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PREFACE

When Roadex project was initiated the goals, given by
the Steering Committee for sub project A (SPA) wereto
look for the best practicesin the field of low traffic vol-
ume road condition management, focusing especially on
ways to optimize the use of traffic restrictions or to min-
imize the damages to the road network if restrictions are
not applied. Apart from surveying technical solutionsused
across the partner road districts, the work group was also
given the goal of comparing different monitoring and
decision making practices when dealing with bearing
capacity problems. The project has two phases: phase |:
state-of -the-art study which was concluded in 1999-2000
and phase1: field tests focusing on best practices during
2000-2001. Thefinal report in aform of multimedia CD
will be prepared during 2000-2001.

The Roadex steering committee nominated Timo
Saarenketo from Roadscanners Oy, Rovaniemi, Finland
to bethe Sub Project A (SPA) work group chairman. The
other nominated work group members, representing each
digtrict, were: Stuart Bell from The Highland Council,
Scotland, who is the committee secretary, Geir Berntsen
from Troms County, Norway, Peder Henriksson (1999)
and Sara Sundberg (2000 - ) from the Northern Region,
Sweden and Erkki Vuontigérvi from Lapland Region, Fin-

land.

The SPA work group has been very active, it has had
meetings in Rovaniemi, Luled and in Inverness in 1999
and in Tromsg and Kukkolaforsen in 2000. The biggest
project the work group has accomplished is the comple-
tion of a questionnaire focusing on the general informa-

tion about the partner districts and their areas as well as

national practices on road and rehabilitation design pro-
cedures, material specifications and about heavy trans-
port and load restrictions. The work group has also ar-
ranged seminars and interviews in each partner district,
excursions to monitor and compare the road condition,

aswell asvisitsto special test sitesin each district.

This state-of -the-art report, which completed phase |
is based on questionnaire answers, interviews and field
tripsin each partner district aswell asaliterature review.
The report covers only asmall part of the extensive data
collected by the work group and this data will be pub-
lished inthefinal report. Work group membersrepresent-
ing partner districts have prepared data and the text for
the national practices and techniques. UllaMaijalafrom
Roadscanners has arranged and preprocessed the data.
This report is edited and written by Johanna Saari and
Timo Saarenketo and the language has been amended by
Kent Middleton, all from Roadscanners Oy. Several peo-
plein each partner district have also helped with thisre-
port and a special thanks is addressed to them. Roadex
Project Steering Committee and its chairman Tapani Poyry
have provided encouragement and val uable guidance for

the work.

Rovaniemi July 16, 2000

Timo Saarenketo, chairman



ROAD CONDITION MANAGEMENT OF LOW
TRAFFIC VOLUME ROADS
IN NORTHERN PERIPHERY AREA

1. INTRODUCTION - THE PROJECT

1.1. Roadex Project

The road districts of Lapland in Finland, Northern Re-
gion in Sweden, Troms County in Norway, and the High-
landsin Scotland haveinitiated atechnical, transnational
collaboration. The aim of this collaboration is, through
the exchange of experience, to identify best practice strat-
egies and develop proceduresin order to deal with com-
mon challenges associated with the maintenance of low
traffic volumeroad networksin sparsely popul ated north-
ern regions.

The Roadex project is partly financed by an EU
(ERDF, Article 10) funded Northern Periphery Pro-
gramme, which is a cooperation between the northern-
most regions of Finland, Scotland, Norway and Sweden.

The project was started in 1998 as a pilot project be-
tween the four road administration bodies. The work is
divided into two sub projects: Sub project A deals with
road condition management issues; and sub project B stud-
ies winter maintenance problems common to the partner
road districts. Both sub projectsaim at technical exchange
through studies, discussionsand trials, and at identifying
the most effective strategies in the studied issues, which
could be applied in other Northern Periphery road dis-
tricts. Roadex project will be completed by the end of
2001, but technical partnerships between partner road
districts are to continue via professional networks estab-
lished during this pilot project.



1.2. Sub Project A:
Road Condition Management:
Goals and Focus

At present, the main inter-urban highways of Scotland,  This report presents the results of phase | of the project,
Norway, Sweden and Finland are in relatively good con-a comparison study of each road district’s current poli-
dition. In comparison, the less frequently trafficked rural cies and techniques in tackling the issues. The data col-
roads have suffered from financial neglect and fall welllection for this study was carried out during 1999 through
below modern standards. They have not been designed tolarge questionnaire, work group sessions, interviews and
cope with the combination of seasonal freeze/thaw cy{ield excursions in each partner district. Besides present-
cles of the northern climate and the heavy axle loads oihg the operational conditions of the partner road districts
modern transport. The quality of road performance in thisand their practices in low traffic volume road manage-
part of the road network will cause much debate in thement, this report also attempts to identify state-of-the-art
years to come. practices from each partner road district.

The focus of this sub project is on low traffic volume  The identification of current and best practices has
roads of the partner districts of Lapland, the Northernbeen worked out by individual partner districts following
Region, Troms County and the Highlands, which havethe guidelines established in the work group. Evaluations
less than 1000 vehicles average daily traffic (AADT). Inof the group chairman are given in addition. When se-
the four partner districts, these roads total 32.800 kmiecting the best practice techniques, attention has been
which is 85% of their total road network. Gravel roads given not only to the functioning of a practice or tech-
are also given special attention, as they have some digique in the given environment, but also to its transfera-
tinct characteristics and a notable role in the local roadility to other partner districts.
networks of the Nordic partner districts. In the next phase of this project, cases of selected state-

A special interest of this sub project is in the use ofof-the-art techniques will be examined and verified in co-
traffic restrictions in the partner districts. During a peri- operation. The final results of the Roadex project will be
od of thawing the road structure can deteriorate dramatipublished during autumn 2001 as a multimedia CD.
cally in a very short time. Basically, road district manag-
ers can deal with the problem in two ways: (a) by impos-
ing load restrictions for the sensitive road sections, or (b)
by improving the road structure layers. Traffic restric-
tions cause logistical disadvantages for local livelihood.

Road reconstruction, on the other hand, is expensive.

The goals assigned to this sub project are:

(1) to identify best practices in road condition manage-
ment of the partner districts,

(2) to reduce load restrictions imposed for low traffic
volume roads.



2. INTRODUCTION TO THE AREA

2.1. General

Each of the four partner road districts is responsible for anformation technology driven ‘new economy’, there is
comparatively large network of public roads located in ano tendency towards diminishing transport needs of in-
sparsely populated region (table 1). The total area of thelustries and their raw material suppliers. Modern indus-
four road districts (310.821 km2) is bigger than the landtrial logistics require even more year-round performance
area of Italy, for example, but the population of the areaand stability of the rural road networks.
is only 1,1 million. Settlement in each road districtis also  In the following sections, some environmental and
concentrated in few regional centers often situated orsocial characteristics of each partner road district are pre-
coastal lowland. sented in more detail.

The terrain across the regions varies from high alpine
mountains to rolling forested hills, marshlands and coastal
plateaux. The bulk of overburden material in the whole

area is derived either directly or indirectly from glacial Lapland,  Northern Region, Troms,  Highlands,
. K i : i L Finland Sweden Norway Scotland

action. Thus the dominating subgrade soil type is glacia popuiation 196 520 150 208

. . . . 1000 inh. 3,8 % 5,9 % 3,4 % 4,0%

till, which is often frost susceptible and therefore a caust (o of ttal ©8%) 6% @a%) | @00

for many road defects. Another special subgrade soil typ/ xes (anz) 95937 160000 55 9084 55900

common to the regions is peat. Outcropping bedrock i gn?)fn l;;a' (29%) (38%) @%) (33%)

abundant in p|aces_ Inhabitants per 2,0 32 538 8,0

o . L km2 an @ (14) (66)

The core of the regions’ industrial activities is based (average national)

on the raw materials supply of forestry, fishing, and min- &' e | (350 e : h

H H H H H H ( % of total (Fin: 121 (Se: 228 (Nor: 213 (Scot: 95

mg.. Tourlsm-|s also an important so.urce of mcomellr-\ all hational) bill eurc) bill euro) billeure). | bil euro)

regions. While employment today is generally shifting

from traditional industries to the service sector and to theGeneral facts of the NP partner district areas.



2.2. Lapland, Finland

is above the timber line. About 30% of the area belongs
to various nature preservation programmes.

The climate is notably temperate considering the
northern location. In winter time, south-western winds
bring mild and moist weather to the southern and west-
ern parts of Lapland; somewhat more cold continental
climate can be felt in the eastern parts. Snow covers the
land 6-7 months of the year.

Forestry, pulp and paper product industries are very
The Finnish National Road Administration’s Lapland important to the region’s economy. There is also signifi-
Region administers national public roads in the provincecant iron and steel production on the Baltic Sea coast
of Lapland, an area which comprises 29% of the area ofkKemi-Tornio area), but mining activity in Lapland has
Finland, but only 4% of the total population. Settlementdecreased. Two thirds of the population is employed in
in Lapland is concentrated around the industrial centreshe service sector, where the share of public services is
on the coast of the Baltic Sea, and the administrationahotably high.
center Rovaniemi, situated at the crossing of inland wa- The main transportation channels in Finland are roads
terways and other transport channels. Approximately 48%67%) and railways (26%). Timber transportation on roads
of the province’s 196.000 inhabitants live in the four cit- is an essential part of raw material deliveries to the forest
ies of Rovaniemi, Kemi, Tornio and Kemijarvi. industry. Lengthy transportation distances have lead to

The terrain in Lapland is lowland along the Gulf of high haulage weights. Peat and woodchip transportation
Bothnia and becomes hillier northwards, with the high-as well as fuel deliveries also require large total weights.
est fields in the north-western Lapland rising to 700m -As to the daily goods and agricultural transports, produc-
1.300 m above sea level. The landscape is characterizeibn and logistical centres are concentrated mainly in
by large conifer forests, which alternate with marshland southern Finland and most of their transportation is along
lakes and rivers. Only the northernmost part of Laplandthe main road network.




2.3. The Northern Region, Sweden

The Swedish National Road Administration’s (SNRA)

Northern Region is comprised of Sweden’s two north-

ernmost provinces Véasterbotten and Norrbotten, account

for 38% of the total land area of the country. The region .

has 520.000 inhabitants and an average population den- s
% %@ :

Key map- & Vigverket
North region o

sity of 3,2 inh./ ki (whereas the average of Sweden is "
21,5 inh./ k).

By geographic characteristics, the area can be divid- .
ed into three regions: the coastal region, the inland and Norrbotten™. gaiivare |
the mountains. The densely populated Baltic Sea coast is "
flat with beaches and archipelagos. Three quarters of the
region’s population lives in the towns and cities along the
coast. The biggest city, Umea has over 100 000 inhabit-
ants.

The inland is a sparsely populated region with pine
forests and mires divided by big rivers. The large moun-
tain area in the west, with high alpine mountains towards
the Norwegian border, has almost no permanent inhabi
ants. The highest mountain in Sweden, Kebnekaise (c.
2100 m) is located in Norrbotten. In the north-east, the
border to Finland is marked by the big Torne river.

The coastal region has relatively high annual mean
temperature and low annual mean precipitation (500 mm).
The inland is characterised by higher precipitation. In the 7
mountains the climate is cold with abundant precipita- \
tion (850 mm). During winter season, normally from
November to April, the region is covered by 0,6- 0,8 me-
ters of snow by the coast and 1,2-1,3 meters in the moun-
tains. During the winter the temperature very seldom Approximately 47% of all goods transportation (tnkm)
reaches above®O and if it does it is usually for a very in the Northern Region is on roads. Especially the forest
short time. industry is highly dependent on the functional road net-

The most common soils are moraine, peat and fluviawork. Timber is transported from the inland to the big
outwash. The fine grained soils are most common in théaper pulp industries and sawmills along the coast. To
eastern coastal areas. In general, igneous rocks domina®tain the right pulp quality it is essential that the timber
the bedrock. In the mountains there is younger sedimeris fresh and that the just-in-time deliveries function all
tary bedrock. year round.

The share of railway transports is relatively high, 38%.
Approximately 15% of goods transports use the seaway.
The ore and iron industry is also dependent on the road
network, but uses rail and seaway for most of the trans-
ports. The Ore Line between Lulea and Narvik is vital
for both the ore field region in the very north of Norrbot-
ten and the sizeable iron industry (SSAB) in Luled. This
rail freight line is one of the most important in Sweden
and carries more than 20 million tons of freight per year.
In terms of total annual cargo tonnage, Luled is Sweden’s
leading bulk shipping harbor, with a turnover of 7.5 mil-
lion tons. Iron ore shipments from LKAB account for 4
to 5 million tons. The growing tourist industry is expect-
ing an improvement of the road network, especially in its
ability to reach the remote mountain areas, which can
offer excellent wildlife experiences.

S




2.4. Troms County, Norway

Troms County is a 25.984 Riarge area on the North Sea
coast; the second northernmost and the fourth large
among the counties in Norway. The county has 150.000
inhabitants, about half of whom live in densely settled ar-
eas along the coast. The population density in Troms Coun-_
ty is 5,8 per square km. The county has three towns: Tromsj
(57.000 inh.), Harstad (23.100 inh.) and Finnsnes (11.00§
inh.) The population in Norway has increased by 22.9
since 1961. For the Northern Periphery area in Norwa
this figure is only 6.7 %, for Troms County 17.6 %.
Alpine mountains which spread throughout the cou .
ty characterize the terrain. About 70 % of the land area L : T
over 300 m and 13,7 % over 900 m above sea level. The
highest mountain is Jiekkevarri (1.833 m). On the Northaverage precipitation in Tromsg is 1031 mm/year.
Sea coast, Troms has many large islands and fjords. Be- Tromsg is known for having very much snow during
cause of the islands and fjords, the coastline is very longhe winter. In 1997 the snow depth in Tromsg reached the
- 4861 km. This is 32.3 m coastline for each inhabitantmaximum depth of 2.40 m. During winters when snow-
The islands cover an area of 5708 Mhe most popular falls are intensive, Troms experiences numerous avalanch-
recreation areas are in the inland near the Swedish bordes. Avalanches, risk for avalanches and bad weather con-
and Lyngsalpene. ditions (wind in combination with snow) caused more
Climatic conditions change significantly from the than 430 road closures in Troms County in the winter
coast to the inland. The coastal climate is effected by thd999-2000.
Gulf Stream. Temperature amplitude through the yearis The common structure of the Fennoscandian shield
much less on the coast than in the inland. In the inlandhas a basement of precambrian rock. Approximately half
the temperature can change from°@ the winter, to  of Norway consists of Precambrian rocks, and the rest
+30°C in the summer. The frost depth in these areas isonsists of younger metamorphic rocks of the Caledoni-
more than 3 m. Precipitation is higher on the coast. Th@n Mountain ridge; the same mountain ridge as in Scot-




Beneath the highest coastline there are fluvial depos-
its. Most of the clay is found in this area. When the ground-
water washes out the salt in the clay it becomes very sen-
sitive. These soils cause stability and settlement problems
for earth construction.

] Bedrock, Precambrium The all-important industry and export in Troms County

Sparagmite is fish and fish products; this industry is the biggest sin-
Caledonian rocks gle employer and goods transporter (measured in tons km)
Devon in Troms County. Agriculture and forestry also have needs

(=457 tgneous rocks for road transportation - however in Troms County only

0.89 % of the land area is cultivated and 12.4 % is pro-
Geological map of Troms County ductive forest area (compared to average figures in Nor-
way 2.88 % and 23.0 %).
land. In Troms County precambrian rock is predominant  Troms has also several shipyards mostly active in the
on the coast and in the area near the Swedish border. Betaintenance and building of fishing boats and other
tween these areas there are caledonian rocks (a compousthaller vessels. The county has one mining company
of different nappes). The most common rock types argSkaland) and one smelting plant (Finnfjordbotn), but the
gabbro, mica schist, mica gneiss, marble and clay slatenining industry mainly uses sea transports. Local con-
The precambrium rocks consist mainly of granite gneissstruction materials suppliers transporting concrete goods,
and gneissic granite. ready-mix concrete, and gravel, places demands on the
The soils in the region originate mainly from glacial, bearing capacity of the roads in some areas.
glaciofluvial and glaciomarine action (material transport-  Transports on roads have increased significantly in
ed by glaciers and the melting water from glaciers) andNorway throughout the 1990’s, replacing some of the tra-
they vary from clay to high quality gravel. The aggre- ditionally favoured sea transports. Today, approximately
gates are harder in the northern part of the county, which5% of goods in Norway are transported by road, 35%
is why material from gravel pits in the north is often usedby sea, and 10% by railway. The total transport perform-
as road building material. ance in Troms county is approximately 400 mrd tnkm.

2.5. The Highlands, Scotland

The Highland Council covers the largest geographical area
of Scotland’s 32 all-purpose Councils, representing a
population of 208,000 across 25,7842kione-third of
the Scottish mainland, 10% of the whole of the U.K.) and
is almost equivalent in geographical size to Belgium. Only
4% of the population of Scotland live within the High-
lands and the overall density is only eight persons per
square kilometer, compared to a Scottish average of 66. .-
The Highlands coastline extends to around 1900 km -
and is bounded by both the North Sea and the Atlantic
Ocean. Much of the area is mountainous with around 80% Forree
of the land rising to over 300m. The population is very
much concentrated in the more fertile and productive
coastal low lands of the Inner Moray Firth, where a
number of the larger towns are situated, including Inver- Malsig
ness which is the largest with a population of around
42,000. Valleys are used as route corridors for most of ..
the main roads away from coastal areas. il 10290 30

Miesd 1007w



The Atlantic Gulf Stream reaches the West Coast ofand (the ‘central belt’) and causes serious problems with
the Highlands. This current of warm water gives rise tothe road network. These industries are yet vital to the vi-
much of the mild, wet weather that Highland experienc-ability of rural communities, providing direct and indi-
es. Winter in the Highlands is characterised by its unprerect jobs and injecting money into these areas.
dictability. Drivers can be caught out, with dry pleasant  Road transport is the overwhelmingly most common
weather in Inverness concealing the atrocious conditionsnode of transport for goods (70%) as well as passengers
that have closed the main road some 60 km to the soutli83%). Rail transport counts for 3%, and seaway for 16%
The temperatures often drop below freezing overnightof goods transport. There are currently many initiatives
before rising again during the day. The temperatures alsto try and make more use of the railway for freight and
vary according to height above sea level and distance irpassengers. The outlying islands (Western Isles, Orkney
land. The result is that ‘frosts’ or freeze-thaw cycles (tem-and Shetland) rely on air transport services, with the move-
perature below %) can occur many times through the ment of goods generally by sea transport.
winter. For example at one of the higher road monitoring
stations, there were 72 frosts during the winter of 1998/

1999. For the majority of these events the temperatur G
was around minus°@, with the lowest at minus®. f

The geology of the Highlands is as varied as its weath:
er. Approximately 25% of the land has bedrock at or nea,_
the surface. Over 40% of the land surface of Highland ig
covered with peat. Blanket peat around 1 metre deep cov
ers hill slopes, while basin peat occurs in bogs and can k&
several 10's of metres deep, giving considerable prob
lems to the road designer.

The main industries in the Highlands are those in-
volving fishing, forestry and tourism. Fishing and for-
estry involve the transportation of heavy products fromg,
remote ports or areas to the main conurbation’s of Scof




3. ROADS AND ROAD ADMINISTRATION
IN THE NORTHERN PERIPHERY

3.1. General

Roadex project partners are local authorities of nationabo ]| "
road administrations with total responsibility for plan- *"/l e 661
ning, development and maintenance of public road net-q, | —
works in their area. The criteria for public roads which eos
fall within the mandate of the district road administration **/|_ s 007 e
offices varies somewhat from country to country. 00— 8104 11,233
Common to all four road districts is a large share ofzo%{—
low traffic volume roads (AADT < 1000), as well as high 12/
seasonal fluctuation of traffic volumes. About 85% of the Lapland Troms Highland Norr
total length of public roads in the partner road districts OPaved Roads B Gravel Roads (km)
fall within the low traffic volgme category _<1000 AADT The share of gravel vs. paved roads in each road district.
chosen for the scope of this study. Meeting the require-
ments of heavy haulage particularly on these secondary
roads presents a common challenge. role of road management without means of supplying
Gravel roads are a specific item in low traffic volume maintenance and road construction services. The separa-
road management in the Nordic countries. In the roadion of public administration tasks from the production
districts of Lapland (Finland) and the Northern Regionof services has gone furthest in Sweden and in Finland,
(Sweden) gravel roads represent over a third of the totakhere it has been a major reason for developing stand-
public road network. This study will separately highlight ardised methods for road condition and service quality
issues related to gravel roads where appropriate. evaluation. Given the possibilities of modern informa-
The tasks of the road districts vary from total control tion systems, the development of new approaches to road

and maintenance of the road network to a more limiteccondition management is ongoing in all partner districts.

km
12000 - 11665
W >=3000
10000 1 @ 1000-3000 ]
1 [1300-1000
8000 ] [0<300 |
6000 4 5582 |
] 4458
. 3817 —
4000 -
] 2497
. 1843 1817
2000 1 — — 1662 1265 -
O = T T T
Lapland Troms Highland Norr

Length of partner road districts’ road networks by traffic volume (AADT).



3.2. Lapland Region, Finland

The Finnish National Road Administration agency LAPLAND

(Finnra) was internally divided in 1998 into Road Ad- 2% go
ministration, a public authority responsible for the man-
agement of national roads; and Production which is pre-
paring for open competition in the maintenance of public
roads as a state-owned enterprise. Maintenance, construc-

. e . 28 %
tion, rehabilitation, as well as road survey and design serv- W >=3000
ices fall within the operations of Finnra Production. A , ., I 1000-3000
changeover to contract-based projects in road construc- [ 300-1000
tion is currently taking place, and road design is almost 0<300
completely done on a consultancy basis.

Lgpland-Reg!on, as the .Iocal authorlty of Flnnra-Road Road Class length  9%of AADT
Administration, is responsible for national roads in the km _total
province of Lapland. The road district has 84 employees Main 1278  14% 1584

L . . Main 2 951 10% 902

(-99) working in the four sections of Staff, Strategic Plan- Regional 2243 259 388
ning, Procurement of Works and Services, and Traffic Connecting 4580 51% 169

. . . . . . 0,
Service. The Strategic Planning section is responsible for Total 9052 100%

road network information, rehabilitation plans and pre-Road classification and traffic volume of public road in

liminary designs. The production of road condition sur- Lapland, Finland

veys, design, and rehabilitation measures is generally as-

signed to other units of Finnra Production or to private

contractors. A third of the total national road network in Lapland,
Locally the road administration is presented by eight2,948 km, is gravel roads. These are usually connecting

area supervisors, who supervise maintenance contractorsads with very low traffic volume. Of the paved roads,

and have the authority to grant licenses for road userg.104 km in total, most have oil gravel or other cold mix

when necessary. pavement (3.754 km). The so-called ‘cut back asphalt’
The national public road network in the district totals (1.243 km) and asphalt concrete (1.107 km) are other

9.052 km. 2.229 km of the road network is classified ascommonly used surface materials.

main roads, 2.243 km as regional roads, and 4.580 km as

connecting roads. The road district also manages 384 k

of pedestrian and light traffic ways built along the public

roads.
There are also 1.300 km of public municipal streets

and roads in Lapland, controlled and maintained by mu

nicipalities. Private roads include 13.800 km of forest

roads mainly controlled and maintained by the National

Board of Forestry, landowners, paper industry, or fores

centres, and 3.300 km of other private roads. State subs

dies are given to the maintenance and rehabilitation o

were granted only for road development. ,
The largest traffic volumes in Lapland Region have
been measured in Rovaniemi (21 119 AADT) and ing
Tornio (19 675 AADT). Tourist traffic increases traffic |
volumes noticeably during Christmas and New Year, East
er and from Midsummer to the end of July. Summer traf
fic is 1.1...2.5 times higher than the annual average. I
winter a major part of tourist traffic is directed towards £ _
the ski resorts of Western Lapland. e

10



3.3. The Northern Region, Sweden

The Northern Regional Road Management Directoratefrost heave and other frost related damage.
of the Swedish National Public Roads Administration A notable amount, 6.761 km or 38% of the public
(SNRA) controls and manages national and county roadspads in Northern Region are gravel roads. In the North-
which in its directorate have a total length of 18.000 km.ern Region 65% of the roads have traffic volumes <300
Other roads in the directorate, which are not the responAADT.
sibility of SNRA, are municipal roads (6.000 km) and
private roads (53.500 km). Most of the large network of NORR
private roads are small forest roads often owned by forest 3%
companies (46.000 km). Approximately 7.500 km of pri-
vate roads are controlled by local associations, which re-
ceive government subsidies to a certain percentage of
maintenance costs.

