Int. J. Highw. Eng. Vol. 18 No. 2 : 61-71 APRIL 2016
http://dx.doi.org/10.7855/IJHE.2016.18.2.061

zzdo] Y AFRSE A 43 okrwEY
100% $BEAE A48 AL olrBE EFEY 4% 7

Performance Evaluation of 100% RAP Asphalt Mixtures using Rapid-Setting

Polymer-Modified Asphalt Emulsion for Spray Injection Application
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PURPOSES : The objective of this study was to determine the optimum ratio of mix design, for a reclaimed asphalt pavement (RAP) content

of 100%, for spray injection application.

METHODS : A literature review revealed that spray injection is an efficient and cost-effective application for fixing small defective regions

of an asphalt pavement. Rapid-setting polymer-modified asphalt mixtures prepared from two types of rapid-setting polymer asphalt emulsion

were subjected to Marshall stability and wet track abrasion tests, in order to identify the optimum mix designs.

RESULTS and CONCLUSIONS : Different mix designs of type A and type B emulsions were prepared using RAP and virgin
aggregates, in order to compare the performance and determine the optimum mix design. The performance of mixtures prepared with RAP was

superior to that of mixtures containing virgin aggregates. Moreover, for optimum ratio of the design, the binder content prepared from RAP was
set to 1~2% lower than that consisting of virgin aggregates. Compared to their Type A counterparts, type B mixtures consisting of a reactive
emulsion performed better in the Marshall stability and wet track abrasion tests. The initial results confirmed the advantages associated with
using RAP for spray injection applications. Further studies will be performed to verify the difference in the optimum mix design and
performance obtained in the lab-scale test and tests conducted at the job site by using the spray injection machine.
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Table 1. Flow Chart

Mix Design |

4

Marshall Stability Test |

4

Wet Track Abrasion Test |

4

Performance Analysis and Evaluation |

Table 2. Experimental Plan

Test factors Test values
Type A : Polymer reactive asphalt
Binder emulsion
type Type B : Latex modified asphalt
emulsion
Binder
Mix content | <7, 8, 9,10, 11, 12
design (%)
Aggregate | « Recycle aggregate(RAP)
type « Virgin aggregate(VA)
Aggregate | * 2~5mm
size * 5~10mm
Marshall | - Stability
stability | « Flow
Tests
Wet track | < Curing condition
abrasion : 25 for 1 days
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Table 3. Repair Method (Karlsruhe Institute 2015)

Repair method Description

» Temporary repair
* No previous preparation
* Truck tyres compaction

Throw—and-roll

* Increases performance, Raises cost

* Preparation necessary

«Forming until vertical reasonable
pavement

Semi—permanent
method

* No compaction

* Blow water and debris

+ Any weather

* Spray tack coat binder

» Cover layer of aggregate

Spray injection
method
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Table 4. 2~5mm Aggregate Properties of Recycle Materials

Material Recycle Virgin

Properties aggregate(RAF)| agaregate(VA)
(oo > -
Absg/zr))tion 438 0.96
Unit(r\;vgight 1510 1,540
porconige) | %% o
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Table 5. 5~10mm Aggregate Properties of Recycle

Materials
Material Recycle Virgin
Properties aggregate(RAP) | aggregate(VA)
'?g/”;g/ 262 263
Absgg’“on 363 0.94
U”"(:]’g'gh‘ 1520 1540
Solid volume

percentage(%) 59.3 59.5
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Table 6. Binder Property

Material
Type A Type B
Properties
Viscosity, Saybolt furol
(257) 28.0 26.0
Sieve test(1.18mm)
(%) 0.00 0.00
Parnclze_'_c):harge Cationic (+) Cationic(+)
D|st|llat|o°n residue 610 570
(%)
Residue penetration
(25°C, 1/10mm) 58.0 55.0
Residual ductility
(15, cm) 76.0 68.0
Solubility in
trlchloroethyleng, or 99.47 99.42
N—propyl bromide
(%)
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Fig. 3 Result of Field Screen Equipment
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Fig. 4 Result of Laboratory Screening
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Table 7. Mix Design (Type A, 2~5mm)

