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Physical Properties and Low Temperature Resistance of
Recycled Binder

OI %1 J_‘ﬂ'* 7D] _i_ %** E_ 0:‘ _Jr\_*** 7D| j"él_ _C[)_****
Lee, Young Gwan Kim, I. E. Do, Young Soo Kim, Kwang Woo
Abstract

This study evaluated the asphalt binder characteristics for the hot-recycled asphalt mixtare in which RAP was added in arbient
temperature for surface course as well as for base course. RAPs were collected from four sources and their physical properties were
evaluated. Mix designs were performed using 10 and 20% RAP contents for surface courses and 10, 20 and 30% for base courses.
A virgin asphalt with the penetration grade of 60-80 was used for mixing recycled mixtures. Physical properties of recycled
binders, including penetration, absolute viscosity, GPC, BBR and penetration after TFO were measured. From the results,
regression analysis of absolute viscosity versus LMS in GPC showed R being over 0.95, showing that GPC results estimate the
absolute viscosity with relative accuracy. In BBR test, the resistance of recycled mixtures at low service temperature was inferior to
the control, because the low temperature PG of recycled binder was one grade higher than that of the control binder.

Keywords : RAF, GPC, TFO, BBR, LMS, low temperature PG
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S ( H 2. Properties of asphalt
AC 60-80
Classification
Spec. | Measured value
Penetration 25¢C (0.1mm) 60~80 76
Viscosity 60T (poise)  |1.600~2,400 1,714
? Ductility 25T (em) 100 138
Flash point () »230 334
Retained penetration after
thin-film oven test (%) 52 %
Ductility after
Thin-film oven test (cm) 750 105
Specific gravity 1.024

21, RAP passing 13mm sieve

. F 3. Properties of aggregates
E 1. Properties of RAP

. . Asphalt content | Moisture content Classification S_pe.c -|Ae8. from 4A0mm|25mm 1 3mm Fine Filler
Classification o o limit| RAP | agg. | agg. | agg. |agg.
(%) (%)

RAP-1 5.6 3.2 ng:&?yc »2.45 2.68 | 2.7 |2.73 | 2.692.792.75

RAP-2 5.6 34 '

RAP-3 6.1 1.3 Absf;p)“o“ 30/ 15 |1.2]05]|12|22] -
(/]

RAP-4 5.2 438 Abrasion
%) 35| 18 - 17 1 15} - -

o} zo} 2.2 My

2.1.3 2 2.1.1 RAPS| £& 4! 5|4

AFEAE A7) SRAGIN Al s AYoREBES Akl AHEE RAP] E3¥]
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E 4. Gradation of aggregates

Sieve Percent passing (%)
size 40mm 25mm 19mm 13mm Fine Filler
agg. agg. agg. agg. agg.

25mm 100 100 100 100 100 100

19mm 57.02 93.44 100 100 100 100

13mm 57.02 93.44 100 100 100 100

10mm 5.19 26.55 29.11 89.22 100 100

#4 0.95 0.93 7.22 33.8 80.73 100

#8 0.81 0.59 2.77 16.79 50.76 100

#10 0.81 0.58 2.47 15.56 47.62 100

#30 0.81 0.58 1.64 8.84 25.08 100

#40 0.75 0.58 1.56 7.73 20.44 100

#50 0.75 0.58 1.45 6.88 16.98 99.75

#100 0.6 0.52 1.1 4.68 9.6 86.1

#200 0.41 0.37 0.73 3.77 6.41 82.6
2211 29 9 grat recovery W< wgtom A 342 gAIZF o2
RAPS| E3Hl ol4BE 992 21 dyes  S4Hdd. o Fuel S92 33 209E 24 24
FAL & Gt ke Do ofABE B AW Hebl) ¥ F24 +9E fller 5 oMY 4R
(Ignition chamber)& o|&dtd TFEE Bl 1 & AAA F 14 SHAP LR TCE 9 oj22E
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2.2.2 MM OfAZE HIQIH Alg

RAPC 2 %E #Z3 w34 nlolve} AX &3
AN FEF AN of~FE HRITS 54& ¥
247 24l A9 9, 4 A9
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2.2.2.1 GPC &4

