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ABSTRACT 

The main objective of the study was to explore, The relationship of cleaning the 

container behavior with sink space guide line for sink product. 

This research an integration of field survey and quasi-experimental techniques were 

utilized to people who live in condominium in Bangkok and preference assessment of 

Thai sink product by ninety seven users. 

This research based on work triangle and evaluation environment for cooking in 

condominium by experimental. And attitudes expectation of Thai sink product prototype. 

Variables were used in the framework of this study: size and spatial characteristics of 

each area understudied for washing in sink. 

The sizes of areas, which could optimally accommodate such activities, were 

derived from eleven cases of experimentation. Other than body size and the extent of 

disability, the study also found that variation in area size was determined by additional 

factors such as, types of activities, approach to the area, and the individual's skill for 

that particular activity. Intervening variables, such as fatigues after prolonged and 

repeated tests, were found partially affected the results of experiments, and attitudes 

toward the environment and the extent of difficulty to perform each task. 

The final analysis of the attitude toward the suggested sink product modification 

was done using data collected from ninety seven users respondents accompanying the 

disabled. The sink product modification to accommodate all users inclUding the 

disabled members of the family in accordance with the former environment. The study 

found, however, that the extent of intimacy with the disabled significantly determined 

towards sink product modification. In conclusion, the study suggested that conditional 

application of sink production modification according to the nature of the disabled-in 
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terms of social psychology, familial background, the extent of disability, and the specific 

needs required by each of the canteen. 
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q qj q III QI 
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,., " 

~ d1~i.J') l1I~'l.!iln 'El1m~i.J') 11I~~'l L1'Elf'l ~'l (:Jfl 'li.Jii'lm~~u 11I'l1'l.! ~ ru 
~ 
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i.J~:;Lll'Vln~m~ ~1'El 'Vlni.J~::;L1l'Vl'El!?l~1~nn~ LLl?i3Jnhj'l~fufl,)1~~'l.!1~Lvh~fl,)~ LYid1::;fl,)1~, , 

t'l.!LLN"lJ'El'lUt1J~13J n~::;fi'Elu 1 Ln 11I~'l.! LLfl::;'l~~'l.!!?I~1Uii'l.ff'l.!l~f'El'l L~U~!?I 

LL'l.!')b'I!~mnnl1lu t1J~1 m ~1J1111 L~1J~1 n m d'tl1'l1'l.!1'l.!'li,)'l~fl1 UU~ eJ 1'l.!~1 n 

d1U'l1'l.!~1J1111 L91J Lti'El'l~1n m~un"lJ'El'lwwn~1'El Lfl~'El'l.!~1Utj'~11I L~~~'l.!LtI'l.!41'l.!,)'l.!~1 n ~1 n.. , 

6,600 d1U l'l.!U Yi.~. 2535 LtI'l.! 15,406 d1U l'l.!U Yi.~. 2540 LLfl:;nd1U'l1'W~1J1111L91J.. 
Lti'El'l~1nVl1'Vl1'lm~vh'l1'WL~~~'l.!~1n 1,907 ~1U l'l.!U Yi.~. 2535 LtI'l.! 4,389 ~1U l'l.!U YiA 

2540 f\ 11I LU'l.!~ !?Id1m ~i.J~::;~'J~'l.!!?I~1UL ti'El'l~1n mnl1'l1'l.! ~,)U~1 m!?l, rn'lnfl1') L~~~'l.!ii'l 

~'ElUfl:; 233 LLfl::; 230 !?I1~~1rn1J ~1'ElL~~~'l.! 2.3 LVl1 bl1lUi.J~::;~1CU 1l1Ul'l.!~~u::;L,)fl1 6 U rn'l 

LL~11I'l1'l.!!?I1~1'l~ 1 (~1'l!n'l1'l.!i.J~~ri'l.!~'lfl~ UYi.f'I. 2535 - 2540) Lri'ElLlnU1JLViu1J~!?I~1m~ 

i.J~::;~1J~'l.!!?Id1U Lti'El'l~1n m~u n"lJ'El'l~'l!n ~1'El Lfl~'El'l.!~1Utj'~ 11I LLfl :;~1 nvl1'Vl1'lmd'tl1'l1'l.!, 

~') ~ri'l.! LL~,) f\ IPl LU'l.!LflU'l ~'fl Ufl:; 9.01 "lJ'El'l~!?Id1 m~i.J~:;~1J~'l.!!?Id1UL ti'El'l~1 n m d'tl1'l1'l.! 
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91 LL'WnlPl'la.J~':l1a.Jr1mLN~'lVla.Jt'l1'WtJV'U''l. 2539 ~'1~ Lti'el'l'"l1nUq)Vl1mnJ1t'lL9lJ Vl1'elm~ 

lh~l:'llJ~'Wm1mrl'el'l'"l1nm~tJn"1I'el'lVl'l1n Vl1'elvh'Vl1'1m~~1'11'Wt!'WU'lLU'W~'el'l~fl'elU;r1'1 

1VlJJ ~lh~n'ellJ'el1;l'WU'IhJ fl'eltJlPl ~~VI'l1nt\'1 ~':l1a.J~ 1~ru"1l'el'lUruVl1mn'l1n ~'1~ 11'lXm ~ 
~ ~ ~ 

~1tJ'I1'W~IPlnmdlJ ~~l:'llJ~UIPl~1tJ'Vl1'1~1'W~~1n~1 ~'J1a..1 LU'W'"l1''1'el~1j1'1 

., 
rn4'tJ~'1?j L~ n~t.iu ruVl11umnii t'l'el1 m:i'lJ'J t'lVlfl'l LLfl~l:'lJl1'J~mdlJ'J t'l n~1a.J LU'el 
~ ~ 

"11 D.l~~1'11Ut..l1'"l~a.J1'"l1 nm ~~1'11'W~'eltJ1uvh 'Vl1'1~hJLVim ~l:'la.J d:J'W~~tJ~L'Jfl1'W1U ;'11'W 
~ 

n~a.J~:i'n'"l"1l'W1t'lnfl1'1 LLfl~"1I'W1t'lL~n L"ll'WLN'I1'W'~1Pll:'l1V1nna.J LNLL~a.J LN'WtJ1lJ1fl LLfl~ 

hU'el1V11 ~ ~1JJl:'l1mn11oifL~i'el'l~1'1'"l1uLrl'el'l'"l1ntlf'W'VlUm~~t'l~'1l:'l'l ~11'IX91 LU'Wtlf'el'lH 
q ~ 

., 
l:'l~'el1t'l91'W'J'Wa.J1n ~11'IX~u1ilJ~'11U91 LU'Wtlf'el'l~1'11U'eltJ1'Wvh L~'ela.JVlmlJ LLfl~na.J LU'W'el1 m~ 

~ ~ ~ 

~ .d -=to J' ..:=to &0" .d" J' ..:=to 

"Il1 1 VI Ln t'l"1l'WLUU~~tJ~L'Jfl1U1'W '"l'WLnt'l!l1m~tJ'JIYIVlfl'l LLfl~tJ'Jt'l La.J'eltJ nfl1a.JL'W'el Lnt'l LU'WL~~ 
., , 

L1'el f'l Vl91 d:J'Wtlf'el 'In n Tl'VI tJ t'l'l1U1tJ 'WlJ LL'W 'Vl U~ 11'IX L~ tJ L'J fl1 '11 'W LLfl ~ ~'W 'Vl 'W1 U n1 ~ 
q q 

fm~1'WmlJ1fl1~LLfifl1m ;'1~'el'lil1L;r1'"l1nlPh'ltJ~~L'VlI"\LU'W91'W'Juw'Wmn ~'1~1m~~m~1'1 

U q)Vl1 ~IPJ.J uri LLfl ::'el'el n LLlJlJ'ei1'1~1'1'"l1'W~ LVl1::l:'la.J~1V1flJ~U1'VltJ 1Pl1a.JVI flnm~·tJ1"\1t'llPlf 
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2. .ylPIf1tJ'l:::fl.:l A"D'£I.:I1A'l·m1'l~~!1• 
L~'el~l'J.J'W'l LL~~'el'eln LL1J1J tJ~ l'lnn.l"Yl'ei'l~~'l~~'l'W~'l'l.-\f1Jfl'W1V1t1~ Lmn~tUJl'l'la.J 

'l.-\~nn'ldtlPl'lfll'lf 

3.	 "D'£I1J L"D 1PI"D'£I.:I1A'l.:ln1'l~~!J 

'ei'l~~'l~~'l'W~ i:i"ll'W'l ~-K~~'l'WLL~ ~pJ LL1J1J n'ld1if~'l'W~ Lm.n~fla.J~'l'l.-\f1J fl'WlVIti 

o<=t. _ iIJ'" I it 

tJ~ l'l11 n.l"Vlm~~'l~~'l'Wl'l'l a.J 

'l.-\~nn'ldtlPl'lfll'lf 
-

2.~n'l:!'l~n'l:!n.l~Uf1!'l.-\'lVl'l~n'ltll1'l~ ~n'l:!'l 

d~1J1JtflNfl~'l~ 'ifin'ld LL~~ nJLL1J1Jn'ld1if.. 
.,J 

~'l'WVI L'l.-\a.J'l~fla.J 

3. n'ld~l'J.J'W'l'el'elmL1J1JLL~~VI ~fl'el1J tJ~ l'lnn.l"Yl 

---+ 
'ei'l~~'l~~'l'W~'a.J'll'WI11'l fl L'eln'll'W 
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.... 
'U'VI'VI 2 

U'Vle'"l::mh'Jn\l bb'W'Jf'I'J1J.J~1YIbb~::'Vl~M5~1~'"l1nm1~nM1oif'tl3qj~1'W111 f'I b'tln t'l 11 

