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1.LCCA Guide  – Content in general
2.LCCA for Rehabilitation Antwerp Ringroad
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Purpose and scope EUPAVE Guide

• Technical guidance to apply standard procedure of 
a LCCA
ØDeterministic approach

• General description of more advanced procedures 
for a LCCA
ØProbabilistic approach (Risk analysis approach)
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What is a LCCA - General

• Definition
LCCA is an economic analysis technique used to 
evaluate the long-term investment efficiency of 
competing design alternatives for the construction 
of an asset and for the long-term measures to 
maintain the performance objective of the asset
• LCCA can be conducted for any asset

EUPAVE                                                     KPMDOctober 17, 2018
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What is a LCCA - Pavements

October 17, 2018 EUPAVE                                                     KPMD

 

What is LCCA?

• Life-Cycle Cost Analysis is a process for 
evaluating the total economic worth of a 
usable project segment by analyzing 
initial costs and discounted future 
costs, such as maintenance,
restoration, resurfacing, rehabilitation,
reconstruction, and user costs, over the 
life of the project segment. 

Source: Transportation Equity Act for the 21st Century
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• A LCCA
üConverts future costs to present value using discounting
üCompares differential costs only
üIdentifies lowest long-term cost strategy to meet 

project objectives 

October 17, 2018 EUPAVE                                                     KPMD

Characteristics LCCA for pavements
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• A LCCA
üIs applied to a project that will actually be built
üRequires equivalent benefits over the performance 

period 
üIs conducted to analyse competing pavement strategies

• A pavement strategy = combination of initial design 
and future maintenance and rehabilitation 
activities

October 17, 2018 EUPAVE                                                     KPMD

Characteristics LCCA for pavements
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• Is not a Cost/Benefit analysis
• Is not a life cycle assessment (analysis of carbon 

footprint) 
• Is not complicated, although varying levels of 

detailing are possible
• Is not a decision in and of itself
• Is not material specific
• Is not biased

October 17, 2018 EUPAVE                                                     KPMD

What LCCA is not
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10 A guide on the basic principles of Life-Cycle Cost Analysis (LCCA) of pavements

Figure 3-1 shows a typical analysis period for 
a pavement design alternative.
Note that the curve in this figure is a simpli-
fied theoretical representation that is com-
monly used in LCCA publications to depict 

the evolution of the pavement condition 
with preventive maintenance. The actual 
stepped evolution of the pavement condi-
tion is schematised in Figure 3-2 hereinafter.  
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Figure 3-1. Analysis period 
for a pavement design 
alternative

Figure 3-2. Actual 
evolution scheme of 
pavement condition with 
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Types of costs in LCCA

• AGENCY COSTS: 
always taken into account
§ Initial construction
§ Maintenance
§ Rehabilitation or reconstruction

• USER COSTS: 
sometimes taken into account 

October 17, 2018 EUPAVE                                                     KPMD
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Typical cash flow diagram in LCCA
Schematic

A guide on the basic principles of Life-Cycle Cost Analysis (LCCA) of pavements 19

Work zone flow conditions

Depending on the combination of the char-
acteristics of the work zone on the one hand 
and the characteristics of the traffic on the 
other hand, user cost calculation procedures 
will depend on the traffic flow conditions 
through the work zone i.e. whether a situa-
tion of Free-Flow or Forced-Flow conditions 
exists. Three user cost components are 
related to free-flow conditions and four are 
related to forced-flow (queuing) conditions. 
This is depicted on Figure 3-6 [Ref. 1].

6. DEVELOP CASH FLOW DIAGRAMS

Cash flow diagrams are graphical 
representations of the inflow and out-
flow of cash due to subsequent ac-
tivities as they occur over time e.g. initial  
construction, preventive maintenance, 
demolition, rehabilitation/reconstruction.  
Preparing a cash flow diagram is not abso-
lutely necessary but is often developed for 
each pavement design strategy to help vis-
ualise the extent and timing of cash flows.  
Figure 3-7 shows a typical cash flow 
diagram. 

Normally, cash outflows (costs) are depicted 
as upward arrows at the appropriate time 
they occur, and cash inflows (benefits) are 
represented as negative cost by downward 
arrows. The length of the arrows is repre-
sented on a relative scale in accordance 
with the amount of the cash flows, in the 
year that they occur.

