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Evaluation of Permanent Deformation Characteristics of Recycled
Asphalt Concretes Made by Improved Binder-Rejuvenation

229 AN =g e
Kim, Kwang Woo Kweon, Oh Sun  Doh, Young Soo

Abstract

This paper is one of the studies for developing new methodologies for improving performance of hot-mix recycled asphalt
mixtures. The objective of this study is to evaluate rut-resistance characteristics of recycled asphalt mixture which was prepared by
newly developed mixing method. The new mixing method provided more sufficient rejuvenation of old binder of reclaimed asphalt
pavement (RAP), making homogeneous binder viscosity level in a recycled mixture. Two aggregates (gneiss and granite), two RAP
contents (15% and 30%) and two contents (none and 6%) of polymer modifier (LDPE) were used. Recycled mixture was prepared
with two methods; method A and method F. To examine difference of binder oxidation level by type of material within a recycled
mixture, Gel-permeation chromatography(GPC) analysis was performed on the binders mixed with coarse aggregates and matrix
separately. Laboratory tests were performed for evaluation of rut resistance characteristics of each recycled mixture and these includes
wheel tracking (WT) test and Kim test. Rut depth and dynamic stability were obtained from WT test and deformation strength (S,) was
obtained from Kim test. The results of regression analysis was shown that correlation (R of F mixing mixtures was higher than one of
A mixing mixtures. Therefore, F mixing mixtures showed more consistent rut resistance than A mixing mixtures.

Keywords : RAP, GPC, Kim test, S, rejuvenator, rut depth, polymer modifier
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7129 o} ~TE AGE ATl J3HE, MK ofx
ZE ETEL 3 ol~2HE ¥ 8 (Reclaimed
asphalt pavement: RAP)E 15% ©JUl&2 A7}
ASoe ERe 71EAA7L glo] EREMAN A
A% &ol2=e gHIL 7besith. 18 RAP &
Fo] 30~50% F=R Eoli & W= o} ABE &3
B9 npiF M=) A Vb Ot mR
TAE BE3ng 9 71202 8% A4 247}
itk #aE

A g HZo] Aol ootd, YRR Az
£ AYEEE W) HRIEE GPCl(gel- permeation
chromatography) & £438 2% 41 - 7 AF vl
to =g dei7t BEd Ao R Yehgrt o] 97
A& RAPZ A7 AR EFES RAP AN

LA (03} RAP #23A), EY A(Binderst
AdAte EJE)GG AT FLEAR FESPA 7
Age] HiQlele] =3lde & HE $4st9t. 2 4
7 RAP He2Ad 288 vkl (o]3F RAP H&
A vRRlt]) 7 71 Bol k8ld YHE Eix A
T FLEA(ol8} At F22A vkt Z”E
BlIe 7t 7 22 =33 E EUT &, RAPd
ZA3Id 23le o}lAREE ARo] FrlHE Al
ol~ZE o9& ARE 34 (Rejuvenating) Al
E3t3 w2 w3PYEE 333 fASL e AL
Z JeltH#E3S- F, 2003).
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Tk 2 A7 AL AMEFE Yo vy
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1. 214H 2 221N 43

Properties T YKS-2
A= @ 60T, cSt 900~1100
s, COoC, © 230 1%
r3esrs §F 10% °l3t
WEE3EE (Total) 90% °17&
E’——WP%-? @ 163C d=H| 1.0~2.0%
wiblE ¥ @ 163T SHLH 3 wt.% ©lst
HF, @ 60T 1.0~1.1 ]
E 2. LDPES| 22|15 &4
Material| Volatility Vi(sccgss;ty Color T;i;;lcemig Extendability
LDPE| 062 | 4,840 | White | 233 1,020

80~1009) WA AP-59} AP-3$ A&ttt o}
ABE AP-5= H| 24 (Control) Y¥HEFE A 20l
AHESIE I, AP-3E FulolA AitEE ofrgE
% 7F8 AdA st B 7 1,000ps olatelBR
A IABE EFHE A 2A] AFERRIY 2 AHE-st
At k3tg ol ABE HEE I EAT = AAA
71412l Rejuvenators= =l SAtAllA] 7HEE YKS-
2(BANA 27|, Polymer modified recycling
agent)® AHS3IATE F8 9L E 13 20 )
AARE U4 LDPEE #2AEF WoZ 6%
AHEEtAT &
3 9t} aga