'"l1mr\l'VI'l!\I~Tl 'J11t'l11 ~\I'WJ.Jvr(;]1\11 ;a'WL'Vl'tlfLU[Jl LL~::U'Vlf'l'J1J.J'Vl1\1fj"ll1m1 ~1'V1fum1fj{tI 

1'Wf'lf\le1~ L~'tlJ.J ttl\l'Vl~M 5 LL~:: LL'W'J ~1YI~ L~tI'Joif'tl\l1 'W'VI~ 1m.h:: L~'W~'J tI n'W tlYlti m 1fj{tie 

W){tl3J\I Lu'W~nM1 L~m num1{1YI'tl\ll"11.h::n'tlU L:n\l~'W~"1I'tl\l LW'tlfllL'"l'tlff'l 1'J1'Vl tl111 tl1'WTl1 f'l11 
.. q 

~1YI~nTl1~tI tlYltliJLL'W'Jf'I'J1J.J~lYILL~::'Vl~M5~L~moifTl\l 5 LL'W'J~lYI'V1~n 1~LLri 1) LL'W'Jf'I'J1J.J~1YI 

~ L~m nuu1'U'Vlt'l111Vl'Vl1\1~\lf'lWL~::1'(ij,J'WD1:i'J.J 2) LL'W'J~1YI~ L~moif'tl\lnUVl~~m1J.Jm1~1\1 

'"l1'W 3) LL'W'Jf'I'J1J.J~lYILL~::'Vl~M5~1'Wm'tlUmnf'l~Tl'W11-1'J"1I'tl\li1\1mtl 5) LL'W'J~1YI1'Wm:i' 

Tl'tlnLLUU t:.J~ [Jl.nru"Ti1\1~1..:J'"l1'W LL'i'l:; 6) 1YI~'tlJ.J'Vl1'1fjfin1nh::Li1'W"1I'W11Y1~'W~1'Wt'l111mL'J

mtl111Vl '"l1 mr'Wr11'VI 'W1YI Lu'Wm'tlU LL'W'Jf'I'J1J.J~lYILL'i'l::'Vl~M5 :i''JJ.Jn\l1~lil'J LLUn~'tl LU'WLL'W'J 

'Vl1\1m1t'l~1\1 Lf'li'tl\lnTl1'WmnnuoifTlJ.J'i'l(;]'tl1u.. 

m1{1YI~'W~ L~Tln1:i'1.jft'l'tltl1'Wf'lf'J LtI'W~\I~1 ~C1! LVln::LL(;]~'W~1'Wf'lf'J,r'W1~J1'iliJ LLl"i 

L~tI\I m11oif\l1'W~1'V1fum n(;l~tlJ.J LL'i'l::n1 :i'u:i'::nTlU'tl11-111Lvh,r'W ~'W~~11-1fu m1~1\1 Vl1 

f'I'J1J.Jt'l::Tl11Y1n~1 ~C1! ~'W~1.jft'l'tltl~1'V1fu~1\19\1"1111Y113J1~~1'V11Uf'lf'J~'J 1u t:.J ~ [Jl.nru"~1 ~C1! 

R'tlTi1\1~1\1'"l1'W ;\l1:r'"l'"lu'WiJJ.J1nJ.J1t1'V1'i'l1mLuu1~\~Tln 13J~1'"l:;LtI'W LLUU'VI'i'lJ.J L~m 13JiJ~
q q 

~n'"l1'W LLUU1-I'i'lJ.Jl"i13JiJ~vrn'"l1'W LLUU1-I'i'lJ.JL~miJ~~n'"l1'Woif1\1 L~tI'J LLUU1-I'i'lJ.J L~tI'JiJ~vr n 
q ~ q q 

I I I , 

'"l1'W 2 oif1\1 LLU1J'VI'i'lJ.Jl"invhim1'Woif1\1L~m 
q qJ 

LLUU'VI'i'lJ.Jl"iiJvMn'"l1'W 2 oif1\1 LLUU1-I'i'lJ.JL~tI'JnYl 
q III q 

Q.o' W 0 IV 
, 

1.0:::::11..::::::.1 IV iI cs 0 cv 

Vln'"l1'WLL'i'l:;'VI~J.JL~nt'l11-1:i'UTl11-111LL'i'l::LLUU1-I~J.J':lJ.J'VlVln'"l1'W2 "111\1 LL~::'VI~J.J L'i'lnt'l11-1:i'U Lf'lM 

'tl1'V11 :i'[Jl:i'\ln'i'l1\1 ~'J'W1't'l (;J~1.jf ~1'V1fUVl1"11TlU(th\l~ 1\1'"l1'Wn'"l::iJ1-I 'i'l1t1"lllllYl 13J~1'"l::LtI'W t'l LL[Jl'W 

L~t'l;\lLtI'W1't'l1Yl13J~J.JJ1 LL~\lLL:i'\I 'Vl'W'Vl1'W t'l'JtI\l1J.J VI'Wt'l31'tI Vl1f'1'J1J.Jt'l:;'tl11Y1~1t1 n1f'1ruL~Tln
q q 

LLUUt'l LL[Jl'WL'i'lt'lf'l'JntlTlmLU1J~n~'J'Wt:.Jt'lJ.J"1I'tl\l Lf'lnntlJ.J LL~ :;llL~'i'l1'W~1YI~'J'W 8: 1a LVln::'"l::1'IX 
0

VI\I f'I'J1J.J31''W'J1'J LL'i'l::f'I\I'Vl'W n1 LU'WLLUU L'VI~ mf'l~'tlu~n'"l::iJf'I'J1J.J LLcii'l LLni\l iJ~1 'IX L~Tln 

J.J1nJ.J1t1 11 f'l1n13J LLVl\l 'VI1,[)'"l::Lu'W"lllllYl~vh ~'JtI~'WDnJ.J"ll1~n'"l::iJf'I'J1J.Jf'I\I'Vl'W t'l'JtI\l1J.J LL~:: 

Vl1 f'I'J 1J.Jt'l::'tl11Y1~1t1 ~'J'W"lllllYl~Vl1 ~'JtlVl~ 1t'l~ f'I 'i'l1i1 L'W[Jln'"l::1'IXf'I'J 1J.J'VI'i'l1n'VI'i'l1t11'WC;:'[)\I"1I'[)\I 

~~'W zu LLUU ~'J~J.J«t'l LL'i'l::::Vl1 f'I'J1J.Jt'l::'tl11Y1~1t1 
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i1~{tJ~':nhhh~n'elumn~'eln'ei1~~h:l1if'i'el "'eltlm'nrLflr~" ~~~L~'WL~'W-n(Mif'i'el, 

n'elnJ1 f1';ln~'eln'Jlu'~ n'elnf1~ tlt'l1tJn'el nt'l 'eltJ~'W"jJ'elU'ei1~ L~'eliJ'el~n'W LVll11m~r:u1~ f11 ~ t:r'Wl1h~'" , 
~ ~ 

1 ~';l'W~~;i WIH~1 LLVI'll~1 V1'W"JI'el~'eh~M'W'el~nUfI';l1~rI'W~"JI'el~ 0.jf~1'W n'eln'll1~';l'W1V1q)~~ii 
, ~ ~
 

~tl~nMnrVit'l~C;]';l L;hnmh.l~1~ ii~1~ L~'eln~1n~1tJ~~~"JI1';l ~'Il11111t'lVl1'el~ LLm'u'111 'el1~~:::
 
'" 

ru'Wn'el n LLUue.Jfl~J1r'el'W ~1 LU'Wn1~ fl1m~[ltlfu~~~uJ11~ ~';ltJ~'WttJnVl1'el LLUUVI~'W U1~ 
'" '" '" II '" '" 

"Jlu'~~~nfl1tJvl'el'll1u~V1U'Wii LLN~'W'Il1LiI'WLLuufl Ltl~U~U LUt'l L~111 ~';l'Wvl'el'll1~~'I!'W f1';l~~~, 

L~'eln 1;rvl'el1V1ru LLt'l~'ei'el'W ~'l~~~~u1tJ~~flmJ~n 1~~n~1 1~'el~ ~'W~1tJ t~tJ I11N1cJf'ei1~~1~f1';l~ 
~ . 

~~l11 LU'WcJfL~'elU ~U~vl'el~1~~ LL~';lU~fl1~1~[ltlfu1;rL ~'el LiI'W~ LnU'eltlm'nrm~~1~(;]1~ 11~'" . 
U 1'WcJf f1';l~1.jf Lu'Wu1'WLn i\ ~n 'j'~ ';ltJ~~t'l ';l~ L~'el~~U1tJ f1';l1~~'W1cJf'ei1~~ 1~ (urMVl LIP! rh'" , . 
(tl~~LVlPl1VltJ) r,hn~. Online Available: http://www.homeandi.com/contentlc774.html) 

LL'W';l~lPlL~mnU Ergonomic Design LL'W';l~~1'W~'el~"JI'el~~nMr:u~"JI'W1lPll~~';l'W"JI'el~ 

m~1;r~1'W1'W~nMr:u~"JI'el~Ergonomic Design f'i'el LU'Wm':::U';l'Wm~"JI'el~m~'el'elmLU1JL~'elm~ 

1-if~1'W"JI'el~~~MU t~tJ~'W~(;]1~ 1 ~nYrI;.l,J'W1~1~1mVlflu'f1~tld1n!l1'Wm~{~m~"JI'el~m~ 

m~l11,r'W 1 L~'elI11'elUfl'W'el~ 1'WL~'el~"JI'el~~~~U"JI'el~f1';l1~fl ~~';lnfl1J1tJ1'Wn1~1-if~1'WLU'WVI~n 

t~tJ LLfllPl~ ~~ f1';l1~ LLl11n (;]1'l"JI'el~"JI'W1 ~l~~';l'Wm~vh~1'W~~V1~1~f1'WI11~rr'Wl11 nnu f1'WL'el L~tJ ('j 

fl1111 ~"Jl1:IJ1Yj\!t'lU, 2527) 

