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BACKGROUND

In general

Sweden has 8.7 million inhabitants, 5.3 million have driving licences and the amount of ve-

hicles reaches 3.9 million (1). The total road length is about 415 000 km. Almost 100 000 km

are State-administered roads and 38 000 km are municipal roads and the vehicle mileage is

almost 70 billion vehicle km (2). In 1993, 632 persons were killed in traffic accidents (28).

The traffic safety level in Sweden is high as can be seen from the figures in the table below.

Killed/100 000 inhabitants 7.2

Killed/10 000 vehicles 1.6

Killed/100 mil. vehicle km 0.9

These figures give Sweden one of the best positions in the world.

Maintenance and operations

The general aim of road maintenance and operation in Sweden has been formulated as follows

(3):

"Both individuals and industry throughout the country are to be offered satisfactory road

transport standards at the lowest possible socio-economic costs".

Naturally, it is difficult to define a satisfactory road transport standard for each part of the

country. Such a definition can be regarded as a continuous process where increased know-

ledge of the effects of road maintenance is an essential part of the information required for

weighing the need for maintenance resources against needs in other areas of the community.

Regardless of the meaning of the concept "satisfactory transport standards", it is important

that the socioeconomic consequences of various maintenance strategies be considered, i.e. the

latter part of the objective quoted above ( " at the lowest possible socio-economic costs" ).

The significance of this can be understood if it is remembered that the cost of road mainte-

nance constitutes a mere fraction: in 1990 less than 10% of the resources consumed by traffic

in the form of vehicle costs (fuel, vehicle wear, etc), time consumption and accident costs.

The cost of environmental impact is hard to find because not all effects are known or have a

value (5).

Therefore it is necessary that road administrators apply socio-economic principles in the dist-

ribution of the available funds. This is also valid when available resources do not permit a mi-

nimizing of the total cost. In this case, maintenance must be performed in such a way that the

budgetary restrictions burden road users with the smallest possible cost increase in relation to

the optimal level.



WINTER MAINTENANCE

In Sweden there is quite a difference between the frequency of ice/snow conditions on roads;

from north to south and from main roads to minor roads. Consequently, we have roads with

almost no ice/snow condition during the winter and roads that have ice/snow conditions

during almost the whole winter (4).

The average speed of passenger cars in ice/snow conditions is about 70-90 % of the speed at

bare road conditions (6).

In the winter, weather and road conditions cause a lot of accidents. Swedish studies of acci-

dents in loose snow/slush, based on insurance statistics, show an increase by a factor of up to

50 compared to a dry bare surface (7). Based on accidents reported by the police, the factor is

close to 10 (8). A new study (9) shows that the accident rate (number of accidents per million

vehicle km) about one hour prior to the implementation of winter road maintenance is about

12 times higher than during the time at least 12 hours before winter road maintenance. The

increase in accident rate is greatest before de-icing (already slippery) and least before anti-

icing (preventive) and half that of de-icing. If all anti-icing actions were successful there

should not be any increase in the accident rate caused by poor road conditions.

Traffic safety studies in Sweden have shown that if ice and snow conditions are rare the acci-

dent rate on ice/snow is much higher than if ice/snow is more common. One aspect is that you

can be surprised by the condition if it is not common and the other aspect is that if it is com-

mon you get used to drive on it and you have the right equipment. The total accident rate (all

road conditions) will decrease if the vehicle mileage on ice/snow is less than 10-15 % (10).

Considering traffic safety only it is not worth the expenses if we cannot reach a lower percen-

tage of ice/snow conditions.

In the case of personal injuries, studies of accidents reported by hospitals show that slippery

conditions are primarily a problem for pedestrians. Many more pedestrians are injured and

sick-listed for a longer period than other road user categories (11).

Chemical de-icing/anti-icing

In Sweden chemical de-icing/anti-icing means spreading sodium chloride, NaC1. Chemical de-

icing is used on 30 % of the state road length which has about 75 % of the vehicle mileage

(12).

Chemical de-icing (13) involves applying chemical agents such as salt to lower the freezing

point below 0%C. By spreading suitable chemicals on the road it is possible to:

- prevent hoar frost, ice or layers of ice from forming

- melt existing snow, ice etc.

