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Abstract

This research presents a study of the compressive strength, tensile strength,
flexural strength and water absorption of Cellular Lightweight Concrete containing fine
rice hush-bark ash. Portland cement (CT) is partially replaced with pozzolans 20, 30
and 40% by weight of the cementitious materials. The results show that the
compressive strength, tensile strength, flexural strength and low water absorption of
Cellular Lightweight Concrete improves substantially with partial replacement of
Portland cement with rice hush-bark ash. Cellular Lightweight Concrete mix cement

containing 20 and 30% of pozzolans can be used to make cementitious materials.

Keywords: Compressive strength, Water absorption, Cellular Lightweight Concrete
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N1INUNIUIFTIUNTITU

2.1 maunIANaLUILadanUasluany

v
v

uniinaifamguiuwazauideiifeitesiunuideaseil eSuieifviiutagUevlaaiu
(Pozzolanic materials) e 1u#u (Fly ash) 1o1utn (Bottom ash) waunau-idenlsl (Rice husk-
bark ash) Ujfiseuetlaanu (Pozzolanic Reaction) asAusznauninaiivasianuetleaiu nounin

Inawduudte (Self compacting concrete: SCO) AasaNUANIINIEAMLaznAaNTRmUIAINTTY

[V V|
v S A

vosmpunIalvaiLuuie (SCO) wnuiiyuuuduasauauniiefanueglyau visiliioluwuini
dnsumsfineidumuianneasniaunimuaziinUselovigganenisimunJanneasislng
= - o Aa H v oA v ' a o A
ABUNSAIIALUN B ABUNIANIsnlnTToAUMLILULTRENI1ARUNIANIM Na1Fe
a Y] IS ! goj L% ) 1 al o/ ! I3 o a v Y
AounIamlUImhedminuiennunuiwiulsznna 2,400 Alansusegnuiadiuns (15 Sndou,
2555) YaugfnunInNIaLUIndIgi e uuIkiuUsERNM 400-1,850 Alansusagnuien
¢ a gy a U awv vy a Y = 1 oA - v

wng (ngual AdlA, 2552) Muantinidelafnyiieifuasuninulaiuinieg1eiiiodiioasaniy
fulaliungeavnssuneadisuaglviinisldnuiuegisunsvatsungwu lneanigag19de N5
JanUoglyauduagwdensangaannssundsdupsunsnuiaiul

unau—denlyd Wudaswdenisainnszviumsnannssualuilaensly wiunau 2 daw

a

waziUdenlil 1 dw Wuveimdasinnfigamgiisznine 800-900 esrngaides (Chindaprasirt et al

U

o

2007)  Yaqudefsainnszuaunsudnnszualiiidisunavuaziudenliifnddutgmd
Aandounarauldesilddslunsmidais Inonszuirunseannseua lngananldveadody
dunau-taenliuszana 300,000 dudeddsldlalduselond nsgvasudndunau—aenld
fanaunldunuiyudiuudlunisndnaounds uinsAnwinisldidunau-waenliflunueunin
wanddlegtiasuin

Tupn31991 2.1 uansesrUszneumaniiveadiunau-wWaenls (Rice husk-bark ash) @10
NuUITovesdNs $ndou wazamy (2551) Tuuszwalne WeRarsunesdusznauniuaiinudd

Wnunau-Udenliiiinasiuves 8n (SI0y), egiiun (ALO,) wazwessmeenlad (Fe,0,) Sauag 79.4



druUSuues SO, agsesar 0.9 Andnfevay 4 du LOI duTuuseway 8.24 Fanuteimun

[y

Y99 ASTM €618 (2005) forndudutanUesleau Class N

AN57199 2.1 p9RrUsENaUMATIvaLwnauU-wWaanly (1159 Sndou wavAny 2551)

% of oxide of Rice husk-bark ash
Composition e e o
(81199 INYOU WwazAE 2551)
SiO, 76.3
ALOs; 1.6
Fe,Os 1.5
Ca0 55
SO;s 0.9
LOI 8.24
SiO,+ AlLOs+ Fe,0O4 79.4

%4

2.2  UIWIMNYINUABUNIANIALUN

Wosna Inses (2552) Anwauautfvesdlelnfwesuesisuiaiuiwuuieagan lagly

o1 auiiu ludeslansenlyn uaslufeudding Uulegldgamall naaeumadanagauuIwiy
U = = & & vV 6 U r-:llr-:f ¥ % 1 1 v 1 a

