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ABSTRACT 

The Research of this paper to propose the usage of Albizia lebbeck (L.) Benth. and 

Samanea saman Merill are fast-growing commonly found in Thailand. However these 

species of wood could not be utilized as structural components either economically or safely 

due to the lack of recommended values for their engineering properties. Therefore the 

objective of this research was to study their physical and mechanical properties based on 

statistical data obtained from 11 series of tests in accordance with ASTM 0-143. 0-198 and 

0-1037. The number of samples for each test was large enough to ensure 99% interval of 

confidence. Then goodness-of-fit tests were performed for each set of data to achieve at 

least 95% level of confidence. Buildings analyzed included residences, offices, and schools. 

The buildings were limited to two-storeyed buildings with f1oor-to-f1oor height of 3.00 meters. 

Given to joists and beams were simply supported. Values of structural reliability were obtained 

by using accurate methods. 

Results from testing showed that engineering properties of both species of wood could 

be represented well by normal distribution. Reliability analyses and designs of wood sections for 

joists. beams and columns showed that designs of Joists and beams wWe controlled by deflection; 

whereas those of columns were controlled by buckling. Based on these reasons the governing 

basic variable for designs of wood sections was the modulus of elasticity (E). If the accepted value 

of failure probability (P,) for serviceability limit states was set to be 10-4. the corresponding upper 

limit coefficient of variation (COV) of E would be 0.269. Similarty if the accepted value of P, for 

Ultimate limit states was set to be 10~. the corresponding upper limit COY of E would be 0.210. 

Since COY of E for both species of wood were lower than limit COY mentioned above. they could 

be used safely as structural components. Proposed design procedures were similar to Working 

Stress Methods. The only difference from E.I.T. standard was live load. Instead of nominal live 

loads for residence. office and school as stated In the Municipal law. mean Ifve loads based on 

data gathered in Thailand were recommended. Wood sections obtalnec from numerical 

procedures proposed were as large as those obtained from WCCAL Software. Furthennore 

recommended wood sections and factor of safety (FS) were summarized in appendices. It was 

also interesting to note that the value of E for compression and tension parallel to grain of both 

species of wood could be used to predict the corresponding value of E for bending. 
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LL1.J1.Jtl1f111t~';ItlU~Vign1i" LL£q::W'"l1~,1 

1. ~Cl.l~2JU;Y11.:JmtJJl1-"LLfl::~;.:Jnfllltl.:JWViqn1i" ASTMLL£q::W'"l12J,1'iiiI::\.fl1~2J1"t~1U

•	 'i' ~ _,!.oJ • ... __I': ~ ... '"' 't J!I 

~~LLtI';I (Dressed'"l1U';IU 11 t1f.Jmt ~~tlllU1~lItwIJ.IYlYl1mt')Lf111~l'IL1JUlIU1"''"lN~fl.:JLLfI'l

Dimension) .. 
2. m~Lflt1::i~;.:J~ajiLufl.:JlluLL£q::fi1mtYl~~tl1.JJl'l,)::L;'lvJ~ilYllltw~Cl.l~2J~Y11.:JmtlJl'l-" 

\ 

LLfl::~1.:Jnflll~'lW,.qn1i" ~::W'"l'l~": '"l::\-l'li';l.:JLL".:Jf1';1'l2JL~tlJU (Interval of Confidence) 

11 .oJ ... ~_!" ." ~.".oJ iL.J'
lItl.:J1Itl\l£qYl1::~1.JIJ.IU'fltln11ffitl£q:: 99 LL£q::UJtl'"l'lU';IUlItl\l£qYlYl"'~tl1.Jtl\:lUlI';I'lLL~'lfl';l1~ 

0, 

~ ~... •• k • 11 .oJl" • ... ~ 11 ,"I'" .oJ '"'I 

L"Ilfl2JU"''lnfl1';1~';I '"l::U111fl\l£qYl "'~1Y11mt';l Lf111~,"1Jl1';1::L 111" ...~UYI Y1t::"'1.J"'';I1~ 

ft1Un~,utI~U'I'hln1nJ\1mhLtlrnlu nnnhU!. 2535. r.:lUtJtJ TlDn1:T11'Hu,fl:Tl1:11'lluryry'Gh'l'lu,h Yl.,..2535. nnnhU! 

n1:Tl1'l~~7u.cl::tlWlrol 
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L~'tnr'l.l (Level of Confidence) 'bJ~1n~11'fltJ~~ 95 Li'1~1n~1 '"l~~'fl':I'v'hmn'l~~'fltJ~';l'flth~ 

L~~L~2J'"l'l.ln~1'"l~'l~rh~1~~tJ~~mh';l 

3.	 m1~Lfln::'\.ffl';l1~\.hL~'fl~'fl"1l'fl~'fl~fl'fl1f111'l~'"l~LiI'I.lLLtJtJ'l~~'I.l'fltlntJL';l~1 L~tJ~'"l11CU1'"l1n 
OJ 

L'flm~~'fl~fl'fl1f111~"~LnVlmf)~ 

4.	 'fl~fl'fl1f111~~~'"l11CU1'"l~'fl'flnLLtJtJ(;l1~2J1(;l1S1'1.l';l.~.Vl. ''fl~'fl1f111~~~1~Ln'l.l2 -B''I.l ij 

fI';l1~~~1~V1~1.:J-B''I.l3.00 L~(;l1 ~1V1ftJ'fl1f111 3 lh~LJ1Vl~'fl ~~n'fl1flitJ ~1'1!n.:J1'1.l LL~~ 

t1~ L1tJ'I.l ~.:J)j~1V1UntJ11'VJ n'"l1~1V1ftJn11'fl'flmLtJtJ (;l1~i'flri1V1'1.lVl''fl.:J LVll'lUq)q)"iR'fl 150 

nn.l2J.
2 

250 nn.l2J.
2 
LL~~ 300 nn.f2J.

2 
~1V1ftJm1li.:J1'1.l''fl.:J'fl1f111LL(;\~~lh~L11Vl(;l12J~1~tJ 

'~'''L;';l (Fast Growing Wood) V12J1tJ~.:J 'l~~L'illq)L~tJL(;lL1';lij"1l'l.l1(;lLi\''I.l~1~'I.ltfn~1.:J'fltl1.:JU'fltJ 
" 12 il';lL'I.l1~tJ~L';l~1 12 tI 

tfl1~tl;,~'~ (Wood Structure) V12J1tJ~.:J LflN~11.:J~)j'fl.:Jfl,J1~n'fl'Jvi1~';ltJ'l~L'Il'l.l ~'I.l (;l.:J fl1'1.l 

L~1 LL~~ rhLL~.:J 

A';l,~'\l1"'~1Uii (Failure Probability. p,) V12J1tJ~.:J f1';l12Jti1'"l~LiI'I.l~fI';l12J;J1'1.lVl1'1.l''fl.:J,.~tJtJ 
" tflN~1';H (R) '"l~ij ..h'1Jj2J1nn~1"1~''fl':1'1l1V1'1!ntJn'VJn (S) (;lfl'fl(;l'fl1~m1L;.:J1'1.l [11] ti'l.lLiI'I.l"l~ 

I 

"	 " 2J1'il1n f1';l12J'1Jj LLU'l.l'fl'l.l''fl.:Jrh~.:JfI';l'l2Jttl1'1.lVl'l'l.l"JI'fl.:J;'I.l~';l'l.l tflN~ ~1.:J LLfl~i:I1V1untJ11'VJ n n1~vi 1 

l'i'flLflN~fl.:J "'.:JLL~IML'I.l~2Jmrll (1) 

(1 ) 

" L'I.lfll';l'l2JLiI'I.l'ill.:J \i.:J R LLfl~ S L'fl.:J 'fl1'"lLiI'I.l;J.:Jn;'I.l"ll'fl.:JiK';lLL,j"~2J (Random Variable) Vlfl'ltllA'';l ~.:J 

tl1'"l'flfitJ'ltl P, L'I.lpJ~';l'l,j~~LL~~L'I.l~2Jm~ (2) 

(2) 

.01
UJtl.~ LiI'I.lL';lm(;l'flntl.:JlA'';lLL,j~2J n ~';l X,. ~•...•><n 

fx. (x) LiI'I.l;J~n;'I.l"';l12JVI'I.l'lLLU'l.lU'l"'~LiI'I.li'J2J(Joint Probability Density Function) 

r	 " 
"II'fl~L';lml'l'fl" ~ 

LL~~ D f d~1'1.l'fl1cu1tJ1L';lcu~fi1"11'fl.:JL';lml'l'flf ~ )j"l~L~1~tJtJLflN~fl~Ln"m1ii~ 
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1. ~1).111m~t:Jntofuj',,~m;LLf1~1~'-11).1i1 LtlUtl.:lfl'l.l1~ntl'I..JtuLl"lN~11.:1 

'bn~tltl1.:1'l.lf1tl	 (;).nll LLf1~L \11).1 1~~)J
 

... ...l~ ~ ... ... ..
 
2. 'l..Jn''1Itl~f1'V1 ~l'I ~UfiU1l"l11'!ltl~f1'V11.:1l'11U':lPl':ln11).1 Uf1~).I1j;11~1Un11tltlnLL'I..J'I..J 

'VI1.:1~1U~PI':ln11).1LlIfi1 

3. 4'l'lYi1).11~1S1Un11tltlnLL'I..J'I..J'VI1.:1~1U'ijPl'Jn11).1LlIfi1~1\111'I..J'l.l1~L'VIfllt'WJijl'l1l"lmL;lIU 

4.	 djUUU':l'VI1.:1tUn11';~U1tl~~1\11n11).1Lm~i~1• 
~ 'I.J. - ..:.r ...l., - 'I • I ."1 'I ...... .r

5.	 LuULLU':l'VI1.:1 ~Un11'Ci.:lLt'l1).1n11L").I"U'VIu1Lfllm~nlil ~Uu1~L'VIPI~1).1Lu1\11).1111 ~\II).I"U 

...l., - " 'I ~ .J. _... ~" 
'VIu1LfllmsnIil1tlll~~20~UU~1I'I..J111LLfl~U~Un11·4'i.:lLM).IUf1~1n~fJCW11"¥'i.:lU':l~f1'tl).l 

LL1A.:I"ll1~ ".PI. 2540-2559 

i:'··;;'·· . 



...
 
'UVIVI 2
 

137 (Wood)
 

,...	 " ...
2.1	 JI: V17Yt!l1n'fi'n1'D1P1 

... ~... ~ ...... , ... .l'l1:'tl ~ n..... .
~UL~ (Tree) L~1U~~CY1U1~,;)1 'Vl'll'Yl L"D 1::LtI'lIU ~VI~U'tltl1..:1 "Trees are the plant of 

ten thousand uses"' L11~1~11C11;rVJnt'hu"'tl..:l~uUJ'~d~lutl1::LtI'lIu1tJi' L;U ~';)u1u ~~ L~~~ 

1... !II	 tl"" ~ -1:"1 .... J' .. tl... ~ 1:"1 ... 0 .. .. 

nn 'lILlJU'tl1V111U~::tl1L ~'tln ~ L'lI'Yl1L'lI'tlL'Vlfl..:lU~:: 1::~U~,;)U tl1..:1 L~ L'lI'Yl1t11..:11C1tJUPl tJ..:I~'tl 

tI1..:1 ~nLtl..:l L1J1~~vf LtlU~U fhrJlu~1~11Cl';1L~1 L~1L;~ Uj'n1::~1u LflimlLVI~'tl'"l1nn1"LLtl1ltl 

fhrJlu u~::~,;)u"'tl..:l~..:I n1uLan1 ~1~11C11;r';1L~'ilL'Vl~..:IVl1'tlUj'tl1::n'tlu'ltJi' LtlU~U 

n11u1'l~~11;rtl1::LtI'lIu1u~1U,j1..:11 ';11~Ln~n11~m~t1'l~ u~::L~tI~'l~Li~lui..:lij;ii~ 
..I ......... 0	 I............ "., I ..........
....,

tl1::L1l'YlVlU..:I'"l..:l~,;)1in11'"l1LLUnL;UlJltl';)nu~..:I~"II';)~tl1::L1l'Yl'tlU L~tl1::UUn11'"l1UUnViU~..:I~'lI,;)~ 

(System of Classification) ~1~11C1uti..:l'tl'tln'lIlLi~lu 4 1::UUVlin11u~~'"l::tlnlK,;)'tl(h..:lm1 
" 

~1UUm~'Vl1::~'lI1uu,jfl::1::Utl L~tI'Wnfl1,;)~..:Ii~11::'J'J~..:Infl1';)ij~..:Ii1~'tl 
"	 ."'I JI ... .. ".'1 ~ ... , ., !'l'" 1

1.	 Artificial system 1::UUU L"DflnM-W::"'tl..:lVi'll'YlL'MU L~..:I1tJ1 U~::'lI"'L'"lU~1LlJUVI~n U 

.J .. '!l .. '!l .. !'l' .. .. ... .. s- iI
n11utJn L'1IU Vi';)nVi"ll~'tlnl'lU~..:I Vi'll~'tlnl'l"1,;) Vl1'tl uUnLlJUnq~Vi';)nVi"lltlUlJlU ~'lIfl~qn L U 

1::uu~u1n U~::1;r~1'"lU~..:ItI ~.fII. 2373
 
...
 

2. Formal System m'ililu1n11~1'"l1n1::U1.JU1nlK..:Iu,jtl Vi.fII.2317 L~un11V11 

tI..:I,(tl,::ntlu,j1..:11 ~1tl1::n'tl1.Jn1~1uun~U(~"IIVlfl1Ut)th..:l~U L;U ~1u';)uniu~tln~1uniu 
~ .. s-.... ~ .J. 

1tl..:l~tln Ln~1~'tln U~::11.JLflU..:I ~~~"''Yl11::1.J1.JUVlfl1U11U L'1IU lInnaeus's sexual system, 

Darwin's system Ufl:: Bentham and Hooker's system u,jL~mt';)'ltlUtl~1::UU Bentham and 
... , 

Hooker 1::uui1ijm11ot'..:I1~1'"lUm'::i..:ltl ~.fII. 2463 
, .. 

3. Phylogenetic system Lhl~tiIU1~1i..:lUlJltl Vi.fII. 2418 Ufl::~ijn1~1..:1tl..:l l.;r~U~..:I 

.-f'" .:... • • - 1 .}'!' ..I .. .r" ~ 0
lJ~'1.JU 1::UUL1~VitilU1tit1nfll,;)1~~1L,.tit'!l'tl..:l"'11,;)U um1"UfII·~1'Yl~1'!1t1..:1Vi'llUfl::ttlJl,;) Ll'lUU1 

..r. ... ~ .... .. ..I.... f"I .. !'I_",..I.. 1 ~ 
~1t1tt~ViUn'!ltl..:lVi'll~1~olij1"W1MfII,;)1~ Lntl';)LUtI..:InU Lnw-rt Lum"UtinViU~ l.JJ'YlutJ~ U1::U1.JU 

..I .. , .. .. .... n1'" tl .. , .. ~ 
~1n'Yl~l'l~f)fJ 2 Vlflnm1 flit) Hutchinson's system • ..:I~n1 1tJ t..:lVl~nm1~1~~u..ItllJ Vi.fII. 

2502 Ufl:: Engler's system • ..:1(~';1V1inm11~~1..:1t1 Vi.fII. 2329-2435 m14'''';1V1U..:latl~U{ 

Uj''!I'tl..:ltl1::L'Ylfll'l'YltJfj~VlinlJl1~U1.JU'tI..:IHutchinson's system .. 
4. Modem system Lilu1::1.J1.Jfl1t1"ijmmtilU11.-ttA'..:IUlJlU ~.fII. 2510 ~uil..:ltr'l',ju 

~ !'l,' ... ..~.l 
1::U1.JULlJU ~,;)U~~~1::VI,;)1..:I formal system nu phylogenetic system ~fl..:l1UlJl1~'YlqM-!lU'Yl 

.... 1.-f.... .. .. .... .. .. ~~ .1' 
Vi~~tltln~1 UlJ'l'Uu~ntJL"'tJ';) fIIti Takhtajan ~~VillViu..ltl Vi.fII. 2510 "::U1.JUL",",;)~Ltl1 

,	 C.C. BaiZa, M.G. Bowden. 1964. Your Texas Geography. W.S. Benson & Company. PubUshers. 
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'" £tm~tCl.l::;';.:J111UUtm-111u'1.u~Utit'l'U £tm~tru::;"IIt'l.:J~::;t'lt'l.:JLn~1 nntl~Uf LL~::;;'J::;LlIIijVi'll tl1LiJU 

'" 
;)t'l~~11ru11. Un11LLUmnr-:J~t'l~Ufil~t'l Ltl1n1 ~1 LUUn111f11tl1::;tJtJU 1::;tJtJ Formal,• 

~ I ~ I 
.... --l ... .. .... .. ... .!"I .. "I .... ...

Phylogenetic LL~::; Modern 1.1 'Cj'JUVlL'"tl'flUnU 1IIt'l mnLUn'V'l"ll tlCPlt'lnt'lt'lnLlJU'V'l"ll ~'l..lL~U-:JLIM.J'J
 

'" '"
 
LL~::;~"ll1.tJL~U.:J~ 1II'J1tlLLlJInlJh'l"llt'l-:J~"ll 2 n~tlUU Bentham and Hooker IILlJi1~;j1~1ri(;)1II'J1tlH 

I.. .... 
IM1fl111.:JVl 2.1 

.. II I I ":..J ~0.t''' ... I 

(;1171./1" 2.1 "IIt'lLLlJIn1fl1.:J1::;,"'J1-:J~1j.tlUYi"ll'1.'l..lL~U.:JL(;)U'JLL~::;'V'l"ll'1.tJL~U.:J,:! 

fl,;ruiiift:lLLft:tJiit:l'l~t:l'ldh.lU(i'l'l L'IIU hi ~t:lU ii't:lLLft:tJiit:l'l~t:l'lL~u1~i", 

;r,'1 ;r,'JLViI'l "'rU' 
n~~vit:lU1vit:lt:l1"'11ii~1n LLfl:n1::;M1::"Ut:l~ n~~vit:lU1vit:lt:l1"'11;I'lHLi1u'J'I Li1u1::LUUtI iiL~t:l 

ok'J1tJ1~ d1u1:LUfltl 'Wii'J'ItI Lf\1~f\11'1 LLft::)jnii'J'Iu 

'" 
Ut'ln"1nm~1LLUn~"ll'1.u 4 1::;tJtJ'"£tnLL~'J ~.:Jijm~1LLumJ1::;L11Vl"llt'l.:J~"lltin,"~1U1 ~~.:Ju;it'l 

1. n1,ti1LLun"1IJtrn1!tCll~LL",ti./lrhLU"'il1tl!l (habitat) 

- Aquatic Plant (hydrophyte, hydric plant) LtlU~"Il~t'l1A'Ut'l~1.U~1L"IlU,j''J ~nlJltJ "t'ln LL~U 
. !"I".1 ~ .1'1. .1.1... ~ .J I 0 'I 

- Mesophyte (mesIc plant)LlJUYi'lltJnVlt'l1rlUt'llij UVlVltlU1Yit'l~tllll'J1 L"DU tl~'J.:J ~1 ~U L.:J1::; 

f'l".1 ~ 1'1..1" " :'.J-Xerophyte (xeric plant) LlJUYi'llVlt'l1rtUt'l\! UVlLL~.:JLL~.:J"Il1"'LLPl~UU1 L"liU n1:::tJt'l.:JLYi'll1 L~tl1 

fl,"~1tJ~U 

!"I".1 ~. 11.1' ,.. .J"''''''
-Helophyte LlJUYi'lVl'llfltJU1LPltl ~VlLLn ,"'Il"ll1UL~U 'Il1UVl::;L~ L"DU r.m~.:JVl::;L~ PlUVl~'flVl::;L~ 

'Il::;fl11tl LflUVl::;L~ Ln-:Jm.:J ~1~ ~1LL,"U lJl:::1JU
 

. !"I ...1.1' , .1' 'L~ .IL! ... ... .J! II.I!:' .J J! 'I.I!

-Epiphyte LlJUYi'llVl'!lUfl\jtJUl'IUUoIflULLlfl UoILtJU"LtJUUI.tlUUoIUU L"liU n¥t'Ju UoI 

• !"I ...1.1' • "II.~ ......, " II.~:' .J rJ
-Parasitic Plant LlJUYi"llVl'U'fl\jtJUflU UoIflULL~::;LtJU"'LtJUULLU.:J'fl1,"11flUUoIUU L"liU 'flUVlfl.:J 

• J".,
2.n1'~1LLUnMnIJLU'il~IJLL.~A~11J'./I 

,,- I' 0 .!! ....1' II.I!. - ..J" ... o.!! ... 
- ~IJ!lU"U (tree) ~1j.tIUtlLU'fl UoILL"II.:J~.:JLnU 10 r~lJl ,"1'fl 3 UJlJl1 tl~1j.tlu,"~n (main trunk) 

.I' II". ..!!.I:' ..: J! J!.J! \'..l': .I' \_1 .... '1. I.J ~ 
LU'fl ~t1LL'!I.:J fl1"UL"'U,)fl.:JIJIN u,flnn.:Jn1UI'I1U'1I1.:J"1n LPlUI.tlU'!IU 1..1 Y1NTitltl1lU1'" '"'lJL"DU ",n 

tl~1" 1l~U 

I' I • .1' ....1' II.I! • • • ..I" .I' 
- \ JI,!JI (shrub) ~1l'1UtlLUt'lUolU,'!I.:J'!IU1"L~n ~.:J1~,)1.:J 4-10 r~fl ~1'fl1.2-3.0 UJfl1 LU'fl 

Wu,;.:J ~1~u,"intl'fl.:JL~U'W;"L'ltU u,fln~.:Jn1u'1.n«LPlU;rU ,"1'flij~1~uL~n1 ,"~1U;rU'lt1ntPlU 
... "'"I..!':.r - .J .1<;­
L"'U'Jnu ~n¥tYiU"'U L"liU U ~Cl 

- \JfilJt!n (herb) ih~uti'flU'WijLd'flWin~1U ~.:J'WLnu 4 'ifl ,"'1'fl1.2 UJflr ij'fl1~ 1 tI 

~'1'fl,"~1UtI 'fl1'ltfl1u,"i.:J'"l1n'1.~"'fln'flflnr.l~u,«'JL"IlU;.:J 
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- l~L;il!J (climber) Lth.l~"Il~iJ~1~UU1'lLL~:;hl~12J11tl~-:J~NLtJl~'tl-:Jt:l1~m~'tluYn~~u 

n\J~u~u L'llU ti'tlJiu ~1U~1~-:J 
o ..., .1'""

3. n''1~'LLunj;\'JJiln'Y~"JIiI~LUilLJJ 

.. .,., 0 iI _C11 AlII .r I .... 1. I t aI J' .4 .J cr ... 
- LJJ'ilJJtm (herbaceous stem) ~1~U2J~L"IlU'l LU'tl'tl'tlU 2Jn 2Jfl'tlU2JLU'tlLU'tlYlLL"Il-:JLLN'VI1'tl

• 
'tl1"lijL~nU'tlU LtlU~"Il~ij'tl1EJiu LL~:;L«ur.h~uun~1-:J~1~U'W2J1n 

- lJJ'iuc;lu (woody stem) ~1lJi'U"l:;ij"llU1~L'VIqJLL;-:J 'VIU1 LL~:;ij'tl1~~U ijLLnUL2JLL;-:J 

" L1J~'tln~ubj"l:;'\IIU1\J LL~:;LtlUL8JI~i cork '\IIU1'\11~1U;U Ltluim~ttu:;'!I'tl-:J~U~U(tree) LL~:;bj 

Yi2J (shrub)• 
4. ~'LLUn"'JJi'n1:tW~'Ilil~n'"l~i'"t\J 

- Evergreen Plant LtlU~"Il~'Wijn11r.1i",L\JL,"L~U'tlti1-:JLc;iui",roL~ij'tlU~1'Wijn11r.1i(;lL\J 

L'llU L;2J ~#-:J LYit'l.Yl1 ~U 

- Deciduous Plant LtlU~"Il~ijn11r.1i",L\JViffi2JnUL~u'l.tJli"'L4ilUL'llu 11"1lYiqmf Yl'tl-:J'\II~1-:J 

5.. ~'LLUn"'JJil'!I'1lil~;;'1• 
- Annual LijU~'Dq~LC;)m ij'tl1!lL~U-:J'l.2J~L~'tlU'\IIffi'tl14il!jUU1'l~-:J'\IIrt-:JtI 

~ .. .I... ''I.'' ~ ~ ~ I ...... ~ 
- Biennial LlJUVi"llYl2J'tl1f,1'tl'J '" 2 q~ lJLL1nLlJUlJLL'\II-:Jn11L"l1tlJLIJI\J LIJI LL~:;"l:;'tl'tln"''tln 'tl'tln 

r.I~LUtI~ 2 LLt\''l~-:J1JI1U 
.!"l .. .I..... ~. _~.. ... ... ~, • 

-Perennial LlJUYi'DYl2J'tl1f,1UU'\II~1U'lJ LLIJI~;;lJYi'D4il:;'tl'tlnOllfln f1f1n~~ LL~:;L4il1tlJLIJI\J L~ L'\IItlJ 

~u"t1ntl 
.. .. 

Lun1tllhLLUn~'D';-:J 5 ~iuu 'I.2Ju1Lfl1im;w:'!IfI-:Jl1n2J1LiluLntu-rl1J1:nfl\Jn111J11~4il 

.. '" ~1' '1.. 1'" I - .I 0 ,J!
Lfln~ n'tttu'!lfl-:JYi'D LYi11:; LflN~:r1-:J'DfI-:J11 n J.l2J fII~12JLLlJln 1J11-:J LYifJ-:JYi'tlYl4il:U12J1 L"D 1J11~4il 

... ~.l'.J .10 '11"1. 0 .... 0 k ,

Lfln~n'tttuWlli~UYlU12J1 L"D LU0114il1LLUnYi'D f1f1 ~1"U LL~:; L\J
 

• Ihiu (Stem) LiluLLnU'\IIin'!lfI-:Jliu~'D~~0ll"1-:J~UfI~L'\IIUfl;ULOlltJi~'I.1Jilin'tttu:;Lilu 

t1J'rlNn1:;\Jflni-:JIJIN LL,jn!J~1;rU1J1~'DU~~f1dLMU1J1-1'DU"'rlflOll'l.1J1JI12J~~~U ~1;rULilUYl1-:J 
o .. ~.,.I.. .... 0 .:.

~1L~fJ-:Jfl1'V111 LL~:U1'l.1JtJ-:J~~UflU''DfI-:JYi8JI L\J flfln LL~:;"'~4il:;Lnfl\JU~1iJi'uUfln4il1nu~1iJi'u 
.. ... 0 .....1 .. .rI.l'.l' 

'DfI-:JYi"ll\J~'DUOll'rl1'\11U1'rl'!ltl1fJYiU~~'"'"~tJ 

in'ttCUU'l1fJUfln'!ltH~1Iiu~'D1J1:nfl1J~~fJ;fl(node) LL~:1J"fI-:J (internode) 1J114il:LnOll 

... J! ( ).. ... -, .... .te.....1..., ... -'1 ..
\J1L~tu"DfI node Yi'D\J1-:J"JIUOll2J L\JLn~Oll'\lltfl bud scales "lll\J1L~tuIJl1YlLnOllL'\II2JLYitllJtl-:Jnu 

.. .. iL" I '.1 I ,.... ,. 0 .!' .. ...
flUIJI11tJ UJflIJI1LLn \JLnfi~"l:'\IIq~1'N'\II~U lJfiflfJ L'\IItJflOll L\J LLfi:~1"ULLlJlnflflnll1 1'11'DfI~Yi'DLn", 

'I.~ 2 ,j1LL'\IIU-:J\JU~1IiU "1~1J~1fJfJ'tlOllLitJn~1 terminal bud e'~U"1~LnOll~1uf1-:J'!IfI~~1iJi'u 

LhJn~1lateral '\111tl axillary bud li1L\JfN'l.1J~'1U'DfI-:Jaxillary bud 4il:iltflfJLL~fiLiluL1fJn~1 
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leaf scar "'IIViiiflltJ~1n~'l.lk\l'f'l.lfoil:;ii1LiJ(;IL~n1Vi Li1fl LtlfleJ')'t,jVh~~1 Vi LiJ'l.lfoil (;I LL~ n LtJ~tJ'l.lrh'll." . 
"" ,Lffin')llenticel 
01,1 II" J'4I..I ..... aJo..... .....~
~ll'1'l.ltJ:i':;nfl'lJ"m..l L'll~~ LL~::;L UflLUflVlfoil:;:i'')~nuLlI'l.l:i'::;'lJ'lJ'Vl~ll"'1C\j 3 :i':;'lJ'lJ "I..:I'l.l 

.k .a .k .. • I.- -l.Iot ..,..,
1. '~t.Jt.JLU'ilL!I'il'fU~,;) (Dermal Tissue System) Vll~'l.lIVllJfl·m'l.lflUlJl11Ufoilln 

f11tJ'l.lfln 't~LLfi epidermis LL~:; periderm 
.k .a .k • I.-..l....l ..I 11.­

2. ~t.Jt.JLU'ilL!I'il,"U (Ground Tissue System) Vll~'l.lIVlU(;lL~'l.ltJ,)1:;'lJ'lJfl'l.l1 ~VlN 
~ , 

ttl11,UU'l.lfl,)'l.lIJi'1.:11'1fl.:l;4'11 't~LLri L'II~~1'l.l;'l.l cortex U~:; pith • .:Ifl,)'l.ll~qjLlI'l.l parenchyma 

o riO'" ~ I 
3. ~t.Jt.JU'U'LL.~tl'''''' (Vascular Tissue System) LU'l.l1:;'lJ'lJVlfl~IL~tJ.:I'l.l1 LL~:;U1 

fil~'ttJ~fl,)'l.l~I.:11'1fl.:l;4'11 

n1:i'4'(;lL1tJ.:I~,)'Ifl.:lL~flL~flf11tJt'l.l ;ht,"Ln"l~I~'l.lU'lJ\..I~I.:11 ~.:Iijl"'l,)I~UlJln~I.:1n'l.l~'JJ'l.lI'" 
_I' ~ J' ., ... ..,....., J'..I , -A'.J. ,J' ..I J'
 
41.111..:11:'1 LL~:;L'l.lfl ~~ n1r-l(;lLffi~L'1,)'Ifl.:lL'l.lflLtJfl LL~:;n1m1:;foilltJtltJl.:1~fl(;lfl,)U1:;~,)I.:1L'l.lflLtJfl~'l.l
 
"
 

.r ..I 0 rOt"., ~ " .. I ... - • I'"
U~:;L'l.lflLtJfl'l.lI'l.lIU~:;fll~11 Vll ~~m~ttu:;~filN~11.:1l.1'~JJll'lfl.:l~'II1Jl1:;fJ~1JI1-31 tUlJlnlJll.:1n'l.l UIJI .. 
t(;ltJtJ1n~~I~'l.ltJ'~JJijtJ1:;nfl'lJ~,)tJn1tJ~f11f1l~in ~.:Ii1 .. .. 

1. epidermis ~nlOl:;ij;'l.lL~!I')U~:;ij~U.:l~I'l.l'l.lflmil'l.l~11~,)~'l.l ~ffiij;'l.l~,)~'l.lLfil~fl'lJ 

.... 1 'I ~ '1.1 I ... -.. 'I ,~ - .. 'I 'I ~ .......I_~
I

~1.I1n ~'lJ (stomata) n1:;tilltJflfJVl') ~1.I LLIJlIOl::L1tJ-3IJ1') ~~Ll.I'l.l1:;L'lJ!I\..IL~llfl'l.l ~'l.l ~'lJ Ll.I'l.lL'II~~Vlll"ll') IJI 

U~:;1JI11'lJt~~6.:1hiijn11~~I.:1 periderm epidermis ~1~11Cl'ltJltJ1~fLl('l.lU'lJ'lJ '~tlJl~fil 

(mitotic) VlI-3~I'l.liflli1 L~flfun'lJn11LIOllC\jL~'lJt"~U'llfl.:liJIuUJ~~')tJ 
• ....J. 'I ,....I 'I" ..1. 1 ..

2. cortex LL'i~ pith L'll~~fl')U~~CijVl~'lJ ~U cortex filfl parenchyma 'II.:I1JI1~l.In,,~'lJ 

Uj l'l~ L;tJ') (chloroplast) u~rl1'!1tl.:l~I.:11:;~~I.:1 Ltt\~i;l'l LIOlUtl'ltJ L'i1~I:;tltil.:1~.:I'lJ1L,)tutJ1tlUntll.:1 
. ....I ~ .. t _ .... ....I... .., 

'Itl.:l cortex Angiosperm YlLl.IU~'IIU11Ol:;~ parenchyma 'IIUl'l~LflltiYlL1tJ.:IIJI,)~tl,)~~ln~l!1 Utl:; 

ij'!ltl.:l~I.:11~~I.:1Ltt\tlGl.~C\lL1tJn~1aerenchyma \..I1L,)tu cortex ~~l'lti'J epidermis )jnlOl:;l'i'lJ 

Ltt\tli~t,"fil,)I~U;.:IUN '~url collenchyma ~.:Itll1Ol1,)lltl~LilunfjlltU'lJ1L')tu~U'Itl.:l~I~U ~1tl 

LilUUCl'lJtJl,) ~1fl Lilu,).:I1tl'J~1~uriLilu'~ ul'itU';'II'lJl.:1'llUl'l L'!Iu ';'11 "1:;fJ~~ c-a 11Ol:;~'lJ 

sclerenchyma UVlU~ collenchyma U' 

3. 1'::t.Jt.J,h,r'LL.~tl'\n' n11LhJ.:I!K'),tl.:I1::lJ'lJ,h~'Utl::tl'~11tU~I~UtJ'llJJij,rU 
~ .. ·k ... _., 'I ,J'..I.1' 

IOl:Ll.IU1:;L'lJtJ'lJ1fl'lJtlllJ1U n11'"ll'lL1tJ.:IPt,)'Itl.:l phloem Utl:; xylem ~Um~~LUtlLtJtlU1U1Utl:tll~11 

m~~tl1!JL~'lJ\..I L'!IU collateral, bicollateral, concentric. amphicribral ~ffi amphivasal 

.. .... 'I .}'....I. .J! ':'.3'" ....1'1. .1' 'I. .}' 'I.::' 'I.}''''
n11LIOl1Cij1:tJ~fltJlJll~'lJIIIVltll."UUtl:;n.:l ",,~1'lJYl ~'lJ L",U ~'lJ Utl:;J11U ~'lJUU~'lJ ~."UtltJ 

, • ....1 • .1' ,-...'I .... ~ J'..I.t ":J' 
~ln vascular cambium n11Yltll"UIOl:;U'lJ.:Ifl,) Vll ~~1.I1ll1tuLUtlLtJtlU1U1Utl:;tll~11L~1l'lU

LIOllCij L~'lJttJ1'11Ul'ld,"'lJ'~ L~~tl t U;;'II~UUf\:;;;tt\t1u~ut\..l L;tJ.:I ~ ;;'llt'lJLitJ.:I ~ fl')ut~ tlilOl:ij 



8 

• 

" " . 
interfascicular cambium Llh.mlLiHl.lLLPl'lJ~.:J UPl'lJ),J1n ~.:I,ruLiltl L[Jtl'VI ~tlllijtil ~~IMJU1 LiJU1'IJ'.l.:l. .~ ~ 

" 
LL~'.lUL~tl~tI\l1nr LL~~Iij~hjL~ULLU'.l ray nti'1.:J~.:IL"llu1uY;"ll ~tlqn1'lJL~tl.:l~ 

" 
L~ tl tl n ~ Iij ~ 'I. ~ ~ 'lJ n 11 Ltill 'k! 1~ tl ~ VJ ~ tl J:J ij1 'l.I Vl "ll ~ tI q n 1 'lJ L~ tl.:l ~ (herbaceous 

.. 'I ':;..1 ,., 'I" 'I .:; ..I '" ~ ........ 'i' 
dicotyledons) LL~:::~"ll ~'lJL~tl.:J L~tl'.l LLlJlm~'lJ ~U~"ll ~'lJL~tl.:J L~tl'.ltln"l:::L1JUn11LIil1CYLIJI'J~IJI LL'lJ'lJ 

ViLfll~1nn11UU.:li'.l~1tl"lltl1tltA''.l'tl.:l parenchyma ~LilUL"Il~er~u'lU~1t1i'u n11Llill'k!1~tl::: 
... .... .:.. , 'I .. 'l .: ..I ..I .... .r ~".J '" 

YJlJltllJtlU'lJ'lJUL1tlnfJ1 diffuse (diffuse secondary growth) ~U~"ll 'lJL~tl.:lL~tl'.l'VltlLUtl ~tI LilU ~n 

n~4'u thUfll1U111tlnJ ~tl1n~~tl1nUjtl~1tl~tln'l,j LilutIi'u ~1t111tl~11.:1 cambium "llil~~LflI~ 
.r ..I 0 t' _., 0 t .. .. 
'U'VI parenchyma Utlm~'lJ'lJU1U1LL~~m~11tl~tl1JtIU~~~11.:11~'lJ'lJU1U1U~~tl1~1tYJlJltllJtI 

J' .:'" r .1' .. 'l ':..1 .... ., 0

'u UtlnIil1nUtl.:l~'lJL"Il~~schlerenchyma l'l'.ltl ~"ll 'lJL~tl.:lLlJltl'.l'lJ1.:1"llUIJl'"l~~11.:1 periderm ~'l.I1 

tl1n'l~iltl.:lnu€u~t1tl~'.ltl 

fhutl1:::ntl'lJ~~1~'k!"Jtl.:l~1 tli'U~.:I'Il1t11 L;j'tl1:::Ltl"llu1U.:I1Uritl~ 11.:1~tl~'.lULtle;tl n u~~LLriU 
.. .. ::. .r ..l::' I ~ l' ., ::.0LtJtlfln ~tl1tltl.:l'ULUtlLtltllJ1.:1LLIJI vascular cambium tltln ~tltl'l1UUtln tl1~ntl'J~'.ltl"llU 

...... .r..l. 1 ... .1' ..'" I 0

Phloem YJlJ1tllJtlU~~LUtlLtltl1J~tl1JtI'tl.:l phloem U~::: cortex Ll1tl.:lPl.:lL~~tltl~ periderm LL~~ 

.r..l..l.1' 0 

LUflLtlfl'VI1Jl1t1LLri'.lUtln periderm 

• .. .. ..I.. " .... ..I.. ~.!'l. "'... .. ::... ..l 
~1~1'IJ~''VItltl1fJUtltl~1tl~''VItI'U11Jl ~ ~'Uun '"l~LnIJl periderm L~tl.:lfllNL~tl'.l "Il.:J 

tl1'"lLiju~1Ji1U~U.:l'ltJi epidermis ~lfI'lu cortex ~lfI'lu phloem tl~tllJij~lfI'J~tllJijn'l~Ltl;tln 

.. ....:.. _ I 1'::..r AI ..I~ •! .. I _ I..... ..l .... 'l I
 

'tl.:l~"UL'lU'"l.:l1J~ntl'lJl'l'.ltl'ULUtlLtltl'VI ~~u1tl1mttlnfJ1 L1J~fln'UL'l'lJ1.:1 LJJtl~'tI'U1L'l ~'k!
 

.r •I" ... ~ .! .... ..1.'1 '" '" 'l'~" II.,.. ~ ::. 'I I"': "" 
'UL1J~fln"llU~'lJ1.:1 ~L~t1.:1~tl'VI'"l~1Jfl.:lnUflUlJ111t1 :}'I~' ~~ ~'tb1.:1 periderm 'U ~~tlL~tI~n~.:I 

II _ I 'l..J! 'I." . I" ..:.r ..l ... .r 'I-! I ..I 0 • 'l ..0

~1J1l1t1 U~1l'1U U~:::'VI1 ~fII'.l1t1~U1'fI.:IL1J~flm~tI'U U.JfI periderm Ln~'U~'.l1'V1~1U~U.:I ~n 

::. .. ..I....r::. ...1 ..l .;. ..;. 'I. • 'l'~
l'I1t1 '1U cork ~ffi phellem 'VILn~'U'"l~nU''.l1.:1f1'J"~'.l1.:1LUflL!.IflilUUflnU~~i1U~U 'VI1 :}'I'1'" 

.... 1.I..l l' ~ .I~ 1'''' t ..... II. I '" ::. ..l ...0 

n111Jl~lJlfl nqtlLUtlLtlfltI'I1UUfln'tl.:l periderm '"l~~ Wl1'IJU1Ufl~Ln~flU""'.:I1Jl1t1~lJ ~.:IUUU.JflLn~ 

o ::... II. I .r AI l' I _I" .r ... '"...
periderm ~~1t11 '1Uflnfl.:l ~1J LUflLtlflPl1UUtln'"l~fIlfltl1 l'I1t1 L1Jfltln'"l~~U1'U~'.lUflntl~n~N~ 

~t11'lJUfldj1tltlUlJln;~L'"luGtJn'i1 Ltlt'fln'U~~U1 ~1fI Rhythidome 111",1K~''.l'W''JIth'lLtlt'fln 
~ ... 

'1U~~U1'il~Utl.:I~Li]U 2 'lJ1L'.lN ~fI Ltmtln;UUtln (outer bark ~1fI rhytidome) Ufl~Ltl~tln'iu1.u 

(Inner bark ~ftlliving phloem) 

"tJa'8nluu'8n (Outer bark ,,1'8 Rhytidome) 

... rhO 'd "'::. I °d .;...I....r 'L-I.1' ..II'lJ1L'.lN ItI orne '"l::'-lUl'I.:IUl'I pen erm i1U'VILn~'U~1t1~flfln uPl1UUfln periderm 'VI 

... .1 '" ~_I.1' 0..1 ... .I'l''''I I
Ln~'U nflU'"l~~n~Uflfln ~lJtI'I1UUtln penderm 'VILn~,U ~t1'"l~Ln~1~'.l1.:1LLU'.l phellogen 'fI.:I 

o ..I.... ",::..r..l..l.. II _I ....J.:.. 'L- I ..l .. 
'penderm '~'VILn~fl1t1"n'lJ'IULUtlLtltl'VI~n~.:I '"lUtl.:l phloemLlJ U~~'"l~Ln"L"1IUU~nfl.:l1JLffitl1 

YJ~tIlJij4.:11.uiud phellogen '"l:ijri1LUL'ltl1'"l1n phloem parenchyma Ufl~ ray cell 
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~~UU rhytidome ~~tl5'~ntl1.J~';I!J periderm VI'Wtl1tii1LLtl~~';I'l~LL~';ILffi~~';I~i1.Jn1.Jiu 

J' ../../ 'l'" dI
LUtlLf.JtltlU1 IJlLLn parenchyma (tl1tii1LtlU cortical parenchyma \lIffi phloem parenchyma) 

, " . 
schlereid LL~~ fiber ;~'l~ij=tiLiILL~';ILL~~ij~1~aLLIJl'l \lI1tl aU1(;l1~ ViLn~tiil1nm~(;l1!J~'e)'1L".ll~i 

LL~~U'VlUUU~~~'-ltl~ 'Vi1lt\'.ru rhytidome aL;r'-ln~11.J1L';IN~U1 ~1U';IuiU"JItl~ periderm tu 

rhytidome 'WLLUUtlU~Uri1.J''JIU~''!ltl~~''lI m5'Lffi~lA'';I''JItl~ periderm ~~41LLumtlfltln"llU~\lIU1 

\lIffi rhytidome 'lcflLtlU 2 "lIU~ 

1. scale bark Ltl~tln.ruutln~urbJ1n~~\lI~~tltln'-l1Liluu~uLn~(;l L;itl~~1n periderm• 
Ln(;lLffi~,tlunuLiluztlLn~(;ltl~1 

dl:' ...I, ,~.J .... ~ 
2. ring bark Ltl~tln"llUUtln'VlUn'-l1n~~\lIqlJlffiUL1JU(N LUtl~~1n periderm LnlJlLuU 

';I~5'tl1.JLLnU phloem Lilu'V11 

L'l.Ii'8ni'u'lu (inner bark \11;'8 Living Secondary Phloem) 

m5'utl~lA'';I''JItl~ vascular cambium ~n~~'Vi1t\\'1.J1L';IN phloem 'l;t11Jilufll1.Jn~11.J1L';IN 

secondary xylem L~'-ltl m5'1tJ~~';I"JItl~L,~6lJi1~1~~Ltl~t1Uutl~~1JI1'-l"llU(;l"!ltl~~"lI 'Wijn!JLnNorl 

lJI1t1~';I phloem ~ijtl1~'-l1n~n~~~m,~mtLn~~1nm5'u,j~i';lt\ll).JLtitl'" 'Wijztl11~~UUUtlU 'W 

o ., ..1\.1' 'ltl" ..I... .. .. ..: "I" ... tl"0 

p';lU 5'~ntl1.Jm5'L5't1~I11';1U~~"!lU1""!le~L"JI~~ 2")'-lCH~n~~L't1,"1~"!le~ phloem 'Vl\ll'-l"~1l1," (non­

~1'-l1UI'Vl1\l1U1'Vl l'I u~~~nutlntltln ~"t1 periderm 'VlLn,,~nM'-l1 ~~t1~'Vl1 ~\lI1.J5'L';INL ~tln 

::. "I. ...
"lIU~UUfl1.J~~tln 

"I ""I ~ I

~U,""lI ~1.JL~f.J~~ phloem ...... ... ... ..I tl tl..l "tl ::.
'llJltl1J'-l~~'-l~m~tN~V1u 5'L ~t1U~ '-l1n V1~ 

A. tl ... .t: .. ..... ..I 

functional phloem) Ut\'';1 

• .. ::. .r ..::. . . J! "tldl .1' .J tl .1'LLnu \lI'-l1t1CWIlULUflLtltllJl~UlJl vascular cambium L"D1 ~ \1unun~1~l'lU.~ ~ntl1.Jl'I';ItI 

" 
xylem 'liltl1Jilli~\lI'-l" ~1'-l1:Cl41uun~Lilu 2 nq'-l ;itl softwood \lI'-l1t1Cl~ uriu'IItl~~"lInq'-l~U 

(gymnospermae) ijin~N~Liltluu~~L1.J1 L,"f1~ij fiber u~~ tracheid LiJU~';IUt\llqJL\lI'-l1~
 
"Ill 0 .. .. , ""I..J.4.. .r, ...
 

~~ ~"D'Vl1Ltltln5'~"'1~ Ul'~ hardwood \lI'-l1t1M unU"!ltl~'"' ~1.JL~t1~flI'~U"!l~U5'~ LUtlUUUU~~un
..
 
... PI 0 ..1"1.... I l' '\ !f ,,,::,

L,"5'1~'-l fiber u~~ vessel LuU~1U';IU~l1m\ll'-l1~~~~"D ~um5'ntl~:I'1~ tltl1~ :fllJl1'-lUnu'n"ll'Vl~ 

~tl~nq'-ll~tl:~LtI'IIUluL;~LfII~n~ 

LLriUft,(l\JLflJ~d (Dicotyledon wood "'" Hardwood) 
I k .1' ... .:\ I

unutl:~ntl1.Jl'I';ItI:~1.J1.JLUtlLtltlUU';I"..:l "un fiber, tracheid, vessel u~~ axial 

... .rei ........ v '''l~'parenchyma n1.J5'~1.J1.JLUtlLtJtlUU';I:fII'-l flItl ray parenchyma 1l1fl1lJ1""!l';l1~'tl~Unu~'lI 1.JL~t1~~ 

v , ... "'''"I.J ~ ....I... 'v 
~~u~ M~n~N~UlJln1JI1~"!ltl~m:L~:ruLlJI1.J ~lJI ~U"D';I~'J L.~~'VlLn "~1nm5'U1.J..:l"';I,tl~ vascular 

cambium t uqIJt1.J\~e.J~;~ij,l1'-l1n~~ij,u1"t \lIqJ Ufl~ijfll';l1'-l\llU1 UUUUfltl L:t1 n~1 early 
A....J... , v "I.J:;- ... 

wood p';lUL.tl~V1Ln"~1nm:U1.J~1JI';1"!ltl~ vascular cambium ~Uq~\lIU1';1• ..:l"!l1"UfIltlUU1~~'-l 

CI' ,.. I 

"!lU11lLtlnn';l1 Lffim1 late wood 
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LLnU~"lILUL~U~PiLLU~Lilu 2 "lIUc;lfi'ltl m'bJ;i1.,jij vessel LUU'iL'HU xylem 'Vl~UI1i1 LL~:
'-I" " '-I 

I .d.c:l 4..c:Icv .Q,.::::Jcv '" I aI .Q, 

n~),J'Vl),J vessel 'lI~"l:),J~mtN:'Vl1~mU,)111fl'Vl'llU'lItlun'n),J1mLnUU1~"lIUc;l),Jvessel 'DU11'1
• , ,~ 

LV111r1U LL~:ijm~m':"l1t1iM,)~~1L~),J'fl U1'1"llUc;l vessel "lI'fl~Lil'fl1.~viLnc;lntlU (early wood)"l:ij 

'DU1c;lL'"C\in~1 vessel 'Dtl~L~tl1.~~Lnc;lVl,"~~ (late wood) U1~"JlUc;lijm1m':"l1uiM,)'Dtl~ vessel 

LLUUL~U,) ,"1tlLLuunq),Jm~ 

• '1J 
LuLi~Ju~,)U'Dtl~~"Jl~ij fl,)1),JLL,j1L,j;UUL1.1tflN~ i1~ LL~:,"U1~1.~,"~ 1u~n~N: t£illU~,) 1.,j 

ij,"u1~i~Lfln:tfLL~~ ,j1:ntlU~,)u~,)U'Dtl~LL~ULU (lamina) LL~:ri1ULU (petiole) ~~~£iIlr1U~1 

;tu LU~"JlU1~"JlU£iIltl11it1.,jiJri1uLuL~un1."'L1Un~1sessile leaf LL~ULUij 2 ~1U fitl ;r1u,"i~LU 
..~ .. .,...., ... 'I': ....r., .. ... ...."

(ventral side) 1it:),J\'H"1IU')L"lI),J),JU 1'11U,"~~ ~UU'"I:,"U"lIUI1l1UUULYitl1ULL~'1 L1UntlntlU1'1')1 

upper side LL~:"'1UVftl~LU (dorsal side) '"I:ij~tltlUn~1 ~,),"U1U LL~:L~UL~ULU":U;11l "'11.1 
~ . 

Vftl~LUU'"l:trUfl~1~~~~U Lffintintlth~~1Iower side 

1:UUU1~1LL~:tl1,"11LuLul3un~1L~ULU (vein) ~~"l:~£iIllJitln1:"l1u1.,j~')i~LU L~ULU 
~ 

L,"qj I3un~1 L«un~1~LU (midrib) LL~~L«uLutitlUn1:'"I1t1tltln1.,jLU~"lILUL~U~~ L~uLULilu 

LLU'Ji1~LL," (reticulate) LL~:LU~"lIL1JL~t1~L~t1,)L«uLULilULL1JU'DU1U(parallel) 
~ 

LUn11lJ11')IitLtlnin~nr'Dtl~f4'nru ~tl~tl1Kuin~N:1Ji1~1 'Jltl~Lu),J1,j1:ntluLilutlth~ 

..I ''I .. 'I .t ,... I l' "I 'I .. 'I .: .I
),J1n L"lIU LL"lU ~U'Dtl~Yi"ll ~UL~U~~),Jn4l:LL"ln'n~ (board leaves) '('1')1.1 ~'J'Dtl~Yi"ll ~UL~U~L"'U,)LL~: 

~U4I:ijim~tN:LLflULL~:tJ1,) (needle leaves) 

.. _~.., . .,
2.2 UI: ').,!nt)."~ 

lJI1),Juu;;n'Vl1~,j1:1if111~ lJIf~ Cl1UlJItI n11),J ~,)UL '" qj '"I:Yi1J11'i~'.l~),J,.~6U1),J1L~ 

ritlt'i1~Lilu~~ntl1Iltl '"'1tlL'Vl,)t'Cl1U LL~:6~,jrln!l,"~~L'";tlLilu,"in31uLllt'1),J11Cl~n~1.Il,ru 

~tl ~U ,"1tl ~Utfll~U LL~n1.,j1.Il,"),J1t1f11,)1),J11~U LL~:;utfll~U4I:Lilu'it''.l"llU~LL1n~),J,.~6 
o 'I!"l ,"'' , ., .!' .. ., x. .... 'I ., .,

U1),J1 ~"lI ~U~1Untlt'11~ LUt'l~'"I1nm1nt'lt'n~PI,)t1,"UlJIt'l~t'l1 ...tJLfl1t'l~),Jt'l ~Um1lJl£illLL~:t'n" LL~: 

LLN~1U~1U')U),J1n LLfiUjLilu'it''J~t'1),J11ClIK~~Uft~),J1L~~1u\Il~1t1n11 ~~ijfll,)1~Lilu\,j\Il,~ 
' 'I_If i1"" .I ,"0 'IJi'l. • l' ".1 .... 'I 0_')1 ~'"I:~ U')t''.l"llUIlLL1n1 'Vl),J"~U1),J1~"D ~U~1Untlt'~1~ LL~::'1lJl'1lJ1:t'~fIIt'lU1 ~Un11~1N"lI')lJl 

L1!U ~U t'l11fi Lilu~u,"1nLL~n11~C\l,"1tJ'Dt'l~,"in31un11LfbJLU~fIItu11N L;lt'l~~1'"11nUjLilu 

tit''.lfi1nJ''lI1~~~1),J11C1Ut'ltJt'~1t1\~1t1n11'i't''Jntlt'fl~"lIUIl~U1 UjLL,j~111YiLL~::'C\lt'~1t1ujtl 
t. ., I 

~m"l1\,",j ~~LYii~\,",jVlLn"LUt')jtltU11Nijtl~t1tltJfIIf~ LUt'l~'"I1n~~L,"'J LL~:n1ni1t'~fl11),J 

LLU~;~;ULL~U t'l1f1111\mU~fII~t'l),J16~ij,j11n{)'"ft~L'";tltl~LUt'111Yi~t'),J\l1nr,"i~'"I1nn11 
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n 1::~'VI 1 ::1't'llJl'il1tJ'tl'fln ~~'tlYi1 n 11'Ji'tl).J ~~"Il).J'tl1 1"\1~.,'J u.t'llJl.,'J~.,'J\i 1il'U1n 11L'Un11fm~nt'lfl1Vi'lltl.,'J. 
~~~t'l1).J11~~1'U'VI1'UL~L~~~'U 

U:i':;~'Vli'lL'VltJL-niJjLtlkl1'~~ri'il~11.,'J).J1~'" LLlJ1~2JtJ L'lJ:i'1n.l m).J1n.ln1:i'Hlmklu:i':;L'Vl i'lij).J1 n . 
... ...I ... '''"1 .... 1 ~ ~.I ...I ... ~" • '"I ~ 
~.,'J lJI111.,,'VI 2.2 LLfl::~.,'JU.).J'J1~'UtllJlIJlLJ1::L'VI18l~'VItJ'"l::L1J'UlJ1::L'VIfIl'VI eJfllJl ~~'tl'tln'"l1,"'U1tJ ~'UlJIfl1lJl ~fl n 

, ..I J' ../.1 ~" ... ..l ."1" - ~"..1 ,,, .... r.!: ~_! ....
LLlJIL'Utl.,,1iil1 nVi'U'VI1J1 ~).JflC'I~.,'J lJI.,'J lJI111.,'J'VI 2.3 'VI 1 ~,"eJfl ~fllJl ~).J~Vitln11n'tlt'l11"'~1J1).J1N 1.~·.JLVitJ."Vi'tl 

~ , 
ritJf\'J1~JJftl"'n11fl1UL'UU:i'::L'VIfIl ~."u.lJ1t1 Vi.I'\. 2525 Lil'U~'U).J1u1::L'VIjI\L'VItJ'll1L'1Lm'Uw).J1NYi 

, J' ' , J' 
L~).J~.,'J'll'UL1'tlU11iil1n488,500 fltJ.).J. L'UtI ytfll. 2525 u.fl::~~).J~.,'J'll'ULiI'U 4,065,700 fltJ.).J. t'UtI 

Vi.jI\. 2537 LLlJ1,"i"'1iil1nU Vi.l8l. 2538 ,Jl).J1Nn11L-nm'UU1::L'VIrlfllJlfl.,'J~.,'JlJI111.,'J~ 2.2 Yi1L~ 

W).J1Nn11,j.1L'1L,jfl~fl.,'JlJI1)JLutfl'JtJ u.1Mlu.,'J~t1kli'JLfl'll~~.,'Jn~1n1ffi1L'1L'UtI Vi.rI. 2525 L~tJ 
... ." "I 4~1 ,../
lJI'JLfl'lln1ffi1L'll1 ~'U'J Vi.I'I. 2543 'tl'J'VI 1,856,800 fltJ.).J. 

,..... tRal1WLmIeli lJIL'" 
[5] 

tR~1wL~U1L,j1 
[6] 

tR~1WL~.~tltln 
[7] 

tR~1WL~,j 

1l1!11utJ-n:L"" [8] 
2525 1,769.4 488.5 1.5 2,256.4 

2526 1,819.7 630.4 1.7 2,448.4 

2527 2,031.7 581.5 6.7 2,606.5 

2528 1,882.6 418.2 11.2 2,289.6 

2529 2,014.7 348.7 29.2 2,334.2 

2530 2.149.0 725.2 112.0 2,762.2 

2531 2,048.1 1,123.3 181.1 2,990.3 

2532 919.0 2.508.0 53.3 3.373.7 

2533 491.6 3,340.9 48.6 3,783.9 

2534 231.5 3.280.8 57.8 3,454.5 

2535 119.4 3,814.4 45.1 3,888.7 

2536 64.9 3,168.2 53.8 3,179.3 

2537 62.3 4,065.7 62.4 4,065.6 

2538 34.9 3,463.6 80.5 3,418.0 

2539 43.9 3.151.8 45.4 3,150.3 

2540 59.7 2,358.6 79.7 2,338.6 
2541 54.8 1.239.7 108.2 1,186.3 
2542 50.2 1,723.6 289.3 1,484.5 
2543 46.4 1.856.8 378.5 1.524.7 

ilan: [5] Omtl1'bj [6].[7] om'1fln101 [8] =[5]+[6]-{7] 



12 .	 ., , 
~1'l1~ii 2.3 LUnl'IJL;;U'IJ;lu;;1l11.~1::~~I.:1t1 2521-2534 

11lfl 

.k .a
"UVI 

~U;1thl~ 

iI 2521 

Ylu;1thl~ 

il2534 

.k .a tJ.a"UVIL 'iI!lULLtJ'iI~ 

.­
L"U'8 

... 
11::11.1'8'80 
.­ .. 
L'a!l~L"U'8 

... 
11::11.1'8'80 

otl1~ 

tr;\' 

't-i 1 %I 
106,027,680 I 33.06 

i 

! 
105.533.126 I 32.91 

! 
I 

22,814,063 I 7.11 

\ 13.14 42,124,189 

44,196.992 1 13.78 

\1 
59,335,625 

19,513,126 

6,898,125 

12,766,250 

11,001,875 

%i 
!
i 55.96 
! 
; 

!
i 18.49 
i 
I 

I 30.24 
; 

I 30.31 
I 

\ 24.89 

\1 
48,214,375 

13,624,375 

4,806.875 

10,385,000 

8,405,625 

, 
%i 

i 45.47 
i 
; 

1 12 . 91 
i 

I 21.07 
i 
Ii 24.65 

II 19.02 

\1 
11,121,250 

5,888,751 

2,091.250 

2,381,250 

2,596,250 

, 
! %i 
I 

! 10.49 
I 

I 
I 

i 5.58 
I 
I 
i 9.17I 
I 
I 5.65 

I 5.87 

"UI 
i 

320,696,882 I i 
109,515,000 i 34.15 85,436,250 

ii 26.64 24,076,750 
I 7.51I 

..I 
'VllJ1 :- nnJ1.hUj" 

o 11 '1." '. I 0 'I ~ "..I.. !I'I ,,,..	 ... .4f
n11U1L'1Il ~litln~I.:1lJ1::LYlf'lYll ~~ ~~Yl ~"II ~Un11nfl~11.:1~11fl1LL~.:I ~u')nmjlJCV~1 

... -1 '1..... I" .... .r o~"
LfIl11;'~n~YlCl(;\ClflU"!lfl.:l1J1::LYlfll YlU\utr~,'IJU LLi'4::11fll')~{;Jnfl~11.:1Yl~.:I~ln"!lU Yll ~~f'l,)I~ 

L~'IJ1,,1l1u~~~I,..n11~n11rlfl~l1.:1IJiI.:11 ij"!lUlt'li'4~i'4.:1Lilufltil.:1~ln fltil.:1'1.1nl'll~m1U1L;1UJn 

J.:Iijflti,.:1l'ifl L~fl.:l flN::m~ujj LLU') fl,)1~~~~1'1.m~ Li') LiluilnYll.:1 Lflfl n~rt.:l~"h~::~1~11Cl .. " 
Ul~I\;Yl(;\LLYlU'1.~ iln'ti.:lij11f111~nLLi'4::~I'1.~~lun~1 LLi'4::\Ufl,)1~Ltlu~l.:1LLt\'')J.:IijUJ'l'lLi'1~i'41U 

... .1.1.., .. .1 0 ~.. _ .. ~ 
"IIU~LLi'4~i'41UlJ1::UW'Y1~ fl'11~Ul~U~~Yl~::Yl1n11rtn1;'ICl.:l flJN~~'IJ l'l L"II.:Ini'4 LLi'4::L'"lI.:In1tJlll~ 

"!Ifl.:lUJ L~fl'llI~1\;1J1::W"ll,n~ 

\ un In::lJ''IIil(;\''Dfl.:l'i~{;J~\-n.unl1rlfl~l1.:1,ru Lrlfl1::1J"IIil"'''Dfl.:lbj'iltJ~\.;~liltJl~Li1u 

'~'1.".r ... '1.".r ..... ::.,.ol ,,~ 0 .... .I ......
ni'41.:11 '11 LlJU ~ LUflflflU ~1fl ~LUflLL"D.:I (;\.:IUUnflUflU~::l'lfl.:lrtn1;'If11UtJl~ LntJ'1n'IJnI1~'" 

It_I! .. ., ... "_'1::' .. CIlooIIlilI .... .: 
1J1::LIlYl \J.,/ LUfl.:l""n~i'4nm1LL'IJ.:I"IIUt'l \J.,/UU~~i'41tJ'1ti ~.:IU 

• ...... -- , .. .1 11" ... ;,
1.	 n1'~'LLunflU"~'''~'M'iln''flnHPI'.fI' "'::~f'l'11~LntJ'1"J1fl.:ln'IJ~'1n~"II'"lIU~.:I 

..i ~ .. .. .1 .. ~ ., ... r. ... " 
(Spermatophyta) 'Il.:lUfln~ln"'::LlJU~"II~t'lflnl'll~lJnl'lLLft')tJ.:I~YlflUl Y1flfl1~11 ~i'41l'lU LLi'4:: 

~U1 LiJUfl.:l,(1J1::nfltJ ~1~11C1LLtJn'l~Ltlu 2 f)'1n1~ ;If) 

.. ., .rI ~.I... 0 .... .. .I.... ., ,f
Gymnosperms "'~ltJCl.:l~U........YlClfln1LU~~I~lnUJi'4(;\Y1Ln~~lnnl1~~~~U ... 

1l1tJuflnf.:l'1.1i (ovary) l'l1~1Jn~~::Ln~~I~~IU~Ul"11tl.:ln11J(bracts or scales) t(;\tJiji'4~Li:lU 

~1~::'IllL1~ (pollen grains) 'ltl~~~ntJ'l;tif)U (ovule) 'l~"'tJ"N \tJUj~'1u\,..qjijin1ffiA::Lin 

LL~i'4~fIIi\'ltJl1JL;~ ,..1tlL1:1uLn~(;\ (needle-like or scale-like) L,jl~~1J~lijfl~\Utl1::LY1f1l'1.Y1U 

"IIw::dij 6 ').:I,{ (family) ~lu')ui.:l~~t'l 25 "IIil~ (species) ~'1tJnu LLIJi~f4'nnufltil.:1n~I.:1"11,)I.:1 

;lfl ~')nUj~u (Pinus) LL~~~n~(;\LiJu larLlf-a-B-au (softwoods) 
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Angiosperms V1)J1UCi.:l~u{l~~!1~ri1LU~)J191nL)J~~~Ln~'"l1nn1:i't.J\'l)J~U{ 

l11ULU1.:11'li (ovary) L1J1~~huLVlt\i'"l:ih~'n11'C\.l:;ntj'1.:1 (board leave) LL~:;LLtln~~nLtlu 2 .fu 
,.. , ,.. 

(class) fl'f) ~"lIL1JL~U'H~m (Monocotyledones) LL~:;~"JlL1JL~t1.:1~ (Dicotyledones) LL~:;'Jn 
... ~ , ...... c:I 
IOl~L1JU ~LU'i1LL'!I~ (hardwoods) 

......... ''-~l'-!.. ... ~ '1.1:''''' , 4'1" I

J,I'VlLU'ilUol Uol~! (Non-porous Wood) ~n'"l~L1JU~LU~~~U (Softwood) '1.:1 ~~LLn 

'l't';lnbj'flu (Conifers) 

, ...... ... It -- ... ~ 'I.":' "" ..
J,I'VlLU'il~J,lJ,I! (Porous Wood) ~n'"l~L1JU ~LU~LL'M (Hardwood) 

n11LL1..i.:l"llill'l"ll~-.1'UJi.ULL~~:;fl1'11~"lI1~UVhL«t~i.unti)JL~tJ'Jriu LLlJiu1~~1L~)J1L; 
" ,!!_ 0... '1.1:' "".. '1.I:'.t I .. 'I ".I ... .. ~ ... 'I J! 
~Um:i'n~flT 1.:1 lil1UtJ1)J"lItl.:l ~ LU~LL'I.:I U~:; ~ LU~~~U V1)J1Utl.:l ~)JYlfl1)J11tl11.lUNVlffiU1V1un ~l'I 

)J1n'Wul'lnimitJVl1tJ n~.:I~4'at.JfltJIe.l~U1~.:ILI\Lflu~V1inLncuerlm:i'fhVlUj;l'UjLd~ti~U-L~fJU;.:I 
, .~ '1.1:' .I ... .I .. ~ 0 .I ... '1.1:'.1" II

l'IfJnnl1J1 ~ Yl nfl. 0702/6679 ~.:I'JUYl 3 "'ltt1l1lil)J ".fII. 2517 L:i'tN "DfJn1V1U~Lna'Jn1J ~Yl ~"J1 

Lum1rifJflfHLUfhu:i'1"J1n11nnlU1'Uj 

... ~ • '1.I:'.t. "".. .~ '1.1:' ~ .I ..." " 
V1~mnCUtrln11U1J.:I ~LU~fJfJU-LU~LL'I.:ItJl1)J1l1l'l1~1U'IfJ.:Innl1J1 ~ ~l'laYlflJCU\'l)J1Jl'l'l~.:I~)J 

Yl1.:1lhun~fl)J~ (Mechanical Properties) L~mffJ.:Iri1JVlU'JaLLN (Stress) 4 inttC\.l:;~'Jariu
 

~fJ LLN€" (Compressive Stress) LiluLLN~vi1L,n~ii'lU1l'lLflntNn~1L~1l UN~.:I (Tensile
 

Stress) LiluUN~vi1'«UJii'lU1" V11tlUnl1l'l1'V1t\in~1L~)J UNLifJU (Shear Stress) LiluUN~
 

vi1L«W'LLanfJfJnLilu 2 ~';lU ~'JUUN~~ (Bending Stress) LiluuN~vi1l«bJ'A'.:I.:IfJ~uin Lilu
 

.I ... ~ J! ... -l".I:'.J!' .I 0",
UNYl1';l)JLfJ1UN 3 "JIU"U1m"D1P1'Janu II'J111fl11111tlYl ~~:;"1UYl1U"~UNYl)J1n1::Yl1 LffinIJ1 

II'J1)JU;.:IUN (Strength) LLN~"'.:I~,,~vi1'«W'in LitJn~1 U1.:1tJ1:;ia V11tli)JtJ1~iYlfLUn1tin
 
"'1.1:' • • I ... .t... .. 'I."'"


(modulus of rupture) fil';l1)Jl'l1UYl1U'I~~ ~l'l~UN1J1~f\aU Lffin'J1 fIlI)1)JU'I~UN'I~~ ~Un11 

~" • .:ItJfJ)JftlUf\~LornuLilu)J1l'l1~1U'I~~ II1)1)JU;.:I UN'I~.:l~ 'lun11utJ~~fJ~n LrJUtJ1~L1lYl ~ 

Ld~titlU V11fJL~ L~fJU;.:l n1)JU1Lmor,hfll'J1)J LL;~ UN'Un11~"'1tl~L,jl'l~L~aUYl~.:I(Hopea 

odorata Roxb.) ~U~.:I (fII';l1~~U 12%) Lilufli1)J1l'l1~1u'un11u1..i~'I)~f111)1)JU;.:IUN t"tJU1.N~ 

fJfJnLilu 3 tJ:i'~L1lYl ~~l'I111.:l~ 2.4 
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~U,,\ar 
a it ..,

A1'~LL'!I~LL~~ un,~"" 

(nn.t 1l~.2) 

A1'~~U~'U~'~6~~~~'M 
(U) 

'l"~ ..
~LUtlU~..:J ~..:Jn~11.000 fl..:Jn~1 6 

'II 

'l"~ ",j~LUtlU'1l..:J 1un~1..:J 600-1.000 2-6 

'tii~ ,LUtltltlU 
. 
~1n11600 lJ'hn112 

01 " 

jihfil'J1),1V1UVl1UlJ\1),1fi1J'),I'II'~'II!l~UJiJI'"l1nn1fV1~~!l~ t~U1.fUj~LtlUU.rlU«'JU 'WijlJ11~il 
• l-l ..I ...... ~ ~ s.. s.. ........ .r •I ~ ,... :r
 

l1J~L~~tJ),I'"l~:~'IIU1"5 '11.),1. U1'J 50 111.),1. ~~ ~'J'"lUU~~"),Ijil'J'),I'IIU1J1:),I1n.l~),ILnU 20% w~£N 

~u1.UU.1.I~~VI "~!l~ n~1~ LL~~ lJ\1nu.~~ lJ11n rJ u"1),1111 '" ,j1~1'11!l~1.I:: LVI fIl t~!Jr:r~ ~n1.l1:),I1n.l 
~ ...... ..... ..I 

25 111),1. LYi!lLnU~tl"YJn 6 L~!lU ~~"1Yl~VI 2.5 

.. ,.. 
"IfU" ~ ~ 

~ c-
C" ~ 

&: 
~ a 

c­

~ 

H 
c­
~ 
c­orr 
'7 
C"-co 
~ 
c­
~ 

.. 
fl':l1~U'!I..:JU1..:J 

(nnJ .'1.') 

~~ 
"" ~ 

;:l 
1~ 

~ 

;! 
Cil 

,,~ 

"" ~ 

0 
o ..... .r x ::i 
Cil t::,",\Ii; 
~ 
c- S 
C" 
lL 

''-~ .k <I
u.L\lfUL'I4 

1fl':l1~LVlUm 
(nn.- 'll~.) 

~ 

c:: 
.s 
'7 

~ 
ri 
c­
~ 

fl,)1~UVl1U 

r.1nm1~~tl~ 

~n~u (u) 

~~ 
"" c­c:
c: 
~ 

u 
c­
110; 

~ 
c­
c:
c: 
~ 

IJI~L;ltlUVltl~ 
(Hopea odorata Roxb.) 12.0 0.80 1,172 20 48 1,202 - 4.70 649 

7.7 
(3.0-10.5) 

11.1 
(2.0-16.0) 

n1::aUV4~1U 

(Acacia siamensis Craib) 5.0 0.96 1,429 13 47 1,050 - 4.33 1,200 

,.....
 
~"~"~'~U'l4U"4t14 

t\w~~~'VIf 

(Casuarina Junghuhniana 
Miq.) 

12.0 0.79 1.525 50 75 1580 - 5.89 865 
3.6 

(1.0-5.0) 

~~J,hu.h 

(Mangifera sPP.) 
12.3 0.81 832 98 55 987 - 1.23 199 

5.3 
(2.0-11.0) 

.. 
fJL7tlU 

(Durio zebethlnus Murr) 2.2 .49 724 92 6 943 - .95 249 
1.4 

(0.5-3.5) 



..
 
'l.I'VI'VI 3 

~ ~ I 

n11u1liitJ1l-nl.h:;ltJ'jjU~U'I1Uri'fl~11'1,rU ~ :;~'fl.:l ~1uiu~'flut"'tJ n11L~'fltJl,J''jj'lvl'flu• 

1,"LilubJLL~U'VI1''fl1,j'LLunu t"'tJ ~~ eJ aV1'V11'Tl~1.i111n 11LLtl11t11,j'~1~~1 n n11L~'fltJ~:;~11 n'VI1''flu'fltJ 
~ ~ 

LL~:;ijfJruJl1~;)LV4tJ'I1l'1 ~U'fl~riu'iJ~~m\1~CY~Lilu~';lLL1.h'VI~1tJu1:;n11 L'llU in'l:tru:;"1I'fl.:ll~ 

vI'flU fl~'tl.:lL~'tltJ n11L~'tlm~'tl'jJu1l'1 n11Ltll'Itlnflf.:lLL1n I1JUUUn11L~'tltJ n11'!lLL~iht.:lfmi1 

Lf11'tl.:l~n1 "1~"1 ~.:I'iJ~.,UU;i~9111n11LL1.hltlbJ,ru~CYL~m~tlbJtJ1nutln~1n;ibJ1.:1~u1tJ1utl1 
~ ,.. ~ ~... .. •~ ..I ... ... ...... ... • "I'" - - ~.!II."f "I 
~!.JnLlJU~~'jjU'1l'1L~nr,nn~';lUu1V1~tl1~UtltJ LtJ'tlL~tltJU~';l~:;'V11 ~'VILnl'ln11W~.:Itl"II.:lLuUutkJ'VI1 ~u 

n11LL,Jntl~.:I~tl.:l':i LVlflUf1'1.Un11L~tltJbJLLV1nLJi'1.:1\t1~'1ntlm;;vt';l1t1 (~fi, 2542)
~ . 

3.1 ,..ann"LLtI,pflJi'.l1-1JYi'ilU (Sawing method) 

l.iI'1tJfintJ'jj'1~U1L';lC\.ltflU'jjtl.:llJi'u'lii~:;il'jju'1~'1.'VIqjnrj1e'';lU~U1 'jjtl.:l£h~u lIfu\iiu'1.:1 

- .J .J. 'i' ... "'_1 ....... .J. 'i'.t ....
I. .....,
'jjU"'1I';l.:l 3-5 UJlJl1LL1n'jjtl'lff';lU~fIlUIJIU~t uVlN L'VItJtlU~161U1JI1~ UlJla1lJlUtl"'~'1nff';lU~flU'jjU~1~ 

lUVlN'W LLlJInl'h.:lriu~1mrnthU1v1tlU1.:1lt1V1N 1JI1a~1 L~tltl~:;lJi'tl.:l~ C\J L~t1 L~tl bJu1.:1~';lult1 ~.:I 
_,..I J' ~_"'.J...l ·.1 .I.!II ~-.,. I ... 1.1 ., '1. _1..1 ~-.,. ,t uVl 3.1 LUtl u.Jff';lU'V1~1~11tlU1~'1 Uu1luLuU u.JU~U~:;~1 VlN "'.:IU~(M UtuVl 3.2 ua:; u.J U~U 

.J~... "'_1 ..: 'i' ... ... ~ •.,. , ....!' ....., _1..1I 

VI u"~:;~tuVlNuuuatJ ~"'t1"'1U'VIU1'jjtl.:lIJ.lU~U~:;UflUm1tlnP'l1U'VIU.:I "'.:ItuVl 3.3 

.-\-_.. _J-= 
- -- - ----={ - - -- --~--. 

(~--7) 

~,11 ~/ ...... 
~ qc.iL}V pJi13.3 n11LatltILtI",t1mYitl'1.«LliUju~uttI 

.. • .... 0 '1." - ~ ,J ~ .."t .,... .,., .. 
n11Latltl';lfiU Vl1 'VILn"'n1~C\!L\'ItlLUtllJ.l~1n"tlft~"'';l1 L"",::lJItl.:llJl""tltJ(;l1U'II1.:1'V11tl 

uPi.:l'1.~1iU! utllltl L'VI;tl~ \J1.:1 ",f.:l n1,..tltlf1.:1't).:I~U~Utl,~ih '1.f rjC\Ul1Yt'lltl.:l LLeJU~ L~tlhl 

ua::ih'1.«IJ!'1tlU',., fl1Utltl ft.:I • 

LY1tl'1.,n~~Utl1~t1~ii'Jtu1l1Yi~ ua::'l~~utl1ltl'1.utIl~i,tu~.:I~1nn1;L~tltl'l~~ij 

pJVlN;;UlJI1afl';l1L~tltl'1.,"'U1Uritl'1.~'1Jj ~.:IpJ~ 3.4

-E--------'-3­
'-- ---­
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3.21,JLL\J\Jn1"LLtI'z1l1~ (Sawing patterns) 
I	 I" 

nln~'eltJ1Jj'-:li:l\l£iltJ~~~-:I LLv1£i~LLuu'I!unij;r'el;;LL£i~;r'elL~tJLLIn n v11-:1 nu'el'el n\1J 

nl.LL1J••1J\~LL1.l-:l'f)'fln\~Lil'lJ 4 .1JLLiJU~';ItJnu~'t) 
v	 v 

1.	 n1'Li'!l!lLL\J\J(;\~ (Through & Through or live sawing or slab cutting) Lilu 
, ",

~~m.L~'eltJ~ul'W\1Jm~LLnu'Viffi~ul'WnULL'W';IL~tJU\i1~-:li,JVi 3.5 

~ ......	 ..l ~.l"I ..l 
2. n1'Lllil!lLL\J\JP11~"fI~ (Quarter sawing) m1L£it'ltlLLUUU~~LlJUm1L£it'ltllJ11~ 

LL u';lfjl\ij~t'l-:l'i1'-:lYi'elU ~~ tuYll~1Jnlliit'lI"'~~L~t'ltJ'~'bjlnNlJ11~Uu'Ji~,nJ t'I LLvi 

... 'I!"I ........1 ...... _1..1
lFIt'l~T4t11t11~ ~\lI ~n£iLflltl~~lnYlq", lJ11~~1lJ11l11.l~t'l~t'l-:Inq1i "'~tLlYl 3.6 

~ .. (. .	 ..l .....~.!II ..l
3. LllIiltl1'ftlin Plain saWing or round and round) m2'L~'eltl'JfiUL1JUm2'L~t'ltlLL1JU 

A'Il~tull1T4'tN'J!ull2'lll t"'tIL;t'ltl~1 n'J!,~~ij'U11l t \lIqjtlltl n12'T4a n\1~u'll 

tlltlftlU L~t'l1«lAUjutlflt!fJt\Ul1T4~~l11l\1t;mitl~~1\1ilfi1-:1',t'l~Uj,~ L;U lJ11 

Wftltl~ ~~pJ~ 3.7 



17 
... .... o\lQI Q.ot 00" ~ g", cJ c::A Q ..... i.I d ..... 'V ~ 

4. Lil'i.l!lU,\J\JLtI"i1nll'i.l.:J'D1.:J (Cant sawing) L'VI2-I1~nlJ ~2-I'.:I'VI2-I'1l"l.l1f;)L~n ~2-ILLtlrltl'VI ~f;)'VIrtl 
, .­

tin 1.,j'ijm r"lltlfJ;h:l'\!tlu m rL~tlfJ LLlJlJilt'l12-11rt1 n1'V1"l.l~ I'\IJ 12-1n~1.:1"Jltl-:l'VI'l~h 1.m~ ~ 12-1 ~tl-:lm r 

• ~ ~.': tl tl.,J~ "''', '" 
LL~~ur2-l1lli IJ.lLL rr 'VI ~(.ilnl'\tl'\.6"1l1'1~'1 

~ ~ 

r- -----------.., 
/ \ 

i
L __/

I 

2 3 

1Jj'LLtlrlt!~1.~'il1nmrL;tlfJLLlJlJlJl~l'\.6lJ1LlJllin~1-:11iJ'-:I 'il~Li]'\.6L,j'~1~ (Quarter sawn 

board) 'VI2-I1fJ~-:I 1iJLLtl :ltl~il LL'\.61J1J'ItlLiifJ-:lli 1~2-IhiUtlfJ n~1 45 tl-:l fIl1lJ112-1 LL'\.61J n'i1-:1"Jltl.:lLL~'\.6L,j' 

LLlJlL,j'LLtlrltl~IJ'\.6l'VIqj~L~'il~Li]'\.6L,j'LLlJlJ~1LLlJ'\.6 (Plain sawn or flat sawn board) ~.:IilLL'\.6IJIJ-:I;j 
.. ::. ... ... . ~...... tl..J , ~... , .!"l' ~ .....J.. ..

LntllJlJ1-:1'tl1nntiLL'\.6lJnlJ1'1lltl-:l LLr.I'\.6 ~2-I llll-:l: 'VI 3.9 LLr.I'\.6 ~2-I LLUlJr.l1 LLlJ'\.6Lu"l.lLLr.I'\.6 ~2-I'VI2-I fllli1l1VH'1 
~ . 

/ (\i~)
 
I Cu'vc a......ly hom n'lh
 

-' ... "~.': tl tl.l\... • !"I ~.,:.
m1L~tlfJLLlJlJlJ112-11P1)J IJ.lLL "l VI j;\'VJnLLr.I'\.6~~L1JUlJ.lr.l1LLlJU (Plain sawn or flat sawn board) 

.-:1 LLfl n ,\1-:1ttl ~1 n Ztl LLUlJ n1 1L;tlfJ UlJ lJ II:: • .:I~::'A"~ LLtI"XtllJ1-:1 ~ IJUflNlJl L';l culn ~ 

L«u~1~u6n~1-:1L~u\,j'~1a~';lun11L~tlfJLLtllJLilllnn~tl~f1.:1'il::L~liLLtl111.h~U\,j'~1UlJ'\.6 
)J1nn~11iJ~1a . 
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l; 
'2IU'II-1..
 fl~1~14U1larmJ'i'itJ.. l; : 

'2IUPl1 

~~. 
.¥ 
U~ ~~. 

1.5 

3 

4.5 

6 

9 

.¥ 
U~ 

0.06 

0.12 

0.18 

0.24 

0.36 

12-22 '/ _7/
2 8 

25-44 1_3
/ 
4 

50-75 2-3 

88-138 3'/ - 5 '/2 2 

150-200 6-8 

~~. 

3 

6 

6 

9 

12 

.¥ 
U'1 

0.12 

0.24 

0.24 

0.36 

0.48 

25-125 1-5 6 0.24 

150-175 6-7 9 0.36 

200-225 8-9 12 0.48 

250-400 10-16 15 .. 0.60 

tlth.:l\:nfl1t1''\j1''''tl.:lUjUtl1pJt"l!iftl.:lfl~1''UU L11,rn~:;TnJL~t1tl~1~:;'ltiij 

n11L~tl'"l!1"1Jl1t1t11f1131"l!L"IIU1.~'U1"fl'J1t1~U1 1 ~'J ~~~:;1.~'U1"fl'J1t1~U1 1 ~'J 
.. 4':. ..... ... I ..A" _II!! ' ...I .: I 

"tl'" ~1tlfl1m1'U1"LflnUtltJ.-1UU,)1~IIItl~:;~mtl1L1J1tJUtUL1tl-1Utl'JL~t1tl
I

L~ULLlJltU 

m'n1~LiluUjin~:;WL~t1'U1"Liltl-1~1nUjini111fl1U"-1n~1Ujn1::tJ1L~tJIIIU"~U 

3.4 n1'lt,nmt4A'Juh• 
J".. . .. 1..1 4 ..I 'l.1'.J. " .. I 'I" iln11U1.1 "1' Ltltltl1.:1fJtlfl1Y1t1'" fltl n11Y1~1t1·UClL"D\'jnfl'Ju'tl.:l LtI'VItlU L~L U 

t11:;ttJIIIU i.:lu~".:ItUpJ~ 3.10 
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n'l~LLU1lU'liiyj't)'l.lLtI'l.l'iiUthnr'l.l '~iiut.i'l.lUU~iUL~U~1tlU~:: 40 Lfll~~~~ LVI~'tlH 

1'l.ln'l~I:J~~lLtI'l.l'iiu1::ntlu (Wood Composites) U~::Lll'V1~'l.l1'~ ~'".l'l.ln'l~LLU~lU\iiyjtl'l.lLtI'l.l\ii 

'flJ'l,!'l.l \~I:J~lJl1i'tu'fl1ii~J'l 45% LflIb't)~J'l~LVI~'tllo]fl'l.ln1~I:J~lJlLtI'l.l\iiu~::ntlu (Wood• 

Composites) U1::Lll'V1~'l.l1 \~ ~~l1J~ 3.11 

~"Ji&nW
,~. 110/. 

3.5 n1"h'J7~1''I1WJutFl'4tlf14'a!hul.'alltl!l 
i 

1.'l.ln11tltmUUUtl111111\~U~::tflN~'1·:tLllLUU1::L'rlrl\'rltl ~rI'".ln1nlt'tCl1uu~~U1::L'rl1'l 

L'rltl1.U,..1::UUI1111UcTtlJi \1K~,,;i1 "t11P\1~1U\h\ll1Utl111111~" fuuitltl "'.rI. 2517 t"t1\~ 
... J • I 4 ... • ~ '1lf.l! .. ... ~.II

""U, ".:ltl1"l 1ntl1lJl1~1'l.l'Dtl.:llJl1~1J1::L'rlrl'll.:l"l "'11 ~"t1 ~"D'1Itl~~'".lrl'".lntttl U~::1::"Ulll'".l1t1Lt't t1.:l 'I 

t1tltl1U1'".ltlnU1.'l.lU1::L'rll'l L~1'Dtl.:ltl1 lJl1~1U U~"l::ijn11u1UUl.:ltl1 lJl1~1Un11tltln UUU~ 1\l11U 

U1::L'rlrl\'I t1\l1l'1t1lllf-li t11lJl1~1U~\~6.:l111-ll~.:ltl1lJl1~1U1.u'h.:lU1::L 'IrlLtlU\lI in A''".ltIL\lItJJd1.un11 

tltlnUUUlJl1t1t11lJl1~1U '".l. t't.'I. r)''''~.:lUJtl1''l'rl11U~.:l1::';UfI'".l1t1U~tl"Jitl~U~"ll~'Dtl~tflNt't11.:l 

t 1\l1WU1::L'rlrl\'rltl 

,;~,rUn111':Juf'".ltlftl\i~'rl1-11~rI'".lnmJ'Dtl.:l1't't~1.uufil'::tJ2'::""rI~.:lijfl'11t1~1~ru"~tln11 
• " '1~ ,. .... ~ • 'I.l'Ilf .I .I 4 ... nJ .... 4 '1_¥I J!I 

U1'Dtl\l~t11~'1I'".lL1ll11:::\lI'rl1-11t'tCllJlntl'l.l""l::U1 1:::ntlU'".l'll1'11yt Lyttl ~1II ~1'I~1J ~"D.:l1U'rlLnmLUtl.:lnUn1 

.I ... '1lf • t'_ 1".1 . ~ '1.1 ~ 
t11lJl1~1U'rlL\lItl1:::t'ttlnUn11 ~"D~1Utltmuuuu~::ntlt'tTl.:ltltl1~ L'rltl.:lPlNtl1n'rl~" ~U1J1:::L'rl rlUU1 

... • 'I.Ia! .I.. ~.I~ " .. • 4 • ,!II • I ...
tl'l.l"l::U1 ~1J\1t11Pl1~1Uf.!twl1yt'rl" ~"tI'rl ~lllNt't11.:l"l:::t1"'".l1t1'l.l1L'IItlCltltl1n "1JUn111J~:::nUlll'".l1t1 

... • , • 'J 

Ul'tl"Jitl"l1nn11~~1.Un'l11.<f-ll1'l.ltl1111111l''l.l1 ~'".luYi"ntl'1nU"'".l1t1~'l.l1ll.:l U~tl".ntl 'Dtl~tl111111 
~_ .: ... .I • I ~_" 0 ... k • .I ... J' 'l,I 

U'ltlPlN fltl U1\l1'l.ln'rln1::'V111J1tl ""Nt'tt'N Ul':::n1~.:l"11U'rl1'l.lPltlUNn1::'V11'rltl1"l"l:::Ln"'D'l.l~'l.l 
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'fl·.,nfl~~.:I~flI,)n1LrlN~11.:1L11'U~rl1"'rI:::L'ULLNn1:::'ti1L\n~1d n11r11(il~:::L'ULLNn1:::vhl'Udthhj 

rl1tlUrliUJtlt.h.:lL~tN~tlnLtI'ULitl.:l~L~t.J.:IlJltlrl,)1~,j~tl~.tit.J'tl.:lLflN~11.:1 ~.:I~'U~~~Lrl11:::irl,)1~
• 

,.ol ... ~ ..... ~ ........ J' 
'U1L"IItltltl"1l'eH ~~~.:I~11.:1r,N b"'tJn~"'fl'U"1I'U 

'Vl~l!n~,)1~U1L~tl~tl'~NLrlN~11.:1LiJ'U~~~n1~~'Vl1-3~'Vlt.J1fl11~lJ1fii~1~11tltlfiU1tJHllJ11~ 

~anrlrllflfll1~f1f~ti~ U~:::'Vl~l!nn~flI1~lJ1n.l1:::~nlJ1,j1:::ntlUn'U ~firl,)1~~Lrl11:::iu1L~tlatlL;.:I 

LrlN~11.:1~1~11tluti.:ltltlmil'U~fil~C\h1~ 2 ~fi~tl~fi~1~tlUL~t.J,j1:::~1CU (Approximate 

..... 0 k ' ..... ~ ... ..

Methods) U~:::,)fi~1f1tlU'Jn"tl.:l (Accurate Methods) ~')1~'U1L'!ltltltl'tl.:l~rlN~11.:1'"1:::Ln"''"I1n
 

.... .. 'I'" ~ ..... ~ r, .!II.,o
 
n11ntl~11.:1 LL~:::Ln"I'"I1n n11 ~'~tlt.J ~"It.J~ L.:Itl'U b''!Itl.:ltl1~LL~:::~111~ m1CU~1.:11 Ll.J'UIJI')m~'U"I
 

~~ntl1l1~'tl.:lLrlN~11.:1 l'Unffiu'tl.:lfl,)1~,j1:::~tT"I~t~rI,)1~,j~tlL'lrifJlJitlii~u~:::'Vlf~tm'U~.:I 
,... 'I'" 'I,...... ,.... ~ ... .1 !'I, .........
t'Um1ntl~rl.:lU~:::m1b'!l.:l1'U m1 b'!l'Vl~~!l~,)1~'U1L'!ltltltl'tl.:l ~rlN~11.:1~1lJ1:::~nlJlb~L'1num1
 

y'h~1lJ11S1'Um1,j1:::ntlU~"II1~~ ~.:In11'fl'flnUUum1ri'fl~11.:1U~:::mn.'ht.:lfn~1~.:Iijfll~1~tii1LtI'U 
,
 

tlth.:lU.:I
 

~a~m1ritl~i1.:1L"'t.J~')1,j'"l:::L~t.J,);tl.:lnUm1~L'l11~1 L'lI'U 11~1'i~~ ~~nm1ritl~11.:1
 

n1~"I~lJl11ri1~.:I u~:::m~"I~,jn1nrL~itl.:lijtl LiI'U;)'U ulJlt'UU~'!Itl.:l~,)1~U1L~tlOtl'tl.:lLflN~11.:1
 
, ... 

'"I::: LnfJ');tl.:l nU~1lJl1~1'UnN'i~ ~ritl~11-1 ~1 f11~1'Un11tltln uuu;'UtC')'Uri'fl~ 11.:1 Ln CUorl 

~,)1~rI~1"Lrl;tl'Ut'Um1ritl~11-1 LnCUorlmmtl~fut'Um11Jl1,)'"I~tlU m1LnU;tl~~L~t.J')nuri1a.:l 
., .!II..l ... ..., ... k...l II 'IJ( ~ ~...~... ... 
')~,!LlJ'U'Vl'Vl:1Un'UL'l,)1,)~"J~Jl1'WU,)"~tl~ \.:Itl'U bllm1 b"D.:I1'U L'Vl~ ~'U ~~fJ Ulll:::~~tlUN.:I1'U ~m1 

L,j~fJ'UU,j~.:IIJl~tl"L,)1ll1 fl,)1~Uluu'Utl'U (Uncertain~) 'tl.:l~1~l1'nun'Jn U~:::rI,)1~;)1'U'Vl1'U 
'!Itl.:ltrlN~11.:1;.:I~'Utl~riU~')UtJ1~.:Infh,);1.:1A''U\1~1fJ1 ~')tJ1:::ntlUn'U ~.:IU,Jlll:::~')U,j1q~tll::: 

LL~".:IfJcu~n~CU:::'Vl1.:1~a~~\L~nlJh.:lri'U [12] ~n,r~n11UtllnU41.:l (distribution) 'tl.:li,)LL,j1q~ijeJ~ 

tIIfJlJIN IJltli-1~fin11 Ulll:::~~~ L~11:::i~,)1~,.h L~tlatl'tl-1t~N~11.:1 ".:I,r'U~.:Iij ~,)1~tii1 LiI'Utlth.:l 

~.:I~tll:::&fftl.:l~L"'11:::\f~cu~~,jiiL;.:I~a~lItl.:li')utJfli~'l~Qn;)tl.:l L'W11:::fJCU~~,jiiL~.:I~a~~Qn&fftl.:l 
... 'l~_....1 .J '1.\,0 , ..... ~ 1''''

Ulll:::n11Lllltln "D,)fi,)L"'11:::\1'VlL"'~1:::~~ 4l:::'Ct.:l~1ll ~'M"'1~tlU'!ltl.:l",)1~'U1L''fltltl'tl.:l b~N~71.:1~ 

f'I,)1~u~'Uih~.:IL1" U~:::L~tl~tl'~;tl\l~'Vl1.:1~1'U1j,,')nn~~nij~nl!cu:ail'U;tl\llllL;.n.li~1cu 
~ , 

i,nr1Ul1fJ"'~.:In1mUf'J~ftl\lllliia411nn1t'Vl"ftt)uU«') tll:::«tl.:l'ti1n1~Uil71:::i",)1~U141:::Li~lu 

(probability) Jl1fJ'l;);tl)J~~~1fJ~')~il"',)1~!J.:ItJ1n\Un11fi1U')cu~ffi~\"'11:::i~1nfuIJl1~~1"u 
J( ......l ...... II}'!" '1' \ '1 1ft! ~ n .. ­
"Dtl\l~'Vl1.:1~tl"'VlUU'Vln b'~ b'U'Jnntlln1n!'JItl.:lm1nt)~b1.:1., '"I:::t\1~11tl ~"D 1:::btJ''U 'Um1~L"'11:::"'tl.:l 

",)1~"hL~tlOtl'fl.:lt~N~fi.:l'A'Liitlu,r.:l~~" Ulll:::'''Ll'iU~il~,)1~tii1LiI'Uflti1.:lii.:l;;tl 

- .nva&::n"ntt41'!J'II.~i'n.'11 (Distribution) t~tJi')'tJtl1~'"I:::LiI'Un11-nVJ Nonnal 

Distribution, Lognonnal, Beta Distribution ~ffizU~utJ~u fl1~~,)L~,,,,1tl;tl\l~~lJIfi'"l1''''~ 
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• .. .. ~ I c:i .... 

- R1L1J!I~L1JUJ.l1f1'1!1U (Standard Deviation) LtiULfl7t:l'l"ll1J'ICl,Um'Mw:m1n1:""lI!.J 

,t:l'l i') L~'Ldt:l LU1!.J1J LVl!.JUrlUfl1 L'Tl~!.J~'1~ LLU:Cl'lYi'l ~mnl L;'1n q~ LL~:1 on LtlUl;)11"l1il~ c;l1:~U 

flWnlYl'l~. 
- i'J.I,j,::i"~R~1J.1,j'1~ULL,j'1 (COV) Ltluc;ln"llil~ti'l~'1l"l,)I~'J1,)ULLtl1~\lI'ltl~m1'V11 

U!.J~ 1A't\! L~m'TlYil :fl')I~Ul""l:LtlULL~:/ 'VI1t:l fl,)1 ~Ul""l:~~ LL~:1u,'i1Ut:l'ln i13rlU""l:\l1'ltl~ 

o I .,j ... .,j.!"1 ~ I" • I ., 1'" 'l - -~ " 
m1fllU,)W'VIlfl,)I~U1L"lIt:lClt:l 'I\'1L1JUn1n..l1:nUl"l,)I~1J~t:lc;ln!.J 'VI'VI1'1 n~""llnn11,)UlJ1 ~(;\ 

- n1,i"LLu~tuJ.lthhuna1~ (Measures of Central Tendency) Lijum1'V11fhn~I'1L~t:l.. 
" ' H'djui') LL 'VIuft:l2ol~i'l'VI~(;l iltl1:'Lmlu1.un l1Lm!.J13 LVl!.J13ft:l~~' ~tiu,'L(;l!.JhJ41 LilulA't:l'l 

~""l11Wl;t:l~~i'l'VI~l'I't:l.:JLL~~:'''' m1,!l;)LLu')LU~L;I~~')un~I.:J~U!.J~riui')'ltlij 3 ~fi ~t:l 

27"l1Qj~L~'flW(;J (Arithmetic Mean) 27ti!.JS1U (Median) LL~:SIUU!.J~ (Mode) 

- n1,i"n1,nn~1!1 (Measures of Variation) LilUn1~c;l~I;t:l~~ilm1n1:""lI!.1~I'1'"lln 

,.I 1! ::. "... 1'" .1111"1'" r • "" ...
fllL'Tl~!.J'IIt:l..:l'Dt:l~~''''UU~lnUt:lmTf!.J.:J~ m1,)~n11n1:'"lI!.1'V1 'D ~Un11')Lfl11:'VIfl,)I~U1L'lIt:lClt:l 

'!It:l'lLflN~~I..:l \~LLri ~,)ULrltJ..:lL13U~IlJ11~1U fi1fl,)1~LLtlnJ1,)U LL~:i~tl1:i'VIffl,)1~LLtl1~U 
., .,j,,/ .I I ., _ _ ., 

- R~1J.1L1J (Skewness) ~t:l'VI1113~,)UL13!.J.:JLUU~'lJ11S'Ufl1~'lIDJ~L~'!IflWlJ1 LL~:~fi!.J~1U 

LL~,) ~12.J11Cl~1U,)W'VJ1fl,)1~L,j\;;""l1n~lJ11 

" 3 (fh27'l1Qj~L~'!IfltUlJ1 - fi1)jfi!.J~1U) 
fl,)1~~1J = J 

fl':lUL13tI.:J LUWJ1lJ11~1U 
i 

Ut:ln""l1n;t:l~~'VI1.:J~n~LLa':l6.:J~fl':l1~41LUU~t:l.:J'tf~a~~1~~.:J'Ll'ltln111f~n~'VII'I~t:l13tl1:Ln'VI 

~'W1f'Vn11ihlJ1t:lf (Nonparametric Test)~~\ALLri m1'Vl"'~t:l13\flihi~~t:l..:l(Chi-square Test) 

LL~::m1'V1"'~tl13tfl~'UJLmtl~-~U1!l1Utl~ (Kolmogorov-Smimov Test) L~t:l 1flum1'V1"'~tl13 

n11LL""lnLL""l.:J (Type of Distribution) ~1lJ11mffit:lnLLU1J\"~11ClLL,j~IJl'~%n1~Lf'l11:"'fl,)'~ 

I .,j .. '111' - - ~ -- .l"I ., ., -'1 .I
U1L"lIt:lClt:lLL~::mf~"UfJtu~~UlJ1'V11'1':1P1'mtnJL"D..:l~CllJ1tlt:lm1JU UlJ1111..:l'VI 3.33 1:1'113 [14] I'I~~~u 

1 ~1"131Ul;'1fh\N" 

(Deterministic Code) 

::~tJ~~1~u(~~~Qnn1\N"~'~ft1~~1'U~"1llft: 
" ..I
iU"'flUIJi~1 ~~fl~'\.fflflnlllJtJtIl!J~tu::nmJmm.:l 

~1"131U 

2 ~1"'131UlllJtJn.:lU11~lilu 

(Semi-probabilistic Code) 

- n1\N"~~lltl~fl31U ~,)lltl1ltfnJ llfl:m1ll"nll"~~ 

L14~1::tUI1~fl1.:l~1 ~114fulL8'i~:fttl1'Jmmr 

- n114U~1:iuA'J1~U1":ln~A,)1~1~~~fl~1u~ 

~1l41utM11:;;~1n"llflfl::'ll~ 

- mt1l1'111::\fl'l(n~U1l.tltifltll!iii FOSM 
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(Fully probabilistic Code) 
0... .. 0... I _ 

~1~ru~n11~~~~1n~~~~~~U~ 

- mfiLI'l11~,r1'l11~l.hL~tlCifl '(c;)tJ1i~1(;1flu~n~fl~ ~1tl1i 

1""~1IJltlUth:::~1tl.\~f\1m1(11"";;1~fluLilu~ufl~fuUr L'IlU 

iii Advanced FOSM 

n1"L;t'ln"~~t1fl,)111U~t'll'l.ntlLUn1"ii1"'Ul'l1l1""~1Un11t'lt'lnLLtltlfl,)"fi1il~~~~~n1~YltI 

n11~Ui'!lt'l~1~t1t1tflN~11~lJit'l;l~lJt 'Ylf~t1~U U~~fl,)111ian'!lt'l~~11i11tU~"llU ~~~~ULUL'l111~~ 
~ , 

3.4 1~~t1fl,)111,j~tl",zitJt'l1'"lYt'"l11tU1'l~i~LU1~~t1t"N~~1~ ~~,..1t'lL'tl~1~",U1~'",..1t'lL'tl~1~;; 

[;J111~~ 3.5 Lrlt'l'l~'t'l~1ULL~')~~Yt'"l11tU1L~t'lnfl1fl,)111U1'"l~~Ui~t1t'lllftl'lli~~ijfl,)111ill~ufi• 
ntl~"llUfl,)111U~t'll'lzitl~~~tULUlJt111~~ 3.6 

.. ... .1 ... 
P1''''~'' 3.41~l'ltlfl,)111lJ~t'lf1l'1tJ [14] 

'1::"11"')1JI 

Uti8 "nil 
1 

2 

3 d1u~U"l1ul'itlfi"fI~ih~;1U'l~1n U~::I\41tl ileJfl,jtlfln,~Utlth~tuU'N, ileJfln~u 

Pltlf\"1i"nu~ufltl'Nn"'",:j''l'N 

S* 

P 
2.33 

3.09 

3.72 

4.27 

p, 13 
10-6 

._----~_._. 

4.75 

10.7 
5.20 

10-6 5.61 

10.9 
6.00 

Pf 

10.2 

10-3
 

10-4
 

10.5 
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Lti~)-:1'"l1nflCUiun..J'i'!ltN1'~l'lLLfl~~1'lJ1,rmJ11V1n~,~uuLflN~fl~~tl~LLUnfUflfltll'ltl1!..1" q" ~ 
0­

n11H~1U\UlLL~ l'l~ ~~ flCU~nM'CU:'Vl1~~~~ ~~UU~~tl1'"lil!..l12J fl'l12Jtlfltl (;In!..llltl~ Lfl N~Y1~. 
L:n~m2J1cu1ultl"1l'el..:!fl'l12J'.hL~tl~'tl (Reliability) ~1LtlUfl'l12J"h'"l~Lilu~t.Ji'l'!ltl..:!~TVI,rmJ1r'V!n 

(Load Effects = S) '"l~jj~hhh.J1nLnUn~1jl)'l12J~1UVl1UlI'tl..:!tjl)N~~1..:! (Structural Resistance 

= R) 1u'Vn~u!jU~uU2J1-nYi'"lU~1'lJ11iJfI'l12J"hL~tl~tl~1 fI'l12J,.h'"l~1~ (Failure probability) 

'"~~'i''' ... .-.l.,fI'l12JU1L"lltltl'tlL"D~~jl)Nelr1~ (P fl'l12JU1'"l~L) fltl 'iiU'!Itl~L'lJIf1Jn1rCUVlfl'l12Jfl1UVl1Ur

lItl~':1J1JtflNel11~ (R) '"l~iifl12J1nn11~~lItl~~1'lJ1,rn1J""'1n (S) f1~tll'ltl1f,1n1,1~~1U ~12J11tl 

L;jtlu1Utulltl~el2Jn11V11~flNlJ1f'11~lJ1fl~~1 

Ps = Pr(R>S) (3.1) 

1U'Vl1~un,.m Lrlil!..l2J,j1L~Utlfl'l12J'l.i1L~tl~tlL;~LflN~fl~ (Structural Reliability) 1UlUlltl~Yi'"lU 

L~2JL~2JlItl~ Ps Vi'LLri fil'l12J'l.i1'"l~1U; (Failure Probability- pf) ~~U~rPl~lu~2Jn1r (3.2) 

Pf = P ( R< S) (3.2)r 

o J:.'. ••-f ..I" •.1' ... ..., .. -1 J~ 'to I ... ..I (
\11'lJ1.U1Jqj'lJl1'Vl ~2JlIUn1JL'Jfl1 ~1)J11tlLlI!..IUfl'l12JU1'"l~'llJlJ1 uf! VI'l 1J l'l..:!\12Jn11V1 3.3) 

Jfx(x)dX= (3.3) 
Df 

uifl X LtluL'lmflflfDfI~i'lUU'~2J Xl' ~"", ><n, f~ ~ Liluit..:!n;ufI'l12J'lJIU1utlu'l.i1'"l~ 
I 

LtlU1'l2J (Joint Probability Density Function) 1If1~ X Ufl: Of LtlUfl1ru11J;'L'lru~'::1J1JtflN~11~ 

Ln"n1'~~ n1,fil1u'lNfI'l12J'l.i14t::1~IK..:!u~,,~luel2Jn1' (3.3) iifl~filu1~nfl1JL;;tl~~12J~'lU 

'I..!' ,~ .......... - .. .... .J. ....

D'lun "DflSJ~'Vl1~~tl"L~tlU~1I'l1J" (Failure Conditions) Ufl::LYlflUfln11tlUYlLn'" l't'lUlIfI~L~t'lU~lI 

n1nU;,ru'WLtlui1t\1'lJ11LL"'tlth~lL'l L;1f1~4t1niifl~rlu;j1'1~1Un~1Il1~,dLflNelfl-3,t'l\t1 

""2J~'l"2JLtlU4tl~LL«'lYiq~n712JlIfI~tfilN~'1-3fun1Ji'luu''lJIfl1!..1i'l LL~~f114tii~~'ltl 
.. 'I.... .... 'I tI . .J'" 'I..!' ~... 'I..!' ... ::.0 'Ill'
L~f1U 1I11"4t1n,,~ul U1J1J1J11~1 L"lIU L~f1U 1IP'l1Un1'~"D~1U 'lJI'tMtlU 1IP'l1UfI'l12JfN'VlU ,,~UU 

n17U!..I'l2J~l)1'l::~~ (Failure State) 1It'l~1:lJ1JtI'lN\\'1~1«Lfl~n.j'l-1'!1'l'l~~~fulUIUlIfI-3 

«~nfut'l)1'l::;"~1ri" (limit-State Function) .~furi1JtA''lLL1J'SJ~11U (Basic Variables) ~tl 

t'l)'l'l~;"~'ln" (limit State) lItl~f1~,(tl'l"'l,1"1, lIf1~trlN~fl~ .~~'lUUntltlnaLtlu 3 ,il" ~f1 

1) t'l)'l'l~"~1n"th'lJlf1JfiI'l'l2J1J~".titJlItl~trlN~fl~ ~~tl'l4t'lJl2J'ltJa~n1~C\JLatl"'l'l2J 

~2J~flllfl~t",~\\f1~'lJI'ffitl~~f1'll'l'l' \~uri n'l"""L~tltJ'l)1Yi (n1,tri~L"''l::. . .....) 'lJI'ffin1'Ln" ., ... 
n~'tn~~lIf1-3tflNt'fl~ (mm~Y1~1tl';~'lJI)J" 'lJI1f1n'lm~"fl1tJL;;tl~U1..:1fl'lU L;]UI!U) 'lJIfllLn" 

m1LLl'ln~n'!lfl-1'lJ1Y1i,,~ntll'lluzULL1J1J,h~1L-num'UIln~nm~t\lL~tlfl'l'l2JMYlU (L-nul"tln1' 

n'l,~niflu) 'lJInJn11"''llltl-1tj~~(L-nU m'UlJ1nimrltl~'"l1nn1ffi'l) LtlU~U 
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2) ~Jl1'J:;"'~1n"'~1Un11Hf\l1U'LUJ1tJ~\ln11L1J~m.l11J~~1nLnuL1J (ijl:J~n1:'Vl1JLJiTl 
OJ 

fl'J1~~1~11Cl1.Un11H\l1U) L~LLr1 n11Ln"'1TltJUlJlnL~~~U n11LLn~\I'vihltfUTltl1\1L~UL~i~ n11 
~ ~ 

~ClJ L~tJ fl'J1~ fl\l'VlU (L"llU hj~1~11t:1f1JI:J~"IITl\ln11~~rJ1U"IITl\lU1 LL~:/'vi~Tl n11LLii\l~'J"II'iI\lU1) 

~1'iI fl'J1~ L~m~1tJ~ L~U"''JtJ(;11Tltl1\1i"'L~U (L"lIU n11tr1\1 ~'JTltl 1\1 L~UL~i"') 

3) ~Jl1'J:; "'~1 ri'"1.UzUU1J1J~U1~:L~U\~~ 11.Un11i3Lfl11:\ffl'J1~,.hL~Tl~TlL;\ItflN~i1\1 

~:ijTl\lfl1J1:nTl1J 3 ~'JU ~Tl ~1UfTl~~ m1ri1~U~~Jl1'J:;"~1n", U~:m1fhu'JWfl'J1~ 

'Il1L~TltiTlL;\ltflN~i1\1 t~!J~:~1J~1fTl~~'Vl1\1i3fl1'Jn11~~1~fun1fiLfl11:\ffl'J1~'LhL~TltiTl,rU 
.k ... 0 

~:I'ITl\l~~1U'JU~1n 

., . , 
~\I,rU~\I iJlTl\l ij1:LiltJ1J~n11Y1 ~ 1~11Clij Lfl11 :li'Tl~~Y1ijTl tl1\1 ij1J 1:~'VliJl1'" t"tJy'h

OJ 

• .J' J ~ .c _I" , ",..l ... 'I_! '" • '" 
n11m~U~J1'J\lU~\lfI'J1~L'lITl~U(Interval of Confidence) 'lI\1lJnlJl~: ~'lI'Vl1:"1J ~UTl!Jm1nJ!J~: 

II'" I II • ..10 .., 0 ... I ~ _ ~ 0 .., ..I 
99 Cl1~fl1UTltJmTvlm~U"'Iil:~Tl\l'Vl1n11'Vl"~Tl1J~'JTltJ1\1L"'~L~~U~:~Tl~1U'JU"IITl~~'Vl'Vl{;\~Tl1J 

Tl!J1u"lI'J\lU~\lfI'J1~L~Tl~U~\lmh'Jut\''J ~:u1fTl~~~\~~1~1n1fiLfl11:li~1Jl1'J:L'1~J~il'Vl 
'i'_ .. II .I..... J ~ 'I_!II • II .I.,
U'ltitiTl~11J"IITl~~'Vltl1:~1JfI'J1~L'lITl~U(Level of Confidence) ~UTltJm11TltJ~: 95 !li\lti'1UTltJ 

n~11:i1J;\lmh'J~:;rTl\l~1mfVl~~Tl1JL~~L~~~un~1~:\~'Tl~~~ij1:i1JfI'J1~L~Tl~U 



... 
1...1\'1\'1 4 

(Materials and Research Methods) 

4.1 ~Un'lw;tl.'!l"'un1..ii1LUU.:l1U~{!1 \h'::n'tltltJr'Ju 
I 

" s- r " s- .aI r ••1 f "S-.al ...0.. 
- L~~~n~ LL~:: L~r.t1~'" r.t1U'JU"JlU(;l~:: 35 t3ntl1Pln"1[;l L(;lU L~VlL~'tln~TYI(;l~'tltl 

"l::~'fl~ij"llU1(;lL~U~1Pluffn~1~"ll'fl~~1iRuhj~1n~112 ~'J fl'J1~~~L,j~1n~1 8 L~[;l11 LL~::':h~1 
~ ~ 

LLtl1~l'I1~"llU1(;l~ri'l\~U(;lL.)lU~11J11~'lU ASTM [23] ~~LL~(;l~'lUIJI11'l~~ 1 LL~::L~'flm~~1::~'JU 

~'flf.l'lu~1l1~~Lffi1JffiU fJlNUJij(;l~'flUJi1n1U~nUJij(;\1W,..ffi~.hun1,.'l',nml1ti'flU 
~ 

- ~'fl~l'1LL'Jf WCCAL [8-1 0] ~1,..ftl'l~Lfll1::iVl1~~a~LL~::L;jUULLlJlJ 
l; .... 

4.2 'IUfl'il'ULLll::'Uin1'l 
..I ..I 

1. 1'JlJ1'J~LL~::~n~1 L'fln~11LL~::;'fl~~VI LnU'J;r'fl~ 1'J~'Yi~VI (;l~'fltln1"'l;~'fl~ ~LL'Jf 

- ",. -- ~ 

'J Lfl11::"'Vl1~~ tlfJl 

2. m1LlJi'hJ~lA''J'flf.l1~VI£'I~'tltl 

3. VI(;l~'fltlt'1tu~~~Vl1~n1U1l1~LL~::L;~n~"ll'fl~L,j~~n';LL~::W"l1~"1fJl1'-1'-111J11~11.1 

ASTM 0143 [23]
 

.. tr.. -- A' Sf " 1..1 ... ..I., ...

4. 'J Lfl11::"'L~~~ tllJl LtI'fl~IJIULL~::n1fVl ,,~tltlll'l'J::L"ll1l ~UVI LnU'Jn1JfJtu~~lJ lJ1V11~ 

n1tJ1l1~LL~::L;~n~'tl~W'V'l~n'; LL~::W"l1'-1,.i 

~1;rtl~~ij'll'J~LLlA~fl'J1~L~tlJu (Interval of Confidence) U'tlUn~1~U~::99 "l::rA''tl~ 

.,;1n 11'V1"~ tltl1A''Jtl!h~ L~'-I L~'-I Lrl'tl~ 1U'JU;tl~ ~ ~'VI (;l~ tl1Jtl~'lu'II'J~ LL"'~ fl'J1 ~ L~tlJU~~ n fl1'J 

.1' 0" ..I" .1' 0 .. r ., 1..1 .. ~ .!'., ...... ~;. 
LL~'J"l::U1"lltl~~VI LPI~1V11 n11'J Lfl11::,..,..1111'J::L"ll'll ~UVI L"U~t1"ll'fl~~~1::111.1 f)'J1~ L~tl~U 

(LevelofConfidence)~'ln~'l~U~::95~::~'fl~~'ln'l~"~'fltlL~'-I"lUn~1"l::~~1~1::itl~~nfl1'J 

5. iiLrll1::tf~'lmi1L:;'flatlL;~tm.:l~~tl-:l~t11::fltlt1f)1'l1fW~~mf ~::W"l'l~1 
... ..1..1... 1t.1' 0 ... rtl ." 'I' J::" _~6. L~U'fl"::"t1f)'J'l~L~tJ~Y1tJ'fl~"t1l.Plt\1"'"t1'fl~fl 1::n'fltllJl'l-:J1 LU'fl'lfl11LflN~1''l~ IJ.l 

r " .~ ...... "., .Of .. ­
,,~n~ LL~:: 1J.l"l1~'" LY4'flm1 L~~1U'VI'l~~mu"tJn1nJ LLfl::'JrI'Jnlnl 

..I ".1'" 0.,

7. L~U'fl'U1 IIVI L,.. ~'l::~ ~"ll'fl~ IJI~ LL~::fl1ULL~ ::lJ1'J ':l tufl'J1~u~'fl(;lllU''fl~ L~1 ~'l"'"t1n1" 

.1' ".~ .. ,,_~ ...
'fltlnLLtltI'fl'lfl11P1'JtJ 1J.l~~ n~ LL~:: 1J.l"l'l~'" 

8. 4'II";11'ltJ~1u~~n1~4'tl LLfl::L~tJLL"I'4iCJfl~1Uii~tJ 

,nC)tt7::itJ Yi,.6t.l~nLlfl::"W:::. ·n11~nl::t1~NtUJ~~i~nftLLft::Yl1~n1tJll1"'Dfl~1Jj'ftw.J1::~ri"~l"~N~1Un1Mnl::t1"1~
 

\olftna"nJ1(ij(ij11j"'ln~"1ft"ruN,"IIl,Il1"71111j"'lnu~ttJ1i1 IU'::~~LL'l"t\'tl~ "w:::1jI'\'ln~1'\1ft"f. ~\ol11jYltJ1fttJf~ftlll.
 

2542. 
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"" 0'"
~.:In1'lf'l1LUU.:I1U 

L~t1nW'nilVl~L~Ln 
..l ... 

u.~:;t1t'ln U.1JlJ LR1t'l-.llJt1V1 Vltlt1lJ 

I I 

r.llJ1'JlJ Llfl:;;1mn Lt'lntll1ll~:; 
, , .. 

" CIIIOCIIiI" .... 
'llt1~~ VlLmJ'J'llt1-.l r.llJVI-.l 

VlVI~t1lJm11if'l1t1yj~ u.')f 

..
 
~Vll'i-.l 

.ol .. 
LI'I1tl.:llJt'l 

~1r.l'lU.\-l~-.lW'Y'l~n'; u.~:;hJ 

'l1lJ,1Ll.~:; L'N-.l1'lJLl.lhpJ1w.'lJ 

'" ..: ..I ...W - ~ VIt'l.:l t1 'lJVllJ "ll 'lJVI 'lJ'lJ1 
I 

I 

'J1.:1 u.r.l'lJqlJiK'Jt1fh.:l 

I
 .... .. , 1.....
 
m"l~ffilJlJl'JtlU1.:1V1~~t1lJ I~ 

VlV1tltllJfJtutllJ~Vl1.:1mUTl1'Y'l~:;L~.:In~'1It1.:1W
 

. - ~ Ii

lJl1lJlJ1lJl1~1U ASTM Ufl::l-l11'l1f'JtU~lJlJ~L1Jt1.:1 U 

ftll,jl\jj,j'Nlllll~"'l'1l 

L;tlMtlfJrrj, 99% 

"::~'n1nll'II\tl1JI;;1l 

n11'iL"'11~Tm:::Lofi1ztl~ilVl~1\-lfu 

'1tU~JJUilVl1.:1n1tJTl1vtUfl:::L~.:Infl'Dfl.:l 

\l,n;tll,jflilr.:i1J"'l'IlI~tlj~,m, 95% 

~tl~,n,rn"I\tl1JI~1l 

Wvttlmf Ufl:::W'l1JJ,1 

iiLI'l11:::l41'l'J1lJ,hL't1~tlL~.:ILrlNfth3'Dtl.:l
 

t'l.:l"lh:;ntl1Jfl11'111~vttln1f \Lfl:::~'l1JJ,1
 

I 
I I 

L~ut'l1:::iK1J fl'J1JJL~U.:I~tJt'lJJfu'~th'MftJ L~Ut'l'D'lJ1"lJl.:lLLfl:::fl1'lJLl.fl:::i'JfJtUfl'J1mJflt'l"ntJ 

tl.:l"u1:::ntl1J"1.:111ufl1fl11trl1.:1~rn~ 'Dtl.:lLt'1 'DU1"~~L\-lJJ1:::~JJ~1\-liun11t'ltlnLL1J1J 

LYltln111<l'.:I1'lJ t'l1"'11MtJ~'Y'lt]n1f LLfl:::~'l1JJ'lt1 
I t 

I 
4'"';111tJ.:I1Ur.lfln11'i<iu Ufl:::Lr.lULl.'Y'l1e1fl.:l1'lJii<iu 
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g "' 4.3.1 n1'lLm.J~'a~'i 
u 

- -­, , 
~~ ~ 2. 1,)1J1,)~l'lt]~iJ ~11i11j1'\.m11l'l"'~'il1J ~1U,)'"'lU LLf'l~L'iln~11l'lLnm~'iI~ 

• ... I I 

3. 1,)1J1,)~;)'il2;! f'll'l1~1 fil')n 11~ Lnll')nullTl..,rn1JnYJn U~~;)'il2;!~'ti')1 \1J Lnll') n1J\~ 

4. rlnM'1'Vlt]M'!J'VlLnll,)'D'iI~ ~1V11S1Un11'Vll'l~'il1J ~1V11STWn11'i1'i1nU1J1J ')fin11 

.. .,-~ ... 
~t]nM' U~~~'11~'1 

~ ... ..1..1" ...... 'I." 
, 

'II'i1'rltA"LL');,) Lfl11:;i'Vl1~~ti~ LL~~1fin111;)'11 'iI'rlI'iLL')~ Lfl11~ifl,)1~'\.h L~'iI~'iI 

4.3.2 n1'lL(;'I;!I~M1'il!h.:l 

'DU1ti'l'D'iI-:li,)'iltJ1-:1~1;)l'Un11'Vlti'l~'il1JfJtu~~~'Vl1~n1W)1~Uf'l~L;~n~'D'iI~\~Liju\1J 
... 'I. ..I

~1~~1~WS1'U ASTM Il-:lLL~l'l-:l 'U1iI111-:1'Vl 4.1
 

(;'11'11.:1;\ 4.1 'D'U1",rK,)'ilfi1~n11'Vl"'~'il1Jfltu~~Ui1'Vl1-:1n1UI11~ U~~L;-:ln~'JI'iI~U!
• 

. .... 
.,,,tJ 'M!lm""".'atJ'lai 

'IIu1"~~'a!h~ 
~"".'atJ (u~) 

tna.l,,,,,iu 

(.tJ.~,,) 

1 mm.nLNi"~tl~l~ (Static Bending) 2x2x30 0.069 

2 

...., .. ~ ~ Wm1n.lu.Ntll'l ~u.U'l~U1Un1JL tJU~tl~LUtl 

(Compression Parallel to Grain) 
2x2X8 0.019 

3 
mrl'uu.Nti",1.Uu.U'l~~~1nn1J~trn~fl~L~tlW 
(Compression Perpendicular to Grain) 

2x2X6 0.014 

4 
mffuu.N~~LUu.U'l~U1un1J~(Ju~tl~L~tlW 

(Tension Parallel to Grain) 
1X1X30 0.017 

5 
rl'u.' ~ .. ~ ~Wm u.Nl'I~ ~u.U'ltJI~1nnn1JL tJU~fl.:JLUtl 

(Tension Perpendicular to Grain) 
2X 2 x 2.5 0.006 

6 ... ~W
"'l1~L\4UU'l~tl.:JLUtl (Toughness) 0.79 x 0.79 x 11 0.004 

7 "'l1~u.4i.:J~tl.:JL~tlW (Hardness) 2X2X6 0.014 

8 
... ":1 .. ..i ~WmntJu.NL~tlU :UU.U'l~U1UnlJ tJU'Dtl~LUtl 

(Shear Parallel to Grain) 
2 X 2 X 2.5 0.006 

9 rl'u'" ~Wm u.1.:J~n~~LUtl (Cleavage) 2 X 2 X 3.75 0.009 

10 
ml :: ... .. ""w'lUU1l4Un'1LVi1:: u.ft::n11\41'1"''l~tl~LUtl 

(Specific Gravity and Shrinkage in Volume) 
2X2X6 0.014 

11 
n11\4,.tK'l1.uu.u'l1f1lilll.fl::LUll.U'l'l.:Ju 

(Radial and Tangential Shrinkage) 
1X4X1 0.002 
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4.3.3 n1'lYl"tlilUAW'ilJJ1jiYl1.:1n1!11111'4u,1I::L;l.:lna


1'" or 1'" 
• 

.,...l 0 'I !f'l 'I ~ _""..l cI • \ :"\

~~'ln'M' LL~::: ~'"l1~"~'Vl'\.61~1."Ii.Un1~'Vl~~t)1.J'"l:::."Ii~'Vl~m~u~:::~1CU10 - 15 u 

imiCU:::~1tJfU(;lN ~,:n.J1nn~1 8 L~(;l~ ~ut,J1"'tJ111W~v'hm~~~~':lt)f.h.:l~1vl1m1LLtlntl~1\'111.J 
~ ~. 

'" 0 ~t1 ..; 'I "'... J' ..l", "'.. 0
m~'Vl~~t:l1.J U~':lU1. t:l1.JL~t:l.\'IL\'I~t:lfl':l1~"JlU'Vl~t:lU~::: 12 LL~':l'"l.:lU1~1'Vl"'~t:l1.J(;l1~~1(;l~"1U 

ASTM [23] 1",u1um~'Vl"'~t:l1.Jl,jlh~~m1'Vl"'~t:l1.J~1;rij·lh-:lU~.:Ifl':l1~L~t:lJu(Interval of 
,. , 

..... tI '" 0 ... I"" .. 0 II GIl
Confidence) Ut:lUn':l11t:lU~::: 99 '"l::(;lt:l.:l'Vl1m1'Vl"'flt:l1.J(;l':lt:lU1.:1L~~L(;l~ L~t:l'"l1U':lU'Dt:l~~'Vl 

'Vl "'flt:l1.Jt:l~1 uoJI':l.:l U~.:I fl':l1 ~ L~t:l~ui.:l n~1':l ua':l'"l::U1;rt:l~~~1~~1vl1 m 1~ Lfl11:::i\'l11l1':l :::L;1ltl 

flil'Vl1",uti1;t:l~~ij1:::i1.Jfl':l1~L~t:l,rU(Level of Confidence) ~1n~11tlU~::: 95 '"l:::IA't:l.:lvl1m1 

'Vl"'flt:l1.JL~~'"lUn~1'"l:::~~1~':::~1.Ji.:ln~1':l 

.... , _.. 
4.3.4 n1fiLA'11::",Y11.:1\Ul(;l 

n11~ Lfl11::ifJ CUfl~1.J"i'Vl1.:1fla~"Jlt:l-:l;t:l~~'Vl1.:1~ fII':l n n~'t:l.:l 1,j~ '1 mfu~::1,j'"l1~' 1­
t11:::nt:l1.Jlt1~':lU l"i1Lll~t1 (Mean) fhuLiltl.:lL1.JU~1(;l1~1U (Standard Deviation) LL~:::pJLL1.J1.Jm1 

U'"lnU'"l.:JIJit:lL~t:l.:l (Type of Distribution) ~L\'I~1:::fl~ 1",ultlU1.J1.Jm1U'"lnU~.:J~L\'I~1:::fl~'"l::1'fi1 

lfln1i.:Jflt:l.:J (Chi - Square) ~.:Jt:l1~u\'Iinm1Ltrffi1.JLVltl1.Jm1U~nU'"l.:J,t:l.:J;rt:l~~~':lt:lth.:Jn1.Jm1 
~ 

..lJ:' ... .....l '" ... ..lI 

U'"ln U'"l.:J'VlI1It:l.:Jm 1'Vl '" flt:l1.J U~:::~'"l11CU1fl':l1~ fl~1 '" Lfl~t:lU1::\'I':l1.:1fl':l1 ~ Cl'Dt:l.:J't:l~ ~ (;l':lt:ltl1.:J 'Vl 

... J' ... ... ..l..l ... 'I '" ... , .....l 
Lnl'l'U'"lNm.JfII':l1~ClYlLn"''"l1nm7U'"lnU'"l.:J1l1U.lJlfl~ljlJl~1U':l1.:J (Null Hypothesis) l'l.:Jfl~m1'Vl 

.., ... ::. J! t .. • \ 0... .... I II • I'" • .1 ... 
4.1 U~:::'"l:::Ut:l~11.J"llUl'l't:l.:Jm1U'"lnU'"l.:JUUfl(;lt:l~t:lfl1 flm~.:Jflt:l.:J~fl1Ut:lUm1f11':lnqIJlYl1:::"'J 

.. ~ .. 'I. ... ... ~11 '" 0 ..l",_ \' \'
fII':l1~L"llt:l~U (Confident Interval) "ll.:J .U.:J1U':l'"lUU.l'lm\'lU"'VlTCIu~::: 95 u~::m1'Vll'lftt:l1.J.fII~.~ 

tn1t:l~ - ftUjU1Ut:l~ (Kolmogorov - Smimov) ~.:JLilu~m7LtIlu1.JLVlU1Jfil'if.:Jn;um1u~nu'"l.:J 

ft:::ft~ (Cumulative Distribution Function) ,t:l.:J~':lt:lth.:Jn1.J CDF '!It:l.:Jm1U'"lnU'"l.:J~L\'I~1::fl~ i.:J 

Uft".:J1Ufl~mril4.2 

2 k (o. -E.~ 
X = L I I (4.1) 

i=1 Ej 

.. 
°1~t:l = 

..l..l... ...
E, = fl':l12JClVlLnl'l'"l1nn17ft~~lJlm1U'"lnU'"l.:J 

D = Max IF(x) - S(x)\ (4.2) .. ..l. , .I! 
~t:l F(x) = CDF 'Vl1Jl1U\'IU.:J x ,t:l.:J"2It:l\l~ 

S(x) = CDF ~;]1U\'IU.:J x 'Dt:l.:Jm1U'"lnU'"l.:J~f11"H 
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m1V1Ci1~t'l1.ltf1lri1i.:J~t:l.:J (Chi-square Test) LLfl~m1V1Ci1~t:l1./Lf1IflUJLmt:lW-~LiJtJ,.t.lt.l'}i 

(Kolmogolov-Smirnov Test) ;n.:Jm1V1Ci1~t'l1Jif.:J 2 '.llill'l Ltlt.lm1V1Ci1~t'l1JViH'vnnihlJlt:lf m1 
~.-. 

V1Ci1~t'l1Jm1LL"lmL"l.:JU1J1.:JViL1tJn~1 m1V1Ci1~t'l1J1l1';l~L;r1Iu~ilVliJi(Goodness-of-Fit Test) m1 

V11'1~t'l1Jtf1ln1~.:J~t'l.:JiJ;rt'l~1 tiI'llt.lL1t'l.:J"JIt'l.:J f1I';l12-J~ L1.fl~1~~1J"JIt'l.:J;)t'l2-Jfl mh';l~t'lf1l';l12-J ~~ f1I';l1"l~ 
OJ 

~Ci1 (Extreme-valued distributions) ~.:J12J~12-J11Cl1;LU1LLn12-J~Lf1In~'tfVl1.:J~li~~';lllJ ~.:J\tt.l 
o. • 

.:J1t.l'ii4'tJ\lt"'~~t.l1'llt'lvll'iLL';l1 CESTTEST (Civil Engineering Statistical lest) [12] LYJt'l,..1 

f1IW~2-J1J-;jVl1.:J~liJi"JItM;rt'l2-JflVl1.:Jii fI\';ln112-J"JIt'l.:J1~ tJ!1.:J1 ~.:J ~';lt'l~1.:J ~ fli~fi"JIt'l.:J 1"11L2-J Cili~ij CiI,..tit.l
q... ... q 

"JIt'l.:Jt2!"l12-Jtjf1~~1t.lmlVlCil~t'l1J1f11n1i.:J~t'l.:JLLfl~Lf1IflL2-JLmt'lW - ~Lijm't.lt'lW 1t.lIU~ 4.1 LLfl~ 4.2 

~12-Jfl1~1J 

MODULUS OF ELASTICITY (pRIMARY) 
0.4 I I I I 

plotl 
0.3
 

plotfn
 

C e-e-e 
-;; plotfGbS 
III 

~ plotftn 
._~ 0.2 
==j )rl::~(m 
=' ' '\. . 
, plotfWb 

+-+-+­
plotfbt 
~~ 01 

.0. 
oL........l-==::..:r;:..-'-----I_---U_----.JL.-J----.JL..-_u....._L.-.....L..:..-~L_J
 

4 4 4
5.10 6 '10 7 ·w4 

8 ·w4 
9 '10

plou , dam, datil, dum, dum, datil, datil, datil .8.b8374xW4• 

Shear Strength (list) 

4 4
.>-10 4'l0

4
.3.31'H2xW • 

'lu;l 4.1 ~';lt'l~1.:J~fli'Yifi"JIt'l.:Jfii1 L2-Jl'li~u CiI,..~t.l"JIt'l.:JW"l12-J"l1~~.ht.lm1V11'1~t'l1J
III ... q q 

1f11ri1i.:J~t'l.:J 
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MODULUS OF ELASTICITY (pRIMARY) 
.1. 1 

pd __ 0.8 

pdn 
000
 

pefGL
 
.~~~ 
] pefGS 0.6 
.! eG B
£pdIn 
~ -+-­
..= pefg 

.; "'" "'" K~ pdFL 0.4 
V - ­

pefW 
+++ 
pdb 

e-a-a 0.2 

3~ 4~ 5~ 6~ 7~ 8'~ 9~ 
.3.31973xlO~. d.... ,d....,d....,~.... d.... ,d....,~...,~...,u...,u... .8.68312xl04• 

Shear StrenKIb (1lIc) 

~~ 

o L.iiilli::a_~~::....J..__-L__--L__...l...-_----1 

hJ ~LLnnJ CESTIEST "~IiI'l'VI'l'H~ti~~"ft'lJm~~ Lfiln:::~l"1'J'l3JU'l L~tlt1'fl€'lJ\~LLfi 

1iI'l LtU~t1 (Mean) ~'J'lJL~t1'IL1.J'lJ3J'l~~S'l'lJ (Standard Deviation) LLfl:::Ztl LL'lJl.Jn'l~LL"'lnLL"'l\lj;)'fl L~'fl\l 

~L\II3J'l:::~3J~\lil11 LL'IJ'lJtI~:::n'fl'IJ,Ji''JtI m~LL"'lnLL"'l\lLL'IJ'lJtlm~ (Normal Distribution) mnL"'lnLL"'l\l 
.­

L'tlnltl (Uniform Distribution) m~LL"'lnLLIiI\lLfl,;ri'li\l (Exponential Distribution) m1LL"'lnLL"'l\l 

L~t1~Yi (Rayliegh Distribution) m~LL"'lnLL"'l\lf'i'l~\I~l'lLL'IJ'lJl13JL'lJfl(Gumbel Type I (Largest) 

Distribution) m1LL"'lnLL"'l\lf'i'l~'l~l'lLL'IJ'lJ113JL'lJfl(Gumbel Type 1 (Smallest) Distribution) m~ 

LL"'lnLL"'l\lLL1J1Jfl'tlntl~n~ (Lognormal Distribution) m1LL"'lnLL"'l\lLLn3J3J'l (Gamma Distribution) 

m1LL"'lnLL"'l\lfii1~\I~{;l'llUl'l~~'f)\lLL1J1JL~1L'lIr;i(Frechet Type II (Largest) Distribution) m1LL"'ln 

LL"NIiI'l~'l~l'l'llU{;l~~'l3JLL'IJ'IJ~L'J\lfli (Weilbull Type III Distribution) LLfl:::m1LLlilnLL"'l\ltij;J'l (Beta 

Distribution) 

4.4 ;,.41nlJ'l'D'il,ufa.ltfn:i"ifn11'utf,i'U'D'iHfl'13J,j1'U"1'UL;~tfl1'~t1;1~(Limit Coefficient 

of Variation of Structural Resistance) 

I"JN~3J'IJ~'Vl'l\l~ti~,Ji''l'lJm~m:::'''l'ltl~'J(Dispersion) m~LL"'lnLL"'l\l (Distribution) ''tl\l~'J 

LL1J~~3J(Random Variable) L~tILtU~'l:;'tlti'l\l~\li3Jtl1:::~'V1tm1LLtl1a'lJ(Coefficient of Variation: 

lIlI:lioQ .II:lItl ~, ~ '" 0 oll:lItl fr I al ell ~ «i' II 
3J'fl'V1fi~flLLfl::: ~'J 1;)l8m~ ~\II e.Jfl fil'lr;t'tl'IJ~'fl\l m~'J Lfil~'l:::\11 fil'J'l3J'lJ'l L'lI'tlt'l'tl L"]]\1 ~filN~ ~'l\l 
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I I I " 

'"l1nm1~m~nVle.hu~J11uCffi-1m11Lfln~~fl,)1~'l.hL;~Cl~'!I~-1~-1f'1mfl11\~L\1~ti~UL"'Um11;r 

;r~~~"Il1-1~f'\')n11~1ulh~L"Ilf'\\"IlU"'flJ~1'V1\.l1~"''!I~-1LflNflh-1\~~~~nLL1J1JL"'U~1~U'VI~nf\,)1~., 

'l.h~:; Liju,ru ij"1JU1 "''VIU1lff",1'VI '\i~U'flU 1~1,) '" L1,)~1 n (;11~ n11L~~~u'!lMif~lh:;~"Il tn11~lheru 

'!I~-1 L~ "'~flU "''VIUU'!l~-11.~ LLu')LU~ fl')1~ i~ ~ufi~ L~~~U~U 1-11') '" Ll') L'UdLii~\h~ 1'!1U1UeJ ~ ri1J 
'" q 

1~1J1JLfl1-1fl11-1~')1.~~1'"l'"l~~11~~n~1~1J0-1;"'~1ri"''!I'fl-1a~~1~i''lltn11~~1erU'!l~~fl,)1~ 

~1U"ll1UL;-1 LflNfl11-1 ~'"l~~11\\'1~1J'JLflNflh-1U-1fl-1 fl,)1~'l.i1 L~~O~ (Reliability) Il1u1~flIl1~ 
" 

n11~1JnTuU1'V1Un1J1~n 

4.5 n1'~Lfl"~,{Fl~1~1l1L;t'ail'aL;t-1XFl'-1.;'-1'!1'iHI'il-1A'a1Fl1' 
- ..r , .... ~'i' IV

4.5.1 LLU~Fl~1~Flf\"UJ1U'!l'il~Fl~1~U1L'!I'atl'aL'1J~ ~Fl'~."-1 

fl,)1~~~~",JiUL;-1LflNfl11-1 (Structural Safety: p ) ~1'"lilU1~1ul,Jfl,)1~s
I ... I !II ..I :;., .. • 'I_! .. I41 I 

U1L"ll~tl~,)1fl,)1lJU1'"l~L1JU"IleJ~'II~-1U1'V1Un1JnfJn (Load Effects: S) '"l~~fl1lJ.l~1nLnun')1 

fl,)1~ ~1U"Il1UL;-1 LflNfl;1-1 (Structural Resistance: R) 

Ps = Pr (R-S>O) (4.3) 

"UYl1-1~DU;Uu~1;Yi'"lULi1~Lii~~1'V1fufl,)1~'l.i1L~~O~L;-1LflNflY1-1VlLLrifl,)1~'l.i1'"l:;Ln", 

miiU; (Failure Probability: Pf) UYlUfl,)1~~~~",.nUL;-1tflNflf1-1 

P, = 1- Ps 

(4.4) 

t"Ufl,)1~LtlU'"ll3U«,)1:;1J1JtPlNfti1-1~1:;n~1J~')ui,)~~~fl1ui,)1')~nu ~-1~1'"lij'VI1tl'Wij 

flI,)1~i~~ufifi~nu (Correlation) tlni-1tfl1-1flf1-1~1'"l~Uii~,)tJd~U''II;~;1n''~'VIfl1tJztJUUU 

L'liU ftIl1,):;;~;1n"L;-1~1:;itJ (Ultimate Limit States) ftIl1,):;;"~1n~~1Un111f-11U 

" 
(Serviceability Limit States) Ltlulfu ~-1UUftIl1,):;~Uii'll~~'tflNfti1~~~fl1'"lft1lJ11tlUtJ1lJ1ultJ 

'IIfl~,;~n;UftIl1,):;;";1n"'IIfl~i')utJ1qlJ(X) '~~~fl~m~ 4.5 

gOO = R- S (4.5) 
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lum'cil~ g(X) <0 \UJ1tJ~-3~1l1'J::~Ui LL~::"'l::~~1tJ~-3~1l1'J::,j~t'l(;lJitJlumcil~ 

g(X) ijr11~U ;~~'J"tlt'l~t'l1N11.J1L'JN~,j~t'lVlJitJ (Safe Domain : Ds) u.~::~'J"lI'tl-3mN1,j1L'JN 

~~ (Failure Domain: Df) "'l:;~mLUn"'l1nnu~'JmM1'J:::;lVl~1nVl (Limit State) ~ g(X)::: 0 

t))-3LL~[;)"lu1,j~ 4.3 
OJ 

Failure Domain 

Limit State Surface 

g(X) =0 
Safe Domain 

g(X) >0 

g(X) <0 

x, 

Lrltl R u.~:: S \lnutJ1~LtlutK'JLL,j1q~~Liju~~1::LJitlriU Yf~riiUI'l'J1~~U1LL,jU,j1"'l:: 

LtlU (Probability Density Function) \lnu.'VlU~'JtJ fR u.~~ fs lJI1~~1~U fl'J1~,j1"'l~L;;"'n11~~ 

