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Development of Hot Mixes of Asphaltic Concrete with Natural Rubber
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Development of Hot Mixes of Asphaltic Concrete with Natural Rubber
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Abstract

This paper present the engineering properties of asphalt (AC 60/70) modified with
different ratios of natural rubber. Then select the best properties of the binder to mix
asphaltic concrete. From laboratory testing results, with adding 6% natural rubber into
mixtures for the best results. The properties of asphaltic concrete can be improved by
adding 6% natural rubber. For asphaltic concrete, Marshall Stability increased and flow
decreased with adding natural rubber into asphalt. Comparing to ordinary asphaltic
concrete (AC 60/70), the rutting resistance was increased 22% for natural rubber modified
asphalt, respectively. Moreover, the fatigue resistance of natural rubber modified asphalt

improved to be 2.06 times compared to AC 60/70.
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6w 1hifu sineq WU Neptha (Gasoline) Kerosine wa Diesel Oil thiudildiluansavaned Sen
52991 Dituent e Culter Stock weailadufiniifidnvasmarlugumgiisssum uarasfuviowad
Fuitu viinvosueaiafdiuud uaz Culter Stock masmaudadiusswitsueaias fu Culter Stock
1519 uueailadeded devhmsunsaudrnstdesicildsvharanesanely snmdousuoailas
Fraud vhmihituszanuanuasndisneiu Cutback Asphalt wusléidu 3 Uszinn aawila favh
azay A



ilaudeiaisa (Rapid Curing, RO) Ussnausng weailasduudiusvhasaieiiszine
52 ldui Neptha (Gasoline) woattasuilniudesads dausnnldifusu Surface treatment

wiiaudasiuiunats (Medium Curing, MC) Usenausisuoailandiuuniuiyi
avanefiszmeniiviunans un Kerosine axfinsudadadnnitadia RC nsTémudes MWnanlunis
YufuY (Curing) @auannldifusu Prime Coat Tack Coat wialh MC i Tonnaduasluléfin Base
Course laann

sliaudafadn (Slow Curing, SO Uszneudae weallad@uud futhiudissiedn
1#u Diesel Fuel Oil w3eenandaldannnisndulaense Tniley 3und1 Road Oils dauannldivin
Road Mix wiseltlusugeoun (patching) unkiifisulalulszimalne

- Emulsified Asphalts e weailad@wudfigniliunndaidueyniaudng (colloidal

particles) Iagnszansagluthiidl Emulsifier wawegidntios Emulsified Asphalts wanlalagld
weailafBiudfigamadl 250°C naufuihiidgumnivszana 170°C lnedasafidielumslvioyna
909 weailainszaneidusendt Emulsifier AEHGE ﬁﬁLLﬁ%LL@ﬁWaﬁQﬂaﬁwmém Colloidal Mill ¥
Tuoadladuandauduoymeaiing nsvaisegluth fuandlusud 5

AC 60/70
AC 80/100
AC 120/150 111+ Emulsifier 1-2%
250F Emulsified I80F
Asphalt
?
Colloidal

Mill

P71 @duITeE1e ASUITINITAYAS

SU 2.1 nénnse@n Emulsified Asphalts

Emulsifier usfivunaudfives Emulsion Asphalt muwiiavedussy Aevilauszylih
au (Anionic) Usqllfiuan (Cationic) uazsiiafliunats (Nonionic) uslunisneaislduin Useq
Iiuan waguszqluihau dlusuasisounienls Cationic  Emulsified Asphalt 110737
Anionic Emulsified Asphalt Lilesainfiuitltlunisneairsiiiaiiuuszay Ssmsstmiu Asphalt
particle @9 Cationic  Emulsified  Asphalt  n1sldsuueaitadedng thluldlusmudsznn
Penetration Macadam Surface Treatment Prime Coat Track Coat uag Seal Coat LUuu
dosanueailayile didndudrunay aunseluldeulasnaufudiuduiidudls uazds
annsaviauluvaei Yanduq Jenihlé (Anionic Emulsified Asphalt a2l Emulsifier \Juwan
Fatty acid Seviiloynia ueailaiuansuszqlwiniduuszqau du Cationic Emulsified Asphalt 2y
14 Emulsifier iuman Fatty Amines Ssvinlioumaueatiadiiuszqludinduuin)



2.2

TA5985199899Ua31999 (duusIALRENAR)

[

Tagtulassadwasauuaingauweailas Tulssmalneyssnaumedunousigg fell

e 4R (Surface Course) Ao duvuanvassiidufinesas & 3 wuu fe
- Asphaltic Concrete (Hot-mix Asphalt)
- Surface Treatment
- Penetration Macadum
o nsulén (Prime Coat) Ao druvesueaiiadwaifistnuuiamafiodamidendouiioms
o dufiuma (Base Course) Ao Hudutaniifianantdn iwu fiulsl wiensialal il vun
AazfuadnatenuualnguIvan weidu Asphaltic Concrete wuulieniu R
1% Tneuaruntiuuutusesiiunig

® Jus3iiun1e (Sub - Base Course) Ao Fudiutansadldtiunia lnevluiinasidu gns
S a A« wa Y | S a o
vseduvesRuniinuauURf undaLUUULTUANAUNA (Sub - Grade Course)

®  JuUAUAUNI (Sub - Grade Course) AB TaATIA LETULATUASAWILUURIAWLAL (Existing
Ground Level) fluiuagseiumuiioaniuy

® lyan1s (Shoulder) Ao @IUMLATUAIUNETUANVDININ AL TNUNIVIIADITIA Wiy
waglasgauminiimng Janiildmileusesiiunie

morh =

"]?u A4 (Surface Course)

1151 T8n (Prime Coat) W13 1A 1#N(Tack Coat)
| ”’B’afuﬁu”l-ﬂil (Base Course)

FUTDINUNN (Sub-Base Course)

FUAUAUNG (Sub-Grade Course)

FEAURIALIAL (Existing Ground Level)

5UN 2.2 1As9ad9vasauaiimne (auusauasilas)



Tutligiunisadauusiaueailaddiulvgianisaziluwuy Asphaltic Concrete (Hot-Mix
Asphalt) FuluTanuauiilaninniskauiasiu (Aggregate) AunoailanTiuug Mvaeunal WUUNEY
Fau (Hot - Mix) 1ngAuANSATIEIUNELLAL QUNANMNNNIVUA dIUNINABINANT 1599 1uNEY

® 17853 Usenoumedan 3 yin
- ane Ae Hudesvietanduiiuduazamy
- WInazden Ao MuHunIeNINY
- Haguauunsn Wlunsdiinaumaneunazinaazideauds dauazidoaluma
sudaline Jaguauunsnatailu Stone Dust, Portland Cement, Silica
Cement, Hydrated Lime Lazdu 9
o oaailas d@ilngld AC 60/70 Ui 3 - 8% WaLAviAIIU
®  NILEIBUNITABASI Asphaltic Concrete
- sesituma fiums InamaaFevaiavelfnasgm
- ¥ Prime Coat %#38luu9nTtl01aA899i1 Tack Coat A8 1ATINADUNANADIYI
5ou 163 = 8°C uavuoailadnounaufowinlisou 159 + 8°C wauaSaua?
euteenINlssuNaNiediaamail 121- 168°C
dunn ildeuuivh seueaitas

g
Y
aounsn  Andgmluzesiomeiisademesiniiund  Feisadeaildanslunis douwsuunas

wanaN YSuaunsasvsuazimiinussvnlulagdu

Ly
q
'

o [ X [ = PN < o &
mqﬁﬂmqwuum lngdnwuzaNUdsmenulduned

o by (bleeding) \uusingnisaifineailaglufiins Asphalt Concrete Inatuan
sufuiifaviiilounndeu weailasdaslnaiy vinlsfamadu Redesnnueaitad da
mnuwdaf1  (low  viscosity) LLazﬁﬂ"]miL‘LJgEJuLLUaWENQﬂmgﬁ (temperature
susceptibility) 1523110

e fmafniesde (utting LWulsngnisaliiamevesueaiiadfuudguiuduses au
udefisanauiiu dusnniiandinditmaduilifmsliiuauduse wo Fufa
MIguiwazInAMaLTANIEAngY (elastic) vnlinnsgusualal nduau

o fmauanim (crack) fanmmanAsmaiianimudausizaneudavey dofl dwins
ns¥i1gn 4 (repeated load) Aamnwzdn (fatigue) vhlviAnsesuandnfiSen fu

fatigue crack

'
1 a

e Rvadiiantiman (reveling) WWudsingnisaliianied@nnseu wszdandiu azideuad

q

D

Hantvesieailaddiuudgnusudeauaindesansneauvgaesn nlvie nelidnuee
NEIVVFUTE



aady nsunledgyifiananeaiaddiuuddise Inewngluouuniuiuianisnses uas

wa

UTinusaussvngs awdesulsaunmioatiaddadususyaulidaushdd
o fiuAunila (Viscosity)

ammuﬂﬁauuﬂawaaqmmﬁ (Temperature Susceptibility)

[figaseusi (Softening Point)

dineaBaneu (Elasticity)

WinLks98eLuien (Cohesion)

L Ageing Resistance

23 uIdeingadesiun1suan TagyYRan1nldiunauvaee1anis1sssuya@ (Natural
Rubber)

awv da a

1) UILNAEIUNETNVDIHINITITITUYIA

Tn YiFuUNa uazAy (2500) MAABIYINEIY Master batch Wl YNNI ITUATU
weailadludnm 1: 1 deniesunasgnnas Insuaessssundlity fewdunat 10 uid udais
waseaiiast 91ntu Iafuuduliliou dunoadladliazas @oamgdliifu 19000) wiafuens
Master batch asluneaitas Ingliuoatiainauiléil srsmnsmaneglusng 5% vauwoailasimun
Mntuthueailaduaueonsfinauldsnaun aemelug - dwwan (@uiinsmdnilawnsi 16)
Huszezne 100 wes Ineldsuausiuiie 91n4a39nsvnsasvan wudn auufisiadeueaiada
gramsfluadnsiniziul Rrouull Wumieanasldnaassdidnaselud 2505 Tnesinauuans
waey - dsvan @nfiouulda) 7 ndnAlawns 10.80 - 11.00 Juszegnia 200 wes Jeldnanis
neaesluusaiiefunsasn LLazmmﬁU%@gaLﬁﬂuﬂ 2510 WU auufisadioueaiiaduausns
sysumadslaifinng Youumy winuuiisadeueaitadsssumiinisgouusunda 1 ads

Fernando  uay Nodara  (1969) lémmaaasusutssandfuaadadietiiensssuei
fie 1 19an fw’msﬁwﬁmaﬂmﬁaqa dhenadusiauenlinios uazmaiens Sas 2 - 4% lu
waailad AC 80/100 uuU Hot - Mix Asphalt Taemsviurinenssssuvifadlugnsenesiifigamgd
300 - 325 °F wazdinisaunaeaian wui ueailaduddu (Aundvsdu anas) gaoousiagedu usdn
N"58ARe (Ductility) anas Aoy Nair wagauy (1998) lennassluussaudienauenes Tngldens
wiusuatuiifidminluanaanas Tnsaratoerausivlu fluxing ol itevinlweglusy arsazane
(Liquid Natural Rubber, LNR) wathlunauiunoailaddius 2 ¥tn As Penetration grade uasz
Blown grade IAENANWUU Hot - Mix Asphalt wuin iewfiu LNR vilvienisBaiaanas ws noOU
$ qq?z’fu

ans (2543) Iisenuiansuifosnsduieldiiunnaedddesanmaunoaiiad 2% 51
auuszriadieminuasulaslaadu lngsinauuiluszoynie 1 Alawns Wisuifsuiu auusie
woailadsssuan Usingin auusiaueailaddostenitouulvaludn 5 Yseun wazlu Vil 10 fdoy
adait 2 luvsitauudisadeusailadnauenssssuni 2% Sedlanmioudadil 14 warlddinnseny
walUUszina dsindeyanansmsnnassagulsinnsuauenssssunigneigauuldeseden 50%
Tnearldanglunssafauuiiuty 16% Wenauenssssuwi 2% fu weailas



