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Performance of Hot Mix Asphalt Concrete Modified with Plastic Waste from the Crushing
Process of Polyethylene Terephthalate Bottles
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P

3T fnwmslilrwawanaf o ws sunnlwé
LonBAwnisnan (Polyethylene terephthalate, PET) #1935y
UiulgrauTtausuaaaiainoundn mafinwuusanidu 2 @Hu
1 douft 1 Anwidndwavaansliiseuan PET MmeFnsiiuiiy
(Adding) lushunaueaiadnounin Mmu3Buuuuiwedussousaa
vaaWaRnaunIn uacA LR 2 Anwnsleiawean PET As3ans
unufl (Replacing luuramuavtdaauisuluaiunsuuoadad
ABUNT AR oS SO LYY B aaWAR AOUNSR LAwYIR PET il4Anwad
WA 236 Tedluns USnasteas 0.0 0.2 0.0 0.6 0.8 Ay
1.0 12 nMIAUIATIUR IR M98 ALL LAY ARBUAIUNEY
vaadad naundni 283 u19 uvag nriuntTauaasgu
Asum e aanuuulunasi fuiinie (Wearing Course) Taa
walngEmamdaTy 12.5 Jaflunt aussouzvaiuaaian
Raundngnin L LARA (FifsRansdon) uazuuuwah (unga
Fushiil amnusafim sdau) a1nuantsfine wuda HnaduNAL]
AUTHUI SRR TUA T AT TUNSUMNINAD AUTIOUZLUUATALAS
puuwadmaEhwFuLeATER AT AU LU nanAw
PET Ailfudu ifarn aynmaa PET iluuuu Rwdifgau
(Semicrystalling) @hufi 8 ausvazats fuaadandwuiv i
voaNardluuiint andu avduRu i miiiuimdnsena
wanu Tnveafiadnauninfignusulgadeimen PET W1 2 58
ij’mﬁsnuzwuaﬁﬂuazuuuwa"imﬁuﬁvuauaaﬂﬁu"smmmwm PET
Sovaw 0.6 atnlsimy devdnausiwion PET fmunnitdosas
0.6 Y1 lWauTI0 uznL AT ALAZLUUWATRaRAM LU SN AR
PET Aifivdiu ifiosn wiwidm PET fimnuunsa (Stiffness) tiaand
waru i suuranseean PET uinifuluy I ahuneuuaaiian
moundafmuud wsianas wenmniimsliiswon PET faFms
Wy lihunaueafadroundnfaussaueganinslil awion

PET Me3Bunuiiutasuazidaauiseu nadwsvoanuidsiidu

uIMIE UM WA PET wildluns ufulgediuneaiion
paundnfilanud s uuard wdusuim sivieanuans sy s

Awondeu

ARy LoaiadnaundanEuTou, aussaunding, usRmIday,

iy pwaann, ndlonsaunisimian
Abstract

This study investigates the utilization of waste
polyethylene terephthalate (PET) plastic bottles to enhance the
performance of asphalt concrete. The research is divided into
two parts: (1) examining the influence of adding PET waste
directly into the asphalt concrete mixture using the dry method,
and (2) exploring the replacement of a portion of fine aggregates
with PET waste. PET particles smaller than 2.36 mm were
incorporated at varying percentages (0.0%, 0.2%, 0.4%, 0.6%,
(8%, and 1.0% by total aggregate weight). The asphalt concrete
mixtures were designed and tested using the Marshall method
in accordance with the Department of Highways standards,
focusing on the wearing course with a maximum aggregate size
of 125 mm. Performance evaluations included both static
(indirect tensile strength) and dynamic (indirect tensile resilient
modulus) tests. Results indicated that all mixtures met the
Marshall criteria set by the Department of Highways. Increasing
PET content up to 0.6% improved both static and dynamic
performances. Adding PET enhances the TS of asphalt concrete
by improving bond strength between aggregate and AC through
the melted components of PET during the hot mixed process
[16). However, the ITS decreases as the PET content exceeds
0.6% for all methods and temperatures due to its excessive

volume of un-melted PET particles having lower stiffness than
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aggregate. Additionally, the method of adding PET directly into
the mixture yielded better performance enhancements than
replacing fine aggregates. This research offers a sustainable
approach to improving asphalt concrete performance while
mitigating environmental impacts through the reuse of PET

waste.