~~~1U''''l1nn11~1tr~ui (Integral) '!Itl~Yf~riiUfl'J1~~U1U.,jU,j1"'l~LtlUi'J~UUU1L'JN~L;;£9In11 . 
~~ ~~~n1rli 4.6 

=LtR.s(r,s)drds (4.6) 

~1n R u.~~ S Qnu.'VlU'~~1nn~1~tl~,r'JU.,j1U.~~~riiU~1l1'J~'"~1rif'\tl1"'lij 

fl'J1~i~~ulu.'J'JU,jL;~L«Ufl'J1~,j1"'l~L;;lln1fi~~~tl1"'ltl~U1tJ'luzUn11~1tr~utfl~~ 

t\~n1,;14. 7 

(4.7)
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g(X) <0 

g(X) > 0 g(X) = 0 

'UVl1-1tJB~mnnJhJ1(;l1'~'.ln~fl-1t(;ltJ~fitll~ufii-1~(;lU1m:i' (Convolution Integrals) 

·h~1tJLL'lJ'lJ~~1tJij~fl1'"lhJ~12.J11Cl'V111~(;ltJ~1tJL~fl-1'"l1n'llfl'lJL'tI(;lm1~1'E~UfiLL~~;r-1n;Ufl'J12.J.. 
, " 

~U1 LLt.lU'Il1'"l ~Ltlui'J2.Jij Pl'J12.Ji'lJ4'flU2.J1n LL~ ~'"l::;'1.4'LLntrtlJ~11;r~'1.'\Jn1wij~ ~1 1 L,i1u'\J ~-1 LtI'\J 

L~(;l,~mfim1~1l'i1t1l~t.lfil'\J1'J..IL;-1~Lfl11~i~1'f)i'JL~'tI L(;ltJ:i'1tJ~~L~tJ(;lfl1'"l~n~L~2.JL~2.J'I.'\J 
q .. 

4.5.2 t'8n1.,hoq~Ln"n1oM~"'''IUfl'J1J.1t1tl'8"I1!1LLtl~,r'Jflau;1'J1J.1t1tl'8"I1!1.. 
~ ... 11.,.:.1.. ... ..l 

IJJfl R LL~~ S \ln~'"l11'1.l1'1.~LiI'\Jr;J'JLLtJ1~~YU.Jmm1~'"l111LL'lJ'lJthn(;l ~-1fl1'"lLl.Y1'l.l 

., - -~ "'"' • ., 'I. ...."1' ., J..l
liJcu~n~CU::::Vl1-1flCllJl ~(;l(;l'J1I N( J..lR.crR) LL~:::: N( J..ls,crs) 1JI12.J~1(;l'lJ '\Jn1CU1JfLJ~1flfl-11J1'JLL1 1Vl 

... ...t':.......... ..I .~ tr., .. 0... ... ...r:" r -....t: 
:.J rl'J12.J·~~'V'l'\Jfi "'~fl2.J n11Vl 4.5 Tl~n"ll'\Jfl1l1'J::::"JI(;l'"l1 n (;l'"l ::::2.Jrl'J12.J·~2.J'V'l'\JfiLL'lJ'lJ L"lI~ L'~'\J (Linear 

Relation) LL~::;£ln1m1::::'"l1mtl'\JLL'lJ1JtJm~ L(;ltJri1L'U~tJ"JI'f)~;r-1ri'"i\lfl1l1':l::;;l(;l~1n(;l (J..lg) LL~::::ri1 

L~tJ~b'lJ\l2.J1(;l1"1\l (crg) fl1"J11Cl~11;r'"l1nfl2.Jn1:i'~ 4.8 bL~:::: 4.9 

J..lg = J.lR - J.ls (4.8) 

(4.9) 

, 
tl.l i1~1l1'J::::~~ g(~) =0 fl'J12.Jt.l1'"l~Ln(;ln1:i'~~~12.J11Cl~11lA''"l1n~hn1m1::::'"l1tJ 

tJ1n~LL'lJ'lJ2.J1(;l13'1U ( Standard Normal Variate ; ~ ) ~-1fl2.Jn11~ 4.10 
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(4.10)
P, =1-0~-~-,-.) 

Pf = <1>(-J..lg/crg)
 

PI = <I>(-J3) (4.11 )
 

PI =1-<I>(J3) (4.12) 

~..j f.J.. ... •I" "",{) • '.l"l
~"ltJVI P= _K fI'fl{;\1nUf1'J1~ufl'fl",m.lLLfl::: 'V\- fI'fl fI'J1~U1~:::L1JU~:::~~'D'fl.:l 

<Yg 

m1LL~nLL~.:I,J1n~LL'JU3J1(;l1'i1U... 

Failure Domain Safe Domain 

\ 
\ 

/ ~ 
Pg 

_I..j ... .,. • r.l'" .l"l' ,..j a~'"
iUVI 4.5 LL~"l.:l ~lIlLlIlU'J1 ,., ~fI'l13J1Il~1tJL1JU1:::tJ:::Vl1.:101il1nfl1L~fltJ'Dfl.:ll1.:1n'U~1l1'l::: 

.. • ., '1.J" .. - ~- r.l..l.r .. • "~k.".I"II"l0lil1n"ll.1 tJ.:I2\1l1'l:::'lUfl UPItJfIl1,., V1~.:I'UlIl3J1tJt1.:1n11fl"lfl.:l'fl.:lfl'l13JlIlU1LLUU I.1'l U'N I.Ufl1N1 

U;'L'lN':i~ • .:Ifl'l1)JlIlU1LLUU~.:Inth'Jflfl fiI'l1~U101il:::':i~'fl.:l1:::UUtfllN2\f1.:1 lIl'ffinth'Jtlm!tJ 

.... ~ t'_ ....I .: .r r.l
lIlU.:I'J11:::tJU ~fIlN2\~- ,.:I~f1'l1~LfttJ.:Ifl"lfl.:llJl1)Jm1LYt~"IIU"IIfl.:l ,., 

d111lfu~m1~1U'JNfIl'J1~l.lflfl"lJitJ'fl.:l1:::utJtfllN2\rn t"tJ'Wfhi1.:1a.:l~fl'fl.:IfIl'l1)J 
... 

hiLLUUflU,fl.:l'i2\IJtfilN2\l1.:1LLfl:::U111lUntJ11Vjn ~nOlil:;i;0Iil11tU1t~ R LLfl::: S LiluflhL;.:In1ltU'" 

... ..., J. ...1 .. i1'" .1"
1Il1flfll1fl1.:1V1 flfl11~'JU''fl.:lfl1L~fltJ R LLfl::: S 0Iil:::~nUtJ1~L Ufl'l':lNflI'l13JuflflMtJ 

FS = J..lR (4.13) 

J..ls 
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4.5.3 (it,)1~';1U"1UL;-1L(it'l-1.f1-1 

4.5.3.1 Yf,:1l1iu.1l1';l~;jfl..hnVlu'i~fl'i'i"ilUfl';l1~t1'ii)V1.n!l 

Vf'lniu~1l1')~;l~~1ri~"1l(tFl R LL~~ S lu~)Jn11~ 4.1 0 ~1~11t1ilU1)Jfl,)1)Ji~~ufi 

lu~ P ~LL~IMlu~)Jn11~ 4.12 'lrA'~'1~ 

(4.14) 

(4.15) 

(4.16) 

40 

p 
20 

o 
o 0.1 0.2 0.3 
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L(;lfJ LLV11Oll.:l LL~,)~1\11Un '1J11'V1 n~n1::vh (;\~ LflN~ 11.:1ijm1LL1.J1~U ~.:I bJ~1"IOl::~::L~fJ• 
I I ~" i/ .aI

J:J~'II~.:Ifl,)13JbJLLUU~UU~(;l~3Jn11'V1 4.17 .. II
L3J~LL'V1U(;l,)fJ n =~ n a=_s LL~:: IlFS =_R 

R • s I 

IlR Jls Jls 
" 

~13J11t1~(;lL1fJ.:Ifl,)13Ji3J~U{1::\II~1~ ~, FS, OR LL~:: OS 1~~.:Iil 

(4.17)
 

..l x ..... , ..l A ( ~) ~ 
IOl1n~3Jm1'V1 4.17 ~13J11mL~(;l.:lfl,)13J~3JV.Ufi1::\II')1.:1 OR L~~:; FS'V1 t-' =4.753 PI = 10 ~(;lfJ 

m1LL1J1~u Os 1~~.:I~~ 4.7 

(Factor of safety) 

nsO% 

nslO% 

ns20% 

15 

10 

5 

0'------l--__4----'1---04----I------' 
o 0.05 0.1 0.15 0.2 0.25 0.3 

eM l..l '1..,...... I .:.r. .. .: .r 'I...l 
&...'V1 4.7 LL~IM "'L\IIU')1.F:., IOl::3Jfl1L~3J'U~!J1.:1n~Ln1Jl13Jm1L~3J'U"IItl.:l OR ~U"llCU::'V1 

. .. .: .r 'I. .. .,
~~n1::Y1\J"IItl.:l Os 't::~(;l~.:Itl!J1.:1nli\Ln1Jl13Jn11L~3J"IIU"IItl.:l OR LL~::'t~1!J ~1JUJtl Q R L"II1 

.. 
'1.nM~~1n~ tl'lfJfl,)13JLilUIOlNLL~')li.:l R LL~:: S tl1'tijm1LL'tnU't.:lU\J\J'W1J1n~ (Non­

normal Distribution) m1U'tnLL't.:l"lltl.:l R unijin~::L"~1::"1JJ~CU~JJUi"lltN'i"'1 &4';)um1 

u'tnu't.:l"lltl.:l S 't::ijinM'N::1JI13J~q~nmJ"IItl.:lm1n~1 im~ttu::m1UOl\nUOl\~~~1A'ru\A'LLn n11 

u'tnu't~u\J\Jun3J3J1(Gamma Distribution)m1U'tnU't.:lUtnJ\';)\I~tf(Weibul! Distribution) U~:: 

n11U'tnUOI\.:Iu\J\J~tln1J1n~ (Lognormal Distribution) LiJuilu ~~U"~:"IIU~i3n11UOI\nUlit.:lfl,;)1JJ .. 
u1't::Li~luulJIn"1~nu11J't1nm1LL'tnLLlit.:lLL'1J'1J1J1n~ ~.:IUu~.:I~1LiluilfNLL1J~.:In11LL'tnulit~l~ 

LiifJ\JLyhn\Jm1LL'tnLLlit~LL\J\J1J1n~ (Equivalent Normal) L~~Lilu1J1::tfJ'II,nun1""'1~li\~1n~ 

"IItl~ OR ~~'t::~13J11t1U111J\II1fl,)13Ji3J~ufil.~~J:Jmrun\Jfh (3 lu1JllJD1Jn~LL\J\J3J1i11S1U 
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., 
(Standard Normal Space) 1~c;)u~fim1U",:1~fi1;C;)~1riCil'D~.:I OR LL~:fi1 ~ lJ112-l'lluc;)m1 

LL"'lmL"'N ~'1L-rl'\.,l ~1:~'lJfi\112-lL~t1'1 10-6 m1LLIilnLLIil'lLL'J'lJ,Jm~"'l::1,xfi1;lCil~1ric;)'D'tl'l OR Lij'\.,l 

0.21 0 "JIru::~m1LL"'lmL"''1LL'lJ'lJ~tlmJm~,,::1,xrh;jC;)~1riC;)LtI'\.,l 0.120 LtI'\.,l~'\.,l 

.. , • 001 ... ~'i' ., "., ... "., ,
4.5.4 n"'nA'l1::~ A~'~U'L'D'a1l'a L"D~ LA'~.'l1~'tl'a~ L~'"l'~"LL1l:: L~"f1n'l!t 

_.... ~ 0 .. .. I" .. .. .. _I:' ., .. _I:' ...J., 
m 1~IiltJ'\.,lYl1 m 11Lfl11:V1 fl~12-l'\.,l1 L'll~Cl'tl'D~'1~'1 fl'tl1 fl11 UJIil12-l'"LL~:UJYi~m~tvl2-lfl~12-l 

., ., 
~'1'D~'1LflN~~1.:11JjLn'\.,l 2 ;'\.,l LL~:iifl~12-l~.:I1:"'~1.:1;'\.,l 3.00 L2-llJl1 ~1,..f'lJm11'.:I1'\.,l'D'tl.:l~1fl11 3 

... ..J... 0 ... ..::... .... ,P1'I,
1J1::LIlYI fl'tlYlYin'tl1~tJ ~1'\.,ln'l1'\.,l LL~:LNL1tJ'\.,l '\.,l1"''\.,ln'lJ11'1nlilrn L'D L'\.,lmffi~nLL'lJ'lJ1JI12-lLYlfII 

UC\lGJ"i ~~ 150 250 LL~: 300 nL~n;'lH;i~lJI111.:1L2-l1Jl1 ~1,..f'lJ'tl1fl11LLlJi~::1J1:LI1Y11J112-l~1~tJ 

Lil'tl'lIl"llil~'D'tl'lm1LLIilmLIil'l~L"'2-l1:~2-llil1nL1J1LLnnl CESTIEST [12] ~'1ih'ltnLfl11:~fl~12-l 
, .. .. 0..1 0.. ~_I:' 0;' 

'\.,l1L'll~Cl'tl1Jl12-l11tJm1fl1'\.,l'JruYl~~nLLtJ'lJlJI12-l2-l1lJ11'l11'\.,l ~. ~.Y1. 2517 [15] ~1"'1'lJ'tl1fl11UJ L(;\tJ... 
t'IJI'tlvl~LL~f~LL~(;\.:Ii'\.,llJl~'\.,ln11fh'\.,l~ru"'1fi1m12-lU11il:~'lJ~tllLtI'\.,l11JlJ112-l~111~:;C;)~1ri~'D'tl.:l 
0;' .....1_ ~ .,. .. J" ~ J"l'..I
LflN~11.:1l'1Yilil11ru1 LL~:Iil:L~fl1lJ1'J~rum12-l'~'tl~l1tl Factor of Safety (FS) "II.:11il:LlJ'\.,lfl1Y1 

ib'l1Jt~~~mL'lJtJ"'1'D'\.,l1l'\",U1~(;\'D~.:I'tl.:l~'tl1fl111Jj lJI.:I f11'\.,l LL~:L~1 t'\.,l'Dcu::L;imri'\.,lLil~t~ 

'll~vl~u~f WCCAL [8-1 0] ~1'\.,l~CU~~nutJtJnlil::tllfhlJl~tJ~lJ1Nri'\.,l 

m1~Lfl11::1i;~lJ~i'\.,l~'1~1"'fu~':Iutl1q2-lL~~U1'l1Jt;n'\.,lm1~LfI11~"'1fl':l12-lU1L~~a~
 

L~.:I'i:flN~~1.:1 ~12-l11Cl,j1'l~~tJn1nLfln~"'1m1ulilnUlil'l~L"'2-l1:~2-l'D'tl.:l;r~lJ~~.:I~12-l11Cl';1'lll
 

21fi ~tm1rnl'l~~'lJ~':ItJProbability Paper ui':mn1"~t1tJ~2-l2-l~]1'\.,lYl1.:1~a~
 

mn1"~t1tJm1UlilnUIil.:l~':ItJ Probability Paper ili'\.,llJl~'\.,l~.:I~ 

1. ~~~.:Ifl1~tJ~1LL",U.:I;~lJ~1il1nfi1U~tJLtI"'1fi12-l1n 

2. "'1fi1~.:Ini'\.,lm1LLlilnUIil.:lL"'2-l1:~2-l (Cumulative Distribution 

Function:CDF) 

0, '1:'. 'I ..I
3. '\.,l1fl1 CDF U~:fl1"Dt1lJ~m,..'\.,l"~.:I L'\.,l Probability Paper ,~m1UlilnUIil.:lYl 

"'t1.:1m1Y1~~~'lJ 

4. "'1nA':I12-li2-l~'\.,lfi1:"'~1.:1 CDF U~::fi1f~lJ~~12-l11ClUYI'\.,l~':ItJL«'\.,llJlNLL~l'I.:I .. 
~1~':ILLtl1q2-lu'\.,lilm1LL41nUIil.:lLil'\.,l'DU"L;imri'lJm1UlilnUIil.:l1l12-l Probability Paper 

.1!f ...~ .... .., ... 
4.6 ,"~n'1lUtlll'~::""'"l,n""iI~ilU'iI'ft" (Limit State Function) 

-- 0;' t: J"l .r. .... ,..1 ..... 0;' t:
m~'lJII'D~ LflN~71.:1Iil::LlJ'\.,lfl':l12-l\'l2-lYi'\.,lfi1::"'':I1.:1LLNYlIil:2-l1n1::Y11ntJ L"N~71.:1 LL~: 

• ".k 0;' I! 0;' ..I ..I 0, 0;' t: k • .. 
m~.:I"1UYl1'\.,l"JI~.:ILflN~71.:1 L"!.lYl~111':1::'~.:ILLNYln1:Y11lJ1'tl LL~:m~.:IL"N~71.:1LLYI'\.,lP'l':l!.l (8) 

"'1'\.,lYl1'\.,l''tl.:lLPlN~11.:1Iil::LLYI'\.,l~~!.l(R) t~n1~~LflN~J1.:11il::~~Iil:~'\.,l~~ritJm1n1:1il1!.lLLN~ 

n1:,j1lJi~tflN~11.:1€'\.,lLn"1il1n~1""ll'ntJ11'Jn~1::itJut1!.ln~1rhtr.:l'~.:ILflN~f1.:1L~2-lflUtMh 
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~TwlImJ11'V1n (S) iifl1'-J1nn~'Hl''I£r''l~1U'VI1U'll'tl''lLrW''l~11''l (R) ii'"l:Vi1L,xLn~L'tln1~~~'ll'tl"l• 
Ll"lN~~1.:J1~ ~tlu.1J1JVi.:Jni'\.l~1l1';l:~..	 l'l~1ri(;) L~U'vT';l1tlLL~ l'l"l1~~.:J~ 

_~ ,~ .. 0 ~ :!l _I ~	 ... 
n. ,"~n'!lUllIl1~~"lI~~1n~L"D~1J'7~'i!l (Ultimate Limit State) n~CU"ll'tl.:JIMLL~~ 

l"l1U f1JU.N~'" (Bending) 

g(~) = R- S (4.18) 

uJ'tl ~	 ~'tl ~';lU.tl1~'-J(Random Variable) 

... ., 'i''' ( .).l , ...
LLt\: R	 l"l'tll"l';l1'-J1JI1U'VI1U'!I'tl"l ~l"lN~~1.:J Structural Resistance "llU'tl~n1J"llU1"''!Itl.:J 

tl.:J"tl1l"l11~~1'-J11t'1fuu.N~(;)'1JltlU1"ltl~tl",nu;.:J~'-Jn1nl4.19 

R = =	 (4.19) 

AI ..., 'i'''' ... ..I~ ., ... 
L'-Jtl f l"ltl 1111 ~'-J~~~u.lJImm(Modulus of Rupture) 'VI ~"''"l1nn11'V1'''~tl1JLLN''''''r 

FS ~tl ~';ll"lCUl"l';l1'-J,j~tl",nu.. 
u.~~ Fb ~tl 'VIU';ltJu.N;"'~Utl'-J1,x (Allowable Bending Stress) 

6M 

S'I fb = (4.20)bi 

'II. ,"~n{UtlIl1~~;,.41n"~1un1",r~u (SeIViceability Limit State)
 

n,& "'aUI-4LL.~fl1UruLL'~L~'ilU(Shear Strength)
 

g~) = Fh - f h	 (4.21) 

Ih 
~ ... 

UJtl Fh f"ltl 'VI\l';ltJLLNL;tlU"llU1ULitJu~tJtl'-Jlt\''"l1nmnl''~tl1J : ( FS ) 

.,	 3~ ... , ... ~..I .. .l.._LW: fh l"ltl ,"U'1UUNL~tlU"llU1UL UU'VImll"llU"N; ( 2bd) 

g~) = 6umlt - bMax	 (4.22) 
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~~11n.l1 lJl.:JLL~:=lil1'Un~1'U1'fl.:JruLLUUti1nJ"'1(Simply Supported)
 

..; ... .., \" ov.,: ,'" (L

1JJ'fl L\Umit = vm(;"~'fl.:Jn11bn.:JIW;}V1t1'fl3J b'VI ; -) 

360 

L\Max = 

384EI 

g(X) = R-S (4.23) 

.. .. '" \' ",.t ,.., r.J..,
1JJ'fl R fI'fltl'J13JlJl1'UVl1'U'!I'fl.:J bflNflrl.:J''U'fl'JnU''U1(;'l'!l'fl.:J'fl.:JfI'fl1lil11V1fl1~11tl1U 

LLNti(;'l\~'flth.:Jtl~'fl(;'lntl;.:J~~n1riil4.24 

R = (4.24) 

Lrl'fl R ~'fl ri1~.:Jfu~1'V1un~nqlJl'f1.:JLfl1~Lri.:JLl'l1::L'U',;}.:J~fl1fli1n (PCf)
 

LLfl:= S ~f1 "Ifl'f1.:JLLN~n1::';1l'iflLPINflJ1.:J ~1'V1un~nq" (PI!) "1~LL'U,;}LLnU'f1.:JLfl1
 

P 1[2 E 
e = (4.25)

LA (_}212 
d 

.. 
u1Yf.:Jnfufl1l1'1::;l'l~1ril'l~1ril'lli.:J'\Il~l'l 4 n1W \thJ1::~'1fl"lfl'\ll1"11U1l'lfI.:J~f11f111"1~ 

fUl'lflUn11f1f1nLLUulutl1f1"1U'1n n ~.:Jl~"'1"f1tJLvhriuLrlflfl'flnLLtJtJLlltlL.r.f1~"LL'1f WCCAL 

[8-1 0] UU~U11U"IIfI.:J-t'f1\l~\'I1.:J~Pl'1nTffiLutl1::LVlPlL\'ItI 
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...
 
1.J\'I\'I 5 

., cl",t1....... It ..... 0
 
'IIilJJII\'I~ I. Ln!l~n1.J I.JJ\'IU1JJ1\'1f1tl'il1.J.. 

(General Data of Tested Materials) 

5.1 \33'..,,,n';
 

5.1.1 fln.l~~tm~'JhJ'Jl'tl-:l~. . .... .,.. ..., . 
lJIu'n~n1;' 'Jl'tl~1~'IJ : Indian Walnut, Labbeck Tree 

I 

iJl'tliJVlt.!1f'11~j;lf : Albizia lebbeck (L.) Benth. 

~iJ')-:lff: LEGUMINOSAE - MIMOSOIDEAE 

~'tl~U : ~::'Jl1~Lfln ~::t~t11 (Ufl~~1'Jl~~1)n::~n ti'tlUU1 ~£'I (Lfltl) mu.1Jl m1.'n LLn~:: (t111~!lf 
II 

fi1U) fl::'Ln ri1~~ 'n~mf '-:It-:l (111flnfl1-:1) ~L~(iJ~1~U'l.i~) ~1'Jl1~(111flL\o1il'tl) nr::vh'Jl1fl'J1t1 

(LYl"Jl~'l.t~) Ylt'Y1m::'l.Jn('tlft'YiJ~:;LVlf'I) 

in~n.l::"*'J1.iJ ihtlfu: bmut1fubJ'ni£'lLU'JlU1£'1nfl1-:1~-:I'JlU1£'1L\o1q)~-:la-:l 20-30 L~1Jl1 L1'tlUtI'tl£'l 

I • II J' ~ ~ :: II "'...; .... ~ I J' .: ..
LiJu~,J~~LL~m1-:1LU'tl!.~~U1(;11flL'Jl~LUU~ULfl'tl~~~L~U'tl'tlULU'tl\o1t.!1U~~1L\1~'tlLL'Jl-:lLLNiJ1unfl1-:1.. 

I II 
~ ..J ..J I 'I ~... ... ... ...... '" II .1 ...

£'I'tln : LuUlI'tlnfl~ 1-4 1I'tlfJI1~-:l1~!.U £'I'tln~'Jl1'J~nflU\o1'tl~nflULflmfJI£'lnUflfl1t1luU.(JJ1nflU£'I'tln 

~£'IriuLi~IU\o1fl'tl{;liJfl1tlLLtlmuu~1 LLl1n 

~fl : Luu~nliJu11~CiI LLUU U1~'JlU1~ 2.3 - 5x 10-30 LIJlU&1L~j;I~ aLVl1'tl~L\o1fl'tl-:l\o11'tl~~1-:1{1'J 

Ln~tI-:llJJ~£'I41U'JU4-12 lJJ~CiI ~1.oJi~U4U~1-nCilL...uu1L'Jn.l~'tlUlJJ~"LiJULLti-:l 
II 

LU : LuiJ~::n'tluu.'JU'JIuun~'tl~-nuiJfl1EJri "JI'tlLULL'JIU-:I~f1u;h~ 2-4 ri "JI'tlLULL'JIU~LLvifl::riijL1JEJ'tlEJ.. .. .. 
4-9 ~ Lurl'tltll'1.J1~-:lliJ'Jl'tlU'JlU1'W\o11'tlztl1u.n~I1J1.'Jlni'J'JlU1Ci11~2.5x2.2-4 LIJlU~L~j;l1 S1ULunfl~ 

oil ~ .1 'I "''1.:I II 'I.... ....... .!' 'I
\o11tlLUtJ'J ufl1t1 !.U~U"'fl-:l!.ULnfltl-:lVl'tl-:l!.U~'JlUfl::L'tltlCilU~L'Jn.lL~Unfl1-:1!.U 

.... , .t ~ 11.... '1 J' ..l.4 'i' .!"I ~.I:''' o..l.... .t '.1 .;, 
m~m'::~1tl'nU~ : 'JlU !.£'I{;l!.U'nU'VlLfl'tl~II.VlffiLlJU ~LUnU1V1{;l 'nU'JlU'tl~j;l1~u1LU'lI~'n11n.lVl'J'YJn 

111fl'!l'tl-:l iJ~:: LVI f'l1.VIti 

'" ". ..r ~ ~ ... .1 J!" ..:I ....'11
m1"Jltl1t1V4Ufi : 'JlU!.{;l!.U"U1'JUuUVl11t1 'Jlt.!1tl'nUfi£'l'JtllJJ\1£'1 ".1flj;l'tlUn-:l 

iJ1::'LtI'Jl11 L-D-:l1U : tI'tl£'lti'tlULLfl::,j'tl"'tlnfuiJ1::Vl1u1.lA'ij1\1~ULd'tlbJLL;-:lfl1t1bJ~'JEJLfvh~-:liJ~n 
II ...I ... • I'" 'I 11::.1 'I 11••1 ..... 

\111-:1Lfl~'tl-:l~'tlVl1-:1m1Ln~(JJ1Lufltln !.\o1U1...,1Ci1 !.'Jll1'tln\o1U-:I 

LiJ~t1n : LiJ~t1nUt1n'JlrJl7:: aLVl1LLr1 \o11t1a~1(;11flt1~L\o1~&3 ij~~rJ1Ci1 L-Dfn~LL~flLuiJ1n ~1fl'tl 

L\o1~'tln fn'1't11Ci1~ CiI'J-:lVI'J1 ~\o1'1!n LLriVft1-:1t.l-:lt\'1~ Lfl-tl L>lLJlnLU 
II II 

LUtit1U : L-D~u~1ffiluvhL~LuufuiJ~::Vl1u1.~CiltlU1~1fl'Jn\o11'tlrA'~~~u1'nln\o11t1L-DLuu~nLLn-:l 
.. ..... 'i''' "'..... .r 'i' J' ....... '1110 '" ...I ..... 

L~flCil: ~n'1't1!.~fl~'J\o1U-:I 1n'1't1nfl1mnfltlULLfl:: !.~flL1tlU'tlUL£'ItI !."lI'YI1t11~n'1't1Ltlt1(JJ1t1m~U 
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It AI ..
5.2 LJI...'JI...•.,. 

5.2.1	 f1JCU\'UJUii'J'lU'Jlf)~'l,j 

,;rt.l~1~,i ~f)~1~ru : Rain Tree, Monkey Pod, East Indian Walnut 
, 

c!I e:. tr ' 
"JIf)'JVltJ1fl11~J;\1 : Samanea saman Merill 

~m~flf: Mimosaceae 

Bt.lr11LU{;l : tllJJln1l~ . .
 .... ".1 0 ......~ " 

"JItltlt.l: m~\! ~1~1 ~1~'1 ~1~'1~"JI~X1LLfl::n:i'1~n11~ 

"'1~,1U'WD1~1Utlntr;'tU Mr. H. Slade L41n1~lhWIilt.lLL1n'Jltl~'lVlmf.lt.l~U1L{1~1"'1n~~.hLt.lt] 

'Ytfll.2443~uUtln'lti~tl~{1~tlt.lt.lL",iruU1::LVlflIVlU1~'hm11hW4'~V11''''L;jtJ~LVI~~'Jt.lVl1~1l1IilL~ 

Lf1L"'rit.l~1,u::mfM'!l1~u1::~~(fltl~~n CU1::t.ltl~) LUt.l~'Il1I.uUtln~4'~V11'",n1::rl "JI1'Jn1~rl~~ 
cI" <II 011 , .., ...:II 

L1un 1JIt.l"'1~'1J;\1~"JItlVl1t.l'J1 "1PIt.lfltllJl~ un 

i m~tcu:;i'J LU 

~t.l : 'lJjfjt.l~t.lfii",LmJt.l1'"LVlq! ~~ti~ 24-25 L~J;\1 LU~tln~t.la~1LL(;lmLfl::V1~j;lfitlt.l'lr1l 

L1tlt.lUtl ",nfl~LL~nti1~lilfl1Ultli~ Ldtl L"'iru L~~~ L1tlt.lUtlj;ltl1",nti1~ti~ 30 1JJJ;\1LULUt.lLutl1::ntlU 
I ~	 ~ I 

LLUU"1It.lt.ln;~ ~nLUtltltJ.tlt.l~'fWDt.laLiltJ'J L{~LUt.lirt.lLUtltltJlilfl1UnJ'l,j LLlJi LUm'lU{1~V1Y~m'J 2­.. ..,	 .., , 
3. 5 Lent.l~1JJJ;\1 ~'JLU ~1t.lfi1~ ii"1lt.lLinutlut:Jil'lLutlfl::fllf~LLj;jLu",::h~UJfiffi~rit.lVl~t'I'ti~,;rt.lLUVl 

fi'J~fl~~1nLdtl'tiUtl~ rit.ltl~t.l1t.l1 "'::~L~tltJLUt.l~U~t.l'Viffitlth~;j tl1::~1CUL~tlt.lrit.l U1tJt.lti~ 

fJ~1l1~t.lfi"'1~'i1"'::tltln t'ltln Lrh.l"lltlnfl~a':ll~~J;\NUfl1tJ~~ LLlJifl::"lltli:!'!It.l1 t'I L«t.l~h ~uUnfl1~ 4-6 

,~.tl1::ntlU~'JtJt'ltlntltltJVlfl1U"'tln 

JII :r JII .¥..l ~ II "	 .J ,
t:Jfl : LJJt.l~mLUt.llJlN"1ItltJVlt.l1LlJt.l\'it.l"1lt.lVl~~tl~"1I1~m1~ 1.5-2 ,~. tJ1'J 15-20 1Jl~. L~tlLLn 

... 

m'MltJ1Ufit.l~ : IJJflj;l L"JI'JlmtJfit.l~ ~~1U"1It.l "'l'lLfi1:;~1mLfl::~tl1Jl11mNtln~~L"'1'IJLf;\UL6IL1'J 

i:!a~1V11tlU1J;\1flLf~LL~::LL;~UJLLlJInLLlJi",::imut.l'Vitlt.l1 LL~fl::nni:!t11::~1CU 15-25 lJJit'llJJ~t'li:!~ 
.., ... 

U11J11fl L{~ LntlU~1tl~L t.lfl'Jt.lLtlU'll1 LV1i1tJ'J1 filfl1U1t.l 

... tr G 'I, II "!'I !.' ' .r 'l"­ I .. ... Q ..,.,. CI 

.l	 '.' :., • I 'lLLfl::Vlt.lVl1t.lfitl fl'J1 fiU"1It.ltl'.! "1~ u1 LUqjliifincuVl'J'Jnll1 fl'Jltl~1J1::LVI fIl VltJ 

~tln : "litln1::,nLLuutl1::ntlu41t.l'Jt.l 2-3 "litl ~~1~LuLnflufl1tJ~~LLlJifl::"litlU1::ntlU 
.., 

~'JtJ"'tlnVl~1tJ1lJ1ltln1'J~nt.lLi:lt.ln1::,nnfl~ n;UL~tJ~ n;Ur;'tt1ntltl1~fl:: 5 n~ULn~1Lfifll~"JI~X1 

.1 r r'lJ( A' ~_I:'''' 0...... .. J "'~J11 '1J( .I ..
lJ1::LU"JIt.l L"D~1t.l : Lt.ltllJJ~~1tJa'JmVl~1::"'1V11ULLn::"'~nVl1'fl' r.::"'J.:I.;JLlJt.l"1lfl~ L"D"1Itl~VI:::~mL~:: 

L~tlffiL"'tl fLfl1tl~ L1tlt.l~h~11ft.lL-nL~tJ~fl~ tJn LLriLoi'LiJt.ltl1V11'Mltl~1''J fl'J1tJLU LL~~ L{,h~tJ 
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'UVI'VI 6"""

Utln1'V1lij.til1.JflW.3J~V11.:1~ff~n"3J1I'il.:l\~"qnHLLtl::\~~13J~-;
~ ~ 

• ... M'lI,O _ _ .... -. co .......e.
 

~U1J'VIU~::: ~~U1 ~~U~tJ~ n1TVl c;)~~1Jflru~~1J ~'VI1~~ rI~ n11~ 1~~'VI,.m11~ ~f111:::~fl ru~~1J ~ 'VI1~. . 

6.1 \i"qnti Albizia lebbeck (L.) Benth. 

tJ~n1nLfll1:::\ffJn.l~~,j;'VI1~~ii~~1~f1Jf~3J~'VI1~iifll~n11~'!I~~bJYi'lnml"ll~~u~~m1~ 

L~~,ruffifJ~:: 99 ~fJt;'JI~~~u~f CESTTEST [12] ~1U~U 11 fJn.l~~~~~11m~:::Li)fJC#ltu 

~111~~ 6.1 Yi1J~1fhhl~i~U~~~U'IlU~1J3~lJn Modulus of Elasticity (Primary) '!I~~bJYi'lmffifh 

85,903 nn.l'll~2 ~~fh~\~d~1nn~1fi1L~~~~U~~~U'!I~~bJL~~ti~~1n~ijfh 78,900 nn.l'll~2 

~1~~1~1S1U ~.~.'VI.i.u'lIn.l:::~rhhl~i~UVImrn Modulus of Rupture (Primary) 'lI~~~Yi'lm;ijrh 
2 cr, J''1 .. ~ ~ ... ~ ..... .JCI

902 nn .I'1l~ LL~:::'i:::L~U'J1f1'J 11-1 LL'M'!I~~ LU~ Lm.U'VI fIl'VI1~ (;l~'U1n L~fJULL~:::i~tJ~'NL~fJU'i:::~fl1 L'U~fJ 

tn«LflfJ~riut(ilfJilfi1 444 U~::: 449 nn.lnn. lJl1~~1~1J d~UfI~1~u;~tuVifll'VI1~'!IU1ULafJU~1J~1fJ 

~ilfi1~~n~1f1~1~LL;~tu~~~Vifll'VI1~IK~n~1~f1~~utl'lfJilfi1631 nn.I'JI~2 u~n'i1mrufi1f1~1~~U 

'!I~~Ld~~ilfli1ffifJ~::: 10.987 u~:::~U~fJ~1~Un~1LYi1:::Lvhri1.J0.796 

uJ~\;'i11n.l~rl11~lh·:::a'VItn11u1J1~U (Coefficient of Variation,COY) ~~UfJ1~'i1n 
1 ... ..1 .... .I .,

~lJll1ft~U'!ItNrl1L1JfJ~L1J~11'11S1U (Standard Deviation) '!Itl~ftl3J~m.Jfl1L'U~fJ (Mean) '!I~~'!I~ 

\!~rl1 COY ~Lilutrffi1NUij~ (Dimensionless Quantity) ~ijr.J~l'itlfi1f1~1~U1ii~ (Probability 

of Failure) '!Itl~tfI1~~11~~L1'Ju~ti~~1n t"fJ~Yi'ln~:::ilfi1i~1J1:::i'VItn1tU1J1~U,r~UIJi 0.066 

.. ~.I .... I ,,0 .. ;
 
C1~ 0.211 Ll'lfJ'VI"n.l~~1JlJln1TVll'l~tl1Jfl1"~1~~U1UUU fl~1~m~'i1L~1:::U~:::fl~1~U'!I~'!IU1UL~fJU
 

... I ....1, .I ~_. ..... I .1'1.1' .. , .: ... ll 

'i~fl1 COY UtlfJ'VI~l'l LU'!Itl.k,~rl1u.l~~~fJl'l~fJU'VI LPl'i1nU1~l'l~ LUUU~'!IU1UL~U\UJfl1 COY ~1n 

.oJ ~_.I'" • .oJ ... '1.1' .... ..I

'VIt1l'l W1fJ1J1nl'll'l1 COY 'VIfJtl~nJ LPI'i:::~rl1~~1~ 0.1 C1~ 0.3 [11,14] 

• ... .1 ' .. .oJ ~... ~ .1 ... .1'
~1~nJl1JU1J1Jn11U'inU'i~"'tlLUtl~'VIL~~1::~~ Ll'lfJYi'i11n.l1n1TVll'l~tl1J1l1~:::L"D1l1J~U'VIPI~fJ 

n,",l'l~tl1J'1Ilrhi'~~tl~Ufl:::n1n1l'l~tlUtRflbJtnfi)~-~ LilfJ1Utl~ (Kolmogrov-Smlnor) ~1::LK1J 

fI'1111L~tl,tUftlfJfl:: 95 tuul'ifl:::"n.l~~U;'VI1~iirl~nn~'!I~~bJYi'ln'; ~1~11"4'l'lLiJun~~Vl~~~ 
\ ., 

1. n11U'inU'i~1J1n~ (Normal) \;(un UNil'l1lU1ULafJU (1JS~1Jij)2 Ufl::('1~tJ1Jij)3 UJ~~~ 

ij"~~U(1JS~1Jij)2~:::('1j1fJlJij)3\;('i1nfi1U%~il'l'!lU1ULafJU fi1hl~~~ulJlnin(1JS~lJu)2 U~::('VJ~fJ 
~ ~ . 

lJU)3 hl~~~ijl'l~~U('1;jfJ1Jij)3 vr'i1nfli1UN~l'l. UN~~i.UUU~"llU1ULftfJU UN~~i.'lJUu~tK~'U1n 

LatJUUNLitlU'!IU1ULafJU fl~1~u;j~'!IU1ULafJU fI~1~u;j~I~~~LafJUU~::~~'U1matJU fI'11~ 

rl'1~~1LYi1:::tr13J1lJl1n1~~i~ U~:::fI~1~~U1UUU 



• • 

43 

2. n11LL~mL~':Il;h~.:I~(;l"llil(;l~~;i.:lLL'IJ'lJfJ~L'IJ~ (Gumbel Type I-Largest) 'l~LLn 
..
 

UJ~i~tjl'l~~'lJ(tlS~lJil)2 'l~~1nfi1LLN~(;l"ll'lJ1'lJL~tJ'lJ L~~i~tj(;l,"~'lJ (tlS~lJij)2 ('YJ~tJlJil)3 'l~~1n 
t _ I~ 

1'l1LL1.:1l'l(;l n11V1(;l~'fI'lJn1~'Tln"ll1(;lLL~::;1'l';l1~~'lJ1LL'lJ'lJ 

3. n11LL~nLL~.:I"llil(;l~~;i.:lfh~1~(;lLL'IJ'lJn~L'IJ~ Gumbel (Type 1- Smallest Values 
~ ~ ~ 

Distribution) 'ltJiLLn LLN~(;l"ll'lJ1'lJL~tJ'lJ (tlS~1Jil)2 LL~::;('YJ~[JlJi1)3 LLN.a(;lrK.:I'Tl1mitJ'lJ fhUJ~i~ 

LLlJlnin ('J~tJ1Ji1)3 'ltJi~1nfi1LLN~~LL~::;fihfil';l1~L~ilm 

4. n1~LL~nLL~.:ILL'IJ'IJ~'fIntlm~ (Lognormal Distribution) 'l~LLn UJ~i~u",,"~'lJ (tlj~1Jij)2 
~ ~ ~ 

LL~::;('JjitJ1Jij)3 'ltJi~1 n,.h LLN~(;l"ll'lJ1'lJL~tJ'lJ LLN~l'lrK.:I'Tl1m~tJ'lJ UJ ~i~u (;l~~'lJ( (tlS~1Jil)2 'ltJi~1n 
~ ~ ~ 

f'l1 LLN ~'" LLN L~tl'lJ"ll'lJ1'lJLatJ'lJ n1~~n"ll1 '" f'l';l1~LL;.:I"ll'lJ1'lJLatJ'lJLL~::;i~cr~La[J'lJ f'l';l1~ci';l.:l41 Lvn::; 

m~11J11n1~l'lrK';l fl';l1~,"'lJ1LLll'lJLL~::;n1~(;l~';lt'lJLL'lJ';lffll;j 
~ 

5. n11LL~nLL~.:ILLn~~1 (Gamma Distribution) 'l~LLn LLN~l'l"ll'lJ1'lJLatJ'lJ (tlS~1Jil)2 LL~::; 
~ ~ 

('YJ~[J1Jil)3 LLN~~IA'.:I'Tl1matJ'lJ ~~i~U"'~~'lJ(tlS~1Jij)2LL~::;('YJ~tJ.tJij)3 UJ~i~LLl'lnin (tl~~1Jil)2 ....., ... 
"'I ... ~ .. ~ ... .. ~ 

LLN~.:I ~'lJLL'lJ';lI'l.:l'Tl1mritJ'lJ LLNL'Tl'fl'lJ"ll'lJ1'lJLritJ'lJ n11V1 (;l~'fI'lJn1~'Tln"ll1 ~ f'l';l1~LL "ll.:l"ll'lJ1'lJLritJ'lJLL~::; 

~ 

i~ cr~ LitJ'lJ f'l';l1~ci';l.:l41 Lvn::; m~1 "1n1~ ",rK';l l'I';l1~'\4'lJ1LLti'lJLL~::;n1~",rK';l1. 'lJLL'lJ';lffllij 

6. n11LL~mL~.:Ifih~'l~l'l"llil(;l~~'fI.:ILL'lJtlL~fL"ll~ (Frechet Type II - Largest Distribution) .. .. 
'l~LLn LLN;a",i.:l111matJ'lJ n11V1"'~tltln1nin"ll1"'LL~::;f'l';l1~'\4'lJ1LLti'lJ 

7. n1~LL~nLL~.:I~1l1(;l"llil"'~~1~LL'IJ'IJ\';l\l~if (Weibull Type 111- Smallest Distribution) .. 
\A'LLn LLN~~"ll'lJ1'lJLatJ'lJ (tlS~1Jil)2 LL~::;('J~tJ1Jil)3 UJ~i~!i"'~~'lJ('J~tJlJil)3 \1i'~1nJii1LLN~'" f'l1 .. 
UJ~i~LL"nin(tll~lJil)2LL~::;('J;ttJlJij)3 UJ~i~!i"'~~'lJ\1i''il1nLLN~.:I1.'lJLL'lJ';l"ll'lJ1'lJLa!l'lJ LLNL~tl'lJ .. 
"ll'lJ1'lJLi!l'lJ ri1f1l';l1~L~iltl';lLLi'l::;m~1""n12'\l1",rK';l .. 

8. n11LL'ilnLL'il.:lti"1 (Beta Distribution) \Ii'LLn LLN~(;l'D'lJ1'lJLitJ'lJ (tl.:l~lJil)2 LL~::;('J;tlJil)3 ..
 
UJ~i~!i~'\4~'lJ('J~!llJil)3 'lA'~1nf'l1LLN~~'D'lJ1'lJLa!l'lJ UJ~i~!i"''\4~'lJ(tl.:l~lJil)2 U~::;(YJ;t!llJil)3 \11 

~1nf'l1LL1.:1~'" f'l1UJ~i~LLlJln\tn(tlS~lJil)2LL~::;('J~tJ1Jil)3 UJ~i~!i"''\4~'lJ\A'~1nLLN~.:I1.'lJLL'lJ';l'DU1U 

Li!lU fli1f1l';l1~L'\4il!l';l fIl';l1~LL;.:I'DU1ULi!lU i~cr~LitJU LL~::;i.:l'Tl1mi!lu l'I';l1~ci';l.:l41LVn::; 

Uffi1"1n12'\l1~lK';lLLfl::;n1m"rK';ltuLLU';lfrlij 
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'l1umml'l~tltJ1ir 'vltJ1U 

..l 
r\1 Lili'lU 

(Mean) 

41'-1'1'-1 

l71')tlt.h~.. 
~U) 

~tJ~.m'l 

UtJ1~U 

(COY) 

ttl u~tJn:1'lu"ln U"l~ 
I ...... 1 

lJItlL'-Itl~V1L 'VIlJ 1:::~lJ 

1. UNtl(;\'lJ'-I1UL~UU (tJ~lJlJil)2 

Compression Parallel to Grain 
nn.l'JlJ.

2 
565.557 130 0.119 

Beta, Wieibull, Normal, 

Gumbel Smalliest, Gamma 

UNtlf;l'lJU1UL~t..IU (YJ;;t..IlJil)3 

Compression Parallel to Grain 

,
nn./'lllJ. 773.621 130 0.139 

Wieibull, Beta, Gumbel 

Smalllest, Normal, Gamma 

UJ,:!fl~fj,.'VI~'-I (tJ~lJlJil)2 

Modulus of Elasticity 

2
nn.l'lllJ. 35,481 130 0.200 

Lognormal, Gumbel 

largest, Gamma, Normal 

UJ,:!fl~fjlJl'VI~U (YJ~UlJil)3 

Modulus of Elasticity 
nn.l'lllJ.

2 32,259 130 0.201 
bamma, Lognormal, 

Normal, Beta 

2. UNtl",i~illm~tJU Gumbel SmaIllest, 

Compression Perpendicular! to nn.l'lllJ.
2 

465 130 0.195 Lognormal, Gamma, 

Grain Frechet Largest 

3. mm"'~tltJUN~'" 

UJ,:!fl~fj,,'VI~'-I (tJ~lJlJil)2 

Modulus of Elasticity (MOE) 
nn.l'lllJ.

2 
85,903 130 0.204 

Gumbel largest. 

Lognormal. Gamma, Beta 

UJ~fl2\u.lJln~n (tJ~lJlJil)2 

Modulus of Rupture (MaR) 
nn.l'lllJ.' 902 130 0.162 

Normal. Beta, Gamma, 

Wieibull 

m'lV1"'~fl1JUN~'" 

UJ'Ji2\fj,,'VI~u (YJ;it..llJil)3 

Modulus of Elasticity (MOE) 
nn.l'llJ.

2 
75.233 130 0.202 

Beta. Gamma. Normal, 

Gumbel largest. Wieibull 

UJ'Jfl2\WfIin~n (YJ;iWJil)3 

Modulus of Rupture (MaR) 
nn.l'IlJ.

2 
1,027 130 0.170 

Wleibull, Beta, Gumbel 

Smalllest, Normal 

4. UN~-3'UU.U'1~U1UL~tJU 
Tension Parallel to Grain 

nn.l'IlJ.
2 1,075 130 0.201 -

4.1 U.N~~'UU.U'J'DU1Uliuu (E) 

5. u.N~~lUu.u'1IK~1l1mjtJu 
Tension Perpendicular to Grain.. ., 

6. u.NLllflmU1UL~t..IU 

Shear Parallel to Grain 

nn.l'IlJ: 

nn.l'IlJ.
2 

nn.1'llJ.
2 

25,657 

61 

253 

130 

130 

130 

0.211 

0.182 

0.171 

Normal, Beta, Wleibull 

Beta, Normal, Gamma, 

Rayleigh, Lognormal 

Normal, Gamma, 

Lognormal, Beta, Wleibull 

.. bj
7. mm"ftfl1Jm71ln'Dl"1I~ 

Cleavage 
nn.I'IJJ. 59 130 0.194 

Gumbel largest, 

Lognormal, Rayleigh, 

Gamma, Frechet Largest 

8. f\'111JLm1~'1 
\ 

Toughness nn.-'.JJ. 536 130 0.139 
Gumbel Smalllest, Beta. 

Wleibull 

9. O1m"~fl1Jf\'111Ju.i~'Dfl-3bj 

'DU1UL«UU Parallel to Grain 
nn./)JlJ.

", 
631 130 0.076 

Beta, Gamma, Lognormal, 

Normal 

i1Ja'tu«uu Tangent to Grain nn./)JlJ. 449 130 0.101 
Normal, Gamma. 

Lognormal. Beta 

1K031l1m~tJU 

Perpendicular to Grain 
nn./)JlJ. 444 130 0.104 

Beta, Uniform. Rayleigh, 

Normal 
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, .J 
l'11l~~f.J 

(Mean) 

~1lJ'llJ 

vi'ltlf.h~ ... 

~1.l~.nl1 

U1.h~lJ 
nJ llUtJnl'!ll~n II~~ .. , , 
lJitll;jtl~V1lVlJ.J1:~J.J 1 

~lJ) (COV) 

Lognormal, Gamma, Beta, 
1O.f'l'l1J.Jti'l~~1LYn: Specific Gravity 0.796 130 0.068 

Normal 

mJ.JlIJl1nlTVI",i'l (%) Normal, Gamma, 
5.955 130 0.181 

Shrinkage in volume Lognormal, Wieibull ,Beta 

mJ.J1tUf'l'l1J.J~lJ (%) 
10.987 130 0.128 

Moisture Content 

Lognormal, Gamma, 

fl'l1J.Jlo'lJ1U.UlJ Density 834.318 130 0.066 Normal, Gumbel largest. 

Frechet Largest 

11.n1rn"'~tlun11lo'",vi'lllJu.lJ'lf~~ 

U.fl=LLlJ'liJ.J~~ 

mTVI"i'l1lJLL'l.l'liJ.Jr1~ (%) 
2.399 130 0.154 

Tangential Shrinkage 

n1TV1l'1i'lllJLLlJ'lfl'lij (%) 
2.593 130 0.187 Beta, Lognormal, Gamma 

Radial Shrinkage 

1 _I ' ..I ...I ... ...el0... 

~1I1!1L~" ruuuum~U~nU'il~lfltlLUt:l~V1L'UJ1:\\2JLffi~lfl12Ji'l1t'lU'il1nt'lYl\\" 
~ .• 

2 ... • elL" ...
'U1,,'fl-361'lflt.J1-3V1 ~'il:2J'DU1" 5x5 lIJl2.I. t.J1'l 76 lIJl2.I. lfl12J2J1lfl~~1U ASTM 

; 3 'U1"'fl~~'lfltl1-3~'l;~:ij'JIU1" 2.5><2.5 lIJl2.I. t.J1'l41 lIJl2.I. '112J2J1'1~31U ASTM 

6.2 ur~111~; Samanea saman Merill • 
~i'lmfiLfll1:ifJCU\\2JU;V11-3\\Ci~ ~1'\4fu;fl~i'lVl1-3~fII'ln112J'fl-3~~12J,1Y1"l1'l-3UU-3 

fl'l12JL~fl~U~t.Ji'l: 99 LIItJ'lolllJl'tl~lJ1U'lfCESTIEST [8-10] ~1U'lU 11 fJCU\\2J~~-311t.Ji'l:LiitJ,,'l1.lL'l1fi.3 

~ 6.2 'WU~1fhW~i\\~"'\4~U,u"t132JlJij(Modulus of Elasticity (Primary)) 'fl-3~"'1SJ,1i1fi1 
• .2 4 ~"~"I_"'" ... ''i'..... ~ • '1.I!.r, ...I ... II 2

49.997 nnJ'Jl~ .-3fl1V1 LIlU LlIi'lLflrnnUfl1 ~~i'l\\t.J"'\4'lU'fl-3 U.lLUflflfl1UJ1nVlSJfl1 78.900 nn .1.2.1 

'112J2J11J11~1U 'l.\\.V1.[15] 'lu'N:ilfi1W~i\\u'Inin (Modulus of Rupture (Primary)) 'Dfl-3W 

...... • 2.'If I • .r 'I ~ ... .~ ... ~ ::. ~ 
~12J'nlfl1 392 nn.lllJl2J Ui'l:~:LlIIU'l1f1l'l12JLL'-3.~LUtl L2J LUVlfllYl1-3U'1ul2J~\\L~t.JULLfl:1JI-3111m~tJU 

.... ...I iLnk'" ... ... .....J.. "I, .~'i'_ , ... ...I
"'~fl1L11f'lt.J ",~t.J-3nU",t.J2Jfl1 81 LLfl: 92 nn.n.rn.1JI12Ji'l1t'lU ~'l'Ufl'l12JU'-3 ~'\lVIfllVl1-3'U1UmtJ'\m 

t1i'l1tJUj'"1tl~ ~1U,..u1~"ij fi1~-3n~1fl'l12JU'-3 'lu~ii fIIV11-3~-3nth'lf1-3~U ~tJijfh 176 nn.hJ2J. 

Ufln~1n,rwi1fl'l1~U't)':lLdfl'bjijfli1:flt.Ji'l: 14 LLfl:fi1fl'l12Jti'N~1L'W1:L,j1ri'J0.51 

...I ... • ..r. 1.1 ~ ~.I ... '4 ...
UJfl'W~1:N1fl1~'" ~:~V1fm11LL1J:~U (Coefficient of Variation,COV) ~Ut.J12J~1n 

'6lfl11c''lU'fl-3fhLrltJ-3LU1UJ1~131U (Standard Deviation) '~;fl~i'lriufi1L~~t.J (Mean) 'Dfl-3;fl 

~afi1 COV ;iLi]utli2J1NUij~ (Dimensionless Quantity) ~ij~aj;j'6fi1fl'l12J'.h~::~u"; (Probability 
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... ., 
of Failure) ''fI~'LflNi'l11~'l~Lih~'fIthuJ1n'Ll'ltJW~1~~1~::ilrhi~tJ~::aVlfim~LLtJ~~ulA'~LLr;j 0.086 5~, 

0.214 'Ll'ltJ~fln.li'l~~n11V1l'li'l'fltJri1fl'J1~,h~41LVi1::LL~::n1~l'l~'J~::ilrhCOV -U'iltJ~i'll'l LU'n.I::, , 

~LLN6i~LULLU'J"lIU1ULitJui1ri1 COV ~1n~i'll'lL(;ltJtJn~ri1 COV ~tJ'fI~ftJ'l~~::i1ri1~::~~1~ 0.1 5~• 
0.26 [11,14] 

~1~ftJltJLLtJtJm1LL~n LL~~ r;j'fl Lti'fl~~ L~~1::i'l~ Ll'ltJ~~11n.11 n11Vll'li'l'fltJ1l1'J::L'4hpJi'lUVl ~'JtJ 

mlVll'li'l'fltJ'lflihi~i'l'fl~ LL~::m1Vll'li'l'fltJLfl~ UJ'Ln ffivJ-i'l LiitJ1U'fIvJ (Kolmogrov-Sminor) ~1::~tJ 

fl'J1~L~'fI~U1'f1tJ~:: 95 LULLr;j~::fJn.li'l~U;Vl1~~jI\'Jnn~''fI~W~1~'i1i'l1~11f1~l'lLilunq~'l~~~~ 
., 

1. m~LL~nLL~~tJ1n~ (Normal) 'l~LLri LLN~l'l"llU1ULitJU (tJ3~1Jij)2 LL~::('VJ~tJ1Jij)3 UJ~ii'l 
., 

tjl'l~~U(tJ3~1Jij)2LL~::('VJ~tJJJij)'~~1nri1LLN~l'l'U1UL~tJU UJ~ii'ltjl'l~~U(tJ3~1Jij)2LL~::('VJjltJJJij)3 ..
 
'l1i'~1n ri1 LLN~'" ri'lUJ ~ii'l LLlJInin (tJ3~JJij)2LL~::('VJ ~tJJJij)3 LLN~~ LULLU'J'U1UL~tJ'U LLN ~~L1.1 

LLU'J~~~1mitJu LL1~L~'fIU'U1ULitJU fI'J1~LL;~'U1ULitJU fl'J1~LL;~'U1ULitJULL~::i~~i'lLitJU 

fl,;)1~ri';)~41LVi1:: t.fi~1Jl1m~,,~';) t.fi~1n.1fl,;)1~~ULL~::t'l,;)1~~U1LLUU 

2. m1LL~nLL~~ri1~~~t'l'Ul'l~~rt~LLtJtJfl~LtJ~ (Gumbel Type I-Largest) 'tIi'LLri LLNtlt'l 
.., .., ., ... 

'U1ULitJU (tJ~~JJij)2 LLNtll'l~~1m~tJU jihUJ~ii'lLLJlnin(tJ]~lJij)2 LLN~~LULLU,;)'U1UL~tJU 
., .. .. 

m1Vl"'i'l'fltJm~~n'1'" fl,;)1~LL;-1i~~i'lL~tJULL~::~-1~1nL~tJU 
... ..I .l , .: 

3. m1LL~nLL~~'Ut'lVl~U~f111Jl1i\t'lLLtJtJfJ~LtJ~ Gumbel (Type 1- Smallest Values 

Distripution) 'A'LLriLLNtlt'l'U1ULitJU('VJiltJlJij)3 UJ~ii'ltjt'l~~U('1iltJlJij)3 '~~1mL1~tit'l'U1ULitJu 

,hu..~ii'lLLJlnin('1iltJlJij)3 \Jl~1nfi1LLN~'" LLN~~tULLU,;)~~~1mitJu LLNL~tlU'U1ULitJULL~:: 

..
 
4. m1LL4ItnLL4It~LLtJtJ~'fIntJ1n~ (Lognormal Distribution) '~LLri LLNtlt'l'U1UL~tJU (,J]~ 

lJij)2 u..~ii'ltjt'l~~U(tJ~~lJij)~~1nrl1LLNt1t'l'U1ULitJuLL1~tit'l~~~1matJU UJ~ii'ltjt'l~~U (tJ~~ 

lJij)2LL~::('VJiltJlJij)~A'4It1nri1LLN~'" ri1UJ~ii'lLLlJlnin(tJ]~lJij)2 LLN~~tULLU,;)'U1ULitJU UJ~ii'l 

tjt'l~~u'A'4It1mLN~~tuLLU,;)'U1ULatJU m~n'1t'l fII,;)1~L~UtJ':1 fl,;)1~LL;~'U1ULitJU l~~i'l 

LitJULL~::i~~1matJU fl,;)1~ri';)~41LVi1:: t.fi~1,,"mmt'llK';) Uffi1n.1fl,;)1~~ULL~::fl,;)1~~U1LLUU 

5. n11LL4ItnLL~~LLn~~1 (Gamma Distribution) U'LLri LLNtlt'l'U1ULitJU (tJ~~lJij)2 UJ~ii'l 

tjt'l~~U(tJ]~lJij)2 'lA'4It1nl'i1LLNtlt'l'U1ULatJU LLNtlt'l,T-.1~1mjf.lu u..~ii'ltjt'l~~U(tJ]~lJij)2LL~:: 

('1iltilJij)'A'~1nfli1LLN~t'l fli1UJ~ii'lLLJInin(tJ]~lJij)2('VJilf.llJij)3 LLN~-.1tULLU,;)'U1ULaf.lU UJ~ii'l 

tjt'l~~u1i4lt1nLLN~-.1tuLLU,;
., 

)'~~UL~f.lU 
..,.., 

LLN~~tULLu';)lK~~1m~f.lU 
., 

LLNL~tlU'U1ULif.lU m~n'1t'l 
.. .. 

fl,;)1~L~Uf.l';) fl,;)1~LL';-.1'U1UL~f.lULLfl::I~~i'lLilt.lU fl,;)1~ri';)~41LVi1:: 'UnJ1",.n1mt'li';) UnJ1n.1 
~ .
 

fl,;)1~'ULL~::t'l,;)1~~U1LLUU 
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6. n11LL""lnLL""l~fh~~~~"llU~~~tl~Ll.tJtJL~fL"lllJi (Frechet Type 11- Largest Distribution) 
... ... 

WlLLr1 LLNtit;lIK~~1m~ukl 

7. n11LL""lnLL""l~~1~t;l"llUC;)~~1~LLtJ'U'l,)\!fli (Weibull Type 111- Smallest Distribution) 

'l~LLr1 LLNti"'''llkl1klL~Ukl (fJ~U.1Jij)3 UJ':ltr~Ut;l~~kl(t1S~.fJij)2LLfl~(fJ~U.1Jij)3 'l~""l1nfhLLNti~"llkl1kl 
... 

L~Ukl UJ~i~U~~~kl(t1S~.fJij)2(fJ~U.fJij)3 H\""l1nfi1Ll.N~~ fi1UJ~i~Ll.lJlnin(t1S~.fJij)2 (fJ~U.1Jij)3 
.... ........ .... ....
 

LLN~~ LklLLkl,)"llkl1klL~Ukl LLN ~~ LklLLkl')IK~~1 n LaUkl LLN L~tlkl"llkl1klL~Ukl fl,)1~ LL~~"llkl1klLaUklLLfl~ 
..r. ... .; I o.r.:: .... r.:: ~ • 
~~~~L~t1kl fl,)1~m~""l1L,"1~ lJ1~111l1n11~~m lJ1~1tl.lfl,)1~"llklLLfl~fl,)1~~kl1LLklkl ..
 

8. n11LL""lnLL""l~illJl1 (Beta Distribution )'l~LLri LLNti~"llkl1klL~Ukl(t1S~.1Jij)2LLfl~(fJ~U.1Jij)3 
... 

UJ~i~U"'~~kl(t1S~.1Jij)\Lfl~('VJ~U.1Jij)~~""l1nfi1LLN.a"'''llkl1klL~t1kl UJroi~U"'~~kl(t1S~.fJij)2LLfl~ ..
 
('VI~t111ij)~~""l1nfi"ILLN~~ fhUJ~i~LLlJInin('VI~ul1ij)3 LLN~~LklLLkl,)"llkl1klL~tJkl LLN~~Lkl 
.~ ~ ~.~ ~ 

"".... 
LLkl')IK~~1m~tJkl LLNL~tlkl"llkl1klL~Ukl n11;n"ll11J1 fI,)1~L~i1t1') fl,)1~

.... 
LL~~"llkl1klL~Ukl

.... 
LLfl~i~~1n 

~.r.:: .... r.:: ~ ,
L~tJkl lJ1~1lJl1n1~"'lJl,) lJ1~1tl.lfl,)1~"llklLLfl~fI,)1~~kl1LLklkl 

';1U'lU ft1Jft.n11, ..I
fl1L'nfltl pJu.1;Jun:'1u.",nu."N

i'l!l!h..:l u.1J'1trn 
IJiflLilfl..:lViL\JI~1:::ft~ 1(Mean) 

(COV)~U) 
Gamma.Lognormal, Beta, 1. U.Ntl"'''llU1U~tJ'U (1J~~1Jil)2 

nn./'IJJ: 130 0.202275.84 
Normal, Gumbel Largest i Compression Parallel to Grain 

U.1~tlt'l"llU1ULjtlU (l'J~t11Jil)3 Gumbel Smalllest. 
0.197295 130 

Compression Parallel to Grain Wieibull, Beta, Normal 

Beta, Normal, Wieibull, bJ'Jfl~ii"\JI~U (1JJ~1Jil)2 
18,738 130 0.208 

Modulus of Elasticity Gamma, Lognormal 

bJ'Jflftiit'l\JI~U (l'J~t11Jil)3 k;umbel Smalllest, Wielbull, 
0.2141305.006 

Modulus of Elasticity ~ta. Normal 

2. u.Nfi"i~'n1n~tlU Gumbel largest.
 

Compression Perpendicular to
 122 130 0.183 Lognormal. Gamma. 

Grain Frachet Largest 

3. n1,","~flUU.N"''' 

bJ'Jift~"\JI~U (t1J~1Jil)2 Normal, W1elbull, Beta. 
49,997 130 0.202 

Modulus of Elasticity (MOE) Gamma. Lognormal 

Lognormal. Gumbel , bJ'Jiftu.lJlm4n(1JJ~1Jn)2 
392 130 0.188 largest, Gamma, Normal. 

Modulus of Rupture (MOR) 
Wieibull 

Normal, Gamma. bJ'Jfl~ii"\JI~U (l'J~t11Jn)3 , 
130 0.18949.361 

Lognormal. Beta, Wieibull Modulus of Elasticity (MOE) 

Wieibull. Normal, Gumbel bJ'JflftLl.'lntrn (l'J~t11Jn)3 
391 130 0.203 

Smalllest, Beta. Gamma Modulus of Rupture (MOR) 



48 

. , '11'l.l'J'l.l tUJt'l.n11, ... 
f'I1L'ilt'lti ttl LL~un:l1U ''In U"l~ 

~'Jtlf.h:J u1.l1a''l.l 
l'ltl L;jt:l~YlL'\.nJ1::t'l2/(Mean) 

(COV)~'l.l) 
Normal, Gamma, Wieibull, 4. UN~~'\.'l.lU'l.l'J"l'l.l1'l.lL~t1'l.l 

0.133492 130 
Lognomlal. Beta Tension Parallel to Grain 

Lognormal, Gumbel .. " 
13014,375 0.1984.1 LL'N~~'\.'l.lLL'l.l'J'1l'l.l1'l.lL~t1'l.l (E) nn."'u! 

largest, Gamma, Rayleigh 

Beta, Wieibull. Gumbel 5. u.'N~~1'l.lLL'l.l'J~~'il1mih.l'l.l 
nn.l'Ilu.' 34 130 0.155 

Smalllest. Normal, Gamma 

Wieibull, Normal, Gumbel 

Tension Perpendicular to Grain 

6. U.1~L~~'l.l'll'l.l1'l.lLatl'l.l 
130129 0.171 

Smaillest, Beta, Gamma Shear Parallel to Grain 

Beta, Gumbel largest.7. n11V1(;l~!lumffin'1l1lil"l~~bj 
130 0.192nn.l'Illi. 64 

Lognormal, GammaCleavage 
... Beta, Gamma, Lognormal 1308. r1'J1~Lm.lm Toughness nn.-'II.11. 366 0.190 

9. mlVl~~!lUl'l'J1~u;j-:l'!lt'l-:lbj Beta, Normal. Wieibull, 
130 0.131nn.hJll. 176 

Gamma, Lognormal 

lognormal, Gamma. 

'!I'l.l1'l.lLaU'l.l Parallel to Grain 

81 130nn.hJll. 0.183 
Gumbel largest, Normal 

Ji.:J'il1m~t1'l.l Beta, Gumbel largest,
130 0.18492 

LognormalPerpendicular to Grain 

Normal. Gamma, Wieibull, 

lognormal. Gumbel1'l'J1~th.:j"-1LYn:: Specific Gravity 0.51 130 0.086 

Smalllest
 

l.1hJ1f11m1\4~IA''J (%)
 Normal. Wielbull. Gamma, 
0.1494.707 130 

Shrinkage in volume Lognormal, Beta 

tJ1~1tufl11~4'l.l (%) Beta. Gamma. lognormal,
14 130 0.186 

Moisture Content Normal, Wielbull
 

Beta, Normal, Gamma,
 
1'l'J1~m.l1U.ll'l.l Density 130557 0.089 

lognormal, Wieibull 

11.n11V1~ft~Un11\4f1~'J'\.'l.lu.'l.l'Jf~n
 

LLfl::u.'l.l'Ji~a~
 

m1\4f1~'Jl'l.lu.'l.l'1tf~Ut\ (%)
 
0.824 130 0.099 

Tangential Shrinkage 

(l11\4f1lK'J'\.'l.lLL'l.l'Jfrlil (%) 
0.810 130 0.133 

Radial Shrinkage 

1 _I ' .01 oJ ... 0... ...oJ
"J,I'lIL",! t.L1Lt.tJtJf.J11Lt.~nu.~..:!lJIflLUfl..:!'YIL\UJ1:tUJL1tl'ltJl1~~1"'tl~1njlll"t1'" 

2 ., ..I'1.Jt ...I 

'JIU1"''JIfl..:!Pl1fJfJ1..:!'Y1 L'D~~'JIU1'" 5x5 11~. !J11 76' 11~. 1JI1~~11J11S1UASTM 

3 'JIU1"''JIf)..:J'"1flti1..:!m.~~ii'JIU1''' 2.5x2.511~. fJ114111~. 1JI1~~1P11S1U ASTM 
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"'11 n n11Vl Vl~'fltl LL£1I:;~ Lr1 n:;",fii1Vl1\1~t1~~1~ftlf'JtU~tI~L;\I n£1l'1l'fl\l'l~'rI ~ n';LL~:;'l~"'I1t1' 1­

"'11 n n11Vl In ~'fltl~~1U"JlilVl 'rItI~1 fii1 L~ Ini~u Vl'VIth.l~'l~"'I1 n n11Vl In ~'fltl LLNtlIn LL~:;LLN ~\I'1IU 1U.. . 
Liuut"'1"11tn~L~U\lri'lJf'hUJIn~~UIn'VIUu~'l~"'I1nn1nJln~'fl'lJLLN~'" (MOE).. .
 

t;1\1~1'fl1'l1U'l~ ~-W"'l11tU1'Vi1 ~'Jui~1n Ln'fl L~U'J riu (Homogeneous) Lrl'flf'lJ~1~Un'lJ11Vlnt-ii' 

\l1UL"'U~U'JULLN~Ln Vl~Ui1 f011hiLnun~1-wri InU l'l~~u'1I'fl\li~ ~,ru (;\\I~i'fl fl1Ub! "'I:;i1'r1 ~ ~n11t1 LL'lJ'lJ 
I • 

UIn~~U (Elasticity) :n\l~1~11~~1U'JtU~11"11'11'fl\l~U'JmLN~Vl(Flexural Stress) Vl~1LL~U\lvi1\11 'lJU 

~,j1~lnt"'1\~lnut-if~(JI1LLN~'" f = My !l1uttJf;'fl~tI~~~t"'1:;U1'lJ'1I'fl\lltl~",-i\lri'flULL~:;~i\ln11f'lJ 
( 

LtJ LtlULJ1~ VlU\I f'I\I Lilu1:;u1 'lJ LL~ :;f'I'J1t1'ltl-Kufi1:;~~1 \I~U'JU LLN ri'lJ~U'JU n11U In~ 1n~'J Lilu'lll (JI1t1 niJ 

'1I'fl\l q fl ~\I,rU"'I:;'l~llln11n1:;"l1U'1I'fl\l~U'JU LLN ~'" t u"ll'J\I~~1~ ~n..r\l ~'Ju~'fl~ L~il'fl LL~:;trJf LLU'J LLnu 

... ... J-l .... .,... .J. Y_ ., 'I_l:'al"
~:;LVlUIMi' Vl 6.1 (n) ~1nYi"'l11tU1'J1~U1(J1"''1I'fl\lfi'JUIJ'lN~11\1'1'fl\l(JI\lLL~:;1'l1Uu.Ju1:;n'fl'lJIn'JtJLLN 

...... ... ... ~... "I ....... .I ~ 'Ial 
2 "lIUl'l I'l'fl LLN'fll'lLL~:;LLN"'\lLL~:;'fl1r1tJ~~nfl'J1t1~tI~~'1I'fl\lLLN!l1tJ ~U'lJU~U1(J1'" 'lI\1LlJU~u(JI1t1 

~inn1n'fl\lVl'lM'nL«U(;\N (Straight - Line Theory) L"tJii;'flatl~~S1U~~1il\lo\lYi'l~n11t1U"~~U 

'1tl\ltfllN~f1\1~tA''fl\lii';1 i\ltA'1UVl1ULtl LtlUlJ1i ",ll ~tl".ntJ a1t111Cl\;...11tU1'l~","n lJI\I~1tl fl1U'IJjill 

.,j ..I .. .,., .. ::. ... a ,..I "I ..I... ... 
ftL~~tJtlCJUCJ1'1U1"m1\1 b 'lIti. fl'J1t1~nVl\l~tI&'\ d 'lIti. l'l\liuVl 6.1 (n) ~U'IN:;VllJl\l~1'flfl1U1'lJ 

~1~Un'lJnfJnt '\l1ULL~:;Ln",Ltl L)JU~i"~Vht '" ~i\lfl1U~nLLNtll'li"'1~tJ~","niJ'J'lJU~l'I~\ltl1Lvhn'lJ 

..I... .. .., ..I... ... PI 'I .,I 

a.S8d LL~:;VlCJ'JfIl1U"'1U~1\1"'1:;Vl1~U1Vl1'lJLLNl'I\lLlJU1:;tJ:; a.42d ...1m:;tJ:; a.S8d ~\ltl1"'~ ~'" 

ttln"1n1:;"'"tJ'Itl\l~1l'JtJn"ffil'l-~"'~'J (Strain Distribution) "N~,j1i"fil1U~\lfuhlUJu,ri"tl1n 
..I ... a ,..I ~..... PI .r.J. Y ... ..I ... Y_"l." PI
VI~" ,,\lluVl 6.1 ('I) 

I 

WltJ ~~~"tJtlf11LlJUfi"fi'JU~"tJlJINn'lJ1~~~"\1","nLLU'JLLnUft:;LVlU (&c) LlJU 

• ... '1_1:' ... "I." PI I ...... ..I ., Y_ ..I PI 
~U'JtJn1~l'llJl'J'\I~ "'1tl\l u.J~~\lfil1ULL~:;~~ (~) LlJU~U'JtJn11tJl'I"'J'\I~l'lVlVltNf\1U WltJVl kd LlJU 

..I...... .. ... Y ..I ., ... a' .!' .J. ... .J. 
1~t1~'J ", 1nCJ 'J'lJU'Itl\l fIl1UCl\l LLU'JLLnUft:;LVlU ~"tJVI~U1"''' f\1U :;u1~ntl'lJl'I'JtJ fttl\lfi'JUfIltlfi'JU'lJU 

., 0 ., ..If ... .J. 0 _I( ..I r. ... ~ • Y s'"I 

,tl\l'MU"""Vl1'MU1V1 'lJLLNtll'lLL~:;fi'JU~1\1V11'MY1VI ~'lJ LLN 1'1\1"11\1 Ln ""'"n n11nt~Vl1'1tl\l ~tI UJU,,"l'I 

e''JUn11n1:;'''"tJ'Itl\l~U'JtJLLN~'' (Stress Distribution) "'~Liluztlft1t1L~;tJtliifl1Lilui"e''Ju~tJ'''N 

n'lJn1~lI'Ii'J""t1 (n{)'ltl\lqfll) "\IltJ~ 6.1 (fIl) t"'~1l'JtJLLNti,,~iJ'J1JU'tl\lf\1Wjfl1Llhri1J O"c= &cEc 
2 I ... ..I....!' .... .... 2 •I I 

O'c =& t!; nn,/'lltl.nnJ'lltl, LL~~'JtJLLt\I"\IVlCJ'Jl'I1U~1\1t1f\1LVl1n1J ","nn1ffi~"'"tJ'Itl\l~U'JtJLLt\I 

\'"1 _1..1 () .... I ....::.... ., ... .I k Ya, S ... -l
~Ut..uVl· 6.1 fIl "'~LLt\l~'1't.l1U!l1tJ "Un1~1"\I't11nn1J~1'U'1ltl\l~U"lJ1"LYitl""UVl"U~UJU,,""VI 

n1~";1tJt:;ntl1JIi''JtJLLNtil'l (C)'lJ'","nn11n1:;"'1tJ~U'JtJLLNti"ltJft"t1L~~tJtlLLft~LLN~\Itu~'Jut'i"\1 
" 

","nLLnUft~LV1U (T) 
.... 

i\luu",~'tA' 

.... 
LLt\lti"n1tJtu~'JU'lJUl1\1~tI'" : C = 

1 
- (kd)(O'C> (6.1 ) 
2 

.I ....., ...... ..I 

.\It1lJ11LL~'t.l\l'ltl\lLLN~Yifim~Vl1Vl1:;tJ~ 
1 ..... ... 
- (kd) L)Jtl'J"...1nCJ'J'lJU'Itl\lfll1U 
3 
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1 
: T = - (d-kd)(cr ) (6.2)t

2 

Be 

.1-----1. 

O.48d 

O.52d 

...................................._ .....--~ .,...---, .
 

-p/3
··········~/3··············_--,t<-_ ..· 

.~_---..l 

c
Tkd 

· ·..·=t·~~·(·~·(d~·kdy··············· 

_ . .I. . 

fl) m7m':~1U''fl..:l'\.nl'JULLN 

LL~:LLNJl1UhI1JU~U1~(;1 

I ~ 

ZLIVi 6.1 ~'1~n11tlm1fuLLN''fl-3fl1U'W',111U1lA'u1~Untl7nJn 

., , . 
'il1n~'1~m'1tlm71t1LLN''fl'lfl1UUjJl1U1tJfu1~Un1Jn\'Jn ~'1l1JVi 6.1 ~1tl11tlVl'il:'ijLfl11:'\.f 

~1rhttl~i~i'i"~~u (~) ~tJf'fl'lm1'~ -n'il11n.\1'il1n~tl(;J~'f}'1UNJl1U'\.U1JU~U1lA'''fl1UU~:~1 

,j1U~U'lUU'lUnUt\:LYiu (kd) fl'l1tlitl-nuti''fl'ltilJl11~'lU Modular Ratio (n) "::~~1'1UJl!lit\i'i,,~~u 

'tNUN~'1'U1ULifJU ~1I n1JUJ~it\i'i,,~~u,'&:Iu:-.'Iti"'U1ULifJU f.dl i'l~tlmnl6.1 

(6.1) 

(Eblb) = (EA) + (~It) (6.2) 

Ufl::UYlurh'UJ UJu~ULuf}fL;fJ'II'fl'l fl1UUpjfl::~ 'lui'l~tlmni 6.3 

b(0.42d)3 
(6.3) 

3 

'il::\~ rh'UJ~~t\i'i"~~U'f}'1~U1i" (Eb )~lff}'1m1 t"fJ'\.frh Eelt Ufl:: ~II i'lt\tlm~ 6.4 ., 

(6.4) 
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~ ~ 

LLNtl~i~'\.UJ~~'JUUU (C) = LLN~~i~'\.UJ~~'JUfh~ (T) 

LL~~~1rh k ~~tJ~ kd LtlU~~tJ~~tj~r,nn~'JUU"1ltl~Pl1U~~ LLU'J LLnU~~L Yiu~~ Citl LtlU'l~tJ~"lI'J~ LL"1lU 
, 

"1ltl~~~UJUr;lIil~'l~~~~~01~Y16.5 

1 
- (d-kd)(O"c) (6.5) 

2 

(6.6) 

(6.7) 

(kd)(E
C 
~(kd)) = (d-kd)(~E,) 
d-kd 

(6.8) 

2 = (d-kd) (n) (6.9) 

.. 
2 2

MUU'it~U;ft~m1rhtr~fttl~"1ltl~rh k k - (1 - k) (n) = 0 (6.10) 

-I • 1.1 !"l~'" -I • ~_. ...... ~ .. -I
~~'it1nft~m",(6.4) U1~1 1~~n" L"1lntl~~01", 6.10 'it~1Pl1~~~fttJ"\lI~U"1ltl~~U1"" (~)" 

k "_I!' "_I! ..... .1' 1'_. "_I! ::.-I.. .l'
I'ItN01ntN ~Ytqm~tU~:~'it1JJ'''Ll'I LII'ItJU1e.1fi" LII'I'it1n01","ftfl\ntN G"~: E.c:J1 'fl.:! ~".:!ftfl~ 

,\l"'~1~1U,) N"1~{U"tlU~~nth')'it:'l~rl1 (Eb ) ~~tN 011 1nttL;\tJ~ntllhUJ ~trfttl "'~~U~'lA''it1 n 
~ 

O1"'''ftfltlUN~"..il" (tJ3~1J~)2 ~~l'itl'ltJU .. 
n) n,.rl1"1lf)~~Ytqn~1nn1",~~fltlUN;~Ufi:UNtl""1lU1ULatJuUj..ilIl(tJ1JJJJ~)2 .. 2 

- UJ~trfta"\lI~U"1lfl~UN;.:I"1l'l.l1ULatJU ~ 11 = 25.657 nn.l..JJ... 
- UJ~tr~tl"~~U"1lfl.:lUNtl""1lU1UL~tJU E.cJ1 = 35,481 nn./..~. 

2 
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• 

~1,"ftJt~~i~u~,"~u~HI'"l1nn1rVl~~tltJLl.N~~ (MOE) t~':1wt!i''"JU 1.2 

~.... .... ~ I; 

U1,"unn~ ,"U.:l'"l~(;JNn.:lmn~jil1u)'"l::~{Jl• 
- t~~i~Uj;\,"~U'!Itl.:lLl.N~~ Eb = 85,903(1.2) = 103,083.6 nn.l'il~. 

2 

LntlLl.V1Ufh (~II) LL~:: Edl ~.:l1U~~n1~ 6.4 '"l::1.tJl 

E , req. = 4 [(0.58)335,481 + (0.42)325,657] (6.11 ) 
b

(6.12) 

Eb , req. = 30,570 

2 
nn.l'll~ . 

.. 
'II) n1W'lltl.:lW'"l1~,1'"l1nn1n'l~~tltJLl.N~.:lLl.~::LL1'ltl~'IIU1UL~UUW"JIil~(tlS~1Jij) 

2 

.. 
~.. ....., .. !f 2
 

- ~~~~tJ~,"~U"JItl'lLl.NIM"IIU1UL\'itJU ~ II = 14,375 nn.l'll~.
 

