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B. SIMONSSON and K. GUSTAFSON

Maintenance practice in Sweden
B Simonsson, Chief Engineer and
K Gustafson, Senior Researcher
Swedish Road and Traffic Research Institute

SYNOPSIS. The key word for highway maintenance in Sweden is
effectiveness. With some 400.000 kms of roads (of which
100.000 kms are national roads) spread all over the country,
effective use of allocated maintenance money is necessary.
Low budgets have indeed forced road authorities to develop
cost effective methods for winter maintenance as well as
pavement maintenance, not forgetting the impact they might
have on the environment ("nature friendly"). Also, attention
is given to the road users and the influence different
maintenance strategies have on their safety, costs and
comfort.

PAVEMENT MAINTENANCE

Maintenance needs has changed
1. Pavement maintenance has grown in importance the last

ten to fifteen years. The reason being less new construction

and the fact that many of the roads that were constructed in

the 60's and 70's gradually have come into the demand of
maintenance.

2. There has also been a rapid increase in traffic volumes
especially the last few years. The predicted traffic growth
from 1985 2000 occurred in reality within the first years of
that period. Increased traffic includes both cars and
trucks. Trucks seems to carry heavier loads and dual tires
are more often replaced by singles having more impact on the
thin pavements in Sweden. Sweden will adjust allowed axle
loads to what will be permitted for the European Common
Market.

3. Studded tires were introduced in the 60's in Sweden.
Use has steadily increased till today's 60 90% in winter
season. Rules and regulations have changed as have new studs

been developed and in particular more wear resistant
surfacings. Wear caused by studded tires is one of the major
reasons for resurfacing of more trafficked roads.

4. Materials shortage, increasing costs and environmental
concerns are other factors affecting the evolutions of
maintenance measures.
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Maintenance techniques currently used
5. Pavement maintenance includes different kinds of

measures from joint seals and crack sealing to overlay and
reconstruction. Looking at expenditures the major portion of
maintenance deals with resurfacings and overlays most often
combined in thin overlays.

6. Surface dressings. Sweden has long traditions in the
use of surface dressings mostly of the single type. Having
been used on minor roads surface dressing started to be used
on more trafficked roads in the late 70's. There were two
main reasons for extended use of surface dressings
technology development and lack of money for more expensive
treatments.

7. Technology developments consisted of improved equipment
(distributors) and materials. The latter on the binders
side. In mid 70's Sweden started to use emulsions instead of
cutbacks. This resulted in less risk for bleedings, a major
problem with surface dressings. Emulsions have been a
success and are now used on more than 80% of all surface
dressing work.

8. A single surface dressing typically consists of one
application of binder 2 2.5 kgs/m2 and one application of
chippings the size of which normally is 12-16 mm. Because of
the wear from studded tires it is desirable to use as large
chipping as possible. In mid 70's 12 20 mm and even 16 24 mm
were common especially in northern Sweden. However, today

8 12 mm or 12 16 mm is the most common size.
9. In an attempt to use surface dressings on even higher

traffic volumes (from what is the upper limit 3 a 4.000 AADT
to 8.000 AADT) double surface dressings with two
applications of binder and two layer of chippings (12 16 mm
and 4 8 mm) were tested in the 70's. Some success some
failures and a general recommendation not to use surface
dressing in higher traffic volumes rapidly decreased the use
of double surface dressing. Problems with double surface

dressing were associated with difficulties in applying the
right amount of chippings in the first layer and fatting
(excess binder).
lO. An interesting alternative to double surface dressing

is a coarse single surface dressing with a layer of slurry
seal covering it (Cape Seal). The slurry fills some of the
macrotexture, keeps the chipping in place and decreases the
noise generated by tire to road contact. It gives good
surface properties if well done. The cost is, however,
fairly high. So far only a few tests and demonstration
projects have been realized.
ll. Hot mix levelling courses. A levelling course is

generally a little more than just rut filling. The amount of
material applied is anything from 20 60 kgs/mZ. In order to
ensure a good bond between the substrate and the new layer
and to decrease the cooling rate (to facilitate compaction)
the substrate is often heated by a set of heaters that is
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slowly towed in front of the paving machine. Very thin
layers could thus be layed using up to 12 mm aggregate size
in the mix. A levelling course could act as a wearing course
or be surface dressed a year or so after being layed. If
used as a substrate for a surface dressing the designed
binder content is generally lower.
12. Hot mix wearing courses. The last few years more

