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ABSTRACT

Transportation is an important factor in the development of a country. The
transport mode that is easy to access is in area transport the increasing in road usang
due to increasing road traffic caused nationwide demage the higshway pavement. One
way of controlling pavement damage is to use Natural Rubber Latex (NRL) km,m,hhto
improve the Engineering properties of Asphalt Cement (AC). This study set out to find
the maximum natural rubber latex content that can be mixed with asphalt cement
with the resulting enhancement of the mixed binder. This research was divided in
three parts. The first part was the test of AC mixed with Natural Rubber Latex various
combination ratio of AC to NRL 100:0 95:5 90:10 85:15 and 80:20 Penetration
Softening Point Resistance to Stripping of Aggregates Binder Ductility Flash point
Marshall Stability and Skid Resistance tests showed that the ratio AC: NRL of 90:10
gave the optimum value for these test results. The Second part tests involved the
testing of Reycled Asphalt Pavement (RAP). The unaxial compressive strength testing
were conducted for a mix this RAP and Natural Rubber Latex 5 10 and 15 percent by
weight and Portland cement 3 5 and 7 percent by weight of RAP. Result from the
laboratory test showed that the combination of 5 percent Natural Rubber Latex and
7 percent cement gave unaxial compressive strength and California Bearing Raio were
hightest values of 23.89 ksc and 42%, respectively. The third part was about
conducting test in-situ on the pilot higshway pavement and coring of samples for

laboratory testing. The tests showed that both the pavement with 5 and 10% NRL



(7)

contents could take a load of 20 ton per square meter, the skid reistance value and
result of Marshall Stability test of the cored samples showed that they met the
requirement of Thailand Department of Highways. The optimal ratio of AC to NRL
that gave the best result was 90:10, in other word, the maximum amount of NRL that

Can be added was 10 percent.
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Han5a3entiu, 2559)
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Ny ilvinisudaueailadvesgusenaunsludsemalnedidunuings senauiuns
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wardeldfinisduiunisiusgrnnTedauiesnndalildiunissensuluduamnin uaz
fussneumisesasuislumsfndaadoma
nsUSuUsIaunnneaiagfitinduaildlnilunisadeauudienisuaninens
sssud Jadulemaniafiegiliifusznounsuazesdninmasgiulalununmveneadiad
Andnld lnonsmaaeunisnaunazinnaantiniag Wy Missawnufor (Unconfined
Compressive Strength, UCS) wazawnanedidesuudasly (California Bearing Ratio, CBR)
PILLATFIUTINTINIMAN Tsndfeiuennnasdislunisanalddevesingvudads
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Preantymaundenludiusiie annszuiunisianueailadnouninlddndae ddasenns
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tnduanldlnadlunisneatisouy ensuiuussnuninvesueaiadfiinnduulding
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woafladfiinduuldlng wazyuBumdndadiunisaan 3% fa 7% vesnsusailadinnis
T9A1 Compaction A1 UCS wazA1 CBR AIUUIATFINVBINTUN VAN INNANITIATIENIY
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Sm3rdrunussundnesiile (California Bearing Ratio, CBR) wazi1d98n (Unconfined
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Nuideililunisfnynisldinenamsusulgnuninveseaneailad AC 60/70
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2.1 g79Nn131

v
o a a ! o

3 D22 o & . . aa
EJ’]QW'Wi’]LUUhJEJUG]Uﬁ’]EJWUﬁ Hevea Brasiliensis llﬂ‘Llﬂ’lLu@UiL’JMﬁM‘UW@LN%QUI‘U

q

1%
o

ivounld @Erinnunisiaunsidonsinens, 2562) Feiagiladuiieandurdun

g19NNFIMSUUNTTT 2 Useinneadl

2.1.1 U189
PYg19aninsaleiaiunanvaainuszain 60% vastnensannisuintuldauiuazdu
Wasaanlganelunisvudsdsandsuraiiadlaenisinluniunssuiunistdumilewiioan
UsuraudnaulaUsunanitegnawiaussunad 60% va9UrntnsenInuie1ady Ungnedudl
a'auﬂizﬂausuaami%uw%égﬂéaaﬁmaléﬂ,mL%aLL:UﬂﬁL%ﬂv‘fﬂﬁﬁwmagwﬁﬁumﬁuﬁaﬁm'ﬂ%’
A a H A W H 9 P Y a ~
arswaulutdetfuasiuiiensamiiasnwaninuesinestulil surunistdusunaweuluile
0.2% 13831 Low Ammonia Latex (LA latex) n1slguSuauonlutile 0.70% L3841 High

Ammonia Latex (HA latex) (ysys333 U5avie, 25530)

2.1.2 919UH9

grausialdannmsihiheoanunifiudensaerdinasviliiensdusduseundauen
ponantniluinlanudusenanidesnwdriluyiliukadusuuuusine dail

1) grausiy ndsnthenslusaldanudusenainidesnadinsinlienuilaenis
WlanuanaviensenniadeulaanutuEunesiléin srsukultsuatu (Air Dried Sheet,
ADS) uadnismavilienauslnethlusuaiuitgamai 60 °C fa 70°C TnanUsvanm 2-3
Fu nauseiilaisondtenauausuaiy (Ribbed Smoked Sheet, RSS)

2) 919uris Tpgnsiherauwdnduieudn 4 vum 2-3 mm dhludrsuazeuliuis

meamesauin ludaduwiannsgiuwuin 330x670x170 mm
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gransnduiinasughafiddnvesusemalneinandne1snis §1uau 3,500,000
U 1Awsed Wunananiienisdioan 86% waldnielulszmeiios 14% @1ing129as7,
2555) MnUSinansdsesniigadsfeaiianinsldonmnsuussuidunde fauslusisUssma
FamnuspsnsldermnsmhluuussiluisUssmaanasdadamanssnusion1sdioones 9
FeiulusvezemFamsiinsduaiunslindnsusieondulssmalinniu Wesnsedunaily
urUszmagdsoonssnnelgfigauedlan uardsaiunisamuneluussma wieidy
msnszduiAsugialuniongfuse 1538 uazAnuiluzesnisaianuuaingismsvde
angueailadiauessTIITRdmiumMsainuy fafunisfnud Jefnwanudululsd
athenansanldlunsieatioudluduresiuionsfandulsslevdlusnsgnamnssy
foa¥e wazgnavnIIINEns wastiatuayuliannisldormnsilussma Wielfuyas
TiAvgrmsisinanne Wudnuummilslumsdisiummadiomdeinyasnslne
uananieuiildannmesiamfannisnaiing1n ansofiaziievealfifnuselowse
YUYW INLAIUNIG NTENTWNITANUIAY NTENTINNYATHALANNTAL LNAUID BIANITUTINT
dudmin waresdnmsuimsdiusiiua dslussezenavduaiilvigusuannsonoains ua
Ungesnumslaegnadinnnsgu
Nnuantivessmnsudunedwesvianisianansathuldlunsusulgeauda
yosnnoatladildlunumiliitunnnsinvimeda wazrdamdiumauermisiuegns
woailadreuninfimnzaunuiimsldonusiusuaiunau g aueaiadiiousul gsautfves
ganoailast luuTuiu 6% vesminueaiadidusnsumnzauiigaidesaini Arqnseus
ANNISAUNAUAIAT Toughness A1 Tenacity AMAIILULA LagA1 Penetration Index qa%u?fq
Aruautinmnssuwaiuandfifuiouuiauuusuarammunuisduuenand
nsldhestuansanandudoiertueaiiafldfiniinisldorsudusuafulagdn
druwanihenduiimnzaulunmswaueailadlulsnunauiadldnunnouuiosnm 5%
Yoaliesuanetminueaiad (351050l v35lvena, 2549) YagUuussnelnglaiinig
fauuamadiuasugiauardinumniumsauunautuddia i dyrasiinseiediun
Tnstanzauuiuladendnvasnisauuey wazdnnulgiauuinnisdigadeniaisonia
Unf nsldnamsunaniuneailadnouninistiodiuauudussidufmeannsald
mulfeundufiiunsitedediensmissssuridaiududmianisnuasiisn
ansnanliusleviiaduFosiundnwiluegnsds amniannsoanalddrelunisdounas

Urgadnwanuniauiuidadunsiuvsinalunisldosmsnielulsananniulagluus



axUnuiUszmalnedvsunaunisldueailasrouninlnondsusyana 839,400 fiu wnilnns
g swasluieailadaouninunldusylevilununoaimsasdountisesnwanu wu
wintihersnsunldnauneailadnouninlusnsidiu 5% vesenueaitagozaiuisasiili
WAansldenannslalidesninlagUseunu 40,000 au (WsAng Useneuiaed, 2546) An

W 11.43% 999U5u104N1SHARE1991971

2.2 gnanwaanan

(% ' '
o U 14 = v wva a

AamaduiavuaavestunieniuiminaindesunvusSwesldianilnuaudi v

q 9

WUILTS MU @LNTaSURTIASY NInseynedtunielan TaaTildvinlaun fu Faimiunde

q
v

Tnoil sraweailadiduddoudnszniradinfiunaztesfuirduasglifionedelfinany
Hevesiolassadremld woadladiindnd miumumaiuiivaresialunisilld Fueeiy
anmeIINE ALY anwndonaluusesiudl warisnmsiluldaulaeuudlfdu
2 Uszlanae woailandiuus (Asphalt Cement) wazieaiafnuininan (Liquid Asphalt)
woaflad@uufifutanildannszurunisnduinduiinsulnuauiBaussvuniuae
dmsui Ul 5 szuv Ao

1) Penetration Grade n1suiunsavesweailadfuudildannisnduiifulnenss
Tneldieniléannnisnaaay Penetration W AC 60/70

2) Viscosity Grade n15wUsnsaweailad@iuudlaeldan Absolute Viscosity 7i
gaumgdl 60 °C Gaflsnirendu 100 Poises

3) AR Viscosity Grade N15wUatn3nvauoailandiuuiniy Absolute Viscosity
9ol 60 °C vasfegaaaladdiuudndsaniiiiunszuuns Rolling Thin Film Oven
Test Mswvansalaglddadnunl AR audiean Absolute Viscosity 7 60 °C Tnsinthedy
Poises

4) Performance Grade N15UWULNTAYDILDANAATLUUANINTZUU SUPPERPAVE
(Superior Performing Asphalt Pavement) lagfinvuaf1gumngladgn uazAgaiuoaiad
fenalinuaudinianienmaiudemiinunel Performance Grade voduaailas (Fu3uns
Wena, 2549)

woaanyianan (Liquid Asphalt) laannnsuauleadlad@uuddvaisazaiy
(Solvents) fidnwazmadfigungiund annsautsnudnvazvesasazaigld 2 Ussian

1Y

D!



2.2.1 greAnuuaLaanan
Huwoatladdunsinautuasarasfifumiduriaie Snuagdumaiuogiv
$lA783 Penetration Grade vasuoalandmuudiiiumay a1315ausnNUTEANALSRT)
nssewmela 3 viinAe
1) ¥fiaudaf53 (Rapid Curing, RO) Wuussinniissimels laanisldens
woaias AC60/70 Wauiu Naphtha (Gasoline) Faududifuiissmediramunzdmniuau
Tact coat kagd1u Surface Treatment
2) ¥iaudedndauiunans (Medium Curing, MO) ussaniildiaanlunis
sewpUunaslaeldensueaian AC60/70 wauiu Kerosene 14914 Prime Coat
3) wfinudasd (Slowing Curing, SO) Wuussinildszozinansemedlagld
enaneailas AC60/70 manAutntiumein 1w Diesel Fuel Ol (335 99R81UWNAA, 2560)

o/

2.2.2 g1anaanandatu

=

Juueailasdumsiigniliunndudueyniadng nszaigeglutid Emulsifier
wauogidntos Tneviiluiiuoailaduanoy 60% A 65% et mdndmiu Emulsified
Asphalt anunsaudsesntalu 3 viinfe

1) wiaudaiusy (Rapid Setting, RS) fidnuwaizudaiusufloduiasuiu Tnld
WuasuuLaTmlayllfDINa

2) gilaudadiuiunals (Medium Setting, MS) flanweaigudadiatias auise
ilUnauaTIe U e S LTy

3) aflaud st (Slow Setting, SS) fidnwazwdesdiun wunsfiagldau

NALAUNIATINALLDEA

2.2.3 Ya31nvadgnaaanan

weailadivadnfnlilogmniigeasiinn13eeudl Lazlilegumnginiaziianisuaning
dusuauuiiveueailadnaunin Ransaziinnistizaiinitunfdmansenudeaildaiy
lunsgeutizamaniaiy dulvgdnvaganudemennuaziidnvagaadeluil

1) Aaewand1a (Crack) finan Ranuwdausglifinuiangu Weiluimin

PNYIUNNULATLIING RIN1938RnANAT (Fatigue) ilARINISUANGT?
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2) Bamuby Bleeding innnfimiawoaiiadaounialdsuguuaiguds
woailadlufiydianuviamivasenuifoviwihlsinedy

3) Rmavan (Reveling) iin1nn1sdnnieuvesianazidenaiiiamailosain
M3nzneveIdesuN U TanduazBenrgasouduiiuTanuiaeulualii

1 i

4) FAneingesds (Rutting) AnannRinieduliiiuaidussvinnaaudfanig

Y

Banguillogunvugisiuaziinsesdauwndouawivimueailasrouninazgudniu

594

'
a o =

nanmdeiinvesueaiiadiommngiias wazgamgiaidalainisusuugmmnim

Y

a

voaueaflandiuud deiinareisfdenlilasnisimedwefuinaniuueailandaionii
weaiannauiuatsnediues (Polymer Modified Asphalt) #50138n31 PMA dwisunediues
Aldmusssualagldosmsihnsaniuueaiadifie Ul jnuauifvessaueaiadlia
Juilosanenasssuridauantfidnadd Sanuudusmudeusaialdas dnsfui woe

nszaoulid a1u1sadndineuniald nuren1sdnuiad uwagldaungamgianilad wigis

Y

aca v

sysuyAniidelde luinuniusegamgiias wasthdiutlnsdey Aluulaiinsfnyidenisly

g19M5USTUUTIRn muealadiieliunuan URvesaaiiadd msuumssialy

2.3 nsldgrenwsnludiunausoaiadasuninluanuiionig
n1slderamisaniuuweaiiadaeunindmiunuiinslasuiinisldnussme
3 ¢ < a A o a o [ o
wiseswausidumausnlulaniiiengssssundluguenmauaslugraugnasdmiuii
auuatnglusEmalsaswauniiet w.ea. 2492 lulssinasulaili@unuinfamedongnis
TFnuuurudsenduazess wazanaildanglunisiiseshwauuidatinisnaasniluly
Tunundumsdmsunismeasuluysemaansgawsninuitiiauulidsundasiuniy
QUMQINYDIDINIA haEVUNIUFBNITANNTBUIMNHUBAMEaT W.a. 2517 UsenaAsuide 1
lnganiiidvensduielnsiudlonumhenuneaivauuvesigiama laneaeddeaeney
HANUUIENAABNTIAIU 2% YBIUMUNY1NNEADY A1ANUEITENINLITRMSINUATY Uazla
Y [ a o = a [ ! 2 [
Wiy Wuszegn1alssana 1 Alawnslagyiniseuiisudiunisneaineniseauznoy
FITUAMUTINUUNAINUEABYTITUANDILRNNNTEELLIAT 5 T dIuauUaInfIgeNznoy
naufuinevanauisalduliuiuds 14 U laslddesinisdeuusuauuay (%0 gassn

U3, 2548) dnsulseinagyuinsldunssssumnanensusnes iouuainesiiolesiu

Arnuuduwarlesiunisudsi vesiinuuludiggeinanunda dwmsuuszmelne lud
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fa o/

w.f. 2543 Audideeasiiunsldensusnes 700 Ansnaumieue1esssuyAvatudy

60% VPIUNNUNEN9ULABEIUBATULDYNIT 2.5% VDIUINTN kazNauuItune 3% 194

a

hwiinensugaes letasanarumiavnzdusaenosinlufilifoufigumndvszaa 160
°C wnsmduRanis lwlifeadudiugnamnssuens wazan1duideenssiuivanidu
WAlLlAENTZAUNANTIAUNNITAINNTTTILALNTUN NG LFNARDINANFIDE1 VBB
woatlas 60/70 fugramsaiince 9 wuiensweailasfinauseiensnslusnsdiu 2%
09 6% suaqt?mﬂfﬂEJNLLaa‘Wafﬁmmmﬂ%’uﬂqa@mmwawLLaa‘Wamﬂﬁqa%ﬂﬁuaz@mauﬂ’ﬁmm
gauaiiaffinautihenmnsduausoiunnsgus e vuaves wen.851-2532 lavd

' Y

AYABBURT (Softening Point) qthsmLLaaﬁafﬁUﬂaLLas‘wmfwmnéu@fm’%aamaaummaq
auugstusansliifuiouuiauamuieiognisldnusnunidu @ntuidees, 2543)
Tul 2544 29ANTAIULILATINITAITH N1TATNOUUAIVYNULABUNALLNNITIHIN
i3 4 wns 917 520 WiRg neafumsluvinudiinemue duatianans Adunedenans
Fmiunsaisssnne fenisyaaoniiunuudueenudasiiuagniun 15 wufiluns ning
4.20 wAs SsesLznpsrlatmaNs1nnslusaTE 5.5% Tase1unonudvinag
yaWUUIRaUAInUL 2 U (Double Surface) s¥1i19d w.a. 2568 — 2550 l#finsadrenuy
§19UEABENANENNITINETUNUIBNUNTIIVINITNEAT 34 UAILAZIUUAISITUTLEEN
1,200 AT WUIIAUUANENTANUAMURBNITAATEEE kazliengn1sidaueIuIunid
auugaznosyilanAn stenkTNT s wauldTasnaneiuduun savaduuiino
nstdenngludseina Yag 40,000 A (Nqug1 Lnans wag v1sll dstanasimuny, 2557)

aquns o397 (2524) [EFnwinadinanusaeriousdou (Reflective Crack) Tufianig
AC TfuuuiamisaeunInanmsAnymumsiiniasesuanduiiudiusesunnvessesse
LazIaBuANT19Es Taunnainnnadeudalunulfsrisiuseninausiuasunindifniunse
sevssanunn uarn1nadeudiluuuiuewAniinnsasunUasgunnd uarautuidle
nagouldioailannounInNaNE1sTINYIRAINNTDAANITLANS1IUDEAY

Aais ana¥mi (2545) Iinanasuifafuueailaduan s nildviinismaasdlu
UszinalnglunisussyudunuiZeosnaianisifmulasldueailaduanstamisiag
AUEITYe AU TINAUNTUN1MEL I

6

1. 9MSIEIUNANLY 2% D49 3 % Yp9819wpadannueIkadaiantneuInniie

' v
al 1 v A

wonazLiunuA e ueailadna1 Felyndeuiingumniigeluis 60°C uagliunni1iile

9 9

[
=

UUNNAINTT -5°C danunilendanizanasiulanvy willnuvilaannTudsnesiuainy
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Sounnnninund 10°C dieldsunsiindrunauvesesliunnnit 3% wWediesldensdiunay
aSadgmiupsosdinsnaieailad Lazidesinsadisauums Uil Tifinty

2. Tun15USuU RN MBI eailadn I8N 1SHALE19INUINE19ETTUYIRANTIE
éi’qmewamiuawﬁiimmﬂﬁumamuLLaaWamwmwmﬂmma’mammauwqmaqaqmﬁa
gnsivluguenausts uazenaiiuussudundnfasindidy srnsasudnieqailonuadiuly
druvashenmsiunuiniesananiniesty Sdulsemaduiielduusililaiensan
naufveweailadusinginluiidaynilun1sufua annsneasnanlagdininsisnive
Larimuaune nsumaareilululuviuesforfudiunauilddauvanauninldons
waaNane9eenaie

3. Yasduddnlunmsuauuoaiiadfuenmis Ae amudeu waznaildlunsnaui

£

grevsesiuldonmall waviianlunnausnIeRNEandasin1sHauliis vy Uuiy

q

(Blending) uaiin1siasulassasramaaiilevinliaudfvesuoailanldsulutslausauues
nmsldinesanfelideuiindunulunisuussulviluihensdunioiliduesurufwdidn
favmawuaammamnmmmmaﬂuLmaﬁwamma Alidfidgmiiddy fe Usunaildidntdes

1%
'

e 3% vosesweatiadiviniu uenaniunisiftheginnyinliiAnresnnuagyinnismay
o1afidrutelfnsuaudfuRBy

nayan1sfnwmaaesiinaIlsngedruaudaiueailaddiuug uazueailas
pounn dafldiunareseansmienssiued danaudAfatunaeyssnndledioui
grauaailan@iuudingn 60/70 Uni lngldunnsgiun1svnaesuesnsunievals wagawing 99
Iduogluszninadormuavoweaitaiuuund na-1.408/2536 warweailadUszans via-u.
408/2536 anandATlandureseaLoailadnaus1anTIvIes s sTNvAidlafisutiugg
woaian@iuug 1nsa 60/70 Un@ wudnll 6 Ysznishaun

1. faruudanntu nnanadeumsanvesiuiitosas

2. \guvisesoumlatogniniy MNHANAFUA1QMNYNETY

v
=

3. dANUEAngURNINAINHANAFUAIAINEARINLINTY
4. fianuwmilearon1sveanealavaniilanuin
5. {inauilen (Toughness / Tenacity) Tunistiadafunn

6. TANUMTeMUALILRaULAGRLIN
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31NN1511819TTUYIR Y308 NNITWINANTUEIkeaTAdLNTA AC 60/70 1ing
yurumsnanueaiiadnouninlneldinainidnisvesgudainameamwaniiligisndudouan
naaesyaInianis lngdszidiuainnisgunaasuiuiiegislagiBuniuea nausngin
ueailaireunIndelldiunanvesssssnddanatesamgannluvusiidmaaeudu 4 g
lunaEimuaumNInsEILkeaadnaunInNTa 60/70 Uni

215fnA nunynaty (2545) leAnwnisliiavenssasudinnanyiuussanmueens
weatlarlnsninindossundunsudmaniuorueaiadinluiinseiquantituiiugu
NATUIAINTTUVRIY DA AAN AUV 1R IINUALUIN N THANTEN IS AL 819
weailas negeunuanTRvesTanNANMINNINTIIUNTUN A WEMTUNS IS UYRInUNAIN
MsnageUNUIiINANA MBIy Aavnafisaussynuunaniinidldedstinuiaandeei
AntuuazshlfouuilongemiuBnuaswhdusdesnamduiitestanasguudazeinue
gosndlumsthdesnanuadunsfonausseaiiadiumnesdiauautfurassiinvesdoll
wileuruyiligaauiRvesnsueailadfinauiussenasiisiy

Lavansiri and Phromsorn (2005) l&Anuin1susutssauninusuaailadieiens
53509 F3namaaeulngld srawoailad AC 60/70 waufuieamnTsinweuluiieg
Faus 1% 89 13 % Insindnvoseailadtmudidelunausuianeuiilunaaeud
Flexibility A Stability mﬁlé’qqndwﬂ'wﬁléfmﬂLLaa‘Waﬁﬂauﬂ%ﬁlﬁwamﬁwwmswﬁm%’u
USinndunaniivangauiigalaglithenmns 9% lnstminvesensueadtas

uAs Wwyanaay (2555) lianwinisneasieulamaasuneailadaaunInunay
gINITIVTINNINAIN MANELaY 305 03ATNY - WATWIEN NUL51+750 — N¥.53+750 RT
uwawampaouilu 2 diw @il 1 nadouRivnaueaiiad 60/70 KaNENNNT) 5% dudl 2

