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D e p a r tm e n t  o f  T r a n s p o r t a t io n  
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POSITION PAPER
BILL NO: HB 301 APPROVED:

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

This bill provides a 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 preventing 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 
further reduce the damage from studs on paving materials to a tolerable 
level.

The department is very concerned over the wear to pavements due to rutting. 
Some rutting is attributable to shoving under excess loading, however, most 
is due to studded tire wear. Research in Europe, Midwestern U.S., and Alaska 
has proven studs are the major cause of rutting.

For Further Information contact J.K. Ginger Johnson at 465-3904.



HIGHWAY USERS FEDERATION OF ALASKA

October 24,1991

The Honorable Dave Qioquetle 
House o f Representatives 
P.O. Box V 
Juneau, Alaska 99811
Dear Representative Choquetre:
After reviewing the cost and safety impacts o f using studded tires, it appears the problem is more severe, 
than previously thought.
A Department o f Transportation and Public Facilities (DOT/PF) memorandum indicating tire pavement 
damage at S12 per tire, per 30,000 miles, is seriously in error due to oversight o f practical pavement repair 
methods. Previous figures reported by DOT/PFs-Commissioner Turpin, in the S133 to $266 range per 
vehicle per 40,000 miles, appears more nearly correct.
Safety aspects o f better winter traction from studs may be somewhat offset by warm season vehicle 
hydroplaning in water-filled, stud-wom grooves (I have personally experienced this). Also, inconvenience 
and cost o f temporary pavement repairs ($20,000 per lane mile), or resurfacing ($60,000 per lane mile) is a 
factor.
Present studs have a MOKTs scale hardness o f perhaps 8± and literally grind softer asphalt. ggregate, with 
a hardness o f 6±, in an action similar to a grinding wheel on steeL The softer material is removed in direct 
proportion to the number o f passes.
The development o f harder studs from once used softer steel studs is apparently the problem. Mild steel has 
a MOH's hardness o f 5± which more nearly matches pavement aggregate hardness. Steel studs are 
effective, but also tend to wear more and may not last the life o f a tire.
Investigation into replacing studs shows that redrilling and restudding a tire in Anchorage costs $20 per tire 
and is effective.
An average o f S20O pavement damage from two studded tires.over the tire life does not compare favorably 
with a $40 rcstud charge. For each 100,000 vehicles, an economic pavement loss o f $5 million per year 
from stud use seems probable.
It appears the only solution to the costly practice o f using studs is to limit stud hardness, i f  elimination o f 
stud use i~ not possible. 1
We hope this information will be o f use to you.
Sincerely,

SKA

Dennis Nottingham, P.E. 
Chairman f

DN/dj/89072



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

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



WALTER J. HICKEL, GOVERNOR

DEPARTMENT OF TRANSPORTATION 
AND PUBLIC FACILITIES 3132 C H A N N E L  DRIVE

JUNEAU, ALASKA 99B01-7BSS

TEXT TELEPHONE (907)465-3652
PHONE: (907)465-2951

ENGINEERING & OPERATIONS STANDARDS FAX: (907)465-2460

August 3, 1993

Representative M ark Hanley 
716 West 4th Avenue 
Anchorage, Alaska 99501 Subject: S tudded Tires 

& Stud Types
Attn:„rSCip Knutson

File: 2552

I am responding to your call and our discussion on July 21st regarding the 
advisability of requiring a tire stud type with a hardness of 6.5 on the Moh 
hardness scale. You should be aware that the Moh scale is intended only 
for scratch hardnesses of crystals of m inerals and not for metals. As such, 
it was constructed by determ ining what m ineral would scratch other 
m inerals. I understand that typical steels range from  about 5.5 to 6.5. 
However, tire studs require a carbide cen ter pin which is probably around 
7 or 8 on the Moh scale. Studs of only steel would wear quickly and not 
work as ice gripping studs at all; I doubt that any such are even 
m anufactured. The alternative I suggest for reducing pavem ent wear is 
the use o f ligh tw eigh t studs, as are now being required in Northern Europe. 
Mr. Bo Simonson o f Sweden's Road and T raffic Research Institu te advised 
that use o f alum inum  or plastic bodied studs w ill be expected to cut 
pavem ent wear ra tes in half. Samples of lightw eight European type studs 
are enclosed, along with typical steel studs from  a local tire shop.
L eg isla tion  requ iring  such ligh tw eigh t studs would require that the 
m aximum  stud w eigh t be set at 1.3 grams for cars and at about 2.0 grams 
for large trucks (tire rim  sizes of 17" or greater).

As we discussed, our pavem ent ru t m easurem ents from  start to end of the 
w in ter seasons have shown a pavement wear rate o f 0.1 to 0.2  inches per 
m illion 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 ru ts norm ally requires that we m ill or remove and replace 
the pavement across the entire lane to the bottom  of the ruts. This 
increases the pavem ent repair costs to about $40 to $50 per studded tire. 
These costs may substan tia lly  reduced by ligh tw eigh t studs.

25A-T34LH



Representative Mark Hanley 2 August 3,1993

The best wear data we have from  pavem ent ru t m easurem ents 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 H ighway ju s t north of Eagle R iver. At that location 
the m axim um  ru t depth is now about 0.9” after 10 years of service. The 
wear ra te  has been about 0 .10" per m illion studded tire passes and the 
pavem ent loss from  wear has been 19 tons per lane p er m ile per m illion 
p a s s e s .

