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ABSTRACT 

As a part of the ROADEX IV road widening project a range of widened roads were surveyed in 
Finland, Sweden, Norway and Scotland using multiple technologies such as ground penetrating 
radar, video, laser scanners, thermal analysis and falling weight deflectometer. Some of the sites 
had already been surveyed in the first ROADEX project 1998 - 2001.  All of the sections studied  
provided a good overview of the different types of problems that can occur due to the design and 
construction of a road widening.  
 
The so called ñlight wideningò structure was performing well on the surveyed section of the Hw9 in 
Finland where the old structure was strong enough and the subgrade was not frost susceptible. 
The same structure however failed in Ohtanajärvi in Sweden where the road was original widened 
and slightly strengthened from a weak old gravel road suffering from frost action and Mode 2 
rutting problems.  
 
The results from road 75 in Finland showed that the widening carried out 15 year ago was 
executed well and the defects surveyed in the widened areas were most likely triggered by poor 
drainage maintenance. The road was showing pavement distress but the defects were related to 
the fatigue of the old structures due to heavy traffic.  
 
The results from steel reinforcement structures used in the ROADEX tests in Lappträsk in Sweden 
and in Killimster Moss in Scotland showed that the reinforcement should be installed deep enough, 
particularly where the subgrade is peat as it was in Killimster Moss where the road was performing 
well in sections where the installation was at depth of 200-250 mm. The Killimster Moss tests also 
showed that the risk of failures was much higher if the steel grid was installed directly on the top of 
concrete slab. 
 
The Salmi test section in Sweden presented an example of reflection cracking caused by a 
sandwich structure and the results from the Karrbäck road section showed some settlement and 
severe rutting taking place on the widened side.  The main problem at Karrbäck was that the whole 
road was settling into the extremely soft silty subgrade and the drainage was not working at all.  
 
The results from the Engerud road in Norway showed that the glassfibre strengthening had not 
been able to prevent the reflection cracking taking place. From this it can be concluded that 
glassfibre is not an adequate strengthening method, if there are vertical shear forces due to frost 
action taking place in the widening joint. The geogrid test data from Sibster in Scotland gave 
similar results but the reason at Sibster was differential settlements, and high and varying 
deflection behaviour on a road resting on peat.   
 
The test results in the old ROADEX test sections resting on peat (Kjosenmyra in Norway and 
Sibster in Scotland) showed major improvement in the road condition over the last ten years. This 
can be explained by the fact that the greatest part of peat consolidation beneath the widened area 
had taken place and the peat stiffness was similar in the road centre and on the widened area.  
 
The Rogart test section in Scotland was still performing well. It was last surveyed 10 years ago. 
The only small point noted was a minor settlement in the widened area indicating inadequate 
compaction during the widening construction.  
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PREFACE 

This report is a part output of ROADEX IV project task D2 ñWidening of Roadsò. The project aims 
to provide information on the reasons why road widenings fail, the critical parameters that the road 
engineer needs to know when designing a road widening, and the information on how to deal with 
a widened road that is showing problems. The cost effective widening of roads is a major issue 
facing the ROADEX Partners and new design guidelines specifically tailored to the harsh 
conditions of the Northern Periphery are required to meet the demands of modern traffic. 
 
The ROADEX road widening research tsk consisted of three phases. The first part was a literature 
review on current practices and guidelines for road widening in the ROADEX countries. The report 
entitled ñRoad Widening: literature review and questionnaire responsesò was written by Samuli 
Tikkanen from Tampere University of Technology assisted by Timo Saarenketo from 
Roadscanners, Nuutti Vuorimies and Pauli Kolisoja from Tampere University of Technology and 
Ron Munro from Munroconsult Ltd. Also Haraldur Sigursteinsson of the Icelandic Road 
Administration, Per Otto Aursand of the Norwegian Public Roads Administration and Johan Ullberg 
from Swedish Road Administration provided information on existing road widening guidelines for 
the report. 
 
This report describes the second part of the project that dealt with field surveys on selected 
widening test sites across the ROADEX countries. A range of widened roads were surveyed using 
multiple technologies such as ground penetrating radar, video, laser scanners, thermal analysis 
and falling weight deflectometer. Some of the sites of the ROADEX pilot project (1998 ï 2001) 
were visited as part of this work. The report was written by Petri Varin and Timo Saarenketo and 
the language was checked by Ron Munro. 
 
The third part, and the final goal of the project, was to provide a ROADEX guideline for road 
widening for low volume roads. This report combines many good practices from different Partner 
countries into one package. The main purpose of the report is to act as a practical ópocket bookô 
and check list, to be used alongside national guidelines, on what to keep in mind when considering 
road widening projects and when repairing problematic widened roads. The report was also written 
by Petri Varin and Timo Saarenketo. 
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1. INTRODUCTION  

A road widening project is usually commissioned when the road width is not adequate for the 
traffic, or when extra lanes are needed. Road widening can improve traffic safety and capacity. 
 