Keywaords: hot mix asphalt concrete, mechanical performance,
plastic waste, Indirect tensile strength, polyethylene
terephthalate
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Properties results Specdificatiors Test Method
]
Penetration at 25 °C 65 60 - 70 DH-T 403/1975
Flash point 358 > 232 DH-T A06/1376
Ductility at 25 1C 152 > 100 DH-T 405/1976
Solubility in DH-T 409/1977
99.9 >99.0
Trichloroethylene
Thin-flim oven test.3.2 mm, 163 °C 5 hour HOSHTO T 179
- Loss on heating .08 < 0.8
- Penetration of residue 8.1 > 50
- Ductility of residue at
150 > 50
25°C
Loss on heating, 163°C 5 DH-T 404/1975
- oo <8
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Usznaume Anunuuu Oensity) USuiaia s wiianay
(Void In Mineral Aggregate, YMA) USu1mvaain :ﬁ.nnn LAUA foe
uoattasgiuue (Void Filled by Asphalt Cement) uazd3umnamasina
a1 (Air Void) Tnsauifdninasveweafianouninutsa
Frnallfnntminluene Yl wawinduiibufues
FhunauLaafEirounda uay 2) auifding fo aulARlSAs1od
muannselumsiutwiinlagl (s v unauaatiadnaundn
ﬁq nuUASALAY Usznau e ALETesAIN (Stability) uazA1Mslua
(Flow) Taaymziau ﬁ)au’uuaﬂﬁaﬁﬂaun’s’wﬁqquﬁ 60 periwaldyE
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Aadrsimsbivinnaiusniu 50 Gadwpsnoui dnwazms

-

yInFauLARIAITUR

o

?’\Jﬁ 7 manmaauuaaianraunin (nu3uniuva (Marshall)

1.3 nyswsaeuanay ninnsareweanaiaeunsh

3.3.1 myvndeuraddimmeey (ndirect Tensile Strength)

FUTUNIIUNIASEIL ASTM D693L [12] F3nadseaariile
UszfiupnauiAsunmuudwsdlumsiuusifnsweaf@inounin
Adwawds filirnsonaseuridddaensald Tnlfainusane
Twanfanssyafudauiens (mageusts 2 fAma) Fufams
ve1aEIRTU 19 a3 aufaEN :'luﬂ‘mvﬂmﬁm_n Yield LAuAaY
fhaghrglansanazms nseemlSuiaufuATads (600
TuiAn 10 % vaiAan sreteds Tuduied 18nsnsnsums
L!Jﬁm@] WD) &lumsbidminludnua siumssaen Tensile
Stress vasfiawhonalasiIsansufum Poison's Ratio 9181383
PINUIATEILIBNITINEDU ASTM DA123-82 A1FA IR mn1edaum
ﬁrlnuianﬂsr'r:aﬂ"umuuu’w’mﬁvaa‘ﬂﬁnﬂaau mudns1 50.8 Taduns
siaud muldiguugiveammagau 25 40 50 uav 60 awvafea
fauaniluguii 8

Lﬁ'aw-mmwaaaumiv’”lﬁ'a‘muqﬁaa'uﬁ'au 3 /7 iite

uﬂmﬁwaniwwa:mimﬁ'n%uﬂawaaa‘munuﬁﬁﬁsiaﬂmauu'ﬁm:
Fronsawasian Tnedudndrmidngign uiyimsFwoueimiy
hunusaus SR aday 5 Maumsd 1

2p
IS = o (1)

Fo mauimunwisusIRanday - Flawana (kPa)
5] ﬂ'”IL:”IHﬁnﬁ“l‘c‘jFI - 109 (N)

) LﬁuMﬂuuﬁnm:Laﬁmaaﬁ'naa"N - fiadiuns (rmm.)
fa Fuvwiafnyasdhatte - Sadiuns (mm.)

R R
w

FUR 8 mamnaaurdEsRoreday (Indirect Tensile Strength)

13.2 nywaaeviugdanisiusiadloramasafmndey (ndirect
Tensile Restient Modulus, Ty

AN naautuqé’aﬁuoﬁtﬁlawmuﬂﬁm'lqé'au&"uﬁ‘un"ﬁmu
gy ASTM D123 [13] msAndasnas el udnwarsLfud fu
Funnsnadeurtd A wnadey urazdmsAnd Linear Variable
Differential Transducers (LYDT) Lﬁai’mmimﬁuuudmgdsﬁw'f’lui"u
mﬁauf’ia‘muﬂ“ﬁ 25 periwaldua iusinszy wadnuuy Haversine
Fevud 1 seusa3und Tnefszsznarlunslfisangs™ 01 3urd
vazdszezoain 09 Juf e uswagauliudosas 15 189
rdsfvnadausrifiumamagausiou 200 seu Alugdafuiidu
fuads & FgAve ﬁquanﬂu“wﬁ 9 UATAIUITATIUIFIUILMIAT