~~,r'Wm~'el'elnLLUU~'W~J)1tJ1'Wflf';lV1~nm~~nM1L~'elm~'el'elnLLuu1~fl1~1~[l 

l11'elUfl'W'el~Yjtl;i m~~m~n1'el1V11~ m~LI111tJ~ m~~1~l11f1';l1~fl~'el1~ L~'el1~1~e.Jt'l 

'll1L;'el1i'el1'Wm~~nM1?j{tJ~ ii 2 ?jfim~V1~n (oB'Wflm flrrfl~Pll2546) ~~;1 f'i'el 

1. m~~nM1?jfirrlPll~~';l'W'lJ'el~"JI'W1~i1~mtJ~'WMU (Anthropometries) f'i'el m~. 
tl~::: Lii'W'lJ'W 1~~'W~~1m m ~rr~~nMr:u~Vl1~mtJJ)1Yj'lJ'el~i1~mtJ tl ~~n'elunu?jfi~';ln t'l 

Pl1 fll11 f (Biomechan ica I) f'i'elm~tl~~ Lii'W~nMr:u~m nfl~'el'W~ 'lJ'el~i1~mtJ LLt'l ~m~1-ifih~~ 
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(Endurance) 

2. mj1~"Jl'W1~~'W~j'e1'lJ 1 m'j'blOl~'e1'W~"Jl'e1'1~~Mu1'Wm*vhnfOlnjj~1~ 1 (Body 

Motion Envelop) vir'e1 BME dj'WblOli'e1'1i1'e11'Wmj1~mm[ulOl'J1mbl?1nl?h'lj:::'1.d1'1lOl'J1~ 

~'e1'1m j~'W~~1 ~ l~th",f'lJnfOl njj~'1I'e1'1 mon bbfl:::"lI'W1~~111Yl bb'J~~'e1~~ij'e1U btl'W~'W ~~ 
~ ~ 

b'YlU'IYl'e1",1'e1hJ 

~'1vr 'I ~ 'e1'1'ifi dj 'Wm aJ j::: d1 'WL~ u1on m HI ~ fl 'e1'11 'W~ 111 Yl n 1 nl!41 fl 'e1'1 ~'1 

~1 btl 'W~'e1'1P1m~t1'ifi1 'Wmd'1~ b~'e11,n~~1"l1'e1'1"Jl'W1~~~~'J'WijlOl'J1m11b~'e1 Cl'e1 L~u1imj 

Uj:::bi1'WlOl'J1~Yl'lYl'e11fOlfOl1nmj~~111Mnr Usability Rating Scale (URS) bbfl:::mj1,xlOl:::bb'W'W 

mjVhnfOlmj~1~L~Umj~'1bnl?1 Environmental Functional Independence (Eviro-FIM) 

Uj::: n'e1'lJ ~'J UmjU j::: bij'Wd':::~'lJlOl'J 1~Yl'lYl'e11fOl ~'J Um j~~111Mnr (URS) ~'e1 mj~'e1'lJ rn~ 
, ~ 

lOl'J1~!~n~'J'W1JlOllOlflCl'lj:::~'lJlOl'J1~mn~1u1'WmjVi1nfOlmj~Vin1"''W~ b'll'W j:::u:::mjb~'e1~Cl'l 
~ ~, 

m'j'b~'e1~1uoih'l""W1 1.20 b~l?1j 'e11fOl~n1,xj:::~'lJrj1mn"Jl[U:::Vim'j'b~'e1~'e1'e1nluif1'1""w1 0.90 

b~l?1j 'e11fOlbtl'Wbi'e1'1~1Un'h ~nM[u:::~1R'lJ"Jl'e1'1'ifi~'1mh'l ~'e1mj1,xI?1'lb~'e1n1'WmjlPl'e1'lJ ij 

j:::~'lJlOl'l1~",mUIPlNoih~n'W(Semantic Differential Scale) ij'll'l'llOl'l1~n11'1bbl?1nl?h'ln'W 
I , "" .... 

-n~bfOl'W bVl'e1b~1~1,xlOl:::bb'W'WI?1Nnfl1'1-n~bfOl'W[j'l~'WmjlPl'e1'lJij 2 -n'WI?1'e1'W ij~'lb~'e1n",~n 3 

l?1'Jb~'e1n ~'e1 mn U1'Wnfl1'l ~1U 1'Wbbl?ifl:::'ll'l'lbbUnU'e1Ufl'l1u b'll'W 1'Wmim:::~'lJU1'Wnfl1'1ij 3 
q 

[JlfllJlfl [Jlmhumm fitlU~\~[Jlfl Ihumm fitlU~\~~l[J ~l[Jlhumm ~l[JlJlfl 

1----+-1---+-1-1-1-1-1
 
-3 -2 -I o +1 +2 +3 

.col 
111'Yi'VI 2.2 bb~~'1l1J bb'lJ'lJmj1,xlOl:::bb'W'WbblJ1J URS (Steinfeld & Danford, 1999:120) 



7 

, ., 
relnfJfi~tlm~1~f1~LLUUm~vhniOlm~~1~ 1 t~t1m~~'Hn(;l (Enviro FIM) en,ififiuvh 

1~L;h1iOln'lf1'J1~~tl~ (Fit) ~~'\..d1'1~mmb'J~~'el~'Vl1'1mtlJl1mb~~~.yhniOlm~~ l.h~b~U1~ 

iOl1 n ~~ ~1.J f1 'J1 ~ ~1 m ~n 1umn;1niOl n ~~~Jl1 tl111f~Jl1~ LL 'J ~ ~tl~ b~t1'J riu LL~ iJ niOl n ~~~~ 

Lb(;l n~1'1 riu~tlm~~1 nf1'J1~~tl ~1U~Jl1~ LL'J~ ~tl~ L~mriu L'JIU m~U1t1(;]'JiOl1 n~~d.'11tJu'l 
I I I '" 

relnVlWW'I Lilul1fu LY1tlm~1fjfiUtlth'liJ1.h~~'VlfiJl1~ n1~U~1~m~~'1 Ln(;l LiluniOlndd~ b~t1'J 

~tlm~H'~Jl1~ bL'J ~~tl3--1 L~t1'J L'JIU ~iOl1dn.nmnh~n'el1.Jtl1~1~tlth'l L~t1'J ~tlm~~'1 Lfl l?11~ 

f1 ~ LLUU 1"11~1~iOl~iJf1'J1~1n ~bfltl'l f1'J1~iOl1''1 

. 
t 

! 
i
I

I 
I· .0 -__..,.! 

se -------0-1
"'lfj. (ii",hmwii''l) 

,. 
"\ ...... .l~~h·· ". .... .. 

11-J~4-+-H )' 
11-44--I-+-f--J I' 
\W-l-.l...-L...l..- /. 

_ .AtMbr.-e",I".u,·.... l,,""""'I' 
___ "(It11uwl1"'U"lW.h.~~1 

_ ..... ~_.I\1l'l'\atl'l'Wl1~ 

_-"'''~'\fw'l~.~ 

fJ'4(;l~ (;]ru"Vl~'Vl'if LL~:::f1ru::: (2542) ~1'1iOl1n George Kanawaty LL~:::f1ru::: 1~ 

n ~1'J n'lu ~~ LJl'Vl"II'el'l mdLfl~'elU1~'J ~1 mdLf1~tlu1~'J t1'1mtl iJj'tl'l~tI1t11~1,u~:::bJl'Vl~ ~1 
I I I '" '" 

Vl~~ L'VhVliOl:::'vh1~ 1J~:::LJl'Vl"II'el'lmdLf1~'elu1~'Ju~h'l~um~LLnU~~U~1'1 1 "IItl'l~'JU~1'1 1 

"II tl'l t1'1 m tI 

2 

3 

I I I ..::' .dI
4 bL"IIU'JI'J'I1.JU LL"IIU'JI'J'I~1'1 Lb~ :::U'J~tl 

o cv I I I 1.dI .-:::::. .....

5 ~1(;l'J'Vl'elU1.JU bb"IIU'JI'J'I1.JU LL"IIU'JI'J'I~1'1 ~tl bL~~U'J~tl 
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n'lnfl~'el'Ul~'J~I'"l:::vh1,xU1:::~Uf;)LLNn~lrh9f;)'Jl\l'Vln~\l'lJ'el\l'elfh:J~~'el\ln'l11'Un'ln11\l1'U• 
1'U~1 LLwtl\l~~It1~'eln'ln~'el),Jlu~uu9u LL~'J fll),J 1nll1111X1oif1J 1::: Lll'Vln'lnfl~'el'Ul ~'J~~11~ 

~1t1 ~\lU\l~~ 1,xLnf;)n'l1U 1:::'VIUf;) LL1\l~'U 

.;mHl.l~"lI'£l.:!O1'i'l.b (;I'lJI';,:! 

