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Abstract 

This report, ñROADEX benefits and savings ï achieving more with lessò, summarizes the findings 

of the research projects executed during the ROADEX project 1998 ï 2012.  It is written for 

engineers, politicians and decision-makers with an interest in the sustainable management of low 

volume road networks in a time of extreme budgetary pressures.  It describes the savings possible 

if the policies and techniques recommended by ROADEX are implemented. 

The key practices and policies for sustainable road condition management policies in the future will 

need to be a) better drainage maintenance, b) focused problem based rehabilitation design, c) 

monitoring of road condition and seasonal change, and d) the use of road friendly vehicles. When 

a good combination of these can be used in everyday road management, the savings to roads 

administrations could be of the order of 50 %, or more, compared to present day costs. This 

means that the limited funding resources currently available to roads organisations can be used to 

even greater effects on the road networks, and that the current trend of slowly deteriorating roads 

can be stopped. 

The report gives examples of the economic benefits of improving the drainage of roads and 

keeping the drainage in good condition thereafter. This is particularly important for the thin 

bituminous paved low volume roads networks of the Northern Periphery which are highly 

susceptible to poor drainage.  The potential savings for keeping the road drainage of these roads 

in good condition can be up to 2000 ú/km/year. 

Focused road strengthening design can offer further savings to roads owners.  New road survey 

techniques can reduce rehabilitation costs by 15-50 %, and costs over the lifetime of a road can be 

cut by 50 %.  New information is given on the most economical solutions for roads on peat and 

how to widen roads. 

The report also provides information about the importance of road condition monitoring and good 

management policies to combat problems due to seasonal changes.   

Finally the report provides information on the benefits of the use of new road friendly heavy 

vehicles.  These vehicles have special tyre configurations and tyre pressure systems that spread 

their axle loads to a wider area and prevent damage to pavements when they are at their weakest. 

Additionally these vehicles can reduce health issues in drivers due to vibration.  
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1. INTRODUCTION  

Funding of the condition management of European road networks, and especially low traffic 
volume roads, has been constantly decreasing over the last decades. When the first ROADEX 
project started in 1998, one the key challenges for road owners was how to keep the condition of 
their rural road networks at such a level to ensure safe roads and the sustainable development of 
local livelihoods. In 1998 road engineers had two options to deal with the gap between reducing 
funding and the increasing demand for road performance: a) blame the politicians for all the 
problems because of reduced funding, or b) look into the mirror and start to improve the 
productivity and efficiency of road condition management policies and practices. 
 
ROADEX has executed numerous research and pilot projects since it first started in 1998-2001, all 
with the common general goal of ñhow to do more with lessò.  A number of excellent findings with a 
high potential to increase productivity and increase savings have been made without 
compromising quality. Results have been published in a range of reports and the goal of this report 
is to summarize their benefits and savings by example case studies calculations wherever 
possible.  
 
Unique in the ROADEX project has been that, in addition to searching for new solutions for road 
diagnostics, maintenance and strengthening, the project has also considered if investments could 
and should be made to heavy vehicles to make them more road friendly. The results of these 
surveys and pilots have been very promising and have given new options for road owners and 
local businesses to manage their roads and transportation projects. 
 
Finally, an important area where authors could not calculate the economic benefit directly was in 
health issues and how poor quality roads can affect drivers´ health. ROADEX has also published 
results on the relationship of poor quality roads and the increasing risk for traffic safety. When the 
economic benefits or impacts of these two issues can be calculated in the future, it is likely that 
these will be the greatest motivations for governments to invest in measures to improve and keep 
roads in a decent condition. 
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2. PRINCIPLES  

The key word in the ROADEX saving philosophy is focus, and in particular focusing on a range of 
elements in turn using modern technologies.  This means in practice answering four questions: 
what, where, why, and when.  

1.   Focus on the problem diagnostics, ie understand the reason for the problems. Low volume 
roads do not suffer or deteriorate evenly, and the lifetime of a road is as a consequence 
defined by its weakest link. The ROADEX project has shown that there are numerous 
reasons why road sections fail. Some of them are cheap to deal with, but others need 
more expensive measures. This means that it is necessary to focus on repairing the 
underlying reasons of the road problems, instead of dealing with the symptoms. This will 
ensure that solutions will work and not be temporary fixes to problems that will reappear 
soon after rehabilitation is finished. Understanding the scope of the problem better can 
sometimes lead to innovative solutions, for instance the use of road friendly trucks with 
reduced tyre pressures instead of expensive road repair. 

