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Agenda

ÅPartial Depth Cold Recycling background information
ÅHow is cold recycling executed

ÅLife extension with deeper treatment

ÅEffect of active filler  

ÅCase studies related to the use of cold recycling as binder course on 
heavy traffic roadways :
ÅUS-280 NCAT project (USA)

ÅExpressway SMA overlay of  cold recycled binder course (China)

ÅExpressway dense graded asphalt concrete overlay of  cold recycled binder 
course (Malaysia)



Rehabilitation Needs and Options
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What is Partial Depth Cold Recycled and How is it Done?
ÅMixture consisting of up to 100% RAP, 2.5 to 4% emulsion (or foamed 

asphalt) and 0 to 1.5% active filler

ÅMixed at ambient temperature in place or at a central plant, paved and 
compacted with traditional equipment

b) Central or 
mobile plant

c) CCPR with Cold hot 
mix plant

d) Paving with 
traditional equipment

a) In-place with 
single or multi unit



Old HMA мл ŎƳ όпέύ hƭŘ Ia! р ŎƳ όнέύ hƭŘ Ia!

Subgrade Subgrade Subgrade

мл ŎƳ όпέύ //tw ƻǊ /Lw

п ŎƳ όмΦрέύ bŜǿ hǾŜǊƭŀȅ

р ŎƳ όнέύ bŜǿ hǾŜǊƭŀȅ

Old, cracked 
pavement

aƛƭƭ нέ ϧ Cƛƭƭ 
нέ όōŀƴŘ-aid)

aƛƭƭ пέΣ Ŧƛƭƭ пέ ǿƛǘƘ ŎƻƭŘ ǊŜŎȅŎƭŜŘ 
ƳƛȄΣ ŀƴŘ ǘƻǇ ǿƛǘƘ мΦрέ Ia! ƻǾŜǊƭŀȅ

мр ŎƳ όсέύ

нл ŎƳ όуέύ

How can Cold Recycling (Partial Depth) Extend 
Pavement Life?

9{![Ωǎ [ƛŦŜΥ фрΦуƪ ό{bҐнΦпуύ
Expected life 1.4 years*

BaseBase Base

PCI of 35
Low Remaining 

Service Life (RSL)

9{![Ωǎ [ƛŦŜΥ мΦпуa ό{bҐоΦнсύ
Expected life 10.9 years*

όϝύ /ŀƭŎǳƭŀǘƛƻƴ ƛƴǇǳǘǎΥ {ǘŀǘŜ ƘƛƎƘǿŀȅ ǿƛǘƘ ŀƴƴǳŀƭ 9{![Ωǎ ƻŦ мосƪ ό!!5¢ ƻŦ тллл 
with 6% trucks), aHMA = 0.44, aold HMA = 0.20, aBase= 0.10, aCCPR = 0.35.

Mr = 8 ksi

сΦп ŎƳ όоΦрέύ hƭŘ Ia!

Subgrade

сΦп ŎƳ όнΦрέύ bŜǿ Ia!

п ŎƳ όмΦрέύ bŜǿ hǾŜǊƭŀȅ

aƛƭƭ нΦрέΣ Ŧƛƭƭ нΦрέ ǿƛǘƘ Ia!Σ ŀƴŘ 
ǘƻǇ ǿƛǘƘ мΦрέ Ia! ƻǾŜǊƭŀȅ

9{![Ωǎ [ƛŦŜΥ мΦпу ό{bҐоΦнсύ
Expected life 10.9 years*
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Cold Recycling Benefits

ÅCost effectiveness (initial cost and LCCA)

ÅLower energy consumption

ÅLower emissions

ÅRe using of large amount of materials

ÅReduced construction time

ÅStructural improvements and distress 
(cracking) mitigation ӛ Deeper remediation

ÅSustainable approach

Cold Recycled Mat

Distressed Asphalt Concrete



Opening to Traffic and Resurfacing 
Times - NCHRP 9-62 Study
Å Develop time-critical tests for asphalt-treated 

CIR, FDR, and CCPR materials
Å Provide specification guidelines for using 

these tests for process control and product 
acceptance to determine:

o When the pavement can be opened to 
traffic

o When it can be resurfaced
Å Authors: Brian Diefenderfer, David Jones, 

Adam Hand, Ben Bowers, Gerardo Flintsch

Short-Pin Raveling Test Minimum Values

Long-Pin Shear Test Minimum Values

Source: Photos and tables  from best practice guide: 
https://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_
wod_363Guide.pdf 

Test Minimum Value 
(Average of 3 Tests)

Number of Blows 7.1

Torque, ft.lb 20.2

Test Minimum Value 
(Average of 3 Tests)

Number of Blows 19.3

Torque, ft.lb 62.9

https://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_wod_363Guide.pdf
https://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_wod_363Guide.pdf