Tutauuseanu 2543 gudidugasanslasuivdssanalunisdenusuiiauy aely
Auiidoensandans Jlddidummanosrnaulaglduaitaduausiviesdurin woulnidege
(flosnndnldheandunauiuueaiian ilmienesnneialfiindunmevne funaw) Sna
2.5% uagiinsiufiin §n1 3% Wisuiflsufunisesfinuudisueailadund §1 daugnamnssuens
inanoswausiogaueaiias AC 60/70 futhenstudam 2% wWisuifieu fumaduhiufadioan
AMUNLATDILeaTladdns1 3% war 5% HaINNITIATIENlag ToaUfURNITUBINTUNIINAD
Iouanslilunsedt 2.2

M1319% 2.2 audRvasuaaiian (AC 60/70) wasnesturiinuanluiesgs

353

R v N E B Spec.

auiia 1190 1118714 2% 1118149 2% _

e w Y ow AC60/70
2%  UUMA 3% UM 5%
Wi F 54 53 92 60 — 70
ganu 'l 316 318 243 Taifeendi 232
A178ARAT (25 °C, DATT 5 WIUIN) 27 32 84 Tifasndi 100
nsazanslulasnan Iseiau 99.72 99.80 99.86 liivfoand 99.0
) mniidennms ey

dmiindgayde e iianudou 0.07 0.05 0.7 Taihiv 0.8
Founz
wimsdu GavazvaaniimsFu@dy)  66.7 67.0 64.1 Litfaandi 54
ATEARD (25 °C, AT 5 H¥I./U1R) 15 18 74 listoandi 50

Mnuanmsnasendiulid ueailadiinautiensdu 29 lnelinauiiuiig uay ueailaduay
thenetu 2% uaziitufig 3% Saundimsduiiag fe woailasudetu winnsBa FAshnins
uasguiismue oradunainainnsnaniuvesluanassfuneailaddslis we Jaf1ususe
walinisnsuanliituieranunsnysuussantinisteidiastuld uenand Ssldifiudagng
woailadinaulumfunauneailadivg e sneufiasaouwile ddinsumanaisiiasgiina us
Funadiuinensiinausuueaiiaddsldidudedieatu S derundudeluresfiinnsdn
Usganas 1 Halus uwddsfednlyinsumaandinseiing wuin naudfiudefvuavesnnsgiu
193 AC snuiudn indimstu figenireuinsgiu #1 eraluenniituiaildfioannuviinves
woailad ey dlfhenmanueailad witeld Tunisa¥aauuuuy Hot Mix Asphalt masufulge
ipesnaNssruLeaiiadlivyay

an1UuITeeesniuan I dumalulagnszaoundninunmisainnseds laanw Ysuls
dutivasusaitanlngldsiufvenssssurpaiamg o siiesainmsuauueaiiafiuiensidiuun
Aadayndelssariindumiuunlunaedu 3ddvinismaaemausnwlu suasusnsseg fu
woailas Insdensunusuaiunnuaduaiuiy 10 il wddunauiu woailad (AC 60/70) ludnsn
456 uay 7 % udIMAADUMLLNTTIURIMeaTTad nan1svaaeLanslilumad 2.3

10



A15199 2.3 dUUALDENAANENENINITIONTIAGG AN Wan. 851-2532

andanudainimua HETNB19W1T AC60/70  Spec.
1on. 851-2532 4% 5% 6% 7% uon. 851-2532
miimsFufigamgi 25°C imiiang 65 67 70 76 60-70
100 AF3 1981 5 3%
ganlil °c 313307 310 304 232 min
A3BARY (ductility) Aaanigd 25°C >100 >100 =100 70 100 min
Fasusuaiosia 5 v i
myazaelulasaaalsenau favas 99.96 99.96 99.95 99.96 99.0 min
mniinidenamsay
ﬂymﬁﬂiﬁ"qmLﬁa"lﬂ;ﬁaclﬁm1m"ou(‘faaa:) 001 002 002 004 0.8 max.
miimsFudasas 2 vo uniims i 738 772 776 793 54 min.
‘r‘lﬁﬁﬂﬁ& (ductility) =50 =50 =50 =50 50 min.
UanAIINAITHENLeaNadAUs1ssTINEIALNe NN @S9 uULUY Hot - Mix  Asphalt

Concrete W& Jagtiufimanaassndnuoailaduiint1 1#un Modified Asphalt Emulsion Tasu3s
fUlA weailas $1in waran1tUITeensTnfuUSuUR AN TWTBIE INEmaELh (Asphalt Emulsion)
LaE NAAUMANTRAAI 9 WIBUMBUAULIATEIUNTUNIIVAE (N8, — N. 405/2535) WU 819ue
poetiil Usuusamnmdeinesduriauenlindegs 5.50% fautiidulumuninsgiuronsuma
aa#l Ma - n. 405/2535 (937991 8) aﬂqmzmaaﬁﬂﬁﬂ%’uﬂqqamﬁﬁ (CSS - 1h EMA) faudfnnuen
A Bangust vidoilundui (elastic recovery) #tu Ao azannsaviilvisnsuznosugulda
W93 N159NNATUAINN1595135 Jndunistagliannisiinesdouuauy AaenIuAIgAseusa
qﬁ?u %3 anmsiaBuLUasiamg Lﬁaamﬂqmmﬁmmwamfnmmiaﬁﬂﬂ%ﬂmmuﬁawauumm
wmsgu Msmuimanuululasfavesnsumiaviads 1assIud ma. 412/2535

2.4 A5 EINNSINENLENaRAIUNS A LUNISADES190UUYDIEAUUIBENY

UNSM ATANATY harAMe WnnasInaas19nuulaslteaniIsIHaufuwaaiannaunInty
nsneasienuu Tuanuwideilaneasunnaukaaiadnuananis1TulaglgsauiuvuIUNSHARLALGY
a S v A & i ile & ¥ 1 8 ) ¢
wandlugun 2.3 uag 2.4 lumsnanagldingatun 5 Wesigudvealleensunissietininueailad
wazdlideazuninnisldiiensdulunsnanaziniinisldenunusuaiunsgannsonaulnduie
Wweniuladeni uinsiindiestuazfefnseUsnaloye) wetssiunisiianes

11
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MNUANINAFRUAMENUANIIAINTTHYRILRaTafHaLAUg T MU A saLUAEL TR
YaakaaanAauNIntuN A UAwMaATlUAII19 4 wagHANITNAADUSBIRREINUI AT AR
g1ansaziiseviesdetoeniueaiiadneuniniuuunfneuanslugun 2.5

M13199 2.4 uansnmuauURvasLaailadAauNTANENE1INIT

- AT IHEINT
GENTY]
0% 5%

Penetration ( 0.1mm.) 69 57
Softening point ( °C) 46.0 553
Penetration Index -1.50 +0.41
Ductility (em. ) over 150 26
Toursional recovery (%) 2.8 21.1
Toughness ( Kg. cm. ) 88.77 117.96
Tenacity ( Kg. cm.) 3755 54.38
Viscosity

at135°C (cp) 33.0 1365

at 165 °C (cp) 13.0 430

JUN 2.5 HAN1SNATOUTDYTRIRD
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lutunsinmanuesdalaiammuinisldorsuvislunsnauneaiiadlngaianiosdiuwuy
WA 5 fu faandlugun 2.6 lngneasniaudideeasans

5UN 2.6 1ATasauuuUTUNITHENIIUIAS NHYA 5 Ay

25 MIfn¥UasBENYNNTEUIUNSHANL AT AANENE1INITINALEITBL19RTANT

anzfiUsnwldidndeunsruiunsnanueaiiadiaue s fiaudidoensaridans dwa
aanseis suneaundeiun Sninasduns Weeudamen 2556 frusldtoasudeluil

Tuthtuguiidossasdanm aunsonausamniuseaiadldaesuuie 1) n1sldiiens
waz2) nsldenawsiy Taonsldihensasnaionduaiomaudiuandusuil 7uassui 8 Fanswan
wihuthesasluiastes ilefunisansnsnisnfnlet Tnsnsiiuthensadluseaitaiazfesieie
adluliaweglutuueaiiod uazUdosirgnanieldueadiarsou Tnsflvuinvesdwan fo 5 fu 101
nsudald 20 Fu/tu wdnduasthueailadifnimautiheudldludusspitowdomilldly
nswanfutanuanusely Milaomauthestuueaiadfindnudreiuansoindoudisldlng
ldsaussnnnnge
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L “Lmin

JUN 2.11 Bamanesailaduaugrswisilunisieaitsnuulmiluuiiudvaiiudeu

yenanilunsrasesns fuseailadanansanaudnisuisdolunislidenaununiosnauds
ziinszurunsnausseluil
o paugnauNuiuLeaEladludnsI@I 1:1 58A31 Master-batch Tngagvinduunu
® 1uky Master-batch dnantuseailadlumiinawiuliludaiu é’QLLamﬂu'gUﬁ 212 &g
MswaNanansainlaiiniinisldenaiinszarliifnesuaglotnseninansuauus
wfoainsamuaiesilonansyning Master-batch fuuaaiiad

Ul 2.12 Hawsa Master-batch Auuaailad
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lunsviuddeiiendnsndiureanisnanianerenisidukeailadetin AC  60/70 ¥
WangauuInfign negidelaviinisiauiiasnaaeuaindanluiiesujiainis lneddunauns
adusdeduandlugun 3.1

N1359UsUtaYa
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31 UUIMIVIAERULAEAATIEHIENURIMNG

WUINIIALVOULYANTEUIUNIINAABUTARURINIG Usenauludedunounis@nyiind
SNYALLDYAFIL

3.1.1  MSUUINISNENAT8E1eN1MIAGRY

N1swUINISNguieganIsadeuaanily 2 ngundn lagtnan1sneasuuIiAgIzd Lag
Wisuiguguandiludaiainssuvesianyiinisviindieg ludnsdiunay (Sesazlaguia)
fumnsnaifu Tneusznaulusne

1) nguiieened 1 ueailad viln AC60/70
2) nausegil 2 woailad wiin AC60/70 wau thenstuman Tusrmamiunnsiuy

U 3.2 198 198NNIITTINYIA wazuaaiad viia AC60/70 muaIaU

3.1.2  NISHUINISNAEIU

maneaeululasenisll Ussnaulufenismaaeundn fo nismedeunmaudivesiagden
Uszanu (Binder Test) way MinnaeudLiliudiunauvesueailainnounin (Mix Test)

1. msvaaeunuaNTRvesTanilenUsyau (Binder Test) mumnasgruiiduaina Tned
Toquizasd LileldonTanidondszauifinuandiviwnuimnssuiifnas viewunzausdeninily
wavfusnasanniian et ldvaaouluduneudl 2 Tnenansmsvageusne fmed 3.1
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A1519% 3.1 MsnadauANaNTRvaTaYaNUs a1 (Binder Test)

A190U N1INAGHY UINTFIY
1 Penetration Test ASTM D 5
2 Softening Point Test ASTM D 36
3 Flash point Test ASTM D 92
a4 Rolling Thin Film Oven Test (RTFO) ASTM D 2872
5 Pressure Aging Vessel Test AASHTO R 28
6 Dynamic Shear Theology Test AASHTO T 315
7 Rotational Viscosity Test ASTM D 4402