£ |

AUARARUFIAIAIUATUNIUABAIUAIAIAUAUNIUBUT IR Bl uTaUf URNS
INNTNARBINUIN NAFBUANADYTAN AUQRAAUAIAIAINATUNIUABAINAIAIAIY
AUMNURBLIIRIN NS RNYBLRATIAaRNaNE 19N TIgeNILeaTladUNR AlAHAUNIUNISIEY
sUanstesnitenieailaduninaznismaasddunlameasuluszeziign 3 e uag 6
Fou nsumaviaslimaaoua auudauss mnuiFey Amnusumunsauloauaznisiin
sesdearnnisldindesile Falling Weight Deflectometer \A304 Laser Prolometer 1A383

Skid Resistance Tester UazLATOMAGDU Pavement Rutting Tester NaAINNISNAABUNUI
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wwldunisiinsesdevesiimaieaiiadnsuninnaeinsdesnimimaeaiiadnounin
Un#

Hogentogler (1938) a5ung31n1susulgeRnautivesdudunisinliduniy
sysumRsiemasnsolumssudwinldituuasnuniusionisinuse Tng3snsusuuzien
Humsuadaliuiurionsldasnauiivaslufu

Winerkorn (1955) a5u1en15USuljeaaandfivesiulagn1siie1isnisnieniu
#and waziadunlduaufuuieusugrulilnuadiifdmiunuduimnss

Kennedy and Oleson (1987) 141911 Mixed In-Place Recycling I@EJW‘IJ‘LA‘%L&JW? hae
FanduduasnauivaFuthunldondud 1984 Tuussnasanguy

Vichitcholchai and Panmai (2012) fnwin1susulsanuninveuaailaddmsunis
adauunasneIgnsiduresauy nsldlndweiaaulasieailad (polymer modified
asphalt, PMA) 1un1sufudgsaaunnsensnaulnaluesdeenssssumdulndimesi
thaulafiannsaldauldeddivszansnmlnnnauifnuresnssssuwine danuades
Bavgu uazAmFLYLEoAMAY (Fatigue resistance) Tnelunuddedld@nudngdud
wanzanvesuaailad wazersiannsanandrunaslinugaauTindivue sinsinsed
@mmwmamaaﬁaﬁﬁlﬁﬂizﬂau A18 softening point, penetration index, ductility,
torsional recovery, toughness-tenacity Wag viscosity wudwﬁdauwamaamawwanﬁu 6%
vosenauaailad IaunnvesesweailadifaaiiomludeassounilldTanfidiunauily
ﬂ’mllLL%QLLNQGE‘?’]M%'UVﬂ"lﬂi’m%ﬁ@%@ﬁﬂ’]\‘lLL@ﬁWﬁﬁﬁg&ﬁﬁulﬂﬁﬂﬁLﬁ@ﬂ@%?ﬁaﬂﬂimﬁmﬁu
dusznauvenauveulunsndnueailanaaunin

Tuntiworawit and Lavansiri (2005) ¥I1A15@N ¥ nadeuAMENURANIIAINTTUYE
woailadiuud uazwoatiadnoundniinauiuerssssuralusuresihenstu Tnewlunism
dadrufimuzauvesnisfindiendulunssviuniswan MilklFueaiiadenssssuei
(Natural Rubber Asphalt, NRA) 91nn156au AC 60/70 furhensdusiauenludoaiy
\uuas (High Ammonia, HA) 7 1% 89 13% Imﬁmﬁfﬂi’mLLasﬁwmsmauﬁUﬁuguLﬁamﬁm
Husegaueaiiadaounin nanismaassmuin NRA AldlauauTAdiansudia 10y
madeniidnamnsaldnandueailadduudiosanessssunadegunlulszmenas
wnganflfiduansfudmiunshauuduasyiliifiuanudandu mnuaies uavegnis

Tguvesnuu Fanuddeillanuinn 9% lnedmingin wendulinanisfinuiafiae
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Xiao and Amirkhanian (2007) Ainwin1siaiuiauaud® Rutting resistance ¥a33a0
woaladauninnauesdmiuldiduianlunsadrsouuifinmsuanweaiadiimng iy
(Reclaimed Asphalt Pavement, RAP) tludsddgjlunisnszdunislifanueailadaeunin
wemee Tuafnnsld RAP Idunsfigatinudrinelivsnda uitiymawandon uaxd
warensiiuAaELTR Rutting resistance Yasdunanuaailasn N5l Tanueailadnauensld
Uszaumnudusalunsimunuantfdena 1w Rutting resistance vesdiunauwaailas
fugndlagnisnaaeunulusinsuvenisuuinissienisesnwuunmaaedildens 2 yia
foe19findnainaning Ambient uaz cryogenically produced HUTUNaIEIUNANENN 4 A
wagldsdoniduiu 3 slauanismnaosmuii RAP uazsgosiduiuly HMA a1unsa
UFuusnnuantf Rutting resistance 1ol

[%

598 Ja50¢ (2556) levinsfinyinisusulssiameseaiiadiignaseaniameiy

Y
thnduanldaulnl Taeldfnwnsufuusnunmvesianfiunanduudduiunaiudize
nduinldlminanfneailadreuninduiinduultlmiseyudumd Welwldaidssn
unuiiganudesnisiaelifiuagniuudfiunadunaniinisuoaiiadaouninifud
yhnsAnssuiidamdiunan 3 Snadlduddnsdiunan 3 so 1 Snsrdrunay 1 s 1
wardasidunan 1 e 3 Tasdsuuiinayuiumdlugag 2% fv 6% vesimidniani
weailadt anuani1sfnwnuinslivinauiuuduarnslisasdussrinaimingy
YuBiuud THSmanudundfiidssussaumideasinfunnusemsegidlsinunuiinis
Tdnsrdussviaimdniuyuiong SerumnzannitlusivesTinuies siagdes
iumeday LLazLﬁaﬂmimmiﬁwmﬁwé’ﬁuLLiﬂé’mmuLﬁmsuaaﬁuﬂqﬂ%muﬁﬁuwmﬁu

s

HauRIweailadaaunIAANNUTUUTILEINUIT AuAanBudnunILAunauRweaian

[y |

= a o ' ' ] o Y & [ =~ [ o
ABUNIALAUNDATIFIU 1 61D 3 13JL‘wmzmzu’mﬂ“tﬂ,ﬂma@mai’mLuaﬂmﬂmiwmmmm

ANUTLYLUNLATBYUN
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nMInunssnssunuINsiuumdlunsdesd ssanuluuianm 3% 5%
way 7% vosnmdnueailaduarldusuiainens 5% 10% way 15% vesuiwinueadias
Taevilualduseanas 3% 89 5% veshwinueailas dvdunisnaudiuuslunisiouuyes
nsuntanansldiignannsldifiu 5% vesdntnueailadiviidy wagannnisnuniu
155aunssufiiunniuiseiidnvansdiulaseasimed tifinsiseildonsueailannay
hensmnsmaaeusislassaiisionis fifeTdiuuannslformismanueaiiadnaaauis
Tnssadraiamedsannnsanenisldensueaiiadfizeainiamaiitunldlwld diusnnsld

v Ly

Yudlwuinainidusfddnsiunzunnie anquasRivesssndifianademguuas
wileaiu §Aifelsduundalumsdnualuseaitaditonnfmannanyudandudude
dueumieavestan dniuludndediuiinsldueatiaduausions 5% vesimin
woailad Fuduvimnansldemnnies §idedsldfuuaaldormiiivinumnnniiuaes
ihlunaasumauaudinisiuimnsaluiemaassiaglagldaildannismeaeuiil
AuatARfigminlUioadaimaseaiiaiaeunin Muimagoun sl MIfunIum s
Aulnavesianis wagiAdildarnnsmaasualfifudeyadesfudmiunisin luldey
feasrmeailadneuninseoly

MM snuMuNUITefiumlfinanagueagBenannn MU TIIes

AN 2.1

a a Ay v
MA1919N 2.1 aiqﬂi’]ﬁlagLEJEJ@V]I@"D"Iﬂﬂ'ﬁV]‘UV]'JU’JiiNﬂﬁi@J

W38
v

nunlalae

nanle

NIANE Usznieudied (2546)

AnwNSITeNHUsUATY

NALWDANAR

1RoRINEIUNANSLNZ AL

WINAU 6%

annUul8e09 duLRe (2517)

AnwInaasdlsu1e19an
2% NANENIUEADYSIA

AUUTTYLNY 1 DlaknS

Tgulauiu 14 Veglyd

ANSBBURIN

A0NUUNWY195INLDAUNTUNG-
MabaranIvUnAlula NS I9u-

InANAAUNIIITAIANTEUY (2543)

P v 5
Anwinistddieng
5I5UVRA 2% UTuUsa

AUNNUDNY NUSADY

H1UNASFIU UON.851-
2532
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M13199 2.1 a3UIEasBgailanINNITNUNIUITIUNTIY

a o)

98

e

nunlalae

nanle

(% L3

@ans Anaseu

q a

SuAUEITueNg

Doy

AVAMLALNTUN
a9 (2545)

WALANSYINRIMIeeTY
WRANAANALEI9NIT)

19819 2% B4 3% wauegaaiiac
tligasouiiigamgiasiu

60 °C liluan¥rudlegaumgiion
1 -5 BainzanasiuldAty

AaNUANIIMNTTNGITY

UURS LAYIANAEAY
(2555)

AnwN1sneas1akUasaaau
'3 a g

LOANARABUNIHNENLN

Y1957 5% USHIUNINNAN

a8 99ASNY-UATUIYN

ANEDNYTAIN AURTAAUFAIAN
ANUAIUNIUAIINT 89NT7
woaianund wazneasuluszey 3
= = v a

DU 6 LABU LUILTUNITLAN

39980 U08NINNIMNLDENARUNR

5998 391584 (2556)

ﬁﬂmmiﬂ%"uﬂqqﬁamq
n‘d‘ dy a a
woailadignieaainianiaay

nauu b Ul

ﬁuﬂqﬂﬂwmauﬁmauﬂaw
'3 = U 1 a
LoaNasAauUNINONI1EI 1:3 4

ANSNAUINAIPUTEYTUNLDE

Lavansiri and

USuugsenweailanmetien

Tdunen9555uRNNEN 9% lag

Phromsorn (2005) | sssuvn@lagley dmiinilen Stabilty gandneny
wosludlowddu 1% 8 13% | ueailadilsina
NAAUNIAT Stability
Tuntiworawit and | AnwmaaounmaNTAvesen | Adunan 9% Wushaidmia
Lavansiri (2005) woailaduautihenss sy i

Vichitcholchai and

AnwnsuTulanaudRves

Neunad 6% yliaunEIYy

Panmai (2012) woailaslaglderanis Ly liAedgmineniswauiu
AUNALVDINIATINNENU
Xiao and AnwinsleRamIanuInay | aunsaiiunauds

Amirkhanian (2007)

gvgoaLduguioiunnauUR

Rutting Resistance

Rutting Resistance 7@
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31NA151985UTI8aEBEAINNITNUNIUITIUATIUNUINTN1TANYINTTLEU 89
FITUVRUINANYILDATHARAILA 1% D9 9% VBIUMUNY1ILBANANTINNATN1TANW LB
| ) v oA 2 & Y ' v ) ¢l
PIMUINALTUE1INIT I NgaeLTuTu nanluweaiadnsaunauwar lunauiuweaiannse
WA suvedelaladnisfinwinisldunensssuAnaniuimIsnn Hauyudiuud
I1nN1sasUdeyaannIsnunILITINITINUINgldinsfnwin 1sldiienmnsnanen
LRANAATLANDMSIEIUNENT 10% 15% way 20% VpI819LaaNanNaNg 1 LDaHanABUNIA

o a S oy i IS v oA s 1 = s o
I uvedslaifinsldungennsmaniuianiaweailadinnauyudiwdine Suuse

(%
a v A =

AuandRvaweaiadandmiwi uIdeldadnwinisldiie s naudveseaian

wagHaNde I TIUSuleRan nkeailadniman ey udiuud 1duaainismaaaud
d' ' 1% a ¥ o - o £ N =~ VY &

LV@J’]%ﬂlI‘VIE:IWVL“LJﬂE]ﬂi’]\‘iﬂxl’J‘l/lNLLﬁ’WlﬂﬁaUﬂ’133‘1.]‘14’1'1/1‘14?1LLagﬂWi@”l‘LWI’mﬂﬁi’ﬁuVLﬂa L‘WE]I“UL‘UL!

Toyaitasulunisiiluldausely
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uni 3
A5n15a 1 HUIUINY

3.1 YUABUNI5IY
miﬁﬂmmaﬁflamwﬁ']mmauﬁ’usmLLaaWasﬁﬁm%’umudaa%?mﬂawmﬁagﬂﬁ 3.1

[ ANYINUNIUIUITENNYIVDS ]

A

Y

ﬁﬂmqmamﬁamq fﬂwsﬁﬂwmmamﬁaw miwmaﬁllﬂumﬂaumuuﬁa
AMInIsuvesenaLeailas Aenssa9ad Reclaimed MaNnas 1N 1asa
Namﬁ’uﬁﬁemwwm Asphalt Pavement (RAP)
NAENINT
‘ -
+ A 4
NAFDUAMANURANY \ NAFDU
! . VARV
AFINTTUAIATNTN 3.2  Sieve size - Plate Load Test
- Atterberg Limit - Skid Resistance Test
- Compaction - Coring Test
- Optimum Moisture
Content
- Modified Compaction Test
- Uy 7, 14, 28 4

Ucs, CBR

WATEviveya asuna
J

\4

5UM 3.1 upaunsaniuauidy
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laudanasfnen Wu 3 UsznudidgyfenisAneiauaudfiniaiaminssuuedsis
LoalafAC60/70 naufute1amnssssund Ussiuiigendumsinwinisldfaueaiasii
Founanfmannsanfuyudiumd uasiieaismaaeuniauanifin1sfuusde
Usuiuiianunsnaaeuluauuuuinnieiideadwdnase
3.2 miﬁnmqmamﬁ'ﬁmﬁmnssmaqwLLaaﬂaﬁwauﬁwwwm

nsMedeUMSKALSIegssTIEueailtad waztheraslaevhnsaaes
NITHANAIDEINAIEAU 2 WUU AD

1) henseaitadlufilinemaineu udresq nauteemniwsedludvims
nunalldes o useaitad wazthensnsdrfududodsunderinsldienmnsly
Tusasiiveailadinaidu %Lﬁm/\laqmmm/qxljmzlﬁuaaﬂﬁqéfaqﬁmﬁmmﬁalqummﬁ
ag959057 Ingldailunisnanyszanns 40 wnil gaumgiuszanas 180 °C

2) thenweaitasiutheramsunldsuiulunvulnedsldldmudeurou wds
Mnuhseginsedlilugulranutouudinmuludes q fuhusniogarduduiou
adefeunils udilevdeslinuseulidesy srueailaduazihenmisfassiudadniu
MnMIeaedisanuesinrlasoinie uilinsadussnmileuiiodwusnuazdedldina i

ANUTDUUIUATIAUNSIATEURIDENRINNITIN 3.1 UINTFIUNITNAGOUAINNTIN 3.2

A5199 3.1 9RSIAIUTEMINNERaANAR AC60/70 NaAUAUUIBI9NIS)

L USnasfesay (netiwiin) oY ..

YAR9E19 : uanualduNEN
’ waanaf AC 60/70 UIPIWITITITUYA N

1 100 0 AC100/NRLO

2 95 5 AC95/NRL5

3 90 10 AC90/NRL10

4 85 15 AC85/NRL15

5 80 20 AC80/NRL20

VUL 1. uaadladldingn AC 60/70 MULINTFIUNTUNINAN Useindlng

2. 11819151 Y1Ennaudideevaaral R1nduesluianu)
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M19197 3.2 1IRTFIUNTNAGRULNSLBATRG

a1au WBnagau WnIgIAlNegay | A1NIRIFIY
1 Penetration Test DH -T403/1975 60-70
2 Softening Point Test ASTM: D2398-76 45 °C
3 Ductility Test DH -T405/1976 50 cm
il Flash Point by Cleveland DH-T406/1976 232 °C
Open Cup
5 Resistance to Stripping of 20

DH-T605/1975
Aggregate and Binder

6 Resistance to Plastic Flow of DH-T604/194 2.48 ¢/ml
Bituminous Mixtures Using 1800 lbs
Marshall Apparatus 7-18 mm
Density
Stability
Flow

e 1. 19H9sgIunIsun1emans (Department of Highways Standard, DOH Standard)

%ﬂéjﬂﬁﬂmmgm%ﬂ American Standard Testing Material, (ASTM)

3.3 MIANBIANENUANINIAINTTUVDILDANAANLARINNITIDHINIUAINENUIEINNIT)

3.3.1 nanaNTe I Rueailagitnduan el

MsAn¥IkarsIUTINToyaveINIsToNLTaUY TUUTIMKENAIRIMIE SNNevIAeY
Fwinaavan udrhaauandisingg dldannsmeaeuniinsed fnsazideadmiu
MsfnwsIUTINdoya MInnasufiogis uaznTIiT NG weailadaeundaiduililunis
naaeu liunisatiuayuiazyszaunuanddimmansi 18 Sminasan dawwseuli

weafianiilasun1sgesuay hananuaniiveinseugtunaunsuadasely Agun 3.2
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5UN 3.2 ueailadnuninauildvinnisnaaes

nMsvageuMsUASadmiuTanRamaueailadfitnndusldlminanudiamd uay Tanin
maseailadfiinduuldivinandiud wasiiermnssy 2 yamsveaey nsfnwins
U mueaitadiivilflmionmanihersnadtuneunsfinu wagifoa
uHU3UT 3.1 dausigaziBeanswiendegaiazsinismaaey UCS wag CBR lduanslily
M99 3.1 uag 3.2 MmIsenuuudrunanduandlunisnd 3.3 way 3.4 lagyinisiado
fvgauazNAaay UCS 31Ul 60 @981 Lag CBR 91w 12 @I19e19e 593 72 fegs

M19197 3.3 NFUNITNAFRUN 1 SnsiaunaNsEnIeaiafnaunInn LAz uTLILe

o . U819 (o)
YANINATDY YULIUn(%) LIAIUN (IW)
ucs CBR

1 3 7 3 1
2 3 14 1 -
3 3 28 1 -
q 5 7 3 1
5 5 14 1 -
6 5 28 1 -
7 7 7 3 1
8 7 14 1 -
9 7 28 1 -

T 15 3

VINEWR NSVIndeuRIegenuN 14 Junay 28 JuldiduAdsdaviiuieinaiude

AUUANTUNIINAINYTLHLAISUNT 7 JUFIUTUINUNBATIIRINNG
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M13199 3.4 YANINAFOUN 2 SnsdunauTEnILeaTladAaunInIAT YuTuus uay 819197

o L2 1] v
UUAE19 (NDU)

YANIINATIU WUR (%) | 87190157 (%) | Laa1un ()
ucs CBR
1 3 5 7 3 1
2 3 5 14 1 -
3 3 5 28 1 -
4 3 10 7 3 1
5 3 10 14 1 -
6 3 10 28 1 -
7 3 15 7 3 1
8 3 15 14 1 -
9 3 15 28 1 -
10 5 5 7 3 1
11 5 5 14 1 -
12 5 5 28 1 -
13 5 10 7 3 1
14 5 10 14 1 -
15 5 10 28 1 -
16 5 15 7 3 1
17 5 15 14 1 -
18 5 15 28 1 -
19 7 5 7 3 1
20 7 5 14 1 -
21 7 5 28 1 -
22 7 10 7 3 1
23 7 10 14 1 -
24 7 10 28 1 -
25 7 15 7 3 1
26 7 15 14 1 -
27 7 15 28 1 -
373 45 9
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3.3.2 msuaudanluiesuianis

N15LMTUUAIDYEINTUNITNAFR UL UNITWSIUAIDE1991INA9E19wRaTlas

= 1 a

ABUNIALANTIQNEDaZIBEARAILINIUATALUVEINTININTIU (ASTM D 1557) Tagldiin

Y

(Mold) U338 avwInduruAugna1s 2 17 (30 wa) g 4 13 (10 o) Tddeumniin 2.78

(%
o

Uaust (126210 n3u) szeven 12 i1 (30 wu lasutsswausudy 5 4u nisnseifeduay 25
ads Fanswdsuseghuuuiasiliiedsldsunduaulunsuasawhgiu feogaild
zUsEnauniy woailadaouninlay 819m131 wazyuduud lagldyuduuddasauaus
Usziand 1 Sasndawild fe 3% 5% war 7% venimidnueailadaeundmiudisusuimin
YosRLeaNanAauNIALAL (3000 NTL)

Tngn suanaznaNkuUT (Total Mixing) T4USuautiflmangandian (Optimum
Moisture Content, OMC) #s3Ufl 3.3 wa 3.4 uavsegreilaiaudrazyinissieviuseusiu
wanafndmivouesonaiedesiuamutulilvissmeeen uaniulflumeugitiauas
AuAuATuUNdegtatune 7, 14 uay 28 Yumudwunsmeaeulaeldsreznisuni 7
Fudurnseaeuithluldiumuiinsumamaddnuduszoznainisy 14 uay 28 Ju

U198 NSRS ULT 90

3.3.3 NIVAFBUMSUATALUUEINTININTZIU (Modified Proctor Test)

1) MSMAGBUANLLNATEIL VA, 108 Tnquszasdiilevmanuduiusseming
AnuvuknesAufuUSnaildlunsundadiorhnsuadaluit (Mold) TagldAen
(Hammer) wifn 2.494 Alan¥u (5.5 Uous) seegddosdounn 304.8 fadiuns (12 {7)
dmsusuvansguuazldnay (Hammer) wiin 4.537 Alansu (10.0 Youn) ssezUanenau

AN 457.2 Jaawues (18 17)



25

JUT 3.3 iWniUszana 2% veaminueaiiadmneunimay

JUN 3.4 nswandunasliinm

v v

2) Anfegeinauualdiln (Mold) NUsznaudniulasn LagukuIaIal Laguus
USumsveshudldliladiuiudu 5 du Fuazingiu ualldreuunsasiuiu 25 Asanedy
SUN 3.5 Uay 3.6

Y
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5UN 3.6 Myundnduluinmerouunsn

3) UndasazTUmENGINUNANLELD
4) peaUasnuuusen wadlduTTTinmanUIRANAILTIZRALUINLUUTAD §ALAIRIAY
Wissuiausveu Tduusetahanuarensundseguenitn nenususeseandwnumtnguy

Iaziduaiis 0.1 nFudagun 3.7
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JUN 3.7 neavasniineanneuiiluds

5) fufpg19RLeaNINLUN 1ReViNN1SIAUABEAUUTIIAUUY Nane tazasldludie
Wudlegefuiludsimdnlleazdende 0.01 nduiiaunlunusuiamnutuvesmiu 1ne

Feumninuateungamail 100 °C auAsU 24 Tl wndamuminAuuiasnass

5UN 3.8 M3siusiiagame Hydraulic
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JUT 3.9 udegnslvaumanudy

6) VNG TUNDUN 4-7 LaelgAuNe189na N U UNNSHNANASINOUNINANULANDA

Us2a18d 2% YNN1sURDRLAlUNsEstnAululuuntIlaanasUseun 4-5 S

3.3.4 msnadaunaanasieuusasly (California Bearing Ratio, CBR)
ININAAUALLINTFIN ASTM D 1883-99 ldn1snaaeuluuis Modified Proctorlag
NAADULUULYUIVIIUUA