Same Day Cold Recycled Mat Opened to Interstate Traffic

Cold recycled lane
Existing lane to 
be recycled next

Interstate 70 (Colorado, USA)

Lane that received 
cold recycling 
opened to traffic

Adjacent lane 
being recycled



Strength Gain Over Time  ̌Active Filler Effect
     

Å Increase early cohesion and strength gain 

Å Shorter required curing time before overlay 

Å0=<M;=< ;GF;=JF G> ӑLJ9HHAF? EGAKLMJ= AF L@= E9LӒ   

Time

Stiffness

Cold Mixture ï No Active Filler

Cold mixture with 0.5 ï 1.5% 

Active Filler (ie Cement)

HMA



Case Study: National Center for Asphalt 
Technology US 280 Sections - 2015

Test thin HMA overlay over cold recycling on heavy traffic roadway:

Å4-*9F= <ANA<=< @A?@O9QӅ Ґӄғ ;E ӦҏӒӧ &+ L@AF D9Q GN=J10 cm (4ӒӧCold 
Recycling

ÅAADT in 2015 was 18,300 vpd with truck volume of 16% ( > 5 million 
ESALs 2024)

ÅCCPR and CIR

ÅEmulsion & foam

10



Case Study - NCAT US 280 (constructed in 
2015)
Å> 5 million ESALs 2024

ÅFWD data was used to calculate layer coefficients 

Section Method
Recycling 

Agent
N Avg Std Max Min

Suggested 
Values

40 CCPR Foam 84 0.31 0.092 0.539 0.153 0.23

41 CCPR Emulsion 125 0.66 0.154 1.067 0.324 0.35

43 CIR Emulsion 126 0.43 0.092 0.653 0.197 0.35

44 CIR Foam 126 0.38 0.103 0.579 0.197 0.31

Recommendations took a conservative 
approach of 25th percentile.



NCAT US 280 (constructed in 2015)  ̌Performance 
!ˠӬʎҍӧϦӧƘʎƬҍұӧ!ϕɣӧ÷ϹҍʎӧŘ̬Ƭϕӧ˫÷ӧeŉ!ç҈ұ
Åhttps://eng.auburn.edu/research/centers/ncat/testtrack/preservati

on/observed-performance.html 
Foam CCPR Emulsion CCPR Emulsion CIRFoam CIR

https://eng.auburn.edu/research/centers/ncat/testtrack/preservation/observed-performance.html
https://eng.auburn.edu/research/centers/ncat/testtrack/preservation/observed-performance.html


Å Emulsion CCPR as middle layer on the expressway with thin HMA overlay
Å HMA and emulsion CCPR thickness equivalency
Å Same day HMA overlay 

China 2019 Beijing-HaErbin (Jingha) G1 
Expressway Same Day HMA Overlay

4 cm SMA (overlay)

4 cm SMA (top layer)

5 cm AC-20 (middle layer)

7 cm AC-25 (bottom layer)

54 cm lime fly ash stabilized layer

п ŎƳ όмΦсέύ {a! ƴŜǿ ƻǾŜǊƭŀȅ

ф ŎƳ όоΦрέύ //tw 
(new middle layer)

7 cm AC-25 ( old bottom layer)

54 cm old lime fly ash 
stabilized layer

Existing Pavement New Pavement



2019 Beijing-HaErbin (Jingha) G1 Expressway (Cont.)

Emulsion CCPR Paving on Jingha 

Expressway (2019)

recycling paving was         
     completed at 13:30
Å SMA overlay placed at 

15:30
ÅOverlay completed at 17:00 

and opened to traffic

Å CCPR produced at 7:00 am on 
October 31, 2019

Å Transportation distance was 104 km
Å Paving started at 11:30 and the cold



Performance Evaluation 
of Cold Recycled Binder 
Course with Same Day 
Overlay on Heavy Traffic 
Expressway in Malaysia

Busiest expressway in Malaysia 
with lane 10-Q=9J <=KA?F #1 *ӐK G>
61.5 millions 

Comparison of emulsion CCPR 
binder course with HMA mill and 
fill

Same day HMA overlay over CCPR 
and return to traffic 

Constructed on November 22, 2021 

12-month performance follow up



Pavement Information and Roadway Condition

Å Poor existing pavement condition with severe fatigue cracking 
Å 10-year design #1 *ӐK = 61.5 Millions 

уέ όнл ŎƳύ hƭŘ Ia!

мнέ όол ŎƳύ 
Aggregate Base

уέ όнл ŎƳύ /ǊǳǎƘŜǊ wƻŀŘ 
Base

сέ όмр ŎƳύ {ǳō-Base

Subgrade

Existing Pavement

RENO, NV |  OCT. 21ӛ24 2024 ARRA PAVEMENT RECYCLING SUMMIT WITH RMAUPG



Rehabilitation 
Scope

уέ όнл ŎƳύ hƭŘ Ia!