- prevent snow adhering to the road surface and becoming packed

To be effective in the use of salt is to use the "right" salt and to handle it with care. One im-

portant factor is that the vehicle or boat that transports the salt shall be clean before the trans-

port, which means that the salt will stay clean, if even the storage place ic clean. The salt shall

be covered so no rain can fall on it. Another factor is to have the right size of the salt. Sweden

has chosen the following sizes (14):



=0.1omm 0-5 %

= 0.5 mm 5 - 26 %

= I mm 26-50 %

= 2 mm 65 - 100 %

© 3 mm 95 - 100 %

When you use different types of salt you cannot drive faster than at a specific speed and the

stretches the salt will last differ as seen below (14):

Type of salt salt speed distance spreader

g/m2 km/h km cost index

dry 10 =30 100 1

prewet 7-8 cA5 140 1.2

solution 5 55 70 1.8

To make a solution a tank is needed and the cost index for that is approximately 2.5. By

prewetting the salt, the adhesion to the road surface is improved and only a small part blows

away. You can prewet with a solution of salt or just with water. The cost index for the equip-

ment, if you use simple prewetting, is just over 1. (For more details, see ref 4.)

Dry salt is used during snow storms which means 20 % of the salting times, 60 % of the times

prewetted salt is used and 20 % of the times a saline solution is used. The amount of salt used

differs according to type as can be seen in the table above. Consequently the percent is another

when we look upon the amount of salt; for de-icing 20 %, for anti-icing and at snow

precipitation 40 % each (12, 14).To be able to carry out anti-icing, weather forecasts are

essential.

In Appendix 3, a proposal from 1991 about new winter maintenance strategy is shown (4).

Advantages and disadvantages of different winter maintenance as compared with the salting

strategy in the late 80s in Sweden are shown in Appendix 4 and 5 (4).

In the winter of 1994/95, the Swedish National Road Administration will try to decrease the

use of salt by changing the operation rules in the way that not many roads with less traffic than

2 000 vehicles/day will be salted. Salt shall only be used at snow-fall if there is a risk of

packed snow (15). That means that the proposal from 1991 will now be used.

When we have priced the known effects, the result in Appendix 1 will be received. This result

shows lower cost with unsalted roads if we summerize the known effects. Two effect-changes

are important in the table: traffic safety and corrosion. The environmental costs are very un-

certain.

Traffic safety

When the winter maintence on a considerable number of roads changed from salted to unsal-

ted the number of accidents decreased on roads with less than 1 800 vehicles per day (AADT)

and increased on roads with more traffic (4). There is no opposition between the above men-

tioned figure of ice/snow conditions (10) and that of AADT (4). In the southern half of Swe-

den (with 75 % of the vehicle mileage) it is common that the ice/snow conditions are less than

10-15 % during the winter on roads with more traffic than 1 800 vehicles per day (4).



The figures mentioned are not statistically significant.

Corrosion

The corrosion caused by salt usage in winter maintenance is about 25 % of the total vehicle

corrosion (16). The greatest decrease in corrosion appears when no road is salted. If the body

of the car is exposed to salt almost every day, there will be only a little decrease even if the

amount of salt is much less. If we just use salt in the beginning of the winter and then wash

the car, the decrease in corrosion will be considerable. If the body of the car is exposed to salt

the corrosion process will start earlier and the corrosion speed will be higher than without salt.

A moist steel area will rust as fastest at +12 *C at a relative humidity of 75 %. There will be

almost no corrosion when the temperature is below -2 *C (16,17). That is why a car that has

been driven on salted roads and is stored in a warm garage has a higher corrosion speed than if

the car was parked where it was cold (17).

Pollution and salt in the air (ocean climate) is also important. Corrosion will increase even

more when two or more agents are at work at the same time. The de-icing agent (NaC]) contri-

butes most to the corrosive damage. Second comes closeness to the ocean and third air pollu-

tion. This is valid for the cirecumstances in Norway (18).

Mechanical deicing

Sanding is an old ice control measure which has been used since the breakthrough of moto-

ring. The material normally used, is sand, 0-8 mm, mixed with between 2-5 % by weight of

salt. Salt is primarily added to facilitate the storage of sand in cold weather and partly to imp-

rove its adhesion and durability (4).

In a Swedish study (19) road sanding resulted in the following changes:

- The mean coefficient of friction increased on average by 0.1.

- The mean speed increased on average by 2.5 km/h.

