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Performance Evaluation of High-RAP Asphalt Mixtures using Rapid-Setting
Polymer-Modified Asphalt Emulsion
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PURPOSES : The purpose of this study was to evaluate the performance of rapid-setting polymer-modified asphalt mixtures with a high

reclaimed asphalt pavement (RAP) content.

METHODS : A literature review revealed that emulsified asphalt is actively used for cold-recycled pavement. First, two types of rapid-setting
polymer-modified asphalt emulsion were prepared for application to high-RAP material with no virgin material content. The quick-setting
polymer-modified asphalt mixtures using two types of rapid-setting polymer-modified asphalt emulsion were subjected to the following tests:
1) Marshall stability test, 2) water immersion stability test and 3) indirect tensile strength ratio test.

RESULTS AND CONCLUSIONS : Additional re-calibration of the RAP was needed for laboratory verification because the results of
analyzing RAP aggregates, which were collected from different job sites, did not deviate from the normal range. The Marshall stability of each
type of binder under dry conditions was good. However, the Type B mixtures with bio-additives performed better in the water immersion
stability test. Moreover, the overall results of the indirect tensile strength test of RAP mixtures with Type B emulsions exceeded 0.7. Further
research, consisting of lab testing and on-site application, will be performed to verify the possibility of using RAP for minimizing the closing of

roadways.
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Table 1. RAP Utilization Method

Recycling .
method Advantage Disadvantage
i + Suitable for large scale | + Difficult for small
Hot in plant| . .
i job scale job
recycling

* Quality control

« Suitable for large scale

Hot in place| * Application time reduction |  Difficult to manage
recycling | « Controllable for the the quality

temperature of mixture

*No aging for the
aggregate
(Cold application)

* Environmental friendly
Cold * Low price

recycling | * Simple manufacture
System

» Lower initial cost then hot
recycling

+ Usable for wet aggregate

* Low traffic applicaiton

* Lower performance
then Hot recycling

* Low workability on
low temperature
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Table 2. Repair Meterial by Producing Method

Producing method Description

* Plant mixing cold asphalt concrete

+ Patch type cold asphalt concrete

Cold pre—mixed | * Cutback asphalt concrete

asphalt mixture (Rapid, Medium, Slow setting)

» Emulsified asphalt concrete
(Rapid, Medium, Slow setting)

* Plant mixing hot mixed asphalt concrete
* Heating up the mixture, then use in it small
job site

Hot pre—mixed
asphalt mixture

*In situ hot mix asphalt
+ Calibrate the mixing ratio, then heating and

Hot in—place o
halt mixture mxing
asp » Mainly, applied in joint system on the
bridgedeck

AR A F9 B4R RS Table 301419 By
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Table 3. Repair Method

Repair method Description

« Temporary repair
+ No previous [reparation
* Truck tyres compaction

Trow—-and-roll

* Increases performance, Raises cost
* Preparation necessary
» Forming until vertical reasonable pavement

Semi—permanent
method

*No compaction
* Blow water and debris

Spray injection | Any weather

metnod + Spray tack coat binder
+ Cover layer of aggregate
Edge seal * Require second pass area

* Truck tyres compaction

|

# AFANHE GIALATE ARE BE3lo] B
A SABRE B2 AYEGL] WTH 1F8
S ARE Auetn FaA L 45HNE

R

AeiEag N FolorATE 29kw9] 4587t Al
HE S8 AUAIHAA AR EEA o el o
T 54 248G AA| ofATE ALY HapgAL
2 Az o] WY FA AU 671 RTARE
(Wiestz, e, Frn, FATa, Aafalrt
ottt HAPH|E ARg-Sto] ThafE ofA
ZE sAE Sl AR ofAZE ¥
Aol QA A= Fig 13} Zro] Z2FAL AJEA <)

3 7(1—01] /\1 ¥s) AL

# E2FA
t3nm WAL Z1e] QA SHHIS Mol ke 49

Zh e o, JERE w ol BT das
B siet. atebd Aol a] e Wabe ol hE &
A Y=Y F AFESG Y fooragE

Ed=ol A3l

P —

e

“omozas 1z 23 3 ) r omosas 1z 2z 3 D =

*

L e = = o = -y omozas 12 23 8 ) = =

P —

omnzas 17 23 8 ) = Fl omozas 1z 23 8 ) = =

Fig. 1 RAP Aggregate Analysis from 6 Sites

3.2 d=xH
67h 49 O}QﬂE
Aol Qg
A= Aloldl ole
A

=]

