nsAnwuaziauIiaayiameiuuieailafinraunsnnaufieenslusleias
Development of Hot Mixes of Asphaltic Concrete with Recycled Rubber
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Development of Hot Mixes of Asphaltic Concrete with Recycled Rubber
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Abstract

This paper present the engineering properties of asphalt (AC 60/70) modified with
different ratios of crumb rubber. Then select the best properties of the binder to mix
asphaltic concrete. From laboratory testing results, with adding 11% crumb rubber into
mixtures for the best results. The properties of asphaltic concrete can be improved by
adding 11% crumb rubber. For asphaltic concrete, Marshall Stability increased and flow
decreased with adding crumb rubber into asphalt. Comparing to ordinary asphaltic concrete
(AC 60/70), the rutting resistance was increased 18% for crumb rubber modified asphalt,
respectively. Moreover, the fatigue resistance of crumb rubber modified asphalt improved to
be 1.59 times compared to AC 60/70.
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16ur Diesel Fuel Oil wioanandnldinnisndulaense sihideu 13end1 Road Oils dvusnldivin
Road Mix wiseltlusugeoun (patching) uakiifisulaluuszimalne

- Emulsified Asphalts #® LLaaﬁaﬁ%muﬁﬁgﬂmﬁLmﬂéfﬁlﬂuagmmﬁm (colloidal

particles) Ingnszansegluthildl Emulsifier wawegidniios Emulsified Asphalts wanlalagld
weailafBiudfigamadl 250°C naufuihiidgumnivszana 170°C Inedasafidielumslvioyne
Y04 ueaiainszaefdadonin Emulsifier GHGL ﬁwuasuaaﬁaﬁgﬂﬁﬁwmém Colloidal Mill ¥
Tiuoailaduandauduoymeadng nsvarsegluth fuanduzud 2.1

AC60/70
AC 80/100
AC 120/150 111 + Emulsifier 1-2%
250F Emulsified 180°F
Asphalt
?
Colloidal

Mill

P11 ;. @UUILI9 NTUIVINITNBAT

sUfi 2.1 wdnn1swan Emulsified Asphalts

Emutsifier usivunautfives Emulsion Asphalt snuwfinvesuseq feviinuszqluih
au (Anionic) Usqllfiuan (Cationic) uaziiadidunans (Nonionic) uslunisroaislduia Useq
Indluan waguszaluihay daulusuasreouuiienld Cationic  Emulsified  Asphalt 11077
Anionic Emulsified Asphalt LﬁawWﬂﬁuﬁ%ﬁumsdaa%ﬁqﬁﬁaﬁLﬁuﬂszgau Fanseduiu Asphalt
particle  wes Cationic  Emulsified  Asphatt  n1sldauneaiiaduinil thluldluauussian

Penetration Macadam Surface Treatment Prime Coat Track Coat Wag Seal Coat L¥ugu

(% (%

Wesnuweaiadyie ddududrunay aursatlulvaulsenaudvdiudumduinle wazda

Y A

anusavinuluvae? Jandus Weonudila (Anionic Emulsified Asphalt agld Emulsifier 1duwan

q



Fatty acid Geviilvioynia ueailaduansuszqluiniduuseqau du Cationic Emulsified Asphalt 2¢
14 Emutsifier Wuwan Fatty Amines Bavileunieusailadiuszgluiduuan)

2.2 1As9E519909Ua319NY (auusaLaaan)

Hagtulassadevesnuuanenueaitad Tulsemelneusznaudedunousneg fel
e 4R (Surface Course) Ao duvuanvessiiiufinesas & 3 wuu fe
- Asphaltic Concrete (Hot-mix Asphalt)
- Surface Treatment
- Penetration Macadum
o lysuléw (Prime Coat) fe dhuvasussiladariisauuimaiiedamisandonions
o dufiuma (Base Course) Ao Fudutaniifanautin 1wy fuli vieniald Fadl ounn
AazfuainatenuualnguIviuan wewdu Asphaltic Concrete wuuLiniu Ramaf
1§ Tnuaviuutuuudusesiiuma

® Jussiiun1s (Sub - Base Course) Ao Fuduiansedldiiunis laevialuinazidu gns
S a A« wa Y | S a o
vseduvesRuniinuauURf UndALUUUUTUANAUNIA (Sub - Grade Course)

®  JUAUAUNI (Sub - Grade Course) Mg Tan7A LESUkATUASARIUUURIAULAY (Existing
Ground Level) HluiuagseAumuioaniuy

[

® lyan1s (Shoulder) Ao @IUNLEATUAUTINETUANTDININI WAL NUNIVIIADITIA Wiy
waglasgauminiamne Jannildmileusesiiunig

e "IN

A \

P ™,

£
PN (Surface Course)

T53TAN (Prime Coat) W30 ufialAn(Tack Coat)
9

3

FUNUN (Base Course)
9/ ¥
FUTDINUNN (Sub-Base Course)

FUAUAUNI (Sub-Grade Course)
FEAUAIALIAL (Existing Ground Level)

5UT 2.2 Taseadevasauadiamns (auusiauasilas)



Tutligiunisadauusiaueailaddiulvgionisaziluwuy Asphaltic Concrete (Hot-Mix
Asphalt) FuluTanuauiilaninnisuauniasiu (Aggregate) AuuoailanTiuus Maeunal WUUNEY
Fau (Hot - Mix) lngmiuaudnTd uNaular@uvainuinIvun dusnndowauil 1sanupas

® 17853 UsznaumeTan 3 vila
- ane Ae Hudesvietanduiiuduazamy
- WInazden Ao MuunIeNINY
- Haguauunsn Mlunsdiinaumiaveuuazinaazidenids druazidenluinag
sudaline Jaguauunsnatailu Stone Dust, Portland Cement, Silica
Cement, Hydrated Lime Lazdu 9
o oailas d@ilngld AC 60/70 Ui 3 - 8% WaLATEAIU
®  NILEIBUNITABASI Asphaltic Concrete
- sesfiuvng Huma TndmadesFeuathiaueldinmsgiu
- ¥ Prime Coat #38luun9nsfle1anasin Tack Coat A8 1IATINNBUNANFDIN
Tidou 163 + 8°C wazuoalainounausowilisou 159 + 8°C nauasIwdd
feutheenINlssuNaNiediaamall 121- 168°C
uanINt Uinaumssasuasimiinussynludegiugstumn vilouuiivh eweailas
aounin AntyvluBesionmedisademeifinind  Gedeq

Ly
'
= 1

Foarlddneluns  dounanuay
thyednwigetuan Tnednwasaundomeiinuudldl
o fwnudu (Bleeding) ulsingmsaifineailadlufinns Asphalt Concrete lnatuan
sfuiifniindeounniou weailadaylvady sl Wadlesnuoadtad e
Auninsn  (Low  Viscosity) L,Lasﬁﬂ"]mmﬂ%uuﬂawammmﬁ (Temperature
Susceptibility) 159310
o fmuAnsesde (Rutting) iuusIngmsaiiRameveaueatiadduudeguiniuses a
wurdefisouauitu dusniRandeniiiomaBurilifmeifuauduss we Suda
nsyUiarnIaAManURn1sEaney (Elastic) viliAnn1sguduailyl ndudiu
o fmauand1 (Crack) Sanvmaniamsdianmudalsganaeubangu el tndn
san32ve 9 (Repeated Load) Ran99zdn (Fatigue) vilsiAnsesunndnisen fud
Fatigue Crack
o fmaiiiavtiman Reveling) Wuusngmsaliiianednniou nseiandau azideai
Hantvesieailaddiuudgnusudaudindesansneauvaaesn nlvia nalidnuoe
NIVVFUTE



aady nsunledgymiamnaweaiadduuddige Inewnigluouuniduiuianisnses uas

[

UTinusaussngs asesiulssaunmuoaiaddaiuiussalidau s
o fiumnunila (Viscosity)

ammuﬂﬁauuﬂawaaqmmﬁ (Temperature Susceptibility)

Wfingaseus (Softening Point)

JineaBaneu (Elasticity)

WinLks98nLmien (Cohesion)

L Ageing Resistance

23 udengdesiunkdn Jagyuiameaniidiunauvesensslai@a (Crumb  Rubber
Asphalt (CRA)

nmumuluiiteninanazUszneuliime nmsnumuwalulagnissle@ags nszuaunis

singndlutlaguuiifienld uasyumuinessuresniswandueasaous TnedisoazBondil
1) walulagnisslohasns

