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Executive Summary

This study examines the effects of studded tires on Oregon highways. It does not emphasi ze the
advantages or drawbacks of studded tiresin the areas of safety, environmental impacts, or other
externalities. The focus of this research is quantifying the degree by which studded tires cause

pavement damage. In addition to the rate of rutting, this study examined several categories of
costs that result from studded tire use.

The use of studded tires in Oregon continued to grow in popularity during the nineties. A survey
conducted in 1995 revealed that about 16 percent of registered vehicles in Oregon were equipped
with studded tires during the 1994-95 winter. Nearly half of users had studded tires on both axles.
Thisyields an estimated 1.24 million studded tires in use during the year

Wide ranges of wear rates were found for various sections of PCC and asphalt pavements. This
reflects the many factors that contribute to pavement rutting susceptibility. PCC is more resistant
to rutting than asphalt. Within the asphalt pavements, there was no obvious advantage of open-
graded mixes over dense-graded mixes. The PCC wear rate is about 0.0093 inches per 100,000

studded tire passes, while the wear rate of asphalt pavement is about 0.0386 inches per 100,000
studded tire passes

Three different cost categories of studded tire damage mitigation were identified. However, the
expenditure projections for mitigating studded tire damage might be the most important estimate
for policy purposes. This expenditure was first estimated for the period spanning 11 years from
1995 to 2005. An adjustment for lightweight studs was factored in. A further adjustment for the
new shorter studded tire season as well as the new trend of using studs on both axles was aso
calculated. Several scenarios are included in this study, but the base case scenario for these
estimates predicts an annual average expenditures of about $7 million from the year 2000 up to
the year 2005. These estimates are only for the State Highway System and exclusive of any
amounts to be spent by the cities and counties on their road systems. It is important to note that

project costs might include other construction aspects, or damage after most of the pavements

Vii



useful life had elapsed, that are not part of studded tire damage mitigation. Consequently, the
project costs might appear different from the damage mitigation costs.
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Chapter 1

I ntroduction

There is an ongoing debate about the use and effects of studded snow tires. Some drivers
consder them essentia for winter driving and enjoy a sense of increased safety and overal
improvement in driving performance in winter conditions. Conversdly, it has been well
demonstrated that studded tires can cause rapid deterioration of pavements, which in itsdf
poses safety hazards. This pavement damage has forced highway agencies around the nation to

increase their maintenance expenditures for highway surfaces.

This report condtitutes the most comprehensive cost andysis of studded tire pavement damage
ever conducted in Oregon. Work on this study started at the end of 1995, and took more than
two and ahdf yearsto collect and andyze al the relevant data. Unfortunately, many pressing
duties and other work prevented the completion of this study until now. Although the study uses
1995 data as a base year, the passage of afew years has not diminished its importance or
relevance. Publishing this study now will add significantly to the literature on studded tires and to
the generd discipline of highway finance and economic research. In addition, the andysis of
annua expenditures for the mitigation of studded tire damage forecasts those costs up to the
year 2005. The modelsin the study were built to accommodate future updates, and reproduce

cost estimates for later years.
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1.1  Studded Tires Damage Cost Estimatesin Oregon

In 1974, areport by the Highway Division of the Oregon Department of Transportation
(ODOT) edtimated that increased expenditures due to the studded tire damage would cost
approximately $1.4 to $2.5 million each year. This estimate has provided the basisfor ODOT’s
edimates of studded tire damage in its periodic sudies of highway cost responsibility. In the
1992 Cost Responsibility Study (CRS), the annual cost of studded tire damage was estimated

at $2.5 million (ODOT, 1992).

During the early 1990s, studded tire damage to Oregon roads became increasingly
evident. This damage was particularly severe dong the gate’ s high volume interstate system.
The increasing severity of the damage prompted ODOT to re-examine its estimate of repair
costs attributable to studded tire damage. The 1994 preliminary study conducted by ODOT’ s
Financid Services Branch estimated that if dl the studded tire damage in Oregon during 1993
were repaired, the cost would reach $42 million (Malik, 1994). Redlizing that not dl the damage
caused by studded tires lead to a premature failure of pavement, the 1994 update of the Cost
Responsibility Study (CRS) adopted an estimate of $11 million (ODOT, 1995) as the amount

of annual expenditures attributed to sudded tire damage. The study that is presented in this
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report represents a more thorough effort to corroborate previous findings and determine the

damage, cost and expenditures to alleviate studded tires effects on Oregon roads.

It isimportant to mention that since the 1994 ODOT preliminary study, there have been a peak
intheinterest of the subject of studded tires. Severd researchers have contacted ODOT for
data and collaboration on researching this issue. Partid uses of the data in this research were the
basis for two master degree theses, one in the fid of civil engineering (Brunette, 1995), and the

other in the fidd of economics/indugtrid engineering (Gray 1997).

1.2  Research Approach

Early stages of the research included determining the method of collecting rut depth data. Once
the method of collecting the data was determined, rut depth measurements for 250 highway
miles were collected. The level of studded tire use in Oregon was determined by utilizing two
methods, parking lot and household telephone surveys. The resulting anayses were next
combined with traffic data (for totd traffic counts), seasond volume and traffic compostion
(fraction of passenger vehicles) to determine studded tire traffic. Estimates for studded tire
traffic were then regressed againg the rut depth measurements in order to estimate the rete of

pavement wear from studded tires for Portland cement concrete (PCC) and two types of
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asphat pavements (F-mix and B-mix). The wear rate estimates produces arate of rutting in

fractions of an inch for each 100,000 studded tire passes.

The wear rate estimates were then applied to traffic data for the entire Highway System
to determine rut depth for each highway segment. Each highway is segmented at the points
where the traffic volumes change. The pavement rutting was then used to estimate the cost of
mitigating the damage. Three types of cogt estimates were defined in this sudy. First: Estimated
Cost of Mitigating Total Damage provides a measure of dl pavement damage from 1995,
expressed in terms of resurfacing codts, including rutting on highways with very low traffic
volumes and studded tire use. Thisis arevison to the methodology used in the previous study
(Madlik 1994). The new tota damage cost was adjusted for the improved data of studded tire
use and the new wear rate etimates. The second cost definition is Effective Damage Cost.
Effective damage is defined as damage that is expected to reduce the useful life of the pavement.
Thus, the effective damage is the annudized cost of pavement repair equivaent to the shortened
useful life of the pavement. Findly, growth factors for traffic and studded tire use were used to
project Annual Expenditures for repair of studded tire pavement damage through the year
2005. The annua expenditures are estimated as the pavement repair costs a the year when the
repairs become necessary or the rut depth reaches the critical level. The annua expenditure

estimates were then adjusted to account for the impact of lightweight studs.
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All of the traffic count data and cost estimation procedures are limited to the state
highway system. Only the Total Damage cost estimateis extended in a generd way to include

city streets and county roads.

1.3  Summary of Contents

Chapter Two provides a brief background of studded tires, including areview of
research findings about direct and indirect safety effects and a summary of past cost andyses

conducted in the U.S.

Chapter Three describes the telephone and parking lot surveys conducted to determine

the level of studded tire usein Oregon.

Chapter Four describes the method of estimating wear rate, including sources and

procedures for generating rut depth and traffic data.

Cost egtimates are provided in Chapter Five. The Total Damage cost estimate includes

al studded tires rutting for 1995. The Effective Damage estimate includes only rutting

occurring in 1995 that is sufficient to reduce the useful life of the pavement surface. Findly,
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projections of mitigation expenditures are provided through the year 2005. The projected

expenditure estimate is then adjusted to account for the recent lightweight studs mandate.

Chapter Six provides a summary of the study’s mgor findings.

Recommendations and conclusions are given in Chapter Seven.
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Chapter 2

Background on Studded Tires

Studded tires were introduced in North Americain 1963 and quickly gained popularity with
drivers, due to a perception of improved traction and braking performance under winter driving
conditions. By 1972, studded tire use had reached or exceeded 30 percent of passenger
vehicles in more than a dozen states. Alaska, Montana and Vermont registered around 60
percent of passenger vehicles using studded tires (NCHRP 32). In Oregon, studded tire use
was legdized in 1967, and by the winter of 1973-74 an estimated 9.2 percent of passenger
vehicles were equipped with studded tires (ODQOT, 1974). In many Canadian provinces and
American gates, including Oregon, the use of studded tires has been associated with severe
pavement damage, mostly in the form of rutting along the whed tracks. Barter (1996) describes
the mechanism of studded tire pavement damage as follows:.

Asthe tire and stud move over the pavement, there are measurable “spikes’ in

force at the beginning and end of contact. During these spikes, energy is

transferred to the pavement in the form of scratching. Between these energy

spikes, the suds have a*“punching” action that breaks up aggregate and picks

out asphalt.
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21  Safety Effectsof Studded Tiresand Pavement Damage

This study does not attempt to quantify or in any way evauate the performance and safety
effects of studded tire use. However, some understanding of the related safety issues can

provide a helpful backdrop to the cost analyses undertaken.

Although it has been well established that studded tire traffic causes pavement damage,
proponents of studded tires often justify this drawback with assertions of safety benefits for
winter driving. Severd studies were conducted in the 1970s regarding the safety benefits of
studded tires, particularly with regard to braking and traction performance. Research has
supported claims of improved performance on ice. However, on bare roads the use of studded
tires shows no significant effects on asphdt, and can actudly weaken performance on concrete.
These findings have been substantiated by more studies (MinnDOT, 1971; NCHRP, 1975;

NCHRP 1978; Lu, 1994; Kallberg, 1996).

Whed track rutting and other forms of pavement damage caused by studded tires pose
numerous safety hazards. Wet weather hazards from rutting include increased potentia for
hydroplaning, aswell as splash and spray of water onto windshields of passing vehicles.
Studded tires aso cause premature aorasion of paint markings and surface friction. Other
hazards from studded tire pavement damage include adverse seering effects, laterd lane

displacement of vehicles, maintenance hazards, and accel erated degradation of vehicle
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components (NCHRP, 1977). In freezing temperatures, the collected water can freeze (black
ice) and cause dipping. An abundance of motorist complaints and anecdota information exists
regarding these problems, but there is very little quantifiable evidence regarding decreased road
safety due to ruts, probably because so many factors can contribute to accidents (Barter, 1996;
Lu, 1994). Highway officidsin Oregon recommended a ban on studded tiresin 1974. During
the 1970s, researchers in severa other sates, including lowa, Connecticut, and Pennsylvania
determined that studded tires produced a net safety hazard and recommended that they be
banned (lowa, 1979; Christman, 1978; Mdllot, 1974). In 1974, a Federal Highway
Adminigration memo urged dl states to consder banning or limiting the use of studded tires. In

Japan, studded tires were prohibited due to concerns about dust pollution (Konagai, 1993).

Not al externdities from studded tires are negative. In freezing temperatures, studded
tires can cause roughening of icy road surfaces, which improves traction for al motorigts. All-
season radials would result in polishing highway ice, making it more dippery (Barter, 1996).
Contrary to U.S. studies, results of arecent $30 million, multi-year research program
undertaken by the Scandinavian countries indicate that a ban on studded tires would not result in
an increase in fatal traffic accidents, but that non-fatal accidents would increase by 30 percent
(Barter, 1996). In Finland, where 95 percent of drivers use studded tires, researchers
determined that if only half the cars were equipped with studded tires and everything ese
remained unchanged, the number of injury accidents would increase by 17 percent (Kalberg,

1996). Another study comparing different levels of studded tire use and road sdting determined
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that the dmost universd studded tire use in Finland is the socioeconomic optimum, despite the
drawbacks. High accident costs were noted as playing a sgnificant role in this outcome

(Leppanen, 1996).

2.2  Survey of State Agencies

A survey was conducted in 1995 of al highway agencies in the other 49 gtates. The
guestioner inquired about whether they alow studded tires on their highway systems, and the
degree to which they monitor damages and expenses caused by studded tires. Most of the
states (48) responded. Thirty-five states allow some kind of use of studded tires on their
highway systems, and ten states disdlow their use (Georgia, Hawaii, Indiana, Kentucky,
Louisana, Michigan, South Cardlina, Texas, Virginia, and Wisconsin). Three states dlow partid
use of studded tires. Illinois and Minnesota alow only posta carriers to use studded tires, and

Maryland dlows studded tire use in its western counties only.

Out of the 35 responding states that dlow studded tires, 11 have estimated costs from
studded tire pavement damage. Only Alaska and Colorado periodicaly update their estimates,
but Colorado does not have an established methodology. Only Alaska collects regular data on
the level of studded tire use in the state, and it was also the only state that budgets for studded
tire damage repair. A summary of findings from the state agency survey is provided in Table

2.1
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Table 2.1 Summary of the survey of other States

Number

Per cent

guestion

Yes No Other

Yes No Other

No Ans. Total

Comments (other)

la

1b

1c

2a

2b

Isit legd for passenger cars
to use studded tiresin your
state?

If yes, do you have an
edimate of how many or the
percentage of carsthat use
studded tiresin your state?
If yes, are these estimates
updated periodicaly or
regularly?

If yes, do you have an
established methodology for
updating?

Do you have an estimate of

the damages caused by
studded tires?

If yesisthis estimate
periodicaly or regularly
updated?

If yes, do you have an
established methodology or
model for estimating these
damages?

Do you have an egtimate of
the annua expendituresto
mitigate damages caused by
studded tires?

Does your agency budget or
program for studded tire
damage repair?

Areyou aware of any trucks|
or other heavy vehiclesthat
use studded tiresin your
state?

32 11 2

10 35

65% 22%

18% 55%

2% 63%

2% 63%

20% 71%

4% 39%

2% 47%

6% 86%

2% 89%%

11% 85%

4%

2%

0%

0%

0%

0%

0%

0%

0%

0%

4

12

17

17

28

25

49

49

48

48

49

49

49

49

47

47

mall carriersonly - 2

mall carriersonly 1

Alaskaonly

only Alaska
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2.3  Highway Agencies Expensesfor Mitigating Studded Tires Pavement Damage

In order to minimize the hazardous effects of pavement damage caused by studded
tires, many state highway agencies have increased mitigation expenditures. Of the 35 dates that
currently alow the use of studded tires, only Alaska has an established methodology for
regularly updating its cost estimates (agency survey). The annua cost of mitigating studded tire
damage to Alaskan roads was recently estimated at $5 million, of which $1 million is attributed
toillegd studded tire use during summer months (Barter, 1996).

Severd states conducted cost analyses during the 1970s. Massachusetts and Wisconsin
estimated annua costs of $3.37 million and $12 million respectively (Massachusetts, 1973,
Lyford, 1977). The state of Washington estimated that studded tire damage costs were $3.5
million in 1984 (survey). These and other cost estimates are summarized in Table 2.2. Oregon,

as mentioned in chapter 1, had severd estimatesin different years.

Table2.2 Summary of past studies on costs of studded tire pavement damage

State Expenditure estimates

Washington (survey) Edtimated costs for 1984 were $3.5 million
Alaska, 1996 $5 million ayear ($1 million summer damage)
Minnesota, 1971 $55 million for the1973-80 period
Massachusetts, 1973 $3.37 million for 1973

Missouri, 1976 $170 million for 30-year andysis period
Wisconsin, 1977 Over $12 million annudly; 25-year analys's period
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Chapter 3

Studded Tiresin Oregon

Severa studies and data collection efforts concerning the use of studded tires in Oregon were
identified. ODOT egtimates of studded tire use have been documented for the winters ending in
1974, 1984, 1989, and 1990. Brunette (1995) undertook a relatively small data sampling and
augmented some of the new ODOT parking lot data to develop estimates of the level of
studded tire use. For the purpose of this study, a parking lot survey and an extensive telephone
survey were conducted. The survey methods are discussed in generd terms below. The

estimates for historic studded tire use are summarized in Table 3.1.

3.1 Previous Studieson Studded Tire Usein Oregon

The earliest estimates for studded tire use in Oregon were derived by ODOT and are described
in the 1974 report. Moving traffic counts were taken on 25 state highways during the winters of
1971-72, 1972-73, and 1973-74 in which studded tire traffic was audibly distinguished from
non-studded tire traffic. The fractions of vehicles using studded tires at each location were
grouped into four different “zones’ and used to calculate a tatewide average vaue, “taking into
account the vehicle miles driven in the various zones.” The Satewide average was 9.2 percent,
with individua location vaues ranging from 1.21 percent on Highway 101 dong the Oregon

coast to 22.93 percent on 1-80N, near Baker.
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Moving traffic counts were again used in 1984, 1989 and 1990. The use of studded

tires during these years showed some decline. However, a parking lot survey taken in 1990

showed a marked difference, indicating an increase over 1974 levels.

Table3.1 Historic studded tire use estimates for Oregon

Zone 1973-74 1983-84 1983-84 Dec. 1989 Mar. 1990 Mar. 1990
Parking lot
1 1.5% 3.9% 1.5% 1.6% 1.8% 0.0%
2 4.3% 2.8% 3.4% 3.4% 2.7% 5.3%
3 11.0% 5.8% 5.5% 1.5% 2.7% 10.0%
4 15.0% 11.6% 14.2% 8.0% 14.2% 24.0%
Statewide 9.2% 6.7% 6.6% 3.4% 6.1% 11.5%

3.2  Current Estimates of Studded Tire Usein Oregon

During the 1994-95 winter, Brunette conducted moving traffic surveys at three locations (two in

Corvallis, and onein Philomath). He aso collected studded tire observations from parking lots

in the Corvalis area, as well as using parking lot data gathered by ODOT. Collecting dataon

parked cars dlowed surveyors to determine the axles on which

Studded tires were mounted. In earlier years, most vehicles used studded tires on only one axle.

According to the parking lot data, approximately haf of al vehicles usng studded tires had them

on both axles, effectively doubling the studded tire passes for those vehicles. Brunette estimates

the statewide average use of studded tires at 23.8 percent, with regiona rates ranging from 65.7
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percent (ODOT-Region 4) to 7.4 percent (ODOT-Region 3). Note that the increase over the

1974 study is due in part to the doubling effect from using studded tires on both axles.

For the purpose of this study, two survey methods were employed to estimate the level
of studded tire use in Oregon. Firgt, a parking lot survey was conducted. Much of this data was
shared with Brunette as described above. Then, in early 1996, a telephone survey was
conducted of a sample of Oregon households. These studies are described below. The most

recent etimates are summarized in Table 3.2

Table 3.2 Recent studded tire use estimates for Oregon
No Monthly Adjustment

Total Vehicles Vehicles Nominal use VehiclesUsing Effectiveuse

Surveyed Using Studs 4 studs
Region 1 1615 269 16.66% 122 24.21%
Region 2 1211 150 12.39% 68 18.00%
Region 3 811 1 5.06% 2 1.71%
Region 4 1385 444 32.06% 265 51.19%
Region 5 1281 342 26.70% 185 41.14%
Statewide 6303 1246 19.77% 662 30.27%

3.21 Parking Lot Survey Results

During the winter of 1994-95, ODOT conducted a parking lot survey of studded tire usein

Oregon. Heavily utilized parking areas, mostly a shopping centers, were selected at various

locations to represent ODOT’ sfive regions. At each parking location and & each time, data
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were collected from 200 parked cars, indicating if the vehicle had 2-whed or 4-whed drive,

and if studded tires were mounted on the front, rear, or both axles.

In most cases, Sx vists were made to each location. In afew casesin Region 4, only

three visits were made. All of the visitstook place between the last week of November and the

end of March. No viststook place during April, dthough studded tire use was permitted during

that month. Summary results of the parking lot survey are shown in Table 3.3.

Table 3.3 Summary of the parking lot survey.

Region 1 studs 4 studs Effective Days Wt Fctr
Date: December 12 1994 14.17% 6.00% 20.17% 31 6.251667
Date: January, 5, 1995 12.83% 6.00% 18.83% 31 5.838333
Date: January 26, 1995 12.00% 450% 16.50% 31 5.115
Date: February 16, 1995 13.83% 6.00% 19.83% 28 5.553333
Date: March 8, 1995 8.50% 3.67% 12.17% 31 3.771667
Date: March 29, 1995 5.50% 3.50%  9.00% 31 2.79
Effective studded tires use 16.02%
Region 2 studs 4 studs Effective Days Wt Fctr
Date: December 13, 1994 11.24% 487% 16.11% 31 4.99359
Date: Jan. 4, 1995 10.70% 5.33% 16.02% 31 4.967506
Date: January 25, 1995 10.68% 4.86%  15.55% 31 4.819091
Date: February 16, 1995 12.80% 6.20%  19.00% 28 5.32
Date: March 7, Eugene 11.00% 550% 16.50% 31 5.115
Date: March 27, 1995 5.09% 1.82% 6.91% 31 2.141818
Effective studded tires use 14.95%
Region 3 studs 4 studs Effective Days Wt Fctr
Date: November 29, 1994 4.90% 270%  7.60% 30 2.280597
Date: December 19, 1994 6.00% 4.00% 10.00% 31 3.1
Date: January 10, 1995 3.50% 250%  6.00% 31 1.86
Date: February 2, 1995 3.00% 233% 5.33% 28 1.493333
Date: February 24, 1995 3.50% 2.00%  5.50% 31 1.705
Date: March 23, 1995 3.50% 1.67% 5.17% 31 1.601667
Effective studded tires use 6.62%
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Region 4 studs 4 studs Effective Days Wt Fctr
Date: January 20, 1995 30.95% 15.19% 46.14% 31 14.30296
Date: February 16, 1995 23.45% 11.89% 35.34% 31 10.95587
Date: March 2, 1995 27.43% 14.62%  42.04% 31 13.0331
Date: March 17, 1995 18.35% 6.96% 25.31% 28 7.085642
Effective studded tires use 37.50%
Region 5 studs 4 studs Effective Days Wt Fctr
Date: November 28, 1994 33.88% 18.13% 52.00% 30 15.6
Date: December 21, 1994 35.38% 20.13% 55.50% 31 17.205
Date: January 26, 1995 37.38% 19.75% 57.13% 31 17.70875
Date: February 23, 1995 34.50% 21.00% 55.50% 28 15.54
Date: March 14, 1995 22.00% 11.63% 33.63% 31 10.42375
Effective studded tires use 50.65%

The parking lot survey results indicate an average statewide level of sudded tire use of

18.15 percent, ranging from 50.7 percent in Region 5 to 6.6 percent in Region 3. The estimates

derived by ODOT are consgtently lower than Brunette' s estimates. The discrepancy is likely

explained by the fact that Brunette' s estimates did not utilize data geathered toward the end of

the studded tire season, when the use of studded tires falls considerably.

3.2.2 Household Telephone Survey Results

In 1995, ODOT contracted with the Oregon Survey Research Laboratory (OSRL) at the

University of Oregon to conduct arandom sample telephone survey to ascertain the level of

studded tire use in Oregon. The surveyors contacted 3,107 households, which
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collectively owned 6,329 vehicles. The households were chosen to represent a baanced sample

from al of Oregon’s 36 counties, aswell as Clark County in the State of Washington. The

results were then matched up to ODOT’ sfive regions (service areas in the state, Figure, 3.1).

This survey represents the most comprehensive information available on the use of studded tires

in Oregon. The results did not only give the use patterns and percentages, but they aso deduce

the growth rates of studded tire use by Oregon residents. Results of the summaries of regiond

use from the household survey are shown in Table 3.4. Another summarized look isaso

presented in chapter 4, Table 4.8.

Table3.4 Household telephone survey results summarized regionally.
REGION 1 SUMMARY w/ studs days/mo  monthly use wt factor
Using Studs 269 16.7% NOV 133 30 8.2% 247
No Studs 1346 83.3% DEC 214 30 13.3% 3.98
Total vehicles 1615 JAN 232 31 14.4% 445
FEB 235 28 14.6% 407
2 studs 53.2% MAR 183 31 11.3% 351
4 studs 45.4% APR 43 30 2.7% 0.80
10.7%
Effective stud use 15.6%
REGION 2 SUMMARY w/ studs days/mo monthly use  wt factor
Using Studs 150 124% NOV 93 30 1.7% 2.30
No Studs 1061 87.6% DEC 127 30 10.5% 315
Total vehicles 1211 JAN 130 31 10.7% 333
FEB 14 28 11.1% 310
2 studs 53.3% MAR 112 31 9.2% 2.87
4 studs 45.3% APR 24 30 2.0% 059
85%
Effective stud use 12.4%
REGION 3 SUMMARY w/ studs days/mo monthly use  wt factor
Using Studs 1 51% NOV 28 30 35% 104
No Studs 770 .9% DEC 38 30 4.7% 141
Total vehicles 811 JAN 36 31 4.4% 138
FEB 32 28 3.9% 110
2 studs 43.9% MAR 31 37% 115
4 studs 53.7% APR 8 30 1.0% 0.30
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Effective stud use 5.4%
REGION 4 SUMMARY w/ studs days/mo  monthly use wt factor
Using Studs 444 32.1% NOV 342 30 24.7% 741
No Studs A1 67.9% DEC 415 30 30.0% 8.99
Total vehicles 1385 JAN 418 31 30.2% 9.36
FEB 410 28 29.6% 829
2 studs 40.3% MAR 353 31 255% 7.9
4 studs 59.7% APR 149 30 10.8% 323
25.1%
Effective stud use 40.1%
REGION5 SUMMARY w/ studs days/mo monthly use  wt factor
Using Studs 342 26.7% NOV 261 30 20.4% 6.11
No Studs 939 73.3% DEC 323 30 25.2% 7.56
Total vehicles 1281 JAN 314 31 24.5% 7.60
FEB 297 28 23.2% 6.49
2 studs 45.3% MAR 230 31 18.0% 557
4 studs 54.1% APR 83 30 6.5% 14
19.6%
Effective stud use 30.2%

After making adjustments for vehicles with studded tires on both axles, and for varying

levels of use during different months, the statewide average for studded tire traffic was estimated

at 16.02 percent. This estimate is lower than both of the parking lot estimates mentioned above.

A plausible cause for this discrepancy is that the household survey included the leve of usein
April, which was usudly the lowest level by awide margin, whereas the parking lot data
gathered represented use through March. The inclusion of April has the effect of bringing down
the average for the season. The telephone survey indicates that studded tire use fals from 25
percent in March to only 11 percent in April. Thiswould explain the smilarity between results
for both Brunette' s and ODOT parking lot surveys. The telephone survey results after the
adjusment for the axles and the monthly use are summarized in Table 3.5. In the table, nomina

vehicle represents the percent of vehicles usng sudded tires. Nomind Axle will be the nomina
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vehicle multiplied by 1+ the percentage of vehicles using studs on both axles. The effective use is
cdculaed by usng the information in Table 4. Where the number of vehidlesusing Sudsin a
particular month are averaged for the season and then weighted for the number of daysin the

month. Then, the nomina axle operation is used to cadculate the effective stud use.

Figure3.1

State Highway Mileage
by ODOT Region

7,482.46 total highway miles
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Table3.5

Studded Tire Use Rates

Region 1995 Registered Nomind Vehicle |Nomind Axle |Effective Use
PassVeh. (DMV)
1 1,076,477 16.7% 24.2% 15.57%
2 824,776 12.4% 18.0% 12.38%
3 383,955 5.1% 7.8% 5.43%
4 220,851 32.1% 51.2% 40.07%
5 156,695 26.7% 41.1% 30.20%
State Wtd Ave. 2,662,754 15.53% 23.15% 16.02%

The biggest disparity between the parking lot and the telephone survey isin the estimate

for Region 5. In addition to the effect of including April in the estimates, the proximity of the

parking locations to the Idaho border may be responsible for the higher parking lot estimate.

The reaults from the household survey are considered the more reliable and are used for the

remaning andyds

The differences in the three sudded tire use estimates for 1995 are shown in Table 3.6.

Although there are some differences in the percentages, the generd results indicate that we are

able to form avery good idea about the use patterns and spread of the use geographically and

higoricaly.
Table 3.6 Recent studded tire use estimates for Oregon
Region Brunette ODOT OoDOT
Parking lot survey Telephone survey
1 21.9% 16.0% 15.6%
2 16.0% 15.0% 12.4%
3 7.4% 6.6% 5.4%
4 65.7% 37.5% 40.1%
5 54.9% 50.7% 30.2%
State average 23.56% 18.15% 16.02%
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Chapter 4

Wear Rate Estimation

This chapter describes the mode, methodology, data requirements and results of the
regresson analysis used to estimate the wear rate of studded tires on pavement surfaces. For
the purpose of this research, the rate a which sudded tire traffic inflicts damage is of primary
importance, and the total rut depth is secondary. Tota rut depth can be represented as an
accumulation and a function of studded tire traffic causing an annud increment of rut. Using
that gpproach, we can make predictions of future rutting under expected future traffic

conditions. Additionally, the studded tire damage can be isolated to any given period of time.