Ya3iandlolndiues uosasuiaiun MuUsnAnyiUsenaunie snTdIuvesalfaLann Uiy
dnsdruvedlaneudainmnelolfeulansenlan AuuTuvesalsazaelaioulansanlan
gnTdnvemedatuiu Usinuiesazvedlnulagiia wazeungidmiunisuy nans
NAFBUNUIN DATIEIUVBWAAIRDLONEURULYVINAY 0.7, dnsrarulaieuddinaselaneulansanlen
Wiy 1.0, Anuiuduvesansazaeladeulansenlonvinnu 15 luan, 9ns1d@iuueInsignawnaiu
#uviiu 2.75, szegiianeulumedenigaiuiou 1 ¥ilue yuiegeilgunil 40 asrniwaldea
1 54 AUMENISUNT 60 aarwamted 2 Tu USunausesazvaalnulneunaminiuiosas 3 danaliia
) =~ a & fY & ° ) Y XYYl o v v ) ) = a &
Tandlolndwesuosmsmaumuzand mivnulasaindlammassunssnvesianilolndwes

sY ¢ A a Y a I a I | @ a Y]
Nai@nﬁuﬁlaLUWWNﬁmlﬂWﬂﬂU 185 ﬂIaﬂﬁmaminumLmﬁ WLAYAINUARULUUNINY 1,760 ﬂiaﬂill

AognuIAiumg
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11U98ve4 Tanyildizi and Coskum (2008) AnwnansenuvesguuiinIsuNiefaIdnuay

[

ANAIFAYBIABUNIALIATINALL ALY WiuAYuBiuudsisiaauiiyluusuiaiesay 0, 10, 20
wa 30 Ingdmtindanuszaiu Aaeg19nauUnNIANIalUIUNAIERuUNHN 200, 400 Wax 800 B3MY
wadea Tddminanuseau wiriu 500 AlansusegnuiAiiuns gnsiduinseianUussaiu Wiy

0.27 uwazldarsanuiiiiey 6 AlanFusiognuiaiiuns TunNdIUNEY KANITNAGDUNUTIN NITUNT

[
v @ o v w

gaunn g uiuwildudmaliindidnuazindnnvenounInuIaluIARaIUNE IWHAN N1TULT

a

MMl 200 BeFNTALTEE AAISAEINTT NTUNTIRMQE 400 Uag 800 DA LALTYA NISENLUTU

Y

[ ' ' [
a =

WuAYuELUAagL I uANdLlTNAaSageluiig  Tugun 2.1 wudndlsyungumningsdu

Y

ANA9DMNANAY

504

401

204

Compressive strength (MPa)
g

0 100 200 200 400 500 600 700 800 900
Temperature (°C)

JUN 2.1 anuduiusseninemasdnuargauminisuy (Tanyildizi and Coskum 2008)

Yasar et al (2003) AnwiAuantfAvesnounInuawinIInaIa A lnsldianuseau

wirfiu 500 Alansusiegnuiadwnes weniluaes nquusnldyuduwudduiagyssaudiu waznqud

q

aosldidauiuunmuilulnadosay 20 InsumindagUszaiu nanaaeunandliiiugl asuniai

Iudwudsudvheiminemiiiu 1955+29 Alanfusegnuiafiuns vaugiasunIaldiduiy

£
Y v

wnuitluuSunuesar 20 laguminTaguszaiu dvbedwmingiiu 193221 Alansudegnuian

wns ApuNIRAldIE WEuuNun Tuudlduliaimasdanaandn aslugun 2.2 @4 Yasar et al (2003)
na1vin Msldinauiuglgandununsiantavandaymeudaindey
Kayali (2008) 85u1811 msidtdnauiudumiasiuun nuireuniainsuasuuulisioy

ANABUNIANIlUUST IS EaY 33 @138 Kockal and Ozturan (2011) An®1AnununIu
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v '
v v =< IS 1

YIABUNIANIALUIAIENITITAII1URULTULIBTINLUT HANISNAFDUNUIIN1SID AU DU

Y

10 v W

Mog1alugauniiy 8n5dUvILTIRWoMAITaTaIaTINIUIRRUNTAWEouiuABUNSAUNR T181e

3

28 kay 56 U F9g19ABUNTHNIALUITANTAFYANUNUNIULALNTT 85 Ay 90 MUAIRU

Shannag M.J. (2011) AnwAaauURveIneuNIANIAUNINANAIENIATINIINGTTUIALAL

Yaa ¥V

AsHANTN Han1IneaaeudliliuInslERaMYuwuilunaseay 5-15 laeumdn dewali

[ Y]

Maedauarlugdatiavguvaspeuniaiiuduriniusesas 57 uag 14 WaWiguiuasunInuiaunily
Mgaanl drwnsuninainauiawiululTnasesar 10 lngdminiaguszaiu nudnmas

dnanasiosas 18 warlugdadaneguliiniswisuwlaniioisuiuvasuniaildldianduiu

(Y

UATEANIULIVRY Jitchalyaphom et al (2011) ladnwirsuninulaiuIHauTanUasgleaiu
lngldinauuununyudwudludinnnsesas 10, 20 uag 30 nguminianUszaiu lensidiu

