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Abstract 

Research project aimed to study and develop ceramic product for eco-energy wall 

building construction. The heat insulating product prevented heat that transferred through 

the wall, saved energy for adjusting the room's temperature, and was used for wall 

decoration because it was coated on both sides that saved construction time. 

Research methodology was processed by three steps; the first step was soil testing, 

the second step was questionnaire and interview for the product design acceptance and the 

last step was the physical testing of the product. 

All 11 formulas for the heat insulation property and production, it was found that the 

most appropriate soil content ratio was 35% of kaolin, 30% of ball clay, 20% of feldspar, 

15% of quartz and added 7.5% of rice husk ash. 

For the product design investigated with questionnaire and interview by the expert 

who has experienced in construction work and construction materials and the expert in 

industrial ceramic production, it was found that the first design is the most appropriate 

because this product was designed to be hollow in the middle and was lining up which 

helped transferring the heat to the surface above. 

For the comparison of studied material with three types of wall construction material 

which were brick, concrete masonry unit and autoclaved aerated concrete (data from 

Documentation of Selection Guidelines on Construction Material and Electrical Appliance 

and Equipment for Energy Conservation, The Department of Alternative Energy 

Development and Efficiency). it was found as follows: 

1.For the thermal conductivity (k-value) of studied wall construction material, it was 

0.111 W/m. For the resistivity (R-Value), it gave 0.694 m 
2 

KJW. For the insulation resistance, 

it was higher than that of brick , concrete masonry unit and autoclaved aerated concrete. 
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2. For the wall construction time including decoration, studied material took one 

hours and forty-fifths per one meter square. It was more convenient than that of brick, 

concrete masonry unit and autoclaved aerated concrete. 

3. For the weight of studied material including cement coating, it was 91.6 kg.lm 

which was less than that brick, concrete masonry unit and autoclaved aerated concrete. 

4.For the average compression value, it was 2,858 kg. (tested one by one) 

5.For the refractoriness, it was high refractory material with 1,491 degree Celsius. 
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fl1'V'l'Yl 36 LL3J'V'l3J'V'l~fl~fltu.'t1~1JLLtJtJ'Yl 3 43
 

, 
.. '1 I Q"o 

fl1'V'l'Yl 37 m1'Yl~~etJ1::£J::L1fl1 ~'U.m1ne~'U.~ .45
 

I II I II
 .. .... 'I .... Q"o'l Q"o A 0 Q"o.1 I
0 I 

fl1'V'l'Yl 38 ~'U.LLtJtJ ~"1J'Yl~~etJ'U.1'V1'U.n ~'U.m1n £I ~'U.~L3J e113J'U.1'V1'U.nlJ'U.na 45
 
'II 



..J'" ..; _"r ..; 0 '" ...

1.1 fl'J1&1 n1~U!J ua:::fI&l11J thl1JqJ'H1f1f11 nTn.HI 

1111::1flnftl\uu'U.lJ"'nJ'vn~ij tl1~~an L~ [I'I1~ ~ fl1 [llJ~::L 'Yl~~fl1 [I ~1 [I L~1J LL~~'1fl111J~ 1'1L[I.. 
LLfld11Jiiml'U.L'U.m~LLnlJ"'nJ~1 

'" 
Yi~::n tlLiLn~n1~LlJ~ [I'U.LLlJ fl'l~1'U.tlnt~11ij 

q \I 
~'1m~LLnJnJ~Td 

cu 

~m~tln~::'Yh1~L~[I'Yl1'1m'l L"li''U.m~fl~m~lJs:ltlmi1'l5L~tl'U.n~::~n m~lJfln~1tlwi'n~~'U.13J
'II , 

LLfl::'Yl1'1 ertl1J L"li''U.m~L,r'Yl'i"'Y-l [J1n~Yiiitl ~ tl ~1'1lJ~::~ tJ~ LLfl::~1J~1 LtI'U.~'U.
'II , 

n1~tl'U.i'n~Y-l i'l'11 'U.LtI 'U.'Yl1'1 L~ tln~ rt'lL'U.n1~tJ~~L 'Yl11111::1flnftl'U. ~'1lJ"'~~U'U.n1~tl'U.i'n ~ , , , 
Y-l i'l '11 'U. ~~tln1~fl~n1~ L,rY-l i'l'l1'U.111 [IL'U.tl1m~fhu'U.i'lYifl1~~'1 L~~1J LLfl::Li n1~~,rtJ ~'U.,'U.LU'U. 

tl ~1'1 fl'l LY-l~1:: tl1fl1~~rt'l~ i'lL,r Y-li'l'l1'U.1J1n1J1 [I~ fl1 [I~1'U. L~tl Lin~n~~1JYiL n~;f'U.111 [lL 'U. 

tl1m~~11J1~tl~1L it'U.1lJ1~tl ~1'1 L~[ltJftl[l lJ"'nJ~1.. tlci1'1~rt'l~'1Ln~;f'U.111 [lL'U.tl1fl1~;{tl fl111Jftl'U. 
..d A..d ., J' ..'"'t ~ -I.ClI I fI' 
'l5'11J1~1 n LL~ 'I LL~~ LLfl:: tl nt~111J111[I'U.tl n 'l5'1 fl111J~tl 'U. 'U.L u'U.~ '1'Yl1J ~ fl n~::'YltJ ~ 

I 

tl~1'1 n1 [I 1J 'U.~[I 
, 'II , 

1~ [I~~'1rhLi~mn~fl111J11J\l,1~tJ1 [I LLfl:: LU'U.Yi1J11J tl'lm~~~i'lLfl~tl'llJi'tJ tl1m~ 
'II 

~1111::fl111J~~'1L'U.lJ"'~~ U'U.tl1m~J'I1J'U.1~ L~ qj LLfl::1J'U.1~ Lan iin1~~~i'l Lfl~tl'llJi'tJ tl1n1~ 

tl ci1'1 LL Y-li~ fl1 mLfl::iiLL'U.11,z1J L~1J;f'U.L ~tl [I ') n1~l11'11'U.1Jtl'l Lfl~tl'llJi'tJtl1n1 ~dL,rY-li'l '11 'U.1wvh 
tl ci1'11J1fIL ~ tllJi'tJ LLfl::fl1tJfl1J tl nt~11 ij111 [lL'U.tl1fl1~L~'~~11J~tl'ln1~ i'l~rt'lYi~::"li'1 [I fl~n1~q, 'II 

l11'11'U.1J tl'l Lfl~tl'llJi'tJtl1n1~1i,ztl [I fl'l ;{tln1~l111ifl111Jftl'U.111 [I'U.tln L,]11J1111 [I1'U.tl1fl1~,ztl [I 

Yi~~ ~'1 Ln~m~~~~'U.L 'Ylflitfl~1'1 ') L~ tl~tl'ln'U.fl111Jftl'U.L"li'1m111 [lL'U.tl1m~, 
n1~~f1'1 ~,r'l LLfl::1~~L'U.m~~f1'1 ~,r'li1 tl Lu'U.i'l ~1Tl"'flI LY-l~1:: ~11J1~tl"li'1[1 tl'U.i'n~ ~~tl fl ~ 

q "tl , 

m~L,rY-li'l'l1'U.1~ ~'1lJ"'~~U'U.ii1~~~1'1 ')L'U.n1~n tl~f1'1~,r'lmnm [I~fl1mrit~ LLfl::~fl1[1~lJ LLtJtJ 
, , 'II 

1~~L'l5~1ijmf i1mu'U.1~~~rt'l~'1iin1~\l.1mL,r~tl'ln'U.fl111Jftl'U.1~ YiL~[lfi'"h Elastomeric, , 
ceramic insulation L"li''U. ~1~Lfl~tltJL'l5~1ijmf (Ceramic Coating) LU'U.~1~1,rLfl~tltJ~tl'ln'U.fl111J 
., .At..¥.ClI 61 G../I fI' A Q ~" .....At. " 

~tl'U. U'U.1Wlr'U.~'U.1J ~~lJ~::n mJ~flnm~1n tl'U.111fl L'l5~11Jn ~ 'l5'11Jflnt~1JtJ~ L'U.m~~~'l5tJfl111J~tl'U. 
, , 'II 

~1 LL~ ~::'Yi'tl 'U.fl111Jftl'U.1~~'1 iiin~nt:: LU'U.1J tl'l L~ fl1 L,rY'l'U.tJ'U.~ i'lfl1LLfl:: ~1'U. fi~tl'ln1~~ tl'ln'U. 
'II 

fl111Jftl'U. LLfl:: Li'U.Lm6]J~1ijmf(Ceramic Fiber) iiin~nt::LU'U.~'U.Li'U.L[I~'1 ii tlflij\l,1 LLfl::~~n1 LtI'U. 
'II 

1~tl~tJ~inL'U.n1~~~~ ~~~.rlnt't1J'I2 lJ~::L11'Yld LU'U.~~~.rlnt't1L6]J~1ijmfYiLU'U.1~~lJ~::n tltJ, , 
u'U.1'U.~'1~::~tl'lL,ri11JntJ1~~lJ~::ntltJ1fl~'1~f1'1 ~'1l11Liii.ff'U.~ tl'U.YimnL'U.n1~n tl ~f1'1LLfl::LU'U. 

q 

m~L~1J~1L,r~1 [lL'U.m~n tl~f1'1~1 [I 

~1nn1~~n~1']tl1Jfl~1'1 ') ~::L~'U.1~'·h1~tl~tJ~1'U.L'l5~1ijmfiiflnt~1JtJ1iYi~L'U.n1~~ tl'ln'U.
'II , , 

fl111Jftl'U. LL~ tJ'I ii~lJ LLtJtJ LLfl::n1~ L,r'l1'U.Yi ~tl'l tl1fi1[1.ff'U.~tl'U.1J1n LY-l~1::tJ'Ifl'l LU'U.LL~1~~lJ~::n tltJ
'II , 

U 'U.1'U. fl nt::~1,rma'lL~'U.ii'ltrnJ~1~'1ns:l11 ~'1~tl'ln1~tl tlfILLtJtJ~~~.rlnt't1L6]J~1ijn ~ YiLtI'U.1~~ 
'II", 
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UU1U ~ m::~liiJL~.:JL~U~.:J1J"nJ'VI1i.:Jmh1 ~.:J~eJ.:Jn11eJ eJmLUU~~liI.nm~L6jJ·n3jmf ~djU1~liI 
~ ~ , 

lh::n eJUt~1.:J m1.:J tlil £J1~ii~,m~3Ju1ilum1JeJ.:Jnum13J1eJUl~LLfl::lb1J LLuum1li.:J1U~~::liI1n 
~ 

LLfl::~13J11f1li1mL~.:J eJ1m11lillum1ri eJ~f.:JL~£J1 L~11djn11li1f1 LL~.:J,r1 L~~eJUuu~~liI.nm~,b £J fllil 

1::£J::L1fl1lum1rieJ~11.:J 

.... t1 tf f"' .......

1.2 "1f1n, 1':::ft"f'!Ieh1LA1'"n11'"1'lU 

1.2.1 fln1Y1LLfl::rr~U1~~liI.nm~L6jJ113jmf.m"1r1um1rieJ~u.:JL~eJm1eJufn~m1li~i.:J.:J1U, 
1'l1£J1UeJ1m1tlil £Jiim1li.:J1U~~::liI1n LLfl::Lnm1f1li1n LL~.:J eJ1m11~um1ri eJ~i, L~£J1 

,b £J fllil1::£J:: L1 fl1lUm1ri eJ m1.:J 

1.2.2 l1li1 ~eJU ~~liI.nm't1~ULLUU L~m1J1£JU LYi £Ju~min1Ym::LLfl::~m~3Ju1il U~1U, , 
m£J1'l1~nU1~liI5u'J~h1um1rieJ~U.:JeJ1m1, 

1.3 !I [JUL!I(;l!l [J"rA1'"n11'~\lU 

1.3.1 fln1Y1LLfl::rr~U1~~liI.nm~L6jJ113jmf.m"1r1um1rieJ~U.:J 

1.3.2 ~11.:J ~~liI.nm't1~ULLUU L~ eJ1il1li1~eJU LLfl::h1um1rieJ~u.:J"lJU1li1..{U~3J LnU 

2 liI111.:J L3J liI1 

1.3.3 L1J1£JU LYi £JU~m~3Ju1i~~liI.nm~~ULLUUnU1~liI~.:Jd', , 
~~3JeJnJ (Brick).. ~ 

~eJun1li1U~eJn (Concrete Masonry unit)
 

~eJUn1li13J1flLU1 ( Autoclaved Aerated concrete)
 
A Q.,o,...... Ai I Q"Qa..-,f

1.3.4 m1l1li1 ~eJU ~fllill'lm'Y1li1ULLUUL~eJ'VI1m~m~3JUliIliI.:JU, 
- ~1~113J'VIU1LLUU
 

- -;)1U1U'VIU1t1~eJliI111.:JL3JliI1
 

, 0 ~ 

- mm1U1~113J1eJU 

,~ ... 
- mm1li11Ul11ULL1.:J eJliI
 

- ~1m1l1U1y.j
 
a" A ~ 

- eJliI11m1li1li1'll'3JU1 
~ 

- ~~lli-;j1£J1um1rieJ~11.:J~eJliI1"'.:JL3JliI1
 

- ~113J~::liI1n11li1L11lum1rieJm1.:J
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1.3.5 1~~~h'ut~'--1m,-Lihrr~~1l1rJhl,th::L'twrhl,xmJn, 60..hi'mJiil:: 
~ ~ 

1.3.6 BnI.~llnrh1l"um'-L1:nhJ~1nl1 1,100 B-1~m'1fiilL.nrJ~ 
~ 'II 

1"' ... ..1 I 'I 1IJ ....
1.4 t.I"itL!I!f\U1 f11(.orl1;Jt U,oI"':!U 

~13J1,-nii.1"ll B11 iil?lhr...r-1 ~1 Un1'-'Yl ~ iil B-1 ~ ~ ~.nnI.'l1LLiil::n1,-1 L~'-1 ::,.{~1U n1'-B Bn LLlJ lJ11.1 
'II 

L~ rJ LLvdl~nlJlJ~~iil~~ul';) LLiil::~11J1,-mt1l1.l,;)~~'YlnU~'-L ~ B~~~ 1UL;f-1'V'l1nt1l'Ef 
~ 



u 

..; 
UfIfI 2 

Q"of A Q"of I' 
2.1.1 nTHHmLLUULLa::Yi~U1~H~lillH",'YI 

nTHHlnLLUU ;;El m~n1'V1UlilTl11:IJ~lil~1U£JEllil'VI1mJtUf1~,r (to conceive) 'VI1El 

11"'LL~U (to plan) 'VI1Eln~::fh (to execute) 'tu~::iU~m.n1Yi (1V"' i"'L'J1tl!, 2545: 47) LLa:: 

m~W~U1 ~~lilt1nt't1 ;;Elm~tlf1J1.h..,LLn1"lJ ~..,~ EJ.., Luu,J"nJ'VI1"lJ El.., ~ ~lilt1nt't1i u't~~ d..,;fu El1'J 
q ~ 

mh1ii.., Tl11:IJ'VI:IJ1 £Jtlil £Jj1:IJ"lJEl..,n1~ElElnLLUULLa::W~U1~~lilt1nt'YI1~11Li]un1~~lil~U 'VI1El 

tlf1J1.h.., LLn1"lJ ~..,~ EJ.., LUUtl....nJ'VI1"lJ El.., ~~ lilt1nt't1iu't~~;fu tlil £J iin1~11'" LL~U 'tun1~~liliu 
q ~ 

W~U1'V11EltlfutI~.., LvfEl't~Lnliltl~::t£J"15\num~'ti~El £J'VI1ElTl11:IJYiEl't'J'tU~~lilt1nt't1:1J1n;fu 
q 

.... ~ 

2.1.2 L'lJ~1:IJn~ 

L'lJ~nmf (CERAMICS) LUU~1flTl~1er..,mp~~..,iiTl11:IJ'VI:IJ1£JTl~1 £JnU~111 

LTl~1:IJEl~ (KERAMOS) "1JEl..,-n11n1f1tu~1nt LLtla11 ~"'~f1m~1 L'lJ~1nniEl1'JiiTl11:IJ'VI:IJ1 £J 
'II 

tlil£Jn11.., 'VI:IJ1£Jii"'~~lilt1nt't1~~i1"''J1n1lilfl~uuuLtI~Eln tan L-nu~uLLa::~ulii1'"') U1:1J1e.11U 
q 

1nm~L~1 (Firing Process) LvfEl't~Lnlilm~LtI~£JULLtla"'~1utTl~..,~i1"'"lJEl",1lilfl~U't~iiTl11:IJ 
q 

LLii.., LLn i.., 'YlU'Yl1 U 'tUTl11:IJ 'VI:lJ1 £J"lJ El.., ~111 ~ ~ lil t1nt't1L'lJ~1 nmf ~.., iiTl11:IJ'VI:lJ1 £J ~1:IJ 1tlii.., 

~~lilt1nt't1lii1'"') L-nU Ellil~1'V1n~~:IJn1~fi1LLn1(Glass) Ellil~1'V1n~~:IJ ta'VI::LTl~ElU (Enamel)
q q 

~~lilt1nt't1Ellil~1'V1n~~:IJn1~fi1sjjL:lJulif tlU"lJ11 tlUYia1~LlilElf (Cement, Lime, Plaster) 
q 'II 'II 

~~lilt1nt't11lilfl'Yluly.J (Refractories) LLa:: Ellil~1'V1n~~:IJ~..,,rlilfl(Abrasive) L'VIfhd'LUU~U ('Yl1
q q 'II 

Yi~'VI:lJYir]n~, 2523: 1) 1utI~::L'Yl~l'Yl£J ~111L'lJ~1nniEl1'J'tiL1£JnElci1"'LLTlU'VI:lJ1£Jii.., ..,1U 
I ~ I 

LTl1El..,tlU~UL~1 'VI1El ..,1ULTl1El.., LTl ~ ElU~UL~1 
.... ~ .... 