Tugdafuiiiiasmnusafwmaday Aaumsi 2
B0.27+v)

Toy = 22
SH(L)

(2
Mg As lugdafui, wnzuaaa (MPa)

P fia Ay en - T (N)

v fla Shsreuihivasdiiwiiiu 035

AH fia mashamsyuitluinuauees 5 saugming

D fio W uguinan Jwaafawiaya (mm.)

1
- - ) .
Ui 9 manasauligdamshusiiiainnsfoedgay

4. NANMINAHIULAZNTTIATITHNANAH AU
4.1 panioenauusasyaeLALANGEaNARREUN AR TEN 151 A
mAdefhsnuuuianarauE N LaaTARRoNE A HEY
Sou 3 wuv Usznouniy 1 drunauaadan noundnviinuausou
LUUBTIUAT (HMA) 2) Fousrubeaiasineund maus suiufuus
FaiAwIn PET Aou38ufuLia (Adding PET, A-PET-HMA) uaz 3
hunauLoaiadnaunanauTouiU SulgmsLiwIn PET AauT
unuRutasazStautsEon (Replacing PET, R-PET-HIA) nans
sanuuLIABARBUZ UNALLaATARRauNInUT U U AuATE L
NTUANANY [5] UARIRINTIAT 4 WuT ehunauL et Aeun3A
Foumdulumusasgunsumman
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o v g g
RT3 4 wansnagauLad AU UAUINATE LN IR RNEN

4-PET-HMA R-PET-HM&.
Specimen HMa B6PET by total Wt. of Agerepate 96PET by total Wt. of Agerepate [l
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
Total asphalt (%) 50 5.0 5.0 51 51 51 50 5.0 50 51 51
Ari Void (38) 4.0 a.0 4.0 4.0 4.0 4.0 a.0 4.0 4.0 a.0 4.0 3.5
Bulk Dersity (g/cm?) 239 2.396 2394 2.016 2397 2403 2397 2390 2398 2382 2379
VM4, (36) 14.6 108 10.8 10.7 14.7 10.8 107 108 149 10.8 14.7 =14
V.F.B. (%) 27 723 722 728 721 7.2 721 723 726 723 20
Stability (N} 13,713 | 18,390 18,796 19,124 20,703 21550 18,130 18,706 20,041 20,211 26,47¢ | 28006
Flow (.25mm) 1 1 11 11 12 12 11 11 11 12 12 8-16
Stability/Flow 1,206 1671 1,708 1,738 | 1,725 1,795 1,608 1,700 1,670 1,684 1,705 2712
Strength Index (%6} 85.51 83.7 83.5 85.2 84.7 829 81.6 83.2 8d.q 82.9 835 275

4.2 nanTSMRABURIA R 198N (ndirect Tensile Strength)
WANMTNAGSU AR NS aUe D UNALaERAFROUNT AN ﬂ'lﬁ
amvmu 25 40 50 uaz 60 aeF Aty E u.ammiﬂvl 11 wu ifa