W lanuszauwiniu 0.50 uagnilgtniin 800 Alansusiegnuieiiuns nan1sAnwinudn n1sly

]
v A

s uiuununYuguudlidindedangsdueigau msiiudTunaunundawaliddeeniudy

Y 9

ludiuredlassaieseauganIanydl WeiuuSunaunuiissna iy daalivuinvednsiana

[ '
Y

Juduamaliidsdngatu dslugun 2.3

uideves nqual AslA (2552) AnviauanTRveIABUNIANIALUILUULYARAWANETS
guiesnanailoiwos Jadunouninuiaufifdiunaumianiunety udldlinesenaivasly
duNAiANANUVILLLLYBIABUNTH HANNTNAGDUNUI MInaNasyUiUes nanadluivesdsma

TdiueuausavinulsvesreunInuaiukazAuandRdu vesdiunanlngTINATY

33 -
é‘ 31
£ 5
.= P
-~
& 271
=
-
7 25
b
5 23 4
_5
& 211 —— M1
g
< 194
S ——M?2

17

0 7 14 20 28 35 42 49 56 63 70 77 84 91 98

Time (Day[s])

JUN 2.2 Anuduiusseninamaesnuazszeziian (Yasar et al 2003)
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< Y awv a0 = a v Yo = = s a1
wiledn ATeAIRuInAnwreunInnaluImensidiagUetleauununyudiuuddade
wesunnlaganzmsldianuienminuanassliniunyasnssuiasanamnssundeglulssine wwu

v 2 Y v 1Y v Y a v ¢ 8w i = =
nunau-sUdenls Wwudes Wwnau Wauiy waviiiauiu daaadilusses anfiuiuau
p1aiian R NuiNTLIuEINKANISMIATsavdmansenusaan nkIndeuluusuNuilnd Aeala
Tuoumn wineundnisdndunau-waenlyd Wldluauesuniatne witiludeddiuaounsa
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mluiissantdes ag13lsnny Jagtunuiinsidiaunau-ienld iWutanneairedmiunan
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AounIualUluAuITevisemsldnuatedalldeyatesunn FJamsiims@nyuiiudalvunyuly
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ASANUUNISIAY

unillananisTanuazgunsainldlunisveaau Fnswsuuian Bnsmaaeunuauyfnieg
VBIIER NMINAFDUAMANTANIINILAIN NITNAABUMIAIANUNTY NITNAFBUAIRIEN NTNAFBU

ASAUNIUATTLAL]

a %

3.1 52 U8UI599Y
3.1.1 35738
HUUpaunNsALELIUY fanalUll

o
av A

1) Avuakrasaknau-waents 19zlluni939e Ineuideil THawnau-1Uaen

137 Usem memines dwwane 3109 Wuua1say 39nInasiunsd

2) Wivsegadunau-dentsl vhnnsdadenngusiaegng

3) Y suSul pnaaudivnanen nve i wnau-sUaenldl

6) yhmseneidnuuzanzves Tanmieiis Ussnaudie anadeuasduszney
yaail feleTes xray fluorescence, MARBUMNANNLENE LN, VindeUMUTINMBIEYNATIAIIUL
PYUNTIATIIUUDS 325 AunnAsg T ASTM C 430, waapuiiufiindunglasisvonuau oy
WINTFIWASTM C 204, D18AMUEIEANIE f8A383 Scanning Electron Microscope, MA@aUNTS
N3TUFILALIUINBYAIALAAY FIBLATDY Mastersizer LAYILATIZNBIAUTENBUUTFILLATBY xTay
diffraction ﬁgqmmmmwuazﬂ%mm

5) Anwanaudin1ulainssulasaainevesnaunInuIauINaL kA U-WRan Y
Hadeiidnw Ao SvswavesdamauhvetanUszau Sviswaveshdsdn uaznmdn

6) Anutladefidenasdonisiumumsiaiivesreuninmaluwaiwnau-Udonls

Jadeifinen Ae dnddetanuszaiy BnSnavesmaednnaraungy dnswavesUSunasian

Usgau N5UYN WaYANUTUSUNNG
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7) IMTIATIERlATETIamNIegania MiekAsedile XRD, FTIR way SEM/EDX uag

BATerUsInsinsaezoe MIP Wiefnwinsiisuwladlassainmnaganinvesinegannaey

3.1.2 EIUNEANAIDENMALATTLATENTER
1) YuBwudvesauauduseinnit 1 1903 400 Alansusiegnuiaiuns
2) iwnau-waenlyl Tdununyuiiuudvesawaudlulsunusesas 0-40 lagumin

anuszanu

PR0)

3) [ansaninfiavuasisesidin F UIORIUNINTFIUAING

4) SamduuiasideyuBuwudliviiiv 0.7, 1.4, uag 2.1 Taeniaiin

5) nsndruidetagusvaldivhiu 0.40 wag 0.50 Taetwthn

6) drumsifiuneseniealduSunanindudesas 15, 20, 25, 30, 35, 40, 45, 50, 55
wag 60 laaUsung

