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Keyword : Soil-Cement/Natural rubber latex/Temperature

This research aims to study the possibility of using water mixed natural rubber
latex compounds added to improve the material properties of the soil -cement for
using in the work of the base pavement and subbase pavement. The advantages of
soil-cement are It is a simple and widespread method to improve soil quality.
However, the soil-cement exhibited cracking behavior under load. Because cement
soil is hard but brittle. Therefore, the mixture of rubber latex is added to the mixture.
The soil-cement to increase its toughness Which can increase the life of the soil-
cement materials for longer lasting than conventional soil cement.

In this research will study unconfined compressive strength, indirect tensile
strength, indirect tensile resilient modulus and indirect tensile fatigue life of 3%, 5%,
7% and 9% by weight of dry soil and the natural rubber latex replacement ratios
were varied at 10%, 15%, 20%, 25% and 30% by weight of optimal water. To
compare the engineering properties of soil-cement modified with natural rubber latex
with added admixtures. the test unconfined compressive strength, indirect tensile
strength, indirect tensile resilient modulus and indirect tensile fatigue life It will be
tested at 25, 40 and 60 degrees Celsius to simulate the test to match the actual road

temperature.
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s udauazaniniandoy 3aiianududusesusulgsgunmaulitiaoumsnzaufua
uwazUszan waluladuazmaialunisuiuusaduilddulutagdu Jseneuludae
Lmemﬁ@ﬁugﬁwé’ﬂﬁﬂﬁ n1sviliuiiu (Densification) nsidiexUszannu (Cementation)
N19LE3UK59 (Reinforcement) N1555U18 (Drainage and Consolidation)

LmemﬁmL%amﬁﬂ%’uﬂiqqauiﬁﬁﬂmamﬁamﬁmﬂiﬁuﬁ%ﬂmmimaﬁam%am
Uszany IdAeduidunamasiudiuds Yandeulszauilédulugausnfe Yuravie
JanUenloan Feagihlviddvilanmmanadin (Plasticity Index, Pl) v83fuanas waginals
Auuusadaldstu ndentuldinnsfnwedsreiissmaisrnissy (Terrel et al., 1979)

Hogentogler (1938) lénaninnsuudssaanmuesiudunszuiunsivinliiu
P ssNIRTiIMUURenSAnTIe wagnsTuthndndty 35msfilderssdunmsun
Salsutu nsthansuauanfuaslufy ansuanionnzegluguresvavidodunedly

Mitchell (1982) lindnafiafnguszasdlunisinatsindinanasluduiousuu e
AMNINUBIAULALA muamw&ﬂ?ﬂiamwaw%mm U%’UU@Qmﬂwa%mmﬁﬁsﬁuﬁuuaz
ANUNUNIUABNISAANTOULAIALY T URIAY

Cireo et al,, (1962) a5urginnsiavaseakaundiuus (Portland Cement) ashufuay
Wasuwlasnuautivazlasiaiisvesiu Aufeuynaiaaiun sausuussnuandils usina
Y23 5USvURIRnaNtRveniy svlimlouduiwdinfuasinuauiinididndwiiouiu
Uiinaduuddlivinfuusanauiinaedidiuiaiinansznudenisiufidwssavediu
(Compressive Strength) liliuiiourusme wansindrulsneumaaiiasiinailusgrsnnge
N3ULTISAVRIRUTLLA

Fausll e.a. 1930 waesildanmawmsuiiululssnusdanszualihiviinasnn
Fu Tud A, 1930-1939 ansgeuinildudnunislidrasslununeunin Wnelud a.e.
1937 1inAdedo Davis uazAnzIINIINdoundne iy iARuinasAToiReafunsly

wWasy Tusupeunss Tud a.a. 1948 ladinasldianasslunisneasiseu Hungry Horse
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wazstealud a.d. 1970-1979 IdAndnginsaiitu vlkinsldeuiududemasdemald
TilUsnadaosfiviunagliinnsfnuideedaniienng iWevharnudlajisead
voudaosiuyudumdfiiatu Tullgtudnsdudaesuldfunuaouninedimunsnans
deifunsanfunuresneuninuazanaldinslunisidadiassis dnidenansvinuld
nsAnwinsdudiasedntudaindnnsuiwnsamanlufnd mivauouy wu aligns
salye way 6L fiuua (2530); @uds NN (2535); Rhee and Yong-Heun (1982)
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Adananain uazdainarafnduuldufintununudass

Wilmot (1995) na13d1 nsshwnadesainluauiy (In Situ Stabilization) taldiu
suadrsvnauar Yagihinduuldlu (Recycling Material) luuszimeoaainside Taoausd
1950 azinsldansnanifivie Cement, Cement - Fly Ash, Bitumen Wag Hydrate Lime
Famuudazianizau Pavement Recycling sioulud 1980 AnsUYududnnayldiy
pgsunInans nivrnannesdfissrazatlumaienlvnnidu uasdvssansnmdiy
1N

United States Airforce (1966) tmauaisni1susuusinmunmuasiulagutwiuyuig
uazen Plastic Index Fan9197l 2.1

Metcalf (1977) Iéiauamaidenisusutssnmuninuasiu fmnsieil 2.2 §935nnsil
woudenlivinzauianlundazviinvesdiu lneddsddninavesnnasinfudundn lae
Tinnuudeusainiulussezeny Yuuuduaudsnaialiun Cement - Slag, Cement - Fly
Ash itag Cement - Lime %ai%’ﬁuasmﬂ%ﬁwmﬂu New South Wale, South Australia kag

Queensland F9LALNSIEUBLUINIADNLTANTHNANLAL AINIFI9N 2.3

i ad o a A a o
f1919N 2.1 ’Jﬁ‘Uﬁ‘U‘U?ﬂﬂ‘mﬂ’]W‘Uaﬂﬂu‘Wﬂ’Nsﬁ‘Nﬂﬂu

Soil Type Most Effective Stabilization Method

1. Coarse Granular Mechanical Blending
Soil-Asphalt
Soil-Cement

Lime - Fly Ash

2. Fine Granular Soils Mechanical Blending

Portland Cement Stabilization




Soil Type

Most Effective Stabilization Method

Soil-Asphalt Lime-Fly
Ash Chloride 3

3. Clays of Low Plasticity

Compaction
Portland Cement Stabilization
Chemical Water proofers

Lime Modification

4. Clays of High Plasticity

Lime Stabilization

#11: United States Airforce (1966)

M1919% 2.2 BUSUUTIRUNMTRIRunuUsHun LA

Applicability of

Stabilization Type of Soil
Methods

Designation Fine Coarse Fine Coarse Fine Coarse
Clays Clays Silts Silts Sands Sands

Soil Particle Size <.0006 .006- | .002-.01 | .01-.06 .06-.4 4-2.0

(mm) .002

Soil Volume Very Fair Fair Good Very Very

Stability poor Good Good

Type of

Stabilization

Application

Lime X X X

Cement X X X X X X X X X X

Bitumen X X

Polymeric-Organic X X X X X




M1599 2.2 FFUSUUTIRn wRsAuTnsHumRwIninAu(se)

Applicability
of Stabilization Type of Soil
Methods
Mechanical X X X X X
Thermal X X

X = Range of Maximum Efficiency XX = Effective, but Quality Control May be Difficult
fa1: Metcalf (1977)

a A ] A o W ] a
M19190 2.3 LLujﬂﬂdLaaﬂiﬁjaﬂimamLW@Jﬂ‘U’Ja@LLma%u(ﬂ

Well Sandy
Crushed Silty/Clayey Heavy
Admixture Graded Sand Silty
Rock Gravel Clay
Gravel Clay

Cement A A A B B N
Blend A A A A A N
Cementitious
Hydrate Lime B B A N B A
Hydrate N N B N B A
Lime+Cement
Polymeric B A A B A B
Bitument A A B B B N

Usually Very Suitable “A” Usually Satisfactory “B” Usually not Suitable “N”
* Depend upon grading (Single size sand require higher additive content)

fa1: Wilmot (1995)

2.2  1As9ES19vIR U LU

Mitchell and Jack (1966) ldagurgiigaiulaseasnavesiudiuudlaguaniianis
Waguwlawesdiuusznaululassasnswesiudiuud dauanslugun 2.1 iegnuasa aunia

vosudwuandslaivigiserduinsidnlunandueuniavesiu degui 2.1() Tutsenguy

(%
LYY

sudusynirvesyuduudasyiufisedwudlawsduiuin Wunalifnduudnaunsnly

¥ aa

ANUYDIINITERIN AU AR wazUapgyuy1Ieenin Yurnaginudnsennu Sio, uay ALO; il



aglufulaziinNISUENGT naIntuBwuiRawazaslanUaserssunsnszaeluny
Y997195ENINBUNIAVBIAY Ae3UN 2.1(c) dmTurierguneuuliseduudlamsdu
iineganysal vinlvduudinaunsndunsyarglunineieuvesfudmud {Wunaliiig

VDIAUTLU WAV UL DR G UNLL Y

. Clay Particles n Degrading Clay

Cement Particles g D Indistinguishable Clay
(unhwlr;n;d’ E Hydrating Cement Gel and Cement Phase
a and Lime - Clay Reaction
Products
() NRILADALATY (b) NSEHUNNN 7 (0) MAITEZUNW ]