The basic benefits rendered by reactive-
type maintenance measures (emergency 
and corrective) and routine operational 
maintenance (e.g. road marking mainte-
nance, cleaning and clearing, etc.) in order 
to provide some pre-established pavement 
condition level on any given roadway are 
normally not taken into account in a LCCA 
of pavement design alternatives and are 
consequently not depicted on the cash flow 
diagrams. 

As a general practice, the costs (upward ar-
row) taken into account in a LCCA are both 
the agency costs and user costs related to 
preventive maintenance, rehabilitation ac-
tivities and/or demolition and reconstruction 
occurring during the analysis period. The 
only benefit (negative cost) represented by 
a downward arrow would be the cash inflow 
associated with any residual value. 
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Figure 3-7. Typical cash flow diagram for a pavement design alternative
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6 A guide on the basic principles of Life-Cycle Cost Analysis (LCCA) of pavements

3. ECONOMIC WORTH INDICATOR 
FOR LCCA

The Alternatives considered in a LCCA are 
compared using a common measure of 
economic worth. The economic worth of an 
investment may be expressed in a number 
of ways. In the practice of LCCA of pave-
ments, investment alternatives are most 
commonly compared on the basis of the 
Net Present Value (NPV) or in terms of an 
Equivalent Uniform Annual Cost (EUAC). 

Sometimes, the Benefit/Cost or B/C Ratio 
is considered, which represents the net dis-
counted benefits of an alternative divided by 
net discounted costs. 

Net Present Value (NPV), sometimes called 
Net Present Worth (NPW) is the net dis-
counted monetary present value of future 
cash flows i.e. costs (e.g. maintenance or 
preservation costs) minus future benefits 
(e.g. residual value). 

Discounting costs and benefits transforms 
cash outflows (costs) and cash inflows (ben-
efits), occurring in different time periods in 
the future, to their present values which are 
a common unit of measurement. 

The basic formula for computing the pre-
sent value PV of a one-time future cash flow 
FC is: 

PV = FC × [ 1  ] 
  (1+D)y 

In this equation,
PV = Present Value 
FC  = Future Cash flow

fPV  =  [ 1  ] 
   (1+D)y 

is referred to as the Present Value factor
D = discount rate
y = year into the future in which the one-time 
future cash flow (cost or benefit) occurs

Taking into account that it is common prac-
tice in a LCCA for pavements to use the real 
discount rate r (see hereinafter), the general 
formula for the net present value (NPV) of 
several subsequent future cash flows (as 
well costs as benefits) occurring at different 
times in the future is as follows:

 
Q

NPV = IC + ∑FCk[ 1 ]- RV[ 1 ]  (1+ r)yk (1+ r)p

 

k=1

In this equation:
NPV = net present value of the alternative 
IC = Initial Cost of construction
FCk = Future Cost of activity k
RV =  Residual Value of the pavement  

(is a benefit, negative cost) 
r = real discount rate 
yk =  year into the future of cash flow  

of activity k
Q = total number of activities
p = number of years in analysis period

Another economic indicator that can be 
considered to compare alternatives is the 
Equivalent Uniform Annual Cost (EUAC). 
The EUAC represents the NPV of all dis-
counted costs and benefits of an Alternative 
x as if they were to occur uniformly and an-
nually throughout the analysis period. EUAC 
is a more appropriate indicator when budg-
ets are established on an annual basis. 

The method of determining the EUAC is the 
following: 

• first determine the of the future costs 
and benefits

• then use the following formula to 
convert this NPV into a EUAC:  

EUAC = NPV * [ r(1+ r)n ] 
  (1+ r)n – 1

In this equation is:
r  = real discount rate 
n  = number of years over which the future 
EUAC reoccurs

Whether NPV or EUAC is used, the added 
value to the decision supported by the LCCA 
will be the same. 
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Life-cycle or Performance life
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7. CALCULATE NET PRESENT VALUE 
(NPV)

Once all costs and their timing have been 
developed, future costs are discounted to 
the base year, i.e. the beginning of the analy-
sis period and added to the initial cost to 
determine the NPV for the LCCA alternative. 
As noted in § 2.3, the basic NPV formula for 
discounting discrete future amounts at vari-
ous points in time back to some base year is: 

