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Evaluation of Fundamental Properties of Warm-mix Recycled Asphalt Concretes
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ABSTRACT

This study evaluated strength properties of recycled asphalt concretes using warm-mix technology. Granite with maximum size of 13mm and
penetration grade of 80-100 virgin binder were used for mixing in recycled mixtures. Mix design was performed using 20% and 30% RAP(coarse :
fine= 6 : 4) contents. GPC, penetration, absolute viscosity and kinematic viscosity were measured for determining ratio of two warm-mix additives
(Evotherm and Sasobit). Low-density polyethylene(LD) used as asphalt modifier for improving stiffness of recycled WMA mixtures in this study.
Therefore, a total of 11 mixtures were prepared in this study; 8 warm-mix recycled mixtures(2 RAP contents X 2 warm-mix additives X 2 modifiers),
2 hot-mix recycled mixtures and 1 HMA virgin mixture(control). Deformation strength, indirect tensile strength, moisture sensitivity, permanent
deformation by wheel tracking tests were measured out for evaluating fundamental properties of recycled asphalt concretes using warm-mix
technology.
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H O|ROIRCE F=2 SX &[R4 13mme
HIEtAA = RAP(HS YA & RJAF=6 !
X (Evotherm2t Sasobit)2| 27} s 2

2 HTEe S0 SHE 03T MY OfAIE ZH2|EC| HE5MS HIlsl| 25
Zetnt 2ol 60-8021 Al HIPIEH 60-808 MM =82S MIASH=H ALRSILCT
209 30%E AISSIYT GPC, HYE, BHNE, SHES 02 &7
Hat7| 1 § 35IACH LD (low-density poly ethylene)E = 0N E02 MM OPARE S5HE0| JHAM 2 ARSSIICE 2
AT = 87He| o= A %@%(2 RAPEIZF x 2 =12 HJHA| x 2 AN 20} of|e} 27He| gt A Egt=, 1712 71
Sgt UotESE (contro) Al & 117H2] EEDE NIZGIACH HEZLE AIE, ZHEQIAAE AIE, 20124 A&, wheel

trackings Stt AdHE AMge =12 MUEg=e| 7|2 §4& B7Iol7| ?Io10] &Lt

SHAIE20]
TRo
(3|5 OjABE BRXR), FO2 SY, F12 &7IF(Evotherm, Sasobit), T22IZ+Y, 24HE
1. ME 2005 2¥e] WHEE wE/|FHLFL 77} 7ke] La7tA

Fof~FE A EY A 8-S AHo] F-53
o LF7F7HA] €] 24L& A -Eshe S A DALt
T 0t} 5] AR FelM e 7402 kg Who s
g2 dhoto] )3 9l Ao o e o F o}~ E(Warm mix asphalt: WMA) ¥4 HFo]
Ho|t}, AlF3EH(EZE 7], 2008).
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AL BLAIZA] © Agel A&
WMA 2% 7le ﬂ?r SHEWR of et AR
o] 7Fsdtt}. wekd WMA 7<= Tl o] 3]4 of
2ZE ¥ & (Reclaimed asphalt pavement: RAP)2] A
48 7l WEE o8 7= gu7h gy Jees & 9T
T RAPE Ta2o2 A2Esly] flste] e A7HE
ol 3 X ASE ALEe] 913 7] 2ol

A TN = HoFABE A ES ofAFE Eﬂoﬂ xH
&8st Hlgo] v wor Junts RAP #EEAlE
ARG mEbd 7129 AT FE RAP oAt *F‘L
3l Aol AT E ZHFEQ 7B EAAIE, thekdt 53 v &
of gk wigHdA 9 ZRES] AH EFEY Az TS Al
Alakar itk AR RAP oM = ZEAe viely gHaol