As a fina l comment, the few  studded tire use counts we made this past 
w in ter ind icated  large increases in studded tire use over the 1990 levels, 
which is d isturb ing from  a pavem ent life standpoint. Juneau studded tire 
usage levels in March were 35% higher than in 1990, while Anchorage 
usage was up by 55%.

I hope that these figures w ill be o f help to you. Also, we are ju s t initiating 
a study o f the com parative w ear resistance of our d iffe ren t paving mix 
types. W ith in the next few  months we hope to have some additional 
in fo rm ation  from  the w ear testing  m achine being developed  under that 
study. I f  you need fu rther in form ation on our ru tting  research work, 
p lease ca ll me at 465-6956.

•Sincerely,

David Esch
Research Applications Engineer

Enclosures
cc R. D. Shumway, Chief Engineer

Eric Johnson, Pavement Management Engineer, Stwd. Materials



W a s h i n g t o n  l a w m a k e r s  s e e k  

a  $ 2 5 - p e r - t i r e  f e e  o n  s t u d s
By JOSEPH TURNER
McClatchy News Service

TACOMA, Wash. -  State lawmakers have tried to out­law road-damaging studded 
tires forlnost' o f the past 20 yearsv'and;they,came close a 
few yearsrago.:;;But" on'" the : day the ban came'up fo r a vote^in; the state House, fate intervened. 

y . It snowedi, ■■•" •And as-supporters.]of the ‘ ban drove down the;freeway from.’. Seattle '• t o . the? , state capital in Olympia1-• •̂■slip­ping and sliding along the way — they started changing 
their minds. '■‘.‘.The gods were trying to 
te’l l  us something,”  said George Walk, who sponsored the b ill as chairman of the House Transportation Com­mittee in the late 1980s. “ It was going to be a close vote anyway. So when it started snowing outside, we were 
ready to give up.’''- * ....Walk let the b ill die with­
out a vote.This year lawmakers are 
taking a different tack. In­stead of trying to ban stud­ded tires, they want to im­pose a tax of $25 per tire. •.Senate T ransportation Committee members ap­proved the special stud tax in Senate B i l l 5151 la st week; the fu ll Senate is ex­pected to vote on the b ill this- week.',;-." “ We m ight. not have to raise the gas tax so much if we’d do something about studded tires ,”  said Rep.. Shirley Winsley, R-Fircrest, 
this year’s b ill sponsor. “ I f  people are going to insist on using.'studded tires, they should be willing • to pay a 
small fee.”  • ;?Small fee?“ Oh, jeez," said Richard Nordness, director o f the Washington State Tire Deal­ers Association. ‘ ‘ People can’t afford to put that much money into tires.

Northwest
“ A good snow t.ire costs $50 to $60. Most dealers charge $9 or $10, plus labor, to put the studs on. With a $25 tax '.'.. you’re talking pretty close to $100.• " I t ’s insane,- rea lly ,”  he ._ said. “ Putting such a high ta riff on them has the same 

effect as a ban.”That’s the point, said Sen. Larry Vognild,.- chairman of ' the Senate Transportation 
Committee.Highway o ffic ia ls  esti­mate studded tires cause about $25 m illion damage a year to the highway system. The studs gouge into asphalt and concrete roadways. Pavement supposed to last 
14 years gets chewed up years earlier.Historically, the studded 
tire debate has pitted West­ern Washington lawmakers against their Eastern Wash­ington counterparts. I t ’s a question o f d iffering c li­
mates.In the slushy snows west of the Cascades, a studded tire is no help. And on wet

or dry pavement, studs can. rad ically reduce traction, said Ron Maulsby, public affairs manager for Good­year Tire and Rubber Co. in Akron, Ohio. ■
“ The only time we recom­mend a studded tire is where you’re in part of the country where ice is covering the road fo r days or fo r months at a time,”  Maulsby said. "Metal studded tires w ill provide 40 percent better traction on compact snow 

and ice.”Nordness disputes the amount of damage caused by studded tires, especially since they’ve been equipped with a softer metal stud.
“ It has not been proven that studded tires do that much damage to the road,”  he said. “ Those same kinds of ruts show up in Florida and other states where studs 

are outlawed.
Heavy trucks get some of the blame fo r rutted high­ways.
“ I f  we have to go back to the old days of using chains, we’re going to see a lot more damage," Nordness said.

N O T I C E
The first clin ic of the Alaska 
Baseball Umpires Association is 
scheduled for. Tuesday, March 
16th at 7:00 p.m. at Ptarmigan 
Elementary School, 888 Edwards 
Street.' , •'/

T R A I N I N G  B E G I N S  F O R  
N E W  U M P I R E S .

For more information call Allen Smith, 
344-0933 or 243-7757.
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M E M O R A N D U M  S t a t e  o f  A l a s k a
Department of Transportation & Public Facilities 

DATt: June 13, 1031
f i l e  n o :  6 4 2 -j 7

T E LE PH O N E  N O : 4 7 4 _ 2 4 7 1

subject: Studded Tires

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 I 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. I have processed Juneau pavement wear data at the 
Juneau-Douglas bridge, the Douglas Island "Breeze-ln" 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.