2.1.3 m~e:Ju~n'MYi~"''''1U 
q 

n1 ~ El Ufn ~Yi a""..,..,1 uiiTl11:IJ 'VI:lJ1 £J;; El n1 ~ 't iYi a""..,..,1 U e:J ci1.., tI ~::'VI EJlil LLa:: ii 
q 

tI~::~'Ylnfl1Yi~'" ~lil 'tun1~1i'£Jd' "lJ e:J er1..,ii..,n1~tl1iU~'t un1~e:Jufn~Yi a""..,..,1U lil1:IJ
'II q :.J q 

Yi~::~1-nUnJru~n1~,*"'L~1:IJn1~e:Jufn~Yia"""''''1U
~ 

Yi.~. 2535 (uUULLnL ~:IJL~:IJ)'t U,*1un1~ 
~ q 

e:JU
q 
fn~Yia"""''''1U 'tUe:J1m~lil1:IJ:IJ1lil~1 17 't~~1 Litum~e:J ci1..,'tlil El ci1"''VIlt..,lii e:Jltld' 

- m~alilTl11:IJi'ElU'J1nLL~'" El1~lil £f¢lL-n1:1J1fl1£J'tUEl1m~ 

- m~tlfu El1m~El ci1.., iitl~::~'Ylnfl1Yi ~1:IJ,f..,m~fm~nElnt'VIflnfl1 £J'tUe:J1m~ 't~e:J ci'tU 
q 'II 'II 
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CI 

... , ...	 .... 
ntl~"1\1UU') 

- m,.1"lfLL~\I~11\11l1£J1utl1m,.mJ1\1iith::~'Ylflfn'V'l
 

- m,.1iLLa::~~l\lLTl~tl\l,rn,. mJn,.cl1La::1~~~ntl1iLii~m"tlwi'n';'V'la\l\l1U1 umm,.

q q	 q 

- m,.1i,.::tJtJTl'"JtJTl3Jm,.ii1\11WlJ tl\l LTl~tl\l,rn"LLa:: mJn,.cl
q	 q 

- m,.tlufn';'V'la\l\l1 '1.4t~ £J1ii5u~13J~ri1'V\U~ 1un/Jn"::'Yl,.1\1 
q 

2.1.4 uU1UnUTl113Ji'tlU 

Tl113J~3J1£J~tl\luU1ut~£J~1LU~3J1£J~\l1~~~iiTl113J~3J1,.~1un1,.~n~«UTl113.1 
q 

i'tlUL3J1iff\l~1U~1n~1u~rt\lLU5mi1uwrt\lL~~1£J (n"3Jvr~u1LLa::ff\lL~~3J'V'la\l\l1U • 2550: 7) 

m"~~1,.ru,1 Tl113J LUUuU1UnUTl113Ji'tlU~::~~1,.ru,1~1nTl ru,~3JtJ~~ an i\ld' 
q 

- iiTl113J~m,.rI1um"~1U'Yl1UTl113Ji'tlU~\I(Resistivity) ~~tl fi1 R mn 
'IJ 

- iim"'Il1Tl113Ji'tlU~1(Conductivity) ~~tl fi1 K Utl£J 

- iiTl113J~Tl113Ji'tlU~~1 ~tl L3J~::~3JTl113Ji'tlu1ui1 (Thermal Capacity) 
q 

uU1UnUTl113Ji'tlU~1LuiimJ 2 U,.::Lll'Yl ~tl uU1ULLtJtJii3J1a LLa::uU1ULLtJtJ~::fitlU 
'IJ 

.., cv cv CV~Q..oo 

Tl113J,.tlU (n"3J'V'l~U1'V'la\l\l1U'Yl~LL'YlULLa::tlU,.n'M'V'la\l\l1U, 2545: 15) 
q 

uU1ULLtJtJii3J1a (Mass Insulation) ~tl 1~~~iiTlru,~3JtJ~1un1,.,jtl\lnUTl113Ji'tlut~£J 
q q 

tl1i£JTlru,~3JtJ~~tl\li11~~Ltl\l L"11U uU1u1£JLLn1 ( Fiber Glass) 1~~,j1'V'l1f1tyJ3J (Foam)
q q	 q 

uU1ULLtJtJ~::fitlUTl113Ji'tlU (Refective Sheet) ~tl 1~~~,jtl\lnUTl113Ji'tlut~£Jm,. 
q 

~::fitluf\l~Tl112Ji'tlUL ~tl1i1~~~~sitJTl113Ji'tlU L"11U LL~Un,.::~n (Glass)
q'IJ 

2.1.5	 ~.J'lr\lmm,. 

~U\l ~tl ~\In tl ~i'1\1~'Il13J1«UL ~tl,j tl\lnULLa::ii11iLii~,.ui1\1i tl\l~ tl\l tl1m,.;fu
'IJ 

~U\I ~ tl ~htltJutln~ tl\l mm"L~£Jn11 ~U\l1l1 £JUtln ~u\I~1 "lf1l1 £J1Utl1Tl1,. ii11idi~,.ui1\1 
'IJ	 'IJ 

itl\l Li'£Jn~U\l1l1£J1u (~2J~i' n1nJ~U~~, 2535: 60) 1u,.::tJtJ~tl\l1~~n"tltJmm,. 1~~~U\I 
., q q q 

LLU\IL~LUU 3 ,.U LLtJtJ ~ tl 
'IJ 

Q..oo -I #II 

~U\I'Yl3J3J1a~"(Mass Wall) 
I cv A

L"ll'U ~U\ltl;j3JtlnJ... ., 
Q..oo #II" 

~U\lTltlUn,.~tJatln 

~U\I~iim,.~i'1\1 LUUtTl,.\l1l1 £J1'1.4 

LL~1iJ~,rtJ~1 £J1~~ 
q 

5'1.4 ') L"11U ~U\I tTl,.\I 

L~~niJ~,rtJ~1£J LL~U flusi3JtJtlf~ 

~U\lu,.::n tltJ(Composite Wall) ~u\I~iim,.1"lf1~~~LLtJtl~ii3J1aLLa:: 
q 

~LUUtTl,.\lTl'i11 ~~3Jnu t~ £J tl1~iim,. 

1ffuU1UnUTl113Ji'tlUL11l1£J1U~1£J 

~~tltl1~ tl ci1uan'Mru,::~u\I Lh L~~,.unt~ 
'IJ	 'IJ 



6 

CI 

-r~~hl.m~r\m.J,r..,en~~::LL~mUUn~3J~~ 2 n~3J ~13J~Ul.~3JtJ"~"lJEl..,-r~~~~i..,d 
q q q q q 

- n~3J~LUU-r~~1J1::nEltJ1~~..,~i'1'" L-rl'U Ei~3JElfil ~ElUn~~tJ~Eln ~ElUn~~3Jl~LtJ1 
1 1 ~ ~ 

- n~3J~LUU-r~~1J~::nEltJUU1U L-rl'U -r~~')TVnn hJ3J El~ihi3Jy.JEl~tf LUU~U 
q q q 'II 

... "'1..1'" ~ 
2.2 LL"1flfl Ua::'t1flH-!J't1Lfl 0111 il\l 

n1~1i-r~{]~tJLL~::n1::tJ1Un1~~1UL'lf~1iini' ~13J11{]~i'1'"~~ ~nUl.~~-rl'l~1Un1~ 
q 

ElUfn';Yl~"''''1U111 ~1UEl1m~~~ 1~ ~ El ElmLtJtJ~~~nUl.6fI' ~LUU -r~~r\ El ~,r"'~~13J1~mJ El..,nu
q q 

~113Ji' El U~1 n 111 ~ UEl n El1 ~1~L "ll13J1111 ~1 UEl1~1~,rEl ~ ~~~ Lyf El ~ ~ n1~'yh"'1U"lJ El..,
q 

L~~El..,1JftJenm~ LL~::1~~113J~1~L~11um~r\El~i'1'" LL~::m~~mL~"'LUum~1J~::~rJ~~11i~1~ 

1J~::~ rJ~L lL'l1 iiElLUUn1~1J~::~ tJ~Yl~"''''1U 1WYl1.., erEl3J~l ~ 1~ ~-r~lil 
q 
L'lf~1iini'ii~ 

q 
Ul.~3JtJ1i~~ 

- -r~~L'lf~1iini'ii~113JLLii"'LL~"''YlWYl1U 1~ ~~3J1~{]'YlU~ ElLL~..,n~~~ 50,000 - 100,000
q 

I ~. 6' 
~El~1~1"'Ul('Yll Yl~~3JYltln~,2523: 3) 

- -r~~ L'lf~1iin i'ii~113J ~3J1~{]1um~'YlU~y.J~.., il El []1..,"lJ El..,-r~~ L'lf~1iin i'1J~::Ll1'Yld ;) El 
q 'II q 

Ei~'YlU~y.J LL~:: ~~~nUl.~L'lf~1ii~~L~11uElUl.~l1ii~.., L-rl'U ~1U "11'13J L~1ElUl.~l1ii~ 1,200 El"'~1 
... q 'II 'II q 'II 

L'lf~L6Jf~~ ~"'~3J1~{]'YlU~y.J~~~.., 
'II 

- -r~~L'lf~1iini' ~13J1~{]'Il13J11iLUUUUlUnU~113Ji'ElU~~ il El []1..,"lJ El..,-r~~L'lf~1iini' 
q q 

• 1 J' ... A 1'" ~ '11 ••1 ~ A 

lJ~::Ll1'YlU ~El L'lf~13J~ ~'Yl~'" LL~:: ~Y'lLtJEl~L'lf~13J~ 

- -r~~L'lf~1iintf~13J1~{]~~::'Yh1~Ln~n1~Yl~uil1UL dEl-r~~ LyfEl-rl'l ~1 un1~~::tJ1 ~ 
q q q 

~113Ji'Eluii1~~::~3J1 Ui1-r~~ 
q 
~~L -rl'UL~ ~lntJ ~ ElUn~~3Jl~LtJ1 i1 El []1..,"lJ El..,-r~~ 

q 
L'lf~1iin i' 

.:fA A G..oo 6'..d1!11 ~ ..d. G..oo

1J~::Ll1'YlU~El ~iil~11Ul.6fI'Yl "1I'~um~n~El"'U1 (Ceramic Filter) 'Yl3J~113JYl~U~1~'" 
q 'II 

- L'Yl~it~~1UL'lf~1iintf~3J1~{];fu~1J~~~~1~~n~Ul.::1~ ~ LUYl1::n1~~i'1..,-rl'El..,i1"'111 ~1U 
'II 

~i'Elm~~i'1..,1~~~~nUl.'Yfniill'" 1~~inm~~~mr1~ULLtJtJn~1'" (Hollow Casting) ~::Ln~ 

El1m~"ll1..,1u~~~nUl.~LYlEl-rl'lmJEl..,nU~113Ji'ElU~~LL~::'Yh1~~~~nUl.~ii,r1~,rnLtJ1 

- ,r1L~~EltJL'lf~1iini' ~13J1~{]-rl'1~1~~~~nUl.~~::'YiElU~113Ji'ElU~~LL~::nU~113J:!U~~ 
~noyf",£J..,-rl'1~1um~~nLL~"'~1"lJEl..,-r~~~~ 

q 

2.2.1 U"1A113JAfI'"flT'iililfILLlJlJ 

2.2.1.1 ~1U~Ul.~3JtJ1i"lJEl"'1"'~~ 
q q 

iiLLU1~~~~::'Yl~L'lEl..,1~LdEl~u~1i~i'1..,~~~nUl.~iim~Yl~uil ~~1mltJ 
q 

m~Yl~Uil"lJEl"'~ ElUn~~3JliilLtJ1 LyfEl-rl'1 ~1 un1~~::tJ1 ~~113Ji'ElU"lJ El..,L dEl~~~nUl.'Yf -r~{]~tJ~ 
q q 

'Il13J11iLUU-r~{]~tJ'Yl1"'~1m'lf~1iintf ~ii~113JL~3J1::~3J1um~L~~~3JLUU,r1~U~~El ;)El
q 
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~U"lJ11(Kaolin) 

Lilu~u~iiGfmym~~11U1~ Ld'eJ~Uii~113J~~L~ rJ9IUEW ii~113J L'WitrJ1UeJ rJ ~eJ.:IU1LU 

~~3Jn1J191tl~1J~U ')LunT~·Li.:l1U ~13J11tl'YlUhJL~~.:I iin11'V191i1UeJ rJ lil::'V'l1JLuvfu~ ~LUU~, ~ 

111J~.:I LUU~U~Ln9lLULL'VI~.:I~vr.:l"lJeJ.:I~UL~3J (Residual Clay) ~U"lJ11lil::L~~111J1~'Yln~Gf.:l 
~, , 

Lm itrJ3JLin1Jm1~f1.:1~~91.nm't1L'lf11iimf~~eJ.:Im1~113JU1::nt91~1rJ.:I13J
 

LL'VI~.:I~U"lJ11~W1~nJLUU1::L
m'L'Yl rJ 
'" 

~ ~ ~ ~ ~ 
- 1J1U1J1.:11U eJ. L3J eJ.:I lil.:l'VI1911::UeJ.:I
 

- U1UU1.:1m eJ.LLi~3J LLfl:: eJ.LL3.i'Yl:: ,).:I'VI191~1U1.:1
 

- U1U'VIUeJ.:IL'VInJ fl.LiieJ.:I ,).:I'VI191U11~U1J~
'" , 
- u1u1~::L~.:I eJ.~L 'VI.:IU1~ ,).:I'VI191U11n11~, 
- eJ.L1rJ.:I~1L~1 ,)-J'VI191L;5rJ-J11rJ LUU~U 

~fl ~'\.lo"lJ11 ~'\.lo"lJ11 tfln'3Jfl111 u1'\.lol~ U1'\.lo1\l1l1 L111\l tl1\lfh ~'\.lo 

1Lfld)::,( ~::'\.loEJ\l '\.lod)~11H tld)~'\.lotJ7" Ell111ti1it EJ9I~~91t1 tJ1Lih ,htl1\l "lJ11 
~ 

'Yl1\lLflii 

Sio2 48.75 47.30 48.10 65.93 68.56 44.50 59.70 51.85 

AI20 3 43.58 35.72 36.10 24.85 19.32 38.20 27.60 32.77 

0.71 0.38 1.47 1.28 2.21 0.80 0.85 2.12 

0.02 0.20 0.79 0.05 0.21 0.20 0.07 0.53 

0.07 0.11 0.20 0.15 0.05 0.10 0.13 0.02 

0.34 1.01 0.14 0.45 0.53 0.25 0.18 

2.52 1.76 0.16 1.73 4.99 0.80 5.85 3.58 

0.48 0.39 0.13 0.12 0.22 0.15 0.41 
'" 

U1 'VI un 10.66 12.99 12.95 5.45 3.01 14.20 5.39 14.12 

'VI1rJLU 

'VIGf.:lLm 

(LOI) 
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~U~h(Ball Clay)
 

~U~1'V11El~UL'VIUm"lJ11 Luu~u~iiin1Ynl.::~~1'V11m 'Y11 Ld'El~UiiElUfl1Tl L~nTl111J
, 
fl::L5 ~~1J1n iiTl111JL'VIU~11J1n iier~11m1'V1~~1~'.:I Luu~u~di~'iil1n~U"lJ11~~1 ~riurh Li:t~ 

'II 

lu~n~::nElulu~LL~.:I1'V11J (Sedimentary clay) 'VIi.:ln11L~1'ii1::ii~"lJ11'V11m'VI~El.:lU1fliiTl111J 

'Ylul~~.:1 
'II 

LL'VI~.:I~u~h~iiTl111Jth~ru1UU1::L'Yl~l 'Yl~... 
..., Q"I Q..<l s',;:( 

-1J1UU1~1 'iiI.:I'VI1~~111YlJ11i1U 

...... ... 
-fl1u~m 'iiI.:I'VI1~UTl1~11i111J11"15 

-LL3.I'Yl1U El.LL3.I'Yl:: i.:l'VI1~~1U1.:1
 

-LL3.I'VImn El.Lii'El.:l i.:lWr~Lif~.:I1'V13.1 LUU~U
 

~fl 
... 
1J1UU1~11 U1n~~ LL3.I'VImn LL1J'Yl1U 

... 
LL'iilTl ElU 

... ... 
1 LTl11::'VI 

... 
~111YlJ11i1 U11~U1J1, Lif~.:I1'VI 3.1 ~1U1.:1 ~1U1.:1 

... ... 
'Yl1.:1LTl1J U 

Sio2 50.94 52.0 59.2 59.92 56.2 

AI20 3 31.70 27.3 23.7 25.92 29.8 

Fe203 2.78 3.4 0.9 0.62 2.90 

Ti~ 0.88 - 0.34 0.70 0.63 

CaO 0.34 1.3 0.37 0.08 0.40 

MgO 0.46 2.0 0.39 0.45 0.74 

K20 0.58 - 2.71 2.07 2.78 

Na20 0.4 - 0.35 0.33 0.85 
... ...0 

U1 'VI un 11.75 13.9 9.6 9.12 7.0 

'VI1~lu 
... 