The road administration in the Northern Region em-

7%

25%

ploys 500 people. The district road administration office W >=3000
has 170 workers, the separate profit centres of SNRA in g5 9 H1000-3000
the district: Construction and Maintenance employ 300 300-1000
and Consulting Services 20 employees. B<300
Traffic volume in the public road network of the North-

ern Region varies from 1900 AADT on national roads to Road Class  length % of AADT
350 AADT on county roads. High traffic volume roads km total

. National roads 2 050 11% 1900
are concentrated on the coast and around the inland towns County roads 15 950 890 350
Gallivare and Kiruna. Seasonal variation of traffic flows Total 18000 100 %

is clearest in the mountain areas where tourism is a grow-
ing business. Especially during spring, the traffic is rath-Road classification and traffic volume of public roads in
er dense. That is paradoxically also the peak season féhe Northern Region, Sweden

3.4. Troms County, Norway

The Troms County Roads Office of the Norwegian Pub- TROMS
lic Roads Administration (NPRA) controls all national 4%
and county roads within Troms County.

The number of equivalent fulltime employees at the
Public Road Administration in Troms County is 513.
There are 118 people working at the Public Road Admin-
istration office in Troms. The county is divided into four 50 %

H>=3000

areas, each having a local administration centre (125 H 1000-3000
employees). The Troms County Road Administration has [ 300-1000
four departments: Administration, Road Development, <300
Traffic, and Production. The Road Development depart-
ment and partly the Traffic Department deal with most
road condition management issues and include units e.g. Road Class length % of AADT

km total (average)

for planning, reinforcement and pavement, and road tech-
nology.

National roads 1.706,9
31.12.1999

48%

1190

. Lo County roads  1.818,2 52 % 278
The total length of public roads within Troms County 31.12.1999
Total 35251 100 %

is 5.310 km, 1.707 km of these are national roads, 1.818
km county roads and 1.784 km municipal roads. For coun-

ty roads, the county municipality is responsible for fi- Road classification and traffic volume of public road in
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nancing and strategy. Each municipality has their owrnwhich 425 km are year-round roads for lorries, 864 km
road administration. Thus the municipal roads do not fallare year-round roads for tractors, and 40 km are winter
within the scope of this study and they are not includedoads for lorries
in the statistical presentations. The length of bicycle and The average traffic volume of the national roads in
public foot path administered by Troms county road ad-Troms County is about 1200 AADT. However, 50% of
ministration is 117 km (1999). the national and county roads and 87,5% of the county
In addition, hydropower companies and organisationgoads have less traffic than 300 AADT. The highest traf-
connected to forestry and agriculture, as well as privatdic volume areas are near the three towns, Tromsg, Hars-
landowners control a network of private roads in the distad and Finnsnes, and densely built-up areas near And-
trict. The forest roads have a total length of 1.329 km, ofselv/Heggelia and Setermoen. Typical traffic volume
peaks on secondary roads are in March and in June-July.

3.5. The Highland Council, Scotland

Public roads in the Highland Council

The Highland Council is an all-purpose local public au- area by traffic volume (AADT)
thority. The Council’s Roads and Transport Service has a 6 %
structure consisting of three sections controlling differ- 23 05

ent aspects of the service, with eight area managers who
are responsible for service delivery at the local level.
Public roads in The Highland Council area are split

21 %

- . . ) W >=3000
by responsibility and maintenance authority. The main 1000-3000
arterial routes (Trunk Roads) are generally the busiest. W 300-1000
These 962 km are the responsibility of the Scottish Par- 0<300
liament through the Scottish Executive. The Highland
Council is responsible for the remaining 6.838 km of
public roads, which are divided by their strategic impor- 50 %
tance to three categories Premium Roads, Strategic
Roads, and Rural Distributors. The Highland Council Road Class  length % of AADT
currently manages the Trunk Roads on behalf of the Scot- km total
. . . . . Trunk roads 962 12 %
tish Executive, although this will change in 2001 under Council roads ~ 6.838 88 %
new Government legislation. Total 7.800 100 %

There are a large number of private roads (mainly for-
estry) in the area, although no general statistics of them Road classification and traffic volume of public road
are available. Indications from one of the main forestryin Highlands Scotland.
businesses suggest that at least 1.130 km of roads are in
their ownership and these are principally constructed of
gravel. State-owned forest roads, which are not the rehave less than 150 vehicles per day. The variation over
sponsibility of the Highland Council total approximately the seasons is also considerable, with some of the quiet
5.740 km. remote roads experiencing a 100% increase from winter
All public roads in the area are paved. The heavieto summer, due to tourism. The popular skiing resorts in
trafficked Trunk Roads generally consist of at least threéAviemore and Fort William also give rise to traffic fluc-
layers of a bituminous bound material. Council roads arduations in winter.
all surfaced with at least one layer of bitumen bound mac
adam. Among Council roads there are lengths of 3-4
wide ‘single track ‘ roads with passing places. These road
may have been original horse or cart tracks on subgradg
completely unsuitable for the weight of today’s traffic.
The amount of traffic on the Highland Council roads
varies considerably, depending on location and time o
year. Some roads around Inverness carry over 20.000 v
hicles per day, while some remote West Coast roads ma
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4. DESIGN AND DIMENSIONING OF LOW TRAFFIC
VOLUME ROADS

4.1. Standard road structures and dimensioning principles

Even though there are similar basic principles for pavealent axle loads. Target bearing capacity values (MN/m
ment structure design and dimensioning, each country haer sub base, base, and pavement surface are determined
adopted individual methods and structures for their pracby chosen structure type and the calculated equivalent
tice. An extensive report about the current practice inaxle load. In general, pavement structure layer thickness
pavement structure is given in COST 333 report “Devel-depends on traffic volume and subsoil type. The amount
opment of New Bituminous Pavement Design Method” of heavy traffic is decisive in road structure dimension-
published by European Commission Directorate Generaing.

Transport. Table below summarizes standard pavement structures
in Finnish Lapland. The most typical low traffic volume
road structure consists of 40-60 mm of oil gravel or soft

Lapland, Finland bitumen wearing course on the top, 150-200 mm of base
course made of crushed gravel, 150-200 mm of sub base,

In Lapland, the pavement structure has to be able to withwhich is normally natural sandy gravel and on wet sub-

stand stresses caused by dynamic axle loads, frost actig@de soils 200-300 of filter course made of sand. The

and freeze thaw cycles, and pavement wear due to thetal thickness of the pavement structure varies normally
studs in tires. The technical life time used in road desigr#50 - 600 mm in low traffic volume roads. Due to envi-
is normally 20 years for asphalt roads, 15 - 20 years foronmental reasons old oil gravel pavement are now been
soft bitumen roads, and 10 years for gravel roads. replaced with heated or emulsified soft bitumen PAB-V

The Finnish pavement structure dimensioning systenpavements. Seal coating is used only on some dry and
was introduced in 1985 and reviewed in 1991 it is base@ood quality gravel roads.

on dimensioning tables for each pavement structure type  Today, however, most pavement structures in the La-

and subgrade soil type, and it is still used in some projectpland region are designed using the analytical pavement

in the country. According to this procedure, pavementdesign software APAS (Analytical Pavement Structures).
structure type and thickness are chosen on the basis éas uses NOAH calculation module in pavement re-

AADT, the amount of heavy vehicles, prognosticated in-sponse calculations and the program calculates stresses,

crease of traffic, technical lifetime, and width of the road, strains and displacements by using multilayer elastic the-

which are also the parameters used for calculating equivery.

Gravel roads Seal coat PAB-V, PAB-B Asphalt

Oil gravel concrete
AADT AADT AADT AADT AADT
<500 <500 <1000 800- 1800 > 1000
wearing course seal coat PAB-V, PAB-B AB + ABK
-50 mm -15-25 mm -40 mm -40 mm (bound base)

-150 mm
bonding layer | base course | base course base course base course

-150 mm -250 mm -150 mm -200 mm -250 mm
sub base filter course sub base sub base sub base
-150 mm -300 mm - 150 mm -200 mm -250 mm
filter course filter course filter course filter course
-200 mm -300 mm -300 mm -300 mm

Standard pavement structures used in Lapland:
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The Northern Region, Sweden Troms County, Norway

The design standards for new road sections (ROAD94Yhere are three design levels for roads in Norway. Level
give in tabulated form the required layer thickness of par-L is an empirical method, based largely on the use of de-
ticular materials. The dimensioning is based on trafficsign charts and classification of all materials according
volume and frost action. The design life is normally 20to their bearing capacity. The following procedural de-
years for bound layers and 40 years for the rest of thecription and examples follow this method. Design level
structure. 2 is an empirical method with additional material proper-

The design procedure is based on traffic flow and oty measurement elements (e.g. FWD backcalculation,
stress and strain calculations using linear elastic theorie€BR-test). Design level 3 is a theoretical method em-
Failure criteria are fatigue cracking at the lower edge ofbracing mechanical stress and strain calculations.
the bound layer, and permanent deformation at the top of The road structure in Norway normally has three lay-
the subgrade. The layer thickness is dependent on thers, each of these divided into two sublayers. The pave-
chosen construction type, the number of equivalent standnent has an upper layer, wearing course, and a lower layer,
ard axles, and the type of material in the subgrade andinder course. The base is divided into an upper (normal-
the climatic zone. The equivalent number of standard axleby a bituminous layer) and a lower base layer. On the sub-
is calculated from AADT, the percentage of heavy vehi-grade, the sub base normally consist of natural gravel or
cles, the number of standard axles per heavy vehicle, anttushed rocks. The drainage course is currently replaced
the assumed changes in traffic during the intended lifewith geotextile.
time. The decisive factor for the thickness and quality de-

To limit the frost heave a protection layer, in most sign of pavement and base layer is design traffic volume.
cases sand, is used between the sub base and the siibe design traffic variable is calculated using average traf-
grade. The thickness of this protection layer is dependerfic volume, maximum permitted axle load, annual traffic
on the evenness standard given to the road and on thecrease, design life, number of lanes, shoulder width,
frost susceptibility of the subgrade. The total thicknessand percentage of heavy vehicles. Different dimension-
of the unbound layers is dependent on traffic or on frosing tables are used for primary roads, collector roads,
heave. access roads, gravel roads, and parking lots.

Due to the infrequent construction of new roads in  Sub base requirements are based on design traffic
northern Sweden there are very few roads with thessolume and bearing capacity of the subgrade. Subgrade
ROAD94 structures in the Northern Region. The roadsmaterial types are classified depending on their bearing
with lowest traffic volume (AADT<1000) in the area have capacity as follows:
thinner and weaker structures. A typical structure is 250-

350 mm of sand over the subgrade soil or embankmen
80-100 mm of unbound roadbase (base course) in th

1. Gravel
Roads

2. Traffic volume < 3000
AADT

. . . gravel wearing course
middle, and 40 mm of a bitumen-bound wearing course=4L5°m

or 50-100 mm of a gravel wearing course on the top.

course

course

course

Typical road structures in new roads according toTypical road structures used in Troms County are pre-

subbase gravel -
10 - 70 cm depending on
subgrade

subgrade

wearing course - 4 cm

soft asphalt concrete

upper base layer
asphalt gravel - 5 - 6 cm
lower base layer

crushed well graded gravel
10 cm

3. Traffic volume > 3000
AADT

wearing course - 4,5 cm
asphalt concrete
binder course - 3,5 cm

asphalt concrete

upper base layer
asphalt gravel - 7-9 cm

lower base layer

penetration macadaml
- . upper subbase layer 10 cm
1. Gravel 2. Gravel- 3. Gravel-bitumen | 4. Rock-bitumen gr_avethvcEarﬁesaggregate...
pavement bitumen pavement pavement min. thickn. 15 em upper subbase layer
gravel, coarse aggregate...
pavement (only when AADT lower subbase layer min. thickn. 15 cm
> 2000) gravel, coarse aggregate...
thickn. 0-100 cm depending lower subbase layer
) X X on subgrade and traffic vol. gravel, coarse aggregate...
50mm Gravel 45mm Bitumen- | 45mm Bitumen- 40mm Bitumen- p— thickn. 0-100 cm depending
wearing course | bound wearing | bound wearing bound wearing subgrade on subgrade and traffic vol.

subgrade

100mm 0-190mm 0-190mm 80-180mm Typical road structures in Troms area of roads with dif-
Roadbase for Bitumen-bound | Bitumen-bound Bitumen-bound -
gravel road roadbase roadbase roadbase ferent trafflc volumes-
150-450mm 80mm Unbound | 150mm Unbound | 40mm Grouted Material in the subgrade Bearing capacity
Subbase for roadbase roadbase macadam
group
gravel road -
Rock cut, rock material, T1 1

0-300mm 420mm 350mm Subbase | 460mm Subbase Gravel, sand, Cu=10, T1 2
Protective layer | Subbase of of uncrushed of crushed rock Gravel, sand, Cu<10, T1, Rock cut, rock 3

crushed material material, T2

material Gravel, sand, moraine, T2 4

0-2400mm 0-2400mm 0-2300mm g‘lr ave".ltsaTnf' moraine, T3 2

Protective layer | Protective layer Protective layer 3 ayt’ Silt, =

eal

T1-T4 is the soils frost susceptibility, Cu - coefficient of uniformity

Typical road structures in Highland Council roads
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The Highlands, Scotland axles’ (an 80kN or 8 tonne axle) for the design life of the
road. The design traffic value is given in million standard
The current design standards for road structures has beemles (msa). (For the comparison designs in this study,
developed as the result of practical experience, laboratczorrections were made to convert to a 10 tonne axle.) The
ry research and full scale road trials. The result is a tablayer thicknesses are selected from charts using the traf-
ulated design procedure that produces layer thicknessdi details and chosen material types.
of particular materials. The design documents are con- Whole life costs show that pavements are most eco-
tained in the Design Manual for Roads and Bridges (pubnomical with a 40 year life. Flexible pavements are de-
lished by Her Majesty’s Stationery Office HMSO) for signed to have a 20 year design life for their first stage to
the Highways Agency (England) and Scottish Executivea critical condition and needing major maintenance. This
(Scotland). major maintenance is then considered to give the pave-
The structural layers are defined in the Design Manu-ment a further 20 years of life, a total of 40 years.
al as: foundation - the platform on which the more ex-  Four different types of pavement are allowed, Rigid,
pensive and structurally significant layers are placed; roadRigid Composite, Flexible Composite, and Flexible, but
base - the main structural layer; and surfacing - whicfthere is generally only one type of road structure used in
enables a good ride quality with skid resistance and cracthe Highland Council area. This flexible pavement con-
resistance. sists of a bound surfacing (consisting of a wearing course
Pavement design is based on Traffic Flow (annualand base course) typically 100mm thick, below which is
average daily traffic, AADT) at the road opening. Stand-a bound roadbase, which will normally be greater than
ard practice is to design the foundation for the construc430mm thick, but could be up to 500mm for highly traf-
tion traffic loading. The equilibrium CBR (California ficked roads. The bound material will probably be either
Bearing Ratio) is determined by testing or estimation fromDense Bituminous Macadam (DBM) or a Hot Rolled
a table and is dependent on the level of the water tablédsphalt (HRA). Road designs for trunk roads will gener-
the anticipated construction conditions, and the type ohlly use Hot Rolled Asphalt for the wearing course, base-
soil. The strength of the subgrade is a major factor incourse and roadbase. Both are bitumen bound crushed
determining the thicknesses of layers to be provided. rock materials, with the asphalts generally chosen for larg-
The design for the pavement uses the current traffier traffic volumes (owing to their greater density and bet-
volume and amount of heavy good vehicles, projecteder durability). Below the roadbase material is a crushed
over a 20 year period to give the number of ‘standardock sub-base of minimum thickness 150mm for good

1. Gravel Roads | 2. Council Roads 3. Trunk Roads
Gravel Wearing DBM Wearing Course 4cm HRA Wearing Course 4cm
Course 30cm max
DBM Basecourse 6¢cm HRA Basecourse 6¢cm
DBM Roadbase >9cm HRA Roadbase >12cm
Bound roadbase is normally Bound roadbase is normally
>13 cm thick >13 cm thick; can be up to
50 cm for highly trafficked
Crushed Rock Sub-base roads
G B >15cm, to ensure a
ravel Basecourse minimum pavement Crushed Rock Sub-base
75Cm max thickness of 45cm >15¢m, to ensure a
minimum pavement
Non Frost Susceptible thickness of 45cm
Capping Layer >25cm, -
depending on ground Non Frost Susceptible
conditions Cappmg Layer >25cm,
depending on ground
conditions

DBM= Dense Bituminous
Macadam HRA= Hot Rolled Asphalt

For low traffic volume roads the
bound roadbase can be replace
by 15-20cm of crushed rock
roadbase.

=y
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subgrade conditions. On the lower traffic volume Coun-  Gravel roads in the Highland area are in essence “low-
cil roads it is common to replace the bound roadbaseost” forest roads. The materials used tend to be obtained
material with a crushed rock roadbase. For poorer condiadjacent to the roadline, with only small amounts of high
tions the sub-base layer thickness is increased, or it iquality material being brought in, possibly to provide a
used with a granular ‘capping layer’, to give an overallwearing course. The sub-base can be glacial moraines,
thickness of up to 750mm (150mm crushed rock sub-baseeathered rock or gravel and laid to a maximum depth of
on 600mm of granular fill). A surface dressing is normal- 750mm depending on the CBR of the sub-grade present.
ly applied to DBM wearing courses to provide skid re- A wearing course is then laid to a maximum depth of
sistance. 300mm, this is dependent on the nominal size of material

Typical road designs in The Highland Council Area available. Crushed and screened rock is a luxury only
are produced in accordance with the Design Manual foused when a high performance specification is required.
Roads and Bridges (issued by the Scottish Executive).

4.2. Frost design principles

Climate factors, such as temperature and moisture havgons prevail if subgrade soil is moist and the water table
great effect on road performance, a road can deterioratg closer to the surface than 3.2 m, but the subgrade soil is
rapidly even without traffic stress. In the Northern pe- homogenous. Conditions are classified as difficult when
riphery area the Scandinavian countries are exposed e groundwater table is close to the grade line and sub-
severe winter conditions and frost can penetrate deepgjrade is heterogeneous, i.e. it contains boulders and soil
than 3 meters and even sporadic permafrost can be foungyers with different permeability properties, and if bed-
under roads in some high mountain areas. On the othebck is present. Difficult conditions also occur when the
hand the Highlands in Scotland suffer mainly from freezeroad is located on a slope and ground water is flowing
thaw cycles and frost normally penetrates only a few tenginder the road.

of centimetres during winter seasons. The following sec-

tions will describe, in brief, the current practice in man-

aging the frost problems in NP partner districts. The Northern Region, Sweden

Paved roads shall be designed in Sweden so that the frost
Lapland, Finland heave of the carriageway during an average winter will
not exceed the following values:
Frost design and dimensioning principles in Finland are
based on the classification of the frost susceptibility of

subgrade soils, and if soils are frost susceptible, on th€venness class: 1 2 3 4
classification of subgrade frost conditions. Area differ- Allowable frost heave
ences in Finland are taken into account by using differen{new roads) [mm]: 160 120 80 50
transition wedge depths, which also equal soil replaceAllowable frost heave
ment depths. These transition wedge depth calculationgfter rehabilitation) [mm]: 320 240 160 100

are based on the freezing index, once in 10 years. The
transition wedge depth also relates to the total thickness Gravel roads and roads with surface dressing on a grav-
of the pavement structure in areas of difficult subgrades| base should be designed so that the frost heave during
conditions and in the Lapland Region it is 2.0...2.2 ma mean winter does not exceed 160 mm (240 mm after
except in the Southwestern part of Lapland where it igehabilitation). The transition wedges shall be 16 m long
1.8...20m. if the soil is highly frost susceptible and 8 m long if the
Subgrade soil frost susceptibility is determined by soil is medium frost susceptible.
gradation and especially by the amount of fine fraction  There are different ways of designing a road structure
(<0.074 mm) of soils. Subgrade frost conditions are classo that the allowable frost heave is not exceeded. One
sified into 1) easy, 2) medium and 3) difficult conditions. alternative is to choose a structure according to the tables
Easy conditions prevail when the ground water table is‘design taking frost heave into account” in ROAD94.
deeper than 1 m from the bottom of transition wedge depth  Another way is to calculate the frost heave in accord-
(i.e. in Lapland more than 3.2 m). Medium frost condi- ance with the frost heave model “Tjale” (described in
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VVMB 906 “Calculation of frost heave in a road struc- On roads with traffic volume < 1500 AADT Troms
ture”). Important parameters for the calculations are theloes not use frost dimensioning for the road structures.
thermal conductivity and the freeze resistance of the maFor main and collector roads with traffic volume 1500-
terial in the road structure, the frost susceptibility of the15000 AADT non-frost susceptible roads are built only
subgrade soil, the freezing index, the permanent load anifl the variation in frost susceptibility of subgrade soil is
the distance to the ground water table. very high and significant frost heave is expected. When
An alternative way of achieving enough frost protec- using non-frost susceptible sand/gravel the thickness of
tion is to insulate the subgrade, using for example celluthe structure shall correspond to 5 years frost depth. If
lar plastic insulation. The distance between the insulafrost insulation is used, then the design frost depth must
tion and the surface must be > 0,5 meter to reduce theorrespond to F, but not more than 1,5 m.
risk for slipperiness due to frost (black ice). The neces- The thickness of frost insulation is calculated for each
sary insulation thickness for polystyrene cellular plasticmunicipality in Norway. The frost index and annual mean
in the climatic zone 4-6 is 80-140 mm. temperature are important parameters in these calcula-
Using alternative materials in the road structure, fortions, and the thickness is calculated for frost indgx F
example slag, is another way to decrease the thickness &f and F,
the structure. Blast furnace slag, for example, has a lower
thermal conductivity ( 0,3-0,6 W/m K) than conventional
gravel or rock material, which results in a thinner struc-The Highlands, Scotland
ture but still the same level frost protection. Slag is fre-
quently used in road structures in the Region Norr. The only requirement for frost design in Scotland is to
ensure that frost susceptible materials are not used in the
upper 450mm of the road structure. Occasionally this
Troms County, Norway would be increased to 600mm or even 800 mm for cer-
tain known colder areas. In most cases this involves in-
Frost index is not a parameter in the Norwegian desigitreasing the designed pavement thickness using either a

procedure for pavement structure, but the frost index stilkrushed rock sub-base or a ‘capping layer’ of non-frost
must be considered when choosing binder stiffness in thgysceptible granular material.

bituminous layers.

The frost depth in sand/gravel is used when planning
permanent construction (bridges etc.) and when construct-
ing the transition structure when the frost susceptibility
changes. Troms road region has many of uneven frost
heave problems especially with culverts.

For permanent construction the frost depth ever{ 100
year (F,) is used as design frost depth. For culverts and
other frost heave problems the design frost depth is the
frost depth once every 1@ear (F,).

Classification % weight of aggregate < 19 mm
< 0.002 <0.02 mm <0.2
mm mm
T1 - not frost susceptible <3
T2 - low frost susceptible 3-12
T3 - medium frost susceptible >40 or >12 and <50
T4 - very frost susceptible <40 and >12 and <50
Frost design in Norway
AADT Type of Subgr Frost protection with
road ade sand, gravel, insulation
stone
0-1500 All 1,2,3 b B
1500-15000 | Main and 1,2 b b
collector 8 hs (max. 1.5 m) hio
roads
1 h, (max. 1.2 m) hio
> 15000 Main roads | 2 hs (max. 1.5 m) hio
& hm (max 1.8 th
m)

1 = homogenous condition, few and small frost heave

2 = some variations, some problem with uneven frost heave expected
3 = strongly variations, large and uneven frost heave expected

b = only necessary to design for bearing capacity

hy ,hs, hio = frost depth every 2., 5. and 10. year

Frost design and dimensioning principle in Norway
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4.3. Comparison of pavement structure design methods; three cases

In order to compare the pavement design methods usdinit 80 km/h, traffic volume 1000 AADT and dimen-

in NP area districts, a series of comparative design calcusioning time 20 years. The average freeze index value
lations were performed for three types of subgrade soilswas of each road district was used in the calculations.
sand, moraine and silt. The basic assumptions in thesghe results of these calculations are presented in the fol-

calculations were the following: road width 7 m, speedlowing table.