7) Maswnldoren1svaaaud 7, 14, 28, 60 way 90 Tu

3.1.3 ASNAFIUAIDEYI
1) NAFBUAINIDR MIUUIATFIW ASTM C109
2) MAdoUMNETMIIN AULNATEIU ASTM C567
3) NAFBUMAIAUNNULIIALLEN AINNINTFIU ASTM C496
4) NAADUMAIIUNIULIIAG AINLINTFIU ASTM C78
5) mmaaumi@m%mﬁw AUUIATFIL ASTM C642
6) NAFBUAINNUNIUADAISUBLUTY ARI8NTTINTEEEAUENTDIANTUBLLTY vilng

1198 19UINITA INUUNLAITaza18NUINNAU LReANUINTUSD8aL 1 WWeuInun LN UBaad

(%
A @ 1

Tuilefeginouniniini@n nageunsiinUjizennfusiutudaunngainnisidasudvesasiaiii
fnriu dufiinfiserarlifinindioud duilifaufatesdeuduiig aindurinisia
ANUANTRIURATEIAISUBLUTY

7) NAAUNITHNINTUAADLIA 1ERAI9E19ABUNINUIALUTULUUNTINTZUBN VALY
HIUAUENA1INTU 100 TaGAT uazawriniu 200 Ja8AT AAEATEIL ASTM C39 AN8vaIvas

ABUNIALIALUINIAT 24 FIlus noakuukasudluinazeIn WonsuIgnadey ntuuIvegaau
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raslse TnesnmesmagoufiudnannaisioUszana 100 fadwns Taglrianumuiusyanasiu
ar 50 fadwns 9gldmedne 2 Fuusnmnarniletilunaaey wduadeuiafetmaaeulnesou
Fredwend 1 Ju dkiegrmageuandlulaudn (Desiccator)  andudutinduaslunsiouda
(Separatory funnel) Lﬂmm%&%uqmmm% (Vacuurn pump) sieliszuulnsswessegmageud
AWIEeNA FuATUNAT 3 H1lus antudandmaiuiinduainnsisuiiadants uasiiueies
Suananmedelusn 1 dalus udlaedosuazutiegmaasulutndudunm 16 83 20 Falug
NSNAABUAIILATUNIUABNITUNINTUVBIAADLIAVBIABUNTANIALU  LABD19DY
USuaunseualidnluan1uasunInuialun NAgeuALAIUNIURBAITUNINTUAADLSA VBIABUNSH

wawlagldussiulunmegeuwiniu 60 Tiad sseznattummegeu 6 Flus auunsgIu ASTM

C1202

3.1.4 Biutoys
= = 4 Y v = Y @ & Qy
nsfnwIreUNIAMALLIENsIddnau-Wienlyd Janmaeniaangaaivnssuuas
nwnInIsuIRBNsivkazTIuTIuaoyaldluaidy fll
o = av a1 al [ A <
1) ynsAnwuITeuinvesneunInauIInagUeglaaiuiiiaiduwuinig
nsAnw AnwideyadoundsauiadagiuvesesAusenaumaaiivesiaunau-tuienld $UTIULAU
JoyausyiAnisnesiivvesiagmdeiaiieldidudeyasmdaniivimetng
2) NMSIATIERBNEULRNIEVDRDWNAU-UFaNT] %ﬁ‘i%mitﬁm’faga 2 @7U A. @4
U ] a 3 U av a 6 = 1 6 =
AI9EIATIEINAFRY a @t Inemansuazimalulaguislseinelne audinalula dlave
Wz Tanuriend unninedemaluladasuni uninendewdivats umingdeedlug wazduiin
HansnaaauilagtlaeldiasealieniiluiesljURn15vesunInedumalulags1vuenanssuns
LAZUYNINYIREVOULNY NIDDU VeuzALTIUNITIVY
3) YNTUUANHANITNAADUVBIYANARDUMNGITAVDIFIDE19ABUNTA ANuRaUlYYDs
Aalsndne Ingldiasesnanaaay u vesljURn1svesarvndviainssules un1Ineldy
WAULAETIVLIAANTEUAT LATUMNINYIAEVDULA

4) yinmstuiinuanageumAauURNugIu Yeieg1enaunIn w esljuRnisues

LRINGNFNALULATIIVLIAANTEUAT WATUMNINGIFUVDULAU
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5) MIIATIEALATIETIMI9a0A feAseile XRD, FTIR way SEM/EDX USuns
Tnssmeadesiio MIP azdefagndinszidiumine dededdny uviverdowifiimans aandidse
Ineeansiasimaluladuisusemalne

6) vinstuiinuanaaounisfiuniuaiveiuty Ingldiedesileuazgunsaives

WoURUAN5UMINFaNALULATIIVIIAANTTUAT LAZUNTING IR VBULAY

3.1.5 Fn1sUsERENa /A2 uazduasnzidaya

1) NMFAATIALALTUATIZVHANITNAGBUAIUNIEAIN VBIFIBENABUNTANIALU
N
impgey

2) ¥N15UsEaIana ATING aTUNA wagduAIITIRaNITNAGOUNITAIUNIUATS
VLU kaENIAUNIUAABLIATBIABUNTANIALUT

3) YINTIATIETRALFUATIEINANITNAARUAEIDN AnANTANINATDIABUNITALD
o A ! (% d‘ v ! o A a LY a Qll
LeuwUsnAnwiunns1eiy iemensidiunauiazdadeiingdrfunssuiunisuaniinunzauva
AIUNALABUNTALIALUT