2.   Focus on the weakest road sections in strengthening measures, especially where funding 
is limited. Past practices usually involved the rehabilitation funding being spread more or 
less over the whole road section which meant in practice that the weakest sections did not 
get sufficiently strong enough structures. Good and strong sections were strengthened 
without any reason. In addition the start and end points of strengthened sections had long 
ñsecurity distancesò mainly because the positioning system was not accurate. Currently, 
thanks to new and accurate GPS technology, this is not a problem anymore and savings 
can be achieved by improving the accuracy of design and construction.    

3.   Focus on the correct timing. As stated earlier the remaining lifetime of a road network, and 
the individual road sections in it, can vary substantially. This means that it is not 
economically sound to immediately strengthen a road section where the measures will 
needed later, particularly where the general funding for low volume roads is limited. 
ROADEX calculations, given later in this report, clearly show that the most economical 
way, after investing in drainage improvement, is to start to lift the bearing capacity of the 
worst sections in the road, step-by-step, e.g. at 6-8 years intervals for a 20 years life span,. 
The traditional way of thinking of fixing everything on the road while the contactor is there 
is not always economically justified.   

4.   Focus on preventative maintenance. Once a road and road drainage has been improved 
the greatest mistake is in planning maintenance measures based on the average lifetime 
of the drainage system. This is because the weakest sections that control the lifetime of 
the road need almost constant maintenance. Waiting until 50 % of the drainage is in poor 
shape means that the lifetime of the pavement is already reduced by 50 %. In the future 
road organizations should, and will, react in response to even the smallest anomalous 
changes in road condition.  

 
The reason that the policies and measures mentioned above have not been implemented 
earlier can be explained by the lack of suitable technologies at reasonable price. However 
thanks to recent developments in data processing, data storage capacity, and better 
positioning systems, modern road survey and monitoring methods are increasingly cost 
effective, and their results easy to use on road management projects.  
 
The increasing levels of heavy loads on rural roads can also give rise to a 5th focus: 

5.    Focus on load management. ROADEX research has shown that in many cases the most 
sustainable solution to keep a road in good condition is not investing in road structure 
improvement but investing in road friendly truck technologies.  Many times 80-90 % of the 
rutting and pavement damages on rural roads are caused by only a few heavy trucks, with 
super single tyres and high tyre pressures, using the road on the weakest days during 
spring thaw weakening or after freeze-thaw cycles. Restricting these roads to trucks with 
road friendly tyre and tyre pressure solutions will have a major impact on keeping the road 
condition good with limited funding. 



7 

3. STRENGTHENING DESIGN  

Traditionally the only solution to a road with performance problems is strengthening the road. This 
has been, and still is, all too often carried out using a one ñpatentò solution to the whole road 
without seriously thinking if this is wise or not. A typical example of this is the ñadditional new 
overlayò solution. ROADEX offers new ideas and design solutions that can be used in these 
projects. Some of these are presented in this chapter together with information on their potential 
savings compared to traditional methods. 

3.1. FOCUSING STRENGTHENING MEASURES TO EXACT LOCATIONS   

The ROADEX method of òprecise designò is a method which addresses the underlying reasons for 
the problems on a road through a process of detailed diagnosis of the road and its surroundings.  
The method identifies which sections of road have failed, or have been performing clearly worse 
than other sections and based on this analysis, heavier rehabilitation operations can be performed 
only and exactly on the sections that have failed or are weaker.  Those road sections that have 
been performing well are not rehabilitated ñjust in caseò. A benefit of the method is that the old 
structures in the road can be recycled into the new one.  
 
The use of the ñprecise designò methodology is now possible thanks to the latest developments in 
modern road surveys technologies and very accurate GPS positioning systems. Thanks to more 
powerful processors and data storage technology, as well as better software visualization 
packages, it is now possible to make an integrated analysis of all the collected data. This has also 
led to a better knowledge of structural and functional behaviour of roads.  
 
