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Abstract

The maintenance and rehabilitation of roads is a major factorin providing a safe road network
and the preservation of the invested assets. The 2356 municipalities in Austria invest about
8% of their funds or approximately 500 million € peryearin the area of roads, water treatment
and transport. In the province of Styria (435 communities, 1.1 million inhabitants) around

12000 € per kilometer of road are invested every year by the local municipalities for the con-

struction, maintenance and rehabilitation of roads.

The challenge in the small structured municipalities in Austria with an average road network
length between 30 to 150km lies in the implementation of a modern pavement management
system with cheap and user-friendly features producing reliable results with the least effort
possible. Forthe development of such a Pms - Tool ms Excel was chosen because the program
is cheap, widely used and offers a variety of already built-in functions. With this pms - tool the
condition assessment, analysis and planning of maintenance and rehabilitation measures
including cost estimates are possible. The selected measures can be planned in detail for each
road section and priority is given depending on the importance of the road and the urgency of
the implementation. The results of the condition assessment and selected treatment options
can be exported into any GIS or CAD - System.

In spring 2009 the City of Weiz with 8800 inhabitants and a road length of about s5o0km was
selected for a first application of this Pms - tool. The input of the collected data as well as
the analysis and the interpretation of the results proved to be relatively easy and can be
continued by the local authorities in the future. Furthermore a systematic maintenance and
rehabilitation was achieved with relatively simple means. The tool is thus suitable for the
large number of small communities in Austria and abroad.

Keywords: pavement management system; small communities, life cycle costs, maintenance
and rehabilitation of roads, budgeting, user friendly

1 Introduction

The ongoing maintenance and rehabilitation of roads is a major factor to ensure safe roads
and the preservation of investments in road assets. A systematic asset management enables

communities to maintain the facilities and to optimize the expenses for construction, admini-
stration, maintenance, rehabilitation and demolition in a comprehensive life cycle approach.

The term asset management refers to a holistic approach which will be considered for all road
investments (roads, bridges, walls and neighboring areas) while a pavement management
focuses on the maintenance and rehabilitation of road pavements [1].
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1.1 Typical aims of Pavement Management Systems (PMS)

- Planning & Preservation: A Pavement Management System (Pms) should provide a fra-

mework for a systematic, forward-looking design and preservation of the road network in
the community.

- Prioritization & work program: With the implementation of road categories, a construction

program and PMs strategies based on the importance of each road can be created

- Achieve savings: Efficient road maintenance and rehabilitation methods in a Pms should

provide means for a better choice and timing of standard measures thus creating savings
and better road conditions at the same time (possible savings between 10 — 15%)

- Budget needs & spending policy: A Pms should provide data on the financial needs and the

achieved pavement condition for different investment scenarios. Based on these scenarios
the authorities are able to negotiate the necessary budgets with the politics

- Improved Cooperation: Cooperation of communities based on a pPms allow sharing of resour-

ces and the use of the “economy of scales” thus providing better value for money (possible
savings between 10 - 20%)

- Legal certainty: The municipalities are legally responsible for the road condition and the

safety of users. A Pms helps the community to meet this responsibility and is an important
evidence in court cases

1.2 Steps for a practical implementation of a PMS
Based on past experience and literature surveys [1],[2]? the following steps are recommended

for the implementation of a pavement management system (Pms) in small communities or a
joint PMS management of several communities:

- Priorities and road categories: Establishment of road categories and priorities in consulta-

tion with local planning authorities and policy stakeholders. Usually three categories for
paved roads (high, medium, low) and two for unpaved roads (keep, decommission) are
sufficient [2]

- Road condition and failure causes: The road condition in small communities is usually asse-

ssed by means of visual reception of different failure types on certain road sections with
a length between 20 to 200 meters in a two man team. If an additional assessment of the
deflection is needed a Benkelman beam or Falling Weight Deflectometer (Fwb) can be em-
ployed [4]. The average daily performance depends on the length of the sections and the
detail level of the assessment and can be estimated with 6 to 8km per day and team [2],[3].
The failure causes can be manually addressed or automatically assigned through typical
failure types/failure combinations [1],[4]

- Maintenance and Rehabilitation Measures: The maintenance and rehabilitation measures

are standardized in tables with a general description, cost, service life, annual costs, and
length of work zones as well as typical pictures of their implementation. Furthermore a trea-
tment recommendation for different failure types and causes is given. The optimal treatment
option can be found through selection of technically efficient measures and choice of those
with the least annual costs [1]

