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Abstract. Estonian public road network is one of the densest in the Baltic and Nordic countries with the 52,8 % of paved
state roads. Also it is specific in the sense of the organisation of road management the maintenance of which is implemented
partly by private contractors (in 10 counties from 15) and by the state (in 5 counties). The competition between different
contractors and the state will help control the growth of maintenance costs. Financing the road management has been
improved during the past few years considerably: from 47,9 m euros in 1999 up to 125,7 m euros in 2004. It has caused the
improvement of the condition of main roads of the state road network. At the same time the financing conditions set up by
some institutions have led to the deterioration of basic and secondary roads. Despite the annual growth of the budget of the
Estonian Road Administration, not enough finances are allocated for the repair and construction of state roads. For the
construction, repair and maintenance of state roads 79,5 m euros were used in 2004 but the need was about 138 m according
to the Estonian Pavement Management System. Therefore we cannot expect a rapid improvement of the conditions of
Estonian state road network and still a lot of efforts is to be spent to keep the current condition of the state road network.
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1. Estonian road network

Estonian road network is divided into rural roads and
urban roads and streets. Rural roads are divided into state
roads (managed by the Estonian Road Administration) and
other roads (including roads managed by the local govern-
ments and private roads) (Table 1). State roads include only
29 % of the whole Estonian road network but they are the

Table 1. Entity of Estonian roads (Jan 1, 2005) [1]

Share of the whole
Road type Length, km road network, %
State roads 16 459 29
incl. Main roads 1601 2,8
Basic roads 2 380 42
Secondary 12 435 21,9
roads
Ramps 43 0,1
Other (local, private 37188 65,4
etc) roads
Urban roads and 3153 56
streets
Total 56 800 100

most essential from the point of public traffic and carry
about 90 % of the traffic volume in rural areas.

Density of the Estonian state road network is 380 km per
1000 km? which is one of the densest in the Northern Europe
and Baltic states (Fig 1). Density of the whole Estonian road
network is 1313 km per 1000 km?. There are 923 bridges with
the total length of 2185 metres of the state roads.
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Fig 1. Density of state road network (km/1000 km?) in the Nort-
hern Europe and Baltic states
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Pavement types of state roads

Asphalt concrete
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Fig 2. Pavement types of Estonian state roads [1]
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Fig 3. Change of the share of pavement types of state roads [1]

52,8 % of state roads (Fig 2) and 11,5 % of other roads
and streets are paved. There are no significant changes ta-
king place in the length of different pavement types during
the past 15 years (Fig 3). To some extent the length of bitu-
men-gravel pavements has decreased and the length of as-
phalt concrete pavements increased. The increase of the
length of gravel pavements is mainly caused by the trans-
fer of local roads to the status of state roads.

2. Road management

The term “road management” includes the complex
of activities meant for the construction, maintenance, pres-
ervation and development of the road network. State roads
of Estonia are managed by the Road Administration which
is the governmental agency operating under the Ministry
of Economy and Communications of the Republic of Esto-
nia.

The reorganisation of the Estonian road management
system was started in 2000. The aim of it was to decrease
the relative part of the state and accordingly to increase the
part of the private sector in the area of road management:

»  Separation of roles of customer and performer;

*  Increase of the administrative capability of cus-

tomer;

*  Involvement of private funds and creation of com-

petition in road sector;

*  Decrease of administrative expenses of the state
budget.

State will retain the functions of planning, ordering

and supervision.

Preconditions for the privatisation of road management
are:

e Adequately developed normative base;

*  Existence of private contractors strong enough

to carry out the road management activities.

Such a kind of normative base was created in Estonia
by the year 2000 and it has been constantly supplemented.
Also at that time there existed quite strong contractors, deal-
ing with road construction and willing to enlarge their ac-
tivities to the area of road maintenance, t00.