N13Le38UA089RUN LT UNSNAdRY

= o I a Y a1 A . & o I a ¢ "

LIYURNIDYNINAU NIYITLLUIE (Quatermg) AINUUIDUNIDYWNAUNTUALLLNTILUDT 3/4

o a 1 s " 1Y 1 o 1w dl' -] d'

LAZUIAUNIULUDT 3/4" LLHOANNUUAZILATILUDT 4 1UIUVNAUUINEL LW@V]’]ﬂ’]iLVl@ﬁEJ'UE‘UVI
3.10
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: fJ
o
Y

a ¢ A A !
WWWQQﬂﬂimLﬂiaﬂﬁJa NauUNAgau

ee

5UM 3.10 N15903190819 Ua

3.3.5 NNSNAFIULIIDALNULAYY (Unconfined CompressionTest, UCT)

UINITFIU Na.-M 105 Lag Wigulvin AASHTO T208 n1snadaau Unconfined
Compression Test 1Ju3snsvaaauifiemarridsinumuseusadeuvesiione Fadeui
aEgUNIIaNY szansaufuRnsliTinswazUsendn

N1569383ARE9 NG UNSNAAU

o w 1 PN

11ieg19unlIannn1sunen lwrtinuszann 2 $alue 91ntudnduaInii Jadu

' '
v I

HIUAUENATE ANEY dagdadinidn uadainliUseanu 30 uiideguit 3.11uae 3.12 udd
nedoUnsgU 3.13 -3.14

SUN
U

3.11 A28819NMNNSUN 7, 14 kay 287U



5UN 3.12 Jaidusugudnans mnugs wavdadnin

eSS

UM 3.13 M3Usznaumed i dATomadaey warAnAgunsnineg

9

30
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LY

5UN 3.14 dnwagnsuanveiiegailor1ugniivn

3.4 managaulumasuIIVLRIMsTineaiwdas

nanpaoulunaau MufiRansouumadi funihaninedeamauaiuns
Ignnganugionll feRmsdsueatiafnaeuninuandetiorsnadouuniadi 2 ns
Gumausnldueaiiadaouninnautineisnns 5% venimingrsoailadyiang uagdn
dumaldueailadneunianautirenamis 10% vesimingrsweaiadyimmadonuurt 2

Euvmainunstduan 2 Y8ewhnsnaaeudl

3.4.1 NMINAFIUNITFUUINLNVDIRING
nsnadeunssutuinvesialagleis Plate Bearing Inanslduiuntnsauwualaning

ATauUSAMAaaUlTLNUANIUIA 30x30 cm MIAUSAUNAARUNTISTULMTN Al TLLTe

[y

nawumanAuLualalaenaaeufitvinnageugdn 40 t/m? Jufinn1snyadiaininnis

[y

LY ' <@ . aa | ' o A
NINFRIVDILNULAANIN Dial Gauge 4 ANANNY Reference Beams BTUAINTINTIARIN 1,

4

2, 5, 10 wag 15 il Waiiudminfsdrasan fuauliifiansitiliandiminasfegud

AIUAIAU
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g‘dﬁ 3.15 n1vAdau Plate Bearing

3.4.2 nMsMegaunIseunIunisaulaa

nrsnageun1sEIunIun1saulaagesianislaenisldadesile British Pendulum
Tester nnaoulnuRnsaAIosiionsisunisfidosnisinvesmavisueailadfinauenmis 5%
war 10% tminenueaitaduesuduuvivensiinaasuldsunis wariassozidounyiugnei
naaeulitisvozideuldussana 10 cm fideansindnsumiadulsinsefigaqudlasdenty

=3

a = - Ya PN Y1 v ! £% ! J 2 ad g !
"\]ﬂﬁlﬂ‘ﬂaﬂLﬂi@ﬂll@ﬁ'?ﬂﬂ'ﬂ%N'JVI']\TQ@VIW@ﬁ@UIV‘QlJLLa’JUaE]EJQﬂG!lI@WUF’ﬂﬁ]WﬂL“UN‘VI‘ULU‘IJ?]'W]’J’]@J

9

HAv0silImeRagu 3.16

JUN 3.16 MsvadeunseumMuNIaUloa
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3.4.3 NsnAaaUlngisn1s Coring
n1sneaaulaedsnis Coring Amnlunisianzifiuiiegiiiniauiiensiaasy
AMAINYBIRINUALNAADUAITIRITULTIVBITANLALNITAAALATDINDLIITATIANIUT

feensnsavdeudaangiuiamaiuiudndunisnislegldimasdusunzaiamauaziiu

fegslunaaeuluesuifinisnnassdagui 3.9

SUAl 3.17 3 Coring 4
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uni 4

NaN1INAgaUy

4.1 NANISNAFBULNLDENAANENNUUIBIINITT

4.1.1 wamsmadaumiimsduvessruasiladuautienemnn

MNHANNTNARDUYANAABUAINNTINTBUTUF NI 4.1 wazgUT 4.1 nudnens
L.Laaﬁaﬁ‘ﬁ'lﬁ,imamﬁwEmﬁiimmaﬁmmmmaqLﬁﬁugjqq@LQ?H 65.67 (mm/100) Wlenaudei
89131 5% 10% 15% waz 20% vedensueailadnuaisuainisanvesduimanas wagen
nsanvesduigaidienantieamia 20% vosnueailadiidinisauveadusaniade
44.67 (mm/100) LBl g UAININTFIUNTUNIMATAITEMI 60 T4 70 (Mm/100) 874-
weailadinautine e iidnisansinidasgunsumaaaiesaneswoatadiisa
ihenmndenuudusdy mnsansaaeunanddiiiuiniofudnsniaaanten
sysuvIRazdmalininisauveinanas

Mnmsmeaesnuinsavendutudefinsufisuanadandunauiuaiais
nsanvenduiiu nuiAnsauvenduiivaasusnueaitaditlinauthensne wdidnisay
voadumnnitdinsauendufinaaouiogversuoattaduauthesmnaisnsdn 95:5
fiAngeaainiy 534 (mm/100) dew3suiiisuainisauandusenirwoaiadiinau
B1INITIRILATATIEAIL 95:5 A9 80:20 nuddiArntsauvesduiiniuuandeiuningad
dnsdau 90:10 AuArnITaNveuduisnsndaiu 85:15 Fedidrn1sanveadusiaiu 8
(mm/100) wansinAnaundussgeiuiiofuaunanienmis

A15199 4.1 NﬁLQ%S%@QVI@ﬁ@UﬂWi%N@hEJL%N“UEN‘c’JNLLEJﬁWaG?Nﬁ@J‘Ij’I‘EJNWWi’I

YANAEIU NANSNAFDUNITIY Aade ﬁi'u,fimwummgﬂu
gnawaailad : thenans @281 (mm/100) (mm/100) (mm/100)
100:0 65.33 66.00 65.67 65.67 0.27
95:5 60.33 60.00 60.66 60.33 0.27
90:10 55.67 55.33 56.00 55.67 0.27
85:15 47.99 46.67 47.00 47.67 0.27
80:20 46.67 45.00 42.33 aa.67 1.79
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100
3
=
S 80
£
£
+ 60
2
S 40
©
2 20
(0]
[a

Penetration Test

arer  gger

100:0 95:5 90:10

85:15 80:20

BNINFIUNANTYII YD AT AR UL 1IN

—f— Tested Result
= &= - DOH Standard max

— -

DOH Standard min

JUN 4.1 HARAEYRINITVAABUNIANMELTNYeE L eaTladNALNE 19N

4.1.2 HaN5NAFUIA VNV UBANAANENUIBIIWI)

NNHanaaaun1sInIulivesueailaduane1anisn demnsei 4.2 uazsuin 4.2

WuIALRRE VIR IveAVaae U linaue I TIEALREEgIEAT 319 °C gaunqd

19391 vzliAanallonau 189S TTUNIRAIUG 5% Vesgaueailanviniy 316.37 °C

A19ANUlNAgALlaNEN 819NN 20% veseskaailadilAviniu 296.70 °C MNWANIS

naaaunN1sAUldonaune 1IN s1aginligaungiinisgaaulnAalisitu uidletnun

) < (% ! a0 | [ ° ! = r-:ll
L‘UiEJ‘ULV]‘EJ‘Uﬂ“Uﬂ']ll’]ﬁliﬁ']‘UﬂﬁJ‘VﬂﬂWa'NﬂJﬂ']L‘Vl']ﬂ‘U 232 °C ﬂ’]NﬁLQﬁ‘EJ“UENﬁ!WJ’]UIWVW]@ﬁEJU

AR R

P o s H
A1919N 4.2 NaLﬁaﬁlsﬂax‘iﬂqi‘w@ﬁ@‘Uﬂ’]i"i}@'ﬂ‘UlW“U@\‘lﬂ’NLL@ﬁ‘Wa@NﬁNU’lE’ﬂ@‘WWiW

YANADU 9UNNIVDIAIDEN Aade A o
grauasilad : thenawnan (°O) O u1nsgu (°0)
100:0 318.00 | 320.00 | 319.00 | 319.00 1.00
95:5 317.00 | 316.00 | 316.00 | 316.37 0.55
90:10 308.00 | 309.00 | 312.00 | 309.67 2.08
85:15 304.00 | 306.00 | 308.00 | 306.00 2.00
80:20 300.00 | 297.00 | 293.10 | 296.70 3.46




36

Flash Point Test

450 -
Q 400 4
B 350 4 319 3167  309.67 306 2967 Tested Resul
= 300 N * o ° /0. —— Tested Result
% 250 = A -DOH Standard
O b —— =k —— =k —— — &k —— — A 23
< 200 4
T 150 -

100 T T T T T T T T T 1

100:0 95:5 90:10 85:15 80:20

DNTIAIUNFUTTUINL1LD AT AN N UUIL1INIT

JUT 4.2 Handgveinvegaauniuliveseauweailadnautle1ants

4.1.3 HANTVIAHBUYATOURIVDIBILDENARNENUIBIINIT
] Y cav 1 H o d' a
NNNTNAFOUINTBUFIVOMDATARTUNALUI8 19N F9915197 4.3 uagsud 4.3

wuhgangiiadsvesyanaaeuiilinautihenamnswinty 42 °C Agungiignseusvaats
NAFOUTRANLUNI1aNT 5% 10% 15% wag 20% vosskeailadnudrfuiiAgmmnd
WAfU 550 °C 51.00 °C 55.25 °C wag 57.25 °C audIfuaInuanaaeuLionaun
g findugunivesgnseusigelu WisuiflsunansvagoutuAunsgiugaaul

NSUNNAWIN 45 °C mamaa‘um'mmmgmmumwmq

M19197 4.3 NALRAUINIINAABUIATDUAIVDI1LDETAANANUILIINIT)

YaANAU 9UNNIVDIAIDENN Anade | andeauy
grauasilad : therawnn O (°Q) | wasgu (°0)
100:0 42.00 43.00 41.00 42.00 1.00
95:5 45.30 45.50 45.70 45.50 0.20
90:10 52.00 49.50 51.50 51.00 1.32
85:15 55.00 55.25 55.50 55.25 0.25
80:20 56.90 57.60 57.25 57.25 0.29
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Softening Point Test

100 -
G ]
%: 80 -
O ]
~ 60 51 55.25 57.25
.% | 42 45.5 o — —— Tested Result
Doc_n a0 %4:—1*___*45 — A - DOH Standard
= |
g
Qo 20 -
@]
v 4

O T T T T T T T T T 1
100:0 95:5 90:10 85:15 80:20

DATNFIUNAN TN 19D EAT AR N UL 1IN

JUN 4.3 HAlAIN1INAFBUINSBUM VB ULEATIAANELUIE19NIT

4.1.4 HaNAEaUN1SEAR2IALAS Ductility Test Yo9819UoaNAANENLNE19WISN
nsnadeuN1sEnfIvedeailadlinaus1ans dam1s199 4.4 uaggun 4.4 wuin

S Y 1 %

erauoaitaiiilinauinegrssssund fiszerBadawiiu 54 cm swz%ﬁwamwmauﬁwau
He19mn31 5% 10% 15% uaz 20% vesimiinersueailadauaisuiiainisadavindu
7533 cm 97.00 cm 44 cm Way 36.77 cm mmé’wéﬁ’umﬂwamimmaam;mﬁaasiN‘ﬁ'mamfw
mﬂwwswﬁmﬁm&hqaqmﬁawaufwmwmﬁé’mwdau 90:10 AMAdUNSERTIanadsona
tenamnsiisnsiau 85:15 LLazﬂ'w%ﬁaﬁwqﬂLﬁamauﬁwmqmﬁﬁé’@mdw 80:20 91NANT
WIHUWIEUAININTFIUNITEARINTUNIINAILNIAY 50 cm sqmmaauﬁmamfwwwwsw

R318dIU 95:5 Wag 90:10 mummgmmmmwmq

d' 4:1' A v aa ol I3 901
A157197 4.4 NALRRINTNAABUNISENFILALTD Ductility Test Y938 1LDANAANANEN19NIT)

YANAHIY 5288AYDIRIDEN Aade Andeauy
grauaalad : Yrenawnsn (cm) (cm) 1193374 (cm)
100:0 53.00 56.00 | 55.00 54.00 1.53
95:5 73.80 74.60 | 77.60 75.33 2.00
90:10 95.50 98.30 | 96.70 97.00 1.40
85:15 43.20 41.60 | 47.20 44.00 2.88
80:20 35.60 36.80 | 37.90 36.77 1.15




120
100
80
60
40
20

Ductility Test (cm)

Ductility Test

97

100:0 95:5

DATNFIUNANTEIINNY AT AR UL 819NN

90:10

85:15

—— Tested Result

= A~ - DOH Standard
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SUN 4.4 naeien1snaaaunisenmilagds Ductility Test YesgnauaaiiafnaudIe1anIs)

4.1.5 NANISNAHDUNIINAAABNAG Stripping Test YaUAENAANANUIEIINIT

IINNANITNAFBUAINTIN 4.5 wazIuil 4.5 nudensueailadilinaudiensnisd

AIN1SNAARBUFIEN 19.70% tnaA1manasudIdn 7% Wusiegramageuiinausign

819N151919951871 80:20 WIHUWIHUAINIATFIUNTUNIINGI 20% HIUNIATFIUNTUNI

naNn

M1319% 4.5 WANIINAADUNISVARABNLALTS Stripping Test Y8981 AMDANARNANUILIINIT

. Saarunaulagtuinuseaiadiuinen s
A29819
100:0 95:5 90:10 85:15 80:20
1 0.25 0.25 0.25 - -
2 - - - - -
3 0.25 0.25 - 0.25 0.25
4 0.25 - 0.25 - -
5 - - 0.25 0.25 0.5
6 0.25 0.25 - - -
7 0.25 0.25 0.25 0.25 -
8 - - - - _
9 - - - - 0.25
10 0.25 0.25 - - -
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M19197 4.5 HANITNAFBUNTITVGARDNLALTS Stripping Test YadenglaaladNaNdIe19NIT)

. Sasdaunaslagimdnvasueaiadiuineranis
A29819
100:0 95:5 90:10 85:15 80:20
11 0.25 0.25 - 0.25 -
12 0.25 0.25 0.25 0.25 -
13 0.25 0.25 - - -
14 - - 0.25 - -
15 0.5 0.25 - - -
16 0.25 - - - -
17 - 0.25 - 0.25 0.25
18 0.25 - 0.25 0.25 -
19 - - - - -
20 - - - - -
21 0.25 0.25 0.25 - -
22 0.25 - - - -
23 0.75 0.5 0.5 0.25 -
24 0.75 - - - 0.25
25 0.25 - 0.5 - -
AZLUL 9.75 8.75 6 4.5 3
nsngaaen (%) 19.8 17 12 9 7
Stripping Test
25 -
320: ———*———-A————A————ZAO
S |19
E 15 - —e— Tested Result
g 0 — A~ -DOH Standard
o ]
»no5 4
0 ——— —

100:0

95:5

DMIIAINAUTENINYLDENARNULIB19NIS)

90:10

85:15

80:20

JUN 4.5 Han15Medaun1svaaaeniagld Stripping Test U09819uaaHARNANUIE1INIT)
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4.1.6 wansvadauaaiadraunIanaineawsTneIsunura

nanaaeuillivhnimeseuiidiunsade uagiinssindimngsy ddnaumg
vansdl 18 Tnenisdtinaumanansit 18 IfeSeutanuaasa gunsal wazaniludesdy
BliuaglfinTousodefifindgits 7 dregne dilunaudoudodne uasinsmaaoudioehg
aelansquavestidenviapanznis

nnMsAnw wazdinuiugideingamnensiunimeasuleaiiadaeuninlag
Funsuvad FaldvhnisuausaogdlutTinm 5% venimiinesweailad (60 n¥u) vesian
et uarldeToutagunasiu 1,200 n$uluusasfeusnegefiagkay anKan1svadaUYn
Fr0813 K1913197 4.6 uar3UT 4.6-4.8 nudnAn Density vasyaogefilainautinerne
SITUYIAWIIAY 2.490 ¢/m® wanmaauA Density mawmﬁaa&iwﬁmamﬁwmawnw 5% 10%
15% uay 20% Yountnersneailadaiugifuwinfu 2.492 g/ml®> 2.500 ¢/ml® 2.493
o/ml® uay 2480 ¢/ml® MnnamsnadeukandliiuAfiuiuinnsnanie s TIYA
5% wagldAn Density ladugegail 2500 ¢/ml Tnsyavadeuiinauitensmisd 10% veq
dwifnenaueaitad WeiltudTuanhensmsnnit 10% vesiwdnenueaitad A
yuIranasauAhaaienautiemnsd 20% vesimdnesweailan

MARANIINAFeUYARIeg1aAadeTnn uanslfifuiiweailadiildnau
g1aw1sdiAaR BT MRy 2639.20 Ibs HanAeUALATEININYBIYANAADU TINALY
§9N197 5% 10% 15% uay 20% Yesumiinensueailanimvinfu 2584.64 lbs 2592 Ibs,

2553.93 Ibs kag 2593.98 lbs AINNANAADUANANYTAINGIANIINYARIBE197 Laluann

9 9

'
o

BT LazdNanINYARIEsTinANT 1IN 15% tniineauoaites
MnuanmsnageuANsiatesaiiessiilinauthensms ity 13.00 mm gai
NALIB9NITT 5% 10% 15% wag 20% vesuwiineaweaiiadiiify 15.61 mm 17.81
mm 19.56 mm 22.30 mm ANUE1AY mnwamaaumﬁaaéwﬁwamﬁwmawwswLﬁ'aﬁ;w
gramTifintuAnslnassfizandy annaUTsufisusnsgIuNTINIMas 1A
MUY 2.48 o/ml® Aadigsnmindu 1800 Ibs wazA1n1siuawintiu 7 mm yanageuHu

HINIFIUNTUNNUGN



A5199 4.6 HANAADULIANARABUNIAINANUIE19NISIAeATUSHYA

YANAFIU Average Density Stability Flow Test
gneuaailad : trenanns (g¢/m®) (Ibs) (mm)
100:0 2.490 2639.20 13.40
95:5 2.492 2584.64 15.61
90:10 2.500 2592.00 17.81
85:15 2.493 2553.93 19.56
80:20 2.480 2593.98 22.30

Density Test

251 -
z 1 250
%n 250 4
%’ 4
& 249 _ —— Tested Result
2 = A -DOH Standard
g 248 - 2.48
o - 248

2.47 T T T T T T T T T 1

100:0 95:5 90:10 85:15 80:20

DATIAIUNALTENINNY LB AN AR N ULNE1INTD

U 4.6 HaNINAEDU Density Test YasuoalanApUNINNANLIE 19N



a2

Stability Test

3000.00
263920 2584.64 2592.00 955393 2593.98

8 250000 | * * -—
a i —— Tested Result
= 2000.00 - L
g | k== b= — A= = — A= = — 45 & -DOH Standard
T 1500.00 -
u-) -

1000.00 T | . | . | . | . |

100:0 95:5 90:10 85:15 80:20

ININFAIUNANTTIIN AT AR T UEN 819NN

5UN 4.7 nan1svedeuALaie s (Stability) Yesueailadnounsnpate1ans

Flow Test
25.00
. 20.00
S =t Tested Result
E 1500 -
+ : =f— DOH Standard min
'q—; 10.00 = & =DOH Standard max
2 = = = = ;7
5.00
0.00 T T T T , ,
100:0 95:5 90:10 85:15 80:20
SaTduNasTwin s seaiiad iUt

JUN 4.8 namsnaaeunsiva (Flow) vedweaiiadnauninnaaningans,
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4.2 Nan1SNAEBvdIUNdNsNwaaNannuInavLn ldlustnuLNg19WIsT

4.2.1 HAaN1INAFIULSIDALNULABA (Unconfined Compression Test)
MNNTANINTHIRILDEATEFADUNTALANUSIALENARDIIE BLNBWIATNEY J91in
awanuyinsnegeulanasll

Hanaaeu UCS yadiregaueailadnauyuiiuuiazldnanageuynmiogaiilenyuy

)

'
va o

a a [y [ | ae v 1 14 ¥ Y 1 % 1 I
ABUNTH N 7 ’J‘UL‘IJ‘LW’]’]Vll%ﬂ?ﬂﬂ@ﬁi’]ﬂﬂuusl,%ﬁﬂﬁnE]EJ'N 3 YAAIBYNULASYANATDUNKINY

Y

neaeUNzEzaIUY 14 uaz 28 Juiieldidualidduasiioguualiun1siunseen

Y ' ¢ = = I3 - v A |
ﬁ]’]ﬂNﬁVI@a@UﬁﬂWﬁ@ﬁnﬂLL@ﬁﬁa@ﬂaUﬂimNauuu%mu@ 3% I@Elu’]ﬁUﬂVﬁ%EJ%L?aqul

o

PIAINITTULSIOABNULABWNINU 19.34 ksc NANISNAABULDATHARABUNTH 5% Lag

EﬁOE\‘

WUNNTEEZaIUN 7 U Wiy 45.28 ksc nan1snageuleailadnauyudiuud 7% lag

Y

TUNNTLELIAUY 7 TUWINAU 70.47 ksc

=0

IINHANITNAGDUAINITTULIITAVDIYAFI0E 1Mo NARABUNINNHANUIE1INITIN
1 [y Y & 1 [ [ N - =

SeeslIaIuu 7 YU navedoukansliiuAINsTuLTIanRaegeamintiu 70.47 ksc Lilonay
= s - Y Y @ ! = & 1 a 1 [y [ Y 1
Faud 7% lgdmtnuandliauinyuiuudinadasdieiu a1 sSunssaeyniogis
weailadfinaaeuainIyafiteg e inauy LT 3% wag 5% ngumtnsgazdeanants
NAABUAINIIIN 4.7 aziudnfisseznisu 7 uBsiinuinayudwudacluavdmalid f
o U =

AFIOALNULAEAANNTUAIU UMY KAZTITLOLIAIUUNINTU AIAISIDALNULAEILLNNTY

auluse

M19197 4.7 ALadenanisvageu UCS vesuaailadmounsnnauyudiuudfivaiuy 7 Ju

. o . o ALade Andeaiuy
NDUAIBYNN | LIaTUN (AU) | OPC (%) UCS (ksc)
(ksc) UIMIFIU (ksc)