2. nsvedevdruiiiudiunanvssueaiiafinaounin auuinsgruiiiduaina ool

Y (3 ~ =) I wva 1 a a ! Y 1 ay v gj PN
’JG]Q‘U?%E‘N@ LW@LU?EJULV]EJUQMﬂNUGW]’N‘] vpanaailafinaaunsn luliasiiag 19N laNaaINTURDUT

A9

1 Weagudndiunmunzaunnigalunisnanianyuaimig lnsuwananisnaaauieg lutunaudanai?
&

A1519% 3.2 nsnaasudIuMidudlunauvaswaaiafinaaunsn

210U N1INAFHY INTFIY
1 Marshall Test ASTM D 6926 ASTM D 6927
2 Indirect Tensile Stiffness Modulus Test (ITSM) BS EN 12697-26:2004
3 Wheel Tracking Test AASHTO TP 63
a4 Indirect Tensile Fatigue Testing (ITFT) BS DD ABF:1995
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3.1.3  LUINNISIATIZIazUSEIUNANISAEDU

MATgsinansaaeuiildaniesfifinng useenidu 11 mmaaeu Fsnmaaey
wanil ansnsnmanismeaeuldiinsesinuantfnneg Wy Uszansaimidanienin (Physical
Strength)  Auvumulunislgdeu (Durability And Fatigue Resistance) hazainuazaanlunsly
ulunsneads (Workability) sauanslumisnad 3.3

M15197 3.3 MIaTsRAuENtRi1e nesuIaInsIlulsaznImagau

AMENURANY
- . AUNUNIUlY
Useansnn 5 ANEzAINTY
o o ] A5 lg9u Y
a1nu N1INAFDU LIINIBATN N n1stdanuly
. (Durability and Dy
(Physical . N13NAEIN
Fatigue .
Strength) . (Workability)
Resistance)
1 Penetration Test /
2 | Softening Point Test .
3 Flash point Test - 4
4 | Rolling Thin Film Oven Test (RTFO) /
5 Pressure Aging Vessel Test /
6 Dynamic Shear Theology Test /
7 Rotational Viscosity Test /
8 Marshall Test /
0 Indirect Tensile Stiffness Modulus - X
Test (ITSM)

10 | Wheel Tracking Test

11 | Indirect Tensile Fatigue Test (ITFT)

1NAN5199 3.3 WUI1 MsnaEeUTmLeanInsaldRaswiUsT A A anie g anun
1 AUKTINNSA (Stiffness) AIumin (Viscosity) amBangu (Elasticity) mnuseaud (Softening)
w@nesnm (Stability) Wudu

n1siasziaunumulunislidanu Wy quandialugaaaus (Stiffness  Modulus)
ANFAIUIURBNTWANE 1L NAINET (Fatisue)  Aanudiuviulunisiindesde (Rutting)
ANUAIUMNUFDNTEUFIMUUANS d@nmanuamuluauiam

nmsiAszanuazantunsidnulunisneadne Inensieseiludiuninann asiiaisun
auandAATIdosiumsnantagUiome Tnedinseinmuandinamin (Viscosity)  amdiglu
NSHEULATaRNABUNSA
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M19197 3.4 MEazdanNUFINUSA19qTuAITIATIERAMANTRMUIAINTTY

a1au AINAFDU 318azdun NISUAAIAMUTUNUS
. \Wisuifiguen penetration Quualiy Wid-an wegAuulaveneaiiaduay Percent of Penetration
1 Penetration Test o A - . P “ o ,
WiguiisuAringaiunasiveuweailadingn AC 60-70 vislyl material Index
o Wiguiigumaumail (°0) eganuduniusenisilaeusy (Deformation) Percent of
2 Softening Point Test o v o o 1 g ) _ Temperature
gaugilaelanu wazdasiunisiinnisivaiby (Bleeding) material
. WisuWeuaaaumail (°C) veagaulnuaginln iieganudasnsdelunisld | Percent of
3 Flash point Test o 4 - - o - _ Temperature
Nuiasweudsvaulagiiarsantlenadalilaievesian material
. o WIBULIEUAT penetration IN1UNISOULAZAUAT penetration ABUNITOU _
Rolling Thin Film Oven Test , _ . | e — - ] , vo o Percent of Retain
4 lnggAn Retain Penetration LitetlUNa150M5LAn Aging danalviiandl , .
(RTFO) y 4 . L I 4. : . material Penetation
ANMNLTUUTIZ LEDIRDNITUANTIINIYET LaZIAsIRoN1TEANIZAUNIATIM
_ NANUSIULAZLSINAAY LIDTNaDIdnN N7z AnTuasslug9an 7-10 U Percent of Retain
5 Pressure Aging Vessel Test - - - ) )
TngfiasanIsiia Aging material Penetation
Complex
_ - . Shear
Dynamic Shear Theology TnediAsngsiAn Complex Shear Modulus (G*) kag Phase Angle () N
6 4 o A il . Temperature | Modulus (G¥)
Test WD MTIIAAIAINULIILATY (Stiffness) wag Auegangy (Elasticity)
’ and  Phase
Angle (O)
) ] , , - o - Percent of Brookfield
7 | Rotational Viscosity Test nsmaaumia lnedan aaumai 135 °C uag 165 °C . o
material Viscosity (cP)
8 | Marshall Test evuUSunadaneuusyanuiiivinzay (Optimum Binder Content)
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M19197 3.4 TEazREARNUFUNUSA9 TuNTIRTIzRAMEaNURAILAAINTIH (FD)

aau NIINAEDU ERLLEGIL NISUAAIAMUTUNUS
Indirect Tensile Stiffness WiguiguAmlugdanuiy eldlunisusaiiuanudangulunisiusdenis N
9 . Resilient Modulus (Mpa)
Modulus Test (ITSM) LANI1
Wiguiguanuaunsatunisiudminuuunseying (Fatigue) tneauualiy
10 | Wheel Tracking Test Y94AIANA TulsardIUNEYN HUADEINIIANTIVHOUAIAINEANEUTDS Rutting
woailanls
" Indirect Tensile Fatigue Test | NM5LUSBUTIBUAT NI INANUFURUS TERINTLAUANULAY (Stress level) ot
atigue

(ITFT)

LazINUIUTOUNDUNAAINLEYIY (No. of cycles to failure)
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3.2 19aZDYALAZISNITNATDUIAN ‘14 ’JVIW\‘]i‘lJWEJ\?‘UQUGIﬂ‘ﬁ

d' =1 Y o 1 (9] a v a wa I =
Msnwlannuauazuiinisnageuianyiimsluiesdjifiniseenlu 11 nmaaeu &
NYALLDYAFIL

3.2.1 Softening Points Test

mimaauﬁwﬂumsmaauLﬁammqméauﬁwmmammaaﬁﬁ@méauﬁaaﬁw&aq 30 9 157
osrnwwaidoa Tngldiedoanaaouvisiargnnau (Ring and Ball Apparatus) futdeglutiindu (30 fs
157 aspnaalded) ndlweIu (80 fv 157 sriwai@ea) viseleiaulnanea (30 &l 110 e waidea)

LONE1581989 ASTM D 36 : Standard Test Method for Softening points of Bitumen (Ring
and Ball Apparatus)

gﬂﬁ 3.3 qﬂnmimsmaau Softening Points

3.2.2 Flash Point Test

’Jﬁmiwmaaﬂumumwmmw(Flash point) LLauﬁmmlw (Fine point) 1ne35 Cleveland
open cup vesHAnfuslnsdsunazveanamnain sniuindudemds uazansduiifigniuly
i1 79°C aneldan1nzvesnismaaes AnliiAeguvnlivhanfiadlwvillessmemienafogns
fnlwl uazanlvsiseidedlidiosndt 5 Jund

1@NE1991999 ASIM D 92 : Standard Test Method for Flash and FIRE POINTS by
Cleveland Open Cup Tester
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5Uf 3.4 gUnsainmswasiou Flashing Point

3.2.3 Penetration Test

\Wunistarudiuival (Consistency) vasiaqueaiiasiiogluanmuds (Solid) nieRauds
(Semisolid) Tagd  Penetration Hfesvuzmslumize 0.1 fadwns A dumnsgruunsndiasly
fregnemunuais ngldthmin nan uazgungifidinun 53%n A1 Penetration lnesrugiidy
wmsgumtin 100 n$u wasluluneadladluszevinan 5 Junit flgamgiivies 77 °F (25 °C)

L@NA1981989 ASTM D 5 : Standard Test Method for Penetration of Bitumen Materials

U7 3.5 gUnsaln13nagau Penetration
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3.2.4 Rolling Thin Film Oven Test

Juisnsifigeuszasdiilodeanisiusuifisufismnaudsuntasly Consistency 189
weailadiilelasunudeuifanmeamaiuazsresnalndifesiuueaiadlasuluvus hluldou
nsnegeuilalagindiegrueaiiadiiuig 30 daddnsldaduaruiussugunsinszuenvuin
Gurgudnananielu 55 9 8n 3/8 @0 eeldueatladiundszina 18 @9 udathanaussy
weailasiidndsuuduiinyuldsouin Samulszana 5-6 sousounit Tnseglugoudsdonnadiom
1 (Ventilated Oven) feguit 3.2- Inelvitigmumnd 325 °F (163 °C) uraan 85 it andfufinien
fetnaveueaiiafum Penetration isl3oulfisuiiu Penetration vowoaladnousulasdniy
Sovaz IneiaTginnnUinaesasiissme 9Innseu

LONE1591989 AASHTO T 240 and ASTM D 2872 : Effect of Heat and Air on a Moving
Film of Asphalt (Rolling Thin-Film Oven Test)

5Ufi 3.6 gUnsainswasey Rolling Thin Film Oven Test
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3.2.5 Pressure Aging Vessel Test

Junisdrassanineraweailanlunisldauass IngiunssuiunisiinanuSounazss
e iosansanmitaziinduasdugasaan 7-10 ¥ Fesedueailadazrunisnagey Rolling
Thin Film Oven Test (RTFOT) %38 Thin Film Oven Test (TFOT) Aeudsthdegrauaailasiign
Aging U3uas 50 n3u wrldlumdesile Pressure Aging Vessel 1uiian 20 41w Iméiy’qqmmﬁ
Useannd 90 °C 100 °C %39 110 °C wagmsmnudueniail 2.10 MPa wie 20.7 atmospheres
pdniufidesq angamginararuduas fegrefasgniiulilddmiunmaaeudug seld

LONAT591989 AASHTO R 28 : Accelerated Aging of Asphalt Binder Using a Pressurized
Aging Vessel (PAV)

air
pressure
| temperature
- probe

asphalt

S
g SRS

pressure vessel sample rack sample pan

;.iil‘ﬁ 3.7 qtlnsaimsmaau Pressure Aging Vessel Test
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3.2.6 Dynamic Shear Theology Test

Jumsneseuiiiefanmantiauviawazanudaneguuosssueaiiad lasnisdaidou
1;1"188"1\1LLaﬁWaﬁgﬂLLBjU’JﬂﬂaﬂJU’]ﬂ‘]‘UU’]@L%ﬂﬂﬁUlUﬂﬁUNﬂ%’]‘] fu sruupsesfloarTufinussdnuay
yudnnasaIansmaaeu (10 rad/s) uazilaszidmnadeyafiemuadnsiiu Complex Shear
Modulus wag Phase Angle Yp3fIDEN L mimaausmuaaﬂaéwﬁm %ﬂizﬁwﬁqmmﬁmmgm
Aasil 2 gaumadl legnsdsunlasnuauifivesueailadnugumal Tngdinsieian Complex
Shear Modulus (G*) uay Phase Angle (8) a9nnnsvagay DSR 1y awnsat Ul dusediioiu
AungRnssuvasdlunanlusu Fatigue Cracking was Rutting la

LONAT591989 AASHTO T 315 : Determining the Rheological Properties of Asphalt
Binder Using a Dynamic Shear Rheometer (DSR)

AWIBUIINTD

ANNLATER

g o

Ainszii @
uENANMAUE

FIUNIZDI

uHBNANNH WY

ukunandnagiui

31]17; 3.8 qﬂnmimsmaau Dynamic Shear Theology Test
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3.2.7 Rotational Viscosity Test

Lﬂumi‘mﬂaamﬂﬂﬁuamummﬂwummmaLLaaﬁamwamwammumLwaiml,uimww
woatladiliduimaimeiazgniuniuvie uasdanautuiramuld nsvaaeuiiondeganiosie
Brookfield Viscometer ﬂim’ﬂ:ﬂEJ‘fJuLLmIammmgm (Spindle) MeAUST 20 SeUREuTl Tuena
esueaiiadfignaiuauenmall 275 °F w3 135 °C  doyausedaazgniufinuazlflunisduinm
wadnslaodnlufdlagyainiosile nadnsilfosdud Viscosity — vesuoailad iy
centipedes (cp) W3va1aldMUI Pa.s Taed 1000 cp = 1 pa.s.