- UJ~i~U"\4~U"JItl'lLl.Ntl~'IIU1ULatJU Ecll = 18,738 nn.l'll~.2
 

- UJ~i~U","~U'IItl'lLl.N~" Eb = 49.997(1.2) = 59996.4 nn.l'll~.2
 

Eb, req. = 4 [k
3
x ~I + (1- k)3X ~II] 

Uj'''t1~,1 Eb,req. = 16,560 nn.l'll~.2 

2
"t1nn12'V1~~tltJLl.Ni" Eb = 59,996.4 nn.l'~. 

"t1n~~n11fi1U'"JWU~::L,rnJtJLYltJtJfh1::\4~1~~~i~U"\4~U'IItl~UN~~ ~ II U~::UNt1" 

'IIU1ULaU\.l Edl ritJflht~~i~U"'\4~U'IItl~UN~" (Eb) ;~fh ~ 'it::tt4ri1i~,~nt)1f111~~1"n11H .. 
tl1::~1N 72.000 U~:: 43,000 nn.l'll~.2 j1\4ftjW'nC]n1f LI.~:: Uj''it1~,1 "1~fl1~tJ ~~uulh\41n 

..: 0., ...., J III ..~ .."'.. 0 ..r .. •
L,"~411U':lU"')tl!h~Y1"~tltJ"JItl~UN"~U~::UNfl"'IIU1ULfitlU~ t'M~'it1U':l'\UI1n'UL'"tJ~,"fl41::"1tt4 

Pi1UJ~i~u "\4~u~1iil fi1tna~t1~ riUriuPi1UJ~i~U "\4~U'it1n n12'V1"~tltJUN ~",il" (tl3~1Jij2) 



col 
1J'VI'VI 7 

LU'lJ"t'l~~~\cJlm;h')ti.:J n11'1:nW'Y'l'lm;LL~~W~1)J,1 )J1L-ifLtlU'tl.:Jl"1'f.l11"'111Jl.:J f11U LL~~L~1 ~.:J 
" ,hn1ffi'tlmL'lJHIJl1)J)J11Jl1~1'1cl ').~."t'l. 2517 [15] L(;ltJ~1~'lJi'lcllJl'tl'lcln11fi1U')ru'tl'tlmL'lJ'lJ(JJ1)J';jfilh'n~ 

~L-ifnU'tl~LUU'"l"!,jU L(;ltJijfl,)1~L~'tlti'tlLL'lJ'lJ~J1L~)J'tlLVltJt11.:J~.:Jn11L-if".li'tlvJl'iLL')fWCCAL [8-10] 

LL~~LLu~'Il1f'h~t.I'tl)J1'lJUI1'))J~.:Jn1nLf'W1~t.ffl,)1)J'I.hL~'tl~'tl(Reliability) L(;lt.l~~(j)J'"l1n4f'tl~~"t'l1.:J 

';j1il')nU)JLUn11';j Lfl11~\ffl,)12-J'\.hL~'tliltl L~.:J LflN~11.:J~.:JI:J~~1nn11ii Lfl11~\ftl.:Jf'1tl1f111 1~'Y'l'l nM 

" 
LL~~W'"l1)J,1 ~1)J11"~~1:J~'t~~.:J\l 

., .6"it ... , . ..t.~:\" .,
7.1 'ItlJ,lilLtJilUI'U 'Un'fiLA~~A~'J,I'U'L'IIil"ilL,.~..A'-.1."'-.1.. 

n11~LfI11~\f~1'jJU1(;l\"!1~(;l"lltl.:Jtl.:J,.)tl1f111'~ lJI.:J f11U LL~~L~1 ~.:J'hn11tl'tlmL'lJ'lJ 
" ,

LJI1)J)J1(JJ1~1U ').~."t'l. 2517 [15] L(;ltJ~1~'lJiu(JJtl'lcln11fi1u')rutltlnLL'lJ'lJLJl1)J~~1J1nii;j1-ifnutl~1u 

.... .....1, " ... .. ~ ... " ~!! 'I'"::!l r
lJ'"l"'lJU "t'l ..~fIl,)1)J L'Dtl"tlLL'lJ'lJ~)J1 L~)Jtl ".Ii.:JI"'':l1)JlJI1U"t'l1UL-u.:J ..I"'N~71.:J"lIfl.:Jtl.:JfIltl1f111 ..)J LLLJI~~ 

1J1~L11"t'l ~1)J11mL1J.:JLLt.ln~LJI1)J~1l1')~;(;lt·hnVl (Limit State) ~.:JLL~IMf'l1fl,)1)JU1L~tltltlLen.:JLt1N~11.:J 

1ul1J'!Itl"'fIl,)1)JU1'"l~~U; (PI) LL~~Vl~1nVl'lJU"lI'tl.:Ji)J1J1~~"t'ltn11u1J1cru (Limit COY) ~.:JLL~fl.:J1u
 
...I
 

LJI111.:J"t'l7.1 

Type of Structural Resistance (Limit State) (PI) Limit coy. p 
Modulus of Rupture Ultimate 10~ 0.210 4.753 

Shear Strength Serviceability 10-4 0.269 3.179 

Modulus of Elasticity Goist, Beam) Serviceability 10"" 0.269 3.179 

Modulus of Elasticity (Column) Ultimate 10~ 0.210 4.753 

1Un1ffitlnLL'lJ'lJ'U1~~'I!1iA'''tl..,,{tl1f1l11'1Jj~ijfl,)1)JL~tl~tlLL'lJ'lJ~J1L~)Jtl~1~fun11Y1"'~tl'lJ 
- __~ .., .J IIk..J. ... t ., ...... ..

Ufl~,)LfIl11;;lIIU '"l~LUUYl1J1~L1lYl"JItl.:Jn11"-Utl1f1l1"'.:J1'lJU1~Un'lJ1fYJn'"l1lJl1)JL'VIfIl'lJ'Y'YlJlnt.:JL"t'lYi~)J 

.1 ....I ... ~ ~.. ~ !'I'" t' ... ..I ..I... .. ,0...

3 lJ1~L1lYlf.l'tl 'VIYintl1"tJ ~1un.:J1U LLft~ ..1·mtJU ..~tJ'"l~ "'fIl1U1~Un'lJ1rt'Jn'"l1Lllfl[J"t'l'"l"Ln'lJ ..u 

t1~L"t'lfll\"t'lt.l Lilu4ftl~~~1~f'lJ1;tltlnLL'lJ'lJ,u1~~'I!1i"tl..,~tl1f1l11W ~LL~~.:J1UlJl111.:J~ 7.2 
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, ... 
r11LtJU~LUU 

,.... 
r11'Vl~:;U•lh:;Lll'Vln1~ 

1-n~1UmR1~ 

150 182.4 33.93 0.186 

250 350 63.85 0.180 

300 163.3 21.72 0.133 

~ , ~~ 
7.1.2 '!IUPl'ilUn1''i)'f)nLL\J\Jtl~A'il1A1'''J,I(;I1JUJ1'''J1U ~.tUI. {15] 

~fin1ffi'flnLLtJtJl1I'ILL~:;r11UUJ~it~1Uffi'lruLLtJtJfi1~)JLil1 (Simply Supported) 

,fU"tlU;l1 L(Ji1tJ)Jf'flJJ~'Vl1'1~I'l'lnn)J''fl~UjLL~::~1,"untJn'Jn~1~1,"ftJ1;'fl'flnLLtJtJ'U1'" 
.,... .. '1.1:' a 1.1 .. ., t .. ., I -l ~... . ­

W\,l1111Lilfl'lfl'fl1fl1~IJ..l n1,"U~ ~::Lll'Vln1~ ~''I1U LilU ~'lIfll1L~~U''fl'lU1,"untJ~rnn~1 LL~::flCU~)JtJl1I 

'Vl1'1~Pi'lnn)J''fl'lUj itfl1fll'l1)Jth~~1L""1:: fi1UJ~~~t1/.il"'~U fi1UJ~~~LLl1Intrn ri1~'IftJLLNLi'flU 
~ .... a ~... ...l..t '1.1:' ... '1.1:' I ...I
'!IUPI'8U?I 2 fl1U'l n.l,"1U1",untJnVJn fl'l'Vl 'JIfl'lViU IJ..l rJU'I1J..l l1I'I fl1U LL~::fl1L~~U'~fl'l• 

"' 
U1"'UntJ1~n~~ 

~.... t'., .. I .... ~t ., a .. a ...
'!IUPI'ilU?I 3 'fl'flnLLUtJ (;It! ~'lI'Vl~~!Jfl'l1)JU1L'lI'fltlflL"II'I flN~11'1 n1,"U/.il~111'l::'(;I~1nLil'JI'fl~ 

tJ1'1 LL~::fI1ULi~U~111'l:;; t'I~1n L'lII1Un11L;'I1U LL~::~111'l::;jt'l~1nt'lL;'IU1::~U itfi1f1l'l1)JU1~::~tJ"l 

(p,) LvhntJ 10-4 LL~:: 10-8 f11)J~1~tJLL~::~cu~)JUii'Vl1'1~Pi'lnn)J'JI'fl'lUJLL'VlU'MIl'l!Jn11LL~nLL~'I 

UtJtJ1J1n~ (Normal Distribution) ~::U'fi1L'l11'l1Ufl'l1)JU~tlL'lJiu (~) LvhntJ 3.719, 4.753 LL~:: 

.. • ... .r. 1.1 ~ ~ .1'" n '''' a..... t· ...
'JIt'I~1nt'l",)J 1::tt'Vlfin11LL1J1r.1U (COV; ~.&R) L'Vl1ntJ 0.269, 0.21 "'1)J~1t'1tJ LU'fl'l"t1nn11 n'll1l'l''fl'l 

I "' 

fl'lUfl::fl1uLilufl~n{u~111'l::;t'I~1nt'lfifl'ltJfJ)Jfll'l1)JU1"t::~,~ ~~uuL"'",n"t~'fltJ,h cov 'JI'fl~ 

'UJ~fl~t1t'1"'~U (Qe ) u.~::ri1~'1fuu.NLi'flU (Q) tII'fl'litfi,'WLOU (OR) "t1mrUri1U'lCU"'1fli1if'l~CU 
• I'" ...I

fl'l1)J1J~'fl(;lllt! (FS) "t1n~)Jmrn 7.1 

- allO (7.1 )s DL 
1+-

Illl 

FS-1=~~ (7.2) 

u1fi1 FS ~'lflL1JfhU'lcu,"1'J1U1Lil,"U1PTL'l'JI'fl~tJ1'1u.~::fl1U Lt'lU~)J~~fl'l1)Jntj'1~ (b) ~::~fll'l1)J;n (d) 

-l
 
"t1n~)Jn1m 7.3
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L 

360(FS) 
= 

384EI 
(7.3) 

= L2-J UJ'l..U;l"lltl\l m12-JLttltJLvh nlJ 
bd 

3 

12 

~ .. ".,j 
,.UliI'ilU; 4 ~1U'ln.l~1U1~UnlJ11Y.ln(;J12-Jiu(;Jt'lUVI 2 LL~~t'lt'lnLLlJlJL~tJHVI~~flfl'l12-J 

'1..11 L~t'ltlt'l L;'1LflN~11'1 (;J1'l'"l~t'llJri1~'1flJ LLN ~C;\"Ilt'l'l (;J'IU~~fl1U'l~ ~~1l1'l~;l ~~1n£fl L:n'l1J1~~tJij ~1 

fI'l12-Jt.i1'"1~~lliiL,j1nlJ1 0-6 ~'"I11tu';~~1n(;Ji2-J1J1~~V1~n11LL1J1r:rU (COV; OR) L,j,nlJ 0.21 ~'1,rU 

(;J1'l'\i\'tllJ~1 COY "Il'tl'll'hL2-J~~~LLlJInin MOR; (Ob) 1f'tl'lij~1WLiiu (OR) '"I1mrUfhU'lN~1~1~'l 

t:!NfI'l12-J1J~t'll'lnU (FS) '"I1ni\~n1nl7.4 

° = ilLL (7.4)s DL 
1+-

IlLL 

(7.5) 

,.. _ Me 
Vb -- (7.7) 

I 
• r ..I - .t ... • 'I-! - ..I 'L-\'I

\1U'lUUN.,."V1Ln""IlU2-Jfl1IJ.JLnU~U'ltJLLNVltJt'l2-J 111 

~ ~ • ~.. :'..1 ~ 'lJl ...
'1UfI'ilU" 5 fl1U'ltl.l\11U1\1UntJUlJnfl12-J"IlUlJIt'lUVI 2 LL~~'tlt'lnLLU1.h"U ~"DVI~~!lfl'l12-J 

• .I.. ~ ~ i' • ...... ~_~..l... • .. .I' 'La<
U1L"IIt'lClt'lL"D'I ~fllN~71'1 "1'l'"li\t'lUn1tN1tJLLN Lllt'lU"Ilt'l'l"'1 LL~~fl1U IJ.J V1t'1l1'l~"1'1n ""'1Un11 ~ 

'11uiiri1f1'l12-Jt.i1'"1~~~L,hnlJ 10""' \;'11tl.l1;"~1n"i2-J1J~iVl~n11LL1J1r:rU (COV;OR) L,j1ntJ .. 
.0.269 ~~lJInllu~t'lu,hCOy "Ilt'l'lri1i'lfuLLNL~f)UV ;(Os) Iffl'lijfli''WLiiu (OR) '1nUU~1U'ltl.l\11 

,h~'l~tl.lfl'l12-JtJ~f)"nU (FS) '1n"2-Jn1ri17.8 

_ all 
Os - DL (7.8) 

1+-

Illl 

(7.9) 
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Fv = -
v 

(7.10) 
fS 

3V 
f =- (7.11 ) v 

2bd 
'" I ". 1 

~\IUUWU~tJLLNLi'tluViLn{;l;utJftl\lijfh'WLfiu~U~fJLLNLi'tlUVifJ'tltl1~ 

~in1''il'ilnLL1J1JL.1 (Column) 

'VI1-3iifll')nntl'!l'tl\l'W' ij fi1 fiI,)1t1th\l~1L~1~ fi1UJro~iIltl{;l~~U U,Nt1(;1'!1U1UL~tJU'W' 
~ ... :; '" ..I f ... J' ~.I:' .... ~.I:'

lIUf;\'ilUYI 2 fiI1U,)n.l~1U1~Un1J11'VJnf\\I'V1 '!I'tl\l ~fiIN~fl\lfil1 ~Uu.l t.lU\I u.l f1\1 fil1U LI1l1LLfl~ 

fhL'il~tJ'!I'tl\l~1~Un1J11YJn'"l11tJ1~1~un (Pmax) m'~v'h"1t1LLU,)LLnULiIl1 
~... f 'I.... .. ..... ... ... f ...... 1...." 
,.UfltlUYI 3 'tl'tlnu,1J1J ~CiltJ ~"ll'VIq~!)fiI,)1t1U1L'!I'tl"t'lL'!I\I ~filNI1l11\1 ~'"l11tl.l1 ~LiIl1t1i1l1l1,)~ 

;(;It;'hnCilL:n\ltl1~itJ ijfi1fi1,)1t1U1'"l~ii1J~ (PI) Lvhn1J 1O~ U,fl~fJtl.lilltl~'VI1\1iifll,)m'1t1'!1'fl\l'1JJLL'VIU\M 

~')tln11U,'"lnLL'"l\lu,1J1Jtl1n~ (Normal Distribution) '"l~1t11fi1l'l1t'1lUfl,)1t1t1fl'tlCilJitl (l3) Lvhn1J 4.753 

..... .r.t1~.c t1.. a·... .... f'
U.fi~'''''"l1nl'l~t1 1~~'VIfin11U. 1~U (COV; R) L'VI1n1J 0.21 LUt1\1'"l1nn11~n\lLl'l1~ (Bucking) '!It1\1 

L~1LtlU;{-3n;UiIl1l1,)~;l'l~1nfl~rl,)1J'2t1fil,)1t1U141t~ii~ i-3,iU"M"l~'fl1J,hCOV ,tl\lUJ~iillfjl'l~~U 

(aE ) IItl\lnfi1uJLnu (OR) 41t1mrUR1U,)n.l~1'h~,)~n.lfl,)1t1t1fitll'lJifJ (FS) 'lt1nilltln1ri\ 7.12 

a = nLl (7.12) 
s DL 

1+-
IlLl 

FS-1=~~ (7.13) 

o. ..I.. .!"I.t10 .. .. ..I 
U1f111 FS 'VI U'lL fil1U,)n.l~1'~U1l'l~U1""'!If.l\lLiIl1'"l1n~t1n11 Euler's Formula tUln1nJ 7.14 

2t .. ... x EI 
U1~un')nq" Pcr (7.14)=IT 

p 
o = (7.15) 

A 

o I ... 

fil1U')tl.l~1fil1 d '"l1nilllJn11 7.14 ~1!l 7.15 

'1tl"1t1~t1-3"fl1"LUU'U1"~\IU.~U.«') 
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.fufl'ilu;i 4 ~1U'"Jrn~1~1'~~,rntJ11'VJn~12J,rU~t:lU~ 2 LL~::t:lt:lmLtJtJL~fJ1.-n'Vl'l').;'~fl'"J12J 

ti1 L~'il~'ilL;\1tflN~11\1 ~1'"J'"l~'e1tJm1tri\lLc;J1:: (Bucking) "lIt:l\l L~1~~111'"J::;l[;l~1 ri"'L;\I1.J1::ifJiif11 

fl'"J12Jti1'"l::~lliiL'VhritJ 1O~ Y1"'l11rn1;[;l~1ri",i2J1.h::~'Vltn11LLtl1~U (COv; OR )L'VhritJ 0.21 ~\I~U 

~1'"J'"l~t:ltJ ..h COy "lIt:l\ln1i\l1tJLLNti"'''lIU1UL~UU(Oc) L!lt:l\liif11UJLnu (OR) '"l1mrufhu'"Jrn"'1f11~'"J 

flrufl'"J12Jtl~t:l",rifJ (FS) '"l1n~2Jm~ 7.16.. 

° - n LL	 (7.16) 
S Dl 

1+-

IlLL 

(7.17) 

t",mtRUtJL;jfJtJritJ~ti'"JmLNti"'~Ln~~u~1\1	 p. iifi1L).jLnu ~ti'"JfJLLN~",~~u1i1",~n'llJl~fJ'il2J1.'"
 
A
 

7.2 n1nhur"qnHJ.I;l'iWJuil~R'il1A1'ur .. 
c.lflmfiLflf1::i~12J11tlLLU\llJI12Jtl1::Ll1'Vl"llt:l\lt:l\l,(t:l1 fl1 t l.m~~~ Pit)\tlu 

7.2.1 ..~,~ (Joist) 

n1filt)nLWtrJlU1",,..u11A''''''lItN~~'n'ln1ffit:lnLLtJtJlJI12J2J1lJ1~1U '"J.~.'Vl.(EIT CODE) [15] tI'lfJ1..r 

ftnJfl~~ '"l1nn11'Vl"'~t)1JLLft::~Lfl11::i~ru~2JlJ~Yl1~~Clii'Vl~~1UL~~nMtN~'n'lmf ~"li'NLL~~fl'"J12J 

L~t)~uffitl~:: 99 t"'t1n11'Vl"'~t)tJ'UJ~i~u"""'Juiifi1LYhritJ85,903 nn.l'D2J.
2 1.~fi1i2Jtl1::ft'Vltn11 

2
LLtl1aULYhriu 0.204 n1m"'~!lu'UJ~i~LLIlniniifll1L'Vhriu902 nn.l'il2J. 1.\lfi1i2Jtl1::i'Vltn11 

LLtl1aUL'Vhriu 0.162 n1:'Vl"'~t:lULLNLi'flU"lIU1ULatJuiifli1L'Vhriu253 nn.l'D2J.21.~fhi2Jtl1::~'Vlfn11 

LLtI~UL'Vhnu 0.171 n1m"'i\flUfl';l12Jd'N~1L'n1::ijfi1L,hnu 0.796 1.\lfli1i2Jtl~a."fn1:u.1.b·au 
• ., ••• - .- .. ~..1 ., 11_1:' ..1"1, _ ... ..I ., II .,.J .,

L'Vl1nU 0.068	 1~"'l"lltN~u.I'fll4l.UTinll'VlfJt:l2J1U ~"''Vlt::'''Un1~"'rt1fl'"J12JU1~::'lU"LUtN~1nn11\f ... 
PI =10'" [14] t"'tJ\;~11ru1i1'"JLLtl1L~~n1"U'"ii"llU1"'fI\'l12Jn~1~'D!l~~~2 "lIU1"'~t) 11f2 ,1'1 (3.81 

~ l\~. ~ ..I 
12J.) LLfl:: 2 U'l (5.08 '2J.) fl'J12JfJ1'l"llt:l~l'I~IJ.,I 3 "lIU1"'rt'fl 2.50, 3.00 LL~:: 3.50 UJfl1 ~"'fJ'Vl"llU1'" 

., "	 'I, I • ".If .J
LLfl::fl'l12JtJ1'l",~n~1'J ~::c.l1Un1t'Vl"'~t:lU ~Ut::fJ~1~t~'J1~"~ IJ.,I(Spaclng) .,,1::t.I:: 30 40 LLfi:: 50 

"I2J. l'I12JihitJ d1~1tJn11tlt:lnLLtJu,,~'IJ.j"12JltlLLuu1.Ul11fle.lU';ln(n) \;~11CU1S1Uffi.3nJLrh.lLLUU 

..J .. 0 J(," ... :¥.::... .,...1 2 :¥. tI ~.c • I 
"II'"J~Ll'lfJ'lfin2J"'1 ~1~;lUU1U?ln'fl1nfJU1"untJ1nJn~nlfl1L~~fJ 182.4 nn.l2J. ~2J 1::~'Vlfin11LLu1 
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2
erULvi1ntl	 0.186 'flllill1~1'l!n,nu ~1~,rntln'VIn~1ijfOilL'tl~fJ 350 nn.l2-l. i2-liJ1:;a'VItn11LLiJ1erU• 

Lvi1ntl 0.180 LL~:;LN L1fJU ~l~,rntlffVI n~ffi fOil L'tl~fJ 163.3 nn.l2-l.
2 i2-liJ1:;~'VItn1nLiJ1erULvi1n'J• 

0.133	 ~uW'rl~n'; ijlil'Jl2-1~Ullil~~L'Vi1ntl 1 ~'J (2.54 '112-1.) 

~lnn1rnlL'fll;r'fl'oJ~~.:Jn~1'J2-Il'fl'emLLtltI~"l"llUl",~,jllA'r;'l ~~W'rl~n';LijU"lIUlr;'l~~LLlJi~LL~'J 
" fitJ~:;L~fJ",iU~'flUn1ffi'emLLtltlLL~~'1'l.l1lllil~U'Jn n) 'rltl~l 

, ""......... ....... .. ... 
n. '1Un1Cl.l'VI'rl~11ru.1"l1Ulr;'llil'J12-1ml~ 11,12 U'J (3.81 '112-1.) 2 U'J (5.04 '112-1.) LL~:;1:;tJ:;L1fJ~ 

'!l'fl~~ll~Lvi1ntl 30 '112-1. ~ml2-1m'J~~2-Iln~~~Lvi1ntl 3.5 L2-I~1 ~~L~'flLLiJ~~12-1iJ1:;LJl'VIn11'1'~lU• 

4 

3.5 
......... 
E-.c 

3 -0> 
c: 
«I 
-l 

2.5	 ~ 

-+- resident 1.5" I 
I 

-- office 1.5" I 
-a- school 1.5" 

-*- resident 2" 

----- office 2" 

---+- school 2" 

2 

15 20 25 30 35 
Depth (em) 

I	 ""...... II... •	 ...
"lI. '1Un1Cl.l'VI'rl~11Cl.l1"l1Ul{;ll"l'J12-1ml~ 11,12 U'J (3.81 '112-1.) 2 U'J (5.04 '112-1.) LL~:;1:;fJ:;L~'fJ~ 

~1I1 ..I cJ ,., ..... I

"lI'fl~~~ ~2-IL'VIlntl 40 '1I2-I.'VIl"l'Jl2-1t11'J~~2-Iln'VI~~L'VIlntl 3.5 L2-I~1 '1I~L2-I'flLLtI~~12-1iJ1:;LJl'VIn11'1'l1~lU•", , 
'!l'fl~Ul~,rntl11'VJn'"l1 V1,;n'fll~fJ ~1,rn~lU LL~:;LNL1fJU ~:;L~"lIU1{;l~~L~V1L~LLlJi~LL~'J (2-1 W'x6", 2­

2"x5Y2"), (2-1W'x7Y2", 2-2"x6Y2"), (2-1W'x6", 2-2"x5Y2") ~12-1~1;t1 ;~1iJ~ 7.2 LL~:;~11l~~ 7.3 
OJ 

II 
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4 -+- resident 1.5" 

--- office 1.5' 

-- school 1.5' 3.5 
-- resident 2" g 
---- office 2" 

- :~;:",J~ 3Ol -- school 2" -',
c: 
(I) 
~ 

2.5 

I 
2 +­

15 20 25 30 35 40 

Depth (em) 

I .,., 

6"1. 1'l.lm'cil~fj"'11ru1't1'l.l1lilm1~n,)1.:J 1Yz il'J (3.81 II~.) 2 il'J (5.04 II~.) LLfl~1~tJ~Lffi~ 

11.1:' I ....j .j '''' .... • I 'I ...I 

"lI'fl.:J(;J.:J ~L'V11mJ 50 1I~.'V1m1~tJ1'J(;J.:J~1n'V1~j;\L'V11mJ 3.5 UJ(;J1 II.:JUJ'flLL'l.N(;J1~1Jf~Ul'V1n11 ~1I.:J1'l.l 

r... ..I ... x. ~ ... ~.. 11 .l' 11 .....111 I II 
''fl.:J'l.l1~'l.lmJn'VJn'''1'Vl'rm'fl1"tJ fl1'l.ln.:J1'l.l LLfl~ ~N Lffi'l.l "'~ ~",,'1I'l.l1lil(;J.:J ~~'V1 ~~LL(;J.:JLLfl'J (2-1 W'x 6Yz" I 

2-2"x6"), (2-1 W'x8", 2-2"x7"), (2-1 Yz" x 6", 2-2"x5W') (;J1~~h~'l.J ~.:Jitl~ 7.3 LLfl~(;J111.:J~ 7.3 

4 l
I 

-+- resident 1.5" 

--­ office 1.5" 

...... 
E-­.s:;
e;, 
C 
Q) 

..J 

I3.5 l 
13 

I 
2.5 -1 
~ 

..s 

-­ school 1.5' 

-­ resident 2' 

---- office 2" 

--­ school 2' 

2 
I 

~ ~._~ 

15 20 25 30 
Depth (em) 

35 40 

A'" .r. ... r, ...... 11 ... tIi'U'Vt 7.3 6"1'J1~'C'l~~'l.lfi'j'~""'J1.:Jm1~tJ1'Jn'l.Jl"l'J1~fln"ll'fl.:J(;J.:J~~ (;J1~ 1~Ul'Vl"1l'fl.:J'tl1l"l11 

~1~f'l.J(;J.:J1.~~~n';~,~tJ~L1tJ.:J 50 II~. 
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• 

.. 
llU1(1l~1~~VilA'~~m1~U1~~U1~~~~~~n11l:;fJ:;\1tJ~llI~ 'hu'1ul'I'11).1U1'1~1~ 

th:;L!lVl'il~rl'il1fl11 
(1).1(;\1) ('11).1.) (vi~U) 1J.j"\llU1 2 ;1'11J.j"\IIU1 1Yz ;1'1 

2"x 3Yz"1Yz" x 4"2
30
 

2"x4"1W' x 4Yz"2
2.5 40
 

2"x 4Yz"1Yz" x 4Yz"2
50
 

2"x 4Yz"1Yz" x 5"2
30
tl'1Pl'1rnntl'1~U 

2"x 5"1Yz" x 5"3
 40
 2
 

1Yz" x 5Yz" 2"x 5"50
 2
 

2"x 5"1Yz" x 5Yz"30
 2
 

2"x 5Yz"1Yz" x 6"3.5 40
 2
 

2"x6"1Yz" x 6Yz"2
50
 

1Y2"x5" 2"x 4Yz"2
30
 

2"x 5"1Yz" x 5Yz"2.5 2
40
 

1Yz" x 5Yz" 2"x 5"2
50
 
0 ... 

2"x5"1Yz" x 5Yz"2
tl'1 Pl11~1Un,nu 30
 

1Yz" x 6Yz" 2"x 5Yz"3
 2
40
 

1Yz" x 6Yz" 2"x 6"2
50
 

1Yz" x 6Yz"2
 2"x 6" 30
 

1Yz" x 7Yz" 2"x 6Yz"3.5 40
 2
 

1Yz" x 8" 2" x 7"3
50
 

1Yz"x4"2
 2"x 3Yz"30
 

2.5 40
 1Yz" x 4" 2"x 4"2
 

1Yz" x 4Yz" 2"x4"50
 2
 

1%" x 4%" 2"x4"30
 2
 

tNLmU 3
 1Yz" x 5" 40
 2
 2"x 4Yz" 

1Yz" x 5Y:z" 2"x5"50
 2
 

2
 1Y:z" x 5Yz" 2"x 5"30
 

3.5 40
 2
 1Yz"x6" 2"x 5Yz" 

1Yz" x 6"50
 2
 2"x 5Yz" 
...I • ., . 
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• 

7.2.2 Fnu'tJ3' (Beam) 

n1j!l!lmL1J1J'11U1(j\"nA1~(j\rnui.~Vlqnitl!lnLl.'Jtlt;\1~~1t;\jSTU 'J.~.'V1. (EIT CODE) [15] 

lc;)tJ1;;{'a\!~~'t~ ~1nn1nl~~tltlLL~::~Lf'lj1::if'Jtl.l~~~'V11~~!i(ji'V11~rJr1UL;~n~'11tl~'t~Yj~mf~"Ji'J~ 

Ll.~~f'l'J1~L~!l~uffiu~:: 99 lC;)Un11'V1~~!l1Jb.ll:J~~u(j\V1~uilfll1L'Vhriti 85903 nn.l"ll2J.
2 

1\\'r11 

i~1Jj::a'V1tn1jLl.1JjerUL'Vhri1J 0.204 n1""(j\~tl1JUJ~~~Ll.lRninilfll1L'Vhri1J 902 nn.l"ll~.2 1~fOi1.. 
i~1Jj::a'V1f01jLL1JjerUL'Vhri1J 0.162 n1n'1c;\~tl1JLLNLi!lU'IIU1ULiuuilfl1L'Vhri1J 253 nn.I"lI2J.

2 1~ 

rhi~1Jj::~'V1f01jLl.1JjerUL'Vhri1J 0.171 n1j'V1C;\~!l1Jf'l'J1~th~~1LYj1::ilrhL'Vhri1J 0.796 1~fOi1 

i2J1J1::~'V1'i011LLtl1eruL'Vhri1J 0.068 n1V1U(i\,.)1 f'l'J12J1.i1~::~~L rt'fl~~1n O1jlri-3i'J'11tl~fl1UUj' 

o .,.. .. 0 .. ~.,., .... ..I .. 111..1 .. --4..... ~
 
O1~-3roLl.N~~ Ll.~::n1~~11JLLNL~'flU ~'VI'fl'J ~uvm~'V1tJ'fl~11J ~'V11::C;\1J (PI = 10 ) (PI = 10 ) LL~::
 

(PI = 10-4) [14] 1R1~~1~1J L~U;;~11tl.l1rK'JLL1J1L;-3ri1'V1U(;l il'llU1~fl'J12Jn~1-3'11'fl~IMLL~::fI1UW 

'flti1-3~:: 2 'IIU1L'l~'fl 1~ ~~ (3.81 1II~.) 2 ~'J (5.04 1Ji~.) Ll.~:: 3 ~'J (7.62 1Ji~.) l'I12J~1~1J fI'J1~ 

U1'J'JI'fl-3f11UW 3 'JIU1"'fl'fl 2.50 3.00 LL~:: 3.50 UJl'I1 lL'lU~'IIU1(i\Ll.~::fI'J1~U1~~-3~n~1'l~1 ~:: 

~hu01""(i\~tl1J1u1::tl~1-31::V1~1-3l'1-3W (Spacing) ~1::U:: 30 40 Ll.~:: 50 1II2J. l'I1~~1~1J ~1'V1f1J 

n1ffi'flnLl.1J1Jfl1UW ~11~11JLl.1J1J1'Wl1fl~u'Jn (n) ~~11tl.l1S1Uffi-3f1JLiJULl.1J1J"II'J~~U'lfijj2J(i\1 

~1'V1fuu1U~ntl1~U ilfi1L~~U~1'V1Untln'Vln~1182.4 nn.l2J.
2 i~1J1::~'V1fn11Ll.1J1erULyhri1J 0.186 

tl1f11~1\!n-31'U ilfi1L'il~tl~1'V1\!n1J11lJn~1 350 nn.l~.2 1~1J1::a'V1f011Ll.1J1eruL,hri1J 0.180 Ll.~:: 
~... ... I ..I ~ ... 2..r..1 ~..c .1'" '''' ...

tl1f111~NL1tJU ~fl1L"~tJU1'V1Un1J1"Jn·'l1 163.3 nn.l2J. fi~1J1::~'V1fm11LL1J1~UL'V11n1J 0.133 2J 

.r II_~ r..l '''' ~ ( 1! ... ..1 I0 0

fI'l1~'VIU1'11tl-3T4'U~Yiqm~tl'l~'V1 L'V11n1J 1U1 2.54 1II~.)Ll.~::"1nn11U1Ltl1"Dtl~~"-3'V1nfl1'J~1'V11m1 

... ... 1I_~..c PI ..Ill' .. J! ... ~ 
tltlnLl.1J1J'VI1'11U1"'VIU1l'1"'JItl-3fl1u~T4qm;4Jl-3Ll.JU'JIU1"'V1~~LLfI-3~'J l1U~::Ltltl"'JItl-3'J1Ul'Itlum1tltlnLl.tn..I 

Ll.~~\.n'Wl1fl1~U'Jnn "Ui1 

\un1N~~"'11N1'U1"'VI\.hif"fl1U'VIU12 ~'J (5.04 1II~.) Ll.~:: 3 ~'J (7.62 1II~.) 1::U::L1tJ-3 

'II~IMUjLyhri1J 30 40 Ll.~:: 50 1Ji2J. fil'J12JU1~fl1U 2.50 3.00 Ll.~:: 3.50 U-lflj ;~Ll.U-3l'112J1J1::L1l'V1 

O111f-31u'JItl-3~1'V1\!n1J1"Jn ..ntl-3 tl1f11ri1,;ntl1~tl tl11'11fthun-31U Ll.~::t1-3c;tlU fl'ltld1-3L"IIU 
~ ... 

~"'11N1'11U1"fil1U'VIU1 2 il~ (5.08 4Jl~.) Ll.C':: 3 U'J (7.62 .~.) "'l1~tl1'J"1U 3.50 UJl'I1 ",::U' 
... ... 11_'" I -'- .. ...I •• J! ~_ ... ~.'" ..I... __~ ...

'U1L'l'VI'U1l'1"'II~fl1U IJ..I (fII1~) 'V1 ~u.Pl-3~'l U1ltlLi'tln ~''JIU1''''~'111tll'l1Ul1tl-3l'1~1''flltl 2-2"x11", 2­

2"x13", 2-2"x1O~" LLi':: 2-3"x11", 2-3"x13". 2-3"x1 O~" "1~th"1J "-3ttJ~ 7.4 LLi'::l'I1TN~ 7.4 
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• 

4 --, 
! - resident 2"
I 
I - office 2" 

3.5 ~	 -- school 2" 
.- 1 

- I
I 

E - resident 3" 

.c - office 3" 
C) 3 1-c:::	 - school 3"
Q) 1 

...J 

2.5	 I
I
 

!
 
I, 

I 

2 ~ 

30 35 40 45 50 55 60 65 70 
Depth (em) 

" ,,j;l 7.4 f1';113J i3J~'1..!1f1~"'~ 1\1 fI';l13J tJ1'HilJ fI';l13J ~ n ~f1\1 fil1'l.l1if LLU\llJ113JU 1~ 1J1'V1 '\.l1",,rn n11 ... 

" " 
(1~"''l.l1 2 il';l) (1~"'U1 3 il';l) 

2.5 2 2"x7" 3"x7" 

3.0 2 2"x9" 3"x9" 

3.5 2 2"x11 " 3"x11 " 

2.5 2 2"x 81;2" 3"x 81;2" 

3.0 2 2"x101;2" 3"x11 " 

3.5 2 2"x13" 3"x13" 

2.5 2 2"x 7" 3"x7" 

3.0 2 2"x 8lh" 3"x9" 

3.5 2 2"x101;2" 2"x101;2" 
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7.2.3 Ljl"l~ (Column) 

n1n),flmLtJtJ"llU1(;1~\h6i(;lfl1,ll~Vi~n,ffi't)nu.tJtJI1l1tltl1j;11S1U (U.~. VI. (EIT CODE) [15] 

t(;ltJH;tl\!~~'l~ '"l1nn11V1(;1~'fl'JLL~:~Lfl11:lfl'Jru~tlmlVl1.:1~!i~Vl1.:1~1UL;.:In~"ll'fl.:lWVi~mf~"II'J.:I 

LL~.:Ifl'J1)JL~'flJfU1t)fJ~: 99 L~tJn11V1(;1~'fltJ'UJ~i~~(;I~~uilfDi1LYhntJ85,903 nn.l"JItl. 
2 

't~fDi1 

itlU1:~Vltn11LLU1~ULvhntJ 0.204 n1n'l"'~'fltJU.N.a(;l"llU1ULitJuilPi1LYhntJ565.56 nn./"JItl.
2 l~ 

Pi1itlU1:aVltn1nLU1~ULyhntJ 0.119 n11V1l;j~'fltJfl'J1tl,h.:l~1LVi1:ijl"hLyhntJ O.796 't~fDi1 

itlU1:aVltn11LLU1~ULYhntJ0.068 n1~u,",l'i1fl'J1tlU1'"l:~~L;i'fl.:l'"l1nn11Lri.:l~'J(Bucking) ''fl.:l 

L~1W 't~'fl~lu~n(Jl~tJ'fltlru'l"'~1:~tJ (Pr = 10-6) [14] j;11tl~1~tJ LL'ltJVi'"l11ru1lK'Ju.u1L;.:In1~u,", 
"'	 "' 

L~tJl\l,u1~fl'J1tlnt)1.:1''fl.:llJl~LL~:fl1uW'fl!h.:l~: 2 "llU1"'~tl 1% il'J (3.81 "IItl.) 2 il'J (5.04 "IItl.) 

u.~: 3 ~'J ( 7.62 ')J.)lJI1tlth~tJ fl'J1tltJ1'J''fl.:llJt.:lLL~:fl1UW3 'U1(Jl~tl 2.50 3.00 LL~: 3.50 u.l11\1 

L~t1~'!IU1(;1LL~:fl'J1tltl1'J~.:Imh'J '"l:~hUn11V1"'~'fltJ'tU1:f.I~1.:11:wh.:lj;l.:lW (Spacing) ~1:f.I: 30 

40 ~: 50 ,tl. lJI1tl~1~tJ ~1~run11tl'flnLLlJlJL~1l~'lJI1tllULLtJtJ't'W11fl~U'Jn (n) n1i.:ln11ftJ 

~., ~ ... n.,..l	 \1' "~ G
'U.1~un"'fl.:lL~1~,","l1 'JLfl11:::V1 "l11l1tlLLU'JVl1..:!VI Leonhard Euler l'lL~'U.tH'J~"lUn11'U.1~tln11 

(Euler's Formula) tl1't-n.un11~1U'Jru~1'!1U1~~U16i"'L~1l~ L"'tJLLU:U1fh~'J':lrufl'J1tlU~'fl~ntJ 

Factor of safety (F.S.) LyhnlJ 2S \~'"l1nn11L,rWlJLYlf.llJnlJPi1fl'J1tlU1'"l:~~'!It).:IL~1l~ 
.. ~ , ..l.J" ~., ..r." .,..l., 1I~..l ., -6

LUtl..:!'"l1nn11~n..:!L"'1: (Bucking) Vl1I'J.:I n1ntJU1~un1:f.I:'ttULUtl..:!'"l1nLLNtl~Vlf.lt))JnJ Ll'lYl1:"lJ10 

(pf=1 0-6) L"'tlLLmu1:UlVln111ol~1ml'nlJ11'VJn'"l1 f11tlLVlPlUC\jqJ; Lilu~';ntl1~f.I ii,hL~~tJ~1V1un 

lJ"'1n'"l1 182.4 nn.l)J.2 ~tltl1:aVltn11LLU1~UL,j1nlJ 0.186 t)1f1111d1Un.:l1uiiPi1Ltl;!J~1'MUn 
2"r..1 ~.c .1 .... '... ~ col co, ..l ~ .,

lJ11'Jn'"l1 350 nn.ltl. 'tttllJr:'ttVltin11U.lJ1~'U.LVl1nlJ0.180 LL~:~NLWU tlfl1L~~f.lU1~UnlJ11VJn'"l1 

2 ..r. • I ~.c •I" '" .r "al:- ~..l.., ~ 
163.3 nn.l)J. 'tttllJ1:'ttYlfin11LLlJ1~'U.LVl1mJ0.133 fl'J1tl~U1't).:IViU~.tnqn'ttfl.:lVl LVl1nlJ 1 U'J 

G	 1! .... ..l I So' ., 'I.I! ~.. PIG 

(2.54	 "IItl. ) LL~~1Ltl1"Dtl\!~"'.:IVln~1'Jtl1V11n11tltlnLLlJ1J'M1'!1U1"'V1U1lJ1"''!Itl.:lL~1 ~"qnti tt.:lLlJU 

..l'l I .1' ...::. '11"1 
"D'U1~VI ~~LLJl.:lLL¥'I'J (Dressed Dimension) l1t1~:Ltlf.l"''!Itl.:l''UJltl'Un11tltlnLLlJlJLL~''.:I ~.~ L'U 

111fl~'U'Jn n "lJ~1
 

... ..1. II l' ~ ~ ...
1'Un1NVI"'"l11tU1'\.l1"~'U1~"'fl1'Un·~1.:12 'U'J (S.04 "111.1.) 3 'U'J (7.62 "IItl.) LL~:1:tJ:LW.:I 

'tl.:lMWL,j1nlJ 30 40 LL~:: 50 ,tl. fl'J1tlf.l1'Jfl1'U~ 2.50 3.00 LL~:: 3.50 u.lJl1 ~.:ILLtI.:IJl1tlt.l1:UlVl 
.. ,	 " ...l ...,..,.. ,. " ..,. ."m; 

n1flf.:l1'U,tl.:l\h~unlJ11VJn'"lntl.:ltl1Pl1m~nmA'f.I 'fl1f111~1Un.:l1'U LLl':LNGtJU fT'Jtlti'NL"II'U 

~1n ~'"l11N1fl1'Unt)'N 3 ~'J (7.62 'tl.) fl'J1tlf.l1'J fl1'UL,j1nlJ 3.50 u.lJl: u1tl~1'U'JNfltmLLlJlJLL«'J 
'1.1' So' ., 'Ial:-..l\' So' ~ ... 'Ik..l... So' ...

'"l: l.P\"D'U1l'1~'U1j;1l'1''fl.:lL~1L4-JTI ~WJ1.:1LL~'J Ll'Im~'fln ~1I''U1(;lTl)J'1U1Jt1tlVltl.:llJt~1l'1 flfl (S"xS"),(6"x6") 

0 .... ., 41I..l ..l 
( 7"x7"), ( 8"x8")LL~:: (9"x9") Jl1tl~1"lJ ".:I~.L.IVI 7.S LLl':1JI111.:1V1 7.S 
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III 

---, -+- resident4 
I 

i 
--- office..-.. 3.5 

E- -.- school 
C)= 3 
c: 
Q) 
.-J 

2.5 

2 ~ 

5 6 7 8 9 10 

Depth(inch.) 

MU'l~~VlFh'l.l(;){u1~ 'll'l.l'l~M'l.l'l~~Vl~~'fln1if 

(3-J.) (f'I'l'l.l1~M'l.l'l 3 n'J)(f'I'l'l.l1~M'l.l'l 2 n'J) 

2.5 6W'x6W' 6W'x6W' 

3,03.00 7" x 7" 7" x T' 

3.5 7W' x 7W' 7W' x 7"h" 

2,5 7W' x 7Y2"7Y2" x 7"h" 

3.00 8" x 8"3.0 8" x 8" 

8Y2" x 8Y2"3.5 8Y2" x 8"h" 

2,5 6"h" x 6"h" 6W' x 6"h" 

3,00 3,0 7" x 7" 7" x 7" 

3,5 7W' x 7"h" 7W' x 7"h" 

~ ~ ~ 

'VI~1m'VIf;J : 1"I~1~~~tl1rl1~12JLfh'\ 2 iu 1"I~1~~~'"l1nfJu~~fJu3.00 ~ . 

..I 0,!ll ...., ~ I.­

: 'U1l'l'VlLLU~U1L1JU'U1f;lfl1t1'V1iNn11LL(;l~ ~~LL~~ (Dressed dimensions) 
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.1 .. ~ 0 ., ... ~ O\~ ~ ~ 
7.2.4 .'l1JLLII::1"t1'ltu (Discussion) n1'lU1 ~J"I~qm~n.11~,.L1JUil~flil1fl1'l

•
 
.- , ... ,


7.2.4.1 1"t1'ltulll'i1n1'11Lfl'l1::'" 

'"l1nn11";)Ll·W1:il"1,;}1).J~1'"1:";)mi(Pf) 'JItl~tl~~'il1l"111Lm\,lfb\,l'JI'il~lJl~~1tlfl1\,l'"l:L~\,l~1Lrl'il 

v'hn11'f)tlmLtJtJtl~~tl1f111L2Jm~.aJ1lJl1S1\,l ';}.~."'1. (2517)[15] '"I:v'hL~Ln{;1l'i1l"1,;}1~nh'"l:";)t"i~Ld'f) 
... cJ IJ'oaI I ..:tI .:.& .. ClI I ~..r .... ~ ~ 

'JI't.l1(;llJl~~1tlf'l1't.lVl Vi~ f11~ c;l\'1~ L~tl1:t1:L1t1~'JI'il~tJI~~1'ilfl1\,l~l"11L Yl~'!l\,l tl\,lL\,ltl~~1'"11n L~tl 

.. ... ..: J' ° "II:: ..,..l 0.., ... ..: J' J'..l"..,
1:t1:;Lffi~ (Spacing) ~f11 LYl~'jj\,l'"l:Vl1 L~\,l1~'t.lnVl m':Vl1 ntJlJl~~ffifl1't.lLYl~'II\,l ('II\,l1 {;l'Yi\,lVl L\,ln111tJ 

~1~~m~~~\,l) L~'f)L~ri1n11tri~~';} (Deflection) 'il~L\,l~ri(;l~j:~tJ~t1'a~ftJLrJl (1 L\,l 360 Lo,ht;i'il 
..... I 

~ti';)t1l"1,;}1~t11,;} L\,ln1W'JItl~u1~~nVlm:v'hLij\,lLLtJtJ~1J1L~~'il (Uniform)) ~~tA'tl~Lv(~'JI\,l1{;l"',;}1~~n 

... "" '" ... ..,..1 0 "..l .. .....1 ° 'I.!' 'I ,..
'JItl~lJl~~ftlfl1\,lL~tltlL\,l'Yin~Vln1~\,l{;lL\,l'JICU:Vl'!l\,l1{;l"',;}1~~n'!l'il~lJl~~1tl"'1\,lVll"11\,l,;}CUL~L~~'JI1t1.. 
" II .. 0 ~ II "" ..l".. ~.. "" ° "II:: ..,..1 0.., ...
L\,lVltl~LJI~1~ '"I~'"I1LlJ\,ll'ltl~ L'JI'JJ't.l1{;lVl L~C\Jm1 "ll~~'!l1t1 L\,lVl'il~(;l~1{;l Vl1 L~\,l1~\,lnVln1:Vl1ntJlJl~~1'il 

..: ..r <;' .,.1.... ..: ..r 0"" I ,.. .... ... ..: ..rI I 

f11\,lL'Yi~'!l\,l(;l1 ~ '"11 n Pl1 n11Ln~ j;\';}Vl~ Pl1 L'Yi~'JI\,lVl1 L~ fl1l"1,;} 1~\,l1'"1:,;}tJf;l'JItl~ 1M LLi':"'1\,l'"l~ L'Yi~'JI\,l 