A AT} 37 ofA~BES w319 EAL Hlm
287 9dte] HP-GPC(High-performance
gel-permeation chromatography) ¥4 stk
(1€ 2). o] OfAFE ko] GE FAYEE
o old W3} JEAE SH o ARmETR
Motk of2FEJ w3 HW ofxad
(Asphaltene) &%e] 7t o) H=rt 718t
I YTt BofA e A3 vepdn o)g A=
nfEados AW of2TE o g EA
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(28 3). Wb A F7F A =e wspie
£ 4948 ARIAV} e Ao2 Hu QT (EF
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Elution time (min)

12! 3. Typical GPC profiles of old and new asphalts
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BENDING BEAM RHEONMETES

18 4. Bending beam rheometer

18l 5. Asphalt binder beam and loadceli in BBR chamber
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5. Properties of recovered asphalt binder

. . . LMSB in
Classification Penetration Vlscgs1ty apC
(0.1mm) {(poise) N

(%)

RAP-1 36 7,254 17.83

RAP-2 36 7,293 17.83

RAP-3 24 12.390 18.43

RAPH4 46 5,230 16.59
Qs ARPEE NP,

o2 I HHA
RAPY =3MdEls} ol ~BE Fio] UE A &
4 9JUTHE 5). RAP-39 7% wielyel w37}
74 Asled Aol 53 o4 At EFER] R 2o
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E 6. Designation of mixtures

Classification Designation
D5R0 13mm dense grade control mixture
D5R1-10, 20 13mm dense grade RAP-1 10, 20% added mixture
D5R2-10, 20 13mm dense grade RAP-2 10, 20% added mixture
D5R3-10, 20 13mm dense grade RAP-3 10, 20% added mixture
D5R4-10. 20 13mm dense grade RAP-4 10, 20% added mixture
B5RO BB-2 control mixture

B5R1-10, 20, 30

BB-2 RAP-1 10, 20, 30% added mixture

B5R2-10, 20, 30

BB-2 RAP-2 10, 20, 30% added mixture

B5R3-10, 20, 30

BB-2 RAP-3 10, 20, 30% added mixture

B5R4-10, 20, 30

BB-2 RAP-4 10, 20, 30% added mixture

Note : BB-2 : ¢¥448]7]%& BB-2.
OIATE HE SHES % A AC 60-80°] A
A=A

E 62 3o A1ed 8=
ot} Fo|A HXEo] ALEH 2
oln wigte] DE AlZSt= ) B
AZle A& 7154 EGEOY. 7|5 o}ARE
ok 218]71% (Black base) &2 A Ql
< BB-22 3l 33ttt

3.3 MM OlAZE HIoIH E4

B AT A4 olABE WIS GPC
242 5 LMS9 AES B 2 wolsls
A7esl B wilEe] B4% ALRd A

o e APttt

331 LAY

A ELE0] 2742 AfolaBES] SFE
N RIEE S PR NERERE D
B e

1‘1‘51 2ARE, AYEE HE 2t

T #olZle vk A7t 7HAE A A
ool Femrt gojzint ‘Ilr"ﬂr’ﬂ £ AT
U|=- Asphalt Institute (ADY] A
02 H/1E ol AFESY EFE 7ﬂ7g0 ack & 7&
RAPS At Eel 2345 Al of2~BE vl
ARHEE BoFE Aolth ol Fal & A7l
Me 7PF AsA witd RAP-38 20% d7HES
Lol AHAEst vl A A e suef
A F2 AH-EHE AC 60-80% 7] vt 2 AL
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r =
_OL
b
e
wlo
4
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E 7. Absolute viscosity of recycled asphalt binders

RAP
content(%) 10 %0 10
Classification

RAP-1 2.372ps 2.654ps 3.296ps
RAP-2 2,459ps | 2.81bps 3,320ps
RAP-3 2.,833ps 3,436ps 4,014ps
RAP-4 2,298ps 2,539%ps 2,967ps
Control 2,245ps
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3.3.2 GPC &4

CPC AL E8)4 LMSY Axoke) #AS &
olHux g, 1Y 62 F 7IX GPC WHe
E 7% THE(RAP)E, TFHE QI EAF
(Large Molecular Size: LMS)S Bdo&t} 13
ol LMSAE GPC M1ZE& RAPIA 34
(recover)dt W1 E Tetrahydrofuran(THF)l
=2 &AM At ZHF Aol LMSB=
RAP E35& ul2 THF o] %9 & Mz
AHst S Aoltt, AA 13 EFE FolA 4
N BASE Algslnes LMSAV Ui 2 #E 2
At A9 wlssch, 28 RAP 32 100%(100)
o] LMS #E°l RAP 3 10%4F 20%(10, 20) 5.
O 953 2 S & & o] RAP AA & =87t
o] Yl o] & ATt ol ARES HgozA =
3t =7t 28 W 959 VIR(Virgin) &2 VeRd
At o= EE AC 60-803% A9 W3 o] @