attention has been given the need to use stable and studded
tire resistant wearing courses in layers of 60 90 kgs/m2 but
preferably 90 kgs/m2 on the major road network. Wear
resistance is ensured by a suitable mix design and a good
aggregate. Good aggregate sources have been exploited and
materials are sometimes hauled long distances. Dense graded
mixes with low air voids (2-5%) have traditionally been
used. Later development of high stone content mixes
(splitt-mastix type) have put them into more regular use. A
high bitumen content ensured by fibres (cellulose or
mineral) makes them durable. Use of these mixes is expected
to increase.
13. Porous friction courses. First tests performed with

this surfacing started in mid 70 s. Use has increased and in
most cases been successful. It has good draining ability,
reduces noise but consumes more deicing chemicals. At both
ends of winter season attention must be given the risk of
frost to appear on the surface. Among problems to be solved
is densification (clogging of air voids) and durability.

 

Maintenance techniques under improvement or development.
14. Any technique used could be a candidate for

improvement. Improvements are mostly related to materials

and the technique itself. For most bituminous courses it is
generally thought that addition of e.g. polymers would
increase service life. This is, however, not always true.
15. Surface dressing. One of the key elements in surface

dressing technique is binder rate; design and applied. Much
work has been carried out to improve the design tables for
binder rate taking into account hardness of the substrate,
traffic rate, etc. Existing tables are based on empiricism.
However, work is on way to develop a method that is less
subjective and e.g. is based on calculation of binder
application rate based on a measured hardness of substrate.
The design method has so far not been validated.
16. Methods to adjust and check binder distributors on the

road as well as the tray test have been improved.
17. Recycling. The demand for recycling depends among other

things on bitumen prices. The rapid cost increase in the
late 70 s forced road authorities to consider recycling an
alternative to use of mixes including virgin materials. Hot
plant recycling with low percentage of reclaimed material is
now used to some but little extent. As the cold milling
technique has been developed and cold planing is considered
a temporary measure followed by a new surfacing, materials
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for recycling would be available "for free". Use "as is" as
a base course or with low percentages of emulsion mixed in
are and will be tested for use on low volume roads.
18. Many low volume roads are in need of maintenance

measures. It is however not always meaningful to just place
an overlay on top of the existing pavement. Rather,
bituminous courses could be replaced and existing unbound
base courses replaced or improved eg. by means of mechanical
(adding of new aggregate) or bituminous stabilization. Tests
have been done and results seems promising.

Pavement maintenance management systems (PMMS)

19. Maintenance planning systems for the project level do
exist within the National Swedish Road Administration and in
some cities in Sweden. However, improvements are needed
especially on one of the key elements: performance models.

The Swedish Road and Traffic Research Institute is currently
working on that issue. Some 300 short sections on the road
network, carefully selected are monitored regularily -
uneveness, rutting, overall distress, FWD measurements and
materials sampling and testing in order to create a base for
model development. So far selection of maintenance measures
on the sections has been made by the respective county
pavement engineer. However on some sections measures will
now be varied and also the timing. Thus it is hoped that the
effect of preventive and deferred maintenance could be

determined. Model input will be: traffic (AADT, heavy loads)
and an expression for the structural strength based on
FWD measurements. Studded tire wear will be handled by a
separate modell.

20. An area in which a lot of work has been done is on road
user costs and effects. Models have been developed, some in
cooperation with the other Nordic countries.
21. Recently the Road Administration issued new treshold

values for rutting and uneveness for various road classes.
It is then up to the county pavement engineer to select and

perform maintenance measures within existing budgets. This
gives the engineer a certain freedom and is in line with the
Road Administrations new policy to goal-orient maintenance.
The new tresholds are supposed to take into account the road

user needs.

R&D is necessary
22. As has been pointed out above R&D is necessary in order

to make pavement maintenance even more cost effective taking
into account not only the costs for the road authorities but
for the road user. R&D is especially needed in the areas of:

 

maintenance materials and methods

- cost effectiveness of maintenance measures

planning systems (PMMS)
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As concerns materials, not mentioned earlier in the text,
better laboratory methods to evaluate and predict
performance need to be developed.
23. Maintenance is not an area with long R&D tradition but

we now need to put it into focus as has SHRP done.

