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ABSTRACT

Project Code : RDG60T0158
Project Title : Green cellular lightweight brick from bagasse ash geopolymer
containing fly ash and Portland cement
Investigators : 1. Tanakorn Phoo-ngernkham, Rajamangala University of Technology Isan
2. Jirayut Suebsuk, Rajamangala University of Technology Isan
3. Cheardsak Suksiripattanapong, Rajamangala University of Technology Isan
4. Jaksada Thumrongvut, Rajamangala University of Technology Isan
5. Sakonwan Hanjitsuwan, Lampang Rajabhat University
E-mail Address : tanakorn.ph@rmuti.ac.th

Project Period : 1 year

Green cellular lightweight brick from geopolymer in this research was composed of
bagasse ash, fly ash, Portland cement, sand, alkali solutions and foam agent. Wet density of
cellular lightweight brick was designed at 1,00 0 kg/m>. The liquid alkali solutions were
sodium hydroxide solution (NaOH) and sodium silicate solution (Na,SiOs) which was fixed at
Na,SiOs/NaOH ratio of 1.0. The NaOH concentrations of 10, 15 molar, foam agent to liquid
alkali ratio of 1:50, and sand to binder ratios of 1:1, 2:1, 3:1, liquid alkali to binder ratio of
0.50 and BA:FA or PC ratios of 100:0, 90:10, 80:20, 70:30 by weight of a binder, were used.
Cellular lightweight brick was kept in the ambient room temperature until testing ages of 3,
7, 14, and 28 days for compressive strength testing. Water absorption, drying shrinkage,
thermal conductivity, microstructure (SEM and XRD) and cost analysis were investigated.
Then, the suitable mixtures of cellular lightweight brick made from BA geopolymer
containing FA and PC were took in-place testing by the method of non-load bearing brick
masonry units compared with a commercial cellular lightweight brick.

Test results found that compressive strength of cellular lightweight brick made from
BA geopolymer containing FA and PC tended to increase with increasing of NaOH
concentration, PC replacement level, and curing time. However, the compressive strength of
cellular lightweight brick tended to decrease with increasing of sand to binder ratio.
The 7-day suitable mixtures cellular lightweight brick made from BA geopolymer containing
FA and PC met the compressive strength requirement of TIS2601-2556 (>2.5 MPa).
Test results can be concluded that cellular lightweight brick made from BA geopolymer
containing FA and PC could develop as an alternative cellular lightweight brick.

Keywords: Cellular lightweight, Bagasse ash, Fly ash, Portland cement, Geopolymer
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1.1 fuuazauddnyvaslasenis

roun3mdutaneadrefildsuanudemiulilunisaivoimsievynaniuiialan daud
ofnaufetlagiu iesnniiauldivisulunistuguienintagdu fauandifavimianauay
meam Tngaudlilunmswdamladie fununswdasiuazldauite lnsuninuvuiutuves
reunIniiliyudiudvedanaudazeglutag 2,300-2,700 kg/m’® (Nambiar and Ramamurthy,
2006) frunsilireuniniinruvuiuuirSsdmaduuandetimiinvesesdenns saufsands
yosnsiluauiuanuiou uazawiududes (Feng and Peng, 2005) 3ainsimuniannoad199in
pounIaTienuLduss Anuazmnlunisldan musuuiuih waransinsduauuaiudou
Lavawuiudss Suiufife AeunInuaaln wse Lishtweight Concrete (Beben and Manko, 2011)

Tutagtunsunimnauuuwagamdeureundmduianilisunualastnaunsmately
swneasthuinendonazermsyil eshefiaudsusunmaduauiuiuaudouid aeunin
nAMUUwagaLAnTuannsTNiuresasedad sasagnsusluenialunszuiunnde
pounInmaUUUwaga v ik uAdsuasduuinnssutanieaiefinuantafiunaulafed
ANuUYUAUAETiMAA Just and Middendorf, 2009) usiaeslsfnunauninuuuLwagaass
druvsgneuyudmudifundn dsdedrdnveanisnisndnyudiudaeiinisudesfine
afvoulnsenludgusssinauiinaun Twdanulunisudaun fiu Jednsinufantoadns
yilalvsifinszuiumnandinaneduindentosiian eliaenndosiunsdanimineInssssuvi
uazdauandeuegnadiy uarnmsidsuasimumasnumaluladfmnzauiiduinsdedaunden 7
Fond1 “YagdiTea (Green Material)” fuifu msdnw Tanuialmideldmaununisliyudnei
farudnfuegneta dufie inawwuuwagaiiulinsdedandoundnanianogiludng vie
fiFonfuin Flelndwefuiauiszuuiwagan sudunisimurianidoutszaruvialvdilaild
Yuiwudiduasdeutszary anunsadanszildainingiuifesduszneunesddni (Si0,) uaz
oxgiiun (ALO,) \ussduszneundn uaznsedusisaisazaienns arsazaeaafidonld fe
asavanelofondding uavansazarslufeulenasonled Tunaiinufisenielannsonesuas
wasrrhlsfiautflunisfunsdld luvsemalneYagdeduiiteuldnantagdlelnawes WWun ihase
Fadaselutagmasyldannisndnnszualniiedlsaluiuisng dmind1us Tosdusznaums
\nivosdanuarorgiuniundndsdoiduesdusznoundnvastagaafuiildlunisnantagilolnd
wos uenanilidnasedsdivuindn eynianay Sarudueduswlussddszneumausiannya
waztieldlunndndlelndwes

ognslsfn muusunuduaduuazatuayumsideiyaineuaussnudesnslunsiam
Uszina felddauimslisslesinntaquieismanustlovigandudsifioudidyeds
89 Bnvie mufinseuidefinesuimsumuuassulssananiside (nus) ddneuangnssunside
wisnd (1) Ijaiulitinifedalonafednabuasiaungeamnssudosuasinnanse G
Ussalnaiduussmanuas waggrannnssnuas lneddoaduingfuvosgaamnssutinnadi
audfgioszuUATYsia Kty ’“J’a@]mﬁa‘ﬁqmﬂmsmumim%mqmammmé’aaLLazﬁwmamw
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1#ud 91udes fegluviuuiiuinainlssuiiang wioenandnlii Sesfidadlssnunlsgy
Junszvaunisudndiniades 1 du aswmdeninvieviudesoenuidszuia 300 Alanfu
(Fuéasaumanninunsdinidoisugianinnens, 2553) Wl 2552 Ussmelnendndossiomun
66.8 &udu lethlunanimassndefurudes 20 Aududel usdmnuasnsthlurindeuas
dlvgldonfiuasSsnnesisdeliiinnasoduindon Wefiarsunainauidefiiuinvesigna
auu way Ty 19 IATinEna (2554) Wudl 03AUTENUNILANve LY IudREUTENBUAIE FEN
(SI0,) wazezaiiun (ALO;) AnasdUszneuMBAliveni v udesdsdiaudululiuldidvudey
Tunmsuamdutanilelndwesivudiniuiuidans Snisisananifvendmudesdifidnumesnsu
vhagtiudeifanilufudunanlunismanileindwe finalwnszuuwagan ieidunisuunaiely
LAZaANTITWAN31IV0IRLalNEIID TIAUIMUULYAGAY

MApifd gUsrasdfiasidmudosuandassainusrandldifutanlunisudmnaiun
wuwagarduiinsredaunnden Tnsudenuiaiuuvuiwagariduinsdedsuindeuiingnain
deudesnaudiansvioyudimudUesauaudilolndiued ddndu Green material Fdlaild
Yududifuiagdenvszaunielfifivsunsdriu (nszurumsadnyududiazdanvdosine
msueulasenlus (CO,) uaznelitAnnizlaniou) devanilelnaweslisesnsldaamaigduns
WwisafeEns uavtanUdssiwasuaulasenlud (CO,) i warlidssaifioamesonisimundu
vhoawaan tnefinnsandinusaunn laun Usinanistddnvudesludiunan dnsrdwnsese
TanUszanu dnsduveanaidedanUszaiu anudutuvesasazsansleieulansenlen a1sazany
Sandnlndendainauazludenlensonlud uazengus endnduvdeadennauiuuuivagsn
finunmeiinsgiundasusinouninudeauuuliduiingn anu uen. 2601-2556 Anwinis
Wasuwladlassadaszduganiasiemaiia Scanning electron microscope (SEM) WagasAusznay
yMILIFIBLATD3 X-Ray diffraction (XRD) iilansmunginssumaedinagnisqaniaiiniaiiagiingu
neluvdea@einlaluiwuulwagaiandiviudeenaudiasensoYudwudvainuaud
elndwes leanunsnoduisanuduiiusiunginssusuidwesudendornialuuvuivagan
Mnnidvudosnaiiassvieoyudiuudvoinuaudilelndies Anvduuszaninisiianuou
ionsruiadinisianudeu Anisvadiuie wagn1sUsediuindns®in (Life Cycle Assessment:
LCA) 184UABANIAILUULEARA19 Ny udesnauinasensoyuTinudvesauaunilolndwes
Fensrudiunanyeudealfeanialuiuuuieagaianidvudesnaidnaesudey udiuud
Uasnuausilelndwesimnzauasnaaountianaluimuinnsgiugnamnssutaziuseuiiieutiv
UBBANIAMIINTTA IenTIUgauLazdediAn wazAINANNUYeIUEDALTIINIALUILUY
\waganiivudesrauhasevieuuuie snuaudilolndwesilodumadentlunisiantd
silugnamnssuneatis defulunuideiiafunafuyadivosanlaenisirfanmassldan
InwnsnssNLazgnavnssNTtUslemilaennnszuunsnaniinismilefedanndondsiedunns
dunnadenlunissegnaldiuaunidainssulest uasunisifiudeamisaiieneldlisy
Wi ueNYUNsogNrLluN1TUTENaUTIAREIMSUNITHAN UABALTEINIALUTLUULEAGAIA NN
YUgeENANIaevTaYuTUAUIALauAT e lnAe S o lUmu IngUsEasAveInisITe
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1.2 ngUseasAuaInsIvY

1.2.1 efnwmndnsidunan (UTnanslfidvudosludiunan snsdunmedean
Usvau snsduvesradneianlsvaiu anudutuvetsasazanelensulansenled arsazane
dandnlufoudainanazlufonlansenlad uaverguy) Mvngauilenanudoadsunatuinuy
waga1niivusesnamiiasevioyudmudlesauaudilelndiues Adi&suusane
shemn u1alnsLarn13gRTin anwmsTukIuINuTR s URARSsireunIauGen
wuuliisumdnay wen. 2601-2556 wazt3suiisunanadeuiundadusiudoauaaiuinuy
LWAYAININITAY

12.2 WWofinyinisiasundasinsea¥ieseduganiadiomaila Scanning electron
microscope (SEM) uagaidUsznauniausdieinses X-Ray diffraction (XRD) vasudanideiuaaiun
LUULBagAINENY U oeR AN AR EnT oYU UAUaSakauATlalndlues

12,3 \iefnmdvediuisvesudenfsiinaluiuuuieagaianniinmudesnauiiiasevie
Yuduudlesauaudilolndwes wazslSouiisunanaaouiundnduyiudonuIau b uuLgagan
N9N5AN

1.2.4 efnwiAduuszavinnihniuieuresuienileuiaiuinuuisagaiainidieiy
dosnautnanvseyuduuivasauaudilolndwes uaviUSeuilsunanaaeuiundndusiudonia
WUILUULEAGAINNTAN

1.2.5 WednwinsUsediuindnsdin (Life Cycle Assessment: LCA) 489U&0ANIALUIMUY
[WaRA1INLNY U RERAN1aReIaYuT U UasALauAdlalnAlues wazlUTeuliguiy
UADALIAUILUUAGAININITAN

12,6 \iefnuidsdnvesntiaainudenidenialuiuvuiwagaiainiiiviudesnauiiase
vidoyuTludvesnuaudilolndwes flowIeuiiisufunanaaeuvesniininvessdniusiudonuia
WL UULEAGAI NS

12,7 Wiohnseinniieanuduyulunisamuadnudeads1ualu uuuleagaIan i
yudesnaitassviieyuduudvenauausdlendmesiflowssuiisuiuinvesaniasivien
UIALUILUULEARAININTTAN

12,8 islilésnndrunauilmuivan Smsunisnanudendernialuuuuieagaiain
ivudesnaudiasevieyuduudvsinuauddlelndmes Weazihdoyaannmeaeudmiu
N33R0 UINITN1500NLULUAATEINIALUILUUWARA1INE T U DB AN 08 S B YUT UG
Uosauauddlelndiwes ieidunisfindemisairseldlifunhenuensunioyusulunis
U3gnougsng (SMEs) d5un1snanuiiondenialulhuueaga1a1nidnvudesnauinaos e
Jutudlaiauaundlelndiues

129 ioifudeyaiugruresunaiuvueagainndivudesnaudaosuioyuiumd
Uosauaudilelndwes ielvifusznounsamnsadenldluniswanfusidug uenmieain
UfioANIaIuN
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1.3 99ULUAYBINTIY
vierlsauuuagaInd I uesuaidass tlelnaweslunuide il Judunan
spyiaiudes Wassrioyuduudvesnuaus Ussiandl 1 n9e asazanesns uazansifiumes
Frmdesldainlssnutinia fmiauasmvdun idaesldanlsdiiudong Samaga
Im&Jaamwwu"sEJﬁmﬁm?JsmﬁuawﬁaﬂmaLU"]LLUUL%aqdﬂLViﬁU 1,000 kg/m’ @1sazaeaiaiu
drunauvesmsavarsluifeulansonles (NaOH) uagansazanglolfendaing (Na;Sios) ludnsndu
a3 Na,SiOs/NaOH 1Ny 1.0 waganuiuduvesansazanelaieulansanlan (NaOH) iy 10
uaz 15 luand sasdrmansifiunosieveamaisiniu 1:50 sasdrmvesmaisetaguszatuiiiy
0.50 8nsdusEMIamMgseiagUsra Wiy 1.1, 2:1 uag 3.1 Usinanisldianuudessainase
vsayudmudUasaLaulyiniy 100:0, 90:10, 80:20, 70:30 maaﬁmﬁfﬂi’aﬂﬂizmu f798193 L0 lna
wosgminuniigunafivies uan 3,7, 14 uay 28 Yu uagnaaouidsdn minguinin
YUNAINTINAENITAATULN AN TNNSTURIU N s g uRAR S usire unInudeauuy sy
dniina1u wen. 2601-2556 An1vadaus uagArduUsEaninisinaufou ausdy
LLazﬁmiﬁﬂmm’ilfdﬁ'EJuLL‘Ua&IﬂNa%’NWﬁUﬁ;amﬂéfa&lmﬂﬁﬂ Scanning electron microscope
(SEM) wazesAUszneaunausseiaias X-Ray diffraction (XRD) wesudenifsiunaluiLuuisagan
Mndvudesnauiias suIeyuduudleiauaudilelndwesiflensungdnssumaaiiuay
yagamafimaisiatunmeluufendennauiuuumagaandnudendmudesnandians
ey uBuivasnuiaus Woanusnesunganuduiudiunginssuduidwes udeadeauialun
LUULEARET wAzKANIINATEUT LA ITIATIZA WiledvuaiEn1seanuuUN1THES
(Manufacturing design method) ¥esudeaidiginaluiuvuisaganiieliilnuaudinisdainssy
fifiosnns uaziinisusziliudndns®in (Life Cycle Assessment: LCA) 89UdDANIALULUULITAREN
Nnnivusesnauiiasevieyududvoinuauddlelndmes Wensudrunanvesudoaiden
11ALIRUULIEAgA9 NI BsnaNIinas s T o YudluudUesauauddlelnAes Nz ay
NAADUNTIIIAUIMNLANATLgAATMNTTIRA T BU B UAU U ANIALU NN 5AN LileNTTU
ALAULATTDIINN UAZAIUANNUVBIVEDALTEINIALUTUULARE1 N LAY USDENAULINADE 3D
YuBuuiosnuaudilelndiwed iothdoyamearddevondgsfisruanansuazaundn (SMEs)

1.4 wafinainazlddu

141 nansifefiauedariivselomiethannuaginenssfunateniisny fannssuas
lonvu antumsAnuillaaeunsnuimnssulest uazimnssudan suiluienihsnuiviay
Aedesiumsneasiamedmnssules

142 wamsiveiaueiianunsalse zynAbfiingudesdmSunIsHan udoATEIuIAUILUY
wagaidlelndies ezNuJumiﬁmmimmmaammfm1ﬂamammﬁﬂwmmﬂiﬂwumam

1.4.3 mams'msmLauaummsmiuqﬂmimiaﬂwaLuaﬁ Lwamt,l,mumﬂﬁngumuuﬁ Fean
mamwwia?%qmeé’aﬂuﬁmﬂ%mmﬁwm%uaulmaaal%ﬁﬁﬂa’aaaj%umisnmﬂ PRIk
NINBINTFITUVIRA
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1.4.4 153801500nkUUN1SNAAUABALTEINIALUILUUAR AN 1T U DERAZLI1a 0
Felwdiued WleUsznouunugsianisdmireudoallsanaluiuuuiwagaiainidiviudesuay
aesilelndlues uazduaiugsiavuianans wagvuialdn (SMEs) ietdunisiiudesmisaing
selabifiumbenuensunsetuwulunisUszneugsivdmiunsnanudendieanialuihuuigagal
IMNENYPIUTBENANE NaREVTRYLUTUAUDTnLaUAT LB INAIeS

1.4.5 Iifeyafiugiunnnmaaeunmandisuiaguasudeaifonaiuuuuigagaanidd
yudesnauinassvriayudmudueiauauddlelndmes olianunsaduunanumuizaues
Usgtanuesuliuenmilennn1sHanudentiau kU uaga
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2.1 ABUNIANIALUNYAREN

ABUNIANIALULARAT Ao NAAAMIAUNUINIUMTdandafiuszneudieyudiud
Uasouaud n31s wazarniiuves Snvazderihaduiedetunielasiaiisvesead (cellular
structure) faedesivoInImuLIAEndusUAuENa1aTEIg 0.1-1 mm Aldannistusudaeing
wndlvFelviuman alwalfinannswanmeindesiudaliulngldansifiunes Usznausemeseinie
Fausnoonandu vilildtesinwuadniiliseidostusuiuinn dwalidiunanvesnsuning
il fandsesdesitudewadannsanusonisdudaniontsvlvuy uagnisnaslu
nszUrunsNARRBunInan lufiiiuludelnunsundaviensuninuiauiuuuwagan (CLO) u
eunailiifiinasumenunaniiniie Msnugua v ldlnsnsunuimauazden
Foaviaifissunadiusoisadoinie (air cell) Ssaunsonaaiudoniud uazliliinasumeny
dwiinundludunay uwitsnasuandeauaziianueuiminusinagutesludiumanves
ADUNIANIALUNTARAT (ASTM C796-2004)

AounInmaaluagaiinisldfuagisunsnaisilanafusnizoninlnuaounin (foam
concrete) Insfinuaniinisnsnmifissneiazoylaslvldiduiagieadredmiududinuszney
Y9401ANTIULTUUNNY LiBsandndiuvesdedineerniaiuTuiugs nnduianie a¥eded
aantRnuduaiutumiuiouldd Tasnsmuauuiinamediuivengauvainvansyesniny
WY (400-1,600 kg/m’) veawagalneunss a1usaurlilszandldindulassadavewis
Furedluauandnenssy amuﬁ’umm%aw,l,azi’aﬂiaqﬁumﬂ ANAUILUU WIS 1,000 kg/m?
winzdmiunsl i uuenniiuazauuIuULLRe 1,200 ke/m? mangdmsunansmaisudiu
difagunaznimdelud (cast in-situ) TeldluTouvastaggngu e fhiminussynasiisussan
vilsluamveslassairaflodisuiunouninmly nmsuiuusinisnszatetesineuesenadsfingn
urludsfumilounzyinldauandisng q Wy Mdsuuseda waz anumundudsululdnig
fnguszasdanudosnisvesnisidorans udirfanmawildinsandnsinindusnluld 1923
FensneasralagldTanidlaseadns (semi-structural) Yrndnuniiiiidnduaudduegwoies
TutdlalAdf I warldifinaueinsaiunauduadiusnifefuesdarivesaounimnalun
wagalay Valore 1wl a.a. 1954 aslesdusenau anautRnaznisidnaunInuialuieagailng
lulananntaisnisinuuinvedlaseaiiaead moun Jones and Mc Carthy (2005) in1sAnenAu
HunseiRiFessnvesnisldlnuaeuninfsafudiudseneuesianild auautiuazsiudanis
Uszendldfununeaisnuidasimsiisiddldfunudeuuogundvansluadioly

2.2 d7UUsENaUYBIRBUNIANIALUNYAGHT
2.2.1 Yugudvasauaus
Yududvesauaudauszani 1 (type-l Portland cement 3o OPC) ldiuansin
Usganundndmsumnoun3aulauIwuuwagan (CLO) agndlsinuyudiuuivesauaunussinnudedi
< [ 14 = 3 o = o 1 = v Y @ !
157 (type II) Aanunsaldle wasyudwudnudamnguilouazdliineiindngiuusngnstalviiui
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vlulaianunsaldld Uinauiuuditammadmiuneunimnauiuuuieagat (CLO) fhazliagly
51919 300-400 kg/m’ WsiB1agana 500 kg/m’ %aﬁﬂ%mmﬂ'13168’31’1ﬂﬂfiﬂﬂaun%mﬁﬁé’agjqﬁﬂﬂ il
Jones and Mc Carthy (2005) la@nwnaaaudin1eauigSuLsaaTasnaunInuIaluIwuuLgagan
(CLO) wunUBmnaudiusuosauaudildgeda 500 ke/m? 1useei
222 i

i (water) Alddmsulnunouninmsiduiiazen wiedussur Tasalugnauld
wWusatuinaureuninund Tududddyedranniioldasifiuwessilialusiu (protein-based
foaming agent) ins1zmsUutieuansdunidluiduansodssansznudenmunmuediiunounie
wazapunIndindnld Sasrdruiideduud (wo) fdesnisdmivdunaniiugiuiisnduioly
poundnannsavinulfedafismetuiuegiulssinnuesiagBavsrauniotandoulszaiy
(binden) Fsnaundndosiinnuudusdaeiilidoddasanimioans Plasticizing Hrousetsladiu
Tuggen w/c worfiyning 0.4-0.8 fiiituegfunuasdonvoadntagBausray wu Fanvfaasil
arufoamsthunningaey LuaamﬂsziamvxmmumsuaaaumﬂmLaﬂmwLmaaa muum w/c M
A BIgINTINAA0Y sessRmmsrsamlsiiuaz et lie we dadfifeuudouss
Wisdudududsiiunsauniulagonaldaswamndissinn Superplasticizer 4ela nsTUsInania
Tudunanedslifivmefiaz s fuiufitelansturesdunstuiniintuogsauysal Fahi
MWlunsviujiselawnsiuazgnudennlriunazeralugnsavaarsvesiosennieals n1silsi
aoundnluuszgndldau Turneiinislisnadiuiredumsigaiuaghidmansenudenumsy
(porosity) vaslnlunounInusosisle uazvuziineunindsegluaninanogduflivamsoundiasly
ABUNIMINNSLENG (segrecation) Waafinsvaufa Nt undaaInaAsunInLi gy

2.2.3 asiiiuvles

a15ufiuneq (foaming agent) Wuansanusafein (surfactants) yiands winduaos
Usziam Aeansiiiuvloswiladansizyt (synthetic) uazailalusiy (protein-based) anunsanjinldly
nawdnduliy iesndanudululdlumsdesaanslnenuaiiBouaydaidindu ansiumesvin
TusAulusssuwd 1w nsnlvsfuvesay (fatty acid soap) @dlifeslunisuamdulnuneundndmsu
numeiuimnssalest egdlsfnunsidofeatunsldaniunesdalusfuitonmuining
waussgadteifiumssnszduedtasiarsinuneunisligiiudn ssddszneumaniivosmsanusia
fadesdianuiiuadluanmuwndeuiidudiawesneunin (pH = 12.5 Taguszana) s1zinasanise
ﬁqﬂ’;ﬁmmﬁmméauimdw&iamiL?iamamwﬁqmmﬁﬁﬂ faunisfivdnumansanusaiaiafengn
AU TR A Lurivenanlneinsinia wazanumaInmatsYesaIsanusIRsiaiiloguay
TuvazfinndenansanussdsinlivnzauiandmiunisaizasssgndlifaduFeswnnilaziged
Armgnies femninousrldmafiuosismstianusounsuiidiiumvaasmauneuiluly
fuauats Inglanzegndadmiunisldnuaeiiivunasnn

2.3 Flelwdiues
=~ a ¢ & W ) & a a a a &l ) P ) aa &
Jlelndwesiluiandunszvivlinetuvsdindwesnausadunseilanniagilewrusenou
veafanuarergiurneglugvedugruuniujisemaaiiivaisazaredanladinelviianis
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ygazanevestanoulenou (S*) uasergiidenlesau (AP Mnfansedu Wessuuiilessudandn
unifiganeaziinnsindeudivedlossunaziinnisdnFosindulaseadidlug waginigiy
asazaedanlatddinaiioiinuiinadaneulessuinousensiiaujizolrissuunagimind
Husdszanuliiiansdensetuveslasiaine Jagilelndmesanunsawdouldfigungiremde
Tdrusoulsitiu 100 ssewaldea iolsanaiinuiisen (Khale, Chaudhary, 2007)

anwuglasiaveRindwesusenaumisluanagniglndwesvedlasiaia@@nmnnse -
fnseu (SIOH),) wazezgiiunanszdnseu (AUOH))) Wousefuduaiveiuazdefsuiuiy
Tnsadwanudlaefiviagndnveslassairsiizenitleesian (Sialate, -S-0-AlO-) uazilany
danlay (Wu LY, Na*, K) nielavzdaniladidsn (u Ca®, Mg®) viminfiuivauna
a Aundavesergiifloululassasitevgliunnnsedaseu awnsaleuluansiall (Empirical
formula) fsaun157 1 (Davidovits, 1999) uazdnwazlaseaitendnauiiivesianilelndmes
Usznousefissinauimasusiuidsu (Bemnszdnsen) S1uiuaes atu wazaniie laun
ndlwezian (Polysialate, PS), Indluozianlaaanla (Polysialate siloxo, PSS) waslndlyogian
lalagaanly (Polysialate disiloxo, PSDS) m1u@nsu ﬂizﬁﬁé’miﬂdau%ﬂ’maazgﬁmmm’h 3
(SI0,/AL05>3) dnwauzlassaiiazidulasaiiodenles (Cross link) szwinsansldlndlyezian
(Polysialate chains) wiauwduvasindlyasian (Polysialte sheets) fulndlvaamiiodndulaseneg
Foulosuvuansiiindoarufin Snvarlasaisvesfanilolndiwes uansdagud 1 uenanni
dnsrdluausazeonlodifiolilitanilelndwesflaudfvuizan fo (M0)/Si0,=0.25-0.28,
Si0/ALO5=4.0, H,O/(M,0)= 16-17.5, (M,O)/Al,O5=1.0-1.14 kaziin15UsSuUL199098n51@1ULLaLA
azeenladiilennumunzay fe (M,0)/Si0,=0.20-0.48, SIO,/AL0=3.3-4.5, H,0/(M,0)=10-25,
(M,O)/ALO5=0.8-1.6 la M,O o Na,O %o KO (Khale, Chaudhary, 2007)

M,[~(Si0,), - AlO, | wH,0 2.1)

g M wuede  leesuuln Wi lnuvadeu (K loney (Na*) wagwaaidau (Ca?)
- N8RS A1TALNTY
z  yanef Swaulianaves SIo, Wiy 1, 2, 3 vie getuauia 32
N vneds findvesnssuiumsindneunueiy
w o mneds Usinasludiuwa

ﬂa"LﬂUgﬂﬁsm/mLﬂmaqmﬁmmiaiwaL:ua'sl,sam'] lelndwelsiwdu (Geopol lymerization)
mumaumsmmﬂgﬂsmm Fumouusnazifunisazas (Dissolution) iudeansnasuiiionas
asazareiiiinnuduiuags wu arsazarslnfeulensenledaziinnisvzararsvosddniuas
9zgiiu18anN1 KT Faneunazergiillonarriujisentuaisavatsiva (a1savarglolfeu-
Fanm) Lﬁmmida&fwﬁuL%Lﬁ@sﬁuﬁﬁaaqmmauﬁ'] %gumawiaimmi‘]umiﬁmﬁﬁ%mgﬂiszj'
(Polymerization) Nan2fA® laaausuaqs?ﬁﬂauuazazgﬁLﬁsmﬁgﬂsuzazmaaaﬂma}mﬁmmiiwﬁaﬁu
leeusendiausglugunsandsndvi uduinnisidensdefusenitmieluianavesd anouuay
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svafillonlaluaisusznavezgilu@ding [Si-0-ALO] dawandlugui 1 wazlidnwazveslasaasng
wuvanglgauiin dawandlugun 2

