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ABSTRACT 

The purposes of this study was to develop ceramics body and Low temperature 

ceramic glazing. For rubber cup products for the Wangdinsor Group, Wang Thong district 

Phitsanulok Province. There are three steps to conduct research stages. The first step was to 

create a mixture of ceramics body in 36 samples from Wangdinsor clay, feldspar and sand. 

Step 2 the experimental coating mixture of ceramics glaze in 26 samples from frit, feldspar 

and quartz. Step 3 trial production of rubber cup selected from the results of step 1 and 

step 2 that are appropriate. 

The results showed that 1) The shrinkage of the ceramics body between 6.00- 14.00 

percent the strength between 33.00 to 80.52 (kg/cm2) and the water absorption during 3.95 

to 19.33 percent. 2) the characteristics of the glazing found that the 15 recipes are bright, 

the 8 recipes are semi-mat and the 3 recipes are mat. The melting test found that sample 

19,24,25,26 are non-melting. The defect of glaze found a pinhole for 14 samples and blister 

for 15 samples. 3) The analysis of the satisfaction of users for rubber cup found that 

ceramics body recipes 4 (Wangdinsor Clay, 80 percent, feldspar 5 percent, sand 15 percent) 

and glaze recipes 1 (frit 75 percent, feldspar 20 percent, quartz 5 percent) were found to 

have satisfied all the more satisfying by the weight of the rubber cup ( 4.3, SD.823),the 



applications ( 4.0, SD. 667) and the size ( 3.8, SD.633). Respectively with the suggestion of 

the user to make the glaze, both outside and inside 
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ABSTRACT 

The purposes of this study was to develop ceramics body and low temperature 

ceramic glazing. For rubber cup products for the Wangdinsor Group, Wang Thong district 
Phitsanulok Province. There are three steps to conduct research stages. The first step was to 
create a mixture of ceramics body in 36 samples from Wangdinsor clay, feldspar and sand. 

Step 2 the experimental coating mixture of ceramics glaze in 26 samples from frit, feldspar 
and quartz. Step 3 trial production of rubber cup selected from the results of step 1 and 

step 2 that are appropriate. 
The results showed that 1) The shrinkage of the ceramics body between 6.00- 14.00 

percent the strength between 33.00 to 80.52 (kg/cm
2
) and the water absorption during 3.95 

to 19.33 percent. 2) the characteristics of the glazing found that the 15 recipes are bright, 
the 8 recipes are semi-mat and the 3 recipes are mat. The melting test found that sample 
19,24,25,26 are non-melting. The defect of glaze found a pinhole for 14 samples and blister 
for 15 samples. 3) The analysis of the satisfaction of users for rubber cup found that 
ceramics body recipes 4 (Wangdinsor Clay, 80 percent, feldspar 5 percent, sand 15 percent) 
and glaze recipes 1 (frit 75 percent, feldspar 20 percent, quartz 5 percent) were found to 

have satisfied all the more satisfying by the weight of the rubber cup ( x 4.3, SD.823),the 
- -

applications ( x 4.0, SD. 667) and the size ( x 3.8, SD.633). Respectively with the suggestion of 

the user to make the glaze, both outside and inside. 
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1. n11'1~1.:Ja1'Ui:J'11JLdEJ~'Utl1£J~'ULi:J1a1V11'U"ilEJn£J1.:J'Vl1111~ilfl111JLV11J1t'11J~Eln11Li:J1~~ruVl.tJli 
~1 LVi£Ju"il1nvl'U'Vl'U1~vi~El Lfl'U '!1ii"EJEJ1°1J1El'ULfl'U (Orton Cones) LUEli 06 (Cone 06) ~.:iLVi£Ju1~nu'li1.:i • 
;iruvi11iJ~ 991-999 El.:Jfll1 L'l!aL~£J'1 (fl!'U~~WJ'U1El\J1'11Vlm11JLfl~El.:JLflaEJU~'ULi:J1 : oUEl1J!;l'V11.:JL 'Vlfliifl~1'U '1 .... .... .. " 

L'l!11iJfl) ~.:iili.h::'l11mu.a::n~1J~1EJ~1.:i~.:iil • 
1.1 tl1::'!11m 1~"i11nm11i1'1J1Q~UV1~n1'U'ti'EJ.:iB'U "il1n LLV1~.:ii:.1~1J1Lfl~El.:J~'U~'ULi:J1u1'U1'.:i~'U'1El 

~1ua1.:i'UmL~'U e!1L11EJ1.:i'VIEJ.:J ~.:ivi1"~~~1an W~11Jnu L~ai;i°G'ltl1i LLatfl1EJ'Vl'li 

1.2 n~1J~1El~1.:J "!JEJ.:Jtl1::'!11mu.~a::-q"1~"il1nm1q1JLLUUL"il1t"il.:J (Purposive sampling) 

"i11nm11.:i'111JLVl~£J1J (Triaxial diagram) 1~n~1J~1e:i~1.:i 36 ~1e:i~1.:i 
2. n11'1~1.:Ja1'Ui:J'11J LflaeJU 1 ~iJfl111J L V11J1 t'11J tl\Jtl1£J ~'U Li:.11~ L lJ'Ui:J a 1~"il1 n n11'1~1.:Ja1'Ui:J'11J"!JeJ.:J 

6'a. .,d.q lfU I ru'8 
L'UeJ"'U"ileJnm.:im11 'l!.:J1Jtl1::'!11mLLa::n~1lme:ii:i1.:i~.:i'U 

2.1 tl1::'111m 1~"i11na1'Ui:J'11J"!JeJ.:J1'1J1Q~U 1~LLrl ~~\Jl L'l!"1L~ai;i°G'ltl1i LL!;ltfl1eJ\Jl'li 

2.2 n~1J~1EJ~1.:i1 'Un111~£Jflf .:iil' 1~1J1"il1nm1q1J~1e:i~1.:i u. UUL"il1t"il.:i(Purposive 

Sampling) "il1n1J1111.:i'111JLV1~£J1J 1"£Jn1Vl'U"11J1Q~U ~~\Jl L'l!~1L~ai;i°G'ltl1i u.a::me:i\Jl'li il'li1.:i\-11.:i'li1.:ia:: 5 

~.:i"il::1~n~1J~1e:i~1.:i~.:ivi1J~ 26 ~1J11 
1.1. ~~\Jl ~.:iiJi:Ja1Lfl11t~'V11.:JLfliJ~.:i\J1111.:J 

'11"a1~.vf 1 i:Ja1Lfl11t~'Vl1.:JLfliJ "!JeJ.:J ~~\Jl 
cao Bao 

62.22 3.79 4.6 0.2 4.17 2.12 

cao 
72.38 2.27 0.06 0.04 0.31 

98.70 0.65 0.08 

ZnO Loi 

1.55 1 10.17 8.27 1.63 

Loi 

0.08 0.02 15.5 0.34 

Loi 

0.12 0.45 

3. n11i:J~\Jl"ile:Jn£11.:J'Vl111 'Vl~eJ1JLflaEJU~1£J~WVl.t;JiJ~1 Ltl'Un11i:J~\Jltl1£J~'ULi:J1iln11Lflae:iu~ilm11J 
L Vl1J1t'11J tl'U/11 £JVl~.:J n11 Li:.11 LLa::il fl111J L V11J1t'11JtlU m1i111 tJ1 -tia1vi1'u1EJ.:iJ1 £J1.:J'Vl1111~ L tl'Ui:Ja~ 

4. m11Lfl11t~i:Ja Ltl'Um11Lfl11t~i:Ja/11£JVl~.:Jn11Li:J1 ~.:i1~LLrl 
4.1 m11Lfl11:1~Lde:i~'U 1~u.n m11Lfl11:1~Vl1fi'i1fl111JVl"i;l1 fl111JLL~.:JLL 1.:J LLa::m1~"1i1JJ1 
4.2 n111Lfl11t~LflaeJU 1~LLrl n111Lfl11t~1:1~Ufl111J2J'U"tJEl.:JLflaeJU fl111J'11J\j1cl"!JeJ.:J 

4.3 m11Lfl11:1~i:J~\J1JlWfl"ileJn£J1.:J'Vl111L'l!11iJfl 1~u.n m11Lfl11:1~fl111JLVl1J1:1'11J"lleJ·:iLde:i~'U 
nu LflaeJU LL!;l:ln111Lfl11t~V11fi'i1fl111JVi.:J'VleJ 1"il"lleJ.:J~ -ti 1~LLrl Ln~\J11m~i.J~n£J1.:J'Vl1111 'U~.:JV11"~~~ Lan 
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1.4 U!l'l3JR'WtlLQL'W'l:: 
1.4.1 \ltinEJ1.:i'Vl1l1 vr2.11Eifi.:i m'!!'Utvh-Ua1vri'ulti.:itl1m.:i~1~\11nmtu1'Umln~~EJ1.:1\11n~'U 

" .. . 
U.~tf11l~~'!l2.J'U1 

1.4.3 ml1 Lf'll1tl1LF1~tiu L 'Uf11l1~Eif'l~.:iilvr2.11 Eifi.:i ml1 Lf'll1tl1lt~um12.12J'U'!lti.:i Lf'l~tiu F1112.1 

a2.J\jlru'!Jtl.:!Lf'l~tl1J f11EJVl~.:lf11lLi:.J1Vi~ruVIJJii 900 tl.:ifl11L'!l~L~EJa 
1.4.4 m12.1~.:i'Vlti L\l"llti.:i~ -n'i:.i~(;l.ti'ru.i vr2.11EJfi.:im12.1~.:i'Vlti h"llti.:inaj2.1 Lf1~(;llmnaj2.1~1tif11.:i~ii~ti 

\ltinEJ1.:i'Vl1l1Vii:.i~(;}\J1ni:.i~m,1~Eif'l~.:iilmEivr~.:iml'Vl~~ti.:i1-U.:i1'U 1'W 10 ~1'U 1~u.n ~tlu.uu '!l'U1~ ~ 
J1vri!n ml1-n'.:i1'U f11l~~Lnu mlv\'1m12.1atm~ F1112.1u.~.:iu.l.:i'Vl'U'Vl1'U l1f'l1 u.~tm12.1at~1n1'Uf11l 
... ,f 
\l~'!ltl 

,j')~\ltif'U 

cj'l'L.li:.lt'O.J'llfl~ L nfl ~'L.1Li:.11"11n'5'111 Q~1.Ji.lfln 
l'L.114\lfl~i:.lflll\Ll'l~~i!'L.l~'L.ILtJ1'fi'fl~~'L.I 
Vi'LLri u1u'5'~~'L.ll'lfl ;hua-l~unLLti'L.I 

t11L11fl'5'~Vlfl~ <i~i.1'5'111~l:tnt'i:an 

ir')~\ltlll11J 

1. l'l'l11.Ji.111111i''l 

2. l'l'l11.JLL1f~LLN 

3. m1~111~1.JJ1 

• ..J ...... .1' 
~ VlflW\11,]1.JLVltll.Jl'l'ltl 

Cone 06 

ir')~\ltif'U 

cj'l'L.li:.11'11.J'llfl~Ll'lflfll.J 

rA')~\lflll11J 

1. 1:::~1.Jl'l'l11.Jil"'L.l'llfl~ Ll'lflfll.J 

2. m11.Jl'l1.Jl,l1'1I'llfl~Ll'lnflu 

rA')~\ltlll11J 

1. l'l'l11.JVl~Yifl l<1'llfl~cTLf i:.ifilllliw"1 

\,\''1ijfltlHYilll!CJt'lliitl ~LU'l.I 
... " ..: ..r 't.l'I. CJflCJfl1J11i11n'ljt1"ll'l.IVltl-'rtU ,,.1'11ti ll'I ~'I.I 

Vltl-'tl'U 11fl'l1~n il!A'UYJ'l.ln11CJfllJ1~1 ij 

flltl.!ll1Vi LLfl::"::"''ln'1timnu1'" 



iJ .d v 
1. m1imm.1111tJ"ilvflti1.:ivnn 

" 
2. m1JJjL~tJJntJL-d'v~thu 
3. A11JJ1'LntJJtl'UbA~€l'Ub'll'j1iifl 

" 
4. A11JJjLfiti1ntJ111wne..i~l'!nru<tl 

s. .:i1'U1~tiViLnti1-Uv.:i 

~B "ilvflm.:i~m~~n 

d 
\J'Vl'Vl2 

2.1.1 \leinv1~vnn'llilfl blij'nijnljAru~n~ru~-Uv~~Bfl1'j 1 off.:i1'U~B • 
i.1off.:i1'U1~m'U Lll'U~tJtJ A'JJf'i1nm1A1 • 
2. mti1'ULA~v'U'tl1m lYm11 tl1m.:i1:iJ~~'11ti 
3. tl1vii111mn ~JJ~~1:iJu~1 ~tJtii1~l1v 

4 
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1. 11rrn1n 
\J 

2. 1-ffv-m1G1&imJ81'1~ J1~rn1:iJ&i~u11t.1 ,, 
3. tl1vii!mrn '1J'UEJ1t.J G1~~nn 

4. '1J'U1{;11Vlaj 1~J1t.11'11~bt.lel~ 
5. \9ln1:iJbb\9ln 

11rn'1JeJ'l'1eJnt.11'1~1111'Uthr'ilU'U 11rn'1eint.1l'lb'1!11iim1rrn~l.l~'U ~ 7-8 'U1'Vl1'U'1J'U1(;1 12-14 
' 

eiei'U'li m=i~ 9-11 'Ul'Vl 1'Ll'1J'U1(;1 16 eiei'U'li 1'U'1Jru~~'1eimn'l~'11G1&in 11rrn~l.l~'U~ 2.50 'Ul'Vl 'l'Ufi'I 6 

u1'Vl ~'Uei8nu'1J'U1(;1 bb'1~i'G1(;1 ~tl1mo(;l~mu 
\J ' \J 

'1eint.11'1b'1!11iin G11m1ri 1.ff '11'U 1~m'Uvi'11t.1~uu un&i '1~~n'Uti'1t.1~vi'U1 Vil n\9ln'1'1'U'U~'U'1~ 1:iJrieit.1 

bbl'ln bb\P\Vllnl'ln b(;l'U'j1n~'Ut.J1'1tleJ1'1bb\9ln ~1'U'1eJn~'11G1&in 1mu'U1'U1 nm~'ln1eJ'U b(;l'Ubb(;l(;l b(;l'U~'U 

mt.1ni 11-ff'll'U~'U m'1'1~vh 1~~'11G1&im~eil.IG1.fl1~ 1~ bbl'lU'1'1U'U jjni11-ff~mG1&in~Vl'U1~'U vh 1 ~'Vl'U'Vll'U 
' ' 

mn~'l~'U bbl'l-rreiviii'I~ '1eint.11'1~'11G1&in 5'lbllmei'IAei b~ei'ltl1vii!n bblJ'1~\9ln 1:iJbb\9lnn'11'1 bb\Plnl1n'1~ b(;l'U11 



~n.J~~m bb 'j,:j 1 bb~1u~1vrni v\'11~b1'91n1~m.:ibb~1V11~1CJ 1?ihl1vi' Sit.:itl"iJ~iJ'U "ile.in~'11?1~nmvi'bbm '!J 1~CJv11 
V1~ihbm 11b~mnt.rn1~r~(;]'Um.:i 5'U-d'erb~CJ'LICJm.Jfo11 tr.:iGl'i\le.inCJ1.:ib61f'j1i'Jn hJ1vi' b ~'j1~m'j 1nml1CJ1.:i 

'V \I 'U '\J 

bb~1(;]e.i.:ibmm b~CJ1 Glf11'j 1nmb~111.:i 1ii1vi' ie.i~Bn'IJ'j~f11'j'!Je.J.:J"ile.Jf1CJ1.:Jb61f'j1i'JnAml1m.:i 1ii~~~1CJ "ile.Jn 
'IJ 

~m?l~nH1u'LI1'U1 ~nu'Vl~e.J ?le.i.:iu J1m.:i"il~b~:1.J~~~1CJ m1~1iirie.imn~CJ.:i 

6 

2.1.3 '!J'U1~ri1V1i"l.J1'tf ..:iTU'!Jil'l'1ilnf.11'1'W1'a1 b~CJ?fl'U 1 Vlaj '1l11?11'UCJ1.:J '1le.J'U~e.J "ile.J f1 CJ1.:J~ 
ihi'LI1~1 Vlaj b ~e.i.:ivi'1CJ e.Jl"il"il~ b~CJ~1 CJ V11ntl1m.:ie.ie.i nm f1"il'U~'LI1CJ Sit.:i 1 'Lim1m ll'LI"i11.:i'Vl1n1iJjjm 'j 1 off ?11'jb ~ .:i 
1~1 tl1CJ1.:in"i1~1Vl'11iibn'U 6-10 e.ie.i'U'll ~e.i(;]'U'!J'Lil~'!Je.i.:i"ile.inm.:i ~.:ihJik.mmm:rn bb~jje..1'1'Vl1.:i~111i'VlCJ1n'U~ 
~mll'Ue.i~1.:imn ~.:ibn1111vi'"i11nm'j~er~e.i uCJ:1.J~e.i"ile.in'!J'U1~ 16 e.ie.i'U'll (~'11~-u ~'Ub?111.:iPi .1~?1~b~e.i 

'IJ 

17th August 2012 ) 

"ile.Jnm.:i~1'j1 1 'Ubb 'U'Utk.:ib~:l.J 1-ff "i11n1?1~n~'11:1.J~~~11 ~mn 1-ff~1CJ"i11 n~'11?1~n bb'1~~1 CJ~'Ube..11 Sit.:i 
' 

~1 CJ'je.J.:Jtl1 CJ1.:J~1'j1~vl1"il1 n~'11?1~njj.LJm~CJAe.J J1 CJ1.:J"il~ ~~~1 CJ bb'1 ~ b~e.i1111n~'UV1~mb~ ~ ~'11?1~ n "il ~ 
Q.I I I i.I ~ Clo "':lit. ~ .c::rl ~ I .c:il C:.. 

me.i'U bb'1 ~ bbl11f1V1n.:i1 CJ ?11'Ut:nCJ'je.J.:J'U1CJ1.:J~1'j1'1J'U~~'Ube..J1'U'U :l.Jfl11:1.Jf'l.:J'Vl'Ubb'!J.:J bb 'j.:Jf111 bb'1~:1.Jf11'je..J'1111m n 

1wnf'l1(;] Sit.:i b ll'Ubb V1'1.:i b ~ 1~'\.J'1nCJ1.:i~ 1'j1tk.:i b~:l.J'!J e.i.:i 1 'Vl CJ Sit.:itl "il "i1D'Ul.in1'jb~1~'\.J '1n1'Limf'l5'U b -d'U mf'l 
'IJ ' 'IJ 

111~1'Ue.ie.i m5CJ.:i b Vlue.i bb'1~mf'l b Vlue.i Sit.:i b~e.il.if'l11:1.J{;]e.i.:i f11'jn1~ CJ1.:i brn ~ (;]e_i.:i f11'j1-ff ~1 CJ'je.i.:itl1 m.:i 'Vil n~e.i'i\l1 n 

bb V1'1.:i e..i~ 111'Vl1.:imf'l 1(;]m"il?i.:i e..i'11~(;]'U'Vl'U?l.:J1vi' '1.:iV11'~Yl·1~H1.1 fa nSit.:i b ll'U'1.:iV11~~e.i~1 'UbW'U.f11f'lb 'V!Ue.J jj bb V1'1.:i 
,. 'U , 'U 

e..1~111 bf'l~e.i.:i~ 'U~'U bm 1~ m -d'e.i~'Uil' m ll'LI~ bb~.:i be..11v11 CJe.i ruV111iJ~1 bb'1~V11 nv\'1 f11'j bf'l~e.i'Ue..1~111.tlru"Yi bf'l ~ e.i'Um .ff 
' 'IJ 

' ' " 
~.:i (;]e.i .:il.i"il~Vl'1 e.i:1.J1'111'11 b ~ e.if'l11:1.J b Vim~ ?1:1.J n'U b ue.ie..i~ 111.tlru"Yi v11 CJ 

' 



7 

, ... ., .1 .. t 
2.2 ft112J.1Ln!J1n\JL'Uilfl'U\J'U 

2.2.1 ft112J\t2J1V'tlil•U;jil~'U~'U 
Ldil~'U~'U(Bodies) \t2.11vil.:i ~lum:ii( Sonja S. Singer,1960,p.393)mhrh L;fil~'U~'U 

( ) 
4 I .. ... ~ !:'l ~ • I - ., ' ... _ .cil Qr, .cil cl ... 

ceramic bodies 'Vl111V'1.:J&'l1'U~&'l1l'!Jil.:Ji;J'UL 'Vl'UE.11'VI L '!I ~'UnT'j'!J'LJ~u~a1J111ru'1 il1'1'1t1Ji;J'LJLVW.:J'll'Ui;JL"El1'Vl11 

fj'1J&'l11\J~ LQ'Vi1t L '11t'1.:J LL at L 'Vl111t&'111 tl\J~alJl.fi'ru'fltT'U U.IJ1Li;JV~11 \Ja1'U L 'VlqjL if El L'lf"j1ihi'1t\J"jt nil\J~1V 
a1'U~&'l11'!Jil.:J~'U'Vla1 V'lliii;i~ U.1Jln~1.:iti''U "j'J1J~.:Jil1'1 L~11 u. ~ 'Vl~il&'l1"jLfilii~'Ua.:i L 'Ua1'U~&'l11 L ~El 'l ~iifjru&'l11\J~ 
1Jl"j.:JIJ1111P11111~EJ.:im, 1J11E1~1.:iL'!i'U 'ltJa1'U~"'11m'1'1tL~111'1J1q~uu1.:iE1~1.:iL~EJ'!i1v'l~m,~'Uvr~EJm,~'U~i.J 
&'l::i;i1n~'U vr~EJL~E1'!11va"vr~EJL~11~ruvrJJffi'Um,L~1 vr~EJUJ!m::~.:iL~EJLtltJm,L\J~vtJa'!JEJ.:iL.0EJL'l!,1ijnvr 
~.:Jn1"jL~1 

al ,, .. t ,¥ .... • :; ... ' al II ' 111 O 2.2.2 -u,:::Lll'Vl'tlil.:I L 'Uilfl'U\J'U L 'Uil"'Uu'U11il~111 n111 vvra1 v u"jt U1'VI &'111J1"jCl&'l"j1.:J&'l1'U~&'l11 "EIEl1.:J 
~.!"'".,j; ' ,._.,j U II 'lll ,. ,. ,...,j ol.,j al 1•• ' 1.JJ1l'Vl'1'U'l" IJl111LLIJlfl'1J&'l11\JIJl'VIL'Vl111t&'l11nufil11111J1EJ.:im, 'll.:J1'U u.atL'Vlfil ~'U~aV'VILuaV'UU.ua.:i u U.IJl 

1"v~11 \Ju. tJ.:i\J,t U1'VIL if EJ\J~'U~'U 'ltJ.:i1tJLfil~il.:i~'U~'UL~111 3 \J"jtU1'VI 'lvrqj ~ 1~u.ri 
.. ..: ~( ) :'1 ,¥ .... ..,.,., • ..,; ;:; .. •• ,. 

2.2.2.1 Lil'VIL'Vl'ULL1, earthenware Lu'UL'UilL'lf"j11Jn'VIL'll'V11Lfil"jil..:Ju'U"'UL~1u"jtLil'VI, L11~'1 

~m(Majorica),'Vl~ilL'Vlm1filil'Vl~1( terra-cotta) ii~Vi1'U111n iia1J111Jfi"j"j1J'll1~'!Jil..:JU.'Vlri.:i~'U u.~m'1iim, 

i.J1'ui.J1..:im ~iifil1111&'11V..:J1111Jl11l~il.:Jn1"j iiv11 'l m 'U..:J1'U ~a\Jt u.at..:J1'LJ\J"jt~\JIJln u.~..:i&'lm'U~ L U'UL if EJ L'lf"j1ijn 

~ii~v.1'U iim,~a1J11~E1~1..:i41v~ ii'!l1..:i'!JEJ..:im,~i;i~11tl1~E1va:: 10-1s 

2.2.2.2 alfl'ULL1i(Stonware) LU'ULifEJL'll,1ijnri1vr1'uvi1~a1J1.fi'ru'fi'm'll'Ut~1..:i~ ~iim111 
'Vl'U1LL tltJ~..:i u.~,1P11 bJu. Vi..:ii!n l!tJL tltJa1J1111G,,11'!11~'!JEJ..:iu. vrri..:i~'U Viuu.&'l.:i iim111u. ~..:iu. ,..:i vi1'11m if Ei~'U~ 
iim111 L vrilv1~&'11111,ci~'U~'U~\J'l ~ii~\J~1..:i~1..:i ~ u.a:: L U'U;l'U'!l'U1" 'l vrqj111n1~~ 

2.2.2.3 'WiliftLi't'U(porcelains) LU'ULifm'll,1ijn'5tJ~ iia'!l11vr~E1a..:i1i1..:i u.a::1\J~..:iu.&'l..:i 
u.~ L~11vi1 L 'U~ hi.J L ~EJlii1aEJ..:it!1 L-V1 Lfil~EJ..:ia1vfil"j11J'11 n\J"jt L 'Vll'l~'U 'llil'Vivl'Viili&'I La'U(Soft porcelains) 

.. ..1 .1 !'! , , ( ) !'! ,¥ .. :: .. ..1 .. ~ 
~ru'VIJJ11VIL~1u"jt1J1ruLu'U Cone 7-11 H1"j'VIV.m&'!La'U Hard porcelain Lu'UL'UEJL'll"j11Jn'll'U" 'Vl11'1'!J11 

u~q'Vlt LU'ULiim~E.11tl'Uil~1..:J&'l11\j'1JW, 1 \J~..:JLL&'l..:J u. ~..:iu.n~..:i111m U'U-nLl'11; a1'U~&'l11 L"V111nr\'1vr'U" L"V 

U.~'UI11Vi1Jl1"j1..:J&'l111L'Vl~V11( Triaxial diagram) Triaxial 111n1'1J1Q~\J~il.:J\J~~V1t u.at~il.:i'lim111&'11111,ci~.:i 
L'LJn1"jn1"j~'LJn1"jL~1 ~ruvrJJij~L~1\J"jt1J1'1JLU'U Cone 12-15LU'U1'lltl1(Bone china) LU'ULifEJL'll"j1ijn'5tJ~ 
iia1'U~&'l1l'!Jil.:J;i'Lti1mt~n iim1111\J~..:JU.&'l..:J~..:JLU'U-nLl'11; a..:i1i1.:i 5..:ia'!J11 \Jil\J\J1..:J &'11V..:J111 iiv11'livi1 

~a1J1.fi'ru'fi'm'll'Utmvr1, ..:i1tJ\J"jt~u1J1nu.~..:i u.a::..:i1tJ~a\J:: 

., ........ ~. 0 ,, .. t 
2.2.3 1qfl\J'VI L'lf ~'Un1~1L'Uilfl'U\J'U 

~.:iLmii( Sonja S. Singer, 1960,p. 398)nri1111EJ..:ifi'\J,tnil\J'!Jil..:JL ;f il~'U~'UtftJEJtjmv 'ltJiEJlii1ti'" 

u1..:iE1~1..:i \J"jtnEJu~1v1'1J1q~u 3 n~111~u.ri 

2.2.3.1 ~'U ( C lays)L U'U11J1q~u~iiP11111 L vrilv1 ri1vr1'ui1'1'1Vfjru&'l11~L~E.11 ti'um111 L vrilv1 

'!lil..:J ~ il~EJ..:iiim111 L vrilm L v; v..:i'Viil~il m,~'U~\J~a1J1.fi'ru'1 
2.2.3.2i1'UP11il'Vl'ii'(Quartz) 'Vl~il vmv(Sand) LU'U11J1q~uiim111a1.rqi~ilmt\J1'Un1, 

