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FOREWORD

Experimental work on unsalted roads has long been a

subject of debate. Discussions began with the extensive

difficulties of quantifying the influence of salt on

road accidents. It appears virtually impossible to draw

any firm conclusions about the results of decreasing

or increasing the extent of the network of salted roads

from this type of study.

The only existing alternative to salting is sanding and

in certain conditions, snow and ice grading, which means

a lower standard from the friction aspect.

In 1979, the Swedish National Road Administration (INRA)

requested the Swedish Road and Traffic Research Institute

(VTI) to work jointly with the National Testing Institute

of Sweden (SP) in studying the effects of

"EXPERIMENTS ON SALTED ROADS WITH ALTERNATIVE STANDARDS

FOR PREVENTION OF SLIPPERINESS"

The working name of the project was "Experiments with

unsalted roads in winter-time".

The project leader was Gunnar Carlsson, VTI. The project

was planned and executed jointly with BOorje Andersson,

the Regional Road Administration of the Ostergotland

County and Per-Gunnar Land of the Planning Division of

the SNRA .

The results from each winter have earlier been docu-

mented in a number of VTI Meddelanden. This report con-

stitutes a summary of these.

The following list shows the responsible author for

the various sections of the report.
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Peter W Arnberg:

Gunnar Carlsson:

Gabriel Helmers:

Kurt Jutengren:

Per-Gunnar Land:

Gudrun Oberg:

The attitudes of car and truck

drivers

Discussion and conclusions

Dirt spray

Corrosion

Background, Objectives, Design and

execution of the experiments, Road

experiences and

costs, Reactions of the mass media

Winter weather conditions during

the experiments, Accidents, Road

conditions, Friction, Variation in

traffic flow, Speed, Road wear,

Discussion and conclusions, Further

research and development

The authors' appreciation is expressed to all those who

participated in the project.
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Experiments with unsalted roads

Final report

by Gudrun Oberg, Peter W Arnberg, Gunnar Carlsson,

Gabriel Helmers, Kurt Jutengren and Per-Gunnar Land

Swedish Road and Traffic Research Institute (VTI)

S$-581 01 Linkoping Sweden

ABSTRACT

In order to obtain a more complete picture of the ad-

vantages and disadvantages of salting, the Swedish

National Road Administration started a project in winter

1979/80 which sought to determine the consequences of

discontinuing chemical deicing (salting). The Swedish

Road and Traffic Research Institute, together with the

Swedish National Road Administration and the National

Testing Institute of Sweden, have made extensive studies

of road conditions and friction, drivers' speed adapta-,

tion, accessibility of heavy vehicles, corrosion, dirt

spray and drivers' attitudes to road maintenance and

deicing. To obtain reference material, the studies were

started in Winter 1979/80 when all roads were still

salted. The experiments were organized in three stages.

Stage 1 was carried out in winter 1980/81. Two roads,

which had earlier been salted, were then left unsalted.

One of these had wide hard shoulders and was straight

and level. The other lacked hard shoulders and was

sinuous and level.

Stage 2 was carried out in Winter 1981/82 and was aimed

at surveying the problems of heavy vehicles on hilly

roads. The experiments were therefore extended with

two hilly roads.

Stage 3 was carried out in winter 1982/83 to the same

extent as Stage 2. However, improved winter road main-

tenance was to be applied in order to reduce the prob-
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lems occurring on the hilly roads in winter 1981/82.

During winter 1983/84, all the roads were salted again

and a follow-up study was made of drivers' attitudes.

For each unsalted road, a similar control road was se-

lected which continued to be salted. Similar investiga-,

tions were made on these roads.
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Experiments with unsalted roads

Final report

by Gudrun Oberg, Peter W Arnberg, Gunnar Carlsson,

Gabriel Helmers, Kurt Jutengren and Per-Gunnar Land

Swedish Road and Traffic Research Institute (VTI)

S-581 01 LinkOping Sweden

SUMMARY

Ice and snow cause problems for road traffic. To alle-

viate these, various methods for snowclearing and de-

icing have been developed. Salting has been found to

be an effective method. However, there are views that

the disadvantages of salting are greater than its

advantages. The Swedish National Road Administration (VV)

has therefore conducted a series of experiments to de-

termine the consequences of winter road maintenance

without salt. The experiments were started on a small

scale to be successively extended if the results were

positive. The Swedish Road and Traffic Research Institute

(VTI), together with the National Testing Institute of

Sweden and the Swedish National Road Administration's

Office for Work Techniques (DDa2) have followed up the

results of the experiments.

The first stage was conducted in the county of Ostergot- 

land during winter 1980/81. Two roads, earlier salted,

were then left unsalted (road 796, which is the old E4

east of Linkoping, and road 32 between Skanninge and

Motala). The test stretch on road 796 was 17 km long,

with an average annual daily traffic (AADT) of 2800-5300

vehicles, wide hard shoulders and straight and level

alignment. The test stretch on road 32 was 16 km long,

with an AADT of 2700-3400 vehicles, but lacks hard

shoulders and is sinuous and level. Traffic is mainly

local commuter traffic. Road users were informed of the

experiments through the local mass media and by signs

along the test roads.

VTI RAPPORT 282A



IV

The second stage (winter 1981/82) was aimed at surveying 

the problems of heavy traffic on hilly roadsections. The

experiments were therefore extended with two hilly roads

in Ostergotland (road 34 south of LinkOping and road 55

north of Norrkoping). The test stretch on road 34 was

56 km long and that on road 55 was 25 km long. The

average annual daily traffic varies between 1900 and

11000 vehicles. Also during this stage, road users were

informed of the experiments through the local mass media

and by signs along the test roads.

According to the plans, the third stage (winter 1982/83) 

was to include all salted roads in a larger region, such

as the whole county of Ostergotland. Owing to a tendency

to an increased number of accidents on the hilly test

roads and complaints from a number of drivers of heavy

goods vehicles, VV decided to continue the experiments

to the same extent as in stage 2. However, improved

winter road maintenance was planned to solve the problems

which had sometimes occurred on the hilly test stretches

in winter 1981/82.

During the third stage, the regional road administration

offices became doubtful as to whether the experiments

should continue. The increase in accidents continued

on the hilly test roads. Further complaints were re-

ceived from drivers of heavy vehicles. After appointing

a reference group which discussed the problems with

representatives from the transport trade, drivers and

various government agencies, the Road Administration

decided to stop the experiments.

The most important results from the experiments with

unsalted roads in Ostergotland are as follows:

-_ Statistics for the straight and level stretches of
road show a 27 % increase in accidents notified by
the police. On the hilly roads, the increase is 53%.
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On the level stretches, the increase in accidents

has not been statistically significant (5% risk

level), although it has been significant for the

hilly roads.

Road condition studies show that the proportion of

icy/snowy conditions is about 10 per cent units

greater on the unsalted roads. There is also a

redistribution of the icy/snowy road conditions, so

that the unsalted roads receive more packed snow,

glaze and thick ice while the salted roads generally

have more slush. The proportion of wet and moist road

surface is greater on salted roads but the proportion

of dry ground is almost the same on salted and un-

salted roads.

 

Friction measurements show that friction levels

between 0.15 and 0.40 are 40-50 % more frequent than

on the salted roads measured in the tracks and 10-15 %

more frequent between the tracks. Transitional stretches

between salted and unsalted stretches may occasionally

be relatively long because salt is drawn onto the un-

salted roads. However, the measurements showed no

tendency to refreezing situations or other surprising

road conditions. In slippery conditions, friction

varies more across the road (through track formation)

on the salted as compared to the unsalted roads.

Poorer road conditions in the form of ice/snow on

the road reduce the traffic flow by up to 5 %. This

difference may, however, be a result of inaccurate

operation of the measuring equipment in icy/snowy

conditions.

Speed studies show that speeds were about the same

on unsalted roads as on salted roads under similar

conditions. Drivers of light vehicles reduced speed

in icy/snowy conditions to about 70-90 % of their

speed on a dry surface. Drivers of heavy vehicles

reduced their speed to at most 75-80 % and in some

cases no reduction at all was made. In loose snow/

slush, the mean speed of heavy vehicles may be higher

than that of light vehicles.

Studies of corrosion show that rust corrosion on

test specimens of car body steel (both treated and

untreated) were less than half as extensive on the

unsalted roads as compared to the salted roads.

 

Studies of dirt spray in relation to winter road

maintenance method show that there was significantly

more dirt spray on the salted roads. The mean diffe-

rence over all measurement occasions was small but

the number of days with severe dirt spray was only

about half as many on the unsalted roads as on the

salted ones.
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The method of studying stops on hills involves

several points of uncertainty. However, the calcu-,

lated stop time is so short that the economic con-

sequences are relatively slight, even for a high

count. On the other hand, waiting time in conjunc-

tion with a stop is regarded as very irritating.

 

Road wear in winter was 10-20 % greater on salted

roads than on unsalted roads.
 

The survey of drivers' attitudes shows that views

on salting are very divergent. Many seemed to want

salting abandoned completely, while others considered

it essential. The majority were cautious in their

attitude. They considered salting to have a negative

influence on the environment and also that it leads

to more rust corrosion and dirt spray on cars. They

also thought that it was more difficult to judge

slipperiness on a salted road. However, half of them

thought that salting has a favourable effect on

traffic safety and accessibility.

 

Almost half of those questioned wanted some form of

partial salting, i.e. on risky sections such as hills,

junctions etc.

70-80 % were positive to further experiments with

unsalted roads.

The survey of truck drivers' attitudes shows that

they are more positive to salting than car drivers.

Their greatest problem is braking and steering on

downward gradients, in addition to standstills on

hills in slippery conditions and the costs these

incur.

 

About 30 % said that they had taken a detour some

time during the winter to avoid the unsalted roads

(about 10% had taken a longer detour). About 10 %

had at some time during the winter waited for the

stretch to be trafficable or had avoided it at

certain times.

Of the truck drivers, 50 % were positive to continued

experiments with unsalted roads if other winter road

maintenance was intensified. About 20 % were doubt,

ful and about 30 % were negative.

In addition, truck drivers added their own comments

regarding salting and road maintenance. From these,

it can be seen that there are two camps. One is

negative to salting and of the opinion that unsalted

roads create greater awareness of slipperiness, that

slush (from salting) leads to a risk of "aquaplaning"

even with a truck and so on. Others are positive to
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salting and say that road taxes are so high that

they have a right to demand normal winter road main-

tenance, that truck drivers must have the same pro-

tection in their jobs as at other workplaces, that

they feel safer when driving on a salted road etc.

- The principal finding made by the road administra-

tion is that with the techniques so far developed

it is not possible to achieve an acceptable road

surface without using salt. Even when greatly in-

creased resources were set in, it was not possible

on some occasions to fulfil the directives for a

smooth ice or snow road surface as the lowest accept-

able standard. The most troublesome weather situa-

tion was wet, new snow on a cold (previously frozen)

road surface. In these cases snow adhered to the

road surface so that it was rapidly packed by the

traffic and if the temperature fell, became very

difficult to remove. Another situation which was

very troublesome to tackle without salt was sub-

cooled rain.

 

- The road administration's costs were approximately

the same on the straight and level unsalted roads

and on one of the hilly roads as on corresponding

salted roads. The money saved by not using salt

went instead to increased grading and sanding. On

the other hilly unsalted road, cost increased. But

despite higher costs, it was difficult to maintain

a desirable standard.

- The mass media showed considerable interest in the

experiments. The local press showed the greatest

interest, but TV and radio also provided reports.

Most were of an informative nature, objective and

neutral.

 

The experience and results of the experiments recorded

above show that salting is a very complex problem. Many

different impacts are involved some of which are very

great. The largest relative effect is on corrosion,

dirt spray and the number of accidents. There are also

effects which are very difficult to measure, but which

nevertheless are highly significant. Examples include

professional drivers' demands for a safe working environ-

ment and the doubts of road maintenance personnel re-

garding a different approach which, in fact, means lower

friction and more uneven road surfaces. The complexity
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of the problem increases the need to summarize the re-

sults in an easily evaluated form. One possibility is

to make a monetary evaluation of the effects which have

been measured where this is feasible. An attempt has

been made in the form of a calculated example, which

compares the alternatives of salt and no salt. Since

the primary aim of the example is to shed light upon

the relative magnitude of the various effects, the cal-

culation has for practical reasons been based on the

110 km of roads included in the experiments, instead

of all salted roads in the country. A cost calculation

has been made of the effects of the alternatives of

salt/no salt on accidents, corrosion, journey time,

stop time, fuel consumption, winter road maintenance,

bridge repairs and other indirect costs for the road.

The results of the calculation show that the two large

factors in this context are the increased number of

accidents and the reduced corrosion, and that these

two aspects are of the same magnitude. Other effects

are over 50 times smaller. Because of the small number

of accidents, the estimated increase in accident cost

is very uncertain.

It should be pointed out that the limited extent of

the experiments in time and space has probably influenced

the results. Since there were alternative roads, accessi-

bility may have been underestimated. Furthermore, it is

probable that road users after a time become used to

poorer road conditions and adaptas far as possible by

obtaining better winter equipment and changing their

driving technique. This may affect traffic safety and

also accessibility in a positive way on the unsalted

road.
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Due to the large effects on especially the number of

accidents and corrosion further research in this

subject is important. The Ministry of Transport and

Communications has initiated a project in which the

goal is to reduce the use of salt or the damage caused

by using salt without affecting traffic safety and

accessibility. Consequently, VV, VTI and the Swedish

Association of Local Authorities have worked out a

research programme on a broad scale. Owing to the po-

tential cost-savings from adopting the "right" winter

road maintenance strategy it is important that this

research is sponsored soon.
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1 BACKGROUND

Ever since chemical deicing methods entered use in

Sweden in the mid-sixties there has been a lively

debate over the advantages and disadvantages of using

salt. Critics of salt usually point to the increased

dirt spray caused by salting. Another frequent criti-

cism is increased corrosion. The road administrations

have maintained that salting on roads with high

traffic flows is the only method of achieving road

conditions which are acceptable from both the safety

and trafficability aspects.

Research in recent years into the effects of chemical

deicing methods has led to some doubt over the effect

of salt on traffic accidents. For example, comparative

studies of accidents on salted and unsalted roads in

Sweden have not proved any effect of salting.

An American evaluation of various investigations has

shown very high indirect costs as a consequence of

salting. The greatest cost was due to corrosion, while

the negative effect considered most serious in the

long term is an increased salt content in local

sources of drinking water, which can lead to a

deterioration in the condition of people suffering

from heart and circulatory diseases.

A survey of present knowledge of the advantages and

disadvantages of salting shows that the results of

various studies vary greatly. A contributory reason

for this is shortcomings in the method of invest-

igation. Most results are based on comparative studies

of roads which are salted or not salted. Since salting

is applied selectively, partly because of the traffic

flow on the road and the prevailing climate, the

differences found need not be due to salting alone,

but may also be explained by other differences between

the roads compared.
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To obtain a more complete picture of the advantages

and disadvantages of salting, the Swedish National

Road Administration started a series of experiments in

winter 1980/81 to determine the consequences of dis-

continuing chemical deicing treatment.

The studies carried out in the project have earlier

been described individually. This report constitutes a

summary of these.
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2 OBJECTIVES

The objective of this work is to apply the results in

clarifying

a) the consequences of winter road maintenance

without salt, and

b) whether there are any roads now being salted

where winter road maintenance without salt is

possible
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3 DESIGN AND EXECUTION OF THE EXPERIMENTS

The following basic requirements were set on the pro-

ject with unsalted roads:

@ The project was to be executed without

increased risk to the road user.