Finland, Lapland

upper base layer 6 cm

lower base layer 10 cm

sub-base - gravel 10 cm
on Cu for the sand

upper base layer 6 cm
lower base layer 10 cm
subbase - gravel 40 cm
(upper 15 cm, lower 25 cm)

Sand Moraine Silt

AB, pavement 5cm AB, pavement 10 cm AB, pavement 10 cm

base 20 cm base 20 cm base 20 cm

subbase 20 cm subbase 20 cm subbase 25cm
filter 50 cm

total 45 cm total 50 cm total 105 cm

Norway, Troms

Sand Moraine Silt

wearing course 4cm wearing course 4cm wearing course 4cm

upper base layer 6 cm
lower base layer 10 cm
subbase - gravel ~ 50-100 cm
(upper 15 cm, lower 45-85 cm)
Depends on undrained

DBM Layers 23cm:
DBM wearing course 4 cm
DBM base course 6 cm
DBM road base 13 cm
Crushed Rock:
Subbase 22 cm

DBM Layers 23cm:
DBM wearing course 4 cm
DBM base course 6 cm
DBM road base 13 cm
Crushed Rock:
Subbase 22 cm

shearstrength
total 30 cm total 60 cm total 80-120 cm
Scotland, Highland
Sand Moraine Silt

DBM Layers 23cm:
DBM wearing course 4 cm
DBM base course 6 cm
DBM road base 13 cm
Crushed Rock:
Subbase 35cm

of crushed material

Design, taking frost heave
into account:

Protective layer: 0cm

Total thickness: 61 cm

of crushed material

Design, taking frost heave into
account:

Protective layer: 0cm

Total thickness: 61 cm

(Gravel/Rock: (Gravel/Rock:

Capping 25 cm) Capping 60 cm)
total 45 cm| total 45-70cm | total 58-118 cm
Sweden, Norr
Sand Moraine Silt
Wearing course: 4 cm | Wearing course: 4cm Wearing course: 4cm
soft asphalt (alt. asphalt soft asphalt (alt. asphalt soft asphalt (alt. asphalt concrete)
concrete) concrete) Upper base layer: 7cm
Upper base layer: 7 cm | Upper base layer: 7cm soft asphalt base (alt. hot mix
soft asphalt base (alt. hot mix | soft asphalt base (alt. hot mix base)
base) base) Lower base layer: 8cm
Lower base layer: 8 cm | Lower base layer: 8.cm unbound roadbase
unbound roadbase unbound roadbase Subbase: 42 cm
Subbase: 42 cm| Subbase: 42 cm of crushed material

Design, taking frost heave into
account:

Protective layer: 39 cm

Total thickness: 100 cm

Results of the comparative calculations
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4.4. Road construction materials

Lapland, Finland ing recent years because available gravel deposits are di-
minishing, and because the strength of hard rock aggre-
gates is usually better. Finnish National pavement aggre-
gate strength requirements are mainly followed, but if high

Distribution of road surface types in Lapland strength aggregates are not available in the area, lower

o beckaspialt e whore futing due to taded tres o
B Oil gravel g due to studded tires is
OGravel not a problem.
O Asphalt concrete Pavement type is chosen primarily based on AADT.

Yearly costs determine the final decision between differ-
ent pavement types. Availability and quality of aggregate
also have an influence on decision making.

Usually base course has to be made using crushed
aggregate. In old and low traffic volume roads the sub
base is mainly made of natural gravel, but it has also been
Currently, asphalt pavements in Lapland are made mainmade of crushed aggregate. Sub base material does not
ly using AB16/100 mixture, which means 0-16 mm densehave strict requirements for grading or aggregate strength
graded mixture 100 kg Anin some heavily trafficked compared with base material.
roads with AADT > 5000 open graded split mastic as-  Filter course is made of sand. The sand material must
phalt SMA 16/100 has also been used. The maximunmot have a high fines content, organic compounds or stones
grain size of aggregates is usually 16 - 18 mm, in somejreater than 50 mm and capillary rise must be less than
case 20 mm or even 25 mm to improve the bearing cag.9 m.
pacity without using stabilisation or a bitumen bound base. In Lapland the gravel road wearing course is made
Bitumen viscosity is 120 in Southern Lapland and 200 inmostly of crushed gravel or crushed glacial moraine.
the Northern part of Lapland. The filler used in asphalt  The main criterion used for paving gravel roads has
has been standard calcium filler. been traffic volume, normally 250...300 AADT, but if

Soft bitumen asphalt pavements type PAB-B 16/100road structures are good and there are no frost problems,
or PAB-B16/80 have been used in roads with mediumgravel roads with daily traffic even under 100 have been
traffic volume. Pavement types are PAB-B16/100 (43 mmpaved in order to save on maintenance costs. On the oth-
pavement thickness with <16 mm aggregate) or PAB-B16kr hand, during the last few years some badly deteriorat-
80 (35 mm pavement with <16 mm aggregate). Bitumered sealed roads have been changed back to gravel roads
type in PAB-B pavements is normally B650/900, which because of a shortage in rehabilitation funds.
equals about 800 viscosity, in some special case harder
400-600 bitumen have also been used. The Northern Region, Sweden

Low traffic volume roads are currently paved mainly
using soft bitumen emulsified PAB-V pavements that are
made in 50...70 Ctemperature. Bitumen viscosity is
usually 1500 and in same cases 3000. Anti stripping agent Distribution of road surface types in Northern Region
is used together with bitumen. Maximum grain size is
normally 16 mm and material amount is 100 kg/m2 (PAB- 10 % 17 %
\V16/100).

The most common pavement used before 1995 in low
traffic volume roads was soft bitumen asphalt type PAB-

0O, also called oil gravel pavement. This pavement is cold 38 %
mix pavement made of 16 or 20 mm dense graded crushed
gravel aggregates. This pavement type has evaporating
components, which is the reason it is no longer used for
pavements except for some small scale patching operahe mineral aggregate used for road construction can
tions. consist of both crushed natural gravel and crushed rock.

Crushed aggregates for bituminous pavements in LaThe use of hard rock has increased during recent years
pland are made both of crushed gravel and of hard rockue to regulations concerning the use of natural gravel.
deposits. The use of hard rock has been increasing dufFhe strength and durability of the different layers in the

34 %

OBitumenous

E Oilgravel

O Gravel

O Surface Dressing

35 %
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road structure is secured through certain requirements on On roads where the traffic volume is more than 3000
the quality of the mineral aggregate and binder used foAADT, hot asphalt mix is used in wearing and binder
the layers in the structure. course. Most common is asphalt concrete with bitumen
The ball-mill value is used to describe both the dura-B85-B180 and maximum grain size equal to 16 mm. The
bility and the strength of the mineral aggregate for bitu-layer thickness is about 110 kg/rStone mastic asphalt
minous layers as well as unbound layers. The impact valis used where the traffic volume is very high. The binder
ue is also used, to a certain extent, to describe the strengih. the stone mastic asphalt is often stiffer than the one
There are requirements on the particle size distributionused in an asphalt concrete.
for the aggregate in the subbase and the unbound road- On roads where the traffic volume is less then 3000
base as well as in the wearing course and the bound roa8ADT soft bitumen asphalt is the only asphalt type used
base today. In addition, remix of the wearing course is very
Materials for base course and sub-base may also compopular.
sist of slag or other industrial by-product. These shall re- The bitumen used in soft bitumen asphalt has a vis-
tain their volume and shall not exhibit any tendency tocosity at 60°C between 6000-15000 nifs. On main
decompose. They must also be acceptable from an envieads and where the bearing capacity of the road is suffi-
ronmental and health perspective. cient, the stiffest bitumen is used. The maximum grain
Protective layers shall consist of non-frost suscepti-size is normally 16 mm, but when used for patching or
ble friction soil, it is most common to use sand, wherefor the levelling mix, the maximum grain size is 11 mm.
either the (0.075/16) content is less than 12% by weighThe layer thickness of the wearing course is normally
or the capillarity is less than 1 meter. The organic conteni00 kg/n? when using soft bitumen asphalt.
shall not exceed 2% by weight. Oil gravel and cut back asphalt have been used previ-
Oil gravel is still the most common pavement in the ously, but not anymore. Oil gravel provides a good pave-
Northern Region, even though it is not used anymore duenent surface on low traffic volume roads, but is too soft.
to environmental reasons. Today semi-hot mixes are use@ut back bitumen is not used any more due to health and
for roads with an AADT less than 1500-2000. Standardenvironmental problems caused by the solvent.
viscosity for bitumen at 6C is between 2000-15000 Troms has, for several years, used surface dressing
mn¥/s, depending on traffic volume and whether the bi-on low traffic volume roads. These surfaces are too weak
tumen is being used for wearing course or base courséo resist the stress from graders that are removing ice and
Cold mixes are becomming more common as the techsnow from the roads. Use of a 40 mm layer of soft as-
nigues, for using harder bitumen as the base on the emuybhalt is performing better on these roads and the lifetime

sion are developing. is increased by 50-100 %.
During the past four years a lot of remixing of the
Troms County, Norway wearing course has been applied in Troms. The equip-

ment is purchased from Finland. When remixing, the road
is heated to 50-9€C. Then the hot pavement is milled
and at the same time 20-40 k§/of new material is add-
Road Surface on National and County Roads ed. The old and new asphalt is mixed together in a mixer
in Troms County mounted on the equipment, soft bitumen is added and
then the material is paved using a paver on the back of

1606 2 T7% EHot rolled asphalt  the remix machine. When using remix on soft bitumen
OSurface dressing asphalt, normally very soft bitumen asphalt (viscosity
30 3% O Soft Asphalt 1000 mn¥s) is added. When using hot mix asphalt the
M Oilgravel same type of material as the original asphalt is used as
OGravel additional material.
O Other The aggregate strength is measured using an impact

test to examine the aggregate’s ability to resist crushing.
For testing durability Norway uses an abrasion test. The

In the N ian desi dure it i ible t results from these two tests are used in an equation for
n. € Nonwegian ESIQr,' procedure 1t1s POSS' € _O USE(z:alculating a value called Sa-value, this value describes
different types of materials. The layer thickness is de-

d he beari ity of th " ) ﬁhe suitability for the aggregate very well. The Ballmill
pendent on the bearing capacity of the materia (mate”‘r’}est is also used for testing strength and durability of the

coefficient). Each material has specifications for grad- .
) . ) _aggregates in the same way as the Los Angeles test.
ing, strength and durability. The aggregate quality speci- As base course material Troms has been using crushed

fications mainly depend on traffic volume and where Ingravel on almost every kind of roads until 1988-90. At
the road structure it is used.

49 %
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least 30 % of the aggregates > 4 mm have to be crusheddams generally use a 100 penetration bitumen, with the
During the last decade crushed gravel has been used asphalts using a 70 or 50 penetration bitumen. The as-

the upper base cme oty when the triic volume is
less then 30BADT. On all other roads, stabilised mate-
rial, as an upper base cogirmust be usedyut aushed
gravel or crushedock may be used as@er base course.

The most common base course material is called as-

phaltgravel. This is a mix of unashed or crushed ayel
and bitumen B180-B370Chis asphalt is qopationed
using the Marshall test.

Non-frost susceptible or namater susceptle mate-
rials must be used for subbase. May hagequirements
for the grain sie distrbution (codficient of uniformity)
and for the mehanical quality of theggregates. Rock,
crushed rock and gvel is used for subbase.

As afilter coursegeotextile is normaly usel. The re-
quirements for thergding of sandilter couse depends
on the naterials on both sides amthether it is dficult
to find usable sandose towork site.

The Highlands, Scotland

phalts are gap graded, the macadams are continuously
graded. Generally the nominal aggregate size increases
with thickness of each course, typically 10 or 14mm for
wearing courses, to 28 or 40mm for base courses.
The granular sub-base is generally Type 1, defined in
the Specification Clause 850SO (a Scotland specific
clause). The sub-base is almost exclusively a crushed rock
material, graded to be within quite strict limits. Below
this layer a further layer (a capping layer) may be used
on poor subgrades. This material can be a crushed rock
or gravel, but does not have such strict grading limits.
Most of the private roads are gravel sometimes with a
crushed rock surface, although there is limited published
information on these roads. For these roads the specifica-
tion is crushed rock or gravel with fairly loose grading
curves. The wearing course gravel will generally have a
higher fines content than the lower layer. In practice al-
most any local material will be used if it is thought it will
be successful.

Distribution of road surface types in Highland, including forest roads

12 %
O Asphait
42 %
’ [l Macadam
O Gravel
46 %

The selection of road comsttion materials/aries ac-
cording to each sitézor Trunk Roadsthewearing course
is normally Hot RolledAsphalt to Bitish Standed BS
594.This document iges grading, strength and binder
limits, but these ge not detailed in this report as this ma-
terial is used in the higher ffa volume roadsnot the
roads overedby theROADEX project.The other bound

layers on trunk roads are generally bituminous bound

asphalts.

Most of the Council roads are close graded bitumi-

nous macadata to BS4987, with a stace dressingp-
plied togive texture and to seal the $ace gainst the
ingress ofwata. All materials used r@ in accordance
with the Spedication For Highway Works (pat of the

Manual of Contract Documents issued by the Scottish

Executve).
Two main materials are used for the bouagkfs:

bitumen bound macadams and bitumen bound asphalts.

Both geneally use crushed rock or crushedwgp aggre-
gates, and both can use a similar bitumea.tjjne mac-
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5. TRAFFIC LOAD RESTRICTIONS

5.1. Allowed normal axle loads; other requirements for heavy vehicles

Lapland, Finland

The Northern Region, Sweden

In Finland, uniform maximum axle loads of 100 kN (10t The maximum allowed axle and bogie loads and total
/11,51) applies to all road classes. The highest allowewveight depend on the classification of the road by bear-
bogie load depends on the number of axles and axle spaitg capacity. Region Norr uses three bearing capacity
ing and varies between 110 and 240 kN. The maximun¢lasses, with the following maximum loads:

allowable total weight for all roads is 60 tons and this

total weight requires seven axles. Road districts give sep-

arate licenses for super heavy transportation projects. Driving Axle Boggie Triple Total
There are currently 45 bridges with weight limitations axle weight [ton]
in Lapland. BK1 115 10 19 24 60
Super single tires are allowed with a recommendedK 2 10 10 16 22 51,4
maximum tire pressure of 850 kPa. BK 3 8 8 2 13 37

Maximum dimensions for trucks in Finland are: length

25.25 m, width: 2.6 m and height: 4.2 m

56

48

42

32 —
30

1961 1966 1971 1975

Allowed total weights in Finland since 1961

( Finnish Trucking Association)

1982

1990

1993

Approximately 2.800 km of public roads have per-
manently restricted maximum axle loads and total
weights. Often this restriction is due to one or two weak
bridges in the road section, so it is sometimes possible to
reduce significantly the length of load restrictions just by
reconstructing a smaller bridge. During the winter sea-
son when the ground is frozen, it is possible to temporar-
ily upgrade many of the BK1 and BK2 class roads. This
means that during 4-5 months every winter only 4% (700
km) of public roads in the road district have permanent
load restrictions - these mainly due to weak bridges. The
Road Authority can also give licenses for super heavy
load transportation projects.

Super single tires are allowed in Sweden. There are
no restrictions concerning tire pressure.

Maximal allowed vehicle dimensions are: length 25.25
m, width 2.60 m (load included).

100 % 495

90 %

80 %

70 %

OBK3
EBK2
OBK1

60 %

50 % 2131

13608

40 %

30%

20 %

10 %

0%

National roads County roads (incl.gravel)

Permanent bearing capacity restrictions in Northern
Region



Troms County, Norway The Highlands, Scotland

Maximum allowed total weight for a vehicle in Norway The regulations concerning traffic loading are compli-
is 50 tons. In Troms County, 90,3 % of national and countycated, with vehicle configuration playing a large part in
roads permits this load, 9.3 % only permit 40 ton totalthe allowable axle loads. In general the maximum allow-
weight and 0.4 % have 28 or 32 ton maximum weight.able axle weight is 9.5 tonnes, but where the axle is a
The road network is divided into four groups dependingdriving axle, this can be increased to 10.5 or 11.5 tonnes,
on their bearing capacity. Road class directs maximundepending on the arrangement of tires.

permitted axle load as presented in following table. The maximum allowable vehicle weight is 41 tonnes

over a minimum of six axles, (with driving axle restrict-

ed to 10.5 tonnes and all other axles no greater than 8.5
Maximum axle loads in each road class in Norway

Axie Combination Distance Ton axie Toad tonnes). An exception is for vehicles involved in inter-
between Bk10 | BKkT8 | Bk& | Bk modal transport operations (rail/road), where the maxi-
Axke foad - single 10 8 8 6 mum allowable weight is 44 tonnes. Such a vehicle must
Driving axle - single 11,5 8 8 6 K X R
L30-179 1811(; ) E 2 2 be coming from, or going to, a railhead. Some roads are
toadfomto axes | ggo.119 | 15 15 | 15 | 85 ‘weight restricted’ simply because the road width and
<0,80 10 8 8 6 . . . .
Load fomthree axes | 1,30-1,80| 24 19 16 i) alignment is unsuitable for all but the smaller vehicles.
,00-1,299 22 8 6 2 . . . . ) ar
YisE | % B » 5 Single tires (also known as ‘super single’ tires) are
2115 tonon drving axe _ allowed but must have a road contact width greater than
9 Bt IWIn lifes or aif suspension 300mm. For vehicles above 38t road friendly suspension
¥ One or both distances and twin tires (on all axles except drive axle) must be

used (EU Directive 85/3). The tire manufacturers dictate

The maximum allowed vehicle length is 22 m, andtire pressures for their tires. For normal tires the maxi-
78.3 % of the national roads in Troms permit this length.mum pressure can be up to 9 bar. For special tires, i.e.
The rest permit for 18.75 m. For the county roads 95.9 %0r non-standard use, the pressures can be up to 9.9 bar.
permit length 18.75 m and the rest 15 m. Maximum vehi-
cle width is 2.6 m. The maximum vehicle dimensions are

The public road office in Tromsg has the authority to  Length 16.5m (articulated vehicles) or 25.9m
give licenses for super heavy load transports inside Troms  (road train with two trailers)
County or directed to neighbouring counties. Width 2.6m (although allowable load width is 2.9m)
Height - no restriction, but vehicles greater than
3m must have warning notices in the cab.

AT R R R R ERTREERPTRTE Bridges with a clearance of less than 5.5metres

§ 9f------- are signed with the allowable height.

R Y EEEEEEEEPE PP

% T For transportation of loads up to 80 tonnes, The High-

T B T E TP P PRPP land Councils gives authorisation. The Scottish Execu-

; 5 . . . tive gives the authorisation for transportation loads >80

F 1068 1978 1088 1998 tonnes. The U.K. Department of the Environment, Trans-

Year port and the Regions (DETR) gives authorisation for trans-

Development of maximum allowed tire pressures portation of loads >150t, width >6.1metres or length >27.4
in 1968 - 1999 metres.
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5.2. Temporary load restrictions

800 7

Lapland, Finland

700

[— 1999 — 2000

600

In the Lapland Region load restrictions are mainly ap- <,
plied on gravel roads. Approximately 650 km of roads g 4

N\
N\

are annually subject to load restrictions, around 20% are 300

N

paved roads. Load restrictions used are 4, 8, 12 and 18 20

tons of total weight. Sometimes a frost damage period is 100

N\

so bad that some road sections must be closed to all traf- ©
fic. These however are roads of minor importance and

14

15 16 17 18 19 20 21 22 23 24

week

not needed for public transportation.

The decisions for load restrictions are made by th

frost thawing period from April to May. Load restrictions

are marked by traffic signs and information of load re-

strictions is provided by the road district office, traffic

information centers and area supervisors.

The development of the amount of weight limitations in

road district and they are applied mainly during the sprinsRoad District of Lapland in 1999 - 2000

about foreseeable restrictions and to discuss the possibil-

Before the load restrictions are applied a meeting isties to minimize the problems during the frost thawing
arranged with transportation companies to inform themperiod. This practice has especially helped timber trans-

Road district of
Lapland 30.6.1999
Fullfilled load restrictions 702 km

we Bt 150 km

— 12t 352 km

= 18t 170 km

24

port companies to arrange their operations in advance so
that the restrictions do not interfere with their work. Ex-
ceptional permits still have to be granted for food, fuel,
agriculture and animal transport. In some special cases,
short-time permits are also granted for mornings after
frosty nights for other short-time deliveries.

In 1999, load restrictions were imposed on a total of
706 km of secondary roads. The amount of load restric-
tions has decreased rapidly in recent years, and today is
only about a half of the amounts in mid-1980’s.

Road length (km) of temporary load restrictions in
Lapland during 1985-2000

1800
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1986
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Development of temporary load restrictions in Lapland
in 1985-1997



The Northern Region, Sweden Troms County, Norway

In the Northern Region, the relative length of axle loadSpring time load restrictions are no longer imposed in
restrictions is the highest of all project partner districts.Norway since 1995. Still, in 1994, 50% of national roads
An average of 5.840 km or 33% of the public road net-and 96% of county roads in the Northern Periphery area
work in the Northern Region in the time 1988-1997 wasin Norway had load restrictions. The new policy is based
closed to heavy traffic because of spring thaw. These rean the results of the research project BUAB, completed
strictions prevail for an average of 50 days in April - May. in 1994, which concluded that the gains to the road user,
Approximately 1.400 kilometres of the restricted roadsfrom abolishing of all load restrictions, would exceed by
are paved. It is primarily roads with single surface treat-double the costs to the road owner, provided that the sur-
ment on unbound road base that are closed to heavy traflace life was maintained at present level.
fic for preventive reasons. The rest, approximately 4.400 Currently load restrictions are only used when it is
km, are gravel roads. This means that about 60% of theertain that the road surface will break down during the
gravel roads in the region are affected by frost damagspring thaw. The Director of Public Roads in each county
restrictions. decides when and where to impose load restrictions, based
on reports from local maintenance supervisors. A load

Road length (km) of temporary load restrictions in the restriction is announced in newspapers, on the internet

Northern Region 1993-1999 and on local and national radio broadcasts. Traffic signs
2000 1 6437 gpr Will also infor.m. roaq users of load r-estrictions. The pub-
6000 T 5946 —-D 5900 lic road administration holds meetings, once or twice a
5000 || — 5 - year, with transportation businesses and other significant
= 4000 |—| — — road users such as the army, to discuss co-operation and
< 3000 1 . — special transports needs.
2000 1 ] — Normally the length of the spring thaw in Troms Coun-
1000 +— — — . . .
o | | | | | | | ty is 4-8 weeks. The previous practice was to commence
1993 1994 1995 1996 1997 1998 1999 the restriction period when the thaw depth was 10-20 cm.

The lifting date was dependent on total frost depth and
Temporary load restrictions in the Northern Region inthe ratio between permitted axle load during spring thaw
1993 - 1999. and in summer. (For example, with the ratio of spring
thaw/summer axle load 0.8, the load restriction was lift-

Decisions regarding axle load restrictions are made=d the thaw depth was 1.25 m.)
based on visual evaluation of the road surface and the The Traffic Department, via district personnel, ob-
local engineer’s observations of road performance in theserves and reports how the condition of the roads chang-
area. The Road District decides when to impose load rees during the spring thaw. They also use frost tubes to
strictions. During weekends the responsible contractor cameasure the thaw depth.
decide about restrictions, but the first workday the road
district must make the decision whether the restrictions
shall continue or not. The Highlands, Scotland

In 1996, SNRA submitted new guidelines, concern-
ing springtime load restrictions, in response to transporTemporary restrictions in the Highlands are not made for
tation needs, especially those of the logging industry inspring thaw conditions at present, as the frost thaw weak-
the area. According to the new guidelines, restrictions ShaH;ning is not usually significant. However where a road is
not be imposed on paved roads unless there is a strorgibjected to increased use of heavy trucks and is deterio-
indication of potential damage to the road (for example &ating, restrictions on use can be imposed to prevent fur-
marked tendency to wheel track formations). For gravether damage. Such preventative weight restrictions are
roads, at least 1 % of the road length must show signs afpically applied for single track roads where timber trans-
severe damage before load restrictions can be imposedortation takes place, or on road sections with weak bridg-

Road users are informed of restrictions by traffic signs.es and retaining walls. Emergency restrictions can be
Every year the forest industry is informed of the currentmade for 6 weeks and temporary restrictions for 18
road condition. There are regular meetings where speciahonths; normally such restrictions become permanent
transportation needs are discussed and agreements algless mitigating measures are taken.
reached e.g. about operating transports at night time when The region is divided into eight ‘areas’, and in each
the roads are frozen. Timber trucks may be granted peif those areas the Area Roads and Transport Manager
mission to use certain problematic roads, provided theyjecides on the application of road restrictions. Any pro-
are repaired after use. posal requires the Roads and Transport Committee to
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approve before legal measures can be taken. This proce-

dure involves publicising the proposal and providing a

period for objections. Consultation with Freight Trans-

Unsuite . port Association, Load Haulage Association and other

goods vehicles JWE - Xl bodies is carried out when a road order is proposed. Should
: objections not be resolved then a Reporter selected by
the Scottish Executive would decide whether the Order
should be made. Restrictions are often applied to bridges
even if the road requires it, as the public can more easily
accept bridge restrictions than road restrictions.

To date there are around 175 km of roads restricted in
use in The Highland Council area. The highest allowed
restricted total weight is 17.5 tonnes, but this can be re-
duced to 7.5 tonnes or even 3 tonnes.