1 7 3 17.59

2 7 3 19.60 19.34 1.63

3 7 3 20.82

4 7 5 22.04

5 7 5 48.63 45.28 21.75

6 7 5 65.17

7 7 7 83.54

8 7 7 93.54 70.47 8.33

9 7 7 100.08




aq

HANIINAADY UCS U83Ynfilat NNauyudiuud 3% 5% wag 7% lngunings
M1519% 4.7 D8 4.9 uazIuRl 4.9 wudiASulssdaunupissegaUl 14 Juwindu 21.75
ksc 52.48 ksc ka¥ 93.54 ksc MUEIAUNTEELIAUN 28 JUWINAY 22.40 ksc 60.23 ksc hag
100.08 ksc AUaGUINNANAADUYAFIDE 1IN0 9Bl dLA S UL TSR TITEEEIATUY

dg{ ! o U U U U ! dl = 6 %)1 v 1 dl U
WINTUANMRITULTISAVBIYARIBE WARANYUTIIUA 7% Insdmtinuazszesiin1uui 28 Ju
a1 v LY = v & A 1 v a a a I 3 ! Yo
A Sunsedngeigauansliiuissegnsu 7 Tu BadinuSinayuiiuudasly agdaaly fn
AAIBARN WAL ITNTUAULUMY kasBITEEEnaULIINTUAIMSISARN WA IVNLTUR Y

Tuane

M13199 4.8 Nan1IVAdey UCS vasueailannaunInuauyudiuudinauy 14 Ju

NOUA9E9 LAY () OPC (%) UCS (ksc)
1 14 3 21.75
2 14 5 52.48
3 14 7 93.54

M13199 4.9 wan1InAaey UCS vadneaiiadmauninrauyuiuudiiaiuy 28 fu

NOUADE19 LAY () OPC (%) UCS (ksc)
1 28 3 22.40
2 28 5 60.23
3 28 7 100.08

4.2.2 nan1snadauwaanasienusasly

M13197 4.10 HANTNAADUVDISATIEIUNANTENINUEETadAUNT kAT YUTLIUA

v UCS (ksc)
NI OPC (%) — - _ CBR (%)
7 14 28 1
1 3 19.34 21.75 22.24 a0
2 5 45.28 52.48 60.23 54
3 7 70.47 93.54 100.48 82




a5

NNANAFDUAINSIN 4.10 hazsUN 4.9-4.10 WUIDASIAIUNANSLIINaENaR

Y

= i3 o v o a

a U = (3 ! a 1 U Y o1 ! U
ﬂBUHiﬁﬂUﬂvu‘ULNumWU’N NIzuzAITUN 7 U FLuud 7 % aglrandaunuineiintu

Y

70.407 ksc fi5¥8¥n15UN 14 Juwindu 93.50 ksc 5zeg1a 28 Tuinfu 100.48 ksc uay

[ Y]

CBR Wiy 82 1Jufl Aasgaaduiiadn

UCS (Cement 3% , 5% , 7%)

120

’g 100 —0
< 50 / —a—Cement 3%

wn

G_u.} / —@— Cement 5%
-'L;)' 60 —0

0,

= _ —0— Cement 7%

¥ 40

2

L 20 —F—° ®

0
0 5 10 15 20 25 30

Curing time (day)

U 4.9 Han1sageu UCS vesdnsadiunausyninseaiiadaouninuasyudiaug

CBR (Cement 3%, 5%, 7%)

100
80 -
2 60 -
- ]
S 40 -
20 -
O T T T T

1 2 3 4 5 6 7 8

Cement (%)

UM 4.10 nan15vAdey CBR vaednsdiunausenineailadnaunIntasyudiaug



a6

HANAAaU UCS vaauwaaiiadnaunIanauudiuug wazthenan fnaty 7 Fua
T duAdhiluldnuneaironmas wadddyasegameaeuiinaius 14 way 28 Fuduen
Sadauunlifueidsiinaty 14 uay 28 YunanadoudiuLsidnveyaiietsueailad
wauyudiaud 3% vostmdnuoaiaduaniienanis 5% 10% wag 15% vosimin
weafladn ud1fu Maa1Un 7 FuinAu 14.53 ksc 11.05 ksc 3.53 ksc MUEIRUIN
nanaaouuansliiiuaInsuLssavosynieg s iinauyuTiuud 3% veniminuoaias
NEANNE19NT] 5% madﬁmﬁmwaﬂaﬁﬁﬁwmi%’uLmé’mgaﬁqm NANAADUAINITIULTIOATDY
yodagauoailadnauyuiiuud 5% vosuoailaduautinens 5% 10% way 15% vasiiuiin
woailadiinaty 7 Jumindu 22.09 ksc 20.77 ksc waz 10.22 ksc AudIFUAINHANAADY

Y I

v 2 o o P ~ ¢ S @ ¢ -
LLa@ﬂIWLﬁu@’]ﬂqii‘ULLi\‘ia@sU@\Wé@G’]'J@EJ'NV]NE@J‘U”U%LNU@ 5% Gﬂaqur]VUﬂLLaa‘WamNﬂuuq

L2

Y19NIT1 5% Voueaian

(Y [

fA1Suusedngegn wavazanauilafiuuiuniutiganis #ans

NadeUAINTIULIISTasAi e LeaTaiHa TG 7% vosimidnueailadkanti
B19M197 5% 10% wag 15% vesimiinuoadladmudiduiivaaiia 7 fumiiiy 23.89 ks,
21.40 ksc uag 16.46 ksc NNaNAABUYAFI0E1sTINAN LTI 7% vosimilnuoadad
nauiesTINTR 5% venutnuoaiasiiinisuusedagean
mﬂmammaaum%’uﬁmﬁﬂLmulﬁmﬁumsqmﬁaasmﬁmamyu%muﬁ 7% wp9tinnin
ueailadilA1n13TuIIBngIndt 3% uag 5% dmsuyadiedefinauthenss s 5% v
ihainueaiadinianed 4.11 nud Anisfuusedaunuiengendngnioieiinau
E1aM1371 10% wa 15% vestmiinueailadilowdouifisuyniognmasouiinauyudiuus
LAzt 19mIgT yadegsuaailadinauyudiumd 7% voshmiinuoatadunamniiesws

a1 [ LY

5% YU MTNWeaTadaz AN ULTITALNULALIZIER
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LIANUN 7 U

ar

. o . nau | opc | dhenann Alady Andeauy
NaUNIBENY . UCS (ksc)
() (%) (%) (ksc) 11M3g1U (ksc)
1 7 3 5 9.36
2 7 3 5 15.73 14.53 8.33
3 7 3 5 18.48
4 7 3 10 11.53
5 7 3 10 8.94 11.05 1.92
6 7 3 10 12.68
7 7 3 15 3.26
8 7 3 15 3.35 3.56 0.45
9 7 3 15 4.08
10 7 5 5 22.60
11 7 5 5 22.36 22.09 0.61
12 7 5 5 21.45
13 7 5 10 21.34
14 7 5 10 18.85 20.77 1.70
15 7 5 10 22.11
16 7 5 15 10.48
17 7 5 15 11.81 10.22 1.73
18 7 5 15 8.37
19 7 7 5 18.48
20 7 7 5 30.88 23.89 6.35
21 7 7 5 22.33
22 7 7 10 21.29
23 7 7 10 20.29 21.40 1.16
24 7 7 10 22.61
25 7 7 15 15.17
26 7 7 15 26.18 16.46 9.14
27 7 7 15 8.03




a8

nanAdeUMISULTISLAUAETesY At swoaTlafnau LB uaginenemng
finsun 14 Yugadegefinauyuduud 7% vesmidnueaiiaduantienamng 5% veq
dwidnuoadtaidanned 4.12-4.13 Anssuusadageiianuinty 28.72 ksc it 28 Yu
Foginauyudiamud 7% vosihmiinuoailaduauiienamig 5% uag 10% vesinin
ueailadn Ay AnssuLsISaWiniy 28.42 ksc way 28.44 ksc (uilndiAsaty
NANT1ER 4.12- 4.13 iiudn Aiszeznnsuy 7 Fu Badinuimaduudastd azdsmalsien
Mdadaunuifisniiniu wasmnnifuiinasmnsadly ssvhlisidsaunuieranas

M1319% 4.12 Han1segeu UCS weailanaaunInnauyudiuudiaziingrsnswiaivy 14 Ju

fiouA19819 LAY () OPC (%) Yhenamns (%) UCS (ksc)
1 14 3 5 19.76
2 14 3 10 16.68
3 14 3 15 5.04
4 14 5 5 25.46
5 14 5 10 24.67
6 14 5 15 13.45
7 14 7 5 28.72
8 14 7 10 24.24
9 14 7 15 19.42

M1319% 4.13 Han1segeu UCS weailanaaunInnauyudiuudiaziingrsnsniaivy 28 Ju

fiouA19819 LAY () OPC (%) Yhenamns (%) UCS (ksc)
1 28 3 5 26.72
2 28 3 10 22.56
3 28 3 15 6.34
4 28 5 5 28.42
5 28 5 10 28.44
6 28 5 15 18.24
7 28 7 5 33.52
8 28 7 10 28.31
9 28 7 15 25.65
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L UCS (ksc) CBR (%)
an31dU | OPC (%) | 819191 (%) " " ” ”
73U 14 W 28 U 73U

1 3 5 14.53 19.76 26.72 38
2 3 10 11.05 16.68 22.56 33
3 3 15 3.56 5.04 6.34 28
4 5 5 22.09 25.46 28.42 40
5 5 10 20.77 24.67 28.44 35
6 5 15 10.22 13.45 18.24 32
7 7 5 23.89 28.72 33.52 42
8 7 10 21.40 24.24 28.31 40
9 7 15 16.46 19.42 25.65 34

- o | | ¢ a a ¢ 5
1NH1T1N 4.10 86\313’3143483158%’313LLaaWa@ﬂauﬂim UJL!%LMU@ LS UTYINNIFIN AT

WU AT202NITUN 7 U FLIUS 7% 1187190151 5% vastnntinueaiadayliefiidssnwnny

WRewiniu 23.89 ksc waz %CBR Wiy 42 Wurgenian

30

25

20

15

10

Vertical Stress (ksc)

UCS (Cement 3% & Latex)

/"

10 15

T

20

Curing time (day)

T

e

25 30

—@— Cement 3% Latex 5%
Cement 3% Latex 10%

Cement 3% Latex 15%

5UN 4.11 wan1snadey UCSveaweailadnaunss Yudiuuniosas 3 laguusiuuignenisn



JUM 4.11 nan1svaaey UCS vasueailadmounin Yudiuud 3% laguusiutie1anis

CBR (Cement 3% & Natural Rubber Latex)

a0 -
30 -

20 -

CBR (%)

10 -

O T T T T T T T

1 3 5 7 9 11 13 15

Natural Rubber Latex (%)

35U 4.12 wan1svageu CBR woailadnsunInnauyudiuud 3% lagulsdngranns

UCS (Cement 5% & Latex)

30
——‘.
i
25 /.: =
£ «
< 20 —@— Cement 5% Latex 5%
ﬁ e
5 15 // —o—Cement 5% Latex 10%
2 ]
,g 10 o~ | —o— Cement 5% Latex 15%
g
>
5
0
0 5 10 15 20 25 30

Curing time (day)

3U# 4.13 nan1svadey UCS waailadmaunarauyudiamug 5% tnguusiuungamns
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CBR (%)

50

40

30

20

10

CBR (Cement 5% & Natural Rubber Latex )

34 5 6 7 8 9 10 11 12 13 14 15 16

Natural Rubber Latex (%)

UM 4.14 nan15vagey CBR woailadnaunInnauyudiuus 5% lagudsduingranns

Vertical Stress (ksc)

40
35
30
25
20
15
10

UCS (Cement 7% & Latex)

/ /.——-C —@— Cement 7% Latex 5%
pE=C // —o— Cement 7% Latex 10%
/
o —o—Cement 7% Latex 15%
10 15 20 25 30

Curing time (day)

SUN
Y

4.15 Han1sNAdaU UCS waaiiadmauninnauyudiuus 7% lnowdsiuuiensntsn
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CBR (Cement 7% & Natural Rubber Latex )
50 -
40 -

30 -

CBR (%)

20 -

10 -

Natural Rubber Latex (%)

U 4.16 nan15vadey CBR vatkaailadaaunIs Yudiuud 7% laguusiutieanis

4.3 Han1sNAFIUANLEITNISTiaSuasaudaluntaauny
nsnadeulunaauivuiimaweaiafuautnesssuf 5% wag 10% ves
drvinenueailadfemnsned 4.15-4.17 wuirAwanadeu Plate bearing Test Surhwinld
20 t/m? HaEeadasdIuNay Ansagaun1siiuniunisaulaaveinieaitaduaui
B19N137 5% uar 10% vountnensueaiias 1viafu 85 BPN wag 103 BPN A1uansy
dusuanisnaaeulagid Coring wuinAnsSu M vesianueailadnauinen s

5% WAz 10% Y29UMINg1IwaaNadvindy 111.56 ksc wag 112.54 ksc ANUASU

A15197 4.15 NaNAERUNISULIMENYBIRINILBENaRADUNTARANLEIEI9NITN

s1en1siinageu Bearing Sattlement
Capacity (t/m?) (mm)
Ramaeailadaeunsanauting1swsn 5% 20 1.15
Ramaeailadaounsanautingnmns 10% 20 0.735
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S18N1SNNAFIU An1sauloa
(BPN)
A9 aNaRABUNIANANEIY19NIST 5% Vaauntneakaaiasn 85
AN aNaRABUNIANENLNY19NIST 10% Vaanrtneakaaiasn 103
A151991 4.17 NaNAEOUAI8E1991775n15 Coring
S18N15NNAEU ANNAISULSIDN
ksc
RIMNaeafafd A UNTANALUNE19NISY 5% Ya9unving1Iwaaias 111.56
RINN9LEENAAABUNIANANLIEIINTT 10% VBIUNNTNYNLLDEH AR 112.54

[

WU unanlaannnsEn e Us18aL 8 sANaNISITENNIULIAEANNATNUNIU

IITUNTTUAINNGIN 4.18

a ™ a Ay v Ay o au A
M1919N 4.18 L‘lJiEJ‘ULV|'EJ°UNamiﬂ"\nﬂﬂqiﬁ‘ﬂﬂﬂ‘UQWU'ﬂ"\]U@u

=
N1IANYI

NanlaannIsAnen

Han1sAnyIINYaya

AIINUNIUITIUNTIU

WSsigunan1sAne

1. AnuaEudRANIg
PUIFINTTUUDY
woaian
AC60/70 wWayl
thenssssuai

1.971ANANENUINERT
drunaugLeaiianiu
¥henssssuud 90:10 1%
AAMUENTRNIIAINTTY
GG

1. nuansAnwnly
ININAIUNANLN
woailafuaninens
535U%A 91: 9 T9ien
AMENURANIIAINTTY

GG

1. wadildannsisy
adsiilasnsndunand
wnnnadunisan
msldesueaiasidiv
msldienssssuni

2. uoailadise
AINNINULAY
nauN g Tny
NELTNE WS

2. InMsAnenuI g
waaNanaInRINIan

HALYUTLLIUG 7% Hawl
vhenssssuwd 5% 1%

AINITTURTIAGINER

2. fdinsAnwnsly

weaNanaNRIMIW
HANAIBYUTLIUA 1:1
uadslaifinnsldiens

AGEY

2. MsAnwINS LY
waaana NI
NaLFetenamng
PgUTUUTIAUNMN
NIAINTINUDY
waaana NI

Tigedu
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1SRN

nanlaannisanul

NANISAN®IIN
Uayan1INUNIY

398UNIIA

W3sguna

=
N13ANYN

3. MSNAFDUDUU
PNANUIB19NIST

neas1aaase

2. WUMAMAADU

Plate Bearing 20 t/m?
A1 Skid Resistance
103 BPN uazfognsil
191% 82.82 ksc lmein
N9NDATINA 2 U Wu

WRIFIUNTUN VAN

2. NSUNAILA
NAFDUUUNUUENY
2IASNY -UATWIEN
ﬁiwz 3 ey 6

LAY NAFDUNIAN
L@ETAIN LAEI
ASkid Resistance
FNININTFIUNT

ATUN WA N

3. MINAFDUNIU
LINTFIUNTUN VAN
Tnefidnwlevaaau
doufiszoziign 2 U
1INAINNTUN VA
VadeuTiszs 6 Lo
LERIDNTTELLIAINTT
T ufiorunuuain

N9 AMULTILT
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uni 5

ayUnan1sANYILaTYaLE DY

5.1 asunanisAne

5.1.1 wansvadauLaaRaiuauingI I

NAnanInageumilmstuAnsanveuiuvesyafemaaeuisasidu 100:0
Fadusraweaiaditlinantdiosmisniidy 6567 (mm/100) denauifiudnsiau
H9NNTRILATNTIEIL 9555 90:10 85:15 wag 80:20 sudIRuAIN TINvDTuTuual
anategerelilayinfu 60.33 (mm/100) 55.67 (mm/100) 47.67 (Mm/100) Way 44.67
(mm/100) mudrduanuantsadeuuandliifiuainisaureaduanasidefuyium
#1915 1% 9N sInveTusaaidas@usaNiAY 80:20 Ansanveaduwiniu 44.67
(mm/100) Inuanaaeuiiegwwoailadfinauiormisduiliefuuimaionmisas
dwmalioaueatiadiiamuudandelu Wisufsufusmsgunsamismaisainisaes
Huogsening 60 (mm/100) §3 70 (mm/100) Arn1sauviuaINHANISTNAGDUAINTY
1AIgIUNTINIIVaNe deRiansanluduaaudauss yanaaeuiinautiiomnsuuss
s

MnuanITnaeun U inresiiesilinamieren geuliiig umad 319 °C
wtuuflefiuuinuendudamdin 955 90:10 85:15 uay 80:20 swaEuUIRUlY
vesTaniuuiliuanasetsdeiileariniy 31637 °C 309.67 °C 306.00 °C sudduLaz
shandl gaumgdl 296.70 °C lonauUSianiensmnfisaaan 80:20 uandlidiuindowiy
ﬂ‘%mWmﬂfflmqwﬁ'}azﬁﬂﬁqmmﬁmawmwlw&hm WU UAULIRNTFIUNTUN TR
gaumaiigaulniidualidoslidesnin 232 °C mnuan1smaaeuyAfioE1sHLINATEIY
Faviaim

MNuaNIVAApUnseufivasiogvaiiui e Binahenanslushsdau
100:0 95:5 90:10 85:15 uay 80:20 Audwugmuvgignseusvesianiivualiufiudy
osLoanfy 42 °C 455 °C 51 °C uaz 55.25 °C gagnogfiguungil 57.25°C
pudrduidlonantnensnntiugugiynseuiidanandenauyIumteamsegd
§n31dau 80:20 Feanueatladlinanirerssasdgumgliyaseusiegil 42 °C uandli

'
v a1 A

Wiuinfiaiinysunaemnsadliasiiieugiyndeusaiiaiigau vilidegsanunse

a 1 Y

MuANUToUlMNNTY WIBUIRTTINNSUIIa e Tigngaumdesliitesnii 45 °C yn

q

AIRENNAFBUTIHANUIE NN TIHIUNINTFIUN VLA
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1%
(Y =<

MNuaNIINAdeuNsEniavesiiodaiuinisiniget uilonautdienamisid
§ns1dau 100:0 95:5 90:10 85:15 uay 80:20 AuddUANRAINITIAdBUNN TR
54 cm 73.5 cm 97 cm 44 cm Wag 36.70 cm anudduuandliiiudedenisdafives
weailadiinasninensmadnualduanmsindigedufusnsdiunand 100:0 95:5 gegni
97 cm \ilenaNF e NNTTIENTIEI 90:10 uazAANTEnfaranadesamaniidena
e fidnadiu 80:20 ArnnsBadaniafu 36.77 cm duIsuifisuAinisingy
1RsgIunsIMmasidnsBalidosndt 50 cm weailadfinanenamisdasidiu 95:5
LA 90:10 KILUIATFIUNTUNNMANLALLTDdIUNANNINNT 85:15 azdAnisdnsasini
UINTFIUNTUNAN

NHANITNAGDUAINTVRAABNTDILBATIARTISNTI@IU 100:0 95:5 90:10 85:15
Laz 80:20 MUAWUAINITNGAABN 19.80% 17% 12% 9% waz 7% aua1fuandbiiiiu
weailadilinauthensmnsanivaaasninniian Wenauthenamsifiutudinismaaasn
wfuulanawuandliifiuiinimamienmnnasfulssnsnmnsBanevosoaiiad
Fudufanuszarufumanuliinsmanasndesasdmnimmgaasniosgaiienau
g19MN51MSATIEI 80:20 thaniUFsulfleuannssiunsuniaasenisigaaenluiiiu 20%
quéﬁ'aafmmaaushummg’mﬁgwm

Mnuan1sneaauLeaiiasaeunin neisunsuradotsiinautinensnnslaeld
§n37d9 100:0 95:5 90:10 85:15 wag 20 AudduAnaissnnn1sFutminegludas
2553 bs 9 2639.20 Ibs ausSnTdIUNANLNEINITWAITY 100:0 wariiArgegalngen
adesnwnsiuminiaadiednmdiunaunvindy 85:15 wansvadausn Density A1n13
naaouiinunliugeduandnsidau 100:0 Wity 2.49 g/ml uazgeiianiisnandrunay
90:10 AU 2.50 g/ml LAZAUUUULILANAIA ARSI dIUNEIYINTU 85:15 Ay
puLusgauinty 2.08 ¢/ml nanaaeunislvavesweailafiinandietieranigii
gn31d7u 100:0, 95:5, wag 90:10 mmamaaum'ﬂmﬁLLuﬂﬂuqq%ummé’ﬂéTuwhﬁ’u 13.4
mm 15.6 mm 17.81 mm 19.56 mm 22.30 mm A1UA1AUINNNANAADUAT ATAIY
yuily, Aafesnmnnssuiinin, anslva thaieuiflevaiasgiunsammans e
AUVUUUNINTTIUATUNMAIINAY 2,48 ¢/ml ANANUNUILUUIINKANTNATBUNIY
1RSI IAANA SR I M S U TTNTITNaViaIaYnfy 1800 Lbs daegnaiiu
ogluinamifisensuld Snilsanisluavesiogiais 5 Adegluineifiseusuld Fadu

freg199NaNsEINwRalantazuneans i lglunIseasudinslinaaIn nnasswaaian
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= A 3 s I i = % i i
AouNIalagItunsuyadneausulinuNInsgIUNanaatissawlitesndt 1800 Lbs
Density litfeenin 2.48 ¢/ml uavAnishyasgsendng 7 89 18 mm wasgiuaIn1sivansy
Mena9eglugie 7-18 mm KanITMAFeUAINTTIMARLINATIIUNTUNNEIVINLA

NHANTNAFBUALNTINTTU AN153AUL Argoudd An1sEnadi A1n1sng e
doukaznImadeukeailadneuninlaeisunsuya wandlviiualiainnismeaaeuves
weailadinaudiemsaIndweaitadilinauiganisuasilenansananuanladamuii

5 goj gy ! ! o/ va & a a
woafladNnan1e19n51918n 518U 90:10 Isdwnalvinuautfiveswaailadissdnsan

