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Department of Transportation

PRt

BILLNO: HB 301 APPROVED:

TTTLE:  Ban Sale of Some Studded DATE:  March 22,1994
Tires and Studs

This bill provides  restriction on the type of tire studs to be sold in Alaska.
The requirements for maximum stud Weight follow current research
experience and legislation in Northern Europe, which found the stud weight
to be a factor in pieventing wear.

DOT&PF recommends that the bill be amended by adding an additional
requirement for a stud hardness no greater than 64 Rockwell C that will
}‘g\;terller reduce the damage from studs on paving materials to a tolerable

The department is very concerned qver the wear to pavements due to rutting.
Some rutting Is attributable to shoving under excess loading, however, mos

hsdue to studdgd tire wear. Research n; Europe, Midwestern U.S., and Alaska
as proven studs are the major cause of rutting.

For Further Information contact J.K. Ginger Johnson at 4e5-3904.



HIGHNAY USERS FEDERATION OF ALASKA

October 24,1991

The Honprable Dave Qioguetle
House o Representatlves

P.O
Juneau Alaska 99811
Dear Representative Choquetre;

After revneW| the cost and safety impacts of using studded tires, it appears the problem is more severe,
than prewousf’thoufh ymp J PP P

ADe artment of Transportation and Puhlic Facmaes (DOT/PF) memora dun} |nd|cat|‘1 tire pavement
atélZ Peru er 30,000 m%es |ss|e} usly In‘error due torover3|g a%ca avement repair
S r8\6861 18 res regorted y DOT/PFs-Commissioner Turpin,”in the'S133 to $266 range per
ve icle per4 IIES, appears more nearly correct

ﬁafegl aspects of bett?r V\élnter fraction from studs may be s?mewhat offsgt by warm season vehicle
Xg (E)I |rn%|nwater illed, stud-wam r vesI aY ers ex ergence &i%g IS0, mconve‘nence
a cost of temporary pavementrepalrs& 000 perfan r} I resurfacing 0 perlane mile) is a

actor.

Present studs have a MOKTS scale. ardnessof 38+ and literally grind softer asphalt. ggregate, with
a hardness o? T Inan act|?n3|m|farto agrm eel'on steel &We% termater|alp|s remq% (?mdwect

proportion to t g number o PaSSeS

The development of harder studs from onceuedsoft steelstud3|sa arent| roblem Mild steel has
ST-I rﬁ)ar(iness o? g+w ich more near em ave ent gregatmar ness. Steel studes are

a
ef ct|ve but also tend to wear more and may rYot e||eo atire.

InvesUgfanon into replacing studs shows that redrilling and restudding a tire in Anchorage costs $20 per tire
and IS éffective.

f\vﬂﬁ”aeé fait, paégm%“otrde%%ﬁgfﬁ T Eeo o Rt o o7 s AT S o
rom stud use seems probable

It appears the only solution to the costly practice of using studs is to limit stud hardness, if elimination of
st U5 7-not possol. 1 yP g

We hape this information will be of use to you.

Sincerely,
SKA

Dennis Nottingham, P.E,
Chairman f

DN/j/89072



Studs have warn through the top pavement layer <2d) along
lines spaced equally with car wheels.

Pavement (2"t) on bridge has been stud worn to concrete.



WALTER J. HICKEL, GOVERNOR

3132 CHANNEL DRIVE
JUNEAU, ALASKA 99B01-7BSS
©(907)465-2951

N
TEXT TELEﬁI:IE) (907)465-3652
ENGINEERING & OPERATIONS STANDARDS FAX:  (907)465-2460

August 3, 1993

Reé)resentative Mark Hanley
716 West 4th Avenue _ _
Anchorage, Alaska 99501 Subject: Studded Tires

_ & Stud Types
Attn:,,rSCip Knutson _
File: 2552

| am responding to your call and our discussion on July 21st regarding the
advisability of requiring a tire stud type with a hardness of 65 on the Moh
hardness scale. You should be aware that the Moh scale is intended only
for scratch hardnesses of crystals of minerals and not for metals. As such,
it was constructed by determining what mineral would scratch other
minerals. | understand that typical steels range from about 55 to 6.5.
However, tire studs require a carbide center pin which is probably around
7 or s on the Moh scale. Studs of only steel would wear quickly and not
work as ice grip]pmg studs at all; | doubt that any such are even _
manufactured. The alternative | suggest for reducing pavement wear is
the use of lightweight studs, as are now bein? required in Northern Europe.
Mr. Bo Simonson of Sweden's Road and Traffic Research Institute advise
that use of aluminum or plastic bodied studs will be expected to cut
pavement wear rates in half. Samples of lightweight European type studs
are enclosed, along with typical steel studs from a local tire shop.
Legislation requiring such lightweight studs would require that the
maximum stud weight be set at 13 grams for cars and at about 2.0 grams
for large trucks (tire rim sizes of 17" or greater).

As we discussed, our pavement rut measurements from start to end of the
winter seasons have shown a pavement wear rate of o1 to o.2 inches per
million studded tire passes. The direct value of the pavement worn away
amounts to $10 to $15 per studded tire during it's useful life. However,
repairing the ruts normally requires that we mill or remove and replace
the pavement across the entire lane to the bottom of the ruts. This
increases the pavement repair costs to about $40 to $50 per studded tire.
These costs may substantially reduced by lightweight studs.

25A-T34LH



Representative Mark Hanley 2 August 3,1993

The best wear data we have from pavement rut measurements is from
Juneau. It is summarized by my memo of 6/13/91 (copy enclosed).
However, in the Anchorage area good data comes from our pavement
study site on the Glenn Highway g’)ust north of Eagle River. At that location
the maximum rut depth is now about 0.9” after 10 years of service. The
wear rate has heen about o.10" per million studded tire passes and the
pavement loss from wear has been 19 tons per lane per mile per million

passes.

As a final comment, the few studded tire use counts we made this Fast
winter indicated large increases in studded tire use over the 1990 levels,
which is disturbing from a pavement life standpoint. Juneau studded tire
usage levels in March were 35% higher than in 1990, while Anchorage
usage was up by 55%.

| hope that these figures will be of help to you. Also, we are just initiating
a study of the comparative wear resistance of our different paving mix
types.  Within the next few months we hope to have some additional
information from the wear testing machine being developed under that
study. If you need further information on our rutting research work,
please call me at 465-6956.

eSincerely,

David Esch _
Research Applications Engineer

Enclosures

cc RD Shumwag, Chief Engineer _ _
Eric Johnson, Pavement Management Engineer, Stwd. Materials
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The first clinic of the Alaska
Baseball Umpires Association is
scheduled for. Tuesday, March
16th at 7:00 p.m. at Ptarmigan
Elementary School, 888 Edwards

Street.’

'/

TRAINING BEGINS FOR
NEW UMPIRES.

For more information call Allen Smith,
344-0933 or 243-7757.



TO:

FROM:

MEMORANDUM State of A laska

Department of Transportation & Public Facilities

Jeffery C. Ottesen DAt June 13, 1031
Director, E&O Standards ‘ , .
ileno: 6427
Headquarters
TELEPHONE NO: 474 2471
David C. Esch, P.E. sihject:  Studded Tires

Senior Research Engineer
Statewide Research

A copy of the attached letter from Commissioner Turpin to Legislator Curt Menard on
the subjects of studded tires use and pavement wear has come to my attention, and
some new data | have just processed may be of interest.