LLYf~'lfJ~~\lflPl'U'J~ ru 'Ufl1 Plmt1L~tl'JnU 'flln'l1U'Jf;)~~\l (Low Back Pain) ~1 

LU'UUqJ'VI1'Vl1\l L'J".llUBU~~'\"lU11'eltl~~f;) U 1:::),Jl ru1'eltl~::: 60-80 'lI'el\lU 1:::".lllmt~n'"l::: Lfltl 

U1:::flU rlU'elln'l1U'J f;)ll~\l ~f\lll~\l1'U~ij lPl '"lIn n'l1~11'J'"l1'UU1::: L'VlPll'Vltl'\"lU~I'el1 n'l1U'J f;) 

~~\l LU'U'el1n'l1~'\"lul~),Jln~flf;) 1'Un~),J'elln'l1U'J f;)-n'el LL~:::n~I),JL ~'el1'U".ll),J".ll'U tf;)t1~rl mlPl~'\"lU 

11'eltlVl flf;) ~'eln ~1),J LU'el~~\l bn'f\l~1'el Lfl~ f;)'"lln n'l1l11\l1'U 1'el\l~\l),Jl1~uri-n'el ~'elm:::f;) ni'U~~\l 

It It It It 

", . ~ 

L~ 'el),J n'l11il'"l'Ylt1~1 LlllPl'll'el\l'fl1 n'l1U'J f;)~~\l~'J'U1~rul111~f;)t1n'l1ennU1di LL~ :::lPl1'J'"l. ~ 

11\ln'ltl 5:J L~t1\l~'J'U'I!'eltl~41 LU'W~'el\l~\llPl1'J'"l'Vll\l,x'el\lUBU~n'l n~),J L~),J L~'el"Ji')tl1il'"l'Ylti 

~rl LlllPJ'lI'el\l'elln'l1U'Jf;)lPll),J~1 LLWtl\l'll'el\l'\"ltl1fi~111'\"l ~1),Jl1mL11\l'el'elmu'U 2 n~),J ..
 
fl'el 

1. '\"ltl1fi~111W'll'el\lL~'elL~'elu1L,)ru lower back l~LLri ~,)WW\l n~I),JL~'el m:::~n 

ligament -n'el~'elm:::f;)ni'W'VI~\l11nU1:::~I'Vl LL~:::~~'elf;)L~'elf;) fllmlPl~wu11'eltll~LLri 
~ . 

" (1) n'l1Ul f;)L'~U'lI'el\ln~l),JLU'el LL~~L~'UL.fl'W 

(2) ~),J'el'W1'el\lm~~nui'W (Herniated disc) 

(3) -n'el~'elm~~ni'U~~\lL~'el),J1'W1't1~\l'ellfJ (primary degenerative disease 

of the spine) 

(4) Spinal stenosis 

2. Lnf;)'"llnL1fl'Vll\l systemic ~1'elt1fl1'U1~UU~'W 1 
" 

(1) n'l1~f;)L''el L"Ji'U 1'ruL1flm:::~ni'Wll~\l, osteomyelitis, epidura 

abscess 

(3) Inflammatory disease L"Ji'U Ankylosing spondylitis 
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(4) 'ldl"l"il'fl.,j'fl1'm~~'fltJbn""L~[J'IL'llkl dissecting aortic aneurism LJl"lll?1 
'lJ , 

:hI:::L~'1~Urel'flkl LJl"l"il'fl'l duodenum 'ldl"lm:::~n~~kl osteomalacia LL'Cl:::~lml'J~kl1 L'llkl 

'fl1mJVll'19l?11JJ~~TVl tJl"l~l?Inn'l'J'Cl 

ftl OJ .... I 

~1 L'IIIIPI"lI'el~'el1n1',hJ'J @I'111'a ~'VIYi'U'U'el!l• 
1.	 nft1:IJ&dfJ'VIM&n;~'VI;'eHPlfiM (back muscle strain 'VI;fJ sprain) 

djkl~lml?l"il'fl'l'fl1mJ1.bt9lVl~'1~~ul~tl'fl[J~~t9l ~utl'fl[Jbkl1'mh'llkl fi'JklbmlJLnt9l,	 , '" 

91nmJH'm-[J1UVlV1hjrln~"1I~m~ru~:hIlnn~1~9~Lnt9l91nlll'J~~t9l'l'1.l"il'fl'lnJ~t9lniklVl~'1 
qJ Oil	 <B qJ 

(Lnt9l91n functional> structural) ~U'J[Jarn9~1.l'Jt9l L~'fl[J VI~'191n,yh'llkl'fl~bklVh L~[J'Jkl1kl 
~ , 

1 'fllmJ,J'Jt9lLnt9l91nn""l:h1Ln'flVl~'1~lklbt9l~lklVl'n'lVlt9lLn~'1 (back muscle spasm) 

Lti'fl'l91 n"1l1 t9l~:hI t9l,'Cl[J1klm:n;1'11kl Ul'1J1[J Ln t9l'fltJl'1iu~~kl "11 ru~~ nl~'1n:hl 'Cl'l[J n"1l 'fl'lVl1'fl 

Ltm~'JVlUU"1I'fl'l ~'Jne9~1.l'Jt9l:hlln'fl19~1'Jl1.l~'1LL~klVl~'19kl"1luul,jl~ 'fllmJ1.l'Jt9l9~~klLLJ'I 

:hIln~~ t9lbkl 1-2 1'klLLJn VI~'191mrkl9~r1'fl[J 1 ~~kll~L'fl'lbkl 10-14 1'kl n~:hIearmnt9l91n,	 , 
t,.	 I I" 

1.1 ..:::!II	 IV a .::::il.c::::.l -==I '" ..:::!II IV 

n'Cll:h1Lkl'flVl'Cl'lLl"l'Clt9l (back muscle sprain) Lkl'fl'l91n:hl minor trauma Vln'Cll:hILkl'flVl'Cl'l 

2. 'VI:lJfJU"ifJ~n"i~MmJiu (Herniated Disc) .. 
,yhb~Lnt9l'fllmJ1.l'Jt9lVl~'1 LLuuiU~~klVl1'fl c¥'flf'lfil~ ~'Jn1.l'J t9l LLUU Liti[JU~~klarn 

Ln t9lbkl1'uvh'llklLt9l[Ji'J1.lJ~~[JnVl1'fl'Cl1 n"1l'fl'lVl'l!n ri'flkl~9~i'J'fll m J1.l'J t9lVl~'1 bkll"lkl~'1'fl1fJ Ln t9l 
, , 

91nmJL~'fl:hl"1l'fl'l anulus fibrossus Lij'fli'JmJitin"1l1t9l"il'fl'l anulus fibrosus fi'Jkl"il'fl'l 

nucleus pulposus 9~LU'l'fl'fln:hl1l?1J'I1Vll'1~lklVl~'1nt9l posterior longitudinal ligament 

J~[J~e~U'J[J9~1.l'Jt9lVl~'1l?1d''1l?11LLVltJ'I~i'J~mfi~lll~ til'ldl"lU'l~lLUkl(;]'fll1.l ~'fl[J1 nucleus 
~	 ~, 

pulposus 9 ~1.l~kl'fl'fl n11.l Vl1'1 ~lkliil'1 m~~'1 n t9l L1J[J t9l Jl n1.l J~~ 1Vl (i'lJ~[J~i1'fll n lJ1.l 'J t9lVl~'1 

9~VJL'Cl1'Cl'l L1.l~[Jkll1.ldjkl'fl1mJ1.l'Jt9lL~[J'J~1'J'Cl'l11.lJ;l1:h1 LLkl'J L~kl1.lJ~~lVl LLVlkl (root pain Vl1'fl 

sciatica) j;]1 LLVltJ'I~~utl'fl[J~'fl~J~~U L4 LL'Cl~ L5 ,yhb~~U'J[J"ll1~u1L'JrutJ'fl'l~lklbklLL'Cl~ 
'lJ 

~lklkl'fln l?Il:h1~l ~U 'fll m d'1.l'J t9l9~LUkl:hl1n~klL~'fll'flVl1'fl91:h1 LL'Cl~"iIru~~'fltibklVht!'1 L~Jl~ 
'lJ 

LUklvh ~VI:hI 'flklJ'fl'lm~t9ln9~ ~'fl'lfU~lV1'1!n~'J L~ :hI~kl 
'lJ 

3. ,jfJ';fJn"i~!!ni'U'VIft~tifJ:lJ1u1'fJ!~fJ1fJ (Primary degenerative disease of the 

spine) 

~U bkl1'[J~'1'fll[J ~U'J[Jarni'J'fll mJ1.l'J t9lVl~'1 c¥'flf'l LUkl:hl1 n L~'fl Ll:hl'Cl n91nvht!'1V11'fl 
qJ Oil qJ	 Oil 

vllkl'flkl L~'fl'fl'flm~kll1.lin~n'fllrnJ9~~~klLLl?1til L~klVl1'flUklkllkl19~~:hI1.l'J t9lVl ~'1~n til1~ 



10 

'W.'fl'W.~n'"l::~U1£J ~j')'"l'rlU osteophyte ~1'fl spur ~v1'fl'W.m::~mr'W.~~..:l joint space "lJ'fl..:l 

farcet joint '"l::LLPlU~..:l arn'V'lui,)3-Jnumn~'fl3-J"lJ'fl..:l anulus fibrosus 

4. Spinal stenosis 

~,)'W.3-J1n'"l::Lnl?1£9113-J~~..:lhPl~'W. spinal canal '"l::LLPlU~..:l'"l1nmjnl?1Li:1£Jl?1"lJ'fl..:l 

osteophyte ~1'fl spur '"l1n~3-J'fl'Wj'fl..:lm::~mJ~'W.'"l1nmj~'W.1~,)"lJ'fl..:lligamentLL~::'"l1nmj 

L~'fl3-J"lJ'fl..:lvi'fl'W.m::l?1n-K'W~~..:l 'W'fln'"l1nn'fl1'"l Ln (11 £9I13-J~~..:l mjU1l?1 L9U~1'flm jc,h ~l?1 m::l?1n 
~ ~ 

-K'W.~~..:l ~U,)£J'fl1'"l1.h l?1~~..:J ln~'fl (11 L') ~1~1'flu,) l?1 L11'W.~n1 ii1.~ Lij'flb~ LLTJ'W~~..:l'"l::U') l?1 ~1,) ~..:l1U 

~"lJ1 LLlYI'"l::~;'W.Ln'flti..:lLU3-J1'1,)3-J1'V11..:J~1'W.WW1 LL~::arnn claudication ~,)3-J~,)£J 

5. f'1P1n'1::J;ln'YI'1'U (osteoporosis)... . 
'rlUb'W.~ ~..:l'fl1 tlLWJ tl L'U'rl1:: ~mTI..:l ~£J~ ~..:l~3-J l?1U j::9 rl L~'fl'W ~1'flb'W.~ih£J ~ nuj::~n 'W 

III 'lJ q qJ QjO " 

m b'W.n~3-JPI'flf~LPI~ Lln'flj'fltJtf13-J1 L11'W.j::£J::L,)~1'W1'W. 1 ~ihm::n'fl1mju') l?1~~..:l1~~..:l LL~. ~ 

L~ nu'fl £J'"l'Wti..:lU1'W.n~1..:l U') l?13-J1 n;'WLn'fl"lJUU LL~:: LU'W ~'fl~..:l LLlYI lhn'fl1m jU ') l?1r'WLLN;'W. 