.. 0., 4 .,"':.J": ..r... ., :;.... ~ ..r
"1~L,JA'';}tJ ~1~ftJ L~ 1n L'!I\,lL{;ltl';} n\,lL~tl'Yi\,lVl L'Yi~~1 n"ll\,l~ ~i'Y11 L~\,l1~\,ln tJ1ffj rt L'Yi~'JI\,l(;l1~LL~: 

~~~~ L~"II\,l1"'~U1iK", Lfl1 L~~~\,l~';}tIL'!I\,lri\,l 

L~tl~'V4~mma~';}t1~1~LL~::ijPl,;}1~L~~1:~~L\,ln11L;LiI\,ltl~~uf:ntltJ'JItl~tflN~~1~ 'JItl~ 

tl1fl1f '"l1n~~n1fiLfl11:\ffl,;}1~U1L.tlatl'JItl~tl~~tl1f111UJL\,l~,;}\,l'JItl~l'I~f11\,l ~:Lt'1 ~~tltlnLLtJtJ 
... ..,!: .., .., --.1 .....1 .., .r, 

l'l1~~1l'l~1\,l';}.~.'rI. (2517) [15] L'V4tl1tJU1~untJnfJn'"l1l'l1~LVlrltJruruf;l3 1J1:Lll'rl fltl 'rI'V4ntl1...t1 

tl1fl11fi1~n~1u LLi':tNL1tJ\,l LupJ'JItl~ri1fl,;}1~U1'"l:~tJ~ (PI) [14] t"!JLL!fnl'l1~tJ1:LllVl'tl.:ltl~~ 

.., " ..I
tl1f111 "'~LL~"~ LUfl111~'rI 7.6 

",,,~;I 7.6 'JIU1"'~LllI~1~~~'JItl~Uj'V4~n~1\,ln11LfLiI\,ltl~,{tl1fl11~,;}\,l1'i1~1 

.. 
'U"'IltH 

tl~fitJ~ntltJ 

f1~ 

Pl1\,l 

Lt\1 

Pi1fl'l1~ 

U1'"l:";),ji 

2-1%"XS" 

2- 2"X5%" 

@0.50 

2- 2"X11" 

2-3"X11 n 

'IlU1,,~,'h«"'tl.:l~tl1fl11t4'l\,l1'i1~1 

~11l1futl1f111LLI'i~:tJ~LllY1 

2-1W'X8" 
2- 2"X7" 

@0.50 

2- 2"X13" 

2- 3"X13" 

2-1%"XS" 

2- 2"X5W' 
@0.50 

2- 2")(10112" 

2- 3"X10%" 

10-6 7%" X 7%" 8%"X8W' 7%" X 7%" 
.. _~ .....,. .I .. .I 

~~1!fLllI'l : fl'l1~~~tl1P111~LnU 2 '1\,l ~t1:1~,;}1~L~1 3.50 ~. f1'l1:J~~'Yi\,ltl~l'tU 3.oo~ . 

..I oil .., ''I.!' 
: 'JIU1"'V1LLu..--U1L \,l'JI\,l1"'111[J~~~n11LL(;l~ LflLLfl';} (Dressed dimensions) 
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" 
~~ m1~ LfOl11:;\f~ 1~ 11t1LLtI.:J ~ 1~tl1:;LJlfl'JIt:l~'fl~ ~m fOl11'UJ1J1~~vit:l1tlil 

7.3.1 'M'~ (Joist) 

mffit:lnLLUU'!IU1£+lVl,j'1 ~"''JIt:l~ 111,"l~"il1~,it:lt:lnLLUUVl1~~1l'11S1U 'H't fl. (EIT CODE) L£+ltJ 

H';rt:l~~~\~ "1nmfVl£+l~t:lULl~:~LflI11:\f~CW~~~f11~~t1iifl1~"'1UL;~n~'!It:l~~"1~,1 ~"NLLlA~ 

f'1'J12JL~t:lJuffitJ~: 99 L£+ltJm:rfl£+l~t:lU'UJ~~~tJ£+lVl~UijIii1LVi1riU49,997 nn./"Il~.2 \~fli1~~tl1:;;f1i 

m1LLtl1t!ULVhriu 0.202 m1Y1V\~t:lUUJ£+l~~LL~n~nijri1Lvhriu392 nn./"Il~.7 1~ri1~~tl1::aflim1.. 
LLtl1t!ULVhriu 0.188 mfVl£+l~t:lULLNL~t:lU'tJU1ULitJuijfDhLVhriu129 nn.l"ll~.2 \~fDi1~~tl1::aVli 

m1LLtl1t!ULVhnu 0.171 n11V1£+l~t'lUf'1'J1~,h~~1LVn:;ijfli1Lvhriu 0.51 1~fDi1~2Jtl1::aflim1LLtl1t!U 

Lvhriu 0.086 ri1V1U£+lfDi1f'1'J1~"h"l::ii~Lrtt:l~"il1nn11tri~~h~t:l~l'I~\~t:l~lu~n£+l~ut:l~fu\~~1::~U 

(PI = 10-4) [14] t£+ltJi;"l11ru1tK'JLLtl1L:n~ri1V1U'"ij'llU1£+l~'J1~n~1~'!It:l~LiI~~ 2 'IlU1l'l~t:l 11f2 U'J 
" , 
- '1.Sf" \' •(3.81 '2J.) LL~:: 2 U'J (5.08 "lI~.) f'1'J1~tJ1'J'JIt'l~l'I~I.JJ 3 'IlU1"'~t'l 2.50, 3.00 LL~:: 3.50 UJlJl'l~"'t1Y1 

'!IU1"'LL~::"''J12JtJ1'J~~nfi1'J"l:::~hUmfVl£+l~t'lu\U'l::tJ::lA1~1::VI~1~(;l~UJ(Spacing) ~1::tJ:: 30 40 

LL~::: 50 ,~. Pl1~~1~U ~1V1fun1ffi'tmLLUU(;1~~l.'11~ltlLLuulWl1",~u'Jn(n) ~"l1'lCW131U1t:l~fu 

LtiULLUU''J~~mfi112J£+l1~1Vlfu,j1Uvrnm ~tJ i1 ri1 L~~U~1VlunU11VJn"il1182.4 nn./~.2 ~~tl1::ifli 
.1'" '..t': 0.... I ..I ~ ... 2 .r..1 ~.c

m'lLL1J1eJULfl1I1U 0.186 t:l1fOl1~1Un~1U ~~1L~~tJU1\'Junu11'Y!ncU350nn./2J. rt~lJ1::rtflfim1
 

' ' '' ,... ~ •• , ..It'... 2.r.tl~.c

LLtl1eJULfl1nu 0.180 LL~::t:l1fil11~NLffiU~~1L~~tJU1V1unU11VJn'"l'l163.3 nn./2J. rt2J 1::n'VIfin11 

• I'" ,... • .r '1.1( r..l,..t':: 1!
LL'u1e.1ULfl1nU 0.133 U'J 

0 

2Jfl,)12JVlU1'!1t:l~YlUI.JJYlqm~t~~VlLfl1I1U1 (2.54 '2J.) '"l1nn1'lU1Lt:l1"Dt:l~~ 

~-3nfh'J~1t:lt:lnLLUU'U1l'lVlU1tKl'l1Jl~UJ'"l12J,1LiJU'U1l'l~\~LL';~LL«'Jl1!1~::Lti!ll'lfUlJlflUn11 

t:lflnLLUULL~l'l-3\Wl1fl~U'Jnn. YlU~1
 

....I. ~ ~ ..
 
n. \Un1CWflYl'"l11CW1'1lU1l'lf'1'J12Jn~1~11f2 U'J (3.81 '1~.) 2 U'J (5.04 '12J.) LL~::1::fJ::LW~ 

ILl:' • .....1 ..I '''' .-l.ooel, tl 'l.k
'Ilfl~lJI~ I.JJLfl1nU 30 '12J.YI"''J12J!l1'J1fI~~1nfl~'''LYl1nU3.5 UJJl1 '1~UJflLLU~"12J 1::Lllfln11~"D~1U• 

t' ... ..I ....r. 0 ... \''' \.1' '1.1:'..1\,
'!Ifl-3U1V1unUffVJn'"l11lfl~fl1fl1fVlYlntl1"fJ mfl11~1un~1U LL~::~NLltIU'"l:: P"I'IlU1l'll'l~u-lfl ~LLIM 

.1' ( • ... ... _,..ILLtt'J 11f2
n
x6", 2"x51f2°), (1W'x71f2". 2n x7"). (11f2n x61!z". 2nx51!z") "12JC'1IlUIl~.ufl 7.6 LL~::"111~ 

..I 
fI 7.7 
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-+- resident 1.5" 
4 

- office 1.5" 

---..- school 1.5" 
3.5 

~ resident 2".........
 

E 
- office 2"..c. 3C) - -+- school 2"c: 

Q) 
...J 

2.5 

2 

15 20 25 30 35 40 
Depth (em) 

, .,., 
"ll. ,..tJn"tilVl~"'11n.l1"ll'W1(;lP1'J1~nt)1\1 1lh il'J (3.81 8Jl~.) 2 il'J (5.04 8Jl~.) LL~:;1:;~:;L1U\1 

'lI'fl\lj;1\1L,j'L'Yhriu 40 8Jl~.~m1~m'JlJ1\1~1n~~(;lL'Yhriu 3.5 L~lJ1" ~\ILrl'flLLtJ\llJ11~tl":;Lll'Vlm,,1:D\l1'W• 

'tI'fl\lJ1~'I!nu"''Vln"" ~~n'fl1P;rJ ~1'1!n\l1'W LLfl:;LNL1~'WL~'lI'W1(;llJ1\1L,j'~Lt'LLtJl\lLL~'J (1 W'x7", 2"x6"), • 
D .. IV .I.J .aI

(1 W'x8" , 2"x7W'), (1 W' x6W', 2"x6") lJ11~~1"'U tM"lJ'Vl 7. 7 LL~:;lJ1111\1Yl 7.7 
'II 

I 
-+- resident 1.5" 

4 
I 
I 
I 
I 

3.5 
.......
 .s 
£ 
Cl 3 
15 
~ 

2.5 

2 

- office 1.5" 

---..- school 1.5" 

resident 2" 

- office 2" 

---+--- school 2" 

15 20 25 30 35 40 

Depth (in.) 

ztJ;! 7.7 P1'J1~~~~'Wfi":;~~1\1P1'J1~U1'JriUP1'J1~~n"ll'fl\llJ1\1L,j' lJ11~tl1:;Lll'Vl'tl'fl\l'fl1"'1" 

~1~fulJ1\1L,j''t'/~n'; ~':;~:;L1U\1 40 8Jl~. 
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,	 ~ ~ 

1"1. 1.'l.lm·cilViYiIil11tu1'!lU1~r1'J1~n~\~ 11,12 U'J (3.81 'll~.) 2 U'J (5.04 'll~.) LL~:1:t1:L1t1~ 

'!l'tl~fM1~L'Vhriti 50 'll~.~1"1'J11JtI1'J(;l~1J1n~~~L'Vhriti 3.5 u,Jf1I1 ~~Li1'tlLLiJ~f1I11JU1:Lll'VIm1H~1'l.l 

'll'tl~~1'~~,rntln't1nIil1 ~~nt:l1~t1 ~1,rn~1'l.lLL~:LNL1t1'l.l1il:1~'ll'l.l1~(;l~1~~\ilLLlJi~LL~'J (1 Y2"x7W', 
• ... ... .1.1 .I

2"x6Y2"), (1 Y2"x9" , 2"x8"), (1Y2"x7". 2"x6Y2") (;l11J~1~t1 ~~1u'VI 7.8 LL~:f1I111~'V1 7.7 
'lJ 

4 

3.5 

-E..c- 3
 
C>
 
C
 
Q)
 

...J 2.5 

--+- resident 1.5" 

-.- office 1.5" 

--.- school 1.5" 

----*- resident 2" 

---iIE-- affice 2" 

-+- school 2" 

2 ~f----.----- ------,------,---~-----, 

20 25	 30 35 40 45 
Depth (in.) 

.14 ..I': ... ,,", ..... ~ i' .1
!1J'VI 7.8 Pl'J11J~3J~'l.lfi1:V1'J1~fl'J13JtI1'Jntll"1'J11J~n"lft:l~(;l~ (;l1~u1:::Lll'VI'!lt:l~t:l11"111~3J 

~1V1ftllJl~W~~mf~1:t1:Lffi~ 50 'll3J. 

tJ't::\1lYltl-l,)tl1"'11 
rl'n~tn')l'l~ 

(L~1II1) 

..1::u::mJ-lIII-l 

('II~.) 

"l1'U,)'U 

(vltJ'U) 

\'I\'h£l1l'l~tA'tl-lm1 

M14'U11 1,12 \1')) 

14U1~lIIYiiA'tl-lm1 

(1~14'U1 2 \1')) 

30 2 11,12" x 41,12" 2"x4" 

2.5 40 2 11,12" x 5" 2"x4Y2'"' 

50 2 11,12" x 51,12" 2"x5" 

t:l1m1~ntl1,rtl 

3 

30 2 1%" x 5%" 2"x5" 

40 2 11,12" x 6" 2"x5W' 

50 2 1%" x 6%" 2"x5%" 

3.5 

30 2 1%" x6" 2"x5Y2" 

40 2 1W'x7" 2"x6" 

50 2 11,12" x 71,12" 2"x6Y2" 
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.. 
·hu':lu lo1Uli(ll~Plfl~011 \-lihi(ll~Plfl~011f'I':lllJlJ1':lli1~ l:;f.I:;~lmlll~ 

tl1:;IJ1'Vltl~rf't11f\11 
(LlJIII1) ('1lJ.) (Yi'flU) (bj\-lUl1 "h U':l) M\-lUl 2U':l) 

30 2 1W'x5W' 2"x5" 

2.S 40 2 1Y:z" x 6" 2"xSY," 

50 2 1'/," x 6'/," 2"x6" 

'f)11'l1~1,rn·:1"1'U 30 2 1'/," x 6'/," 2")(6" 

3 40 2 1'/,"xT' 2")(6'/," 

50 2 1'/," x 7'/," 2"x7" 

30 2 1'/," x 7'h" 2"x7" 

3.5 40 2 1'/," x 8" 2"x7'/," 

50 2 1'/," X 9" 2"x8" 

30 2 1'/," x4'/," 2"x4" 

2.5 40 2 1Y," X 5" 2"x4Y," 

50 2 1'/,"xS" 2"x4'1z" 

tl1 fl11h~!JtJ-U 30 2 1'/," X 5" 2"x5" 

3 40 2 1'/," X 5'/," 2"x5" 

50 2 1'/," X 6" 2"x5'/," 

30 2 1'/," X 6'/," 2..x5'/,.... 

3.5 40 2 1'/," x 6'/," 2")(6" 

50 2 1Y:z" x 7" 2")(6'/," 

..I • .... . 

7.3.2 A'U'Ur (Beam) 

mfilflnLL1J1J''\.I1~mA1i~''1'\.1Uj'''qmffltlnLL1J1J1JI1~~11J11~1'\.1 '1.~.V1. (Ell CODE) [15] 

tI\!J'{ffl~~~\1l ~1nm",~~fl1Ju.f\~~LfIlf1~'2tl.lt'~~'rl1-3~a~V11-3«1'\.1L~-3nf\'fl-3W~1~,1 ~'i'N 

U."'-3fl1'11~L.tl~'\.Iffi!J~~ 99 t~!JmlVl~~fl1JUJ~i~~~"'~'\.IiJfli1L,hn1J 54,692 nn./'I~.2 '~"1 

1~1J::=i'rlfm1u.u1rr'\.lL,j1ri1J 0.208 n11V1~~fl1JUJ~i~u.lJInin£j,hL,j1ri1J 384.325 nn.,.,~.2 ,~ 

,hl~1J::=i'Yltm~LLtJ1cr'\.lL,j'H;1J 0.177 mlVl"~fl1Ju.~'U;fl'\.l'll'\.l1'\.1Li!J'\.Iijfli1L,j1ri1J 51.658 nn./"II~.2 

'\\',hl~1J,.::i'Yltm,.u.tJ1cr'\.lL'hn1J 0.193 mlVl~~fl1J"'11~a'N~1L"'1::£jfhL,hn1J 0.368 '~fh 

l~tJ,.::iVltm"LL1J~rr'\.lL,j1riu 0.083 n1"''\.I~fi1f)'11~U1~::~UiLi1fl-3ct1nn1~tri-3lK'1'l1fl-3fl1'\.1W n1i-3 
., ., 0 .. r.. ... "1.,,:"1.....,..1 ., l\,t:..I.. ~ ~ ~ 11JLLNIl" LLfi~1~-3T1JW'-:ILllt)'\.I ~lIlflfJ ~\,Mn~'Yl!Jfl~11J 1J'l'Ylr.:Il1J (P, = 10 I, (P, = 10 J LLfi:: (p, = 10 } 
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• 

[14] (;l1~~1~'IJ t~tJ~~11CU1if1LLtJ1L;..:Jn1~Ur;) il'1lU1r;)Pl11~n~1..:J'!I'fl..:J1JI..:JLL~~1"l1U1J!'fl!h..:J~~ 2 '1lU1~ .. .. .. 
~'fl 11;2 oil'J (3.81 ~~.) 2 U'J (5.04 ~~.) LL~~ 3 oil'J (7.62 "ll~.) (;l1~~1~'L1 1"l'J1~tJ1'J'1l'fl..:J1"l1ULm-n 

3 '1lU1r;)~'fl 2.50, 3.00 LL~~ 3.50 L~1JI1 tr;)tJ~'!IU1r;)LL~~1"l'J1~tJ11~..:J~n~1'J~1~~cJ1um1Vlr;)~'fl'IJ1U 

1~tJ~'Vi1..:J1~~~1..:J(;l..:JL~ (Spacing) ~1~tJ~ 30 40 LL~~ 50 ~~. 1JI1~~1~'IJ ~1~f'IJmffi'flmL'IJ'lJ1"l1u1J! 

(;l1~l,JLL'IJ'lJl'W111"lt:Ju'Jn (n) V1~11CU1~1Uffi..:Jf'IJd~jULL'IJ'IJ"lll)..:JL~mtiIT~r;)1 ~1~f'IJ,j'1u~n'fl1~tJ il 

rl1 L'U~tJ~1~Un'IJ1mn~1 182.4 nn.l~.2 i~tJ1~iVltm1LLtJ1~ULYhri'IJ 0.186 tl11"l11~1Un..:J1U il• 
rl1 L'U~tJ~1~Un'IJ11Vln~1 350 nn.l~.2 i~tJ1~~VlfmnLtJ1~ULYhri'IJ 0.180 LL~~tN L1tJU ilrl1 L'U~tJ• 
~1~Un'IJ11YJn~1 163.3 nn.l~.2 i~tJ1~~Vltm1LLtJ1~ULYhritl 0.133 ill"ll)1~~U1'1l'fl..:J~uL~~~mf 

, .. , 
.. I., Clrr, V " .,. I 0 II ., 

I"l..:JVlLVl1n'IJ 1 UI) (2.54 ~~.) Lb~~~1nm1U1L'fl1'!1'fl~~'MVln~11)~1Vl1m1'fl'flmL'IJ'IJ~1'11U1r;)·Wl.l1(;lr;).. 
" .. 

'!I'fl..:J1"l1U1J!~1~,1~..:JLijU'!IU1r;)Vl1~Lbr;l..:JLb~1 11tJ~~L~tJ(;)'1ltl..:Jiur;]'fIUm1'f1'flnLL'IJ'lJLL~~..:JLt)'tU 

1111"lt:JUI)n n) ~'IJ~1 
, .... 

lun1UlVl~~11CU1'!1U1r;)~u1ifr;)1"l1un~1..:J2 ill) (5.04 ~~.) 3 'ill) (7.62 ~~.) LL~~1~tJ~L1tJ..:J 
, I ... 

'll'fl..:J(;l..:JL~Lyhri'IJ 50 ~~.1"ll)1~tJ11)rl1U 3.50 L~(;l1 ~..:JL!J'fILLtl..:J1JI1~tJ1~LllVlm11;..:J1u'1l'fl..:Ju1,"un 

'IJ11YJn~1'!1'f1..:J'fI11"l11~~n'fl1~tJ 'El11"l11~1Un..:J1ULL~~tN L1tJULL~I)~~L~'!IU1r;)~U1ifr;)'1I'fI..:Jrl1UL~ (1"l1U 

, ..l~ • "'i'_ oil 'I."...l.... " oil
~) Vl ~~LblJl..:JLL~I) W1m~'fln ~"ll'!lU1c;'IVl~'1I1tJIJI1~Vl~IJI~1~1'l'fl (2"x12Y2", 3"x11 "), (2"x15" I 3"x13Y2"), 

(2"x12"), (3"x1 OW') (;l1~~1~'IJ ~'litJ~ 7.9 LL~~(;l111..:J ~ 7.8 

30 35 40 45 50 55 60 65 70 75 80 
Depth (em) 

--­ office 2" 

---.- school 2" 

~ resident 3" 

---- office 3" 

-+- school 3" 

.1'" %. ., r I ., <II ~"'. I'lJ" 7.9 1"ll)1~\"i~~'llti1~~I)1..:JflI1)1~tJ1'Jn'IJI'l'J1~~n'1ltl..:J1"l1U ~~ bb'IJ..:J1JI1~lJ1~LllVl.. .. 
U1'V1unm11oD'..:J1u'1l'fl..:J'fl11'l11 
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• 

t:l1f11~ ('IltJ.) 

2.5 

3.0 

3.5 

2.5 

3.0 

3.5 

2.5 

3.0 

3.5 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2"x8" 

2"x10" 

2"x121;2" 

2"x10" 

2"x12W' 

2"x15" 

2"x8" 

2"x10" 

2"x12" 

..-. ... "'J,t
"'U1~(;IV1lJ1fl~m1 

M"'U1 3 ij')) 

3"x7" 

3"x9" 

3"x11" 

3"x8Y2" 

3"x11" 

3"x7" 

3"x8Y2·" 

3"x101;2"" 

7.3.3 LtliW (Column) 

mffitmU1J1J'Iu1~\IIi.h~"fl1u~Tiqmffif}nu1J1J'l1~~1lJ12'~1U 'l.~.'rI. (EIT CODE) tlttl1.-D' 

~ .1'1.1' - ~ ... -- "::l 'I_I:'....I.J I
"Df}~flYll.Vl '"l1nmlYl~~f}1JU~::'lLfl11:v1~tu~~1J'lYl1.:1~tllJ1Y11.:1"1UL'1I.:In~'If}.:I U-I'"l1~'" Yl-u'l.:lU\II.:I 

fl'l1~L~f}~U7tltl~:: 99 t~t1n11Y1~~tl1JUJ~i~~"\II~u£i~1L~hn1J 49,997 nn.l"ll~.21."'~1i~1.Jt::iYlf 

m"UU1~ULyhn1J 0.202 m1V1"~f}1JUJ'Ji~ulJlninjj~1L,hn1J 392 nn.l"ll~.21.~~1i~u1::iYlfm1 

UU1~ULyhn1J 0.188 mnl~~f}1JUNL;f}U'IU1UL;t1u£i~1LYhn1J 129 nn.l"ll~.2 1.~~1fi~U1::aYlf 

m1uu,.c7uLyhn1J 0.171 m1Y1"~f}1Jfl'l1~ti'l.:l~1LTi1::£ifl1L~hn1J 0.511.\\'fihi~u2'::iYlfm1uu"c7u 

Lyhn1J 0.086 n1\11U~~1fl'l1~U1'"l::~,jiLrlf}.:I'"l1nm1tri.:lif'l (Bucking) 'If}.:IL~1~ l."'f}~i1.uttn~~ 

tJf}~f1JtA'~:r::i1J (pf = 10-6) [14] 1J11~~1i1J t~t1"'"l11tu1~'lLLU"L;.:In11.tUl'I tIltl1.\\'''U1''fl'l1~n~1.:1 
'" '" .,

'f}-.1'l.:lU~::'I1U~f}ti1.:1~:: 2 'IU1~~f} 11f2 U'l (3.81 '~.) 2 U'J (5.04 '~.) ~:: 3 U'l (7.62 '~.) 
• ... 'I~I:''' ~_ .I 

1J11~~1~1J fll'J1~t11'l'lt1.:1IJ1.:1Uft::fl1UU-I3 'IU1"fI\fl 2.50, 3.00 LLft:: 3.50 ~"" l.VI!lYI'IU1"U~::fll'l1~" 

... I. 'I,.. .. _If .I 
!l1':JMn~1'J '"l::~1UmlYl~ftfl'J~U1::t.I:vI1.:1":vI'l1.:1ft.:1U-I (Spacing) 'rI1::!I:: 30 40 U~:: 50 .~. 

,.. 
1J11~fi1i1J t\1\11f1Jmffif}nU1J1JLft1~ 1J11~IUU1J1J1.UIl1fl~u'm (n) Uft:: ('I) n1i.:lm1f1Ju1\11Un'lfl.:l 

L~1~"1 ~Lfl:1::"fl~lJl1~UU'lYl1.:1~ Leonhard Euler ~L~Uf}t~t1m:rU1~~m:r (Euler's Formula) 

~11.-n.um:r~1U'ltu\ll1'1U1~\IIU1if~L~1W t"mLU::U1..htK'J~tufll':J11.lU~f}~Jitl Factor of Safety 
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(FS) Lvhriu 25 L~'"l1nmnm!J1JL;jmJriufi1f1,)12,J\l1'"l::~,j;'2I'El.:JL~11JJL;j~.:J'"l1nm1Lri.:JL~1:: 
..l..l .. t'.. ;, aI .... ..l .. ~ J(..l .... -6 .j) ~ I

(Bucking) V111,).:Jm1n.IU1~um::t1::rfULU~.:J'"l1mLN~~V1t1~2-J1U ~vlV11::~u1 0 (pf=10) ~~tILLU.:J 

tJ1::LflV1m11'~1~,rm.J11VJn'"l1l'l12-JLV1l'lu'llqjii Ltlu~~n~1Ktlijfi1L~~t1~1~,rnu11VJn'"l1 182.4 

2x, • I ~.( • I" ,.. 0 "" .. I ..l t' "" 2
nn.l2-J. fl2-JlJ1:;rfV1tm11LLu1~ULV11nuO.186 ~1l"111~1un.:J1U2-Jl"I1L~fltlU1~UmJ11VJn'"l1 350 nn.l2-J. 

i2-J1.h:;~V1tm1LLtJ1~ULvhriu 0.180 LLfl::LNL1t1uijtJi1L~~t1~1~,rnU11VJn'"l1 163.3 nn.l2-J.
2 

x, • I 2.c • I.... • "" "" J' ~ .If ....l,.....:
fl2-JlJ1::rfV11m11LLu1~ULV11nUO.1332-Jl"I,)12-J~U1'21'El.:JYiUu.JYi~m~tl"l.:JV1LV11nu1U') (2.54 '12-J.) LLfl:: 

1i11nm1U1L'El1;tl2;!fl~.:J~n~1,)2-J1 HLtlU;tl2q!fl~1~fum1tl'ElmLUU~1'21U1~~U1ili'l'2l'El.:JL~1W'"l12-JI;i1 

~.:JLtlU'2IU1~~L~LLtJi.:JLL~,) (Dressed Dimension) 11t1fl::L~t1~'2I'fl.:JiulJItlUm1tl'ElmLUULL~~.:JL.)lu 

fl1Pl~u')n n) YiU~1 

I ~ ~ 

lun1ruVl~'"l11n.l1'21U1(?)~U1if(;ll"l1un,)1.:J 2 U') (5.04 '12-J.) 3 U') (7.62 '12-J.) LLfl::1::t1::L1tJ.:J 

~" I .. ..I ...l...l ,
'2I~.:Jj;J.:J ~2-JLV11nU 30 40 LL~:: 50 '12-J.l"I'J12-JtJ1'Jf11UVl 2.50 3.00 LLfl:: 3.50 L2-Jj;J1 '1.:JL2-J~LLU.:J1JI12-J 

, ­ ~ 

I 

I I 

4 "I ~ residentI
 
i
 

3.5 ---- office 
.........
 - ----....- school.r; 

30) -
E ~ 
s:: I 
Q) 

-' I 
2.5 1 

I 

2 ~ 

4 6 8 10 

Depth (inch.) 

I'Ll;! 7.1 0 f1,)12-Ji2-J~ufi1::~~1.:Jf1,)12-JtJ1,)'2Itl.:Jl"I1UriU'2IU1~L~"IL2! LLti~1JI12-JtJ1::LflV1 
" 
u1~'I!n m1b.n.:J1U'2I'El.:J'El1l"11'l 
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... 
j;)1"l1./1Y1 7.9 'lIU111WIUl ~~'t)~ ~~1 \~lill1J';;f1 ~LU~11l11J1.h'~LJl"''lIt:l~U1V1UnU1"JnIil1 .
 

1.h~LJl."t:l~ r1 

t)lfll1 

l"l'Jl1JML~l.. 
(1J. ) 

l"l'Jl1JU1'Jl"llU 

(2.J. ) 

1,1 ..... 1,1 

V1UlI1l11l"'L?lt:l~n11 

... 
(\~fllUVlU12 u'J) 

... .... ...... 
V1UlI1l11l"'V1t)~m1 

... 
MfllUVIUl 3 u'J) 

2.5 7"x7" 7"x7" 

7v,," x 7v,," 

a" xa" 

7v,," x 7v,," 

aw' x av,," 

g" x g" 

7"x?" 

7v,," x 7v,," 

a" x a" 

~nt:llA'u 3.00 3.0 7v,," x 7v,," 

3.5 a" xa" 

2.5 71J,." x 7v,," 

~lun~lu 3.00 3.0 aw' x av,," 

3.5 g" xg" 

2.5 7"xT' 

LNL1f.1U 3.00 3.0 71J,." x 7W' 

3.5 a" xa" 

u .... ;, J' ... J' 
V11JlmVllJJ : fIl'Jl1J~~t:llfll1LJ.1LnU 2 "IIU fl'Jl1J~~lillnYiUtl~YiU 3.001J. 

: '!IU1~~LLU~lLilU"JIU1~1l1tJVli~n11LLL?i~1~LL~'J (Dressed dimensions) 

_I ... " -"" .. il"!11 " 7.3.4 .l'JLL.~~'lt1fN (Discussion) n1fU1 ~a.I'lt1a.1'n11 ~LUU'il./l"'81"1f 
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IV 0 ~., 

7.3.4.2 '!IilLL'UZ'U1n1'h"lf~1'U 

'tl11'l11 '"l1nCJ~m1'JLfl11~'VI1'l'J1~U1L"ll'tlt'\'tl"ll'tl'l'tl'll'lfl1fll11 rl1U LL~~L~1 "JI'IflflnLLtltl 

..'" 1'" ........ ~ ....
LU'tl ~'"l1).J'"l1~~~'J[I'I1lJLL~~).J1'l'J1~L'VI~1~~~ 

"., ,!II ... I ~.,
~um1 ~"llLlJU'tl'll'llJ1:::n'tltl"Jl'tl'l ~'"l'N~11'1 "II'tl'l 

q 

... .. I J .. .. 1':"1.J. J 
~ ~U\'i'JU"Jl'tl'll'l'l 

-f.,::., ....... 1 .. eJ .. ..t':
 
1;j1).J).J1l'l'lS1U 'J. ~.V1. (2517) L'n'tl'ltlU1'V1Untl'l1'VJn'"l'l(;\1~LV1fJ1tlC\JC\J1Jl3 lJ'l~IJlV1 fll'tl Wrm'tl1rl[l 

fl11'l1'l~1'l1n'l1U LL~~t'NL1[1U 1ul1J"Jlfl'lri1fl'J1~'l.i1'"l~~~(pf) [14] L",mL[ln(;\1).J1J1~IJlV1"Jlfl'lfl'lf"1 

fl1fll11 ~'1LL~(;l'l1Ul'l1'l1'1~ 7.10 

"llU(;l"Jlfl'l 

fl'lf'f1J'l~nfltl 

fl1fll'J1).J 

'l.i1'"l~~tl"i 

"IIU1(;l'VIU1~"'fl'lf"1fl1fll1'l~'JU~1'11 

~1'V1ftlfl1f111U~~~1J'l~U1V1 

l'l'l 10-4 
2-1~" X 7W 
2-2" X 6'12" 

2-1~" X 9" 

2- 2" X 8" 

2-1~"X7" 

2-2" X 6'12" 

@0.50 @O.50 @O.50 

fl1U 
2 - 2" X 12'12" 

2 - 3" X 11" 

2 - 2" X 15" 

2 - 3" X 13'12" 

2 - 2" X 12" 

2 - 3" X 10W' 

10~ 8" X 8" 9" X 9" 8" X 8" 



...
 
'U\'I'VI 8 

(Conclusion and Recommendation) 

.:I1uii"'tJdl~";1m1iiL,",11:im1~ti1L~tl~tl,tNltl.:lfltl1fil11~.nJ1::ntl1.JIl')tJ fil1U LL~:~.:I 

L~1 ~1~f1.Jtl1fil1ri1~ntl1~tJ tl1fil11~1'Un.:l1U LL~:tl1fil11~1.:1Lffiu ~~tJ'U1L~Utl~~m1ii~tJ\u 

plLL1.Jtr'Jltl.:Im1U1'UJi.1.J1.'.:I1uLilutl.:Iflu1::ntl1.J'tl.:IUotN~~'M UJ LL~:LLu...,j,1fihi')':}tufil,)1~U~tl ",ntJ 

'lI'a..:jtl-:Jfltl1fl11~1-:J1 ";11Ki:"'tJn11iiLfil11:ifhYl1.:1~a~tiil1n~~m:vJ~~tl1.J~tu~~mi'Vl1.:1mtJtl1Y4 

~~L;.:Intl'Jltl.:lUJY4qn';LLtl:UJ"l1~'f,.tJI')tJ'lltl~~LL')fCESTTEST (Civil Engineering Statistical IESI) 
, ~ 

[12] L~tl~1fJtu~~mi'Vl'M~a~'tl.:I;tl~~'Vl'Mii f'I')n~,tl.:IUJ"'.:I~tl.:I'U~ t'Utl1 fil~U,)n .:I LL~~tltln LL1.J1.J 

'U1",~U1~c;ltl.:lf1tl1fl11 ~') LLU1~U1~1l;"l11tu1u1:ntl1.JIl')tJ 1::tJ:l3tJ.:I{;I.:I fl,)1~n~1.:1'tl.:l~.:I fl1U 
I ~ 

LL~:L~1 fil,)1~tJ1')'tl.:lj;\.:I fil1U LL~:L~1 IK,)LLU1q~ill;tiil11tu1~LLri bJ~~~u~~~u LL~:U1~un 

1.J11'Vlntiil1 ~~~~t'"ijn11LLtiilnLL44.:1LL1.J1.JU1n~ n11iiLfil11:ifl,)1~U1L~tl~tltfi~~1n~;hum1tri.:li')• 
~1~f1JfI.:I LL~~fil1U t"'tJri1~u",ri1fil,)1~u144~iiUiLilu 10'" d1~f1JL~1t;L~tlul,m1tri.:lL"'1~ 

(Bucking) t"'tJri1~u"fii1fil,)1~U1tiil~ii~Li~u10-6 tltlnLL1.J1J,u1"~U1i""tl.:ltl~Atl1fl11WII')tJ~ 

U1n~~t;nutuillil,,jutUtl1"'~U'1n n LLfl: , ;~~;\1"tl1.J"NriUujtlt"'lltl~iLL')f WpCAL [8-10] 

..,. ,. S'__.~,J. • _ I~'" .,J .~._ ,. -III.!AI.!'"'ll.!' 
fi~C1,"11f11MlnLL1Jt/tNfiltl1fil11~ [9] ~"IIf111~')14l.mtlMtJ '.:IWll'II1191'Vl ~, Ul'I.:I1tJUiil~~::Mnfltlm1 

~ '1.!'1I _I'" IlL'':''
~1U ~tlm1rm'tt1l11"11tl~~ LJ"'~VltlwUfiltl 

..... 1 ~ .1 ~ -I..., II... -I .. ..r..I:t.r .1'"
1. 1JI,)LL1J1L"D.:I141li1:LlJU'Vl2J~tlfltl'U1"'~U1f1"~1n'Vl~~ filtl l'f~1J~l1'Vl1im1LL'lJ1~U'tl.:l 

bJ~fi~!j,,~~u LLtl~i~u1~i'Vltm1LLu1~u,tl.:l~1~Un1.JfnJnlil1 611~fh;1J 
~ .... I ~ 0 I ~ l' ..:. .t .,J. II ...

2. liI1nm1t'1n~f1,)LL'lJ1L"D-1m~'Ut'lY41.J,)1~tlfil,)12Jn·~'M'tl.:l~LLfl:fil1ULY4~'U 44:l1-1e.lfl ~~ 

.. II -I ... • -I r .... 
fl')1~fin'tl.:IfI.:I~~fl1Ufl"~~ ~u,tu...."""~~L1!N~ fil,)1~tJ1,)'~~~:fiI1U fIl1LllfltJ'~U1\Nn 

..:..t 0 II."" ..:. .t .1'
1J1n.Jn4i1 LYi~'U liI~1 ~1Il fl,)1~~n"1l~~LLfl:fl1U LYi~'UPI'1tJ 

3. ujtl\;"11tu1n1ci1'~f1.:1LLfi~fl1utu~tl1,)~"~1ri,,1I1umtt"-11U (P, =1oi liI::Lilu 

• -I • ., S' .... .,J ... .... I ., -I II,....J ... ... ...I 0 

"1\'1 fII,)1.J fl.l~Yi n",m1 ~n.:l f1')"JI tl.:IfI.:ILLfl:fil1U ~fl L'VltJ1.J n1.J~u,)tJ LLN'" "'\'ItJtl~ ~~'Vlt'1l1,)~'"'liI,0'"L'-1 

U1:fltJ (Pt = 10-' LLtl~tU";1Utl~L~tJ')riUn1ci1'Jltl.:l~1tut'tl1')~;l£i\~1ri~L;.:IU1::fitJ liI~(Pt = 10-6) 

t;Lilufii1"',)1.JfJ~m1t~.:IL"1:(Bucking) 'tl.:lL~1
 

::. II ... ,. '1.~.1' ~ I ·-1I11f'" it i1 ...

4. 'Ufltlum1tltln LL1J1.J'U1"'~U1f1~'tl.:ltl.:lfilfl1fil11 liI,1JU~P1')t1'1l11Jfnfl'Yl~"lInUtl'J U 

ft~i1..nmIU1",W1i"UJUiil:::.r'1':}tuffi1mJMMlJ FS ~1f1tlml'lJ'ijfli1L'Vi1n1.JfJfiiI'IJ'liI1Mtn'1,rLL')f 

WCC/!J... ~:::"lI1f~1VIf1..JtlflnLL1.J1.J,h FS mfl~n, 
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5. ~1t111Cl~1tij;111~'J'\.ltl~!l~.tiEJ (Safety Factor, FS) 1il1nfl'J12Ji2JliufiUtI'Jri1tr.:J~'tN 

(Quadratic) ;.:Jrl'J1t1it1liklfi~.:Jnfi 1'J'el~lUltlitltl~~ 'Vl'tmnLtl1~U'!I'tl.:Jfl'J1t1~1kl'Vl1UL;.:J tflN~~1.:J 

(CaV
R

) i2JtI~~'V1fm1utl1ir"U"l'tl.:JUN~nd1vi'fltflN~11.:J (CavJ ti(;l11~'JutI~'flMEJ (FS) ~~~'lli1 
..,..1 .:..r ..:..r.,0 II

fl'J1t1t1~tllMEJ J3 ~EJL2Jtl cavR L~~ Cays L'Yitl"ll'\.l1il~11~ FS L'Yi2J'!I'\.l~'JEJ 

., -J. 1.1 ., f ...::. ~- !'l...r , ., 1.1 f ..6. tl~11fl'Jkl ~tllilJlEJ'IItl.:J LflN~11.:J'\.lUlJ.I r?l'llutlEJntl 1~LJl'Vl'lltl.:Jtl.:JI"1!l1fl11 lil'J12J~n 
OJ 

...... .... ... "_'1' A . .., .... -- 'l'"
R'J1t1EJ1'J 1~EJ~L1EJ.:J~1tlfJru~2Jtlj;1L'Il.:Jn~'IItl.:J lJ.I Uj;1Iil~'IIutl1JntlfJtu~2JtllJl'Vl1.:j~CllJl"lltl.:J tI U~~ 

, ~ 

flJ tu~t1~'Vl1.:J~ ~ ;l"lltl.:J UNfi n1~.yh IJitlLRN ~11.:J L'vhuu 

~'1.!' - - ~_I:' ' ~_I:' ...7. eJ~'Vl Wllil1nm1V1 Ci'lfltltlfJtueltltllJl'Vl1.:JmEJ111'WUfl~L'!I.:Jn~'IItl.:J lJ.I'WqnttUfl~ lJ.IIil1t1'1 

uitlLtrffitlL;jEJtlntlLntulJ1'Un1~1U'\.ln1JjlJl1t12J1lJ11t$1'\.l'lltl.:J 'J.el.'Vl. [15] ;.:J-\Ci'ltlfJ'tuLnW,,]"lI'tNW
~ OJ 

Ldtl~tl'WJ1n ~,rulumriHtiiel'tl.:J'Ilulil;j'ltn-n.:J1utflN~11.:J~1Lth11~'tN'l.oDftl\l~;j'WtltlnUtiti 
~ .. 

8. ~nm1tltlmLtltI'fl.:Jrftl1fl11i1 'I.tJlfl1tltlR~2J;rtltl~'Vl1.:J~Pl'Jnn2J'l.utl1~L'Vlfll'l'VlEJ ~.:Ju'\.l. " 
o , ~_.,.,......... ..I'l ... ., 0 ~!"I. .. "... ,


~12J1:rCl'Vl1m1tlflnUtltltNRtl1f111lJ.1 LCi'llJl1t1'Jtm11'V1 Ci'l1ilCi'l'Vl1 L'J LUJl1f1eJU'Jn n U~::; 'II ~1tl L"1I"1I11LJl 

o .... .... _Ic..l ....--. ~ .... __"
 
~1~n.JtlflmLtIti mtu lJ.I'Vl'Vl11t1fjtueltltllJl L"lI.:Jn~ U~~fIJtu~t1t1lJ1'Vl1.:Jfl CllJlLLfl'J
 

..I'l~'" ~_I:'.ol ...., 0 ... ~.. .c"'9. 1il1nm1'V1 Ci'l,InW1Viq lJInn2J'IItl.:JlJl.:JU~::;f11'\.llJ.lUJtllJlfl.:J:l'tIUNn1~'Vl1'11UCi'llJ.l LtlUl'ICi'l Ci'l 

'Yitl~1ri1UJ~trfl!jl'l~~u~'l~~1nm1'V1l'1~fltlUNtTCi'lU~::;LLN~.:J'IIU1ULiEJ'\.l1Jjijfi1'l.nt\'LiiiEJ.:JnUtl1nntl 

fhUJ~trelijCi'l~~u~'IJI'1nm1'V1Ci'leltltlUN~Ci'l (MOE) LCi'lEJ'l.~'Vlqtt~L«'\.ltJINLtliJ.'t1lJl1t1n~'IItl.:Jqfl 'lll 

lIill'l1ltHW 
f'l~1~ 

ci~;1l,.n:: 

•
~~1~U'!I~ 

(nn.) 

... 
~~1~lwm 

(nn.-~.) 

~~1~U;~U1~'~~l~~~ 
(nn.!'II2t.) 

U!'.Iift!JCi'llo'qu 
, .I 
fl1l~(UI 

(nn./'af.) 
i 108,800in 0.83 493 1.95 1,034 

•
l"~ 1.01 964 6.10 1,732 175,100 

143,100 

101,700 

f~ 1.00 755 3.42 1,352 

~::,hU!~ 0.85 807 3.80 1,229 

t1:::~ 1.07 926 3.20 1,334 119,000 
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... 
m::VltlU 

Wm::un 

f'l'l1~ 

ch~~1wn::: 

0.82 

0.465 

0.468 

0.506 

0.342 

0.851 

0.796 

0.510 

625 

389 

335 

392 

263 

474 

444 

92 

(nn.-~.) 

4.70 

2.52 

2.50 

2.50 

1.91 

5.18 

5.36 

3.66 

a .t ~.~ 
f'l'l1~Ull.:jU.N'I1tNLUtlU.J 

(nnJ'Inl.) 

1,172 

993 

471 

522 

389 

375 

902 

392 

, ... 
f'I1L'il~t1 

(nn.I'Il"{) 

120,200 

115,853 

89,444 

74,338 

67,550 

57,628 

85.903 

49,997 

ILII "'''-3 ,.. -3: l! tI .. ~ .r .. 1! tI 
UJ~~n~~Ltl1Un1~ffi~U1(;\1flL"D~ UL~fl~ LtUJUflN LUtl~tJ1U ~fl'J1~U"D~ 1Unfl1..:J 

.J. '1.11 .. .r 'I.~-3" , !'I 'I.II.r· :.... 0 "t1"''''!'1 f.1
",'JU UJ~1~'1LUtl UJ~~L~~tl..:JtltlULlJU UJLUtltltlULLfl::U1~UmU1~1nU1 L L".llLuUtl..:Jrl'u1::ntlU'Iltl-3 

~... .......... "', 1 " ...t1 .r«...... "Sf. ~ !'I " .....I
..
LflN~11-3'1lU1"~U1f1{;\~::(;\'tl..:J L~CY~1nm1 L~ 1::UltlLUtlU'Il-3 UfI~'Iltl L"L1J1!.1UflflLuUL~tlt1 ~n 

U~'JtLJILJ'J~1~11mh~1t;..:J1ut~L1'Jn~1Ufl::~1tl\~1!.1 ~1nt:.lfln11~Lfl11~f1'J1~\hL~flatl'lltl..:J 
• I .. 

tl-3~tl1f111tmU~'JU'Iltl..:J1Jl-3fl1U LLfl::L~1 .~tltlnUUU1Jl1~~11J1131U'J.~.tl. L~tlnJ\h~unU11'Jn 

~11J11~L"P1,jCYCU"i3 t11::Ultl ~tl ~,"ntl1~!.1 ~1Un..:J1U LLfl::tNL:!.IU tUpJ'tl..:Jfi1f1'J1~\'h~::~u;j 
I 

(Pf) "''J!.I'JItl~''u'Jf WCCAL (Wood Components CA!..ibration) [8-10] t"''Ilu1,,~,h~'''Iltl-3(;\-3 
1I.1f ... ",..I ~ .!'.. II.! .. :. .. 

rl1UUfl::L~1UJ "~U~"-3 LU(;\111..:Jtl 8.2 U~:: 8.3 L{;\!.Itl1f111"'::L'ltl~lJfI'J1~~..:J UJLnu 2 ".llU ~1::!.I:: 

. .t .. .t ..I OJll .... " 
1::~'J1..:JL~1 3.50 ~. f1'J1~~..:J~Ut1-3~U 3.00 ~. Ufl::'IlU1"'''UU::U1LuU'IlU1''111!.1~INn17UI'1-3 L~ 

ufl'J (Dressed dimensions) ~-3LilU'IlU1"'~ L~~1::~~'IltNI~U~::f11UUfl::IK'JflWffi1mJfltlM!.MItNI L~1.. 

'Ilu1",~u11K"'tl-3~tl1f11~'JU~1..:J1 
'IIU"'Iltl-3 

~1~futl1 f117Uf1fl::tl1::Ultl
tl-3~t11::ntlU • ...

~,"ntl1~!.1 ~1un-31U tNLmU 

2-1~" X 6" 2-1~"X8" 2-1%" X 6" \ 
LJI-3 2-2" X 5W' 2-2" X 7" 2-2")( 5~" 

@0.50 @0.50 @0.50 
2 - 2" X 11" 2-2"X13" 2 - 2" X 10%" 

f11U 
2 - 3" X 11" 2-3"X13" 2-3" X 10~" 

L~1 7~" X 7~" 8%" X 8~" 7~" X 7~" 
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"llU"'"IItl~ 

tl~~U~~ntlU 

"IIU1"'VlU1i(;ltl~~tl1fi11~~'lUIJh~1 

~1V1fUtl1fl1~U~~~U~~U1~ 

2-1W' X 7W' 2-1~" X 9" 2-1~" X 7" 

2-2" X 6W' 2- 2" X 8" 2- 2" X 6~" 

@ 0.50).J. @ 0.50).J. @0.50 tI. 

2- 2" X 1212" 2- 2" X 15" 2- 2" X 12" 
fl1U 

2- 3" X 11" 2- 3" X 1312" 2- 3" X 1012" 

8" X 8" 9" X 9"L~1 8" x 8" 

,., 
8.3 "'ilL.U'ilLLU~ 

.. II .. ,.. ., _ !. t .... .. 
1. LUtl~~1n"lltl~~'V11~'lfll'ln~~).J1JI1~1tl1~tln1~U~mL~~UUU ~u1nlJl ~~fiI'l1t1n1n'lU~'lti 

II ... .. __ ......._ ..... .I
 
"IItl~flVl1~'lfll'lnntlU~~'lLfiI~1~Vl1flJtu~).JUlJIVl1~~ClIJ1 fitl~"llU"'"IItl~n1nL~nU~~V1LVltl1~~tI 

~1V1fu;rtltlflVl1~~I'\'lnntlulPifl~U~:L1lVl 
OJ 

2. fl'l1ijn1n1l'1~tl1Jfltu~tlUl\ V11~~fll'ln1~tI"IItl~bnUU1:L~r1\V1tJU~:~LM1~ji\tu~tI~
" :" 

.... 1I_~.t. .. J~_" ...I 0.. ... 1 ~... ~.~ .t .....I. ... 
V11.:1~t1""IItl.:l ~LUtltltlU'DU"~ LVIL2''lVl~1t111ClU1t11 ~'D.:I1U U~filN~2'1.:1 V1"LLVlU~LUtlLL"II.:IVln1~.:I~: 

VIti C'l'lu"'1m.h LLfl:~1t112'ClU1 tl11;LtlUtl.:l fltl1f111'ltJ'1lltlU1.:1U1:V1J'" LLfl:Jfltl ",.ntJ 
... 

3. 'Un11tltlnLLUUtl.:lfltl1fi112'~fl'l1~n~~n11tltlnLLUUIJ11t1;U"tlU LLfl:VI1n~tl.:ln11 

fl'l1t1~:C'l')nfi"'Lfi ji\'l:';'D1fPltltlnLLUUtl.:lfltl1f111'ltJ'LIltJtl1rTtJ;I"'~1tiC'l~1uri1~.:I +JtltiU'D1flJl 

tltln UUUtl.:l fltl1 fl1:'ltJ1"'tJtl1 rTtJWro ~t'tfj "'V1~U L~tllJ1t')~~tlU fl'l1t1gn ~tl.:l'Un12't1tlnLLUU 

4. "IIU1"'V1U1tK",~111~1nn11tltlnLLUu1l'ltJ'D1flJltltlnLL1J1J Ufl:'1tl~lJ1LL')f WCCAL [8-10] 

01V11n"llU1",w1tK",~\IILflnL7iu\u L~Utl,,n;"IIU1"'Lfln~q,,~ijn1~1V1\.htJtl~'U"'tl~lJ1fl1" Vl1tl 

.. ........ ... ... ~ ..r ... ~ •I ... .. "J{'" • ...
 
L~Utl ~V1t1n12'rJfl(J1"11U1"'V1U'llJl"L~tI"II'W.J1 LV4tlLlJUu1:VltJ'" ~Un11 ~"DVlmtJ1n2' UIIV11n"llU1"'V1U1 

tKl'l~'lA1.V1qJL7iU'lU fiI'l1t~U1:~1Un1'l (Glued laminated wood) tUn11ritl~i1~ 

5. ji\'lffin11~n~L~tlLi1t1tuff,)U"IItl.:lU1:LI1V1"11tNtl.:lfftl1fl'lrilLilulflN;tlVltlU• 
6. ,;;rtl'JflVl1~1r1'lnntJ"IItl~~L~tltitlU'U~n1.'Yl'Un1:';Lilu1fi1N~,m~i1.JLLNLitlU , 

7. t;;rtl~flVl~~r1'ln2'n1"11tl.:l~L~tltitlu'ltJ~n1.'YlUfl:tltlnUU1JtltN~fl.:l~;rtl.:l11UVl1ULLN 

U~U~U\V1'lLV42'1:t"N~11.:1~ijfll'l1t1ii"'V1~u\Mn~1t1tN~11.:1f11tlun1lJ1LLfl:LVlin 
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1.	 n'tl':Il!IUf'l.j'1,nnn.h'1~. '1~Lb~:;'1I'tl.:l,.htJ1.:1"Jlilj;llUU1:;Lflfil'lflU. 'ilutJ~~,{f1f.:l~ 3, ~~1f1~1.h'l~ 

LL'V!.:IU1::Lflfll'lflU, n,.:ILfl'n-', 2526. 

2.	 Ln~il 1:;ij.:l~'1.:1~, 111f1~"Jl1VC"Jl~'1U f1tu::LnM'~1r11~(;If ~,"1~flU1im;u.:Il,"~. fl~111';Ufi 2528. 

It.&:' .. I-' 
\J.l CJfl ~'tl.:lffiU. 

3.	 f1tu::tl~n11~n11n11~nti1f'l'11~U1L;tlatl"Jltl.:ltfilN~11.:1 filtu:;n11~~'D1n1"~1"Jl1~fIl'1nn1~tmi1 

'iifll'1n11~~11LL'Vl.:lU1:;LflfllLflU lu""::'J"~"11uti~.n. n11i~~U1fl1.:1'ii'D1n11 n11tltlnLLtJtJ 

UolN~11.:1tVlUtl1~UflqM'~fll11~U1'"i:;d:lu. 
... .....	 _ II" • ~ .. • ~ ... _ CI ...J 

4.	 'tn1'nUfi LL~.:I\1'111tu, n11'1 Lfl11:;,"fII'11~U1L"JItltltl'!ltl.:lLLCJu'nUf'ltlUn1~L~1~ L,"fln~tl.:lfl1.:1fl 

.1 ... ... ~ ....::. ...I ,.,...1
tltlnLLtJtJ(;l1~~1"1S1U '1.~.fl.,n1"u":;'~'1'D1n11'1""m11~ ~Ufi1LL,".:I'D1" f1Nfl 7, '1ufl17-18 

'ntP,i111f1~ 2544 '~1fl.:ln~tU~,"1~flU1iu. 

5.	 tuN~tflU1UU,r, M L~'tl~~~14'Uflf, e11u~~uiu~U31U ntl.:l~4'mJ~"CJflth'l~ n1~th'l~ 
.. II.Sf.t« .1 II. 

n":;fl1').:ILn1:t(;l1LLfl:;~,"n1tu. n1f1{l1f1~ 2523. \J.lLUtlLL'D.:I'Dtl.:lu1::Lflfll ~flU . 

• ...I I-' ..,. '''.1'''- ~ '11-'''' .. ::....16.	 1JGJU1 LnU'1'!1tl.:l LLfl:;~fJ" l'l'1.:1L'n'D1. "~~tlu!JtJ"n11fl"~tl1JL"JJ.:Infl'Dtl.:l ~." 'n~'nfllNfl 2, 

111f1l~'D1'1UCJ~".ntu.,r filtu:;'1Url1~"f, ~,"1~fltJ1imn1:tlJl"rl1~(;lf, 2542. 

7.	 'n.:l~ !~!U LLfl::filtu::, nfl~~Uii'Dtl~~'flU, n,.~th'~ n"::fl"'1~Ln1:t(;l1LLfl::~,"n,.tU, nt.:lLfl'n-' 

...I 
,Lfl'lfl ".144, 2516. 

•Of ..... I.... .. .. 'I-Sf ~ , ~ .. 1-'1.<
8.	 U'nl'lfl m1'1Lfil11:::,"fil'11~'U1L'DtlCltl"Jltl.:ltl~filtl1fil11I.J.1LUtltltlU~l'lU'il1Uutyty1,	 ~'D"Jltl~flfl1.:1 

~fII'1nn~lUtJ1:::Lflfll'flU,~flU1il'n'UtftllC\JC\J1~"''1n1ffirl1~(;l1~\nUtu""''~1'1~rI'1n11~ttJfi1 

(tflN~fN), Utu"""~fltJ1iu~,"1~fltJ1itJi~i",2545. 

9.	 ~~flIfln1 rlriftJ LLfl::flIW:::, 'D1f"tltlnLL1JtJtl.:lfltl1fil11,ml'ltJtl1A'tJ;";1n,,1i'1un1i~,tIltyGJ1 

il'nutf 111fl1~'D1~fII'1n11~LtJfi1 'iirl'1n11~f111~ "fUtu""lJI, ~fltJ1i!l~rI'1n11~rl1~ "f ~\t1~fltJ1itJ 

i~i(;l, 2546. 

10. iUft1 '~'nffi LLfl::flIcu::,"ll1fl'ltltlnLLtJutl~~tl1fl11hJLlltJ~~i~i1"\t~U,tIl'YC\J1il"utf111fll~'D1 

~rI'1n1ffittJfi1~"''1n1ffit'\1~"njtu""'" ~fltJ1iu~"''1n11~rl1ftflf~\t1~fltJ1itJNa",2546. 

11. ~UtJ tl'1tJ"nJ1::Lft13. fll'"J1~U1L~tl~tlLLfl:::fII'11~1Jflfll'l.n!lfl1~!fllNfti1.:1.Ltln~1nJ1::nfltJn11 

fttl'U~'D1 CEN 618 Structural safety and Reliability.
 

.. ,., - I .. 51 _ I .. ,., ..l ..I.. 1-'''' ,
0	 I 

12. '1UtJ tl '1 tl'Yh"u1::Lft "3. "n1U!l'lfttl1J~lJ1'1:::L'JI1iu~YY!~1\111Jn1tLL,nLL"'UltlL'UtHtlJ1Inytltl1.:1
 

ft1arQJ1u~1Y?f'I'1n1nJbJfi1" ~fltJ1itJ~"''ln1ffifll1ft(;lf ~\t1~fltl1itJi~a(;l
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• 

13. ~UtJ 'fl'n.J'Vntl~~L~ll ";j fi\V11"n1~~4'tJ~1Ufl,)1~ti1 L~'flCl'flL;" LflN~11,,1.Utl~~LVlfll1. "(m" n1~ 
.. I I 

t1~~'II~':i'll1n1~':ifll,)m'~~LtJfi1U.lA""ll1~fl1"Vl5, 2542, L~~Vl2, ,..U1 GEN25-GEN30. • 

14. ':iUtJ 'fl')tI'.utl~~L~ll "m~t111JL VlmJ~11J1~31Un1~'fl'fln LLUU'fl1 fl1~~ 1",1UtI~~LVlfll1. VltJ 1J11~ 

VI~~~fI,)1~U1L~'flCl'flL:.ii"LflN~11""UVlfl,)1~Vl1"".)'111m~, RSU JET,VOLA NO.2, 2000. 

15. ~f'l,)m'1~~muLLlA"t11~LVlfilLVltJ1uW1~U~~nlltl5~.n, ~1t'11~1U~1",11J'fl1fl111.~, flN~n11~m1 

'ii'll1m1~1"111'iifll,)m'1~LtJ1i1	 2515-16,2517. 

..... ... ., .. c ... ~ _~.. 1.1 ...1.. 1.1 'l
16. ~1tJ 1J~11~1 u.~~'flUUlJl fl1fl" (U11N1fim1). IJ-HVlL1')L'flUn 1~~"flWUL~'fl""JI'fl" 1~LVlfil VIti. 

fIlN~'fl"1nn:Jn11t11~~1U"1Uii4'tJLL~~~~U1'V11wmn1'lj1~LL~~'!JJ'lJlL1-JL'flUntl1~~"Pl 

17. ~ii ~~'VIfiL'VIWfl~. m1u.t11ltl1.~. L~~~ ~ 7 n~~~li1JU1tJlJl~1,..n11~1..h1.~ ~')u'i4'mL~~~li1JU1 

~~lJI~~1..h~ ~1un':i'll1m1th~ m'~1..h~, nt"LVlW"1, 2542.
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18. ~'111iA 'II~LtJitJ".IIU~. m1'iLfl11~\ffi11A',)~N~1",11JU1",Un1Jn'Jn1u"1Ufl'flUn1lJ1L~ffiL,..~n1Jl1~ 
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~,)U1..h 'Ytfll.2535. m'~1..hW n1~Vl1,)"Ln~Vl1u.~~~,..n1CJ. 
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n.1 ,t';lltl 
Lu.n'lfll:Ju'Jnutil:;1~n~1'J5.:1~fim1t1t1 n LL1.J1.JL~F.ln'l1'b 1~'rC~ mfLLfl:;l~tiI'l2.J''1 2.J'lLoKLilutI.:I rf 

t1'lfl'l1IJl.:l Fl1U LLfl:;L~'l ijj.:lVl'ln'l1t1flnLL1.J1JIJ112.J2.J'l1J11~1U 'J.~.Vl. 2517 ~1\'111.JtI1f1'lflij [15] \IJlF.liJ 

m1rl1U'Jtt.ltlfln LL1.J1.J1Jl12.Jiifitlm~Vii.iiii.ltl~lUlltil'UU LLfl:;.a'l.:l~.:Im:'Lii"!'tl'rf!'lu" J7 'vVCCAL [6- iOJ 
• I I • 

1'J2.J~.:Im1l' '1flJl~1\'1f1..J\'I1,)1 FS 1.:1iJfI'J12.JL;t1~t1LL1.J1.J~2J1L~2.JtI(9] LLfl:;LLu:;u1fhViF.ltl2.J11.Jl~ 

n2.Jvr.:l n1fi Lfl11:;\i"fl'J1"nh L~!l~t1 (Reliability) LIJlF.ltil:;LhJtil1 n'tl~fl Lntl~~UV11~~ CliJi't1~ ~'J LLtJ1Q2.J 
... ... 

2 ~'JLLtl1 ~t1 t2.J~i~~IJl\'l~u LLfl:;,j1\'1,rn1.J11'VJntil1~2.JtJ~t~ijn11LLtilmL"NLL1.J1.Jtlm~ ~t1~'lmrU 

f4ti1'l1tt.l'l~ll1'J:;; ~~'l ri(;l"JItl.:lLRNfl1'l~'t1.:1 t'l~ fl1U LLfl:;L~'l t ;~1\'111.Jm1~ Lfl11:;\i"f'l'J12.Jt.l1 L~t1~ tl 

L:.a~tflN~11.:1~~tiI:;t~fli'l FS LLfl:;vhn1ffitlnLL1.J1.JIJ1'l2.J2.J'lt'l1~1U'tl-3'J.~.Vl. ~'l\'l11.Jtl1fl1:UJ~~"JIU'l~ 

\'IU'l ~1Jl't1.:1fl.:l fltl1 1iI'l1W'rC ~ nMLLfl:;l~tiI'l2.J' 11J112.J 1Jl111.:1t Ull'l fUJU'J n fl LLfl:;1~ LLU:;U1 ~'Jtlth.:l m 1 
... 

t1t1nLL1.J1.J 1Jl~ fl1U LLfl:;Lfl1 ~.:Ij;)t11tlu 

n.2 'iI'iInu.1J1J1Jl1J.1J.11"'.f1'U '1.1.". Ih\ll71J'il1Fl"lJ.l1"!I1BtI,nii 

i1lJJ"itlilun1tnn LL1J1J 1M Fl1U LL"~LI1 t"~"1M',.qn'; 

't1~fl~!Kt1~m1UJ~flflii"'\'I~ui:lfli1LYhri1.J 85,903 nn.l'2.J.
2 t~..hi2.J,J::;iVlfm1LLtl1~u 

Lyhn1.J 0.204 UJ~flflLLflmrniifi1L·Yhri1.J 902 nn.llltl.
2 t-«fi1ftJ.ltl::;iV1fn11LLtl1~ULYhri1.J 0.162 

LLNL~t1U'U1ULim.li:lfli1LYhri1.J 253 nn.l"JI2.J.
2 L~fli1itl1.b:;i"fn11L~tl1~ULYhri1.J 0.171 LLN~~ 

2'U1u~iF.lui:lfi1LYhritJ 565.55 nn.lll2.J. t"'fli1i2.J1.b:;iVlfn11LLtI:UULYhri1.J 0.119 fl~12.J 

Ch~~1L'rC1:;~yhri1.J O.796 t~fhi2.Jtl::;iV1fm1LLtl1~ULYhri1.J0.068 d1\'1fu~1\'1,rn1.J:fYlntilro1ulin• 
.r. ... al 2 .¥..I ~..c .1....... 0..... I ..I
 

tl1"F.l2.Jfl1L1lflF.l 182 nn./lJ. \12.J1J::;\1V1tin11LL1J1I:JULVl1n1.J 0.186 t11fl11fl1Un~1U 2.Jfl1L1lflfJ 350 

nn.l~.2 i~tl'l::iV1fn11LLtl1rr"l.lLyhri1.J0.180 LLfl:;tNLWu£lfi1L1l~tJ 163.3 nn.l~.2 i~tl1:;iVlfn11 

LLtl1~ULyhri1.J 0.133 fl'J1~\'IU1't1.:1;fuW'Yi~n';~~ Lyhri1.J 1 ~'J (2.54 .~.) ~til11tt.l1~'lLLtl1L;.:I 

n1\'1U~ L~tJt~'U1l'1fl'J1~n.j1~'t1~1JI~LLfl:;fl1UWt1th~fl:; 2 'DU1l'1~t1 11!z" 2" LLfl:; 3" fl'J1~tJ1'J 
II_I:"" • ~~ .oJ .. al ,

't1~f1~LLfl:;fl1Uu-J 3 "JIU1l'lfltl 2.50, 3.00 LLfl:; 3.50 ~"" ~tJVl"JIU1"LLfl:;fl'J1~tJ1'J"~V1ntn'J~1 til:; 

ehUn1fYl"'flfl1.JtU1:;tJ~1~1:;\'1~1~L'I.:IW (Spacing) ~1:;tJ:; 30 40 LLfl:; 50 '~:'!Jl1~~1i1.J LLfl:; 
... . 

fl'J1~~~'Dtl-3Lfl1LYhri1.J 3.00 ~!Jl1 ~.:I 2 ;1.1 'DU1"'\'IU1~"''DfMlJI~ fl1U LLfl:;Lfl1W'r4~n'; ~.:ILtlU 

alII • " .... 'i' i:_. r II_I:"'"
'U1"Vl LflLLL'I~LLfl'J (Dressed Dimension) 'r4ti11:tu1flm~·tu:;m1'J~~flNIT t'l'Dtl.:ltl.:lflltl1fl11 u-J".:I 

ltl~ n1 
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3.50 ),I. 

G2 

;i 
a 
L() -CO; 

.., 

;i 
a -L() 

CO; 
.., 

~.., 

G2 G2 

;i 
L() 

I'-;.... 
;i 
a 
L() 

CO; 
;i 
L() 

I'-; 

G1 rnyd'W tnt) 3.50 ),I • 

.,..
"'jI'8!M~n1tfl1U'UU'8'8nu.\J\J"~ 

j1,"
J.I OQist) 

-I .. ~ I -I
tl1f111'll'fntl1 tI (f11L'l~tJ) . 0 

f1';112-.1Cl'N~1L,"1:= 

LL1 

G 

= 
=: 

182.4 

0.796 

nn.t ~l. 

UJ~iftu(;1n\Tn (MaR) : fr = 902 nn.t·jul 

UJ~erft~~\4~U (MOE): E 
J' ~ 

f1';112-.1\4U1,"'U 1 'U';I 

, .. Uj
ft2-.l~(;1f1';112-.1\4U1LL~~f1';112-.1~n"-ltl..:lfl..:l 

= 
=: 

bj 

85,90~ X1.2 = 
0.0254 2-.1. 

3.81= "lI2-.I. 

103,083.6 

dj = 15.24 

nn.t·ul 

"lI2-.I 

1:=tJ:;"'1..:1'J1tl..:l(;1..:1 LL~:;f1';112-.1m';l(;1..:1 S = 0.50 1I. L = 3.50 2-.1. 
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~ J J' '1.S,' 'I "'	 [( bj dj )]
'l.l1~'I!mJ~~VJnfl>3'Vl"lJ'tl~Vl'l.l1J.J + 1PI~ b:lJ DL = (G x 1000) t x S +	 - X­

100 100 ., 
~::\~U1~,rnj;J.,'J\,j''1I'l.l1~ 2"x 6" DL = 15.749 nn ./:lJ . 
., 
u1'1!n'IJ1~'Vln'"l~~n'f11~t1 LL = LL1 X S = 91.2 nn./:lJ.

• 
W = LL + DL = 106.949 nn./:lJ. 

f3 = -qnorm( PI ,0,1) f3 = 3.179 

1 o = = 0.269 
P 

Oll = 0.186 

Oe = 0.21 

DL 
= 0.173 

LL 
~ • I ~.c . I ., t' ...	 QLL
~:lJu1::::l:''Vlfim1LLlJ1~'l.l'"l1ne.Jfl''D~~'l.l1~'l.lntJ1nJn Qs = -----oc 

1+­
LL 

fi1U'JN~1fhlli'J~Nfl'J1:lJl.lfltl"litJ (FS)	 FS := 1 

f(FS) := p. (FS)2. (nEy + (nsy + 1- FS 

rx := root(f(FS) ,FS)	 rx = 4.361 

FS := rx 

Step 2 
CI .., .... '1.1:' 
fil1Y1tl.\t)~nLL'JtJlIY1"~Y1!J1"'JI~P1~y! 

fl'J1:lJtJ1'JPI.,'Jbj L = 3.5 :lJ. 

Lfl~n'JI'l.l1,,~W~'l.l1 1Y2 II bj = 3.81 :lJ. 
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3
 
5W 4
 

- . (L . 100) . 360 • FS
 
100
 

dj1 := dj1 = 30.521 "lllJ. 

dj1 

depth := ceil (depth) 13 
(2.54 ) 

dj2 := ceil(depth) • (2.54) dj2 = 33.02 'n.J. 

dj2 1J 
dj3:= -.- dj3 = 6.5 

( 2.54 2 

Step. 3 
o .... 'i" ., '1.1:' 
fl'lU'lWf1\'l FS LUt'l.:l"l'lnm1~n.:ll'l'l'lltl.:lPl.:l.w. 

:... oJ.r IL~ II _~
U'l'MUnU1nJnMVl"JItl.:lT4UUJ+ 9l.:lUJ DL = 

bi dJ'2[1]
(G x 1000) t x S + -)( ­

100 100 

= 22.488 nn./lJ. 

.. 
U'l'MUnn1~'lUUl'l.:l~ 

L 

W1 

= 91.20 

= LL + DL1 = 111.323 

nn./lJ . 

nn./lJ. 

DL 
-1 = 0.221 
LL 

11+­
LL 

all a S1 = DL



87 

FS = 

rx = root(f(FS,FS)) rx = 4.343 

FS = rx 

-6
(Pf = 10 ) 

~ = -qnorm( Pf ,0,1) ~ = 4.753 

1 
= 0.21 

~
 

OLL = 0.186
 

0.162
 

DL = 0.221 
LL 

nLL 
nS2 := 

DL1 

1+­
LL 

rx := root(f(FS) ,FS) rx = 4.663 

FS := rx 
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fr ::: 902 nn.l'll"l2 

__fr 

• 

F. = 193.423b-
FS 

W XL2
M _~1_ :::: 170.464 nn.-"l 

max ­
8 

d'2
C=_J­bj = 3.81 dj2 = 33.02 = 16.51 'lI"l. 

2 

M x100xCa = --:.:..::max=--.~_ = 24.621 nn.l'll"l2 
act bj x (dj2}3 

12 

ok 

~ =-qnorm( PI ,0,1) ~ = 3.719 

1 n = 
P 

0.186 

0.171 

Dl 
-1 = 0.221 
II 

~=_'iL 
DL11+­

" LL 

FS = 1 
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..
 

rx = root(f(FS,FS)) rx = 2.975 

, 
fh~u~1.~~')~tUfl')'UJtli'ltll;UiuViwih~L'I~ntl[;l FS = rx 

, ...J1. t ­
~U,)ULl.NL1ltlUVl ~tij'lnm1VlL'l~'flU V = 253 nn.f"ul 

I V 2 
I ..... 1. '" 

~U(mLLNL'i>.tlUVlUtl'-J ~ Fv ::: nn.f'll'-J
FS 

Fv = 85.051 

nn 

bj ::: 3.81 dj2 = 33.02 'lItJ. 

3 V max
fvael = 

2 (bj x dj1) 

2
fvaet = 3.017 nn.f'lltJ

b j1 ..." .. W :::Lfftlnfll,)'ltJ~U'll'l..:l bj = 1.5 'U1 
2.54 

U' .. ..JI( 
d j1 ..." 

f1,)'l1JffnVl tl..:ln'l1 depth = = 6.5 'U1 
2X2.54 

·tuL;.n~U1~1u~~~18~1~~.4~.1~ 2 - 1~" x 6~" 
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2 
. . 

... .., .., I .... 

'tl1fl1'1'V1Vmtnfll!J (fl1L'U~U) LL1 = 182 nn.l2.J . 

I 0 

fll)12.Jm\l~1L""1:; G = 0.796 

L2.J",i~ULj;ln~n (MaR) : fr = 902 
OJ 

5
UJ~i~~",~~'U (MOE): E = 85903 X1.2 = 1.031x10 

., ., 
flll)12.J~'U1Yl'U 1 UI) t = 0.0254 2.J. 

~ .. UJ
~2.J ~ j;l fll)12.J~'U1 LL~ :;fll)12.J ~ n"JI 'e}\I ~\1 bj = (3.81 ) "Jl2.J . dj = 32 

•
'1:;tJ:;~1\1'JI'tl\l j;l\l LL~:;fl')12.JU11) fll1'U Sj = 0.50 2.J. L = 3.50 2.J. 

n=Gj +1) = 8 

:.... ..I..t .. _~ .. _~ 1 [J( b' d'J ) ]
'U1~'UmJ'1nJnfl\l'YI"JI'tl\l""'U u.f + 1JI\1 u.f DL1 = - (G x 1000) (t x SjxL) + - x - x LX n 

L 100 100 

DL = 87.748 nn.l2.J. 

bm = 5.08 dm = 20 

i DL2=[<GX1000)x(bm x dm)] = 16.175 nn.l2.J.
 
100 100
 

DL = DL1 + DL2 = 103.923 nn.l2.J.
 

.,
 L
 
,
U1~,rnU'1'1'V1n~n;nfl1~!J LL = LL1 x 2x = 637 nn.l2.J.
 

2
 

W = LL + DL = 740.923 nn.l2.J. 

flll)12.J\h~::~,jij\'U~1l11)::;l",41ri"lJi'1Un1'1\;\I1'U (Pf = 10-4) 
.. 

J3 = -qnorm( Pf ,0,1) J3 = 3.179
 

1
 n = 



91 

0.186 

0.204 

DL = 0.163 
LL 

FS = 1
 

rx = root(f(FS,FS)) rx = 4.362 (for Deflection)
 

ri1~Ut'lt\\'fi1~';l~NfI'J'UJt1~flf)lifJ (FS)~~U1lif",';jn~l'I FS = rx
 

Step. 2 flt:mUtJtJ'U1"~U1if""fl~fnuW
 

f1'J1JJfJ1'Jfl1UW L = 3.50 JJ.
 

..	 :IJj i 
L~flnfl'J1JJ~U1'fl~f11U 2"	 bm= 5.08 'JIJJ. 

5W x(L x 100}4 x360xFS 3 

100 
= 52.995 'JIJJ. 

bm 
384Ex x(L x 100) 

12 

dm1 = 10.5 
2X2.54
 

2 - 2" x 10~" 

DL1 = 87.748 .	 nn.1JJ. 

bm dm2 
DL3 = (G x 1000)(2)	 - x - = 43.138 nn.lJJ 

100 100 
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DL4 = DL1+DL3 = 130.886 nn.l~. 

0­

U1~UnU~~n~~~n~1~U LL = 637 nn.l~. 

W = LL + DL4 = 767.886 nn.l~. 

., I ., 

DL
·~~~~1~'6(;l~1~'J'\.l'IfI.:Ju1wl!nu~1."nfl..:lVl~~u1~unu~1\11n~~ = 0.345• • '4	 -4
 

LL
 

FS = 1 

rx = root(f(FS,FS»	 rx = 4.373 (for deflection) 

FS = rx 

Step. 4 IJlrJ'~IfIt1ihi..:lftJLLN;~'IfI..:lfl1'\.lUj 
I 

~ = -qnorm( PI ,0,1) ~ = 4.753
 

1
 
n = 

Ou = 0.186 

OR = 0.162 

DL4 = 0.205 
LL 
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u 

, , ..... 
fl1L1lJ(;l~ FS = 1 

rx = root(f(FS,FS)) rx = 4.671 (for bending) 

fr = 902 

fc __r 
= 193.117'b ­

FS 

W XL2_--=1__M = 1,176 nn.-2,Jmax 
8 

dm2
bj = 5.08 dm1 = 53.34 C=- = 26.67 

2 

M x100xC max 
a-~ = 48.812 

act - bm x \Om 2 r 
12 

ok 

fIl"J1",,,h~~~~1.U~1l1"J~;"'~1ri,,,"hUn1,.1.;,:j1U(PI = 10--4) 

fi10U"'Ufl"J111Uatl"lifJ p "l1nf1111-3fl"J1",,,h~~LiJuU1J1JUfn~ 

P =-qnorm( PI ,0,1) ~ = 3.179 

n = = 0.269 

ilJU7::a'Vltn1"LLUf~U'IIf)-3~1\..,rn1JfnJn~,. 0.186 

i",U~a'Vlfn1,.u.U:~U'II~"U,)fJUNLitl~ Ov= 0.171 
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D' 

DL4" , " 
~1-nJ ~'t~tfllm'1 'Zl'J'W'!I'El-:l'IhtJl'I!ntJ T1V1 n fl'lVi r;\'flti1~,rntJTTVI n'"lT 

LL 

D,;3 = ~t4
 
1+­

LL 

FS = 1 

rx = root(f(FS,FS)) rx = 2.98 (for Shear) 

FS = rx 

V = 129 

V 
Fv = 

FS 

Fv = 43.289 

WxL 
Vmax = nn. 

2 

Vmax = 1,344 nn. 

bm = 5.08 dm, = 64.86 

fvael = 7.439 

bm1 = = 2 
2.54 

',' dm1
derq = = 10.50 

2X2.54 
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3 50I...... ...:::..:3.=50__---t_-+--j..t------.----, 

1-. ~I3.50 

G2 r1.50 ),I. G2 

"l"" "l"" 
'"') '"') 

3.50 

;i 
LO 
"': -­

G1 
;:i

G1 
0 
LO 
('j 

;i 
LO 
"': -­

3.50 "l"" 
'"') 

Jl P1~'bj trl') 3.50 tl. @ 0,50 tl . 

G2G2 

., . ~ . 
"')ilfJ1in"'jj)nLL1.J\lLtl1'11l.1a1~ (Column) 

..I ... ~ (' .,(
~1fl1fY1,.m~1 tl fl1L~fltl) 

I 0 

fl'J111fl/N~1L~1== \, 

LL, 

G 

= 

= 

182 

0.796 

2nn./ll , 

UJ~fitULrJlnttn (MaR) : Fa = 565 nn.l 'JI1l2 

UJ~fi~~lIl'U~u (MOE): E ,~, = 85903 X1.2 = 5
1.031x10 nn.lll1l

2 

fl'J111tl1'J'JI'J~L~1 

J'..I. :: ... 
~U\'l mtlU1~UntN L~1 

Lc 

Acol 

= 

= 

3,50 

(LC)2 

ll. 

ll. 
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DLroof = 15+25+25 = 65 

Dlfloor = 0.0254 x G x1 000 = 20.218 

Lc 
N=-+1 = 8 

Sj 

bj = 3.81 dj = 2(18) 

bj dj )]DLjoist = (GX1000) X -X-XLcXn
[ ( 

100 100 

bm = 5.08 dm = 30.48(2) 

.. 
U''l\"rn fl1U(~)W DLbeam = [( GX 1000) X (bm X dm X LC)] 

100 100 

C = 5x2.54 "1l2J. H = 3.00 

DlCOI=[<GX1000) XC:J XHX2] 

IJI-:I- f\1U- L~1 DL1 = (DLjoisHDLbeam+DLcoJ) 

= 469.01 

t... ~... .t 
U1\NmJ1nJnf\~" \U~-:lf\1U.~:::"'U D~ = (DLroof+DLfloor)x(Acol) 

= 1044 

..• ... ~:. 
U1\1UmJ1nJnM""~\12J" PdL = DL,+ DL2 = 1513 

.. ... 
U1\1UmJ1nJn'l\1 PLL = (LL,) x Acol = 2229 

.. 
,h,..umJ1nJn~~L~1 P = Pdl + Pit = 3742 

nn./ 2.1 
2 
• 

nn./ 2.1 
2
• 

"1l2J. 

nn./2J. 

2.1. 

nn. 

nn 

nn 

nn 

nn 

nn 

nn 

nn 

0 
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fl"J1l.J'lh~~ijUitu~Jl1"J~;j"'~1ti"'L;'nJ1~iu (PI = 10-6) 

fh{;l1t"JIi1fl"J1l.JtJ~'tl"'zru ~ '"l1nlJl111\1fll"J1l.J'lhlil~LtluLL1J1JtJm~ 

~ =-qnorm( Pf ,0,1) ~ = 4.753 

1n = - = 0.21 
~ 

0.186 

0.204 

DL 

LL 

_ all 
Os - Pdl 

1+­
PH 

FS = 1 

rx = root(f(FS,FS)) rx = 33.144 

FS = rx 

fIl'11l.J!.I1"J L~11Jj H = 3.50 

fhbJ~fi~tl,,"nJu (MOE) E = 1.031x105 

'. 
~1~~i~tl"~~U(MOE)~!.I'tll.Jt~ Eallow = -E = 3.11x10

3 

FS 

.,... .,-1., .' [12XPX(HX100)2]i
'U1"~U161"L~1liIVlj;l'tl\lm1 dreq = ---2---­

1t XEaliow 

dreq = 19 
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IU 

OLeol =[( GX 1000) xC:J2 

XHX 2] ~ 197.202 nn 
= 589.18 nn 

" ll1lnrnunvm~,m~1 C1 = 1633 nn
• 

LL = 2.229 nn 

" ,htlU1'V1l!n1J11'VJn~\1 L\'l1 Per = = 3.863 nnDLNEW + LL 

= 412.902 

0.186 

0.119 

FS = 1 

rx = root(f(FS,FS)) rx = 2.507 

Fa = 565 

Fa 
Faallow =­

FS 

= 225.351Faallow 
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I... ".,­
\n.l'1tJu.N'V1~\.I1j;J[;l')n'lln (Critical Section) = 9.355 nn.l "ll~l 

A 

(P: )<FaaIOW 

d 
d = = 8 

2.54 

8"x 8" 



III
 

n1'i\'l1fhi't9lTltJ';)UUfi'il(;l.n!l Factor of Safety (FS) 

.1\'1run1'i'il'ilnLLtltI'il<3 fl'il1 fl1'il~ 
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III 

"B.1 ..r1'1.,,] 
n11\J11fi1~lJl11~I)Ul'll)1"-J1Jflt'l~ntJ'il1nfi1i~1J1::~V1tflll)1~fJf1uVl1UL;..:ILI"IN~11..:1 (OR) LLfl:: 

fi1if~1J1::aVlfm1LL1J1erU'tNLLN~n1::""hlJit'lLl'IN~;:1..:1 (OS) 'il::LtlU~I)~ri1\J1U~~1~lJl11~I)Uflll)1~ 
.1 .., '" '..r..1 ~ ~ .1 '" ..I 0 I ~ I.­
lJflt'lf;lfltJ (FS) '1It'l..:lmffit'ln LL'lJU LLfl::tJ..:Ift'IJr;j1 rt3-!lJ2'::lNVlfimnLlJ1CJU'1It'l..:l LLNVlm::V111'1t'l ~filN~11..:1 

\JI11.~'il1n~3-!m1 ('.1) 11tJfl::L~tJ~lU'IJ'V1~ 4 it'l 4.5 L~t'l1.fLum1~n~l'i1~1'I11~I)u1Jflt'l~JitJ~..:I 

LL~~..:IlunJ~ '1 

n
"
 

LL
Os = ('11.1) 
1+(DL) 

JlLL 

LLfl ::1"11) 1~ i ~-KU€1::\JI~1..:1 ~ 1if~ 1.l1::aVlffill)1 ~ 1A'1UVl1UL;n..:lLlilN~11..:1 (OR) LLfl::lihif~1J1::a'V1fm1LL1J1 

.., ..J 0 I ~ I.- ... II 1.-... ..J 
CJU'Dt'l..:lLLNVln1::'Vl1(;Jt'l ~filN~11.:J (OS) L'DtJU ~~IM~~m1V1 (, 2) 

('21.2) 

L~tJ~ FS ~tl~(;J11~1UI"II)1~1Jfl'tl~JitJ't'l,:)LI"IN~11..:1 13 ~'tl1'i1~1111Ulil11~Ufltl~JitJ 
... ..r..1 ~.c J" ~., .... t'., ..I ~ l. ­nLL filtllN3-!lJ1::rtVlfim1LL1 1CJU'ilt'l..:lU1\J1Um.J11VJn'il1 DL filt'lU1\J1Um.J11VJnfil..:lVl't'l..:l ~I"IN~11..:1 

.. 1..J : ... 
Jl fil'tlfil1L'ilfltJ'1It'l..:lU1\J1UnU11VJn'il1 

20 

15
(Factor of Safety) 

080% 10
 

0810%
 

0820%
 5 

01..-.....---1-_1--_.+-_-1-----1 
o 0.05 0.1 0.15 0.2 0.25 0.3 

OR 

1,,];1 '!I 1 fill)1~if~'tVui1::\JI~1..:1'h (QR) LLft:: FS ~ PI = 10-
6 

[31,32] 
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III 

L~f)l""~:lil'Jnlun1til'1\tll;.nu\tA'ijn1niIiJU1'111flJ1f)f)nLLtiti tlil!.Jijn1tU1L~Uf)lultlLLtiti 

'f)-3'111flJlf)f)mLtltlf)-3fllf)1fi11fhJ1"'~f)1,q~fil1~lJlf1~'JUtl~f)",Ji~ FS ;-3\tA'mJ-3LL~ntlf::LfIV1'f)-3f)-3fil 
, - ... tv 'I .1.1

tl1fl11LL~::fl'J1~U1~::,)t11Jl (MLI,~l'l.:J ~U11JVI "'Jl 2 - "'Jl 7..
 
J~ r;:::========:::I====::::::I====::::::I::::;--I--IT7:7.~ 

t 
J '" 

1.6 

1.4 

ch"t'tJiitfft81In'bt1J1::mtilmJ 
Melll\L ;-c 182.4 kgfm~ : QUo = 0.186
 

Pf= 10'4 : p =3.719 : c.... 0.269
 

J 1.8 f--------1- ----+-----+-----::T"-----t:--~"'---,-<-;>47'-7'---j------11 

I.I• .!& 
1.2••••••• - •• 

.. ......... -.---­..
!.t -- ... 

1.1 __ ••• .. 

0.04 0.0Il 0.08 0.1 O.1:l 0.14 

..----=:..::.c....b->-~~'r7__'~~1L_--f__------1-----I1 

~;: '!I 2 '111f,,~~nLLtltI~-3f11~1fl11fhJ1~£Jl.ffi1t2-J~fltl£j~~~U ~flI,)12-J'\.h~::~t1~ Pr =10.4 

th'"ftJ~~nf)1~!llutlf::L\'lPl\'Vl!l (3NflIfmfLLfl::flIN::,2546) 

J.6 r;=============::;---,---r'"TF.rr---" 

2.4 - Melll\L = 182.4 kgfm2 
: QUo = 0.186 

·f
Pc= 10 : p =4.753 : Q. = 0.210 

1.8 f.1.;r~=-t-- -~-+_=...L--;-----'b,..L,-~:<+---+----+----11 
u··------ ­
.. 
u······-- ­

1.6 •. 
f,f-----.--- . ..1.1...... - ­.. 

lui! '!I 3 '111flJltltlnLLtltlre1.:Jpftl1Pl1r'WL",ul-tfil1'UJ~~mU",~~u ~fl')1~'l.i1~::'iU; Pf = 10-6 

ih,"ftl~l'in'il'l~!.J 1utlr::L'VlPlL'Vl!.J (~-3Pl~mLl.~::PlN::,2546) 
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IiJ 

2.2 r;::::::===========::r.:;---r--T/"'7J':7'l.Y'Il 
dlHfvdnt'lHlu'hnI1::mtilftfJ 

Melll\.L = 350.8 k.Wm2 
: Qu. = 

Pr- 10'4 : l' =3.719 : Q. = 0.269 

I!lJ 1.1 
.to 
i 
VI1 u_=DL:.---,­
~ 1.6 I-,-J- ____'_"_'_~-__

0.182 

±= ~-=--:.::..:'---+::~~--f:7"""-,......s.~L-..--+-----+----i1 

u 
•.4--------­

,,-,,­ -- . 
I.S
1.6--------­

1.4 N.... --­
u 

,.111 1tnl')QIrs t'1Il 

J'$-I·P.J(J'S)2(Aa)2+(Q.'l 

lflfl g,·I~) 

0.04 0.06 0.118 0.1 0.12 0.14 

z'1J;I 'II 4 '1l1flfl'il'ilnLLlJlJ1l.:Jff'il1f111UJ'~tJt;fi1 UJ~tlfltl~~~U ~f1~12JU1~:;1jlJ~ PI = 10-4 

~111lflJ~1Un'l11u1.utlf::~'VIrlt'VIEJ (~Nf\flnfLLfl::jilcu::,2546) 

2.6 r.=============::;--I-I:r:,l'lT-~ 

0.1 0.12 0.14omODll0.04 

,.11 ~')QI rs t'1Il 

~7t~7L-__t--___,f__--1 J'S -I • /l.J(i'lJ(Q.f+ (Q I 'f 
lfltl ~·I~) 

DL 
1.1 1.1_ I£u. 

1.2--------­

2.4 MeIl\L - 350.8 kWm2 : Qu. - 0.182 

Pr= 10" : p =4.7~3 : Q. =0.210 

j 
of 2 I----+___ ---t----I:7""'-----,."---,.LIfrYr'h7L--I----+___---I1 
VI 

J 

__ ,.. r r ~ _~ 'I ... I ~.. .... I"': ... _ -(;
nJ'rl 'II 5 '1l111.'l'il'ilnLLlJlJ1l'l1fil'il1fil11u.l ~~tJ ~'1lfil1 u.l~flfttJ~~tJU 'VIfil~12JU1~:;~lJlfI 10 u ~ • 

~111lftJ~1Un'l11u1.utlf::~'VIrlt'VIEJ (~~flf\n"LLfl::flcu::,2546) 
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w 

Il 

~ 
!
J!;.

] 

J r;::::============;---"---~i!77;-;'~-~ 

ch"f1Jumu'.nll'hnl,::mtil'UJ 
2

MellIh = 163.3 kglm : Qu. =0.133 

-4
Pf = 10 : ~ =3.719 : Q 1 =0.269 

,,18 tnnCll rs m 

'~_...q:;;.~ :-=-----1 --+--__--+-__1rs-I.P.J(rs)'(Ql)'.(QS)' 

1118 gS·I~) 
1.3 

19 

1.8 

1.7 1--­__­ ---+---+-----+---O;;<--;-'-7":-"'*';<----t-------j1 

1.6 

1.5 f-----+- -=-+=----~'__c7"h"-'~7'77"'-+-----+------+-------j1 

0.02 0.04 0.06 0.08 0.1 0.12 0.14 

ttlil'll 6 '!l1flJlt:lt1nu.uU'fl~f1t:l1fl1:hl'{;\UloD,h'UJ~i~U{;\",~U ~fl')1tn.l1'"1~~Ui Pf :::: 10­
4 

~1",fui:N(1uulu1J:~~\'IPlt\'lU (3J~flflm'U.fl~flCU~,2546) 

2.4 rr=============:;--......,.--rf,1IIr--~ 

2.2 

2 

J 
f 1.8 
111 

1 
d 

1.6 

lA 1l,J(rs)5{Ql)5. {Q s )5 

1ft. $ls· ':(l) 
1.2 

0.02 0.04 0.06 om 0.1 0.12 0.14 

2
Me~t =163.3 kglm : Qu. =0.133 

- J 
Pr= 10 : ~ =4.7S3 : Q 1 = 0.210 

,,10 m1Gl rs m 
I:::Jt::=::~t':'3 ;;::;.;-=--j----f------+---I rs _I 5 

0 

ztlit '!J 7 'D1f{;lt:lt:lm~uUtl~,)t:l1fl1:t,n{;\Ul~fl1i:3J~i~~CII",~u ~flI13Jt.h,,~~~ Pf:::: 10-6 

d1",fuLNL;uu1u1J:::LVlPlLVlU (t1~flfln:LLfl::flCU::,2546) 
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( __I~---,lIifll_·ll_~) 
..
 

111"1 

t11ll1Gl111 FS '10 

o
Os=~ 

1+ DL 
Ilu. 

... . 
11'It) 'tl1"1"10'llTjfleeOll1J1J 

.hll1Gl111tl1 Depth
 

dJ :=; 28.125weFS
 
Eb 

pJ;t 'II 8 Flow Chart n11tltlnU1.J1.Jtl~fltl1fll11unU~1l1~~&'Irhn",&K1um1utiu~~ .. 
n1CUtltlnU1J1.JIMUfl:fll1U [9] 
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/ /11WI'UI1I;61Hl 

liu.. ,.nu. , E • ~E ' PrL /-_. I 

/ 9lnllTUl1.J 
t'Ufllnhnu

~VE S Limit coy 

fllUltl1\11 FS t1fl 

... ' 
WS 0 \11fl1'1fl.-rJ f1flfl flU1I'U 

.hiJ1W\11f11 Depth 

d4 = 12PcrL3FS 
2EH 

\11fl1 

x1J;l 'II 9 Flow Chart m1t'ltlnutJtJtl~,rtl1rl11UJ'U~1l1'J~llri1rir;u~'1um1Lri~LIl1~ 

n1tUf.ltlmm1JL~1'1Jj[9] 
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11 4.1 iin1'il'ilnLLiJiJ'iI'U'il1F11,\m"!l"111jDFI~1JJ,hL;li1ili1L;~tfl·N.;'~ 

4\1n"D1f~tlt'ln mJ1Jtl-:J f'f'fl1 fl11b.J'~fJtl1 A'fJYl~,;-nf\'.J1~'\.h L~tlatl L;-:JLfilNfl ~1-:J fl1~11Clflt1J 

~fim1tltlnLL1J1J1~~-:J~f\tl 

1. tJI1'J4\fltl1J;j(;l~1ri~1JU"Dtl-:Ji2J1J1:aYltm1LLtI:cju (Limit coy) "Dtl-:Jt2J~i~~(;l\ll~U~tl-:JbJ 

Lnu 0.269 l.un1ril"Dtl-:J6I-:JLL~~fl1U LL~:bJLnu 0.210 l.umW"Dtl-:JLfl1 \llffifl1lJ11CltJI1'.J4\fltl1J4\1n 
.I .,~ 

~111-:JYl "D.1 ~-:JU 

PI 10-4 10.5 10-8 10-8 

(3 3.719 4.265 4.753 5.612 

COVE 0.269 0.230 0.210 0.178 

tJ1:lJ)Yltl1fl11 
fh~1~ 

(kg/m
2 

) 

fl1L~;t1 

(kg/m2 
) 

12J1J1:iYlf 

m:LLtJ1~U 

• .I , 
fl1L~~Wfl11:~ 

~~nfl1~t1 150 182.4 0.186 1.216 

~1un-:J1U 250 350.8 0.182 1.400 

LNL1tJU 300 163.3 0.133 0.544 

3. n1\llU~fi1'.J1~t11'.J"D~-:J~LL~:f11U fl'.J1~n~1-:J"D~tJI-:JLL~:fi11U ::fJ:~"Dtl~tJI-:J ~1f1'.J1~ 

U1L~tlatlL;~LflN~11-:J LL~:fh COVE 

.... .Ill.!' 0
4. L~tln"D1:~tltlnLL1J1J J11~Yl ""m\ll'.l~ 

5. n1~U~"DU~"Dtl-:J'~~4\:U12J11.;-:J1U "i1n,rUU1fl1bJ~i~~ (;l\ll~u't1~1n Llui"'ri1JLlu 
, I I. 

COVE iJU"D1ffltltlnLLiJiJ ri4\:tlKfi1'.J12J~n'tl-:J\llu1i~ '-:J"i:A'tl-:JU1fll'.J12Jiln"D~\llU1"~ilU' 'tJLtI~t1U 

'U1~\llU1i(;l1.~L\ll2J1:~2Jri1J~U1~\llU1~~UW~~~1\llU1fJtJl12J~~JI~1'" 
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l!I 4.2 ;~tl!h~n1~1f1hilJl"th\l,jail"ll!l FS t"!I'r1q1!t~fil~1).nhL;1tlatl 

L;.:Itfil1'.:I.;'.:It"!I'1i'~,"qn'; 

~'Jtlth~ m1,J1"1l1 f~tl'f.l n UU1Jtl'l fltl1f111W t~tJVI ~Mnfll'J12J1h L~tl~tl L;'1tflN~ 11'12J11fllJ 
I v 

m1tltlnLLUU'fl'l fltl1f111W....~ n'; 11Jm1~Lfll11::\ffll'J12JU1L:.lltl~tlL;'1 tfllN~11'1 ri1~1J~ 1\\,,J1~,rn 

U11V1n"'l1 u~::fih t2J~i~~ ~~ti'l!LtllJ~'J u1.J1~2J U~::~2J2J ~1\\,ij mfU"'l nLL"'l'l LL1JUU1n ~ fi1V11'1~ti ~'!Itl'l 
4 ... ~ 4 4
 

JI" I I I
 

,J1~Un1JttVIn"'l1~1~1UVinntl1A'tJ ~1Un'l11J U£il::tNLWlJ 1,fi1~1UViri1~1J~11J~111'1Vi "11.1• 
1.1J"!lw:::~fi1t2J~i~~"'~~lJlltl'l1Jj..,~mf L'Yhri1J 69,150 nn.l'll2J.

2 i2J1.J1::~V1fm1u1.J1~1J1ltl'lt2J~i~ 

~"''''~1J L'Yhriu 0.21 f1'J12Jci'J'I~1L"'1::"!ltl'lW L'Yhriu 0.851 

J.. ~ 'I".... ..0

m1'iltlnUUUL.... 'il~1f1'J12J~n"ll'il'l~'1U£il::f111J ~"'tJm~lJ'" ~~ 2J1::tJ::L1m~'1 30 'll2J.~'12JfI'J12J .. .. 
".1J1 2 U'J U~::fll11J (f"i) 3 U'J ~'1~::fll11Jm'J 3.50 L2JlJ1t ~"'l11W1"'l1n;j"'~1ri~rJl11Jm1tri'li'J t"'tJ.. 

, , ... _ ... -4 '1..1 J " ... ~ ..I ......I 

fll1fll'J12J1J1"'l::'JUlJIL'mnU PI = 10 ~1J"!lW::V1m1tltlnUUUL..,tl"'1"!l1J1~"!ltl'lL~1~1J1lJ1~~L~~tJ2J"'l1'J1~ 

~"'l1tW1"'l1n~1JI1ri1i'lm1tri'lL~1::"!ltl'ltltlm~tlft~tJfi11"l'J12JU1"'l::~U;L'Vhriu PI =10-6 

.. 
"'l1n'll1flJ1tltlnuUUtl'lfltl1fll1t~'~tJtl1AtJ~1~lJIf1~'J1J1.J~tl",ntJ~12J11~~nM1i1JIJItllJn11 

o "" _~ ".1''''~''f111J'JW ~"''''l1nJl1fll''l1J'Jn n U~::~12J11mq,1, u'Jfim1tltlnUUU ~P'l"'1lJflltl 

1. IJIn"'l~tlu;j~~1ri~UlJ"!ltl'lI2J1.J1::iVlfm1u1.J1alJ(limit cov) 'tl'lt2J~i~tl~~~lJ ;Jtl'l'W 

... 'I" 'I,.... """ ..ILnlJ 0.269 ~lJn1W"!ltl'l~U£il~F111JLL£il~ 0.210 ~lJn1W"!ltl'lL~1 ~fi1 "!l"!ltl2o!£il"'l1nIJl1t1-3V1 "!l.1 

2. ri1"'1J~fi1V11-3~ti~"!ltl-3~1~UnU11VJn"'l~1n1.J1::L1lVl"!ltl'ltl1fll11 \~uri ~,"ntl1AtJ 
• ... ~ .. J "'" ..I~11Jn'l11J U£il::~NLttllJ 'II'1~12J1f~ 'IIfll1r;l12J1JI111'1V1 "!l.2
 

.. .... ~.,
 

3. ~2J2Jil~U1i"'il'lfltl1fll11 fi11J'Jw1.J1::2J1W"l~"!ltl'l,J1~UnU11VJn LlJtl'l"'l1n1J1~lJn 
..I k ::., ..I "... ... 

un\1n f1-3V1"'111'1'JtJ1J1~lJn1J1~n"'l1V1"!l1J1"~1J11J1"~2J2JIJI 

4. "'1fi1~1JIf1~'J1J1.J~tl"ntJ~"'l1n 'Il1flJltltlnuUUtl'lfltl1fll11~'''tJtl1AtJfi1€1JIf1~'J1J 

l.J~tl"ntJ ".1tl"'1fi1~"11~'J1Jl.!fttlMtJVl"'l1n~2Jm1 ("!l1) U~:: ("!l 2) 

5. u1fi1 FS ~U1.l.!~11jlht2J~i~tlll,"~1J "'l~Vlfi1t2J~i~tl~~~1J~tJtl2J"\\' "'l1m!lJU1\1.J 

tii11J'JWtltln LLUU lJ112Jl.Jn ~ n"'l ::'1!'11J1"'~U1 ~"'tltln2J1 
I .. ., ., 

6. ,J1'1l1J1L'l"'U1~"il'lKltl,"1fl1"l£il"!ltl'l,J1~UmJ11'VJn"'l1nUlJIJI1'J"'l~tlU~1 "l~'1tl'l,J1~un 

..I""... ,..I ... I " ... ..10 "!'.!"l " ......
U11'V.jnVl ~~2Jfll12J1nm1V1~2J2JVl U~"'1'J1"!l1J1"''''1J1(;l'''V1f111J'JW''''L1J1J"!l1J1''''''1J1j;\'''Jn~j;\ ~1n"l£il 

'"!It)'1~1~unu1n1n~Vlij~1utltJn~1~~2J2Jil''\\'vhm1fi11J'Jwi'lulJi it) 4 ~'1 ftl 5 ~nfllf'l 
" ...... ..I".1'.!:' .1..1 " ... ,," ... ..... '1_......17. "!l1J1"'~1J1j;\"'Jn~~V1 Ll'I"'l::"tl'lL1J~tJlJ"!l1J11l,"1J1r;l1l ~L"'2J1::~2JnU'11J1""'1J1J1""!ltl'l~V1 

ij~1,"U1tJlJ112J~tl'lIJl~1'" 
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11I 

'!I 4.4 i':ltl!hm1'''1,h-8'''1.':l'U''':l1~t1..tl"li!l (FS) 
", 

L'l.ln1NmffitlnLLtJtJ(;I-1 fll1'l.l LL~:;L~1L~'t'l~n'; L~flI1L'U;tJU1~'l1ntJ11VJnIiil1LvhritJ 

182.4 nn.ltJ.
2 L~,hitJ,j1::~'VItm1LL,j1er'l.lLvi1ritJ 0.186 ,hLtJ~i~U~~~'l.l"1ltl-1L~'t'l~n';Lvhri'J 

85,903 nn.l'JItJ.
2 L""f'hitJ,jr.::i'VItmnLtJ1er'l.l".lltl~ttJ~i~flPl~~'l.l (OE) LvhritJ 0.11 (~tJ~Pi) n1i~ 

ftJLLN~~'jJtl~~'t'l~n'; LvhritJ 902 nn.l'JItJ.2L""fhitJ,j1::~'VIfm1LL,j1er'l.l'jJtl~rhi~ftJLLN~~ (Ob) = 
0.162 ri1i-1ruLLNL~tl'l.lL'Vhri'J 253 nn.l'JItJ.2L""fhitJ,j1:;a'VIfm1LL,j1er'l.l'jJtl~ri1i~ftJLLNL~tl'l.l(Os) 

= 0.171 LL~::fil,;)1tJd,;)~"'1L't'l1::;LVhritJ O. 796 ~1iiI11ru1~1l1';)::;lC;}"'1riC;}~1'l.lm1H'~1'l.l"1ltl~m1tri':II,i';) 

'1ltl~(;I~LLfl::Pl1'l.lm1tJU11ii1::~,jiPt =10-4 ij;lC;)~1nlJl'jJtl~itJ,j1::a'VIfm1LLtJ1er'l.l (Limit COY.) 'jJtl~fh 
, 

4)' .. ~ I 0... ... ell '" 1II:It, 't ,__ 'I'" ell 0 .. ~ 

~tJ~~~tJC;}~~'l.lLLfl:;m£N1tJLLN~'Utl'l.lIiil::(;Itl~tJfil1 OR ~'l.l'jJru:;'VI~1l1';)::'jJ11l1ii11nI1lL"D~~tJLn'l.l =0.269 

,j1::itJ'jJtl~m1Lri~ LlJl1::'jJtl~L~1bL~::ri1i-1ftJLLN~(;t'lJtl~(;I~-f11'l.lfil';)1tJU11ii1::'ijtJ'i Pt=10.
6 

ij;j(;t~1 ric;) 

'jJtl~itJ,jt::~'VItmtLL,jter'l.l (Limit COY.) liiI::tff'tl~~phhiLn'l.l OR =0.21 
" ,

~~,r'l.l1iil1nm1(;11':lIiil~tltJLijtl (Pt = 10-4); 0E <OR = 0.269 

.6)
LL~:: (Pr = 10 ; 0b' 0E <OR = 0.21 

~1~1~'l1ntJt1'V1nfiN~~1'l.l';)ruL~'"l1n~1~'l1n~'l.l~'l.l1 1" t';)tJ~1~'l1nl'l~1Jj' 1iiI::1rA'~1~'l1ntJn'VInfi1~~ DL 

" =15 nn.ltJ. LL~::U1~'l1ntJ11'VJnIiil1tJ'l.ll'l~ LL = 182.4(0.50) = 91.2 15 nn./tJ. 
", , 

~~'l1'l.l ~'"l11ru1'"l1nltJVl 'jJ 10 n'N'!Itl~IM - fl1'U ij;l~~1ri~ri1i~ftJLLN~~Vl (Pr = 10-6) ~tJ~~ 

0R(E)= 0.11 ~1nL~'l.l(;lN~~~1n'"l1nLLn'l.l X ~l'lritJL~'l.l DL = 0.164 LLfl::fl1nL~'l.l'lJ'l.l1'l.lLLn'l.l x1.,j~l'l 
. LL " , 

ntJLLn'l.l Y 1iiI::1r1ifll1 FS=2.52 tl1fl11Vl1~tJ~1'l.l,;)tu'tltlnLLtJtJLJl1tJf'l.lLJItl'l.lVl5-7('jJ 4.3) 

2.6 rr============:::;--""-T-77R;ry--" 

FS = 2.52 - - "ih,.."ihttmliYoftt111::tntikm- -­
J.4 Melll\L = 182.4 kglm 

2 
: Q ... =0.186 

. ,
Pr= 10 : p =4.753 : Q.. = 0.210 

0.04 0.06 0.08 0.1 O.1J 0.14 

ztlit '!I 10 "JI1f(;ltltlnLLtJtJtl~f'ltl1fil11Lm(;ttJ1ifll1ttJ~i~fl(;t~~'l.l~fi1'J1tJU1'"l::'ij~ Pr = 10-6 

~1~fu~nntl1~UL'l.l,jt::L'VI~L'VIU (tJ~fi1~n"LLfl::filtu::,2546) 



ll1fHJ1J'Jn PI
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fl.1 ..r,ltl 
1Uf11fl~U')n fl ~.111'~'l~,J1L~Ut'lit'l~£qVl'l~tiil1nm1tlt'lnUtJtJL",u1f1JjYi~m;U£q~'lJjtiil1~,,1

LtiUt'l,:u;ft'l1fl11~~ fl1U LL£q~L~1 ij~yhm1t'lt'lnutJ'J1JI1~~1lJ11~1U').~."t'l. 2517 [15] ~1"'hJt'l11'111l.ii 

L"'tJ~;hlJlt'ltJ\ln~t'l~ (Accurate Method) t'lt'lnutJtJ~')tJ7jfitl1n~~1'riut'l~"uiJtiil,,ju ~t1ijt1'J'I~ 

tl1L~t'l~t'lUtJtJ~~1L~~t'l WCCAL [8-1 0] Ufl~uu.-·'ihfi1 FS ~ut'l~fu'l~ ~£qmnLfl11~\lU£q~ . 
~ ~_I:' ~ ~_I:' ...,,,,,,, <oI'l'" ... ~ 

t'lt'lnUtJ'lJ~U1"''IIt'l~tNflt'l1fl11 ~Yi~m~tU£q~ ~tiil1~"1 ~'JI'11t'l~fl"t'l "'tiil1nmm"'~t'ltJU~~,)Lfll11~ 

.- -- - ~_~.J ... ~.. ~.!'. %..1 ~.c
fJN~~tJlJI"t'l1~~"lJI\'I1~mtJJl1VlLI,£q~L'JI~n£q'lltN

I

~\'I1I,)~U"Nfl,)1~L'JIt'l~U1t'lUfl~99 IQ\fl1¥'4~lJ1~¥'4"t'lfim1 

.1" 'l'" .I " I .I I %..1 ~.c .1" ::., .I., %. 
LLlJ1~U~t'l~ ~ "t'l fl11J11~1 I'll L~fltJ Ufl~fl1¥'4~lJ1~¥'4"t'lfim1LLlJ1rJU'IIt'l~U1",untJn'VJntiilnt'l~"t'lYint'l1"U 

~1Un.:l1U Ufl~LNLffiu Ufl::;~tiil11N1fl,)1~~1U\'I1UL;~LI'lN~11~'IIt'l~t'l~fft'l1fl11'l~ U,jfl~tl1~LJl"t'l 

, 'l '" ... 0 ., ... I , ... .. - ~ l'_ , _ I
~1~11mLtJ~U!Jn "'lJI1~~Jl1,):;'JJ"'tiil1n", (Limit State) 'D~U~IMfl1fl,)1~U1L'JIt'lClt'lL'II~~flN~TI~ ~Ufou 

'IIfl~fII,)1~\h'"l~7j~(Pf)~')t'lfh~L,juri1",u~fi1fl,)1~\i1tiil~7jU;L;1t'l~tiil1nm1Lri~~')~t'l~lJI~'1Jjt'l~1u~n", 

~tJt'l~fu'lIl~~~tJ (pf =10-4) Ufl~ (pf =10.0) ~1",fum1Lri~L"1~'IIt'l~L~1'1JjLi~lu~u ~1",fu1K')Utl1 
- 0 al'1I"I.J ,'" , ~...I '" 
L'II~m",U"Yl ~1I ~Un11tlt'lnUtJtJLlIU'llU1"fl')1~"'U1'11t'l~j;l~ Ufl~fl1U ~"flfl1 1~", 2", 3" ~U'IIN~"'1U 

.I .I ~"'., I .J .!'I '" 
\'IW'ltJ\'I~"''IIt'l~L~1 ~"fl'U1"'lJI')'tlU1~L"DU 71h."x71h.", 8"x8" Ufl~ 9"x9" LlJUlJIU fl')1~U1'J'IIt'l~ lJI~Ufl~ 

fl1U1i'llU1l'l 2.5, 3.0 Ufl~ 3.5 1JJj;l11U'IIW~~fl'J1~~~'IIt'l~L~11,3.00 1JJ1JI1 ~tJil1~tJ~L1u~'IIt'l~lJ1~ 
I ., ... 'l.1' - ~ ~ ~.I:' 'i'

L"t'l1ntJ 0.30, 0040 Ufl~ 0.50 1JJ1JI1 ~ l'I~flmnLfl11~Ufl~t'lt'lnUtJtJ'IIU1"'IIt'l~t'l~fltl1fl11~ ~"'tJ 

~ _1:'.1 0 PI ., I 'l Jt ... ... 0 I 

'IIU1l'lIJ.l"t'lLLU~U1L1JU'IIU1l'lJl1tJ"'fl~m1UlJI~ ~U~'J (Dressed dimensions) '~~tiil1"'U1tJlJI1~ 

~t'l~lJIfl1"'~1~11Cl~ttl~fl'l~i1~j;J111~~ It1- '11.12 



.. II... ~ "I.~ ~ 
"1"~Y1 " 1 "~1""''U1''''il~'''f)1fl1' ..~ UoIftqnv 

;t'l~f\~t-rt'ltlnUUtJ 

LL = 182 nn/).,l2 

= 10-6PI 

10-4PI = 
COVLL = 0.186 

COVE = 0.204 

COVR = 0.162 

COV" = 0.171 

E = 85,903 nn/'ll).,l2 

fr = 902 nn/'ll)/ 

G = 0.796 

= 4.753~ 

= 3.719~ 

LL 
... 

Pl,)1~n~1-3 (b) ~n (d) Factor of Safety (FS)1'l~/U.Jf.n~ 1:fJ:LW~ 'lIU1~ (d) 
t1t:L1l'VI 

2 
., 

(kg/m ) (UJLJl1) ,tl~LJI~ ('112.1.) ('Il~.) ('11).,1.) (u') deflection bending shear 

3.81 19.11 2 - 4" 5 5 3 
30 

5.08 17.49 2-3'h 5 5 3 

3.81 20.92 2-4'h 5 5 3 
2.5 40 

5.08 19.11 2 - 4" 5 5 3 

3.81 22.4 2-4'h 5 5 3 
50 

5.08 20.5 2-4'h 5 5 3 

3.81 22.93 2 - 5" 5 5 3 
30 

5.08 20.98 2-4'h 5 5 3 

~ 3.81 25.1 2 - 5" 5 5 3, 3.0 40 
(iii 150 5.08 22.93 2 - 5" 5 5 3 
~~ 

3.81 26.95 2-5'h 5 5 3'15= 
50 

5.08 24.59 2 - 5" 5 5 3 

3.81 26.75 2-5'h 5 5 3 
30 

5.08 24.48 2 - 5" 5 5 3 

3.81 29.29 2 - 6" 5 5 3 
3.5 40 

5.08 26.75 2-5'h 5 5 3 

3.81 31.44 2-6'h 5 5 3 
50 

5.08 28.69 2 - 6" 5 5 3 

\UJ1fJL~"J : ''I.l1l'l~U1~~'t'il'l1U~CU\llfl12J1''Clfll~U~2Jiin~m,.tri~~')( Deflection) 'Vif1')1lJ'U1t;:i)Ul1I PI = 10 

112 



..a ".., ~ I'-~ ~ 
fl'l'M~\'l " 2 'ltU'l"'''''U'l''''tHJM'il'lft'l' ..~ ~,"qn'J!t 

;tl\ift~1{tlflnutJlJ 

LL	 = 350.8 nn/).,l2
 

= 10-6
PI 

10-4=PI 

cavLL = 0.180 

COVE = 0.204 

LL 
... 

fl'l1).,1n~1~ (b) fln (d) Factor of Safety (FS)fII I)'UJtI'lI) 1~t1~L~t1~ 'Jl1.l1~ (d) 
U1~Ln"	 .. 

(kg/m
2 

) (UJIJI1) 'fl~~ ('Il~.) ('11).,1.) ('11).,1.) (tl'l) deflection bending shear 

3.81 3.81 23.15 2 - 5' 5 5 
30 

5.08 5.08 21.12 2-4Y2 5 5 

3.81 3.81 25.14 2-5Y2 5 5 
2.5 40 

5.08 5.08 23.16 2 - S' 5 5 

3.81 3.81 27.32 2-5~ 5 5 
50 

5.08 5.08 24.89 2 - 5" 5 5 

3.81 3.81 27.79 2-5Y2 5 5 
30 

5.08 5.08 25.35 2 - 5" 5 5 

;:! 3.81 3.81 30.49 2-6Y2 5 5 c-., 3.0 40 

~~ 250 5.08 5.08 27.79 2·5~ 5 5 

c-
3.81 3.81 32.78 2-6Y2 5 5.. 

50 
5.08 5.08 29.86 2 - 6" 5 5 

3.81 3.81 32.42 2-6Y2 5 5 
30 

5.08 5.08 29.57 2 - 6" 5 5 

3.81 3.81 35.58 2-7Y2 5 5 
3.5 40 

5.08 5.08 32.42 2-6% 5 5 

3.81 3.81 38.26 2 - 8" 5 5 
50 

5.08 5.08 34.84 2 - 7" 5 5 

~~1t1L~~ : 'JlU1"~U'l~I'I'ViI'l'lU'1tuiA~'l1J'l1ClI'll)tJ~1JTirrl'ln'l'Lri~~I)( Deflection) 'Vim'l1J\.i'l~~~1J~ PI = 10 
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!'! 

cavR	 = 0.162 

CaVy = 0.171 

E = 85,903 nn!'ll).,l2 

fr = 902 nn!'ll).,l2 

G = 0.796 

= 4.75313 
13 = 3.719 



..a ., ... ~ "., ~ 

~1"~" "3 1J\t11l~\t1""tl~"'il1"11' "~I.~ytqn~ 

~fl)J~~'lolflflnulJl.J 

LL = 163.3 nMl 

10~P, =
 

P, = 10'"
 

cavll = 0.133
 

caVe = 0.204
 

LL 
... 

1'l'J1)Jn'i1-3 (b) ~n (d) Factor of Safety (FS)~ ')'UJ tJ '1 ') "::tJ::LnJ~ 'tI'U'1~ (d) 
1.11::LIl VI .. 

2(kg/m (UJf1I1) '!Ifl~f1I~ (IUJ.) ('Il)J.) ('IlJ.J.) (ib) deflection bending shear) 

3.81 3.81 18.4 2·4" 5 5 
30 

5.08 5.08 16.86 2-3Y2 5 5 

3.81 3.81 20.13 2·4" 5 5 
2.5 40 

5.08 5.08 18.41 2 - 4" 5 5 

3.81 3.81 216 2-4'12 5 5 
50 

5.08 5.08 19.73 2·4" 5 5 

3.81 3.81 22.08 2-4Y2 5 5 
30 

5.08 5.08 20.23 2 - 4" 5 5 

;I 3.81 3.81 24.16 2 - 5" 5 5 
iD 3.0 40

'!!: 300 5.08 5.08 22.08 2-4'12 5 5q 

c,!: 
3.81 3.81 25.92 2·5'12 5 5 

50 
5.08 5.08 23.67 2 - 5" 5 5 

3.81 3.81 25.76 2-5Y2 5 5 
30 

5.08 5.08 23.61 2 - 5" 5 5 

3.81 3.81 28.18 2 - 6" 5 5 
3.5 40 

5.08 5.08 25.76 2-5'12 5 5 

3.81 3.81 30.25 2 - 6" 5 5 
50 

5.08 5.08 27.62 2-5Y2 5 5 

~2J"lfJL~'J : '!IU"l~~11"l~~\1~1U,)NtA't'''l).J''l:n~,)l.JPJ2Ji;nt'lm"trl~iK')( Deflection) ;jm'12Jti'1"'l::ijl1~ P, = 10 
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;:;: 

cavR = 0.162 

cavy = 0.171 

E = 85,903 nn/'Il~l 

fr = 902 nn!'ll)J2 

G = 0.796 

P = 4.753 

P = 3.719 



.. II.., ~ ,,_~ ~ 

"''M~'' fIl 4 lI~'''~~''''''i)~fIltl'fIl'' fIl''U ~Yiqn1!t 

;tl~t\~L-rf)tlnLLU1.J 

LL	 =182 kg/m2 

= 10-6PI 

= 10""PI 

COVLl = 0.186 

cove = 0.204 

LL 
.. 

1'I1·UJn.j1~ (b) ~n (d) Factor of Safety (FS)fll')'UJtl1') "~tl~L51J~ 'IIU1~ (d)
tl,.::L1lfI 

(kg/m
2 

) 
" 

(UJ~1) ,tl~~~ (.).1.) ('Ut) ('lI~J.) (U1) deflection bending shear 

5.08 35.41 2 - 7" 5 5 3 
30 

7.62 36.6 2·7~ 5 5 3 

5.08 34.9 2·7" 5 5 3 
2.5 40 

7.62 35.84 2·7~ 5 5 3 

5.08 34.61 2 - 7" 5 5 3 
50 

7.62 35.4 2 - 7" 5 5 3 

5.08 45.02 2·9" 5 5 3 
30 

7.62 46.5 2-9Y2 5 5 3 

~ 5.08 44.35 2 - 9" 5 5 3 c- 3.0 40 
~ 150 

~~ 7.62 45.54 2 - 9' 5 5 3 

'1~ 5.08 43.97 2 - 9" 5 5 3 
50 

7.62 44.96 2 - 9' 5 5 3 

5.08 55.16 2·11' 5 5 3 
30 

7.62 56.97 2·11~ 5 5 3 

5.08 54.34 2·11' 5 5 3 
3.5 40 

7.62 55.78 2 - 11' 5 5 3 

5.08 53.85 2 - 11' 5 5 3 
50 

7.62 55.05 2·11' 5 5 3 

\UJ1tlL\4'j : ''U1l'l'''U1Kl'lfi~1U,)0.l1~fl1).l1''Clfll,)1.JfIJ~~n~m,.trl~K')( Deflection) Vifl'J1).l'l.i1~::~1.J~ PI = 10 
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e 

covR = 0.162 

covv =0.171 

E	 =85903 kg/cm2 

F	 = 902 kg/cm2 
r 

G = 0.796 

J3 = 4.753 

J3 = 3.719 



... "." 'I'"
"1'M~" " 5 "1l1""'U11l"1)~fla'il1fla1' fla1'U "t1ytqn~ 

ffl2.Jfl~t ftlflnutJtJ 

LL =350.8 kg/m2 

= 10~PI
 

= 10-4
PI 

COVLL = 0.180 

COVE = 0.204 

II 
.. 

r'lI')1~n~'N (b) fln (d) Factor of Safety (FS)t'l1)1).1!J11) :~!.I~L1!.1.:l 11\.11&'1 (d) 
U1~LIlfi 

(kglm
2 

) 

... 
(UJlJlf) 'fl~lJl.:l ('1).1.) ("lI~.) ("lI~.) (ill')) deflection bending shear 

5.08 42.26 2·8'12 5 5 3 
30 

7.62 43.08 2-8'12 5 5 3 

5.08 42.91 2-8'12 5 5 3 
2.5 40 

7.62 42.56 2-8'12 5 5 3 

5.08 41.69 2-8'12 5 5 3 
50 

7.62 42.25 2-8'12 5 5 3 

5.08 53.78 2 - 11" 5 5 3 
30 

7.62 54.83 2 - 11" 5 5 3 

;I 5.08 53.33 2-10'12 5 5 3, 
q 3.0 40 
~§ 250 7.62 54.15 2·11" 5 5 3 

-' 5.08 53.06 2-10'12 5 5 3 
50 

7.62 53.74 2 - 11" 5 5 3 

5.0B 65.97 2 - 13" 5 5 3 
30 

7.62 67.24 2-13'12 5 5 3 

5.08 65.41 2 - 13" 5 5 3 
3.5 40 

7.62 66.4 2·13'12 5 5 3 

5.08 65.07 2 - 13' 5 5 3 
50 

7.62 65.B9 2 - 13" 5 5 3 

\lI).I1!.IL\lIfj : 'JIU1~\lIU1lK"fi~1UI)N\~~1).111C1t'1l)tJfIJ).I,"nl'ln1,.tri.:ltKl)( Deflection) Yim1).1U1~~I)1J~ PI =10 
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e: 

covR = 0.162 

COVv =0.171 

E =85903 kg/cm2 

F = 902 kg/cm2 
r 

G = 0.796 

13 = 4.753 

13 = 3.719 



...a "., ~ 'I" ~"'''4Y1 "6 1IU'"'''U'''''tlU''8''''' ",u~)J'Wqn't!t 

;tl'J~~l.tltlnu.1JtJ 

LL	 =163.3 kg/m
2 

= 10-aP, 

P, = 10-4 

COVLL = 0.133 

COVE = 0.204 

LL ... 
fl')'1~n~'1~ (b) ~n (d) Factor of Safety (FS)f1'l1~tJ1'l f:tJ:L:!J-3 ~U'1l'l (d) 

U1:Ltlfl	 " 
(kg/m

2 
) (L'JlJ11) lIt).:lfl-3 (iIJI~.) (,~.) ("Il1-J.) (ill) deflection bending shear 

5.08 34.24 2 - 7" 5 5 3 
30 

7.62 35.52 2 - 7" 5 5 3 

5.08 33.69 2 - 7" 5 5 3 
2.5 40 

7.62 34.72 2 - 7" 5 5 3 

5.08 33.36 2 - 7' 5 5 3 
50 

7.62 34.23 2 -7' 5 5 3 

5.08 43.52 2 - 9" 5 5 3 
30 

7.62 45.12 2 - 9" 5 5 3 

;I 5.08 42.79 2·8Y2 5 5 3 
II 3.0 40 
,~ 300 7.62 44.08 2 - 9" 5 5 3-J 5.08 42.37 2-8Y2 5 5 3 

50 
7.62 43.45 2 - 9" 5 5 3 

5.08 53.32 2-10Y2 5 5 3 
30 

7.62 55.27 2 - 11" 5 5 3 

5.08 52.41 2-10Y2 5 5 3 
3.5 40 

7.62 53.97 2 - 11" 5 5 3 

5.08 51.87 2-10Y2 5 5 3 
50 

7.62 53.19 2-10Y2 5 5 3 

~~1FJL~'J : lIU1~~U1~19I~"'"U'lN\Afl"~11Clfll'ltJ~~~n~n1"Lri~IJi'l( Deflection) Yifl1,)1~1.i1",,:')u}i P, =1a 
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E 

covFl = 0.162 

covv = 0.171 

E = 85903 kg/cm
2 

2F	 = 902 kg/cmr 

G = 0.796 

f3 = 4.753 

f3 = 3.719 



• II ... ~ "II ~ 
"1~~Y1 " 7 1IU1"""U1""'ilUltl1fil1' Lt1 '~Yfqn" 

;r'f)~fl~l;'f)ttJnLLUtJ t1t::LI1Y1 
LL 

(kg/m2 
) 

f!1) 1'-JtJ11) 

(LaJ~1) 

.. 
1::tJ::L1fN 

,tl~lJ1~ ('.1I'-J.) 

jil'l12.Jn')\~ 

("Jl2.l.) 

(b) IhUu.l'lu~!l~L~1 (d) 

" ("Jl2.l.) (U'l) 

Factor of Safety (FS) 

EWOOd 

II 

P, 

=182 

=10
06 

kg/m
2 

30 
5.08 

7.62 

16.417 

16.487 

6W 

6Y2" 

33 

33 

P, 

covu 

= 10
004 

= 0.186 
2.5 40 

5.08 

7.62 

16.304 

16.36 

6Y2" 

6'h" 

33 

33 

COVE 

cov'a 

= 0.204 

= 0.119 
50 

5.08 

7.62 

16.235 

16.25 

6Y2" 

6'h" 

33 

33 

E 

Fa 

= 

= 

85,903 

565 

kg/cm2 

kg/cm
2 

30 
5.08 

7.62 

17.901 

17.75 

7" 

7" 

33 

33 

G 

~ 

J3 

= 
= 
= 

0.796 

4.753 

3.719 

~ 
c­
(jD 

)~ 
182.4 3.0 40 

50 

5.08 

7.62 

5.08 

7.62 

17.77 

17.83 

17.69 

17.76 

7" 

7" 

7" 

7" 

33 

33 

33 

33 

30 
5.08 

7.62 

19.27 

19.33 

7Y2" 

7'h" 

33 

33 

3.5 40 
5.08 

7.62 

19.13 

19.19 

7'h" 

7Y2" 

33 

33 

50 
5.08 

7.62 

19.05 

19.11 

7'h" 

7'h" 

33 

33 

!'! 

'UJ1tJL\.1'J : 'U1~\.1\l1~"'Yifll1ul)nllJf~1'-J11t'lfll)u*,'-Jfin~n111ri~L~1:: ( Bucking) YiIll1)12.JU1,,::'iUlJI p, = 10 
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... 1'.," "I'''
'11","" fit 8 lI\11lJl,"'U1fllJlll""tl1fOl1f Ltl1 ~~'Wqn\t 

Ll 
... 

1'l'J12Jn'h.:J (b) ~1ULLl'llJ'.IItNL~1(d) Factor of Safety (FS)
;rf)\lft~'t-rf)f)nutJt/ 

"'~12JtI1~ 1::tJ::L111~ 

,j,::LI1'V\ .. 
(kg/m2 

) (UJJl1) lIf)~M ('112J.) ('lUJ.) ('ll~.) (ib) Ewood 

LL =350.8 kg/m2 
5.08 18.21 7Y2" 33 

30 

P, = 10ol! 7.62 18.25 7Y2" 33 

P, = 10.... 5.08 18.12 7Y2" 33 
2.5 40 

COVll = 0.180 7.62 18.16 7Y2" 33 

cove = 0.204 5.08 18.07 7Y2" 33 
50 

cov's = 0.119 7.62 18.12 7W 33 

E = 85,903 kg/cm
2 

5.0S 19.8S S" 33 

kg/cm2 
30 

Fa = 565 7.62 19.92 8" 33 
;t 

G = 0.796 S; 5.0S 19.79 8" 33 

~§ 250 3.0 40 
~ = 4.753 7.62 19.83 S" 33 

\ 

13 = 3.719 
... 

5.08 8"19.73 33 
50 

7.62 19.77 S" 33 

5.08 21.43 SYZ" 33 
30 

7.62 21.47 SYz" 33 

5.08 21.33 8W' 33 
3.5 40 

7.62 21.37 SW 33 

5.0S 21.27 SYZ" 33 
50 

7.62 21.31 SW' 33 

~2J1tlL~'J : 1I\l1"~'Il1""~"11..l'ln.ltllt'1'-J1tClfll'lt/I'J2J~n"'n1,.tri~L"I1:: ( Bucking) 'Yim12JU1'"l::"ijtJlJ1 Pr =10 
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.. .,,., ~ ..... ~ 

9l'l"~" " 9 "U'l""'U'l""fl~flfl'l"'l' LtI'lIt).lYUlfl1t 

II 
... 

fIl,)1I-Jn~1~ (b) ~1YU"'1J"I!l~L~1 (d) Factor of Safety (FS) 
;rtl\ifl~t 4'tl!lnLLUU 

PI I)')3J!J')') "~!J~L'U~ 
tJ,.~LtlYl 

(kg/m2 
) 

.. 
(L3JlJl1) '!l~tJI~ ('1l3J.) (·UJ.) ('II-J.) (UI) EWOOd 

LL = 163.3 kg/m
2 

5.08 16.16 6W 33 
30 

P, =10-6 7.62 16.23 6Yz" 33 

P, =10'" 5.08 16.05 6'12" 33 
2.5 40 

COVLL = 0.133 7.62 16.11 6lh" 33 

cove = 0.204 5.08 1597 6W' 33 
50 

cov's = 0.119 7.62 16.04 6W' 33 

E -­ 85,903 kg/em 2 5.08 17.62 7" 33 

2 
30 

Fa = 565 kg/em 7.62 17.68 7" 33 

G = 0.796 ;t 5.08 17.48 7" 33m 3.0 40 
~ = 4.753 '!: 300 7.62 17.55 7" 33

J 
~ = 3.719 5.08 17.41 7" 33 

50 
7.62 17.47 7" 33 

5.08 18.97 7Y2" 33 
30 

7.62 19.02 7lh" 33 

5.08 18.83 7Y2" 33 
3.5 40 

7.62 18.88 7lh" 33 

5.08 18.74 7Y2" 33 
50 

7.62 18.79 7Y2" 33 

~3J,)!JL~'J : 'U,)l'I~u')rK"flfi,)\.l,)N\~ft,)3J')'tl"'~UflJ3J~nl'lm,tti~L",): ( Bucking) ;yjPl~,)3J\.i')Iit~I)UlJl Pf = 10 
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.. II~ ~ .."II 
II'l""" fIl 10 "'U'lll"'U'l""t\"fIltJ'lfll'l' "" l.~tiiI'l~tiiI'• 

LL 
.. 

1'l~'l~n~'l-3 (b) ~n (d) Factor of Safety (FS)
~fl)j~~i"flflnUU1J 

,,~ '1'-l!J'l~ :~tJ~L1tJ~ 'D'\,\'l11l (d) 
t1f~LI1f1 .. 

(kg/m
2 

) (UJl'lf) 'Dfl~l'l~ (IJI'-l.) ('Il~.) ('Il~.) (il~) deflectjon bending shear 

LL = 182 nn/~2 3.81 21.58 2 -4Y2" 5 10 3 
30 

PI = 10-6 5.08 19.7 2 - 4" 5 10 3 

PI = 10'" 3.81 23.67 2 - 5" 5 10 3 
2.5 40 

COVu = 0.186 5.08 21.58 2 -4Y." 5 10 3 

COVE := 0.202 3.81 25.43 2 -5Y." 5 10 3 
50 

COVR = 0.188 5.08 23.18 2 - 5" 5 10 3 

COV" = 0.171 3.81 25.89 2 -SY." 5 10 3 
30 

E =49,997 nnl'll~2 5.08 23.64 2 - 5' 5 10 3 

fr = 392 nn/"JI~2 ~ 3.81 5 3 .. 28.4 2 - 6' 10 
c- 3.0 40 

G = 0.51 182.4 5.08 25.89 2 -SY." 5 10 3)i
f3 = 4.753 3.81 30.52 2 -6Y2" 5 10 3,~ 

50 

f3 = 3.719 5.08 27.81 2 -SY2" 5 10 3 

3.81 30.21 2 - 6' 5 10 3 
30 

5.08 27.58 2 -5Y." 5 10 3 

3.81 33.13 2 -7' 5 10 3 
3.5 40 

5.08 30.21 2 - 6" 5 10 3 

3.81 35.61 2 -7Y2" 5 10 3 
50 

5.08 32.45 2 -eY." 5 10 3 

~'-l'1!JL"''J : "JIU'1t'l"'U'1iKt'lii~'1U~N\~~'1'-l'1"""~1Jf'J'-l~nt'lm,.tri':IlK~( Deflection) "",)'12JU'1",~Ij1J~ PI =10 .. --
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... ...,.. 'I.... 
Pl11'1oSYI " 111lU1"""U1""'aoS"tl1fl1' lloS I.J.I~1J.1" 

II "" 1'l':l1).Jm1.:J (b) fln (d) Factor of Safety (FS)
'!l)J~~LffltlnLLtJtJ 

fIl~1)..1tJ1~ 1:tJ:~Lffi-3 ~'\,I1~ (d)
1J::Ll1 'VI .. 

(kg/m2 
) (~lJl1) 'IItl-3IM (If)..l.) ('II).J.) ('11:.1.) (il')) deflection bending shear 

LL = 350.8 nn/:.I2 3.81 26.38 2 ·5~" 5 10 3 
30 

P, = 10-6 5.08 24.03 2 - 5" 5 10 3 

PI = 10-4 3.81 28.98 2 - 6" 5 10 3 
2.5 40 

cavLL = 0.180 5.08 26.87 2 -5W' 5 10 3 

COVE -= 0.202 3.81 31.18 2-6W 5 10 3 
50 

cavR = 0.188 5.08 28.38 2·6" 5 10 3 

cavv = 0.171 3.81 31.67 2 -6~" 5 10 3 
30 

E = 49,997 nn/'Il:.l2 5.08 28.84 2 - 6" 5 10 3 

fr = 392 nn/'ll:.l2 ;t 3.81 34.78 2-7" 5 10 3 c­
3.0 40q 

G = 0.51 ~§ 250 5.08 31.66 2-6W' 5 10 3 

~ 
c­

37.42 10 3= 4.753 .. 3.81 2-7W' 5 
50 

~ = 3.719 5.08 34.05 2 - 7" 5 10 3 

3.81 39.94 2 -7~" 5 10 3 
30 

5.08 33.65 2· r 5 10 3 

3.81 40.58 2 - 8" 5 10 3 
3.5 40 

5.08 36.94 2-7W' 5 10 3 

3.81 43.66 2 - 9" 5 10 3 
50 

5.08 39.73 2 - 8" 5 10 3 

~)..I1tJL\o1tf.! : 'IIU1~~U1L*l~""I1U~CUL~~1~11Clfll~1Jl'J~'Rn",mi(ri~tij''1( Deflection) Yim1)..1U1,",::;!jUIJI P, = 10 
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... II.,.. "" ..
1l1"~'Wl "12 1IU1""'U"""'8~"'8"""' J1~ ~J.l4t1J.1" 

LL 
.. 

f111)1l-Jn~1~ (b) fln (d) Factor of Safety (FS)
;fl2Jt'i~'l;fltlnLLUtJ 

PI '1'UJtJ1 '1 1~tJ~Lffi~ ~U1Pl (d) 
tJ:~U1Y1 .. 

(kg/m
2 

) (UJ1JI1) ,tl~~ ('),J.) (nJ.) ('II~J.) (UI)) deflection bending shear 

LL = 163.3 nMl 3.81 20.87 2 -4Y2" 5 10 3 
30 

P, = 10-6 5.08 19.06 2 - 4" 5 10 3 

PI = 10-4 3.81 22.87 2 - 5" 5 10 3 
2.5 40 

COVll = 0.133 5.08 20.87 2 -4Y2" 5 10 3 

COVE = 0.202 3.81 24.58 2 - 5" 5 10 3 
50 

COVR = 0.188 5.08 22.41 2 -4W' 5 10 3 

COVv = 0.171 3.81 25.04 2 - 5" 5 10 3 
30 

E =49,997 nn/'II~l 5.08 22.87 2 - 5" 5 10 3 

fr = 392 nn/'II~l ;:J 3.81 27.45 2 -5W' 5 10 3 
81 3.0 40 

G = 0.51 V!: 300 5.08 25.04 2 - 5" 5 10 3 

~ = 4.753 J 3.81 29.51 2 - 6" 5 10 3 
50 

~ = 3.719 5.08 26.89 2 -5Yz" 5 10 3 

3.81 29.22 2 - 6" 5 10 3 
30 

5.08 26.69 2 ·5W' 5 10 3 

3.81 32.03 2-6W' 5 10 3 
3.5 40 

5.08 29.22 2 - 6" 5 10 3 

3.81 34.42 2 -7" 5 10 3 
'. -SO 

5.08 31.37 2 -6Y2" 5 10 3 

\UJ1tJL~'J : '2IU1~"\l11i~~fll'rn'lN'A'f\1),J11ClPl'ltJflJ~nn"n11tri~~'l( Deflection) fim1),J\i1";~I)UPl P, =10 
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aI II.,.. ..'1.~ 
"'1"~'YI " 13 "'U'l"",,'U'l'UJl'ilUl'il'lfl'l" fII'l'U u.I~'l3J"" 

;fl~fl~H'tlfln LLtJU 

2LL =182 kg/m

= 10~PI 

= 10-4PI 

COVll = 0.186 

COVE = 0.202 

LL 
.. 

1'l'J1~n~1-3 (b) ~n (d) Factor of Safety (FS)I'll) 'UJ!.I'll) "~!.I~L1!.1-.1 '!I'I.l1l'1 (d) 
U1::lJ1fl 

(kg/m2 
) 

" 
(UJlJI1) "JIfl-.1tJ1-.1 (oUJ.) ('!I~.) ('!I~.) (;1') deflection bending shear 

5.08 40.27 2 - 8" 4.5 10 3 
30 

7.62 35.56 2 - 7" 4.5 10 3 

5.08 39.96 2 - 8" 4.5 10 3 
2.5 40 

7.62 35.02 2 - 7" 4.5 10 3 

5.08 39.79 2 - 8" 4.5 10 3 
50 

7.62 34.86 2 - 7" 4.5 10 3 

5.08 51.24 2 -10Yz" 4.5 10 3 
30 

7.62 44.87 2 - 9" 4.5 10 3 

)~ 5.08 50.85 2 -10\12" 4.5 10 3, 3.0 40 
(ji:I 150 7.62 44.53 2 - 9" 4.5 10 3 
)~ 

5.08 50.62 2 - 10· 4.5 10 3'1= 
50 

7.62 44.33 2 - 9" 4.5 10 3 

5.08 62.84 2 -12\12" 4.5 10 3 
30 

7.62 55.02 2 - 11" 4.5 10 3 

5.08 62.35 2 -12\12" 4.5 10 3 
3.5 40 

7.62 54.59 2 - 11" 4.5 10 3 

5.08 62.07 2 -12Yz" 4.5 10 3 
-SO 

7.62 54.34 2 - 11" 4.5 10 3 

\UJ1!.1L~1'J : "JI~'l"'~~'l"CJlViPt1~I)tu\~fl'l)J'l1Cll'll)1.Jf'J)J~nCJlm1tri-.1~I)( Deflection) iVim'l)J\l'l'"l:'ijUlJ1 PI = 10 
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COYR = 0.188 

COYs = 0.171 

E = 49.997 nn/'ll~2 

fr =392 nn/'ll)/ 

G = 0.51 

= 4.753~ 

= 3.719~ 



.a	 II... d' .. II • 

",,,-1'1 R 14 lIU'''''U,J\,.tl-1R'8'R'' fll'U ~~""J.I" 

ffl)Jf\~'-tfltlnU1JtI 

LL	 =350.8 l<g/m
2
 

= 10
41
 

PI
 

= 10'"
PI 

COVLL = 0.180 

COVE = 0.202 

LL 
... 

1'l'l1~.Jn~1~ (b) fln (d) Factor of Safety (FS)I'l'J1)Jf.J1';l 1~f.J~LW~ 'lIU1{;1 (d) 
tl1~LIlYl 

2
(kg/m 

.. 
)	 (lJ.J1Jl1) 'Dfl~lJl~ ("n.l.) ('Il1-J.) ('Il1-J.) (U'l) deflection bending shear 

5.08 48.95 2·10" 4.5 10 3 
30 

7.62 42.83 2·8W' 4.5 10 3 

5.08 48.74 2·10" 4.5 10 3 
2.5 40 

7.62 42.65 2 -8th" 4.5 10 3 

5.08 48.63 2 - 10" 4.5 10 3 
50 

7.62 42.55 2 -8th" 4.5 10 3 

5.08 62.36 2 -12'h" 4.5 10 3 
30 

7.62 54.55 2 - 11" 4.5 10 3 

;;I 5.08 62.09 2 -12th" 4.5 10 3S; 3.0 40 
;a~ 250 7.62 54.31 2 - 11" 4.5 10 3 
c-.. 5.08 61.94 2 -12'h" 4.5 10 3 

50 
7.62 54.18 2 - 11" 4.5 10 3 

5.08 76.52 2 -15W' 4.5 10 3 
30 

7.62 66.93 2 -13'h" 4.5 10 3 

5.08 76.19 2 - 15" 4.5 10 3 
3.5 40 

-- 7.62 66.63 2 -13'h" 4.5 10 3 

5.08 76.01 2 - 15" 4.5 10 3 
50 

7.62 66.47 2-13'h" 4.5 10 3 

"")J1f.JL""'J : "lI\l1&'1""U1L'1&'1fjfl'l'1U';lnllA'~1)J11Clfl'l';l1Jt'J)JYiri&'lm,.tri~IK'J( Deflection) ii"'J1)J'l.i1r.t~ljtllJl PI = 10 
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covR = 0.188 

covs = 0.171 

E = 49,997 nn/"nl 

fr = 392 nnl'll~l 

G = 0.51 

= 4.753
 

= 3.719
 

~ 

~ 

'. 



.. ....... 'L~"

"1"'~" fl 15 'I'U1""'U11Jl"'il~fl'il1"1' fIl1'U u.I"1"'" 

;f1~~~'lfflflnLL1JtI
 

LL =182.4 kg/m2 

PI :::: 10-6 

PI :::: 10-4 

COVLL :::: 0.186 

COVE = 0.202 

covR :::: 0.188 

covs :::: 0.171 

E :::: 49.997 nn!'ll).J2 

fr :::: 392 nn/'!lif 

G = 0.51 

f3 :::: 4.753 

f3 = 3.719 

'. 

LL ... 
1'l"J1).Jn~1-3 (b) ~n (d) Factor of Safety (FS)l'l'J1).1!J1'J 1:EJ:L:!J~ ~1.l1g) (d) 

tJ~:Ulfl 
(kg/m

2 
) 

" 
(UJlJl1) lJIfI~(Jl~ ('51).1.) ('!I).J.) ('!IJ.J.) (\1';) deflection bending shear 

5.08 38.73 2 -8" 4.5 10 3 
30 

7.62 33.94 2 -7" 4.5 10 3 

5.08 38.4 2 -8" 4.5 10 3 
2.5 40 

7.62 33.66 2 -7" 4.5 10 3 

5.08 38.2 2 -8" 4.5 10 3 
50 

7.62 33.51 2 -7" 4.5 10 3 

5.08 49.27 2 -10" 4.5 10 3 
30 

7.62 42.56 2 -8'll" 4.5 10 3 

;! 5.08 48.84 2 -10" 4.5 10 3 
81 3.0 401!: 300 7.62 42.78 2 -8~" 4.5 10 3 
~ 

Go­ 5.08 48.58 2 -10" 4.5 10 3 
50 

7.62 42.57 2 -8~" 4.5 10 3 

5.08 60.42 2 -12" 4.5 10 3 
30 

7.62 52.91 2 -10~" 4.5 10 3 

- - 5.08 59.87 2 -12" 4.5 10 3 
3.5 40 

7.62 52.44 2 ·10W' 4.5 10 3 

5.08 59.56 2 -12" 4.5 10 3 
50 

7.62 52.16 2 -10'll" 4.5 10 3 

"3J1t1L"'J : 'U1t'l"1J1lKt'lfl~1U,)N\~~13J1~tll'l,)1.J"3Jnnt'lm"Lri~~'J( Deflection) liim13J\i1tll:iju~ PI =10 
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.. 1''' ...~ "I' 
"1n~" " 16 1I'U1"'M'U1""tl~"'il1"'" Ltl1 ~J.I'il1J.1,""• ... 

~1'ijMlJ'!ItNL~1 (d) Factor of Safety (FS)LL "')1~t11,) 1::t1:::L1£J~ fl'11).Jn,)1~ (b) 
..tl,:al1Y1;Jtl\lflmftltlnUtJU 

('Il).J.) ('Il).J.) (\1'.l)(kg/m2
) (UJ1JI1) "tl~,,~ ('ll~.) Ewood 

LL :::: 182 kglm2 5.08 17.15 7" 25
 
30
 

:::: 10~ 7.62 7" 25
17.19PI 

:::: 10-4
 7" 25
5.08 17.06PI 
40
2.5 

COYLL :::: 0.186 7.62 17.11 7" 25
 

COYE :::: 0.202 5.08 17.02 7" 25
 
50
 

7":::: 0.202 7.62 17.07 25
COY'a 

E :::: 49,997 kglcm2 7Y.z" 25
5.08 18.72 
30
 

Fa :::: 275.84 kg/cm2 7.62 18.77 7W 25
 

G :::: 0.51 5.08 7W 25
18.63~ 3.0 40
C­ 150
:::: 4.753 25
7.62 18.67 7WCIl1~ 
)~:::: 3.719 5.08 18.57 7W 25
~ 

50
 
7.62 7W 25
18.62 

8"5.08 20.18 25
 
30
 

7.62 20.22 8" 25
 
'. 

8" 25
5.08 20.08 
40
3.5 

.~ 20.12 8"7.62 25
 

20.02 25
5.08 8" 
50
 

20.067.62 8" 25
 

"~1t1L~'J : "U1tJl~U1fjtJl"1'l1U,)NU'ft1~11tlfl\':ItJ"'-J~nl'ln11Lri~L~I1:: ( Bucking) "",)1~U14il:::~tJ~ p, =10 
, 

127 



.. .,.." 1iI""
fl1"~" " 17 lfJ'U11l"",'U1fl"'ilo$"tl1"1' Ltl1 "aJ~13J""• 

LL 
.... 

fl';l')~n~1~ (b) Ui',)ULLflllJ'!Ifl~L~,) (d) Factor of Safety (FS)
4ffl'J~~tftlflnU1J1J 

f'l') 'UJ!J1') t::!J::L1eJ.:I 
tJ1~LfIVl 

(kg/m
2 

) 

.. 
(u.J1Jl1) lIfl~lJI~ ('11).1.) ('11~.) ('11~.) (u')) EWOod 

LL = 350.8 kg/m2 
5.08 19.18 7"1/ 25 

= 10-ll 
30 

P, 7.62 19.21 7"1/ 25 

P, = 10-4 5.08 19.12 7"1/ 25 
2.5 40 

COVll = 0.180 7.62 19.16 7"1/ 25 

COVE = 0.202 5.08 19.09 7"1/ 25 
50 ~--~--~--

cavia = 0.202 7.62 19.12 7"1/ 25 

E = 49,997 kg/cm
2 

5.08 20.97 8\1," 25 
30 

Fe = 275.84 kg/cm
2 

7.62 21.01 8W' 25 

G = 0.51 ;::I 5.08 20.91 8Y," 25c-

)§
~ 3.0 40 

~ = 4.753 250 7.62 20.93 8Y," 25 

P = 3.719 
c-.. 5.08 20.87 8Y." 25 

50 
7.62 20.91 8\1," 25 

5.08 22.62 9" 25 
30 .~ -- 7.62 22.65 9" 25 

.- 5.08 22.55 9" 25 
3.5 40 

7.62 22.58 9" 25 

5.08 22.51 9" 25 
50 

7.62 22.54 9" 25 

'M).I1mVll'j : lIU1£'lVl\l1;YC'l'l1il1U,)N'LiIlt'1)J11'HllfJ1J").Ifin",n'wtri~L"1:: ( Bucking) 'lflfJ1).1U1r.1t::i)U9i P, =10 
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..	 "., ~ "I " ~ 
"11'1~" " 18 .U11l~U1""1l~fIItl1"1' Lit1 ~3Jtolt13Jtolt.,• 

;rfl)Jt'l~'t"'flflnu'U'U 

LL	 = 163.3 kg/m2 

= 10-6PI 

= 10""PI 

covLl = 0.133 

COVE = 0.202 

LL 
.... 

jl)'l1~.m11~ (b) ~1l.1 LLfllJ'tItl~L~1 (d) Factor of Safety (FS)flI ')1'-l!J"l') ~!J~L1[J~ 

t11~LJ)Y1 
(kg/m

2 
)	 

.-
(L'-l~1) . 'Dfl~~~ ('lI'-l.) ('112..1.) ('UJ.) (il'l) EWOod 

5.08 16.86 7" 25 
30 

7.62 16.91 7" 25 

5.08 16.77 7" 25 
2.5 40 

7.62 16.82 7" 25 

5.08 16.72 7" 25 
50 

7.62 16.76 7" 25 

5.08 18.41 T'h' 25 
30 

7.62 18.45 T'h" 25 

;:t 5.08 18.31 7"12" 25 
III 3.0 40

'!: 300 7.62 18.35 7W 25 q 

~ 5.08 18.25 T'h" 25 
50 

7.62 18.29 T'h" 25 

5.08 19.83 8" 25 
--

3D 
7.62 19.87 8' 25 

5.08 19.73 8" 25 
3.5 40 

7.62 19.77 8' 25 

5.08 19.67 8' 25 
50 

7.62 19.71 8" 25 

V1'-l1!JLVll'j : 'U1"'V1U'"llJi~ViPl1'U,)NL~£Il'"l'-l11Clfll,)U~'-l~n",n'''l1Lri~LM~ ( Bucking) 'Vi~,)1'-l'l.i1~::I)U~ PI =10 
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e 

cavIa = 0.202 

E = 49,997 kglcm2 

Fa = 275.84 kglcm2 

G = 0.51 

= 4.753~ 

= 3.719~ 

-. 

.­

., 
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iii 

~.1 ~~'b.J 
- . 

1'U1l1l'1 f.J'U'J nu", ~1&Jr,j1 Lt\'Ufl f.J ~ n11Y1 "'t\fltJ PI CUt\2JtJ--;Y11~1 fII'J n 112.1 1'J2J~~ n111 Lfl11 ~i• 
•• o. _. u .,. ,..; ...l 

"1CUt\2JtifiY11~t\Cifi'!lfl~lJ:jYi~n'tttl1~nfltJ1'1Jdi'Ju fll1 L~~U (Mean) ~';l'ULtJU~ LtJ'U2J1f11S1'U (Standard 

Deviation) U~~pJLLtJtJn11U~mL"'l~lJiflL~fl~ (Type of Distribution) ~LVl2J1~t\2J tllUpJUtJtJn11U"'IfI 

U"'l~~LVl2J'l~t\2J"'l~1;'h'lfllri1~-.lt\fl~(Chi - Square) Uii~n1nJ"'t\fltltl'liit2.Itnffi~ - t\Liitl1'Ufl~ 

(Kolmogorov - Smirnov) ~~LiI'U1~n11LWtltJL~utJfhYf~rf;'Un11u",nu~~t\~t\2J (Cumulative 

Distribution Function) 1J'i1~~')'t)th:uitJ CDF 1Jfl~n11U",nU~~~LVl2J'l~t\2J n'l1Y1"'t\fltJ'lflri'li~t\fl~ 

(Chi-square Test) LLii~n11V1~t\fltJtfll~t2Jtnffi~-t\Lilu1'Ufl~ (Kolmogolov-Smirnov Test) ~~n11 
~ I ~ 

Y1"'t\fltJn~ 2 'Diltll LiJ'Un11Y1~t\fltJii1;Yi'l1'lijLlJIflf n11Y1"'t\fl1Jn11LL",nU"'l~UL1tln'1'l n11Y1"'t\fltJ 

1l'l';l~L;hltlt\ilVlii (Goodness-of-Fit Test) n'l1V1~t\fltJ'l'Iri'li~t\fl~il{fl~'lri,,1'U~t'I~'!lfl~PI'J12Ja 
... 1! t" ..1..1 ,!II k". ! ~. Q , 1! .!' 

LLii~"~""J"IIfl~"Dt'I~iinii'l'Jfllflfl,)'l2.IClY1P1'J1"'l~L1J'U"'~l'It'I~IJ../fl'ln'J1 5 Uii~"'l'l'U';l'Un~2.I1Jt'I~"Dtl~ii';~l'Ifl~ 
~ 

WUfltln'1'l 2 ;'U 

.I 11" .,.... • I ... ... , • I 
L'Ufl~1iill "I n "Dt'I~ ii ~2J2J l'I';l'l2JVI~ 'l nVl ii 1fJ1J 1~L1lY12J ii n~cu~n 'l1U"'l n U"'l~ UtJtJ fl11Jii'lfJf)" 

I ~ ~ 

(Extrem~valued distributions) ~~Wt\'l2J'l1tl1fLtl1Un12J1LI'l11~\fY11~t\il;h;';l'ltl ~~U'U~1'U14'tlU'l~ 

~liI'U'l'Dt'I~,rU';lf CESTTEST (Civil Engineering Statistical lest) [12] L~flVl'l"CUt\2J~Y1'Nt\a~ 
~ 

'D~{t'I~iiY11~1f11'Jn1t2J't'I~~~~IJi~'tlu 

~tut\lJUiiY1'l-:l1f11';lnn~'Dfl~'l,j'Yi~n~1'U';l'U11 'Dilll t11~nt'ltJA''Ju 1. UNti"1J'U'l'UL;fJ'U 
~ 

(tlJ2JIJil) 2 (Compression Parallel to Grain) UNti"''U1'ULafJ'U ('J i1fJIJil) 3 UJ~i~ij~V1~'U (tlJ2J 
~ ~ 

lJij) 2 (Modulus of Elasticity) WCO~t\U"V1~'U ('J~fJ1Jil) 3 2.UNti"'~~~'lmftfJ'U (Compression 

Perpendicular to Grain) 3. n'lnJ"'t\t'ltJUN~" (tlJlJlJij) 
2 t1~nfltJlI';l!Jw~it\tl~V1~'U (Modulus 

of Elasticity; MOE) UJ~lt\ulJ1nin (Modulus of Rupture; MaR) n'llVl"'t\fltJUN~'" ('J~UIJil) 3 

t11~nt'ltJ~';lfJw~it'fj",V1~'U (Modulus of Elasticity; MOE) W(lit\Uflnin (Modulus of Rupture 
... ~ ... " " 

; MOR) 4.~~~1'Uu'U';l''U'l'UL~U'U (Tension Parallel to Grain) 5. U1~~.:I1'Uu'U';l~~1n~!J'U (Tension 
~ 

Perpendicular to Grain) 6.LL1~L;fl'U1J'U'l'ULft!J'U (Shear Parallel to Grain) 7.mm"t\fltJn'l~n'D'l'" 

'~UJ (Cleavage) 8. I'I';l12JLVlUm (Toughness) 9. n'lm~~1JI'I'J'llJU;~'!l~UJ(Hardness) 'D'U'l'U 

Li!J'U (Parallel to Grain) ilJert\La!J'U (Tangent to Grain) ~11'lmj!J'U (Perpendicular to Grain) 

1O. n'l1Vl~t\t'ltJfII';l12Jcb~~'lLYi1~ (Specific Gravity) UnJ'l1Jl1n1nt~lK'J % (Shrinkage in Volume) 
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III 

'" t.l'hJ1tu~,)1~:n'Lcl % (Moisture Content) ~,)1~\lI'Lcl1LL\l'Lcl (Density) 11.m1Vlc;l~tlUm1\l1t'l~')1.'LclLL'Lcl,) 

i~~~ % (Tangential Shrinkage) LL£q:::m~c;)lA'')1.'LclLL'Lcl')1I'1jj % (Radial Shrinkage) 

~ 2.1 n1'''fl'llil1.JLL,~i'fl"JIU1ULI!lU 
LL,~.afl,nnULf!lu (t1!J,I"J~)2 (Compression Parallel to Grain) 

'Jltl~Uj~~mf~1'Lcl,)'Lcl 130 ~,)tlth~ LL~IM1.'Lcl1Jl111~~~.1 

532.10 530.90 582.60 504.80 469.80 473.40 496.40 560.20 409.40 431.80 

500.60 451.60 582.60 421.40 417.30 566.50 452.30 526.60 491.70 500.30 

463.40 508.00 513.10 489.50 612.90 404.70 654.40 404.60 476.60 569.80 

559.10 503.10 546.80 617.40 507.30 588.50 649.00 555.00 640.80 610.70 

543.10 553.80 558.30 628.20 563.50 691.90 493.20 580.50 649.30 608.30 

596.80 657.70 622.40 606.10 600.00 636.40 627.80 592.80 622.10 590.40 

583.30 606.20 534.80 631.30 603.50 605.60 638.10 520.30 534.20 545.70 

655.90 524.50 567.50 627.40 618.80 611.60 627.90 609.20 647.70 508.6 

506.80 519.70 471.60 585.60 576.30 574.90 581.60 520.40 639.40 675.20 

643.60 498.60 630.00 483.10 576.80 541.30 624.40 584.70 501.40 548.70 

550.30 485.10· 493.00 604.90 686.50 615.40 571.30 543.80 581.40 643.20 

728.50 475.80 500.10 598.50 624.00 642.20 606.10 528.00 618.50 505.70 

589.70 517.00 582.80 537.90 555.40 616.70 598.30 676.50 656.90 678.90 

4l1nm:~LfIIl1:::,f~')tJ'1ltl~"LL')f CESTTEST ~1J~1fi1Lll~tJ LL£q:::~,)UL~tJ~LUmJ1"':'1'LclLiI'Lcl 

565.55 LLfi::: 67.80 nn.l1~. 2 "'1~~1iuLc;ltJ41:::L,"'Lcl~1~1'Lcl,)'Lcl;tl~fi 130 ~')tlth" jj~1'Lcl,)U~1nn~1 

;tl~~~lItl"m1 Nrreq ~~ilfi1LYhrTu 38 ~1\l1fu"ll,)~LL~"fI,)1~L~tUr'LclffitJ~::: 99 (t = 2.567) 

'" '" 'Lcltln411nU'Lcl.tl~lJlLL')f CESTIEST U'LL'Lcl:::U11.~jjn1:LLrn"ll,)";tl~fitltlmil'Lcl 6;'Lcl ~tJm~1ri.. 
• I ... 

"II,)~l.Lfi:::l'l,)1~ii411nfhi''ILnlJl1.uLL,j~:::''II,)-'I:n-'ljj,.h~n~j1~1\l1fu::::iU;'LclL~1(Degree of Freedom, f) 

1 ... ..I... c4 ~ .. I I'" 1..1".1 
L'Vl1nU 6-3 = 3 'Vl1:::"Ufll,)1~L'1Itl~'Lcl a = 0.95 ~fll1L'Vl1nU 7.814 fll1Pl'l1~Cl411n'1ltl~fi~tl.. 

• ~ .. I ..1..1 ..l ..I , ~ 0 % I0 

Ll.IffiUL'VltJU~1~,)1~Cl'Vl~1'Lcl,)n.l"1nm1~Cl"1nm1LL"nLL".:j'Vl~1'Lclm1VlC;)~"'~tlU L~n1~~~tl-'l~U'l1 

fi1fll,)1~a'Jltl~;tl~~~1'Lcln1~~~tlULfln1ft-'l~tl-'lil 2 '1IU"~LLnn11LL"nU"~~1~c;l'1lU"~~1~LLUU 
~.. a I .... .... ..I .01 • .: "1...1 
L')\l~fl m1LL".:jLL41~1J:n", LL~:::n11LL"nLLIil-'l'1l'LclIl'Vl\llU-'lfl11'11~l'ILLUUfl~LU~ -'1.2LL~~ LU1Jl111.:j'Vl 
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.. .. f;! q .J II ':.i., II cJ ,0l:Il... 

fI'11-11" -11.2 m1Lu1mJL'VIt.l1JjIll'J1~""lI'tl.:l"ll'tl~fH'VIt.l1JmJjIll~1~tlVl ~lJ\linnm1LLli.lnLLIi.l.:l'VI~1'\.lm1 
'" .. 

V1£il~'tl1J1j1lln1i.:l~'EJ.:l ~1'V1furi1LLN~C'l"ll'\.l1'\.lL~t.I'\J (US~~n) 2 "lItNW~'lmf 

.. ~ 

{UV! 
fhfl~UNtl'" 

(ksc) 

.l .. 
fl'l1tltl"1n'llfllJ fl 

f'I'l1tltl 

Weibull 

f'I'l1tltl 

Normal 

f'I'l1tl5 

Gumbel 

1 404.54 -427 5 4.617 2.665 5.202 

2 427 - 486.75 11 11.758 13.267 10.239 

3 486.75 - 546.5 34 29.092 34.680 26.675 

4 546.5 - 606.25 40 46.131 43.741 49.206 

5 606.25 -666 34 32.732 26.643 35.630 

6 666-728.55 6 5.610 7.948 3.045 

Chi-Squl!lfe Error .. . 
"1101)" 7.814 

1.799 5.275 6.738 

"'l1nm2'V1lJ\~'fl1J K-S (Kolomogorov-Sminov Test) ~1J~1fi1fl~12JU"nl'h.:l~.:I~lJ\(Maxdif) 

ij 5 'DillJ\ LiI'\.lm2'U"'lnLLIil.:liilJll m1LLIilnuIil.:l~1qlJ\'Dil£il~~12JU1J1Jt~'lJ~' m2'U"'lnuli.l.:lU2'n~ m1UIiln 

... ..J ..... • ... I I'" 

U"'l.:l'D'\.ll'lVlVl'\.l.:lfl1~.:I~lJ\LL1J1J~2JL1J~LL~::m2'U"'lnUIil.:lUn2J2J1 2Jfl1LVl1n1J 0.06 0.065 0.071 0.079 

U~:: 0.086 fl12J~1~1J ~.:IL~Pil~1n~1Li1'flL,r2't.l1JLiit.l1Jri1Jfi1",)nq~Lvhri1J0.119 

"'l::L,"utlA'~1,hn1i.:lf1JUN~lJ\L'\.lU'\.l'1"l1'\.l1'\.lLatJU (U~2JlJij) 2 1ltl.:lUj'ytqmf m2'u"'lnU"'l.:l~1~lJ\ 
• ...l , ..... .J 'I _ 0.. ':...l 'I. ...lI 

'D'\.llJ\V1~12JU1J1J '1\l~~ 2Jfl1fl~12Jfl~1lJ\Lfl~tlU"'l1nmlYl£il~tl1J l.I'lm~.:I~tl.:llJl1Vlq£il ~'\.l'DCU::VIn12'U"'ln 

........J ':...l ... 'I'" .: 
U"'l.:l1JlJl1 2JfII1f1'J12JfI~1l'1\J11~'tl'\.l"'l1nmn'l(il~tl1J K-S lJl1V1~l'I "'l.:ltl1"'ln~1'1 ~l'l'11m2'U"'lnU"'l.:llJl1~lJ\ 

• ...l 'I r ...... l! ..... 1 • .. l! ...l.l 'IA~
'D'\.lt'lVl~12JU1J1J~'1\l~~ u~::m2'U"'lnU"'l.:l1J lJl1 2J1l1'1::L"D1t, u~UVln1J"Dtl2o!~2J1nVlt1C1lL'\.ltl.:l"'l1n ~l'IfII'112J 

.. .,...l .... ., ••• 'l ..;
fII~1l'1Lfl~tl'\.l'\.lflt.lVlqt'lUfl::2JfII1'\.ltlt.lm1f1l1~n'llJl "'l1nm1Yll'l~tl1J Chi-Square Test U"lICU::V1 

n11U"'lnU"'l.:l~1fl"'Dil"~~12JU1J1Jt'1\l~' m2'U"'lnU"'l.:l'DilCll~'VIrt.:l'h~1fllJ\U1J1JfJ2JL1J~ u~::m1UIiln 
• I .. 

U"'l.:l~2'n~n~12J11tltJtl2Jfu'l~;UVlUifl~~t~LUtl.:l"'l1n~fII'112Jfl~1"LfII~tlUUfltJn~1fi1~nqlJli.:l~fl.:l 

n11Y1l'1~tl1J U~::"'l1nn11~U~t'I.:Ifl'112J~fl"fIIftfl.:l1::'V1~1.:1ifl2o!~fi1rhfl.:lftJuNtit'l'DU1ULjtJU(t1~2J 

lJij) 2 "lIfl.:lUj'~qnmlrJ1um1'V1 (il~tl1J1l1'1::Li1iU~ilVl Chi-Square Test LL~::m1'V1(il~tl1J 

Kolomogorov-Sminov Test ~12J11tlU~IMtIi1.UpJ~ .:1.1 Ufl:: .:1.2 lJl12Jth~1J 
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pIoU ,ata,ata,ata,","',"','"
CIwp ale. JOUaJItJ til GtUa 

750 

~ ".1	 mtttltt\JL~tt\Jt~\4~ "l~M1).fiif).fW'Vlf~Ii')uN€"llU,)ULittU <t1J).f.Qil> 2 1l~1Jj 

",qmtn~nfy~~1mm1~nN"M~~1W1!lt~;h\An1","MJU\~n1M~ 

dItfa, daflI,daIa,datazdata':daIa,daIa, data, data 
C..,rlllllll.P ..QQk 

pc( 
0.' 

pefa 
000 

1$0.6 
eGB 
pdIa 

t:it 
~~ 0.4 

pdW 
+++... 
s-a-e 0.2 

600 750 
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III 

LL'.:I-a"''JIU1ULI!lu('YI~!I11ii)3 ( Compression Parallel to Grain). .. 
,tl~l,j'Yi~n~1'I.l';lU 130 ~1J'flth~ U~(;l~lUlJl111~~ ~.3 

594.03 639.89 603.28 590.56 621.39 549.71 602.51 648.75 623.44 639.57 

664.32 702.27 570.32 872.26 692.72 725.22 851.44 869.15 796.80 525.44 

731.57 782.64 954.16 628.72 519.26 623.31 773.20 652.61 555.10 871.49 

763.58 743.17 898.85 859.17 871.87 758.19 890.37 819.74 917.34 697.70 

837.20 879.20 835.28 868.02 718.50 881.12 993.65 733.92 859.94 851.46 

774.00 739.31 859.94 841.82 758.58 923.90 901.94 665.71 660.64 822.54 

797.50 979.39 963.60 795.97 789.02 927.38 745.09 869.18 739.31 644.13 

857.62 629.10 882.29 646.43 631.02 816.00 917.34 848.37 767.82 911.57 

821.39 940.86 686.51 757.81 897.70 704.24 792.50 827.95 772.83 598.27 

923.52 729.30 679.20 824.66 721.20 717.73 583.63 836.82 811.38 691.14 

886.91 817.15 865.71 833.73 872.26 843.36 842.59 868.34 798.27 733.15 

819.26 701.94 851.84 804.05 643.74 877.66 748.94 800.19 779.39 864.18 

733.92 694.99 888.06 823.33 688.45 856.46 700.78 670.34 810.99 872.26 

'il1nmnLfl11~~A'lJtl'll'fl~,rU';lf CESTIEST Yi1J~1fi1L~~tJ U~~~IJULrltl~L1JU 

)J11J1"~1ULi:lU773.62 U~~ 108.277 nn.l'll)J. 2 1JI1)J~1~1J t"tJ'il~Li4U~1"1UIJU;'fl~~ 130 ilJ'flth~ii 

o '11..l.!.' .oil ... , ,... O ... ..J.J .oil ~~_ 
'il1UIJUtl1nm1"D'fl~~V1,,~m1 Nreq 'II~)Jfl1LYl1n1J 52 ~1~nJ"DIJ~LL'M~fIIIJ1)JL''fl)JUnJtl~~ 99 .. .. 
(t=2.567) U'fln"1nUU'll'fl~,ru';lf CESTIEST \tJ;u~u11~iim"uu~;IJ~;'fl~~'fl'flmilu 7 {U t"tlij 

I , .. 

;l""1nl'l;IJ~U~~fIIIJ1)Jil'il1n,.hi~LnlJlluu,j~~;IJ~ ;~ij,.h~n~~~1~fu,.~KuiuL~1 (Degree of 
I ... .J... .oil ~ ... '''' ..I s-I I

Freedom, f) LV11n1J 7-3 = 4 "'''~l'l1JfII';l1)JL'f1)JU a = 0.95 )Jfl1LV11n1J 9.487 fl1flIJ1)Jtl'il1n,'fl~~ 

.oil _~ ... I ..1..1 0 ..I ..I , \ 0 ... 

L)J'flL1Jffi1JLV1tl1Jfl1f1IJ1)JClV1fl1~IJCU'il1nflIJ1)JCl'il1nn1"U'ilnU"~V1rJ1um1V1(;\~(;\~'flUfIlm~~~tl~ 

Y41J~1 f111flIJ1)J1l'JItl~;tl~~rJ1um"V1(;\~tl1JLf\ri1i~~tl~ij1 ,ill'lLA'LLrim"U'ilnU'iI~tiIJl1 LL~l'l~lu 
..I 

1JI111~V1 ~.4 
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... • I'l!.... ...I"....... ...I.I~ l' ...I ,
(;I1'l'HYI~.4 n11LlJffi1JLVlm.Jm1~Cl'f1.:1'f1~~LVl!J1Jm.JPl,;}1~ClVl ~P'I~1nn11LL.,mL".:IVleJ1Un11 

.. 
VlC#l~f11J1Plihi.:l~f1.:1 ~1~fuPl1LLN€(;l'U1'1.1L~!J'I.I (VJ~!JlJij)3 'f1.:1WYiqn'i 

..Ii 
fl'l1~nIhfl~LLNti'O'l:. ..I 

"UVI 
I fl'l1~~·nnftll;Jn
I(ksc) Beta 

1 5.687519.19-587 6 

15.5192 587 -654.6 18 

3 654.6 - 722.2 18 22.551 

4 7222-789.8 22 26.371 

5 789.8 - 857.4 30 26.504 

6 857.4 - 925 22.16430 

7 925-993.71 6 11.200 

Chi-Square Error 
7.702 

.illn,,!" 9.487 

"1nn11'VlC#l~f11J K-S (Kolomogorov - Sminov Test) Yi1J~1fi1fl,;}1~UlJln,j1.:1~.:IqC#l (Maxdif) 

aI ... ~ ~;1.1 ~ r aI ... .1 .. , 
~ 5 "JIUI.'I Lu'l.l n11U"nU~lJI1~"''JI C#lVl~1~U1J1h';}\I~fl n11U~nU~.:I1JlJI1 n11U~nU~"JIU"''VI~U.:Il'I1 

~1q"'U1J1J~3JL1J~ n11U~nu~~tJ1n~ u~:m11U~nU~.:IUn~~1 iifl1L,j1n1J 0.058 0.059 0.081 

0.083 U~:: 0.097 lJI1SJfl1~1J ~.:I'l~f11~1n~1uitlLmtl1JL;jtl1Jn1J'h'.lnq;iL'vhn1J 0.119 .. 
~::L~u'1JI~1f11ihi.:lf1JUN€,,'lUUU,;}'U1ULi!JU ('VJ~!JlJij)3 'f1.:11Jj....qn'i n11U~nU~.:Iij"1 ij 

, .I II _.... ~.1 'I...l ~... .I 
fl1fl,;}1~fl~1c;l1.fl~f1U~1nn1rn(;l~f11J ~U'CU::'VIn15'u.,nU~.:I"1qiJl'JIUC#I'VI~1~U1J1JU"Jn1~.:I~f1.:1lJl1Vlf!C#I 

'';}\I~~ iifi1fl,;}1~flt'16Ufll~f1U~1nn1","~f11.JK-S ~1~q" ~.:Jtl1"n£'l1';}'1i'~1n11U~nu~.:Iil"1U~:: 
J ....1 l!. I ... ... l! .I .I 'l.~,r aI 

n11U~nU~,:Jl'I1ttc;l'JIU"'VI~12JU1J1J';}1J~~ 2J1l1,;}::L'1I1iu~'I.I'VIn1J'1Itl~~~1n'VIqC#l LU~~1n 1II!il';}12J 

.,j ".I aI,., "'" 'l .I
f'I~1"Lf'I~f1UUfI!J'VIq"'Ut'::~l'I1Utltlm1f11tmq" "1nn1","~f11J Chi-Square Test 'I.I'CU::'VI 

aI 11 ... 'l!"ll! l! ,.,.,j aI .oil ., ., ... 
n11U~nU~1JLJ11 rt~1~11Cl!..lfl2Jn.J ~ L"U'VIU'1IfI~~ '" LUfI.:I"1n~f'I,;}1~fII~1"Lfl~f1UUt'ltlm1f111';}nq" .. ..
 
'ti.:Jf\f1~n1"'''~tl1J Ufi::"1nn11~LLf\f\.:IfI'l12Jf\f1"'f'I@tl.:I1:~~1.:Jffl~~fl1ri1i.:lfuUf.:J€"'JJU1ULi!Ju 

... ... ...3 'LI! .....I , l! _ I'" ... 
'JIU"''VJ"tllJ2J 'JJfI.:IIJ,lYiqnl~t'Vle.J1Un1","~tl1J1l1'l::L'1I1~ u~U'VI~U'VI Chi-Square Test U~::n17'V1"f\f11J 

Kolomogorov-Sminov Test a1~11ClUf\"'.:IVilul1.J~ .:1.3 U~::.:I.4 lJl12Jfl1~1J 
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IlJ 

p.o,...., , ,....,....,....,.... 
n-prl hnBtl_em. 

J1!i 4.4 n'1'~tI"aJL;UlJ'::,..j.'"W"')"W~ft::tW'J&4,.'1~'J~'1~fJ~ ("!AWJi1> 3 

tluf.anf"un"l tu."'n1L~itrhWl'ft'l'I.f!ti K-S 

pel 
- q" 
pdlI 
000 

J =fIId" 0••
eGB....

jJi 
~ ~ 0." 

pdW 
+++.­
s-e-e 0.2 

1000 
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LL'l-1.a"'I'U1'ULI!J'U (tJJ~lJ~) 2l,rA1[~':l8I1ii,.\'I~'U (Modulus of Elasticity) 

'!I'tl.:lW~~ni41'U';l'U 130 1K';l'tlth.:l Ll.~(;l.:ll'UlJI1~1.:1~ .:1.5 

40310.61 38751.82 43477.61 45890.91 37584.00 33104.90 46830.19 51394.50 34369.05 28452.99 

36347.37 35370.79 35742.33 39754.72 40125.00 39755.24 26922.62 31159.76 43513.27 43885.96 

22066.67 51836.73 43854.70 39796.75 36304.72 36451.22 24601.50 23940.83 26887.64 22345.10 

37777.03 34937.50 30892.66 27078.95 30017.75 26272.32 38590.31 31511.63 33549.74 32872.66 

29677.54 29774.19 32421.69 27920.00 34122.81 50137.68 39649.40 49025.00 36076.31 30722.22 

30605.13 31772.95 32082.47 25682.20 38709.68 33494.74 37819.28 23430.83 32067.01 30910.99 

42785.16 39881.58 33635.22 24280.77 30948.72 40119.21 28486.61 30426.90 39865.67 33894.41 

33095.07 31787.88 33579.88 30754.90 38675.00 21921.15 38759.26 36698.80 34822.58 36589.93 

30353.41 32995.58 32673.08 33655.17 44330.77 45992.00 31956.04 29401.13 41519.48 50388.06 

29658.99 37488.72 32642.49 39880.66 49724.14 39827.84 33569.89 46776.00 31427.35 33457.32 

34457.78 46902.44 49797.98 34369.32 49746.38 31558.97 30715.05 33339.06 35451.22 41766.23 

38544.97 35348.39 29075.58 26021.74 29573.46 29594.47 33120.22 48540.54 47367.26 39083.02 

22422.05 20763.05 24590.72 33409.94 35602.56 36581.90 38873.82 44506.58 30133.03 52223.08 

.. "1' ••1.... I 1...1 .J...I PI
'"l1nn11":lLfi\l1:l'PI';lt!'flfl lJILl.';l: CESTTEST ~1J';l1 fi\1 L1l~tJ Ll.~::fl';l'UL1JtJ.:I L1J'U~1 ""31'ULlJ'U 

3.548x10
4 

Ll.~:: 7.251x10
3 

nn.l'~. 2lJ11~ft1"1J tIltJ'"l::L~'U~1~1U';luf'tl'J~ 130 1K';l'tlti1.:1ij~1U';lU 
• 11...1J! .. .... ,... 0 ... ..J' .. ~" 

~1nm1"D'tl'J~"l'IfI.:In11 Nreq .03~fi\1LVl1n1J 111 ~1'U1J1I';l.:lLL"'.:Ifi\';l1~L''tl~U1fltJ~:: 99 (t=2.567) 
~ ~ 

u'Bn'"l1mrU''B~~Ll.';lf CESTTEST \1lLl.u::"hl~ijn1:Ll.U:I;';l03f'tl'J~flflmi:lu 7;U t~tJij;~~1n~ 

;';l03U.fl::fIl';l1~~'"l1n,i1l.:lLnlJltuu.Pl~::;';l.:l~.:Iij'h~n~;l~1".fu1::~1JiUL~1(Degree of Freedom, f) 
, ... ...I... .. ~ ... '''' ...I J! .. _~ ...I I 

LVl1n1J 7-3 = 4 V1f::~1JfIl';l1~L"ll'tl~U a =0.95 ~fIl1LVl1n1J 9.487 fIl1f1l';l1~Cl'"l1n"D'tl'J~~'tlLlJ1tJ1JLVltJ1J 

• ...1...1 ..J ...I , ~ 0 ... " ...I0 

fi\1fi\';l1~ClVlfi\1U';lru'"l1nfi\';l1~~'"l1nn1fLl.'"lnu.'"l.:lVl~1Un11V1lJ1~lJI~'tl1JLfi\n1~.:I~'tl.:I~1J';l1fi\1fi\';l1~Cl'fI.:I 

ftl~t\'Wijn11u.'"lnLL'"l.:l,il~1~r.hUn11V1"~'tl1J\fi\ri1tr.:l~'B.:I Ll.~".:I1UlJl111.:1~ 03.6 
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III 

~ -~.... ../"....... ../../1" ../ .

P11"~" ~.6 n1~LU~UtJLVltltJf1,;}1).Jtl"!l'fh1'!l'fl).J~LVltltJmJfl,;}1).JflVI ",r.l1nn11LL~nLL~~V1~1'\.ln1~ .. " 
V1"'~'fltJ11i1n1~~~'fl-3 ~1~ruLLN~"''!l'\.l1'\.lL~t1'\.l1.;lihhll~~~U",~~'\.l (t1S).JlJij) 2 '!l'fl~bj~~n'; 

.I
r;,i-lI1Nti", I'I')'UJO

:. .I -l " 'IlU'Vl fl')1~()"1n1JtlJfl4
x10 (ksc) 

1 -2.075 -2.53 10 

2 2.53- 2.978 16 -
3 2.978 - 3.426 39 -
4 3.426 - 3.874 25 -
5 3.874 - 4.322 18 -

-6 4.322 -4.77 12 

7 4.77 -5.22 -10 

Chi-Square Error 
-

fh~nqtii 9.487 

~1nn11V1"'~f1tJ K-S (Kolomogorov-Sminov Test) ~tJ~1fi1l'l,)1).JUl'!n~h~~~~", (Maxdif) 

ii 5 ,n", LiI'\.ln11LL'~nU~-3utJtJ~'flntl1n~ n11U~nLL~~,n",~~rt~fh~~t1"'UtJtJfl).J n11U~nU~~LtJ~ 

un).J).J1 n11u~nu~-3,J1n~LLfl~n11LL~nLL~-3;j"1iifli1LiI'\.l 0.048, 0.055, 0.059, 0.084 Ufl: 0.088 

~~1.~fi1~1n~1ujflL,rnJtJLiitltJritJfi11in~~L'hritJ0.111 1'!1).J~1~tJ .. 
~:Li~'\.lL;(~1fli1 UJl:ltr~UOll~~'\.l"JI'fl-3n1~-3ftJUN~",1.'\.lU'\.l,;}"JI'\.l1'\.lLatl'\.l1l'fl~bj'n~n'; (t1~).JIJD) 2 

'Wiin1~U~nU~-3'U'"1.", ij"'1f1'l1).J fI~1 "'Lfl;'flU~1n~1fh1in~lJl~1nn11V1"'~'fltJLl'lih~-3~'fl-3 L'\.l"JIN:iI 

-.,..I ~..I •• 
n11U~nU~-3 utJtJ~'flnt1ffifl ).J f111fl,)1).J"fl1"'1JII~'fl'\.l~1nn1n1"~f1tJ K-S fl1V1t1Ol1).J LYttJ-3n1n1"'~'fltJ 

.... '''.l' ' tI •• 11 eM I - ., " ..1.01 II ~\'LOlItI';} ~-3f11~n2'1';} ~Ll'I';}1n11U~nu~~utJ1J~f1n 1nl'! ).J1l1,):L'1I1t ...~'\.lVln1J'DfI~~).J1n'Vlt1Ol1LUfI~~1n Irlll 

..I "..I .,,, ". ~I J!. 
fl,;}1).J"~1Ol1Lfl~'fl'\.l'\.lfltlVl~OlIU~:;).Jfl1'\.l'fltln,)1f11')n~1'! U~:~1nn11~U~"'-3",;}1).J~'fl"'fl~'fl-3~,)1~ .. 
;'fl~~,hn1~-3ftJuN~,,'l'\.lU'\.l,)'II'U1'\.lLitl'\.l'D'fl~bj~~mf (t1S).JIJD) 2 ~1~ftJfli1UJl:l~~tj"~~'\.l'fI-3W 

.....1 , 11 441 - .. ., 1I.l4'I .. 1..10

Yt~n1ffi~1'\.lmlVl"'~tltJ1l1,;}:L '1I1t. ...~'\.lYl ~fln1fl-3~tMU~:n11V1(;l~f1tJ K-S ~1).J11f1U~OlI-3 '" ~'\.lt. ...Yt 

~.5 Ufl: -3.6 "1).J~1~tJ 
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ztI;; ".5 n'fttlmttL~!ltJr=w)'NM,ucfimilti'ftH,hb.l'Jittnlt'Mqv (tl,UIJU)2 'ftHLU 
"qmfnu~MUM'l»~U'lUU~'l»U~~~iJu; •.hurl'ltvtlt8u1ltrh~f).) 

p$
 
000
 

I¥" 
j~
 
!~
 

pdW 
+++ 
pdt 

B-8-€I 

0.' 

0.2 

pJi ....6 n'ituJlu1JlilU1Jt~wi""~'1"W5.c.Ull&4Ih~ •.a,,\Ulu <uPUJii> 1 

fftnl'4tffW1')fil~n~~~~lbW1111lA.f)11 K-5 
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LLH-a"'II'U1'ULI!I'U ('Jii!l-tli1)3lifht~~ralliifl\ll~'U( Modulus of Elasticity) 

'lI'tl-:l1Jj..,~mf41U1U 130 ~1'tlth~ LLf\~~'lUlJm'1~~ ~. 7 

20001.08 25906.40 38671.79 20648.95 30311.80 34357.00 27638.17 35067.68 24544.88 25179.84 

26154.33 27648.50 22453.54 34340.79 27272.44 28551.81 33521.26 34218.58 31370.08 24201.08 

28801.89 30812.60 37565.35 26571.85 24424.00 21986.77 30440.94 39440.00 44055.87 42305.24 

49583.38 34405.93 30671.86 36874.16 36633.28 46514.85 32495.18 32273.39 30991.35 25650.59 

41445.54 36941.18 32885.04 29128.05 47269.47 40233.79 39430.48 30078.69 34260.40 25801.70 

33076.92 33005.00 32947.74 40865.24 27848.85 34603.15 28724.08 28571.33 23180.35 32901.76 

33936.34 39175.68 36089.89 36054.08 48705.19 33722.76 40058.49 31492.17 37528.53 23172.35 

29071.73 24837.36 31736.98 18056.76 26625.49 29890.11 27465.39 20641.56 41729.57 31873.01 

50703.21 33722.72 30376.64 43681.34 33621.57 42170.06 32215.28 31815.76 40890.58 38106.50 

38320.33 32467.34 35936.51 31027.66 31770.93 39220.11 20265.00 33075.73 35743.44 25503.17 

39418.31 34048.00 32545.56 32315.04 34340.79 36195.71 32283.22 36484.71 28818.48 18102.52 

20899.59 26588.48 32889.58 31780.55 27162.19 33664.88 26843.87 32794.75 31902.80 27876.65 

32331.28 29574.13 33013.53 32036.11 22065.64 32441.82 33258.27 23520.56 33932.72 34340.79 

... .f"J! I 1..1 .J..I••1.... ~ 
~1nm7"JLllIl1:::1II,.1tJ"ll'tl""~LL'J:CESTIEST "'1.J11f1l1L~~tl ~:::ft1ULl.Jtl-:lLl.JU2J1~:'1UL1JU 

4 3 2
3.225x1 0 LL~::: 6.491 x1 0 n n."'2J. "12J~1~1.J t~tl~:::L'l1u~1-t1u'JuoI'tl'J~ 130 i'J'tlfh~ il~1U1U 

2J1nn'i101tllJ~~If'tl-:ln1: (nlllQ) 4~ilfi1LYhril.J 107 ~1~fu'll'J~LL~-:lfll112JL~'tl,t'l.lffif.J~::: 99 (t=2.567) 
~ ~ 

U'tln~1mrUtt'tl~,rLL1f CESTTEST aLLu:::u1'lm:lm1LLti~'ll'J-:loltl'J~'tl'tlmtlu 7;'1.1 t61tJil;~~1n~ . . ~ 

'll'J~LLfl:::rl'J12Ja'1n,hi~Ln,,'lULLfi~:::'ll'J~ 1~ilfi1~n~;l~1~ftt::::~l.Jfu~~'i (Degree of Freedom, 
• ., ..1..,..1 ~ .. I ,... 1..l".J

f) LynnlJ 7-3=4 Y1::::fll.Jfll'J12JL"D'tl2JU a = 0.95 2JfIl1Lynnl.J 9.487 fIl1f1l'J12Jtl~1n'll'tllJtlUJ'tl 

_I'!! .., ..1..1 ..I ..I I " 0.,0 .. 

LlJffil.JLYltll.Jfll1fll'J1lJ'l'V'fll1U'JW~1nfll'J12Jtl~1nn11LL ~flm~~~'tl~2J... nU~~'VI~1Um1Yl"~"f\'tl1.J 

ttu~ \A'LLn n1:LL,nU'~Ul.Jl.JLLn2J2J1 u~:::m:LL~nu~~tl1n;l Uf\fl~'lU~1:1~~ ~.8 

2 
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pt,rJ-3it -3.8 n11LmU1.JLViutJ~,;)1t1~"Jl~-:I;r~tlflLV1UtJritJfil,;)1t1~~1~"'l1nn11LL"'lnLL'"l-:l~thl.ln11 
OJ 

'" Vl"'~~tJ1filri1i.:l~~-:I LLN€"'1I'IJ1'IJL~m.l~1'~~1tJPh LtI~i~U",'\.1~'IJ (VJ;jUJ.1ij)3 lI~-:I'1Jj,"qntf 

rhtt-3fuuNti~ 

Gamma Nom1alx1 D· (ksc) 

9.429 

2 

7.6961.805 - 2.280 10 

20.330 

3 

23.153192.280 - 2.744 

33.807 

4 

31 36.1962.744 - 3.208 

32.471 34.453 

5 

433.208 - 3.672 

21.518 

6 

19.0573.672 - 4.163 16 

8.232 

7 

4.163-4.6 8.0116 

1.9372.5924.6 - 5.07 5 

Chi-Square Error 
8.824 9.338 

fhiinq;i 9.488 

'"l1nn11Vl~~~tJ K-S (Kolomogorov-Sminov Test) '"tJ~1r11fl,;)1t1UlJlnlJh.:l~.:It'!~(Maxdif) 

ij 4 ".II;j~LiI'IJ n11LL'"lnU4I:l-:lUtJtJLLntltl1 n11U"'lmL"'l.:lLLtJtJ£i~mJ1n~ n11U4I:lnu4I:l.:ltb'nji U£i::n11LL'"ln 

:r1 .-.I'!II .:4'l". J ~ _~ .. .... - ­I

LL"'l.:llJlJl1 tlfll1Lu'IJ 0.079, 0.091, 0.093 LLfl:: 0.095 ".11.:1 ~fll1lJl1n,;)1UJ~LlJffitJLVltltJntJfl1';)nqlJl 

L~hritJ 0.119 lJl1t1~1~tJ 

'" 
'"l::Li~U'~~1r11 u.lI~i~u "'~~U ('t'J ~U1Jij)3 '~-:lihi.:l1tJUN€'" lUUU,;)'DU1UL~t1U'~-:lUj,"q ntf 

.... ..I \O.,~.I 1 .I 
n11U'"lnU'"l-:lUntltl1t1fl1fll,;)1t1~fl1~Lflfl~U'"l1nn11Vlfl~tltJ UlIN~n11U'"lnU'"l-:lfln1ft.:1~tl.:l1Jl1Vlt'!fl 

...... ~.I oJ'" ..... • 11.1"
untltl1 tlPl1Pl,;)1t1Plfl1l'lLPl£i~U'"l1nn11Vll'l~~tJK-S lJl1Vlt'!l'lLlIULflu';)nu '"l-:lm'"ln£i1';) ~';)1n11U'"ln 

... .1' _ I • ....1' ..... 'lot' .. .,... ..., .,
ulIt.:lUntltl1t1J11,;)::L"II1t..u~uVlntJ"II~~fltl1nVl~flLU~-:I'"l1n 1Ilfil';)1t1fi1£i1ILfilfltlUU~UVlt'!"U£i::tlPl1UtlU 

n~1fh~nq" '"l1nn11Vlfl~~tJ'fiIri1i-:l~~-:llulItu::~n11u'"lnu'"l-:lutJtJuntltl1 U.£i::n11U'"lnU'"l.:ltl:n~ 
.. "'l!"llf 11 II.!'..... .. ., I ,. ~
 
n~1t11:Clf.Jtltl1tJ ~ ~"IIUVlU"II~~£iU'lLU~.:I'"l1ntlfil,;)1t1fl£i1IlLfiI£itlUU~Um1fi11ImqlJlVl.:l~~.:In11Vlfl~~tJ
 

ufl::'"l1nn11~u~IMfl,;)1t1~~~R«~.:I1::~~1.:I;r~~flfihUJlOi~u(;l~~u('t'J~U1Jij)3 'II~.:Iihi-:lftJUN€~ 
~ 11.11 ...l , 11 _ I • II ° .,

'DU1UL\'iUUlI~-:llJ,I,"q nttfl~1\.ln11Vl fl~~tJJ11,;)::L"II1, .u~UVl ~flIn1£i-:l~~-:I ~::n11Vll'l~~tJ K-S 

(Kolomogorov-Sminov Test) ~1t11:ClU~fl.:l'~UpJ~.:1.7 LLfl:: -:1.8 lJl1t1~1~tJ 
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0.3pIotf 

plod'll 
e-e-e 

'" pI8tfGbS 

j~ 
i~ 0.2
 
&> JIIotfIJa
 

t~b 
a. +-+-+ 

ptuttbt 
~K 

0.1 

ItJ;t ~, 7 mtLt1'ttJ'UL9I!J'Ut:;\d1~fI'11~tt«~,"'VI€'t:l~'{1t)J~~t\il~,..~u (\'J~!JlJij)3 ,t:l~ U! 

~qn~ri1.JYf-1n;'Uf1'11~\4'U1l.\.'IJ'U'JIt:l-1fl'11~'lJ1~::LtI'U~~1'Un1t'VI~fl'£l1.J'Lfln1i-1flt:l"I 

Compression Parallel to Grain (E) 

pel 
0.8 

pcftl 
000 
pdGL 

i*K)(
:i pdGS 0.6.! eG 8l..pdIa 
~~ 

-!pda
f ~~K 

~~ 
0.4 

pdW 
+-++ 
pdb 

e-e-s 0.2 

_I- .P.!!'" .,j , ~.. .,.. (- - 3I I!U" .f,8 n1"LUm1JL"~1Jf~'1'NfIl'11JJfla:aJJftt-1f1l1Y1~fta!lIt"'~U'J"WJJJ) 
nu\l~n{'Wn :u."lnl.L"l~~~1Un1nlllfttlU K-S 
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~.2.2 n1,",lltliJ1JFhu.,~-ra;u;f~'i11ml!lu ( Compression Perpendicular to Grain) 

'tl~~Vi~ni41'U'lU 130 ~'ltlf.h~ LL~~~1U(;I111~~~.9 

382.00 498.20 321.40 432.00 445.00 295.20 280.70 290.00 289.50 423.90 

354.70 318.90 487.20 509.80 397.80 314.00 310.50 300.30 498.30 444.90 

387.40 486.20 327.20 510.70 387.60 461.20 397.00 500.90 459.30 461.90 

505.10 424.50 490.30 429.30 412.50 437.00 439.30 543.90 473.80 537.00 

470.70 458.90 465.40 405.60 527.40 545.20 463.00 584.60 482.70 444.60 

723.50 419.40 381.73 472.90 542.30 848.97 465.30 531.50 410.40 603.20 

401.10 518.52 399.50 539.25 545.20 630.30 384.80 389.90 457.60 454.00 

622.30 558.40 469.80 491.20 488.90 520.30 630.20 412.80 480.90 478.70 

407.30 466.80 475.20 431.80 478.80 456.80 400.50 413.60 470.40 643.40 

404.30 430.80 380.10 496.50 383.10 480.90 382.40 427.50 530.50 409.00 

506.30 497.90 390.70 460.60 449.00 455.90 604.90 499.00 589.90 505.00 

627.00 610.10 497.90 441.90 511.20 431.07 426.70 458.40 400.90 397.20 

457.01 421.06 502.56 432.97 586.71 770.92 401.25 575.58 382.65 439.95 

_ r... ..1 r r , 1..1 .J..I .. 
~1nm1'lLfII11~l'I'JU'IItll1(;1U'l1CESTIEST VUJ'11f11Ll1flU Ufl::l1'1ULtJU-3L1.JWJ1t'1"~1WJ 

1'i1Ltl1.1 465.30 Ufl:: 91.18 nn.ftI~. 2 "1~~1i1J ~U~::L,"1.1~1~1U'l1.1;tl2Jfl 130 i'1tltl1-3ij~11.1'l1.1 

~1nn~1ff)~fl~lli'f)-3m1·(nreq) 4-3ijfll1LVhntJ 102 ~1,..ftJ;'1-3LL"'-3fll'11~L~tlJ1.1ftlUft::99 (t=2.567) 
... ... 

1.1tln~1nU1.1'lltl'ri"U'1f CESTIEST \~LL1.1::U1L,"ijm1LL,j-3;'l-3ftl2Jfttltlmtl1.16 {1.1 t.lltJml'l~1nl'l 
.J. • ....... __ 0... :. ...
 

;'l-3LLft::fII'l1~Cl'"l1nfll11-3Lnl'l1ULLt'lft::1'1-3'11-3~fll1'lnql'l~1"'nJ1::~1.J'UL~t(Degree of Freedom, 
I ., ..I., ~ ~ .. I ,... 1..1 11 ~ 

f) LVl1ntJ 6-3=3 Y1"::"tJl"l'l1~L'IItl~U a = 0.95 ~f111LYl1ntJ 7.814 fll1fl'l1~Cl'"l1n"Dtl2JflUJtl 

_I'!f_.... I ..1..1 0 ..I ..I I II _ 0 ... I 
LlJn..ltJLYlUtJfl1fl'l1~ClVlfl11.1'1N~1nfl'l1~Cl~1nm1LL~nLL~~Yl~1Umn'l"~li\~tltl ~mft-3~tl-3 'ntJ'11 

, ..I 11 11_ ,- _ 'I I II 0 ... 'I. ..I 
f111f11'11~Cl'tl-3"Dtl2JfllJJ~m"U'"lnLL'"l-3"ll1.1" ~"c.l11.1mnl"~tltJ ~fIImM(qtl-3 LL(q~ ~Ul'l1f1~" -3.10 
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P11.,,~;t ~.1 0 n'l1LmU'lJLYlmJfl'J12.J~"lItl.:l'tl2.J£'UVlmJri'lJfl'J1tl~~LtJ)1iI1nn'l1LLlilnLLIil.:l~thUn'l1 
" 

'" '" 
Y1l'l~tl'lJLflri 1i.:l~tl.:l ~1,dl.Jfh LLN€(;'I ~.:I'l1n L~UU"lItl.:l bj..,,,n'; 

~ ..I 
i'UYI 

Ihi~l.LNti'''~~'i11m~W 

(ksc) 
1'l'11l.l~"I1n4ifll;l1l 

..I 
1'l'11l.lfl 

1 280.619 - 306 5 -
2 306-386.5 13 -
3 386.5 -467 55 -
4 467 -547.5 41 -
5 547.5 - 628 10 -
6 628 - 849 6 -

Chi-Square Error 

I'h~nq~ 7.814 
-

1il1nn'l1Y1C11~tl'lJ K-S (Kolomogorov - Sminov Test) ~'lJ~1fi1l'l'J12.JLL~n~h.:l~.:Iql'l(Maxdif) 

... .. iI .. .I ~ . .1 ..
2.J 5 "JIUCIIL Un'l1LLlilnLLIiI.:I"JIU~'VI~u.:II')1~.:Iqj;)LL'lJtJ~2.JL'lJ~ n'l1LLlilnLLIiI.:ILL'lJ'lJ~tlnl..l1n~ n'l1LLlilnLLIiI.:I 

LL'lJ'lJLLn2.J2J1 n'l1LLlilnLLIlil.:lrh~.:I~l'l"JIUCII~~tl.:lLL'lJ'lJL~1L"II~ LLfl:n'l1LLlilnLLIiI.:ILL'lJ'lJtl1n~ 1~';'Hilu.. . 
0.065. 0.080, 0.083, 0.098 LL~: 0.099 ~.:I1~';1~1n~1LiitlLUltJ'lJLYlf.J'lJri'lJfih~n"~Lvhri'lJ0.119 

~12.J~1~'lJ 

'" '" 
IiI:L"uLrA'~111i1ri1i.:lfULLNti(;l1 ULLU'J lK.:I~1m~f.lu"lItl.:Ibj~" n~ 'Wiin'l1LLlilnLLIiI.:I"JIUCII1l'l iifii1 

~ .: , ... '1_ 0 ., ,..1 .. ..I ~ 
l'l'J12.J l'l~1l'l LlIlflt'lU~1m111l1'Jn"~1il1nn'l1Y1 iJl~t'l'lJ ~n'l£N~tl.:I ~U'N:Yln'l1LLIiI n LLIiI.:I"IIUiJlY1~U.:I 

1Ii113.:1l1l'lLL'lJ'lJ~2.JL'lJfl ii1li111l'J12.Jt'lfl1l'lLlIl~tlUIiI1nn'l1Y1l'l~t'l'lJ K-S ~1~q(;l ~.:Itl1Ii1nfl1'J"~~1n'l1LLliln 
.. ..I ~ I ... J! ... 1 .. ., J! .I ~ ,,,

n'l"LLlilnLLIiI.:I"IIUiJlY1~U.:I1Il1~.:Iq~LL'lJ'lJ~2.JL'lJ£q 2.J111'J:L"D1t..u~UY1n'lJ"Dtl~£q2J1nY1ql'lLUtl.:l1il1n~~1Il'J12J 

fIlfl111LlIliltlUUt'lf.l~q"LLft:iifli1Ut'lf.ln~1fi1~n,,~ 1iI1nn'l1Y111~tl'JLflihi.:l~t'l.:l'Wiin'l1LLlilnLLIiI.:I"IIU" 
, ., , !'"I" J! II.!' J ~ ~" • Go ••1I 

~(;l f.ltl2J1'lJ ~~ ~"IILL"U'1tl~fl ~P1LUtl.:I'11n2Jl'l'J12.Jflft1(;lLfllfltlUUtlf.l2J1nm1f1'l'Jn,,~ LLfl:1il1nn""nLLt'II.:1 

flI'J'l2.J~tl"flI~tl.:l1~~1.:1'tl~flrhri1i.:lf'lJLLN€l'li.:l~1nLif.lu "lItl.:Ibj~qn,;vl~1Un11Y1C11~tl'lJl1'l'J: 

L;1pJ~U""flri1i.:l~tl.:lLL~:n'l1Y1C11~tl'lJ K-S ~12.J11tlLLt\l'l.:l"rLUpJ~ .:1.9 LL£q: .:1.1 0 ~12Jfl1~'lJ 
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400 $O(t 600 700 800 

-eoa::-_t:~'ft .... 
_t- _I'!!" • .J..t: ... .La_. • ... ::. ~ If.'::' ' FYI .e.9 n1fLl.IftJ1JLlttl1Jf:lt~'WM1lJn,,1J1'tltD'ltNfII1 LLNf1ItIM~1mtt!JU"fN y,j"qn~ 

~M'u",)"lmN"lU~",)"lm!')'i\;\Mr;11llnm,,"t1"'n"l«~~ 
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900 

ttJ~ 4.10 n1tL11hl1JL~U1Jr.:,"1'Hfl~1~rl.:tUJHHfi1LLNf~i.tt")mi!J\&""1J~rf{\&n1" 

LL..nu.-w~ehun'''''A.!l1JK-8 
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~.2.3 n1'n1flll'il\JLL'-II~" (Modulus of Elasticsity) MOE 

n1'n1"t1'il\JLL,~~"tJJt:!allil,,~~u (iJ,SJJlJi1) 'Dt'I.:I'IJj..,~n~1U,)'l.l 130 ~,)t'I£h.:l 

LL~~.,,1'l.llJl111.:1~"'.11 

fl1,,-/I;1 -/1.11 fhm1'V1(;l~t'ltJlLNir;) L2.J~~~iir;)~~'l.l (tJS~JJij) 2 'Dt'I.:I'IJj..,~n~ 

75490 67165 89671 65897 67856 74839 75194 90922 78909 129478 

75030 126409 126398 76256 89936 86765 117146 83646 84071 94790 

79477 73585 122115 106664 102517 101599 122132 72611 132476 96169 

85142 74516 88078 75860 108433 78052 88567 72481 96033 89887 

93254 71020 77488 69757 88459 64238 95378 121560 82960 79660 

94411 72744 88835 86668 63052 74533 103544 82263 64027 71210 

99355 108097 68614 116665 64759 85739 73897 110467 89555 80355 

60973 63000 83264 106745 78060 88832 121417 83431 66818 84575 

83811 96950 97256 59702 73003 90543 119511 89950 77681 65523 

78878 60282 115514 74268 110180 87202 95967 97335 87862 83311 

73059 80823 76215 75011 88720 85848 93567 91520 72910 64236 

58784 113654 65172 81677 75489 65708 71989 74084 97557 74787 

79415 116474 77426 71802 69318 75768 60831 88571 119116 61254 

... "" ..1.... ".I.J .!'I.I
"\1nn1",)Lfll1:~r;)')tJ"1l'ilnlJlLL,)1 CESTIEST Yi1.J,)1fl1L'ili'tJ LLi':~,)'l.lL1.JtJ.:IL1.J'l.l~1LJl13"ULlJU 

8.590x10
4 

LLi': 1.753x1 0
4 
nn.l"ll~. 2 lJl1~~1il1.J LL'ltJ'it:dl'l.l~1~1U,)U;t'I~i' 130 iK,)'ilth.:l ij~1U,)U 

~1nn~1;'il~i'~jj''il.:lml (nreq) ~.:IijfhLVhn1.J 111 ~1~fl.J'i,)"'LL~.:Ijil,)1~L~'il,ruffitJi':: 99 (t=2.639) 
~ ~ 

ut'lnIlJt1mrU"llt'l~lJ1LL')f CESTTEST \~LLu::U1tfijm1LLtN;,).:I;'il~i't'lt'lmtlu 7 fu LL'ltJij;L'l~1nl'l . , ... 
;,).:ILLi'::fl,)1~il'it1n1ihi.:lLnI'11'l.lLLLJii'::-n').:I ;.:Iij,h~n'ljj~1~fu'l::~1.J;UL~1 (Degree of Freedom, t) 

, ., .1.,..1 ~ ... , ,., ,.I 11 ...; 
L'V11mJ 7-3 = 4 fl1::"1.Jfl':l1~L"Il'il~U a = 0.95 ~jil1LVl1n1.J 9.487 f111fl,)1~tl'it1n"Jl'il~i'lJJtl 

Of 

_ I'J! ... I .1.1 0 ..l .I I 11_ 0 ., • 

L1JW1.J LVltJ1.Jfl1 fl,)1~ ClVlfl1u')ru'it1nfl,)1~Cl'it1 nm1LLIllnLL'it.:lVl"l1Umn'l (;\~ (;\~'il1.J U"lmi'.:I Yi1.J,)1 

• .I II 11_,,,, ... '1_, '1_ 0 ., 'I .I 
fl1f11,)1~tl"lltl.:l"lltl~i'~~m1LL'"lnLL'it.:l"llU"U'I"l1Um1'Vl"~tl1.JU'lmi'.:It'tl-II LL~M LUI'1111.:1fl .:1.12 

I 
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... _ F.!'" J"....., JJ~ " J ,",.,.\011" .:1.12 m~LU~mJLVl!JjJf'I~1lJ"'fl~lIfl~~LVlmJmJfl~1lJ"Vl ~(;l~1nm~Ll.'~mL~~Vl~1'Un1~ 

Vl(;li'lflU\flrhi~i'lfl" ~1\o1fuphmn'l(i\i'lflULLN~(;l UJ~ii'lfj(;l\o1~'U (tJ~lJ1Jij) 2 'JI~'lJj~~n'; 
..l 

1'l'11JJCl';'fl-lllNil",::. ..l ..l .. 
'IIUVI 1'l'11JJCl'lln'll'!l~~ 

x10' (ksc) 

5.877 -71 22 -
2 7 -8.02 37 -
3 8.02- 9004 31 -

4 90.4 - 10.01 16 -
5 10.01 - 10.11 9 -

10.11-12.10 76 

12.10 - 13.247 8 -
Chi-Square Error 

-
,hiin~ii1 9.487 

"'l1nmn'lt'li'lflU K-S (Kolomogorov-Sminov Test) ~U~1f1i1f'1~1lJLL"nlJh"'''i1t'l(Maxdif) 

ij 5 'DUlJILtI'U n1~LL~mL~~'DUlJl~\o1~"'h'~i1I'1LLUU~lJLU~ m~LL"'lmL"'l~LLUU~flntJ1n;l m1LL"'lmL~" 
... • .. ..I .J" or ... • .!"l

LLUULLnlJlJ1 m1LL"'lnLL"'l~LLUUjJ"1 LL~::m1LL"'lmL"'l~f11'~l'!(;l'D'Ut'l'Ylftfl~LLUUL111L'D1'I lJfl1LlJU 0.056, 

0.064, 0.076, 0.079 LL~:: 0.085 ~~1~fIi1~1n~1ujflLunJuLii!Juriufh~n~;lL~hriu0.119 "1lJ~1~U 

"'l::L-a'UU;~1'Wm1LL...nLL"'l",uVl1(;\ ijfii1f1l~1)Jfl~1(;\Lfl~fl'U"'1nm1Vl(;\i'lflU'fIlri1i~~fl~~1~i1(;l 
..1 .. ..I ~ • ... • ... , .:1'U'Dcu.,'"'1'1m1LL~nLL~~"lI'U(;lVl\o1'U"fl1'~t1t'lLLUU~lJLUfi lJfl1fl~1lJflfl1r;lLflIflfl'U"'l1nmn'llJlftflU K'S lJl1 

J.. "'" .. ..I ... I ... 11 4"11 .. .., 11 

ftfl~1'U'!IC\.l:V1lJJlJm1LL"'lnLL"'l~"ll'U" (;\!JfllJW 'VI ~lILL'Yl'U'fl'Jfi U'lL'Ufl~"'l1nlJfI~1lJfllfl1l.'1L11fifl'\u.nnm1 

Vli1" "'l~fl1'~nfi1~ (;l~1m1LL'"lmL"'l"'D'U(;\'Yl~'U~f11~~i1l.'1LLUU~lJLUfl lJ111~::L"D1tui'l'U'YlnU"Dfl~filJ1n 

..I
'Ylt1t'l 

... l-~ ... "..I ...." • ,"
L'Ufl""'l1n :MfI~1lJfIIfl1"L"fifl'U'Ufl!JVli1"LLfi::lJfl1'Ufl!Jm1fll1~n~lJl 

'I ~ 0 ..,

"'l1nmnl"ftflU ~mfl~ 

..1'1.1'" .. 1 .., 1·\,,\" " '1.1'...... ... I 

f1i1~n~1JI LLfi::"'l1nn11~ LLi'l"~ "~1lJi'lfl"fII«fl~1~~1~ffl'Jfifli1 UJ~iftii,,\o1~'U 'DU"tl~lJlJij 'fl~ri1i" 

fuLLNi" '!ItNW~~nml~h'Un11V1t'lftflU111~::L;1itli'lU'Yl'fIIrhi"cqfl~LL~::mnlt'lcqfluK-S cq1lJ11" 

LLcq'M"'i.'UpJ~ ~.11 LLfi:: ~.12 "1lJ~1~U 



__ 

flI 

14S 

Mod.... or EIastkdty 

pil ".11 n'f~1.Bw~ltl\Jt~"h-l""')Ja.1I""~",n'f'I~"1J'bJ~"fti1"13~~(1J3WJi1)2 

4Jtw~"qn1frlu«~n"i1Ul'l1~"U1U.1lU4Jtw"l)'UJ,h~:U1u~chW11m"ttl1J"'rhi~ttw 

pd 

pdt 
000 

f
pdQ 
~t( 

pc83S 

Z~ 

I. ~,*K
 
pdfL 

pdW 
+++,.
 
e-e-s 

.&.1 

0.6 . 

0.. 

0,2. 

J1li ...12 n"ltuhu~ViW~""M"lUa.:tWft4f1i"ln"l",~"U~ ••Gf',,~u 

(tI~)2 rl1Jltui'fvo"u,\ou4Wlr.hvo,,"NtfJ1J K-S 
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I'IJ 

858.74 943.23 933.74 983.46 885.18 756.11 768.52 768.52 883.54 839.84 

791.01 885.01 848.96 870.54 745.39 941.22 841.84 859.65 772.40 1165.84 

880.61 1005.17 1017.44 987.50 425.40 376.47 1346.94 937.68 598.98 748.53 

948.86 927.44 1028.57 859.83 984.24 1095.93 593.35 1022.29 1025.35 965.11 

934.73 821.40 987.98 981.47 775.98 919.16 896.27 1212.02 763.05 970.84 

801.21 1043.97 997.57 923.10 933.74 943.41 1026.91 793.54 963.26 832.74 

1104.83 1012.53 853.98 1079.53 744.55 986.06 855.10 1022.15 1062.22 1060.36 

876.67 862.17 1021.79 851.49 883.48 870.77 1072.01 876.88 903.73 893.93 

970.84 851.90 901.22 704.14 836.95 683.62 1191.75 1090.69 865.32 1004.00 

997.97 878.31 1156.13 813.51 856.23 1084.82 804.90 1036.80 1159.18 963.15 

986.30 1058.54 837.57 827.49 757.36 904.91 925.96 765.36 899.34 812.21 

873.10 949.88 677.15 736.38 827.90 856.44 896.78 660.72 903.81 717.84 

919.38 1121.97 801.21 693.37 860.52 950.66 658.10 860.69 1327.86 874.87 

- "1' ••1" f'·..1 .J...1 ~ 
~1nn11'JLIl11::V1l'1'UJ,,]'tl,"lJILL'J CESTIEST TfU'J1fl1L1lflf./ LLfl::¥'I'JULtJUUtJU~"1J113"UL1JU 

902.539 LLfl:: 147.01 nn.l"~. 21J11~~1~tJ t"f./~::L,"U~1~1U'Juffl\lfl130 ~'Jtl!h~ij~1U'JU~1nn~1 

ffl\lfl~lffl~n11 (nreq) ~~ilfli'LYhntJ 70 ~1V1ftJlI'J.:JLL~~fl'J1~L~fl~Ukf./fl:: 99 (t=2.639) 
~ ~ 

Ufln~1nUUllfl~,rLL'Jf CESTTEST ~LLu::u11IDjn17LL1J~1I'J~ftl~flflflmi]u 6 iu t~f./m1~~'ln"• 
..I ..l • ..r 1 . --I ~ ... - -.,: ... ...::. .. 
'1J'J~LLfl::fl'J1~C1~1nfl1¥'1~Lnf1ULLlJIfl;;.'1J'J~ "~~fl"'Jnqf1"'"V17tJ7::"tJ'DULt'7(Degree of Freedom, f) 

• ... ..I... oJ ~ .. '''' I ..I ~ ~ _I'!!! ..I 

LYl1ntJ 6-3 = 3 Yl7:="tJfIl'J1~L"Iltl~U a =0.95 ~fIl1L'Yl1ntJ 7.814 fIl1f1l'J'l~C1~1n"D'tl~flu.ltlL1JmtJLYlf./tJ 

I ..1..1 0 ..I ..I .. _ 0 ,1(" - .. l' •I 

f\1fl'J1~Cl'Ylf\1U'JCU~1nf\'J1~n~1nn11LL~nLL~~'Yl~1Un1nJ"fl"fl'tltJ Lf'1n1",~~ 3 IIU1\ '-l'ILLn n11LL~n 

LL~~fl'tln1J1n3i n11LL~nLL~~LLn~~1 n11LL~nLL~.:J1J,.nJ1 LLt'M1U1JI171~~ ~.14 
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II! 

... _~... .oJ ...... .oJ..It" .oJ ,
",,,./1,, ./1.14 m1LU1fJULVltJUfll';l1)JC1'tl~ftl)J~LVlfJUnUfll';l1)JC1V1 (;l~1nm1LL"'lmL"'l~Y1t.J1Um:i' 

OJ 

V1(;l~tlU'tflfi1~~~tl~ ~1'ldufhmtVICil~tlULLN~CiI'UJ~~~LLl'lnin (1J~)J1Jij)2 '!Itl~bjn~ni 

~ ..l 
iuYl 

'loItl'lULLN 

(ksc) 

376.34 -660 

..l 
1'l'J1~t1"11n 

f'tllJ~ 

..l 
1'l'l11Jt1 

lognormal 

..l 
1'1'1 11J t1 

gamma 

..l 
1'l'l11Jt1 

normal 

1 5 4.151 4.981 6.434 

2 660-782.5 18 23.351 22.527 20.489 

3 782.5 - 905 49 42.558 41.172 38.944 

4 905 -1027 38 35.391 36.246 38.435 

5 1027 - 1115 13 17.104 17.996 19.695 

6 1115-1347 7 6.754 6.607 5.839 

Chi-Square ElTOr 

fhinqjl 9.487 
3.561 3.893 5.730 

"'l1nmlYlCil~tlU K-S (Kolomogorov-Sminov Test) nU~1f11f1l';l1)JLLl'lnl'h~'~t1"(Maxdif) 

ij 5 "llUl'lLtlum1LL~nLL~~LLu'U1J1n~ m1LL~nLL~~LLUuillJl1 m1LL~nLL~~LLUULLn)J)J'l m1LL~nLL~~ 

~1q~"lIU~~~1)JLLUU\';l\l~6LL~~m:i'LL",nLL~~1J1n~ ilfl1Ltlu 0.046, 0.070. 0.079, 0.092 LL~~ 0.098 

~~t";fl1~1n~1ujtlL,.JifJ1JL;;!J1Jnuph~nq~LYhnu0.119 lJl1)J~1~U 

~~L~U~~1fh'UJ~~~LLlJlnin"llUCil1J~)J1Jij'tl~LJj'n~ni m1LL~nU~~~tln1J1n~ijfhfl';l1)J 

fl~1l'lU')~tlU~1nn1tV1Ci1~tlutflri1~~~tl~~1~qCil tU'!ltU~m1LL",nLL~~LL1J1J1J1n~ijfl1f1l';l1)JfI~1" 

LfIl~tlU"'1nmlYl"'~fl'U K-S ~1~q~ ~~tl1~nfh';l\1l~1m1LL~nLLfOl~LLU1J1J1n~ LL~~m1LLfOlnLL;'N~fln 
• I ...... 11 _I ... ... 11 '..I..l 'I.\' ..l .....1 <III..... 
1J1nl'l)JJl1';l~L"D1tu~UYlmJ"Dtl~~)J1nVlq(;lLUfl~fOl1nLl'IfIl';l1)Jfll~1"'LfIl~flUUfltJYlf1'" LL~:J.lfll1UfltJm1 

f1i1~nqlJl fOl1nmnl~~tl'U\flri1ft~~tl~tU'!ItU~m"LL~nLL~\Iatln1J1n~m1LLfOlnLL~~1Jffi~ LL~~m1 

LLfOln LLfOl\l LLn)J)J1 n~1)J11C1tJtl)JftJt «lfLLVlU;tllJ~ \~Ltttl\l ~1nijfIl';l1)J fIl~1"LfIl~tlUUfltJ n~1,h~ nql'1 .. 
';\I~tl\l mnl"'~flU LL~ ~'"1nn11~LL~~~ fIl';l1)J~fl'"fIl«fl\I1~~1~;fl~~,h'UJ ~i~LLfln\Tn'lu",1J l1JlJij 

'fl~ri1tr\lfuLLN~"'lltl~LJj'nqnml~humtVI"~tl'UJl1';l~L;1itl~\lVl\riri1i~~fl\ILL~~ K-SmlYl"'~tl'U 
1I.!'"1 _1..1 0 ... 

~11J11C1LL~CiI~L,nUtuVl ~.13 LL~~ ~.14 Vl1)J~1Ci1'U 
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OJ 

JUfI ~. 13 tnt\t!hnJl~rnM12JU"'M~*,fl"\1'ft~Wtf.Uftmln(1JJwJjj) 

","~~S1~tlihdttNtnntlltlt!1J'lftrhtM"~ 

.wo 6UO 100 1000 1200 1400
 ............;::.:-........,...........
 
oI~ 

pli ".104 n'ttllftn.nhtJttwh~M·n.~CtN~1fl'~lJU4~nfn(~~}Z 

~~f1~~~~MWK-S 

2 



153 

III 

n1'Y1fl.i1\J'ta.l~••ilfl\ll~'U (YJil!llJil)3 ( Modulus of Elastisity) MOE 'Jl'tl..:lUj~~n'; 
o .., 1 oJ
"\1'\.l'H.I 130 lJI'J'tl[l1..:1 Ll.~IM '\.l1Jl111..:1Vl ..:1.15 

fl1'i1~;1 ~.15 jlhm1'V1"'~'tltJ~~~tr~tj",~~'\.l (VJ~fJJJij) 3 'Jl'tl..:lUj,,~n'; 

83350 99774 90955 91326 94882 85206 79703 83098 92096 108005 

80130 71786 83368 102931 89978 78979 104166 105373 106695 88946 

103555 66812 108829 103095 86566 103116 94566 82529 101871 86917 

66693 59952 99680.00 106669 60155 59465 52572 70508 68746 73239 

82908 88275 64253.00 81857 79209 58082 79063 82197 72053 70884 

82557 52080 62871.00 71100 81108 53619 57137 84627 79937 74924 

79094 55936 92434.00 97228 61543 69249 65637 81145 70028 70622 

78878 66533 67842.00 65252 54789 61561 88544 78417 58312 60200 

75490 56890 87774.00 54485 62000 63767 75395 86910 59870 55962 

56239 89323 91556.00 70698 91719 64682 73152 65968 69416 74101 

52839 79179 53248.00 61882 86691 57244 63124 59052 68385 54059 

55597 86046 77792 90858 79296 63927 54458 69179 62201 59825 

83966 63714 63409 72658 57792 52617 70278 59825 64272 73268 

~1nm1~Lfll1~\fIi'J[I".IIt1~flU'Jf CESTTEST ~tJ~1f'i1Lll~fJ U£q~~'J'\.lLrlfJ~LtJ'\.l~1l'l131'\.lLiI'\.l 
\ 

7.523 x1 0
4 
u.£q~ 1.520 x1 0

4 
nn.l"JI~. 2 lij1~~1~tJ t~fJ~~L~'\.l~1~1'\.l'J'\.lft1~£q 130 i'J'tlth~i1~1'\.l'J'\.l 

~1nn~1;'tl~@~"''tl~m1 nreq ~~i1"'1LVhrilJ 108 ~1~ftJ'II'J~LL"~fl'J1~L~'tl~'\.l~fJ£q~99 (t=2.576) 
~ ~ 

'\.l'tln~1nU'\.l"JI'tl~~u.'Jf CESTTEST \ALLu--."j11,xi1m1utJ~'II'J~f'tl~@'tl'tlmil'\.l 7 f'\.l tj;lfJi1;1j;l~1rij;l 

..I ..I '% 1 ..I ..I .J. ....... ... 0 .. ..::. ..
 

,.'J~U.£q~fl'J1~Cl"'1nfl1~~Lnl'l'\.lUl'l£q~,.'J..:I "JI..:I~fl1'Jn~lij~1~11J1:::"lJ'Jl'\.lL~1(Degree of Freedom, f) 

... ..l .. .J.~ ....... ...l ~ .J. 
L'VI1nlJ 7-3 = 4 'VI1:::l'llJm1~L"JItl~'\.l a. = 0.95 ~fl1L'VI1nlJ 9.487 fl1fl'J1~Cl~1n'Jl'tl~ft~'tl 

_ I'!! .., ..l..l • ..l ..l II _. ... __I 

LlJ1tJlJL'VIfJlJfl1fl'J1~ Cl'VIfl1'\.l'J N~1nfl'J1~Cl~1 nm1u.~nU~..:I'VI~n'\.lm1'Vll'l~l'l~t1lJ U"lm£q..:l~'tl~ 1 "JI'\.ll'l 

\liuri n11u.~nU~~u.lJlJUlij1LL~M1'\.llJl111..:1~~.16 
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... _I"l!'" ..J 11 ...... ..l..l~ .l' ..l ,
j;l1f1~V1 ~.16 m1LIJ1tJ'lJLV1U'IJflt;l1~C'l'!lfN'Iltl~flLV1U'IJmJf'lt;l1~C1V1 L~~1nm1LL~nLL~..:IV1e.J1Um1.. 
V1(;l~tl'IJ\l'lri1i..:l~tl..:l ~1~ruphm1V1(;l~tl'J~~i~u(;l~~U (VJ~UlJij) 2 '!Itl..:l\2J~~nM 

~ ..I 
1IUYI 

ri1i~UNil/l 

x10'(ksc) 

..I 
f'I'Jlt1tl"lln 

offtl~fl 

..I
l'I'Jlt1tl 

Beta 

1 5.207 - 6.02 27 26.876 

2 6.02-6.83 22 23.852 

3 6.83-7.64 22 21.603 

4 7.64-8.45 23 19.295 

5 8.45-9.26 20 16.699 

6 9.26-10.07 5 13.475 

7 10.07 -10.09 11 8.198 

Chi-Square Error 

I'h'inq~ 9.487 
6.976 

~1nm1V1"'~tl'IJ K-S(Kolomogorov - Sminov Test) "''IJ~1ri1flt;l1~LLtJlnIJi1..:1~..:I~~(Maxdif) 

ij 5 'IIil(;lLiJum1LL~nLL"'..:Iij[;l1 m1LL"'flLL"'..:ILLn~~1 m1LL",nLL"'..:I1.bn~ m1LL",mLIlt..:l'llU(;l~",rt..:l 

l'i1~..:I~(;lLL'IJ'lJt1~L1Jfl LLfl::m1LL",nLL~..:I~1~(;l'llUt'I~~1~LL'IJ'lJb\lfltf i1fi1Lilu 0.046, 0.070, 0.079, 

0.092 LLfl:: 0.098 • ..:IL~fi1~1n~1Li1tlL1f1tJ1JLii!J'lJri'IJ'hiin~tJlL,j1ri'IJ 0.119 "1~~1tA''IJ 

~::L~u\"'~1 flh~ ~i~u "'~~U'llU(i\'.I ~UlJij'!ltl..:l \2J."~mf m1LL~ n LL"'..:Iij tJl1i1 iii1fllt;l1~ flfl1 (;l 

..I ~ ':..J ,.1 ... , ,,,. ..I0... 

LflfltlU"'1nm1V1"'~tl'IJ Lflmfl..:l~tl..:ltJl1V1~{;) LU'!IN::V1m1LLlltnU~..:I'lJ1JI1 L~fl1flt;l1~flfl1"'Ll'lfltlU~1n 

m1Vl"'~tl'IJ K-S ~1~~"'L'IluLiI!Jt;lriu ~..:Im",n~1t;l'lA'~1m1LL",nU"'..:Iij(fl1ij1l1t;l::Lf1zt1~Uf1ri'IJftl'olfl 
.1..1 '" ..I ".I ... ," ,. .. ~ ...0

~1nV1~~LUtl..:l~1n ~M1~flfl1"'LflIfltlUUtlUV1~"'LLfl::llfll1UtlUm1fl1t;ln~(fl~1nm1V1"'~tl'IJLf'lmfl..:l 

~tl..:l'U'!lN~m1m1LL",nU"'..:ILL'IJ'lJij(fl1 n~1~11C'lUtl~fu'~"'U'YIuftl'olfl\~Lrttl..:l"'1nijflt;l1~flfl1'" 

Lf'l~tluutlun~1fi1iin~",i..:l~tl..:lm1V1~~tl'IJ LLfl::~1nn11~LL~~flt;l1~~tl"'iJIt\'tl..:l1~~1..:1ftl'olflfi1 

~~i~U"''''~U'1lU~'.I~tJ1Jij'!l'tl..:lb!.,,~niil~hum1f1''~fl1.Jll1t;l::Lf1pJ~UV1Lfllri1i..:lfttl..:lm1Vl"fttl'IJ 

K-S ft1~11C'lLLft"'..:ILcnUpJ~ .:l.15 LLfl:: ..:1.16 1J11~~11K'IJ 
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• 

P« •.15 MtLU'JtM~wh4M {~~t 

'H4~wqnif)uf.4rff~?"m~'i'm\t\n~?'l»\t~nylrs'l.Wl~UW~f)4 
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•
 

n'ntfltl'il\Jt~~tltlLLllm.rn(,!~!IlJii)3( Modulus of Rupture; MOR) 'tItl~Uj~~n~ 

r.hU~'I.l130 lA'~tlth~ LL~IM'l'l.l~111~~~.17 

1053.64 1124.57 1003.83 1095.95 971.32 1008.91 602.65 1123.80 1098.77 1215.16 

1091.32 640.95 1105.75 1224.56 568.71 716.93 963.51 1322.09 1168.51 1079.15 

1120.66 647.32 974.87 1031.36 711.72 1089.69 1196.27 856.23 1250.72 1252.37 

951.62 783.24 991.48 11158.00 987.86 781.05 772.41 1165.52 951.80 1115.10 

1123.95 1188.21 966.40 I 973.19 857.38 1003.76 791.06 1029.45 1213.67 1081.66 

1251.27 1231.37 1245.86 1201.67 1443.67 1211.88 1169.84 1164.20 1051.98 1036.14 

1081.14 1067.60 864.61 863.42 738.64 1163.62 737.25 943.76 820.36 1167.38 

825.27 928.21 750.08 966.90 1070.64 1070.64 1002.39 1161.10 766.87 944.16 

1167.10 993.27 947.74 1374.36 1217.51 948.07 1119.03 1098.36 1102.56 1018.45 

1128.63 850.16 1145.53 1038.11 907.12 1267.99 1126.94 1118.28 776.65 886.21 

1218.05 1280.69 870.32 1193.36 858.63 1133.90 1138.33 1115.89 913.26 756.19 

839.47 775.31 1339.44 1198.38 849.72 934.31 1197.46 1217.66 1043.69 1028.53 

793.90 1044.05 1132.74 890.66 1318.61 900.94 1017.84 1155.44 918.87 1099.99 

.... .r:" •.1 ~ ~ I ,:.1 .J.I ~ 
1iil1nmnLfIl11::lIll'l~tJenfl,""LL,;)1CESTIEST Yitl';)1f1l1L1l~tJ LL~::~,;)ULtlEJ~LtlU),J1"1~1UL1J'I.l 

1.027x10
3 

LL~:: 174.756 nn.l,),J. 2 "1),J~1~tl ~tJliil::L~'I.l~141'1.l,;)U;fl~fl 130 i';)flEh,:j ij~1U,;)U 

),J1nn~1;fl)J~~llfl.m11 (nreq) ~~ij ..hLVhritl 77 ~1",fu-d,;)~LL~,:jfll,;)1),JL~fl~uffiEJfl:: 99 (t=2.576) 

"' "' 
UflnIiil1nUUentl~g\LL';)f CESTIEST L"'LLU::U1'l\lijm1LLti~-d';),:j;tl)J~tltlmt1u 6 iu ~tJij;l'I~1ril'l 

I , "' 

'lI';),:jLL~::fIl,;)1),JaIiil1nfi1i,:jLn,,'luLLfi~::'lI';),:j~~ijfli1~nq~~1",ftt1::~tl{UL~1(Degree of Freedom, f) 

I ... .I.. -I':' .... ... 1.1".,;
LVl1ntl 6-3=3 Vl1::£'ltlfl11),JL'tl),JU a = 0.95 ),Jfl1LVl1ntl 7.814 fIl1fl,;)1),J(l4t1n'tltlS;l~L)Jtl 

_ I'!! ... .1.1 0 .I .I • II _ 0 .. .... 

L1JWtlLVlEJtlfl1fl,;)1),JtlVlfl1'1.l';)CUr.nnfl';)1),JtlIiil1nn11LLliilnLLIiil~Vl~1Un1fV1l'1~l'I~tltl '!IU£')u·tn1fl~~tl,:j 4 

'llILLrl n11LLliilnLLIiil~~1t1£'l'!lU£'l~~1),JLLtltlL11J~tl' m1LLCiinLLIiil~ii"1 m1LLliilnLLIiil~'IU"~"'~~Pi1~1f1£'l 

LLtltlfl),JLtl~LLfl::m1LLliilnLLIiil~LLtltltl1n;l LL~,,~tU"11'N~ ~.18 
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..a _~.. .; ~ ...., .lJ" '" oJ l 

Pl'''~'' ~.18 n11L1Jjm..JLY1!.1tJfl~1)JCl"JItl~'l1tl)JfHY1f.JtJntJjilI~1)JClY1 ~Cil"'l1nn11U"'lnU"'l~Y1l:J1Un1j.. 
Y1Cil~tltJ'ljillihi~~tl~ ~1~fufii1n1n1~~tltJ'UJ~i~LLlJln\ln (VJ~!.IlJjj) 3 lltl~UJ..,~mf 

iu~ 
'b.J~flRU1Jlntfn 

(ksc) 

oJ 
1'l11~Cl"l1n 

ffll;jf\ 

oJ 
1'111~Cl 

Weibull 

oJ 
rl11~Cl 

Bela 

oJ 
"',)1~O 

Gumbel 

oJ 
fI')1~Cl 

Normal 

1 568.572 - 720 6 6.819 5.073 7.432 5.114 

2 720-857.5 19 14.617 19.300 11.954 16.417 

3 857.5 - 995 27 29.980 31.544 27.139 33.939 

4 995 - 1132 39 40.615 35.06 44.910 38.963 

5 1132 - 1270 33 29.369 27.46 33.927 24.847 

6 1270 - 1443 6 8.418 11.559 4.635 9.602 

Chi-Square Error 

,hiinqiil 9.48773 
2.916 5.062 5.634 6.004 

"'l1nn1jf1Cil~tltJ K-S (Kolomogorov-Sminov Test) ..,tJ~1lii1~~1)JLLlJln~1~~~~Cil(Maxdif) 

..... PI ~ ... ..1 11" .. .....I~ 
)J 5 'DUl'lLlJUn1jU"'lmL"'l~lJl1~~'DU"Y1~1)JU'U'l.H~\I~~ n11U"'lnLL"'l~UtJtJtJlJl1 n1"U"'lnU4il~'DU~Y1\11U~ 

fi1~1~CilLLtJtJfl)JL'..J~ n1jLL"'lmL4il~tJ,.n~u~~m"LL"'lnLL"'l~UtJtJun)J)J1 iifi1LtlU 0.042, 0.056, 0.060, 

0.070 U~~ 0.090 ~~t\\'fli1~1n~1u1tlL,jltltJLYi!.ltJritJ'h~ntl~LYhritJ 0.119 lJ11)Jfi1~tJ· 

"'l~L~U'l~~1fi1'UJ~ifl LLlJ1n\ln'DU"VJ~f.JlJjj"JItl~Uj"'qmf n11LL"'l nU"'l~~1~ "'DUC1l~~1)J LL'UtJ 

'I .... I ~ '1_ 0... ~..1 "1..1 ~ ... ..I 
~~\I~~ )J~1jil1~1)Jjll~1CilLjilI~tlU"'l1nn11Y1Cil~tltJUOln1~~~tl~lJl1Y1~Cil ~U"JICU~m"LL"'lnU"'l~lJl1~Cil'DUCilY1 

fl1)JLLtJtJb\!~fl ijfi1f11~1)JfI~1191LfII~tlU"'l1nm"Y1191fltltJ Kis ~1~~"L'UL~!.I~riu ~~tl1"'lnfhl)'lIi~1 
~ ... 'I.... _1 ..... " "I."..1 J! ..I"

m"LL"'lflLL"'l~lJ11~19l'DUl9lY1\'t1)JU,JtJ I.I)'Jfi~)J1l11)~L'D1t. u~UY1ntJlltl\l~)J1nY1~~ LUfW;lj1n ~~fIlI)1)Jfllfi1191 

Ljll~tlUUtlU~~l9lLLfi~ijfli1Utl!.ln~1~1~n~lJ1"'l1n~~~tl~n11Y1191fltltJ "'l1nn11Y1CilfltltJ~n1i~\'ttl~ 
"I..l .. ... ..I ~ , .1 ..... 
~UllCU~Y1m"U"'lnU41~LLtJtJtJ"1n1"LL41nU"'l~'DUCilY1\11U~f111~~~"UtJtJfl)JLtJ~m"U"'lnLL"'l~LLtJtJ1J,.n" n 

... "I.t"lJ! J! 'I.l'.... .. II " ..... ::. 
~1)J1"ClUtl)J1tJ~,., ~'D LLY1U'Dtl\l~ ~I'l LUtl~"'l1n)J f111)1)J fllfi1191LfllfitlUUtl!.lm1f111I)ntllJ1Y1~~tl~m1Y1191MltJ 

U~~ "'l1nn"1~U~"~f11)1)J~tll9lfllfitl~"~~'N~tl\lfiflhbJ~i~utJlnin,ul9lYJ~f.JlJjj"JItl~UJYtqn,;;l~1u 

n11Y1Cil~tltJll11)~L~1ItJ~UY1\fln1ft~~tl~n1n1,,~tltJ K-S ~1)J1jClU~,,~'\JilultJ~ ~.17 LL~~ ~.18 

lJ11)J~1itJ 
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~ 2.4 n1'''''tli}1JLL''Nii.:t''l:ULL'U,;)'D'U1'ULlfJ'U (Tension Parallel to Grain) 

1I'tNW'ntlmf41'I.l'JU 130 ~'J'fl'.h~ LL~~~1.U1iI111~~ ~.19 

781.50 790.50 1116.70 1020.50 872.70 831.80 733.90 1239.90 1270.00 1254.90 

1260.40 1254.90 832.90 957.70 732.30 1059.10 782.10 798.70 831.00 1270.90 

732.30 727.70 1254.90 720.40 1254.90 745.30 1254.90 1205.20 1235.20 868.40 

1297.80 1241.20 709.50 1255.80 1296.50 1247.00 883.60 1254.90 1254.90 707.40 

1254.90 1175.00 1024.40 1260.40 1282.20 1240.30 1430.80 1498.10 1174.20 1210.10 

1076.10 1254.90 1295.00 1046.90 716.10 1291.10 1257.50 1100.00 1254.90 1238.20 

1274.50 1254.90 836.10 1254.90 1274.60 784.00 996.10 1283.00 1254.90 938.10 

1082.70 1089.80 1069.60 1246.60 1191.70 833.40 764.60 1223.20 936.50 1254.90 

914.40 1278.30 1250.30 1039.50 1262.00 936.20 1209.10 864.50 1203.50 889.10 

905.10 637.00 1283.10 827.30 1254.90 705.50 1237.60 822.70 1210.20 1214.20 

1214.30 1254.90 1232.50 1166.10 1266.10 1204.40 1386.10 980.20 704.00 732.20 

770.50 974.90 723.80 1222.00 1254.90 1268.60 1201.80 1229.70· 1251.10 868.10 

808.20 706.20 1221.90 874.30 770.90 1233.21 1254.90 1254.90 1254.90 882.60 

1il1nm1~L"'1'1:lf"''ltl'jf'fl~lJ1LL'lf CESTIESt 'nU~1f1i1Lll~t1 LLfl:et'lULrltl~LU\aJ1lJl1~1ULiJU 
3

1.075x10 LLfl: 216.517 nn.ftJllI. 2 lJl111~1~U tllfJlil:Li~u~141U'luftlllfl 130 i';l'fl!h~ ij41U'lU.. 
1I1nn~1;'fl\jfl~~!l-3m1 (nreq) ~~ijfli1LYhnu 107 ~1l4fu;';l~LL"~fIl'l111L~tl~U~fJfl:99 (t=2.567) 

... ... 
U'flnIil1nUU"IIfl~iLL'lf CESTIEST \«LLU:U11.~ijm1LLti~;'J~;fl\jflfltlmiJu 6;u tllt/ij;/"41n,, 

-l ..I 'K , '.....I "" ",,:' ( f)
"U'l~LLfl:fIl'l111Cl'lt1nPl1"~Ln" ~ULL"fl.,"U'l~ "II~1If'l1'lnq"~1l4nJ1:"U'IULt\1 Degree of Freedom, 

, ... ..I... .. ~ .. , '''' , ..l II .. _~ .. 
LYl1nu 6-3=3 Y11:IIUfII'l111L"IIflllU a = 0.95 lIf1l1LYl1nU 7.814 f111f11'l111ClIil1n'lfl\jflUJtlL1JffiULYlt/tJ 

I ..1..1 • ..I ..I , 'I • ., •• ..I 
f111f11'l111ClYlfll1U'JCUIil1nfll'l111Cl'lt1nn11LLlilnLLIil~Y1~1Un11Y1"~~~fltJ~fIln1fl~~fl~'ntJ'l1f111"''l111Clllfl~ 

;fl~fl 'Wijm1LL~mL~~"IIil" "'~hUn11Y1"~fltJ\f'lri1fl~~fl~ LL~ IM1UlJl111~~ ~.20 
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... ....J..... .I ..., " .J 
1ij'''UI ~.20 n1~LmVtJL'VIUtJjIl,)1)JfI''tl~4f'tl)JflL'VIUtJntJflI,)1)JfI'VI

I

L(;l1il1nn1~UlilnUIil~'VI~1\ln1~ 
" .. 

'VI(;l~'tltJLflIri1i~~'tl~ ~1'V1rufli1U,.~~~'l\lLL\l,)'!I\l1\lL~U\l'!l'tl~1JjYl~n'; 
.... 

f'I'l1lJO 

(ksc) Frechet Type-II Largest 

636.855 - 710 6 

2 710 - 855 25 

855 -1000 173 

4 1000 - 1145 11 

1145 -12905 64 

6 1290 - 1498 7 

Chi-Square Error 

,h1inqii 7.814 

"'1nn1"'VI(;l~'tltJ K-S(Kolomogorov - Sminov Test) Y4tJ~1fi1fll,)1)JUlJln,h~~~q(;l (Maxdif) 

'WfJn11UlilnUIil~"Jlu(;l'l(;l'l~fi1~1n~1Lrl'tlLUffitJLVlutJntJfli1'in~~LYhritJ0.119 

)Jn1~ulilnu~~"Jl\l(;l ~)Jfl1'):L']J1t.u~\l'VIntJ"D'tl2olfl L\l'tl~1il1n'1l'tl2olfln1,.u~nu",~ 'VIrl,)1)Jrlfl1(;lLrlfl'tl\l 

.. 
Iil:L~\lLA'~1fi1UN~~'l\lU\l,)'\l1\lLitJ\l'!l'tl~1JjYi~n'; 'Wi1n1"ulilnUIil~"Jlu~'l(;l fJfi1fl1,)1)J 

fllfl1(;lLfII~'tl\l~1n~1'h~n~lJl~1Jl~1nn11'V1(;l~'tltJlf11ri1i~~tN 'l\l'!lN:L~mri\l'WfJn1,.u~nU~~'IIU~ 

'l(;lijfli11'1'11~r1fl1(;lLfll~'tl\l~1n~1rh~n~lJl~1~1il1nn1ffi"~'tltJ 
.. -'l- 1:"4>'11 ...... 1:" ...I 

K-S L,j\lL~tJ'1ri\l 
1:" 

~~'tl1~nth'1t~~1'W 
'It- ...I 

.. . 
)J1nn~1,.h'in~lJl~1ni~~'tl~m1'Vl(;l~'tltJ ufl:~1nn"1-nLL~(;l~fl,)1)J~'tl(;lrl«'tl~"~~1~;'tl2olflfl\1U~~~~ 

'lUU\l,)'II\l1\lLitJ\l'!l'tl~WY4~n'; ~rJ1Un1~'VI(;l~'tltJfl1,):L;1z,j~U'VItjllri1i~~'tl~ n1ffi(;l~tltJ K-S 

~1)J1~ClU~(;l~tlil\liU~ ~.19 Ufl: ~.20 lJl1~~1""tJ 
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n1"''YIfl.'il1JLL...~;t~'lULLU~''U1ULI!lU(E) (Tension Parallel to Grain) 

"JIfl.:l'l~'Vi~m;'~1U,)U 130 fl')tuh.:l Ll.~e;t.:llUm11.:1~ .:1.21 

19464.29 27556.18 28270.89 31594.43 23522.91 23630.68 26950.31 40417.32 39811.91 25454.36 

35939.39 25454.36 27398.03 32137.58 33104.71 26477.50 23346.27 23757.94 35361.70 30129.67 

22555.08 27254.68 25454.36 33176.47 25454.36 37265.00 25454.36 33019.18 35412.24 25541.18 

36710.78 23084.34 28886.26 27061.88 29600.46 29761.34 33218.05 25454.36 25454.36 18185.63 

25454.36 23129.92 24103.53 17344.42 28813.48 13643.05 20039.22 29783.30 19376.24 29573.36 

21695.56 25454.36 16160.08 25977.67 19374.21 16120.57 22455.36 27295.29 25454.36 15951.31 

18578.72 25454.36 29860.71 25454.36 34712.12 23543.54 30743.83 28991.87 25454.36 29875.80 

29262.16 25285.38 21784.11 24932.00 15297.82 20426.47 18258.24 32194.65 27303.21 25454.36 

25613.45 31655.25 29780.29· 18430.85 26700.85 22613.53 21414.89 23239.25 20690.48 26461.31 

24136.00 27456.90 32452.95 29028.07 25454.36 25124.48 27409.84 22980.45 27710.09 15789.34 

15790.64 25454.36 23599.67 32123.97 29055.66 24047.95 26604.61 31216.56 20465.12 24503.88 

18285.26 15852.03 27520.91 26931.82 25454.36 23362.80 13878.46 33404.21 25284.84 20188.37 

19616.50 26059.04 29596.72 17734.28 24629.39 30374.63 25454.36 25454.36 25454.36 16135.28 

'"I1nm~ii L,.W1~iK')tJ'llt'l~ lJlLl.')f ~ESTTEST 'VitJ~1ri1 Ll1ilu Ll.~~~')ULrl[J.:J LtJU~1 LJI~S1ULiJU 

2.567x10
4 

Ll.~~ 5.435x10
3 

nn.llUI. 2 LJI1~fh~tJ Lt'ltJ'"I~L~~1~1U')uftl~~ 130 ~,)tlth.:l ij41U')U 

I ~..I,!t 4 ... .., .!!:'. ...I' ~:., II ( )
~1nm1'Dt'l~~'VI"tl.:ln1t (nreq) 'll.:J~fi11L'VI1ntJ 119 l't1~ru,.,).:JLl.~..:I",)1~L"JItl~UffitJ~~ 99 t=2.576 

~ ~ 

Ut'ln'"l1nUU"JIt'l~lJlLL')f CESTTEST \iKLL~il1l~iim"Ll.tl.:l'1l,).:Jftl~~t'lt'lmiJu 6 iu Le;ttJii;l"'~1ne;t 

'1I,)~LL~~",)1~~'"I1n,htf.:lu)f1l'IJLl.l'i~:"li')..:I'.:Iiiflhiin~~~1~fu"~~1J'iUL~1(Degree of Freedom, t) 

LfhntJ 6-3 =3 ~t~~tJfII,)1~L~t'lJU a. =0.95 iifli1LyhntJ 7.814 f1i1fi1,)1~~'"I1nft'l~~ujt'lLUnJtJLiI[JtJ 
, ..1..1 0 ..I ..I • II 0., 0 _ 

f11fi1,)1~Cl'VIfl1u,)N'"I1nf\,)1~{l'"l1nm~LL'"InLL'"I..:I'VICnUmt'VIe;t~~~t'ltJ ~fIlm~~t'l.:l'"l1U,)U 2 "JIUl'l 

\iKLLfi mtLL'"InLL'"I.:ILL1J1Jtl,.n~ Ll.~~m"LL'"InLL'"I~LLtJtJLl.n~~1 LL~l'l.:llufl1rn~ ..:1.22 
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... _~.. ..l 1:! ..... .J.J" " ..l 
6l1"NIYi ~.22 m1Lun.nJLVlt.nJfl,;)1~tl'llfl~'1I'fl~~LVlmJmJfl,;)1~tlVlL(1\1iil1nm1Ll.'"lnLLIiil~Vle.l1Um~.. I 

'" 
Vl(1\~tl1J'flri1i~~tl~ ~1tJ1ru;hLl.N~~1ULl.u,;)'U1UL~UU'tl~'lJj'~qm:f(,hUJ~i~U(1\tJI~U E) 

" ..IiuYl 
fhtf'lU.N~'1 

x10' (ksc) 

..I 
1'l'11lJU"l1n 

ftllJfl 

.oJ 
1'l'11lJU 

Normal 

..I 
1'I'11lJU 

Gamma 

1 1.363 - 1.59 6 4.718 2.825 

2 1.59-2.075 20 19.105 21.236 

3 2.075 -2.56 47 40.623 44.049 

4 2.56-3.045 36 40.985 38.021 

5 3.045-3.53 14 19.622 17.558 

6 3.53-4.042 7 4.514 5.210 

Chi-Square Error 

rh~nq~ 7.814 
4.976 5.278 

'"l1nmlVl~~tlU K-S (Kolomogorov-Smimov Test) ~U~1l"i1P1,;)1~Ll.~nlJh~t3~q~ (Maxdif) 

ij 4 ,uf1ILilu m:rLl.'"lnLl.'"l~um~ m1Ll.'"lnLL'"l~LLUUn~1 m1Ll.'"lnLl.'"l~~1~~,U~~~1~Ll.UU',;)U~~. .. 
Ll.~~m1Ll.'"lnLl.'"l~Ll.UULl.n~~1ijl"i1Ltlu 0.080, 0.096, 0.097 Ll.~~0.108 ;~t~,h~1n~1ujflL,rffiU 

um~~fl1fl,;)1~fl~1L'lLfl~tlUIiil1nmlVl(1\~tlU Lflm~~~tl~[;l1Vlq~ Lu'tu~Vlm1Ll.liilnLl.'"l~um~~f11 

.cI 4VrQ -. • ., . 0., 

LVluunUfl1';)nq~LVl1nu0.119 ~1~~1(1\U .. .. 
'"l~L~U'~~1f1i1Ll.N~~1ULl.u';)~~tt11nL~tJU'lltl~'lJj'~qmf(fh'UJ~i~tl~tJI~UE) m1Ll.'"lnLl.'"l~ 

.1 ....... .01 " 0... ~ ...I "1....1 • 1 ...... , 

. .01 ,~ ~...I ..l" X.... I 'I ~ , .1 ..... 
",;)1)Jfl~1~LPI~tlU'"l1nmlVlf1l~tlUI\-S Lfl1VlQf1lL"1iULL'lU';)f1U '"l~tl1'"ln~1,;) LIl'l,;)1m1Ll.'"lnLl.'"l~um~)J 

l! .... 1 ... ... l! ...1.01 "I. " .01 "...I ...." • '''' 
1l1,;)~L'D1tl.l~UVlmJ'Dfl~~~1nVlq~LUtl~'"l1n LtJlPI,;)1~fIl~1"L"~flUUflUVlq~Ll.~~fIl1Uflum1P11';)nq~ 

'"l1nn1nl"~tlu'lflihi~~tl~ 1U,~~m1Ll.'"lnLl.'"l~Ll.UULl.n)J)J1 n~1)J11CltJtl~fttttn;Ll.'VIU;tl~~UI 

Lrttl~'"l1nijfll,;)1)J"~1~LfIlitluUfltJn~1"'1~nq~i~~tl~mlVl~~flULl.~~1iil1nn11~Ll.~"~fl,;)1)J~fl"fIl«tl~ 

~~1~;tl~~fIi1Ll.N~~tULl.u';)i~tt11nLjtJU'fl~W~qn';-("'1bJ~i~~"tJI~UE)~~hUmlVl~~tlUIl1,;)~ 

L;1ztl~U'Vl'lflri1i~~~Ll.~~mlVl"~flU K-S ~1~11ClLl.~"~'lA1.uztl~ ~.21 Ll.~~ ~.22 1'l1~~1~U 



__ 

164 

O~J 

0.6 

0.2 

• 

o'----~--~--""---Ioo_ _ _""'-a....._. __ 

1'10· 1.5'10· Z·lO· 1.5'10· 3'10· 3.$'10· 4-10· 4,$'10· 
,....t::~~~;w-,... 

J1!;; •.21	 n'l,UJ1tn.dtru~ti'lUlf)'UJthtm;lln$uh(E)u:d~Wuuf)~'l.VI$~hi 

"qmfmrR~~'1'1lm1'1u.WlI'8.vJ'1'1W'1'\~R'1'W1'1'mfl\\'81J'UrLn'1i~t'l'8-:1 

Teuioll h ....... to Gnia (E)
 

pd 

pda 
000 

l::i • pdGI
eGB... 
t~! ~ Q•• 

pelW 
+++ 
pdt
 

e-e-EI
 

~ ".22 n'tn1ftJtJtmttJt::wh~M,~a.:tUl~fh(E)\tNM1~"w)'~'~titf~ft4'~ 

wqmftl~~~n')t\t~ffi\~U"OO'l')n'tIt"tJ K-S 



165 

~ 2.5 n1.,,.f't.'i'l1JLL.,~ii~t'ULL'U~t~~1ml!l'U(Tension Perpendicular to Grain) 

''il~1Jj'.,,~mf;\TI.l'JU 130 t1f'J'il£h~ Ll.~IM1.UlJI1n~~~.23 

46.04 43.83 68.71 69.17 58.01 59.64 67.78 39.81 49.13 46.32 

52.91 56.37 58.98 53.20 46.22 53.15 48.98 68.31 54.99 65.31 

86.48 67.52 54.90 49.09 44.79 60.47 51.09 54.56 50.92 44.99 

54.41 55.16 59.54 69.92 58.33 47.13 78.94 73.05 74.28 62.57 

53.88 60.21 79.50 71.24 55.87 67.71 48.02 66.99 56.88 68.49 

50.45 76.49 65.20 68.70 59.17 61.32 55.21 65.92 65.16 57.89 

69.66 84.68 83.62 68.72 59.45 63.63 76.28 57.15 68.63 67.65 

79.62 70.93 66.84 71.55 59.79 75.00 73.36 73.98 52.13 45.39 

46.12 59.11 66.25 48.40 85.95 44.05 56.68 49.33 65.64 47.23 

46.28 72.10 77.74 70.86 47.45 46.47 46.22 48.40 56.21 73.18 

57.95 65.33 86.49 60.89 69.97 72.68 60.21 54.22 58.56 79.21 

47.66 56.88 86.14 44.27 47.08 66.48 50.60 58.11 76.24 52.72 

63.50 60.36 77.34 62.22 52.42 62.15 54.90 67.41 74.42 62.56 

- '-k ••1.-.- . ,..I ...1..1 :"I
'"l1nn1nL6'l11:::~I'I';ltJ'.I\'il,"1JILl.';l7' CESTTEST ."tl'11f1l1L~fltJ LLfl:::l'i'1ULtltl~L1J'UJ1"7'31UL1JU 

61.307 LL.,::: 11.193 nn./'ul. 2 1JI1)J~1~1J Ll'ltl'"l:::L~U~1"1U'1U;f1lJ" 130 ~';l'ilth~ ij"1U'JU 

)J1nn~1;'il)Jfl~lifl.:lmt (nruq) ~.:Iij~1LVhn1J 88 ~1~ftJ"II';l.:lLl.~.:Ifll'11)JL~f1JU~t1"::: 99 (t=2.576) 
~ ~ 

U'iln'"l1mrU"II'il~,rLl.'1f CESTTEST itllLl.u:::ihLmlmtLl.U.:I"II'1.:1;f1lJf'f1f1mtlu 7;U Ll'ltJiMI~"1n~ 

"II'1.:1Ll.fl:::fIl'11)Ja'"l1nfli1i..unP11.uul'ift:::"II'1.:1 ~.:Iij'h~n~~~1~fu7':::A'1JiUL~1 (Degree of Freedom, f) 

.J" ..I .. A~ .... , ..... ..1 J{ ~ 
LYI1n1J 7-3 = 4 Vlt::l'l1Jfll'J1)JL"IIfI)JU a. =0.95 )Jfll1LV11mJ 9.487 fIl1f1l'11)Jtl'"l1n'1lfl~flWfl 

_ I'l! ... ..1..1 ..I ..I I .. _ 00 0.... 

L1JmUL'VI!JufIl1fl'11)Jtl'VIfll1U'1~'"l1nfll'11)Jtl'"l1nm1Ll.'"lnLl.'"l.:lflCJ1um",l'l~~~tlU LI'lmfl.:l~tl.:l'"l1U'1U 

5 "IIUl'l 't1lLl.ri mtLl.'"lnLl.'"l.:lti/.9l1 mtLl.'"lnLl.'"l.:ItJtn~ m7'Ll.'"lnLl.'"l.:lLl.UULl.n)J)J1 m7'LL'"lnLl.'"l~Lffi~ Ll.fl::: 

~:'I..I 't.- "I ..I
m1Ll.~nLl.~.:IlJI1t!l'l"ll"U~'VI~1)JLl.UU '1\1flfl Ll.~l'l.:l LU1JI111.:1'V1 ~.24 
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... ......1 " .... ..J..J~ " .JtV I

9l1'M~'VI ~.24 m1LmU'UL'Vlt.lUfl'J1~tl'!lt:l..:l"ilt:l~i'lL'Vlt.lUmJfll'J"UJCl'Vl L[;l"\1nm1LL"\mLtil..:l'Vl~1'\..ln11 
... ... 

'Vl[;l~t:ltl'lfln1i..:l~t:l~ ~1Vlfufli1uN~~1'\..l~~'innL~t.l'\..l'!lt:l..:l'W'Vi~n~ 

fl~1l.J~~~1u5'1n ~11~5 

Rayleigh WeibullNormal Gamma(ksC) f'illJfl Beta 

9.59 13.2939.80-46.5 14 13.48 12.08 10.78 

24.6021 22.34 18.25 20.61 15.872 46.5-53.16 

30 25.07 27.79 29.81 30.32 25.133 53.16 - 59.82 

4 30.01 27.03 30.n19 24.57 29.1359.82 - 66.48 

5 22.98 20.72 19.05 26.5666.48-73.14 25 21.51 

10.9812.47 11.346 73.14 -79.8 15 15.94 14.09 

7 4.8179.8 -86.49 6 7.07 5.00 5.29 3.83 

Chi-Square Error 
8.353.11 5.91 6.74 8.52 

fhlnqii 9.487 

tOl1nm1'Vl[;lt\tltl K-S (Kolomogorov-Smimov Test) Vitl~11'i1l'l'J1'-JLLlJln"h~~~qt'l (Maxdif) 

ij 5 'ilut'lLilum1utOlnutOl..:lutltlih,n m1UtOlnUtil~Utltltl1n~ m1UtOlnU'"l~un'-J'-J1 m1U'"lnUtil..:lL1;~ 

m1U'"lnU'"l~LLtltli'ltlntl1n~ ij.-i1LtlU 0.043, 0.060, 0.061, 0.067 Ui'l: 0.066 ~..:l1"'fIi1~1n~1ujtl 

Ltr1tJtlLYlutlntl"h~n~~LYhntl0.119 "1'-J~1,rtl 

'"l:Ll1'\..lU'~1';1UN~~1'\..luu'Ji~"U1nLiu'\..l'!l'tl~~Vi~nim1u'"lnu'"l~utltliiIJl1ij';1fl'J1'-Jfli'l11l 
~ ~ 0... ~ ..I ,..1 ... ..., .;

LfIlfltlUtOl1nm1'V1t'lt\tltl LfIlmi'l..:l~tNlJl1'Vlqt'l LU'!ltu:'VIm1UtOlnUtOl..:lUtI1JtlIJl1'-Jfl1fl'J1'-Jfli'l11F1LI'li'ltlU 

tOl1nn1:'Vll'l~tltl K-S ~1~ql'lLlIuL;\mnu ~~tl1tOln~1'1~~1n11UtOlnUtOl~utltlii1Jl1ijJl1'J:L;1ltl~U'Vl 
... .!:' ..I ~,... ~ ... ..1 ... ,... ,,_ 
ntl'Dtl~i'l'-J1n'Vlqt'l LUtl..:l'"l1n L\lIfII'J1'-Jflli'l1l'lLl'li'ltlUUtlt.l'Vlql'lUi'l:'-JfII1UtlUn'J1f111'Jn~1JI tOl1nm1 

''0'" ,..1 tl- ....!1
'Vll'l~tltl Lflln1fl..:l~'tl..:l LU1Itu:::'Vl m1UtOlnUtOl..:lUtItI 1n" m1UtOlnUtOl~un'-J'-J1m1UtOlnU'"l~Lffil1Ufi:m1 

LLtOl nu'"l..:l ~1q l'l'llUl'l~~1'-J LLtltlL'J\ji'ltf n~1SJ11ClUtlSJftJ1m"U'VIU;tl~i'l\1\Liif)..:l'"l1nijl'l'J1'-J"'tl1l'l 

LfII~tlUut)t.ln~1fhiin~~i~~tl..:lmnll'l~tltl Ui'l:tOl1nn11~Ufll'l..:l1'l,)1'-Jfltll'lfl«~1:\lI~1..:l;tl'Ji'l'hUN 
...... ..I 

~~1UUU,)~..:l~1nLfitJu1Itl~~,"~n~ 'Vl~hum1'Vll'l~f)t1Jl1'J:L;hltl~U'VlLjlIn1i~~~ LLtl:m1'Vll'lfltltl 

K-S t\1'-J11ClUflfl~Uiluztl~ ..:l.23 Ui'l: ..:l.24 1JI1SJ~1itl 
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.IJ 2.6 n1'''''tI'i)'ULL'~L~'i)U'!lU1ULif!lU (Shear Parallel to Grain) 

41'1J'l'U 130 tK'lt1~.h.:lLL~"'.:I1'U(;nn.:l~.:1.25 

273.7 235.9 269.3 259.60 166.30 318.80 304.3 296.9 254.8 314 

128.1 227.2 310.80 291.6 335.8 326.6 245.9 182.7 282.70 355.5 

269.9 247.3 197.20 237.6 295.4 192.8 219.30 249.50 205.30 267.90 

262.60 260.20 227.20 268.20 204.80 228.20 230.00 180.10 257.90 293.30 

261.20 215.80 342.60 203.00 269.70 230.80 248.60 309.60 204.70 287.60 

201.60 241.80 262.30 222.90 252.20 348.80 192.90 199.30 350.70 230.00 

187.10 202.70 274.90 213.20 248.30 299.20 294.80 250.50 211.70 210.9 

286.10 199.80 335.60 282.60 294.30 196.70 261.50 290.50 287.60 311.80 

262.90 275.60 203.10 251.40 309.80 204.60 292.70 251.90 181.90 262.10 

271.90 215.20 262.90 317.40 248.50 243.40 259.90 224.20 221.20 299.20 

308.60 342.20 211.60 224.20 270.90 252.10 213.00 244.90 206.10 187.00 

269.30 216.00 232.30 224.20 254.10 247.40 200.50 224.40 256.40 280.20 

268.60 259.70 247.60 240.10 263.10 259.10 269.40 250.10 213.00 303.90 

1lij1nn11~L"':1:'\f~'ltl"lltl'ti,jLL'lf CESTIEST 'n1.J~1fll1Lll~t1 LLfl:fi'lULrltl.:lL1.JU~11J11"1ULilu 

253 LLfl: 43.41 nn.l.~. 2 fJ11~~1~1.J t"'t1~:L~U~1~1U'luftl~fl 130 1A''lt1!h.:l £j~1U'lU1l1nn~1 
1:..I,!' .... .... '" 0., ..J .... ~ ~ :­I 

"Dtl~flYl"'tl.:ln11 (nraq) • .:I~f111LYl1n1.J 78 ~1''I11.J''D'l.:lLL,".:Ifl'l1~L.tl~UnJtlfl:99(t=2.567) Utln~1nUU 
... 

• tl'ti"LL'lf CESTIEST 'lirLL~u1t~£jn11LLtN"''l.:lftl~flt1tlmilu6 fu tlltI£j;j"~1ri,,'ll'l.:lLLfl: 

fl'l1~t{~1nfi1i.unlJlluLLfifl:-li'l.:l~.:I£jfll1~nq~f11,"fu~lK1.J'iUL~1(Degree of Freedom. f) L~1ri1.J 
..I... .... ~ ... I • ., 1..1" .... _I"!! ... 

6-3=3 Y11:"1.JfI'l'l111L'Itl~\,\ a =0.95 llfl1LYl1n1.J 7.814 fI'l1fl'l1~tl~1n"JItl~flUJtlL1J1tI1.JLtltl1.J 

• ..1..1 ...l ..I , II 0., ... ...0 0 

fl1 fl'l1~tlYlfl1U'lN~1nfl'l1~(l"l1nn11LL~nLL~.:IYI~1Un11Y1"'~ "'~tl1.J Lfln1fl.:l~tl.:l~1U'lU2 'lUll ~n11 

LLlltnLL~.:ILL1.J1.Jfltlntlm~LLfl: n11LL~nLL~.:ILL1.J1.JLLn~~1 LL~".:ItUIJI1:1.:1~ .:1.26 
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... ............, .......... .l' ..i,

"'''l1~'' ~.26 mfl,rffi1Jl'VltJ'lJfl';l'UJ"''fl..:J;r'fl~~l'VltJ1Jm..Jfl';l1)J'''VlLVl~1nm1ll~nU~..:J'Vl~1Um1.. .. 
'VlC'l~'tl1Jtflri1~..:J~tl..:J ~1\1lfufi1mfVIC'l~tl1JllNLitlU'U1Ul~tJU 

.J.J 
1'l'l1l.l0I'l'l1l.l0 

Gamma(ksc) Lognormal 

5.177 6.099128.06 - 185 5 

2 27.54 26.36185-222.5 29 

40 43.683 222.5 - 260 44.87 

4 260-297.5 36 32.90 34.05 

14.835 297.5-335 13 14.10 

6 2.95335-355.53 7 2.97 

Chi-Square Error 
6.435 6.666 

,h1inq~ 7.814 

~1nmfVI{;l~'fl1J K-S (Kolomogorov - Sminov Test) Yi1J~1fi1fl,)1)JUlJInl;h..:J~-1q" (Maxdif) 

ij 5 'Iil"LiJum1u~mL~~U1J1JUfn~ m1LL~mL~~LL1J1JLLn)J)J1 m1LL~nU~~Ul..J1Jft'flnUfn; mfLL~n 

U~..:JUl..J1Jii1Jl1 u~~m1u~nu~~fh~1q~,il~~~1)JLL1J1J\')\I~t6jfi1lilu 0.049, 0.054, 0.065, 0.073 

U~~ 0.078 ;-1l"'fi1~1n~1uj'aL,j1tJ1JLYltJ1Jri1Jfi1~nq~L'Vhri1J0.119 1Jl1)J~1rK1J 
., 

4t~L~U\~~1fhu.NLi'flU'U1UL~tJU''fl..:J~Yiqn'; n11U~nU~..:JU1J1J~'flnU1n~ i"Jfi1fl';l1)J 

.J .. 0., ~ ..l 'I ""., .1 ."". 
flft1l.'1LflfttlU~1nmfVIl.'l~'tl1J LU'CU~Ll.'ItJ')nun11u~nU~~u1nl1l)Jfl1fl,)1)JLPlmft~~tl~1JI1'VlqC'l 

..; ~.I.., .1 •".l"
flIft1"LflIfl'flU~1nn1nt"~f11J K-S l'I1'VlQl'l ~~f11~n~1,) Ll'I,)1m1u~nU~~U1Jl..Jftflnu1nlJl n1tU~mL~~ 

.... ., '" I • ., ~ .I .J 'I ., .J .,..1 "" ," It1 1n")J1l1,)~L'1t. ...~U'Vlnl..J"Dtl\lft)J1n'VlqCII LUtl~~1n L\Ilfll,)1)JfIlft1"LfIlfttlUUtltJ'Vlq"Uft~)Jfl1Uf1t.Im1 

f1i1~nqlJl~1ni~~'fl~mnt"~f11J ~1nmfVI{;l~f11J\flri1i~~f1~lu,cu~~n11u~nU~~LL1J1JLLn)J)J1n 

~1)J1tCltJfI)Jful «L"'U'Vluftl\l~ LA L~tl~~1nij fll,)1)J fl~1" Lfl~f1UUfl!ln~1P11~ nq; Ufl~n11~U~ {;l~ 
.. I 

fl,)1)J~tl"fIl~tl~~~~;f1\l~fi1UNLitlU'U1UL~tJU'tl~Uj,"qn'; YI~hum:'Vll'l~tl1J1l1,)~Lf1ltl 

~il'Vl\flri1~~ftfl~ n11'Vl"~tll..J K-S ~1)J11"U~l'l~\ALuztl~ ~.25 U~~ -1.26 "1)J~ha;;1J 
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• 

.:J 2.7 n1n1".i)1.Jn1,~n'll161'll'B.:J'lar (Cleavage) 

~1'W,)'W 130 tif,)'flth~ LL~(Ml'WlJI111~~~.27 

69.00 47.00 61.78 42.98 41.54 61.78 54.80 52.20 55.70 55.80 

75.74 62.40 63.70 78.16 52.14 59.60 47.32 63.22 56.96 44.92 

50.22 74.78 55.20 59.84 57.80 51.12 55.60 52.80 44.20 70.80 

46.36 51.18 62.74 52.80 61.80 44.48 82.96 55.52 50.22 56.00 

89.72 70.92 64.80 88.74 48.40 44.92 44.80 67.08 47.32 71.88 

80.08 64.80 43.96 59.84 50.22 66.60 71.90 50.20 51.40 55.40 

61.06 56.48 58.40 72.90 50.22 55.04 49.02 50.70 62.40 37.68 

44.44 56.00 50.40 57.92 84.42 75.74 77.52 63.26 79.12 62.76 

80.56 50.70 77.88 88.74 57.68 54.06 53.58 81.04 75.60 61.80 

47.32 89.72 62.50 61.30 73.34 59.14 48.28 56.72 59.14 53.84 

58.18 46.86 50.48 42.76 59.36 53.66 55.96 47.10 70.40 59.84 

79.60 56.72 54.98 50.46 55.70 55.76 51.42 69.00 62.98 71.40 

71.88 56.48 48.74 66.60 59.62 63.90 61.78 49.02 44.44 73.40 

.. ".1' ••1" f ..../.J ../ ~ 
IIi\1n n11'JLfIlrl~PIIJ!J"lltlfllJl LLIJ CESTTEST Y41JIJ1l'l1 L1l~!J LL~:=aIJ'WL1J!J~ L1J'W).I1lJI111'WLlJ'W 

59.71 LL~: 11.63 nn.I1).12. 1J11).1a1~1J L~!JIif:L,"'W~1~1'WIJ'Wftl)J~ 130 tifIJtlfh~ ij~1'W')'W).I1nn~1 

ftl'J~~A'tl~n1" (nlllQ) ~~iji"l1L~1n1J 101 ~1,"f1J,b~LL\i~fIlIJ'l).lL~tlJ'Wffi!J~:= 99 (t=2.576) 
s- .. 

'WtlnIif1nU'WlJltl~,rLLlJf CESTTEST 'l.Ji'LL'W:U1L~ijn11LLU~'ll'Nftl~~tltlmtl'W 6;'W L"!Jij;)"~1n~ 
• • s­

'll,)~LL~:fIlIJ1).1aIif1nf1hi~LnlJll'WLLl'i~:'llIJ~ .~ij,j1~nqii~1'"ftJ1:~1J;'WL~1 (Degree of Freedom, f) 
, ... ../... .J ~ .... , .... , ~ s- .. _~ ... 

L'VI1n1J 6-3=3 'VI":=l'\1JfIlIJ1).1LlItl).l'W a = 0.95 ).Ifl1L'VI1n1J 7.814 fl1f1lIJ1).1ClIif1nlltl).l~L)JtlL1JttJ1JL\'I!J1J• 
• ../../ • J ../ I 'l • ... ... .. If .1' •

filI1fil1IJ1).1Cl\'lfill1'W,)WIif1nfillIJ1).1Cl"'1nn1"LLlifnLLIif~'VI'-l1'Wn1"\'I,,~,,~tl1J fln1~~~~N ).I 3 'lI'WCil WlLLn 

.. ../ .. • ....f! 11'" 'I
m1LLlifnLLIif~4D'W"'VI,"'W~fIl1~~~"LL1J1J~).IL1J~ m1LLlifnLLIif~L"~Ti n11LLlifnLLIif~~tln ,.nlJl LL~"~ ~'W 

"1"~~ ~.28 
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eI • ~... ../"...... ..l../~ J! .J I
 

fA1'11.:1" .:1.28 m1L1J1ElULVlEltJ ~,;}I2JCl''fl~''fl2Jfl LVlElU nUfl';}I2JClVl ~1.'I4>jl nm1Ut;ijn LL~.:IVlCJlum1
 
" 

Vl~~~u1flnli.:l~~.:1 ~1~fu~lnI1Vl~~~Un"~n'"~''fl.:lCW~~n~ 

:. ..I 
'lIUYl 

. ~ ... 
n1fl-.lUNlln 

(ksc) 

..I 
1'1111J0"l1n 

.. 
'lltll;j~ 

..I 
1'1111.10 

Beta I 

1 37.67 -44.1 5 5.63 

2 44.1 -53.57 37 37.43 

3 53.57 - 63.05 49 45.04 

4 63.05 - 72.52 18 25.25 

5 72.52 -82 15 10.51 

6 82- 89.72 6 3.46 

Chi-Square Error 

1'i1'inq~ 7.814 
6.26 

t;ijlnm1Vllil~'flU K-S (Kolomogorov-Sminov Test) ~U~lfh~,;}I2JLLtJln~I.:1~.:I~lil(Maxdif) 

... ~ • ..l.,j, t1­
2J 5 'DU~L1JU nl1Ut;ijnU~.:I'DU~Vl\\U.:Ifill~.:IqlilLLUUfl2JLUfl m1Ut;ijnLLt;ij.:lLLUUflfJn 1n'l m1LL'I1lnLL~.:I 

L1~~ m1LLt<1lnLLt;ij.:lLLUUUn2J2Jl LLfl~m1LL'I1lnLL'I1l.:ll'il~.:I~~'Dil~~~'fl.:lLLUULW1L'D,) i'jl'iILi'lu 0.048. 

0.061, 0.069, 0.073 LLfl~ 0.085 ~.:It~PiI~ln~ILd'flL,jffiULilEJuriul'iliin~~L'hriu0.119 I'lI2Jfh~u 

~~Li~u1A'~lflhnI1;n'"~''fl.:lur~~ni nl1LL~nLL'I1l.:l'Dil(jl~~d.:ll'ilt\.:Iq(jlLLUUfl2JLUflill'i1 
.4 ~_o ... ':..l,..... _..l.,j

fl,;}l2J rlfll~L"'fltlUt;ij'ln m1V1 lil~~U ~Jn'lfl.:l~tl.:lI'lIVl~ ~ ~u, CU~L~EJ';}num1LL~n LLt;ij.:l'DU(jlVl~U.:l 

K-S 

l'i1~.:Iq"LLUUf12JLUflnt,xl'ilfll,;}l2Jfilfll~Lfil~flU~lnm1Vl"~'flU K-S ~1~ql'lL'!IUL~EJ';}riu ~.:I~'l'l1lnfh';} 

UI~'lm1LL"nLL~.:I'Dil~~~d.:ll'il~.:I~~UUUf12JLUfl iJJl'l,;}~L{lpJ~il'rlriuffl~fl2J'ln~q~ Ldfl.:l"'lnt~ 
.4 .....1 .......,. • ::. 

fl,;}'l2Jflfl'l"LflflflUUflEJ'rI~"LLfl~2JfilIUflEJmlfil'l';}n~lJIVl.:l~fl.:lm1Vl~~flU 4>j'lnmm"~flU 

t U'Jl~~ m1LL"tn LL"t~LLUUfl'fmtl1n~ m1LL~nLL~.:I 11~~ m7LL~nLL~.:ILLUULLn2J2J'l LLfl~m1LL~n LL~.:I 

';'l~.:I~"'Dil"~~tNLLUULWtL'D~ n~I2J'l1C\EJfl2JftJt,n;rLL'rIU{'i.l~t\\~L;1'i.l.:lt<1l'lnijfl,;}'l2Jl'lfl'l"Ll'l~flUU'i.lEJ ..
 
n~Il'i'l~n~~i.:l~fl.:ln'l1V1"~flU LLfl~~lnn7'lWLLfl".:Ifil,;}'l2J~fl"l'lflfl~1~~'l~{fl~fll'iln'l~n'Jl'l"'Jlfl.:l 