EJULL~..:i(Drying) u.a::m,L~1(Firing) ~a.:i~avi1'l~~a1J1.fi'ru'1 Lii"m,u.1J1ni11 ~..:iLn"'11n'l~iim,vri;i\Ji'1a..:i 
L'U'!i1..:i~LL~..:J(Drying shrinkage)U.atn1"j'V1"1Ji'1a..:i'l'U'!i1..:i~L~1(Firing shrinkage) a1'UL'VlqjUEJ..:Jtl'LJn1"j 

u.1J1n~111"vm,~&'1111'1J1q~uvThJiiP11111Lvrilm 1~u.ri 



2.2.3.3 L~",J"'thi (Feldspar), fleiiil'll"'1~ru (cornish stone)LU'IJ1'1J1~~tJ~vi1V1i!1~nT'j 
"~~WVIJJffi'Un1'l'Vl"el1JLVl"1(fluxing) '!Jel.:JLifei~'\J~'\J 
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iiu (Clays) L U'IJ1'1J1~~tJ~ri1~cy1J1n~q~ L '\J.:J1'\JL'l!'l'1nnai.J'l'tL.f1'VILfl~ei.:i~'IJ~'IJLt:J1 ~.:i 
- ~., -1 .f'I 1..::iJ1111f II - -- ~ 11111 -'1 .. ! I Cit, "'...i _, 
Ln~'!J'\J L'\Jti'l''l'1J'll11Jl ~mu'\JLL 'l''Vlu'l'tneitJ~1tJ eit"1J'\J1 'l!"m LL"t'\J1 1J111Jun1J1 i.JJfleltJtJ'l'"''VltiL'\Jel.:J';l1n1Jn-;i:: v • 

ilLL ~ti1~~'\J 'l i.Jti.J'\Jeitj~1m"'1Jel LLl'i~1tJa1JtJ1iLu'W1t~ri1~cy ~el fl111JLV1Utl1 Ldeii:.ia1JntJtl1 vi11\1 

~11J1'l'ciu11J1;1'\Jii.J'Vl'l'.:i~1ti15m'l'l'i1.:i 'l 1~V1"1nV1"1ti L'li'IJ m'l'~'IJ~a,.:: m'l'V1aeitl1~'\J m'l';1'\Jii.J~1ti 
LLU'IJVl2.!'IJ m'l';1'\Jii.J~1ti1tJil~ LU'\J~'\J 1~1Jl11J~ei.:im'l' ~'\J-;itil1"1111JLL~.:iLL'l'.:JLdeiLL\1.:i'Yi1ti1\1m'l'VIVtJ'1tJL~ei 
m'l'1J1nLLl'i.:ia::~1n ~.:ivi1t\1~'1JLU'IJ1'1J1~~tJ~il tJ'VltJ1V1ri1~cyt'IJm'l'a~1.:ii:.i~1J1.n'w'fi'L'll'l'1nna1J1"ei~1J1 
~n~.:ii.J~1J1W'!Jel.:J~'IJ~ileitj1J1n1J1mf'\J nLU'\Ju-;i'1ti~ri1~cy~nei~1.:iV1il.:i~vi11\1~ei.:iLaein1i~'IJLU'IJ11Jl~~tJ 
Vian L '\J.:J1'\JL'l!'l'1ijna L ~el.:J-;)1 n~'IJLLl'i"t LL V1a.:i~11"nilan~Wtn1'l'Lfi~'l't tlt L 1"1L'\Jn1'l'l1'tJCl1J LL"t 

am-w LL 1~~el1J~V1"1nVI"1 tl1J1 n vi1 t \1il!i1111J LLIJl nl'i1.:in'IJ~{I L '\Ja1JtJ°1i'Vl1.:J~1'\JLflil LL"t~1'\Jfla na i!n L'l!'l'1 

ijnaVJnfl'IJ~.:iiJm11J'1'1LU'\J~';Jt~el.:JL~tJ'IJjLL"tvi1fl111JL-U'11-;it'IJi'l1JtJ1i~1'\J!Ji1.:i 'l '!Jel.:J~'\Jel~1.:J"tL~tl~~q~ 
""'1'1'1"'"' ' .. 'I .. 'I"'- ' ''I"' .. ' L 'Wel L VI L~'!Jel1J"el tJ1{1 L 'W tl.:J'Wel L '\Jn1'l' L"el n L'll~'\JLLIJl"t LL VI"{! L VIL Vl1J1ta1J a11J1'l'Cl1 Lfl'l'1tVILL"t v 

LLnucyV11~Ln~;1''\J-;i1n~'IJ 1~ei~1.:iQn~ei.:il'iei 1 i.J ~.:it 'IJu-;i~u'IJilL'Vlfl 1'IJ1"~LL":: Lfl~ei.:iiiei~i.Jn,.cll'i1.:i 'l ~'Yi1ti t \1 

m'l'Pln~1a1JtJ1i'!Jei.:i~'\JLU'IJ1i.J1~ei~1.:ia::~1n~.:i;1'\J 
n11'LL U .:i\h:all'Vl '!1£1.:liiU 

~'Um m '\J{l1'\J~1'\JL'l!"S1ij naif 'IJiieitjVl"1 tJ'llil~ LL"t L ~elfl111Ja::i;11n t '\Jn1"SPln~11~il~ LL U.:l~'\J 
eieimtl'IJ\J"StL11'VIHV1"1tian~w:: L'Yi'IJ 

1) 1eii°LL"S" (Worrall, 1964, p. 55) 1~LLu.:ii.J"StL.f1'Vl'!Jel.:J~'\JIJl111Vlanti"Scil1'Vlm11 

2 U"St L.f1'Vl ~{IL U'\Jn1"SLLi'l~.:Ji1.:i~'\J~'WtJel~"l 'IJLL Vla.:JVl;eltJ~L 1W~LL1J1n11i1.:in'IJ 1~LLrl 

1.1)iiULLVlflU~Uti1LUfl (Residual Clays) 

~'\JLL Vla.:J~'\Jn1 Lil~ LU'\J~'\J~U"S1n!Jel ~L '\JtJ~L 1W~'\Jn1 L il~'!Jel{l~'\J.f11tJV1a.:i-;i1n~i1'1JLLn"Sil\Jl 
L'li'IJ L~",j'"'i.J1i 1~~~.:JLLU'l'i'l.f11'WLU'\J~'\J LL"tfT.:ibJQnn1"S-n'~'W1Lfl~el'\J~1tJ1i.JfT.:itJ~L1W~'\J 2!n'WtJIJl111JJL'!l1 

V1;ei~"S1tJ~.:i ~'\Ji.J"St L11wd'~.:iilan~w:: L ll'1Ji1'1JLL ~.:i L ~ei.:i-;i1nfT.:ifl.:iili1'1Jl'i1.:i 'l i.J::i.J'IJeitj ~.:iif 'IJnei'IJu11J1 ti 
II O I II .. ,f A 1 ~ 11

8 
,.._ .. ,K -. Cf I II 

.:J1'\J';JtlJlel.:J'Vl1n1"StJ~tleltJ LL"t"1.:J L 'Wel LLtJn Lel1 L'\Jel~'\Jeleln1J1 L VIL~ u"S1J1W1J1 n'Vlq~ L '\Jel"'\J';J.:Jflel'\J'!J1.:JVltJ1tJ 

LL"tilfl111JL VIUtJ1 bJ1J1n a1'\JL Vlqi';ltL U'IJ'llil~~'\J'!J11 (Kaolin) 

1.2) iiuLLvrii.:i;lijn\it1vt1111'1nP1::neu (Sedimentary Clays) 

~'\JLLV1a.:i~Qn~~-w11J11J1n1J1::nei'IJ LU'IJ~'IJ~-wtJei~"lim~L1w~~'\J';l1nLLV1a.:i~'IJn1Lil~Qn-n'"-w1 
11 t'.. t'd il.ia ~.iaJ1.,1 !'-..I 
mtim:: LLa'\J1 V1"Seim"S"t"1ti'!Jei.:iJJL '!J1'\J1LL'!J.:i1111J1n 1J1tnei'\Jati'l1Jel~ '\JtJ"SL 1W'\J'\J 'l!.:ia1'\J L V1cy-;i:: L u'\J'Vl"S1tJ 

a1J an~Wt'!Jel·:iLifel~'IJ';ltiJm11J"tL~tl~LL"tLVIUtl1n11~'\JLLVla.:J~'\Jn1LiJ~ LL!Ji-;i::iJ~.:JL~el\J'IJ111nn11 ~~.:ibJ • 
'!J11 L'li'IJ ~'\JLVIUtl1 (Ball clays) ~'\J'Vl'IJ1~ (Fire clays) LU'\J~'\J 

2 )ue-fti'u (Norton, 1952, p. 20) 1~LLu.:i\J"StL.f1'Vl'!Jel.:J~'IJ11 6 i.J"StL.f1'Vl \Jl11J 
.., .... .al 0 ,,., ..,,8 
"n~w::a1JtJ1J1Lo-w1::L-weim"S'IJ11J1 L'll.:J1'1J~.:i'IJ 
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2.1) ~u\iiiii1'tl11111v\'li~m·nN1 (White-burning Clays) ~'U~iia 
'!J11fl1V'Vl~.:inTrnn L'Vll.ntri1wfunT~ai'1.:i~a1J1.t1w'fia'!J11 (White ware) 1~uti ii'U'!J11 (Kaolin) ii'U 

L 'VIUE.11'!J11 (Ba LL clays) 
2.2) ~u\ii"uf11111,il'U~N\'11Jnu~ (Refractory Clays) 

-. .I II - 4 -. ,.14 I ct 
~'U'Vl'Vl'Ufil111J1el'U~W'VllJ1l~.:J 'Vl1J1Vfl.:J ~'U'Vl1J~~'Vlflel1JL'Vlfl1~.:Jf111 1600 a~fll1L'!lflL'!IEJa 

1~uti ii'U'!J11 ii'U'Vl'U1~ ii'U1~rnt~ii'U1 (High Alumina Clays) 
2.3) ~utlf'Yi1Nfit1nN'1riilet'1~ (Heavy Clays or Product Clays) 

ii'Uv1'lottvh~a1J1.t1w'fitiaai'1.:i a1'U1J1n~tLU'Uii'U~iifil111lL'VIUV1i!av u~~tiia11'!i1V'VlftB1JL'Vlfl1 (Fluxs) l'U 

i.J71l1W1l1f1 tott'~a\Jl~l~vf'U (Paving Brick) 'Yiatl1 (Sewer-pipe) 
"" T ~ .. 'I' ' :'1 .. ..,i.., 2.4) ~'Ufl~fl'ULL11 (Stoneware Clays) ~'Ua~\Jl'UU11 Lu'U~'U'Vl1l 

fil111JL V1ilv11l1 n LLatiia11'!11 v'Vlaa1J L 'Vla1atji.J71l1W1l1 n ~~qn ~1~.:1~1 a11J11ri'111l1'Yi1 ~a1J1.t1w'fi 
i.J1tLfl'Vla11J1'Uu1i~.:iiim1i.Ji'ui.J~.:iLila~'ULriv.:iL~ni!av 

) 
..... 0 .. ( ) .. ..I 0 ..... 1 3 ... 2.5 ~'U""1ilJ Brick Clays ~'U'Vl'Vl1B1 ~'Uu1tLfl'Vl'U~t1Jfil111J 

L'VIUV11J1nuatii Fe20 3 ~a1Jatj1l1n ilv1llott'Yi1~a1J1.t1w'fiL'Vla11-fila1J1m (Terra-cotta) uat~11lB'lJ 

(Common Bricks) 

2.6) ~uetfitl (Slip Clays) ii'Uaai.J 1~uti ~'U~ata1Ja~"l'Uu'Vlri.:i~ii 
J1'1l.:i1J1aa~tl l!n~tii Fe20 3 i.Jti.J'Uatj1l1n u1.:ifl~.:i'111l1lott1J1nu~.:i~a1J1.t1w'1~1v1fim1L~'U1nu (Engobe) 

ii'ULilv1V1~a uaaLPiad ~tiiuv1m'Vla~1.:i1J1n~am·rna1J1Lfl~a.:i~'Uii'UL~1 Lll'U~'U~Ln~~1nm1~~ 
V'111l11J1n1J1tna'Uata1Ja~"l'U~q1ll'U1tvtL1a1V1a1vi;utl ~.:iiii.J71l1W~'U'Vl~d1'1J1~uat~.:iL~ai.J'U1l1n ~.:iiia 
aanPiJ1Ci.:i,j1LtJ'Ua1'Ul'Vlqi iiL~~ii'UatL~v~ fl111l'Vl'U1utl'U1l1nn11~'U'!J11 Lda"l~~'U1J1~1n~'U~'U~tii 
~n~wtL tl'Una'Uu~.:i'Vl~ana'Una1J (Balls) ~.:1Lll'U~1J1'!Ja.:ifi111 "uaaLPiad" l'Um1'Yi1~a1J1.t1w'fi 
Lfl~a~~'U ~'U Leniifl111l~1 L tJ'U \Ji a.:i m ~v a1Ju1im.:ii.J1t m 1'!J a.:iuaa Lflft d ~.:i L tl'Ua1 L 'Vl~ri1 R'qi~\Jla.:i t ott'u aa 

Lflav1'U~1J1a1V1n111JL'!l11iinri' fia (i.J~~1 ~1lvi'!J11'!i1, 2539, V1i!1 53) 

1. uaaLPiad~t'!i1m~1lfl111lat~1nl'Um1~'UlU'Vl1.:i~1.:i '] 1~~ 
2. uaaLPiad~t'!i1m~1lfil111Ju~.:iu1.:itia'UL~1 'Yi11\1iiPi111Jat~1nl'Um1Lfil~a'UEi'1v ~a1J1.t1w'fi 
3. fl111Jat L~V~'!Ja.:iuaa Lfila 6'!11vt\1m1~'Uli.J~1v1fi'Vlria u uu~1Jvi L vJ at \1m1'Vlria L tl'U 1 i.Ja~1~ 

iii.J<jti;'Vlfifl1V'I 

4. \JelftLfilftEJ'!i1EJL \1m<jLfi~i.J~ffiV1'!Jel.:11J1fla1"j "jt'V111.:i'Yi1m"jL~1~~'U a.:i~a L \1~a\Jl.f1W'fiiiL ila 
I !'! S ... 4'I 

U 'U'UL U'UL 'UBL~E.11f1'U 

LU!11uaa Lfla d~tiiV'lu L ~'Uatj~11 i.J u~tlqiV11 uat.Va~1n~'!Ja.:iuaa Lfla d ~fia~.:i L ~ai.J'U~a~fl111l 
'!J11'!JB.:Jii'U L'!i'U i.J71J1W'!Jel.:J Fe203 uat Ti02 ~.:JL'U\JelflLfilftEJa1'UL'Vlqi~tii~.:iL~ai.J'UL'Vlri1ilatj1J1n ~.:i'Yi1l\1 
'Wa11J1"jflU1ii'UL 'VIUV1'Yjf1 u 'Vlri.:i 1J1 L m '\Jf11"j~a \Jl Lfl~a.:J~'U~'UL~1~1Jia.:i f11"jfl111J'!J111~ ~.:iJ'U~~iiuaaLflftEJ 
LriEJ.:i'W~u'Vlri.:i1'U1an ~.:iiia1lllii~.:i~1'Ufl111lL'Vlilmuatfl111l'!J11fl1V'Vl~.:im"jL~1 

."f ...i_, 4'I 'I O ' 'I ,, !'! I JI .. 1 ,:, 1• 1 " 4 

uqj'Vl1'V1"11flqj~'\Jf11"j'\J1\JelaLflftV1JWt!Lu'Ua1'U~a1l'!JB.:JL'Uel~'U ~V'Vl1 '] unfla 
Clil I O'fll .r.- 1 ,, ... 1. 1l Fe20 3 uat Ti02 ~a1Ja~1J1f1'Vl1~'Vlfl111l'!J11'!Ja.:iL'Ua~'Ua~a~ ~mu'rl1tfl11l Ti02 

atj1J1n~t'Wa11J1"jfl'!J~~aan1i.J1~~fl~1fl 
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'1 .. .,j 0 ,_ U ~..i II 'f'tJ I ,_ .. !'! U 'f'tJ I 2. b'Un'stlJ'Vllil::'Vl1~a1J1.flt1.1'fl'Vl1J1t1.:inT~fl113.Jb ,.:iLLa.:i i;i'UL"1'Umlil::Lu'U1J11ai;ifl113.Jb ,.:iLLa.:i 
3. ~'UL"1iit11iim13.1a::L~vi;i3.11n~.:il'i't1.:i1-Htl~3.!1tl.ltl13.11nL'Un1,~a3.l~'U~tl a.:i~a1'\.1'iim,t-1i;i~1 

3.11n ~.:JLU'Ua1L"1~'1°1~qj'!Jtl.:Jn1,LL!Jln-r11'!Jt1.:J~i11J1.n't1.19i 
4. ~'UL"1iimirnlil::iia1'Utl,::nt1uhlfl.:i~ ~.:iiiuqim~t1m,mufl3.lflt1.1m~'llt1.:iLdt1~'Um'lil.'Um, 

1t1fa ,a (Worrall, 1964, p. 58) L~altl a"J'Utl,::nt1U'Vl1.:JLflii'llt1.:JUt1aLfilat1Li;it1~1 ~ Ltl ~.:itl 
Si02 40-60 % 

Al203 25-40 % 
0.5-4.0 
0-0.75 
0.5-4.0 

% 

% 
% 

'1°1"1-1i'ua1'Utl,::nt1uV11.:iLdi!'U ut1aLfla61i1::iltl~3.!1t1.1'!Jt1.:iLdLfl 1t1i11'U~ 13.Jm LLa:: fl1t11J1'11t1tj 
3.11n ijtJ~3.11tl.l'!Jtl.:J3.Jtl'U~3.Jtl~aLaL'U~ aala~ fl1'fotJL'UIJ1~1.:J ~ Lrftl.:JL~nUtltl 'Ut1nli11ntf'U liJ::LlJ'U~1n 
a1,a'U'Vl~V L'li'U i1n1'U~ (Lignite) L'llir'U (Waxes) L,~'U (Rasins) LLa::H1ira (Humus) ,13.J~.:i~1mn~t1 
'li'mvl!Jl 1.La::Ln~t1filat1h~'llt1.:J Al, Fe, Ca, Mg, K LLa:: Na Lll'Ul'i''U 

ut1aLfla6~l1flt1.1fl1~~if'Ulil::l'i't1.:iiia3.1,j~'Vl'ULvl~~w"1JJjj~.:i iifl113.1"1i;i~1iim1 ii'Vl,1ti"1~tl 
~.:iL~t1tl'Uiit1v ilm13.JL"1iim~ L'U~1'Ufl113.Ja::L~vi;ii!'Ufil1,ilm,~1.:i1J1::LLm.:i'!l'U1i;i 325 W"!! UJLii'U-rt1va:: 5 
LLa::~a1~qimv"1~.:im,L~1m,m;'!l11i1.:i~fl~3.J LL~ti1ut1aLfla6~ilflt1.1m~~t1vn-hd ~.:iiit1tj~1 ~ 1tl1'U 
tl~3.11t1.13.J1nirnlil::L~tim13.1 ~ 11 ~'UL"1iit11 (Plastic Clays) 

f11-afiu'Vl181uuof!LfllflV 
a1,a'UV1~6~t1~L'U~n~w::~iifl113.1a::L~vi;i (Organic Colloid) irniitl::tl'Ut1~L'UUt1aLfla6 

'Ut1nlil1nli!::'Vi11'\.1'il~~1"1-1~t1filJ1 Ei'.:iLtl'Ua1,~ii~.:i~a~LLa::~aL~ti~t1Ldt1~'U~'U~.:itl 
1. -!ioii'llD.:Jfl1"aB'U'Vl1d 

1.1 'li1mvl3.1m13.1miim L'Um,~'U~tl 
1.2 'li1t1 L '\.1'~i11J1.f1t1.1fi'ilfl113.JLL~.:JLL ,.:iLllt1 LLi-1'.:J 
1.3 ti1iitJ~3.11w~t1L"1-13.J1::1i1::'li1vt~J1~'U (Slip) vhm,"1at11~~1v 

2. -!i0Lif 8'llilo1Jf11-afiu'Vl1V 
2.1 Ut1aLfla6irmni;i~13.1nuanl'U~ ~.:iiln13.l::t1''U (Sulphur) tl::tlut1tj L~t!Qn oxidise LU'U 

'li'aLvl!Jl (Sulphate) ~.:iti1l13.11mn'Ultl1i1::'Vi'11'!.1'J1~'U (Slip) ~'U~tlL~a1u1n "1~EJ~'U~tlw1~Lav 
<.i:iilcit ILi .... 1 .. ... 0 • ...i. - .., .. 2.2 ut1aLfilati'Vl3.J'!laL111J13.J1n L3.JtJL~1lil::3.JIJ11"1'U'Vl~1~a1J1.flt1.1'fl 

2.3 ti1 L ll'Ua1,a'U'Vl~6 ~ila1,tl,::nt1rn -ti.:icttt1'U'!Jt1.:i L "1~ntl::tl'Ut1tj ~m~1 LL~11i1::'Vi1 'l "1'Lni;i 
LlJ'U~i;i~~1 

2.4 ti1ila1,a'UV1~6t1tj3.!1n t11lillil::L~11aflTfut1'UUl"13.Ji;i 'Vi'11"1'Ln,,LLn'U~1 "1~t1~L~tm11 mm, 
1~~1 (Black core) L'ULdt1~i11J1.n't1.1fi li;imiii;imm,~i;im3.J"1~t1,::Liji;il~ m.:ifil#.:i'Vi'1'l'\.1'u,,mml'IL'Un1,L~1 
LlJ'ULL \J\J~~n-a''U 
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~.:ii!um'IL~ant'li'ue:iaLt'la6LLvrri.:i~1.:i i m'I1'H'm1i.iri1R'qi~atJ~irn1.1'1Ja.:ia1'IiitJ'Vl;6 LLatill'l11i.ii 
l'l11i.iLi1l\!LftmnumtmtJm'ILn~tJ~n~mm'Iaa1t.1~1'1Ja.:ia1'IiitJ'Vl;6LL~at'!fil~ ~il'lltJ1~LtltJl'laaaav'1 
1~mu~1tav1.:i~.:i uaaLl'la6m~\11nLLvrri.:i~ilanlu~tJttJuatj 

m'Itl1uaaLl'la6i.i1t-H.:i1u mi.itJniim'Ivi1Lvr1la.:iuaaLl'laEJ\ltilmtmum'IUJ~.:imni.i1nt11UJilm'I 
a1.:i ~.:Jn1'j~~uaaL1'la6;iui.i1t-H.:i1uil 2 LLUU ?ie LU~U~L1wel1vri!1tl1~.:iantJ'In~\Jnl'lqi.ieanLLa1~.:i~~Li1 
h.:i.:i1ua1.:J~'UVl~EJ,J'1vrtht.1l~Lat.1 an15?iam'I~~LtJ'U~n~Wt~UJ.:Jfl«'U , ltJVil'l'V11.:J~1.:J , tl'U LLatti'1iJm'I 
a1.:J~'U\ltUt.li.J t-b15mflit.1ai.ivi1 L-H'Ln~ n1'IaEJ ti ~1 (Air-float) ~1t.I n1'Ie.i1'U nEJ'U~'U 1 tJ El.:J Ll'l~El.:J LLt.I naa1 ti LL \JU 

0 " .. ..I .. ,, ... 1·1 ..... .!I.. t""' .r 
vr~u 'Vl1n1'IVl~'ULi.J~~tJ'VlatLElt.1~\ltQnai.i'Ie'U~~een u 1trn1'I'U'Ut.1i.i '!! ~'U~'1a1vrn'I'Ii.JmtLUEJ.:J'IJEJ.:J 

avrf ~rn Li.i~m ri1vrfu~uL vrilt.11 t u\J'It L 'Vll'll 'Vlt.111lilvi.ia1.:i L ~e.:i\11n~uL vrilv1ill'l11i.iat Lat.1~i.i1nvi1 t-H .. 
" ~'UL tJi1e.:iiah t'li'-\i1 ti 

\ltL ~'U1~11~'UL tltJ1''1G~U~iJatjvY1 il tJ ti1 l~ilm'I;ln~11~t.1 'Vl~ae.:i n\lt~u11Ei'.:iiJLL vrri.:i~uan 
..I 0 t!':'I ... ... .:; .. 1~ .. 'I' o' fli ... ..I I II ... .r i.i1ni.i1t.1'VIG'l1i.J1'I£l'U1i.J1 'If ~'Un1'INa'1Ll'l'Ia.:Ju'U~'ULN1 ~ ~~mil~1t~'UG'I ~'1'ULL 1'I L 1J'U~'U'Vll'lEl'U'IJ1.:J L Vl'Ut.11 L'Ua 

atLav~ t'la1vnuueaLl'la6 Lrit.1.:iLL~ilmi.i1w~~n.Jatji.i1n vi1t~~~~n~1~1 'I1i.i~.:i~1mvr~neanl11'1~.:i'UJ 
L vri.i1t~\lttl1 l tJvi1 Na'1.ti'w9i°~'IJ11 ~ua 1'1tJLL Tifu;iu1.:i LL vrri.:ia1i.i1'I£1tl1mai1.:i L tluNii'1.ti'w"i.~ Lav l~v UJ 
II 41.1 - .., .. 