 
Q

NPV = IC + ∑FCk[ 1 ]- RV[ 1 ]  (1+ r)yk (1+ r)p

 

k=1

In this equation:
NPV = net present value of the alternative 
IC = Initial Cost of construction
FCk = Future Cost of activity k
RV =  Residual Value of the pavement  

(= benefit or negative cost)  
of the pavement

r =  real discount rate  
(e.g. 0,03 for 3 percent)

yk =  year into the future of cash flow  
of activity k

Q = total number of activities
p = number of years in analysis period

The present value (PV) for a particular future 
amount is determined by multiplying the 
future amount by the appropriate PV factor 
given by the following formula 

fPV =  [ 1  ] 
 (1+ r)y

where
r = real discount rate
y = year into the future in which the one-
time future cash flow (cost or benefit) occurs

The initial agency costs are assumed to oc-
cur at time n = 0 and are not discounted, i.e., 
they are counted at full and actual value. 

Figure 3-8 hereinafter depicts the present 
value factor graphically [Ref. 2].
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Antwerp Ringroad
Rehabilitation of pavement

E 17

A 12

E19A12

E 34 
E 313

E 19

Viaduct Merksem

Kennedy Tunnel

Antwerp
City centre 

Harbour
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Owner:
Flemish Ministry of
Mobility and Public Works

Operating Authority:
AWV (Agency Roads & Traffic)

PHASE 1: 2004 Outer Ring
PHASE 2: 2005 Inner Ring
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Antwerp Ringroad
Rehabilitation of pavement

E 17

A 12

E19A12

E 34 
E 313

E 19

Viaduct Merksem

Kennedy Tunnel

Antwerp
City centre 

Harbour

CRCP

October 17, 2018 EUPAVE                                                     KPMD

2 pavement alternatives: 
ASPHALT or C.R. CONCRETE

Owner:
Flemish Ministry of
Mobility and Public Works

Operating Authority:
AWV (Agency Roads & Traffic)

PHASE 1: 2004 Outer Ring
PHASE 2: 2005 Inner Ring
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Antwerp Ringroad
Project specifics

MOTORWAY of  INTERNATIONAL IMPORTANCE
Dual carriageway 14,2 km long
5 Interchanges 30 km long
Total surface of pavement 500.000 square metres
Traffic intensity > 200.000 adt
Traffic composition > 25% lorries
Number of lanes 4 to 7 + emergency lane

October 17, 2018 EUPAVE                                                     KPMD
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Antwerp Ringroad
Choice of pavement
Two alternative pavement structures considered

ØAsphalt 
ØContinuously Reincorced Concrete (CRC)  

October 17, 2018 EUPAVE                                                     KPMD

C. R. CONCRETE  23 cm

Bituminous interlayer 5cm

Sub-base (bottom layer) existing 

Sub-base (top layer) 15 cm 

Base 30 cm Base 25 cm 

ASPHALT  23 cm
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Antwerp Ringroad
Choice of pavement
Choice based on two approaches

1. Life-Cycle Cost Analysis – LCCA
o Agency costs: included

q Initial construction
qMaintenance
qDemolition
qReconstruction

o User costs: not included
o NPV calculations based on real discount rate of 4%

2. Multi Criteria Analysis – MCA 
o Social costs
o Qualitative aspects

October 17, 2018 EUPAVE                                                     KPMD
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Antwerp Ringroad
Choice of pavement
Choice based on two analyses

1. Life-Cycle Cost Analysis – LCCA
o Agency costs: included

q Initial construction
qMaintenance
qDemolition
qReconstruction

o User costs: not included
o NPV calculations based on real discount rate of 4%

2. Multi Criteria Analysis – MCA

October 17, 2018 EUPAVE                                                     KPMD
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Antwerp Ringroad
Typical cash flow diagram

A guide on the basic principles of Life-Cycle Cost Analysis (LCCA) of pavements 19

Work zone flow conditions

Depending on the combination of the char-
acteristics of the work zone on the one hand 
and the characteristics of the traffic on the 
other hand, user cost calculation procedures 
will depend on the traffic flow conditions 
through the work zone i.e. whether a situa-
tion of Free-Flow or Forced-Flow conditions 
exists. Three user cost components are 
related to free-flow conditions and four are 
related to forced-flow (queuing) conditions. 
This is depicted on Figure 3-6 [Ref. 1].