5.3. Controlling the implementation of axle loads and load restrictions

Lapland, Finland Troms County, Norway

In Finland the police and local area supervisors controllhe Traffic Department of the Troms County road ad-
load restrictions, but only the police can impose fines.ministration office also has the responsibility to control
Area supervisors are only allowed to contact the policeaxle loads and total weight of the vehicles via district
when they observe overload transportation. Fines are usegffices. It possesses six stationary scales for measuring
as overload penalties and the amount of the fine is steppdtiple axles up to 30 ton as well as transportable scales
according to the amount of overload. for measuring wheel load up to 10 ton. These scales are
The police control axle loads as a part of traffic sur-tested as scales used for trading.
veillance. Axle loads are measured using portable scales.
Finnra also conducts axle load measurement to study thehere are different kinds of sanctions when a vehicle is
amount of loads. The area supervisor's duty is to makeverloaded:
observations on load effects to the road structures. Am the haulage company has to pay a fine (there are fines
inventory of road damage is made annually. The results set for both axle loads and total weight of the vehicle;
of these inventories are a basis for rehabilitation meas- the highest of these two will be used)
ures. * unloading the vehicle
 the driver will be reported to the police and will
receive a penalty
The Northern Region, Sweden + if the overload is extreme, the driver can lose his
licence to drive, the haulage company can lose their

The police control axle loads as a special part of traffic Permit to do transportation and the vehicle can be

surveillance. The Road Authority, who also pays for the ~ denied to be used for transportation.

whole of the traffic surveillance, decides on the level of

control. The public often contacts the Road Authority if

they suspect an overload. The Road Authority then conThe Highlands, Scotland

tacts the police if a control is to be made. A progressive

fine is used as an overload penalty. Both the driver andhe Highland Council as the roads authority does not

the haulage company are subjected to the penalty. enforce weight restrictions. Only the police can enforce
The police have 4 stationary and 3-4 portable weigh+weight restrictions. On roads with a 7.5t or a 17t restric-

scales for the load control. There is also an on-going R&DQion, enforcement is based on the plated vehicle weight,

project to test different types of WIM (weight-in-motion) irrespective of whether the vehicle is empty or not. On

measuring devices in cold climate. These devices are inroads with a 24t and other restrictions enforcement is more

stalled in the pavement on the national road E4 outsidgifficult. For enforcement to succeed the vehicle must

Luled, but they are only used to indicate that there mighknowingly pass an authorised public weighbridge on its

be an overload. In order to prosecute, the vehicle must bigtended journey. Unfortunately there are insufficient

weighed on a stationary or portable scale. numbers of these weighbridges in this area to allow ef-
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fective enforcement. Comparisons
In addition to the above actions, there is a Traffic
Commissioner, employed by Central Government, whoThe following table summarises how traffic load restric-
has the power to set up police checkpoints and weigh ations are controlled in the partner road districts.
heavy goods vehicles using portable weighmats. Over-
loaded vehicles can be impounded until the load has been
reduced to an acceptable level, and other penalties can be

imposed.

There are currentlx no gxle restrictions in the .H.lgh- Fiiand Nomay Scotand Sweden
land Council's area primarily because they are difficult Z?]?;:g:ng the police Egngdmn/ty the police tahsesiztr)mlri:hfgf
to control. It is more effective to restrict the length and | authority Traffic dept. the road admin.

. . . . . . primary axle load axle load, vehicle length axle load
width of vehicles (which effectively restricts the heavier | object of wheelload | and width,

. . . . trol lated vehicl
vehicles) as this is easier to enforce. Recent campaigns” eight

H ontrol portable stationary/ weighbridge, stationary/
to prevent Overloadmg and SUbsequent damage to th quipment | scales transportable | transportable transportable
H A scales scales scales
roads have been heede.d' by hal‘”age Compar'“es and h ‘gé‘?]ctions stepwise_ penalty_ fees, penalty fees, progressive
had some success. Additionally many of the timber haul progressive | unloading, | unloading, penalty fees
. . i i R . penalty fees revocation of revocation of (both driver and
age vehicles are now fitted with ‘self weighing’ trailers, license operator license the)haulage
CO.

so that overloading should be further contained.

5.4. The effect of load restrictions, now and future aspects

Lapland, Finland

According to customer satisfaction surveys conducted irtions, an extra cost of 900 MSEK (105 million euro)
Lapland, heavy transport carriers are mainly satisfied wittstrikes the forest industry every year; a major part of that
road conditions. Load restrictions are mainly applied tocost is incurred in the Northern Periphery area.
gravel roads. The most effected transports are those of Inspections are currently being carried out as to how
timber and peat. Cooperation with transportation compathe guidelines by the Road Authority, to diminish load
nies together with road structure improvements has enaestrictions, since 1995 have affected the performance
bled that, since 1988, 25-30 km of load restrictions hadevel of the road network. The long term effects are diffi-
been removed annually in Lapland. To monitor the ef-cult to predict; if the funding for maintenance and up-
fects of traffic load and frost, an inventory of road dam-grading of the road network is insufficient it will be diffi-
age is made annually for a part of the road network. Theult to reduce load restrictions in the future.
results of these inventories are a basis for rehabilitation
measures. K
In the future the goal is to continue to reduce loads
restrictions by using road structure rehabilitation meas
ures. In Lapland severely damaged roads with bearin
capacity problems are repaired approximately 25 km/yeal s
A future goal is to develop real-time pavement condition .
monitoring systems to optimise the timing of load restric- g
tions. In the future more attention will be given to the
understanding of the mechanism of deformation cause
by spring thaw weakening of the road structure.

The effect of low tire pressure to gravel road deformation
The Northern Region, Sweden during the spring thaw season. Left photo describes re-

sults of a standard vehicle after 6 passes and the right
The forest industry in Sweden is highly dependent on ghoto deformation after CTl-vehicle with lower tire pres-
functional road network. Due to temporary load restric-sure after 30 passes.
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There are ongoing research projects for the purposé@ons. The situation also calls for the development of re-
of reducing load restrictions. One of these is testing éabilitation methods that are more cost-effective than
technique called CTI (central tire inflation). CTl is a de- those previously used.
vice with which the driver can control tire pressure while  As a part of the BUAB project, road users’ needs were
driving. If the tire pressure is reduced, the contact are@nvestigated with the main conclusion that savings in trans-
between the tire and the road surface increases, whigbort costs would be approximately 91 MEuro per year
leads to lower shear stress in the upper layers of the rogd993) if the road network performance would remain at
structure. the same level. If the load restrictions were lifted without

Tests show that a 60-ton CTl-vehicle can drive on aincreasing the allocations for maintaining the road sur-
weak gravel road during the thaw period without causingface and rehabilitation of roads with low bearing capaci-
too much damage. In fact, the standard vehicle after sixy, the transport cost would increase by 49 MEuro per
passes had caused ruts of about 25 cm, while the ruggear (1993). If the allocations are not increased the in-
caused by the CTl-vehicle were only about 1 cm after Grease of deterioration of the roads in Troms region might
passes and 16 cm after 30 passes. This is an interestibg seen in some years.
technique, which will be further developed in the future.

In Sweden there are also experiences of low truck speeds
(i.e. 50 km/h) being less damaging to the road than nor- o s Couy e
mal truck Speeds_ 10 OExtra allocation - project BUAB

L e O Budget - road surface
maintenance/reinforcement
84 - - - - - - {Average allocation before 1685 | - ™ |- - - - - - - - - - - - oo -

7 e e I I e I R B

Troms County, Norway O O O

Million Euro
a

Very few road sections have broken down after ending
the use of temporary load restrictions in 1995. Rutting
depth has increased both on national and on county roads,j
but this development cannot entirely be blamed on the |

heavier axle loads during spring thaw. The decrease in = % % =% w2 we o e e wr e o

road maintenance funding has also caused the road ngteyelopment of allocations for roads in Troms region

work to deteriorate. _ _ since 1995. The red line presents average allocation be-
For many of .the roads in Troms County, which cur-fore 1995, Extra funding was granted as a result of BUAB
rently have maximum allowed axle loads less than 10 tnprgject, to be able to maintain the performance level of

the industry and the local authorities ask for reinforce-ihe roads. By 1997, the total allocations have however
ment of the road or for new bridges. However, currentlygeclined under the previous funding level.

the road authority is facing the problem of insufficient
financial allocations for maintaining the structural con-
dition of the roads; a lot of repair measures carried out
today only repair the road surface and do not address the
cause of these defects. In the future if the funding re-
mains at the same level as today or decreases, the road
authority will have to reconsider springtime load restric-
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The Highlands, Scotland strengthening of trunk road bridges would be undertak-
en, to ensure that these could safely carry the current 38
There are only a limited number of restricted roads inTonne vehicles and the proposed heavier vehicles.
Highland and the general view is that the roads are in a The Scottish Office commenced its element of this
reasonable, although deteriorating, condition. The transprogramme on Trunk Roads in 1989 and had, by then,
portation companies would like unrestricted access to aWritten to all Local Roads Authorities advising that it
areas, but appreciate that this will not be possible withexpected them to undertake their own similar pro-
out significant investment. In the current economical cli-grammes, on a similar timescale. The following is The
mate such funding will very rarely become available, Highland Council position at July 1999.
unless a private developer or investor supports the up- There are some 871 bridges carrying adopted public
grade of the road infrastructure. As the funding of im-roads, which have not been assessed. Of that number, 56
provements to the large amount of old roads with insuffi-are in private ownership, the great majority being owned
cient bearing capacity becomes increasingly difficult, it by Railtrack p.l.c.
is likely that more restrictions will be imposed. In many cases, assessment has confirmed or will con-
One element of the road network, which may createfirm that a bridge is sub - standard, and that strengthen-
future restrictions, is the bridges. Until the late 1970’s,ing or replacement is required. It is estimated that the
the maximum allowed vehicle weight was 32 tonnes,total cost of upgrading Council bridges to meet modern
which then increased to 38 tonnes without checks on théading requirements is £ 50 million. (approx 80m Euro).
carrying capacity of the bridges. However, with the Obviously with funding being restricted year on year, it
planned introduction of 40/44 Tonne vehicles from Janu-Will be difficult to maintain unrestricted access to all parts
ary 1999, the Government’s Department of Transportof the area.
announced in 1987 that a programme of assessment and

OWNERSHIP

The Highland Private Total
Council

No. of bridges to be assessed 1,450 60 1,510
Assessment completed by July 1999 635 4 639
No. of bridges not assessed 815 56 871
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6. ROAD CONDITION MANAGEMENT

6.1. General Road Condition
Problems

Lapland, Finland The Northern Region, Sweden

The most significant problems in road condition man-Typical road condition problems on secondary roads are
agement in Lapland, according to interviews conductecpoorly performing drainage, road structures that are too
during the study in the district office, are those relatedthin, poor quality base course materials (excessive fines
with poor quality base course material, frost action in subcontent), frost susceptible subgrades, and peat under the
grade, peat subgrade, and insufficient drainage especiatead structure. The main pavement related problem in the
ly where the road is constructed on a slope. Typical damregion is ageing, but transverse cracking, plastic defor-
ages are longitudinal cracking, uneven frost heave, anthations in certain recycled pavements, and pavement dis-
shoulder deformation. integration also occur in some areas. Shoulder deforma-
tion and longitudinal cracking are the most common road
structure related damages.

30



Troms County, Norway The Highlands, Scotland

Uneven frost heave due to frost action, shoulder deforAccording to district engineers, major problems appear-
mations and thaw weakening can be experienced esp@&g now in the road structures in the trunk roads relate to
cially where roads are constructed on slopes so that hathe use of a lean-mix concrete roadbase in new road con-
of the road is in the road cut, the other half resting on arstruction from around 20 years ago. The concrete is break-
embankment. Restoring insufficient drainage was previing into ‘slabs’ which are rocking under traffic causing
ously a continuous task for maintenance, but as the fundransverse cracks and leading to water ingress and fur-
ing for road maintenance has fallen, the maintenance aher deterioration. For the Council roads, peat and very
ditches has been left out from the routines. Today drainsoft silt subgrades are the main cause of problems, re-
age is restored only as a part of a reinforcement projectsulting in rutting and cracking, especially at the road edge.
In some low traffic volume roads in Troms County Many of the older roads also have drainage problems.
problems are related to the use of too soft binder in coldhe type of subgrade, the form of land, and the land-
mix recycled pavements which has led to deformationsowners on each side retaining the land to their use are
Poor bitumen-aggregate adhesion has caused pavemedattors which limit drainage possibilities in the Highlands.

disintegration in road curves. In many parts of the older road network, high grass verg-
The spring thaw causes a lot of problems especiallyes also prevent water from flowing away from the road-
on gravel roads. way. The pavement defect requiring attention is normal-

ly a loss of surface texture, which causes a skidding haz-
ard. Surface dressing (sprayed bitumen emulsion with
layer of single size stone) is widely used to restore skid
resistance and seal the surface against water ingress.
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6.2. Road condition data bases

Lapland, Finland Troms County, Norway

FWD, roughness and rutting measurement results are

The following pavement condition measurements are constored in the road database. Area pavement engineers use
ducted systematically in Lapland : IRI, rutting, GPR the roughness and rutting results together with pavement
(pavement structure layer thickness measurements), di§listress data to evaluate the need for pavement rehabili-
tress mapping. The results are stored in the road-registe?ation- The results of these evaluations are presented to
based road condition data base KURRE and used fdihe main regional office, where rehabilitation project pri-
maintenance planning and rehabilitation design. oritisation and project planning is done. In doing this,

The HIPS (Highway Investment Programming Sys- SPecial attention is paid to the rate that roughness and
tem) system is used for road network planning and tdutting values increase in different road sections.

calculate long term optimal road condition. The needed ~The road database also includes various gther road
financing to keep the road network in optimal condition data such as the cross slope of the road, traffic volume,

can be calculated by using HIPS system. HIPS utilizedavement history, width of the shoulder and the asphalt
the AADT and road condition measurement data fromlayer, permitted speed and axle load, and curvature. Ad-
road register and KURRE and yearly updated degeneraditionally there is a database with digital pictures of paved
tion and cost models. roads for every 20 m in both directions. These pictures

T&M Sora system is used for gravel road manage-areé also being updated every year. Lately, the road ad-

ment. Frost thaw weakening data is stored in T&M So-Ministration has started to register information on the
ra’s data base and is utilized for rehabilitation program-drain*'i‘éle system, culverts and places with frost heave
ming. problems in the road database.

The information stored in the road database is used in

the rehabilitation project planning and prioritising. The
The Northern Region, Sweden need to start collecting more information about elements
of the road network is connected to the new practice of

SNRASs PMS data bank stores roughness and rut deptfontracting out road maintenance tasks.

data, which is collected systematically on a network lev-

el since 1987. Deflection data is collected and stored on .

project level. Distress data is generally not recorded inThe Highlands, Scotland

the data bank; road construction data (layer thickness) is

stored when attained using GPR or probes. Another datd=0r the trunk roads, a PMS/SERIS (Scottish Executive

base containing actual and historical data of road mainteéX0ad Information System) database is maintained, for

nance treatments is also connected to the PMS. which measurements are carried out with 3-5 year inter-
Road condition data from the PMS data bank is usedals. The database has residual life models for each fac-

by the SNRA’s seven regions e.g. for analyses of incread®’. made according to British models. PMS has three
ing rut depth and/ or roughness of the road network, agata sets: raw data, trended data and dissembled data sets.

roads. PMS is also used for annual maintenance plans fé@fety data. SERIS software allows on-screen road con-
pavements in the Northern Region. dition visualization with digital video image of the road

at 5 m intervals linked to GIS maps.

For Highland roads there is not an appropriate road
network length database; the road condition evaluation is
not performed in a systematic way, and the evaluation
data collected by road supervisors is not stored in any
database.
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6.3. Road Condition Evaluation Methods

6.3.1. Roughness and rutting Troms County, Norway
surveys

Lapland, Finland

Since 1990-91 rutting and roughness measurements h
been carried out throughout Lapland, annually on the maig
roads and biannually on other roads, using a special PTN
(Serviceability level measurement) vehicle. This vehicle]
carries a system which measures roughness on the rigg
wheelpath using a laser sensor, and rutting on transvers"
sections using ultrasonic sensors. The measurement r_
sults for network level road surveys are stored per 100 ri,

mean value in the PMS database. For project level sur- )
veys, the so-called 5m-IRI value (IRl mean value per 5Roughness and rutting measurements on the road net-

meters) and 10 m mean rutting value are collected in orVOTK in Region Troms are carried out extensively each

der to provide more exact information about the road conY®2", using a road survey vehicle. This vehicle measures
dition. roughness (IRI) from both wheel paths, the rutting value
using 17 sensors in a transverse direction, as well as the
cross slope and curvature radius of the road using a gyro-
scope technique.

Roughness and rutting values are first stored in a port-

The IRI value and rut depth are measured annually orff‘bIe computer. A road survey car measures, for example,

about 50% of the paved roads in the Northern Region.rUt depths and cross slopes every meter, but only the me-

dian value for every 20 m is stored in road data bank.

Main roads are measured every year and low traffic vol- X )
goughness and rutting measurement results together with
ume roads are measured every second year. The roads

. . Havement distress data are used to evaluate the need for
which have a width less than 4 m, as well as short pave A  rehabilitation. Special attention | id 1
sections in the middle of gravel roads are not measure € pavement renablitation. special attention IS paid 1o

On high volume motorways every lane is measured: or%he rate at which the roughness and rutting values are

other roads the lane with a higher amount of heavy traffi¢creasing in different road sections.

is measured.

The Northern Region, Sweden

The Highlands, Scotland

Rutting evaluation for Trunk roads is based on measured
data obtained from a specially constructed vehicle which
operates at traffic speeds. The vehicle measures longitu-
dinal profile, rut depth, texture depth and alignment fea-
tures (such as gradient, crossfall and radius of curvature),
and video is used to assess cracking and other distress.
Skid resistance is measured using Scrim technique. Oth-
er measurements, including GPR and FWD, are taken
using other equipment when necessary.

Roughness and rutting are not routinely measured on
the lower traffic volume roads on the Highland Council
network.
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6.3.2. Pavement distress / Lapland is called “Soratalla”. Data collecting for this
defect mapping database is done by maintenance contractors, following
specifications of the national gravel road quality moni-
toring system. The inspection reports are delivered to
the controlling road administration and the data is regis-
tered on quality monitoring forms and in the gravel road
condition monitoring information database (Soratalla).
. . ) LI'he information stored in Soratalla is accessable on the
three year intervals to keep a systematic register of Claslhtranet.
sified distress factors. Distress mapping is conducted vis-
ually by two men driving slowly along the road and re-
cording observations with a laptop computer connectedl.
to a DMI. The data are stored in the road-register-based
road condition data base KURRE, and a special “distress

sum” index is calculated from the data. This sum indexThe $wed|sh PMS_ system ha; nq systematic procedures
. ; . fPr distress mapping. Each district evaluates damages

describes the extent of pavement distress in the form of . ) o .

sq.m/ 100m. using its own method. Distress mapping is carried out

The distress data is used in pavement design, where'i?amly by maintenance contractors following precise or-

is the most important single factor. In Lapland Region,ders' Each contractor must keep a record of the distress

the paved road network has been inspected 2-3 times Sin(l:rgormatmn from the area, as well as compile a list of

1988-89 when this distress mapping method was introg;momalies. The distress types recorded are: rutting, crack-
duced ing, shoulder deformation and potholes. During the year
Dra.\inage is not evaluated systematically on pave OI.:I.999 SNRA Construction and Maintenance unit started

{0 use GPS in the collection of road condition informa-

Lapland, Finland

he Northern Region, Sweden

roads at network level, but when a road section is selec

o gon.
ed for pavement rehabilitation program, the cross slop o | ds. dist . iod out e
of the pavement and the condition of the ditches and cul- N gravel roads, distress mapping Is carried out ei-

verts are evaluated. The condition of culverts is also evalt—her during spring thaw period or the fall rain season in

. order to evaluate the need for axle load restrictions. (In
uated before each long-term maintenance contract. :
the Northern Region at least 1% of the road length must

For gravel roads, there are three different condition ) 2
show signs of severe damage before load restrictions can

evaluation systems: . ) .
(1) In the “T&M Sora” gravel road management sys- be imposed.) Information about the condition of gravel

tem, a visual evaluation of the thickness and condition o{c_);d IIS col(ljelcteo: bt;) t? attthf netlwotrll< Ievle land at an indi-
the wearing course and condition of drainage (ditches any'@ud’ road level, but not at project level.

culverts) is carried out using a GPS -based system. The :hereb|s ?3 systemaﬂc fapproach Ifor cqllet:ctmg infor-
T&M Sora road condition classification A, B,C indicates mation about drainage performance. in maintenance con-

the necessity for rehabilitation measures. tracts, the number and condition of culverts is document-

(2) Another gravel road classification system used ined. According to current policy, deficiencies are reported

) 0 . . .
Finland focuses on the spring thaw weakening of the gra if less than 80% of drainage functions as required.

el road. Visual evaluation is based on the severity of the
thaw weakening and is repeated each year on gravel roa
with known spring thaw problems. This method was first

used in Southern Finland during the early 90’s and was .
first applied in Lapland during 1996-97. The results of 2amages on the road network in Troms County are eval-
Hated using a newly purchased VidKon system which

funding to the most problematic roads. takes a digital photograph of the road at 20m intervals.

Lapland Region aims at decreasing the amount of road '€ Pavement distress data collection out annually and
sections subject to spring thaw weakening by 25 km éhIS mformatlon |s. storgd in the datapasg of the County
year. Systematic evaluations have contributed to a dgX02d Office. Detailed distress evaluation is made when a
crease of the total length of affected roads, but at the san®Ction was chosen for paving program.
time the number of short road sections showing thaw The defects to which most attention is paid are defor-
weakening has increased. Another observation made duf?ation along with longitudinal and transverse cracks.
ing the course of the systematic mapping is, that springb\lllgator cracking has not been a problem on soft bitu-

thaw problems can appear in different locations in differ-M€N Pavements. _ _
ent years Gravel roads in Troms County have received relative-

(3) The third gravel road inspection system used inly little attention, and there is no systematic approach for

Ci’groms County, Norway

this monitoring system are used to allocate rehabilitatio
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collecting distress information about their condition. Thewith the intention of surveying the whole road network
wearing course thickness on gravel roads should ideallpn a regular basis and archiving the information onto CD.
be 50 mm, but in many instances this has not proven to The Trunk Roads (Scottish Executive) are regularly
be the case. measured using the Multi-function Road Monitor, a ve-
hicle designed by WDM which gathers a lot of geometric
and distress information at traffic speeds.
The Highlands, Scotland All gravel roads belong to local landowners or to for-
estry companies. Forestry roads are classified according
Road condition evaluation of the road network of High- to local requirements, with any distress noted and con-
lands is performed visually by road area supervisors whdrolled by local measures.
make lists of the defects for the roads in the area. The There is no systematic approach to monitoring road
condition evaluation is made throughout the year with 1-drainage problems other than visual inspections. Prob-
3 month intervals between routine checks for road safetjem areas are known and are subject to routine mainte-
reasons, but it is not based on any systematic approachance at certain times of year and after particular envi-
Each supervisor can emphasize different factors in higonmental conditions. For new road construction the
evaluation. Currently the system is based on professiondlrainage design forms an important part of the project
experience more than on systematically measured dataand accommodates both surface water runoff and ground
However the Council has recently purchased a numbewater.
of vehicle mounted video recording devices with DMI,

6.3.3. Bearing capacity and pavement structure measurements
Lapland, Finland

Bearing capacity measurements in Lapland are carriedhents are made at 100 m intervals although the time in-
out using Swedish KUAB falling weight deflectometer terval is longer. The E2-value is calculated from the meas-
(FWD). During the early 90's measurements were repeaturement results and this value is still used in the PMS
ed at three year intervals, taking approximately 10 readsystem, even though it is generally accepted that it does
ings from each road section. At present FWD measurenot accurately illustrate the bearing capacity of the road.

M{7072,1/0 4354, oikea kaista 4.3.1999, 500/70ns, s D ]
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GPR data from a gravel road collected in April presented together with spring thaw
weakening data and FWD data.
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Surface curvature index (SCI) and base curvature indefhe Northern Region, Sweden
(BCI) are better indicators and are used in project level
surveys.

The FWD measurement data analysis is performed i
Finland mainly using APAS software. This software can
also be used for the dimensioning of the new road strug
ture. Another FWD data software called KARHU is used
to provide a general overview of the bearing capacity o
a specific road section.

FWD data is also analysed together with ground penj
etrating radar (GPR), roughness and rutting data and pavi.
ment distress data for project level road condition analy:
ses, using Road Doctor software. = T

The GPR technique was tested first in Lapland in 198¢ : s S
and the road district purchased its own GPR system in ) S } N
1998. Since then, GPR technique has been applied prage'lmplmg.pavement structure samples using a diamond
tically in every road design and rehabilitation project. In drill technique
the area of subgrade soil evaluation GPR is used to iden-
tify soil type, to estimate the thickness of overburden and€aring capacity measurements are not performed sys-
to evaluate the compressibility and frost susceptibility oftematically in Sweden on a network level. Falling Weight
subgrade soil. In road structure surveys, GPR has bedpeflectometer (FWD) surveys are applied only in pav-
used to measure layer thickness, to detect sub-surfadeg and rehabilitation projects. The surveys are performed
defects and to evaluate base course quality. In qualitjo Serve dimensioning purposes, for which the E-value of
control surveys GPR techniques are used for thickneseach road section is required by the road authority. Static
measurements, to estimate air void content of asphalt, arlate bearing test surveys are applied in road construc-
to detect asphalt segregation. Electrical resistivity survey§on quality control surveys.