~u'rl~'W.~1'flu ') l?13-J1 ne1 (1Iun ~b~~..:l-K£J~1'fl1'"l'"l::n compression fractu re "lJ'fl..:lv1'fl'W.m::~n-K'W. 

~~..:lLL'V1jn~'fl'W. L(1I£JhJr.hL1~lwlf'fl..:lnUj::~1~fuU1l?1L9Ur'WLLN~m::~n-K'W.~~..:l lhm::~n-K'W. 

~~..:lfJU3-J1nLL~::nmm(1lV1Uj1nUj::~TV1'"l::vhb~n'fl1n1jU,)l?1~1')1um3-J"lJ11~ mjfJU"lJ'fl..:l 

v1'fl'W.m::~n-K'W'fl1'"l1"l'fl£J LUUI"l'fl£J1uif11 arn djU'rlr'fl3-JnU~~1£J1v1'fl'W vhb~~tJ,)£J Lm£J~..:l LL~:: 

~~..:lI"l'fl3-J 

oBiI A':l'1'1::.J.:Il'LI n1'1~ij'"l-;r!Ia1 b""'j;J"1IiI.:Iil1n1'11.J':lr;l"",tr.:l• 
LL~~1~,)Ub~qj'll'fl..:l~tJ,)£J~n'fl1mjU,)l?1~~..:l'"l::Lnl?1'"l1nmjVll?1Ln~..:l"lJ'fl..:lnt\13-JLd'fl 

~~..:l ~..:l~n~1,)3-J1 LLt\') LL~Li1'rlU ~ih£J~n~m~ru::~..:l1Yl'fl1un'"l::ii'fl~1r'WLLN LL~::Uf'fl..:lmm1j 
__ ... iI 

lnj,)'"l')'W.'"l'U£J(1I')£JPI')13-Jj'flUPI'flU 

1. 'fl'lfl1ru')(1IVI~..:l~ Ln~bUPlunhPlUj::r.h ~,)'fltlL~24-·.~iIf\t LU1~,)1U"~,)13-J~UL~;;;ln 
~ 

~..:l ntjPlUj::91~,)~'flf..:l LL'Cl:: immunocompromized host 

2. nHr~..:J ~u1'Ji'W ~1~t!n~l?1 (mj~l?1L~'fl 3-J::L1..:l) 
, 

.... 'I........ . ,... ...

3. r:ilJ,)£J'V13-J'fl1mjlJ')(1I~~..:l'VljU'Vlj1mL3-J"lJru::'W'flU (dissecting aortic aneurysm, 

ruptured viscus) 

4. n'fl1mj"lJ'fl..:lj::uu~'W.i,)3-J~,)£J L"J!'W OJi(1l ~'fl3-J~1m~'fl..:lLln lP1U~13-JLln U')l?1V1'fl..:l 

V1'fl..:l~(1I .jf'flu,)3-J~1'flt5m~u n~'We1')WW..:l fr~~1,)::LL~1J-n(1l 
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5. 'el1m1u,)~L1J'WLLUU malignant low back pain fi\'elU,)~IW~'el~L,)~1 'Vl~~,)1~ 

~'WLLN~'W~'elfJ1limL~')hl~~'W ~1'el1J,)~~1n~'W"IJru:;'W'el'Wn~1'lfi\'W 

6. L~n1'fJt'W~iJ persistent chronic low back pain ~1'el~~'l'el1tJ~iJ acute low 

back pain 

7. U,)~11,)~'l11J"IJ1 iJ claudication u,)~~1m,)~1LL'ei'W~~'l ~;'WLri'elti'lLil~l~f')~1 

'Vl1'l~h'W~il1 (spinal stenosis) 

8. iJ morning stiffness 'W1'WLn'W 30 'W1Vl (Ankylosing spondylitis) 

9. U,)~11'J~'l11J"IJ1~'l~'el'l-if1'l (~:;L~'l central disc herniation h~ l'Wn~~ SNSA) 
., 

oC:II • • I "'.df I 

1O. ~ abnormal neurological signs L"ll'W "ll1/n~1~ L'W'el'el'el'WLLN ~')Uf.l~ 

tl~~1'):;~1'el'el"'l"'l11:;hj1~ "ll1Ul'L')ru'tlLuu LL~:;m:; LU'WLWilu (saddle paresthesia) (~:; Lr'l• 
central disc herniation mm~l1m1nU1:;~1'Vl) 

11. u'J~~~'l~~j;J'eln'W'W1'WLn'W 2 L~'el'W.n1fJ'VI~'l"'l1n1~fum1fm~1'eltJ1'l'Jn~'el'l 

, 
.. ., 'I" "" 

2. n1'iL''ll!l1: NSAIDs, muscle relaxants LL~:; tranquilizer ~,)1 ~~L'U'Vn:;nfJ'Vl 

U,)~'VI~'lLififJU'Vl~'WL~'elmn'Vl1'el1m1U,)~ ~'J1'V1~m~fJ'lm1r.i1fJm NSAIDs 1:;fJ:;m')1'W 

nfJ~ LiI'W~'elf'l~'l~,)11~fuml1J1U~ L~u'fjfi~'W~iJu1:;~'Vlfi.fl1'Vl~1nn11 

3. m!l1l1vnh,jj;) LL~tn1'i~h.loWtl3-l'i'it1111'W: ... 
3.1 mn~'elnlif physical modality ~L~~1:;~~L~'elmn'Vl1'el1m1u'J~ 

• cryotherapy 'VI1'elm1u1:;~ULU'W lif1'WnfJ~LiI'W acute trauma L~'el~~U,)~ 

LL~dl'el'ln'W muscle spasm 

• heat (m1U1:;~U1'el'W ultrasound, shortwave diathermy) 

• manipulation 

• electrotherapy 

• biofeedback 

• hydrotherapy 
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3.3 m~lJfublJ~tlu~ihJ1u'Vll,x~n~"ll~m~ru:;(conditioning) 
" I" " I 

-=t, '" did!: cv ~ '" dI o=t, COl'

3.4 m~u~~nm'Cl'U-j bU'eJ 'll-:J~'J3.J'Vl,:m'l ~tI~n'Cl'l3.J bU'eJ bb'Cl:;mn'V'U.JI"1'Yl3.J bb"ll-:JbbN ..... ... 
"ll'eJ-:Jn'Cl'l3.JbU'eJ 

4. n1';Hhi~: lbnt"llJl'l'J:;~~tlJ b~1'3.JI"1'J'lWrUI"1-:J"ll'eJ-:J;r'eJI'i'eJm:;~n'ifu"'~-:J bbnt"ll 

mm~111Jd'lmJ~:;~'l'Vl",1'eJ 1"ll'ifu"'~-:J 

rel'l-:J""'l-:J~'lU~'l3.J'l~tl bbtl-:Jm3.J~m~ru:;m~H'-:J'lu1~ 2 ~m~ru:; ~'eJ 1) rel'l-:J""'l-:J~'lU 

~'l'" fuB'Jl'ltllU~~n'eJ'l ~tI bb'Cl:; 2) rel 'l-:J ""'l-:J~'lU ~B'Jl'l tilU~ tl '1 uti ~:;n 'eJU n'l ~ b-rlU 

~tl'lU~nM'l 1'~ h-:Jbb~3.J LN-:J'lU U'Cl:;U1'M"'Vl ~-:J"''lmtlu~tl'lutI~:;n'eJum~''llu1~1",q)n 

Vi'Wn-:J'lu4'lu'JU3.J1n U~~UU'eJ'l~ Hbl"1i'eJ-:J""'l-:J~'lUb~'eJ1"1'J13.J~'J1?I b'j'J lJ~:;",iJ ~I bbN-:J'lU bbl'i 
q 

... , 
UU~UVi""'l-:J~1U lJ~:;n'eJu~'JtI 1) ~'JU'J'l-:JJl1'llU:; 2) ~'JU""'l-:J bb'Cl:; 3) ~'JU'J'l-:J 

~lJndOr""'l-:J 
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.." 
111Vi 'VI 2.6 
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I 
I 

1l1~;1 2.9 LLIM1'!~m.i~::;d~1J1Jvl'B~1~'! 