'1El.:JNG'li.J1'1G~U'!f'U~El'U 1 
.. ..!.( ) .. ) !'! ., .. ..i.. .1 ., ... .. .. .J !'! \1'Ufll1tl'Vl"O Quartz Vl,tl ",, f.I (Sand L u'U1 '1G~U'Vli.JG'l1'Iu'It nauvra nt'le11a n11!.:J L u'U 

a1'I\J'Itnau~ilfllw~n~wtL~tJLvri.i1tai.inrn1uL11'I1iimfov1.:ii.i1n L~a.:i\11n~ama1i.i1,m1i.i~1l~av1.:i 
.. "' 1 ..... 'I' 1 <'..lfli I _. • .,..... al ..i ... II al t ea,tnuaen 1!~El'U ~~mu~1taen 1!~'YILutJ~1.:i \l.:J'Yl1~vrLn~a1fo,tnau'Yl11u11euvra1t.1~uLLUU 'U 
tl'j'ji.J'!f1 ii~a n1\Jt'j1i.J ~1nua1,tJ,tnau~tJ\ltJLn~ L \Ju LL 1'1fil~~ihn '1 (Silicate) l~,\'1u1ui.i 1 n \!'Um\! nri11 
1~11a1,tJ,tnau~amili.i1n~a~ t ua1utJ,tneu'!Ja.:iL tJ~en lan LatiVIL;im 1~mu~1t ll'l,.:iai1.:i'!Je.:i~am • 
t 'U~n~Wtl'l1a'1'!l a1'U 1f'l'j.:JG'li1.:JLL \JU 1'Yl'j1~ 1i.J ~ LLatl'l~G'I 1 'YIU11a~J'U~Ui!EJtii.J1n t 'lJl)'j'ji.J'lf1ii L~El.:J\11n 
L \Ju ll'l,.:iai1.:i~ Ln~\11nm,mtvi1'1Je.:i~~.:i.:i1ut'l11i.iieu t u~wvr-0ii~.:iif uLe.:i LLatti'1L ,,,;'e.:im,~am tu 
~n~wt1'Yl'I1~1i.i~ vr~et'l~alV1u1la~ vr1mrit.1.:iLL~i11~amtu~n~wtt'l1e'1ii.i1LN1l~ii.:i~wvr-0ii 870-
1470 El.:Jl'l1L1!aL~t.IG'I \ltl~f'l'j.:JG'li1.:JLLUU1'Yl'j1~1i.i~ LLattl1'1El.:Jn1'I1f'l'j.:JG'li1.:JLLUU l'l~G'l1'YIU11a~ nLN1l-H' 
~WVllJi'i~.:J~.:JLL~ 1470 El.:Jl'l1L1!aL~t.IG'I ;iultJ \l'Ufi.:J~~V1aEJi.Jata1t.1 Vl~EJLaG'l1'jU'jtnEJU~Lll'U~1d.:J 
tJ~n~mm,vraai.iata1va.:iltJlul'l1a'1.J LLa1LN1~~WV11Ji'iLvri.i1tai.in\lta1i.i1,£lai1.:i~amt~il~n~wt 
1f'l'j.:JG'li1.:JLLUU1'Yl'j1~1i.J~ Vl~Ell'l~G'!l'YIU11a'1L~ 

~amLll'UG'11'jU'jtnEJUVl~n'IJEJ.:JL1!'j1iinri'tJ'jtLll'Yl~iiLn'1 L-d'U .:J1'ULl'l~El.:J~'U~'ULN1 VJn'!fil~\ltil~am 
~.:Jl'UL 'if e~'U~'ULLat l'ULl'l~au l~t.1~an1\ltvi1V1i!1~L V'U 1f'l'j.:JG'li1.:J a~n1'IVl~~1 Ua.:Jtl'Un1'jLL'1ni11 LLatii~ 

.!I ... ,, ... ...: " .r .. • :; 0 """!'! .r "'I .. t ...... Lu t.11 Li.la LL Vl.:J Vf'jEJ L ~i.Jl'l11i.J LL 'IJ{I LL 'j.:J'!Ja.:J L 'UEl~'Uu'U LLat'Yl1Vl'U1'YIL 1J'UL 'UEILLn'l ~ 'ULl'laEJU LLat 'U.:J1'UNa'11G'I~ 
\J'jtLll'YILLn1 (Glass) ~.:J\lt'1e.:it-Hn,,i.i15vraei.i~am1-H'LtltJ'!Ja.:iLvra1rieutl1ltJ;iu~tJ ~am~.:iilu'Vlm'YI 
~.:i'1~ tu~ '1a1vrm,i.i\J'It Lll'Yltl 

~1tiai.iu1i~~Lt'l~?ie a1i.i1,m1i.i~1l~nueanl11'1~u i l~av1.:iiia'It~.:iriet~Lii~a1,tJ,tneu'!fil~ 
'I 1..I.. ... II .¥ I 'I -=i- "' "' a I 1 ..... 'I' 
~vri.i'Yli.im1i.i11u11etJ'IJ'UEJm.:ii.i1ni.i1t.1 ~'Ull'I'Ii.J'!f1'1"1Jam\Jt'j1i.Jmnua1fo,tneueen 11~au ~~mu~1t 

aenl11"1tJ'ItLll'Yl~1.:i\ltJLn~LlltJll'l,.:iai1.:i'IJEJ.:JLL1~1.:i i l~vra1t.1'!fil~ L'ilu LL 1~u'IJ11 (Kaolin) L~a"1atJTi 
(Feldspar) ~an (Talc) Ltlu'1u t11tl1~ami.i1ai1.:iL~u1'a~'!fil~tvr1l i l~t.1Nai.inua1'I\J'Itneu'!fil~~un 
a1i.i1'I£ln'Itvi1 l~L 'ilunu 
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1) fl1Dflid (Quartz) LL1 fl1Dflid vr~e:i i1uLLn1 L~£Jnane:i~1~vri1~11 i1uLfs1'M,.s.11u 
Pi .. """"· ~ .... ' Pi • ..1.. .. .¥ ' ... ... • il ... 
Lu'U'Vl'U'Vl1Ju~1J1W'!JeJ~l!!ame:i~1J1n Lu'ULL~'Vl1Jt:.1am'UeJLL'U'U i:.ian1Jvra1£J'!l'U1fl fil111JLL'IJ~e:i~ 'U~tfltl 7 fil111J 

rl1~~1LVl1t 2.65 ~eJEJLL1J1m1'1 LL11111fila1EJLLtl1 t11~Vi~flla1mViEJ'U1'1l '11'1iJa'IJ11'Vl~eJ1iJiJa LLatti'1iJ 

~~L~eJtl'UeJtj'1t'Yi11i1Li1fl~IJi1~ 'l ~t'l1£J~11J ~IJl~'Vl1~LflliJ'!JeJ~fll1eJIJl'!I fle:i Si02 LLt'lfl~11il~ame:itjt'U 
0 ti al I 4 4 4 I Pl .IGI 111i11t. 4'_ 4 ...,.. ~!:I ' I 11 -I 1 

t'l"J'U ~tne:irn VlEJ~e:i EJ1~ bfl£J1 '1~'1m1 L u'Ut'l1~'Vl1Jfil111Jtl~~'Vlt51J1n LLat1Jt'11JtllJl'Vl1~m1nafile:i'U'IJ1~fll~'VI LLIJl 

'11'1'1tilLL1~'U 'l tlttl'Ue:itju1~b~nue:i£J L'li'U aLVi£J1J Ll!!b~£J1J LVlLLIJlt'IL~£11J e:it~ijLil£J1J L'Vl~n LL1J~mila LLat 

1 ... .J ' o o .. ti.. !').. 'I II ... "' o "' ""• ~ '"'ti ti o 'VIL'VIL'U£J1J l!!~fil1'11Jll!!LLIJlatLL'Vla~'1t1J ~1J1W'!JeJ~iiamLnaLfll£J~n'U LLIJln1J11~n'U'Vlu~1J1W'!JeJ~t51~'VI t 'UeJ~ 

me:i1J1.Jile:itjvra1£J'llilfl ~~1fim~'V11~LL1'1tLLU~LU'U 2 vnntvrqJ 'l fle:i vi1n~Lnfl LU'Ui:.ianvr~e:i 
ili:.ianvr£J1t1 (Coarsely Crystalline Varielies) L'li'U i:.ianfll1e:i1J11111a (Rock Crystal) ~~wil~~L~e:Jtl'Ue:itj 
La£J fil1eJ1J1'11~iJ1~ (Amethyst) '1tilLvr~ntlttl'Ue:itj fil1eJIJl'!la'!l1J~ (Rose Quartz) il1'VIL'VILU£J1Jtlttl'Ue:itj 

.. .. ( ) .J P, 4 d ' P, II ,.,j .. P, 4 ... 
vr~e:ie:itL1'U'1~'U Aventurine l!!~Lu'Ui:.ian'!l'U1flLan'!leJ~fll1eJIJll!! bu'UIJl'U LLatfll"JeJIJll!!'VILnflbu'Ui:.ianatLeJ£Jfl v 

1J1n'1'U1JeJ~~1EJIJl1Ltl~11iJL~'U (Cryptocrystalline Varieties) L'li'U fll1'~L'ULa£J'U (Carnelian) ila~1JeJ1JLLfl~ 

1111ifl (Sard) e:ie:in~bbfl~Vit1 L U'UIJi''U LLatanvi1n'l-1i1~fle:i fil1eJIJl'!l~ilam;wtbU'U1J1ab1J~fl (Granular 

Varieties) b'li'U i1'Ub'l-1~n1vl (Flint) bU'UIJi''U (m1J'Vli'vimmt5~w. 2526, "'1U1 222-230) 

2) \'l,1S(Sand) 1Jl11Jfil111J\.11J1£J'!Je:i~1'll11Jltne:i'Ufll1t'11Jli(Sedimentology) '1t'Vl1J1£Jii~Lllfl 

1'1J1'l1J1tne:i'U~iJ'll'U1flLa'U~1i:i'Udna1~ i~LL!Ji 2.000 - o.063 ijaaL1JIJl~ ~~tl~tne:it1 ~1£J1'1J1'l~LU'ULl'li;i1'U 
Lflli;LL1 'll'U1flb~n ilani;wt11'U'q£JWLmtilfln'U m'1LU'ULL1L~£J1'Vl~1J1'U (quartz) 'Vl~1£Jilm~bnfl1J111J 
15~~1J'll1il~1£J mtt11'Um~nfln1e:i'U LLat~aa1£J'11ni1'ULLatLL1~LU'UIJi''Uri1Lilfl '11nif'Um'1~nmtLLatl1 fll~'U 
LL~~'[ u1Jrl1~ LLata1J vi11 tlata1Je:i~"l 'Ut1~nw:;iijtl~t L 'Vlfllani;wt\Ji1~ 'l 'Vl~1£J~Lfifl;f 'ULeJ~1J111Jt5~~1J'll1ilil~~ 

.,j ... 'I" ' ~ 0 .,j 'I ""~ ... '... ..i 
'Vl~1£J'Vlt'ltt'l1Jmt1'Ut1n LflEJmtt11'ULL1J'U1a1151~ n~tLLt'la1J LLat'Vl~1EJ'Vlt'ltt'l1J ~'U'VltLa'Vl'11JVl'Ut5nt1flla'ULLat 

r U ~ "'4 ..... 'f I I ..,,~ 
mtLLt'l'U1 fi1"'1~tl1J1tne:i'Um1fl (gravel) 'U'U '1t'Vl1J1£J'1~1Jltne:i'U'Vl1J'IJ'U1fl L'l-1qjn11 2.00 'Vl~1£J'VI L'll~'U 

~1Jlt'l1"'1m~1J vr~e:i 'Vl~1£J~IJlt'l1"'1m~1J '1t\.11J1£Jii~'Vl~1£JLLtl1 (silica sand) LU'U'Vl~1£J~ilt1~1J1W~am1fl 
1 ' ) ' II ... ti .ii .. ti il!"f ti.. d II 'I° ... e:ie:in l!!fl (Si02 1J1nm1~e:i£Jat 95 LLat1Jt'l1~ ~tne:it1eJ'U'l b'1eJ 'Ue:i~ flL'U ~1J1Wban'Ue:i£J Lflmil'n1t1J 

b vr~n'l-1~mvle:ii~ne:ie:in 1111~m~wbn'Ui'e:i£Jat 1 LU'U1'1J1'liit1"'1an t 'U~1J1a1vrm~1Jmt'1n LLn1 

'V1~1EJ LLn1b U'ULL 1me:i1J1.Jila1'Utl~tne:it1'Vl1~ Lflil~L U'Ut51~ff 1~qi 1~ LLri ~ane:i'ULLate:ie:in~L'1'Uit1 
i1n'ULU'Ua1~tl~tne:it1~iine:i'U1fle:ie:in 1111~ (Si02) vr~e:i~am ilani;wtU'ULllfl ilL~'U~1i:i'Udna1~~tvr11~ 
0.0625-2 ijaaL1JIJl~ 'Vl~1£Jilfil111JLL~~ 7 1Jl11J Mohr's scale vhti1ilfll111Jfil~'Vl'U!Jie:im~~n1e:i'U~~ ilfl111J 

I o II f'I ..., J .qj.q~-. I II ... .I 
m~'11b'Vl1t 2.6 'Vl~1£JLLmbu'U'Vl~1EJtl~~'Vlt5'Vl1Jiiam1J1nm1~e:i£Jat 95 1J~fl'l-1ae:i1Jb'l-1~1'VI 1, 710 e:i~f111 

Ll!!aL~£Jt'I ala '1111 t'lt'11fl LLIJim'1iJ~~'Utl'U 1iJiJLL'U1LLIJlm~£Jtl iJ~eJ£JLLIJlnLLtltl~1\.1eJEJ ~~b~eJtl'U~ij'nVltl 
1~LLri L'l-1~n LL 1ii'ULLata1~Ei'U'Vl~d~~il~a'Yi1ti1LLn1w'LtJ1~1aLLat~qiLa£Jfll111JLL~~ LflmDvi1t Fe20 3 fl1~ 
II I II 411111 I II ... II I II 1.lo'fll 
'UeJ£Jn11~eJ£Jat 1 Cr203 fil1~1J'UeJEJn11 ~e:i£Jat 0.00006 LLat Al203 fil1~1J'U'1£Jn11 ~e:i£Jat 4 LL~'Vl'Vl1L\.1 

Lnfl'Vl~1£JLLn1il 6 'llilfl 1~LLri me:i1J1'11 (quartz) fil1a~1il (chalcedony) 1e:itJe:i (opal)1'Vl~iiw\Jl (tridymite) 

fil~a'[ 'Vlt111a\Jl (cristobalite) LLat Lae:i'l11 L 'VI La£J h\Jl (lechatelierite) ~~a1'Uila1'U\J~tne:it1'Vl1~Lfilil fle:i Si02 
(Vi\1n,; i'1J1'U'111i'n,; ,tli't1t11~ '11n ~fll1'U 11Jl~qj1W2550:www.dmr.go.th) 

L~i\tlifthi (Feldspar)'l-1~'1 i1'U-rl'U~1 LU'ULL ~"l.'Unq1l~iiLn1J1~ilfil111Ja1~qi'llilfl'l-1;j~ ~~Lnfl'11n 
m~LLtJ~amvi'lle:i~i1'ULLmil1J1 ilani;wtLU'Ui1'UVit1a'IJ11'U1a iJ151~e:it~fail£J1l ~ane:i'U L'nLL'Vlt'l-L~£J1J 1111L~£J1J 

LLatLLfllaL~£J1J LU'Ua1'Utl~tne:it1~fi1~qi ~ane:i~"l.'U~tt1t111lL°UflailnLLat 1'Vl~fliiiin ilLL'U1LL1J1m~£Jt1 2 LL'U1 
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LnB'U~ti.:iQ1nntJ ilfll111JLL~.:IU'it1J1N 6 ilfll111J~1.:1~1L'W1t 2.55-2.76 ilatj~1Vtl\JV1a1v'!lij'1 LL'1Mh.:intJ 
~' .1 ... u ~ 
'Vla1tJu'itnB'U't'l1.:iLfll1JLLatam~tNtB\J 1 

m'iti1L~a~au1i2..11'lmtJ.:i1tJ~1tJL111'i1iimhftJ ~t'liLutJi1L~a2..1\J'ita1tJLYiana1-MLn'1\J~ffim 
m'iLn'1 L de LLn1 'l tJa1tJ~a2..1•tm.:i L11J'i1iina 1'1v L utJi1a.:i La;2..11-MLn'1ilm'ivraa2..1i1L UtJL iia LLn1 LLat'!bv'l-Mil 

fll112..11\J~.:iLLa.:i1~~~.:i~tJ l!n'liL~a~a\J1iLUtJi1'!bt.1a'1~'1vraa2..1ata1v (Flux) Lifa.:i~tJ~~NVIJJii 1200 
a.:if111L11JaL~va i.:i1tJLfllg;a'ULLat1tJLiia~tJ~tJ vr~a L~tJtn'U (Engobe) L~a~a\J1ivra1v'!lil'1L~1J~tJvraa2..1 
~~NVIJJii 1180 B.:11'11Ll!laL~Va 1\J~\JLU\J'!JB.:ILVla11tJ~NVIJJii 1500 B.:11'11Ll!laL~Va(Fourner, 1977, p. 81) 

L~a~a\J1i Qnti12..11'li\J'it tv'!ltlav1.:in-l'1.:i'!J11.:iltJ~'1a1vrm'i2..1L111'i1iina i.:iLfll~a.:i ~tJ~tJL~1LLat 
LLn1 ~1vila2..1'U°i~i1f'i'cy 2 \J'itm'ifia 

t. ,fl'Mfli13Ji1~1 ~.:iL ~a~a\J1i~~a1m~"ltJ Lfll'i.:ia~1.:i'!la.:i~a'1fi'N'1L111'i1iina 'ltJu;2..11N~L vr2..11ta2..1 
u ~ Pt II 1 JI .. ' 0 'l 11 .. ... , ... JI " ' "" ._.: 111 • I 

~tvraB1J'11LV1JL1J\JLLn1.n1V \JL\JBLl!l'i11Jna 'Vl1 vr~a'1/1Nfl1JL\JaLL'!J.:ILLn'i.:I "IJ.:la1J'U'1\J~t '1~1na1'iu'itnB'U 

L'WLL'VlaL~t.12..1 (K20) LLatl111L~v2..1 (Na20) ~ila~"ltJLL ~ 1'1m~a~a\J1i~iiu;2..11Nl111L~v11111nn11 l"WLL'VlaL~v2..1 
~til~'1Vlaa1Ji1 ~1 n11 ~.:iijv1J L m \J~'1a1Vln'i'i1J LLn1 a1\J~'1a1Vln'i'i1J Lfll~B.:l~\J~\JL~1UV1J L iL ~a~a\J1 i~iJ 
u;1J1N L 'WLL 'VlaL~V1J1J1nn11 l111L~V1J 

2. LLiL~fltbttl1ina::QiltJ1 {Al20:J LLfl::~itni {Si02) LL~L~a~a\J1i~tilat~iitJ1 (Al203) LLat 
~am (Si02) a~"ltJa1tJ\J'itna'U L~avraai.ii1at~iiLilv11 (Al) a1111'imi1LL'VltJ~~anatJ (Si) 'ltJ~am1~ 
vi11-MLLn1vr~mfllg;B'Uilfll111JLVIUV1 'Vl\J'Vl1\J~am'in'it'Vl'ULftV'1ftfll111Jn'1~\J 'Vl\J~am'1LLat,j1.:i 'i11Ji.:i~a 
m'iLU~V\JLLUa.:i~NVIJJiiBV1.:!'i1'1L~1 (Thermal Shock) 

1'1v~1l\JL~a~a\J1i\J'itna'U~1va1'i\J'itna'U 3 '!IU'1 Pia at~iitJ1 (Al20 3) ~am (Si02) LLat~a 
flltlaa (Alkalies) L'litJ K20, Na20, Li20 vr~a~afllt1atlL~i'VI (Alkaline Earth) L'litJ Cao LLat Bao LU\J~\J 
m'iLL v.:i'!lil'1'!JB.:IL ~a~a\J1i ~t LL u.:i'111J'!lij'1'!la.:ia1'i\J'itna'U 'ltJnqi.i~afllt la~ vr~a~afllt 1atlLBi'VIL UtJvr~n 

'tfUfl'tlil~L~flt\at11iL~a~a\J1iilatjvra1v'!lil'1 l'1v~1LLtJnm2..1a1tJ\J'itna'U'Vl1.:iLfllil ~~1f'i'cy 
LLat'W'U2..11nilatj 2 '!IU'1 Pia 

1) l't'tLL'VlftL~flflat11i {Potash Feldspar) LU\JL~a~a\J1i'!lil'1~il\1'1'i'Vl1.:!Lfllil 
Pia K20. Al203. 6Si02 l!n'W'Ua~"l\JlU'!Ja.:ILL~ 2 '!IU'1 Pia 

1.1) aail'VILflflft COrthoclase) ill\J~amt'U'U11Jfofllailn LUtJ~an 
'!J\J1'1LVlqjLiiaa1J1\Jtl\JLLU\J 'WfiaV'W'U~an'!J\J1'1Lan , ilLLtJ1LL'1nL;V'U 2 LL\J1 'Vi11j1J 90 B.:11'11 ilfll111JLL~.:I 
'it~'U 6 fll111J~1.:1~1L'W1t 2.57 ilfll111JLL11111fll~1VLLn1 ilvra1Vft L'fitJ ft'!J11 L'Vl1 LL'1.:!LtV1J Vl~ahJiJft ~~.:! 

"" ~1 ,.,.~ ,. . I ' 1 "" ,.. I ' ... ' ... ( ) ~ .. II u ' '!J11'!1\J'1'VI 1J1J"1~t ~ u'i.:I afl.:i ~ u'i.:ILLa.:i L 'iVn11 at~a1 L 'it.I Adularia "1L vraB'U'!J11\J1aflla1VLLa.:l~\J'Vl'i 
L;vn11 2..1tJal'1tJ (Moonstone) vr~a"5'tJ'Vl'imtJIJi LLat1111il~tJ (Sanidine) il~n~Ntfll~1vLLn1 Liia~an 

" 
tu~.:i1a LUtJ~tJ 

~ .. 1 ...i.. .. ... .., .. - f • ., aa'i ~'VI Lfllaa Ln'1 tJ'!lNt'Vl1Jn1'i'1n~an'!la.:ivrtJaflltJ LLatm~Ln'1~1na1'iata1vtJ1LL 'i'iBtJ 
(Hydrothermal Solution) Lfl'1LtJi1tJL'Wn2..111'VllJi (Pegmatite) Ln'11tJi1tJ~fllil'!lil'1~1.:11 L'litJ i1tJLLn'iij'1 1111 

v11tJIJi (Syenite) LLatLtJ~iitJ-1111v11tJIJi (Nepheline-Syenite) vr~aLn'1~11Jtl'Ufll1B'1i (Quartz) l!a1fll11\Jl 
(Muscovite) LLatLLaal'UIJi (Albite) 

1.2) 'Wt111,\111f1u {Microcline) ila1tJ\J'itml'U'Vl1.:iLfllilL'litJL~mn'U 

aaiL'VILfllaa LL'1n~1.:intJ~~an'!ltJ1'1LamutJ'it'U'UL'1'ifllailn m~Ln'1LUtJ~anLL~'1 LLtJ1LL'1m;v'U 2 LLtJ1 
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'Vi1~1IL~t1.:i1tJL~m!m.1UJi.:io1n ilf'l1111U.~.:1'5t~\J 6 fil1111rl1.:!~1L'n1t 2.54-2.57 111fila1tiU.n1 a"U11 LVliiD.:i 
~D'IJVl~eiau.~.:i 'llil~~mMiv1 L~vn11 ei::u.11'l!D'IJaL!Jl'IJ (Amazon Stone) ~.:ia1111'5'1i111111~Ltl'IJ 
Lfil~ei.:itl'5t~u~a1v.:11111~'llil~vr~.:i 

1-nu.'VlaLvlai;iatJ1i ~.:i 2 'llil~ 1Tmn~t'IJu.vr~.:iL;iv1n'IJ t'IJtl'l'tL'Vlfllhrn-nueitjt'IJ 
~'IJLLn'l'il!Jl L-nn1111'Vl'1u.a::1'1Ja (Gneiss) vinu.vr~.:i L'li'IJ '51'!!\.j~ L<liti.:i1vr2.l u.2.lriei.:iaei'IJ mcy~'IJ\.j~ 'l~mnil 

'"'tJ .. ' ' .., -u.a::1J11n a'l'IJ~'IJm.:i '5tL'Vlfll-nu111n'Vl'IJD'l'L'lt1 u.a::avr'l'~DW'l'm ... 
2) LLvu1ileLftftflL\iftfiath4 (Plagioclase Feldspar) u.-nailmf'laaLvlai;iatJ1i 

(Plagioclase Feldspar) Ltl'IJLvlai;iatJ1i~Ln~1'1Jan~NtL'lla~1'll~.t'IJ (Solid Solution) fiei ~1nu.eia1u'1~ 
u~q'VIB vr~ei1'll~1Lvla~atl1i (Na20. Al20 3. 6Si02) ii.:ieit'IJeifl'Vl'1u~q'VlB vr~eiu.filaL~t111Lvlai;iatJ1i (Cao. 

Al203. 2Si02) U.filaL~tl11~tLi1U.'Vl'IJfil'llL;iv111'1Ja~ri1'1JLVht~m~ u.atL'IJ"UC\JtL;it11n'IJDtaikilt111~tLi1 
'II 

u. 'Vl'IJ~ ~anei'IJei~1.:iL tJ'IJa~ri1'1Jn'IJ 
u.-na~1mf'laaLvlai;iatJ1i ~.:iu1.:ifilf.:i L~t1n111'll~11ai1Lvla~atl1i (Soda-Lime Feldspar) LU'IJ 

tl .. 1 .. .. .,j .. Pl .. al .. II .. II t II .,j 4 t 11 .. o .,j 
~ Nan 'Vl'l'fila'IJn 'Vlm~Ln~Lu'IJNanu.w~!Jl'l'.:IN1Vl'IJ1Nanvr'IJ1 ~Vl'IJ1Vl'IJ.:I vr'l'ei 'VI.:! 2 Vl'IJ1 ~t11'5'1.:l"!l'IJ1~'11 

L~'IJ1~-B'~111n il~.:i'llil~Ldeia111'1Ju.t.i'IJ vr~eim~Ln~Ltl'IJ111aw~~t'IJ~'IJaf'lil u.'IJ1u.1J1m~vu 2 u.'IJ1L~t1.:i'Vi1~11 
n'IJ111nn11 90 el.:lfll1 flel LLeJa1u'1'Vi1~11 93 '1.:lfll1 34 atl~1 U.ateJt'IJeJfl'Vl,) 'Vi1~11 99 el.:lfll1 12 atl~1 
... "'.., 10 1' ..:..14ci1.-. Clll ..!.~4 
11fil1111U."U.:1'5t~\J 6 fil1111'11.:1~1L'n1t"Uel.:ILLeJa \J!Jl 2.62 u.at~tL 'n11"U'IJL1JeJ11tl'5111C\JU.filaL'lltl11L'n11 '!l.:IL11'1 
LU'IJelt'IJeJfl'Vl'1~tilf'l1111rl1.:i~1L'n1t~.:i~q~ 2.76 a"UeJ.:IU.'na~LeJLfilaa iia"U11 L'Vl1 L;im u.~.:iLi11 vr~eibJiia 
u.11111f'la1vu.n1u.a::~n L deir..1~niian~Nt 1tJ,.:itaii.:i 1 tl,.:iu.a.:i 

u. -na~1eiLfilaaL vla~atl1i L tl'IJu. ,tl'l'::neiuei~L'IJ~'IJaf'lil ~'!Ju. tl'l' u.a::~'IJi'IJ 1Tmn~,111nueieii1 'VI 
Lfilaau.a:: 111Lf'l'l'1f'la'IJ1 'IJ~'IJu.mil!Jl 1'llm 1 'IJ'1 h 1ei 1a'1 (Rhyorite) u.at'Vl'l'11f'l'1 (Trachite) m'l'u. u.:i'l!il~"UD.:I 
~'1Jaf'lilri1'1J t vrqj~~1ntl~111N"Uei.:i L vlai;iatJ1iL tl'IJvran fiei t11iiL tleiiL~'IJ'1"Uei.:i~am t 'IJ~'IJ111n;f 'IJL vh t~ ~'IJ 
tT'IJ~~t~.:iiia~ei'IJ (Color Index) u.a::t11ii1 -n LL 'Via L vlai;iatJ1i111n~~::iiu. -na~1mf'laaL vlai;iatJ1i~1·1nn 
L'll L;iv11111 n;f 'IJ 

u. vr~.:i L vlai;iatJTfl 'IJtl'l't L 'Vlfll1'Vlti1~iim'l'a1'51~-nuu. ,L vlai;iatJ1ieitjm::-,l~n'5::~1v Lneiu~1vin 
mfil"Uei.:itl'l't L'Vlfll vm 1'1J .fl1fil!Jlt1'1Jeiein Lav.:iLvr;jei 1~v-nu~.:itl'l'tLl1'Vl 1-nu.'Vl'l!Lvlai;iatl1i 1'll~1Lvlai;iatJ1i 
u.a::Lvlai;iatJ1ir..1a11 ri1vrfou~L1N~ii~nvm-n V11.:iu.,Lvlai;iatJ1i a1111'5'1~1u.'1Jn1J1111mfil~1.:i1 1~~.:iii 
(n'511'Vl'f-nt11mtmu. www.dmr.go,thl 

1. .fl1filLVlilei \J~L1MhLi1'1~'1~ ei1L11'1~'11l'Vlel.:I u.atei'1Li1'1Vl1.:l~.:1 -,l.:ivr1~L<liti.:i1vr2.l \J~L'lC\J 
" 0 ... .., .., 0 

mL11eia ~.:ivr1~a1~'1J 
2. mfilna1.:i u~L1Nei1L11eiu1'1J1, -,l.:ivr1i;i'l~mnil 

3 . .fl1fil!Jlt1'1J!Jln u~L'lN ei1L11eia111L.:i1 ei1L11eiu1'1J1J11n u.a:: ei1L11miiei.:i1J11n -,l.:ivr1i;i1J11n 
' " - 0 I 0 4 CVILI .111111-. 40 4 0 .. \J'l'L 1C\J'11 Lilel\Jel'naeltl u.a::m Li1'1L11'1.:I ~.:IVl1'1n1qj~'IJ\.j'5 \J'l'L 1C\Jn.:leJ1 Lilela'l'IJN.:I u.atmL/1'1~'111\.1.:1 

-,l.:ivr1~'51'l!tj~ u~L 1Nei1 L11ei~ua:: u.n -,l.:ivr1i;itl'5t~1um.U'IJ5 
4 . .fl1fil!Jlt1'1J!Jln u~L1Nei1L11ei~ua::u.n -,l.:ivr1i;itl'5t~1um<U''IJ5 

5 . .fl1fil t~ \J~L1Nei°1Li1Dvl1fll1a1 -,l.:ivr1~'1Jfil'jfll~5'5'511'51'l! 