E2 A go]7] wid o] S AHg-ehd At viklb o] & &7

Xioizcﬂ_/':m

agBg 2 A7dAE RAPS & 4k FE AAE 78
el VIS O Fae02 K38 ol 2UE SHEL A
8ep7) 98 484 478 Syt & 9
g8 Ao AAHeR A}B—ﬂx] Y RAP 224 S A
ol AESIY E3) 3ol ATE I ABE FuL 7)H
ozo A& P A4S Fo F3kn 1
ahe Aot

Ta

2. M= ¥ A7y
2.1. AlBME
2 A7dAe FHE RAPS

13mmAE Fsta 4HA o

W TS YA ARA S B AUARE T FHlssiT Al
T Z2Ae 3 A4 (Granite) HE 9A S F¢ 2
ZH=7) (Screenings), 84 2 454 (Mineral filler) & AH-
9t w2 A9 HANASE 13mm, ZHEAE No. 84 ©]3}
9] screenings ©|th. A&-go AHEE At o}~ BE= SALY] A
U= 57 80~100°It. H]m-E-o& A Zg ”ﬂ'—?—% & of~
ZEE AYE 60-800]t}. gk HAARE gl W2 AYE
Zz]d| 2 (low density polyethylene: LD)< AH&-a11 T},
78] &= A ”}*"1 "‘rﬂiﬁr “‘ﬂxﬂ ThHe et

?Oﬂ}%

9 80l B2 A1 o1} sk YL
£ 9og)A] gt} HERe 110~115C0lx %4 2 4] &
ol golstel £HE uw 0 @Y A3 oLABE HIH
= Ao oA 9},

EVe &85 A2 %53 100°F (2 56C)A & Laro

FE or A Stk M FHEY oA ALE
55% Ak 71 A3 CO9F SO0 MEFS 45% =°l&
A7} HuEleh, £33 HMA ZHE Welld oz Algd
T on =4 78 3 2 AALYE Y oA 2% S
7 o= AeR dHA vt 28 12 AME SA% EVE
HolFE 3 9 th(Warm ..., 2008).

[e]
T

o]

EVOTHERM M1

081609

g 1.

(a) Sasobit and (b) Evotherm

2.2. AleldhH
2.2.1. RAPQ| £& 4 3|, 3|5 HIRIE| Al

RAPS FZ(Extraction)Z 34 (Recovery), 314~ vkIH
(Recovered binder)¢} ##HE A& (GPCAIE, AUZAIE,
TAEAE, AAEA ) A AF(FHZE 5, 2009)
ol dojxl A3E Fasto] ARSI ko] F7HAQ Al
a5 53l A g 74 B

ty

2.2.2. RAP &&

o=t 23l SollA A|ASHE RAPY A% ALe- Al
A SR 10~T0%01A% LAl vl SAE
5= A 50%7MA AHEE 4 ik A7 RS Bs
100% AYNHEE AFER et (FHA = 2009), RAPS A4
7kgete 27} glole 10~35%7F 7H A4 d wE=
B3 )t (Asphalt ..., 1996).

2 APl ofABEAL L nlES EE5] 9ot
RAP #-& 9Are} 27ke] Hle 6 4% sto] F RAP H7H)&
20, 30%< AHESITE A ERE A XE O AHEE = RAP
S ARE A QoA 1AZE oF 150 TZ EE 3 F 135Cc=
Zue QA TR ALLEHT Hwg o2 RAPS A5
AfEATeas 71dEgol A2 E (Hot-mix asphalt:
HMA) HEAAZ &9 RAPS 20, 30% AHgste] A4
HMA 8@ AE 160°CllA Asphalt Institute®] ml-w2 MS-

U H}QIC
Wsle 4
B
al

)

r

&O

20(Asphalt... 1996)° 25t Fahsttt.
EFzAe] Meradl ofaBE 2032 MS-209] 4 (D=2
A 4 9l
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P, =0.035a+0.045b + K.+ F (1)

oA71M, B, =34 £3& SN HFAQ o} ~ZES] HE
(%), a=No.8Ald F& =49 FFH|(%), b=No.84ol &
sk #2004 F2 Bl&(%), ¢ = No.2004 & E2gt =4
G2 (%), K=ckol 11~15%% 745 0.15 AHE,
6 ~10%% 75 0.18 AH-, 5% °laiQl 4% 0.20 AHe-= 3t
F=0~2%2Z% A7} §l& 7% 0.7~1.5% AH&3. o)<
H[Fo] 2.6~2.7¢ BE 2A] 290 SAS gro= A7l A
L5 %= BT 55 ARt (Asphalt... 1996).