20
18
16
L .
12
10
8

LMS(%)

6
4
2
o}

RAP-2
RAP & CONTENT (%)

RAP-3

17 6. LMS values measured from recovered binder
(LMSA) and directly from RAP (LMSB)

14000

12000
1000
£ a0
6000
4000

LMSB a
y = 62702027
R%= 0.9586

AV

a
LMSA
2000 y= 952388 0.2421x

0 R® = 0.8884
10 12 19 16 18 20
LMS (%)

18 7. Relation of absolute viscosity with LMS of
GPC samples from recovered asphaft (LMSA)
and RAP (LMSB)
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3.3.3TFO A

B A s AC 60-80°] RAPA 53 o}
2ZEE AA &3¢k vlld (pen. ratio, @/D) %
RAPE 71t AR EREZHY 28 TFE vl
It (pen. ratio, @/@)] AY=HE vlwETh.
HRRITIE TFO Alget £ AY=(@)9 ABEd
e 7% I ol~BES IY= (@)} fAKH
o TFO A8 3l vol o] 7] w3l BAW} 7}
T 4 & IAUHE 8).

AC 60-80 9] HYdx=H]= ASTM D 1745(KS M
2258)°lM 55%01d o2 FAH o e (/D)%
@) 25 w=E e Bgon Mixtured 4%
T OfATEVL oju] & 3K S AXNHEM =

geo] AN=M @7 225 ¢ & AT
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(AC 60-80) + recovered Binder recovered from the mix of
, binder from RAP (AC 60-80) + virgin agg. + RAP
Classifi-
cation Pen. Pen. Pen. ratio Pen. Pen. Pen.
(before TFO) @ | (after TFO) @ | (@/D) | (before TFO) @) | (after TFO) @ ratio
(0.1mm) (0.1mm) (%) (0.1mm) (0.1mm) (@/®)(%)
AC 60-80 76 48 63 50 38 76
RAP1-10 71 42 59 44 36 82
RAP1-20 69 41 59 41 34 83
RAP1-30 65 39 60 40 33 83
RAP2-10 72 42 58 43 35 81
RAP2-20 68 41 60 41 35 85
RAP2-30 63 39 62 38 32 84
RAP3-10 70 39 56 35 30 86
RAP3-20 62 38 61 34 29 85
RAP3-30 57 38 67 32 26 81
RAP4-10 74 44 59 48 38 79
RAP4-20 72 42 58 45 37 82
RAP4-30 69 4] 59 41 35 85
E 9. Results of BBR test
Prop. Temperature Deflection Stiffness
. (t) (mm) (Mpa) m-value
Classification
0 2.047 38.713 0.4124
Control -6 0.8943 88.089 0.3385
-12 0.4150 189.204 0.3008
4] 2.0603 38.583 0.4143
RAP1-20 -6 0.9001 87.762 0.3407
-12 0.3343 234.808 0.2761
0 1.56374 51.591 0.3657
RAP1-30 -6 0.7317 107.810 0.3008
-12 0.3512 224.703 0.2558
0 1.2395 64.068 0.3457
RAP2-20 -6 0.7526 104.895 0.3108
-12 0.4142 193.351 0.2851
0 1.1895 66.761 0.3394
RAP2-30 -6 0.6733 117.790 0.3172
-12 0.3526 223.614 0.2727




F 9. Results of BBR test (Hl<)

Prop. Temperature Deflection Stiffness

. (t) (mm) (Mpa) m-value
Classification

0 1.8202 43.467 0.3775
RAP3-20 -6 0.7353 108.021 0.3169
-12 0.2916 270.526 0.2570
0 1.2985 61.051 0.3615
RAP3-30 -6 0.6465 122.086 0.3217
-12 0.3181 247.7236 0.2594
0 1.4108 56.195 0.3616
RAP4-20 -6 0.6714 117.945 0.3198
-12 0.3705 213.011 0.2714
0 1.2225 64.864 0.3452
RAP4-30 -6 0.5440 145.808 0.2980
-12 0.3584 220.982 0.2932
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£ 10. PG of recycled asphalt binders

Mixing content
(%) 20 30
Classification
Control -22
RAP-1 -16 -16
RAP-2 -16 -16
RAP-3 -16 -16
RAP-4 ‘ -16 -10
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