Jeffery C. Ottesen 
Director, E&O Standards 
Headquarters

David C. Esch, P.E. 
Senior Research Engineer 
Statewide Research

TABLE I: Juneau Pavement Wear per Million Studded Tire Passes

Total 
Stud Passes 
by 4/4/91 
(Millions)

Location

.  I
Wear per Million Passes j

Wear Rate 
(inches)

Wear Area 
(inches)2

lons/Lane/Mi. J

5.37 On J.D. Bridge 0.148 9.31 23.9 I

5.37 Before J.D. 
Bridge

0.134 9.92 25.5

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 II summarizes our measured wear rates over various time periods.

j TABLE II: Juneau Area - Seasonal Rut & Wear Measurements

Site Period Covered
Dates
Covered

Wear Rates 
inches/million 

Stud Tire Passes

S. Douglas 8 Summers + 7 Winters 
2 Summers + 1 Winter 

1 Winter

10/81 to 4/89 
4/89 to 10/90 
11/90 to 4/91

.112

.099

.265

Mendenhall Loop 7 Summers + 6 Winters 
2 Summers + 1 Winter 

1 Winter

9/82 to 4/89 
4/89 to 10/90 
11/90 to 4/91

.105

.094

.090

J.Douglas Bridge 8 Summers + 7 Winters 
2 Summers + 1 Winter 

1 Winter

10/81 to 4/89 
4/89 to 10/90 
11/90 to 4/91

On Bridae 
.145 
.127 
.202

Off Bridae 
.133 
.150 
.115

Juneau Average 
Values

8 Summers + 7 Winters 
2 Summers + 1 Winter 

1 Winter

Up to 4/89 
4/89 to 10/90 
11/90 to 4/91

0.124
0.118
0.168

'■ — — ■ ■ ' ■ ■ SB

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.
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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 per Ton 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 $9.31 ' i  S $373

* From a paper presented at the XlVth 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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1.0 INTRODUCTION

1.1 Background

The use of studded tires has long been recognized as improving traction in highways durinq the 

winter months when the roads are often icy. However, they also have been shown to increase 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 track ruts.

1.2 Objectives

Specific objectives of this report are to:

1) Quantify the use of studded tires in countries throughout the world. This includes 

data on

• Percent of vehicles using studded tires

• Characteristics of the studs (size and number)

• Time periods that studded tires are permitted 

This information is summarized in Chapter 2.

2) Summarize the results of road wear studies (field and test track) in each of the 

following areas

• Mechanism of pavement wear

• Rate of pavement wear

• Factors affecting the wear rate 

These results are presented in Chapter 3.

3) Identify the consequences/benefits of using studded tires such as

• increased pavement maintenance to repair ruts, etc.

• Increased safety problems due to splash and spray 

These results are presented in Chapter 4.
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1.3 Scope of Work

in order to accomplish the stated objectives, two major work activities were undertaken. These 

included:

1) A computer literature search (THIS). Many of these publications were reviewed and 

evaluated in the preparation of this report

2) A survey of agency practices. A survey form (see Appendix A) was developed and 

mailed to 30 highway agencies, 11 Canadian provinces and territories, and 4 

foreign countries (Norway, Sweden, Finland, and West Germany). The responses 

fo the survey are given in Appendix B.

3) A telephone survey of selected tire manufacturers to identify the types and number 

of studs currently being used. These results are summarized in Appendix D.
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2.0 STUDDED TIRES PRACTICES

The data presented in this chapter is the result of an extensive literature review, the survey of 
selected transportation agencies, and selected calls to studded tire manufacturers. Information was obtained 

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

2.1 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 results indicate the following agencies permit their use:

United States Canada Europe

Alaska New Brunswick Sweden
California Nova Scotia Norway
Colorado Quebec Finland
Connecticut Saskatchewan
Delaware
Idaho
Indiana
Iowa
Kansas
Maine
Montana
Nebraska
New Jersey
Nevada
New York
North Dakota
Oregon
Pennsylvania
Rhode Island
South Dakota
Utah
Vermont
Washington
Wyoming

It should also be noted that in all cases where studs are permitted, so are chains.
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2.2 Percent of Vehicles With Studs

The results of the survey did not provide much useful recent information on use of studded Ures. 

In fact, only a few agencies provided an estimate for current usage. Therefore, heavy reliance was placed 

on results from the literature (pre-1980) since the actual usage rates are virtually unknown in the USA and 

Canada.

Historical data on the percent usage by vehicle type (cars and trucks) of studded tires in the United 

States and abroad is given in Table 2.1. As noted, many states do not allow studded tiro use, while usages 

as high as 60% or more have been reported by the states of Alaska, Montana, and Vermont (TR3, 1975).

Sweden reports that 60% of all vehicles use studs, while 90-95% of cars and 30-60% of trucks use 

studded tires in Finland (Huhtaia, 1978). Provinces in Canada reported usaga rates on cars as low as 20- 

25% and as high as over 50% (Smith & Schonfeld, 1971).

The percentages of use on two versus all four wheels are generally unknown except for Scandinavia 

and Alaska. In certain countries, the use is mandated on all four wheels if studs are used on any wheel. 

Thi3 is to increase safety as well as acceleration.

A recent survey of studded tire usage in Alaska is given in Table Z2. As indicated, studded tire 

usage varies seasonally as well as between years and locations. However, it can be seen that wintertime 

usage (through March) by light vehicles is between 20 and 35% with roughly one-third of these vehicles 

being four-wheel drive.

2.3 Characteristics of Studded Tires

As indicated in Figure 2.1, a typical studded tire is essentially a normal winter or ail-season tire with 

studs embedded in the tread. Typical specifications for passenger car studded tires are given in Table Z3.