'VI fl.:l L~1 

(LOI) 
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EI 

~'\.I,lIJ"''\.I,~1(Feldspar)
 

ii;m~m::Li]'\.I,~'\.I,LLii" ~'lJ11~~El~l'lllrh11~,r1rhi]'\.I,i1~'H)3J~::,ntJ(Flux) l'\.1,Elm~llii
 
q '\J 

ff" li~ff3Jl~J"1'\.I,LdEl~'\.I,LL~::.J1L~§ElU ~'\.I,lIJ"''\.I,~~ILi]'\.I,f{1~lh::nElu'lJEl'' er~ml~u El~iiL ittJ3J 
'\J '\J 

'B~Ln~ (Alkalines Aluminum Silicate) Li]'\.I,1~{lthinJ"1fii.~~rt"El~f{1~n~~3JL'lf~1iintf 
q.. q 

LL~ fl,,~'\.I,lIJ"''\.I,~1~ii~113J ~1inJ1'\.I,lh::L'twil'Yl tJfi El.. 

...... ... 
- ,;)"~1~ L~"1f~U~ 

q 

- i"~1~ LL3JriEl" ffEl'\.l, Lt!'\.I,~'\.I, 

~1~1"~ 3 i1El~1,,~~1L~~::~'Yl1"L~ii'lJEl"~'\.I,lIJ"''\.I,~1,;)1n El. U1'\.1,~1n i"~1~~1n 

... ... 
~f11L~~::~ 1~LL'Ylff 1'lf~1 

... 
'Yl1" L~3J LlIJ~~fflhf LlIJ~~fflhf 

Si02 65.0 70.2 

AI20 3 18.6 17.8 

Fe203 0.31 0.06 

CaO 1.0 0.11 

MgO 0.08 0.22 

Na20 3.8 8.8 

K20 10.0 0.16 

Ti02 - 0.26 .. ...0 

'\.I,1~'\.I,n 0.19 1.33 

~1tJl1J 

~;" L~1(LOI) 

... ~
 
~'\.I,L'lJtJ1~'\.I,3J1'\.1, (Quartz)


q 

LtI'\.I,f{1~1J~::n ElU'lJ El,,'B~n1 (SiliCa)~Ln~;f'\.l,~13Jti~~3J"1f1~ ;m~m::~~u 1'\.I,~1J~1" ') L"li'\.l, 
'\J 

l'\.1,~1J'lJEl"~'\.I, (Rock type) 1'\.1,~1J'lJEl"'Yl~1tJ (Granular type) 1'\.1,~1J~" (Power type) ii~113J 
'\J '\J '\J 

LLii"LLni"El~~~::iu 7 'lJEl\l Moh's scale of hardness ;m~m::ii~'lJ11~~El~l'lllTi ii~113J 
'\J 

~::LEl tJ~ff" ii.tJ3JliJ" ~ff3J1'\.I,Lda~'\.I,LL~::.J1L~§ au 't111'iLda~'\.I,ii~113JLLni"LL~::'Yl'\.l,1lIJl~ff" 
'\J '\J 
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LL'VI ~.:I~uL;f tJ1'V1\L:lJ1U (Quartz) ~iifl1111 ~fltlJLulh::L'YlflL'YwfiEl 
... .... .... 

-El.l.nU~nn 'il.:l'VI1~~ln 

-El.LLna.:l i.:l'VI1~d::tJEl.:l
 

-El. 'YilL'VIli i.:l'VI1~iu 'Yl1.J~
 
~ 

-El.Lii'El.:l i.:lWr~~11~ LUU~U 

2.2.1.2 115mdLumdJEl.:lnUfl1111i'ElU 

- iiLLU1~~LunldLi"liEl.:l11.:1"lJEl.:leJ1mfl LunldJEl.:lnUfl1111i'ElU'illn~,r.:l~lU 

'VI~.:I ff~,r.:l~lU 'VI~.:I~.:I LUll.i15md~LUUllddll"lfl~ LLa::i:f::~1n~ i:f~ flal tJn1.JEi~na1.:1'tf1LtJ 
'II ~ .. 

- iiLLU1~~ LumdL,rJ1Lfl~El1.J~§~.rlm'tfL'1I'dliimf i:f::'tiElULLi:f.:lLL~~ LvtEl"li1 tJ 

a~ fl1111i'ElU~'il:: L-nl:lJ1 i:f::i:fllLUi1 ~ §~.rlm'YI1~1in'Yll.:1'V1~.:ILLa:: £J.:I i:f1 :lJ1dtlJ El.:l nUfl1111;fu~ 'il:: 

L-nlLtJLUi1 EllmdL~1Ud::~""1.J'VI~.:I L~d1::fl1111;fuLLa::J~ILlii:f1:lJ1dtleiill~huJl Lfl~El1.JL~ 
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t~1 