@ The project was to be rapidly terminated

if serious inconvenience occurred.

@ The road user was to be informed that

experiments were in progress.

The project started in 1979 by obtaining earlier

experiences from Finland and Norway. During winter

1977/78, a similar experiment was conducted on some of

the principal roads in Finland. The experiments were

relatively extensive (about 500 km of the national

road network) but had to be terminated. The primary

reason was that:

@ The project was too large, so that too many

area supervisors of the road administration

were involved for a consistently positive

attitude to the project to be achieved.

@ The roads had a high proportion of through

traffic and truck traffic. The truck drivers

considered that trafficability was too poor on

the unsalted roads, especially on hilly

sections .

In Norway, pure salting is used only on the main roads

in the area of Oslo Fjord. In general, Norway has been

more restrictive with salting than Sweden. One county

left the El8 European highway unsalted as late as 1978,

while neighbouring counties salted their sections.
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On the basis of the above, it was decided that this

project should start on a limited scale and later be

extended when positive results were obtained.

In line with the original plans, the project was

divided up into three stages: The first stage com-

prised two level test roads with a high proportion of

local traffic. In the second stage, two hilly roads

were added, both with a high proportion of heavy

vehicles. In the third stage, the plan was to include

all salted roads in a larger region, such as a county.

The experimental design was based on pairs of roads.

In each pair, one road was to be left unsalted (the

test road) while the other was to be salted as usual

(the control road). The pair of roads was to have

approximately the same standard of alignment and

approximately the same traffic flow.

The first stage was carried out in winter 1980/81. Two 

roads, previously salted, were left unsalted (road

796, i.e. the old E4east of Linkoping and road 32

between Skinninge and Motala). The first road has wide

hard shoulders and is straight and level. The second

has no hard shoulders and is sinuous but level.

Traffic is principally local commuter traffic. The

total length of the test roads was about 30 km. During

the previous winter (1979/80), reference measurements

were made on these roads in order to determine the

similarity of the selected test and control roads and

conditions on the test roads when these were salted.

The second stage was aimed at surveying the problems 

of heavy vehicles on hilly roads. Therefore, two hilly

roads in Ostergotland were added (road 34 south of

Linkoping and road 55 north of Norrkoping). The total

length of the test roads was then about 110 km (see

Fig. 1). Further information on the roads is given in

Table 1 and Figs. 2 and 3. The instructions for winter
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road maintenance during the first two stages are given

in Appendix 1.

The third stage was carried out during winter 1982/83. 

As mentioned above, this stage was intended to cover

all salted roads in a larger region. The results from

Stage 2 were, however, disconcerting in some aspects.

There was a tendency to an increased number of acci-

dents on the hilly test roads, although the increase

was not statistically significant. Complaints had also

been received by the regional road administration from

a number of truck drivers. These concerned primarily

trafficability on upward gradients and safety on down-

ward gradients. A decision was therefore made that

Stage 3 would have the same extent as Stage 2. How-

ever, winter road maintenance would be improved (see

instructions in Appendix 2) to reduce the problems

that had sometimes occurred on the hilly roads during

winter 1981/2. In extreme winter conditions salting

could also be applied.

During Stage 3, the road administration became doubt-

ful as to whether the experiments should continue. One

of the reasons for this was a continued increase in

the number of accidents on the hilly test roads. Com-

plaints from truck drivers had also continued. In

order to achieve as wide an assessment as possible of

the findings from the experiment, the regional road

administration assigned a reference group with rep-

resentatives from the haulage industry, the Transport

Workers' Union, the Swedish Road Safety Office, the

Swedish Road and Traffic Research Institute, the

Nature Conservancy Board, the National Police Board

and the National Testing Institute of Sweden.

The road administration proposed that the project be

terminated since it had not been possible to maintain

satisfactory safety and trafficability without using
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salt. The reference group supported the proposal and

the Swedish National Road Administration terminated

the project after the winter of 1982/83. The reference

group's views are reported in Appendix 4.

In the experiments with unsalted roads the following

effects were studied:

- Accidents

- Road conditions

- Friction

- Variation in traffic flow

=- Speeds

- Corrosion

= Dirt spray

=- Number of standstills

- Road wear

- Attitudes of car drivers

> Attitudes of truck drivers

= Road administratives' experiences and costs

Throughout the whole period of the experiments, road

users were given information on the project via the

local mass media and by signs along the test roads. In

addition, information meetings were held for the truck

drivers affected.
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Figure 1. Map of Ostergotland showing the test and

control roads. Road 796 has road 636 as

control road and road 32 has road 206 as

control road. Roads 34 and 55 have their

control roads on the same roads, but out-

side the county of Ostergotland.

VTI RAPPORT 282A



 

 

       
 

Table 1 Data for the various roads

Road Test (T) Test road Road Traffic Pavement

No. Control (C) length (km) width flow (axle (date laid)

pr/annual

daily mean)

796 17 13.5 2,800-5,300 60 MAB (71)

636 C "13.0 5,800 80 HAB (77)

32 T 16 3 2,700-3,400 Y1 (75)

206 C 7.0 2,400 YI (77)

34 Tl 39 s.0-9.0| 3,000-3,600 Y1 (78, 79)

34 T2 17 8.0-9.0| 1,900 Reshaping (81)

34 Cl 6.5-9.0| 4,800 Yl (78)

34 C2 9.0 1, 900 40 MAB (79)

55 T 25 13. 0 4,400-11,000| 80 HAB (75),

v2 (82)

55 '% 9.0 4,500 80 HAB (74),

YI (82)

Y 1 Surface dressing

Y2 = Double surface dressing

MAB, HAB = Asphalt concrete
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4 WINTER WEATHER CONDITIONS DURING THE EXPERIMENTS

Table 2 shows the mean temperature and precipitation

for each winter month of the experiments and for a

"normal winter" (mean for the years 1931-60) .

Table 2 Mean temperature and precipitation for the

winters during the experiments and for a

"normal winter" (1931-60) at

 

 

 

 

 

1931-60 1980-81 1981-82 1982-83

Mean Precip- Mean Precip, Mean Precip- Mean Precip-

temp .| itation temp .| itation temp.} itation temp.] itation

oC mm 0C ram 0 C mm oC mm

Nov. |+2.5 46 -0.5 50 +l .l 99 +4 .4 45

Dec. |-0.2 41 -O 67 -6.5 43 +0 .6 33

Jan. |-3 .5 36 -3 . 3 12 -8.0 34 +2 .l 54

Feb. |-3.7 28 -2.1l1 32 -4.4 14 - 3.9 9

Mar. |-1.0 23 -O0.8 45 +1l1.9 34 +1. 2 48

Mean |-1 . 2 -1 . 4 -3 . 2 +0 . 9

Tota l 1 74 215 224 189
          

Generally, winter 1980/81 was normal, winter 1981/82

colder and winter 1982/83 warmer than normal. Precip,

itation during the test winters was between 10 and 30%

greater than normal.
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5 RESULTS OF THE FOLLOW-UP

The measurements on the test and control roads were

made on different sections. In the accident study, all

accidents reported by the police were included in the

analysis if they occurred between the outermost signs

indicating that the road was a test road.

5 . 1 Accidents 

The number of accidents reported by the police was

monitored throughout the project. Calculations had

already been made of the probability of different

accident rates during the experiments in order to

terminate the project if "too many" accidents occur-

red. In this limited road network there are few

accidents, which means that each accident stands for a

large proportion of the total during a winter.

Consequently, there may be relatively large variations

between the years without it being possible to

establish the difference statistically.

Apart from the four test roads, the accident rate on

nine major roads in Ostergotland and parts of roads 34

and 55 outside the county was studied. The accident

trend on these other roads thus comprises reference

material against which the accident trend on the test

roads can be compared. The period from winter 1975/76

onwards until the experiments started is regarded as

the "before" period. A winter is defined as the time

from November to March, both inclusive. If a com-

parison is made between the accident rate on the test

and control roads for the before and after periods, it

can be seen that the accidents on the level test roads

increased by 27% and the probability of this or a

greater increase is 0.15 (Table 3). Corresponding

figures for the hilly roads are 49% with a probability

of 0.008 (Table 4). Personal injury accidents (Table 5)
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on the level roads increased by 46% and the probability

of this or a greater increase is 0.19. On the hilly

(Table 6) ,

by 70% and the probability of this or a greater

that the accident

roads personal injury accidents increased

increase is 0.08. The hypothesis

roads as on the

5% level if all

taken into account.

trend is the same on the on test

control roads is rejected at the

accidents on the hilly roads are

In a corresponding study of summer accidents, it has

been found that all accidents increased by 18% on the

level roads and fell by 3% on the hilly roads. Personal

injury accidents fell by 128% on the level roads and

rose 26% on the hilly roads. None of these changes is

statistically significant at the 5% level.

Table 3 Accidents on the level test roads and on

the control roads. When calculating the

accident increase on the test roads,

attention has been paid to the accident

trend on the control roads in winter.

 

 

 

      

Before period Period of experiment

75/76-79/80 8o/81-82/83 t

Total no. Accidents Total no. of Accidents Increase p £7

of accidents per winter accidents per winter in %

Level

test

roads

(796, 32)| 52 1 0 . 4 4 2 14.0

Control 27 . 4 0 . 15

roads 91 0 182 . 0 5 77 192 . 3
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Accidents on the hilly test roads and on the

control roads. When calculating the accident

increase on the test roads, attention has

been paid to the accident trend on the

control roads in winter.

 

 

 

       

Before period Period of experiment

75/76-79/80 so /s8s1-82/83

Total no. Accidents Total no. of Accidents Increase p f)

of accidents per winter accidents per winter in %

Hilly

test

roads

(34, 55) 142 23.7 72 36. 0

Control 48 . 8 0 . 008

roads 1 , 109 184 . 8 3 78 189.0

Table 5 Personal injury accidents on the level test

roads and on the control roads. When calcu-,

lating the accident increase on the test roads

attention has been paid to the accident trend

on the control roads in winter.

 

 

 

       

Before period Period of experiment

75/76-79/80 so /s8s1-82/83

Total no. Accidents Total no. of Accidents Increase p 1)

of accidents per winter accidents per winter in %

Level

test

roads

(796, 32)| 20 4.0 15 5 . 0

Control 46 .l 0 . 19

roads 265 53 . 0 1 36 45 . 3

1) p = probability of this or a higher figure for

accidents on the test roads during the test

winters if the experiment did not influence

the number of accidents.

(Fisher's exact test 1-tail) .
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Personal injury accidents on the hilly test

roads and on the control roads. When cal-

culating the accident increase on the test

roads, attention has been paid to the accident

trend on the control roads in winter.

 

Before period

75/76-79/80

Period of experiment

so /8s1-82/83 

 

   

 

  

Total no. Accidents Total no. of Accidents Increase p 1)

of accidents per winter accidents per winter in %

Hilly

test

roads

(34, 55) 34 5 . 16 8

Control 69.8 0 . 08

roads 314 52. 87 43 . 5
 

1) p = probability of this or a higher figure for

accidents on the test roads during the test

winters if the experiment did not influence

the number of accidents.

1-tail) .
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If changes not due to the experiments are suspected,

e.g. vehicle mileage has changed between the period

before the experiment and the period during the

experiment, attention should be paid to the accident

trend in summer, in which case the following estimates

are obtained.

On the level roads, all accidents increase by 27% and

on the hilly roads by 538%. Personal injury accidents

on the level roads increase by 65% and on the hilly

roads by 34%.

These figures apply to the four roads which were

unsalted for two and three years respectively. What

would have happened if these roads had been left

unsalted for a longer period of time or if longer

sections had been left unsalted cannot be stated from

these studies.

 

 

 

 

Table 7 Proportion of accidents in icy/snowy road

conditions

Road 796 Before 0 . 39

_ During 0 . 67

Road 32 Betore 0 . 70

During __ 0.79

Road 34 Before 0 . 56

During 0 . 68

'Road 55 Before O . 71

During 0 . 60
   

The proportion of accidents occurring in ice/snow

(Table 7) increased on the level test roads and on

road 34, while it decreased on road 55. On the latter

road, the increase in accidents on a bare surface was

greater than the increase for ice or snow. The increase

in the proportion of ice/snow accidents is moderate
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also on roads 32 and 34 if it is remembered that the

frequency of icy/snowy road conditions increased by

about 10% units.

During the winters, the proportion of wildlife acci-

dents on the level roads increased from about 0.10

before the experiments to 0.17 during the experiments.

During the summers, the proportion was just over 0.27

both before and during the experiments. On the hilly

roads, the proportion fell from 0.39 before to 0.36

during the experiments. During the summers, there was

an increase from 0.56 to 0.67.

The proportion of accidents in winter involving heavy

vehicles increased from 0.12 to 0.19 on the level

roads and decreased from 0.20 to 0.18 on the hilly

roads. In both cases, this represents a numeric

increase of 1.5 - 2.0 accidents/year.

If the number of accidents every winter (also the

winter after the experiments) is plotted as in Figure

4, it can be seen that for roads 796 and 34 the number

of accidents is approximately the same for the winters

of the experiment as for other winters. For road 32

there were as many accidents during the winters of the

experiment as there had been during the most accident-

affected winter previously. Road 55 had a higher acci-

dent rate during the winters of the experiment than

during other winters. It would be preferable to wait a

further number of winters before making any statement

on the accident trend on the test roads and then also

pay attention to the accident trend on other roads.

Statistical processing would then include accidents

from before, during and after the experiments.
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NUMBER OF ACCIDENTS NUMBER OF ACCIDENTS
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Figure 4 Number of accidents per winter on test

roads

0 = winters of the experiment

x = other winters
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5 . 2 Road conditions 

During the winters 1979/80 to 1982/83, assessments of

road conditions were made on test roads 796 and 32 and

their control roads, 696 and 206, four working days a

week from November to March inclusive. The observ-

ations were made according to a rota, so that each

road was inspected first one day, then second another

day and so on. The observations comprised two locations

on each road, one location in open country and the

other in more enclosed terrain. A 100 m section was

inspected at each location.

When processing the road condition observations, each

ice/snow condition has been counted as 1/n observation

on those occasions when there have been several (n)

different ice/snow conditions on the section being

inspected. If the surface has been both bare and the

road has been icy/snowy this is counted as ice/snow

only. The two observations on each road have been

weighted together according to the proportion of open

and closed terrain along the road. The results from

these roads during the four years are shown in Figure 5.

During the winter before the experiments, i.e. winter

1979/80, when all the roads were allowed to be salted,

the four roads had icy/snowy conditions at 13 - 21% of

the inspections. On more than half these occasions

there was thin ice on the road.

During the following winters, the unsalted test roads

nad 7 - 13 percent units more ice/snow than the res-

pective control road. The ice/snow which is removed

with salt is mostly converted to a wet/moist but bare

surface. The proportion of dry, bare surface is approx-

imately the same for the test and control roads.
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On the salted roads, there is a small proportion of

packed snow/thick ice, while this is one of the most

common ice/snow conditions on the unsalted roads.

Winter 1981/82 was cold for long periods, so the

control roads were not salted either during these

periods. As a result, packed snow/ice became a

frequent ice/snow condition also on these roads. Glaze

occurs more often on the unsalted roads while, on the

other hand, slush is found more often on the salted

roads.

VTI RAPPORT 282A
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The observations were made during somewhat different

climate during the period November to March inclusive.

somewhat between the years according to the winter

The proportion of icy/snowy road conditions varies

1980/81 - 1982/83.

1979/80 and the winters of the experiment

control roads during the reference winter

Figure 5 Road conditions on the level test and
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periods in the various years of the experiment, but an

examination of the material indicated that this influ-

enced the proportions of different road conditions

only to a limited extent.