Although there were many types of studs found in the literature, all have similar components. These 

consist of a pin (typically tungsten carbide) surrounded by the stud housing or body (typically steel), which 

has a flange at its base to hold the stud in the tire tread. Figure 2.2 illustrates the four basic stud types that 

have been used In the past, while Table 2.4 summarizes the characteristics of each type. Conversations with 

tire manufacturer/distributor personnel revealed that only the Controlled Protrusion (Typo I) stud is currently 

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



Agency % of Vehicles Reference
with Studs

Canada Ontario 32 Smith, 1971
Manitoba 20-23 Smith, 1970
Quebec 50 Smith, 1970
Maritime Provinces 50 + Smith, 1970
Ottawa 48 Smith, 1971

United States Alabama 1 NCHRP Syn. 32
Alaska 61
Arizona 1
Arkansas 1
California NA
Colorado 30
Connecticut 25
Delaware 18
Florida NA
Georgia NA
Idaho 27
Illinois 12
Indiana 10
Iowa 25
Kansas 7
Kentucky 12
Maine NA
Maryland NA
Massachus rts 32
Michigan 12
Missouri 14
Montana 60
Nebraska 38
Nevada 6
Now Hampshire . 30
New Jersey 20
New Mexico NA
New York 30
North Carolina 2
North Dakota 32
Ohio 20
Oklahoma 1
Oregon 10
Pennsylvania 28
Rhode island NA
South Carolina 3
South Dakota 40
Tennessee NA
Texas 0
Vermont 60
Virginia; 10
Washington 33
West Virginia 10
Wisconsin 20
Wyoming 33

Finland Cars: 90-93 Lampinen, 1988
• Trucks: ->0 Huhtala. 1978

Sweden 60 Keytcr, 1970
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Table 2.2. Recant counts of studded tlra usage In Alaska

Survey
Data

4/18/89

TotaJ
Vehfdes

Studded 
Tires 

(one side)
Studs per 
Vehicle 
Paso

% Vehicles w/Studs
On Soma 

Tires
On Alt 
Tires

% 4WD 
Vehicles

0.324 28.0 12.4 24.8
5/22/89 319 23 0.072 6.6 0.63 - 24.0
3/2/90 583 182 0.312 20.4 10.8 34.1
5/7/90 820 121 0.148 11.0 4.10 33.2
7/16/90 1228 101 0.082 5.45 2.77 35.4
1/23/91 1385 402 0.290 19.3 9.75 43.4

5/17/89 1766
b) "Anchorage^

143 0.081 6.4 1.7

v

8/21/89 1892 63 0.033 2.9 0.4
11/16/89 2361 1142 0.484 36.8 11.5
2/14/90 2076 1043 0.502 35.0 14.4
8/20/90

4/12/89
8/1/89
3/15/90
6/25/90
1/25/91

2339

993
352

JM87_
1119
650

112 0.048 3.8 0.9

348
28
512
40
345

JuneauM# ^
0.350 
0.080
0.431
0.036
0.531

24.8 
6.2

30.8
2.9
40.6

9.3
1.7
12.1

0.45
15.9

24.3

3Z5
30.0
32.7
35.3
40.6
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Rgure 2.1. G78X14 studded (R) and unstudded passenger tires (Krukar & Cook. 1972).



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

Nominal 
Car Sir* .

Tira Data Tira Stud Oata

Nominal
Siza

Typical TraciO 
Surface A rti 

(sq. in.)

Typical Maximum 
Numbaf of 

Studs

Typical Cross* 
Sacoonai Araa 

(sq. in.)

Parcant of 
Traad Surface 

Araa

Comoact 87Sx13 22a 96 .0314 1.25

Intarmadiata F7SX14 270 96 .0314 1.10

Full Siza H7So13 312 96 .0314 1.00

Figure 2J2, Four basic stud types. Left to right: Type ill or CV Stud; Type I or CP Stud; Type II or PI
Stud; and Type IV or FS Stud (Krukar & Cook. 1973).

8



Table 2.4. Characteristics of studs (Krukar & Cook, 1972).

[~ Stud Type Characteristics
Type I - "Controlled Protrusion Stud" •  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

Type II - "Perma-T-Gripper Stud* •  Pin found In other studs has been replaced 
with relatively smail tungsten carbide chips in 
a soft bonding matrix enclosed in a steel 
jacket

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

Type III - "Conventional Stud" •  Tungsten carbide pin
•  Stud protrusion will increase with tire wear

Type IV - "Flnnstop Stud* •  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

•  Air 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, Illinois, 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
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a) N o r e s t r i c t i o n s :  AUUma Missouri North Carolina Yermont
Colorado Nevada South Carolina Wyomi ng
Georgia New Hamoshire South Dakota Alberta
Kentucky New Mexico Tennessee Saskatchewan

b) R e s t r i c t e d  t o  p e r i o d  s h o w n •

July Aug Sopt
i

October November □oc Jan Feb March | April May jjune
i i

I t

i 1 1 1 l 1 I i |
Waska (exceot specified cities)

I
t

l
I- Idaho; Nebraska 15

» 8ritish Columbia; Manitoba 30

I Arizona; Indiana; Maine l

I Montana; Prince Edward Island 11

15 Utah 11

15 Oet.; O.C.: Md. N. Dak.; Va. N.S.; Que. IS

15 Connecti cut 30

15 New York I

IS New 8runswick I *

11 Rhode Island i

l Iowa; Oklahoma; Washington; W.'/a. \

I Kansas; Ohio 15

l Oregon Pennsylvania; Newfoundland 30

2 Massachusetts 30

15 Arkansas l 5

15 M1ch N.J. i

i 1 . I 1

* See Aop*no1x E
1 1 . 1 . 1

c) P r o h i b i t e d : Cal ifomia Louisiana Texas
Florida Minnesota* Wisconsin1-*
Hawaii MississV . Ontario
Illinois

