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Performance Evaluation of 100 % RAP Asphalt Mixtures using different types of
Rapid-Setting Polymer-Modified Asphalt Emulsion for Spray Injection Application
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ABSTRACT

PURPOSES : The purpose of this study was to determine the optimum mix design of the content of 100 % reclaimed asphalt pavement
(RAP) for spray injection application with different binder types.

METHODS : Literature review revealed that spray injection method is the one of the efficient and economical methods for repairing a small
defective area on an asphalt pavement. The Rapid-Setting Polymer modified asphalt mixtures using two types of rapid setting polymers-asphalt
emulsion and a quick setting polymer asphalt emulsion-were subjected to the following tests to determine optimum mix designs and for
performance comparison: 1) Marshall stability test, 2) Retained stability test, 3) Wet track abrasion test, and 4) Dynamic stability test.

RESULTS and CONCLUSIONS : Type A, B, and C emulsions were tested with different mix designs using RAP aggregates, to compare
the performances and determine the optimum mix design. Performance of mixtures with Type A emulsion exceeded that of mixtures with Type B
and C emulsion in all aspects. In particular, Type A binder demonstrated the highest performance for WTAT at low temperature. It demonstrated
the practicality of using Type A mixture during the cold season. Furthers studies are to be performed to verify the optimum mix design for machine
application. Differences in optimum mix designs for machine application and lab application will be corrected through field tests.
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Corresponding Author : Kwon, Bong Ju International Journal of Highway Engineering

R&D Manager, OAT M&C10-5, Dogok-ro 64-gil, http://www ksre.or.kr/

Songpa-gu, Seoul, 05573, Korea ISSN 1738-7159 (print)

Tel : +82.2.421.0877 Fax : +82.2.421.0925 ISSN 2287-3678 (Online)

E-mail : oatkwon@naver.com Received Mar, 03,2017 Revised Mar, 27,2017 Accepted Mar, 28,2017
1. M2 =7k A S HeAdez AE AA oy
1.1, g2 HiEd A =5 2 gEo] IufollA: 4ol dis B 710l

EE2EE =Y - Mi193 M2s 75



A=A 1996L% 6¥ 59 Y &= AAsa
o] YAE MgPsf e Qiok, B 2

AR 7H‘?=f% UM A4 fopol| A e gholeh=
ol o o] ¥4 Aol oyt "g Ao r st
I A47H538E ZHHESSD @ Environmently Sound
and Sustainable Development)”7to] Ao A2 tf
Qto] Hir Qiek. ol=eh ARSIS}F Sl Febl a4k
Aok AAARd oA A H 759 8ol g e
A S7¥sktH(Shim, 2007).

19979 129 A7+ 23 PAFHRHLE AEFHP9
a2 e of 274 fA|7F et glom, o2 <l
U AF A Fofol A COtE eglo] ZIg=|ar Qirt,
COHE} of| L A] AH|7} 322 714 Hof 5 ofpATE &
AYE AR FoFe] Ao o]F fIet ko] et &
] YA B AlE A|2E Slofl A= offo] o iE T,
2ol QA oz 7hHo | A9 4|7} glal 247
E &R = Al xR o] FEE T ¢ r,]_ o2
o A= 1980t E] B85 Qlon] u2E 1990W T
FH 28 3 28t ok srloll = 1990d ol
710l =YEoY, EAAA Y] A8 FALE 7|E
Ao St WY, FE Al AT B T2l A
314, 71e2Ql oldf, Q4] 59 F£o7 de] ZEEF

FolaL 277 oj21

30
/9
[©]
o
DO
(]
=
9

N
Woo

o N b
B2

b

ATE FAYEE 100% EﬁP—ZHE o|g3la 474
= A %@ro}**‘f £ A8 “% 71%ETZHE%
EEdE

719] A7bg HHlE o]85 5}
E3F B2 0] oskA] ARL B 2eAS AES)
Table 13} Zro] A ughu|= 5
351901 Table 20 8 W9} A|8S Qoksl}.