Road conditions were also recorded on the test and

control sections on roads 34 and 55. The results are

similar, i.e. the proportion of icy/snowy road con-

ditions is about 10 per cent units greater on the test

roads. See also References 1, 5 and 8.

5 . 3 Friction

Friction was measured with a Saab Friction Tester,

which is based on the skiddometer principle. A non-

studded tyre is used in making measurements. The

measuring wheel is small and has a low loading, which

may cause the measured friction to be lower in loose

snow/slush than for a normal car wheel. The difference

increases with the snow depth. All measurements were

made in the right-hand wheel track and between the

tracks in each direction of travel at a speed of

50 km/h.

During the first two winters 1979/80 and 1980/81

friction was measured in conjunction with speed

measurements on roads 796, 636, 32 and 206. (See also

Section 5.5). The measurements were made on the same

sections as measurement of journey time (1 to 2 km in

length) and were made when the weather forecast pre-

dicted slippery conditions on the roads. A test and

control road were measured simultaneously. The measure-

ments then continued until road conditions were stable,

i.e. usually a dry, bare surface on the salted road

(Ref. 1).

During the third winter, 1981/82, friction was measured

on road 34 in conjunction with assessment of road
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conditions during weekday mornings, regardless of the

weather or road condition prevailing (Ref. 5). The

measurements were made on 300 m sections with varying

conditions regarding microclimate, traffic volume and

surrounding terrain.

During the fourth winter, 1982/83, friction was

measured on road 55 before and after the road admin-

istration had applied deicing measures (included in

the intensive monitoring of road 55), (Ref. 8).

Figure 6 shows results from winter 1980/81 obtained in

generally simultaneous measurements on a salted and

unsalted road. The diagram shows a grouping of the

measurements around 0.2, i.e. when there is ice/snow

on the roads. On the salted road, mixed road con-

ditions (bare surface and ice/snow) occur at the same

time as icy/snowy conditions or a bare surface alone

occur on the unsalted road. Mixed road conditions on

the unsalted road occur when there is a bare surface

on the salted road.

The method of performing these measurements should be

pointed out (the measurements began in icy/snowy road

conditions on both roads and continued until conditions

had stabilized i.e. usually a bare surface on the

salted road) since this partly affects the results if

they are reported as in Figure 6.
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SALTING PROHIBITED ON ROAD 796

f5q

10
 

0,8 ~

0,6

04 ~

XK
_O

07 1 oo SALTING PERMITTED ON

' 4 x x x xx

|

ROAD 636

   

0 0,2 O04 0,6 0,8 10 fSO

Figure 6 Comparison between generally simultaneous
friction measurements on test and control
sections. Median friction (fm) over a long

section.

x within the wheel track area

o between tracks

The measurements conducted during winter 1981/82 were

made regardless of road conditions and can therefore

be displayed as in Figures 7 and 8, showing the fre-

quency of various friction levels during a complete

winter (weekdays about 8 a.m. to 1 p.m. The friction

variable used is the 15 percentile (f,, ) in the fric-

tion distribution along the road. The 15 percentile

refers to the friction level that 15% of the length of

the measuring section (normally 300 x 0.15 = 45 metres)

lies below on a particular measuring occasion.
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The diagrams indicate that friction levels between

0.15 and 0.40 are more frequent on the unsalted road

than on the salted road and that friction varies more

across the road (track formation) on the salted road.

This is indicated also by Figure 9, where the friction

both within tracks and between tracks is plotted day

by day. The diagram also shows the action taken on the

salted and the unsalted sections of the road. The two

measuring sections described in the diagram are about

5 km apart and weather and temperature conditions are

therefore similar. The diagram shows three somewhat

longer periods when friction differed greatly between

the two sections. The first period is at the end of

November when there is more or less heavy snow several

days in succession and where many saltings usually led

to a bare surface on the salted section. The tempera-,

ture varies between a few degrees above and below

freezing. The next period begins on 7 December with a

heavy snowfall depositing 15 - 20 cm snow on the road

at a fow degrees below freezing. The control section

is salted after grading but, due to a rapid fall in

temperature before a bare surface has been achieved on

the road, packed snow results which remains longer

than the snow on the test section. The third longer

period begins at the end of January and continues into

February with light to heavy snowfalls and on 6 Feb-

ruary even rain at -10°C. The glazed frost forming

after the rain fell was difficult to remove also on

the control section, requiring many saltings before

this was achieved. Salt mixed with sand was used on

the control section, but friction still did not rise

higher than 0.10 - 0.15. For a total of two weeks

friction on the test section was continuously low. On

the control section, friction was high in the area of

the tracks but fairly low between the tracks.

In the transition from a salted to an unsalted road,

friction changes successively and the effects of salt
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can be observed up to several kilometres from the

limit of salting. In measurements of the transition

from an unsalted road to a salted road, the friction

level has however stabilized after only a few hundred

metres. This indicates that differences in friction

between the two directions of travel are common in

conjunction with the limits of salting.
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Friction measurements on road 55 complemented an

earlier study of friction improvements in sanding,

since sandings were applied at lower friction levels

than in this study. However, on road 55 no salt was

mixed with the sand and the change in friction varied

from a deterioration of 0.0l to an improvement of 0.10

on an icy/snowy road surface. In hoar frost, a larger

improvement was noted, on one occasion from 0.18 to

0.38. The long-term effect of sanding is limited. One

hour after sanding the improvement in friction has

fallen by half. The results from the two studies are

summarized in Figure 10.
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Figure 10 Change in friction when sanding road 55 (x)

Change in friction when sanding according to
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Icy/snowy road surface.
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On one occasion a road was sanded with three different

types of sand. These were normal road sand with and

without salt, and gravel 4-8 mm. The friction was

measured before sanding and up to four hours after

sanding. No difference in friction between the various

types of sand could be determined.

The unsalted part of road 55 contains a pavement joint

(surface dressing and asphalt concrete). In thin ice/

snow layers, higher friction is obtained on surface

dressing than on asphalt concrete. The difference was

often about 0.1 friction units, but could also in at

least one case rise to 0.6 units (Fig. 11). However,

there are certain signs that ice/snow remains longer

on surface dressing than on asphalt concrete. In hoar

frost, friction was lower on surface dressing on the

few occasions when measurements were made.

FRICTION

f-on £0.74 f-ar8

10

QB

0,6

04

42 LENGTH OF

MEASURING SECTION

0,0 (m)

 

SURFACE DRESSING e ASPHALT CONCRETE

Figure ll Example of extreme differences in friction

between two pavement types in l cm wet

snow and an air temperature of +2°C. Mean

friction for the last 300 m passed is

indicated at the top edge of the friction

tape.
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5 . 4 Variation in traffic flow 

Measurements of the traffic flow were made to obtain

a basis for assessing how the flow is influenced by

weather, road conditions and road administration

action, in addition to determining how the results

of the measures taken are influenced by the traffic

volume .

The traffic flow on road 55 was measured at three

places: Aby 1 - between the E4 and Aby, Aby 2 -

between the southern and northern approaches to Aby

ana Aby 3 - north of the northern approach to Aby.

Every 15 minutes during the day (24 hours) the number

of tens of axle pair passages together with the time

was printed on a paper tape. Subsequently, the date

was also entered on the tape and the information

processed in a computer.

The daily observations of road conditions and the

measures of hourly traffic on road 55 were used to

study how the traffic flow varies with the road con-

ditions. For this purpose, the road conditions were

classified as bare surface (dry, moist or wet) loose

snow (hoar frost, loose snow or slush) or hard snow

(thick ice, packed snow, thin ice or ice ridges). The

traffic flow during, for example, a Tuesday with loose

snow was compared with the flow during the nearest

Tuesday (or Tuesdays) on a bare surface. The traffic

measurements at Aby 1 and 3 were combined with the

observations of road conditions from generally the

same place.
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Table 8 Total traffic flow in different road conditions

expressed in per cent of comparable flow on a

bare surface (during weekdays November 1982 -

 

 

March 1983) .

Road conditions Aby 1 Aby 3

Hard snow (possibly combined 97.4% 96.3%

with loose snow or bare surface)

Hard snow (no other road 96.8% 98.9%

conditions)

Loose snow (possibly combined 97.1% 94.9%

with hard snow or bare surface)

Loose snow (no other road 99.5% 94 . 63%

  
conditions)
 

The figures in Table 8 indicate that the dependence of

the traffic flow on the road conditions is less pro-

nounced at Aby 1 than at Aby 3. This may possibly be

explained by the considerably larger proportion of

commuter traffic at Aby 1.

Poorer road conditions in the form of ice or snow on

the road appear to reduce traffic flow by un to 5 per

cent.

However, it is difficult to measure the traffic flow

correctly when there is ice or snow on the road. The

reduction in the traffic flow may be due to the road

conditions but may also be a result of the recording

procedure used.
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5 . 5 Speed

Simultaneous measurements of journey speed and fric-

tion were made on a section of about 1,000 metres on

the level test roads 796 and 32 and their control

roads 636 and 206 the winter before the experiments

(1979/80) and during the first winter of the experi-

ments (1980/81). Equipment designated HM-78 was used

to measure journey speed. This consists of two units,

an electronics unit and a camera unit built around a

Super-8 camera.

The transmitter on the road used in this study was a

beam of infra-red light. When the beam was interrupted

by a vehicle the camera took a picture. At the same

time the vehicle's arrival time (in ms) was entered at

the bottom of the picture.

One HM-78 is placed at each end of the measuring

section and a picture is taken of every vehicle on

both films. In evaluation, it is therefore necessary

to find the same vehicle on the two films and note

both its type and arrival time at each end point.

Calculation of journey speed and other statistics

takes place in a computer.

All speed measurements were divided into time periods

during which the friction was generally unchanged.

Friction and speed data were processed for each such

time period.

As shown in Figure 12, there is a certain adaptation

of speed to the prevailing friction (road conditions)

while Figure 13 shows that this adaptation is insuf-

ficient, at least if a driver wants to stop his

vehicle within the same distance regardless of the

road conditions. It frequently occurs that the cal-

culated stopping distances are twice as long in icy/
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snowy road conditions as on a bare surface. Speed

adaptation is somewhat better on the unsalted test

roads than on the salted control roads. This differ-

ence is however not significant at the 5% risk level.

In icy/snowy conditions, cars maintain a journey speed

between 70 and 908% of the speed on a bare surface.

Trucks reduce speed by at most 75-80% of their speed

on a bare surface and in the worst case not at all,

despite slippery conditions. In icy/snowy conditions,

the difference between car and truck speeds is small.

Often, cars have the highest mean speed but there are

occasions when trucks travel fastest. On most occasions

when trucks have held a higher speed, there has been a

loose layer of snow or slush on the road. Reference 1

describes the study in more detail.

Vsok

A

90 -

B0 -

70 -

60 -

40 7

30 -

20 -

10 -

m/h km/h
. A

CARS 90-

CARS

80 - HEAVY
HEAVY VEHICLES VEHICLES

     70 -
--- ROAD 32 UNSALTED

-- ROAD 206 SALTED
--- ROAD 796 UNSALTED
-- ROAD 636 SALTED

60 -

50 -

LO 7

30 {

207

  0  0 T T "T T T het T T T

0 0,2 04 0,6 0,8 1,0 £15 S,M t 0,2 0,4 0,6 0,8 1,0 £15 SM

Figure 12 Relationship between friction and speed. Speed

measurement uses the 50 percentile in the speed

distribution (v and friction the mean of the
so)

15 percentiles in the friction distribution for

the rut area and between ruts (f S, M). The
15"

1
function V=Vp . £ "% has been adapted for each

road. All roads have a speed limit of 90 km/h.
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CALCULATED STOPPING

DISTANCE OF CARS

A

LONG

OUTLINE DIAGRAM

UNSTUDDED

 

SHORT

_ MEASURED FRICTION

__ WITH UNSTUDDED
LOW HIGH TYRES

  

Figure 13 Stopping distances for cars calculated on

the basis of measured speed and friction.

Earlier results of differences in speed

adaptation and available friction between

studded and non-studded tyres have been

applied .

5 . 6 Corrosion 

A series of three studies (Refs. 3, 7 and 11) intended

to illuminate the corrosive effects of road salt on

car underbodies was carried out during the winter

months of 1979/80, 1980/81 and 1981/82 (see also

Section 5.2).
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The studies were made using mobile exposure of cass-

ettes containing test specimens and flat test plates

(panels) manufactured from normal car body steel. The

test specimens consist of a larger plate bent as in

Figure 14 and a smaller plate attached by screws to

the short side of the larger plate. The test specimen

thus has both flat and curved surfaces and a crevice

such as is found on all car underbodies. A set of

cassettes was produced for each of the sections of

road. A third of the specimens were treated with a

typical anti-corrosive agent used on cars, a third

were painted and a third were completely untreated.

During the first two winters, the painted specimens

were factory-treated with phosphating and ED painting

(as used in painting new cars) and during the third

winter they were treated with an alkyd-based paint

method used in repairing paintwork. The cassettes were

mounted in holders on a typical trailer, those with

test specimens below the trailer deck and those with

test panels in the wheel housings. The trailer, which

was drawn by a car, travelled the different roads four

days a week. During the first two winters the daily

stretch was about 30 km on each section of road.

Rp

Figure 14 Test specimen consisting of a larger (a)

and a smaller (b) panel attached by screws.
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To evaluate whether the corrosive conditions were

equivalent on the two pairs of roads the experiments

began with a reference study during winter 1979/80,

when all the sections were salted to a normal extent.

During winter 1981/82, the experiments were extended

with a further two sets of cassettes which were alter-

nately driven around on salted and unsalted roads

according to two methods. The aim was to study the

effect of reduced salting. This meant that the driving

distance had to be reduced to about 20 km a day in

order to limit costs.

Reduced salting was simulated in two ways:

partly through alternate exposure on a salted control

section (about 2.5 km) and on an unsalted test section

(about 17.5 km) at each occasion of exposure. This

exposure was made to simulate the conditions pre-

vailing when the most troublesome sections of a road,

such as hills, are salted.

partly through exposure on a salted control section

during the first seven weeks, exposure on an unsalted

test section during the following nine weeks and again

on the control section during the last seven weeks,

1.e. salting only during the autumn and spring periods.

While not exposed, the cassettes were always kept in

cabinets mounted on the trailer. When no exposure was

in progress, the trailer with the cabinets was stored

in a heated garage (about +5°C). The panels were not

washed .

The atmospheric corrosion was evaluated by exposure of

the test panels mounted on frames in the vicinity of

each section of road.
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A follow-up of the environmental data was made with

daily documentation of the road surface condition,

precipitation, temperature, salting and sanding.

Information on weather conditions was obtained from

SMHI (the Swedish Meteorological and Hydrological

Institute).

The results were evaluated by visual inspection of the

damage to the surface treatment, the extent of rusting

after removing the anti-corrosive agent and paint and

by weighing the panels and calculating metal losses.

The studies furnished the following results:

Depending on the type of weather dominating during the

season, corrosion conditions on the road may vary

greatly from one winter to another. The atmospheric

corrosion on stationary specimens does not vary to the

same extent and no relationship between the atmos-

pheric and mobile corrosion appeared in any of the

experiments. Road salting at least doubled the speed

of corrosion on unprotected steel during a normal

winter in the test region i.e. Ostergotland county

(see Fig. 15).

During a colder winter, corrosion is notably less both

on salted and unsalted roads, but at the same time the

effect of road salting increases in some cases. On

unprotected steel (open surface) the speed of corrosion

during winter 1981/82 was 3-5 times higher on a salted

road (see Fig. 15).