•* L ia i t c d  u s*  by a u t - a Y - s t a t i  e a t o r i s t s  p « r » i t t * u

S o v r e * * : A e e n c in  A u ta e o o ll*  A s so c ia t io n  12- 1-74 
f « * r « l  H lfflnay A £ rin1s t r a t1on Juno 1975

Fkjutb 2.5. Legal restrictions on use of studded tires (NCHRF Syn. 32).
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Table 2.5. Restrictions on use of studded tires in the U.S./Canada (August 1990).

a) No restrictions Colorado
Vermont
Saskatchewan

b) Restricted to time period shown Alaska Sept 15 - April 30 (north of latitude 60*N) 
October 1 - April 14 (south of latitude 60*N)

Connecticut November 15 - April 30
Iowa November 1 - April 1
Kansas November 1 - April 5
Maine October 1 • May 1
Nevada October 1 - April 30th
New Jersey November 1 - April 1
New York October 15 - May 1
Rhode island November 15 * April 1
Utah October 15 • March 15

c) Restricted (period unreported) California
Delaware
Idaho
Indiana
Montana
Nebraska
North Dakota
Oregon
Pennsylvania
South Dakota
Washington
Wyoming
New Brunswick
Nova Scotia
Quebec

d) Prohibited Arizona
Illinois
Maryland
Michigan
Minnesota
Alberts
Northwest Territories
Ontario



Table 2.6. Restrictions on use of studded tires in Scandinavia (August 19S0).

a) No restrictions
b) Restricted Sweden - 31 October to Easter 

Finland -1 November to 31 March
c) Prohibited Germany



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 I and III 

studs caused much greater wear than type II studs.

3.0 ROAD WEAR STUDIES



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

Cause Description
1 The scraping action of the stud produces marks 

of wear on the mastic formed by the binder and 
the fine-grained aggregate.

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

3 Scraping by the stud produces marks of wear 
on stones. Only in very soft aggregate does a 
rock fragment wear away completely by this 
action.

4 A stone is smashed by the impact of a stud and 
vhe pieces are loosened 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 _________ .
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M i l l i o n *  o I T i f f  P o n t *

a) Wear rates of pavement specimens at test track

0.73

1
i 0 .30

f  0.23 *
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// ,/ ' / 
r * * '
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b) Wear rates of pavements of typical Mlnnesc!} highways

Figure 3.1. Relationship of studded tire induced wear vs. pavement type; Minnesota research (Keyser, 
HRR 352, 1971).

i
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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* 
60 vs 200

Significant 1:1.3

Bitumen content*
5 vs 7 percent 
(opt at 7 percent)

Very significant 1:1.8

Type of aggregate5
Lamprophyre vs limestone

Ven/ significant 1:1.6

Mix typeb
Special mix vs sheet

Very significant 1:1.8

Voids in mix*
3 vs 7 percent

Significant 1:1.4

Uniformity*
Asphalt concrete variation

Variation X ± 42 percent

Vehide Speed*
60 to 80 km/hr

Not’ significant -

Vehide Weight* 
Car vs truck

Very significant 1:1.9

Tire pressure* Not significant -

Temperature®
37 2 vs 50 F

Very significant 1:1.5

*Data taken from Norwegian studies 
bData taken from Keysets work 
cData taken from Finnish studies
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Figure 3JL Relationship between acceleration and deceleration on portend cement concrete (Keyser, 
HRR 352,1971).
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“ gure 3.3. Effect of Stud Typa on Waar for Asphalt Concrete Pavements (Krukar and Cook, 1972).
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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 pave men. 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.



a) Literature

Rafaranca Rata of Waar 
(In./pasaaa)

Avg. Rate/ 
100,000 passaa

Cuabac (1967) 0 >25/100,COO 0.25

Quabac (1970) Acceleration 0.36-0.44/100,000 0.40

Declaration 0.1 5 0 .20 / 100.000 0.19

Normal 0.11/100,000 0.11

Germany (19XX) 0.11/120.000 0.09

Finland (1988) .15-.2/10,000 AADT • •

Sweden (Keyset, 1970) 0.5/40,000 AADT

Maryland 0.25-1.07/100,000 0.7

Mlnnasota 1.5/4,000.000 0.04

Oragon (ODOT, 1974) Concrata 0.028/100,000 0.03

Asphalt 0,068/100.000 0.07

b) Survey

Rafaranca Rata of Waar 
(in./pasaaa)

Avg. Rata/ 
100.000 passaa

California 0.0005-0.0018/1000 0.12

Connecticut 0.08/1,000.000 0.01

Maryland 0.025-0.107/10,000 0.68

New Jersey 0.05 par year for 5400 AADT 
par lane

Naw York 0.009-0.018/year PCC 
pavements 

0.0220023/year ACC 
pavements

Oragon 0.032/100,000 PCC 
pavements 

0.073/100,000 ACC 
pavements

.03

.07

Norway SPS*: AC -  25, Topeka -  
15,

Mastic stone » 10-15, 
PCC -  10

Swadan 35 g /ve flide  (-. studded 
tires)/km  driven

•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 dlstanca)
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Table 3.5. Factors affecting studded tire wear.

Factor Variable 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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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 track ruts and 2) 

benefits derived through 'ncreased traction during icy conditions which either improve safety or allow 

increased speeds. The use of studded tires is somewhat dependent on the agency's ice control practices. 

For example, heavy salt use for a ’bare pavement* policy reduces icy road concerns In exchange for 

increased vehicle and bridge corrosion effects. This section of the report discusses each of these impacts, 

and is based on the results of the literature review and of the survey of agencies.

