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Evaluation of Permanent Deformation Characteristics of Recycled
Asphalt Concretes made by Improved Mixing Method
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Table 1. Mix method of recycled asphalt concrete

]
Classification Mix Method

AAze RAP A5 vl & T3t JAS v&2 187 vy 71248 E
FEE AF(UHHYA AYEHFE L)

22 u gy AYEFE Az A RAPO!] AF mkl e 9}

A

F Rejuvenatord A L3 YW1 30%7F 1x Widl & AFFA4 £Yst 187 4
2. Mz ¢ MY
214 8
B dFdAME AVE £AAGeA BHH HAdid dojR dlfolaBE ¥ A H(Reclaimed Asphalt
Pavement : RAP)E 33l g9 AL&stATE. 38 RAPE F T% 34 S AXA &1 Agd uf

5 A
2 AEE F JAEE 13mmeldtE Fsdct o2B|EE Y= %T}o] 60~803 80~100%1 =4k
AC60-80, AC80-100 ¢ol2=ZEE Al8slgrt. HAYS 57 AC60-80% ¢l=FE= 1”7%(Control) UBEg
E AZo A8 T, ACR0-100= FulolA AdHE of2¥E F 7MY P EVF ¥ BT 1,000ps ©)
slo]lm 2 (AC60-809 A% oF 1500~2000ps) AMAotARE FgZ o] AzxA /‘Jﬁ‘ﬂ?lﬁii ALl o
g1 =3y olA2YEY HEE IEAJ = AMAF7IAE Rejuvenator =+ Recycling agentgl 3t&d], 2
AN s ] SAbll A ARE YKS-2(22 22708 FH 714, Polymer modified recycling agent)& AF£3}1%
. AT SlA AiEe] el st 7 FEle 9 Z No. 504 A9 o H(FFHF o
1%) No. 8418 A9 o Tdsl=(F 3 99.52%) YA e 2] LDPE(Low-Density Polyethylene)& AF&-3t1
. zZElm FAE Y 94 AY ¥alGneiss), F71 FH NG9 5749 P4 (Granite), A
(Screenings), A2 A (Mineral filler)& A}&3t9t}.

22 AME WY
221 RAP &2k =4}

2 Aol E F5E02 15 30%2 RAPE A48l A9& 339 on RAP g#FEE H7tE 15%
AYEFE AZEL RAPE 25T 24X 0] 23 & ulzg Alg3ldoen, Y7 30%82 &8s A
EA 1A Axel oF 100C7) HEH dIE-¢ & F AHEEAg. 23 vlE g oz RAPE H7EHA
@ AfzANezr MFHAAE 9

222 E#tardo o2 QY= M=

E Adqde dutd ez AzsHe ARYEFGES @4 AAEFE 9 widdrt Bt #F8A dAY
EE RAPY =3¢ uiaule AEE HB2A Reoez datsls F kR EH S AA el zF Egub
o uz}t WFEAE A EETE. ABEFE AF Al RAP H7} w]€2 15%, 30% 2 ztzh A2d7ke 7t
A7t Uy 2glx vag EREaA dy 58 URlE olARE EE(Contro)o] viFAHA g
33 A

23 EgE9 oSt 54 A H

23.1 i gt A
2 dvdMeE U 554 13mm BUEE HEE vt AR tEAP AE 3T
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232 MygAs AE(Kim test)
3

n *_?Ho-_fﬂ A AUEES AA @FoNA A FAH 2o F, FAAE FYFOR AR
32 @ WA HAoJAE JRER GPolA Hast Midsel de YFA B fFol AeY v
skt BN WYY FUE 2k DA B AQAAE H3E TR oA IR 2L $goE
shstm Astel ga EEEE LAWY FASA U AT o WYo] FUHER HFRL AEF
SE AEEEE 24WY AGE SHGE GE2E(Wheol tracking) AU L OTAA FU3)

I Figure 8% e A% Fal £30% 83¢ /5% stk 3% DA ¥ F Ade w3y 03
AP ANt shFel oa wHozRE yRF sF¥ol ofiWE TaHER ¥ BY AFE uE
W, #3A SHFE)E BAWAN uie] T 49 WHQA)SR uivel 4T ZEE HMYPE

(Deformation strength: SD)&F A 9l s} t}.