Many factors affect the wear rate, including traffic conditions such as speed and
accderation of vehicles, pavement design and materids; and, properties of the studded tires
such asthe materid that the stud is made of, and the number of studs mounted on each tire

(Keyser, 1970; Barter, 1996). Table 4.1 lists some of the factors that affect wear rates.

Table4.1 Factors affecting studded tire wear rate (adapted from Keyser, 1970)

Factor Characterigtic

Pavement Geometry (turns, intersections)
Mix type
Materia hardness
Age

Traffic Speed
Acceleration
Deceleration
Stopping, starting
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Vehicle Axle weight
Stud material and type
Number of studs

Environment Humidity, temperature

4.1 Wear Rate General Model

The rutting caused by studded tires is expressed as a function of studded tire passes over the

surface using the following modd:

R=a*SP

Where,
R= Rut depth estimate.
a= Wear rate,

SP= Studded tire passes occurring on the pavement,

The modd employs two smplifying assumptions.

Fird, the wear rate, a, is assumed congtant and not a function of previous damage,
time, or past studded tire passes. Some researchers and an early study of studded tire rutting
have indicated that pavement surfaces have a higher initid wear rate which stabilizes after
100,000 studded tire passes (Minnesota, 1971). However, most other studies have estimated

wear as a constant with respect to time and cumuléative traffic. The assumption of a congtant
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wear rate is a generdization because of the high variability and the numerous factors affecting

weer in different pavements.

The second assumption isimplied by the exclusion of an intercept term and other
parameters, suggesting that al rutting is caused by studded tire traffic only. Studies have
shown that on both asphat and PCC, conventiona tires produce virtualy no measurable wear
(Krukar, 1973; Speer, 1971). However, axles of heavy trucks cause rutting on asphalt
surfaces, though not on PCC surfaces. This raises some concern about attributing dl rutting on
agphdt to studded tires. In particular, rutting in the right lane, which tends to be the
predominant travel lane for trucks, islikely to be partidly caused by truck traffic. Thisissueis

discussed in section 4.3.2.

4.2  Methodology for Wear Rate Estimates:

The task isto estimate the pavement wear rate (a) associated with a given number of studded
tires passes (i.e., inches per thousands of passes). In order to achieve that goa the two other
termsin the equation, namely the rut depth estimates (R) and studded tire passes (SP), need
to be measured and utilized. However, pavement life spans many years, thusit is difficult to
isolate one-year’ sworth of rut wear on any one segment of pavement. Therefore, we need to
adjust the equation to account for total observed rut depth that can be measured on single
highway segments.

TR =R1+R2+R3+................. +Rn
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Pavement Wear Rate Estimation

Profilometer
M easurements

Manual
M easurements

AN

Stud Use % -
& Growth rate Traffic Volume

/ / & Growth rate

Rut Depth Studded Tire Passes

Pavement Age

N/

Wear Rate

Where,

i=1ton

Ri isthe Rut depth in year i,

Thus,

TR =4 (a*SP)

—aa SPi

Snce SPi

Then,

and n is the age of the pavement segment.

represents studded tire passesin year i.

a SP isthetotd studded passes for the life of the pavement.

Page 25




The wear rate generd model becomes:

TR=a* SpP''
Where,

Spite = Tota studded tire passes occurring during the life of the pavement.

4.2.1 Rut Depth Measurements:

Totd rut depth represents damage sustained over the entire life of the pavement surface. A
data set of rut depth measurements was collected from severd sections of the Oregon state
highway systemn, including two types of asphalt and Portland cement concrete surfaces. Highly
accurate measurements of rut depth can be taken manualy by placing a straightedge across
the whed track and measuring the distance from its edge to the bottom of the rut. However,
the cogt in terms of Iabor, time, traffic obstruction and, most importantly safety hazards
prohibit manua generation of very large data sets, epecialy since the most severe rutting
tends to occur on the mogt highly traveled roads. In order to get the desired volume of rut
measurements, the South Dakota Profilometer van was used. The Profilometer van uses
acoudtic signals to measure whed path ruts while traveling in traffic at speeds up to 55 mph,
alowing enormous amounts of data to be collected without the high safety hazards, and time
cogts associated with manual measurements. However, due to the high speed, Profilometer
measurements are not as accurate as measurements taken manually. Therefore, cdibrating the

Profilometer measurements was essentid to ensure the rdiability of the rut depth data
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4.2.1.1 Profilometer Calibration:

A sample of Profilometer measurements was cdlibrated with a set of manua
measurements from the same highway locations. These are referred to asthe test data set.

The highway sections represented in the test data sets are listed in Table 4.2

Table4.2

Surface Highway
Asphdt (F-Mix) I5 South, MP 245
I5 South, MP 243

US 97 South, MP 133.5
US 97 South MP, 140.4
Asphdt (B-Mix) I5 North MP, 42.75
US 22 East, MP 3

184 East, MP 20
184 East, MP 46.5
PCC I5 North, MP 262

I5 North, MP 278
I5 South, MP 287.5
1205 North, MP 12

Most of the rut measurements were taken on the interstate system in Regions 1 and 2.
These highways are characterized by substantid rutting due to high traffic volumes. Two types
of agphdt are included in the study: F-mix, which is an open-graded mix, favored for good
drainage properties in wet westher, and B-mix, which is a conventional dense-graded asphalt
mix. Portland Cement Concrete (PCC) surfaces are aso included in the data sets.
In order to evaluate the accuracy of the Profilometer readings, the test data set was compiled
from two lanes of the 12 sections of Oregon highways mentioned above. Each section was

about 1/5 of amile long. Manua messurements were taken (for both left and right whed
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tracks) every 25 feet, yielding roughly 40 observations per section. The Profilometer took
measurements of both whed tracks at gpproximately one-foot intervals (roughly 1,000) for the

same sections.

The Profilometer takes smultaneous measurements for both left and right whedl
tracks. The observation of the measurement results revealed alarge number of negetive vaues
for rut measurements, implying mounds rather than ruts, an implication proved fase by visud
ingpection of the roads. In virtualy every case, such erroneous measurements were found for
only one of the two tracks. It was, therefore, determined that the Profilometer tends to take
only one reliable measurement for each cross-sectional location on the roadway. Subsequent
andysis used only the deeper of the two whed track measurements at each measurement
location (i.e., only the left or the right whed rut was used, not both). Both measurements were

eliminated in the few ingtances when both values were negative.

After the data set was reduced to represent only the deeper measured rut, groups of
25 consecutive measurements (feet) were averaged, yidding 40 vaues for each section. These
were then regressed againgt the 40 manual measurements (true rut depth) for the

corresponding (l€eft or right) whed tracks.

Theandydsof thisdata set indicated that the Profilometer consistently underestimates

the actua rut depth by about 6.5 percent.
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Figure 4.2 shows the regression andysis of the degpest reading from al three runs of the

Profilometer averaged every 1/5 of amile.

Figure 4.2 Regression results from Profilometer caibration
Regression Statistics
Multiple R 75%
R Square 56%
Adjusted R Square 54%
Standard Error 0.141
Observations 72
Note: R Square for regression through origin
2 2
res
R* =1- ao( 2)
a yi
R?=0.93
ANOVA
df SS MS F Significance F
Regression 1 1.7704 1.7703  89.144307 4.11921E-14
Residual 71 1.4100 0.0199
Total 72 3.1803
Coeff. Est.  Std. Error t Stat P-value Lower 95%  Upper 95%
Profilometer meas. 1.0240 0.0328 31.2 3.509E-43  0.9585 1.0895

Profilometer adjustment factor, X, is upper limit a when:

t_025’ 72 = 1.96
S =0.328;
S=0.18
n=72;
n°=28.48

*aeSo

x=1024 + '[.025‘72 gﬁa

X =1.065
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Figure4.3
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4.2.2 Total Rut Depth Data and M easurements (TR)

A data set of rut depth measurements was gathered for about 250 lane miles of Oregon
highways. The Profilometer measurements were averaged every 25 feet, and that average
congtitutes one observation. Based on the earlier findings, Profilometer measurements from

Oregon State highways were adjusted by the following calibration equation:

Rut Depth = Profilometer measurement * 1.065
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In addition the test (hand measurement) data set was aso appended to the Profilometer
measurements. The resultant data set congtitute the main data set, which was used to estimate

pavement wear rates.

Table 4.3 Highway sections used for wear rate estimation
Surface Main Data Set Test Data Set
(Profilometer) (manual)
Asphat (F-Mix) I5 South, MP 234-247 I5 South, MP 245
I5 South, MP 294-299 I5 South, MP 243
184 East, MP 22-31 US 97 South, MP 133.5
184 West, MP 22-31 US 97 South MP, 140.4

Asphalt (B-Mix) 15 North, MP 234-244 15 North MP, 242.75
15 North, MP 244-249 US 22 East, MP 3

184 E, MP 17-22 84 East, MP 20
184 W, MP 17-22

PCC I5 North, MP 259-280 I5 North, MP 262
15 South, MP 259-294 I5 North, MP 278
1205 North, MP 0-25 I5 South, MP 287.5
1205 South, MP 0-25 1205 North, MP 12

See Appendix A for amore thorough tabulation of rut depth data.

43  Methodology for Lifetime Studded Tire Passes (SP'™)

For each highway section in the rut measurement data set, an estimate was derived for
the over the years-cumulative sudded tire traffic. Firgt, an estimate for the number of studded
tire passesin 1995 was caculated by adjusting tota traffic volume data using factors for the

relaive levd of traffic during the studded tire season; the percent of traffic made up of
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passenger vehicles, and the portion of vehicles usng studded tires. Then, historic growth
factorsfor traffic and studded tire use were applied to caculate the studded tire traffic since
the congtruction date of the pavement. This procedure is described below. The sources and

methods used to obtain the data are described in Section 4.3.1.

For each highway segment, the following steps were performed:
Step 1. Estimate 1995 Passenger Vehicle Traffic (PVT™)
PVT® = ADT® * 365 * PV,
Where
ADT® = Average Daily Traffic for 1995,

PV, = Percent of traffic comprised of passenger vehicles on highway .
Note that multiple vaues for ADT apply to each highway section. ADT changes at each exit
and entrance point dong the highway. All of the highway sections in the data set are long
enough to include multiple change points.
Step 2. Edimate passenger vehicle traffic (PVT,) for each month of the studded tire season
Let months from November through April be designated 1 through 6.

PVTn™ = PVT®* T, %

Where, Ti,.% is the percent of annud traffic taking place in month m
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Step 3. Edtimate the studded tire passes for 1995 by applying monthly studded tire factors
(Stm) to the PV T,,; sum to find the annual studded tire traffic:

SPn®= PVTy®* ST,
Then,

SP* =4 sp,® for  m=1through 6

Step 4. Edimate effective growth in studded tire traffic for the past years of the pavement’s
life.

Studded tire traffic increases due to growth in both traffic and studded tire use. Traffic growth
rates were determined for each highway, while the studded tire growth is the Satewide rate.
This rate captures increases in both traffic and studded tire use to express the growth over
time in sudded tire passes as follows.

EG=[1+TG)* (1+SG)] - 1,

where,

EG = Effective statewide growth rate of studded tire traffic,

TG = Annud average traffic growth on highway |, and

SG = Statewide annua average growth in studded tire use™.
! Example:

Suppose in 1995, annual traffic is 100,000, and effective studded tire use is at 20%, yielding

SP% = 20,000. Suppose further that traffic is expected to grow 10% (to 110,000) and studded tire useis
expected to increase 5% (to 21%). For SP% we get 21% * 110,000 = 23,100. Or we could simply calculate:
(1+10%) * (1+5%) - 1=(1.1* 1.05) - 1 = 15.5% growth in studded tire traffic. Thus, SP%* = SP% (1 +
15.5%) = 20,000 * 1.155 = 23,100.
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Step 5. Apply the Effective Growth rate and 1995 studded tire passes (SP™) to calculate the
lifetime-studded tire passes (SP™) as follows:

Where,

*F. =P

1994

+ P + P + &P to + P

life 1993 1992 1991 i

I = Theyear i when the pavement section was first congtructed.
However,
SP® = SP** (1+EG)

Then SP*=SP®/(1+EG) and  SP®=SP®/ (1+EG)?

Thus, for the generd term,

SP"= SP*/ (1+EG) "

Therefore,
g - Fe.g L 4
EG g (1+EG)"§
where, Sp'te = lifetime studded tire passes, and
n= age of segment in 1995
If age< 29 Else n=28

Ageislimited to 28 years to correspond to the number of years that studded tire use has been

legd in Oregon.
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4.3.1 Data Requirementsfor Lifetime Stud Passes:

Data on studded tire use were taken from the telephone survey outlined in Section 3.2.2.
Traffic data were provided by ODOT’ s Trangportation Data Section and the 1995 Traffic

Volume Tables (ODOT, 1996a). Each data source is described below.

4.3.1.a) Traffic Volumes:

The basic building block for caculating studded tire treffic is the traffic count, or Average
Dally Traffic (ADT). Thesewere provided by ODOT’ s Transportation Data Section. The
ADT datawere specified for each direction on each highway, and reflect the changing traffic
leve at each access point. A sample segment from the 1995 edition of ODOT’ s Traffic

Volume Tables isshown in Table 4.4.

4.3.1.b) Traffic Seasonal and Passenger Vehicle Distribution:

Other characterigtics for traffic were taken from ODOT' s Traffic Volume Tables,
which are published annudly. In 1995, ODOT had 116 permanent counters located at various
points on the state highway system. For each permanent counter location, data are available
on the percent of traffic comprised of passenger vehicles and the rdative volume of traffic each
month. These factors were taken from the 1995 Traffic Volume Tables for highway sections

in the data sets, where multiple counters are present dong a highway. Where the data was not
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explicit, extrgpolation was used to reach the most appropriate factor based on traffic volume.

Passenger vehicle and monthly traffic factors are shown in Tables 4.5 and 4.6.

Table4.4 Traffic Volumes by Highway Segment.
North  South  (both

COLUMBIA RIVER HIGHWAY #2 (1-84) MP ADTs ADTs direction Lane#
Troutdale Automatic Recorder, Sta. 26-001, on Sandy River Bridge... 17.71 12800 14900 27700 4
0.30 mile east of Jordan Interchange... 18.12 11650 13150 24800 4
0.30 mile east of Corbett Interchange... 22.40 10850 12350 23200 4
0.20 mile east of Rooster Rock State Park Interchange... 25.19 10500 11900 22400 4
0.10 mile east of Bridal Veil connection... 28.18 10300 11800 22100 4
0.50 mile east of Multnomah Falls Interchange... 31.89 10200 11600 21800 4
STADIUM FREEWAY HIGHWAY NO. 61 (I-405)
0.60 mile west of Pacific Highway (I-5)... 0.60 45300 46600 91900 6
S.W. 4th Avenue Undercrossing... 0.88 42900 46600 89500 6
S.W. Broadway Undercrossing... 111 36500 38100 74600 6
S.W. Park Avenue Undercrossing... 1.18 59600 38100 97700 6

59600 60900 120500 6
S.W. Yamhill Street Undercrossing... 2.02 47100 47200 94300 6
N.W. Glisan Street Undercrossing... 245 34200 43800 78000 6
N.W. Kearney Street Overcrossing... 2.65 45000 49300 95200 6
Fremont Bridge Automatic Recorder, Sta. 26-027, 1.16 miles southwest of 3.05 52700 45600 98300 6
EAST PORTLAND FREEWAY #64 (I-205) N S
Stafford Automatic Recorder, Sta. 03-016, 1.27 miles east of 1.27 36200 36500 72700 4
0.40 mile east of Wankers Corner Interchange, (Stafford Road)... 3.56 35600 35800 71400 4
0.60 mile east of 10th Street, South West Linn Interchange... 7.00 37700 37300 75000 4
On Willamette River Bridge, 0.30 mile east of Oswego Highway 9.12 42800 43700 86500 6
0.40 mile east of Pacific Highway East, (ORE99E) Oregon City Interchange 9.69 48400 45500 93900 6
On Clackamas River Bridge, 0.30 mile south of S.E. 82nd Drive 10.75 62700 62100 124800 6
0.40 mile south of Clackamas Hiahway (ORE224), South Clackamas Interc ~ 12.27 58000 56700 114700 6
M.P. 12.63 to M.P. 13.24 common with Clackamas Highway (ORE213 and 13.09 62900 64300 127200 6
0.20 mile north of S.E. 82nd Drive (ORE213 North Junction),Lake Road Int ~ 13.38 45800 45800 91600 6
0.40 mile south of Sunnyside Road Interchange... 14.18 56100 55300 111400 6
0.40 mile south of Johnson Creek Blvd. Interchange... 15.84 65300 64600 129900 6
0.40 mile south of Foster Road Interchange... 17.45 69900 69200 139100 6
0.30 mile south of Mt. Hood Highway (US26) Interchange... 18.82 72700 71600 144300 6
0.50 mile north of Division Street Interchange... 20.11 78200 76800 155000 6
Burnside Street Undercrossing... 20.87 58000 59200 117200 6
0.20 mile north of Columbia River Highway (I-84) Interchange... 21.77 49600 65700 115300 6
0.40 mile north of connections to Columbia River Highway (1-84)... 22.99 61000 66100 127100 6
0.40 mile south of Airport Way Interchange... 24.25 50600 54800 105400 6
Glenn Jackson Bridge Automatic Recorder, Sta. 26-024, 1.07 miles south ¢ 25.50 51000 52300 103300 6
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Table4.5 Highway Monthly Traffic Levels (Percentage of annual traffic)

-5 -84 [-205 Us 22 uSs 97
November 742 6.01 7.24 7.26 711
December 6.83 5.80 6.77 6.72 6.68
January 8.16 7.74 8.24 7.93 7.92
February 8.56 8.03 8.13 8.00 8.06
March 8.03 7.58 8.26 7.60 7.55
April 8.02 6.46 8.58 7.68 751
Table4.6 Passenger Vehicle Factors by Highway
Passenger Vehicle %
Hwy Section
-5 MP 233-251 80
MP 259-282 85.8
MP 283-287 0
MP 289-298 93
-84 al 75.5
[-205 al 91.3
us 22 al 93.2
Uus o7 MP 130.19 88.5
MP 140.03 89.6

The derivation of the factors for passenger vehicles and monthly volumes are provided in

Appendix B.

4.3.1.c) Traffic Growth Rates:

The Traffic Volume Tables aso give traffic growth rates for the preceding 10 years
a each permanent counter location. For highway sections older than 10 years, the Statewide

traffic growth rate was used, as provided in each annua edition of the Traffic Volume

Tables. Growth factors are listed in Table 4.7.
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Table4.7 Traffic growth rates

Highway 1986-95 1976-85 1966-75
Interstate 5 3.96% 2.62% 4.78%
Interstate 84 5.78% 2.62% 4.78%
Interstate 205 6% 2.62% 4.78%
US Hwy 22 4.61% 2.62% 4.78%
US Hwy 97 4.05% 2.62% 4.78%
4.3.1.d) The Lane Digribution of Traffic:

The digtribution of traffic between lanes has an important impact on the pattern of
vishble sudded tire damage. Most severe studded tire rutting shows up on center or left lanes,
which are used predominantly by passenger vehicles. Only very generd information is
available regarding the digtribution of traffic in each lane. According to ODOT’ s Traffic
Panning Section, on bi-directiona 4-lane highways, 60 percent of traffic tendsto trave in the
right lane, with the remaining 40 percent in the left lane. On 6-lane bi-directiond highways, the
left, center, and right lane distribution tends to approximeate 14 percent, 56 percent, and 30
percent, respectively. These patterns are highly generalized; it should be gpparent from
observation that as traffic becomes denser, traffic distribution begins to even out acrossthe

lanes.

4.3.2) Issuesof Use of the Data:

The above lane digtribution figures describe totd traffic volume. No data were found

regarding the lane digtribution of truck traffic for Oregon roads, which should be consderably
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different from the generd traffic flow, since trucks tend to travel predominantly in the right
lanes. Coupled with the highly generdized nature of the traffic distribution deta, this posed a
chdlenge for isolaing the sudded tire traffic in a particular lane of ahighway. This chdlenge
was resolved in this sudy by summing the rut depth of each lane for every highway segmert,
then performing aregression of the combined depth againg the tota directiona studded tire
traffic. Since the model assumes a congtant wear rate, we represent the equation for the
summation of the lanes as alinear combination of the equations for the individud lanes.

In other words, for wear rate, a, and studded tire passes, SP,

If
Leftlanerut: Rut-5T = a* SP-EFT
And,
Right lanerut  RutReT = g * SpRIGHT
Then
Sumof lanes  Rut“57" + Rut®eHT = g * (SP-EFT + SPRICHT)
Or,

RUSM = g+ SpUM

A dight inaccuracy of this gpproach arises for agphdt surfaces. As mentioned earlier,
theright lanes of agphdt pavements can be expected to bear some rutting caused by heavy
trucks. The summation of lanes includes heavy truck rutting in the rut depth data. This problem
was minimized by the exercise of caution during the measurement process, since the distance
between studded tire ruts in a lane match the whed base width of a passenger vehicle.

Naturdly, the whed-base for heavy trucks is much wider than that of vehicles.
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The Profilometer measurements were taken to correspond to the whedl base width of
passenger vehicles. Nevertheess, the possibility of including some truck rutting should be
noted, as it would have a positive (increasing) influence on the wear rate estimation. Despite
this drawback to summing the data from each lane, in the abosence of detailed data regarding

the lane digribution of traffic by highway segment, it is dlearly the best solution and method.

4.3.3 Studded TireUse

As described in Chapter 3, atelephone survey of Oregon households was used to determine
the level of studded tire use in each of ODOT’ sfive regions. The highest rateisin Region 4,
where over 30 percent of vehicles were equipped with sudded tires at some time during the
1994-95 winter. Region 3 has the lowest rate; just below 5 percent of vehicles were equipped
with studded tires. These rates indicate the number of vehicles using studded tires. Statewide,
roughly haf of al studded tire users use studded tires on only one axle, and the other haf use
them on both axles. In Region 4, nearly 60 percent of studded tire vehicles use them on both
axles. Thisaxle use rate is used in Chapter 5 to estimate the tota number of studded tires

used.

For the purpose of caculaing studded tire traffic, monthly factors were derived from
the survey results for each of ODOT’ sfive regions to reflect the changing levels of studded tire
use. These arelisted in Table 4.8. In two cases, it was determined that highway conditions are

better represented by county use rates rather than regiond rates. This was the case for
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Interstate-84 (Hood River County) and US Highway 97 (Deschutes County). Therationale

for this conclusion is described below.

The portion of 1-84 represented in the data sets travel s through the Columbia River
Gorge, between Multnomah and Hood River Counties, which are both included in Region 1.
Hood River County, which experiences cooler temperatures than the Willamette Vdley, hasa
much higher use of studded tires than Region 1 as awhole. It was determined for this study
that the studded tire use from Hood River County is a better representation of studded tire use
on 1-84. An anadogous situation occurred for Deschutes County in Region 4. Regiond and

County studded tire use rates are dso shown in Table 4.8.

Table 4.8 Regional and County monthly studded tire traffic factorsin 1995

Region 1 Region2 Region3 Region4 Region5 Hood River Deschutes

Nov. 8.2% 1.7% 3.5% 247%  204% 20.0% 27.3%
Dec. 133%  10.5% 4.7% 30.0%  25.2% 27.8% 30.8%
Jan. 144%  10.7% 4.4% 302%  245% 28.7% 30.6%
Feb. 146%  11.1% 3.9% 26% 232% 27.8% 30.4%
Mar. 11.3% 9.2% 3.7% 255%  18.0% 23.5% 29.1%
Apr. 2.7% 2.0% 1.0% 10.8% 6.5% 8.7% 14.0%

Weighted Ave.  10.7% 8.5% 3.5% 251%  19.6% 22.7% 27.0%
Both Axles 454%  453%  53.7%  59.7%  54.1% 47.0% 69.0%

ST Factor 15.6%  12.4% 5.4% 40.1%  30.2% 33.4% 45.6%

Very little historical data exists regarding studded tire use in Oregon. As was noted
earlier, the 1995 OSRL survey indicates that studded tire use doubled over the estimate given
in 1974. Edtimates from the intermediate years indicate a steady or declining use of studded

tires. This would suggest rapid growth during the 1990s.
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“ Although the methods of gathering data were not consistent, and considerable
engineering judgement was exercised in their derivation” (Brunette, 1995),these previous
estimates were supported by the telephone survey responses regarding the growth in studded
tire use. These responses indicate that the use of studded tires has increased by an average of
8.45% during the six years stretching from 1990 to 1995.

Based on dl the information available, it was assumed thet the use of studded tiresin
Oregon was virtudly constant from 1967 through 1986, and then increased a an average rate

of 8.45 percent annualy.?

44  Regression Analysis

Studded tire passes over the life of the pavement were calculated for the highway
segments of the main data set. These data represent the sum of studded tire traffic and rut

depth in dl lanes. The test data set (manual measurements) was also used.

Linear regressions were run on both the main and the test data sets. The data were
grouped by surface type: agphalt (F-mix and B-mix) and PCC. The estimates are corrected
for autocorreation that results from the interdependence of traffic volumes on adjacent road
sections. Wear rates were estimated for every 100,000 studded tire passes. The results of the

regression analyses are shown in Tables 4.9° Along with individua weer rate estimates,

2 Additional analysiswas conducted using a constant growth rate in studded tire use with no significant difference in wear rate

estimates.
3 R?values are not given. In cases of regressions through the origin, the R? measures variation around zero, rather than around the mean. It
has been argued that for regression through the origin, R? can lead to over estimation of the adequacy of fit of the model. Standard error is abetter

tool for evaluating the regression results (Casella, 1983; Hahn, 1977).
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averages and midpoints for each surface type are listed. Midpoints are used to represent the

base case in the remaining analyses. Full regresson results are provided in Appendix C.

Eight wear rate estimates were determined for PCC surfaces; 13 for asphalt surfaces.
For each surface type, arange of wear rates was estimated. This should be expected due to

the many factors affecting rutting susceptibility of pavements.

Table4.9a Estimated Wear Rates (per 100,000 studded tire passes) for F-Mix asphalt

Data Set Location Wear rate StdErr  T-stat 95% Conf. Interval DF
Main 5 South, MP 234-247 0.0438 0.0021 21 0.0432 0.0444 52
Main 5 South, MP 294-299 0.0256 0.0012 21 0.0251 0.0261 22
Main 84 E&W, MP 22-31 0.0326 0.0034 9.6 0.0319 0.0333 85

Manual 15 South, MP 245 0.0393 0.0009 4 0.0391 0.0395 80

Manual 15 South, MP 243 0.0406 0.0006 67 0.0405 0.0407 81

Manual US97, MP1335 0.0517 0.0022 23 0.0512 0.0522 80

Manual US97, MP 1404 0.0397 0.0012 A 0.03%4 0.0400 80

Range 0.0256: 0.0517
Average 0.0390
Mid-Point 0.0387

Asindicated by comparison of mid-points, no clear performance advantage was
found between F-mix and B-mix asphdt pavements; the mid-points were very close for both
mixes (0.0387 and 0.0385, respectively). Estimates from the manual measurementson I-5 are
also smilar, a around 0.040 inch. Due to the close physica proximity of the samples (from
mileposts (MP) 242.75 to MP 245), we can expect that general conditions (traffic volumes,

climate, etc.) are quite Smilar. However, estimates from the main data set indicate better
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performance by B-mix surfaces. Other recent studiesindicate no consistent advantage of B-

mix over F-mix in terms of rutting (Brunette, 1995; Hicks, 1995).

Table4.9b Estimated Wear Rates (per 100,000 studded tire passes) for B-Mix asphalt
Data Set Location Wear rate StdErr T-stat  95% Conf. Interval DF
Main 5 North, MP 234-244 0.0299 0.0012 25 0.0295 0.0303 46
Main 5 North, MP 244-249 0.0196 0.0013 15 0.0191 0.0201 24
Main 84 E&W, MP 17-22 0.0349 0.003 25 0.0340 0.0358 47
Manual 15 North, MP 242.75 0.0399 0.005 8 0.0388 0.0410 76
Manual 22, Test set (EB) 0.0573 0.002 35 0.0569 0.0577 80
Manual 84 East, MP20 0.0358 0.002 23 0.034 0.0362 80
Range 0.0196: 0.0573
Average 0.0362
Mid-Point 0.0385
As was expected, PCC was found to have a considerably lower wear rate than
asphat. PCC has consstently shown more resistance to rutting than asphalt (Minnesota,
1971; Christman, 1978; Krukar, 1973).
Table49c Estimated Wear Rates (per 100,000 studded tire passes) for PCC
Data Set Location Wear rate Std Err T-stat  95% Conf. Interval DF
Main  5North, MP 259-280 0.0110 0.0002 56 00110  0.0110 100
Main 5 South, MP 259-294 0.0076 0.0005 15 00075  0.0077 169
Main 205 North, MP 0-25 0.0086 0.0003 33 0.0085  0.0087 118
Main 205 South, MP 0-25 0.0084 0.0002 40 00084  0.0084 123
Manual |5 North, MP 262 0.0100 0.0001 9% 0.0100  0.0100 80
Manual |5 North, MP 278 0.0097 0.0002 61 0.0097 0.0097 80
Manual |5 South, MP 287.5 0.0077 0.0001 81 0.0077 0.0077 80
Manual 205MP 12 (NB) 0.0083 0.0002 48 0.0083 0.0083 80
Range 0.0076:0.0110
Average 0.0089
Mid-Point 0.0093
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45 Other Rut Estimates

Table 4.10 shows wear rate estimates from other studies. The base case estimates
from the present study appear smilar to other recent sudies from Oregon (Mdik, 1994;
Brunette, 1995), which both used 1993 data. The 1974 ODOT study found a much higher
wear rate, suggesting that a sharp decline in the wear rate of studded tires has taken place in
the last two decades. Thisis probably areflection of design changes that occurred after the
1970s. During that period, tire stud manufacturers improved designsin response to cdlsfor a

prohibition of studded tire use (Brunette, 1995).