LG FE A7 M2 E oFABE G2 oA

Cet A%
¥ o} ~BE oA RAP| E3E o} ~BE kS A|9)3 Ao

2 222 (2)¢ 2
_ (100 —rR,)B, (100 -1)P, )
" 100(100— P,)  100-P,

TEE o Al O}M“*ES’J H] &
: of A5t A9 ¥l &(%), B, =74
38 oA ofAZEQ] B E(%), P =RAP4 OlATE
Hl & (%) 2A 719 AHE = %E EFr 5 AHg-eit,

21 (3)& AA| o} ~ZE gk tig 7} o} AFE GO H]
RS Atahs Aot}

R=1001" 3)
P

b

2.2.3. ATt HIQIG Q| MF
I% 25 ©]83e] RAPO.ERE 3358 w3} o
10,
1y
@

Viscoslty, Poises, 60°C

[ 10 20 30 40 50 80 n &0 90 100

New Asphalt or Recycling Agent in Blend,
R.Percent by Weight

T2l 2. Asphalt viscosity blending chart

&% oj~zEC]

E9 =S 5 Fo 4 AR YEMH &

=E HEE #5 A ZS0] Yebdth(Asphalt..., 1996). €1t

Al B Hew g Mo Fe R gt o5 501 60-

809 A5 A= F2H 2,000poiseE # gt
AqPotBE e (P, /P,x100) 22 7FEF FA8ta

0% 53 B2 AES it 2743
=4 B gaﬂw A AsHBE ot A0S 10 $5 425
7} Y Ol 898 st AT olagee] Ao,

fig! C@O] ¥ 2,00001H 60-80<, <F 1,00001% 80-
100, ¢k 50001¥ 100-120< AH&-8taL 250 o|st= Wel7hd
W77 (Rejuvenator) & AH&stAU RAPY A&-¢ v]&

& SFolof gt

2.2.4. MH=EE MX

2 A7 e A ERE WellA] Bok d5aH =3} vl
U9 =S 3] 5A7| = WHS AHESITh o] W A
e 2122 RAPI} Algtrlele 3 30%3F 12k HEl &
tEd AFEAE FYsta 302 dAA vY (stage
mixing) & 3H= A°)tHKim et al. 2007). webd 20, 30%
AYEFE wEAd o] MHS AT AFARR
T8 LYE of~ZE E4E(control) = A 25T,

i

F1e 712 A4E SA% BV AgE velte) 77}
3
A

=2 1;1
=

FAMH o2 Akttt T AYEFEY M-S fl8kd
LDE AA vl @] 4%5 Aoz Azl ol
7189 dAFellA S5et AYHE AP S YeERllE LD
olth(HZAH F 2009, o|gtd F 2008).

2 o}~ E d&(Optimum asphalt content: OAC) 2
& flote] @Al TENFT A3 AXE Tt A~BE &
e WA e AEsigith EA BIbY] 2EE
160C, AfEA9 5= HMAY 180THETF 30C ©<
150C2 7FE3lth. RAPS &3 2 17 &<t 150C 28
o] Yol Abd 7tdatsint. W) | A £FES 135TA 2
Az @718 A sttt WA e ofABE TS
4.0%~6.0%7"A 0.5%% 5S5dAZ WAIA 717
SGC(Superpave gyratory compactor)Z 1008] thls%th
("OFAFE ZFE AL D AIZ A-7(2009)). wiFAA
= F9F 3~5%, MEAE(Sy) 4.25MPa oY, A=