There are many special issues in road widening. If widening is made poorly, several problems can 
occur, and many are common to all ROADEX countries. Typical problems in road widening are 
construction joint cracking between the old and new parts of the road, non-uniform settlements 
between the old and new part of the embankment and stability problems. In cold areas frost action 
causes significant additional problems. Harmful effects however can be avoided by good survey 
and design. Damages can be avoided or repaired by using techniques such as geo-reinforcement, 
steel nets, stabilization and soil replacement, and by improving drainage. These methods usually 
increase construction costs, but they can decrease life cycle cost. Choosing the correct widening 
or repair method and structure is therefore very important for avoiding additional long term costs. 
 
This report highlights the findings and the results of the field surveys performed on selected 
widening test sites in the various ROADEX countries. The main goal of the surveys was to provide 
more information on road widening, to be used as a basis for writing the ROADEX road widening 
guidelines. The new guidelines are a combination of the current good road widening practices in 
different partner countries and the results of the ROADEX IV field surveys. Surveys were made in 
Finland, Sweden, Norway and Scotland. A range of widened roads were surveyed using multiple 
technologies such as ground penetrating radar, video, laser scanners, thermal analysis and falling 
weight deflectometer. Some of the sites of the first pilot ROADEX project (1998 ï 2001) were 
visited again as a part of this work.  
 
Many road widenings fail without engineers knowing the reasons for the failures. The goal in this 
report will be to improve road widening diagnostic methods in order to find objective information on 
the reasons for the failures. For this new technologies and their integrated analysis methods need 
to be tested.  
 
There are a number of differences between the nationally agreed guidelines on road widening 
across the ROADEX partner countries. Some of the countries have national guidelines and some 
have not. The guidance given for road widening instructions is generally similar but there are also 
some differences reflecting the fact that widening design and construction can be carried out in 
many ways. The previous report ñRoad Widening: literature review and questionnaire responsesò 
discussed the national guidelines in the ROADEX countries and compared the differences, and 
the similarities, between them. Road widening tests and research reports were also reviewed. One 
purpose of the report was also to study road widening practice in the ROADEX countries. A road 
widening related questionnaire was created and sent out to experts in the ROADEX countries in 
order to collect their experience and knowledge of road widening. Responses to the questionnaire 
were examined and discussed in detail in the report. A summary of the results of the literature 
review and the questionnaire responses is given as an appendix to this report.  
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2. SURVEY SITES  

The ROADEX road widening field surveys were made in Finland, Sweden, Norway and Scotland. 
Some of the sites were same as the first ROADEX project in 1998 - 2001. The locations of the 
survey sites are shown on the maps in Figures 2_1 and 2_2.  
 
The first Finnish site was a 21 km long section of highway 9 located in Suonenjoki, Central Finland. 
The widening structure on Hw 9 was constructed in summer 2010. The second Finnish site was a 
35 km section of road 75 between Nurmes and Kuhmo in Eastern Finland. It is an older road that 
was rehabilitated and previously widened in 1995.  
 
The Swedish sites were located in Northern Sweden, near the Finnish border. The Ohtanajärvi site 
was a 400 m long section of road 857. The Salmi site was a 500 m long section of road 392.  The 
Karrbäck site was a 300 m long section of road 767 and the Lappträsk site was a 300 m long 
section of road 398. These sites were previously surveyed in the first ROADEX project.  
 
The Norwegian sites were located in Northern Norway, near Troms. The Engerud site was a 200 m 
long section of road 855. The Kjosenmyra site was a 300 m long section of road 858 and the 
Tennes site was a 500 m long section of road 859. These sites were also previously surveyed in 
the first ROADEX project in 2001.  
 
The Scottish survey sites were located in Highland region in Northern Scotland. The Killimster 
Moss site was a section of road B876. The Sibster site was a section of road B874 and the Rogart 
site was a section of road A839. All of these sites were previously surveyed in earlier ROADEX 
projects. 
 

 
Figure 2_1. ROADEX road widening survey sites in Finland, Sweden and Norway  
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Figure 2_2. ROADEX road widening survey sites in Scotland  

 
There are many special issues in road widening and various reasons for failures. A range of 
widened roads were surveyed representing different kinds of problems and circumstances. Some 
of the sites were of roads built on a peat subgrade, some were widened and upgraded from an old 
gravel road, some were showing reflection cracking, etc. Table 2.1 gives a summary of all the 
survey sites and their primary problems and/or reasons why they were selected. 
 
Table 2.1. ROADEX road widening survey sites and their primary problems and/or reasons why 
they were selected as test sites.  