4) YINNNSUTEUIANA FbATILIND LALEIATIEIHNANISNAADUAIUNAUYDIAI0E14

ABUNIANIALUN BB UNgaNTRNINaLR

A01UNNIN1SNNABY

UNINGIRUNALLLIAEIIYUIAANTEUAT NTUNNUMIUAT AUGIToLAzTAILILATIATIS

Wagweg19didu MAdyImnssules) AnEIMmNTINAENS
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STYLLIANNINITIVY BAZLNUNITANLUNUNADALATINTIVY

A15199 3.1 LAUIULASINISINY (STezLIavinn1sIve 1 1)

= A
o
Gl WNUATAHUY
1121345678910 |11]12
1| MU UNISNAgEaY <>
2 | Mmawssudaniieganaaey <>
3 | MInedeuAMaNURNIaNIEN LAY
Py ~
13 = Y o~ [
99AUTENDULANVDIIER)
4 | Besrevnuaudininien e
“—>
aAUsENaULANYRIIAn
5 | sankuvdIUNANFI0E19AFY < >
6 | liegrmageunieanwuuld < >
7 | awdlun1snegeu < >
8 | ayunadinszideyaludiuiiudaiasa < >
0vTI8U aeneamaluladiag oo
9 ~ 7
LN WIHNAI Y

3.3 U29811906an1529¢

o/

3.3.1 thivfidedensideiitog
1. Compressive machine
2. Sieve analysis
3. Mold cube

4. Cut machine for concrete
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e ¥

3.3.2 JaguazaunIainnesn1see
1. gunsalyaunian
2. LATDILN?
3. @15.Al HCl-AgNOs- Superplasticizer-NaOH- BufferpH- NaCl- #iuanniau
4. WHUYDWNARIVUINNLN 0.5 Naduns
5. VIONALLWAR
6. Tumenauwan
7. gailefiuansiall
8. WIURNUEITHAL
9. Epoxy
10. FALAY
11. 4INaY
12. 1518
13, TanUogloaiy
14. YuFiuud
< a a
15. WANLESUABUNIA
16. Tullndnmaun3s
17. 9d@nSU AgNO;
18. YAVHDABUNIAUIALUN
19. @y lminnes
20. YANAALHIL?

21. YNOABINIA

22. Wnulily wardngeaviame Ly
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% ¢

3.4 AasuNedyanualdEguaTAlat1maHaY
1200 = wheiminasuninmairaudwnau-Udenlst 1200 AlansusiognuiAniums
1400 = mietmineeunImnaNaLiunau-UEenlsl 1400 Alansusdegnuiaiiuns
1600 = mhedwiinasunImnamauiunau-dentsl 1600 Alansusegnuiniiums
1800 = wiwtminAeunImnamamiunau-UFenls 1800 Alansuragnuiariums

W/C = ensidnisedanusyany



UNN 4

NANISIYUAZILATISNE

unilnanfananisnageukazn1IAnwIANELURY0IABUNTANIAL UL UNYUTILUAR Y

Wknav-taanldnazinunimsnzving

4.1 AUENIUNITUATANNALIDYAVDIEN)

- [ wa =~ ¢ 1

NANIINAFOUAITINN 4.1 LUUAMANUANIINIENINYDIVOIYUTIUR (CT)  LazloIwnau-
Waenlil (Rice husk-bark ash) Usznausie AINazeniiunzunsawInggIu ANNANTNNIE Lag

a L aa 1 ¥ I 4 a a a
ANNALLBEANAADUMILTTVBLUAY NaNITNAdUNUIIRNaU-lWFenldunaziBen (RB) dUTuM
$PUATANNIUUATINTININTFIVUBS 325 Foaz 3 Tagumtin IAUAWT NN 2.24 Lasdiiun
a o ax o a | 9 = =~ s I3 ¢ a =
A3 unnElagigvesuawwiiu 12000 mMs1ugURAwnTaensy Iuziyudiuuivesauauavilad 1 i

AUAMINNIZHINNU 3.14 hazdNUNRITUNILIALITUDIUAUYNAU 3600 ANSIYURIATADNTY

(Fawanlum13199 4.1) Msvsulpuiavednau-wWaenliliflauiadnasiienisunaziden

1%
=

danaliinnua g g i mnsindy wazvuineuniaiangs Weawnnsuatielignguves
aUNIAAARY st minseUIuInsIwNaTY  (Rukzon and  Chindaprasit 2011; Rukzon and

Chindaprasirt 2010) 8nnsAUazBanvasianUesluarudwmasranisiinuisenlan

A15199 4.1 ANUNINNIZUAEANNALLDEAYDY CT Lay RB

Physical properties cT RB
Median particle size (um), ds, —luAsOU 21.0 19
Retained on a sieve No. 325 (%) N/A 3
Specific Gravity 3.14 2.24
Blaine Fineness (cm’/gm) - Ms1aguRinsAonsa 3600 | 12,000
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4.2 sAUsEnauLANivaLdsn