4.1 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 concern. 
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 survey, the literature has some data which is useful in 

defining the economic impacts (Table 4.1). Though most of this information is from Scandinavia, it dearly 
indicates substantial cost3 associated with pavement wear, but a potential benefit due to improved (not 

reduced) safety and reduced winter maintenance (e.g., sanding) costs.

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.

4.2 Benefits of Studded Tires
Clearly the primary benefit of studded tires is improved traction (apparent) and hence improved 

safety. This is noted in the survey of agencies: however, little documentation was provided to substantiate 
the benefits.

4.0 IMPACTS OF STUDDED TIRE USE
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Table 4.1. Annual cost affects of studded tires on pavement wear and safety (for a ban on studded tires).

• Agency Pavement Wear Costs Winter Maintenance 
Costs

Accident Costs

Oregon DOT (1974) + 1.1 million NA NA

Finland (Pelkonen, 1978) +175 to 250 million mks -44 million mks -0 to 190 million 
mks

Sweden (VTI - 1988/89) + 160 to 250 million SEK 
(national roads)

NA -560 to 1160 million 
SEK (switch to 
snow tires)

• +95 to 150 million SEK 
(municipal roads)

NA -1230 to 2590 
million SEK (switch 
to summer tires)

Notes:

6 SEK * 1 U.S. dollar + Increase iri costs NA =* Not available
4 mks » 1 U.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).

Financial
Yaw

Dapartmant o l Highway* M unicipal!!!**

Grand TotalHaw
Pavement

Conalructlon*

Raaurtaclng 
and Patching11

Tralllo
M arking'

Total Haw
Pavement

Construction*

Resurfacing 
and Patching*

Tralllc
Marking'

Total

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 I
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
rf 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* 16,607,000? 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? 325,000? 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

‘ C o il* Induct* both concrete and bllum lnoua pevamenK.
bCoil» Indud* addlilonal com  o l providing more w eas-reilalint audac** (or lh * normal raaurtaclng program.
‘ Additional coal o l providing m or* permanent Ira lflc marking* lor bolb new pavemanla and axlallng onaa. 
dT*kan aa 75 parcani o l corraapondlng KJng'a Highway llguraa.
"Takan aa 80 percent o l corraapondlng Klng'a Highway llguraa.
'Taken aa 100 paroanl o l corraapondlng Klng'a Highway llguraa.
sEallmat*u ligu r* baaad on conUnuanoa o l dapartmant'a conalructlon and raaurtaclng program at about the level o l preceding year*.



Table 4.3. Impacts of studded tire usage.
a) Consequences

Factor Consequences

Effect on Safety • Increased retting, ponding and hydroplaning
• Increased splash and spray

Effect on Pavement • Destruction of pavement markings
• Increased retting
• Build up of snow and Ice in rets

b) Benefits

Factor Benefit

Effect on safety • Improved stopping distance on ice
• Improved maneuverability on ice

Effect on pavement • None identified
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The literature review shows mixed results- Smith et al. (1971) •> a minor benefit in terms of 

stopping distance on asphalt pavements and mixed benefits on concrete pavements (Table 4.4). This is also 

shown in Figures 4.1 and 4.2 for wet and dry pavements. However, Figure 4.3 dearly indicates the benefits 

of studded tires on ice (i.e., significantly improved stopping distances). Finally, it Is clear from Rgure 4.4 

this decrease in stopping distance is not due to increased pavement skid resistance. Work by Smith et al. 

(published in HRR 352) shows that in most cases the skid resistance decreases with increasing use of 

studded tires.

Results of a recent skid survey done in Alaska 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 (Ryer, 1988).
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Table 4.4. Stopping distances from report for the Canadian Safety Counca (Smith et ai., HRR 352,1971).

Stopping Distances 
from 50 miles per hour On feet) 
Under Various Road Conditions

Dry
Asphalt

Wet
Asphalt

Dry
Concrete

Wet
Concrete

Glare
Ice
0‘C

Highway tread on 4 wheels 121 151 105 154 640’

Snow tire tread on rear wheels 118 148 106 •165 620'

Studded snow tire on rear wheels 117 142 115 177 580’

Studded snow tire on 4 wheels 116 149 122 195 500*
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5.0 SUMMARY

This report presented a summary of the results of a literature review and survey of agencies on the 

use and effects of studded tires. Significant findings include the following facts:

1) Very little research has been done since 1975 in this area, with the exception of the 

Scandinavian countries.

2) Many agencies continue to prohibit or restrict the use of studded tires.

3) Very little new information on percent of vehicles using studded tires or on tire wear 

studies was available. Agencies basically do not know the rates of stud use.

4) Factors affecting wear raves were defined (e.g., pavement type, temperature, 

acceleration and deceleration areas).

5) The consequences end benefits of using studded tires were identified, but remain 

iargeiy unquantified.

6) Telephone conversations with the manufacturers/distributors revealed that only the 

controlled protrusion type stud is currently used in the U.S.

Car owners continue to spend millions each year on studded tires for perceived or real benefits. Benefits 

associated with new tire types, radials instead of bias-piy tires, all-season treads vs. the older summer and 

winter treads, have not been evaluated in the USA. The shift from rear axle to front axle drive would also 

increase the effectiveness of studs on the drive axles, since the front axles perform much of the braking 

work. Therefore the above conclusions may no longer be valid.
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S W E D I S H  R O A D  A N D  T R A N S P O R T  R E S E A R C H  I N S T I T U T E

V T I  R O A D  S I M U L A T O R

The VTI Road Simulator is a machine for 
accelerated testing of tyre influence on pavements 
under controlled conditions.