(2D imaging) are used especially for measuring the thick-  Core samples are taken in road rehabilitation projects.
ness of soft C|ay and silt Subgrade |ayers_ The requirement is one Sample per kilometer and it is
taken using varied techniques. A special technique used
in Sweden is the continuous sample through the road
structure that is taken with a diamond drill core into a
plastic tube. DCP technique has been tested in Sweden
by VTI but the experiences were not too encouraging due
to problems with big stones and boulders.

Ground Penetrating Radar (GPR) has been used in
road rehabilitation and pavement design projects and it
has also been used to make 3D-models for the pavement
thickness in roads.

Finnra GPR van

Road structure sampling is carried out in pavement
design projects; usually pavement thickness and the qual-
ity of the base course material are evaluated from the sam-
ples. A new Tube Suction Test (TST) is also used to mon-
itor the moisture susceptibility of unbound aggregates,
as well as in proportioning the binder content of a new
stabilised structure. The amount of sampling has de-
creased significantly during the last few years since the
integration of GPR results has optimised the amount of
sampling and laboratory analyses needed.
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Troms County, Norway

The Highlands, Scotland

In the past there have been some pilot FWD programmes,
but as yet these have not formed part of a systematic FWD
survey of the Highland road network.

For individual rehabilitation projects, the basic road
structure and identification of weak road sections is made
visually, with the background of local knowledge and
experience. Bearing capacity measurements using deflec-
tograph or FWD have occasionally been used to support
decisions made, but generally only on the heavier traf-
ficked Trunk Roads.

Most rehabilitation projects will involve sampling of
the existing structure, using a combination of coring and

Bearing capacity measurements play a very important rolérial pits, to allow decisions to be taken regarding re-use
in pavement evaluation on both project and network lev-of existing materials and selection of the most appropri-
els. FWD surveys are carried out more for rehabilitationate pavement structure. GPR is not routinely used, but
design purposes than for quality control. FWD is how-we are keen to make more use of this technique than at
ever used to check that the long term quality demands géresent. On the higher traffic volume roads GPR is some-
the rehabilitation projects are achieved. In rehabilitationtimes used for individual projects where there are doubts
projects, over 90% of all FWD measurement points shouldabout the subgrade.

meet deflection specifications for a 10 ton axle load (or 8
ton if the permitted axle load is only 8 ton).

Spring thaw weakening is monitored, using FWD, by
performing three measurements during the thawing peri-
od. The worst results are used in evaluating the quality
of the old structure and dimensioning the new structure.
Surface Curvature Index (SCI), maximum deflection,
number of heavy vehicle, diameter of the loading plate
and the load are used for calculating the bearing capaci-
ty. The whole deflection bowl is used to evaluate the con-
dition of the road structure and the subgrade. As an ex-
ample deflection value 90 cm from the load centre is used
for subgrade quality estimations. When layer thickness
is known it is possible to backcalculate also FWD-de-
flection, but this is only done in special cases because the
backcalculations are very time consuming.

Dynaflect technique has been used in Norway for bear-
ing capacity measurements alongside FWD, but this tech-
nique is no longer used in Troms. Dynaflect is used to
locate weak sections of road. In order to do this, ratio DO
/ (D0-D300) is calculated and evaluations are made based
on the following rules:

ratio value < 3: problems in the base course
3 -5: problems in the sub-base layer
> 5: problems in the subgrade soil

The same numbers are used in FWD analysis, but here
the ratio DO/(D0-D200) mm is used.

Core samples and occasionally DCP are also used in
pavement structure investigations. The Road Database in-
cludes core sample results at 500 m intervals, but this
register is about 25 years old and it has not been main-
tained according to modern standards. DCP test results
can also be stored in the Road Database.
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6.4. Quality standards - worst allowed road condition

Lapland, Finland shame value should be 1,20 SKr. This shame value is cal-
culated mainly from the IRI value using the price of 1
The main policy in Finland is that road condition should SEK per vehicle and km to correspond an IRI value of
not cause traffic safety hazards. approximately 4,5 mm/m as an average for 1000 meters.
On paved roads, national quality objective levels haveAccording to a preliminary evaluation, the Northern Re-
been determined for distress sum index, rutting and IRBion has approx. 690 km of roads with IRI values higher
values. The quality level of rut depth is 13-18 mm de-than the shame value level. There is also a need to create
pending on speed limit. The IRI values should be betweeshame value specifications for gravel roads. SNRA's
2,0-6,5 mm/m. Speed limit and AADT have an affect onWestern Road Directorate Region is currently making a
these objective levels. The quality levels of distress sunphoto catalogue to help to evaluate the condition of grav-
index are 60-160 1 100 meter road section. el roads.
So-called shame levels have been considered but they
are not yet in use.
Gravel roads are evaluated visually according to alroms County, Norway
national quality monitoring system, on a scale of 1 to 5.
Quality value 5 refers to the best quality level. The eval-There are no clear guidelines for evaluating the lowest
uated properties are evenness, dusting and compactnessandard of road condition allowed. The best indicator of
Quality value 1 is unacceptable, and value 2 is onlypoor road service performance has been feedback from
acceptable on 10% or 20% of road length at the maxidrivers and local politicians.
mum, depending on road class. The aim is to maintain In general, the roads in the Troms region appeared to
majority of the gravel road network in a condition corre- be in better condition, when compared with other Road
sponding to value 3. partner districts. There are concerns however, that in the
future the condition of the low traffic volume roads will
deteriorate rapidly, if new measures are not taken.
Due to diminishing funding for road maintenance and
The Northern Region, Sweden rehabilitation, the available resources have been directed
to main roads at the expense of medium and low traffic
In Sweden there have been numerous discussions abov@lume roads. The standard of main roads has been im-
the definition of lowest allowed road condition. There areproving over the last few years, whilst that of low traffic
several guidelines for the level of damage allowed beforevolume roads, especially county roads, has worsened. The
it must be repaired. The maximum allowed rut depth isgap in standards between these roads is constantly in-
30 mm and the maximum width of cracks is 30 mm oncreasing.
minor roads. If ruts depths are measured using a road
survey vehicle the measured limit values 28 mm / 20m or
20 mm /400 m in a section. The maximum dimensionsThe Highlands, Scotland
for the potholes are 30 mm in depth and 200 mm in di-
ameter. In longitudinal direction the maximum uneven-There is not an accepted ‘lowest standard’ in the High-
ness is 6 cm in 2 m length (3 %). These rules have bedands. However the maximum allowed rut depth is as low
established mainly in the interest of traffic safety. as 10 mm. The Highlands have a range of road types and
A new and interesting project for defining the worst traffic usage, and the lowest acceptable standard for each
allowed condition is the evaluation of the “skamgrans”will be variable. While roads can be in a ‘poor’ condi-
i.e. the shame value for a 1000 meter section of the roadion, they must still be ‘safe’, i.e. regular safety inspec-
The road below the shame value is in shameful conditiortions are carried out to prevent hazards developing. On
and should be given priority in the maintenance planningone of the older Trunk roads there are safety inspections
The definition of the shame value is defined based orcarried out twice a week.
extra road user cost. Those costs are comprised of in- There are ‘intervention criteria’ set out in a Code of
creased time cost, increased vehicle expenses, uncorfractice for Local Authorities, which gives good guid-
fortable driving and traffic safety cost. The current limit ance on what defects are acceptable.
for the shame value has been 1 extra SEK / km (appr.
0,12 euro/km), but there are also discussions that the
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7. MAINTENANCE AND REHABILITATION
MEASURES

7.1. Special maintenance
techniques for gravel roads

Lapland, Finland and the experiences from the technique have been very
good. The cost for this shoulder soil replacement using
Pre-winter maintenance macadam has been 5 -10 SKR (0.6 -1.2 Euro)/ m and

Autumn maintenance, carried out just before the wintermaterial costs have been about 10 (1.2 Euro) SEK / m.
season, is very important for gravel roads in Finland.Other used techniques have been basic ditch cleanout and
Graders are used to fix the cross slope at a gradient of 4#eep drainage techniques.

and road shoulders are graded even, in order to allow water

to flow from the road surface into the ditches. AutumnDust binders, other additives

maintenance also includes cleaning out any poorly workBoth MgCl and CaCl have been used for dust binding

ing ditches and checking culverts. purposes in Region Norr. The amount of MgCl use has
been approximately 1.2 tn/km and CaCl 1.0 tn/km. Other
Spring maintenance additives have not been used. If a new wearing course is

Spring maintenance is carried out in early spring and iheeded the amount of the wearing course material addi-
mainly consists of de-icing culverts and ditches filled with tion has been normally 3 tn/km.
ice. Once the snow has melted, gravel roads are reshaped In the Northern Region bitumen emulsion treatment

using a grader. has also been used to bind the wearing course material.

The experiences from this technique have mainly been
Dust binders and other additives good, the investments have been repaid within 5 years.
During the spring, dust binding is carried out using ap-As a result of emulsion treatment there has also been bet-
prox. 1-2 tn/km of salt (CacCl). ter bearing capacity in the road. However there have also

been some problems with this technique, the biggest of
them has been the inadequate maintenance of the bitu-

The Northern Region, Sweden men emulsion treated wearing course. Major mistakes
have been made especially when the wearing course has
Pre-winter maintenance not been irrigated enough before and after the grading.

There are no special instructions or techniques for thd'he bitumen treatment of the wearing course requires a
maintenance of gravel roads before the winter periodwell-trained and motivated maintenance crew.
However maintenance contractors are encouraged to make In the Northern Region the use of milled old asphalt

even slightly too high crossfall (specifications are 3.5 %)or oil gravel material has been tested in gravel road wear-
on gravel roads than too small crossfall. ing courses but the experiences have not been good.

Spring maintenance
Spring maintenance in Region Norr includes snow re-Troms County, Norway
moval from the road shoulders and opening and cleaning
the culverts. Gravel road wearing course is also graded iRre-Winter Maintenance
spring but it is not compacted every time. Some grader®lo special maintenance techniques are carried out on
have a rolling compaction system, unfortunately they aregravel roads prior to the winter season.
not widely used.
Spring-time maintenance
Drainage improvement During the spring season, the wearing course is reshaped
A special drainage improvement technique which alsousing a grader as soon as possible.
increases bearing capacity of the road shoulder has been
the replacement of the non-permeable material in roadrainage improvement
shoulder with macadam. This 0.2 m * 0.2 m macadanDrainage is improved during the spring season by remov-
replacement technique was tested for the first time in 199@hg snow from the road shoulders, before the snow be-
gins to melt.
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Dust binders, other additives Spring maintenance
Calcium chloride (CaCl) is used for dust binding gravelIn gravel roads maintained by the forest industry the main
roads. About 1 tn/km is used each year. Sealing, or othenaintenance technique is reshaping the wearing course
dust binding techniques, have not yet been tested in Tromsvith grader. Gravel road wearing course is normally 50
mm thick (but can be up to 300 mm thick) and is made of
local material.
The Highlands, Scotland
Dust binders and other additives
Pre-winter maintenance In practice almost any local material will be used if it is
No particular measures are employed in advance of winfelt the result would be effective.
ter

7.2. Special maintenance techniques for paved roads

Lapland, Finland Troms County, Norway

Spring maintenance, crack sealing Spring time maintenance, crack sealing
Private contractors take care of sealing cracks in pave®uring the spring thawing period there is lot of pothole
roads during the spring season. Sealing is normally carepair work in Norway. Troms is using both cold asphalt
ried out using 200 bitumen, although larger cracks andnixes and hot asphalt as patching material. A special heat-
small potholes are sealed using Ebanol (bituminous coléd container is used in hot mix asphalt repair on high
sealing mass). Cold mix pavement potholes are repairettaffic volume roads.
using a special cold mix stockpile mixture. Finnra's pol-  Before the thawing period starts the frost heave cracks
icy is that all hot mix pavements on main roads should bere at their widest. These are sealed using a polymer mod-
sealed each year, while the need for sealing on low traffiéfied, fine graded asphalt material. This material is called
volume roads is assessed case-specifically. sand asphalt in Norway and it has maximum aggregate
size of 4 mm. Polymer-modified bitumen is used for its
premium elastic and adhesive properties.

The Highlands, Scotland

Spring time maintenance, crack sealing
The main maintenance techniques in paved roads are crack
sealing and pothole repair. Crack sealing is performed
during the frost season when the cracks are open, as these
close again when the frost front comes out of the road. If
the pavement gets worse a new surface dressing is ap-
plied in the summer using bitumen spray and chips. Low
friction values are also a reason for surface dressing the
road. Surface dressing can also include glass fibre rein-
forcement to aid crack sealing and limit reflective crack-
ing. This proprietary process is called Fibredec. Normal-
ly surface dressing is expected to last 7 years in Scotland.
Potholes are repaired as they arise, using cold delayed
set bituminous macadam. Areas where distress is wide-
) spread will be programmed for more substantial patch-
The Northern Region, Sweden ing, surface dressing or overlay. If an overlay is chosen,
it will normally be 40 to 50 mm thick bitumen macadam.

Crack sealing in HW 21 near
Tornio, Finnish Lapland

Spring time maintenance, crack sealing

In Region Norr basically all the major cracks on a paved
road will be sealed every spring. Sealing begins with the
major roads and proceeds to the low traffic volume roads.
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7.3. Rehabilitation Techniques for paved roads

7.3.1. Stabilisation

Lapland, Finland Bitumen stabilisation: foam bitumen, emulsion bi-
tumen
Stabilisation has been a very popular technique to imBitumen stabilisation has been used in Region Norr since
prove bearing capacity of roads in Lapland and about 304987 and the experiences have mainly been very posi-
km of roads in total have been stabilised since 1994. tive. The only problems have been in frost susceptible
areas with a low grade line and poorly working drainage.
In-situ / plant stabilising Both foam bitumen and emulsion bitumen stabilisation
In-situ stabilisation is the dominant method in Finland, techniques have been applied. The experience has been
with plant stabilisation being applied only in some spe-that the emulsion bitumen Roadmix technique gives more
cial cases. The main stabilisation technique used in Lapromogenous results compared with foam bitumen. In
land is the Remixer base technique designed by Kalevsome cases, after rainy days, some potholes have appeared
Luiro, a pavement engineer from the Lapland Region,n foam bitumen stabilised roads. The bitumen content
and by Rovaniemi based Kalottikone Oy, a companynormally used is 3.5 %. The experience has been that foam
which specialises in asphalt machinery. This remix techbitumen binds the fines slightly better and that is why the
nique involves firstly pre-heating the old pavement, thenfollowing rules are now used when choosing the bitumen
milling the pavement and top part of the base and mixingstabilisation technique:
it with additional bitumen and aggregate. The mixture is
then laid using the same machinery and compacted with Fines content  Stabilisation type

rollers. <8% emulsion

>10% foam bitumen
Bitumen stabilisation: foam bitumen, emulsion bi- 8-10% depends on the price
tumen

Emulsified bitumen is used in the remix technique. The The experience in Sweden is that 11 cm of Remix
binder content needed for the stabilisation is estimatedase equals 15 cm of foam bitumen base.

using a Tube Suction test and normally it varies from 2.8

to 3.8 %. Since 1994, foam bitumen stabilisation has no€ement stabilisation

been used in Lapland. Cement stabilisation of the pavement structure has been
used in a few sites in Region Norr. In summer 1999 one

Cement stabilisation test road in Alvsby area was built with two different struc-

Cement stabilisation has not been tested in Lapland, butires. The problems with these sites however have been

has been used in some sites in the Oulu region. rapid deformation.

Lime stabilisation Lime stabilisation

Lime stabilisation was used in one project in the Ylito- Lime stabilisation has not been used in Northern Region
rnio community. According to measurements taken befoad structures.
fore and after stabilisation, the bearing capacity increased
slightly in lime stabilised road sections.
Troms County, Norway

The Northern Region, Sweden In-situ / plant stabilising
Stabilisation is a very popular rehabilitation technique in
In-situ / plant stabilising Region Troms, and in 1999 about 1.5 millioAehroad

The stabilisation of the pavement structure in Region Norwas stabilised. Both in situ and plant stabilisation tech-
is done only using on-site techniques, no plant stabilisaniques have been utilised but presently only in-situ stabi-
tion is used. The main problems with the on-site stabili-lisation is being used. Plant stabilisation has been used in
sation have been a base course that is too thin and bfses where poor quality wearing course was recycled.
boulders, in the base course or sub base, that have causBais material is transported to the plant to be mixed with
problems when going into a mixer. new aggregate and emulsified bitumen.

41



Bitumen stabilisation: foam bitumen, emulsion bi- Cement stabilisation
tumen Experiences with cement stabilised roads have mostly
Both foam bitumen and emulsion stabilising techniquesbeen positive in Troms, with problems only occurring in
have been used in Troms. The first emulsion stabilisathose areas with frost susceptible subgrade and poorly
tion tests were carried out in 1986, the first tests withperforming drainage. A special composite type cement-
foam bitumen in 1996. The foam bitumen technique isbitumen stabilised structure has also been tested. This
cheaper, but general opinion is that emulsion stabilisatechnique involved spreading cement over the unbound
tion provides better stability. Foam bitumen does seenbase layer, which was then stabilised with emulsion bitu-
to work better, however, if the fines content is high. men. There was a noticeable improvement in the bearing
capacity of these roads, compared with those roads stabi-
There are four basic pavement rehabilitation procedised using only emulsion bitumen. Some problems have
dures used in Troms: arisen with this technique, however, particularly concern-
ing the mixing technique, and drivers have complained
1. Basic procedure (when there is no need for rein-about their cars getting dirty. In the future, the goal is to
forcement) use cement stabilisation on frost-susceptible and hard
(a) Old pavement is crushed with a milling machine subgrade soils.
in order to be able to reshape the road surface.
(b) The road surface is reshaped using a grader Lime stabilisation
(c) The old wearing course is stabilised using bitu-Lime stabilisation has not been used in Region Troms.
men amount of 1.5-3.0 I/m2
(d) A new wearing course is paved.
The Highlands, Scotland
2. Frost susceptible base course
(@) Old pavement is crushed with a milling machine |n-situ / plant stabilisation
and mixed with the old gravel base course material. Aftelin-situ stabilisation is predominantly used.
that the road surface is reshaped using a grader
(b) The base course and the old wearing course is st@itumen stabilisation: foam bitumen, emulsion bi-
bilised using about 3.5 % bitumen content based on mixumen
design. There are many small examples (trial sections) using
(c) A new wearing course is paved. foamed bitumen recycling since 1990, but to date this

process has not been used generally as a maintenance tech-
3. Base course has too much sand fraction or the roagique.

has bearing capacity problems
(a) Old pavement is mixed with base material and theCement stabilisation
surface is reshaped using a grader As with bitumen, there are many trial sections, but ce-
(b) New coarse grained aggregate (the grading dependgent is not normally the preferred material.
on the grading for the old base layer) is added on the top
(c) Top layers are mixed and stabilised Lime stabilisation
(d) A new wearing course is paved. The road pavement materials used do not lend themselves

to lime stabilisation.
4. Unbound base

(a) Old pavement is milled away Slag
(b) New base course is made on the top of old baseSlag is becoming more popular as a fill material, below

(c) Old recycled pavement material is used for newthe basic pavement layers in new build or full depth re-
pavement. The old pavement can also be used as an ugonstruction.

per base course or as a binder course. In these cases a
new wearing course has to be laid.
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7.3.2. Recycling

Lapland, Finland The Highlands, Scotland

Nowadays, almost all the pavements in Lapland are recyRecently, old leanmix (weak concrete) road bases have
cled using a similar pavement remix technigue as used ibeen recycled using a foam bitumen technique on one of
Sweden and Norway. Pre-heating is now carried out usthe busy Trunk roads.

ing a petroleum heater. The amount of pavement remixed Recycling has been used to date in village streets, pri-
each year is generally 40 km for cold mix pavements andnarily for the speed of the process, and the reduction in

about 80 km for hot mix pavements. disruption to road users. The other benefit of recycling
the upper pavement layers is the avoidance of conflict
The Northern Region, Sweden with underground services. There is likely to be an in-

crease in recycling with energy consumption considera-

The goal of the SNRA has been that, in 2000, more thations and the increasing landfill tax charges.
90 % of the old asphalt should be recycled as new asphalt
layers in the rehabilitation projects. In 1998 that number
was about 75%. From year 2000 there is a 250 SEK/ton
(29 euro/ton) deposit fee for road material dumped out-
side the road. This willl increase the rate of recycling in
maintenance and rehabilitation projects in the future.

Semi-hot remixing of old cold mixes and hot remix-
ing of old hot mix asphalt has been in use for a few years
and the experiences are mostly good. Recycling in as-
phalt plants has been done for many years and the expe-
rience has been that the best result is achieved when old
hot mix asphalt is recycled using an emulsion technique
and old cold mixes are recycled using soft bitumen. This
simple rule decreases the risk for plastic deformation and
unevenness.

Troms, Norway

The plant recycling technique (cold recycling) was pre-
viously, some 10 years ago, used a lot in pavement reha-
bilitation projects. Mainly due to long distances and ex-
pensive transportation the cold recycling technique was
given up, but today in-situ recycling is used increasingly.
During the years 1997 and 1998 a Finnish contractor
(Savatie Oy) did the remixing. The Troms County road
administration got its own remixer equipmentin 1999. In
the first years of using in-situ remixer techniques, Troms
County has experienced some problems related to weather
conditions, use of untrained personnel, and remixer qual-
ity.

Currently there is also pressure to use plant recycling
due to large amount of milled asphalt stored in towns that
should be recycled, but local asphalt plants do not have
recycling equipment and transportation to the road ad-
ministration’s facilities is too expensive. Milled asphalt
is instead used to reinforce roads near towns.
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7.3.3. Reinforcement techniques

Lapland, Finland Troms County, Norway

Steel grids Steel grids

Steel grid reinforcement against longitudinal cracking hasSteel grid reinforcement has not been used in Region
increased in popularity in Lapland during the last few Troms. Polymer modified bitumen has, however, been
years. During the late 1990°s, 6-8 km of steel reinforcessuccessfully used for sealing frost cracks.

ment was used annually but in 1999 more than 15 km of

public road was reinforced with steel grids. Steel gridsGeogrids, geotextiles etc.

have also been used in pedestrian and bicycle paths. Steel Geogrids have been used to prevent reflection crack-
grids are usually placed in the base course, but in somiag in roads stabilised with cement. Geogrid was placed
cases they have been instrumented to asphalt pavemeih top of the old road, beneath the leveling mix and the
In practice, this method has mainly been successful andew pavement. This structure has been working well.
less than 1 % of the projects have failed. One of the main  Glassfiber composite pavement was tested as a meth-
causes of failure has been the installation of steel grided of preventing frost heave cracking, but failed com-
too early in the summer before the frost has completelyletely.

thawed. Another cause of failure has the use of steel grids Geotextiles have been used in soil replacements in

which were too short in a transverse direction. roads. The replacement depth is normally 50 cm. Geo-
textile has also been used to reinforce gravel roads with
Geogrids, geotextiles etc. new base course and wearing course. In these cases Troms

Geogrids have been mainly used in subgrade strengtheiis using 15-20 cm of base course and 5 cm of wearing
ing projects. Small scale glassfiber geogrid tests forcourse and geotextiles are used to separate non-frost sus-
strengthening asphalt were carried out in 1997 near Roweeptible and frost susceptible materials form each other.
aniemi and so far they have been functioning well. In the

mid-1980"s geogrids were tested in H.W.21 near TornioThe Highlands, Scotland

to prevent reflection cracking, but all the tested materials

failed. Steel grids, polyester grids and glass fiber grids have been
used to prevent pavement cracking. Tensar polypropyl-

The Northern Region, Sweden ene grids have also been used as sub-base reinforcement
in areas of weak subgrade. The experiences from the re-

Steel grids inforcement grids have been mainly positive. Good re-

Steel grid reinforcement has been used in Region Norsults are reported of hexagonal road mesh manufactured
for many years with very positive experiences, only oneby Maccaferri of Italy. Rehau geogrids have been used in
failure has occured. General opinion is that steel grid refoads constructed over peat.
inforcement works out well every time if only the instruc-
tions are followed. Steel grids
A very interesting new experience has been the use dbteel grids have been used many times in the last 5 to 10
steel grids for reinforcing the road shoulders. In theseyears, and so far these appear to have been successful
cases grids have been installed longitudinally following
the road shoulder to prevent shoulder deformation. TesGeogrids, geotextiles etc
sites have been working very well so far and no deformaSome polypropylene geogrids, bitumen impregnated pol-
tion has occurred. yester geogrids, woven and unwoven geotextiles have
Steel grids have also been used for reinforcing vernjbeen used, both at upper and lower levels of the pave-
weak road embankments resting on peat and experiencesent. These installations are being monitored, but it is

from these sites have also been positive. too early to judge their long term performance as an ef-
fective maintenance technique. Glass fibre reinforced (fi-
Geogrids bres around 15 mm long) surface dressing has also been

Experiences of geogrids have not been as positive as thoseed effectively as a low cost remedial measure for alli-
from steel grids. They have been tested in some locationgator and centreline cracking.

but they have not worked out well, however there are no

written documents from these tests. Glass fiber reinforce-

ment has been working in some places if the reinforce-

ment has been thick enough.
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7.3.4. Insulation techniques

Lapland, Finland Peat insulation
Peat insulation has not been applied, peat has been used
Polystyrene only in some special lightweight embankment structures.