Wnau-lWaenld RB lunanasslsainnszuiunswdansyualuiidienisididwnay 2
dru uasiUdenldl 1 dau WudemAuannfigamgfisswing 800-900 esaneaidea (Rukzon and
Chindaprasirt 2014) HaannsMAdeussRUsEnoumiuandlums1af 4.2 nuindunau-wWienld
unaziBuniiuTun S0, whiuesay 76 uazilefiananssiuszneuiiudimuinduiagUoslvany
yiartilunauminsgiures ASTM  C618 (2005) uenamntunannasudnuiinisgapdetiviin
199970151 (Loss on lgnition, LOI) fianwifudesay 8.2 fiAnlaiaetin waRIINTINSEN TNz ay

uazauysal WeNIMNUUHATINYOY SIO,+ALOs+Fe,0; Avsauay 79

AN5199 4.2 pIRAUTENAUNNALYDY CT way RB

Oxides (%) cT RB
Ca0 (%) 54.98 6
S0, (%) 251 76
ALO;, (%) 5.5 15
Fe,O, (%) 59 15
MgO (%) 3.4 0.01
K,0 (%) 0.5 3.9
SO, (%) 4.7 0.9
LOI (%) 0.9 8.2
SiOx+ ALOs+ Fe,05 (%) — 79

4.3  ANUNWINNIZUAZANALLIDIAVDINT Y

15197 4.3 [ Junan1sneaeunautinisnanmeeunasildlumndnasuninuaiun

R

A

FenunAAANaRIIzinau 2.54 luadannuaziden (F.M.) ddwiiu 1.18 uaviesazniinn

1% [V}

- [

o a1 29 v g et a a o a
UUAINIAY 1.7 Naﬂ"lﬁ/l@Iﬁ@U‘YﬂWLWU?qWiqﬂmiﬂUﬂqimaWQQUﬂimmﬁaLU'W"I?QULUUV]T]EJ@%L'E]EJ@

[=9)

{Hosnndien FM. aglugas 1.17-1.18 Feundnseildlununsundamluiie FM. eglurig 2.2-3.2

PINNRIFIUVDN ASTM
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A5197 4.3 WEAAIANAINUD IV NIELALAIUAZLDYAVDINTE

198593 ANUAIIINNIY lugdaniuaziden SewasnIpAduln

NnINY 2.53 1.18 1.7

4.4 N1APAVDIABUNIANIAMUINEULALNaU-UABNLY

HANINAFOUNSISATBIRBUNIANIAL U WAL WNaU-UFanll uandlugui 4.1-4.3 Tnewigy

4.1, 4.2 uag 4.3 Aemsunuinyudiuudmewnau-Waenld luSunuiesay 20, 30uaz 40 lag

[ 1w

Umdndaguszaiu uaglddnsndiuiivedanuszauviidu 0.40 nan1sagaunuIN A1§98AYeY

q

ARUNSAIANANHNAU-LURBN ] INSWAINTUAINDIENISVIAZEY NANITNAGBUNUTT AIAEY
9nTBIABUNIANIALUINAN N U-WFen T AU urIsrnveneunsn (JUN 4.1-4.3) &9

[y

HANSNAADULAABAUNWITINHIULIUINTY (ngual AdlA, 2552)

°o v o = = o a4 a a e{' = &3 o

MasdavasnaunInmIalul Tuudlduanauiloiuusunan1sununyuaiuudine wnau-
Waenld eansannisnaaeuiieny 28 u nisununyudiaudnenviudes lulsunnsesas 30
TngutinTanUszanu IndigumtnaounInuialuriiu 1600 way 1800 Alansudeanuieiiuns
Mdednegluyie 17.5 uag 19 Alanfudensusuiuns d9e1afarsundenisiiluldasduy

' Y = v ¢ a gy
neas1asnemaunIniaule (ngual AdlA, 2552)

Tusun 4.4-4.6 uanaArMdednvesnounIniIau g unaU-wWaenlyl wiunyudiuudly
Uinafesay 20, 30 uag 40 lnsdmtinianuszaiu [dnsdudsedanuszaiumindu 0.50 Fuwa
N1INAFDUNUIIARISANAUINNLIENTNATB VLA ARSI UA U BTN YR IABUNTH

1 a U o 1 901 U o 1 o
Wuigiugandmhdedagusyatuwiiiu 0.40
lun1seankuuAduNIRUIaLUIATA AR ddeTanUsraIu wagniigdminues