~m~(u::;"JJ'B'!111'J1'W::;~1;n'W'Mn'W1.h~n'il1Jn~dL'll'W ~rn'W~m~1 LN'!1'W ~1mdn 
, I 

41LL'Wn'JIUl'l"JJ'B'!tjlJlq~1JV11oD~~~I'l~ 2 'JIUl'l ~'B 111'Jl~::;LlJfnn'W LL~::;111'J1'W::;L"lld1nn ~'l'W 

"JJ'U1l'l LL~::;l1JLL1J1J"JJ'il'!"'l1'W~1mdmL1.J'!'B'Bn'l~ 2l~LL1J1J ~'B 
.... """ I" " " 

1. "'l1'ULL1J1J~'U"JJ'U1l'l 10 U'l 9 U'l 8 U'l 7.5 ~'l 6.5 U'l LL~::; 6 U'l 

2. "'l1'ULL1J1J~n"JJ'U1l'l 10 U'l 9 U'l 8 U'l 7.5 P'l 6.5 U'l LL~::; 6 U'l 
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'" '" ,
1l1'WVl12 LL~ In'limtru::''lI'el'lti'JtI't1,)~3JV11;r1l1tI1'l.lh:J'el1'\.nr 

I:.J~ (11.rlruan~~tJ'el3J Ln ln3J,)~,) nmr'el'eln LLUU~~1'l.lmr'el'el n LLUUI:.J~ (11.rlruan un 

'el'eln LL1J1J ~'el'l ~')ll'lCi'l~i n mr'el'el n LLU1J I:.J~ (11.rlruan~ LU'l.lLn ru,,1'l.lmrn,)~'l.lln ~ ru~ 3Ju'1i• 
I:.J~ (11.rlruan~~ L'el11~~') ~'J d~6j'el'l ~ur::n'elU'el::1ru')'1 LL~'J 1-if~'J,)3J ~ ln~ r')'1~ dd~ ijfimr(;h'l1 

~l~mh'J3J,) L~'l.l'el LL'l.l'J~ln1"r1:.J~ (11.rlruaniJ~'J,)3JL~3J,)::~3Jl?n3J~inmr'el'elnLLUU tlnrminmr 

'el'elmLUUI:.J~(11.rlruan~Un'el(ElmLUU~'Jr~')ll'lt!''l.liJ'el~9 ur::mr ~'el 

• ww')~1;r~'eltJ ( FUNCTION) 
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• ~~1~U~~~n~(SAFETY) 

• ~~1"1bL.:n'lLL'i''I (CONSTRUCTION) 

• ~~1~~~mn~1J1~l'L.lnTi'H (ERGONOMICS) 

• ~~1~~~~'I1~ (AESTHETIES) 

• 'i'1~1'Vi~~~~~'i' (COST) 

• m'i'"ll~~LL"1l~~1~ (EASE OF MAINTENANCE) 

• ~~~LL~~mU.J~'" (MATERIALS AND PRODUCTION)
q 

• m'i'"lIU~'I (TRANSPORTATIO 

'IIIU1'v1"L"litl'el!J 

",i.h~1.jf~~£J~~L1JU",~nm'i'~~nLLUU~~",nn.loy]~~1~ru~~t1ILtlU~u~uLLm~~~'I 
'" q 

~1il'l~~",nn.loy]'VJn"JlU~~~'IilWt,h~1.jf~~~~n~~'I"'1~Lih"'~1~~~'I1~ ~~~1~1'i'n 

"'~U~U~'I~~1~~~'Im'i'"lI~'Im-if1~~£h'lilu'i'~~'Vlfim'ViLL~~~~~~n~U1~ ~~",nn.loy]t!U~~~1.. 
ilu'i'~'i:~"JlU'.jf~~~~ (HIGH FUNCTION) LLI?h11"'1n~~",nn.l"Yl'~hj~1m'i'n~U~'I~~1~ 

~~'Im'i'1~~£h'lilu'i'~~'Vlfim'Vi~~",nn.l"t!unlOj~~~~1ilU'i'~'i:~"JlU'.jf~~~hl~Lvi1~~~'i' 

(LOW FUNTION) 

~1",fU~1~1U'i'~'i:tJ"JlU'.jf~~~~ (HIGH FUNCTION) '!U ~~~ f"'U'I'1l"lutf ( 2528 : 

1) 1~n~1~H~1 L~~1'lX~1mLrimn.jh1IOj"ll~1'lX~~~~£h'lm'i'~~mLUuil~truermLir~1il~tfuern..
 
lOj~il,J'i'~~'Vlfim'Vi1um'i'tf'Wern1'lX"lI1~1~l?11~~~1~~~'Im'i' LLl?iIOj~n~1~~1 il~'!uilU'i'~'i:~"JltI 

1.jf~~~~ (HIGH FUNCTION) u'lhJ1~ 1Oj~~~'Iil~'IFlU'i'~n~u~£h'l~ui~~relm'llu ~1~4'U"lI~'I 