LONAT581989 AASHTO T 316 and ASTM D 4402 : Viscosity Determination of Asphalt
Binder Using Rotational Viscometer

Rotational
Viscometer

|

Temperature

Controller Environmental

Gripping
Sample  Spindles  Pliers
Chambers in Pouring Rack

Sample Chamber

wisiimanuawmai

= =
1| ¥aLFauasATadnIuAH i é

e

LNHHHUTINTEUan

.
d1ufl Fia B AL WK yUVTIN U AN
— mannauaaids

o
(AT IRIL AN M Of

nEuE MUAH | ] o

s e
CERHEN
Ha U TTIAIaE74

;J‘U‘Ia/'i 3.9 qﬂﬂizﬁmimaau Rotational Viscosity Test
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3.2.8 Indirect Tensile Stiffness Modulus Test

1%

nsiFeuisuailugdafuiivestanuauueaiad aginsliimdnduuuunseyie
(Repeated Load) luguuuu Haversine Wave 9n 3 Juridstimiiniinssindiousiaogne 0,248 Junil
wazaain 2.752 3udt InelidntinnssyindvilmAnmsvenedluunsusii 5 lulaswns

L@NH1591989 BS EN 12697-26:2004 : Bituminous mixtures. Test methods for hot mix

asphalt Stiffness

g'dﬁ 3.10 qﬂnmimsvmaau Indirect Tensile Stiffness Modulus Test (ITSM)
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3.2.9 Wheel Tracking Test

nsnaasulagltas (Wheel Tracking Test) LwmmmiaummawamammamLLaa‘Wamwﬁ
lé’%UﬂmmmLLaslmummﬂusmﬂmaaq TneldiA309 Wheel Tracker mmwmaawqmmﬁ
WANENIA 1 40, 50 waz 60 esmwaled welTeuflsuaudiuniunisiiniesdeveudas
dndrunTINay

LONAT591989 AASHTO TP 63: Determining Rutting Susceptibility of Asphalt Paving

Mixtures Using the Asphalt Pavement

5Uf 3.11 gUnsainnsuagoyu Wheel Tracking Test

3.2.10 Marshall Test

nsnAaesiavinseenuuUdILKaANLeaTlafRnAeunInALIEINTuYa (Marshall Method)
LL’ﬁuVﬂﬂ’]’iB\lallLL’eJZ“I‘WﬁG]ﬂﬂ’e)'L!ﬂiﬁlf\]’]ﬂﬂ’]’iNﬁiJi’eJU’iuWN\namJ’Ja’i’JiJ (Aggregate) AuLoaNaATILILs
(Asphalt  Cement) LLaumUﬂuamwa'JumamLa ammmmmmmm LW@M’]ﬂmﬂﬂJUﬁ]ﬁ]’N‘]‘Uaﬂ
Lodflan m‘i’ﬂﬁuﬁ’mw Lwammmmm Bulk Specific gravity :V.M.A., Air Void, Void filled with
Bitumen :V.F.B

1@NA1591999 ASTM D 6926 Standard Practice for Preparation of Bituminous
Specimens musing Marshall Apparatus

3§mi'mmaauﬁrﬁuﬂWsi’mmméfmmumﬂwaﬂumﬁau«?ﬁaEJ'N';;‘LJvmﬂﬁwaﬂ Aldannis
wisnTanflflusruimadeiiumeuuueailafineeunin tnelfiaosdiousura

LONA1591999 ASTM D 6927 Standard Test Method for Marshall Stability and Flow of
Bituminous Mixtures
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ComPe

I
(ends itilcnﬂ:cl)

BASE PLATE

sUfl 3.12 gUnsainsuagay Marshall Test

3.2.11 Indirect Tensile Fatigue Test

\Junsneaeuiisianudrdgduegrannlunisivisuiisvengnisldauvesweailadn
Aoun3n lasn1sdransaniizdumiindinseyiien wagvhmafiudoyad Load pulse vasingiogig
AowAssUNUIINsEY IneshnsmuRuIsanssih (Target Stress(KPa)) 71 300-600 kPa

WWNE1591999 BS DD ABF,1995 : Method for the Determination of Fatigue

Characteristics of Bituminous Mixtures Using Indirect Tensile Fatigue

JUN 3.13 gunsaln1smagau Indirect Tensile Fatigue Testing (ITFT)
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Unil 4 WanNsAATIEYdaYaA

4.1 mawseniagueaiafnduankauuIgety

mawienfanidendszanluns@nndangn Mueaiadduuddldfuodraunsvargluau
3 Ao woailad@iuudsssunningn AC  60-70 Tnshueadladduuddrsdusuansuiienamns
SiimﬁmugﬂLLUUSUEN‘S’]8?&%u1uU§m1mﬁﬂﬁ?uﬁiﬂﬂ"] JuTanuoailadfuudnans1anissssuyif
(Natural Rubber Asphalt (NRA) #sthensduiiinnlflunmsmaaeudu “drensdusiinuenlniogs
(High Ammonia : HA)” #nuu1wsg1u 1uan. 980-2552

Tnemswanldmanomauiisstuluuuududuiifeosas 5 vesimiinmy andulduau

g9TURLTUIUSNSISREAY 7 S08aY 9 wavSauay 11

4.1.1  IUIUAIDYS

e aNInaaeuTanyUnsluiesuiainas 1ddregramsnaaeuas 3 fiege laedl
2 fumeulunimmadey ddlutuneudl 1 azddunsiisuiisunansvaaeuvesandeuusyai
IFfuAnTgIueneg wazasdnidenefinfiansusuusnluduiunsmaaevlufuneunauuaaila
AnAounin lnsununsmaaoufanyimdluiesfiinis wanslunsned 4.1

A151991 4.1 IWIUABENNINATOUAMENUAYDIEALURNUSEE (Binder)

Faoutouuszany

a1au N13NAGBY AC AC + thensdu 374

60-70 5 4 9 11
1 Penetration Test 5 3 3 3 3 15
2 Softening Point Test r S| B |(]3 3 15
3 Flash point Test 3 Bh| = |f 3 3 15
4 Rolling Thin Film Oven Test (RFOT) 3 &5 I3 3 3 15
5 Pressure Aging Vessel Test 3 3133 3 15
¢ Dynamic Shear Theology Test (Nauau) 3 3133 3 15
Dynamic Shear Theology Test (1d38) 5 301313 3 15
. Rotational Viscosity Test (135 °C) 3 313 |3 3 15
Rotational Viscosity Test (165 °C) 3 3 3 3 3 15
SN enLA 135
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A1519% 4.2 3uufagen1snagauduidudiunauvaswaaiafinaaunsa

Material
A0 ANSNAFAU AC AC + 53
60-70 | W1w19TU

1 Marshall Test 3 3 6

2 Indirect Tensile Stiffness Modulus Test (ITSM) 3 3 6

3 Wheel tracking Test 3 3 6

a4 Indirect Tensile Fatigue Testing (ITFT) 3 3 6
SAUVIINUA 24

2 %

4.1.2  MsnssudaauearafnBuuANNaNLNg9Y

aa ) a o ¢ al 5 1%
?ﬁmiwﬂu?a@LLaaWamﬂsﬁLmu&mNamu’lmwu

1) mswaufaqueailafindunifnauiensdu memauluaeugiianmsanuaufeuldas
(Hot Plate) Ae Ay 200 ssrniwaidoa Lilesannisnanianssnandemanlugumgifiginiiuna
wn el dudodentu Insgumnddlilunissaudszaim 150-180 svreaidea
2) mﬂﬁ?uﬁwmimaﬁaaimaawﬁ’aLﬂéaqﬁawauﬁﬁumﬁauqa (High Shear Rate Mechanical
Mixenuansluzudl 4.1 shnsmudunanlhduiiofeatu deldniusasdeusymeavesdiunan

e Wusgeviian 45 unil

JUN 4.1 gunsnlnaudaqtauyszany

9 q
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MNMITAGEUNIHAIINE19MNT155511R Fukeailad AC 60-70 nu1 Tudulsznevdid
gatunndadiuavanansonauldiudeienty widunaufifdnlsenouvenhenmnssssuend g
guassalunianamiosanihenduilinaasuidunanvoniuasuenluiflefisfosar 40 waz
punnilunsnaugsnigadenveni dwalin suantandedinifenenafiuuliilunaiAanes

wanau Fadudunsesegnageuls

4.2 WaNIINARUAMENURYAITENYaNUT

Tan¥ouuszau (Binders) M3 2 wila lown (1) Jagueaiiad@uudinga AC 60-70 (2) Tan)
LaHaATLLUANANY 19N 5I5550Y1H (Natural Rubber Asphalt )lagn1snaaaunnaudaniugIusiieg
aunsaasunanisnageulilaeiisneazdenmall

4.2.1 N1INAFBUINBAUAL (Softening Point Test)

ynsouddunuandinldineavgll a 9avasuainiaqdsuysyauinissouds
U § { é’

N WeTanwenusyaulasugamgiinasuardmansenuionnumieivilauazaugeudin

¥
anUBYN
Softening Point
T 80
[ -
g N m oL - -——=®
2 60 e TR
E 50 u & 5 |
o 40
g 30
g 20
10
0
5% 7% 9% 11%
---NRA 57.2 61.7 69.4 721
—— AC 60/70 51 51 51 51

31]17; 4.2 A13N8aUAI (Softening Point)
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4.2.2 magauanuln (Flash Point Test)

msveaaufanadunismageuiiemaaumgll (° O) NiageulszanuasinUseniglil e
lpsuanuseuiuntu

Flash Point

- 400

L

= 350 S ——
T 300 eSS SR .
2

& 250 = = = u
T 200

£ 150
Z, 100

=

3 50

@ 0

5% % 9% 11%

- <4~ -Series1 338 320 315 308
—— Series2 2323 232.3 232.3 232.3

5UT 4.3 Argaaulyl (Flash Point)

4.2.3 n15NA&EaU Penetration (Penetration Test)

Junsinanudumas (Consistency) vasianuoailadiiogluaninuda (Solid) w3enwuds
(Semisolid) IneiAn Penetration azUsUanfanuesuy wazAuwiawesiandeulsyanu