N(Si,05.ALO,) + 2nSi0+4nH,0+NaOH/KOH —> Na* K +n(OH)s-Si-O-Al-O-Si-(OH)s
(Si-Al materials) |
(OH),
(Geopolymer precursor)

N(OH)5-Si-O-Al-O-Si-(OH);+NaOH/KOH —> (Na*,K")-(-Si-O-Al-O-Si-O-) + 4nH,0

(OH), O O @)

(Geopolymer backbone)

CaN
(=l
=b.
N
—_

nalnufisemaeiivesnisiindlelndwes (Xu, Van Deventer, 2000)

Sodium-Poly(sialate) Potassium Poly(sialate-disiloxo)
Sodalite framework Na-PS Sanidine framework K-PSDS

Potassium-Poly(sialate)
Kalsilite framework K-PS

Potassium-Poly(sialate-siloxo) Calcium-Poly(disialate)
Leucite framework K-PSS Anorthite framework Ca-PS

sUN 2.2 amwuunsdnisesiuseialianuiifivesalelndiwes (Davidovits, 1999)
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2.4 nalnnsiaufisersendnsjudnudvasauauaiudlelnbues
Yuiuuddesauaudifuianusrauilduauiouiuegsunsvats Yuiwudledauaus
foaRUsenounanvessinegluguveteanlunndn (Major oxide) taud waaifsusenleyd (Cao)
FAN (SI0,) a¥giun (ALOs) waieInaanlad (Fe,0s) TiufulTEIINTREAY 90 waveanlynses
(Minor oxide) laun uunfi@eusenlan (MgO) sanlanvasdanilall (K0, Na,0) daiveslaseanlyn
(50y) Twidlaseenlus (TI0,) eanadanunzaanled (P,0s) Fsoonlududnmariagyinufisesu
sweglusuvesarsusenou Ae nswaal@ending (C:S) lauaal@audding (C,S), lnsuaadey
praiiun (GA) wastannswaadouazgiiluinalsd (CAF) dnvuglassaiiwenisiinlisen
lawsturonuiiuuiosanaudiaslelndue stuuanisiuedieduds ndnielassaislansdu
yesyuTudUaiauaudrUszneumemaientszanundniiionin uaaiendainaleinsn (C-S-H)
Fadunandandnannaiiaufizenlenstu dahmihidusideonssanuasimassaundiuud -
madvsenauniniiudsiiud WelimaifanUeslvaldsufuyududvesnuaudaziinuiizen
fuilaestuseninuiisevesleaiu (Pozzolanic reaction) Ss1nufiiseniliesdanaliiinandniiiy
fdenuszarufaundu Tiun unadeudiinelawsn (C-S-H) Mlitwudinad ue$inf wie
poun3nilastaievnagamATivuuy uhussuasanumunILandu (Kroehong et al., 2011)

Ca-Mono-Silicate K-Oligo- (Sialate-siloxo)
OH OH OH
. @ | | |
(0] Si O OH-- Si-- O-- A(l*)*O** Si-- OH
: RoX
OH OH OH
(0)
o = o l Polycondensation
o] \
Hydration l S‘i
AN
(0) (0] O/

\ \ |
O (-)
o | | |
©o>s" s 0@ | o 0 o
0 0 5

|
Ca-Di-Sialate hydrate
K-Poly(Sialate-siloxo)

Portland Cement Hydration Geopolymerization

sUN 2.3 Wiguimgunsiiaufisenseninssuuduiuuddeiauauniuilelndies
(Davidovits, 1999)

yaugilassairswesilelndwesgimuunninaanlasiaiwessinujizelawnstunes
Yubwudlasauaudediesduda nalnnisifnilelndwesdildnanndresiundaindlolndwes
$ndudosliddnuazozgiiuniussdvszneu FanuldunluiagUesleau e figu idudiu
(Fly ash) 1é1unay (Rice husk ash) 3afua1isn (Metakaolin) udu fatutagUoslsarumani
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[
v v v A

annsntundszendldidutandeduiuilelnawesly TnenaifaufAsevesilelndwesiutanda
Fuazganszduiisarsazatefiinnududisgs (@rsazarslefoulensonlodnioasazane
Tnunadelensenles) Wevhuihflvgarasdanuazergfivianiagiedumand ndsaniduld
arsavargluifonddinadildidelfiianisniudduludnvuzvesdassadruvvaimaey
YnuzAEITUINgUT 2.3 azuandliiiuindlelndmesfiesdusznaumalassaiiaunniaainjizen
lawnstuvesuiundvesnuaud Liesnesdusznoundnuesianuagnaiinufizenilimiloudu

2.5 1y
v < 2 1 a d‘ Y & [ a 1 a
wiasgldunanasglaainnisiiaiuiy weliidundsnulunisnannsewaluin a1uiiuy
MUAazIBYALYNINILBLENEIIUAIINTOU wazliauAuNTvwIadeut1dlngazANAdNunIR
a [y 1 [ | v 1 a < 1 =
SenNUINOAULAT (Bottom ash) d@uanauiusunadnnin 1 luaseu audaussunas 200 luasou
agavgluiveiniadeuiuieniuiiaey wWiassazgnaniulaeidndulniiadin (Electrostatic
precipitator) iolilasseanluivennia uazidunaniaeiunseuusnalselni Whaseflaudd
[~ £ a & o a v 1y ¥ =1 = o I~ v o w = ) 2
Juasverleauldnanyudimudineuniala Jagduiassiuindsdnludesidn vsetrluld
Uselevi ieanlynimiesuuaniie Uy Junussiasy, 2547) wnauiuleudnluldluau
AauNImUINNITuULABEe MewmanNa 2 Usenis AeUsenisusn wWnauiuieanlesve@ineu
avglillew wazwin Fwenledmarlanusaiufisenvesluanlad waziiiuidsdnvesnauninli
= A P a A a a a A a
g9?u laganivileldduduniauainduazludSuiuivuigan Usenisnass
Waufiulleyniareudiuan wazdrulvgiludanauflonanlursuniadiauiiuazidnluge
1 1 @ [ = § a & o ¥ a 1 ‘g [ ‘:l' 41'
99710807 TENINYUTUUA AU MSenT1g v lvirunIauuuiy wazanndsulniildlunies
waulailoaannusiannanuazindudanauve udauiu iliusadeaniuseniteuninnias
waNANTUanwaEnTINaNvasiauiu sz linsunIniinisauluanavu vilinisaudsneunin
= a o v 1 ‘;{ a a a U a o '3 v
vsamAsuNIaluLuulaasaInLaziedy (Usayey Juaussesy, 9o 9gsivinena, 2553) n13ld
e uAUlUUABUNIPITaANA18USEAT AN LANUEIUITO LN LALANUATUNIURDNNS
AANIAUVDIABUNTA AANISUART AANANTLNUIINNITHENFD AaRANNSDUTLAATUIUABUNSA AR
N13BUYDIUHIUABUNTA UazTidAgyAaiiumddnLazmainlsedevainaunIniionsuniniiens
WINTY uenslinisleanauiinasidadeferinlrensinsimuAddnvesnsuniniiadlugsengnu
MIULRIEIU ASTM C618 (2008) leimmunviinvasianlegleanundu 3 via laun
(1) Fuaman N (Class N) 1udseleaiuainsssuyinievegloaiuainsssueif
P1UNTEUIUNISBaLNa R laauTRm UADINIS
(2) Hununm F (Class F) Wudaseildainnisiamuiuseunsileduasdnivadu
dulng wWhaseylia F JUSNIUTINVRTENT (SIO,) praliun (ALO:) wazwea3naanlyn (Fe,0s)
11nN31508a8 70 wardUSunnuvewradeuaanlan (Ca0) AN dUSUBANIUIDINLIAUMTEILALA
19359 Weanmnauiuieunsleduazdyivaiusiumieigldvinassniganias
(3) Furmam C (Class O) Wlwdnaseitldainniswnauiuduinidasasanluddu
diulng JUTu1sIwv898an1 (SI0,) ozaiiun (ALOs) wazweineanlys (Fe,05) U1NNIN
fewar 50 dUTuuvewaadeueanled (Ca0) g9 HoAUTENOUNINIEAIMNAINTRAINUAYDY
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WINTFIU ASTM C618 uazilantmdununseuluninggiu ASTM C 618 (2008) Linaeeviintiisunte
dnegramilaiinaseuaaldnas dnsuergiiuunanuiiumiled lnendnluduszneuluiigsiu
willganflezgiunen viliidiasy Class C uenand@anifue Salusunavetezgiueme

2.6 ¥ Ud9Y
Eudsidureundeiannlsinundaiinaildainmsmnvudesiienannseualii
ieldnelulsesny TneUsswmalnonandeslud 2552 I@dusiuiustonun 68.5 1uiy (Office of
Cane and Sugar Board, 2010) iiafuialag3sues Cordeiro wazamy (2004) aglfid1vudon
wdnmawLiiendnnsglniiuszane 427,700 susel Tnadhusessananiunldifesdntos
dedlousuusinails fuiudsfeddiuiilunsiaiaduuinuniie uazseus vaiuiisais
gilFsunanssnuannduazessvendiudosdndie fufuiddnifonarvunwauantives
idhvdeniiothanlfidudunaunounin lnenuiniuudesiiazidoaiammuduiagUeeleauia
LLﬁSﬂ’]iﬁﬂUﬁﬁ%m‘Ua\‘iLﬁ’]‘muéjaﬂﬁﬁluaQjﬁUU%iﬂﬂJ‘U@x‘l%ﬁﬂ@U@@ﬂl‘ljﬁﬁlﬂjL‘ﬂuwﬁﬂ duaeUu vun
BUNTA UAZAIILATLIYN uananil Chusilp uazAmy (2009) Famuindnndrunisunuiyudiuudd
mmzamaqLé’wwué’aamazlﬁamL'ﬁaiﬁlﬁﬁwé’qé’@ﬁqqmffmauﬂ‘%mﬁlﬂ%’tﬁwmé’aaumam%amﬁa
fpvay 20 Ingtuiin wasdamudninmsldidsudesunavidenaunsaylsandinsduEIuLves
AaUNIATIaTININSTSUT IR LaYanNTYEeveasisitiesnndamnlésnge

o

L4

3UN 2.4 neayueey (Sgna auun uazdy 919sWvingng, 2554)

q



L4

5‘1.]‘Vl 2.5 NOUOWUDRY (55 AR waye mmwwmyﬂa 2554)

9

e
EHT = 6.00kV WD= 7mm Signal A = SE1 Date 8 Feb 2008 EHT = 18.00 kV WD= 7mm Signal A = SE1 Date 8 Feb 2008
Mag= 150X Scan Speed = 6 Time :10:53:21 Mag= 1.20KX Scan Speed=8 Time :11:17:10

'iihn 2.6 dNwLlATIATINNNYANIATBANYILDRY (STNa auw) uagdy 9193fivinena, 2554)

2.7 uidsiAeatas

Kearsley (1996) lanaaauduIufi1081908358UUN15UL NUIIMEIGeanvedfioudiogis
TnureunIndildainnisunfedionmadl 50 °C waziregraiivulaninlilugananainfionmgiineg
22 °C u,aulmﬁuaai‘dmmimmaaumasmiﬂam:flumwuaﬂﬂﬂﬂailusmwm Luaqmﬂiwm (pore)
voslrlumoundmin (build-up) wssfuidululassadisqaniafidudufud fedu Fauusiiidy
Fregitlimaaouvesinunounindsmsuunuulaninly wu vesefldunaziivlilugmanadin
swazdensUuuuvessruuNMUNEsznoudedunounsirfeuseddlonviannsneauuy
ponuazrauve udufumednsliluanmuindeuiifinnudugs

Khatib and Wild (1996) @nwmuinuTuiumsedldludiunanldlidnansznudenidady
wsadnvadlnunounin wiegslsinumanisAnunddailiusnguaitaaumitlagn Mdsedli-
AsunInanasdntosludieenyiu e dumszidiunaniiuszneufeastwudiinigdad
(cementitious filler) 1nninsTdnseludrunaniiuaunis uifdwosruneunindinaiudy
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pgerailloniu 28 fu ilesannufAzerdenleau luvugiiddmediuneuninluszezUaelsl
P uegadilodfy

De Rose and Morris (1999) nuinAduuszananisyiaiudeu (thermal conductivity) ves
Tnlunouninausukdusienafididumnnds 0.10 WmK Ardfidhildsnaidenmantiniandutan
auruvesliuAoundn JaiannifleiIeuifisufuafiogsening 1.1-1.4 W/mK d1viuasunin
thwiinun azdiuiiueoundadmmsiaudeusiniszua 10 wh

Visagie (2000) la@nwinansenuveslassadisganinnenuandivediunauninyiiain
Yudwudvasauauanaudiay (pozz-fill) Aunukuy 700-1500 kg/m® I35 PRE-FORMED
FOAM METHOD wuinmsunuidumuddeidion navinlitesinsernia (air-void) nszatefuay
fuwadnasmussiunmswnuiveadiog vateritenadiduiusiuideiuussavesnaunis
nanfefdssunsssaneundafiunluidiviunuruaveseriveinmaiianas douiatesin
9 neil BnEnannzAe U AT AT 1,000 ke/m® Wiy ewinaeunsaiil
ANUALLLUR L 1,000 kg/m? Y 1999981NANNNTEINYBYUaNY KB NENAv0IYeIINg
91INARIIIHNARDAAITULIITATVDIBUUANAR AR INNARNAIUAUNUIRUUTDIADUNTA

Kearsley and Wainwright (2001) 1#518uiisadunansznuveuiiasssrenmaudives
TnlupeunInuaznsifoidess 4 duandiifiuimeniinanfunaiusiddudaserguateuda
Hraesdaidnswarinlinisilassaivomosiiadianeuniulufuudinaddegdieufuuge
auautivegmisimnssuesaounin uenaniinsmadeunisduriuii (water permeability)
Aousegrivedlnunsuninnuisuesauinuasun3s (Concrete Society) U 1988 1ilasanAdy
wanenslunisdanisunazniamaaeuiuay Saduniseiniiagiinisieuiiisulaenseld
uiguislouinmanagounsiuiuieddnunoundavisaiin Sszneudiediunay Fundnad
Funsifudasy wasduusifune fdgeszann 100 wh Fannninmsiusiuiesouninund

Kearsley and Wainwright (2002) 51897471 Lenaee (fly ash) dnagldidudiunanluluasy
n3nlusziuiigeis 80% vesmiinyudiwudifiodumsandunu Wiuauaunsomlfuasifina
udaussluszazenvedinuasunin lnslamzedsdailevdonsuninfignmain wazazidunisan
SanuadnivosmnuundusnnmaiiuUiinaludusauveudaey nszidasedauagidend
Fiutudaemai3elifiuiiin (suface area) un dvfuarmaiuisowlduinfu (equivalent
workability) waslruasunimyianyuiwudlesnuauduandiassaziininudent nimnnni
YuBludiosmuauinaumsesuaunils

Jones and Mc Carthy (2005) wud1 nsiilrlupeuniafilassadraduuvuwad (cellular
structure) oM AdsHaRslTinaaL RS ISouTin Funagegsyning 5%-30% vosnounin
dwihund Tuudvesnmsufoatutudiuneuniniminunfazdosdamumunuinnitvesinuneunss
fia 5 wih Fevzdiauduauiuduanudouiisusiniula

Nambiar and Ramamurthy (2007) Ans1inadsunseonvasinunounInnuIlaudunusiu
AnumuULuedlila (foam) wazUszinnvesansanussisiafily uarinureuninidsgslnemly
anunsavhidideneseniafivunadnesasiiauenazileldiuansanusfsieialusiu ndaniy
MR ATaiisduAsfuUsEansnmvssansiiuresansoliivanaldnasanussiaiavia
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1%
[y

WsAudanuaunsalunisinegiaduinuagyiiilslaatudwuduesisludnsanugaydsniseud
Y04WDIDINATIFILN

Chindaprasirt and Rattanasak (2011) s1eeuinswafuieiuasnsoanadlddenisunud
YuBuuiasauauduszand 1 drensldidassuaznseludunanuagzandnatautisiodiumsd
w/c Usvanal 0.5 ansifiumessinan Glycol Seldsunsimuniuiioannisuasuivesdriuneunia
Frfuansdananieufinrgninanldliudleianmsafufunssdedesin (cavity) gnsauysafld
uananisswuinismafainasintunielurisengliiiu 28 Yuniesgludisosnivae (casting)
uenaninmstansgadutivesiaeslnuneuninfiuslutivimuatsenngnssudiade fukasy
sedunsgeadutdmivdunauyuiuduesauaudnnouasyuiuudUosauaudidiass wui
dhunauisaosssaniiidnnmagadufisduesnadioddgmumaaaiveansudlush

Esmaily and Nuranian (2012) WﬁﬂmLszjaaa'mauﬂ‘%mﬁﬂé’aaul,uuhjaulafw (non-
autoclaved) ¥1191nRznTUIAI0qMAN (slag) Ima%mam mu@’saimmamjamm INNITIATIENR
amedvsnavedassaiinsiemanigluiifdeidsfuussdavesnounia Ingldndesganssel
ooUAneaiiinNazidengs nuimsnszarsvuisinssemaduuuuwagan Ssfimnuduiusiv
Adsfuusadnuasnounin nanAensuninilimaiuussndeudnsgs dnvazlassairslnssoine
ffluadnuagnseanefogisaiiae

Ganesan et al. (2007) AnwivuTanain1vusssfimuizaslunisunufiasdiuunlagy
onyuossnlaumauwiinigungil 650 ssmiwadea Wuan 1 99lus 9ndurilndy
fvwmeunia 5.4 lulasiuns unuilussBuunludnsaiusesas 0, 5, 10, 15, 20, 25 uay 30 ¥
N1SNAFBY AUVUAT BAZLIANBFIVBITUUANAN NAIDAVBITUUANAN MAIDALAZIAIRIEN
Y93InBUNTN N139ATaTh FulssanBnistunumasi naaouyTunsvedlnaduneunin maunsves
paolsn uardulszAninisfuniuresnaslsn Han1snAgaUNUIT aINefdanTuiiseiuns
unuiliindu Mdsdavesduunnauaiviusssfinisunud 0-20 fargandumunaiuay aaunis
unufiganinsesas 20 Suurlusdinindnues Mdsdnvesneunininanatefudiuuana fdsia
wenfinsunuiisesay 0-20 fiagenaneunineual MsvaaeuUIIIRsYedlnTa YnsERUNSUINUT
finussnAUNIAMIUAL UANSULYLTITesay 25 uay 30 dadlnalAss undzanasessdalaudieny
90 fu MIunsnduvesnaslsn Ansunuiinniuasinisunsnfuuesasmudifu snudisesas 30
wdiageundiuesnasuninmugu annsidelaslnmmaunudl sesay 20 Wuafivmnzauly
USnansunuiinndige waglumalunisvaaeudidign

Singh, Singh and Rai (2000) Anw1UfAsenlainstuvesn1yuessnanyuiiuug nadey

ﬁﬁé’qé'mﬁmq 1,3, 7 uay 28 Su lnounuiiasdiuunnioan1ueossesay 10, 20 way 30 lng
dweinans i kamsvageUNy ANTMEITesE s TueTifisesnnnfindurenaaue
onlesaniiufifvennviueesiifindu wamudniuiatelawsturenansuessitlumlumig
wsnfias lunsdifilunauioneiuoos Yueadasy (free lime) Wududlonanfiudu Jafaan
ﬂﬁﬁ%miamﬁu auinsunuisesay 20 Uumaﬁasmﬁwﬁuﬁa 3 Yundsntiuazanas naduandln
LAUIOIY I aaammszﬂﬂfLﬂuaamﬂa%‘l%mﬂ@ lngavanyuundase LW@ZJ’W]’]UQ?WEJ’]UEJ"’UI‘U@WH
Tneunavesuaaidoilonsenlan (Ca(OH),) WonauawueeyazussnLileunuiisesay 10 iflos
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NnuessiUuHalnAISngendmUAN 118991NANNALIBEAYEIN YL BB ILIUITUIATES
Tnsslvmifnas wenanddudunavesufAzoeslearusaunie uenaininimmeaounisveisd
iesanndanin (H,S04) famunniswauamuessmeaunIumsianseula saufsannisduniy
e

Nambiar and Ramamurthy (2007) lavinn1sfnyifanuansaglanizvesgosinglu
Holvuaaundn Famanaeunimnaiuififinrumuiuiugiady 600-1200 Alaniudegnuiaiiuns
annsoliiidsiunsedn 20-140 Alandudonmauudiuns anuansAnulaelindesganssmid
Heoudetuneufinmeinuin vunm Ui svesisemlasenmaiifniuluidonsunindnasiords
FULSER wazAINNUILLLYBIADUNSANIAIT Wonesernalivualng ezl adadinindd
wasnunidn UTinamosornidludunandissnntuinalimiumiuduresaeuninanasdunaly
Adsunsidnvesnouninmalunanas TeulnaronuanTRfuAuvesRRURIAINAIUEY

dni3e fndou uaganuy (2557) Wanuinnssuesunnuiauuuuwagadenslitanindeiis
TneaAduilldfnufndesn fdsfauen Mdsin worgafuthesrouninnanwuagalaenis
Tdduiuuasimudeswuiiyuiiuuduodaudlusiinadosas 0, 30 uar 40 Tngtmiinues
SanUszanu mInaaeuuansliifiudt iihauiiusaziduudesannsaldunudiyudumsives auaus
v Tnefdadn Mdsfauen Msdags uazgadutis Yagueslearuanusolfunuiiyufiuud
Uadnuaudlaluuiundosas 20-30 Instwiinvesfanuszaiu uonintu uamsnadeuduansls
ud dhdufiunasidvudesldiiutagusrauumuiiyuiwudvesauaudlunisudnneuningia
UUagalHhEse Midsduen Mdsin wagnmsgeduilufisniadia

Syed M.S. Kazmi, Safeer Abbas,Muhammad A. Saleem, Muhammad J. Munir, Anwar
Khitab (2016) Anwn1suandgainaumieanisnisidianviusssludiunay nanisnaaaunansli
diuinidsdnvesdsifinisldidvudesludunanaziinsidedadniilidnisldidaudes
Tudunay egralsAnunisunuiiuudeslufumieiiondndsosas 5 amnsoliidssald
AILNIATFIUNTNENDFYRUTEINAUIAADIY Bananisnadeusuiidadaiinnuasnndesiu
HANSNAABULATIAI 1IN AN1AYDIDY

Natt Makul, Gritsada Sua-iam (2016) Anwin1slduselesininuiugeslunsudnuauiiuy
wagan lunsinwadstazsumuiinmneudesluuuudvosauausfosas 0, 5, 10, 15 way 20 T
ﬂgmﬂﬂsuaﬁaﬂﬂszmu u,axaaﬂmemaﬁmﬁﬂmaqmaLmLLUULGzJaQEh WINAU 900, 1000 kag 1100
ky/m? Inglddnsdutde faguszausindu 0.50 yndasidunay tnefnuszezinainined
s s manadauis wuislnssuargaduth Amsthaudou nanmagouwandlfifiudi
drunaunndrunauiidniduniswanldamdisdmdnaiuiiosnuuuly drunaniidnisunud
dwudes wuit Mdsde AdsdnanuilonSuiisuivdunanilidnisunuiidsudos ns
wufidrgudendosay 10 lnsdmdnuestanUszaiu awnsolidfivanzauuaslndidssty
drunaumuan Mneiddsiannsoaguliidmudesannsalindnmawuuigaganliield
unuiudsduesauaudluumadivnzes

fiyswa nda3 (2552) Anwinuautivesilelndwesueifmaunvuiwagan tneld
wnaey lawieslansenlen wavlarouddng waztulagldaamall i snaaeumassunsdn uay
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mmuiuesianilelnawesinaiun lneflduusidnuidneg 1éun snsdmveseanaisie
ey snsdvetluisuTiinaselyduilansenlen anudntuvesasaraeluiedlansenled
gns1dvemIIERaLINaeY UsuuSovazvadlnulaguia wazaun)idmsunsuy nan1saaeuy
wansliiiudn Snsdruvesvaarasaiinaseiniu 0.7 snndiuvadleifendanenelafedlansen
ledwiniu 1.0 anudntuvesansasangluideulansenlenviniu 15 Wans dnsdiuvemsesaii
avswiniu 2.75 seznaneutuiegwneanuieu 1 alus vufogisiigugil 40°C 1 Funmise
MsUNT 60°C 2 Ju Usinafesazvasliilagsnawindu 3% vilildiandlelndiesuesidm aiun
wsnzaudmivnulasiaing aglddmasiuusedavesianilelndiwesuesiiinanldivintu 185
NN./AS.94. karANNMUILULYIAUL,760 AlansudegnuiAniiumns

Cherdsak  Suksiripattanapong, Suksun Horpibulsuk, Surachet Boongrasan, Artit
Udomchai, Avirut Chinkulkijniwat, Arul Arulrajah (2015) Anwwthetindn mdsn waslaseadia
N4FANATBRNAUIRUUAgAR e lAWeIAIINNINANUUSEUN ARy N13An¥INUdn Yeumad
i LL Aedmahuivsnzandmniunsnannaiuuuimagaiilolwdiuesainninaznoulssa-iiiase
dmiunndadiuvesansazanslufvudainadeasazansluidvalensenladuariadovesnsvy 3
annsalvimdsgean egnslsAmuiiloudinaweamaiuinnii LL sghimunzausuvessindumy
Tunswdnulaiuikuuwagaidlelndwesainninagnaudssun-inase anauideaiunsaaguled
mnmgnoudszransaldidudiunanlunisudnmiauiuuuisagarilelndwesls dadunnsld
Uselertiagnammnzanannsivdodis
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ell ad o a a o
UNN 3 I5N1TALUUNTTIY

3.1 Jaanldlumside
3.1.1 wnwudes WuTaguanassliainnisndniinia 8110eA5Y5 JariauAssvdu agn
% 5 - 1Y) v v o o =i
uareiAesUAiaUFurnveiulidnas dauanslugui 3.1

UM 3.1 MsuaYIuDeY

3.1.2 YuBlwudvesauaud Ussiandl 1

3.1.3 whaee WulasuanassldainnisndanszualnivesnisinidendauiaUszmelney
PUNDUULLNE TIRTAAIUN

3.1.4 yowith 9nsnnefiing SmiauassIvai

3.1.5 asavaelyideulansenlan (NaOH)

3.1.6 @1sazaslaAsndaing (Na,Sios)

3.1.7 asnsraneifiunesernie



sUN 3.3 asnseangiiiumasenie ve Sikaporo-40

3.2 gunsaluazialesileillunauurauvuwagaanidvudesilendmesnauiiasevse
Yuduudvaiauaua
3.2.1 TainamAounin 81 Baton Mixer fin1wsou 16 soUseUN
3.2.2 Lﬂéaawammuma’mﬂgﬂ ( foam generator )
323 iasuan
3.2.4 13eeds Anwasden 0.1 n3u



5UN 3.6 1aTesluay



3.4

5UN 3.7 1309t Anuazden 0.1 Ny

3.3 nMavasauANANTANUgIUYBTARadY

fidginsfnuanantitugiuresinghvionmn Eun wWsudos idase Yudumud
Josauaud Useian 1 uasnae quandfiugiudsenaudieniinszatsauinvesian
ATy JUere1eYNIA uarasiusEnouaAll FwmanisaaouanaiRTugIuesTaR
faguazihluldluniseonuutdusauvesinauUEagaTni i uosTleTndie suauidass
eyuTuudUesauaudsoly

3.3.1 MIvaAsUMANIELIEIeaLivuEes YuBuuduafauaus uazidhase Lilevan
ATz ves Yansasi NsnAEaUALIUNTIUAEITUYUTLIUR MuNnTEIN ASTM C188
(2003)

3.3.2 NMINAFBUMAIANHALIBYAYBIVBNYINDRY YUTLIUAUDTAKALA katlinaay Mmeds
oAU (Blaine method) T iniiuiiinvesoynia ordendnnsvesmssinialyariutuianmaaey
AINNINTZIU ASTM C204 (2007)

