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Use and Effects of Studded Tires on

Oregon Pavements

Bruce E. BRUNETTE AND JAMES R. LUNDY

The use and effects of studded tiresin Oregon are investigated, updating a
1974 report. Studded-tire use was surveyed, rut measurements collected,

studded-tire traffic estimated, and pavement wear and damage analyzed.

Studded-tire use in Oregon varies geographicaly. Half of the vehicles
equipped with studs use them on all wheels, representing a significant
change from 1974 practices. More than 23 percent of vehicles used stud-

dedtiresin 1994. Studded-tire pavement wear coefficientswere calculated
and found to be half those reported previously. The coefficients for rigid
and flexible pavements are 0.20 mm (0.008 in.) and 0.86 mm (0.034 in.),

respectively, per 100,000 studded tire passes. Studded-tirewear will shorten
pavement life on high-volume routesin Oregon. Asphalt pavements expe-

riencing average daily traffic (ADT) volumes of 35,000 and 20 percent
studded-tire use will reach the threshold rut in 7 years. Portland cement
concrete (PCC) pavements experiencing 120,000 ADT and 20 percent
studded-tire use will develop the threshold rut depth of 19 mmin 8 years.

These estimates substantially reduce Oregon design life expectations for
asphalt and PCC pavements. The estimated Oregon studded-tire damage
for 1994 is$37 million for the state highway network, with similar damage
for municipal and county roads. Alternatives are discussed to reduce
thedamage caused by studdedtires, including aban on studs, shortened use
period, lightweight studs, user fees, and public education initiatives.

Studded tireswere introduced in the United Statesin the early 1960s
(2). Sincethat time, the public has come to associate improved trac-
tion and driving safety in winter with the use of studded tires.
Numerous references have also indicated that studded-tire use
increases the rate of pavement wear for both asphalt and portland
cement concrete (PCC) surfaces.

Theuse of studded tires and the extent of pavement rutting attrib-
utable to them have been topics of spirited debate in the northern
snow states, specifically whether user benefits are worth highway
agency coststo repair damage caused by studded tires. For example
the Alaska Department of Transportation and Public Facilities
(DOT& PF) estimates highway damage from studded-tire use in
Alaskato be $5 million annually (D. Esch, unpublished data). The
Oregon Department of Transportation (ODOT) recently published
apreliminary report (2) that estimates studded-tire damage for 1993
to be $24 million on the state highway system and $18 million on
city and county roads, for atotal of $42 millionin damage statewide.
This new ODOT estimate increased by an order of magnitude pre-
vious estimates of pavement damage from studded tires. Clearly,
thereis renewed interest in Oregon to accurately determine the rate
of pavement wear from studded tires and whether perceived safety
benefits outweigh annual highway damage.

BACKGROUND

Studded tires were first authorized in Oregon in 1967 (3). Within a
few years, excessive pavement wear became apparent. Thisledto a
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2-year study to determine studded-tire use and pavement wear rates
within the state. The study also investigated whether the advantages
afforded by studded tiresjustified the annual damage costs of pave-
ment wear.

Oregon was not aone in its concern for studded-tire pavement
damage. During the late 1960s and early 1970s, many northern
states (Alaska, Connecticut, lowa, Michigan, Minnesota, Nebraska,
Pennsylvania, and Utah) were involved in similar studies (4-8), as
part of anational concern about pavement wear attributed to stud-
ded tires. Asaresult, some states (including I1linois and Minnesota)
prohibited the use of studded tires.

ODOQT research efforts culminated in the publication of an inter-
nal document (3) in 1974 that reported that the use of studded tires
varied by region (see Figure 1). In 1974, the statewide average of
studded-tire use was 9.2 percent. The report also documented that
almost all vehicles equipped with studded tires used them on only
one axle, typicaly the drive axle.

Pavement wear rates were established, based on rut measure-
ments at 16 sites. The 1974 wear rate for PCC pavements was
reported to be 0.66 mm (0.026 in.) per 100,000 studded-tire passes
and 1.67 mm (0.066 in.) per 100,000 studded-tire passes for asphalt
pavements. Based on the pavement wear studies, the report esti-
mated that more than 1,600 lane km would require maintenance ear-
lier than they would without studded-tire use and that 150 lane km
would require resurfacing annually due to studded-tire wear. The
estimated annual cost for increased pavement wear was $1.1 million
in 1974. ODOT recommended a prohibition on studded tires based
on these costs and the inability to define sufficient safety benefits
attributed to studded tires. However, no action wastaken by the Ore-
gon legislature to ban studded tires.