o oo

amvm&mmaauquwr*m:mm:aamxauuaawarﬂﬂaummumamaa
(o nuaafiasfuud Ay inad Woulsvasewitnnaslu
uaaﬂanmaunwum-maauﬁamn'uumaaq"luﬁmwa‘muqﬁqafg
Asnalfuoaainound ninruauisalunissuusifslianasfl
gamgilunaeeaurufsdfiu [1] Fansanidemsliiemwen PET
o wudh APET-HMA fiudunes PET Savag 0.0 0.2 0.4 0.6
0.8 uay 1.0 drddomasauigam i 25 swmeardeaiifu
810.77 860.67 BB2.95 070.d8 909 .31 uaz 88824 flawiafa
muER P RS suitang i 0 samiaa Ry 354.7
385.43 304.30 450,19 dd1.15 uaz 409.09 Alaswiafa mugiu
rdRm1daufiaumad 50 samwaldaaviniu 264,88 28d.41
307.25 380.62 335.02 uag 329.23 flawafa su1f uaerdsia
nsaufigam 60 avmwadeariiu 218.06 232.45 267.24
310.60 283.85 uaw 270.2 Flawiafa eue i vasdl RPET-HMA
AU3ues PET Samay 0.0 0.2 0.0 0.6 0.8 uag 1.0 drdaRomadoud
auuad 25 ssrwaldsamniiu 810.77 837.73 858.92 919.31
905.74 uag 866,12 Flawiada mud1fu rddomedeuiianmgd
40 aariwafaa1iU 350.7 357.21 382.13 d25.18 396.82 uag
385.43 flawiana ugfy r'ﬂz'\'aé’mﬂa"auﬁ‘a‘qu‘ﬁso aam
waldnaEwfu 260.88 274.12 298,30 3d1.96 319.25 uay 305.07
Flawafa nudfiu uavr'ﬂé’qﬁumaaauwamwnu 60 DIFNTATY &
Wiy 218.06 222.00 247.84 300.61 278.00 uay 270.63 Flawd
Aa MUgIRY r“'la”qﬁwmaau-uaauaaﬁamnaunwummmumu
UFua PET Aiudy Tnn A-PET-HMA uaw R-PET-HMA firdfs
mqﬁamﬁufuﬁ“aﬁ[aﬁd%‘mmmmw PET Souaz 0.6 Lﬁawm auMA
103 PET Wlunuufswd shadou (Semicrystalline) Aufisouasazany
nuu.aawnmmum1'Lw.aawammummumw azanAud
Futmihsswianany atdlsimy Weudnauemsdn PET den
WINAMSoEaL 0.6 YIWauTI0 uzLu AT ALAT LU UNAShaRAIATY
UZuanAwdn PET Auudy i as1n tawunn PET Smtuunss
(Stiffess) Wauni1uany i au3uaneuyan PET u1nLﬁu1dv'11ﬁ

oo v

ehunauaafiadnaunind MaRsndauanas uananil ﬂ’ﬁ’],‘l‘i‘m\s}

1A PET maFnsiduiiuy idumusoaiadmouniniidusso us
gindnsliiewin PET MmeStunufuanuaudsauisbu

1400

A-PET-HWMA ————

1200 O T1540°C

B T550°C

a

1000 CT1s80°C

F =
=
2 a0
400
20
°
o0 02 04 o8 o8 10
PET content (%)
{a)

1400

R-PET-HMA - 15050

1200 C1540°C

B 1550°C

B

1000 3 1s80°C

F =
=
2 a0
€0
20
°
o0 02 o4 o8 o8 10
PET content (%)
(b)

E\Jﬁ 11 manINRAaU AR NdaITasdIRAuLa afiaRRaunin
(a) £-PET-HMA uay (b) R-PET-HMA

4.3 nanisyeasulugaadusiioininasaf mie oy (ndiect
Tensile Resitient Modulus, ITua}
remmaeulugdarwiiiamnus Ao deunanifeguil 12 A-

PET-HMA 711l §uau PET Sauae 0.0 0.20.4 0.6 0.8 uae 1.0 Tnaft
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[11Qa”ﬁﬁuoﬁ'ﬁnﬁaamnuﬂﬁamaé’auﬁd’lm'ﬂﬁu 915 1,303 1,830 2,350
2,124 v 2,136 WwnewiaRa mugaiu Frusulay R-PET-HWA 7
Uur PET Sawaz 0.0 0.2 0.4 0.6 0.8 uae 1.0 Tlugdafiui
wiamAusafiadoy wihdu 515 1,282 1,755 2,224 2,081 uag
2,093 WALWIEFG AIUETAU dﬂugﬁﬁﬁuﬁnﬁ"awmuﬂﬁam 1Woud
ﬂ"lmud%mty PET Fifiud uaxﬁﬁ'la“aa‘s‘!ﬁd%mmmlmm PET ou
Ay 0.6 3Nty Waldnm PET dafiudwnnnisasay 0.6 vli
dﬁuuﬂuuaﬁﬁaﬁnaun’%mﬁun“é’aﬁuﬁnﬁaw'muﬂﬁqmaé’auamm
wlafmsandiudinas PET winfs wudn A-PET-HMA drugdafiu
L8397 NLT 97 W 988ug N3 RPET-HVA § wamanaaauil u
AnwgLATIAufuNanM InAaau AR wnsdaunansliufuii PET
telihunaueaiadnaunindmudangunsliusmainme

Myn (MPa)

00 02 04 o8 o8 10
PET cortent (%)