- The calculated stopping distance was shortened by, 8 m on average.

- The friction increase diminished continuously and disappeared completely after

approximately 300 passages.

Crushed stone aggregates, usually of 2-5 mm fraction have been used for several years, mostly

in urban environments. The most common use is in central urban areas and on pedestrian and

bicycle paths. However, this material is used to an increasing extent on the entire road

network. The costs are roughly the same as for a sand/salt mixture and the results are gene-

rally good (4).

The advantages of crushed stone aggregate over sand can be summerized as follows:

- Better long-term effect, which reduces the frequency of spreading.

- Better skid resistance.

- Needs no addition of salt.

- Can be re-used.

- Good availability.



The drawbacks are chiefly as follows:

- Poor effect on hoar frost and black ice.

-- Difficult to combine with the use of snow blowers.

- Flying stones striking vehicles.

- Troublesome for cyclists.

- Blasting effect, loss of heavy metals from paint and car body.

Snow clearance

Studies have shown that the accident risk is the highest when there is loose snow or slush on

the road (7). It is therefore important that these conditions do not stay for long.

It is important to clear the roads from snow/slush before using any deicing method. To prevent

snow adhering to the road surface and becoming packed, salt can be used before or just in the

beginning of the snowfall, but then not until the snowfall is over (4). The friction level will

still be low if you use salt during the snowfall so that is why we have the rules above (20).

STUDDPED TYRES

Nordic studies show that studded tyres reduce the probability of being involved in a road acci-

dent in ice/snow conditions (21). Not only the studs are of significance, but also the tread

pattern/depth and rubber composition. However, in the "worst" road conditions, particularly

ice, only studs provide a significant improvement in road grip (22). Winter tyres without studs

have about half the effect of studded tyres on traffic accidents on ice/snow during the whole

winter.

Studded tyres influence road safety directly through better vehicle control (steering, braking,

accelerating) on ice and/or packed snow (accidents decrease by 8 % in the winter, ref 23).

They influence safety indirectly by roughening the ice and packed snow, thereby improving

the grip for vehicles both with and without studded tyres. Studded tyres also improve the wet

friction on a bare surface, since the studs roughen the surface and improve its texture and this

is durable for most of the year (24).

Another indirect effect consists of the ruts due to pavement wear, which may give rise to

aquaplaning and skidding during lateral movements in slippery conditions. A Nordic project

studied the effect of different degrees of pavement wear on road safety. The accident rate for

personal injury accidents was somewhat less on "poorer" pavements than on good pavements.

This difference is due to variations that occur in no or moderate precipitation volumes (less

than 10 mm/day). With larger precipitation volumes, the accident rate was higher on roads

with considerable wear, where it also increased faster with increased precipitation. In areas

with high levels of precipitation, it is therefore more important for pavements to be in a good

condition. However, the difference between good and "poorer" pavements seems to occur only

during the summer (25).

In the winter of 1989/90, on average about 65 % av the passenger cars in Sweden had studded

tires, about 95 % in the north and 30 % in the south (26).

The consequences of a prohibition of studded tyres can be seen in Appendix 2.



The result shows that costs should be higher with a prohibition of studded tyres and that is

mainly because of the traffic safety effect. The traffic safety effect is not only the effect on

ice/snow but also the effect caused by wear. The effect on ice/snow comes from a Swedish

study (23) but the other traffic safety results come from a Finnish study (24). In the figure for

less wear, effects of ruts at dry, wet and slippery conditions are included and also the higher

accident risk at new pavements which we have more often because of the wear. The cost for

environmental impact can be from 200 up to 1 000 million swedish crowns before we reach

the break/even point.

The wear of pavement, road markings and so on will be less after some years because we are

now changing to light-weight studs with only halfthe wear of the old ones. The new pave-

ments stand the wear from the studs much better, about 50 % less wear (27) and that means

that wear is not a problem any longer. Today, the price for an accident is almost 50 % higher

than in 1989 and that means that the environmental impact can be much higher than the figure

mentioned, before we reach the break/even point (20). If the environmental problems caused

by studded tyres are insignificant, the use of studded tyres and winter tyres can be recommen-

ded because of the traffic safety benefit.