T h e  m a c h i n e  h a s  s i x  w h e e l s  r o t a t i n g  o n  a  c i r c u la r  t r a c k  

c o v e r e d  w i r h  t h e  p a v e m e n t  m a t e r i a l .  A s e p a r a t e  m o t o r  

d r i v e s  e a c h  w h e d .  T h e  d i a m e t e r  o f  t h e  t r a c k  i s  5 -2 5  m , 

g i v i n g  a  m e a n  l a p  l e n g t h  o f  1 6 .5  m .  T h e  m a x im u m  

w i d t h  o f  t h e  t r a c k  i s  0 .8 5  m .

T h e  w h e e l s  c a n  b e  f i t t e d  a t  v a r io u s  r a d ia l  d i s t a n c e s  

f r o m  t h e  c e n t r e  o f  t h e  m a c h in e  a n d  t h e  m a c h in e 's  a x i s  

c a n  b e  s l o w l y  m o v e d  l a t e r a l l y  w h i l e  r u n n i n g  b y  m e a n s  o f  

a n  e c c e n t r i c  d e v i c e .  T h i s  e n a b l e s  a l l  w h e e l s  to  b e  m o v e d

in  a n d  o u t  a  t o t a l  o f  6 0  n u n .  T h e  l a t e r a l  m o v e m e n t  is  

e s p e c i a l l y  im p o r t a n t  w h e n  u s i n g  s t u d d e d  t y r e s ,  w h ic h  

w o u ld  o t h e r w i s e  p r o d u c e  n a r r o w  r u t s  a f t e r  e a c h  l in e  o f  

s r u d s .

T h e  p a v e m e n t  o f  t h e  m a c h i n e  c a n  b e  s p r a y e d  w i t h  

w a t e r  a n d  t h e  h a l l  in  w h i c h  t h e  m a c h in e  s t a n d i  c a n  b e  

c o o l e d  c c  • 20°C . T h e  s p e e d  o f  t h e  m a c h in e  c a n  b e  

v a r i e d ,  b u t  t h e  m a x i m u m  s p e e d  i t l i m i t e d  a c c o r d i n g  to  

t h e  w h e e l  lo a d .  W i t h  t h e  p r e s e n t  d e s i g n ,  t h e  m a x im u m  

s p e e d  i s  8 5  k m / h  f o r  a  w h e e l  l o a d  o f  5  kN. T r u c k  o r  c a r  

t y r e s  w i t h  c o n ic a l  o r  c o n v e n t i o n a l  t r e a d s  c a n  b e  u s e d .  

N o r m a l l y ,  t h e  m a c h in e  i s  r u n  w i t h  c o n v e n t i o n a l l y  

s t u d d e d  c a r  t y r e s ,  s ix e  1 8 5 / 7 0  R 1 4 .

Determination o( wear is performed from cross-sections recorded 
oeroendlculartv to the direction of travel MM<urpmpnt i.cee an
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Halation batwttn waar la tha simuiator and on tha road

fl.S 1 1.5 iriniMiimi, *m tcj.w
2.5

RELATION BETWEEN SIMULATOR 
AND FIELD TU T S
The simulator ha* shown excellent cnrre- 
Iccion with pavement wear in the field.
The diagram indicates the relation between 
:he wear on test slabs laiu on the toad and 
in the simulator. Pavement type AC 12 
and 16 (hot mix).

Inffumea of mlnoral iggrsoata quality In AC 18 (bat mix) 
W »tr. ami

am Oi r t a*  
mm G rt t iw  t  
mm Onamat 
mm 0 » m

mm fan*rt

N*.#»fimiD

STUDIES OF PAVEMENT 
MATERIAL
In  s t u d ie s  o f  r e s i s t a n c e  o f  p a v e m e n t s  to  

s t u d d e d  t y r e s ,  l a b o r a t o r y  r o l le d  s la b s  w i t h  

k n o w n  c o m p a c t io n  a n d  c o m p o s i t i o n  w e c q j .  

t e s t e d .  T h e  p a r a m e t e r s  t h a t  c a n  b e  s t u d i e s !  

in c lu d e  t h e  e f f e c t  o f  p a v e m e n t  t y p e ,  b in d s i i  

m in e r s !  a g g r e g a t e  q u a l i t y ,  p a r t i c l e  s ix e  e t c . - '

Wear uslni dlffarsnt stud typta an AC 16 (hot mix)
Wrw. w»*

am Xmai 
am L>f«t

STUDDED TYRE TESTS
T h e  d e v e lo p m e n t  o f  s t u d j  f o r  c a r  t y r e s  h a s  

r e s u l t e d  in  a  s t e a d y  r e d u c t io n  o f  s t u d  m a s s .  