Since 1974, no extensive studies have been performed regarding
studded-tire wear in Oregon. In 1994, the Oregon legislature (2)
required that ODOT investigate current studded-tire use and pave-
ment wear ratesto determine whether the annual damage model and
associated costs had changed since the 1974 study.

A separate related study was undertaken at Oregon State Univer-
sity. The purpose of this study (9) was to update the 1974 ODOT
report regarding the distribution and use of studded tiresin Oregon
and to determine pavement wear rates, based on current traffic and
rutting information. This information will enhance the existing
studded-tire wear model and more accurately describe current
annual pavement damage and costs attributed to studded tires.

OREGON STUDDED TIRE USE SURVEYS

Oregon studded-tire use surveys began during the winter of
19931994 and continued into the winter of 1994-1995. Studded-
tire surveys were performed at 39 |ocations distributed throughout
the state.
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FIGURE 1 Historic Oregon studded tireuserate, reported in 1974 (3).

Initially, studded-tire use surveys were obtained from moving
traffic at high-volume intersections. Determining stud use in mov-
ing traffic, where sound is used to discriminate the use of studs, has
inherent problems. These problems include the inability to deter-
mine whether a vehicle is equipped with studs on all wheels, inac-
curaciesin thetalliesdueto high traffic volumes, and high noiselev-
els generated at the sampling sites. Past moving-traffic studiesin
Oregon have underestimated studded-tire use compared with
parked-vehicle counts on the same day (3). Because the principal
use of studs is on passenger cars for the reasons listed above, the
principal method used to obtain studded-tire use involved counting
parked vehicles, primarily at shopping malls. The parked vehicle
technique provides avery accurate portrayal of studded-tire use and
enables the surveyor to determine whether a vehicle is equipped
with studs on all wheels.

The percentage of studded-tire use was calculated by taking a
simple ratio of the number of vehicles equipped with studs versus
thetotal number of vehicles surveyed. Thisinformation was further
refined by calculating an effective studded tire use rate, which com-
pensates for the number of vehicles with studs on all four wheels.
For example, a vehicle equipped with studs on all four wheels
counts as two studded-tire passes per wheelpath, whereas a vehicle
equipped with studs on one axle counts as asingle studded-tire pass.
Table 1 provides a sample calculation.

To compare past studded-tire use with current use, an effective
studded-tire use rate was calculated for the same four geographic
regionsused inthe 1974 report. It should be noted that these four geo-
graphic regions do not coincide with those currently used by ODOT.

The results of the 1994 studded-tire surveys are compared with
the 1974 resultsin Table 2. Studded-tire use has increased substan-
tially in al areas of the state. A significant change has occurred in
studded-tire practices since 1974, when only in rare instances were
vehicles equipped with studs on all wheels. In 1994, almost half of
the vehicles equipped with studs have them on al four wheels. This
has the effect of greatly increasing the effective percentage of
studded-tire use. Increases have occurred in all areas of the state but
not as dramatically as on the Oregon coast. Statewide, factoring in
the number of vehicles with studs on all four wheels, the use is
almost three times that reported in 1974.

Table 3 showsthe studded-tire use trend since 1973. Note the data
are not continuous; a notable 10-year gap exists between 1973 and
1983. Based on the available information, it appears that studded-
tire use wasrelatively consistent up to 1992. After 1992, adramatic
increase in studded-tire use occurred. It is uncertain whether this
increase in studded-tire use was gradual or whether the sampling
methodology used previously was insufficient to characterize the
true use rate. In either case, the use of studded tires is becoming
increasingly popular and should cause Oregon residents concern
because of pavement damage caused by studs.