Wear rates can be expected to decline in the future as aresult of recent legidation
restricting the sde of studs in Oregon to those made of lightweight materid. Lightweight studs
have been found to reduce wear by 30-50 percent (Barter, 1996; Gustafson, 1992). ODOT
pavement engineers, who are working to develop pavements that are less susceptible to

rutting, may realize a further reduction in wear from their current research.

Table4.10 Edtimated wear ratesfrom other studies (per 100,000 studded tir e passes)
State Source Asphalt PCC

Oregon ODOQT, 1974 0.066" 0.026"
Oregon Malik, 1994 0.035" 0.008"
Oregon Brunette, 1995 0.034” 0.009"

Alaska Barter, 1996 0013

Minnesota MDOT, 1971 0.0307-0.047" 0.075”-0.091"
Wisconsin Lyford, 1977 0.015"-0.020 0.007"-0.010
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Chapter 5

Cost Estimates

Three types of cost anayses were conducted using wear rate estimates and studded
tire and traffic data for the state highway systemin 1995. All cost estimates are expressed in
terms of repair costs. Those repair costs are limited to a rehabilitation strategy of an asphalt

overlay of 2" thickness.

Thefirst cost category isthe cost of total damage. This estimate is a measure of dl
the rutting damage on the highways. This includes rutting damage that is not expected to reach
the limiting rut threshold of 0.75". It o indludes damage that might not be the main trigger for
pavement rehabilitation. Although some of the expenditures are not anticipated, damage has
occurred. Therefore, this damage will not require repair in tota, but it represents the cost of
mitigation if al the damage were to be fixed, regardless of how deep the rutting gets on any
particular highway segment. There is no incluson in this category of the consequent socid
cogisin terms of safety and comfort effects (discussed in section 2.1). The use of repair costs
can not be utilized to quantify these indirect effects, and does not provide means of measuring

the accelerated wear (beyond Rutting damage) of roadway's due to studded tire use.

The second cost category is the effective damage cost. The effective damage cost

estimate includes studded tire damage that is expected to reduce the useful life of
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pavement surfaces. Roads with very low traffic volume or very low studded tire use may
exhibit some rutting, but the studded tire traffic is not consgdered sufficient to require an
overlay before other age and pavement fatigue-related problems warrant reconstruction.
Therefore, this cost category concentrates on the damage that will require mitigetion

expenditures in the future, and annualizes this expenditure to the current year.

Thefind type of esimate isthe Annual or Cashflow expenditures on pavement
repair of studded tire damage. Damage mitigation is projected by the year of failure of the
pavement. The horizon for this category is projected for the years 1995-2005. The
projections are then adjusted for possible reductionsin the damage as aresult of the

introduction of lightweight studs.

Assumptions
The three cogt analyses utilize some common assumptions:
Limiting rut threshold: Pavements require resurfacing when the studded tire rut depth
reaches 0.75”.
Design life: Pavements require recongtruction when they reach the end of their design life.
Thisisthe expected useful life in the abosence of studded tire treffic.
Studded tire use, seasond traffic level, and the passenger vehicle percentage of traffic are
factored in by region.
No digtinction is made between types of asphalt surfaces. Wear rates used for asphdt are

the averages of open-graded and dense-graded mixes.
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Repair cogts. The assumed method of repair isa2” asphdt overlay, and lanewidth is
assumed to be 12'. The overd| codt is $52,800/Iane mile, which covers materia costs and
the agency costs of temporary traffic control, in addition to labor and other costs. Cost
estimates were taken from “Repair of Rutting Caused by Studded Tires’, ODOT, July-
95 by Hoffman and Hunt.

Due to the nature and plagticity of each pavement, the required repairs will be different.
On asphdlt surfaces, only the damaged lang(s) need to be overlaid. Conversdy, if asingle
lane of a PCC highway reaches the threshold rut, the entire width of the highway, including
the shoulders, needs to be repaired. The shoulders are assumed to be 6 and 10' wide,

which is equivadent to adding 1.33 lanes.

Table 5.1 shows the range of wear rates used in the analyses. The mid-point wear rate

is considered the Base case. Table 5.2 shows the range of design life values used. Additiona

assumptions are made for the effective damage estimates and expenditure projections:

Table5.1 Wear rates used in cost analyses

Asphalt PCC
LOW 0226 0076
BASE 0386 0093
HIGH 0545 0110
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Table 5.2 Design life vaues used in cost andysis

Asphlt PCC
LOW 12 25
BASE 14 30
HIGH 16 35

Lane digtribution of totdl traffic*: The traffic digtribution information from ODOT’s Traffic
Panning Section was used for generd traffic.

Lane digtribution of truck traffic: In order to isolate passenger vehicle traffic from heavy
truck traffic, an assumption was made that 95 percent of truckstravel in theright lane and
the remaining trucks travel in the adjacent lane. Lane distribution factors for total traffic
and for heavy trucks are givenin Table 5.3.

All vehicles are ether trucks or passenger vehicles.

Table 5.3 L ane Split Factorsfor Total Traffic and Trucks

Two Lanes Three Lanes
left  right left  center  right
Total Traffic 40% 60% 16% 54% 30%
Truck Traffic 5% 95% 0% 5% 95%
! Unlike the estimation procedures for wear rate and total damage, it is necessary to

assign rutting to a particular lane for the effective damage and expenditure projections. In the
previous estimations, an assumption of linear dependence was made. However, the cost
caculation is not a continuous function, but rather a discrete event: when the rut depth reaches
0.75", an expense occurs. It was necessary to utilize the “best” available information on lane
split of traffic, and to make an additional assumption for the lane split of trucks.
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5.1

Total Damage Cost Estimate

The Totd Damage cost mode effectively “accumulates’ dl the rut depth into sections

that are 0.75” deep, then caculates the cost for an equivalent number of lane-miles. For

example, athree-mile lane section with 0.5” rut depth is equivaent to 2 mileswith 0.75". The

damage codt isthen caculated for the two miles of asphalt overlay.

5.1.1

Total Damage Estimation M ethodology

The total damage cost estimation procedure does not require linking studded tire

traffic to any particular highway segment because dl rutting is accumulated to mest the

threshold. Overdl traffic volume can be used rather than highway treffic data. Vehicle Miles

Traveled (VMT?) data were provided by ODOT’s Transportation Data Section. These data

were broken down by region and surface type (asphat and concrete). This dataon regiond

VMT by pavement type are shown in Table 5.4.

Table5.4
1995 VMT Tatals

REGION Agphalt PCC Other TOTALS
1 4,561,505,375 1,882,204,990 - 6,443,710,365
2 4,461,653,055 1,099,305,540 106,215 5,561,064,810
3 2,329,388,390 490,393,560 719,780 2,820,501,730
4 1,931,755,930 26,615,800 444,205 1,958,815,935
5 1,337,809,315 232,164,455 74,825 1,570,048,595

TOTALS 14,622,112,065 3,730,684,345 1,345,025 18,354,141,435

2VMT = ameasure of total milestraveled by all vehiclesin the areafor a specified time period.
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Applying regiona factors for passenger vehicles (Table 5.5), seasond traffic volume and
studded tire use, an estimate for Studded Tire VMT was generated for the year 1995. Then
the estimated wear rate, a, was applied for each surface type using the relationship:

Rutgs =a* VMTgs

Table5.5
REGIONAL SUMMARIES
Passenger Seasonal Effective Stud
Vehicles Factor Use
Region 1 88% 44% 15.6%
Region 2 85% 45% 12.4%
Region 3 84% 43% 5.4%
Region 4 81% 43% 40.1%
Region 5 78% 41% 30.2%

The following steps were taken for both surface types in each region:

Step 1. Studded tire VMT * wear rate = Totd rut

Step 2. The resulting number is equivaent to totd rut depth. Since repair is assumed
to take place when rut depth reaches athreshold of 0.75", dividing by 0.75

yidlds the equivdent number of lane miles a the threshold.

Step 3. 1O LOMIL Ut _ o} L Ml at Threshold

0.75"

Page 51



Step 4. Multiply Totd Lane Miles a Threshold by the cost of repair per lane mile

5.12

Totd Mitigation Cost = Totd LnMi at threshold * cost LnMi

Total Damage Cost Results

The modd estimates that 1995 total studded tire traffic, using the base wear rate, produced

damage equivdent to 0.75" rut depth on 18.74 lane miles of PCC and 360 lane miles of

agphdt on the state highway system done. The associated cost of repairing thisleve of

damage is more than $30 million, with more than 80 percent of the cogts for agphalt surfaces.

Table5.6
Smmay o tad cod o mitigeing dudded tiredamege

Edimate Paamat Sae Lod Tad
RQC #3131 9] #3318
Agqtet $14821972 1156412 6348334

Lovedimae $19135166 $1156412 $0&1577
RQC 277987 N9 $B27787
Aghet $5315408 $19686 04 50107

Baseetimate $30FB30 F19636, 14 $0290083
ROC 6242780 9] 6242780
Aghet $5743250 27,7693 $63530244

High edimate $#1L986030 $27,/1693 $07204
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VMT for county and city roads were assumed 39 percent of the totd state VMT. Based on
this assumption, the mode estimates just under $20 million for county and city roads studded

tire damage in 1995.

Cogt summariesfor al three of wear rates are provided in Table 5.6. The full detall

printout for the Base wear rateis shown in Figure 5.1. The low and high wear rate estimates

are provided in Appendix D.
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Figure5.1

State System County & City
e et
P& WENMEBRNT LS AMTIITATL W SELSOMAT. I VT VLT 0% of Il
REGEDN TTPE SROSS WHT 1 P TH LT%EH FACTOR USE Sesaan DA E Todal OaMAGE
1 CONCRETE 1,882 204,900 1.80% =} a4 16.E 113 B51 204 1057 - a.00
1 ASPHALT 4661 BOEE7E 1.50%: G LE 1685 275 E2a 521 1 06 .36 F4E A8 05 a6 .08
2 CONCRETE 1.0959.350.549 1.830% =l A2 12.4% G2 140002 450 = 000
2 ASPHALT 4,961 BEZO6E 1 80% aE% AEs 1245 211 B16 204 ENC 168 681,055 £ 09
E] COMNCRETE A90. 393,560 1.90%: 42 AT 5,458 2. EER.Q2a ozg e Q.00
3 ATFHALT 2822950290 1.90%: 8475 457 5478 A5 434268 1754 SE1B24TG 13.67
4 CONCRETE 2 51 6,200 1.90% 819 A0y, 40188 3,717,204 026 - 900
4 ASPHALT 1 8351 756950 1.50% S1%s 5 401 ¥a 2EA EmE 06T 10414 1 74 &7E.OCD &7 B0
B CONCRETE 232,164,406 1.90% 7a% a1z 30 5% 27 472300 209 ; 2.00
] ASFHALT 1. 297200216 1205 TR 415 2020 1 &, 206 OB 40 27 96 DAz, ] 2 at.az
CORCRETE (VR E
ASFHALT .38
DAMAGE FER LE T IHCHAANE/MILES CONCRETE 1874 COMCRETE 0.0
FACTORS | MILLION »MT .36 DamMaEES ASFHALT 309 09 ASFHASLT 279 G4
LR
MITIGATING FEFLACE THRESHOILD CosT CosT
STEATEGSTY COST LI IINCHES)
ANMUAL DAMAGE 2T AL ONVE R LAY | PTC) S22 200 LY COMOCRETE $6. 277 987 COMCRETE g0
2% AC OVER LAY 62 000 [+ s ASPHALT F26 316, 402 ASPHALT 510 GO5 Fod
$30.593.390 $19.686.704
TOTAL COST
CONGRETE 5.277.987
ASPHALT a5 002, 107

Base

TOTAL COST

$ 50.280.093
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52 Effective Damage Cost Estimate
The effective damage cost estimate includes studded tire damage that is expected to reduce
the useful life of pavement surfaces. Costs are assigned to the year in which the damageis

incurred on an annualized bagis, rather than linked to the year that the expenditure is made.

521 Effective Damage Estimation M ethodology

The effective damage cost anaysis utilizes a database provided by ODOT’ s Pavement
Management Section. The pavement database divides the sate highway system into roughly
2,200 highway ssgments of various lengths. Beginning and ending mileposts designate each
segment. Data provided include directiond traffic (ADT) and surface type. For each segment,
only one ADT vdueis provided. No distinction is made between F-mix and B-mix asphalt
surfaces in the database. The low, mid-point, and high wear rates for both mixes are averaged

for the cost analyss.

Unlike the wear rate estimation, the cost analys's requires isolating rutting to each

particular lane. Totd traffic is determined for each lane of highway. Studded tire traffic is then

caculated using the regiona factors for seasond traffic and studded tire use. The derivations of

regiond factors for passenger vehicles and seasond traffic volumes are shown in Appendix E.

The following steps are taken for each highway section in the pavement database:
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Step 1 Split ADT by lane using lane digtribution factors for totd traffic to determine
Lane Average Dally Traffic (LADT):
LADT =ADT * L%
where, LADT, = Averagedally traffic for 1995 in lane x,
ADT = Average Dally Traffic for 1995,
L«y= Lanefactor for the x lane (Left, Center, Right) on ay-

(two or three) lane highway

Step 2: Adjust lane traffic to isolate passenger vehicle Lane ADT (PVLADT) using the
assumed lane distribution of truck traffic.

PVLADT, = LADT, - Ty (1 - PV,
Where, PV = fraction of passenger vehicle traffic in Region k, and

Ty = fraction of truck traffic in lane x.

Step 3: Apply regiond factors for seasona volume and studded tire use to calculate
1995 studded tire traffic:

SP,=PVLADT, * 365* S% * ST\%

Step 4 Apply the appropriate wear rate, a, for each surface to calculate the rut depth
attributable to 1995 traffic:
R«=SP*a

Where, R« = the estimated average rut depth aong the entire lane x
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Sep 5: Cdculate the Expected Life (EL), the expected number of years until the
pavement reaches the threshold rut depth of 0.75":

ELx =0.75" /R«

Where,

ELx = the Expected Life of lane x of the pavement section

Step 6: Determine whether studded tire traffic will reduce the pavement life:
If the Expected Lifeisless than the Design Life (DL) for the surface type, then the studded tire

traffic is conddered sufficient to reduce the useful life of the pavement.

For asphdlt, acod is caculated if the following criterion is met:
If ELy <DL,
Then acost is charged.
Recdl that when any lane of a PCC surface highway requires an overlay, the entire
width of the road, as well as the shoulders, must be overlaid. A cost is charged for PCC
surfaces when the following conditiond criterion is met:
(EL_ or ELc or ELg) <DL,
Where,
EL. = EL for theleft lane,
ELc = EL for the center lane,

ELr = EL for theright lane,
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Step 7. Cost cdculation:
The cost of an asphalt overlay atributed to 1995 (cost™) is based on an even
digtribution of the overlay cost among the years of useful life of the pavement:
For Asphalt,
Total Cost = $52,800* LnMi
Cost™ = Tota Cost, EL,
For PCC,
Tota Cost = $52,800* LnMi* (Lanes + 1.333)
Cost™ = Total Cost, EL
Where,
Lanes = the number of lanes, and

1.333 = the lane equivaent of adding both shoulders.

522 Effective Damage Cost Results

The cost estimates do not necessarily represent expenditures made during 1995, but rather

damage incurred during 1995. A summary of the costs for the base wear rate and design lifeis

provided in Table 5.7. Cost estimates for al of the nine scenarios are summarized in Table 5.8,

with details provided in Appendix F.
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Table5.7 Summary of effective cost estimates, Base case.’

PCC Asphalt Total
Region 1 $2,121,389 $3,019,116 $5,140,505
Region 2 $741,829 $1,810,814 $2,552,643
Region 3 $0 $0 $0
Region 4 $0 $2,242,845 $2,242,845
Region 5 $0 $129,238 $129,238
Statewide $2,863,218 $7,202,013 $10,065,231

" Asphalt design life and wear rate: 14 years, 0.0386" .
PCC design life and wear rate: 30 years, 0.0093".

The results indicate the cost of effective damage from studded tires, in the base case
scenario, was over $10 million in 1995 for the state highway system. Although thisisvery close
to the maintenance expenditure amount ($11 million) attributed to sudded tire damage by
ODOT’ s updated Cost Responsibility Study ( 1995), it isimportant to remember that the
present $10 million estimate reflects sudded tire damage inflicted during 1995, whereas
ODOT’ s $11 million dollar figure reflects mitigation expenditures during the year on the State

Highway System aswell as City sireets and County roads.

The nine scenarios result in cost estimates ranging from $3.7 million to $18.3 million,
depending on the wear rate and the design life values used. Holding the weer rate & the base
levd, the different design life vaues result in arange of cogts from roughly $9 million to $11
million. The design life, asused in this Sudy, is badcaly the expected useful life of a pavement
surface in the absence of studded tires. A shorter design life lowers the cost estimate because it

lowers the relative impact of studded tire damage on the useful life. The actud useful life of a
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pavement is influenced by many factors, such as congtruction design, aggregete type and size,
other materids, climate and traffic conditions. Furthermore, the determination of a useful lifeis
by no means uniform in al cases. Some differences of opinion exist regarding the leve of

damage when a pavement absolutely requires repair or reconstruction. The base case vaues

Table5.8
Deagnlife Wear rae Agphalt RCC Tad Cod
Sart Low $1473153 256597 $3,720,/0
Bae Low $1,901,186 33984 $4.241.020
Loy Lov $26289% 233084 $4968829
Sat Bae $,134818 $2863218 $8998036
Bae Bae $7,202013 $2863218 $10065231
Lag Bese $81622% 863218 $11,025513
Sort High $12334.30 $3.3866002 $15,721,001
B High $13891,958 $33866002 $17,27/8550
Loy High $14861,163 $34665% $18377,764

used here are considered “typica” for Oregon (Hoffman, 1995).

A wider range results from varying the wear rate. It isimportant to recdl that the range
of wear rate estimates reflects variability in actud wear rates, not confidence limits of the
edimate. Therefore, it isunlikely that either the low or the high weer rate can be considered
representative for the entire state highway system, and that the very low or very high cost

estimates reflect actud pavement damage from 1995.
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The low wear rate does provide some indication of the possible cost impact of the
lightweight stud mandate, which is expected to reduce the rutting for each tire by 30 to 50
percent (Barter, 1996). The actud reduction on the highways will happen over time, as
conventiona studded tires purchased in previous years are replaced with new lightweight
studded tires. In addition, there may aways be some users who will bring conventiond studs
from neighboring states. New asphat mix designs, currently under study by ODOT pavement
engineers, may further reduce wear. Therefore, the low wear rate estimates may be considered

areasonable representation of pavement damage in future years.

More than 70 percent of the cost is for asphalt surfaces, which is by far the predominant
surface type in Oregon. Over hdf of the costs occur in Region 1. That is not unusud due to the
high volume interstate highways located in Region 1, and the high proportion of PCC surface
roads. PCC surface roads are costly to overlay because dl lanes must be resurfaced if any lane
is resurfaced. These characteristics are present in Region 2 to alesser degree, where 25 percent
of costs occur. Approximately 22 percent of the costs are attributed to asphalt in Region 4,
which has rdatively low volumes but high studded tire use. Region 3, with very low studded tire
use and traffic volumes, accounts for none of the effective damage cost. The smal costs seen for
Region 5 are due to low volumes of traffic. Since Region 5 does not have many PCC

pavements, al the costs are incurred on the asphalt pavements.
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5.3  Projected Expendituresfor Mitigating Studded Tire Damage

The expenditure projections utilize the same pavement database that was used in the effective
damage cost estimation. Historical growth factors for studded tire use and traffic volume were
used to calculate the total studded tire traffic over the life of each pavement section. Application
of the wear rate estimates produced an estimate of accumulated rut depth as of 1995. Then,

using forecasted growth rates, cumulative rut depth was estimated for each year through 2005.

The modd assumes there are two possible reasons that a road section will require some
rehabilitative action. Firg, if the pavement age reachesits design life, the entire road section is
reconstructed due to deterioration other than studded tire damage. No cost is charged to
Studded tire use. Second, if the pavement has not yet reached its design life, and its rut depth
due to studded tire traffic reaches 0.75", then an asphat overly isrequired. In these cases, the

entire cost of the overlay is charged to studded tire use.

In either case, the surface in the following year is assumed to be brand new, with no
accumulated rutting. When PCC surfaces are overlaid, the surface becomes asphdt until the
origind design life dictates that reconstruction takes place. The decison processes for PCC and

asphdlt areillustrated in the flow chartsin Figure 5.2 and 5.3.
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531 M ethodology

Step 1. Asin the methodology for the effective damage cost estimation, caculate

studded tire traffic for each lane for 1995.

Step 2. Cdculae the lifetime studded tire traffic using effective growth figures and the

equationsin the manner specified in Section 4.3

Step 3. Apply wear rates to estimate the tota rut depth accumulated as of 1995.

Totd Rut=Sp™ * a

Step 4. Determine action: Determine whether reconstruction (due to age) or agphat
overlay (due to rutting) or no action is needed. Apply cost for overlays, no cost
is charged for reconstruction. In both cases, the pavement age is adjusted to 1

year in 1996.

Step 5. 1996 (and subsequent years): apply forecasted growth rate for traffic and
Studded tire use to estimate the studded tire traffic for 1996. Apply weer rate
and add to last year’ s cumulative rut. If the surface ageis 1 year, last year' srut

was 0.
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5.3.2 Estimatesof Projected Expendituresfor Mitigation of Studded Tire Damage

Summaries of expenditures projected under the Base scenario are shown in Figures 5.4-a, b,
and c. The three weear rates and the base design life of 14 years for asphat, and 30 years for
PCC are consdered. The nine scenarios that estimate dl of the possibilities for wear rates and
pavement design life are given in Table 5.8. Detaled print-outs are shown in Appendix G. The
Base Case modd (Base wear rate and Base design life) estimates that total expenditures for
repairing studded tire damage will be just above $100 million for the 11 years spanning 1995 to

2005.

Figure 5.5a charts the expenditures of the Base design life (14 and 30 years), with
varying wear rates. Likewise, Figures 5.5b and 5.5¢ chart expenditures using the longer design

life, and wear rate values. In each case, an upward trend is apparent.

It isimportant to mention that this modd is able to predict which highway segment will reach the
threshold in which year. The rut depth reached at a certain year will trigger arequired
rehabilitation. Therefore, it could have a Sde bendfit of forecasting which highway segments will

be in need of repair in the near future.
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Figure5.4-a
BASE

1995
1996
1997
1998

1999
2000
2001
2002
2003
2004
2005
11-year

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

11-year

Expenditure Projectionsfor Repair of Studded Tire Damage
Assuming recongtruction when pavement resches desgn life

Regl Reg?2 Reg3 Reg4 Reg5 Statewide
1,043,856 280,368 0 0 0 1,324,224
119,856 821,040 0 0 0 940,896
591,888 476,784 0 350,064 0 1,418,736
1,999,008 505,824 0 792,000 0 3,296,832
3,352,272 1,207,008 0 281,424 0 4,840,704
1,726,032 907,632 0 1,723,392 0 4,357,056
3,602,016 1,324,752 0 1,094,016 10,560 6,031,344
2,346,432 993,696 0 3,798,432 164,208 7,302,768
5,205,312 2,004,288 0 4,533,936 186,384 12,019,920
4,100,976 4,208,160 0 4,301,616 0 12,610,752
3.489,552 3.544,992 0 3,049,728 364,848 10,449,120
27,667,200 16,274,544 0 19,924,608 726,000 $ 64,592,352
-
Regl Reg2 Reg3 Reg4 Regs Statewide
4,074,615 0 0 0 0 4,074,615
3,289,891 0 0 0 0 3,289,891
3134,319 0 0 0 0 3,134,319
876,480 0 0 0 0 876,480
1,157,904 0 0 0 0 1,157,904
5,664,195 6,039,855 0 0 0 11,704,050
680,592 4,742,659 0 0 0 5,423,251
3,797,558 0 0 0 0 3,797,558
1,069,200 0 0 0 0 1,069,200
3,121,359 0 0 0 0 3,121,359
832,656 0 0 0 0 832,656
27,698,768 10,782,515 0 0 0 $ 38,481,282

Variable Surface | nputs

AC PCC
Design Life 14 30
Wear Rate 0.0386 0.0093

Studded tiregrowth

1996-2005 2.50%
1986-1995 845%
1976-1985 0.00%
1968-1975 0.00%
AC and PCC Total

Projected Repair Totals

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

total

$ 5,398,839
$ 4,230,787
$ 4,553,055
$ 4,173,312
$ 5,998,608
$ 16,061,106
$ 11,454,595
$ 11,100,326
$ 13,089,120
$ 15732,111
$ 11281776
$ 103,073,634
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Figure5.4-b
LOW

1995
1996
1997
1998

1999
2000
2001
2002
2003
2004
2005
11-year

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

11-year

Expencliture Projections for Repair of Studded Tire
Damage
Assuming recongtriiction when pavement reeches design life

Regl Reg?2 Reg3 Reg4 Reg 5 Statewide
29,568 0 0 0 0 29,568
77,088 0 0 0 0 77,088
805,728 0 0 0 0 805,728
34,848 147,312 0 0 0 182,160
390,720 147,312 0 75,504 0 613,536
1,309,968 312,048 0 538,560 0 2,160,576
2,568,720 670,560 0 369,600 0 3,608,880
1,334,784 524,832 0 7392 0 1,867,008
668,448 594,000 0 63,888 0 1,326,336
2,438,304 1,171,104 0 1,147,872 0 4,757,280
1,128336 396,528 0 283,816 10560 1,824,240
10,786,512 3,963,696 O 2,491,632 10,560 $17,252,400
|
Reg 1 Rey2  Reg3  Reg4 Reg5 Statewide
1,647,233 0 0 0 0 1,647,233
1,633,506 0 0 0 0 1,633,506
0 0 0 0 0 0
3,289,891 0 0 0 0 3,289,891
3,329,165 0 0 0 0 3,329,165
399,682 0 0 0 0 399,682
281,952 0 0 0 0 281,952
5,805,699 0 0 0 0 5,805,699
0 0 0 0 0 0
2,496,566 0 0 0 0 2,496,566
1,659,054 0 0 0 0 1,659,054
20,542,748 0 0 0 0 $20,542,748

Variable Surface I nputs

AC PCC
Design Life 14 30
Wear Rate 0.0226 0.0076

Studded tiregrowth

1996-2005 2.50%
1986-1995 8.45%
1976-1985 0.00%
1968-1975 0.00%
AC and PCC Tatal

Projected Repair Totals

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

total

$ 1,676,801
$ 1,710,594
$ 805,728
$ 3,472,051
$ 3,942,701
$ 2,560,258
$ 3,890,832
$ 7,672,707
$ 1,326,336
$ 7,253,846
$ 3,483,294
$ 37,795,148
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Figureb5.4-c Variable Surface I nputs