мнέ όол ŎƳύ 
Aggregate Base

Existing 
Pavement

Upper Layers

мнέ όол ŎƳύ 
Aggregate Base

(2.4ò) (2.4ò)

(2ò)
HMA Overlay:

(3.15ò)
HMA Mill and Fill:

(2.4ò)

(3.15ò)

(1,312 feet)

(656 feet)

(656 feet)

(656 feet) (656 feet) (1,312 feet)

рΦсέ όмпΦн ŎƳύ hƭŘ Ia!

нΦпέ όс ŎƳύ //tw

мнέ όол ŎƳύ 
Aggregate Base

оΦмрέ όу ŎƳύ //tw

пΦфέ όмнΦо ŎƳύ hƭŘ Ia!

мнέ όол ŎƳύ 
Aggregate Base

рΦсέ όмпΦн ŎƳύ hƭŘ Ia!

нΦпέ όс ŎƳύ Ia!
нέ όр ŎƳύ Ia! hǾŜǊƭŀȅнέ όр ŎƳύ Ia! hǾŜǊƭŀȅнέ όр ŎƳύ Ia! hǾŜǊƭŀȅ

Traditional Rehabilitation Approach -  Reference

RENO, NV |  OCT. 21ӛ24 2024 ARRA PAVEMENT RECYCLING SUMMIT WITH RMAUPG



Performance Follow Up  ̌Test Plan
Phase 0 (Pre-Construction) 1 2 3 4

Time after construction NA 14 days 6 months 9 months 12 months

Sampling in the field or testing 11/22/21 to 11/24/21 12/8/21 6/23/22 9/14/22
12/7/22 and 1/3/23
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e Resilient Modulus Test

Dynamic Creep Test -

Indirect Tensile Strength Test and Tensile 
Strength Ratio (TSR)
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Rutting laser profiler - -

Automatic crack detection - -

International Roughness Index (IRI) - -



Mother RAP Pile - Fractionation



Emulsion CCPR testing  ̌Contractor Mix Design & QC



Cold Recycling Emulsion

Å Produced by the contractor at least 2 days before use for 
emulsion temperature < 122ºF (50ºC)

Å Used Ingevity emulsifier package
Properties Test Result Requirement
Viscosity, Saybolt Furol at 25° C (sec): 22 20 ς 100
Storage stability test, 24hr (%): 0.3 0 ς 5
Settlement, 5 days (%): 3.8 0 ς 1
Sieve test (%): 0 0 ς 0.1
Cement mixing test (%): 0 0 ς 2.0
Distillation for oil, by volume of bitumen emulsion (%): 0 0 ς 5

Distillation for residue (%): 60.5 60 minimum
Penetration for residue (dmm): 68 60 ς 200
Ductility of residue, 25° C, 5cm/min (cm): 68 40 minimum
Solubility in trichloroethylene (%): 99.5 97.5 minimum
Particle charge test: Positive Positive



Trial Lay RAP Proportions

RAP stockpile
Proportion, %

нΦпέ όсл ƳƳύ //twоΦмрέ όул ƳƳύ //tw
Coarse RAP (14.0 mm ς 28.0 mm) 18 35

Medium RAP (4.75 mm ς 14.0 mm) 58 41
Fine RAP (0.075 mm ς 4.75 mm) 24 24



Cold Recycled Mixture Job Mix Formula 

ÅMix design according to AASHTO M352, AASHTO R117 and JKR (local 
specifications) 

ÅLaboratory compaction of 75 blows each side - JMF: Mixture Properties at 
3.5% emulsion (60.5% residue) and 1.5% cement:

CRM-E 60 mm

Mix properties 
Results Requirements

LMLC (3) PMLC (4) AASHTO MP31 JKR
Air voids, % (1) 12.5 10.1 Report NA
25ᴈ Un-Conditioned ITS, Mpa 0.494 0.569 0.31 0.2
25ᴈ Conditioned ITS, Mpa 0.426 0.524 Report 0.15
TSR (2), % 86.2 92.1 70 NA
25ᴈ Resilient Modulus, MPa 2764 4513 NA NA
40ᴈ Resilient Modulus, MPa 935 1983 NA NA

CRM-E 80 mm 

Properties
Results Requirements

LMLC (3) PMLC (4) AASHTO MP31 JKR
Air voids, % (1) 11.7 11.1 Report NA
25ᴈ Un-Conditioned ITS, MPa 0.525 0.525 0.31 0.2
25ᴈ Conditioned ITS, MPa 0.454 0.475 Report 0.15
TSR (2), % 86.5 90.5 70 NA
25ᴈ Resilient Modulus, MPa 3421 3660 NA NA
40ᴈ Resilient Modulus, MPa 1254 988 NA NA