il~t!UIOj~~~'Iil~~1~'i:~'IL~1~~~vrufinu"lIU1~"lI~'ISj~m.jf ~'IIOj~Ltlu~~u~ri~1tXLntvl~~1~.. 
~~~~n~u1~1um'i'tfuern~~£J LL~~m~"'~'I1Oj1nm'i'1.jf'l1uLL~~U'I~1m'i'nVl1~~1~~:;mtvll~ 

~~'I",u1~H~~mrU~1Ltlu~'I~~:;Lrel£J~rel~uiu~~u~1n ~~",nn.loy]1J1'1~tl1'1il 

U'i':;'i:~"JlU'.jf~~~l?11~~~~u~~11.U'Vl'i'1ULn~'I~U~1 il",U1~1.jf~~£JLLUUd LLl?i~~1~ 

~:;Lrel£Jtvlrel~u~'l!n~~nLLuul~fii~~~n~1t!ul~"'~U~U~'I~~1~~:;tvl~n~1J1~~tl1'IL~~~ L'llU 

il~ 1u~f~il"'U1~",~n ~~ 1.jf~~1~~~'ll~£J1um'i'tru ~U LLl?iLd1IOj:;L~ul~~1ilm'i'~~n LLUuil ~~ 

1flu~f~~~mn~1£J'"~1£J LLUU"'~1£J"JlU~"'1~~~1~~:;Lrel~~1um'i'1.nu'i':;'i:~"JltIdjum'i' 

L'il'Vi1:;~LLl?1nl?i1'1L'llu iltvl~1",fuu~n~~lir il~LL~L~~~l?1iil~~um:;tvln iltvltruern.. il~u:;'ll~ 



• • 

18 

LU'W~'W ~'1 fi1c1fiJm ~'f.}'f.ln LLU11~ m~nJ::; LllP1n lPl'l'ln'W'f.}'f.}n 1tI1P1'l~ m~1-n'l'l'W lht-n niJm~1-niJ ~ 

'f.}tJ"Jli:l~L~m LL~'J1-nn'W'Vln'f.}t.l'l'l~'1 LLlPl mhn'f.} i1111::;'J!'f.} i11m::;~n li'Wc1n n'f.}'l~~::;1-nLc1f LLr;i~::; 
'lJ' 'lJ 

hJ1~Pl'J'l~~::;~'JnL'Vh~Pl'J~ ~1'f.}'f.}'l~1c1ffu'f.}~L~lP1"l1nJ::;~Hi.c1f LW~'l::;hn'J!lh::;ttJ"Jl'W1-n~'f.}tJ~ 

1c1ff11 m ~'f.}'f.}n LL1111~'l1,nil lU'WmnrYl.W'l::;'f.}tJ'l'l 

m~'f.}'f.}n LL1111 Ln'ltnL~;J.f.}.Wn.www.l~1-n~.f.}tJLi~..f.}.1~.W"lI.f.}.1Ln.lt ~'f.}1-n~'l~f11,r'l LLlPl,r'l 

1'Wn~m~~1~,r'l1'W~'f.}'1f1J Ll'JJn 'JJ'W'l ~~m~nJ::;tU LL1111 Ln'ltfhu'WPl'J'l~~ ::;~'Jn 1'Wm~,r'lfu LL"lIn 

~~f'ltJn'W ,r'lf11U~::;'Vl'l'W'f.}1~'l~ "lI'W'l~~m~nJ::;Ln'ltfhu'WPl'J'l~L~~'l::;~~n11t~::;'f.}'l~'l~ ,r'l 

L;JtJ'W LL1111 11'Wt~i:::L ;JtJ'W LL11 11 Ln'Itn~ ::;iJ"lI'W'l ~ ~m~nJ::;~1-n~ 'l~f11 m ~,r'lVi 'l'l'l'WL;J tJ'WLl1111 l11 

~::;L'f.l'l Ln'ltf11 LL"lIn~'l1-n,r'll;JtJ'WLL111J nPl'l~::;Ln~mnd'f.}tJ~'lu'J ~~~'1 u'J~Pl'f.} LL~'J,r'lVi'l'l'l'W 

1c1f1~'W'l'W r;]'J'f.}tJ'l'l~'1n~h'J ~'f.}'1m~~::;w~~'1 ~'f.}'1"l1'f.}'1~'I!'l~1-n~'f.}tJ"lI'f.}'1 ~ ~ lP1JlnJovi+1 LU'W~'1~ 
'lJ 

~'l ~C1! LL~ ::;~::;L~tJ ~rel'f.}'W~'l n ~'1'l!n'f.}'f.} n LL1111~'l LU'W'f.}tJ'l'l~'1~~::;~'f.}'1 PinM'l;r'f.}~~'f.}tJ'l'l ~::;L~tJ ~ 

A'l'UJtJilflf;l.n!l 

~'1~~'l'W'JtJu~::;ttJ'1I'W1~~'lnLfitJ'I1~tJ'f.}~~::;iJt'VlMLfitJ'I,r'W ~~lP1JlnJ,,~1~Pl'J'l~ 

~::;~'Jn 1Pl'l'l1 ,rn~::; Ln ~~'lnLPl1'f.}'14'mn~ LL~::; LPl1'f.}'11-nLvHh m ~'f.}'f.}n LL1111Pl'J~~'lil'l ~'1Pl'J'l~ 

U~'f.} ~JltJ"lI'f.}'10-n ~'l~ ~n L~ tJ'I1~1c1fn ~'f.}'1 LL~ ~'1 LPl1'f.}'1~~'ltJ1.n ~-n~ L~'W~1'f.}iJ ~'l'f.}fi11'ltJ1~ 

e.J ~ 1P1.rlnJ"~'l~f11 lI~n ~'f.}'1 ~'lil'l ~'11'~ ~~ LU'W~ML 'J~'l L~nL 'f.l'l L-if'lu'ln n ~~1'f.}'f.}~ un• 

L'Vl Pli:lPl~ C1tJn~'l LL1J1Jfi~11.J i?1'l LLj;)Pl'l~ 1~~'1,btJ1'Wm~1~Pl'J'l~u~'f.}~.rltJ L'J!'W m~'f.}'f.}nLL1111,r'J 

Ln~m'J'l~'J «'1LLri~ ~1'flt/~Ln~m ~'f.}n111~~'JJ'f.}'1~~~~ ~::;iJm~Vi'lLn~mL1J~1~lf'f.}'Wl"l~. 
lP1Nn'W-if'l ~ nu Ln~m~'J11u L~'f.} Pl'J'l~U~'f.} ~.rltJ ~'l~f11Pl'W~1~'VlntJ~1'f.}LPltJ;J'f.}1u~~'WL~'W 

R'f.} ~'1~~'Wfi~'1"'W LLu'W LU 'Wm16~~ Pl'J'l~U ~'f.} ~.rltJ1 ~ LLri m-n 
• 'lJ 

c:5 
A'l'Um"lHI u.~~ 

e.J~ 1P1.rlnJ"~::;~'f.}'1 nPl'J'l~ LL;i'l LLN1'Wlff'J"lI'f.}'1 e.J~ 1P1.rlnJ"~1'f.} tPlN~ ~'l'l LU'WPl'J'l~ 

L~~'l::;~~1'Wm~~'l!n'f.}'f.}n ll1111~4'n1-nPlnJ~~u~"lI'f.}'11'~~LL~::;~'l'W'J'W ~1'f.}ill'~'lnJ"lI'f.}'1 
'lJ' • 

tPl~'1~~'l'l1'WnnU~LU'We.J~1P1.rlnJ"~~::;~'f.}'1iJm~f11~'l~'l!n L-n'W t~::; Ln'lt ~'f.}'1L-if'lh~~n 

tPl ~'1 ~~'l'l LL~::;m~f11~'lwtrn iln~'1 ~'fl'l1~~'1 ~'f.}'1'JJ'f.}'1 Pl'J'l~~'JtJ'I'l~'Vl'l'liii~u::; LW~'l ::;iJtrtlJ~'l 

~'l rh1-ntPl ~'1~~'l'l1~~'lm ~'f.} Pl'J 'l~ LL;;'1 LL~'1 ~::;Ln~ ~'J'W'V1'l'lnu Pl'J'l~'1'l~ un'f.}'f.} nLLUU~ ::;~'f.}'1 

LU'W~~'1 L'f.}'l~'1~'f.}'1~'1nL -if'l ~'l'f.}tJ1 'WPl'J'l~W'f.} ~1~c1f 
'lJ 'lJ 
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I 

~ ')'WfI'YUJ LL~~ LL~\I']J'el~ ~') I:J~ l'l.rlrw"L'el\lt!'Wri~'W'el~~ m ~'el'el n LLuul1J1'N LLfl :;m~ 

L~'eln 1;t)fl (;.) LLfl :;tI~:;n'elU nu m~~m~')oif'el1Jflm~1;I:J~ l'l.rlrw"r)') I:J~ l'l.rlrw"~~ mh') ~'el~fu 

'W')~'Wn~~'elm:;'VlUm~LL'Vln'el:;1;' '" ... 1~~~'el... 13.J'1'W']Jrw:;1" a" tI~:;n'elUm~'el'elmLUU"JI~')'Wnfl~l'l'el~'VllPlfl'el~ 

1t1 rn')t1 LLl'i'el[h~hnl'l,)3.J f1,),)3.J LL~\1 LLN']J'el~ LflNfl~')~~1'el~,)I:J~ l'l.rlrw" 'W'elnr,;nm~'eln1,;{ 

tI~:; 1Jl'Vl']J'el~t)fllPl 
• 

LfiNfl ~')'l~ m3.J'):;fl3.J LL~,)U~ ~'el~ fhil~ ~~ f1,),)3.JtI~:;~U IPlfl ')u l'l
OJ 

now1t1 rn')t1 

A'J'l3Jt4::f1'JntUJ'l!lLUn'l'aL,r 

Un'el'elmLUll ~'el~ ~ nM')1"J1,) mtl111') fI L;~nfl L~mnu~ 1Pl~,)'W ']J'W,) IPl LLfl~;J1Pl4') n 1Pl~ 

L~3.J,)~fl3.J~')~fu'elt)m~~')'Wl'i,)\I11'W1,)\Imtl']J'el~3.J~M6'Vlmv'H'1 'Vlnt)t1 ~\I'"l:;1J~~n'elUrn')t1 

f1,),)3.Jl'Vl')~rn')'W']J'W,)IPl~IPl~'d'W3.J~M6 (ANTHROPOMETRY) rn')'Wfl1-~f'l')fll'lf 

(PHYSIOLOGY) '"l~"'')1~'V1~,)u ;J1Pl"hnlPl f1,),)3.Jfl,)3.J')~(l']J'el\l'elt)m~~')'Wl'i')~11'W1')~mtl 

3.J~M6 L~'el1;tI~:;n'elUm~'r.l'elmLUU ~1'el~nM')rn,)'W~l'l1'Vltl1 (PSYCHOLOGY) ~~f1,),)3.Jfl'W 

rn')'Wl'i')~1 ~n~,),)3.J')il '"l~vh1~un'el'elmLUU 'el'elmLUULLfl:;ih~'WIPl']J'W')1Pl (DIMENSIONS) 

~,)'WLfl~ ~,)'WL1,) ~,)'Wl'l~~ ~,)'WLLf'l1J']J'el\lI:J~l'l.rlrw"l'i')~11rnm.h~~'elm3.J'):;nU1,)\Imtl~1'el 

'elt)m:;']J'el~3.J~MU~1; n'"l:; bn IPl f1,),)3.Jfl :;1Pl') nflu')t11'Wm~1;m~1aJ L~'eltliJ'el~ 1'el LnlPl m~""') 1'W 

']Jrw~~1f1.tI'W')'W11:J~l'l.rlrw"~9,)LU'W'el[h\l~~~~'el~~nM')1"J1,)~\In~')') n'"l~Lu'WI:J~l'l.rlrw"~ 

~,;{~'el~1;'elt)md,)\Imtl1t1~3.J~flLtI'WL,)fl,)'W,)'W L"lI'W Lf'ht rn')3.J Lfli'el\liJ'el 'eJtlnn"l!l'i,)\I1 m~ 

'el'elmLuull')t11'W~'el~LlPltlfl')dd(ltl'Wl'1 ~iJ'el9m(l9mtl1'W ~3.J~3.J~fll'i')~1 LU'W~'W 1:J~l'l.rlrw"~ 

tI n ~,)'el[h~3.J')ilrh m;mlPl1rnLfltl1,;{3.J') LL~,) Ln IPl f1')')3.J1aJflU')t11')\1 mtl~'W ri LLfllPl~r)') ~ nM') mtl 
OJ OJ 

111,)f1 L;~nfl1aJ~~'el LLl'i~~nn~'el\l~nM,) I:J~ l'l.rlrw"~\In~')') 1~~ri'el'W '"l:;1t1 L~3.J')r)rll:J~ l'l.rlrw" 