WINTER MAINTENANCE

Introduction
24. The other major part of maintenance, Winter

Maintenance, is one of the most important tasks for the road
administrators in Sweden due to the severe climate in winter
time. The demands from society are high regarding traffic
safety and traffic flow day and night all the year and
necessitate effective snow and ice control measures. Highway
snow and ice control in Sweden differs between different
parts of the long streched country owing to variations in
a.o. climate and traffic. A common policy is although to
have a bare pavement on the more heavily used road networks.
This is accomplished by chemical deicing with NaCl and most
often as a preventive measure. The use of salt is although a
very discussed matter due to the negative effects. Salt
increases the speed of corrosion and a Swedish calculation

estimate the car corrosion to be appr SEK 5 6 thousand
millions per year. About a third of this are due to salt
spread in winter maintenance. This corresponds to appr. 5 10
times the cost of the chemical deicing. Salt also has an
effect on concrete bridges and the environment. The
relationship between chemical deicing and traffic safety has
been investigated but is still uncertain and sometimes
questioned. Studies with the aim of clarifying this
relationship are in progress in Sweden.

 

The Minsalt programme
25. Beacause of the side effects from salting efforts are

made by the road keepers to reduce the use of salt. In 1985
the Swedish National Road Administration (SNRA), the Swedish
Association of Local Authorities and the Swedish Road and
Traffic Research Institute were commissioned to initiate a
research programme with the objective to reduce the negative
effects of winter salting without detracting from traffic
safety and trafficability. The programme which was planned
to run for 5 years was titled MINSALT and will be completed
with a final report in June 1991.
26. The "Minsalt" programme has been divided into three

parts.

 

(a) Extension of salt-free regions and roads.

(b) New deicing methods.
(c) New deicing strategies.

Extension of saltfree regions and roads.
27. Category A included three major experiments where salt
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was not used in a whole region or on some roads in a region.
On Gotland, an island in the Baltic Sea, both rural and

urban roads were left unsalted from winter 1986/87 and
onwards. In another county, Dalarna, the road network where

salt was used were reduced during two test winters, 1987/88
and 1988/89. This experiment effected the largest number of
people and the largest total road length. The third test
with non salt winter maintenance were performed on 50 km of
road E4 in the northern part of Sweden. This test was
carried out with the objective to see if the boundary line
between salted and non salted regions could be moved further
to the south. The aim of the three tests was to make a
comparison of accidents, road conditions, corrosion,
environment, road user opinion, road maintenance costs etc.

when going from chemical deicing to winter maintenance
without salt.
28. The results from the three test areas are somewhat

different. The results are still under evaluation but some
preliminary conclusions can be drawn. The test on Gotland
has had a positive effect on the number of accidents. During
the winters without salt there has been a decrease in the
number of accidents compared to the winters before and

compared to a region on the mainland with salt. This result
together with the other positive effects, corrosion,
environment etc., from not using salt has led to that salt
is completely abandoned on Gotland in winter.
29. In the other two test areas, Dalarna and Västerbotten,

the change in number of accidents has been negative.
Although due to the difference in weather and road
conditions between winters it is difficult to draw clear
conclusions about the development of accidents during the
test period. However, a certain increase of the number of
accidents is notable on the roads where salt was not used.
The negative trend in accidents and higher direct costs
(material and personel) for the road keeper during the
experiments could not be accepted by the Road Administration
and it was decided to use salt again on the test roads in
these two counties.

New deicing methods.
30. New deicing methods included studies of more effective

salt spreading. Tests with pre-wetted salt were already in
progress when the programme started. The pre wet method and
Spreaders were found to be very effective and were soon
widely used.
31. Prewetting. By prewetting the salt adhesion to the road

surface is improved and only a small part blows away.
Prewetting also makes the spreading pattern more homogenous
and the melting action starts more rapidly. A smaller
quantity of prewetted salt can be spread to achieve the same
level of maintenance as with dry salt. The wet saltspreader
are generally made of:
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a conventional spreader with its distribution system; -
one or two tanks, glassfiber or metal, usually about
2m3 for the storage of the brine and with a prewetting
system (nozzles, pump, electronic equipment).