TABLE 1 Methodsof Reporting Studded Tire Use, Accounting for the Number of Vehicleswith Studs

on All Wheels, Sample Calculations

No. of Vehicles  No. of Vehicles

No. of Studded Tire Vehicles Studded Tire Effective Studded

Surveyed with Studded Tires ~ With Studs on All Wheels ~ Use Rate (%) Tire Use Rate (%)
100 16 8 of the 16 16/100 (16 +8)/100
=16% =24%
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TABLE 2 Comparison of 1974 Studded Tire Use with 1994-1995 Studded Tire Use

Studded Tire Use Studded Tire Use

Effective Studded Tire Use

State Area (1994-95)
(1974) (1994-95)
Area |
Oregon Coastal Region
1.5% 8.9% 12.8%
Area 2
Central Willamette Valley
4.3% 10.3% 15.4%
Area 3
Tricounty, Portland Area
11.0% 15.6% 21.9%
Area 4
Central and Eastern Oregon
15.0% 37.6% 59.4%
Traffic Weighted 9.2% 15.9% 23.8%

Statewide Average

RUT DEPTH DATA

All therut depth information for the project was obtained from man-
ual rut measuring techniques. The manual measurements involved
the use of a 1.2-m-long (4-ft-long) aluminum channel straight edge,
equipped with asingle brass or steel dowel. The dowel is machined
to allow free vertical movement, perpendicular to the straight edge,
and is calibrated to measure the depth of rutting to the nearest
1.6 mm (¥ in.). A maximum rut depth was recorded for each wheel
track and a paint dot applied to the pavement for each travel lane.
The purpose of the paint dot was to mark the location of maximum
rut for each wheelpath, which then could be used as a reference for
recording the center-to-center distance between wheel tracks. The
center-to-center distance was further used as an aid to identify the
vehicle type causing the rutting.

Rut measurement site selection was based on avariety of criteria
including pavement type (e.g., flexible or rigid), pavement age, traf-
fic volumes, and number of travel lanes. To obtain better isolation of
studded-tire wear, only sites with multiple lanes were used in the
study. Rut depthswere measured in the lanes most frequented by pas-
senger cars and compared with those obtained in the outermost lane.

The longitudinal distance between measurements was acquired
using two basic approaches at each site. One technique involved
measuring ruts at 0.16-km (0.1-mi) increments for a specified road
segment. Measurements were obtained in both wheel paths in each
lane. Pavement segments with similar rut depth data were averaged
for the analysis.

Another rut measurement approach involved manual measure-
ments of pavement rutting at 7.6-m (25-ft) increments, for atotal
distance of 305 m (1,000 ft). Because both wheel paths were mea-

sured in each lane, atotal of 80 measurements were obtained for
each lanein the 305-m-long (1,000-ft-long) pavement segment. The
80 measurement points were averaged for each lane as the repre-
sentative rut depth. Because the traffic distribution, rut depths, and
number of studded tire passes are unique for each lane, each lane
represents adistinct data point that can be compared with all others
in regression analysis. Based on this premise, several data points
may be established at any one measurement site. Figure 2 portrays
the methodol ogy.

Rut measurements were taken during the fall of 1994 and spring
of 1995 using the techniques outlined above. Rut depth measure-
ments were obtained for 27 sites, establishing 18 data points for
asphalt pavements and 36 data points for PCC pavement. Rut mea-
surements reported in an ODOT preliminary report (2) were also
used in this study for additional data points. This provided an addi-
tional 26 measurement sites (18 for asphalt and 8 for PCC pave-
ments). In the final analysis, 36 data points were examined for
asphalt and 45 data points for PCC pavements.

Rut depths varied with pavement type and age and studded-tire
traffic. The deepest rut measured for asphalt pavementswas 50 mm
(2in.), found on an 11-year-old pavement on US-26. The deepest
rut measured for PCC pavements was 16.8 mm (0.66 in.), found on
a 13-year-old section of 1-205. Both of these pavements are in the
Portland metropolitan area and experience average daily traffic
(ADT) volumesin excess of 100,000.

Studded-tire rutting is distinctly different from permanent defor-
mation rutting caused by heavy trucks. Stud rutsaretypically found
in the center lane or |eft lanes, where passenger cars predominate.
Wheel path ruts attributed to studded tires are al so typically narrowly
spaced, that is, the distance between wheel tracks is approximately

TABLE 3 Comparison of Historic Studded Tire Use With Current Use Patterns

Geographic Dates of Surveys Efﬁzgve
Area* 1973-74 1983-84 1984-85 1989-90 1994-95 1994-95

1 1.5% 3.9% 1.5% 1.7% 9.4% 13.5%

2 43% 2.8% 3.4% 3.0% 10.4% 15.4%

3 11.0% 5.8% 5.5% 2.1% 14.5% 20.5%

4 15.0% 11.6% 14.2% 11.1% 37.6% 59.4%

Traffic Weighted
Statewide Average 9.2% 6.7% 6.6% 4.7% 15.9% 23.8%

*See Table 2 for Description of regions
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FIGURE 2 Rut depth measurement technique.