CONCLUSION

Usually a socio-economic calculation takes into account all aspects which means that many

effects and values are unknown. I have just calculated the effects of changing from salted to

unsalted winter maintenance and from changing from studded tyres to unstudded tyres. Ap-

pendix 1 and 2 show the socio-economic effects from these separate calculations. If, for a

moment, we forget that we do not know all effects and therefore the results are unsure (the

trafficability and "just-in-time" effects may be great and also the environmental impact), we

can say: Don't use salt, use studded tyres.

But in Sweden we also have other goals for the traffic, not only the "lowest possible socio-

economic costs", but also a certain traffic safety level. The goal is that "the number of killed

persons in traffic accidents shall be less than 400 before year 2000" (28). That means that we

consider the traffic safety effect of using salt on different roads resulting in the fact that from

traffic safety point of view it is better to use salt on "major" roads (AADT>2000). To reach a

good result, we also have to handle salt with care, using the right quality and not more than

necessary.

Many persons are injured because of slippery pedestrian paths, consequently the standard will

be improved.
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Appendix 1

Changes in costs each year (million Swedish crowns) on national roads in Sweden when

changing from salted to unsalted winter maintenance. Calculations from 1991 showing

average value or an interval (95 % confidence interval or min-max).

 

 

 

 

User Costs

Traffic Safety - 170 + 790

Travel Time + 30 + 110

Stop + 5

Inhibited Travel 2

"Safe Travelling" 7

"Just-in-Time" 2

- 135 + 905

- 2 + ?

Vehicle Costs

Corrosion - 1000

Fuel - 50 - 20

Cleaning - 110

Tyre + 60

- 1100 -1070

Environmental Costs -? +?

Road Authority Costs

Winter Maintenance 0 + 340

Bridge Repair - 100

Cleaning Road Signs, Del Posts - 5

Pavement Wear - 18 - 8

Road Marking Wear - 3 - 1

Ditching + 4

Street-sweeping 7

Cleaning Sewers etc

Corrosion Lighting Posts

- 122 + 230

- 1357 +65

+/-? +/-?





Appendix 2

Changes in costs each year (million Swedish crowns) on all roads and streets in Sweden

after a prohibition of studded tyres. Calculations from 1989 showing average value or an

interval (95 % confidence interval or min-max).

 

 

 

 

 

 

Road User Costs

Traffic Safety Slippery Conditions +740 +1340

Traffic Safety Less Wear - 80 -140

Traffic Safety Less Dirt +10 +20

Traffic Safety Rough Surface +220 +400

Travel Time - 0

+ 890 + 1620

Vehicle Costs

Tyre - 100

Fuel + 3

Cleaning - 300

- 397

Road Authority Costs

Pavement Wear - 200 - 150

Road Markings/Road Signs - 70 - 35

- 270 - 185

Environmental impact ?

+ 223 + 1038





Appendix 3

PROPOSAL FOR NEW WINTER ROAD MAINTENANCE STRATEGY

The MINSALT project has resulted in a proposal for a new winter road

maintenance strategy which, in the light of the results of research

and the experience gained from the MINSALT project, shows how winter

road maintenance can be organized so that its objectives can be

attained. By adopting the proposed strategy, we believe it is possible

to reduce salt consumption by about 20-40 % compared with what it was

before the MINSALT project.

The overall objective of road maintenance is to help maintain the

country's total resources at a high level of efficiency. This

objective can be broken down into the following road maintenance aims:

- A high standard of traffic safety

- Good trafficability and a high degree of availability

- Low vehicle costs

- A good environment

Rural areas 

In rural areas these aims can be achieved by meeting the following

standard requirements (described in functional terms) of roads in the

winter:

National Regional Local

Functional goals roads roads roads

Uniform standard of

trafficability X X X

Dry road, free from

snow and ice X X

Even surface, free

from loose snow X

Good road user information

and information on weather

and road conditions * X X X

The standard requirements below apply to pedestrian pavements and

bicycle paths and these should be:

- free from loose snow

- non slippery

-- even

These standard requirements mean:



that road users must be informed about the winter road maintenance

objectives of the National Road Administration.

that road users must be informed about current road maintenance

measures and the latest situation as regards weather, road

conditions and traffic conditions.

that the standard of winter road maintenance should be so uniform

that road users do not notice the difference between road

maintenance areas, districts and counties.

the standard of maintaining pedestrian and bicycle paths should be

such that pedestrians and cyclists do not prefer to walk or cycle

on the road.

