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Experience with Rapid Asphalt Concrete Overlay
of Cold Recycled Mixtures with Bitumen Emulsion
on High Traffic Roadways
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Agenda

APartial Depth Cold Recycling background information
AHow is cold recycling executed
ALife extension with deeper treatment
A Effect of active filler

ACase studies related to the use of cold recycling as binder course on
heavy traffic roadways
AUS280 NCAT project (USA)
AExpressway SMA overlay of cold recycled binder course (China)

AExpressway dense graded asphalt concrete overlay of cold recycled binder
course (Malaysia)
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Rehabilitation Needs and Options

Fog Seal

Rejuvenating Fog Seal
Good Mastic Surface Treatment
Chip Seal
Slurry Seal
c T Micro Surfacing
o _ . Scrub Seal
S
= atisfactory Cape Seal
o 4 Patching
g + Hot-In-place Recycling
o . Mill and Fill (HMA & WMA)
c . —
I ( < Cold In-place Recycling ‘
- T Rehabilitation <+—— Cold Central Plant Recycling
QO ) :
>  Poor options using cold — | o |
(] . Base Stabilization I
as T reCyC“ng I & Full Depth Reclamation
Very poor ,
\ —- . I S S s s s s e e
: : : : : :
0 5 10 15 20 25 30

Time (years)
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What is Partial Depth Cold Recycled and How is it Do

A Mixture consisting of up to 100% RAP, 2.5 to 4% emulsion (or foamed
asphalt) and O to 1.5% active filler

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

a) Inplace with b) Central or c) CCPR with Cold hotd) Paving with
single or multi unit mobile plant mix plant traditional equipment




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

Old, cracked
pavement

Old HMA

Base

Subgrade
Mr = 8ks

PCI of 35
Low Remaining
Service Life (RSL)

D
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Subgrade Subgrade Subgrade

9{1[Qa [ATFTSY pp®Yy{[QFbFHBDAY oM PNy ! [{QAI d AHFCSK wmPn
Expected life 1.4 years* Expected life 10.9 years* Expected life 10.9 years*

OF 0 /[ FEOdzA I GA2Y AyLldziay {dGFd4GS KAIKgEE gAGK
with 6% trucks)a ya= 0.448,4uma= 0.20,85,.5 0.10,8--px 0.35.
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Cold Recycling Benefits

A Cost effectiveness (initial cost and LCCA)
A Lower energy consumption

A Lower emissions

A Re using of large amount of materials

A Reduced construction time

A Structural improvements and distress
(cracking) mitigationa Deeper remediation

A Sustainable approach

Distressed halt Concrete

Cold Recycled Mat
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Opening to Traffic and Resurfacirfiiiié

Times NCHRPG&2 Study
A Develop timecritical tests for asphaktreated e
CIR, FDR, and CCPR materials ips foninepuse g oninepubSghpingyD.
A Provide specification guidelines for using O S horePin Raveling Test Minimum Value
these tests for process control and product Minimum Value
acceptance to determine: T — (A"eragf?’ —
0 Whe_n the pavement can be opened’ft(v Torgue, ftlb 20,2
traffic LonaPin Shear Test Minimum Values
o When it can be resurface_d— . Test (Al\cier;;rggrgf\galﬁeests
A Authors: BrianDiefenderfer David Jones, E— 103
Adam Hand, Ben Bowers, Gerar8ontsch Torque, ft.lb =
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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 Tr

-~ % Existing lane to
Cold recycled lane be recycled next Lane that received
b I cold recycling .~

opened to traffic -

Adjacent lane
being recycled

Interstate 70 (Colorado, S



Strength Gain Over Tinfctive Filler Effect

A Increase early cohesion and strength gain
A Shorter required curing time before overlay
AO=<M;, =< ; GF; =JF G> A4LJ9HHAF?