2¥ LDPE? &84 AL Ho3
A=

%9 94 A9 vkt

(Gneiss) #A, 47 32 499 349 A4

(Granite), &=A (Screenings), A& (Mineral
filler)3 AHE-3IG T 48 GPC A34& AYEEE
o AT FLEAZA 13mm LE A (R2) & A
e, ole AAETE ) vl wsliie 3
7HE 918 AlE AFHA RAPY F23A9} 4 &
SEAE FE] 4 AoltH(2d 2). FEAE
No. 84 ©]3t9] Screenings= AHE-3lom 434 E
< QAR A3,

2.2 HFUY

2.2.1 GPC A¢

OlAREY} =3lEH ofAEl9] Feo] F7lE of
o|Z ARMEIY(GPC)LE AT of~FE
Well LMS(Large Molecular Size)9 Z7}2 e}
vtk webd RAP F2EA) uRlt g Al #28
A Hield e} LMS 2l AA deide 22 A4
T W A - uRlezt 2% £ Aol
£ & 9 Aoz, o Aoy} & EFEL vzt
FIE HolA] Rt ABEFE e 4 - F 1
o7t B35 EAete Ao wad & 9ot

GPCE ©}AZE uRIg¥dt ohe} uial A=

E &l 5o B3 Ao] A9A e 2BE T
FANAoRA B4 27)9 ERE(ORNE EF
AE AlE Wt B AFdMe 2+ Al 2H
€ Rt Y] st & Botslr] fletd GPC +4
£ AREFES & 39 EF el w24 Az

25 N T
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ATt a9 RAP A7 AlIE & F{lstn
A | 2@ &R 1870 v MEAREZE
S Az(LA AYEFE EFEY)

2 "2 AYELE AZ A RAPI
A+ HlelE 9k 8 2A] Rejuvenator® &
8% Y3 30&7 1a vl 3 AFIZA
243t 303 7} 8

& F oIt & F&kA o vtz Boisle 9
st EAYAE 2 E THF(Tetrahydrofuran)©l
o] GPC A EL Astel GPCAP S Fadta 4
A& LMSE Falo] 1 #=< vlm BAskar).

2.2.2 3t o)) whE A WERHE A=

B AP e 5802 15, 30%2 RAPE Al
L3l A& £l om RAP F3EE Hrte
15% AYELE Alze RAPS 25T 24417t 9
d BAgh 3 ulE AMEStR e, A7 30% A4
EFEL 2] A LEM 1A A= oF
100T7t HES g S 3 F AT

durzo g AzxHe AMEFETS RAPY w3}
B uRltle] HEg Ho} 753 IJEAA ARE
g o vty B 5 RS & TS
Nstn 2t E9 il e WA AAE
HE 3). ARELE Al Al RAP H7F v &2
15%, 30%= Z7 F237te) 718372 el
a2l Hng EFREEH gk FFE CYE ofa
BE EFE(Control) ] WIFAEAE FHslA,

W34 A = Marshall 39 & AH-SIATH G ok~
ZE ., 1998). & Ao AEE SFES M
ERoA A T4 13mm U= EFES VE
o7 3o} HHolAZE §F(Optimum asphalt
content:OAC)& T8ttt o] OACE ©]&3}o] n}
Zotdw 9 ZPAAE T8l1 Wheel tracking
I APRE AE S AT SYHE AZAT
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2.2 .3 vHE8(wheel tracking) A8

2 ATl e TEFY AlE S st 305%305
x62mme] EYPE FAAE wiFAEAE 5T OAC
2 £8 %47](Roller press compactor)E ©]-&-3}
o & 410.5%=% st Az3Aqtt Alzd
TAAE 243t & B F 60T 6AZF B
Ao AFEEAT A8 60TAN FEHAL,
Aste &etE gEL 700kPa(100psi)oly 4=
40cycle/min.Z 90%7+ Z 3,600cycle #5338
e AekEFE S5 8 ERA A1E7]9) v
AR Z3AelH, A7 200mm, £ 50mme]3 13
FEA ] (stroke) = 200mme|c}.