- Costs, budget & forecasting: With the assignment of optimal treatment options for all road

sections the individual cost is directly determined. The actual required budget can be cal-
culated based on a general approach with 1.5 — 2.0% of the costs of a new road network
or more specific as sum of all annual costs of the selected treatment options for all road
sections. Based on different budget scenarios it is also possible to forecast the develo-
pment of the pavement condition on road network and road section level. On secondary
road networks this is usually not necessary if the pavement condition is reassessed after a
period of five years or less. For planning purposes and coordination with other projects the
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actual road conditions are usually graded (green=good, yellow=fair, red=bad) and presen-
ted as maps [1],[3]

- Construction program & decision: For the decision-making and tendering each maintenance
and rehabilitation measure on individual road sections has to be condensed into a project.
The different projects are then compiled into a construction program with priorities, total
costs and year of implementation. The presentation of the maintenance and rehabilitation
projects with their realization schedule in form of maps has also been proven as useful
(1],[2],[3],[4]

- Implementation & Quality Management: After invitation of tenders, acceptance of bids, and
implementation of the measures the derived costs and service life among other data can
be updated in the Pms. Thus the experiences of the past can be used and the results will be
more accurate after each year of implementation [1]

2 Road inventory and condition survey

Every condition survey starts with the setup of the road inventory and additional information
on the alignment. Furthermore the typical failure types of road, sidewalk, shoulders and dra-
inage have to be defined. Figure 1 shows a selection of failure types for asphalt pavements.
With the definition of specific condition indices for these failure types a standardized asse-
ssment catalogue can be developed and adjusted through condition functions or condition
limits [1], [4].

1. Longitudinal failures in asphalt pavements

1.1 Shear 1.21 itudinal

deformations uneveness

2.1 Rutting due to 2.2 Rutting due to 2.3 Rutting due to 2.4 Rutting due to
shear strain deformation wear and abrasion

3. Cracking failures in asphalt pavements

3.1 Transversal 3.2 Reflective cracks |3.3 Alligator cracks 3.4 Block cracks 3.5 Edge cracking

e ST

4. Surface failures in asphalt pavements

4.1 Bleeding 4.2 Fretting 4.3 Local ing and |4.4 Reopening of 4.5 R

losses sealed cracks

pening in of

Figure1 Overview of typical failures in asphalt pavements
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The road inventory and the road condition data in each road section is usually recorded in
standardized sheets which contain all the necessary information on the road and can be
enriched by comments or photos. In Figure 2 such a standardized sheet from the condition
survey in the city of Weiz is presented. It contains the inventory data and map of the surveyed
road in the upper section, the information on the road condition in the middle and additional
comments on local specifics and the overall condition on the bottom [3].

TU Wien - ISTU
Inventory data and condition survey
ZT Jereb
Goetheg [ |o7.05.2009 City of Weiz
DI, Dr. Markus Hoffmann - TUWien - ISTU 24761755 |Editor |Ho Province of Styria
Ragion |Bezirk Waiz LEGEND:
Community ID |61758
Lo B - bigh vl regiorsal psads. (Styeia)
_'Y_]—c""”"”" Mame Stact Wetz Katl - Locsl paved reade: high imperisnce
T | Read D 24761755 — - Lotal paed reads: med imponasce
g - Losaparas o o gt A\

Road lenght [m] 500 —FLZ0 - Pedeurisn e
§ Read category Il {paved, low) FER - Pedewirian and cycle ways

Starting at road Strabe :

‘g Ending at read

® Average daily traffic

]

T

2

2

T

@

>

E | cate of survey 07.05.2009
Survoyor Ing. Horbart Storn

Road section [Ifm]

Road width B [(m] 4| 4f a5 45| 45| 51| 54) 51| 51] 51] 1) 51| 51| 51) 51| 51| 61 51| 51
= Surface layer (asphalt, concrote, stone) FB |[-] A|JAJAJA|AJAIAIAIALA A AlA|A[AJAIAIA
2 [ Siope ST |pg o o o o of o of of o of of of of of of o
£ | ouflection ¢ |immioa| eo| eo| eo| eo| es| es| sof 30| 100 00| 60| 5| 75| 70| 70| 0| €0
5[ & transversal cracks LR [pfm] [ mI ] 50) 15 20| 20| 2 0] o of o 0| 4
= ﬂ
5 | Alligator cracke NR_|ImY 0| 10| 80) 70! 10| 6 5| & 0] 15| 25 20| 10| 15[ 1
§Pmlt|l|ﬂ am_|tmY | ol of o o o o o o o Of of of of o 0 o