Studded tire use and roadway rutting in Alaska have been the subject of a research
study now nearing completion. | have processed Juneau pavement wear data at the
Juneau-Douglas bridge, the Douglas Island "Breeze-In" crosswalk, and the Mendenhall
Loop pedestrian over-crossing. Pavement wear rates were calculated based on total
studded tire passes estimated from stud usage counts and monthly and annual traffic
counts. Results were very consistent between sites, as shown in Table I.

TABLE I: Juneau Pavement Wear per Million Studded Tire Passes

Total | |
Stud Passes Wear per Million Passes |
Locati .
tg/lﬁlﬁlngsﬁ ocation Wear Rate ~ Wear Area  lons/Lane/Mi. |
(inches) (inches)2
5.37 On J.D. Bridge 0.148 9.31 23.9 I
5.37 Before J.D. 0.134 9.92 25.5
Bridge
3.87 Douglas Road 0.122 9.08 23.3
\ 5.84 Mendenhall Loop 0.102 7.56 19.3

The 4th column, showing the worn area in square inches is the cross-sectional area
worn away in both ruts of one lane at our measurement sites. These results show our
wear rates to be much less than quoted in previous literature. These figures convert
to pavement losses of 10 to 14 metric tons per kilometer, rather than the 50 to 100
tons quoted in the letter to Representative Menard. This, in turn, converts to a cost
for replacement of the worn away pavement of about $12.00 per studded tire if the
tires are used for 30,000 miles. A suitable solution may be to tax studded tires at

$12.00 each at the point of sale.



Jeffery C. Ottesen -2 - June 13, 1991

Our Juneau rut data has provided some very interesting conclusions. By measuring
rut depths on and off of the Juneau-Douglas Bridge we found essentially the same rut
depths developing over the bridge deck concrete as over a crushed gravel subgrade.
The approaches and the bridge itself were paved with the same AC mix. This tells us
that subgrade deformation is not a cause of the pavement rutting, and that our
interpretation of the rutting as wear-related is correct.

Our measurements before and after the 1990-91 winter tell us that rut depths
increase much more rapidly in winter than in summer, due to the much higher
wintertime usage of studded tires and also to some spinning of the tires when roads
are icy. Table Il summarizes our measured wear rates over various time periods.

j TABLE I: Juneau Area - Seasonal Rut & Wear Measurements
Dates Wear Rates
Site Period Covered Covered inches/million

Stud Tire Passes

S. Douglas 8 Summers + 7 Winters 10/81 t 4/89 112
2 Summers + 1Winter 4/89 to 10/90 .099
1 Winter 11/90 1o 4/91 .265
Mendenhal I Loop 7 Summers + 6 Winters 9/82 to 4/89 .105
2 Summers + 1 Winter 4/89 to 10/90 .04
1 Winter 11/90 to 4/91 -090
On Bridae Off Bridee

J.Douglas Bridge 8 Summers + 7 Winters 10/81 to 4/89 .145 2133

2 Summers + 1 Winter 4/89 to 10/90 127 .150

1 Winter 11/90 to 4/91 .202 .115
Juneau Average 8 Summers + 7 Winters Up to 4/89 0.124
Values 2 Summers + 1Winter 4/89 to 10/90 0.118
1 Winter 11/90 t 4/91 0.168

-1 =& n 1B

My overall conclusion is that essentially all of the pavement rutting in Juneau is due
to studded tire wear, and that about 10% of the total rutting comes from stud use
during the "No-studs-allowed" season of the year. The higher winter time wear rates
for the first and third sections listed may be because they are in light acceleration or
braking areas, while the Mendenhall Loop site has a more constant speed aspect.



Studded Tires per Vehicle Pass

(one wheelpath)

Seasonal Studded Tire Frequency Pattern
Juneau, Alaska



Studded Tires per Vehicle Pass

(one wheelpath)

Seasonal Studded Tire Frequency Pattern

Fairbanks, Alaska



Studded Tires per Vehicle Pass
(CIEvjfheelpath)

Seasonal Studded Tire Frequency Pattern

Anchorage, Alaska
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Studded Tire

Estimate of the Pavement Damage of A Set of 4 Studded Tires

Weight of Lost Distance US Tons lost Cost perTon Allied Costs**: Cost per 1,000 Cost lor Life
Asphalt Concrete* traveled  per 1.000 Miles Asphalt Concrete  Assume 50%  Miles of Stud of Set of Studded
(metric tons) (kilometers) (US tons) of AC Cosl Tire Use Tires (4)***

50 1,000,000 0.09 $35.00 $17.50 $4.66 m 3

100 1,000,000 0.18 $35.00 $17.50 $31 'i S $373

* From a paper presented at the XIVth World Road Congress, Prague, Czechoslovakia, 1971, based on research in Sweden.
** Allied costs include engineering, mobilization and demobilization, and preparation.
** A set of tires is assumed to have a 40,000 mile life.

Prepared by Engineering and Operations Standards Division, Alaska DOT&PF, April, 1991
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10 INTRODUCTION

11 Background
The use of studded tires has long been recognized as inmproving tractian in highways during the
winter months when the roads are often io/. However, they also have been shown to incresse road wear

on both asphalt and portland cement concrete pavements. This report has been prepared to oocument the

use and effects of studded tires, particularly in terms of producing wheel tradk ruts.

1.2  Objectives

Specific objectives of this report are to:
D Quantify the use of studded tires in countriies throughout thevorld. This includes
data on
- Percent of vehicles using studded tires
- Characteristics of the studs (sizz and number)
- Time periods that studded tires are permitted
This information i summarized inChapter 2.

2 Summarize the reaults of road wear studies (field and test tradk) in each of the

folloving areas
- Mechanism of pavement wear
- Rate of pavement wear

- Factors affecting the wear rate
These reaults are presented in Chapter 3.
d Identify the consequences/benefits of using studded tires such as
- increased pavement maintenance to repair nts, etc.
- Increased safety problems due to splash and spray

These reaults are preserted inChapter 4.



1.3  Scope of Work
in order to acconplish the stated dojectives, two major work activitieswere undertaken. These
included:
D A computer Irteraturesearch (HIS). Many of these publicationswere reviewed and
evaluated i the preparation of this report
2 A sunvey ofagency practioss. A sunvey form (see Appendix A) was developed and
mailled © 30 highway agencies, 11 Canadian provinces and tanitries, and 4
foreign countries (Norvay, Sweden, Finlad, and West Germany). The responses
1o the suney are given nAppendix B.
3 A telephone sunvey of selected tiremanufacturers to idatafy the types and number

of studs aurantly being used. These results are summarized nAppendix D.



20 STUDDED TIRES PRACTICES

The data presented in this chapter s the result of an extersive literature review, the SUIVEY of
selected trangportation agenciies, and selected cllsto studded tiremanufacturers.  Informationwas dotained

from various agencies in the United States, Canada, and Europe.

21 Use of Studded Tires
The results of the survey were used to provide an indication of use of studded tires throughout the

United States, Canada and abroad. The reaults indicate the folloving agencies permit their use:

United States Canada Europe

Alaska New Brunswick Sweden
CGalifomia Nova Sootia Norway
Colorado Quebec Finlad
Connecticut Saskatchewan

Delaware

Idaho

Indiama

lova

Kansas

Maine

Montana

Nebraska

New Jersey

Nevada

New York

North Dakota

Oregon

Pennsylvania

Rhode Islad

South Dakota

Utah

Vermont

Washington

Wyoming

Itshould also be noted that in dll cases where studs are permitted, so are dains.