32. The equipment for mixing the brine varies and all the
range from very simple and inexpensive equipment to very
much advanced, costsome and fully automatic mixing
constructions have been developed. For road purposes NaCl
and CaClZ-solution has been tested, but today only NaCl is
used. In the tests little or no noticeable difference with
regard to effectiveness was found between the two solutions

in the temperature range (0 - -6°C) where salting were
performed. This together with the fact that CaCl2 is much
more expensive and also has a more detrimental effect on
cement concrete has led to the use of NaCl brine. The wet
salt spreading has shown that a reduction in salt could be
made and at the same time having the same or better effect

of the salt.
33. Simple prewetting. One obstacle for the introduction of

the wet salt method was the cost of investments, esp. for
the brine mixing equipment. This has led to the development
of a simple and inexpensive pre-wetting method. The
prewetting is performed with water, about 100 litres per m3,
by spraying it over the salt load with a simple hand held
spreader. In order to have all the salt wetted it was found
that only about 2 m3 of salt could be used and this is of
course a limitation. The simple method has been used almost
exclusively in connection with preventive actions and with
small application rates.
34. Spreading of solution. The third salting "method" that

has been tested with positive results during the MINSALT
programme is spreading of salt solutions. After limited
trials during winters 1987/88 and 1988/89 this method has
been widely used in maintenance areas with heavily
trafficked roads and esp. in the southern parts of Sweden.
35. The spreaders are "cistern-trucks", which are equipped

with a spraying system under low pressure and fed by a pump
for the liquid chemical. Two types of spreaders are in use.
One type is with a spray bar and a number of nozzles and the
other is with spinner plates. Only NaCl brine is used for
spreading and the method is primarily used for preventive
actions but is also used more generally. The application
rates are about the same as with spreading of dry salt,

which means a reduction in the amount of salt spread. The
purpose of the test the first winters was to investigate if
the method was applicable to Swedish conditions, which are
in many cases more severe than in the middle and south of
Europe. The result was promising and positive reactions
as less salt consumption higher spreading speed
and - better long term effect were noted. Even if the method
has got mostly positive reactions there is still some more
investigations to be made. What happens in more severe
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conditions and what is the risk of refreezing?
36. Alternatives to sodium chloride. The negative effects

from road salt have led to intensive efforts being made to
find alternative chemicals which are non corrosive or
non-damaging to the environment while being suitable for
winter road maintenance from cost and efficiency aspect. The
list of chemicals tested can be made very long but there are
only very few ones that have been used to any extent.
37. CMA. In Sweden and primarily at VTI CMA (Calcium

Magnesium Acetate) has been tested intensively for some
years. CMA has been investigated mostly under laboratory
conditions but a minor field test with 50 tons has also been
carried out. The spreading test in field was although
carried out already in the winter 1984/85 and the material
used at that time was not a finished product but was very
light and powderlike. Besides the field test the
investigations are
(a) Deicing effect

(b) Corrosion to metals
(c) Effect on cement concrete. (Freeze/thaw and chemical

testing).
38. Deicing effect of CMA. The freezing point depression of

CMA varies depending a.o. on the Ca/Mg ratio, but can be
somewhat lower than for NaCl. The melting effect however

varies less depending on the ratio and more on the grain
size, density, hydration etc. Pelletized CMA has in the
tests shown to be less effective than road salt but compared
to urea its melting capacity is better. In general CMA can
be used in about the same temperature range as road salt but
it doesn't melt ice and snow as rapidly. More CMA is needed
for the same melting effect.
39. Corrosion to metals. Corrosion test with CMA on car

body steel and aluminium have shown a less or much less
corrosive effect compared to NaCl, CaCl2 and Urea.
40. Effect on cement concrete. The effect of CMA on cement

concrete has been investigated in some different ways.
Standard freeze/thaw tests, immersion tests to see the
chemical effect, both in laboratory, and a field test have

been carried out. The scaling effect from CMA shown in the
freeze/thaw test has been much less compared to NaCl and
CaCl2 for weak solutions. CMA has, however, a linear
increase in scaling with concentration to about the same
maximum level as for NaCl. To get a more deep understanding
of the effect of CMA on cement concrete there are continued
investigations carried out in Sweden. A three year field
test has been completed and the cement specimens are now
analysed. The visual scaling effect from CMA were, however,
much less than from NaCl and CaClZ. Another test, immersion
test, has started with a commercially manufactured
CMA product and will run during 1990.
41. Clearway 1. Another chemical investigated is a

non-corrosive liquid acetate solution (Clearway l) for
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primarily airfield use. This product has been tested for two
winters on a Swedish airfield. The results so far indicate
that this is an interesting alternative to urea but that is
very unlikely to be used on roads due to a.o. the extremely
high cost compared to NaCl.
42. To summarize the search for an alternative we find that