Ul 2.1 Tasaadsvesiudiaud (Mitchell and Jack, 1966)

wirarsiuusminadazdanuunnaetulaslninaransnasiu vl udl
i@dusnmmaniazulssniduaesUsanndnae asidundauusaiukazlaluuudafa
(Marto, 2014; Estabragh, 2011; Jamsawang, 2015; Onyejekwe, 2014, Tingle, 2007)

anfuuiuuuALALduAstesiuansiadlunyyuuni ihase Syivauasiune
FalgFunsAnwnasAunuegneiniwaiefuUsansnmuesdsmani luaiuinans
viln msliusglovivestumdlunsiiunuand@iinanssnuesdfsonuanansaluns
fudhwinuasnsiaunm s Wesannudnsasilawmstudunandaeifinananduus
dielildrnuudusinufidesnisegremanisly (Tingle, 2003; Azzam, 2014; Horpibulsuk,
2010; Horpiubulsuk, 2005; Horpiubulsuk, 2012)

fausinmsusuussiusheduudannsafisanuudusuaauautimaimnssuls
uwinadnsvesauuiusuilesnnudndusilawnsiuresdwuuderaingfAnssunisuanind

Wiz neldussinuavisinadsanansainlugnisuaninlutulasairmazdnasie



afigsnnvestuiansiissegduuuvedaseadiamg nsudtymifsafuteunndesd
annsalanfuuieililiwuuiaindssznaulude 158y nsmeuluiuagindimes Jugn
dauetiuarsivlsaiiefisanuarunsalunsldnuuazanunumuldfnifuiuud
uaﬂmﬂﬁmi@uLwiqmmﬁé’ammmﬁhaLa%mmmumuiﬁ*l,é’gjﬁumﬂﬂ’hamamLwiqLLUU
Gﬁjﬂlﬁm (Estabrag, 2011; Jamsawang, 2015; Tingle, 2007; Rezaeimalek, 2017)

Frurunsidansiiuussegiaty tenedwediinisldifintusgrauinlunis
Uszgndldierinanuaiosnim esnndeliiueuiiddgyenisusuivasulasaaiig
qammaaaus‘ﬁqLﬁmmﬂmmman%mmmu‘[wﬁmﬂu aumﬂuﬂwmﬁ’]mwaﬁL@Ja%mmm
nanuluTlaaedlnonssurunisasdiduuasmsinliAndunedwelswdumard siildan
nsi@euloeszninamedwesunindfuiiuinwmsndvesiu Fedwwaliindesauas
AuasuLssdalduiuty unannisldifssuiuudunuiuusadiissediaien
(Mojtaba Shojaei Baghini, 2016; Baghini, 2016; Azzam, 2014; Azzam, 2011; Mirzababaei,
2017; atifi, 2014; Rezaeimalek, 2017)
23 Uadeiifinaseaudiveshuduud

189U IR lLand s end niifnaseaudRdumdssaveaRuF i
Tdun Vsunadwud vinvesiu asnauiiy Usinaanuduuasnisuasn nsuniuduugd
WaESEELLIAUNITHEY LAANURATUNIEISULSIONUDIAUTINUAIL LUSHURSINUSREIUTD S
Fudwuifidudiunan srevnanlunisuy uazgungilunisuy fseasBondsl

2.3.1  USuauuasyudiuug
A189 ”ﬂmaaau%muﬁ%Lﬁ'msﬁumw%mmgu%muﬁm% (Felt, 1955) uswad

Usuayuduudfimuiganiviuudasyssnnduiludeyanldainnisneaey

Y

[N

(Ruenkrairergsa, 1982) 118431n805INSANMAISATD A UTILUAILTUBE TUTinveIAum Y

(%
0y

WusyouUszarulufudinneuazudasaninlududinaziden aatu Aundaumisndu

'
Y o

drunannnaglvnagann uenINUTIAeYuTIuANiNassauURn15TULTORYe AU
a & 14 a f@al 1 % % = a a a 6

Faudua Useinnvesuduudfinaguiu dwansanudvinavesussinnduug (Felt,
1955) MYin1snadeumaITuLsOnUsRudus Ineldiuanssia A Silty Clay Loam uag
Sandy Lome Haufuyugiuuduselani 1 uagdszianil 3 Nan1snaaeunudl Aufkasie

YududUsziani 3 yhlvaudwudiimasenganiinisldyudiuudussnni 1
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23.2  vinvesnu
o o aa Lo v w - ¢ a a =~ ca &

JadeuaniniinanaAniasenvosnudiuud A Ysunuyudiwuanduy
drunanlun1sUTul RN Meesiy winnnEIdeniuinaunsaseylain Ussnvvedaun
= 1 va a o & 1 [y IS 1 o 2 = s Y o
TnadoanUAvesRudiuuduiy uasliduegrmnlunisnmunUSuayuduudnldsul

3 d’JOJ q' o v v a IS] e‘dg” [ a a .
AN Y198 IINSINiGgnve IR uBLIUATuRE AUYTinTeAY (Ruenkrairergsa, 1982)
[ d' a < < ! a < a a daa = Yo v v
WusswenUszanuluiudaneundausininluiudinasiten Aundaumileinnazlinddns
f1 BeaanAdaeiun15An®Ivee Reinhold 1wl 1955 lovin1snaaesimseunauivay
wiled Tngvinisiisusuasvunafumieanldnaunudfasas 0-100 waImaaaum
ANNdNTUSTEnIludadaveu Alannmmaaeuididaiulinafuniey Wi
Auwmileniudu Masdanazlugdadandguaziinnanad NN AINTILITUNANITNAFDUFY
anSanauyuBiuusd (Winterkorn and Chandrasekharn, 1951) wuinauuAvesdugiuuniueg
fudSunaansBuvsdnnaneglufu uay Degree of Latterization ve3Augnsa
233 @IHEUNY

a1suauiiy (Admixtures) nuneis aswaiidu o wenwtleluan Yudiuud
TanuiaTiu wasinldAvadludiunauvanounse loadinguszasdiieusudsuaudaui
Usgn13ueeneunin askauiuazlinauand1eiu YuedivauaudfivesuBwudily vuin
JUSNULAZEINIUINARYRITANNIATIN W1 gl LazUsslnnvesansrauiiy n1sldans
wansdudiunanvefuduuddoniinadoauifiveshudwudmeiuiu dman1sinyives
Clare and Pollard Tut 1951 Nlavin1snaasufunsieniarsdunidnay egiovay 0.3

| PN . a | va o ¢ & o & a a &
WU?WﬁWiNﬁ@JLWﬂJT\HWrJﬂ‘qusﬂ"Q (Lime) Nﬁ?u‘ﬂ?ﬂiﬁ@u%LNumLL%QG‘I]L?’JIUig‘EJSLLiﬂ AUTUAU

'
@ A

Wenausmeyudiudvasauauiiigearufeidzneniiieans 7 Tu uweililoliuyuuid

% IS

Uszanadesay 2 axtreliiudwusidinaniudeiaatiu 2 Su fsrenunanisvaass (Fuller
and Dabney, 1952) fiszyinmslayuvnfuiuduudfsiafaidnanaingaagsitlinisuay
warnsuadadietu nunaaesldansuaufislunsyfulgsauifvesiudiams (Lambe and
Moh, 1957) annuanisnaassldasunandiuau 29 vie Faduaslungy

Dispersants, Synthetic Resins, Waterproofing Agents, Alkais wazinde Wudrunauludu
Fuud lngldAunzneu Aumisavuiungnou uazduduudngu vhnaduudilddu
drundy Sovay 5 ngldarsuaufindosay 0.5-1.0 WUl @1suauiiy ¢ ¥da arunsaiy
AN SRR UTLUAT S REAY 100-150 Usenausme laifsuasuaiun laneslasasen

laalUknaT oLl aThUaNLUS wazlaRaudams
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234  YSunaAuduuaznsunsa
USunaanuduiinaseaudivesnudiuud esann Ysuimauiuly
drunaNvesRug At lRUTNAT AN TILILEEALEY SoiliAnudasenlawnstu
auysaifeuenInt Uinuanutudsdnasefuuansatunudnunsvesiudnde lashu
FuudfinanandumismiorudnazidonaisldusununuduunnninUsinanudy
wanzaudntosdiuiunsenIeaudaneualsTdAuTuR NI uANNT U AL
dntioy gy lAUTNUATAMULDIITIMAZAUAINUEL AIT1BMUNANITANYIBNTNAVDY

ANNTUABNGIDR (Felt, 1955 and Davidson et al.,1962) WU USUIUANUTULALAINY

o v w a o 13

RUILUUABNENG 08 19U1NABANGIOATBIAUTLUUS F1RSUAUNITIEAITIINITUASARIEUTU

E ) ' a A A | a = Y% a & A
AUTUAINIIUSUIUAIUTUNANIZEN @VUAUUTEIAITUADARI8USUIUAINTUN
wnzamdntesdeagliidsdnasan sl n1seSuirganuduiusseninmnuuiuay
NUIMUUVBIAY (Ruenkrairergsa,1982) Nundan1uiSuaeanianines (Proctor) unldiuduy

FUUALY NUI USHNANUTUTIIINZANLENAINYITAAINUNUILLNEAALATY vl

aaa

Fuudinujnsenlewstuniauysaliie dmsuAudmudmiunuiwiugegalisiduinngi
TRugwuaiauudasuazdinnuamunnfianansly 91NHANITMARBIIAIAINAINY
Y an a a = = ¢ ' i P

MET Freeze-Thaw vedfiungneaulazAunily IHaLTAILA WU ANUAMUILIAEIgaLe
nsuaganiuTuiaaMuTuan YA MuTumEIsadnites ¥1nviin1suasai