(%
o w Y

aounInmaaundudrdn uonantu lunmsiauntanUesleauiieldlunsunuiyudiumdses
finsansavesmmazidsnvesianuenleaiuy iesainaruaziduavesianUosloaudamasonis
UfAseveslearu Juduufienfiminnnuiitelanstu Snisuiavesnanuanden G
ldliangauiudiunay wagA1INIIEOUNIONAABUNIVUIAVAL LURRAAIINALIIEA AT

gz idulumuunsgiu




23

[ Y

JUN 4.1 MasdavasmaunInmaluiununmeiunau-wWienlyd Sevay 20 lnstwiinianUszau

ansauveniwedagUszau (W/C) = 0.40

v @

JUN 4.2 MasdarasmpunInaluILnunmeunau-wWienlyd Sevay 30 nstwiindanUszau

dnsduveniwedanuszaiu (W/C) = 0.40
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[ Y]

JUN 4.3 MdsdavasmaunInaluiununmeiunau-wWienlyd Sevay 40 lnstwiinianUszanu

ansduveniweTagUszau (W/C) = 0.40

v @

JUN 4.4 MdsdavasmpunInaluILnunmeunau-wWienlyd Sevay 20 lnstwiintanUssau

ansrduveniweanUuszaiu (W/C) = 0.50
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JUN 4.5 MdedavasmaunInmaluiununmeiunau-wWienlyd Sevay 30 lnstwiinianUszaiu

ansduveniedagUszau (W/C) = 0.50

JUN 4.6 MasdarasmpunInaLUILnUNmeunau-wWienlyd Sevay 40 lnstwiindanUszau

ansduveniweanUszaiu (W/C) = 0.50

4.5 3NswavenduifadagUstausaniagen

0w w

JUN 4.7-4.9 uananan1snaaeudnsnaresdndiuieTanUsraiusiomaidavesnaunin
Ay Y A v a o H v v
lI'JaL‘U']LW]‘LWl@'JEJLﬂ']LLﬂaU-L‘Ua@ﬂlll 1‘1«!‘1J§3J']€U§@EJ@S 20, 30 wag 40 IWEJUWWUﬂ'JﬁQ‘Uiza'WU

ANUANU NANISNAFDUNUI ANISIDAVBIABUNIAUIALUINUTNNIELWNaU-tUADN LNl omns1dIU
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[ 1 o v w [

Wrelanuszanu Windu 0.40 dardedngenitmaidnvasmsunInuiaiuflidnsidiuidedan

q

[

Uszanuindu 0.50 Tuynaiunay nsmaaeulindieiuauideiniuanu1siy (Qao et al. 2008;
ngwal AalA, 2552) aedu Tunsesnuuuasunsn asiiarsadelsuanhfldludrunaud uddey

D99 INAINARDNIAIDAVDIADUNTANIALUN

5UN 4.7 BvSnavesdnsdideanUszanuiemadnvesnauniniiaiun

wuigewnau-taenld Seuas 20 lnsumintanusyany

5UN 4.8 BvSnavesdnsduiedanUszauiemadnvesnauniniiaiun

wuigaewnau-taenld Seuas 30 lnsuminianussanu
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5UN 4.9 BvSnavesdnsdniedanUszanuiemadnvesnauniniiaiun

wnunmedwnau-wWaenld Sevar 40 lnetwmindanuszau

4.6  NINATUUIVIIABUNTANIALUN

SUN 4.10, 4.11 wag 4.12 LLﬁﬂﬂNaﬂﬂﬁ%ﬂa@Uﬂ’ﬁ@ﬂ%Nﬁ’]“U@\‘iﬂE’JUﬂ%G]ZLI’JaL‘U’]N’dllL{ﬁLLﬂa‘U—

Y

wWienldl luusunasesay 20, 30 wax 40 laguwindanuszaiu MusIAy KaNISNAFBUNUIINITAN

(%

FUUNVBIABUNIAUIA U T WU T UANAIAILAINUIBUNNTNUDIABUNS ALIBLUITIANTY UDNINNTU

HAN1INAABUNUIINITITEnI1d1udsietanUszaruinfiu 0.50 dA1n15eaduiiuinndini sy

oY

o W w 1 Y

dnsdutnetangUszauiiiu 0.40 Tuyndrunay nan1svaaeudliiuin Masdn e

[
[

LAENNSAATNUIVBIABUNTALIANNANNENTLSAY nadfe Wondigdmtnuniy Mawdgduay

AINNIAATHUNAAAS

gnsdirediuuanteslvirniddafigawazeimiieiinings n1sngnsidnireian

v
a1

UsranudasUSunamesnassuindudwalinisnaduii vasaeuninawdeng@uniulunig
(Qiao et al 2008)
~ a ~ ~ ¢ v P A v v ~ 3 a
nsinYSUMsEnUIYuBLwImetwnau-wWaenld dwalidinisgadutivesrsunin

