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Aging, Cracking and Deformation Characteristics of
Selected Polymer-modified Asphalt Concretes
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Abstract

The polymers, low-density polyethylene (LDPE) and styrene-butadiene-styrene(SBS) -modified asphalt mixtures are advanced asphalt pavement
materials in which 3 ~ 6% of them, and/or some other additive, by weight of total binder are added. The purpose of modifying asphalt
material is to improve typical weakness such as rutting and cracking resistance of normal asphalt mixtures. These materials have been proved
to show many advantages and practical applicability in the plant and field. Wet processed PMA binder and/or dry processed asphalt mixtures
are developed as field products for many years. The objective of this paper is to show the characteristics of the LDPE and SBS-modified
asphalt mixtures by comprehensive evaluation and comparison with those of normal asphalt mixtures.
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@37 ol &, sHtdo] 344 (hydrophilic)
HEAolo A EE A FHetd B8 ZAED o
AskA Hhe] (stripping) 7F LA WS AlAF 3t S
Aol

Table 69 dFa]A(ASAREE A A3 (Hydrated
ime)E ZFAF 1% 713 Aolth. vy AE ¢
2] o2 H$(ASA=0) vf$ ¥d TSR ASA 1%
el & 839~99%= A Foritt /MAA HEE=
LDPE7} 100% 7}7bou SBSE 95%0]Ato & iz
. &3 St 2 owreA FHur A APHL
232%0)d #Ao| 83 7%= 60% ZEQE o|AF A
FAAESAT dWrEgdE¢l APS7F o€ A Hl &0
=A F4E A o7t E LDPESE SBS 7§13

flo N

Lo G s o
~J

Table 4. Predicted absolute viscosity based on LMS(%) by aging time.

Aging time (hr)
Aggregate Binder 0 hr 2 hr 48 hr
LMS Predicted LMS Predicted LMS Predicted
(%) AVS(p) (%) AVS(p) (%) AVS(p)
Pen 60--80 12.4 1,025 B 194 15,977 21.8 32,684
(meiss LLDPE 6% 12.0 838 | 18.8 13,176 21.4 29,173
SPGT6- 22 13.0 1,370 N 20.6 23,091 25.5 85,531
Pen 60 80 12.4 1,025 ) 199 18,677 20.9 25,233
Granite LLDPE 6% 12.0 838 18.3 11,167 19.7 17,555
SPG76-22 13.0 1,370 21.35 28,157 25.6 87,610
SESLIS D BHE|  cererereereseereseeseieinassss e es e et h st te s oA s Lottt Rk b b ee e e E ket £nE e nE e e et et e e e e e anarenansesessans 213



23ES H$= FHF TSRo| AL 100%¢] =4} S Ade A= A=V 32 objs2 F0n
StAL BHE &Aool AL HAYHZR o= F 4 olm2 uie] mEo BFHo g3jALt At
=) FAEE A4S & 5 Asi 3 ZEFE (Pot hole) S LR o|F A&
o= A9 TSR 7|&Eo] 70~75%d & A5 Al $=A] #e A3A| (anti-stripping agent) S
NA ASA AHES B3 Rl by shAdw  Wesiol B T T 4 AR
Hopgre] ARHE FAuE FHREA 5% ol 4
MR ZA FAAL S AL HAFT
Table 5. 19mm 2lx EgE UHAFTLEL(TS) (4)
Binder ITS for dry condition (kPa) Mean Incremgnt ratio
Polymer Content (%) Gneiss Granite (%6)
4 853 1,118 985.9 26.4
LDPE 5 932 1,010 971.2 245
6 961 1,128 1,044.8 339
3 804 981 R92.7 14.5
SBS 4 893 1,118 1,005.5 289
5 863 1,118 990.8 27.0
AP5 746 814 779.9 0
Table 6. 19mm 2L E J|FHolATE ETI=9 UFAXMZUT FXHE (TSR)
_ ITS (kPa) TSR
Material N
e Untreated (Dry) F-T treated (Wet) (%)
Binder ASA Gneiss Granite Gneiss Granite Gneiss Granite
0% 816 892 370 207 453 23.2
APS Mean 854.0 288.5 34.3
1% 754 842 708 706 93.9 83.8
Mean 798.0 707.0 88.9
0% 1,095 1,097 693 592 63.3 54.0
Mean 1096.0 042.5 58.6
LDPE 6%
1% 1,100 1,122 1,048 1,199 95.3 103.3
Mean 1,111.0 1,103.5 99.3
0% 863 1,118 598 471 69.3 42 1
58S 5% Mean 990.5 534.5 55.7
’ 1% 943 1,055 924 973 980 | 922
Mean 999.0 948.5 951
~ ASA: Anti-stripping agent
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314. F+EAFA L H3o] o} SBS Ho: tia 2 HE S
9:11:}. ol SBSo| H|& 17889 nz4v F<t
HAANEE A= vnd FEE iG]l &uktA] WHYo] FEQI7] dEolH, o]E F3
AP3it JfHstod Abgstglom zF S3hE 3] Hddo 9%t wWE AIFHNAE F 7R EEH
SAA AldHAe By w24 —Ei Table 7o W+ o} §ASIY LDPE7 953 ¢ o8 Ad:s A&
EFUQLIcH(Z] g9 & 1999). ¥ A =3 o 4+ A