USUUANLFUANINUSUIUAINT UL ZEY A8V IAAIANNAIVILANRY d1USUNTISVIRaBlY

= 44'

Aunienauduug wudn ANuLduswesRuduLAiigeaailoundafiusunanuTusINg

AMUTULNNZ ALLANTIDE

1a A s

23,5  MTUNAUDBLUURA

(%
a 1 o w

Jadeiifgndesiumsuunugiuuav sumnil uaze1gn1sul Anafe ias

9 Y

IAVDIAUTNUA AIT189UNANTANYIVY Clare and pollard Tud A.A.1951 Alas189uis

0w w

HANISNAADUNNSIBAVBIRIBEFUTUUA NUNMERUNNT 60 BargaLTEd 918NITUN 7

¥
o v w = A

Tu Fanudn daArAdedegeaullefisuiunsunaugiuudnoungiivies e 25 samiwaldes

Y

1% ¥
=3

TngAiassmiuduAndu Sevay 2-2.5 ArguuginISUNIWINTY 1 esrwaided 91nKa
N15ANY1v8e Leadabrand 1wl A.f. 1956 INARBININNAITADIAUTUUATNEIYNITUNAIUS
2 Juaude 5 U wud Massnveshudiuudnaienuingaisnvesnaunin Ae Madnnlsiunss

ffugngnIsuy
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2.3.6 S28LIANUNNSHEY

1 o v W [

mafinszezatlunmsnauRudwusinarilinuduuriaissnanas ¢
NansANYIves Marshall Tuil a.a.1954 AildFnwInanIsWi AN SHELSERININSHANT U
LaENSUASA Ui Adesavesiudiuusiuualiuananienansafindy nanisAn
909 Felt Tud A..1955 AlaAnwdvsnavesnsmitaainen dsnLaranuamy Inonay
THuuty wiisliieuunsn wuin nan1snaaeun1denvesPudusinananay 3 vin
Ao AUNgN A-2 (LL=26, PI=11) Aungu A-4 (LL=3.5, PI=12) uazfungu A-6-7 (LL=47,

S 10 v o d'

PI=26) AAMaenanadilallaInNISNaNUILIY ﬂ'ﬁ‘WLi'NL']’ﬁ’]ﬂ'ﬁNﬁllLLUUVTEML‘?JU@%JQQTYJ i

HALAEUOEN I UUNEANALLEE 3INTIEITUHANITANYIVRY Ingles and Metcalf Tul a.a.

1972 Fslonmaeudu 2 il Ao Medium Clay tag Sandy Gravel Iion1ANUEURUSIEIINS

[

° o o A a a ¢ | a a ¢ o
ANAIDANUIAN LY IUNISHANAUYLLUS WU UINLALLIA I UNSHANAUTLUUA 1-2 TN

[

MassnanasInninsesag 50

2.4 JYudiud

Yudud [udaguszanunlbinidsuineunia flduinigaludagiude Yudwud

Yasanaus Janvsaanidunarsusgnnmiuainumanzausuaunud iy wenanddad
Yudwuidunlaimundunielivansiunuiivainvats lngemnzdiuanuudusay

MUV ANEBNN WaznsIduanzay AuaudRvesuiuuissiuegivdiulsenay

Y
) [ a aa a & [ aaa [y & =~ 1%
L‘LJU'JG]QG]‘ULL@%ﬂiilDﬁﬂ’]iN@@ ﬂ'ﬁﬂi%ﬂ@‘UL'VT@'TLH]SVIWUQﬂi‘EJ’]ﬂuELU?JUGIEJUﬂ'ﬁLNWL‘WEJI‘IHW
IS) (3

WU N13USudUsznevvesingivasinlnlayudiuudniamuau dAwanseiuly

e =Sh

241  mMsuaaYuTuud

a a 6 'y} 1 a v - Vo U d' C%
nsuanyudwuatudagtuunndsainndiausdaaddiannannldluade

a

usn waglimud1Ay AN NUBIYUTUUATHGR LazUseEnSAmMuaINTzuIUNITHEN N3

[

HanYuTuddiauwnsnatewatlasuaudougunseingaunlilunsndnyudmuivese

fal A v d' ! q:;
waustiUunamnnuagylaieluisng 9 mlan

e
<)
c

1. g

[y

mgau ldlunsednyuduuduusesnitu 2 Ussanvan fie

9

[y a

o spilutanuanyu Wueenledvessiauaa@en lauwn Auyu

warAuYeaNn

% a IS

o Janodaadua Uueenludvessindaneu wavegiiey laun

q

(%
[ Y

Auwmilen Fuaniofuduniu wazdusuiu luuieess audldiduingiuiiisesnledves
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uraBeuwazdanaulaun fuunsa wenanil Mmndnyuiuuddionisingiuegadu lawn

sonledvennin@aliainiugnss senlesvesegiidenuavmanyigliufizelumwniala

¥ v
1 = S

v v a v d' 1 aaa 19 ¥ = f 2 v & a
18U UBNANNUGIRBINITEUTU L‘WE)‘VI‘L!’N‘IJQﬂiHWIMIWUUU%LNUG]LL?JW]’JLTJLﬂUI‘UIﬂEJU@TJ@J

[y

<] g 1%
fuduinlutunaugaiing
2. n3sglunsHEn

a = 6 I [ A a
ﬂiZU’JUﬂ’]iﬂJﬁﬁﬂuu%LmumLL‘U\‘I@@ﬂLU‘U 2 3¥UU AB NTEUIUNTHARNLUU

o

enuagnszuiunIsHanLUULR nsidennseuiunsnanwuuladuegiuaiuuvesingiu

[ a

Tuanmsssuwd aruudiuswesingiv wazedinvesingiv Nnudutimidsnisuaingdu

9
Tazidunazvinlaenn Tuludewinnnuduiniogvseiuilviiusunamindu d1ingauduy
a = = & v & = v a = o a @A a a
Auniledaziianudugs dunludddnseuiunsidniuulen ningauduiinwasiugaged

AMUTUADUTNANFIAIT LN TZUIUNITHNARLUULIAG

Tunszurun1sHanLUULTEN TPAUALRNAUNUUIAUAAFIUNNINUA

9
(%
a | o

Ingunidldfumieinasiuvedanavlddnsidiuingivsouiussuna 1:3 nluazun

dnarunanliazdunluniounazdenden Unlaautunlaazun Ul Rz N SIaLLDunLATEa

'
a =

AN ARRAUNT UL ILALRIAZ T ANTUUSEUISDE 35 D9 50

9

a A

lUNTEUIUNITHENLUULIY TngAUTszilnunanwilewsazinungey
Tidnasluiniosdosduiu Lagiasosdasduiigsaniuainu antudsiianllunazidenly
ndoundngau wanauiuaudadiunsesnisiulelanauingiv anuuinaiuiouves

(Y]

npAumeauTounaududuau lunsalvesnseuiunsnaniuuiwis s ingaulurh

[ a YY)

Hudielasmaiuindntosuazinudiluluadosinda fagiuasdufuiudeunauuus
sz 12 Jadins ﬁgﬁﬁaﬁﬂﬁmiﬂaui’mqﬁuL%ﬁgjmeazmﬂﬁﬁu i’mqﬁmzﬁmm%u
Uszanmufesar 12 Ardusunueanssuiunsmanuuuisasiauiedalsuadnnineen
lunsdinszurumswaniuuden

W lsanuyudwuidumisuung videmannagunsinszuen
P13luymedgnuln wwnnuunyguianudesinuursuiantesyszain 3 8 5 Tufee
LA UTOULNUTOMITINTZUDNDENH 1 Usvan 1 84 3 seusioun?l WeinAsildlunisun
Huduiiu thifuniefesssuyni 99U Toud M IEINUUVBUAE T UNTEUIUNTHER
wuuleningaveglumiendunan 2 alus fa 2 $alua 30 undt uazfuan 30 wift fa 1
Halus dmdunsdlnanuuuLs

nszvIunsTAsT Ul Eaouseendy 4 duneu fe

1. nsvdnuidaselaenisseive (Evaporation)
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2. msvimiuazansuaulneanled (Calcination)

3. myvhunsenduyuda (Clinkering)

4. msangaunil (Cooling)
Tutuusningiviidoudmsdmuurenaimazldsuauiounineniaioudi

gaungdl 250 G 450 esmwalluauasvinidaszoanty gauugiingRuiiudueg1e3ans)

9 Y

¥
A v a

Uil 600 aarwalduanyeiiiiingiusuaansdluanauiuazaisveulaeenlanazaosqgn

9

'
a

vineanly Wegumgiiiugadulseuia 1,200 asrnwaifea LinuAsendeowdiu iin
ansUsznouvenmadeneafiiunuazieslsd Juihudhnduddeliinujisenauysel 7
gaunn iU 1,350 sarnwaled iiansvaetazansvadLraidenegiiuntasasisuay

q

Gavihuazenduyudin fngivezvasuazarsnazUszanaiesas 20 i 30 aznaneu
WONUR Lﬁaqmmﬁqﬁuﬁﬂ 1,600 §3 1,600 o9 eaided drunauazyinufizenduyude
founaxvun 3 fs 40 fadiuns ludwvnegaveungamniazisuanasesasiniazyy
dinaglnasanannunyuidaeenaindiuaswean inzdinaiounn uavazangmumgl
Yudla dnsinisanasveseungiifinadeninuluninvesyuidin Giamﬂﬁ?uﬁwgul,ﬁmmm
Sawffududu TunouayuBiuud UTnuBuduilivssanaesas 2.5 81 3 Tastmdnues
YuBlud iilevisnsiesogissinidivesyudiaud
242  Uszanvasyuduualaiauaun

n13AnYIBNInavesarsuseneuyviaunsaUsuAuandAve sy udiuua
Weltmnzauiunisldanuusziandaguinsgiunimadaeuanaiu ATSM C 150 fuus
YuBuiesnuaudeondu 5 Ussian fsil