E(VMA) 14% ©173, 28]a ¥3F=(VFA) 70~85%% OAC
o] A%71Fo 2 A E3I9t) o] BE 7T WEShe of~%
E gF ToME FFE 4%7F oA of~ZE s
OACZE A% 33Tt

5. 28=20| ofslN EM A|E

2
W37 = (Deformation strength : Sp)E &AW} A
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ol & Aoz g9lglo] ey g Ale] Fa3 A 3t
o7 TEF YR A A T3H (Klm Test) £4 7‘]"]“/} A=

32 o] FAIAE A8t 60T
Ao 30mm/min £EZ @3}%
T A st (P)2} o] wel
= 741}1‘_}0}»/\‘;}.

0.32P

Sp = = ) (4)
(10— 20y 7")

A7IA, 5, =HF4d= P =Hdst5(N

g ZH(mm) ]T’/‘r.

=(MPa),

Loading head

Loading

Specimen
@=100mm, .
h=63mm

s,

Loadlng plate

N\

¥

P{KN)

0 1 2 3 L 5

Deformation(mm)

T2l 4. A typical load-deformation curve from Kim Test

QA= (Indirect tensile strength: ITS)& 25CelA
273 100mme! A3hd FAAE AHESIATH " 5).
A WET 2 FEY Q5G HE kR F 12 5mm«]

7tsted 4

,J_/\]

238 50mm/mime £E& 3=

1%l 5. Photograph showing ITS test

2,000P
ITS =
N D1 (5)
A7IM, ITS =874 =(kPa), P=Zdst5(N), 1=
FAAE] T (mm), D=2A1A9] A5 (mm)elH,
ohABE EYRE ol AR 34 S4o| AsErt
2— Y5 = ‘E‘}Tﬂ?ﬂ’z} ] 7]0]5]'\:]»

 AlFste 3h= Tﬂﬂ Rk
WA 2 Aelskith. F259

£ 1A% E<-18T= 0}7“174 23713 frA g ? 77114101 60

= 60T &l ﬂLﬂoi 1"]21‘ %o} 25C 3 j? S
T3 Az FAIAL ITSE 20 B9t 25+1CF=Ed ¥tk
Adlo] ZAth. Aozl F ITS #e= 4 (6)9 IFLE
H] (Tensile strength ratio: TSR (%))& T3ttt

TSR(%) =

B oA po A= WHEF3) (Wheel Tracking: WT) A& €4l
305x305x50mm &Y E FAAE B 7= 4+0.5%2
FTEC| HEF Az SEE T EHEE AT
AA G 2= JJr PR EA & 135TAlA 2A13F @73k A7
T Az}, FAIA S 24417 2 FA F 60°CellA 6AIE

114 Journal of the Korean Society of Road Engineers / 5t= %

o3| =28 M12H M4z &H 46= 2010. 12



By T e evw Ao AlgErt. Sotx gHe
100psi(700kPa)ol™ & 40cycle/minZ 1.5417H(5
Bk % 3,600cycle ¥ w2 HslzlolS ZA it
50mme] 1 <
= 19 63 2t

Z o

HF:H«] AAZ 2ol A7 200mm, -
2]& 200mme]| 2 WT A1&7]

359 524 9Pd = (Dynamic stability: DS)E WT A1d
< gote] Tttt WA st we w4 Hskee 11 73
2ol 71&712 YehdA Hed 2714 500 o1 el

1,800 2 FH<1 3,600cycled] 71719 9 )5 #HelA
Tlgh gh& ARSIt o= 71E KS W9 4?"&74]9] &4
FYET AT S A S1ak] A @ Aol %
%5 2006). 29 79 4 (e £ A7 458 5ADE
T A s HoEr
8.0
50 m3=3600
DS = my+my+ms Do
E 40 /
“E’ 13 =
230 "2 27,
a8 / e
20 | 0/ Dssan
1.0 F // m.l/_%iﬂ/ D
: 1600
/ 500