EgEo] Imm Yssled 87HE WEISFE
onlsteE, &, cycle/mmE Ve 3
(Dynamic stability:DS)< 600cycle® 3,400cycle
Atolell A 3] H#A & B3l ottt

4 Y75 A1 (Kim test)
AE NEL t5e £FE AR
teko 2 7lstm At oa EFES &4
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AoA Higo| FF g 99 WA (AR ol
e ZAeg ML= (Deformation strength:
Sp) 2t B elstait.

AANA Y AFA Japd, BA Z7(H
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(10+~20y — y*)? (1)

Sp =

7], P = maximum deformation load (N),

y = vertical deformation (mm) ©] i
SD-O’] ‘1;‘}"?4}1_:‘ MPaO] E]'
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Deformation{cm)
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e BT o|2RYH doxe o9
et
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3.1 RAP2| £4 Alg

3.1.1 RAPY| 22 - 318 violt] B4

Age] w2 AT 5 YES 13mm ol g2 T4
@ 5% olaBE LY ARE FASAR Aol &
A ol 4B ARSI AFol ALALT E 4
RAPY] Hieltish Qule}sges] 71849 el

E 4. RAP tlolcie} Wslojrzi=ol 2|3 S4

Classification) AP contens(%) | Pen.(0.1mm) |AVS (ps)|LMS (%)

RAP 53 25 13,751 | 18.67
AP-3 - 84 1,349 | 12.%4
AP-5 - 67 2,075 | 1354
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E£4-& HaFr RAP ulRIe H=r} 13,751
poise A% 61 w7} Hol FAPA 4~5d A% .‘.
A AR Aoz 29

e TP 426

ag 7 RAPgiTEi 29 A9 Yoy, (a) ¥ H2=x (b)) fEEA  (c) RAP 323X
B dFA ARRE AEAQ Heketa) steke] 9% 8. 8} ME AHS Y3t A S2o| TXY &
SAUEE YeEbAT. RAPIA 528 EAle %
AN A3 13mm o= sl BYol of F THECN wol £olsle op2BEE fejaA
L A% et Aol e & & qgln Ay LMSE TAiH. 2¥ 8 ANERERRH A
= A9 AES 19e 2 5 U 2 7 20 o GPC #A48 A9 A B4

=

3.1.2 RAPY| 55 - Ayt 34 A Al

LRt & 5= 8 W A Al59 GPC £4
A7 g BT o},
F uhdo] A9 RAPH AFEA A9 LMS7}
FAHA T Pl ve Aol7t 458 Hojxe
o2 et o) RAPT AfolnBERe] A}
A TEHHA wslol AT ES} AFol AR ES} H 1

Percent passing (%)

~e—Granite

- A & Hle £ 99 WY A5 25 9
o w0 e e e Qb oujojty E3h, ARMTHIE 3 Fol UF
3817, B4E BXlel UE Ru(EOl, B RAP) 1 o AAE T dioled Sk sine
RAP9| =37} Aete} AAH7H7F B sk o]
Aol 2BEd Tz Ho] 4 F Wk 2ol F

3.2 E3 wilell W2 ERE e =8h4e) Bl TE Bl
GPC 1A AT A ALETE T (A ) o

wEAH BAE AATIRS olx a2 wy S RAP ZA¢ 2ol vt Al 2 545X
(A, P)oll et AZsgn Azl ggpary  Fo AYERER v} S At
RAP 2224 A2(R)Y Matrix A20M), 93 L UF2 2L 7 00% 5, RAPY w227
oz ABWV)E AZstdrt. 2 AR 2 2o] 9le vikld e ANEZE WollA Ad= 34

E5 M BF =M 792 GPC 24 Zx}

LMS (%) using RAP-SW3
Mixing Ratio
method from RAP agg. from Matrix from Virgin agg. (@/®)
(R)® (M) (v)®
A 16.17 15.21 14.42 1.121
F 15.74 15.20 15.36 1.025
Virgin mix - 14.81 14.23 -
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T 7 AFEA (A - Hnjel, B 3 E A
sto] RAPS A7bF 27141 (15, 30%), 3 iy
A, F ) 2 A2A 55 (none, L6)ol o