Penetration
80
70 = =t = u
5 60
u
o 30
=
= 20
10
0
5% 7% 9%, 11%
——NRA 47.1 43 36.5 30.3
== AC 60/70 70.4 70.4 70.4 70.4

a

U7 4.4 Penetration figaumadl 25 asrwaied WuN1ATFIU 100 N3U N 5 Judi

Y
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4.2.4 n1sNaERUANYLA (Rotational Viscosity Test)

Tngluidunsmeaeuiiiemainnuvinvesiagdentssauazionsani guvgil 135
psrnwaloa uay 165 ssrnwadea osnidugumgiimnzaslun i fandenussaumnay
fufutanuaasiy Wietluyfmns Fsnsfnwinuantfivesanuniinazaunsatielinsui
Usgavsnmlunsineivesiandeudsranuiumay

Viscosity 1 165 asfnaaides
3.5
3 i ¢ 3 e £ 3
2.5
W
© 2
[a
1.5
————
1 - P E 2
0.5 ===
= u B |
0
5% 7% 9% 11%
- -4--NRA 0.5125 0.8973 0.9293 1.1243
—l—AC 60/70 0.2725 0.2725 0.2725 0.2725
<ede - WeaU SHRP 3 3 3 3

3UN 4.5 Aranuvitiail goum

a

23 165 deALYALTYE

v

. JEES
Viscosity #1 135 asAwatdod
5
4.5 —*
‘d
a L =
3.5 ’."’
I' r
3 i T b i s
v P
& 2.5 >
Cd
2 2
4" 4
1.5 P
P
1 Bl =, i |
0.5
0
5% 7% 9% 11%
—<4--NRA 1.2452 2.1423 3.6547 4.5234
—ll— AC 60/70 0.92 0.92 0.92 0.92
eode st W84 SHRP 3 3 3 3

3UN 4.6 Aranuvilail gaum
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4.2.5 n1snAaay Rolling Thin Film Oven Test (RTFO)

n1snadeudInandunisnageuiagdondszaundaainiiunssuaunisniseulagli
QunaiiN 325°F (163 °C) WWuszewiian 85 wIil

9 Y

Mass Change (%)
1.2
1 O - - 0
) 0.8
[4)]
& L
E 0.6 ’l '-.~‘
(W] rd '\*
v rd
- -~
= 0.4 * --_____"/
0.2
0
5% T% 9% 11%
=== NRA 0.4 0.36 0.68 0.51
= w1i7891U SHRP 1 1 1 1

JUN 4.7 M131URgULUaIIaU89R298197IHIUN58UAEAT Rolling Thin Film Oven Test

(RTFO)
% Retain Penetration
120
.
100 . <
b A - - _—
S - i
" >~ %
5 80
C
g B L 2 |
£
2 60
o
R
40
20
0
5% 7% 9% 11%
—-4--NRA 82.44 96.2 101.2 91.5
—ill— AC 60/70 70.67 70.67 70.67 70.67

5Ufl 4.8 A1 % Retain Penetration MH1N58UR8%5 Rolling Thin Film Oven Test (RTFO)
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. .4
Viscosity 1 165 asAnwaifus
45
hd
4 4
/
3.5 ’
3 e -k ipeeneensnadhoneegh
" 2.5
o
o
2
[
15 *< Pl
- S
1 -
0.5
[ i L |
0
5% 7% 9% 11%
=4 =NRA 1.525 0.925 1.1892 4.2
—— AC 60/70 0.3101 0.3101 0.3101 0.3101
+eefee s W89 SHRP 3 3 3 3

U 4.9 dranuviledl gaumgll 165 serivalTed
N1UN159URR875 Rolling Thin Film Oven Test (RTFO)

4.2.6 n1INAEIU Dynamic Shear Theology

manaaoufanarndunsmaaeutiteSouiiisuanautaluduanudaveu anuudauns
LAYANALUNIURENNSYURILUUN ISR Tanilenyszatu Tnemiiagu SHRP (The  Strategic
Hishway Research Program) vesUsuineansgoiusni lassyunsgiulilden G* (stiffness) uasd
(Phase Angle) #e midsusUsgrsansliimunulagnis G*sind Migamainaaouliiasiisgi
WINNTNL0 kPa MBUNITLINLNEY kaw 2.2 kPa #AINITLI@ElUDULUY RTFO d3un1suaning
idlesanaudlimuaunissifina Grsind ves¥agiisengsemmsuuuy PAV Tiseg s
A1 5,000 kPa flgamaiinadeu Insnsneaeuiuangdmsumsufifnuiigumng Taefaus 46 °C
(116 °F) fia 85 °C (180 °F)
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NMIAUNMUABAITYUAUUUAIIT Permanent deformation

20
18 4
©
a
=
o]
£
&
(&)
5% 7% 9% 11%
= 4= -=NRA 5.23 10.21 10.12 11.03
=—l— NRA RTFO 6.69 8.04 12.86 17.98

5UN 4.10 WIBUBUNSAIUNUABNISEUAILUUNIITVRIIEALYBNUSEATUNINOULAENEY RTFO

4.2.7 n1NAdau Pressure Aging Vessel

unsmaseuiiidsuluumsdenanmauoieiliuinisvesueailaduud lngihdegie
§annsnegeu RTFO  anldnaasulunismaasudsnann e3suifisuen mnudangu A
WHSHASY LAZAIUAIUNIUIINNITYURINIIT TEWINRANITNAGDU AU ANIATFINIINNUIBTY
SHRP (AN G*sin® ve3¥agillsengsemmiuuuy PAV. Tiflasinaqifosndn 5,000 kPa Migmumgd
yagou) naaay Tnsmsvaaouilivangdmiunisufifnuiigamnd taadaus 4 °C fs 20 °C

Permanent deformation
200
f-*--------#--..____
~ 130 = B 4
o '
< /.
ra
2 100 7
*m l’
(O] V4
50 y:
’,
I
I
0 +
5%PAV T%PAV 9%PAV 11%PAV
‘--0-'NRA 3.993 168.1 166.1 146.4

a

5UN 4.11 HANSNARUATISAIUNIUABNITIUAILUUAIIT Naungil 13 © C

Y
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4.2.8 dyUnan1vageulanandseau (Binders Test)

NHANIINAGRUTARYRNU ST uasadIAuaNTRA1 I USsUWEUAUIa s gAYy
pgnaluanna 1wu American Society for Testing and Materials (ASTM), The Strategic Highway

Research Program (SHRP), American Association of State Highway and Transportation Officials
(AASHTO)

M1319% 4.3 N5UTULTBUAMANTRAAIIRINKANITNATDULALAININTFIU

- ANSNAISUIAUENUR o . . - , .
Ay | o, . YDAUA UINTFIUD9BY dunaunlainy
NenwnaaiNnsFIY
YADIUAD .
1 ! _ . 111N AC60/70 ASTM D 36 -
(Softening Point)
2 | 99Ul (Flash Point) | 11031 232.3 (°C) ASTM D946 -
3 AR (Viscosity) lsi11nn7n 3 (Pa.s) 28911 SHRP NRA 7% 9% 11%
a % Retain Penetration 11nA731 54 (°Q) AASHTO T 179 -
5 e lasuwlad l3isnnna 1% M9 SHRP -
AMUAUNIUADAT , ,
6 o 111171 1.0 (kPa) MNUI89IU SHRP -
JUAILUUDIS
AMUAIUNIUADAT
7| gUMLUUNT Y9 1A 2.2 (kPa) W91 SHRP -
RTFO
AMUATUNIUADANT , :
. . l3ignnnin 5,000 ,
8 JURILUUNIT Ve 78971 SHRP -

PAV

(kPa)

INANTNHATRNANTNAGRUANNTaTUdRd S e aslvsvaume TRt ssauvlin

wadaa® AC 60-70 NANAUYNNNISITUAINS08aY 5
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4.3  wamIadeuAMaNUAvasLaEaRNABUNIA
4.3.1 mMsvedauanaNURvasduNauLaarafnAaunIndI8IsUTuYa

n1snegevduNanweailafinasunInlagIsuIsuya lnensildeundasUSuudanyey
Uszau (%Binder by Weight of Aggregate) lagfinnualInsgIuAITREaYRIUTIINYBIIN98INA
(%Air Void) Teglugag 2-4%

M15197 4.4 Han1AdaUAMENUATIEIUNFNLDANaANABUNTAAIETTUSUYE

d . drunaunaaiafinAaunNn UN%.()607
31883128 Properties
o AC 60/70 + Natural Wearing (12.5
at %Air Void = 3-4 % AC 60/70
Rubber mm)
%Binder 5 5.5 6 6 6.5 4 -
10.8 | 11.6
Marshall Stability (KN) | 9.46 | 8 7 11.01 12.74 | 13.47 Min 8 (KN)
Marshall Flow (0.25 11.1 | 146 | 13.1
mm) 5 7 6 8.88 10.51 15.48 8-16
% VMA 15 14.4 | 14.1 15.8 16.2 16.1 Min 8 14

e (1) Msnegeuiteeanuudiukanaaiainaounin aLIun15AL UnY.(n) 607 :
WnsgIuNsNaaeuLeailainAounIn lnedduniura (2) msesenuuulvaniweailafnaeuninlduia
VWA 12.5 Tadns

Tngdrunanueailafinnouniniinuantasiigg fuandumsied 4.4 TneilowSeuidioy
Qmamﬁ’ﬁmaqLLaaWaﬁﬂﬂauﬂ%ﬁﬁdwmamaﬂsmwwwi’fumm AULIATFIUAINTIAINUAY BINTUN
NAWYUUN (UN.(1)607) WU nﬂdauwauﬁmmummsﬁﬁﬁmumﬂﬂixmi

wasidlefiansananadesnmaniuea (Marshall Stability) %U31 ALEDEIAINLNSULYAVDY
drunauiiflonmnsdumardmunnitdiunauueailanduudsssun FudnsiinsHaLE1IIITY
wanrasliueailafinnouniniinnundussnniy luvasdidefinnsauidinisiva (Marshall Flow)
WU ASRANYNNITIVULAA? GzhaamﬂmﬁﬂgﬂﬁumLLaaﬁaaﬂﬁauﬂ%Lﬁagmfmﬁfﬂmmzﬁ’]

4.3.2 n1sNA&aU Indirect Tensile Stiffness Modulus Test (ITSM)

mMsveaauiing s lunisveaeuiomalugdafudivesdiunauuoaiiafinaeunin lugag
gaunil 30 °C e einnaudRnudavgy veaslaguaaiiainmounsn

Wanany e TTumal asdludiunauueailafinaaunsa il luadaAufvod1uHay

a o A a & = v v & DA
weailainAounInilAgeIngadu Uszana 14.60% Tunsalnaug1amisidumal saduandliiui
drunauneailafinaaunInfnaumeTanweaiiaddiuudsssuaiauauiAgangumiie moaguad we
mnlasunisusulsalasniskauensstumraladll awnsadieli weailafinreuninfenanianiy
ganguiisanaiieduniusenisuaninle wavanuisatislsulnnuantRnuaudandguvesian

TvRgatu
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Indirect Tensile Stiffness Modulus