£
rt
2
iy
=
o
g

Table 1. Flow Test

| Mix Design |
4

| Marshall Stability Test |
1

| Retained Stability Test |
1

| Optimum Ratio and Evaluation |
1

| Wet Track Abrasion Test |
1

| Dynamic Stability Test |

Table 2. Experimental Plan

Test factors Test values
) Type A : CSS-1h(Korean)
Btmdsr Type B : CRS-2(Korean)
YPe I 1ype C : CRS-2(USA)
Binder
content | 7,8, 9 10, 11, 12

Mix design (%)

Aggregate
ype Recycle aggregate(RAP)
Aggregate | « 2~5mm
size * 5~10mm
Marshall Elts\tzllmy
stability

* Retained stability

Tests | Wet track | « Curing condition

abrasion 1 b, 25, 40°C for 4, 12, 24Hour
Dynamic | « Curing condition
stability . 25°C for 24Hour

1.3. &2t=TH(RAP) 82| EginEt
ol=r 2XJols W-g=(Georgia Department of
Transportation : GDOT)2 199549 <324 ofAT
E ixl—_,] 7<1—7] _J_,Q./H.Q_ 5;(4 o].Oﬂq. ‘u:il'jle ==t
35S WUkslY] Siste] oF 4dol AA whEHoz
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(Kandhal et al., 1995).
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Table 3. Aggregate Properties of RAP

Material
. RAP 2~5mm RAP 5~10mm
Properties
Density
2.61 2.62
(g/cm?)
Absoorphon 438 363
(%)
Unit w3e|ght 1510 1520
(m°)
Solid volume
percentage(%) 59.5 59.3

Table 3o|A HXZo] =3I (RAP) 2~5mm,
5~10mm= 22k F-ASE B4 % geld 4= QL
9~5mm £FAH(RAP)S] 0.75% S48 =
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Table 4. Emulsified Asphalt Test (ASTM D 2397) of RAP

Classification Type A | Type B | Type C
Grade CSS-1th | CRS-2 CRS-2
Viscosity, Saybolt Furol 57 _ _
at 25°C (77°F) SFS
Viscosity, Saybolt Furol _
at 50°C (122°F) SFS 14 148
Storage stability test,
24-h, %" 0.10 0.10 0.08
Demulsibility, 35mL, _
0.8% dioctyl., % 66 65
Particle charge test + + +
Sieve test, %" 0
Cement mixing test, % 0.60 - -
Qil distillate, py _ 05 04
volume of emulsion, %
Residue, % 60 67 66
Penetration, 25°C (77°F),
100, 55 58 120 118
Ductility, 2§C (77°F), 78 80 83
5cm/min, cm
Solubility in
trichloroethylene, % 9.3 9.2 9.2

" This test requirement on representative samples is waived if
successful application of the material has been achieved in
the field,
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Table 5. Mix Design (Type A Binder)

Mixture Binder Aggregate Aggregate Additives
type eellEnt | 2 size content
(%) (mm) (%)
A1) 8
All)-2 9 RAP 2-5 20
A(1)-3 10
Al 8
Alll)-2 9 RAP 5-10 20
A(ll)-3 10

Table 6. Mix Design (Type B Binder)

Mixture Binder Aggregate Aggregate Additives
type content ype size content
(%) (mm) (%)
B(1)-1 9
B(1)-2 10 RAP 2-5 -
B(1)-3 11
B(11)-1 7
B(l)-2 8 RAP 5-10 -
B(11)-3 9

Table 7. Mix Design (Type C Binder)

Mixture Binder faEieaE Aggtegate Additives
type content type size content
(%) (mm) (%)
C(1)- 10
C(l1)-2 11 RAP 2-5 -
C(1)-3 12
C(I)-1
C(I1)-2 RAP 5-10 -
C(11)-3 9
5. A U ZaEy
AF B4 KS F 23697F AAIS opiF ebgw 9 &
B3, #URRAY R EAVES Ao 4o

Table 8. Specification of Cold Mixed Asphailt for
Urgent Repair

Test items Standard value
Marshall stability, 25C, N over 2,500
Flow, 1/10mm 20~40
Retained stability, % over 75.0

Wet track abrasion, g/cm?

under 0.080744

Dynamic stability,
257, cycle/mm

over 750
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Table 9. Marshall Stability Test Result of Type A U S EJ A= thAh =8 ALE FHelskct

