 
f- 0 a: 

0 >- UJ a: er: <t 
I- a: 3: f- u. w z 
(/) 40 0 >- ~ 

a: 0 
28

1 

~ 
f- (/) 

171 3: 3: z 
:r :i:: <i 
<!) !;! 0 z 'I: 
J:: :i:: (/) <..> 

0 

Figure 8. Effect of tires and surface condition on stopping distance. 



27 

large percentage increases in the coefficient of friction or tractive ability are impres
sive. However, when applied to the coefficient of friction or traction on ice, these 
increases represent large percentages of initially very small numbers. Figure B sup
ports this precautionary note. Even with reinforced chains on the rear wheels, a ve
hicle slides approximately five times as far from 20 mph on ice at 25 F as it would on 
a dry pavement or three times as far as it would on a wet pavement. With studded 
snow tires on the rear wheels the vehicle slides approximately 7. 5 times as far on ice 
as on a dry pavement, or 4.6 times as far as on a wet pavement. With conventional 
highway tires on all wheels, the vehicle slides approximately 9. 5 times as far on ice 
as on a dry pavement, or 5. B times as far as on a wet pavement. Considerable care 
should be exercised to assure that the potential user of even the best of the devices 
currently available is aware that he must still exercise far greater care in driving on 
ice than he would even on a wet pavement. 
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