~~~n~~IUn'l1V1(jlflflUJlI1~L{Itt1~UV1\filnlfl~~fl~LLfl~n'l1V1(jl~~U K-S ~12J11ClLL~~~\(;lLU,t1~ 

.:1.27 LLt\~ .:1.28 'J12J~'l~U 
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~ 2.8 fhn1'''f'l'lli'l1JA~1a.1L~U!l~ (Toughness) 

41U')U 130 ~'dt)f.h.:l LL~IMLU(;]1n.:l~ .:1.27 

608.53 592.40 423.81 492.73 592.40 286.44 248.88 618.77 322.76 498.35 

603.26 439.44 597.88 586.83 407.82 603.26 557.43 638.01 374.81 544.98 

586.83 469.63 357.79 551.25 581.15 575.37 484.18 469.63 532.14 248.88 

575.37 557.43 512.15 439.44 498.35 544.98 525.57 469.63 597.88 518.91 

538.61 575.37 551.25 586.83 613.70 557.43 551.25 512.15 569.49 563.51 

491.31 506.68 439.44 454.72 563.51 608.53 586.83 557.43 592.40 604.32 

512.15 563.51 498.35 454.72 469.63 597.88 563.51 525.57 608.53 551.25 

512.15 484.18 538.61 569.49 551.25 557.43 525.57 593.51 563.51 551.25 

618.77 586.83 608.53 638.01 525.57 518.91 518.91 544.98 558.65 569.49 

582.29 616.76 551.25 575.37 563.51 597.88 618.77 608.53 586.83 563.51 

575.37 551.25 563.51 638.01 592.40 608.53 586.83 597.88 570.67 512.15 

563.51 484.18 469.63 551.25 447.13 544.98 525.57 423.81 374.81 563.51 

569.49 544.98 505.30 498.35 391.48 512.15 586.83 608.53 597.88 563.51 

tiil1n m1"iiLl'l11:\f~')tl"llf)~ lJ1LL')f CESTIEST ~1J~1fi1L1litl LL~:fhuLrlf.l.:lL1JU~11J11'1ULtiU 

535.60 LIfl: 74.707 nn.l..~2. 1JI1~~1~1J tl'lf.1tiil:L,"U~1~1U')uftl~~130 ~')tlth.:lij~1U,)'W.J1nn~1 

ftl~~~;rtNm1 (nreq) • .:IiJPl1LYhn1.J 52 ~1\l1ftJ,j,).:ILL~.:IfIl,)1~L~tl2i'U1tltJ~: 99 (t=2.576) 
~ ~ 

Utlntiil1nUU.tl~lJlLL')f CESTTEST '~u.u:ihL'"ijm1LLti.:l,j,).:Iff)~~tlf)mtlu 6 'iu t6ltlij;6l~1n8\ 

..J. ..l, % 'I • .....J ~ .... - - 0 ... ...::. ... ( 1)
"JJ'NLL~:fll,)1~tltiil1n'I1",.:ILnlJl ~ULLlJI~;;"JJ'N .~~fll1')nqlJl~1\l1ffi1:6l1.J'UL~1 Degree of Freedom, 

,... ..l ... ~~ .... , ... ,..l 1! ..; 
LYl1nU 6-3=3 Yl1:l'I1.Jfll,;)1~L'Df)~U a = 0.95 ~fIl1LYl1n1.J 7.814 fIl1f1l,)1~tltiil1n'1ltl~~~f) 

_I'!! .., ..l..l 0 ..l ..l , II 0 ... _ 

L1JffiULYltlUfl1fl,)1~ C'\Ylfl1U') ClJtiil1nfl,)1~ C'\tiil1nn11LLtiiln LLtiil.:lYl~1Um1Ylj;l~8\~tltl ~f1mfl.:l~tl.:l 1 ".IlUf'l 

11.1" _..l~,~ 'I..l 
~LLn n11LLtiilnLLtiil.:l'DUl'IYl\llU.:If111J11ql'lLL1.J1.J~~L1.JflLL~"~ ~U1JI1n.:lYl .:1.30 
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.. _.J...., .1..1" .1' ,J I 

f11'i1-1" -1.30 n1~Lmm.JLV1Utlfl,)1'-1C1"l1fl-3;rtnJ~LV1UUm.Jf'l,)1'-1C1'Y1 ~,"~1nn1m~mL~-3V1~1'1.1n11 
'lJ 

'VllJlflflULflt11i-3fl'tl'l ~1~rurhn11V1lJlflfltlfl,)1'-1L~i1m 

~ ..I 
llUVI 

... 
fl,)1~L\oIUtJ') 

(ksc) 

..I .. 
fl')1~tl"l1n'!l'al;jfl 

f\(n~5 

Gumbel 

1 248.81 - 367 6 3.975 

2 367 -429.5 5 7.311 

3 429.5-492 15 19.033 

4 492 - 554.5 38 39.881 

5 554.5 -617 60 46.377 

6 617 - 638.07 6 8.432 

Chi-Square Error 

I'h~nq;j 7.814 
6.145 

~1nm1V1lf1flflU K-S (Kolomogorov- Smimov Test) ViU~1fli1f1,)1'-1LLlJln"1-3~-3~~ (Maxdif) 

ii 3 "JIu~LiI'I.Im1LL~nLL~-II"JI\l~~~~-II ..h~1~~LLUU~'-ILU~ m1LL~mL~-IILLuuiJlJI1 LL~~m1LL~nLL~-II 

~1"l~"JIUI1~fl1'-1LLuu1')\I~iilf11LiI'I.I 0.090, 0.115 LL~~ 0.117 ~-II'l\lflh~1n~1ujflLUffiUL~uunu,h 

1n~~Lvhnu 0.119 lJI1'-1~1iu 

.. " ... 11_'1 .. ..I .. I J ... I

~~L~'I.I~1fI~1fli1f1,)1'-1L"'Uf..l,)"llfl-ll ~Viqn';- m"LL~nLL~-II"JIUc;'IV1~'I.I-IIfl1lJl1~~LLUUfJ'-ILU~ '-It'!1 

.. 1t0.,.:.J 'l.J ... .J ... .: 
f1,)1'-1f1~1c;'1LfI~fl'l.l~1nn1~~flflU~t'!n1~-IIflfl-lllJl1V1q~ U"llW-~n11LL~nLL~-II"JI'I.I~V1~'I.I-3f'l1lJ11~~LLUU 

... ,.. ':.J ..I'" .,... ,It." 
n'-lLUfl'-lfil1fil,)1'-1f11fl1~LfI~flU~1nn11V1c;'1fltlUK-S 1'11f1fl~LlI'I.ILllmn'l.l ~-IIfl1~nfl1,) ~c;'I,)1m1LL~n 

... .J ... .: ... 11 1 ... ., 11 .J .. '1." 
LL~-II"JIU"V1"'U-IIfII1lJl1~"LLUU~'-ILU~'-I1l1,)~L"D1t. flUV1nU"Dfl~fl'-l1nV1q~ LUtl-Il~1n "'fIl,)1'-1f11~1~ 

.. .,.J ... ,., • ,... '1..J ... 
UllflflUUflUV1qIflLLfl~'-It'!1'1.1fl'.Jn,)1f111')n~lJl ~1nm1V1"'flflU K-S U"lICU~m1LL~nLL~-IILLUUtllJl1 

.: ....J It..... a ... '1.~..!' 11 It.l' .. ... 
LL~~m"LL~nLL~-II'l1q"'''JIU'''V1fl1'-1LLUU ~,)\!flfl$J nfl1$J11C1t1fl$Jn.!'" ~"DLLV1U"Dfl~~ ~,.L'I.Ifl-ll"'1n'-lfll,)1'-1 . ~ 

fII~1"LfilaflUUtltln~1'h1n~~~-IIfltl-llmn1"'flflULLfl~~1nn11"LL~MfII,)1'-1flfl"fII«fl-II"~~1-11;tl~~,h 

fil,)1'-1L"'UU,)"lIfl-llb7Vi~n';- ~ChUm"V1l1fltl1.J1l1,)~L;r1zl1flUfl1f11ri1i-llflfl-llm",c;'IflflU K-S fl1'-111C1 

1I.t"'1 I.J ° ...LLfllJl-ll UIHUt. V1 -11.29 LL~~ -11.30 lJI1'-1~11Jl1.J 
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II 

TOUGHNESS
 

ill 

. .1"1 •.29 n'l'~\Jlfl~'MM'lUY1n{"~ft'ln'l""MeUM/nJlW!l?'e-1'lU 

ytqmtn~M~"'l)n,,\1!y)'tl-4"',}"l~~~;jU"l\Ml'l"'Me1J'lftlhlWfttl-4 

TOUGHNESS 

,., 
_._ ~lJ.. 
000 

J =..... &.•
eGB,.. 