HAAAY d7AFe] 3ty FAe ZAZN(HARRF 10~19mm)o] FAG] 358 AF ) dFA 9
Y (/D) 0257 7HF 4% Z23E YehdllT D = 40mmel X r = 1I0mmE BAHe 3158 (40(10)] ol
HYEPgEe 4L 714 2 Yuhlenz olf B AgdA ARGt E$ § 2002 abe). HIAE
Asbale A(1)= ),

4P
= (1
So (D —2(r—V 2ry — y2))?

«7]4, P = maximum deformation load (N)
D = diameter of loading head (mm)

r = radius of round cut (mm) ‘
y = vertical deformation (mm) °l2 SD2] ©¢+= MPacolt}.

358E WHGel FALE A7) fAsH Figure 13 & B8 Adstn o8 ZAE2E(Kim
tester)2} W32 o AFYE HeLEZ At Figure 2% °| & vHEAAE
ANBE sl THo)y o]mRE edojA= sE-HAT ML Figure 33 7t}

Ao A= 305x305x62mme] S HE A ZRlsto 1711322 AE F 13cm =dBE HEYF ANEE
AAsla, & 329 17cm € B E 100mm 2o E 37] M3 3Eth. Figure 45 ZHAESR SgHe &
Folth, 7EAT A ‘3“‘37‘59} AR gl Aol 7HF =L dE < 401008 AlE3te Kim-test
E T g3} 2ol g A8 B ATl AFEsAh

Sp = P ©)

1( 10—V 20y — y2)?
A71H Px AustEN), y= 288 mm)e]
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Figure 1. Schematic of Kim tester Figure 2. Kim tester setting on a
and its loading mechanism Marshall press
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Figure 3. A typical load—deformation Figure 4. Photo showing a slab after coring and
' curve from Kim test wheel tracking
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59 2o},
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Figure 5. Wheel tracking test system Figure 6. lllustration of dynamic stability (DS)

in a WT curve
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3.1 RAP2| SAAIE
3.1.1 RAPS| & - 3|4 njelr] 54

Aol utzE ALEE F UAEF 13mmeolstE FA Y SF ol2BE IFARE FAHAR AU LAY
ol 4EE AAste APl AHE3tATh RAP vilvie] M =7} 13751 poise2 48] =37t o] EHIA
5d AE A AEd Aoz vepdcl

3.12 RAPE] F& - AR 28 MIIE MFE

Figure 7914 RAPS #Hol2BE ZTAAR2RE 2E2E FA9 gxoid, £ dFA AHEE AT7EA
el #reigta} sh7tete] FAYEE veldnh, FEHIAT €304 FAHD 13mm o3 E #HAFHE FA
Ao Ax AErt ZAolH S-S o F UM, UelH AFFAE I Y4EE HAE € F AR

—=—Gneiss
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@
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Figure 7. Gradation curves of combined aggregates(Gneiss, Granite and RAP)
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3.2.1 ui gt A

F 7EA ASPEAA "k, B S E AHEste RAPS HUHE 27FA] (15, 30%), £ Uy ¥ UHA
(A, Fr)) 2 HEA f%-(none, Lol W2 F 16717 AR &S MPHAE FAhadw. 2z 9
2E(ControD 2 2 ApE A EFEe] wiHHAE FAstd F 18TFES AZ3HUTD. Table 25 Aol
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Table 2. Mixture designation