1.5m(60in.). Thiscontraststo heavy-vehiclerutting, whichismost
often found in the right lane where trucks frequently travel. Typical
distance in load-related rutting is 1.8 m (70 in.), center to center.
Studded-tire ruts are well defined and sharp shouldered whereas
those caused by heavy wheel loads are broader and less severe in
Cross section.

It should be noted that, particularly in asphalt pavements, some
rutting is caused by load-related effects. Without careful monitor-
ing, it would be extremely difficult to separate load-related rutting
from surface wear due to studded tires. Some researchers report a
highinitial permanent deformation rate that reaches alower, stable
rate after initial loadings (4). For purposes of this study, it is
assumed that all the rutting damageis attributed to studded-tire sur-
face wear except where wheel track spacing clearly shows heavy
vehicles to be the cause of the rutting. All wear in PCC pavements
was assumed to be caused by studded tires.

TABLE 4 Distance Between Wheel Track Ruts
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The distance between wheeltracks was also measured and is
shown in Table 4. Note that the distance between wheeltracks
varies among sites, with an average of 1.5 m (59 in.). Some of the
variation in the distance between rutsis attributable to difficulty in
locating the maximum rut depth on relatively new pavements.
Nonetheless, the measured distance between ruts closely matches
the tracking distance on a variety of intermediate-size passenger
cars(9). Thiscomparesfavorably with the average distance of 1.48
m (58 in.) reported in Alaska (10).

Of the sites measured, only three locations were found to have a
wheel track separation that matchesthe tracking distance for trucks.
All threewerefound in theright lane and were not used in the aver-
agereported in Table 4.

STUDDED TIRE USAGE

Traffic volume data for the study were obtained from the 1992
ODOT Traffic Volume Tables (11). This information was fur-
ther augmented by data obtained from the ODOT Transporta-
tion Development Branch (G. Harvey, unpublished data), which
provided growth rate and lane percentages for passenger cars
for each pavement segment. Data provided by ODOT are based
on past traffic counts and experience and are assumed to be
accurate.

One can project forward (or backward) to estimate future (or
past) traffic using the published traffic data and growth rates for a
specific road segment. It is also possible to estimate the total num-
ber of studded-tire passes per travel lane using lane percentage,
pavement age, seasonal traffic distributions, and historical studded-
tire use.

Rut Depth, mm Distance between Rut, meters
Highway Milepost Pavement Age, | Left | Center Right Left Center Right
Type years® | Lane Lane Lane Lane Lane Lane
I-5 243.0 F-mix 4 | 82 7.4 1.47 163!
-5 245.5 F-mix 1 33 39 1.40 1.47
us 97 133.5 F-mix 6 11.7 21.4 1.52 1.45
uUs 97 140.4 F-mix 3 15.3 18.0 1.55 1.47
1-84 45.5 F-mix 1 2.4 3.5 1.50 1.55
-5 242.75 B-mix 12 18.4 133 1.50 1.55
-84 46.5 B-mix 9 | 85 139 | 163 1.85°
-84 20 B-mix 12 84 233 1.52 175!
ORE 22 3 B-mix 19 9.8 18.0 1.57 1.60
I-5 262 PCC 19 11.6 6.2 1.50 1.47
[-5 278 PCC 20 12.8 5.8 1.47 1.50
-5 287.5 PCC 25 17.3 8.6 1.47 1.52
1-205 12 PCC 13 16.8 13.1 1.50 1.47
Average 1.52 1.50 1.50

! Right lane rutting caused by heavy trucks, so not used in average

2
Pavement age when ruts were measured

3 Rutting in both lanes not used because ruts are due to heavy trucks
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Pavement Wear Rate Calculations

It is assumed that the measured rut depth for each siteis a function
of the total number of studded-tire passes experienced by the pave-
ment. It isfurther assumed that the rut depth represents the accumu-
lated annual rut damage caused by the accumulated annual studded-
tire passesfor al previousyears. For example, rut depth damage for
a1-year-old pavement can be estimated by the following:

Rut, = ax TR,

where

Rut, = rut depth for the first year after construction,
a = adamagefactor or coefficient, assumed to be constant for
a specific pavement type, and
TR, = total number of studded tire passes for the first year.