I. ~ 
pdR... 0." 

pdW 
+++.. 
e-a-a U 

~ a _ m ~ ~ ~ ~ ~ ............. ....
~ 

pJil ...30 n1fWfuUL~tJUn'M1'1-a""'lJJlf.~'fH'hn1m".tlUfll,)'lSlL1ri1tJ,)'fHb! 

,..qmM'"~..,M\lff1tu"'ffU .....,;t~h\lmn'lll.fll1 K-S 
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a	 ,,_,!, 
..:I 2.9	 n1",".iltJA'J1J1LL'II..:I'IIiI..:I ~ (Hardness)
 

n1""".i1tJA'J1J1LL;j..:l'llil..:l'1.37'11U1ULI!lU (Parallel to Grain)
 

~1'\.l'J'\.l130 ~'Jtlth-:l ~~LMt'\.l(;l1n-:l~ -:1.31 

655.00 626.00 672.00 689.00 650.00 684.00 570.00 628.00 591.00 546.00 645.00 

620.00 651.00 665.00 551.00 592.00 710.00 585.00 684.00 591.00 645.00 696.00 

632.00 580.00 582.00 595.00 697.00 650.00 688.00 696.00 564.00 587.00 706.00 

575.00 672.00 711.00 649.00 566.00 554.00 653.00 728.00 679.00 582.00 599.00 

645.00 636.00 654.00 732.00 625.00 565.00 659.00 588.00 575.00 663.00 648.00 

710.00 632.00 587.00 635.00 644.00 668.00 598.00 555.00 662.00 654.00 721.00 

585.00 556.00 577.00 568.00 706.00 648.00 650.00 668.00 622.00 657.00 715.00 

668.00 552.00 558.00 662.00 689.00 665.00 654.00 639.00 655.00 669.00 565.00 

574.00 659.00 585.00 654.00 565.00 624.00 588.00 639.00 647.00 725.00 683.00 

597.00 552.00 571.00 568.00 654.00 658.00 569.00 627.00 657.00 611.00 589.00 

657.00 568.00 591.00 587.00 661.00 629.00 648.00 683.00 569.00 712.00 629.00 

653.00 628.00 568.00 624.00 583.00 596.00 669.00 658.00 655.00 

~1nn11~Lf'l11::1f~'1f.J'l!fl~,r~'Jf CESTTEST Yi1.J~1fhLl1;f.J ~~::~'1'\.lLrlfj.U1.J'WJ1"1J1'\.lLiI'\.l 

631.096 ~~:: 48.327 nn.hJ~ l'I1~fl1~1.J L"f.J~::df'\.l~1"'1'\.l'1'\.l;tl~~ 130 lfT'1flth~ ij41'\.l'1'\.l.. 
• ~..I1:' .... , .... .... ..I' ... ~ 1'_	 )

~1nm1"Dtl'J~flrlfl~n11 (nreq) .~~f'l1Lfl1mJ 16 t'1~nl"D/NU~~f'l'11~L'Dfl~'\.lnltJ~:: 99 (t=2.567 
~	 ~ 

'\.lfln~1nU'\.l.fl~,r~'1f CESTTEST L~U'\.l...."j1'\lijn12'UU..:l;~{fl\l~flflmil'\.l 7;'\.l ~f.Jij~,,41n61 
,	 . .. 

;'1~U~::f'l'11~il~1nflhi~Lnl'l'Uufl~::;'1~ .~ij,h~nq~ft1~fu1::i1.J;'\.lL~1 (Degree of Freedom, f) 
,... ..I ...... ~ ., ,., , ..I ... "".~ col 

Lfl1ntl 7-3 = 4 fl~"1.JfIl'11~L'IIfl~'\.l a =0.95 ~f11Lfl1n1.J 9.487 f'l1f1l'11~tl~1n'fl\l~UJflLlJ1f.J1.JLfltJtl 

, ..1..1 • ..I "" , .. • ... "..I
f'l1 f'l'11 ~tlfl f'l1'\.l'J tU~1 nfl'11~ (Ironnn11U~ n ~"~fl eJ 1'\.ln11fl"~ fl~fl1.J Lf'ln1~~~tl~ Yi1.J'11 f\1 f'l'11~ tl 

'tl.:J{tl~~UJijn11~~n~~~'Du,,',,~h'\.ln11fl6l~fl1J'lPlri1i~~~U~"~''\.ll'l111~~~.32 
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•
 

... ....t..... ./..t~ " ..t ,
6l1"'~\'1 ~.32 mrLWt.lULYJt.lUfil'l1~C'l1J'!l.:J;rt:l~flLYJt.lUmJfl'l1~tlYJ ~{;l~1nmrLL'~mL~.:JYJ~1'Wmr 

OJ 

" 
YJ{;l~'!lU1filih~.:J~t'l.:J ~1V1furhm1'Yl{;l~'!lUfil'l1~LL;j.:J')J'W1'WL~t.I'W"1I'!l.:J1~~tln1i" 

.. .J 
i'UVl 

1'I'l1~ui-.l 

(kg) 
f\'l1~~"nnofifl~fl 

..I 
1'I'l1~n 

1 545.97 - 573 21 -
2 573- 599.4 26 -

3 599.4 - 625.8 6 -

4 625.8 - 652.2 25 -
5 652.2 - 678.6 30 -

6 678.6 -705 11 -

7 705 -732.02 11 -
Chi-Square Error 

,h~nq~ 9.487 
-

~1nmrVl{;l~'!lU K-S (Kolomogorov-Sminov Test) ~utj1fl1fil'l1~LLlJlnlJh.:J~.:Jq{;l(Maxdif) 

ij 4 'lIU{;lLtI'Wm"LL~nLL~.:JnIJl1 m"LL~nLL~.:JLLn~~1 m"LL~nLL~.:JLLUUflt'lmj,.n~ LLfl:m"LL~nLL~.:J 

1J,.n~ i1J'i1LtI'W 0.088, 0.111, 0.112 L1.fl: 0.113 ~.:J1.,tfl1~1ntj1uJt'lLtrffiuLilt.lunu,h~ntli\L'hriu 

0.119 1J11~~1ilu 

• 1l!" • ~ ~ _~ r<;:LVI'W 1'I';l1fl1fl'l1~LL1J.:J''W1'WL~t.I'W1Jt'l.:J ~~~n'l;' 

filfl1{;lLfIl~t'l'W~1ntj1rh~nq~1il1nm"Vl"J~t'lu1flri1~.:J~'!l.:J~1~qlJl 1.'W"JIC'l.l:L;\mn'Wn1"LL~nLL~.:Jn~1nij 

r\1fi\';l1~"fl1{;lLfIl~tl'W~1nm,.Vl"~t'lU K-S ~1~q" ~.:Jt'l1~nfi1'lt~tj1m"LL<;nLL~.:Jnfl1i11l1';l:Lf1ztJ 
... .., 1! ./ ~ 'I. " ~ "./ .. ,... ''''I 

~'WVlnU'1If.I\jfl~1nVlf!lJl L'Wf.I.:J~1n ~V1"';l"JJflfl""Lflflt'l'W'Wt:lt.lVlf!lJlLLfl~"'"'Wt:lt.lm"f1l"'lnq" ~1nn11 

./ .1 ... .1 ....
""~'!lU K-S 1.U"JIC'l.l:'rI m"LL~nLL~.:JLLn~~1 m1LL~nLL'"\.:JLLuUflt'lnlJ1nfl ~:m"LL~nLL'"\.:J1J,.nlJ1 n 

r..'I.\"I'!{ 11 1Il!.... ~ ... "...... ::.
~1~1"tlt.l'!l~OllJ ~11 ~'DLL'rIU":Df)\!fll.PlL'Wf).:J~1n~fl'l1~fIlfl1"LfIlflf)'W'Wf)t.lm1f1l1'lnqlJl~1n'rl.:J~f).:Jm1 

'rI "'~tlU LLfl :~1 nnl1ti LL~ ".:J fl'l1~~f) l'lflfltl.:J,.:V1tj1.:J;rtl\jflf11fl'l'lJJLL;j.:J"JIU1ULa!JU"JIt:l.:J~~ qn1i" ~ 
I ... 0'11 ... ~ 0 ., "!:"I. _.1..1
~1umnJl'l~f)UIl1'l:L"JI1t.u~U'rI ~fIImfl.:J~t'l.:JLL~:mnJ"~t'lu K-S ~1~1"tl~".:J~" ~UllJ'rI .:J.31 LL~: 

.:J.32 f11~~1~U 
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Hard.... Para"" to Gram 

• 

'50 601> ~50 100 
p1lIb •data. data. !!:'tal.d,!ta. data, data, data 

.......n..- ..GniIt
 

pl« 4.31 n1fu1ffJlILmsll~t)14~·l1urliU';Yli"tl4f111n1",J\.'811f\,}1Uu.44"U1ULitfu"'84~ 

,.C}mfn~M14ffl1Ulm1U.Ul4'tHflI)1UU.,..:::\M*,l4n1nt""tJ\,tn11-3"f)~ 

.......................,....,t::. .......,....,....
 
......hniIeIl .. 

JUi 4.32 n')tu.1JtJ1J1»1J1J1:111,)-3M'l1J~t:ft1M~'hn""'lJtfl1JM'1WtftY')udIJU 

ttW~"qn'l!M'umM\An'ltLL~nu~~d1\An'lnt"ftfl1J K-S 

Hard...Para.... to Gra'. 

750 

f1lI__ t)J.. 
000 

t 
JIdGI. 

Jf:oI( M: 
pdliI &,6 

80GB.. 
1.1n: 
~ pdft. 0." 

fdW 
+++.. 
s-e-e U 

7()() 
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n1'V1"'IIil'l.lfl,;)1)1LL';~I)ler.LI!Ju!Iil~'~ (Tangent to Grain) 41U'lU 130 ~'l'tlth~ 

LL~lil~LUlJl111~~ ~.33 

381.00 397.00 485.00 442.00 382.00 462.00 460.00 515.00 454.00 452.00 432.00 

440.00 379.00 387.00 510.00 462.00 517.00 430.00 507.00 470.00 513.00 487.00 

370.00 447.00 460.00 453.00 372.00 475.00 503.00 435.00 485.00 498.00 403.00 

394.00 426.00 395.00 376.00 466.00 522.00 381.00 495.00 387.00 464.00 458.00 

412.00 452.00 469.00 377.00 392.00 516.00 493.00 485.00 521.00 446.00 410.00 

468.00 535.00 546.00 458.00 380.00 506.00 525.00 440.00 435.00 419.00 420.00 

498.00 378.00 449.00 464.00 458.00 377.00 456.00 516.00 455.00 446.00 396.00 

488.00 460.00 453.00 464.00 373.00 428.00 438.00 435.00 437.00 446.00 458.00 

392.00 388.00 394.00 367.00 455.00 459.00 424.00 448.00 413.00 426.00 467.00 

541.00 532.00 429.00 485.00 422.00 527.00 455.00 470.00 456.00 514.00 446.00 

389.00 387.00 415.00 433.00 548.00 440.00 391.00 501.00 468.00 427.00 509.00 

458.00 418.00 468.00 395.00 462.00 438.00 458.00 519.00 432.00 

- .r" I .J..I.J.... ~1..1

'i1l1nm1"JLfl11:V1l'l'UJ'll'tll1"U'11 CESTTEST Yi1..1'11f11L'ltUI U~:t4'1ULl.JtI~Ll.JU)'!1""'1ULlJU 

449.023 LL~: 45.70 nn.!).!).! lJl1).!~1""1.I tliltl'i1l:Lih~~1~1U'1U;'tl~~ 130 "''1'tlth~ ij41U'1U)'!1nn~1 

f'tl~~~Ii'tl~m1 (nreq) ;~ij~1LYhril.J 27 ~1".ftJ;'1~U\4~fII'11)'!L~'tl~Uftltl~: 99 (t=2.576) 
~ ~ 

U'tln'i1l1m!u"JI'tlliiU'1f CESTTEST V1uu::\bL~ijm1u,j~;'1~;'tl~~'tl'tlmllu 7;U tliltlij;jt'l~1rilil 
I , ~ 

;'1~U~:fl'11)'!~'i1l1n,htf~Ln[;lluul'l~:;'1~ ;~ij~1~n~ji~1".ftJ1:~l.JiULt'1 (Degree of Freedom, f) 

,... ..I ~~ .... , ,... 1..1 11 ..IIV 

Lfl1nl.l 7-3 = 4 f11:lill.lfl'l1).!L'll'tl)'!U a = 0.95 ).!f111Lfl1nl.l 9.487 f111f1'11).!tl411n'JI'tl~~IJJ'tl 

_I'!!! .., ..1..1 ..I ..I , II 0 ... I0 

L1JltIl.ILf1t11.1 f11 f1'l1)'! tlfl f11U'1tu'i1l1n f1'l1)'!C1'i1l1n m1LL'i1ln U'i1l~f1"'1Um ffi lil~ j;l~'tl1.l Lflm~~~'tl~ "1.1'11 

, ..I 11 II.!" - t ' 11_ 0 
... ..IIV

fl1f1'11)'!tl"JI'tl~'JI'tl~~ lJ.J).!m1U'i1lnU'i1l~'Uj;l lil"'1UmlVl"~'tl1.l U'Im~~~'tl~ U~,,~ LUlJl111~f1 ~.34 
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.. • ~.... ...l 11 ....... ...l..l~.1' ..I ,
"1"~" ~.34 n1nu~m.JL'V1UUfil'J1'-JCl'jJ'tl.:lll'tl'-J~L'V1UUm.Jfl')1'-JCl'V1 ~",r.nnn1~LL~nLL"l.:l'V1eJ1\.ln11.. ., 
'V1"'~'tlULfilri1i.:l~'tl.:l ~1~fu,hn11'V1{;l~'tlUfil'J1'-JLL;.:I~'-Jrr~LiU\.l'll'tl.:lUJ,,~mf 

.. ..I 
iuYl 

Ih~UN'li1ll 

(ksc) 

..I1'l'l1lJo'nni!yn;jft 

...
f'l'l1lJO 

1 366.97 - 393 21 -
2 393-418.8 12 -
3 418.8 -444.6 23 -
4 444.6 - 470.4 41 -
5 470.4 - 496.2 9 -
6 496.2- 522 16 -
7 522 -548.02 8 -

Chi-Square Error 

,hiinqiii 9.48773 
-

"l1nn11'V1{;l~'tlU K-S (Kolomogorov-Smlnov Test) "u~1fii1fil'J1'-JLLlJlnl'i~~.:It'1l'l(Maxdif) 

ij 4 '1lUl'lLtl\.ln11LL"lnLL"l.:l1J1n~ n11LL"lnLL"l.:lLLn'-J'-J1 n11U"lnLL"l.:lUUU~'tln1J1n~ Ufl:n11U"lnU"l.:l 

u.n'-J'-J1ijfii1Ltl\.l 0.080. 0.082, 0.085 U~: 0.090 ~.:I'l"'f1h~1n~1uj'tlL,rftlULYi!Juriufli1~nq;h\'i1riU 

0.119 .. 
"l:L~\.lL;(~1fii11'l'J1'-JU;'l~'-Jrr~Laf.lUlltl.:lUJ,,~mf 'Wijn11U"lnU"l.:I'1lu(iIl'll'lijfli1fil'J1'-J1'l~1(i1l 

UOl~'tl\.l~1n~1fii1~nqlJl"l1nn11'Vl"'~tlu1filri1i.:l~tl.:l~1~q", 'l\.l'D~L;iu'JriUn11U"lnU"l~1J1n~ nijfii1 

... ~ ..I ~ • '1.1" AI ..... 11 .... 1 
fil'J1'-JfIIfl1l.9\LfII~tl\.l"l1nn11'V1l'l~tlu K-S lJI1'V1t'1l'l "l.:ltl1"ln~1'J 1oP'I'J1n11U"lnU"l.:llJ1nlJl '-J111'J:L"D1tJl.I 

.. ... 11 ...I'" , A\' ... "...I ... I II I '" 

~\.l'V1mJlItl\lfl'-J1n'V1t'1(i1lLUtl.:l"l1n H'I'l'J1'-JfIl~1(i1lLfIIfltlU\.ltlU'V1t'1"U~~fIl1\.ltl!Jm1f1l1'Jn~lJI "l1nn11 

...I AI .. Cl
'V1l'l~tlU K-S 'I.\.l'DW:Vln11U"lnU"l.:lUn'-J'-J1 n11U"lnU"l.:lUUUfltlnlJ1n1Jl Ufl:n11U"lnU"l.:lUn'-J'-J1 n 

... , A\"l..!' 11 'I .1'..01.. ..01 II I ," ::. 
~1'-J11Cl!JtllJn.J H'II."'DU'V1\.l"Dtl\l~ IoP'I L\.ltl.:l"l1n'-JfIl'J1'-Jfllfl1"U'l~tlUUtl!Jn'J1f11'Jn~IJI"l1n'V1.:1~tl.:ln11'V1(i1l .. . 
~tlU u.t\:"l1nn11~u~Mfl'J1'-J~tl(illfll«tl.:l1~~1.:1;tl)Jflfli1fil'J1lJU;.:II'-Jrr~Liu\.l'D~Uj"qmf Yi~1\.l 

n11'V1l.9\~tlUI11'J:L;1l1J~U'V11f1\ri1i.:l~tl.:lU~:n11'V1"'~tlU K-S ~1'-J11ClUf'l.9\.:I'lKLupJ~ .:1.33 U~: .:1.34 

lJI1'-J~1~U 
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• 

400 4SO SOO 

p1Itl·....•....• • '~L....' .... a.ns-T G_ 

Jtli 4.33 n1fwhJ1j~;tWmt~1~ft'l11JrllritlfttMfl1n1mt\.~tift'l11JLL'~i1JcT.~ilN~ 

\mtqflin~fIl'l1~"1\LlMIfNfII'l1W1..:~MU1"n1nt~ttltJ"'rhtT~~ 

B.rd.... T• .,..t to Grala 

.............................~.........,....
 
.....III~.. 

!Ui 4.34 n"ln1!fn,nVl!l1inWh~M"lSJa.:.SJfi~'hn'l1YlA.tllJM"l)JU.'~ISJill 

~itMtw~"qnim.rR~Mun'ltu...nu~~r.hun'l"'''ftf)1J K-S 

http:p1Itl�....�
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• 

fhn1'''''.'il'lJA';)1a.1U,;j.:lt.:l'i11nLluu (Perpendicular to Grain) 

~1'U'JU 130 lK'Jtl(h~ LLMI~LUlJI1~1~~ ~.35 

465.00 398.00 521.00 388.00 375.00 354.00 496.00 423.00 454.00 442.00 433.00 

479.00 387.00 395.00 410.00 511.00 432.00 455.00 397.00 484.00 501.00 467.00 

458.00 441.00 380.00 425.00 428.00 520.00 459.00 460.00 479.00 482.00 444.00 

474.00 451.00 384.00 512.00 392.00 421.00 428.00 496.00 396.00 452.00 516.00 

399.00 411.00 457.00 488.00 481.00 452.00 455.00 472.00 385.00 495.00 385.00 

391.00 503.00 511.00 498.00 389.00 391.00 505.00 520.00 489.00 396.00 376.00 

453.00 487.00 386.00 379.00 429.00 451.00 510.00 487.00 450.00 511.00 455.00 

388.00 395.00 465.00 421.00 481.00 382.00 514.00 498.00 495.00 417.00 465.00 

391.00 495.00 423.00 449.00 489.00 432.00 528.00 424.00 388.00 461.00 397.00 

473.00 435.00 513.00 366.00 436.00 393.00 496.00 391.00 466.00 425.00 441.00 

374.00 494.00 489.00 416.00 390.00 368.00 496.00 455.00 432.00 361.00 516.00 

381.00 509.00 489.00 410.00 385.00 422.00 458.00 446.00 396.00 324.34 436.88 . 

.. "J:' I I ~ ,J. ~ ~••1....
't1nml1Lfl11::\4P1'Ja"!ltlnPtLL'U CESTIEST In.l'J1fl1Lllfla LLt'l::ti'JULtJa~LtJU2J1Pt1~1ULl.JU 

444.09 LLfl:: 46.402 nn.l2J2J U112J~1~tJ tlla't::L~U~1~1U'Juftl$Jt'l 130 i'Jtlti~ ij~1U'JU2J1nn~1 

11 ~.l' J ... I I.. O....l.l J:' 1'_
'1Jtl$Jt'l'rl"tl~m1 (nreq) 4IJI~2JPl1L'rI1m...l 29 ~1\4nJ'"II'J~Ulil~fIIIJ12JL4lJltl2JUnJat'l:: 99 (t=2.567) 

~ ~ 

Utln"1nUU4lJlfl~~u')f CESTIEST tA'LLu~1L~ijm1LLti~,')~ftl$Jt'ltlflmUU 7;1.1 tf\tlmIl41nr;t 
, . .. 

',)~LLt'l:;fII,)12Jti"1nfhi~LnPlLUU,jfl:;,j')~ .-3ijfi1~nq;j~1\4i1J1::~tJiuL~1 (Degree of Freedom, f) 
... .I... J':' GI, '''' , .I 11 J _p.! ... 

L'rI1ntJ 7-3=4 'rI7::lltJfi\')12JL4lJltl2JU a = 0.95 2JPl1L'rI1ntJ 9.487 Pl1flIJ12Jn"1n"Dfl$JflUJtlLun.JtJL'rIatJ 

, ~~ 0 ~ .I , 'l 0 .. " ~ 
fl1fl,)12JO'rlfl1U,)CU"1nfl,)12Jn~1nn1~LL"nLL"~'rI~1Un17'r1r;t~(;l~fltJ fln1t'l~~tl~~tJ,)1fl1fl,)12Jn'tl~ 

ftl$Jt'l'Wijn17u"nLL"-3l1u,,1l'l~hun1nl"~tltJ'lflln1i~~tl~ U~Il~luPt111-3~ ~.36 



184 

• 

"1'l1~;1 ~.36 n11LWUIJLiiulJ fl,;)1t1~1J'tl~;r'tl~~LiiulJ n'IJ 1Il,;)1t1~~1~'"l1n n11LL"'l nLL"'l~~ ~hUn11 
'" '" 

f1'"~'tl'IJ1f1lri1i~~'tl~ ~1~ftJ,hn1nl,"~'tl'IJ1Il,;)1'-JLL;~~~~nnL~tJU''tl~W'n~n'; 

:: ..I 
'IIUVl 

rhft'lIlN~'" 

(kg) 
1'l'l1lJrl'nnii'!ll;jft 

..l 
1'l'l1lJtl 

1 353.97 - 379 7 -

2 379-403.8 30 -

3 403.8 -428.6 15 -
4 428.6 - 453.4 19 -

5 453.4 - 478.2 19 -

6 478.2- 503 24 -
7 503 -528.02 16 -

Chi-Square Error 

f'i1iinq~ 9.487 
-

'"l1nn11f111\~'tltl K-S (Kolomogorov-Sminov Test) 'n'IJ~1f11fl,;)1t1LLlJln~h~~~t1'" (Maxdif) 

ij 4 'IIilIl\LtlUn11LL"'lnLL'"l~LL'IJ'lJUIJl1 n11LL'"lnLL"'l~Lt1nZtJ n11LL'"lnLL'"l~L1~~ LL~:n1"LL'"lnLL'"l~tJ,.n~ 

LL~: ij,hLUU 0.075, 0.082, 0.1 01 LL~: 0.119 ~~'l,xfl1~1n~1uit1LUm'IJLiitJ'lJn'IJ'h~n~~Lfhn'IJ 

o .119 1JI1t1~1 ~'IJ 

'" '" 
'"l:L~UU'~1f1i1f1l,;)1t1LL;~~~1l1nLiCtJu,'tl~W'n~mf 'Wijn1"LL'"lnLL'"l~'IIilll\'lll\ijfli1",;)1t1"~1'" 

Lfl~'tlU~1n~1fi1'ijn~IJI'"l1nn11f1'"~'tl'IJ1flri1i~~'tl~~1~t1~ 'lU'CU:L~tJ';)nUn1"LL"'lnLL'"l~LL'IJ'IJ;j1Jl1ijf'i1 
.-I .:..;.., It.... .... J!

"',;)1t1t'l~1I1\LfIl~t1U'"l1nn111111\~'8'IJ K-S f11f1t1'" '"l~'81'"ln~1,;) ~1I\,;)1n1"U'"lnU'"l~LL'IJ'IJ'lJ1JI1lJIl1,;):L"D1pJ 

... .. J! .,J.-I 1" .. ....,J ... " • '''' 
~uf1n'IJ"D'8~~t11nf1t111\LU'8~'"l1n ~fl,;)1t1f11~1I1\LfIl~'8UUtltJf1t1I1\U~:lJfIl1Ut1tJm1f1l11'.m~1JI '"l1nn11 

f1,"~'8'IJ K-S 'lu,cu..~n1"u'"lnU'"l~;jlJl1 n1"U'"lnU'"l~L'8nztJ n1"U'"lnU'"l~L1il~ Ufl:n11U'"lnU'"l~ 

tJ1n~ n~1lJ11otJ'8t1fu'l1X'l,uf1u;'8~~1~L~'8~'"l1nijfll,;)1t1f1l~1~LfIl~'8UU'8tJn~1~1~n~~i~~'8~n11 

f111\~'8'IJUfl:'"l1nn11~u~"~fIl,;)1t1~'8"fIl~~":~~"l~ftl~fll'i1fl,;)1t1LL;~i~1l1nLa!Ju'JI~W'n~n'; ~ 

~.hUn11f1"~'8'IJ1l1,;):L;1ztJ~uf11f1lri1i~~'8~Ufl:n1nlll\~'8'IJ K-S ~1lJ1"O~II\~U1.uztJ~ ~.35 U~: 

~.36 1JI1t1~1~'IJ 
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HardBest Perpndieular to GraiB 

• 

0.1 /' 

~ 
550 

zul ~.35 n'l1Lt1WttLittttt1~WhlM'lUUt.t"M"~fIi'ln'lm~ttM'lUUi44-~'lrnitt~ 

'bntqntfn~n4''''f'l1'UJ'''''1:"'''''''J~f'I?1:1J''''Yil:;Ln'''~1:",n1:'ml\fttlU \f\n1:Mft~ 

Hardness Perpendleular to Grain 

400 450 500 

pIlItlB=-~r~~·data 

ala,dalaa:::.:la,1IaIa,DIa,IlafaO:'daIa,daIa 
P~.. 

vli ".36	 n'1tu17tl1nlitn.Jt:l1''i'l';f111'l)Jaft:;tnJ'ft';fhn'lmllfttllfll?'l)Ju.t.;i';~'ln 

LittUft..,W"qfl!ffi'tm",flf'Un1fU"'flU4W~~1Ufl1",~1JK-S 

0.1 
pc.fa 
000 

J$0.6 
eGB 
pda

1-;:­
f ~~K! pcfJ'L 0.4 
~- -

pdW 
+++ 
pdIt 

B-8-B 0.2 

400 4S0 SSO 
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• • 0 ., 

./I 2.1 0 n1,",L'lllil'UFl1fl~1t1C1'Htlt1LTt1::u.t1::n1'''''{;I~ 

n1,","lIil'UfI~1t1a~./I";1LTt1:: (Specific Gravity) ~1U,)U 130 i')'tlth:J 

LL~C;}.:J1UlJl111.:J~ .:J.37 

0.83 0.78 0.81 0.83 0.73 0.78 0.77 0.80 0.75 0.80 

0.85 0.75 0.76 0.76 0.86 0.85 0.69 0.81 0.81 0.75 

0.90 0.74 0.71 0.80 0.81 0.69 0.80 0.84 0.76 0.88 

0.82 0.77 0.81 0.82 0.72 0.80 0.78 0.80 0.72 0.81 

0.87 0.74 0.77 0.77 0.85 0.84 0.69 0.81 0.81 0.75 

0.90 0.73 0.70 0.79 0.78 0.68 0.82 0.82 0.76 0.88 

0.73 0.82 0.76 0.95 0.89 0.93 0.75 0.79 0.81 0.78 

0.90 0.87 0.80 0.65 0.83 0.83 0.89 0.78 0.79 0.82 

0.74 0.88 0.81 0.80 0.80 0.78 0.75 0.77 0.77 0.91 

0.72 0.76 0.77 0.83 0.75 0.82 0.75 0.75 0.80 0.78 

0.87 0.85 0.73 0.82 0.80 0.80 0.86 0.82 0.88 0.77 

0.85 0.89 0.83 0.75 0.80 0.76 0.80 0.80 0.74 0.76 

0.82 0.74 0.88 0.81 0.80 0.80 0.78 0.75 0.77 0.77 

... ".1' .J..r" t 1...1 "J...I ~ 
tOl1nm1') Lfl11::,"P1')tJ'lI'tll'll'lU')1 CESTTEST T41J,)1f1l1 L~t'tJ LLft::~'1UL1JtJ.:J L1JU2-l1l'l1S1ULlJU 

0.796 Ut':: 0.054 l'l12-l~1~U tl'ltJtOl::L~U~1~1U,)U;'tl2Jfi130 1'1'tlfh.:J ij~1U,)Ull1nn~1;'tl~fi~ 

~'tl.:Jm1 (nreq) • .:Jilfli1Lfhn1J 13 ~1,"fu''1.:JLL'M.:Jfl'112-lL~'tl~UftltJt':: 99 (t=2.576) UfintOl1mrU 
~ . 

lIJI'tl~~U'1f CESTTEST U'uu~11'"ijm1LLti-:J',).:J;'tl2Jfi'tl'tlmtlu 6 iu ~tJij;l'l~1nl'l'll'1.:JUtl::fl,)12-lCi 
I .. 

tOl1nfhi.:JLnl'l1uulJitl::-D').:J • .:Jilfi1~n~J\tl1,"fu1::~U;rUL~1 (Degree of Freedom, f) Lfhnu 6-3=3 

...I., ~.:, .. I I.... ....1" ~ _~ .. I ...1...1 
'Yl1'::"'1Jfll,)12-lL'lIfl2-lU a = 0.95 2-lfl1 L'Yl1n1J 7.814 fll1fl,)12-ltl'"l1n'JIfl2JtlUJflL1J1tJ1JL'YltJ1Jfl1fl,)12-ltl'Yl 

.. ...I ...I , ~ .. .... , .. ... 
fl1u')NIOl1nfl,)12-ltltOl1nm1U'"lnuIOl.:J'Yl~1Um1'V1(;l~l'l~'tl1J Lflmtl.:J~'tl.:J T41J')12-lm1UtOlnuIOl.:J 4 'IUfI 

'~urim1u'"InUtOl.:Jtl1njj n11UtOlnUtOl.:JUn2-l2-l1 m1LL'"InUtOl.:Jt''tlnt.lffiBiu~::m1UtOlnutOl.:Jiil'l1 U~l'l.:Jl'U 
...I 

l'l1Y1.:J'Yl .:J.38 
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., _I"':!!.... ... ......, ... .J~I-' ... ,
P11'11.:1Y1 .:1.38 n11LIJnJtJ LVlUtJ f!'J1),l t1".11tl\l;'tl3J£il LVlutJmJfl'J1),lt1Vl ~~"'l1n n11LLt·W LL'"l\lVleJ1Un11 

Vl£'l~tltJ1f1ihi\l~tl\l ~1'V1fu,h m 1Vl £'l~tltJ fl'J1),l ci'J\I~1 L~1::;".IItl\l1J7~~mf 

~ ..I 
iUVl 

f'l"l11Jci~~lL'l'Il:: 

(ksc) 

..I 
f'l"l11Jo·nniitllJ fl 

.I 
fl':ll~f1 

Normal 

..I 
fl':l1~O 

Gamma 

..I 
fl':ll1JO 

Lognormal 

.I 
fl':l l1J 0 

Beta 

1 0.649 - 0.695 5 4.148 3.604 3.323 3.314 

2 0.695 - 0.745 14 18.465 19.077 19.341 21.769 

3 0.745 ­ 0.795 41 41.145 42.262 42.869 39.130 

4 0.795 - 0.845 46 41.993 40.989 40.535 39.086 

5 0.845 - 0.895 18 19.632 18.952 18.591 22.356 

6 0.895 - 0.950 6 4.295 4.622 4.748 4.343 

Chi-Square Error 

,h~nq;j 7.814 
2.449 3.000 3.487 6.423 

lli1l1nn11VlCII~tltJ K-S (Kolomogorov - Sminov Test) ~tJ~1f11fll'J1),lLLlJln,h\l~\If!'" (Maxdif) 

ij 4 "lIil£'lLtlUn1"LLlli1lnLL"l\l£iltlntl1n~ n11LL"'lnLL"NLLn),lJJ1 n11LL"lnLLIlil\lUIJl1 LL£il::;n11LLlli1lnLL"l\ltl1n~ ij 

fli1LrJU 0.075, 0.079, 0.099 LL£il::; 0.086 ~\IL~fli1~1n~1L!1tlLuWtJLV1utJritJ'h~nq~L'hritJ0.119 

1Jl1JJ~1~tJ 

lli1l::;Li~u1iA''i1f11fl'J1),l~'J\I~1L~1::;''.IItl\l1J7~~mf n11LLlli1lnLLlli1l\ltl1n~ijfl1fll'J1),lflfl1IJlLfll~tlU~1 

n~1f11~nqlJl"l1nn1n'1£'l~tltJLrlf;1i\l~tl\l~1~f!CiILU".IICU::;L~tJ'JriUn1"LL"lnLLlli1l\lfltlntl,.n~ ijl'i1fll'J1),l 

fll£il1"Lfl~tlU~1n'i1l'i1~nq"lli1l1nm"flCII~tltJ K-S ~1~f!C11 ~\Itl1lli1lnfl1'J1~'i1n11LLlli1lnLLIlil.:l£iltlntl1n; 
..... 11 0'11 • .., 11 .J .;j "l. I-' ~ I-' .I 

LL£il::;n11LLlli1ln 14lli1l\lt1ffi IJlJJIl1'J::;L"D1, ...~Ufl nU'Dtl3Jfl),l1nflf! '" LUtl\l"l1n ~'VI fll'J1),l fllfl1 '"IJIlflflUUtltJflq" 

LLfl::ij'huf)un'i1fli1:SnqlJli\l~f)\In1n'1"~f)tJ lli1l1nn1m"~f)tJ K-S tUlI~~n1"LLllilnUlli1l\lLLflJJ),l1 

n11LLllilnLLlli1l\l;j1Jl1LLft::;n11LL~nL~\It11n~ n~1JJ11t1Uf)JJfut~;LLflU;fl3Jfl~Lttf)\I~1nijfll';l1JJfllfl1'" 

Lfll~f)UUtlUn'i1Pi1~nq;~1ni\l~tl\In1m"'~tltJ lli1l1nnM~LL~~fl';l1JJ~f)"'fI«tl\l1~~1\1{f)3Jflfli1 
I 0 ~ ....... .I, I-'O'II.~_O""
 

fl';l1JJm\llli1l1L~1::;".IIf)\I~~qnM fleJ1Un11fl"'~tltJIl1'J::;L".II1t K-S...~UfllJ'lmfl\l~f)\lLL£il::n1"""'~f)tJ 

'Il"I 0'1 1.1 0 ..,

~1JJ11t1LL~CII\1UIl ~U, ...fl \1.37 LLfl::; \1.38 1Jl1JJ£il1Ci1tJ 
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OJ 

• 

0.1 0.15 U 0.85 0,9 0.9'5 

pJlItI''''~if::Yity'',,,,,, 

J1.11 4.37 n,,~tIhJlJ~~t!lJ':'M~'N",)1)ltNl~f'JtN,hn1nt~ttBlJ",)1;Jlh.,-t11Tf1:'1tN 

w"qn';ffiJ;r~MUfll,)1mN1U.UVJfHfII,)11N1"':;tM~i1un1"'''fttltJ",n1tr~ftfH 

fd 
--,. O.J 

000j=... eGa -- OJ~J... 
Ii: pdI'L 0.4 . 
;,,1-­

pdW
r++...
 
e-e-a u. 

~ ~ ~ ~ u w u ~ .............."='e'=~....,....,....,...
 
vJI 4.38 n1f~l1flJlJ~VilJlJ~1"14~1)1)Jfia:;.)JlItl4"1n"l"'''.tl\J~I)''I)JriI)441LYi''l:lItl4U! 

1fqmitrtJi.,'JMun'lfU,n~"-4~thun1""'''tf1tJ K-S 
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• 

fi1n1'l"f\.'ButRI.I1f\'ln1'l~,,;r1(Shrinkage in volume) 

t<\1l.l,)l.l 130 ~,)~f.h~ LL~IM\l.llJl111~~ ~.39 

5.64 6.85 5.78 5.73 7.62 5.03 4.35 5.53 7.00 5.83 

5.61 7.07 5.36 4.59 5.79 5.89 4.91 3.97 6.96 5.35 

4.61 7.80 4.03 5.36 7.57 7.04 6.19 6.60 5.41 7.85 

5.93 5.70 4.52 4.70 5.37 7.79 5.75 6.10 3.29 5.99 

7.57 5.35 7.80 6.00 4.80 4.12 5.47 3.84 6.74 4.78 

5.45 5.82 3.51 3.90 3.36 5.08 7.73 3.44 4.11 8.78 

6.52 6.07 5.25 6.32 6.37 7.33 5.23 5.45 6.00 7.14 

6.36 6.70 6.01 6.28 5.70 6.49 6.15 6.23 5.12 6.95 

5.99 6.61 6.05 5.66 4.87 7.15 7.12 5.77 6.88 6.86 

4.98 8.40 6.22 6.54 6.51 6.42 5.24 5.98 5.15 7.08 

5.40 5.20 7.02 6.22 6.04 6.60 5.40 5.92 6.93 7.18 

6.12 4.57 4.85 6.97 5.35 7.02 6.31 5.87 5.59 7.38 

6.95 5.99 6.61 6.05 5.66 4.87 7.15 7.12 5.77 6.88 

,",1nn11~Lfll1:\fIl')t1"Jl~~']LL')f CESTTEST 'Vi1.J,)1fl1L~~tl LLft:fI,)l.lLrltl~L1.Jl.l~1"1S1l.lLtll.l 

5.955 LLfl: 1.083 "1~~1~1.J L"t14il:Lih.l~1~1l.l,)l.l;~~ft 130 lK')~th~ £j~1l.l,)l.lll1nn~1;tl2Jfl~ 

Iftl~n11 (nreq) ~£jfll1Lvhri1.J 88 fh~f1.J',j,)~LL\1~fl,)1~L~tl~l.lNlt.Jfl: 99 (t=2.576) Utln4il1m!u .. 
'tl~']LL')f CESTTEST U'LLU~11.\lijn11LLU~;')~;tl'JfttltlnLi~lu 6;U tfttl£j;"~1ri";,)~LLft: 

",)1~~,",1nl'hi~Lnf1\uUlifl:-Jl')~~~ijfll1~nq;~1~fu::~1.J'iUL~1(Degree of Freedom, f) Lvhou 

..I.. ... ~ • '" , ..I s- ... _~ ., ..lI 

6-3=3 V11:l'I1.Jfl,)1~L"IItl~Ua=0.95 lIfl1LVl1n1.J7.814 fl1fl,)1~Cl,",1n'JItl'JftUJ~Ll.I1t.J1.JLVlt.J1.Jfl1fl,)1~Cl 

..10 ..I ..I. '10., 0.,.. ... 
V1fl1u,)N,",1nfl,)1~Cl'"'1nn11L~,",nLL,",~V1~1Un11V1I\~tl1.J ~fln1ft~~~~n1ft~ 'Vi1.J,)1~n11LL ...nLL,",~ 4 "lIU~ 

\IlLLrin11LL,",nLL'"'~t11n~ n11LL,",nLL~~~1t1""IIU"~~111LL1.J1.J\')\Ift~ n11LL,",nLL,",~;j1Jl1 LLft:n11LL,",nLL,",~ 

LLn~~1 LL~,,~'lU"111~~ ~.40 
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• 

.. _f!!" ..; '" ...... .1.1., .1' ..;
Pi1'11.:1" .:1.40 m1Luffi'IJLVl!.J'IJ""'112-Jtl'D'fl~'D'fl2-Ji1lLVl!.J'lJmJflI'112-JtlVl ~!'l~1nmnL~nLL~~Vl~1Um1.. I 

Vlf\~'fl'IJlfl1ihfl~~'fl~ ~1\d1J,.hm1VlCil~'fl'IJtll2-J1l'l1m~Cil~'1'D'fl~UJ.,,~mf 

~ ..l 
lI'UYI UnJ1U11n1m",i1 % 

..l 
1'l11lJtl'l1n 

.. 
'JItll,lfl 

..l 
1'I11lJtl 

Normal 

..l 
1'l11lJtl 

Weibull 

..l 
l'\11lJtl 

Beta 

..l 
l'\11lJtl 

Gamma 

1 3.28-3.87 5 3.523 5.052 2.196 2.058 

2 3.87 -4.84 13 16.246 14.982 20.256 17.395 

3 4.84 - 5.81 39 38.510 34.392 37.061 41.90 

4 5.81-6.78 40 42.946 45.534 38.788 40.891 

5 6.78 - 7.76 27 22.543 25.965 25.310 20.342 

6 7.76 - 8.78 6 5.637 4.011 6.387 6.148 

Chi-Square Error 

,h'in~iii 7.814 
2.380 2.579 6.453 7.715 

~1nm1Vl"~'fl'IJ K-S (Kolomogorov - Sminov Test ) "''IJ~1';1fl1'112-JLLl'ln,j1~~~q'' (Maxdif) 

ij 5 "JlUf\m1LL~nLL~~tJ1n~ m1LL~nLL~~LLn2-J2-J1 m1LL~nLL~~~1~""JlUlJI~~12-JLL'IJ'IJ m1LL~nLL~~LL'IJ'IJ• 
~'flntJ1n~ LL~~m1LL~nLL~~LL'IJ'IJ;j'l1 ijl"i1LtlU 0.041 ,0.056, 0.058, 0.060 LL~~ 0.065 '~1«l"i1~1 

n~1Ltl'flLtlffi'IJLiI!.J'lJn'IJflh~n~~iL,j1ri'IJ 0.119 'l12-J~1~'IJ 

~~L~u'1.cA'~1t'i1m2-J1l'lm11\-1f\~'1'Dtl~UJ.,,~n~ n11u~nu~~tJ1n~ijt'i1fl1'112-JfiI~1IlLflI~tlU~1 

n~1l"i1~n~l'l~1nm1Vl(;l~tl'IJ""ri1i~~tl-3~1~q(;l lU'Dtu:;~!.J'1rium1u~nu~~tJm~ijt'i1fl1'112-J 

fiI~1"LfllatlU~1n~1fi1~n~'l~1nm1Vl"~tl'IJ K-S ~1~q" ~~tl1~nfi1')'1.~~1m1u.~nu~~tJ1n~ ij 

J!'l"tI ....... J! ...I ........ ... ... .J .. ,
111'1:;L"D1 t. ~UVl n'IJ"Dtl~ft2-J1 nVlq&'l LUtl-3~1 n ~\-1 flI'112-J fIIft1 &'l UIIi'tlU~1 nm1Vl &'l~tl'IJUtl!.JVlq&'lLL~:::2-J f111 

... .. 'l ..I .: ....J 
Utl!.Jm1f111'1n~l'l ~1nm1VllFl~tl'IJ K-S U'DCU:;Vlm1u~nU~~Un2-J2-J1 m1U~nU~~'l1qMU"Vl~12-J 

U'IJ'IJ n11U4lnU~~u'IJ'lJfttlntJ1n;j Uft:;m1u~nU~~U'IJ'IJ;j'l1n~12-J11tl!.Jtl2-Jful~-ruVluftl2-J~\~ L;1tl~.. 
.. ... ... , ....... rt •.1 k
 

4l1n2-JflI'112-JflI~1"LflI~tlUUtltJm1fl11'1n~"'4l1nl1"1~~m1Vl&'l~tl'IJU~:; 4l1nn11flU~"~flI'112-J~tl"flI",tl~ 

1:;\-1~1~;tl~~ t'i1fl1'112-Jci'1~~1L"'1:;'Dtl~UJ.,,~n~ ~~hum","~tl'IJ111'1:;L;1ztJ~UVl'1.fllri1i~~tl~LLft:; 

m1Vlll~tl'IJ K-S ~12-J11tlU~"'-3'1.cnUltJ~ ~.39 U~~ ~.40 l'l12-J~1~'IJ 
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• 

03 

0.1 

0 1 4 S 6 1 g 9 

pIeU •....~la~ot:'T....TcIata 

J1li14,39 mntlhruL~lJnwh4"11mim:.mmr,ty.1,hmrn".fJ1J1Jnnl'l1fl1m,.,r'ml~ 

bm~~~~Wu~fI'n~::tM~\ftrhfto3M~ 

ShriDkage iD VoIum.. 

lid 

pe6t 
000 
pdCL 

I ~O.6eGBE.,.
in:
I pdPL.... -.­

pdW 
+++ 
pdb 

e-a-a 0.2 

6 I} 

datlI,dIda,dIl..~~..::,da",.....,..... 

_ r~ • P.!!'" , .J , • I'll .. 'l.1rIlJ" •.40 m'l1J'!ItJLYI!ltJ'~~'"l~rt~'"l~Cl.~.~'~rt'"lmnt".'8tJlJnI'"llt,n'"l~,.It~'~U./ 

'Wqn~"'1J'R,uffu0")1LL'"nu.il\-3~U")1m,)ffl"tum K-8 
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fhn1'Y1fl.tl1J1Rtl1WA~13J('U% (Shrinkage in volume) 
• .... I 'I ..I
tit1'U')'U 130 m'llfJ1~ LL~'M ~'U~111~'V1 ~.41 

10.84 11.88 10.53 10.42 12.14 4.05 9.64 10.13 12.48 10.65 

11.34 11.55 11.27 10.47 8.52 10.89 10.77 10.49 10.91 11.37 

10.45 11.34 10.54 10.27 8.12 11.66 11.26 11.15 10.53 15.63 

10.84 11.88 10.53 10.42 12.14 4.05 9.64 10.13 12.48 10.65 

11.34 11.55 11.27 10.47 8.52 10.89 10.77 10.49 10.91 11.37 

10.45 11.34 10.54 10.27 8.12 11.66 11.26 11.15 10.53 15.63 

12.02 12.02 10.94 8.86 11.90 11.53 11.11 10.72 10.31 11.04 

11.45 12.03 10.58 11.76 11.25 9.59 10.50 11.65 10.82 10.97 

11.12 11.26 11.26 12.23 10.25 10.02 13.65 11.03 11.84 11.51 

11.41 13.16 12.69 12.32 12.41 11.16 10.75 13.32 11.57 10.39 

10.27 10.69 13.21 11.44 10.72 11.13 10.77 12.03 10.98 9.57 

10.18 9.67 10.86 11.64 9.35 10.58 10.48 10.59 11.48 12.06 

10.97 11.12 11.26 11.26 12.23 10.25 10.02 13.65 11.03 11.84 

.. ..." ..1...... , 1..1 J...1 ~ 
~1nn1",)Lfl"1:::~"')tJ~tll1I'lLL,)"CESTIEST ~tJ,)1fl1L~~tJ LL~:::;'l,)'UL1JtJ·mJ'U~161"'1'ULlJU 

10.987 LL~::: 1.417 1'l1~~1r1lU tIItJ~:::L,"U~1~1U')uf'll~~ 130 1K,)'llf.h~ ij41'U,)U~1nn~1ftl~fl~ 

1ff1~n1" (nreq) ~~iiri1LYhn1J 44 ~1~ru,b~u~~fl,)1~L~tl,rUflltJ~::: 99 (t=2.576) 'Utln~1n'!u 
>­

'1itlnflLL')f CESTIEST U'u.'U:::U11"'ijn1"LL1J~,b~ftl~~tltlmtiu 6 'i'u L"tJij;"41n,,,b~LLft::: 
I I ... 

fl,)1~ti~1n,hi~LnI'l\'ULLJi~:::'!l')~~ii,h~nq~~1~ru,.:::~tJ;UL~;'(Degree of Freedom, f) Lyhn1J 
..I., ... .:, .... ,., 1..1 1: ... ~I':l! ... 

6-3=3 Vl":::"1J",)1~L"JItl~U a. = 0.95 ~fl1LVl1mJ 7.814 "1fl,)1~tl~1n'1Jf12J~~f1L1JnJtlLVltJ1J 

• ..1.1 0 ..I ..I , II • ., • ..II 

fl1f\,)1~tlVlfl1U')tl.l~1nfl,)1~tl~1nn1"LL~nLL~~'V1~1Un1"'Vl"~~~tl1J ~fln1~.:1 ~1J,)1fl1fl,)1~tl'f1.:1 

;tl~~bJiin1"LL~nLL~.:I"JIU,,"'eh'Un11Vl"~tl1J\flr;'i.:l~~ LL~M\UI'l1"1.:1~ .:1.42 
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_ ....J " ....... .J.J\"" .J
 I

P1''''~\'I ~.42 m1LUttl'ULVltJ'lJfl'J12_JfllI'el-311'el2_JflLYltl'Un'Ufl':l12.U1Yl fl~1nm1LL~nLL~-3Yl~1Um1 
" 

VI t'l~'el'U\flri 1i~ fltl-3 ~ 1\'1 fu fi1 m ~ t'lfltl'Um2_J1n1fl'J 12_J~Ulltl~ W't'4~ n'tf 
r-----,-----------,-------------,r---------------;-.,J-----------­

f'\'J1l.JO 

4.04 -8.6 6 

2 8.60 -9.725 7 

3 9.725 - 10.85 43 

4 10.85 - 11.975 53 

5 11.975-13.10 14 

6 13.10 -15.631 7 

Chi-square Error 

,i1:'jnq~ 7.814 

~1nmff1"'~tl'U K-8 (Kolomogorov-Sminov Test) 't'4'U~1Pi1fl'J12_JLLlJInl,h~~~~", (Maxdif) 

'Wijm1LL~nLL~~"Du"'lt'll"'l'h~1n~1ujtlLuffi'ULVltJ'Uri'Ul'h';jn~~Lvhri'U 0.119 

~:L~U\~~1fi1m2_J1n1fll'J12_J~U'!ltl~W't'4~n'M'"b.lijm1LL~nLL~~"Dut'll"'ij"h"'':l12_Jflfl1flL"';tlU 

~1n~1f111~n~IJI~1nm,.Vl"'~tl'U'f\n1i~fltl~ lU'!lnl:Liimriu'Wijm1LLlltnLL~~"Jlil"'lflijfll'J12_Jfll~1'" 

LfI~tlU~1n~1f111~n~lfI~1nm1Y1flfltl'U K-S L"JiU~fJ'Jriu ~~tl1~n£'i1'JU'~1Ujijm,.LL~mL~_3"Dil~lflij 
1! 1 ... IV 1! ..l .... 'I.\' .... .....l.. .

1l1'J:L"JI1t. ~ul'ln'U"JItl2.Jfl2_J1n'VIq(;l LUtl~~1n ~l'Ifl'J12_Jflfl1(;1LflfltlU~1nmff1(;1fltl'UUtltJl'Iql'lLL~~fI1 

)J1nn~1'h~n~1JI LLt\:~1nnl1~LL~Mfl'J12_JflfJ(;Iflt\'tl_31~~1_3itl~fl fi1,rnJ1n1fl'J12_J~U'!ltl~W 
.. "", 1! _I ... ,,_ 0 "!AI _I""IV

't'4~n'M' Vlr.l1Un1ff1(;1fltl1J1l1'J:L"JI1t. ...~UVl U"lmfl~fltl~LLfl:n1ff1(;1~tl'U K-S ~12_J11nLL~lM ~ ~Ut. ...Vl 

~.41 Ufl: ~.42 lJI1)Jfl1~'U 
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Moisture Content 

• 

(l.1 

6 8 w n M 16 

plott .dm.,=,..::~:-.dlI1lJ.da1a 

fiJi 4.41 n1,.W1tl1J~-ntJ1.11:11rh~fI,)11Jal'-l';"1f'l't)~'hu~1N11,)11J~U'lt)~Uj,,qn'; 

n~n{UfI'l1SJ~U11lUU'~M1SJU14l~LtlU~d1un1ff1f\tlfl\J\fIihi~t'ltl~ 

Mol.tun CoDteDt 

- 0.8 

000 

::~ , pelGS 0.6 
eGB . 

.pdIlIe: 
~~u 

pdW 
+++ 
fIdb
 

s-e-s 0.2
 

°4 16 

dIU, ....., ...fII,':ti:'....,...fII.......dIU,lIIf11c...eeat 

~ 4.42	 n')mIhlUL91tlt1~1'~M'2J~.,::I1J'fl'~flh11hJ'n.&~t)'~Y'fl~Uj 

"qfl1!ffitl'hriiun1~nu."~;~hun1m~MtJ K-S 
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n1'l""t1'il\JfI'1~"'U1LLUU (Density) 

~1U'1U 130 ~'1'flthm~(;l..:l1uIJ1111..:1~ ..:1.43 

868.43 820.61 849.74 867.22 762.08 773.03 810.90 836.60 787.44 837.88 

894.48 780.03 799.28 805.37 880.80 894.15 730.81 864.18 843.29 795.70 

945.99 762.98 755.72 835.14 810.02 715.96 838.99 872.82 802.01 941.58 

853.66 819.52 851.42 868.93 764.58 774.57 811.44 835.49 787.95 840.64 

896.25 781.57 798.76 802.72 881.96 891.20 729.84 863.61 843.84 795.18 

945.99 763.48 748.76 836.78 813.21 719.26 842.31 879.72 803.06 939.09 

770.25 863.61 797.75 972.34 931.41 962.20 796.34 825.16 845.60 812.08 

946.69 912.52 838.62 681.90 874.36 858.51 923.88 822.23 827.83 853.44 

779.72 914.45 854.48 850.67 843.09 804.27 800.59 804.20 809.29 946.91 

763.00 795.81 819.33 875.26 787.16 860.51 784.31 801.36 847.84 806.88 

908.80 897.21 776.39 862.63 838.04 831.05 901.90 866.87 917.10 783.32 

882.89 931.12 880.87 784.53 828.41 785.96 829.03 837.98 780.97 788.22 

853.44 779.72 914.45 854.48 850.67 843.09 804.27 800.59 804.20 809.29 

~1nn17':iLlt11~1fIl'1tJ'1If.l~.ru.'lf CESTTEST VUJ'l1fl1L'i};tJ U.fl~ft'lULrltl..:lLtJW1"1''lULtlu 

834.31 U.il~ 55.88 nn/~3 6l1~£h~tJ il.'ltJ"l~Li4U~'l~1U'1U;'fl'Jil 130 i'1tuh..:l ;j~'lU'1W1nn~1 

ff.l2Jfl~A'f.l..:ln11 (nreq) ~..:I;j,"hLYhritJ 12 ~1\4fu''1..:Ju.'''..:IflI'1'l~L~tl~U1tlfJil~ 99 (t=2.576) 

Ufln"l1mrUllJlf.l~.ru.'1f CESTTEST ~u.u~'h1\4ijn11U.tN,b..:lftl2Jfl'fl'flnLtlu 6 fu i"'fJij;"'~1ril'l 
, . .. 

''1..:1U.fl~''''11~il''l1nfh«..:ILO,,1uu.tJifl~''1..:1 ;..:Iijfi1':in~ii~'l\4fu~~1J'iuLtU (Degree of Freedom, 1) 
• .., ..I.., .. .:. col. ..., , ..l 1! .. _f.!! ... 

LYI'lntJ 6-3=3 Y11~~tJfl'1'l~LlIJI'iI~Ua = 0.95 ~flI1LYl1ntJ 7.814 "''lfll'1'l~Cl''l1n'1ltlJJflUJ'flLl.J1!JtJLYltJtJ 

• ..1..1 • .J ..I , II • ... ... 
fl1fl'11~ClYlfl1U'1W~1nfl'11~C1~1nn11u.~nu.~..:IYI'-l1Un11'V1t'l~(;l~'iltJ Lfln1fl..:l~'iI..:I 3 'lUt'l n17u."lnu.~..:1 

fltlnth'n; n17u.~nu."l..:lu.n~~'lLLfl~n11u."lnu.~..:Itl1n~ U.~l'l..:l1U"111..:1~..:1.44 
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• _ ~.. .,J 11 ..... .,J.,J~.1' .,J • 
pt1"'~" ~.44 m1LUnJ1JL'VltltJm1~Cl'!ltl,:J"1Itl~t'U'Vltl1JmJm1~Cl'Vl ~VI"l1nm,.U~mL~.:I'Vl~1Um1.. 
'Vl(;l~tl1Jlf1n1~.:I~'tl,:J ~1~fu,hm"'Vl(;l~tl1Jfl'11~~u1u'llU'!l'tl,:JWYi~mf 

t ..I 
llUYl 

"'l1tl"'U1 L1UU 

nnllJ' 

..I .. 
l'I'l1tlfl"l1nllfll;jfl 

..l 
1'I'l1lJO 

Lognormal 

..I 
"'l1lJO 

Gamma 

..I 
1'I11l.JCl 

Normal 

1 681.84 -740 5 5.102 5.397 5.945 

2 740 - 790.75 24 23.654 23.242 22.370 

3 790.75 - 841.5 45 44.585 44.133 43.33 

4 841.5 - 892.25 35 37.167 37.705 38.858 

5 892.25 - 943 15 15.434 15.686 16.127 

6 943 -972.39 6 2.740 2.672 2.491 

Chi-Square Error 

I'h:jnq6i 7.814 
4.025 4.437 5.738 

~1nm"'Vl(;l£qtl1J K-S (Kolomogorov-Sminov Test) YitJ~1fi1f1'11~LL"nLJi1.:1~.:Iq(;l(Maxdif) 

.. -!'II 1..1- 1..1- _...I A 
~ 5 "DUl'lL1JUm"U'lilnU~.:I~fln ,.n" m1U~nU~.:ILLn~~1 m1U~nU'"l.:l ,.nlJl m"LL~nU'"l.:l"DU(;l'Vl~U.:l 

Pi1~.:Iql'lU1J1Jf1~L1J~u~:n1"LL~nU~.:Ifih~.:I~l'l"D\l"'~~tNU1JtJL~"L"D" ill"i1Lilu 0.059, 0.063, 0.070, 

0.076 U~: 0.089 .,:J1~fIi1,'hn~1ujflL,rffi1JLiltl1Jri1Jf'i1~nqjlLvhri1J ""~~1i1J0.119 

~:d~ul~~1fi1fl'11~\-lurIUUU'!ltl.:lWYiqmfm1U~nU'"l.:ltl,.n;lilfi1fl'11~fl~1l'lLfI~tlU~1n~1 

l"i1~nq"'"l1nn1"'Vl"'£qtl1J'lflr'h~.:Ii\tl.:l 1U'Dn.l:L;\tl'1rium1LL'"lnu'"l.:ltl1nililfi1f1'11~f1~1"'Lfl~flU~1 

n~1,.h~n~"~1nn11'Vl"t\fl1J K-S ~1~q(;lL'lIuL;ltl'1riu ~.:Ifl141nth'l'ltll~1n1"U"lnU~.:ItI,.nililIl1'l: 
J!O'OI- .....J! .,J A 1'" A "'.oJ ... '" 

L'1I1, ut\U'Vlnl.f'Jltl2J~~1 n'Vlq" LUfl.:l~ 1n ~fII'l1~f1il1"LfI~tlU~1nn11'Vl"i\fl1J'Ufltl'Vl~" Uf4:~ f111'Utltl 

n~1,h~nqlJ1 4l1nm1'Vl"'~tltJ K-S 1U'JIn.l:~n1,.u~nu~~un~2.J1 n1"U"lnu~tJ,.n;l mfU~nU~~ 

"DU,,~~rt.:l'h~.:Itt"UtJ\JfJ~L1J~U~:n11U~nu~.:Ifi1~.:Iq""DUl'l~£qfl~UtJ1JL~1L"D~ nt\1~1"Cltltl~fu1lt 
,J! J! 'l.1' .... .. '" ,. - - ::. .J
~lIU'Vl'U'1Ifl2Jf4 l'lLUfl~1n~ f1'11~fII~1 "LfllilflUUtltln'11f11'lnq "~1n'Vl~t\tl~n1f'Vl"t\tltJU"': ","nn,.,,"
 

'" ,", ,~.t:' ~ .,J , '" .. I

Ut\l'l.:lfl'11~t\tl"fIIil~1:l''l1.:1"I1tl2Jilfll1f11'l1~~U1UUU'JItl~ ~Yiqn'M 'Vl~1Un1f'Vll'lt\tl\Jll1'1:::L'JI1, u 

.... It _. ... 'l.... "'" I.,J 0 ...

i\U'Vl U'lm~~t\tl.:lUil:n11'Vll'lt\'tltJ K-S i\1~1"ClUt\li'l.:l VI ~Utu'Vl.:l.43 U~: ~.44 {;l1~~1"1J 
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• 

0.3,..., 
...... 
e-e-e 

l~ 
f~ 0.2
 

I~'
pIlId'ft
 
t-t-+
..... 
~~ 

lU 

tOOO 

J1li "'.43 n"lt~tIYtJ\J~~U\Jt:l1<)"l~I't""l~ct"~,"",tf'ItNf411't""l~"~"l"\J~'ItN'b7,.qnintJ 
• 

~MU"lJ1)j\N1UUU'I~"lJ'l)jU'l"t::Li1u«rhun'l"'fltltf)1.J\ft,hMft~ 

100 7SO 100 850 900 9SO 

pkIU .cIata......~cIata.cIata.cIata..... 

pd 
__ 0.' 

pdIt 
000 

f~ 
.I pdGS 0.6 

!~8 

In: 
pdf'L 0... 

;,,1-­

JIdW 
+++,. 
e-s-e 0.2 

1000...,....,.........,.........,.........,....,....
 
DeaIiII¥ 

pi; 01.44	 n'lfwm1J1i1!J1Jmt~'l-S,,')'lIJIiil~.lJft-SIl'lM'lWU'lL1UU'tl.)W'Wqmfn1J 

~M~n1tLL~nu.1IW~rJ1~n1"'~fttl\J K-S 



198 

• 

~ 2.11 n1",,,M~'uLLu~i' ..i1u.~::'uu.u·niulaur. 

n1.,""tl'il1Jn1"\lI"i')Luu.u·wlula.a~. (Tangential Shrinkage) 

~1U,)U 130 ~,)!.l£h~ LL~IM1U~1~1'1~ '1.45 

1.80 2.20 2.33 2.38 2.00 2.05 2.31 2.32 2.41 1.60 

2.31 3.19 2.05 2.45 1.99 2.40 2.71 2.38 2.42 2.31 

2.33 2.82 2.02 2.37 2.37 1.98 2.35 2.00 2.43 2.00 

2.41 2.01 2.27 2.37 1.98 1.98 1.89 2.39 2.71 2.26 

2.69 2.61 2.26 2.35 2.40 2.30 1.92 2.82 2.67 2.71 

1.99 2.40 2.69 2.40 2.41 2.66 2.28 2.40 2.60 2.24 

2.27 2.29 2.65 2.38 1.98 2.38 2.80 2.39 2.82 2.27 

2.33 1.99 3.15 2.29 1.99 1.91 2.33 2.00 1.99 2.31 

2.80 1.55 2.40 2.01 3.04 1.9B 3.20 3.53 2.80 2.00 

2.34 2.70 2.38 2.80 2.00 2.80 1.92 2.97 3.14 2.80 

3.00 1.92 2.38 2.00 2.96 2.40 3.00 2.80 2.40 3.02 

3.05 1.97 3.03 2.01 2.01 2.81 2.68 2.67 2.31 1.95 

2.39 2.40 2.64 2.23 2.40 2.26 2.07 3.19 2.40 2.59 

~1nm~L"'t1:\f~')(J'll!.lvJtKLL')f CESTTEST "'U~1Pi1Lllil(J LLfl:a,)ULilu~LUW1'l1S1ULtiu 

2.399 Ufl: 0.370 'l11J~1~'tJ t"(J~:Li4U~1~1U')uf!.l~fl 130 i')tlth~ iJ~1U,)U1J1nn~1ftl~fl~ 

tlitl~m1 (nreq) .~ij~1L'Yhriu 63 ~1,";1.1"1\')~U"'~fil,)1)'/L~tl,tU~(Jfl: 99 (t=2.576) Utln~1n,ru 
>­

"itlvJlu')f CESTTEST U1LLu:u1''''ijm1LLti~''II')~ftl~fltltlmUu 6 'iu t"'tJm"'~1n,,"Il,)~LLfl: 

"',)1)'/~~1nPi1ft~LnI'l'uWflfl~'N;~i1'h~n~~~1~fu1~i1J'iuLt'1(Degree of Freedom, t) L'Yhriu 
..I., .. ~ ., ,., 1..1 1! .. _I"!! • 

6-3=3 "":"U"',)1)'/L'lltl~U a = 0.95 )'/fil1L'VI1nu 7.814 fil11'1,)1)'/Cl~1n'Dtl~flUJtlL1JWUL'YI(JU 

, ..1..1 • ..I ..I I " • ., " ..I 
fil1fil,)1)'/Cl'YIfil1U')tu~1nfil,)1)./n~1nn11LL~nU~~'YI~1Um1'Yl"~"t'tlU LfilmiN "'U,)1fl1fil,)1)JCl"Dfl~ 

;fl~fl\s.liJm1LL~nLL~~"Ilil"',,r.humnl(;'lt'tlu'lfilri1i~t'tl-:I~"~'U1Jl111~~ ~.46 



199 

... - I"!!.... .,j"...., .,j..l~ " ..I ,
M1"M~'" ~.46 m1L1J1tnJLVltl'Ul"1,)1~Cl'fl'fl.:l'fl'fl~fHVltl'UmJfil,)1~"VI ~~~1nm1U'"lnLL~.:IVlCJ1Um1.. 
VlC;\~'fl'ULlilri1i.:l~'fl.:l ~1~fufi1mn'lC;\~'fl'Um~~Lif')1uuU,)Lt\'ui~cr~'fl'fl.:l'1Jj'Vi'lmf 

::, ..I 
'!lUll n1m,,~'1 rI'11lJi'l'nnitl~t'l 

..I 
rI'l1l.Jtl 

normal 

1 1.549 -1.92 5 -

2 1.92-2.212 31 -
3 2.212 - 2.505 54 -
4 2.505 - 2.797 15 -

5 2.797 -3.09 19 -
6 3.09-3.530 6 -

Chi-Square Error 

,h'intjil 7.814 
-

'"l1nm1VlC;\~'fl'U K-S (Kolomogorov-Sminov Test) 'Vi'U~1fi11i1,)1~u",n~1.:1~.:If!c;\(Maxdif) 

'Wijm1U~nLL'"l.:l'!lil",tc;\t~fi1~1n~1u1'flL\fffi'ULVitl'Uri'U,.h~n'l~Lvhri'U0.119 

"'l~L~ULIf~1fi1m~(;\i')tuuu')i)Jcr~'fl'fl.:lbj'Vi'ln~ b.i!im1U'"lnu"'l.:l'!lilc;\t"ijfi11i1,)1~ 

fil£i1C;\L~~'flU'"l1nm1Vl"~'fl'ULf'1ihi.:l~'fl.:J~1~f!l'l tu",cu~L~t1')riub.iijm1u~nu~.:I'!Iil"tc;\ijfli11i1,)1~ 
... ~..1 .J'" .,.. • ~ If I II- ,- .. t ­

1iI£i1"LIiI£i'flUIit1nm:Vlfl~'fl'U K-S lJl1Vl~flL'1IUL~mnU '"l.:l!l1Iitn£i1,) ~(;\,)1Uo1~m:UlitnUIit.:l'!lU" c;\~• 
111')~dhzU~ilVlri'U;{!l~£i~1n~fic;\ Lrt'fl.:J'"l1nt~f1,)1~fl£i1C;\Lf1~'flW1nn~1,h~n'll'li.:l~!l.:lm1 

_I If 1! ., t ..r." II.'" ...J ,I

Vl"~!l'U U£i~1it1nn11"nUMl.:lfll,)1~~!lC;\IiI£itl.:l1~\II,)1.:1"II!l2ol£i n11\11""'') UUU')tt~CJfl'JI!l.:l UoI'Vi'lnm'lCJ1U 

m1Vl"~tl'U111,)~L;{1zU~ilVl\filri1i.:l~!l.:lU£i~m1VlC;\~fl'U K-S ~1~11"U~fM\AtUttl~ .:1.45 U£i~ .:1.46 

l'l1~~1i'U 
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TtngeatmrSll1abge 

• 

2 l' 3 4 ........,.::=:~, ..,..
 
J1114.45 n"\thU\;;tJU~1'4fl1~,~~ft.ni,,,fft4"1n1n1M,)'\m,...,f)Ji"ft4~,.qmfnll 
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lJil~blYtqni"'u'R~Mun'lN"'lnlLl\\~ir.h\ln'lntllft£lU K-S 
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f1hn1""f\.tl'Un1","fl~';l"l'ULL'U';l'Plii (Radial Shrinkage) 

41~'J~ 130 ~'Jtlf.h"l LL~~"lL~lJ11n"l~"l.47 

2.20 3.28 2.31 2.71 2.33 2.36 1.98 2.38 1.99 2.00 

2.00 2.31 2.79 2.39 2.79 2.81 3.08 2.70 2.00 2.71 

2.02 2.37 2.44 2.31 2.80 2.70 2.69 2.80 2.39 2.00 

2.86 2.52 3.05 2.78 2.03 2.39 3.11 2.48 2.71 1.98 

3.20 1.92 1.96 2.44 2.80 3.07 2.50 3.16 3.54 2.39 

2.44 3.11 2.06 3.25 2.34 3.53 2.78 2.82 2.26 2.24 

2.29 3.05 1.96 2.40 2.83 2.43 2.02 3.27 3.23 3.20 

3.14 2.80 2.00 3.61 2.04 1.98 3.10 2.82 2.81 2.33 

2.42 3.52 2.02 2.42 2.69 2.42 3.48 3.57 2.00 2.40 

2.81 2.38 2.42 2.00 3.20 2.80 2.07 2.71 1.92 3.48 

2.29 3.47 2.81 3.20 2.07 2.46 3.10 2.02 2.81 2.35 

3.10 2.38 3.08 2.43 3.21 2.08 2.41 2.78 2.01 3.15 

3.24 2.02 2.37 1.89 2.02 1.92 2.08 3.75 3.36 1.95 

.. ..., •.I.f:" , ,..l ..J...l ~ 
'1i11nm1'JLfIIl1:VlII'Jtl'!l'fl111'lU,'J1 CESTIEST TitJ'J1fl"IL~fltl U,fl:fi'J~LtJtl"lLtJ~J.l11J11~1~L1J~ 

2.593 LLfl: 0.486 lJI1J.1"1A't1 t8l!J'IiI:L~~~141'U'J~;tl\lfl 130 ~'Jtlfj1"l ij~1~'JWJ1nn~1;tl\lfl~ 

lA'tl"lm1 (nreq) ~"lij,hL,hntl 93 ~1V1itJ,j'J"lU,~"lfl'J1J.1L~tl~~~tJfl: 99 (t=2.576) ~tln'lil1mr~ 
., 

'Jltl~,ru,'Jf CESTIEST '~LL~~1t~ijm1u,rn,j'J.:I;tl\lfltlflmtl~7 {~ t8ltJij;6\~1n,,"J!'J"lLLfl: 

fl'J1J.1cl'lil1njlhi"lLnlJlt~U,tJlfl:"Il/N ~"lij'h~nq~~1V1ftl::~tI'i~Lf\1 (Degree of Freedom, t) L'hriu 

.I., .I ~ .. I., ,..l".l _I'l! ..I 

7-3=4 f1::IItJfIl'J1J.1L"lItlJ.l~ a = 0.95 J.lfIl1Lfl1nu 9.487 fl1fl'J1J.1Cl'lil1n'tlJ.lflUJtlL1JnJULfitlU• 
. .I"; 0 ..J .J • II _ 0 ., ".J 

fl1fl'J1J.1Clflfl1~'Jtu'lil1nfl'J1J.1t1'1i11nm1u,'lilnLL'IiI"lfl~1~mnJ"f\"tlltlU TitJ'J11'l1fl'J1J.1ClU"lmfl.:lf\'fl"l 

'tl"l'tl~fl U,jijn1:u,'lilnu,'IiI"l"llU"L,,~.h~mnlllf\tltJ'fIlihi"ltlltl"l U,tllMt~"11'W~ "l.48 
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... _ ~.. ./ s- ""... ";...I~ .1' ..; ,
j11'l1UI ./1.48 m1LuffiULVltJU fl'J11-JCl'.ll'fh1'.ll'fl1-J~ LVltJunUI"l'J11-JClVl L.,11il1n mfLLIil nu.Iil~Vl~1\.lmf 

OJ 

Vl~~'flu1I"ln1i~~'fl~ ~1~fu~1n11Vl~~~Ufl'J1~~\.l1U.ti\.l'.ll~~CW~~n~ 

" ..li'UVI n1ml'li'l % fI'l1~~"1nffll;jfl 
..l 

fI'l1~C1 

1 1.889 - 2.16 32 -
2 2.16 -2.424 29 -
3 2.424 - 2.688 9 -
4 2.688 - 2.952 27 -
5 2.952 - 3.216 18 -
6 3.216- 3.48 7 -
7 3.48 - 3.75 8 -

Chi-Square Error 

rh1infJiii 9.487 
-

1il1nmnt~~~u K-S (Kolomogorov- Sminov Test) ~U~1fl1f1l'J11-Ju.L'ln,j1~'~f1~ (Maxdif) 

il 3 "JI\l~Lij\.lm1u.lilnu.lil~iilJl1 m1LLlilnu.Iil~~~mJ1n~u.~:m1u.tiIlnu.tiIl~u.n1-J1-J1ilfi1LtI\.l 0.070,0.109, 

0.11 0 ~~1-«';1~1n~1ujtmrffi'lJLiltJuriu'h~n~;\Lvhriu 0.119 L'l11-J~1iu 

Iil:L~\.lVl~11'i1mm"~'J1\.lu.\.l'Jffllil'JJ~~W~~n'; 'Wij';1f1l'J11-Jam1u.lilnu.Iil~"JIil~1~iJfIl'J11-J 
.. ~ ,.A ~ 0... 1...1 .......
 

fIlft1lilLfll~~\.llJl1m1t'l1'Jn~L'l'"l1nn1ntlil~~u \.l"JIcu:vm11u.lilnu.lil~lJL'l11-Jt'l1fll'J11-Jfll~1"LflIm~~~tr:I
 

.. ~ ...I ~ 'It.!" ...... ~ <l'Il1 .. ., ~
 
LflI~'fl\.l1il1nm1Vl,,~~u K-S lJI'1Vlet61 1il~~1Iiln~1'J L.,I':l1 m1u.1iln U.1il~UlJI11-J1l1'J:L'1I1t. LI~\.lVl nlJ'1I~'ol~ 

A...I.. 1" ......" " 1 ...I
1-J1nVlf!~L\.ltl~1il1n ~fIl'J11-Jfll~1~1II~~\.lU.ft~fIl1\.l~tJm1f1l1'Jn~f1 1il1nmnt"~tllJ K-S \.l"JICU:Vl 

n11u.~nu.tiIl~~~nU1n~u.~:n11u.tiIlnu.tiIl~u.n1-J1-J1 n~11-J11atJ~1-Jfu1~fu.V1\.lf9'ol~t~Ltttl~tiIl1nilfll'J11-J 

fIl~1~Lfl;~\.lUtltJn~1~1~n~L'l~~~tl~n1nt~~tllJ u.~:1il1nnfi~u.t\"~1'I'J11-J~tl"fIlt\'9~f:,"~1~f~'ol~ 

m","~~'11uu.\.l'1ffllii'tl~W~~ mf ~~h\.lmnl"~9tJIl1'1:L;1~~\lVl\Rn1i~~tl~u.ft:mnl"~tltJ 
It.!"! 441...1 0 ...

K-S ~11-J1ffiU.~"~L'HUt.LlVI ~.47 u.ft: ~.48 L'l11-J~1"lJ 
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II' 

"l.1 ~';)\tl 
'lt.l1l1 fil r.lt.l':l n~" ~\tA',j,1 L~t.ltlr.l ~ 01 1'VI(;l~tlUfJW~~~'VI1-:1~1'1':1 n11~ 1':1~i-:l n11~ Lfil11 ~lf 

...... eo... ~ :" .... 1 ~.I S- J ( ..J..,JI

f1JN~~U~'VI1-:1~tl~'Dtl-:lL~"12-J'" lJ1~ntlU LlJIl':l!! fil1L~~U Mean) ~':It.lLU!!~LUt.l~11J1131t.l 

(Standard Deviation) LL~:i'lJLL'J'J011LL"mL"-:I(;JtlLdtl-:l (Type of Distribution) ~~~~1:~~ t",u 

pJLLuun11LL"nLL"-:I~L~2-J1~~~~~tffh\filn1i-:l~tN(Chi - Square) LLfl~011l'''lIl~tlutfilat~tn1'el~­

~Lij!!1t.ltl~ (Kolmogorov - Smirnov) ~-:lLi:lt.l~fi011LtI1UULi1uufhVi-:lnit.ln11LL"nLL"-:I~:~~ 

(Cumulative Distribution Function) 'Dtl'lil':l'flth-:lnu CDF 'Dtl-:1011LL"mL"-:I~L~~1~~~ O11'V1j;l~tlU 

'lfilih~-:I~tl'l (Chi-square Test) LLfl:011'V1"~tlutfla bJtn1tl~-~ Lij!J1t.ltl~ (Kolmogolov-Smirnov 

'Vl"'~tl'lJ1l1",J:L'211 iIJ~t.l'Vl'" (Goodness-of-Fit Test) n11'V1"'~tllJ Lfln1a-:l~fl-:l3.J"lt1"1n", ~t.lL1fl-:l"JItl-:l 

• ~ r ~ 

Test) ~-:1011'Vl,,~tlu";'l 2 'DU&'I Lilt.ln11'Vl"'~tluiltf~111ijLf;1tlf n11'Vlll~tlU011LL"nLL"'lilimntj1 

".1..... ~O .......1:° ... "..1 

..J ... J! I ell ..J..J !II"" ~. •I • 

fll':l1~tl LLfl:1~"'U'Dtl-:l'1lf)\jfl nfl1':lfiltl fl'l12-J tl'VI fil':l1"'~LlJt.l"':(;Itl-:l L~lJI1 n";l1 5 LLa:"'1t.l'lt.lnq~'Df)-:I 
., 

ftl~fl ...~;ttl-:l'WUtl!Jntj1 2 it.l 

..I ,,~...... .1...... I .1 
Lt.ltl~"'1 n'Dtl\j a L~ 2-J Fl':l1~~fl1 n~fl1UlJ 1:L1l'VI2-J fl nti'w~n11LL... n LL... -:I LLlJU fl1lJfl1!J q j;l 

. ~ ~.
 
(Extreme-valued distributions) :;-:I\2.j~1~11tl'fi:u1LLn1~~Lfill1~lf'VI1-:1~a~..;'l\u ~-:lUt.l-:l1t.l~;uilHI 

i~t.l11tlyJiKLL'lfCESTIEST (Qivil Engineering Statistical lest) [12] L~f)~1f1JN~~~'VI1~~a~ 
., 

"JItwff)\lfl'Vl1-:1~Pl'lnn~'twW~-:I(;Jtl\uu 
., 

fJN~~'~'VI1~f1",Jn112-J'Dtl~W"'1~'~1U'lt.l 11 "lIUfl tl1~ntllJM!J 1. UNtrfl'U1t.lLiuu 

" (tJ3).1-lJiJ) 2 (Compression Parallel to Grain) LLNtr"'"JIU1t.lLft!Jt.l (tJ~!J-lJij) 3'UJ'.Ifl~U,,~~t.l (uJ3.J 
., .. 

lJil)2 (Modulus of Elasticity) bJ~i~U,,~~t.l ('J~UlJij)3 2.LLNtr",tK'l~1miut.l (Compression 

Perpendicular to Grain) 3. m1'V1"'~tlULLNi(;l (U32-J-lJil) 2u1~ntlull",Ju'UJ'.Ifl~ij,,~~t.l (Modulus 

of Elasticity; MOE) bJ~i~Lwmin (Modulus of Rupture; MaR) O11'Vl"'~f)ULLNIK(;l (fJ;lU-lJil) 3 

tl1:ntlull'l!JUJ~fl~1j,,~~t.l (Modulus of Elasticity; MOE) UJ~i~LL~nin (ModUlus of Rupture 

; MaR) 4.LLN~-:I't.lLLt.l'l"JIt.l1t.lLil:Jt.l(Tension Parallel to Grain) 5. LLN~ll.t.lLLt.l'l~-tl1nLi!Jt.l (Tension 
., 

Perpendicular to Grain) 6.LLNL;tlt.l't.l1t.lL~Ut.l (Shear Parallel to Grain) 7.n11V1"~tlUn1rin"JI1l'1 

'Dtw~ (Cleavage) 8. fII'l12-JL~Um (Toughness) 9. O1lV1"'~tllJfII'l1~LL;'l'Df)'lUj (Hardness) 'It.l1t.l 

Liut.l (Parallel to Grain) i~er~Liu\1 (Tangent to Grain) ~~1nJ'Ut.l (Perpendicular to Grain) 

10. n1"'''~tl'Jfil'l1~ci'l'l~1L~1: (Specific GraVity) m2-J1~1n1~"'tA'':l % (Shrinkage in Volume) 

011 
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., 
,lhl1n.lji)'J1)J;hA % (Moisture Content) ji)')1)J~U1LLtiU (Density) 11.n1~Yl(;l~'fl1Jn1t~(;l~')LULLU,) 

~)Jrr~ % (Tangential Shrinkage) LL~:;n11~(;lIK,)LULLu')fPlii % (Radial Shrinkage) 

'" 2.1 n1fYll.'lllil\.l LLf~-r"''''U1ULf!lU 
U'~fl"'U1ULltlU(tJJJ.I(}ii) 2 (Compression Parallel to Grain) 

'D'fl~Uj"1)J"~1'I..l'JU130 L{'J'flth~ U~~LUlJl171~~ ".1• 

307.10 314.90 282.80 321.70 266.30 257.60 351.00 276.98 293.10 332.30 

290.80 269.00 196.70 246.72 351.60 254.80 259.50 319.30 239.90 219.30 

291.30 323.60 302.60 249.30 220.00 297.10 256.83 299.40 260.50 137.60 

288.40 284.10 272.40 343.10 187.70 281.80 220.80 227.40 150.70 213.50 

255.40 332.30 290.80 265.40 309.70 303.00 277.00 300.10 328.60 270.10 

306.70 265.70 196.90 275.10 319.70 296.50 260.80 277.20 222.00 304.70 

342.70 237.70 292.70 311.83 224.80 364.80 371.70 285.20 368.10 288.70 

231.70 277.60 571.90 210.50 257.20 287.30 238.30 341.60 257.90 316.30 

387.80 297.00 223.30 205.90 285.00 315.00 283.50 210.90 270.30 472.60 

344.00 326.60 248.20 298.70 305.10 285.00 229.60 223.80 300.30 240.10 

167.60 289.20 254.40 265.60 145.20 274.00 251.60 227.80 290.90 280.30 

312.20 282.60 288.60 253.00 240.70 283.30 252.00 237.20 274.40 262.20 

266.80 160.50 233.00 286.40 259.00 272.70 231.50 248.20 249.10 271.30 

"1nn11'iLflf1:;,rA',)!J'JI'fl~rKU':lfCESTTEST \1U~1Pl1Lll~tJ LLfl:;d':lUL~tJ~LUU2J1"'']1uLilu 

275.84 Ufl::: 55.63 nn.l'JI)J. 2 lJl1)J~1tKUt(i\tJ":::L~U~1;1U'JU;f)'o!fl 130 LK':ltlth~ ii41u'JU)J1nn~1 

;tl\1fl~A'tl~mt Nrreq ~~i1"1L,j1riU 108 ~1,.,f1J',j1~Ul1~M1)JL~tl~Uitltlfl:::99(t==2.567) Utln"1mrU 

tltll'l({U':lf CESTTEST U'uu::u1t1\'iim1LLm,n~ftl\1fltltlmtlu 6 fU 'tIItlm,,41n,,1l'J~Ufl:;f1':l1)J~ . ., 
"'1nfhi~LnlJlluLLl'lfl:::1l';l~;~iiPl1~nqjh~1~fuf:;~u;uL~i (Degree of Freedom. f)L'Yhnu 6-3 = 3 

..I... ...1.:- col. ,... ,..I 11 ...I. P.! "" ..1..1
Ylt:::l'lUji)':l1)JL'tl)JU a = 0.95 )Jfl1LYl1nU 7.814 f11f1,)1)J~1n'1ltl\1flL)JtlL1JffiULYltl'.Jfl1f1':l1)JClYl 

f11U':ln.l"1nfl'J1)Jri"1nm1u"nu,,~~r.hun11Yl(;l~(;l~tlULr'lThi~~tl~ ii 3 'Uc;l lli'uri n1tLL"nu,,~ 

~1'1(i\'U"'~~1)JUUUL':l\lflfl n11LL"nU"~Utn~ Ufl:::n17U"nu,,~'\ll'l~~~~f1h~1'1l'lUUUfJ)JLUfl 
, .I. 

LL~"'~ ~U"'111~Yl ".2 
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... _~... ""......... """"'1 J! ""
 f1'''UI ~.2 n'WLu1tJtJLVltJtJfII'J'UJCl~leWJl'a~iHVltJtJntJfII,)1~ClVl
f

~11I~1nmtLL~nU~~V1~1'Um1 
OJ 

" 
V1~~t'ltJ1Pln1i~~'fl~ ~1'l-lftJflhLLNtl~''U1'UL~tJ'U (1J'~1Jij) 2 ,t'l~bj~1~lif1 

.. oJ 
iuVl 

lhfl~UNti", 

(ksc) 
R'l1lJ5"nnoDtl1;Jfl 

oJ 
R'l1lJO 

1 137.55 -178 5 -
2 178 -223 11 -
3 223 -268 40 -
4 268-313 51 -
5 313-358 17 -
6 358 - 571.945 

~~ 

Chi-Square Error 

.h~nqJi 7.814 

6 -

-

~1nn1"''''~t'ltJ K-S (Kalomogorov-sminov Test) T4tJ~1fi1fl'l1~LLj;lnl'h~~~t'!~(Maxdif) 

ij 5 "lIUfl LrJ'Umtu.~nLL~~LLn~~1 mtLL~nU~~~'flm.J1nii m1LL~nLL~~ijvl1 mjLL~nLL~~tJjniiLLfl~mt 

I • ..1.. ~'l""I11III1''''
LL~nLL~~f11~~~~"lI'U~V1'l-lU~LLtJtJ~~LtJfl~f11LVl1ntJ 0.073, 0.080, 0.086. 0.087u.~~ 0.091 "JI~ 'l-lfll1 

~1n~1uit'l~uf!JtJ~~t1tJtitJfi1~n~~LvhritJ 0.119 ..
 
~~L~'U~~1fi1n1id'lJllN~j;l1'ULL'U'l''U1'ULatJ'U,t'l~bj~1~,1 bJijn11LL~nLL~~"lIilj;l'lj;lijflh 

...I .: , I... II ... 'I....l ... I0 

f1,)1~Plfl1"'LfIl~'fl'U~1n,)1f1l1')n~~~1nn1tVl"'~'fllJ~fIln1fl~~'fl~ ~'U,ru-~n1tLL~nu.~~LLn~~1~f111 

f\,)1~f\fl1"'LflI;t'l'U~1nm",I;U~t'llJ K-S ~1~~j;l ~~t'l1~n~h')LA'~1m1LL~nLL~~u.n~~1~111')~~;r1l1J 

ftilVlrilJft'l~fl~1n~~"Ld~~1nl""fil,)1~filfl1"'~fil~t'l'Ut!t'ltJ~~j;lLLfl~fi1Ut'ltJn~1fll1~nqf1 ~1n 

mm""tllJ K-S lU'N~mtLLlOlmLlOl~t\tln1Jtnjl m1u.~nu.1Ol~il"1 mnLlOlnLL~~1J1niiLLt\~m1LLlOln 
I ... ...l ...I !if ... 'l ~J( 1:" II.l'...I... .01 

LL~~flI1~~~""D'U"''YI'l-l'U~U.lJlJfJll LlJfl f1~1~11CltJt'l~1tl VI ~"DLL'YI'U"JIt'l~fl ~ ~U'fl~~1n~flI,)1~flIt\1"~flIflt'l'U .. 
Ut'ltln~1f1i1~nq",vi-1~~mm"'~tllJLLfi~~1nnfi~LL~"~f1,)1~~t'l"'f\t\'t'l~1~'l-l~1~;t'l~fl ,.hri1i~flJ 

UNifl'U1'ULitJU"DU"1J'~1Jij 't'l~~~1~,1VI~1umlVl"'~t'ltJI11')~dhltJ~ilVlLfilri1i~~~u.fl~n11 
'YIlJl~t'ltJ K-S ~1~1tClU.~(;l~"wlL'WpJ~ ~.1 LLfl~ '1.2 ~1~~1~tJ 
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313.10 293.18 276.88 308.10 315.02 287.66 298.53 247.58 323.12 281.09 

266.08 261.73 234.86 317.36 264.93 214.45 165.12 180.53 128.13 222.54 

264.16 200.58 303.44 205.58 240.27 291.90 256.06 242.96 199.81 177.84 

196.62 276.78 313.78 353.86 341.90 297.10 319.92 284.50 300.75 290.45 

296.51 328.42 179.28 341.90 348.46 292.98 325.31 321.31 271.78 322.26 

309.31 296.05 329.90 310.48 294.10 326.85 281.41 213.97 322.21 360.80 

303.76 303.38 347.31 358.10 316.83 374.29 343.46 292.98 293.28 368.50 

281.41 373.12 313.78 283.33 291.81 231.70 230.54 302.99 379.30 308.00 

315.31 200.86 321.87 284.11 408.19 324.30 357.71 335.74 301.44 213.58 

351.55 304.99 380.83 366.96 326.50 354.62 380.06 404.72 227.46 232.08 

359.63 360.02 269.84 305.68 109.54 327.26 346.91 343.46 312.62 309.92 

269.46 341.14 178.51 141.52 350.00 377.74 190.85 308.38 259.06 363.49 

322.26 288.74 297.66 341.14 311.86 343.46 340.37 304.14 322.03 346.14 

~1nn11'iLfl11~A'J!JIJl~TJiLL'Jf CESTIEST "U~1fi1Lll;!1 LL~~~'J'\.ILd!J~LU'WJ1""31'\.1LihJ 

295.116 LLfi~ 58.314 nnJ1~. 2 "1~~1iu t~!J~~L~'\.I~141'\.1'J'\.I;r~~~ 130 i'J!lth.:l;j41'\.1'J'WJ1nn~1 

l!.lk ~ .. , ,... .3'" .J I .01 ~" ::. 
"Dtl~fi"P1tl~n11 Nreq -.:I~fl1L"1nu 104 ~1""1U"D'J~LL""~fl'J1~L"IIfl~'\.IflltJfl~99(t=2.567) '\.Itln<lil1n'\.l'\.l 

~ , 
IJl!lTJ,j"LL'Jf CESTIEST 1JtLLu.,·'iI11-«iin11LLm"ll'J~;~~~flflmil'\.l6 f'\.l t~!Jil~l'l41ril'l'll'J~LL~:fl'J1~a 

I ~ 

~1nflhi~Ln,,1'\.lLL,j~~'ll'J~ '~iipj1~nq;j~1""fu1~iu;'\.IL~1 (Degree of Freedom, f) L,hriu 6-3=3 
.I... .01 ~ .. I 1.1., "" _I"!! ... .1.1I., 

":~"Ufl'J1~L"IItl~'\.I a = 0.95 ~fl1L"1nu 7.814 fl1fl'J1~Cl<lil1n'~~~UJtlL1JmULlI!Jufl1fl'J1~Cl'Vl 

° .; .I, "0" ..... ", ... .1 
fl1'\.1'JCU~1nfl'J1~Cl<lil1n011LL<IilnLLIll~1I~1'\.1n1rnl'lMI~flU ~flO1~~~tl~ 1 "lI'\.Il'l ~j;lLLnn11LL~nLL<Iil~"lI'\.I"''' 

• i.l .,
""'\.I~fl1"1\1"LLUUfJ~LU~ LL~",~1'\.l"111~1I<Iil.4 
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• ...J " ...., .;.;.. " .: I

Pl1"~" 'llI.4 m1L,rffitJL'VltltJfl,)1)JCl"1lt:l~"1It:l3JflL'VltltJm.Jfl':l1)JCl'Vl L"''''I1nmrLL'''lmL/iN'Vl~1\lmr 
.. 

'Vl~~t:ltJ\flri1i~~t:l~ ~1'UftJri1LbN€"''JI\l1\lLatl\l ('VJ~WJij)3 'JIt:l~1Jj"'l1)J"i 

:; ..l 
llU'I'l 

rhi~u.Ntl~ 

(ksc) 
1'l'J1~~'nnifl~~ 

..l 
f'I'J1~tl 

1 109.49 -179 6 5.565 

2 179-228.25 13 10.179 

3 228.25 - 277.5 18 25.462 

4 277.5- 326.75 56 46.633 

5 326.75 - 376 31 37.496 

6 376 -408.23 6 4.521 
.. 

Chi-Square Error 

,h1Jnqi\ 7.814 

-

6.494 

1i\1nmn'llJll~tl1J K-S (KOIOlTlogorov - Sminov Test) YiU11Pi1fl,)1)JLLl'lnph~~~~1JIl (Maxdif) 

ij 3 'Jlil~mS'LL"'InLL"'I~'Jlil"'~\'I;i~fi1~1~"'LL'Jtl~)JLUfl mfLL"'InLLIi\~~1~"''Jlil''~~1)JLL1J1J'l':l\Jflfl LLfl:: 

"'I::L~\lLt'l~1fi1ri1tr~fuLbN€",1\lLL\l':l1l\l1\lL~t1\lllfl~IJ.J"'I1)J'1 )Jm1LL"'Inu."'I~'Jl\l"''V1'UtJ.~f11 

m1LL"'InLL"'I~illJl1i1fi1LtI\l 0.051, 0.089 LLfl:: 0.097 ~~l~Pi1~1n~1u1f1L,rffiUL;JtlUn1Jfi1~nq~ 

Lvhnu 0.119 

'I " ,; '1_'1 ...... - ...1 ~ • 

~1q"'LLUUQ)JLuflijfi1~1n~1fi11nq'1~'l~"'l1nmS''Vl'''~f11J\flri1i~~f1~ t\l'lcu::~m1LLli\nLL"'I~'Jln",~ 

\'I~~fi1~1q l'lLLUUQ)J Ltlfl ilfi1f'I'J1)Jflfl1'"Lfl~f1\l~1n~1fh~nqlJl"'l1nn1n'l~~tl1J K-S L,j\lLJltl':ln\l 

~~f11"'1nfi1':1\1I~1m1LL"'InLL"'I~'liil"'~\'Irl~fi1~1q"'LLU1JQ)JLuflil1l1')~f1pJftil'Vln1J;f12dtUJ1n~~l'l 
.ol 'I" .ol .,..1 ... ," •• 'I ..I 
LtJ.f1~"'I1n L'Ufl':l1)Jflfl10'lLflflfl\ltJ.'atl'Vlql'lLLfl::)Jfl1\lfltln':l1f1l1"'11nm1'Vll'lt'tflU K-S L\l'lW::Vlm1LL"'In 

~ _..I If r ... cr ., 'I.\'II.!' 1! \.1'.ol ... 
LL"'l~1JI1~l'l'Jl\l"'Vl~1)JLL1J1J 1.':I\Jflfl LLfl:::n11LL"'ImL"'I~Ul'l1n~1)J11Cltlfl)Jn.J Llil L"DLL'VI\l'1lfl\jfl PI L\lfl~"'I1n)J 

I .. 

f1':11)Jflfl1"LflflfltJ.Ufltln~1fh~nql'li~~f1~m1'Vl0'l~f1ULLfl::"'I1nn'l1,"LL~"~fIl,)1)Jt\tl"fIl«tl~1:lt11~;f1 

\lflfli1ri1i~fuLLN€t'l1l\l1\lLitl\l'Jlill'l'VJ~t1lJil3'tl~1Jj"'l1)J,;.;l~1\ln1n1l'lt\tlU1l1,)::L;1zt1t\il'VI'lflri1i~ 

~t:l~u.fl:::m1'Vl(;l~tlUK-S ~1)J1~ClLL~(;l~\(;l'\lI1J~ "'1.3 LLfl::: "'1.4 {;l1)Ja1iu 
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lIE 

Compression Paralell to Grain 

piotr 

piotto 
e-e-e 

~ plotfGbS 
a e-e-e 
! pIotfJD 
£ -+-­
:2i piotr11m 
J~ 
f plotfWb 
"" +++ 

plotibt 
~~ 

0.1 

0.3 

0.2 

150 200 250 300 350 400 450 

pIon, data, data, data, data, data, data, data 
Compression Paralell to Grain 

I	 ~ 

,.tlii 1lI.3	 m"LtIhI'ULfiU'iJ":'VI~1-.1fil'J1~ai~";Vl1f'7l!l-.1U.Nfi~'7lU1UL~UU (Vl~UJljj)3 '!I!l-.1W 
..	 • OJ 

1ij1~,1ri1J~-.1n-nUf'l'.l1~'VIU1LLUU'lI!l-.1f'l'.l13JU11ij:Ltlu~~hun11Vl~~!l1Jtf'ln1i-.1~!l-.1 

Compression ParaleU to Grain 

data, data, data, data I data, datal data, data, data, data 
CompressIOn Pllralel to Grllin 

ttl;! ~.4	 m1LmtJ1JLYltl1J1:;'VI~1-.1f'l'.l1lJ~~:;~UJ'!I!l-.1fi1LLN~l'I'1lU1ULitJu (VJ~tJ1Jij) 3 

'lI!l-.1WIij1~,1n'U~-.1nium1LLlijnLLIij-.1~~hum1Vll'l~!ltJ K-S 

pcf 
0.8 

pcfn 
000

:i pdGL . ~~ 
:.:. pdGS 0.6
.! eG 8
£ peOn 

~~ 
i ~~~ 
e pefFL 0.4..
(.,1-­

pefW 
+++ 

pefb 
e-e-a 0.2 

300 350 400 450 
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LL'N-all'll'U1'ULI!J'U (\lJ3.llJi1)2 tif.,t3.ltl.tliill"~'U (Modulus of Elasticity) 

,tl.:JW"'l1~,141'lJ'J'lJ 130 ~'Jtlth.:J LL~'Nt'lJVl111.:J~ "'l.5 

17959.06 21277.03 16346.82 22496.50 22107.84 13010.10 18670.21 16127.88 19410.60 22924.37 

17518.07 24234.23 16529.41 14944.29 23010.53 22156.52 19222.22 23137.68 16544.83 19756.76 

20552.63 22013.61 17291.43 18604.48 15172.41 22766.36 14510.17 20722.22 23258.93 16000.00 

13771.43 20586.96 19934.07 24834.78 27202.90 19569.44 23741.94 22969.70 17688.78 23206.52 

20404.76 21861.84 22509.80 17693.33 24776.00 21562.50 22156.86 21649.57 23876.29 21267.72 

24934.96 10219.23 25571.43 16877.30 21172.19 21164.06 18237.76 21160.31 12613.64 17511.49 

20158.82 13429.38 21681.48 19930.89 14887.42 21158.62 22043.10 19013.33 26292.86 26486.24 

13981.04 13475.73 23840.24 16445.31 10329.32 20970.80 14530.49 21757.96 20148.44 19404.91 

23791.41 25826.09 13787.44 19995.15 16473.99 21575.34 17608.70 13389.16 23710.53 22317.92 

20975.61 21317.83 17356.64 17993.98 18833.33 20212.77 17197.49 16993.75 13527.03 11712.20 

16983.33 22593.75 12848.48 15532.16 14823.92 11464.44 16025.48 13890.24 22186.92 15532.16 

14823.92 15464.44 16025.48 13890.24 22186.92 17302.47 20272.73 17024.10 18150.94 12047.62 

14587.88 15826.82 12115.38 16733.03 17703.23 15068.97 14191.49 13275.51 14562.50 19351.35 

"'l1nn1fiLfI11~Il'JtJ'llf)vJ~LL'1f CESTIEST ~U~1fhL~;tJ LLfl~fi'1ULrltJ.:JLU'lJ)J191131'lJLtlu 

1.874x1 0<4 LLfl~ 3.899x1 0
3 

nn.ftJl~. 2 1Jl1~~1iu t£'\tJ~~L\1'lJ~1~1'lJ'1'lJftl~fl 130 i'1f)rl1.:Jfj~1'lJ1'lJ• 
• 11'/'" ..I. -, O .... ..J' ~ ~ ...I....