500 1000 1500 2000 2500 3000 3500 4000
Cycle

o

T2! 7. lllustration of dynamic stability (DS) in a WT curve
(H32 S, 2006)

DSnew(pass / mm)= 2(ml =+ m2 + m3)

_ 2[ 500 ,
DSO()

1,800 3, 600] 7
D1,800 D3,600

4714, DS,,, =&A¢d = (pass/mm), Dy, =500cycle
oM<l Asldol(mm), Dy, =1,800cyclecliA o] 3}zl

(mm), Dy, =3,600cyclecl A 2] A3}z o] (mm)e]t}.

ol 53
4% i3 9tk RAP H
24 w87k A3 ARE okl

Jlm
0x
=t
=
=
(= )

E _xlrn

E 1. Properties of RAP binders and Virgin asphalt

Binder AP Pen. Kinematic AVS LMS
Contents(%) | (0.1mm) | viscosity(cp) | (ps) (%)

AP 3.60 27 2342 20,098 | 22.9
(Coarse)
R.AP 7.54 16 3725 21,476 | 23.64
(Fine)

80-100 - 71 371 1,685 16.4
60-80 - 64 412 2,431 17.5
i

3}

13R(W

953

ol

)
2 w0
%
%]
8 =
[=}
=
S |
£ @ i
2 v — o RAP 20%
o i ( 4 *~—
AL g 4
o - - BLLAT P o
‘___._—#:‘ - He - —a— RAP 30%
w00 #0060 D 48 # 10mm 1amm
Sieve size

1% 8. Gradation curves of combined aggregates
(Granite, RAP)

2 (1) &8 24 £FA o3 of~BE 43 RAP
20% A&l tste] FHe5T 4714 RAP & QA
#date] ol ABE Fafo] 3.6%, 7.54%C|BR ©]F 6:4%
£33 RAPY| o} ABEGFE 55.2%0] 1t}

No.8H 9 &2 2419 F7H] (a)= 69.80, No.8~No.200
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Al F2 =49 F7H (b)E 26.24, No.20041E &3she=
A9 FFH (o) 3.97¢103 K& 0.20, F= 1.10I3ith

weba 4 (1)) ola) ofelet o] A 2
5.5%% AAsAtt.

2 olABE B2

P= 0.035a +0.045b +K,+ F
= 0.034x70+0.045x26+0.18x4+1.1
= 5.5(%)
RAPS| o}~BE 3H3H(P,)& 52%°| 2, RAPS AH8H|&
(r)& 20%°122 2] (2)°] <Jste] &3Eo] o 7} of
2FE B E(P

nh )

_ (100> =rP,)P, (100-r)P,
" 100(100—-P,)  100-P,
(100> =80 x5)6 (100 —80)5
nb = - = 50%
100(100 — 5) 100-5

4 (

gl H&(R)

3)% ol §3te] WA ofABEY U 7} ofaBE
2 AT
> 100%5.0

R=1002% =
P, 55

=90.9(%)
ABEFES] BFYEE vud AFEFEA Algdhe of
22EQ 60-80 A= 719 2,000ps(d D)= 44
t}. 28 99l RS 90.9% % 7t2 2| ®AIGte] 18 43
N3 BEAHE 2 000pselA] 1& 49 4o] shie 4 BE 4
Fatsith, 2l a wsfelaBES AT 21,500ps8 H5H 2
Zd A AR Yehfo] A A9 BE ole FAE T0] $= A
223} s A 02 AReAT wahy F7} olaBE A
= CE % 1,100pselith. ol 80-1009] H=sh frAlstE.