- . v A .
AR 12 wamammsauligdafufiiman ;e

TINHAMSNARDUALSTOLLH WA AuATHETR WU USunauey
1A PET Souay 0.6 ylWaussaucy aquaaﬁaﬁﬂaun%’mﬁufua“lﬁqﬂ
ﬁﬂ'lsm’r:"muauuaaﬁaﬁmann’s’mﬁhjqnﬂ%ds‘a {HMA) wu31 A-PET-
HIA fifussfanadouiigameii 25 swrwaidea uadlundafui
Rreton nuIIRIM I8 auE NI HWMA Sasas 20 wag 157 mMudifu
vauei R-PET-HIA ﬁﬂ"lusaﬁ:ﬂué‘auﬁquqﬁ 25 awrnwaifua vay
Iumj’ﬁﬁuﬁ'nﬁawmuﬂﬁm’l:ébuqm'i'l HMA Sawaz 13 was 1d3
sue1 i Tay A-PET-HMA fussfanadouilanmai 25 asmmisaides
uaxT.uqa"ﬁﬁuﬁ’nﬁawwnuﬁ:ﬁm’l:é’auﬁ“m’h R-PET-HMA Souaz 5¢
uaz 10 mMuAy sufus nsldiaweon PET madEnig
LﬁuLﬁyﬁﬂixﬁmﬁmw’lunﬁﬂs"uﬂi‘:ammuwam’uuuﬁuuaaﬁaﬁ
Aounnganyimsleiaweon PET fae3Ensumfimanuauden
vy wam s uuansfiui 13

10%  157%
(. 143%

% Irrprovemrent

D o
4% 0% 3%

(e =

Todiect wasdesteagtt Indivect teasie resibeatmodubs

- - 3 HAe
U1 13 Wvudbuanssnudanauasmsl PET favay 0.6

5.umagil

an A

MATeifnwauTRLazauIIouem Sronssuvaasaia
maundafiufurganiwion PET Ussnauluin dousaun. owftas
mounfanauouiuiulsansiwon PET Me3diiuiy uas
ehunAuusaadro undAuTouAU U TIMELAwIIn PET AouSE
unufiurasuaciBanuisEiu sanuuuazdsuiesilne B
A AUYTATFTUNTUIINED] V.4, 408/ 2532 &ilAiewuon PET
U3uTasonas 0.0 0.2 0.0 0.6 0.8 LAY 1.0 Yo IMiNIaNNATY
uamS3tagula i

1. dudAvawaaiiainouns alufan fuims Inuldu oadia
Fuudviin AC 60/70 Tnanurwiarazfedfwazdnmauraig
1n1# (Air Void) 1A wusueriasroundaiuuus sion
¥ PET #3 2 vy TanAaauHIUATLATIIITFILIBINTINT
W& MINAGDUALED 850 TNLAL TS InavasLaaWasd nauninidl
ALY ARIA PET \ﬁiaaqgﬂuuuﬁﬂ"uﬁufum’lué’wﬂﬁ"mma:
wiwAwaaRn PET Aiuiu dian3suifsufuveafiadmouniniil
fimsuFulganawin PET

2. HANTNAF BUANTINUL N TIFINTTUTA I, BaT AR AaLRTAT
‘Ji"uuiaﬁwmww PET lumauvasnsiAufiusae naLuaIamy
aziduautsdiu wansliifudt weadadnound afaussounnaiiu
(M&Ramaday Tuqa’aﬁuﬁmﬁaamnuﬂﬁm’ué'au] fendudumy
UBnauewan PET fituiu Tnaiisgeandivdina: PET Savay G.6
atalsfimy WorBinassun PET unduswalst veatiadnaunin
faussauziasuanaind nsliiewon PET Me3dmsifufiud
UszdnBamlunisuful s ssouzsasunausaaiadnauning
rimsldinn PET memsunufiunaniuacdsnulso

atdlsimu lunsdieenuuuuasmasoulaldiswin PET
nlssnuldmiauasnsdun s dssnuieslumsf nwinsls
Janslwfaluiamnanuesdunaueaiadnoundn n1stlyls
Turunaasiaouy msdnsfne s Mg sufeu fu
vaatarmaundaf liirsnavenaRnfindefmnnssuiumssleLfa
wanuesusALsAnw ST umzaTlumM PRAUELTR
vaatadinaundn Jwenusoeluwmadanlunissiiumsld
w3rluseaze @unsntisand undwondouT nrv sz 8
ATTUILMSS lsLfaYIAEn@RAn PET uasiﬂi’)mi‘hja’lqn’li’h‘s’uwaa
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