333 MINAREUNAYILE NI IELATN13RRTInvem ilemeAmudss izl
e 9 vesnanuandenlaeanizluan nduiiRiusie (Saturated surface dry) uagziUafidudinis

=

ARTUUN (Absorption) U8sulaTINazIE8A LazU1ATlUDDNLUVEIUNALUDINDTAIS N1TNAdDU

Y
o a

AHUANLERTEIN ASTM C128 (2007)

33.4 mMadeumAshetminuemeey emasmheimdnuemsy mvedeusiiu
AINNINTZIU ASTM C29 (2007)

335 NMIAABUNIINTEBILIRTRs AR avasTanRIRuzHIUNTIIAde UM TAT L
N13N5¥218AV099YN1A (particle size analyzer) f181A3099%e Malvern, Mastersizer 3000
aedesiiotinneivuinveeynialussiugania (micro) InsendendnnisnaziBsuasnisidsaiuy
vosuadlagly Helium-neon laser luuvasiuianas nandeidleduasmnnszvuiveyniauisdiu
wgneanduLarduBsIUUNdLnzaiiueenty shlAanisaenunsn Scattering pattern #ae
aruduvesuasingg symefituuadnizanansaviliuuiuasdinmadonvuduguniunieynia
fiflunelvg M3iaUiumsgnaruaufmea Nl Laser beam (Yu7A 10-25 mm) UAzAIY




3-5

819U0IMAUAU Sample cell @111503AN1INTLIBVUINVBIBUAIALIN Scattering Inga1u150Tn
YUINOUNALALUYI 0.04-2,000 um TAANURANIRLIAY 5%

3.3.6 mimaa‘ugﬂqumil,??mLuu%’q%@ﬂ%%aﬁaqéﬁﬁu nsnageulagn1suINIvesTan
Feuruedasmsnszilassadrandn (crystalline pattern phase) %@ﬂijﬁﬂiﬂﬂmﬂﬁﬂﬂ’]ﬂgﬂ’lwu
¥0398L8nG (X-ray diffraction %158 XRD) Inedididndavidsnuulumudesinssyninesmaumely
wEnLazargniufindr udnhmsesegissaivedasaiiondn Tnedidunsiemzifenios
Bruker $u XBAPEX Lay@uNUTiuseming 5-60 o3¢

3.3.7 m'imﬁi’]aqﬁﬂizﬂaumaLﬂﬁmaﬁaq&u’ﬂéfu mimaaﬂﬂmaﬂﬁﬁ’]mmaﬁa@éﬁgﬂé’umuLﬂ%’laa
AAT199 X-ray fluorescence wio XRF lasmsthas Tanssuniasuumuduiidunniuuusiumss
funouly My suiiazormndensiiegslifauumdifuduuseduasiiaue sharuazeinudy
egsliiBoudes nrvasumuaialeveINufiegn uddddmulataviufedie Litedulsli
HavineaN kKN ntutilunageu Fewadia X-ray fluorescence analysis (XRF)

33.8 MInnapudnuuzsUvesiagRaiy nmaaeulasnstnesTandeiuidiados
ANEANVLILBUNIAMNIFIVIENEDIaNTIAUBIANATOULUUARNUWIBdBINTIA (Scanning electron
microscope #38 SEM) Lﬁaﬁ%ﬁﬁmwdwmmwawymﬂ (Scanning electron microscopy) 41
Ans1e9i Tnodudiunisanenimveiseyniafiidegaiieinied JSM-6460LA model Scanning
Electron Microscope (JEOL)

3.4 M3gvnUUUIRTIdIURANVIUARAlEINIALILUUWAgA AN USasTlalnEwas
1'% =] = s -4 I3
NN ARENIBYULLUUAUDIALAUN
MILBNLUUAIUNALTRIUAeATE AL ULIMaga NI YU peTlolndwesuaudnase
ey uBmuAvasnuaus USuUTnunsgiu ASTM C796 (2004) fiTunaussnaluil
3.4.1 mvuanihedntnvesudonlennauiwuuwagaiandyudesilelndwesnay

Y a = % s ca v = = g & 1 Y 3
Lﬂ"laaﬂﬁiagu%l&u@ﬂ@ﬁ@]LLﬁu@‘V]@a\'iﬂ']ﬁ %QIUﬂqﬁﬂﬂ‘Hqﬂﬁﬂuﬂfl']ll‘Viu’]LLuuwnﬂU 1,000 kg/m

(Perac)

3.4.2 fuaUnatandsvauildlumswausenss (didniduna)

3.4.3 fruumiimtnvemeddeddandasdunaesie YagUszaiisivualy nely
nsfnwasstsiumausiudnsdunaesotagussauviniy 1.00, 2.00 wag 3.00

3.4.4 furamtmdnueanadiifeddandndiuvenvar @savanelunfeuleasenlsd
waransaranelafiondang detanUszauiinmuell ddunmsinuadiimuadnsdiuveanaise
TanUszauwinniy 0.50

3.4.5 AmuanUsinavessaisazatslafeulansenlenuaransasanglufsnddine ludiunay
MnUimadmineanaiimaaintuney 3.4.4 Taglunsdnumedsimuadasduasazany
lpsndainadeasasarelafoulansanladiingu 1.0

34,6 fAummUTinesilowives Tanuauian, V,

Vi =Vga +Vpe +Vea +Vrs +Viy +Vis (3.1)
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=

e v, Ae UYsuwsillowrivesdnviudey (m’)

v, fie Usuwsillewrivesyudiuuivesawaund (m?)

C

)

vy A Usuiasiiuaunveaniass (m?)

N

v fe Usuinsiilowniueansie (m?)

S

vy e Ysuimsasazanelameulansonlos (m?)

NH

=

= a = aa 3
vy A Usuimsansazanglameudainm (m?)

NS

M

W V=—o (3.2)
Gy

e v Ao USuesilewrivesan (m’)

A go’ LY o
M AD UnUnesian (ke)
G Ao ANUANTNIMZLBUIvDYIAR
Py A9 AURUIUUTAUDIN (kg/m”)

3.4.7 MuIunUTuInTeInNIansesnis, V,

v[ M, j_vT 63

PelLac

dl' A go’ LY Y gj
Weo M, Ae dwinveianisnun (kg)

Peroe AB ATIIMUIMLLTRRINTT (ke/m?)
3.4.8 Amnaivinedwuimamdinsueei, M.
Me.w =Vape (3.4)
do  p Ae evwvwuvuiivesesiviy (kg/m?)

3.4.9 AU lwanly, M,

M (3.5)

M, =
(W /F)+1)

dl = L 1 9°/ ! 96’
b® W/F A9 ensndiudineuielny
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3.4.10  AwaUsinahdmsunanenliy, M,
M, =M, —M_ (3.6)

3.4.11 USuuAshsidiunay esnanuturendausesuaznsg

3.4.12 fMunidunaisie 1 gnuiailuns uazdandunanfuanduuil 3.7

3.4.13 vaaewaLfionsavasuntgtmTnden ImaﬁlumimwaawmaﬁwL"Tjsﬂ%mmu
laflsiAn +50 kg/m®
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9
Y]

U

x
N

N1398NUUVEILNEL WIALUIMUUWagAINiudasilandlesuauinassuazudiud
~

upauil 1: Avuvwideniideams :

e

4, : 4
unaull 2: Yanuazdlrunauiidasms :

4

e

AUANTUNIZVBAG Y USDY
AUATUNIZVBUGGOE
ATy udiuug
ANUENTAN VDN
LLeIaERaas
SanduveunarseTagusvau
Sandunnesioiaguszan
S ssdreansumes
Ysnamsvenevssaraiiunlas
mudnduvesansavanslaioulensenled
maTunzvesansazaeluioulonsonled
Sandiuansavanlufvuddinadeansazanelufvalansonled
Usinansunuiiyuuudludmuges
Uinunsunuilidnaesludwiuses
Sunauit 3: AunBunamediasiideims
U%mfwaﬁﬁﬁ}quﬁuﬁﬁaQMi
Wmuses
\iaey
Yudaud
N9y
anazareleionddng
asavaneloienlansenlen
T}EJV\zﬂVTEJﬂ
Sunauit 4: FrunuBinasvesemeiosms (vhuazi) :
Ysumsvesonaiifesns [(22/A(1)](29)
dwiinvesensiurevdanisueneds (30(6)
dwiinvesanmdmies (31/19)1]
dwiinvesthussurdmsunaniuasiiumes (314(32)
Sunaudl 5n: miﬂ%’utﬁfhuuﬁuLﬁms’i‘mmiqaiuﬁwaatﬁwwﬁau :
mms@m%uﬁwauﬁwméaariaumiuau
m‘ﬂmi@mﬁuﬁwanﬁwwﬁaﬂ (wirh 24 )
Ysinansiia/anvendwiudes
Yaunaumafia/anvesansavas
Funuit 5u: nﬂsﬂ%mﬁd'zuuauLﬁ'aqé’mmigﬂiuﬁwmmw :

AN1IYATNIYOMT B OUNTHEAY

AN1IgATNYeMTIY (BUFIRIU)
YSinansiiie/anvemse
Ysnunmsiiiu/anveansazaty

Y = : .
YUADUN 6: agﬂmuuauﬂa 1 Qmﬂﬁﬁl&lﬂi H

udey

n3Y
asavarelufendang
asavanelofivilensenles
157Uszﬂwﬁﬂw%ﬂmﬂuﬁuiﬁqﬂimu
anaitanlas

UUszUdviuraniuasiiumes

1,000 nn/ar’

26

........ ()

143
1.0

20

500.00
400.00
0.00
100.00
500.00
141.13
141.13

1282.27

0.6903
34.5165
0.8419

33.6746

~

Dry
0.00
22.00
88.00
88.00

Dry
0.00

1.50

7.50

243.32
0.00
77.99
384.09
110.07
110.07
74.48
0.66

26.26

........ (13)
% (14)
% (15)
nn.
[T —— (16) YSumsveadiwudes = 0.17778 o (23)
[ L1 — 17 YSmsveadinasy = 0.00000 I (24)
[LL— (18) UBnmsvesudiuud = 0.03175 I (25)
[LL — (19) Y3195983n578 = 0.18868 I (26)
LT (20) Vinamedudendang = 009504 3 @
AN (1) Fsoindnloorlui = 0.09869 3 (8)
A — (22) Uainpsiavn = 0.59194 % (29)
IR (30) 12823 3’
M. e (31)
AN (32)
AN (33)
% (34)
% (35)
(AT (36)
M. e (37)
% . (38)
% (39)
A — (40)
AN e (41)

Bunnsigesmsnsuse 1 a5 )| 0016
nn. Wwudes = 3893 n¥u
nn. Ay = 0 n¥u
n. duBlaud = 1248 s
an. Ny = 6145 nsu
an. ansavareluienddnm = 1761 n%u
nn. ansazanelodvilonsonlad = 1761 nu
nn. ugﬂUi:ﬂﬂﬂ”ms"uwauﬁm”ao]dszmu = 1192 3y
an. amfianes = 17.33 NS
an. Ui miunaiuasiues = 693 nsu

=) IS (3 s (3
nIDYUBLUUAUDILAUR

3.8 Excel dmSUaNIUUAIUNANYDINIRLUILUUWARA1ANN YIS T el oTNaN a0
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(% ¢

3.5 duanwalnlylunisAne

[

nuiTeldinuadydnvalvediunauudonlleuIaluILuuLEaga19 119 ud oY

a 1

Flelndweinauinassvseyudwuilosniaud dewanduaunisn 3.7

111 B225B33MA4BAS5PC66FA (3.7)
S 11 fe Usnawesdandnvsuvadetanuszany

LB Ao wilevesnsduvesviaseianUTvany

22 fe  UYSuavesdnsidiunsgsielanusyau

SB  Ae  dnsaunnusdeTanUszaiuy

33 Ao anudntuvesasazaelfuulansenles (luans)

M fie vihevesmnudutuvesansazangluielansenled

a0 Fo Vinamslidmudeslneimtinuestagusvany

BA AB LNYUDRY

55 Ao FewazmaunuiiuliudludimudeslneiminvestanUszau

PC Ao yYudwuivasauaus

66 Ao Sovarnmsunuiidrassludeudeslaoiwiinves fanuszany

FA  fle YuTuudussauaun

Aegelunseudyanueal 1Wu 0.5L81.0SB10M70BA30PCOFA #M8fd 13aLUILUULEAREN
nneudesilelndesfiiinmmanandnnduveanade TanUsranuvitiu 0.50 Snsrdumae
AadanUszaiuinnu 1.00 anutuduvesarsazarelaifeulansanlynindy 10
Tuan$ mswnuiiyuiuuiesnuaudludimudossosay 30 Tnetniinuestan
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3.6 daunaNvaIALLIKUUagENAINinYudesdla IndaSHaNNaEuTa Y uT LA

Uasauaun

WaYuTLLAUesALaUAIINIUN 3.8 azanunsoasudnsdiunauladuandlunised 3.1

WHIRINN1TRENRULdINUGeAlE AL UWaga NI Iudselelndwesnaudiaes

A13797 3.1 SsduNauvesuiondelalURUUagAINi Y WdesTlelnAwe Snauinaes
ey uBUAUaIALaUA

NaOH . Tap Water
No. Mixes BA(g) | FA(g) | PC(¢) | Fine Age. () © Na:?'o’ with AFm’m Tap Water
sM | 1M | 15M (@ Binders (g) | €M@ (@
I 0.50LB1.0SBSMSOBA20PC 1608 B 1280 6304 1600 B - 1600 608 5 613
2 0.50LB1.0SBSMSOBAZOFA 1608 | 1280 - 6304 1600 B , 1600 608 5 607
3 0.50LB1.0SBSMSOBATOPCIOFA | 4608 | 640 | 640 6304 1600 B - 1600 608 15 610
a* 0.50LB1 0SBSM70BA30PC = 3 = = = 3 = = = = g
5 0.50LB1.0SBSM70BA30FA 4032 | 1920 - 6304 1600 B E 1600 544 5 611
3 0.50LB1.0SBSM70BAISPCISFA | 4032 | 960 | 960 6304 1600 - - 1600 54 5 615
7 0.50LB1.0SBSM60BA40PC 5 B - - - B - - - - N
3 0.50LB1.0SBSMGOBAA0FA 3456 | 2560 2 5304 1600 = - 1600 350 5 614
9 0.50LB1.0SBSMGOBA20PC20FA | 3456 | 1280 | 1280 6304 1600 B E 1600 480 5 619
10| 0.50LB2.0SB5SMSOBA20PC 32901 - 914 8965 1143 5 - 1143 503 16 644
T 0.50LB2 0SBSMSOBAZ0FA 3291 | 914 - 3965 1143 B - 1143 503 16 620
12 0.50LB2.0SBSMSOBAIOPCIOFA | 3201 | 457 | 457 8965 1143 B E 1143 503 16 642
13* | 0.50LB2.0SBSM70BA30PC - B - - - B - - - - -
13 0.50LB2 0SBSM70BA30FA 7880 | 1371 - 8965 1143 B - 1143 357 16 642
5 0.50LB2.0SBSM70BAISPCISFA | 2880 | 686 | 686 965 1143 B - 1143 357 16 645
16* | 0.50LB2.0SBSM60BA40PC - - - - - - - - - - -
17 0.50LB2 0SBSMGOBAJOFA 2469 | 1829 - 8965 1143 B - 1143 il 16 645
18 0.50LB2.0SBSM6OBAZOPCIOFA | 2469 | 914 | 914 8065 1143 N - 1143 i 16 618
19 | 0.50LB3.0SB5MS0BA20PC 7560 R 711 10423 889 7 : 889 44 17 661
30 | 0.50LB3.0SB5MSOBAZ0FA 7560 | 711 - 10423 880 B - 880 prT) 16 658
271 0.50LB3.0SBSMSOBATOPCIOFA | 2560 | 336 | 336 10423 389 B - 580 prY) 16 660
22* | 0.50LB3.0SBSM70BA30PC 5 5 2 2 z 5 = 2 z = 5
F%) 0.50LB3 0SBSM70BA30FA 2240 | 1067 - 10423 889 B - 889 109 16 660
] 0.50LB3 0SBSM7OBAISPCISFA | 2240 | 533 | 533 10423 580 5 7 880 309 17 662
25* | 0.50LB3 0SBSM60BA40PC 5 5 2 2 = 5 = 2 Z Z 5
26 | 0.50LB3.0SB5M60BA40FA 1920 | 1422 - 10423 889 E - 889 73 17 662
77 0.50LB3 0SBSMGOBAZ0PC20FA | 1920 | 711 | 71 10423 889 B - 889 373 17 665
2% 0.50LB1.0SBIOMS0BAZ0PC 1542 g 1262 6202 2 1692 | - 1692 599 15 619
29 0.50LB1.0SBIOMBOBAZ0FA 1542 | 1262 i 6202 - 692 | - 1692 599 15 614
30 0.50LB1.0SBIOMSOBAIOPCIOFA | 4542 | 631 | 631 6202 5 1692 | - 1692 599 15 616
3 0.50LB1.0SBI0M70BA30PC 974 | - 1892 6202 , 692 | - 1692 536 16 625
2 0.50LB1.0SBIOM70BA3IOFA 3974 | 1892 5 6202 2 692 | - 1692 536 5 617
33 0.50LB1.0SBIOM70BAISPCISFA | 3974 | 946 | 946 6202 5 692 | - 1692 536 16 621
3 0.50LB1.0SB10M60BA40PC 3306 | - 523 6202 S 1692 | - 1692 a7 16 631
35 0.50LB1.0SBI0M60BAA4OFA 3306 | 2523 3 6202 3 1692 | - 1692 a3 16 620
36 0.50LB1.0SBIOMG0BA20PC20FA | 3406 | 1262 | 1262 6202 2 1692 | - 1692 a3 16 635
37 0.50LB2.0SB0MS0BA20PC 3257 | - 905 8843 E 204 | - 1214 498 16 648
3% 0.50LB2.0SBI0MBOBA20FA 3257 E 905 8843 - 20| - 1214 398 16 644
39 0.50LB2.0SBIOMSOBAIOPCIOFA | 3257 | 452 | 452 8843 - 2 | - 1214 198 16 646
30 0.50LB2.0SBI0M70BA30PC 2850 | - 1357 8843 - 2| - 1214 352 16 652
1 0.50LB2.0SBIOM70BA30FA 2850 | 1357 - 8843 - 2| - 1214 352 16 47
) 0.50LB2.0SBIOM70BAISPCISFA | 2850 | 679 | 679 8843 - 2| - 1214 152 16 649
3 0.50LB2.0SB 0MG0BA4OPC 2443 , 1510 8843 , i | - 1214 307 16 656
4 0.50LB2.0SB 0MG0BAJOFA 2443 | 1810 , 8843 , 2| - 1214 307 16 649
5 0.50LB2.0SBIOMG0BAZ0PCIOFA | 2443 | 905 | 905 8843 - 21 | - 1214 307 1% 653
16 0.50LB3.0SB10MS0BA20PC 2539 | - 705 10349 E 946 5 946 4l 7 664
17 0.50LB3.0SBI0MS0BA2Z0FA 2539 | 705 5 10349 E 946 5 946 a1 17 661
18 0.50LB3.0SBIOMSOBATOPCIOFA | 2539 | 353 | 353 10349 5 946 5 946 a1 17 663
] 0.50LB3.0SBI0OM70BA30PC FPT) g 1058 10349 2 946 5 946 206 7 668
50 0.50LB3.0SBI0OM70BA30FA 2222 | 1058 5 10349 3 946 3 946 406 17 663
51 0.50LB3.0SBIOM70BAISPCISFA | 2222 | 529 | 529 10349 3 946 3 946 406 17 665
2 0.50LB3.0SBI0MG0BA40PC 1905 z 1311 10349 E 946 = 946 370 7 671
53 0.50LB3.0SBI0MG0BA4OFA 1905 | 1411 B 10349 e 946 - 946 370 7 665
5 0.50LB3.0SBIOMG0BAZOPC20FA | 1905 | 705 | 705 10349 5 946 = 946 370 17 668




3-11

M15197 3.1 SATIEIUNANVBRIAUIMUULEAGAIINK NI WS REAloInGLa SHALLIABEYISD
Yugudvasauaud (sie)

y . Tap Water

No. Mixes BA(g) | FA(g) | PC(g) | Fine Agg. (g) i) NasSi0; li:mh Foam | Tap Water

M 10M 15M (g) Binders (g) Agent (g) (2)
55 0.50LB1.0SB15MSOBA20PC 3402 - 1248 6144 - - 1761 1761 503 16 624
56 0.50LB1.0SB15MSOBA20FA 3392 | 1248 z 6144 N = 1761 1761 593 15 619
57 0.50LB1.0SBISMSOBAIOPCIOFA | 4492 | 624 | 624 6144 5 = 1761 1761 503 16 621
58 0.50LB1.0SB15M70BA30PC 3931 - 1872 6144 - - 1761 1761 530 16 630
59 0.50LB1.0SB15M70BA30FA 3931 | 1872 - 5144 N - 1761 1761 530 16 622
60 0.50LB1.0SBISM70BAISPCISFA | 3031 | 936 | 936 6144 5 = 1761 1761 530 16 626
61 0.50LB1.0SB15MG0BA4OPC 3369 - 2496 6144 - - 1761 1761 168 16 635
62 0.50LB1.0SB15MG60BA4OFA 3369 | 2496 - 5144 N - 1761 1761 268 16 625
63 0.50LB1.0SBISMGOBA20PC20FA | 3369 | 1248 | 1248 6144 5 = 1761 1761 468 16 630
61 0.50LB2.0SB15M80BA20PC 3232 - 808 8797 - - 1267 1267 394 16 651
65 0.50LB2.0SB15MSOBA20FA 3232 | 898 - 8797 - - 1267 1267 393 16 648
66 0.50LB2.0SBISMSOBAIOPCIOFA | 3232 | 449 | 449 8797 , . 1267 1267 494 16 650
67 0.50LB2.0SB15M70BA30PC 2828 - 1347 8797 - - 1267 1267 349 16 656
68 0.50LB2.0SB15M70BA30FA 2828 | 1347 - 8797 - - 1267 1267 349 16 650
69 0.50LB2.0SBISM70BAISPCISFA | 2828 | 673 673 8797 - - 1267 1267 349 16 653
70 0.50LB2.0SB15MG0BAJOPC 2424 - 1795 8797 - - 1267 1267 204 16 660
7 0.50LB2.0SB15MG6UBA4OFA 2424 | 1795 - 8797 - - 1267 1267 304 16 652
72 0.50LB2.0SBISMGOBAZOPC20FA | 2424 | 898 | 898 8797 - - 1267 1267 304 16 656
73 0.50LB3.0SB15M80BA20PC 2524 - 701 10315 - - 980 989 138 i 667
72 0.50LB3.0SB15MSOBA20FA 2524 | 701 - 10315 N - 989 989 138 17 664
75 0.50LB3.0SBISMSOBAIOPCIOFA | 2524 | 351 351 10315 5 = 989 989 138 17 665
76 0.50LB3.0SB15M70BA30PC 2208 2 1052 10315 5 2 989 989 203 17 670
77 0.50LB3.0SB15M70BA30FA 2208 | 1052 2 10315 5 2 989 989 303 17 666
78 0.50LB3.0SBISM7OBAISPCISFA | 2208 | 526 | 526 10315 3 = 989 989 203 17 668
79 0.50LB3.0SB15M60BA40PC 1893 = 1402 10315 E - 989 989 368 17 673
80 0.50LB3.0SB15M60BA40FA 1893 | 1402 2 10315 5 = 989 989 368 17 667
gl 0.50LB3.0SB15MGOBAJOPC20FA | 1893 | 701 701 10315 5 = 980 989 368 7 670

H ' v P a ¢ P o a ¢
3.7 YUABUNITHANNIAUILUULYAREIRNLINYUSREA B INAN THANE1RREWITBYUTIUUA

Uasauaun

%’umaumswamé‘aﬂL%mmal,ml,muL%Qa'wmLé’ﬂﬂjwué’aaﬁiaiwama%mauLz’ﬁaaw%a
Yududuasauaun TTuneunsnaudwelull

3.7.1 aamwudmmamawﬁaﬂLﬁdummal,wwwzjagdwmLﬁﬂ%ﬂuﬁaaﬁiaiwéma%mam
v & = 6 6 6 1 1 Y} 3
waseviTeyuTuudUatakaud InunisaruauAuvLIkIuYINU 1,000 kg/m

3.7.2 W3HUATRINAAINNMAIAIIY TaUsenaumeduanlagielssfunandigniuves
TngnsuanasiiunasiuinlusmnsdIu 1:40 Tdadludweunsoawanlny wasUsuwsIAUUaIaaL
wingauiniu 0.30 MPa (dwsuduin) duandlugui 3.9

,
N z

(M) WU NUNANUNAT T IS99 (@) Usussenuvasluaumnnu 0.30 MPa
JUN 3.9 mMawseinglnuwazn1sUTuwsiuvesduay
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3.7.3 wisuarsavanslaioulensonles Geausamenldannisldindaladeslonsonlas
avaedetnduiieldlannududud 5, 10 war 15 Tuard sndregranisiadsuaiududy
ansazaneleodoulonsented 1 Tuand 1da1nnistuiwinvedeieulensenlesuuuinga 40 nfa
wE i nduiterdusnvharanelilausunnswindu 1000 fiaddns Tusewinsduneunsusuniy
dturesansazansleioulensenludiuaziigungiigs fufuasdeasiouasazaretounsirluly
Wy 24 2119 (NaOH : Tuathmiinvedefouindu 23 n¥u sendauwiniu 16 nfy uazlelasiay
Wiy 1 nfau fedunasauimdnuingy 40 n3u demnududuresansazarelufoylensenles 1
Tuas) é’fummﬂugﬂﬁ 3.10

lase

% e

5UN 3.10 Msnseuansazaelefeulanse

3.7.4 asazanelefenddneansaldldaedosaduvesaioguan
3.7.5 wssnTanilnainnisesnuuuduna dauanslugui 3.11

UM 3.11 Taguldlunisuay

3.7.6 lansrouaziagUszaruaslulinaunounina wadaudnlaniowmanlinitouay
TAAUITTAUNANNY
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3.7.7 Weonseuaranuszaunaniuaudl ldarsazarelefenddinanazansazalglawiey-
lansenlenaslululinaunouninlagliifuiiseus wielasazargaunsanaudriunsewag Jan
Uszanuladedaiu Ingldnalunisiaudszana 2 uii dwandlugun 3.12

JUN 3.12 dNWeNMINENNIRUILUUWARa1A NN YIS T lelndiue sHauiaey
ey uTuuAUaIALaue

3.7.8 lusgnnawanlidaunanisnauiuueamsiy Januseanu wagansazaly usensenin
19587 MnnuINsaTusTududeou Trlaesananwalltinsssunauasanliiansiaonainiuy
Tnglddudiu asauditansomaudnassaunesdmauiulad daanslugun 3.13
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37.9 dalvuwanldlulumsoaa

IMG_3310

s

5UN 3.14 n1saalnavanadluiesaing

3.7.10 \Uaiesemanseauliumaiuazuesimaniulad lngldiaaluniswaudssann 1 unil
lamaluuagannvIudesIlelndwesiauinasevseyudiuudUasanaud dauandlugy
A
7 3.15

JUT 3.15 dnvazillewinyudesilalndwesnauinaseviseyudiuudvasawaud

3.7.11 anaeunigdminidenvesiialuiwuuigagaiannidnyudesdlelndiuesuay
% - = s s s PN
wasevieyuTuAUaTaLaud dalandluzun 3.16
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JUT 3.16 n1sevadeuAIUIkiuTEnveRRALILUUaga N ILdRTlelndles
HALLINaREVTaYUT AU ALAUR