Stiffness
f HMA
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@ National Center for
sphalt Technology

Case Study: National Center for Asp CAT
Technology US 280 Sectie2915 R

Test thin HMA overlay over cold recycling on heavy traffic roadway:
Ad* 9F= <ANA<=< @A? @09 QJ] Mer(dAsdd C
Recycling
AAADT in 2015 was 18,3@d with truck volume of 16% ( > 5 million
ESALs 2024)
ACCPR and CIR

AEmulsion & foamy

e S .
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Case StudyNCAT US 280 (constructed In
2015)

A> 5 million ESALs 2024
AFWD data was used to calculate layer coefficients

Section | Method Recyc“”g avg| std | Max | min | Suggestec
Values

CCPR Foam 84 031 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

e

Recommendations took a conservative
approach of 2% percentile.
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NCAT US 280 (constructed in Z(A&rformance
'Y QALBLOBHBOKATBLYO! ¢yo+ChbAOG

Ahttps://eng.auburn.edu/research/centers/ncat/testtrack/preservati
on/observedperformance.htm|
Foam CCPR Emulsio CCPR Foam CIR Emulsion CIR

Cracking IEI
Cracking % of Ar ng {mm)
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https://eng.auburn.edu/research/centers/ncat/testtrack/preservation/observed-performance.html
https://eng.auburn.edu/research/centers/ncat/testtrack/preservation/observed-performance.html

China 2019 BeljidpErbitdinghg G1
Expressway Same Day HMA Overlay

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

4 cm SMA (overlay) n OY omMm®Pcel {a! ySyg
4 cm SMA (top layer) ‘ b OV 6o0dpEl //tw
5 cm AQ0 (middle layer) (new middle layer)
7 cm A@S5 (bottom layer) 7 cm AG25 ( old bottom layer
54 cm lime fly ash stabilized lay 54 cm old lime fly ash

stabilized layer

Existing Pavement New Pavement

Emulsion Federation



2019 BeljinrgdaErbirildinghg G1 Expressway (Cont.)

A CCPR producedt 7:00 am on
October 31, 2019

A Transportation distance was 104 km |

A Paving started at 11:30 and the cold
recycling paving was
completed at 13:30

A SMA overlay placed at

- 15:30 WA

57 “&| A Overlay completed at 17:004 &5

- Emﬁlsion CCPR Paving on Jingha
and opened to traffic Expressway (2019)

-




Performance Evaluation
of Cold Recycled Binder
Course with Same Day

Overlay on Heavy Traffic
Expressway in Malaysia
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Busiest expressway in Malaysia
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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 = . & ,>
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12-month performance follow up -' \ ‘ RERENT A (:’.

¢ . “

ohor.Bahiaru
» - >

arem

\‘

- W)

§
. 7 o X
o AEMA e ~f
. . e
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA - International Bitumen o
Emulsion Federation y



Pavemeninformationrand Roadway Condition

Commencement

Field Trial Location Work Order No.
Date

Northbound | KM186.30 to KM185.50. N4/011-2021/H- 22 November
. 704/EP2/KM186.30-
(NB) Section N4, Slow Lane 185 5/NB 2021

MHE OO0nN

Aggregate Base

FErhy / NJ

ceé OwmMp-B&¥0 |{ dzp

Subgrade

Existing Pavement
A Poorexistingpavementcondition with severefatigue cracking
A 10vyeardesign# 1 =6A.KMillions

[ ]
é AEMA er=
AN =M A"V AN y | _
ASPHALTEMULSION'MANUFAETURERS-ASSOCIATION ¥ \ 1
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Rehabilitation
Scope

o

ot i

y € -

F

MHE 00N 5
Aggregate Base L Aggregate Base

. - I

Existing I (200m on Slow Lane)
Pavement I (656 feet)

Upper Layers

CCPR
60mm( 2. 40

1#6.10

Section

CCPR 60mm ( 2 .