A At 71

P —

P —

omnzas 12 23 8 ) = Fl omosas 12 23 8 ) = =

P —

s L

omnzas 12 23 8 ) = Fl omozas 1z 25 8 w o @ = =

Fig. 2 RAP Aggregate Seive Curve after Adjustment
from 6 Sites

st=2z2sts| =2 - AMi7E M2s 25



ZEAF 13mm YUY E 7SS
ool OlABE SRBAS 2572 LRolAc, 1)
28 E 4.75mm ©1AFS 40%, 4.75mm ©|8=S
60%= FABt= ofATE L3IAR AL E XA
Y Fig.2& Yd=xAS AR 674 %< olE,L/\qo]
E2BAA AT G 13mm AYE ofAB

o) et B SR |EE WS Ao R L}E}‘;,\H:]-_

ZFarskel 4. 75mmAlE A

r}o{v

4. 212242
4.1. M==d
FototATEE= 19009 25E AR5 A28t
b7l WAy gEo] 1 Aol Mol ot
S0l @Al A8EIL et fBlATEE o A
Slof| ofsto] Fol A, FolA H Hlo|2AE iy
o AE A7l W} RS(Rapid Set), MS(Medium Set),
SS(Slow Set), QS(Quick Set)o.2 E=Ht}t RS 3}
OFAZE O] 749 AE|7F Eetste] T 51 £sto]
ARESE7 = of FAIRE Yo mh= k= A o] Sl
2 AFold= A=A ?‘5], OIATE oIS
CSS-1h, CQS-1hA9 FE4E o} /N HotATE
B Azt AMgShe ok 54 WEA, 2 54
A7 WHEAE Soff ofAZE SehEAetel H&t
g gl 2ol Jf M war whE Ao 7

el
FHSG ABOLABE ] FHL Folck

i
10
LOE
o
>
e
m

4.2. UgE+8 RIIOIAEE M=
B oA Zdskal 9= Type A, Type B I+
Hpg [3fotATE Atholl= ol Fadt= PG

64-22 OFAZE S ALRFT) Type A J3OIAZE 7|
Al H2E L AN 7)7] 8 A et A Hrtst
i Type B ool E A2 AA FoldAE
Yst7] Hof| ofATES AE4 RIS E5st
t}. Type A9} Type B f3folAZE Az AR
Table 40l 2|3ttt

8 xR N

Table 4. Asphalt Emulsion Information

Emulsifier
Name | Binder type Ph | Description
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Table 5. Dosage of Binders and Additives for Mix Design
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Fig. 3 RAP Molds for Marshall and IDT Tests

Table 6-1. Specification of Recycled Cold Mixed

Asphalt
Test ltems Standard Value
Marshall stability (25C), N over 5,000
Flow, 1/10mm 20~50
Air void ratio, % 3~10
VFA, % 60~85
Indirect tensile strength (25°C), MPa over 0.15
Retained indirect tensile strength ratio 075
(TSR) '

Table 6-2. Specification of Cold Mixed Asphalt for

Repair
Test ltems Standard Value
Marshall stability (25C), N over 2,500
Flow, 1/10mm 20~40
Air void ratio, % 3~15
Water—immersion stability, % over 75
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Fig. 4 Loading for Indirect Tensile Strength Test
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Table 7. Result of Marshall Stability Test

Mixture Sgiﬁtg?”l\l VFA, % Air VOLZ ratio,
A-1 20,467 64 5.2
A-2 39,860 65 5
A-3 27,412 75 43
B-1 32,513 61 6.1
B-2 31947 74 42
B-3 16,190 80 3.4
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Table 8. Result of Water—immersion Stability Test

Mixture Water—immersion stability, %
A-1 49
A-2 24
A-3 28
B-1 69
B-2 75
B-3 123

140%
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100%
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?5% I I

Fig. 5 Result of Water—immersion Stability Test (Graph)
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Table 9. Result of IDT

Mixture 'gﬁgrf;ht’e&if TSR
A-1 0.299 0.47
A-2 0.221 0.61
A-3 0.236 0.42
B-1 0.270 110
B-2 0.372 0.84
B-3 0.467 0.76
- -
i
0.84
035
o
’ A1 A-2 -3 81 B2

Fig. 6 Result of Tensile Strength Ratio (Graph)
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