2600.00

2550.00

2500.00

2450.00

2400.00

Mpa

2350.00
2300.00
2250.00

2200.00

2150.00
AC 60/70 AC

60/T0+NRA
M adjusted Stiffness (Mpa) 2306.13 2598.38

3UN 4.12 Auafgvawan1magaualugasaudvasdIunauLaaiafnaaunsn

4.3.3 wan1nnaau Wheel Tracking Test (WTT)

msvageusinarfunismeanudunulunisingesde (Rutting resistance) Javnaoudi
gl 60 °C 1Juszeziaan 45 Wil (MuNesgIu BS  598:Part110:1998) lnetnan1svageu
WisuisunuaniRdinanvesueaiiafnaoundnfifdunanvosuoaiiadumudsssun uaze1amng
YUV

a

A9797 4.5 HaN1IMAFEU Wheel Tracking Test (WTT) ﬁqmwnu 60° C

Y

. Rutting Rate Rut Depth
Binder Type
(mm/hr) (mm)
Natural Rubber (5%) 0.56 1.22
AC 60/70 0.72 2

woaNlafnABUNINNINTUSUUTIAIENMIANENNITITUIAT 5% (NRAS%) A1UFIUNIUse
a ! v a £ o/ o o A I (Y (3
nsiinTesdeliutuUssinn Sevay 22 mudrulilaiiguiueaueailas 60/70
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4.4  ANSANWIAIUNISRULUDY

4.4.1 auudgnulunisine

o fuindnw: auunldlun1sfnwinduouu 2 90999195 ANUAN9 3.25 was/ve9 wazlva

N9 1.5 1A

® 91glA5an75 (Project Life): 1Ha991NN13AMUAIRIMIMsEIUNILaandaurumiiiuy
AB 5 WURIAT DUUNTRIMINENENETINYIRETo1enTIduNgIuIuAge (Munuy
NIRIALeETad 2.06 1) waziivaleailad auaIAu AnRannIsURINITUTELEIY
maAsegmaninnmaienasuiulnionglasinisviniy Jsimualiiiniawasens

a a 19 I a I i P =
555017 Hognisldanuuiundmdimeailad 2.00 Wi waglilasinisiongnldlunis

Usguwinnu 20 U

° é’mdaumaaﬁ’mwLﬁamﬂﬁé’faqlé’%’ums%iamﬂwmﬁuﬂivﬁmﬂﬂ Auualidudsvay 5
YDIRINNINVILA LaLRINTid e Overlay maauwmmstﬂmmmLmesaLﬂswm

Tnefvnsiideslasunis Overlay Anluseway 25 YOI IR

4.4.2 WANISANE

1) AfeasuaTAIYaNUITIAUUARaARIYNIT 1Y
nMsfnuldldauundimauuieailad (AC) Wundnlun13819ds anduldanuiinmie
Rubberized Asphalt 1vin1siseuiiiey lnsauuneailadiieonenisldauasuies 5 U mnduasyi
[ a 1 ! 1 o o & o P aa o 1Y
nsuUTulseiiamalug (Overlay) drunisgeutigeasyindudsednngl dady auunRanieihainias
HALENSTTUVIANTAUNUNIUNITHINIUUUREETRA 2.06 111 Azilangnisidauasasyana 10 Y
FIumueANd naene1glasens 20 U auuiiliiamsseailaddedinisusuianadudiuauis 4

& 1 Aaa o 1Y aa v a ) o = &
AN LLG]OUU‘I/I@JN'J‘I/IN‘I/H"\]’]WJE‘W}Nﬂﬂﬂ?ﬂﬁiim“lﬁmmﬂﬂiﬂi‘UN’JWNLU‘U’%’IUQUL‘WUQ 2 AFY

A151991 4.6 AMUNUNULLATANE IUNSUYIISTTNYIRA

AMANUAYDIANIMIIUTENNAS

5180195 y ] T =
Ramaadanan RIN9819555UYIR
91gn1sldu @) 5 10
n3rauUnge nne 1Y nne 2 U
Yndnuaaian
6 5.7
(NN./915.4.)
YINUNYNNITT
0 0.3
(nn./®15.4.)

a4




A51afl 4.7 51A1vaeiaaneaUly Rubberized Asphalt

(Gl sasevdae (Vn/ilaniu)
woANARTLLUR 48.33
U89 TUTU 50

° o = Ia < = < : ~8 o ¢
e Aunndeyavensumsuundiseyi Fmueailad 1 asu. v 5 wu. dueailaduauey 5% sefiuvtnueailad 6 nn.
wazdinuyuueaiian 290 U /AT

M1319% 4.8 A15eAlgIngTunsnaasauasdeany1sInenasn 20 U

AldTe
Ui AC 60/70 AC 60/70 + 819WI3153TUVIRA 5 %
ANBAT Un393784 YoUUTY ANBAT Unge378d YUY
0 2,899,800.00 - - 2,904,810.00 - -
1 - 144,990.00 - - 145,240.50 -
2 - 144,990.00 - - 149,740.50 -
3 - 144,990.00 - - 149,740.50 -
4 - 144,990.00 . - 149,740.50 -
5 - - 724,950.00 - 149,740.50 -
6 - 144,990.00 - i 149,740.50 -
7 - 144,990.00 - - 149,740.50 -
8 - 144,990.00 1 - 149,740.50 -
9 - 144,990.00 - = 149,740.50 -
10 - . 724,950.00 = - 726,202.50
11 - 144,990.00 = = 149,740.50 -
12 - 144,990.00 = = 149,740.50 -
13 - 144,990.00 . i 149,740.50 -
14 - 144,990.00 . F 149,740.50 -
15 - - 724,950.00 . 149,740.50 -
16 - 144,990.00 - = 149,740.50 -
17 - 144,990.00 . : 149,740.50 -
18 - 144,990.00 E E 149,740.50 -
19 - 144,990.00 4 ) 149,740.50 -
20 - - 724,950.00 - - 726,202.50
2,899,800.00 | 2,319,840.00 | 2,899,800.00 | 2,904,810.00 | 2,690,829.00 | 1,452,405.00
o 8,119,440.00 7,048,044.00

lofiansantasauu 1 Alawng (10,000 A5.41.) wud1 Mslenamnsssued 5% ausatie
anduyumaeataaaa 20 O dUszana 1,071,396.00 utw/na. fatiu n1sléYaguaunuuenaindae
fno1gvosnuund Wefinnsanluszezenilldielunstsenudesninmsyfiimssouoadlas
Sngadunmstisinusnssmaugaiiaunsniesmlilugaanssuduld
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unil 5 a3Unan1sAnen

NHANIITNAABUNNAUTAINTTUVRITARLeaTlafnAouNIANd uNaNvesd1g19dy

(Natural Rubber) lugnsduniunnsieiu issuieuiuiagueailadsdiuudinga AC 60-70 lag

aunsaazunan1snaaeulanal

5.1

o =
AL TaNYITAU
nsnaaeuluiesfuiinisanunsadwunauaudivesianenUszaulanad

Jaoouuszanuilmuwdwnndau Wedlnswauiens adluluseailad@uudingn AC 60-
70 e Tanoulszauiudunnigaidnsdiuiieadusosas 5 daneuussaiuiiaiy
Fumusen1sUasuLlasguseiigamgligelanty Welinisnaueraisisssuvidadil Tne
[ = g Y i ' U aaa Ao ] - Y v = a < Y
TanweudsraunlviA1angdoumningn Nensdungnsduievay 11 Jadalusesas 40
musnuliafisuiueailanduunsssuan  vinlidisandymniseeusiuazlralbuvein
ke

’3’5@L%wwmuﬁ@mwlw%ﬁu Sefimanangawssssdasly Imai’aﬂﬁawizmuﬁ
Toiengaulniiafian Asamduthenstusesas 5

faoudoudsvandaanundaiiiuty Wefinismamiiens adluluneailad@uudings AC
60-70 VilAunssBamierssrianamuligduy Yiwannivaraenvosmiarld lnedle
WisuileufuansgIufifvuaaInmiaea SHRP (The Strategic Highway Research
Program) WU faqidondszauiivihniawaniiensdu umwwu@mumm%mmmumlmmu
3 PaS \feuvimun snuiutandoutsrauiifdiunanvesiensiu fovay 11 Aflendy
UINTFIU

TanwouUszaruninisnanuiens asluluneaflad@iuudingn AC  60-70 auns0YIvan
ANEN5AR Aging VB3 TanKoaNAABUUALALALTITANIINNANITNAGDUAI THIUNTBY
AEN3IUTT Thin Film Oven

FanuouUszanuninisuautientasivluneaiad@uudingn AC 60-70 Juuiliduvaniy
uTUN39 (Stiffness) aruBinmeu (Elasticity) wazauATUMIUABNTEURAIS (Permanent
deformation) \fixgadu Lilednsdlunisuauiinundy lnelleiseuiiguiuauinsgu
AMUUAIINNUIBIIU SHRP (The Strategic Highway Research Program) Wu31 HNuULAGUaA
ATFIUINUA

- = = wa 1 o Y = = = wa
daiUSeuiiisuamantfisnne duaninsguduandlunisnd 4.3 (Mmslssuiisuamuauds
| i Y ) s o
FAINAINKANITNAADUKALANNINTFIW) WUl Tanueaiiaddiuudiingn AC 60-70 fifldrunay
vase19tulugnsFesar 5 IAnuaiunsalunisiaula(Workability) Avan lunisuiunyia
Tanyimaueailadinmaunin laevinsnauwuuiou
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5.2

5.3

wadnafnABUNSA

Luawmswmmammwmama (Marshall - Stability) wun Anaflasnivaniusavesdau
naniifithensdu wnndueatlad@uudsssua duuansiinimamiensdu awnsogaeld
woailafnaeuninfinruudiusanniu luvaedidofansundinisina (Marshall  Flow)
wuhnsiauthesuiisaanisdesiveuesitainaouninidegmimnannseshld
HenFeuiisuauaniiinng fuArmnsgiunmdoimun 19an5UMaMavUUN (1UN1%.(M)
607) LAENTUMNINAN WU NndukaLTlAF LN usi AN YT NS

dewaniiensdy asludiunauweaiiafinaeunin vinlvd Tugdafufivosdiunay
weailafinAounndirngunndstu Ussann 12.67% Wewdsuifleutuueaitasfiuusisssun
Sowauthensu adudunauueailafinrounin annsatiefiuguansiainudium
19aN151insesde (Rutting resistance) Ussanas 25-35% Wlawfleufiuueaiiandumudsssunn
dmsuueailafnaeuninfiddiunanveaienstu 5% awnsadaengmsldauld 206 e
\Wguiuleaiiaifiuuisssun

A1SNAITUINIUNSRUUBIAY

WoaNaNsaud9aun 1 Alawns (10,000 A5.4.) WU AISMIENNNISISITHYIR 5% ANN150998
anfuuAaentIIal 20 U lauseuna 1,071,396.00 vm/ny.
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nsAnwAMaNTRANIeIAINTINYsEsLaailaduiia AC 60/70 Way
ABEIINITILATNILIITADUA LFUE
Engineering Properties of Asphaltic Concreted (AC 60/70) Modified with
Natural Rubber and Crumb Rubber

wengual 13a25sae’ waz wedszmn wdunsinn’

1 a a a < a v =
maTvImingsules) Ay Imnssumans unvenaemeluladsvienansyuns Ny,
* pmdvrimnssulesr easdmnssumans sordumeluladnsyaeunandinammsarnnssUa .