AC PCC
HIGH Expencdliture Projections for Repair of Studded Tire Damage DesignlLife 14 0
Assuming recongtruction when pavement reaches desigri life Wear Rate 0.0545 0011
e
Reg1 Reg2 Reg3 Reg 4 Reg5 Statewide Studded tiregrowth
1995 1,155,264 1,872,816 0 0 0 3,028,080 1996-2005 2.50%
1996 496,320 898,656 0 707,520 0 2,102,496 1986-1995 8.45%
1997 2,521,728 1,816,320 0 1,826,352 0 6,164,400 1976-1985 0.00%
1998 3,338,016 882,816 0 1,418,208 602,448 6,241,488 1968-1975 0.00%
1999 5,013,388 877,008 0 1,556,016 10,560 7,457,472
2000 2,801,568 2,091,936 0 3,674,880 270,864 8,839,248
2001 6,408,336 2,733,456 0 7,582,080 79,728 16,803,600
2002 6,588,912 5,284,224 0 8,403,648 0 20,276,784
2003 6,849,744 5,052,432 0 8,690,352 364,848 20,957,376
2004 5,102,064 2,306,304 163,152 4,434,672 649,968 12,656,160
2005 6.809,088 4,179,648 0 6,904,128 1,730,784 19,623,648
11-year 47,084,928 27,995,616 163,152 45,197,856 3,709,200 $ 124,150,752
AC and PCC Total
I | Projected Repair Totals
Reg1 Reg?2 Reg3 Reg 4 Reg5 Statewide
1995 7,549,819 0 0 0 0 7,549,819 1995 $ 10,577,899
1996 2,949,005 0 0 0 0 2,949,005 1996 $ 5,051,501
1997 1,516,416 0 0 0 0 1,516,416 1997 $ 7,680,816
1998 5,778,529 6,453,952 0 0 0 12,232,480 1998 $ 18,473,968
1999 2,884,346 4,328,563 0 0 0 7,212,909 1999 $ 14,670,381
2000 2,124,093 0 0 0 0 2,124,093 2000 $ 10,963,341
2001 3,326,632 1,489,488 0 0 0 4,816,120 2001 $ 21,619,720
2002 1,617,264 998,976 0 0 0 2,616,240 2002 $ 22,893,024
2003 3,448,719 0 0 0 0 3,448,719 2003 $ 24,406,095
2004 1,856,448 0 0 0 0 1,856,448 2004 $ 14,512,608
2005 4,237,789 0 0 0 0 4,237,789 2005 $ 23,861.437
11-year 37,289,060 13,270,979 0 0 0 $ 50,560,039 total $174,710,791
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Table5.9

High Wear Rate Base Wear Low Wear Rale
Rate
Long
designlife
1995 $ 14,062522 $ 7410341 $ 1,676,801
1996 $ 5514,029 $ 4,230,787 $ 3,484,497
1997 $ 8522448 $ 5172927 $ 808368
1998 $ 20,515,962 $ 5677584 $ 4,265,926
1999 $ 15,493,005 $ 5,998,608 $ 4,060,973
2000 $ 11,156,061 $ 18,633,704 $ 2,722,882
2001 $ 23,244,376 $ 13,244,191 $ 3967,920
2002 $ 23584176 $ 12,154,742 $ 8,367,555
2003 $ 25,480,752 $ 13,650,384 $ 9,763,637
2004 $ 17,832,672 $ 16,173,168 $11,254,521
2005 $ 23375616 $ 17,817,360 $ 4,077,216
$ 188,781,619 $120,163,795 $ 54,450,296
Base
design life |High Wear Rate Base Wear Low Wear
Rate Rate
1995 $ 10577,899 $ 5398839 $ 1,676,801
1996 $ 5051501 $ 4,230,787 $ 1,7105%
1997 $ 7680816 $ 4553055 $ 805728
1998 $ 18473968 $ 4173312 $ 3472051
1999 $ 14,670,381 $ 5,998,608 $ 3,942,701
2000 $ 10963341 $ 16,061,106 $ 2,560,258
2001 $ 21,619,720 $ 11454595 $ 3,890,832
2002 $ 22,893,024 $ 11,100,326 $ 7,672,707
2003 $ 24,406,095 $ 13,089,120 $ 1,326,336
2004 $ 14512608 $ 15732111 $ 7,253,846
2005 $ 23861437 $ 11281776 $ 34832%
$ 174,710,791 $103,073,634 $ 37,795,148
Intermediate
designlife  |High Wear Rate Base Wear Low Wear
Rate Rate
1995 $ 5473118 $ 3,606,746 $ 1,676,801
1996 $ 4970717 $ 1,551,170 $ 1,005,945
1997 $ 5474304 $ 4553055 $ 805728
1998 $ 9958537 $ 3578784 $ 1,403,858
1999 $ 8805866 $ 5367,120 $ 3562541
2000 $ 11,348,253 $ 7,171,589 $ 2,160,576
2001 $ 17835544 $ 6884592 $ 3506,448
2002 $ 17,174,784 $ 10,026,374 $ 5,608,709
2003 $ 20,193,480 $ 9852480 $ 622512
2004 $ 19,048,837 $ 14,660,568 $ 4,805510
2005 $ 23163993 $ 17567269 $ 3659118
$ 143447433 $ 84,819,746 $28,817,745
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Figureb.5
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5.3.3 Expenditure Projections Adjusted for Lightweight Studs

Beginning with the winter of 1996-97, studded tire sadles in Oregon were restricted to tireswith
lightweight studs. Lightweight studs manufactured of lighter thin stedl and some of non-sted!
materias are expected to reduce rutting by 30 to 50 percent (Barter, 1995; Gustafson, 1992). The
expenditure projections were dso adjusted for a second possibility. This possbility sems from the
fact that studded tires generdly last three or four seasons. Thus, the change to lightweight studsis
expected to be gradud. In addition, a complete change to lightweight studsis unlikely because

conventiona studs are ill available in neighboring dates.

The projections for the each wear rate and design life are adjusted for four
scenarios. The most optimistic scenario assumes a 50 percent wear rate reduction and an optimistic
rapid change to lightweight studs. The most pessimistic scenario assumes only 30 percent wear
reduction and a dower change to lightweight studs. Four possible change factors resulting from a
switch to lightweight stud factors are shown in Table 5.10, and the associated expenditures for the

Base Case are shown in Table 5.11. All other scenario adjustments are provided in Appendix H.
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Table5.10

Factor adjustment for lightweight stud wear reduction

Optimistic ~ Pessimistic Optimistic Optimistic
lightweight reduced Factor lightweight reduced Factor
studs wear studs wear
1995 0% 50% 1 0% 3% 1
1996 0% 50% 1 0% 3% 1
1997 20% 50% 0.9 20% 35% 0.87
1998 40% 50% 0.8 40% 35% 0.74
1999 60% 50% 0.7 60% 35% 0.61
2000 80% 50% 0.6 80% 3% 048
2001 80% 50% 0.6 80% 3H% 048
2002 80% 50% 0.6 80% 3% 048
2003 80% 50% 0.6 80% 3% 048
2004 80% 50% 0.6 80% 3% 048
2005 80% 50% 0.6 80% 35% 0.48
Pessimistic  Pessimistic Pessimistic ~ Optimistic
lightweight reduced Factor lightweight reduced Factor
studs wear studs wear
1995 0% 50% 1 0% 5% 1
1996 0% 50% 1 0% 3H% 1
1997 10% 50% 0.95 10% 3% 0.935
1998 20% 50% 09 20% 3% 0.87
1999 30% 50% 0.85 30% 35% 0.805
2000 40% 50% 038 40% 35% 0.74
2001 50% 50% 0.75 50% 35% 0.675
2002 50% 50% 0.75 50% 35% 0.675
2003 50% 50% 0.75 50% 5% 0.675
2004 50% 50% 0.75 50% 3H% 0.675
2005 50% 50% 0.75 50% 3% 0.675
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Table5.11

The effect of the lightweight studs on the Base case.

Long | Optimistic  Pessimistic || Optimistic ~ Optimistic ||Pessimistic Pessimistic || Pessimistic  Optimistic

Life factor expenditure factor expenditure factor expenditure factor expenditure
1995 7,410,341 1 $ 7,410,341 1 $ 7,410,341 1 $ 7,410,341 1 $ 7,410,341
1996 4,230,787 1 $ 4,230,787 1 $ 4,230,787 1 $ 4,230,787 1 $ 4,230,787
1997 5,172,927 0.9 $ 4,655,634 0.87 $ 4,500,446 0.95 $ 4,914,281 0.935 $ 4,836,687
1998 5,677,584 0.8 $ 4,542,067 0.74 $ 4,201,412 0.9 $ 5,109,826 0.87 $ 4,939,498
1999 5,998,608 0.7 $ 4,199,026 0.61 $ 3,659,151 0.85 $ 5,098,817 0.805 $ 4,828,879
2000 18,633,704 0.6 $11,180,222 0.48 $ 8,944,178 0.8 $ 14,906,963 0.74 $ 13,788,941
2001 13,244,191 0.6 $ 7,946,515 0.48 $ 6,357,212 0.75 $ 9,933,143 0.675 $ 8,939,829
2002 12,154,742 0.6 $ 7,292,845 0.48 $ 5,834,276 0.75 $ 9,116,056 0.675 $ 8,204,45]
2003 13,650,384 0.6 $ 8,190,230 0.48 $ 6,552,184 0.75 $ 10,237,788 0.675 $ 9,214,009
2004 16,173,168 0.6 $ 9,703,901 0.48 $ 7,763,121 0.75 $12,129,876 0.675 $10,916,888
2005 17,817,360 0.6 $10,690.416 0.48 $ 8,552,333 0.75 $ 13,363,020 0.675 $12,026,718
120,163,795 $80,041,984 $ 68,005,441 $ 96,450,898 $ 89,337,028

Base Optimistic ~ Pessimistic Optimistic ~ Optimistic Pessimisti Pessimistic Pessimistic Optimistic

c

life factor expenditure factor expenditure factor expenditure factor expenditure
1995 5,398,839 1 $ 5,398,839 1 $ 5,398,839 1 $ 5,398,839 1 $ 5,398,839
1996 4,230,787 1 $ 4,230,787 1 $ 4,230,787 1 $ 4,230,787 1 $ 4,230,787
1997 4,553,055 0.9 $ 4,097,749 0.87 $ 3,961,158 0.95 $ 4,325,402 0.935 $ 4,257,106
1998 4,173,312 0.8 $ 3,338,650 0.74 $ 3,088,251 0.9 $ 3,755,981 0.87 $ 3,630,781
1999 5,998,608 0.7 $ 4,199,026 0.61 $ 3,659,151 0.85 $ 5,098,817 0.805 $ 4,828,879
2000 16,061,106 0.6 $ 9,636,664 0.48 $ 7,709,331 0.8 $ 12,848,885 0.74 $11,885,219
2001 11,454,595 0.6 $ 6,872,757 0.48 $ 5,498,206 0.75 $ 8,590,946 0.675 $ 7,731,852
2002 11,100,326 0.6 $ 6,660,195 0.48 $ 5,328,156 0.75 $ 8,325,244 0.675 $ 7,492,720
2003 13,089,120 0.6 $ 7,853,472 0.48 $ 6,282,778 0.75 $ 9,816,840 0.675 $ 8,835,156
2004 15,732,111 0.6 $ 9,439,266 0.48 $ 7,551,413 0.75 $ 11,799,083 0.675 $10,619,175
2005 11,281,776 0.6 $ 6,769,066 0.48 $ 5415252 0.75 $ 8,461,332 0.675 $ 7615199
103,073,634 $ 68,496,470 $ 58,123,321 $ 82,652,156 $ 76,525,712,

Interm. Optimistic  Pessimistic || Optimistic ~ Optimistic | | Pessmistic  Pessimistic || Pessimistic ~ Optimistic

life factor expenditure factor expenditure factor expenditure factor expenditure
1995 3,606,746 1 $ 3,606,746 1 $ 3,606,746 1 $ 3,606,746 1 $ 3,606,746
1996 1,551,170 1 $ 1,551,170 1 $ 1,551,170 1 $ 1,551,170 1 $ 1,551,170
1997 4,553,055 0.9 $ 4,097,749 0.87 $ 3,961,158 0.95 $ 4,325,402 0.935 $ 4,257,106
1998 3,578,784 0.8 $ 2,863,027 0.74 $ 2,648,300 0.9 $ 3,220,906 0.87 $ 3,113,542
1999 5,367,120 0.7 $ 3,756,984 0.61 $ 3,273,943 0.85 $ 4,562,052 0.805 $ 4,320,532
2000 7,171,589 0.6 $ 4,302,953 0.48 $ 3,442,362 0.8 $ 5,737,271 0.74 $ 5,306,975
2001 6,884,592 0.6 $ 4,130,755 0.48 $ 3,304,604 0.75 $ 5,163,444 0.675 $ 4,647,100
2002 10,026,374 0.6 $ 6,015,824 0.48 $ 4,812,659 0.75 $ 7,519,780 0.675 $ 6,767,802
2003 9,852,480 0.6 $ 5,911,488 0.48 $ 4,729,190 0.75 $ 7,389,360 0.675 $ 6,650,424
2004 14,660,568 0.6 $ 8,796,341 0.48 $ 7,037,073 0.75 $ 10,995,426 0.675 $ 9,895,884
2005 17,567,269 0.6 $ 10,540,361 0.48 $ 8432289 0.75 $13,175.452 0.675 $ 11,857,907
84,819,746 $ 55,573,399 $ 46,799,495 $ 67,247,009 $ 61,975,187
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Chapter 6.

Summary of Findings

Studded tires improve the braking, traction and cornering performance of vehicles onicy
surfaces. The improved handling can be offset by a dight increase in driving speed.
Researchers in the US and in the Scandinavian countries tend to find conflicting results
regarding the net safety effects of studded tires. Numerous US studies have determined that
there is not a net safety benefit from the use of studded tires. Many state highway agencies
have recommended a prohibition on studded tires. Finland, Sweden, and Norway recently
conducted a $30 million research program on studded tires. Their results indicate that

studded tire use provides an overall safety benefit, despite the related drawbacks.

The use of studded tires continues to grow in popularity. A survey conducted in 1995
revealed that about 16 percent of registered vehicles in Oregon were equipped with studded
tires during the 1994-95 winter. Nearly half of users had studded tires on both axles. This

yields an estimated 1.24 million studded tires in use during the year.

Wide ranges of wear rates were found for various sections of PCC and asphalt pavements.
This reflects the many factors that contribute to pavement rutting susceptibility. PCC is
more resistant to rutting than asphalt. Within the asphalt pavements, there was no obvious

advantage of open-graded mixes over dense-graded mixes. The PCC wear rate is about
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0.0093 inches per 100,000 studded tire passes, while the wear rate of asphalt pavement is

about 0.0386 inches per 100,000 studded tire passes.

An estimate of the total pavement damage caused by studded tire in 1995 indicates a
mitigation cost of about $30 million for the state highway system, and nearly $20 million
for county and city roads. This $50.2 million estimate is the base case between alow of

$30.7 and a high of $69.8 million.

An estimate of effective pavement damage - damage sufficient to reduce the useful
pavement life - indicates that mitigating damage caused by 1995 studded tire traffic will
cost over $10 million for the state highway system alone. This is the base case scenario
among nine different estimates ranging from $3.7 million on the low side to a maximum of

$18.3 million.

Expenditures for repairing studded tire damage for 11 years were projected to total around
$103 million by 2005. This estimate represents the base pavement design life and base
wear rate. The other nine scenarios range from $28.8 million up to a high of $188.8

million. All estimates are for the state highway system alone.

The increased use of lightweight studs may reduce annual expenditures by as much as one-
half and as little as one-third. The rate by which the introduction of the lightweight studsin
the state interacts with the damage reduction, produces about four different scenarios for

each of the nine estimates of the annual expenditures. For the base case of design life and
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wear rate, the 11-year expenditure of $103 million may take any of the four new values.
The most optimistic will be a reduction of 43 percent of total expenditures to $58 million.
The most pessimistic scenario will be areduction of only 29 percent to $82.7 million. The
two other scenarios are $76.5 and $68.5 million for the 11-year period. All estimates are for

the state highway system alone.

Considering that the studded tire season was shortened by about two months, and the
introduction of newer technology tire alternatives, the damage of the pavements are
expected to be reduced even further. However, the new trend of installing studded tires on
all four tires of most vehicles, will push studded tire damage to the higher side. In
balancing those two offsetting factors, it seems that the most plausible scenario for the 11-
year expenditures will be somewhere between the Optimistic-Optimistic scenario of $58.1
million and the Optimistic-Pessimistic scenario of $68.5 million. An average of these two

scenarios by year (Table 6.1) could serve as the most accurate expectation for the coming

few years.
Base life Most Likely outcome.

expenditure

1995 $5,398,839

1996 $4,230,787

1997 $4,029,454

1998 $3,213,450

1999 $3,929,088

2000 $8,672,997

2001 $6,185,481

2002 $5,994,176

2003 $7,068,125

2004 $8,495,340

2005 $6,092,159

$63,309,896
Average Annual $5,755,445 1995-2005
Average Annual $7,084,713 2000-2005

Table6.1
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Chapter 7.

Conclusons and Recommendations

The main conclusion of this study is that studded tire use, regardless of its other benefits,
inflicts certain amounts of damage to Oregon road systems. There has been a desire for many
years by the different road agencies to reduce that damage. Severa steps were taken to reduce
the effects of studded tire damages. One of the important measures taken in Oregon was the
legidation to require the studs sold in Oregon to be of the lightweight varieties. This change
will spare Oregon highways somewhere between 43% and 29% of the costs of repairing
studded tires damage. In addition, the studded tire season has been shortened by about two
months, which will reduce damage further. A third positive measure has been the inclusion of
the new soft-rubber tires in the traction tires class, which puts these new tires in parity with

studded tires.

There were many attempts in the past few legidative sessions to prohibit the use of studded
tires in Oregon. This option had worked in many other states in the past, where a number of
northern (snow) states and many Canadian provinces outlawed the use of studded tires. This
option remains a viable aternative in curbing studded tire damage. However, it seems that
Oregon drivers, particularly on the eastside of the Cascades, obtain a strong sense of safety and

winter driving security from using studded tires.
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Another aternative that had been explored is to tax studded tires at the point of sale. This
alternative attempts to accomplish a reduction in use (due to the higher price), as well as
generate enough revenue to cover the costs of mitigating the damage. In order to cover
expenditures, the tax on studded tire sales will need to be in the neighborhood of $30 per tire.
At that price level, and in the absence of other controls, it might stimulate the sales of tiresto
out of state suppliers who do not have to comply with the proposed taxes. This effect would
leave mitigation costs unpaid for, while the damage persists unaffected. In addition, the

previous contention does not address the logistics of collecting and administering that tax.

The third aternative is to establish a program of studded tire permits. This program could
resembl e the snow-park permits where users of studded tires would purchase an annual permit
for using studded tires on Oregon highways. This permit could apply to out of state users as a
regular permit or on asingle or multiple trip permit basis. The annual studded tire permit will
need to be about $7 to $8 per tire to cover the level of annual expenditures and the costs of
administering the program. However, enforcement and logistical details need to be explored

further, athough they seem to be less problematic than for the other alternative.

The fourth aternative remains a “do nothing” approach. The two measures mentioned above,
namely the lightweight studs and the shortening of the season have aready contributed to
reducing the damage in the preceding years. Further advances in engineering design of
pavements might add more reductions to studded tire pavement damage. However, this leaves
a significant amount of expenditures uncovered by users and will eventually shift the costs to

other passenger vehicle users.
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The new tire design and technologies that have been introduced in the past few years need to
be looked at as an alternative to studded tires. These new tires are acquiring more recognition
as acceptable traction tires, and they constitute a viable alternative to studded tires. However,
these tires might still be a little expensive for the typical consumer. These new tires will also
need to overcome a psychological and a habitual by the consumer. Once these obstacles are
overcome and a large transition to the soft-rubber tire technology is achieved, a large decrease

in damage and expenditures will follow.

It is also reasonable to extrapolate a combination of any of the alternatives mentioned above.
For example, a studded tire tax or permit might equalize the choice and the indifference of the
consumer to the new tire technology. Thisis a plausible additional aternative. Other

combination of the alternatives mentioned above are undoubtedly also feasible.
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Appendix A:

Rut Depth Data.

HWY MP N/E Left N/E N/E Right | S/W Left |S/W Center| S/W Right
NO Center

1 234.0 0.2887

1 234.2 0.3300 0.2365 0.2493 0.4097
1 234.4 0.2454 0.2493 0.3998
1 234.6 0.2772 0.2117 0.1949
1 234.8 0.4643 0.2366 0.2233
1 235.0 0.3467 0.5142 0.2742 0.3404
1 235.2 0.3309 0.5409 0.3176 0.3384
1 235.4 0.3088 0.7072 0.3590 0.3492
1 235.6 0.2499 0.6186 0.2414 0.4243
1 235.8 0.2695 1.2011 0.2535 0.8372
1 236.0 0.1990 0.5631 0.3575 0.3063
1 236.2 0.3155 0.4392 0.3042 0.2754
1 236.4 0.3063 0.4020 0.3226 0.3684
1 236.6 0.3099 0.5336 0.3608 0.4010
1 236.8 0.3673 0.9994 0.2791 0.7103
1 237.0 0.2784 0.4465 0.3653 0.3735
1 237.2 0.2832 0.5681 0.3605 0.3925
1 237.4 0.2695 0.6102 0.2613 0.3388
1 237.6 0.3583 0.5218 0.3332 0.2922
1 237.8 0.3293 1.2385 0.2893 0.6757
1 238.0 0.3086 0.6227 0.2989 0.3894
1 238.2 0.2855 0.6136 0.2916 0.3715
1 238.4 0.3403 0.3768 0.2930 0.3471
1 238.6 0.3642 0.5242 0.3099 0.3147
1 238.8 0.3405 1.0369 0.3476 0.6707
1 239.0 0.2636 0.5432 0.3010 0.3594
1 239.2 0.2995 0.5454 0.2837 0.3593
1 239.4 0.3238 0.5672 0.2755 0.3593
1 239.6 0.4226 0.7034 0.3306 0.3594
1 239.8 0.3691 0.6242 0.3268 0.3593
1 240.0 0.5075 0.6635 0.2619 0.2795
1 240.2 0.4059 0.4441 0.1660 0.2078
1 240.4 0.3632 0.4418 0.2423 0.3788
1 240.6 0.2851 0.3189 0.2678 0.3387
1 240.8 0.3900 0.4289 0.2957 0.3491
1 241.0 0.3784 0.3359 0.3895 0.4069
1 241.2 0.3717 0.3891 0.3807 0.3687
1 241.4 0.4368 0.4704 0.2968 0.2858
1 241.6 0.4926 0.4481 0.2157 0.2299
1 241.8 0.5341 0.4584 0.2703 0.2803
1 242.0 0.5461 0.6431 0.2687 0.3382
1 242.2 0.5248 0.3729 0.2766 0.3455
1 242.4 0.3864 0.5805 0.2980 0.3021
1 242.6 0.5663 0.4751 0.2955 0.3354
1 242.8 0.4436 0.3021 0.3911 0.3464
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HWY MP N/E Left N/E N/E Right | S/W Left |S/W Center| S/W Right
NO Center

1 243.0 0.3573 0.3509 0.2643 0.3925
1 243.2 0.4262 0.2785 0.2811 0.3770
1 243.4 0.5170 0.2954 0.3082 0.2986
1 243.6 0.4592 0.3868 0.2746 0.3343
1 243.8 0.4231 0.5229 0.2730 0.3142
1 244.0 0.5091 0.2924 0.1970 0.3040
1 244.2 0.5336 0.5707 0.1921 0.2789
1 244 .4 0.3814 0.2664 0.2332 0.2484
1 244.6 0.3051 0.2031 0.2705 0.2167
1 244.8 0.2196 0.2441 0.2612 0.2164
1 245.0 0.2032 0.2633 0.2072

1 245.2 0.2226 0.2780 0.1873

1 245.4 0.2378 0.2852 0.2401

1 245.6 0.2076 0.2895 0.2058

1 245.8 0.1996 0.2283 0.2195

1 246.0 0.2047 0.1919 0.2459 0.2935
1 246.2 0.2437 0.2451 0.2537 0.2694
1 246.4 0.2733 0.2459 0.2609 0.2407
1 246.6 0.2573 0.2431 0.2514 0.2672
1 246.8 0.2130 0.2261 0.2082 0.2672
1 247.0 0.2047 0.1847 0.2691 0.2507
1 247.2 0.2437 0.2707 0.2779 0.2409
1 247.4 0.2733 0.3192 0.2280 0.2219
1 247.6 0.2573 0.3188 0.2277

1 247.8 0.2130 0.3050 0.2184

1 248.0 0.2364 0.2880 0.2222

1 248.2 0.3933 0.3257 0.2224

1 248.4 0.3917 0.3334 0.3282

1 248.6 0.2614 0.2836 0.2827

1 248.8 0.2277 0.2104 0.2436

1 249.0 0.2096 0.1959 0.4920

1 249.2 0.2587 0.3040 0.3211

1 249.4 0.2780 0.2593 0.2784

1 249.6 0.3019 0.5169 0.2374

1 249.8 0.3017 0.4935 0.2683

1 250.0 0.3179 0.4184

1 250.2 0.2918 0.4793

1 250.6 0.3818

1 250.8 0.3594

1 258.0 0.2611 0.2362
1 259.0 0.2866 0.2811 0.2430 0.2787 0.1743 0.1661
1 259.2 0.3149 0.2791 0.2157 0.3022 0.1926 0.2019
1 259.4 0.3068 0.2936 0.2021 0.2775 0.2206 0.2404
1 259.6 0.2809 0.2621 0.1798 0.2667 0.2423 0.2391
1 259.8 0.3358 0.2307 0.2007 0.2797 0.2015 0.2039
1 260.0 0.3714 0.2091 0.2221 0.3360 0.1554 0.2141
1 260.2 0.3258 0.1871 0.2281 0.3852 0.1810 0.2083
1 260.4 0.3447 0.1455 0.2304 0.3963 0.1677 0.1991
1 260.6 0.3415 0.1543 0.2540 0.2731 0.1340 0.2230
1 260.8 0.3962 0.1693 0.2007 0.3215 0.1592 0.1666
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HWY MP N/E Left N/E N/E Right | S/W Left |S/W Center| S/W Right
NO Center
1 261.0 0.4222 0.2418 0.2221 0.4172 0.1750 0.1944
1 261.2 0.3086 0.2239 0.2281 0.4457 0.1535 0.1979
1 261.4 0.3281 0.1982 0.2304 0.4561 0.1782 0.1819
1 261.6 0.3193 0.1463 0.2540 0.4086 0.1860 0.1792
1 261.8 0.2776 0.1739 0.2562 0.3491 0.2336 0.2629
1 262.0 0.2729 0.2043 0.2431 0.2854 0.1957 0.1705
1 262.2 0.2097 0.2058 0.2741 0.2830 0.1343 0.1989
1 262.4 0.1955 0.1842 0.2527 0.3029 0.1901 0.2004
1 262.6 0.2734 0.1722 0.2501 0.3283 0.1733 0.2088
1 262.8 0.3828 0.2286 0.2440 0.2473 0.1707 0.1872
1 263.0 0.4412 0.2108 0.2105 0.4686 0.1957 0.2338
1 263.2 0.3201 0.2590 0.2046 0.3875 0.2229 0.1597
1 263.4 0.3345 0.2270 0.1888 0.2899 0.2504 0.1888
1 263.6 0.2645 0.1815 0.2380 0.2759 0.2450 0.1720
1 263.8 0.3061 0.2136 0.2710 0.3471 0.2046 0.1899
1 264.0 0.2749 0.1467 0.2544 0.4015 0.2107 0.2044
1 264.2 0.2297 0.1670 0.2492 0.4375 0.1818 0.2176
1 264.4 0.2951 0.2554 0.2415 0.4561 0.2386 0.2173
1 264.6 0.3681 0.2831 0.2613 0.4571 0.1938 0.1946
1 264.8 0.3219 0.2640 0.2809 0.3861 0.2127 0.2056
1 265.0 0.4116 0.2486 0.3219 0.4338 0.2664 0.2078
1 265.2 0.3249 0.2490 0.2795 0.3888 0.2533 0.1939
1 265.4 0.3714 0.2133 0.2493 0.4316 0.2465 0.1937
1 265.6 0.4067 0.2508 0.2551 0.3655 0.1827 0.2042
1 265.8 0.3963 0.2304 0.2273 0.3299 0.2904 0.2587
1 266.0 0.4073 0.2539 0.2496 0.4316 0.2270 0.1673
1 266.2 0.2997 0.2219 0.2681 0.4709 0.2262 0.1641
1 266.4 0.3554 0.2438 0.2459 0.4324 0.2498 0.1948
1 266.6 0.3449 0.2188 0.2612 0.4179 0.2352 0.1772
1 266.8 0.3688 0.2210 0.2370 0.4411 0.2564 0.1907
1 267.0 0.3934 0.2527 0.2342 0.3656 0.2582 0.2019
1 267.2 0.4018 0.2766 0.2168 0.4084 0.2345 0.2201
1 267.4 0.3973 0.2751 0.2213 0.4438 0.2294 0.1964
1 267.6 0.2350 0.2504 0.2338 0.4099 0.2052 0.1771
1 267.8 0.2687 0.2309 0.2343 0.4511 0.2292 0.1833
1 268.0 0.3423 0.2202 0.2277 0.4646 0.2532 0.2344
1 268.2 0.3566 0.2623 0.2575 0.4679 0.2691 0.2500
1 268.4 0.3620 0.2722 0.2543 0.4731 0.2404 0.2376
1 268.6 0.3296 0.2695 0.2554 0.4019 0.2236 0.2502
1 268.8 0.3208 0.2656 0.2639 0.4403 0.1939 0.2034
1 269.0 0.3188 0.2032 0.2629 0.4384 0.3113 0.2558
1 269.2 0.2907 0.2558 0.2259 0.3865 0.2613 0.2340
1 269.4 0.3282 0.2109 0.2580 0.3299 0.2345 0.2778
1 269.6 0.4067 0.2821 0.2498 0.3879 0.2356 0.1840
1 269.8 0.3303 0.2404 0.2488 0.3494 0.2513 0.2281
1 270.0 0.3095 0.1841 0.2626 0.2855 0.1867 0.1753
1 270.2 0.3293 0.2432 0.2430 0.4164 0.2453 0.1763
1 270.4 0.3639 0.2437 0.2763 0.3468 0.2117 0.2061
1 270.6 0.3202 0.2596 0.2403 0.4587 0.2770 0.2182
1 270.8 0.3470 0.2907 0.2391 0.4261 0.3134 0.2346
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HWY MP N/E Left N/E N/E Right | S/W Left |S/W Center| S/W Right