195530 A unananaInssTu AR Itue19s IR T sdnsagesaasldnidann
pgnalsnfn1sgesaaten1ediininaenaialddaindunisslafainsignszuiunisasnainfeald
nanusnn Tagund “anuanansalumsiledald” awmnefanssuiunmsiiduninfiasiilugnisld
ndufuesduUszneURLANTeHAR Susvidon s wEn SusinduiUszgndldlual (reuse) Tusu
5wé’qmm‘7im§mﬁmsﬁﬁ?wmmegmﬂ%muiuﬂ%gaLLiﬂlﬂLLﬁa 1AYEITNVIALAY B NETTUIRAILITALAN
nstosaaaldies uiilunisldinuase gNEIIMANEAIgnUNaNiuaIsLATsnge feufiae
ihlviuguuareuliensnasudienszuaunmstaatluedu fudu Tuanavesnslundndnsidagn
Feulpatudadulasadasnwnauds fansialasiadiafnanasdmasgiunnseninuauisn
TunsSldaveenssssued luefafikauulddenuneienuiiagsladasstuun dWeswinnsdia
ﬂ‘%mmﬁumsJNé’aiaLﬂ'ﬂgﬂﬂmimﬂﬁ,i‘]u{]mmﬁﬁwﬁaéqmé’aﬂuszawn Tduvgnainiluly
annmglsudslioyneilifissrsdeitdndelulnedudaus we. 2546 iHusiull ulsuedldviili
deulyinruaulafoafunuidemeiumsslefandn fusions ilesnesduszneundnuedensde
ADEINTITUYIA é’fﬁﬁ?uﬂﬁﬁ'w’mﬁiimﬁaﬂé’umhﬂmﬁaﬂmaLﬂuﬂizLﬁuué’ﬂﬁﬁﬂﬂﬁmmau%
Tnevhlunsindndasionsfitanlududansladaaunsarildvaneds wu

o  NSUINANN U VIUNEIUYBINAR SN ULV WU Nsvasnangsll
®  NSILAAUNAININNITUANANH N
® N58RUAANUNARNAUN

o msthwansusiluldiduingiudmsunsmlniifielildmdsnunduiuin
vaneUiikuan Wiinsfnviuegsaisuieatunssledasnadnediaeg Sedmalitom
#199 mianadlvann egslsfinunszurumsiifinsiaufunnduieunnnssuiunsdiudsvauiu
Yayydue auun s {]zy,m’[,uﬁawmmﬁwlﬂaj@awwzﬁ%é (511909 nsaueifildannnisTlufads
liasnsowsduldiuTaninl) uaz/mietymvmedanaden Wuidaiauinnsiwdafusinduanld



Tnsifudssnsdeutiymeenluluemansinduies mszigaeudinanmiiarioasyinl
wanAusTlafufivonsy dauntsiwnsasioslisnbuiedunuditymduaariedonnasgn
firsanindunmsgydetanidaily nguuesiuiveuirlunsdvasessssumiduisiiunasde
w10 Flugaudaduimamninivesitufisuazionueadsldunandes (oununldidud eima
dmuiedossud) 3e “WHulinsiudannden” winsunlifvesnssssumavsiiedunaniamiainiiy
dufundufudsiiudafen anunisaifiulandunilsifeneuiingnsusorsdursgninunudiel
naneduuvamdsny sdasusivaniudulngagihumsldnuinegisenuuiasdueiuda

Fetfudsquaiiouirdmiuinaniisdondenislvd 2 35 fe n1sTirauuaznisdesaans
nsmRauuaBufusemanansasluualfazdeadeiriecun swdnlvalarlddsnsniuens
A lululudadfinguiieauiiigimiosialdisnisuliaziden deurfagifuarsivinleis
(softeners) uazanswaiifigaglunisiinay (reclaiming chemicals) asluaniuflvaudeu wdsan
funoumsiaa Tassaiiasieun 3 TRvesenasgninansuazensfiasd dminluanasnas annsn
nauargniaanludlulédnnisdosameidumsilindnfasionandulugansusenouiiugiuldeds
anysallngdsnisgesaanaiiuaiiuiou (pyrolysis) n1svinbiluuda (gasification) n3en1siAx
laimt,w (hydrogenation) nazuaumstasdosnandasiondidudulsznausag Il a13dunid
fithiminlananas wihduazansdafiy 9 Bagiulaiimaiannnssuiunasine NN
dm¥unisiinaundenisdesaats vIaNTEUIUNMTABUTTIazIAY Ae TAFn TULUUIEY dau
nszvunsitlmifuftnasiisnmsfidudou Ssnszurumslmianuiiinsufenssuiunsilds
ﬂ’]’iﬁ]@a‘l/lﬁUG]iLjJE]‘U w.A. 2542 peslafiny nszuIUM IR T U TIuATELLE ATy
amgdieau vnszulunsiussautymanuulssuresssluniagutngdivi unld vie
nsrvIumMsAvsEauiudgymendefiinainnszuiuns viouransruiunsivssauiudym
dawandon viedynufertuanudasndadesnininisidasaindufivsuddunseanllng
Judu widessssuifazausaiunsledalaieniiensdunsig i egrslsinuilinisuesdy
arugseniioadstulutuseuresnisiluaadiluseduanaiilug (Dufinsusuiinenssieaud
audRfidosnitenddl fudu msthendinauldaauivensnifanasdumuddaniia fdwmei
Tinan SeiflédauTafliunndnsluanifuanin fomgisrsiinaninaiofuasfuudeis
ARy IR NMIdesaaenaniasionwinlildesduszneusiag Aamisaiindulldly
nsvurunsKaRRanSas esldEnaSseetstldlfilusdussneulunsranndndasieing ug ¢
anae

Fsmsthensildudn Wlidudunanvesiagyiimsiimnganazdesiunssuiunsdueis
Tildvuafimnzaudeudiazldlunsnaniu Bitumen Tnglutlagiuiinszuiunislunisduenaineg
WaNWaenssuIs WU Ambient Grinding waz Cryogenic Tire Gridding Fsluusiaznssuisazliing
SNETUANFNIAY 1L YUIAYBINIENS ATINAZER arAALTRUEE LU MeRunwaziing
Wisuiisunssuiimnzauiianlunisluens Wiletdiaussonsuymmalssuunliaenndesiunis
lldnuvesdunauianyiimsiely
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2) walulagnsdnenssaeud
Tudigdudsswmelneimalulagnisdnensed 2 35 Ao n1sdnigamgiun@ (Ambient) wag

=i @

o A a o [ . o v @ a ° 5 o :
AINANYEUNULLUTR (Cryogenlc )Ima%wﬂwmqwuawammu -80° C. ANLARANUUNBDUNITAAVYU

)

' [y

g1alugui 2.3 nsangaumgivinliaiuisadnenddaiieuazlifudomdanuuin daaninis

(%
[y

= = ! o a & AY ay o ] =~ Y a
WIPUNEUTENIN 2 NTEUIUNIT ANAITIN 2.2 FIUVDAVDLESLANAIS u%u@%ﬂﬂaﬂ@mzﬂ@ﬂﬂquw
Az lUlguselua

A - Preliminary Shredder
B - Granulator

C - Steel- and Fiber Removal

D - Consecutive Fine Grinding Steps
E - Pneumatic Conveying System

F - Windsifter

G - Secondary Magnetic Separation
H - Fiber and Dust Removal

{courtesy of CIMP France)

a1 : Reschner, 2549

a a

5UN 2.3 nsAnngaumaiung

u

A - Preliminary Shredder

B - Freezing Tunnel

C - Hammer Mill

D - Steel and Fiber Removal
E - Dryer

F - Classifier

G - Secondary Crinding Step
H - Product Storage Silos

ﬁu’l : Reschner, 2549

a a (Y

sUN 2.4 MsdAnnguniiidudn

Y
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4
o

A15199 2.2 1WSaUBUITNISANYNSABUANY 2 25

Parameter

Ambient

Cryogenic

Operating Temperature

ambient, max. 120° C

below - 80° C

Size Reduction Principle

cutting, tearing, shearing

braking cryogenically embrittled
rubber pieces

Particle Morphology

spongy and rough, high specific
surface

even and smooth, low specific
surface

Particle Size Distribution

relatively narrow particle size
distribution, only limited size
reduction per grinding step

wide particle size distribution
(ranging 10 mm to 0.2 mm) in
just one processing step

Maintenance cost higher lower
Electricity Consumption higher lower
LN2 Consumption N/A 0.5 - 1.0 kgLN2 per kg tire input

‘17111'1 : Reschner, 2549

Jagtulssnuvuialugludssmalneniisnssosudiniunsleida As lssaulunguues
U3en gillguiauia 91dn Feldnszurunisdnensuuvaungiung IAdendn 400 dusalsiou

v & a 1Al = ] I3 S & -
UULUUI?QQ']UV]N‘?JUW@IV@QVIq@IULaLGUU IﬂEJEJ'N?@UU@WNW@J@LT.JUEJ'NiQUiiV!ﬂGUU’]WIVQJLV]'TUU YU

Usinauiisawelunisihududinauvesianyimslusweaala

L4 mmﬁmmiwau%umemﬂuﬁ

ANNTNUMUNINTFIU D6114/6114M 09 189 American Society for Testing and
Materials (ASTM) TAfMLALATFIUNIE19RIT]

- peganlluntsnanazaaainnuduliiie 0.75 % lasviuin

- gatlufidrunanveunandu Usunanduleazdaslaiiu 0.5 % lagnuiauiniin
v ld‘;j d'r-:l 1 1
- seslufizuganiivunaluainan 2.36 wl.