After the wear coefficient has been determined, the only variablein
the equation is the number of studded-tire passes the pavement
experiences.

For a pavement of age n, the total rut depth follows a similar
relationship:

ZRutn =axTR+axTR +..axTR_, +ax TR,

Thefollowing procedure was used to determine the total number
of studded-tire passesin agiven traffic lane.

1. Determine the average annua daily traffic (AADT) from the
1992 ODQT Traffic Volume Tables.

2. Estimate past AADT and future AADT by adjusting for
growth using the following relationships:
AADT,_, = AADT/(1 + AG),
AADT,,, = AADT (1 + AG)

where

AADT = datafrom 1992 ODOT Traffic Volume Tables,
X = 1992 base year, and
AG = annual growth rate, assumed to be constant.

3. Determine the traffic in each direction (ADTg) by assuming
that the traffic is equally split for each direction of travel. Thisis
estimated by simply halving the AADT for each year.

ADT; = AADT/2

4. Determinethelane ADT (LADT) for passenger cars and pick-
ups by multiplying the percentage of use, based on the ODOT-
supplied lane percentage information.

LADT = Lane split % x ADT,

5. The annual number studded-tire passes (ASTP) is determined
by multiplying LADT by the percentage of cars and pickupsin the
traffic stream (from the 1992 ODOT Traffic Volume Tables), the
percentage of annual traffic during the monthsthat studded tires are
used (seasonal percentage), and the percentage of studded-tire use
to determine daily studded-tire passesin each lane. The annual num-
ber of studded-tire passesisdetermined by multiplying by 365 days.

ASTP = LADT x % (cars and pickups) x % seasonal
X % studs x 365
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6. Determine the cumulative number of studded-tire passes for
each lane by summing the results of the annual studded-tire passes
with the number of iterations based on the age of the pavement.

n

Z ASTP

where n is the pavement age in years, and ASTP is the annual
studded-tire passes.

To determine the coefficient of wear, a, for each pavement type,
the rut depth information and the total studded-tire passes are plot-
ted and alinear regression line is fitted to the data. The wear rate
standard for this project was 100,000 studded tire passes.

Results of Oregon Studded-Tire Pavement
Wear Studies

Pavement rutting was plotted against the estimated total of studded-
tire passes for 27 of the 36 data points for asphalt pavementsand all
45 data pointsfor PCC pavements. Some pointswere removed from
the analysis because the distance between wheelpaths indicated
heavy truck rutting or substantial deviation from other data points.
Because of the nature of flexible pavements and the inherent vari-
ability in asphalt mixes, pavement subgrade, and construction prac-
tices, it is not surprising that some data would be unsuitable for
analysis. In contrast, the PCC datawere very consistent, and all data
points were suitable for analysis.

Figure 3 portraysthelinear regression resultsfor asphalt. Thelin-
ear equation explains 87 percent of the variability inthedata. The Y
intercept, in part, reflectsahigher initial wear rate for asphalt mixes.
A lower rate of wear is reached within the first few hundred thou-
sand studded-tire passes. Once the higher initial wear valueis over-
come, the average wear value for asphalt is 0.86 mm (0.034 in.) per
100,000 studded-tire passes.

Figure 4 depictsthe linear regression results for PCC pavements
and explains 68 percent of the data variability. More scatter exists
inthe PCC dataduein part to the age of some of the sections. It was
necessary to extrapolate nearly 30 years of traffic and studded-tire
userates. Thisundoubtedly affectsthe quality of the data. The slope
of the best fit line was 0.20 mm (0.008 in.) per 100,000 studded-tire
passes.
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FIGURE 3 Asphalt studded tirewear rateresults.
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FIGURE 4 PCC studded tirewear rateresults.

Table 5 compares the results of past and current studded-tire
pavement wear resultsfor Oregon and those reported by Hickset al.
(12) for Alaska. It isinteresting that the results of the 1974 studded-
tirewear studies are roughly twice the values determined in the cur-
rent study. Thisfinding is consistent with what has been reported by
Cantz (13) and Cook (14), who reported that wear from the con-
trolled protrusion stud was approximately one-half that of the con-
ventional tire stud. The predominatetire stud used in the 1974 study
was the conventional stud, whereas the current study is examining
pavement wear caused by the controlled protrusion stud.