1 YuBuduszoni 1 videyuBudvesnuaudsssun daduyudiaud
UssLanldfusnnlununsunin Uszunaldindesas 90 vesudumdindsluanigowsni
HuyuBumiveiauaudussinnil dmsuldlunsieouniavionansusignannssuladill
FosnsnmnIwiiLey ni1sssunn wagldlunmsneadremuun@nily wu i e g1usinves
01A13 nuu Wudu Yudusdedailihisgegaluszernalinadunninuasiiauiou
Uunans Yulwudedadliun Yuiwudande asmgninediden nsitileduas msngun
p3TITiEN uLasnsenTusaGu Husy

2. JuBwuaUszani 2 Yudimudanuuag Lﬂugu%muﬁmﬁmm%’auw

1%
a =

£y v P a1 Y | a & & & a ' '
FUINUNAMNTOUNNATUNAIUDYNIT VOIYUBNUAUDINLAUAUTZLANT 1 UAFINI1TDY
Yududveianaunniuiounn Uszand 4) waglvmdslnaifseiuyuiuudvesauaus

Yseandl 1 wangdwsuldlunisvihasunIavsendndusignamnssulaiiinanuseunas
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numuden1sianseuvesansazatedainlauiunats Yududussinnilldreudnadesly
Uszwdlneiifloglaniyudiuud asmania 7 Wes iWudu
3. Yudwuduszani 3 Yuduudvesauaunudaiusuduyuduudnln

[

mMasgsluszosusn Wanufauanuiserlawstugansizivsunm guuazaiuasidengs
niuTudvesauauduszand 1 11n wnigdmiunuiidesnisldnmsy wu nudenus
W30UNABINITNOAKUULST LU @ dunaunss w@liihrounin ndndusireuninansagy

Yududyiai lown asnesiu asmgniieduns asiiiilednn wasns1enduunduns

Dusiu

4. YuBuuduszand 4 YJudmudveianaualsslaniinaiiusous
YudwudvilailvianuiouninufizerlamstunaannmszUsunaves CS i1 fe lnaiade
a0

fAUsranesay 25 1 30 wiazdl C,S NApulvas AelaunfsUseuiasosay 50 i 60

Jududyiadunugdmiuldanulunisieasienouninnan (Mass Concrete) 139

lassadenauninuunlvg 1y Wauasun3n neeru1nvgiilainiinuandflunisiv
a S o = ¢ a A oiao ! o Yy o

gaungilvesrsuniamyuiuudyiedliidmieluiewainlulsamalnedesddagnssan

ANER

Y

5. YuBuuduszani 5 Yudludveiauausnudamn 1uyudumdi
drunudaialdgauimuiussamiaziviina 189 GA dunnlasildliduiosas 5
M31E CA awsiiliiamssuiafudamalgie sufuile CA fusinatesddinisnisyii
UfAserdudamalddesnioliliian viilvinistansoudesanaisazatsdananas
YuBudslindiumnzdmivnuesuniniaiegluiifindorions azaedamnyuiue

¥aTloLA #5191980 as1Uanaa L wazasinledn [Wuduy

14
2.5 WP

819N15113087195550Y1R (Natural Rubber Latex) iudigiasugiandingves
Useinelng nsdseengasssumfdiuunneglusveanindaeingslainiunisulsgy wu 1
197U aunusuAiy seenws lnelssmelvedudndnuasdeanienstuselugvedan
Tud w..2562 Wrg1stuluIuiun1sadn 1,122,050 du Jyaci 35,585.40 a14UM
(http://rubber.cie.go.th/) Wrgsdudrufmasainnisdeeenagldlugnainnssy

= a = K o w = !

aeluuseina Weondngaiiesns s1enasiigeensetnde nunes o198a gnlle uag

NANAUNNIINITUINNEG
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dhenssssuriandugrmnsuluveanaifidesdusznoureuds (Total Solid
Content; TSC) Uszunadesas 36 waziindudiulsznevisvanadosay 60 lnsdnilu
A TRRIEIE (Dry Rubber Content; DRC) $oway 33 @159 winlusausesay 1 Deiovay
1.5 Pgliiudosas 1 thanadesay 1 uavilansuseneudu q wu nsnexilu afin veald
o wazindevesnsaluiiu aguszanusosar 0.5 Hefovay 1.60 (Nawamawat, 2011) Yu1A
AUNIAVDIYIITITUYIADY WY 0.1 §¢ 1.0 lunsou fdnuwuzAoud1enay lnedlyshu

LAZLULLUSY douseuagTiusnafviinveseynia Aaguil 2.2 erssssummlulnduesms

aa 1Y s ¥ % as  a al
§95UYRNUTENBUAIEY agﬁaﬂsﬂaﬂﬂqi‘UauLLangEﬂ;@iL"—\]u NIﬁiQﬁiqﬂﬂqﬂLﬂﬁJﬂ@ Pa-1, 4-W@al@

'
a

lam3u (cis-1, 4-polyisoprene) faguf 2.3 Fadulassasranlidusigs Ineusenoumenuse
' [ < o =% o ¥ a ! dl'

AvasArfueu (C=C) Lludmiuuin Jeihlienssssusidenaninlalagdgilognuiauna
= = v @ v a A = 1 v & <

wIanseauieu lngdunalaaingrsazulsanmaniiuiasnsedangulad natgiduuda

Wozwarllanuisaldanulasald

0.1-1.0 Tunsou

é’nﬁngﬂwswmaqmﬂma LUUTIABINTNAAYDS

g‘Uﬁ 2.2 LLUUf\T’laaﬂaﬂéﬂﬂﬂ‘Ej’Nﬁiimma (Nawamawat, 2011)

H5C H
v CH, CH, C=C/ CH, H,Cwunn
_/ N/ N/ \_
cC—cC CH, CH, C—¢C
/N /
H;C H H,;C H

3UN 2.3 gramnsdlassaiiamaniivuy @a-1, 4-wedlelaniuy

(837 NBINITING, 2556)
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(%
=Y I

81982818 bA A bUAIVREa N LTI WU WU eneU tnenlUe19555uR

[

lassasensdnseeiiveiananuuedugiu (Amorphous) wiluuisaniizluianavesens

<9

= = a

v o 1 Yy ) = A a0 & A = .
ﬁ']ll'ﬁﬂ"ﬂ@lLiﬂﬂ@]'ﬂﬂ@u%q%ﬂu53LUEJ‘UVIQW‘VU]N@TVI?@LN@Q go WAUIIDLAANAN (Crystatllze)

1§ nmaiendnidesngamg awviilisudanniu withgumniasdtu snftazsouamuas
nduganmiin s iauiailaaduunneangeduaseifinanldaingaamnssd
Tnsiadl iunasanlasstnefiinannisidenlewmusssumavemyiladiduiivarsansly
Tuana TngautAilanwiu 1wy autBsunudamgu (Elasticity) mnuyummsontsing ns
nsgABY MuMUeN1sanYIa Mswmiisddaiu (Track) My usviell sramsAfaudauns
Usgmsiseeninensduaszy 1wy nsidenanmldieiflognuauaauazanuiou nsuam

v A L % 0 [ a a 6 a v dy v A
midleduiaiuivia1edunid (@30 Nem13na, 2556) uenani srsmsdaliaudilales

a v v

&N (Hydrophobicity) 3aaaulivauin (Feqd Jads, 2558) Fevinlilaseadrsvesns

9

[V
I o =

sysuvdlanunsounndililossu vseluluananlifitaddhiaunsadaiaiuluanavesi
A A ’oJ ! A d' U U g va o 1 =
winlillunin uagliaunsavervauinnievindliodunatn 3nautRfinae1ansnded
ANNENIsatuNITRAtlataeNIn
Tngnluihesanioanunansugsazasan A duiienslaliniu 3 8 6 9alus
= N a a Y S a A
Wesnnuuaniselueinia wagandenvesiuensazadlulutiens wasivaisemnsneyly
o9 1w WWsiu dinna Wudu vliuuadiBensyivlneg1asnisi urddiineuainng
Y980 UATIIREAD N19TtnsIg 9 WU Agarsuaulaoonles Aeiivy wagnsnluiiussineg

1§ (Volatile Fatty Acid) au3unaunsafiseinedngludigrafiuniniu We193ziinnng

YY)

gaydeanin dunalaannnisniiensazdes o IA1NUndauInTu msizeunIAeuTuIuR

<

Judadn o uwazasgvealuieulvng@u suthersgaydoanin tinnisyani waziindu

< Y] a

LAY 62Nasmmimmﬂﬁzmumiﬁmm%L%'m‘%a%’ﬁuaEUJﬁuﬁa%’wmEJEJEJN”LaJd’mzLT]uﬁm

QUUANANMUWINRBN ANNAIAIVBIUILNN e ialesiunsgayidsaninveaing1van
Jdeufuasndiviwiaaduiianuinwiedinsanmdurenar Feaswedaldlunis
] [ %

AUSAEIUIB19TENTT @155 91N INU1879 (Preservative) 1 Loulutile (Ammonia)
TaAgudala (Sodium sulfite) Wasdadlen (Formaldehyde) WWumuy