NO Center
1 271.0 0.4007 0.2626 0.2558 0.2549 0.2481 0.1447
1 271.2 0.4278 0.2795 0.2699 0.3572 0.2364 0.1684
1 271.4 0.3254 0.2610 0.2175 0.3348 0.2269 0.1717
1 271.6 0.4172 0.2626 0.2007 0.3929 0.2616 0.1977
1 271.8 0.3742 0.2506 0.2331 0.4251 0.2654 0.2078
1 272.0 0.7304 0.2604 0.3810 0.7196 0.5941 0.2879
1 272.2 0.6500 0.2752 0.5354 0.8297 0.4690 0.3191
1 272.4 0.3157 0.2279 0.2505 0.4146 0.3024 0.1932
1 272.6 0.2528
1 272.8 0.2395
1 273.0 0.3439 0.2221 0.2614 0.3650 0.2542 0.1029
1 273.2 0.3621 0.2043 0.2522 0.3192 0.3063 0.1466
1 273.4 0.2202 0.2085 0.2647 0.2931 0.3142 0.1576
1 273.6 0.3596 0.2146 0.2334 0.2962 0.3169 0.1771
1 273.8 0.3301 0.2152 0.2101 0.2898 0.2954 0.1528
1 274.0 0.3574 0.2389 0.2044 0.2878 0.2683 0.1480
1 274.2 0.3311 0.2870 0.2580 0.2895 0.3079 0.1299
1 274.4 0.3756 0.2833 0.2282 0.3393 0.2806 0.1477
1 274.6 0.3561 0.2894 0.2560 0.3239 0.2470 0.1453
1 274.8 0.3059 0.2545 0.2419 0.1840 0.2368 0.1233
1 275.0 0.3738 0.2754 0.2499 0.4157 0.3467 0.1955
1 275.2 0.3027 0.2455 0.2200 0.4561 0.3492 0.2084
1 275.4 0.2882 0.2303 0.1792 0.4020 0.2982 0.2171
1 275.6 0.3297 0.2273 0.1862 0.4076 0.3343 0.2317
1 275.8 0.2845 0.2180 0.2085 0.3048 0.2853 0.1863
1 276.0 0.3198 0.2746 0.2367 0.3992 0.2342 0.1691
1 276.2 0.3340 0.2798 0.1922 0.3942 0.2509 0.2131
1 276.4 0.3595 0.3342 0.2213 0.3877 0.3092 0.1790
1 276.6 0.3489 0.3179 0.2442 0.3878 0.2873 0.1844
1 276.8 0.3196 0.2729 0.2568 0.3336 0.3491 0.1778
1 277.0 0.2911 0.2719 0.2356 0.3895 0.1796 0.1361
1 277.2 0.3254 0.2374 0.2311 0.3335 0.1981 0.1745
1 277.4 0.3339 0.2435 0.2521 0.2689 0.2390 0.2240
1 277.6 0.2682 0.2495 0.2753 0.3598 0.2417 0.2009
1 277.8 0.2772 0.2768 0.3108 0.4217 0.2581 0.1645
1 278.0 0.2467 0.3001 0.3050 0.3591 0.3127 0.2461
1 278.2 0.3409 0.2492 0.3085 0.3907 0.2655 0.2157
1 278.4 0.3533 0.2294 0.2320 0.4169 0.3130 0.1843
1 278.6 0.3861 0.2737 0.2467 0.3982 0.2100 0.2126
1 278.8 0.3142 0.3158 0.2747 0.4021 0.2948 0.2311
1 279.0 0.3225 0.2918 0.2591 0.4117 0.3087 0.1926
1 279.2 0.3183 0.2602 0.2654 0.3803 0.3357 0.2026
1 279.4 0.3180 0.2530 0.2452 0.3712 0.2985 0.2825
1 279.6 0.3260 0.2382 0.2592 0.3826 0.3504 0.2334
1 279.8 0.3831 0.2788 0.1805 0.3078 0.3325 0.2675
1 280.0 0.3506 0.3995 0.2206 0.2597 0.1865 0.1927
1 280.2 0.3339 missing 0.2331 0.3678 0.3030 0.2119
1 280.4 0.3552 missing 0.2127 0.3659 0.3157 0.1413
1 280.6 0.3985 missing 0.2010 0.3950 0.2838 0.2119
1 280.8 0.3270 missing 0.2123 0.4313 0.2739 0.2098
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HWY MP N/E Left N/E N/E Right | S/W Left |S/W Center| S/W Right
NO Center
1 281.0 0.3599 missing 0.2071 0.1794 0.3017 0.1505
1 281.2 0.2753 missing 0.2114 0.1534 0.3006 0.1471
1 281.4 0.2412 missing 0.1166 0.1580 0.2825 0.1398
1 281.6 0.2298 missing 0.1173 0.2441 0.2667 0.1843
1 281.8 0.2144 missing 0.1716 0.3146 0.2376 0.2239
1 282.0 0.1991 missing 0.1369 0.1705 0.2722 0.1690
1 282.2 0.2725 missing 0.1743 0.1543 0.2897 0.1283
1 282.4 0.2345 missing 0.2089 0.1828 0.2642 0.1948
1 282.6 0.1759 missing 0.1742 0.2326 0.2302 0.1911
1 282.8 0.1559 missing 0.1283 0.1742 0.2770 0.2020
1 283.0 0.3191 missing 0.1722 0.4292 0.3694 0.3477
1 283.2 0.3375 missing 0.3591 0.4624 0.3273 0.3115
1 283.4 0.2860 missing 0.2960 0.4820 0.3792 0.4680
1 283.6 0.3177 missing 0.2212 0.5076 0.2792 0.2713
1 283.8 0.2839 missing 0.2874 0.3313 0.2943 0.1937
1 284.0 0.3440 missing 0.2348 0.4492 0.3942 0.3368
1 284.2 0.5250 missing 0.2563 0.5684 0.3545 0.3267
1 284.4 0.5361 missing 0.2688 0.4076 0.3796 0.3270
1 284.6 0.5697 missing 0.2155 0.4797 0.2784 0.2304
1 284.8 0.4956 missing 0.2799 0.5159 0.3189 0.2169
1 285.0 0.3370 missing 0.2899 0.4836 0.3030 0.2415
1 285.2 0.1846 missing 0.2949 0.4150 0.3563 0.2691
1 285.4 0.2707 missing 0.2712 0.4279 0.3755 0.2868
1 285.6 0.3635 missing 0.2709 0.5073 0.3856 0.2604
1 285.8 0.2197 missing 0.1845 0.3113 0.3840 0.3082
1 286.0 0.9037 missing 0.5104 0.4105 0.6786 0.5265
1 286.2 1.0449 missing 0.5517 0.5983 0.4496 0.2258
1 286.4 0.4749 missing 0.2028 0.6545 0.5080 0.2662
1 286.6 missing 0.3079 0.6394 0.4686 0.2523
1 286.8 missing 0.2819 0.5467 0.4066 0.2742
1 287.0 0.4603 missing 0.3389 0.5602 0.3245 0.2988
1 287.2 0.4702 missing 0.2835 0.5149 0.3966 0.2993
1 287.4 0.4073 missing 0.3005 0.4203 0.3833 0.2815
1 287.6 0.2646 missing 0.2851 0.5208 0.4336 0.3309
1 287.8 0.4281 missing 0.2455 0.4747 0.4310 0.2568
1 288.0 0.4584 missing 0.2617 0.3944 0.3489 0.2876
1 288.2 0.4798 missing 0.3059 0.4163 0.2912 0.2877
1 288.4 0.4509 missing 0.2543 0.4998 0.3563 0.2866
1 288.6 0.4096 missing 0.2202 0.5207 0.3517 0.2745
1 288.8 0.3635 missing 0.3198 0.4445 0.3571 0.4338
1 289.0 0.2791 missing 0.3275 0.4614 0.2682 0.2928
1 289.2 0.3004 missing 0.3383 0.4091 0.2501 0.3223
1 289.4 0.3477 missing 0.2545 0.3453 0.1777 0.3033
1 289.6 0.3333 missing 0.3956 0.3435 0.3015 0.3296
1 289.8 0.4227 missing 0.3640 0.3190 0.3112 0.4425
1 290.0 0.2960 missing 0.3080 0.5513 0.3241 0.4222
1 290.2 0.2678 missing 0.2774 0.5038 0.2386 0.3444
1 290.4 0.3019 missing 0.3073 0.4789 0.2012 0.2647
1 290.6 0.2918 missing 0.4330 0.4110 0.2311 0.3334
1 290.8 0.4733 missing 0.3444 0.4660 0.3155 0.3180
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HWY MP N/E Left N/E N/E Right [ S/W Left [S/W Center| S/W Right
NO Center

1 291.0 0.4841 missing 0.4117 0.4029 0.2802 0.4611
1 291.2 0.3291 missing 0.3557 0.4366 0.3102 0.4133
1 291.4 0.3799 missing 0.2744 0.4648 0.2965 0.4516
1 291.6 0.3806 missing 0.3050 0.4759 0.3099 0.3806
1 291.8 0.3728 missing 0.2017 0.5035 0.3229 0.3147
1 292.0 0.3834 missing 0.1767 0.3250 0.3428 0.2624
1 292.2 0.3313 missing 0.1717 0.3670 0.2762 0.3077
1 292.4 0.3226 missing 0.2106 0.4715 0.3128 0.2476
1 292.6 0.3075 missing 0.1875 0.3845 0.2477 0.2660
1 292.8 0.2763 missing 0.1500 0.4121 0.2623 0.1966
1 293.0 0.2669 missing 0.2296 0.2311 0.2914 0.2829
1 293.2 0.3773 missing 0.2629 0.3388 0.3110 0.3230
1 293.4 0.3886 missing 0.1798 0.2794 0.3830 0.2363
1 293.6 0.3243 missing 0.2506 0.3216 0.2707 0.2443
1 293.8 0.3592 missing 0.1937 0.2533 0.2810 0.4579
1 294.0 0.2635 missing 0.3048 0.2521 0.2607 0.4264
1 294.2 0.3606 missing 0.3402 0.1924 0.2993 0.4755
1 294.4 0.4035 missing 0.4912 0.4398 0.4291 0.4914
1 294.6 0.4495 missing 0.5201 0.5702 0.4559 0.2860
1 294.8 0.5428 missing 0.3606 0.5155 0.3526 0.4168
1 295.0 0.4551 missing 0.2429 0.5046 0.4064 0.4372
1 295.2 0.3961 missing 0.3847 0.4743 0.2884 0.4204
1 295.4 0.5177 missing 0.4270 0.4464 0.3410 0.4204
1 295.6 0.4569 missing 0.4976 0.4981 0.4967 0.3949
1 295.8 0.3912 missing 0.3370 0.4778 0.3689 0.3296
1 296.0 0.4518 missing 0.3975 0.5127 0.5241 0.3018
1 296.2 0.5267 missing 0.3820 0.5595 0.4027 0.2737
1 296.4 0.4916 missing 0.4520 0.5066 0.4305 0.4092
1 296.6 0.4722 missing 0.4991 0.4832 0.3666 0.3373
1 296.8 0.5339 missing 0.5586 0.4925 0.3953 0.3723
1 297.0 0.5806 missing 0.3985 0.6324 0.4883 0.4413
1 297.2 0.4300 missing 0.4319 0.6729 0.7692 0.4510
1 297.4 0.4673 missing 0.4751 0.8806 0.7122 0.3016
1 297.6 0.5515 missing 0.4514 0.5710 0.3923 0.3536
1 297.8 0.4993 missing 0.4162 0.4284 0.3401 0.3450
1 298.0 0.4896 missing 0.3539 0.6550 0.3980 0.3751
1 298.2 0.2935 missing 0.4181 0.4716 0.3906 0.4105
1 298.4 0.5831 missing 0.5652 0.5428 0.5219 0.4043
1 298.6 0.7325 missing 0.3486 0.5433 0.3213 0.3951
1 298.8 0.4986 missing 0.2969 0.4206 0.4240 0.3432
1 299.0 0.3951 missing 0.2942 0.3404 0.3720 0.2856
1 299.2 0.5118 missing 0.2486 0.3236 0.5141 0.3070
1 299.4 0.5675 missing 0.2411 0.5087 0.4649 0.3627
1 299.6 0.2279 missing 0.3946 0.4680
1 299.8 0.4087 missing

2 17.0 0.2868 0.3290 0.2053 0.2734
2 17.2 0.2543 0.6446 0.1717 0.2185
2 18.0 0.2858 0.5652 0.2062 0.3752
2 18.2 0.2390 0.7337 0.2833 0.3176
2 18.4 0.3099 0.6837 0.2705 0.4396
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HWY MP N/E Left N/E N/E Right | S/W Left |S/W Center| S/W Right
NO Center
2 18.6 0.3171 0.5639 0.2619 0.5046
2 18.8 0.3611 0.3924 0.3064 0.4491
2 19.0 0.3677 0.4346 0.2602 0.4884
2 19.2 0.2855 0.4237 0.2188 0.4191
2 19.4 0.2908 0.3982 0.2579 0.4528
2 19.6 0.4190 0.6126 0.2399 0.4581
2 19.8 0.3029 0.7082 0.2765 0.3919
2 20.0 0.4084 0.4662 0.3405 0.3941
2 20.2 0.3069 0.4029 0.4606 0.5413
2 20.4 0.4543 0.4862 0.3958 0.4813
2 20.6 0.5251 0.5656 0.3724 0.5582
2 20.8 0.5022 0.5717 0.2526 0.4769
2 21.0 0.4084 0.6200 0.3397 0.3643
2 21.2 0.3069 0.5512 0.4340 0.4241
2 21.4 0.4543 0.5474 0.3559 0.4841
2 21.6 0.5251 0.5128 0.3956 0.3800
2 21.8 0.5022 0.3653 0.3392 0.4393
2 22.0 0.4213 0.4574 0.2844 0.2985
2 22.2 0.4444 0.4319 0.2904 0.3216
2 22.4 0.2950 0.3544 0.2581 0.3131
2 22.6 0.3522 0.3269 0.3813 0.5068
2 22.8 0.3407 0.3433 0.2539 0.4031
2 23.0 0.3838 0.4574 0.2892 0.3484
2 23.2 0.3853 0.4319 0.2678 0.3669
2 23.4 0.3976 0.3544 0.2862 0.3592
2 23.6 0.3831 0.3269 0.3082 0.3726
2 23.8 0.3765 0.3433 0.2530 0.2583
2 24.0 0.2741 0.2816 0.2318 0.2755
2 24.2 0.3003 0.3195 0.2176 0.2282
2 24.4 0.2787 0.3485 0.2196 0.3077
2 24.6 0.2699 0.3753 0.2307 0.2871
2 24.8 0.2825 0.3180 0.2232 0.3459
2 25.0 0.2643 0.3354 0.2958 0.3543
2 25.2 0.2665 0.3182 0.3101 0.3887
2 25.4 0.2865 0.3023 0.3195 0.3778
2 25.6 0.3168 0.3373 0.3089 0.3643
2 25.8 0.3097 0.3494 0.2480 0.2536
2 26.0 0.2960 0.2565 0.2392 0.3628
2 26.2 0.3109 0.2714 0.2734 0.3150
2 26.4 0.3548 0.3001 0.2248 0.2754
2 26.6 0.3138 0.4535 0.2199 0.2722
2 26.8 0.3207 0.4209 0.2943 0.2974
2 27.0 0.2925 0.4789 0.2380 0.3019
2 27.2 0.3348 0.4781 0.2519 0.2892
2 27.4 0.3134 0.4446 0.2421 0.3273
2 27.6 0.2711 0.3810 0.2148 0.2247
2 27.8 0.3128 0.3843 0.2270 0.3450
2 28.0 0.3014 0.3639 0.2854 0.3085
2 28.2 0.2789 0.3518 0.2447 0.2362
2 28.4 0.2430 0.4105 0.2339 0.2426
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HWY MP N/E Left N/E N/E Right | S/W Left |S/W Center| S/W Right

NO Center

2 28.6 0.2467 0.3168 0.2150 0.2615
2 28.8 0.2435 0.3902 0.2322 0.3332
2 29.0 0.3235 0.4024 0.3021 0.3307
2 29.2 0.2990 0.4485 0.2832 0.3469
2 29.4 0.3031 0.4398 0.2908 0.3776
2 29.6 0.2970 0.4461 0.2856 0.3390
2 29.8 0.2910 0.4224 0.2962 0.3293
2 30.0 0.2553 0.3840 0.3277 0.2799
2 30.2 0.2814 0.3625 0.3489 0.2699
2 30.4 0.2708 0.3455 0.3056 0.2884
2 30.6 0.2559 0.3362 0.2880 0.3825
2 30.8 0.2643 0.2716 0.3072 0.3412
2 31.0 0.3010 0.3288 0.2118 0.2137
61 0.0 0.3226 0.2606 0.2604 0.2915
61 0.2 0.3565 0.3261 0.5502 0.4343
61 0.4 0.3895 0.3664 0.5401 0.4844
61 0.6 0.2832 0.3457 0.3757 0.3103
61 0.8 0.2724 0.3507 0.2694 0.3064
61 1.0 0.3085 0.4745 0.2879 0.3667
61 1.2 0.3439 0.5273 0.2711 0.3908
61 1.4 0.2750 0.5496 0.2192 0.3188
61 1.6 0.2671 0.3565 0.4544 0.4200
61 1.8 0.2172 0.4856 0.2910 0.4551
61 2.0 0.3787 0.6103 0.2193 0.4222
61 2.2 0.3077 0.4046 0.2517 0.4720
61 2.4 0.3250 0.2438 0.2190 0.6129
61 2.6 0.3402 0.3283 0.3517 0.5186
61 2.8 0.4843 0.3684 0.3925 0.4743
61 3.0 0.3829 0.1241 0.4349 0.4322
61 3.2 0.4233 0.2487 0.3860 0.3415
61 3.4 0.3080 0.3221 0.2341 0.2925
61 3.6 0.3492 0.3604 0.2761 0.4234
61 3.8 0.3310 0.3109 0.2038 0.4513
61 4.0 0.3328 0.3153 0.2225 0.2328
64 0.0 0.2628 0.2712 0.2515 0.1846
64 0.2 0.1961 0.2217 0.2877 0.2570
64 0.4 0.1941 0.2083 0.4193 0.4485
64 0.6 0.1603 0.2217 0.4250 0.3277
64 0.8 0.2672 0.2450 0.2432

64 1.0 0.2040 0.1821 0.3792 0.4485
64 1.2 0.4553 0.3347 0.3779 0.4155
64 1.4 0.3679 0.4108 0.3149 0.4191
64 1.6 0.3409 0.4195 0.3219 0.4044
64 1.8 0.4211 0.2755 0.3219

64 2.0 0.4759 0.3642 0.4346 0.3485
64 2.2 0.4639 0.3677 0.3482 0.3422
64 2.4 0.4282 0.3755 0.4268 0.3608
64 2.6 0.3992 0.3614 0.3041 0.3543
64 2.8 0.4142 0.2821 0.3715 0.4358
64 3.0 0.3923 0.2261 0.4473 0.4071
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HWY MP N/E Left N/E N/E Right | S/W Left |S/W Center| S/W Right
NO Center
64 3.2 0.3264 0.3555 0.4381 0.4684
64 3.4 0.3814 0.3428 0.3548 0.4085
64 3.6 0.4810 0.4911 0.3956 0.4096
64 3.8 0.3548 0.3849 0.3010 0.4041
64 4.0 0.4707 0.3924 0.3151 0.4283
64 4.2 0.4572 0.4380 0.4703 0.4701
64 4.4 0.4481 0.3775 0.5250 0.5150
64 4.6 0.4521 0.4240 0.4686 0.5150
64 4.8 0.4574 0.4373 0.5060 0.4299
64 5.0 0.4646 0.4049 0.4097 0.4397
64 5.2 0.4709 0.3840 0.4021 0.3871
64 5.4 0.4708 0.4270 0.3662 0.3953
64 5.6 0.4315 0.3268 0.3266 0.4044
64 5.8 0.4110 0.3733 0.5122 0.4524
64 6.0 0.4775 0.3770 0.4766 0.3386
64 6.2 0.3906 0.3093 0.4701 0.2915
64 6.4 0.4193 0.2757 0.4715 0.4211
64 6.6 0.5024 0.3570 0.4327 0.4340
64 6.8 0.4235 0.3077 0.3760 0.3591
64 7.0 0.4630 0.4059 0.3752 0.3700
64 7.2 0.5076 0.3463 0.3842 0.4277
64 7.4 0.4657 0.3586 0.4724 0.4450
64 7.6 0.4208 0.3794 0.2693 0.3900
64 7.8 0.4575 0.4123 0.3852 0.4467
64 8.0 0.4213 0.4378 0.3942 0.2656
64 8.2 0.3385 0.3499 0.3098 0.3720
64 8.4 0.4616 0.3682 0.4123 0.3713
64 8.6 0.4027 0.4115 0.4360 0.3980
64 8.8 0.3338 0.3199 0.3811 0.3296
64 9.0 0.3906 0.3415 0.2345 0.7825 0.3567 0.2537
64 9.2 0.2613 0.4102 0.3667 0.3989 0.3950 0.3456
64 9.4 0.3145 0.3732 0.2855 0.4437 0.4318 0.2932
64 9.6 0.5306 0.2770 0.2571 0.3187
64 9.8 0.4574 0.3247 0.2587 0.3411
64 10.0 0.3428 0.2829 0.2503 0.4791 0.3216 0.3953
64 10.2 0.4372 0.2890 0.2207 0.4583 0.3754 0.3234
64 10.4 0.4860 0.2889 0.2163 0.3315 0.2997 0.3166
64 10.6 0.5363 0.3665 0.4001 0.2558 0.2848 0.2034
64 10.8 0.4998 0.3461 0.3450 0.3181 0.3051 0.2340
64 11.0 0.5958 0.3906 0.3546 0.5675 0.2690 0.3797
64 11.2 0.5880 0.3463 0.3774 0.4140 0.3217 0.3714
64 11.4 0.5456 0.3226 0.2735 0.4906 0.3495 0.3421
64 11.6 0.5854 0.3413 0.3675 0.4128 0.2360 0.2779
64 11.8 0.5606 0.3104 0.3707 0.4849 0.3790 0.3919
64 12.0 0.3899 0.3174 0.3459 0.5245 0.2698 0.3129
64 12.2 0.4983 0.3345 0.2653 0.6017 0.3200 0.3596
64 12.4 0.5702 0.3694 0.2358 0.6331 0.3216 0.2992
64 12.6 0.5285 0.3430 0.3294 0.5771 0.3298 0.3111
64 12.8 0.3743 0.2731 0.2737 0.5608 0.3006 0.2929
64 13.0 0.4084 0.3177 0.2550 0.5352 0.3063 0.1669
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HWY MP N/E Left N/E N/E Right | S/W Left |S/W Center| S/W Right
NO Center
64 13.2 0.4626 0.3283 0.3627 0.5046 0.2667 0.1992
64 13.4 0.4103 0.2540 0.3474 0.3972 0.2646 0.1697
64 13.6 0.2651 0.2659 0.2418 0.3463 0.2767 0.2150
64 13.8 0.3592 0.2020 0.2019 0.4532 0.3190 0.2814
64 14.0 0.2416 0.2262 0.1980 0.5038 0.3229 0.2415
64 14.2 0.3383 0.2246 0.2379 0.4212 0.3637 0.2106
64 14.4 0.3539 0.2639 0.3254 0.4452 0.3440 0.2685
64 14.6 0.3035 0.1803 0.2999 0.4045 0.3405 0.2581
64 14.8 0.2092 0.1878 0.2489 0.4594 0.3126 0.2289
64 15.0 0.2745 0.1917 0.2415 0.5461 0.4475 0.3058
64 15.2 0.3665 0.2824 0.2494 0.4103 0.3298 0.3230
64 15.4 0.4016 0.3467 0.2962 0.4559 0.2830 0.3360
64 15.6 0.4148 0.3241 0.2195 0.4710 0.2936 0.2550
64 15.8 0.4996 0.2202 0.3068 0.5260 0.3258 0.2873
64 16.0 0.4014 0.4067 0.3345 0.3750 0.3225 0.2675
64 16.2 0.4425 0.3316 0.2981 0.4382 0.4176 0.3806
64 16.4 0.5670 0.3926 0.3231 0.6263 0.4105 0.4197
64 16.6 0.4817 0.3443 0.3506 0.6810 0.4606 0.3852
64 16.8 0.2524 0.3247 0.2994 0.6262 0.4256 0.3576
64 17.0 0.5449 0.3664 0.4359 0.3028 0.3089 0.2512
64 17.2 0.4609 0.3590 0.4307 0.2298 0.1895 0.2532
64 17.4 0.3280 0.3571 0.2659 0.2258 0.2874 0.2540
64 17.6 0.4057 0.3207 0.3342 0.3994 0.3931 0.3599
64 17.8 0.4768 0.3431 0.3137 0.5625 0.3753 0.3557
64 18.0 0.3897 0.3075 0.2417 0.2764 0.3764 0.3014
64 18.2 0.4678 0.3553 0.3363 0.2867 0.2810 0.3593
64 18.4 0.5200 0.2871 0.4073 0.3119 0.2472 0.2990
64 18.6 0.5095 0.2576 0.3896 0.4182 0.2084 0.2685
64 18.8 0.4108 0.2534 0.2753 0.2575 0.1869 0.2281
64 19.0 0.2583 0.2099 0.2180 0.2305 0.3314 0.1998
64 19.2 0.2885 0.2674 0.2331 0.3405 0.2543 0.2195
64 19.4 0.2770 0.3028 0.2575 0.3794 0.2329 0.2495
64 19.6 0.2243 0.3379 0.3052 0.2984 0.3016 0.1580
64 19.8 0.3356 0.3274 0.3529 0.4085 0.3428 0.2210
64 20.0 0.3676 0.3224 0.3688 0.2135 0.2812 0.2752
64 20.2 0.2734 0.3894 0.3721 0.2036 0.1933 0.2632
64 20.4 0.2363 0.3026 0.3792 0.1832 0.2590 0.2784
64 20.6 0.3085 0.3025 0.3004 0.2752 0.2816 0.2821
64 20.8 0.2665 0.3142 0.3674 0.3022 0.3445 0.3006
64 21.0 0.2817 0.3238 0.2280 0.2533 0.1825 0.1947
64 21.2 0.2983 0.3254 0.2456 0.2603 0.2494 0.1616
64 21.4 0.2913 0.2610 0.2341 0.2651 0.2126 0.1709
64 21.6 0.3165 0.2504 0.2767 0.2809 0.2580 0.1568
64 21.8 0.2325 0.3048 0.2686 0.2367 0.2625 0.1716
64 22.0 0.2661 0.3273 0.2520 0.3572 0.3473 0.3586
64 22.2 0.2396 0.2734 0.2156 0.3847 0.3487 0.3818
64 22.4 0.2484 0.2680 0.2078 0.2921 0.3031 0.2357
64 22.6 0.2548 0.2657 0.2138 0.2370 0.2285 0.2474
64 22.8 0.3445 0.3085 0.2912 0.2179 0.1834 0.1611
64 23.0 0.3354 0.3056 0.3451 0.2876 0.3134 0.2590
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HWY MP N/E Left N/E N/E Right [ S/W Left [S/W Center| S/W Right
NO Center
64 23.2 0.4217 0.3572 0.3713 0.3207 0.2997 0.2341
64 23.4 0.4316 0.3430 0.3963 0.3350 0.2553 0.2321
64 23.6 0.3140 0.2513 0.2688 0.3813 0.2512 0.2514
64 23.8 0.2652 0.2232 0.3135 0.3941 0.3561 0.3339
64 24.0 0.2701 0.2409 0.2863 0.3034 0.2511 0.2188
64 24.2 0.3060 0.2741 0.2732 0.2669 0.2290 0.2612
64 24.4 0.2260 0.2309 0.2267 0.3068 0.2027 0.1581
64 24.6 0.2132 0.2506 0.2484 0.2206 0.2264 0.1859
64 24.8 0.3015 0.2762 0.2602 0.2685 0.3062 0.2064
64 25.0 0.2815 0.2673 0.2924 0.3055 0.2048 0.1933
64 25.2 0.3015 0.2591 0.2949 0.2831 0.2426 0.2364
64 25.4 0.3136 0.2912 0.2923 0.2955 0.2425 0.2167
64 25.6 0.2913 0.2846 0.3307 0.2989 0.2145 0.2338
64 25.8 0.2976 0.2494 0.3383 0.3015 0.2367 0.2376
64 26.0 0.2724 0.2559 0.2625 0.3085 0.2393 0.1970
64 26.2 0.2319 0.2228 0.2323 0.3329 0.2504 0.2105
64 26.4 0.2306 0.2520 0.2256 0.3177 0.2484 0.1824
64 26.6 0.2093
Hwy Data Guide

filename mileposts CHECK ATTACH | SORT

c\..\data\ 1.065

I-5 LANE | MP234.17-250.31

001AX12 SR

001AX13

001AX?21 NR

001AX?22

001AX23

001AX31 SL

001AX32

001AX33

001AX41 NL

001AX42

001AX43

I-5 M P 258.96-299.93

001BX11 NR

001BX12

001BX13

001BX21 SR

001BX22

001BX23

001BX31 NC

001BX32

001BX33

001BX41 SC

001BX42

001BX43
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001BX51 NL

001BX52

001BX53

001BX61 SL

001BX62

001BX63

1-84 1-84 MP 17.75-31.17 CHECK
1.065

002X11 EL

002X12

002X13

002X21 WL

002X22

002X23

002X31 ER

002X32

002X33

002X41 WR

002X42

002X43

1-405 MP0.04-4.21 CHECK

1.065

061X1 SL

061X2 NL

061X3 R

061X4 NR

1-205 MP 9.03-26.6 CHECK

1.065

064X11 C

064X12

064X13

064X21 NC

064X22

064X23

064X31 SL MP 1.0-26.6

064X32

064X33

064X41 NL

064X42

064X43

064X51 NR

064X52

064X53

064X61 R

064X62

064X63

Page 96




Appendix B: Factorsfor Passenger Vehiclesand Monthly Volumes.