2.2.4 fl1'5tl1'M'Uflfl'J'UNfl3JLifDi'U~'U~1nfl1'51./Jfl13JL'Mi1EJ3J 
~1 ntJ ~-,) tl~.:la111tl'5t n1 'l'~ri.:iNa~ el n1'l'ri1Vl'IJ '1ri1'1JNa111 m~fijNa11u°ii"UeJ.:I L dei L'll'51iin!Jl111 fil1111 

~ ei.:i n1'5 L dm'll'l'1ii n LL \.1\.1~.:I L~11~.:1Na 1J1.ti'N'firi1'1J t vrcyl ~.:11'1Jn'IJ111 n t 'IJ<li1 !Jltl'5t~11'1JtT'IJ ~t L tl'IJL dei L 'll'51ii n 
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\J'JtL.n'Vl~ii~'LILU'Ua1'U\J'JtnauVJ"n ~~iia1'U\J'Jtnau~'UJ1'Ll'!Ja~1'111q~uVJ"mmmq11 l~1.Ln nq11~'U ~'lhv 
t '1iim111L VJilm t 'Llm'J~'UitJ nq11fl1aV1'!1 'lbv L 'U~1'Uf11'Jua~n'Um'JLL111ni'11 t 'Uf1'Jt\J1'Uf11'Jvi1 t '1LL \1~ I.Lat 

f11'JL~1 I.Lat nq11L~a~atJTi ~'ll1vt'Llm'Jai;i~wV1JJffi'Llm'JV1aa11LV1a1 ~~m'Jn1VJ'UIJla1'U~a11~t1.Lai;i~~1J1'J 
a1'Ll~a11'!Ja~1'1J1q~u~~ 3 nq11L'U!Jl1'J1~a111LV!~V1I( Triaxial diagram) ~1.Lai;i~t\1L,:;'U11t'U1.L~at~i;imvt'U 

.. ~ .. I.Mil. ,,f - .. 1U 0 1 .. l'J SI 0 -. .., ... I .., 

l.L~'U.f11'rl!Jl1'J1~a111 L Via V11'U'U~t11flWa11\J!Jl'!J€J~L 'UaL'!l'J111f1'Vl L Vf111tf1\Jf11'J'U1 1J L 'll'Vl1~a!Jl.nW'1'Vll.L!Jlf11Jl1~ f1'U • 
1.1 .r ... I 11 .. I ~ .. 

uL 'UaL'!l'J111f1u'Jt L.n'Vl'U~t L 'JVf111 "LU£1Llfl113Jn Triaxial" 
Feldspar 

.n1~;I S l.L~'U.f11'rl!Jl1'J1~a111LV!~V11 ( Triaxial diagram) ( Sonja S. Singer,1960,p. 398) 

~1mL~'Llm'rl1J11'J1~a111LVJ~v11~tLoM'Ll1~11 t'Ua1'U~a11~ii~'Lla~"l.'UtJ~111wiiav m~iifl1111LV1ilm 
'WLf°iV~'rla ri1V1i'um'J~'UitJ~a1J1.tiw'1-Uv111.Lni:lqiV111i;iv WL U'U 1 'Vll'Ll~ (Bentonite) ~~L U'U1'1J1q~u~iifl1111 
LV1ilv1111nn11~'ULV1ilv1fi'J'J11i;i1 2-3 Lvi1 LU'Ua1'JL~11L~11t'UtJ~111wLaniiav VJ~am~t-Ua1'Ja'UV1~6 

I ..i.. ..,_ II .. !!! 'I .. ..,j 'I II .. .. ~ 'I. .. .f "' 
\J1~av 1~'Vl11flwa11u1J11Jl1'Ufil1111L Vf'UV1 "O~ L 'U'Vl1~'Vl'l'I;~ f11'Vl~t L'Ua1'J'U'U'Vl'JV LIJl i~a11 L 'Uf11'JL!Jl'JV11 L 'U€JL'!l'J111 n ,, 
i!'U~t'Wa~~a~aflwa11u'1iVJ"~m,L~1 

m'Jn1VJ'UIJl~1J1'Ja1'U~a11'!J a~1' 1J1q~u t 'UL if a L '!l'J1ij n 1i;i v 1.L~'Llm'rl1J11'J1~a111 L VJ~v11i!'Uuv11 t -Unu~1 'U 

L'!l'J1ijn LL uu~~ L~11 ~~m,ai'1~a1'U~a11m '1iim111 L V1111ta11nufl1111~a~m,if 'Llm~ Wm'J\Ji'u L tJ~v'Ll 1 tJ1~ 
1i;ivm,t-tt'1'1J1q~u~~ 3 '!lui;i~1n1.LV1a~~LL1J1n~1~n'Ll ~tvi1tm~.Va~atV11i~nflf~~iim,LtJ~v'LILLV1a~1'1J1q~u 
~~i!'Um'Jtl1 La'Uaa~fitJ'Jt nau'!la~ L if a L'!l'J1ij n t 'Ll"ni;wt L tJ~vrn Vlvu~~L U'UL~a~v1n111 n LL~1fim'Jf11'J 

0 I ., .. 'I .r .. ,. ..I .. 1" I Pl ... ..I 
f11Vf'Ll1Jl~1J1'Ja1'U~a11'!la~1111qi;iu L 'LIL 'Llm'!l1111 n LIJl v LL~'Llm'rl 1J1111~a111 L Via v11cia i;i11 L u'Ufi'J'J11'1111J1111nV1qi;i 

I '·I .... .,,... .r ... 8 I .., ... I .. 
LL!Jla~filu'Jtnaum~Lfil11 1.Latfjwa11u1J1V11~mvm'rl'!la~L'U€JL'!l"J111n~t'!J'Ua~nua~filu"JtnauV11~Lfil1I I.Lat 

flWa11u'1iV11~mvm'rl'lla~1'1J1q~u~1.L1J1n~1~n'UltJ~1n1.LV1a~~1~91 ~~vi1tml.ia11111citl1~1J11a1'U~a11111t-U 
1i;iv1~1J11~nu~'Ll L~a~atJTi 1.Latfl1a'Vl'!l ~LL1J1n~1~n'U 

..... "."1 11 0 Pi ,, 0 I ..I • I !"I ,, ,. 
1fil.Lf1uqj'Vf1'U~1 L U'U!Jl€J~'U1~111'Ja1'U~a11~1f11.L~'U.f11'W!Jl1'J1~a111 L VJaV11111u'Jt~f11Jl L'll LflV 

n1tu1'Um'J1Lfl"J1tl-1a~fitJ1tnauV11~Lflii 1.Lat1.Lat'Vlflaaufjwa11u'1i'Vl1~mvm'W'!la~ ~'LI, fl1a'Vl'llLLat 
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••1 ' tl '"" 1"'"' ""' • ... 'tl ""' ... .. • .f .. t "" ""tl 1 ' L na\11G'f 1'I 'll.:JliJt \11"1JEl2;ja'Vl\N\JElnfl.:JEl.:Jfl 'ItnEJ\J'VILL Wil'I.:J"IJEl.:JG'f1'U~G'f2.JL 'UEJL'll'I12.Jn'U'IJ 'll.:JliJt2.J 'It t.1'!1'ULLat 

tl'ItG'f\J~a''hL~liJL'Un1'Itl'12.J1tl'It~n\Jl1i.:i1utiu1'1J1Q;iULLVlri.:J~'U1~Ltl'UEJV1.:J;i 
.... .. ... t ., 

2.2.5 n11flflifB\Jif11\JfltliHltliHIL 'UBfl'U\J'U'Mft.:ln11LN'l 
!It -- ... .: ... :; ""' .. ..i... ..i !:I ... L U'Un1'I'Vl\11G'!El\JG'l2.J\J\Jll11t.1Vla.:JliJ1nn1'IL~1 L 'UEl\11'U1J'U'Vl~WVIJJ2.l'Vl\JlEl.:Jn1'I L VlEll"l n~t1 fl.:Jf1112.J 

LL\Jlnl'i1.:i"IJEJ.:i"'2.Jum uvra1t.1 '1 ~,u 1111t.1~11t1LLa1m"Iijm"I'Vl111"'Eiu tu~1iEil'iEJ 1t1il 

2.2.5.1 ~.:i;lij'l!'M'lE1ltl'Mi.:i~1nm1LN'l (Loss on Ignition) 

~.:i~~qivr1t.11tlvra.:iliJ1nm"IL~1 (Loss on Ignition) vr~EJ LOI Ltlufil1~ti.:iuEJnCi.:itl~2.J1W 
"IJEJ.:itl1 G'f1'I~'U'Vl~ti LLatti1'l!l'i1.:i '1 ~tlttl'UEJ~'tu;iu ~.:iri.:i~al'iEJ"IJ'U1111LLattl1vrt!n"IJEJ.:iLifEJ;iu~uvr~EJ 
~~1J1fiw'1vra.:iliJ1nL~11111t.1Lim"I~2.J~1Eiv1.:i2.J1-8'.:iJ1vrirnLLa1L~1~~wvrJJii~.:iCi.:ilil111qn~1 ulEJEJEim11m1J11L~1 
LLa1-8'.:iJ1vrt!n~nflf .:i~.:i t-tt1fifli'1u1wL '!iuL;jm tium"IVl1f1112.J~'U nri11fiEJ 

.. 
.. .. .. i.hi.il'muwm1L~1 

LUtl1L'll'IJ(;),t1.:J LOI= .. x 100 
i11i.t!nrit1'1Jn11L~1 

2.2.5.2 n11'MflM1'Mfl.:l~'lnLN'l (Firing Shrinkage or Burning Shrinkage) 

m"Ivr111~1vra.:iliJ1n L~1 t-tt15m"IL '!iuL;jt.11tium"Ivr1fil1f1112.Jvr111~1 L~El LL "°".:i ~.:ivr111~1 
1J112.Jtl~2.J1\Jl"I LLatvr111 ~1\Jl12.J Lau L i'.Ju1fi~liJt'!i1t.1 t "°"L "I1'Vl"I1u11f11"IliJtG'fi'1.:i~u LL uu"IJEJ.:i~~\Jlnw'1Lvh1,, 
... 1"' ., ... ,. t"' ., ~ liJ.:JliJt \1l"IJ'IJ1111Vla.:JL~1\Jl12.J\JlEl.:Jn1'I ~\11t.I '!1~\Jl'Ifl.:J'U 