VTI RAPPORT 282A



 1

   

tater
..:.:'

A B C D A B C

TEST - TEST -

SPECIMENS PANELS

1979/80

   

[_] unsacreD road

P

O
Q

G
>

igure 15

Road 796

Road 636

Road 32

Road 206

  

>

5

C
O
J

-40-

  
  

  

|b

A B C D A B C D

TEST - TEST-

SPECIMENS PANELS

1980/81

SALTED ROAD

  

.. ...

hen

 

AMAR

A B C D

TEST -

SPECIMENS PANELS

1981/82

B

A B C D

TEST-

z?

METAL LOSS,g/nf, DAY AND NIGHT-7
- 6
- 5
- 4
-3

 

7 STATIONARY EXPOSURE

Metal loss for untreated specimens

Road salt causes a faster breakdown of the anti-corrosive agent (see Fig. 16) and of touch-up paint.ED paint on a phosphated surface (factory painting) isaffected by road salt only to a small extent after one
winter's exposure.
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The results thus indicate that road salt causes both a

faster breakdown of the rust protection on the vehicle

and also increased corrosion when the process has

started (see Fig. 17).
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CORROSION
GENERAL DIAGRAM

SALTED ROAD

___ UNSALTED

s

 

 

 

TIME

Figure 17 Corrosion sequence for surface-protected

car body steel

5 . 7 Dirt spray 

Salting is frequently associated with dirty road

conditions. Since the more heavily used roads, unlike

those with lighter traffic, are salted regularly this

observation may equally well be due to differences in

traffic intensity as to salting.

During the winters of 1980/81 and 1981/82, dirt spray

was studied on the two test roads 796 and 32 and their

respective control roads.

During the first winter, work was aimed at two object-

ives: a satisfactory description of dirt spray related

to road conditions and suitable methods for exposure

and measurement. In this work, documented in Reference

2, suitable procedures for exposure and measurement

were established. At the same time, a good description

of the dirt spray related to road conditions during

winter 1980/81 was obtained for each pair of test and

control roads.
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The procedure developed during the first winter for

exposure and measurement of dirt spray was repeated

during winter 1981/82. For this reason, the results

from the two winters are not documented individually

but together (Reference 12).

Dirt spray was studied by exposing glass plates to

dirt and splashes, the plates being mounted on the car

travelling on each test and control road. Exposure to

dirt was performed simultaneously with corrosion

exposure (see Section 5.6) and assessments of road

conditions (see Section 5.2). These exposures and

assessments were made four times a week with the

sequence of the sections being varied in order to

counteract possible variations due to the time of day.

During 1980/81 the driving distance in all exposure

occasions on each test and control road was about 30

km. Corresponding driving distances in winter 1981/82

were about 20 km. (The reason for the reduced driving

distance the second year was that the scope of cor-

rosion studies had been extended as mentioned in

Section 5.6).

The glass plates which were to be exposed to dirt and

splashes were mounted in a holder just above the rear

bumper to the right of the registration plate on a

Ford Taunus Estate Car, 1980 model.

Clean glass plates were mounted in the holder prior to

each exposure on the respective test and control road.

After exposure, each glass plate was placed in a storage

box for later measurement of loss in light transmission.

These measurements were made in the laboratory.

Since the effect of dirt spray on transmission of the

glass plates can be assumed to be additive, all trans-

mission values were recalculated to apply for exposure

distances of exactly 30.0 km for both winters.
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The relationship (F) between the transmission for the

salted section (T salt) and the unsalted section (T no

salt) on each pair of roads was calculated for each

exposure occasion.
it

] II T (salt) /T (no salt)

The mean of F over all exposure occasions is shown in

Table 9.

 

 

 

 

F

Road pair l Road pair 2 No. of exposure occasions

(796, 636) (32, 206)

Winter

1980/81 0 . 96 0 . 98 76

Winter

1981/82 0.95 0 . 98 68

Both

winters 0 . 96 0 . 98 144
      

Table 9 Mean transmission loss on the salted road in

relation (F) to the unsalted road in each

pair of roads.

Since all values in the table are less than 1.00, the

results show that transmission after exposure was on

average greater on the unsalted roads than on the

salted roads. This means that salting led to increased

dirt spray.

The degree of dirt spray during the masuring occasions

is small in the majority of cases., Consequently, it is

appropriate to study in more detail the occasions when

dirt spray was high. Table 10 shows the total number

of exnosure occasions when transmission of the glass

plates was less than 0.90 and 0.75 respectively,.
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Table 10 Number of exposure occasions when trans-

mission of the glass plates in relation to

transmission of clean, unexposed plates was

less than 0.90 and 0.75 respectively for the

road sections included in the study. The

total number of exposure occasions was 76

in winter 1980/81 and 68 in winter 1981/82.

 

No. of exposure occasions

 

 

 

 

 

Trans- Road pair 1 Road pair 2 Road pairs

mission 796 636 32 206 1 and 2

less than No Salt Salt No Salt Salt No salt Salt

Winter < 0.90 15 2 7 10 16 2 5 4} 3

1980/81 < 0.75 6 o 0) 3 6 12

Winter <- 0.90 11 2 4 1 4 16 2.5 40

1981/82 < 0.75 5 1 1 2 4 7 15

Both < 0.90 26 51 24 32 50 83

winters < 0.75 1 1 20 2 7 13 27
       

The results show that the number

really dirty road conditions was

on the salted sections as on the unsalted.

of occasions with

almost twice as great

Table 11 shows the mean transmission on these occasions

with dirty road conditions. There is no difference in

transmission in dirty conditions within each pair of

unsalted and salted roads. This indicates that when

dirty road conditions exist the degree of dirt spray

in unaffected by the use of salt as an deicing measure.
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Mean of transmissions <0.90 and <0.75 respectively
 

 

 

  

 

Transmission Road pair 1 Road pair 2

less than No salt Salt No salt Salt _

Winter <0 . 90 O . 75 O . 77 0 . 85 O . 84

1980/81 <O . 75 0 . 66 0 . 65 - O . 73

Winter <0 . 90 O . 76 O . 74 0 . 83 0 . 80

1981/82 <O . 75 0 . 68 O . 64 O . 67 0 . 68

Both «0.90 _ - |0.750__0.76 0.84 0.32

winters <0 .75 0.67 0.64 0.67 0.70
     

Table 11 Mean of the measured transmissions less

than 0.90 and 0.75 respectively.

Seen over both winters and both pairs of salted and

unsalted roads, the unsalted road was dirtiest on 19%

of the exposure occasions and the salted on 48%. On

the other occasions, (i.e. 338% of the occasions) they

were similar.

In general, the study shows clearly that salting causes

increased dirt spray compared to non-salting. On the

majority of occasions, the road conditions are not

especially dirty. This applies both to salted and un-

salted roads. What primarily constitutes the difference

between salted and unsalted roads is that the number of

occasions with very dirty conditions is greater on the

salted road than on the unsalted road. This difference

appears to increase with increased traffic loads.

The study was carried out during two winters, the

results from the first winter differing insignificant,

ly from the results from the second winter. Since the

first winter had normal temperatures and the second

winter was very much colder than normal (see Section

4), this indicates that the above results should be

valid for normal winter mean temperatures in southern

and central Sweden.
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5 . 8 Number of standstills on hills

During the winters of 1981/82 and 1982/83, the number

of standstills on hills was recorded with the aid of

cameras which took two pictures at a 20 second inter-

val every five minutes the first winter and every six

minutes the second winter. By comparing consecutive

pictures it was possible to determine whether a vehicle

had stopped on the photographed section of road. The

method operated more or less satisfactorily also in

darkness since the vehicles' lights could be seen on

the film.

During the first winter, three hills on roads 34 and

two hills on road 55 were selected, a camera being

placed near the highest point on every hill. The

picture covered 200-300 metres of the hill. During

the second winter, one hill on each road was chosen

and several cameras placed on each hill (three cameras

on the hill on road 55 and five on the hill on road

34). The fields of vision through the various cameras

did not overlap and a couple of smaller unmonitored

zones existed.

During the first winter, the cameras did not operate

satisfactorily until the middle of January. About 70%

of the standstills affected trucks and about 308% cars.

A quality control of the results revealed great un-

certainty in evaluating the 5 minute standstills.

Consequently, the duration of standstills in Table 12

has been calculated both with and without these stand-

stills.
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Table 12 Standstills on hills during winter 1981/82

 

 

Road

|

Measuring Standstill Per cent Standstill Per cent

site duration of total duration of total

excl. 5 min filmed incl. 5 min filmed

standstill time standstill t ime

55 Aby upper 430 min 0 . 5 568 min O . 7

55 Aby lower 218 min 0 . 2 368 min 0 . 3

34 Rimforsa 510 min 0 . 6 698 min 0 . 8

34 Kisa north 603 min 0 . 6 760 min O . 7

34 Kisa south

|

1,425 min 1 . 8 1,882 min 2 . 4
        

For winter 1982/83, the total standstill duration for

the period 1 November to 31 March has been calculated.

Standstill durations on those days when the cameras

were not in operation (primarily the period up to 15

December and the last week in March) were estimated with

the aid of road condition observations, weather data

and standstill durations during operational monitoring.

Since the pictures are taken every 6 minutes, each

standstill is recorded as a multiple of six minutes.

The time when a car stops or starts again after a

standstill can reasonably be assumed to be uniformly

distributed over the time between two pictures. Each

standstill detected is thus indicated by a time supple-

ment of two times three minutes (under "T" in Table 13) .

Motorists aware of prevailing trafficability problems

and who stopped at the top or bottom of the hills or

chose another route have not contributed to the stand-,

still duration T in table 13. On the hill at Aby, the

traffic flow was measured hour by hour. During one week

in November 1982 measurements were also made in order

to calculate the proportion of trucks during different

periods of the day. Using this information, it was

possible to recalculate the standstill duration T
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as a total standstill duration for trucks ("S" in Table

13) . The standstill duration S is based on the assump-

tion that all trucks which would normally have climbed

the hill during the standstill duration T were forced

to stop and did not restart before the end of the

standstill duration T.

During winter 1982/83, no measurements were made of

hourly traffic on the hill at Kisa. The proportion of

trucks has been calculated on the basis of measure-,

ments from 1979 and 1980. Using information on annual

mean daily traffic and the relationship between T and

S at Aby, an estimate has been made of the total stand-,

still duration for trucks (S) on the hill at Kisa.

Table 13 shows the recorded (T) and calculated (S)

standstill durations. It should be noted that the

evaluator of the film was uncertain as to whether or

not a standstill occurred on a number of occasions on

the hill at Kisa corresponding to just over 40% of the

standstill duration.

Table 13 Standstill durations in hours, winter

1982/83, both at Aby (upper Graversfors

hill) and at Kisa (Rothult hill) .

 

 

 

 

Aby Kisa

November 1982 - March 1983 T (h) S (h) T (h) S (h)

Recorded standstills 8.9 59 . 3 13.0 14.4

incl. 6-minute standstills

Recorded standstills 5 . 9 50 . 8 1 . 0 3 « 7

excl. 6-minute standstills
 

 

Estimated and recorded 11l . O 66 . 5 14. 6 16 .l

standstills, incl. 6-minute

standstills

  

T indicates the standstill durations recorded on film.

S indicates the total standstill duration for trucks also taking

into account the consequences for the trucks not detected on

the film.
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The figures in the above table apply to winter 1982/83.

The snow depth at the weather station at Simonstorp

increased when precipitation occurred on nine occasions

during the winter. In road maintenance salt was some-

times used and at other times omitted. Under both

conditions, standstills occurred on the hill at Aby.

No corresponding monitoring of standstills on hills

during periods with normal winter road maintenance

took place. Therefore it is not possible to determine

the effect of unsalted winter roads on the extent of

standstills. The documented results must be regarded

as overall information indicating an upper limit for

the standstills caused by not salting the road.

5 . 9 Road wear 

Studs naturally cause more wear on a road surface that

is bare. Furthermore, wear is 2-3 times as great on a

wet, bare surface than on a dry, bare surface. It was

therefore considered of interest to measure the effects

on road wear of changes in winter road maintenance.

Wear was measured by profile measurement of parts of

both salted and unsalted sections of road 34 in the

autumn and spring. The wear on the salted section was

0.39 £ 0.05 mm (95% confidence range) and 0.23 L 0.04

mm on the unsalted stretch (958% confidence range).

This means that wear is 70 % higher on the salted

stretch. However, the salted stretch has much more

traffic than the unsalted. The proportion of vehicles
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with studded tyres is the same on both stretches

(almost 908% for cars on this road during the experi-

ments). After correcting for the traffic difference,

wear on the salted stretch was found to be 10-20%

greater than on the unsalted stretch, which agrees

well with earlier theoretical calculations.

5 . 10 Car drivers' attitudes
 

The aim of this study was to gain an idea of drivers'

demands as to how winter road maintenance should be

performed and attitudes to the way it is carried out,

particularly with regard to salting. The objective was

also to study whether experience of driving on the

unsalted test roads would influence these demands and

attitudes.

In processing the information, the differences between

the years are emphasized more than the differences

between the test and control roads owing to the great

interest in the experiments which led drivers to gain

experience on unsalted roads at their own initiative.

Significant differences between the test and control

groups thus occurred only in questions relating to

road conditions on the road they were to assess.

The studies are described in detail in References 4

and 10.

Test subjects were chosen by the following procedure:

Personnel were placed along the two level test roads

796 and 32 and their respective control roads and

instructed to read the registration numbers of passing

cars into a tape recorder. These recordings continued

during autumn 1980 and 1983. 30,000 and 10,000 regis-

tration numbers respectively were recorded. Vehicles

occurring only once were then deleted.
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The following study by questionnaire and interview was

then carried out:

1. March 1980. 1,000 road users travelling regular-,

ly on the test and control roads were asked

about their attitudes to salting. All roads

were salted as normal during the winter.

Response rate was 89%.

March 1982. 1,000 new road users travelling

regularly were interviewed in the same way as

in March 1980. Of these, half had regularly

travelled on the now unsalted roads and the

other half on the control roads. Response rate

was 86%.

November 1980. The same road users as in the

1980 questionnaire were interviewed again. New

questions were put, specially aimed at exper-

ience of driving on the unsalted roads.

Response rate was 80%.

February 1981. The same road users as were

questioned in 1980 were questioned a third

time. The same questions were used as in

November 1980 to determine whether attitudes

to winter road maintenance had changed during

the first salt-free winter. Response rate was

76%.

March 1984. 571 new road users travelling

regularly on the previous test roads were

questioned again. These road users had experi-

ence of the roads when they were salted before

the experiment, during the experiment and from

the winter when the roads were salted again.

Response rate was 83%.

VTI RAPPORT 282A



-53 _

Questionnaires 1, 2 and 5 generally contained

the same questions.

In all the questionnaires a non-response check

was made, which showed that those who did not

reply did not differ significantly from those

who did.

The sample consisted of 80% men and 20% women.

The majority of those travelling on the roads

were aged 25-65 and had held a driving licence

for over 10 years. Most drove cars, only 5%

heavy trucks, about 38% heavy truck and trailer

and about 2.5% light truck. The technical non-

response was considerably greater for profes-

sional drivers owing to difficulties in locating

the drivers among the various transport firmus.

Salting and trafficability 

The largest group of drivers, over 40%, were of the

opinion that salting is irrelevant to trafficability

while another group almost as large felt that salting

increased trafficability somewhat. Only 7% in 1980 and

1981 and 13% in 1984 thought that salting led to a

large increase in trafficability. In the interviews,

truck drivers in particular stated that salting was

important to trafficability on hilly and winding roads

and that effective alternative methods were needed

when salting was omitted if traffic was not to come to

a standstill on hilly roads.