- AmueRuantRveealinemsnm 2.3

AT 2.3 WATFIUTBILEETARNANE19TIBUR (D6114/6114M 09)

Binder Designation” Type | Type |l Type I
Apparent Viscosity, 175°C [347°F): Pa-s [cP] min 1.5 [1500] 1.5 [1500] 1.5 [1500]
Medified Test Method D2196, Method

A, (see 5.4)5. Pa-s [cP] max 5.0 [5000] 5.0 [5000] 5.0 [5000]
Penetration, 25°C [77°F] 100g, 5 s: min 25 25 50
units (Test Method D5) max 75 75 100

Penetration, 4°C [39°F], 200g , 60 s:
units (Test Method D5)

Softening Point: °C [°F]

(Test Method D386)

Resilience, 25°C [77°F]: %

(Test Method D5329)

Flash Point: °C [°F]

(Test Method D92)

Thin-Film Oven Test Residue (Test Method
D1754)2

Penetration Retention, 4°C [39.2°F]:
% of original (Test Method D5)

min

min

min

min

min

10

57
[135]

25

232
[450]

75

15

54
[130])

20

232
[450]

75

25

52
[125)

10

232
[450]

75

12



FNsHangITsudluleailafinAsuNInIIENTNANDY 2 NTTUIUNIT AD NTBUIUNITNAY

Ny

wuuiden iTuisTnaunsessosudfadluseaiiadiifou 400-450° F wagislflugamgiias 325-425° F
Juan 1 $alue WieliiAnufAzenseninsdiunan Tnsndeanuauaiaagdeadinnuviauag
AnanTRMmnssuiimnzaslumsldo fuanduguil 2.5 wagnszurunsnauuuLis Wuns
uwnuiTanuaasInfiene1asagudfe Ui 1-3% veunanuasden lagwasuildasdy
anwy Gap grade

| AR Blend
Storage/Reaction Tank

Heatl Tank

Adding CTRM to
Weigh Hopper

Blending Unit

JU# 2.5 mswanenssagudluneaiafnasunIawuulen

3) mshensluRansuueaitaduldlunisyimiiussmeagasns
NAIINUMIUAIDE19N15A L TUNTA3 9l UASUTEINA WUI1 Useinageans tadin1s@nen
ﬂ’@ummﬂ%’mﬁlmﬁamamLL@aWaﬁLﬁamigﬁamﬂuﬂ W.A.2549 1nenu1897U4 Hong Kong Road
Research Laboratory (HKRRL) la@nwuayiineenssloiaaaine esagudvse crumb rubber 1was
fuueailas wazsiiunisnaasayiiavna Uim Eco Park fawansluguil 2.2-6 TuuSuadadgiuies
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a¥ 10 89 crumb rubber fithanuasiuaziivuinfiuane1efiu 1w 0.15 13, 0.30 31, Waw 0.60
WiefnwiTeuiisugaauth wagsdsvansnmuesiagdonuszatu Sawuin Taguszauiidunay
84 crumb rubber HaEuTRANI weailad A AC 20 uag AC 70 fiuansAauantRvosTan
Fouuszanudsnanlunsed 2.4

5 5 = 10y
5 S 5 | o}
| | I i —TEST SECTION B
R ; i K AN Ik
ey ST -— =

AnwaLN1sYRmIg
1. gumgiivesensueailadieufiaziinisuasasgisiios 160 ° C.
2. undaafaneuigamgifananasiia 110 ° C.
3. Section A {unsyRavnauuuiiu (AC 70)
Section B waw C {unsyRanialaedl Crumb Rubber uduna

sUN 2.6 n1siweanadnauensslaRauRIn1e USiiel Eco Park AUsswmAgadng

v v



M1519% 2.3 uaneARuENTRvaIEAaNUsTEY

Eco Park Arizona Requirement
ltem
Material A B C
Softening Point (°C) 50.5 > 46 > 44 > 43
Penetration (25°C, 5s, 100g)
66 60-80
(0.1mm)
Ductility (cm) > 100 > 100 > 100 > 100
Rotational Viscosity range in
3.353 1.5-4.0 1.5-4.0 1.5-4.0
Paesec, 177°C
Penetration, 4°C, 200 g, 60 s, 0.1mm 20.1 >10 >15 >25
Softening Point, °C 68.6 >57 >54 >52
Resilience, 25 C, % 46.5 530 >25 >15
Design limits
Bitumen content of mix, Pb (%) T8 -
Air Void Content, VIM (%) 4.9 4.5-6.5
Voids in Mineral Aggregate, VMA (%) 20.2 > 19
Marshall Stability (kN) 7.7 -
Flow (mm) 4.4 -
Lime Content, % by weight of mix L -

Nan153dBaNTaasUUsEleruiliaInniswan Crumb Rubber fuuealadesnidu 2 wide

7an Ao

1.

AR lAWRNUTEAIY WY AUAINUYBIRININTY TN15NIEiIvesTanteuUseaud
aX a v ] ‘:4' | ! q' a va X

YU wazlianusumusiansiisuLUasgusn (Deformation) Nigaumniiadlanauy
NaRDEIAY LU anUSUIUNNSAaAYYE Crumb Rubber, anuan1iy, anarlganglunns
BouUninYwInUY

PnuanIegeuluiesUfURng wudi Tagyrivnanidiunauves Crumb Rubber fiainad
lunmsdeutngsedi 7.6 U diuiimnanyme AC 70 danudlunisdentisaussanu 5 1

15



(a) Placement of AR Mixture (b) Compaction of AR Pavement

(c) AR Pavement Section (d) Surface of AR Pavement

JUN 2.7 msthensSlada anldnasersuzasslunisyfionig Ngesns
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lunsyinddeiiiemsnsidiuvesnisranianesslafatuueaiianviln AC  60/70

U 3

A5ATUNI5IY

'
a

'l

WangauuInfign negidelavinisiauiiasnaaeuaindanluiiesljiainis lneldunaunis

adusdeduandlugun 3.1

nssuTIndaya

Vv

v

NNV

NITUIUNIINAGHDU

ANSIASUUAIDENS

nsnagauluesufufinis

Vv

nsvegaudaneNUsTaY

NI

laflag

ARP G
aa
fiian

AsNagauLadNannAaUNGA

Naﬂ’ﬁ‘ﬂﬂﬁa‘ULLa%ﬁ?UNaﬂWiﬂﬂﬁBU

5UM 3.1 Junaun1sAiuauie
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3.1 WUINNNASRULAZIATIEIEAYRIMS

WUINIIALVOULYANTEUIUNIINAABUTARURINIG Usenauludedunounis@nyiind
SNYALLDYAFIL

3.1.1  MSUUINISNENAT8E1eN1MIAGRY

N1swUINISNguieganIsadeuaanily 2 ngundn lagtnan1sneasuuIiAgIzd Lag
Wisuisuauantiluidsimnssuvesianyiimisiiadiieg ludnsdiunay (Fosazlasuna) 7
wanenafiy lngusenauleag

1) nguiieened 1 ueailad viln AC60/70
2) nguiiednsdl 2 weatlad vila AC60/70 way s1s3luiAaviiavu Tusnsdud

LANMIAU

JUN 3.2 AregnendslaRalu uazuaailad vila AC60/70 muaIay

3.1.2  NISHUINITNAEDU

nanaaevlulasanisil Ussnevludemsnageuvdn fio msnadeunuauiRvesTandon
Usganu (Binder Test) way manaaevduiiludiunaiveueaiiainaeunin (Mix Test)

1. msneaeunuaNdRveiandentszaiu (Binder Test) muumsgruiiluaina Lo
foquizasd LileldonTanidonyszauiifinuandAinnuimnssuiifinas viewanzausdeninily
naufusaTuIndian dWeotlUlinaaeulutuseudl 2 neuansnisnaaeausieg dmed 3.1

18



M1519% 3.1 MsnadauANaNTRvaTanBaNUs 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

q

WRASUFRE UL AL ENUNNE

q

[V

&5
JU

9

9

A1519% 3.2 nsnaasudIuMidudlunauvaswaaiafinaaunsn

2. nsvedevdruiiiudiunanvssueaiiafinaounin auuinsgruiiiduaina ool
Y s bl ) wa 1 a =} ! % 1 ay v gj d‘
noUszasd WaSeuiisuauaudiene veueaiiafinaeuninluudasfiag1anlanaandunaui 1
AtunskanTanyianig Inguaninisnagaunie Tudunaudingnd

an

[

U N1INAEdU dIMNIZT1U
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

19




3.1.3  LUINNISIATIZIazUSEIUNANISAEDU

MsATginanmaaeuiildinesufiinis useendu 11 msvaaeu Fansmadeu
wanil ansnsnmanismeaeuldiinsesinuantfnneg Wy Uszansaimidanienin (Physical
Strength) AunuMulunsldeu (Durability And Fatigue Resistance) Hazauazaanlunsly
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 /
9 Indirect Tensile Stiffness Modulus / .
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

myaszvauumulunsldnu Wy guaudidlugdanusii (Stiffness Modulus) Ay
Frunusen1swandniesainaiudi (Faticue)  amudumulunisiindesds (Rutting A
FIUVNUABNTEUAIMUUANS dnmanuamLluauas

mMsiAszanuazantunsidnulunisneadne Inensiaseiludiuninany asiansun
auandAATIosiumsnantagUiome Tnedinseinmuandinamin (Viscosity)  amdelu
NSHEULATaRNABUNSA
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M19197 3.4 MEazdanNUFINUSA19qTuAITIATIERAMANTRMUIAINTTY