2 80-100% Alffol~ZER A9
w3 A (1)L o galo] 30% ALEEA9 428 of~BE F
< 3439t (a)E 67.36, (b)E 28.57, (0)F 4.07°1%

o 22la Ke 0.20, Fe
S 5.6%E AFEA
RAPS] o}~ZE ?}%k( )2 4.5%0°]11, RAPS] A4
(r)& 30%°122 4 ( 1 oJste] E3E] Fagk 37t of
~FE H&(P,) & 4.5%i Argstgion 2 (3)5 o83t
o] AA| ofABE Fefo| Uit F7} ofAFE o] HlE(R
& 80.4%= ARGt mEtA E3x AEE 2,000ps(H D)
2 AFsta R 80.4% 9 RAPY kol A~dE A&
21,500ps2HE F718 ofAaZES] =7} 1,000ps 13k

110|122 /g A8 ofABE

(=
%

Viscosity, Poises, 60°C

o 10 20 30 40 50 60 70 80 80 100

New Asphalt or Recycling Agent in Blend,
R.Percent by Weight

J& 9. lllustration of selection of virgin binder viscosity
using asphalt viscosity blending chart(RAP 20%)

o} A 12 HIHAE ArlelH A=} Yolx| B2 (Doh
et al, 2010) A5 ¥RIHE 80-100% A&t}

3.2. #0232t U2l AoHIE MH

80-100¢] HIH|E RAPZYE 35 2
o} 7:39) HI&R ] GPC, AYUE, THE AEel AHE:
sttt Auld=E GPCAEE B3l 4 (8)& ol8ale] 73
Aok, o] A& ol 43 Ao met LMSe| %A EA A
R*> 0.955 WYeItH(Kim et al. 2006).

Frele o 8:2

y = 13.082¢%3 8)

A= (p)olaL x & LMS #olt},

)sﬂr 3(30@#; AlgtaRie ¢ 3]sl
Ag grolth, Fue 5389 4 2
115T BAEE 952 vlwdEH, RAP 20%°
AME 94 2 NONEY 7% 1671cpollM EV
0.5t 11242 33%, SA 2.0& 12992 22% Solx & a35
Btk RAP 30% NONEZ 1864¢14 EV 0.72 1004%
46% AA Sl ot SA 2.0 8% HolA el 13T o9}
Zo] EVE =3} uRldzl 20-30% A7FE AAueltel &
HEE 115CAA 93] 3o SAC] A5 30% AR
M ZI7F At agla o]E EdE EVS RAP 20%°l
ME 0.5%, 30%NME 0.71%%, SAE A= #ol 7HE &
€ 2.0%% RAP 20%, 30%° AH&-3titt.
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I 2. Binder properties by the ratio of WMA
additives to recovered asphalt

. WMA Kinematic
ciner (55| 29 | g | ey [ U00SCD)_ P
cont. (%) 116%|125¢|135T|
0 | 80-100 | 16.42 | 2.52 |1032| 596 | 371 | 72.2
NONE | 18.72 | 5.27 |1671| 945 | 425 | 41.7
SA1.0 - - 1420|785 | 471 | 447
SA15 - - |1842| 760 | 440 | 42.0
20 | SA2.0 | 18.64 | 513 |1299| 697 | 425 | 44.7
EV0.3 | 16.94 | 2.97 |1113| 595 | 359 | 56.8
EV0.5 | 16.80 | 2.85 |1124| 632 | 377 | 5&7.2
80-100 EVO.7 | 17.23 | 3.26 |1039| 575 | 348 | 64.4
NONE | 19.44 | 6.63 |1864|1192| 500 | 35.0
SA1.0 - - 11803| 936 | 584 | 36.0
SA15 - - |1756| 898 | 642 | 31.7
30 | SA2.0| 1958 | 6.94 |1711] 874 | 514 | 36.0
EV0.3 | 1843 | 4.80 |1174| 655 | 329 | 43.8
EVO0.5 | 17.83 | 3.96 |11564| 650 | 399 | 46.2
EV0.7 | 17.32 | 38.37 |1004| 579 | 350 | 58.8
3.3. HHEHMA|

