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Abstract. Deficiency or inadequate allocation of road maintenance and 
development funds leads to total road network degradation. In order to 
ensure proper condition of road pavement with a limited budget, we need road 
maintenance optimisation for the entire road network. The road maintenance 
optimisation can be achieved using knowledge-based strategic planning 
systems. The collection and analysis of necessary data help design different 
road maintenance long-term strategies. The output results help select priorities 
for road maintenance and proper fund allocation. Optimal road maintenance 
strategy is the way to keep a fairly good road network with available funds. In 
addition, the road user costs can be reduced. The aim of this paper is to offer 
a road maintenance management system for Lithuanian conditions. The model 
will help evaluate the performance of the current road network and prepare a 
multi-year priority list for road works. 

Keywords: HDM-4, IRI, knowledge-based strategic planning system, long-term 
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Introduction 

Roads make a crucial contribution to economic development and 
growth and bring important social benefits. Therefore, large funds are 
allocated to road maintenance and new road construction. However, 
not always the allocated funds are properly distributed to where they 
are needed most. Sometimes the amount of funding could be too low. 
Road maintenance is an integral part of each road network. Road 
maintenance ensures safe, continuous and comfortable road traffic at 
a relatively small cost. Road maintenance costs are just a few percent 
of road user costs. For the road maintenance funds to be distributed 
properly, knowledge-based road maintenance management is needed. 
Although the construction of new roads or rehabilitation works look 
very attractive, they are very costly to implement. Properly performed 
recurrent and periodic maintenance could drastically reduce the number 
of pavements strengthening works, while maintaining or even improving 
the existing road network condition (Burningham & Stankevich, 
2005). Even better results can be obtained by performing preventive 
maintenance, while the road surface is still in decent condition. 
Preventive maintenance is performed by doing recurrent (pothole 
and crack repairs) and periodic (surface treatment, thin overlays) road 
maintenance works (Cirilovic, Mladenovic, & Queiroz, 2015). To get the 
best possible results, maintenance planning should work all nation-wide. 
However, planning can also be carried out at regional road maintenance 
companies or even at their departments (Hafez, Ksaibati, & Atadero, 
2019).

1. Road maintenance management and optimisation 

The main goal of road maintenance management is to improve or at 
least maintain the current state of the road network in order to ensure 
continuous, safe and cost-effective vehicle traffic. The entire road 
management process can be divided into four main functions (Robinson, 
Danielson, Snaith, 1998):

 • planning;
 • programming;
 • preparation;
 • operation.

Strategic planning consists of evaluating an entire road network with 
collection of data to provide a macro view of the network and to help 
agencies and decision makers:
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 • define the rational allocation of resources among networks, 
regions, different types of road work;

 • calculate approximate quantities, costs, and benefits;
 • estimate performance outcomes;
 • gain insight into the impact of budget constraints;
 • program road works in a rational way (Archondo-Callao, 2008).

To make planning and programming functions easier, maintenance 
management and strategic planning models are used. The most 
important functions of these models are prediction of road pavement 
performance and degradation over time. As one of the road performance 
indicators, an international road roughness index (IRI) is used in most 
wide-known road degradation prediction models. These models can be 
divided into theory-based, experiment-based, theory and experiment 
combined or based on expert knowledge. Most models use theory and 
experiment combined methods, such as World Bank HDM-4, Deighton 
dTIMS, Agile Assets Pavement Analyst, RONET and others. World 
Bank HDM-4 model predicts IRI using distress, traffic, environmental, 
material and road structural factors. Similarly, dTIMS also uses 
structural, environmental and distress factors, but it does not require 
traffic input into calculations (Uglova & Saenko, 2016).

For analysis and management, the RONET (Road Network Evaluation 
Tools) model was selected. This model was chosen as an alternative 
to HDM-4 model because it was free and easily accessible, and it was 
much simpler and required less knowledge than the HDM-4 model, but 
retained a relatively accurate result. RONET is based on a simplified 
HDM-4 model of pavement deterioration but does not require large 
amounts of data, their accuracy and constant updates of the database. 
RONET assesses the performance of the road network over time under 
various road maintenance standards and different levels of funding 
(Mladenovic, Cirilovic, & Queiroz, 2011; Mosianedi & Hassan, 2014; 
Queiroz, 2013).