6. DEVELOP CASH FLOW DIAGRAMS

Cash flow diagrams are graphical 
representations of the inflow and out-
flow of cash due to subsequent ac-
tivities as they occur over time e.g. initial  
construction, preventive maintenance, 
demolition, rehabilitation/reconstruction.  
Preparing a cash flow diagram is not abso-
lutely necessary but is often developed for 
each pavement design strategy to help vis-
ualise the extent and timing of cash flows.  
Figure 3-7 shows a typical cash flow 
diagram. 

Normally, cash outflows (costs) are depicted 
as upward arrows at the appropriate time 
they occur, and cash inflows (benefits) are 
represented as negative cost by downward 
arrows. The length of the arrows is repre-
sented on a relative scale in accordance 
with the amount of the cash flows, in the 
year that they occur.

The basic benefits rendered by reactive-
type maintenance measures (emergency 
and corrective) and routine operational 
maintenance (e.g. road marking mainte-
nance, cleaning and clearing, etc.) in order 
to provide some pre-established pavement 
condition level on any given roadway are 
normally not taken into account in a LCCA 
of pavement design alternatives and are 
consequently not depicted on the cash flow 
diagrams. 

As a general practice, the costs (upward ar-
row) taken into account in a LCCA are both 
the agency costs and user costs related to 
preventive maintenance, rehabilitation ac-
tivities and/or demolition and reconstruction 
occurring during the analysis period. The 
only benefit (negative cost) represented by 
a downward arrow would be the cash inflow 
associated with any residual value. 
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Figure 3-7. Typical cash flow diagram for a pavement design alternative
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Analysis period for R1  -> infinite Horizon 

Performance life

Estimation performance life
Asphalt -> 36 years
C.R.Concrete -> 50 years
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Antwerp Ringroad
Maintenance strategy ASPHALT 

ACTIVITY FREQUENCY START at
Crack & joint treatment every 4 years year 4
Pothole & patching repair every year year 4
Repair surface defects every year year 4
1st Major preventive maintenance once year 12
2nd Major preventive maintenance once year 24
Reconstruction every 36 years year 36

October 17, 2018 EUPAVE                                                     KPMD
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Antwerp Ringroad
Scheme of maintenance strategy vs. time

October 17, 2018 EUPAVE                                                     KPMD
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Antwerp Ringroad
Maintenance strategy C. R. CONCRETE 

ACTIVITY FREQUENCY START at

Resealing joints every 5 years year 15

Local repairs every 10 years year 9

Reconstruction every 50 years year 50

October 17, 2018 EUPAVE                                                     KPMD
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Antwerp Ringroad
Result LCCA

42 A guide on the basic principles of Life-Cycle Cost Analysis (LCCA) of pavements

7. Calculate net present value

Details of the calculation of net present val-
ue (NPV) of all initial and future agency costs 
are summarised in Table 5-15 and Table 5-16 
hereinafter.

8. Analysis of results and sensitivity 

analysis

The result of the LCCA calculation with a real 
discount rate of 4,00% leads to the results in 
Table 5-13 and Figure 5-6 hereinafter.

Table 5-13. Result LCCA for Antwerp Ringroad R1

RESULT LCCA 

r % TOTAL NPV €/km/Carriageway

4,00 INITIAL COST MAINTENANCE  

PV over ∞H

RECONSTRUCTION 

PV over ∞H

GRAND TOTAL  

NPV over ∞H

CRCP € 794 970 € 28 116 € 174 112 € 997 198

ASPHALT € 531 084 € 328 047 € 222 547 € 1 081 678

Cost Ratio  

CRCP/ASPHALT

150% 9% 78% 92%

Figure 5-6. Bar chart of LCCA result

Although the initial cost of the concrete 
alternative is 50% higher than that of the 
asphalt alternative, both alternatives have 
nearly the same net present value over an 
infinite horizon for a real discount rate of 4%.  
This is clearly due to the fact that the asphalt 
alternative requires a substantially higher 
present investment to pay for future mainte-
nance and reconstruction. 

The difference of future reconstruction 
costs of both alternatives is proportionally 
even higher than is the case for the initial 
cost, i.e. 54%, because of the more expensive 

demolition at the end of the respective per-
formance lives. However, the present value 
of the reconstruction of concrete is more 
than 20% lower than that of the asphalt. This 
is a direct consequence of the much lower 
present value factor of 0,1407 at year 50 
versus 0,2534 at year 36.