8197 Ag W Ran VI Ntula N1 uIgIvsanIsHenNAsY Liowendud
I3 & ] a a & v o & v ° v aa
Juilsgeeanainwiy wasiiuuTunaillosnawiainiesas 30 Wuiovay 60 dusuianis
wyuies saduisndeuldiuludsemelng wasiiuUsunaniesnwisainfesay 30 1y
§ouay 64 @aIsnsuenasy Wesantiesaniivsunathunnnulilivens Rz luaaadu

NANAN warauansanltanglunisvuds
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N5EUIUNSWAMLN819TY 13199NN55IUTINTE9En mﬂﬁuﬁm’wﬂgﬂ waziinig
PTIAFADUAMNINILAZHANANTLAY Aeuftaztdeseaies (Certrifuge) ttevinidurinensiud
fandudulddaudSosay 30 fefesaz 60 lulagiiunssnwaninvesiensudnlngld
arsuenlidls dauunnduuesihenstusenidu 2 nquaudnuuzvesansiediflilunig
Shwiann Ao

1. ﬁﬂmﬁuﬁ%’ﬂmamwe’hsJLLa:uT,uLﬁaqﬂ (High Ammonia Latex; HA) fig
dhensduiisnunanindansavarowesluislulsunatesas 0.7

2. thenstuiinwanindewenluies (Low Ammonia Latex; LA) 1
dhenaduiisnumanindsrenTuilesiuiuans Suianmusunadosas 0.2 aufvansadl
¥indu thersduildsumsnauaraiaiiud enainufniomaniivnadsensviiliihensd

AautRAsulUT AN ey



uni 3

A5 UN15IVY

N3 IUaLTRNI9IAINTTUYRIAUTLUUATIUSUU TR U8 1N T INEL A TR AULTINT

LY Py [

RaUnQRUANANAY Walnsaduanuussaingusvasdnisidoninan Idelan vunuEy

9 U Y

ANTUNNTITY fagUR 3.1 Tngdzianiseazdunvastunaun1saiunuauadu Tuded
3.1-33 ¢4l
2 a a A A v 4
’sm‘uWmnﬁ3ﬂismmﬂummuﬂﬂﬂiuﬂgamﬂ
NI WENNIHANTNQUHIANMINY
v
mﬁﬂﬂﬁﬂ‘].lﬁﬂ‘]jﬁ%uﬁm —% fAugnia
—>| msnageunafiavesian |
v
| > msnadeufiemmianadsn |
8aM0d1 (@Au+Fuud-1hen)
L —>| manadeuommiama) |
—% minageumnmmmaAnusevesiaquilauianeny |
MINATRUANAMOIAINTTY :
—P{ M3NATOU Compaction Test LUUFNTNNATYIY |
v 2 2 L 4

MINAADY Unconfined

Compressive Strength

MInageUmauLse
femsden Ngmmgil 25

40182 60 DIRIBALTUS

manaden Tugaanud
A = )
iiloannusRanedon
gamail 25 40 1A 60

earLsaLy

mynageuaNNd
A = v
1119991n159A M 150N

Tiganigdl 25 40 11ag 60

aarsaLiye

afls1oma

SUN
U

341

LHUANLTHUUINY
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4

3.1 Janlun1side

'
% I av

Tagnldlunsidetiuseneuniey Augnie Yudwudvesauaud Usenni 1 uazin

= a v a
g9N191 lnedseazidensail

3.1.1  Augnds

v
[ a v A o

Augns Wutagmdnludiunaunisndnfuduud lnen1533el 14augnss

Y

I a ° v W = = Ao o .:4'
‘\]']ﬂLLVﬁQ@UIUHJW DUNDVIUNLLAAD IININUATINVEUN %ﬂuaﬂwmzmmﬂﬂugﬂw 3.2

JUN 3.2 dnwngveriugnis

3.1.2 Judualasawaus Jssani 1

Y

YuBwudilflumsineduyuisudivesauaudussani 1 auminsgu
AR TTRRAIMNTIN LN, 15 wau 1-2547
313 11819
et Alddheramansssueaaddainnsersuislsemealne 1
Trenlandadain (SDS) Wuasanusadsinfiondalusiu wasiinisiiudereanles,
upaLTENAISUBLUA, §angd 2-mercaptobenzothiazole (ZMBT), waga1siugeiu Lﬁ'aﬂ%’wqq
mmmama’[,umsﬁwmuuaz@mauﬁ’“ﬁéfaqmwaﬂfwmaﬁismwﬁ lneAaaudRduwansly

AN 3.1
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5UT 3.3 U1819555UA

A1319% 3.1 wansnuauURt1e195ITUYIR

Properties Values
Sludge content (%w;) 2.46
Coagulum content (%w,) 0.024
Specific gravity (G) 0.96
pH 8

32 navaFauANFITRTLg LY AUgNSs
321  NSVAERUMALAAYa93En (Sieve Analysis)
nsnsEaevestIaiaAy munefsnnsiuiafulszneudieiindunans
YA LU Gaue 10 Bu. asnIUNTEs 0.0002 1y, TenmaulAn1iEndvosnafiu

¥

95U UTWINTELINAUNITNTZAB VB UIA AAULERIAIENTINANFURUS TN TN
& a a . ' v H o 2 aa I
yualinAuluaen13iiy (Logarithm) sguuunuueu wazsevaslasuminvaudanivuain
I A 1 & = o ! & a . .
N219158Y (Percent) 8YUULNUAY BILTUAIINTINAITATLINWIDIVUIALAAAU (Grainsize
Distribution Curve) 33n13nagauil LUun1suInisnszatevesauiadniu (Particle Size

Distribution) visufiniinazideniazueu Ineltunzunssanvuinlug aulsvuiadnid
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AuINTagEL 0.075 1. (\a$ 200) udr Wisuiflsuthmindiiuniefemsunsauinsa 9
ﬁ'uﬁ"jmﬁﬂﬁ'mmmaqﬁaasmmummgm ASTM D422
322  mInegeutievAlawanadn (Plastic Limit : PL)
Tonanafinvesiu ey UTinahdwautiesiian ifalaenssiiveaey

Aaznannely Fedimmilnauilanimdunanadin lneliadusesazyesuidaiindniu

' i%
=< a tY

Y 1 v A [ a . a = a sg a 1 =
auksaAastANudunanadin (Plastic : Pl) 9899fu vuneds USunautnluaue199ie d9nutiy

(%
0y

Famsanmdunaiadin fandunasissznindn@aman wazdanarafnvesiuiuisnis
‘1/|maauﬁﬂumimﬂ'ﬂ%@wmaammﬁummmmgm ASTM D424
323  nisvadeutievAiaman (Liquid Limit : LL)

Toimarveshufe Uimadiudesasiinaveglufu Sewawmanginilia
Wasuanamznaain (Plastic) idunmzman Liquid) Tnewisuisusudmdnueaile
Putuidleuusis musnnsgiu ASTM DA24

3.2.4 N1SNAEBUNIAIAINENNIRVRTaRulaliane U (Los Angeles

Abrasion test)

nsnpaeumIAAadnvsevesTanaiaiiaveny iemaniminvesTan
adely lesannisgndnd nsgnussiu ileynArAaiununsannsousesiiulinsiu
DIRUNINVRINLIUNITAUNIUNITANNTOURAZNINTEUNN MIUNINTFIU ASTM C 131

3.25 n1snadau Compaction Test WUUEIN11117551U (Modified Proctor
Density test)

1

i un1snnaeslneds Dynamic

aa

N15nAasd Compaction Test 18U
Compaction iflevAnuduiussaitsnuuiunisgsgavosiufuuimafimayanls
TunsundauiteloilsinmtiugeanmuniannnsgIu ASTM D 1557
3.2.6 N1IAEIUNIAT Unconfined Compressive Strength ¥asau
'3§m'§‘vmﬁa‘u5ﬂﬁamqu5qmimﬁﬁa%’uLLiaLaaumaqﬁu Fauriadnognaay
gnusenaaamnsuufslaglsifusstusudng Ansneaeuiiuitmauszanavousida
\n2 (COHESION) vasiulnedse q Fanldeg1esanisaveutng Unconfined Compressive
Strength A A1u338A (Compressive Load) gagadenuisfiudl Fauvisdaogafugy
N3INsEUaNUsegy Prismatic 383Ul N13111A1 Unconfined Compressive Strength 4845y
Tuan I Unconfined Compressive Strength 8051n15finusesnluseninanismaass ag

AuANlag AULATEA (Strain) 58AIUANLAEAIINLAL (Stress) ANNLNTIFIU ASTM D2166
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3.27  NSNAFUAIA95ULSIAIMI98aY (Indirect tensile strength, ITS)
ANETUNIURERSIAe8eu (Indirect Tensile Strength: ITS) AoAfinans
H9AUUTILTIVOIEIUNEY FIUSUITN1IVAFEUITO19BINIUNINTFIWITAITVAEOU ASTM
D6931 Standard Test Method for Indirect Tensile Strength of Bituminous Mixtures lag

Jauthminnsgyinaiednsisined (Static Load) windu 2 H/119 aunseianaudiagnaiva

1%
1 o Y

finAnninnseigegaiiatiinmuamAIAINR U UL 1deu Tagldauns
2.1

ﬁe

=b.