20054 Eskaris]

Agg. Designation Description
AD5R0 Gneiss dense grade, AC60-80, RAP 0%
ADS5SR15-A Gneiss dense grade, AC60-80, RAP 15%, method A
AD5R15-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, ACR0-100, LDPE 6%, RAP 30%, method A
AD3L6R30-F Gneiss dense grade, AC80-100, LDPE 6%, RAP 302, method F
BD5R0O Granité 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 F
BD3R30-A Granite dense grade, AC80-100, RAP 309, method A
Granite [ BD3R30-F Granite dense grade, AC80-100, RAP 309, method F
BD5L6R15-A Granite dense grade, AC60-80, LDPE 6%, RAP 15%, method A
BD5L6R15-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 302, method F
Table 3. Marshali and ITS properties of each mixture at OAC
. . OAC | Air void | Stabili Flow [ Air Void ITS SI
Agz. | Designation | Qo | Mol I SGEEY | ot | on) | Gegtiem) | kgt/mm)
AD5SR0O 5.6 440 986 35 4.38 6.6 428
AD5R15-A 5.6 4.05 1,073 36 407 9.0 435
AD5SR15-F 5.4 4.17 1,002 31 4.07 7.3 348
Hue} AD3R30-A 9.6 4.17 1,172 42 4.16 11.1 522
. AD3R30-F 5.6 3.77 1,152 40 4.37 86 345
(Gneiss) "ADSI6RIS-A | 5.7 432 1,267 33 429 125 601
ADSLBR15-F 5.7 357 1,200 34 3.62 10.8 566
AD3L6R30-A 5.8 364 1,315 36 3.58 14.0 552
AD3LBR30-F 5.7 4.40 1,073 35 4.32 10.9 562
BD5R0O 55 419 1,136 35 4.21 7.4 410
BD5R15-A 5.3 3.69 1,087 28 3.65 9.9 500
BD5R15-F 5.6 3.62 1,179 33 3.65 7.8 383
7ot BD3R30-A 5.1 4.04 1,219 35 407 10.0 577
R BD3R30-F 55 3.78 1,207 39 357 9.4 410
(Granite) "BpsT 6R15-A 5.7 3.65 1,470 34 3.63 12.8 577
BD5L6R15-F 55 3.68 1,327 35 3.80 11.3 522
BD3L6R30-A 5.7 3.51 1,438 34 3.52 12.8 577
5.7 351 1,423 34 3.60 12.6 577

BD3L6R30-F

322 HX otAZE FHENOIAM2| EftEo otaotdT SH

gEAZRE ZAE AHolxFEFGFoz Zt EFEE FAAE A ot MAE AEE 79
8tdth. Table 3& 2 A8 EAF. AR EE EFENA 1,000kgfrt 1 o149 ko] Yot BEF
RS WF3AUL FFE, TEH}, TIES EF EF5E EFRESY wEAE Z1EAC HEFug. ARE
& (Control) Bt AAEFES] AAFE/ A Yetwta e APEHRE FANME LDPEE H7ME AES
Y AYEFEC] #L AAE BE ek AR wyo R AzHE AAEFEAIY 27 ZA
ol AM Ustuts oz wAHNUT, FADY £z vl A, AAg FArE FnF HolHA
AL EFE] AxH B2 4% Hel Zoz #adHAT. 221 FUYes Az EFEY Y=
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o AR ETE o HHEFHE(ADSRO, BDBRO) B.the gAY fAEHA Yty S0y 5se A
T RAeR L}E‘rkkb}.