2.2.1.3	 L'YlTlitTlLUm~~~~ 

~~~.ntWnL'lf~lfin ~ G{l3J1~tl;fU~UL~'VIsn rl1nLL~1n~L 'VI3J1:G{3JLUnl~1,rrld' 
'II 

~El 1nm~'VI~mrl~U (slip casting) LUU1nm~;fu~U'I1ULTl~El'lLTl~mJ~UL~11n'VIrt'l ~'1iiTl113J 
'II 

G{:~1n	 G{13J1~tlTl1UTl3JTlnlJll~ LLs:l:3Jl~~;j"lWlJEl'l~s:l'llUL~~ 1nnl~'VI~mrl~U ~m):~El'l, ,	 .. 
'111 Ld'El~U3Jl ~ G{3Jnu,rlL~iiin'lfnb:lILuu,rl~U (Slip) in'lfnb:,rl~ulIL~~rl3J~:~El'liiTl113J 

L'VI3Jl:G{3JnU~U LLUU"lJEl'l'llU ~lmfu~'1Ul,rl~U ~L~L~~rl3Jd'3J1L 'Yls:l'lLULL1i-W3Jvf~G{i'1'1L1L U 
'II 

nl~1,rrld'1-l1rnnl~ nl~'VI~mLUUns:l1'1 (Hollow Casting) iiin'lfnb:~El L'Yl,rl~Us:l'lLULL1i-W3Jvf 

1~ rlU ~ El rlL~,rl~UL nl:~l3J ~,r'l"lJ El'l LL1i-W3J~' U~:m;L1 s:ll'V1rt'l L'VI'~Tl113J'VIU1"lJ El'l ~ s:l'llU 

~l3J~~El'lm~ ~lmfu~'1l'Yl,rl~U~mjLULL1i-W3JvfEl Eln Tl11 LL1i-W3J~11' 'i,rl~U L'VI s:l El ElnL'i'VI3J~ 
'II 

~:L~ ~s:l'llU~L~iiin'lfnb:111rlLUns:l1'1 

Elnb
, 

'VIl1fi~1-l'r unl~L~l~El 1,200 El'l~l L'lfs:l L'iirlG{ ~'1 LUUElnb
, 

'VIl1fi~itrl3J1-l'r U
'II	 'II 

1~'1'11UEl ~ G{1'V1n~~3J L'lf~liJnit~ mf1Lu, 
2.2.1.4	 ~U'Yl~'1LLs:l:"lJU1~ 

'II 

iiLlU1~~~~:El Eln LLUU~U'Yl~'1 LLs:l:"lJU1~~L i'llUJlrl~G{~~El LUU~U'Yl~'1 
'II	 , 'II 

~L'VI~rl3J~lULrllLLs:l:"lJU1~~'1~lU1UU~3J1nbm~Li(nElu)~El~u~m~Li'llUL~Jlrl 1~rl~:Li 

3Jl~~l L3J~~n"lJU1~'VIU1 rl LUUL'lfU~L3J~~ LvtElJl rl~ Elm~~lU1nb1~ rl Lu~l:m~Li'llU111rlLU 

U~:L'Yl~L'Ylrl 
.cI .r	 A A Go; 6'

2.2.1.5 G{LL~::~U~1"lJEl'l~s:l~l1nb'YI 

LUlTl~'1m~1,rrld' Luu~m~J El'lnUTl113Ji'ElU~ln111 rlUElnmm~ ~'1~: 

L~ElnLi~L1i~~'l1UTl113JfElU3J1L,nU'Yl~s:lEl'l L"lfU ~L'VI~El'l'llil'1 ~~leiElU LLs:l:: ~uth~L~rlU 
'II 

LvtEl"lf1 rlLum~G{:'t1ElULLG{'1 LL~~L'VI'~3Jln~G{~ ~LLs:l:~uth"lJEl'l~~~.nnb~ G{l3J1~tl~~:vr~Ul, 
~El rl El~ L~~13JTl113J~ El'lnl~Lum~Li'llU L"lfUm~~:L1iLTl~ ElU,rlLTl~ElU 'VI~El~mL~'1~1 rl ~ 

UULTl~ElU~nTlt,'VIrt'lm~ 

nl~El Elfl LLUU LLs:l:vr~ul ~~ ~.nnb'YI' U1Tl~'1nl~d'~El'lnl~1~ ~ s:lLUnl~El Eln LLUU 1~ rl 

LU~rlULfirlunU1G{~Lum~riEl~,r'l 3 i1El~1'1 i'ld', 

"'" ..1'1 ~ I "'"2.2.2 'Jfttilfl L~ L",n1"ini)~"''', 
2.2.2.1 a.! (Brick) LUU1G{~'VIrt'l~L"lr'Um~riElG{i'1'1mm~3Jlmh'lm1U1U 

L~~l:ii~nbG{3JU'l~~LU'VIs:llrl 'J~lU L"lfU nl~Li'llU~G{:~1n Tl113JLL-n'lLL~'1'YlU'YllU G{1rl'l13J 

~1 rlTlnbG{3JU1i~~L 'VI shd' ~'1.yhL'VI1i~ L~fUTl113Jitrl3J El ~1'1 LL ~i'VI s:l1 rl LLs:l:Li'llU3Jl m1U1U~ln,	 .. 
El~~~uii'lu;~uun':hvrui] i1 El~l'1L"lfU LiiEl'l13JL~Uh~lhLLs:l:LiiEl'llnfuU1LU~ULL~U~3J,	 , 
LL1i,rlaU~G{LUEl~~, 



..l 
1l1Y-4f1 3 £i! (Brick) 

~e)'YIt,rL~£Jn£i11~ £J,.r1LlJelT;lL~£Jni1 £inJElnJ iiinT~ffi\:1 £i1fi el m1\t1~hl.L Vli:t£J1 LLfl:: 
... '" Go' "" 

1~f1~1J~U L"lJU vh:l ;1LLmm fl11£J aJ1~ffaJnu erYl11fhu~ffaJ1uLL~fl::LLVlfl-:l~~Ylel1,;),;)::L1i 
~ 

LYhnu Lrlel~ffaJ1Ylfl~1J~1-:1 L~£J1J'relmLi1 ~-:laJ1 er~fl-:l1ULL1i~aJY-4'~iiim~nt::LuunelU;LVI~ £JaJ 
~ 

e1U~1 ';)1mrUYl1n1~LL~-:I LLi1\t1aJ1~1un11L~1 LLVlfl-:l£i1aJelnJ~ii~mR£J-:l1UlJ1::LflflLfI£J fiel.. ., 

£i :1"';)1 n el £]1W1 n111,r£i~ aJ el nJ ffi'1-:1 ~ i-:l el1 fl11 LLaj';):: ii fl11aJ ff::Yl1 n11 ~ L11 LL fl::"lJ1-:1 ii fl11aJ d.. tU., 

"1J1U1qj1um11"1f'1i:aJelqjriel~i-:l LL~,jmR£J"lJel-:l £i!aJ elqjniiL"lJU 
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t.:.1 

..."". .... 
- 2JU1'111Umnn 

A "'" .... I 

- LnYlm7'YJ7YlYl1LL~::LLYln'n1\11 £.I, 
- iim7YlYltU2JJ~,lUaYl71rf~\I 

'\I '\I 

- LUWl~Yl~limUm7LUUuU1Ur1Ufl112J1ElU, 
flnl.~2JU1i"lJ El\l a;l2J ElID1UL~El\l L~ £.I1r1Ufl112J1ElU ~El fl112J1ElU~12J17f1th £.I L'YJ L"li1 El Eln, ..., 

1~~1 £.I LL~::YlYl'1JUfl112J1Elul1t Ui1LEl\l LUUL1 ~1U1U~\lfl ~1 £.Ifl112J1ElUEl Eln LUU~~ 1'IIIa;l2J El nJ'\I .. ., 

tU2J'1JUfl112J1ElulW1f1\1n ~1\11U LL~::fl~1 £.Ifl112J1ElulW1f1\1mn\l~U vh1~"lf1\1n~1\1~UL nYl 

fl112J1Elwifuln£.llUEl1fl17 1u1.r~~uu~\liin17~~Yl a;l1~ii"lfEl\l El1n1fl111£.I1UL1£.1n11 a;ln~1\1,.. .. 
(Structural Clay Tile) '1111e:JEl1~li~h11 Hollow Brick '1112J1£.1n\l nElU1~~\l1uriEl~UL~1n~1\1rfii 

1Yi7\1'1111El7'1111El'tf\l~El\l El ~1\1"11U1Ur1U (W1,rn\l1U2J1Yl7;l1U~~Ylnnl.'t1 ElYlLn'llln772J, 2537: 1)
'\I .., 

LviElli"lfEl\l11\1"lJEl\lEl1n1fl"lf1 £.I LUUuU1Ur1Ufl112J1ElU 

111Yirf 4 a!n~1\1 (Structural Clay Tile) 

UEln~1n a;l2J El nJ~l-n un17ri El ~,r\l LL~1 ~ ~ Ylnnl.'t1LSJJ71 iimfEJ\lu12J11i'tun171h::iu.. ., 
.... "". .r .... 

~U\lL7£.1n11 n7::LUEl\lLSJJ'n2Jn~ 

n7::Lrl'El\lLSJJ'niimf (Ceramic Tile) 

n7::Lrl'El\l LSJJ71 iin ~iim71"11'1Un17Yln LL~\I LviElfl112J LL-n\l LL7\1 LL~::~1 £.I\112J"1I El\l ~,r\l El1m7 

2J1El~1\1£J11U1UL"lfUr1Ui1El~1\1L"lfU lh::Yla"1l'YlTf (Ishtar Gate) lh::YlLL'Vi\lUfl7U1U1~Lit£.l 
'\I '\I 

~ULLYlUL2J1~hJLYl Lii £.I1ue:J~Yl LL~:: 1ulh:: L'YJflnj~U ~\I El1~n~111~11 LUUlh::L'YJflrfii~111Yi., , 
El1n1flrfLu~ £.IULLU ~\ll w1l1\1rfn11\12J1nu7:: L'YJfl'\ll'rt\l~ El 1U"lf1\1tlYl1ElU~:: mn1fl1ElU2J1n LL~\I 

'\I 

~1n Yl1\1 El1ii Yl Ef~::7ULL 7\1 El nl.'11111 iiLu~ £.I ~\I ~Yl 30.8 El\lfl1 L'l1~ L'if £.I ~ LL~l U"lf1\1tl Yl'lll U11n~:: 
, , '\I '\I , '\I 

'IIIU11,fYl ii~2J::Yln Elnl.'IIIl1iiLu~£.1 ~1~Yl 2.1 El\lfl1L'l1~L'if£.l~ (The World Meteorological
, '\I , 

Organization, 2009) LL~"1I'11nj~u1Yl £.I ~1ul 'III niT; EJ\I\t£.l2Jlin7:: Lrl'El\l L'l171 iin ~Yln LL~\I ~,r\l., , ., 
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I.'; 

111V'l~ 5 lh::~a"1l'~Tf (Ishtar Gate) 
~ 
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I.; 

.
'" _ A 

~ldl\l'Yl 4 TlnunJU~"lJEl\lEl~llElnJ q ..., 

, • 3 
1,615-1,650 

145
 
:' ...., • I 2
 
'\.41'V1'\.4n~El~ldl\lLll~~~111U1UlJ'\.4 ( kg./m )
 

Tl1Tl1111'VI'\.41LL'\.4'\.4 (kg./m ) 

200 
'II 

I'" V I 2 
0.15Tl1m~~1'\.4'Yll'\.4Tl1111jEl'\.4 (Tl1 R) (m KIW) 

0.473 
I I .., I 2 

30-45
 

T11Tl1111';)Tl1111i'El'\.4 (Tl1111i'ElW;l1 LV'll::)
 

Tl1m~rnm'YlTl1111~El'\.4~111 (Tl1Q) (Wattlm ) 

800-1,000 
q 

(T11 C) (J/kg.K)
 

I'" 2
Q"l' 

35 

0.5-2 

30-40 

T111i,jllJ1'\.4m,-ri m,.i1\1~El~ldl\lLll~'­

Tl1m'-~l'\.4 'Yll'\.4LL'-\lEl~(kg.lcm ) 

425-440
 

T1T)~~ 
q 
LLa::T11 LL,-\I ~ El m'-l\1Lll ~'-(Ul'Yl)
 

(L3h111T11~mL~\I)
 
R 

-'-lTl1f1n -LL"lJ\lLL,-\I
'II 

-'VI1~El~llJ .,h\liiTl1111,h'\.41qj 

... '" ..., 
"lJm~lJ El'\.4') -TlnLfll~ LLa::"lJ'\.41~Lli LL'\.4'\.4El'\.4 

q 

~iL1al'\.41'\.41'\.4nl,-riEl~i'1\1 

.	 , 
filll LEln~'-L~lJLL~i LL'\.41'Yll\1m'-LaElnli1~~riEl~i1\1LLa::U'\.41'\.4L~Elm'-El'\.4fn~~a\l\ll'\.4 

q	 q 

Q"l'	 Q"l' Q"l' r Q"l' 

n'-1l~~'\.41~ a\l\ll '\.4'Yl~ LL'Yl'\.4LLa::El'\.4,-my~ a\l \11 '\.4 
q 

2.2.2.2	 TlEl'\.4n~~U~Eln (Concrete Masonry unit) 

Tl El'\.4n~~u~ Eln Li~'\.4~ ~~rlnL~ri El ~,r\l5n~1J LLUU'VItt\l iil~f1~U'VI an1'\.4 
'II	 q 

m'-~~~flEl 1JWifLll'\.4~ 'YljllJ LLa:: ~'\.4£1EllJ"lJ'\.41~L~n er~a\ll'\.4LLli~llyf ,;)lmf'\.4~lnliLLi\l 
'II 

Tl El'\.4n~~ U ~ Eln itlJll L~lJ nil EiiU~Eln 1in'\.4El £11\1 LL ~i'VI allJ 1'\.4nl,-ri El ~,r\l L~'-1::iiTl1111 

~::~1n'-1~L~11'\.4m,-li\ll'\.4 'VI14ElL$~llJ ii"lJ'\.41~~T1El'\.4"lil\1L$1l1~'-~1'\.4 nilEi~llElnJ flEl.. ..., 
"lJ'\.41~ 'VI'\.41 7 'TIll. lJ11 39 'lfll. ~\I 19 'lfll. 

'II 

"lJ'\.41~ 'VI'\.41 9 'TIll. lJ11 39 'lfll. ~\I 19 'lfll. 
'II 
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1...; 

"lJU1~ 'VIUl 14 'l53J. £.111 39 'l53J. ~", 19 'l53J. 
'IJ 

~ emn1~lJ ~ em 3jyf", LLlJui'mil'VI ,rmL~::LLlJlJ"~i'lJ,rlwl!n 3j imym::n ~1'" ~,.",n ~1'" 

n em LvJa1h £.11Unl,.LUUUU1UflU~113Ji'au LL~lJl",~1 Unl,.r\an';l::L'Yluur\a~", 1wrla",11",,ru 
'IJ 

LvJa L~3J~113J LLii", LL,.",1~fllJ ~,r", L\Al,.1:: ~ aUn1~lJ~ anTI awil", LU,.l:: LL~::LL~n~nJl £.I LL~:: 

~m~3JlJ1i¢lLuwi m~£.1 "lJ a",~aun1~lJ~anfia ,rl ~3Jl"rlsii3J~hu"~Jl £.I m,.~,rlsii3J ~hu"~Jl £.I 
q 

ii'rh1'VI~"'~3J1 ~~~~ LvJ a~mL~'" ~,r",~r\ a~1 £.I~ aUn1~lJ~ an';l::'VI ~~ a an"~Jl £.I L11'1.4 UU~'\.t13J1 
q 'IJ 

UllJlJu~h n,.::Lifa", 'VI1a1~~5u i1 L\Al"1::~113J~U"lJ a", i1anh1~1~~~i~~UL~a3J~1l1\Al L11 
q J .. q. 

~l"l"'Yi 5 ~m~3JlJ1i"lJa",~aUn1~lJ~an 
q 

...... 
Tll"lJa",~m~3JlJ1i~1~ ,,~~m~3JlJ~ 

qq 

, • 3 
765m~113J'VIU1LLUU (kg.lm ) 

14-;11'1.41'1.4W\.41 £.I~ a~1"1"'L3J~,.(n au) 

130,rl'V1,rn~a~ln"'L3J~""13JUllJUU ( kg.lm2)
'IJ 

I.... ~ I 2 
0.149mm"~lU'YllU~113J,.au (~1 R) (m KIW) 

Tllm,.'\.tl~113Ji'au (TIl K) (W/m.K) 0.519 
I I .... I 2 
mm"rllm'Yl~113J,.aU"13J (~lQ) (WaWm ) -
Tll~113J';l~113Ji'au (~113Ji'aU-;ll L\All::) -q 

(TIl C) (J/kg.K) 
I.... 2Q"II 

mm"~lU'YllULL,.",a~(kg.lcm ) -
Tllm,.'YlU"'V'J ("1113..1"') -

Q"II A 0 .... 

a~"lnl"~~'l53JUl (,.a£.l~::) 30 
'IJ 

390Tll1,r~1 £.11Unl,.r\ a~i'l"'~ a~l"l'" L3J~" 

Tll1~~ LL~::Tll LL,.", ~ a~1"1'" L3J~"(lJl'Yl) 

("~"13JTll~mL~"') 
.... jliiI).eIl 
"lJa~ au'] -,.1mrln '"-LL"lJ'" LL,.",

'IJ 

-3j11a"'11"'ellmfl~111mlU 
~113Ji'au ,,~ 

... ... A 
"lJm~£.1 au'] -ell £.11i"'lUcl"","~ 3jm,.fiucl"'1.4 

q 

-~a",1iUUUllJ LU\All:: 
'IJ 

. 
~3Jl Lan~"L~ £.I LL\Ali LL'1.41 'Yll",m,.Laan1il~~r\a~i'l"'LL~::UU1UL~am,.au i'nH\Ali",,,,lU

q q 

Q"II Q"II Q"II ~ Q"II

n,.3J \Al~Ul\Al ~"''''lU 'Yl ~ LL 'YlULL~::au ,.mY\Al~"''''lU 
q 
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1l1W~ 7 flelun~~'lJ~eln (Concrete Masonry unit) 

2.2.2.3 flelUn~~1I1~L'lJ1 ( Autoclaved Aerated concrete) 

flelUn1~1I1~L'lJ1 ii1~rl~'l.J'VHfnLUn1'-~~~~el UU.nLlIU~ UU"lJ11 'Yl~~ 
q ~ ~ 

flu'lill ,1'1 LL~::~'I el~iiL tt~lI \11111 L'Yl~'I LL1JWlIW Lun'-::'lJ1Un1,-d'1~rl~'lJ~1'16)';)::rhu;;n~m 
~ q ~ 

nu1~muW1::UDn~mLflii,-::'Vd1'1el::~iiLtt~lIn'lJLLfI~L.n~lILlI~'-elnL'1I'~LL~::,r1 ~';)::.yhLiLn~ 
.. \1 1 ,¥ ••1 .. ..l...,¥ ....,¥ 'I OJ"" 'I OJ..... ."10

n1'11' ~1I ~'-L,;)U'lJU l"iel'ln1'11''Y1Ln~'lJU,;)::~ULUel'lJel'lL'VI~1 ~'VI'lJm~~1eleln ,;)::'Yl1 ~'VILn~n1'11'LlJU 

~ el'lifu LL~::el1n1~,;)::Li1111LL 'Ylu~rh LiLn~~ el'l el1n1~L~n 6) n'-::';)1 ~ elcl..f1LuLUi1f1 elun~~ 
~ 

LL~::'"el'l\11 L1i1el'lJanflf'l Lyjel Li'luDn~mLiLn~n1'-LLii'li1 n1'-Ln~uDn~m~ «i'1'1~ el'l el1m~ 

L~n 6)d' rhLifl elUn~~1I1iil L'lJ1 ii,r1'V1Um'lJ1 LL~iifl1111 LLii'l LLni'l fI elUn~~1I1~ L'lJ1 iiiel~L u 

m,-L"lfnel~U'l1l1n L"liU L"lf'l1U~1m W'-1::«1111'-rli~IL~~1m~el~ ii,-u LL'lJ'lJLiL~eln L"If'l1Uel cl1'1 
~ 

'VI~1n'VI~1~ ,r1'V1Um'lJ1L1iLU~el'l1f1'-'I«i'1'1el1f11'- ~~'lf'lJL~~'IL~~ 'lJU1~L~1I1~'-~1U LL~::~ 
~ ~ 

~1~tlJLiluu U1unufl1111i'elU~~ Lw'-1::ii"li1'111'1'lJ el'l~el'l el1n1~1I1n rhLi«1111'-rln'-::';)1 ~ ... 
fl1111i'elUL~~ L1Jsnll'lf'lJfl1111i'elU 

... 
flm«lI'lJ~ 

q 
?i1'lJ el'lflm«1I'lJ1iff1~ L~ 

q 

, ,3
mfl1111'V1U1LLUU (kg./m ) 550-640 

~1U1U'VI'u.1 ~~el~1'-1'1 LlI~,-(nelU) 8 
,1' .... , U 2
1'V1Un~el~1~'ILlI~'-'-111u1'lJ U ( kg./m ) 

~ 
90-100 

I'" ...,. I 2 
mm'-~1U'Yl1Ufl1111'-elU (m R) (m KIW) 0.58 

?i1n1,-\11f11111i'elU (~h K) (W/m.K) 0.089-0.132 
I I .., I 2 

mm'-rl1m'Ylfl1111'-elU'-111 (fl1Q) (Watt/m ) 32-42 

?i1f11111';)fl1111i'elU (fl1111i'elU~1 LW1::)
q 

(?i1 C) (J/kg.K) 

Uel~n11Ei~lIeltlJ 2.5 L'yh
~ ... 

I"'" a"" 2 
mm'-~1U 'Yl1ULL'-'I el~(kg./cm ) 40-50 
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4 

30 

T111"li-;i1 ~l un11n EI~i1-.19lEl91111-.1L1J911 450-646 

(T111~91LLGl::T11LL1-.1) (UTYl), 
('3J111JT1191nLL9l-.1) 
..... .-, 

'lJ El91 ElU ') -Tlmll1Y-lTl-.1~ -1"li-.11u'~~::911n, 
-JEI-.1nUTl111JfElu'~~ 

..... .-.