. Binder Aggregate Aggr.egate Additives
Mixture content type size content
(%) (mm) (%)
A-RAP-07 7
ARAP-08 8 Recycle
A-RAP-09 9
A-RAP-10 10 2~5 20
A-VA-09 9
A-VA-10 10 Virgin
A-VA-11 11
Table 8. Mix Design (Type A, 5~10mm)
Binder Aggregate | Additives
Mixture content Aggregate g%izg content
(%) type (mm) (%)
A-RAP-07 7
A-RAP-08 8
ARAP-09 | 9 | (ool
A-RAP-10 10 5~10 20
A-VA-09 9
A-VA-10 10 Virgin
A-VA-11 11
Table 9. Mix Design (Type B, 2~5mm)
Binder Aggregate | Additives
Mixture content Aggregate ggsizg content
(%) YPe () (%)
B-RAP-07 7
B-RAP-08 8 Recycle
B-RAP-09 9
B-VA-09 9 2~5 -
B-VA-10 10
B-VA-11 " Virgin
B-VA-12 12
Table 10. Mix Design (Type B, 5~10mm)
Binder Aggregate | Additives
Mixture content Aggregate giizg content
(%) type (mm) (%)
B-RAP-7 7
B-RAP-8 8
B-RAP_O 9 Recycle
B-VA-9 9 5~10 -
B-VA-10 10
B-VA-11 11 Virgin
B-VA-12 12
A AFe AW A7ES Fote] <A (RAP)%
ATtEA(VA) Y] =g Addsto] Hdz7]of 2441

4
o Ao g wEe] Zulshgc
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Table 11. Specification of Cold Mixed Asphalt for
Urgent Repair

Test items Standard value
Marshall stability(25C), N over 2,500
Flow, 1/10mm 20~40

Wet track abrasion(g/cnt) under 0.080744
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Fig. 6 Marshall Stability Machine
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Table 12. Type A(2~5mm) Result of Marshall Stability Test

Mixture Mal.'ghall Flow
stability, N (1/10mm)

A-RAP-07 11,270 215
A-RAP-08 12,128 224
A-RAP-09 12,360 24.0
A-RAP-10 11,513 26.4
A-VA-09 11,690 21.3
A-VA-10 12,335 257
A-VA-11 9,740 28.9

15,000 60
Stability —=- Flow

12,500

o e 1233
e T 11,69

10,000 0
— 9,740 z.
< =
2 7,500 Ly Py
| = - 2.9 =
- y L=}
‘% ® — 2:0 i 4 2 o

5,000 { Lo 224 e 20

2,500

A-RAP-07 A-RAP-08 A-RAP-09 A-RAP-10 A-VA-09 A-VA-10 A-VA-11

Fig. 7 Type A(2~5mm) Result

Type A BFIEI A 2~5mm Al A (VAL &8k
AHRAP)S] 7% Table 12, Fig, 73} o] 2|4 A=
L AFEA 11%A-VA-1D)oA 974008 EA7|Z
gjH] 3.90H] & =xE ﬂo]o}oaocq L3R
9%(A-RAP-09)°14 12,3602 Ztjo] oty=
FaL EA7)E HH] 4,948 £ ANE Ho
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Table 13. Type A(5~10mm) Result of Marshall Stability Test

Mixture Matfs.hall Flow
stability, N (1/10mm)

A-RAP-07 10,645 22.1
A-RAP-08 10,660 22.0
A-RAP-09 11,448 24.0
A-RAP10 9,303 28.0
A-VA-09 11,333 288
A-VA-10 13,120 30.4
A-VA-11 11,195 33.2
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15,000 60
Stability —=m- Flow

12,500 13120

11,448 11,333 11,185
10,000 { (SN SSE 40

7,500 332
304
2.0 288

Stability (N)
Flow(1/10, N)

5,000 21 20 = 20

2,500

s 0
A-RAP-07 A-RAP-08 A-RAP-09 A-RAP-10 A-VA-09 A-VA-10 A-VA-11

0 SN BN S O D D

Fig. 8 Type A(5~10mm) Result

Type A HFIE oA 5~10mm AlFZA(VA)S}F 32
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251900,

Table 14. Type B(2~5mm) Result of Marshall Stability Test

Mixture Mars_hall Flow
stability, N (1/10mm)
B-RAP-07 4120 35.2
B-RAP-08 4,657 38.1
B-RAP-09 4135 39.9
B-VA-09 7,263 27.1
B-VA-10 7,450 30.5
B-VA-11 6,130 324
B-VA-12 5,555 36.6
9,000 60