Interstate5
Permanent Counter 03-011
% of # of Monthly Annua Traffic | Monthly Traffic
Month ADT ADT Days Traffic (AADT * 365) Factor
January 53,000 79 31 1,643,000 24,612,315 6.68%
February 57,000 85 28 1,596,000 24,612,315 6.48%
March 61,500 91 31 1,906,500 24,612,315 7.7%%
April 70,500 105 30 2,115,000 24,612,315 8.59%
November 66,000 30 30 1,980,000 24,612,315 8.04%
December 64,000 95 31 1,984,000 24,612,315 8.06%
Permanent Counter 26-016
% of # of Monthly Annua Traffic | Monthly Traffic
Month ADT ADT Days Traffic (AADT * 365) Factor
January 122,019 93 31 3,782,589 48,027,430 7.88%
February 115,000 87 28 3,220,000 48,027,430 6.70%
March 126,339 9% 31 3,916,509 48,027,430 8.15%
April 137,266 104 30 4,117,980 48,027,430 857%
November 129,527 93 30 3,885,810 48,027,430 8.09%
December 125,333 9% 31 3,885,323 48,027,430 8.09%
Permanent Counter 26-026
% of # of Monthly Annua Traffic | Monthly Traffic
Month ADT ADT Days Traffic (AADT * 365) Factor
January 110,400 91 31 3,422,400 44,471,235 7.70%
February 115,800 %5 28 3,242,400 44,471,235 7.29%
March 123,000 101 3 3,813,000 44,471,235 8.57%
April 126,162 104 30 3,784,860 44,471,235 8.51%
November 118,000 97 30 3,540,000 44,471,235 7.96%
December 113,545 93 31 3,519,895 44,471,235 7.91%
Interstate 84
Permanent counter 26-001
% of # of Monthly Annual Traffic | Monthly Traffic
Month ADT ADT Days Traffic (AADT * 365) Factor
January 19,621 71 31 608,251 10,118,165 6.01%
February 20,955 76 28 586,740 10,118,165 5.80%
March 25,254 91 31 782,874 10,118,165 7.74%
April 27,081 9% 30 812,430 10,118,165 8.03%
November 25,568 92 30 767,040 10,118,165 7.58%
December 21,079 76 31 653,449 10,118,165 6.46%
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Monthly traffic factors, cont’d

Interstate 205
Permanent Counter 03-016
Month ADT % of # of Monthly Annua Traffic | Monthly Traffic
ADT Days Traffic (AADT * 365) Factor
January 65,632 0 31 2,034,592 26,552,290 7.66%
February 65,361 0 28 1,830,108 26,552,290 6.89%
March 71,268 98 31 2,209,308 26,552,290 8.32%
April 72,408 100 30 2,172,240 26,552,290 8.18%
November 70,789 97 30 2,123,670 26,552,290 8.00%
December 70,277 97 31 2,178,587 26,552,290 8.20%
Permanent Counter 26-024
Month ADT % of # of Monthly Annual Traffic | Monthly Traffic
ADT Days Traffic (AADT * 365) Factor
January 82,974 8 3 2,572,194 37,695,010 6.82%
February 89,534 87 28 2,506,952 37,695,010 6.65%
March 99,319 9% 31 3,078,839 37,695,010 8.17%
April 101,400 9% 30 3,042,000 37,695,010 8.07%
November 107,000 104 30 3,210,000 37,695,010 8.52%
December 109,000 106 31 3,379,000 37,695,010 8.96%
US Highway 97
Permanent Counter 09-020
% of # of Monthly Annual Traffic | Monthly Traffic
Month ADT ADT Days Traffic (AADT * 365) Factor
January 14,355 73 31 445,005 7,197,070 6.18%
February 17,910 91 28 501,480 7,197,070 6.97%
March 19,086 97 31 591,666 7,197,070 8.22%
April 20,150 102 30 604,500 7,197,070 8.40%
November 18,900 9% 30 567,000 7,197,070 7.88%
December 18,454 A 31 572,074 7,197,070 7.95%
Permanent Counter 09-020
% of # of Monthly Annua Traffic | Monthly Traffic
Month ADT ADT Days Traffic (AADT * 365) Factor
January 13,756 80 31 426,436 6,141,356 6.94%
February 14,831 86 28 415,268 6,141,356 6.76%
March 15,665 91 31 485,615 6,141,356 7.91%
April 16,669 97 30 500,070 6,141,356 8.14%
November 15,364 89 30 460,920 6,141,356 751%
December 14,668 8 31 454,708 6,141,356 7.40%
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Monthly traffic factors, cont’d

US Highway 22

Permanent Counter 24-004
% of # of Monthly Annua Traffic | Monthly Traffic

Month ADT ADT Days Traffic (AADT * 365) Factor
January 17,699 8 31 548,669 7,556,230 7.26%
February 18,144 88 28 508,032 7,556,230 6.72%
March 19,323 93 31 599,013 7,556,230 7.93%
April 20,154 97 30 604,620 7,556,230 8.00%
November 19,140 2 30 574,200 7,556,230 7.60%
December 18,727 N AN 580,537 7,556,230 7.68%
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Appendix C

Wear Rate Regression Results

Page 100



F-MIX: [-5 South, MP 234-247

Autoreg Procedure
Dependent Variable = RUT
Ordinary Least Squares Estimates

SSE 0.529796 DFE 53
MSE 0.009996 Root MSE 0.099981
SBC -92.475 AIC -94.464

Reg Rsq 0.9737 Total Rsq 0.9737
Durbin-Watson 0.6770 PROB<DW  0.0001

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob
SPLIFE 1 0.045092 0.00102 44.306 0.0001

Estimates of Autocorrelations
Lag Covariance Correlation-198765432101234567891
0 0.009811 1.000000 | [ K XA AR
1 0.006318 0.643973| [
Preliminary MSE = 0.005742
Estimates of the Autoregressive Parameters
Lag Coefficient  Std Error t Ratio

1 -0.64397333  0.106093 -6.070

Yule-Walker Estimates

SSE 0.300184 DFE 52
MSE 0.005773 Root MSE 0.075979
SBC -118.628 AIC -122.606

RegRsqy  0.8973 Total Rsgy 0.9851
Durbin-Watson 1.9960 PROB<DW  0.4991

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.043824 0.00206 21.312 0.0001
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F-MI1X: 1-5 South, MP 294-299
Autoreg Procedure

Dependent Variable = RUT

Ordinary Least Squares Estimates

SSE 1.097614 DFE 23
MSE 0.047722 Root MSE 0.218454
SBC -2.75086 AIC -3.92891

RegRsy  0.9748 Total Rsq 0.9748
Durbin-Watson 1.3035 PROB<DW  0.0371

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.025636 0.00086 29.813 0.0001

Estimates of Autocorrelations
Lag Covariance Correlation-198765432101234567891
0 0.045734 1.000000 | [FXEEEEEEEXEAAXRSARAR
1 0.01561 0.341311] [ x K x ok |
Preliminary M SE = 0.040406
Estimates of the Autoregressive Parameters
Lag Coefficient  Std Error t Ratio

1 -0.34131139  0.200398 -1.703

Yule-Walker Estimates

SSE 0.967964 DFE 22
MSE 0.043998 Root MSE 0.209758
SBC -2.46573 AIC -4.82184

Reg Rsq 0.9522 Total Rsq 0.9778
Durbin-Watson 1.7496 PROB<DW  0.2669

NOTE: No intercept term is used. R-squares are redefined.
Varidble DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.025615 0.00122 20.930 0.0001
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F-MIX: 1-84 East & West, MP 22-31
Autoreg Procedure

Dependent Variable = RUT

Ordinary Least Squares Estimates

SSE 2423734 DFE 86
MSE 0.028183 Root MSE 0.167878
SBC -60.1509 AIC -62.6168

RegRsqy 09299 Total Rsgy 0.9299
Durbin-Watson 0.2209 PROB<DW  0.0001

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1  0.041661 0.00123 33.777 0.0001

Estimates of Autocorrelations
Lag Covariance Correlation-198765432101234567891
0 0.027859 1.000000 | [FXEEEEEEEXEAAXRSARAR
1 0024192 0.868377 | [rxsskxrrr R KR RRE |
Preliminary MSE = 0.006851
Estimates of the Autoregressive Parameters
Lag Coefficient  Std Error t Ratio

1 -0.86837744  0.053788 -16.144

Yule-Walker Estimates

SSE 0.47903 DFE 85
MSE 0.005636 Root MSE 0.075071
SBC -195.335 AIC -200.267

Reg Rsq 0.5178 Total Rsq 0.9861
Durbin-Watson 1.7869 PROB<DW 0.1676

NOTE: No intercept term is used. R-squares are redefined.
Varidble DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.032606 0.00341 9.553 0.0001
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F-MIX: 1-5 South, MP 243

Autoreg Procedure

Dependent Variable = RUT

Ordinary Least Squares Estimates

SSE 0.577287 DFE 82
MSE 0.00704 Root MSE 0.083905
SBC -172.403 AIC -174.821

RegRsqy 09819 Total Rsy 0.9819
Durbin-Watson 2.0157 PROB<DW  0.5285

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.040620 0.000609 66.688 0.0001

Estimates of Autocorrelations

Lag Covariance Correlation-198765432101234567891
0 0.006955 1.000000 | [FXEEEEEEEXEAAXRSARAR
1 -0.00014 -0.019752 | | |
Preliminary M SE = 0.006953
Estimates of the Autoregressive Parameters
Lag Coefficient  Std Error t Ratio

1 0.01975169  0.111089 0.178

Yule-Walker Estimates

SSE 0.577057 DFE 81
MSE 0.007124 Root MSE 0.084405
SBC -168.017 AIC -172.854

Reg Rsq 0.9826 Total Rsq 0.9819
Durbin-Watson 1.9765 PROB<DW  0.4573

NOTE: No intercept term is used. R-squares are redefined.
Varidble DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.040622 0.000601 67.591 0.0001

Page 104



F-MIX: I-5 South, MP 245

Autoreg Procedure

Dependent Variable = RUT

Ordinary Least Squares Estimates

SSE 0.288449 DFE 80
MSE 0.003606 Root MSE 0.060047
SBC -222.39 AIC -224.784

RegRsqy 09582 Total Rsgy 0.9582
Durbin-Watson 1.9759 PROB<DW  0.4567

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.039495 0.000922 42.820 0.0001

Estimates of Autocorrelations

Lag Covariance Correlation-198765432101234567891
0 0.003561 1.000000 | [FXEEEEEEEXEAAXRSARAR
1 -0.00006 -0.015600 | | |
Preliminary MSE = 0.00356
Estimates of the Autoregressive Parameters
Lag Coefficient  Std Error t Ratio

1 0.01559979  0.112495 0.139

Yule-Walker Estimates

SSE 0.288375 DFE 79
MSE 0.00365 Root MSE 0.060418
SBC -218.016 AIC -222.805

Reg Rsq 0.9594 Total Rsq 0.9582
Durbin-Watson 1.9457 PROB<DW  0.4031

NOTE: No intercept term is used. R-squares are redefined.
Varidble DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.039491 0.000914 43.208 0.0001
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F-Mix: USHighway 97, MP 133.5
Autoreg Procedure

Dependent Variable = RUT

Ordinary Least Squares Estimates

SSE 2792731 DFE 81
MSE 0.034478 Root MSE 0.185683
SBC -40.0227 AIC -42.4294

RegRsqy  0.9803 Total Rsy 0.9803
Durbin-Watson 0.4378 PROB<DW  0.0001

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1  0.051989 0.000818 63.525 0.0001

Estimates of Autocorrelations
Lag Covariance Correlation-198765432101234567891
0 0.034058 1.000000 | [FXEEEEEEEXEAAXRSARAR
1 0.026505 0.778234 | [Frdxrdrk xRk kx|
Preliminary MSE = 0.013431
Estimates of the Autoregressive Parameters
Lag Coefficient  Std Error t Ratio

1 -0.77823350  0.070210 -11.084

Yule-Walker Estimates

SSE 1.091432 DFE 80
MSE 0.013643 Root MSE 0.116803
SBC -111.727 AIC -116.54

Reg Rsq 0.8708 Total Rsq 0.9923
Durbin-Watson 2.2557 PROB<DW  0.8796

NOTE: No intercept term is used. R-squares are redefined.
Varidble DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0051726 0.00223 23.216 0.0001
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F-Mix, US Highway 97, MP 140.4
Autoreg Procedure

Dependent Variable = RUT

Ordinary Least Squares Estimates

SSE 1.385528 DFE 81
MSE 0.017105 Root MSE 0.130787
SBC -97.4997 AIC -99.9064

RegRsq  0.9902 Total Rsg 0.9902
Durbin-Watson 0.4257 PROB<DW  0.0001

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1  0.039425 0.000435 90.610 0.0001

Estimates of Autocorrelations
Lag Covariance Correlation-198765432101234567891
0 0.016897 1.000000 | [FXEEEEEEEXEAAXRSARAR
1 0013077 0.773928 | [rxssxxrrrsniis |
Preliminary MSE = 0.006776
Estimates of the Autoregressive Parameters
Lag Coefficient  Std Error t Ratio

1 -0.77392797  0.070802 -10.931

Yule-Walker Estimates

SSE 0.533458 DFE 80
MSE 0.006668 Root MSE 0.081659
SBC -170.445 AIC -175.258

Reg Rsq 0.9365 Total Rsq 0.9962
Durbin-Watson 2.5676 PROB<DW  0.9958

NOTE: No intercept term is used. R-squares are redefined.
Varidble DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1  0.039651 0.00115 34.347 0.0001
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B-Mix: 15 North, MP 234-244

Autoreg Procedure

Dependent Variable = RUT

Ordinary Least Squares Estimates

SSE 1.171008 DFE 50
MSE 0.02342 Root MSE 0.153036
SBC -43.8084 AIC -45.7403

RegRsqy  0.9692 Total Rsgy 0.9692
Durbin-Watson 0.9497 PROB<DW  0.0001

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.030054 0.000758 39.642 0.0001

Estimates of Autocorrelations

Lag Covariance Correlation-198765432101234567891
0 0.022961 1.000000 | [FXEEEEEEEXEAAXRSARAR
1 0.010411 0.453437 | [ xxx AKX |
Preliminary MSE = 0.01824
Estimates of the Autoregressive Parameters
Lag Coefficient  Std Error t Ratio

1 045343749  0.127327 -3.561

Yule-Walker Estimates

SSE 0.895402 DFE 49
MSE 0.018274 Root MSE 0.13518
SBC -53.3322 AIC -57.1958

Reg Rsq 0.9259 Total Rsq 0.9764
Durbin-Watson 1.8588 PROB<DW  0.3062

NOTE: No intercept term is used. R-squares are redefined.
Varidble DF B Vaue Std Error t Ratio Approx Prob
SPLIFE 1 0.0290896 0.00121 24.738 0.0001
B-MI1X: 15 North, MP 244-249

Autoreg Procedure
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Dependent Variable = RUT

Ordinary Least Squares Estimates

SSE 0.518894 DFE 26
MSE 0.019957 Root MSE 0.141271
SBC -26.7826 AIC -28.0784

RegRsqy 09378 Total Rsg 0.9378
Durbin-Watson 0.7496 PROB<DW  0.0001

NOTE: No intercept term is used. R-squares are redefined.
Variable DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.019304 0.000975 19.792  0.0001

Estimates of Autocorrelations
Lag Covariance Correlation-198765432101234567891
0 0.019218 1.000000 | [FXEEEEEEEXEAAXRSARAR
1 0.006087 0.316729 | [ x ok xx* |
Preliminary MSE = 0.01729
Estimates of the Autoregressive Parameters
Lag Coefficient  Std Error t Ratio

1 -0.31672920  0.189703 -1.670

Yule-Walker Estimates

SSE 0.433619 DFE 25
MSE 0.017345 Root MSE 0.131699
SBC -28.2285 AIC -30.8201

Reg Rsq 0.9001 Total Rsq 0.9480
Durbin-Watson 1.2014 PROB<DW  0.0143

NOTE: No intercept term is used. R-squares are redefined.
Varidble DF B Vaue Std Error t Ratio Approx Prob
SPLIFE 1 0019635 0.00131 15010 0.0001
B-MIX: 1-84 East & West, MP 17-22
Autoreg Procedure

Dependent Variable = RUT

Ordinary Least Squares Estimates
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SSE 1.089715 DFE 48

MSE 0.022702 Root MSE 0.150673
SBC -43.5415 AIC -45.4333

Reg Rsq 0.9671 Total Rsq 0.9671
Durbin-Watson 1.0847 PROB<DW  0.0003

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.035231 0.000938 37.558 0.0001

Estimates of Autocorrelations
Lag Covariance Correlation-198765432101234567891
0 0.022239 1.000000 | [ KKK R XA
1 0.008566 0.385189 | [ox %k kk kK |
Preliminary MSE = 0.018939
Estimates of the Autoregressive Parameters
Lag Coefficient  Std Error t Ratio

1 -0.38518859  0.134610 -2.862

Yule-Walker Estimates

SSE 0.903369 DFE 47
MSE 0.019221 Root MSE 0.138638
SBC -48.6786 AIC -52.4622

Reg Rsq 0.9312 Total Rsg 0.9727
Durbin-Watson 1.7207 PROB<DW 0.1618

NOTE: No intercept term is used. R-squares are redefined.
Variable DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.034881 0.00138 25.214 0.0001

B-M1X: 1-5North, MP 242.75

Autoreg Procedure
Dependent Variable = RUT

Ordinary Least Squares Estimates
SSE 5.384096 DFE 81
MSE 0.06647 Root MSE 0.257818
SBC 13.80451 AIC 11.39779
Reg Rsq 0.9515 Total Rsqg 0.9515
Durbin-Watson 0.2886 PROB<DW  0.0001
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NOTE: No intercept term is used. R-squares are redefined.
Variable DF B Vaue Std Error t Ratio Approx Prob
SPLIFE 1 0.040359 0.00101 39.869 0.0001

Estimates of Autocorrelations

Lag Covariance Correlation-198765432101234567891

0 0.06566 1_000000| |********************|
1 0.055691 0848182| |***************** |
2 0.051014 0776946' |**************** |
3 0.046238 0.704201 | [rrssaaenssiin |

4 0.042438 0.646329 | [rresssssrrrin |

5 00434 0.660987 | [orsssrsinnes |

Preliminary MSE = 0.016374

Estimates of the Autoregressive Parameters
Lag Coefficient  Std Error t Ratio

1 -0.66083352 0.110568 -5.977
2 -0.18227884 0.132969 -1.371
3 0.04465320 0.134505 0.332
4 0.14860228 0.132969 1.118
5 -0.26624530 0.110568 -2.408
Yule-Walker Estimates

SSE 1.267602 DFE 76

MSE 0.016679 Root MSE 0.129147

SBC -81.0308 AIC -95.4711

Reg Rsq 0.4581 Total Rsq 0.9886
Durbin-Watson 2.0078 PROB<DW  0.5210

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob
SPLIFE 1 0039914 0.00498 8.016 0.0001

Page 111



B-MIX: USHighway 22, MP 3

Autoreg Procedure
Dependent Variable = RUT

Ordinary Least Squares Estimates

SSE 1.610899 DFE 81
MSE 0.019888 Root MSE 0.141024
SBC -85.1413 AIC -87.5481

Reg Rsq 0.9838 Total Rsq 0.9838
Durbin-Watson 0.7760 PROB<DW  0.0001

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob
SPLIFE 1 0.057482 0.00082 70.085 0.0001

Estimates of Autocorrelations
Lag Covariance Correlation-198765432101234567891

o 0019645 1000000' |********************|
1 0.011921 0.606825 | [k ke k ok k ok [
Preliminary MSE = 0.012411
Estimates of the Autoregressive Parameters
Lag Coefficient  Std Error t Ratio

1 -0.60682488  0.088865 -6.829

Yule-Walker Estimates

SSE 1.011402 DFE 80
MSE 0.012643 Root MSE 0.112439
SBC -118.443 AIC -123.256

RegRsqy 09390 Total Rsgy 0.9898
Durbin-Watson 2.3611 PROB<DW  0.9511

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.057308 0.00163 35.098 0.0001
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B-MIX: 1-84 East, MP 20

Autoreg Procedure
Dependent Variable = RUT
Ordinary Least Squares Estimates

SSE 1497511 DFE 81
MSE 0.018488 Root MSE 0.13597
SBC -91.1264 AIC -93.5331

Reg Rsq 0.9770 Total Rsq 0.9770
Durbin-Watson 0.4412 PROB<DW  0.0001

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob
SPLIFE 1 0.035704 0.000608 58.693 0.0001

Estimates of Autocorrelations
Lag Covariance Correlation-198765432101234567891
0 0.018262 1.000000 | [ K XA AR
1 0.013927 0.762612 | [rrxxxxxxxxxxnnx |
Preliminary MSE = 0.007641
Estimates of the Autoregressive Parameters
Lag Coefficient  Std Error t Ratio

1 -0.76261198  0.072321 -10.545

Yule-Walker Estimates

SSE 0.597349 DFE 80
MSE 0.007467 Root MSE 0.086411
SBC -161.211 AIC -166.025

RegRsqy  0.8668 Total Rsgy 0.9908
Durbin-Watson 2.3572 PROB<DW  0.9497

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.035778 0.00157 22.814 0.0001
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PCC: 1-5 North, MP 259-280
Autoreg Procedure

Dependent Variable = RUT

Ordinary Least Squares Estimates

SSE 0.634228 DFE 101
MSE 0.006279 Root MSE 0.079243
SBC -224.104 AIC -226.729

RegRsq  0.9907 Tota Rsy 0.9907
Durbin-Watson 0.8430 PROB<DW  0.0001

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.010944 0.000105 103.952 0.0001

Estimates of Autocorrelations
Lag Covariance Correlation-198765432101234567891
0 0.006218 1.000000 | [FXEEEEEEEXEAAXRSARAR
1 0.003493 0.561805 | [k x ok gk x |
Preliminary M SE = 0.004255
Estimates of the Autoregressive Parameters
Lag Coefficient  Std Error t Ratio

1 -0.56180480  0.082727 -6.791

Yule-Walker Estimates

SSE 0.427369 DFE 100
MSE 0.004274 Root MSE 0.065373
SBC -259.366 AIC -264.616

Reg Rsq 0.9689 Total Rsq 0.9938
Durbin-Watson 1.9707 PROB<DW  0.4413

NOTE: No intercept term is used. R-squares are redefined.
Varidble DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.010948 0.000196 55.827 0.0001
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PCC: 1-5South, MP 259-294
Autoreg Procedure

Dependent Variable = RUT

Ordinary Least Squares Estimates
SSE 12.06857 DFE 170
MSE 0.070992 Root MSE 0.266442
SBC 37.08752 AIC 33.94585
Reg Rsq 0.9150 Total Rsq 0.9150
Durbin-Watson 0.2569 PROB<DW  0.0001

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.008859 0.000207 42.776 0.0001

Estimates of Autocorrelations
Lag Covariance Correlation-198765432101234567891
0 0.070576 1.000000 | [FXEEEEEEEXEAAXRSARAR
1 0.057521 0.815010 | [Frdxrdrk xRk kx|
Preliminary MSE = 0.023697
Estimates of the Autoregressive Parameters
Lag Coefficient  Std Error t Ratio

1 -0.81501047  0.044573 -18.285

Yule-Walker Estimates

SSE 3.024746 DFE 169
MSE 0.017898 Root MSE 0.133783
SBC -193.305 AIC -199.589

Reg Rsq 0.5704 Total Rsq 0.9787
Durbin-Watson 1.8677 PROB<DW  0.1971

NOTE: No intercept term is used. R-squares are redefined.
Varidble DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.007548 0.000504 14.981 0.0001
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PCC: I-5North, MP 262
Autoreg Procedure

Dependent Variable = RUT

Ordinary Least Squares Estimates

SSE 0.310497 DFE 81
MSE 0.003833 Root MSE 0.061914
SBC -220.144 AIC -222.551

RegRsy  0.9924 Total Rsq 0.9924
Durbin-Watson 1.8595 PROB<DW  0.2615

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.009950 0.000097 102.930 0.0001

Estimates of Autocorrelations
Lag Covariance Correlation-198765432101234567891
0 0.003787 1.000000 | [FXEEEEEEEXEAAXRSARAR
1 0.000263 0.069427 | [* |
Preliminary MSE = 0.003768
Estimates of the Autoregressive Parameters
Lag Coefficient  Std Error t Ratio

1 -0.06942695  0.111534 -0.622

Yule-Walker Estimates

SSE 0.308998 DFE 80
MSE 0.003862 Root MSE 0.062149
SBC -216.129 AIC -220.943

Reg Rsq 0.9913 Total Rsq 0.9924
Durbin-Watson 1.9915 PROB<DW  0.4846

NOTE: No intercept term is used. R-squares are redefined.
Varidble DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.009950 0.000104 95.504 0.0001

Page 116



PCC: I-5North, MP 278
Autoreg Procedure

Dependent Variable = RUT

Ordinary Least Squares Estimates

SSE 0.347151 DFE 81
MSE 0.004286 Root MSE 0.065466
SBC -210.994 AIC -213.401

RegRsy  0.9922 Total Rsq 0.9922
Durbin-Watson 0.9666 PROB<DW  0.0001

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.009728 0.000096 101.238 0.0001

Estimates of Autocorrelations
Lag Covariance Correlation-198765432101234567891
0 0.004234 1.000000 | [FXEEEEEEEXEAAXRSARAR
1 0.002002 0.472814 | [ xxx AKX |
Preliminary M SE = 0.003287
Estimates of the Autoregressive Parameters
Lag Coefficient  Std Error t Ratio

1 047281410  0.098517 -4.799

Yule-Walker Estimates

SSE 0.262615 DFE 80
MSE 0.003283 Root MSE 0.057295
SBC -229.218 AIC -234.031

Reg Rsq 0.9793 Total Rsq 0.9941
Durbin-Watson 2.1853 PROB<DW  0.8007

NOTE: No intercept term is used. R-squares are redefined.
Varidble DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.009698 0.000158 61.455 0.0001
PCC: 1-5 South, MP 287.5

Autoreg Procedure
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Dependent Variable = RUT

Ordinary Least Squares Estimates

SSE 0.659273 DFE 81
MSE 0.008139 Root MSE 0.090217
SBC -158.401 AIC -160.808

RegRsqy  0.9924 Tota Rsy 0.9924
Durbin-Watson 1.5129 PROB<DW  0.0123

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.007664 0.000075 102.618 0.0001

Estimates of Autocorrelations
Lag Covariance Correlation-198765432101234567891
0 0.00804 1.000000 | [FXRRRE R R R R 800K |
1 0.00185 0.230161 | [Fxx** |
Preliminary MSE = 0.007614
Estimates of the Autoregressive Parameters
Lag Coefficient  Std Error t Ratio

1 -0.23016085  0.108802 -2.115

Yule-Walker Estimates

SSE 0.623413 DFE 80
MSE 0.007793 Root MSE 0.088276
SBC -158.526 AIC -163.339

Reg Rsq 0.9880 Total Rsq 0.9928
Durbin-Watson 2.0294 PROB<DW  0.5532

NOTE: No intercept term is used. R-squares are redefined.
Varidble DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.007665 0.000095 81.036 0.0001

Page 118



PCC: 1-205 North, MP 0-25
Autoreg Procedure

Dependent Variable = RUT

Ordinary Least Squares Estimates

SSE 2.976082 DFE 119
MSE 0.025009 Root MSE 0.158143
SBC -98.2933 AIC -101.081

RegRsy  0.9713 Total Rsq 0.9713
Durbin-Watson 0.8171 PROB<DW  0.0001

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.008672 0.000137 63.422 0.0001

Estimates of Autocorrelations
Lag Covariance Correlation-198765432101234567891
0 0.024801 1.000000 | [FXEEEEEEEXEAAXRSARAR
1 0.014392 0.580302 | [k ko ko ko ke ok [
Preliminary MSE = 0.016449
Estimates of the Autoregressive Parameters
Lag Coefficient  Std Error t Ratio

1 -0.58030182  0.074972 -7.740

Yule-Walker Estimates

SSE 1.950784 DFE 118
MSE 0.016532 Root MSE 0.128577
SBC -143.78 AIC -149.355

Reg Rsq 0.9023 Total Rsq 0.9812
Durbin-Watson 2.1044 PROB<DW 0.7176

NOTE: No intercept term is used. R-squares are redefined.
Varidble DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.008617 0.000261 33.004 0.0001
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PCC: 1-205 South, MP 0-25
Autoreg Procedure

Dependent Variable = RUT

Ordinary Least Squares Estimates

SSE 2.662388 DFE 124
MSE 0.021471 Root MSE 0.146529
SBC -121.573 AIC -124.402

RegRsy  0.9744 Total Rsq 0.9744
Durbin-Watson 1.0073 PROB<DW  0.0001

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.008406 0.000122 68.663 0.0001

Estimates of Autocorrelations
Lag Covariance Correlation-198765432101234567891
0 0.021299 1.000000 | [FXEEEEEEEXEAAXRSARAR
1 0.010379 0.487284 | [k xk ko kkx |
Preliminary MSE = 0.016242
Estimates of the Autoregressive Parameters
Lag Coefficient  Std Error t Ratio

1 -0.48728395  0.078738 -6.189

Yule-Walker Estimates

SSE 2.017506 DFE 123
MSE 0.016402 Root MSE 0.128072
SBC -151.144 AIC -156.801

Reg Rsq 0.9298 Total Rsq 0.9806
Durbin-Watson 2.0944 PROB<DW  0.7020

NOTE: No intercept term is used. R-squares are redefined.
Varidble DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.008350 0.000207 40.353 0.0001
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PCC: 1-205 North, MP 12
Autoreg Procedure

Dependent Variable = RUT

Ordinary Least Squares Estimates

SSE 1.011937 DFE 81
MSE 0.012493 Root MSE 0.111772
SBC -123.265 AIC -125.672

RegRsy  0.9912 Total Rsq 0.9912
Durbin-Watson 0.6598 PROB<DW  0.0001

NOTE: No intercept term is used. R-squares are redefined.