RONET sets the optimum standard of road maintenance for each road 
or homogenous group of road sections and determines the funding level 
characterised by difference between current and required maintenance 
costs (Mladenovic et al., 2011). Due to its simplicity and low operating 
costs (based on requirements for financial and constant data updates), 
RONET could be useful not only for nation size network but also for small 
district-based road agencies (Hafez et al., 2019).
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2. Current situation in Lithuania

For determining overall road surface condition on asphalt or concrete 
roads, Lithuania uses the methodology “Performance Indicators for Road 
Pavements” developed by COST Action 354. 

General performance index (GPI) can be calculated combining three 
different indices (Lithuanian Road Administration, 2018):

 • safety index – assesses the impact of individual condition indices 
expressed by weighting factors on ride safety;

 • comfort index – assesses the impact of individual condition indices 
expressed by weighting factors on ride comfort (quality);

 • structural index – assesses the structural properties of the road 
construction layers.

For the calculations of particular indices, the values of these 
parameters are used:

 • average road roughness (IRI);
 • transverse evenness (RUT);
 • road texture (MPD);
 • cracking (TP_PL);
 • surface defects (TP_PD);
 • surface defects-bituminous bleeding (TP_PD*).

Calculations of general performance index cover only asphalt and 
concrete pavement roads but not gravel roads. In Lithuania, there are 
still roughly 6000 km of gravel roads (the whole national road network 
consists of 21 400 km). The main focus in the past few years was to pave 
gravel road sections with asphalt (Lithuanian Road Administration, 
2014, 2015; Morkūnas, Vilkelis, Skrinskas, Skrodenis, & Žilionienė, 
2015). For those gravel roads that will not get asphalt pavement in the 
near future recurrent maintenance works are performed.  Currently no 
evaluation of gravel layer loss of thickness or any other similar gravel 
road condition evaluation is performed.

Knowledge of overall condition of particular road sections in 
the network help create priority lists for periodic maintenance and 
rehabilitation works. However, road work priority listing does not 
solve long-term problems of maintaining acceptable conditions of road 
network. As a solution, knowledge-based strategic planning should be 
implemented.
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3. Implementation of long-term road maintenance 
planning

3.1. Asphalt and concrete pavement roads

RONET model for asphalt and concrete pavements uses a simplified 
HDM-4 model of road degradation (Archondo-Callao, 2009):

 
d expIRI K a K m AGE SNC a YE a AGEgp gm� � � �� � � �� � � �� ��

��
�
��

�

�
0 3 1

5
2 31 4

KK m RIgm a� �� � ,  (1)

where dIRI – annual road roughness change (International Roughness 
Index, IRI), m/km; Kgp – a calibration factor of roughness progression; 
Kgm – a calibration factor for environmental coefficient; ai – layer 
coefficients; m – an environmental coefficient; AGE3 – pavement age since 
last overlay, reconstruction or new construction, years; SNC – a modified 
structural number of pavement during construction, reconstruction, or 
last rehabilitation; YE4 – an annual number of equivalent standard axles, 
million ESA per lane per year; RIa – roughness at the start of the analysis 
year (IRI), m/km.

The model coefficients and calibration factors can be left 
recommended by the HDM-4 model or selected individually in order to 
ensure accuracy of results. More accurate coefficients and calibration 
factors may be obtained overtime by doing research and comparing 
HDM model predictions with measures of road performance factors 
(Thube, 2013).

RONET computes the network road user costs for different 
maintenance and rehabilitation standards at the performance 
assessment module. Road users’ costs are calculated using HDM-4 based 
RUCKS model:

 RUC a a IRI a IRI a IRI� � � �0 1 2
2

3
3, (2)

where RUC – road users’ costs, EUR per veh. per km; ai – RONET used 
cost model coefficients based on a particular country.

Road users’ costs show what losses road users suffer depending on 
the road surface condition. 