A clear majority (about 65%) of the drivers could

accept a speed restriction as an alternative to

salting during 1980 and 1981. In the 1984 question-

naire, somewhat more than half were positive to a

speed restriction.
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In one question, regarding whether the drivers had

avoided driving on the road in question because it had

not been salted, 0.8% replied in November 1980 that

they did so "Often" and 2.5% "Yes, sometimes" on the

straight road, road 796. On the winding road, road 32,

1.7% replied "Often" and 4.1% "Yes, sometimes". In

February, the corresponding figures for road 796 were

1.0 and 6.2% respectively and for road 32 2.0 and

6.0%. In the 1984 questionnaire, the proportion who

often avoided the roads when these were unsalted was

3% and occasionally 5%.

Most drivers answered that salting had no great

significance for driving comfort. Nor was there any

change over the years. About 10% said that comfort was

greatly diminished and a few that it increased greatly.

After the experiments with omitting salt, the dis-

persion was greater. More replied that it increased

greatly and more that it diminished greatly. Those who

drove on the unsalted roads considered that salting

reduced comfort more than the others. In particular,

dirt spray on the windscreen caused inconvenience.

Salting and traffic safety 

The drivers were asked in February 198l whether they

had been involved in any accident or near-accident

during the previous winter. Most had neither been

involved in any accident or near-accident, but those

who had been were evenly distributed between the test

and control roads.

A tenth of the drivers stated in all three question-,

naires that salting increased safety greatly and

almost 40% felt that salting increased safety some-

what, about half the drivers experienced an

increase in safety. Almost a quarter of the drivers

stated that salting reduces safety. In the interviews,
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poorer visibility was emphasised by those who thought

that salting did not increase safety, in addition to

the difficulties of salting only when this was really

necessary. For example, snow had on several occasions

blown off the unsalted roads and these were then

considered safer than the salted roads, where snow

remained on the road owing to the moist surface.

Those who remembered the unsalted roads when these

were most icy often considered that this was an

impermissible situation.

An overwhelming majority (almost 80%) considered that

it was sometimes difficult to assess whether the road 

surface was slippery. 7% thought that it was G@ifficult.

It is interesting to note that 13% of the 64 occu-

pational drivers thought that it was often difficult

to assess slipperiness.

The majority (almost 60%) in both the 1980 and 1981

questionnaires answered that it was difficult to judge

whether the road surface was slippery when salted.

Only 11% thought that salting facilitated judgement.

Of the occupational drivers, only 5% believed that

salting was beneficial, while 728% were of the opinion

that it hindered the assessment of slippery conditions.

The effect of salt on the environment, rusting and

dirt spray. 

Almost all drivers in all the questionnaires believed

that salt affects vegetation, wildlife and ground

water along the road.

A majority believed that the car rusts because of road

salt, somewhat more in 1980 (64%) than in 1981 (56%)

and yet more in 1984 (86%). The difference between the

1984 result and those of 1980 and 1981 can be explained
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by the fact that the results from the rust surveys in

this project have been reported several times in the

mass media. The interview also discussed variations

between those who looked after their cars, washed and

undersealed the body and those who did not do this.

A well-maintained car was regarded as standing up

better to salt but few drivers felt that they had the

time for this.

An overwhelming majority (about 708%) in all three

questionnaires answered that salt made windscreens and

headlights more difficult to keep clean.

Road maintenance 

The majority were of the opinion that road maintenance

was good on those stretches which they travelled (see

Figure 18). Those who travelled often were signif-

icantly more satisfied than others. A third of those

who travelled seven times a week thought that main-

tenance was very good. The same answer was given by

17% of the occupational drivers.

During 1981, drivers were somewhat less satisfied than

in 1980, especially those who travelled on the unsalted

roads, which indicates that salting was considered by

some to be important for road maintenance. The differ-

ence between the test and control roads is significant

in 1981 but not in 1980. In 1984 when salting was

resumed the replies were very similar to those in 1980.
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Figure 18 What do you think of road maintenance on

this stretch during the past winter?

Comparison between the roads unsalted in

1980, the same roads salted in 1981 and

salted again in 1984. In 1980, 367 drivers

replied, in 1981 350 and in 1984 402.

In reply to the question "On which roads do you think

salt should be used in slippery conditions?" 40%

stated that salt should only be used on risky sections

such as hills, junctions and similar locations (see

Figure 19). 20-30% replied that salting should be

omitted altogether and a similar group that the major

roads should be salted. Of the occupational drivers,

44% wanted partial salting and 31% wanted no salting

at all. In the interviews, many who were clearly

against salting thought that it was impossible to
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cease salting everywhere and that caution should be

used through testing different road maintenance

methods, giving people a chance to adapt their

driving behaviour to new methods.

In all the studies, almost 708% of the drivers pre-

ferred ploughing, grading and sanding regardless of

age, sex, driving habits etc.

A. A A
0 20 LQ 60 89 100 %

g] ON ALL ROADS
O

ONLY ON MAJOR ROADS
0 o o

o o "o

 

] ony on oirricutt sections suck as

o °%0 % 0°] HILLS, BRIDGES, JUNCTIONS ETC.

0 _o COMPLETELY ABANDON SALTING

 

[] 1980 ano 1981

1981

Figure 19 On which roads do you think salt should be

used in slippery conditions? Result of

questionnaires in March 1980 and 198l. No

difference was found between the years 1980

and 1981. A total of 1537 replied in 1980

and 1981 and 462 in 1984.
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Further experiments with unsalted roads

Almost 80% of those who replied to the February

questionnaire in 1981 were positive to continued

experiments with unsalted roads. Of the others, 14%

were doubtful and the remainder negative. In the 1984

questionnaire 73% replied that they wanted the roads

unsalted also in future and only 158% replied with a

straight "No" to this.

Summary

The results from the motorists' questionnaire and

interviews show a large variation and two relatively

large extreme groups who are for or against salting.

The group who are against salting and want to reduce

it are in a large majority, but further studies are

desired regarding the procedure for this. The problems

with salt for motorists have been illuminated very

clearly in the questionnaires, including rusting, dirt

spray, judging slipperiness etc. Many state that

because of salting people become used to driving as if

summer road conditions existed all the year round.

Finally, a very large majority demand further experi-

ments. Over half those asked could accept lower speed

limits if salting were abandoned.

5.11 Truck drivers' attitudes
 

Since it was clear from the beginning that heavy

vehicles would experience problems when salting was

abandoned on the hill roads 34 and 55, special

questionnaire surveys were aimed at truck drivers

after winter 1981/82 and 1982/83. The sample consisted

of those truck owners who are members of the Oster-

gotland Transport Group. The questionnaire was sent

out at the end of winter in April 1982 and 1983 to

private drivers and companies travelling on the test
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roads. Of the 77 questionnaires sent out in 1982 to

drivers in one-vehicle companies, 56 were returned

completed, a response rate of 73%. 448 questionnaires

were sent to transport firms. The firms could not

distribute 251 of these because their drivers did not

travel on the roads in question.

Of the 197 questionnaires distributed 149 were com-

pleted, a response rate of 76%. Information from 187

drivers was processed. The questionnaires from the

remainder were received too late for punching or were

incorrectly completed, for example with two roads.

The non-response check showed that some had sold their

vehicles, firms had disappeared, several drivers had

completed the same form, some had even forgotten and/or

were uninterested. Nothing was found in the interviews

with those in the non-response group that indicated a

biased non-response.

In the 1983 questionnaire, incorrect information was

publicized stating that the experiments had been dis-

continued and many thought that this also concerned

the questionnaire. Only 50%, i.e. 142 drivers had had

time to reply. No non-response check could be made

since the drivers believed that the experiments had

been abandoned and thus refused to reply to any greater

extent than before. The results of the 1983 question-,

naire should therefore be treated with caution.

The age of the drivers in both questionnaires was

principally between 35 and 44 years and most had held

a driving licence for over 11 years. Trucks with

trailers were the most frequent type of vehicle, about

80% on roads 32, 34 and 55 and about 708% on road 796.

During the winter vehicles were normally driven 30,000-

40,000 km. Full loads were most frequent and only a

few per cent drove their vehicles unloaded. Studded
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tyres were fitted to about 10% of the vehicles, of

which over 60% only to the front wheels. Of those

without studded tyres, 40% thought that driving was

safer with studded tyres, i.e. those who had studded

tyres and those who believed that studded tyres were

safer together made up about half of those replying to

the 1982 questionnaire. In 1983, the proportion who

did not consider studded tyres safer increased to 708%.

In reply to the question whether drivers had experi-

enced difficulties such as standstills on hills,

almost 150 out of approximately 175 replied in 1982

that they had had difficulties. Fifty of the drivers

reported two or more difficulties. Of the drivers

travelling on road 55 (a hilly road) almost all re-

ported difficulties. For all roads together, the most

frequent problem was steering and/or braking on a

downward gradient (44%). About a quarter had come to a

standstill uphill and the same number had problems

with overtaking cars that drove back too soon into the

right-hand lane, forcing the truck to brake. A total

of 4%, had run off the road, half of these incidents

occurring on curves.

Of those questioned, 25% replied that they had some-

time come to a standstill owing to road conditions. On

road 55, the mean standstill time per vehicle travel-

ling on this section was 1.1 hours. This was the

longest time per vehicle on the four test sections.

The shortest standstill duration, 0.63 hours/vehicle,

was obtained on road 796. 278% of the drivers stated

that they had at some time made a detour. On road 796,

there was a proportionally smaller number of problems.

For all test roads in 1982 and 1983 it was stated that

a smooth, unsanded, slippery road surface was the most

troublesome (40% in 1982 and 50% in 1983). Unevenly

thick ice and rutted thick ice were next in order of
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difficulty. Slush and loose snow created the least

problems on all roads (only a few per cent stated this

to be most difficult).

Those questioned in 1982 and 1983 had to mark one of

five alternatives regarding their attitude to salting.

They were given options ranging from very positive to

very negative. Most were positive to salting, 38% in

1982, and about 45% in 1983, while 27% in 1982 and

about 19% in 1983 were negative. However, a large

group (about 35%) were doubtful, despite experience

from several winters.

Regardless of the section of road, most drivers (46%)

in 1983 were of the opinion that partial salting i.e.

salting on hills, curves, junctions and bridges would

be the best alternative, (followed by overall salt-

ing) (37%) and finally unsalted roads (17%).

Almost 60% of those questioned in 1982 stated that

they were generally satisfied with road maintenance

but many wanted more sanding and ploughing/grading.

Of the other, most wanted to return to earlier road

maintenance, i.e. salting and 6% wanted to solve road

maintenance in some other way. In the 1983 question-,

naire, considerably fewer were satisfied, between 29

and 43% for the different roads.

Almost half, 48%, of all drivers questioned in 1982

could consider continued experiments with unsalted

roads. 34% could not accept continued experiments,

while 18% were doubtful. During 1983, the figure was

somewhat lower, 41%, except on road 796 where 508% were

positive to continued experiments. The proportion of

doubtful replies had increased to almost 308%.
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Discussion 

As in the earlier attitude surveys, the response rate

was high and many interesting comments and even whole

pages of opinion were received. These are presented in

complete form direct from the questionnaires in Ref-

erences 6 and 9. The results show that road maintenance

without salt caused considerably more difficulties on

hilly roads than on the roads tested earlier. What is

especially interesting is that problems with braking

and steering on downward gradients are so dominant.

Reckoned over the whole winter, standstills with trucks

on hills were considered relatively serious, many

vehicles having long standstills incurring considerable

expense. It is fully understandable that a driver who

has had a standstill regards this as very irritating

and thus judges the effects as being serious. However,

if a comparison is made with Section 5.8, it can be

seen that the effects of a standstill are slight since

such events are infrequent. Nor does a survey made by

the Swedish National Road Administration (15) indicate

that standstills in traffic are a serious problem.

According to the majority, a totally salt-free road

network would lead to increased overall costs through

increased working hours, more accidents and increased

fuel consumption, the latter because many drivers

would make detours around unsalted hills and other

hazardous points. Partially salted roads are considered

the best alternative, since a large number of dis-

advantages were noted even with salt. For most, the

final conclusion was that salting should be applied

only at risky points such as hills, bridges, junctions

etc. Many were doubtful to salting when asked a direct

question. The proportion who wanted to continue the

experiments decreased between 1982 and 1983 to about

40% and the group of doubtful increased to almost 30%.
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It was found in the survey, and also commented on in

both the questionnaire and interviews, that more work

was necessary in order to replace salt, such as plough,

ing and grading and that possibly salting could be

performed at the beginning and end of the winter.

5 . 12 Road administratives' experiences and costs 

Experiences 

The completely dominating experience, which together

with the tendency towards an increase in accidents

noted led to the termination of the experiments, was

that current methods did not allow a level of winter

road maintenance acceptable to the road administration

without the use of salt.

The local maintenance and operation areas (LMOA) in-

volved were each responsible for one of the four test

roads. The control roads were located in three other

LMOAs within and outside the county. During the third

(last) winter of the experiments, the Swedish National

Road Administration's Office for Work Techniques manned

by personnel from the Vaxjo6 office assisted with advice

and follow-up work, principally concerning the test

section on road 55.

Instructions to personnel were initially the same for

the hilly test roads as for the level roads, but re-

quired modification almost immediately. After the

first winter's experiments on the hilly test roads, it

was clear that the planned extension of the experi-

ments to cover the whole county would not be possible

until the alternative methods had been improved and

the necessary resources reviewed.

During the following winter, extended resources were

therefore made available on road 55 including one
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grader, one truck and one man on stand-by. Instructions

were also reviewed so that salting was permitted to a

limited extent in those cases where alternative methods

could not fulfil the instructions for a smooth road

surface. Despite the use of relatively large amounts

of salt (almost half the quantity of that on the con-

trol section on road 55) the intended result was not

achieved, primarily because the salt was spread too

late. If salting had been performed earlier, the snow

would not have become packed and a hard snow-covered

road surface would have been avoided. Higher traffic

flows and certain weather conditions (such as wet snow

on a frozen road surface) made it impossible to remove

the snow with reasonable resources before it had become

packed. A rutted and rough road surface sometimes

resulted on the test sections which was extremely

difficult to smooth and which on occasion persisted

for up to two weeks during the winter.

The personnel involved regarded this situation as very

troublesome. Heavy trucks with trailers became so

hazardous that personnel on some occasions almost

refused to perform maintenance action on the test

sections since they feared the risks of meeting these

vehicles. In ice grading the grader often tended to

steer towards oncoming traffic if the blade was applied

with too much pressure. In certain situations, it was

impossible to grade longitudinal ice ridges and/or ice

between wheel tracks.

In practice, the use of salt in deicing procedures

is limited to temperatures over -7°C. At lower tem-

peratures, there is no effective method of fighting

slippery road conditions. If the road surface is more

or less smooth, the difficulties faced by road users

are fortunately not so severe in most cases. The

surface become coarser owing to the cold.
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The effect of road sand is of short durability since

sand is blown away by traffic. On the test sections

with their relatively high traffic flows, conventional

sanding was not a realistic alternative. The instruc-

tions to personnel therefore prescribed overall sanding

only when the road surface was covered with wet ice/

snow. The prohibition against using salt which would

rapidly have eliminated the risk to traffic was in

many cases frustrating for maintenance foremen. On one

occasion with sub-cooled rain at -10°C, the test roads

had to be sand-salted since they would otherwise have

had very poor trafficability. However, it should be

noted that this is a very rare weather situation.