Variable DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.008292 0.000087 95.420 0.0001

Estimates of Autocorrelations
Lag Covariance Correlation-198765432101234567891
0 0.012341 1.000000 | [FXEEEEEEEXEAAXRSARAR
1 0.007664 0.621033 | [k ko ko ko ke ok [
Preliminary MSE = 0.007581
Estimates of the Autoregressive Parameters
Lag Coefficient  Std Error t Ratio

1 -0.62103287  0.087630 -7.087

Yule-Walker Estimates

SSE 0.583316 DFE 80
MSE 0.007291 Root MSE 0.08539
SBC -163.545 AIC -168.358

Reg Rsq 0.9669 Total Rsq 0.9949
Durbin-Watson 1.9361 PROB<DW  0.3864

NOTE: No intercept term is used. R-squares are redefined.
Varidble DF B Vaue Std Error t Ratio Approx Prob

SPLIFE 1 0.008303 0.000172 48.335 0.0001
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Appendix D

High and Low Estimates of Total Damage Costs
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State System County & City
i Wit
PAVEMENT 1995 ANMTAL o SEASCHA STUD VAT DMLk 3935 of LI
REGIOH TrFE GROSS WVMT GROWTH LT WEH FACTOR  USE Season CaMASE fortal DAMASE
1 COMCRETE | B82,204390  130% 8Eas 445 16% 112,691 204 B4 000
1 ASPHALT 4561 50547 1.40% 8Eas A4 16% 275 520,521 B2.2T 245 846,098 5624
b COMCRETE | 009305540 1905 T 455 12% 52140062 206 000
P ASPHALT 4461 B52055 1 80% gEog 455 129 211,616,204 4723 168 621,055 2811
3 CONCRETE 400,398 560  1.30% B2 a3 [ 05EF DR 073 : 000
3 ASPHALT 2RI GEEEA0 1E0% 8452 a3 55 AF 474 255 1027 35163 476 TaE
4 CONCRETE E.E1BE00  1.30% 81% Az 403 5717384 028 s 0 0
4 ASPHALT 1,081, 766030 1 .80% &1 azs 403 260 206, OF T B0 0% 174,876,002 a0
5 COMNCRETE FR2.164 A%k 1308 Ta 415 0% 20422 360 1.70 - [
3 ASPHALT 1 533780906 1300 Tak 41% 302 129 206 080 ARl a5 042133 219
CONCRETE 0076
ASPHALT 0226
DAMAGE FER 0224 IMCHILAMEMILES —CONCRETE 1532 CONCRETE 0.00
FACTORS | MILLION WMT 0226 DAMAGES ASPHALT 21054 ASPHALT 163.73
026
MITIGATIHG REPLACE THRESHOLD CoOsT cosT
STRATESY COST LHM| [IHCHES)
ANNUAL DAMAGE 2" AC OVERLAY (PCC) $211,200 076 CONCRETE £4,313.193 CONCRETE $0
2% AC OVERLAT $62,800 0.75 ASPHALT $14,821,972 ASPHALT $11.526.412
£19,135 165 $£11.526. 412
TOTAL COST
CONCRETE 4,212,193
ASPHALT 26,348,384
LOW TOTAL COST $ 30.661.577
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State System County & City
Ha Wit
PAVEWENT 1555 AHBITIAL 2 SEASCHAL ZTITD WET YLD E0k of T L EITAT
REGION TrFE GROSSYMT  GROWTH LT VEH FACTOR  USE SeaEson DAMAGE total DAMAGE
1 CONCRETE 1882204990 1.30% 8525 442 163 112681.204 1251 - 000
1 ASPHALT 4561 ERESTE .30 852 442 163 2VEE20E2] 15016 243 545,038 18662
2 CONCRETE 105859 308 K40 1.30% ot 455 1252 BE 140 062 574 000
2 ASPHALT 4,467 6GEE 0L 1.30% ot 455 1252 2118616204 115.33 163,631,055 91 90
3 CONCRETE AL0 393 BED 1.30% ot B 435 5% G 5EE 028 1.0 000
3 LASPHALT ZAZLEER 390 1.30% ot B 435 5% AR 434 255 24 76 ZB163.47T6 1416
4 COMCRETE ZBEEIREOD 1-.30%: &% 4355 4055 S 717 384 041 2 000
4 ASPHALT 1,031 TR O30 1 40% 1% 458 A DEG A0E 57 14704 174 TR A00 a5 &1
5 CONCRETE 252164 466 1 90% Ttk 41% a0 23 422 ARD 247 - 008
5 ASPHALT 1337800316 1.930% T 41% e 124,206 050 042 05,042,149 52 A3
CONCRETE 0110
ASPHALT 0545
DAMAGE FER 0515 INCHILAMEIMILES COMCRETE 2217 CONCRETE 0.00
FACTORS | HILLICH wHT 0545 DAMAGES ASPHALT 60772 ASPHALT 304 83
[ 545
MITIGATING REFLACE THRESHDLO CosT COST
STRATEGY COST Ll [IHCHES]
AMNNUAL DAMAGE 2 AC OVERLAY (PCC) $211.200 076 COMCRETE $6.242 T80 CONCRETE %0
2 A0 OVERLAY 52 800 075 ASPHALT $36. 743,260 ASPHALT $27.706 993
$41,986,030 $27,795,993
TOTAL COST
CONCRETE 6,242 T80
ASPHALT 63,639 244
HIGH TOTAL COST $ 69,782,024
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Appendix E: Regional Factorsfor Passenger Vehiclesand Seasonal

Traffic Volumes.
Monthly factors represent average daily traffic for the month relative to annual average daily traffic
Seasonal factors represent the annual traffic volume occurring during the six month studded tire season.

County County 1 1 1 1 1
Avg.
Station 01-001 01-007 01-010 01-011 12
Number
HWY US30 ORE203 ORES86 184 ORE7
% PasVeh 66% 0.869 95.1 90.8 56.3 84.9
Jan 80 76 71 71 66
Feb 88 78 74 76 67
Mar 93 80 86 93 74
Apr 102 0 A 9 86
Nov 91 89 76 84
Dec 87 82 71 78 66
Seasonal 41% 45% 4% 3% 42% 37%
County 2
Station
Number
HWY ORE34 ORE223 ORE99W
% PasVeh 87% 89.7 84.9 86.4
Jan 89 87 86
Feb 0] 0 92
Mar 92 97 97
Apr 96 98 9
Nov 9 100 98
Dec 88 85 83
Seasonal 46% 46% 46% 47%
County 3 3 3 3
Station 11 13 14 16
Number
HWY 15 ORE213 ORE211 1205
% PasVeh 89% 85.8 91.3 Q0 90.6
Jan 79 84 85 Q0
Feb 85 88 88 Q0
Mar 91 9%5 9%5 98
Apr 105 100 29 100
Nov 98 96 91 97
Dec 9%5 5) 84 97
Seasonal 46% 46% 47% 45% 48%
County 4
Station 1 10
Number
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HWY Us101 ore202
% PasVeh 89% 93.6 84.6
Jan 75 85
Feb 84 79
Mar 95 84
Apr 100 85
Nov 85 125
Dec 76 7
Seasonal 44% 43% 45%
County 5
Station 6
Number
HWY us30
% PasVeh 89% 89.3
Jan 82
Feb 87
Mar 93
Apr 101
Nov 0
Dec 45% 45%
Seasonal 44,9167
County 6
Station 1 4
Number
HWY usl01 us1l01l
% PasVeh 86% 86.6 85.6
Jan 73 75
Feb 82 86
Mar 89 88
Apr 93 95
Nov 88 0
Dec 82 89
Seasonal 43% 42% 440%
County 7
Station 1
Number
HWY us26
% PasVeh 90% 89.5
Jan 70
Feb 75
Mar 80
Apr 0
Nov 0
Dec 75
Seasonal 41% 41%
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County 8

Station 5
Number
HWY us101
% PasVeh 93% 93.1
Jan 85
Feb 91
Mar 86
Apr 95
Nov 0
Dec 86
Seasonal 44% 44%
County 9
Station 3 5 11 14 20
Number
HWY us97 us20 Cent Dr. us20- us97
orel26
% PasVeh 89% 89.6 85.2 96.3 87.3 88.8
Jan 80 71 189 62 73
Feb 86 82 191 69 91
Mar 91 89 186 79 97
Apr 97 96 109 85 102
Nov 89 85 25 75 9%
Dec 85 75 195 68 A
Seasonal 49% 44% 42% 75% 3% 46%
County 10
Station 3 4 6 7
Number
HWY ore38 orel38 ored2 i5
% PasVeh 71% 68.6 64.8 84.4 67.9
Jan 67 56 85 83
Feb 79 53 9%5 85
Mar 92 67 29 95
Apr 92 77 102 85
Nov 86 73 91 92
Dec 83 Y 86 92
Seasonal 41% 42% 32% 47% 4%
County 11
Station 4 7 8
Number
HWY ore206 orel9 i84
% PasVeh 72% 93 51.8 717
Jan 78 29 67
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Feb 77 9 72
Mar 86 101 Q0
Apr 99 104 93
Nov 105 91 98
Dec 86 82 7
Seasonal 44% 44% 48% 41%
County 12
Station 3 6 9
Number
HWY us26 us395 us26
% PasVeh 79% 82.3 86.2 68.2
Jan 68 73 59
Feb 67 66 61
Mar 77 81 75
Apr 80 87 92
Nov 97 106 88
Dec 68 62 61
Seasonal 38% 38% 40% 36%
County 13
Station 1 3
Number
HWY us395 us20
% PasVeh 81% 85.6 76.8
Jan 67 62
Feb 68 71
Mar 71 85
Apr 83 R
Nov 97 87
Dec 74 70
Seasonal 39% 38% 3%
County 14
Station 3
Number
HWY ore35
% PasVeh 91% 90.5
Jan 95
Feb 83
Mar 86
Apr 78
Nov 61
Dec 79
Seasonal 40% 40%
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County 15

Station 1 2 7 11 12
Number
HWY i5 i5 ore66 ore239 main st.
% PasVeh 86% 79 62.6 2.7 95.8 98
Jan 86 74 69 82 95
Feb 89 81 84 87 102
Mar 97 Q0 80 95 104
Apr 9 A 29 101 105
Nov A 92 86 Q0 95
Dec 89 A 71 86 9
Seasonal 45% 46% 440% 41% 45% 50%
County
Station 13 14 18 19 20
Number
HWY ore62 ore99 15 15 orel40
% PasVeh 93.2 9 83.7 84.9 76.7
Jan 76 88 83 87 70
Feb 84 9 89 93 80
Mar 85 95 A 96 7
Apr 93 101 101 102 84
Nov Q0 97 101 29 93
Dec 86 95 Q0 96 79
Seasonal 43% 48% 47% 48% 40%
County 16
Station 2 6
Number
HWY us97/us26  us26
% PasVeh 87% 86.4 87.7
Jan 77 76
Feb 85 82
Mar A 91
Apr 100 95
Nov 89 87
Dec 80 82
Seasonal 43% 44% 43%
County 17
Station 1 3 6
Number
HWY 15 us199 cnty rd
% PasVeh 86% 82 84.9 91.2
Jan 78 64 0
Feb 82 76 9
Mar 92 68 97
Apr 96 88 102
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Nov 97 85 97
Dec Q0 75 91
Seasonal 43% 45% 38% 48%
County 18
Station 6 17 19 20 21
Number
HWY us97 oreld0 us97 ore39 ore62
% PasVeh 7% 60.1 85.1 63 84.5 91.6
Jan 60 76 66 79 35
Feb 69 75 79 88 43
Mar 79 87 79 93 4
Apr 88 79 91 100 61
Nov 86 88 97 95 V!
Dec 79 75 84 86 39
Seasonal 38% 38% 40% 241% 45% 23%
County 19
Station 4 8 10
Number
HWY us395 us395 ore3l
% PasVeh 80% 79.1 82.7 78
Jan 68 69 63
Feb 7 79 68
Mar Q0 84 80
Apr 95 93 87
Nov 74 20 124
Dec 7! 74 84
Seasonal 40% 38% 4% 42%
County 20
Station 3 4 5 8 10 17 23
Number
HWY ore99 ore36 orel26 1105 orel26 ore58  Terri. Hwy
% PasVeh 91% 97.1 91.6 884 A 84.1 595 933
Jan 86 83 84 93 69 74 80
Feb 98 86 87 97 72 7 86
Mar 29 93 A 99 82 82 93
Apr 103 A A 100 91 84 9%
Nov 97 96 86 100 83 80 A
Dec 88 87 84 98 71 65 89
Seasonal 44% 48% 45% 44% 4% 3% 3% 45%
County 21
Station 6
Number
HWY us20
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% PasVeh 75% 75.2
Jan 80
Feb 88
Mar 97
Apr 95
Nov 88
Dec 72
Seasonal 43% 43%
County 2
Station 10 12 13 16
Number
HWY ore226 ore99%e us20 15
% PasVeh 86% 93.6 834 91.3 74.3
Jan 88 85 89 73
Feb 91 89 93 79
Mar 98 97 A 98
Apr 100 98 98 9%
Nov 93 91 92 100
Dec 93 88 91 92
Seasonal 46% 47% 46% 46% 45%
County 23
Station 6 12 13 14 16
Number
HWY US20/us2 us95 us20 184 184
6
% PasVeh 65% 83.6 56 64.4 71.2 49.1
Jan 80 63 57 92 70
Feb 86 72 65 83 76
Mar 93 98 82 A 92
Apr 103 114 88 9% 97
Nov 88 92 85 86 100
Dec 84 75 66 85 86
Seasonal 42% 45% 43% 3% 45% 43%
County 24
Station 1 4 10 13 14 16 18 20
Number
HWY ORE99%e ore22 Cnty Rd. ORE22 ore22 W _HHwy Citr St ORE219
% PasVeh 91% 94.8 93.2 90.6 818 95.2 88.7 98 84.7
Jan 86 85 82 62 92 98 95 76
Feb 0 88 85 69 A 99 97 81
Mar A 93 91 84 97 98 10 91
Apr 100 97 29 88 101 104 104 98
Nov 91 92 89 78 97 97 29 85
Dec 87 0] 83 65 101 98 105 81
Seasonal 44% 46% 45% 4% 37% 4% 50% 43% 43%
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County 25
Station 7
Number
HWY ORE74
% PasVeh 90% 89.8
Jan 86
Feb 87
Mar 96
Apr 97
Nov R0
Dec 93
Seasonal 47% 47%
County 26
Station 1 2 3 4 5
Number
HWY 184 us26 us26 15 1405
% PasVeh 91% 755 96.1 96.1 915 93.3
Jan 71 A 93 93 92
Feb 76 88 91 93 929
Mar 91 100 97 100 100
Apr 98 102 100 101 103
Nov 92 98 95 98 97
Dec 76 97 29 97 92
Seasonal 47% 42% 48% 48% 4% 4%
County 26
Station 12 13 16 19 24 26 27
Number
HWY Hist. Col 184 15 15 1205 15 1405
% PasVeh 96.4 94.7 93 89.7 921 94.5 88.3
Jan 49 91 93 A 80 91 929
Feb 64 87 87 93 87 9% 92
Mar 81 100 9 100 9% 101 102
Apr 100 102 104 101 98 104 108
Nov 56 29 98 97 104 97 95
Dec 46 9 95 A 106 93 93
Seasonal 41% 48% 48% 48% 48% 48% 49%
County 27
Station 1
Number
HWY orel8
% PasVeh 91% 914
Jan 67
Feb 76
Mar 88
Apr 87
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Nov 112
Dec 96
Seasonal 44% 44%
County 28
Station 1
Number
HWY ur97
% PasVeh 69% 69.3
Jan 69
Feb 77
Mar A
Apr 100
Nov 87
Dec 75
Seasonal 42% 42%
County 29
Station 1
Number
HWY Us101
% PasVeh 90% 89.9
Jan 33
Feb 79
Mar 102
Apr 9
Nov 66
Dec 66
Seasonal 37% 37%
County 30
Station 2 4 7 12 16 21 25
Number
HWY US730 184 US395 ore204 Athena  ORE1l 182
% PasVeh 78% 721 69.9 82 82.8 83.7 A 70.7
Jan 68 42 73 87 81 82 72
Feb 89 45 74 84 93 88 79
Mar 0 52 80 69 97 9%
Apr 92 53 89 72 101 104 99
Nov A 53 107 Q0 Q0 93 95
Dec 80 46 65 82 83 92 83
Seasonal 40% 43% 24% 4% 40% 45% 46% 44%
County 31
Station 5
Number
HWY ORES82
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% PasVeh 85% 84.5
Jan 72
Feb 75
Mar 88
Apr 0
Nov 93
Dec 78
Seasonal 41% 41%
County 3
Station 1 5
Number
HWY 184 us197
% PasVeh 83% 75 91.9
Jan 71 79
Feb 75 83
Mar 92 96
Apr 9% 102
Nov 100 91
Dec 82 80
Seasonal 44% 43% 440%
County A
Station 1 4
Number
HWY US 26 ORE6
% PasVeh 80% 74.4 84.9
Jan 68 68
Feb 76 70
Mar 93 86
Apr A 88
Nov 81 89
Dec 64 65
Seasonal 39% 40% 3%
County 36
Station 4 5
Number
HWY ORE99w ORE99w
% PasVeh 89% 93.6 834
Jan 0 91
Feb 91 A
Mar 97 98
Apr 0 102
Nov 101 98
Dec 97 Q0
Seasonal 48% 48% 48%
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REGION 1

REGION 2

REGION 3

REGION 4

REGION 5

COUNTY SUMMARIES

County Passenger Seasonal
Vehicles Factor

Clackamas (3) 8% 46%

Columbia (5) 8% 45%

Hood River (14) 91% 40%

Multnomah (26) 91% 47%

Washington (34) 80% 3%

Benton (2) 87% 46%

Clatsop(4) 8% 4%

Lane(20) 91% 4%

Lincoln (21) 5% 43%

Linn (22) 86% 46%

Marion (24) 91% 4%

Polk (27) 91% 44%

Tillamook (29) 69% 42%

Yamhill (36) 8% 48%

Coos (6) 86% 43%

Curry (8) 93% 4%

Douglas (10) 71% 41%

Jackson (15) 86% 45%

Josephine (17) 86% 43%

Crook (7) 0% 41%

Dsschutes (9) 89% 49%

Gilliam (12) 2% 4%

Jefferson (16) 87% 43%

Klamath (18) T% 3B%

Lake (19) 80% 40%

Sherman (28) 69% 42%

Wasco (33) 83% 44%

Wheeler (35)

Baker (1) 66% 41%

Grant (12) % 3B%

Harney (13) 81% 3%

Malheur (23) 65% 42%

Morrow (25) 0% 47%

Umatilla (30) 8% 42%

Union (31) 85% 41%

Wallowa (32)

REGIONAL SUMMARIES
Passenger Seasonal Effective Stud
Vehicles Factor Use

Region 1 88% 44% 15.6%
Region 2 85% 45% 12.4%
Region 3 84% 43% 5.4%
Region 4 81% 43% 40.1%
Region 5 78% 41% 30.2%
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Appendix F:

Mitigation costs for 1995 studdec! tire damage on Oregon State Highway System

Estimates of Effective Damage Costs

Surface Inputs Asphalt PCC
Rut Threshold (inches) 0.75 0.75
Design Life (years) 14 30 Design life Wear Rate
Mitigation cost per lane mile, $52,800 | $52,800 Base High
Wear Rate: Inches/ 100,000 0.0545 0.011
studded tire passes
Cost Estimates
Regional Inputs Season% Pass. Veh. Stud % Asphalt PCC ALL SURFACES
%
Region 1 44% 88% 15.6% $5,552,821 $2,509,170 $8,061,991
Region 2 45% 85% 12.4% $3,292,930 $877,433 $4,170,363
Region 3 43% 84% 5.4% $0 $0 $0
Region 4 43% 81% 40.1% $4,625,490 $0 $4,625,490
Region 5 41% 78% 30.2% $420,717 $420,717
STATEWIDE $13,891,958 $3,386,602 $17,278,560

* Mitigation strategy: asphalt overlay

Cost taken from Repair of Rutting Caused by Studded Tires, ODOT, July '95.
Includes 50% above material cos: for traffic

control.

Regional Inputs Lane Mile Costs Lane Mile Costs
Season% PV % Stud % Asphalt PCC ALL SURFACES
Region 1 4% 83% 15.6% $5,552,821 $829,358 $6,382,179
Region 2 45% 85% 12.4% $3,292,930 $202,500 $3,495,430
Region 3 43% 84% 5.4% $0 $0 $0
Region 4 43% 81% 40.1% $4,625,490 $0 $4,625,490
Region 5 41% 78% 30.2% $420,717 $0 $420,717
STATEWIDE $13,891,958 $1,031,858 $14,923,816
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Mitigation costs for 1995 studdec! tire damage on Oregon State Highway System

Surface Inputs ‘Asphalt ~ PCC

Rut Threshold (inches) 0.75 0.75

Design Life (years) 14 30 Design life Wear Rate

Mitigation cost per lane mile, $52,800 | $52,800 Base Base

Wear Rate: Inches/ 100,000 0.0386 0.0093

studded tire passes

Cost Estimates
Regional Inputs Season% Pass. Veh. Stud % Asphalt PCC ALL SURFACES
%
Region 1 44% 88% 15.6% $3,019,116 $2,121,389 $5,140,505
Region 2 45% 85% 12.4% $1,810,814 $741,829 $2,552,643
Region 3 43% 84% 5.4% %0 $0 $0
Region 4 43% 81% 40.1% $2,242,845 $0 $2,242,845
Region 5 41% 78% 30.2% $129,238 $0 $129,238
STATEWIDE $7,202,013 $2,863,218 $10,065,231

* Mitigation strategy: asphalt overlay
Cost taken from Repair of Rutting Caused by Studded Tires, ODOT, July '95.

Includes 50% above material cos: for traffic
control.

Regional Inputs Lane Mile Costs Lane Mile Costs
Season% PV % Stud % Asphalt PCC ALL SURFACES

Region 1 44% 88% 15.6% $3,019,116 $663,846 $3,682,962

Region 2 45% 85% 12.4% $1,810,814 $171,205 $1,982,018

Region 3 43% 84% 5.4% $0 $0 $0

Region 4 43% 81% 40.1% $2,242,845 $0 $2,242,845

Region 5 41% 78% 30.2% $129,238 $0 $129,238

STATEWIDE $7,202,013 $835,050 $8,037,063
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Mitigation costs for 1995 studdecl tire damage on Oregon State Highway System

Surface Inputs Asphalt PCC

Rut Threshold (inches) 0.75 0.75

Design Life (years) 14 30 Design life Wear Rate
Mitigation cost per lane mile, $52,800 | $52,800 Base Low
Wear Rate: Inches/ 100,000 0.0226 0.0076

studded tire passes

Cost Estimates

Regional Inputs Season% Pass. Veh. Stud % Asphalt PCC ALL SURFACES
%

Region 1 44% 83% 15.6% $1,139,946 $1,733,608 $2,873,554
Region 2 45% 85% 12.4% $481,785 $606,226 $1,088,012
Region 3 43% 84% 5.4% $0 $0 $0
Region 4 43% 81% 40.1% $272,375 $0 $272,375
Region 5 1% 78% 30.2% $7,080 $0 $7,080

STATEWIDE $1,901,186 $2,339,834 $4,241,020

* Mitigation strategy: asphalt overlay
Cost taken from Repair of Rutting Caused by Studded Tires, ODOT, July '95.
Includes 50% above material cos: for traffic

control.

Regional Inputs Lane Mile Costs Lane Mile Costs
Season% PV % Stud % Asphalt PCC ALL SURFACES
Region 1 48% 88% 15.6% $1,139,946 $515,391 $1,655,337
Region 2 45% 85% 12.4% $481,785 $139,909 $621,694
Region 3 43% 84% 5.4% $0 $0 $0
Region 4 43% 81% 40.1% $272,375 $0 $272,375
Region 5 4% 78% 30.2% $7,080 $0 $7,080
STATEWIDE $1,901,186 $655,300 $2,556,487

Page 138



Mitigation costs for 1995 studdecl tire damage on Oregon State Highway System

Surface Inputs Asphalt PCC
Rut Threshold (inches) 0.75 0.75
Design Life (years) 12 25 Design life Wear Rate
Mitigation cost per lane mile, $52,800 | $52,800 Short Base
Wear Rate: Inches/ 100,000 0.0386 0.0093
studded tire passes
Cost Estimates
Regional Inputs Season% Pass. Veh. Stud % Asphalt PCC ALL SURFACES
%
Region 1 4% 83% 15.6% $2,817,844 $2,121,389 $4,939,233
Region 2 45% 85% 12.4% $1,458,831 $741,829 $2,200,660
Region 3 43% 84% 5.4% $0 $0 $0
Region 4 43% 81% 40.1% $1,762,170 $0 $1,762,170
Region 5 1% 78% 30.2% $95,973 $0 $95,973
STATEWIDE $6,134,818 $2,863,218 ‘ $8,998,036

* Mitigation strategy: asphalt overlay
Cost taken from Repair of Rutting Caused by Studded Tires, ODOT, July '95.

Includes 50% above material cos: for traffic

control.