'lJ EJL~~ ElU ') -'3J'YlUU1 -nm~-.1 

'II 
~ 

-~U91E1Un11nEl~-.1~1n, 

~1J1 LEln~1L~WLLY-l1 LLU1'Yl1-.1n11LaElnl"li1~91nElm1-.1LLGl::uu1uLvtEln11E1ufm;Y-l~-.11u, , 
~ ~ ~ ~ ~ 

n11JY-l~U1Y-l Gl-.1-.11U'Yl91 LL'YlULLa::ElU1m~Y-l Gl..1-.11U, 

...I ..
 
ll1Y-l'Yl 8 TlElUn1911J1GlLU1 ( Autoclaved Aerated concrete)
 

~n~111JTYl~-.1'V11J91Tlm~1Ju1i~1U9l1-.1 ')'lJ EI-.1 ~~91r1m';'VI1E11 ~91~11J1 Un11n EI ~,"-.1~-.1,;):: 1"Ii 
q , 

L1J1~U LVi~UnU~~91r1m,;~ EI Eln LLuulU1Tl1-.1n11LLa::191 ~ LuY-l1::EI ~1-.1 fl-.1T111Un11LUUuU1UnU 

Tl111JfElULvtEl LUUn11L1J1~U LVi ~ul un11E1ufmln111"IiY-la""-.1-.11Ull1 ~l UEI1Tl11, 
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t'; 

........ ,J..a ~
 

2.3 Lilflil1"iLLat\l1Wl;JU't1LmJ11Jil\l 

flnL:Yl1.,,1Utfl,-."m,-1iiJVH~-.",nuLL~::m'-El Eln LL'lJ'l.HnntJ"'~ t1n'-'-3J. ~rl11rUL 'Ylflt Ut~ ~ 
~ ~ ~ ~ 

vn::';) El3J LmnL';)1flnl,'Yl'VI1'-~1~n,-::'lJ"'. 2548. Lil flil1"iLil1"'111f1 fl1"i\l1'" 
q 

....ft I """ l: ..a ..a .... ~~ 
il1it1i1I;1i1uC;nM11f1fl1"i A"i\lfl 3 L"iil\lflAfl1\lGla11;1LLatLL"'1 L"'aJfl1"i 

q 

I............ ..a ........ 1~ .... ~ ....
 
iI\l LiI"iaJ1 iI1;1N"'\l LLatQ"'1"'L'Wiltl"itilflfifl1'W "'1;11'" fl1"iil"'''iflit'Wa\l\l1''' q q 

... g 1~........ ..3 .... f' ~ I 

fl"im"flit1 : fl1"i 1f1i1I;1N"'\lLLatQ"'1"'",1M"iULA"i\lfl1"iU1"'ilUilU1U 
q ~ 

t1"itMUI;I'Wa\l\l1"'. n'-."L'Ylv-l3J'VI1Ufl'-: (er~LhL U1)
q 

flnL:Yl1.,,1Utfl,-."m,-1i't1v-la"''''1ULL~::m'-ElEln LL'lJ'lJ~mtJ"'~ t1n'-'-3J. ~rnUUL 'Ylflt Ut~ ~ 
~ ~ ~ Q",oI 

v-l'-::';) El3J LmnL';)1flnl,'Yl'VI1'-~1 ~n,-::'lJ"'. 2550. Lil flil1"iLL'"1fl1\lfl1"i'W~"'1 

~ I 

q 

t.J Q",I ~ 1 ........
~ Q",I 

LA"iil1J1U11f1fl1"i1;l1"'fl1"iil"'''ifl~a\l\l1'''( "'aJaJaJil\l"'fl11f1fl1"i­q q 

iln1t1\4.fl-"fl1iu~1",'Wa\l\l1"'). n,-." L'Ylv-l3J'VI1Ufl'-: (er~Lh LU1) 
q 

';)fmvr9lJu l11'"U" LL~::flnL:. 2550. fl1"iAflit1A11aJLD",ltllcn"'fl1"itl"itUflGi' 
~ ~ q 

I ~ ..a 1~"" ~ 1.1 ...."itUUfl1"iflilil"i1\lStructural Sandwich PanelsL'Wil 1fflUU1'" "itMUI;I 

'Wa\l\l1",1",1.1"itLnAlfl u. n'-."L'Ylv-l3.1 'VI1Ufl'-: 3J'VI11'Yl tI1atlfl~tJ1n,-. 
q 

~ ~ ~ ~ ~ I 

v-l~U1v-l~"''''1U 'YlWI LL'YlULL~::ElU,-myv-l~"''''1U, n'-3J. 2545. Lilflil1"iLN tILL'W"iLL"'1 
q 

... 1~"" I ~ ..a .... ~ ....
fl1\l fl1"iLa ilfl 1f1iII;Ifl il iI"i1\lLLatQ"'1"'L'W ilfl1"iil"'''iflit'Wa\l\l1'''. 

q q 

3.1. tJ. 'Yl : n'-3Jvr9lJU1v-la.".,,1U'Yl~ LL'YlULL~::Elufn';v-la"''''1U 
q 

vr~U1LL~::Gi''''L~13Jv-la''''''1U, n'-3J. 2543. fl1"i11i'Q"'1"'. 3J.tJ.'Yl : n'-3Jvr9lJU1LL~:: 

Gi'."LG03Jv-la.".,,1U 

~3J'lJ'-cl fl"'~3J~h~'i1LL~::,'h,-m 'VI tl'Yltivrut'. 2548. m'-L,rLfl1YhJ3JLfhLUflElUn~~ 
~ ~ ~ 

'lJ~ ElntJ,-::i'lJ. 11"iii1"i11f1fl1"iLnAt ",ta iiilGlil1Mfl"i"iaJ i1~ 1L~3J~1• 
... ... 

(~3J111v-lUti-n,-n£)1fl3J) : 20-25 

LEln~'-LL~::"'1U1i't1-n1."YiULUULL'VI~.,,-nEl3.I ~El ci1"'~ Lh'VIf'lJflnL:~1i't1 L~ tI1nmiEl3J ~ 
~ ~ ~ 

1~~ Lum,-ri El~f1'" ~L~ tI1-nEl."n'lJm'-ElUfn';v-la.".,,1U111tiLUEl1fl1'­
q q 
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• • 
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• •• • 
• • 

• • 

f..t 

..; 
UrIrI 3 

3.1 t.I,.t1f1n,.uittmilJ<fl'unh"• 
3.1.1';WiItlUt11 m~'Yl~~e:h1Ld'tl~U Ih::"151n,. ~tll~{l~1J~1uL'1l"1iimf mlaJi1tl~1\1~tl 

1~{l~1J¢lL~tln'\.t1m'Yl~~tl\l i\lU ~tl ~W1l11 ~u~h ~WV~"'Uar1 ~uL;f~TVIUmU LL~::l~{l~1Jt1 
o ...l'l ... ..r... ... ... .... J"... J"...l 
U1m'Yl~~tl\lL'V'ltl~'VILUtl~ULn~fl11aJ'V'l"U~1 fltl 'ilLmLLn~1J LL~:: 'ilL~tl~• 

3.1.2 ';U~tlUt12 n1~tltlmL1J1J Ih::"151n"~Ellnm,.1.un1,.JEl\lnUfl11aJi'ElW;nm.J,r\l~1U 

wrt\l ci~,r\l5n~1U 'VI it\l n ~ aJ i1 El ~1\1 ~ El ,.,j LL1J1Jm,.~i'1\1"liEl\l11\1El1m fl1.Um,.JEl \InUfi11aJi'ElU 
'II • 'II 

3.21"Gli)"'"n1,.~;)i, 
3.2.1 ';U~ElUt11 'Yl~ ~El\l Ld'El~U LV'JEl'VI1 Ld'El~ut1iifl11m 'VIm::~aJt1~~ 1.U~1Uflnl.~aJ1J1i 

fl11aJ LUUuU1UnUfl11 aJi'ElULL~::1.U~1Un"::1J1Um,.~~~ iilnn1"~ El 'Yl~ ~ tl\ll~{l~1J LL~:: er~"1• 
er~"1ci1U~~aJ L~aJ"il1mLll\ll~{l~1JElElmUU 3 n~aJ ~El n~aJt11 1~{l~1Jt1iifl11aJLWn~11.U 

n1"'Yl~~El\lL~Eln1.i~U'il11 LL~:: ~u~h n~aJt1 2 1~{l~1Jt1'1.ajiifl11aJL'VIit~11.un1"'Yl~~El\l 

L~Eln1.i~UyrUar1 LL~::~UL;fm'VIumu LL~::n~aJt1 3 1~{l~1Jt1"li1 ~1.~L d'El~ULn~fl11aJ'V'l,.ui1 

1.um"'Yl~~El\lL~Eln1.i ;fLrl'~ILLn~1JLL~::;fL~tl~ 1~ml1'V1u~er~~ci1U'ilEl\ll~{l~1Jn~aJt11 t165% 

er~"1ci1U'ilEl\ll~{l~1Jn~aJt1 2 t1 35% L'VI~t1n1'V1U~1.~er~"1ci1U'ilEl\ll~{l~1Jn~aJt11 ~\I L'V'l,.1::
••• • • 'II 

1.Un1,.L~aJl~{l~1Jn~aJ~ 3 fl11aJ L'VIitm'il El\l Ld'El~U"il::{ln~~~\I'1.,j~l m 'V'l"1::1~{l~1Jn~aJt1 3 
• • 'II • • 

LUU1~{l~1Jmajiifl11aJ L'VIit~l LL~::n1'V1U~1.il~{l~1J1.Uer~~ci1UfI\lt1i\lU 

~U'il11 (Kaolin) 35 % 

~u~h (Ball Clay) 30 % 

~UyrUar1 (Feldspar) 20 %
 
... J"
 
'VIUL'ilm'VIUmU(Quartz) 15 %•-:. .r.,. 0 -:. l:,

L'V'laJ 'ilLtl1LLna1J (Rice Husk Ash) "il1U1U 5 ~~,. L'V'laJfI"\I~:: 2.5 % 
'II 

2.5% 5% 7.5% 10% 12.5%
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1.:; 

~ J'. 0 t:i. ~ 
LYUJ "lJLGHHJ (Sawdust) 1ij1U1U 5 ~Cil1 LYUJTl1."Gl:: 2.5 % 

'II 

2.5% 5% 7.5% 10% 12.5%
 

..l 
~Cil1'Y1 
'II 

... 
CilU"lJ11 

(%) 

... . 
CilUCil1 

(%) 

~uy.l"'ua.i1 

(%) 

~ULif£J1'V1U3J1U 
q 

(%) 

ifLti'1LLnGllJ 

(%) 

ifL~mJ 

(%) 

1 35 30 20 15 - -

2 35 30 20 15 2.5 -
3 35 30 20 15 5 -
4 35 30 20 15 7.5 -
5 35 30 20 15 10 -

6 35 30 20 15 12.5 -

7 35 30 20 15 - 2.5 

8 35 30 20 15 - 5 

9 35 30 20 15 - 7.5 

10 35 30 20 15 - 10 

11 35 30 20 15 - 12.5 

1Cilfl~lJ~L~ElmJ11"11' U1Tl1"'n11LflU1Cilfl~lJ~ii11mflmLGl::'VI14El~';~1 £J1ij::rhL~ii 
q q 'II 

';WYlU';1U1Cilfl~lJ~aJ~"'3J1mLGl::Lflu1Cilfl~lJfl1£JLulh::L'YI~3J1nni1 60 % 
q q 'II q 

L :; ..... .1' ........ ..r
 
U"lJULL1nlij::'YICil ~EllJTlnl.~3JlJCil LUElCilU~Cil1Cil1'" 61 Cil."U 

q 'II J 

- Tl113J ~ 3J11flLUn11';1U'YI1UTl113J'i'El U~." (Resistivity)'VI1El Tl1 R ~." 
'II 'II , 

I 0"- • • A, I 0 

- mn11U1Tl113J1ElU(Conductlvlty) 'VI1El m K Cil1 
.... .I' ... ...
 

- n11'V1CilCil1"lJEl"'LUElCilU (Shrinkage) UEl£J
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L; 

!:'l ..r .1"" .... !'II ...... 
- 'l'n'LUn1111U1lJ~~~f1m'Y1 L~~ 

'\l 

LrlElL~~~1L d'El~U ~~~ ~~ LL~1~\I'Yl~ ~EllJfl m~3JlJ"i~1U~1\1 ~ Lurn::~~1~~~ ~~ LriT~U 
'\l q q '\l q 

3.2.2 ,rU~ElU~ 2 ElElmLlJlJ~~~nm'Yf LvJm'l111JLLlJlJ~~~nm'Yf~L'VI3J1::~3J~~~~El 
'\l q 

~3J11mj El\lnUfl113Ji'ElU ';)1n ~\t\l~1U wd.\I ~~\t\l Ein~1u wd.\I 1~ £J'liEl1n1flcn1 £J'lUn11t1El\lnU 
'\l 

fl113Ji'ElU n11~1 LUU\l1U';)::L,i'TvilJ~L~m'n'1nJ LLn1.1I 1JflJL1J~ £JU LL~::L ~3J L~3J,;)1n11J LLlJlJ~ 
'\l .. '\l 

flm::~1-;l£JL~ElEln LLlJlJ LvJEl LUULLU1'Yl1 \I'lUfl~ LL1n 

nEl~U\I 3 'n'U~flElEl!3Jm1!(Bnck) flElUn1~lJ~Eln(Concrete Masonry Unit ) LL~::flElUn1~ 

'\l 

3.2.3 ,rU~ElU~ 3 \t111J LLlJlJ~~~nm'Yf~~~~~3J1 
'\l q 

L1J7£JlJ Lfi£JlJflm~3JlJ"inlJ1~~~'li 
q q 

I Q"l' A A A • .clII fft ..-:::Ii 

3J1~LlJ1(Autoclaved Aerated concrete) 1~£JiEl3J~,;)1mEln~1L~mLrftLLU1'Yl1\1n11L~Eln'li 
'\l 

Q"l' I ..., .. Q"l' .. Q"l' Q"l' Q"l' Q"l' .. Q"l' 

1 ~~n El ~\I LL~::u U1UL~ El n11ElU1n~~ ~\I\l1U n13J~~U1~ ~\I\l1U 'Yl~1 LL'YlULL~::ElU 1n~~ ~\I\l1U 
q q q 

3.3 LA~ih'Jti£J~t1i'h,n1"S1-iu 

3.3.1 Lfl~El\l i1El~Ht Un111-;l£J'lu,ru~ElU~ 1 ~ El LLlJlJ1J1::L3juflm~3JlJ"i1l El\l Ld'El~U 1~ £I 
q 

\t1~~n11'Yl~~EllJ~L~3J1~~L~Eln er~11~1U~~3J~~~~~ (~~1) 3J1~i1\1~ULLlJlJ~~~nm'Yf ';)1n
q '\l 

J\I'VI3J~ 11 er~11~1U~~3J ~n1'V1U~ HtUn11'Yl~~El\l 

3.3.2 Lfl~El\lilElfl'l'n"Un111-;l£J'lU1I~U~ElU~2 ~ElLLlJlJi3Jfl1~m~L~m'n'1nJ 2 ri1u ~El 
'\l .. 

- ~L~m'n'1nJ~1un11nElm1\1El1m1LL~::1~~nElrn\lEl1m1 
'\l" q 

- ~L~m'n'1nJ~1Un11~~~\l1UL'll'113jmflu1::lJlJEl~~'VIn113J 
'\l .. q 

1 ~ £I LUU n11~EllJ tl13J LL~:: i3J I'll ~mLvJ ElLLf11J....nJ 'VI 1 ~1 Un11El El n LLlJ lJ LL~:: fl113J.. 
L'VI3J1::~3J1I El\l11J LLlJlJ LUU1::£1:: 

'\l 

3.3.3 Lfl~El\lilElfl'l'n" Un111-;l£J'lu,ru~ ElU~ 3 ~El~111\1 L1J7£JlJ Lfi £JlJflm~3JlJ"i'Yl1\1n1£Jfl1~ 
q 

11 El\l ~~ ~nm'Yf~ El ElnLLlJlJ'lUn111i£JnlJ1~~~'l inEl ~\t\l 3 'n'U~~El Ei~3J ElnJ (Brick) fl ElUn7~ 
q ~ .. 

lJ~Eln(Concrete Masonry unit) LL~::flElUn7~3J1~LlJ1(AutoclavedAerated concrete) 

...
3.4 n1"S"S11.J"S1IJtI£JlJa... 

3.4.1 i El3J~'lU~1Un11LUUuU1Un....Ufl113Ji'ElU 
'\l 

~1fl113J~3J11tl'lUn11~1U'Yl1Ufl113Ji'ElU(Resistivity)'VI7El ~1 R 

~1n11\t1fl113Ji'ElU(Conductivity) 'VI7El ~1 K 
, ... 0 

mfl113J1ElU';)1L~1:: 

~1fl113J'VIU~1 LL '\.l,U 

J\I'VI3J~'Yl~~EllJ1~ £I n13J1'Ylmfl1~~flJ7n11 
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1.:.; 

3.4.2 "limJa1u~iT"5U6] 
'II 

fi1fl1111'YlU'y.J 'Yl~«flU 1~£J n111i'Yl£J1fl1«~fu1nT1 

'Yl~«flU 1~£J flm:fl1fl1«~ffl~«TVm1111 
q q 

1I.L'Ylfl1U1a~rn::~flllLn~1 

inm11~£J 
... 
o --.
UTVIUn~El~111..1LlI~1 inm11~£J 

5~11 m1~ ~anllJ1 inm11~£J 
'II 

inm11~£J ~lU1U~ln«~1 i..1d' 
'II 

fi1m1'V1~i1riflUL~1 

fI11:lJtJ11f1€l'\.ui1tm - fI11:lJ£J11f1mUL~" 
-----~---X 100 

fI11:lJtJ11f1muil£Jn 

Of 

fl1111«::~1n11~ L11 

1um1riflri1..1 

... tf~

3.5 n1~'1LfiI~1::M!lil&la.. 
«11..1 Ln miYf1::iufi1fl::LLUULUULL~U~..1m1iLfl11::~"lifllla (Matrix Data Analysis) 

'II 

LLa::«1thUUfl1111 L1£1..1 
q 

3.6 n1~LuJafil'11&1 

«11..1 LUULL~U~..1n11iLfl11::~,j fl~a (Matrix Data Analysis) 1Um1LU1£JULVi £JU LLa:: 

muLUUfl1111L1£J..1 
q 



i.': 

... 
uYlYl4 

!iJ.f .... II 

4.1 !I tJ IJ aft1-un 'UIe:J\ImUJG'l1 il U1\1"", , 
~ AI ,KA


4.1.1'iJUq}tlU'Yl1 nT~'Ylq}t'!tl..1LUtlq}U
 

q}1Tl..1~ 8 ~t'!m1'Ylq}~tl1J~h~111JLUUUU':lU (m1~1U'Yl1U~111Ji'tlU 'VI7tl ~1 R 
I 0 ... A I 

LLt'!::mm1U1~111J1tlU 'VI1tl m K) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

, . ... 
mm1U1~111J1tlU 

(Conductivity) 'VI7tl ~1 K 

(W/m.K) 

0.117 

0.126 

0.132 

0.111 

0.113 

0.116 

0.115 

0.110 

0.139 

0.140 

0.120 

,... ... 
~1n11q}1U'Yl1U~111J1tlU 

(Resistivity) 'VI7tl ~1 R 

(m
2 

KIW) 

0.068 

0.063 

0.061 

0.072 

0.071 

0.069 

0.070 

0.073 

0.058 

0.057 

0.067 

AI AI I ...At .I. 0 "'" AI .I
~1tJ ~q}1'Yl1Jm~111JLIJUUU1U'Ylq}q}11Jt'!1q}1J~tl ~q}1'Yl 8,4,5,7,6,1,11,2,3,9 LLt'!:: 10___ 'II 'II 

I I 0 .... I I.... .... I 3 
mn11'Ylq}~tl1J mn11U1~111J1tlU (m K) LLt'!:: mn11q}1U'Yl1U~111J1tlU (~1 R) U 

LUUL~ £J..1 ~ t'!n11'Ylq}~tl1J1 U~~I L~ £J1'iJ tl..1 ~,r..1 ~ ~q}.nm'l'f LLt'!::"iJ::~tl..1U1 ~t'!'iJ tl..1~1 ~U 6)1J11J1nnU 

~1 m 'Vi11::~n~m::"lJ tl..1 ~~ q}.nm'l'fLuu~,r..1 2 .ffu LLt'!:: 4.ffu LLt'!::rr..1 ~ ~1"lJ tl..1-rltl..111..1"lJ tl..1 tl1m fII 

~..1..f..1'V11Jq}"iJ::~tl..1U1m~q}111JnU~..1"iJ::'~ ~1m1~1U'Yl1U~111Ji'tlU (~1 R) "lJtl..1~~q}.nm'l'f"iJ1..1 
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1.:.; 

Tn~~ 9 LL~U'Yl~t{fl1.Jfi1f1113JLihl.uU1U ( m"lii1U'Yl1Ufl113Ji'flU 'VI~fl fi1 R 
I 0 .., • I 

LL~::mn1"U1f1113J"flU 'VI"fl f11 K ) 

,
a ,~ 

~1~\I'Yl 9 ~~m"'Yl~t{fl1.Jmm"'VI~~1(Shrinkage) 

.. 
t{~,,'Yl 
'II 

'VI~i":lfiflUL~1 (0/0) 
~ ~ 

'VI~~1'V1~\IL~1 (0/0) 

1 5 12 

9.2 

9.5 

9.8 

9 

8 

11.9 

11.8 

11.8 

11.5 

11.3 

2 4 

3 4 

4 4 

5 4 

6 3 

7 4 

8 5 

9 5 

10 4 

11 3 
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..l 
~~'-'Yl 
'II 

• A 

~1l1'Vi"llEl"U1~U ;n1Ym:m,-;fu,-tlLflU
'II 

A ... .. 
~~~llm6Y1 