A m o n g  n e w  s t u d i  o n  t h e  m a r k e t  a r e  t y p e s  

w i t h  p la s t i c  o r  a l l o y  m a n t le  s u r r o u n d in g  a  

h a r d  m e t a l  p in .  T e s ta  w i t h  t h e s e  l i g h t w e i g h t  

s t u d s  h a v e  b e e n  p e r f o r m e d  i n  t h e  r o a d  s im u ­

la to r .  T h e  r e s u l t s  s h o w  t h a t  th e  l i g h t w e i g h t  

s t u d s  p r o d u c e  c o n s i d e r a b l y  le s s  w e a r  o n  t h e  

p a v e m e n t  th a n  t h e  h e a v ie r  c o n v e n r io n a i  

s c e e l  s t u d s .10W

Examples o f other applications
• testing traffic count cables
• testing wear on surface condition sensors

/ f h v Tli mW ; :
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Tests with lightweight tyre studs in the VTI’s pavement testing machine

Abstract (background,aims, methods, results! max 200 words:
The use o f studded tyres, while having a direct 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 rutting 
and shorter pavement life. In the latest investigation o f studded tyres, carried out in 1989, the cost of 
pavement wear from studded eyres was estimated at SEK 250— 300 million per year for the Swedish road 
network. In recent years, new types o f 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 o f pavement wear is being used to perform 
investigations under controlled conditions. Using the machine, a study has now been completed on two 
types of lightweight studs, one with a plastic body and the other o f light metal.

Tests using 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 been made on an dense 
asphalt concrete (AC) pavement with normal wear resistance. In one run, plastic scuds were also tested on 
Stone Mastic Asphalt (SMA) pavements with high wear resistance.

On both the highly wear-resistant and normally wear-resistant pavements, abrasion from the lightweight 
plastic studs was generally about half th/.t from corresponding steel studs. However, the absolute wear level 
naturally differed according to the wear resistance o f the particular pa1 sment. For example, the most wear- 
resistant pavements in the tests, SMA pavements with ycry hifhrqualily aggregate demonstrated 3-5 times 
less abrasion than the "normal pavement” with locally obtained aggregate. Also abrasion from the light 
metal studs was considerably lower than from the conventional steel studs and even lower than from the 
somewhat lighter plastic studs. Light metal studs produced only about one third, 35 %, as much wear as steel 
studs. The corresponding ratio between plastic and sted was 44 %.
The tests showed that speed is o f great significance for pavement wear. Abrasion increased significantly 
at higher speed. Steel studs gave almost the double amount of wear at 85 km/h compared to 60 km/h.
To obtain an idea o f the wear-resistance of the studs, stud protrusion has also been measured. The decrease 
in protrusion was of the same order o f size for plastic studs as for light metal and steel studs. Thus, the results 
do not indicate any significant difference in wear resistance between the various types o f stud.

The conclusion from the investigation Is that the lightweight studs that have teen tested reduce pavement 
wear by about half. The calculated cost of this wear could thereby be halved within a few years when these 
studs have replaced the conventional steel stud.

Keywords:
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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

S u m m a r y

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 VIII



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 studs at 60 km/h
—  Wear from plastic studs and steel studs at 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._wea r- re i sta n tjp avements,_abrasj.qnj.rqm the Iiqhtweight studs 
is generally about half the corresponding abrasion from steel studs.
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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
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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 types1 of 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 earlier.
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In d e f e n s e  of studs
E x p e r t s  s u g g e s t  l i m i t s ,  l i g h t  v e r s i o n  o f  w i n t e r  t i r e s

*

By STEVE RINEHART
Daily News reporter

With road ruts deepening in Anchorage and Juneau, the state’s chief highway re­search engineer called Tuesday fo r limits on the use of popular studded winter tires.The state estimates every studded tire sold adds $50 to road maintenance costs, engineer David Esch told a discussion panel at the Winter Cities conference in Anchor­age. Fixing stud ruts costs about $5 m illion a year, he said.
The highway department is not looking to ban studs, Esch said, but it is backing legislation to require the use of .newer, lightweight studs. The department also wants a shorter studded-tire season and more enforcement of the summer stud ban, he said.
On one high-traffic Juneau road, Esch said, studded tires chiseled through nearly an inch o f pavement in four years. In Anchorage, tire ruts on Muldoon Road got so

dangerously deep that the state put down temporary pavement last summer, just to 
hold! the road over until this year’s scheduled pavement reconstruction project. P ro j­ect manager B ill Goodell said the ruts averaged nearly 2 inches, and in places were 4 inches deep. The one-year patch-up job  cost about $250,000, he said.

A leading North American tire stud distributor took is­
sue w ith Esch’s findings Tuesday. Bruno Wessel, of Sarasota, Fla., claimed the state’s road-wear studies vre based on faulty research. He said studs cause some wear, but he blamed heavy trucks and other factors fo r grooving the pavement.

But Esch said it ’s obvious to him. that
Pleasp see Page C-3, TIRES
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studs cause the ruts. The tracks are the width o f a car, he said; the ruts are the width of a car tire. He estimated that ha lf the cars in Alaska have studs.
"The public wants to blame these ruts on the trucks, and does not want to admit it is studs,”  he said.The conference is intended to bring to­gether experts from northern countries to figure out smarter ways to live in wintry places. ••Scandinavians, considered the world ’s ex­perts on winter driving, told Tuesday’s panel they think studded tires are great, even i f  they do tear up the roads.Finnish transportation researchers have devised an elaborate equation to compare the costs to the benefits o f studded tires. For example, studded tires cost consumers more,

and require the state to do more road maintenance, and they make the road rough, which slows down traffic in the summer. But they speed traffic up in the winter and save 300 m illion Finnish marks a year — about $60 million — by preventing acci­dents.In a country where 95 percent of the cars have studded winter tires, the pluses out­weigh the drawbacks," said Asko Saarela, a professor at the Technical Research Center of Finland.The Swedes, too, have concluded studs save more than they cost.. Without studs, "there would be a dramatic increase in accidents,”  according to Kent Gustafson of the Swedish National Road Administration.
But the road damage from studs cannot be ignored, he said, so Sweden is switching to lightweight studs and is reducing the allowable number of studs in each tire.
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