Shoulder damages Ru_[im1 | of 0] 15[ o of of of of of o of of of of of of o
§Dafnmuwn vo_|im of of 7ol 70 10| s of o o @ o 3 20| w0 2 o o

Potholes sL_|tm? 0000#00.00 of of of of 1 0o o

Othors 1 | [ 1
@ | Shoulder loft condition grade Badi [[-] 4] 4] 1) 4] 1) 1] 1) 1) 4] 9| 1) 1] 4f 1] 1 1] 1] 1 4] 1
g Sidewalk left (width) Geh-li |[m] of 0 of o o o 15 15 15| 1.5 15| 15 1,5 15| 15 15 15| 1.5 1.5] 1.5
'E Sidewalk left condition grade (1,3,5) MNote [[-] ) | N e | O N O | O | | | | A | )
'D_ Drainage condition grade (1,3,5) Note |[-] ) | | O | O | N O | O | O | | | O | O | IO 1 |
g Shafts i i SE _[[Stk] 0 2 3| 2 o 1 2 4 2 3 s 3I I 4 3 3 4 B & 2
o | Sidewalk right twidth) Gah-re|[m] 16/ 15| of o o of 2 2 2} 2 2 2 2 2 2 2 I 2 N
af | Sidewalk right condition grade (1.3.5) Note |[-] ol | O (O | | | O | O | | O | O s |
| snouder Fight condition grade Ba-re [[-] 1 1 3 3 10 1 1 14 1 1 1) 19 1 9 1 1 1 1 1 1
:; Others
-

General: Length 500 Meter; Temperature: 19°C; Parking; from 250-270 m on the right side, from 280-310 on the left side, from 340-350

on the left side; from 370420 on the loft side, from 4454470 on the right side
g Condition i uctural damage in the asphalt surface in many sections and potholos in from 426 - 450 m
'g Condition Assessmant: The road shows a poor condition of the pavement. From a user tive, the potheles are pi
§ R dation; B of the bad condition and the low priority at least a restoration of the potholes from 425 - 450 is mandatory
5 | inthe short4erm construction program. In medium to long-term the asphalt should be d.

E | Disclaimer: All measures are based on recommendations of the state of art at the time of collection, but can change over time and,
g therefore, particularly before the impl ion of chosan in the medium and long-term construction program should be
reviewed locally. The cost estimates are based on unit costs in the measures sheet and shall be updatad annually based on the actual
ste d in the previ year and the construction price index, as well asthe actual construction costs from previus projects.

In summary, this Pavement Management System (PMS3) is a decision-empowering tool and not the decision itself, the ultimate

responsibility lios, thorefore, primarily with the usor itself ...

Figure 2 Standard sheet forinventory data and condition survey with example data from the survey in the city
of Weiz in 2009 [3]

420  ROAD MAINTENANCE
CETRA 2010 - First International Conference on Road and Rail Infrastructure



3 Maintenance and rehabilitation measures

For the selection of an optimal treatment of pavements, the available maintenance and re-
habilitation options and their effects on different failure conditions are a crucial element [4].
While preventive maintenance measures to a certain extent are always considered economic,
the applications of rehabilitation measures have to be considered more carefully due to their

high costs [1].

3.1 Typical maintenance & rehabilitation measures

In Figure 3 the commonly used standard measures in a Pavement Management System (Pms)
for construction, maintenance and rehabilitation of roads are listed. The prices are based on
the year 2009 for the province of Styria in lower Austria. The annual costs are calculated fora
interest rate of 4%. Furthermore a short description of the typical application of the measures
is given [1],[3],[4].