)J1nm1'11tl\lfl'VIlJltl.:Jn11 Nreq 'll.:J)Jfll1Lfl,nu 115 ~1"nJ"IItNLL\II.:Jffl1)JL'!tl~'lJffitJfl~99 (t=2.567) 
~ ~ 

Utln"'l1nuU'tl~,jLL'1f CESTIEST U'LLu:'b'-«Un11LLtl.:J"JI'1.:Jftl)Jfltltlmtl'lJ 7 f'lJ t~tJii;~~1ri~• 
''1.:JLLfl~f1'11~~~1nfhi.:JLnlJ1'1.ubLl'ifl~'1.:J • .:Jilfi1'ijnq;i~1"fu7::i'JiUL\\1 (Degree of Freedom, f) 

• ., .J., d ~ .. I ,., I -I" ..I _~ .. 
Lfl1nu 7-3 = 4 fl1~"Ufll'11)JL'll'fl)J'lJ a =0.95 )Jfl1Lfl1nl1 9.487 fll1fll'11)Jtl~1n'f)\lflUJtlLlJnJUL'VItJl1 

I ././ 0 "" ...I , II 0.... _ '" II'"
fl1fl'11)Jtl'VI f11U'1CU~1 n f1'11~tliCl1nn11LL"'l nLL~.:J\'It.J1'lJn1fV1j;t~ ~~t'lU ~fln1fl.:J\\tl.:J)J 1 '!'lJj;t ~~LLn 

a .. ~ 

n11LL~nLL~.:JUIJl1LL~~.:JtUIJl111.:J'VI "'l.6 
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..
 

... ...J '" ..... ';..J" II cJ ,
f1111UI ~.6 n11L,rffi1JLVltJ1Jfl'J1~Cl'JItl.:l'1ltl)J~LVltJ1JmJfl~1~ClVl~(;l~1nn11LL~mL~.:IVlt:J1'\.m11 .. 
Vlf;l~tl1J't,.,ihi.:l~tl.:l d1~fuLLN'f1f;l'U1UL~Ul.l'l.·jffh L~~i~U(;l~~U (tJS~1Jij) 2 ,tl.:l1J!~1~,1 

~ .I 
iuYl 

r;'fl-lLLNfi'l1l 

x10
4 

(ksc) 
fl,}1l.J~'l1nf'tll,jfl 

.I 
f'l'11l.Jtl 

Beta 

1 1.021 -1.27 7 8.292 

2 1.27 -1.51 22 18.606 

3 1.51 ­ 1.75 23 24.407 

4 1.75-1.99 20 26.3n 

5 1.99 -2.23 33 24.629 

6 2.23 -2.47 17 18.99 

7 2.47-2.72 8 8.022 

Chi-Square Error 

I'h7inq6i 9.487 
5.555 

~1nn11Vlj;l~tl1J K-S (KOlomogorov-Sminov Test) ....1J~1Pi1fl'11~LL"nlJi1.:1~.:Iq" (Maxdif) 

iJ 5 'U"LUU n11LL~nLL~.:ILL1J1JijlJl1 n11LL~nLL~.:ILL1J1JtJ1n~ n11LL~nLL~.:I~1q"''JlU'''~~1~LL1J1Jb\l~~ 

n11LL~nLL~.:ILL1J1JLLn~~1 LL~:n11LL~nLL~.:ILL1J1J~tlntJ1n;l ilfi1LtlU 0.040, 0.071, 0.072, 0.086 

LL~: 0.095 ~.:I'I.~fi1~1n~1LrltlLtiffi1JLiitJ1Jn1Jfi1~nq~LVhn1J 0.119 1JI1~~1~1J, 
., 

~:L~U"rA'~1Pi1 UJ~i~Ul'1'1Jl~U'JItl.:lri1i.:lf1JLLN€",'l.ULLU~'U1UL~tJU'tl~W~1~,1 m1LL~n 
... ..., .ol ~ ':..1 'I. ..I i ......0.. 

LL~.:I1JLij1~fl1fl~1~fl~1£'lLfl~tlUlij1nn11Vl j;l~tl1J ~fln1iN~tl.:lLij1Vlq j;l U'JICU:Vln11LL~n LL~.:I LL1J1J1J"1~ 

fi1f11~1~fl~1"'Lfl;tlU~1nn1nJ"'~tl1J K-S ~1~~"'L;UL~tJ~nu ~.:Itl1~nth~'~~1n11LL~flLL~.:ILL1J1J 
...... .. 0'l1 :'l .. .. ..I.... 'I. .. .ol .. ..I. ... I .If I I 

1J"1~111~:L'1t.1-l~'UVln1J'!ltl~~~1nVl~"'LUtl.:l~1n ~~fl~1~fl~1"'Lfl~tlUUtltJVlq"'LL~~fl1'UtltJm1fl1 

.. 'I...l.1 .. .: .. ..l 
~nq" ~1nn11V1"'~tl1J K-S ~U'!lCU:Vlm1LL~nLL4t.:lLL1J1J1J1nlJl n11LL4tnLL~.:I"1~"''JlU'''''~1~LL1J1J 

''J\I~ef mfLL~nLL~.:ILL1JlJLLn~~1 LL~:n1fLL~nLL~.:Iu.1J1J~tlntJfn~ n~1~1:CltJtl~fu'l.tn;LLVlU;tl)J~ 

,~ Ldtl.:l~1niJfl'J1~fII~1"'Lfl~tlUUtl!Jn~1'h~nqLij..r.:l~tl.:ln1nJ(;l~tl1J LL~:~1nnl1~u.~".:IfII'J1~ 

~tl"'f1~tl.:l1~~1.:1;t:l)J~fi1ri1i.:lruLLNtl"''!lU1ULi!JU d1'1Jlfufi1UJ~i~u"'~~U'!ltl.:lW~1~,nI~1U 

n11V1"~t:l1J111~:L;r1l1J~U"'fllri1i.:l~tl.:lLL~:m1Vl"'~t:l1J K-S ~1~1fClLL~".:I~i.UI1J~ ~.5 LL~: ~.6 

f'l1~~1~1J 
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Compression Paralell to Grain (E) 

piotr 0.3 
plotfD
 

e-&e

£ plotfGbS 
;I e-e-e 
! plotOn
 

£~ 0.2
:a plotfgm 
~ ~: ~:-.:x. 

e plotfWb
 
=- +++­

plotfbt 
~K 

0.1 

o=..--------L--------'--------'---'....,........--.....
 
4 

1'10 

Iu;i ~.5 n11LllimJLVimJ1:;~~1.:Jrl'J12_J~i2_J~'Vltf'JI'tl,:llihUJl!Ji~UlJl~~'I.l (tJ'2-JlJij) 2 'JI'tl.:JL2J 

~12_J"11ri'l..J'vi.:Jni''I.lrl'J12_J~'I.l1LL'Il'l.l'JI'fNrl'J12_J'Il1''1:;LtI'I.l~~1'1.ln11'Vl(il~'fl'I..JLrlrhi.:J~'tl.:J• 

Compression Paralell to Grain (E) 

4 4 4
1.5 '10 2 '10 2.5 '10

plotx ,data, data, data I data, data, data, data 
Cumpressiun Parall~U to Grain (E) 

pet 

pefn 
000 

.... pefGL 
:= ~K:a pefGS 
~ eG8 
g': pelln .. ~ 

~ pefg 
~ ~~K 
E! pefFL 
=u-­

pefW 

+++ 
pefb 

e-e-a 

0.8 

0.6 

0.4 

0.2 

1.5·1~ 2'1~ 25'1~ 
data, data, data, data, data jdata,data, data, data. data 

Compression Para ell to Grain (E) 

xu;! ~.6 n11LlliU'I..JLVlU'I..J1:;~~1.:Jrl'J12_J~~:;~2_J'JI'fl.:Jjiht2_J~i~U(;l~~'I.l (tJ'2-JlJij) 2 

ri'l..J'Vi.:Jni''I.ln11LL/·mLL''1.:J~~1'1.ln11'Vlt;'l~'fl'I..J K-S 
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..
 

LL"l-1-aft'JI'U1'ULI!I'U (Y1;]!I11ij)3 L,rfiht~"illii"",!i'U( Modulus of Elasticity)
q III III • 

'!I~~'UJ~12J,141'1.l'J'I.l130 1A''J~th~ LL\'l~l'l.llJl111"~ ~. 7 

5191.68 5253.98 3607.16 5362.70 3592.06 6809.22 5583.77 3219.63 5362.33 3242.08 

4334.34 5772.02 4888.86 5323.14 4623.05 5953.08 4510.70 5309.12 3376.24 4346.30 

5567.15 5913.89 3816.86 6320.36 5237.17 4302.08 5217.00 6144.95 5256.53 5230.59 

4359.73 4604.75 3349.47 4012.31 5975.71 2293.91 3990.00 4213.69 5772.59 4359.49 

4478.14 5547.57 2133.33 5381.94 4891.62 5385.11 5459.87 4807.00 5305.81 5633.79 

3996.02 5277.26 6688.62 5294.58 5983.48 5714.98 6849.68 5504.93 5411.89 4626.73 

3547.29 5800.83 4176.00 4971.37 4408.35 4994.62 5698.06 5024.41 5117.83 4705.67 

2141.61 2245.01 5429.50 6317.19 6717.33 5535.22 5459.14 6581.38 5747.91 5556.34 

5334.94 6679.05 5754.07 4743.02 2286.79 6429.28 6752.63 5905.47 3629.41 4739.81 

5829.09 5542.07 6221.89 4882.81 5904.88 4698.39 4859.41 6662.63 4703.79 6441.49 

2198.24 4629.03 5490.83 5459.;9 3620.B4 4037.76 3374.48 4441.28 5308.05 6084.02 

6564.79 4481.27 5931.21 4347.81 4726.69 2278.31 5871.85 4301.75 5343.65 5757.68 

4593.75 5920.42 59n.23 4447.33 5518.29 4821.08 5547.13 5172.49 4846.51 5583.46 

• i 
~1nn1fi LfIf1~\f~'JfJlJI~~ lJfLL'Jf CESTTEST "'1J~1ri'"lL~~tJ LL~::~'JUL~fJ" L1J'I.l2J1 lJI111'I.lLiI'I.l 

5.001x10
3 

LL~:: 1.074x1Q3 nn.JtJl2J.
2 

lJI12Jfl1~1J t~fJ~~L~U~'lt;\'lU'J'I.l;~~~ 130 i'J~tl1" iit;\'l'l.l'J'I.l 

,,,...J,!' ..I .... I ,... • ... ..J • ...I ~., 
2J1nn'J1'~~~lIP'1tl-1n11 (nreq) 1J!~2JfIl1LlI1n1J 122 ~1'\11f1J'1I'J"LL'\II"fIl'J'l2JL'~2J'I.l1fltJ~::99 (t=2.567) 

~ ~ 

'I.lflnllt1nU'l.llJlfl'ri~LL'Jf CESTTEST "~LL'I.l:U11\liin11LLti"''J'';fl~~flflmtl'l.l 7;U tl'lfJii;(ilIt;\'lnlJl 
, I ~ 

''J''LL~~fIl'J'l2Ji1l1t1n,hi''LnlJll'l.lLL~~::''J'' '"ijfll1~nqii~1'\11fu1::~1Ji'l.lL\'l1 (Degree of Freedom, f) 
I ... ..I... d ~ .... ,... ...J" .d.~ ....I I 

LlI1n1J 7-3=4 lI1::;(ilI1JfIl'J12JLIJI~lJ'I.la = 0.95 2JfIl1L'Vl1n1J 9.487 fIl1f1l'J'llJtl"'l1n'~~~UJtlL1Jffi1JL'VlfJ1J 

• ...J..l • ..I ..l If _........ ... If .1' '
I

fl1fl'J12Jtl'Vlfl1U'J CUllt1n fl'J12Jtl"'l1nn11LL~nLL"'l"'Vl ~1'1.ln11'Vlj;l\'lj;l\'lfl1J lJ'ln1~"\'lfl"2J 2 1JI'I.l(;l LP'lLLn 

n11LLlItnLLlIt"'U~~'\IIrt"fli1~"'1~LL1J1JfJ2JL1J~ LLfl~n11LLlItnLLlIt"~1'1(;l'U"~\'l12JLL1J1J\'J\I~1 LL\'l""t'l.l 

lJI111\1Vi lIt.8 
I 
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... ...... t.- ... cv ..: ..11 t.- .i I

P11'l1~" rot.a n11L,rffitJL."m.Jfl,)1~Cl"ll'il\l"ll'il~~L."utJmJfl':l1~Cl'" "'~1nn11LL~mL~\I"'~1'l.ln11 

"''''~'iI'.J\fln1i\l~'iI\I LLNtl~'U1'l.!L~m.l~1,"fufh UJL1li~tl~'"tiu ("'~tlllij/ ''iI\lW~1~~1IlJ ct 'I ., ct 

~ ..I 
"IIUVI 

ri1fl-3fuuNti~ 

x10
3 

(ksc) 

..I " 1'),)1l-J o·nn"lltl~fl 

..I 
fI,)1lJtl 

Gumbel 

..I 
f)')1lJO 

Weibull 
l 

1 2.132-2.81 7 5.192 3.723 

2 2.81- 3.482 5 6.108 7.695 

3 3.482 - 4.154 10 12.572 16.032 

4 4.154 - 4.826 28 23.456 26.085 

5 4.826 - 5.498 34 35.318 31.825 

6 

7 

5.498-6.17 

6.17 -6.85 
--­

32 

14 

33.693 

20.342 

26.792 

17.834 

Chi-Square Error 

I'hiinqii 9.488 
2.474 7.399 

~1nn11"'{;)~'iltJ K-S (Kolomogorov-Sminov Test) ~tJ~1fhfl':l1~UVlnvi1\1~\I~{;)(Maxdif) 

il 4 "JIU{;)LilUn11u~nU~\If'i1~-.1~"'''JIUl'l~\.t;i\lutJlJfl~LlJ~ n11U~mL~\I~1~{;)"JIU"'~~1~LLlJlJ1':l\!~i 
oIIIlIl Cll oIIIlIl • d '" c: ....1

n11U~nU~\ItJI'I1U~::n11U~nu~"t1m(;lt1fl1LtlU 0.049. 0.076. 0.095u~::0.100 .\I'1.\.tfl11'11n':l1LWa 

L,rffitJLYitJtJritJf'i1~nq~L'VhritJ 0.119 Pl1~~1~tJ 
... 

~::L,"uVl~1f'i1bJ~i~!1{;),"~U"JIU{;)'VJ~tJlJij"JItNn1i\l1tJLLN€lPl'l.uUU':l'U1ULatJU"JI'iI\lW~1~'1 

n11U~nLL~\If'i1~\IqlPl"JIUlfl~\.trt\lLLtJtJfl~LtJ~ ijf'i1fl'J1~fl~1lPlLfl~'ilU~1nfl1ffi"'~'iltJ\fln1~\I~'iI\I~1 
..I 'l..l I .• ..I ... ... ... ­

"'q'" U"JICU::"'n11U~nU"'\Ifl1~\I~l'l"JIUlfI"',"U\lUtJtJfl~LtJ~
I 

K-St1fl1fl':l1t1fl~1"'Lfl~'ilU"'1nn1ffifill~fltJ

~1~fi"L;Ut~t1':lriu ~\Itl1~Mht;}1~~1m1U~nU"'\If'i1~\Ifill"JIU"~\.t;i\lutJtJfl~ttJ~ ilIl1,)::tf1ltl~u." 

ritJf'il~~~1n~~"L;i'il\l~1n'l.~fl':l1~fl~1"Lfl~'ilUU'iltJ~ql'lU~~f'i1U'iltln~1f'i1~nql'l ~1nn1ffilPl~'iltJ 

K-S 'I.U'CU::~n11LL~nU~\I~1~l'l"JIU"~~1~LLtJtJ1'J\l~i n11U~nu~ij1Jl1LL~::n11LL~nLL~\I,J1njjii 
"''I.~'' ., 'I.,...... ... ., ". ::.

~1~11CltJ'iI~1tJ \.t ~"JIU "'U"1I'iI~~ ~L1l LU'iI\I~1n~ fl':l1~fl~11P1Lfl~tlUUtltJ m1fl1':lnq (;l"'\I~fl-3n1ffifiIl~tltJ 

U~::~1nn11~ U~ {;)\1 fl':l1~~ tllPl fl ~tl\l1::\.t~1\1ftl~~ Iii1n1i\l1tJUN€lPl'llU1ULitJU ~ 1\.tfufl1UJ lPli~. 
.. , '1.1:' ... ..1.1 J! 

~ 

1.1 • 'l .., 'l~0
tJ"'\.t~U'II'iI\I~~1~'ffif,l1Un11'"L1l~tltJ1l1':l::L'Il1l ~U." fln1~\I~tl\lLL~::n1ffil'lfl'iltJ K-S LL~"'\1 llHU 

--.I - -­ttl." ~.7 U~:: ~.8 1JI1~~1;tJ 
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Compression Paralell to Grain (E) 
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plotfn 
e-e-e
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iri e-e-B
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Compression Paralell to Grain (E) 

'It.lii ~.7 m1LmmJLVlu'lJ1~~~1':)fl'J13Jrii3J~'Vlfi''f.l':)fh13J(;l~~U(;l~U'l.l ('Vl;jUll~)3 ,tNl~ 
U " 'I 'I 'IJ 

~13J~1ri'lJY1'.:)n;'l.lf1'J13J~'l.l1LL'll'l.l'JI'el':)fl'J13J'll1~:Li:I'l.l~~1'l.lm1'Vl(;l~'el'lJlflri1~~~'el~• 
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~ ~~;.( 
e pdFL 0.4 
:Iu­ -

pefW 
t-t-t ­
pcfb 

e-e-e 0.2 

~ooo 3000 4000 5000 6000 7000 

data.data~data,data.data.data,dataldata,data.data 
Lompression Paralell to Gram (E) 
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!1J'Vl ~.8 m1L1J1U'lJL'VltJ'lJ1:~'J1-3P1'J13Jrt~:~3J''tl-3P11 ~3J~fl~U(;l~!J'l.l (V.j(;lUlJ3J) 
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~.2.2 n1'i"fltl'il'l..Jfi1"'l~.afl:~~1ml!lu( Compression Perpendicular to Grain) 

"1I~'!'W'rot1~'"I1~1l.l'Jl.l 130 ~'J~£h'! LL~(Mll.l(;l111'!~ rot.9• 

135.62 106.70 109.47 131.24 101.88 146.20 107.66 120.96 131.01 141.36 

122.08 125.81 130.78 111.19 109.63 129.09 120.07 130.59 114.75 120.45 

116.45 113.11 105.12 100.18 111.36 118.04 131.84 115.79 131.94 126.01 

117.83 133.86 110.82 104.36 101.62 145.00 126.62 144.73 94.15 130.10 

194.25 113.07 127.77 108.29 129.14 130.00 126.10 105.42 142.70 165.44 

132.68 104.26 121.78 110.26 163.32 131.91 128.54 112.09 144.63 107.75 

145.50 169.87 116.31 139.24 134.90 105.73 121.03 119.39 128.85 159.18 

130.97 118.01 116.79 125.75 139.18 118.33 118.62 110.72 108.91 130.22 

142.26 109.76 122.30 92.22 103.22 115.93 116.94 128.85 122.12 107.64 

118.62 116.11 114.00 53.98 135.23 118.73 119.70 100.24 102.14 75.65 

98.96 129.20 44.44 108.37 117.00 134.26 107.65 117.02 76.23 190.78 

92.32 137.02 94.84 136.25 113.05 127.96 130.76 119.10 145.02 106.35 

128.43 171.86 110.62 112.16 142.32 120.06 106.96 218.20 100.02 132.59 

i 
'"I1nm~Lfl11~';A''JfJ"lI~~~LL'Jf CESTTEST ~1J~1fi1L'D;fJ LL~~~'Jl.lL~fJ~L1Jl.l~1lJl131l.lij 

fi1Ltll.l 122.060 LL~~ 23.396 nn.l"ll~. 2 lJl1~~1~1J t~fJ'"I~L~l.l~1~1l.l'Jl.lf~~~ 130 ~'J~fh,!ij~1U'JU.. 
~1nn.-J1ftl~~~tA'tl~n11 (nreq) ~,!ijfi1LYhri1J 89 ~1~f1J,j'J'!uvi'!fl'J1~L~tlJl.l1tlfJ~~99 (t=2.567) 

Utln'"l1mrU"IItl~~u.'Jf CESTTEST 'lA'LLl.l~11~ijmfLLtl,!,j'J~ftl~~tltlmtll.l 6 iu t(;lfJij;j~~1ri(;l 
I , • 

,j'J~U.~~fl'J1~a'"l1nfi1i~Lnt;\'lUu.J;i~~,j'J~ ~'!iifi1~n~~~1~fuf~tA'1J'il.lL~1 (Degree of Freedom, f) 

, .... ..J.... .tI ~ ... ,.... ..." .tI .. ~ ...I I

LYl1n1J7-3=4 Y11~~1Jfl'J1~L"IItl~l.la =0.95 ~fl1LYl1n1J 7.814 fil1fl'J1~t1'"11n'JItl~~UJtlL1JffJ1JLYlfJ1J.. 
I ...... 0 ... ..l, 'to... "..l 

fl1fil'J1~ClYlfl1l.l'JCU'"l1nfl'J1~Cl'"l1nm1u.~nLL'"I'!Y1tnl.lmn1(;l~(;l~tl1J ~1J'J1f11fl'J1~Clf1m~'!~tl..:l 

'JItl~ftl~~L2.iitmnL'"InLL'"I..:I,il(;l'l~~humnJ(;l~tl1J'tflri1i..:l~tl..:lLL~~'!tl.l(;l1f1..:1~'"1.10 
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Ii 

Pl1'1~;t ~.10 m~Lm~'IJLYlmJ~'J1~~'l/~-:I;r~~flLVimJriiJf'1'J1~~~\~1il1nm~LLlilmLIil-:l~~hl..!m~ 
., .,'IJ 

V1(;l~~'IJ\f'1ri1i-:l~~-:I ~1~f'IJfi1LLNti(;l~-:ltU1nL~~'l..!"lI~-:I\2!1il1~'-;' 
..I 

1'\'l1lJCliu fhtt-lfuuN-a~ ..I ~ 
f1'l1lJn"l1n'lltl~t'l..I
 

VI
 (ksc) 

1 44.422- 93 6 -
312 93 -110.75 -

-3 110.75 -128.5 46 

4 128.5 - 146.25 39 -
25 146.25 -146 -

6 146 - 218.217 6 -
Chi-Square Error 

-
I'h~n'liil 7.814 

1il1nm~V1£il~~'IJ K-S (KolomogOtOv - Sminov Test ) 'V'l'IJ~1ri1f'1'J1~LL(;lnl;h-:l~-:I~(;l (Maxdif)
'IJ • 

ij 5 '1l\l£ilLtI'l..!m1LLlilmLIil-:l'1lill'l~~d-:lU'J'IJ~~L'lJfl n11LLlilmLIil-:lfl~ntl1n;j m1LLlilmLIil-:lLLn~~1 m1 

UlilnUIil-:l'h~-:I~l'l"llU(;l~~~-:lLL'IJ'lJL~~L'1l,rLLfl:::m1LLIilmLIil-:lLL'IJ'lJtl1n~1~fi1LtI'l..!0.085, 0.088, 0.093, 

0.099 Ufl::: 0.11 0 ~~1~fi1~1n~1ui~L,rnJ'lJLVi~'IJn'IJfi1~nq~Lvhn1J 0.119 lJl1~~1~'IJ 

Iil:::L,"'l..!\~~1fi1ri1i-:lf'IJUNtil'l1'l..!U'l.l'Ji-:l~1nLi~'l.l"JI~-:I\2!1il1~lilrhiijm1LLlilnLLIil-:l'1lUl'lLl'lijri1. 

'1l'l..!£ilVl~'l.I-:I U'IJ'lJfJ~ L'lJfl~1l1'J:::L'111 t. .u ~'l.IVIn'IJ'Jl tl~fl ~ 1nVl ~CJl L'l.Itl-:l1il1n ~~fl'J 1~ flfl1 ~ Lflfltl'l.l'l.l~tJVI~(;l 

. 

fl'J1~flfl1CJlLfl~tl'l..!~1n~1fi1~n~lJlIil1nm1V1(;l~~'IJ\fln1i-:l~tl-:l~1~~(;l L'l..!'1ln.l:::~m1m1UIilnUIil-:l'1lU(;l 

~~rt-:lLL'IJ'lJfJ~L'lJflijfi1fl'J1~flfl1£ilLfl;~'l..!1il1nm1V1CJl~~'IJ K-S ~4~~(;l ~-:ltl1Iiln~1'Jl~~1m1LLlilnLLIil-:l 
.. .; ~ .. 1:' _I" ... " .J ~ .. " ..r " ..I 

ufl:::ijfli1,j'tltJn~1fi1'.)nq~ 1il1nmnl(;l~tl'IJ K-S LU'Jln.l:::~m1LLlilnUIil-:l~tlntlm~ m1UIilnLLIil-:l 

un~~1 n11UIilnUIil~fi1~-:I~(;l'll\l(;l~~~-:lU'IJ'lJL~1L'1l,r LLfl:::m1LLlilnUIil-:lLL'IJ'lJtl1n;iri~1~11tl~tl~ful~ 
.. " ..!' 'I " .... ~ " •• .. ::. ••1
~"DLLVI'l.I'1Itl\lfl ~~L'l.Itl-:l1il1n~fl'J1~flfl1£ilLflfl~UUtlt/m1fl1'Jnq'lVl-:l~tl-:lm1V1(il~tl'IJ Ufl:::1il1nn11l1 

.,., . 
LL~(;l-:lfl'J1~~tl(;lflt\'tl-:l1:::~~1-:1ftl~~fi1n1i-:lf'IJUNti(il~.:J~1nLatJ'l..!".IItl.:JWIil1~1il-;. YI~.humffl(il~tl'IJ 

'IJ • 

1l1'J:::L;r1ltl~UVI\flm1V1(;l~~'IJ K-S ~1~11mL~l'l-:l1;n,ultl~ 1il.9 LLfl::: 1il.1 0 lJl1~~1~'IJ 
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Compression Perpendicular to Grain 

plotf 0.3 
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Compression rerpendk:alar to Grain 

,... ,
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~.2.3 n''mfltl'8'ULL'l~.rfl (Modulus of Elasticsity) MOE 

n''l''fltl'8'ULLH,rflL~~;tlilll~~'U (,j.!~lJij) '!I't)~L3J1ij1~'~1'I.l'"J'I.l130 

LL~IM1'1.l(;1111~~ '"1.11 

~'"J't)th~ 

52698 56009 45948 41141 48690 51459 45938 46374 52977 41286 

39257 53699 51927 43895 56113 32594 53202 43269 35302 47644 

43216 36288 50052 38951 60604 53647 36083 45902 40596 47147 

38064 49930 53690 57807 38316 46153 60172 62360 59087 41711 

26828 63089 45705 62458 56257 40144 56310 35151 59659 54154 

34701 43386 45583 63244 56572 42028 52757 35758 57035 46639 

67750 55287 46469 61195 69117 52252 49918 66701 65977 50505 

51832 57160 40375 64596 65437 55513 50119 45147 54639 34584 

48828 64628 69015 59055 60776 74095 53672 40563 31423 45877 

40806 35296 70207 50967 51587 38198 47677 63462 51087 56594 

50311 41476 51658 53685 53862 59942 58004 51517 5313.2 38548 

29400 39381 58835 48124 32547 . 48218 75011 50117 58574 35102 

60549 26725 59411 49600 48479 48312 37316 45495 51366 43046 

~1nn1~U'l11~,,"Ii''JtJlJI'tlonILL'"Jf CESTTEST Yt1J~1fi1Lll;tJ LLfl~d'"J'I.lLrltJ~L1J'I.l~1"fS1'1.lLiI'I.l 

4.999x1 0
4 

LLfl~ 1.012x1 0
4 
nn.IIJI~. 2 1R1~thtA'1J ttJltJlij~L~'I.lt)1~1'1.l'J'I.l;f}~fl 130 i'Jf}th~ il~1'1.l'J'I.l 

,....1..1:' () .J • '''' 0 ... .J' ..I ~... ( )I
~1nm1'!1f}~flY1~~n1f n "Il~~flI1L'V11n1J 109 ft1V11t1"11'J~LL'\NfII11~L"JIfl~'I.l1!ltJfl~99 t=2.639req 

~ ~ 

'I.ltinIil1m!'I.llJlflonl4"LL'Jf CESTTEST \~LL\k..,j1\~iln1fLLti~;~~;fl~flfltimil'l.l.. 6 i'l.l t"'tJil;"'~1ri", 
• f ~ 

;'J~LLfl~fl'J1~tlIil1nfi1i~LnlJl\'I.lLL,jfl~;'J~ ~~ijfi1~nqji~1~fu1~~1J'i'l.lLft1 (Degree of Freedom, f) 

'''' ..l '" .J ~ ." tv , .I J! ..I _F.! •L'VI1n1J 6-3 =3 'VI~"'1JflI'J1~L"JIfl~'I.la=0.95 ~fll1LY11n1J 7.814 flI1fl'J1~ClIij1n"Df}~fl~flL1JftJ1JLY1tJ1J.. 
, .1.1 0 .I .I , 

,

.. 0... .. "1' I• 

flI1fl1'"J1~Cl'VIfll1'1.l'"JCUIij1nfll'J1~Cl'"l1nn11LLlijnLLIij~'VI~1'1.ln11Y1"'ft"'ft'tl1J~flIn1fl~ft'tl~ ~ 4 1JI'I.l'" ~LLn 

n11LLlijnLL'i~LL1J1JtllJl1 n11LLlijmLIij~LL1J1Jtl1n~ n1fLLlijnLL'i~~1ft"'IJIU"'~ft1~LL1J1J\1\lflfl LLfl~n11LL~n 
'\ 

LLIij~LL1J1JLLn~~1 LLft"'~\'I.l"111.:J~1ij.12 
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1111,1.:1;1 ~.12 mrLmmJLVitJ1JI"l'J12J~'DtN;r'fl2J~LVitJ1Jri1Jf"l'J12J~~'l~1il1nmrLLlilnLLIil'l~~.hum r 
" 

V1V'l~'fl1J'lf"lihi'l~tl'l ~1'\11fufhmrVIV'l~'fl1JLLN~V'l L2Jli'I~~~li'I'\IItiu (1J'lJ2JJlij) 2 'Dtl'lWIil12J1il"i 
.. q 4JI" CII 

~ ..I 
iUVl 

Ihfl~LLN~li1 
Pl'lllJfl'l1n4i'tll;jfl 

x10' (ksc) 

..I 
1'I'l1lJtl 

Beta 

..I 
f'I'l1lJtl 

normal 

..I 
1'I'l1lJtl 

Weibull 

..I 
1'I'l1lJtl 

Gamma 

1 2.671 - 3.26 6 4.603 5.580 7.032 3.724 

2 3.26-4.125 23 24.211 19.624 17.964 21.924 

3 4.125 -4.99 31 36.331 39.293 36.049 42.352 

4 4.99 -5.855 41 35.615 39.600 42.217 36.917 

5 5.855-6.72 23 23.405 20.087 22.718 17.971 

6 6.72-7.501 6 
--.. _.-._-_ .. - . -­ "--­

Chi-Square Error 

fh1nq~ 7.814 

5.831 4.936 3.826 5.361 

2.092 3.063 3.543 6.420 

1il1nmrVIli'l~'fl1J K-S (Kolomogorov-sminov Test) Vi1J~1fi1fl'J12JLLj;Jn~1'1~'1~li'I(Maxaif) 

ij 5 "1iUli'ILUUmrLLlilnLLIil'l1Jmii mrLLlilnLLIil'lfi1~'1~(;l"1iU(;l~~tl'lLL1J1JL~fL"1ir;1 mrLLlilnLLIil'lLL1J1JU[;I1 

m1LLlilnLLIil'lLL1J1JLLn2J2J1 LL~~m1LLlilnLLIil'l~'fln1J1n6iijfi1Luu 0.035, 0.051, 0.053. 0.054 LL~~ 

0.067 ~'11,xfi1~1n~1~'flL1jffi1JLVitJ1Jn1Jfi1~n~6iLvi1ri1J0.119 11l12J~1~1J 

Iil~L~u'l~~1fi1~~i~m£9l'\ll~U'D\lli'l1J~2J1.Jij'Dtl'lrhi'lfuLL~'1~li'IWIil12J/·fim~LLlilnLLIil'lLL1J1JUf;\1 
... I ...J 'l 0... ':..l 'I"; ... ... I 
2Jf"l1m12Jfl~1c;)Lfl~'flUIil1nm1V1(;l~tl1J flm~'1~tl'llJl1V1~C;) LU"1ICU~m1LL~nLLIil'lLL1J1J1J(;I12Jf"l1m12J• 
fl~1"Lfl;tlUIil1nmlVlli'l~tl1J - K-S ~1~~(;l. ~'1tl1~nfl1'J'l~~1m1LLlilnLLIil'ltl1n~LL~~m1LLlilnLLIil'lfjI1l1 
... 1:' ~I ... ... ... ~ ...J 'Is.­ ...J ... ..l ... Is.-. I 
2JJl1'J~L"JI1lu~UVln1J'Dtl~~2J1n'VI11l'l LUtl'l1il1n L'\IIfl'J12Jfl~1(;lIll~tlUUtl!.lVl~"LL~~2Jfl1Utl!.lm1fll1 

- '1..l. - ..l ••1'" ...
'Jn~(J\ 1il1nmlVlli'l~tl1J K-S LU'DN~V1m1LLlilnL~Iil'lfl1~'1t1li'1"J1U(;lVl~tl'lLL1J1JL .... 1~"IIl'l m1LLlilnLLIil'lLL1J1J 

U"1 m1LLlilnLLIil'lLL1J1JLLn2J2J1LL~;;:m1LLlilnLLIil'l~tlntl1n6in~12J11Cl!.ltl2Jf1Jl~, ....i'LLVIU;rtl2J~'lA'Lrttl'l1il1n

ijfl'J12Jfl~1li'1Lfl~tlUUtltJn~1fi.1~n~lJIi'l~tl'ImfYIl'l~tl1J LL~~1il1nn11~LL~li'I'Ifl'J12J~tlli'lfllettl'l1~~1'1 

;rtl~~fi1~~i~£l(;l'\ll~U "JIUli'ItlS2JlJij 'Dtl'lri1i'lf1JLLN~l'I 'Dtl'lW~12J,rvl~humlVl(;l~tl1JJl1'J~L;r1pJ 

~UVI'lflri1i'l~tl'l m1V1li'1~tl1J K-S ~12J11ClLL~(;l'l'l~U1tl~ 1il.11 LL~~ 1il.12 (;112J~1~1J 
OJ 
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II! 

Modulas of Elasticity 
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n1'''~.'a'UL~t1;.LLf1n''n(tJ.!~-t!ij)2 (Modulus of Rupture) MOR '1I'tl\lW"'l1~"1 

41U')'t.! 130 ~')'tlU1\1 LL~IM1UIW):i'1\1~ "'1.13 

421.317 389.215 389.994 396.077 330.811 403.253 410.339 378.845 378.238 367.888 

379.749 444.354 351.828 361.988 583.276 502.487 497.409 328.172 350.911 408.343 

440.118 410.339 332.150 352.696 546.745 284.094 417.823 434.374 417.991 283.225 

381.696 446.973 446.287 475.227 417.793 367.294 402.519 462.233 472.262 352.838 

432.748 341.562 496.259 412.688 440.860 372.101 544.897 326.969 474.327 508.250 

436.688 409.952 355.733 323.573 535.205 412.240 562.462 238.356 355.943 424.547 

366.780 434.005 347.568 322.056 568.339 327.807 328.350 474.718 438.961 538.499 

443.845 371.229 337.509 373.277 350.151 438.802 352.160 309.720 436.072 330.909 

347.807 423.978 581.421 296.790 263.597 330.271 301.674 413.895 354.777 417.937 

487.451 322.782 510.241 341.701 384.888 361.885 378.206 315.417 428.874 365.157 

372.861 389.735 480.146 399.502 332.991 435.811 345.251 403.795 367.019 376.313 

333.Q18 212.940 418.208 357.318 395.785 396.461 432.494 325.724 389.887 448.333 

299.814 126.929 304.731 424.137 305.827 334.661 399.544 435.456 317.117 330.867 

"'l1nn1:i'~Lfl:i'1~lf~')tJ.'tl~[;\LL')f CIESTIEST Vi'J~1f11L'U;tJ U~~fl,)ULrltJ\lLU'WJ11J1:i'~1ULiJU 

392.59 U~~ 74.092 nn.l.~. 2 (rJ1~~1;U t~tJ"'l~L~U~141U,)U;('tl~~ 130 i,)'tl!h\lij41U,)U~1nn~1.. 
;rtl'ol~~"'tl\ln1:i'(nreq) ~\Iijfl1L,hriu 95 ~1~fu"Jl,)\ILL~\Ifl,)1~L~tlJuffitJ~~99 (t=2.639) Utln"'l1m!u 

~ , 
.tl~l'fu')f CESTrEST \IlLLU~,j,11llijm:i'uti\l"Jl'l\l;rtl~~tltlnLiJu6;u t~tJij;l~41ri~"Jl'l\lU~~fl,)1~ti.. , ~ 

"'l1nfl1i\lLnIJl1ULLr;i~~"Jl,)\I.\Iijfl1~n~~th~fU:i'~;U;UL~1 (Degree of Freedom, f) L'hriu 6-3=3 

..I... ... ~ ... , ,... ,..l...... _r:! ." I ..I..l 
'VI1~"U fl'l12.J L'IItl2.JU a =0.95 2.Jfl1 L'VI1nU 7.814 fl11'1,)12.Jtl"'l1n'1ltl2o!~~tl LIJ:i'tJU L'VItJUfl1 fl'l12.Jtl'VI 

,ii1U'lCl.l"'l1nfl'l12.J~"'l1nm:i'U"'lmL"'l\l~~hum:i''Yllil~lilfltlU\flri1i\lij 3 'IIU~U'uri m:i'U"'lnU"'l\lUUU~tln 
.1 ... ... ..I ... , 1.1 
lJ:i'nlJl n1:i'U"'lnLL"'l-3UUUUn2.J2.J1 l.Lfl~m1U"'lnU"'l~.Ul'I'VI~U-3fl1~-3~~UUUfJ2.JLU~Ufll'l-3 UIJI111\1'V1"'l.14 
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fl1"11.:1;1 ~. 14 mfLmmJLVitJ1J '"1IJ1tl~'Jltl'litltlfl LVitJ1Jn1J flIJ1tl~~\~til1n mfLLtilnLL~'I~ ~.h'lJmf.. 
'VlC1l~tl1J\flri1~'I~tl'l ~1'V1furhm1'VlC1l~tl1J LLN ~C1l~~~~ LL(;ln~n (tJStllJij) 2 'Jltl'lW~1tl,1 

" .I
i'U'Vl 

~ll1UI1N 

(ksc) 

126.86 -284 

..l 
1'1'1 1 l-J o'nn 

0­

'lIi)~1\ 

..l 
1'I'l1~O 

Lognormal 

..l 
1'I'l1~O 

gamma 

..l 
1'I'l1~n 

Gumbel 

1 5 6.602 7.668 3.284 

2 284- 348.25 31 31.378 29.781 35.495 

3 348.25 - 412.5 45 45.195 44.211 48.555 

4 412.5 - 476.75 34 30.070 31.412 26.725 

5 476.75 -541 9 12.159 12.801 10.466 

6 541 -583.34 6 2.833 2.755 2.813 

Chi-Square Error 

l'h~n~;j 7.814 
5.266 6.154 7.519 

til1nm1'V1li1~tl1J K-S (Kolomogorov-Sminov Test) ,"1J~1fli1flIJ1tlLLlJInfi1'1~'I~C1l(Maxdif) 

ij 5 '1lil~t1'lJ m1Util nLLtil'lU1J1JfltlntJ"n~ m"LLtil nutil'l'1lillil~'VI~'Ifih~'IqlilU1J1J fJtlL1Jfl mfUtiln Util'l 

U1J1JUntltl1 m1Util n Util'ltJm~LLfl::m1Util n Util'l Pi1~1q~'1lil~~~1tl U1J1JL'J\lfltrn III1Li~'lJ0.057, 0.059 

0.063, 0.072 U~:: 0.082. ~.:Jt\\'iih~1n~1ujt'lLtf1tJ1JLilfJ1Jn1Jfli1~nq~LVhn1J0.11 9 1JI1tlih~1J 

til::L~'lJLA'~1 fih~ 'Oi~ Ul?ln~n'1lilliltJ3tl.1Jij'Jlt'l'lWtil1tl,1 m"Utiln U'oNU1J1JfltmtJm~ij 1111 

0...... II J ..I '1..1 • I ._.
flIJ1tl flfl1 ~ Lfl fltl'lJtil1 n m1'V1 (;l ~tl1J Lflm fl'l ~ t'l.:J lJ11'V1q iii L'lJ'1lCU::'Vln1fU~ nLLtil'IU1J1JfltlnlJ1n/;ltl fl1 

flIJ1tlfl~1~lLfl;tl'lJtil1nn11'Vl"'~tl1JK_S
i ~1~q~L'lI'lJL~mn'lJ ~'It'l1tilmhIJ\A'~1n11LLtilnUtil'lU1J1Jflt'ln 

• I·- ., _I • ... ., ..1..1 'I ., ..I .,..1 _.."
lJ1n lJ1tlIl1IJ::L'Jl1~ u~'lJ'Vln1J'Dtl~ ~tl1 n'Vlq iiiL'lJtl.:J til1n L'VI flIJ1tl flfl11i1Lfllfltl'lJ'lJtlfJ'Vlq '" LLfl::tl fl1'lJtltJm 1 

•• '1..1 • ..1 .. , 
fl1IJnq" til1nmffl"'~tl1J K-S LU'!lCU::'Vlm1LLtilnUtil.:J'1l'lJ~'Vl'VI'lJ.:Jfl1~.:Jq"'U1J1JQtlL1Jfl m"UtilnUtil'l 

LL1J1JUntltl1 m1UtilnUtil.:JtJ1n~LLfl::m"U4lnU4l.:Jrl1~1qlil'1lil"'~~1tlU1J1Jb\lfli ri~1tl11tltJtltlfut\\' 
11 11 II..!'..I - ... ., • ,. ~ ..I1~ LL'V1'lJ"Dtl~ fl LPIL'lJtl.:JIil1ntl flIJ1tl fiI fl11i1 Lflfl tl'lJ'lJtlfJm1Pl1':!nq1JI'Vl'l ~tl.:J m1'Vl1iI~ t'l1JUfl ::'"11nn"111 U~ 1iI.:J 

flIJ1tl~tl "'fl~tl'I1::'VI ~1.:Jitl~fl Pi'l~ 'Oi~ij ~'VI~U'1lilliltJ3tl.1Jij '1ltl.:Jn1i.:J fuUN i ~'tl.:J Wlil1tl,nleh'lJ 

mffl~~tl1J1l1IJ::Li1ltJ~il'Vl\flri1i'l~tl'lLLfl::mffl(;l~tl1J K-S ~1tl1"tlU~~'I\;'L'lJltJ~ 4l.13 ~:: til.14 
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MOOulas of Elasticity 
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II' 

n"'rIl'l1f'iltJl3Jfla1fiifllllfiu ('rI;t!lllil)3 ( Modulus of Elastisity) MOE 'jJ'tl.:l12J~1~~1.. .... ~ 

~1U'JU130 ~'J'tlth.:l LL~~.:I1UtJl111'1~~.15 

43425 44947 44715 49240 39481 54165 50755 49230 47404 48233 

52600 47410 52232 55567 58669 43122 51736 37617 51471 45478 

38727 45928 48450 45463 48146 53681 43592 48771 48180 46644 

67705 67283 67353 75569 54183 48121 58662 47871 63583 36637 

60941 73932 42146 34056 60011 62559 69013 53517 55360 42358 

50710 43791 60832 75881 47500 54693 42223 45401 46963 53867 

49321 39296 41792 30573 46470 36592 52596 42774 23504 36697 

35819 56561 56879 53344 40249 51438 46886 58277 47826 33927 

64358 32692 56228 45522 46553 55740 50556 57567 51732 47110 

68330 51078 24900 50719 54265 34295 45536 45536 44420 49893 

50025 47075 45825 54126 48339 41188 34647 43262 52614 51529 

49053 42628 60942 49738 43909 56176 42658 52347 49521 60429 

54595 46908 46778 55706 37436 56559 43297 50140 55506 38409 

; 

~1nm1~LM1~~~'JtJ'lIt)~(;\U'1f CESTIEST ~U~1f'i1L~;tJ LL~~~'JULrltJ'ILUU~1tJl1~1ULtiU 

4.936 xi 0
4 
U~~ 9.327x1 0

3 
nn./'lI~. 2 (;\1~~1~U L~tJ'"I~L~U~1~1U'1Uf'tl~~ 130 ~'1'tlr.i1'1i1~1U'1U.. 

• ~..III .4.1 ,., O".J I .-I~., 
~1nm1'11'tl~~Yl(;\tNm1 nreq 'lI'1~fl1LYl1nU 95 ~1~1U'1l'J'ILL\Nfl'11~L'JI'tl~U1'tltJ~~99 (t=2.576) 

~ ~ 

U'tln'"l1mrU'JI'tl~I1lU'1f CESTIEST 'l~LLU:U1H'i1m1LLti'l"1l'J'I;;'tl~~'tl'tlmtiu6iu L"'tJi1;j~~1ri~ . , ~ 

"1l'1~LL~~fl'11~Ci'"l1ntihi'lLn(;1tULb,j~~"1l'1'1 .~i1,h~nC]~~1~ru1~~uiuL~1 (Degree of Freedom, f) 
I ., .J., ell ~ I" ,..I .. _~ cI.ClII. II 

L'VI1nU 6-3=3 'VI1~flUfl'11~L'JI'tl~Ua =0.95 ~fl1LYl1nU 7.814 fl1fl'11~Cl'"l1nll'tl~~~'tlLlJltIULYltJU 
OJ 

, ..1.1 0 ..I ..I 'l 01 .. 'l1'I 0 I 

fl1fl'11~ClYlfl1U'JCU'"l1nfl'11~Cl~1nm1LL'"InLL'"I'I'VIeJ1um1"'lilMI~'tlU flm~'1~'tl'l 2 'JIUlil l'ILLn m1 

u~nu'"I'Iuu'U~'tlmJm~LL~~m1bL'"InU'"l~u'U'ULLn~~1U~fl'l1utJl111~~'"1.16 
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II' 

f11'rHI;f r.t.16 mnm~uLVlmJI'l'l1~~''i/'1;r'tn.JflLVI~unufl'l1~~~1.~'"l1nmrLL'"lmL'"l'l~cJTl.lm~ ... 

VlCil~'i/u1.fln1i'l~'i/'1 ~1~fufhmffi(;l~'i/uhI,:!i~u(;l,"~u ("t'J~~1Jij) 2 ''i/'1iJj''"l1~,1 
.. .. 

::. -l 
lIUYl 

nlt\.:J LLNvr", 

x10
4
(ksc) 

-l .­
fl'JllJO'nnlltl~fl 

fl'J llJ0 

Lognormal 

fl'J llJ0 

Gamma 

1 2.349 - 3.40 5 3.760 4.745 

2 3.40 -4.237 19 26.842 25.751 

3 4.237 - 5.075 54 46.813 45.334 

4 5.075 - 5.912 36 33.707 34.982 

5 5.912-6.75 10 13.829 14.603 

6 6.75 - 7.588 6 3.951 3.803 

Chi-Square Error 
6.080 6.189 

I'h1nqiil 7.814 

'"l1nn11Vl{;\~'i/U K-S(Kolomogorov - Sminov Test) ViU~1fi1fl'l1~LLr;Jnj;h'l~'1~(;l(Maxdif) 

ij 5 "JIil(;lLtlun11LL'"lnLL'"l-3Um~ n11LL'"lmL'"l'lLLUULLn~~1 n1~LL'"lmL'"l'lLLUUfl'i/nU1n~ n1~LL'"lnLL'"l'l 

LLUUUJ;l1 LLfl:n1~LL'"lnLL'"l'l~1~(;l"JIil(;l~~1~LLUUL'1Ufli ijfi1Lilu 0.058, 0.062, 0.069, 0.077 LLfl~. .. 
0.082 ~'1t\\'fi1~1n~1uj'tlL,J1!JULVi!Jun'Jfh~n'lr;JL'Vhriu {;11~~1lA'U0.119 

'"l~L~u1.~~1fi1hi'Oi~ii Cil,"~U"JIU{;\YJ ~~1Jij'!l'i/'11.~'"l1~,1 m~LL'"l n LL'"l'l LLUUfl'tlnum~ij fi1 

f1'l1~flfl1(;lLfl~'tlU'"l1nn1n'1{;\~'f)u1.flri1i'l~'tl-3~1~~(;l tU'IItU:Yin11LL'"lnLL'"l'ltl1n~t\\'fi1f1'l1~flfl1(;l 
.,.j 1 .; ..l .. I ~"" .1 •

Lflfl'i/U'"l1nn11'V1(;l~'i/U K-::s ~1Vl~(;l '"l'l'i/1'"lmn'l ~(;l'l1n11LL'"lmL'"l'lu1n"LLfl:n11LL'"lnLL'"l'lLLUUfl'i/n 

• l·coI 1!. 1 • .. ... ..l.l "I.... .,.j .....1 col.... I 

u1nr;J~111'l:L"D1lU~UVlnU"JIfl2o!~~1nVl~{;\LUfl'l'"l1n ~~f1'l1~f1fl1"LflflflUUfl!JVl£1{;\LLfl:~f11ufl!Jm1 

fli1~n'llJl '"l1nn11VlUl~fl1J K-S tU'IItU:Yin11LL'"lmL'"l'lLLUULLn~~1 n11LL'"lnLL'"l'lLLUUfl'tlnU1n~ n11 

LL'"l nLL'"l'l LLUUUJ;l1 LLfl:m1LL'"lnLL'"l'l ~1t1 {;\"JIUCil~~1~ LLUUL'1\1fli n~1~11"!Jfl~futmfLLVlUf'i/2o!fl1.~ 

L~'tl'l'"l1nilfl'l1~f1fl1t'1LfI~'tlUU't)!Jn~1fh~n'l"i'l~'tl'ln11'V1l'l~'i/ULLfl:'"l1nn11~LL~l'l'lfl,)1~~'tl{;\f1fl'tl'l 

~:~~1'1ffl2o!fl Pl1bJ ~i~~ Ul~~U "JIUUlYJ ~!J1Jij "JIfl-3iJj''"l1~,1~ ChUn11Vl Ul~flUll1'l:L f1itJ~UVl1.f1ri1i'l 

~fl'l n11VlUl~flU K-S ~1~11"LL~l'l'l1.trLUlU~ '"l.15 LLfl: '"l.16 ,"1~~1lA'U 
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II' 

Modulas of Elasticity 
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n1n1".il1JbJ~ft.U.r;\n1An('Ja!1lJi1)3 ( Modulus of Rupture; MOR) 'tl'l1,j~ltlr,f~ 

~1'1.l'JU 130 ~'JtlUl'1 U.~IMl'l.l(;lI11'1~ ~.17 

424.191 427.508 482.247 341.578 349.456 357.504 412.771 379.529 402.820 437.771 

343.830 386.116 392.572 413.057 325.222 389.423 378.474 409.059 436.016 351.994 

413.928 355.802 383.350 401.761 346.298 465.324 462.055 383.957 469.010 387.866 

315.059 415.973 423.646 463.225 387.012 487.559 338.964 394.007 472.945 431.192 

426.577 475.202 417.961 374.322 404.571 386.130 457.118 393.279 526.510 403.532 

309.366 450.080 392.248 407.320 326.080 450.319 403.765 463.340 545.562 520.171 

391.180 376.882 393.343 247.579 300.640 413.692 369.895 376.753 281.938 406.484 

171.512 428.622 425.176 209.412 521.572 263.609 506.124 170.450 480.760 173.879 

443.528 253.743 511.586 226.545 353.369 371.000 243.816 305.787 519.381 311.273 

437.651 544.599 374.297 443.029 481.929 280.865 299.192 481.538 436.956 351.246 

403.264 441.298 361.702 479.824 314.572 349.781 446.758 372.460 428.385 382.998 

210.253 354.749 407.432 361.327 480.314 355.761 479.274 320.885 409.756 318.965 

411.030 628.228 258.571 345.776 387.573 477.946 372.769 451.060 371.396 403.031 

'"Ilnnlfil.fl:-\:"'~'1t1tJ1fl~lJi'U'1f CESTIEST 'YiU~lrilL'Tlitl U~:f{'J'I.lLrltl'lLU'I.ltll(;11~I'1.lLiJ'I.l 

391.85 U~: 79.614 nn.ltJItl. 2 "1tl~I~U Lt'ltI'"I:L-MU~1~1'1.l'JU;tl'-l~ 130 ~'Jfltil'1 il~I'1.l'J'I.l.. 
I ~ ..l J( () d ... I ' ''' 0... .J f .. ~ l'_ ( )

tllnml"Dtl~~Y1"tl'lm1 nreq "lI'1tlPllLYl1nU 11 0 ~1"'''Ull'J'IU''''1Pl'JltlL'!Itl'-l'l.lnltlfl: 99 t=2.576 
~ ~ 

Utln'"llnUUlJltl~lJi'LL'Jf CESTIEST l"'uu:u11~ilm,.utl~''J~;tltlfltltlmil'l.l6 i'l.l t,,'ltIil;~41ri~.. 
''J~Ufl:fIl'11tltl'"lln,hi-:JLnf;lluLLj;jfl:''1-:J ~-:Jilril~n~~dl"'fu":IK1J'iUL~1 (Degree of Freedom, f) 

f ... cl... .. ~ ... , ' ''' , cl to- .. _~ ... 
L"lnu 6-3=6 Y11:l'IUPl'J1J.lL'!Itltl'l.l a = 0.95 '-lPlILYllnU 7.814 fIl1Pl'Jl'-ltl'"lln'tltlflUJtlL1JltIULYltlU.. 

I ..l..l 0 ..l ..l , II _ 0 ... I IL!'" , ..l 
Pll rl'Jl~ tlYl fllU'J W'"I1 n f'l') 1~ tl"11 n m)'u~ n u'"I-:JYlI'.I1Un1lY1 V1~ V1~tlU lJ"l n 1~'1~tl'l'YiU,)IlJ,ltl rll fl,)l~Cl 

n1,.u~nu'"l~'"Ilnftl\lfl"llil~1~I'.humlYl~~tlu1flr;'fl-:J~tl'l u~£il-:Jlu"I"1-:J~ '"1.18 
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::. ..J 
'IlUYl 

fhtf'lL11'1~'" 

(ksc) 

170.375-219 

f1'J1JJ5"l1 niitllolfl 

..J 
rl'J1JJCl 

1 5 -

2 219-294 

294-369 

369-444 

444-519 

519 - 628.303 

8 -

3 27 -
4 60 -
5 23 -
6 7 -

Chi-Square Error 

I'h1nI]iii 7.814 
-

~1nn1fV1(;l~fltJ K-S (Kolomogorov-Sminov Test) ~tJ~1fl1fl'11~U~mh.:J~~fi(;l(Maxdif) 

... • PI c1 • .I 'I' .1 • • .I 
~ 5 'IIU~L1JUn11U~mL~..:Jj;l1ql'l'llUl'lV1~1~LLtJtJ L'1\1~~ n11LL~nU~~UtJtJ1J1n~ n11U~mL~..:J'IIUl'lV1 

V1ti~fh~1~(;lutJtJn~LtJft n11U9nu~~utJtJii{;l1 U~:n11u~nu~~LLtJtJLLn~~1iifii1Lilu 0.054, 0.075, 

0.087.0.088 Uft: 0.1 00 .~1.\\'t'h~1n~1~tlLtrnJtJLViEltJntJfh~nq~L'VhntJ0.119 "1~~1itJ 

~:L~U\~~1f'l1u.Hai~W1Inin'llu"''VJ~EllJij''fl..:Jbj~1~'''; Ujiin11U~nU~..:J'JIu",1.l'liif'l1fil'11~ 

filft1"'Lfl~flU~1n~1fh~nqj;l~1nn11V1"'~fltJ\filri1i~~fl~~1~fi'" 1.U'!ItU:~n11U~nU~~~1fic;r'JIU(;l~ 
I'I ...,.i, 4 cI .I .. '1.1" 

.. ~.1~UtJtJ L'1\1ftft~fil1fl'11~flIft1~LflftflU~1nn1n'lc;r~fltJ K-S lJI1V1qc;r ~fl1~nft1'1 LI'I'11n11U~nU~~ 

cI • ..; 'I ,... s- .... 1 .... l! ../ 4,S- 4 s­
"1~(;l"llUl'lV1~1'-JLLtJtJ L'11Jftft~1l"l'1:L'JJ1t.u~UV1ntJ'lIfl~ft~1nV1fi" LUfl~~1n LVlfl'11~flft1"Lf\flflUUflEl 

II..I ... 'S- :. 1. ../
'VIt1l'lUft:lJt'l1UflElm1fl1'1n!J~~1n'VI~~fl~n11'V1l'l~fl1J ~1nn1Trl"'~fltJ K-S UlltU~n11U~mL~~ 

utJtJt1m~ n11u~nU~~'JIu"'~\lId~fi1~1t1c;rUtJtJ~~LtJft n'ULL~nU~~LLtJtJiij;\1 Ufl:n11U~nU~~utJtJ 

un'-J~1n~1~11Cltl'a~fu1.m;LLV1Uffl~ft\tKLn'il~~1niJf\'11~flft1"'Lf\~flUUfltln~1fi1~nq~~~~fl~n11 

V1l'l~tltJ Uft:~1nn:1"U~l'l.:lfl'11~~fl(;lfl~tl~1:V1~1~;fl~flfi1UJ~i~ulJlnin'JIul'l'J~tllJij 'JJfl~Uj 

... ../ , " .1 • 'I 0 ... 'I !"I. _1"/
~1~'fVI~1Un1fV1"'~fltJ1l1'1:L'J1111J~UV1 ~.17Lt'ln1~~~fl~ n1n'lc;r~fltJ K-S ~1~11ClU~l'l~ L'" ~Ut.uV1 

LLfl:: ~.18 ~1~ihitJ 
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Modul•• of Rupture 
,..---...,.....--......,.---:;;:;1 

pIotr 03 
pJotfn 

e-e-e 
~ plotfGbS 
l!l e-a-a
l! plotfln 
~~ 0.2 
~ . pJotfgm 
.!~ e plotfWb 
=- +++ 

plotfbt 
~K 

0.1 

200 300 400 500 600 700 

pIon, data, data data, data, data, data, data 
Moduius or Rupture 

z,]f1 "'.17 n11LmtJtJL;ltJtJ:::~~1'H'I'11~~i~";"t'1f'!l!h1I'hn11f1l'l~fltJt~~~~LLl'1mrn'll'fh1'l~ 

'il1~,mtm."riiufil'd1)J\tU"ILLtiU'lltNm1)Jti1'il::Ltlu~~hun1ml'l~t1tJ1.fiIri1tr."~t1.,, 

Modulus of Rupture 

pd 
0.8 

pdll
 
000
 
pdGL
 

~~K 
:is pdGS 0.6
.! eGB
£ penn.. ~ 

~ perg 

" ~~KEi pefFL 0.4 
1lIu- ­

pefW 
+++ 
pefb 

B-fH3 
0.2 

200 300 400 500 600 700 

data, data, data ~t!&ta, data", data, data, data, data, data
 
modulas 01 Rnpmre
 

z1lil 'It.18 n11LU1tJtJbVltJtJ1::\t~1"'fll'J1~~~::~~'!It1"'';1n1nJl'l~tltJLLN~l'lhJ~i~ 

LLl'1minntJtr."niun1"LL~mL~~~~'1Un1ffil'l~fltJ K-S 



233 

II' 

~ 2.4 n1'V1".'a\JLL'-IJ~,:tLuLLU,;)'!1U1ULI!lU (Tension Parallel to Grain) 

''tl~13JIOl1~,141U'lU 130 ~'l'tlth-1 LL~C;)-11U[;l111-1~ IOl,19 

551.12 529.95 472.22 593.76 598.75 446.01 524.65 545.29 548.32 566.89 

468.14 517.69 517.32 533.51 328.37 420.94 492.01 564.80 543.27 533.51 

388.33 474.14 414.50 384.33 515.67 410.88 355.96 500.10 420.67 459.28 

624.24 623.23 509.14 533.23 473.58 509.12 429.28 467.07 408.47 571.61 

563.67 368.71 545.49 347.76 525.67 501.17 478.45 503.48 438.68 451.25 

454.27 542.39 615.74 451.75 543.25 489.05 457.56 422.38 562.18 464.83 

488.41 484.54 514.24 463.88 551.72 583.69 426.50 465.33 428.90 456.94 

481.02 301.68 665.18 456.92 570,18 443.18 538.69 516.93 531.11 467.43 

491.17 544.08 505.45 484.82 475.21 496.33 482.73 528.63 454.02 665.77 

490.13 508.91 475.92 522.39 329.93 499.42 492.37 530.43 506.81 457.32 

503.62 482.27 432.99 598.56 432.68 508.41 495.53 396.38 562.11 550.94 

522.95 493.94 600.12 509.50 411.21 527.35 354.50 493.44 470.77 436.25 

460.43 495.43 500.72 498.85 387.67 472.55 534.83 501.43 513.79 556.14 

IOl1nn1nLfll1:i~'lU'l\'fl~,rLL'lf CESTIEST V'n..l~1f'i1L'iliiu LL~:fbuLtimL1..lU~11J11~1ULiJu 

492.159 LL~: 65.769 nn.l"JI~. 2 1Jl1~£h~1J tli\UlOl:L~U~1~1U'lU;r'tl~~ 130 ~'l'tlth~ ij~1U'lU.. 
,,,.l,, J ... I'" 0 ... ' I ... :,!(

~1nm1"11tl~~VllJltl~n11(n "Jl~~fl1LVl1n1J 47 ~1~11J'l\'l~LL~~fl'l1~L'l\tl~U7tlU~: 99 (t=2.567) IllQ) 

~ ~ 

UtlnlOl1mrU"JItl~j;fLL'lf CESTIEST 1;;LLU:U11\lijn11LLt.i~'ll'l~;r'tl~~'tl'tlmtlu 6;U tli\uij;jli\~1rij;).. 
"II'l~LL~:fl'l1~~IOl1nfli1i~Ln(;l1uLL,j~:'li'l~ ~~iJfli1~nt]~~1~fu1:~1J'iUL~1 (Degree of Freedom,f) 

Lvhri1..l 6-3=3 ~1:i1Jfl'l1~L~'tl~Ua. =0.95 iJf'i1Lvhri1..l 7.814 f'i1fl'l1~~IOl1n;r'tl~~ujtlL,rnJ1JLilu1..l 
, .. 

I .l.l 0 ..l ..l I It 0... 0 ... It 11 I 

fl1fl'l1~ClVlfl1U'lrulOl1nfl'l1~CllOl1nn11LLIOlnLLIOl~VlC..l1Un1n1li1MI~'tl1..l ~fln1~~~'tl~IOl1U'lU 2 "JIUliI U'lLLn 

~ ... .l It r .I"".l 
n11LLIOlnLLIOl~(;l1~j;)'l\Uj;)Vl~1~LL1..l1..l~'l\!~~LL~:n11LLIOlmLIOl~um(;lLL~liI~ ~U[;l111~Vl IOl.20 
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II· 

• _ F.!'" ..l"....... ..l..l~ " ..l ,

Pl1"~" ~.20 m1LlJ1tJ1JL'VltJ1J f'l'J1~Cl'!l'fl~'!I'fl\Ji'l L'VltJ1Jn1Jf'l'J1~Cl'Vl ~r;)'"l1n n1nL'"lnLL'"l~'Vl1:J1Um1
 

.,
 
'Vlti'l~'B1J\f'lri1i~~'fl~ ~1'Vlf1Jrl1LLN~~tULLU'J'!IU1UL~tJU'!l'fl~'1Jj''''1~r,f1
 

:; -l 
'DUYl 

ril~-3LLN~-3 -l 0­

"'lllJfl"llnlltll;j~ 

..l 
fl'l llJ0 

..l 
r1'l llJ0 

(ksc) Weibull Normal 

1 301.619-356 6 4.322 2.497 

2 356-416.75 9 12.480 13.853 

3 416.75-477.5 35 31.714 37.184 

4 477.5 - 538.25 51 48.240 45.041 

5 538.25 - 599 23 29.486 24.645 

6 599-665.83 6 3.715 6.239 

Chi-Square Error 
4.946 7.646 

ril~nt)~ 7.814 

"'1nmmti'l~'fl1J K-S(Kolomogorov - Sminov Test) ~1J~1rl1f'l'J1~LLj;]nlJh~~~qr;) (Maxdif) 

ii 5 "lli'lr;)LtlumnL"'nLL"'~1..h'n~ m1LL...nLL...~LLn~~1 mnL... nLL...~~1~ti'l"llUr;)~~1~LL1J1J\'J1Ji'lif m1 
• 'lJ 

, 

LL'"lnLL...~i'l'fln1J1n~ LLi'l~mm ... mL...~ilr;l1iifOhLtlu 0.051, 0.060, 0.064, 0.065 LLi'l~ 0.067 ;~l~f'h 

~1n~1Lrl'flLmtJ1JLYi!.l1Jri1Jrl1~n~~Lvhri1J 0.119 1JI1~~1~1J 
.. ., c: oA.I 

... ~L~U~~~1fi1LLN~~tuLLU'J'JIU1UL~!.IU'Yl'fl~W ...1~ ...1 m1LL...nLL...~j;]1~ti'l"llUti'l'Vl~1~LL1J1J 

~ ..... • .. ~ 0.... ~ ..l 't..l .1 .... , 
~'J\li'li'l~fl1fl'J1~fli'l1r;)Lfli'l'tlUIi.j1nm1'Vl"'~'fl1.J ~flmi'l~~'fl~1JI1'Vlqr;) U'!lN~'Vlm1LL"'lnLL"'l~1JmlJl~f'l1 

.. ':..l .. ,~", ': • ..l 
fl')1~l"li'l1ti'lLl"li'l'flu ... 1nmmti'l~'fl1J K-S 1JI1'Vlflr;) "'~'fl1 ...ni'l1'J ~ti'l'J1m1LL... nLL...~1JI1flti'l"ll\lr;)'Vl~1~LL1J1J 

~.. .1·'" 1! ... 1 • ... 1! ..l ..,~ .. 
~'J\li'li'lLLi'l~m1LL...nLL...~1J1n(;\~1l1')~L"D1t.u~\l'Vln1J"D'fl2o!i'l~1n'Vlflti'l LU'fl~"'1n ~\tfl')1~l"li'l1ti'lLl"li'l'fl\l 

"..l ... , ~ " ... , ..l 
\l'fl!.l'Vl~ti'lLLi'l=~fl1\l'fltJm1fl1'Jn~(;\ "'1nm1'Vlr;)~'fl1J K-S ~\l'JIN=vlm1LL ...nLL"'~LLn~~1 011LL...n 

LL...~~1flti'l"llUti'l~~1~LL1J1Jb\!i'la m1LL...nLL...~i'l'fln1J1n~ LLi'l=m1LL...nLL...~iifl1n~1~11CltJ'fl~f1Jtm' 

LL'VlU''fl~i'l\~L~'fl~ ...1niifl')1~f'li'l1ti'lLl"l~'fl\lU'fltln~1fh~n~~~~~'fl~m1'Vlti'l~'fl1J LLi'l=...1nm1~LL~ti'l~ 
., I 

fl')1)J~'flti'lfl«'fl~1~\t~1~;'fl~i'lrhLLN~~1\lLLu'J'!I\l1UL~tJU'!I'fl~bJ...1)J'1 Yl~1Umml'l~'fl1JJ11'J=L;r1i1J 

~i'l'Vl1.l"lri1i~~'fl~ m1'Vlr;)~'fl1J K-S ~1~11ClLL~ti'l~1.;Lul1J~ ....19 LLi'l~ ....20 j;]1~~1~1J 
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pion, data, data,jata~ data, data, data, data 
Tension rarallel to Grain 

,	 ~ 

!tJ;i "'.19	 n1nWU'lJ LV1U'lJJ'::V1~1~"'J1~tI~~"'Vltf~'el~Pi1 LLN ~~t '\.lLL'\.l'J'lI'\.l1'\.lL~U'\.l~'el~bjI;j1~'i1 

ri'lJ'rl'~n;'\.llil'J1~V1'\.l1LLti'\.l~'el~lil'J1~ti11;j::LU'\.l~~1'\.ln11'YI"'~'el'lJlliln1i~~'el~ 

Tension Parallel to Grain 

Tension Parallel to Grain 

0.1 

0.3piotr 

plotfn 
e-e-e 

~ plotfGbS 
IS e-e-E3 
! plotOn

! -;:;m 0,2 

.! *** f plotfWb 
II; +++ 

plotfbt 
~~ 

350 400 450 500 550 600 650 700 

per 
0,8 

pefn
 
000
 

;>, pefGL
!l ~~ 
~ pefGS 0,6i eGB 
l!: peOn.. ~ 

:!: perg 
.; ~~X 
E pelFL 0.4.. u- ­

pefW 
+-++ 
pefb
 

e-e-E3
 0,2 

700 

data, data, data ,data ,data.data,data,data ,data ,data 
Tension PIII'1I lei to Gl'1Iin 

_I- _F.!'" I .,j , ... 'I .; <V 

!1J'VI "'.20	 n1n1J1U'lJL'VIU'lJ1::V1'J1~lil'J1~tl~::~~~'el~lil1LLN"'~~'\.lLL'\.l'J~'\.l1'\.lL~U'\.ln'lJ 

Yl'~ni'\.ln11~Ll;jnLLI;j~~~1'\.ln11'Vl"'~'el'lJK-S 
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.. 

n1'''''.'fl1..lLL,~ii~LULL'U'1'11'U1UL~!IU (E) (Tension Parallel to Grain) 

"JI~~~~1JJ~141U'JU 130 lA''J~t.h~ LL~"'\I"U1JI1n~~ ".21• 

13121.79 15725.39 14223.56 13194.57 11975.10 18279.28 15995.32 17819.93 17630.76 15703.42 

10266.25 26014.69 16370.89 12793.98 16753.81 14220.83 12269.60 13708.72 17356.84 16672.33 

14172.75 18377.44 14392.36 13438.23 13021.89 20340.46 20457.75 11238.11 18450.43 13917.57 

10634.37 15698.41 21302.92 16715.58 17035.21 15107.43 13758.86 21327.39 19267.30 12903.25 

15193.14 15235.89 14317.22 15319.67 15148.90 12916.67 10401.11 11416.73 13333.72 14463.14 

15398.98 18079.66 18110.07 15795.39 11861.36 11426.47 13740.40 12760.57 16781.62 12769.99 

13454.71 11846.85 21337.74 15209.21 14443.04 17959.77 16094.19 11349.59 16885.64 12944.60 

11032.48 10123.56 13119.85 16318.63 15838.21 15177.35 14250.93 13153.38 11157.80 14382.42 

13530.97 12337.52 10686.14 14871.78 15580.50 12958.93 14807.58 12893.33 10225.57 14696.88 

11614.47 10874.20 12897.69 12408.27 12265.06 11073.52 13753.38 21132.86 13302.10 17864.10 

14944.18 10089.32 11305.12 12927.81 12954.48 11198.54 13958.50 15014.37 16729.32 11289.76 

12540.79 10622.29 13827.56 9017.70 17205.65 12350.04 13129.53 11720.70 13566.91 13464.38 

12278.26 13723.71 15696.59 14628.99 14684.60 18977.84 14074.56 11370.37 11443.00 12063.78 

~1nn1fiLfl"1~\f~'JtI"JI~~r;\u'JfCESTTEST YiUri1fhL~itl U~~~'JULrltl~LUUJJ1Jl"S1ULtiU 

1.437x10
4 
U~~ 2.85x10

3 
nn.l"llJJ. 2 1JI1JJ~1~U t~t1~~L,",.,d141U'JU'~JJ~ 130 ~'J~th~ ii41U'JU.. 

~1nnri1'tlJJ~~tIf~~n1" (nreq) ~~iifi1L'Vhnu 105 ~1~fu'!l'J~U~~fl'J1JJL~~JtU1~t1~~99 (t=2.576) 
~ ~ 

u~n~1mrU"II~~r;\u'Jf CESTIEST L~uu~\h""'ijn1,.u~~'!l'J\li~~~~~mtlu 6 iu ~t1ii;llll41ril\.. 
'!l'J\lU~~fl'J1JJtJ~1nfi1i\lLnl'l1uulJi~~'!l'J\I ~\Ii3fi1~nq~~1~fu,.~~uiuL~;' (Degree of Freedom, f) 

• ... .I.., .. ~ .. I I .I.., .... ~ ..I'" 

L'VI1nU 6-3= 3 'VI"~~Ufl'J1JJL"II~JJU a =0.95 ~fl1L'VI1nU 7.814 f11fl'J1~tl~1n'~tl2J~~tlLuWUL'VItlU.. 
• ..1..1 oJ ..I , ~ 0 .. ~ I0 0.. II 

fl1fl'J1JJtl'VIfl1u'JN~1nfl'J1JJt1~1nn1"LL~nU~\I'Y1t.11Un1ffil'l~llll~~U Lfln1~\I~~\I~1U'JU 3 "IIUllll Ll'lUn 

n1"LL~nU~\I"11il"'~~~\Ifi1~\Iq~UUUfJJJLU~n1"LL~nU~\IuuU~~ntJ,.n~U~~n1"U~nLL~\ILM~ U~~\1 

1Ul'l1"1\1~ ~.22 
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" , - ...'llUYl 
nlfl~IlN~~ 

X10' (ksc) 

..I 
1'l')1lJC1<tln 

" 'lI'fll;jfl 

..I 
f'I'lllJC1 

Gumbel 

..I 
f'I'lllJC1 

Lognom1al 

..I 
f'I'lllJC1 

Rayleigh 

1 0.901 -1.04 5 4.583 7.931 6.370 

2 1.04 -1.287 33 38.641 33.951 35.721 

3 1.287 - 1.535 53 47.249 44.833 42.615 

4 1.535 - 1.782 23 24.903 28.104 28.383 

5 1.782-2.03 9 9.614 11.017 12.334 

6 2.03-2.60 7 4.615 4.041 4.508 

Chi-Square Error 

I'hiin~~ 7.814 
2.978 6.059 6.331 

'"I1nm'''VIj;jMI1J K-S (Kolomogorov-Smimov Test) "'1J~1l'i1f'l'J1).1LLj;]nLJh-:J~-:Jqj;j (Maxdif) 

... .. ~ .1 .. .. ..I ...I I 

).I 5 ":IIU(;lLuUm1LL'"InLL'"I-:JLL1J1J~/elnumj;] m~LL'"lmL'"I-:J":IIUl'lVl~U-:Jfl1~-:Jq(;lLL1J1Jfl).lL1J~ m~LL'"ImL'"l-:J 

LL1J1JLLn).l).l1 m~LL'"lnLL'"I-:JL~trn~ LL~~m1LL'"lmL'"I-:JLL1J1J1Jm~iJl'i1Lilu 0.041, 0.046, 0.053, 0.055, 

LLfl~ 0.080 ~-:Jt-«l'i1~1n~1uj~LmU1JLVlu1Jn1Jfh'ijn~~iLvhn1J j;]1).1~1~1J0.119 
~ ~ . , 

'"I~L~u'l~~1fhLLN~-:J1uLLU'J~-:J~1m~UU'!ltN'W''"I1).1I·i1 m~LL'"InLL'"I-:J":IIil(;lYl~il-:Jl'i1~-:Jq(;lLL1J1J 
... • ...I 'l .... J..I.....I • I ..... 

fl).lL1Jfl).lf'l1fl'J1).1f'lfl1j;jLflfl~U91nm~V1l'l~'fl1Jflmfl-:J~'fl-:Jj;]1V1qj;j bU":IItu~V1m~LL'"lnLL'"I-:J~'flnumlJl).I

I" J..I 'l&l' ..r ..III 1 .. t
fl1fl'J1).1flfl1(;lLfl~'flU'"I1nmlVlj;j~'fl1J K-S 1JI1V1q(;l '"I-:J'fl1'"1nfl1'J (;\'J1m~LL'"ImL'"I-:J"IlUj;jVl~U-:Jfl1~-:Jq(;l 

.1..... ".1 ..... " ..I ...I .. " 
LL1J1Jfl).lL1JflLLfl~m1LL'"InLL'"l-:Jfl~nu1nlJl).l1l1'J~L":II1Iu~UVln1J'Il'fl~fl).l1nVlq'" LU'fl-:J'"I1n b~fl'J1).1f'lfl1j;j 

...I "..I ... ," " .. ....I .. ..I ...I
Lflfl'flUU'flUVlq j;jLLfl~).I fl1U'flUm1f'l1'Jn~1JI '"l1nm1V1l'l~'fl1J K-S bU'll tu::V1m1LL'"InLL'"I-:J":IIU"'V1~U-:J 

fi1~-:Jqj;jLL1J1Jfl).lL1Jfl n1~LL"nLL'"I-:JLL1J1JLLn).l).l1 m~LL'"InLL'"I.:JLMVfLLfl~m1LL'"Inu.'"I-:JLL'J'J1J~n~n 

~ 1).111ClU'fl).l1tJt m~LLV1U;'fl2J~ 'l~ L;l'fl-:J'"I1nil f'l'J1).1 f'lfl1l'l Lfl~'flUU'flUn~1l'i1~n ~ ~i-:J ~tH mlVl "~'fl1J 
II ," I c!t ~ ,; .....'1 .... ..I I

LLfl~'"I1nn~1~u.~l.'l-:Jfl'J1).1~'flj;jl"lfltN1~~'J1-:J":II'fl).lflf'l1LLN(;\-:JtULLU'J"-:J~1nL~UU":II'fl-:J ~'"I1).1'"11 V1~nu.. . 
m1V1j;j~'f)1J1l1'J~L;hl1J~UVl'lrH11i-:J~'fl-:JLLfl:::mrVl,",~'fl1J K-S ~1).11~t1LL~IMl~up.J~ '"1.21 LLfl~ '"1.22 

l'I1).1~1~1J 
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Tension Parallel to Grain (E) 

plotx .data.data.data.data.da~data,data 
Tension Parallel to Grain \-"') 

,	 ~ 

Z,jij '" .21	 n11LtI1mJ LVluu ~::~~'1-:1 fll,)'1~~i~l1'Vltf'fN PI '1 LLN ~-:llULLU,)'!IU'1UL~UU'!IfN L~I;j'1~,1 

nuif-:ln-DUI"lr:l '1 ~"'U '1 LLUU '!I 'tl-:ll"l,) '1~U'11;j ::Li~lu~ ~hu n1 "'Vll'\~'tl'lJLI"l ihfl-:l ~'tl-:l 

Tension Parallel to Grain (E) 
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plotrn 
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E plotfGbS 
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! plotOn 
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~ plotfgm 
.!~. e plotfWb 
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per 
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~ pefGL 
!I ~)( 
... pcfGS 0.6
.! eG 8
£ penn.. ~ 
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i K'K-K 
E pefFL 0.4 
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pefW 
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Tens on Paralle to Grain (r.) 
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~ 2.5 n1'lVl".-atJLL'l.:lpt.:lL'ULL'U'uf.:l"i)1ml!l'U (Tension Perpendicular to Grain) 

'1I't1'1W'"l1~'t~1'W'J'U 130 ~'J't1th'l LL~v)'1\'W(;11t1'1~ '"1.23 

29.32 28.67 32.60 34.04 34.02 27.85 29.69 37.57 30.87 36.83 

31.54 31.91 32.92 32.79 28.40 34.94 22.61 31.26 40.59 22.77 

41.52 32.82 26.33 26.51 23.45 30.70 33.16 29.95 34.11 17.87 

42.06 31.84 44.32 30.07 38.40 35.51 39.74 30.76 38.33 29.73 

37.86 38.25 40.20 37.59 38.50 40.97 33.76 28.43 38.94 34.76 

39.97 33.74 30.15 31.46 32.29 40.04 39.47 28.17 30.26 42.46 

32.35 36.25 34.89 22.43 39.68 33.49 39.62 32.81 28.93 33.09 

36.06 38.21 39.78 30.84 40.78 29.93 39.00 38.95 41.59 36.55 

28.82 28.75 39.52 39.94 36.87 31.46 34.04 28.73 31.10 38.83 

28.81 35.92 37.86 34.73 38.40 28.77 40.37 21.91 37.67 40.79 

37.61 28.25 39.29 42.11 31.96 35.07 35.78 29.30 35.55 33.98 

25.83 34.13 41.09 33.70 34.36 30.71 29.27 25.19 35.84 40.07 

26.30 43.50 37.87 39.71 30.00 25.88 38.10 34.80 34.31 41.91 

... .." ..1.... . .J. ~I .I .I
'"I1nm1'J Lfl11::~v)'J!J'Il't1."(;1 LL'J1 CESTIEST "1.J'J1 fl1 Lll~t1 LL~::\"t'JUL1.J!J'I L1.JU~1 (;ltS1ULuU 

34.043 ~:: 5.298 nn./'Il~. 2 (;11~~1;1.J Lv)t1'"1::L~U~1~1U'Juitl~~ 130 ~'Jtlth'l ij~1U'JU~1nn~1 
" 

" .1.1' ..... I 0 .... .J ... ~ III... I 

'Dtl~~'Vll'ltl'lmt (nreq) ''1~rt1L'Vl1n1.J 64 ~1~tU'lI'J'ILL~'1fl'J1~L'tl~UffitJ~:: 99 (t=2.576) 
... ... 

Utln'"l1nUU'tl~(;j'LL'Jf CESTIEST L;;LLU::il1t""ijm1LL1J'I''J'Iitl~~tltlmtlu6 fu LlJl!Jij;~~1n~ 
, . .. 

'!i'J'ILL~::fl'J1~a'"l1nfhi.:JLn(;l1'WLLI'i~::''J.:J ;'1iJ..hiin~;i~1~fu1::;1.JiUL~1 (Degree of Freedom, f) 

I ... ..J... .J ~ .. , I'" ..I..... ... _~ ..I 

L'Vl1n1.J 6-3= 3 'Vl1::~1.JfI'J1~L''el~U a =0.95 ~fl1L'Vl1n1.J 7.814 f11fl'J1~Cl'"l1n'Dtl~~~tlL1J1!J1.JL'VltJ1.J• 
fi1f1'11~~~fi1U'JCU'"l1nfl'J1~~'"I1nm1LL'"ImL'"I'I~~humn1~~~~tl1.J'1.Plri1i.:J~tl.:J~1U'JU 2 'Dil~ L;;LLn 
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II' 

lJI1'l1~;t "l.24 mmJi!JtJLYimJ~'J1)J~'~-:J;r~)JrlLYim.JritJ~'J1)J~~1.~'"l1nm~LL'inLL'"l-:J~~1'lJm~ 
'II 

" 0­

V1li\~'tltJ1.f1n1~-:J~~N ~1\d1JrhlLN~-:J1.ui-:J'U1nL~tlUUI-:J1.~'"l1)J,1 
...I 

1'1'1 '1l.1 0 

BetaWeibull(ksc) 

3.2854.30917.865 - 23.2 5 

12.018 15.16872 23.2 - 27.825 

29.262 29.881383 27.825 - 32.45 

4 44.81432.45 - 37.075 35 39.349 

5 32.477 34.47737.075 - 41.7 39 

6 41.7 -44.32 5.836 7.8366 

Chi-Square Error 
8.279 9.003 

'h"in'l~ 7.814 

'"l1nm1V1li\~~tJ K-S (Kolomogorov-Smimov Test) ~tJ~1ri1~'J1)JLLeln~1-:J~-:J~li\ (Maxdif) 

ii 5 'IIilj;\m1LL'"lnLL'"l-:JLLtJtJU(;l1 m1LL'"lnLL'i-:J~1~li\'IIilt'l~~1)JLLtJtJ1.'J\lrli mrLL'inLL'"l-:J'IIilli\~,"ii-:Jrh 

~1\,!~LLtJtJll)J LtJrl m1LL'"lnLL'"l~ LL'.JtJ!hn~ LLrl:m1LL'"lnLL'"l-:J LLtJtJLLn)J)J1ii rhLi~lu 0.047,0.069,0.082, 

0.085 LLrl: 0.095 ~-:J1.""ri1~1n~1ui~LmutJLYitltJritJrh~nq~LvhritJ el1)J~1~tJ0.119 

.. ., ~ .. _~... 
'"l:Lilu1.~~1 ri1LL~t'I-:J1.ULLU'J ~-:J'U1n L~UU'llTl-:J ~'"l1)J,r 

'.. ..I 
m1LL'"In LL'"l-:J;j1~li\'IIUt'lVI~1)J LLtJtJ 

'I ...... , .. '10'" J...I 
~'J\lrlrl)J~1 ~'J1)J ~rl1 t'lL~rl~U~1nm1V1 j;\~~tJ ~~mrl-:J~~-:J el1V1~ j;\ 

.. ...I 
~U'Dru.,"'l'ImrLL'"ln 

.... 
LL'"l-:J LLtJtJtJ(;l1 )J 

,.. J ...I .. ''I.l'' .. 
fil1fil'J1)Jfilrl1li\Lflrl~U'"l1nm1V1j;\~~tJK-S el1V1~j;\ '"l-3~1'"lnrl1'J ~Pl'J1m1LL'"lnLL'"l-:JLLtJtJtJel1LLi'l:mr 

J .. ...I ~..... 1! _I .. ... ... ...I .. .. ... 
LL'"lnLL'"l-:Jel1~C'I'IIU"VI~1)JLLtJtJ ~'J\li'li'l)Jll1'J:L"D1t.J,J~UVlntJ'II~~i'l)J1nVl~j;\ LU~-:J'"l1n ~,"fil'J1)Jfli'l1" 

..... ...1 .. , ... "" .....I J .. ...I 
Lfili'l~UU~tlVl\,!li\LLi'l:;)Jfl1U~tlm1fll1'Jnq(;l '"l1nm1Y1l'l~~tJ K-S ~U'DN:Y1n11LL'"lnLL'"l-:Jel1\,!l'l'llUj;\VI 

~1)JLLtJtJbtJi'li mrLL'"lnLL'"l-:J'IIilli\~,"ii~rl1~1~Ci\LLtJtJn)JLtJi'l m1LL'"lnLL'"l-:JLLtJtJtJ1n~ LLrl:m1LL'"ln.. . . 
co ..... 't"l ...... 'I1!.... ..... " .... : 

LL'"l~LLtJtJLLn)J)J1n~1)J11tltl~)J1tJ ~'" ~'IILLVlU'D~~i'l ~LU~-:J'"l1n)Jfil'J1)Jfili'l1l'lLfli'l~UU~tlm1fil1'JnqelVl-:J 
., ... 

~~-:Jn1ffijill~~tJLLi'l:'"l1nn11~u.~"-:JfI'J1)J~~l'lfil«~-31~~1-:Jf~)Ji'lrhLL~~-31.ULLU'Ji-:J~1nLfttlU'IItl-:J1.~.. 
'"l1)J,1 ~~1Un11V1li\~~tJll1'J:dhltJ~ilVl1.fln1i~~tl-:J LLrl:m1V1"'~~tJ K-S ~1)J1roLL~j;\-:J'lcnUl,j 
...I ° ...
VI '"l.23 LLi'l: '"l.24 el1)Ji'l1jilltJ 
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Tension Perpendicular to Grain 

pIotr 0.3
 
plotrn
 

e-e-e 
'" plotIGbS
Ii e-e-a
 
! plotftn
 
.t'~ 0.2;$ 
,.Q plotrgm 
.!~ 
f plotfWb 
II. +++ 

plotrbt 
~~ 

0.1 

pIon .l..data, data, data, data, data, data, data 
1 ension Perpendicular to Grain 

I '" '",t1oVi ~ .23 n11LmfJ1JLVlUU1::'VIt)1~ lil'J1~tii~~'V1jr~'t1~ lOb LLN ~~ LtlLL\,l') ~~'fl1 nL~U\,l~t1~ L~.. 
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Tension Perpenoicular to Grain 

Tension Perpendicular to Grain 
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.:I 2.6 n1'Y1(;1"''!l1Ju.'.:I~U'i1UllU1ULi!lU (Shear Parallel to Grain) 

41U'JU 130 ~'J'tlt.h~LL~~~lu1fI111~~'"1.25 

81.20 81.90 189.50 139.70 164.20 151.00 79.70 171.30 132.50 108.80 

146.10 171.20 90.40 136.20 142.10 175.40 175.40 169.90 151.10 151.60 

77.70 92.50 70.10 114.30 134.90 163.20 166.80 113.80 84.10 137.20 

125.30 117.30 123.80 123.60 144.30 131.10 145.20 125.50 131.40 128.30 

98.90 115.00 131.80 132.50 116.50 142.70 130.70 148.10 112.40 137.30 

156.60 134.00 154.60 138.50 120.40 101.50 124.30 126.80 98.90 103.70 

124.60 124.60 86.60 96.60 127.00 148.00 142.20 124.60 124.30 136.90 

137.70 144.30 148.50 119.20 127.50 142.50 127.90 142.70 152.60 126.30 

161.90 125.50 110.20 123.30 137.40 134.60 107.90 112.70 112.00 90.20 

139.00 146.90 127.80 131.20 128.00 153.70 122.60 143.20 124.60 156.90 

114.30 109.20 137.70 137.70 144.60 119.60 129.20 149.40 106.30 109.70 

160.90 141.40 148.50 130.90 133.60 119.90 135.30 138.10 119.60 111.60 

136.20 131.40 138.10 147.20 96.20 117.70 161.20 123.30 105.30 129.50 

~nnm1~Lf111~i~'JtJ'll'tl-ntJlLL'Jf CESTTEST 'Wu~1fi1L~f{tJ U~~~'JULrltJ~L'lJUtl1~1S1ULi'JU 

129.712 U~~ 22.186 nn.l'll:IJ. 2 911tl~1~U t"'tJ"~L~U~141U'JU;'tl~~ 130 ~'J'tlth~ ii41U'JU 

tl1nnrh;'tl~~~iJf'tl~n11(nreq) ~~iifi1Lvhnu 78 ~1~fu·JI'J~U~~fl'J1tlL~'tl~U1'tltJ~~ 99 (t=2.567) 
~ ~ 

U'tln"1mrUtD'tl-n~u'Jf CESTTEST \~uu~u11.~iim1LLm·JI'J~;'tl~~'tl'tlmtiu 6 iu t"'tJii;j",41n", 
I I ~ 

"JI'J~LL~~fl'J1tl~"1nfi1i~Lnlfl'l.'Wul'i~~,j'J~ ~~iifi1~n~~~1~1u1~~U;UL~1 (Degree of Freedom, f) 

,., .I., .d':" .. , • ., • .I '" ctI _~ cI 

LVl1nU 6-3=3 'Y11~~Uf1'J1tlL'D'tltlUa =0.95 tlf11L'Y11n'lJ 7.814 fl1f1'J1tltl"1n"1J'tl\!~UJ'tlL1J1tJUL'Y1tJU 

I ..l..l 0 ...l ..l I ~ _""''' ... .... 

f11fl'J1tltl'Y1fl1u'JCl.l'"l1nfl'J1tltl"1nm1LL"mL"~'V1~1Um1'V1"'~"'~'tlUIJ"lm~~~~"1U'JU2 "JIU(;\ tlm1 

u"mL"~fi1~1~"'''JIU'''~~1tlU'lJubu~iu~~m1LL,,nu,,~t11n~. U~~~'l.U~111~~".26 
~ 
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... 

.. 
Vl~~tl1J1flri1i.:l~'el.:l ~1~11Jfhn1~Vl~~tl1JU.NL~'elU"ilU1UL~!..IU 

...I 
fl'J1lJrI 

Normal(ksc) Weibull 

2.3453.8077.078 - 83 5 

14.1152 83 - 104.25 13.30411 

34.152 38.7953 104.25 - 125.5 35 

4 125.5 - 146.75 48.556 45.84752 

5 146.75 -168 21 26.899 23.320 

6 168-189.52 3.250 5.1036 

Chi-Square Error 
4.658 5.278 

,h1nf]~ 7.814 

'il1nn11'V1~~tl1J K-S (Kolomogorov - Sminov Test) fi1J~1fi1fl,)1~LL(;lnj;h.:l~.:I~l'l (Maxdif) 

ij 5 "II\l~LtlUn1~u.'ilmL'il.:l.fi1~1~~"II\l~~~1~U.1J1JL,)1J~if n1~LL'ilnu.'il.:l.LL1J1Jtlm~ n1~LL'"lnu.'il.:l."II\ll'l~. ~ 

~;i.:l.fi1~.:I.~~U.1J1Jf)~L1J~ n1~u.'ilnu.'il.:lillJ11LL~~n1~LL'ilnu.'il.:l.u.n~~1ijfi1Ltlu 0.058, 0.071, 0.079, 

0.083 u.~~ 0.092 ~.:I.1~fi1~1n~1Lrltl~tint1JLii!..l1Jri1Jfh'iin~~~'hri1J 0.119 (;l1~~1~1J 

'il~L~uL~ti1fi1u.NL~'flU"JIU1ULi!..lU"JItl.:l.W'il1~'il1n1~u.'ilnu.'il.:ll"11~1~~"II\l(;l~~1~u.1J1JL,)1J~if. . ~ 

ijf'i1fl,)1~fl~1~Lfl~'elU'il1nn1~Vl~~tl1JLflri1i.:l.~tl.:l~1~~~ 1U'Dcu~~tiimriUn11u.'"lnu.'"l.:lf'i1~1~~ 
... ..I ~,... ..-1 ':..1 .J" ..... I 

'DU~Vl~1~U.1J1J ~')\!~~ ~fl1fl,)1~fl~1~Lfl~tlU'il1nn11'V1l.'l~tl1J K-S (;l1Vl~l.'lLlIULl.'lmnU 'il.:ltl1'iln~1,) 

\~ti1n11u.'ilmL'il.:lf'i1~1~"'''IIill.'l~~1~U.1J1J\')\l~ifijfl1,)~L;1zU~ilVlri1J;tl\l~~1n~~l.'l L;jtl.:l'il1n1~ 
.-I 1.-..1 ... , I.- ,''' " ..II 

fl,)1~fl~1(;lLfl~tlUUtl!..lVl~(;lU.~:::~fl1Utl!..lm1fl1')n~1J1 'il1nn1ml.'l~tl1J K-S ~U'DCU~Vln11LL'"ln 

u.'il~u.1J1JtJ1n~ n11u.'ilnu.'il.:l"llUl'l~~;i.:lfi1~.:I~l'lU.1J1JfJ~L'J~ n11u.'ilnu.'"l.:lillJ11U.~~n11u.'ilnu.'il.:lu.n~~1 
<6 "'''.1!:"I1.- I.- ~I.-.-I.. .-I I.- • , ••••1
n~1~11t'l!..ltl~11J ~~ ~"IIU.VlU'!Itl'J~ ~l.'l LUtl~'il1n~fl,)1~fl~1l.'lLI'l~tlUUtl!..lm1fl1')n~lJ1 n11""U.~(;l.:lfl,)1~ 

l' ,I.- ... .: 'L':' ... ..I , ~ .... I .. 
~tl(;lfl~tl~1~W~'W'Dtl\l~fl1LLNL'1ltlU'DU1UL~!..IU'Dtl.:l Vll:J1Un1m(;l~tl1Jfl1,)~L'!I1tu~UVl~'"l1~'1 

Lflri1i~~tl.:l n11Vl~Ml1J K-S ~1~11t'lU.~(;l'lLtnUpJ~ 'il.25 U.~~ 'il.26 (;\1~~1~1J 
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II' 

SHEAR STRENGTH
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0.1 

pion, data,data~dataJ..data....data, data, data
SHEAKSTKENtiTH 

,
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~ 
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~ 2.7 n1'1'V1fltl'il\Jn1'l~n"l.l1j;'l"l.l'il~\~ (Cleavage) 

~'l'U';l'U 130 ~';l'f)th'l Ll.~IML'U~'l1'l'l~ ~.27 

76.00 73.12 74.52 68.78 72.60 70.46 65.16 67.82 58.62 80.74 

59.62 74.08 82.04 65.42 59.54 62.98 52.38 58.28 50.24 65.42 

57.32 82.04 71.42 56.54 57.46 55.02 73.36 52.64 60.64 52.38 

78.94 57.02 57.98 69.82 59.20 56.28 54.68 86.62 55.34 66.84 

51.18 51.68 57.88 80.04 69.18 80.86 50.06 60.90 88.12 54.94 

53.18 56.80 59.94 59.50 55.84 53.44 56.10 51.50 59.12 61.88 

50.06 53.32 83.04 84.26 47.80 73.66 83.48 51.02 76.56 69.82 

59.54 64.52 73.62 52.72 63.32 59.46 69.52 77.52 87.16 81.34 

58.20 84.20 49.58 80.38 70.08 56.76 65.22 63.52 54.88 81.26 

60.66 43.32 51.02 43.80 83.04 48.14 53.92 49.34 81.86 59.22 

65.00 83.78 81.86 85.00 80.64 72.66 75.10 57.76 42.84 86.68 

73.42 62.58 72.70 49.38 47.90 58.02 42.60 60.18 44.76 61.38 

50.54 70.78 45.72 50.54 86.18 81.34 87.16 52.46 67.62 57.06 

~'lnn1nLfl1'l:\f"'';ltJ'll'fl~,rLl.';lfCESTTEST "'1J~'lfi'lL'l;tJ Ll.ft:~';l'ULrltJ'lL1J'UlJ'l11l13'l'ULtI'U 

64.348 Ll.ft: 12.355 nn.l'lllJ
2

• (;l'llJ'~'l~1J t"'tJ~:L~'U~'l~'l'U'1'Uf'fl\lft 130 if'1'fl!h'l ii~'l'U'1'UlJ'lnn~'l 
II .I k ~ ... I ,... .... .J I ~ ~ ~_ :. 

'II'fl\jft'YII'I'fl'ln11 (nreq) 'll'llJfl'lL'YI'ln1J 98 £q'l~nJ"D'1'lLl.\Nfl'1'llJL'II'fllJ'UnJtJft: 99(t=2.576) 'U'fln~'ln'U'U 
., , 

'll'fl~(;]Ll.'1f CESTTEST \1lLl.'U:U'lL-«iin11Ll.li'l"ll'1'lf'fl\la'fl'flmil'U 7;'U t~tJii;~~'lri~1i'1'lLLft:fl'1'llJ~ 
I ., 

~'lnfi'li'lLnf1L'ULl.~a:'Il'1'l~'liil"i'l~n~jl~'l~i1.J::~1Ji'UL£q1(Degree of Freedom, t) L\'hri1J 7-3=4 
.I... ctl ~ ... , ,... 1.1 11 ~ _ ~ ... I .1.1 
'YIf:OIl1Jfl'1'llJL"ll'fllJ'U a = 0.95 lJfl'lL'YI'ln1J 9.487 fl'lfl'1'llJCl~'ln"D'fllJflUJ'flL1JftJ1JL'YItJ1Jfl'lfl'1'llJCl'YI 

OJ 

~'l'U'1CU~'lnfl';l'llJa~'lnn11Ll.~nLl.~'l~~'l'Un1f'Y1~£q~£q'fl1J\flrhi'l£q'fl'l "'1J~'l'Wiil"i'lfl';l'llJ~n'l1Ll.lOln 

Ll.~'l~'lnf'fl\jfl'llij",L~~'l'Un1f'Y1~£q'fl1JLflfi'li'l£q'fl'l Ll.£q"''lL'U6I'l1'l'l~ ~.28 
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/I 

I I • I 

... - ~.q ..."....., ...... '1. io' .... •
fl'''.:I'rl ~.28 m'1LUnlt.JLVlUt.Jl'l';l1)J()'!It)-:J'!It)'oJ~LVlUt.Jm.Jfl';l1)J()V1(;ltill1nm'1LL"'lnLL"'l-:JVleJ1Um'1 

V1l'l~t)t.J'l.fln1~-:J~t)-:J ~1~fu~1n1'1V1~~t)t.Jn1'1in'!l1(;l'!lt)-:J'I.~"'l1)J"'l1• 
:; .I 
'lIUVI 

(kscl 

42.59-49.1 9
 

2
 49.1-55.6 27
 

3
 55.6 - 62.2 32
 

4
 62.2-68.6 13
 

5
 68.6 -75.1 20
 

6
 75.1 -81.6 12
 

7
 1781.6 - 88.12 

Chi-Square Error 

fh~nCJiii 9.487 

"'l1nn1'1V1{it~t)t.J K-S (Kolomogorov-Sminov Test) ytt.J~1"'1fl';l1)JLL",nIJi1-:J~-:J~{it(Maxdif) 

iJ 5 ,Ul'lLtlum'1U"'lnU"'l-:JLLt.Jt.JU"'1 m'1U"'lnU"'l-:J,U~~wn-:Jfh~-:J~~LLt.Jt.Jfl)JLt.J~ n1'1LL"'lnU"'l-:JLLt.Jt.J~t)n 

tlffi~ m'1LL"'lnLL"'l-:JU'.Jt.Jun)J)J1LL~~n1'1U"'lnU"'l-:JLt)npH1fi1Ltlu 0.084, 0.087, 0.089,0.097 U~~ 

0.1 05 ~-:Jl~~1~1n~1ujt)Lm!Jt.JLVlut.Jrit.J"'1~n'l~LVhrit.J 611)J~1~t.J0.119 

"'l~L~u'l."'~1"'1m'1in'1J1{it"t)~W"'l1)J"'l1 'Wi1m'1U"'lnu"'l-:J,u"1,,i1,hfil';l1)Jfl~1"Lfl~t)u~1• 
n~1~1~n'l"'till1nn11V1{it~t)t.J'l.fln1~-:J~t)~ lU"~L~u';lriun1'1U"'lnU"'l-:Jut.Jt.JU6l11~"'1fl';l1)Jfl~1(;l 

..l ~ ..l .. , 'I.1t'. •• ~ "" 1 "" ...
Lfl~f)U"'l1nm'1Vll'l~t)t.J K-S 11I1V1~" "'l-:Jt)1"'ln~1';l ,,';l1m'1U"'lnU"'l-:JUt.Jt.JU6I1)J1l1';l~L'1I1t. u~UVln1.J 

io' ..l'; '1io' .; io'..l ., io' , ,"" 
"t)~~)J1nVl~{itLUf)-:J"'l1n~~fl';l1)Jfil~1~LfII~t)U\lt)UVI~~U~~)Jfl1\1t)Um1f11';ln'llJl "'l1nm'1V1"~t)t.J 

UUt.J Un)J)J1LL~~m'1U~ n U"'l-:JLt)nt. u n~1)J1'1()Ut))J'1U ~111 ~'1IUV1U'!It)~~ LUt)-:J~1n)J f1';l1)Jfl~1 flLflI~t)U 

~ ~ ~ ~ d I _ 

K-S ~U'!Itl.l~V1 m'1U"'lnU"'l-:J'U"V1~U~fl1~~t1"UUUfJ)JLU~ m'1LL"'lnU"'l~Uuu~t)ntl'1nlJl m'1U"'lnLL"'l-:J 

"" 1<1' ... '1.""'~ io' 'I. .." ..l. ..l 

ut)un~1fi1~n'l~U~~"'l1nn'11~U~~f1';l1)J~t)l'lfilflt)~'1~~~1~ft)~~fi1n1'1in"1fl't)-:J~~1)J'~~1U 

mlVll'l~f)U1l1';l~L'1ru~UVlU,ri1~~~t)~U~~n1'1V1~~t)U K-S ~1)J1'1()U~~~'I.~uru~ 4il.27 U~~ "'l.28 
~ ~ 
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.:J 2.8 fi1n1'l'VIl;'l.'8\Jf'I~1~L\IIi1!1~ (Toughness) 

~1U';lU 130 ~';l'il~.h~ LL~~~1.Uj;l111~~ ....29 

391.48 439.44 423.81 340.44 469.63 423.81 374.81 407.82 322.76 248.88 

267.81 439.44 374.81 322.76 340.44 340.44 340.44 286.44 374.81 484.18 

391.48 286.44 340.44 304.76 525.57 248.88 374.81 322.76 357.79 469.63 

391.48 439.44 423.81 340.44 469.63 423.81 374.81 407.82 322.76 248.88 

267.81 439.44 374.81 322.76 340.44 322.76 322.76 340.44 286.44 374.81 

391.48 286.44 340.44 304.76 248.88 374.81 322.76 357.79 469.63 374.81 

407.82 322.76 322.76 248.88 267.81 439.44 374.81 322.76 304.76 286.44 

374.81 525.57 484.18 391.48 469.63 469.63 357.79 322.76 374.81 248.88 

267.81 304.76 469.63 340.44 286.44 439.44 340.44 439.44 525.57 391.48 

439.44 423.81 340.44 469.63 423.81 374.81 340.44 286.44 374.81 484.18 

391.48 286.44 340.44 374.81 286.44 248.88 469.63 439.44 423.81 374.81 

374.81 322.76 469.63 439.44 423.81 267.81 374.81 286.44 391.48 340.44 

322.76 469.63 391.48 286.44 423.81 304.76 248.88 439.44 304.76 322.76 

"'1nn1f~Lfl11~\f~';ltJ'Jl'il-nlJlLL';lf CESTTEST Yi1J~1fi1Lll~tJ LL~~~';lULrltJ~L1JlU.l1~f31ULtiU 

366.67 LL~~ 69.682 nn.l'IJI~2. 'l12J~1~tJ tCiltJ"'~L~U~1~1U';luftl2J~130 ~';ltlth~ij~1U';lU2J1nn~1 
v 

ftl~~~rA'tl~n11 (nreq) ~~51fi1L'VhntJ 96 ~1\11fu"ll';l~LL~~fl';l12JL~tl~UltltJ~~99(t=2.576) Utln"'1n~u .. , 
'IJItl-nrA"LL';lf CESTTEST L~LLU~U1L~ijn11LLti~"Il';l~ftl2J~tltlmtiu6;u tCiltJ;j;lCil~1nCil"ll';l~LL~~fl';l12Ja 

. , ..v 

"'1nfhi~Ln'l1.ULLIJi~~';l~ ;~ijri1~n~~~1~fu1~~tJiuL~1 (Degree of Freedom, f) L'Vi1ntJ 6-3=3 

..I... ..; ~ ... , '''' ,..I..... _I':!! ..., ..1..1 
'VIf~CiltJfl';l12JL'lJltl2JU C( = 0.95 2Jfl1L'VI1ntJ 7.814 fl1fl';l12JtlIil1n'tl2J~UJtlLumtJL'VItJtJfl1fl';l12JCl'VI v 

~1U';lCU"'1nfl';l12Jrl"'1nn11LL... nLL"'~~~1Un1f'VICil~Cil~'fltJLfln1i~~tl~ 2 '1lUCil L~LLri n1fLL... nLL...~fi1 
.: .....1 ~ r .1'" II ..I 
"'1~(il'1lU~'VI~12JLLtJtJ L';l\!~~LL~~n1fLL ... mL"'~lJmj;l LL~(il~ LUj;l1f1~'V1 1il.29 
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I I I I 

.. - F.!'" ..."...... coI ...'l " col ,pt1n-ll'Vl ~ .29 n1~LlJ~U1JLV1Utl ~,)12JmJYl~'!IYl\l~ LVI U1Jn1J fI') 12.1tlVl (;1'"l1nn1 ~LLtilnLL'"l~V1~1'\.,ln1~ 

V1(;1~Yl1J'ljiJihi~~Yl'l ~1"..f1Jrhn1~~~Yl1JfI')12JmUm 
.. 