I
ol
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€ 332 ¢l v A W HAHIEE

fu < o

Z 167}11 (2ZA) X 2RAP & x2&shid x 27114
(fr, 7)) A EFEY WiFAAE FPetAct L
21 Ha Control)oi 2 AFTA T2 u
FHAE Y5t F 1837 £FES Az
o BE EFEAA zﬂ% T BYE 24N
€SPt

X 62 Yo AHEH EFES dig ByH A
He Uyehdoh 28(13mm 29E) EFEY ¢
Tol A 233 PALES iTEAE 53 3F

ol~BEFFE ® T 2T

oé

AT 2AE HHolrgEYFoR ZJr
TFEE FAAE AFsto] vpEHY e} 7HAH

¥ 6. 2g29 ¢
Agg. Designation Description

AD5RO Gneiss dense grade, AC60-80, RAP 0%
ADSR15-A Gneiss dense grade, AC60-80, RAP 15%, method A
AD5SR15-F Gneiss dense grade, AC60-80, RAP 15%, method F
AD3R30-A Gneiss dense grade, AC80-100, RAP 30%, method A

Gneiss | AD3R30-F Gneiss dense grade, AC80-100, RAP 30%, method F
ADSL6R15-A Gneiss dense grade, AC60-80, LDPE 6%, RAP 15%, method A
ADSL6R15-F Gneiss dense grade, AC60-80, LDPE 6%, RAP 15%, method F
AD3L6R30-A Gneiss dense grade, AC80-100, LDPE 6%, RAP 30%, method A
AD3L6R30-F Gneiss dense grade, AC80-100, LDPE 6%, RAP 30%, method F
BD5RO Granite dense grade, AC60-80, RAP 0%,
BD5R15-A Granite dense grade, AC60-80, RAP 15%, method A
BD5R15-F Granite dense grade, AC60-80, RAP 15%, method T
BD3R30-A Granite dense grade, AC80-100, RAP 30%, method A

Granite | BD3R30-F Granite dense grade, AC80-100, RAP 30%, method F
BD5L6R15-A Granite dense grade, AC60-80, LDPE 6%, RAP 15%. method A
BDSL6R15-F Granite dense grade, AC60-80, LDPE 6%, RAP 15%, method F
BD3L6R30-A Granite dense grade, AC80-100, LDPE 6%, RAP 30%. method A
BD3L6R30-F Granite dense grade, AC80-100, LDPE 6%, RAP 30%, method F
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' ' OAC RAP Virgin materials
Agg. Designation %) %) 13mm Fine Agg. Filler
(%) (%) (%)
AD5RO 5.6 0 45 52 3
AD5R15-A 5.6 15 36 45 4
AD5R15-F - 5.4 15 36 45 4
AD3R30-A 5.6 30 37 30 3
Gneiss | AD3R30-F 5.6 30 37 30 3
AD5LER15-A 5.7 15 36 45 4
AD5LER15-F 5.7 15 36 45 4
ADSL6R30-A 5.8 30 37 30 3
AD3LBR30-F 5.7 30 37 30 3
BD5R0 5.5 0 35 61 4
BD5R15-A 5.3 15 32 50 3
BD5R15-F 5.6 15 32 50 3
BD3R30-A 5.1 30 30 37 3
Granite | BD3R30-F 5.5 30 30 37 3
BD5LER15-A 5.7 15 32 50 3
BD5L6R15-A 5.5 15 32 50 3
BD3L6R30-A 5.7 30 30 37 3
BD3L6R30-F 5.7 30 30 37 3

Aqrt. F 8L 1 AHE HAF
EgEdA 10,000N £ 1 ©]

RIS SR "‘O]'%]\ TE , &
%, EEE BT 2358 EFEY oMY 71;‘
29 &, Ldut AFEAe] £35 (Control)
2t AR ELEY ot FA YEgT 2L A
AEFE FoME LDPEE A7Igh gutkddl A W
el A EEC] B HEE e