Chainage / Length

AKIM)186.30 — KM186.10 NB /

Treatment Options

MP110 (inlay 60mm CCPR + 50mm

Section 200m (656 feet) ACWC20)
CCPR 80mm( 3 . 1EM1B6.10 — KM185.90 NB/ | MP130 (inlay 80mm CCPR + 50mm
Section 200m (656 feet) ACWC20)

ACBC28 Section

KM185.90 - KM185.50 NB/
400m (1,312 feet)

MP110 (inlay 60mm ACBC28 + 50mm

ACWCZ20)

Note: MP denotes Mill & Pave

Traffic Flow Direction (Northbound)

D)

el

)

s AEMA 7 lber
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Aggregate Base

{(200m on Slow Lane)
(656 feet)

itM 185.9C

MHE OO0
Aggregate Base

(400m on Slow Lane)
(1,312 feet)

- - - - KM125.50

HMA Mill and FillACBC28 (60/70 Pen)

Bomm( 2. 40)

Traditional Rehabilitation Ap;proach - Reference

Road
Level

«




Performance Follow Up‘est Plan
N i I N N A

Time after construction 14 days 6 months 9 months 12 months

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

Resilient Modulus Test v v v v v

Dynamic Creep Test ; v v v v

Indirect Tensile Strength Test and Tensile N4 v v’ v v
Strength Ratio (TSR)

Field cores from each

<
N\
<

Rutting laser profiler - i

<
N
<

Automatic crack detection = s

International Roughness Index (IRI) v ; v i v
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Non-destructive
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Mother RAP PHéractionation
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Emulsion CCPR testir@ontractor Mix Design & QC
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Cold Recycling Emulsion

A Produced by the contractor at least 2 days before use for
emulsion temperature < 122F (50C)
A Used Ingevity emulsifier package

Properties Test Result Requirement
ViscositySayboltFurolat 25° C (sec): 22 20¢ 100
Storage stability test, 24hr (%): 0.3 0¢5
Settlement, 5 days (%): 3.8 0¢l
Sieve test (%): 0 0¢0.1
Cement mixing test (%): 0 0¢2.0
Distillation for oil, by volume of bitumen emulsion (% 0 0¢5
Distillation for residue (%0): 60.5 60 minimum
Penetration for residuedimm): 68 60 ¢ 200
Ductility of residue, 25C, 5cm/min (cm): 68 40 minimum
Solubility in trichloroethylene (%): 99.5 97.5 minimum
Particle charge test: Positive Positive

'IE(_



Trial Lay RAP Proportions

—
RAP stockpile HPNnéE ocn YYUO odwmwe oyn YYO
18 35
58 41
24 24

1000 0 :

%00 eleu % {a -

: T o
- AT A

|Percentage Passing (%) |

o | "/’ . }/LF ne Limi
200 / A T | || (] '
20 ﬂﬁem
100 =
20 | =0=CCPR 80mm
00 04 10 100 1000

AE M A .ll]er B.S Sieve Size (mm)
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Cold Recycled Mixture Job Mix Formula

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

A Laboratory compaction of 75 blows each siddMF: Mixture Properties at

3.5% emulsion (60.5% residue) and 1.5% cement:

Results Requirements Results Requirements
Mix properties LMLG® PMLGY AASHTO MP31 JKR  REIeJEIES LMLG®  PMLGY AASHTO MP3 JKR

Air voids, %Y 125  10.1 Report \/NU Air voids, %6V 11.7 11.1 Report NA

0.494 0.569 0.31 0.2 0.525  0.525 0.31 0.2
0426 0.524 Report 0.15 0454 0475 Report ~ 0.15
86.2  92.1 70 NA 86.5 90.5 70 NA
2764 4513 NA NA 3421 3660 NA NA
935 1983 NA NA 1254 988 NA NA

Notes:

(1): Typical 100% RAP CEMir 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

o AEMA ? ‘ tbher (4): PMLC = Plant Mixed Lab Compacted samples




HMA Binder and Wearing CoursiEd Mix Formula

A Asphalt Concrete Binder Course 28 (ACBC28); ™= ===

(0] 60/70 pen grade binder Density (mg/m”)
o pPP6 H9KKAF? o'p EE 9Fc<

Stability (kg)

Air voids in mix (%)

sieve size
0 Optimum binder content based on 75 blow Marshall Flow (mm)
mixture design is 4.88% by weight of mixture Voids filled with bitumen (%)
Stiffhess (kg/mm)

Marshall Properties

A Asphalt Concrete Wearing Course 20 (ACWC2 besiy g

0 60/70 pen grade binder Stability (kg)

0) p P P H 9 K K A F r) I— @: I-I f E E O p AAirvoidsinmix(%)
L@= 'R EE Or 3FAd6 KA=N=