As mentioned earlier, a key component for a cost effective and sustainable road rehabilitation or 
strengthening project is a reliable and precise road problem diagnostics system.  This can allow a 
targeted analytical design based on the reasons for the damages and their exact location. The 
precise design system ensures that rehabilitation structures are designed to address the cause of 
the problem, and that design structures are optimized for the transportation needs of the road. 
Precise design can also save substantial sums of money since heavy rehabilitation structures are 
invariably expensive. For example, shortening a thick rehabilitation structure by only 1-5 metres 
will return all of the money used in better diagnostics and design. In addition the lifetime of the new 
road structure will be substantially longer as the road diagnostics will allow the design engineer to 
focus on the ñweakest linksò of the road. 
 
The precise design of locations can also create savings if the subsequent construction operations 
can be directed exactly to the correct sections needing strengthening. Earlier, before the 
availability of the new accurate GPS positioning techniques, heavier rehabilitation structures were 
applied before and after the weak sections to ensure that the weak sections were strengthened. 
This meant in practice 20-50 m longer rehabilitated structures on both sides of the target length 
resulting in increases to the rehabilitation cost.  Figure 31_1 shows a typical case of a typical low 
volume road in the ROADEX area needing strengthening, and the differences in the resulting 
lengths for different strengthening options due to the accuracies in the design process. Figure 
31_2 shows that remarkable savings can be achieved by using focused design. For example, soil 
replacement structures can be very expensive such that their focused design and construction can 
lead to major savings.  
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Figure 31_1. Relative share of the lengths of different operations depending on the accuracy of the 
design process: 1, 10, 20, 50 or 100m. The graph presents a typical strengthening project in the 
Northern Periphery area. 
 

 

 
Figure 31_2. Comparing the costs of different operations if the accuracy in design process is 1, 10, 
20 50 or 100m. The bars indicate the total costs of the various design options. The operations are 
shown in different colours.  The black line and percentages presents the amount of savings that 
can be achieved with accurate design.  The additional cost % is shown relative to the option for 
ñ1m accuracyò.  
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3.2.  ñRIGHT IN PLACEò DESIGN OF STRUCTURES (TIMMERLEDEN CASE)  

 
In addition to focusing exactly on the right locations, another source of major savings is optimizing 
the structural thickness, meaning that only the weaker sections get strengthened and that the 
strong sections are left as they are, or only get surface treatment. However this can only be done if 
there is enough information on the layer thicknesses and stiffnesses of the existing road structures 
and subgrade soils. Compared to traditional design methods based on visual evaluation and the 
designer´s experience, the ROADEX technique uses ground penetrating radar (GPR), falling 
weight deflectometer (FWD), digital video and laser scanner surveys.  This makes survey and 
design costs more expensive. But when the total strengthening costs are calculated the ROADEX 
method is cheaper, both in the short and long term. In addition, by optimizing the use of non-
renewable materials, the ROADEX method can also be more environmental friendly. 
 
It is regularly claimed that modern diagnostics and design methods cannot be used in low volume 
road because budgets are so low. But the greatest relative savings can be achieved exactly on 
these roads. The benefits of the ROADEX road rehabilitation design method was demonstrated in 
a project carried out on the Timmerleden forest road in Sweden (Christoffersson and Johansson 
2012). In this project detailed surveys, using GPR, FWD and digital video techniques, were first 
conducted on the existing road to assess the road condition and locate the weakest areas. This 
information was then used in an analytical design to calculate the structures needed to raise the 
bearing capacity to the target bearing capacity level. This rehabilitation proposal, made according 
to the ROADEX Odemark method, was then compared to the normal rehabilitation proposals made 
by three different consultants that had long experience on forest road design (Figure 32_1). The 
results showed that, in spite of higher costs for initial road surveys and design, the ROADEX 
method used was 14 - 51 % cheaper overall than the other proposals. A main benefit of the 
ROADEX design method is that it is possible to design optimal structure thicknesses ñright in 
placeò thereby avoiding over-dimensioning. 
 