Ya o =€

aeandIdedsldnsdudnanivldnuneaidimiesiely

Y

s o [

5.1.2 Han1snadaueaanannunauun g ludnuungnanisn
ANNNISNAFDULSIDALNULAYTD LIDNINTUIDNTIFIUNAUTEUINILDAN AR ABUNIHN
3% 5% wag 7% vesdmdnueaiadauaidunuiimniiegseailadinauyudiuug 7%
g U e‘d‘ 1 v a1 [} % =) 1 [y} o U
vaaminueailadisveyuy 7 Judd1nsuusdaunuinelgeaaminfu 70.47 ksc dmsu
gnTdUNaNTEINLeailadaaunIn YuBuud wazineems lagldyudiuuinay 3% 5%
WAL 7% UNNUNLaaNadNautI8719WI5) 5% 10% Way 15% YasunuakaaiannuInn1giw

'
v v A 0 v v w

Uinabenamnsadlusliaidssailéanas uazainnisinseiaidedafuuiunm
YuBiuud nuhmaduTnauiiuudasluiliasdsaieniuty wudeafudne
dunanszrInueailaireunIafUYuduud MnHannaeuAMTTULTISngTigaiiszeziaan
Un 7 Fusinfu 23.89 ksc. Tagldyudiuud 79% tienanns 5% wauueailasd aanwanis
naaouagldszaziiaund 7 fu osnnilualdnudeaironmans fidedafiuyamaaey
iioligeBaumliun1sunsedaiiszozinauy 14 uay 283U ANLINTTIUATUNNMAI T8
fmualiien UCS vas¥aniilddmiuduiiunsiosnnnit 17.5 ksc mnuan1mmadeunyuiid
audululgfiaeriunldludondd wastsafuddauie nisundawasnisaudiuNay
angelidntu winnseiluniaauiuiia v ldRmmginlaeniesdlewdesdnsuin dmsu
Uspiiudosiununisieads Iiuieuntuflensisuisusunslifagiumauuuiiude fiu
Faldnanmssadagion vharesssumninaztagiuiuduvauaay msthiagliudanly
Tmllpsnauduudiadumadenlunisantgmainmstiinian nsvuihetagluiiseras
AngURveg warnsuawAauTansneInssIalunisviauu

91NMIMAEeY Califoria Bearing Ratio Wefiansandnsdiunaussninaoaiian

ABUNIAAUYUTIUIUG 3% 5% way 7% Vo mtnuaaiiadaudifudloiiuuTuayudiaus
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aslusiloien 9%CBR Wstuiinfu 829% Aarunauyudiuns 7% dnsudamdiunauszning
woailaiaaundn Yudiuusd uazine1amwisn 5% 10% uay 15% vosimdnuaaiaduanis
NAABUAT CBR gagauinty 420% Aisasidrunan 5% vestimiinueaiadniaifiuyIuia
g19mn51adluviliieT CBR anasiaaidndiunan 15% vesimdnueaiaduazainms
AAs1gvien CBR AuUTuyudiams wuh nmafiuiinauliuudassilie CBR Anfindu
WulReINUanTIdUNaNsSEnINueailadaaunInf U TG

nnsAnwIAl CBR fuunldululufiemadedduiuan UCS lnsdnsdiunand
naaeuldviaaasingagn Tugansmaaeudl 1 Ao Snsdunauueailadneuniafuyudiume
7% vesiwminueailaduardmiulugansmeaeud 2 fle Shadurauveseaitadaounie
Yuds 7% uaztenawns 5% vesihminueatiadneundn ftudsdiammdululdgann
flaziemsuliludeatisounluduiunimiosesiiunisdaazanunsovirlsiinisiy
grewrsuldlutTinadiun mnnanaaevduandlfiiuinsnsduinanermsidud
Snsrduiinanudaiian R IndiAesldun drunanyudumudi 5% uag 7% vonimin
waailadmaunininuaaLL1IT1 5% 10% uaz 15% vosmiinueaiiadneuninaugid
Tnefinnsannsldihenafeatvayunsldsrmaluvssmealdunntuiu Wumadenls
mhenuiifsedldinsandely

nsnaaevluntaauiudeldnaasvuuianieiineaisusauniadn
UNINYIFBAAIUATUNT INeNURaT18N$51H n1snaasulunnauulaenagauRInig
woaladaeunInnautieswsdrunanil 95:5 uag 90:10 nanaaoUNINITF VLTINS
Plate bearing Test Way Coring Test Wudmuumquawﬁwammawwm 5% way 10% a8
weailafanusnsutmiinussnegietes 20 t/m? liusRsgIUNTIARaTILA 9An
vuwesauusremdulunudiosnuuy 5 cm uagArudunIunsaulaavesionig
(Skid Resistance) 111U 84-86 British Pendulum Number (BPN) H1ULN Q491116155 1UNTY
ynawade.dl 65 BPN

dleRvrsmumnnimaaeuudiaiunsaaguliineueaiadfinautienanng i
dasdau 90:10 Wudandwiiudssansnmuesssueaiadinniianannsadianldauls
Tehunusinufinsumsaastmue fnsannmsliveatiadneuninfitearnfaman way

sa o 1

) = H A o | 5 o ¢ a
ﬂUlJuﬁszuquammau 7% WAZNAUUIGWNITINDANTIFIU 5% GﬂgﬂuqﬁUﬂLL@ﬁﬁa(ﬂﬂ@‘Uﬂi(ﬂ

a AL

Judnsdundieiinuszdnsnmveueailad rouniniseandamaiunauyuiiuuduas

[ a

19131 AUsEAnSnnagaainaan1Ideigidelanuiinisldueailadaeuninnauiuin
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a a 1

19T ARTEI 90:10 wldreadreiansldegraiiussansamganitninfamaeildens
woaflad AC60/70 Tauvisnunoaitammaidlasgdddtaniiianimianduunldlng
Tnslawznisdenfionisdulnginislitanannmsieimannnmauyuduudnduunld
reas1sRnslval AdeTlituundnlagldTanfizenimaiunanyuunsuasua
B19M19 19 NHANTINAFE VAT snBusunstihaldnoatistunisuagyianidldedi o

Useansnmeald
5.2 UDLAUDLUY

5.2.1.daweuauusdmunisiinaddeluldau
" 015Ul sanIsHansenIeeakeaianiulng1 N inaunedselinse
Wewnniinnsiienvesdig s lenauiindunsgneinaulndwedly

gunsaidesiu

'
a

" aqsinauidelldanulasanigiiofiunivieaniseguailaenisaou
Tmsuauwarliniigaulnaseissduiluldlade

" asiiuUSinanistdauuenanslunisneasisasnuingeneaiinngu

5.2.2 darduamuzlunisinluidslusuian
® Tyunisihldddeselumsiansannmsinluldnugeauionig
" ms3dslusuianAlsiansunsleianuiasuaniamianifsauiusulys

RN NELUN 819N 5 IAEL 5O I U UUEIE W
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UIFTUIUNTY

Y a

neityey Inmen1gyatl. 2554 “N150BNLUULALVIAFOUIUUAINENN.” NTEANYITINIAAIVAT
11 flunew 2554,
N3eUsEmAlNY. 2554, “UARAMTIEIN.” NTUNNUNIUAS.
nsuvaUseEmu. 2560 “nisldranamanteaiiaiiunuainesiaun” duduile
5 S 2561
http://irrigation.rid.go.th/rid14/water/engineer14/pararoad.pdf
NIUMVANs NeslATILayIdE. 2559. “Loailadnounin."duduiile 21 Ly 2560
http://www.doh.go.th/spaw2/uploads/files/menul/01/dhsd408-32.pdf.
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1 100 0
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5 80 20
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Wosomemeluaunun vseealdiiaiuseunn 40-60 uit Tunisnauiigaumgil 180-190 °C

Junszsekeailaduazensnsnaeduiledeiunansgudmsutunaulunisuay
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NSNAFDUINTLNTTUVDIB1UDANAANAUUIYIINITT (Penetration Test)

LY a 1

nsnpaeumnimiuduiinsinnudumaiostandyau Aundinsdugeninied
femnudumaaiiseunty

N1SWUBNIAVDIE LB ANAATLUUANINYIUINTFIUVDIAINTWMEAD TneITAIS
nageumIingtu Jsanunsautaoenidu 5 1nsAnTgIu Ao AC 40-50, AC 60-70, AC 85-
100, AC 120-150 wag AC 200-300 winsnagevvedlassuiasldenswoaiadduusgm

wnsgrunUssmalneldunsvanglulagiufie AC 60-70 lun1snaaeu

UszaIA

dl' o & I = <@ . .
L‘WEW]']ﬂ'ﬁVI@ﬁ'P]‘ULWL!LV]‘U‘LJGU’PN'JE?@EI’NLLQﬁWa@WQQIUﬁﬂ?WﬂQLWQ (Semi-solid) hay

'
1 a LY o

401U (Solid) Japnfianmdindudind 350 aunsanageuldlagirioionInsgiuuay

[

FFN1neasusuTURBUNIZNaIRD UL duTanndAwimITusEnI1g 350 B9 500 A%

q

v a4 A da gy &
NAFDUAIULATDIUDNNLABNAALUAIYULN

[

CRRRHGIGRRRT

1. iA3emadauLnilingu (Penetration Apparatus) Usgneusigunuinaauduasle
AukwIRsasainmNdnldaziden 0.1 fadwns wasudeUszneuduunsgnudiiu
wnudlAn 50+0.05 N3U wagtmtinadevuin 50+0.05051 53U mTin 100 NFU AUMUUATES
MsVAERUTINAUINLATFI

2. Wuu1n551U (Penetration Needle) irdnawméanndnliaduyuuds (Stainless
Steel) g17UTEUN 50.8 UAGWUAT VWIALEURNIUAUGNATY 1.00-1.02 Haduns wazdvaie

¥ = < U v = v o
WiaNT1anils IaTInvesduinsgunuiEgawiy 2.50£0.05 N3
% 1 . a o < v o

3. M1YULUIIYAIDEN (Sample Container) UaNBUztUUFUNTINTZUBNNULUU N1

mglany

g 3.1 dwsuTanndiaundndusindt 200 faug 3 oaud
} 7% 1 3 a a
uiaudnaanely 55 Tadwns
Anuannely 35 adwns
wae 3.2 dwsuTanndannilinduluyig 200-350 d1g 6 Do
} 7% 1 3 a a
Wuiaudnaanely 70 Tadwns

ANuannely 45 UAALUAT
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4. 919U1AIVANUNAN (Water Bath) 1Jugnsiiaunsauiuuasaivanaamgiln
Asnle Tnergaumgiivenirainiadeuliiiy 0.1°C dauglivesndt 10 Ansuacdl
AulUTIasdmIUIeEn uagdeslviiviuiegslalitesndt 100 Tadwns

5. augdnefegns (Transfer Dish) Asilunivugnsenssueniunuundanugly

¥ o
aa v

Woendn 350 Hadiuns vseanuaniieanelitAguuNBUEUITIIRIBg1s nvusiinnudes
ad Y \ Aa v o W A ) ) ' )
InfuguTeaunisinthduda 3 9n wedssiunivusussyiiegiwduvnengey

6. WA3DIUNAMaINTaaulsazdente 0.1 seclago1razulnsdnviiets wseld
WIRNTunaLienIuANNINAaa Ul

7. wasluilwes seseulsazidenia 0.1°C

8. Jan Uy Wy woailaddiuud

9. Whdr1n (U1Naw)

ANSLATEUNISNAFI UMW TN STUVD 819D AN AR NANUIBIIWIFT

yidiegnalmatnieanusaualaus luens
Tgunniigenin 90°C uaglinisliqnlagn
~ v a ° XY ' a a
nila¥ounnifuliauvilvidiegrligamaiigs
n119n8eusl waglinudoudesliuiuiu
30 w1 nandeuieluliifianesenialu

A8

wiiegeaslunyusUIIIReg e lriuTIM
LaTANEALINNDTIENNTNAGDU UE?
Uaoelhifuasiigumgiissning 25-30°C 10u
na 1 4l anduiluudlugisaniuay

a

gamndl 25°C WWunan 1 Halus

Y
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CIVIL ENGINEERING DEPARTMENT

PRINCE OF SONGKLA UNIVERSITY

PENETRATION TEST

Project : NS89 NIS I UIIUNDES19RINIIRAI

Material (AC 60/70 : NRL) : 100:0

Load: 100 ¢

Temperature :

PENETRATION TEST

date : 28/01/2017 Tested by : Prawit  Paotong
Sample No. Dial Reading Average
division division division
1 65.00 65.00 67.00 65.67
2 67.00 66.00 65.0 66.00
3 65.00 66.00 65.00 65.33

Remarks :
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CIVIL ENGINEERING DEPARTMENT
PENETRATION TEST

PRINCE OF SONGKLA UNIVERSITY

Project : N1514819M1 57 UIUNDES19RINIIAL

Material (AC 60/70 : NRL) : 95:5

Load: 100 g Temperature : 25°C

PENETRATION TEST

date: 28/01/2017 Tested by : Prawit  Paotong
Sample No. Dial Reading Average
division division division
1 61.00 61.00 60.00 60.66
2 £0.0 61.00 59.00 60.00
3 61.0 60.00 60.00 60.33

Remarks :
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CIVIL ENGINEERING DEPARTMENT

PRINCE OF SONGKLA UNIVERSITY

PENETRATION TEST

Project :  MslUE19amIs1 luunBAS19RINIITaIg

Material (AC 60/70 : NRL) : 90:10

Load: 100 ¢ Temperature :  25°C

PENETRATION TEST

date: 28/01/2017 Tested by :  Prawit  Paotong
Dial Reading
Sample No. Average
division division division
1 56.00 55.00 56.00 55.67
2 57.00 55.00 56.00 56.00
3 56.00 55.00 55.00 55.33

Remarks :
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CIVIL ENGINEERING DEPARTMENT
PENETRATION TEST

PRINCE OF SONGKLA UNIVERSITY

Project :  N15Mon9ms lUUAB@S 19 INIMa9

Material (AC 60/70 : NRL) :  85:15

Load : 100 g Temperature : 25°C

PENETRATION TEST

date: 28/01/2017 Tested by :  Prawit  Paotong
Dial Reading
Sample No. Average
division division division
1 47.00 a6 48 art
2 46.00 47.00 47.00 46.67
3 48.00 48.00 47.00 47.99

Remarks :




CIVIL ENGINEERING DEPARTMENT

PRINCE OF SONGKLA UNIVERSITY

PENETRATION TEST

Project :  M1sle1an51luUADE519RINIIMAI

Material ( AC 60/70 : NRL) :

80:20

Load : 100 ¢

Temperature : 25°C

PENETRATION TEST

date: 28/01/2017

Tested by : Prawit  Paotong

Dial Reading
Sample No. Average
division division division
1 47.00 47.00 46.00 46.67
2 44.00 46.00 45.00 45.00
3 42.00 43.00 42.00 42.33

Remarks :

77



ATMEUIN A
NSNAABUINTDUAIVDIL MO AAHALIE NI
ANUNIMTFIU ASTM: D2398-76

78



79

N1SNAFAUYNBIUAIVDIBNUENAANENUIEIWIY (Softening Point Test)

o

graueailadidutanifianumidemindanguldlaglidinganasumar Weoagumal

q

[ £
I J v =

WugrueaianazAey 9 saumlariinuniinanas sewnilanseuidulunuauda

q q q

a
Y
dAglunmmaaeu lnenisidiumuiuantulunisveaeuyngous

o

o

ngUszesA
Wievhnsnegeunnynsaufivawaailanlugig 30-157 °C lagldinTaaisumunas

gty usludindu (gaumgiiz0-80 °C)

Y

[y

\n3asilauayTan

1. 2aumy (Rings) Wunswmuneandes fvtluseain §1uau 2 29

2. U389 (Pouring Plate) uunus1uiseu dususesrsumurneiniaudiogs

3. gnUu (Balls) 1Wuwmannan vuaduRIAudnae 9.5 Tadkunsdiuau 2 gn

4. fdeug (Ball Centering Guides) vivenaamaes Iddmsudsdugnlulnineeg
pssgudnanamluvasiivihnsmaaos

5. n3rUanua (Bath) vhdmeuimuanuieugauadushgudnarsnelulddesndy
85 adluns uaranlidesnin 1208adwns wieealduinuausousuIn 800 Jadwns A
e

6. YNI192MIU (Ring Holder and Assembly) vinaaenesniasldsasiuismiuli
Meaglukiisu

7. wesludiwes Tingamgiluvaizyinisveass

8. w3adlinnudeu lnewiudnsnslinnuseuldmusdanis

9. Fregauoaiian AC 60/70 Tinaue1mNTINE"

10. YINAY



N1SLASEUNITNAFIUYATIUAIVDIL DN AANFNUIIIINIT

80

TausouLnilogawaailan

¥ =

TANSoUNUINUNB LA BINIEB I U

fgaumaiilnalAseiuvesiiogns

P lUnsunmkusaIRmaaUaNsuRA LY

wikaaianwalaslululramuauay
wiUaeelidusaiaamaiiviesetng

v ~ A & v v o

498 30 W9 waziloduaakadlivinng
Urnaruiussnlneyinnsiatlanvinlnsau

TUuauINakmIu




IBN1IMAFIUNITNAFBUYNBIUAIVDIB NN AANFNUIIIINIT

81

TAINIUNLASEUAIDEN9LIWAIN @D
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g1ugungiviuiifloiudieg1adasas
dudaiuunuseu wazgungiidesl

ANNNAUULAY 1 D9AT
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o 1 Y

egaumlunsEuenkiINuIIgunasiiaiInIesaudlunssuanuiINUITINaWe

3u TunsuUasdnvesgneeuidmnluliuaziiniginin 80°C wantes \Uurgnsousilung

oW WAIUSULA +4.2 °C @nsSunaaian

msﬁmszmmwgnﬁ'awmwamswwaau
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CIVIL ENGINEERING DEPARTMENT

SOFTENING POINT TEST
PRINCE OF SONGKLA UNIVERSITY
Project : N1514819M1571 UIUNDES 1R
Material (AC 60/70 : NRL) : 100:0
SOFTENING POINT TEST
date : 10/02/2017 Tested by : Prawit  Paotong
Sample No. Softening Point (°C) Average
Trial 1 Trial 2
1 43.00 41.00 a2
2 42.00 44.00 43
3 40.00 42.00 a1

Remarks :




84

CIVIL ENGINEERING DEPARTMENT
SOFTENING

PRINCE OF SONGKLA UNIVERSITY

POINT TEST

Project : M5l819NIST I UIUNDES 1R

Material (AC 60/70 : NRL) : 95:5

SOFTENING POINT TEST

date: 10/02/2017 Tested by : Prawit  Paotong
Sample No. Softening Point (°C) Average
Trial 1 Trial 2
1 45.00 45.60 45.30
2 45.00 46.00 45.50
3 45.40 46.00 45.70

Remarks :
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CIVIL ENGINEERING DEPARTMENT

PRINCE OF SONGKLA UNIVERSITY

SOFTENING POINT TEST

Project : N1514819M1 1 UIUNDES 1SRN

Material (AC 60/70 : NRL) : 90:10

SOFTENING POINT TEST

date : 10/02/2017 Tested by :  Prawit
Sample No. Softening Point (°C) Average
Trial 1 Trial 2
1 50.00 49.00 49.50
2 52.00 51.00 51.50
3 51.00 53.00 52.00

Remarks :
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CIVIL ENGINEERING DEPARTMENT

PRINCE OF SONGKLA UNIVERSITY

SOFTENING

POINT TEST

Project : M58 NIS I UIUNDES 1R

Material ( AC 60/70 : NRL) : 85:15

SOFTENING POINT TEST

date : 10/02/2017 Tested by : Prawit  Paotong
Sample No. Softening Point (°C) Average
Trial 1 Trial 2
1 56.00 54.00 55.00
2 55.00 55.60 55.50
3 55.00 55.50 55.25

Remarks :
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CIVIL ENGINEERING DEPARTMENT

PRINCE OF SONGKLA UNIVERSITY

SOFTENING POINT TEST

Project : N15819M157 UIUNDES 1R

Material (AC 60/70 : NRL) : 80:20

SOFTENING POINT TEST

date: 10/02/2017 Tested by : Prawit  Paotong
Sample No. Softening Point (°C) Average
Trial 1 Trial 2
1 57.20 58.00 57.60
2 57.00 56.80 56.90
3 67.00 68.00 57.25

Remarks :
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m'swﬂaauqmwuazﬁgﬂaﬂw (Flash and Fire point test)
nulnilugaiivsveniveamgiinbinnuseuduneailadldedsUaendelnglian

Anln wazdlefiiuadlnundudalng o vilwgndula Sendn gadalu

UszaA

a o

weailasifialasunnuseuiigaugiigunne agvhliasuanuzainueailadiude

Y Y

Anaedulavaysywsoanun waziinlafssmeeanunduiadiualin azvinlianusenel
= v A 1 @ a Ao v o fme o o
Funle uagdodnludmdunse dwunmegeugnnulnveseaiiaddedaudday
\eNganusavngauminunzaumiilinagenulfluvaeivihnsiianuseuseailad

bIATNEL

CRRRHGIGERRT

L3

1. guUnsal Cleveland Open Cup @slugunsalil axUsznauluse

® fanadaU(Test cup) Nvisenesniss wiselanedunliiduatuwaviludii
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CIVIL ENGINEERING DEPARTMENT

PRINCE OF SONGKLA UNIVERSITY

FLASH & FIRE POINT TEST

Project : N15M819M 51l UNUADES19RINI AT

Material (AC 60/70 : NRL) : 100:0

FLASH & FIRE POINT TEST

date: 03/03/2017 Tested by :  Prawit  Paotong
Sample No. Flash Point Test(°C) | FIRE Point Test (°C)
1 275 318
2 274 320
3 277 321
Average 275.33 319

Remarks :
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CIVIL ENGINEERING DEPARTMENT
FLASH & FIRE POINT TEST

PRINCE OF SONGKLA UNIVERSITY

Project : N514819M151 U UNDE519RINIIRa 9

Material (AC 60/70 : NRL) : 95:5

FLASH & FIRE POINT TEST

date: 03/03/2017 Tested by :  Prawit  Paotong
Sample No. Flash Point (°C) FIRE Point(°C)
1 268.00 317.00
2 270.00 316.00
3 273.00 316.00
Average 27033 316.37

Remarks :
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CIVIL ENGINEERING DEPARTMENT

FLASH & FIRE POINT TEST
PRINCE OF SONGKLA UNIVERSITY

Project : N15l9819W5TlUUADES19RINI A

Material (AC 60/70 : NRL) : 90:10

FLASH & FIRE POINT TEST

date: 03/03/2017 Tested by :  Prawit  Paotong
Sample No. Flash Point (°C) FIRE Point(°C)
1 263.00 308.00
2 265.00 309.00
3 263.00 312.00
Average 263.67 309.67

Remarks :
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CIVIL ENGINEERING DEPARTMENT
FLASH & FIRE POINT TEST

PRINCE OF SONGKLA UNIVERSITY

Project : n15l9819WsTlUUADES19RINI A

Material (AC 60/70 : NRL) : 85:15

FLASH & FIRE POINT TEST

date: 03/03/2017 Tested by : Prawit  Paotong
Sample No. Flash Point (°Q) FIRE Point(°C)
1 261.00 304
2 258.00 306
3 259.00 308
Average 259.33 306

Remarks :
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CIVIL ENGINEERING DEPARTMENT

PRINCE OF SONGKLA UNIVERSITY

FLASH & FIRE POINT TEST

Project : N15l9819W5TlUUADES19RINI A

Material (AC 60/70 : NRL) : 80:20

FLASH & FIRE POINT TEST

date : 03/03/2017

Tested by :

Prawit ~ Paotong

Sample No. Flash Point (°C) FIRE Point(°C)
1 262.00 300.00
2 257.00 297.00
3 255.00 295.00
Average 258.00 296.67