Short description of lard es TU Wion _ISTY
PMS WEIZ e
Prices year I 2009 !"' | 2009 City of Weiz
©0I. Dr. Markus Hoffmann - TU Wien - ISTU Interest rate | 4% |Editor | HO Province of Styria
T Unit Service Total Annual
| Measures | Application | [-1 life [a) costs [€] | costs [€/a] |
[ [ Mair measures
| Crack repairing small L & cracks (thin) [ifm] 2,5 € 2,50 €1,07]
£ | Crack repairing big L & cracks (wide) fifm] 3,5 € 4,00/ €1,25]
§ Patching Local [ifm] 7.5 € 22,50 € 3,53
E. Resurfacing Surface (fratting) [m’] 4,0 € 3,50 € 0,96
§ Rehabilitation measures
% Milling & cold thin overlay Surface (Fretting, rutting...) [m*] 8,0 € 4,50 € 0,67
g Milling & hot thin overlay Surface (Fretting, rutting...) [m?] 10,0 € 5,50/ € 0,68]
-‘5' Milling & new asphalt layers Structural damages (Alligator cracks...) [m?] 14,0 € 16,00 €1,51
Milling, grading & new & d [m?] 18,0 € 30,00 €2,37]
'§ Renewal (unfixed surface level) Subbase damages (not town areas) m’] 23,0 € 40,00 € 2,69
g (fixed surface level) S {town areas) [g’] 28,0 € 45,00 € 2,70
p=l
New construction of roads
Now ion (existing track) Structural d [g’] 35,0 € 60,00 €321
New construction (non existing track) New route or connection m’] 40,0 € 70,00 € 3,54
= Asphalt to gravel road Downgrading priority and costs m’] 25,0 € 10,00 € 0,64
New construction gravel road Low priority roads with very little traffic E’] 25,0 € 15,00 € 0,96
£ [ Sidewalk rehabilitation
Small repairs L itudinal & cracks [ifm] 4,0 € 6,50 €1,79
F local Local [m’] 12,5 € 25,00 € 2,58
o3 New il Requirement due to pedestrian traffic [m’] 28,0 € 50,00 € 3,00
} [ Drainage construction & rehabilitation
' New dirt troughs During new or [ifm] 8,0 € 5,00 € 0,74
B | Repair dirt troughs Trough damages, landslides [ifm: 4,0 €2,00 €0,55
5 New drainage pipes During new or reconstruction [ifm 36,0 € 25,00 €1,32]
Repair drainage pipes Drainage damages, landslides [ifm: 18,0 € 10,00 €0,79)
New asphalt gutters During new or reconstruction [ifm 35,0 € 15,00 € 0,80
New cobble stone gutters During new or reconstruction [ifm] 40,0 € 50,00 € 2,53
Repair gutters Gutter slides ifm] 10,0 € 8,50/ €1,05]
£ | Shoulder rehabilitation
2 ['small rehab [smal erosion [ pm [ 120 € 10,00] €1,07]
5 [eig rehab |Big erosion damages | pm | 150 €1500] €135

Figure 3 Overview and short description of standard measures in a PMms [1],[3]
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3.2 Cost calculation and optimization of treatment options

For the optimal treatment selection of pavements, the available maintenance and rehabili-
tation options and their effects on different failure conditions are a crucial element. Before
choosing an optimal treatment the possible choices have to be selected based on technical
criteria (@amount of failure, different failure types, applicability, local restraints etc.). The cho-
ice between the remaining options is then usually based on economic criteria [1], [4].

With the data of the condition assessment and the standard measures, the costs for different
treatment options of single road sections are derived via a multiplication of the unit costs with
the application length or area. The optimized treatment can then be found through suitable
solitary measures or a combination of measures with the lowest annual costs. In general the
best strategy is a strong dimensioning combined with preventive maintenance measures. If
rehabilitation measures are necessary usually the strategy of the least interfering treatment is
the optimal cost efficient solution if the expected service life of the measures is achieved [1].

4 Results of the PMS
4.1 Score sheet and project summary

For the decision making each maintenance and rehabilitation measure on individual road
sections has to be condensed into a project. In order to reach a transparent and fast decision
about the priorities in the construction program the crucial information for each project has to
be summarized. One possible way to achieve this goal is the presented score sheet (Figure 4).
The score sheet contains the results of the condition assessment for each failure type and the
selected measures and road section for their application. Based on the amount of damage,
the priorities and the road category, the measures can be checked and activated for the short,
medium or long-term construction program. After checking and releasing the individual pro-
jects, the Pms results and selected maintenance and rehabilitation programs are presented
in the form of lists and maps which allow further coordination with other departments (Figure
5, 6).

4.2 Budgeting and Implementation

The average budget needed for maintenance and rehabilitation of roads amounts to 1.5 to
2.0% of the costs of a new construction. Based on a PMms the actual costs can be estimated
more accurately as the sum of the annual costs of all maintenance and rehabilitation projects
of the road network. The operating costs depend on the road category and can be estimated
with 1000 to 2500 €/km road per? year for asphalt paved roads and 300 to 500 € for gravel
roads [1].