WA niaRunulume (Rauanslugui 4.10-4.12) dadu lunsesnuuudiunainsunInuIaLuInIg

' '
o w v

nsldvanUegleatu Fearsiansandsliunansunuiidudidy losinersdinanefiasdnd

ABINITITINU
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U 4.10 N159ATUNTBIABUNTALIALU AN LNAU-1UFeNl

wiuitluuSunadesas 20 lneuwiindanusyanuy

JUT 4.11 N199ATUNTRIARUNTALIALU AN LNAU-UFeNl

wiuitluUSunadesay 30 lnguniinianusvanuy
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JUT 4.12 NM139ATuNTRIAUNIALIALU WAL LNAU-IUFenld

wiuludsinasesay 40 lnsumindanusyanu

4.7  A1AIRNLENVDIABUNIANIALUN

NANTISNAFBUNSIAILENVBIABUNS ALIBL U NALLRLNaU-UFanlluUSuSp8ay 20, 30

wag 40 lnpdmtinianuszaiu uandlusun 4.13, 4.14 uaz 4.15 AUEIRU FIHANTNARDUNUT

o w

Mdsdnfuenvesmeunnnalnauiwnau-UFenlifidgedunumiasiniinvesneuninua
wiluyndunay Mdsfanenvesaeuninmalwamdunau-wWaenliildsndiusotanuszaiu
Wiy 0.40 Sidngenidhsdrusieaguszanuwindu 0,50 essnnslivimanidifintu oradaa
Tmeuninfinnunsuanniuidsdnisanas

Tusuil 4.16 awduiusseninidsfsuenuazidsdavesnsuninmaiuinauidunay-

Waenld TludSinusesar 20, 30 uag 40 lnsumtinianuseaiu danud Weidedngeiudanali

7 7
v S Y U

MdafavesraunInuIaNaNunau-WRenldgiumulusie nan1snaaeuasatadieiuauide

¥
[

L4 Q‘ 14 d! V=L 1 o0 W = a a0 dy o dl =
VDNNE WU AelA (2552) %ﬂlﬂﬂﬂ‘lﬁLLﬁ%WU’ﬂﬂ’]ax‘iﬂﬁLLEJﬂ“U’eNﬂ’E]UﬂﬁG]ZLI'JﬁlIﬂ']@ﬂsllum'lllﬂ']ﬁﬁaﬂﬁ/l%{\‘i%u

Y o

n1sinUTIanN WUy udinudnienauawnau-Udenlddwmaliindefauenanag

(%

naIAeMaIReNTaINITUNUNtuUSINMTesar 20 lngdmtdndanuseaiu TAMasmengniy

(%
o w LYY

aae MswnuilulSuuiesas 30 waz 40 neumtindaguszanu aiuddu aedu Tunisesnuuy

drunauapunInIauImenisidnaudwnau-wWasnldununyudiuug Jsiesfiarsanfelsuums

o

P [y
wnumlua Ay
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o W =¢

JUN 4.13 MARwENveIRaUNInuIaUNaNaNau-iFenld

wiuludsinasesas 20 lnsumndanusyanu

o w =

JUN 4.14 MAAwENvIRaUNIINIaUNANANaU-WRanld

wiuitluUSunadesas 30 T niindanusvanuy
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o W =¢

JUN 4.15 MARwENveInauUnInuIauNaanau-iaenlyd

wiuludsinasesay 40 lnsuminanusyanu

JUT 4.16 AnuduiusseninmaaftenuagidadavesnounsnuIaluNauiLnau-Uaenld
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4.8 NIAINAVDIAIUNIANIALUN

HANSNAARUMAWATasABUNIAIIAIKAILANAU-WReNl wandlugui 4.17-4.19 @

¥
ISP =< 1

PUIMIDVUIEUIMINVDIABUNTAUIALUINALLALNAaU-WWABDN T TA1a97U dINaliAIN1SAUNIUNIS

Y

[
o

Angeueae nsloidwnau-waenlyl wiunyudwudlunndrunauuaglddnsidiudedanUssanu

[ Y]

WU 0.40 wuchﬁﬂ"']amgqﬂfjwmﬂ%’é’mmuﬁwdai’aqﬂszmuwﬁﬁ’u 0.50
Tunsumuiiyuiiuuddedunau-udentdlutiinamntu wuidwmaliaiddnanas g9
vnaeuAdefunamsaEUrdSaludetnsduseiuiismisresnsTawiitu Fawuin dedia
USunansunudisadnunau-denls Suwilidwalimdsnanassae
SnsrdureTaguszanuiianuddgenseenuuudiunauesaeuninmalumuide
adsll osannnuimnnUsunadiiunnfuldsmaliidsnanas wazrlasennideraunduniuly
&8 (Qiao et al. 2008) Fuulun1seeNLUUAILHALABLNSA 39AI5AINSANEIUTINMNSWNLREeY

o w i

Wnnav-wWaenlsl Wuddmae

o

JUT 4.17 MAsdnvesneunIniauaaunau-idenld

wiuludsinasesay 20 nsdmdntanusyanu
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U 4.18 MAsinvesnaunInuIau A unau-iWdenlyd

wiuludsinasesay 30 lnsumdndanusyanu

JUT 4.19 MAsinveneunInlaluadunau-iaenlyd

wiuitluUSunusesay 40 lnerhwindagusyaiuy
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