in the l990ies there seem to be no present over all
substitute for sodium chloride. There are possible
alternatives like CMA and sodium formate but there is also
much higher material cost and still questions about some
effects connected with these.
43. Inhibitors. One way to reduce the corrosive effect of

salt, which is perhaps the most costsome side effect from
road salting, could be the use of a corrosion inhibitor
mixed with the salt. There has been many investigations in
other countries in this area during the years and esp.
during the last years in USA there seems to be a lot of
efforts to find an effective inhibitor. In Sweden we have
started some minor laboratory tests with inhibitors. Deicing
and corrosive effect are tested and positive results can
hopefully lead to field tests in the winters coming.
44. Alternative gritting materials. For the low volume

roads there is a search for a substitute to the salt mixed
sand. Different alternative materials without salt have been
tested. Lime stone products, crushed stone material (2 4,

2 5, 3 6 mm etc.) and heated abrasives. The interest has

been focused on skid resistance after spreading, the
duration of the measure, costs etc. During the last winters
tests have also been made with crushed lime stone with 2 5
mm particle size. This material has besides the effect on
the skid resistance, also a positive effect on the
environment in the long rung. The CaO-content is about 50%
and the spreading will therefore have a positive effect on
raising the pH and counteract the acidification of the
nature.

New deicing strategies.
45. In category C, new deicing strategies, the main areas

of research and development are Road Weather Information
System and wearing courses, esp. ice-retardant overlays.
46. Road Weather Information System. Since early 1970 s the

development of a RWIS has been carried out and today Sweden
is a leading country with more than 420 stations in
operation. The need for a system has a.o. been the facts

 

 

 

 

that: Demands from public and industry on road safety and
trafficability increases Environmental awereness (less
salt) increases - Working conditions for maintenance
personal can be better and The information to the road
users can be better.
47. The system mainly consists of the field stations and

the central units. The field stations have capabilites for a
variety of sensors and the basics are for road surface
temperature, air temperature, air humidity, wind speed and
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direction and precipitation. The development and testing of
road condition sensors and freezing point sensors are in
progress. Another important part in a system is to predict
and give forecasts on weather, road conditions and surface
temperatures. Improved prediction models by the use of a.o.
weather radar and satellite pictures looks promising.
48. To have the best location for the field stations Road

Climate Surveying are used. Specially equipped cars make
road climate mapping by registration of primarily air and
road temperature as well as air humidity. The information
from these studies can also be used for other purposes like
making special road climate maps and to predict the road
condition between field stations.
49. Ice-retardent overlays. New strategies have also

included projects with the aim of reducing the amount of
salt by doing surface measures at critical spots. So called
"Ice retardant overlays" have been tested. Rubber asphalt ,

"RUBIT" with 3% rubber particles mixed into the asphalt
concrete (AC) and Verglimit, salt pellets mixed into AC have

been tested for some yeras esp. at a test road in the south

of Sweden. The comparison was made to conventional asphalt
concrete. Three test sections, 1 km each, were followed by
measurements of, skid resistance (esp. in wintertime), wear,
economy etc. The initial cost for the two ice-retardant
overlays are in the range of 50-100% over the cost of a
conventional asphalt concrete.
50. The result showed that the wear, mostly from studded

tyres, was not very different between the three sections,
but Verglimit had the most. The performance of the two mixes
during icy conditions has not been shown to any larger
extent at this test site. This is owing to the facts that
there has been three very mild winters and that the winter
maintenance standard on this kind of road, with about AADT
12000 vehicles/day, is very high and icy conditions are very
rare. However, there has been situations, but very few,
where there have been an effect from the two ice-retardant
surfaces. Situations where the temperature has been just
below zero OC and hoar frost was forming and also in a very
few snow fall situations. Verglimit and RUBIT performed
somewhat better looking at the skid resistance. It is
therefore still uncertain to what extent these two overlays
retard the formation of icy conditions. Further more it s
also left to clarify the total economy of these surfacings.
51. In another study rubber asphalt RUBIT is more

intensively investigated esp. regarding economy, wear,
traffic safety, winter maintenance and noise. During 1988
two short road sections were choosen for follow-up and the
first measurements were made. A longer test road, as long as
13 km, with rubber asphalt was laid in 1989. The studies are
planned for another two three years and include a.o. skid
resistance measurements in winter, accident follow up and
traffic noise measurements.
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