323 == olAmE @% ol Mol Eft2o ZiFAZAE EM

E3EdE HAZ2 = A83E7 Control & J%;( AD5SR0, BDSR0) 2t} A4 EF8ol ¥ & BEJAF
ZEet FAAFE BYH(Table 3). AW EFEDoE= Hultgte) A9 Ay ¢80 ITS, SI7t 2
A vebts e BT AEGWHe EFE 52 ITS, SIE YEldo] %2%?_ Aol B HIE YJE
9td. LDPEE 71e EFEBEIME 2o 2 s Yehlidh kA= 2 ITS, SI 2% 49 Control
e 2o A4 é‘ﬁg" ol ¥& UEE BE:, ATHYHY EFEo Yy EYUE Ho AE ¥
FEAEe] da =A Jelgt ole dF AFLZTUEA AHEsm e U¥HAH EFAR] Avie
EYEY AS w3l } Az JEHR 2 FSITAL HItn e EFF Ao FdHeR gon
27 L ZEEAHL Hol:x °J°1%94 sy Aoz AlsETh  uhekA F‘” Hol 27|19 FAHE EF
A7t QM ArdorT thd @A velvE spga e 238 YehgE 2 o4dr

e Lo oZi r‘,oﬁ'

33 MY EFEo AMHY N3 SA
33.1 S FEAlE

2 A= RAPol H7MER] &8 dutERES ZF EFNYH oz Axg AMPEFES i wNEF
AEE E3te] vlm B4t 60T 2ZolA wEF3 AEL T3] F 5400sec(3,600cycle) ¥ F3
¥ %ZA%(Dynamic stability) ¥ vl A3} Zo](Rut depth)E ZAsgev] 2 Z#E= Table 49
Za, EF o] uhE FHE zlole] W3l Fol= Figure 8, 99 Al

REEg Y Zo, AREFGEC] ANEFE] vld A ole FHn FAMAEE IAA U 249
3 }do) S48 Ao Urtwth Avrt LDPEE HU7Me AYETLES 28X &L AYEFERD
H 5% 438 HAFEAT. =3 AAETE uig $del i Aoyt vElgt. FAEE oA Aol
E AR e AR Yol Aoz by EFEe] A By EFE vE e &AEE Aol @
A JElwth ol RAPY x3F ulltl’) 13 v 13 Rejuvenatorel] & oty oz FE3|&Fo] Ho] A
o] Yol oz s AAWY AEAol o ol Aoz J|AHAUY. FH, A EFE Aol w7 dEA
ARy EAd APolMe Frdde W & 298 YA £33l Aoz vepgnt, AT EFE Az %7
B Ee Z4Ae ANzte] el wiEt HA4 FUi2 23 beAe) ZARR F3V] x3E T TEely HA
gotslE A3 E FyYstE Ao BRI Hog wULh

2
o% Tz
oX ‘{N

3

332 HE AT A H(Kim test)
Kim test 23 2E AABERE HAosts ¢ ¥EZx
e AT Table 4). 18]z Fa 7rel= v A 3kxigk

} Control &3%HE-(AD5SR0, BDoRO)e #l8] & gt
it ks sh7gle]l & UPAE(SDIE B

) ‘\,

A EFURA, PYHo s A —‘?—7H7§ £¥E A Ty F e & W
ZE(SD)E YERRAL, RAP #30) 15%20 AXRGE 3 o 52 #e vehddS ol W&
FYANY dietx g2 73 ZHA, A @‘E}““"Oh- RAP #&Fol 30%d W &2 ¥MIFEEDIE 2952
AT 2R F 7EA E%}%“”(A Pyes ARe 7He_ A= 22 A7 YErsth

oBL

o ¥
]
P

LDPES #7t¢ AMEHEL 134 e EFBuT) BF e WIFREDRE Yorin o ABEH
Bolths AA EAsh & Gt AL & 4 AR £ ANALE WEHFY AR FE 458w
EUEEC] SD UE HE& AU nel £ AU 03 ol FAAo) Ag @ P AN IR o
S8 Ws pol AYUOR A%E BT FRERG 27 BHel kO: Aoz BuHAt. SAU
Aol me ERE vmH Bu F Pgel = F& Ao Uunth AdEEc F5x30t 2 4ss Pegel
LDPES #719o2M £4¥d 43 540 493 Ause 28 ¢ 4 999
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Table 4. Result of wheel tracking test and Kim test