The difference between the net present values 
over infinite horizon amounts to about € 80 000. 
This difference should not be interpreted in ab-
solute terms. Indeed the results are dependent 
on parameters ( real discount rate, performance 
life,…) that are subject to uncertainty.
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Antwerp Ringroad
Bar chart LCCA result

42 A guide on the basic principles of Life-Cycle Cost Analysis (LCCA) of pavements
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even higher than is the case for the initial 
cost, i.e. 54%, because of the more expensive 

demolition at the end of the respective per-
formance lives. However, the present value 
of the reconstruction of concrete is more 
than 20% lower than that of the asphalt. This 
is a direct consequence of the much lower 
present value factor of 0,1407 at year 50 
versus 0,2534 at year 36.

The difference between the net present values 
over infinite horizon amounts to about € 80 000. 
This difference should not be interpreted in ab-
solute terms. Indeed the results are dependent 
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Antwerp Ringroad
Sensitivity analysis NPV vs. rate r
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A guide on the basic principles of Life-Cycle Cost Analysis (LCCA) of pavements 43

Table 5-14 and Figure 5-7 illustrate the im-

pact of the variability of the values of the real 

discount rate ranging from 1% to 6%.

Table 5-14. Sensitivity Analysis - Impact of 
variability of real discount rate on NPV over ∞H

Real 
Discount 
Rate

Net Present Value over infinite horizon 

CRCP ASPHALT 

1% € 2 572 565 € 3 536 363

2% € 1 485 329 € 1 884 017

3% € 1 148 609 € 1 344 028

4% € 997 198 € 1 081 678

5% € 917 814 € 929 931

6% € 872 689 € 833 057

CRCP

ASPHALT
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The sensitivity graph indicates that in com-

parison with the asphalt alternative, the 

concrete alternative becomes more cost-

effective as the discount rate decreases. The 

net present values over an infinite horizon of 

both alternatives are comparable for a dis-

count rate of around 5%. For discount rates 

higher than 5%, the asphalt alternative would 

have a slightly lower NPV over ∞H than the 

NPV over ∞H for the concrete alternative. 

However, considering the historic values of 

the real discount rate discount rates higher 

than 5% to 6% were considered not realistic 

at the time the LCCA was conducted (2002). 

This is even more so, taking into account 

the current trends with regard to the real 

discount rate.

Figure 5-7. Sensitivity Analysis - Impact of discount rate on NPV over ∞H 
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Antwerp Ringroad
Choice of pavement
Choice based on two approaches

1. Life-Cycle Cost Analysis – LCCA
o Agency costs: included

q Initial construction
qMaintenance
qDemolition
qReconstruction

o User costs: not included
o NPV calculations based on real discount rate of 4%

2. Multi Criteria Analysis – MCA
o Social costs
o Qualitative aspects
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Antwerp Ringroad
Multi Criteria Analysis – Considered CRITERIA 

MCA  CRITERIA    
q Life cycle
q Rutting
q Construction time
q LCCA
q Hindrance/safety
q Skid resistance
q Noise level
q Demolition
q Climate susceptibility 
q Recycling



29October 17, 2018 EUPAVE                                                     KPMD

Antwerp Ringroad
Multi Criteria Analysis – RESULT

life cycle
rutting
construction time
LCCA
hindrance/safety
skid resistance
noise level
demolition
climate susceptib.
recycling

C
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weights

Choice type of pavement
Multi Criteria Analysis     MCA

Considered Criteria
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Antwerp Ringroad 
Conclusion
• LCCA -> sensible support tool to take a decision 

regarding pavement type
• LCCA -> both alternatives nearly the same NPV
• MCA -> useful supplement for non-economical 

aspects
• MCA -> slightly better result for concrete pavement
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• Final choice for concrete pavement based on
qResults LCCA & MCA
qLong term advantages

üNo rutting
üLonger performance life
üLower work zone user costs

October 17, 2018 EUPAVE                                                     KPMD

Antwerp Ringroad 
Conclusion 
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Antwerp Ringroad
Pictures during construction
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Milling of existing pavement

October 17, 2018 EUPAVE                                                     KPMD



34

Transport of demolished pavement
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Large scale recycling of materials
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Execution of concrete pavement
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Finished concrete pavement
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Aerial views of rehabilitation works
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Life-Cycle Cost Analysis
of Pavements
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