3.8 nadauMGIBakazNIsanduLIvasUiaAlisIauILUUWagA1 NS T lalnaw a3
14 ! = s 4 3
NENLARINIDYUTIIUAUDIALAUA
N1INAADUANSITALAZNITATUUIYDIVABATEINIAUILUUWARAIIINLE1Y1USOY
a a s ¥ A = i3 s [ 3 Yaa
Felndiwasnaudiasenioyudwudvesanaus lauldiSnaaeuniuuinsgiu ASTM wasg
AINLINTFIU WBN.2601-2556 MINEIAU NEIRNALTuNSRaLLESaLSa Uy WAL UUITARE"
nndeudosileindmeinaudaosvioyudunsivefnuaud ldadunsusniould vdsndy
U5399UUUMADIUNTINTEUBNIUIN 7.5x15 loufmng dauanslugud 3.17 dmfunszuiumsmien
Meog1ailasanNinaluILUUwaga1INYUdesIlelndiuesnauinasevrseyudiuuiuesauaun
Feluvagnsnauagdinumaivisdiuuands 39livsunsinisanas AsunIsnastIauILuY
wagaanvudeslelndiuesnauiniassnieyuduuivesauaund snismililianuguiuwuy
was WonouninulaluBuwden Iadediuniivsandsainniomanui Jaasvlildauianiud
Aoan1s mnkllavimuiionassyinlvivuiavesresuninuiaiuilildmuvuiaisenisuaruulnsey
asnALduMInaLUUREuTey vinsvuieg s uumenananlaviuil Uaeslingamgivies
Junian 24-48 Hlus Juegivdiunauulaiudiniod ndmintuunzuuuiasiunaafiniogns
Snasaudrthununigumgiunfiauegnisvedey dnvasdied19vesudenilisnnaliuiwuuieagan
o Y o a 3 1% - = s I3 s o =
PNnyussedlelndiesnaiiassviseyutiuudUaiauaun sauandluzun 3.18
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JUT 3.17 nsanaluwuuagainniinudesilelnduesiauiinassviieyuiiuuduasauaun
aslunuunae

3UM 3.18 dnwaidiagaveunaluuuuwagaIniinudesIlelnduesiaulinasy e
Yududvesauaud

NMINAABUMAISAYENIAIMUUAA1ININ VDT Bl nAB SHAN AR VIS DY UT LA
Uasauaunlaaindiegd19a3unsanssuenvuin 7.5x15 wuiuns lngdiunisinfouniuag
vhefegesunsanszueniiuuasuengmeiwzduielfiAnnsnszaeusin adnaueinign
WAIIINITNAABUMSITULTIBANNNINTFIY 1ON.2601-2556 Ingusavdrunaulddnuiuiiegng 5
A9819 NNBILNAFDU NMINAFDUMAITULTITAVRINIAL LML ULIEAgEA N IUdee Rl nAiues
wasLinaosud e LT AU faLaud faansluguil 3.19 dmfunanismaaeuideilisuazseyd
NANIENUTDIAIUNAL LazegUusaafdsiiuussda naildanduneudazdislunisivua
dunauminzanvesudeaidsinaluvuimagaianniivudesileindwesnaudiassvie
Yududvasauaudsialy
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JUT 3.19 MIMARRUTBIIAIULUUAGA1ANLEN Y WBEAlalnGIeSHANL1AoE Ve
Yududvasauiaud

wasanlananIsnaaeumanveIudendetiaiuwuuaganniivudesilelndwes
WainaesvseYuTudUesaLauASEUTesuaY HITeazAiunTieTeinan1ade S UEY
fUNMIgIU 1BN.2601-2556 Besyyinudeanalundesiifdadnlitesnin 2.5 MPa Fadrunauiiil
A& erunaTiASTILYeY 18n.2601-2556 azAfiunsudesiesuasnaaeufdsdagidn 2
afa e usunanimmaasy ndsnduarduiiunisaasunisgaduiivesudondonaiun
wuuwaga1aniwIudeeilalndwesnauiiaeevseyudiuiveauaudnely

3.9 nAaaulAIeEsI9IEAUIANIALALRIAUITINBUNIILSVBIUADAWTEINIRLUILUULEAgE1a NN
vudesdlaIndwesuauiiasenseyuduuivasauaud
Anwimsasundadlassairssefuganiademaia Scanning electron microscope (SEM)
LALDIAUTENOUNLIMELATEY X-Ray diffraction (XRD) Lﬁamwwqaﬂiiumqmﬁuazmmamﬂﬁ
araiaziAntunisluvdendonnauvuwagaianidisudesilelndmesnaudiaosvie
YuBiudveiauaud ileamnsneduismnuduiusiunginssusuidwesudenidsnnaiuiuuy
wagaanyudesilelndwesuauiaiasevieyudiuunvaiauaun
39.1 n13@nwinisasuutaslaseairessduganiadigmaia Scanning electron
microscope (SEM) va3udaalligauiauiiuuigagaianidiviusdesilelnfmesuauiiaosnie
Yududvasauaud
floudiegudealelualuiwuuigagalaniinviudesilelnduesnauinaoense
YuBwudvesnuaudazgnirndiedesienmueseynaidsgaiondoansimididnnsounuy
AWNUM3IedABINTIA (Scanning electron microscope Wi SEM) Lileflaziiinmansvengveseyna
(Scanning electron microscopy) 113tA518% d1915UN1SMTEURTIDE1LAEYIIN1TNUABUAIBEN
Tunnidutudnlsdaunniioxen Ussanm 10x10 fades aramun 5 fadiuns dduiedily
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udansazareerdlauduna 1 fu uaveusiedrdlviuiefigumgll 80 ssrwadea 1Wua 1 fu
n&rntuthiusegsluindeuindonesuasilunadeudenimusigeyniaiidsgeioiedos
JSM-6460LA model Scanning Electron Microscope (JEOL) Taesniiunisenanmdifndsvens 100x
3.9.2 NM3ANEIDIAYTENOUNIUIFIBLATES X-Ray diffraction (XRD) wosuieaLdeInIalul
LUUWAga1ANN USRI e InAe SHautnae v ey uTuAUa T LA
NIATIEUALATIES19NEN (crystalline pattern phase) maﬁaqimﬂﬁmﬁﬂmﬂgmLuu
y0e3588nG (X-ray diffraction 1158 XRD) Inededidndasiasnuulumudesinesswinesmaunely
wAnuazazgniufind wdhmslieseisssumivedassaimdnty mawdsufogaionagon
XRD 1y vildlnsn1syuieusesndliunnduiudn ssunm 5-10 Sadiuns thaudesidluud
asazangerdlauduiiat 1 u uazeudeddliursiigumngl 80 esrwaidea 1Wuan 1 fu
n&NTuT T Tl UUALEILIHILAEUNT1ATEIL ASTM Was 100 thiusedrsiildly
naasy XRD Tnefifiun1siiasyisneie3os Bruker Ju XBAPEX UATALNUTINNTEING 5-60 B3A

1 o %4 < = J 14 1'% = a -4
3.10 NAFBUAINITUARIWNIYDIUABALTEINIAUILUUIEAREAIRINLEI9ud o lalndiua s
1'% =) = (3 -4 I3
NEULNARENTDYUBLIUAUDIALAUA
NINAFBUNISUARILIA (drying shrinkage) FBIUABATEINIAUIUUIBAZEIINLENYIUSDY
Felndwesuauinasevseyudiuudivasauaus ildlaenisnaeuionuiauiieuuunaouInsgIy
YUIA 75x75%285 mm WFBUAARI Stud LENIAINISTVAFILIARREUBILYIFIDE1 N1ENFIn0n
wuuiiony 24 Falue Fahesunialuunludndunan 1 10 anduihduiiegiesiaaueruiieuiv
wielansAUe1IUINITFIUALT (285 mm) Feazidurrnruenasudu antuihduiiegisuulily
AAUANGANNYI 23+2°C AIUTUFNINSG 50 £2 % UaINITINAINEIIVDIYINIDE19TD1EMBINTS
0 Wnetiuanniundaesliinnisvasiuis

61 ‘ B
- o il

1
i

N T
=

Sl 5 g3

JUN 3.20 SNWULNITNAAUAINISVAGILINTOIUE AL IN I L UUARE NN LEDE
Flelndwesnauiiassvisyuiiuuduasauaun
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3.1 nadauddulsaninisinaiuieuvasuiaadsruraunvuiragdiainidiviudes
AMelndesuauiiaasviveyudinudvasauaun
nsnaaeunIAINIsiANSauTeIUieAlau wUUagaIni v udesilelndes

wauiiaeensoyuiudvainuaud naaeulagiafeiiinuuuiadiiivesian (Surface probe)

Iﬂam%uﬁaﬁ‘lﬁmL"ﬂul,ﬂ%aﬁas;u ISOMET2114 493U5%% Applied Precision Ltd. ¥u1n6i19819

finaaoumsivuanidaniised eios 6 o, vutegates 2 sy, wazdimiiieu msinis

nageuinAniinLTounsunIanguiesgnouLiaiguvgil 11045 ssmwaldeaduna 24 v,

deldaudusenaniegiailesanautiuvesiesdinaionisudsunasdmitaruieussng

1N

JUN 3.21 dnwarn1snadeuAIduUszansnsinanuSeuvesuionle eIk uuwagan
b ¥ = a s ¥ = a 3 s [ 3
NnuesIlelnduesnaunassvseYuTiuudUasnLaud

3.12 n15Us2fiuddInsdin (Life Cycle Assessment: LCA) Y83UADANIALUILUULYAGEN
1'% v = a 4 1'% ! = (3 4 s
Nnf1vudesdlalndwainaudnassviseyudiuuduasauaun
n15UseLliuindns?in (Life Cycle Assessment: LCA) Y09UABATHINIALUILUULYAGE")
nd1vudesdlelndwesnauiinasevsoyudiuuduasawaun nieuiawansliiuiaganunas
dodninvesuiendeiniaiuiwuuwagaiaindigudesilelndwesnaudiaosnioyudiuud
Josnuaudlugnavnssuneass

3.13 NAdaUNEIdnvaIUADAlINIaUILUUWAga1 1Y udes T lalnawasrauiiasey
visoyudluudvasnauaudislondaiiiunt
nasnlidiunaniiaiigauesudendomnauiuvuwagaianiiivusesilelndme fuau

Wnasevseyudiuudvesauaudazandunismaeduntulaiun wasiiuienuiau1ainiiewmann

svdeUAEIiU uazmaaeuAaSamuInggIu Nan.2601-2556 wiousiauandlifiufegaiduuas

Todnfinvesuiendeiniaiuiwuuwagaiainingudesilelndwesnaudiaosniay udiuud

JosnuauslugnavnIsuneas s
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JUN 3.22 dnwagdiegnsufiendisaiannuugagaiandnaudeeilelndiesnainasevie
Yudwudvesauaudidlonae.Junils

= [ Ly} ) 1 @ = 1 v
gﬂ‘w 3.23 ANWYALAIBYNUABALIYININUILUUERAAI1INNYIBINAA

S
&

ey Y.
UM 3.24 dnwauen
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senuieadeluiaiukuuagalievaeldun
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JUN 3.25 anwaN1sNAEaUMaIaveIudenlentialuwuuagaInndIyudesdlelndiues
naudnaeevseyYuTuuivesauaudilovae Junt

3.14 3As1EisIAIvasudaalliganialuIkuuwagaaniyudasilelndwasnauidnase
wiayudwuivasauaun Wisuiisuiuudaaninisin
Wiedirsgigaiunazdednia uaslinnginaiionnudumulunsamundn uieadena
wikvulwagarnniivudesilelndesnauiassndeyudwudvosnuaud WeTeuiiisudu
TIPVDINAN NI U ANIAU M UUEAGEINNITAN

3.15 MsguTeULazienanmnalulag

mAtetaziauesenuauinm lsaguransdudunulufeud 12 vedasinis
wazdaaueuatuanysalniely 30 Ju n¥sanAugalasanTg wazmsdneusdliuagusznaunis
segopviplasnuinadieiaunifodidendudiely
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UNN 4 Nan19AN®EI LLazaﬂUi']EJNa

4.1 ssfusznaumaniinazguuuumadsauuieiindvasagraruililunuise

HANTIATIERIAUsENRUNINATITaLI¥IUERY (BA) YududUatauaun (PC) uaziinasey
(FA) #81A3849 X-Ray Fluorescence Analysis (XRF) vlimsnuuSinaeseenladudassin fuuans
Tupsedt 4.1 wui ihwudes daduianUesloautszian N Gaimualivinamsusznaundn
Youianaeallen SO +ALOs+Fe,05 1nnImIewiiusagay 70 A1 LOI liiunnndfesas 10 A1 SOs
Tdu1nningesay 4 91nan5197 4.1 aziiuldiinasinees Si0,+ALOs+Fe,05 MfuSoay 80.54
A1 LOl windudeeas 3.22 wagaAl SOswindusesar 10 SedmduianUesloaiudszian N
ANUNINIFIU ASTM C618

Yudmuddesnuaudilosduszneundnves Sio, wag CaO fuwandlupisted 4.1 Jaduunm
Y84 SI0, WifuFouay 20.80 uarUIuaIves CaO wiriu¥ewas 6530 vauzdiinassiieaduszney
Y849 Si0p, AlOs, Fe,05 kaz Ca0 F9mutofivunvesu1nsgiu ASTM C618 s¥yin 1inase
T0aAUsEnau SiO,+ALOs+Fe,05 waud 50% weilsliin 70% waziesUsenauves CaO 1NN 10%
Snitarn Lol lduanndn 6% uwagAn SO Liuanndn 5% deduidiaesUssinn C ey
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9N3UT 4.22-4.24 uansrafdedavesuialuUUIwagaIniYudesilelndmosua
ihasevideyuiiudvefnnaudianududuresansazareslufelensonlesiviniy 15 Tuans uay
Uinaumsunuiidasevieyudiuudvedauausluiunudeswinfufosas 40 wuin ednsdau
nigfetanUsrauiifintudmaliidsavesudendonnauuuuisaganndivudesilelnd
weinauiassvieyuTmudUesauaud Tuunliuanaaduifisrfufunansmaaouyesnsunud
hasevieyuduudUedauaudluimudosinduiesas 20 way 30 WwReTuRUAAMITLTY
vosansararslaisulansanladuiniu 15 Tais Suuilduiauididaresiaiuihuuwagaiain
idaudesilelndwesldunniianududuvesaisazarslufoslensenludvitiu 10 Tuans
Sofinnsaniouiisuduamaadnvesudonnaunnsgiu 4en.2601-2556 Ga5zyitudonulaiun
Aealimaednlidosndn 2.5 MPa 018n15UNWINAY 28 Ju (18N.2601-2556) WU dIUNANYVDY
0.5LB1.0SB15M60BAGOPC wag 0.5LB1.0SB15M60BA20PC20FA HM&IdAHILAININTFIUYEY UDN.
2601-2556 faustegnsUsity 7 Yu uly

IINHANITNAADUMRITAVBINIALUUULAZAI1INA P UDRE AL INF LB S AL 1801
Yudludlesauaud fanandugudl 4.7 fs 4.24 wuin drunanYeILIaluILUUIIAgE19 NN
yudesilelndwesnaniinassvieyudiuudlesnuaudfiazarunsaimunduvdenivagaisely
Usgnaunie 7 d1UNaNd ‘5 0.5LB1.0SB10 M8 OBAZ2 OPC, 0.5LB1.0SB15M8 0BA2 OPC,
0.5LB1.0SB15M8 0BA1 OPC10FA, 0.5 LB1.0SB15M70BA30PC, 0.5 LB1.0SB15M70BA1 5PC15FA,
0.5LB1.05B15M60BA40PC way 0.5LB1.0SB15M60BAZ0PC20FA %qmamimaauﬁwmaam%m}wm
walMUUwagaIniiusesdlelndesnaudiasevieyudiuuduosauaud fuandlugui
4.25 31NWNAN1INAGDUTIIAY WUI1 dIUNANYB S 0.5LB1.0SBI5M8 OBA2OPC Wa e
0.5LB1.0SB15MB0BA10PC10FA fiAIN159ATALIHILAILINTEIUTDS 18N.2601-2556 ($ouay 23
florgniav 28 Fu) Inslawizes eBs drunauas 0.5LB1.05B15MBOBA20PC fiA1n19gadaii
FUANLNATEILYDY 1DN.2601-2556 HaustgnTU 7 u

uaNINEUIINANT17 4.3 FAfelddiiun1siinseiifeafifuuy ANOVA #e33 Scheffa’ test
138 S-method ¥841IALUILUUIEAGE1INE 1B UReTlolndluesnauiaaeensayudiuud
Usnuaust 3935 Scheffa’ test lUTRIWTouiouAadnidugy adnefu3s Fisher's least significant
different (LSD) Tnauvsngudeyasenidu ¢ ngusiedu fie Masdaiiorgmsuuiiiu 3, 7, 14 uay
28 YU 91NHANITIASITRT19EU WUI1 druNand s ud 1 (0.5LB1.0SB10M8OBA20PC), 28
(1.0SB15M8 0BA2 OPC), 30 (1.0SB15M80BA10OPC10FA), 3 1 ( 1.0SB15M7 OBA3 OPC), 3 3
(1.0SB15M70BA15PC15FA), 34 (1.0SB15M60BAGOPC) uaz 36 (1.0SB15M60BA20PC20FA) fiAn
M&sdngeiigaladululuiianafisrfuiunanismaasuindadavosuialuuuuieagaiain
iiaudeslelndiue snauinasvdoyuinmsivesnuauddaandlugud 4.7 fis 4.24
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A13199 4.3 A1I1UAAINITIATIENTIATAULUY ANOVA 91835 Scheffa ¥911aL UL UUIYARAY

¥ ¥ =\ a (3 ¥ =l = 3 (3 13
mﬂmwmaam‘leﬂwaLmaswamLmaaamagummumﬂasmau@

Compressive strength (MPa)

Subset

treatment N 1 2 3 4

Scheffe® 20 4 3.2750
26 4 47200
21 4 5.2000
14 4 6.3050
19 4 6.3900
17 4 6.6500 6.6500
22 4 6.7200 6.7200
15 4 8.0200 8.0200 8.0200
38 4 8.0850 8.0850 8.0850
37 4 9.0700 9.0700 9.0700
27 4 9.3200 9.3200 9.3200
16 4 9.4950 9.4950 9.4950
18 4 9.5350 95350 9.5350
24 4 10.2300 10.2300 10.2300
15 4 10.2850 10.2850 10.2850
29 4 10.4850 10.4850 10.4850
25 4 10.6550 10.6550 10,6550
50 4 10.9750 10.9750 10.9750
10 4 11.2200 11.2200 11.2200
12 4 11,5400 115400 115400
23 4 11.7200 11.7200 11.7200
8 4 12.7700 12.7700 12.7700
13 4 13.8000 13.8000 13.8000
5 4 13.8600 13.8600 13.8600
35 4 145600 14.5600 14.5600
1 4 14.6300 14,6300 14.6300
18 4 15.1650 15.1650 15.1650
54 4 15.3200 15.3200 15.3200
40 4 16.6000 16.6000 16.6000
53 4 17.5100 17.5100 175100
22 4 18.4150 18.4150 18.4150 18.4150)
24 4 18.6450 18.6450 18.6450 18.6450)
16 4 19.0850 19.0850 19,0850 19.0850)
C 4 19.0900 19.0900 19.0900 19.0900)
% 4 19.7250 19.7250 19.7250 19.7250)
a7 4 10.7650 19.7650 19.7650 19.7650
3 4 20.4600 20.4600 20.4600 20.4600)
13 4 23.7200 23.7200 23.7200 23.7200
% 4 24.7250 24.7250 24,7250 24.7250
11 4 26.9550 26.9550 26.9550 26,9550
2 4 26.9750 26.9750 26.9750 26.9750
39 4 27.9000 27.9000 27.9000 27.9000
51 4 30.0100 30.0100 30.0100 30,0100
52 4 30.9300 30.9300 30.9300 30.9300
32 4 31.2350 31.2350 31.2350 31.2350
29 4 37.2100 37.2100 37.2100 37.2100)
7 4 37.3050 37.3050 37.3050 37.3050
36 4 51.6500 51.6500 51.6500 51.6500
28 4 53.6750 53.6750 53.6750 53.6750
30 4 54.6600 54.6600 54,6600 54,6600
34 4 58.0300 58.0300 58.0300)
33 4 59.4650 59.4650
1 4 69.2100|
31 4 69.9350
Sig. 054 .054 .052 051
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Estimated Marginal Means of Compressive strength (MPa)

Block

~——3.00

—7.00
14.00

——28.00

5.00

4.00

3.007

2.00-

1.00-

Estimated Marginal Means

.00

-1.007]

TT T T T T T T T T T T 1T T T 1T T 1117
11131517192123 25272931 3335373941 434547495153

w-
|
~i
w0

treatment

JUN 4.26 nan15ATIeMTafAwUU ANOVA MelT Scheffa Y093alU MUUIGAA1A NN WS oY
FlelndeinauinasevsoyuTudUasaLaun

4.4 1A39E3193TAUYANIALALIIAUTENDUN U VBINIAUILUULEARHIR NN Y IURY
Molnduasuauitasssayuduudvasnuaud

nan1TIATIEIULUUNTAsIUuYRs A ndrevsnauUuwagand T IuSos
Nelndwesnanidasevidoyudiuuduasnuaudfiongnsuy 28 Yu dsuanslugud 4.27 wuii 91ngy
7l 4.270-4.27% wansliuindleldUsinumsunuiyudiuudvesauaudyinfuuasiinanududy
asararsladoulensenled axiluduiumendifiuiudiuaisusznevunadouddinalamse
laiunnsinafuunn Yaefisuil 4.276-6.27¢ wuin deliiuSinamsunuiiyudsmsuesauaudlussuy
damaviliuIunumendanasdinarsusznevuaailonddinalemse fuualduuintu uas
FerSouiflsufuguil 4.279-0.279 wuin madinUiinansumuiiyudiuudvesauaudluss uu
Tnefivsuaumsunuiiiassuasyuimudvesnnaudludiunaniviinamindu dwavilsisua
Aondanas wardiansuszneuuanidendiindlawmsmnntudntios
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Q
) ~— Q _kQ.iw - N |
(@) ? JLL N |

JQ

2 Q s

§ (ﬁ]) ——_ A Q N \

SO~ Q s N

.g Q L‘M\;

=R G) N X S R

= Q
W e  Js R

Q
Q S
M) - ks N
0 10 20 30 40 50 60

2 theta (degree)

SUT 4.27 sUnuunmsidsauuresisdidndvounaiuuuwagaanidimudosilelndiues
mauLé’waaw%gu%l,muﬁﬂai‘mLLauﬁﬁmqmiﬁm 28 71 (n) 10M20PC, (v) 15M20PC (A) 15M30PC
(9) 15M40PC (3) 15M10FA10PC () 15M15FA15PC (%) 15M20FA20PC
(Q= Quartz (SiOy), S= Calcium silicate hydrate (Ca;5SiOs5.xH,0)

HANTTIATIEILATIATIINTANIAYBIVBRNAUILUUARA1INI U ee Aol nGlue Suay
% =~ ~ Iz I & | ) Y] ~ ' P
WaeenseyuTIuAUaIaLANATIENEN1TUYN 28 Tu duandluguf 4.28 wudi laseaieniegania
yoanauuaga il tululufianafe fuiunan 1 naaeumaweINIalUIRUULagE13IN
v P a a & 9 - a I3 ¢ ¢ A a = a )
vusesIlalndweinauinasenisyudiuuduasauaud Weiarsundieuiisuladeveininy
Wuduvesansazanelaifeulansenlyn wudn dnyaglaseaiiavesalukuuagaInaududy
vasasazanelgfeulansenlasvindu 10 Tuans (5U 4.280) fuuiliduvesnnuvuiiiuiesning
v v = ¢ 1w & a PR A v
ANunturesansazarladeulansenlenmindu 15 lwans (U7 4.28v) vaueiiilaunuilianase
ludunay wudi lassairamnsganiavesdauibuulgagaildunndisiuuin diuiefiansun
WigugunisiduSinaudmuileauaunludiunasiiuduy wuii 1a5e@iemeganiaveuiaiun
WUUaRa WAL T AU L UILTLY
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Ena s

I

SEI 15.8kY 1,000

() 15M10FA10OPC (1) 15M30PC

SEI 15.0kY 1,000 10pm WD16mm 1,000 10pm WD 14mn

(2) 15M15FA15PC (8) 15M40PC

TR SEI 15.0kY 1,6

(1) 15M20FA20PC

JUN 4.28 1A59a519M199801AM8NE09an I3 ALBIANATOULUUABINTIAUBAIAU L UULEAREN
PNENYIUSeTlelndweinauiiasevseYudwuilesniaunfienynisul 28 Ju
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4.5 AMNITUARIUINVIIUIAUIMUUITAGAINENIYIUSEILa InGIlaSHaNLiaaEvTD
Yududvasauaun
HANITNAADUAINITNAMAILAIYDIUIALUIUUGAZE 1NNV INeRET L lndlue snauinasy
videyuuiveauaus fanandlusud 4.29 wuin mvasuisvesinaluiuumaganiivualiu

Y Y
[

a

Wadususzeznaiaesliu deddnsnsadutsgdlutasszozdunazsnsnsmadiusisanad
Aoumaiilutag 28 Fu dmudiunauiinsunuiiyuduudiefauaudluivudosifissoiaien
vaugfidrunaniifinisldyudiuudvennausuazidnassunuiinvudesegisazads Amafiuis
fuunltiuifistuegadaides sueiidlofinnsuiuisuivuaforesnnduduasazarslufon
lansonled wuin anududuaisaranslodoulensonlediifinduiuultdudmatedmafaus
flananihussfefufunansmaaeuidadnvesnauwuuisaganainiivudesilelndiue fua
naeevisYuTLAUR kAR
IPgAINITNARILNYDINIALUILUUARA N Lo Tl lndle SHauLiaee T e uTluus
Uosauaudfiongnisuuindu 28 Ju fidvinfu -4255x10°, -3770x10°, -7680x10°, -3443x10°,
-6830x10°%, -3037x10° hae -5600x10° mm/mm ¥e3d3unau 1.0SB10M80BA20PC,
1.0SB15M80BA20PC, 1.05B15M80BA10PC10FA, 1.0SB15M70BA30PC, 1.0SB15M70BA15PC15FA,
1.0SB15M60BAGOPC Laz1.0SB15M60BA20PC20FA Auddu 1iefiansunainuanisnagauiu
AINIATFIUYDILIALUIMUULEAGAT WUTY 1BN.2601-2556 LilATIN1TIEUAININTIIUVEINIAUIMUY
wagan wisgdlsAmuiiledinsziannnuddeiinuuves Yulva edensd uazeiive) waas (2560)
AlFAnwrautAining lassairamegania nstiauisunagnisnafiuiavesnouniniaiu
AR HANE1YIUDBEY Iﬂammmﬁmﬁw‘fﬁmﬁﬂ WIALIIAU 900-1,200 kg/m? FaRnadauiisuas
ABUNIANIRLUAgAHALI1 Y USesTiongnTUN 28 Fu TA1581ming -2,000 F4 -2,500 x10°
rm/mm WetUsuifisufunuifouandiiiun duadukedatosniinuidedddumaiun
wulwaganiivudoslelndesnaniiassvioyudiuuduosauaud Weliasgianuuansng
y0aAdeihs 2 9uil wud MavefuiivesreunImnasagamaLd v US e geanLfinsForay
30 saifirnAdedldidmudesludunanisdosay 80 feauautAvondimudesiifienunugs
waggatigedenalddnaduieiuualdugeninludae udedslsiniy drunauuns
1.0SB15M80BA20PC, 1.0SB15M70BA30PC L@y 1.0SB1I5M60BAGOPC H A% af 2w s aiv 1Ay
-3770x10°, -3443x10° wag -3037x10° mm/mm 31ndeyatiefuiansliiuiidanadaui
LdupnsnsfiuannivaueeunInuIaluLgaga ey uesstiaiinis o vudeslusunugs
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0 B

-500
-1000
-1500
-2000
-2500
-3000
-3500
-4000
-4500
-5000
-5500
-6000
-6500
-7000
-7500
-8000
-8500
-9000
-9500

Drying shrinkage (106 mm/mm)

—e—0.50LB1.0SB10M80BA20PC —=-0.50LB1.0SB15M80BA20PC
-13- 0.50LB1.0SB15M80BA10PC10FA —A—0.50LB1.0SB15M70BA30PC
-/- 0.50LB1.0SB15M70BA15PC15FA —e—0.50LB1.0SB15M60BA40PC
-<- 0.50LB1.0SB15M60BA20PC20FA