Regional Inputs Lane Mile Costs Lane Mile Costs
Season% PV % Stud % Asphalt PCC ALL SURFACES
Region 1 44% 88% 15.6% $2,817,844 $642,042 $3,459,885
Region 2 45% 85% 12.4% $1,458,831 $171,205 $1,630,035
Region 3 43% 84% 5.4% $0 $0 $0
Region 4 43% 81% 40.1% $1,762,170 $0 $1,762,170
Region 5 41% 78% 30.2% $95,973 $0 $95,973
STATEWIDE $6,134,818 $813,246 $6,948,064
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Mitigation costs for 1995 studdecl tire damage on Oregon State Highway System

Surface Inputs Asphalt PCC
Rut Threshold (inches) 0.75 0.75
Design Life (years) 12 25 Design life Wear Rate
Mitigation cost per lane mile, $52,800 | $52,800 Short High
Wear Rate: Inches/ 100,000 0.0545 0.011
studded tire passes
Regional Inputs Season% Pass. Veh. Stud % Asphalt PCC ALL SURFACES
%
Region 1 4% 83% 15.6% $4,832,658 $2,509,170 $7,341,828
Region 2 45% 85% 12.4% $2,918,365 $877,433 $3,795,797
Region 3 43% 84% 5.4% $0 $0 $0
Region 4 43% 81% 40.1% $4,306,004 $0 $4,306,004
Region 5 1% 78% 30.2% $277,372 $0 $277,372
STATEWIDE $12,334,399 $3,386,602 $15,721,001

* Mitigation strategy: asphalt overlay
Cost taken from Repair of Rutting Caused by Studded Tires, ODOT, July '95.

Includes 50% above material cos: for traffic
control.

Regional Inputs Lane Mile Costs Lane Mile Costs
Season% PV % Stud % Asphalt PCC ALL SURFACES
Region 1 44% 83% 15.6% $4,832,658 $785,194 $5,617,852
Region 2 45% 85% 12.4% $2,918,365 $202,500 $3,120,865
Region 3 43% 84% 5.4% %0 $0 $0
Region 4 43% 81% 40.1% $4,306,004 $0 $4,306,004
Region 5 41% 78% 30.2% $277,372 $0 $277,372
STATEWIDE $12,334,399 $987,694 $13,322,092
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Mitigation costs for 1995 studdec! tire damage on Oregon State Highway System

Surface Inputs ‘Asphalt ~ PCC

Rut Threshold (inches) 0.75 0.75

Design Life (years) 12 25 Design life Wear Rate

Mitigation cost per lane mile, $52,800 | $52,800 Short Low

Wear Rate: Inches/ 100,000 0.0226 0.0076

studded tire passes

Cost Estimates
Regional Inputs Season% Pass. Veh. Stud % Asphalt PCC ALL SURFACES
%
Region 1 44% 88% 15.6% $977,162 $1,733,608 $2,710,770
Region 2 45% 85% 12.4% $319,388 $522,988 $842,377
Region 3 43% 84% 5.4% %0 $0 $0
Region 4 43% 81% 40.1% $176,602 $0 $176,602
Region 5 41% 78% 30.2% $0 $0 $0
STATEWIDE $1,473,153 $2,256,597 $3,729,749

* Mitigation strategy: asphalt overlay
Cost taken from Repair of Rutting Caused by Studded Tires, ODOT, July '95.
Includes 50% above material cos: for traffic

control.

Regional Inputs Lane Mile Costs Lane Mile Costs
Season% PV % Stud % Asphalt PCC ALL SURFACES
Region 1 44% 83% 15.6% $977,162 $454,075 $1,431,238
Region 2 45% 85% 12.4% $319,388 $120,699 $440,087
Region 3 43% 84% 5.4% %0 $0 $0
Region 4 43% 81% 40.1% $176,602 $0 $176,602
Region 5 41% 78% 30.2% $0 $0 $0
STATEWIDE $1,473,153 $574,774 $2,047,927
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Mitigation costs for 1995 studdec! tire damage on Oregon State Highway System

Surface Inputs ‘Asphalt ~ PCC

Rut Threshold (inches) 0.75 0.75

Design Life (years) 16 35 Design life Wear Rate

Mitigation cost per lane mile, $52,800 | $52,800 Long Base

Wear Rate: Inches/ 100,000 0.0386 0.0093

studded tire passes

Cost Estimates
Regional Inputs Season% Pass. Veh. Stud % Asphalt PCC ALL SURFACES
%
Region 1 44% 88% 15.6% $3,322,708 $2,121,389 $5,444,097
Region 2 45% 85% 12.4% $1,973,943 $741,829 $2,715,772
Region 3 43% 84% 5.4% %0 $0 $0
Region 4 43% 81% 40.1% $2,715,304 $0 $2,715,304
Region 5 41% 78% 30.2% $150,340 $0 $150,340
STATEWIDE $8,162,295 $2,863,218 $11,025,514

* Mitigation strategy: asphalt overlay
Cost taken from Repair of Rutting Caused by Studded Tires, ODOT, July '95.

Includes 50% above material cos: for traffic
control.

Regional Inputs Lane Mile Costs Lane Mile Costs
Season% PV % Stud % Asphalt PCC ALL SURFACES

Region 1 40% 88% 15.6% $3,322,708 $691,013 $4,013,722

Region 2 45% 85% 12.4% $1,973,943 $171,205 $2,145,148

Region 3 43% 84% 5.4% %0 $0 $0

Region 4 43% 81% 40.1% $2,715,304 $0 $2,715,304

Region 5 4% 78% 30.2% $150,340 $0 $150,340

STATEWIDE $8,162,295 $862,218 $9,024,513
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Mitigation costs for 1995 studdec! tire damage on Oregon State Highway System

Surface Inputs Asphalt =~ PCC

Rut Threshold (inches) 0.75 0.75

Design Life (years) 16 35 Design life Wear Rate

Mitigation cost per lane mile, $52,800 | $52,800 Long High

Wear Rate: Inches/ 100,000 0.0545 0.011

studded tire passes

Cost Estimates
Regional Inputs Season% Pass. Veh. Stud % Asphalt PCC ALL SURFACES
%
Region 1 4% 88% 15.6% $5,843,736 $2,509,170 $8,352,906
Region 2 45% 85% 12.4% $3,612,451 $957,427 $4,569,877
Region 3 43% 84% 5.4% $10,488 $0 $10,488
Region 4 43% 81% 40.1% $4,808,701 $0 $4,808,701
Region 5 1% 78% 30.2% $585,792 $0 $585,792
STATEWIDE $14,861,168 $3,466,596 ‘ $18,327,764

* Mitigation strategy: asphalt overlay
Cost taken from Repair of Rutting Caused by Studded Tires, ODOT, July '95.

Includes 50% above material cos: for traffic
control.

Regional Inputs Lane Mile Costs Lane Mile Costs
Season% PV % Stud % Asphalt PCC ALL SURFACES
Region 1 40% 88% 15.6% $5,843,736 $884,776 $6,728,512
Region 2 45% 85% 12.4% $3,612,451 $226,501 $3,838,951
Region 3 43% 84% 5.4% $10,488 $0 $10,488
Region 4 43% 81% 40.1% $4,808,701 $0 $4,808,701
Region 5 4% 78% 30.2% $585,792 $0 $585,792
STATEWIDE $14,861,168 $1,111,276 $15,972,444
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Mitigation costs for 1995 studdec! tire damage on Oregon State Highway System

Surface Inputs Asphalt =~ PCC

Rut Threshold (inches) 0.75 0.75

Design Life (years) 16 35 Design life Wear Rate

Mitigation cost per lane mile, $52,800 | $52,800 Long Low

Wear Rate: Inches/ 100,000 0.0226 0.0076

studded tire passes

Cost Estimates
Regional Inputs Season% Pass. Veh. Stud % Asphalt PCC ALL SURFACES
%
Region 1 44% 88% 15.6% $1,347,757 $1,733,608 $3,081,366
Region 2 45% 85% 12.4% $541,532 $606,226 $1,147,758
Region 3 43% 84% 5.4% %0 $0 $0
Region 4 43% 81% 40.1% $722,410 $0 $722,410
Region 5 41% 78% 30.2% $17,295 $0 $17,295
STATEWIDE $2,628,995 $2,339,834 ‘ $4,968,829

* Mitigation strategy: asphalt overlay
Cost taken from Repair of Rutting Caused by Studded Tires, ODOT, July '95.

Includes 50% above material cos: for traffic
control.

Regional Inputs Lane Mile Costs Lane Mile Costs
Season% PV % Stud % Asphalt PCC ALL SURFACES
Region 1 44% 88% 15.6% $1,347,757 $536,381 $1,884,138
Region 2 45% 85% 12.4% $541,532 $139,909 $681,441
Region 3 43% 84% 5.4% $0 $0 $0
Region 4 43% 81% 40.1% $722,410 $0 $722,410
Region 5 41% 78% 30.2% $17,295 $0 $17,295
STATEWIDE $2,628,995 $676,290 $3,305,285
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Appendix G:  Estimates of Annual Expenditure Costs
For Long and Intermediate Design Life
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HIGH

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
11-year

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

11-year

Expenditure Projectionsfor Repair of Scudded Tire Damage
Assuming reconstruction when pavement reaches design life

Regl
1,030,656
496,320
2,521,728
3,160,080
4,269,408
2,842,752
6,366,624
6,371,904
4,551,360
5,348,640
7,456,944
44,416,416

Reg2
459,360
817,872

1,118,832
882,816
1,157,376
2,867,040
2,204,928
3,731,904
4,786,320
3,035,472
3,819,552
24,881,472

Reg 3

OO OO OO0 o o

o

163,152
0
163,152

Reg4 Reg 5
0 0
707,520 0
957,264 0
1,418,208 602,448
1,556,016 10,560
3,674,880 270,864
6,734,112 79,728
5,863,968 21,120
6,619,536 364,848
4,177,536 628,848
5,625,312 2,333,232
37,334,352 4,311,648

Statewide
1,490,016
2,021,712
4,597,824
6,063,552
6,993,360
9,655,536
15,385,392
15,988,896
16,322,064
13,353,648
19,235,040
$ 111,107,040

Regl
3,983,102
2,949,005

876,480
3,894,985
1,812,506
1,692,717
2,450,152
1,185,888
3,871,416
5,695,189
3,928,953

32,340,393

0
Olooooooooooobﬂ
N

0
O'OOOOOOOOOOO)B
w
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Statewide
3,983,102
2,949,005
876,480
3,894,985
1,812,506
1,692,717
2,450,152
1,185,888
3,871,416
5,695,189
3,928,953
$ 32,340,393

Variable Surface Inputs

AC PCC
Design Life 12 25
Wear Rate 0.0545 0.011

Studded tire growth

1996-2005 2.50%
1986-1995 8.45%
1976-1985 0.00%
1968-1975 0.00%

AC and PCC Total
Projected Repair Totals
1995 $ 5,473,118
1996 $ 4,970,717
1997 $ 5,474,304
1998 $ 9,958,537
1999 $ 8,805,866
2000 $ 11,348,253
2001 $ 17,835,544
2002 $ 17,174,784
2003 $ 20,193,480
2004 $ 19,048,837
2005 $ 23,163,993
total $ 143,447,433




BASE

1995
1996
1997
1998

1999
2000
2001
2002
2003
2004
2005
11-year

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

11-year

Expenditure Projectionsfor Repair of Studded Tire Damage

Assuming reconstruction when pavement reaches design life

Reg 1
1,030,656
34,848
591,888
1,999,008
3,198,096
1,279,344
3,525,984
2,422,464
4,015,968
3,728,208
4,105,728
25,932,192

294,624
476,784
505,824
1,207,008
1,099,824
1,573,440
1,058,112
985,776
3,444,672
3,855,456
14,501,520

0
0
0
0
0
0
0
0
0
0
0
0

Reg 4 Reg5
0 0
0 0
350,064 0
792,000 0
281,424 0
1,449,360 0
1,094,016 10,560
3460512 164,208
4090416 79,728
3,943,632 0
3878160 385968
19,339,584 it

Statewide

1,030,656
329,472
1,418,736
3,296,832
4,686,528
3,828,528
6,204,000
7,105,296
9,171,888
11,116,512
12,225,312
$ 60,413,760

Reg1
2,576,090
1,221,698
3,134,319
281,952
680,592
3,343,061
680,592
2,921,078
680,592
3,544,056
5,341,957

24,405,986

2y
Olooooooooooo|8
N
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w
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Statewide
2,576,090
1,221,698
3,134,319
281,952
680,592
3,343,061
680,592
2,921,078
680,592
3,544,056
5,341,957

$ 24,405,986

Variable Surface Inputs

AC PCC
Design 12 25
Life
Wear Rate 0.0386 0.0093

Studded tire growth

1996-2005
1986-1995
1976-1985
1968-1975

2.50%
8.45%
0.00%
0.00%

AC and PCC Total

Projected Repair Totals

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

total

$ 3,606,746
$ 1,551,170
$ 4,553,055
$ 3,578,784
$ 5,367,120
$ 7,171,589
$ 6,884,592
$ 10,026,374
$ 9,852,480
$ 14,660,568
$ 17.567,269
$ 84,819,746




LOW Variable Surface Inputs

AC PCC
Expenditure Projectionsfor Repair of Studded Tire Damage Dﬁ;’gn © 25
Assuming reconstruction when pavement reaches design life Wear Rate 0.0226 0.0076
. |
Regl Reg2 Reg 3 Reg 4 Reg 5 Statewide Studded tire growth
1995 29,568 0 0 0 0 29,568 1996-2005 2.50%
1996 77,088 0 0 0 0 77,088 1986-1995 8.45%
1997 805,728 0 0 0 0 805,728 1976-1985 0.00%
1998 34,848 147,312 0 0 0 182,160 1968-1975 0.00%
1999 390,720 147,312 0 75,504 0 613,536
2000 1,309,968 312,048 0 538,560 0 2,160,576
2001 2,466,288 670,560 0 369,600 0 3,506,448
2002 1,334,784 524,832 0 7,392 0 1,867,008
2003 190,080 368,544 0 63,888 0 622,512
2004 1,769,856 365,904 0 455,136 0 2,590,896
2005 1,035,408 922,944 0 41,712 0 2,000,064
11-year 9,444,336 3,459,456 0 1,551,792 0 $ 14,455,584
AC and PCC Total
Regl Reg 2 Reg 3 Reg 4 Reg 5 Statewide
1995 1,647,233 0 0 0 0 1,647,233 1995 $ 1,676,801
1996 928,857 0 0 0 0 928,857 1996 $ 1,005,945
1997 0 0 0 0 0 0 1997 $ 805,728
1998 1,221,698 0 0 0 0 1,221,698 1998 $ 1,403,858
1999 2,949,005 0 0 0 0 2,949,005 1999 $ 3,562,541
2000 0 0 0 0 0 0 2000 $ 2,160,576
2001 0 0 0 0 0 0 2001 $ 3,506,448
2002 3,741,701 0 0 0 0 3,741,701 2002 $ 5,608,709
2003 0 0 0 0 0 0 2003 $ 622,512
2004 2,214,614 0 0 0 0 2,214,614 2004 $ 4,805,510
2005 1,659,054 0 0 0 0 1,659,054 2005 $ 3,659,118
11-year 14,362,161 0 0 0 0 $ 14,362,161 total $ 28,817,745
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HIGH

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
11-year

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

11-year

Expenditure Projectionsfor Repair of Studded Tire Damage

Assuming reconstruction when pavement reaches design life

Regl
1,284,096
496,320
2,521,728
3,338,016
5,132,160
3,390,816
7,116,384
6,641,712
7,359,792
5,144,832
8,342,400
50,768,256

Reg2 Reg3
1,899,216
986,304
1,921,392
1,580,304
877,008
1,814,208
2,465,232
4,957,920
5,512,320
2,513,280 163,152

4,114,704 0
28,641,888 163,152

OO OO OO0 o o

o

Reg4
1,555,488
1,082,400
1,826,352
1,418,208
1,437,216
3,556,080
6,660,192
9,368,304
9,097,968
4,971,648
5,898,288

46,872,144

Reg5
0
0
21,120
602,448
10,560
270,864
79,728
0
764,016
628,848
1,751,904
4,129,488

Statewide
4,738,800
2,565,024
6,290,592
6,938,976
7,456,944
9,031,968
16,321,536
20,967,936
22,734,096
13,421,760
20,107,296
$ 130,574,928

Regl
9,323,722
2,949,005
2,231,856
7,123,034
3,707,498
2,124,093
5,433,352
1,617,264
2,746,656
2,921,424
2,269,344

42,447,249

Reg?2
0
0
0
6,453,952
4,328,563
0
1,489,488
998,976
0
1,489,488
998,976

15,759,443

0
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Statewide
9,323,722
2,949,005
2,231,856
13,576,986
8,036,061
2,124,093
6,922,840
2,616,240
2,746,656
4,410,912
3,268,320

$ 58,206,691

Variable Surface Inputs

AC PCC
Design Life 16 35
Wear Rate 0.0545 0.011

Studcled tire growth

1996-2005
1986-1995
1976-1985
1968-1975

2.50%
8.45%
0.00%
0.00%

AC and PCC Total

Projected Repair Totals

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

total

$ 14,062,522
$ 5,514,029
$ 8,522,448
$ 20,515,962
$ 15,493,005
$ 11,156,061
$ 23,244,376
$ 23,584,176
$ 25,480,752
$ 17,832,672
$ 23,375,616
$ 188,781,619
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1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
11-year

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

11-year

Expenditure Projectionsfor Repair of Studded Tire Damage
Assuming reconstruction when pavemerit reaches design life

Regl
1,043,856
119,856
605,088
2,012,208
3,352,272
1,726,032
3,625,776
2,807,376
5,382,960
3,895,584
6,238,320
30,809,328

Reg 2

Reg 3

280,368
821,040
1,083,456
586,608
1,207,008
907,632
1,081,344
991,056
1,729,200
4,348,608
4,469,520
17,505,840

(S|
0
0
0
0
0
0
0
0
0
0
0
0

Reg4
237,600
0
350,064
792,000
281,424
2,592,480
856,416
3,917,232
3,334,848
5,891,424
4,913,040
23,166,528

Reg 5

O OO oo

0
613,008
164,208
186,384

0
364,848

1,328,448

Statewide
1,561,824
940,896
2,038,608
3,390,816
4,840,704
5,226,144
6,176,544
7,879,872
10,633,392
14,135,616
15,985,728
$ 72,810,144

Regl
5,848,517
3,289,891
3,134,319
2,286,768
1,157,904
7,367,705
2,324,988
4,274,870
1,623,072
1,941,984

832,656
34,082,673

Reg 2

R

w

cooo o}

6,039,855
4,742,659
0
1,393,920
95,568
998,976

13,270,979

OCOloooocooooooo o
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Statewide
5,848,517
3,289,891
3,134,319
2,286,768
1,157,904
13,407,560
7,067,647
4,274,870
3,016,992
2,037,552
1,831,632

$ 47,353,651

Variable Surface Inputs

AC PCC
Design Life 16 35
Wear Rate 0.0386 0.0093

Studded tire growth

1996-2005
1986-1995
1976-1985
1968-1975

2.50%
8.45%
0.00%
0.00%

AC and PCC Total

Projected Repair Totals

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

total

7,410,341
4,230,787
5,172,927
5,677,584
5,998,608
$ 18,633,704
$ 13,244,191
$ 12,154,742
$ 13,650,384
$ 16,173,168
$ 17,817,360
$ 120,163,795

»oPe?®




1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
11-year

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

11-year

LOW

Expenditure Projectionsfor Repair of Studded Tire Damage
Assuming reconstruction when pavement reaches clesign life

Regl
29,568
77,088
805,728
34,848

508,992
1,309,968
2,645,808
1,393,920

733,920
2,438,304
1,008,480

10,986,624

Reg 2 Reg 3 Reg 4 Reg5
0 0 0 0
0 0 0 0
2,640 0 0 0
147,312 0 0 0
147,312 0 75,504 0
312,048 0 538,560 0
670,560 0 369,600 0
524,832 0 165,792 0
594,000 0 63,888 0
1,038,048 0 910,272 0

821,568 0 1175856 10,560

4,258,320 0 3,209,472 10,560

Statewide

29,568
77,088
808,368
182,160
731,808
2,160,576
3,685,968
2,084,544
1,391,808
4,386,624
3,016,464
$ 18,554,976

Regl
1,647,233
3,407,409

0
4,083,766
3,329,165

562,306
281,952
6,283,011
1,917,878
2,539,334
1,060,752
25,112,805

Reg 2 Reg 3 Reg 4

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0
6,453,952 0 0
4,328,563 0 0
0 0 0
10,782,515 0 0
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Statewide
1,647,233
3,407,409
0
4,083,766
3,329,165
562,306
281,952
6,283,011
8,371,829
6,867,897
1,060,752

$ 35,895,320

Variable Surface I nputs

AC PCC
Design Life 16 35
Wear Rate 0.0226 0.0076

Studded tire growth

1996-2005
1986-1995
1976-1985
1968-1975

2.50%
8.45%
0.00%
0.00%

AC ard PCC Total

Projected Repair Totals

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

total

©“

1,676,801
3,484,497
808,368
4,265,926
4,060,973
2,722,882
3,967,920
8,367,555
9,763,637
$ 11,254,521
$ 4,077,216
$ 54,450,296
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Appendix H: Estimates of Annual Expenditure Costs
Adjusted for Lightweight Studs
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783816

1460381

2681970

1451268

301437

14710/01

490717

Qpimdic ~ Resimidic Qdmidc ~ Qdimidic Rsimidc  Rssimidic Rsimdc  Oplimidic
fador eqatdire fador eqadiue fadr eqatiue fador eqadiue
1 $ M2 1 $ Mp2 1 $ 1M4p2 1 $ Mp2
1 $ 55400 1 $ 55409 1 $ 55409 1 $ 55409
09 $ 76048 wr $ 74450 b $ 8,3 B $ 733
08 $ 2@ a4 $ 1BI8IgPR 09 $ 1643 | $ 1788
07 $ 18BIM GL $ 9HB 0B $ Biem Bb $ 124188
06 $ 6By B $ 59 08 $ 88p a4 $ 8445
06 $ 1G5 B $ 1 s $ A ®B5 $ 5
06 $ MBBb B8 $ 13 s $ I7eB12 ®B5 $ 15919319
06 $ 15X3E B8 $ 1220ml a5 $ 19104 ®5 $ 171988
06 $ 100pdB B $ 8363 a5 $ 133434 w5 $ 128
06 $ 10530 B8 $ 120X s $ 172 G5 $ A

$ 1X3B89 $ 1146390 $ 1533130 $ W%

Qdimsic ~ Resimidic Qdimidc ~ Qdimidic Resmdc  Resimidic Resmidc  Opiimidic
fadar eqadiue fadar eqadiue fador eqadiue fador eqadiue
1 $ 106739 1 $ 10657780 1 $ 10577808 1 $ 1057780
1 $ GSEA 1 $ GSEA 1 $ SEAL 1 $ HEA
09 $ G2 @ $ 6330 b $ 7XBH ® $ 7853
08 $ M/RIS a4 $ 136075 09 $ I66%571 ® $ 18R
07 $ 1% GBL $ 8B 0% $ i Bb $ n1gEH
06 $ 6AAD B $ 5 08 $ §8rmem a4 $ 81283
06 $ Lo B $ 103746 s $ 182470 ®B5 $ 43331
06 $ 1384 B $ 10\ s $ I7E G5 $ BBEA
06 $ MoBH/ B $ 171495 a5 $ 181 ®B5 $ ledAA
06 $ 8§OBEb B $ 63! s $ 108D ®5 $ 980
06 $ 1363 B $ 1440 a5 $ 173608 B5 $ 1610640

$ 18N $ 1A $ M9 $ 1B128P

Qpimdic  Resimidic Qdmidc ~ Qdimidic Rsimdc  Ressimidic Rsmdc  Oplimidic
fadar eqatdiue fadar eqadiue fadr eqatdiue fador eqadiue
1 $ 318 1 $ 318 1 $ 54318 1 $ 54318
1 $ 49qmr 1 $ 49077 1 $ 407 1 $ 4oQmr
09 $ 4a34 B $ 44 0 $ 53099 B $ 5ussA
08 $ 7580 a4 $ 7330 0O $ 8 s $ 8=BW
07 $ 6BUK GL $ 53158 B $ 78 B $ 782
06 $ oIBR B $ e 08 $ 90B38B a4 $ 8oy
06 $ 10Oz B $ 8xE s $ 133668 ®B5 $ LB
06 $ 10980 B $ 84386 s  $ 12808 ®B5 $ 1UFPIP
06 $ 121608 B $ PP s  $ B0 G5 $ 136059
06 $ 143P B $ B b  $ 14868 ®B5 $ 2B
06 $ 13BI6 B $ 11876 s $ 1732 ®Bs5 $ 156HEH

$  ABHO $ a453 $ 1423174 $ 10887
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1,676,801
3484497
808,363
4,265926
4060973
27283
397,920
8,367,555
9,763,637
1124521
4077216
SA4502%6

1676801
1710594
805,728
3472061
3942701
2560258
3890832
7,672,707
1326336
7,253846
34832A
37,735,148

1676801
1006945

806,728
1403858
356241
2160576
3506448
5,608,709

622512
4805510
3659118

28817,745

Opimidic Pessmidic  Optimisi  Optimisic  Pessmisi~ Pessmidic Pessmidic ~ Opimidic
factor expanditure fadtor  expanditure fadtor expenditure factor expenditure
1 $ 166801 1 $ 1676801 1 $ 1676801 1 $ 166801
1 $ 3434497 1 $ 343497 1 $ 3484497 1 $ 343497
09 $ 721531 087 $ 7820 0% $ 767950 09% $ 5824
08 $ 3412741 074 $ 315%678% 09 $ 383933 087 $ 371135
07 $ 282681 061 $ 2477194 08 $ 3451827 08 $ 3209083
06 $ 16870 048 $ 1306983 08 $ 217183%b 074 $ 20149
06 $ 230/™2 048 $ 194602 0B $ 29H/90 06’5 $ 268346
06 $ 500583 048 $ 401646 0B $ 625686 06/ $ 5648100
06 $ 5381 048 $ 4636546 0B $ 73278 06/ $ 65904%
06 $ 672712 048 $ 5402170 07 $ 844080 06/ $  75%6801
06 $ 2446330 048 $ 1%7064 075 $ 3067912 06/ $ 2721
$ 36236490 $ 30772348 $ 43471850 $ 40178317
Opimidic Pessmidic  Optimidi  Optimisic = Pessmidi  Pessimidlic Pessmidic  Optimidic
factor expandture fadtor  expenditure fador expenditure factor expenditure
1 $ 16/6801 1 $ 166801 1 $ 1676801 1 $ 166801
1 $ 171054 1 $ 171054 1 $ 171054 1 $ 171054
09 $ 751% 087 $ 70983 05 $ 765442 09% $ 73336
08 $ 2777641 074 $ 2569318 09 $ 3124846 087 $ 3020634
07 $ 27081 061 $ 24048 08B $ 3IH12%6 08B $ 317387
06 $ 1561%5 048 $ 12894 08 $ 204826 074 $ 18¥51
06 $ 23449 048 $ 18/50© 0B $ 291814 065 $ 266312
06 $ 4608624 048 $ 368289V 0B $ 57450 06/ $ 51M077
06 $ 7532 048 $ 63641 075 $ A 72 065 $ 86217
06 $ 4362307 048 $ 3481846 0B $ 544034 06’5 $ 48%346
06 $ 20096 048 $ 1671981 0B $ 2612471 06/ $ 23124
$ 25362446 $ 21632635 $ 30397446 $ 2811816
Opimidic Pessmidic  Optimidi  Optimisic  Pessmidi  Pessmidiic Pesmidic  Optimidic
fadtor expandture fadtor  expenditure fador expenditure factor expanditure
1 $ 16/6801 1 $ 166801 1 $ 16/6801 1 $ 166801
1 $ 109 1 $ 1019 1 $ 106% 1 $ 1006945
09 $ 751% 087 $ M0\ 05 8 765442 095 $ 753356
08 $ 1128086 074 $ 10388b 09 $ 1263472 087 $ 122136
07 $ 24B70 061 $ 2173150 085 $ 3028160 086 $ 2867846
06 $ 126346 048 $ 1037076 08 $ 1728461 074 $ 15988%
06 $ 210380 048 $ 168B30%B 0B $ 262986 06/ $ 23682
06 $ 33625 048 $ 262180 05 $ 420651 06’5 $ 37888
06 $ 373507 048 $ 2886 0B $ 466834 065 $ 42019%
06 $ 28836 048 $ 236665 0B $ 3641 0675 $ 3243719
06 $ 21%471 048 $ 176377 0B $ 274430 06/ $ 24009%B
$ 19242490 $ 16330913 $ 23120003 $ 21410630
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