. . 1
0 Optimum binder content based on 75 blow Marshall Flow (mm)
) o 0 . ;
mixture design is 5.41% by weight of mixture Volds filled with bituzes (%)
é AE MA ? L‘EF Stiffness (kg/mm)

Value at 4.88% Bitumen

Specification Limits

2.361

1420

4.20

3.60

73.00

400.0

Value at 5.41% Bitumen

> 900 kg
Between 3% - 6%
2mm - 4mm
Between 70% - 78%

> 320 kg/mm

Specification Limits

2,357

1400

3.60

3.40

77.50

400

>1000 kg

Between 3% - 5%

2mm - 4mm

Between 77.0% - 83.0%

> 350 kg/mm

HO



CCPR Plant

Emulsion
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Cold Recycled Mixture Placement

Cold recycled mlxamd cone
‘de‘n

AEM A 7 ‘ lber
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Performance Follow up and Testing of Field Cores

Destructive and non
destructive testing

International Bitumen
Emulsion Federation
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Performance Follow Up‘ est Plan
(G i I NI N

Time after construction 14 days 6 months 9 months 12 months
12/7/22 and 1/3/23

Strength Ratio (TSR)

Sampling in the field or testing 11/22/21 to 11/24/21  12/8/21 6/23/22 9/14/22
- v v v v v
S Resilient Modulus Test
- | v v v v
S Dynamic Creep Test -
P
o
o
_g Indirect Tensile Strength Test and Tensile v v v v v
[a
[

<
<
<

Rutting laser profiler - -

<
<
<

Automatic crack detection - =

International Roughness Index (IRI) . :

]
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9000

8000

7000

6000

5000

4000

3000

Resilient Modulus Mr (MPa)

2000

1000

Resilient Modulus Results

Phasel (14 Phasel (14

i CRM-E (60 mm)
CRM-E (80 mm)
m ACBC28 (60 mm)

s, AEMA

ASPHALT EMULSION MANUFACTURERS ASSOCIATION

Days) Days)
253 403
5216 1825
3576 1556
Not Tested Not Tested

ther
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Phase 2 (Month 6) Phase 2 (Month 6

253

5758
5646
4511

I
|
)
|
403 |
2750 I
2754 :
1626 ,
I
I
I
I

|

|

1

|

|

Phase 3 (Month 9) Phase 3 (Month 9}
|

253 403 |
6462 2791 |
7273 3521 :
4924 1490 |
|

|

|

|

Phase 4 (Month
12)

253

6138
6906
4092

Phase 4 (Montl
12)

403

2709
3780
1555



A Permanent

deformation (rutting

indicator)

A Accumulated strain

of cylindrical

specimen subjected
to repeated uniaxial

stress load of 0.3
MPa

A 3600 cycles

A Tested at 10%F
(40°C)

ASPHALT EMULSION MANUFACTURERS ASSOCIATION

D

Dynamic Creep Results

18,000

16,000

%

. 14,000
12,000
10,000

8,000 m

6,000

Accumulated micro strain

4,000
I

2,000
Phase 1 (14 days)

I CRM-E (60 mm) 8029
CRM-E (80 mm) 7127
m ACBC28 (60 mm) Not Tested

Phase 2 (month 6)
6330
4055
16505

Phase 3 (month 9)
5250
3118
10659

ther
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Phase 4 (month 12
5812
4363
14496