We are aware that the standard requirements cannot always be met on

account of prevailing traffic and weather conditions.

As far as is practicable, the following requirements apply to national

and regional roads:

if there is a danger of slippery road conditions, anti-skid

measures should be taken to prevent the occurrence of such

conditions.

de-icing and anti-skid measures should be carried out before peak

traffic periods, and the time for these measures on national and

regional roads respectively should be 1 and 2 hours.

snow deeper than 3 cm should not be allowed to remain on the road.

the road should be free from snow not more than 2-3 hours after the

snow has stopped falling. Strings of slush should not be left on

the road.

snow should be cleared away from the verges when the roadway is

free from snow.

As far as is practicable, the following requirements apply to local

roads :

in the event of extreme slipperiness caused by precipitation, the

roadway should be non slippery not more than 4 hours after the

precipitation has stopped.

snow deeper than 8 cm should not be allowed to remain on the road.

the roadway should be cleared of snow not more than 8 hours after

the snow has stopped falling.

The following procedure can be adopted to meet the functional

requirements, but local conditions may call for other solutions:

Neighbouring road maintenance area should always be contacted each

time snow-clearing or de-icing measures are undertaken.

If possible, winter road maintenance boundaries between neigh-

bouring road maintenance areas should be located where traffic

speeds are lower, such as at intersections, interchanges, in

population centres or where a safe turning space can be arranged.



When planning de-icing routes the time difference between units

meeting at the boundary should not exceed 30 minutes for the salted

road network. Coordination between different units should take

place. Practical considerations rather than administrative

boundaries should be the determining factor, so that "invisible"

boundaries are reached. If conditions are favourable for

"overlapping", such a measure should be considered.

Adoption of the following measures, methods and resources is proposed.

It is important to use the right method at the right time.

Where chemical de-icing is concerned, the method used should be the

one with the lowest salt consumption.

In the case of preventive salting, the salt should always be

prewetted with 80-100 litres of water per tonne of salt if

equipment for spreading a saline solution or prewetting salt with a

saline solution is not available.

Prewetted salt should not be spread wider than 4 m, regardless of

the road width. The application rate compensates for the actual

width to be de-iced.

Salting in conjunction with snow ploughing should only be carried

out when there is a danger of compaction or freezing.

In the case of combined salting and snowploughing the salt should

be spread only on the width of road that has been cleared of snow.

Chemical de-icing should normally not be done on local roads. If

possible, salt free abrasives like crushed stone aggregate should

be used.

The lowest temperature for chemical de-icing should be

-12*C on national roads

-8*C on regional roads

-3*C on local roads

At lower temperatures than the above, the material with the best

adhesion, having regard to durability and availability, should be

chosen.

Sand mixed with salt should not be used when it is possible to use

crushed limestone, natural sand or crushed stone aggregate.

If sand mixed with salt is to be used, this material should not be

mixed (about 20-50 kg of salt per m? of sand) later than in July.

Snow-clearing equipment should be adapted to the prevailing snow

and temperature conditions.

Snow should be cleared from the roads as quickly as possible. If

possible, salting should be delayed until the snow has stopped

falling.

Municipalities 

Road safety should be of a high standard for all road user categories.



To reduce the number of casualties and minimize the cost of accidents

to the community, de-icing for pedestrians must be given priority. The

goal of good traffic system availability also calls for a high

standard of pedestrian path de-icing. Otherwise it will not be

possible to satisfy the transportation needs of the elderly and the

handicapped. Highly-frequented pedestrian routes to bus and tram

stops, civic centres, central city areas, etc. should be made

skidproof, even and free from loose snow.

The business sector in particular demands good trafficability on main

roads and important streets. In principle, these roads and streets

should be de-iced by the time the morning rush-hour starts and to the

same standard as the National Road Administration maintains on

adjoining roads. Cooperation with the National Road Administration

should therefore be developed, especially in regard to information on

weather and road conditions, de-icing vehicle turn-outs and other

measures.

Anti-skid treatment is highly dependent on good forward planning and

good weather information. On important through roads and main streets,

anti-skid measures is an important means of achieving high standards

of road safety and trafficability.

A suitable way of carrying out preventive salting is with prewetted

salt or a saline solution. This will produce better results with a

smaller quantity of salt.