_10000 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

30
Curing times (day)
SUTl 4.29 AmsvamiuisvesnalUIwaganninvudesilelndies
HALLINaREvTaYuT AU ALALA

4.6 Adudszansnisninauieuvaslaluwuuaganiinyudesdlalnaitesuauinaay
wIayuduunvasauaun

[

HAN1INAFUATNUTEANTNITIANMUTOUVBRMIAUILULLARAA N U T LB INE IS

2N

wauiasensoyudiuudUssnuausfiongnisuy 28 Ju fwandluguil 4.30 nui1 AduUsEans
n1511AMNTRUVBINIALUILUULYAGAINAY 0.394, 0.398, 0.474, 0.341, 0.401, 0.339 Uag
0.404 WmKd1nfuvasdiruuway 1.0SB10M8O0BA20PC, 1.0SB15M80BA20PC,
1.0SB15M80BA10PC10FA, 1.0SB15M70BA30PC, 1.0SB15M70BA15PC15FA, 1.0SB15M60BA4OPC
Ly 1.0SB15ME0BA20PC20FA A11d1U 9nKanIsuadeud1asukansliiugn Usuianisld
Srudesiunntudwaliardulseandnisihanudoutesnaniuuuieagarduuiliuanas
yaurfinsliyududvesnuauduaziinassessazadsunuiiluiimuses dssadeadulszans
MsthANFeuvsaILULIEAga R LAEI Y Fausiinn1nauddeves Kim et al. (2012) A4
Menenuliin mduszdninisihardoureunaluuuwagavesszuuBsusiaziinnliuanas
pruAIAIMTLTigaty Wudeafuiunanimadeuves fulye wienas uaveiive) waas (2560)
¥Fnwnsthanudeuresnsuninmaiwaganamiiviudos lnsniuauamstmiinugs
WA 900-1,200 kg/m? Wu1n fi']é’:uuwﬁmémiﬁwmm%umaqmaLU']LLUULsziagahﬁua\ﬁzuu%muﬁ
fuulduanasmuusmanisunuiiiudosluyuuud ety uiogidlsfniunuideils
fudunsdnwinisunuiidisudesluyudmudvennaudifivsdosas 30 vusieuitedld
afiunsfinunsldiinanudesludiunauissesas 80 e1aaudulain nmsléidvudesludiunan
Tutiinagedwasiorddssansnnianudouresunaliuuuiwagan
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SefinnsunnuanisadeufuAduUsyansniniianuieuresnalulLuuimagan nuin
18n.2601-2556 lalldin1sszyArduuszavinisihniuieuresnaluiwuuivagan udegislsin
nuiAfeTkulissyin nawuuuagavessruURaETiinsmuauA e MLy
900-1,200 kg/m” a]sﬁﬁ'wéfmﬂss?m‘émsﬁwmm%amaqmaLUWLLUUL%QminN 0.15-0.42 W/m-K
vionnanuiferesiulun infensd uavoiien) waas (2560) fldauauA e M avinfy
1,000 kg/m? 2giiFrdulsrAnsnisinanufoureaaluuuuieagavessuudiuudiingy 0.273
W/m-K iodianginunanisvadeuased nuin dduuszansnisiianuoureanialuiuuy
IwaganINL LR Ao InGleSHANIN AR VTRYUT AU TALAUAIAIEINTIIAUILUUYARAT
vosszuuBmududlsinnn egslsinunanisveaeuddulszansnisiimnuieudinsdosiansan
$rfuidasn nsgadut nisvafadae ueniniu ewdiA dudsgandnisiheanudoues
midetagAsuniganiund uidofinsundamsldidmudeslulTnugeieinugaiiviaula
Huegnad

0.60

0.50

0.40

0.30

0.20

0.10

Thermal conductivity (W/m.K)

0.00

5UN 4.30 ArdulsAnsnisdnnnuiouresIalukuuagaIana e dlelnaiues
HasliaeevseYuTudUesaLauaNiangn1sUL 28 Tu
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4.7 n1sUszdiudndnsdiin (Life Cycle Assessment: LCA) 984UABANIBNUNLUULYAGEAN
Anifrvudesdlalndiesnauitassiayudaundasauaun

mM3UssdivindnsTinvesudeauiauiwuuagaiainiyudesilelndwesnaudiaosnse
Yudwuivasawaudilunsmludiuwresnisassinwaisveulneenledvesuiionuiaiuiwuuigagal
ndvudesdlelndwesnauinaserseyudinudvesauaudiusauiisuiuudeatiauinuy
Wwaga9INITUVYeIYuTIUG 115197 4.4 LansrnsUdesfineaisusulaeenladvestanilily
AT 15T 4.4 wud asazaneluifendaineianisdesieaisueulaeenledgsgauas
Wwudesiidinisudesftsaisuoulaeenladiiiign druyudwudidinisudesfine
asuaulneenludiviniu 0.82 t COe/ton Ynuzfin13 el 4.5 wansdrunanuaznanisUsziiiy
TInTTInvewIAUILULIEaga1 NI U RE e lnAlue TNaN a eI oY U UAUD S AkAUA
WiBULUAUUR0AIIAUILUUARE N TEUUYRIY LA nan1TlATwikandliiudn diune
U84 1.0SB10M80BA20PC, 1.0SB15M80BAZ0PC, 1.05SB15M80BA10PC10FA, 1.0SB15M70BA30PC,
1.0SB15M70BA15PC15FA, 1.0SB15M60BA4OPC way 1.0SB15M60BA20PC20FA ﬁﬁﬂﬂ?ﬁﬂimﬁuij{]
nsT3nwinfiu 0.140, 0.140, 0.113, 0.167, 0.127, 0.195 ua 0.140 CO,-e/ton AMEIFNY Yozl
UHoANIALUILUUWAga19INTEULYRIYuTmuAdiAn sUsTliu i dnstinwminiu 0.525 COe/ton
1NANT197 4.5 wansliiiuin vdeanalunuuwagaandlelndmeslidussiuiginsdinminin
UABANIALULUULEARAN NS UUYRIUTMUAYndILsaY J9maneTeudontialuuULEAga1an
Selwdwodidutaniifuiinsdeduindontiuios uenantuainuanisinsgiuandiiiugi
daunaNved 1.0SB15MBOBA10PCLOFA flennsusuiiuiginsdindiian e1aillesannisldidiase
Tudrunandroliiidnisdesfiwansusulaeonledanas iesaeidiaseidnisdesfine
asusulasenladiniyuiwudduansunssi 4.4 Wefinnsamanisuszfiuiginsdinves
WALV UARA1INN 19 ue e Tl e lndluesnauinaeenIoyududvasawaud sauiu
HANSNAABUNGIN msam%mﬁuw NITUARILIAY kagAINITUIAINTOU WU UADANIALUITZUY
1wagawes 1.05815MB0BA20PC Ludiunauiimunzanisuiiinazilinsuseifiuigdnsdinganis
dUNANYDY 1.0SB15M80BATOPC10FA waz 1.0SB15M70BA15PC15FA

M19197 4.4 Ansuaesiwesueulaeenlenvesianililuannide
(Phoo-ngernkham et al., 2016)

Fanlflunudde Ansuaeeingasusulasanlen (t CO,-e/ton)
Wnud ey, (BA) (kg) 0.0016
wWaes, FA (k) 0.0070
Jutudlatauaus, PC (kg) 0.8200
NIwazldyn, Sand (kg) 0.0139
asavanglafeulansonlan, NH (ko) 0.7000

asavanglapundding, NS (ke) 1.5140
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M15199 4.5 Nan15UTEENIINITINTR AU MUUIEARA1 NN YLD Tl e sHat gy
Iy uBUAUaInLaUA

GePIGH]

BA (kg)

CO,-e/t

from BA

FA (kg)

CO,-e/t
from FA

PC (kg)

CO,-e/t
from PC

Sand (kg)

CO,-e/t
from RS

NH (kg)

CO,-e/t
from NH

NS (kg)

CO,-e/t
from NS

2GRN

CO,-e/t

0.50LB1.0SB10M80BA20PC

209

0.00033

67

0.0549

330

0.0046

90

0.0189

94

0.0612

0.140

0.50LB1.0SB15M80BA20PC

207

0.00033

66

0.0541

326

0.0045

94

0.0197

94

0.0612

0.140

0.50LB1.0SB15M80BA10PC10FA

207

0.00033

33

0.0002

33

0.0271

326

0.0045

94

0.0197

94

0.0612

0.113

0.50LB1.0SB15M70BA30PC

181

0.00029

99

0.0812

326

0.0045

94

0.0197

94

0.0612

0.167

0.50LB1.0SB15M70BA15PC15FA

181

0.00029

50

0.0004

50

0.0410

326

0.0045

94

0.0197

94

0.0612

0.127

0.50LB1.0SB15M60BA40PC

155

0.00025

133

0.1091

326

0.0045

94

0.0197

94

0.0612

0.195

0.50LB1.0SB15M60BA20PC20FA

155

0.00025

66

0.0005

66

0.0541

326

0.0045

94

0.0197

94

0.0612

0.140

CLC

630

0.5166

620

0.0086

0.525

4.8 MawnvasUisnuaUIwUUagaIIningudaedlalndwesuaudiaseuse
Yududvasauaudislondaiunis

vdanlfdunanfiniigauesudenuaiuuuieagaraniinvudesilendwosuaudiase
n3oyuTuudvosnuaud Yufo diunanves 1.05B15MB0BA20PC U fldr1unanas
1.05B15M60BA20PC20FA iuflssnsidendrunasniiofinnsaniuisuiiisuiiesnegnuszasives
mAuiie desnsliiduudesuasyuduudduiandmiumananudennawuumagavinty
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This standard is issued under the fixed designation C 188; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This test method covers the determination of the density
of hydraulic cement. Its particular usefulness is in connection
with the design and control of concrete mixtures.

1.2 The density of hydraulic cement is defined as the mass
of a unit volume of the solids.

1.3 The values stated in SI units are to be regarded as the
standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

C 114 Test Methods for Chemical Analysis of Hydraulic
Cement?

C 670 Practice for Preparing Precision and Bias Statements
for Test Methods for Construction Materials®

3. Apparatus

3.1 Le Chatelier flask—The standard flask, which is circular
in cross section, with shape and dimensions conforming
essentially to Fig. 1 (Note 1). The requirements in regard to
tolerance, inscription and length, spacing, and uniformity of
graduation will be rigidly observed. There shall be a space of
at least 10 mm between the highest graduation mark and the
lowest point of grinding for the glass stopper.

3.1.1 The material of construction shall be excellent quality
glass, transparent and free of striae. The glass shall be
chemically resistant and shall have small thermal hysteresis.
The flasks shall be thoroughly annealed before being gradu-
ated. They shall be of sufficient thickness to ensure reasonable
resistance to breakage.

! This test method is under the jurisdiction of ASTM Committee CO1 on Cement,
and is the direct responsibility of Sub ittee CO1.25 on Fineness.

Current edition approved June 10, 2003. Published August 2003. Originally
approved in 1944. Last previous edition approved in 1995 as C 188 — 95.

? Annual Book of ASTM Standards, Vol 04.01.

* Annual Book of ASTM Standards, Vol 04.02.
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Nore—Variations of a few millimetres in such dimensions as total
height of flask, diameter of base, and so forth, are to be expected and will
not be considered sufficient cause for rejection. The dimensions of the
flask shown in Fig. 1 apply only to new flasks and not to flasks in use
which meet the other requirements of this test method.

FIG. 1 Le Chatelier Flask for Density Test

3.1.2 The neck shall be graduated from 0 to 1 mL and from
18 to 24 mL in 0.1-mL graduations. The error of any indicated
capacity shall not be greater than 0.05 mL.

3.1.3 Each flask shall bear a permanent identification num-
ber and the stopper, if not interchangeably ground, shall bear
the same number. Interchangeable ground-glass parts shall be
marked on both members with the standard-taper symbol,
followed by the size designation. The standard temperature
shall be indicated, and the unit of capacity shall be shown by
the letters “mL” placed above the highest graduation mark.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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3.2 Kerosine, free of water, or naphtha, having a density
greater than 0.73 g/mL at 23 = 2° C shall be used in the density
determination.

3.3 The use of alternative equipment or methods for deter-
mining density is permitted provided that a single operator can
obtain results within = 0.03 Mg/m® of the results obtained
using the flask method.

Note |—The design is intended to ensure complete drainage of the
flask when emptied, and stability of standing on a level surface, as well as
accuracy and precision of reading.

4. Procedure

4.1 Determine the density of cement on the material as
received, unless otherwise specified. If the density determina-
tion on a loss-free sample is required, first ignite the sample as
described in the test for loss on ignition in section 16.1 on
Portland Cement of Test Methods C 114.

4.2 Fill the flask (Note 2) with either of the liquids specified
in 3.2 to a point on the stem between the 0 and the 1-mL mark.
Dry the inside of the flask above the level of the liquid, if
necessary, after pouring. Record the first reading after the flask
has been immersed in the water bath (Note 3) in accordance
with 4.4,

Note 2—It is advisable to use a rubber pad on the table top when filling
or rolling the flask.

Note 3—Before the cement has been added to the flask, a loose-fitting,
lead-ring weight around the stem of the flask will be helpful in holding the
flask in an upright position in the water bath, or the flask may be held in
the water bath by a buret clamp.

4.3 Introduce a quantity of cement, weighed to the nearest
0.05 g, (about 64 g for portland cement) in small increments at
the same temperature as the liquid (Note 2). Take care to avoid
splashing and see that the cement does not adhere to the inside
of the flask above the liquid. A vibrating apparatus may be used
to accelerate the introduction of the cement into the flask and
to prevent the cement from sticking to the neck. After all the
cement has been introduced, place the stopper in the flask and
roll the flask in an inclined position (Note 2), or gently whirl it
in a horizontal circle, so as to free the cement from air until no
further air bubbles rise to the surface of the liquid. If a proper
amount of cement has been added, the level of the liquid will
be in its final position at some point of the upper series of

graduations. Take the final reading after the flask has been
immersed in the water bath in accordance with 4.4.

4.4 Immerse the flask in a constant-temperature water bath
for sufficient periods of time in order to avoid flask temperature
variations greater than 0.2°C between the initial and the final
readings.

5. Calculation

5.1 The difference between the first and the final readings
represents the volume of liquid displaced by the mass of
cement used in the test.

5.2 Calculate the cement density, p, as follows:

p(Mg/m’) = p(g/em”) = mass of cement, g/displaced volume, cm’

Note 4—The displaced volume in millilitres is numerically equal to the
displaced volume in cubic centimetres.

Note 5—Density in megagrams per cubic metre (Mg/m®) is numeri-
cally equal to grams per cubic centimetre (g/cm”). Calculate the cement
density, p. to three decimal places and round to the nearest 0.01 Mg/m®.

Note 6—In connection with proportioning and control of concrete
mixtures, density may be more usefully expressed as specific gravity, the
latter being a dimensionless number. Calculate the specific gravity as
follows: Sp gr = cement density/water density at 4°C (at 4°C the density
of water is 1 Mg/m?(1g/cm?)).

6. Precision and Bias

6.1 The single-operator standard deviation for portland
cements has been found to be 0.012.* Therefore, the results of
two properly conducted tests by the same operator on the same
material should not differ by more than 0.03.

6.2 The multilaboratory standard deviation for portland
cements has been found to be 0.037.* Therefore, the results of
two properly conducted tests from two different laboratories on
samples of the same cement should not differ by more than
0.10.%

6.3 Since there is no accepted reference material suitable for
determining any bias that might be associated with this test
method, no statement on bias is being made.

7. Keywords
7.1 density; hydraulic cement; specific gravity

* These numbers represent the 1s and d2s limits described in Practice C 670.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk

of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website

(www.astm.org).
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2.2 Other Document:

INTERNATIONAL
Standard Test Methods for
Fineness of Hydraulic Cement by Air-Permeability
Apparatus’
This standard is issued under the fived designation C 204; the number immediately following the designation indicates the year of
original adoption of, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€} indicates an editorial change since the last revision or reapproval.

1. Scope®

1.1 This test method covers determination of the fineness of
hydraulic cement, using the Blaine air-permeability apparatus,
in terms of the specific surface expressed as total surface area
in square centimetres per gram, or square metres per kilogram,
of cement. Two test methods are given: Test Method A is the
Reference Test Method using the manually operated standard
Blaine apparatus, while Test Method B permits the use of
automated apparatus that has in accordance with the qualifica-
tion requirements of this test method demonstrated acceptable
performance. Although the test method may be, and has been,
used for the determination of the measures of fineness of
various other materials, it should be understood that, in
general, relative rather than absolute fineness values are
obtained.

1.1.1 This test method is known o work well for portland
cements. However, the user should exercise judgement in
determining its suitability with regard to fineness measure-
ments of cements with densities, or porosities that differ from
those assigned to Standard Reference Material No. 114,

1.2 The values stated in SI units are 1o be regarded as the
standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its wuse. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: 2

A 582/A 582M Specification for Free-Machining Stainless
Steel Bars

C 670 Practice for Preparing Precision and Bias Statements
for Test Methods for Construction Materials

E 832 Specification for Laboratory Filter Papers

¥ This test method is under the jurisdiction of ASTM Committee C01 on Cement
and is the direct responsibility of Subcommittee C01.25 on Fineness.

Current edition approved Aug. 1, 2007. Published September 2007. Originally
approved in 1946. Last previous edition approved in 2005 as C 204 —05.

* For referenced ASTM standards, visit the ASTM website, www.asim.org, or
contact ASTM Customer Service at service@astm.org. For Anmial Book af ASTM
Standards volume information, refer io the standard”s Document Summary page on
the ASTM wehsite.

No. 114 National Institute of Standards and Technology
Standard Reference Material®

BS 4359: 1971 British Standard Method for the Determina-
tion of Specific Surface of Powders: Part 2: Air Perme-
ability Methods®

TEST METHOD A: REFERENCE METHOD

3. Apparatus

3.1 Naiure of Apparatus—The Blaine air-permeability ap-
paratus consists essentially of a means of drawing a definite
quantity of air through a prepared bed of cement of definite
porosity. The number and size of the pores in a prepared bed of
definite porosity 15 a function of the size of the particles and
determines the rate of airflow through the bed. The apparatus,
illustrated in Fig. 1, shall consist specifically of the parts
described in 3.2-3.8.

3.2 Permeability Cell—The permeability cell shall consist
of a rigid cylinder 1270 * 0.10 mm in inside diameter,
constructed of austenitic stainless sieel. The interior of the cell
shall have a finish of 0.81 pm (32 pin.). The top of the cell shall
be at right angles to the principal axis of the cell. The lower
portion of the cell must be able to form an airtight fit with the
upper end of the manometer, so that there is no air leakage
between the contacting surfaces. A ledge % to 1 mm in width
shall be an integral part of the cell or be firmly fixed in the cell
55 %= 10 mm from the top of the cell for support of the
perforated metal disk. The top of the permeability cell shall be
fitted with a protruding collar to facilitate the removal of the
cell from the manometer.

Note |—Specification A 582/A 582M Type 303 stainless steel (UNS
designation 530300) has been found to be suitable for the construction of
the permeability cell and the plunger.

3.3 Disk—The disk shall be constructed of noncorroding
metal and shall be 0.9 = 0.1 mm in thickness, perforated with
30 1o 40 holes 1 mm in diameter equally distributed over its
area. The disk shall fit the inside of the cell snugly. The center

* Available from Mational Institute of Standards and Technology (NIST). 100
Bureau Dr., Stop 1070, Gaithersburg. MD 20899- 1070, httpoffwww.nist. gaov.

4 Available from British Standards Institute (BSI), 389 Chiswick High Rd.,
London W4 4AL, UK., hupffwww bsi-global com.

*A Summary of Changes section appears at the end of this standard.
Copyright ©@ASTM Irlemational, 100 Barr Harber Drive, PO Bax C700, West Conshahocken, PA 18428-2059, Uniled Stales.
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FIG. 1 Blaine Air-Permeability Apparatus

portion of one side of the disk shall be marked or inscribed in
a legible manner so as to permit the operator always to place
that side downwards when inserting it into the cell. The
marking or inscription shall not extend into any of the holes,
nor touch their peripheries, nor extend into that area of the disk
that rests on the cell ledge.

3.4 Plunger—The plunger shall be constructed of austenitic
stainless steel and shall fit into the cell with a clearance of not
more than 0.1 mm. The bottom of the plunger shall sharply
meet the lateral surfaces and shall be at right angles to the
principal axis. An air vent shall be provided by means of a flat
3.0 = 0.3 mm wide on one side of the plunger. The top of the
plunger shall be provided with a collar such that when the
plunger is placed in the cell and the collar brought in contact
with the top of the cell, the distance between the bottom of the
plunger and the top of the perforated disk shall be 15 * 1 mm.

3.5 Filter Paper—The filter paper shall be medium reten-
tive. corresponding to Type 1, Grade B, in accordance with

Specification E 832. The filter paper disks shall be circular,
with smooth edges. and shall have the same diameter (Note 2)
as the inside of the cell.

Nore 2—Filter paper disks that are too small may leave part of the
sample adhering to the inner wall of the cell above the top disk. When too
large in diameter, the disks have a tendency to buckle and cause erratic
results.

3.6 Manometer—The U-tube manometer shall be con-
structed according to the design indicated in Fig. 1, using
nominal 9-mm outside diameter, standard-wall, glass tubing.
The top of one arm of the manometer shall form an airtight
connection with the permeability cell. The manometer arm
connected to the permeability cell shall have a midpoint line
etched around the tube at 125 to 145 mm below the top side
outlet and also others at distances of 15 * 1 mm, 70 £ 1 mm,
and 110 = 1 mm above that line. A side outlet shall be provided
at 250 to 305 mm above the bottom of the manometer for use

o
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mn the evacuation of the manometer arm connected to the
permeability cell. A positive airtight valve or clamp shall be
provided on the side outlet not more than 50 mm from the
manometer arm. The manometer shall be mounted firmly and
in such a manner that the arms are vertical.

3.7 Manometer Liguid—The manometer shall be filled to
the midpoint line with a nonvolatile, nonhygroscopic liquid of
low viscosity and density, such as dibutyl phthalate (dibutyl
1,2-benzene-dicarboxylate) or a light grade of mineral oil. The
fluid shall be free of debris.

3.8 Timer—The timer shall have a positive starting and
stopping mechanism and shall be capable of being read to the
nearest 0.5 s or less. The timer shall be accurate to 0.5 s or less
for time intervals up o 60 s, and 0 1% or less for time
intervals of 60 1o 300 s.

4. Calibration of Apparatus

4.1 Sample—The calibration of the air permeability appa-
ratus shall be made using the current lot of NIST Standard
Reference Material No. 114, The sample shall be al room
temperature when tested.

4.2 Bulk Volume of Compacted Bed of Powder—Determine
the bulk volume of the compacted bed of powder by the
mercury displacement method as follows:

4.2.1 Place two filter paper disks in the permeability cell,
pressing down the edges, using a rod having a diameter slightly
smaller than that of the cell, until the filter disks are flat on the
perforated metal disk; then fill the cell with mercury, ACS
reagent grade or betier, removing any air bubbles adhering to
the wall of the cell. Use tongs when handling the cell. If the cell
is made of material that will amalgamate with mercury, the
interior of the cell shall be protected by a very thin film of oil
just prior to adding the mercury. Level the mercury with the top
of the cell by lightly pressing a small glass plate against the
mercury surface until the glass is flush to the surface of the
mercury and rim of the cell, being sure that no bubble or void
exists between the mercury surface and the glass plate.
Remove the mercury from the cell and measure and record the
mass of the mercury. Remove one of the filter disks from the
cell. Using a trial quantity of 2.80 g of cement (Note 3)
compress the cement (Note 4) in accordance with 4.5 with one
filter disk above and one below the sample. Into the unfilled
space at the top of the cell, add mercury, remove entrapped air,
and level off the top as before. Remove the mercury from the
cell and measure and record the mass of the mercury.

4.22 Calculate the bulk volume occupied by the cement to
the nearest 0,005 em® as follows:

V=W, - W,ND 0

where:

Vv = bulk volume of cement, em®,

W, = grams of mercury required to fill the cell, no cement
being in the cell,

Wy = grams of mercury required to fill the portion of the
cell not occupied by the prepared bed of cement in
the cell, and

D = density of mercury at the temperature of test,

Mg/m (see Table 1).

423 Make at least two determinations of bulk volume of
cement, using separate compactions for each determination.
The bulk volume value used for subsequent calculations shall
be the average of two values agreeing within +0.005 cm®.
Note the temperature in the vicinity of the cell and record at the
beginning and end of the determination.

Note 3—It is not necessary to use the standard sample for the bulk
volume determination.

Note 4—The prepared bed of cement shall be firm. If too loose or if the
cement cannot be compressed to the desired volume, adjust the trial
quantity of cement used.

4.3 Preparation of Sample—Enclose the contents of a vial
of the standard cement sample in a jar, approximately 120 cm®
(4 oz), and shake vigorously for 2 min to fluff the cement and
break up lumps or agglomerates. Allow the jar to stand
unopened for a further 2 min, then remove the lid and stir
gently to distribute throughout the sample the fine fraction that
has settled on the surface after Auffing.

4.4 Mass of Sample—The mass of the standard sample used
for the calibration test shall be that required to produce a bed
of cement having a porosity of 0.500 * 0,005, and shall be
calculated as follows:

W=pWl —¢) (2)
where:
W = grams of sample required,
p = density of test sample (for portland cement a value of

3.15 Mg/m® or 3.15 glem® shall be used),

bulk volume of bed of cement, cm®, as determined in
accordance with 4.2, and

desired porosity of bed of cement (0.500 * 0.0035)
(Mote 5).

Vv

m
[}

Note 5—The porosity is the ratio of volume of voids in a bed of cement
to the total or bulk volume of the bed, V.

4.5 Preparation of Bed of Cement—Seal the perforated disk
on the ledge in the permeability cell, inscribed or marked face
down. Place a filter paper disk on the metal disk and press the
edges down with a rod having a diameter slightly smaller than
that of the cell. Measure the mass to the nearest 0.001 g the
quantity of cement determined in accordance with 4.4 and
place in the cell. Tap the side of the cell lightly in order to level
the bed of cement. Place a filter paper disk on top of the cement
and compress the cement with the plunger until the plunger
collar 15 in contact with the top of the cell. Slowly withdraw the

TABLE 1 Density of Mercury, Viscosity of Air (), and /7 at

Given Temperatures

Room D':;:E‘ of Viscosity of Air, v '\f_
Temparature, G Mgu'm?r pPa-s n
18 13.55 17.98 4.24
20 13.55 18.08 4.25
2z 13.54 18.18 4.26
24 1354 1828 4.28
26 13.53 18.37 4.20
28 1353 18.47 4.30
30 1352 1857 4.3
32 i3.52 18.67 4.32
34 1351 18.76 4.33
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plunger a short distance, rotate about 90°, repress, and then
slowly withdraw. Use of fresh paper filter disks is required for
each determination.

4.6 Permeability Test:

4.6.1 Auach the permeability cell to the manometer tube,
making certain that an airtight connection is obtained (Note 6)
and taking care not to jar or disturb the prepared bed of cement.

4.6.2 Slowly evacuate the air in the one arm of the manom-
eter U-tube until the liquid reaches the top mark, and then close
the valve tightly. Start the timer when the bottom of the
meniscus of the manometer liquid reaches the second (next to
the top) mark and stop when the bottom of the meniscus of
liquid reaches the third (next to the bottom) mark. Note the
time interval measured and record in seconds. Note the
temperature of test and record in degrees Celsius.

4.6.3 Inthe calibration of the instrument, make at least three
determinations of the time of flow on each of three separately
prepared beds of the standard sample (Note 7). The calibration
shall be made by the same operator who makes the fineness
determination.

Nore 6—A little stopcock grease should be applied to the standard
taper connection. The efficiency of the connection can be determined by
attaching the cell to the manometer, stoppering it, partially evacuaiing the
one arm of the manometer, then closing the valve. Any contingous drop in
pressure indicates a leak in the system.

More T—The sample may be refluffed and reused for preparation of the
test bed. provided that it is kept dry and all tests are made within 4 h of
the opening of the sample.

4.7 Recalibration—The apparatus shall be recalibrated
(Note 8):

4.7.1 At periodic intervals, the duration of which shall not
exceed 2Y2 years, to correct for possible wear on the plunger or
permeability cell, or upon receipt of evidence that the test is not
providing data in accordance with the precision and bias
statement in Section 8.

4.7.2 1f any loss in the manometer fluid occurs, recalibrate
starting with 4.5, or

4.7.3 1f a change is made in the type or quality of the filter
paper used for the tests.

Nore 8—It is suggesied that a secondary sample be prepared and used
as a fineness standard for the check determinations of the instrument
between regular calibrations with the standard cement sample.