289147 % (Indirect tensile strength @ ITS)
T gyt AEAe EFE(AD5RO, BD5RO)ETH
ARYEFEC ¥ =& a2 B33, AYEFE U9
ITS9} ZH4 2 4=(Stiffness index @ SDE €utz <l

AP ARESE

o] F o] ANEFERT

=2 3E B9vh 13 LDPEE A7ta AN ERE
9] ITS} SI= tA2 A W] AYEFEo] =4
\%E}kku} o] 4L AR AL ZHEAM H 43}

3 e dukAol A W] YA EE R AS
7} A= 3 5FHA 2 %caZHﬂ Hote 4
g 7“§ 1 Fo} JUAOZ ¥

e e B
47} 2lo] A AL SR 1:}

E
ERte A @ 238 dehle 2

AR

o] 7

+1~>
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719) 7
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57
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Age. Designation OAC | Air void | Stability Flow Air Void ITS SI
(%) (%) (N) (0.1mm) (%) (kPa) (N/mm)
ADbSRO 5.6 4.40 9,860 35 4.38 660 4,280
ADSR15-A 5.6 4.05 10,730 36 4.07 900 4,350
ADHR15-F 5.4 417 10,020 31 4.07 730 3,480
— AD3R30-A 5.6 4.17 11,720 42 4.16 1,110 5,220
((‘}_nei:s) AD3R30-F 5.6 3.77 11,520 40 4.37 860 3,450
ADSL6R15-A 5.7 4,32 12,670 33 4.29 1,250 6,010
ADSL6R15-F 5.7 3.57 12,000 34 3.62 1,080 5,660
AD3L6R30-A 5.8 3.64 13,150 36 3.58 1,400 5,520
AD3L6R30-F 5.7 4.40 10,730 35 4.32 1,090 5,620
BD5RO 5.5 4.19 11,360 35 4.21 740 4,100
BD5R15-A 5.3 3.69 10,870 28 3.65 990 5,000
BD5R15-F 5.6 3.62 11,790 33 3.65 780 3.830
o BD3R30-A 5.1 4.04 12,190 35 4.07 1,000 5,770
(Gra;i‘?ce) BD3R30-F 55 3.78 12,070 39 3.57 940 4,100
BD5L6R15-A 5.7 3.65 14,700 34 3.63 1,280 5,770
BDSLOR1S-F 55 3.68 13,270 35 3.80 1,130 5,220
BD3L6R30-A 5.7 3.51 14,380 34 3.52 1,280 5,770
BD3L6R30-F 5.7 3.51 14,230 34 3.60 1,260 5,770
9 gy ANEL Kim teste] 23
Designation Ru(tmdrflr))th Dy?i}rf?:ice/sl;ﬁl?g;hty (Kl;\I) (mym) (Mslga)
AD5SRO 25.0 169.4 2.743 3.560 2.803
ADBR15-A 16.8 279.7 2.833 3.933 2.799
AD5R15-F 17.5 2526 - 2,767 3.167 2.942
AD3R30-A 10.3 408.0 3.000 3.933 2.964
AD3R30-F 13.7 379.5 2.967 3.733 2.983
ADSL6R15-A 9.7 504.7 3.067 3.800 3.065
ADSL6R15-F 10.2 416.3 3.833 3.033 3.058
AD3L6R30-A 5.2 836.5 3.100 3.733 3.177
AD3L6R30-F 8.7 544.0 3.100 3.900 3.071
BD5RO 194 220.7 2.891 3.850 2.877
BD5R15%A 15.3 300.6 2.813 3.815 2.806
BD5R15-F 16.1 271.7 2.623 3.531 2.752
BD3R30-A 11.4 391.8 3.267 3.500 3.214
BD3R30-F 11.5 351.4 3.100 3.721 3.013
BD5L6R15-A 8.3 518.5 3.301 3.611 3.451
BD5L6RI5-F 9.7 415.0 3.216 3.694 3.209
BD3L6R30-A 6.1 791.7 3.833 3.767 3.843
BD3L6R30-F 7.3 628.8 3.211 3.667 3.357
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3.4.1 HFEF3)(wheel tracking) Al1¥

& 7o E RAPo] H7IHA & EHtEdE
72 &g o Az AYEHE g v
FY AP Bt vl FAST TS AlY
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