— Rut depth Dynamic P y Sp
Designation (mm) (Ci,tcalzl/lgiln) (KN) (mm) (MPa)
ADS5R0 25.0 169.4 2.743 3.560 2.803
ADSRI15-A 16.8 279.7 2.833 3.933 2.799
AD5R15-F 17.5 202.6 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 2.933
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 87 544.0 3.100 3.900 3.071
BD5RO 19.4 220.7 2.891 3.850 2.877
BD5RI15-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 115 351.4 3.100 3.721 3.013
BD5L6R15-A 8.3 5185 3.301 3611 3.451
BD5L6R15-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
0 20
-5
£ —~15
Ex £
215 810
14 [+]
Em 5
85 a°
o N ,
0 1000 a0 I 400 0 610 o 1000 200 200 400 500 o0
Tirre (sec) Time (sxd)
Figure 8. Result of wheel tracking test (Gneiss) Figure 9. Result of wheel tracking test (Granite)

333 &4HE ANeMa HE A
Figure 10, 11 AA] &% 3 Wy wtREgAge] A Yol(DR) ¥ FHUIAHE(DS)H
FHBAE Jeta Yt ‘*T: 2% Y Py Ay AYPAE9 R2 > 065 ol4e] 43T JBAAS
Holx Ut} Figure 12, 13& A kg M < A4 248 £38T Aol o Hie HA
EgEe R2ET ¢ 22 RQ e 2o daie] esly W igure 14, 15
9 F &%Evke "““3]-04 d g AaBAE
Hols 9l ol &= F & A 3
o ol °é°376_] Azl & 4 vk Figure 16, 172 EFEL FA9 FHEE Uyo]
BE B4 Aotk A FH fﬁrﬂ} b Aol 7t '474 3*4741—1"(1%2)7} H A 32
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DR{(mm)

DR(mm)

of thate] ojFojPom, AWMY AT HIE ®e FDUAR R guh. R ATE W=
o] A2 a7 = Ao WEAREE 2488 AIFAHa I3 JnaAs DS ARERE
E BojFE Ade ¥ 4 ok
30 1000
Total Total
ar * R? = 0.6633 800 |
20 | £
A E 600 |
15 | \ %
0l S 3 of
, . %
5t . s O 200
o . . 0 i . .
2.0 2.5 3.0 3.5 4.0 2.0 2.5 3.0 3.5 4.0
Sp (MPa) Sp (MPa)
Figure 10. Relationships of DR vs. SD Figure 11. Relationships of DS vs. SD
for total recycled mixtures for total recycled mixtures
30 1000
| A method A method
25 * R? = 0.6298 80 |
20 - E
£ 600 1
15 | \ s
10 * . 2 % 400 |
\ Uf
5+ . * B 200 f o' R? = 0.6375
0 . : : 0 —
2.0 2.5 3.0 3.5 4.0 2.0 2.5 3.0 3.5 40
Sp (MPa) Sp (MPa)
Figure 12. Relationships of DR vs. SD Figure 13. Relationships of DS vs. SD
for recycled mixture by method A for recycled mixture by method A
30 OO0 o e o
F method 2 F method
R? = 0.8015
% 800 | R? = 0.7592
20 _
£ 600 |
15 E
Q
X < 400
b “~ 3
5F » 200 |
[a]
0 0 :
2.0 2.5 3.0 3.5 4.0 2.0 2.5 3.0 3.5 4.0
Sy (MPa) Sp (MPa)

Figure 14. Relationships of DR vs. SD
for recycled mixture by method F
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Figure 15. Relationships of DS vs. SD
for recycled mixture by method F
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30 1000 —
25 . 800
A 20 E 600 Gneiss : R2=0.794
E 15 B
ot f? 40
w
5t O 200
0 . . 0
2.0 25 3.0 35 4.0 2.0 25 3.0 35 4.0
Sp (MPa) - Sp (MPa)
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