1 l'VI~i1~ ti1~ul1l5~ ;fu,-1Jl"~1I1n 
'II 

ifu,-1Jl"~1I1n 
'II 

;fu,-1Jl,,~ 
'II 

ifu,-1Jl,,~ 
'II 

ifu,-1Jllll"
'II 

ifu,-1JlllL"
'II 

;fu,-1Jl"~1I1n 
'II 

ifu,-1Jl,,~ 
'II 

ifu,-1Jl"
'II 

ifU,-1JLlll"
'II 

ifu,-1Jllll"
'II 

2 l'VI~i1~ ti1~ul1l5~ 

3 l'VI~i1~ ti1~ul1l5~ 

4 l'VI~i1~ ti1~ul1l5~ 

5 L'VI~i1lll~ ti1~u5~ 

6 l'VI~i1lll~ J1~u5~ 

7 l'VI~i1~ ti1~ul1l5~ 

8 l'VI~i1~ ti1~ul1l5~ 

9 l'VI~i1lll~ J1~u5~ 

10 l'VI~i1lll~ J1~u5~ 

11 l'VI~i1lll~ ti1~u5~ 

1,2,3,4,7,8,9,5,6,10 LL~::11 
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I ..; 

1,"nl1'Y! ~ LUllJ ~111W til ~,"LL~::nl1;f,"1U ~ ~~.nnl,'t1~1 L~ '".yi';)::~E).3~ nl11,r·n ,".yi
'lJ 'lJ 

~::~1n L~'" 'VI Lfn ~"WlJ';hm1 1,r;fLlllLLn~lJ ~ ~1I1 '"til~,"WlJU....nJ'VI1UEl tln1lm11,r;fL~ El tl ~RlI., 

LW1l::;fL~ El tl~~ ~ nlJ LLli oWlI vilIln L"1t'"~~ LLliwllvfLL~::Wn El"til~,".yi ~ RlIifL~ El tl';)::~~.yi LLliwlIvi 

'Yh1~LLliwllW1li R:: El1~ LL~::L~Elll R111W L111'"m1l,r"l," 
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I. ..; 



l...i 

29 



30 

I.; 



31 

1.:.; 
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, ... ... 
111Vifi 22 ~~m"Y1~fH)\I'1.\1~hnr\l'VI1l~ 
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1:'917.. 
d 

'YI 

fl1n17111f1d1lJ7ml. 

'1'17£1 f11 K 

(W/m.K) 

fl1 n179i'1 u..n1U 

f1d1lJ7£1U 

f11 R 

(m
2 

KIW) 

'1'191';. 

ri£lUb~1 

(0/0) 

'1'191';. 

'I'Ii'lb~1 

(0/0) 

I:'tnYi'1l£1'1111 fiu imytl4::mrlfu71.J.. 
d1u~~91.rim.n 

;fU,.ul~ 
'II ... 

~:IJ1n 

1 0.117 0.068 5 12 1'VIfli1~ 

J1~uhI5~ 

2 0.126 0.063 4 9.2 1'VIfli1~ 

J1~uhI5~ 

;fu,.ul~ 
'II ... 

~:IJ1n 

3 0.132 0.061 4 9.5 1'VIfli1~ 

J1~ul1i5~ 

;fu,.ul~~ 
'II 

;fu,.ul~~ 
'II 

;fu,.1Jl1il~ 
'II 

;fu,.ul1il~ 
'II 

;fu,.1Jl~~:IJ1n 
'II 

;fu,.1Jl~~ 
'II 

;fu,.1Jl~ 
'II 

;fu,.1Jl1il~ 
'II 

;fu,.1Jl1il~ 
'II 

4 0.111 0.072 4 9.8 1'VIfli1~ 

J1~ul1i5~ 

5 0.113 0.071 4 9 1'VIfli111i~ .. 
o ... ... 
U1~Utl~ 

6 0.116 0.069 3 8 1'VIfli111i~ 
~ A A 

U1~Utl~ 

7 0.115 0.070 4 11.9 1'VIfli1~ 

J1~ul1i5~ 

8 0.110 0.073 5 11.8 1'VIfli1~ 

J1~ul1i5~ 

9 0.139 0.058 5 11.8 1'VIfli111i~ .. 
o ... ... 
U1~Utl~ 

10 0.140 0.057 4 11.5 1'VIfli111i~ .. 
o ... ... 
U1~Utl~ 

11 0.120 0.067 3 11.3 1'VIfli111i~ .. 
o ... ... 
U1~Utl~ 
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I.:.; 

.1 'I:;"; .K... ....t 
W71.1 m1'Yl~fHh' ~U"lJU~tJU'Yl 1 m1'Yl~atJ-\!LUtJ~U ~-\!U ...........
 
~~1~iifi1fl112JLi:lU;),U'm~~~12J~1i1JfitJ ~~1~ 8,4,5,7,6,1,11,2,3,9 LLa:: 10 
'II 'II 

-I. I Q", Q", .., -I 0 Q", Q", ,f. 
~~1'Yl2Jmm1'V1~~1'V1a-\!L~1UtJ£J'Yl~~~12Ja1~1J~-\!UfltJ6,5,4,3,2,11,10,9,8,7 LLa:: 1 
'II q 

~~1~iifi1m1'Yl~~tJ1J~111y.ni1~ULLa::m1;fu11J~fl~.nmsyf~~~~~12J~1i1Ji-\!Ufi€I 
'II 'II q 

1,2,3,4,7,8,9,5,6,10 LLa::11 

Ldm1£J-\!~1i1J~12Jfi1fl::LL UU'yfl~"lJtJ-\! LL~a::~~1LL~1~-\!';l.12J11~fl::LL UU i-\!U 
'II 

~111-\!~ 12 ~111-\!m1~CjIL~ElmL1J1Jl~fl::LLuu(Scoring Screening) 

10 fl::LLUU 10 fl::LLUU 

m11,r-\!1ulum1~fl~ 

10 fl::LLUU 

fl::LLUU112J 

30 fl::LLUU 

1 5 o 10 15 

2 3 6 9 18 

3 2 7 8 17 

4 9 8 7 24 

5 8 9 3 20 

6 6 10 2 18 

7 7 1 6 14 

8 10 2 5 17 

9 1 3 4 8 

10 o 4 1 5 

11 4 5 o 9 

...~ 
10 'VI2J1 £J!l-\! ~'Yl~~ 

q 

9 'VI2J1 £Iii-\! ~2J1n 

8 'VI2J1 £Iii-\! ~ 

7 'VI2J1 £Iii-\! ~y.jEl~2Jfl11 

6 'VI2J1£Iii-\! ~y.jtJl,r 

5 'VI2J1£Jii-\! y.jtJh'~ 

4 'VI2J1£Jii-\! y.jtJh'~U1-\! 

3 'VI2J1 £Iii-\! 1"15,~,rtJ £I 

2 'VI2J1£Jii-\!1"15,~,rtJ£J2J1n 

1 'VI2J1£Jii-\!l"15,~,rtJ£J~~~ 
q 

o'VI2J1£Iii-\! l3J~ 
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e: 

Lf7,j ~1n~171·.m17L ~~::LL ll.ll.~::L~~a~::LLll.ll."lJEh1 Lf~7~~~Lf~~111~1iU;iel Lf~7 ~ 4,5,6,2,3,8,
--r-- 'II. 'II 

1,7,11,9 LLa:: 8 
.I ... .1 .. .1 A .I .. Q"oo Q"oo~I 

~1n~am7'Yl~LfelULf~7'Yl1l~TYl~'YlLf~~elLf~7'Yl 4 1Iel~71Lf1ll.~Lf1l ~"ll. 
'II • 'II 

~ll."lJ11 (Kaolin) 35 % 

~ll.~1 (Ball Clay) 30 % 

~WW""ll.aj1 (Feldspar) 20 %
 
.. .f
 
~ll.L"lJlITI~ll.1I1ll.(Quartz) 15 %
 . •.. 

L'Vi 11 ;1Ltl~ILLnaU (Rice Husk Ash) 7.5 % 

LrlelL~~am7'Yl~~el"LLa1~"LiLf~7iiLll.m7Lff1"~~~.nnl.'; 
'II 

.... ... I .. A 
4.1.2 ,rll.~elll.Yi 2 m7elelnLLUU LUll.,rll.~elwYilll.m7LfelUm1lLLa::i1l1l1~nl.L'Viel 

LLri,j....tlJ~1~1ll.m7elelnLLUU LLa:: ~1111L~1I1::Lf1l"lJel"7,jLLUU LUll.7::1I:: ~1n~L~1I1"ll'1tlJ 2 'Yi1ll. ., cu cu" 

;iel - ~L~1I1"ll'1tlJ~1ll.n17rielLff1"mm7LLa::1Lf~rielLff1"mm7 LLa:: 
'II" • 

- ~L~1I1"ll'1tlJ~1ll.m7~~~"1ll.L'lI'71iin;\,ll.7::UUel~~~n7711 
'II .. • 

L~fmh LLll.::,"1LLa::m7LLri,j....tlJ~1 t~ lILf7,ji"ii.. . 
- ~L~1I1"ll'1tlJ~1ll.m7rielLff1"mm7LLa::1Lf~rielLff1"mm7 
'II" • 

6'.. Q"oo A,fl' .. 0 I 

7el"fl1Lf~71~1711 mfln~ 1"flmLLll.ll.
 

~1n7,j LLUU~L~elelnLLUU1I1Lll.~f"LL7n m7Liel1n1flLUll.i1,h lILll.n17Jel"nll.~1111
 
'II 

felll.LUll.~"~Lll~el,,a,,'Ylll.Lllii~hLi~111 LUll.L'Yl~ t ll.ta £j~L~1I1::Lf1l L~~1i1"ii"n17L~~elll.i1, 
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"lJ th'l Tl113Ji'tI'U,~';)::~ El £J i1;f\4tf~T1UJ\4 'tiLLYi ~::U ~ El n ~13Jl1f1~';)::tf..'l Tl111J'i'El\4't\4LL\41i..'l ';)::
'II 

"1t1 £J't\4m1,j'El..'ln\4Tl113J1El\4,~~;1'\4 L'V'l11::~El ElnLLUU 111't\4Tl~ LL1nhiijnl1th £J LflTl113J1El\4't\4 

LL \41i..'l nl1'ti..'ll\4~ ~::~l1n ~~ ~.nm't1Tl11';)::ijnl1fi~~~\4,~~'t\4nl111fu1::iu't\4nl1ri El 
q 

"lJ\41~El1';)';)::ij'~~~1 £J"lJ\41~ L~El~i.i~11111m~EJn'~~13JTl113JL ~111::~3J't \4nl1'ti..'ll\4 m1ij
'II 

ti~1 LTl ~ElU..,r..'l 2 ~1\4LU\4~..'I~~"1t1 £J't\4nl1~::'tiEl\4Tl113J1El\4LL~::n\4Tl113J4\4'~ LL~::'1i ~El..'l 

~nLLYi..'lL ~3J L9i3J~i..'lnl1ri 8';)::"1t1 £J111::~ EJ~ L1~1't\4m1riEl~11..'13Jln ~El..'lfl~~ElUL1~1't\4m1riEl 

... '/I' ... .. 't ..I... ... "' ­
11Tll~\4fI\4 ~3JTl1 1~..'I3Jln LL~::~ El..'lll ~ ~nl1f1 ~ ~ElU \41:: £J:: L1 ~1\41\4 fI Ell..'1 El..'lTl m~3JU~ LL~:: 

q 'II q 

TlnlJll'V'l'~ q 

- ~L~£J1"l1'lnJ~1\4m1~~~..'Il\4L'1f113jntfl\41::UUEl~~~n113J
'II ., q 

~"1t1£Jfllff~11,;)11Ef L1U"lI' ff111m13J§
'II q 

';)ln111 LLUU~'~El Eln LLUU 3Jl't\4Tlf..'l LL1n'ti~hu..'lii..'l1nnl1;f\4111 LL~::nl1f1 El ~ LL1i~ 3J vi 
'II 'II 

Q,I .. Q,I ~ .... VI.... .... ~ .. l't ..... 
L'V'l11::~m~m::"lJEl..'l~~~11m'Y1,;)::~El..'l ~~3Jl~1~1\4"lJEl..'l"lJ\41~3Jln ~El..'lTl1UTl3Jm1"lJ\41u ~~ LL~:: 

~ q 'II 

Tl113JLU\4L'VI ~ £J3J3J3J"lJ El..'l~ ~~.nm't1 El1';)';)::LU\411"'nJ'VIl't\4m1111'ti~ ~~.nm't15.n"lJl~'t\4nl1;f\4111 
q ., 'II 

......... A ... '/1...... ... ........ X..I't ... X ...
 
m1~l..'1~\4LLUU~El..'lL~Elnl1£JU~1 nUl..'1 L'V'l11::~~~11m'Y13JL \4ElYI \4LL\41~1..'1n11..'1 L\4El~\4~1..'1 

q 

"1t1..'1~U..'l ,;)::Lfi~m1f11~i1'~~1£J Ld'El~\4mi~El..'lijTl113J'V'l1\4i11~£J'ti;fLt11LLn~U 'VI1El 1ff~ 
q q q 

5\4 ']3Jl"1t1 £J111'tiLfi~Tl113J'V'l1\4i1"lJEl..'l Ld'El~\4't\4m1f1~~ El..'l "lJ\41~'1i't 'VIqj 3Jln';)::~ ~1 £Jnl1 

Tl1UTl3Jnl1~~~ 111 LLUUTl11~';)::ij tf1 \4~~'t\4nl1Yi El ';)::ff::~1n 't\4m1ri El1l1n;f\4 LL~::m1L~Eln 
q 'II 

1~f1~u't\4m1~~~'tiL~Eln1~f1~U~'VI1'~~1£Jnmfln 
q q 'II 

,;)lnm1L"lil'V'ltl~L~£J1"l1'lt"ULLi1't\4'V1~1 £J1::£J::~..'I'~tl tlfl LLUU ~~~.nm'YI1 \4 3 111 LLUUL~ El
'II ., 'II 

't"lit\4m1f1~~tlUTl113JL'VI1I1::~3J"lJ tl..'l111 LLUU~tl 'l1i..'ld' 
'II 

1J 1J~
 
111'V'l~ 24 111LLuu~ 1 

'II 

111 LLUU~ 1 ~ 1I11f1~Eln\4'~L~ £J1nm1~13Jn\4 111 £J't\4n~1..'1tf..'l~1\4Tl113J1tl\4 'ti;1'\4tf
'II 'II ... ... 

~l\4U\4 ~1..'1n~l..'1;i\4..'11\4 
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I': 

,-1J LL1J1J~ 2 ~ ElnUt~ [J11\1~~nU{(\1 ~hU~r:n3J1ElU ti;fU{(~1U1JU t~ [J "11\1 LUU{(1U~,r1 
'II 'II 

LL~::{(1U~~\1 {(1U~1U~,r1'Yl'l~tUn1T;)::fmn13J1ElW;)1n~1UUElnLLa1{(\I~113J1Elu;fu{(~1U1JU 
~ 'II 

1WffULL,-nri ElU L~ El~113J1El U~1 UL"ll13J1n';)::ii"ltEl\l {(\I ~1U~113J1ElU.ffU ~2 ri Eluf1\1 ~h~U\l1 U 

~1ulu 

,I 11, 
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"ULL1J1J~ 3 ~eln""Ut~ £J1'h1~~nU~" ~1Ufl113Ji'tlU1~;fU~~1U1JU t~ £J ~i'1" Li]U~1U ~'lt1 
~ ~ 

LLa::~1U~ i" ~'l!,,~ 1 "lJtl"~U"1W;)::f1Jfl113Ji'tlU,;)1n~1UUtlnLLa1 ~"fl113Ji'tlu;fu~~1U1JU 1U 
~ 

.... I I ~ .... .... 