 
 
 

SITE COUNTRY PROBLEMS / REASONS FOR SURVEYS

Suonenjoki Finland new structure, "light widening", widening to both sides

Nurmes Finland 15 year old widening, severe pavement damages

Ohtanajärvi Sweden upgrading and light widening from old gravel road, "unwanted widening"

Salmi Sweden widening of stronger construction, sandwich structure, reflection cracking

Karrbäck Sweden widening on very soft subgrade, drainage problems

Lappträsk Sweden steel reinforcement

Engerud Norway reflection cracking due to widening

Kjosenmyra Norway road constructed  and widened on peat subgrade

Tennes Norway widened and upgraded from old gravel road

Killimster Moss Scotland widening of concrete road, the use of steel reinforcement 

Sibster Scotland road widened on peat subgrade, geogrid reinforcement

Rogart Scotland relatively well behaved widening, minor edge damage bends with grass verges
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3. SURVEY TECHNIQUES  

Carefully performed surveys and measurements are essential before starting the design of a road 
widening. It is important to find out the conditions on the site such as the thickness of the old road 
structural layers, the material properties of the subgrade and layers in the old embankment, the 
road shape and its surroundings, any problem areas and damages on the existing road, etc. The 
type and range of survey techniques to be used will depend on each individual case, but typically 
at least video recording, laser scanner measurement and GPR measurement should be made. A 
short description of the techniques used in the ROADEX road widening field surveys is given in the 
following chapters. All of the techniques listed are discussed and explained elsewhere in more 
detail, e.g. in the E-Learning package on ROADEX website (www.roadex.org).  

3.1. DIGITAL VIDEOS 

A Road Doctor CamLink system was used for the video data collection, (Figure 3.1_1). This 
system is designed to collect videos, audio commentary and a drainage or pavement distress 
inventory on the road, together with GPS coordinates. Modern digital photo and video techniques 
provide very useful tools for documenting a road, its surroundings and pavement damages. Visual 
recording is vital to make the correct diagnosis of any problems on the existing road. Video 
recording gives a continuous record of the road. It can detect road surface condition, pavement 
distress, road markings, traffic signs etc. It can also be a very useful aid in surveying the 
topography of the road and its surroundings. Video recording is a useful tool for comparing the 
road condition before and after widening.  
 

 
Figure 3.1_1. Digital video recording and pavement distress analysis  

3.2. LASER SCANNING 

Laser scanning (Figure 3.2_1) is a technique where the measurement of distance is derived from 
the travel time of a laser beam from the laser scanner to the target and back. When the laser beam 
angle is known, and beams are sent to a range of directions from a moving vehicle with a known 
position, it is possible to make a surface image, or ñpoint cloudò, of a road and its surroundings. 
The point cloud can have millions of points, with every point having x, y & z coordinates and 
additional reflection or emission characteristics.  
  



9 

 

 
Figure 3.2_1. Everyman´s RDLS laser scanner survey vehicle used in ROADEX surveys  

 
The laser scanner technique was used in many sites in the ROADEX road widening research 
project to obtain continuous height information and cross section profile of the road. From this 
information useful data can be obtained, e.g. the angle of side slopes which can help in evaluating 
the effects on the slopes due to widening. Other useful parameters that can be obtained are the 
road width and the ditch depth. Laser scanning is a very efficient tool for comparing the road profile 
before and after widening. Figure 3.2_2 gives an example from the Finnish ROADEX test site on 
Hw 9 showing height and cross section information from a laser scanner survey before and after a 
road widening. A combination of laser scanner data together with other road survey data can 
provide an excellent basis for analysing the reasons for failures on an existing road. 
 

 
Figure 3.2_2. An example from Hw 9, Finland showing height and cross section information from a 

laser scanner survey before (above and red) and after (below and blue) road widening  

3.3. GPR SURVEYS 

Ground Penetrating Radar (GPR) data collection and analysis is one of the most important survey 
techniques. It provides continuous information on the thicknesses and the quality of the road 
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structural layers. GPR measurements should be done in 3D for road widening works using several 
parallel longitudinal profiles, and GPR cross sections are also recommended (Figure 3.3_1).  
 

 
Figure 3.3_1. LEFT: Survey vehicle used in ROADEX road widening surveys. GPR antennas are 
mounted in front of the van, video and GPS equipment are on the roof and laser scanner is on the 

back. RIGHT: GPR cross section measurement equipment.  
 
GPR cross sections are especially important in road widening cases for the evaluation of the 
performance of the widening and the reasons for any damages. Cross sections can, for example, 
provide information on the differences in layer thicknesses and/or material properties, old 
structures below or inside the road structure, settlement and rutting problems. Rutting mode can 
also be determined from GPR cross sections. The correct identification of the reasons for rutting 
on the existing road can help in selecting the most appropriate widening or repair method.  