2.2  Percent of Vehicles With Studs

The results of the survey did not provide much useful recentt infometion on use of studded Ures.
In fact, onlly a few agencies provided an estimate for curant usage.  Therefore, heavy reliance was placed
on results from the literature (pre-1980) since the actual usage rates are virttelly unknown inthe USA and
Canada.-

Historical data on the percent usage by vehicle type (cars and truds) of studded tires inthe United
States and abroad isgiven inTable 2.1. As noted, many statesdo not allov studded o use, whille usages
as high as 60% or more have been reported by the states of Alaska, Montana, and Vermont (TR3, 19/5).

Sweden reports thaet 60% of dl vehicles use studs, whille 90-95% of cars and 30-60% of trudks use
studded tirss in Finland (Hihtaia, 1978). Provinces mCanada reported usaga rates on cars as low as 20-
25% and as high as over 50% (Snith & Schorfeld, 1971).

The percentages of use on two versus dl faurwheels are gereral ly unknown except for Scandinavia
and Alaska. In certain countries, the use imandated on dl fourwheels iFstuds are used on any wheel.
Thi3 1o Increase safety as vell as acceleration.

A recant survey of studded tire usage nAlaska sgiven inTable Z2. As indicated, studded tire
usage varies seasonally as vwell as between years and locatias. However, itcan be seen tretwintertime
usage (through March) by ligitvehicles is between 20 and 35% with roughly one-third of these \ehicles

being four-nheel drine.

2.3  Characteristics of Studded Tires

As indicated inFigure 2.1, a typical studded tire i essantially a normal winter or aill-seeson tirewith
studs embedded inthe treed. Typical seecificatians for passenger car studded tires are given inTable Z3.

Although therewere many types of studs found inthe litarature, dllhave similar components. These
aosist of a pin (pically tungsten carbide) surrounded by the stud housiing or body (typically steell), whiich
has a flange at itsbase to hold the stud inthe tiretreed.  Figure 2.2 illustrates the four besic stud types trat
have been used Inthe pest, whille Table 2.4 summarizes the daracteristics of each type. Conversationswith
trenenufacturer/distributor personnel revealed that onlly the Cortroll led Protrusion (Typo Dstud isaunratly

used nthe U.S. The principal reason is that as the stud housing or body wears, coinciding with the tread



Canada

United States

Finland

Sweden

Agency

Ontario

Manitoba

Quebec

Maritime Provinces
Ottawa

Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
Florida
Georgia
Idaho

Illinois
Indiana

lowa

Kansas
Kentucky
Maine
Maryland
Massachus rts
Michigan
Missouri
Montana
Nebraska
Nevada

Now Hampshire .
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode island
South Carolina
South Dakota
Tennessee
Texas
Vermont
Virginia;
Washington
West Virginia
Wisconsin
Wyoming

Cars:

. Trucks:

% of Vehicles
with Studs

32
20-23
50
50 +
48

61

NA
30
25
18
NA
NA
27
12
10
25

12
NA
NA
32

12
14
60
38

30
20
NA
30

32
20

10
28
NA

40
NA

60
10
33
10
20
33

90-93
=0

60

Reference

Smith, 1971
Smith, 1970
Smith, 1970
Smith, 1970
Smith, 1971

NCHRP Syn. 32

Lampinen, 1988
Huhtala. 1978

Keytcr, 1970



Tahle 2.2. Recant counts of studded tira usage In Alaska

Studded Studs Per % Vehicles w/Studs

Survey Tota) Tires Vehicle % 4WD
Data Vehfdes  (one side) Paso OnT|Srgg]a (%ri]reAslt Vehicles
4/18/89 0.324 B0 124 24.8
5122189 319 23 0.072 6.6 0.63 - 240
3/12/90 583 182 0.312 204 108 3.1
57190 820 121 0.148 110 4.10 33.2
1/16/90 1228 101 0.082 5.45 .11 354
1/23/91 1385 402 0.290 19.3 9.75 434
b) "Anchorage”

5/17/89 1766 143 0.081 6.4 17

8/21/89 1892 63 0.033 2.9 0.4

11/16/89 2361 1142 0.484 36.8 115

2/14/90 2076 1043 0.502 35.0 144

8/20/90 2339 112 0.048 38 0.9 24.3

JuneauM# "

4112189 993 348 0.350 24.8 9.3 375
8/1/89 352 28 0.080 6.2 17 30.0
3/15/90 IM8T_ 512 0.431 308 121 32.7
6/25/90 1119 40 0.036 2.9 0.45 33
1/25/91 650 5 0.531 40.6 159 40.6



Rgure 2.1. G7sx14 studded (R) and unstudded passenger tires (Krukar & Cook. 1972).



Table 2.3. Typical cross-secticnaJ area specifications (NCHRP Syn. 32).

Tira Data Tira Stud Oata
Nominal . ) ) . . .
Car Sir* . Nominal Typical TraciO Typical Maximum Typical Cross* Parcant of
Siza Surface Arti Numbaf of Sacoonai Araa Traad Surface
(sg. in.) Studs (sg. in.) Araa
Comoact 87Sx13 22a 96 .0314 125
Intarmadiata F7SX14 270 96 .0314 1.10
Full Siza H7S013 312 96 .0314 1.00
Figure 2P,

Four basic stud types. Leftto right: Type ill or CV Stud; Type | or CP Stud; Type Il or Pl
Stud; and Type IV or FS Stud (Krukar & Cook. 1973).



Table 24. Characteristics of studs (Krukar & Cook, 1972)

[~ Stud Type
Type | - "Controlled Protrusion Stud" 5
Type II - "Perma-T-Gripper Stud* )
Type lll - "Conventional Stud" 5
Type IV - "Flnnstop Stua* '

Characteristics

Carbide pin will move furthe. into stud body if
protrusion limit Is exceeded

18% lighter in weight than conventional stud

5% smaller flange than conventional stud

Pin found In other studs has been replaced
with refatively smail ,tun%sten carbide chips in
,aslgftt bonding matrix enclosed in a steel
jacke

Desi%n_ed to wear within 10% of tire wear, thus
maintaining a protrusion of approximately
0.020 In. or less

Tungsten carbide pin

Stud protrusion will increase with tire wear

Complete stud of light plastic casing with a
tungsten carbide pin

Stud can_ be adjusted close to the tread
rubber eliminating oscillation of the stud

Pin angle contact with road varies little with
speed

Plastic housing tends to reduce effect of
centrifugal forCe and heat build-up between
rubber and stud

Alr cushion can be left under stud to reduce
stiffness (floating stud)



wear, the tungsten carbide pin is pushed deeper into the stud housing providing a uniform protrusion length
throughout the life of the stud. This benefit is not fully realized with the other stud types since the protrusion
length of the stud can vary over time. Figure 2.3 gives the dimensions for the Controlled Protrusion Stud
(see Appendix C for further details), while Figure 2.4 illustrates a fifth type of stud which was listed in the
literature as being considered for manufacture. The number of studs/tire range from 64 to 120 (see Table
D1).

In Sweden, it has been long recognized that the conventional studs cause excessive tire wear. They
have therefore developed a new low-noise, reduced road wear ice-stud. It weighs only 0.7 gram, yet
reportedly retains ice grip and durability. The reduction in weight Is possible due to the use of a new
polymer in the stud body (Simonsson, 1990).

2.4 Permitted Use Periods

Based on the results of the literature review the periods of the year to which studded tire use is
restricted in the United State and Canadian Provinces is shown in Figure 2.5 (TRB, 1975). Note that in the
1970's 14 states and two provinces had no restrictions and that nine states and one province prohibited the
use of studded tires. The remaining states and provinces allow use of studded tires only during the fall,
winter, and spring months. The results of the 1990 survey (Table 2.5) showed, for North America, that only
three agencies had no restrictions, 25 states/provinces restrict stud use to a given time period, and night
agencies prohibit their use. For those agencies restricting the use of studs to a specific time period, most
restrict their use to the period from October through April. Similar results for the European countries
surveyed are given in Table 2.6.