-lULL,.nn tlU Liitlfl113Ji'tlU~1UL,r13J1n';)::ii~'l!"Yi 2 "lJtl"~U"1UnU~ tl,;)1n'l!u ';)::d]U~1U"lJtl" 

uuntl ~'l!,,~ 3 "lJtl"~U"1U~n~rt",fuLLa::"1ttl"~"fl113Ji'tlU~tli.ufitl~'l!",fu~ 4 "lJtl"~U"1U 
~ 

Lrltli.~,.U LL1J1J~~tl"n1"LLa1~"~i'1"~ULL1J1J,f,, 3 ,.U LL1J1J L~ mt13J1'Y1~ ~tl1J~1"U LL1J1J~ 
~ ~ ~ 

~~ ~~1Un1,.~tl"nUfl113Ji'tlUL,r1 ~i1tl1m,., ~ 
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n111Lfl11::~fl1fl113JLih~u'U.1'U.L'U.Lfl1"n11 h151.hLLn13J~1L7~1iJ L'U.n111Lfl11::~fl1 
'II 

fl113J LU'U.u'U.1'U. ~ El LiJ1LLn13J n111Lfl11::~ a'3J11f1'U.::L~"fl113J7El'U. "lJ El" n1Ell.J El1fl11 LLfl:: 

'VI~"m OTIV/RTIV L~W flnL::'Vi~""1'U.LLfl::la'~3J'VI11."m~m"'flL'U.Lfl~'Vi1::~El3JLni11i'U.1.J1 
q q 

1iJ LLl.Jl.J~ 
'II 

, . "" 
mm1'U.1fl113J1El'U. 

(Conductivity) 'VI1El 

fl1 K 

"" "" ~1 wrn'U.fl113J1El 'U. 

(Resistivity) 'VI1El 

fl1 R 113.1 

1 
~ .:l 

"lI'WYl 1 0.111 

El1m~ 0.149 
:; .:l 

"lI'WYl 2 0.111 

0.694 

2 
l:: .:l 

"lI'WYl 1 0.111 

El1m~ 0.149 
... . 
... '" "lI'WYl 2 0.111 

0.694 

3 
~ .:l 

"lI''U.'" 1 0.111 

El1m~ 0.028 
... ,

icu.n 2 0.111 

flEl'U.n1~ 0.303 
~ .J 

"lI''U.'" 3 0.111 

El1m~ 0.028 
... , 
... '" 

"lI''U.'" 4 0.111 

1.0922 

A .... "".-=I 
'VI3J1m'VI~ f1113J'VI'U.1"lJEl"~fl~f1nl.'YI'" 0.005 L3J~1 

i 

!Q1! ~1nm1"'~a'Ell.J~1[J LiJ1LLn13J m11Lfl11::~ a'3J11f1'U.::L~"fl113J7El'U. "lJEl" n1Ell.JEl1m1 

LLfl::'VI~"m OTIV/RTIV L~£J flnL::'Vi~""1'U.LLfl::la'~3J'VI11."m~m."flL'U.Lfl~'Vi1::~El3JLni1 
q 

1i'U.1.J1 1iJ LLl.Jl.J~fl1f1113JLU'U.u'U.1'U.n'U.fl113J7El'U.~~~a'
q 'II 

~L1£J"~13J~
q 

1~1.J~El 1iJLLl.Jl.J~ 
'II 

3 L~ [J 

1iJ LLl.Jl.J~ 1LLfl:: 2 iifl1fl113J LU'U.u'U.1'U.~L fhn'U. 
'II 
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Id 
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Ii! 



44 

II'.! 

1i1'\.t1'\.t~1'\.tt1fl1'1'11t1fl1'1'11t1fl1'1'11t1fl1'1'11 .. A .r 
'J1nn1'1'1'1~ElIln'tJ1tl n1'1'I.Jtll'I.JV1n1'1~fl~El1.Jm'1rn~ n1'1f1Eltl 

'tJEl~~'\.t~1'\.t 100 flf~~~91nfn'tJEl~ ~'\.t~1'\.t9i'\.t~~'I.J'I.J ~'\.t~1'\.t 

~'\.t~1'\.t 'I'ILf~~H1 (~'\.t) 

1 89 

762 

323 

1,2 LLfl: 3 

1 

(kg) 

2 

(kg) 

3 

(kg) 

4 

(kg) 

5 

(kg) 

6 

(kg) 

7 

(kg) 

8 

(kg) 

9 

(kg) 

10 

(kg) 

. ... 
fnLo.fltJ 

(kg) 

1 0.48 0.50 0.48 0.47 0.48 0.47 0.48 0.49 0.48 0.47 0.48 

2 0.38 0.35 0.37 0.38 0.36 0.38 0.41 0.38 0.39 0.37 0.37 

3 0.49 0.45 0.42 0.48 0.49 0.48 0.47 0.47 0.48 0.48 0.47 

~,-1J m'-1Ltn1:\f';1'I~,i1~'ll'n,-1JLL'U'U~ii,i1~'ll'mltltJ~~~L~tJ\I~13J~1i'Uflm1JLL'U'U~2,3 
-.......- 'II q 'II
 

LLfl: 1 

,-1J LL'U1J~ 
'II 

Kg/~1'-1\1L3J~'-

1 91.6 

2 68.3 

3 135 

~'-1J m'-1Lfl'-1:\f';1 u,i1~ 'll'n,-1J LL 'U'U~ ii,i1~ 'll'mltl tJ~ ~m13J1J un tl L~tJ\I ~13J~1 i'Ufltl,-1J LL'U'U 
-.......- 'II q 'II 'II
 

..; 
't1 2,1 LLfl: 3 
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ILl 
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.
 

f1113JL,j1t~ f1113Ja'::~1n f1113J'-1~ L11t u 

m,-riEltum,-ti\llU tum,-ti\llU ., .., ...l . ... 
\11 £J 'Yl a'~\11 £J 'Yl a'~1 \11 £J 'Yl a'~ 

~~ ~ 

2 

3 

,-1.1 LL1J1J~ 
'II 

... .. 
LL,-\I El~(L\l,~HJ) 

(kg.) 

1 2,858.3 

2 3,891.6 

3 10,700.3 

,-tlLL1J1J~ 
'II 

';113J\l/~1'-l\1L3J~'-

1 1.45 

2 1.55 

3 1.58 
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fOu~~m11LTl11::~1ULLU1.I~~~nnl.syf 
q	 ~ 

- Ti1Tl113JLih4u'\.L1'\.Ln'\.LTl113Ji'em~~~H~L7£J-:I~11"hiUflEl 1ULLUU~ 31~£J 1ULLUU~ 
q	 ~ ~ 

1 LL~::	 2 iiTi1Tl113JLU'\.Lu'\.L1'\.L~L'Yhn'\.L 

- n111LTl11::~U""nJ~1~1'\.Lm1~~ ~1U LLUU~iiu""nJ~l'tXEl £J~ H~ L7£J-:I ~13J~1 iUflEl1U LLUU 
II \I "II	 \I 

...I 
'Yl 1,2	 LL~:: 3 

- ~1'\.L,r1~Un1ULLUU~ii,r1~Um.tEl£J~H~L7£J-:I~13J~1iUflEl1ULLUU~ 2,3 LL~:: 1 
~	 q ~ 

- ~1'\.L1ULLUU~ii,r1~Um.tEl£J~H~113JU'\.Lrim7£J-:I~13J~1iUflEl1ULLUU~ 2,1 LL~:: 3 
~	 q ~ ~ 

- m1~1'\.L 'Yl1'\.LLL1-:1 el~1U LLUU~iim1~1'\.L'Yl1'\.LLL1-:1el~ '~~~H~ L7£J-:I~13J~1iUflEl 1ULLUU 
~	 q ~ 

...I 
'Yl 3,2	 LL~:: 1 

- m1ti-:l1'\.Lt'\.Lm1fiEl~u-:ll~£Jiim1ti-:l1'\.L~J1£J~H~~13J~1iUflEl1ULLUU~ 1, 2 LL~:: 3 
q ~ 

- ~1'\.L1::£J::L1~1n11ti-:l1'\.Lt'\.Ln11riEl~u-:ll~£Jii1::£J::L1~1~UEl£J~H~~13J~1iUflEl1ULLUU 
q ~ 

...I 
'Yl 1, 2	 LL~:: 3 

~111-:1~ 20 m1Tl""~L~ElmLuutiTl::LL'\.L'\.L(Scoring Screening) 

ft917 
'U 

.d 
f1 

~1m111 

Li)".\l,".1". 
... 

n".m111 

" 7a". 

10 fl::LL".". 

" ~11".m7 

~~91 

10 

fl:: LL".". 

n17 

" 9l1".f11". 
... 

LL7'1a~ 

10 

fl:: LL".". 

" ~1'" .. 
111'1'\l4n 

10 

fl:: LL".". 

" ~1'" .. 
111'1'\l4n 

7111 

lJ".ria 
'U 

10 

fl:: LL".". 

n1~l,r 

'11".1.". 

n17ria 
... 

~"''1 

10 

fl :: LL".". 

m111 .. 
71~L71 

1".m7 

Hria 
... 

~"''1 

10 

fl:: LL".". 

fl:: LL".". 

7111 

70 fl::LL".". 

1 8 10 5 8 8 10 10 59 

2 8 7 7 10 10 8 8 58 

3 10 3 10 9 5 5 7 49 

'I""	 ~ Q"oo 1 _. ~ """ 400"J'
L·lI'Lnnl.'Y11::~UTl::LL'\.L'\.L 0 - 10 ~£J3Jm1::~um1L~Tl::LL'\.L'\.L~-:I'\.L 

10 ~3J1£Ji1-:1 ~~H~ 5 ~3J1£Ji1-:1 'V'lElt-t1.~ 
q 

9 ~3J1£Ji1-:1 ~3J1n 4 ~3J1£Ji1-:1 'V'lElh'f~U1-:1 

8 ~3J1£Ji1-:1 ~ 3 ~3J1£Ji1-:1 t-t1.~UEl£J 

7 ~3J1£Ji1-:1 ~'V'lElH3JTl11 2 ~3J1£Ji1-:1 t-t1.~UEl£J3J1n 

6 ~3J1£Ji1-:1 ~'V'lElti 1 ~3J1£Ji1-:1 t-t1.~UEl£J~H~ 
q 
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trnJ m1i~ L~ ElnLLtltlL~fl:: LL'U.'U.1lJLLtltI~iiti11::itlfl::LL'U.'U.~\I~~~ L~tI\I ~111 ~1itl~ fl 
--r- ~ ~ , 

1lJLLtltI~ 1, 2 LLt'l:: 3 i\l,f'U.~\IL,f~t'ln11'Y1~~fltl~§~.nm't1"lJfl\l1lJLLtltI~ 1'lJLlJ~tltlLYititl 
~ ~ 

.... "'" Q;A .. " 

~m~1It1~~1'U.mtl1l1~ntl fl!lIflqj (Brick) flfl'U.n1~t1t'lfln (Concrete Masonry unit) LLt'l:: 
... 

flfl'U.n1~1I1t'lLtl1 ( Autoclaved Aerated concrete) 

ti1fl1111'Vl 'U.1 LL\l.'U. 821.7 kg.lm3 

, 'rJ"! Am m1'Y1'U. 'Y1 fl,m'Vlllll 
~ 

1,491 fl\lWILfj)'t'lL~tI~ 

-;i1'U.1'U.'Vl\l.1t1~ fl~111\l LlI~1 100 nfl'U. ~ fl 1 ~111\l LlI~1 
" .

er~11m1~~siJlI\t1 Yi 7.5 % 
~ 

ti1L,f,)1 tiL'U.n11rifl~i'1\l 

11mlJ1::1I1mm1 1,200 -1,500 t11'Y1 ~fl 1 ~111\lLlI~1 



UYlft 5 

iI'1.h~ftn1'~;)U• 

,;)1n~~n111Lfl11::,.f..umJ~LL~::flnUnJu1i'rn\ln1111l1'Vi"1ltl.\J~~~ntll.'n'~~~~1U~h.\J ')LL~1.. , 
~.\J\t11J1Lll~1I1JL Vi lIUnu ~ ~ ~ntll.'l1.yfl,nUn11ntl ~\t.\J f1tl ~!1Jtlty (Brick) fl tlun~~u~ tln 

(Concrete Masonry unit) LL~:: fltlUn~~1J1~LU1( Autoclaved Aerated concrete) 

~111.\J.yf 21 Lll~lIUL Vi lIUfl,tlI.~1Ju1i"1ltl.\J~~~ntll.'l1L'lJ11iimfu~tln .yf tl tlnLLUulU1fl1.\Jn11 nu 

a!1Jtlty (Brick) fltlUn~~U~tln (Concrete Masonry unit ) LL~::fltlUn~~1J1~LU1 ( Autoclaved 

Aerated concrete) 

f11fl111J'VIU1LL'\.l.u 
3 

(kg.lm ) 

1,615-1,650 765 550-640 1,700 

,j1U1U'VI'\.l.111~tl 145 14 8 100 

~111.\JL1J~1(ntlU) 
.~ ...., 
~1'V1Un~tl~1dl.\JL1J911' 

2 
111Ju1UllU ( kg.lm ) 

'II 
, ... 
mn11~1U 'Yl1Ufl111J 
..., 2 
1tlU(m R) (m KIW) 
, . ... 

mn11U1fl111J1tlU 

200 

(riEla!fl''1bb~'U.) 

0.15 

0.473 

130 

0.149 

0.519 

90-100 

0.58 

0.089-0.132 

91.6 

0.694 

l: ~ 
"lfU'Yl 1 0.111 

I (f11 K) (W/m.K) mn1i11 
:: -I 

"lfU'Yl 2 

0.149 

0.111 

f11i1J1l1::~'Ylnfn1 6.666 6.711 1.724 1.44 

rl111L'Ylfl11Ui'tlU 
, 2 

(m U) (m KIW) 

f11n11rl111L'Ylfl111J 
... , 
1tlU111J (mQ) 

2
(Watt/m) 

30-45 32-42 

(~tl.\Jijn11 
'Yl~~tlU,;)~.\J) 

I 

I 



50 

~1n-3~ 21 L1J7[JlJLYi[JlJ~mLnllJ~'iJel-3~~~.rim';Lcn"1iimflJ~eln ~elelmLlJlJ1ul~"-3n1" nlJ• 
~!3Jeltt! (Brick) ~elUn7~lJ~eln (Concrete Masonry unit ) LL~::~elUn7~3J1~LlJ1 ( Autoclaved 

Aerated concrete) (~el) 

.. ..~ 

L1J1112Jn RtHHJn 

821.7fi1fl112J~fl112J7em 800 -1,000 • 
2.5 L'Yh 

(fi1 C) (J/kg.K)
 

fi1n11ihu.'Yl1'l4LL1\1 rr~
 

(fl112J7£1W;l1LW1::) 

35 40·50 
2

(kg.lcm )
 

fi1n11"'1'l4hJ
 40.5 - 2 

1,491*(-i112J\I) .. 
£I \I ft1 LIJ1tUlJ1l1 R 

30-40 7.5 

(% )
 

425-440
 

30 30 

450-646 1,200-1,500 

(112Jfi1 

i'lnLL9i\lLLa1) 

(tJ1'Y1) 

(1li112J fi1 i'lnLL~\I) 
.I 

-11 fl1 tln 

390 

-11fl1tln -flmt11Wfl\l'YI.. 'II .. 'II • 
-LL'2I\lLL1\1 -LL'2I\lLL1\1 li\l1'l419iR::mn R::i'l1n 

... .... ... .... 