Stability =%~ Flow

7,500

>
=1

6,000 =%
. - o5 6,130 . =
& s ,
= 35.2 : S
£ 4,500 S . 24 ¥ooy
= { =
E 4,120 4,135 271 E
w TH

3,000 20

1,500

B-RAP-07 B-RAP-08 B-RAP-09 B-VA-09 B-VA-10 B-VA-11 B-VA-12

Fig. 9 Type B(2~5mm) Result
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Table 15. Type B(5~10mm) Result of Marshall Stability Test

Mixture Marshall Flow
stability, N (1/10mm)
B-RAP-7 4,130 26.4
B-RAP-8 4,308 31.0
B-RAP-9 3,785 32.0
B-VA-9 6,893 24.0
B-VA-10 7,378 30.0
B-VA-11 6,490 30.0
B-VA-12 6,225 334
9,000 60
Stability Flow
7,500
6,000 ’ e Gam — 40 .
oy =
Z ]
£ 4500 e o 334 5
lﬁu % 4,308 0.0 30,0 "g‘
n 264 3,785 = o
3,000 - 20
1,500
0 0

B-RAP-07 B-RAP-08 B-RAP-09 B-VA-09 .B-VA-10 B-VA-11 B-VA-12

Fig. 10 Type B(5~10mm) Result
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Fig. 11 A—120 Wet Track Abrasion Test Machine

(M'— M) x F

! o)

M': the original mass of the specimen, in
grams

M”: the mass of the specimen after abrasion,
in grams

F : Conversion Factor

A : Cross Sectional Area

Table 16. Testing Method Comparision for WTAT

Test items This besearch ASTM 3910

Curing condition| 25C for 24 hour | 60°C for 15~24 hour

Test right after

Water bath for Test after 60~75min

curing
Drv to constant 25T for 60°C for absolute
Y 25~48 hour dry time

F2250)elA 9] AFEAVAIL =REA(RAP)E
vl wste] et AlES 285t Ay} Table 173 2

o] £3ZA 10%(A-RAP-10)o A ntEAgrAo] 714

SehS o 4 Qdeh E3F Table 17, Table 18014
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npi A gHgo] L= 8]‘93\0111 ZEA 7|0 BE W39

O Type B AlFZA(VA)OIAL Aulo] 71 1/2
A 7Harel] WA o] 90% o)A ere]dAto] WAiste] AlF
= A8k,

Table 17. Type A (2~5mm) Result of Wet Track Abrasion

Test

Mixture Abrags/i((:)rr;zloss Note
A-RAP-07 0.038 Pass
A-RAP-08 0.034 Pass
A-RAP-09 0.023 Pass
A-RAP-10 0.021 Pass
A-VA-09 0.057 Pass
A-VA-10 0.053 Pass
A-VA-11 0.052 Pass

Table 18. Type A(2~5mm) Result of Wet Track Abrasion

Test
Vikeue Abrasionz loss Note
g/cn
B-RAP-07 0.069 Pass
B-RAP-08 0.064 Pass
B-RAP-09 0.061 Pass
B-VA-09 N.G
B-VA-10 Inaccessible N.G
B-VA-11 state N.G
B-VA-12 NG

HEQIH Type A 2~6mm I AHRAP)LF AltEA)

(VAE Blagt 23t Fig, 12, 133} Zro] A5 A (VA)
Bl SR (RAP) A ofE A A o] 459ttt T

3 32 10%(A-RAP-10)9] ¢ &27]& diy]
3.84H) =2 AWE ISR, AlGFEA 11%(A-
VA-1Do A= 15502 o Aoz Yeh} £33
(RAP)OJA] $-2=3 &-gutm A4 LS gholsl oot
Bkl Type B 2~5mm %% Fig. 149} Zo] £3h3

ARAP)NARE ZH 0] 7Hestelom Al (VA=
2] 7Hs 1/2A17k0ke] WA Q] 90% olAF EE|Z Al
o] E7Hsskltt. =2 (RAP)2] 4% 0.069-0.061
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Fig. 12 Type A 2~5mm Wet Track Abrasion Test
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Fig. 13 Type A 2~5mm Wet Track Abrasion Test
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Fig. 14 Type B 2~5mm Wet Track Abrasion Test
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Fig. 15 Type A Result of Optimum Mix Design
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Fig. 16 Type B Result of Optimum Mix Design
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