UNANED

unauiiaueauantinisdanssuvosuoaiadvin
AC60/70 fildfuagnaunsnarglunisyiianiansies lasnis
ﬂ%’uﬂ@a@mmwﬁwmswauﬁqmawwsmismwa (Natural rubber)
Wav8195euALAT (crumb rubber) ludasdiunauiiuananeiu
ileidenauantivesiandouuszay (Binder Test) #iffign
ilunaufusnanuitednwanaifsne veseailainaoundn
TaeNan1snAaoy WUl Aswanenanslusnsidu Sesas 6
LAYHIENTOBUALUERIIEIU Soay 11 astugnueailanyinln
auauiinisimnssuvesiagdoutsrauiifian uazidewaun
nadsuRuanUAnIdAINIsuveLeaiadaaunIn WuIl An
Marshall stability fiAfisduuazAn Marshall Flow anas Ing
LLaaiNaﬁﬂﬂ@uﬂ%‘m’?‘iﬁmiﬁwgaﬁqamm’?umwwamﬁuma uag
§19508UALAT TAuFumuNSIARsetdeNNnty 22 % uaz 18
% musdudledisutivensweailad 60/70 weailafnnounindid
NFUSUUTHNENISANE NN TITT TN ALAZE19TABUANT AL
FruvunsALEWINTY 2.06 uay 1.59 Wi mudduiiediou
Auegnsueailad 60/70

AdAny: AuauTRLeailad/ wealladusuugeamnin/ i
ENNITV 8NITOLUA

Abstract

This paper present the engineering properties of asphalt
(AC 60/70) modified with different ratios of natural rubber
and crumb rubber. Then select the best properties of the
binder to mix asphaltic concrete. From laboratory testing
results, with adding 6% natural rubber and 11% crumb
rubber into mixtures for the best results. The properties of
asphaltic concrete can be improved by adding 6% natural
rubber and 11% crumb rubber. For asphaltic concrete,
Marshall Stability increased and flow decreased with adding
crumb and natural rubber into asphalt. Comparing to
ordinary asphaltic concrete (AC 60/70), the rutting resistance
was increased 22 and 18% for natural rubber and crumb
rubber modified asphalt, respectively. Moreover, the fatigue
resistance of natural rubber and crumb rubber modified
asphalt improved to be 2.06 and 1.59 times compared to AC
60/70.
Keywords: Asphalt Modified, Natural Rubber, Crumb Rubber

1. A
1.1 annsuaivnpe

Uagtiunisneadne uwaznsysazusuupanwanensiiodu
dunisomisitaundssimalnglufunisauuauvudetnis
yudinL uagnIsYudsdudn LilesesFunisveedimaasyghe
wazAuiunsesUsEna TasmnudemefiAatuaemsiileln
Tnunluszezvilnuoiglvveamslinu Famhonuiiquanuu
fianududuiazdeauuss deunsy ienoaidmilifianin
nsliiifogiane daunalunisnan Mixed Asphalt Tuilagiu
finnsld Bitumen 1 ussduszneundnlunisifiunsiniziives
Mixed Asphalt wagliniumila (Viscosity) 989 Mixed Asphalt
dwsunistdaulunisneasnemis Bitumen Junandnainnng
nduutlesdenddutiagiunathiuinsfuiuedisiedes
wazUTiihifuiivdeagainnisdisialasnniinisanasedng
590137 1agm 3189 Peak - Oil Report fifinnsingungeeng
wninanoldfinisaanisaidnseduiniululanaseglugngega
Tutaedl w.a. 2553 (A.1.2010) uazndraniuasiinisanasetis
sorosmunsgitisssuninenaisiuivlulanasnuaadul we.
2593

Fslumaauniag uagszuuialugimesuesnsiamuneeig
Fefudnduiezdosmmiandendulunisandndiunislifag
Bitumen TuesAtsznauvesansBawilen (Binden) Tngluauidei
Fusn [1-] TfinsSuimunnisldosasudildannnsiluda
(Recycled Rubber) wagen19w191555891% (Natural Rubber) 191
uuTanmawniludinesnisld Bitumen Tasilnuidelus
fsnanadumsimundrunanlusuuuy Rubberized Mix oy
nsldenasnsudildudanrinunssuiunsdanseiliduneens
Turunafiisnzay (unaifiediu Filler Materia) #3o19w1sn
s3suf Wudunanluguuuu Wet - Mix wianausulnensaiu
Saqusvauludumeunisuay Mixed Asphalt TagUsslemivasnis
Idens3ladaniosnamnasssuniuenmiieainnisandnaiunis
1% Bitumen  uddadunsifivguainianidlugiunisansseiv
9930980 (Rutting) #38NTNIAFIVEIRIMNG WagliiuAUMUNIL
yosRWNIragMTiTigs

a9



1.2 Imguszadd

1.2.1 numuuide unau wazienansfiiieadesty
nsAnwlaglitaneranissssuviiniessslafa naudu
woailad

122 Wiefnwnssudsimngaslunswanaguiamalagld
dunaneSlefaniosmn eI

1.2.3 tilennaougandAidaimnssuvesian doudssanu
(Binder) n¥aurtszydndiufinzaniiaalunanay

1.2.4 iilonasougnaniAliimnssuvesianuoadlafinaou
N3ATNTUSUUIRENISANE NI TIU Rkazen s leAa

2. NUNINIUIY UNAIY Laztandnsiinga9a9
2.1 sAseveedagyiian il taaunanTuguuuvendilada

Dhalaan wag Noureldin, 2535 (5) ladnwiisnisihindiwes
wuunnuauiRveseaitadfiuud eannisiduaniunimues
a = a = o a £ a a
Aamnafigaumgiige Fadudgmnifadululsemagigiensside
Taeldlndwes 2 9da Ao wodlefidu (polyethylene) 7% waufy
woailad@uus 3and1 Tulaiad (Novophalt) wazldala3udany
Indulndwmes (Styrene Butadiene Polymer) 5% wauiuwoailad
Fauwd Fundn Strelf Anwan1sAnwluiesujufinisnudn nd
wasrglunisuiulsanauifvesusailandiuud vinlvien
Penetration  anas A1AUNLA (Viscosity)  LazIngaua (
Softening point) g4I UALINKANITANYINIAAUILNUTY HINNS
Y s o de v ) sa o wa o
sueaiiadnouniaiilduoailadfuudnusuusnuauiine
Tndwesuamaziduanimiilosainnisiiniesds (Rutting) Ueesnn

2.2 WuAevesiagydailiaiusaulugUuuve19mn T
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paoaia1 Wt weatedudetu (Auninstu anas) ATOUA?
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Ussanusinsnnsgiusine Tagvhmsvadeu auwdvdu gaonulw
QUERLIR fﬂuﬁfﬂﬁqiylﬁﬂﬂLﬁ@iﬁmm%fau wagnisazanslulag
Aaslsloiidy

ad
3. A8n1sAnEn

Tuarwideiiusenavludlsnisdneindn 2 Tunaufe n1s
nageuANaNURveianieuUsrau (Binder Test) Uagn1s

nagevaududiunauvasieaiiafinnaaunin (Mix Test) lngidl
ASTUIUNNTAAT
3.1 medeuRnantRvesiagienysyau (Binder Test)
P Ao ¢ o o a
punnsguiduaina lneldnguszasd tiedenianiton
Usganuniauaudinisinuimnssuiianan viemzauseans
ihlUnanivasiy daanslunsed 3.1

715199 3.1 MveadeuAnauTAvesTanYanyszan (Binder Test)

f1u NINAFRY 1RSI

1 Penetration Test ASTM D 5

2 Softening Point Test ASTM D 36

3 Flash point Test ASTM D 92

4 Rolling Thin Film Oven Test

(RTFO) ASTM D 2872

5 Pressure Aging Vessel Test AASHTO R 28

6 Dynamic Shear Theology Test AAS;LO !

7 Rotational Viscosity Test ASTM D 4402
32 mnedeuduiiludiunanveeailafinaeuninay

wnsgruiiuaina lnefifnguszasd siufouiisuauanta
99 vesueailaRnAaunInlulAaziogsfilanaaIndunaun 1
fanandlunsnei 3.2

a a ¢ wa 9 a =
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a101U MINAFDY 1MUY
ASTM D 6926 ASTM
1 Marshall Test
D 6927
-~ Indirect Tensile Stiffness BS EN 12697-
Modulus Test (ITSM) 26:2004
3 Wheel Tracking Test AASHTO TP 63
Indirect Tensile Fatigue
4 1 BS DD ABF:1995
Testing (ITFT)

4. HaN1IMAELU
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4.1.4 M3vmaeuauvila (Rotational Viscosity Test)
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4.1.5 N1snAgau Rolling Thin Film Oven Test (RTFO)
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4.1.6 N13nAgayu Dynamic Shear Theology
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4.2 nanaaeUAaUTUAY e aTIAANADUATH

4.2.1 nMsvegeunuanUivesdiunauwaailafinaouningiy
FBusua

MInadeUdIUNaNLaaiafnAaunInlALIBUITLYa 1ABNIT
Lﬂ?{ﬂuLLan‘%mzuifam%amhxmu (%Binder by Weight of
Aggregate) lngiMuANIATIIUAITREALYDIUTHINYDI1981NA
(%Air Void) Tieglugas 2-4%

A15199 4.2 HamvegeuanauURvesduNaNkaaiafinaAeunInmeY
TBunsuwa

2,700.00
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Indirect Tensile Stiffness Modulus Test (ITSM)
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4.2.2 n1Inagay Indirect Tensile Stiffness Modulus Test
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4.2.3 {an15Meaaau Wheel Tracking Test (WTT)
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Abstract

This paper presents the engineering properties of asphalt (AC 60/70)
when modified with different ratios of natural rubber and crumb rubber
in order to select the best properties of the binder to mix asphaltic
concrete. During laboratory testing, it was found that the properties of
asphaltic concrete can be improved by adding 6% natural rubber and
11% crumb rubber. For asphaltic concrete, Marshall Stability increased
and flow decreased with the addition of crumb and natural rubber into
asphalt. Comparing this to ordinary asphaltic concrete (AC 60/70), the
rutting resistance was increased by 22% and 18% for natural rubber and
crumb rubber modified asphalt, respectively. Moreover, the fatigue

resistance of natural rubber and crumb rubber modified asphalt improved

by x2.06 and x1.59 compared to standard AC 60/70.

Keywords: Asphalt Modified, Natural Rubber, Crumb Rubber

1. Introduction

1.1 Rationale

Nowadays, construction and renovation of roads are part of
developing the Thai transportation network in terms of people and goods
in order to support business expansion and increased stability. The
organizations that are responsible for the roads need to repair existing
damage or reconstruct the roads to a good condition. Materials such as
mixed asphalt contain Bitumen as the main component which increases
the agglomerate and viscosity of mixed asphalt. Bitumen used road
construction is product of petroleum distillation. The price of petroleum
is increasing continuously whilst the amount of oil is decreasing.
According to Peak-Oil Report, it is expected that the level of global fuel
will be at its peak in 2010 and after that it will decrease and run out
globally in 2050.

In order to develop materials in a sustainable way, there must be an

alternative in order to reduce the use of Bitumen as the binder. In the

previous studies [1-4], there has been a development in using crumb
rubber from recycled and natural rubbers as material alternatives to
Bitumen. The studies also concern a rubberized mix produced from used
crumb rubber which is synthesized to rubber powder (to the same size as
filler material) or natural rubber used in the wet-mix process and mixed
with the binder in the asphalt mixing process. The advantages of using
recycled or natural rubber are reduced Bitumen use and increased quality
of the surface, thus reducing the level of rutting or deterioration while

increasing durability towards high temperatures.
1.2 Objectives

1.2.1 To review the research studies, articles, and documents relating
to the study of the mixture of natural or recycled rubber with asphalt

1.2.2 To review the appropriate processes of mixing the materials
that contain recycled or natural rubber

1.2.3 To test the engineering properties of the binder and to identity
the appropriate proportion of mixture

1.2.4 To test the engineering properties of asphaltic concrete

materials that are improved by adding natural rubber of recycled rubber

2. Literature Review

2.1 The Study of Concrete Surface with Recycled Rubber Mixture

Dhalaan and Noureldin (1992) studied how a polymer was used to
improve the properties of asphaltic cement in order to reduce
deterioration of the road surface resulting from high temperatures, which
was the problem in Saudi Arabia. Two types of polymer (7% of
polyethylene mixed with asphaltic cement, Novophalt, and 5% of Styrene
Butadiene Polymer mixed with asphaltic cement, Strelf, were used.
According to the results, it was found that a polymer helped improve the
properties of asphaltic cement, reduced penetration value, and increased

viscosity, and softening point. In addition, according to the field
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experiment, the surface coated with asphaltic concrete received only

minor damage from rutting.