Different sand fractions were tested. A 4-8 mm sand

led to many protests because of the risk from flying

stones. A 4-6 mm sand was then introduced, after which

complaints diminished. Both these materials could be

stored without mixing salt to prevent them freezing

together.

Special interest was paid to the question of whether

sand strings created along road verges could be of

help to road users. No unambiguous conclusion could be

drawn, although the strings were useful in some cases.

Heavy vehicles were most cautious on downward gradients

and readily waited for a sanding truck at the top of

the hill.

The public showed both positive and negative reactions.

Presumably negative reactions were those first ex-

pressed. Apart from commercial traffic, the strongest

reaction came from people and companies who were to a

large extent dependent on using the road. Many were

also able to make a detour. No information is avail-

able for an assessment of the reaction if the road

surfaces had been similar on all the roads in the

country.
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Although they could not be fulfilled as planned, the

experiments provided a number of valuable results

regarding future winter road maintenance, both from

the technical/administrative aspect and from the view-,

point of effectiveness.

Costg 

Foremen in the maintenance districts involved sent in

continuous reports on the action of the winter road

maintenance. The follow-up was made both on test and

control roads. The report covered time of day, time

consumption, sub-section of road, resources applied

(personnel and machines) in addition to the quantities

of sand and salt used. The resources have been costed

with the prices applying each year. Figure 20 below

shows the cost per square metre on the respective road.

The diagram shows:

that costs on the level test roads decreased with

time, becoming lower than on the salted control

roads, while costs on the hilly test roads were

similar or greater,

that costs on road 55 were considerably higher on

the unsalted section.

The large variations in winter maintenance costs

between the test roads reflect primarily uncertainty

about appropriate action. While one area supervisor

considered that sanding, for example, had such an

insignificant effect that this was omitted another

sanded "to keep the peace". The difference in width

between the test section and the control section on

road 55 meant that salting and sanding was applied to

a 9 metre width also on the test section in this com-

parison between surfaces.
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It is important to observe that on some occasions the

action applied did not meet the requirements of the

instructions on road surface standard.

Apart from the winter maintenance costs documented

here certain indirect costs/savings are documented in

section 6.
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5 . 1 3 Reactions of the mass media
 

Since this project was something out of the usual, the

mass media showed great interest in the experiments.

Most interest was of course shown by the local press.

However, the national press and certain trade pub-,

lications (such as those from motoring organizations)

also described the experiments.

Local radio and regional television broadcast a

number of programmes. Some had national coverage via

radio and television. In addition, certain results

from the experiments were reported in the national

news programmes.

Snowstorms almost always cause traffic difficulties

and accidents. Even if the whole county is affected it

was not uncommon for the newspapers to look at how

traffic coped on the test sections. If a serious

accident occurred the journalists' language became

somewhat emotional. Expressions such as "test road

costs lives" and "killed by the Road Administration's

test road" were used when reporting one serious

accident.

Most reports were, however, of an "informative"

nature. A summary of the reactions in the mass media

is that these were "objective" and "neutral".
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6 . DISCUSSION AND CONCLUSIONS

6 . 1 General

When the experiments started it was quite clear that

if salting was abandoned icy/snowy road conditions and

consequently lower friction would persist for longer

periods than when the road was salted. Earlier acci-

dent studies have not succeeded in demonstrating any

positive effect of salting and it was therefore assumed

that traffic safety could be held on the same level

during the experiments as before. It was also decided

to make a continuous check on the number of accidents

reported by the police. The probabilities of these

accident rates were calculated and if "too many" acci-

dents occurred the experiments were to be terminated.

The experiments began on two roads where it was likely

that possible problems would be slight. Since traffic

flowed well on these roads without salt the experiments

were extended according to plan during the next winter

when they also covered two hilly roads, one with a

large proportion of heavy vehicles. On these roads

heavy vehicles occasionally had difficulties in moving

uphill or downhill. In adddition, there was a tendency

to an increase in accidents on the hilly roads.

A decision was therefore made not to extend the experi-

ments to cover a whole county as originally intended,

but the experiments were to be applied for a third

winter to the same four roads as earlier. Increased

resources for grading and sanding 'were introduced and

the use of salt was permitted on the hilly roads under

very difficult conditions. Generally, the same problems

remained for heavy vehicles during the third winter.

This was because an attempt was always made first to

perform road maintenance without salt. When salt was

finally used, the effect was little or none, since a

layer of packed ice/snow had already been created.

VTI RAPPORT 282A



-71 -

After this winter the increase in accidents on the

hilly roads was statistically established. Complaints

from drivers of heavy vehicles continued and the

experiments were terminated.

The experiments have illustrated the complex of prob-

lems involved in salting. Salting influences many

factors, some of them very significantly. As noted in

Section 5, for example, the number of accidents in-

creased by many per cent, while corrosion decreased

by 50-75%, the number of days with dirt spray being

halved on the unsalted roads. The public showed much

enthusiasm for the experiments. Individuals, firms,

authorities (especially the police), trade organ-

izations and the press provided much support, while

information in various forms had a very good impact.

Different road user categories have varying opinions

regarding salting. After the first winter (1980/81)

with unsalted roads 80% of the road users, primarily

car drivers, replied that they were positive to con-

tinued experiments. When salting was resumed, (1983/84)

73% replied that they would have preferred the roads

to remain unsalted. After the winter of 1981/82, 48%

of the truck drivers replied that they could accept

the experiments continuing. One year later, the pro-

portion of positive drivers had fallen to 41%, while

the proportion of doubtful drivers had risen from 183%

to almost 30%. The positive drivers believed that

other winter road maintenance should be intensified.

In choosing between different road maintenance alter-

natives, most drivers (both cars and trucks) recom-

mended that only hazardous stretches of the road

should be salted.

The reference group appointed during 1982/83 included

the Transport Hauliers' Association who went a stage

further than the truck drivers did in the questionnaire
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by stating that salting improves the working environ-

ment through reducing stress and uncertainty, and that

this could very well be set against the higher costs

of vehicle corrosion.

Factors such as stress and uncertainty are difficult

to measure and this has not been attempted in this

project. Some people feel uncertain when driving on

snow and ice. Icy/snowy road surfaces are more common

on an unsalted road, but it is not known whether this

feeling varies in different conditions of ice/snow.

Studies of road conditions indicate that slush is a

more frequent road condition on salted roads and at

least from the aspect of accidents this is a very

troublesome condition on the roads. The question in-

cluded in the questionnaire which is somewhat linked

to experience of road conditions is whether salting

facilitates or hinders the assessment of a slippery

road surface. The majority reply that this is more

difficult on a salted road.

The requirements on road standard set out in the

instructions to road administration personnel could

not be fulfilled at certain times. Drivers of heavy

vehicles and the road administration's maintenance

personnel regarded rutting (ice ridges along the road)

as troublesome. Rutting to a depth of less than 1 cm

occurred at most on some part of some road during 15

days during a winter. Many stretches of the roads

showed rutting very seldom, with an average duration

of about 5 days. In addition, there were one or more

days per winter when the test roads were very uneven

owing, for example, to the creation of small holes in

the packed snow.

In extremely slippery conditions and in sub-cooled

rain, a salt and sand mixture was used on some test

roads. Since the effect of sanding is very short-lived
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the test roads were normally sanded only when the road

surface was covered with wet ice. Commercial traffic

requested a resumption of salting at least on hills.

After the end of 1982 the roads were salted on a number

of occasions, not only in extreme conditions.

Although they could not be completed as planned,

the experiments provided several valuable results,

especially concerning the effects of salting and also

with regard to future winter road maintenance from the

technical/ administrative aspect.

However, the discussion over salt/no salt is unfort-

unate and misleading. It is urgent - and considerable

efforts have already been made - to find alternatives

to salt. No such alternative has yet been found. The

complaints most often received by the road adminis-

tration relate principally to increased dirt spray.

Currently, salt is used often in a slentrian manner.

Greater discretion is possible in its usage. Similarly,

salting strategies should be reviewed. All this demands

further research and constructive collaboration between

road users, researchers and road administrations. The

development of known methods for winter road main-

tenance must not come to a halt but should continue in

parallel with a drive to find and test new methods.

The experiments were performed on a limited road net-

work which may lead to road users failing to adapt to

the changes by fitting studded tyres or reckoning on

longer journey times more often. It is also possible

that a lower standard is more readily accepted since

the inconvenience is limited to a part of the driving

distance and that there exists the option of choosing

alternative roads.
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6 . 2 Example of a socio-economic calculation 

Despite reservations on the magnitude of certain

effects it is nevertheless of interest to be able to

compare the different effects obtained. To do this, it

must be possible to convert the findings to the same

units. One method is to make an economic evaluation,

such as that used by the Swedish National Road Admin-

istration in its calculations of road traffic econ-

omics. Not all effects can be quantified economically,

however. This applies especially to the way in which

the road user and the road administration view certain

conditions .

A summary of the effects can be made in various ways.

One approach is to assume those conditions applying

during the experiments, i.e. only four roads unsalted,

with calculations being made only for these. However,

this would make it difficult to extend the calculations

to a larger road network. Another is to perform cal-

culations for the whole Swedish road network. At

present, this would lead to a time-consuming process

of data acquisition with uncertain assumptions con-

cerning the Swedish road network. We have therefore

chosen to make calculations assuming that a large area

(the whole of Sweden) was unsalted, but using only the

four roads included in the experiments.

The calculations are based on results from the experi-

ments with unsalted roads and, when these are insuf-

ficient, on results from other studies and assessments

made by various experts. The assumptions for the

calculations are shown in Appendix 3. It should be

noted that the calculation is only an example.
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Change in costs (thousand SEK/winter)

  

Accidents +4, 065

Corrosion -5 , 750

Journey time, trucks +46 \

Journey time, cars +107

Standstills +51

Fuel consumption o r +102

Winter road maintenance +58 |

Washing -28

Ditch maintenance +22 r -1 02

Bridge repairs -109

Pavement wear -45 J J

Calculation example showing change in costs on the 

test roads when changing from road maintenance with

salt to road maintenance without salt.

From the calculation example, it can be seen that by

far the two largest items are the increase in acci-

dents and the reduction in corrosion and that these

are of the same order of size. Other effects are of

relatively less significance.

How much certainty is there in estimating the two

largest items of accidents and corrosion?

Taking accidents first, it is possible to calculate

the statistical uncertainty. If this is done in the

form of an approximately 95% confidence interval, the

result may be anything from a reduction in the acci-

dent cost of SEK 1.635 million/winter to an increase

of SEK 6.625 million /winter. The high degree of un-

certainty is due to the smallness of the sample. It

may appear strange that the lower limit of the con-

fidence interval gives a reduction in the number of

accidents when we have stated earlier that we obtained

a significant increase in the number of accidents (see
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Section 5). This is because the significant increase

occurred only on the hilly roads, while the calculation

was made for all roads and also because only an approx-

imate calculation of the confidence interval can be

made. It should be noted that the most probable value

for the change in accidents is naturally the increase

in accidents which was observed, corresponding to the

accident cost reported in the table, i.e. SEK 4.065

million/winter.

In view of the great uncertainty, it may be of interest

to provide a summary of the results from other studies

made on the effect of salting on traffic accidents.

In an earlier large study (13) an attempt was made to

estimate the effect of salting by studying the acci-

dent trend on roads where salting had been begun and

also by comparing salted and unsalted roads. The

results of the study were that no effects can be

demonstrated on accidents reported by the police which

originated from salting. A calculation of the accident

rate in d@Aifferent road conditions shows that when the

proportion of ice/snow decreases, the accident rate in

these conditions increases so much that the total num-

ber of accidents is constant. The authors are unable

to say whether this result was due to differences

between salted and unsalted roads with regard to

traffic flow and speeds or whether salting had only

eliminated less hazardous icy/snowy road conditions.

In another large accident study (14) use has been made

of accident and road condition data from 1973 and

1977, in particular the variations in the proportion

of vehicle mileage in icy/snowy conditions on salted

roads between different winter months and different

regions in Sweden. The following relationship was

found between the proportion of icy/snowy road con-

ditions and the accident rate:
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The diagram shows that the accident rate increases to

a proportion of 15% for vehicle mileage in icy/snowy

road conditions, subsequently remaining on the same

level or even falling slightly. It should be noted

that the observations used were each unique with

regard to region and period in time. It may be that

the relationship obtained constitutes a levelling-off

in the a number of individual relationships for the

respective region and period in time. But if it is

assumed there there is a relationship similar to the

above, this shows that the greatest effect on acci-

dents is obtained if the proportion of vehicle mileage

in icy/snowy conditions is reduced on roads where it

is already low. This may be what was done in Oster-

gotland county during winter 1983/84 when a modified

salting strategy was introduced whereby faster action

was set in on the roads. During the winter the number

of accidents fell to 223 from an average of 302 per

year for the previous five years. This difference is

significant at the 5% risk level. Neighbouring coun-

ties have not had such a large change in accidents. No

check was made of whether any other changes had occur-

red in any of the counties.
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In the experiments with unsalted roads, the effect on

traffic accidents of winter road maintenance with and

without salt has been studied on comparable roads. If

the increase in accidents was the "true" effect of

salting, it ought to have appeared in earlier investi-

gations, even if comparable roads were not studied. It

is therefore probable that the effect has been over-

estimated. The road with the greatest increase in

accidents had a larger increase in accidents on a bare

surface than on an icy/snowy surface, which indicates

that a factor other than ice/snow was influential.

Further objections which may be made are that the

experiments occupied a short period and only a few

stretches of road and that road users did not there-

fore adapt to unsalted roads. It should be noted, for

example, that the accident rate in ice/snow is con-

siderably lower in northern than in southern Sweden

and that this difference may in part be explained by

the degree of experience of icy/snow road surfaces.

Nor is it possible to exclude the suggestion that the

roads were monitored better and that more accidents

than normal were reported.

A calculation of the uncertainty in estimating cor-

rosion costs cannot be made on a statistical basis but

must be obtained by reasoning. The costs of corrosion

can roughly be divided into two main parts. One is the

costs of corrosion protection which the car has from

the beginning and also receives during its lifetime,

plus the costs of repairing corrosion damage etc (see

Appendix 3). The other is the costs which are associ-

ated with a shorter lifetime. The first category is

relatively easy to calculate while the second is un-

certain. After discussions with various experts, it

appears reasonable to assume that the lifetime of cars

could be extended by 25% if corrosion was completely

eliminated. The assessments varied between 10 and 50%.

To determine the uncertainty in the assessments and
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calculations alternative assumptions were also made

regarding the extension of lifetime, i.e. from 0 to 508%.

To calculate the proportion of corrosion caused by

salt, both the results of this study and also of an

earlier study made by the National Testing Institute

of Sweden (16) were used. In addition, preliminary

contact was made with the National Testing Institute

which has been commissioned by the Swedish National

Road Administration to determine how much corrosion is

caused by road salt. The conclusion is that about 25%

of total corrosion is caused by winter salting. In

this context, it is also worth noting that the salting

of gravel roads with calcium chloride which is done

during the summer in order to bind the dust may also

cause considerable corrosion. This problem should be

studied in more detail.

The calculations described (see also Appendix 3) give

the following range for corrosion costs: SEK 2.700

million/winter to SEK 7.940 million/ winter, the most

probable value being SEK 5.750 million/winter.

In this calculation, we have sought to include the

fact that the panels were not washed the whole winter

and that they were stored in a heated garage when not

exposed. After consultation with the National Testing

Institute of Sweden, it was judged that not washing

the panels increased corrosion by about 108%. Storing

the panels in a heated garage increased the extent of

corrosion but is not believed to have influenced the

relative contribution of the salt to corrosion.