a1au NIINAEDU 318azdun NISUAAIAMNTUNUS
. \Wiguiiiguen penetration guwaliiy Wid-an iegauwlaveweailasiuay Percent of Penetration
1 Penetration Test o A - . h v .
WiguiguAringaiunaeivesweailadinin AC 60-70 w3alyl material Index
o WiguiiguAaamail (°0) eganumuniusenisilaeusy (Deformation) 7 Percent of
2 Softening Point Test S o - & ) . Temperature
aaumnniigelandu wavtesiumsiinnisivuaiy (Bleeding) material
. Wisumeuaaumgil (°C) veaganulnuasinln iieganudasnsdelunisida Percent of
3 Flash point Test o 4 - - ") o . Temperature
Tanweuuszaulagiinrsanlenmadaliladievesian material
. o \W3guifiguA penetration MH1UN150UMAZAUAT penetration fiaun1sau lage .
Rolling Thin Film Oven , . _ 4 ou 1N r _ , vo o » Percent of Retain
a4 A1 Retain Penetration tiioinlUuiia1sannisiin Aging mmaimaqmmmm ) )
Test (RTFO) 4 . . . L= - . material Penetation
W912 LEURDNITLANSIINIEYAT LaZIdsIRonN1I0ALNIZAUNIATI
5 Pressure Aging Vessel | lLANSOULAZLIINAAY LWBIA8IENNTARTULSIIUY9aT 7-10 U lag Percent of Retain
Test NATUINIILAA Aging material Penetation
Complex
) a iy u Shear
Dynamic Shear TnediAsgiiAn Complex Shear Modulus (G¥) kag Phase Angle () tile N
6 v < N=R 1) o Temperature | Modulus (G¥)
Theology Test MIIINAIAIULYILNGS (Stiffness) wag AuEnngy (Elasticity)
’ and Phase
Angle (O)
Rotational Viscosity , - o - Percent of Brookfield
7 nsmeanumnie lnedan aaumgi 135 °C uay 165 °C . o
Test material Viscosity (cP)
8 | Marshall Test WemUSunadanwendsvanuiiviunzay (Optimum Binder Content)
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M19197 3.4 TEazREARNUFUNUSA9 TuNTIRTIzRAMEaNURAILAAINTIH (FD)

a1au NNAGDU 318azdun NISUAAIAMUTUNUS
Indirect Tensile o oA v s oA - T Y
. WiguiiguAlugdafudd weldlunisussiiiuanudavgulunmsiusonis N
9 | Stiffness Modulus Test Y Resilient Modulus (Mpa)
WANS1
(ITSM)
. WiguiiguanuanansalunisSudminuuunseyingt (Fatigue) Ineguuiliuues .
10 | Wheel Tracking Test , Y L Yo , - o Rutting
A1ANaT Tulsadiuna dufoaunsansiaaeuIANEnrguvaLaaladle
" Indirect Tensile Fatigue | NISLUSBUBUASIINTINAMNENNUGTZIINSTEAUAMILAU (Stress level) uag -
atigue

Test (ITFT)

NUTOUNDUARAIUNLEYE (No. of cycles to failure)
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3.2 swasBvanazrdsmmegaudaayiimaluiselfians

9

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
osrniwalda Tngldiedoamnaouisuargnnau (Ring and Ball Apparatus) futdeglutiingu (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 33 qﬂnmﬁmswﬂaau Softening Points

3.2.2 Flash Point Test

FBrrmmaaesiifunisgnruldl (Flash point) wazqndnlsl (Fine point) 1ng3% Cleveland
open cup YaIHARATIUInTLEELLaYVRIMAIMNYHA snduitudemas LazansduNTgaUluen
i1 79°C meldannzvesnisnaass adnliAegumnlivandiumlvinl HlessmenioRafois
finlwl uazanlvsiseidedlidiosndt 5 Jundi

1@NE1591999 ASIM D 92 : Standard Test Method for Flash and FIRE POINTS by
Cleveland Open Cup Tester
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5Ui 3.4 gUnsainmswasiou Flashing Point

3.2.3 Penetration Test

\Wunistarudiuival (Consistency) vasiaqueaiiasiiogluanmuds (Solid) wieRauds
(Semisolid) Ineen  Penetration  {ifeszoynislumiae 0.1 fadiuns fdunesgruunsnsady
fregnemuiuis ngldthmin nan warommndifidivun 2973590 A1 Penetration lnesrogiidy
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

5U 3.5 gUnsaln13nagau Penetration

3.2.4 Rolling Thin Film Oven Test

\HuAsansiifigeussasiiiediosnisiisufisuiisnnuasuntasly Consistency o4
weailadiilelasurudeuifanmeamaiuazsresnalndifesivueaiadlasuluvushluldou
nsnegauilalagindiegisueaiiadiiuiu 30 daddnsldaduauiussugunsinssuenvuin
Gurgudnananielu 55§ 8n 3/8 @7 eeldueatladuundszana 1/8 @9 udathanaussy
weailasiidndeuuduiivyuldsouin Samulszana 5-6 sousteunit Tnseglugoudsdornadiom
161 (Ventilated Oven) dls3uil 3.2- Tneliilgangfl 325 °F (163 °C) Wuan 85 und anifufitnien
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Fregsesneailadiuim Penetration WiewSeuifioutiu Penetration vasueailadneweulnefnidu
foraz lnedinszinnnUSunaesansiissivie 9annseu

1ONE1991989 AASHTO T 240 and ASTM D 2872 : Effect of Heat and Air on a Moving
Film of Asphalt (Rolling Thin-Film Oven Test)

i /(")
/I
@
il

N A |

\Yllllt"ﬂ
p\

}3

i

f
(1
105
SN

? “. -.I. 2
e '

J
&

gﬂ'ﬁ 3.6 aUn3ain1MAgaU Rolling Thin Film Oven Test

3.2.5 Pressure Aging Vessel Test

Junssraesaninerwweailaslunisldeuass lnerdiunssuiunisifiuanudounazuss
A Wiiosansan milaziinduaidlutitian 7-10 ¥ Feshedueailadasrunsnagsy Rolling
Thin Film Oven Test (RTFOT) #3® Thin Film Oven Test (TFOT) dau%aﬁﬁaaﬂmwaﬁaﬁﬁm
Aging V3w 50 nfu wldluadesile Pressure Aging Vessel Hunan 20 Falua Imamam‘wm
Usza 90 °C,100 °C W8 110 °C warmannusiuenail 2.10 MPa %38 20.7 atmospheres
wdnuirene ANYUNNILAZAIUAUAS G]’]EJEJ’]QﬂR]%QﬂLﬂUl’ﬁ‘UmVﬁUﬂ’ﬁ%ﬂﬁ@U@w} okl

LONE1591989 AASHTO R 28 : Accelerated Aging of Asphalt Binder Using a Pressurized
Aging Vessel (PAV)
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air
pressure

| temperature
| / probe

asphalt

H
. SR

sample rack sample pan

g‘dﬁ 3.7 qUnmimsmaa*u Pressure Aging Vessel Test

3.2.6 Dynamic Shear Theology Test

u‘jumﬁwmauLﬁ'aﬁ’mﬂmauﬁ’ammmﬁmLLaammﬁwsjuéummaLLaaﬁafﬁ laon150aLd ou
{?ha&iwLLaaWaﬁg‘ULmu’Nﬂauwﬂmmmﬁﬂﬂé’ﬂﬂﬂé’umsgﬂ fu sruuiaIesiieasTuinussdauas
yudanaeAnaINsMAaey (10 rad/s) kaginszirmnndeyaiienmadndidu Complex Shear
Modulus uae Phase Angle vasfhegnatiu nsvadeuesawoailasniie %ﬂisﬁflﬁqmmﬁmmg’m
il 2 gumadl iegnswdsunlasnuauifvesueatiadniugumail Tngdinsizian Complex
Shear Modulus (G*) ua¥ Phase Angle (O) aannsnadeu DSR tu annsav Ul dussiiieiu
frungAnssuvesdrunanlusu Fatigue Cracking uay Rutting la

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

utunaNngwae

' o o od
LHWNANERBDENUN

g'dﬁ 3.8 q*dnmimswﬂaau Dynamic Shear Theology Test

3.2.7 Rotational Viscosity Test

lfdumiwﬂaamﬂﬂmauummwwummmqLLaaﬁammamwammumLwaimt,ulﬁmmq
woailaddldtumameiiazgniluniavie uwasdanautuinaiuld nsmeaeuiionfegainiosie
Brookfield Viscometer ﬂﬁmﬂmaﬁmmﬂammmgm (Spindle) fIaA211L57 20 soURBUIT Tugs
gsueaiiadfignaiuauenmgll 275 °F w3 135 °C  Yeyausednazgniufinuazlflunisduinm
wadnslnesnluiflneyaiaiosilo wadwsalfaozdudr Viscosity  wesueailad fuaeidu
centipedes (cp) wioa1alduiing Pa.s Taedl 1000 cp = 1 pa.s.