2.5 Enforcement

The results of the survey (see Appendix B, Question 7) also investigated the role of enforcement
during prohibited periods. Generally, the risk of getting caught is considered low to moderate. Only South
Dakota, Washington, lllinois, Minnesota, Nevada, Ontario, and Quebec indicated a high risk. The cost of
being cited also varies considerably, with ranges in fines from <525 to S500 plus vehide impoundment

10
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Fkjutb 2.5. Legal restrictions on use of studded tires (NCHRF Syn. 32).



Table 2.5. Restrictions on use of studded tires in the U.S./Canada (August 1990).

a) No restrictions

b) Restricted to time period shown

c) Restricted (period unreported)

d) Prohibited

Colorado
Vermont
Saskatchewan

Alaska

Connecticut
lowa

Kansas
Maine
Nevada

New Jersey
New York
Rhode island
Utah

California
Delaware
Idaho
Indiana
Montana
Nebraska
North Dakota
Oregon
Pennsylvania
South Dakota
Washington
Wyoming

New Brunswick

Nova Scotia
Quebec

Arizona
Illinois
Maryland
Michigan
Minnesota
Alberts

Northwest Territories

Ontario

Sept 15 - April 30 (north of latitude 60*N)
October 1 - April 14 (south of latitude 60*N)
November 15 - April 30

November 1- April 1

November 1- April 5

October 1+ May 1

October 1 - April 30th

November 1 - April 1

October 15 - May 1

November 15 * April 1

October 15« March 15



Table 26. Restrictions on use of studded tires in Scandinavia (August 1950).

a) No restrictions

h) Restricted Sweden - 31 October to Easter
Finland -1 November to 3L March

¢) Prohibited Germany



30 ROAD WEAR STUDIES

This chapter summarizes, based on the literature, the results of studies from throughout the world
to identify the cause (mechanism) of pavement wear owing to studded tires, the rata of pavemt =wear, and

factors which affect the rate.

3.1 Cause of Pavement Wear

The results of the literature review indicated that the mechanism of wear is primarily by abrasive
action. Nieme (1978) has summarized the mechanism best, as shown in Table 3.1. Which of the four
possible cases is most Important is still open to debate. In Alaska, it is generally felt that the primary

mechanism of studded tire wear is by scraping off the mastic and abrasion of the aggregate.

3.2  Factors Affecting Wear Rate

Several factors have been identified as affecting the pavement wear rate. Keyser (1970) has
prepared (In Table 3.2) an excellent summary of these factora. In addition, Keyser (1972) stated the most
important factors to be wheel load, stud protrusion, temperature, and humidity.

Figure 3.1 shows the effect of pavement type on wear rate. The 'regular* bituminous pavements
consisted of fine-graded mixtures for thin overlays with 85-100 penetration asphalts while the "high type*
bituminous pavements contained either rubber or asbestos admixtures and 85-100 asphalts. The 'regular*
pavements contained a filler while no filler was present in the ‘high type* pavements. For both tests (on a
test track and typical highway pavements), the wear rate was considerably greater for asphalt concrete
compared with portiand cement concrete pavements. Aggregate type also had an effect for the portland
cement concrete pavements. Other factors, as shown in Table 3.3, can also affect the wear rate. In
addition, as shown In Figure 3.2, the wear rate in acceleration can be 2 1/2 times the wear rate in
deceleration.

Figure 3.3 shows the effect of stud type on the average rate of wear an a test track under 542,000
wheel passes. In all cases, the wear rate was greatest during the initial 160,000 wheel passes. Wear rates
then decreased to only 11 to 31% of the initial rates during the final 220,000 wheel passes. Type | and llI

studs caused much greater wear than type Il studs.



Table 3.1, Cause of pavement wear under studded tires (after Nlemi, 1978).

Cause
1

Description

The scraping action of the stud produces marks
of wear on the mastic formed by the binder and
the fine-grained aggregate.

The aggi * gate works loose from the pavement
surface as a result of scraping by studs.

Scra?ing by the stud produces marks of wear
on stonés. “Only invery soft ag?reqate does a
rO(t)_k fragment wear away completely by this
action,

A stone is smashed by the impact of a stud and
vr]get hplectes(,j are loosenéd by the scraping action
of the stud.



Table 3.2. Factors affecting pavement wear (Keyser, HRH 331, 1970).

Factor Comoonant Characteristic

Vahid*, tira, and stud Vahid# Typa and Weight
Axle load
Number of studdad tires (front, mar)

Tira Type (snow or regular with or
without stud receiving holes)
Pneumatic pressure
Age
Configuration of studs
Numbar of studs

Stud Typa (matariai, shape)
Protrusion length
Orientation of studs with
raspect to tira waar

Stud waar vs. tira waar

Pavement Geometry Cornering (curve, sharp turn)
Straight section
Intersection
Slope (up and down)

Surfacing Matariai Typa and characteristics
(bituminous mixtures, surfac*
treatment, precoated
chipping, poniard cement
hardness)

Age

Surfac# Condition Surfac* texture and profile
icy
Compacted snow (comoactness)
Sanded or salted icy surfac*

Slush
Environment Humidity, tamparatura W st dry, humid
Traffic Voluma Number of passes and composition
Spa#d
‘ Wheef trank Width
Distribution of wheat load
Contact moda Start (normal, abrupt)
Stop (normal, abrupt)
Acceleration (rata)
Deceleration (rata)
Spin
Skid
| Maaaura Method and precision



Million* ol Tiff Pont*

a) Wear rates of pavement specimens at test track

0.73 /
S 1
// 'd\/ As' S
1
1030 o W oA
// ’/ / S' S'
b 0.29 [**!
a
10
Million* rf SlviwdM Tift Pot***

b) Wear rates of pavements of typical MInnesc!} highways

Figure 3.1. Relationship of studded tire induced wear vs. pavement type; Minnesota research (Key=er,
HRR 352, 1971).
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Taole 3.3. Effect of Factors on Resistance of Asphalt Pavement to Wear by Studded Tires (Keyser,
HRR 352, 1971).

Factors Influence on Wear Wear Ratio
Penetration of bitumen* Significant 113
60 vs 200
Bitumen content* Very significant 1:1.8

5 vs 7 percent
(opt at 7 percent)

Type of aggregate5 Ven/ significant 1:16
Lamprophyre vs limestone

Mix typeb Very significant 1:1.8
Special mix vs sheet

Voids in mix* Significant 1:14
3 vs 7 percent

Uniformity* Variation X £ 42 percent
Asphalt concrete variation

Vehide Speed* Not' significant
60 to 80 km/hr

Vehide Weight* Very significant 1:1.9
Car vs truck

Tire pressure* Not significant -

Temperature® Very significant 115
37 2 vs50 F

*Data taken from Norwegian studies
bData taken from Keysets work
cData taken from Finnish studies
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Finally, temperature affects wear rates for asphalt concrete. The work by Krukar and Cook (1973)
snows the lowest wear rate at or near 0*C. Increases In pavement wear as pavement temperatures go
below 0*C are reportedly associated with increased tire hardness and pavement stiffness. As temperature
decreases, pavement stiffness increases, as does the force required to push the stud into the tire so that
tire so that it is flush with the pavement surface. Thus, at low temperatures, the combination of high stud
force and increased oavement brittleness may result in increased wear rate. However, In Alaska it has been
observed that Wintertime frost and ice formation on roadways in colder cities such as Fairbanks can provide
a protective surface coating and greatly reduce the low temperature wear rates.