Binder
Mixture Marshall Flow Table 10. Marshall Stability Test Result of Type B
type stability, N (1/10mm) Binder
Al 10,955 21.5 Mixture Marshall Flow
A(l)-2 11,335 22.4 type stability, N (1/10mm)
A(1)-3 9,940 24.0 B( 1)1 6,423 23.3
A(l1)-1 11,333 23.7 B(I)-2 7,098 28.6
A(ll)-2 13,120 254 B(1)-3 5,785 34.2
A(I1)-3 11,195 26.8 B(11)-1 6,208 25.2
B(I1)-2 6,420 277
- B(11)-3 5,793 30.6
Marshall Stability Test(RAP 2~5mm)
14,000 40,0
[ Stablility [—
11,335
60500 —_ e Marshall Stability Test(RAP 2~5mm)
-4 E 10.000 40.0
E E = Stablility —mg=sFlow
% 7,000 300 E
& S 7,500 7,098 e
: I
3,500 250 =§ el
£ 5000 00 2
] T
4 i e
8.0 9.0 10.0 2,500 25.0
Type A Binder{%)
(a) N 20.0
10.0
Type B Binder(%)
Marshall Stability Test(RAP 5~10mm)
16,000 40.0 (a)
Stablility =ag=sFow
13,120
+3000 3.0 Marshall Stability Test(RAP 5~10mm)
5 j 8,000 40.0
E £ === Stablility = ==Flow
% 8,000 30.0 = 6,208 E20
5 2 6,000 BREE = 350 =
z £
4,000 250 é <
| 4000 w0 2
] C
20.0
20 90 100 2,000 5.0
Type A Binder{%) 252 |
(b) - 20.0
7.0 BTO 9.0
Fig. 3 Type A Result et
(b)
Type B HFIG oA = Table 10, Fig. 49} o] Fig. 4 Type B Result
5~10mmEc} 2~5mm <=TZAHRAP)OIA KT} &2
oMY EE Bl on 270 AL 9~5mm $3H Table 11. Marshall Stability Test Result of Type C
ARAP)NA BALHT Z7hEE SIsHT), ol Sinder
= Mixture Marshall Flow
£33 bloly &egko] Wol 3=
2r~omm H(RAP ) oA } 1 I igef 25 type stability, N (1/10mm)
Z}o] Ho 7(—]§|..__ _1_ O
Type C BRI oA 9] Y= W 5 E=7HS Table 11, c(1)-2 5,543 322
Fig. 5¢ Zo] H7TE e 5~10mm ¢4 (RAP) C(1)-3 5,345 334
Hr} 2~5mm <=3HEA|(RAP)7} tha w2 ZIE 39l c(n-1 4,255 26.9
shoich thul upiF oA oA wloly a9 T c(In-2 4,848 31.2
7)o we} 6.8~15.6% olUfellA B2 Ehelatlo can-s 4193 346
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Stability(N)

Stability(N)

Marshall Stability Test(RAP 2™5mm)

8,000 0.0
[ Stability mmgp=sFow
6,000 5,543 35.0
4,000 30.0
2,000 25.0
i ey
100 110
Type C Binder(%)
(a)
Marshall Stability Test(RAP 5~10mm)
8,000 0.0
o Stablility  m=@=eFlow
6,000 — 35.0
4,000 30.0
2,000 25.0
200
70 8.0
Type C Binder(%)
(b)

Rl

Fig. 6 Curing

Fow (1/10mm)

Fow (1/10mm)
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A= S 0L Fig, 63 2ol 25+ 1042004 484]
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Retained Stability(%)

_ Marshall Stability after 48 hr. at 25°C
Marshall Stability at 25°C

X100 (1)

= Ukl 2 AFgStol SUUNRAYEE AT At
Table 129} 2-& %2 2153t
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Table 12. Retained Stability Test Result of Type A
Binder

Marshall stability | Marshall stability .
Mixture ) . . Ratio
oo (30minutes in (48hours in 2)/(1)x100
YPE 1 water)(N, 257) | water), (N, 25%C)
A(l)-1 10,995 8,685 79.0
A(l)-2 11,335 9,258 81.7
A(1)-3 9,940 8,468 85.2
A(l1)-1 11,333 9,085 80.2
A(l1)-2 13,120 10,558 80.5
A(11)-3 11,195 9,468 84.6
Retained Stability Test(RAP 2~5mm)
18.000 120.0
) Before [0 After ==g==Re
F 12,000 100.0
: i
:
6,000 80.0 E
60.0
Type A Binder{3%)
(a)
Retained Stability Test(RAP 5~10mm)
18,000 1200
= Before o After e=pesRa
2 12000 100.0
£ g
6,000 80.0 E
60.0