LONE1581989 AASHTO T 316 and ASTM D 4402 : Viscosity Determination of Asphalt
Binder Using Rotational Viscometer
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Rotational
Viscometer

Temperature

It N Environmental

Chamber

Gripping
Pliers

Sample Spindles
Chambers in Pouring Rack

Sample Chamber

unafimanuawmad
- =]
| #oLmaTuazLATadRIuRs § E
1 1 .
LNTUHHUNTINTEUEN
| /.—" :

1 o

AU FE TE AULN WA HWYTTAN U an

Tannawa afl s

= =
LATIIRTU AN LN M

AU MUAN ] o

A
AIHTAU
LEE TRy e FEERE

g‘dﬁ 3.9 qUnmim'ivmaa'u Rotational Viscosity Test

3.2.8 Indirect Tensile Stiffness Modulus Test

nMstsuifisuailugdafuivestaauauueadad axinisliimdnduuuunseyiie
(Repeated Load) luguuuy Haversine Wave n 3 Junfidsimiininssvirfousiaagns 0.248 Jund
waznain 2.752 3undt Tnglihminnssiivinldaenmseeneslusuasiuwiiu 5 lulaswns

1ONE1591999 BS EN 12697-26:2004 : Bituminous mixtures. Test methods for hot mix
asphalt Stiffness
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5Ufl 3.10 gunsainsmagau Indirect Tensile Stiffness Modulus Test (ITSM)

3.2.9 Wheel Tracking Test

nsnaaeulagldde (Wheel Tracking Test) tieTansguiinisvesTannauwaalanvuy
lasuanuduuaglasulmidnussynitass lneldieTes Wheel Tracker vin1snageuigamgil

LANANGAY WU 40, 50 WAy 60 DIANIAEE LNBLUSEUEUAINUAIUNIUNISIAATBIADVDILAAY
GG ePRREAGH

LONAT581989 AASHTO TP 63: Determining Rutting Susceptibility of Asphalt Paving
Mixtures Using the Asphalt Pavement

5Ufl 3.11 gunsain1suaaoyu Wheel Tracking Test
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3.2.10 Marshall Test

mswmaaﬂﬁ%ﬁwmsaaﬂqua'auwauLLaaWaaﬂﬂauﬂ%muiﬁmﬁwa (Marshall Method)
wayiNIIHaNLeaiafnABUNINIINNITNANTOUTENINTARNLIATIN (Aggregate) AukBATARTILIUA
(Asphalt Cement) uarAIUANSATIAIUNALLATgAMATinuTIfmUA e auasdRsi1s v
woailas Al duiamie Weduaman Bulk Specific gravity :V.M.A., Air Void, Void filled with
Bitumen :V.F.B

1ONE19919899 ASTM D 6926 Standard Practice for Preparation of Bituminous
Specimens musing Marshall Apparatus

"3'§mi~v1maauiﬂumﬁmmmé}’mmumﬂwamaqﬁauﬁaaﬂwgﬂmﬂﬂszuaﬂ ldannis
wisenTanillflunuiamedefiunauuuseaitafinneunin Taglfiedosdioansusa

1ONE1991989 ASTM D 6927 Standard Test Method for Marshall Stability and Flow of

Bituminous Mixtures

BASE PLATE

sUfl 3.12 gunsain1svagay Marshall Test

3.2.11 Indirect Tensile Fatigue Test

Junismaaeuifinnudrdgiuegiauinlunisiiisuiiisuengnisl dauveaneailadn
Aounin Tnsnsdaesanitzsuthmindinssshen uagvinmaifudeyadn Load pulse vasngiaegns
AowAssUNUIINsEY IneshnsmuRuusangsyi (Target Stress(KPa)) 71 300-600 kPa

1BN&E1591999 BS DD ABF,1995 : Method for the Determination of Fatigue

Characteristics of Bituminous Mixtures Using Indirect Tensile Fatigue
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glh?i 3.13 gUnsain1smAgau Indirect Tensile Fatigue Testing (ITFT)
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Ui 4 Wamsaseidaya

4.1 mawseniaquasiafnwudnuauensslufa

mawienfanidendszanluns@nndangn Mueaiadduuddldfuodraunsvargluau
N9 A9 LoaNaRTIUUAGITUANATA AC  60-70 a8 ILaaNanTIUAT1SAULNAN U89S bLAa
sUnvvrelulsnadndiunnee iWulanuoailad@uudnauensslei@a (Crumb Rubber Asphalt
(CRA) Tnemswanldmaasmayensdladalusinasuduiifesas 5 veatmingan mniuldnauens

SlafaivTulusnsniosas 7 Sovay 9 wavsenay 11

4.1.1  IMUIUAIDYY

g INInaaeuTanyUnisluiesuUanas 1ddegramsnaaeuas 3 fiege laed
2 duneulumsvageu ddlutuseudl 1 swdudunmsiFouisunanimaaeuvesiandoutsyaudl
IFfuAannIgIuengg wazasdnideniidiiansuduusnlusuiunmaseuluduneunauueaila
AnAounin lnsununsaaouianyimdluviesfiinis uanslunsned 4.1

A1519% 4.1 IUIUABYENTINATBUANENUAYRS TN YRNUSEAY (Binder)

Faodouuszanu

a6 N1NAGDY AC AC + #193l%1Aa 574

60-70 5 7 9 11
1 Penetration Test 3 5} 3 3 3 15
2 Softening Point Test 3 A3 3 3 15
3 Flash point Test 3 3 B3] 3 3 15
a4 Rolling Thin Film Oven Test (RFOT) 3 3 3 3 3 15
5 Pressure Aging Vessel Test 3 313 |3 3 15
. Dynamic Shear Theology Test (nNauau) 3 33| 3 3 15
Dynamic Shear Theology Test (1d39) 3 3133 3 15
. Rotational Viscosity Test (135 °C) 3 3133 3 15
Rotational Viscosity Test (165 °C) 3 313 |3 3 15
Tauanan 135
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A1519% 4.2 3uufagen1snagauduidudiunauvaswaanafnaaunsn

material
A0 ANSNAFAU AC AC + 819 53
60-70 | SlwiAa

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

4.1.2  mswssudaauaarafnBuudinauenssloaa

aa Y} a 5l = a
ﬁﬁﬂqﬁmﬂlﬁ]ﬂﬂLLaaWamﬂsﬁLﬂJummmaMEJ'N{LSULﬂa

1) mananianueaiiafinduudinauenssladamsnadlunivusiamnsanuanuseuleg

(Hot Plate) A 1fiu 200 BemgaLBed LUpsanMsHaLianfinanematlugamgiinaanitung
wn delilulleweaiu Tnsaamgdldlunisuauyszann 150-180 asriwaided
2) NnUurhnsHadianlagefuinsesilenauinseleuss (High Shear Rate Mechanical

. PN o ! Y & & a Y P v P |
MIXGI’)LLﬂ@Iﬂ‘UE‘UVI 4.1 ‘I/l’]ﬂ’]iﬂ’JUﬂ’JUNﬂiﬂ‘ML“LJ'L!L‘IJ’PJLG]EJ’Jﬂ‘L! LWE]I“Uﬂ’JULLﬁgLﬂauaﬁéﬂ’]ﬂﬁuﬁlﬂa?umﬁﬂ

e Wusgeviian 45 unil

JUN 4.1 gunsalnauTaguanyszanu

9 q
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4.2 WaNINAFRUAMENURYEITEN UMY

[

Tan
woaanZuudNaues3LeLAa (crumb rubber modified asphalt) Ingn1snaaeunmaudAnugIy
#1199 ansaasunansnaaeulalagiieazidensiail

FaniBeuUszanu (Binders) i 2 viln loun (1) Yanuoailad@umdinga AC 60-70 (2)

[

4.2.1 N1INAFBUINBAUAL (Softening Point Test)

Y a a

ynsoudnlunuandinldinguugd e 9anasumalndaqisuuszaiuiniseausy

9 Y 9
] ' [
[y =

Wewn Walaweuyszanulaisugaumiingluazdwmansenussanumilyvianagaiueausiin

Y

antiasas
Softening Point
© 56
= Py J
g 55 -
= 54 -
& -
Z 53 - -
o -
= 52 L = Sk >
s 51 =, =, o, a
g 50
49
48
5% 7% 9% 11%
-<4--CRA 51.7 51.8 53.7 553
—i— AC 60/70 51 51 51 51

31]17; 4.2 A13ABaUAI (Softening Point)
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4.2.2 nagauanuln (Flash Point Test)

msveaauiinaiunisnageuiiemanngil © C) ifanwendszauaiindsengli e
lpsuanueuiiuntu

Flash Point

= 350
=
2 300 === . =
g 250 B = = =
2 200
o
3 150
= 100
[
s 50
a8
& 0

5% 7% 9% 11%
= 4= -Series1 300 291 287 284
——Series2 232.3 2323 2323 232.3

JUN 4.3 A19AUlN (Flash Point)

4.2.3 n15nndau Penetration (Penetration Test)

Junsinernuduiman (Consistency) vesianueailadiiogluaninuda (Solid) w3anuds
(Semisolid) IneA1 Penetration 9xUsUBNAIANBOULN WazALLTIUBIIARToUUTAY

Penetration
80
70 il L ] L]
5 60
® 50
o] ﬂ\
o 30 —
o
e 20
10
0
5% T% 9% 11%
——CRA 41.3 37.5 31.5 24.9
=-AC 60/70 70.4 70.4 70.4 70.4

a

U7 4.4 Penetration figaumadl 25 asrwaied 1WuN1ATFIU 100 N3U N 5 Juidi

Y

35



4.2.4 n1sNaERUANYLA (Rotational Viscosity Test)

Tngluidunsmeaeuiiiemainnuvinvesiagdentssauazionsani guvgil 135
psrnwala uay 165 ssrniwadea Wosnnidugumgifimunzaslumnifandeuuszaumnay
fufutanuaasiy Wietluyfmns Fsnsfnwinuantfivesanuniinazaunsatielinsui
Usgavsnmlunsineivesiandeudsranuiumay

Viscosity #i 165 safwaidea

3.5
3 e i e ;S
25
2]
g‘ 2
1.5
1
——e
0.5 @ oo EmEE o= =0
[ Socaagye = -~ u
0
5% 7% 9% 11%
--4--CRA 0.3902 0.3075 0.6104 0.1802
—l— AC 60/70 0.2725 0.2725 0.2725 0.2725
++de -+ MBI SHRP 3 3 3 3