.. 
Vl'IEl 

I .., 

Pl':J1iJt11':Jnnm.n- Pi':J1iJtl1':J,,.,ftlLeJ1 
~~~~~~~~~~~x100 

.., • ~ m3-J1i;i1n~uLeJ1- t11iJ1i;i~fl°'.:iLe.11 
% n11,,.,r;ii;i1;J(;l1iJu13-J1(;11 = x 100 

min (;l 1fl~ULeJ1 

... ~ [1-V%m™~~'lmi.n.J12-11(;)nffi-:JL~1] 
% n11i.~(;)'l(;)12-JL¥'i'IJ= X 100 

100 
2.2.5.3 m1~f14J11J1 (Water Absorption) 

4 1:° _, ..I ,,..., II .clll 4 ::..J 
n1'I~\11'll2.J'U1 .fl1tJVla.:JliJ1nL~1'Vl~WVIJJ2.l\Jl1.:J '1 LLa1 f11'I2.Jn1'I'Vl\11G'!El\Jn1'I~\11'll2.J'IJ1'll.:J 

'!11t.1 t ""''Vl'I1Uii.:im1 t~ L V12.J1tG'f2.J tiu n1'I'q\J Lfl~El\J Vl~El'Vl'I1U11Ci.:i1ij 111qn~1Vl~El 1iJ ~.:Jli)t L i'.JuiEJ2;1a~ L tl'U 

tl'It 1t.1'!1tlEJv1.:i~.:i t um"It!1;iui!u2.J1 ti.:i1u m"I'VlflG'f EJu.1'1t.1m"It!1 LL vi.:i'VlflaEJ.:i~eJ1um"I L~1 LLa12.J1-8'.:iJ1vrt!n 

LLa1LL'!itl1t"°"~2.J~1 u1.:iflf.:imliJtim"I~11~1t.1vrl!EJ~2.JLL"I.:iiA'u (Autoclave) LTiEJt"°"J1LL'Vl"Imi11tlEitj1J112.J 

'!IEJ.:i11.:ivr~EJ~Yl~'U 1~Eiv1.:i~1ii.:i vra.:iliJ1ni!ut!12.J1-8'.:iJ1vrt!n~nflf .:inEJut!11 tlfli1u1w1J1111~\Jl'I 
,,. {sf-wf) 

%011'.j~•i.i 'l.11 x 100 
wt 

" wf = t!1vrt!n"IJEJ.:i LL vi.:i'VlflaEJ.:ivra.:iL~1 
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2.2.5.4 il"et.:it.N1 (Fired Colour) 

a'V!a·rn.n (Fired Colour) L'1V~1ltJ;jtJiifl~tWtJ~~'Vlt a'!J~Nl~'U'Vla{ILe.11~{1LL\Jlfl~1.(ln'U 
1 U\Jl11l'llil'1LLat\J~2.11w'!lE1.:ia1,~\Jt\J'UE1~1'1mD'Vl1tmh.:i~.:i Fe20 3 LLat Ti02 ~tL tltJ~1a'1fl111J'!l11'!JEJ.:i 
;jtJa.:imh.:i-B''1L~'U ~.:ii.!tJfl1'j'Vl'1aE1ua'!JEJ.:i;jtJV1a.:iLe.11~t'!i1vltJm,ii~1,w1L~E1nt.u';jtJl~L'Vl2.11ta2.1ti'm1tJ~ 
~El{lfl1'j ltJmWCl1~EJ{lfl1'jafl~Wta'!J11~t~EJ.:i~~1'jtlJ1LV'UiiLfl1~ \Jn~a11J1'j'1LU;VtJLVivua'!JEJ.:i;jtJ~1fl 

LL 'Vl~.:i~1.:i '] 1~~1 V\Jl1 L u~1 LL~ll1aln~'Lfiv.:iti'tJ2.11nm~ l iLfl~EJ.:i "Spectre Photometer" L tltJ~\Jn,w1tJ 
m,Lmvrniivuatil.~ 

2.2.S.S fll11SJLL-i1.:iu.·H"et.:it.N1 (Firing Strangth) 

fl111JLL ~.:iLL 'j{l'Vfa.:i Le.11 (Firing Strangth) LV\Jfl1'j'Vl'1aE1t1V11fi1m12.1~1'UV11'U~EILL ,.:i 
.,j 0 I .r .. Ji ,. ~ 1•1 0 II ( " ) "" .r 'Vl1J1fl'jt'Vl1\JlEIL'UEl'1'Uu'U L'1V'Vl1 u~t'V11fl1'j'V1'1aE1tJ'11VLL'j{lfl'1 Compressive Strength 'iJ{lfl1'jl'!~aEJtJ'U 

~t'!i1 V l ~ L 'j1a11J1'jm1.:i LLe.l\Jfl'jttJ1\Jfl1'je.Ja\Jl LLatfl1'jfi1'Vl'U'1'!J'U1'1'!JEJ.(le.Ji\IJlJi'W911 ~L 'V11J1ta1J1~ a1'Vl'ftJ 
0 I d 4 I II I -. II .cl~ &I 3 

fl1'jfl1'U1W'Vl1fl1fl111J LL '!J{ILL 'j{l'Vf'jEJfl1 fl111J\Jl1'U'Vl1'U\JlEI LL 'j{lfl~'!JEJ.(1'1\JLL 'Vf.(12.J'!J'U\JlEl'U~{l\J 
~ 0 ... I .K .. • :; 0 .r o I .f'i I ..i.. II ,:!/ I 

'!l'ULL 1fl 'U1\Jl1EIV1{1 L 'UEl'1'Uu'U1J1'Vl1fl1'j'!J\Jlu L1J'ULL 'Vl.(ll'l1J'!J'U1'1 fl11{1 V11LLat'Vl'U111~L~'U L'!l'U 

n1'1.:i 1h d1 v11 3 d1 LLatV1tJ1 ~ d1 V1~EJ'tltJ1~~tJ1J112.1m12.1LV12.11ta2.1 LL1J1°'l2Jfl1'jL~mntJluLfl'j1tm~ 
.. ..i t ... ,.... ..i "'1"' Ln'1fl1'jfla1'1LflaEJ'U tJfl1'j1~'!l'U1'1LLatfl1'jLfl.:i.:iEJL1JEJLL'Vl.:i " 

,f'Uif ae.:i '11 LL vi.:i~1E1~1{11J1EltJl ~LL ~.:iail'VI t11 L ~1L\Jl1Le.11\Jl11J~W'VIJJD~ri1'Vl'U'1 LLfl1'111J1'Vl'15'1EltJ 

fl111J~1'Ul'l1'U~EILL 'j{lfl'1~1mfl~EJ.:i "Modulus Of Rupture (MOR) Machine" L'1V11.:iLLvi.:i'Vl~aEJ.:itJ'Ufl1'U 
t II II t II ..J ..1~ I I t ~ &I ,:., I 

'Vl.:iaEJ.:i•rn.:i LLa1 '!l LL 'j{I n'1a.:i1J1, .:i n.:i n a1.:i'VI V'1 LEJ1 'jt VtV11.:i,tV111.:ifl1tJV1.:iaE1.:i L 11tJV1an ~'Umt'Vl.:i LL 'Vl.:i'Vl~aEJ.:i 

i.!tJina.:i 'VliE12.1~.:ivi1nwutJVinfi1tl1V1t!n~vhl~LLvi.:iV1'1aE1.:iin ~.:im~t'6'V1u1v n'tan'f2.1 (kg.) 'Vl~EJUEJtJIJi 
!?111.r .... ol .,j 'l"'Pl "'t ... I (lbs.) n L'1 '!l'UEJ~ntJu'jtLfl'Vl'!JEJ.:i2.111J1'j1'VIL ,1L'llL11\J'Vlan \Jfl1'j1'1'tl'U1'1'!JEJ.:iLL 'Vl.:i'Vl'1aEJ.:i 

~ .. 0 I d 
'!l'U"it1SJ fl1'U1W'Vl1fl1fl111JLL '!J{ILL 'j{l\Jl11J~\Jl'j 

3pl 
m=--

2bd2 

ulEJ m = fl1fl111JLL~{ILL'j{I (MOR) il'Vlu1mtl'U fiLan'f2.1/1J11'j1.(IL1i'U~L1J\Jl'j 
2 ... .1 ' ~ ( 2) (kg./cm ) 'Vf'jEJ uEl'U~/\Jl1'j1{1\J1 lbs/in 

p = tl1'Vlt!n~vi1l~LLvi.:iV1'1aE1.:iin 
" l = fl112.1m1'jt'Vl'J1.:ifl1tJ-.1.:iaE1.:i 

b = 

p 

d 

L 
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I ..i ., .. 2.3 fll11114LOfl10'ULflli'IB'U 

2.3.1 fll112.l'K111fl'tl84Lfllfl8'ULlfl~1£in 

Budnikov( 1964: 460) nri1111 LflaeuV1111vi1-:i 1'a~'!lu~V1ll-:i~iian~wtfla1vLLn1 u1uetju'Uil1 
.. ., ' ... ~ .. .1 

~fl!Jl.f1W'1Lfl"rn-:lu'IJ~'IJL~1'111'1J1u,.t111W 0.1-0.3 11.11. 
ln11a i'n,;1-:1111(2531 :62)nri1111 LflaetJ( Glazes) L U'IJ1'a~'!IU~'lllll-:i~ L U'UaT~\J,.t neu~l~~1 n 

n1,.U11' !Jl'l ~tJ~ 1 nti,.,.11'!11~ LLflta1,.Lflii\J,.t L.f1Vli:JEIO l'll(jj' ,j1-:I "'J111tJ~ ~a11 n'IJ t 'IJ~~a1'1J~ L '111111ta11U1111 
LflaetJil1~fl!Jl.tiW,jL'll,.1ijnLLa1L~1t~V1aE11ILU'IJLifeL~mti'IJ 

\J~~1 V.11~'!J11-J1 (2547:153 )nri1111 Lflaeufie i'Uu1-:i "1 '!Je-:1LLn1~u1uetju'Uil1~fl".tiw,j° 
L'l!,.1ijnmh-:i,jm~e-:i 1~v~1 l \JLLa1 L1J1~v11 1~~1nm,.V1ae11i'i1'1J~a11'!Je-:ia1,.\J,-tnetJ~flLn1J1 'lll~em~\3~ 1~ 

I ... .. • I -- .. 4 II II ~ .r ... ., I .. 11 Lflaeuflea1,. u,.t neu'l!a Ln !Jl'll-:1 L11El~ n m111,.EJ'IJLLa1~tV1ae11ata1 v L u'IJL 'Uil L~m n'Uil1tJe~tJ'IJ~1'!JEl-:I 
~a1J1.fiw,j° iian~wt 1 \J~-:ita LL~-:iLLn~-:i VJ'IJ,jem~LLat~1-:il~Ltl'UeEi1-:i~ 1~v~1 l \JLLa1Lflaeuiia11im 

~~ ' .. II II .. .. "' ~A! .. 11111 1 .. m-:im1naLLatLfl1lfla1vLLm fle 11m111LL'!J-:I 1.JJata1vV1,.eata1v ~'Uev111n 'Ua1,.ata1mfl11 'Uen~1n 

m~n~LLn1(HF) LLat~1-:iLLn (Strong base) LLat'Wve11tW!!e-:1LV1a1LLatn1'1!~11~1'1Jl~ LL,jLflaeu~tii 
'ol .. .,II 'II .. .,j <l'f "'1•1 .. ., II 111 a1'1Ju,.tnEJtJVl1-:I Lfl11'lltJ'llil'Un11 LLn1 LflfliltJVl'WtJ L 'lll'IJ ~~V\111 u~t11fl111111'1J111LLfltatVIEl'IJLLa-:I ~ 

d .r ... ,al 4 1111111 - .f4 I 4 t ( ) Oii .. 
a1111,.'111il-:IL'lll'IJL'IJEl~'IJVILflaeu LflfliltJ'!l'U~'UL,.Vm1 LflfliltJ a Transparent or clear glaze LL!Jl'11~1 

'WiJ'IJ L~vn11LflaetJ~1'1J (Matt glaze) a1'ULflflEltJ~a1111,.Cltl~u-:iil1'!Je-:1Life~'Ul~L~VnLflaetJ'UU~if11 
LflaeuViu (Opaque glaze) ~tiia V1~e'Wiiati't~~'Uetjtiua1'1J~a11'!Je-:1Lflaeu 

q,.~n~ lni;v~'Ufi (2531:1)nri1111Lflaeufiea1,.\J,.tneu~aLn1J1(Silicate) ~a11tiua1,.\J,.tneu 
e Ei1-:i~'U~L tl'IJ ~1'ii1vV1ae11 L V1a1~-:i L~vn1Trlan'l1(Flux) m~iieen l'll(jj''lm-:i la'lllt ~a11a-:i 1 \J~1 v L vJevi11 ~Ln~a 
LLatViuLLa-:il'ULflaeu uieL~1'1-:i~~V1ae11LV1a1LLa1~tiian~wtL'lllije'IJLLn1u1-:i"'Ju1u;i~e~u'Uil1~fl".tiw,j° 

El 1~a1u1~11 Lfl a iltl'llf 111 V fi-:i1'a ~'UU~'lllll-:i~iia n~Wtfl a 1 V LLn1 Q 1'1.J e tjtJ'Uil1 ~a !Jl.fiw,j° 
Lfl~e-:i~'IJ~'IJL~1'111'1J1\J,.t111w 0.1-0.3 11.11.vi1~1na1,.\J,.tneu~fiLn1J1(Silicate) ~a11tiua1,.\J,.tneueEi1-:i 
~'IJ~LU'IJ~1'ii1vV1ae11LV1a1~-:1L~vn11 vlan.J (Flux)m~iieen l'll(jj''!Je-:i la'lllt~a11a-:il \J~1v L vJevi1 t ~Ln~a'lll~e 
., .. .ol11 ... .. 
an~Wt'WLl'1~111Vl!JlEl-:ln1,.L11EIL~1Cl-:l~~'lllaEJ11L'lllfl1 

"' ti , .. 2.3.2 1'1q ~tfl4fll'tl8401~Lflli'IB'U 

n1,.Lflfli)tJ~a!Jl.tiW,jL'll,.1ijnii1'1J1GU,.ta-:i1•h~'-:id(V11 'W,.'11111-W']n,;.2523:95) 
..i111 .... ., .. 2.3.2.1 L"We 'lll~a1J1.nW'11'11111a1v-:i111 
... ..If t.I ..:::rt. ., I' ., • I 2.3.2.2 L'V'IEluEl-:ln'IJ~a!Jl.nW'1'!JEl-:IL'lllfl1 LLfltn1'11'1111~1'1J 
.,j 11/1 I 0 Gt. -. 1U .. 2.3.2.3 L'V'le V1-:11v1J1em,.V111'11111atm~~1~a1J1.nW'1 

2.3.2.4 LvJm~111~~a1J1.fiw,j°m111LL~-:1LLn~-:i LLatVJ'IJ,jem,.ti~n~e'IJ 
2.3.2.5 LvJe1~~a1J1.fiw,jiifl1111V1'1JV11'1J,jem,.Lav~a 
2.3.2.6 LvJet~~a1J1.fiw,j°iia11u1iLu'V'l1teEi1-:i L'ii'IJ V11-:1~1'1Jlvlvh LLa-:i Lflii LU'IJ~'U 



2.3.3 n11~1LL'Un'!IUfl'tliHLflfiDtJ 
LflaD'll L'!l-s1ijni!uileitj,.,a1 EJ'llij" l"EJ~11 \Jm-s~1 LL un'llil",ei.:1LflaD'llfi11~,.,a1EJ~n~:: 

~ .. !"I I ... U ,,f( ~ .(.,. ~ U ' ) "O.:i2.J,.,a1mnw91 ~umcsLLrn'llu"".:iu ~'Sr1n" ~n"EJViiJ6 2531:27-28 
2.3.3.1uu.:im2.11'1J1q~'ll,.,~nvh-uluri1u~a2.1 1~LLri 

1) LflaD'U1J1::ti'1(Lead Glazes) 
2) LflaD'l.ILnaei(Salt Glazes) 
3) LflaD'l.l'llDLL'Sn~ (Borosilicate Glazes) 
4)LflaDrn~ai;1a\JTf (Feldsparthic Glazes) 

.. ,,f ,, 
5) LflaD'l.l,Lm (Ash Glazes) 

I CV ..I • 11111111 4 &I ._ 4 &I 1" I 2.3.3.2 LL rn1J112.1an~w::V12.1D.:1L ,.,u ,.,csei,.,1em2.1an~w::~ei.:1~1LflaD'l.l,.,a.:imcsL~1 "LLn 
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1) LflaD'l.lta (Transparent or Clear glaze) LUiJLflaD'llilil~n~w::taL,.,ifou 
II d ~--1,,.,. .. LLn12.JD.:IL,_,1JL1JD"1J IJl~1LflaD'U 

) .. .. ( ) iJ" .. .,Iii !:'!"t ... .. ,K .. ..l .. !!f .. !!!'I.! 2 LflaD'UVl'll Opaque glaze L 1JLflaD'UVI L'ilu"'U.:1~1,D.:IL1JD'11JV12.J'1mD'1 ~,11 
3) LflaD'l.l~an (Crystalline glaze) LUiJLflaei'llilil~anaeEJe~'tufu,e.:iLflaD'll 

Pi .. • I " • I ., .. Pi .J ,, t ,, " ., ,, I .1 .. .. ..l .. ., Pi 
m~LuiJ~an ~uL,2.J ~u'Yi" ,.,csmuiJ'1DM11.:I '!l.:i~::IJlD.:IL~1 ,.,LEJ1JIJl1'1!1n11un1J1~anV12.1an~w::LuiJ'1Dn 

fla1EJ~\J,;'"Lii"~1n~an,e.:i1aLa2.1bJ'1 (willemite) ,.,~D "'.:in::i4een1'!1i;1'(Zinc Oxide) 
) .. ,, ( ) Pi .. .i .. ., .. ... 'I.!... ..i 4 LflaD'll"11J Matt glaze LuiJLflaD'UV12.Jan~w::~1L'SEJ'll ~2.JiJ LiJD.:1~1nm-s1J1n 

~am~n 'l ,ei.:ia1-s'l.l1.:1~1 ,.,~eimcs~a1-s'l.l1.:1~1 'W,.,ae2.1,.,~ei,.,aei2.1 bJ,.,2.1" 
5) Lflaei'l.l-s1u (Crackle glaze) LUiJLflaD'll~ilcseiEJLL1J1n11u~1~.:1~1,e.:1LP1aD'l.l 

iJnijEJ2.1t-tt' ,.,ijni4i;i1,.,~DLL".:ii1t~LLV1-sn~2.1a.:11\J1J112.1-seiEJLL1J1n i1t~a1EJ.:112.12.11n~u L1.1J1WL,.,2.11::~~::t.U LUU 
n1'l!u::triei1,.,1-s L'Yics1::n1-si1fl112.1a::ei1'1D1~'W~15.:i 

6) Lflaei'l.la (Colored glaze) LflaD'll~ila~h.:i'] L1J1~EJ2.11~~nnm-s~a2.1i4~.:1L'!l-s1 
ijn(Stain) ,.,~eieiein1'!1i;1itl~a (Coloring Oxide) Li11\Jturi1ue.ia2.1,D.:1LflaD'l.l 

7) LflaD'U\J-s::mm.jn (Luster glaze) LUiJLflae'l.lili1~12Ju u.111112.11n 
il\J-s::mEJfla1EJ,_,DEJ2.jn Ldeitria1-st~a (Coloring oxide) L'TiiJ NiO, Fe203 ~::1~LflaD'lli4~~n~w:: 
LD'Yi1::~1a1EJ.:112.12.11n L,.,2.11::"1,.,i''llt-b'1J1nLL~.:i~a1J1Ji'wrrivnmfl~D.:1\J-s::~'U1J1nu.~.:i 'WL,.,2.11:: n'l.l~a1J1Ji'wrri 
tflrimmcsLVi'S1::2Jnilri1u~a2.1,ei.:11J1::ti'1 

2.3.3.3 u.u.:11J112.J~WWJij,e.:iLflaD'l.l (Temperature) 
l)LflaD'll1'~~1 (Low temperature glaze) ~n~1~~W,.,'Jij\J-s::2.11w 800-1,100 

2)LflaD'll 1 ~ na1.:i(Medi um temperature glaze)~n~1il~w,.,'Jij\Jcs::2.11w 
1,150-1,200 D.:11'11L'!laL~EJa 

3)LflaD'll1~~.:i(High temperature glaze) a11~1il~w,.,'Jij\Jcs::2.11w 1,230-
1,300 D.:11'11L'!laL~EJa 

2.3.3.4 LLu.:11J112.1m-s2.115m-sL1J1~EJ2.1LflaD'll 1~u.ri 
10 LflaD'l.l~'ll (Raw glaze) LIJl~EJ2.JL"EJii1ri1ue.ia2.1'Yln~12.11'll"r.ia2.1tu,.,lie'll" 

n'UJ11.1.a1n'SD.:I ~11JIJl::Ll.n'S.:l,D1J u11\JLflaD'U~alJlJi'W'fi 
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2) Lfilaelu~~'1 (Fritted glaze) L'1~t12.JL"t1u1~hui:.ii'12.1u1.:iel~1.:i~a::a1t1J1 
L'li'U '1::it·rneln 1'lfi;l UelLL ~n'll vr~el L'lf"1LLel'lf 111vrael2.1Ltl'U~~'1riel'U LL~1~.:iu1~~.iffi~tlu"i:.ia2.1ti'u 

I ... 4 ~ 
a1'Ut:.1i'l2Jel'U i elnfil,.:i 

2.3 .3.5 LL u.:i'1111ri1'Ui:.ia2.1'!Jel.:i'1:: it11 'ULfilaelu 
1) Lfilaelu'1::it1 (Lead glaze) ij'1::it1Ltl'U flux 
2) LfilaeluYlbJij'1::it1 (Leasless glaze) ija1,tl,::1Jw1"1.:i (Alkalies) Ltl'U 

flux L'li'UUelLL~n'll, L'l!L;ttl2JfilTfoelL'U'1(Na2C03), ~'UoW'Uii'1 LtJ'U,;''U 

'"" ... .. .. ~ 2.3.4 ft113.14Lm.11n\JLftfl£1Un1fl 

Lfilaelu1~~1 (Low fire glazes) LU'ULfilaelu~,;'el.:it,;'~wvrlJijm,Lt:.11~1 1,000 el.:Jfll1L'lfftL~t1a 
1'1G~uvtl ,;'L tl'U~1'1i1t1vrael2.1 (Flux) ri1tJ111m U'U't'nn'1::it1 (Lead) LLft::\JelLL ,n'll (Borax) L ~emnmi:.11~ 

.. ~ 4 0 'f II .r ._ .. li 1' ._, O If II .r .... J1 _, .r ... U '1 .. ! I 4'1 .r ... ... 
~WVIZJ2.1'11 ~.:J'Vl1 ~VIL'Uel"'Uu'U 11qn'11 'Vl1 ~VIL'Uel"'Uu'Un\JL'UeJLl'lftel\JLm::n'U ~LL'U'U'Un L'UeJLl'lftel\J2Jl'l112J 
LL ~.:i,j el ti'Vh t m1J fil.:J'Vl'U ~el n 1 ,;j"-tJ1'U LL ft:: 1i.i'Vl'U ~el n 1, n"noiel'U'!Jel.:Jn oiel'ULLft:: "1.:J LL~ ib Lfilaeluij'nijfil112J 
LL11111LLa::~a'1a1t1 m,Li:.11,;'el.:i,::1'.:i2.11n L-n,1::Lfilaeluri1tJ111nijm,1vrai1 (Fluidity) ~;t (q,~n~ 1nati 
~'Utf 2534 : 48 

2.3.5 1P1qiiutlfttJmni1Lftfl£1\J (Glaze materials) 
1'1G~uvtl m 'Um,vi1 LfilaelUtT'Uri1'U111 nij' n L U'Ui'l1,tl,:: nel\J~i'l12J1,'1 LL i.J.:inq11'112Ji'l2J~'Vl1.:J Lfilij 1'1 

3 nq2.1 fiel(q,~n~ 1nati~'U5 2531:3) 
2.3.5.1 i:t11th::nauililtt3J~L U'Ufh.fl(Bases Grou p)L tlua1,tli'nelu~ijvri.!1~ L tl'Ui1'1i1t1 

ft'1lij'1Vlftel2JL vra1ij 2 'lfij'1 
1) eial'l::1a~ (Alkalis)icyani;w~11tl fiel R20 ~::ija11~Ltl'U~an'!l~;t (Strong 

Flux) flel'li1t1l'Um,vrael11Lvra1 L~11m,1vrai1tel.:JLfilaelu(Fluidity) LLft::L~2Jfil1111ij'tJLL11111(Luster) 
ri1tJ2.11 na::a1t1J11'1a1,tl,:: nelunq11il~ijt12.11m'1LLri L'lf L;tt111elel n 1'lfi;l (Na20) 1tl LL'1i'IL~t12Jeleln 1'lfi;l 
(K20 )LLa::i; L ~£11.lelel n 1'lf i;l(Li20) 

2) eial'l::1atl LM'VI (Alkaline Earths) icyani;w~11tlfiel RO ija11mfil~1t1 
., OI 1 ~ I &I .., 4 I Q ..r1 I ~ tl I ..r..i- ,~I/ I ~ 1 ' nuelafil:: aa LL'1n'11.:in'U'Vl'Ufilel'11.:J'lf'U'1'U 11a::a1t1'U1 a1, ,::nelunq11tJ'Vl'Ut12J 'lf ~"LLn'1::mmm 'lf" 
(PbO) ~.:Jfleleln1'lfi;l (ZnO) LL2JnijL~tl2Jeleln1'lli;l(Mg0) LLfilftL~tl2Jeleln1'lfi;l( CaO) LL\JL~tl2Jeleln1'lfi;l( BaO) 

2.3.5.2 fl11\h':mauililtt3J~LU'Unfl1.fl (Intermediates or Neutral Group) icyani;w 
~11 tlfiel R203 ij el::~ij'U1(Al203) L tl'Ua1,tl,::nel\JV1anvi1vri.!1~L tl'Ui1'Vl'U 1~ LLft::L ~2Jfil112JVIU"'!Jel./1Lfila£J\J 
'Ueln~1 nilv.:iL tltJa1,tl,::neluvtl '11m 'ULfilaelu 1'1LLri L ~eli~neleln 1'lfi;l(Fe20 3)Lfil,ljneleln 1'lfi;l (Cr 203) fo,el'U 
eleln1'lfi;l (B203) 

2.3.5.3 tt11th::nauililtt3J~LtJ'Un111 (Acids Group) icyani;w~11tlfiel R02 Ltl'U 
a1,tl,:: nelu~vi1vri.!1vtl 411 Ln" LLti'd 1 'ULfilaelu( Glass Forming) LLa:: L tltJi1iiuLLa.:it 'ULfilaelu( Opacifier) 
a1,tl,::nelunq11il~ijt1111 m'1LLri ~i;m(Si02)L'lfel Ll'IL ijtl2JEleln 1'lfl'i( Zr02)1 'VIL 'VIL ~tl2JEl£1n 1'lfi;l(ll02) LLft:: 
il44m1an 1'lfi;l(Sn02) 
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2.3.6 n11Lfl1fl2JLfllaU\J 

vr~.:i~1n1~fi1i'ava::'!Ja.:iri1t1N1UJ1' '1q~u LLa1 .ff t1'1at1.ia 1 tlfia m·nhri1t1Na11i!t1111Na '1 l "1'L tlt1tl1 
... ~ ., 0 411 .::it 41111 -., e.I l 1 114LI llllllt. .... ... I l 11 " 

Lfllaau 'il.:J'1ti.:ifll1t1.:iri.:ifll1111a::m" LLfltfll1"l11fll1111"lt11fl"lt1.:i 'Um,~ '!11 '1qflu LLat Lfll1'ti.:i11aJ11.:i "1 V1Qn'1a.:i 
.ii l ~ " .. ..I " ..I •I ., ., ' (• ~ .. ' o ) LLflt L vr111::a11 L vrn VI ~flLfllfltl\JVIQn'1'1.:J'Ylqfl u"ltVIVflL 1a1 LLflt'Wfl.:J.:J1'U'11.:J "') u1'fl1'W11'W'IJ11'1J1.2547: 56 

~.:i~.:i~~a.:if'i1iMi.:i l t1m"lL'1~v11Lfllaau1~LLti 
., .1 , ..i .. ..i.i!:'I ... .. 1. 1ai;i~un'aWLLflt Lfll"ltl.:1118\'I L'!I ~'Un11'L'11'V11Lfllflij\J 

2 . .fft1J1at1lt1m"lL'1~v11Lfllaau 
- ., ~...i 0 .. 

3. am1t'IJ'1.:!Nfl'111W91Wilt'U1111Lfllfltl\J 

4. 1fim"l"tULfllaau 
. ... 

5. fi1m111rl1.:i'1°1L'W1t'!Ja.:itl1Lfllaau 

., ti , ..i .. ~.li"I. .. .. ~ "' ,. = ., , ( ) 2.3.6.1 'Ulfl~ n1'NLLfl::Lfll1'U-112JU\'I L,, ~1An11Lfl1fl2JLflli'IU\J q1'1"1nfl ~nriV'W'Ufi 2531 :67 

mh111111'a i;i~tl n'acl~'11 L ll'U l 'U m"l L'1~ v11J1 Lfllaau~ ~a.:i l "1'fll1111ri1~ qi L ~a.:i~1 n~t ri.:iNa ~aa11Uii'IJa.:i 
Lfllaau 1flti'1"l.:i 1~LLti 

1)1'1q~ult1ri1t1Na11 
..i ' 

2) Lfll'ati.:J'!!.:J 

3) Lfll~B.:J\Jflt:.1a11 
4) ~tlmwm"ln'aa.:i 
01 .. t ...I 11....I O II ...I .. 4 II <111111 I O l l" 1flqfl\J 1An11ANil2J ~'Yl'Yl1Vl'U1\'IL'1"lV11Lfllfltl\J~t'1'1.:J11fll1111LL11'UV1 'Un1"l 'II 

1'1q~rn~a.:i~1n1'J1q~uri1t1lvrqi~::tl1111lmt1~ni;w::~Lllt1i:.1.:iatL~v" ~.:iLLfiat'!lilfliit1~::ij~ni;w::V11.:i 
m vm-n~~.:i Ln'1~1V'11Ltl~h1~~ LL'1n~1.:itit1111n ~.:ii!t1~.:i~a.:if'i1ii.:iii.:ifll1111Qn~a.:i L tluri1~qi l 'Un11'U1 

1''1q~u111 l m 'U n1"lL'1~V11 Lfllaau Vl1nijfll111Jilfl'Wfl1fl l t1.ff t1'1ti'Uil~tri.:ii:.ia Lavvr1 v LflV '11'.:J~tl '11t:.1a'1fiwti'~ 
~::11l'l~a11Uii'lla.:iLfllaauJ1111~a.:im,.LLatm~ri.:ii:.1aLavvr1v~an1'tmt1m1'Li:.11;l1v 

Lfll1u.:ai.:a fl1"lL llt1Lfll~a.:i'li'.:iJ1vrun~ijfl1111L ~v.:i'1,..:iLLatijfll111111~.:i LLat~a.:il .U 
Lfll~a.:i'li'.:i'11L~v1nt1J1aafln1"l'li'.:i1'J1q;juVJn'!lilfllt1ri1t1i:.ia11Lfllaau L~a.:i~1nvr1nLfll~a.:i'li'.:iijt1qivr1~::Yi1l\1' 
ri1t1i:.ia11~1.:i "')'llti.:i Lfllaauijfll1111flla1" Lfll~a'U 1;! 1flv LD-n1 ::mh.:i~.:i l t1m"lL'1~11,v11 Lfllaautl~111 wi!av "') l 'U 
II 4 ~ 4111 

Vltl.:J'Ylflfltl.:J Lfll,.'1.:J'!l.:Jfll1"l11111'1"l~1'Ua.:J .. " 
Lfll1u.:auf1Nil2J 1flv~11 tlLLa1Lfll~a.:iufli:.ia11ijatj 2'!1ilfl 1;!LLn'1n~.:iu" LLa::vrij'aufl 

1) 1n~.:J\Jfl (Apothe Cory's Mortar) LU'ULfll~a.:iija~.:ifiat1i1.:ivr11;! 
~1VLLat"l1fll1WLL'W.:iun l.Un1~.:ifllt1L'Un11'\Jfl Yi1;!1mda-naiaLat1LL~.:iLLn~.:i111n ij'rlt11fltl1nn1'1.:i 6" , 

10" LLat 12" mvt1amfllaau;l1v~'IJ11~u ri1'Ull1vlt1wLfllaauL~a~a.:im,.l\1'ijiJ1vrmu"Ybvlt1mwfl1;!~ 
2) vrij'a\Jfl (Ball Mill) ijvra1V'!J'U1fl L'll'U 'IJ'U1fl\J,.,., 1h filani'11 5 

mani'11 50 mani'11 100 n1ani'11 LU'U~'U 
II • ) 4 II ..i ... 

2.1) Vl11El\Jfl'!J'U1f1Lfln (Jar Mill fllti Vl11'1\Jfl'Yl11'1J'U1fl\J,.,, 

'.:ILL~ 5 mani'11a.:i111 fi1~1mda-naiaLf!'UVl'U1U'at111W 1 - l 1h if1 Lflla8\Jll1V'Utln ri1'Ufl1Vl'UW 