Notes: 
(1): Typical 100% RAP CRM-E air voids between 9 and 14%
(2): ITS: Indirect Tensile Strength, TSR:  Tensile Strength Ratio = (Wet ITS/Dry ITS)
(3): LMLC = Lab Mixed Lab Compacted samples
(4): PMLC = Plant Mixed Lab Compacted samples



HMA Binder and Wearing Courses - Job Mix Formula 

ÅAsphalt Concrete Binder Course 28 (ACBC28):
o 60/70 pen grade binder

o ҏҎҎổ H9KKAF? ґҏ EE 9F< җҗӄҔổ H9KKAF? L@= ҐҖ EE ӦҏӄҏӒӧ
sieve size

o Optimum binder content based on 75 blow Marshall 
mixture design is 4.88% by weight of mixture

ÅAsphalt Concrete Wearing Course 20 (ACWC20):
o 60/70 pen grade binder

o ҏҎҎ H9KKAF? L@= Ґғ EE ӦҏӒӧ KA=N= KAR= 9F< җҔổ H9KKAF?
L@= ҐҎ EE ӦґӬҒӒӧ KA=N=

o Optimum binder content based on 75 blow Marshall 
mixture design is 5.41% by weight of mixture  



Emulsion CCPR Plant



Emulsion CCPR Mix Production
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Cold Recycled Mixture Placement

Milling of the distressed slow lane Paving of the emulsion CCPR mixture

Roller pattern: 10 passes of R1-
Macadam steel roller and 8 passes of 
the pneumatic tire roller

Compacted CCPR prior to tack coat and 
HMA overlay 4 hours later

Cold recycled mix sand cone 
density check

Field target density with vibratory 
hammer



Performance Follow up and Testing of Field Cores

ÅDestructive and non-
destructive testing



Performance Follow Up  ̌Test Plan
Phase 0 (Pre-Construction) 1 2 3 4

Time after construction NA 14 days 6 months 9 months 12 months

Sampling in the field or testing 11/22/21 to 11/24/21 12/8/21 6/23/22 9/14/22
12/7/22 and 1/3/23
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e Resilient Modulus Test

Dynamic Creep Test -

Indirect Tensile Strength Test and Tensile 
Strength Ratio (TSR)
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Rutting laser profiler - -

Automatic crack detection - -

International Roughness Index (IRI) - -



Resilient Modulus Results

Phase 1      (14
Days)

Phase 1      (14
Days)

Phase 2 (Month 6) Phase 2 (Month 6) Phase 3 (Month 9) Phase 3 (Month 9)
Phase 4 (Month

12)
Phase 4 (Month

12)

25ᴈ 40ᴈ 25ᴈ 40ᴈ 25ᴈ 40ᴈ 25ᴈ 40ᴈ

CRM-E (60 mm) 5216 1825 5758 2750 6462 2791 6138 2709

CRM-E (80 mm) 3576 1556 5646 2754 7273 3521 6906 3780

ACBC28 (60 mm) 4511 1626 4924 1490 4092 1555
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Dynamic Creep Results

Phase 1 (14 days) Phase 2 (month 6) Phase 3 (month 9) Phase 4 (month 12)

CRM-E (60 mm) 8029 6330 5250 5812

CRM-E (80 mm) 7127 4055 3118 4363

ACBC28 (60 mm) 16505 10659 14496
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Å Permanent 
deformation (rutting 
indicator)

Å Accumulated strain 
of cylindrical 
specimen subjected 
to repeated uniaxial 
stress load of 0.3 
MPa 

Å 3600 cycles
Å Tested at 104°F 

(40°C)



Indirect Tensile Strength



Tensile Strength Ratio (TSR)



Performance - Rutting 



Performance - Cracking 



Performance - Ride Quality 

Pre-Construction Phase 2 (month 6) Phase 4 (month 12)

CRM-E (60 mm) 1.45 2.25 2.30

CRM-E (80 mm) 1.23 1.53 1.55

ACBC28 (60 mm) 1.95 1.52 1.54
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Performance 
Surface Condition

ÅPhotos of the slow lane after 12 month of heavy traffic

ÅBefore 
rehabilitation 
condition

Cold recycled 60mm section between 

KM186+300 and KM186+100
Cold recycled 80mm section between 

KM186+100 and KM185+900

ACBC28 section between KM185+900 

and KM185+500



Performance Recent Update
(August 28, 2024)

ÅPhotos of the slow lane after 21 month of heavy traffic

ÅBefore rehabilitation 
condition

Cold recycled 60mm section between 

KM186+300 and KM186+100
Cold recycled 80mm section between 

KM186+100 and KM185+900

ACBC28 section between KM185+900 

and KM185+500