3UN 4.5 Aranuniiail gamnll

a

Y

165 29ANYALTYE

= i P
Viscosity #i 135 asfaalios
3.5
3 F e & £
25
)
wy
g ”f‘\‘
1.5 - ~
*ao__ P \
- i ”
LY
4 = 2 G —a
\\
0.5 ~
»
0
5% 7% 9% 11%
-4--CRA 1.2883 1.0702 1.7981 0.3404
=l AC 60/70 0.92 0.92 0.92 0.92
++ofe s y1lam97U SHRP 3 3 3 3

5UN 4.6 ArAuvilai gamgdl

a

Y
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4.2.5 n1snAaay Rolling Thin Film Oven Test (RTFO)

n1snadeudInadunisnegeuiandonlszaiundaainiiunszuiunisnisaulagla
QunaiiN 325°F (163 °C) WWuszewiian 85 wIil

9 Y

Mass Change (%)
1.2
1 - = - |
g 0.8
o
on
c
8 0.6
o
w
©
= 0.4 *_ Py
\\ ’/ \‘
Y rd -
- Pl S
\\ ’, '\‘.‘
0.2 “4." *
0
5% 7% 9% 11%

- -4--CRA 0.41 0.137 0.37 0.18
=l w7841u SHRP 1 1 1 1

Ul 4.7 nswasundasiavesiiegnsdiiun1saufaeds Rolling Thin Film Oven Test
(RTFO)

% Retain Penetration

78
76 r*\
/ \
Ay
c \
2 \
5 74
8
1 /
S n %
g = T = .
< 70 g 7 .
° ’ \
\*’ \¢
68
66
64
5% 7% 9% 11%
=#=--CRA 70.66 68.67 76.44 68.5
—l— AC 60/70 70.67 70.67 T70.67 70.67
5U# 4.8 A1 % Retain Penetration i1UA159UA3835 Rolling Thin Film Oven Test (RTFO)
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. . P=]
Viscosity 7 165 asanwaidya
3.5
3 ey & A o
2.5
- 2
©
o
1.5
1
05 = BRPELLS S
[ P F =
0
5% 7% 9% 11%
- <4--CRA 0.3101 0.4725 0.4275 0.6325
—f— AC 60/70 0.3101 0.3101 0.3101 0.3101
<=-fe-- vid2897U SHRP 3 2, 3 3

U 4.9 AArnamiinil gaumgll 165 asrLwaLTes
N1UN159UA2875 Rolling Thin Film Oven Test (RTFO)

4.2.6 n1INAEIU Dynamic Shear Theology

msnageudsnandummeasuiiiowSsuiisuanautAlusiuaudanegu anuudaunss
uagANuFIUUAoNsgURILUUA YR TandesU sz Taemiieau SHRP (The  Strategic
Highway Research Program) wosUszmdanigowsn Iassuunsguliilden G (stiffness) uazd
(Phase Angle) e MsidsugUagraanisliniunslaenis Gxsind figumgimaasuliiirisnag
WINNINL0 kPa fOUNITHTI@IY UWag 22 kPa 1815659818 lUlAIBULUY RTFO d9un1sumning
idesnardlimueunisdiian G*sind vesTanissengsnenuduluy PAY Tl oy
A1 5,000 kPa flgamniinageu InsnanaaeuiungdmiumsufiRnuiigungil daskeus 46 °C
(116 °F) fia 85 °C (180 °F)
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NMSAIUNILABNITYUAIUUUNTS Permanent deformation
12
i /
3 8
Q
= /
10 6
c
i /./ P Sttt *
6] 1 [ -
———em——— + -
5 +
0
5% 7% 9% 11%
-4--CRA 2.54 2.83 4.65 4.84
—8— CRA RTFO 3.6 5.25 7.21 10.14

JUT 4.10 WSULBUMSATUNIUABNITYUAILUUAITVRIIEAITRNUTEEUNNNaULAENAY RTFO

4.2.7 n1INAEdYU Pressure Aging Vessel

\Wummeaeuildsunuunndesanwiuengiliuinsvesueailad@iuus Ingthiegnad
§a1nnnsmaaou RTFO  snldmeaeulumsnaasuding1n ioSeuiiioudn amdangu anu
WIILNTE BAZAIUFIUVIUIINAITYUAINIIT TINIVNANIINAGBU AU AIUINTFIUIINAUIBIY
SHRP (f1 G*sind wesTanTiissongsemuiuiuy PAV Tiildsnag ffesndn 5,000 kPa fgamai
yagou) naaey Tnsmavaaouilivanydmiunisufifnuiigamnd Haakus 4 °C fs 20 °C

Permanent deformation

160
140 == ~<

120 2 ~~
100 \ i LT
80
60
40
20

G*sinO (kpa)

5%PAV T%PAV 9%PAV 11%PAV

115.4 149.9 98.08 90.91

-4--CRA

UM 4.11 NANITNAHIUNITINUMUABATITYUAILUUAIIT TIgeuuindl 13 © C
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4.2.8 dyUnan1vageulaaaudseau (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

o N1INTUAUENTR o o Y = RRVTAGET
19U 4. J YININUA UINTFIUD9DY b
NeiunaaiNNSFIY * lainnu
1 | 9meouda (Softening Point) | 11111 AC60/70 ASTM D 36 -
2 | aaulyl (Flash Point) wNn 232.3 (°C) ASTM D946 -
3 | aundia (Viscosity) laannnan 3 (Pa.S) | wueeu SHRP -
4 % Retain Penetration 171An31 54 (°C) AASHTO T 179 -
5

1namasuwlad

Talu1nnin 1%

MN1UI8919 SHRP

AUATUNTUABNTYUAN

6 111N 1.0 (kPa) MNUI891Y SHRP -
LUUNIIS
AMUAUNIUABNITIUF : ,

7 . ’ 1111731 2.2 (kPa) MUY SHRP -
LUUONIS e RTFO
AMUATUNIUADNITIUG lainnnan 5,000 ,

8 ! NUIB9U SHRP -

LUUONIS K PAV

(kPa)

31NATIMALNANIINAFIUAINNTaATUARd WS oaz N zauAeianeuUssaiuyin
wodaia® AC 60-70 Naufvenes Pansauay 11
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4.3  wamIadeuAMaNUAvasLasannAauNIn
4.3.1 mMsvedauauaNURvasduNauLaarafnAaunInfI8ITUTLYA

nsnegevdunauLeailainaeunInlagIsuIsura lnenisildeundasUSuuiantey
Uszau (%Binder by Weight of Aggregate) lagfinnualInsgIueAITREavaIUTIINYBIIN98INA
(%Air Void) Teglugag 2-4%

M15197 4.4 wan1asaUAMENURTasdIuNaNLRaTlafnABUNTAAIEITUTUYA

- . drunaunagnafinAaunsn unv.(n) 607
318azeen Properties . -
at %AIr Void = 3.4 % AC 60/70 + Crum Wearing (12.5
AC 60/70 Rubber mm)
%Binder 5 5.5 6 6 6.5 7 -
10.8 | 11.6
Marshall Stability (KN) | 9.46 g ; 13.32 14.45 15.01 Min 8 (KN)
Marshall Flow (0.25 11.1 | 146 | 13.1
9.52 15.92 12.72 8-16
mm) 5 7 6
% VMA 15 144 | 141 15751 16.1 16.9 Min 8 14

e (1) NMsvegeuliiessnkuudlunauweailafinasunInlidiun1sniy unv.()607 :
msgruNIageuLeailafinaounInlagItuiuYa (2) MIsenuuulnanueailainaeuninliuia
VU 12.5 Tadlums

lngdrunauwaaiafinpounIniinuautianieg dwanddun1san 4 lnalaSeuiisy
AuauURveweailafnaaunInfilduNaNveensSlofa fUinsEIunINteMNUAYEINTUNIIaN
YUUN (UN9.()607) WU NnaumauiiAEunueinimuannUsens wazidofiarsaunAlaissnm
115uwa (Marshall -~ Stability)  Wua1 An@ResAINLISTUsATRIEIUNaNHesT lgtAatiA NN
drunanueaafTUUASITNA1 Fauansinnisnauessiafadieliueailafinreunindnnuuduss

é] A ad a ! ! =\ a i =

1T luraglleRiansandinisiva (Marshall Flow) wudn mswauenssiaifa Yigannisidesy
vaaweailafnaeunInilegniminuingeii

4.3.2 n15nn&aau Indirect Tensile Stiffness Modulus Test (ITSM)

nMavageufingn Wunsvegeuiiomalundarusivesdiunauteailafnaeunia Tugas
gaunil 30 °C WiodinsevinnaudRnudavgy vesiaguaaiiainnounsn

9 Y
v A v !

Weonane193leiAa adludiunauuwsaiiafinnounin Mlvd luadafudivesdiunay

weaflafinAouniniAawIndelu Ussuia 14.60% lunsalnanenssloda dadunansliiiuii

= 1

drunauneailafinaeunInfnaumeTanweaiiaddiuudsssuaiauauiAgangumiiemoaguad we

D

mnlasunisusulsslnenisnanenssloifaasly aunsadislineailafinneunindendniaiy
ganguiiisamaivaduniusion1swaninle waganunsatelsulgnuaudanuauganguuaadan
TRy