The rate of wear reportedly increases when the pavement is wet (Keyser, 1970).

3.3 Pavement Wear Studies

The number of pavemen. wear studies is quite limited. However, both the literature review and

survey did yield some basic information as shown in Table 3.4. In general, these results Indicate:

1 Reported wear rates vary considerably between agencies. This likely is due to
differences in percentages of vehicles with studded tires, and to materials
differences.

2) Pavement type has a great effect on pavement wear. Asphalt surfaces wear at a
faster rate than portland cement concrete.

3) In areas of acceleration and deceleration, pavement wear increases substantially.

4) Mixes with larger, more durable aggregates wear less.

In addition, other factors were shown to influence the wear rate. These are given in Table 3.5.



Rafaranca

Cuabac (1967)

Quabac (1970)

Declaration

Normal
Germany (19XX)
Finland (1988)
Sweden (Keyset, 1970)
Maryland
Minnasota

Oragon (ODOT, 1974) Concrata

Asphalt

Rafaranca

California
Connecticut
Maryland

New Jersey

Naw York

Oragon

Norway

Swadan

Acceleration

@ -
Rata of Waar
(In./pasaaa)
0>25/100,020
0.36-0.44/100,000
0.150.20/ 100.000
0.11/100,000
0.11/120.000
.15-.2/10,000 AADT =
0.5/40,000 AADT
0.25-1.07/100,000
1.5/4,000.000

0.028/100,000

0,068/100.000
b) Survey

Rata of Waar
(in./pasaaa)

0.0005-0.0018/1000
0.08/1,000.000
0.025-0.107/10,000

0.05 par year for 5400 AADT
par lane

0.009-0.018/year PCC
pavements

0.0220023/year ACC
pavements

0.032/100,000 PCC
pavements

0.073/100,000 ACC
pavements

SPS* AC - 25, Topeka -
15,
Mastic stone » 10-15,
PCC - 10

35 g/veflide (- studded
tires)/km driven

24

Avg. Rate/
100,000 passaa

0.25
0.40
0.19

0.11

0.09

0.7
0.04

0.03

0.07

Avg. Rata/
100.000 passaa

0.12
0.01

0.68

.03

.07

*SPS - s/cm (sp*afic w iv in gram* worn out of die surfacing wfien a car wrtfi 4 studded wheels drives a 1 km distanca)



Table 3.5. Factors affecting studded tirewear.

Factor Varigble Comments
Traffic (ADOT) Normal Standard wear
Acceleration Increases wear rate by 300%
Deceleration Increases wear rate by 200%
Surface Type (ADGT) Bare pavement Increases wear rate”
Snow pack No wear
<Amount not reported.
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40 IMPACTS OF STUDDED TIRE USE

The impacts of studded tire usage are twofold: 1) Increased costs to the agencies through
accelerated pavement wear as well as through safety problems created by the wheel tradk ruts and 2)
berefits derived through "ncreased traction during oy conditions which ertter improve safety or allow
increased speeds. The use of studded tares issomewhat dependent on the agency™s ice control practicss.
For example, heavy st use for a bare pavement™ policy reduces icy road concerns In exchange far
increased vehicle and bridge corrosion effects. This section of the reportdiscusses each of these inpects,

and sbased on the results of the Iitarature review and of the surnvey of agencies.

41 Economic Impacts

The survey of agencies clearly indicated that increased pavement wear was the major concern of
most agencies. Safety problems due to increased wear of pavement markings were another concen.
However  most cases the improved stopping distance and/or maneuverability associated with studded
tire use generally offset any negative impacts.

Though costs were not requested in the suney, the literature has some data which s useful n
defining the economic inpacts (Tzble 4.1). Though most of this infomettion is from Scandinevia, itdearly
indicates substantial cost3 associated with pavement wear, but a potentdal barefit due to improved (ot
reduced) safety and reduced winter maintenance @g., sanding) asts.

Table 4.2 also provides information on the additional costs associated with the continued use of

. studded tires on municipal roads and streets in Ontario. As indicated, not only does the cost for pavement
maintenance increase, but significant costs can be realized in replacing traffic markings.

Table 4.3 summarizes the Impacts of studded tire usage. Clearly the primary reason people use
studded tires Is for improved maneuverability and control under icy conditions,

42  Benefits of Studded Tires
Clearly the primary benefit of studded tires is improved traction (apparent) and hence improved
safety. This is noted inthe survey of agencies: however, little documentation was provided to substantiate

the benefits.



Table 4.1. Annual cost affects 0f studded tires on pavement wear and safety (fora ban on studded tires).

=Agency Pavement Wear Costs Winter Mairntenance Accident Costs
Costs
Oregon DOT (19749 + 1.1 million NA NA
Finland (Pelkoren, 1978)  +175 t© 250 millimmks 44 million mks -0 1t 190 millin
mks
Sweden (VT1 -1933/89) +160 to 250 million SEK NA -560 to 1160 millin
(retical roads) SEK (smitth t©
snow i)
- +95 to 150 million SEK NA -1230 10 2590
(municipal roads) million SEK (switch

o summer tirs)

Notes:
6 SEK * 1 U.S. dollar + Increase m costs NA = Not awailable
4 mks » 1U.S. dollar -Decrease In costs
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Table 4.2. Estimate of additional agency costs In Ontario due to the continued use of studded tires (Smith and Schonfcld. IIRR 331, 1070).

Dapartmant ol Highway* Municipal!!l**
Financial
Yaw Haw Raaurtacing Tralllo Total Haw Resurfacing Tralllc Total Grand Total
Pavement and Patchingll Marking' Pavement and Patching* Marking'
Conalructlon* Construction*

1870-71 606,000 669,000 1,076,000 2,275,000 456,000 470,000 1,078,000 2,006,000 4,281,000
1871-72 626,000 1,633.000 802,000 3,060,000 469,000 1,226,000 902,000 2,697,000 5,657.000
1872-73 855,000 4,296,000 776,000 5,931,000 641,000 3.438.000 778.000 4,857,000 10,788,000
1873-74 663,000 6,768,000 302,000 6,754,000 512,000 4,615,000 302,000 5,429,000 12,183.000
1874-76 625,000? 6,860,000? 325,000* 6,910,000 469,000 4,766,000 325,000 5,562,000 12,472,000
| 1875-76 625,000? 2,250,000* 1,325,000* 4,200,000 469.000 1,600.000 1.325,000 3,594,000 7,794.000
if 1876-77 625.000* 6,568,000? 1,325,000* 10,519,000 469.000 6.655,000 1.325.000 8.649.000 19,168.000
| 1877-78 625.000* 16,607,0007? 1,325,000* 20,557,000 469,000 14,666.000 1,325.000 16,680.000 37,237,000
| 1876-78 625,000* 6.576.000? 325,0007? 9,528.000 469.000 6,860.000 325.000 7,654,000 17,182,000
| Total 5,696,000 66,153.000 7.665.000 69,734.000 4,425,000 44,918,000 7,685.000 57,028,000 126,762,000

‘Coil* Induct* both concrete and bllumIlnoua pevamenK.

bCoil» Indud* addlilonal com ol providing more weas-reilalint audac** (or Ih* normal raaurtacing program.

‘Additional coal ol providing mor* permanent Iralflc marking* lor bolb new pavemanla and axlallng onaa.

dT*kan aa 75 parcani ol corraaponding KJdnga Highway liguraa.