Indirect Tensile Strength

0.900 ——— I | oo \
B AASHTO MP31 Min I Un- Condmoned Mix I s I
0.800 value of 0.310 MPa | Design Target (60 mm) | LaIEER 10 I =
£ 0700 || ! [ _ ' .
=2 I | = I
% 0.600 T 1 | = — |
M o e T N I i TN=El N EmT_ N
5 0500 =fise i E = E = B =
& 0.400 = . =11 (Il= =M | = =
= = = 1 |lI= =l |Il= =l [I= =
= 0.300'*'*%"""~§_--|-'§ - ,—"__5 ey ; -'g I-'g -—“g
g © = (IE HER WUER (IER UER: (IER [IE
5 0100 ||IE == =g l= =!IS =
E = = | I= =l ! II= =0 ! = =
0.000 = = I = = | = = | — =
Phase 1 Phase1 | Phase 2 Phase 2 | Phase 3 Phase 3 | Phase 4 Phase 4
(14 Days) (14 Days) j (Month6) (Month6) ) (Month9) (Month9) j(Month 12) (Month 12)
Un-Cond Cond : Un-Cond Cond : Un-Cond Cond : Un-Cond Cond
1 CRM-E (60 mm) 0.775 0.711  0.718 0.674 I 0.760 0.714 I 0.822 0.772
= CRM-E (80 mm) 0.544 0489 I 0.513 0470 | 0.658 0.610 1 0.511 0.473
m ACBC28 (60 mm) Not Tested Not Tested : 0.655 0.605 : 0.776 0.717 : 0.648 0.599

ther
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Tenslle Strenath Ratio (TSR)

100
95
90

85

Al

gR Minimum

%0 —Limit > 70%

15

Tensile Strength Ratio (%)

70 = =

65

gl

T I

T

||IIHIIIIII||I|||||||IEHIIIIIIIIIIIIIIIII

60
Phase 1 (14 Days) Phase 3 (Month 9) Phase 4 (Month 12)

It CRM-E (60 mm) 01.8 93.9 | 94.0 94.0
= CRM-E (80 mm) 89.9 91.6 92.6 92.5
®m ACBC28 (60 mm) Not Tested 92.3 91.1 92.4

A AEMA ) ber

ASPHALT EMULSION MANUFACTURERS ASSOCIATION International Bitumen
Emulsion Federation
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Performance Rutting

12 |
11
10 :
5 i I
£ s | |
£ B |
& . | Fair I
= | I
) 6 I I
o : :
0
£ i I
£ 4 — l !
& 3 == Il Good I
) — | I
1 ! E I
0 A 1111
Pre-Construction : Phase 2 (month 6) : Phase 4 (month 12)
il CRM-E (60 mm) 4.63 | 1.94 | 2.16
= CRM-E (80 mm) 4.00 | 1.85 I 2.21
W ACBC28 (60 mm) 5.03 : 2.53 : 2.83

ther
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Performance Cracking

95

90

85
80
75
70
65
60
55
50
45
3l —— |
35 TG
25
20
15
10 =
5

Cracking, %

A

Poor

Fair

000G

o :
Pre-Construction

I CRM-E (60 mm) 42.8
= CRM-E (80 mm) 43.8
M ACBC28 (60 mm) 61.8

A AEMA 9 lber
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Phase 2 (month 6)
0
0

0

Phase 4 (month 12)
0
0

0



Performance Ride Quality

)
ge) 8.0 I
= Poor |
) | |
D 7.0
c e | I
< [ I
D x 6.0 | |
o £ Falr |
o . - [ [
= = : I I
S [ [
Qo
b= 4.0 | [
c [ [
[ [
= 3.0 : |
- Gleod :
2.0 I I
[ 1 [ 1
[ [
1.0 I I
Voo I
0.0 ' | '
' Pre-Construction : Phase 2 (month 6) : Phase 4 (month 12)
I CRM-E (60 mm) 1.45 : 2.25 : 2.30
CRM-E (80 mm) 1.23 I 1.53 I 1.55
= ACBC28 (60 mm) 1.95 ; 1.52 ; 1.54

ther

International Bitumen
Emulsion Federation

IXAEMA B
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA ’




Performance A Before

Surface Condition rehabilitation [
condition——"

A Photos of the slow lanefter 12 monthof heavy traffic

Cold recycled 60mm section between  Cold recycled 80mm section between ACBC28 section between KM185+900
KM186+300 and KM186+100 KM186+100 and KM185+900 and KM185+500




Performance Recent Update ~ /\Before rehabilitation S

condition—

(August 28, 2024) -

A Photos of the slow lanefter 21 monthof heavy traffic k |

Cold recycled 60mm section between  Cold recycled 80mm section between ~ACBC28 section between KM185+900
KM186+300 and KM186+100 KM186+100 and KM185+900 and KM185+500