3.4. THERMAL CAMERA MEASUREMENTS 

Thermal camera measurements can provide a continuous thermal video recording of the whole 
road length. The temperature distribution over the roadôs cross section can be obtained from the 
data and analyzed to locate any temperature differences between the widening and the old road 
structure. A non-uniform temperature distribution may be an indication of possible frost or moisture 
problems.  

3.5. FALLING WEIGHT DEFLECTOMETER SURVEYS 

The Falling Weight Deflectometer (FWD) is an automated stationary impulse load method used to 
measure deflections in the road surface, which can then be used in calculating the bearing 
capacity of the road (Figure 3.5_1). From FWD measurements the E-modulus value of each 
structural layer and the subgrade can be calculated, and these moduli can then be used for 
calculating the bearing capacity of the existing road and for the widening design. The FWD can be 
used for many purposes in addition to bearing capacity measurement, for example the 
investigation of reinforcement requirements, identifying weak spots on the road, establishing 
priorities for road strengthening, as wells as monitoring the strength of layers during construction.  
 



11 

 

 
Figure 3.5_1. Falling Weight Deflectometer (FWD)  

3.6. DATA ANALYSIS TECHNIQUES AND SOFTWARE USED 

All of the data collected in the surveys was processed and analyzed using Road Doctor Pro 
software. This software enables GPR, FWD, laser scanner and other data to be combined together 
with videos and maps. The Thermal Diagnostics module of the Road Doctor Pro software was 
used to process the thermal camera data. ñElmod 6ò software can be used to back calculate the 
layer moduli values on the basis of the FWD data and the layer thicknesses. This was used in an 
integrated module with Road Doctor Pro software. An integrated data analysis utilizing 
comparisons and correlations between different factors affecting the road behavior is easier to 
make when all the data is linked together.  
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4. SURVEY RESULTS 

This chapter highlights the key findings and results of the field surveys performed on the selected 
widening test sites across the ROADEX partner countries. A range of widened roads were 
surveyed to give a range of examples of different kinds of widening techniques and problems. 
Multiple survey technologies, as presented in the previous chapter, were used.  

4.1. FIELD SURVEYS IN FINLAND  

4.1.1. Suonenjoki, highway 9  

The Suonenjoki Highway 9 is an example of a road that has been widened on both sides. A 
detailed drawing of the Hw 9 widening structure is shown in Figure 4.1_1. This structure could be 
termed a ñlight wideningò as the widening was restricted to the road shoulders, and because the 
shoulders were excavated only to a depth of 350 mm. The existing pavement was cut just outside 
the driving lane edge. The new structural layers consisted of 250 mm of unbound aggregate, 60 
mm of bitumen bound base course and finally 40 mm of stone mastic asphalt for a wearing course. 
After the widening the traffic still used the former lanes with the widening solely contained in the 
shoulder and safety area (Figure 4.1_2). When widening on both sides of the road, construction 
joint cracking and non-uniform settlement normally develops in the shoulders, and not in the 
loaded part of the road.  
 

 
Figure 4.1_1. Detail drawing of the Hw 9 widening structure  

 

 
Figure 4.1_2. Widening on both sides of Hw 9 in Suonenjoki, Finland. After widening the traffic 

load is still on the old lanes and the widening is restricted to the shoulder and safety area only. See 
also the drainage improvement. 

BEFORE AFTER 
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Digital video recordings and laser scanner measurements were carried out four times on Hw 9. 
The first time was in May 2010 before construction of the widening structures. The second 
measurement was done in October 2010 after the construction was finished. The third time was in 
May 2011 in order to see the changes of the cross section profile after the first winter and to find 
any uneven frost heave locations. GPR cross sections were measured in summer 2011. Finally 
follow-up measurements with video and laser scanner were made in May 2012.  
 
Figure 4.1_3 shows an example of a GPR cross section measured from the road. The bottom of 
the excavation before widening is on the same level as the bottom of the unbound base course on 
the old road. This is a good practice to achieve uniform behaviour. The Figure also shows that the 
overall thickness of the bound layers is somewhat thicker on the old driving lanes than on the new 
widened shoulders, but the traffic loading is also much less on the shoulders.  
 

 
Figure 4.1_3. GPR (1.5 GHz) cross section of the widened structure on Hw 9 

 
The monitoring results after the first frost season following widening showed no distress, such as 
cracks between the old road and the widening, or differential frost heave problems. The widening 
and the whole road were generally in a very good condition. Examples of the general condition in 
spring 2011 are presented in Figure 4.1_4. There were only some transverse cracks, longitudinal 
frost cracks in the middle of the road and opened pavement joints between driving lanes, but none 
of these were related to the widening. Examples of the damages in spring 2011 are presented in 
Figure 4.1_5.  
 

 
Figure 4.1_4. Examples of the Hw 9 general condition in spring 2011, after first frost season  