As shown in the table of the various effects, other

effects are relatively insignificant compared to cor-

rosion and accidents. In many cases, the other effects

are only rough approximations. They may easily be in-

correct by a factor of two, but not by a factor of 10.
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7 FURTHER RESEARCH AND DEVELOPMENT

This study points out two far-reaching and important

impacts on road user costs, i.e. accidents and cor-

rosion. When a road is no longer salted accidents will

probably increase while corrosion decreases. This

result indicates that salting should be reduced with

regard to corrosion but from the aspect of the acci-

dent rate found here a careful assessment should be

made of whether and how a reduction should be made.

It must be pointed out that the accident result is

rather uncertain since few accidents occur in such a

small road network as that in the experiments and that

consequently fairly large percentage changes were

obtained. The accident increase for the whole period

of the experiments was 44%. With a 958% confidence

interval around this figure, the accident result could

be anything from a reduction of 118% to an increase of

99%. On the road with the largest increase in acci-

dents, accidents on a bare surface increased more than

those on an icy/snow surface. This shows that extens-

ive studies are required where it is also possible to

classify accidents and vehicle mileage according to

different road conditions. Studies of this type

necessitate a new investigation of road conditions

similar to those made in 1973 and 1977. If there is}

also a catalogue of precautionary measures, it would

be possible to determine the traffic safety effects of

various levels of winter road maintenance.

Many of the road users questioned stated that they

wanted salting on difficult sections such as hills,

bridges, junctions etc. If such a strategy were to be

applied, it is important to investigate whether this

leads to less corrosion and if so, how large the

reduction is. Corrosion studies made so far have

mainly dealt with differences between roads which are
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completely salted or not salted at all. Some studies

have been made of reduced salting, but the results

regarding corrosion are uncertain. One hope is that

vehicles will be improved so that they rust less.

Already, many vehicle manufacturers have introduced

rust protection qguarantses and this may mean that the

corrosion effects of salting will be reduced in the

future.

There are other effects that are also highly influ-

enced by salting. These include environmental aspects,

especially in urban areas where vegetation is also

exposed to mechanical damage and air pollution which

makes it even more sensitive. Salting may also cause

concentrations of salt in wells and water supplies

which are too high for those needing salt-frse diets.

Owing to the negative effects of salting, the Ministry

of Communications has taken the initiative of starting

a project aimed at reducing salt usage or the injurious

effects of salting without detracting from traffic

safety and trafficability.

The National Road Administration, the Swedish Road and

Traffic Research Institute and the Swedish Association

of Local Authorities have produced a wide research

programme divided into three sub-projects.

4 An extension of the salt-free road network in

urban and rural areas.

> Development of new deicing methods with reduced

usage of NaCl.

@ Development of new deicing strategies where the

possibilities of using improved techniques,

organizational changes, information and methods

of influencing attitudes are clarified.
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A number of studies have been proposed for each of the

three sub-projects. Some of these have already started

and many are still only suggestions. However, it is

important that resources be allocated as soon as

possible so that the studies can be made.
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Appendix 1

Swedish National Road Administration Instruction

Maintenance and Operation Section 1980-09-09

ANTI-SKID MEASURES IN EXPERIMENTS WITH UNSALTED ROADS

Under no circumstances may salt be spread on the test

sections which are to be unsalted. Should conditions

be such that salting must be implemented the manager

of the regional road administration must first be

contacted.

The road must as far as possible and within the scope

of normal resources be kept free of ice by grading.

Sand with no admixture of salt must be used for de-

icing measures on wet road surfaces (in rain and in

thawing).

Anti-skid measures are to be applied to the normal

extent on connecting roads.

No anti-skid measures on hoar frost.

A dry, graded road surface is acceptable from the

trafficability aspect and requires no further action.

A detailed follow-up of the resources used is to be

made .
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Appendix 2

SWEDISH NATIONAL ROAD ADMINISTRATION

Gunnar Henrysson

INSTRUCTION

EXPERIMENTS DURING WINTER 1982/83 ON ROADS 34 AND 55.

Aim 

An even road surface which does not lead to serious

trafficability problems for heavy vehicles.

Snow and slush removal and ice grading 

Start criteria and action times according to the stan-,

dard in the five-year maintenance plan will be main-

tained. During snowfalls, however, snow removal should

take place continuously. Packed ridges of snow and ice

are to be graded. Normally, no salt is to be used in

conjunction with snow removal, but if the duty foreman

considers that the previously mentioned measures do

not meet the objectives salt may be used in exceptional

cases .

Comment: The earlier that snow removal is started, the

more advantageous it is. It is essential not to wait

and see how a snowfall develops.

The standby level in the affected areas should there-

fore be increased. It is also important that the

affected local maintenance and operation areas achieve

so much flexibility in the choice of equipment that

snow and ice are prevented as far as possible from

becoming packed.
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Sanding

Sanding is only to be applied to temporarily aid heavy

vehicles on hills, bends and junctions during, for

example, heavy snowfalls.

Overall sanding is to be applied when the road surface

is covered with wet ice or snow (extreme slipperiness).

Comment: The effect of sanding on the particular roads

is very limited (10-20 minutes). However, the gravel

string normally created along the verge is sufficient

for heavy vehicles to keep moving. One condition for

this is that the road surface is even. The method

requires an increased standby level.

Salting

Salting is only to be used in isolated severe con-

ditions when a rapid and durable effect of the action

can be expected (e.g. in temperatures around 0°C, sub-

cooled rain or other forms of extreme slipperiness

when the coefficient of friction is less than 0.1).

Comment: Each duty foreman should seek to act as

appropriately as possible in each situation on the

basis of a common basic approach.

The instruction differs from that applying for a class

A salted road, primarily in that a snow and ice sur-

face is accepted here, provided that it is even, and

that salt is used only in exceptional cases.
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Appendix 3

CALCULATION EXAMPLE

Calculations of changes in costs when the test roads

change from winter road maintenance with salt to

winter road maintenance without salt.

Accidents 

The estimated accident costs are those applied by the

Swedish National Road Administration in 1983 prices.

Accident involving damage

to property SEK 65,000

Slightly injured person SEK 120,000 Mean accident

Seriously injured person SEK 700,000 SEK 265,000

Death SEK 4,300,000

Since the accident data in this case is limited mean

value for one accident has been calculated. Accident

data from the European, national and main roads during

the period 1977-81, the distribution of this data

among seriously injured or killed persons, the number

injured in each personal injury accident and the

distribution between personal injury and property

damage accidents have been used to weight the accident

value.

The results of the last two winters of the experiments

on all the test roads have been used to calculate the

magnitude of the increase in accidents and its un-

certainty. In these data, the increase is 44% and an

approximately 958% confidence interval ranges from a

reduction in accidents of 11% to an increase of 99%.

This means that the 50 accidents/winter on the test
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roads would, if the roads had been salted, have been

25, 35 or 56 for the different percentage changes

above. The difference in accidents between road main-

tenance with and without salt was calculated. Assuming

a cost of SEK 265,000 for each accident, the various

alternatives are as follows:

Change in accidents when the roads were unsalted

(mean + 95% confidence range)

 

 

 

Percentage change Cost

in accidents SEK thousand/winter

Lower limit -11 -1 , 635

Mean +44 +4 , 065

Upper limit +99 +6, 625
  

Corrosion 

As shown in Section 6, various alternatives were chosen

for the increase in vehicle lifetime, i.e. O0, 10, 25

and 50%. The average purchase cost for a passenger car

in 1984 was SEK 55,576 excluding VAT, excise and scrap,

ping charge. The indirect taxation factor is assumed

to be 20%, which leads to a price of SEK 66,700. The

number of passenger cars in 1984 was 3,285,000. In-

formation on repair costs has been obtained from the

Corrosion Institute. A rough calculation has also been

made for trucks. There are about 200,000 trucks in

Sweden and about 12,000 are scrapped each year, i.e.

it takes 17 years to replace the truck population. An

average truck costs SEK 247,800. Repair costs are set

as high as for passenger cars.
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Cost in thousand million SEK per year

Cars Trucks Total

Longer Capital cost Repairs Capital Repairs '

lifetime Underseal cost etc

Testing

0 % 0 . 0 3 . 0

10% 1 . 5 3 . 0 O . 3 0 . 2 5 . 0

25% 3 . 2 3 . 0 0 . 5 0 . 2 6.9

50% 5 . 2 3 . 0 1 . 0 0 . 2 9 . 4

      

On the basis of the Swedish National Road Admin-

istration's studies and informal contact with the

National Testing Institute of Sweden it has been found

that the average corrosion during the winter season is

about 50% of the corrosion during one year. The fact

that corrosion is so high during the summer is due to

salting of gravel roads to bind the dust. On the basis

of the corrosion experiments on unsalted roads, the

Swedish National Road Administration has estimated

that 2/3 of the corrosionduring winter is due to

salting. The panels were not washed during the whole

winter and this may have increased corrosion by about

10% on the salted roads. When the panels were not

being exposed they were stored in a heated garage

(+5°C) and this has increased corrosion. With the data

now available the relationship between the panels from 

the salted and unsalted roads would not be influenced

by this. Owing to the above uncertainty, it is assumed

here that only half the winter corrosion is due to

road salt.

Vehicle mileage on the national salted roads is about

72% of all vehicle mileage. On local roads, the pro-

portion is estimated to be similar. In addition, many

drive occasionally on salted roads and since even

small quantities of salt accelerate corrosion this is

included, as well as the roads that are sanded and

thereby also disperse salt. The vehicle mileage
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affected by winter salting is thus put at 908% of

winter vehicle mileage.

The total vehicle mileage in Sweden is about 45,000

million vehicle kilometres. Of this, about 35% (the

VTI's vehicle mileage model) occurs during the five

winter months when the studies were in progress. The

vehicle mileage which was influenced by winter road

salting was therefore about 14,200 million vehicle

 

 

 

kilometres.

Change in Costs of corrosion

vehicle due to winter salting

lifetime

thousand million SEK/year SEK/vehicle km

o O0 . 8 0 . 06

10% 1 . 3 0 . 09

25% 1.7 O . 12

50% 2 . 4 O . 17
  

The mean annual vehicle mileage has been calculated

for each test road during the period of the experi-

ments. This was done on the basis of the average

annual daily traffic for the years 1978,198l and 1984

on the various sections. The VTI's vehicle mileage

model has been used to calculate vehicle mileage per

 

 

 

 

 

 

 

winter.

Cost of corrosion due to winter salting

(SEK thousand/year, test road)

Test road Change in lifetime

0 % 10% 25% 50%

Road 796 -420 -660 -900 -1 , 250

Road 32 -300 -460 -630 -870

Road 34 -970 -1 , 520 -2 , 070 -2 , 860

Road 55 -1 , 010 -1 , 580 -2 , 150 -2 , 960

Total -2 , 700 -4 , 220 -5 , 750 -7, 940
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These calculations assume that the vehicles only travel

on unsalted winter roads. In this limited experiment,

most travelled also on nearby salted roads, which means

that the reduction in corrosion from this experiment 

was almost non-existent.

Speed

Journey speed measurements were made on the level roads

during the first winter of the experiments. The measure-,

ments showed that speed adaptation to road conditions

was generally the same as on the control roads. The

speed levels used are based on these measurements and

other speed measurements made at the VTI. The following

table shows the speed levels used.

 

CARS HEAVY VEHICLES
 

Speed (km/h)
 

 

 

Road Bare Ice/snow Change in Bare Ice/snow Change in

surface or bare journey surface or bare journey

sur face time, s surface time,  s/km

3 2 85 80 2 . 65 78 75 1.85

Other 90 82 3 . 90 78 ' 75 1.85

roads
         

The difference between the two speed levels here is

somewhat less than that obtained from the speed studies

in this experiment. This is because the road conditions

of ice/snow in this case also included mixed conditions,

i.e. patches or ruts with a bare surface and ice/snow.

The proportion of heavy vehicles on the different roads

was obtained from speed measurements made by the VTI.

The proportion of trucks on road 796 is 14 %, on
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road 32 19%, on road 34 18% and on road 55 24%. These

proportions are probably somewhat too high since the

measurements were made on weekdays, but they are never-

theless used here. 10% of passenger traffic consists

of business journeys (NRA P 016) and this would lead

to a value of SEK 26.50/vehicle hour. Trucks are valued

at SEK 96/vehicle hour.

 

 

 

 

Cost, SEK/winter

Truck Car

Road 796 + 5,000 +19, 000

Road 32 + 5,000 + 8,000

Road 34 +15, 000 +41, 000

Road 55 +21 , 000 +39, 000

Total +41, 000 +107 ,000   

Standstills 

The standstills recorded during winter 1982/83 on

roads 34 and 55 on one hill in each direction had a

total duration of 16 and 67 truck hours respectively.

With regard to the general alignment on these sections

these figures were increased by a factor of 4 and 7

respectively, giving totals of 64 and 469 hours. If a

truck hour is valued at SEK 96, this will mean a cost

of just over SEK 6,000 on road 34 and SEK 45,000 on

road 55, a total of SEK 51,000.

Waiting

12% of the truck drivers had at some time during the

winter waited for the test road to be trafficable.

This information was obtained from the questionnaires.

However, there is no information on how long drivers

had waited and thus it is only possible to state that

this constitutes an extra cost.
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Fuel consumption 

Fuel consumption is highly dependent on the speed of

the vehicle and the road conditions prevailing. On the

salted roads, the proportion of loose snow is somewhat

greater than on the unsalted roads. The 10% units more

ice/snow on the unsalted roads thus generally consist

of packed snow or ice. The 10% units more bare surface

on the salted roads mainly consists of wet or moist

bare surface. The speeds of vehicles in these road

conditions are described in the Section headed "Speed".

Fuel consumption data has been obtained from the VTI's

measurements, which show that consumption is the same

on the salted sections as on the unsalted.

Environment 

Environmental effects of winter road salting have been

studied in other VTI projects, where it has been found

that surface water (lakes, rivers) is relatively un-

susceptible to salt contamination. This is because of

the relatively large volume of the surface water and

replenishment rate, which causes contamination to be

rapidly diluted and carried away. In small ground

water magazines near roads salted in winter, the salt

contents may under certain unfavourable conditions

become relatively high. A ground water magazine sus-

ceptible to contamination frequently has a high ground

water level, a small volume and a low replenishment

rate. In Sweden, there are however only a few known

cases where ground water supplies have been contam-

inated by salt from roads. Damage to vegetation may

occur through salt splashes on leaves and spines and by

absorption through the roots. Both sodium and chloride

ions are injurious to plants. However, there are large

differences in the salt resistance of different species.

In general, deciduous trees are less susceptible than

coniferous trees. Sodium and chloride ions in the
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ground may reduce the availability of both water and

nutrients.

The environmental problem due to salt along rural

roads is considered slight, while on the other hand it

is very expensive to replace planted trees in urban

areas where they have died through salting.

Dirt spray 

The studies of dirt spray related to road condition

showed that the number of days with a certain degree

of dirt spray was about half as great on the unsalted

road as on the salted road. On this basis, it would be

possible to assume that cars require washing half as

often during winter if driven on unsalted roads. Since

the costs of corrosion include the costs of washing a

car, these costs have not been taken up separately.