The use of a saline solution should be avoided on icy roads, extremely

wet roads and during a snowfall.

It is important to limit the use of salt wherever possible so that

de-icing can be carried out in a manner which is least harmful to the

environment. Salting should therefore be used primarily as a

preventive measure.

Salting should not be used to melt snow. Salting in connection with

snow clearance should only be resorted to when there is a danger of

snow compaction.

Salt should be used restrictively on main roads and major streets

lined with trees. Care should also be taken when salting in the

vicinity of concrete structures.

If dry salt is spread on the roads, salt spreaders on which acceptable

application rate settings are possible should be used. Sand spreaders

are not as a rule suitable for salting.

Salt should not normally be spread on less important main streets and

local streets. If possible, these streets should be treated with

crushed stone aggregate or the like without the admixture of salt.

Removing the salt from the sand used for gritting greatly reduces the

amount of salt spread on municipal street networks.

Pedestrian and bicycle paths should normally be treated with salt-free

materials. Materials which ensure good skid resistance should be

chosen for bicycle paths as long as they are not so flaky as to damage

bicycle tyres. Heated sand might be a good alternative to chrused

stone on pedestrian paths.



Appendix 4

ADVANTAGES AND DISADVANTAGES OF THE MINSALT STRATEGY AS COMPARED WITH

THE EARLIER SALTING STRATEGY:

Advantages 

- More bare roads (wet/moist) because slippery conditions are

prevented from occurring to a greater extent than earlier and

because spreading takes less time.

- Shorter journey times because of less ice and snow.

- Reduced salt consumption on each spreading.

- Less salt used in population centres. Total salt consumption

reduced on national roads unless the number of spreadings increases

excessively.

- Natural environment affected to a lesser degree if smaller amounts

of salt are spread on the roads.

- Improved working environment because spreading can be better

planned and be carried out more often during off-peak periods.

- Traffic is less disturbed by spreading vehicles.

- Cleaner street environment owing to the use of less salt.

Unchanged

- Fuel consumption.

Disadvantages 

- Corrosion may increase if salting is carried out on more occasions.

The smaller amount of salt used on each occasion will probably

result in no change.

- More crushed stone aggregate are spread in population centres,

resulting in higher costs for cleaning sewers etc.

Unknown

- Effect on traffic accidents.

- Effect on concrete constructions.

- Use of studded tyres.

- Dirt spray.

- Effect on the road administrativ's total costs.





Appendix 5

ADVANTAGES AND DISADVANTAGES OF AN UNSALTED SWEDEN AS COMPARED WITH

THE EARLIER SALTING STRATEGY

Advantages 

Corrosion greatly reduced on vehicles and metal structures.

Concrete constructions require much less maintenance as a result of

fewer freeze-thaw cycles and less aggressive chemical action.

A cleaner road environment means that vehicles, road signs, etc.

need cleaning less frequently.

A cleaner urban environment, especially in central areas, means

that less money has to be spent on cleaning premises, shoes,

clothes, etc.

As a rule, road users and the general public prefer a "wintry

environment" rather than slushy conditions.

Easier to see road conditions (slipperiness) .

Lower accident rate on minor roads.

Vegetation and ground water in the area nearest the road unaffected

by salt, which reduces damage to the vegetation, mostly in urban

environments .

Less wear on pavements and road markings because vehicles drive for

a longer period on ice and snow, provided that studded tyres are

not used more extensively.

Lower total road maintenance costs, mostly as a result of reduced

bridge repairs.

If limestone is used as a means of increasing skid resistance,

acidification closest to the road will be reduced.

Unchanged

The proportion of ice and snow on minor roads.

Fuel consumption.

Disadvantages 

Higher accident rate on major roads.

Snow and ice on major roads more common.

Longer journey times because of more ice and snow.

Possible disturbances in business sector transportation if the

major highways are unsalted.



Higher winter road maintenance costs.

Ice control measures of short duration.

Extensive consumption of different types of abrasives, which means

larger encroachment in nature and more frequent transportation of

materials.

The spreading of large quantities of sand leads to more sand

sweeping, ditching, and the cleaning of sewers and sinks.

More difficult and time-consuming to clean bridges, etc.

Stones flung up by vehicles, sand-blasting of vehicles.

More cars with studded tyres, which results in higher costs to

motorists for two sets of wheels.