2.2 The Research Study of Concrete Surface with Natural Rubber

Mixture

Fernando and Nodara (1969) tried to improve the asphaltic
properties by using natural rubber latex which consisted of water, rubber,
thick latex with high ammonia, thick latex with low ammonia, and latex
tailings with 2-4% proportion in hot-mix asphalt 80/100. The latex was
sprayed on the asphalt at 300-325 degree Fahrenheit while constantly
stirring. It was found that asphalt became harder (the penetration value
decreased) and softening point increased while ductility decreased.

The Rubber Research Institute of Thailand, in association with King
Mongkut's Institute of Technology - Ladkrabang, studied the
improvement of asphaltic properties mixed with certain types of natural
rubber. Since mixing asphalt with latex from the previous experiments
resulted in bubbles and a bad smell in the boiling process, the researchers
tried to mix ribbed smoked sheet rubber with asphalt by crushing the
sheet rubber for 10 minutes and boiling it with asphalt (AC 60/70) in
proportions of 4%, 5%, 6%, and 7%. As a result, the properties of binder

met the standards for penetration value, flash point, elasticity, weight lost

when heated, and dissolution in Trichloroethylene when tested.

3. Procedures
There were two main procedures in this study: Binder Test and Mix
Test.
3.1 The Binder Test was based on international standards and
aimed to select a binder material with the best or most appropriate

engineering properties suitable for total mass mixture as illustrated in

Table 3.1.

Table 3.1 Binder Test

3.2 The Asphaltic Concrete Test was based on international
standards and aimed to compare asphaltic concrete properties in each

sample obtained from the previous procedure as illustrated in Table 3.2.

Table 3.2 Analysis of Asphaltic Concrete Properties

No. Test Standard
ASTM D 6926 ASTM D
1 Marshall Test
6927
Indirect Tensile Stiffness Modulus Test
2 BS EN 12697-26:2004
(ITSM)
3 Wheel Tracking Test AASHTO TP 63
4 Indirect Tensile Fatigue Testing (ITFT) BS DD ABF:1995

No. Test Standard
1 Penetration Test ASTMD 5
2 Softening Point Test ASTM D 36
3 Flash point Test ASTM D 92
4 Rolling Thin Film Oven Test (RTFO) ASTM D 2872
5 Pressure Aging Vessel Test AASHTOR 28
6 Dynamic Shear Theology Test AASHTO T 315
7 Rotational Viscosity Test ASTM D 4402

4. Results

4.1 Binder Properties

In this section, three types of binder properties will be discussed: (1)
Asphaltic Cement Grade AC 60-70 (2) Crumb Rubber Modified Asphalt
(CRA) and (3) Natural Rubber Modified Asphalt (NRA). According to
the property tests, it can be concluded as follows:

4.1.1 Penetration Test

The consistency of solid and semi-solid asphalt was tested.

Penetration indicated the softness and solidity of the binder.
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Figure 4.1 The result of penetration testing

4.1.2 Softening Point Test
The Softening point is a property that measures the melting point of
the binder as it is heated. As the binder was heated, it reduced in

elasticity and softness.
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Figure 4.2 The Result of Softening Point Test
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4.1.3 Flash Point Test
This test aimed to establish the temperature at which the heated

binder would ignite.
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Figure 4.3 The Result of Flash Point Test

4.1.4 Rotational Viscosity Test

In a general rotational viscosity test, 135 degrees Celsius and 165
degrees Celsius were considered since they were the appropriate
temperature for mixing the binder to the total mass materials. The
viscosity could indicate the efficiency in agglomeration of the binder and

the total mass materials.
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Figure 4.4 The Result of RVT at 165°C
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Figure 4.5 The Result of RVT at 135°C

4.1.5 Rolling Thin Film Oven Test (RTFO)
After roasting the binder at 325 F (163 oC) for 85 minutes, RTFO was

conducted.
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Figure 4.6 %Mass Loss of Rolling Thin Film Oven Test (RTFO)
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Figure 4.8 The Result of Rolling Thin Film Oven Test (RTFO) at 165°C

4.1.6 Dynamic Shear Theology

This test aimed to compare the properties in terms of elasticity,
hardness, and durability against permanent deformation of the binder.
The Strategic Highway Research Program (SHRP), an American
organization, set the measures using G* (stiffness) and ) (phase angle).
Permanent deformation was governed by G*/sinO at the test temperature
with more than 1.0 kPa before aging and 2.2 kPa after aging in RTFO.
Concrete fracture resulting from fatigue was governed by G*/sin0 of the
material aged with PAV pressure lower than 5,000 kPa at the test
temperature. This test was appropriate for the operation between 46 T

(116 F) and 85°C (180 F).
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Figure 4.9 Compare The Permanent deformation

4.1.7 Pressure Aging Vessel Test

This test imitated the deterioration of asphalt cement by testing a
sample from RTFO. It aimed to compare the elasticity, strength, and
durability against permanent deformation between the test and standard
value set by SHRP (G*/sin6 of the material aged by PAV pressure lower
than 5,000 kPa at the test temperature). This test was suitable for

o o
operation at 4 C to 20 C.
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Figure 4.10 The Result of Pressure Aging Vessel Test at 13 ° C

4.1.8 Summary of test results binder

According to the binder test, properties were compared to the
international standards, such as the American Society for Testing and
Materials (ASTM), The Strategic Highway Research Program (SHRP),
and the American Association of State Highway and Transportation

Officials (AASHTO).

Table 4.1 Compare the Properties of Difference Mixture

Mixture
No. properties Condition Standard
that fail
ASTM D
1 (Softening Point > AC60/70 -
36
ASTM
2 Flash Point >232.3 (°C) -
D946
NRA 7%
3 Viscosity < 3(PasS) SHRP
9% 11%
% Retain AASHTO
4 >54(°C)
Penetration T 179 -
5 % Mass Loss <1% SHRP -
6 Permanent > 1.0 (kPa) SHRP -

deformation
Permanent
7 deformation >2.2 (kPa) SHRP -
(RTFO)
Permanent < 5,000
8 SHRP -
deformation (PAV) (kPa)

According to the table and the results, it can be concluded that the
appropriate proportion of binder AC 60-70 mixed with recycled rubber
was 11 percent and that of binder AC 60-70 mixed with thick latex was 6
percent (considering the appropriate factors and economic values with

the results).
4.2 Asphaltic Concrete Property Test

4.2.1 The asphaltic concrete property test was based on the method
implemented by Marshall. The Percentage of Air Void was determined to

be in the range of 2-4%.

Table 4.2 The Result of Marshall test

Mix Asphalt
AC 60-70 + Natural Rubber
6 65 7

Standard of DRR

Properties at % Air Void = 3.5-4.5%
= | Wearing (12.5 mm)

AC 60-70 + Crumb Rubber
6 65 7

AC 60-70
9 Binder Content 55

arshall Stability (kN) 946 1088 | 167 | 101 1274 1347 1332 1445 | 1501 Min 8 (kN)

1115 | 1067 | 1316 888 1051 1548 952 1592

15 144 141 158 162 161 171 161 169

1272 816

Min 14

Note: (1). This test follows the standards of asphaltic concrete using
Marshall's method, (2) hard shoulder design using asphaltic concrete
using 12.5 mm density.

The ingredients of asphaltic concrete had properties as shown in
Table 4.2. When comparing the asphaltic concrete mixed with recycled
and natural rubber based on the standards set by Department of Rural
Roads (DRR), it was found that all of the ingredients met the standards.

Considering Marshall Stability, it was found that the stability of
recycled rubber was greater than that of ingredients mixed with thick
latex and that of normal asphaltic cement respectively. In other words,
the mixture of these two types of rubber improved the strength of
asphaltic concrete. Considering Marshall Flow, it was found that these
two types of rubber mixture helped reduce deformation of asphaltic
concrete when subject to load at a level which was lower than normal
asphaltic cement.

4.2.2 Indirect Tensile Stiffness Modulus Test (ITSM)

This test aimed to find the value of the modulus of asphaltic concrete
at 30 C in order to analyze the elastic property.

When mixing thick latex and recycled rubber in asphaltic concrete,
the modulus of asphaltic concrete became 12.67% greater for the thick
latex and 14.60% greater for the recycled rubber. Therefore, asphaltic
concrete mixed with normal asphalt cement had a good elastic property.
If more thick latex or recycled rubber was added, it would improve the

elastic property well enough to prevent fracturing.
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Indirect Tensile Stiffness Modulus Test (ITSM)
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Figure 4.11 Average of resilience modulus

4.2.3 Wheel Tracking Test (WTT)
This test aimed to establish rutting resistance and was conducted at
60 C for 45 minutes (based on BS 598 Standards: Part110:1998). The

properties of asphaltic concrete with normal asphalt cement, thick latex,

and recycled rubber were compared.

Table 4.3 The result of Wheel Tracking Test (WTT) at 60° C

Rutting Rate Rut Depth
Binder Type
(mm/hr) (mm)
Crumb Rubber (11%) 0.59 1.6
AC 60/70 0.72 2
Natural Rubber (6%) 0.56 1.22

4.2.4 Indirect Tensile Fatigue Testing (ITFT)
This test was crucial for comparing the lifetime of asphaltic concrete
by simulating conditions with repeated weight and load pulse, the data

for which were collected before the sample was deformed.
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Figure 4.12 The Result of Indirect Tensile Fatigue Testing (ITFT)

According to the results, when comparing the load pulse value at 300
kPa of the 3 sample materials:

1) The load pulse value of normal AC 60/70 was 1,752

2) The load pulse value of asphalt cement mixed with thick latex was
3,604

3) The load pulse value of asphalt cement mixed with recycled
rubber was 2,782

The load pulse value can be used to compare the increasing rate of
life span of concrete. According to the results, it was found that asphaltic

concrete with 6% of NRA could lengthen the lifetime by 2.06 times

greater than normal AC 60/70 and asphaltic concrete with 11% of CRA

could lengthen the lifetime by 1.59 times greater than normal AC 60/70.

5. Conclusion

The mixture of rubber and crumb rubber into asphalt before mixing
with the total mass improved engineering properties in which Marshall
stability increased while flow decreased.

NRA 6% and CRA 11% generated 22% and 18% rutting resistance
respectively compared to AC 60/70

NRA 6% and CRA 11% generated 2.06 and 1.59 times respectively

the fatigue resistance compared to AC 60/70.

6. Suggestion

The mixture of asphaltic cement, thick latex, and recycled rubber
should be done in a hot plate container that can bear temperatures over
200 degrees Celsius since the materials are supposed to be mixed at a
very high temperature.

The mixture of asphaltic cement and thick latex should be done in a
closed container since there are breaking bubbles that require caution.

The mixture of certain types of rubber and asphalt requires the joint
study of industrial and economic possibilities since the mixture of
concrete is done by machine and the cost of rubber per kilogram is more

expensive than tarmac.
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