Remarks :
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NINAFIUNIINYAADNVBINIATIU (Stripping Test)
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CIVIL ENGINEERING DEPARTMENT

PRINCE OF SONGKLA UNIVERSITY

STRIPPING TEST

Project : NM15l819M197 M IIUNDES19RINIIRaI

Material (AC 60/70 : NRL) : 100:0

STRIPPING TEST

Date : 20/02/2017 Tested by :  Prawit  Paotong

Sample No. AZKLUUNIINGARDN Sample No. AZKLUUNIIVGARDN
1 0.25 14 0.00
2 0 15 0.00
3 0 16 0.25
a4 0.5 17 0.25
5 0.75 18 0.75
6 0 19 0.00
7 0 20 0.00
8 0 21 0.25
9 0 22 0.25
10 0.25 23 0.00
11 0.25 24 0.25
12 0 25 0.00
13 0.25

Remarks :
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CIVIL ENGINEERING DEPARTMENT

PRINCE OF SONGKLA UNIVERSITY

STRIPPING TEST

Project : N15M819m197 UIUNDES19RINIITAL

Material (AC 60/70 : NRL) : 95:5

STRIPPING TEST

Date : 20/02/2017 Tested by :  Prawit ~ Paotong

Sample No. ASLLUUNTINGNGDN Sample No. AZLUUNTINGNGDN
1 0 14 0.00
2 0.75 15 0.25
3 0.25 16 0.00
4 0 17 0.00
5 0.25 18 0.00
6 0.25 19 0.5
7 0 20 0.00
8 0.75 21 0.00
9 0.25 22 0.00
10 0 23 0.25
11 0.25 24 0.00
12 0 25 0.00
13 0.25

Remarks :
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CIVIL ENGINEERING DEPARTMENT

PRINCE OF SONGKLA UNIVERSITY

STRIPPING TEST

Project : NM15l819M197 M IIUNDES19RINIIRaI

Material (AC 60/70 : NRL) : 90:10

STRIPPING TEST

Date : 20/02/2017 Tested by :  Prawit  Paotong

Sample No. AZKUUNIINGARDN Sample No. AZKLUUNIIVGARDN
1 0.75 14 0.00
2 0 15 0.75
3 0 16 0.00
4 0.25 17 0.25
5 0.25 18 0.00
6 0 19 0.00
7 0 20 0.00
8 0.75 21 0.0
9 0 22 0.00
10 0 23 0.00
11 0.5 24 0.00
12 0 25 0.00
13 0

Remarks :
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CIVIL ENGINEERING DEPARTMENT

PRINCE OF SONGKLA UNIVERSITY

STRIPPING TEST

Project : N15M819m197 UIUNDES19RINIITAL

Material (AC 60/70 : NRL) : 85:15

STRIPPING TEST
Date : 02/03/2017 Tested by :  Prawit  Paotong
Sample No. AZKUUNIINGARDN Sample No. AZKUUNIIVGARDN

1 0 14 0.00
2 0 15 0.00
3 0.75 16 0.00
4 0.25 17 0.00
5 0 18 0.25
6 0 19 0.00
7 0 20 0.00
8 0 21 0.00
9 0 22 0.00
10 0 23 0.25
11 0.25 24 0.25
12 0 25 0.00
13 0

Remarks :
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CIVIL ENGINEERING DEPARTMENT

PRINCE OF SONGKLA UNIVERSITY

STRIPPING TEST

Project : NM151819M191 M IUNDES 19NN

Material (AC 60/70 : NRL) : 80:20

STRIPPING TEST

Date : 02/03/2017 Tested by: Prawit  Paotong

Sample No. AZLUUNITVAAADN Sample No. AZLUUNITVAAADN
1 0 14 0.25
2 0 15 0.00
3 0 16 0.25
4 0 17 0.00
5 0 18 0.25
6 0 19 0.00
7 0 20 0.25
8 0 21 0.00
9 0.25 22 0.00
10 0 23 0.00
11 0 24 0.00
12 0 25 0.00
13 0

Remarks :
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nsnadeuLaNanAnAaUN3AlABATUISLYAEa (Test for Asphaltic Concrete by
Marshall’s Method)

nsnadsuLE@dusnINAUNITIva (Stability Flow Test) LagdlasngiAunuIbiuiy
P99719n18ludIUNaw (Density Voids Analysis) maﬁaumamam%m%uﬁuamamﬁaﬁﬁw A1y

TunnseanluudIUNALLDANARABUNTA TIUNIIDUITLIAR

UszaA
WenadaulaissnInAun1sina (Stability Flow TestuagitaseiAunuInuuny
1997190 18ludIUunaL (Density Voids Analysis) Uasdiunanuodiannaunis (Asphalt

Concrete)

\n3asilonazTan
1. wiesdlonnaauveiniuyad (Marshall Testing Machine) uweSesiiofldnaaou
N158ARIY Imamidwshmmmlﬂfgjﬁaasmi@EJmumqﬁamaaugﬂﬂ%mqﬂamé’wé’m’]miﬂm
Aafl 50.8 fadwmssounil
2. Flow Meter Tgmarnsluavessioegns enulaazidenia 0.1 Saduns wag 0.01
GG
. wdasfusetne (Marshall Sample Ejector) [dfufeusiagnseanannuuunge

. Delanenuwuu dmsulduiasau

wouwazunusou Tolunslianuioulnuiasiu woailassedus)
Auzusseaiiad iethluldluvazeu

3
4
5. aelavenunay danuqussan 4 dns Tddmsunaueaiadiuuiasy
6
8
9. woslufimes Ainalddeus 10 - 232 asmuwaidea

10. wdosiniminfierumazndends 0.1 nu
11. YounauvisoinIadlany

12. gaslonts dmsunBuiuedesilefiilgumaiiae

13. \n3esna (Mechanical Mixer) A21uqlaifiniy 4 dns
14, a'wqmuqu@mmﬁﬁw

15. wiusosd niuunen (Compaction Pedestal)

16. LLuwdaﬁw%’wﬂé’ﬂ%ugﬂ (Compaction Mold)

17. AeuunsnA (Compaction Hammer) dguumiin 4.5 Alansu seeean 457 Tadiuns
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ANSLASEUADE1INISNAFOURDEHAARINABUNSANENUIYI9NISIALIATUS YA

W3BUNIAY uasulnra el

a

Wwtinasi lagauiiguunil 105-110°C

Y

wenulasIneenduruInn1sglagsou
NIUAZNSIA LA ATUTAAIUVUIAN

ABINT

WENYNA LY AU AUAUANINDINA
drusuusznalnelyd AC 60/70 (n1s
naaavdmsulunIaalzltUsunuend

S¥UINN5S0AY 4-6)
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Preg1anaglglulimnuseu

Y1185 7UNNINITVIIRINDATIEIUT
wisuldseusesnalllaulumiou w
g inaInitvesgumginlvainuiou

whesldaenin 28°C
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susardunauliyuauaritinsinan
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LAINANWRATAAAUNIATINDE195IALS)
AUNTLNILDANARAADURINIATIND L

Y199

WMTUULUUNADULATABUUADA LUUNED
FRY 1NAADULASRIVDIADUUADNILAD
aven luvlrsoulneniseunseiauy
wiuSeuuilgumnlogsening 93-1490C

ADUNAIUNANAI L ULUUVAD

Thnansganwyulandalavuinasiiuwuy

7189 913N TLA1BNTDINULA

wdunaumunaduLuurde Hwievie
N38USOU YALTZAIUNANDE1TIST 15
a1 59U UUUNEDUSNMITEUTE LU
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aasnda fuLUUBE LAY 910t
P uUnaelUIN9aauuLYIuSBINISUASA
| ¥msuadasedouuasaiidiimin 4.5
kg TrEANNTENU 45 cm $rurundiun
SatuagfufuUTuImeI93109RINIg

(USH10a5719500 75 ASY)

&991N911N15UN SR TinangIuTeLay
Uaanmeaon NUUUSENDULUUNEDLIN
U T UNSULUULDIAIUAITUL A7

UADALNIAIBEI9INUIUASTINLYINAY

nongIuIRIkarUanndeanutaiUdosli
Y 1 ] [d
meagrmegeuliduaduainimiuig
16 alaig

LOIAIDYNNAFBUBDNINNLUUNRADBDYIY
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PlUrsuuRINseuwazlasyeu Uasgli

feguduiigungivies

A5N1SNAFIUNISNAEBULBEANAARNADUNSAKNENUIE19NIS LAY US YA

1. MSMUSUINTLATANUNUILUUSILVYBINDUAIBE 19T UADUAIT

ANYNEIINAITUADAAIBE1ILAEST
Tneilastogndlmbunelfgamgives 25
oC gntillidsimeingnogng daveingile
Judrnidnusie (Weight of Sample in

Alir)

v '
o A

drsegrslundiinomnall 25°C 1u

9 Y
(% ' 1%

| va1 4w nnudulrdedindnaneludn
s 5 o dv v 2 ¥ v oo ¥
drndnateazidudindnngaluun

(Weight of Sample in Water)
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¥ v
o o 1 = 0o & a o 1

119298199 UNUT LTARIA DL WIS

' 2 Y o o ¥ o v
281959057 walurlutadIndn agle
U nRILAIUD 98219819 (Weight of

Saturated Sample and Dry Surface)

2

AndsgunsalinAinisivalieudigud
Tnvaonlanznssnszuenfididusiiy
AuUNa1aVLIA 4 T2(101.6 Saduns) 11
Wlumageu Wigunsalindinisiva

fnfanilea Guide Rod haldsusuala

1 & ¢
9UANUUAUY

wisegdlugrninnfigungll 60°C Wu

) g 1

1181 30-40 YT neuNazuIfIag1ely

naaaulutunausaly
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CIVIL ENGINEERING DEPARTMENT TEST FOR ASPHALTIC CONCRETE

PRINCE OF SONGKLA UNIVERSITY BY MARSHALL'S METHOD

Project : n15M819m1 97 UIUADES 1R

Material (AC 60/70 : NRL) : 100:0

Average Density

MARSHALL TEST
Tested date  12/12/60 Tested by Prawit ~ Paotong
Sample No. 1 2 3
Density

Weight of Air, 1250.80 1249.20 1252.70
Weight Sat. Surface Dry, 1258.20 1255.60 1260.90
Weight in Water 730.10 725.00 731.90
Bulk Volume of Sample 528.10 530.60 529.00
Bulk Density of Sample 2.368 2.354 2.368

2.363

Stability Test

Reading Dial Gauge 192 215 203
Measurement 2406.96 2697.45 2545.89
Average Stability 2550.10
Flow Test 10 11 11

Remarks :
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CIVIL ENGINEERING DEPARTMENT

TEST FOR ASPHALTIC CONCRETE

PRINCE OF SONGKLA UNIVERSITY

BY MARSHALL'S METHOD

Project : NM5I819M191 M IUNDES19RINIIRaI

Material (AC 60/70 : NRL) : 95:5

MARSHALL TEST
Tested date  12/12/60 Tested by Prawit  Paotong
Sample No. 1 2 3
Density
Weight of Alr, 1250.40 1239.10 1245.20
Weight Sat. Surface Dry, 1255.30 1251.50 1253.40
Weight in Water 733.20 720.70 725.60
Bulk Volume of Sample 522.10 530.80 527.80
Bulk Density of Sample 2.395 2.334 2.359
Average Density 2.363
Stability Test
Reading Dial Gauge 224 184 205
Measurement 2811.12 2305.92 2571.15
Average Stability 2562.73
Flow Test 12 9 10

Remarks :
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CIVIL ENGINEERING DEPARTMENT TEST FOR ASPHALTIC CONCRETE
PRINCE OF SONGKLA UNIVERSITY BY MARSHALL'S METHOD
Project : n15M819m1 97 UIUADES19RINIITAL
Material (AC 60/70 : NRL) : 90:10
MARSHALL TEST
Tested date  12/12/60 Tested by Prawit ~ Paotong
Sample No. 1 2 3
Density
Weight of Alr, 1248.10 1248.30 1250.40
Weight Sat. Surface Dry, 1256.60 1256.60 1258.10
Weight in Water 731 726 734.5
Bulk Volume of Sample 525.6 530.6 523.6
Bulk Density of Sample 2.375 2.353 2.388
Average Density 2372
Stability Test
Reading Dial Gauge 212 193 198
Measurement 2659.56 2419.59 2482.74
Average Stability 2520.63
Flow Test 15 15 14
Remarks :
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CIVIL ENGINEERING DEPARTMENT

TEST FOR ASPHALTIC CONCRETE

PRINCE OF SONGKLA UNIVERSITY

BY MARSHALL'S METHOD

Project : M3finwAuaudRvesnuuintdeamsUunngs

Material (AC 60/70 : NRL) : 85:15

Date : 18/04/2561
Test by : Adisorn&Teerachai
Sample No. 1 2 3
Density
Weight of Air, 1250.80 1254.00 1252.60
Weight Sat. Surface Dry, 1259.70 1264.70 1262.30
Weight in Water 730.70 733.30 731.20
Bulk Volume of Sample 529.00 531.40 531.10
Bulk Density of Sample 2.364 2.36 2.359
Average Density 2.361
Stability Test
Reading Dial Gauge 195 230 190
Measurement 2444.85 2886.90 2381.70
Average Stability 2571.15
Flow Test 16 17 14

Remarks :
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CIVIL ENGINEERING DEPARTMENT

TEST FOR ASPHALTIC CONCRETE

PRINCE OF SONGKLA UNIVERSITY

BY MARSHALL'S METHOD

Project : N15l9819WsTlUUADES19RINI A

Material ( AC 60/70 : NRL) : 80:20

Date : 18/04/2561

Test by : Adisorn&Teerachai

Sample No. 1 2 3
Density
Weight of Air, 1247.60 1251.40 1252.00
Weight Sat. Surface Dry, 1254.00 1258.10 1255.80
Weight in Water 723.60 724.80 729.00
Bulk Volume of Sample 530.40 533.30 526.80
Bulk Density of Sample 2.352 2.347 2377
Average Density 2.359
Stability Test
Reading Dial Gauge 212 216 195
Measurement 2659.56 2710.08 2444.85
Average Stability 2604.83
Flow Test 17 18 15

Remarks :
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nMsnAsaUNsEafIvaseaaadnaien WS (Ductility Test)
mMsvadeuAuBafiveeaiiadilunimageumanuiunIunIsasuan N
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o

2. 91917 (water bath) 9unlaitiosnin 10 dns wazAuANguiivImaaauls
3. gunInivedey dmsuiiouiegsinageusanaNiiu
4. wesluiiwes Itingaumgivayinnisnaass

o 1

5. ghegaueailas AC 60/707NaLE1aNNSIUE

6. tidalusrsildmeaou

7. ayan

8. YALALAE

9. wileduenueailaduoaiaiuauiingrsns

10. qﬂﬂﬁzﬁéfﬂLLazmumwmzﬁum@LLaaﬂaﬁwam}]mqwrm
1. iifldidulusrainegiies 10 dns

12. Y1RANFULIAN
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CIVIL ENGINEERING DEPARTMENT

DUCTILITY TEST
PRINCE OF SONGKLA UNIVERSITY

Project : N15M4819W 151l UUADES19RINI AT

Material (AC 60/70 : NRL) : 100:0 Speed : 5 cm/s

DUCTILITY TEST

date: 23/03/2017 Tested by : Prawit  Paotong
Sample No. Ductility Test (cm)
1 53.00
2 56.00
3 55.00
Average 54.00

Remarks :
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CIVIL ENGINEERING DEPARTMENT
DUCTILITY TEST

PRINCE OF SONGKLA UNIVERSITY

Project : N1519819W51lUUADES19RINI A

Material (AC 60/70 : NRL) : 95:5 Speed : 5 cm/s

DUCTILITY TEST

date: 23/03/2017 Tested by :  Prawit ~ Paotong
Sample No. Ductility (cm)
1 73.80
2 74.60
3 77.60
Average 75.33

Remarks :
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CIVIL ENGINEERING DEPARTMENT
DUCTILITY TEST

PRINCE OF SONGKLA UNIVERSITY

Project : NM5I819M19 M UIUNDES 19NN

Material (AC 60/70 : NRL) : 90:10 Speed : 5 cm/s

DUCTILITY TEST

date : 23/03/2017 Tested by : Prawit  Paotong
Sample No. Ductility (cm)
1 95.50
2 98.30
3 96.70
Average 97.00

Remarks :
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CIVIL ENGINEERING DEPARTMENT
DUCTILITY TEST

PRINCE OF SONGKLA UNIVERSITY

Project : NM5I819N19 I LN DS 19NN

Material (AC 60/70 : NRL) : 85:15 Speed : 5 m/s

DUCTILITY TEST

date : 23/03/2017 Tested by : Prawit  Paotong
Sample No. Ductility (cm)
1 43.20
2 41.60
3 47.20
Average 44.00

Remarks :
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CIVIL ENGINEERING DEPARTMENT

DUCTILITY TEST
PRINCE OF SONGKLA UNIVERSITY

Project : NM15I819M19 I LN DS 19NN

Material (AC 60/70 : NRL) : 80:20 Speed : 5 cm/s

DUCTILITY TEST

date : 23/03/2017 Tested by :  Prawit  Paotong
Sample No. Ductility (cm)
1 35.60
2 36.80
3 37.90
Average 3677

Remarks :
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5UN 9.3 vndeu Plate Bearing UWAIVNaLaaTladABUNIANANUIEIE 5%
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5UN @.5 AnAsgunsainaaey

5UN %.6 vnaeu Plate Bearing UuRIMMeaafiadAsunInNaNEIe19NITY 10%
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RECORD OF PLATE BEARING TEST

DUUAULLUNANENNIT 5%

'
A

anufineaine : N.e.49eyfEil

FTAUNQNNAGEL : 0.00 .

Tunnegay : 22 AN 2561

138

LOAD-SETTLEMENT DATA

DATE TIME |ELAPSED| BEARING SETTLEMENT READING x 0.01 mm.
TIME |PRESSURE| GAUGE| GAUGE | GAUGE | GAUGE [ AVERAGE |REMARK
(min) (ton/m2) #1 #2 #3 #4
22/10/61 9.00 0 0 0 0 0 0 0
1 2.0 39 24 28 38 32.25
2 " 44 28 31 41 36.00
5 " 51 35 36 46 42.00
10 " 54 40 40 49 45.75
9.15 15 ! 55 42 42 50 47.25
1 4.0 57 44 44 54 49.75
2 ! 59 44 45 54 50.50
5 ! 60 49 48 56 53.25
10 ! 62 51 51 58 55.50
9.30 15 ! 63 52 51 58 56.00
1 6.0 66 53 55 62 59.00
2 ! 68 53 55 62 59.50
5 ! 70 56 55 62 60.75
10 ! 72 56 55 62 61.25
9.45 15 ! 73 56 59 68 64.00
1 8.0 76 60 61 70 66.75
2 ! 77 60 61 70 67.00
5 ! 81 63 65 74 70.75
10 ! 81 63 65 74 70.75
10.00 15 ! 82 63 67 78 72.50
1 10.0 87 65 67 79 74.50
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sheet 2 of 3
LOAD-SETTLEMENT DATA
DATE TIME |ELAPSED| BEARING SETTLEMENT READING x 0.01 mm.
TIME |PRESSURE| GAUGE| GAUGE | GAUGE | GAUGE | AVERAGE [REMARK]
(min) (Ton/m”2) #1 #2 #3 #4

22/10/61 10.02 2 10.0 90 67 71 85 78.25
5 " 91 67 71 85 78.50

10 ! 93 67 74 87 80.25

10.15 15 ! 94 70 75 88 81.75
1 12.0 96 70 75 88 82.25

2 ! 96 70 76 90 83.00

5 " 98 73 77 9 84.75

10 ! 98 73 78 92 85.25

10.30 15 " 98 73 78 92 85.25
1 14.0 103 75 82 99 89.75

2 ! 105 77 84 101 91.75

5 ! 106 78 84 1083 92.75

10 ! 109 78 86 104 94.25

10.45 15 ! 109 78 87 105 94.75
1 16.0 112 83 90 109 98.50

2 ! 114 83 91 110 99.50

5 " 116 85 92 112 101.25

10 ! 118 86 92 112 102.00

11.00 15 ! 119 87 93 114 103.25
1 18.0 120 88 95 116 104.75

2 ! 121 88 95 117 105.25

5 ! 123 9 98 120 108.00

10 ! 125 93 98 121 109.25

11.15 15 " 126 93 98 121 109.50
1 20.0 128 94 100 124 111.50

2 ! 129 94 100 125 112.00

5 ! 130 94 100 126 112.50

10 ! 131 94 103 129 114.25
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sheet 3 of 3
LOAD-SETTLEMENT DATA
DATE TIME |ELAPSED| BEARING SETTLEMENT READING x 0.01 mm.
TIME |PRESSURE| GAUGE| GAUGE | GAUGE | GAUGE | AVERAGE [REMARK]
(min) (Ton/m”2) #1 #2 #3 #4

22/10/61 11.30 15 20.0 133 98 105 130 116.50
1 16.0 134 98 105 132 117.25

2 ! 134 98 105 132 117.25

5 ! 134 98 105 132 117.25

10 " 134 98 105 132 117.25

11.45 15 ! 134 98 105 132 117.25
1 12.0 134 98 105 132 117.25

2 ! 134 98 105 132 117.25

5 " 134 98 105 132 117.25

10 ! 134 98 105 132 117.25

12.00 15 ! 134 98 105 132 117.25
1 8.0 131 98 105 132 116.50

2 ! 131 98 105 132 116.50

5 ! 130 98 105 132 116.25

10 " 130 98 105 132 116.25

12.15 15 ! 130 98 105 132 116.25
1 4.0 126 98 105 130 114.75

2 ! 126 98 105 130 114.75

5 ! 125 98 105 130 114.50

10 ! 125 98 105 130 114.50

12.30 15 " 125 98 105 130 114.50
1 0.0 91 71 75 94 82.75

2 " 90 71 74 92 81.75

5 ! 88 71 73 91 80.75

10 " 87 71 71 89 79.50

12.45 15 ! 85 65 70 88 77.00

END OF TESTING
12.50 40 276 217 232 287 253.00
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LOAD-SETTLEMENT DATA

DATE TIME |ELAPSED| BEARING SETTLEMENT READING x 0.01 mm.
TIME |PRESSURE| GAUGE| GAUGE | GAUGE | GAUGE | AVERAGE |REMARK
(min) (ton/m2) #1 #2 #3 #4
22/10/61 13.00 0 0 0 0 0 0 0
1 2.0 58 30 25 34 36.75
2 " 62 30 25 34 37.75
5 " 62 30 25 34 37.75
10 " 62 30 25 34 37.75
13.15 15 ! 62 30 25 34 37.75
1 4.0 65 32 28 36 40.25
2 ! 67 35 30 37 42.25
5 ! 67 35 30 37 42.25
10 ! 68 35 30 37 42.50
13.30 15 " 68 35 30 37 42.50
1 6.0 7 38 33 40 45.50
2 " 72 39 33 41 46.25
5 " 72 39 33 41 46.25
10 " 72 39 33 41 46.25
13.45 15 " 72 39 33 41 46.25
1 8.0 75 42 36 44 49.25
2 " 76 45 37 47 51.25
5 " 78 45 37 47 51.75
10 ! 78 45 37 47 51.75
14.00 15 ! 79 45 37 47 52.00
1 10.0 81 47 39 50 54.25
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sheet 2 of 3
LOAD-SETTLEMENT DATA
DATE TIME |ELAPSED| BEARING SETTLEMENT READING x 0.01 mm.
TIME |PRESSURE| GAUGE| GAUGE | GAUGE | GAUGE | AVERAGE [REMARK]
(min) (Ton/m”2) #1 #2 #3 #4