 
 
Figure 32_1. Rehabilitation plans made by three consults compared to ROADEX design method. 
Note that the non-ROADEX plans used almost the same type of structure type throughout the 
road.   
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A summary of the four proposals is presented in Table 31_1. Comparing these it can be seen that 
the ROADEX design method was as a whole the cheapest (48 546 ú), although it included field 
survey and design costs 17-34 times more than the other proposals. The strengthening price of the 
ROADEX design method was 9.71 ú/m. The price of the proposal from consultant A was 11.18 ú/m 
(15% higher than ROADEX proposal). The price of the proposal from consultant B was 11.06 ú/m 
(14% higher), and the price of the proposal from consultant C was 14.63 ú/m (51% higher).  The 
prices shown also include an estimate of the environmental costs of producing the calculated 
volumes of aggregates (CO2 emissions, 0.15 ú/kg). 
 
Table 31_1 Cost comparison of different design methods in Timmerleden road in Sweden  

 
 
The benefits of the ROADEX design method can be seen to be even greater if long term yearly 
costs are also calculated. This is because the lifetimes of the other design options are shorter as 
they did not use sufficiently strong structures on the weakest sections (Figure 31_2). To give an 
idea of the long term benefits possible, the costs of ROADEX design method were discounted as 
yearly costs. For a road lifetime of 8 years, the discounted costs per year would be 7,666.47 ú. If 
the lifetime is longer, for example 20 years, the discounted costs per year would be 3,976.02 ú. 
This means in practice that a 3 year longer lifetime would pay back all the ROADEX design costs. 
 
The ROADEX method was also found to save natural resources and reduce emissions of carbon 
dioxide. It was considered that the method could produce even better savings in larger road 
rehabilitation projects, or in several smaller projects in the same area, where the unit costs of field 
surveys and design could be substantially decreased. In these circumstances it was considered 
that the possibilities of saving natural resources and money, and reducing the emission of carbon 
dioxide, would be even better. 
 
 

  
Figure 31_2. Example of Timmerleden forest road before (left) and after (right) rehabilitation. In this 

section the road had been strengthened only a few years before but had failed soon after as the 
structures used were too thin. 
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The ROADEX method of analytical design based on surveyed road condition data can also provide 
other advantages: 

¶ Decisions on design thicknesses can be objectively based on measured data 

¶ Over dimensioning can be avoided 

¶ The design method is easy. Previous years of experience in using the method is not required 

¶ The finished rehabilitation can be checked objectively 
  

3.3. FOCUSING THE TIME OF THE INVESTMENTS  

 
Funding is in most cases the key limiting factor in rehabilitation projects. When faced with this case 
the normal reaction for the road owner/engineer is first of all to save in the design and then save in 
the structures, i.e. design the strengthening of the road with thinner and weaker standard 
structures. However ROADEX project results clearly show that this ñface liftò policy is not an 
economic solution in the long term.  
 
Carrying out a ñface-liftò does not however diminish the fact that the money is still limited to 
improve the road. This can only be solved by designing a longer term solution.  In another words 
the road is kept in good condition for the duration of the design period by 1) focusing on the 
problem diagnostics, 2) choosing optimal structures for each road section, and 3) optimizing the 
timing of the different operations. It is not needed to repair whole road at the same time. 
 
A good solution where there is not enough money at the beginning of a project is the time based 
ñstep-by-stepò rehabilitation. This can offer a cheaper option to the ñface-liftò plan and allow the 
necessary investments to be phased over a number of years. In order to demonstrate this 
approach on long term costs ROADEX made experimental calculations of different structural 
options based on real data collected in the Pajala mine road project (Matintupa et al. 2012).  

 
In this project the road was first classified into five risk classes based on the following risk 
classification used in ROADEX projects. This risk method of analysis helps to design the ñright 
operations in the right placesò and to avoid ñsafe designò whereby operations are planned in places 
where they are not needed. 
 

Risk class 1 - Strong road section, no risk major for immediate failures. Pavement fatigue will 
follow normal road lifetime prediction models 

Risk class 2 ï Relatively strong road. Road damage will appear quickly only in extreme loading 
conditions or due to poor drainage maintenance etc. Light strengthening recommended for this 
class. 

Risk class 3 ï Adequate road section. Road damage will mainly appear during particularly bad 
spring thaw weakening periods. Strengthening recommended. 

Risk class 4 ï Weak road section. High risk for road failures especially during the spring thaw 
weakening period. Strengthening strongly recommended. 

Risk class 5 - Extremely weak road section. Severe damages can be expected immediately 
after heavy haulage starts.  This class should be strengthened immediately. 

