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Introduction
▪ Cold recycling: proven strategy, many 

publications, lots of “reinvention of the wheel”
▪ Relatively slow implementation as standard 

practice

▪ Many barriers to implementation in the US:
 Siloed development of terminology, guidance, and 

specifications
 Agency policy and practice
 Uncordinated research with often contradictory 

findings and recommendations
 Unsupported marketing claims
 Lack of federal leadership



Evolution of Cold Recycling
▪ Cold recycling started with modification of 

machines originally developed for other 
purposes:
 Soil stabilizers for FDR

 Focus on “rehabilitation”

 Milling machines for CIR/PDR
 Focus on “maintenance”

▪ Development was incremental and 
independent as were terminology, stabilizer 
choice, mix design methods, and specifications

▪ Latest generation of machines developed 
specifically for CR (in-place and central plant)
 Efforts to also standardize stabilizer choice, 

testing, and specification approaches for CR
 Some choices now left to contractor



“Old” Terminology (still widely used)

Cold Pavement Recycling

Full-Depth Reclamation

(FDR)

Cold Central Plant Recycling 

(CCPR)

• Recycling train with paver

• Top-down distresses

• Restored structural capacity

• Milling teeth stay within the 

AC layers

• Thickness 75 to 120mm

• Emulsified or foamed 

asphalt with active filler

• Reclaimer with grader

• Bottom-up distresses

• Increased structural 

capacity

• Milling teeth go through AC 

into underlying layer(s)

• Thickness 150 to 300mm 

• Emulsified or foamed 

asphalt with active filler, or  

cement, or lime depending 

on reclaimed material 

properties

• Mobile plant set up onsite or 

nearby

• Alternative for PDR or FDR, 

or for new construction with 

stockpiled recycled 

materials

• Can be used in combination 

with in-place lower layer 

and/or subgrade 

stabilization with cement or 

lime

• No thickness limits. Material 

is paver-laid in multiple lifts

Cold In-Place Recycling

(CIR)

Hot Pavement Recycling

Hot In-Place Recycling

(HIR)



Revised to Better Reflect Processes/Agency Practice
Pavement Recycling

Hot Recycling

(HR)

Partial-Depth Recycling
a

(PDR)

Cold Central Plant Recycling 

(CCPR)

• Recycling train with paver

• Top-down distresses

• Restored structural capacity

• Milling teeth stay primarily 

within the AC layers

• Thickness 75 to 150mm

• Emulsified or foamed 

asphalt with active filler

• Reclaimer with grader

• Bottom-up distresses

• Increased structural 

capacity

• Milling teeth go through AC 

into underlying layer(s)

• Thickness 150 to 300mm 

• Emulsified or foamed 

asphalt with active filler, or 

portland cement, depending 

on recycled material 

properties

• Mobile plant set up onsite or 

nearby

• Alternative for PDR or FDR, 

or for new construction with 

stockpiled recycled 

materials

• Can be used in combination 

with in-place lower layer 

and/or subgrade 

stabilization with cement or 

lime

• No thickness limits. Material 

is paver-laid in multiple lifts

Hot Plant Recycling

(RAP in new HMA)

Hot In-Place Recycling

(HIR)

Full-Depth Recycling

(FDR)

Cold Recycling

(CR)

Cold In-Place  Recycling

(CIR)



Future Terminology Based on New Developments?

Pavement Recycling

Hot Recycling

(HR)

Cold Recycling

(CR)

Cold Central Plant Recycling

(CCPR)

• Recycling train

• Recycle to bottom of distress or 

deeper to achieve design structural 

capacity

• Thickness 75 to 300mm 

• Meet target gradation; supplemental 

fines typically required for 100% RAP

• Emulsified or foamed asphalt with 

active filler, or cement, or lime 

depending on recycled material 

properties

• Decisions based on site investigation, 

design analysis, LCCA, and ELCA

• Mobile plant set up onsite or nearby

• Alternative for CIR, or new 

construction with stockpiled recycled 

materials

• Can be used in combination with in-

place lower layer and/or subgrade 

stabilization with cement or lime

• No thickness limits. Material is paver-

laid in one or more lifts

• Meet target gradation

• Emulsified or foamed asphalt with 

active filler, or cement, depending on 

recycled material properties

• Decisions based on site investigation, 

design analysis, LCCA, and ELCA

Hot Plant Recycling

(RAP in new HMA)

Hot In-Place Recycling

(HIR)

Cold In-Place Recycling

(CIR)
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Cold Recycling in Agency Practice
▪ Historically, agencies only used remove and replace 

strategies
 Exponential increase in cost/user delay with increasing depth
 Clear difference between “maintenance” and “rehabilitation”
 Depth restrictions for maintenance
 Different design requirements and funding sources
 Continue with “maintenance” until rehabilitation is awarded

 Cover the problem

▪ Introduction of cold recycling
 CIR or PDR was put in the “maintenance” box
 FDR was put in the “rehabilitation” box
 Same design approach and restrictions as remove and replace
 Major barrier to implementation?