Lfllati\J U~,iJ'Uvrij'ti\Jfl'!J'U1fl L~na1111"lfl'.:J L 1fl1\Jfl 1;) uu-J1atfl1 n~111 n L V1111 tfi\J.:J1'U'Ylflf1'1.:Jfi'1tl1 

Lfllaau 
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2.2) vri!au"'tl'\J1"tvrqj (Ball Mill) Llluvri!au"~ii'tlu1"fil1111 
~i.:ii.L~ 50 mani'i.1;fu1\J mt1uan'111~1EJ1.L~'\JLV1an ri1'\Jfl1EJL'\Jn~i;11EJ1'a~~'Vl'\J~a1.L1.:in1t1.L'Vln1.Lat1.L1.:i 
Lifo"«l.~~.:i L'!l'\J Rubber, Silex, Porcelain, Steatite I.Lat Hight Density Porcelain 

q1~n~ 1naEJ-nu5 (2531 : 68) mh111 ~.:ivri!au"'tlu1"Lan1.Lat'tl'\J1"1vrqjvr~u1"EJ 
n1~.:i1w;f1 ~Elfil1111L~1\J1t111w 30 1au~au1Vi fl1EJL'\JU11~'11EJ~nu" (Balls) 'tl'\J1i;t~1.:J'l 1'a~~ilEJ11 
Wvi1~nu" 1~1.Lri naun11i;i (Flint Pebbles) l.LatnauvrniaLa'\J (Porcelain Balls) naum1"ilEJ11l'6' 
~11 \JL-w11t11fil1Qn 1.Latiifil11111.L ~.:i 1.Ln~.:i-waa11m11.L~ii\J1ta'Vl6 m-w t um1u" bJ.,L v11~fil11 L ~a.:i~n nii 
iuV11.:i i.Lat'tl'\J1 i;i UJl.L iJuau ri1u~ nu"-wa·fa Lauiiu11 fil1 fllaui1.:i l.L -w.:i 1.L~\J1ta'Vlfim-w t um1u"lilt~.:in11 

.... II 4 ~ 4 .I ..I I I "1Jui;inaun11" L'\Ja.:i~11n~nui;i-wa1aLa'\J11'tlu1i;i1.Latiu'Vl1.:J'Vl1.L'\J'\Ja'\Jm1 

uanli11n-d' \J~"1 Vi11-.f'tl11-J1 (2530:60) Ei'.:inri11ii.:i~nu"H11 'tl'\J1"'tla.:i~nut11vtlvrqj~qi;iiiu 
fil11iiLau~1~udna1.:i\J1t111w 2 il1 ri1u~nui;ivtlqjn11-d''iltii\J1t LEJ"!lu 
d I 4 'f 11 &I - ..I.- ... I II 'f I .; ,: al I n111aL11a L"llUt111111qi;iuV111fil1111Lvrum111n1.Lat'tl'\J1i;tfilil'\J'tl1.:J L'Vlt\! 111.:i~nui;ium1lilt11vra1EJ'l 'tl'\J1i;t1.L111n1111.:i 
nu 1 \J liltL V'\Jn11L ;i11\J1ta'V1Gfl1'W'tlil.:Jn11Ui;t t\1~~.:i;f u 

.3 ... ..1., !:"I :: 3 ' ... " .... '11'Vl1U1tEJt L 1a1'VI L"ll L'\Jn11U"'\J'\J'tl'\Ja~nU'tl'\J1i;t'tla.:ivr11aui;i 'tl'\J1"1.Latu1111w'IJa.:i~nu" 

\J~111w'tla.:i1'111q~u~~a.:im1ui;i Lau~1~udna1.:i1.Lat~11111fil1111L~1'tla.:im1ui;i (\J~i;i1 Vi11-.f'tl11-J1. 
t d ... &I .- ..111 ~ II 

2530:62) 1111'Vl.:J'tl'\J1i;t m1111.L'tl.:J 1.Latfil1111Lvr'\Jt11'tla.:i1111q"u'Vl111a.:im1u"'\J'\J'l i;i1v 
.. ,. ., ' ' ) ' ' .. .,., ' 0., Lfil1a.:in1a.:i Ln11a 1n1Y1.:Jfll (2530:52 na1111 Lfil1a.:in1a.:JL"ll\Jlt1.Lm.:i1au (Sieve) 'Vl1i;t1EJ 

'Vla.:iLvraa.:i vr~aa1.L111uLaa 1.Lati"a (Rhodes.1972:143) nri1111 'llu1i;ivl'lmum1n1a.:iJ1Lfilaau ;ia 
111t1.Ln1.:iLuai\J1t111w 100 W"ll (Mesh) 

.. ----~ • '4 .... :: 4 ... OQI ._I .,., 

............ . 'U\lflil\ln11Lfl'UJ11\11Lfllilil\I n11L\Jl1tl11'\J1Lfilaau 'Vl111t1Cl.:J m1u11111qi;iu1111.:J"J 111\J"r.Ja11 L'VI 
Li1nunuJ1 ~.:ia11111cia~u.ffu111autum1L111~t111Lllu.ffu'l ~.:i-d' <q1~n~ 1naEJ-nu5.2531 : 69) 

1. m'j'8'.:iri1ur.Ja11 lilt~a.:il\1~n~a.:i1.Liluau111'j.:J1J1111~'1'j 
2. n11\J"r.Ja11 ti'1 L\Jl~EJ11Lfilail\JUiltl "J L ~avi1n11'Vli;tail.:J L fln~.:J\J"r.Ja11nL .Wt1.:J'Wil1.L~ti'1~a.:im1 

L'1~tJ1JliJ1'\J1'\J111 n I.Lat L m~~aif 1 Lalla fil11lilt\Ji;t~1 t1V1i!aui;i111 nn11 ri1'\Jlilt\Jtll'\J1'\JL vl1 Ltlln;f uatjnu 

ri1ur.Ja11vr~a"llil"'tla.:iJ1 Lfilaau J, Lfilaaum.:i"1Jili;iti'1u"u1uLnu 1 \Jmliliir.Javi1 t \1Lfilaarn \J~EJ'\Jl.L \Ja.:i 1.L~ 
Lfilaaum.:i"1Jilt11~a.:im1na1u1'1u1u-waa11fil1'j ~.:im'illiltii.:i 12 - 15 '8'1111.:i L'llu Lfilaauvtl-«15Lfilaat11t11EJ 

m1viu ri1u111mV'\JLfilaau1 w~.:ivr~mfilaarn wai;latJ1i I.Lat m1u"J1Lfilaau1ijfil11L '6'J1 Lnui'atiat 85 

'tla.:iJ1vri!nri1ur.Ja11 Ll'IEJ~11 \J'i!t t-HJ1\J1t111wi'at1at 30-40 
" ' 1. m 'jn'ja.:J '111 Lfilaarnila~1u n1'j\Jl'lr.Ja11 L~EJui'at11.La1 'ilt ~a.:i~1u m1n1a.:i~1EJ 111t 1.Ln1.:i 

(Sieve) L y;a L m~fil1111atL~Eltllfil1111~a.im1 
... "' .. ..1 • "ti .. .. ... ;.,j 0 1·' .. .. .. a1111::'Ua~r.JilflllN91'1\11 L Lfllilil\I am1t'tla.:ir.Ja11111w91'VlliJt'\J1 uLfilaau 11 2 am1t file (q1 

~n~ 1nav-nu5. 2531:70) 
.. ., ;.,j il .,j il .. ... ( ) .. .. ., ;.,j il .. ... ~ 1. r.Ja11111W91'Vla~ uam-w'Vla~ '\Jlil'\Jl'IU Greenware n11Lfilaaur.Ja'111W91Vlil~ uam-wt11ui;iuu 

~a.:i t im1111t~"1t1'.:i L tlufi Lfll'IY L -w11t r.Ja111fi w'1~liltii~ n'!Ywt L \J11t\1n~1 EJ Ll'IEJ Lil'W1t m'j t-«15-qu Lfilaau 

l.L \J\J~11 ri1u t 'VltyL m '\J h.:i.:i1'\JL1!1112jm1'tl'\J1'1 t vrqj L'W11tU'jt'VIEJ" L ~m v.a.:il.Latl.L 1.:J.:J1'\J111n ri1u t vrqjij'n 

Lfilaau~1t115viu (Spraying) 
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2. e..ia1J1fiw9'~t1tjluam1:m.11~u (Biscuitware) ~.:iilm.ne..11nutJ·n~1.11w aoo - 900 t1.:il'l1 

L'llftL~va ( 1,4 72 - 1,652 tl.:Jl'l1'n1LCS'IJ1n'1) U.ftttl1Le.J1~rn~W'HIJii~.:iLn'IJ1tlliltiie..iat'1Lflat1ul~l'lt1v;i(Jl 

L'n-S1tLift1~'1Jiifll111.J'nl'IJ~1UtlVLn'IJ1tl tl1Le.J1~1Lfi'IJ1tlliltile..iavht'1LnlJl~htlil'l'IJLflat1u1~ L~tl.:Jlil1nilfl111.J 
v.lu~11.11 nvh t \1~"J1 Lflat1rn -ii11 tl1.11miiu t111i1Yi1t'1Lflat1U'lll'll-St"H~t1u.1J1n1~ e..ia1J11i'w'11 uam1td 

'f .,j II ... ..I 'I 11 ~ OI 1'! ..1.. 1 ,. ; ~ 1tl at'11n L'IJn1-SLflfttl'IJV1Vlil.:J L \11.J1t'Vllilt L'!J!Jl11.Jatl1'1Jl'lni;1 U.fttV.:JL'lJ'IJ'Vl'IJV1.J!Jl11.J -S.:J.:J1'1JL'll-S11.Jnam , 

q-s~n~ 1n~v-n'ufi (2531:70) m'hTi1 "e..ia1J1fiw9'rlt1u~1i1tt111tlLflat1u~t1.:i~1um-s'!l~"~u 
ftttltl.:Jtltl n t \1\11.1'1 Lavn tl'IJ L 'n-S1ttl1\11nil~1 Na1J1fiw,i'ij~'IJftttltl.:JLn1t~'1t1tjlilt L U'IJL 'H'J t \1Lflat1rnbuif u 
"Hq'1t1t1nlil1ne..ia1J1fiw9lvht\1~1Lflat1uil~1"Hil1~ mcsvi1fl111.1atma'1~1e..ia1J1fiw9't11lilti~t1.:itl1~,1.1J1 
\11.11'1iu.~1L~'1\1~t1lia1.1Lthm~" 

2.3. 7 n1't"f'JLfllflil\J 

15mcs-qrnflat1u 1'1vvi'11tlmcs-qrnflat1uilt1tj~1vnu 4 16- 1~u.rl nT'lv4'1JLflat1u(Spraying) mes 

L'VICS1'1 (Pouring) n1"t'Vl1~1vu.tlcs-:1\1~t1~n'IJ (Painting) u.atmcs,1.1 (Dipping) 1'1mD'n1tn1-S'qULflat1u 

~1 vmcs,1.1 Yi11~-s1'1 L ~1u.at~1vn1115~ucs11.1~.:ifl111.1\1u1'!la-:1Lflat1ulilta~1La1.1en1115~u L "H1.11tnu 

e..ia1J1fiwfi'!l'IJ1'1L~n J1"Hi!mu1LU'IJ1ii~tlcst"HV'1U.fltilv1.1t'litiu1.11n (Rhodes. 1972 : 133 - 134) 
m'11 oW1.JoW'!l11'!11 (2530 : 70) mh1ii.:i n1-S'qULflaau~1v15mcs,1.11111fl111.1ft1L;lil'!la.:imcs 

.. II ..... .r IOltl ; Ol!!:l'f I II tJ"'tJ ..I 
'qULflftt1U'11V15'!l'IJt1~nu cstaumcsw m<s1J1'1'1'1JLlilU.fttmcsntcstvtL1ft1 L'n-S1t111ilt!Jltl.:J csu l.:iamv.'VI 

L\11.J1ta1.J'!Jtl.:Jtl1Lflatl\J nuamv.e..ia~fi'W'1L\1L-ii1n'IJ1~t1V1.:J;i ;la Na1J1fiWtJt111iliJamv.'Hf11VtlV1.:J L'!i'IJ 

fi'.:i 'W LflV~1'1Jrl-SLe.J1 Na1J1fiw9l~~(JIJ11~;i \1~aNa!Jlfiw91~ii L if t1 L ilv'IJ ltl~1.:JU.ftt'!J'IJ1'1'!Jtl.:Je.Ja!JlfiW9' LI.flt 

L 1ft1 L '1Jn1-S~1.Je.Ja!JlfiWfi~~'1;1.JJ11~;i U.l'ifl111.J\1'1J1'!Jtl.:JNa!JlficU'llil'1if lilt 1~fi1'1V n1-S'Vl'1fttl.:J U.fttaltJ nT'l 

'Vl'1aa.:it 'IJ"Ha1v i ncsN e..iam<s'Vl'1ftt1.:i~~t1.:ia1tJ u.~1t111 tit i~;le fl111.J"H'IJ1 u. iluu.atamv.~L \11.11ta1.1 

'!J t1.:iJ 1 Lfla t1um i a1tJ Lfilat1u L'1 v15~1.1if lilt ~t1.:imuJ1 e..ia1.1J1 Lflat1ut1tj Lall ti v.it11.1num<s'Vl'1fltl.:Jfl111.J 

\1'1J1 u. uu'!Jt1.:iJ1 Lflat1u -st\111.:im-s"qrnflat1rn uufl#.:ifl-s11 
I 0 r .. I I 0 r ... !'I .., I 

2.3.8 fll11i1'1'H~1L 'W1t'tlil.:l'IJ1 Lfllflil\J fl1fl111.JC11.:Jlil1 L 'n1t'!Jtl.:l'IJ1 Lflfttl\Jlilt L 'lJ'IJ!Jl1\J.:i\Jtl nfl111.J 

\1'1J1 u. U'IJ'!Jt1.:iJ1 Lfilatl\J Na 1J1fiwfi~~'1;1.1J11~;ililtilfl111.J'nl'IJ~1~.:i Li1t1~iJe.Ja1J1fiw9la.:i t uJ1 Lflaau J1 
!'! ., .r ... .., ,. .r ... - 1" ... ... " ,. ~ lilt ~n~'1"01.J L '!J1 L 'IJtlNft !JlflW'1 U.fttatalJL 'IJtle.JaiJ'!Jtl.:J Lflfttl\J'1\J 1\J'IJN1e.Jft!Jlf1W'1 L 'n-S1tQt'IJ'IJfl111.J 

"H'IJ1u.'11u'!Jt1.:itl1Lflat1ufil1-s1i1tilf'i1~1 ;lt1 ilf'i1fl11iJrl1.:i,j1Lv.1t 1.40 u.atilm-s1"Ha~1;i mcst11 

e..ia1J11i'w9l~u (Green Ware) 1.11'Vl1mcs"qrnfilat1u~ilfl11iJ"H'IJ1u.i1u~.:i Lfilat1u'Wfl1-silfl11iJL"HilmiJ1n 
.., ... .., .... - .., ,..- .... .r .... k ... .., ,. '1_!... !! " .. 'Un U.fttfl1-SiJn1-Sncstlil1VfltlV!Jl1'1 Nft!JlflW'1'V11.JL'IJtlL'IJV'IJL'IJaNft!JlflW'11ilt u.11.Jn1-S~lJl"01.J'IJ1 n1-SVlJlLn1t 

-st"H11.:iLflat1u~unue..ia1J1fiwfi~t1.:im~vfl111.1L"Hilv1J1Lflat1uvl'l~'!fU~t1.:i-ii'u ;la ~e.:iilfl11iJd1.:i,j1Lv.1t 
~.:i L'li'IJ tl1Lflaaumi'qUe.Ja1J1fiWfiLfl~t1.:iq'!JfiW9'fl1-Silfl11iJrl1.:i,j1L'n1t 1.53 U.ftttl1Vlil1'1J-i'Utlifl11il 

rl1.:i,j1Lv.1t 1.74 ~.:id 'nT~LiJa (Parmelee. 1951 : 65) 1~a1t111 fil11iJrl1.:i~1Lv.1ta1iJ1·rn1'lJl1~ 
II 1 1 ... ; ( ) .J I I 0 r 4 .f3 I el ... IU .. .I 0 '11V H lJl-SiJ L!Jltl"S Hydrometer 'll.:Jfl1fil111.JC11.:Jlil1 L 'n1t'!Jtl.:J'IJ1 LfilflaU'IJ'!J'IJtl ~nUNft'1fl W'1'Vl'IJ11.J1'q\J 

Lflaau 1~ u.rl 

Forsoft burned biscuit and raw body 1.43 - 1.47 
Forsoft burned biscuit and raw body 1.43 - 1.47 
Medium hard biscuit 1.5 - 1.6 

~ 
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Hard biscuit 1.6 - 1. 7 
Medium soft biscuit 1.46 - 1.5 

2.3.9 .11ml\J1JN1Lfllflil\J (Glaze Defects) 
,!l' .{ 1 !:I "' , ( ) 1" ol"' ~ .. I .!'! 0 .... II I .,j .. ,,f _, 

~'Il"lnfl n'1ti'W'Uti 2531 : 73-77 flet~uani;tut"IJ'3ClEl11Lu'U\Jl1'H'U'H'rn'!JEJtJn'W'IEl-llVILnfl'!J'UntJ 
.. "' .. 1""'1/ Lf'laE1tJi11t1'Ha.:i-;i1nm·mrnf'laE1tJ 1'1-ll'U 

2.3.9.1 4L~11 (Pinholes) ilani;wtLtl'U4Lan"] ~Lfifl~'UtJ'UN1Lf'laau t11il'!J'U1fll"Hqj 

L~tin-h " Blisters " 

2.3.9.2m"I"I1'U (Crazing) Ltl'U'1'1"HilLf'laatJ~-wun'UatjLe111a ilani;wtf'la1va1ma'U1J11'!i1v 

'H~El~L~tinn'U11 Lf'laE1tJLL\Jlna1t1'31 il~-ll'I1'ULU'ULa'U~Eltl LLelt11'ULU'ULa'U\11'3 

2.3.9 .3 m"ILL1J1n~E1'U1J1111u~L 1w~11'!JE1tJ (Shivering) L tl'Utl"I1n!Jm1w~LN1 LflaauLLa1 

Lf'laEltJ 'W~fl\Jl111~11'!JEl'l.l"!Jel./1Na IJlfiN,j 

I .r .. .:; ( ) .!'! a I ,.,i .. I 2.3.9.4 nT~'J'El'UElein-;i1m'UE1fl'Uu'U Peeling Lu'Uu-S1n!Jn1-SNVILflelEltJ'J'el'U'H~flEIEln111 
.!'! I "' "' .r .. 1 d LU'ULLN'U"] Lnfl-;J1nn1'1LLtJn\Jl1EJEJn-;J1nL'UElfl'U flt!Lflfl'!J1fl 

2.3.9 .. 5 LLt1n~1aein-;i1nn'U'!JE1-11Lf'laE1tJ (Crawling) Ltl'Utlcs1n!Jn1'1W~LflaeitJLLt1naein-;i1n 
n'Ufla1 ti Lf'laEltJ Lfl~el'U'HU vh t '1Lfifl'Ielt111.:i 'WiJ Lf'l~EtJ~flN1Na\JlfiN,j 

2.3.9.6 N1Lf'laE1tJ~1'U'W1J1-s-111J1111fl1111Ltl'U-;i~.:i (Loss of Glaze) LU'UPi1"HilLflaE1tJ~Lfifl 
~ I .. ~ .. .f 1••1 .. Otll I .,j 1"' ';11 nm"I~qi L.itlel1'UNel11'!JEl'3 Lflelel'l.I '0'3EJ1';J';Jt Lnfl'!J'U';J1nn1'1 LN1 TI Ln'UVl1 'Hel1'J'\J1'3Eltl1'3Vl'J't L 'Ht! fl'31tl 

'ltL 'Ht! 1tJ'H1Jfl 

' 2.5 fll11iifLift11n\Jn11u.i1Lfllflil\J (Glost Firing) 

~ .. .. t"l: .. ~ ....... ' ~ 6' ... "' .... r _, n1'ILN1Lf'lelEl'l.I 'H111t!Cl./I n1'J'LN1 'H'U1Lf'lelEl\JVl'fl'l.l'l.l'UNel\JlflN"ata1mu'UL'UElLfltJ1n'U1J 

fl1111Jj'U111 tJ1.:i'!lilfl L tl'ULfla atJ~1'U N1 L~vuilm111 LL ~'3 a1111'1ci~1'Um'U'1eimflLLat,j1.:i l~L tl'Ua~1'3~ 
(Vl1 'W"I"H11-wqn,;.2523 : 155) 

tl~fl1 -n11'W°'!J11'li1 (2532 : 287) nri11ii'3 m"ILfifltlcs1n~m'lwfi1'3'1l'ULLfiat,r'U"!lE1-11m"ILN1 
.. 1""' 11 LflelEl\J 1'1-ll'U 

II ,_ _, ,., .al 4 I 4 ... -. _, ' 

1. 'Ittlt n1'J'El'l.I LL 'Holl ~fl N91fl\JL11El'fltJ Lflelel'l.I el1'UNel11'!JEl'3 LflelEltJ-;Jt Ln1ttJ'UN1Nel\JlflN" 

L tl'U~'UtJ1.:i '1 ~1'UNet11'!JEl'3Lf'laeitJei1-;itlcstneitJ~1v ~~\Jl ~'ULLn1 LLflaL~v11 flTium 'U\Jl Pit1"1 

fll1{tJEL'U\Jl L~a~atl1{ LLattl1 '1.11'3n'IWEJ1-;JEJ1-;J-;Jtijei1"I~'Uvt;v~iti1vvht'1Lfiflfl1111L'HUtl1 L~ElL~11LN1 
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fll1111~1J~tQn'!J~'1mm 1 ti fll1111viiJ1'!l£1~-51JLfllaElu~:::a'1a~'Wia11num1vi'1 i1 lh Lfllaauiim1 L'1~v11;l~:::ii 
_, II II t 4 1111111 ..._.. I al ...lo11111 .. '1 .. ! -I ... 

m1V1'1 '111JEJ v111 n m"!!1J'!l a~ Lflla EJU1Jfil w"'11u '1 v '1Vl~1J'11'Vl'1 Lfllaau~::: 1JJ LL'1 na::: LL vi~ L 1JEJ~~1 nfll1111 Lfll1 v" 
2. m1aan~L'1i1J'W1n"'11a1J'Vl~6 1:::w;h~~WV11Jii soo - 600 a~fll1L'llaL~v"'(932 -

1, 112 El~fl11ii1L11J1H!Jl) a1JVl~V"'11-,i11J11JVl~~~tQnElan~1'1t/J ~:::vh t~.ff1J'!JEl~LfllaEJU'W11Ji11J1n;f1J 
iava::: 30 - so 

3.n11'!J~'1nq11ln"1an1'11'1 (OH) ~~WVllJii soo El~fll1L'llaL~EJ"' (932 El~fll1ii1L11J1n\JI) 
nq11 OH L1J 1fll1~"'i1~'!la~~1J~tQn'!l~"aan 1tl ~~~:::vi1twW1J'!JEJ~Lfllaau'W11Ji1111n;f1J 

4. ~'1L~1J~1Jn11L0'1LLtl1 ~~WVl1Jiit11t1J1W 700 El~fll1L'llaL~EJ"' (1,292 El~fl11ii1L11J1H\JI) 
L1JLfllaau~iiii~'1~:::L~11L~11i1LLa:::a:::a1vri11JN"'11~1J-i tiJLfllaau"!!u'1~1J-i ~"L~11~1J'!Ja~m1Ln'1LLn1~:::Ln'1 
.... I!"! ...... 11 ... .r..i .. ... ( ••• l') Vl~WVllJ11\i~n11 LL'1 ~1J'Vjnmw~t1JLLn1Ln"'!J1JVl~WVllJ1J 1,100 El~fll1L'l!aL'l!EJ"' 2,012 El~fll1n1L11J 6'1 

S. m1a:::a1vi1'!la~1''1q~uvltmiJft11JN"'1J'!JEl~LfllaEJ\J ~ElL~1JLO"LLtl1LLa1L1J'!JWt~~WVllJD 
..: .f ..ol ., '°' ..ol t .f II ... ''°' II I t .I., il II il II L'W1J'!J1J L1JEl~~1n1'1'l'1\JEl1J-i a:::a1va~ 1JL1JEJLLm 1JLL'1Vl1JLLn1LVl11J1J'VIEJ~Vl1JEl~ '1LLat"'11J1"l'Vl1JEl~ "~1J 

LflEJUCi~~'1qni1'!JEl~Lfllaau m1a:::a1 E.l'!JEl~~1JLLtl1 vi1L~iifll111JVIU'1\i~;f1J ~~'ti1 V WL ~LfllaEJ\J 1 viai11~;1 
Ln1J1tl 

6. n11n1~'1iiEJ~El1n1flll'h~ -i ~1JLL 1n'!JEJ~ft11JN"'1J'!JEl~ LfllaEJ\J'!JWt'tf\JLl'laEJ\J L vi1J-i ~tii1'W11J 
iava::: 40 - so ~~~:::iimmfllatjL~1J '!lw:::u1~ri11J'!JEJ~Lfllaauviaa11i1 ii£1~mmfl!u1~ri11J~:::viilaan1tl 
1~ LLl'iri1iJtviqj~:::Qnti'na~tiJLifaLfllaau 1Jan~1nil~~iiiia~mmfl!u1~ri11JiiLn"~1nm1"'a1vi1'!la~'W1n 
fll 1{u El L 1J '1 t 1J1 '1 q ~um '8'vi1 ft11JN"'1J'!J El~ Lfllaauii~'1q n i1'!JEl~ Lflla El\J fll111J L VIUV'l'!JEl~ Lfllaau~::: a"a~ 
••• I l I .,,f ..... .. .... 1tl 
nEl~El1n11'1"'11J Vl'lJ~taEJEJ'11'!J1J1J1VIN1LfllaEJULLatVl1JEJEJn 

ti .. _ I .f .. ., .f ... ., , .f .. .f .. ., , '°' 
7. !Jn'1V1'JtVl11~L1JElLfllaaunuL1JEJNa'11lW'1 L1JEJLfllaau~:::a:::a1vL1JEJNa'11lW'1'1'J~\J'JL1w 

~...!f. _, ._, I 1 ' I .., &I t 0 t II - .._ 0 t II 4 .-. _,, .x 
'VIC11JN"'n1J LL'1n1'Ja:::a1v~::: 11Lvi1niJVJn~" '1~1J1J~t'Vl1 VILn"N1'!l~'!l1t LLat'Vl1 VILflaau'1'1nUL1JEl 

N~'1fi'W'1'1~;1 V--
1JEJn~1nif "vi1 'W'JVl1J'W'ln,; c2s23: 1ss> 1~na11Ci~ m"JLN1 Lfllaau11 'W11~:::L tl1JLfllaau'llu'11 ii 

~1Vl;El 1 ii\i~~t ~El~ LN1 L m~~WVl1Jiil'l11J~Eln1Vl1J'1'!J a~J1 LfllaEJ\J LL!Jia t'!IU'1 iiutif 1Jn1'J LN1 ~::: Ln" n1'J 

L~vvi1v1~ L 'tiiJ m1LN1mii Ln1J c coverfire) tla11vi1 t ~J1Lflaau1 via111n m~~"l1JL'11vi;a-51J"Ja~vi1 t~ 
!:j 111 .. ~.!.. ., Otll .. ~-!~., I .. 

LC'IE.IVl1EJ " LLatn1'JLN1Vl~WVllJ1J 1JJ'1~~'1qnmvi1 VILfllaEJ\J 1JJL1J1J1J1JLVl1Vlfll1'J 

vi1 'W1Vl1J'W'ln,; (2S23:1S6) na11Ci~ L'VlfllUflll1Jn1'JLN1LfllaauH11 n11LN1Lflaau~;lfll1'JL~ 
B1J1"J1d~11Jm'JLN1 so-100 a~fl11L'l!aL~EJ"' (122 - 212 a~fl11ii1L11Jln!Jl) l'ia.t1bJ~ Wfll11LN1L~'J1'1L~1 
LniJ1tl m"JLN1vl'lmfll1J ccone) LU1JLfll~a~iia1''1~Wvi1Jiitl1:::nau~1mf1J mvvia-~~1nmfl1Ja11LLa1m"JLN1 
.. 1••1111"" ... '°' t ... ti .J ~ ,. • • ( ) O t II ,.,: .f t E.11.J n 1Vl~WVllJ1JL'11J1J1JEJn 1t1J1Wfll'l~'ll1 IJJ~ Soaking Period ~t'Vl1 Vln11LN1"'1J\j1WE.l~'!J1J LLat 1J 

m"Jtl"L'11 via~~1nm"JLN1Lfllaau1~~LLa1 fll1"Jtlaam1J11~~Ht11:::111w 24 .t~bJ~ aJ1'11m"Ja'1fll1111ia1J 

fll11ti 100 El~l'l1L'l!aL~EJ"' (212 El~fl11ii1L11J1Hl'l) l'ia.t1bJ~ ~:::vi11~N~l'lfi'W'1WLL'1n\¥m~EJVl1EJ1~ Y" 
2.s.1 u11v1mfllum1LN1Lfttt8\J 

2.S.1.1 \J1'JE.11n1l'ln1'JLN1LL uuaan~L'1,t1J (Oxidation Atmosphere) q"J~n~ 1n8v 

..;'1J5 (2S27 : 78) 1t'Lj11 n1'JLN1\J1'JV1n11'1LL\J\JEJEJn~L",t1JLU1Jn11LN1LL\J\Jn11LN11Vlij'~"'1J\!'1W'11Jii 
fll11J 

2.S.1.2 \J'J1EJ1n11'1n1'JLN1LL\J\J~~n-8'1J (Reduction Atmosphere) q1~n~ 1n8v..;1J5 

(2S27 : 78) na1111 n1'JLN1\J'J'JE.11n11'1LL\J\J~~n'li'1J LU1Jn11LN1LL\J\Jn1'UN11Vl~~"'1J\j'JW (Vl;Eln1'J 
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Li:.J1~Ln~l'l1'U) lvhifof (Fournier.1977 : 189 - 190) 1~71'l.J711J'!ia1JaL~mn'l.J;in-8''UH11 rl1'Ui1'U ., ., 
LL ti a LLa::tl12J'U~ Li:.J11 'Vl2Tu.ia1J\j7WL ~a.:i'J1nill'l1foa'U~Ln'1\11n\J~n~mm7Li:.J11 'V11J W'Vl1J'1 L tl'Ui1'Vla n l 'U 
nwvi1;in-8''ULLa:: 1'Um7vi1;in-8''U,j'Ul'l'l7\l::1 ~iJ·nmi1'1J1J1\11n'Vl1.:iLl'lil fia l'l1foa'U hi L 'Uaan 1in,} (CO) 
~a!'l1foa'U1~aan1ini;l (C02) LLa::ti1in1n1~7L'J'U CH2) ~aJ1 (H20) Lll'Ui'1ft1'U~l'l1'l.Jl'l1JL\JafL~'U'1 • 
'l!a.:i;in-8-'U 711Jfi.:Jti11JlL;j1J'lla.:i;in-8''U LLa::Lll'U1\Jl~~'J::1~"11n!'l111JE11'J'l!El.:JL\Ja1l~~aan'J1n'!ia.:iri'1'Vli''l.J 
~1~ m7vi1;in-8''U1'U1'Uia'U~'U'J::~n111''U~a1ml'ILL~.:i m7;io-8''U~L~1Jria'U 800 a.:il'l1LinaL,va 
c 1,412 a.:i1'11'W1L 7'U 1n'1)m'J'J::vi11~Ln~aL 'V11'Vl~aa~11'ULl'laa'll'Vl~aLifo;j'U ~.:i b.ia11J17ci~i;iaao 1 u1~ L 71 
fl11J17Clvi1;in-8''U\11m~N'VIJJij 1,000 El.:Jl'l1LieJaL,Vfl (1,832 El.:Jl'l1oW1L7'U1H'1) 'U1'ULVh~ElN'VIJJij\l:: 
a11J17mfi1J;f'Uatl1.:ia2l1La1Ja 'Vl~a 55 'U1Vi'lla.:i'Vjo ~ -8'1w.:i '.110 1,000 - 1,240 a.:il'l1LinaL,va 
( 1,832 - 2,264 El.:Jl'l1oW1L 7'U1H'1) 'Vltl.:J'J10,r'U\1::1.u'L1a1\J7::1J1Nl'l~.:J-8'111J.:i1'Un17vi1aan~L\;l-8-'IJ 
'UBO'J1nift 'U'l.J1.:Jl'l~.:ia11J17ci 1 i'll77v1ml'l\J1'Una1.:i L 'li11 \J'Vltl.:J\110 1,050 a.:il'l1 LieJaL,va ( 1,922 a.:11'11 
~1L7'U1n'1) LLa1vi1;io-8''U'!i1.:i'Vla.:im~ 'Vl~ana11'1~.:i-8'1w.:i1'Um7;in-8''U~El""'VIJJij 1,000 a.:il'l1LinaL,va 
(1,832 El.:Jl'l1oW1L7'U1H'1) 1,100 El.:Jl'l1LieJaL,Vfl (2,012 El.:Jl'l1oW1L7'U1H'1 ) LLa:: 1,200 El.:Jl'l1LieJaL,Vfl 
(2, 192 a.:il'l1'W1L 7'U 1n'1) 'Vl~m~1l;in-8''U~El""'VIJJij~.:iqi;iLLa::,jaL ~a.:i 1Ul.'U7::'Vl11.:i~n1a.:iLv'Ui1'J'Ufi.:i 800 
El.:Jl'l1LieJaL,Vfl (1,472 El.:Jl'l1oW1L7'U1H'1) 