Oregon values are higher than the asphalt wear rate results
reported for Alaska in 1990 (12). One possible reason is that
the studies performed in Alaska are on lower-speed 55-km/hr
(35-mi/hr) facilities, whereas the Oregon pavement sections are
located on facilities with speeds in excess of 100 km/hr (65 mi/hr).
According to European studies (15), increasing speed from 65 to
85 km/hr resultsin a 30 percent increase in asphalt pavement wear.
Other possible reasonsfor increased wear in Oregon compared with
Alaska are Oregon’s warmer climate and lighter snow cover. Past
studies have indicated pavement wear increases with increasing
temperature (16). Neither of these factorsis singularly responsible
for a higher asphalt wear rate, but the combination may lead to
higher rates of studded-tire pavement wear in Oregon.

Even though the number of data pointsfor each asphalt mix type
islimited, comparisons were made to determineif certain mixesare
more resistant to stud wear than others. The results indicate dense-
graded mixes (B mixes) are slightly less resistant to studded tire
wear than open-graded mixes (F mixes). Using regression, stud
wear for B mix and F mix was calculated to be 1.3 mm (0.050 in.)
and 0.89 mm (0.035 in.) per 100,000 studded-tire passes, respec-

TABLE5 Reported Studded Tire Wear Ratesin Oregon and Alaska
(in mm) per 100,000 Studded Tire Passes.

Pavement 1974 Oregon (4) 1990 Alaska (11) 1995 OSU (3)

Type -
Asphalt 1.68 0.84" 0.86
PCC 0.66 0.20

1 .
Average of 4 values reported in reference
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tively. When viewed in the overall aggregate of asphalt mixes, open-
graded mixes appear to offer no statistically significant advantagein
stud wear resistance.

The studded-tire wear resistance of mixes using modified asphalt
was also examined. Unfortunately, only five data points were avail-
ablefor examination, and two of those were considered outliers. The
average studded-tire wear resistance was calculated to be 0.41 mm
(0.016 in.) per 100,000 studded tire passes, suggesting an improve-
ment in stud wear resistance compared to unmodified asphalt mixes.

Given the limited data, the apparent reduction in pavement wear
attributed to modified asphalt is not conclusive. Additional study is
warranted, and, if thetrend cited aboveisrepeated, modified asphalt
mixtures may provideapartial solution to the studded-tire pavement
damage problem.

ESTIMATED COSTS OF DAMAGE BY
STUDDED TIRESIN OREGON

The ODOT preliminary report estimated the damage caused by
studded tires to roads under ODOT jurisdiction (2) at $24 million
for 1993. A total damage estimate of $42 million was reached when
county and municipal damage was included.

The current study updated the damage model to reflect changesin
vehicle milestraveled, studded tire use, and pavement wear factors
for 1994. Based on the introduction of these factors, a new damage
estimate was established for roads under ODOT jurisdiction. The
model, provided in Table 6, yields $37 million in damage due to
studded-tire wear damage for 1994. A similar magnitude of damage
can be assumed for county and municipal road systems. Thus, the
total annual damagein Oregon isapproximately $70 million. ODOT
currently (1993) spends $11 million annually to repair studded-tire

damage (17).

IMPLICATION OF RESULTS

It can certainly be concluded that the use of studded tiresin Oregon
isincreasing at an alarming rate. Even if the current stud use rates
remain constant, Oregon’s population growth will likely lead to
increased pavement damage from studded tires.

Implications of Studded-Tire Pavement Wear Rates

Pavement surface wear from the use of studded tires has not been
formally considered in mix design criteriain North Americaor in
Oregon. However, because the devel opment of a19-mm (¥/s-in.) rut
triggersrehabilitationin Oregon, itislikely that surface rutting from
studs has played some role in establishing pavement design life
expectancy in Oregon. For example, life expectancy estimates for
Oregon asphalt and PCC pavements is 14 years and 25 years,
respectively, reflecting relatively low historical studded-tire use
rates (shown in Table 3). With stud use rates now more than dou-
bled, the development of pavement rutting will substantially
increase compared with past Oregon experience and cause a
decrease in pavement life.