41




Indirect Tensile Stiffness Modulus
2700.00
2600.00
2500.00
[
= 2400.00
8 e
===
2300.00 P
/ /
220000 [ 7 7
//
2100.00
AC 60/70 AC
60/70+CRA
M adjusted Stiffness (Mpa) 2306.00 2642.88

U 4.12 AafevawanisnagauAlugdafuflvesdiunasLaaiafinaaunin

4.3.3 Wan1snAdau Wheel Tracking Test (WTT)

msneaauianadunismeanuduniylunisiingesde (Rutting resistance) Fanaaeuil
gl 60 °C 1Juszeziian 45 Wil (MunasgIu BS  598:Part110:1998) lagtnan1sviageu
Wisuiflsuauautideinanuesneailafinaeuniniidiunauvesneailaddimudsssn wazenes
lawfia

a

M99 4.5 HAN1IMAFEU Wheel Tracking Test (WTT) ﬁqmmm 60° C

v

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

woaafnmounsnNiinsUTuUTIENISAne1sTlafa 11% (CRAL1%) JANNAIUNIUABNIS
WRTa9RaLiNTUUTEUNN 5088y 18 udsuLlaeunuanadilan 60/70
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4.4  ANSANWIAIUNISRULUDY

4.4.1 auudgnulunisine

o fuindnw: auunldlun1sfnwinduouu 2 90999195 ANUAN9 3.25 was/ve9 wazlva
9114 1.5 LUAS

o o1glasans (Project Life): iflosarnnistmualifianisisanumiadoniinnumuniif
fio 5 luRlng ouuiiianesanesslafaszdongmsldnuisnuiuian mununi
Aanaweaitad 1.6 1) Jammualiiimananessiofia Tergnisldauuiuniiiomie
ueaitad 1.6 wih waglilasamstiengildlunisussidiusiniu 20 ¥

o dndruvesiamadsmeddeddiunstenthsaduuszdmnd dvuslndudesas 5
yasiameianun uaziamaiisies Overlay Wonuunuaeignislémuazitnisinme
Tnefiamaiidedlasunis Overlay Andiutosas 25 vesiamaavus

4.42 wWan13ANE
1) AneaiuazAgaNUIJRUUnaanaIEN1T T

nMsfnuldldauundfimauuieailad (AC) Wundnlun13819ds anduldouuiinmis
Rubberized Asphalt 1vinsiUseuiiiey lngauuweaiiadiiengnisldauaiaiies 5 ¥ antuagi
nsUSulgsRamalu (Overlay) dunistoutigazyindudszdngl dadu auuiiianisiainias
Hesen93 lAandanuuunsiaewuuLeailan 1.6 i aziiengnisldnuassussuia 10 U 39
<& ' = Aaa cy A v A < o =
TunueANd aere1glasenis 20 U auundianiweailaddesiinisusuiimadudiuiuis 4
A1 wAnuunTAeIInTaguanenssluAaiinisusuiamadudiuauiies 3 A5

[

al' ' o a
A919N 4.6 ANUNUNIULAL ﬂﬁ')‘l!NﬁSJEJNﬂ‘ULﬂ@

AMANUAYDIN MU TLANAS
19015 = = — —
Hansuaanan R21198195 l9LAa
91gmsldau @) 5 7.5
ARELREGTRPN N 1Y N9 1.5 Y
Uminueaias
6 5.34
(NN./N3.31.)
Unng19TaLnN
0 0.66
(NN./N3.31.)
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A51afl 4.7 51A1vaeiaaneaUly Rubberized Asphalt

(Gl siaseviay (Ln/ilaniu)
waANAATILUA 48.33
Y19T0BURS LA 25

MBLT6: ATUIANTELATRINTUITUUNTISEYI1 Ramaueailad 1 asa. vun 5 9y, Sueailadnayey 5% dsiinidnueaiiad 6 nn.

wazdlsuuweaian 290 vI/nTa.

M19197 4.8 anseAldIelunsneaiuazgantigmienasn 20 U

ALY
Ui AC 60/70 AC 60/70 + ens3luiAa 11%
ANBAT U1393784 YUYy ANBATS 393784 Yauuy
0 2,899,800.00 - : 1,653,978.00 - -
1 - 144,990.00 s - 82,698.90 -
2 - 144,990.00 : - 82,698.90 -
3 - 144,990.00 E - 82,698.90 -
4 - 144,990.00 : - 82,698.90 -
5 - - 724,950.00 - 82,698.90 -
6 - 144,990.00 - - 82,698.90 -
7 - 144,990.00 - - - 165,397.80
8 - 144,990.00 3 - 82,698.90 -
9 - 144,990.00 = & 82,698.90 -
10 - = 724,950.00 - 82,698.90 -
11 - 144,990.00 - 3 82,698.90 -
12 - 144,990.00 = & 82,698.90 -
13 - 144,990.00 - i 82,698.90 -
14 - 144,990.00 E i - 165,397.80
15 - - 724,950.00 - 82,698.90 -
16 - 144,990.00 = , 82,698.90 -
17 - 144,990.00 = - 82,698.90 -
18 - 144,990.00 - 3 82,698.90 -
19 - 144,990.00 = - 82,698.90 -
20 - - 724,950.00 - - 165,397.80
2,899,800.00 | 2,319,840.00 | 2,899,800.00 | 1,653,978.00 | 1,405,881.30 | 496,193.40
e 8,119,440.00 3,556,052.70

iaNa1TaNYauY 1 Alalns (10,000 a3.a.) wudl nstdensslada 119% awnsadiean
AuNURaanYIIal 20 U 1ads 4,563,387.3um/nu. fatiu msldTagmaunuuenanyisdnengves
auuwad easanluszezenidaldinglunisinsednwidesniinisyiiniedigueaias

ADUVIUN
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unil 5 asunanisinen

IINNANITNAABUNINIUIAINTTUVRITAA waaTaAnARUNIANTdIuNaNvR 8195 bLAa

(Crumb  Rubber) lugnsidruiuansnaiu wWssuieuiuiagueailaddiuusinga AC  60-70 lag
aunsaazunan1snaaeulanal

5.1

Yaaanyszau
nsnaaeuluieslfuinisanunsadwunauaudivesianenUszaulacall

Y = = < a X A o = a ) ¢
TanwenUszanuiauudanngu Welinsuauensslada asluluweaian@uudingn AC
60-70 lngdaqieulszaruiiudanniigaidnsnduensslofadovas 5 Yaneuusyaud
ANUAUNINiaNITiUAguLUassUI 1N igelafvu WellnskaugnstleiAaasiy g
Jaqtouuszaruiilingnoeudinfingn Ndnsidiuesslofa 11 Fadadudesaz10
usnuliafisuiueailandunsssun vinlidisandymniseeusinazlralbuvein
alel

Y - = o A = a lo v 1o P
Taquweuusvarudynulnisadunsaiinauensslyfaasly widelisininauinsgiu
ASTM D946 lngTananUszauilvrganulnianan nondiuenssiafa Sosas 5

Y - a 4 oA a X A o = a s ¢
Tangeudsvanuilenanuviiaiindy Weilnswauesslada advluneaiiadduudinge
AC 60-70 vibiiiisusedamileseninunaniudliadu hgann1svqaasniawiasiuld lag
WanSeuLguiuAILInTEIUANIMUADINMUIEIIU SHRP (The Strategic Highway Research
Program) wui1 Jaauiauusgauivinnisansaty Innuvdaniunaeiunnsgiuntdiiu 3
Pa.S iauvisnun

Tanouuseauninisnane1sslada adluluweailadduuiingn AC 60-70 aunsatiuan
ANEN5AA Aging Va3 anueaNaABLUAlALAENIITANINNANITNAFBUANNY HIUNITOU
AEN34IT Thin Film Oven

TanuouUssanuniinisuanensloda adluluneailad@iuudingn AC 60-70 Tuuiltuves
AIULTINNTY (Stiffness) AINuEANEY (Elasticity) WaZAIUAIUNIUABNITEUAINIS
(Permanent deformation) Liiugedu Wesnsdiulunswauiiuuindy lngiileSeuiiey
AUAININTFIUANINUAIINYUIBIY SHRP (The Strategic Highway Research Program)
NWUIT NIUNUIUINTFIUAINNR

- = = wa 1 o o = = = wa
daiUSeuiiisuamantfsnne duannsguduandlunisnd 4.3 (mslssuiisuamuauds
ANAINNANITNAADUKALANNINTFIY) WU TanuaailadTiuuingn AC 60-70 fifldrunay
o393 loAaludnsnfesas 11 dadnuatunsatunisvinula (Workability) #iga Tunis
i dagUiimaneaiiainaeunin lngvinisuauwuusou
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5.2

5.3

wadnafnABUNSA

=

a I = s . 1 ! a [ 1
ilaiasanANafeININASHYa (Marshall Stability) WU AnatissnInunsuyavasdIupay
fensslafatiarunnineailandiuudsssun dukansiinsnanensslafa ielvieaila
a a A < £ A4 a ! '
AnARUNINTAMULTITNTY TuvasAillafiansanaInisiaa (Marshall Flow) wudinis
Hane19sleAativannsideUvesieailafinmounsailognuminunnseyinla
WewSeuisuaaudRaie AUANINTFIUAINTATUA YDINTUNWUAITUUN (UNY.(M)
607) WAZNIUNIMIANNUT NndIukauiiaEunaeiidmuanUsens
= = a | a a o § v i v oA o |
Weananenssluda addudiunanueailainneunin vilienlugdafudivesdiunauueaila
a N A a & A = =~ Y s 3
AnABUNIAIlANgNNBITUUsEIM 14.60% WalUSeuiiguiuleailadduudsssum
Weananensslfa asludiunauneailafinaounsn arunsatieiuauantRr1IAUAIUIY
Y94N19LAN30988 (Rutting resistance) Uszanal 15-20% lunsalnausnssleida Woifiguiv
woailadduufs T
dmsuneailafnpeuniniilidunauvesesslufaludnsdusoesay 11 wull a1unsadneny
nsldauvesnuy 1.6 witly Welilsuiukeailanguuisssun

ANSNAITUINUNSR UL DIAY

WeRansantgisauy 1 Alawms (10,000 §15.4.) Wu31 NSkenss boda 11% a11150939an
AuunaentIaIan 20 U lauseana 4,563,387.3 vn/nal.
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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 s a, 1 =
madviminssules) pugImanssumans ummeraemaluladsivuipanszuns nn.
* mdvramnssules) passdmnssumans ao1umaluladwszeeunaniinammisarnnszs nva.