RONET model establishes seven different standards of road 
maintenance. “Very high” standard presents a scenario without 
budget constraints with a high level of recurring and rehabilitation 
works. “High”, “Medium”, “Low” and “Very low” standards present a 
scenario with lower road maintenance costs corresponding to each 
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standard. “Minimum” standard presents a scenario where only the 
road reconstruction is performed when very high IRI is reached. In this 
scenario none of the pavement strengthening or periodic maintenance 
of road works are done. Maintenance standards were based on the 
Lithuanian Road Maintenance Standard Specifications (RMSS) (Table 1).

Table 1. The maximum road roughness (IRI)

Road type
Maintenance level

I – High II – Average III – Low

National roads 2.5 m/km 3.0 m/km 3.5 m/km

Regional roads 3.5 m/km 4.0 m/km 4.5 m/km

For each road depending on the pavement condition and traffic 
volume using RONET, the aforementioned standards of maintenance 
were assessed and optimal scenario was obtained, which ensured the 
lowest road users’ and road maintenance costs. The programme also 
provides two higher quality maintenance scenarios (“Optimal +1” and 
“Optimal +2”), and three low-quality scenarios (“Optimal –1”, “Optimal 
–2” and “Optimal –3”).

In order to develop a road maintenance strategy using RONET model, 
data from these factors were collected for the entire road network:

 • pavement type;
 • average annual daily traffic;
 • road element parameters;

Figure 1. LAKIS road measuring application user interface (LAKIS, n. d.)
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 • road roughness (IRI);
 • pavement age;
 • average costs of different road works;
 • historical expenditures.

The above-mentioned parameters were obtained from the Lithuanian 
Road Information System (LAKIS, n. d.) and visual inspection. LAKIS 
user interface is presented in Figure 1.

After collecting all the data required for calculation, a road network 
was divided into separate road sections which were grouped into 
homogeneous sections. Sections were divided according to the following 
criteria:

 • road type (national or regional);
 • road pavement type;
 • the date of last repair (reseal, rehabilitation or reconstruction);
 • average annual daily traffic (AADT);
 • road roughness (IRI).

The entire road network was divided into road sections. Suitable 
road sections were divided into homogeneous groups of road sections 
according to the above-mentioned criteria. 

The calculations lad to seven different road maintenance scenarios. 
The “Optimal” road maintenance scenario provides the lowest society 

costs compared to other scenarios, and the road agency costs are the 
lowest ones of all scenarios. 

Two strategies that provide higher standards of maintenance 
(“Optimal +1” and “Optimal +2”) ensure a better overall network 
condition, but at higher maintenance costs. Lower standard strategies 
(“Optimal –1”, “Optimal –2”, “Optimal –3”) require more investment into 
maintenance and higher costs to road users.

“Optimal”, “Optimal +1” and “Optimal +2” strategies reduce road user 
costs, which increase with the road roughness. Better road condition 
reduces vehicle operating costs, the environmental pollution and 
improves passenger comfort.

In “Optimal” and higher standard scenarios, significantly 
lower amounts of pavement strengthening and much periodic 
maintenance work are required. It is therefore concluded that 
when these scenarios are implemented, the road condition is 
maintained stable without a loss of full bearing capacity. “Optimal 
–1” and lower standard maintenance scenarios require much 
rehabilitation work. In the scenario “Minimum”, there is a total 
absence of periodic maintenance, as only road reconstruction is 
carried out when road pavement reaches a critical condition. A 
critical condition of road is considered to be when IRI > 6 m/km 
(Lithuanian Road Administration, 2018).
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3.2. Gravel roads

Using RONET (or any other HDM based planning system), it is also 
possible to calculate the gravel layer loss of thickness for unpaved roads.

Model for gravel loss is shown in Eq. (3) (Archondo-Callao, 2009):

MLA K MMP RF KT AADTgi� � � � � �� ��365 3 46 2 46 10 4. . , (3)

where MLA – the predicted annual material loss, mm per year; 
RF – average rise plus fall of the road, m/km; MMP – mean monthly 
precipitation, mm per month; AADT – annual average daily traffic, veh. 
per day; KT – the traffic-induced material whip-off coefficient; Kgi – the 
gravel material loss calibration factor.

Using the gravel loss model, it can be predicted for how many years 
the current gravel road structure will last. Based on the value of MLA, 
the layer thickness of new material can be selected depending on how 
long the new layer should last.