Totest the hypothesisthat a19-mm (3/4-in.) rut will bereachedin
a shorter time than in the past, several scenarios were examined.
This analysis was performed using the pavement wear rates estab-
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TABLE 6 1994 Studded Tire Damage Estimate for Roads Under ODOT Jurisdiction
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Estimated No. Of
Current Oregon Pavement | 1992 Gross VKT| 1994 Gross Studded Damage
Geographic Regions Type (billions) VKT . mm/lane/km
(billions) Tire Passes
(millions)
1 Concrete 2.70 2.77 152 193
1 Asphalt 6.44 6.61 363 1960
2 Concrete 1.12 1.56 43 54
2 Asphalt 4.97 5.10 189 1020
3 Concrete 1.26 1.29 22 28
3 Asphalt 5.16 5.30 91 490
4 Concrete 0.04 0.04 6 8
4 Asphalt 2.89 2.96 450 2430
5 Concrete 0.39 0.40 22 28
5 Asphalt 2.00 2.05 113 610
Total  Concrete 311
Total  Asphalt 6511
Annual Damage
Replacement
Mitigating Strategy Cost per Threshold | Pavement Cost
Lane Mile Rut Type
75 mm AC Overlay $50,000 19mm Concrete $1,308,116
Grind & 75 mm AC Overlay $65,000 19mm Asphalt $35,549,576
Grand Total| $36,857,692

lished by this study and assuming a constant 20 percent (rather than
the actual statewide value of 23 percent) studded tire use rate. To
simulate situations found in Oregon, traffic growth, percentage of
cars, seasonal percentages, lane percentages, and other typical con-
ditions were factored into the analysis. The pavement structures
considered included a four-lane asphalt facility and a six-lane PCC
pavement. Traffic volumeswere varied to determine trendsin stud-
ded tire surface wear and the time required to reach the 19-mm
(¥=-in.) rut depth threshold.

Theresultsareindicated in Figure5 and Figure 6. Note that atraf-
ficlevel of 15,000 ADT yields no reduction in the asphalt pavement
life, and requires about 15 yearsto reach a19-mm (¥/2-in.) rut. How-
ever, at traffic levels of 20,000 ADT or higher, studded-tire surface
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FIGURE 5 Asphalt studded tirerut depth asinfluenced by ADT.

wear substantially shortens the time to reach the threshold rut,
reducing pavement life expectancy. At traffic levels equivalent to
35,000 ADT, the time to reach the limiting rut is about 7 years, or
one-half the design life expectation for asphalt.

The results for PCC pavements are portrayed in Figure 6 and
illustrate a similar pattern. Based on the scenarios generated, a 24-
year lifeis consistent with traffic volumeslessthan 40,000 ADT. At
traffic levels of 120,000 ADT, such asthat experienced in the Port-
land area, the estimated time to reach the threshold rut is less than
10 years.

Based on the results above, if studded-tire use remains constant,
it can be concluded that studded tire surface wear will substantially
reduce the time before pavement rehabilitation is triggered for
Oregon pavements.

Cost Implications

A strategy often used by agencies to estimate the cost of damageis
to apply only those costs the department commits to spending annu-
ally to repair the damage, not the costs of the actual damage. Often
the amount committed to repair damageisfixed and does not change
even though conditions shift and change the rate at which damage
occurs. This strategy is never completely satisfactory but works
when the fixed annual expenses approximate the damages incurred
for a given year. However, when damage is significantly greater
than the fixed costs allocated for repair, a widening gap develops
between damage and repair. The net result is a deterioration of
conditions over time.

ODOT uses the fixed-cost approach and commits $11 million
annually to repair stud damage. Now that studded-tire use has
increased substantially, annual pavement damage is accruing at a
greater rate than the available repair funds. This should cause con-
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cern for ODOT as well as the driving public. Clearly, something
must be done to preserve the level of service Oregon drivers have
come to expect from the Oregon state highway system.

ALTERNATIVESTO STUDDED TIRESAND
AGENCY MANAGEMENT OPTIONS

Several options appear to be available to the state of Oregon to
decrease studded tire damage and use. M ost of the optionswill need
legislative support to implement. Options include the following:

» Ban the use of studded tires.

« Shorten the length of time studded tires are permitted.

» Require that lightweight studs be used instead of studs used
currently.

« Establish auser fee for those who desire to use studded tires.

* Provide pavements more resistant to studded tires.

» Educate the public about the damage caused by studded tires
and the situations in which studded tires are effective. (For Oregon
weather conditions, it issuggested that studs are effective only afew
days out of the entire year.)

« A combination of two, three, four, or more of the options
above.