In 10 counties (= road districts) from the 15 three bid-
ding procedures were implemented in each in 2000-2004:

*  To perform the road maintenance activities on the
state roads formerly maintained by the district
road office;

*  To sell the machinery and equipment of the dis-
trict road office maintaining those roads so far;

*  To rent the buildings and real estate needed for
road maintenance.

All concluded maintenance contracts are based on the
condition requirements with the total sum. The contracting
period is 5 years (for that reason the buildings and real es-
tate needed for road maintenance was not sold but rented,
to ensure that the winner of the next bidding after 5 years
will have the infrastructure needed for the execution of
maintenance activities). In the rest 5 counties from the 15,
the maintenance of state roads is performed by the state
operated Regional Road Offices (Fig 4).

As the result of reorganisation there were one Regional
Road Administration and 5 Regional Road Offices left in
2005 of the 15 District Road Offices in 2002 accordingly
managing state roads in 2 or 3 counties:

e Northern Regional Road Administration (estab-
lished in 01 01 2005, Harju, Jarva and Rapla
counties);

*  Tartu Regional Road Office (est 01 07 2002, Tartu
and Jdgeva counties);

Talter Ltd
6%

Vooremaa Teed
Ltd
7%

Tref Ltd
8%

Regional Road
Officies
36%

Ule Ld
10%
Aspi Ld

139 Teede REV-2 Ltd

20 %

Fig 4. Maintenance performers on state roads [1]
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Table 2. Work performed by contractors in 20002004 [2]

Expenses (m euros)
Year 2000 2001 2002 2003 2004

Construction,
repair and main- 37,0 34,5 62,8 70,4 79,5
tenance total

Perfor- | M 20 | 24 | 530 | 622 | 676
med by | euros > 4 4 > )
cont-

ractors % 59,6 65 84,6 88,1 85

*  Kagu Regional Road Office (est 01 11 2002,
Voru, Polva and Valga counties);
*  Saarte Regional Road Office (est 01 12 2002,
Saare and Hiiu counties);
*  Pidrnu Regional Road Office (est 01 01 2003,
Pérnu, Ladne and Viljandi counties);
*  Viru Regional Road Office (est 01 04 2003,
Léadne-Viru and Ida-Viru counties).
About 85 % of all road construction, repair and main-
tenance works were performed by contractors for about
67,6 m euros in 2004 (Table 2).

3. Financing the road management

According to the Road Act [3], the sum equivalent to
75 % of the fuel excise is to be allocated for state roads
management. Until 2003 this sum was formed from the
money of state budget and loans. Since 2003 the intended
sum for the state roads management includes, besides the
state budget and loan money, also internal funds and aid
from the European Union. As a result of this the amount of
money directed from the fuel excise for road management
is the smaller the tax, the bigger is the foreign aid. Real
amount from the fuel excise used for the road management
is about 31-45 % depending on the amount of aid from
European Union in different years [1]. After funds of Euro-
pean Union became available for Estonia, our government
decided to desist from the loans intended for road manage-
ment.

Since Estonia joining the European Union has the pos-
sibility to apply support for the development of environ-
mental and transport infrastructure from the European Co-
hesion Fund. About 90 m euros can be used for construc-
tion and repair of Estonian roads belonging to the Trans-
European Road Network (TEN-T) in 2004-2006. In addi-
tion to the Cohesion Fund, Estonia can apply for co-financ-
ing the road construction and repair from the European
Regional Development Fund. For regional projects improv-
ing living environment and developing state road network,
20 m euros are allocated in 2004-2006. Resources from
the Cohesion Fund can be used only on Estonian main road
but resources from the Regional Development Fund on basic
and secondary roads, too.