~ ..I fl'l1l-J~m.lEJ1 

iuYl 
(kg-em) 

1 248.82-249 

2 249-305.75 

3 305.75 - 362.5 

4 362.5 - 419.25 

5 419.25 - 476 

6 476 - 525.626 

Chi-Square Error 

rh1nqiii 7.814 

..I .. 
fl'l1l-Jo'nn'll'ill;jf\ 

8 

22 

33 

30 

31 

6 

.l 
1'l'l1l-Jtl 

Weibull 

.l 
1'1'1 1l-J0 

Normal 

7.491 5.932 

17.012 18.894 

33.640 37.068 

41.226 38.819 

25.042 21.701 

5.185 6.117 

6.111 7.667 

til1nn1~V1~~Yl1J K-S (Kolomogorov- Smimov Test) ,"1J~1fi1fl,)12JLLj;\n(;j1'1~'1q~ (Maxdif) 

ii 4 'IlUl'lLtI'\.,ln1~LLtilnLLtil~LL1J1Jilj;\1 n1~LLtilnLLtil.:lLL1J'JLLn2J2J1 n1~LLtilnLLr,'NLL'J1J~YlmJmiiLLtl:::n1~LLtiln 

til:::L"..'\.,l f1I,)1fl1fl,)12JL'VI'\.,lm'llYl.:llJ.Jtil12Jtil~ n11LLtilnLLtil'l(;l1ql'l'll'\.,lf1lVl~12JLL1J1J 'J\!flfl 2Jl'l1 

LLtil.:l1.bn~iifi1LiI'\.,l 0.080, 0.087, 0.091 LL~::: 0.1 08 ;.:It,"rh~1n~1ujYlLmtl1JLVltl1Jn1Jfi1~n~~ 

LVl1n1J 0.119 ~12J~1i1J 

.. 'l'" I .. "_':''' ~.. -l 'l r'" . 

.oil '1_ 0... .: ...I ,...1 ... .. I 

fl,)12J fl~1 f1I Lfl~tl'\.,ltil1n m ~ f1I~ t11J 1.1"1 m~.:I~tl.:llJl1V1q f1I ~'\.,l'DCU:::V1n11LLtil n LL'"l.:l1J lJl12JjiJ1 fl,)12Jfl~1 {;\ 

Lfl~tl'\.,ltil1nn11V1f11~tl1J K-S ~1~~f1I ~.:Itl1tilntl1')'l"'~1n11LLtilnLLtil.:l~1~19I'1lill'l~~12JLL1Jtl'l'J\ltlffLL~::: 
..... " ~I - ... 11 ...I .oil,., .oil ., J 

n11LLtil n LLtil.:l LL1J1J1J lJl12J111'):::L'D 1llJ~'\.,lVl n1J"Dtl\ltl2J1nVlq ~ L'\.,ltl'ltil1n ~".. fl,)12J fltl1f11 Lfl~tl'\.,l'\.,ltltlVlq f1I 

LL~:::iil'i1,jtltln~1fi11n~1JI til1nm~~~tl1J K-S t'\.,l'DCU~n11LLtilnLLtil.:lLL1J1JLLn2J2J1 n11LLtilnLLtil.:l 

.1 - .1 ..... ""':i'I" 11 'l".... .oil
fltln1J1nlJlLL~:::m1LLtilnLLtil.:l1J1nlJln~12J11tltltl2J11J~"" ~"lILLVI'\.,l"Dtl\l~ ~ L'\.,ltl.:l'"l1n2Jfl,)12Jfl~1f11Lfl~tl'\.,l 

,jYl!m~1fi11n~~ LL~:::til1nn11,"LL~~1II,)12J~tll'lfl«tl.:l1:::""~1.:1fYl\l~fi1fl,)12JL"..l1m'Dtl.:l'l,jtil12J,nl 

th'\.,ln1~f1I~tl1J1l1,):::Lf1pJ~ilVl'llllri1i'l~tl.:lm1V1191~tl1J K-S ~12J11tlLL~f1I.:I'l~'\.,ll,J~ til.29 LLtl::: til.30 

lJI12J~1~1J 
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TUOGHNESS 

pet 
0.8 

pero 
000 
pefGL 

~ ~pefG~ .. 0.6
i eG B 
, penn 

i.. ~ 

perg 
'i ~~~i perFL 0.4 
u-­

petW 
+-++ 
pefb 

B-EH3 0.2 

550250 300 350 400 450 500 

data, data, data, data....da~ ...~taJ..data, data, data, data 
TuOGnl'll!.SIl 

~	 ,
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.IJ 2.9	 n1'i'WI6l.il'UFl113J LL;j.IJ"JI'il.IJ'l~ (Hardness)
 

n1'i'WI6l'll'il'UFl113JLL;i.IJ"JI'il.IJ'l~"JIU1ULltlU (Parallel to Grain)
 

~1U,;)U 130 ~';)~th.:J I.I.~Vl.:J1U(;l111.:J~~.30 

172.00 166.67 197.33 182.67 168.00 177.33 194.67 180.00 188.00 177.33 161.33 

146.67 177.33 164.00 192.00 213.33 208.00 193.33 185.33 165.33 156.00 150.67 

192.00 176.00 153.33 186.67 180.00 176.00 188.00 133.33 202.67 181.33 165.33 

177.33 160.00 200.00 198.67 162.67 150.67 185.33 182.67 166.67 165.33 185.33 

193.33 164.00 178.67 137.33 142.67 148.00 134.67 164.00 178.67 213.33 177.33 

136.00 157.33 220.00 201.33 193.33 149.33 142.67 166.67 194.67 214.67 184.00 

160.00 166.67 157.33 177.33 140.00 158.67 185.33 185.33 198.67 142.67 142.67 

186.67 150.67 129.33 166.67 194.67 177.33 202.67 168.00 198.67 193.33 149.33 

210.67 220.00 233.33 230.67 209.33 186.67 136.00 168.00 140.00 110.67 186.67 

130.67 165.33 141.33 165.33 193.33 165.33 181.33 153.33 188.00 174.67 189.33 

161.33 180.00 194.67 188.00 201.33 189.33 158.67 ·180.00 181.33 213.33 165.33 

189.33 192.00 162.67 192.00 201.33 178.67 204.00 205.33 182.67 178.98 204.89 

I ..I 
1iil1nm1~Lf'l11~"'Ii';)t1'J1'tl~lJ1I.1.';)f CESTTEST ·,..n.J~1fi1L~~t1 1.I.~~~,;)UL1.JtI.:JL1.JU3J1"5"1ULtlu 

176.245 LL~~ 23.1 05 nn.l3J~ 1JI13J~1~1.J t~t1~~L~U~141U';)U;r'tlJJ~ 130 ~';)'tlth.:J ij41U';)U 

3J1nn~1;'tlJJ~~Ii''tl.:Jm5' (nreq) ~.:Jijfi1LVhn1.J 46 ~1V1f1.J"II'J.:JI.I."'.:Jfl,;)13JL~'tl~U1tl!J~~99 (t=2.567) 

Utln~1nUU'JItl~(;\LL';)f CESTTEST U'I.I.U~1t\\,ijm1I.1.ti~"II,;).:J;rtlJJ~tltlmtiu 6 iu t(l\!Jij;(l\41n(l\ 
,	 , . 

"II,;).:JLL~~Fl,;)13Ja~1nfhl.:JLnf1tul.I.r;i~~"II';).:J ~~ijfi1~n~;]~1V1fu1~~1.J;UL~1 (Degree of Freedom, f) 

LYhn1.J 6-3 = 3 ~5'~i1.Jfl,;)13JL~'tl~U a =0.95 ijfi1LVhn1.J 7.814 fi1fl,;)13J~~1n;tlJJ~uJtlLtr5'tl1.JLVI!J1.J 
• ..1..1	 ..l ..I • It .... - It.,.0	 0 

fl1fl,;)13Jtl'Vlfl1U,;)W~1nFl,;)13Jtl"1nm1LL~nLL~~'Vl1:.l1Um1Vl(l\~(l\~'tl1.J 4 L(l\LLnLFlm~~~'tl.:J "IIU(l\ 

n15'LL~nl.l.lIil.:J1J5'n~ n15'LLlIilnLLIiil~l.I.n3J3J1 n11I.L~nLL~.:Jij"1 LL~~m1LLlIilnLL~.:J~tln1J1n~ LL~IMtU1JI111.:J 

'Vl1iil.31 
..I 
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.. _~ ~ cJ I; ell.... cJcJ'lk cJ. 
Vl1'S1.:1'1 "1.31 n11L1J111ULVllI1Jfl';l'nJCl~tl~~tl3-JfHVlmJmJfl';l13-JClVl ~';l1nn1nL"'lmL'"l~V1eJ1Un11.. 
V1f;l~tlU'lflihi~~tl~ ~1'V1furhn11V1f;l~'tlUfl';l13-JLL;~'ilU1ULillU'iltl~W'"l13-J,1 

::. ..I 
'IIUYI 

1i1~.:IUNtlUl 

(kg) 

110.65 - 136 

1'I'l1~a·nn 

-ii'ill;j~ 

..J 
1'I'l1~O 

Normal 

..J 
1'I'l1~O 

Gamma 

..J 
1'l'l1lJO 

Beta 

..J 
l'l'lllJO 

lognormal 

1 5 5.3 4.172 5.566 3.561 

2 136 - 155.25 19 18.328 19.639 20.553 20.145 

3 155.25 -174.5 30 37.456 39.525 34.391 40.723 

4 174.5 -193.75 49 39.749 38.255 37.128 37.674 

5 193.75-213 19 21.907 20.294 25.548 19.480 

6 213-233.35 8 6.384 6.675 6.811 6.676 

Chi-Square Error 

I'h~nCJiii 7.814 
4.473 5.843 6.417 7.148 

1Ol1nn11V1f;l~tlU K-S (Kolomogorov-Sminov Test) ~U~1fii1fl';l13-JLl.j;\nj;h~~~~f;l(Maxdif).. . 
ij 5 'llilI'lLtlUn11Ll.lOlmL'"l~;jj;\1 n11LLlOlmLIOl~1J1n~ n11LLlOlnLl.IOl~~1ql'l'llill'l~~13-JLLuu'l';l\l~tf n11Ll.lOln 

LLIOl~Ll.ntltl1Ll.~:n11Ll.'"lnLl.IOl~~tln1Jm~iifii1LtlU 0.062, 0.072, 0.081, 0.089 Ll.~: 0.098 ;~L,"fii1~1 

n~1uitlL,jWULVltJunurh~nqi~kvhnu0.119 1111t1~1i1U 
... , 

IOl:L~u't~~1rhfl';l13-JLL;~'ilU1ULillU'iltl~WIOl13-Jt;f1 n11LLlOlnLL"N1Jm~iifii1fl';l1t1fl~1{;lLfl;tlU 
II 0... J -1"1 ...... ... ... I .oil 

1011nn11V1 f;l~tlU Lfl n1~~~tl~1JI1V1~ f;l ~U'ilCU:Ll~m nUn11Ll.lOlnLl."'l~U1JI13-Jfl1fl';l1t1 fl~11'l Lfl~tlU1Ol1 n n11 • 
V1{;l~tlU K-S ~1~qf;l~~tl1IOlnfh';l't~~1 n11Ll.lOlmLIOl~1J1n~Ll.~:n11LLlOlnLl.IOl~;j1Jl1ijfl1';l:Li1l1J~tlVlnu 
1f -I.. 'l" ..; ,,-I ... ," ,"I 

'1Itl~~3-J1nVlq'" LUtl~1Ol1n 'VIfltntlfl~1f;lLfl~tlUUtltJVlqf;lLl.~:t1fl1UtltJm1fl1';lnqlJl 1Ol1nn11V1f;l~tlU 

..l .1 .. J:'l ..I 'l <f'K-S 'lU'ilCU:V1 n11Ll.lOlnLl.lOl~lJmlJl n11LLlOlmLIOl~1JI1qf;l'lll.l{;lVl~1t1LLUU ';l\l~~ n1nLlOlmLIOl~LLntltl1LL~: 

n11Ll.lOlnLl.IOl~~tln1J1n~n~1t11~CltJtltlfuLm;Ll.V1U;rtl~~'t~ L;1tl~1Ol1nijfl';l1t1fl~1{;lLfl~tlUUtltJn~1rh 

~nq~ LL~:1Ol1nnl1~Ll.\\IMfll';l1t1~tl{;lfl«tl~~'VI~1~itl~~fii1fll';l1t1Ll.;~'ilU1ULj'tJU'lltl~WIOl1t1"!"i ~chu 
" .1 .. II ... II.!"'\ n1-10

n11V1{;l\\tlUfl1';l:L')J1ilJ~UVI Lfln1~~~tl~Ll.~:n1lV1{;l~tlU K-S ~13-J11ClLL\\{;l~ LI'l LU.. VI 101.31 LL~: 101.32 

(;l13-J~1~U 
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Hardness Parallel to Grain 
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'bj'1il12-11il1ntJ~\In-nUfl'J12-1"'U1LLtiU'!Itl\lfll'J12-1ti11il~Ltlu~r.J1Un11'Vll'l~tltJ'1.flIri1i\l~tl\l• 
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n1"i'VI,.tlil\JA'.J1~LL';.:Ji~~inl!l'U'!IiI.:J\a1' (Tangent to Grain) 

~1'Ll':l'Ll 130 ~':l'flfh~ LL~'M'I.'Ll(;l1'11~~"'l.32 

82.67 65.33 72.00 88.00 93.33 98.67 72.00 64.00 82.67 81.33 84.00 

86.67 92.00 112.00 57.33 48.00 70.67 56.00 100.00 78.67 82.67 88.00 

112.00 70.67 70.67 82.67 65.33 84.00 88.00 78.67 96.00 106.67 82.67 

117.33 118.67 72.00 109.33 120.00 100.00 74.67 112.00 66.67 97.33 76.00 

108.00 100.00 84.00 69.33 97.33 76.00 60.00 84.00 101.33 86.67 68.00 

89.33 68.00 76.00 65.33 62.67 93.33 88.00 102.67 73.33 82.67 94.67 

80.00 57.33 82.67 85,33 82.67 81.33 61.33 68.00 77.33 74.67 60.00 

65.33 77.33 94.67 65.33 102.67 69.33 102.67 64.00 98.67 73.33 66.67 

94.67 81.33 109.33 66.67 73.33 81.33 69.33 80.00 84.00 102.67 64.00 

73.33 84.00 77.33 81.33 61.33 76.00 89.33 65.33 89.33 78.67 81.33 

94.67 77.33 85.33 65.33 89.33 73.33 85.33 84.00 84.00 68.00 65.33 

70.67 73.33 57.33 72.00 85.33 65.33 81.33 77.33 65.33 80.85 73.86 

'"I1nn111LA'11~i';l':lU'li'fl~ILL':lf CESTIEST .,.nJ~1ri1L'i1~t1 LL~~eb'LlLrltl~LtJ'Ll2.J1lJ11~1'LlLtI'Ll 

81.25 LL~~ 14.875 nn.l2.J2.J lJI12.J~1~tJ t(;ltl'"l~L~'Ll~141'Ll,)'Ll;tl~~ 130 rK,)tlth.:J i141'Ll':l'Ll2.J1nn~1 
.,.1" .i.1 I" 0... . .. ~., :,
,tl~~'VIlJ1tl~n11 (nreq) 'Ii.:J2.Jfl1L'Vl1ntJ 89 ~1,"1'IJ',)~LLVI.:JfI,)12.JL"JItl2.J'Ll1'fltl~~99(t=2.576) 'Lltln'"l1n'Ll'Ll 

"JItl~IJiLL':lf CESTIEST '~LL~U1'1.~iln1'1LLti.:J'')~;tl2o!~tl£lnLtI'Ll7 -i'Ll t"t1il;l(;l41ri"',).:JLL~~fl,)12.Jrl 
, ~ 

'"I1nfhi~LnlJl'l.'LlLLtJi~~,')~ ;~ij~h1n'lji~1,"ftJ1~~tJi'LlL~1 (Degree of Freedom, f) L'hritJ 7-3=4 

""'... ...:., "", ,... 1../...... . ~ _, ../..1
'VI1~"'JfI,)12.JL"JItl2.J'Ll a = 0.95 2.Jfl1L'VI1ntJ 9.487 f11f1')12.Jtl'"l1n'!ltl2.J~L2.JtlL1JffitJL'VItltJfl1fl':l12.Jtl'VI.. 

G ..I ..I , , G ... , ~.!_ , ..I 
fl1 'Ll,) tu'"l1n fI,)12.J tl'"l1n n1'1LL'"In LL'"I'I'VI e.J1'Lln1 '1'V1 c;'l~ c;'l~tltJ fI n1~'1 V4tJ')1lJ.l2.J fl1fl,)12.J tln1'1LL'"InLL'"1'1 

'"I1n;tl2o!~"JIil"'I.,,eh'Lln11'V1l'l~'fltJ'flri1~'I~tl'I LL~(;l~'I.'LllJl1'11.:J~ '"1.33 
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II' 

... ....J " ..., .J,J~ II .J I

j;11'l1~Y1 ~.33 n1m.nUUL'VIUUi"l,)1~tl"tltl~"tltl~~L'VIUUnUm1~ClVl ~(;\~1nn11LL~mL~~V1t.l1Umr 

'VI~~tlu1."lfi1~~~tl~ ~1~fuf'hm1'V1~~tlUf1,)1~LL;~i~cr~L~UU"tltl~W~1~'1 
.J 

fl'1'UJC1.. .J 
iuYl 

(kg) 

48- 59 5
 

2
 59-69 25
 

3
 69-79 31 

4 79-89 35
 

5
 89-99 16
 

6
 99-109 10
 

7
 109 -120 8 

Chi-Square Error 

fh:'inqiii 9.48773 

~1nm1'V1(;\~tl11 K-S (Kolomogorov-Sminov Test) ~11~1fi1fl,)1~LLlijn~h~~~~t;l(Maxdif) 

ij 5 'DUl'lLiJUn111.L~nl.L~~I.L1111~tlntl1n;l m11.L~nl.L~~I.L1111LLm.J~1 m11.L'"Inl.L'"I~'DUl'l~~~~fh~~i1l'l 

1.L1111fJ~L11~ m11.L'"Inl.L4t~I.L1111U1n~ 1.L~:;m11.L'"InLL'"I~LL1111nlJl1ijfl1Ltlu 0.053, 0.065, 0.080,0.088 

u.~~ 0.089 ~~1~fh~1ntj1u1tlLmu11Lliu11ri11fl1~n~;jLvhri110.119 ..
 
'"I~L,"u'Atj1fl1fl~1~U.;'li~er~L;UU"tlt1'11Jj'"l1~,1 'Wijn11LL'"Inl.L'"I'I'Dul'll",ijfl1fl'.l1~l'I~1C;\ 

Lfl~tlU~1ntj1fh~n~(ij'"l1nmrVl(;\~tl111fln1~~~tl'l lu"tlcu~L~mrium1u.'lllmL'"I'Iu.1111~tlntlm~ijfl1 
cl c: ..I .. I tiki tI .....

fl~1~flfl1"Lfl~tlU'"l1nm1'Vl"~flU K-S (;11V1~(;\ '"I~t11'~n~1~ W1'nn111.L'"Inu.'it'lu.1l11~fln 1nlJl ~ 

.... 1 ... ... ... ..I'" 'l'" ..I .....1 .. ,''' I ' ''' 

1l1~~L"tl111JiQUVlnll"tltl\lfl~1n'Vl~llIlLUfl~'"I1n ~~f1~1~fl~ 1(;\LflfltlUUflUYI~ "LLfl~~ fl1UtlUn11 fl1~n~ IJ1 

'l ..,j ... ..I ...1 • 
'"I1nm1'VllliQtl11 K-S ~U'~'Vlm11.L'"Inl.L'it'lLL1111u.n~~1 m1u.'"Inu."N'DU(;\'VI,"U'Ifl1~'1i111U.1l1lf1~Lll~ 

n11u.4tnLL'it~u.1111tJm~ u.~~n11u.~nU'"l~LLllllilIJ11ii~1~11tlUtl~fulm;uYluifl~~'~Ldfl~'"I1nijfl~1~ 

_ 

OJ 

flfl1l'1Lfl~flUUfltJntj1fl1~n~Jl LLfl~'"I1nnr1~UiQ~fl~1~~fl"fl«tl~1~tj1~ifl\lflI'i1m1~1.L;~i~rriQ 
~ ILl:' OIl ..I I ... I ... ~ 0 ... 

L\'ttJU'Dfl~~1ij1~'1 Y1t.l1Un11'Vlli'liQflll1l1,)~L'1PJ~U'VI~flmfl~~tl~Ufl~m1Y1l'1~flllK-S ~1~11ClU~II~ 

'~UltJ~ '"1.33 Ufl~ '"1.34 "1~fh~11 
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Hardness Tangent to Grain 
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pelGL
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e-e-s 0.2 
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., VI ~.34 m1LlJ1tJtJL'VltJtJ1~\II11~fl,;)1~C'l~~~~'Jl'eNfl1m1'Vll'l~'eltJfl,;)1~LL'Jl~'n~~~ 
~ , 

L~tJ'l.l'Jltl~'W'1l:l1~.,'intJ~~n;'l.lm1LLll:lnLLIl:l~Vi~h'l.lm1'Vll'l~'eltJ K-S• 
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f.,n1~"j;ltI'!l'l.lfl~1~U.1i~:~'i11mi!l'U (Perpendicular to Grain) 
• ..., 'I .,j

1O:I1UIJ'l.l 130 VlIJ'rltJ1'1 LL~I;)'I ~UVl111'1'" 10:1.34 

81.33 97.33 84.00 98.67 102.67 86.67 113.33 93.33 93.33 97.33 116.00 

98.67 108.00 86.67 97.33 78.67 73.33 116.00 74.67 101.33 125.33 104.00 

128.00 73.33 114.67 97.33 82.67 101.33 70.67 70.67 118.67 98.67 124.00 

120.00 81.33 78.67 118.67 89.33 90.67 116.00 77.33 77.33 118.67 116.00 

108.00 129.33 89.33 86.67 128.00 117.33 85.33 81.33 80.00 122.67 98.67 

106.67 93.33 80.00 126.67 110.67 77.33 89.33 102.67 102.67 77.33 102.67 

89.33 66.67 92.00 77.33 102.67 101.33 76.00 84.00 104.00 82.67 86.67 

82.67 73.33 122.67 84.00 113.33 80.00 130.67 74.67 120.00 84.00 76.00 

96.00 94.67 128.00 105.33 72.00 80.00 98.67 90.67 72.00 109.33 64.00 

78.67 78.67 84.00 90.67 74.67 88.00 78.67 68.00 73.33 68.00 76.00 

81.33 81.33 78.67 81.33 78.67 81.33 76.00 80.00 90.67 78.67 69.33 

77.33 85.33 94.67 82.67 76.00 76.00 78.67 97.33 74.67 89.32 79.54 

~1n n11~ Lfl11:::\f~IJtJ'Jl'tl-n~LLIJ1 CESTIEST Y'ltJ~1rhL~;tJ LL~:::fh'l.lLritJ'I LtJ~1 VlI'll 'l.lLi'l'l.l 
<II 

92.164 LL~::: 17.026 nn.ltltl j;l1tl~1~tJ LlJltJ~:::L~U~1~1UIJU''rltl~130 /KIJ'rlU1'1 il~1UIJUtl1nn~1.. 
,~~~~iJf'rl'ln11 (nreq) ~'1ilfi1LvhritJ 91 ~1~fu'IJ'ILL"''1flIJ1tlL~'rl~uffitJ~::: 99(t=2.567) U'rln~1mrU . 

.
, 

'Jl'rl-nlJ1UIJ1 CESTIEST VlUU:::U1t~iln11LL,j'l'IJ'I''rl~~'rl'rlmi'lu7 iu L"'tJil;I",41ri""IJ'ILL~:::flIJ1tlti 
, 

1O:I1nfi1tf'lLntJ1tuutJi~:::'IJ'I ~'1ilfi1~ntl~~1~fu1:::~tJiuL~1- (Degree of Freedom,1) LvhritJ 7-3=4 

..I... ..I ~ .... '... , ..l" ..I _I'!! ..., ..I..l 
V11:::""JflIJ1tlL'!l'rltlU a = 0.95 tlfl1LVI1ntJ 9.487 fl1flIJ1tltl~1n''rltl£'lUJ'rlL1J1tJtJLVltJtJfl1flIJ1tltlVl.. 
• ..l ..I I ~ 0 ... , ~_!_ , ..I 
fl1UIJNIO:I1n flIJ1tltllO:l1nn11LL"'l f1LLIO:I'I"'~1un11V1(;)~ "'~'rltJ Lfln1£'l'l Y'ltJIJ1IJ..ltlfl1flIJ1tltln11LLIO:I nLLIO:I'I 

" .... 'I ' ~ 0 ... 'I ..l
~1n,'rl~£'l'!lU'" ~"'~1'l.ln1ff1"'~'tltJ Lfln1~'1~'rl'l U~"''1 LUtJ1111'1V1 ~.35 
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~1'1-3;l ~.35 m~LtI'hn.JLViuum1)J~'Jl'tl-:li'tl)J~LViuuriufil'J1)Ja~LtJf"l1nmnL"lnLL"l-:l~~h\lm~ 
'II 

'VI(;\~'tl'.JLfilri1i-:l~'tl-:l ~1~1uf'i1n1~'VI(;\~'tlUfil'J1)JLL';-:I~-:I~1nLiuu"1I'tl-:lL~"l1)J"'i 
.J 

1'I'111.1Cl 
~ .J 
'llUYl
 

(kg)
 

64 -73.6 13
 

2
 41
 

3
 

73.6 -83.1 

2183.1 -92.6 

4 19
 

5
 

92.6 -102.1 

102.1 -111.6 13
 

6
 111.6 -121.1 13
 

7
 121.1-130.67 10 

Chi-Square Error 

fh'int]~ 9.487 

1;lj1nn1~'VI(;\~'tlU K-S (Kolomogorov-Sminov Test) ~U~1f'i1fil'J1)JLL~nr;h-:l~-:lq(;\ (Maxdif) 

i:i 3 "1IU~Ltlun11LLl;ljnLL"l-:lLLUUU~1 n11LL'"InLL'"I-:I"IIil(;l~~ii-:lrh~-:lq(;lLLUUT1~LU£UL~~n11LL'"InLL'"I-:lLLUU 

~'tlntJ1n~ijfi1Ltlu 0.085, 0.1 03 LL~~ 0.114 ~-:lL,x;h~1nti1Lii'tlLtrffiULVluuriu'h~nq~Lvhnu 

0.119 (;l1)J~1~1J 
.. .. 

'"I~L ~u'lr1lti1fi1 fil'J1)J LL~-:I~-:I~1n LiUU"1I'tl-:lU!'"I1)J'1'1 hiijn11LL'"InLL'"I-:I"IIU(;\t£ilij;l1 fil'J1)Jfil~1£iI 

Lfil~'tlU~1nti1;i1~nqVllOj1nm1'Y1(;\~'tlu'lfilrhi-:l~'tl~ tU"1Itu~L~U'JnUn11LLl;ljnLLI;lj-:lLL1JutlLJl1ij;i1fl'J1)J 

fil~1(;lLfl;'tlU'"I1nn1nt£il~'tlU K-S ~1~~~ ~~'tl1'"1n£'i1'J'l~ti1011LL'"InLL'"I-:lLL1J1JtlLJl1i:i111'J:;Li1p.1~U'VI 
... ., ..I oJ t" oJ .,..1 ~ • ., ...I 

nU'tl~~~1n'VI£1(;\ LU'tl-:l'"l1n V1fil'J1)Jfl~1(;\Lfl~'tlUU'tlfjVlq(;\LL~~)Jfil1UtlUm1fl1'Jnq(;\ '"I1nn11'V1£i1~'tlU 

K-S tU'tu:;~01fLL'"InLL'"I-:I"IIU(1l~""ii-:ljih~-:I~I'ILLUun)JLu~LL~~01:i'LL'"InLL'"I~LLUU~tlntJm~ n~1)J1:i'tl 
'II' • 

... .. ~ ., J:' 'l1:' .. ~ oJ ., '" .. ..1I

fjtl)JnJ ~V1 ~"IILLVlUlI'tl\l~ VlL\l'tl~r,nmJfil'J1~fl£'1l'lLfl~tlUU'tlUm1fil1'Jn~(;l LL£':;'"I1nn:i'1TfLL~l'l~fl'J'UJ 

.... I 

~tl £iI flfltl-:l1~ti1~;tl2J ~ Pi1 fl'J1)JLL;\I ~\I'U1n LafjU,tl\lU!IOj1)J'1"1 VI ~1Un11'V1l'\~tlU1l1'J:;L i1pJ~U'VI 

'lfilri1i\l~tl\lLL~~01ntl'l~'tlU K-S ~1~11tlLL~£iI\I'ltrLUp.I~ '"1.35 LL£'~ '"1.36 (;11)J~1~U 
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I ~ ~ 

'ltl;i ~. 35 n1nm!J'lJLVi!J'lJ1~'l-d1..:1fil,)1~~i~n"t'1fi'!JtN fl1n11"t'1 (;l£\t)'lJfil,)1~ LL;..:I tK..:I~1 n L~!J'l.l"Jlt)..:I 
u 
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'ltl;l ~.36 n1nm!J'lJLVl!J'lJ1~V1~1..:1fil')1~~£\~£\~'lItl..:lrl1n11"t'1~£\tl'lJm1~LL;..:I~..:I~1n 
u 

~ , 
L~!J'l.l"Jltl..:l·bJ~1~~1ri'lJ'Yf..:lffoB'un11LL~nLL~..:IVi~hUn11"t'1(;l~'fl'lJ K-S• 

plotf 0,3 
plotfD 
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ll. -t- -t- t ­
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• • 0 .., 

-.1 2.10 n1'lYlfltlil\J fl1 A~1J,1tl~-.1~1~"1:;u.1l:;n1'l'Ullij~ 

n1'm"tlil\Jfl~1J,1Q~-.1"'1~"1:;(Specific Gravity) ~1U,)U 130 ~,)'rlth~ 

u~~~1.U~111~~'il.36 

0.55 0.43 0.54 0.48 0.56 0.54 0.54 0.57 0.49 0.48 

0.48 0.54 0.54 0.56 0.48 0.49 0.55 0.54 0.53 0.47 

0.52 0.47 0.54 0.58 0.51 0.56 0.56 0.55 0.61 0.54 

0.50 0.46 0.49 0.48 0.45 0.54 0.50 0.48 0.49 0.51 

0.55 0.50 0.51 0.57 0.40 0.41 0.44 0.45 0.52 0.54 

0.53 0.48 0.48 0.48 0.45 0.51 0.42 0.56 0.50 0.40 

0.51 0.54 0.52 0.58 0,48 0.39 0.56 0.51 0.50 0.56 

0.51 0.41 0.52 0.46 0.57 0.56 0.51 0.46 0.54 0.48 

0.48 0.53 0.61 0.55 0.50 0.53 0.54 0.52 0.56 0.55 

0.53 0.56 0.52 0.49 0.55 0,49 0.51 0.55 0.49 0.49 

0.49 0.57 0.52 0,47 0.53 0.48 0.53 0.51 0.51 0.49 

0.45 0.55 0.49 0.57 0.55 0.52 0.54 0.49 0.51 0.49 

0.53 0.52 0.57 0.50 0.48 0.51 0.46 0.57 0.60 0.44 

, ...I 
'il1nm1~Lfil'l1::\f~,)U'Jl'rl'rirA'LL')f CESTIEST "'tJ~1ri1L't}~U LLfl::~,)ULtJmLtJU~1f1'lS1ULtlu 

0.512 LLfl:: 0.044 ~1~~1~tJ 'LIlU~::L,"U~1~1U,)U;'rl~fl130 "',)'rlth~ ij~1U,)~1nn~1;'rl~fl~ 
~ ~ 

I • I ... 

tli'tHn1'1 (nreq) .~ijri1L,hntJ 20 ~1,.d'J·Jb~LL~~fil,)1~L;'rl2!ufilufl:: 99 (t=2.576) U'rlnlOl1nUU 
~ 0 

.tl'ri~LL'Jf CESTIEST UILLu::,j1t~ijn1'lLLti~"Jl'J~;tUolfltltlmtlu6;u tt'luij;jt'l~1nt'l"Jl,)~Ufl::fll'J12Jti . ~ 

"'1nfhi~Lnj;}1.uul'ifl::"Jl'J~ .~~ri1~nq~~1~ftJ1::~tJiuL~1 (Degree of Freedom, f) L,hntJ 6-3=3 

..I.., .. ~ .... 0 ..., 1...1".. _~ .... I .J...I 
'Vl'1::l'ltJfil'J12JL"Dtl2JU a = 0.95 2Jfil1L'Vl1nU 7.814 fil1fil'J12JCl~1n'lltl\lflUJtlL1J'1UtJL'VltltJfil1fil,)12JCl'Vl 

fi1U,)N~1nm1~~~1nn11LL"'lnLL~~~ehun1'l'V1~~~~'atJ'filri1i~~'rl~~1U'JU2 'Jlil~ Vi'LLri n1'lLL~n 

LL"'~~1~~"Dil~~~12JUUtJ'b\l~i Ufl::m'lU~nfl'rlmhn~ LL~l'l~tU{;11'l'N~ ~.37 
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... ... ~... ....,...., ..I ....'l... -I , 
1;11T1~" ~.37 m1LU~tJ'UL'V1tJ1JI"l~1).J(l-ntl'llltl~~L'V1tJ1Jn'Ufl';l1"Hl'V1 ~1il1nm~LLlilmLIil'l'V1~1Um~ 

'V11M~tl'U'll"lrhi'l~tl'l ~1'VI fu 1"11 n11'V1 "'~tl'U 1"l~1).J d~'1~1 LVi1:;"2Itl'lUJlil1).Jtof* 
~ ,J
f'Lm l'l'l1l.l(h~~1(rn:::: 

,J
l'l'l1l.l(l"l1n!tll;j~ 

..I 
1'l'l1l.ltl 

... 
1'l'l1l.ltl 

Weibu/l Gumbel 

1 0.389 - 0.415 5 3.844 4.274 

2 0.415 - 0.452 8 9.315 8.470 

3 0.452 - 0.492 I 34 24.493 22.708 

4 0.492 -0.531 37 44.678 45.891 

5 0.531 -0.57 41 39.176 42.393 

6 0.57 -0.61 6 8.391 6253 

Chi-Square Error 
6.998 7.783 

1'i1:jnl'}iii 7.814 

~1nm1'V1"'~tl'U K-S (Kolomogorov- Sminov Test) Vi'U~1fi1fl~1).JLLflnIJi1'1~-:lq'" (Maxdif) 

il 5 "Dij"'Lilum1LLlilnLLIil'ltJm~ m1LLIilnLLIil-:lLLn).J).J1 mnLlilnLLIil'l~1q{;l"Dij~~~1).JLL'U'U'l";l\l~~ m1 

LL~mLIil'l~tln1J1njl m1LLlilnLL~'1"Dij{;l~,"~'1fh~1q"LL'U'Ufl).JL'U~ilfi1Lilu 0.083,0.089,0.090,0.092 

LL~:; 0.1 05 ~'1'\Yfi1~1n~1LrltlL,jffi'ULiitJ'Un'Ufi1'in'l~L"hri1J f11).J~1~'U0.119 

~:;L,"U'l"'~1f'i1fl";l1).J d~'1~1 LVi1:;lltl'lUJIil1~'1 m1LL~ nLLIil'l~1q""Dij~~~1).JLL'U'Uh\!~~ ilfi1 

~ II 0... .: -I 'I. ..... .1 .. .. I 

fl'11).Jfla1"'LflatlU~1nm1l'l"'~'fl'U ~flma'l~tl-:lfl1'V1ql'l ~U"2ltl.l:;L{;ltJ'1nUm1LL~nLL~'1um[;l ).Jfl1f11'11).J 

.I .: -I ct • It.!" .: .. ,J
fl~1"'LflatlUIil1nm1'V1~~tl'U K-S fl1'V1Ql'l lil'ltl1Iilna1'1 ~t'l'11m1LLlilnLLIil'l1Jl1ql'l"DU"''V1~1).JLL'U'U 

,. .I..... .... I .. ... ,J.I .I11 'I....'l'1\1aaLLa:;m1LLlilnLLIil'lu1nlJl).J1l1'1:;L"D1lu~U'V1n'U"lItl2ola).J1n'V1q'"LUtl-:lllil1n ~,"fl'11).Jfla1"'LflatlUIil1n 

II'.J .. , 1/ I" tit, .JI 

m1'V1{;l~tl'UUtltJ'V1ql'lLLa:;~fl1U'fltJm1fl1'1n'lfl 1il1nm1'V1"'~tl'U K-S ~U'tl.l:;l'Im1LLlilnLLIil'lLLn).J).J1 

m1LLlilnLLIil'l~1ql'l"Dij{;l~~1).JLLtJ'U'l'1\1a~ m1LLlilnLLIil'latln1J1n~ m1LLlilnLLIil'l"Dijl1l~,"~'1fi1~1Q{;l 

LL'U'Ufl).JL'Ua n~1).J11(ltJtl).Jfu,m'LLl'Iuftl~a'l~Lritl'l1il1nilfl'11).Jfla1"'Lrl~tlUUfltJn~1fi1'in'l~ LLa:; 

..J tI I" I • 0 'l..tt".J ,
1011n n11l1LL~ [;\'1 fl'11).J~tl"'fl atl'l1:;,"";l1'1"Dtl~a fl1l"l'11).Jm-:l1011LVi1:;"Dtl'l ~1il1).J'" 'V1 ~ 1Um1'V111l~tl'U 

1l1'1:;L;1l1J\\ij'VI'lflihi-:l~tl'lLL~:;m1'V1{;l~tl'U K-S ~1).J11(lLL~"''1'l~Ul1J~ 101.37 LLa:; 101.38 fl1).J~1~ti 
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iii' 

Specific Gravity 

pIotr 0.3 
plotrn 

e-e-e 
~ plotfGbS 
; B-S-B 
~ plotftn 
.t' -+­ 0.2 
~ plotrgm 
.a~ e plotfWb 
0. +++ 

plotfbt 
~K 

0.1 

~.35 0.4 0.45 

pIon ,data, data,data data ,data ,data, data 
Specific ravity 

0.5 0.55 0.6 0.65 

Specific Gravity 

pd 
0.8 

pdn 
000
 
pdGL
 

i~~ 0.6.a eG 8£ penn 
.. -+­
~ perg
.; ~~;( 
~ pefFL 0.4 
u-­

perw 
+++ 
pefb 

B-€H3 0.2 

~.35 
data ,data,dllta ,data ,data ,data ,data ,data ,data ,data 

Specific Gravity 

0.4 0.45 0.5 0.55 0.6 0.65 
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.." 

,j1n1'i"fl.~1..ltl'i~1{;l'7n1'i\ll{;l~~(Shrinkage in volume) 

llhl1l'lm11~£Il~,) ~1U'JU 130 ~'J'tlth'lLL~£Il'l'lUl'l1n'l~~.38 

4.83 5.20 4.88 4.64 4.99 5.20 5.28 4.85 4.92 5.23 

4.71 5.18 4.91 4.70 5.44 4.90 4.73 4.18 4.19 4.79 

4.09 4.70 4.09 5.35 4.84 5.00 4.35 3.97 4.44 4.77 

3.71 4.03 3.81 3.78 4.85 4.63 4.26 5.32 4.57 4.76 

5.44 3.28 4.06 4.45 4.42 4.73 4.97 3.70 3.53 4.82 

3.61 3.92 4.86 5.30 3.94 4.70 5.04 4.61 3.35 3.56 

3.48 4.79 5.44 4.47 3.65 4.75 5.00 4.64 4.18 5.06 

4.30 4.50 3.42 4.66 4.33 3.91 4.08 4.74 5.07 5.06 

4.14 5.65 3.36 4.22 5.36 6.08 4.75 6.05 5.47 4.28 

5.93 4.62 5.07 4.93 5.33 4.61 4.85 5.46 5.50 6.25 

4.66 5.81 3.28 5.78 3.87 5.30 6.23 5.30 5.73 4.83 

4.33 5.43 3.94 6.64 4.72 4.31 5.76 5.55 4.65 4.73 

4.69 4.67 4.43 5.46 6.12 3.24 3.56 5.08 4.56 4.45 

~1nn11iiLfl11:\ftil'JU'1ltl~v1LL'JfCESTIEST ....t1~1f'i1L~i!J LL~:fl'JULrl!J'ILtlUtJ1l'l1ti1ULtlU 
D 

4. 707 LL~: O.701 l'l1tJ~1~1J L£Il!J~:Li~u~1~1U'1U;rtl2J~ 130 !K'JtlU1'1 ij~1U'JUtJ1nn~1;rtl2ol~~ 

IItl'ln11 (n~) ~'1ijf'i1L"ihntl 59 d1~ftl"ll'J'ILL"''1fl'J1tJL.tl~U1tl!J~: 99(t=2.576} Utln~1mrU .. 
tltl~rA"LL'Jf CESTIEST 'l~LLU:U1'l~ijn11LLti'l"ll'J'I;rtl2ol~tltlnLtlu6;U LCi\tJij;Ci\~1nCi\"Il'J'ILL~: . . .. 
fl'11tJti~1nphi'lLnl'lluLL(;j~:"li'J~ ~'1ijf'i1iiml;;d1~ftl1:~tI'iULft'i (Degree of Freedom, 1) L"ihntl 

.,J.... ~ ~ .... ,.... ...l I.< ~ _I'!! ... 
6-3=3 "il1:£Iltlfl'J1tJL"lltltJU a. = 0.95 3-Ifl1L"il1ntl 7.814 fl1fl'J1tlCl~1n'!tltJ~U.JtlL1J1!JtlL"iI!JtI.. 

, .,J.,J 0 oJ .,J , 'l 0.... 0 ... 'll.< ,
fl1fl'J1tJtl'Vlfl1U'JW~1nfl'J1tl(l~1nn11LL~nLL~'1\'1"'1Un1m£ll~Ci\~tltl fln1~'1fttl'l~1U'JU 2 "llUCi\ Ci\LLn 

n11LL~nLL~'1tl1n~LL~:n11LL~nLL4j'lLLntltl1 LLfttJI'l'lUl'l111'1~ ~.39 
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II' 

I I I I ... _F.!'" .........., ." ...~ ... ... •
 
~1"UI ~.39 n11Lu1tI1J L'VIUU rt"J1~tl'!l'a'l'!l'fl~~L'VIUUnUFI"J1~tl'VI Ll'l'"l1nn11LL'"lmL~'1'V1~1'Wn1r 

'VI(;I~'flULFln1i'l~'fl'l ~1~~ufl1n11'V1(;1~'flUm~1j;1rn11,""'~"J'll'fl'l1Jj'"l1~,1 

~ ..I 
'IIUVI UnJ111l1n1rnllll;\'l % 

..I 0­

f'I'l1l.JO'l1n'lltll;jfl 

.I 
f'I'l1l.JO 

Nomlal 

.I 
1'l'l1l.JO 

Gamma 

1 5 3.927 2.703 

2 18 18.277 19.543 

3 35 41.538 44.072 

4 49 42.415 40.237 

5 17 19.462 18.052 

6 6 3.999 4.578 

Chi-Square Error 

fh~nt)1ii 7.814 
3.661 6.350 

'"l1nn1ffil'l~'aU K-S (Kolomogorov - Sminov Test ) ~u~1fi1fl,)1~LLj;1n~1'1~'1~{;\ (Maxdif) 

i1 5 "llil"'LiI'Wn11LL~mL'"l'ltlm~ n11LL'"lnU'"l'l~1ql'l"llill'l~~1~LLuu'l'J\!~i n11U'"lmL'"l'lUUUUn~~1 

n11LL'"lnU'"l'lUuu~tlntlrn~ LL~:::n11LL'"lmL'"l'lUuuiil'l1ijfi1Ltl'W 0.068 ,0.080, 0.087,0.096 U~::: 

0.097 ~'1t~fi1~1n~1uitlL,j1tJULYluuriufi1~n'l~L'hriu 0.119 j;11~ih~u 

'"l:::L~'W~~1fi1m~1l'lm1~~"'~,)"JItl'l1Jj'"l1~,1 n1~U'"lmL'"l'l,Jm~ijfil1fl,)1~fl~1"'Lfl;'fl'W 

'"l1nn11'V1l'1~'tlULflri1i~~tl'l~1~q{;\ t'W'lltu:::L~tl')ri'Wn11U'"lnU~~tl1n~i1fl1fl,)1~fl~1{;\Lfl~tl'W'"l1nn11 

'VI"'~tlU K-S ~1~~"'L'lI'WL~mri'W ~'1tl1'"lntl1')'IJi'i1n1fU'"lnU'"l~tlm~ilfl1,):::L;1~~il'VIriuftl'oj~ 
...I 

~1n'Vl~{;\ 
.ol 
L'Wt

'I ... 
L~Pl,)1~fl~1{l~~1n 

.ol 
;\Lfl~tl'W'"I1nn1f'Vl{;\~

"...I... .... 
tlu'Wtltl'Vlql'lU~:::~fl1'Wt

I 

ltJn
,_ 

,)1fl1')n'll'l '"I1n 
'1....1 J _...I ~ __ 

n1ffil'l~'flU K-S L'W"JItu:::'Vln1~U'"lnU'"I~lJl1~"'"ll'Wl'l'Vl~1~UUU L')\l~~ n1fU'"InU'"I~U1.JUUn~~1 n11U'"ln 

U'"I~UUU~tlntl1n~ U~:::n11L1.~nu'"I'Iuuuiil'l1n~1~1ftltJtl~futm;u'Vl'W;tl~~'A L~tl'l'"l1niifl,)1~.. 
fl~1l'1Lfl;tl'WUtlUn'i1fl1~n'l~llfl:::'"l1nn"1~LL~"''1fl,)1~~tl'''Pl«tl~'':::'''~1~ftl'ojfl fi1fl,)1~Ci'J~~1L~1::: 

~ _11 ... ...1 , ... "'" I - ~ ., II .1"l0 

,tl~ ~'"I1~'1'Vl~1'Wn11"Vl{;\~tl1.Jfl1,):::L"JI1t. u~'W'Vl Lfln1fl~~tl'lU£il:::n11"Vl"'~tl1.J K-S ~1~11tlU~"'~ LVI ~'W 

...l 0 .,

Ztl 'VI '"1.39 U~::: '"1.40 l'l1~~1"'U 
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Shrinkage Volumn 

plotx •data, data, data, data. data, data, data 
Shrinkage Volumn 

.1" . I'.!! ... , ..,J%, "',., .~ '" 
'1J\'I ~ .39 m "L1J~'U Li'1!J'U":=~,)1~ flI,)1~t1ri~'Yi'VIfi'!lt1~l'I1 m,.'VI"'~t1Uu"~1111,.m,.~ "'11I,)'Dt1~ 
'II 

13J1O:j1~1O:j1ri'Uli~ni'l.lfllIJ13-J~'l.l1LL\J'l.l'Dt1~flIIJ1~\J11O:j::Lij'l.l~~1'l.lm"'VI~~'El'U1f1lri1i~~t1~• 

plotf 0.3 
plotfb 

e-e-e 
~ plotfGbS 
fj e-e-s 
l!! plotnn 
~~ 0.2i plotfgm 
.!~ 
f plotfWb 
=­ +++ 

plotfbt 
~)( 

0.1 

3.5 4 4.5 5 5.5 6 6.5 7 

pefn 
000 

pefGL 
i~)( 
:c pefGS 0.6 
.! e13 B
£ penn 
~ -+­
:;: perg 
.; ~~K 
E pefFL 0.4 
Q-­

pefW 
+++ 
pc:fb 

e-e-s 0.2 

Shrinkage Volumn 

pel 
0.8 

3.5 4 4.5 5 5.5 6 6.5 7 

.1.... .F.!!.... , ..,J , • f.!I '" ~ I-' 
!1J\'I ~.40 m"LlJ1!J'Ub'VI!J'U1::~1J1~flIIJ1~t1~::~~'D'El~flI1m"'VI"'~'El'U1J"~1lJ11m"~l'lLJ1')'D'El.:l~~ 

1O:j1~1O:j1ri'Uvr~n;'l.lm"LLlO:jmLIO:j.:l~~1'l.lm,.'VI"'~'El'UK-S• 
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II' 

R,n'1'''fl.i11.JtR~'CUfl1'3J~U% (Shrinkage in volume) 

~1U'JU 130 i1'Jtlth~ LL~IM1UI'I111~~ "'.40 

14.83 16.70 12.23 13.43 15.09 10.34 16.29 12.02 11.45 11.44 

15.43 10.96 13.45 13.30 12.13 12.13 15.87 12.64 12.50 13.77 

15.52 16.15 14.73 11.86 15.80 14.81 10.59 14.98 18.31 14.96 

11.49 12.68 12.95 11.20 15.31 12.84 10.81 11.54 8.69 15.02 

16.09 12.26 14.17 12.24 16.24 12.49 16.05 11.53 11.45 8.13 

10.05 12.68 15.52 11.54 14.81 11.42 12.19 13.67 12.58 15.80 

12.12 17.85 10.87 12.84 16.58 9.88 13.18 18.98 12.84 9.78 

14.31 14.54 8.81 14.19 16.23 11.36 11.69 16.49 15.64 17.93 

15.07 12.48 14.32 17.48 13.65 13.88 11.66 15.87 17.60 17.90 

13.42 17.43 13.69 14.46 13.70 10.77 14.38 15.39 9.15 15.33 

18.46 11.36 16.30 19.13 16.21 14.50 14.35 10.60 17.09 10.52 

15.19 14.40 17.92 14.46 16.92 18.33 17.94 16.51 16.00 17.49 

16.76 22.30 16.26 10.89 12.76 17.53 12.28 17.43 9.73 13.26 

.. ..., ••Ir r , ,~ .J. ~ ~ 
"'1n01nIJil11:~~,)tJ''fl,"lJILL'J1 CESTTEST YiU'J1f11L'ilfltJ LLfl:~'JUL~tJ~LU'WJ1lJ1131UL1JU 

14.029 LL~: 2.622 ~1~~1~U tl'ltJ"':Litul'h~1U'Juftl2o!~ 130 ~,)tlth~ il~1U'JU~1nn~1ftl~~~ 

;rtl~011 (nreq) ~~ilfi1Lvi1nu 93 ~1~fu''J~LL~~fIl'J1~L~tl~UffltJfl: 99 (t=2.576) Utln'1m!u 
., 

.tl~ILL'Jf CESTTEST U'LLU~11-«ilO11LLti~,~ftl~rttltlmtiu 6 'iu t~tJil;j~~1nl'l''J~LL~: . . ., 
f1'J1~a~1nfi1~~LnI'l1uLLfifl:"Il'J~;-:lilfi1~nq~~1~fu1:~1J'iUL~1 (Degree of Freedom, f) Lvhri'J 

~... ~;, ., ,... ,~., ~ -~ ... 
6-3=3 'V11:~1JfI'J1~L"IItl~U a = 0.95 ~f11L'V11nu 7.814 f11f11'J1~Cl"'1n'JItl~~~tlL1JltIUL'V1tJU.. 
fi1f1'J1~~~,",1U'JN'"l1nfll'J1~~"'1n011LL,nLL'~~~1Un11'V1~~~~tlu'lfIihi~~tl~ 4 "JIU~ \IlLLr1 011 

• .1 .. ~ .. ~ It r 
LL,mL'~UI'I1 n11LL,nLL'~lJ1nlR O11LL,nLL'~lJI1f1~"IIU~'V1~1~LLUU ~'J\lflfl LLfl:n11LL,nLL'"l~LLUU 

LLn~~1 LL£\l'l-:l1U~11'-:I~ '.41 
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P11'n~~ ~.41 m:m.nu1JLVim.JA'll).1~"lI~~;r~).I~LVim.Jn1Jfl'll).1~~1~~lnmnL~nu.~~~~1't.lm~.. 
~~~~1J\fln1i~~~~ ~1~f1J~lnl~~~~~1J~).I1CUfl'll).1~'t.l"ll~~~~l).1,1 

::. ..I 
'IlUYI 

..I 
f'l'11l-1tl 

Bota 

..I 
f'l'11l-1tl 

Normal Woibu/l 

..I 
f'l'11l-1tl 

Gamma 

8.127 - 9.8 6 5.262 6.945 8.510 5.244 

2 9.8 -11.875 25 24.872 19.799 17.615 22.132 

3 11.875 - 13.95 33 35.882 36.692 33.427 39.293 

4 13.95 - 16.025 33 33.142 37.532 40.109 35.386 

5 16.025-18.1 27 21.401 21.191 24.539 18.991 

6 18.1 - 22.302 6 9.438 7.734 5.795 8.561 

Chi-Square Error 

f'h1n~~ 7.814 
3.053 4.394 5.355 5.792 

~lnm~~~~~1J K-S (Kolomogorov-Sminov Test) 'Yi1J~lri1fl'll).1LLlJln~h~~~~~(Maxdif) 

ij 5 "lIil~LiJ't.l m~u.~nu.~~LL1J1J'UlJl1 m1LL~mL~~LL1J1JLLmJ).I1 mnL~mL~~u.1J1J~~nU~n~ m~u.~n 

u.~~u.1J1Jlhn~u.~~m~u.~nu.~~~1~~"lIil~~~l).1U.1J1J\'l\l~Njri1LiJ't.l 0.040, 0.051, 0.063,0.067 u.~~ 

0.086	 ~~'l"'ri1~ln~lLd~L,r~U1.JLilU1Jri1Jri1~n'l~L'Vhn1J0.119 lJl1).1ih~1J 
CI ., t ~ .r"_'1 .. ... ... GIII t40 

~~LWU ~~'l1 ft1lJ~).I1 CUm1).1"l1't.l"ll~~ lJ.J~l).1~~ m~u.~n LL~~U.1J1J1J (;11).1 ft1 ft'l1).1 ft~l ~lJil~~t.l•
 
~ 0... .: ..l '1..1 ... ... ..
 

~lnmnJj;'\~~1J~flm~~~fl~(;I1'Vl~~ ~t.l"lltl.!~~m~u.~nu.~~u.1J1J1JlJl1).1ft'll).1ft~1~Lft~~t.l~lnm~
• 
~j;'\~~1J K-S ~l~~~L"Ilt.lL~U'lriU ~~m~mh'l1~~1n1~u.~nu.~~u.1J1Ji:llJl1iiA1'l~L~1lt1~il~n1J;r~~~ 

.J .. " ..	 ".J ' ... ,,, .,_
).I1n~~~Lt.l~~~1n'l~ji\'ll).1ftfl1lJlLft~~t.l~lnn11'VlI'l~fl1JUflU'Vl~IJIU.~~).Ift1UflUm ~1n1ft1'ln'llJl 

m1'Vl"~fl1J K-S 'It.l"ll~~ n1~u.~nu.4t~u.1J1Ju.n).l).ll m~u.~nu.~~u.1J1J~flnU1n~ n11LL~nu.~~u.1J1J 
• I -	 .: _.I \ rw ... 'I. ~ " " ~ " .. ...lJ1n lJlu.~~n11U~nu.~~lJl1~I'l"llUI'l'Vl~1).1U.1J1J 'l\!fl~n~l).11~ClU~).I11J ~~ ~'lIU.'VlU'fl~fl~" LU~~~ln).l 

ft'l1~ft~1I'lLft;flUUflun~1ri1~n'l~~lnn1~1JI~~1J\ftn1i~~fl~ u.~~~lnnl1~u.~~ft'l1).1~fll'lft~~~ 
," ,	 • r.!: J' ~ _'1 ....1 I " _ I _ \ ...0 

1~~'l1~"lI~~~ ft1lJ1).11CUft'l1~"JIU"lI~~lJ.J~l).1'~ 'Vl~1Un1nJ"~~Ull1'l~L"lI111..l~U'Vlftn1~~~~~U.~~ 

n11'VlI'l~fl1J K-S ~l~l~ClU~~-:I\~t.lnJ~ ~.41 u.~~ ~.42 lJl1~~li1J.. 
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pIotx ,data,data, data, data, data, data, data 
Moisture Content 

.1:'1 • I"!'" I ..,j.r. ... r I. r.l J' It II .. 

"UTI tit.41 n1t\tlffit1\V1!tt1t::""?'NI'l?1~~I'f~yt'ttfi'M)~1'l1L1nt1NI'l?1~.,\&'tl~ L~'1~'tu • 

n'Umn-rUfl'J1).t'VIU1LLUU''&3fl'J1).tU1lil:=Liju~~hum'''Vlj;lt\tl'U1fln1i~t\tl-3 

piotr 0.3 
pIotfn 

e-e-e 
~ pIotfGbS

M=
.t>~ 0.2 
~ plotrlm 
.!~ 
~ plotfWb 

+-+-+ 
plottbt 
~K 

0.1 

... 

Moisture Content 

24 

Moisture Content 

pd 
0.8 

pdn 
000 
petGL 

i~K:= petGS 0.6
.! e13 B£ pdIn.. ~ 

! pdli K-K-K 
• pdFL 0.4 
",-­

pdW 
+++ 
pctb 

e-e-B 
0.2 

data, data ,data, data, data ,data ,data ,data. data ,data
MOISture Content 

- F.!! "" I ...l I • ~ J' It IIi '1.1 ­'VI 'it.42 n11LlJ1U'l.JL'VIU'l.J1:::'VI'J1~1il'J1)Jtlt\:::t\)J''t1~1il11J1)J1rulil'J1)J'lIU''t1~ L)J 

'"l1)J,1n'l.J'r[~n-n"'.ln11LL'"lmL'"l~~~1\.ln11V1(;lt\'t1tl K-S 
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n1~j;ltl'il'Ufl,;)1aJ,"U1I.LUU (Density) 

~1'lJ,)'lJ 130 ~".J'flt,h.:JLL~(;\.:Jl'lJ[;I111.:J~1il.42 

601.38 477.71 582.01 521.17 612.98 563.74 598.80 612.53 515.23 510.47 

532.44 572.50 579.98 605.67 506.63 523.29 611.29 578.64 576.04 512.87 

572.40 522.77 590.56 618.36 561.56 607.34 594.19 606.19 687.91 589.87 

534.42 496.95 528.61 513.38 494.96 578.19 528.70 505.36 505.28 565.19 

606.00 540.06 563.28 617.05 442.29 440.87 486.19 488.65 554.67 553.08 

558.45 524.25 527.54 504.50 502.45 543.58 444.82 612.73 542.54 447.60 

553.14 607.66 549.56 629.22 540.77 413.25 598.86 577.13 541.39 588.69 

559.23 447.94 551.39 500.87 636.83 604.95 550.84 516.47 591.12 536.37 

533.24 559.69 677.32 623.59 539.27 571.61 578.49 565.88 627.20 626.15 

572.06 623.48 564.80 529.98 591.49 521.07 559.02 596.95 511.04 534.57 

558.10 597.59 582.22 530.17 587.49 522.62 568.43 531.47 560.79 515.21 

492.07 598.81 558.22 616.55 614.38 593.64 603.13 543.40 569.37 551.54 

588.62 602.84 633.96 525.49 513.62 579.70 495.60 639.16 626.44 481.33 

- rJ! ••1'" r • 1..1 .J..I iI
~1nm1'JLfl11~~I'I'JtllJltel'n"LL'J1 CESTTEST 'nUr;)1f11L~t'4t1 i Ut'4~~r;)'lJLUtl.:JLU'lJ2J11J11~1'lJL 'lJ 

557.55 Ut'4~ 49.89 nn/2J
3 

"12J~1iu t~t1~~L~'lJtj1~1'lJr;)'lJffllolt'4 130 ~'Jflth.:J ij~1'lJ'JU2J1nntj1 
.,..1.1' ) ~ .... ,., 0., .J I ~ ~., )::.
'fllolt'4"f1"fl.:Jm1 (nreq 1JI.:J2Jfl1L'V11nu 21 ~1'"1U"IJ'J.:JU"'.:JfI'J12JL"Ilfl2JUffitlt'4~ 99(t=2.576 Ufln~1nuu 

IJIfl."t;\u'Jf CESTTEST 'A'u~ll1l~ijm1u,j.:J'il'J.:Jffllolt'4flflnLilu 5 iu t(;\t1ij;~~1ri~"lI'J.:JUt'4:fI'J12J~ 
, ~ 

~1nfhi.:JLn,,'luLLj;jt'4:"lI'J.:J • .:Ji1fi1~nq~~1,"ru1~~ufuL~1 (Degree of Freedom, f) L\11riU 5-3=2 
..I., J ~ ..., I.... ...1., ~ _r:! ..., ..1..1 
"fI1~~U fI'J 1)JL"Ilfl2JU a=0.95 2Jfl1L"fI1nU 5.991 fl1f1'J12Jtl~1n'fllolt'4 L)Jfl LUltIULYItiU fl1 fl'J12Jtl"fl 

f;1U'JCU~1nfl,)12Jc{~1nm1u"nU~.:J~chumlYl(;\~~~8'lJ'f1n1tt.:J~8.:J~1Ur;)U 5 "IlU~ m1u~nu~.:J 

tJ1n~ m1U~nLL~.:Jii[;l1 n11L~~nLL~.:J~1~~"IlU~~~12JU'lJ'lJ''J\lt'4i m1LL~nU~.:Jun2J2J1 Ut'4:m1u~n 

U~.:JUUUt'4flntJ1n~LL~~'lu"1~1.:J~ ~.43 
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P1111~;1l;f.43 m1L,.J1t11JLVltl1Jfl'11~~''fl'l;rtllJ~LVltl1Jri1Jlil'J1~~~Hi'il1nmjLL~nU~'1~~1Umj 

Vl~~tl1J'lilri1~'1~tl'l ~1\o1fufhn11Vl~~tl1Jlil'J1~W\.,I1U';'U'tl'lW~1~,1 

.. ..I 
iuYl 

t'l'l1).!,..U1UUU 

nn/).!' 

~ 
f'\'l1l-l(l"l1n 

.. 
'lIj]~f\ 

..I 
f'\'l1).!(l 

Normal 

..I 
f'\'l1).!(l 

Beta 

..I 
t'l'l1).!(l 

Weibull 

..I 
f'\'l1).!(l 

Gamma 

..I
f'\'l1).!(l 

Lognormal 

1 413.2- 493 11 12.722 14.33 13.645 12.203 11.861 

2 493 - 538 35 32.457 32.132 26.150 34.194 35.099 

3 538 -539 42 45.160 41.127 46.684 44.946 44.930 

4 539-628 36 29.387 31.562 37.175 27.879 27.149 

5 628 -687 6 9.689 10.846 6.339 9.881 9.886 

Chi-Square Error 

I'h~nqiii 5.991 
3.546 3.838 4.032 4.220 4.667 

'il1nn1jVll1l~tl1J K-S (Kolomogorov-Sminov Test) ~1J~1fi1fl'J1~LLlJIn1'i1'1~'1t1~(Maxdif) 

5j 5 "lIU~Lilun11LL'ltnU'il'li:lI;l1 n1tU'ilnU'il'ltl1n~ n11LL'ilnU'il'lUn~~1 n11U'ilmL'il'l~tlmJ1n~ LL~:: 

n11U'ilnU'il'lfOh~1t1~"lIUl1I~~1~LL1J1J''J\l~~ 5jfOhLi~lu 0.040, 0.041,047,052 U~:: 0.064 ~'1\~fi1~1 

n~1ujtlL1fffi1JLiitl1Jri1Jfh~nrl;Lvhri1J 0.119 1'11~~1~1J 
• ., II. , '''_If'' 1.1 .- I Jl;f::L\o1U ~l'l'J1fO\1fO\'J1~VlU1UUU"JI'fl'l ~l;f1~'1 n11U'ilnU'il'l 1nl;l~fIl1fl'J1~fla1"LfO\a'flU'il1n 

0 .... ~.I 'l.l ...... , ..,;
n1tVl{;l~tl1J fln1~'1~tl'l1;l1Vl~~ U,tu::Yln1tU"'lnU'il'l1J1'I1~fl1fl'J1~fl~1Ii'1LfI~tlU'il1nn1j'V1~~'fl1J• 

~ .I 
' 

.. "" I 1.1 ... ...... ~ OM' ....... ...
K-S lJI1Vl~11I l;f'ltl1'iln~1'J 1i'I'J1n11Ul;fnu.'il'l 1nPlU~::n11U'il~U'il-31J"1~tl1'J::L'1I1t.1J~UVln1J"JItl2;;l~ 

~1n~t1" L~'fl'l'il1n\~fl'J1~fO\~1"LfIl;tlU'il1nn1nl"~tl1JUtltl~t1l11u~::iifhutltln~1fhijnqPI 'il1n 

n1:m~~tl1J K-S \U"JItu::~n11LL'ilnU'il-3t11n;i n11U'ilnU'il'lu.1J1JUn~~1 n11U'ilnU'il-3U1J1J~tlntl1n~ 

u~::n11LL'ilnU'il-3Ji\1~1~""lIU~~~1~U1J1J''J\l~~n~1~11t1tltl~ru\«\,;IU'VIU;tl\l~Vl L~tl'l'il1niifl'J1~ 
, ... 

fI~1111LfI~tlUUtltln~1,h~nq;~1n~~~tl-3n11Vll1l~tl1JU~::'il1nn11~U~~-3fl'J1~~tl~fl«tl-31::~~1'1;rtl 

\l~fi1f1'J1~\o1U1U';'U"JItl'lW'il1~,1 ~~1un1:m"~tl1Jtl1'J::L;1rU~U'VI'lflri1~'1~tl'lU~::n1:m~~tl1J 

K-S ~1~1jt1U~~'1'liluitl~ 'il.43 LL~:: 'il.44 ~1~~1~1J 
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plott 0.3
 
plotfn
 

e-e-e 
"	 plotlGbS! &e-B

! plodln
 
~ ---&-­ 0.2:I	 plotllm 

.!e *** pIotfWb 
110 +++ 

pIotfbt 
~~ 

0.1 

plott ,data,data ,data ,data,data, data, data
Density 

,tl; ",43 011LmmJLVltJ'u1::\\r1'1~p\I)'1)Jai)JiYlfi,t'l~flhp\'l'1)J\\U'1LLllU't'l~b!"''1lJ",1ntl 

Y{~n{'UI'l~'1~\\Y'1LLYY'!ltHI'l~'1~Y'1",::d~IY~eh'Un'1nlf\fttltl1f1ihtt~fttH 

Deasity 

pel 
0.8 

pelll
 
000
 

pefGL
 

i*+<K
0.6JpelGSeG8
 

pdIIl
 
.. ---&-­
~ pdl

i ~~K
 

~	 pdF~ 0..4
 

pefW
 
+-++
 
peRl
 

&e-B
 

0 
400 450 

ttl;! ",44 n11LmmJL~lJl.J"::~~'1~I'lI)'1~~~::~~ll!l-3I'i'1I'l,)'1~~Y '1UtiYll!l-3b!4t'1~.,1nt1 

Y1-3nofYn'1"bL",nu."'-3~ehYn'11V1"~i)1.J K-S 

0.2 

700 
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.1J 2.11 n1'i\1(;lIR~'\ULLU~~flfiiLL~::'\ULLU';JLiUiJJ~. 

n1'i"".'iI\Jn1'i\1(;l~~'\ULLU~LiuiJJ~.% (Tangential Shrinkage) 

~1'U';I'U 130 ~';I'tlth.:J u~"'.:Jl'U(;l1n.:J~ ~.44 

0.79 0.80 0.82 0.81 0.81 0.83 0.81 0.83 0.78 0.79 

0.87 0.82 0.83 0.82 0.80 0.81 0.80 0.83 0.80 0.80 

0.81 0.79 0.80 0.79 0.82 0.85 0.83 0.83 0.80 0.83 

0.84 0.83 0.83 0.81 0.83 0.80 0.81 0.81 0.83 0.80 

0.83 0.79 0.82 0.81 1.23 0.81 0.80 0.86 0.86 0.85 

0.85 1.22 0.85 0.80 0.82 0.81 0.83 0.83 0.83 0.83 

0.80 0.85 0.81 0.80 0.79 0.84 0.82 0.83 0.87 0.83 

0.83 0.83 0.82 0.83 0.87 1.22 0.81 0.86 0.83 0.83 

0.82 0.81 0.80 0.82 0.81 0.81 0.81 0.82 0.83 0.85 

0.82 0.83 0.83 0.83 0.83 0.84 0.82 0.82 0.85 0.80 

0.82 0.80 0.83 0.83 0.81 0.83 0.84 0.86 0.86 0.82 

0.79 0.83 0.83 0.81 0.82 0.81 0.82 0.83 0.82 0.42 

0.85 0.83 0.41 0.82 0.82 0.80 0.80 0.80 0.80 0.80 

... ...1.< ••1......	 , ,./ .J..l ~ 
~1nn11'lLPl11:"'''''l!J''tlnflU'UCESTTEST Yi\J'l1Pl1Ll1~!J U~:11'l'ULtJ!J~LtJ'Utl1lJl1S1'UL1J'U 

0.824 U~: 0.08 lJl1tlfl1~tJ L(;l!J~:L~'U~1~1'U'l'U;t1\l~ 130 ~';It1!h~ ij~1'U'lmJ1nn~1;fl\l~~ 

~fl~m1	 (nreq) ~~ij,hLYhritJ 123 ~1",fu'll'l~U"'~Pl'l1tlL~fl~U1tl!J~: 99 (t=2.576) 'Ut1n~1mr'U 
"' 't1lillU'lf CESTTEST 'lcJlLL'U:u11\\,ijn11LLti~'lI'l~;fl\l~t1flmil'U 6;'U L"'!Jij;"'~1ri",'lI'l~LL~: 

f1'l1tla~1n,hi~LnlJll'Uu6i~:'lI';I~~~ij'h~n~~~1"'ftJ1:~tJi'UL~1(Degree of Freedom, f) LYhritJ 
./... J ~ 4, ,... 1./ I.< J _I':! ... 

6-3=3 'Y11:"'tJf\'l1tlL'flJJ'U a = 0.95 tlf\1L'Y11ntJ 7.814 f\1Pl,;}1tlCl~1n't:ltl~Ltlt:lL1J1!JtJL'Y1!JtJ., 
, ././ 0 .J ./ ,	 \ 0... , ~_ I_ , ./ 

f\1fl'l1tlCl'Y1f\1'\.l'lCU~1nfl'l1tlt1~1nn11LL~nU~.:J'Vl~1'\.ln1m"'~"'~t:ltJPln1~~ ~tJ'l"IlJ..ltlfl1fl'l1tltln11 

u~nu~~~1n;rt:l\l~,\ll.'l\"".h'\.ln1m"'~fltJtf\ri1i~~t:l~U~"'~\UlJl111~~~.45 
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~ , 
~ ... 
'llUVl n1r\4li1~'J % ...l " 1'l'J1l-JCl"l1nll'fll;lft 

",'n).Jel 

1 0.409 - 0.79 3 -

2 0.79 -0.80 28 -
3 0.80-0.82 41 -

4 0.82-0.84 39 -

5 0.84 - 0.86 13 -
6 0.86-1.23 6 -

Chi-Square Error 

,h'in'l~ 7.814 
-

'"l1nm1'Y1e;t~'fl1.J K-S (Kolomogorov-Sminov Test) ~1.J~1fhfil':l1~LL51nlJi1~~~q(;\(Maxdif) 

~~1~fh~1n~1uj'flLmtJ1.JLiltJ1.Jri1.Jfh~n~~L'hri1J 0.119 

'"l~L,"ul~~1fhm1Vlc;lr;j':l1uLLU':li~~~''fl~UJ'"l1~,1 'Wijm1m1LL'"lnLL'"l~"lln(;\1c;lij,j1fil':l1~ 

fl~1e;tLfl~f1U~1n~1fl11~n~51'"l1nm1'Ylc;l~f11.Jlflri1i~~f1~L'IIuL~mriuri1Jm1'Y1c;l~fI1.J K-S ~~f11'"lm:h':l 
'1a-, II.!- .. "'... a-.I .. ., a- ..I.J "''' .J
L~':l1lJJ~m1LL'"lnLL'"l~"llUc;l Ll'l~Jl1':l~L"JI1l1J~U'YIn1.J"JI'fl2ol~~1n'YIql'l LU'tl~'"l1n L"'fl':l1~fil~1r;\Lfl~'flU'"l1n 

.I .... ..• ....1 k I 

m1'Y1c;l~'fl1.J K-S ~1n'YIq(;\LL~~~f"l1~1nm1fl1':ln~1JI LL~~'"l1nn11nLL~e;t~fl':l1~~f1r;\fl~f1~1~':l1~ 

;r'fl~~ m1"'c;lIJi':l\ULLU':li~~~~f1~'IJj'"l1~t;f1 ~~.huh11'Y1l'1~f1t1l11':l~dhlll~n'YIlflrhi~~'fl~LL~~n11 

'YI"'~f11.J K-S ~1~11ClLL~e;t~Hil'l.lzll~ '"l.45 LL~~ '"l.46 lJI1~~1~1.J 
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Tanlential Shrinkage 

plotf 0.3
 
plotfn
 

e-e-e 
.~ pIotfGlJS
! B-e-f3

c! plotfln


0.2i-;;;m 
.!~ 
e plotfWb 

1Io +++ 
plotfbt 
~~ 

0.1 

0.6 0.8 1.2 1.4 

ploD., data..ldata ,data"data ldata, data, data 
Jangentlal "hrinDge 

,t1ii 'It .45 n11LmUtJL~UtJ1~"'~1~ l"11)12Jai2J~·(ljf'.llt'l~..hm1'",;tIKI)'lULLUI)i2J~\\"1It'l~L,j4112J411ntJ... . 
Yl~niUfl'·J12J"'U1mlu"Dt'l~f1"J12J\hil~Ltlu~~.hum1VlrM~t'ltJLflri1tr~\\t'l~ 

pel 
0.8 

pefn
 
000
 
pefGL
 

i'~~ 
:l5 pefGS 0.6
 
.! eG 8

£ peOn.. ~ 

~ pefg
 
~ ~~K
 
~ pefFL 0.4
 
u-­

pefW 
+++ 
pefb 

B-e-f3 0.2 

Tangential Shrinkage 

o~=-==:!====~-_---l...__--L__--.J 
0.4 0.6 0.8 12 1.4 

data ,data ,datatdata, data ,data, data, data, data, data 
aagential Shrinkage 

_I'" .~... J I 'l A':"I ..

'l1..I" "'.46 m1L1J1utJL'VlUtJ1::"'''J1~ fI"J 12J tl\\ ::\\2J"lI'El~ fI1 m 1".(;llJl"J 'ULLU"J\'f2J ~~ ... 
"Dt'l~L,j1il1~1il1ntJYl~n;Un11LLlilnLLIil~~~1'Um1Vl,;t~'EltJ K-S• 
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0.80 0.80 0.79 0.81 0.81 0.80 0.81 0.83 0.78 0.80 

0.85 0.83 0.83 0.83 0.79 0.82 0.80 0.82 0.79 0.80 

0.82 0.79 0.80 0.79 0.83 0.82 0.81 0.84 0.82 0.85 

0.83 0.82 0.83 0.80 0.79 0.80 0.79 0.83 0.84 0.79 

0.83 0.81 0.83 0.84 0.82 0.83 0.40 0.86 0.79 0.85 

0.81 0.85 0.85 0.84 0.81 0.79 0.80 0.80 0.87 0.82 

0.81 0.82 0.85 0.81 0.79 0.84 0.83 0.83 0.83 0.42 

0.83 0.82 1.21 0.81 0.81 0.84 0.81 0.83 0.86 0.83 

0.83 0.82 0.79 0.83 1.21 0.83 0.81 0.41 0.83 0.83 

0.87 0.83 0.42 0.83 0.82 0.85 0.85 0.86 0.80 0.80 

0.79 0.80 0.84 0.83 0.82 0.42 0.79 0.81 0.85 0.86 

0.79 0.82 0.80 0.81 0.83 0.81 0.84 0.85 1.23 0.80 

0.86 0.83 0.80 0.82 0.82 0.41 0.80 0.80 0.80 0.80 

- ..... ..1.... ri I 1.1 "J..1 ~ 
.,1nm1r;) Lfl11::'\JI~r;)UIJI'e:l""tIILLr;): CE\)nEST Yi1.Jr;)1fl1L~flU LLfl::ttr;)UL1.JU-3L1.JmJ1t11131ULlJU 

0.810 LLfl:: 0.1 08 l'I1'-J~1~1.J 'L"'U'::Li4U~1~1Ur;)U;~~fl 130 iKr;)~,.h-3 ij~1Ur;)U2J1nn~1;~~fl~ 
... ) ... .. I I... .3'" .J I ... ~ 1(_ ( ) :.
f1!l-3n11 (nreq 1J1-32Jfl1L'YI1n1.J 47 ~1'\J1n.J"Dr;)-3LL'\JI-3f1r;)12JLIJI!l'-JUTtlUfl:: 99 t=2.576 u~n"1nuu 

~ . 
IJI!lYliLLr;)f CEsrrEST ~LL~'ll1L~ijn11LLl,j-3"11r;)-3;!l~fl~!lmilu6 fu 'L(;luij;(;l~1ri(;l"llr;)-3LLfl::flr;)1'-Ja 

I ~ 

.,1nfhi-3Lnl'lluLLfifl::"IIr;)-3 .-3;jl"i1~n~~~1'\J1fu1::~1.J'iULf'1 (Degree of Freedom. f) L'vhri1.J 6-3=3 

.I... .oil ~ ... '''' 1.1..... _~ .. I .1..1 
'YI1::~1.Jflr;)12JLIJI!l2JU a. =0.95 '-Jfl1L'YI1n1.J 7.814 fl1flr;)1'-JCl"1n'!l~~flUJ!lL1J1U1.JL'YIU1Jfl1flr;)12JCl'YI 

o .I .I I , 0 ... I ~.! .. I .I 
fl1ur;)cu"1nflr;)1'-JCl"1nn11LL.,nLL"-3'Y1~1Un1~(;l~(;la!l1.Jfln1fl-3 Yi1.Jr;)1~2Jfl1flr;)12JCln11LL.,nLL"-3 

"1n;~\lfllJlu(;l1",ehun1~ "a'a1.J1.flri1i-3a~-3 LL~I\-31Utfl11'N~ .,.47 



276 

II' 

... _F.!" ..J"...... .I.J~.1' ../ I 

"1"~Y1 ....47 m1L1J1!J1JLYI!J1JrJ'J1~tI"llt1~"llt1~~LYI!J1Jn1Jfl'J1~tlVI~~'"l1nm1LL'"lnU'"l~Y1e.l1Um1 

Y1~~t11J\fln1~~~~~ ~1~ru~1n11Y1~~~1Jfl'J1~~U1UtiU"ll~~\~'"l1~'1 

0.40 -0.42 3 

2 0.42 -0.53 3 

3 0.53-0.64 o 
4 0.64-0.75 o 
5 0.75-0.86 114 

6 0.86-1.23 10 

Chi-Square Error 

fhiinqiii 7.814 

'"l1nmlYl~~t11J K-S (Kolomogorov-Sminov Test) 'n1J~1~1fl'J1~LUJln,h~~~~~(Maxdif) 

~,:(L~~1~1n'i1ujt1Lm!J1JLVl!J1Jn1J~1~nq~LVhn1J 0.119 

~:L~U\~~1A1n1~~~'J'l.uuu'Jf~~'t1~~'"l1~,1 'W~n11n11U'"lnU'"l~,u~'I.~~~1fl'J1~ 

fl~1~Lfl~t1U~1n'i1Pi1':inql'l'"l1nm1'l"'~tl1J'lrln1i~~t1~L"JluL~!J'JnUn1Jm1V1"'~t11J K-S ~~tl1'"lnfh'J 
~ ", ~ _!- - 'I. .... "t1 - ., " ../..1 'l" ..I
~"''J1 ~~m1U'"lmL'"l~"JlU(;l "'~1l1';l:L"ll1l ~UYln1J'IIt1~~~1nYlq", LUtl~'"l1n ~fil';l1~fl~1"'LflfltlU'"l1n 

..I ... t t - .....1 k I 

n11Y1"'~tl1J K-S ~1nVl~"'U~:~fl1~1nn';l1fl1';lnqlJl U~:~1nn11""U~"'~fl';l1~~tl"'fl~t1~1:l1'J1~ 

itl~~n1~"'~'J'l.uuu'Jf~~'tl~~~1~,1i ~~1Un11'l"'~t11Jn1';l:Lf1lt1~UYl\fln1i~~tl~u~:n11 

V1"'~tl'J K-S ~1~1ffiU~l'l~\KluItl~ ~.47 Ufl: ~.48 "1~fl1~1J 
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Radial Shrinkage 

piotr 0.3
 
plotfn
 

e-e-e 
~ plotfGbS 
Ii e-e-a
! plotflll 
.t' -+- 0.2i plotfgm 
J~, 

e plotfWb 
ll. +++ 

plotfbt 
~)( 

0.1 

,......,....-r-----r---.....,...---..., 

0.4 0.6 0.8 1.2 

plou ,data, data ,data ,data, data ,data ,data
Radial Shrinkage 

nlYi 'll.47 n11LUn.J1J LV1!J1J1:;~~ 1'1l"l'J12Jtli2J';Vl1f'!If!'l III1n1 ffi '" ~'J 'tl.lLLl.l'J ffilii,tNUJ"l12J"l'1 u • 

ri1J~'ln;l.lfl'J12J\n.J1LLtil.l'tNfl'J12J~1'"l::Lill.l~tJ1l.ln1nt~tUl1JLflri1i'ltlltN 

Radial Shrinkage 

pd 
0.8 

pdn 
000
 
pefGL
 

f~)( 
:c pefGS 0.6
11 eG 8
£ petla 
.. ---+-­
~ pefg
i K'K'K 
S pcfFL 0.4 
:I
1,,1-­

pefW
 
+-++ 
pefb 

e-e-a 0.2 

o-.---........------.l.----...l...------I...------I
 
0.4 0.6 0.8 1.2 1.4 

data, data, data, data data, data, data, data, data, data 
jjRa tal Shrinkage 

_I'" .l'!!'" I .I I...t: 't ..,.., ~ II 
Z'UYl 'll.48 n11LlJ1!J1J LVl!J1J1::\lI'J1~ F!')12JCltll::tIl3.J'1fl'l F!1 n11\l1l'll'l'J l.lLLl.l'J1'fil3.J'1fl'l ~2J 

'"l12J"l'1ri1JV1''ln;l.lm1LL'"lnLL'"l'l~tJl.lm1Vlj;1~Ifl1J K-S• 
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ttl~LLn~JJ CESTIEST
 

(Civil Engineering Statistical Test)
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'bJiLLni3J CESTTEST (Civil Engineering Statistical Test) 

Statistical lest for Goodness-of-Fit
 ,
 

~ive the name for the Input data file 

fileinp:= "D:\DATA2P\CPTG5.txt" 

siglevel := 0.05
 

nstr := strlen (fileinp)
 

fileoutl := substr(fiIeinp, 0, nstr - 3)
 

fileout2 := "out"
 

fileout:= concat(fiIeoutl , fileout2)
 

The user has to creat a data me in fonn of 
Sell-Code either by Notepad, Microsoft Excel or 
yother softwares. 

Some interesting results are written in the 
utput me with the same file name but with extens 

'.ouf' 
The user can change the name ofboth the 

nput file or the output file as appropriate. 

Ndata:= REA~fileinp) . -
":JiJ::.~ t~ -~ 1:''if(tJ f , 

i :=0 .. Ndata 

inf t:= RE~fiIeinp) 

i:= 0 .. Ndata- I 

dafj := inf i+1 

data:= sort(dai) 

nstr = 19 

fileoQt = "D:\DATA2P\CPTG5.out" 

Ndata 
NdataReq 
meand 
sigd 
cov 

sqerr 
maxdif 
Fre 
Freint 

vint 

Number of Data (Sample) 
Data Requirement 
Mean of Data 
Standard Deviation of Data 
Coeffiecnt of Variation 
(sigd/meand) 
Chi-Square Error 
Maximum of Different (K-S Test) 
Frequency of each Interval 
Frequency of each Interval of 
Type Distribution 
Boundary Value of each Interval 

.~ • I ~J ~ 1: 11 \'. {. ~ I I ~ r~ ~! ~ : 

mud:= max(data) 

mind:= min(data) 

meand:= mean(data) 

sigd := Stdev(data) 

'mud= 728.5 I 
'mind = 404.6 I 
!meand= 565.556921 

\sigd = 67.80341 I 

Stdev(da~ 
cov:= ----"--' ­

mean(data) 

cov= 0.11989 
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tValue := .~-"O i := Ndata - 1 j := 0 

LLOL..L-_------'-O~i
1 6116! 
u2'-----~9~9~3J 

t:= i1'tValue. . if Ndata- 1 ~ 120 
I I,J 

Ii 2.576 if (Ndata- 1) > 120 NDataReq:= [(cov) .~t_J2 
0.05 

- INDataReq= 38 I 

Niut:= 1. + 3.3 ·log(Nda~ Niut = 7.97601 

Nint := ftoor(Nint) Nint = 7 

(maxd - mind)
[nt:= Int = 46.27143 

Nint 
i := 0 .. Nint 

VintPi := mind + i· Int 

Frep:= hist(Vintp, data) 

fremin := min(Frep) fremin = 2 

factor:= Adjfre(Ndata, fremin, data) 

Nint := factolb 

i:= 0 .. Nint - 1 
Ndata= 130 

Fret := factori+\ 

j:= 0 .. Nint 5 

Vintj := facto'NIDt+ j+\ II 

34Int:= facto~.NtDt+2 
Fre= 

40 

34 

6 

6 

15 

27 

Frep=	 29 

33 

17 

2 

Vint= 

404.54025 

427 

486.75 

546.5 

606.25 

666 

728.55975 



281 

II' 

Input Data 

Nvar:= 11 Number of random variables 

Variable 1 tyPCJ. : "nonnal" i := 1.. N"ar 

Variable 2 tyl"'l : "unifonn" mj ;=meand 

Variable 3 type.; : "exponential" 
Sj;= sigd 

Variable 4 typ~: "Rayleigh" 

Variable 5 typ~ : "GwnbelLargest" 

Variable 6 ty~ ="GwnbeiSmallest" 

Variable 7 type, : "Iognonnal" 

Variable 8 tyPtli : "gamma" 

Variable 9 type; : HFrechetLargest" 

Variable 10 tyPCJ.o == "Weibull" 

Variable 11 typ~ J : "beta" 

xof: 1099 

Iua: 10-99 

xuf: 10-99 

xlnuf == -In(xuf) 

xloww==O blow:= mind bup:=maxd 

i:= 1.. Nvar 

r I := Param(typq , ml , 5 I' blow, bU~ 
k :=0 .. (4·Nvar- 1) 

rl =( 565.55692 67.80341 -882.18771 2.0133x 103 ) 
j k := noo{~ )+ 1 

r2 = ( 448.11798 682.99587 404.6 728.5) 

r3 =( 0.01475 497.75351 497.75351 1.59539x 104 
) 

r4 = ( 103.4951 435.84504 435.84504 2.64568x 103 ) 
rs = ( 535.04179 0.01892 248.02367 1.25862x 104 

) 

r6 = ( 596.07206 0.01892 -1.l4551x 104 883.09017) 

r7 = ( 6.33068 0.11946 0 81.13677) 

rg =( 0.12302 69.57442 0 8.l2881x Ie? ) 

r9 = ~ 534.38741 11.50034 33329721 1 x 1099 ) 

rlO = (594.38411 10.03731 0 1.02088x 103 ) 

rll =(2.33763 2.36596 404.6 728.5) 
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j:= 1.. Nvar Niotad:= Nint 
i := 1.. Niot coofdlevel:= 1 - siglevel 

Ft, j := NdataCumDeo(typeJ' r j' Viotl' blow, bU~ 

freintl, j := FI , j - Ft- l , j criticv := qchisq(confdlevel, Nintad - 3) 

criticv = 7.81473 

. ((freintt, j - Frel_l))2
err2 I J.= -'-'----'--'------~- sqerro := criticv 

, freint l, j 

sumo, j:= 0 

i:= 1.. Nint 

sumt, j := suml_l, j + err2 I, j 

sqerr j := SUmNint, j 

CriticalV := r----- -----,--- ­
I 

j:= 1.. Nvar 

1:=O.. Ndata- 1 

i + 1 criticd := CriticaIVKS(Ndata, slglevel, CriticalV) 
cumfrext := 

Ndata crlticd = 0.11928 

cumfret , j := CumDen(typej, r j, dalaj, blow, bU~ maxdi~ := criticd 

cumdifl, J:= icumfrext - comfrel, jl 
nonnal 

j:= 1.. Nvar unifonn 

exponential
dif j := submatri~ cumdif, Ndata- 1,0, j, j)
 

Rayleigh
 
maxdlfj := ma:l(difJ
 

Gumbel- Largest
maxdif= 

Gumbel- Smallest
basil{) := meand 

lognormal
basicl := sigd 

gamma 
basic2 := maxd 

Frechet - Largest 
basic) := mind 

Weibull 
basic4 := NiDt beta 

0
0 

.,
i 

0.119281

... 1•...• 0.07183

2 0.17243 1

0.5847813 

.~J 0.24944 

:'5'; 0.13955

6 0.07984

7 0.09412 1 

0.0865518

9

10 

0.16437

0.06508

§j 0.06068 
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WRITEPRl'I(fileout):= Ndata
 

APPENDPRN;filennt) '= d"t"
 

APPENDPRN:fileout) := sqerr
 

APPENDPRN:fileout):= maxdif
 

APPENDPRN:fileout):= basic
 

APPENDPRN:fiIeout):= Fre
 

APPENDPRN:ftleout):= rail
 

at = (0.01 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0) 

Weit= ( 127.53 24.95 12.153 5.797 3.714 2.696 2.101 1.717 1.451 1.253 1.113 1.0) 

Freet =( 128.946 26.412 13.636 7.263 5.184 4.173 3.586 3.21 2.953 2.769 2.633 2.53) 

T T· W·Ta == at Wel = elt Free == Freet 

Weipar(a, b, c, pent) =Ivh- (a ~ c) 

Ix ~ (1 + vi) 
mO ~ (linterp(a •Wei. v~) 

..1~ [roo{•.(r(L+ ~~))' - r(1.+ ~~). ..0]] 
while (I mO - mIl > pent) 

mO~ml 

p8r~ (v ml) 

return (par) 
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Frepar(a, b, pent) :; 

while (I mO - mil > pent) 

mO +- ml 

ml ~ [roo{•.(r( I. -~~))' -r( I. -~~). mo]] 

V~(r(I.:~)J 
par+- (v ml) 

return (pa~ 

betapal{a, b,c,d, pent):; k (_ ( b )2
a-c 

qO+- 0 

ql +- I 

while (lqO - qll > pent) 

I qO +- ql
 

(d-c) ~
 r +- qO·-- - qO[ (8 - c) 

ql +- roo~qcr + (r + 1)·qO - tJ.qoJ 

w+-(ql red) 

return (w) 
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Param(type, ex, sig , blow, bu~ == type = 'normal' 

1 parI +- ex 

1I parZ +- sig 

II xlow +- (..~/2oxlnuf.sig2 + ex) 

. xUPP +- C/2.xlnufosig2 + ex) 

r +- ( parl pal'2 xlow xupp) 

return (r) 

type = 'unifonn" 

parl +- [0.S.(2.. ex - sig .JI2)J 
parZ +- (sig o,/U + pari) 

xlow +- (blow - xua) 

XUPP +- (bup + xua) 

I
r +- (pari pal'2 xlow xupp)
 

, return (r)
 

if type = "exponential"
 

I 1'-,1 +- u.) 
~.I ~ parZ +- (ex - sig) 

II ~ xlow +- (pal'2 - xua) 

fIxupp +- [( :=:I ) + parzJ 

r +- ( pa rl pal'2 xlow xupp) 

return (r) 

if type = "Rayleigh" 

.. +- (4.·atan(1.» 

pari +- [ )(2 ~i~. 5. pi) ] 

pal'2 +- (-parl.)0.5.pi + ex) 

xlow +- (pal'2 + xua) 

xupp +- (J2. ·xlnuf· parl2 + pal'2) 

r +- (pari pal'2 xlow xupp) 

return (r) 

if type = "GumbelLargest"
 

pi +- (4.·atan(1.»
 

181'2 +- ( -J6.~ig ) 
0.5772156)parI +- ex­( pal'2 

xlow +- (pari __In_(.:-xl_n_uf}---,--) 
parZ 

xupp +- ( pari + ::) 

r +- (pari pal'2 xlow xupp) 

, return (r) 

if type = "GumbelSmallest"

I::~...(an~.) 1
 
i j6_'!li~ J
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CritiealVKS(n, alpha, CritiealV) == for i EO .. 4 

il vx~ CritiealVo, i 

11 if alpha = 0.20 

~ ~ eriv ~ (1.07) if n > 40 

II ~,/n 
II ~ otherwise 

,~ II Ieriv ~ CritiealVD,4 

~ re turn eriv 

, if alpha= 0.10 
I 

erlV ~ if n > 40. C·22
)jD 

othelWise 

II eriv ~ CritiealVD,3 

II re turn eriv
 

if alpha= 0.05
 

~.'erlV~ C.36) n > 40- if 
jD 

othelWise
Ieriv ~ CritiealVB,2
 

return eriv
 

if alpha= 0.02
 

eriv ~ ( 1.52) -jD if n > 40 

otherwiseIeriv ~ CritiealVB, 1
 

return eriv
 

if alpha = 0.01
 

C·63 
eriv ~ jD if n > 40)
 
otherwiseIeriv ~ CritiealV.,0 

re turn eriv 

othelWise
 

if n > 40
 

1.63 1.52 1.36 
vyt~ ­

( jD jD jD 
T 

vy~ vyt 

for ieO ..4 otherwise 

VYi ~ CritiealVD, i 

Ieriv ~ linte rp(vI, vy, alpha) 

!re turn eriv 
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Adjfre(Ndata,fremio,data) E	 mind~ min(data) 

maxd ~ max(data) 

if (fremio < 5) 

I	 minrx ~ [o.S.(da~ + datas)] 

maxrx ~ [O.S.(datar.rdata-6 + datar.rdata-7)] 

Niot ~ (ftoor(3.3·log(Ndata))) 

Iota~ (rna:::_m
2
inrx) 

othentise 

Niot ~ floor( 1. + 3.3·log(Ndata» 

Iota ~ (maxd - mind) 
Niot 

minrx ~ (mind+ O.999·Iota) 

maxrx ~ (maxd - O.999·Inta) 

• precis ~ (Ooor(log(Iota)) 

i Delx ~ (lOpreels-l) 

:1 minrx ~ (~u(U;:1~}DeIx) 
I 

manx ~ (flOOr( ~:x}DeIx) 
! lot ~ (maxrx - minrx) 

Niot - 2 

Vinto ~ (mind - O.OOl·In~ 

VintNlllt ~ (maxd+ O.OOl·Io~
 

for i e 1 .. (Niot - 1)
 

Vintl ~ [minrx + (i - I)-Int]
 

Fre ~ (hist(Vint,data»
 

if [(Viotl - Vioto) < 1n~.(Freo > FreI)]
 

I

Freo ~ (Freo + Frel)
 

for i e 1 .. (Nint - 2)
 

Vintl ~ Vioti+ I
 

Frel ~ Frel+l
 

VintNIII .... l ~ Vin*Nt.t
 

Nint ~ (Nint - 1)
 

if [(Vin*Ntllt - VintNl.... l) < In~ -(FreNl.t-2 < ~.t-1)J 

Fr~II"'2 ~ (Fr~."'2 + Fr~.""I) 

VintNiIlt--1 ~ VinfNtllt 

Nint ~ (Nint - 1) 

faGJ ~ Nint 

for i e 1.. Niot 

faCi ~ Frel-I 

for i E O.. Nint 

faCNillt+I+1 ~ Vint l 

i fae,z·Nlllt+2 ~ lot 

i returo (Cae) 
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I := 0 .. Nlnt - 1 

freinti+I,O:= Frej 

I 

1 I 5 ~2.66513 8.99043 i 36.5742 I 3.0095 0.05776 ! 
21 11 I 13.26764 

I 

23.98117 54.72178 32.12036 I 10.68861 i 
I 

3 34 34.68035 23.98117 22.66989 44.08494 I 47.36699 I 
4 40 43.74103 23.98117 9.39158 31.30497 I 42.12024 i 
51 34 26.64313 23.98117 3.8907 14.12596 19.29478 ! 
6 6 7.94878 25.0849 1.6581 4.38531 7.17081 ! 

i :=0 .. Nint 

j:= 0 .. Nvar 

freplotj, 1:= freintl, j 

i:= I .. Nint 

plotOl := freplo~, I 

Nint= 6
ploUt := freplotl, i 

plotfo:= 0 plotf3.NiDt+l := 0 plotf3.Nmt+2 ::;:: 0 

plotfl :=0 plobj.NiDt+1 := mud plobj.NiDt+2 := mud 

plo~ := ViDto 

k:= 1..3·Nint 

plotfk:=O 

ik::;::OO~: - I) + I 
Ik := Ooor ~.
mil: := m IiJ I .3) 

0 .. := rnocfk . 3) 

. ( freplo~, I.. )
plotfk := If Dlk. .0
 

Ndata
 

ploUa.:= if[i k • ViDt(IJ. Vi0t(IJ] plotf3.NiDt :;:: 0.04615 
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i:= 0 .. Ndata- I 

CumDen(type,., r\, data; + O.1·lnt, blow, bU~ - CumDen(type,., r\7 datllj - 0.1-Int, blow, bU~ 
plotfDj := ------- ­

0.2·IDt 

plotfDj := IDt· plotfDj 

IDt 
plotful\ := 

maxd- mind 

CumDeD(typllj, r3, datllj + O.I·IDt, blow, bU~ - CumDeD(trPt':l, r3 ,datllj - 0.1· IDt, blow, bU~
plotfeXj := ---~':""":'----=:-'---"---------"::;:"'-'------'-----=----=-----=:-'---"-------~ 

0.2·IDt 
plotfeXj := IDt· plotfeXj 

CumDen(~, r4,da~ + OJ·IDt, blow, bU~ - CumDen(typ~, r4,datllj - 0.1-IDt, blow, bU~ 
plott'R.lj:= ----'--------'-----------------'-----------'--------'-------'----.:...--------= 

O.HDt 
plotlRlj := IDt· plotlRlj 

CumDen(~, rs ,datllj + 0.1· lot, blow, bU~ - CumDen(types, rs, datllj - O. HDt, blow, bU~ 
plotfGblt:= ---''--------'---=--------=-----------=----------~---------'----'----=------=------=-------=----------~ 

0.2·lnt 

plotfGblt:= IDt· plotfGblt 

CumDeD(ty»e(;, r6, datllj + O.l·IDt, blow, bU~ - CumDeD(typ~ , r6, datllj - O.I·IDt, blow, bU~
plotfGb& := 0--_ 

0.2·IDt
 
plotfGb& := IDt· plotfGb&
 

CumDen(typCl7' r7' datllj + 0.1-IDt, blow, bU~ - CumDeD(~, r7,datllj - O.I-Iot, blow, bU~
 
plotflDj := ---"----------'--------'-------=---------'----'--=-----:.....--"-------~
 

0.2·lnt ­

plotflDj := IDt· plo~ 

CumDeu(tylNl!' rs, datllj + O.I·IDt, blow, bU~ - CwnDen(fyJNll, rs,datllj - O.I·lnt, blow, bu~plotfgtllj:= __------'c.:...::..---=-------=----_---=----__--=----_.:...._..::!..- ~-=-----.::.:...-::.:...._---=--_______:..._ _____=______~..,
 

O.2-1Dt
 
plotfglDj := IDt· plotfglDj
 

CumDen(trPe>, r9, daUt + O.I·IDt, blow, bu~ - CumDen(typ4lJ, r9, datllj - O.I·IDt, blow, bU~plotfFq:= - __'--'---=--=--------=-----_---=---_______:...__-----=:..,:...-. ~~~_.....:..... __._:...._ ___.:...._2..,
 

0.2·IDt
 
plotfFq := IDt· plotfFq
 

CumDen(typelO' rIO, daUt + O. HDt, blow, bu~ - CumDen(type,.o, rIO, daUt - 0.1-IDt, blow, bu~
plotfWIt := -------''---'----=-----=--=-------=-.::.----=-------=..,!----~~----:::.::........:..::=-=----=-----------.:.--....:....--=.!.....,
 

O.2·lnt
 
plotfWIt := IDt· plotfWIt
 

CumDen(typelI' rll' datllj + O.Hot, blow, bu~ - Cu-n....Jtype,.\, rll' datllj - O.I·lnt, blow, bu~plotfbt := __---'-_----'-----"--'---_~___=_ _ ______'_~"'\~..:..:...:.........:..:.._ __.:....____=___.:...._..:!....,
---=..,'_______ua&r
0.2·IDt
 

plotlb1 := IDt· plotfbt
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0.6 

o 
o 7.81473 

1 5.27562i'\ 
2 42.38949piotr 0.8 '\ 

3 411.98935platrn \ 
000 4 48.48171

piotr"" 
~~ sqerr = 5 438.1814 
plotfRI
 

B-GB
 " 6 6.73885
 
plotlGbL
 \ 

7 14.94828~ 

pIottGbS \ 
)(-)(-;( 
plotfIn 

p10tfgm 0.4 

+++ 
plotfFc 

B-a-l3 
p10tfWb 

plodbt 0.1 

.. 

700 

8 10.50456 

9 .03569.105 

10 1.79982 

11 19.01767 

450 

'x 
\ 

0-100 

k:= 0 .. Ndata- 1 
cumfrek,O := cumfrexk 

cumfre= 

0 1 2 .. 3 4 

0, 7.69231-10 -3 8.80122,10 -3 0 0 0 

1 0.01538 8.83643,10 -3 3.08737,10 -4 1.47377,10 -3 4.66799,10 -7 

2 0.02308 0.01064 0.01482 0.06835 1.07~93·10 -3 

3 0.03077 0.01439 0.03921 0.17081 7.50074,10 -3 

4 0.03846 0.01675 0.05187 0.21946 0.01309 

.5 0.04615 0.02426 0.08398 0.33046 0.03395 

6 0.05385 0.04641 0.14511 0.50002 0.09798 

7 0.06154 0.04742 0.14727 0.50515 0.10076 

8 0.06923 0.06595 0.18154 0.57988 0.14904 

9 0.07692 0.07893 0.2013 0.61772 0.17999 

10 0.08462 0.08292 0.20685 0.62774 0.18905 

11 0.09231 0.08705 0.21241 0.63749 0.19825 

12 0.1 0.09279 0.21982 0.6501 0.21073 

1~. 0.10769 0.09984 0.22847 0.66425 0.22556 

14 0.11538 0.11197 0.24236 0.68581 0.24998 

15 0.12308 0.11769 0.24853 0.69494 0.261Q3 

k:= 0 .. Ndata- 1 

pefk := cumfrek,O pcfllti.:= cumfrek,1 pcfUJ.:= cumfrek,2 pcft!k:= cumfrek,3 

pe~ := cumfrek,4 pcfGltt := cumfrek.5 pcfGSt := cumfrek,6 peftok := cumfrek,7 

pefgk := cumfrek,8 pcfFl.tc := cumfrek,9 pcfWk:= cumfrek., 10 pcf1\:= cumfrek., 11 

750 
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III 

0.8
 
pef
 

pefn 
000 
pcfu 
~~ 
pefe 

eBB 0.6 
pefR 
~ 

pcfGL 
K-K->< 
pefGS 

pcfIn 
+t-t- 0.4 
pcfg 

s-e-a 
pelFL 

pefW 

pefb 
0.2 

~ 

0 
400 

0 

0.11928 

0.07183 

0.17243 

0.58478 

0.24944 

maxdif= 0.13955 

0.07984 
~ 0.09412 

I 0.08655 
~ 
I 9 0.16437 

10 0.06508 

11 0.06068I 

If 

m 

IfI 

450 500 550 600 650, 700 750 

~~.~~.~,~~,~~,~,~,~,~~,~~,~~,~~ 

freint = • 

I" 
0, 

";'fi,j}:WO.·'\~:1':: 

0 

:;',}::; t"):ii~i;t'; 

0 

<':",t':;:2 ' '~';: 

0 

"'"Y~ .,"",}: '.""""'~ 
--:;­

0 

:>,\ 

0 
'.'f;."";"'.. - .•', " 

0 

0.057761 5 2.66513 8.90043 36.5742 3.0095 

2 11 13.26764 23.98117 54.72178 32.12036 10.68861 

3 34 34.68035 23.98117 22.66989 44.08494 47.36699 

4 40 43.74103 23.98117 9.39158 31.30497 42.12024 

~ 34 26.64313 23.98117 3.6907 14.12596 19.29478 

6 6 7.94878 25.0649 1.6561 4.36531 7.17081 
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1_-- . . < 

1r~~('~;(" ~~~,,~::)t'i?~ 

Ndata= 130 

meand= 565.55692 

sigd =67.80341 

cov= 0.11989 

NDataReq= 38 

Ndata Number of Data (Sample) 
NdataReq Data Requirement 
meand Mean of Data 
sigd Standard Deviation of Data 
COy Coeffiecnt of Variation 

(sigd/meand) 
sqerr Chi·Square Error 
maxdif Maximum of Different (K-S Test) 
Fre Frequency of each Interval 
Freint Frequency of each Interval of 

Type Distribution 
vint Bounda Value of each Interval 

5 

11 

34 
Fre= Vint= 

40 

34 

6 

404.54025 

427 

486.75 

546.5 

606.25 

666 

728.55975 

0 

0 I 
I 

7.814731 
1 5.27562 i 

2 42.389491 

3 411.98935 

,,4. 48.48171 
., 

S 438.1814 

6" 6.73885 

LJI. 14.94828 

;~. 10.50456 

~9. 1.03569,105 

10 1.79982 

11 19.01767 

o !
I 

o 0.119281 

1 0.071831 

2 0.172431 

3,: 0.584781 
4': 0249441
~l<";'.,;~· I sqerr = 

m,axdif =''5.! 0.13955 1 
I t-'=-'.:t--~=--62 0.07984 

>'~..,_c_ .., 

.~1J: 0.09412 

A'8'- 0.08655 
'''''.>-\' 

'9; 0.16437 

10 0.06508 

,11 0.06068 
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if (sqerr j < sqerro, typej. 0) = if (maxdifj < maxdi~. typej •0: 
I 

I 

O· 0
-

1 I "normal" 
~-----

2 I 0

0

0 

i 0 

31	 0
 

0
 
-~l 
­

.5 
i 

6 I"GumbeISmallest" 

7[ 
81 

1 
9 1 0
 

10! "Weibull"
 

lli	 
--

0 
I 

~0 

1 
!- ­

2 

"normal" 
1-------- ­

0 

3 0 

4 0 

5 0 

6 "GumbelSmallest" 

7 "lognormal" 

8 "gamma" 

9 0 

10 "Weibull" 

II I'beta'· 

., _ - - - """" _ - - - ."0<..... -~ ~.-.::c--

~Z.1)· :~ t r Ii _ ;I~/.:t.l' :';.. '~r;j. '~~.r~"~ 

. if{(sqerrj < sqerro) A (mudifj < mUdi~). trPe.;. OJ = 

freint = 

, "!,,"./0. 'F':'.: 

0 0 

1 "normal" 

2 0 

3 0 
I,- ­

4 
-'-, 

0 

S 0 

6 GumbelSmallest" 

7 0 

8 0 

,~ 0 

10, "Weibull" 

11 0 

r<:,,;· ,;,Pi'­ ~ 
0, 0 0 0 0 0 
1 5 2.66513 8.99043 36.5742 3.0095 

2 11 13.26764 23.98117 54.72178 \32.12036 

34.68035 23.9811731 34 ~.66989 144.08494 
4 .• 40 43.74103 23.98117 9.39158 \31.30497 
5: 34 26.64313 23.98117 3.8907 14.12596, '.,j 

6' 6 7.94878 25.0849 1.6581 4.38531 

7 
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List ofAbbreviations 
for Chi-Square Test Results 
I n Normal Distribution 
2 un Uniform Distribution 
3 ex Shifted Exponential Distribution 
4 RI Shifted Rayleigh Distribution 
5 GbL Gumbel (Type I-Largest Values) Distribution 
6 Gbs Gumbel (Type I-Smallest Values) Distribution 
7 In Lognormal Distribution 
8 gm Gamma Distribution 
9 Fe Freehet (Type II-Largest) Distribution 
10 Wb Weibull (Type Ill-Smallest) Distribution 
II bt Beta Distnbution 

List ofAbbreviations 
for K-S Test Results 
1 n Normal Distribution 
2 u Uniform Distribution 
3 e Shifted Exponential Distribution 
4 R Shifted Rayleigh Distribution 
5 GL Gumbel (Type I-Largest Values) Distribution 
6 GS Gumbel (Type I-Smallest Values) Distribution 
7 In Lognormal Distribution 
8 g Gamma Distribution 
9 FL Frechet (Type II-Largest) Distribution 
10 W Weibull (Type III-Smallest) Distribution 
11 b Beta Distribution 
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1 '. ',' ,. i 
" 1 ,hi '!~\-(" :.', ,,' 1 

- ~ 1~ ~~_~_ -I 
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