-
o

-«
e

\ e
r \ b - -
{ \ \ - !
»* 1 r - LY
! 1 1 -:r - 5
{4 | | i ik %
[ &+ L'
\ 7] | . - \
(I | a3 O !
R h D= - S |
! | +— i
| D'nII. \ - |
1 ris—— ]
1 ol " ¢
1 ) |' \ — "-._‘ ._.'
\ '*l \\ — r
. -
b ] o Wi
- =
N N A ERTH
i . o |
|
kY | - -

JUN 3.4 MIVPFOUMMRITULTIAMIEY (Indirect tensile strength, ITS)

We TS Ap AMAISULIIRmIeeeY, wnnsulaana (MPa)
P A8 usansevihgean, s (N)
D Mg lWurAudNa1Raeveiiegny, Tadumns (mm)

h A9 ANURULRAEYRIRI8E19, Tadums (mm)

3.2.8  n1snadaulugdaAufqiiiada1nusefiainieday (Indirect Tensile
Resilient Modulus)
nsnageuiiiiemalugdaAus (Resilient modulus : MR) 1H8331U54

AIN1998Y DNBINIUNINTFIU ASTM D4123 “Standard Test Method for Indirect Tensile
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Test for Resilient Modulus of Bituminous Mixtures” kag AASHTO TP31-94 “Standard
Test Method for Determining the Resilient Modulus of Bituminous Mixtures by
Indirect Tension” n1snadauUNsETigaumail 35 °C Iner1uun Pulse width WAU 100
milliseconds (Iinutinasuufeudiognamng 1.0 Juf) msnemimnagtmuaidusuuuy
Haversine Inefliutinuindudesas 15 989 ITS nsdnnsfeusiegnduniomagous
Judnwauzioafufunisaaoumdanamieden wiasinisinga Linear Variable
Differential Transducers (LVDT) iilo¥an1siasuntassusnasnudng mmaaeuagngaiile
Sruauadwesnisnauinindsseudt 200 ATuadarusadudeds 5 Argavinevenis

Y 9

nadey AluadaAuiIrwInlaInaung el

_ P(0.274v)
Mg, = TOAE)D (2.2)

=Y

e Mz A8 Resilient modulus (lnnzUrdaa)
P e dmidnildnseyi @asu)
D f9 ANUNEIBINUAIBEY (Hadluns)
AH

9 MINIAMluLWIng {aduns)
Vv fe gasrduiives

Db

3.29 msmadaua1ualasanusefaniedeu (Indirect Tensile Fatigue)
v A = v . . . A 1A
AINUALUBIINLTININIDBY (Indirect Tensile Fatigue) ABANNLLANIAINU
NUNTUYVDIFIBENI DT UNNTNUINTEVINTIAUNTLIIBE1IUR ANNSUITNITNAABUIL D199
mmmmgm%%mﬁmaau BS EN 12697-24:2018 Bituminous mixtures. Test methods.
Resistance to fatigue Inglaminuigissfansgenlunismageuaudvinnuiesas 70 Ua4
LSRN0 LAY LMLTINTLVITIAUNTENINDUADEIIVA TN TUNNAIIIUIUTBUN

R warnsideguluiunie welumuinanuesealuwwine meegnsa

3.3 Reulumnagau
N13ANHANTANIIAINTTUYRIAUTUUANUTUUTIA U 81N T IHAN THALLANT

a ! L U dl
PEUNHULANFINAU ARIATITNN 3.2
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M19197 3.2 IWIUMBE1INAFBUANTRVNIAINTINTDIAUTIUANUTUUTIAIUNE1 N

HANA TN LN uANGarY

fiauus 71U UL
NINAFBUAMANTRNIIAINTTY q UCS ,ITS, RM LazFAT
S uidiuud 1 |3euaz 3,5, 7 uay 9
y Joway 0%, 10, 15, 20, 25 uag 30 1y
USHNUIg19mIs 5 v o o .
UYL
qmmﬁwﬁmaau 3 25, 40 Uay 60 perwaLTd
918U 1 7
UIUFIDYRD 1aIUNE 3 F9E9
POLY 216 | A28

* fegedmTuedeniuny




UNN 4

NANISANYILAZNISIATIZH

4.1  umi

unithiauemsfnyidsfunssdaunuiion Mdsfuussdnsdon lugdansiud
\esnnussimsdon uazganudumiunsuannlaaudanusRaedenve sy
Fiudiiufuussietenamsuaua ety Inenaaouiigumgd 25, 40 uaz 60 a3
waldea WeiUTeulfisuausivdmnssuresRudundiiu it mananswa
LﬁuﬁL‘UﬁauLmaaiﬂmuqmmﬁmimaauﬁLﬂ'mgﬁu ﬁqqmgﬁamwLL’mé’auﬁLﬁmsﬁuﬁﬁﬁu
aunlulsznalng

v dy Y a d' a o
42  HANISNAFRUANUAUDIAUVBIAUN LT TUIIUIY
fushogradufiugnis mnunasiuluunsnevmeiage Sminuassvdun ey

NInNAdeUNsEIEMveLdniu HanIsnaaukansbiiuIfugnsUseneuldediumdy

'
a

n3Inseyay 80.97 NigTeuay 18.86 uazAuwmilenTesay 0.17 (FUN 4.1) fudieg1ailvuin

dinlafiaaliiiu 37.50 Jaduuns waslduiiniuassunsuun 2.00 adwns (o3 10) Sog

8% 5.60 LATAIUNHIUNTELNTIVUIN 0.075 Nadms (Wuas 200) 5a8ay 0.17

100 -

Sieve Analysis
Gravel =80.97 %
| Sand =18.86 %
-~ 80
S Clay =017 %
5
5]
ES 60 -
>
o
o)
£ 40 -
B
o
5
~ 20 A
0 T T —
100 10 1 0.1 0.01

Particle diameter (mm)

UM 4.1 nsnszanedlvandinfu

CaN
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HAN1INAFBUMIANTAMAY ANTANAIERAN uagAylnatain Lanafegun 4.2 fu

A8 9LANTALNAT ANUANAIERN LATATUNAARN WNAUSeYaY 17.8, 12.8 WAy 5.0

ANUAPU TABAIANNENNTBURIRUAIBENAINAUS PRy 37.7

20
] Atterberg Limit
| Liquid Limit = 17.76 %
19 - Plastic Limit = 12.78 %
< ] Plastic Index = 4.98 %
g 18
g [ \
1) ] |
@] ] |
5 17 1 1
= i I
= 1
16 ] i
] |
4 |
15 20 25 30 35 40 45

Number of Blows

JUN 4.2 AnudiusTendINnySinanuTRLAE I UL IANNTENY

idleFouitsurameseuauiinisnszasvuinveudiniu miudunaiainuas
Anudnusevesiufiedrs Ut iuniuBiaud (a. () 204-2556) wuindiepud
yualagalaiiu 50 Tadmns ddufiunszunsauin 0.075 dadwns (uas 200) luifu
Soway 25 Audlegalilamadldiiusesay 40 Tdwtnarainliiiniosas 15 waslirny

dnusoliiiuiesas 60 AlandlumIsnedn 4.1 FINUNIATFIVTUNUNSAUTLLUG (Ma.(1)
204-2556)

M1919% 4.1 wansauURUeaduvesfu e uiuin sgIutuNuneAuEuLd (na.(m) 204-
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2556)
Standard for soil Cement
Soil sample of base materials
(DH-S5204/2556)

Sample properties Values
Largest particle size (mm) 25 <50
Percent passing of Sieve No. 200 (%) 0.17 <25

Los Angeles abrasion (%) 37.7 <60

Liquid limit LL (%) 17.8 <40

Plastic limit PL (%) 22.8 -
Plasticity index Pl (%) 5 <15
Specific gravity (Gs) 2.77 -
Maximum dry density (ton/m?) 2.14 -
Optimum water content (%) 7.41 -

HANSVAAOUNITUASAKUUAININNINTFINVRIAUAIBE 19T UL Tamey uduud Soe
av 3, 5,7 uag 9 lnsumunvesiugniaui uanslugui 4.3 manisveaeunandliiiiuii Al
AUVUHUULIY DR ALTUA M UTI AL R L sgaUT s imangauinliie

AIAIUMUILLULYNEEA Watiad1 1A nTUINIAUSIIMIN AN TVINZ AL LA IAIA Y

' = sy

nnwiuwisdiAtanas elinsusuuseAugnIwneUsBuudsesas 3, 5, 7 wag 9 WU

a a

AUBUUATANUMUILLULINEER 2.04, 2.10, 2.14 U 2.19 dusegnuiAfuns daudsuin

1

ANUTUAWIIaLeET Souag 6.39, 6.53, 7.42 WAz 7.69 ATNEIRU HaNAaaULaRIlALTuT

v a

Welin1sUuugsAumediuug nnsnauiuiuduudludnsidiuiosas 3, 5, 7 wae 9 dwa

[ '
|

IAMUMUILILLIgega LazUSunaanuduiming iiaduaudsinudnsidiunisna

YuBuan gy



29

2.4 T
A Soit3%Cement
1 B Soit5%Cement
2.3 1 X Soit7%Cement
O Soit9%Cement
o 221
g )
E i
g ]
2 2.1 7
2 |
[
Q <4
g 201
i A
1.9
A
1.8 T T T T T T T
2 4 6 8 10 12 14