Budget for state road management has grown by 2,6
times during past 5 years (Table 3). 34 m euros, allocated

Table 3. Finances allocated for management of state roads in 1999—
2004 (m euros) [2]

Planned finances Used finances

From state
budget
Year Loans Loans
Total and aid Total Qperat- Invest- | and aid
ing ex-
ments
penses
1999 47,9 - 47,9 40,5 7,4 -

2000 50,8 1,5 50,8 38,3 11,0 1,5
2001 49,7 6,0 49,5 31,1 12,4 6,0
2002 79,2 33,6 71,3 29,7 15,8 25,8
2003 96,6 41,0 77,3 29,6 25,1 22,6
2004 125,7 36,8 91,6 34,3 40,8 16,5

for managing state roads, were not used by the Estonian
Road Administration in 2004. Reasons for that are differ-
ent, but some of them can be pointed out: 1) project ap-
proval in Brussels takes more time than originally planned;
2) administrative ability of the Estonian Road Administra-
tion is too low; 3) shortage of road designers is prolonging
the design period; etc. To raise the administrative ability of
the Road Administration the Department of European Pro-
grams and Regional Projects are formed to manage the
projects with European co-financing.

4. Road condition

Systematic collection of condition data on state roads
started in 1995. The following data are collected and stored
in Road Data Bank for every 100 m section of the road [4]:

*  Pavement roughness (IRI — International Rough-

ness Index, mm/m);

. Pavement distresses (DS — Distress Sum, %) ;

*  Bearing capacity of the road (E-modulus, MPa);

*  Rutdepth (mm).

4.1. Roughness

Roughness of the road pavement is evaluated by the
International Roughness Index [5, 6] according to the fol-
lowing scale [7]:

« IRI£1,39 mm/m — very good,
. IRI=1,40... 2,69 mm/m — good;
. IR[=2,70 ... 4,19 mm/m — satisfactory;

« IRI=420..5,5 mm/m — poor;
 IRI>5,60 mm/m — Very poor.
Roughness of the state main roads was being improved
during the last 9 years (Fig 5). The reason is that by the
requirements of the financial institutions (banks, EU) most
repair works executed in this period have taken place on
main roads. As a result, the condition of basic roads has
suffered — their roughness increased during several years.
A better roughness condition of main roads can be
characterised by the distribution of roughness values of dif-
ferent road types (Fig 6). Accordingly, the roughness of



N
N

A. Aavik / THE BALTIC JOURNAL OF ROAD AND BRIDGE ENGINEERING — 2006, Vol I, No 1, 3944
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Fig 5. Change of the roughness of state road pavements in
19962004

Fig 7. Distress sum (DS) variation of state roads in 1998-2004
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Fig 6. Distribution of roughness values of state roads on
01 01 2005

about 54 % of main roads and only of 9 % of basic and sec-
ondary roads is good.

4.2. Distresses

Pavement distresses are evaluated visually in spring
when they are most visible. Distress inventory includes 10
distress types: transfer crack (pc), narrow and wide longi-
tudinal cracks (m), narrow and wide joint cracks, alligator
cracking (m?), pothole (pc), ravelling (m?) and broken edge
(m). Based on the distress inventory, the distress sum (DS,
%) is calculated for every 100 m section of the road which
shows the percentage of damage pavement of the section.

Distress sum (DS) values for evaluation of pavement
condition [8]:

 DS<1% — very good;
 DS=2..5% — good;
e DS=6..9% — satisfactory;

. DS=10..19% — poor;

 DS=220% — Very poor.

The distress sum value of Estonian state roads pave-
ment is generally over satisfactory (Fig 7). At the same time
the dependence of the distress sum values on the extent of
repair work in corresponding road types can be noted

(Fig 8).

Fig 8. Dependence of the distress sum value on the surface dress-
ing, repair and construction extent of the main roads

4.3. Bearing capacity

Bearing capacity of the road is characterised by the E-
modulus value on the pavement top (E, MPa) [8, 9]. Mini-
mum acceptable E-modulus values of the pavement are
determined by the Highway Design Norms [10], and they
are depending on the road class and the pavement type (Ta-
ble 4).

Distribution of E-modulus values (Fig 9) indicates that
the problem of insufficient bearing capacity is not common
for state roads (problems can occur only on short sections
and mostly in spring thaw period).

