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General requirements for pavement design
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Structural efficiency during the whole 
design period

Based on given random conditions

- Design traffic load

- Bearing capacity of subgrade

- Material properties of pavement layers

Minimized Maintenance Costs (surface only)
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Routine pavement design (1)
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Average or minimum values of

- Subgrade

- Material properties and fatigue behaviour

Pavement design according to given 
design traffic (load class)

e.g. catalogue type
(like Austrian RVS 03.08.63, 
based on analytical calculations)
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Routine pavement design (2)
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Resulting in a number of technically 
equivalent pavement solutions

Based on availability of materials and/or 
on cost comparison the optimal 
solution can be selected together 
with possible alternatives

But still a general solution based on 
plausible assumptions, not always 
most cost effective
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Design table RVS 03.08.63, bituminous pavements

J. LITZKA - LIFE CYCLE COST CONSIDERATIONS FOR CHOICE OF PAVEMENT TYPE

Chair for Road Construction and Maintenance - Vienna University of Technology

ISTU

Possible improvement of economic efficiency (1)
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Specific analytical design using the 
underlying procedure for the catalogue, 
but

Real given values of bearing capacity of 
subgrade, material characteristics of 
layers, specific fatigue laws

Also possibility to include new, innovative, 
not standardised materials
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Essential precondition
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Exact and reliable information about input 
characteristics

Performance based laboratory tests 
(stiffness modulus, fatigue behaviour etc.)
functional requirements according to CEN

ε(t)

σ (t)

Traffic forecast of high accuracy
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Benefits of specific pavement design
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Better adaptation to existing subgrade
situation

Better utilisation of material properties

Possibility for innovative materials and 
solutions

- Alternative bids

- Performance related contracts
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Consideration of costs
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Construction costs

Life-cycle costs

- Construction

- Maintenance

- Additional user costs (e.g. time loss)

- Environmental costs (possibly)

• Routine
• Rehabilitation including

- Traffic management at construction sites
- Methods/measures
- Intervals
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Calculation of life-cycle costs
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Prognosis of development of pavement 
condition necessary

Prediction of life time, change of 
condition indicator-values and thus 
prediction of time and type of 
maintenance measure

Basic tasks for PMS/e.g. VIAPMS
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Change of approach and responsibilities
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Only construction costs considered

Client chooses contractor according to
cost comparison

Sometimes alternatives compared

Actual:

Consider life-cycle costs

At least for road owner costs
(construction and maintenance)

New approach (even if normal tender):
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Most crucial point: Performance models
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Performance models required for 
- Structural development

- Surface characteristics (especially for LLPs)

Cracking

Maintenance 
History

SNC

Surface Defects

Roughness

Skid Resistance

Rutting

PDI
Pavement & Distress Index

CSI
Comfort & Safety Index

TCI
Total Condition Index

Weighting and 
Combination

Weighting and 
Combination



7

Chair for Road Construction and Maintenance - Vienna University of Technology

ISTU

Most crucial point: Performance models (2)
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Innovative, new materials and pavements
- Prognosis based on analytical calculation

- First assumption based on existing empiric 
functions and adaptation by periodic condition 
measurements (normally required in any case)
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Standard- type pavements, traditional 
materials

- Empiric results from database analysis
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Optimized solution LCC
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Construction costs

Maintenance costs

including additional user costs

Minimum life-cycle costs

- Most economic solution

- In compliance with given quality requirements
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Development Pavement Condition – Concrete Pavement
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Concrete Pavement

Bit. Base Course

Subbase

Threshold Level

Warning Level

Exchange of distressed 
slabs and thin bit. overlay
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Development Pavement Condition – Asphalt Pavement
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Wearing Course

Bit. Base Course

Subbase

Threshold Level

Warning Level

Reinforcement
Base Course

Overlay

Total thickness according to design
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Development Pavement Condition – Asphalt Pavement
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Wearing Course
Bit. Base Course

Subbase

Threshold Level

Warning Level

Reinforcement           
(2nd construction stage)

Base Course

Overlay

2-stage pavement construction
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Comparison Total Costs (including user costs)
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Reinforcement
(2nd construction stage)

Overlay
Reinforcement

Replacement 
of distressed 
slabs and thin 

overlay

Overlay
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Definition of user costs (1)
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Austrian research project on “User Cost 
Module for VIAPMS-Austria” finished 2009

Condition related user costs 
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- Additional time costs 

- Additional vehicle operation costs

- Additional accident costs

Zeit (Analysezeitraum)
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1. Maßnahme
2. Maßnahme

eingesparte
Nutzerkosten

Bezugszeitpunkt

0%
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80%

100%

1: SR+LE
VT+DE

2: GR+SR
E_AS

3: Tragfähigkeit
E_BE

Auslöser für Maßnahme
Maßnahme

zustandsbezogene NK‐Einsparungen
Jahr nach der Maßnahme

Unfallkosten

Zeitkosten

Betriebskosten

 

SR Spurrinnen VT Verstärkung im Tiefeinbau
LE Längesebenheit DE Instandsetzung Decke
GR Griffigkeit E_AS Erneuerung Oberbau in Asphaltbauweise

E_BE Erneuerung Oberbau in Betonbauweise
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Definition of user costs (2)
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Additional user costs related to 
constructions sites 
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- Additional time costs 

- Additional vehicle operation costs

- Additional accident costs
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Additional random conditions
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Assessment of real construction costs 
often difficult (competition)

comparative calculations based 
on alternative bids (example S1 –
Wiener Südrandstraße)

Avoidance  of frequent changes of 
pavement type (in Austria in the 
past fixed pavement plan based on 
function)

Specific high requirements on noise 
reduction affordable with PA only 
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Conclusions
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Life cycle cost calculations (including 
user costs) as valuable tool for 
decision on pavement type (total 
economic view, not only road 
owner’s view)

Increased practical application during the 
decision process, at least for road 
owner’s cost 

Stepwise approach recommended 
(without and with evaluation of user 
costs)

Sometimes almost no choice because of 
given random conditions

J. LITZKA - LIFE CYCLE COST CONSIDERATIONS FOR CHOICE OF PAVEMENT TYPE



12

Chair for Road Construction and Maintenance - Vienna University of Technology

ISTU

23

Thank you for your attention
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