22/10/61 14.02 2 10.0 82 47 39 50 54.50
5 " 84 50 39 50 55.75

10 ! 84 50 39 50 55.75

14.15 15 ! 84 50 39 50 55.75
1 12.0 95 54 42 56 61.75

2 ! 97 58 44 58 64.25

5 " 101 61 44 60 66.50

10 ! 103 61 46 61 67.75

14.30 15 " 103 61 46 61 67.75
1 14.0 105 63 52 67 71.75

2 ! 105 63 52 67 71.75

5 ! 105 63 52 68 72.00

10 ! 106 64 54 69 73.25

14.45 15 ! 106 64 54 69 73.25
1 16.0 107 64 54 69 73.50

2 ! 107 64 54 69 73.50

5 " 107 64 54 69 73.50

10 ! 107 64 54 69 73.50

15.00 15 ! 107 64 54 69 73.50
1 18.0 107 64 54 69 73.50

2 ! 107 64 54 69 73.50

5 " 107 64 54 69 73.50

10 ! 107 64 54 69 73.50

15.15 15 ! 107 64 54 69 73.50
1 20.0 107 64 54 69 73.50

2 ! 107 64 54 69 73.50

5 ! 107 64 54 69 73.50

10 ! 107 64 54 69 73.50
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sheet 3 of 3
LOAD-SETTLEMENT DATA
DATE TIME |ELAPSED| BEARING SETTLEMENT READING x 0.01 mm.
TIME |PRESSURE| GAUGE| GAUGE | GAUGE | GAUGE | AVERAGE [REMARK]
(min) (Ton/m”2) #1 #2 #3 #4

22/10/61 15.30 15 20.0 107 64 54 69 73.50
1 16.0 106 63 54 69 73.00

2 ! 106 63 54 69 73.00

5 ! 106 63 54 69 73.00

10 " 106 63 54 69 73.00

15.45 15 ! 106 63 54 69 73.00
1 12.0 106 63 54 69 73.00

2 ! 106 63 54 69 73.00

5 " 106 63 54 69 73.00

10 ! 106 63 54 69 73.00

16.00 15 ! 106 63 54 69 73.00
1 8.0 106 63 54 69 73.00

2 ! 106 63 54 69 73.00

5 ! 106 63 54 69 73.00

10 " 106 63 54 69 73.00

16.15 15 ! 106 63 54 69 73.00
1 4.0 104 63 54 69 72.50

2 ! 104 63 54 69 72.50

5 ! 104 63 54 69 72.50

10 ! 104 63 54 69 72.50

16.30 15 ! 104 63 54 69 72.50
1 0.0 Al 52 52 53 57.00

2 " 66 50 51 50 54.25

5 ! 65 50 51 50 54.00

10 " 63 50 50 47 52.50

16.45 15 ! 62 50 50 47 52.25

END OF TESTING
16.50 40 138 186 187 1083 153.50
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nMsvadeun1siunun1sauloa (Skid Resistance Test) WunisnaaeumaaIy
Feoaniunalalaeldindesile Portable Skid Resistance Tester 1% 5u¥na British
Pendulum Number (BPN) Fadughuanmainudenniu (friction) 5¥wine1930susuaziy
sunvrARnuudianmden lagisnamaaeudinanagdadediannsgiu AASHTO T279-
96 %39 Standard Test Method for Accelerated Polishing of Aggregates Using the British
Wheel dnvazvasnisnageuazifunisld wvuvesia Pendulum 3eifausauasuiuens
naaouineg ewnademaaeuluieeguuitauufiazyinnismaasy f Pendulum 9zgn
Udosandaszansziu aunseisunuemaaeuduiatuinouy susiiuiuenmaaeududa
fuRnauuluvdnafiuiinegou DRINEAIAIEEANIUED Funsveasiy Pendulum g
\Aoufilusiunsiigefigaues Pendulum Arc flagnisiudnevossudsenay aantuen
British Pendulum Number 9zgniufin dafid1agsening 0-150 dadudaiay British
Pendulum Number fig1uldannn3aaiionaaeu asiduailduansaanudeaniuaesiio
nageu lunsmegeumeanuideaniu luudazads msazshnisnegeuiisumiaioatu
egnstion 3 aduiteluuladn §aaw British Pendulum Number fignuldannnsnageudy
A1 British Pendulum Number maqﬂ’;maauﬁ?uﬂ é’qgﬂmeﬂﬁmaa‘um@hmmLﬁ&lm/m
VUOUUBNNIT

MnMINaEUmAIAEsnUluUS AT U an vz lagiuves

DUUYNITY 5% dA1AMEEANIUBENA1 BPN 111U 84-86 BednlainilAvige 1ile
Wiguiguiuainudeaniuainsgiuignimvualidmivauudssiamfediu lng
AMZEIIE1A19899INUINTTIVVRIAIAIUFE AN UL AUV UUAIENANTU TEIN A

A av Yo v ! = Y] ' a 1o ]
RRGIEIRE! Vli@ﬂ’ﬁﬂimbb’;’l AMAMULFLANIUTDIOUUUTZLANAINGT? AITUAT BPN VLlIGnﬂ'J’]

s =

45 warANNUSENAAINDDTHAUA FILANINUALITIANlLAINIT 65 WiaSsuisuiuaAIAIy
EoAnIuNauuanIg 10% aziiiud manudsavniuvazidagiuresauy wuiiaiay
doanuninaaeuliiu A1 BPN gede 103-106 BeagluseAuigeninnaaiuinggiu nan1s
Y v & I a P v v ) a = K & al
naaaslanandliliuimimaneasidlndlagmly aelirnanudsanusglunaeinvinzay
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CIVIL ENGINEERING DEPARTMENT

TEST FOR ASPHALTIC CONCRETE

PRINCE OF SONGKLA UNIVERSITY

Skid Resistance Test

Project : N15l9819W51lUUADES19RINN AL

Material (AC 60/70 : NRL) : 95:5

Date : 4/04/2562

Tested by Prawit Paotong

Temp : 37°
Skid Resistance Test
Sample No. Dial Reading
1 84 85 85
2 85 84 85
3 85 85 85

Remarks :
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CIVIL ENGINEERING DEPARTMENT

TEST FOR ASPHALTIC CONCRETE

PRINCE OF SONGKLA UNIVERSITY

Skid Resistance Test

Project : NM15l819M191 M IUNDES 1RSI

Material (AC 60/70 : NRL) : 90:10

Date : 4/04/2562 Tested by Prawit Paotong

Temp : 37°C

Skid Resistance Test

Sample No. Dial Reading
1 104 102 103
2 104 103 103
3 103 103 103

Remarks :
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CIVIL ENGINEERING DEPARTMENT
CORING TEST

PRINCE OF SONGKLA UNIVERSITY
Project : N15M819W 51l UUADES19RINI AT
Material (AC 60/70 : NRL) : 95:5 tag 90:10

CORING TEST

Tested date 12/12/62 tested by Prawit Paotong

Sample 5% 10%
i (o) 740 820
dia. (cm) 9.39 9.39
U1 (cm) 5.00 5.40
Maaon (kN) 75.73 76.40
Mag9n (ksc) 111.56 112.54

Remarks :




1.

156

AMARUIN J)
UNANUANLA
UNAMUTARRLA
Use of Natural Rubber Latex (NRL) in improving properties of Reclaimed
Asphalt Pavement (RAP)
ALt EDe
Developing Quality of Asphalt Concrete with Natural Rubber Latex for

Highways Pavement in Thailand



157

1. uneuiiARuRlusans Enginering Journal. March 2020,Vol.24, Issue:2Page 53-62

Volume 24 Issue 2/2020  ISSN 0125-8281 www.engj.org

i




Engineering Journal s~ ~

Article

Use of Natural Rubber Latex (NRL) in Improving
Properties of Reclaimed Asphalt Pavement (RAP)

Prawit Paotong, Saravut Jaritngam*, and Pichai Taneerananon

Depattment of Civil Engineering, Faculty of Engineering, Prince of Songkla University, Hatyai, Songkhla,

Thailand
*E-mail: jatitngam@gmail.com (Corresponding authot)

Abstract. Many issues, especially cost, need to be looked at when a new asphalt materials
are considered for road construction. One major factor that impacts the cost is the volatility
in oil price and stock availability. Consequently, this factor affects both road construction
and maintenance by creating uncertainty and financial challenge for Thai manufacturers.
Futthermote, all economies, either national or local, depend on adequate road infrastructure
and their sound maintenance for growth and development. One strategy for reducing the
overall cost of road construction is through reclamation of existing pavement surfaces that
are being repaired or replaced. A process of recycling asphaltic concrete pavement known
as Reclaimed Asphalt Pavement (RAP) has been employed in many countties. However,
one drawback associated with this practice is the costly investment in the mixing equipment
which mechanically rejuvenates the old asphalt pavement by blending it with new asphalt
binder. In addition to the high cost of investment, the required quality of the RAP has not
been assured due to the lack of enough evidence. The addition of Natural Rubber Latex
(NRL) to the process of the recycling asphalt pavement with the aim of reducing production
costs and improving the quality of the RAP, offers a promising solution. This paper
describes the results of an investigation into the properties of reclaimed asphaltic concrete
mix with added NRL. The propetties investigated include the Unconfined Comptressive
Strength (UCS) and California Bearing Ratio (CBR). The results show that propetties of the
NRL modified RAP mix meet the requited engineeting specifications. The results show that
mixing NRL content of 5-15% by weight with RAP and cement content of 3-7% produced
a mixtute that meet the specification of Thailand Department of Highways in terms of UCS
and CBR value for use in layers of pavement. Apart from the positive environmental impact
of using recycle material of RAP, the economic and financial benefits to Thailand and
rubber farmers make it worthwhile to use this NRL modified RAP for road construction
and maintenance.

Keywords: Reclaimed asphalt pavement, natural rubber latex, road construction.
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1. Introduction

Thailand is the largest rubber producer in the wotld.
According to the figures from 2015 of the total global
production, Thailand produced 35.7% followed by
Indonesia (26%), China (7%), India (6%), and Malaysia
(5.5%) [1]. Cutrently the market is expetiencing low
pticing because global demand is decreasing while
inventory is increasing. New avenues for utilization of
rubber are tequired to sustain the market and the rubber
farmers. The previously expressed proportion of
composition with regards to NRL and RAP needs to be
analyzed and field tested in Thailand for proof that the
process would be both effective and economically sound.

At present, the major usage of rubber domestically is
in commercial products such as rubber gloves, condoms,
and cars. This demand does not use up the stock
sufficiently enough to maintain a viable market. Farmers
are being forced to sell at prices below production cost
due to a reduced demand and glut of inventory
collectively.

The production and usage of rubber with regards to
road construction is divided into two main categoties:

1) Para Cape Seal Type which uses 5 percent of rubber
in asphalt emulsion. From the proportion of current
paved road surface which is 6 meters wide, it requires
about 300 kilograms of rubber per 1 kilometer of
pavement. Thus, 1 kilometer of road length requires
1,000 kilograms of rubber latex.

2) Para-Asphaltic Concrete which uses about 5% of
rubber as a component of asphalt binder. From the
proportion of paved road surface which is 0.04 meter
thick, 6 meters wide, and 1 kilometer long, it requires
1,440 kilograms of rubber [2].

2. Literature Review

2.1. Pavement Materials

Hongentogler (1938), explained that the improvement
of soil propetties is to make the natural soil have the ability
to better bear weight and withstand erosion. The
improvement method may be from cither compaction or
use of admixtures.

Winetkomn (1955), explained the improvement of soil
propettics by bringing physical and chemical methods to
mix with the soil to improve engineering properties.

Kennedy and Oleson (1987), have made Mixed In-
Place Recycling by using cement and other materials as
admixtures since 1984 in England.

Vichit cholchai et al,, (2012), studied the improved
longevity of asphalt quality for road construction
throughout the lifespan of the road. They used Polymer
Modified Asphalt (PMA) mixing of additive polymers to
improve its quality. Natural rubber has the propensity as
an additive polymer to improve stability, elasticity, and
fatigue resistance. The tesearch studied the proper ratio of
asphalt cement and rubber required to obtain the desired
propetrties. Their analysis of asphalt cement quality

included softening point, penetration index, ductility,
torsional tecovery, toughness-tenacity, and viscosity. In
the research, the approptiate propottion of asphalt and
rubber were determined to produce components
according to the specified properties and viscosity. It was
found that the mixture of rubber at 6% gave the best
quality of asphalt binder. Pavement that used this mixture
demonstrated high tensile strength. Additionally, the
higher viscosity of asphalt did not cause problems in
mixing with aggregate components in the asphaltic
concrete production.

Tuntiworawit et al.,, (2005), studied and tested the
engineering properties of asphalt cement and asphalt
concrete mixed with natural rubber in the form of rubber
latex by focusing on finding out the apptopriate
proportion of rubber latex required in the mixing process.
To achieve Natural Rubber Asphalt (NRA) from mixing it
requites AC 60/70 with high concentrations of ammonia
(HA) rubber latex at a content of 1-13% by total weight
while being mixed with limestone to produce asphaltic
concrete samples. The experiment results showed that the
NRA had sound engineering properties. This is a good
choice to produce asphalt cement because the natural
rubbet is abundantly available in the countty and suitable
for use as admixtures which increase the flexibility,
stability and lifetime of the road. This research found that

a mixture of 9% latex concentrate provided the best results.

Xiao et al., (2007), studied the improvement of the
Rutting resistance properties of asphaltic concrete mixed
with rubber for use as road building materials for RAP
which was important in stimulating the use of asphalt
concrete. In the past, the use of RAP was proven to help
save money and reduce environmental problems while
increasing the mechanical properties of rutting resistance
of asphalt-rubber mixtures. The experiment was designed
to use two rubber types including the rubber produced in
ambient and cryogenically conditions while having four
distinct values and three kinds of sub-rubbers. The
experimental results demonstrated that RAP and sub-
rubbers in the HMA can improve Rutting tesistance
propettics.

Thongchai ~ Rungrueng  (2013),  studied  the
improvement of the asphaltic surface dismantled from the
original layer for reuse by studying the improvement of the
quality of the cement modified ctushed rock material of
the otiginal base mixed with the asphalt concrete surface
added with cement to gain unconfined compression as
required. The cement modified crushed rock base of the
recycling base mixed with the reclaimed asphalt concrete
with cement consisted of three mixture propottions; 3:1,
1:1, and 1:3 by changing cement quantity within the range
of 2 -6 %. The study results indicated that the use of
cement and the ratio between weight and cement provided
the cement volume at equal unconfined compression in all
respects. However, it was found that the ratio use between
water weight and cement was mote appropriate in terms
of the number of samples to be tested. Additionally, when
considering the development of unconfined compressive
strength of the original stone mixed with cement and the
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original modified asphalt concrete, the mixture at the ratio
of 1 to 3, was not suitable to be used as aggregate matetial,
since the development of strength under the curing phases
produced reduced values.

From the literatute teview, it was found that the
cement percentage in bonding was 3%, 5% and 7% and
the latex was 5%, 10% and 15%. The overall optimal
considerations for road wotk layers were determined to
support a ratio of 3-5% of cement in combination with 5%
latex [2, 3, 4, 5, 6].

2.2. Pavement Test Methods
2.2.1. Pavement Structure

Pavement structure (Fig. 1) consists of layers of
materials that support traffic loads. The top layer serves to
carry the load and distributes the impact down to the lower
layers, spreading out into the subbase layer, and to existing
soil. Pavement strength depends on the properties of the
weight- beating of materials of each layer in conjunction
with a high-quality surface covering on the topmost layer.
This top layer must be classified as strong and resistant to
the abrasion of vehicle wheel friction while dispetsing
energy through the lower adjacent material layers and
finally into the embankment layer.

10-20 cm Asphaltic
Concrete Layer

20 cm Crushed Rock
Base Layer

Subbase Layer

Fig. 1. Matetial Layers of Pavement Structure.

The material layers of pavement structure as shown in
Fig. 1 possess distinct defined functions:

1. The Sutface or Weating Course must be strong and
able to directly with stand abrasion and the wheels of
the vehicles. It must possess stability when under a
traffic load while being non-porous enough to prevent
water from disrupting the properties of lower layers.
Some commonly used surfaces are as follows:

1.1. Treated Surface refers to the “wearing course” ot
the “shoulder surface” paved with asphalt that is
sporadically covered with the sub-gravel or
gravel sub-materials in a single layer or multiple
layers. This also includes the base course or other
areas which have already been layered with Prime
Coat to prevent flaking and water seeping into
the embankment layer. It does not increase the
capacity for weight bearing.
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1.2. Asphalt Concrete Surface is a composite material
derived by mixing the aggregate mass and the
asphalt cement through a mixing process in
conjunction with additive heat. The specific
temperatures  from the heating process
accompanied by mixture ratios control the
propetties of the final product. The mixture is
then applied at specified temperature ranges to
ensure quality. The mixtures are then paved on
the base course that have already been layered
with Prime Coat ot Tack Coat. Immediately after
the paving equipment extrudes the layer it is
compacted while it is still hot so as to achieve the
requited density. For asphalt concrete pavements,
the strength quality correlates directly with the
weight-bearing properties. Asphalt concrete is a
flexible pavement of which the basic concept of
its design is the combined thickness of the
surface, the base course, and the subbase course
(if any) which must be sufficient to reduce the
force units occutring from the vehicle wheels.
This dispersal of force should be uniform and
not result in transferring excessive force to the
embankment layer or trigger deformation in the
existing soil. In other words, it can not transfer
force from one layer that exceeds the capacity of
proceeding layers [8, 9].

1.3. Portland Cement Concrete Surface is the Rigid
Pavement which possesses a combination of
qualities that includes; strength, copious load-
bearing capacity, and long setvice life. Portland
Cement Concrete Sutface functions primarily to
distribute the load weight from the vehicle
wheels and transfer it through to the base course,
and then the subbase course. Nevertheless, since
the concrete is considered strong with a very
high flexibility rating, it disperses the wheel loads
onto the pavement in a wide area. Therefore, the
ability to bear weight is originated by the
concrete itself [12].

Base Coutse is characterized as a stable and very
robust layer. Its function is in distributing the force
units caused by the wheel loads acting on the surface.
It passes these force units into the subbase in a
manner so as not to exceed the weight-bearing
capacities of subsequent layers. The Base Course is
comprised of materials such as crushed rocks, sub-
gravels or quality improvement materials. They are
desctibed as follows:

2.1. Crushed Rock Base-This is crushed rock material
genetated by specified millstone grades that are
durable, clean, and contaminate free.

2.2. Cement Modified Crushed Rock Base-This
refers to crushed rock that has been modified
through a process of homogenecously mixing
cement and water and then subsequently
crushing it thoroughly to ensure maximum
firmness for the base course.
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2.3. Soil Cement Base-This is the matetial obtained
through matetial quality improvement which is
done by ditectly mixing cement into the soil
aggregate in order to create better engineeting
properties. This method is used for the road
construction when the site is located far from
available trock tesoutces ot in locations whete
there is a shottage of ctushed rocks. Therefore,
the base course with cement soil is employed to
overcome such a situation. It possesses a high
compressive strength and is considered a good
material for base course layers. The material used
for soil cement is usually low-quality latetite with
a CBR value not in accordance with the subbase
coutsc standard.

2.4. Recycling Base-This is created by the
introduction of the reclaimed materials and/or
layers to be stabilized by mixing cement lime or
asphalt according to the specification of the
designing engineer then simultaneously paving it
back and tightly compressing it to use as a
Recycling Base before paving the new surface
layer on it. This method is sometimes referred to
as Deep Recycling which the Depattment of
Highways utilizes for restoring asphalt surfaces
in situations where the highways are seriously
damaged from the surface layer through the base
coutse requiring increased strength throughout
the pavement structure.

Subbase Coutse is undetneath the base course,
functioning so as to distribute the force out of the
base course and into the lower layers while reducing
stress in the subsequent layers. Soil Aggregate is the
preferred material for this. Though it is of lower
quality, it is cheaper and more cost effective. The
aggregate materials that are most commonly used are
hard and durable with a mixture of good binding
materials. They must be well graded while free from
clay and weeds and limited to lumps no latger than 50
mm.

Selected Matetrial-This is the matetial that can be
found within the immediate construction atea. It is of
inferior quality in compatison to the Subbase Course
material but possesses better quality than what can be
found in the embankment layer. It can be used to
separate  between the subbase courses and
Embankment Layer. It can be employed to help
teduce the density of the subbase course while
reducing construction costs.

Rubber-This is an important national economic crop
and it is a kind of polymer that can be used to improve
the properties of asphalt when used for road
construction. According to a study [7] about
techniques and the ratio of tubber mixture with
suitable asphalt concrete, it was found that the use of
Smoked Rubber sheets mixed with asphalt improved

the properties of asphalt cement. It was determined
that the ratio of 6% latex in regards to total weight is
the most suitable propottion due to higher; softening
point values, return values, toughness values, tenacity
values, viscosity and Penetration Index values. These
increased engineering properties demonstrated that
the addition of Rubber Latex increased the strength
and durability of the road. In addition, it was found
that it can be homogenously mixed with asphalt better
than that of Smoked Rubber sheets. The suitable
mixture ratio of latex for mixing with asphalt cement
for road construction in a mixing plant is 5% dried
rubber in regards to total asphalt weight.

Fig. 2. Latex at the Rubber Research Center, Hat Yai
District, Songkhla Province.

Latex from the rubber tree (Fig. 2) is a white or creamy
liquid with rubber particles suspended in a water medium
[11]. Rubber patticles in round or pear shape are 0.05-5
microns in size, with a density of 0.975-0.980 grams per
milliliter and a pH range of about 6.5-7.0. Generally, the
amount of trubber found in natural rubbet latex is
approximately  25-45% and it has the following
components:

Table 1. The amount of rubber within latex and the
various additional components [4].

Components Average % (by weight)

All solid substances 36

Protein group substances 1-1.5

Resin substances 1-2.5

Ash 1

Sugar 1

The total amount

Water including other

substances is 100

The current production value of latex when rubber is
processed is about 33 percent of volume. This percentage
is not adequate for adding to the asphalt cement
production process. Asphalt cement requires the latex to
be at a level of at least 60 percent with relation to rubber
volume while maintaining consistent quality throughout
the matetial volume. In ordet to achieve this desired
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percentage, the rubber must undergo a reducing type
process. There ate four methods of concentration that can
be employed to generate this; water evaporation, creaming,
electrical separation, and spinning. Most manufacturers in
Thailand rely on a high-speed spinning method to separate
out watet and other undesired substances.

2.2.2. Test methods
Compaction Test

Soil compaction refers to the compression of a
through process of directly applying mechanical energy.
This process improves the physical soil properties and
affects the moistute capacity. The tighter or mote compact
the soil is the mote suitable it is for road construction.
Loose soil is unstable and the porousness allows for
greater water transference or moisture content. Soil can be
tightened ot compacted by means of applied mechanical
vibration and weight. The compaction can be evaluated

and tested using the industry standard of Proctot’s method.

The density of compacted soil depends on not only the
amount of water used for compaction, but the compaction
method and energy utilized when compacting. For
compaction of the same kind of soil using the same
quantity of water but different energy in compaction, the
density obtained will be different. For the relationship
between dry density- water quantity- energy, when the
compaction enetgy is increased, dry density will be higher.
When the unsuitable moistute is reduced, dry density will
increase on both the dry side and wet side.