"Takan aa 80 percent ol corraaponding King'a Highway liguraa.

‘Taken aa 100 paroanl ol corraaponding King'a Highway liguraa.

sEallmat*u ligur* baaad on conUnuanoa ol dapartmanta conalructlon and raaurtacing program at about the level ol preceding year*.



Table 4.3. Impacts of studded tire usage.

a Consequences

Factor Consequences

Increased rettirg, ponding and hydroplaning
Increased splash and spray

Effect on Safety

Effect on Pavement = Destruction of pavement markings
< Increased retting
Build up of snow and e In rets

b) Benefits

Factor Barefit

Effect on safety = Improved stopping distance on e
= Improved menewersbility on ice

Effect on pavement = None idntfied
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The literature review shows mixed reults- Snith etd. (1970) < a minor berefit n terms of
stopping distance on asphalt pavements and mixed berefits on concrete pavements (Table4.4). This salso
shown inFigures 4.1 and 4.2 forwet and dry pavements. However, Figure 4.3 dearly indicates the baefits
of studded tirss on i@ (e, significantdy improved stopping distances). Hirelly, ks clear from Rgure 4.4
this decrease In stopping distance inot due to increased pavement skid resistace. Work by Snith etd.
(published N HRR 3B2) shows that in most cases the skid resistance decreases with incressing use of
studded tires.

Results of a recent skid sunvey done inAlaska in the summer of 1987 indicated that higher traffic
areas were more polished and had lower skid numbers by late summer. However, pavement age was not
a factor, so total number of stud passes were not a factor. The conclusion was that studs roughen the

pavement and that normal tires polish the pavement (Rer, 1988).



Table 4.4. Stopping distances from report for the Canadian Safety Counca (Smith et ai., HRR 352,1971).

Stopping Distances Dry Wet Dry Wet Glare

from 50 milles per hour On feet) Asphalt  Asphalt  Concrete  Concrete I
Under Various Road Conditions

0“C
Highway treed on 4 wheels = 151 105 14 640~
Snow tire treed on rearwheels 118 148 106 <166 620"
Studded snow tireon rearwheels 117 142 15 177 580

Studded snow tareon 4 wheels 116 149 122 195 500~
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50 SUMMARY

This report presented a summary of the resulits of a Iiterature review and survey of agencies on the
use and effects of studded tires.  Significant firdings include the folloving fects:
D Very littke research has been done since 1975 inthis area, with the exception of the
Scandinavian coutries.
2 Many agencies continue 1o prchibit or restrict the use of studded tires.
d Very littienew irformation on percent ofvehicles using studded tiresor on tirewear
studies was awallable. Agencies kesically do not know the rates of stud use.
iy} Factors affecting wear raes were defined (eg., pavement type, tamperature,
acceleration and deceleration aress).
5 The consequences end berefits of using studded tirsswere idntafied, but remain
iargely ugentified.
6 Telephone oconversations with the manufacturers/distributors revealed tret only the
controlled protrusion type stud sBaurently used inthe U.S.
Car owners continue to spend millias each year on studded tires for perceived or real beefits. Berefits
associated with new tire types, radials instead of biasiy tires, all-season treads \s. the older summer and
winter treeds, have not been evaluated inthe USA. The shift from rear axle to fratt axle drive would also
increase the effectiveress of studs on the drive axles, since the frat axles perform much of the braking

work. Therefore the above conclusions may no longer be \alid.
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The VTIRoadSimulator isa machinefor
accelerated testing oftyre influence on pavements
under controlled condtions.

The machine has six wheels rotating on a circular track
covered wirh the pavement material. Aseparate motor
drives each whed. The diameter ofthe track is 5-25 m,
giving a mean lap length of 16.5 m. The maximum
width ofthe track is 0.85 m.

The wheels can be fitted at various radial distances
from the centre ofthe machine and the machine's axis
can be slowly moved laterally while running by means of

an eccentric device. This enables all wheels to be moved

Determination of wear is performed from cross-sections recorded
oeroendlculartv to the direction of travel MM<urpmpnt 1.cee an

AND TRANSPORT
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in and out atotal of60 nun. The lateral movement is
especially importantwhen using studded tyres, which
would otherwise produce narrow ruts after each line of
sruds.

The pavementofthe machine can be sprayed with
water and the hall in which the machine standi can be
cooled cc «20°C.The speed of the machine can be
varied, but the maximum speed itlimited according to
the wheel load. W ith the presentdesign, the maximum
speed is 85 km/h for awheel load of5 N\I-Truck or car
tyres with conical or conventional treads can be used.

Normally, the machine is run with conventionally

studded car tyres, sixe 185/70 R14.
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RELATION BETWEEN SIMULATOR
AND FIELD TUTS

The simulator ha* shown excellent cnrre-
|ccion with pavement wear in the field.
The diagram indicates the relation between
e wear on test slabs laiu on the toad and
in the simulator. Pavement type AC 12
and 16 (hot mix).

STUDIES OF PAVEMENT
MATERIAL

In studies ofresistance ofpavements to
studded tyres, laboratory rolled slabs with
known compaction and composition wecqj.
tested. The parameters that can be studies!
include the effectofpavement type, bindsii

miners! aggregate quality, particle sixe etc.-'

STUDDED TYRE TESTS

The developmentofstudj for car tyres has
resulted in a steady reduction ofstud mass.
Among new studion the market are types
with plastic or alloy mantle surrounding a
hard metal pin. Testa with these lightweight
studs have been performed in the road simu-
lator. The results show that the lightweight
studs produce considerably less wear on the
pavement than the heavier convenrionai

sceel studs.

Examples ofother applications
* testing traffic count cables
* testing wear on surface condition sensors

[fhv

T
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Tests with lightweight tyre studs in the VTI’ pavement testing machine

Abstract (backoround ains, methocs, results! max 0worcs:

The use of studded tyres, while having adirect effect on traffic safety, gives rise to a number of problems
and increased costs, especially onroads with high traffic volumes. The wear from studs contributes to ruttlnq
and shorter pavement life. In the latest investigation of studded tyres, caried out in 1989, the cost 0
pavement wear from studded eyres was estimated at SEK 250— 300" million F[W)er year for the Swedish road
network. In recent years, new types of lightweight studs have appeared on the market, which may reduce
pavement wear and consequent expense.

At the VTI. a special, machine for accelerated tc"ing of pavement wear is being used to perform
investigations under controlled conditions. Using the machine, astud?; has now been completed on two
types of lightweight studs, one with a plastic body and the other of light metal.

Tests usmg plastic studs have been performed at two speeds, 60 and 85 km/h, while die light metal stud has
been tested only atthehighcrspced. With the exception ofonecasc. the lest runs have beenmade on andense
asphalt concrete (ACE avement with normal wear resistance. In one run, plastic scuds were also tested on
Stone Mastic Asphal FSMA) pavements with high wear resistance.

On hoth the highly wear-resistant and normally wear-resistant pavements, abrasion from the lightweight
plastic studs was generally about half th/.tfrom corresPondlng steel studs. However, the absolute wear level
nat_urallkl differed according to the wear resistance of the particular palsment. For example, the most wear-
resistant pavements in the tests, SMA pavements Wlthycrty) hithrqualily a%gregate demonstrated 3-5 times
less abrasion than the "normal pavement” with locally obtained agqrega e, Also abrasion from the |I(%ht
metal studs was considerably lower than from the coriventional steel studs and even lower than from the
somewnhat lighter plastic studs. Light metal studs produced only aboutone third, 35 %, as much wear as steel
studs. The corresponding ratio between plastic and sted was 44 %.