RAP A7V 27121(20%, 30%), T A7 & 27}
21(20% AAYA EV O 5%, SA 2%, 30% AMAA EV 0.7%,
SA 2%), NAA +F(none, LD 4%)°l w2 8714 (2] A4H]
& X237 X 20 8A) F3-2(WMA) A E=2] w4
£ TPt =3t ¥ w8-(control) &2 60-80 A7 HMA
2353} RAP 20%, 30% 771 HMA £3&2S 160ColA

E 3. Mixture designation and description

Rap : N -
(atio(%) Mix type [Designation Description
0 HMA ROO  |Granite dense grade, HMA, RAP 0%

E 4. Optimum asphalt content(OAC) and
proportion of each mixture

Virgin materials

Rap ratio| Mix Desianation OAC | RAP : .
(%) type g %) | (9) |18mm|Fine Agg.| Filler

(%) (%) (%)

0 HMA R0O0 5.3 0 48 48 4

HMA R20 50 | 20 | 48 28

R20EOS | 4.8 | 20 | 48 28

20 R20EOSL4 | 4.5 | 20 | 48 28

WMA
R20S20 | 44 | 20 | 48 28

R20S20L4 | 5.1 | 20 | 48 28

HMA R30 50 | 30 | 42 24

R30EO7 | 45 | 30 | 42 24

30 R30EO7L4 | 4.4 | 30 | 42 24

WMA
R30S20 | 50 | 30 | 42 24

S [ NG [ NG [ N O O O O NG NS

R30S20L4 | 4.3 | 30 | 42 24

A7 @7 egksto] WA S skl
# 32 Aol AHEE el B PRt &
13mm BU=A A 24 EFUE=et WitdAE
OACE # 49 2o wighidA 23 dHsiAxe &
WMA H7Hs} Z2m 9] AHgo] OACE ta BF& AL

Jepd), ol WMA 27H7 wele g B4 57 s, LD
£ §70] 1102 ol I94 < FA] e oz >
FHr},
3.4. Z12 MM 82| o5t EN

(1) Z28 A T2 Mg2E(S)) 54

WA 25E A9 0ACE 7 Eg2u

hl H
el 8, A8 AT E 59 2o WA
T2 3~5%, VMA 14% ©%, VFA 70~85%% 2%
=3ttt

HMA R20  |Granite dense grade, HMA, RAP 20% E 5. Deformation strength(Sp) of each mixture at OAC
ROOEDS Granite dense grade, WMA, RAP 20%, . , Ar
Evotherm 0.5% Rap ratio| Mix ... I0AC| . |VMA|VFA| P y Sp
: o Designation| . [void| o
Granite dense grade, WMA, RAP 20% (%) type (%) | ;00| (%) | (%) |(KN) | (mm) |(MPa)
R2OE05L4 ' ' ' (%)
201 a Evotherm 0.5%, LD 4% 0 |HvA| Roo [5.3|3.56/15.78|77.47|2980| 2.0 | 3.47
R20S20 Granite dense grade, WMA, RAP 20%, L ’ i ’ -
Sasobit 2.0% HMA |  R20 | 5.03.88/15.37|74.76|3507| 3.1 | 3.77
Granite dense grade, WMA, RAP 20%, ROOEQS | 4.81(3.67|14.7675.11|3278| 2.2 | 3.97
RE0S20L4 | s asobit 2.0%. LD 4%
asooit 2.0%, ° 20 A ROOE05L4 | 4.5 |4.42|14.75|70.04/13370| 2.9 | 3.69
| 0,
HMA | RSO gramte jense graje’ C'vm Zf;é%j R20S20 | 4.4 |3.81]14.00|72.83[4537| 2.8 | 5.07
it , , ,
R3OEQ7 |Zrente dense grade ’ R20S20L4 | 5.1 |4.00[15.61]74.36|2086| 2.7 | 3.33
Evotherm 0.5%
Granite dense g’fade WMA., RAP 30% HMA R30 5.0 14.36|15.84|72.47|4029| 3.4 | 4.20
R30E07L.4 o '
30 Evotherm 0.7%, LD 4% R30EQ7 |4.5|3.86|14.33(73.05/4763| 3.2 | 5.08
WMA Granite d de, WMA, RAP 30%
R3pgpp | Cranite dense grade, ' 2, 30 R30F07L4 | 4.4 4.01|14.17|71.68|3761| 2.9 | 4.10
Sasobi 2.0% YA R30S20 |5.0/3.58/15.13|76.35(3743| 3.2 | 4.00
R30S20L4 Granite dense grade, WMA, RAP 30%., M : : : i
Sasobit 2.0%, LD 4% R30S20L4 | 4.3 |4.0814.01|70.87|4510| 2.9 | 4.95
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I 6. ITS properties of each mixture at OAC