8.0 5.0 10.0
Type A Binder({3%)

(b)
Fig. 7 Type A Result
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Table 13, Fig. 83 o] <=3-ZA(RAP) Z7]of u}t

2 SARRAAEE 5~10mm +=FZ A (RAP)7}
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Table 13. Retained Stability Test Result of Type B
Binder

. Marshall stability |Marshall stability )
Mixture ) ) ) Ratio

tvoe (30minutes in (48hours in (2)/(1)x100

P water),(N, 25°C) | water), (N, 25C)
B( 1)1 6,423 5,488 854
B(1)-2 7,098 5,865 82.6
B(1)-3 5,785 4768 82.4
B(11)-1 6,208 5,235 84.3
B(11)-2 6,420 5,193 80.9
B(11)-3 5,793 4,568 78.9

Retained Stability Test(RAP2™~5mm)

12,000 120.0
== Before L0 After ==p==Rat

8,000

Stability(N)

4,000

Retained Stability(%)

60.0

Type B Binder{%)

(a)

Retained Stability Test(RAP5™~10mm)

12.000 1200
=3 Before 2250 Afte eepeeRa

8,000 100.0
6420

Stability(N)
o

4,000

2
B)

Retained Stability(%)

60.0
Type B Binder(%)
(b)
Fig. 8 Type B Result
Table 14, Fig. 99} o] 5~10, 2~5mm 4373t

AEE FARE A AHE 2elstglen Type C vl
g ggFo] F7184E 2~5mm +EA(RAP)AA ZF
7} 2.9, 8.9% THANFOMAET} AT o4 = U

c}, Eﬁ& 5~10mm <SEARAP)ONA = 5.5% ol A
o] ZrAagHS gelststt,

=

Table 14. Retained Stability Test Result of Type B

Binder
WPe | \yaten)(N, 25%) | Waten), (N, 25%)| @/ (DX100
C(1)-1 5,188 4,948 954
Cl1)-2 5,543 5130 925
C(1)-3 5,345 4,625 86.5
C(11)-1 4255 3,950 92.8
C(ll)-2 4,848 4,230 87.3
C(I1)-3 4193 3,695 88.1

Retained Stability Test(RAP2™~5mm)
9,000 1200

=) Before ] After ==g=-Re
=
F 6000 1000 §
£ . s
a ——
7 ] G
7 | 3
3,000 I 800 §
i g
|
- Qi ] e
100 110 120
Type C Binder(%)
(a)
Retained Stability Test{RAP 5~10mm)
9,000 1200
) Before 0 After e=pesRa
—
F 6000 100.0 E;
£ 4848 £
- A i 4,230 4193 =
& ; g 3,655 &
i L iy 3
t : | 3 T. g
3,000 Ry W | 00 £
RN | 3
| I 3 {
\ |
SRS { 0.0
7.0 B.0 9.0
Type C Binder(%)
(b)

Fig. 9 Type C Result
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=2

%okl Eq. (2)2F 2ol

Axstet,

Fig. 11 Dry of Curing

(M= M) =< F ©)
A

At - the original mass of the specimen, in
grams

M? ithe mass of the specimen after
abrasion, in grams

F : Conversion Factor

A : Cross Sectional Area

Table 15. Testing Method Comparision for WTAT

Test items This besearch ASTM 3910
Curing condition 5, 25, 40°C for 60°C for
9 4,12, 24 hour 15-24 hour
Test right after Test after
Water bath curing 60-75min
Drv to constant 257 for 60°C for absolute
Y 25-48 hour dry time

Table 16 & 179 *¥ 3} ASTM D 39109 €]

[e]
g =3 A%

7FQlon o]= & A3kt 2 3Holskaat
Zpol & oAt B Aol A At AU OZE 5,
25, 40TColA 4, 12, 24A7F FAsHR oW, Al &