5. Procedure

5.1 Temperature of Cemeni—The cement sample shall be at
room temperature when tested.

3.2 Size of Test Sample—The weight of sample used for the
test shall be the same as that used in the calibration test on the
standard sample, with these exceptions: When determining the
fineness of Type I or other types of fine-ground portland
cement whose bulk for this mass is so great that ordinary
thumb pressure will not cause the plunger collar to contact the
top of the cell, the weight of the sample shall be that required
o produce a test bed having a porosity of 0.530 % 0.005. When
determining the fineness of materials other than portland
cement, or if for a portland cement sample one of the required
porosities cannot be attained, the mass of the sample shall be
adjusted so that a firm, hard bed is produced by the compacting
process. In no case, however, shall more than thumb pressure

be used to secure the proper bed, nor shall such thumb pressure
be used that the plunger “rebounds” from the cell top when
pressure is removed.

5.3 Preparation of Bed of Cement—Prepare the test bed of
cement in accordance with the method described in 4.5.

54 Permeability Tests—Make the permeability tests in
accordance with the method deseribed in 4.6, except that only
one time-of-flow determination need be made on each bed.

6. Calculation

6.1 Calculate the specific surface values in accordance with
the following equations:

5T
SEVT @
soS/AVT -
Vi
5= St eN/EVT .
\VeNTE—e
¢SV EVIVT ©

Ve NTVAb =@
5= Sl —VeEVT D
plb = e/ e VT,
5= Snlb = /AN EVT
plb = 0N/ VT A

(8)

where:

§ = specific surface of the test sample, m*/kg,

S5, = specific surface of the standard sample used in
calibration of the apparatus, m%/kg (Note 9),

T = measured time interval, s, of manometer drop for test

sample (Note 10),

T, = measured time interval, s, of manometer drop for
standard sample used in calibration of the apparatus
(Note 10),

n = viscosily of air, micro pascal seconds (uPa-s), at the

temperature of test of the test sample (Note 10),

viscosity of air, micro pascal seconds (uPa-s), at the

temperature of test of the standard sample used in

calibration of the apparatus (Note 10),

porosity of prepared bed of test sample (Note 10),

porosity of prepared bed of standard sample used in

calibration of apparatus (Note 10),

density of test sample (for portland cement a value of

3.15 Mg/m® or 3.15 glem® shall be used),

p, = density of standard sample used in calibration of
apparatus (assumed to be 3.15 Mg/m * or 3.15
glem®),

b = aconstant specifically appropriate for the test sample
(for hydraulic cement a value of 0.9 shall be used),
and

b, = 0.9, the appropriate constant for the standard sample.

5

s

EE,

-
l

Note 9—Upon purchase of SRM 114 series samples, a certificate
comes With them that indicates the proper specific surface value.

Note 10—Values for /7, 4/€3 . and /T may be taken from Tables
1-3, respectively.
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TABLE 2 Values for Porosity of Cement Bed

Parosity of Bed, « Ve
0.496 0.349
0.497 0.350
0.498 0.351
0.499 0.352
0.500 0.354
0.501 0.355
0.502 0.356
0.503 0.357
0.504 0.358
0.505 0.350
0.506 0.360
0.507 0.361
0.508 0.362
0.509 0.363
0.510 0.364
0.525 0.380
0.526 0.381
0.527 0.383
0.528 0.384
0.528 0.385
0.530 0.385
0.531 0.387
0.532 0.388
0.533 0.389
0.534 0.3%0
0.535 0.381

6.1.1 Eq 3 and 4 shall be used in calculations of fineness of
portland cements compacted to the same porosily as the
standard fineness sample. Eq 3 is used if the temperature of test
of the test sample is within * 3 °C of the temperature of
calibration test, and Eq 4 is used if the temperature of test of
the test sample is outside of this range.

6.1.2 Eq 5 and 6 shall be used in calculation of fineness of
portland cements compacted o some porosity other than that of
the standard fineness sample used in the calibration test. Eq 5
is used if the temperature of test of the test sample is within
+ 3 °C of the temperature of calibration test of the standard
fineness sample, and Eq 6 is used if the temperature of test of
the test sample is outside of this range.

6.1.3 Eq 7 and 8 shall be used in calculation of fineness of
materials other than portland cement. Eq 7 shall be used when
the temperature of test of the test sample is within *+ 3 °C of
the temperature of calibration test, and Eq 8 1s used if the
temperature of test of the test sample is outside of this range.

6.1.4 It is recommended that values of b be determined on
1o less than three samples of the material in question. Test each
sample al a minimum of four different porosities over a
porosity range of at least 0.06. Correlation coefficients should
exceed 0.9970 for the correlation of \/ €T versus e on each
sample tested (see Appendix X1).

6.2 To calculate the specific surface values in square metres
per kilogram, multiply the surface area in em™/g by the factor
of 0.1.

6.3 Round values in cm®/g to the nearest 10 units (in m*/kg
to the nearest unit). Example: 3447 ¢m /g is rounded to 3450
em?/g or 345 mPfke.

7. Report

7.1 For portland cements and portland cement-based mate-
rials, report results on a single determination on a single bed.

7.2 For very high fineness materials with long time inter-
vals, report the average fineness value of two permeability
tests, provided that the two agree within 2 % of each other. 1f
they do not agree, discard the values and repeat the test (Note
11) until two values so agreeing are obtained.

Note 1l1—Lack of agreement indicates a need for checks of procedure
and apparatus. See also the “Manual of Cement Testing.™

8. Precision and Bias

8.1 Single-Operator Precision—The single-operator coeffi-
cient of variation for portland cements has been found to be
1.2 % (Note 12). Therefore, results of two properly conducted
tests, by the same operator, on the same sample, should not
differ by more than 3.4 % (Note 12) of their average.

8.2 Multilaboratory Precision—The multilaboratory coeffi-
cient of variation for portland cements has been found to be
2.1 % (Note 12). Therefore, resulis of two different laboratories
on identical samples of a material should not differ from each
other by more than 6.0 % (Note 12) of their average.

Note 12—These numbers represent, respectively, the 1s % and d2s %
limits as described in Practice C 670.

8.3 Since there is no accepted reference material suitable for
determining any bias that may be associated with Test Method
C 204, no statement is being made.

TEST METHOD B: AUTOMATED APPARATUS

9. Apparatus

9.1 The automated test method shall employ apparatus
designed either on the principles of the Blaine air-permeability
method (See Note 13) or apparatus based on the air-
permeability principles of the Lea and Nurse method (See Note
14).

Note 13—Automated apparatus is generally equipped with a micro-
processor capable of operating the measuring devices, calculating and
displaying the test results. Commercially available units may have
significantly different dimensions for manometer and cement bed than
those specified by standard methods.

Note 14—The Lea and Nurse constant flow rate air permeability
method is described in BS 4359: 1971.

10. Calibration of Apparatus

10.1 Follow the manufacturer’s directions for calibrating
the apparatus (See Note 15). If the apparatus 1s equipped with
more than one cell, each cell will require a separate calibration.
The manufacturer’s procedure shall detail the method for bed
preparation and the steps required to initiate the automated
measurement. It is essential that the procedure be followed
precisely and consistently for all tests.

Note 15—The manufacturer of the apparatus will generally provide
standard samples that can be used for calibration.
11. Procedure

11.1 Temperature of Cement—The cement sample shall be
al room temperature when tested.
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TABLE 3 Time of Airflow
T =time of airflow in seconds; \/T = the factor for use in the equations

T VT T VT T Nis T VT T VT T VT
26 5.10 51 7.4 76 872 i 10.05 151 1228 201 14.18
268% 5.15 51% FAE:] TEY: B75 102 10,10 152 1233 202 1421
27 520 52 721 T BT 103 10015 153 1237 203 1425
27k 524 52% 725 e B8.80 104 1020 154 1241 204 14.28
28 529 53 728 78 883 105 1025 155 1245 205 14.32
28% 5.34 53% L TAE B.86 106 10.30 156 1249 206 14.35
29 5.39 54 7.35 79 B8.89 o7 10.34 157 1253 207 14.39
20 543 54% 738 A% 8492 o8 10.39 158 1257 208 14.42
30 548 55 742 80 594 089 10.44 159 1261 209 14.46
3004 552 5512 745 ams Ba7 10 10.49 160 1265 210 14.49
3 557 56 748 81 9.00 11 10.54 161 1269 21 1453
31w 5.61 S56ve 752 ang 9.03 12 10.58 162 1273 21z 1456
32 5.66 57 755 a2 9.08 13 10063 163 1277 213 14.50
32w 570 5T 758 ang 9.08 14 10.68 164 1281 214 14.63
33 5.74 58 762 83 a1 15 10.72 165 1285 215 14.66
33k 579 S8 TES 8 .14 1 10.77 168 228 216 14.70
34 5.82 59 768 84 217 17z 10.82 167 1292 217 14.73
3dve 5.87 50wk 7.7 B4 219 11 10.86 168 12.96 218 14.76
35 5.892 &0 775 85 932 19 10,81 169 12.00 219 14.80
35w 596 B0V 778 85ve 835 120 10.85 170 13.04 220 14.83
36 6.00 &1 7.81 86 927 LFa 11.00 171 13.08 222 14.90
36ve 6.04 B1ve 7.84 B6v: 9.30 122 11.05 172 1311 224 14.97
ar 6.08 62 787 87 933 123 11.09 173 1315 226 15.03
e 612 B2Ve 7| are 935 124 11.14 174 1319 228 15.10
38 6.16 63 704 88 938 125 11.18 175 1323 230 1517
8% 6.20 B3% 787 aave 941 126 11.22 176 1327 232 15.23
39 6.24 64 8.00 8a 943 127 1.27 177 1320 234 15.20
30% 6.28 B4l 8.03 89'% D48 128 1.3 178 13.24 236 15.26
40 6.32 (-3 8.06 a0 949 129 11.38 179 1328 238 15.43
40% 6.36 5% 8.09 o0%: .51 130 11.40 180 13.42 240 15.49
41 6.40 -] 812 a1 954 i 1145 181 1345 242 15.56
41% 644 BEY: B.15 1% 957 132 11.49 182 1349 244 15.62
42 6.48 &7 819 g2 959 133 1153 183 1353 246 15.68
42% 6.52 BTV 22 a2 962 134 11.58 184 1356 248 15.75
43 6.56 =] 825 93 964 135 1162 185 1360 250 15.81
43% 660 BBY: B.2a a3ve 967 136 11.66 186 1364 252 15.87
44 663 69 831 94 970 137 11.70 187 1367 254 15.94
44 66T 6OV B.34 adie a7z 138 175 188 1371 256 16.00
45 671 70 8.37 a5 975 138 1.79 189 1375 258 16.06
45% 675 TOVe B.40 a5%e 77 140 11.83 190 1378 260 16.12
46 678 7 B.43 96 9.80 141 11.87 191 1382 262 16.19
468%% 6.82 T B.46 D% 982 142 11.82 182 13.86 264 16.25
47 6.88 72 B.49 a7 085 143 11.96 1983 1389 266 1631
47% 6.89 T2% 8.51 087 144 12.00 194 1393 268 16.37
48 693 73 8.54 9.90 145 12.04 195 13.96 270 16.43
48% 6.96 T3% 8.57 oagve 992 146 12.08 196 14.00 272 16.49
43 T.00 74 B.60 ] 845 147 1212 187 14.04 274 16.55
49%% T.04 T4 B.63 9% 9497 148 1217 198 14.07 276 16.61
50 To7 75 B.66 100 10.00 148 1221 199 14.11 278 16.67
500 711 T5% B.69 1000 10,02 150 1225 200 14.14 280 16.73

11.2 Size of the Test Sample—The mass of the sample used
for the test shall be the same as used in the calibration test
unless cements of different density or porosity are to be tested
and then follow the manufacturer’'s guidelines for adjusting
Mass.

11.3 Permeability Tests—Make permeability tests using the
same procedure used for the calibration tests. Only one
determination need be made for each bed preparation.

12, Performance Requirement (Qualification) for the
Automated Apparatus

12.1 Scope—When the specific surface values determined
by an automated apparatus are 1o be used for acceptance or
rejection of cement, the method used shall comply with the
qualification requirements of this section. A method is consid-
ered 1o consist of the specific instrument and testing procedure
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meeting the requirements of this standard and used in a
consistent manner by a given laboratory.

12.2 Samples—Select two cement samples that have surface
area and density that bracket the desired test range. The range
of the surface area shall not exceed 2000 cm¥/g (200 m*/kg)
and shall have densities that differ no more than 0.06 gfem?® (60
Mg/m®).

12.3 Tests—Make triplicate determinations on each cement
sample following Test Method A (Reference Method). On the
same day, complete a second round of triplicate tests using the
method to be qualified (Test Method B) and including the
standardization formula described in this section. Prepare a
new cell bed and repeat all the steps of the test procedures for
each determination. Report values to the nearest 10 em?/g (1
m?/kg).

12.4 Calculations—Calculate the range and the mean of the
three replicate tests for each method and each cement. A
method complies with the qualification requirements if the
absolute difference between the average value of Test Method
A and the corresponding average value for Test Method B
(each with three replicates) is not greater than 2.7 % of the Test
Method A average (See Note 16) and the range for any three
replicate tests does not exceed 4.0 % of the average (See Note
17). The method is qualified only if both cement samples shall
meel the above requirements. Example gualification data are
given in Appendix X2.

More 16—This value represents the least-significani-difference (lsd)
for 95 % confidence as applied to the coefficient of variation of 1.2 %
(Single-Operator-Precision) for Test Method A, given in section 8.1. The
equation is:

Lsd (95 ) = 104 JA(2CVm e )

where:
df = 4, degree of freedom. two from each of the two sets of
results
n = 3, the number of replicaies
cv = 1.2 %, the Single-Operator-Precision, and
= 2776, Students-t statistic for a 5 % probability with a df =
4
More 17— This value represents the d2s % calculation for 3 replicates
in accordance with Table | of Practice C 670 and applied to the coefficient

Yoas, 4

of variation of 1.2 % (Single-Operator-Precision) for Test Method A,
given in section 8.1.

12.5 Standardization:

12.5.1 When standardization 1s required in order to achieve
agreement between Test Method A and Test Method B,
standardize the apparatus as follows:

12.5.1.1 Prepare a separale standardization for each type of
cement to be tested, using reference samples of density within
0.06 glem®(60 Mg/m®) of the cement to be tested, and packed
to the same bed porosity.

12.5.1.2 For each standardization, oblain five reference
samples with a minimum air permeability fineness range of 800
em?/g (80 m*/kg) and a minimum difference between samples
of 50 cm?fg (5 m*fkg). If cements samples used for qualifica-
tion are used, make new determinations. Use the same method
as used for the instrument qualification and follow all the steps.
Valid standardization formulas shall be mathematically derived
and applied to all samples.

13. Requalification of a Method

13.1 Requalify the method at least once per year and when
any of the following conditions occur:

13.1.1 The instrument has been significantly modified.

13.1.2 The instrument has been substantially repaired.

13.1.3 Substantial evidence indicates that the method is not
providing data meeting the performance requirements.

13.1.4 The average of a Cement and Concrete Reference
Laboratory (CCRL) proficiency test sample differs from the
value obtained by the method by more than 6 %.

14. Precision and Bias
14.1 Precision—No precision data are available at this time.
Based on qualification requirements, the precision of the
method should not be greater than that of Test Method A
14.2 Bias—Since there are no acceplable reference materi-
als suitable for determining any bias that may be associated
with Test Methods C 204, no statement on bias is presented.

15. Keywords
15.1 air-permeability; apparatus; fineness
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APPENDIXES
(Nonmandatory Information)

X1. ILLUSTRATIVE METHOD FOR THE DETERMINATION OF THE VALUE FOR THE CONSTANT b
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Sample 1
0.530 23% 290 2078
Material: Silica flour 0.500 2.500 420 2201
p = density of test sample = 2.65 Mg/m* 0.470 2.650 575 2.443
V=bulk volume of sample bed = 1.887 cm® 0.440 2.800 825 2.651
€ = desired porosity of test Sample 2
W= grams of sample required = p1 - ¢) 0.530 2350 39.0 2410
T=measured test time interval, seconds 0.500 2.500 555 2634
0470 2650 79.0 2.864
0.440 2.800 1085 3.040
Computed values of b by linear regression: Sample 3
ple 1 b=0.863 ( ion coefficient = 0.9980) 0.530 2.3% 515 2769
2 b=0.869 ( ion coefficient = 0.9993) 0.500 2.500 73.0 3.021
ple 3 b=0.879 ion coefficient = 0.9973) 0.470 2650 104.0 3.286
Average b=0.870 0.440 2.800 1415 3.472
FIG. X1.1 lllustrative Method for the Determination of the Value for the Constant b (for use in fineness calculations of materials other
than portiand cement)



n-12

and

oying

Licensed by WEX to SURANAREE UNIVERSITY OF TECHNOLOGY. Downloaded: 2/11/20103:26:38AM single-user license only,

Ay c 20407

X2. SAMPLE QUALIFICATION RESULTS

TABLE X2.1 Sample Qualification Results

Cement Tests Test Method A Test Method B Difference
em?/g (mfkg) em?/g (m*/kg)

A 1 3120 (312) 3130 (313)
A 2 3130 (313) 3160 (316)
A 3 3090 (309) 3140 (314)

Avg. 3113 (311.3) 3143 (314.3) 30

Range Max. 40 (4) 30 (3)

4.0 % of Avg. 1.3 % (Pass) 1.0 % (Pass)

Max. Difference (30 x 100)/3113 =

2.7 % of Test Method A Avg. or

3 X 100)/311.3 = 0.9 % (Pass)
Cement Tests Test Method A Test Method B Difference
cm?/g (m/kg) cm®/g (m*/kg)

B 1 4180 (418) 4160 (416)
B8 2 4030 (403) 4150 (415)
B 3 4060 (406) 4210 (421)

Avg. 4090 (409.0) 4173 (417.3) 83

Range Max. 150 60

4.0% of Avg. 3.7 % (Pass) 1.4 % (Pass)

Max. Difference (83 X 100)/4090 = 2.0 % (Pass)

2.7 % of Test Method A Avg. or

(8.3 x 100)/409 =
SUMMARY OF CHANGES

Committee CO1 has identified the location of selected changes to these test methods since the last issue,
C 204 - 05. that may impact the use of these test methods. (Approved August 1, 2007)

(1) Revised 3.6 and 3.7.

Asmhlmmndmkesmmsmnmspsdng#mvaﬁdiyofanypamughsmdmmmwrmanyrtemnwnboned
in this standard. Users of this are exp ion of the validity of any such patent rights, and the risk
ohnfnngsmnlo!smhr@ls.arasnﬁmlymownrms‘bmy

MSsmdaldrssubpdlom:s:ona!awtmebymsrespmsbleredncalcunmttseandnmbelawswedeveryﬁvsyearsand

if not revised, either reapp Your are invited either for revision of this standard or for additional standards
and should be adk toASTM X Your will receive careful consideration at a meeting of the
responsible technical committee, »hdwoumayamnd If you feel that your have not ived a fair ing you should
make your views known fo the ASTM Committee on Standards, at the address shown below.

This is ighted by ASTM I ional, 100 Barr Harbor Drive, PO Box C700, West Calﬂmhocken PA 19428-2959,
United States. lndmdmlmpmms(sngfaormmaplecopnes)dm may be ined by g ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or gh the ASTM it
(www.astm.org).
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Density, Relative Density (Specific Gravity), and Absorption

of Fine Aggregate’

This standard is issued under the fixed designation C 128; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript cpsilon (€} indicates an editorial change since the last revision or reapproval.

This standand has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 This test method covers the determination of the average
density of a quantity of fine aggregate particles (not including
the volume of voids between the particles), the relative density
(specific gravity), and the absorption of the fine aggregate.
Depending on the procedure used, the density, in kg/m®(Ib/ft*)
is expressed as oven-dry (OD), saturated-surface-dry (S8D), or
as apparent density. Likewise, relative density (specific grav-
ity), a dimensionless guality, is expressed as OD, SSD. or as
apparent relative density (apparent specific gravity). The OD
density and OD relative density are determined after drying the
aggregate. The SSD density, S5D relative density, and absorp-
tion are determined after soaking the aggregate in water for a
prescribed duration.

1.2 This test method is used to determine the density of the
essentially solid portion of a large number of aggregate
particles and provides an average value representing the
sample. Distinction is made between the density of aggregate
particles as determined by this test method, and the bulk
density of aggregates as determined by Test Method C 29/
C 29M, which includes the volume of voids between the
particles of aggregates.

1.3 This test method is not intended to be used for light-
weight aggregates.

1.4 The values stated in SI units are to be regarded as the
standard for conducting the tests. The test results for density
shall be reported in either SI units or inch-pound units, as
appropriate for the use to be made of the results.

1.5 The text of this test method references notes and
footnotes which provide explanatory material. These notes and
footnotes (excluding those in tables and figures) shall not be
considered as requirements of this test method.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the

' This test method is under the jurisdiction of ASTM Committee CD9 on
Concrete and Concrete Aggregates and is the direct responsibility of Subcommittes
C09.20 on Normal Weight Aggregates.

Current edition approved Aug. 1, 2007. Published September 2007. Orginally
approved in 1936, Last previous edition approved in 2007 as C 128-07.

responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Srandards: *

C29/C 29M Test Method for Bulk Density (“Unit Weight™)
and Voids in Aggregate

C 70 Test Methed for Surface Moisture in Fine Aggregate

C 117 Test Method for Materials Finer than 75-pm (No.
200) Sieve in Mineral Aggregates by Washing

C 125 Terminology Relating to Concrete and Concrete
Aggregales

C 127 Test Method for Density, Relative Density (Specific
Gravity), and Absorption of Coarse Aggregate

C 188 Test Method for Density of Hydraulic Cement

C 566 Test Methed for Total Evaporable Moisture Content
of Aggregate by Drying

C 670 Practice for Preparing Precision and Bias Statements
for Test Methods for Construction Materials

C 702 Practice for Reducing Samples of Aggregate to
Testing Size

[ 75 Practice for Sampling Aggregates

D 854 Test Methods for Specific Gravity of Soil Solids by
Water Pycnometer

2.2 AASHTO Standard:

AASHTO No. T 84 Specific Gravity and Absorption of Fine
Aggregates’

3. Terminology

3.1 Definitions:
3.1.1 absorption, n—the increase in mass of aggregate due
to water penetrating into the pores of the particles, during a

* For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service®astm.org. For Ansnal Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

* Available from American Association of State Highway and Transportation
Oificials {AASHTO), 444 N. Capitol St., NW, Suitc 249, Washington, DC 20001,
http-ffwww. trans portation. org.

*A Summary of Changes section appears at the end of this standard.
Copyright © ASTM Iniemaiional, 100 Barr Harber Drive, PO Box C700, West Conshohocken, PA 18428-2053, Uniled Siaies.
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prescribed period of time but not including water adhering to
the outside surface of the particles, expressed as percentage of
the dry mass.

3.1.2 density, n—the mass per unil volume of a material,
expressed as kilograms per cubic metre (pounds per cubic
foot).

3.1.2.1 density (OD), n—the mass of oven-dry aggregate
particles per unit volume of aggregate particles, including the
volume of permeable and impermeable pores within particles,
but not including the voids between the particles.

3.1.2.2 density (S8D), n—the mass of saturated-surface-dry
aggregate per unit volume of the aggregate particles, including
the volume of impermeable pores and permeable, water-filled
pores within the particles, but not including the voids between
the particles.

3.1.2.3 apparent density, n—the mass per unit volume of the
impermeable portion of the aggregate particles.

3.1.3 oven-dry (OD), adj—related to aggregate particles,
the condition in which the aggregates have been dried by
heating in an oven at 110 * 5 *C for sufficient time to reach a
constant mass.

3.1.4 relative density (specific gravity), n—the ratio of the
density of a material to the density of water al a stated
temperature; the values are dimensionless.

3.1.4.1 relative density (specific gravity), (0D), n—the ratio
of the density (OD) of the aggregate to the density of water at
a stated temperature.

3.1.4.2 relative density (specific gravity), (88D), n—The
ratio of the density (SSD) of the aggregale to the density of
water at a stated temperature.

3.1.4.3 apparent relative density (apparent specific gravity),
n—ihe ratio of the apparent density of aggregate to the density
of water at a stated temperature.

3.1.5 saturated-surface-dry (88D), adj—related to aggre-
gate particles, the condition in which the permeable pores of
aggregate particles are filled with water to the extent achieved
by submerging in water for the prescribed period of time, but
without free water on the surface of the particles.

3.1.6 For definitions of other terms related to aggregates see
Terminology C 125.

4. Summary of Test Method

4.1 A sample of aggregate 15 immersed in water for 24 * 4
h to essentially fill the pores. It is then removed from the water,
the water is dried from the surface of the particles, and the
mass determined. Subsequently, the sample (or a portion of it)
is placed in a graduated container and the volume of the sample
is determined by the gravimetric or volumetric method. Finally,
the sample is oven-dried and the mass determined again. Using
the mass values thus obtained and formulas in this test method,
it is possible to calculate density, relative density (specific
gravity), and absorption.

5. Significance and Use

5.1 Relative density (specific gravity) is the characteristic
generally used for calculation of the volume occupied by the
aggregale in various mixtures conlaining aggregate including
portland cement concrete, bituminous concrete, and other
mixtures that are proportioned or analyzed on an absolute

volume basis. Relative density (specific gravity) is also used in
the computation of voids in aggregate in Test Method C 29/
C 29M. Relative density (specific gravity) (S8D) is used in the
determination of surface moisture on fine aggregate by dis-
placement of water in Test Method C 70. Relative density
(specific gravity) (S8D) is used if the aggregate is wet, that is,
if its absorption has been satisfied. Conversely, the density or
relative density (specific gravity) (OD) is used for computa-
tions when the aggregate is dry or assumed to be dry.

5.2 Apparent density and apparent relative density (apparent
specific gravity) pertain to the solid material making up the
constituent particles not including the pore space within the
particles that is accessible to water. This value is not widely
used in construction aggregate lechnology.

5.3 Absorption values are used to calculate the change in the
mass of an aggregate material due to water absorbed in the pore
spaces within the constituent particles, compared to the dry
condition, when it is deemed that the aggregate has been in
contact with water long enough to satisfy most of the absorp-
tion potential. The laboratory standard for absorption is that
obtained after submerging dry aggregate for a prescribed
period of time. Ageregates mined from below the water table
commonly have a moisture content greater than the absorption
determined by this test method, if used without opportunity to
dry prior to use. Conversely, some aggregates which have not
been continuously maintained in a moist condition until used
are likely 1o contain an amount of absorbed moisture less than
the 24-h soaked condition. For an aggregate that has been in
contact with water and that has free moisture on the particle
surfaces, the percentage of free moisture is determined by
deducting the absorption from the total moisture content
determined by Test Method C 566 by drying.

5.4 The general procedures described in this test method are
suitable for determining the absorption of aggregates that have
had conditioning other than the 24-h soak, such as boiling
water or vacuum saturation. The values obtamned for absorption
by other test methods will be different than the values obtained
by the prescribed 24-h soak, as will the density (S5D) or
relative density (specific gravity (S5D).

5.5 The pores i lightweight aggregates are not necessarily
filled with water afier immersion for 24 h. In fact, the
absorption potential for many such aggregates is not satisfied
after several days immersion in water. Therefore, this test
method is not intended for use with lightweight aggregate.

6. Apparatus

6.1 Balance—A balance or scale having a capacity of 1 kg
or more, sensitive to 0.1 g or less, and accurate within 0.1 % of
the test load at any point within the range of use for this test
method. Within any 100-g range of test load, a difference
between readings shall be accurate within 0.1 g.

6.2 Pycnometer (for Use with Gravimetric Procedure)—A
flask or other suitable container into which the fine aggregate
test sample can be readily introduced and in which the volume
conlent can be reproduced within = 0.1 cm®. The volume of
the container filled to mark shall be at least 50 9% greater than
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the space required to accommodate the test sample. A volu-
metric flask of 500-cm® capacity or a fruil jar fitted with a
pycnometer top is satisfactory for a 500-g test sample of most
fine aggregates.

6.3 Flask (for Use with Volwnetric Procedure}—A Le
Chatelier flask as described in Test Method C 188 is satisfac-
tory for an approximately 55-g test sample.

6.4 Mold and Tamper for Surface Moisture Test—The metal
mold shall be in the form of a frustum of a cone with
dimensions as follows: 40 * 3-mm inside diameter at the top,
90* 3-mm inside diameter at the bottom, and 75 = 3 mm in
height, with the metal having a minimum thickness of 0.8 mm.
The metal tamper shall have a mass of 340 * 15 g and a flat
circular tamping face 25 * 3 mm in diameter.