UNARED

unauiinaueauantinidanssuvosuoaiadvin
AC60/70 fildfuagnaunsnarglunisyiianiansies lasnns
ﬂ%’uﬂ@a@mmwﬁwmswauﬁqmawwsmismwa (Natural rubber)
Wav8195aeuALAT (crumb rubber) ludasdiunauiiuanaieiu
ileidenquantivesiandouuszau (Binder Test) 7inign
ihlunaufusnanuiteAnwanaifsne veseailainasundn
TaeNan1snaaoy WUl nswanenanslusnsidau Sesas 6
LAYHIBNTOBURLUERIIEIU Soay 11 astugnueailanyinln
auauiinisimnssuvesiagdoutsrauiifian uazidewaun
nadauRuanUANIIfINIINveweailadaaunIn Wudl A
Marshall stability fiAfisduuazAn Marshall Flow anas Ing
LLaaiNaﬁﬂﬂ@uﬂ%‘m’?‘iﬁmw%’uﬂgaﬁaanmﬁmwwwmaammﬁ uay
919508UALAT TAufumuNSIAnsetdenniy 22 % uaz 18
% musdudiedisutivenaeaiiad 60/70 weailafnaeunindid
NFUSUUTHNENITANE NN TITTTNY ALAZE19TABUAN AL
FruvunsALENNNTY 2.06 uay 1.59 wh sudisudlediou
fuensueailad 60/70

AdnAny: AuauTRLeailad/ wealladusuueamnin/ i
ENNITV 8NTOLUA

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 uwaznsysazusuupanwanenisiedu
duniwomistausamalnglufunisauueuvudntnis
yudiAL uaznIsudsdudn LilesesFunsveeiImaLAsYgAe
wazAuiunsesUsEna Tnsmnudemeiiinfuaemsiidnlyi
Tnuanluszezvilnuoiglvveamslinu Famhsnuiiquanuu
fianwdnduilavdesuuss deunwn vieneaddlallvidanin
nsldiifogiane daunailunisnan Mixed Asphalt Tuilagiu
finnsld Bitumen 1 ussduszneundnlunisifiunsiniziives
Mixed Asphalt wagliaiumila (Viscosity) 989 Mixed Asphalt
dwsunistdaulunisneasnens Bitumen Junandnainnis
ndusutlesdenddutiegiunathiuinsfuiuegisioides
warUTinaihifuiindesgarnnisdisralasniinisanasedng
590137 1agus189 Peak - Oil Report fifinsingunseoeng
wninanoldfinisamnisaidssduintululanaseglugngean
Tutaedl w.a. 2553 (A.1.2010) uazndraniuasiinisanasetis
sorosmunssitisssuninenaisiuiviulanssunadud wa.
2593

Felumaiuniag uagszuuialugimesuesnsiamuneeig
Fefudnduiezdosmmiadendulunisandndiunislifag
Bitumen TuestsznauvesansBawilen (Binden) Tngluauidei
M1 [1-4] TefnsBuiamuninisldososudildannssloda
(Recycled Rubber) wagenaw191555891% (Natural Rubber) 191
uuTanmawniludinesnsld Bitumen Tasflnuidelusu
fsnaradunsiimundiusanluguuuy Rubberized Mix daidu
nsldenasnsudildudanrinunssuiunsdanseiliduneens
Turuafiisngay (unaifieau Filler Materia) %3o81ew1sn
s3suf Wudunanluguuuu Wet - Mix wienausulnensaiu
Saqusvauludumeunisuay Mixed Asphalt TagUsslemivasnis
Idens3ladaniosnamasssuniuenmiieainnisandnaiunis
14 Bitumen  uddadunsifivnauninianidlugiunisansediv
9930980 (Rutting) #38NTNIAFIVEIRIMNG WagliiuAMUNIL
yosRWNIragMTiTigs

a8



1.2 Imguszadd

1.2.1 numaunuide unau wazienansiiiieadesdy
nsAnwlaglitaneranissssuviiniessslafa naudu
woailad

122 Wiefnwinssudsimngaslunswanaguiamalagld
dunaneSlefaniosmn eI

1.2.3 ilennasuguantaidimnssuvesfandonuszaiu
(Binder) n¥aurtszydndiufinzaniiaalunanay

1.2.4 iilonasouquanTAidimnssuves Taqueailafinaeu
N3ATNTUSUUIRENISANE NI TIU Rkazen s leAa

2. NUNINIUIY UNAIY Laztandnsiinga9a9
2.1 wAseveedagyiian il taausanluguuuvendslaia

Dhalaan waz Noureldin, 2535 ( Wﬁwwﬁnmﬁﬂﬂwamaé
mﬂiuﬂinﬂmawmmLLaaWamLmum \ioannsideaniunmues
Amaflgumgiige Fudutigmildetululssmangiensaie
Imalsi’ﬂwamas 2 vila o wodleafiau (polyethylene) 7% weufiu
woailad@uus 3andn Tulailad (Novophalt) wazldala3udany
Indulndwmes (Styrene Butadiene Polymer) 5% wauiuuoailad
Fauwd 3undn Strelf Anwan1sAnwluiesujuinisnudn nd
wastrglunisuiulsauautfvesusailandiuud vialvian
wazyngaufa (
Softening point) g4I UALINKANITANYINIAAUILNUTY HINNS

Penetration  amas A1AIUNLA (Viscosity)
meueailadnauninilduealad@wuinuiuusenaeaudicnae
Tndwesuamaziduanimiilosninnisiiniesds (Rutting) tessnn

2.2 WAevesiagydailtaiusauluguuve19mn T
FITUYIE

Fernando @ Nodara ,2512 (7) laveaesUiuusiaud
weailasiethenssssumi fe 1th srsan therrurioueuluis
¢ thendusiauenluifios uagmaiiens snsn 2 - 4% lu
woadlad AC 80/100 wUU Hot - Mix Asphalt Tnenaswutiiens
sysufasiuei
paoaia1 Wt weatedudetu (Auninstu anas) ATOUA?
99U wiirn1sBais (ductility) anas

an1tuidvenssindvanidumalulagnszasuinaniinm
nisaransed ladnwn Yulpsandivesuweailanlagldsauiu
grasssumdviane q meilileswinniswauueailasfuiensi
s Wadymizeseuasiindumiiuinnluvaedy Jeldvihnns
NADINANY N SUATUERTIA19Y Auneailan Tngireauny
suatusuafunaiuiu 10wl udarunaniv weailas (AC
60/70) Tusns1 49%,5%,6% way 7 % Wuﬂﬁﬂmamﬁaﬁuaﬁa@ﬁam
Ussanusinsnnsgiusine Tagvhmsvadeu auwdvdu gaonulw
QUERLIR fﬂuﬁfﬂﬁqiylﬁﬂﬂLﬁ@iﬁmm%fau wagnisazanslulag
Aaslsloiidy

uzapeNdgamgll 300 - 325 F uasiinisau

3. A8n1sAnEN

Tuswideiiuszneulddronisinuingn 2 Junoude nns
naaounuaNtAvosTandonyszau (Binder Test)
nadevdfidudiunauvosuoailafinrounin (Mix Test) Tned
nsTUIUNSRaE

3.1 miwmaammammamaﬂwamﬂsvmu (Binder Test)
mmmmmumﬂumﬂa laofifngUszasd LwaLaamamsuau
1Jizmuwmmauummqmmmﬂsswwqm NIOMNIZANADNT
ilunaufunasu fuandlunsed 3.1

& NI

715199 3.1 MvadeuAnauTRvesTanYeanysza (Binder Test)

Gl NINATBY 119551

1 Penetration Test ASTM D 5

2 Softening Point Test ASTM D 36

3 Flash point Test ASTM D 92

. 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 maveaeuduiifudunaiveeaitafinnouninms

wnsgruiiduaina laefifngusyasd isiufouiisuamuanta
A9 vesueailainAaunInluufaziogsilanaaIndunaun 1
fanandlunsned 3.2

= a ¢ wa 9 a =
M13719N 3.2 ﬂ’li?lLﬂi’]%%ﬂmﬁmuw%@ﬁﬂ@LLﬂﬂ%a(ﬂﬂﬂ@uﬂi(ﬂ

a191U N1INAFOU 1INIZIU
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
a4 ] BS DD ABF:1995
Testing (ITFT)
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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.

niioud (Softening Point)
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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 4.8 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.

57



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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