[e)

Fig. 113} o] Ahaa 25T AFoll A 25~48A17F A%
ot AR ApolE F9lom o9 B ASTM
D 3910 Al@RH ol &sko] AAISHT

HAYL 23EA(RAP) 2~5mmE ARS8l U
ol A 7WetEl 2714 Type A, B Type C(u]=) A&&
7R AL v wskglom | mhaF QP oA dofXl XA 9]
g S 7FA 1 458 ulR A3t AJES AY5Eea
HQlE] ghekS Table 163 o] Type A 9%, Type B
10%, Type C 11%= 5345}l c},

Table 16. Wet Track Abrasion Test Result

Mixture | Curing Abrasion Loss (g/cm’)
type | time (hr) 5C 25°C 40°C
4 0.058 0.049 0.035
A(l)-2 12 0.053 0.045 0.023
24 0.035 0.027 0.015
4 - 0.072 0.057
B(1)-2 12 0.074 0.058 0.036
24 0.052 0.037 0.025
4 - - 0.082
c(1)-2 12 - 0.079 0.062
24 0.072 0.059 0.039

Fig. 129} Zo] Type A v}l 9] H$- 5CoA &

e FHsgon vhld F 7bg egAe ohn 4
GAe UeERH ALk Type B vRIE Q] 9 25T o4
o] ErofA= 44X Bf Fof upE AFHS FH
stgom 509 AL 19470 AIS T ufm A g4
< uagch ok Type C HRIEE 447 A2 &
2E £E Wik B EE 240 Brhsagih
509 B9 24413k0] 43t F 2] FHsstAon 25
Wet Track AbrasionTest (Type A Binder)
0.10
mmemegiC —s—5C =8 40°C
0.08
g 0.06 e
8 O W
P | o - e
0.035 " ~oas
E i 0.023 o
0.015
0.00
4 12 24
Elapse Time (Hour)
(a)
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Wet Track AbrasionTest (Type B Binder) —t,
0.10 DS ———=x C(cycle /mm) (3)
2

=—e=egiC =5 —8—40C d dl
008
- dgy— d
:.E 0.06 RD X Gola 15 % (mm/min) 4)
g 0.04
E 2 FAAE AP Table 173 22 E47]|29
0.02 0.025 -
WESHe A0 eyt
0.00 L L
r 12 2
Elapse Time (Hour) Table 17. Dynamic Stability Test Result
(b) Mixture Dynamic stability Rate of deformation
Wet Track AbrasionTest (Type CBinder) type (cycle/mm) (mm/min)
A A(l)- 2,425.0 0.021
=me=s5iC —e—)5iC —@—40'C
008 A(l)-2 2,133.0 0.025
A(l)-3 1,612.0 0.022
E o0s B(1)-1 1,910.0 0.021
] B(I1)-2 1,835.0 0.022
: ™ B(1)-3 1458.0 0.024
E 0.02 C(1)-1 1,652.0 0.023
C(1)-2 1,242.0 0.021
0.00 L L
A = = C(1)-3 1,206.0 0.021
Elapse Time {Hour)
(c) Fig. 14:= Type A9 A FAIE Kol glon &
Fig. 12 Wet Track Abrasion Test A7) &0l WEshE AaE SRlsta o vl dEko|

A4S B2 YRS PFashs 40 By

400 LE A= 1947H2] ekAjo] & @ 3FgiT)
Dynamic Stability Test(RAP 2*5mm)

0000 =05 R o0
5.4. 35 HE Al = 24250 g
S8 WaRE W) Akl ks F ol | — "
Fofol Ao A 2uL 25T AWFALE. B s -
B2 QHAHE AHL Fig 133 Zo] WY ofAEO E §
2 300x300X50mm BAHS A2t & l.:i]% L Sl 002 ;
1 2BZAYRAP) TIEL F7) 20mm, = 100mm, _ ;
9% 300mmE HA3to] B4 MY Sasiglo o imentmers
T4 IAZE Eq. (3), HEESEE Eq. @l 3) Al (a)
Dynamic Stability Test{RAP 2~5mm)
3,000.0 0.08

=108 -=g=-RD

0.06

E

0.04

7500
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Fig. 13 Dynamic Stability Test (Fig. Continued)
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