2.5.2Lfl1Wlit"1.:ia3.1foua.:i (Gas Down Draft Kiln) 
1111111 f' I I ., .. II ..l,!'I .J II 

'Vl'l 'n7'Vl1J'n']O~ (2525 : 33) na1111 LmLLnfl'!l'Ui;t'V11.:ia1J7a'Ua.:J'ULu'UL'11'V1ElElOLL'l.J'l.Jfl71.:i 
'11'U1J10LV'UL'11'tl'U1'1L'Vlqj LLa::Li:.J1i:.Ja'1fi'Nfl1~~1'U1'U1J10 n17'l.J77~i:.Jii'1nNfl1i;ivm7litt'7Cl (Kiln Car) 

0 ... fl! ..,j.,. ... ' "' ,,!/ II II t II""• I ' .J ' t II 1 II .. ..!(. a 1111 ' ... ma.:iLu'U'V1\JV1JO'UElEJ1.:J1J10 L'11'!1'U'1'U'J::'1a.:Ja71.:i 'Vl1Juaa.:iin.:i'J::'!l1v 'Vln17Li:.J1 'V11J'Vl7El'1'Ui;t1u i;iam.:i'1 
a11J17mi:.J1l~Pia'U'!i1.:ia::m'1LLa::t~ElN'VIJJij~.:i (High Temperature) ill'l111Jfl::'110,jam71.U.:i1'U 
\J7::'VIVi;tL~m-n~.:i \Jaai;ifiv L ll'UL'11~a11J17mi:.J1LL 'l.J'l.J;~o-8-'U 1~ 

' .. LL\J'UEl'U 1'18 
1)1-nhijL'1af (Pyrometer) 

2)1-nhw'1~0 Ll'l\J (Pyrometric Cone) 

l'W 17ihfloi (Pyrometer) 1-n l 7ijL'1afm~v'Vlaom7m7Ln~m::LLa1-Wvh'J1n!'l111Jiau (Thermo 
Electric Pyrometer) li;ivtl1Lmla'Vl::aa.:i'!lili;t1J1L~a1J\Ja1v;ji;in'U L;vn11 " Hot Junction " LL,; 
laV1::~.:iaa.:i'!lil~'J::~a.:iilfijNfl1J'l.J°iiLL'10~1.:inula't'UL'11lm~i''lll'l111Jia'U (Thermocouple) a1'U\Ja1viln 

II .1111.., 41.., -.( ) lld .,f.., II II 
~1'U'Vl'U.:J'1ElL'tl10'l.JLl'l7El.:J1\;!EjN'VIJJ1l Indicator LLa1L'tl1J'J::'!l'l.JEl0El'1711'1111J7El'U'111Jl'l111J1J10'UElV'tJEl.:J 
n7::LLa1 ~vh 'J::ili1 La'tl L Viv'llElN'VIJJijL tl'Ua.:il'l1LieJaL,vaLLa::~1L7'U 1n'1 \Ja1v'tla.:i la'Vl::~,ja 1 \Jv.:im!1tli;i 
L;uo11 " Cold Junction Thermocouple " ~1i;iElN'Vl'Jij~.:i~ 'J::iJL!'l~a.:itla.:in'U (Protectube) vi1 
~1V1''1Q'V1'U1'Wtla.:in'Ueo.ff'Uvrd.:i ('V11 "n7'Vl1J"n']o1!1. 2525:107) 
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l-wl1wt11n lfl'U (Pyrometric Cone) L'WL,UJIJl~n Lfll'IJ ~;m;vnGfu") 11 Lfll'IJ (Cone) LU'IJ 
Lfll~a~ilavl'l"li1'1J1~'~1Jiifl1vluL1J11 m,t"li~~1vLLa::a::1J11n ~~~1J1vi1 Lfll'IJLU'Ufllf~LL'n L~LLri '!111LVB,~'IJ 
~a L'tmmai (Segger) i~~a11 Lfl!mnai Lfll'IJ (Segger Cone) L1J1Vtl'1La11'.iq~'l.JNt'l1Jn'l.J~~n.U 1Jl11J 
a1Jlri1'1J~1~") 1J1'Vi1LU'Ulh1ii1Jlt'111JL~~V1J ~~t"1i1'1J1~W~1JiiL~i~LL.i 585 8~1'11Lfl!aL~Vt'I (1,085 £1~1'11~1 
L''IJLH!Ji') ~'IJLtl~'Uii~ 2,015 a~f'l1Lfl!aL~Vt'I (3,659 a~f'l1~1L,'IJLH'1) LLa::LLti~aamtl'IJ~1J1ma'!J.i1~") ii~ 
42 ~1J1ma'!J '::'l.J'l.Jm,,Ji;i~1J1ma'!J~W~1Jii~1~::t~~1La'!J~'Udtl'1~i!1 L'!i'IJ ~W~1Jii~~1~q1J1 022 
~W~1Jii\i1J1q1J1 ~1J1ma'!J 42 Luu,;'u Lfll'Uvl'l"li'LU'IJ1J11Jl'11'1Jl'U\1~~uu ;ia '!JB~Lfl!mnai Lfll'IJ LLa::aai 
~'IJ Lfll'IJ (Orton Cone) 'Y11 ..,,~1J'W'ln,; (2525:107) 

LIJlmil'W1::aai~u Lfll'IJ 11 2 '!J'IJ11Jl ;ia '!J'IJ11Jll~qj (Large Cone) LLa:: '!J'IJ11JlL~n (Small 

Cone) 

uan~1nil t1;1J11 ~1J~'!J11-!i1 (2532:248 - 249) l~mh1L~1JL;i1J11m,1'l'l~W~1Jii~1v1fllulu 
"" ' ti ... II ""tll -i ..I I .ml ,6 ... ... II '1 

~1J1t'l1~n,,1JL'll'11Jnt'I uan~1n~:: '::~v1J1LLa1v~ ~Na'YlL'YlV~IJl'H1J1mfllaa'l.JLLa::L'Uafl'IJBnl'l1v ~"qn1J11 
.. ::..... ,. ..i,. ::11111 ..... :: .. 

'!Ja~ Lfllaa1J'IJ'IJ1Jn L ,v n1Jl11J~1J1V La'!J'!J£l~ Lfll'UL1J£l Lfll'IJ~1J1V La'!J'IJ'Ua1Jn~1J1 VCl~LfllaB'l.J'IJ'Uqn"nal'I LLa:: 
~1J1ma'!J Lfllu1Jm11Jri1fi'qi.ia~1J1a1~n,,1JL'l!,1iina Lflmil"n1::fia 

'!f1~~ 1 ~1J1VLa'!J 010 ii~~1J1VLa'!J 05 ~;a~W~lJij 894 8~1'11Lfl!aL~Vt'I (1,641 £1~1'11~1 
L,'IJLH!Ji') i)~~W~lJii 1,046 a~f'l1Lfl!aL~Vt'I (1,915 £)~f'l1~1L,'IJLHl1i') ~~~W~JJiitlLtl'IJ~W~lJiivl'lmum, 

.ftl"" .f """"""II .. ~ 4 '!'ill 
LN1n'l::L'l.Ja~ '::1'1'1.JLLa::n,::L'l.Ja~~~~a~fll1'Y1Lfllaa'l.Jmmfllaa'l.JIJl::m Lfllaa'l.J'l.JBLL,nfl! Lu'IJIJl'IJ 

'!f1~~ 2 ~1J1ma'!J 6 fi~~1J1VLa'!J 10 ~;a~W~lJij 1,222 £l~f'l1Lfl!aL~Vt'I (2,232 £1~1'11~1 
L''ULH!Ji') fi~~W~lJii 1,305 a~f'l1Lfl!aL~Vt'I (2,381 £l~f'l1~1L,'IJLH!Ji') ~~~W~1Jii'!la~m·nN1tl1V'!l11JLLa:: 
Na.ifiwfiLfll~a~~'IJ~'IJLN1~1") Ltl 

'"" ... .. .... ~ ( .J '!11~'Yl 3 ~1J1ma'!J· 26 ci~~1J1ma'!J 28 ~'a~W~1J1l 1,595 a~f'l1Lfl!aL"OVt'I 2,900 a~f'l1111 

L'ulnlJi') 5~~W~1Jii 1,615 a~f'l1Lfl!aL~va (2,940 a~f'11~1L,'IJLHIJi') LU'IJ~W~1Jii~1Jfll111Jri1~qilum' 
'Yll'lt'la'l.J1'a~'Ylu 1~"'a~1,~~1u~Na1J11'a~'Ylu 1 ~ 

...... ""... ~ 2.6 ~1'U1;ifJ'r1Lflf.11'tlil~ 
il1'1J1' oW'11'1J::C.2545:'1.J'Yl~IJIVa)1~'Vi1m,1,Jvm,1,JvLi4a;fn"ct1t'l1J'l.J°';;'Y11~mvm"n'!J£l~~'IJ 

~1 n LL ~a~~u1'1J1mtl::'!J11~1v ,J~~1'1'1~"ct~ 1an L i4a'Yll'!aa~~1~.i'1 ri1uNt'l1J'::~11~ ~'IJ1'fl.i1tl,::'!J11~1v 
tl~1J1cuiava:: 45-90 Nt>11ln'l.Jn'l.J~'IJ'!J11a1t11~ LLa::L~a~at11i Ll'lv;tn"ct1a1J'l.J°';;m~mvm..,~a~m,LN1~ 

.... ~ ..i .rtl ....... ,..iJ; .... 
~W~1J1l 800,900, 1000, 1200 LLa:: 1250a~f'l1Lfl!aL"OElt'I LLatL 'W£l'Ylfla£J~'!J'Ul NalJlllW91Lfll'£l~u'IJIJl'IJLN1 

.r "' .li .,j., I .,j .,j .... .... 
~1m 'IJ£ll'l'Uu'IJ'Y1£l1Jl,1t'l1'1JNt'l1JL~1J1tt'l1J'YlqlJl LN1'Yl~W~1J1l ~W~1J1l 800,900, 1000, 1200 LLa:: 1250 
£1~1'11 Lfl!a L~Vt'I n q1l~18 V1~m m 'Un1 '1~m•1f ~tl L~ LLfi L iJa~'IJ~'IJ~Lnl'l~1nri1'1JNt'l1J'!J8~;)'1J1'1'11J11tlt'!J11~1 V 

LLa::~u'!J11a1t11~ LLa::L~a~at11i lii1u1u 10 ri1uNt>11l Lflv1am"lq1JLL'l.J'l.JL~1::~~ 

Nam,1,Jv"n'l.J11t'11J~'Y11~mvm"n'!Ja~~'IJ1'l'l1J11tl::'!J11~1vriaum"lLN1Phfll111J~"~1iae1a:: 5 fii1 
"' 2 ... "" .... 0 .. .,11 "" .... 

fil'l11JLL'!J~LL'~ 25.50 kg/cm mv~a~m"lLN1'Yl~W~lJ1l 800 c 1Jfll111J~IJllJl1'HJVa:: 6.00 LLa::'Yl~W~lJ1l 
0 .. , ... II .,j .. 0 I :;! II .,j .... 0 

1250 c 1Jfll1fll111J~l'llJl'l"l£JVa:: 13.00 'Yl~W~1J1l 800 c fil1n1"l~fl"01J"l8Vat 20.50 'Yl~tu~1J1l 1250 c 
I ... f11 .,j .. 0 I d 2 .,j .... 0 .. 

fil1n1"l~i;Jfll1J'IJ1"l£JVa:: 0.10 'Yl~W~1J1l 800 c fil1fil111JLL'!J~LL"l~ 30.30 kg/cm 'Yl~W~1J1l 1250 c 1J 
" 2 ~ ... ..i .... .r~ .r .... J; 11.f1 .... ~ 

fil111JLL'!J~LL"l~ 165.40 kg/cm ~mv~a~n1"lLN1 UJB~W~1J1l\i~'!J'IJ~'!J8~L'IJ8l'l'Uu'IJ~tL'!J1J'!J'IJ '1Vn1"lLnl'I~ 

i~LL.i J11J11a~1J - J1.i1a~1 LLatt'l1J'l.J°';;'Y11~mvm"n'!Ja~L da~'IJ~'IJIJl11Jri1uNt'l1J~~ 10 ri1'1JNt'l1J Yf'l.J11 
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'11nm1PJm~11~m~~N "n11~~1J1LfllaE\Jvl;!Jl 1vl~1 (700 - 900 'c) ~L\1111t:~UJtl\Jn11LN1L1JL!Jl1 
~1J"!JE.:1'!111U11JL ;Jm tlun11vn1::~\JflWl11VHLa::11fll1 "!JE.:JNa!JlJ1W'1~1JLLfl.:J" (ft;\J\111 ~11tl1J1Vl. 
ftmuu1~vla\1::LLa::1ft~, ~w1a.:in1M..1\111V1v1av : 2553) \1u11 m::u1um1Na1J1Lfll~E.:i~u~uLN1~11tl 
"!JB.:Jl11fllna1.:i '1tL-6'L!Jl1LN1~~W\1ZJijbJLn1J 950 a.:il'!WllftL,Vft LL'1n11LfllaB\J~e.:it-U~w\1'JijLN1~.:in11ifu 
L'li\J n11Lfllaeu;1Ln1"!JB.:J1~.:i11'!1tj;'1::Li~w\11JijLN1~.:Jii.:i 1,100 - 1,200 B.:11'11 L11ftL,Vft iai ~bu15m1 
Lfllaaulvl~1vlt-6'~1ltl~a.:itift111J1::it1Ltlua1uNft11 ~.:iLtlu~u1J111v'1e~tl1::neum1LLa:: "111'11'1JLn1'L;tv.:i ~.:i 
ltK~~u115m1Lfllaeutli~w\1'Jij~1LLa::hltift111J1::it11flvm1tift11Lfllii'llilfl~tJ~iiCJV15 tum1af! 

~W\1ZJD LL \111.J L 'liu 111L;iv11Lvla.lfttl1'faa::1 \1 LL VlftL,V11L vlat'lfttl1i ~.:IL tl1JLL ~iie~L1J51111'!11;;~.:i 1i.i~1J!Jl11V 
LLa::a L iiv11fll1ium tJ!Jl ~.:it 'lit ut1;111 WL i4 v.:i L~ ni!av~.:i li.iii~i;1J1n~1.:i~"11l'll1J 1flv1eu t um1Na.i'1::i11 

a1uNft11~.:im.ifl 1 tl~aa11 t~L tluLLn1 rfoui111 tluf1Nft11L tluL if mfllaeu t ~'!l11u1uti "11nV1flae.:ii11i1LFtaeu 

ltlLN1tuL1J11"!Ja.:i'll11u1u\1u11ft11111mfllaeuNa1J1J1w'1 t~L.:i1.:i111ltKmu~w\1ZJDLN1 850 - 900 e.:i1'!1 

L11aL~EJft IA'1u~UVJU'1::111nn11i1Lflla~m~1ltlL~ni!avPietl1::111w 60 - 100 u1V1.ien1ani'11 ~.:ii1Lfllaau 
1 nlani'11nft111Trntm1A'u11J\1Bft11fll11 LLa::-tfuvltumfll \1\J11Na!JlJ1W'1"!Ja.:Jl11fllL~~1LL1Jn11A' 3 mj11t~qj 
fie i).,- n1v1a.:itl1V1.:J'W111 LLa::"!JB.:J!JlnLL.J.:Jft11J ~.:in1v1a.:itl1m.:i-w111niiLL1J1V11.:J ~"1::Ltl1J.:J11J1~EJ.ie 
vafl'1~n15m1Lfllaauvl;.i 1 vl~1il 

111w1 !Jl.LLft.:i~uVli Q'1J11-tt'v mat'!;( 111ft11m111V1v11'11ft.ifo~m1 '1~ 60 ouu~ 188) m11 

1VlEJ11'!1ft!Jlfo;n1111A'~~1J1n1V~1JLN11B.:Ji'tJtl1tl1v1.:iL-rJaftU\Jft'41Jift1~n"1"11l'll1J iinq11Lfll~ij.:J~1J~'IJLN1 
U11Jna1.:i !Jl.11J1J!Jl1a a.vh~L\111.J '1.1Jfll1\11J11 Ltl1Ji1LLV11Jnq111ft1\1n'1"11l'll1J~n1111VIV11'!1ft!Jli\J~n1111A'Li1 
ltJ,j1Lilum1PJni;1V1f!aa.:i 1flvvi1m1~111'1LLa::Lnu'li'a2-1aani;w::n1v1a.:ii'utl1v1.:i~'!l11ft1um.:i~e.:im1 
LL\1fl.:J~1JLLa::m::\J11Jn11Na!Jl"!JB.:Jn~11Lfll~ij.:J~1J~1JLN1U11Jna1.:i~.:i\1-lfl1Jfll1'W1J11 VlflftB\Jft11~V11.:Jn1Vl11'W 

., .., .. .., ....... ... .., .. 1 tl ..i t ~ .,., ., r -1 ... 
LLa::\111.:Jfll11111B1J"!Jij.:J1!Jl'lfl\J \1~1J115n11L!Jl1V111!Jl'lfl\JLLa::"!J1Jl L \1B \1 ~f!Cl1EJ1B.:J1\J1J1 V1.:JV111fll1111\1'1J1 

~L\1111::ft11 LLatiifll1111ftli1Lft11a ~~u1~.i1Lfllaaulflvti1'1J1'l~utu-.1a.:iiiu 11A'LLri ;1Ln1"11m1J11~u LLa::;iu 

La1JLLa::,;'~1J1 L Vlf11Uflln11Lfllaa\J L ;Ja t ~J1LFtaa\J1i.i\1qflfiauria1JL i1L!Jl1 LN1 1111~.:i 11A'tli'utl,.:i4tlLL \J\JL ~ 
fttfl1nnun11ti.:i1un1v~uLN11a.:ii'utl1v1.:imlA''11nm11~v~~u1 iiani;w::1J1111~'!111ft1uv1.:i~a.:in11 Pie 

bJ\11J1 iiJ1~Um\1111::ft11 ~1Lfllaa\J~1J111 LLa::ilfll1111LL~.:JLL1.:J ~1J\'J1Jn11Na!Jl~1 L~B.:J'11nti1!Jl'l~\JL1J 
., ..: 

VIB.:Jfl\J 



\J,.;t 3 
1Bfi1Lilun111\1s 

tum11,,Yvfl~.:iif0,,yviJ16~1Lilum11,,YvLtJufu1J1£1\l~.:i~£11tlif 
:Ufleuil 1 ni1tit1ae.:iaf1.:id1uNttsudeau&\'1sau~1 

29 

tht'!l1n1fl£1~\l L u..1£1.:iau ~l1mL vra.:i~vhm1~~1J!Lfl~£1.:l~\ltl\IL~1 Pl£1 u1u1'.:if1'Uft£1 ,j1'Ua1.:iunLLe'U 
d1Lfl£11'.:iV1£1.:i ,,Y.:ivr1'1'Wti~1an -j111n'lJ L'Wai;i'ntJ1i LLatfl'l£J\'ltU ~1vnq11~1£1Ei1.:i 36 ~1£1Ei1.:i ~11nm1t'6 

..I .... .: 1J1111.:in111L vrav11 '1.:iu 
\l1::,,1n11~'11nm11 i1'1~tl'lJ'Vl~nPl£Jf1\IL u..1£1.:iau '11 n LL vra.:i~~IJ!Lfl~£1.:l~\l~\IL~1U1'U1.:i 

~uft£J ,j1tJa1.:iunLLeu d1Lfl£11'.:iV1£1.:i ,,Y.:ivr1'1-W~1t11n t.J;111ntJ L'Wt11i;i'i'ltJ1i LLa::V111v 
nqiJti'1eeh.:i ~£1.:it11t'!l1n1LL'1a::cq.i 1~'11nn11~2JLL'U'UL'11t'1.:i (Purposive sampling) '11n 

IJ1111.:li'l12JL'Vl~V2J~1'ULvl1 (Triaxial diagram) 1~nq11~1£1Ei1.:i 36 ~1£1Ei1.:i 

A 

10 

8 115 to IS e 75 1' 15 dD SS 

A vr111vii.:i ~'Utu..1£1.:iau i'£Jva:: 55-90 
B V12J1vii.:i L'Wai;i'ntJ1i i'£Jva:: 5-40 
c vr111vii.:i V111v i'£Jva:: 5-40 

c 
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""' 4 
,,f .. I U 

fl111{1" G'l1'Ue.JG'l1J'!IEl.:t ~ 'UEll'lt.lnij11"1EIE.11.:t 
tiiefhoil autu\\'e4£iy LWM8thf "118 

1 90 5 5 
2 85 5 10 
3 85 10 5 
4 80 5 15 
5 80 10 10 
6 80 15 5 
7 75 5 20 
8 75 10 15 
9 75 15 10 
10 75 20 5 
11 70 5 25 
12 70 10 20 
13 70 15 15 
14 70 20 10 
15 70 25 5 
16 65 5 30 
17 65 10 25 
18 65 15 20 
19 65 20 15 
20 65 25 10 
21 65 30 5 
22 60 5 35 
23 60 10 30 
24 60 15 25 
25 60 20 20 
26 60 25 15 
27 60 30 10 
28 60 35 5 
29 55 5 40 
30 55 10 35 
31 55 15 30 
32 55 20 25 
33 55 25 20 
34 55 30 15 
35 55 35 10 
36 55 40 5 



"" 

~ o I II 
~u"eun11V1"ae"u'tneufl1v 

1. 'li'·uhuNa11 '1111nq11'11ev1.:i~1mfll~e.:i'li'.:i 1 vh11 
2.uflt\1atLEVflLflvln;.:iufl 

3.me.:i~?V\JltU.n,.:imei 80 mesh 

31 

4. ~uitl u. vi.:iVlflae.:ivh m,V1flae.:i~huNa11~1 vm,vi1 L uuu. vi.:iVlflae.:iii'tl1J1fl'tle.:i 
n'l1'3 x V11 x ~-3 Lvi1fi'U 3 x 10 x 1 L4'11J~L1J'1' 

0 ..I .. :I 5. 'Vl1n1,LN1\'l~W\1l;J11 900 B-31'11L4'1i'IL'OVG'I 
6. VlflG'IB\JU.vi-3Vlfli'IB-3f11V\1a.:im,LN1 

m1iLP111t\fNafe\la tl1 u. vi.:iV1flae.:ivtl.~1i11nn1,LN1111V1flaeufilwa11~\1a.:in1,LN11~ u.ri 
1. VlflG'IB\J\11fli1fll1111\1fl'11\1a.:ilil1nLN1 (Firing Shrinkage) 

., ... ,. .,,, ... .: 
fl1'~\1fl'11\1i'l-3lil1nLN1 ~flV ~'!l~\Jl,fl-31J 

Ill U Z-. I .r .. ., 
fll1,BVi'ltfll1111\1fl'11 = f)1111tn1L'Uflfl\JOe1mn - f)1111tl11L'UflfllJMf\·i!LFJ1 x 100 

.r -. I 

fll1111V11L1JBfl1JflB1JLN1 
2. V1flaeufli1fll11111.1."1.:iu. ,.:i\1a-3LN1 (Firing Strangth) lflvtl11.1.vi.:i~1ev1.:i111 

VlflG'IB\Jfll1111~11J'Vl11J~eu.,.:infl~1mfll~e.:i "Modulus Of Rupture (MOR) Machine" 
,. I ~ II II t II ..; .... I I 

~flm1"1.1. Vl"Vlflae"u1Jfll11JVl""'e"'tl1'3 u.a1 '!II.I. 'Hnl'la.:i!Jl,_,n.:ina1.:iV1VflLe1,t Vt\11.:i1t\111" 
fll11J~""'e"Ltl1J\1an lil1Jn,t~"u.vi"Vl"ae"Juina" ~i'e11~"vi1m,\j'u;infli1J1\1il'n~vi1 
t\11.1.vi"Vlflae"in ~.:imlill.u\1u1v nlani'11 (kg.) \1;etleu.i (lbs.) ifl~ ;fuetjfiutl,tU1VI 

'tlB,,111\Jl,1~L ,1t-H'LU1J\1ant1Jm,1'fl'tl1J1fl't1B-'U.vi"Vl"ae" fli11J1W\11fli1fll1111 I.I. "1" I.I.," 
\Jl111~\Jl, 

3pl 
m=--

2bd2 

we m = fli1fll11111.1."1"1.1.'" (MOR) i:i\1u1muu mani'11/'1111"L~1J~L1J\Jl, 
2 .... 1 ~ .: 2 (kg./cm ) \1,e uB1Jfl/'11,1'31J1 (lbs/in ) 

p = J1\1il'n~vi1t\11.1.vi"V1flae"in 
I t l = fll1111V11,t\111_,fll11JVl_,G'IB-3 

b = 

3. mfli1m,~fl~11J1 (Water Absorption) LflVm,tl11.1.vi"V1"ae"~~11Jn1,LD.111.1.~1111 
,t_,J1\1il'nu.~1tl11tl~11tuJ1L;iefl 2 'li'1111,,u.'liJ1t\1~11~1 24 'li'1l11u;qet\1J11.1.V1,m-6'11tletjP1111 

I ., I II II 

'lie,,11_,\1;e1~1u 1~ev1,,-.11i1" \1a,,1i11nil'tJtl1111-U"tl1\1il'nanrii'"rieutl11 tlfli1u1w'1111~"' 
i: (sf-wf) 

%n11'.jfl'~ 1..11 x 100 
wf 

" LI I ..1...: r sf = 1J1\11Jn'tle.:iu.V1-'Vlflae"V1e111J1 
" U I _,, wf = 1J1\11Jfl'tlB_,U.Vl_,Vlfli'IB_,\1i'l-'LN1 
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OI ~ OI .. ~ ... ..... ~ 0 .. I ..f 01 ... 
\Ut~~1fl\l\lfllflL1'8flL\18~\1'11J.,NillJ\JflL,.,JJ1::ilJJ \112J1L"'St12JLLNU'Vl.ift8.:i"11,.,'S\JLflft£1\J~1n 

ri1UN'12J'!l£J.:itl1tl~\ILN1vliJm12JL,.,2J1t'12JLU~W,.,JJij 900 £J.:il'l1L~ftL~t1'1 

.f\lt1e\I~ 2 m~~ae.:iaf1~ih\INilSJLftiteulf1,.,n..Lfllleu~1sa\ILN1 
n1'S'1i'1.:iri1\IN '12J Lfil ~ El\J l \1ilfil112J L ,.,2J1t £'12.Jn\J tl1 ti ;iu LN1vl L tlUNft 1~~1 n n1'S'1i'1.:i 

I .f .. "" ... I I OI I OI .f 
'11\IN'12J'!JEl.:iL\IEl"U~Elnt11.:i'W1'S1 1M2Ju'St'!l1n'HLfttnq2.1"1Elt11.:i.i.:i\I 

\J,t'!l1ff'i 1~~1nri1\IN'12J'!JEl.:i1'"~~\J l~LLfi w;.i 1~.i1LWa.iatJ1i LLfttfll1£J".J 

nq11~1mh.:il'Um,1~t1filf.:i;f 1~111~1nm,~11i1t1Eh.:iLL\J\JL~1t~.:i(Purposive Sampling) 

~1fl'11'S1.:i£'112JL,.,~t12J1"tin1,.,U"1"~~\J m" 1~"1LWa'1atJ1i LLfttfl1El".J iJ'tb.:ivh.:i'th.:iat 5 f.:i~tl~nq2J 
"' 

i1mh.:i\1'.:i,.,2J" 26 

OI .. vtl"'u I l ... 
fl1'S1~ 5 '11\IN'12J'!JEl.:i1fll "\J'VI '!IL \1'11'UN'12J \1Lflft£1\J 

~fl,~ 
it1q~f LOui1UNft~~tuOufesa= 

fl18t14 lt11t11L,.atf1\.hi ,fit1 
1 5 20 75 

2 5 25 70 

3 5 30 65 

4 5 35 60 

5 5 40 55 

6 5 45 50 

7 5 50 45 

8 5 55 40 

9 10 20 70 

10 10 25 65 

11 10 30 60 

12 10 35 55 

13 10 40 50 

14 10 45 45 

15 10 50 40 

16 15 20 65 

17 15 25 60 

18 15 30 55 

19 15 35 50 

20 15 40 45 

21 15 45 40 



.I 
fl1illll1' l•fl1Ltiftfiitthi ~'1'lVI 

22 20 

23 20 

24 20 

25 20 

26 20 

n11'VlflflU~fli'l~ih\INflSJLfllflU'UiJ~'IJ'1El'IJ~'3.iEl 1 tJ;j' 
1.~1u1wa1uNff1J1'"~~u'!Ja'3u.~a::~1ar.h~~"'Lfllaau 
2. '!i'~a1'1JNff1J Lfll~EltJ~1V Lfll~El'3'!i''31 vlih 
3.tJtf!Nff1JLfllaEltJ~1V 1n,'3tJtfl ... 
4.n1a~i.I1Lfllaau~1v'1::u.n1'3 Li.mi 100 mesh 
5. "l\JLfl~EltJi'l~tJ'IJU.rJ'IJ'Vl'1i'IEl'3 

6.u11tlLN1~~W'VllJij 900 El'3fl11L'lli'IL,ml 

20 

25 

30 

35 

40 
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YB111 

60 

55 

50 

45 

40 

... .!.I! Pi ... ~ .. ., .. ., 
n'l11Lfll1'lt'M'tlil\ffl L'lJ'Un11'Vltfl5'1EltJ(;l1Vn11'1'3Ln'1Ni'!Lflli'IEltlll1El'Vli'l~n11LN1 L'nEl'111~5'1EltJ1t(;ltJ 

fl111J~'IJ'!JEl'3 Lfl ~au fl111Jff1J\J1W'!J a'3 Lfllaau 1 Lfl11::i1Naie2;1am~ u.a::~.i La an u.rJu'Vl.ia a'3 L ~eU-11 tJt '6' .. ... .., ' 
Lfli'IEltJNi'l'111W"~ElnEJ1~'n111 

:\lflil\l;I 3 n11'Vlflfli)~ Niiflt\l~'l\I L U'Un11'Vl'1i'l£l'3;f 'IJ4tl.f 'IJ~1'1J~El n El1~'n111~1 na1'1JN5'11Ji! 
., .. ..1.. .. t ., .: 
fl'1Li'1Eln~1nNi'ln11'V1'1i'IEl~'Vl1Jfl111JL'Vl1J1::5'11J 1J'!J'IJ'1El'IJ'1'3'1J 

.. .: .. .,j., .. 
1.L'11El1JL 'IJEl'1'1J'111J~'11'Vlfll'1 Li'!Eln 

2.aanu.uuu.a::;fu4tlNa'1fiw'1~anu1~'n111 
.... t' .. ' ... .1., ... 

3. L'11EJ1J'IJ1 Lfli'IEltJ~1 n5'11'1JN5'11J'!J£)~ Lfli'!EltJ'Vlfll(;ILi'!El n 

4. '!ltl Lfl~Eltl 

5.LN1Nil'1fiw'1~anm'3'n111 

6. U1Na'1fiw'1~anm~'n1111 tl'V1'1i'!El'3 t m 'IJ5'11'1JEJ1~'n111 
., • I -19 1 "' I ., ... 'I "'tJ .,j ., tl fl1LLlJ1'Vlnn'l!Yl '1u.m::.ium11J'n'3'nEl ~~'!JEl~Lni;,i1n1~ ~nu1'3-n111mmnu l u.uu '!l'IJ1(;1 

J1V1i!n ~ m11'6''31'1J m1~'1Lnui'n~1 m1'Vi1fll111Jff::a1'1fll111Ju."1~u.1'3'Vl'IJ'Vl1'1J 11fll1 u.a::fll111Jff::'11ntu 

n11~'1,El 
nfjSJti'1eeh~ 1~u.ti m1Laanu.urn~1::~'3~1mni;,i1m~tl~nE11'3'n111lu,;"1\Ja,j'1uu.u'3 ~1Ll1El'Ufll1 

1'Vlu ~'3m.i~~~1an~1u1u 10 ,,u 

Lfll1e~ileit ft1.1n11L~'ll11'll11SJf U\f fl 1~ u.ti u. tJtJ5'1EltJm1Jfll111JT7'3'nEl t~1J1'111ii;iil'u~\J (Rating 
scale) 5 1::~u LRmtium1t.U~enu1~-n111'!lEl'3Lni;,i1n1miiJti1ati1'3 

... .!.J! .. , I .,j I .,j ... 'I ~ II 
n111Lft11::'M'tlil\f fl n111 Lfll11t'Vl'V11fll1 LDi'IEJ u.a::5'11'1JLtJEl'3L tJ'IJ1J1'11J1'U fll111J'n'3'nEl ~~'!JEl'3~ ~'!I 
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... '4,J! 
fla1'Ut'lt11n1nlflfl8~/Lfl'U'U8\ffl 

1. 'Vll'laE'3 'Vll'laeu LLat~u4t1iu'Yl1J1aE'3 cu e1fll1"SLLat-H'e'3tl~Uii'31'1JL4'l"nijfll a1~11111 
L4tlcs1ijfll 11V111'Vlmavcs1111i'!J-n\!aa'3fll"S111 

2. LLVla'3Na\J1Lfll~E'3~'1J~'IJLN1~1nLLvra'3Nii\J1Lfll~E'3~'1J~'IJLN1U1'U1'3;i'UaE ,j1U2'11'3'1JnLLa'IJ 

a1LflE1'3'VIE'3 ~'3Vl1"1-n~~1an 

3. a1'1JV1'3'n1"S1ql-&'Nii\J1Ji'cu9' L'IJ '1'1uaU1'ULLV'3 a1LflE'Ufll"S1'Vlv ~'3V11"1cn~~12'1n ,.,;E 