The tests showed that speed is of gireat significance for pavement wear, Abrasion increased si8nificantly
at higher speed. Steel studs gave almost the double amount of wear at 85 km/h compared to 60 km/h.

To obtainan idea of the wear-resistance of the studs, stud protrusion has also been measured. The decrease
inprotrusion wasof the same order of size for plastic studs asfor light metal and steel studs. Thus, the results
do not indicate any significant difference in wear resistance between the various types of stud.

The conclusion from the investigation Is that the Iightwei(%ht studs that have teen tested reduce pavement
wear by about half. The calculated cost of this wear could thereby be halved within afew years when these

studs have replaced the conventional steel stud.
Keyworcs:

ISAN- TI
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Tests with lightweight tyre studs
in the VTI's pavement testing machine

by Kent Gustafson

Swedish Road and Traffic Research Institute (VTI)
S-581 01 Linkoping

Sweden

Summ ary

The use of studded lyres, while having a direct effect on traffic safety,
has also had certain negative effects. Perhaps the most tangible of
these pavement wear, contributing to rutting and shortened life of the
wearing course, especially on roads with heavy traffic volumes. In the
latest Swedish investigation of studded tyres, conducted in 1989, the
cost of pavement wear as a direct result of studded tyres was estima-
ted at SEK 250— 300 million per year for the Swedish road network as
a whole.

The extent of the wear caused by studded tyres depends on a number
of factors, as stated in the report. One critical factor is the design and
weight of studs. For many years, the basic principle of the tyre stud for
passenger cars has been a hard metal pin enclosed in a mantle of
steel, the whole stud having a weight of about 2 g. In recent years,
however, several tyre and stud manufacturers have carried out inten-
sive development to find a stud that is less aggressive to pavements.
This work has resulted in studs of new design and/or we vht, which
are expected to reduce pavement wear.

At the VTI, a special machine for accelerated testing of pavement
wear is being used to perform investigations under controlled condi-
tions. Within a relatively short time, the machine produces a rut depth
which is comparable to many years pavement wear on a road with
large traffic volumes. In this study, the machine has been used to
investigate pavement wear from tyres fitted with lightweight studs.

VTI RAPPORT 377 Vi



Tests have been conducted with the two types ol lightweight studs
which have so far captured a certain share ol the Swedish market, in
addition to conventional steel studs. One of the lightweight studs,
"BETEK?”, has a body of plastic and weighs 0.7 g. These studs were
fitted to Gislaved "Nord Frost" tyres. Tr ther type of lightweight stud,
"Eurometec”, is made of light metal anu weighs 0.95 g. These were
fitted to Goodyear "Ultra Grip" tyres.

All test runs except one took place on a pavement of normal wear
resistance, asphalt concrete (AC). In addition, one run was made on
pavements with very good wear resistance, having asphalt wearing
courses of high aggregate content and the best abrasion resistance,
so called Stone Mastic Asphalt (SMA). The aim of the runs on wear-
resistant pavements was to study whether the results obtained on a
normal pavement also applied to these types of asphalt concrete.

The tests comprised a total of four types:

— Wear from plastic studs and steel studsat 60 km/h

— Wear from plastic studs and steel studsat 85 km/h

- Wear from plastic studs and steel studs at 85 km/h on highly
wear-resistant pavements

— Wear from light metal studs and steel studs at 85 km/h

In the first two runs, with both plastic studs and steel studs, the speed
was 60 km/h and the AC pavement with locally produced aggregate.
The test comprised a total of 150,000 rotations in ecah case and the
rut depth was about 10-15 mm at the end of the run. The result
showed that pavement wear from the lightweight plastic stud was
considerably less than that from the conventional steel stud. After the
run. pavement wear from the lightweight stud was found to be 65 % of
that from the steel stud at this speed, 65 km/h.

Three runs were performed at 85 km/h, two with steel studs and one
with a lightweight plastic stud. Two somewhat different steel studs
were tested, a single-shouldered stud weighing 1.8 g and a double-
shouldered stud weighing 2.1 g. Despite some variation in design and

VTI RAPPORT 377
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weight, the difterence in pavement wear between these two types of
stud was very marginal. The small difference hetween the two runs
also shows that the reproducibility of the tests is fairly good.

As in the runs at lower speed, the difference in abrasion between the
lightweight plastic stud and the conventional steel stud in runs was
relatively great also in this case. After 150,000 rotations, the light-
weight stud had caused abrasion equal to only 44 % and 47 % of that
from the single-shouldered and double-shouldered types respectively,
compared lo the steel stud. At 250,000 rotations, the plastic stud had
caused wear equal to only 44 % of that from the double-shouldered
steel stud at this speed, 85 km/h. The large difference in wear also
appeared in the maximum rut depth measured in the pavements. After
250,000 rotations, rut depth was about 15 mm for plastic studs and
about double, 30 mm, for steel studs.

The tests on pavements of varying wear-resistance showed that abra-
sion in absolute levels differs greatly between pavement types.
Particularly large was the difference between, on the one hand, the
conventional pavement with normally wear-resistant aggregate and, on
the other hand, the highly wear-resistant pavements with good quality
aggregate and generally a high content of coarse material. The highly
wear-resistant pavements showed abrasion usually only one fifth to
one third ol that cn the conventional AC pavement with local
aggregate.

However, the difference between the wear from lightweight plastic
studs and conventional steel studs changed very little among the pa-
vement types. The smallest difference was found for an AC (with
maximum 20 mm aggregate) pavement, where the abrasion from plas-
tic studs was 57 % of that from steel studs, and the largets difference
was found on an SMA (with maximum 16 mm aggregate) pavement,
where the corresponding figure was 37 %.

Sum.ming.up. the difference in wear between the new lightweight studs
with a body of plastic and conventional steel studs is relatively cons-
tant for different pavement types. On_bpt.h highly wear-resistant and
normally._wear-reistantjp avements, abrasj.qnj.rgm the lightweight studs
iIs generally about half the corresponding abrasion from steel studs.

VTl RAPPORT 377
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However, the absolute wear level naturally depends on the wear resis-
tance of the particular pavement. For example, the most wear-reistant
pavements in the tests, SMA pavements with very good quality aggre-
gate (porphyry) showed 3-5 times less abrasion than the "normal pa-
vement", AC with local aggregate.

Tests similar to those above have also been conducted with light
metal studs. The speed was 85 km/h and the pavement was of the
same type as previously: AC with local aggregate. The run with light
metal studs was continued until 300,000 rotations had been comple-
ted. The same number of rotations had earlier been made with plastic
studs and somewhat fewer, 250,000 rotations, with steel studs on a
similar pavement, thereby allowing a comparison to be made.

The abrasion from the light metal studs was considerably less than
that from the conventional steel studs and even lower than that from
the somewhat lighter plastic studs. Alter 250,000 rotations, the ratio
between light metal and steel was only 35 %. i.e light metal studs
produced wear that was only about one third of that from the steel
studs. The corresponding ratio between plastic and steel was 44 %.
The reason for this difference between the two types of stud can only
be surmised, but may be due to differences in stud design, pressure
or wear during the run. Otherwise, it would be natural for the light-
weight plastic stud to produce less wear than the light metal stud.

The tests on the effects of steel studs and plastic studs on asphalt
pavements have been performed at two speeds, 60 and 85 km/h, and
it is therefore possible to study the effect of speed on abrasion and
whether the various types of stud are similar in this respect.