A7HAS] Senaitel ARSHOR Uy

Avts 2y LDPE 7d E£3H8e F8 AP3 & 3.15 WMEZLE
ol wlsl oF 3ulf, SBSO A= oF 2uje] uji
2 FX 5737 9l A2 YEgTh Fig. 72 &+ 71X ZA&ZEY HIA=E 54
ot Aoz 7y A, 5234 Hdxe 9 ouEeld
. s HE gk 7 nlole & Z 1 0
Table 7. Comparison of fatigue life = °% ok Ble g onl—r-uhxlf)r
(19mm dense-grade mixtures) APSe] ¥R FE= Hul 400k ojsteld wis) =
e } = -
- _ A olA"E BIEL 50Muc] THSA FA

A EgEe 474A7t vad

| AP3 [LDPE SB\? . ojtk. 3| LDPE
Mixture N D | N Dy b Nl mad] gpabEl Zle] wE] SBSE: shdatelA o
cvcle) | mm) ] (cycle) | (mm) | {cycle) )
e ” T ZEkar Hopehe ugith ol e JfAotATE
atigue life | - .. , et o _ ]

(lfi,;sqf;oée‘*) 5,720 17,087 11,724 3t o WMy e A Hj&L Yy LDPE 73
Increment ratio | 1 : 2.99 2.05 = e s7h&E 220%2 SBS ANd SPGT6-22
o — ; — = ] EUE B4%ET i DA A2Ro] AAHEHE =
reflection crack - _ = -

fatigue life  160,000/0.22| 495,000 | 0.18 1435000 035 W Hi@AA 71&(F F 2007, Jz? . 2008)

(Mode 1) _ o] ol 44 MPaRTIE 22 me A8 oF & quk

Increment ratio 1 1 8.25 082 729 :1.09

reflection crack

. . - \ :-' . . 7 - L e . [P
fatigue life | 3,500 |3.40| 16,000 | 1.63 | 9,000 |1.20 Osformation stiengih
| (Mode I Lo 6 | I
Increment ratio| 1 | 1 | 457 |0479| 257 (0353 5 1 - 4.74 7
T4 L 387 R :
* Nf: number of cycle to failure, % ~
** Dh: horizontal deformation o 3 e
2 .
T+ ZFA] HEQ] AlFo) 93t a3E¥ HiAlt A it |
Add vl d3E EUHEIFS F 1999, Kim et R e ‘ =
) g & 2'2lciglalalalc]a
al 1999) Mode I HFAMASE A|@ojA] Uult o} At e § & § §g| c 'gi c g‘g
— - - 2 5 o o O o O. o O o o
ol wlsf LDPE:= 8d o]/, SBS:= T o]4 'I ~13mm ¢ 19mm APS. 13mm  19mm LDPE
2ago] kA 7}‘1-—% o 4= k. Mode IIo 4 AR5 ; LDPE
LDPE+= 451 olAb SBSi= 254 o]AF 4=1o] ¢ Mixture
°1ﬁ°”=l ol % ‘6'H LDPE7F SBS Hrtlie ﬂu}‘%i/ﬂ Fig. 21. Comparison of deformation strength

T AU
ol 4 LDPE 7§73 ofARELE it 3.16. 3| EEtAg A4
ol 7pA 71 AL BEZ SHuuygr Amur SBS
Hoy Aol v HIPo= gt Aoy ey A 2% G, Hupdhx@d x4 27FA(13,
HE MM gz4go] Y59 %’l_ AP3 B4 19mm)xuiQle]l 22(AP5 LDPE 6%)2 % 8% =

Aol S5 o
25‘4
]

I [ A



Z3HE 0l 3B EErA A (resilient modulus: M)
25Cet 40T A &A3F ;. Wheel tracking A&
ojvf MR § AAAHY I AFE2 60T ofA
S =Y Mp9 %= 60Co A9 FHo] AL &
7beste] HuxE 40CER stgen 1 ZAits=
Table 83} Zcl.