Road administrations" direct costs

This heading refers to the costs of the road admin-

istration for winter road maintenance. After each

winter of the experiment, the road administration in

Ostergotland has made a summary of its costs. To be

able to compare the costs on test and control roads an

average cost per road and linear metre has been cal-

culated. The costs have then been multiplied for both

the test and control roads by the length of the test

road. In one case, road 55, there is also a difference

in width between the test and control roads. This has

been taken into account in these calculations by re-

ducing the costs of snow removal and ice grading on

the test road. The test section has a width of 13

metres and the control section 9 metres. It should be

noted that on the test section on road 55 there is a

long, steep hill while the control road is more level.
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Cost SEK 0.0l/linear metre

(average over the years)

Test Control Difference Difference in

road road __ v cost, SEK/winter

Road 796/636 110 153 -43 - 7,400

Road 32/206 1 l 2 1 27 -15 - 2,400

Road 34 207 206 + l + 600

Road 55 4 43 178 +265 +66, 800

Total o +57, 600
 

Road indirect costs 

This heading refers to increased costs of washing,

ditch maintenance, pavement wear and bridge repairs.

Washing includes washing roadside reflectors. These

are cleaned about 20 times each winter. From the study

of dirt spray, it is possible to draw the conclusion

that if the roads were unsalted it would suffice with

half as many washes. However, the roadside reflectors

become clogged with snow in snow ploughing and must

therefore be cleaned. The assumption may then be made

that an unsalted road saves five washes per winter.

The cost of washing is about SEK 50/km (NRA Report DD

127), i.e. in this case SEK 250/km would be saved

every winter.

 

 

 

  

SEK/winter

Road 796 - 4;3OO

Road 32 - 4,100

Road 34 -14, 000

Road 55 - 6, 300

Total -28 , 700
 

Ditch maintenance may need to be done more often if 

sanding is frequently used instead of salting. During

winter 1982/83, a study was made of the quantity of
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sand spread on Graversfors hill on road 55. This sand

added 0.03 cubic metres of ditch deposits per metre on

each side of the road every year. If the additional

deposits are less than 0.4 cubic metres ditch main-

tenance is not usually carried out, i.e. extra ditch

maintenance would be required at the earliest every 13

years. The cost of ditch maintenance with these quan-,

tities is about SEK 10/metre ditch. This would mean a

cost of about SEK 0.75/metre ditch and year. With

regard to the way in which sanding was performed on

these test roads, with overall sanding being rare, the

cost could probably be brought down to about SEK 0.20/

linear metre and year.

 

 

 

  

SEK/year

Road 796 + 3,460

Road 32 + 3,260

Road 34 +11, 160

Road 55 + 5,040

Total +22, 970

 

Bridge repairs are annually about SEK 170 million. Of 

this, 20 million is for guard rails, painting etc, 40%

of this cost being considered due to salt. Renewing

pavement and insulation costs 60 million/year, a third

of this being the result of salting. Repairs to con-

crete consume SEK 85 million, of which 80% is due to

salt, other repairs costing SEK 5 million according to

an informal estimate by the Swedish National Road

Administration. The costs are distributed among the

11,000 bridges in the country. The cost per bridge and

year is thus about SEK 15,000, of which about SEK

7,300 is due to salting. Information on the number of

bridges per road has been obtained from the source

reporting on the road network and all bridges have

been regarded as an average bridge.

VTI RAPPORT 282A



Appendix 3

Page 11(12)

 

 

 

  

Cost, SEK/year

Road 796 - 34,900

Road 32 - 0

Road 34 - 87,000

Road 55 - 17,500

Total -139, 400
 

Pavement wear was measured on road 34 before and after 

a winter. The amount of wear was:

salted section 0.39 + 0.05 mm

averaged across road

unsalted section 0.23 + 0.04 mm

However, the salted section had much more traffic than

the unsalted section. After correcting for this, wear

would be 10-20% greater on the salted road. The differ-

ence depends on how long the road is covered by snow/

ice and how large a proportion consists of a dry or

wet bare surface respectively. According to inform,

ation from the National Road Administration, ruts in

the pavement are not repaired before they are at least

15 mm deep. This means that it would take more than

100 years before a new pavement was needed. However,

the pavement wears faster than this and if an annual

wear of 0.05-0.10 mm more is assumed on the salted

roads, this must be repaved with 0.125-0.25 kg/m,

which involves a cost of SEK 0.04-0.08/m*/year. If the

carriageway alone (not the hard shoulders) is paved,

this would mean an increased cost as shown in the

table below.

 

 

 

 

Cost, SEK/year

Road 796 7, 000

Road 32 _ 6,000

Road 34 22,000

Road 55 10, 000

Total 45,000
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The salt may also cause water to penetrate deeper into

the pavement so that the consequences of frost damage

are greater than on an unsalted road. However, this is

difficult to quantify.
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Appendix 4

SWEDISH NATIONAL ROAD ADMINISTRATION SUMMARY

Regional road administration in the 1983-11-25

county of Ostergotland

Evaluation by the reference group of the experiments 

with winter road maintenance without salt 

During the years 1980-1983 experiments have taken

place in Ostergotland county with maintaining traffic,

ability on roads in wintertime without the use of

salt. At the request of the Swedish National Road

Administration, the Road and Traffic Research Insti-

tute, VTI, and other bodies including the National

Testing Institute of Sweden have followed up and

documented the experiments.

To obtain as wide an assessment as possible of the

findings to be made from the experiments, the Swedish

National Road Administration has invited represent-

atives of various trades, authorities and organiz-

ations associated with regional road transportation

to participate in evaluating the experiments. See

Appendix 1.

The reference group has principally assisted in

illuminating relevant effects which have not been

quantified in the follow-up of the experiments.
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Background to the experiments
 

The method of pure salting was introduced in Sweden in

the mid-sixties. However, since the breakthrough of

motor transport salt has been used in winter road

maintenance in almost the same quantities as at

present. Earlier, salt was mixed with road sand.

Development has been similar everywhere in the world

where deicing measures are applied. In most countries,

efforts have been made to find a salting procedure

which avoids distributing more salt than is necessary.

Current research in this field may be divided into the

following categories:

Salting on no more occasions than necessary

This is facilitated through, for example, the exten-

sion and utilization of skid warning installations,

telesurveillance and the development of better fore-

casting methods using weather radar. Salting can then

be applied more selectively and on occasions when the

salt is most effective.

Spreading no more salt than necessary on each occasion

The calibration and operating reliability of the

spreaders has been improved continuously. In addition,

the usefulness of the salt concentration indicators

available has been developed. The aim is to deposit

only the salt quantity required.

Finding replacements for salt

There has been no lack of fantasy in the ideas for

combatting slippery conditions. Unfortunately, none of

the ideas has yet resulted in any practicable methods

comparable with present methods of pure salting.
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In its studies of both Sweden and other countries at

the end of the seventies, the VTI had not found any-

thing that unambiguously indicated that salting led

to increased traffic safety. The method of pure salt-

ing was, and still is, subject to criticism. It was

questioned whether the positive effects of pure salting

really were of such an extent that they outweighed the

negative effects, especially with regard to vehicle

corrosion and the environment.

Among road administrations, it had long been evident

that winter road maintenance without salt would lead

to trafficability problems. However, there was un-

certainty as to the inconvenience that road users were

prepared to accept in order to avoid the negative

effects of salt. The increased usage of studded tyres

did not contribute to dispersing doubt over this aspect.

It had, in other words, become urgently necessary to

quantify more accurately both the advantages and

disadvantages of salt. The only way of achieving a

relevant comparison between salted and unsalted roads

was to abandon salting completely on a number of major

roads. The experiments have also proved to be one of

the very few where the road environment was completely

free of salt.

Results of the experiments 

The results of each part of the experiment have been

documented in a number of publications. The reference

group has studied these and has been informed of the

final results.

Reasons of space prevent more than the following

general summary of the final results.
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- On the level (easily maintained) roads, there is no

tendency to an increase in accidents while there is

a clear tendency to an increased number of accidents

reported by the police on the hilly roads (which are

difficult to maintain without salt).

- On the level roads, speed losses were moderate. On

the hilly roads, trafficability problems on the

hills were relatively frequent and at times certain

drivers of heavy vehicles avoided using these roads.

- On the unsalted roads, corrosion was only half to a

quarter of the corresponding value on the salted

control sections. Even small quantities of salt

caused significant corrosion. Limitation of the salt

quantity and/or the road network to be salted there-

fore leads to relatively small gains.

- The number of occasions when dirt spray occurred was

about twice as large on salted roads as on unsalted

roads.

- The costs of the Regional Road Administration were

higher than normal on one of the hilly roads while

they were normal on the other. On the level roads,

costs were normal or lower than normal.

Even when doubled resources were set in it was not

possible to maintain an acceptable road surface

without using salt in certain severe weather

situations .

- The occurrence of ice and/or snow on the road sur-

face was about 10% units more frequent on the un-

salted roads during the period 1 November - 1 April.

A friction level lower than 0.2 was about 70% more

frequent on the unsalted roads during the same

period.
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- Studies of road conditions show that the proportion

of slush-covered road surface tends to increase in

salting. Since researchers agree that slush is a

very dangerous condition for driving, this observ-

ation is an important finding for future road main-

tenance.

- The topography and surroundings (such as forests

near the road) lead to large variations in road

conditions, sometimes even greater than between

salted and unsalted roads.

- About 80% of the drivers of heavy vehicles on the

level roads were positive to further experiments

with unsalted roads, while the corresponding figure

for drivers of heavy vehicles on the hilly roads was

about 508%, provided that sanding, snow ploughing and

grading were intensified.

- In a choice between different winter road main-

tenance alternatives, most drivers (of both cars and

heavy vehicles) recommended salting only on hazardous

sections such as hills, bends and bridges.

Views of the reference group for and against further 

experiments 

The possible need for further research has been dis-

cussed. A wish was expressed for continued research in

order, for example, to achieve better precision in the

accident analysis.

- The Swedish National Road Administration stated that

the experiments had already provided very valuable

information for winter road maintenance. The ten-

dency to an increase in accidents and the traffic-

ability problems so far found on the hilly sections

deterred further experiments.
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- The representative of the Transport Workers' Associ-

ation stated that as long as further experiments led

to better trafficability and-traffic safety, in

addition to better roads, there were grounds for

continuing the study. The Association was prepared

to accept social responsibility but prior to a final

decision it would have to make a wider survey among

its members who used the roads in the experimental

area.

- The representative of the Nature Conservancy Council

stated that he naturally regarded it as positive if

salting were reduced. The environmental problems are

greatest in urban areas. In rural areas, the problems

have mainly been associated with the storage of salt.

These seem to have been eliminated since the Swedish

National Road Administration built proper storage

facilities.

- The representative of the National Police Board

stated that in the experience of the police, traffic-

ability problems also occurred on the salted roads.

The cause of accidents is often shortcomings in

vehicle equipment.

- The representative of the National Hauliers' Associ-

ation regarded the road as a workplace for many of

the Association's members. Salting improved the

working environment by reducing stress and un-

certainty. A better working environment may very

well be paid for through higher costs of vehicle

corrosion.

In the continued discussion, the group agreed that the

experiments could be concluded. If the further evalu-

ation of the experiments required complementary studies,

the question would have to be taken up again in that

context.
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Views of the reference group for and against continued 

saltigg

The discussion centered largely on whether spot salting

could be an alternative to present pure salting and

whether the road network could be differentiated

further on the basis of the results of the experiments.

- The Swedish National Road Administration stated that

there were no gains to be made in the short term

through local salting to the extent intended by the

group. Any improvement in corrosion would be small

in relation to the advantages of completely abandon,

ing salting. It is also possible that the gain would

be eaten up by the cost of the duplicated organiz-

ation required for such a procedure. Local salting

is currently used to achieve continuity in road

conditions (e.g. in black frost).

- There is a continuous adaptation of the level of

maintenance to the requirements. The results ob-

tained form the experiments may very well lead to

changes in the network of salted roads in one

direction or another.

- The respresentative of the Transport Workers'

Association believed that developments in vehicle

technology ought to solve the problems of heavy

vehicles. However, poorer winter road maintenance

would always lead to difficulties for the less

experienced road user.

- The representative from the National Hauliers'

Association demanded at least spot salting in the

future.
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- The representatives of the Swedish Road Safety

Office considered that the results of the experi-

ments indicated that salt nevertheless had an effect

on traffic safety. In view of the trafficability

problems and the fact that no direct, serious ob-

jections to the use of salt had been received, they

would recommend continued salting. With regard to

local salting, they accepted the Swedish National

Road Administration's explanation that such measures

are at present practicable only to obtain continuity

in road conditions.

Further questions discussed by the reference group
 

Further questions taken up by the group included:

- Is the present standard of winter road maintenance

optima l?

- How can better interaction be achieved between car

drivers and occupational drivers in winter traffic?

- The influence of slippery conditions as a stress

factor in the working environment of occupational

darivers .

- What effect does skid practice on a skid track have

in achieving safer winter traffic?

- How significant is information on risks and current

road conditions for traffic safety?

- Corrosion problems should be evaluated from both

the economic aspect as well as from the safety

aspect.
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Final assessment by the reference group 

On the basis of the discussions mentioned above, the

reference group is prepared to make the following

unanimous statement regarding winter road maintenance

without the use of salt.

Despite the serious problems concerning primarily the

aspects of corrosion and dirt spray, we consider that

the experiments conducted during recent years in

Ostergotland can be concluded. Naturally, further

follow-up studies of traffic, safety, corrosion and

environmental problems should continue, within the

scope of individual projects. Finally, the Swedish

National Road Administration should apply the experi-

ence gained from the experiments in further developing

methods and techniques to find an optimal usage of

salt in winter road maintenance.
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LIST OF THOSE INVITED TO PARTICIPATE ITN THE REFERENCE

GROUP FOR EVALUATION OF THE EXPERIMENTS WITH SALT-FREE

WINTER ROADS:

The Insurance Companies' Service Organization

Ostergodtland County Public Transport Company

The

The

The

The

The

The

Swedish Automobile Association

Nature Conservancy Council

National Testing Institute of Sweden

National Police Board

Swedish Road Safety Office

Transport Workers' Association

AB Volvo

The

The

The

The

The

Swedish Road and Traffic Research Institute

National Hauliers' Association

following were unable to attend the meetings:

Insurance Companies' Service Organization

Swedish Automobile Association

AB Volvo
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The reports below have previously been published in the project

"Experiments with unsalted roads"

 

Experiments with unsalted roads

winter 1980/81

Speed adaptation by motorits to various

road and friction conditions

V7!-Meddelande No. 301, 1952

The effects on the state of dirtiness of

the road

V7T!-Meddelande No. 302, 19582

The corrosion influence of deicing salt on

car chassis

V7T/!-Meddelande No. 303, 19582

Drivers' attitudes to winter road mainte-

nance

V7T/!-Meddelande No. 304, 1982

 

 

Experiments with unsalted roads

1982/83

Effects on road conditions and conse-

quences for road users and road mainte-

nance administrations

VT!-Meddelande No. 363, 1984

Lorry drivers' attitudes to road mainte-

nance and deicing, winter 1982/83

VII PM 1983

 

 

  

  

Experiments with unsalted roads

winter 1981/82

The effects on road surface friction and

road conditions

V7/-Meddelande No. 351, 1983

Lorry drivers' attitudes to winter road

maintenance

V7/!-Meddelande No. 352, 1983

The corrosion effects of deicing salt on

car chassis

V7!-Meddelande No. 353, 1983

 

The winter 1983/84 following the ex-

periment

Drivers' attitudes to winter road mainte-

nance

VT/!-Meddelande No. 420, 1985

 

 

   

Summary reports

The effects of salting on dirt spray

V7Ti!-rapport No. 286, 1985

Road salt and vehicle corrosion

Final evalutation of investigations made

during

winter 1979/80, 1980/81 and 1981/82

National Testing Institute of Sweden

TechnicalReport No. 1983: 16

 

 

 

 