One option to reduce pavement damage is to simply reduce the
time studded tires are permitted. The current use period dates back
to the late 1960s when legislation permitting studded tires was
enacted. For this approach to be effective in reducing stud damage,
asubstantial reduction in the permitted use period should be exam-
ined. A one-third reduction in the permitted time of use should be
considered as the minimum; this has the potential of reducing stud
wear by one-third.
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A lightweight stud provision should also be considered. Based on
European studies, lightweight studs reduce pavement wear by one-
half, compared with studs currently used (16). Lightweight studsare
not the complete answer but may provide some relief in reduced
damage in severa years. The disadvantage of alightweight stud is
that legislation would not likely go into effect for 2 to 3 years
because supplierswill request—and likely receive—timeto deplete
their current stud inventory. It will also take several years before
existing studded tires wear out. The overall effect resultsin delay-
ing the benefitsfrom lightweight studsfor an estimated 5 years after
enacting legislation.

After lightweight studs are completely deployed, the reduced
pavement damage afforded by their use may be satisfactory for
lower-volume facilities. But for high-volume corridors, it will only
be amatter of time before stud rutting will again become aproblem.
The lightweight stud option is one being considered by the states of
Alaska and Washington. Even though lightweight studs are an
important step in reducing damage, they should not be considered
thefinal answer for high-volume facilities.

Initiating action to improve the studded-tire wear resistance of
Oregon pavement structures is worthy of consideration. Northern
Europe—specifically Norway, Sweden, and Finland—has dealt
with studded-tire pavement wear issues for more than 2 decades.
These countries, in which studded tire use approaches 95 percent,
have been very progressivein ameliorating stud damage. They have
developed special testing devices and procedures to reduce stud
wear and are willing to share that experience. Alaska DOT& PF is
working with the Road Research Institute of Finland to improve the
pavement structures (D. Esch, unpublished data). Oregon could
adopt asimilar strategy. At aminimum, testing in Finland should be
undertaken to determine what level of stud resistance current Ore-
gon mix designs are providing.

A studded-tire user fee structure could aso be implemented to
recover damagesto highwaysfrom studded tires. The user fee could
be established at the time of purchase of studded tiresor asan annual
fee system. A user fee structure should be considered in the interest
of equity because only 16 percent of Oregon drivers use studs and
cause al the stud damage. The remaining 84 percent subsidize them
by sharing the deteriorating pavement conditions and the costs of
repair.

Using Oregon Division of Motor Vehicle records (18) and the
effective percentage of studded tire use and applying the estimated
$42 millionin annual studded tire damage for 1993, the basisispro-
vided for establishing a fee structure. Stud users would pay an
annual fee of approximately $55 per axle for vehicles equipped with
studded tires. For a vehicle equipped with studs on both axles, the
annual fee would be $110.

Another fee alternative woul d assess a studded-tire user fee at the
time of sale. The 1993 damage estimate of $42 million, assuming
the typical studded tire will last five seasons, results in $140 pro-
portionate damage for the life of the tires, not including inflation.
The fees are not trivial, but neither is the pavement damage caused
by studded tires. One must also keep in mind that the damage esti-
mate for 1994 is approximately twice that estimated for 1993 sim-
ply because studded tire use has increased.

The combination of lightweight studs, a reduction in the time
permitted for stud use, and a user fee structure to recoup pavement
damage may be the best course of action. In any case, information
provided from this research effort yields reliable wear factors and
studded tire use percentages for making sound decisions. Unfortu-
nately, past studded-tire legisl ation efforts have been on the basis of
politicsinstead of rationality.
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SUMMARY

Itisclear that studded-tire users are convinced studsimprove driver
safety since past | egidlative effortsto reduce stud damage have been
unsuccessful. Unfortunately, no known objective studies in North
Americahave indicated safety benefits monetarily equivalent to the
pavement damage associated with stud use. For most Oregon dri-
ving conditions, in which the pavement is either wet or dry and at
temperatures above freezing, the use of studded tires appearsto offer
very limited safety advantages compared with modern radial trac-
tion tires. When considering the annual pavement damage and
decreased pavement life identified in this study, road user delays
while repairing stud damage, and increased splash and spray and
hydroplaning conditions experienced all year, the safety benefits
afforded by studs would have to be significantly greater than what
is currently known to justify their continued use. Based on these
conclusions, it is apparent that additional study is needed to better
define the safety benefits provided by studded tires.
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