Rap ratio L e e — OAC | Airvoid | VFA TS

(%) (%) (%) (%) | (KPa)

0 HMA ROO 5.3 3.62 | 77.63| 902

HMA R20 5.0 3.76 | 75.35] 890

R20E05 4.8 413 | 72.78| 882

20 R20EO05L4 | 4.5 422 | 7057 960
WMA

R20520 4.4 439 |72.42| 875

R20520L4 | 5.1 3.28 | 77.74] 1037

HMA R30 50 3.15 | 78.71| 1207

RB0OEO7 4.5 421 | 72.55] 1262

30 R30EQ7L4 | 4.4 422 |70.62| 1102
WMA

R30520 50 3.62 | 76.15| 1058

R30520L4 | 4.3 4.30 | 72.81| 1344

(3) T A == 2124
€A% (Freeze/thaw: F/T)AEo2 &
TRt & 72 20 25C 3 wetted)} ZAIA 2}
A 2 22 3] (hydrated lime) S 3 %
Al FAA G e BAAE HIlstn T4 63
(F/T+Lime) A2lgt SAA19] RAP Hl&©l whe ITS 22to]
o} a8 10& % 7S =43)3 Aot}

I 7. Moisture sensitivity of WMA mixture at OAC

Rap rafio | Mix | .| Lime TS (kPa) TSR (%)
(%) type e (%) |Wetted D | F-T @ [@/Dx100
0 HMA R0OO 0 697 504 75.2

HMA R20 0 805 673 83.6
0 971 787 81.0
R20E05
0.5 - 781 80.4
0 1039 900 86.6
R20E05L4
20 0.5 - 954 91.7
WMA
0 930 882 94.9
R20S20
0.5 - 886 95.3
0 885 781 88.2
R20S20L4
0.5 - 861 97.3
HMA R30 0 937 900 96.1
1035 889 85.8
R30E7
0.5 - 1055 | 101.9
0 1087 | 1026 | 94.4
R30E07L4
30 0.5 - 1047 | 96.4
WMA
0 921 834 90.6
R30S20
0.5 - 889 9.6
0 1082 862 79.7
R30S20L4
0.5 937 86.6
110
100 - — M — —
.90 — (T = — I e =
0 4 0 4 0 0 4 0 4
EV05 SA20 0 EVO7 SA20
WMA M WMA

1%l 10. Tensile strength ratio of various mixture
combinations
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E 8. Result of wheel tracking test
Rap ratio | Mix o Rut depth(mm) DSnew
o Designation
(%) | type D500 | D1800 | D3600 | (Pass/mm)
0 HMA R0OO 235 | 3.81 | 4.87 2867
HMA R20 1.35 | 217 | 2.73 5059
R20E0S 1.43 | 2.04 | 2.48 5416
20 R20E05L4 189 | 211 | 2.47 5424
WMA
R20S20 1.30 | 1.71 | 2.07 6385
R20S20L4 1.38 | 2.25 | 3.09 4759
HMA R30 1.07 | 1.73 | 2.08 06498
RB0OEO7 168 | 2.34 | 3.07 4595
30 RB0E07L4 1.40 | 1.98 | 2.35 5652
WMA
R30S20 1.16 | 1.96 2.4 5712
R30S20L4 1.09 | 1.58 | 1.76 7388

Dagop = Final rut depth
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