~'3m"1Ln~LflV'3 



\J'M;l 4 
Nttn11'SLft11:W«e~e 

.. .., t .:.. .. .., t " - t .... 
fl1"~1"1tll"l'H\J11mt'l.J1\Jn111"1tl 3 '!J\J'1tl\Jn11'Vl'1fttl-3L\Jil'1\J '!J\J'1il\Jn11'Vl'1ftil-3Lfllftil'l.J I.I.flt 

"Yf tJ'1etJ m1'Vl'1fttl-3Na~Na~ui wt1-,:itJnt11'3"n111i-3i'.jNam11~t1 3 '1tltJ i-3,jtJ 1 uif 
.. .r .. .. , -- ., 1"" ., tlilU'M 1 Nitn'l1"flflil./jL\Jilfl\J 1Ll"l11t\1fllWft11'1.J~fi1tl\1ft-3n11LN1 fl'!ltlJdftfl-3"111-3 

tl'l1'l./jif 6 , ._ ., .¥ .. I °' Nftn111Ll"l11t\1fJWft11'1.J"\1ft-3n11LN1'!Jtl-3L\Jil'1\Jfli}11"1tltl1'3 
i1afi14~ fl1111"Mfli1 fl1111U. .. U.'14 fl1'11.11flfinf1 

{%} {n.n~.11.2> {%} 

1 11.00 52.50 5.43 
2 14.00 50.10 7.45 
3 13.00 66.67 6.12 
4 14.00 65.18 6.94 
5 14.00 49.63 7.60 
6 13.00 48.28 13.49 
7 14.00 33.33 5.73 
8 14.00 57.83 6.66 
9 12.00 57.78 6.73 
10 10.00 68.91 9.31 
11 13.00 43.88 8.95 
12 12.00 42.00 8.44 
13 10.00 37.04 6.65 
14 10.00 43.08 9.56 
15 10.00 56.64 10.83 
16 10.00 33.11 5.31 
17 12.00 71.79 5.91 
18 12.00 74.69 7.38 
19 10.00 56.63 9.12 
20 8.00 58.28 10.74 
21 10.00 41.48 11.08 
22 11.00 78.15 4.87 
23 11.00 80.52 4.59 
24 11.00 54.30 19.61 
25 10.00 52.92 9.31 
26 9.00 47.59 10.63 
27 8.00 68.10 11.36 
28 8.00 38.40 16.54 
29 8.00 60.17 9.62 
30 10.00 45.71 8.65 
31 8.00 44.81 8.91 
32 10.00 45.00 19.33 
33 9.00 36.60 12.73 
34 10.00 33.00 11.81 
35 6.00 35.40 16.50 
36 7.00 33.33 13.16 

35 
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fl8\l;j 2 Nfin11"flfi8.:!llf1·Uh\lfolifi1Lftft8\I 
4 -. ~II ., al 

~1nm'i'Vl"~e-1J~'1'iLfl'l~eu~a1Lfl'l'i1t'Vr!le~af!.:a'11'i1-ll'Vl7 
• 4 ' ., 

fl1~1.:l'VI 7 ~an1'i1Lfl'l'i1tVlfl1VVla-!ln1'iL~1 

, .. ni 1111Ufi'M14n1"'11'm114LfliiW 

... 
n11"1nti1 PhW R ft1111W 

1 ... 
qn Yl8481n11'1/1Lf2.J 

,,11'lft 
2.J'ULL 11111 

2 ... 
qn Lf'leiauLWn'11/Yla4mml'I ,,11t21 2.J'ULL 11111 

3 ii'ULL 11111 qn Yla4a1n1l'l/4LtWLf'lfiauLWn'11 ,,11\i'! 

4 ii'ULL 11111 qn Yla4a1n1P1/4LtWLf'l~auLWni1 '!J11;'U 

5 ii'ULL 11111 qn Lfll~a\JLWn'11/Yla4a1ml'I '!J11;'U 

6 ii'ULL 11111 qn Yla4a1ml'lh1'U ,,11t21 

7 .. " ..... 
11'U/Yla4a1ml'l/1Lt>J ,,11;'U fi4"1'Ufi42J'U qn 

8 .. " ..... 
qn Yla4a1ml'l/4L f2.1 ,,11;'U fi4"1'Ufi42J'U 

9 .. " ..... " ,,11'lft fi4"1'Ufi42.J'U qn 1L,,2.J 

10 ii'ULL 11111 qn Yla4a1ml'l/4L fwLf'l~auLWni1 ,,11t21 

11 ii'ULL 11111 qn Lf'l~a\JLLflnPi'1/Yla4aiml'I '!J11;'U 

12 ii'ULL 11111 qn Lf'l~8\JLLflnfi1/4Lf2.J ,,1,;'U 

13 ii''ULL 11111 " ,,1,;'U qn 1L,,2J 

14 .. " ..... 
fi4"1'Ufi42.J'U qn Lf'l~il\JLWni1 '!11,;'U 

15 .. " ..... 
fi4"1'Ufi42J'U qn 11'U/1L f2.1 ,,1,;'U 

16 ii''ULL 11111 qn Yla4111ml'l/4Lf2.J/LfllfiauLWni1 ,,1,;'U 
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17 ijuu.11111 

18 II 

"1'U 

II 

"1'U 'tl11Viu 19 

20 

21 

22 qn 

23 qn 

II 

"1'U 'tl11Viu 24 

II 

"1'U 'Wqn 25 
II 

"1'U 26 

~11nlJIT~1.:I VlU11 ani;Wt'tJE.:!LfllaEUl11tJ\1a.:lnTml11f'U 1t'1Ufll111Jij''IJ~b'Ul\1qj~tlltj1t'1uij''IJU.11 
• ~111 .,j .. ~ ............ 

111~1u1u 12 ~1J11 ~"u.n~1J11fll,2,3,4,5,6, 10,11,12,13,16,171£1.:ia.:i111f11E1t"un.:i"1un.:i11u~1u1u 9 
.,., I .I -., II O .,., I -I 

~"'~" u.n~IJl1\'l 7,8,9,14, 15 ,20,21,22,23 u.a::1::"u"1u~1u1u 5 ~"' ~"u.n~IJl1\'I 18, 19 ,24,25,26 
~1um1qn~1'tlE.:1LflaEurlu11 t'l1ul\1qjqn 2jLf4v.:i 4 ~1J11~12.lqn~11'1u.n ~1J11~19,24,25,26 

.i1\1il'tJE.:ILl'laEU VlU11Lfi".i1\1illL~1J\11u1u 14 ~1J111iKu.n~Pl1~1,3,4, 7,8,9,10,12,13,15, 16, 17,18,20,22 

.i1\1ilLl'la£1uu.vn~1\11u1u 15 ~1J111~u.n~1J11~2,3,4,5, 10,11,12,14,16,18,19,21,22,24,25 .i1\1il 
ool 0 ~ U I .,j .. 
nll.:IE1n1fll~1'U1'U 20 ~IJl'h"U.n~IJl1\'I 1,2,3,4,5,6,7,8,l0,11,l6,17,18,19,20,21,22,23,24,25 U.fltLflf!EU 
11'1.J 1 ~1J111iKu.n ~IJl1~ 6 ri1\1i'Uft'tJE.:!LflaEUVlU11 2jft'tl11ta '11'U1'U 6 ~IJl1 L~u.n ~·11~ 1,2,3,6,9,10 ft 
'tl11~u\11u1u 16 ~1J111iKu.n~1J11~4,5,7,8,11,12,13,14,15,16,l7,18,20,21,22,23 n'tl11Viu\11u1u 4 ~"' 
~ U I .,j 
~"u.n~IJl1\'I 19,24,25,26 

- ... ~ U U .. .¥ '"' .,j ( " II ..: U ..J ' ti '"' ~1~tl ~"fl"Lf!En ~IJl1L'Ull"'U ~IJl1\'I 4 "'U\'IE.:!Cl'U 1Etlflt 80 L nfll'lfl 111Etlflt 5 U.flt\'111tl 
II ) .. .,j ( ool" "' -1 ' •I U/ OI O 1Etlfltl5 U.fltLflf!EU~IJl1\'I 1 n11Jl1Etlflt 75 Lnfll'lflu111Etlflt 20 U.fltfl1EWIJ1Etlf!t5 }111\'11n11 

... ... ..... .¥ ... ~ .. .6tl t'" 
\'ll'lf!E.:lll.lf!IJl~EntJ1.:!Yl111 IJl11Jn1tU1'Un1111.1f!IJl'11tln11LIJl1tJ1JL'Utl"'U n11LIJlltl1JLflf!EU n11'tl'Ul u.uu U1J" 
m1vi1l~u.~,:i n111JlnU.~.:1 n11Lll.l1;\U n11'tiULflaEU U.fltn11Lll.l1Ll'l~EU LiJELiK1.J~IJlfiW,fu.a1\l11\Jt~Ln~1 
n11fl1'Utl1.:!Yl111 .i1uav1uu.t1.:i e1Lllll'Ufll1L\'ltl ~.:i\11"vt"d~1an 1iK'Vll'lf!E.:iloU.:i1'U LY1fl\11fll111J~.:!Y4El~ 
~fl1tl 
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fu;I tl1::L~'Ufl11sm<O\'fUt~ fiiaaa 1::itJf1111sm.0Ytu t~ 
-
x SD 

1 atJu.\J\J 3.6 .516 inn 

2 "tl'IJ1(;1 3.8 .633 2.11n 

3 
; ., 

4.3 .823 'IJ1mJn 2.11n 

4 ~ 3.6 .516 2.11n 

5 m1t.U~1'1J 4.0 .667 2.11n 

6 
., " 3.7 .483 m1~i;iLn\J 2.11n 

7 nwvhfll112.1~u~mi;i 3.6 .516 2.11n 

8 " fll112JU."tl~U.1~\ll'IJ\111'1J 3.6 .516 2.11n 

9 111'11 3.6 .516 2.11n 

10 fll112.1ati;i1ntiJn11~i;i(t1 3.6 .516 2.11n 

.!/., I U I 9' 'I"' Pi ol 
'IJEJn~1n'IJ"tltl La'Utl U. 'IJt"tJEI~ Lm~wi1n1nq2J1J11EEJ1~~\ll(;lfltl~ ~ 'l!~EJnV1~'n111LlJ'IJL1fl1 u1t2J1CU 2 

L;itl'IJ li;iv~a~m1tmim1Lfll~t1\J~~~1'1J'IJE1nu.at~1'1Jtu LU'Ufll112JL,..;'U~\J11~ti''Uii~ 9 fll'U~(;JLU'U i't1Vflt 90 



\J,.;15 
a1t1 eiltl11EIN&t LLit::feLlfU8LLU:: 

5.1 fll\J 

5.1.1 1't1qtJ1::fl•U('tlD4n11iiEJ 

L fJa~'11'U1L ifo~'ULLi'lt LfllflD\Wl/l'nj'jfll~W,,,IJii~1 a1m\JUaflfi'Wtl\1Dm.11.:l'W111 '!JD.:lmj2.1uafl 

Lfll~a.:i~'Ll~'ULu1u1'U1.:i~'Ll"'a ,j1ua1.:i'UnLLa'U a1U1a14'Vla.:i {4m"-W~1an 
5.1.2 i8fi1Luun11iie1 

l'Um11'1vfllf.:iil~'1vm5'1'1Lil'Um11{mll'LI 3 i'Llfla'Ll;la 

lut1euif 1 fl11,.flfl84fl-f14ft1UNlf11LdeauA'1!.1AULN1 
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t.ht'!l1n1;la~'Lll'U~a.:iii'LI \11nLL,,,a.:i~Yi1m1uaflLfll~a4~'U~'ULu1 ;ia u1'1.11{1;i'IJ"'a Pi1va1.:i'LlnLLau 

a1L11a1.:i'Vla{I {.:i,,,11F1iii;"'1an fn.1nu LY4al'l5'!tl1i LLi'ltfll1awu 1~\11nm1~2.1LL\J\JL\11t\l{l\11M1111{1 

5'112JL,,,~v2.1;!1'UL'Vi11~mi2.1i1ati1.:i 36 i1ati1.:i 
~ tl II Jt I IOI I II .. if\..J•!f 'Ill 'tJUflDUn11"flltD4 'ItflD\JIFl1V n111J{l5'11'UU5'12J '112Jnq2Jfl1DV1.:1"1VLfll'ID.:l"O{I nTI1\J" ~,,, 

""11' II 
3 tl' O ..j '"' ~ i'ltLDV" ""' n1.:iu" n1a.:i"1VfltLLfl'I{I '!J'U~ LL'Vl.:l'Vl"fli){I 'V11n1'JLU1'Vl~W,,,IJ2.I 900 i){lf'l1Lllli'IL'UV5'1 LLflt 

'Vl"5'1D\JLL 'Vi.:i'Vl"i'ID.:1111V,,,a.:im'ILU1 

fl111Lfl11::\fNnfD'dlt U1LL'Vi{l'VlflflD{lm;(\11fln11LU12J1'Vlfl5'1D\JflW5'12J\J°il,,,a{ln11LU11"LLrl 

'Vl"5'!au,,,1fll1fll112.1,,,"i1,,,a.:i\11mu1 (Firing Shrinkage) 'Vlfl5'1D\JPl1fll112JLL ;!{ILL 1.:1,,,a{I LU1 (Firing 

Strangth) 1"vtl1LL'Vi.:ii1ati1.:i111'V11F15'1D\Jfll112.1~1'U'Vl1'U~DLL1{1n"~1mfll~a{I "Modulus Of Rupture 

(MOR) Machine" LLi'lt ,,,1fll1m1~"~2.1J1 (Water Absorption) 1"vm1tl1LL'Vi{lfl.iaa.:i~rJ1um1LU1 
LLa12.11f.:iJ1wunLLa1tl1 ltl~2.1tuJ1L;'la" 2 f112.1{1LL'Tiii1t\.1~11i1 24 f112J.:iL~atml1LL 'Vl1m.U11tlatj'112.1 

I II I II 9' 

'Tia.:i11{1,,,;ai'W1u 1~ati1.:i-.11ii.:i ,,,a.:i\11nuuu12.11,r{l,i,,,,,rn£lnflli'.:iriauih 1 tlfi1u1wfl12.1~"' 
.., t .., ... .r ... ..... ...- • ... • ,,3 ~ ... 

,,,fl{! \11 nuu flt" Li'ID n L 'U8"'U'Vl2Jf1JW5'12J\Jfl L ~1 t5'12J 'U12J1 Lfl'IV2J LLU'U'Vlfli'18{1"11,,,~ \J Lflli'l8\J 

.fut1eu;I 2 n11'1t1ne4af14tf1uNa11L11ne'lln1'MwL11ilwA'1e1auLN1 

tl1t'!l1mLLattitj2.1i1ati1.:itu.ff'Llfla'Uif 1~2.11\11nm1~11i1ati1{1LL\J\JL\11t\l.:i1flvrh,,,ufl1'1q~u 
'4;" 11t1"1LY4a1'15'!tl1i LLi'ltfll1afli ij'Ti1.:i~1.:i'Ti1.:iat s ~.:i\ltl~mj2.1i1au1{1~{1~" 26 ~"' 

fl11"flltD41t-f14tf1UNfl2.ILftnD'llij.ffufl8'UR8 f{lfl1'UU5'12JLfllaD\JIK1VLfll~8{1f{l1\'4~1 
\JflU5'12JLfllflD\J~1V 1n~{l\J" n1a.:iii1Lfllfl8\J~1Vflt LLfl'I{I 'q\JLfllflD\Jfl{l\J'ULLr.i'U'VlflflD{IU11tlLU1~~W,,,f,!jj 900 

El.:lf'l1Lll/fi'IL;iV5'1 

n11iL1111::\ffe'dn Lll'Llm1'Vl""'au~1vm·nr.:iLn1J1ui'ILfllaat1mv,,,a.:im1Lu1 LfJafl11\15'!au1t~'U 
fll112.1~'U'!Ja{ILf1laa'U f11112.15'!2.1\J1cl'!Ja.:1Lfllaa'U 1Lfll11::'1ui'l-ile2Ji'lm.l'LLi'1::~,,LaanLLrJu""i'ta{I LfJau1ltlt.U 
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i1 LL thif ff n\!11111u.rht~tJfil1111\;.:i-wa1~,,~mn'liJ1'm,~tl~ na1.:i-w1'1 LRa1nu itl LL uu ,,u1" 
lhm!n a m1tott'31'U n11{"LntJi'Oti1 n11~1fil1111ftta1"fll1111LL~'3LL1'3\'l'Ul'l1'U 11fil1 LLi'\tfil1111ftt"'lnt'U 
m1{"(a 

nqi1fT1DEh4111LLfi n1'naanLLtJtJL~1t~.:i~1mn~,m~tl~nm.:i-w111t'UL,,'1 Pi1\Ji'\U1'ULLEJ.:I e1U'lil 
'Ufil11\'la {.:i"t11'1'Wti~1an,j'1u1u 10 11a 

Lfl~iJ4ijDift flun1,Ln\111\J11JJf D\ffl 111 LLfi LL tJtJfteltJC1111fil1111\;.:i-wa t~111J1,1{"E'U~tJ (Rating 
scale) 5 1t~tJ LRmnum1t-tt'~anm.:i-w111,,a.:iLn~'n1nq11i1av1.:i 

... A!,J/. .. , I ""' I ""' .. ., ~ II n111Lfll11::'M'Uil\f fl n1'1Lfil11t\1\11fil1 LDaa LLi'\tft'l'UL tJEJ'3L tJ1J111'1111'U fll1111'W'3'Wel ~~,,£){!~ ~"' 

5.3.1 n11\'lflt1D.:ictt1.:ichuNcti1 Ld°D~u&T1s~uun -wu11 i'lav1.:ivlil fli1fll1111...,"i1~.:iq"1.1' LLfi 
., I .I II ...!". I .i ... I ~II .... 111 IU I II 1111am.:i\'I 2,4,5, 7,8 ( 1aaat 14 ) 1t11£la1'3\'l\'lfil1fil1111\1'1"1uaa\'lq" "LLn'11Da1.:i35 ( ,aaat6 ) 
., I ..... I d 111 I.., I .I ( 2 ) ., I ..1 .. I d 
1111am.:i\'111f111fil1111LL,,.:iu.1.:i~.:iq" "LLnJ11at11.:i\'I 23 80.52 n.n./'!l.11. J11as1.:iV111fil1fil1111LL,,.:iLL1.:i 
~1q"111LLfii1ael1.:ivl 34 (33.00 n.n./'!l.11.

2 
) i'lael1.:ivlilfli1m,~"f11J1~.:iq"1iLLfi i'lav1.:ivl 32 <iaa 

at19.33 > i'lav1.:ivlilfli1m1~"4J11J1~1q"1.i'LLfii1ael1.:ivl 22 ( iaaat 4.87 ) 
5.3.2 n11\'lflflil4&'tf1uh'UN&'tJJLfll8D\J 

an\iWt,,£l'3Lfila£ltJf11EJ\1a'3n1W.J1 1t~tJfil111Jij''Uih'Ut\1qj~tatj"St~tJij''ULL11111,j1'U'l'U 12 ~Jl"S 
1 11 I .,j .. OI "" II "" OI 0 111 I .,j '1U.0~'1"S\'l l,2,3,4,5,6, 10, 11, 12, 13, 16, 171£l'3i'\'3111fil£l"StfltJ0'3fl1'U0.:11l'U~1'U'l'U 9 ~'11 flLLO~Jl"S\'I 

OI II 0 111 I .,j 7,8,9,14,15,20,21,22,23 LLi'\t1tfltJ'111J~1'U'l'U 5 ~"' '1LL0~'11\'I 18,19,24,25,26 
ll1um1qni1,,a.:iLfilaau-wu11 ibut-..,qjqn ilLTta.:i 4 ~"1vll2.iqni11.i'LLfi ~"'vl19,24,25,26 

'1'1\1U,,'1'3Lflla£JtJ 'WtJ11Ln'1'1'1\1UiL~1J,j'1'U'l'U 14 ~"' 111LLfi~"'vl1,3,4, 7,8,9, 10, 12, 13,15, 16, 17' 18,20,22 
'1'1-..,ilLfllaauLLani1,j1u1u 15 ~"1111LLfi~"'vl2,3,4,5, 10, 11, 12, 14, 16, 18, 19,21,22,24,25 '1'1-..,il 
ooJ 0 111 I ""' .. 
n'1.:1'11n1fll~1'U'l'U 20 ~1111 '1LL0~'11\'I 1,2,3,4,5,6,7,8,10,11,16,17,18,19,20,21,22,23,24,25 LLi'\tLflli'\£ltJ 

111.1 1 ~"'111LLn ~"'vi 6 "4'1...,i'ua,,a.:iLfllaau-wu11 ila,,11tft 411.111.1 6 ~"' 111LLn ~"'vi 1,2,3,6,9,10 a 
,,11~'U,j1'U'l'U 16 ~"'111LLfi~'11il4,5, 7,8,11,12,13,14,15,16,17,18,20,21,22,23 a,,11Yiu,j1'U'l'U 4 ~"' 
111 I .,j 
flLL0~'11\'I 19,24,25,26 

5.3.3 fll11JJYlo-.D t~'tlil4 it f NfittnNttf ~DnEl14Yf111 'WtJ11LO'li'1101ft1'Utl1.:l'W111111\'lflft£14 t .u 
.. .. t II t ., ,. .. , .,j .. '/..I ~ f: ., 

~ana1.:i-w11111fl11111YN'W£l ~fl0'11'U 1.11tflt1111n ~"a 11fil1LDftt1fll1111-w.:i'Wa ~~Lna111u1.11-..,un,,a.:i~an 
- -

v1.:i-w111 ~.:iq'1( x 4.3 50.823) 1e.:ia.:i111lllLLfifl11111\;.:i'Wat~.1'1um1t-tt'.:i1u(( x 4.0 50.667) LLat,,'U1fl 

"!J£1.:i~ant11.:i'W111( x 3.8 50.633) 111111a1~u1flailimft1.1EJLL1.1t,,£J.:iLn'liJ11n1nq11i1aeJ1.:i~\'lflaa.:it.U~an 
II t II.. .. t II II '/ Pf " ..I ~ .. -. Pf 11 a1'3'W111 111a.:im1 \11ln11Lflli'\'1tJ\'1'3"1'U'U£lOLLfttfl1'U~'U L'lJ'Ufll1111L\1'U\'1'11'3TJ'UCl'3 9 1'11.lfllflLlJ'U 1£Jaat 90 
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5.4 eiitl118Nfl 

"" ., ""tJ d .,j I 'I 0 ""i.J ., I ~i.J .f 
~1m.J"n1'~1~V11 1tLfl'IJVl'IJ1~,,J~~ft11fll11'1J1111Sfl 11t1Uilfl.:J'1e ~ 'IJ 

4.1 n1ni11t1e~tti1~d1ur.afli1Ldeau"'1"auLN1 
f111Vlfl" e.:ifti1.:ia1'1JUft1J L if e~'IJt11t1~'1JLU1 'Wt111 i1e v1.:i~iifli1fll1111'Mfli1~.:Jqfl 1~LLtii1e V1.:J~ 

2,4,5,7,8 ( ievat 14 > f.:ii'J~'IJ\1e.:ia'IJt'IJm111w111n1t'M11.:iiea"t 75-90 i1ev1.:i~Vlfli1fll1111'Mfli1i!ev 
~q"1~LLtii1ev1.:i 35 ( iev"t6 ) ii~'IJ~e.:i5'1Jievat55 i.:iLn'11~11i1ev1.:i~iiminw~'IJ111n~tiim1 
'Mfli1111nn11 f111'Mfli1111 nLLftfl.:i11 L ~e.:i~1 nfll1111"t L~tltil'!JS.:Jft'IJ~ti11\fudtit1fll1111L 'MUV'l fll1111LL~.:JLL1.:J 

.,j ... ., .,j ,, "" ., .f .,j !!I 
L11SLL'M.:J fll1111'Mfl'11UJSLL'M.:J(Singer, 1960, p. 18) 'D.:Jft1L'M'J'!lS.:Jf111'Mfl'11'1Je1~L'IJO.:J111~1nf111~'llLC!tl 

'•I .. 'I' 11 0 'I 11 'tJ .,j 11 'I 11~ ~ Pl 'I 11 'I .. "' S.:Jfllu1tnet1 'M1S ~fll1.:Jft11.:J Vl1 ~'MS.:Jfll 1tnetlS'IJL'!J1111 Lnft11flr l'IJL 1.1'1.JU" L'M'Tl'IJ1fl L'Ufl1'W'111""".:i 'M18Lilf1 
,. .,j • l.,j • I 'I' 11 'I 0 L 11 "" ' .f ' 'I. 11 .,j '"' ~ 11 

".:) 'M1Se1~L 'IJS.:J111~1nf111L u"tl'IJLL u".:i Lfll1.:Jft11.:Jfl1tl L'IJ \111 'MLf1flfll1111LL'IJ'IJ'!J'IJ ft.:JUil L'M'Tl'IJ1flVl'W~11W1 Ltil 

~1nmv'IJen""".:i L'IJV11.:JL11111iinii!'IJm1'Mfli1Lnl'l;f'IJ~1n~.:ifte.:ift1L'M'J ;iem1~'11Lftt1e.:il'itl1tnet1 LLat 

f111'1i.Ji1ti''IJ'!JS.:J Lfll1.:Jfti1.:imt1l'IJ (\J1t')~'l~ ft11flVI~ : 2543http://www.teacher.ssru.ac.th) 
., I -111111 I d ., II I t.1 I ..I ( 2 ) ..... ~ ... II .: 

'11Stl1.:JV11Jfll1fll111JLL'!J.1JLL 1.:i~.:iqfl ~flLLf1'11St11.:JVI 23 80.52 n.n./4'1.11. 1Ju1111Wfl'IJVIS.:JCl'IJ 

flie'IJ<V'1.:i~.:iiev"t 60 i1ev1.:i~iifli1fll1111LL~.:JLL1.:i~1q111~LLtii1ev1.:i~ 34 (33.00 n.n./4'!.11.
2 

) ii;iu 

~e.:iautum111wi!em\fo.:iiev"t 55 i1ev1.:i~iifli1m1~fli11J1~.:iqfl1iA'LLti i1ev1.:i~ 32 <i'evat19.33) 

i1ev1.:i~1ifli1m1~fli11J1~1q1J11~LLtii1ev1.:i~ 22 ( i'ev"t 4.87 )1e.:i".:i111;ie i1ev1.:i~ 23(i'evat 

)
"" ( ) t I .. !!I r .r 4.59 '11.:J Hamer, Frank and Hamer, Janet, 1986, p. 249 f1"1111fll111l'W1'1J'M1Sf111~fl'Oi.J'IJ1'!JS.:JL'IJe 

L4'111iina iiu" Lfltl'11.:J~Sfll1111LL~.:JLL1.:J'!Je.:iua'1ziw,; na11~e Ua'1ziw9i'L~eLL\1.:i LLfttU1LULU1 L'IJ'!JWt~ 
~W'M1JiiJ1n11 600 S.:Jl111L'll"L41Vft fll111l'W1'1Ji1'!JS.:JUa'1ziw9i'L~i.J;f'IJ ~1nf111Lfttlft11U1tf1StlfllTfoeu 

f 'I 1 II ... 41 ., ... .tllll d 1111111 ... ,# u -. ... .., 
LL"t'IJ1 L'IJ fll1.:Jft11.:JVl1.:JLfll11 U"'1fiW91~t11fll1111LL '!J.:JLL 1.:J""".:i we~W'M.fJi.J~.:J'!J'IJ 1J1qflt1VICl.:J~fl'M"Si.J'11~t 

L~11'Mft811 LL"tLnflLV'IJLfll1.:Jfti1.:it'Mij vi1l\\'fll111l'W1'1Ji1fliet1 'l """.:) fll111JU~LL1.:J~:a~i.i('IJ f.:i~~W'MIJii 
• I .. ' Pi I .,j ... ., ,.. "' .,, ,3 • .¥. ., 
u1ti.J1W 900 - 1,000 S.:Jl111L4'1"L4'1tlft 'W\J11 L1.1'1J'!11.:JVIU"'1flW911lfll111JLL'!J.:JLL1.:J~.:JVlqfle11mtlfll111l'W1'1J'11 
.,j Otll I '1111 II ... ., ... ..1 .. '111 _, 11111 ...I 
VIL 'Mi.J1tfti.J Vl1 'Mf1"11 Lfl11'M1f1'1S.:Jf111U"'1flW91Vlft11111Cl"'\JLfllilS\J ~fl LL"ti.Jfll111JLL '!J.:JLL 1.:J~.:JVli'lfl'!JS.:Jf111 
Pi ... ., , ... .,j .. ... .,, ... !!I ... ' .f 

Ll.l'IJU"'1flW91LU1fl\JL'WS"qrnfllilS\J fll11LU1fl\JVl~W'MIJ11 900 e.:Jl'l1L4'1ftL'Otlft 'M1f1~W'MIJ11~.:Jf111'1J fll111J 
d .: al I &I ~ Otll .. 0 I ... ...1~ I .r I .. 

LL '!J.:JLL 1.:JL 'W11111f1'!J'IJ LL'1fll1101l'W1'1J'11~t'11 Vl1 'Mf111"'\JLfllilS\Jil1\J1f1 ft1'1J~W'M.fJ11V1'11f111'1J'Wtl111lfll1111 
., I d 0 

'W1'1J'11~.:J LL'1fll111JLL'!J.:JLL 1.:J'11 

4.2 n1nlflflS~fli1.:id1ur.ai111Lflleuth'Mi'tJLflleu"'1shLN1 

a n~Wt'!J e.:i Lfll ftStlfl1 tl'Ma.:J f111LU1,j'IJ1t it1fll111Jij''IJa1'1JL 'Mqi~a:etj1t'9lt1ij''IJLL 11111 
• ~ .... .,j .. ., .......... 
~1'1J1'1J 12 ~'11 ~flLLf1~'11VI 1,2,3,4,5,6, 10, ll,12,13,16,171S.:Jft.:J111fll81tfltlf1.:Jf11'1Jf1.:Ji.J'IJ~1'1J1'1J 9 ~·11 
'111 I ..I ., II O 'Ill I _, 

~flLLf1~'11Vl7,8,9, 14, 15,20,21,22,23 LLilt1tfltlfl1'1J~1'1J1'1J 5 ~'11 LflLLn~'11VI 18, 19,24,25,26 

~1'1Jm1qni1'!Je.:JLfllftet1'Wt111 ri1ut'Mqiqn iiL-Wv.:i 4 ~'11il'lsjqni11'1LLti ~'"~ 
19,24,25,26 .i1ml'!Je.:iLfllaet1ule;Tn~1ri1'1Juft11'!Je.:ii1ev1.:i'Wt111~.:i 4 i1ev1.:iiim111w YA'1flieu-6'1.:i~1 
~e ieve1t 40-50 1ifll1eV1'61tm1.:ii'eve1a: 15-20 f.:iflie'IJi1.:i~.:i LYla"'°fti.J1Het1e1t 30-4oflieu.V1.:i~.:i LLftfl.:i 

t\\'L~'IJ11YA1J11i~V16'We1~em1qni1'!Je.:iLfllaet1Lll'IJev1.:i111naeflfllfle.:itit1q1~n~ lnit1\fuq.( 2534 : 48 > 
ilna1111 "~"Lfllaet1'l"~1 Lll'IJLfllaet1~~e.:ili~w'M1,1iim1LU1~1 1,000 e.:i1'11L4'l"L4lt1a 1''1q~t1mfLllui1 
'!i1t1'Mae11 (Flux) ri1u111mtl'IJ'W1n'1tri'1 (Lead) LLfttt1eLL1n'li (Borax) £i1Lfllftet1ijn1ifll1111LL11111LLfttft 
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ftflft1V a11Jn1'Hnf1Ji1,,,ij~L~2J~11J11J 14 ~'11LLflt .i1,,,ij~a.:i~l1n11'1~11J11J 20 ~J1' 1h~::Ln'1~1fln11~£i 
O .,j OI ti t I .. .,jp, I ' 1 1 ' ... OI 

LLnft'YILL1J1n1J11~1na11 1::naumv 1Jft11JNft2JLfilat1u'YIL1J1JNfl2J1~1nmwJ1L'Tl1Jfl111tJatJ flaan 111'1 '11JJl1 

aan2J1~el1Nii1J1.tiw'1 ~.:iLLm"IJ1~~1Vn11LN1VtJ1'W <1n2Ja i'nii1.:il'I (2531:47) ft11JJi1,,,ULflliit1tJLLVni1 

~1u1u 15 ~"1i!ua1L\'1~m~L~a.:i2J1~1nm"IJ,j'u,,,;a~ua::aa.:iLm::;j,.~eJ181J1.tiw'1naum1"qtJLfllaau ,,,;a 
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