4. Surface treatment

Surface treatment application is one of the ways to repair the road 
surface. It is a cost-effective type of work, which can help maintain the 
road condition for several years. In RONET (HDM also uses a similar 
equation), the roughness after a surface treatment was computed by the 
following equation (Archondo-Callao, 2009):

 RI RI RIaw bw bw� � �� �� �max ,min ,0 0 3 5 4 0 5. . . , (4)

where RIaw – roughness after surface treatment (IRI), m/km; RIbw – 
roughness before surface treatment (IRI), m/km.

In Lithuania when surface treatment works are carried out, also 
rough spots milling and levelling layer application works are done. 
The above-mentioned formula does not calculate the effect for road 
roughness after levelling layer installation; therefore, in order to get 
more accurate results Eq. (4) was adjusted.

Surface treatment application was divided into two parts: a levelling 
layer installation and the application of surface treatment. Installed 
levelling layer was taken as a new layer. Thickness of the layer was 
adopted based on amount of materials used on previous surface 
treatment works. Roughness levelling layer was taken as 20 mm thick 
and in calculation it was used as a new layer. 

For that reason another formula, which calculated road roughness 
after pavement strengthening by installing a new layer of asphalt, was 
used (Archondo-Callao, 2009):
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RI RI OVaw bw th� � � �� �� �� ��� ��� �2 0 0 01 0 2 0 0 80. . max , . max , , (5)

where RIaw – roughness after new layer installation (IRI), m/km; RIbw – 
roughness after new layer installation (IRI), m/km; OVth – thickness of a 
new asphalt layer, mm.

Road roughness change after surface treatment with levelling layer 
installation was calculated by combining Eqs. (4) and (5):

RI RIaw bw� � � �� ��� ��� �
� � �

2 0 0 01 0 2 0 60

0 0 3 2 0 0 01

. . max , .

max ,min . . . mmax , . . , .0 2 0 60 5 4 0 5RIbw �� ��� ��� � ��
�

�
�� ��

�
�

�
�
�. (5)

RONET model was adjusted by changing formula (4) for roughness 
calculation after surface treatment to formula (6). All calculations were 
executed with the new formula in the model.

Differences between Eqs. (4) and (6) of road roughness (IRI) 
calculation after surface treatment with a levelling layer are shown in 
Table 2.

Table 2. Calculated road roughness predictions after surface treatment 
with levelling layer works

Roughness (IRI), m/km

Initial Calculated using Eq. (3) Calculated using Eq. (5)

3.0 3.0 2.6

4.0 4.0 3.2

5.0 5.0 3.8

6.0 5.82 4.4

6.5 6.17 4.7

As mentioned before, the thickness of levelling layer is based on the 
amount of materials used to do surface treatment works, and it is equal 
to 20 mm. As shown in Table 2, Eq. (4) does not evaluate the effect of a 
levelling layer on road roughness. When an initial IRI value before road 
works is 5.4 m/km or lower, the change of IRI after surface treatment 
works equals 0. Whereas results of calculations done using Eq. (6) show 
IRI change of up to 28% compared to initial IRI. 

The new equation allows achieving more relevant and accurate 
road roughness change calculation results after surface treatment with 
levelling layer works. However, to get more accurate results further 
research is needed in which the dependency of road surface parameters 
before and after road works could be analysed.
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Conclusions

The article presented road performance calculation models used in 
strategic planning for the road network.

1. Road maintenance management is beneficial for both the 
monitoring and evaluation of the current condition of the road 
network and the planning of road maintenance. Road maintenance 
management allows for proper distribution of limited financial 
resources.

2. The evaluation of current state of the road network and creation 
of priority lists are not enough to effectively maintain a long-term 
good condition of the network. For that reason, knowledge-based 
strategic planning should be executed.  

3. HDM road roughness equation after surface treatment application 
(Eq. 4) was adjusted to estimate the effect of an additional 
levelling layer of asphalt.

4. The adjustment of Eq. (6) leads to more accurate results of road 
roughness calculation.

5. The further research will analyse the probability of adaptation of 
Eq. (6) for technology of surface treatment with a levelling layer.

6. RONET model is an appropriate tool for both regional road 
maintenance companies and national road agencies to assess the 
current condition of the roads (asphalt, concrete, gravel) and plan 
maintenance work for several years in front.
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