Unconfined Compression Test

The evaluation of the strength or power of soil is
generally determined through two methods; (1) The soil
without induction force which is caused by the electrical-
chemical attraction between the soil grains and (2) The
friction caused by the abrasion between the soil granules
and the stiffness between the sutface of the soil grains.
Testing is accomplished by utilizing a special ground rod
that is forced into the soil and it cores a sample while
encapsulating it when retracted. This coring is then placed
in a machine that is designed and calibrated for specific
tests. A commonly accepted methodology for determining
the shear strength of soil centers on using Moht’s formula
which is based on tested math. The shear strength refers
to the bond between soil grains in induced soil. The
symbol representing this is (c). The induced soil may
include clay. When the soil is compressed, it will cause
stresses at the contact sutfaces. If the soil is in a loose
condition, it will cause the soil grains to hold together
tightly and reduce the gaps between the soil grains. But if
there is an accumulation of forces such that thete ate no
gaps left in the soil, or the force of action increases so
quickly that the contact surfaces between the grains
cannot increase, it will resultin a potential force within the
soil mass. The soil is then consideted to be in an
unbalanced condition causing the soil mass to be
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potentially catastrophic in relation to failure. The plane of
the catastrophe is called the plane of soil shear strength.
This represents the maximum shear strength unit that the
soil can stand. It consists of the cohesion force naturally
occurting between the soil grains based on both electrical
charges and chemical reactions. This soil property is called
cohesion. The ftiction to tesist the movement between the
soil grains is called internal friction. This will depend on
the compressive force the soil mass is exposed to. It can
be measured by the ¢ angle of Internal Friction.
Unconfined Comptession Test is a non-consolidation
test which is commonly used with shear strength testing
of saturated clay in the surrounding pressute being zero,
with the vettical force acting on the sample soils quickly.
This expetiment is an easy way to determine the non-
dehydrated shear forces without having to considet the
change in water quantity in the soil mass duting the
experiment. In this kind of experiment, the angle of
internal Ftiction (¢) can not be figured out because this
experiment will be quickly conducted before the water has
the opportunity to drain out. The shear strength is equal
to half of the ultimate compaction unit which is 28U when
SU is UCS compression strength and sometimes use the
symbol (c) as ¢ = qu/2 when qu is the ultimate
compressive strength of the unlimited soil [10].

California Bearing Ratio Test

In 1992, the California Division of Highway
determined a method for classifying soil propetties for use
in the selection of suitable matetials for road construction.
During World War 11, it needed to develop an airport that
could bear the weapon load of the Air Force. The United
States Army Cotps of Engineers Unit then successfully
adopted the CBR qualification testing method to design
the airport runways. The purpose of soil compaction is to
increase the capacity of the soil strength. This also affects
the seepage of water through the soil mass and
cortesponding collapsing and swelling due to water
retention. This method eventually became an accepted
evaluation tool with respect for the embankment layer,
subbase course, and base course. In a general construction
plan, the density of a soil layer will be determined so that
cach layer for compaction is as a % of CBR. The % of
CBR is scaled so that the higher the number directly
corresponds to higher compaction. CBR is then employed
to find the shear strength of soils or crushed rocks which
have alteady been compacted. The values obtained from
the test ate in the form of resistance units of the tested soil
compacted per standard weight unit of crushed rocks
compacted respectively in the depth or the penctration
piston, which is equal in a comparison percentage. CBR
testing can be done immediately after soil compaction. If
the soil mass has a water quantity lower than that found in
the soil causing the optimum moisture content (OMC),
the result CBR value will be higher than the compacted
soil mass with water content in the soil higher than the
OMC value. If the compacted soil is taken after saturation
in watet for 4 days, the CBR value close to OMC will result
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in an ultimate CBR value, swelling the soil when immersed
in water before the CBR experiment.

Standard or modified soil compaction experiments
will obtain the highest dry density and water content
reflecting the soil being the most cohesive. Each soil
sample has unequal highest cohesion values. The
expetiment to find CBR values is to find the load capacity
of each soil with the highest dry density. If the density is
high, the CBR will be accordingly high as well. The soil
propetties suitable for transportation engineeting work are
determined by cumulative soil CBR values. The CBR test
is a method of finding the weight bearing of the
compacted soil by using a piston with 3 square inches of
cross-sectional area to press on the soil sample. If the
greater % of CBR is determined, that layer must be
accordingly mote compacted and subsequent CBR testing
which is calculated to figure out soil shear strength values
and compare them in percentage.

Table 2. CBR relationship standard and suitability for
use [13].

%CBR Rating Uses
0-3 very poot subgrade
3-7 _ poor to fair  subgrade
7-20 fair subbase
20-50 good subbase, base
>5() excellent base

CBR Test is a method for compating the shear
strength of compacted soil samples by using the water
quantity at OMC in order to obtain the ultimate dry
density and then compare them to the standard soil
matetials that have already been tested. The standard used
for testing is ASTM D 1883-99. For CBR Test Method,
the compaction strength %CBR generally uses compact
strength at the ratio of 0.1-inch depth [14, 15].

3. Research Methodology

The information of reclaimed asphaltic concrete used
in testing was obtained from the Department of Highways,
Songkhla Province. The asphalt passing the digestion was
brought to be exposed to the sun to prepare for the further
compaction process, as shown in Fig. 3.

Fig. 3. Reclaimed asphalt concrete used for testing.

The compositions were determined by testing
reclaimed asphalt pavement materials, and reclaimed
asphalt pavement materials mixed with cement and rubber
were designed to conduct the experiment by preparing and
testing 24 UCS samples and 8 CBR samples totaling 32
samples. The procedures of tesearch study were
conducted according to the plan as shown in Fig. 4.

| Prepare the reclaimed asphalt sample |

Atterberg Limits

[ compaci | { omc

Prepare samples for testing

Mix cement with latex according to Table 3
Use optimum water content

Compact samples with modified compaction

Analyze data and conclude results

Fig. 4. Flow chart of experiment to find optimum
amount of added NRL and cement.

3.1. Road Material Mixing in the Laboratory

Sample prepatation for testing was be conducted
using the reclaimed asphalt concrete samples that had
been finely crushed and modified through compaction by
ASTM D 1557 using a 2 inch diameter (30 cm), 4 inch (10
cm) height mold, and a 2.78 pound hammer (1262.10 g)
with a12 inch (30 cm) lifting distance. The samples were
divided into 5 layers which were compacted 25 times each.
Under equal power in compaction, the samples received
equal compact energy. The samples used comprised
reclaimed asphalt concrete, tubber and cement: Portland
cement type 1, of 3%, 5% and 7%, by the weight of
reclaimed asphalt concrete (3000 g) was used. The total
mixing was done under the Optimum Moisture Content,
OMC. The finished samples were wrapped with a plastic
sheet for preservation to prevent moisture from
evaporating and stored in a container with a lid for
moisture control. The samples were cured for 7, 14 and 28
days respectively with regards to the mixture rate and the
number of samples.

58 ENGINEERING JOURNAL Volume 24 Issue 2, ISSN 0125-8281 (https: //engj.org/)

163



3.2. Modified Proctor Compaction Test

Test Number DH-T 108/1974 Standard and
AASHTO T 180 were used to find the relationship
between soil density and the amount of water used for
modified compaction when grinding in a mold using a
hammer weighing 4.537 kg (10.0 Ib). The falling distance
of the hammer was 457.2 mm (18 inches) as shown in Fig.

Fig. 5. Sample preparation features before testing.
3.3. California Bearing Ratio (CBR)

This test had been conducted according to ASTM D
1883-99 (Fig. 6) using the Modified Proctor method to test
all soaked samples. To prepare the samples, the
equipment consisted of; a 6-inch (15.2 ¢m) diameter, 7-
inch tall mold, a 2-inch tall collar, and a punched base plate
which the mold could be attached at both ends, a
petforated base plate, a spacer disc, and a metal round steel
sheet measuring 5 inches in diameter with a height of 2.4
inches placed on its one side with a drilled hole with a hand
screw for easier removal in case it gets stuck in the mold.
A compaction hammer weighing 5.5 pounds with a falling
distance 12-inches for standard compaction, and a 10-
pound compaction hammer with 18-inch falling distance
for modified compaction was used (Fig. 7).
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Placement and Various Sets of

Fig. 7. Sample
Composition Equipment before testing.

3.4. Unconfined Compression Test

According to STANDARD TESTING (105 DH.-T)
and  AASHTO  T208  equivalent,  Unconfined
Compression Test (Fig. 8) is a testing method routinely
employed for determining shear strength of a sample due
to both being economical and easy to use. The cured
compacted samples soaked in water for about 2 hours and
were then removed. After removing the samples, they are
weighed and measurements taken of diameter and height.
The process of measuring is repeated after cutring time
lapses of 7, 14, and 28 days.
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Fig. 8. Unconfined Compression Test.
4. Results and Discussion

Based on the studied sample of the reclaimed asphalt
concrete sutface at Khlong Wa intersection, Hat Yai
district, Songkhla province, the results were as follows:

4.1. Unconfined Compression Test

From Table 3 as an example, it can be obsetved at the
end of the 7-day curing period that increasing the amount

of cement results in increasing unconfined compressive
strength. It is found that at the end of a 7-day curing
petiod, 7% cement content acquires unconfined
compressive strength of 70.47 ksc.

Table 3. UCS Test Results of the mixture for different
petcentage of cement content.

Testno. % Cement Average UCS (ksc)

7 days 14 days 28 days

1 3 1934 2175 22.24
2 5 45.28 5248 60.23
3 7 70.47 9354  100.48

4.2. California Bearing Ratio Test

Table 4. CBR test tesults of the mixture for different
perccntage Of cement content at 7 days.

Testno. % Cement  %CBR

1 3 40
2 5 54
3 7 82

Table 4 shows the CBR test results of the mixture for
various cement after a 7-day curing petiod. The mixture
achieved a maximum CBR value of 82 at 7% cement
composition.

Table 5. Test Results of the mixtute for vatious Cement and NRL contents.

Test no. % Cement %NRL Average UCS (ksc) %CBR

7 days 14 days 28 days 7 days
1 3 5 14.53 19.76 26.72 38
2 3 10 11.05 16.68 22.56 33
3 3 15 3.56 5.04 6.34 28
4 5 5 22.09 25.46 28.42 40
5 5 10 20.77 24.67 28.44 35
6 5 15 10.22 13.45 18.24 32
7 7 9 23.89 28.72 33.52 42
8 7 10 21.40 24.24 28.31 40
9 7 15 16.46 19.42 25.65 34

60
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Fig. 9. UCS test results of the mixtute for various Cement and NRL contents.

45
40
35
30:-
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20—
15
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Fig. 10. CBR test results of the mixture for various Cement and NRL contents.

From Table 5 and Fig. 9, the mixture with NRL and
cement shows that at 7 days curing petiod, 5% NRL and
7% cement (Test no. 7) gives the maximum CBR value of
23.89. From the analysis of %CBR and the amount of
cement, it was found that the increasing cement content
would increase %0CBR value. From %CBR results, it was
found that it is a good criterion which has tendency in the
same direction as UCS value with the tested mixture
exhibited two maximum values (see Fig. 10). In the set 1
test, it is the mixture of Asphalt concrete and 7% cement
(Table 4). For the set 2 test, it is the mixture of Asphalt
concrete mixed with 7% cement, and 5% NRL. Thus, it
can be seen that NRL has great potential to be used for
road construction in base course layer, and subbase coutse
layer which consume a large quantity of NRL.

5. Conclusions

From the test tesults of vatious combinations of the
mixture of reclaimed asphaltic concrete and cement, it was
found that the value of Unconfined Compression Strength
increases with increase in cement content. Test results for
combinations of mixture of reclaimed asphaltic concrete,

cement and NRL (Fig. 9) showed that increasing the
amount of NRL beyond a certain value resulted in reduced
compressive strength. Analysis of effect of cement
content on compressive strength showed that an increase
in cement content results in corresponding increase in
comptessive strength. Additionally, the mixture of
asphaltic concrete and cement as specified in 2 DOH
Standard governing the value of UCS matetials used for
base course, must have a UCS value greater than 17.5 ksc.
From our results, it was possible to use the NRL added
mixture in commercial applications. However, a
significant issue was whether that Compaction and Mixing
of the materials could meet specified standard, which
could be determined by the availability of heavy machine
needed to do the job. In terms of construction cost and
envitonmental issues, the use of NRL added RAP is more
advantageous when compared with conventional materials
because stone aggregates ot latetitic soil are obtained
through demolishing of mountains which are becoming
scarce and facing opposition from the locals. Thus, onsite
recycling of pavement materials by adding NRL and
cement is aviable alternative way to reduce the problem of
getting 1id of old pavement matetial and shortage of rocks.
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The result of California Bearing Ratio tests showed
that when cement content incteased, the value of CBR
also increased. For the mixture of reclaimed asphaltic
conctete, cement and NRL, the results showed that as the
amount of NRL incteased, the value of %CBR decteased.
The effect of cement content on %CBR was such that
increasing amount of cement resulted in corresponding
inctease in the %CBR value. From CBR test results, a
positive correlation between UCS value and mixture
combinations was observed with the tested mixture
exhibited two maximum values. In the set 1 test, it was the
mixtute of RAP and 7% cement. For the set 2 test, it was
the mixture of RAP with 7% cement, and 5% NRL. Thus,
it can be concluded that NRL has great potential to be
used in toad consttuction in both the base coutse and
subbase coutse

In terms of cost, when compared with using the
conventional road building materials such as crushed
rocks, the NRL modified RAP is viable. The results of this
tesearch show that the cost teduction comes in the form
of significant saving of resources by using renewable
materials, reducing environmental impact from rock
quartying, and reducing the accident risks from trucks
transporting waste materials away. However, for the cost
comparison between (1) reclaimed asphaltic pavement
mixed with cement and (2) reclaimed asphaltic pavement
mixed with cement and NRL, the issue of long term
durability needs to be further investigated as the cost of
pavement would depend on the cost of rubber. However,
the economic and financial benefits to Thailand and
rubber farmetrs make it wotthwhile to use this NRL
modified RAP for road construction and maintenance.
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Developing Quality of Asphalt Concrete with Natural Rubber Latex for
Highways Pavement in Thailand
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Abstract

Among transportation in Thailand, Highways transport has been most used. Actually, there are two
types of pavements including concrete pavement and asphalt concrete pavement but more than
90% of pavements use asphalt concrete pavement. Nevertheless, Asphalt Concrete Pavement has
short Lifespan; increasing traffic volume reduces the lifetimes and increase maintenance budget. As
asphalt concrete pavements come from Petroleum crude oil, higher petroleum prices have impacted
onasphalt concrete pavement construction. Department of Highways (DOH) and researchers have
developed innovation toimprove engineering properties of Pavement Material using asphalt
concrete mixed with Natural Rubber latex (NRL) which is another way to improve the properties of
asphalt concrete. This research used Asphalt Cement AC 60/70 mixed NRL 100:0, 95:5, 90:10, 85:15
and 80:20. The engineering Properties of samples were tested by Penetration Test, Flash Point Test,
Softening Point Test, Ductility Test, Stripping of Aggregate and Binder Test, For Resistance to Plastic
Flow of Bituminous mixture, MarshallApparatus test was used. The test results showed that the
asphalt AC60/70 mixed with natural latex at 90:10 had the best engineering properties according to
the Department of Highways Standard. The development of natural latex can successfully improve
the quality of asphalt concrete. The Department of Highways has been subsequently used it for
Highways pavement construction.
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1. Introduction

Transportation in Thailand by Highways transport is the easiest way for traveling by every means of
transportation: car, bus, and truck. Due to the increasing traffic impact on Highways, Asphalt
concrete Pavement is more damaged than concrete Pavement. Actually, there are two pavements
types including Concrete Pavement, and Asphalt Concrete Pavement of which the lifespan is short.
As a result of the increasing traffic volume, the asphalt concrete pavements have been damaged
fast and subsequently required increasing maintenance budget. As Asphalt concrete use Asphalt
obtained from the Petroleum, higher petroleum prices have impacted on pavement construction.
Department of Highways and Road Researchers have developed the invention by using NRL mixed
with Asphalt concrete to improve engineering properties of Asphalt concrete. This is another way of
its improvement due to the use of high elasticity materials which are easily available because
Thailand produces its own rubber. This leads to the increase in NRL consumption in Domestic and
responds to the government policy. This study has 2 objectives which are to testthe engineering
properties of asphalt cement mixed with NRL at 5-20% by Weight, and to find the optimal of latex
when mixed with asphalt cement.

2. Literature

Nopparat et al. (2012) have studied on the asphalt cement properties improvement [2] by using
Rubber latex for pavement construction at 2, 4, 6, 8 and 10% by weight. After being tested for
Penetration, Softening Point, Ductility, Torsional Recovery, Tonnage-Tenacity and Viscosity, It was
found that mixing natural rubber 6% is the most effective. From the experience on the use of asphalt
cement on roads in the Netherlands for the first time in 1949, it has been used for a long time,
reducing road maintenance costs. [1] In 1951, Malaysia used 5% natural rubber latex with Asphalt
Cement Road, Kota Maru - Goa to find out better quality roads.

Chit thasanakul et al. [3] have used asphalt cement mixed with natural rubber to pave a road at Hat
Yai, Songkhla. The road lasts a longer period of use.

Krit Jetwanna et al. [4] have improved the properties of asphalt rubber AC60/70 with latex and
smoked sheet rubber at the rate of 3, 5, 7, 9%. For testing engineering properties of strength,
viscosity, softness, flash point, elongation, elasticity and permanent abrasion resistance. The test
found that using 5% NRL, and 3% rubber sheets mixed in AC60/70 gives the best properties. It was
also found that the use of natural latex is better than rubber sheet.

Direk Lawansiri et al. [5] have studied the improvement of the quality of asphalt with NRL using
asphalt AC60/70 blended with high ammonia latex. The Flexibility and Stability values were found
higher than untreated asphalt. The quantity used is 9% by weight.

Wisut [6] has studied rubber research reports in India using 2% fresh latex mixed with asphalt to
pave the 1 km road between Trivandrum and Kottayam. When compared to the ordinary asphalt
road, it was found that ordinary asphalt roads needs to be repaired in 5 years and 10 years while
the asphalt mixed with NRL can last longer, and it will be repairing in 14 years.
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3. Experimental Works
3.1 Materials Used

For preparation of equipment and materials to test engineering properties in the laboratory, the
tested samples are asphalt AC60/70 mixed with rubber latex at percentage shown in Table 1.
Material Standard and testing Requirement are shown in Table 2.

3.2 Steps and Methods of Sample Mixing

The method of mixing asphalt grade AC60/70 with NRL was done by preparing a container for
boiling, a heating equipment. Next, use Asphalt Cement grade AC60/70 and mix it with NRL O, 5, 10,
15, 20 %. Then, mix two components of each percentage level of NRL mixture homogeneously in
container and continuously heat them while testing.

3.3 Testing

Engineering properties of asphalt AC60/70 and asphalt AC60/70 mixed with NRL at 0, 5, 10, 15 and
20% were tested by using Penetration test, Flash Point test, Softening point test, Ductility test,
Stripping of Aggregates and Binder test, and Resistance to Plastic Flow of Bituminous mixture was
tested by using Marshall Apparatus Test.

3.4 Data Analysis and Test Results in engineering.

Analysis of data and test results for engineering properties of AC60/70 and AC60/70 mixed with NRL
results were compared to the engineering Properties of asphalt according to DOH Standard.

4. Results and Discussions
4.1 Penetration Test

The highest value was 65.67 when Asphalt not mixed and Mixed 5% of Natural Rubber Latex 20%.
The Penetration test valued lower than DOH standard 47.67. The results showed that adding NRL
made material viscosity higher as shown in figure 1.

4.2 Flash Point Test

The test result of Flash Point value of asphalt standard Cement without natural latex was at 232 °C
and at the ratio of natural latex 20 % the test value was 296.7 °C higher than the DOH standard.

4.3 Softening Point Test

The test results of the Softening Point of the Asphalt standard was 45 °C, the highest test result of
Asphalt mixed with NRL 20 % was 57.25 °C which was highest test value and asphalt was 42 °C lower
than the standard for Figure 3.

4.4 Ductility Test

According to the elongation test, it was found that Asphalt without NRL mixture was 54 cm,
compared to Asphalt with 20 % NRL, it was found thatThe elongation value was 36.77 cm. From the
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study results, it was found that the elongation value ofasphalt mixed NRL at 10% had the maximum
elongation value at 97 cm as shown in Figure 4.

4.5 Resistance to Stripping of Aggregates and Binder Test

As a result, the Asphalt was 19.80%, and the asphalt with 5% NRL mixed was 17% and the Asphalt
mixed with NRL 20% was the lowest at 7% as shown in Figure 5.

4.6 Resistance to Plastic Flow of Bituminous Mixture using Marshall Apparatus Test

The test results of mixedAsphalt concrete by Marshall Method.The result of the non-natural latex
test showed that the Density value was 2.49 g/ml. The Stability value was 2632 Ibs. The flow was
14.44 mm. When The NRL mixed was 5, 10, 15, 20%, density equaled 2.492, 2.5, 2.493 and 2.48
g/ml. Stability values were 4.2584.64, 2592, 2553.93, 2593.98 Ibs. Flow values were 15.6, 17.80,
19.50 and 22.3 as shown in Figure 6, 7 and 8 respectively.

4.7 Base materials test

Base Material used Laterite soil which is Local Material and used for DOH specification. The
significant tests of base materials were UCS and CBR.

It was used for Highways Construction in Prince of Songkla Univerity, Suratanee Campus. The
samples from site construction were tested by Marshall test, Skid Resistance, Plate test, and
Deflection test by Benkelman test respectively.

5. Conclusions

From the results of the penetration test, asphalt mixed with natural latex had penetration value. The
value of unprocessed asphalt mixed at 20% was the lowest at 44.67, Softening Point at 57.2 °C. The
Asphalt Concrete gave the highest flash point at 319 °C. The highest elongation by Ductility test at
NRL at 10% was 97 cm. The results of the asphalt test with latex; Asphalt Concrete Mixed was tested
by Marshall Test. The maximum density when using 10% natural latex, which is 2.50 g/ml, the
stability value was 2592 Ibs. It was concluded that the Asphalt concrete properties improvement by
using 10% NRL is the most acceptable ratio and the properties are still in the DOH standard.
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Table 1. Composition of asphalt grade AC60/70 with natural Rubber latex

item Percentage
AC60/70 NRL
1 100 0
2 95 5
3 920 10
4 85 15
5 80 20

Table 2. Material Standard and testing Requirement

Item Properties Specification Value
1 Penetration Test DH-T403/1975, ASTM: D5-75 60-70
2 Softening Point Test ASTM: D2398-76 45°C
3 Ductility Test DH-T405/1976, ASTM: D113-69 50 cm
4 Flash Point by Cleveland Open Cup | DH-T406/1976, ASTM: D92-77 232°C
5 Resistance to Stripping of DH-T605/1975 20
Aggregate and Binder

6 Resistance to Plastic Flow of DH-T604/194, ASTM: D1559-76
Bituminous Mixtures Using
Marshall Apparatus
Density 2.48g/ml
Stability 1800 lbs
Flow 7-18 mm
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AC:NRL

Figure 4. Ductility Test Result
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Stripping Test
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Figure 5. Stripping Test Result
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Figure 6. Density Test Result
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