6.5 Oven—An oven of sufficient size, capable of maintain-
ing a uniform temperature of 110 * 5 *C (230 = 9 °F).

7. Sampling

7.1 Sample the aggregate in accordance with Practice D 75.
Thoroughly mix the sample and reduce it to obtain a test
specimen of approximately 1 kg using the applicable proce-
dures described in Practice C 702.

8. Preparation of Test Specimen

8.1 Place the test specimen in a suitable pan or vessel and
dry in the oven to constant mass al a temperature of 110 £ 5
°C (230 £ 9 °F). Allow it to cool to comfortable handling
temperature (approximately 50 °C), cover with water, either by
immersion or by the addition of at least 6 % moisture to the
fine aggregate. and permit to stand for 24 * 4 h

8.1.1 Where the absorption and relative density (specific
gravity) values are to be used in proporlioning concrele
mixtures in which the aggregates will be in their naturally
moist condition, the requirement in 8.1 for initial drying is
optional, and, if the surfaces of the particles in the sample have
been kept continuously wet until tested, the requirement in 8.1
for 24 * 4 h soaking is also optional.

Nore 1—Values for absorption and for relative density (specific grav-
ity) (S5D) may be significantly higher for aggregaie not oven dried before
soaking than for the same aggregate treated in accordance with 8.1,

8.2 Decant excess water with care to avoid loss of fines (see
also Appendix X1), spread the sample on a flat nonabsorbent
surface exposed to a gently moving current of warm air, and
stir frequently to secure homogeneous drying. Employ me-
chanical aids such as tumbling or stirring to assist in achieving
the saturated surface-dry condition, if desired. Continue this
operation until the test specimen approaches a free-flowing
condition. Follow the procedure in 8.3 to determine if surface
moisture 18 still present on the constituent fine aggregate
particles. Make the first trial for surface moisture when there is
still some surface water in the test specimen. Continue drying
with constant stirring and test at frequent intervals until the test
indicates that the specimen has reached a surface-dry condi-
tion. If the first trial of the surface moisture test indicates that
moisture is not present on the surface, it has been dried past the
saturated surface-dry condition. In this case, thoroughly mix a
few millilitres of water with the fine aggregate and permit the
specimen to stand in a covered container for 30 min. Then

resume the process of drying and testing at frequent intervals
for the onset of the surface-dry condition.

8.3 Test for Surface Moisture—Hold the mold firmly on a
smooth nonabsorbent surface with the large diameter down.
Place a portion of the partially dried fine aggregate loosely in
the mold by filling it to overflowing and heaping additional
material above the top of the mold by holding it with the
cupped fingers of the hand holding the mold. Lightly tamp the
fine aggregate into the mold with 25 light drops of the tamper.
Start each drop approximately 5 mm above the top surface of
the fine aggregate. Permit the tamper to fall freely under
gravitational attraction on each drop. Adjust the starting height
to the new surface elevation after each drop and distribute the
drops over the surface. Remove loose sand from the base and
lift the mold vertically. If surface moisture is still present, the
fine aggregate will retain the molded shape. Slight slumping of
the molded fine aggregate indicates that it has reached a
surface-dry condition.

8.3.1 Some fine aggregate with predominately angular-
shaped particles or with a high proportion of fines does not
slump in the cone test upon reaching the surface-dry condition.
Test by dropping a handful of the fine aggregate from the cone
test onto a surface from a height of 100 to 150 mm, and
observe for fines becoming airborne; presence of airborne fines
indicates this problem. For these materials, consider the
saturated surface-dry condition as the point that one side of the
fine aggregate slumps slightly upon removing the mold.

Nore 2—The following criteria have also been used on materials that
do not readily slump:

(1) Provisional Cone Test—Fill the cone mold as described
in 8.3 except only use 10 drops of the tamper. Add more fine
ageregate and use 10 drops of the tamper again. Then add
material two more times using 3 and 2 drops of the tamper,
respectively. Level off the material even with the top of the
mold, remove loose material from the base; and lift the mold
vertically.

(2} Provisional Surface Test—If airborne fines are noted
when the fine aggregate is such that it will not slump when it
is at a moisture condition, add more moisture to the sand, and
at the onset of the surface-dry condition, with the hand lightly
pat approximately 100 g of the material on a flat, dry, clean,
dark or dull nonabsorbent surface such as a sheet of rubber, a
worn oxidized, galvanized, or steel surface, or a black-pamnted
metal surface. After 1 to 3 s, remove the fine aggregate. It
noticeable moisture shows on the test surface for more than 1
to 2 s then surface moisture is considered to be present on the
fine aggregate.

(3} Colorimetric procedures described by Kandhal and Lee,
Highway Research Record No. 307, p. 44.

(4} For reaching the saturated surface-dry condition on a
single size material that slumps when wetl, hard-finish paper
towels can be used to surface dry the material until the point is
just reached where the paper towel does not appear to be
picking up moisture from the surfaces of the fine aggregate
particles.
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9. Procedure

9.1 Test by either the gravimetric procedure in 9.2 or the
volumetric procedure in 9.3. Make all determinations of mass
w 0.1 g

9.2 Gravimetric (Pycnometer) Procedure:

9.2.1 Partially fill the pycnometer with water. Introduce into
the pycnometer 500 % 10 g of satwrated surface-dry fine
aggregate prepared as described in Section 8, and fill with
additional water to approximately 90 % of capacity. Agitate the
pycnometer as described in 9.2.1.1 (manually) or 92.12
(mechanically).

9.2.1.1 Manually roll, invert, or agitate the pycnometer (or
use¢ a combination of these actions) to eliminate visible air
bubbles.

More 3—About 15 to 20 min are normally required 1o eliminate the air
bubbles by manual methods. Dipping the tip of a paper owel into the
pycnometer has been found to be useful in dispersing the foam that
sometimes builds up when eliminating the air bubbles. Optionally, a small
amount of isopropyl alcohol may be used 1o disperse the foam.

9.2.1.2 Mechanically agitate the pycnometer by external
vibration in a manner that will not degrade the sample. A level
of agitation adjusted to just set individual particles in motion is
sufficient to promote de-airing without degradation. A me-
chanical agitator shall be considered acceptable for use if
comparison lests for each six-month period of use show
variations less that the acceptable range of two results (d2s)
mdicated in Table 1 from the results of manual agitation on the
same material.

9.2.2 After eliminating all air bubbles, adjust the tempera-
tre of the pycnometer and its contents to 23.0 * 2.0 °C if
necessary by partial immersion in circulating water, and bring

TABLE 1 Precision

Standard  Acceptable Range

Deviation of Two Results
(1g)* (d2s)®

Single-Operafor Precision:
Density (OD), kg/m® 1 13
Density (S50), kg/m® &t a5 27
Apparent density, kgim® a5 27
Relative density (specific gravity) (OD) 0.01 0.032
Relative density (specific gravity) (SSD) 0.0085 0.027
Apparent relative density (apparent specific

gravity) 0.0085 0.027
Absorption®, % 011 0.31
Multilaboratory Precision:
Density (OD), kaim® 23 B4
Density (SSD), kg/m® 20 56
Apparant density, kg/m® 20 55
Relative density (specific gravity) (0D) 0.023 0.066
Relative density (specific gravity) (550) 0.020 0.056
Apparent relative density (apparent specific

gravity) 0.020 0.056
Absorplion®, % 023 0.66

4 These numbers represent, respectively, the (1s) and (d2s) limits as described
in Practice C 670. The precision estimates were obtained from the analysis of
combined AASHTO Materials Referance Laboratory proficiency sample data from
Izhoratories using 15 fo 19-h saturation times and other laboratories using 24 +
#-h saturation time. Tesfing was performad on normal weight aggregates, and
started with aggregates in the oven-dry condifion.

Bt Revised editorially to correct a typographical error in August 2003,

€ Predision estimates are based on aggregates with absorptions of less than
1 % and may differ for manufactured fine aggregates and the aggregates having
absorption values greater than 1 %.

the water level in the pycnometer to its calibrated capacity.
Determine the total mass of the pycnometer, specimen, and
waler.

9.2.3 Remove the fine aggregate from the pycnometer, dry
in the oven to constant mass at a temperature of 110 * 5 °C
(230 = 9 °F), cool in air at room temperature for 1 = % h, and
determine the mass.

9.2.4 Determine the mass of the pycnometer filled to its
calibrated capacity with water at 23.0 = 2.0 °C.

9.3 Volumetric (Le Chatelier Flask) Procedure:

9.3.1 Fill the flask initially with water 1o a point on the stem
between the 0 and the 1-mL mark. Record this initial reading
with flask and contents within the temperature range of 23.0 +
2.0 °C. Add 55 £ 5 g of fine aggregate in the saturated
surface-dry condition (or other measured quantity as neces-
sary). After all fine aggregate has been introduced, place the
stopper in the flask and roll the flask in an inclined position, or
gently whirl it in a horizontal circle so as to dislodge all
entrapped air, continuing until no further bubbles rise o the
surface (Note 4). Take a final reading with the flask and
contents within 1 °C of the original temperature.

Note 4—A small measured amount (not to exceed | mL) of isopropyl
alcohol may be used to eliminate foam appearing on the water surface.
The volume of alcohol used must be subtracted from the final reading
(R2).

9.3.2 For determination of the absorption, use a separate
500 * 10-g portion of the saturated surface-dry fine aggregate,
dry to constant mass, and determine the dry mass.

10. Calculations

10.1 Symbols:

A = mass of oven dry specimen, g

B = mass of pycnometer filled with water, to calibration
mark, g

C = mass of pycnometer filled with specimen and water to
calibration mark, g

R,= initial reading of water level in Le Chatelier flask, mL

R>= final reading of water in Le Chatelier flask, mL

§ = mass of saturated surface-dry specimen (used in the
gravimetric procedure for density and relative density (specific
eravity), or for absorption with both procedures), g

S5;= mass of saturated surface-dry specimen (used in the
volumetric procedure for density and relative density (specific
gravity)). g

10.2 Relative Density (Specific Gravity):

10.2.1 Relative Density (Specific Gravity ) (Oven dry)—
Calculate the relative density (specific gravity) on the basis of
oven-dry aggregate as follows:

10.2.1.1 Gravimetric Procedure:

Relative density (specific gravity) (OD) =ANE+ 5 =C) (1)
10.2.1.2 Volumetric Procedure:
Relative density (specific gravity) (OD) = [§, (A/S)V[0.9975 (R,—R,)]
2)
10.2.2 Relative Density (Specific Gravity) Saturated
Suirface-dry)—Calculate the relative density (specific gravity)
on the basis of saturated surface-dry aggregate as follows:
10.2.2.1 Gravimetric Procedure:
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Relative density (specific gravity) (SSD) = S/(B + S-=C) (3)
10.2.2.2 Volumetric Procedure:
Relative density (specific gravity) (SSD) = 5,/[0.9975 (R, — R,)]
4)
10.2.3 Apparent Relative Density (Apparent Specific
Gravity)—Calculate the apparent relative density (apparent
specific gravity) as follows:
10.2.3.1 Gravimetric Procedure:

Apparent relative density (apparent specific gravity) = A/(B + A =C)

)
10.2.3.2 Volumetric Procedure:
Apparent relative density (apparent specific gravity)
S, (A/S) ®

= 09975 (R, = R,) — [(5,/S)(S = A)]

10.3 Density:

10.3.1 Density (Oven-dry)—Calculate the density on the
basis of oven-dry aggregates as follows:

10.3.1.1 Gravimetric Procedure:

Density (OD), kglm’ =9975A/(B+ § -C) (W]

Density (OD), /i = 62.27 AB+S-C) (8)
10.3.1.2 Volumetric Procedure:

Density (OD), kg/m’ = 997.5 5, (A/S)[0.9975 (R, = R,)]  (9)
Density (OD), IW/fc’ = 62.27 5, (A/SV[0.9975 (R, = R,)]  (10)

Nore 5—The constant values used in the calculations in 10.3.1-10.3.3
(997.5 kg/m® and 62.27 Ib/fi) are the density of water at 23 °C. Some
authorities recommend using the density of water at 4 °C (1000 kg/m® or
1000 Mg/m® or 62.43 Ib/ft’) as being sufficiently accurate.

10.3.2 Density (Saturated surface-dry)—Calculate the den-
sity on the basis of saturated surface-dry aggregate as follows:
10.3.2.1 Gravimetric Procedure:

Density (SSD). kg/m* = 997.5 S/(B + § —=C) (1)
Density (SSD), INft® = 62.27 S/(B + S —=C) (12)

10.3.2.2 Volumetric Procedure:
Density (SSD), kg/m’ = 997.5 S,/[0.9975 (R: — R)]  (13)

Density (SSD), I/ft* = 62.27 5,/10.9975 (R, = R))] (14)
10.3.3 Apparent Density—Calculate the apparent density as

follows:
10.3.3.1 Gravimetric Procedure:

Apparent density (SSD), ke/m* = 9975 AAB+ A =C) (15)
Apparent density (SSD), IWft* = 6227 A/B + A = C) (16)

10.3.3.2 Volumetric Procedure:

Apparent density (SSD), ke/m’, a7
N 9975 S, (A/S)
= 09975 (R, = R,) — [(5,/3)(5 = A)]

Apparent density (SSD), IWf’, (18)

_ 62.27 S, (AIS)
09975 (R, — R,) — (5,55 = A)]

10.4 Absorption—Calculate the percentage of absorption as
follows:

Absorption, % = 100 [(S — A)A] (19)

11. Report

11.1 Report density results to the nearest 10 kg/m?, or 0.5
Ib/fE°, relative density (specific gravity) results to the nearest
0.01, and indicate the basis for density or relative density
(specific gravity), as either oven-dry (OD), saturated-surface-
dry (SSD), or apparent.

11.2 Report the absorption result to the nearest 0.1 %.

11.3 If the density and relative density (specific gravity)
values were determined without first drying the aggregate, as
permitted in 8.2, note that fact in the report.

12. Precision and Bias

12.1 Precision—The estimates of precision of this test
method (listed in Table 1) are based on results from the
AASHTO Materials Reference Laboratory Proficiency Sample
Program, with testing conducted by this test method and
AASHTO Method T 84. The significant difference between the
methods is that Test Method C 128 requires a saturation period
of 24 * 4 h, and AASHTO Test Method T 84 requires a
saturation period of 15 to 19 h. This difference has been found
to have an insignificant effect on the precision indices. The data
are based on the analyses of more than 100 paired test results
from 40 to 100 laboratories. The precision estimates for density
were calculated from values determined for relative density
(specific gravity). using the density of water at 23 °C for the
conversion.

12.2 Bias—Since there is no accepted reference material
suitable for determining the bias for this test method, no
statement on bias is being made.

13. Keywords

13.1 absorption; aggregate:; apparent density: apparent rela-
tive density; density: fine aggregate: relative density; specific
gravity
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APPENDIXES

(Nonmandatory Information)

X1. POTENTIAL DIFFERENCES IN BULK RELATIVE DENSITY AND ABSORPTION DUE TO PRESENCE OF MATERIAL
FINER THAN 75 pm

X1.1 It has been found that there may be significant
differences in bulk relative density and absorption between fine
aggregale samples tested with the material finer than 75 pm
(No. 200) present and not present in the samples. Samples from
which the material finer than 75 pm is not removed usually
give a higher absorption and a lower bulk relative density
compared with testing the same fine aggregate from which the
material finer than 75 pm is removed following the procedures
of Test Method C 117. Samples with material finer than 75 pm
may build up a coating around the coarser fine aggregate
particles during the surface drying process. The resultant
relative density and absorption that is subseguently measured is
that of the agglomerated and coated particles and not that of the
parent material. The difference in absorption and relative
density determined between samples from which the material
finer than 75 pm have not been removed and samples from
which the material finer than 75 pm have been removed

depends on both the amount of the material finer than 75 pm
present and the nature of the material. When the material finer
than 75 pm is less than about 4 % by mass, the difference in
relative density between washed and unwashed samples is less
than 0.03. When the material finer than 75 pm 18 greater than
about 8 % by mass, the difference in relative density obtained
between washed and unwashed samples may be as great as
0.13. It has been found that the relative density determined on
fine aggregate from which the material finer than 75 pm has
been removed prior to testing more accurately reflects the
relative density of the material.

X1.2 The material finer than 75 pm, which is removed, can
be assumed to have the same relative density as the fine
ageregate. Alternatively, the relative density (specific gravity)
of the material finer than 75 pm may be further evaluated using
Test Method D 854, however, this test determines the apparent
relative density and not the bulk relative density.

X2, INTERRELATIONSHIPS BETWEEN RELATIVE DENSITIES (SPECIFIC GRAVITIES) AND ABSORPTION AS DEFINED
IN TEST METHODS C 127 AND C 128

X2.1 This appendix gives mathematical interrelationships
among the three types of relative densities (specific gravities)
and absorption. These may be useful in checking the consis-
tency of reported data or calculating a value that was not
reported by using other reported data.

X22 Where:
5, = relative density (specific gravity) (OD),
S, = relative density (specific gravity) (S8D),
S, = apparent relative density (apparent specific gravity),

and
A = absorption, in %.
Calculate the values of each as follows:

5, = (1 + A/100)S, (X2.1)

1
oS =TE A A 23
5T
- 5
=—3
I= 1555 = 1)
5
A =(f‘— 1) 100 (X2.4)
r
a= (2225 ) 0 X25
‘(s,(S,—u) (x2.3)
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(/) Revised 9.2.1.1.
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Committee C09 has identified the location of selected changes to this test method since the last issue,
C 128 - 07, that may impact the use of this test method. (Approved August 1, 2007)

Committee C09 has identified the location of selected changes to this test method since the last issue,
C 128 —(Ma, that may impact the use of this test method. (Approved February 1, 2007)
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American Asaocistion of State

Highway and Transportation Officials Standard
AASHTO Mo TI9T19M

Bulk Density (“Unit Weight”) and Voids in Aggregate’

This standard is issued under the fixed designation C 2WC 29M: the number immediately following the designation indicates the year
of original adoption or. in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

This stamdard has been approved for use by agencies of the Deparmment of Defense.

1. Scope*®

1.1 This test method covers the determination of bulk
density (“unit weight™) of aggregate in a compacted or loose
condition, and calculated voids between particles in fine,
coarse, or mixed aggregates based on the same determination.
This test method is applicable to aggregates not exceeding 125
mm [5 in.] in nominal maximum size.

Nore |—Unit weight is the traditional terminology used to describe the
property determined by this test method, which is weight per unit volume
(more correctly, mass per unit volume or density).

1.2 The values stated in either SI units or inch-pound units
are lo be regarded separately as standard, as appropriate for a
specification with which this test method is used. An exception
is with regard to sieve sizes and nominal size of aggregate, in
which the SI values are the standard as stated in Specification
E 11. Within the text, inch-pound units are shown in brackets.
The values stated in each system may not be exact equivalents;
therefore each system must be used independently of the other,
without combining values in any way.

1.3 This standard does not purport to address all of the
safety concerns, if amy, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: *

C 125 Terminology Relating to Concrete and Concrete
Aggregates

C 127 Test Method for Density, Relative Density (Specific
Gravity), and Absorption of Coarse Aggregate

* This test method is under the jurisdiction of ASTM Commitice C09 on
Concrete and Concrete Aggregates and is the direct responsibility of Subcommittee
C09.20 on Normal Weight Aggregates.

Current edition approved Aug. 1, 2007. Published September 2007. Onginally
approved in 1920, Last previous eodition approved in 2003 as C 29/
C 29M — 97(2003).

* For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Anmisal Book af ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

C 128 Test Method for Density, Relative Density (Specific
Gravity), and Absorption of Fine Aggregate

C 138/C 138M Test Method for Density (Unit Weight),
Yield, and Air Content (Gravimetric) of Concrete

C 670 Practice for Preparing Precision and Bias Stalements
for Test Methods for Construction Materials

C 702 Practice for Reducing Samples of Aggregale 1o
Testing Size

D75 Practice for Sampling Aggregates

[ 123 Terminology Relating to Textiles

E 11 Specification for Wire Cloth and Sieves for Testing
Purposes

2.2 AASHTO Standard:

TI9T19M Method of Test for Unit Weight and Voids in
Aggregate?

3. Terminology

3.1 Defmitions—Definitions are in accordance with Termi-
nology C 125 unless otherwise indicated.

3.1.1 bulk density, n—of aggregate, the mass of a unit
volume of bulk aggregate material, in which the volume
includes the volume of the individual particles and the volume
of the voids between the particles. Expressed in kg/m® [Ib/fi®).

3.1.2 umit weight, n—weight (mass) per unit volume. (Dep-
recated term used—preferred term bulk density.)

3.1.2.1 Discussion—Weight is equal to the mass of the body
multiplied by the acceleration due to gravity. Weight may be
expressed in absolute units (newtons, poundals) or in gravita-
tonal units (kgf, Ibf), for example: on the surface of the earth,
a body with a mass of 1 kg has a weight of 1 kgf (approxi-
mately 9.81 N), or a body with a mass of 1 b has a weight of
1 Ibf (approximately 4.45 N or 32.2 poundals). Since weight is
equal to mass times the acceleration due to gravity, the weight
of a body will vary with the location where the weight is
determined, while the mass of the body remains constant. On
the surface of the earth, the force of gravity imparts to a body
that is free to fall an acceleration of approximately 9.81
m/fs® [32.2 fus®). D123

* Available from American Association of State Highway and Transportation
Officials (AASHTO), 444 N. Capitol St NW, Suite 249, Washington, DC 20001,
httpdfwww.trans portation.org.

*A Summary of Changes section appears at the end of this standard.
Copyright © ASTM Iniemaiional, 100 Barr Harbor Drive, FD Box C700, Wesi Conshohocken, PA 18428-2053, Uniled Staies.

1
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3.2 Definitions of Terms Specific to This Standard:

3.2.1 voids, n—in unit volume of aggregate, the space
between particles in an aggregate mass not occupied by solid
mineral matter.

3.2.1.1 Discussion—VNoids within particles, either perme-
able or impermeable, are not included in voids as determined
by this test method.

4. Significance and Use

4.1 This test method is often used to determine bulk density
values that are necessary for use for many methods of selecting
proportions for concrele mixtures.

4.2 The bulk density also may be used for determining
mass/volume relationships for conversions in purchase agree-
ments. However, the relationship between degree of compac-
tion of aggregates in a hauling unit or stockpile and that
achieved in this test method is unknown. Further, aggregates in
hauling units and stockpiles usually contain absorbed and
surface moisture (the latter affecting bulking), while this test
method determines the bulk density on a dry basis.

4.3 A procedure is included for computing the percentage of
voids between the aggregate particles based on the bulk density
determined by this test method.

5. Apparatus

5.1 Balance—A balance or scale accurate within 0.1 % of
the test load at any point within the range of use, graduated to
at least 0.05 kg [0.1 Ib]. The range of use shall be considered
o extend from the mass of the measure empty to the mass of
the measure plus its contents at 1920 kg/m® [120 Ib/f).

5.2 Tamping Rod—A round, straight steel rod, 16 mm [¥%
in.] in diameter and approximately 600 mm [24 in.] in length,
having the tamping end, or both ends, rounded to a hemispheri-
cal tip, the diameter of which is 16 mm [% in.].

5.3 Measure—A cylindrical metal measure, preferably pro-
vided with handles. It shall be watertight, with the top and
bottom true and even, and sufficiently rigid to retain its form
under rough usage. The measure shall have a height approxi-
mately equal to the diameter, but in no case shall the height be
less than 80 % nor more than 150 % of the diameter. The
capacity of the measure shall conform to the limits in Table 1
for the aggregate size to be tested. The thickness of metal in the
measure shall be as described in Table 2. The top rim shall be
smooth and plane within 0.25 mm [0.01 in.] and shall be
parallel to the bottom within 0.5% (See Note 2). The interior
wall of the measure shall be a smooth and continuous surface.

TABLE 1 Capacity of Measures
Mominal Maximum

Size of Agg Capacity of Measure®

mm in. miL] #*

125 Y2 0.0028[2.8] Win

250 1 0.0093 [9.3] Va

375 1% 0.014 [14] e

75 3 0.028 [28] 1
100 4 0.070 [70] 2%
125 5 0.100 [100] 3%

A Tha indicated size of measure shall be used to test aggregates of a nominal
maximum size equal to or smaller than that listed. The actual volume of the
measure shall be at least 95 % of the nominal volume listed.

TABLE 2 Requirements for Measures
Thickness of Matal, min

Capacity of Measure Upper 38 mm
Battom or 1% in. Remainder of wall
of wall®
Less than 11 L 5.0 mm 2.5 mm 25 mm
1 to 42 L, incl 5.0 mm 5.0 mm 3.0 mm
over 42 to 80 L, incl 10.0 mm 6.4 mm 3.8 mm
over 80 to 133 L, incl 13.0 mm 7.6 mm 5.0 mm
Less than 0.4 #° 0.20 in. 0.10in. 0.10 in.
0.4 % to 1.5 #%, incl 0.20 in. 020 in. 012 in.
over 1.5 to 2.8 #t%, incl 0.40 in. 0.25 in. 0.15 in.
over 2.8 to 4.0 #%, incl 0.50 in. 0.30 in. 0.20 in.

“The added thickness in the upper portion of the wall may be obtained by
placing a reinforcing band around the top of the measure.

Note 2—The top nm is satisfactorily plane if a 0.25-mm [0.01-in.]
feeler gage cannot be inserted between the rim and a piece of 6-mm
[*4-in.] or thicker plate glass laid over the measure. The top and bottom
are satisfactorily parallel if the slope between pieces of plate glass in
contact with the top and bottom does not exceed 0.87 % in any direction.

5.3.1 If the measure is 10 also be used for testing for bulk
density of freshly-mixed concrete according to Test Method
C 138, the measure shall be made of steel or other suitable
metal not readily subject to attack by cement paste. Reactive
materials, such as aluminum alloys are permitted, where as a
consequence of an initial reaction, a surface film is formed
which protects the metal against further corrosion.

5.3.2 Measures larger than nominal 28 L [1 fc] capacity
shall be made of steel for rigidity. or the minimum thicknesses
of metal listed in Table 2 shall be suitably increased.

5.4 Shovel or Scoop—A shovel or scoop of convenient size
for filling the measure with aggregate.

5.5 Calibration Equipment:

5.5.1 Plate Glass—A piece of plate glass, preferably at least
6 mm [¥ in.] thick and at least 25 mm [1 in_] larger than the
diameter of the measure to be calibrated.

5.5.2 Grease—A supply of water-pump, chassis, or similar
grease.

5.5.3 Thermometer—A thermometer having a range of at
least 10 to 32 °C [50 to 90 °F] and that is readable to at least
05 °C [1 °F].

5.5.4 Balance—A balance as described in 5.1.

6. Sampling
6.1 Obtain the sample in accordance with Practice D 75, and
reduce to test sample size in accordance with Practice C 702,

7. Test Sample

7.1 The size of the sample shall be approximately 125 to
200 % of the guantity required to fill the measure, and shall be
handled in a manner to avoid segregation. Dry the aggregate
sample to essentially constant mass, preferably in an oven at
110 £ 5 °C [230 = 9 °F].

8. Calibration of Measure

8.1 Measures shall be recalibrated at least once a year or
whenever there is reason to question the accuracy of the
calibration.

8.2 Determine the mass of the plate glass and measure the
nearest 0.05 kg [0.1 1b).
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8.3 Place a thin layer of grease on the rim of the measure to
prevent leakage of water from the measure.

8.4 Fill the measure with water that is at room temperature
and cover with the plate glass in such a way as to eliminate
bubbles and excess water. Remove any water thal may have
overflowed onto the measure or plate glass.

8.5 Determine the mass of the water, plate glass, and
measure to the nearest 0.05 kg [0.1 Ib].

8.6 Measure the temperature of the water 1o the nearest
0.5 °C [1 °F] and determine its density from Table 3,
interpolating if necessary.

8.7 Calculate the volume, V, of the measure. Alternatively,
calculate the factor, F, for the measure.

Nore 3—For the calculation of bulk density. the volume of the measure
in SI units should be expressed in cubic metres, or the factor as 1im®.
However, for convenience the size of the measure may be expressed in
litres.

9. Selection of Procedure

9.1 The shoveling procedure for loose bulk density shall be
used only when specifically stipulated. Otherwise, the compact
bulk density shall be determined by the rodding procedure for
aggregates having a nominal maximum size of 37.5 mm
[1% in.] or less, or by the jigging procedure for aggregales
having a nominal maximum size greater than 37.5 mm [1%21n.]
and not exceeding 125 mm [5 in.].