 
Once the risk classes had been established a list of different rehabilitation strategies were costed 
and a summary of these operations is presented in Table 33_1. The lifetime of each road structure 
was calculated using ñPMS Objektò software on the bound layers and at the foundation level using 
a target lifetime of 20 years. If this target lifetime was not achieved after the first rehabilitation, a 
repaving of 50 mm was laid where required. Calculations were performed for three different heavy 
traffic flows of 100, 250 and 500 vehicles per day.  Finally, the effects of the different operations on 
the total costs and average annual costs over the next 20 years were examined. The costs were 
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calculated as total costs and discounted annual costs. The costs per kilometre were also 
calculated.  
 
Table 33_1. Structural options used in the long term cost calculations. 

 
 
These calculations showed that the most economical solution was structural option 4, where 
initially the money was used to repair only the poorest sections while rest of the road was paved 
with a new pavement. The most expensive solution was option 3, where one standard strong 
solution was used. This involved milling away the old pavement, adding 200mm of new base 
course gravel and 100mm of new bound base + pavement on the whole road. The cost difference 
between these two options was 63-86% depending on the traffic volume. The total cost and annual 
cost of each option are compared in Table 33_2. 
 

Table 33_2. Comparisons of the long term (20 years) costs of different structural options. Total 
costs, discounted costs, total costs/km and difference in cost from the cheapest of each option. 
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The bearing capacity distribution achieved by each option was also calculated in addition to cost. 
Figure 33_1 compares the bearing capacity distribution of the most expensive and the cheapest 
options. This distribution shows that using option 3 will result in more than half of the road being 
over-dimensioned.  

 

 
Figure 33_1. Bearing capacity distributions of structural options 3 and 4.  

 
Figure 33_2 shows the total costs of some selected options broken down into year of investment. 
This shows that options 3 and 7 (heavy operations for the whole road section) invest fully at the 
beginning of the project, and assume that no more measures are needed later. On the other hand 
the investments and operations for options 0+ or 4 are divided over several years and only 10 
million SEK is needed in the beginning.   

 

 
Figure 33_2. The total costs of different options and their distribution over a lifetime of 20 years. 

The red colour represents the amount of money that needs to be available immediately.  
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3.4. ROADS ON PEAT 

The ROADEX method of precise design can also be used for roads crossing areas of peat. As with 
any strengthening of roads, especially heavy rehabilitation or strengthening, knowing exactly 
where the problem lies and where do deal with it can bring significant savings to a ñone solution fits 
allò approach.   With this in mind the ROADEX website reports four case studies involving roads on 
peat:  the N56 and N59 in western Ireland, and the B871 and B876 in Scotland.   

3.4.1. N56 and N59 in Ireland 

The ROADEX IV project carried out two demonstration road risk assessments in Ireland on public 
roads over peat using the standard data collection surveys of GPR using two antennas (an air-
coupled 1.0 GHz horn and a 400 MHz ground-coupled antenna), laser scanner, a digital video with 
GPS coordinates, and a FWD survey with test points every 50 metres along the road (Figure 
34_1).  These assessments also allowed the identification of locations of areas of peat and soft 
soils below the road.  The two projects were: 

¶ A 10km section of the N59 Newport to Mulranny in County Mayo 

¶ A 10km section of the N56 Drumnaraw to Cashelmore in County Donegal 

In the risk analysis of the 10km of the N59, ñClass 2ò and ñClass 3ò risks were predicted for 1705 m 
of the road section (16.5%), and 8569m of the road (83.5%) was classified as having a reasonably 
well working structure with a rating of better than ñClass 2ò.  The N59 results therefore meant that 
83.5% of the road section could be safely left in place when road strengthening measures were 
being planned.  This knowledge offered huge savings over the former methods of assessment 
which were generally based on a visual survey of the road surface for the identification of any 
structural problems. 

 
The risk analysis of the 10km of the N56 in County Mayo was carried out in a similar fashion and 
identified that ñClass 2ò and ñClass 3ò risks were predicted for 6092m of the road section (39%), 
and that 9384m (61%) had an assessment of better than ñClass 2ò.  This again offered significant 
potential savings on proposals based on the former visual survey methods. 
 

 
Figure 34_1. ñRoad Doctorò output screen from a section of the N59 built on peat, but where the 

effect of weak peat subgrade has been compensated with a thicker bituminous pavement.   




