LDPE /MAZgE2 Mr &2 APS E3HEof Hj
8 ZA FHEUAYG. 53] A2 25T A= APS
of wl8l of 29~3.7vf FAHE Aol 40CE FolA
H Bt TH] olAr FAEO o f% AoER
LEFRTH Ol 2=7F 40CE &7 APS &

&9 Mgo| 25TCof Hlg] oF 1/5 =& ol3I&
a7 wolxe Zeoj ws) LDPE Zatee oF 1/2
222 §X87] WEe Aow wutw)

3tH SBSE /A% SPG76-22 2352 Mgo]
APoRthe ZF 2= o §7 JEUXY LDPE
Hohs 22CoA= oF 1/2, 0T A= o 1/3¢#
o7 YEeryrt o|ZHE SBSEUTE=E LDPE 74 o]
OfATE O AL T YRR 2xVF FOAR
FAe A FAANE FHL Holk Zow

ebytet

Table 8. Resilient modulus test results

T o] e Bnder | (o | o o ey | Ratio
Gneiss AP 150.1 0.0051 0.35 2956.4 1
Granite 149.7 0.0052 0.35 2925 4

”e . Gneiss | DEPES 150.7 0.0019 0.35 8268.1 2o
Granite 151.5 0.0017 0.34 8776.3
Gneiss SBS 148.8 0.0022 0.35 6852.1
Granite PG76-22 1485 0.0045 0.35 3395.2 L
Gneiss - 483 0.0207 05 419.3 1
Granite 51.0 0.0108 0.5 593.6

" - Greiss DPES 55.0 0.0021 0.5 3213.2 o
Granite 54.2 0.0014 05 4852.1
Gneiss SRS 51.6 0.0058 0.5 1096.4 .
Granite PGT6-22 38.8 0.0040 05 1198.2
Gneiss Aps 149.0 0.0094 0.35 1567.7 1
Granite 150.0 0.0121 0.35 12327

e o Gneiss | DPES 153.2 0.0026 0.35 5767.9 -
Granite 153.1 0.0035 0.35 44932
Gneiss SRS 150.2 0.0050 0.35 2976.4 17
Granite PG76-22 147.8 0.0072 0.35 2048.8
Gneiss AP 49.0 0.1568 05 400.6 1
Granite 45.2 0.1482 05 374.8
Gneiss 50.6 0.0273 05 2322.3

40 19mn Granite LDPEG% 5.8 0.0301 05 26263 6.3
Gneiss SBS 51.6 0.0697 05 906.4 ) 6
Granite PGT76-22 51.0 0.0683 05 1154.7
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4. 9 3 EE

B AFoAe oAfddl $8A (Polyethylene)s ¥
=7} oF 091-093 =S¢l AYUE E&]o=:(LDPE)

I AUtAA "ASEHA| (Thermoplastic elastomer) Q1

SBSEZ A|HS ofAmE TEEO EA st
MR AT AjEotAmES] A)E B4 W i
dob BHe BAe dopsl gHsel o

de ArS 49tk
1) LDPEE 3719 Agotrgel: AdyEs ¥
oA FHEE AA ¥oAA ot B A
speleo] M) BEEe 2HIAo)

lo___Q, 0]— )- 91041;}

AN TT 21

2) LDPE vRelols wheld 9] wils B2 &
e Yol A9 wstE SBSET =24
AYslo] Q7 U o B BHE
A7) o] e Ao worED

3) olAmE Z9HEo) 7HgeAEE LDPEY
b ok 25-34% FAEdOR 1 WKLo
SBS WA EHBRT tha o w9kt 3 )

FEY 4

7]

B AGAR AM8E H7te AYolamE &
FEE TEE AY & AA={ANIL
B0 g0 2 FAFE Sl

D LDPE A2 292 9 29 9 BA@aAy
Aol olut

ol ATE| uvlsl] ZFzF 3ufe} 8uj o]
A AR wken o] JA] SBS JRH

Brp o & Aol

HYP o] o3t fAotATE FToHEo] AA
A EA =AY vpolglys ZHe PGT76-22 i
H ol UA SBS E3tEo] LDPERTtIE © £
Fet Ao et A = UhA] o uigt

AA 42 AAGHEQA 7Eode= WSS

-

Pr-l
S
p—

He4As Mr) AlgA 25C oA 40T

e Sl oA B AAEE 44 ¢
of Mpe| frA|&o] driotLBEf Hsj A5 3
=9tew LDPE7} tha o &9toh

N BEAHCE F JNE NEAHE e 9

S
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