Water Content (%)
JU 43 AanuduiussenineanuvuidulisiuUSinaa gy

43 wansnadsuideiuusedaunuiienvasiudwudiiuuussdanin

YNNI ANFNTH UL

SUT 4.4 wansnnuduiustesrddnunuievesfudiunsdiusndiunisunudiiy
YNNI INANENTHAUTANTILANGANS AUSHIUTIIUGET Soay 3, 5, 7 uay 9 wulmassaunu
WWenvostuuudilifinsuiuusseiemnamanarsuauin fdssaunuiferneshu
Buudifindunufesasdundfifiudy arhddaunuifniiviinaduudiesas 3, 5, 7 uas
9 Ao 1.53, 1.83, 2.55 wag 3.07 wnzdhaaa sudiiu deiinsuiuussdedensmnswas
answauiiy nuis MESeLnuReadaRuiunusasdunsuiite s saaans
waufnTiindy sudiangaaniisndunsunuiioensanaswauinfivanzan e
e waua s IgaT v rauud eSS sSnunuAs v AT uiasd
Aanad onfogaty AUTATuATSeas 3 nuAmdsdaunufeIvesfudiuudie
1.87, 2.07, 2.34, 2.14 uay 1.89 wnzUrd@na AmSUsRTId IS UNUTIT 8NN HENENS
waufiafisosas 10, 15, 20, 25 wag 30 MuSIFU Axdtuldddnsdme s auans
waufufunyaudliiddaunufioediuliuuddosas 3 guafonisunufivhensiosas
20 dhufvTinaBuudniesas 5, 7 uaz 9 wuAidssaunuifeIgsanvesiuiuudfe 2.97,
3.49 uay 4.18 wnzU1aata MUSIRY LagdnIIAIuNTULTT BT INAL AT SRR

2 I~

wigaunimasgawnuieIveshudiuudgsaadeniosay 15, 10 way 10 dwsudiuudses

o s v v

Az 5, 7 uag 9 audiu 31nANLduiuSTEniNANATEn iR TRkar ISRl ULAE Ve

'
a

AUTUUA 92UIAULASEATIYAIURLALANTWAN TR EAINEATIEIUNITUNUNUIEIINI S
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a = (2

NANANSNALAUNLYY oNAIDE19IU NAUTWUASBEAY 3 LAANITIUANIANULASEAUS U

Seway 3.04, 3.16, 3.35, 3.58 kA 3.70 @MSUDTATIAIUNTLNUNUIE WIS NANANSHEULAL

o o

Sauaz 0, 10, 15, 20, 25 waz 30 AUd1RU Fasudldunanisnaasutdusssufedfudmns

a (3 a a wva
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Abstract

This paper reports the influence of MNatural Rubber Latex (NRL) on properties of cement
stabilized lateritic soil. The effect of influence factors including NEL replacement ratio and
temperatures on unconfined compressive strength (UCS), indirect tensile strength (ITS).
indirect tensile gesilient modulus (RM) and mdirect tensile fatigue life (ITFL) were
examined. Portland cement (Tvpe I) was used at 5% by weight of drv soil and the NRL
replacement ratios were vaned at 10%, 15%, 20%. 25%. and 30% by weight of optimal
water. The UCS, ITS. EM and ITFL increased with increasing the NRL replacement ratio up
to the highest value at the optimum NRL replacement ratio, which 1s 20% at cement content
of 5%, respectively. According to the local road authonty, which requires TUCS = 1.75 MPa
for stabilized base course. the cement-WRL-stabilized lateritic soal with 15% to 20%
replacement ratio and 5% cement were found to have physical and strength properties. which
comply with road authority requirements.

Kevwords: Natural rubber latex. Unconfined compressive strength. Indirect tensile strength,
Indirect tensile resilient modulus, Indirect tensile fatigue life
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1. Introduction

Research on stabilizers for problematic soil 1n civil engineering construction activities 1s
increasingly gaining popularity during the past few decades due to natural soils exhibit
unfavorable physical and engineering properties, which are often not suitable for high volume
road construction [1-3]. Among all these stabilizers, cement 1s widely used to improve the
strength properties and the cement stabilized soil was successfully applied to real-world
works as base/subbase materials [4. 5]. Although cement stabilization 15 a good option for
road bases/subbases, cement-stabilized soil extubits a brittle behaviour under compression
and flexural loading. Therefore, the ductile behaviour of pavement matenals need to be
improved to prevent the sudden failure due to traffic loads. Moreover, there are some
discussions that using cement m a pavement base/subbase structure may be considered as the
source of shrinkage cracking and such eracks tend to propagate through the overlaying
asphalt laver [6. 7].

In an attempt to improve the ductile behaviour of subbase/base matenals. synthetic
polymer additives. such as polyvinyl alcohol and styrene—butadiene copolymer latex, have
been widelv used for improving elastic property of cement-stabilized soil. The inclusion of
polymers mto cement-stabilized soil enhanced the mterparticle bonding strength between soil
interparticle, resulting in the increase i both compressive and flexural strengths, durability,
and the ductility of cement-stabilized soil [8-10].

In addition to soil-stabilization by synthetic polymer, Natural rubber latex (NRL) from the
Hevea brasiliensis tree which 1s a natural polymer and can be used as polymer additives for
soil improvement. NEL has been researched and applied in concrete technology and mortar
mixtures as an eco-friendly material [11. 12]. The introduction of NRL in cement concrete
has shown enhancement in beneficial properties such as a reduction in water absorption and
improvement in durability [13, 14]. The nano-composite of NEL can form a latex film. which
causes the transformation of the cement matrix to be the latex cement comatrix by the
infiltration of polymer film within the porous [11, 15]. The utilization of NEL additives into
concrete and mortar therefore has a significant effect on the strength and toughness
development [16].

NRL, as admixture, has been successfully employed to improve seepage resistance in soil
[17]. Beneficial properties of NEL which supports soil stabilization are. muscibility with
water before coagulation of latex. immiscibality after coagulation, elastomeric property, non-
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toxicity, compatibility with various soils and high melting pomnt (180°C) [14. 17]. The
previous research has proven that NEL improve the mechanical strength and cyclic wetting
and drying compressive strength [1, 18]. However, the influence of NRL on the performance
of laterite soil—cement 1s not explored on a cvclic performance versus temperature.

To the best of the authors™ knowledge, there has been no research undertaken to date on the
usage of NRL in pavement geotechnics to mmprove the durability of cement stabihized
pavement base/subbase, which 15 the focus of thus research. The effect of mfluence factors
including NEL replacement ratio and temperature on the indirect tensile strength (ITS),
indirect tensile resilient modulus (EM), and indirect tensile fatigue life (ITFL) were
examined in thas research study. The outcome of this research will result in the promotion of
NEL utilization as a sustainable additive i cement stabilized pavement base/subbase courses
in Thailand and other Southeast Asia countries.

2. Materials and methods
2.1 Materials
2 1.1 Soil Sample

The soil samples were a coarse-gramed soil, collected from a borrow pit i Nakhon-
Ratchasima Province, Thailand. The grain size distribution 1s illustrated in Fig. 1. According
to unified classification svstem. this soil was classified as GW-GC. Basic and engineering
roperties of soil are summanzed 1 Table 1 and were compared with the Standard for soil
cement of base/subbase materials [DH-S204/2532 (Thailand Department of Highways 1996)
and DH-5206/2532 (Thailand Department of Highways 1996)].
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Figure 1 The grain size distribution of soil sample.
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Table 1 Basic and engineering properties of soil sample
Standard for so1l Cement  Standard for soal Cement

E’Dﬂlﬂ of subbase materials of base materials

Samp (DH-$206/2532) (DH-S204/2532)
Sample properties Values
Largest particle size (mm) 25 =50 =50
Eggcz;:}pasmng of Sieve No. 017 <40 <5
Los Angeles abrasion (%o) 37.7 - =60
Liquid limit LL (%) 17.8 <40 <40
Plastic limit PL (%) 228 - _
Plasticity mndex PI (%) 5 =20 =15
Specific gravity (Gs) 277 - -
Maximum dry density (ton/m’) 2.14 - -
Optimum water content (%) 741 - -

2.1.2 Cement

Ordimnary Portland cement was selected as a cementing agent. The chemical compositions
are summarized m Table 2. The imtial and final setting times were 101 minutes and 188
minutes, respectively. The compressive strengths at 7 days and 28 days were 24.7 MPa and
32.6 MPa, respectively.

Table 2. Chemical compositions of cement

Composttion (%a)
Iviaterials
Sl{]g SD3 FEQ 03 ‘511203 Ca0 I‘s:'[g{] LOI

Cement. 209 27 332 47 654 254 05

2.1.3 Natural Rubber Latex

The natural rubber latex. obtamned from the Rubber Authority of Thailand. was used m
this research. It contained sodium dodecyl sulphate (SDS) as a surfactant to remove protein.
Moreover, zinc 2-mercaptobenzothuazole (ZMBT). zinc oxide. calcmum carbonate, and
sulphur substance were included to mmprove workability and desired properties of NEL. The
compositions are illustrated in Table 3. The total solid contents were 33.06% by total weight,
which included the dry rubber content of 30.79% by total weight of NEL. The studied NEL 15
classified as the low category, having DRC lower than 31%.
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Table 3. Properties of NEL

Properties Values
Sludge content (%owt) 246
Coagulum content (%owt) 0.024
Specific gravity (Gs) 0.96
pH 8

2 2 Experimental Procedures
2.2 1 Preparation and Testing Condition

The soil samples were sieved to remove coarser aggregates larger than 19 mm and air
dried. Portland cement of 5% by weight of the drv soil was mixed with the soil samples. The
soil-cement nuxture was then nuxed with ligud (WEL and water) at different NEL
replacement ratios of 10%, 15%, 20%, and 30% by weight of water. The cement and dned
soil were thoroughly mixed together for 10 minutes and then mixed with liquid at various
NEL replacement ratios for another 10 munutes prior to being compacted under modified
Proctor energy. Because the NEL 1s in liquid form. the NEL replacement is determined in
terms of optimum water content, which 1s practically applied 1 real construction in Thailand.