Due to the cost of polystyrene, it has not been widely
used in Lapland. Soil replacement has proved a cheap&¥ood chips

option in repairing frost damage. In Region Norr wood chip insulation has not been used
but some wood bark structures were made during the early
Peat 1970’s - experiences were not good.

Sod peat insulation structures have been tested in TPPT
(Finnish Pavement Structure Research Program) test sites.
So far, feedback has been mainly positive and these strudroms County, Norway
tures can be economically applied in areas where sod peat

is available. Polystyrene
Polystyrene frost insulation is used in areas where road
Other insulation techniques aggregates for soil replacement are not available nearby.

Some lightweight gravel insulation structures have beermhe thickness of the polystyrene layer is usually 40 mm
used in Lapland with promising results. However, theat the coast and 85 mm in coldest areas and the average
high price of lightweight gravel compared with soil re- price for the polystyrene insulation structure is 200 NKr
placement is still a major problem. (24 euro) /I M

Other insulation techniques

The Northern Region, Sweden A special foam glass insulation technique will be tested
in Region Troms in summer 2000.

Polystyrene

Polystyrene frost insulation was applied in the Northern

Region in the late 70°s but at the moment hardly any road he Highlands, Scotland

structures in the area are insulated using polystyrene. The

only area where the method is used is near the coast ihis not necessary to insulate pavement structures in Scot-

the county of Vasterbotten. Polystyrene frost insulationland.

structures work out well if they are properly installed.

7.3.5. Other structures

The Northern Region, Sweden Widening the roads resting on peat

A special technique in road widening projects where the
Repair of shoulder deformation using old road is resting on peat has been tested in Region Norr.
grouted macadam In this technique, peat is replaced on both sides of the

Using a grouted macadam structure to repair shoulderoad to the “hard” bottom soil with aggregate that has
deformation is a fairly common technique in the North- been stabilised with cement or replaced with unbound
ern Region. The aggregate used is 16-32 or 32-63 denacadam.

pending on the depth of the deformations. The grouted

macadam is carefully sealed to prevent water from pene-

trating into the macadam and causing frost damage.
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7.3.6. New materials, industrial by-products

Lapland, Finland Troms County, Norway

Slag Slag

Stabilisation using Rautaruukki steel slag has providedSlag has not been used, in Troms, since the material is
very good results in the Oulu area. In the Kemi-Tornionot available nearby. Slag, however, is used in Nordland.
area, Finnra has used Outokumpu steel slag, but this ma-

terial does not have stabilising properties. However, Oufly ash

tokumpu slag sand has good insulation properties and hddy ash has not been used in roads in the Troms region.
been used in insulation layers in the Kemi -Tornio area in

South-Western Lapland. The largest project where slagpther materials

sand has been used is the Kemi -Tornio motorway projec$ilica has been tested in some roads.

where the slag sand has helped reduce the total thickness

of the road structure and thus helped avoid settlements in

clay areas. The Highlands, Scotland

Fly ash New materials and industrial waste products have not been
A fly ash test road has been constructed near the city gésted in the Highlands of Scotland because aggregates
Kemiin Southern Lapland. However, the structure is quiteare relatively easily accessible. Light-weight expanded

new and as of yet there is no feedback concerning its petiay aggregates have been used for embankments over

formance. weak subgrade.
Slag
The Northern Region, Sweden Used as a cement replacement in structural concrete, not

commonly used in road pavements.
Slag
Blast furnace slag 0-300 mm has been used in severély ash
roads in the sub base course and experiences have bedas been used in road construction as a fill material in
positive. The material has the ability of acting as a bindetJK, but not commonly used in the Highlands.
over a long term. If the structure is thicker than 50 cm
transverse cracking has not appeared and if the blast fur-
nace structure is thicker than 90 cm uneven frost heave
will not take place.

Other materials

Crushed recycled concrete has been used in the base
course and in sub base courses in some locations in Re-
gion Norr, the results so far have been encouraging. The

stiffness of these layers after one year is three times high-

er than the normal sub base material.
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7.3.7. Drainage improvement techniques

Lapland, Finland

Edge drains. Horizontal drainage

The Highlands, Scotland

Drainage maintenance is carried out through general

Edge drains have not been used in Finnish Lapland, budrainage improvement. In some new roads vertical drain-
horizontal drainage geotextiles have been used in Kemiage has been constructed by using drainage textiles. A
jarvi and at the Arctic Test Road test site in Kilpisjarvi. major problem in drainage improvements is the fact that

Deep drainage

the road authority does not own the adjacent land, and
this can cause difficulties in building drainage channels

The first deep drainage structures were installed in Rovaway from the road.
aniemi and Tervola during winter 1998-99, but as of yet
there has not been any feedback concerning their peEdge drains, Horizontal drainage

formance. Slope intercepting ditches have also been usédew roads, and old roads with particular drainage prob-

with varying results.

The Northern Region, Sweden

lems, have edge drains (filter drains 1m to 1.5m deep)
but older roads have mostly ditches. The filter drains are
constructed using a 15-22 cm diameter perforated pipe,
in a trench of single size (20 mm nominal) aggregate,
wrapped in a geotextile. The geotextile is designed to suit

Edge drains the D® of the surrounding soil.
Edge drains have been tested in road 676, where the struc-

ture was extremely thin. In this case the structure did not

work very well. Hydrodrain drainage structure has beer

used in Vindeln area in Vasterbotten and the results witt

this structure have been good.

Deep drainage
In Norrbotten area a few kilometers of deep drainages
structures, where the drainage pipes were installed at
depth of 1.2 m from the bottom of the ditch, have bee
constructed. The cost of the structures was 260 - 320 SE k%
m (30 - 38 euro/m). These sites have been working vergs
well. However, blockages can become a problem after #
few years if they are not cleaned well.

Troms County, Norway

Edge drains

Hydrodrain has been tested on one road, as an edge drain
in sloping hill areas, to prevent water flowing under the
road. Hydrodrain was placed 60 cm deep and this struc-
ture has been functioning well.

Deep drainage

Deep drainage is used in Norway for long road cuts both
in soil and rock. It is mainly used for the purpose of
draining the subgrade but not to treat frost heave prob-
lems. When water flowing under the road causes frost
problems, an insulation structure is used instead and wa-
ter is allowed to flow under it. As it has been observed in
Norway that drying the subgrade soil helps frost to pene-
trate deeper into the ground, possibly to even more frost
susceptible layers, the risk of failing to prevent frost heave
by deep draining is considered too big compared to insu-
lation.
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8. RESEACH ACTIVITIES IN NP PARTNER
ROAD DISTRICTS

8.1. Lap|and’ Finland the North. The main problems observed and studied were:
1) pavement damage due to thaw settlement of perma-

Since the mid 1980°s the Lapland Region has sponsorefiost: 2) pavement damage due to frost heave, 3)snow
and been involved in numerous research projects concerﬁccumf""f‘t'on on pavement causing excess maintenance
ing the problems in road design, construction and main@nd 4) icing of pavement and drainage structures due to

tenance in sub-arctic areas. A part of the projects are nd[€€Zing of winter run off. In the project different test
tional projects, another part have been managed and spopctions were designed and constructed and monitored,
sored by the Lapland Region alone or together with som&" HW 21 near Kilpisjarvi in North Western Lapland, in

other organization or company. The following reviews order to find out the best solutions for solving these prob-

some of the most important projects that can be related ggms.
the low traffic volume road condition management.

Report:
1) Pavement structure lifetime and pavement ma- Seppo Saarelainen: Arktinen tierakentaminen, Kilpisjar-
terial degradation research projects ven hankkeen yhteenveto. Tielaitoksen tutkimuksia 5/

1993. English abstract: Arctic road construction - final

(Tierakenteen kestoikatutkimus) , ) O
report of Arctic Road - project at Kilpisjarvi.

In co operation with the Lapland Road Region and Uni-
versity of Oulu, Pavement structure lifetime research
projects were conducted in the 1980°s and early 1990°'s}) ASTO Programme (ASTO-projekti)

The goal was to survey the effect of base course thick] "€ Asphalt Pavement Research Programme (ASTO)

ness, aggregate type and aggregate grading on pavemeJr%87'92 focused on producing pavements that are more
structure life time of cold mix (oil gravel) roads and to durable against: 1) wear due to studded tires, 2) deforma-
evaluate reasons for the pavement defects. The resulf@n in @sphalt pavement, 3) water susceptibility and 4)
have shown that the base course material has degrad&ginPerature cracking. ASTO focused especially on the
considerably and base course samples taken from the ro&¢fterial properties of the hot mix and cold mix bitumi-
structure did not meet the grading requirements of basB°US pavements and the specified fields of interest were:
course materials in Finland, especially due to a high fineQItUmen types, aggregates, additives, pavement types,
content. The formation of ruts in pavement structure had’foPertioning, paving techniques etc. The results of the
two phases: the first phase happened immediately afteti"vey showed that the most important factor against pave-
the construction when rut development and widening of"€Nt wear was aggregate strength and grading. Bitumen
the road was rapid but the second phase following th¥iSCOSity and proportioning had an effect in pavement
first year the deformation was not as fast. The highesfieformation. Water adsorption value was an important
rutting problems occurred in test sections with open grad!actor when measuring the water susceptibility of bitu-
ed base course materials or in sections with high fine§1inous pavements. Lapland Region had two test ASTO

content in base materials. Pavement defects also appearklfd Sections: temperature cracking test road on hw 4 near
in sections with thin base course and steep inner S|op‘§:odankyla and a test section in road 9.26 near Rovaniemi
Low bearing capacity values of subgrade soils increaseff t€stwhen and to what degree cold mix pavement should

the permanent deformation of the road structures as WeIPE heated to obtain the best durability against weather
changes.

Report:

Jouko Belt: Kestoikatutkimus, loppuraportti. Oulun yli- R€POrt: _
opisto, Tie- ja liikennetekniikan tutkimusselostuksia 2/ ASko Saarela: LOppraPOftt':ASTO 1987-1992. Pank ry,
1999. (In Finnish). VTT, Espoo 1993 (In Finnish).

2) Arctic Road Construction, (Arktinen koerak-  4) TPPT Programme (TPPT:projekti)
entaminen) TPPT (The Road Foundation and Pavement Structure

A research project was carried out in 1985-1990 in Finn.Programme) 1994-2001 is mainly financed by Finnra
ish Lapland, on the initiative of the Finnra, to study ang@nd its goal is to develop road structures, so that the present

solve the problems caused by cold climate on roads i,lpvel of service can be achieved in the future for twice as
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long and simultaneously to reduce the annual maintenandested in asphalt paving projects in 1997-1998 and in 1999
costs of the road by 5-10 %. TPPT includes research r&sPR method was accepted as an official asphalt quality
lating to foundation conditions and their characterization,control method in Finland.

pavement structures, frost structures and foundations. In

Lapland Region TPPT has been surveying frost insulaPublication:

tion structures made from compressed peat pellets (sofimo Saarenketo and Petri Roimela: Ground Penetrating

peat). Radar technique in asphalt pavement quality control. Proc.
Of the 7" Int. Conf. On GPR, Vol2. May 27-30, 1998.

More info: Lawrence, Kansas, pp. 461-466.

FINNCONTACT Vol. 6 / No. 3 / September 1998

(www.tielaitos.fi) 7) MISU-project (MISU-projekti)

The main goal of the MISU-project “New methods in

5) Remixer stabilisation project (Remixer-sta- road rehabilitation design”,sponsored by the Finnish Na-
bilointiprojekti) tional Road Administration, was to evaluate the suitabil-
In 1995 a survey project was conducted in Lapland Reity of the new and fast survey methods for the road struc-
gion by the University of Oulu and Finnra in order to tures and subgrade in light and heavy road rehabilitation
evaluate the effect of the remixer stabilisation techniquedesign projects. The methods were tested in four differ-
in the improvement of bearing capacity of road structuresent projects in the road districts of Lapland, Vaasa and
The survey comprised of testing different aged road sectusimaa and the methods tested were: GIS (Geographi-
tions, stabilised with remixer technique, and comparingcal Information System), GPS (Global Positioning Sys-
them with the road sections stabilised using foam bitutem), Tachymeter method, Video recording, ground pen-
men technique. Some laboratory tests were also performegtrating radar (GPR) technique, falling weight deflec-
at the University of Oulu. The results showed that thetometer, roughness and rutting measurements and die-
remixer technique produced better bearing capacity thatectric value and electrical conductivity measurements
the foam bitumen stabilisation technique. The quality andusing a frost probe.

the bearing capacity was almost as good as roads where The results of the MISU project clearly shows, that
asphalt concrete had been used. Remarkable savings ctire GPR measurements with 500 MHz and 1.0 GHz an-
be achieved by using the remixer method, due to reduceténnas together with the results of roughness and rutting
bitumen consumption, because thinner stabilisation thickmeasurements FWD data and results of sampling and lab-

ness can be used . oratory analysis give excellent data with which to evalu-
ate the condition of road structures. The MISU project
Report: also showed that the frost probe technique could be used

Belt, Jouko: Remix base course survey. Summary of théo evaluate frost susceptibility of the subgrade if frost
final report. Road and Transport Laboratory, University heave information is not available. GIS technique has great

of Oulu, Research Reports 4/1998. potential in analysing and presenting the results of the
surveys.

The MISU project also tested and developed a road

6)GPR in asphalt pavement quality control, analysis technique, where previously mentioned tech-

(Paallystetutkaprojekti) niques are applied supplementing each other and taking

During the 1990"s a number of laboratory and field testsadvantage of the strength of each technique. The results
were performed in lapland and in Texas, at the Texa®f the road analysis enable a precise rehabilitation design
Transportation Institute, to develop a Ground Penetratfor the road, which focuses the repair measures only to
ing Radar horn antenna technique in quality control ofthe damaged road sections. The renewed road structure
newly paved asphalt pavements. The Ground Penetratingan be designed to be as homogenous as possible with
radar technique enables pavement thickness to be meagspect to its life time.

ured rapidly from a moving vehicle and information on

variations in pavement voids content to be collected siPublication:

multaneously on the basis of dielectric value fluctuations.1) Uudet mittaus- ja tutkimusmentelmat rakenteen paran-
The results can be calibrated against real air content btgamisen suunnittelussa (MISU-projekti). Tielaitoksen
sampling the material concerned and by the relationshigelvityksia: 23/1999. Oulu 1999. (In Finnish, English
between dielectric value and void content, determinedabstract).

beforehand under laboratory conditions. The fields test®) Timo Saarenketo: Tieanalyysi - MISU-projektin lop-
performed in 1995-1997 resulted in a good correlationpuraportti. Tielaitoksen selvityksia: 24/1999. Oulu 1999.
between dielectric value measured in laboratory and meagin Finnish, English abstract).

ured using GPR reflection technique. The method was
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8) Using Ground Penetrating Radar in gravel road Tube Suction test results taken from the laboratories of

wearing course surveys ( Maatutkan kayttd sor- the cooperating institutes were compared. Each labora-

ateiden kulutuskerrostutkimuksissa tory studied both good quality and poor quality base

During summer 1998 a series of tests were conducted inourse aggregates selected from sites in Finland, Texas,

Lapland Region and in Central Finland Region in orderand Minnesota in the United States and Saskatchewan in

to find out how Ground Penetrating Radar (GPR) tech-Canada. The classification of these aggregates were de-

nology can be utilized at both the project and networktermined from their field performance. The results of the

level, when surveying the wearing course thickness oftudy indicate that despite some disparities, mainly due

gravel roads. The second objective was to investigate thi® sample preparation, the correlation between the test

possibility of applying dielectricity information, obtained results of each laboratory was positive, with good quality

using the GPR surface reflection method, when determinsamples proving to be good and problematic samples bad

ing the quality of the gravel road wearing course. GPR

1.5 GHz ground-coupled antenna and a 1.0 GHz horfPublications:

antenna were tested in this study. Tom Scullion and Timo Saarenketo. Using suction and
The research results show that GPR can be used wielectric measurements as performance indicators for

measure the thickness of the wearing course, the averagggregate base materials. TRB Record 1577. 1997. pp.

measuring error against reference drilling measurement37-44.

being 25 mm. Of the two GPR antennae tested, the horfiimo Saarenketo: Tube Suction Test - Results of the round

antenna proved to be the more effective in measurementeobin tests of unbound aggregates. Tielaitoksen tutkimuk-

The dielectric value of the wearing course, measured ussia, Lapin tiepiiri (in print).

ing the horn antenna surface reflection method, repre-

sents well the suction properties of the wearing coursel0) Strength and deformation and suction proper-

High dielectric values reflect water sensitive and frostties of unbound base aggregates (Kantavan ker-

susceptible wearing course materials where as low valroksen murskeen imupaine- ja muodonmuutosomi-

ues reveal the lack of binder. A quality rating of the wear-naisuudet)

ing course by its dielectrics and layer thickness is alsdn 1996-2000 a series of research projects, sponsored by

suggested. In presenting results and analysis, GIS-mapsapland and Vaasa road regions and Finnra central of-

proved to be invaluable. fice, were carried out in Lapland Road Region, at the
Tampere Technical University and at the University of
Publication: Oulu in order to study the relationship between electrical

Timo Saarenketo and Heikki Vesa: The use of GPR techproperties and strength and deformation properties of base
nigue in surveying gravel road wearing course. Proc. ofourse materials. The test series has been comprised of
the 8 Int. Conf. on GPR, Vol2. May 23-26, 2000. Gold, Tube Suction tests, chemical tests, frost heave tests and
Coast, pp. 182-187. dynamic triaxial tests using known, good and poor per-
forming, base aggregates from Lapland and Vaasa regions.

9) Tube Suction Test (Imupainekoe ja rengastes- The preliminary results have shown that fines content as
tit) well as chemical properties have great effect on the suc-
A Tube Suction Test (TST) was developed in mid 1990"gion properties of base materials. Resilient modulus val-
in co-operation with Lapland Region and Texas Trans-ues have major changes depending on if they are dry, wet
portation Institute to investigate the moisture and frostor if they have gone through a freeze-thaw cycle. The
susceptibility of unbound base course aggregates and haéfferences increase with increasing fines content. How-
also been successfully applied in the research of bounever, regarding the strength and deformation properties
aggregates. During the TST, the sample is compacted intof road aggregates the resilient behaviour of the base
a plastic tube, dried and placed in a bath containing 10materials were not as critical as positive pore water pres-
20 mm of water. The amount of unbound water absorbedure in base material under repeated dynamic loads.
by the sample is then assessed using the dielectric value
of its surface. Based on the results of the test, the sampl&seport:
can be divided into three qualitative categories: good;Timo Saarenketo, Pauli Kolisoja, Nuutti Vuorimies, Tei-
marginal, and poor. ja Yliheikkila ja Seppo Ylitapio: Kantavan kerroksen

In 1998-99 a co-operative project was carried out bemurskeen imupaine- ja muodonmuutosominaisuudet, Osa
tween Lapland Region of the Finnish National Road Ad-I: sitomattomat materiaalit. (In print).
ministration (Finnra), Texas Transport Institute (TTI) and
Office of Minnesota Road Research (Mn/ROAD), where
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8.2. The Northern Region, Sweden

1) Alternative materials in road construction road Cement stabilisation in Visttrask, Test site road 648, Re-

597 and road 597.01 in in the Northern Region port nr 2 - February 1998. (Cementstabilisering i Vist-

In the summer of 1997 the Road Administration in Luledtrask, Provstracka vag 648, Delrapport 2 -Februari 2000)

constructed test sites outside Lulea consisting of crushed Both reports written in Swedish.

concrete, blast furnace slag and granulated slag. The al-

ternative materials are being used as subbase and ba8} Roadmix road (Wearing course) 395 Persjivaara

course in the road 597 in Lule&his far the cushed  in the Northern Region

concrete as subbase shows a high increase in bearing Cenis is a method to perform semi heated rehabilitation of

pacity. The granulated slag has the lowest calculated stiffan old wearing course with ruts, and is not suitable for

ness, about 50 % of the stiffness of the blast furnace slagads that need to be reconstructed. Because of reduced

and 25 % of the crushed concrete. There are no diffetransportation the method saves energy compared with a

ences noticed on the surface between the different mateonventional recycling in an asphalt plant and there is

rials after two years. The granulated slag shows the besflso a reduction of emissions. Roadmix is a fast method

frost insulation properties of all materials and the frostand the traffic does not have to drive on the unbound base

depth has been about 1,10-1,12 meters compared to theurse. The costs of the Roadmix technique is only 60%

blast furnace slag 1,40-1,50 meters and the gravel (refeof the cost of conventional reuse of a wearing course

ence material ) and crushed concrete 1,60-1,80 meters. This method was used in Pajala on road 395 in Au-
gust 1998.

2) Cement stabilisation in Visttrask, test site road

648 Report:

The purpose of this project is to examine the possibilityNo report has been written.

for reusing the material in the existing road and as such

decrease the transportation of new material to the road}) Deep stabilisation road 601 Sundsvagen in the

Studies of the bearing capacity development due to lesNorthern Region

flexible constructions in areas with deep frost penetra-A new method to stabilise the peat subgrade under the

tion will also be done. The test site was constructed irroad has been examined. Instead of soil replacement, the

August 1998 and is located in Visttrask, about 100 kmpeat has been stabilised with 150 kg/m3 Lohjamix. Lo-

southwest from Lule&. The three different sections werehjamix is 40 % Portland concrete and the rest is reused

constructed as follows: products from the steel industry such as slag or fly ash.
The stabilisation was a success and the bearing capacity
1) 90 mm base course (0-32 mm) increased even if the stabilisation was not totally homog-
80 mm macadam (8-32 mm) enous.
200 mm concrete stabilisation (14 kg/m2) This method was used in May 1995 at Sundsvagen in
Réned as a block stabilisation where the Lohjamix was
2) 80 mm base course (0-30 mm) mixed to a depth of 2 meter into the soil.
250 mm subbase (0-70 mm)
50-600 sand Report:
200 mm concrete stabilisation (14 kg/m2) A Geotechnical and Environmental investigation of a
in the formation block-stabilised road section.
3) Road 94 (normal section) 5) Reinforcement road 600 Sundom in the North-
ern Region

After two years it can be observed that the rut depth isThis is one of the full scale test sections and is a part of
5-40 mm and that the road is uneven. One explanatiothe REFLEX project (Reinforcement of Flexible Road
can be that there was no shaping of the base course bgtructures with steel Fabrics to Prolong Service Life).
fore surfacing with MJOG and that this was done whenThe test sections are located on road 600 at Sundom and
there still was frost in the road construction. The bearinghe research project focuses on:

capacity has not had the anticipated improvement. » Increasing the bearing capacity of the road structure
» Counteracting frost cracks in the pavement
Report: » Counteracting settlement cracks in the road shoulder

Cement stabilisation in Visttrask, Test site road 648, Res Preventing cracks between the existing and widened
port nr 1 - November 1998 (Cementstabilisering i Vist-  parts of the road
trask, Provstracka vag 648, Delrapport 1 -November
1998); Report:
L In year 2000 a report will be produced in Swedish.



8.3. Troms County, Norway

Troms County does not have many R&D projects of itsty is only a problem on bus-stops/bus terminals and in
own. The Norwegian Road Research Laboratory in Oslqoad intersections.

administrates most of these projects, but specialists from The project will be reported in 2000.

the counties attend in project groups and involve the coun-

ties in this way. Below are some R&D projects carried3) Cold recycling of oil gravel using plant

out in Norway that are important to the road condition|n the beginning of the 1990’s a lot of cold recycling us-

management in Troms County. ing a cold mix asphalt plant was performed in Troms
County. This technique and the pavement performance
1) BUAB-project have been evaluated.

