
ASSOCIATION RULE-BASED LCCA 

MODEL FOR PAVEMENT PROJECTS 

David Jeong, PhD 

Associate Professor 

 

Saeed Abdollahipour 

Doctoral Candidate 

 

School of Civil & Environmental Engineering 

Oklahoma State University 

April 16, 2012 

1 



Data ï Information ï Decision Making 

 

Planning 

Phase

Design 

Phase

Bidding 

Phase

Construction 

Phase

Operation 

Phase

DMA DMB DMN

I1N I21 I22 I2n Im1 Im2 Im3 ImnI12

D11 D12 D13 D14

I11

D1n D21 D22 D23 D2n Dm1 Dm2 Dm3 Dmn

Decision

Information

Data

Active Path

Inactive Path

Non-Existing Path

Legend :

é..

DATABASE I DATABASE II DATABASE Nééééé.

é..

é..
é..

é..é..

é.....

2 



Power to the Owners! 
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AM implementation 



Introduction 
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What is Life-Cycle Cost Analysis (LCCA)? 

ÅLife-cycle cost analysis (LCCA) is an engineering 
economic analysis technique for evaluating the total 
worth of a usable project segment over its life (Transportation Equity 

act for the 21st Century).   

ÅExpenditure stream diagram to calculate Net Present 
Value. 
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Why LCCA? 

ÅWhich pavement type is the most cost-effective in the long 
run? 
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Concrete Asphalt 



Unknown Future Performance 

ÅFair environment for competition.  
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º Different pavement types have different future 
performance. 



Alternate Bidding Model 

ÅIncorporates the LCC of alternative types into the bid 

competition.   

 

Total Bid Price = A + L 
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Represents the life cycle 

cost of the alternative 

 

Calculated by the Agency 

Contractorôs base bid 

8 



Current LCCA Practice 

ÅTypically, State Highway Agencies perform LCCA using 

RealCost software. 

ÅOnly one treatment strategy can be defined for LCCA. 

ÅEven though the uncertainty in the timing of and 

associated costs of treatments can be incorporated in the 

analysis, the sequence of activities is fixed.  

9 

AC Construction

OGFC maintover micsfc

Year 12 Year 21 Year 32 Year 40Year 0



Motivation to Develop a New LCCA Model 

ÅLife-cycle cost is critically important during pavement type 

selection process. 

ÅThere is no consensus between industries on the current 

LCC models. 

 

ÅñPast behavior and performance, predicts future behavior 

and performance.ò (http://www.uwec.edu/career/online_library/behavioral_int.htm) 

ÅHistorical sequential patterns in pavement treatment 

dataset are utilized to develop a realistic LCCA model. 
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Association Rules Mining 

ÅExpressed by ñif-thenò statements, show the attributed 

value conditions that occur frequently together in a given 

data set.  

ÅSpecify which events are likely to occur together.  
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Research Questions 

 

ÅWhat types of treatment are likely to occur together? 

ÅWhen a highway is treated by OGFC, what type of 

treatment is likely to occur next?  
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Realistic Life-Cycle Cost Models 
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I40 - Oklahoma 

 



Data Preparation (1) 

Interstate 40 Structural Pavement History Dataset 

ÅOriginal pavement type 

ÅOriginal pavement construction year 

ÅTreatment history 
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Data Preparation (2) 

ÅDeveloping a dataset in transaction format 
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Link Graph of Association Rules 

ÅAcover2, Acover3, OGFC, and Acover1 are the major treatment activities. 

ÅAssociation between ñmaintover and micsfcò, ñmaintover and OGFCò, ñmaintover 
and Acover3ò, and ñAcover2 and Acover3ò are strong.  
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Frequency Distributions vs. Order of 

Occurrence 

ÅWhat is the order of OGFC occurrence? Does it occur as the 1st, 2nd, 3rd, 
4th, or 5th treatment?  
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Final Results 

ÅSignificant AC pavement treatment strategies 
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Realistic LCCA Model (1) 

ÅEach treatment strategy is associated with a probability of 

occurrence which is obtained by multiplication of 

frequency and the confidence level.  

 

ÅNPV for each strategy      ὔὖὠ В ὖ В Ὂ   

 

 

Å╡▄╪■░▼◄░╬ ╛╒╒В ὖὶέὦὥὦὭὰὭὸώὔzὖὠ  
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Realistic LCCA Model (2) 
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Example 
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Realistic LCCA 
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º There are 10 possible treatment strategies for AC pavement. 

º Each strategy is assigned a probability of occurrence. 

º Summation of probabilities equal to 100%. 

Realistic LCC 

100 

Traditional LCC 