According to ASTM DI1633 standard, at least 3 samples were conducted to ensure the
reliability of the test result. The UCS tests on 28 days cured samples were conducted at a
deformation rate of 1 mm/nun, using a umiversal testing machme with an automatic data
recorder.

2 2 3 Indirect Tensile Strength (IT5)

The ITS test 15 an effective method to evaluate the tensile strength of cement stabilized
soil m accordance with ASTM D6931 for pavement engineering design. The samples were
compacted in a metallic mold with dimensions of 101.60 mm diameter and 6500 mm height
by using a static compression machine to attamn the target dry densities. The samples were
then subjected the static vertical stress at the deformation rate of 1 mm/min using a universal
testing machine with an automatic data recorder. The ultimate ITS was calculated
accordance with the elastic theoretical approach by the following equation.
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where P 15 the 15 a maximum load (N), ¢ 15 the sample thickness (mm). and 4 1s the
sample diameter (mm)

2.2 4 Indirect tensile resilient modulus test (RM)

Indirect tensile resilient modulus test (ASTM D7369) was conducted on the NREL-cement
stabilized soil samples. The dimensions of the samples were the same as those for the ITS
samples. Since this test 15 nom-destructive, the same samples were also used for indirect
tensile fatigue life (ITFL) evaluations. Cyclic load pulses were applied at a frequency of 1
Hz. Stress levels were kept at 15% of the ITS. The horizontal displacements were measured
by linear variable differential transducers (LVDTs). The samples were subjected to 200 load
cycles. RM was calculated using the following equation:

. | P(v+0.27) @
Hh
where P 15 peak load, v 1s Poisson’s ratio and was assumed to be 0.17 (Klewnert et al. 2017),
H 1s height of specimen and / is horizontal displacement of specimen after application of
load.
2.2.5 Indirect tensile fatigue life test (ITFL)

The ITFL charactenizes the fatigue behavior of NEL-cement stabilized soil under
controled load test conditions. The displacement transducers were used to measure the
vertical deformation. A cylindrical test sample was subject to repeated compressive loading
across the vertical diametrical plane_ Stress level imparted were at 70% of the ITS with cyclic
load pulses at a frequency of 1 Hz. The ITFL of the NEL-cement stabilized soil 15 defined as
the total number of load applications before fracture of the sample occurs (Sobhan and Das
2007).

3. Results
3.1 Unconfined Compressive Strength

Figure 2 illustrates the TUCS wversus NRL replacement ratio relationship at different
cement contents for Soi1l A, Soil B, and Soil C. The solid line in Figure 2 represents the
minimum UCS requirement for base and subbase cement-stabilized materials according to
DH-5204/2532 and DH-S206/2532 standard, respectively. UCS mcreases with increasing the
NREL replacement ratio up to the highest value at the optimum NRL replacement ratio.
Bevyond this optimum NRL replacement ratio, the UCS decreases. The UCS value is found are
179,220, 251, 2.55, 1.91, and 1.73 MPa for NRL replacement ratios of 0, 10, 15, 20, 25 and 30%,
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respectively. The optimum NRL ratio providing the highest UCS 1s 20% for cement = 3%,

respectively.

Unconfined Compressive Stress (MPa)

Al — 1.7 MBa (DHE.SXM/2556)
—_— 0,580 MEa (DE-S206°533) B 25°C
34
7 |
1 4
{] i

10 15 20 25 30
NFL replhcement ratio (Wt qud %)

Figure 2 Unconfined compressive test resulis for different NRL replacement ratios

3.2 Indirect Tensile Strength

Insirect tensile Strength (MPa)

0.6
m— 25 °C
e 40 °C
= 30 °C
0.4 1
. |
0.2 :

10 15 20 25 30
NRL replacement ratio (Wt byrid %)

Figure 3 Indirect tensile strength test results for different NRL replacement ratios and temperature.

The ITS values for 3% cement stabilized soil at varous NEL replacement ratios are
llustrated in Figure 3. It 1s noted from Figures 3 that the soil plasticity affects the ITS
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similar to UCS. The ITS of NRL-cement stabilized soil 15 pnmanly influenced by the NRL
replacement ratio. ITS increases with increasing the NRL replacement ratio up to the highest
value at the optimmum NEL replacement ratio. Beyond this optimum NEL replacement ratio,
the ITS decreases. The ITS value at 25°C 15 found are 039, 0.42, 045, 046, 040, and 0.34
MPa. while the ITS wvalue at 60°C are 0.20, 0.21, 0.22, 0.23. 0.19, and 0.17 MPa for NRL
replacement ratios of 0, 10, 15, 20, 25 and 30%. respectively. The increase in temperature
leads the ITS decreased. the ITS reduces 47% to 53% for all NRL replacement ratio when the
temperature increase up to 60°C. However, the optimum NEL ratio providing the highest ITS
1s 20% for cement = 5%, respectively for all temperature tested.
3.3 Indirect Tensile Resilient Modulus

Figure 4 shows the average EM of NRL-cement stabilized soil at various NRL
replacement ratio. The RM increases with increasing NRL replacement ratio, nevertheless,
the RM reduces with the increased temperature tested. For example, the EM values of NRL-
cement stabilized soil at 25°C are 1,965, 2286, 2 386, 2,523, 2 414 and 1579 MPa for NRL
replacement ratios of 0, 10, 13, 20, 25 and 30%. respectively. While the temperature of 60°C,
the RM reduces and 1s found are 1182, 1319, 1554, 1666, 1599 and 987 MPa for NRL
replacement ratios of 0. 10, 15, 20, 25 and 30%. respectively. which 1s decrease about 35%-
40%. The optmum NFL ratio providing the highest RM 1s 20% for cement = 5%,
respectively for all temperature tested.

3000 -
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—. 2300 ] mmm. 30 °C
g ]
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1500 }
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Figure 4 Indirect tensile resilient modulus for different NRL replacement ratios and temperature.
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3 4 Indirect tensile fatigue life test

Figure 5 presents the ITFL at various NRL replacement ratios and temperature. The TTFL of
the NEL-cement stabilized soil is primarily dependent upon the NRL replacement ratios and
temperature content. For example, the ITFL wvalues at 25°C are 1,385, 1,704, 1,969, 2,363,
1.843 and 1,607 cycles while the ITFL values at 60°C are 277, 312, 387, 451, 416 and 373
cycles for NEL replacement ratios of 0, 10, 15, 20, 25 and 30%, respectively. This indicate
that the supenior cvclic performance of NERL-cement stabilized soil will result in longer
service life and lower maintenance cost than the cement stabilized so1l.

4. Discussion

The improvement m UCS, ITS, RM and ITFL when increasing the NRL replacement ratio
up to the highest value at the optimum NEL replacement ratio 1s due to the NEL films can
infiltrate and reduce void space within the soil-cement matrixes and also enhance the
interparticle forces [1]. The NEL film formation within the compacted matrix after the liquad
substances evaporate away, and the films connected and entwined soil-cement particles [19,
20]. Therefore, the soil-cement cohesive matrix 15 improved by means of reinforcements from
NRL films formation with the denser structures [19, 21] which leads to an increase the
confinement force in compacted matrix. therefore, 1t improves m UCS, ITS. RM and ITFL.
The addition of NEL to cement stabilized soil also leads to a significant increase in tensile
strength. which significantly improve fatigue cracking resistance.

Beyond the optimum NEL ratio. the UCS, ITS, EM and ITFL decrease with the increased
NEL replacement ratio. The excessive NEL content causes the loose microstructures,
resulted from the decreased density [20. 22]. In addition. the excess NRL replacement
induces the lugh amount of non-rubber substance such as protein and phospholipid,
especially the deleterions composition of acid and bacteria [14], which retards the hydration
process [1, 18-22] and causes the strength reduction.
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5. Conclusions

This research studied the influence of natural rubber latex (WNFL) on the improvement of
mechanical properties of cement stabilized soils for unpaved road applications. The mndirect
tensile strength, mdirect tensile resilient modulus and indirect tensile fatigue tests on NRL-

cement stabilized samples were carried out at varous NEL replacement ratios. The

conclusions can be drawn as follows:

1.

The NEL-cement stabilized samples have higher TJCS than the cement stabilized
samples for all NRL replacement ratios tested. The strength development 1s due to
the composite between cement hydration and the WRL film formation, which
served to be the reinforcement. The highest UCS value 15 found at an optimum
NRL replacement ratio, which 1s 20% for 5% cement, respectively.

The UCS. ITS. RM and ITFL are contributed from both cementitious products and
NEL films, which improved cohesive matrix by means of reinforcements from
NEL films formation. Though NRL films improves the soil cohesion, they retard
the hydration. The UCS, ITS. RM and ITFL therefore increase with increasing the
NEL replacement ratio up to the highest value at the optimum NRL replacement
1atio

At the optunum NRL replacement ratio, the UCS. ITS. RM and ITFL were
improved up to 42%. 18%. 28% and 70%. respectively when compared to the
cement stabilized samples (without NRL) for the temperature tested at 25°C.

The merease i temperature canses the detenoration in ITS, EM and ITFL. When
increasing the temperature from 25 up to 60 the ITS. EM and ITFL values decrease
about 50%. 37.5% and 81 2%, respectively.

The addition of NEL replacement ratio beyond the optimum NEL ratio causes the
exceed NRL films retards the hydration process. decreased densityv and
subsequently, the strength became decrease.
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