-t1£1\1n'l4fl112J -t1 £I\1n'l4fl112J 
, .. .J, .... 

7£l'l419iii-~1\12Jfl112J 'YI~111n'l4fl112J 7£1'l41fi 

... .. 1"li1'l41qj I -2Jfl112J11i'lL11 'l47£1'l41~ 

-flmt11W LL£l:: -£I1111i\l1'l4rr\l -1li'YI 'l4~1 - 11fl1R\I 
'II• • 

'2I'l41i'l1li 1liiin11~'l4rr'l4 -11fl1R\I .1li'YI'l49i £JLL1\1 .. 'II 

LL\i.'l4£1 'l4 -9i£l\llitl'l4u1tJ -,J'l4i'l£I'l4n11rl£I m::LL'YIn 
'II 

... ... 
-liL1£l1'l41'l4 ~\l1I1n i'l1'l4~'l41• 

1'l4n11 

... .... 

-'l41~'l4n2J1n 

.. .K 
-LntJfl112J~'l4 I 
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I,' 

5.1 a'nJ~afl1~~ig• 
mU~H~m11';iiJ1.,£Jm1LU1£JtJ LYi£JtJ~~.,nmsnLslf11~mftJatln ntJ1i~,.,n tl~,r\lJ\I 3 "lfU" 

1.,£JLLtf\ltltlmtlu 4 ~lU .r\ld 

5.1.1 ~lUfl1111LtI'\.l,uW'm 
10 "" dOl II A,ca..o....

mm1U1f111111tl'\.l, (f11 K) "1Itl\l~~"l1m'Y1f1tl 0.111 W/m.K L1ItlU1 m K "1Itl\lLL., 

~::.jum~.,fi1m1~lU"'lUfl11ui'tlU (fi1 R) 1111n'\.l,LLi1 ';)::,~ 0.694 m 
2 

KIW LL~:: Ldm.t1fi1 

R 1I1~lU1U fi1i1lU1::~."nfn1{h£JL"'f11111i'tlU (fi1 U) ';)::,~ 1.44 m2 
KIW fi1f11111i'tlU 

, 
~lLvn::Yi 821.7 J/kg.K 

~1u'~-:h ~1'\.l,f11111Ltluu'\.l,1U"1Itl\lLSU11~mftJatln mnn11 ~!1Itltl! (Brick) f1tlUn1.,tJatln• 
(Concrete Masonry unit ) LL~::f1tl'\.l,n1"1I1~LtJ1 ( Autoclaved Aerated concrete) 

5.1.2 ~lu1f11\1rn\l 
3 

fi1 f11111 'VI '\.l,1 LL \l.U"1I tl \I LUEI ~ ~., nmsnii 1,700 kg.lm LL.,1 f11 \I ~i'1 \1"11 EI \I ~ ~.,nmsnii ii 

Lfn~m::n~1\1~\lhJ~1I11flLU1£JtJ LYi£JtJntJ1~'J ~U '],.,1., £1.,1\1 

fi1 n11~lU"'lULL1\I er""11 tl\l ~ ~.,nm'Y11., £ln11er.,."., ~E1 tJii ~::iU\l1ULu~£lii 2,858 

n1~nf1l ~\I~m1flftJ\t1'V1,rnlum1ritl~,r\l~\I'~ 
'II 

fi1\hv\,rn"E1"111\lL1I"11111U1tJ~U 91.6 kg.lm 
2 

Utl£Jn11 ~!1Itlfl! (Brick) f1tlUn1., 

tJatln (Concrete Masonry unit ) LL~::f1tlUn1"1I1~LtJ1 ( Autoclaved Aerated concrete) ~\I 

'rh1~U1::'VI«" 1f11\1~i'l\1"11 S\lL~LL~::m'\.l, 

fi1m1~.,.n1l,r1 ii 7.5 % Utl£Jn11 ~!1Itltl! (Brick) f1tlUn1.,tJatln (Concrete Masonry 
• __ .. A ca..o I'"A 

umt ) LL~::f1tlUn1"1I1~LtJ1 ( Autoclaved Aerated concrete) m1L~tl1l~111Vi"1ltl\l~~"l1m'Y1,;)\I 

Utl £In11 LL~::iiu"'tl!'VI1 ~1'\.l,f11111~UUtl £Jn11 

fi1n11."uh~ ~lm1fl"''\.l,'W'~1I1nn11 4 ';1111\1 mnn11 ~!1IEltl! (Brick) f1tlUn1., 

tJatln (Concrete Masonry unit ) LL~::f1tlUn1"1I1~LtJ1 ( Autoclaved Aerated concrete) LL~:: 

~\li1\1 1,491 tl\lfl1LSU~LsU£l~ ~\I~"utu'VI1Ldm 1~lLn.,erfl~n£J'~
'II .. 

~1U'~11 n11i Lfl11::~~lU1f11\1 ~i'l\1"11 tl\l LSU11 ~mftJa tln 1.,mh'\.l,1I1n ~n11 ~!11 tl tl! (Brick) .. .. .. 
f1E1Un1.,tJ~tln (Concrete Masonry unit ) LL~::f1E1Un1"1I1~LtJ1 ( Autoclaved Aerated 

concrete) 

5.1.3 i1Ufl1111~1Ifi1LL~::11f11• 
~1'\.l,1U'VI\l.1£J 100 ntlU .,tlWd\l.,111\1L1I.,1 LtI'\.l,,jtl~lun11~1'\.l,1m fi11~" LL~::• 

~lU1uU1111mlum1-;).,~tl'~~l£lnl1 ~!1Itltl! (Brick) f1tlUn1.,tJaEln (Concrete Masonry 

unit ) LL~::f1tl'\.l,n1"1I1~LtJ1 ( Autoclaved Aerated concrete) 

11m 1,200 - 1,500 tJ1." .,SWd\l.,111\1L1I.,1 Ltlul1mU1::1I1mm1 ii~\lnl1 ~t 
'II ... 

1Itlqj (Brick) f1tlUn1.,tJ~tln (Concrete Masonry unit ) LL~::f1tlUn1"1I1~LtJ1 ( Autoclaved 
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I" 

Aerated concrete) Ln 8u'Vl'd\l L'rh t;\1 LLliiLrlmritJunU1:tJ:L1 ~11 unT1r1 E1tii'1\1~\1';):,htJ 

th":'V1 tJlil,h1"15,)1 tJi1Ufi1 U1\1 LL~: L~iifi1'ii~lillilnLLC;)\I~,r\l ~\llh:Liiu1 uLifEl\liui1'\.b';):ii
q 

fi11"15,)1 tJfi'ln~L~tJ\lnU 

ti1tlLii1 1un11tl1: LiiuLL~:n111.h:1I1mn11i1 UTl1111 ~11 fi1 LL~:11 Tl1 L6Jf11 iin Lfu § e:J n 
•	 q 

LritJUL'Yhnu Ei!1IElq) (Brick) TlElUn1lilU§Eln (Concrete Masonry unit ) LL~::TlElUn1lil1l1~LU1 

( Autoclaved Aerated concrete) 

, , 
.... ~	 ...... A A A

5.1.4 "1Ie:JlilLL~:"1IElLtitJe:JU')LV'l1lLlil1l 

i El~ - iiTl111111lil L111um1r1m~-fl\l1l1nni1LV'l11:ti13J11{1lilnLLc;)\I ~,r\l Llil1'1.4 
J:, .. 

"1IUlil e:JULlil tJ1
 

- 'Y11Tl1111ti:El1lilLi~1tJ
 
.., ,	 , ... .1 -K. I .... 

- ti1£J\l111'YlWYl1U ~1I'VI ~lil~ ElUL'VI11ElUm1lJn1:LU e:J\llJnlil 
... ..	 q ~ 

"1IElLtitJ	 - 11m~\I 

- Lli'YluC;) ElLL1\1n1::LL'Ylni1U'VIU1 LV'l11::~~lilnm'Yiiiin~m::~n~1\1 

lil1\1n~1\1 

- ie:J\ltiT1\1Tl1111Li1hnmh\lrle:Jri1\11um11i\l1 '1.4 

5.2 tliit.l'i1mn~n1'i~;)!1 

m1i,)tJ1ulTl1\1m1d LUUm1El e:Jn LLUU LL~::vr~U1 ~ ~lilnm'YiL 6Jf11iinLfrh..~1um1r1 El~,r\l 

~Tlm::~1,)tJmlilTl::L'1.41UTl1111 LUULULi';)1\11un11~~lil LL~:: Tl1lilTl:L '1.41UTl1111 LuuLtlLlil1'1.4';)1\1 
~ 

L~e:J\lm1,h tJ El '1.4fmtV'l i\l 'I1 '1.4111 tJ1UEl1Tl11 llil tJ m1'Yllil tiElU LL~::'Yllil ~ El\l ~ ~ lilnm'Yl1UTlmti1lu'i 
q	 q 

i1Uc;)1\1 ') L~El1lil LUU1::iuTl1111ti11111{1"11e:J\I~~lilnm'Yi LL~::'\.t11111lil~~lliltJm1Lu1tJu LfitJU 

1:iUTl1111 ti11111{1 nu ~~ lilnm'Yi5u ')~h1fun11r1 El~,r\l~e:JEi!1I e:Jq) (Brick) Tl e:Jun1lilU§ e:Jn 

(Concrete Masonry unit) LL~::Tle:Jun1lil1l1~LU1( Autoclaved Aerated concrete) ~\I 
............... tl'l-K ... ,J:,o .... ..l ..... 'I
 

~ ~n111';) tILlJ '1.4"11 e:J ti1 ~ ULUEl\llilUL'Yl1 '1.4'1.4 ';)1 LlJ '1.4'Yl ';)::lil El\l1lm1'Yllil tiElU ~ '1.41:: tJ:: £./11 LL~::'Yllil tiElU 
q 

1Uti1111::';)1\11um11"15\11Ui1tJ~\I,;)::Li ~~m1i,)tJ~ ti1lU1n! LL~::';)::tii'1\1Tl1111L~mtu1un111"15 
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\l1U~~lilnm'Yl1i 

!aJ 

5.3 1Im"'"tlLL":: 

5.3.1 m11lil ~~1U'VI~1 tJ ')fi11un11i,)tJ nun111i'Yl £./1fl1 tililfu1n11 i El\l'Y11iuLLUu1'1.4 

n11'Yllil tie:JU~ii"1lU1lil LL~::in~m::Lu V'l1:: ~\I'Y111 ~L~tJ L1~1fie:Jui1\1111n 1Un11'Yllil~El\l i\l,ru 

~1'VIfu~~iEl\ln11'Yllil tiEl U ~ ~lilnm'Yi ~\lTl11tiElU{1111n111i'Yl tJ1fl1 tililfu1n11 1un11Llil1 tJ 11 
~ 
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5.3.2 1::m:LdEn'lUm11'l"'[J~ttmJLfiu Ltl1'U.n111i[J ~~~rlm';~iTu.d' 
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q ... q ... 

Miracle work co, ltd. 2005. Ceramic coating insulation and waterproof. 

Thermshield.[Online].Avaiiablefrom:http://www.thermoshieldthaiiand.coml 

insulation.htm [ 2007,October 3] 
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Page: 2/3 Our Ref: 1415/52 

Date of Issue: 0511 0/52 

MATERIAL TESTING LABORATORY 

DEPARTMENT OF TEACHER TRAINING IN CIVIL ENGINEERING 

FACULTY OF TECHNICAL EDUCATION 

KING MONGKUT'S UNIVERSITY OF TECHNOLOGY NORTH BANGKOK 

1518 Piboonsongkram Rd., Bangsue, Bangkok 10800 Tel. 02-9132500 ext 3247,3253 Fax. 02-5878260 

Tensile Test Results 

Client: 'UltJ'lfl'U'Ull ~'U1.h·d'~ 

Address: 51 'lUi8 (I'U'U'Vi1:;11112 1l'll1'11.J1'111f1 l'llfl'iHJll'l'1V'I nHI'l'1'Villi11'UfI1 10150 
~ . 

Project: -

Project Location: ­

Type of Specimen: ~il9miJmY~U'l'1H~ 2 

Specimen 

!.D. 

Section Ultimate Load 

(mm) (kg) 

Ultimate Load 

(ton) 

Remark 

No.1 

No.2 

No.3 

1O.17x 10.17 3,044 

10.17 x 10.17 2,883 

10.17 x 10.17 2,648 

3.044 

2.883 

2.648 

Tested by : 
~ } Si«)\l~..,..'w ,. 

.....................fJ!:J .. 
(Mr.Puripat Somkeaw) 

Checked by: ~ U-U 
. . 

(Mr.Sayam Kamkhuntod ) 

Note: I .The testing results are good only for those specimens tested. 

2. Not valid unless signed and sealed. 
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Page: 3/3 Our Ref: 1415/52 

Date oflssue : 05/10/52 

MATERIAL TESTING LABORATORY
 

DEPARTMENT OF TEACHER TRAINING IN CIVIL ENGINEERING
 

FACULTY OF TECHNICAL EDUCATION
 

KING MONGKUT'S UNIVERSITY OF TECHNOLOGY NORTH BANGKOK
 

1518 Piboonsongkram Rd., Bangsue, Bangkok 10800 Tel. 02-9132500 ext 3247,3253 Fax. 02-5878260
 

Tensile Test Results 

Client: 'UltJ'lfl'U'Uvl ~'Uth~1~ 

Address: 51 'l11i8 t:l'U'U't'i'J~'J11J211'\J1'11J1,nJfll'\J\9lllV1J'YlV'l m'lI'Yl't'i1Jlll'Um 10150... . 
Project: ­

Project Location: ­

Type of Specimen: Vjl'l1'Jlijmr 'itlm'l~ 3 

Specimen 

!.D. 

Section 

(mm) 

Ultimate Load 

(kg) 

Ultimate Load 

(ton) 
Remark 

No.1 10.47 x 10.47 3,396 3.396 

No.2 10.47 x 10.47 5,755 5.755 

NO.3 10.47 x 10.47 2,524 2.524 

.,---.. 

Tested by: Checked by: ~ k., j;j,0 ~ 
....................................................................
 

(Mr.Sayam Kamkhuntod ) 
.........£!.~t So.b.: .
 

( Mr.Puripat Somkeaw) 

Note: I .The testing results are good only for those specimens tested. 

2. Not valid unless signed and sealed. 
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Page: 1/3 Our Ref : 1415/52 

Date of Issue: 05/10/52 

MATERIAL TESTING LABORATORY
 

DEPARTMENT OF TEACHER TRAINING IN CIVIL ENGINEERING
 

FACULTY OF TECHNICAL EDUCATION
 

KING MONGKUT'S UNIVERSITY OF TECHNOLOGY NORTH BANGKOK
 

1518 Piboonsongkram Rd., Bangsue, Bangkok 10800 Tel. 02-9132500 ext 3247,3253 Fax. 02-5878260 

Tensile Test Results 

Client: 'UltJ'Il'l'UtHl fl'U1.hd'91 

Address: 51 l'Ili8 tl'U'U'Vi',j~',j 11J2 1l'IJ1.:l1J1.:J1J~ l'llfl'ilVlJ'VlV.:J fl',j .:Jl'Vl'Vi1Jl'Il'Ufl'.i 10150" . 
Project: ­

Project Location: ­

Specimen 

!.D. 

Section 

(mm) 

Ultimate Load 

(kg) 

Ultimate Load 

(ton) 

Remark 

No.1 10.75 x 10.75 11,730 11.730 

No.2 10.75 x 10.75 13:524 13.524 

No.3 10.75 X 10.75 6,847 6.847 

tJ;U1".rUfh~,,,u.r.of';1 

/ 

Tested by: Checked by: ~ /l;f;t~ ..~iL0t ~~.~ ..: . •• , ~....... ••• • ••••••••••••••••••••••••••• 0 ••• , ••••••••••••••••••••
 

~ Mr.Puripat Somkcaw) (Mr.Sayam Kamkhuntod ) 

Note: I .The testing results are good only for those specimens tested. 

2. Not valid unless signed and sealed. 
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