This study, like many others, has shown that speed is ot great signifi-
cance in regard to pavement wear Abrasion increases considerably
when speed increases. For steel studs, abrasion a.ter 150,000 rota-
tions at 85 km/h was 86 % greater than ai 60 km/h. After a smaller
number of rotations, the increase was even greater, so that the incre-
ase from 60 to 85 km/h led to an c.emll increase ol anpr. 100 % in
pavement wear for conventional siee* ucts

VTI RAPPORT 377 X1
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In the case ol plastic studs, speed does not have fully the same
influence on abrasion. A speed increase from 60 to 85 km/h increased
wear by 44 % alter 150.000 rotations. The fact that speed has a lesser
influence in the case of the lightweight plastic stud compare to the
conventional steel stud is probably because the former is in itself less
aggressive to the pavement owing to its lower weight. The influcence
on pavement wear from both speed and stud weight is probably expo-
nential. i.e. the increase in wear becomes higher at higher speed and
higher stud weight respectively.

The pavement testing machine is primarily designed for investigations
of the effects of tyres on road surfaces, in particular pavement wear.
However, wear on tyres and studs is somewhat different to that in
normal traffic, where there is a combination of acceleration, braking,
cornering, etc. Since the tyres in the pavement testing machine rotate
constantly in a very tight circle, the wear on the studs is much heavier.
To obtain a certain idea of the wear resistance of the studs being
tested, the stud protrusion has been recorded. However, it must be
emphasised that the protrusion observed cannot be compared in ab-
solute terms with protrusion in normal conditions, but only against
other measurements made in the same context.

Stud protrusion was recorded in most cases after 500 kilometres
("zero" measurement) and after each 50.000 rotations. However, there
were deviations from this routine. The results of the stud protrusion
measurements when running at 60 km/h showed that protrusion was
almost constant for the-steel studs, while the plastic studs showed
reduced protrusion. A comparison between the two types of stud
shop * ihat the plastic studs had somewhat greater wear in this case.

The results for the three runs, one with plastic studs and two with steel
studs, at 85 km/h showed that the difference in protrusion was relati-
vely great, even for new tyres The plastic studs had the smallest
piotrusion. an average of 1.13 mm. while the steel studs had a protru-
sion of 1.32 mm (single shoulder) and 1.59 mm (double shoulder). A
comparison of the wear resistance of the studs thus refers to the
decrease in protrusion and not the absolute protrusion. A comparison
between plastic sluds and single shoulder steel studs after 150.000
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rotations showed that the decrease in protrusion was very similar. For
both types, the decrease was 0.4 mm. In this case, the plastic studs
had a wear resistance comparable to steel studs. The same applies
even in a comparison with the other steel stud, the double shoulder
type. For this steel stud, protrusion decreased from 1.59 mm to 0.60
mm, i.e. about 1 mm, after 250,000 rotations, while the decrease in
protrusion of the plastic stud was about 0.6 mm, from 1.13 mm to 0.50
mm, after 300,000 rotations.

A third comparison of stud protrusion for lightweight plastic studs and
conventional steel studs was performed in the run on wear-resistant
pavements. Neither in this case did the results reveal any difference in
wear resistance between the two types of stud compared, the decrea-
se in protrusion being of the same order of size. In general, the
lightweight type of stud had similar wear resistance compared to the
conventional steel stud in the reported tests.

The change in stud protrusion in tests with light metal studs has been
investigated in the same way as above. The protrusion of the light
metal stud was recorded both on new tyres and after 150,000 and
300,000 rotations. From the beginning, the light metal studs had the
smallest average protrusion of the types tested, about 1 mm. By the
and of the run, the protrusion had decreased to 0.60 mm. This decre-
ase is smaller than that of the other two types of stud after the same
number of rotations. As with the plastic studs, the result therefore
indicates no reason to fear that the wear resistance of these studs is
poorer than that of conventional studs.

The conclusion from the reported investigations is that, given full mar-
ket coverage, the lightweight typeslof stud of plastic and light metal
will reduce pavement wear from tyre studs by about half within a few
years. This means a cost saving of SEK 125-150 million according to
the calculations in the latest investigation on studded tyres. Reduced
pavement wear naturally also means other positive effects for the
environment.

A number of other factors concerning the extent of pavement wear
have also changed since the Latest investigation on studded tyres. The
use of highly wear-resistant SMA pavements has increased in recent
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years and has spread to other roads and streets besides those with
the heaviest traffic. SPS (Specific wear = pavement wear in gram per
km of road and vehicle with studded tyres) ratios under 10 are not
uncommon for this type of pavement and the average SPS ratio for
the Swedish road network in 1989 (calculated at 30 in the investiga-
tion) should therefore have fallen somewhat. A further decrease is
expected since this type of pavement is being laid to a greater extent
than before.

Another factor that may be assumed to have a positive influence in
reducing pavement wear is the change in painted lane markings now
being introduced on a wider scale. Today, 13 metre roads are in some
cases being painted with lanes 5.5 metres wide. The traffic is thereby
distributed more evenly across the road and pavement wear is thereby
less concentrated. Moving the markings laterally on motorways is ano-
ther alternative that also leads to less concentrated rutting, according
to initial experiments.

in general, the use of lightweight studs, together with the other factors
mentioned above, may contribute to a decrease in pavement wear
from studded tyres to about half the present level within a few years.
This means that the cost of pavement wear from studded tyres could
be reduced to a figure in the region of SEK 100 million per year, a
relatively modes level in relation to the positive effect on road safety
resulting from the use of studded tyres. Results so far also show that
these new lightweight studs have the same road grip and wear reis-
tance as the conventional steel studs. The positive effect on traffic
safety with these new studs would therefore be of the same order of
size as eatrlier.
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IOUSE COMMITTEE REP IT

ggte Referred: March 15, 1994 FURTHER REFERRALS: Labor & Corgmgr:gg
Date of Committee Action:

The TRANSPORTATION Committee considered: SSHB 301
SPONSOR SUBSTITUTE FOR HOUSE BEX NO301 A A A A A

"An Act prohibiting the sale of certain studded tires or the sale of certain studs to be installed in tires; and
providing for an effective date."

RECOMMENDATIONS: [ J the same title
be replaced with I ]anew title

[ ] have attached amendments(s)

[ ] do pass

[ ] do not pass

[ ] no recommendations

ExLindividual recommendations

[ ] additional referral to the Committee

ADOPTS: |etter of Intent

ATTACHES NEW FISCAL NOTE(S): iy APPROVES PREVIOUS: OHLDE)
(/] fiscal impact POT'Pfr  3/0l3 '] fiscal note(s)
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-IOUSE COMMITTEE REP 1T
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Egte Referred: March 23, 1994 FURTHER REFERRALS: Finance
Date of Committee Acuon: A/C"Jj A

The LABOR AND COMMERCE Committee considered: SSHB 301

PONSOR SUBSTITUTE FOR HOUSE BILL NO. 301
SPONSOR SUBSTITUTE FO BAN SALE OF SOME STUDDED TIRES AND STUDS

"An Act prohibiting the sale of certain studded dres or the sale of certain studs to be installed in tires; and
providing for an effective date."

RECOMMENDATIONS: _ the same tide
be replaced with @s s so/cilt) 1 ]anew title

[ ] have attached amendments(s)

[ ] do pass

[ ] do not pass
[ ] no recommendations
[XJ individual recommendations

[ ] additional referral to the Committee
ADOPTS: letter of Intent
ATTACHES NEW FISCAL NOTE(s):  (Cxd) APPROVES PREVIOUS:
[ ] fiscal impact D( fiscal note(s) » u<rr /n
[ ] zero fiscal note [ ] zero fiscal note(s)
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