Table 4. Minimum E-modulus values of the pavement (E, MPa)
[10]

Type of pavement
Road class Permanent Light | Transitional

E-modulus E, MPa

Freeway 260 - -

I 240 200 -

11 220 180 -

111 180 160 -

v - 140 70

\% - 120 70

VI - 120 70
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Fig 9. Distribution of E-modulus values (E, MPa) of state roads
01 01 2005

4.4. Rutting

Rutting of the pavement can be characterised with the
average rut depth of the 100 m road section and evaluated
as follows [7]:

*  Rutdepth <5 mm — very good;

e Rutdepth=5...10mm - good;

e Rutdepth=10... 20 mm satisfactory;

e Rutdepth=20... 30 mm poor;

*  Rutdepth>30 mm — very poor.

The rut depth over 20 mm [11] is influencing essen-
tially the choice of the driving trajectory and speed. During
a rainy period water is accumulating into the ruts and can
cause the danger of aquaplaning. For that reason the rut
depth over 20 mm is to be avoided.

Rut depth measurements on state road network are
indicating that the amount of sections with rut depth value
over 20 mm is not remarkable (Fig 10). At the same time
4 % of the state road pavements have ruts in the range of
17 ... 20 mm which means that preventive measures have
to be taken to avoid further deterioration of those sections.

4.5. Repair planning

Road condition characteristics (roughness, distresses,
bearing capacity, rut depth) described above with the traf-
fic intensity represent the basis for determining the road
sections to be repaired. For determining such sections, the
Pavement Management System (PMS) is used with the
objective to preserve and improve the condition of the ex-
isting road network assuring an optimal condition level and
traffic safety.

For the PMS analysis two different types of software
are used in Estonia:

e EPMS (Estonian Pavement Management System)

[4] — enables to compare and to prioritise road
sections to be repaired based on the road condi-
tion and first year benefit (used since 1999);

e HDM-4 (Highway Development and Manage-
ment Model) [12] —used since 2000 for economi-
cal calculations both at network and project level.

Requirements of the financial organisations (banks,

Fig 10. Distribution of rut depth values of state roads
01 01 2005

EU) to use the money only for main roads in the beginning
of 2000 have led to an increase of length of basic and sec-
ondary road sections to be repaired (Fig 11) and as a result
to the increase of cost of those repair works (Fig 12).

Despite the decrease of the length of road sections to
be repaired during the last three years, the cost of their re-
pair has increased. Reason for that is the increase of work
per 1 km road done during the repair — earlier attention was
paid only to the pavement repair, currently also to the em-
bankment repair, ditching and road safety improvement are
to be taken into account.

Maintenance needs
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Fig 11. Length of road sections to be repaired in 1999-2005 de-
termined by EPMS
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Fig 12. Cost of repair of road sections to be repaired in 1999—
2005 determined by EPMS
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Despite the annual growth of the Estonian Road Ad-
ministration budget, not enough finances are allocated to
the repair and construction of state roads. For these pur-
pose only 79,5 m euros was used in 2004 (Table 2), but the
real need was about 138 m euros (Fig 12). The difference
between the allocation and need was about 1,7 times and
therefore we cannot expect a rapid improvement of the state
road network condition.

5. Conclusions

1. The Estonian state road network is one of the dens-
est in the Baltic and Nordic countries with 380 km/1000km?.

2. The reorganisation of the Estonian road management
system was started in 2000 and as a result there were one
Regional Road Administration and 5 Regional Road Of-
fices left in 2005 of the 15 District Road Offices in 2002. In
10 counties from 15 the road maintenance has been per-
formed by contractors. The competition between the dif-
ferent contractors and the state will help control the growth
of maintenance costs.

3.About 85 % of all road construction, repair and
maintenance work in Estonia were performed by contrac-
tors.

4.According to the Road Act, the sum equivalent to
the 75 % of the fuel excise is to be allocated for state roads
management. A real amount of the fuel excise used for road
management is about 3145 % depending on the amount
of aid from the European Union in different years.