A four year research project called BUAB (better uti- There where some problems when producing the materi-
lisation of the bearing capacity of roads) was completedil and some sections had roughness and stability prob-
in1994. This project evaluated the economical effects ofems in steep rises. The recycled pavement has mostly
not using load restriction during the spring thaw period. performed very well in spite of very soft binder in the

The extra cost of lifting the load restrictions for the pavement.
road owner was calculated to be approx. 145 mill. NOK
(17.4 mill. Euro), but the profit to road users was calcu-Documentation:
lated to be 330 mill. NOK (39,6 mill. Euro), provided Gudmund Reiertsen. NVF Utvalg 33 “Gjenbruk. Hove-
that the surfacing service life was maintained at its preserdemne 1997”
level. A potential loss of 210 mill NOK (25.2 mill. Euro)
was estimated if the extra cost to maintain the roads sui) Effect of different grading in aggregate for

facing service lives were not allocated. foamed and emulsified asphalt
Extra maintenance cost for each county were alsq project was started in 1999 in order to find the effect of
calculated both for national- and county roads. different grading in the aggregate for foamed and emul-

In 1994 50 % of the national highways had load re-sified asphalt. Both dense graded and open graded aggre-
striction in the NP-area and 96,1 % of the county roadsgates will be tested. The effect will be evaluated from E-
modulus values, shear stresses and compaction charac-
Main report: teristics using ICT. There will also be an effort made to
Publikasjon nr. 75 NRRL. Sluttrapport for etatsatsning-measure the deformation characteristics.
somradet “Bedre utnyttelse av vegens baereevne”. (Pub- The project will be reported in 2001.
lication nr. 75 - NRRL. Final report “Better utilization of

the bearings capacity of roads”) 5) Effect of deep stabilisation
FWD-measurements have been carried out on a section
Other report: that has been reinforced using deep stabilisation and ad-

Publikasjon nr. 70 - NRRL/SINTEF. Vegbrukers redu- ditional gravel/macadam. In Norway an equation is used
serte transportkostnad ved opphevelse av telerestriksjone calculate a bearing capacity (in ton) for the road.

er. (Publication nr. 70 - NRRL/SINTEF. Redused trans-  The measurements have been performed before and
portation costs for road user when lifting axle load re-after reinforcement. During the first period (up to 1-2
strictions during spring thaw period.) Geir Refsdal. BCRA months) after stabilisation using emulsified bitumen the
1998 - Vol. I. * The lifting of axle load restriction during bearing capacity has decreased. The reason is probably

spring thaw - a Norwegian experiment” the increase in moisture content when the emulsion re-
acts on the aggregate surface. After one year the meas-
2) Use of Polymer modified bitumen in Norway urements showed that the bearing capacity has been in-

Polymer modified bitumen (PmB) is used in many coun-creased 1.5-2 ton. The stabilisation depth was normally

tries because of it’s stability, elasticity, adhesion and age10-12 cm and about 5 cm gravel/macadam was added on

ing properties. However the problem is that the bindethese projects.

cost about twice a normal binder. The binder content, void content and elastic modulus
Norway has tried for several years to use PmB to rewere analysed for the stabilised material.

duce wearing from studded tires, but this has not been A final report has not been made, but the measure-

successful. It appears that the most important materiahents are presented in the paper “Erfaringer med bitu-

property of PmB in countries where the studded tires arenenstabiliserte baerelag i Troms” by G. Berntsen.

making the ruts, is the adhesion. The elastic properties

make the binder suitable for use in cold regions. Stabili-
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6) Development of remixing and stabilisation equip- 8) Reduction of the bearing capacity during the
ment spring thaw period
Troms County has considerable amount of equipment foBoth the freezing and thawing process in a road structure
remixing and stabilisation, and has obtained significanthave been analysed. In analysing the freezing process the
amount of experience by using them. They have madéost penetration and formation of ice lenses and frost
several improvements, especially to the remixer, that othheave is calculated. Analysis of the thawing process is
ers in the NP-area could find beneficial. Both the remixercarried out using models for resilient modulus, stress path
and the foaming equipment on the deep stabilisation milleanalyses, moisture content and pore water pressure, tem-
are produced in Finland. perature, permeability of the soil and other material prop-
The purchase contract for the deep stabilisation mill-erty.
er states that the contractor and the Public Road Admin- In order to illustrate some of the bearing capacity prob-
istration shall co-operate on developing the equipmentlems during the spring thaw period, some regular pave-
and as such a number of improvements have been implerent structures were analysed. Finite element methods
mented. were used to calculate stresses and strains, and different
For more information - contact the Public Road Ad- models were used to calculate the changes in the bearing
ministration, Production Department, Troms County.  capacity.

7) Composite stabilisation - emulsified bitumen and Documentation:
cement Geir Berntsen. Theses for the doctorate - 1993:64 NTH.
In 1995 in Rv-861 in Senja, Troms County tested differ-“Reduksjon av baereevnen under telelgsningen” (“Reduc-
ent kinds of stabilisation techniques: Cement stabilisation Of Bearing Capacity During The Spring Thaw Peri-
tion, emulsified bitumen stabilisation and a combinationod”).
of emulsified bitumen and cement. The advantage of us-
ing cement is that this reacts with the water in emulsified
bitumen and avoids the reduction in shear strength ca-
pacity of the stabilised material during the first period
after stabilisation. Troms County has experienced low
bearing capacity and development of ruts in this first pe-
riod. Adding cement when stabilising, this problem is
reduced.
Measurements of bearing capacity were performed
before and after the stabilisation and results confirmed
that the stiffness of the road structure increased. The
change in rutting and roughness also indicate that this
technique results a very strong road structure.
The FWD-measurements and the method are present-
ed in a paper at “Asfaltkonferansen 1995”. Geir Berntsen
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8.4. The Highlands, Scotland

The Highlands main problems are associated with peab) PA3134/96 Performance of the crack and seat
subgrades, or very silty subgrades beneath evolved roadsiethod for inhibiting reflection cracking
With limited funds the ‘solution’ to a settling road over The above 1996 conference paper gives a good overview
peat is to add more surfacing and improve the verticabf the technique of crack and seat, and the results on tri-
alignment. Lightweight fill has been used, and it would als set up in 1991.The crack and seat process can be been
be useful to have other, lower cost, solutions. Similarly aused on cement-bound road bases (composite pavements)
more targeted approach to identifying causes of problemwhich require maintenance/reconstruction. Information,
with more effective rehabilitation techniques would be yet to be published, indicates that the technique is very
of great benefit. cost effective. Contracts have been completed in one third
Below are listed some reports/work carried out by TRL of the time and at one third of the cost of totally recon-
(Transport Research Laboratory), which has been targestructing the pavement. As the existing pavement is left
ed at finding low cost and effective remedial measures tan place the technique supports sustainable construction
help prolong the life of roads. initiatives.

1) PA/SCR243 Road Haunches: A guide to mainte- Other TRL Research

nance practice (1991) In addition to the above much research has been carried
The increasing width and volume of commercial vehi- out to develop techniques to assess the condition of roads.
cles, particularly on minor roads, has resulted in extenAutomated survey methods have been developed which
sive edge of carriageway deterioration. This guide outtake surface condition measurements for assessing main-
lines the extent of the problem, discusses the varioutenance requirements, e.g. High-speed surveys and
modes of failure (inc. inadequate drainage, edge suppor6CRIM. Other techniques have been developed to reflect
trenching effects, trees and differential road construction}he structural condition of the pavement in depth. These

and provides guidance on methods of investigating haunctend to be based on the measurement of transient deflec-

defects and carrying out repairs. tion under an applied load, e.g. Deflectograph and Fall-
ing Weight Deflectometer. Ground probing radar has also

2) TRL Report 216 Road Haunches: A guide to re- been used in trials to assess existing pavement layer thick-

usable materials (1996) ness.

This report follows on from the above by providing engi-  The use of Pavement Management Systems (PMS) to

neers with methods of repair by re-using road material@analyse and display collected data is vital. TRL have de-

or industrial by-products. The guide is based on the inveloped in conjunction with South Bank Systems (SBS)

service performance of 22 test sections. an integrated PMS called CONFIRM. The system assists
pavement engineers in maintaining their road network by

3) TRL Report 386 Design guide and Spec. for struc- collecting condition measurements. Using algorithms, the

tural maintenance of highway pavements by cold system will optimise and apply treatment options over

in-situ recycling (1999) multi-year periods, apply budgetary considerations and

This report promotes the concept of the existing road beeutput the results in a variety of formats appropriate to

ing used as a ‘linear quarry’ from which aggregates cartifferent levels of decision making.

be reclaimed. The information contained in this report

offer the latest best practice advice on the design, super-

vision and construction of cold in-situ recycling works,

used for structural maintenance of roads.

4) RN39 Design guide for road surface dressing
(Fourth Edition, 1996)

Surface dressing provides a cost effective and simple form
of maintenance. This revised document provides guid-
ance on the choice and design of an appropriate surface
dressing. TRL also have experience of other sealing tech-
nigues such as the Otta technique (developed in Scandi-
navia).
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9. SPECIAL TECHNIQUES TO OVERCOME
BEARING CAPACITY PROBLEMS IN THE
NP AREA; BEST PRACTICE
IDENTIFICATION

The Road Condition Management best practise identifi2) Soft bitumen pavements on low traffic volume
cation, prior to the phase Il tests, has been done in twooads
ways: a) each partner district has made their own listsQil gravel and other cold mix pavements have proven to
where they have selected special techniques with whiclhe usable pavement types on low traffic volume roads.
they have been very satisfied, and b) the work group chaiffhese roads often suffer from frost heave and freeze-thaw
man has made another list after reviewing all the researctveakening problems which both cause pavement deteri-
material and after interviewing every partner district andoration. On the other hand there are no pavement wear
comparing the practices in each district. Thus chapter 9.problems due to high traffic volume. Due to the rework-
presents the chairman’s own view and is not an officiabbility of the cold mix pavement it is possible to repair
statement of the Roadex project. Many techniques havéhis damage, on-site, using simple and cheap methods.
been selected to several lists and they also have beére road sections with low bearing capacity can be iden-
mentioned earlier in this report. tified from the deep rut formation and these sections can
be repaired by mixing and evening the pavement with a
grader and adding a small amount of new cold mix pave-
9.1. Partner Districts’ Choices ment material and evening and compacting the surface.
The low price and usefulness of the cold mix pavements
allowed Finnra to pave the low traffic volume road net-
work to the present level and in early days also the main
roads were paved with oil gravel.

Lapland, Finland

1) Remixer stabilisation

Remixer stabilisation is a mix-in-place method, which is 3) T&M software for for gravel road spring bearing

used in particular to repair paved roads, which are a'bapacity problem evaluation

ready cracked and have lost their load bearing capacityr e\ software is a GIS-software that allows compari-

This method restores the load bearing capacity, and th§‘on, on a map background, of the location of bearing ca-
life-time of the pavement structure will be extended r€-pacity problem sections on gravel roads in each year. This
markably. A bitumen stabilised layer is made by miXing nethod allows easy location of the sections where spring
heated old pavement with the grinded upper part of they, .., bearing capacity problems are appearing each year

base course, and optional new aggregate. Remixer stabinq the rehabilitation resources can be focused on these
lisation offers remarkable savings. Especially, normal loadjiag

bearing capacity can be achieved with thinner layers and,
thus, with less bitumen, although the same binder congg iz
J
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tent is used. Remixer stabilisation does not disturb traffic
flow more than normal pavement rehabilitation.
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4) Precise rehabilitation using data provided by Finnra has not yet had any experience of rehabilitation of
T&M software the road sections with old steel reinforcement and this
See previous best practise may present some problems in the future.

5) Frost dimensioning
Both climate factors and subgrade soil conditions ard
observed in the Finnish frost dimensioning system. Thd
best result is achieved when the road is constructed usirg
non-frost susceptible road materials to the frost line depttg
If the frost susceptibility of the subgrade soil is known, a
thinner pavement structure can be used. In that case ev
frost heave is allowed because it does not cause harm §
the traffic. '

The Northern Region, Sweden

1) Milling of pavement, new unbound base materi-

al and on the top reuse of the old pavement - often
called “the conventional method”

When the pavement has been removed it is possible to
construct the proper crossfall on the base course surface
and/or remove the old base course and rebuild with new
material to obtain better quality of the material in the road.
The granulate can be treated in an asphalt plant and re-
6) Rehabilitation design of paved road with distress- used for a cold or semi hot mixture pavement with good
€s results. When making a cold mixture, bitumen emulsion
New road survey techniques such as ground penetrating iilised and for a semi hot mixture soft bitumen.

radar and falling weight deflectometer and their integrat-  The penefits of this method are almost 100 % reuse
ed analysis, known as road analysis, have been used § he old pavement material and lower temperature re-
analysing the reasons for the defects causing problems igired when heating the material, which result in reduced
roads under a rehabilitation programme. By analysing,se of natural gravel, energy and transportation (the last
structural defects and determining the current Conditiorﬂepending on the distance of the asphalt plant).

of the road, it is possible to select a suitable rehabilitation

method for each particular type of road defect on each

road section. It also presents the possibility to leave un-

treated those road sections with reasonable life expectags,
cy. By locating defects and implementing rehabilitation i
measures based on their causes, unnecessary constr
tion work and incorrect rehabilitation measures can be
avoided. Using road analysis it is possible not only to
keep down costs but also carry out rehabilitation meas
ures confidently.

7) Using steel mesh reinforcement to prevent lon-
gitudinal cracking

Steel mesh reinforcement has been successfully used
repair longitudinal cracking on roads. Steel mesh has been®
installed either in the pavement or in the unbound bas#illing machlne

course and this method allows the repair of the problem

without any major rehabilitation of the pavement struc-2) Roadmix (Pavement and/or base course)

ture. Thanks to steel nets the pavement does not cragl this method, all stages of paving are performed direct-
even though the road is still moving due to frost heavely on the road. This is a fast method which allows the

56



traffic to use the repaved road at once, without temporaryoam has a bigger contact surface with the aggregate (es-
re-routing or driving on the base course. pecially the fines) and a more homogenous mix is ob-
The new pavement is a mixture which consists of oldtained. By experience, when the base course contains a
pavement, soft bitumen and a small amount of semi hosand fraction emulsion stabilisation seems to give a more
mixture (MJOG) - the method is also called semi mix- homogenous mix.
ture remixing. The costs of this method are only 60% of
the costs of conventional reuse of wearing course. Whe
used to stabilise the old pavement and base course, tI
mixture consists of old pavement, old base course, emu
sion and macadam. In stabilisation projects, the amou
of existing base course material has to be examined firs
to make sure there is enough material for stabilising.

Stabilisation with emulsion

4) Reinforcement/Steel grids

Reinforcement is an efficient method to prevent longitu-
dinal cracks on the pavement surface caused by frost
heave. Many successful field tests have been performed
with grids in the pavement or in the unbound base course.
The steelgrids are not supposed to be used everywhere to
prevent the cracks but where large cracks generate a risk
to traffic safety or to the lifetime of the road structure.
Steel grids can also be used to prevent cracks when wid-
ening an old road. The grids should, if possible, be in-
stalled in the unbound layer, because if they are placed in
the bituminous layer this will be hard to reuse in the fu-
ture.

Roadnix of the base course.

Result after roadmix of the base course.

3) Stabilisation (foam bitumen and emulsion)

Stabilisation is performed with either foam bitumen (bi- [

tumen B180 170C + water) or bitumen emulsion. Both

these methods have a lot of advantages when it is nq 5 ~ ‘

possible to raise the grade line. Stabilisation also makeSteelmesh in Sundom road 600 in Norrbotten county.

a more stiff and stable base course than unbound layer.

Other advantages are reduced transportation costs ar§) Drainage (ditches)

decreased consumption of natural resources. Drainage is one of the most important factors to affect
Stabilisation with foam bitumen is used when the finesthe lifetime of a road structure. Ditches are always built

content in the base course is high. This is because thfer drainage (and indirectly to increase the bearing ca-
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pacity) when a road is built, or during the maintenance offroms County, Norway
roads. To prevent undermining of the road structure, the
excavation of ditches should be performed one year bet) Deep stabilisation using foam or emulsified bitu-

fore rehabilitating a road. men
Troms County has used a lot of stabilisation since 1986,
6) Waste materials first with emulsified bitumen. According to Norwegian

The Northern Region has used materials gained from indesign standards the content of fines (gi#§ should be
dustrial processes since the 1970°s, when the first expefess than 4-5 % if emulsified bitumen is used for stabili-
iments were conducted with blast furnace slag. Todaysation. Because of this, coarse aggregate (4-22 mm or 8-
the preferred waste materials besides blast furnace slagp mm) is added and mixed together with the old base
from a SSAB steel works are granulated slag gained frongravel. The experiences have been very good, but it is
copper extraction, and crushed concrete. The experien@xpensive to produce the emulsion and to transport 30-
es thus far from these materials are listed in the follow-35 9% water long distances.
ing: To reduce the costs, foam bitumen has been used since
1996. This bitumen works better when the content of fines
is higher than 6 %. If additional gravel is needed for rein-

Material Positi Negati

e — coe forcement, well-graded aggregates must be used.

Blast furnace slag . fe;mssfii'g)r’e%‘:ﬂng . . . . .
results in p + sulphate smell The reason for using stabitisation is the same as in

| - vegoodsabily other countries: old base gravel and old pavement are re-

Granulated slag e g e e drectly cycled as a new base layer. FWD-measurements show
frost heave under the pavement . . . . .

— an increase in bearing capacity of about 2 tons. Using
. ;hows_ahlgh increase . X L. .

Crushed concrete Lomoduis 350 a0 empirical equation (#power law) this increase in bear-
yoargy o e ing capacity also increases the lifetime of the pavement.
can be used directly
under the pavement

2) Surface dressing using a special spreader on a
lorry
7) Widening of roads resting on peat The reason for using this method is to extend the life of
To prevent settlements when widening roads resting omxisting pavements.
peatland, and to be able to use as much of the material The equipment that is used is mounted back on a lor-
existing at the site as possible, the below illustratedy. This has a bitumen tank containing 1 ton of emulsi-
strengthening method is used. fied bitumen and has a spreader with 9 hatches of width
30 cm. It is possible to treat up to a width of 2,7 m in

Vatiation about 2.3 metres steps of 30 cm. Only areas that are distressed are treated.

Macadam,
gravel or
stabilisation

When the peat is not too deep (max 5 m), all materiaf
is excavated. If the peat layer is deeper than five meter¢
the excavation is done down to three meters from the su
face. The width of the excavation is usually two to thre
meters, depending on the depth.

3) Frost insulation to prevent frost heave and lon-
gitudinal cracking
In order to prevent the frost from penetrating into frost
susceptible road structures and subgrade soils, frost insu-
lation is the most reliable method.

The old pavement structure is removed to a depth of
50 cm. The surface in the excavated area has to be very
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smooth before the insulation plates are placed. The madstructure is needed. The backcalculation is very time con-
imum thickness for the insulation depends on the frossuming and is only done in special cases.

and is normally between 4-8.5 cm. At both ends the insu-  Itis possible to use regression equation to estimate E-
lation is made thinner to avoid sudden changes in frosinodulus. As an example the deflection 90 cm away from

heave. The old pavement structure is carefully replacedhe load centre gives the E-modulus for the subgrade and

It is important not to damage the insulation plates. the surface curve index tells a lot of stiffness of the top
This method works very well, but is a relatively ex- layers.
pensive. An empirical equation is used to calculate bearing
capacity at every testpoint.
4) Measuring rutting and roughness and cross fall FWD-measurements are done for the whole national
of the road network every year road network. These measurements vary depending on

Performing rutting and roughness measurements everyweather conditions (temperature and precipitation), but
year gives a very good view of how fast the roads deterithe variations are largest during the spring thaw and from
orate. When designing a road, the aim is to attain the desne spring thaw to another. For rehabilitation projects the
signed lifetime. Together with other distress information, weakest measured bearing capacity of three measurements
changes in rutting and roughness values are effectivelgre used.
indicators of defects in the road structure; FWD, core
samples, and DCP measurements are used to find out redy Use of DCP for recording shear strength and
sons for the defective condition. layer thickness

DCP (Dynamic Cone Penetrometer) is used to register
5) VidKon system; using digital photos for pave- the shear strength and layer thickness in the pavement
ment distress evaluation structure and the subgrade.

Rutting, roughness and FWD measurements are in- The illustrated equipment is hand-operated; an auto-
sufficient for the evaluation of the road condition. A com- matic device has also been built for two counties in Nor-
plete picture of other distresses in the pavement is obway.
tained by using the Vidkon system, which registers dig- The DCP gives the CBR-value; different equations
ital photos of the road surface at 20 m intervals in bothare used depending on the material.
directions.

In the VidKon system the pictures are taken in con- DCP ‘_::’r:ldr:;(sk )
nection with rutting, roughness, cross slope and horizon- Dyramic = g
tal curvature measurements. The pictures are stored on a Cone e
server and they are available for all road administration Penetro- §

0|

personnel. The pictures are used for a number of other meker

purposes as well, e.g. for analysing traffic accidents. il

<— 16 mm steel rod

1m

<—Cone

Cone

% Cone angle 60

K{ZO mm

8) In-situ remixing of pavement course
Troms County uses remixing of the pavement course a
lot, as do other counties in Norway.

The experiences made in Norway with this method
and equipment imported from Finland have been very
good.

6) FWD measurements to evaluate road structure
and bearing capacity of the subgrade
The measurement of rutting and roughness tells that th®) Transportation of soft asphalt and gravel using
“patient” is ill, but very little about the diagnosis. boats

It is possible to do backcalculations on FWD-meas-Troms is a county with of many fjords and islands. The
urement, but then the layer thickness in the pavemenpeople are living near the sea and because of this the roads
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are also situated here. The largest asphalt plants in Tronfhe Highlands, Scotland
County are situated near the sea, which makes transpor-
tation of material by' boat possible. _ 1) Surface dressing to prolong the life of the road

Both gravel for reinforcement and soft asphaltis trans— 4 tq provide friction
ported in this way. The temperature drop is low Whenty;s is a jow cost method of extending the life of existing
transported by bqat ?‘”d there are no problems ha\{lng Soffavements. Normally the section of road requiring treat-
asphalt 2-3 days inside the boats. Every transport is abohent will have some areas of distress, rutting and crack-
1000 ton and this is the capacity for a team to pave fof,g especially at the carriageway edges. Once the worst
one day. of the areas have been patched, the surface is sprayed

A drop in temperature is not so critical for soft as- yith 4 K1-70 or K1-80 bitumen at around 1.8 litres/sq
phalt as it is for hot asphalt mixes. Asphalt types W'thmetre, with 6mm, 10mm or 14mm crushed rock chip-

high content of binder and coarse aggregate have a tefjngs applied and rolled in. This method seals the road
dency to separate when transported by boat.

surface against water ingress and restores surface texture.

Surface dressing project in Highland

10) Paving only the wheel tracks

Troms County has a special drum for one of the miller2) Reinforcement using steelgrids, geogrids and ge-

that only mills the wheel tracks. After the asphalt is re-ofabrics

moved, a special paver is used to put new asphalt materi-hese materials have been used at various depths in road
al in the wheel track. This saves about 60 % of the pavinggavement, and have generally been successful. In one
material. Because of the trouble caused to motorcyclistéase a very badly grazed section of single track road was
by pavement edges, the method is not used when theverlaid with a fine steel mesh (small diameter) and 50mm
permitted speed is more than 60 km/h. of dense bituminous macadam. Shortly after the work
was completed a fully laden lorry ran off the road edge
and sunk into the peat verge/ditch. Subsequent removal
of the lorry by crane and other vehicles imposed signifi-
cant stress onto the road surface, but the surface remained
intact and in good condition.
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Road section resting on peat reinforced with steel mesH=dge strengthening project

if the subgrade is poor). The area is then infilled with

several layers of bituminous materials, and brought back
up to finished level. The material used for the top layer
will normally be a dense bituminous macadam with a

surface dressing applied to the whole carriageway the
following year.

Pavement reinforcement using Rispond Tensar geote
tile

3) Edge Strengthening
Most of the roads in the Highlands have been widene(
through time from original single track roads. Unfortu-
nately this means the carriageway edges may not have |
good a foundation as the central portion of the road. With : ]

; . ) i . Road section after edge strengthening
increasing heavy traffic using the roads, the nearside
wheeltrack is prone to high stresses which cause defor-
mation, rutting and cracking. The cracking allows more
water ingress and the pavement deteriorates more quick-
ly as a result.