▪ Policies have generally not been updated to use cold 
recycling effectively
 Has led to inappropriate recycling choices and poorer than 

expected performance



Cold Recycling Research Roadmap

Conceptual Studies Research

Development
Implementation
(network level)

Literature review
Mechanistic 
sensitivity

Laboratory testing ME design APT

Pilot studiesUpdate CalME Update procedures

Client implements 
as standard practice

Calibrate/verify
CalME with PMS

Update CalME

Problem statement

Training, support, 
data build-out
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California Analysis Tools

▪ Three primary tools
 CalME: mechanistic-empirical design 

analysis

 eLCAP: environmental life cycle analysis

 RealCost-CA: life cycle cost analysis

▪ Based on phased pavement research 
studies
 Laboratory, APT, and long-term field 

performance (visual, coring, and FWD)

▪ Integrated and use standard databases

▪ Pre-populated with basic input data



CalME



CalME



eLCAP
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Case Study Example
▪ 2-lane road (78 lane kms), 2.5m ESALs 

over a 20-year design
▪ Rehabilitated in 2012 with a 60mm mill 

and 100mm overlay
 Road had extensive fatigue cracking
 Empirical R-Value design used

▪ Reflected distresses started reappearing in 
2018
 CalME analysis on rehab design predicted 5% 

wheelpath cracking after 5 years, 10% after 7 
years, and 25% after 10 years

▪ Various maintenance interventions to 
address issues



PMS Data (CalME is calibrated with PMS data)



2023 Site Investigation



Maintenance Expenditure
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Analysis

▪ 5 maintenance options investigated until 
rehabilitation is scheduled again
 Mill and overlay

 Wheelpath patch with overlay (180mm)

 PDR with overlay (75, 105, 120, 165, 195mm)
 To assess leaving distresses below PDR

 PDR + supplemental fines with overlay

 Optimized cold recycling (300mm CR)
 PDR depth restrictions are 100mm/120mm

 FDR currently not permitted as maintenance

▪ All options had same 60mm HMA 
overlay



Analysis Assumptions
▪ 20-year design, 40-year 

analysis period
▪ Failure criteria set at 5% 

wheelpath cracks or 10mm 
rut

▪ Alternative repeated at 
end of life or 5 years after 
construction if fails early

▪ Seal coat at 12-year 
intervals if option has not 
reached failure criteria

▪ 3.2% discount rate for 
LCCA



CalME Analysis: Expected life to reach 5% WP cracks 
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LCCA and LCA: Initial Cost
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LCCA and LCA: NPV & Cumulative GWP
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Analysis Summary for Optimized CR
▪ Summary of optimized CR choice

 Expected life:
 53 years for optimized CR
 3 years for mill & overlay
 6 years for 105mm standard PDR

 Initial cost:
 OCR is 100% more than mill & overlay
 OCR is 20% more than 105mm standard PDR

 Life-cycle cost:
 OCR is 50% less than mill & overlay
 OCR is 70% less than 105mm standard PDR

 Initial GWP:
 OCR is 140% more than mill & overlay
 OCR is 100% more than 105mm standard PDR

 Life-cycle GWP:
 OCR is 380% less than mill an overlay
 OCR is 450% lower than 105mm standard PDR



Analysis Summary for Optimized CR

▪ Analyses are quick with the web-based 
tools

▪ Adding supplemental fines to 100% RAP 
mixes has benefits, but does not compare 
to optimized cold recycling

▪ Numerous other case studies completed 
to show benefits of different cold recycling 
strategies

▪ Layer coefficient design methods 
will not be accurate for this type 
of analysis
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Way Forward
▪ Keep doing what we are doing and expect a 

different outcome?
▪ Or, work with agencies and industry to show 

benefits of optimized cold recycling, and 
provide guidance on policy updates to 
accommodate it
 Required changes are significant
 Comfort zones may be tested ☺
 Research must facilitate change and support 

implementation, not just continue to prove that 
CR “works”

 Proving life-cycle cost savings, sustainability, and 
resilience are important factors

 Quality analysis tools will be critical for agency 
decision makers and designers 



Thank-you!

djjones@ucdavis.edu                                         www.ucprc.ucdavis.edu
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