5.The budget for state road management has grown
by 2,6 times during last 5 years. Despite the annual budget
growth, not enough finances are allocated to the repair and
construction of state roads. The difference between the al-
location and the need for funds was about 1,7 times. There-
fore we cannot expect a rapid improvement of the condi-
tion of state road network.

6.Roughness of the state main roads has been improved
during last 9 years. At the same time the condition of basic
roads has suffered — their roughness has increased during
several years.

7. Distress sum value of Estonian state roads pavement
is generally over satisfactory. At the same time it can be
noted the dependence of the distress sum values on the ex-
tent of repair work of corresponding road types.

8.The problem of insufficient bearing capacity is not
common for state roads (problems can occur only on short
sections and mostly in spring thaw period).

9.Rut depth measurements of state road network indi-
cate that the amount of sections with rut depth value over
the critical 20 mm is not remarkable.

References

1. Estonian Road Administration. www.mnt.ee access on Jan 25,
2006 (in Estonian).

2. Road Administration Year Book 2004 (Maanteeameti
aastakogumik 2004). Estonian Road Administration
(Maanteeamet), Tallinn, 2005. 61 p. (in Estonian).

3. Road Act, State Assembly Act, Febr 17, 1999, effective as of
March 23, 1999. (Teeseadus. Riigikogu 17 02 1999 seadus,
joustumiskuupdev 23 03 1999). State Gazette I (Riigi Teataja
I), No 26, 1999 (in Estonian).

4. AAVIK A., KAAL T., MANNISTO V., KAHKONEN A. Es-
tonian PMS. In: Proceedings of the 24" Intern Road Confer-
ence of Baltic Road Association, Riga, Aug 21-23,2000. 11 p.
(electronic edition).

5. GILLESPIE T. D. Everything You Always Wanted to Know
about the IRI, But Were Afraid to Ask. In: Road Profiler Us-
ers ' Group Meeting, Sept 22-24, 1992. Lincoln, Nebraska.

6. PAPAGIANNAKIS A.T., RAVEENDRAN B. International
Standards Organization — Compatible Index for Pavement
Roughness. In: Transportation Research Record 1643, Wash-
ington D.C., 1998, p. 110-115.

7. Condition analysis of paved state roads of Estonia using EPMS.
Technical Center of Estonian Roads Ltd., PMS Group. Tallinn,
2001. 9 p. (in Estonian).

8. AAVIK A., SURIJE P. Use of Falling Weight Deflectometer
measurement data in Estonian Pavement Management Sys-
tem. In: 2" European Pavement and Asset Management Con-
ference. 22-24 March, 2004, Berlin, Germany. 16 p. (elec-
tronic edition).

9. AAVIK A. Methodical Basis for the Evaluation of Pavement
Structural Strength in Estonian Pavement Management Sys-
tem (EPMS). Thesis on Civil Engineering F4. Thesis of Tallinn
Technical University. Tallinn, 2003. 152 p.

10. Highway Design Norms. Decree of the Minister of Transport
and Communications, Sept 28, 1999, No 55. (Maanteede
projekteerimisnormid. Teede- ja sideministri 28. septembri
1999. a méarus nr 55). Annex of State Gazette (Riigi Teataja
Lisa), No 23, 2000.

https://www.riigiteataja.ee/ert/act.jsp?id=763437 access on Jan
25,2006 (in Estonian).

11. RUOTOISTENMAKI A. Use of Condition Data in Road
Maintenance Decision-making. (Kuntotiedon kéytto tie- ja
katuverkon ylldpidon paétoksenteossa). In: Finnish Road Ad-
ministration, Finnra Reports 7/2005. Helsinki 2005. 97 p. +
app. 89 p. ISSN 1457-9871, ISBN 951-803-453-2, TIEH
3200919 (in Finnish).

12. HDM-4. http://www.hdm-ims.com/hdm4.htm access on Feb
20, 2006.

Submitted 14 Dec 2005, accepted 13 Feb 2006