10. Rodding Procedure

10.1 Fill the measure one-third full and level the surface
with the fingers. Rod the layer of aggregate with 25 strokes of
the tamping rod evenly distributed over the surface. Fill the
measure (wo-thirds full and again level and rod as above.
Finally, fill the measure to overflowing and rod again in the
manner previously mentioned. Level the surface of the aggre-
gate with the fingers or a straightedge in such a way that any
slight projections of the larger pieces of the coarse aggregate
approximately balance the larger voids in the surface below the
top of the measure.

10.2 In rodding the first layer, do not allow the rod to strike
the bottom of the measure forcibly. In rodding the second and
third layers, use vigorous effort, but not more force than to
cause the tamping rod to penetrate to the previous layer of
aggregale.

Nore 4—In rodding the larger sizes of coarse aggregate, it may not be
possible to penetrate the layer being consclidated, especially with angular
aggregates. The intent of the procedure will be accomplished if vigorous
effort is used.

TABLE 3 Density of Water

Temperature - -

°C “F

156 &0 2990.01 62366
183 &5 098.54 62336
211 70 997.97 82301
23.0 734 0497.54 82274
239 75 99732 82281
267 80 99650 B2 216
204 85 94583 62166

10.3 Determine the mass of the measure plus ils contents,
and the mass of the measure alone, and record the values to the
nearest 0.05 kg [0.1 Ib].

11. Jigging Procedure

11.1 Fill the measure in three approximately equal layers as
described in 10.1, compacting each layer by placing the
measure on a firm base, such as a cemeni-concrete floor,
raising the opposite sides alternately about 50 mm [2 in.], and
allowing the measure to drop in such a manner as to hit with a
sharp, slapping blow. The aggregate particles, by this proce-
dure, will arrange themselves in a densely compacted condi-
tion. Compact each layer by dropping the measure 50 times in
the manner described, 25 times on each side. Level the surface
of the aggregate with the fingers or a straightedge in such a way
that any slight projections of the larger pieces of the coarse
aggregale approximately balance the larger voids in the surface
below the top of the measure.

11.2 Determine the mass of the measure plus its contents,
and the mass of the measure alone, and record the values to the
nearest 0.05 kg [0.1 Ib].

12. Shoveling Procedure

12.1 Fill the measure to overflowing by means of a shovel
or scoop, discharging the aggregate from a height not to exceed
50 mm |2 in.] above the top of the measure. Exercise care to
prevent, so far as possible, segregation of the particle sizes of
which the sample is composed. Level the surface of the
aggregate with the fingers or a straightedge in such a way that
any slight projections of the larger pieces of the coarse
aggregale approximately balance the larger voids in the surface
below the top of the measure.

12.2 Determine the mass of the measure plus its contents,
and the mass of the measure alone, and record the values to the
nearest 0.05 kg [0.1 Ib].

13. Calculation

13.1 Bulk Density—Calculate the bulk density for the rod-
ding, jigging, or shoveling procedure as follows:

M=(G=TWV 0

M=(G=T)xF 2)

=
g
1]

bulk density of the aggregate, kg/m* [Ib/fi’],
mass of the aggregate plus the measure, kg [Ib],
mass of the measure, kg [lb],

volume of the measure, m® [ft¥], and

= factor for measure, m— [fi7].

13.1.1 The bulk density determined by this test method is
for aggregate in an oven-dry condition. If the bulk density in
terms of saturated-surface-dry (SSD) condition is desired, use
the exact procedure in this test method, and then calculate the
SSD bulk density using the following formula:

Mssd = M1 + (A/100)] 3)

o=

=

where:
Mssp = bulk density in SSD condition, kg/m’® [Ib/ft’], and
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A = % absorption, determined in accordance with Test
Method C 127 or Test Method C 128,
13.2 Void Content—Calculate the void content in the aggre-
gate using the bulk density determined by either the rodding,
Jigging, or shoveling procedure, as follows:

% Voids = 100[(S % W) = MJ(S x W) )
where:
M = bulk density of the aggregate, kg/m® [Ib/fr’],
§ = bulk specific gravity (dry basis) as determined in

accordance with Test Method C 127 or Test Method
C 128, and
W = density of water, 998 kg/m® [62.3 Ib/fi’].
13.3 Volume of Measure—Calculate the volume of a mea-
sure as follows:

V={(W-=MIiD i5)
F = DI{W — M) i6)
where:
V = volume of the measure, m® [ft°)]
W = mass of the water, plate glass, and measure, kg [1b]
M = mass of the plate glass and measure, kg [Ib]
D = density of the water for the measured temperature,
kg/m® [Ib/f’], and
F = factor for the measure, 1/m® [1/c°]
14. Report

14.1 Report the results for the bulk density to the nearest 10
kg/m® [1 1b/fc*] as follows:

14.1.1 Bulk density by rodding, or

14.1.2 Bulk density by jigging, or

14.1.3 Loose bulk density.

14.2 Report the results for the void content to the nearest
1 % as follows:

14.2.1 Voids in aggregate compacted by rodding, %, or

14.2.2 Voids in aggregate compacted by jigging, %, or

14.2.3 Voids in loose aggregate, %.

15. Precision and Bias

15.1 The following estimates of precision for this test
method are based on resulis from the AASHTO Materials
Reference Laboratory (AMRL) Proficiency Sample Program,
with testing conducted using this test method and AASHTO
Method T 19T19M. There are no significant differences be-
tween the two test methods. The data are based on the analyses
of more than 100 paired test results from 40 to 100 laborato-
ries.

15.2 Coarse Aggregate (bulk density):

15.2.1 Single-Operator Precision—The single-operator
standard deviation has been found to be 14 kg/m® [0.88 1b/t?]
(1s). Therefore, results of two properly conducted tests by the
same operator on similar material should not differ by more
than 40 kg/m® [2.5 Ib/fC] (d2s).

15.2.2 Multilaboratory Precision—The multilaboratory
standard deviation has been found to be 30 kg/m® [1.87 Ib/fi’)
(1s). Therefore, results of two properly conducted tests from
two different laboratories on similar material should not differ
by more than 85 kg/m® [5.3 Ib/ft®] (d2s).

15.2.3 These numbers represent, respectively, the (1s) and
(d2s) limits as described in Practice C 670. The precision
estimates were obtained from the analysis of AMRL profi-
ciency sample data for bulk density by rodding of normal
weight aggregates having a nominal maximum aggregate size
of 250 mm [1 in.], and using a 14-L [%-ft°] measure.

153 Fine Aggregate (bulk density):

15.3.1 Single-Operator Precision—The single-operator
standard deviation has been found to be 14 kg/m® [0.88 Ib/fi°)
(1s). Therefore, results of two properly conducted tests by the
same operator on similar material should not differ by more
than 40 kg/m® [2.5 Ib/fC°] (d2s).

15.3.2 Multilaboratory Precision—The multilaboratory
standard deviation has been found 1o be 44 kg/m® [2.76 1b/iC]
(1s). Therefore, results of two properly conducted tests from
two different laboratories on similar material should not differ
by more than 125 kg/m® [7.8 Ib/fi°] (d2s).

15.3.3 These numbers represent, respectively, the (1s) and
(d2s) limits as deseribed in Practice C670. The precision
estimates were obtained from the analysis of AMRL profi-
ciency sample data for loose bulk density from laboratories
using a 2.8-L [Yio-fi’] measure.

154 No precision data on void content are available.
However, as the void content in aggregate is calculated from
bulk density and bulk specific gravity, the precision of the
voids content reflects the precision of these measured param-
eters given in 15.2 and 15.3 of this test method and in Test
Methods C 127 and C 128,

15.5 Bias—The procedure in this test method for measuring
bulk density and void content has no bias because the values
for bulk density and void content can be defined only in terms
of a test method.

16. Keywords

16.1 aggregates; bulk density; coarse aggregate; density;
fine aggregate; unit weight; voids in aggregates
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Committee C09 has identified the location of selected changes to this test method since the last issue,
C 29/C 29M - 97(2003), that may impact the use of this test method. (Approved August 1, 2007)

() Revised 5.5. (3) Added new 13.3.
(2) Revised Section 8.

ASTM International takes no position respecting the validity of any palent rights asserfed in connection with any ffem mentionsd
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infrimgerment of such rights, are entiraly their own responsibility.

This standard is subject fo revision at any time by the responsible fechnical commities and must be reviewsd svery five years and
if not revised, sither reapproved or withdrawn. Yowr comments are invited either for revision of this standard or for additional standards
and should be addressed o ASTM Infernational Headguariers. Your commernts will receive careful consideration af a meeting of the
responsible technical committes, which you may attend. If you feel that your cormments have nof received a fair hearing you shouwld
make your views known fo the ASTM Committes on Standards, at the address shown below:

This standard is copyrighted by ASTM Infernational, 100 Bamr Harbor Drive, PO Box G700, West Conshohocken, PA 19428-29539,
United Stafes. Individual reprinis (single or mulliple copies) of this standard may be obtained by contacting ASTM af the above
address or at §10-832-8585 (phone), §10-832-8555 (fax), or service@astm.org (e-mail); or through the ASTM websits
(www.astm.ong).
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Foaming Agents for Use in Producing Cellular Concrete

Using Preformed Foam'

This standard is issued under the fixed designation C 796; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

This specification has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This test method furnishes a way of measuring, in the
laboratory, the performance of a foaming chemical to be used
in producing foam (air cells) for making cellular concrete.

1.2 This test method includes the following:

1.2.1 Manufacture of laboratory quantities of cellular con-
crete.

1.2.2 Determination of the air content of the freshly pre-
pared cellular concrete and of the hardened concrete after
handling in conventional machinery.

1.2.3 Determination of the following properties of the
hardened concrete: compressive strength, tensile splitting
strength, density, and water absorption. It may not be necessary
to study all of the above properties in all cases, depending on
the proposed use of the material.

1.3 The values stated in inch-pound units are to be regarded
as the standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1.5 The text of this standard references notes and footnotes
which provide explanatory material. These notes and footnotes
(excluding those in tables and figures) shall not be considered
as requirements of the standard.

2. Referenced Documents

2.1 ASTM Standards:

C 88 Test Method for Soundness of Aggregates by Use of
Sodium Sulfate or Magnesium Sulfate?

C 150 Specification for Portland Cement®

C 192 Practice for Making and Curing Concrete Test Speci-
mens in the Laboratory®

C 495 Test Method for Compressive Strength of Light-
weight Insulating Concrete?

! This test method is under the jurisdiction of ASTM Committee C-9 on Concrete
and Concrete Aggregates and is the direct responsibility of Subcommittee C09.23 on
Chemical Admixtures.

Current edition approved Nov. 10, 1997. Published October 1998. Originally
published as C 796 — 74 T. Last previous edition C 796 — 87a (1993).

2 Annual Book of ASTM Standards, Vol 04.02.

Copyright @ ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.

C 496 Test Method for Splitting Tensile Strength of Cylin-
drical Concrete Specimens?

C 511 Specification for Moist Cabinets, Moist Rooms, and
Water Storage Tanks Used in the Testing of Hydraulic
Cements and Concretes®

C 869 Specification for Foaming Agents Used in Making
Preformed Foam for Cellular Concrete?

3. Terminology

3.1 Definitions:

3.1.1 cellular concrete—a lightweight product consisting of
portland cement, cement-silica, cement-pozzolan, lime-
pozzolan, or lime-silica pastes, or pastes containing blends of
these ingredients and having a homogeneous void or cell
structure, attained with gas-forming chemicals or foaming
agents (for cellular concretes containing binder ingredients
other than, or in addition to portland cement, autoclave curing
is usually employed).? In cellular concrete the density control
is achieved by substituting macroscopic air cells for all or part
of the fine aggregate. Normal-weight coarse aggregate is
usually not used but lightweight aggregates, both fine and
coarse, are often utilized in cellular concrete.

3.2 Symbols:

D,,, = experimental density of the concrete before pump-
ing, Ib/ft’(kg/m®)

D.., = experimental density of the concrete after pump-
ing, Ib/f’(kg/m®)

Dy, = theoretical density of the plastic mix based on
absolute volume, Ib/ft*(kg/m®)

Dy = design density of the text mixture, Ib/ft’(kg/m?)

SGC = specific gravity of cement = 3.15

= time required to overfill the container, min

= time required to generate | (1 m*) of foam, min
= volume of foam container, ft’(m?®)

volume of air required in the test batch, ft'(m?)
= volume of test specimen (cylinder), ft*(m*)

= volume of foam in the test batch, ft}(m?)

AARAER
I

* ACI Committee 116, “Cement and Concrete Terminology,” American Concrete
Institute, Publication SP-19, 1967, p. 144,
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4 = volume of water absorbed by test specimen in 24
h, f*(m?)

net weight of foam in overfilled container before
striking off, 1b (kg)

=
I

W, = net weight of foam in container after striking off,
Ib (kg)

W, = weight of cement in the test batch, 1b (kg)

We = weight of foam in the test batch, 1b (kg)

Wiw = total weight of water in the test batch, including
weight of foam, Ib (kg)

W, = density of foam, Ib/ft’(kg/m®)

W, = weight of water added to test batch at mixer, Ib

(kg)
4. Summary of Test Method

4.1 This test method includes the following:

4.1.1 Manufacture of laboratory quantities of cellular con-
crete.

4.1.2 Determination of the air content of freshly prepared
cellular concrete and of hardened concrete after handling in
conventional machinery.

4.1.3 Determination of the following properties of hardened
concrete: compressive strength, tensile splitting strength, den-
sity, and water absorption. It may not be necessary to study all
of the above properties in all cases, depending on the proposed
use of the material.

5. Significance and Use

5.1 This test method is used to develop data for comparison
or compliance with the requirements of Specification C 869.

6. Apparatus

6.1 Mixer—The mixer shall be a power-driven paddle-type
mixer with a capacity of at least 4 ft(0.12 m’), an operating
speed of 40 to 45 r/min (0.24 to 0.27 kHz), and equipped with
rubber wiper blades.

6.2 Foam Generator—The foam generator shall be a
laboratory-sized generator approved by the manufacturer of the
foam being used and shall be similar to the type used in the
field.

6.3 Pump—The pump shall be an open or closed throat-type
pump* and shall be run at 450 r/min (2.7 kHz). The pump shall
be equipped with a 4.5-ft*(0.13-m>) feed” reservoir and 50 ft
(15 m) of open-end l-in. (25-mm) inside diameter rubber hose
on the pump discharge, the exit end of the hose being at the
same height as the pump.

6.4 Curing Cabinet—The curing cabinet shall be as de-
scribed in Specification C 511.

6.5 Molds—The cylindrical molds for compression test
specimens shall be as described in the Apparatus section of
Test Method C 495. The molds for all other test specimens
shall conform to the cylinder molds in the Apparatus section of
Method C 192.

6.6 Strike-Off Plate for Molds—A Va-in. (6-mm) thick, flat
steel plate at least 8 in. (200 mm) longer and 2 in. (50 mm)
wider than the diameter of the mold.

4 The Moyno Type CDR, Frame 2JC4 or 2L4 pump, or equivalent, has been
found satisfactory for this purpose.

6.7 Scales—Scales and weights shall be accurate to within
0.1 % of the weight of the material being measured.

6.8 Compression Machines—Compression testing ma-
chines used for compressive strength tests and tensile-splitting
strength tests shall conform to the requirements of Test
Methods C 495 and C 496, respectively.

6.9 Drying Oven—The drying oven shall be as described in
Test Method C 88.

6.10 Compressed Air—A source of compressed air capable
of maintaining pressures in the range of 60 to 100 psi (0.4 to
0.7 MPa) to *1 psi (£0.007 MPa).

6.11 Weighing Container for Concrete—A machined-steel
container of 0.5 f3(0.014 m®) volume with a flat smooth rim.

6.12 Strike-Off Plate for Weighing Container—A Ya-in.
(6-mm) thick, flat steel plate, at least 8 in. (200 mm) longer and
2 in. (50 mm) wider than the diameter of the rim of the
weighing container.

6.13 Stop Watch—A stop watch graduated in seconds and
minutes.

6.14 Calipers—Calipers to span 3, 6, and 12 in. (76, 152,
and 305 mm).

6.15 Foam Weighing Container—A lightweight vessel of
approximately 2 f°(0.06 m®) capacity, with a smooth rim for
striking off.

6.16 Strike-Off Plate for Foam Weighing Container—A
Va-in. (6-mm) thick, flat steel plate at least 8 in. (200 mm)
longer and 2 in. (50 mm) wider than the diameter of the rim of
the container.

6.17 Small Tools—Small tools such as a rubber-headed
hammer and a trowel shall be provided.

7. Materials and Proportions

7.1 Cement—The cement used shall be Type I or Type III
portland cement meeting the requirements of Specification
C 150.

7.2 Water-Cement Ratio—The water requirement will vary
with the type and source of cement. For the purpose of these
tests, w/e = 0.58 for Type I cement and w/c = 0.64 for Type 111
cement shall be used. However, if a particular cement or
foaming agent used with these values of w/c does not produce
a satisfactory mix, a trial mix or mixes may be made using the
cement and foaming agent in question. Pump the trial mix (see
8.7.1) and revise the w/c if D,,,, the unit weight of the concrete
after pumping, is more than 10 % different from the design unit
weight of 40 Ib/f(641 kg/m®).

7.3 Batch Quantities—The quantities of materials described
in Table 1 shall be used in the test batch.

7.3.1 The foaming solution in the foam will be considered
as part of the total mixing water. The quantities listed in Table
1 will produce concrete weighing 40 Ib/ft’(641 kg/m®). The
batch yield will be 3.95 f*(0.112 m?) for the batch using Type
I cement. Using the quantities for Type III cement, the yield
will be 4.1 f3(0.116 m?).

TABLE 1 Materials for the Test Batch

Type of Cement,  Total Water, Foam,
Cement Ib (kg) Ib (kg) ft3(m?)

" 100.0 (45.36) 5B.0 (26.31) 156.62/(62.4 — W,y (71.0/(1000 - W)
Il 100.0 (45.36) 64.0 (29.03) 180.37/(62.4 — W,y) (73.0/(1000 - W)
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7.3.2 The density and the yields stated in Table 1 are based
on the assumption that no accidentally entrapped air and no
change in foam volume from the calculated value exist.

Note 1—The equation for foam volume required for the test batch may
be derived as shown in Appendix X1.

8. Procedure

8.1 Make an aqueous solution of the foaming agent in the
dilution specified by the manufacturer. If the dilution is not
specified, preliminary tests are necessary to determine the
required dilution. A suggested starting point for such tests is 40
parts water to 1 part foaming agent, by volume.

8.2 Charge the foam generator with the amount of foaming
solution suggested by the manufacturer of the generator.

8.3 Connect the generator with the source of compressed
air, adjusting the pressure to that recommended by the manu-
facturer of the foaming agent being tested.

8.4 Using the stop watch, calibrate the generator as follows.
Weigh the empty foam container and determine its volume.
Overfill the container with foam, measuring the time required
using a stop watch then weigh. Strike off the excess foam,
holding the strike-off plate in a horizontal position (plane of the
plate horizontal) and moving it across the top of the container
with a sawing action. Again weigh. Calculate the time required
per cubic foot (or cubic metre) of foam using the following
equation:

Ty = (T X W)W X F) )
8.4.1 Calculate also the unit weight of the foam as follows:
Wy = WAV (2)

8.4.2 Calculate the length of time required to generate the
required volume of foam, VT, as follows:
VT, = 62.4 V,T,/(62.4 — W) (V,T, = 1000 F,T,/(1000 — W,p)
(3)
8.4.3 Calculate the weight, Wy, of the required volume of
foam, VW ;.

Note 2—The weight of the foam will usually range from 2 to 4 Ib/ft’
(32 to 64 kg/m®) depending on the foam chemical used. Adjust the unit
weight of foam, W, to the manufacturer’s recommendation if the foam

ufs

generator is adjustable.

8.4.3.1 If Type I cement is used, weigh out 58.0 — ; Ib
(26.31 — Wy kg) of water, W, and 100.0 1b (45.36 kg) of Type
I cement.

8.4.3.2 If Type III cement is used, weigh out 64.0 — ¥ Ib
(29.03 —W; kg) of water, W, and 100.0 1b (45.36 kg) of Type
I cement.

8.5 Wet the mixer with water and drain. Add the water, ¥,
and start the mixer. Gradually add the cement (over a period of
2 min). With a trowel, break up any lumps of undispersed
cement. Mix for 5 min.

8.6 While still mixing, add V; f*(m?) of foam. The required
foam time is ¥T,. Mix for 2 min after all the foam has been
added. Discharge the mixer into the pump feed reservoir.
Immediately, proceed to 8.7.

8.7 Weighing—Fill a tared weighing container with a rep-
resentative sample of the concrete in the reservoir. Before
taking the sample, carefully mix the concrete in the reservoir to
assure better uniformity without entrapping large air bubbles in

the mix. Use a paddle of proper size to reach the bottom of the
reservoir. Use a scoop to transfer the concrete to the container
and tap the sides of the container briskly with the rubber
hammer during the filling operation. Overfill the container and
strike off the excess concrete, holding the strike-off plate in a
horizontal position (plane of plate horizontal) and moving it
across the top of the container with a sawing motion. Wipe the
surface of the container free of spilled concrete with a cloth.
Weigh the full container. Calculate the density of the concrete
and record as the density before pumping (D).

8.7.1 Pump the batch of concrete through the 50-ft (15-m)
hose, discharging it into a sampling basin. From the sampling
basin, take a second density sample as in 8.7, weigh, and record
as the density after pumping (D,,,).

8.8 Molding—Immediately, fill the cylinder molds with
concrete from the sampling basin. Tap the sides of the mold
with the rubber hammer while the mold is being filled. The
minimum number of specimens required is four cylinders, 3 by
6 1n. (76 by 152 mm) and ten cylinders 6 by 12 in. (152 by 305
mm).

8.8.1 As soon as possible after casting, strike off the top
surface of each specimen and cover the specimen with a plastic
bag to prevent evaporation, without marring the surface.

8.9 Removal from Molds and Curing—Follow the appli-
cable requirements of the Test Specimen section of Test
Method C 495. Do not oven dry specimens that are to be
load-tested.

8.10 Compressive Strength—Test four 3 by 6-in. (76 by
152-mm) cylinders for compressive strength in accordance
with Test Method C 495.

8.11 Tensile Splitting Strength—Test four 6 by 12-in. (152
by 305-mm) cylinders for tensile splitting strength at age 28
days in accordance with Test Method C 496, for lightweight
concrete.

8.12 Oven-Dry Weight—Determine the oven-dry density in
accordance with the section on Oven-Dry Weight of Test
Method C 495. Use three 6 by 12-in. (152 by 305-mm)
cylinders from 7.9 at age 28 days.

8.13 Water Absorption:

8.13.1 Take three 6 by 12-in. (152 by 305-mm) specimens
from 8.9 at age 28 days. Take the dimensions with calipers as
described in the Test Specimen Section of Test Method C 495.

8.13.2 Submerge the specimens in water for 24 h. Remove
from water, allow excess water to run off (30 s) and weigh.
This is the wet weight of the specimen.

9. Calculation

9.1 Air Content:

9.1.1 Determine the experimental density of the freshly
mixed concrete at the mixer, D, and at the pump discharge
(end of hose), D5, by dividing the net weights of the samples
from 8.7 and 8.7.1 by the volume of the container. Record to
the nearest 0.5 Ib/ft*(8 kg/m?).

9.1.2 Determine the experimental density of the specimens
from 8.12 before and after drying from the weights and
volumes of the specimens. Use three 6 by 12-in. (152 by
305-mm) cylinders. Record to the nearest 0.5 Ib/ft*(8 kg/m?).
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9.1.3 Determine the air content of the freshly mixed con-
crete from the experimental densities, before and after pump-
ing, and the theoretical density, D, based on the absolute
volume. Record the air content to the nearest 1 %. Calculate
the theoretical density in 1b/ﬁ3(kg/m3) as follows:
Inch-Pound Units:

Dy, = (W, + W, + W(W,/62.4)
+ (WHSGC X 62.4)) + (W/62.4)] )
SI Equivalents:
Dy, = (W, + W, + W)L(W,/1000)
+ (WASGC % 1000)) + (#/1000)] (5)
9.1.3.1 Calculate the air content before pumping or the
percent of air at the mixer as follows:

Air content before pumping = 100 [1 — (D,,,/Dy,)] (6)

9.1.3.2 Calculate the air content after pumping, or the
percent of air at end of hose as follows:

Air content after pumping = 100 [1 — (D_,/Dy)] (7

Note 3—Using the prescribed procedure and assuming the specific
gravity of cement is 3.15 and that the total water used is 58.0 Ib (26.31 kg)
for Type I cement, the theoretical density is 109.9 1b/ft*(1761 kg/m?).
Similarly, for Type III cement the total water is 64.0 1b (29.03 kg) and the
theoretical density is 106.9 Ib/f’(1712 kg/m?).

9.1.4 Calculate the loss of air during pumping as the
difference between the air content before and after pumping.
Record to the nearest 1 %.

Loss of air, % by volume = 100 [(D,,, — D_,,)/Dy] (8)
9.1.5 Calculate the design density (D,) of the test mixture in

Ib/ft (kg/m?) as follows:
Inch-Pound Units:

Dy= (W, + W, + Wpl(W J62.4) + (WJSGC X 62.4) + V] (9)
SI Equivalents:

Dy = (W, + W, + W)[(W,/1000) + (W/SGC % 1000) + V]
(10)

9.2 Water Absorption:

9.2.1 Find the average weight of water absorbed by the
cylinders by subtracting the average dry weight of cylinders
(see 8.12) from the average wet weight of cylinders (see 8.13).
Record to the nearest 0.1 1b (or 0.05 kg).

9.2.2 Find the average volume of water absorbed by divid-
ing the average weight of water absorbed by the density of
water in lbfﬁ3(kg/m3). Determine the water absorption using
the following equation:

absorption, % by volume = (¥, /¥,) X 100 (11)

Record absorption to the nearest 0.5 %.

10. Report
10.1 Using the degrees of precision specified in Section 9,
report the following:

10.1.1 Identification of chemical tested, including manufac-
turer’s name, brand, and lot number,

10.1.2 Water to cement ratio and type of cement used,
10.1.3 Air content before and after pumping,

10.1.4 Oven-dry density,

10.1.5 Water absorption, % by volume,

10.1.6 Compressive strength,

10.1.7 Loss of air during pumping, %,

10.1.8 Tensile splitting strength, and

10.1.9 Difference between design density and experimental
densities before and after pumping.

11. Precision and Bias

11.1 This test method uses results obtained from other
ASTM test methods listed in the Referenced Documents
section. These documents are to be referred to for their
respective precision and bias statements.

APPENDIX

(Nonmandatory Information)

X1. DERIVATION OF FORMULA FOR FOAM VOLUME

X1.1 The formula for foam volume required for the test
batch may be derived as follows:

X1.1.1 Knowing the wet density, 40 Ib/ft® (641 kg/m),
calculate the volume of air required as follows:
Inch-Pound Units:

Wet density, 40 Ib/ft’ = (Wpy + W)/
(W /62.4) + (W/(3.15 X 62.4)) + V]
(X1.1)
SI Equivalents:

Wet density, 641 kg/m® = (Wpy + W)/
[(Wy/1000) + (W/(3.15 % 1000)) + ¥,]
(X1.2)

X1.1.2 Solving for the volume of air required in cubic feet

(or cubic metres):
Inch-Pound Units:

¥, = (0.359 Wry + 0.7965 W,)/40 ft* (X1.3)
SI Equivalents:
V, = (0.359 Wyy + 0.7965 W,)/641 m° (X1.4)

X1.2 The air volumes required for the test batches are as
follows:

Type of Cement V,, f3(m3)
Type | 251 (0.071)
Type Il 257 (0.073)

X1.3 Treating the diluted foam chemical as water (sp
gr = 1) the following relationships between air volume and
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foam volume may be stated: Ve= V1 — (W /624 or

v,
Ve=V,+ (Wg62.4)ft> or V=V, + (W/1000)/m" r
P= Vot O =V O X1.5) = V[l — (W,/1000))/m’, and (X1.7)
- _ 3 _ _ 3
X1.4 If W, is the unit weight of foam, then Wy = W, X V; Vi=6247V/(624 — W,)/ft” or 7= 1000 F/(1000 Wuf)f(f;“ 9
and the equation in X1.3 may be stated in the following '
manner:

Ve— (WVif62.4) = V, t> or V;— (W,V/1000) = V,m*
(X1.6)

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States. Individual
reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at 610-832-9585
(phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website (http://www.astm.org).
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