
www.ara.com

INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

© 2017 Applied Research Associates, Inc.  ARA Proprietary 1

INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

© 2017 Applied Research Associates, Inc.  ARA Proprietary

www.ara.com

William R. Vavrik, Ph.D., P.E.

Pay Items as the 
Building Blocks 
of an LCA Tool

April 13, 2017



www.ara.com

INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

© 2017 Applied Research Associates, Inc.  ARA Proprietary

Tollway LCA Is Full Roadway Evaluation

•Includes 5 different environmental impact categories:
• Drainage

• Landscaping

• Lighting

• Pavement

• Structures (6 sub-categories)

•Intended to be used for projects over $10M
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Tollway LCA Is Full Roadway Evaluation

•Each category has up to 4 phases:
• Materials & Construction

• Maintenance & Rehabilitation

• Use (only for DR, LI, and PA)

• End-of-Life

•Environmental impact categories:
• Greenhouse gas emissions

• Energy consumption

• Single Point Score (several impacts combined into a single value)
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Pay Items are the “language” of road design/construction

•Able to measure impacts at different stages
• Initial design estimate

• Contractor bids

• Final Invoice (as-built)
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LCA in Design is Simplified Using Pay Items
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LCA in Design is Simplified Using Pay Items

6

6 14 14SOQ-1 TO SOQ-9 SUMMARY OF QUANTITIES



www.ara.com

INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

© 2017 Applied Research Associates, Inc.  ARA Proprietary

LCA in Design is Simplified Using Pay Items
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From Design We Move To Bidding Projects
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At completion of construction you know actuals
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Not Every Pay Item is Included

•Assign each pay item to the appropriate module

•Sort pay items within each module by cost

•Top 95 percent for each module included in LCA evaluation 
• (plus any individual pay items > 0.5% of total cost)

•Eliminated may be included if environmentally relevant

10



www.ara.com

INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

© 2017 Applied Research Associates, Inc.  ARA Proprietary

The Number of Pay Items is Reasonable
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Number is Reduced By Module and Cost
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Pay Item Definitions

•Each significant pay items is “defined”

•Definitions include:
• Mix designs (where appropriate)

• Materials

• Equipment

• Operations

•Objective is to account for all impacts associated with 

providing a unit of a pay item, in-place, accepted by the 

Tollway
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The item is defined in the LCA tool
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Other Pay Items Are Part of the LCA

•Maintenance and Rehabilitation
• Based on LCCA scenarios

• Specific to maintenance/rehab activity

•End-of-Life (EOL)
• Scenarios include Recycle, Re-use (onsite/offsite), Landfill

•Defined in the same way as the Materials and Construction 

pay items (described above)
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Pay Items Result

•LCA Tool is designed to allow results for individual pay 

item impacts to be presented

•Impacts can be sorted, or “top 10” pay item impacts can be 

displayed

•Allows for “gut check” on results
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