With sufficient budget the selected maintenance and rehabilitation projects can be tendered
and implemented. The data and experiences of the finished projects are entered allowing a
comparison with the previous calculations. Thus the gained experiences are leading to more
accurate estimations over time.
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Score sheet and summary

TU Wien - ISTU

PMS WEIZ

©0I. Dr. Markus Holfmann - TU Wien - ISTU

ZT Jerah
Goethegasse [assessment [o7.05.2009 Stadt Weiz
24761755 [Editor [HorFFmann Land Stmk. FA 18D

FRogion Bezirk Weiz
Roadname Goethogasse
m | Road lenght [m) 500
§ Starting at road Kapruner Generator Strafie
OE‘ Ending at road Schillerstrabe
-E- Average daily traffic
>
-]
Road catego
gory 1] {paved, Iow) Map: Ovorview & Orlentation Sampio: Photodocumtation
1
Road section [ifm] short =
Deflection TF
é Longitudinal & transversal cracks LR
B | Alligator cracks NR
S [ surtace damages & fronting AM
T | Shoulder damages and siides RU
& | oofarmation VD
Others SL
Shouker loft condition grade Baii
Sidowalk left condition grade (1,3,5) Gehli
E Drainage condition grade {1,3,8) EWZ
O | Sidewalk right condition grade (1,3,5) Gah-re
Shoubder right condition grade Ba-re
8 Maintenance measures Total [€] |Annual [Ea]
=
E zr.g: nﬂl:';“ﬂ ::"l I Ll I 1 L L 1 I I 1 L I I L I Ll L I I
.E rack rapairing blg = = S N ) N S S ) S ) S B ) S S -
E | Patching ] 0
[}
- . i
Total maintenance measure: 10,2
Yos _ [Medium
Rehabilitation measures Total [€] |Annual [€/a]
§ Milling & cobd averlay
= | Miming & hot overia:
F [ ToaRTotowy S S (S I [ N S () S S (A e
5 [ Mg & naw asphaitlayers - -
g Milling, grading & new subbase/asphalt 73.080 5548
£ | Ronewal (fixed surfaco lovel) - e B
Rongwal junfixed surface lvel) - -
Tout om0 ssas LI
Medium __ Yes
E New construction of roads Total [€] |Annual [€ia]
[l T B s s B s — o — o p———
g““""":'“w:':‘"::l""l'k S W B A ) B S — o —— - -
§“°°"”“'°"'"=r“' [ I N I N SN A (e [ o N S -
$ | Asphait to gravel road
z How construction gravel road
z Total naw - -
Medium
Shoulder, sidewalk & drainage | Total [€] |Annual [€a]
!smu- P | S N o S S S S S o S S N o S S o W_—
5 S l:m-nlmll'." — T 71 1
g Br I‘.. measures I I I 1 I I I I I 1 I 1 I | I I I I I
.._s';':::::::'m S S S S S -
£ S N (S NN S NN NN [ [N S NN S N ([N S -
5 |_shousder measures right
Total other measures| - -
Medium
Medium term (5...10 years)
Date & Surveyor Date & Manager

Figure 4 Score sheet with condition assessment, selected maintenance & rehabilitation measures and cost
estimates for budgeting purposes [3]
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Figure 5 Excerpt of the required road maintenance measures in the Pavement Management System (Pms) of
Weiz [3]
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Figure 6 Excerpt of the required road rehabilitation measures in the Pavement Management System (Pms) of
Weiz [3]
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5 Conclusions and outlook

The ongoing maintenance and rehabilitation of roads causes enormous costs and usually

requires a considerable amount of expertise and experience. The authorities in small struc-
tured municipalities in Austria have to master these tasks with decreasing budgets and man-

power. The public and local economy on the other hand demands highly accessible and safe
roads. In order to meet these requirements as well as achieve considerable savings and legal
certaintywithin the legal framework? a Pavement Management System (Pms) is needed.
With well defined steps such as the establishment of road categories, the assessment of road
conditions, the assignment of standardized maintenance measures and decision making, the
requirements for a modern pms are met. The acquired information about costs and urgency
of measures helps not only to make better decisions but also to communicate them more
effectively.

The presented framework is based on many years of experience & research and contains only
the key elements of a comprehensive pms. The practical implementation has shown that
these key elements may be sufficient for the needs of most communities in Austria allowing
a systematic, easy and cheap management of the maintenance and rehabilitation of roads.
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