The solution most commonly adopted is to remove a
strip of road pavement, normally between 800mm and
1200mm wide (depending on distressed area and width
of compaction plant), to a depth of up to 300mm, (deeper
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9.2. Best practices - Work Group chairman”s opinion

The following compilation of the road condition man- 3) Road condition data bases for paved and gravel
agement best practices in each Roadex partner districbads
has been based on the work group chairman’s informa-innra has been collecting, for about 10 years, road con-
tion, experience and comparisons that he has gatheratition data information that has been stored in several
and evaluated from questionnaires, interviews and fielddata bases. The benefits of these data bases for road con-
trips in each Roadex partner district. A large part of thedition management have become quite apparent. There
practices are the same as those mentioned in the previoase several applications of these data bases. Pavement
lists presented by partner districts but there are also oth@ondition data base can be used for prioritising the reha-
techniques that, according to the chairman, deserve abilitation projects and for preliminary evaluation of the
tention. In the chairman’s list each technique is mentionedehabilitation measures needed as well as rehabilitation
only once even though it has been successfully used inosts. Road condition data bases are also used in precise
other countries. rehabilitation design, where they give valuable informa-
tion as to where the defects are appearing and how fast
different pavement distresses are growing in each sec-

Lapland, Finland tion. On gravel roads the road condition data base has
been invaluable when Region has had to decide where to
1) GPR based road analysis and precise design direct the allotted resources to repair spring bearing ca-

Today’s challenge for the modern transportation agenpacity problems. When the data is available from the
cies is finding resource effective rehabilitation design andspring thaw problem sites for several years it is easy to
maintenance strategies for the existing network. A promfocus the rehabilitation measures to the road sections
ising new solution for the network level road condition Where the problems have been appearing repeatedly.
evaluation and rehabilitation design, road analysis, has
been used for several years in Lapland. This method, that) Real time bearing capacity monitoring system
applies the advantages of the new non-destructive roaéiccording to forest industry, traffic load restrictions each
survey methods, allows maintenance and rehabilitatioryear cause tens of millions of Finnish marks in extra costs
measures to be focused only on the road sections whete their operations. Because load restrictions still have to
measures are needed. Road Analysis, developed in Filpe applied in certain roads, due to their weak structure,
land, is comprised of the examination of 1) pavementthe only way to improve this situation is to build a real
condition, 2) unbound pavement structure, 3) subgradéme bearing capacity monitoring system that measures
soil related, mainly frost fatique problems, 4) drainageif the materials are frozen and the moisture content at
and 5) local damages of the surveyed road. The analysifferent depths in the road structure and subgrade soil.
is based on measurements conducted with ground penés a co-operative project between Lapland Region and
trating radar (GPR), along with the support of drill core Roadscanners a prototype of Percostation was installed
samples, roughness and rutting measurements, fallingear Rovaniemi in 1999. This unit consists of five sen-
weight deflectometer (FWD) measurements and visuapors installed at different depths in the structure and sub-
observation and location measurements using GPS.  grade soil. These sensors measure dielectric value, elec-
trical conductivity and, in the future, temperature at, at
2) Remix-stabilisation preset time intervals. The data is transferred to a traffic
The degradation of the base course under the pavemelfiformation centre via modem connection, where deci-
is, along with frost damage, the major reason for roadsions for implementing or lifting the load restriction can
defects in the Lapland Region. Base materials with higibe made. With this system it is possible to reduce signif-
fines content are water and especially freeze-thaw sudcantly the duration of load restrictions and preserve road
ceptible. Permanent deformation due to positive porestructures without causing unnecessary costs to forest
water pressure can take place only after a few trucks pas#idustry. In the future there will be a possibility of eval-
Remixer stabilisation which treats this problem materialuating the largest allowed axle loads on the roads depend-
by mixing the existing pavement on the top with the baseing on the depth that the weak zone is situated in the road
adding new bitumen and new aggregates, if needed, hagructure or subgrade.
proved to be an excellent method to treat the roads with Percostation results from early spring 2000: dielec-
poor quality base course materials. tric values (Er) and electrical conductivity values show
that the top part of the base thawed over two days in march
30-31, then re-froze and began finally to thaw on April
09. The alarm value for high risk of permanent deforma-
tion (Er 16) was measured once late in the night of April
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11. After that the moisture content in the upper part of3) Shame value

the pavement structure decreased. The Northern Road District has, for two years, tried to
prioritise how to allocate the resources for maintenance
5) Laboratory testing in stabilisation design and rehabilitation of surfaced roads by using c/b-calcula-

Bitumen stabilisation has proved to be a very useful tootions. The benefits are lower road user costs due to a bet-
in strengthening the roads with high fines content in theter road surface. The road user costs calculated in the
base course. The main factor that effects the final costs @wedish PMS are not the total cost, but the extra cost due
the stabilisation is the bitumen content. Research worko a bad road surface. These extra road user costs consist
carried out in the laboratory of the Finnra Lapland Re-of travel time cost, vehicle operating cost, (dis)comfort
gion and Technical University of Tampere has shown thatost and accident cost. They are calculated from IRI and
the bitumen content needed for stabilisation can vary sigrut depth. New models for road user costs and c/b-calcu-
nificantly: some problem aggregate types need 3,5 - 3,&tions are currently being developed and will hopefully
% bitumen while the other base material gain the optibe in use next year.

mum properties with only 1,8 - 2,2 % bitumen content.  Northern Region has used a road user cost of 1 SEK
To study the optimum bitumen content, Lapland Region(0,18 euro) /(km,vehicle) as a definition of the worst al-
has started to use the Tube Suction test, which shows thewed road condition. It is equal to IRI = 4,5 and a rut
bitumen content when water can no longer penetrate tdepth 20-30 mm (mean value/km). Within the RD area
the stabilised base course. This method has enabled monthere is about 700 km of public roads that has a worse
to be saved in stabilisation projects and it has also helpecondition than the shame value at the moment.

to use more bitumen in road sections where it is needed

The Northern Region, Sweden

1) Steel grids
The Northern Region has been very broadminded in u
ing steel grids in pavement structure reinforcement. Th
steel reinforcement technique has been used in most
cases to a) prevent longitudinal cracking but there are al
two other applications that have given positive results: b = : - :
road shoulder reinforcement, where steel grids are inA road section in worse condmon than shame value
stalled longitudinally about 25 cm in road should to pre-

vent shoulder deformation and c) reinforcement of weald4) Widening technique of road resting on peat

road sections resting on peat. Northern Region has beeh special method that has been used to prevent settle-
also a very active participant of the EU Reflex projectments when widening roads resting on peat. When peat
which focuses on steel reinforcement techniques. A testhickness is less than five metres (<5 m) excavation has
road has been constructed in 1999 in road 600 near Lulg&een done to the hard bottom, but if the peat thickness is

where different kinds of steel reinforcement structuresdeeper than five metres the excavation is performed down
are being tested. to three metres from the surface. The width of the exca-

vation depends on the peat thickness, normally it is 2-3
2) Bitumen stabilisation design - selecting between meters. The material used for the excavation is normally
emulsion and foam bitumen gravel or macadam and it has sometimes been stabilised
Northern Region has been using a bitumen stabilisatiowith a small amount of cement. After the excavation is
technique since the late 1980’s with mainly positive ex-finished the road is widened.
periences. The fact that the only problems have been in The method is good when there are long material trans-
areas with frost susceptible subgrade and poorly performportation distances and it also conserves natural resourc-
ing drainage reminds that stabilisation does not solve frosgs. Traffic can use the old road during the construction
heave related problems. In selecting which stabilisatiorwhich is also an important benefit compared with the to-
technique should be used: emulsion bitumen or foam bital soil replacement method (see also Norway).
tumen Northern Region has developed a working rule: a)
if fines content is <8 % emulsion bitumen is used, b) if5) Gravel road wearing course treatments
fines content is >12 %, foam bitumen is used and c) witfRegion Norr is the only road region of NP partner dis-

fines content between 8 and 12 % the method depend§cts that has seriously attempted different kinds of treat-
on price. ment techniques for gravel road wearing course. Even

though not all the tests have been successful and there
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may be some environmental problems in treatment of thallows groundwater to fow under the road without caus-

gravel roads the results have shown that very good reng frost hewve problems and then@ronment aound the

sults can be achieved when the work is carried out by aocad does not $fer from the bwer groundwater kbvel.

professional and devoted maintenance crew. This r&d

work should be continued with new materials and main-5) Cement stabilisation and composite structures

tenance techniques. Troms Region has been testing more rigid pavement struc-
tures in its roads with non-frost susceptible subgrade soils.
Even though there has been some problems with the tech-

Troms County, Norway nique, in the future there will be road sections in each NP
districts where cement stabilisation or composite struc-
1) Rutting and roughness measurement system tures will provide a better and cheaper solution in road

The benefits of the rutting and roughness measurementghabilitation projects.

of the entie road netork and of using théArthur sys-

tem inTroms County will soon be utilised in tham of

extremely pecise andaluable road dta thet can be used  The Highlands, Scotland

for road structure lifetimevaluationsWhen this data is

compared to thegvement distress dateollectedat the 1) Pavement structure design against transverse
same time with the rutting and roughness measurementsacking

and road sticture @ta, it is posdile toevaluate pecise-  The amount of transverse cracks in roads in Highland is
ly what kind of stuctures and pvement naterials are  amazindy small compeed with the roaslin Scandiavia.
working invarious @vironments infroms Region. This The only types of transverse cracks seem to appear on
information can then be used for future road and rehabilroad over peat subgrade where the cracks are clearly ten-

itation design in the area. sile cracks. The reason for the low amount of cracks is
most likely that the pavement design protocol has been
2) Pavement design procedures successful and deals extremely well with transverse crack-

The mvement design procedures, that combine theoretiing.

cal krowledge of the road structure together with empi

ical data and data collected from the road structures an@l) Edge drains

subgrade soil, seem tork especidl well in Norway. Due to problems with adjacent land ownership there has

These design procers are easy to adopt anffeient  been major problems in constructing a proper drainage

dimensioning methods can be used depending on the roaystem for the road by using open ditches. That is why in

standad andwhat kind of information isvailable. The several places Highlands has been using edge drains

rutting data collected from tHEroms road netork dur- (drainage pipes installed to a certain depth at the edge of
ing the late 1980’s alsoakis that the system vgorking the road). Highland Council has many years of experi-
well. ence with these systems and the feedback has been main-
ly positive. However there are several procedures that need
3) Frost design procedure to be followed when designing, installing and maintain-

When diving on recently constructed oehabilitated ing these pipes. It would be highly beneficial that this
Norwegian roads one can see that the frost design proceexperience were published to be available to other Road-
dure isworking quite well in the aredhis can be ob- ex partner districts, who also have roads where this drain-
seved, when dving from Finland, or Sveden, to No age structure could be used.

way and then comparing the quality of the roads with a

similar age. In older roads the only problems seem to b8&) Sealing techniques, Surface Dressing

related to culerts with poaly working transition wedg-  The Highland Council has successfully used the surface

es and poorlyvorking drainage. dressing method to protect the pavement structure from
water, which is the main factor causing damage in roads.
4) Insulation techniques Thanks to this method the roads in Highlands area show

Troms Region is the oty region in Scandiavian partner  very few signs of distress. Surface dressing is normally
districts that routinely uses polystyrene frost insulationcarried out when the pavement starts to show signs of
structures. In other coumds they are thought to be too distress, such as alligator cracking and deformation. The
expensve and noeven comparate calculations are ca  worst section will be repaired before the surface dress-
ried out. Frost insulation, when properly designed andng. Surface dressing has also been done also using glass
installed can &ve sveral advantages compared with soil fiber reinforcement; this pavement is called fiber deck.
replacement that is normally used, for instance if the roadNormally surface dressing lasts 7 years in Scotland. If
is located on a sloping hill with heterogenous subgradehe road requires a new pavement 40 to 50 mm thick bi-
conditions and bedrock close to fage frost insulation tumen macadam layers is mainly used.
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10. GENERAL OBSERVATIONS ABOUT
THE NP PARTNER DISTRICTS

Lapland, Finland

The stresses and strains on the low traffic volume roagors. There is also a tendency in Lapland for “patent so-
structures are highest of the NP partner districts, this iutions” ie. once a succesful method has been invented it
because Finland allows maximum axle loads and 60 tiill be used without another thought in almost every
trucks and has relatively small amount of spring load reproject and the results are not always the best possible.
strictions applied in its network. In spite of that fact the  |apland Region has for years had a very positive atti-
roads in Lapland Region are in relatively good shape comtude towards research and development work for both in-
pared with the other partner districts, only the low traffic house or in co-operation with universities and other re-
volume roads are becoming worse. The quality of gravekearch organisations. These r&d investments have pro-
roads and old gravel roads paved with thin cold mix paveduced many new techniques and innovations that have
ment has especially become worse during recent yearsturned out to be very cost effective. These techniques have
Lapland has an effective road condition evaluationalso been widely used in other areas. The positive atti-
system for both gravel and paved roads and rehabilitatude towards r&d is one of the major reasons for the ef-
tion measures have been addressed on the basis of thigtive road management in the area.
objective information. Lapland has also a modern and  The big problem for Lapland in the next few years
effective pavement rehabilitation design system, whichwill be the break-up of the Finnra organisation and how
offers cheap and practical solutions - unfortunately it isthe in-house know-how can be transferred to the consult-
not thoroughly adopted by all the personnel working inants and contractors. To do that a lot of work will be re-
this field for Finnra, consulting companies or contrac- quired especially when preparing the tender documents.
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The Northern Region, Sweden

With regard to the low traffic volume road network, Swe- ing roads in Finland the structure thickness in the North-
den will have, in the near future, the greatest problemsern Region is thinner than in Lapland. The current road
A majority of the low traffic volume roads are in extremely design standards in Sweden call for thicker structures but
bad shape and these roads will present major difficultie$he Northern Region does not have many roads construct-
especially for the forest industry, which has a significanted following these specifications.
role in the economy of this area. The poor condition of  The Northern Region has developed very interesting
these roads has been noticed not only by industry but alsechniques and policies to combat the problems of the
local politicians and private road users. All have reactedow traffic volume roads. One of them is the introduction
and there are increasing public discussion in Sweden asf the term “shame value”, which is new, innovative, and
to what to do with the bad quality roads. The Northernan easy-to-adopt parameter that road officials can use to
Region has a slightly awkward position: on the one handjescribe the condition of the road network. The Northern
there are claims about bad quality roads and on the othgtegion recognises the importance of keeping lower class
hand industry is arguing against load restrictions. roads in reasonable shape - even though the cost benefit
The Northern Region differs from the other NP part- value calculations for higher class roads give much bet-
ners districts in its size. The Northern Region area 16Qer results. The idea of minimum allowable road condi-
000 knt and its road network length 18.080 km is abouttion in every public road should also be introduced in
two times larger than the second largest partner districtpther public road administrations. In the technical field
Lapland. This fact creates special problems for the lowthe Northern Region has carried out promising tests es-
traffic volume road management due to widely scatterechecially with different kinds the reinforcing and stabili-
roads and long distances. As in Finland SNRA is alsosation methods. These methods succeed in dealing with
reorganizing its organizations which generates additionthe bad quality road materials and permanent deforma-
al problems before the new working practices have beefion and cracking problems but not with the uneven frost
adopted. heave problems of which Northern Region has more than
When comparing the practices in load restrictions thethe other partner districts.
Northern Region has the most protective attitude towards The road condition data base in the Northern Region
its road network. When Lapland Region has applied temis based mainly on roughness and rutting measurements
porary load restrictions in about 6-12 % of its road net-which do not provide any information about the causes
work in 1990’s the corresponding value has varied fronfor the problems. Improving this data bases with the ad-
25 % to 37 % in the Northern Region. The reason for thisjition of pavement distress data and/or structural data
is that the roads are already in bad shape and withowjorthern Region would have the potential for more cost
restrictions they would become even worse. When comeffective investments for rehabilitation projects.
paring the low traffic volume roads with the correspond-
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Troms County, Norway

While the other NP partner district heavy transportationthe drainage on the upper side of the road is not working
consists increasingly of forest industry transportations properly.
the low traffic volume roads in the Troms County roads ~ The Troms Region has some problems with alloca-
office have increasing stresses due to the rapidly expandion of the road maintenance and rehabilitation money to
ing fish farming industry. When discussing transporta-the low traffic volume network because main funding for
tion of Norwegian fish to the European markets every-the county and municipal roads comes from Troms County
body understands the importance of logistics. and not from Norwegian Public Roads Administration.
In general, the roads in Troms county are in the besPue to limited resources Local administration is not able
condition of the NP partner districts. This fact can be exto invest enough funding to rehabilitate these roads.
plained in many ways, the roads in Troms area are gen- The road condition monitoring system in Troms re-
erally the youngest and have been designed and construgion is well organized and in the long term this data base
ed following modern standards. However the low traffic will provide extremely useful information regarding the
volume roads condition is becoming worse, for exampledurability and service length of different kinds of road
even though the frost dimensioning works quite well instructures in the area. Due to better resources, the reha-
Troms roads there are many culverts that do not have proilitation structures used in Troms region are on the whole
er transition wedges and in the spring time have sharfar superior, but also more expensive, when compared
frost bumps. Major shoulder deformation problems canwith respective structures in Finland and Sweden. The
be found in the roads located on sloping hills and wherdong term performance is predicted to be better.
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The Highlands, Scotland

The biggest difference of the low traffic volume roads inwell as tire pressures have been increasing. These chang-
The Highland Council area compared with the other NPes must have a long term effect on the road condition,
partner district roads is the width of the roads. There iespecially the roads on peat areas which will be at great
still a remarkably high amount of 3 m wide one-lane pub-risk. So far The Highland Council have been able to pro-
lic roads in Highland area and this must have an effect otect the roads by co-operating with the transportation com-
the transportation costs and the livelihood of these areaganies and by applying load restrictions on the roads
One remarkable difference in Highland Council roadswhere major logging is planned. However this policy is
compared with the other NP partner district roads is thenot sustainable in the longer term.
quality of the pavement surface: if shoulder deformation ~ The biggest problem in The Highland Council road
problems are ignored the road surface is in extraordinametwork is poorly performing drainage. It is the main rea-
ily good shape. The main reason for this is the surfaceon for the increasing amount of severe shoulder defor-
dressing technique used for protecting the road structurgation in the roads. Due to high grass verges beside the
and to improve the skidding resistance in the road. Thigoad, rain water is ponding on the road and is infiltrating
technigue requires skilled maintenance crews and is #to the road structure and making it water and freeze-
good example how by using relatively inexpensive main-thaw susceptible. However improving the drainage in
tenance techniques roads can be kept in good shape fotighlands is much more difficult than it is in Scandina-
surprisingly long time. In Northern Scandinavia trans- via because the road area in Highlands is limited, in most
verse cracking is a very common pavement distress typeases, to the carriageway and narrow verge. Solving this
but that defect can be seen in Highland roads only ofproblem somehow would result however in millions of
narrow peat roads. The reason for that can be explaingaounds savings for the Highland Council in road network
through the pavement design procedure and/or good qualmaintenance and rehabilitation costs.
ity materials used for the road construction. Another problem in the management of low traffic
Even though the pavement structures show surprisvolume roads is that Highland Council does not have a
ingly few defects and The Highland Council roads do notroad condition data base. As such it is impossible to per-
have the same problems with the frost heave and ice lerferm any objective comparisons of the road network per-
formation there are major threats for the road conditiorformance and the reasons for their defects. If and when
in the Highland area. Until now there has not been largddighland Council receives more resources for the reha-
stresses on roads due to heavy trucks, but during the labilitation of the low traffic volume roads it would be more
few years the forest industry and fish farming have beelifficult to prioritise the investments without any meas-
growing in the area and axle loads, total truck weights agired data.
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11. SUMMARY AND CONCLUSIONS

The phase | state-of-the-art study results of the Roadereason for reduced axle loads on certain roads in every
subproject “Road Condition management” shows that inNP partner district is that there are weak bridges along
spite of similar basic problems in each partner district,the road.
each country has emphasized different strategies and tech- The maximum allowed tire pressures are basically the
niques when trying to resolve bearing capacity problemsame in each country and there is general agreement that
in their low traffic volume road network. these pressures are too high and that modern super single
A significant problem for low traffic condition man- tires are especially causing problems for the pavement
agement, shared by all partner districts, is that almost alinaterials.
the structural maintenance funds and resources are allo- Sweden and Scotland have more protective policies
cated to main roads at the expense of medium and lowowards road structures, Northern Region uses temporary
traffic volume roads. As a result, the performance of mainoad restrictions if there are indications for pavement
roads has been improving over the last few years, whiletructure defects and Scotland sets permanent load re-
the state of low traffic volume roads has become worsestrictions if there is a fear that increasing heavy traffic
Another aspect gaining more publicity and placing pres-might break the road.
sure on road districts has been that due to increasing lo- There are also some new solutions for dealing with
gistical demands of the industry, using the lower clasghe problem. Modern information technology has provid-
network for their transportation routes, have started taed a possibility for new methods of minimizing the addi-
complain about load restrictions and bad quality roadtional costs for the heavy traffic due to temporary load
network. restrictions. Real time road structure monitoring stations,
With the history mentioned above this state-of-the-one prototype is currently being tested in Lapland, can
art study has provided very interesting and valuable ingive real time information as to when and what level of
formation about the possibility of solving these problemsload restrictions should be applied in each area. This tech-
either by applying load restrictions, or by improving the nique is based on scientific research and objective meas-
bearing capacity of the road network. In the following aurements and is more easily accepted by the transporta-
short summary is made of current practices of load retion industry.
strictions, road condition monitoring systems and main-  The control of the load restrictions also vary in each
tenance and rehabilitation techniques in NP partner diseountry: while Troms county road office can order fines
tricts. or other sanctions for over-loaded trucks the Highland
Council and Lapland can only report the offenders to the
police.
Load restrictions
It is generally recognised across the project region thaRoad condition monitoring systems
load restrictions should be minimised because of theitn order to effectively utilise the resources addressed to
detrimental effects on local livelihoods, especially for tim- the low traffic volume road network, road districts need a
ber transports. Yet the policies of the national road auroad condition information system. Troms County and
thorities on the issue vary a great deal, as do the practidNorthern Region are evaluating their road network per-
es in each Roadex partner road district. Finland and Swdermance mainly through roughness and rutting informa-
den allow the heaviest normal transport weights on altion data collection system and use pavement distress in-
most all the public roads, 60 tn, and appoint temporaryformation and bearing capacity data only in project level
load restrictions especially during the spring thaw peri-surveys. Both countries do not have a routine system for
ods. Whereas in Norway many roads have permanent loatie gravel road condition evaluation. Lapland has the most
restrictions throughout the year for 40 - 50 tonnes anccomplete (and expensive?) road condition evaluation sys-
the maximum total weight in Scotland is 41 - 44 tonnestem where along with the roughness and rutting informa-
In the future an interesting research topic would be taion, pavement structure condition data is also collected
make comparative calculations to determine which poli-using FWD and GPR techniques. Lapland also has a thor-
¢y in a long term would be the most economical. Bothough system for gravel road condition evaluation. The
policies have their pros and cons. The greatest part of thighland Council faces the biggest challenge in this field:
structural damages appear on roads during the spring thaat the moment there are no routine objective measure-
period. During the other seasons road structures do nahent systems to evaluate and compare road network con-
have problems carrying the load, a fact which supportglition and performance in different parts of the Highland
temporary load restrictions. On the other hand the mairarea.

69



Road condition evaluation systems are in the long ternShared problems and need for the future research
very cost-effective, because they allow long term plan-The state-of-the art study clearly showed a few major
ning of rehabilitation measures and without this data it isproblems that all the partner districts are sharing: drain-
not possible to invest in precise design and rehabilitatiorage of roads located on transverse sloping ground, per-
projects for the roads. Experience of the road analysisnanent deformation due to freeze-thaw cycles, bad qual-
projects carried out in Finland and Sweden have showiity road materials and their treatment, and road sections
that the roads, that are claimed to be totally damaged an@sting on peat.
requiring a total reconstruction, have severe defects only The first three problems are more or less related to
on about 30 % of the road length. This can be interpretethe water content and freeze thaw cycles and the research
on the other hand that 70 % of the road is in relativelyand development work should focus on these two sub-
good shape and might need only some light repair. Thugects. Peat roads are clearly another kind of problem which
the savings in rehabilitation projects gained through theseequire a different approach.
pavement condition data bases are multiple when com- In the future research should also focus on the fol-

pared with the annual cost to collect the data. lowing topics:
1) how much road closures and load restrictions ef-
Maintenance and rehabilitation techniques fect on the road structure deterioration,

This State-of-the-art study did not reveal any major new 2) what is the lowest allowed road standard and what
maintenance techniques but there were numerous speciate the social benefits and costs for road users and roads
rehabilitation and repair techniques and materials thabwner to have an adequate road performance and

were successfully used in some districts and could be 3) how much funding is needed for the low traffic
easily transferred to the other partner districts and othevolume roads to keep the low traffic volume road net-
countries. work on a sufficient service level.

In rehabilitation techniques there are several unique Roadex partners should continue actively seeking and
techniques, materials and practices especially in stabilisresearching transport-friendly alternatives that would not
ing the pavement and base course, in reinforcing and inecause the deterioration of existing secondary roads.
sulating the road structure and in road structure drainage One example could be new and smarter types of re-
improvement. In discussions with the district staff and instrictions like the following:
guestionnaire answers especially road mix or remix sta- 1) optimising (& shortening) the period of load re-
bilisation and steel mesh reinforcement techniques werstrictions,
mentioned frequently. Road Mix / Remix has been used 2) defining time and distance between heavy load
in Norway, Sweden and Finland and steel reinforcementehicles,
in Scotland, Sweden and Finland. Northern Region has 3) defining vehicle speed and
tested a very interesting reinforcement method where steel 4) defining truck tire pressure.
nets are installed longitudinally into the base course to Roadex work group A, Road Condition Management,
prevent shoulder deformation. An economical method towill focus on the phase Il field tests in 2000-2001 with
protect pavement structure and at the same time add friche purpose of collecting information on the existing road
tion is the surface dressing technique that especially Scostructures and road test sections in each partner district
land and Norway are using successfully. One problemand then comparing more precisely the performance of
for implementing this technique in Sweden and in Fin-the different road structures. The results of these com-
land is that surface dressing can be done only in dry weathparison tests together with this state-of-the art report will
er and these countries no longer have permanent emploe then produce substantial benefits in the development
ees who can do other maintenance work during the raingf more resource effective practises to reduce traffic load
days. Due to slightly better resources Troms Region hagestrictions and in the development of road rehabilitation
been testing and using several more advanced, strongerethods needed on low traffic volume roads with bear-
but also highly expensive rehabilitation methods, that havéng capacity problems.
also better long term performance.

The state-of-the-art study did not find any superior
drainage improvement techniques even though drainage
was a major problem is each country. Especially High-
land Council has major problems with poorly perform-
ing drainage that is most likely the main reason for the
shoulder deformation. The problems in other districts are
mainly located on roads located in sloping hills.
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