t!'W1aJ~ L~d1:;I:J~l'l.rlrw"u,)~"JIillPll:J~l'l3.J,)'"l')ntl~:;L'Vlf'll'l:;t)'Wl'ln~~'el'elmLUULlPltl1;3.J,)l'l~~,)'W 

~;']J'el~"JI,) ') l'l:;t)'Wl'l n ~i:Jltl 1,)~1~ qlLl'lnr),)"JI,),) L'el L;1 tI L~'el"JI,),) L'el L;1 uW')3.J')1;'el,)'"l'"l~ 1aJ~'el~ 

~1'el~fl,) 3.J 1aJfl~IPl')n 1'Wm 'j'1;~,)'W un'el'eln LLuu~~"h LU'W~'el~ ~ nM,)~ 1Pl~,)'W 1')~ mtl']J'el~"JI'W 

"JI,) ~~1'el L&h~'Wtf~1; I:J~ l'lJlrw"LU'WLnrw" . 

A'J'l3Jt4'J !I.:1'l3J 

1:J~l'l.rlrw~n'WtlflU'"l'"lu'Wilfl,),)3.Jfl')t1~,)3.JUur)')i:JfI,),)3.J~')~ru1aJ~\I~u'el'W1t1nr)')~u')~. . ~ 

H fl'eltl Lfltl f1,),)3.Jfl ,)t1\1,)3.J9:;dj'W~~~"'') 1~ Ln IPlm ~~1?1~'W 1'"l~'el L~~')~tI~:;l1u1'"l ~ ')'W~u')~H 

fl'eltl'"l~~~1'el1aJ ~'el~1,;{ L,)fl,)~ m~t1~~ii~ P1'el1f1.tI ~'eltl1 n'"l~Ln l?1oif'elu n~1'el\l1'W~u')~H fl'eltl1~ 

L~'Wll')t1~~~ 1:J~l'l.rlrw"U1~'elU,)\If1,),)3.Jfl,)t1\1,)3.JriP1'el ~U')~Hfl'eltlti'WL'el~ L"lI'W I:J~ l'l.rlrw"']J'el~ 
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~~:::~ n "lJ'El'l t"Jl1'lPl n LLl?i'll?i1'l1 ~'l ~'El Lii~rJ'J1~lh:::'Viu 1'"l1'lJrJ'J1~~'JtI'l1~"lJ'El'l &J~ lPl.nru'fl 

rJ'J1~~'JtI'l1~'"l:::Lii~~1'"l1n~'l~'El'l~'l~'Jtln'lJ~'ElnH1'l (FORM) LL~:::~ (COLOR) m~ 
'II 

nTVI'lJ~~1Ji1'lLL~:::~1'lJ'l1'lJ'El'ElmLuu&J~lPl.nru"YI"bJLVln'El'lJnUm~n1V1'lJ~~u:h'l ~ 1~lPl1~ 
'II 'II 

rJ'J1~;jn~ ~"lI'El'l~lPlm ~~~ll'lm~ LLl?i1'lJ'l1'lJ'El'Eln LLUU t:J~ lPl.nruarlLij'lJl'lJ~m~ru:::f"1~u::: 

'r,) lPl~1V1m~~'"l :::v'h lPl1~ rJ'J1~"Jl'ElU rJ'J1~i~n;jn ~ ~"lJ'El'l'l!n'El'Eln LLUU ul?i L~t1'l ~L~mhl1~ 

41 LiJ'lJ~'El'lu~;rm;j~ LL~ :::nD Ln ruarlt:J~~ &J~1'lJlUi1'l LL~:::~ ~'lJ1~LVI~1 :::~~ 

~'JtI LVllPl"lJ'El'lrJ'J1~~1l"iru"ll'El'l~u11'l LL~:::~~i1 t:J~ l?i'El t:J~ lPl.nruarl 'l!n'El'Eln LLUU~'l41 LiJ'lJ 
q ~ 'II 

'El£h'l~'l~'"l:::~'El'l~n~1ij"Jl1 'VI ~~nVl1'ElVl~nm~'El'Eln LLUU LL~:::ij"Jl1'V1~~n~ ~'l LiJ'lJij"Jl1'VI1'l ~1'lJ 

"lI'El'l f"1~u::: LL~hil1~11J~:::t1n IPlt:J~1'lJ 1oifn1J f"1~U:::'VI1'l ~1'lJ'EllPl~1V1n ~~~ 1~Lii~ rJ'J1~ n~~n~'lJ 
q q 

'i1A1 

n~~1~ 'El1~~~1'lJ:::Lij'lJ'El£h'lh i1 rJ'J1~ ~'El'lm~ 1oif~w~'1V11'El t:J~ lPl.nruarl~L ~t1'l1~ 'l!n'El'El mLUU 

rl'"l::: LU'lJeJn1V1'lJ~ LLUU t:J ~ lPl.nruarl U~:::~1 ru~1 rJ1"lJ1t11~LVI~1:::~~nun~~ LihVl~1t1~'"l :::~'Ell~ 
'II q 

m~'"l:::1~~1~'l&J~lPl.nruarl~i1~1rJ1LVI~1:::~~nu~mr'lJ n'Elri~mn~'Eln1oif"JlU~Vl1'ElLn~~"lJ'El'l 
'II 'II 

Q,o' diI _.c=I .0:::10. ~ I a 
'J~r;,J LL~:::L~'Elmfim~t:J~lPl'VI'l1m'J~L~'J LVI~1:::~~ 

'Elri1'lhn~ tl1U~::::l,J1rum~'El'ElnmLL~'J U~1n!J~1 ~1rJ1Fi'El'lJ;r1'l'"l:::~'ln~1~n1V1'lJ~ 

H rl'El1'"l'"l :::i1mnU~t1'lJLLU~'lVl1ml1' j;JJ'lJ1'El'll"lU~:::n'ElU ~1'lJ~1'l1 n'lJ1V1"J LLl?inU'l ~'El'l Pi'll~'l 

rJruFi1"l1'El'l&J~lPl.nruarl,!'lJ (5-tln~1 LU'lJijfim~~ W1fl11oifr.l1tl q 

m'i'li'£l:J.l LL"Il :J.l~1!1 

VI~nm~~rJ'l'"l::: 10ifnu t:J~ lPl.nruarl LrJi'El'l4'nm~ LrJi'El'ltl'lJlPl LFli'El'lloif1v-lYh l?i1'l1 ~i1 

n~ lnJl1tl1wnuoif'El'lJ 'El:::1'l-1~1J1'l~'lJri'El~ ~'El'li1mn~'El~~Jl1~lu lPl1~'El1tlm ~1oif'l1'lJ'l-11'El m~ 
q 

1oif'l1'lJ1'lJ'VI1'l~lj ~ 'l!n'El'Eln lLuuri'El~~'"l:::~'El'l~n~1ii'l ~1 LLVltl'l1'lJm~4'C;]'J1'ln~ In LLl?i~:::~'lJ 

lPl~'El C;]'"l'lJ'lJ'EllP1~n~ L~'El~'"l:::l~'El'Eln UUu'ZJ'J'lJ"lI'El'l ~1rJ~'Eluu1L'Jrul?i1'l11~~:::;C;]'Jn l'lJmnl'ElC;] 

"ll'El~ LL"ll~'l-11'El LU~tl'lJ'El:::;1'l-1~~1t1 
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1fieJ~ ~1~'VI~1t1 LLUU LLl'1 LLuu'VI1'B1fi1~n'l"'l~L'VIJJ1~~JJ~~~ ~"'l~hJvh1,x~'W'V1'1..m11eJ~ ~~'1, ,\l 

I .d ::. IV '" ~ .J lV ~-=I ~ 1",4 J' <j'
n'J1'V11.h~JJ1rw 'U~'W'W 'Wn'B'eln LLUU~'1"'l~~'B'I r1n'lj-1 L1'B'I,)~~,LL~~(HleJ~ ~ 'VI~n"JI'l ~~m'UVi1~ 

1'~ ~~1Vi,) nVi ~1 ~~ n1'WLLl'1~ ~"1lU~ "'l~iJ ~rw~JJllil'V11'1 m t11l1Vi~l'11'1rl'W'B'B n11J L"ll'W iJ ~,)1 JJ, , 

1~ 'V1'W~,)1JJ1'B'W ~')31'W,)1,) 'V1'Wm~~h'l1~~ hJ~'W Li:l'W~'W n~'B'IL~'Bn1,x~rw~JJllil~'1mh'), 

1,xL'VIJJ1 ~~JJ rlU fJrw~JJllil"n'B'I eJ ~~.nrwsn~~'1iJ~'11'WtJ ~~31t1e iJmnrw1'1 R-n')t1 rl'WvhrnM 

~'1 LL') ~~'BJJ ~')t1 m11-if1'~ ~~ U1 n~u'VIJJ'WL1t1'WJJ11oDl'VI),) ri~'1.yh 1,xun'B'Bn LLUU U'BJJ ~'B'IiJ, , 

U'V1U1'V1 L~JJ;'W~ n ~'B LtI'W~-n')t1Yl'V1nM~'1 LL') ~~'BJJ ~')t1 mn~'Bn 1-if1'~ ~~'VIJJ'WL1t1'Wn~u m 1-if'lJ , , 

1'V1),)1~ ~Lttln~111"J1Lf1~ 

n1"i"1l'U~~ 

Un'B'BnLLUU~'B'Ifhu'ln'lmn.h~'VIu~fi1"n'W~'1 m1"n'W~'1~~~')n'VI1'B1),) 1~t1~1n~ 

'VI1'B1~t1~1n~ n'WLi1'B~1'Wm1"n'W~'1m m!'Bti LYitl'l1~ m1"n'W~'1'V11'1U n'V11'1~1'V11'B'V11'1'B1m I"'l 

~'B'IVhm1Un'~1J'l."'B'BU'Nh ii'l"'l~vh1,xeJ~~Jirw"Vl1),)LnWlmn~t1'V11t1.jhlWl "If'W1W1"n'B'I~ 

~'B'WL'V1'WL'W'Bfun'V1n~'WA'1'V11'BLi1'B~~H1'Wn11"n'W~'1iJ"n'W1~ n11'1 m') ~'1 L'Vh1'V1~ LtI'W~'W 
, 'lJ 

'VI1'B1'Wnnll~eJ~ ~.nrwsn~'V11m1'B'BnLLuuiJ"n'W1W11'V1,~L~m,)JJ1n L-n'W L~t1'1 'VI1'B~ WI~JJ LLUU 

~'1~'W un'B'Bn LLUU ri~,)1~"'l ~fhu'In'l L~'B'In11"n'W~'1 ~'1 LL(;\i'W~'B'W"lf'B'In11'B'B n LLUU rl'WL~t1 

~'B 'B'BnLLUU1,xiJi'W~')'W f11JJ11t"'lt"'l'B Wll.h~n'Bu1~~1t1 ~~WI')n L~'B'V111,x~ul-i'BiJ"n'W1 WlL~n~WI 

~1m1t"'lUn"'l 1~'W~'1~ Lij'W"n'W1W1JJ1 ~1~1'W L~'BmnJ1~'VIU Wlfi1"n'W~'1 L~'B ~'B~'B 11Hi , 6.9 'lJ 

~ 1JJ 11t"'l~"'l ~"n'W~ '11~ ~') tI ~ 'WL'B'IU1n ~U 11JU'1'Wii~ 1JJ11mJ1~n'Bui'W ~ ,)'W1,xL411 lU d:l'W 

eJ~~Jirw"Vl1~WltI~~~')n~')t1~'WL'B'I 

~'B'I'VI~ nn11'B'Bn llUtl eJ ~~.nrwsn~1~mh'JmvY'I 9 -if'BeLtI'W'VI~nn11~Un'B'Bn LLUU 

eJ~~.nrwsn~'B'I ~1U'l n'l LU'W'VI~nm1'V11'1~1n~~1~mh')11b'W"n'BU L"lf ~'BU1'1n11'1 ~1'BU ~~JJ 

eJ ~~.nrw"Vl11i')'VJnn~ JJ'VJnu1~ L1l'V11'WeJ ~~.nrwsnLLl'1~~"JIU~t!'W 'B1"'l"'l ~ 1),)~'B'I ~1il'l'VI~ n m1 

~'1n~1,)~1U'V1n-if'Bii1~;'W'BUrlU~,)1JJeDu.n'B'W"n'B'I eJ ~~.nrwsn'VI1'BeJ~~.n rwsn1J1'1"J1UWI ii'B1"'l"'l~ 
, 'lJ 

~'B'I ~1U'I n'l'VI~n m1~'1n~ 1') ~1uti,)'W'V1n-if'B L-n'W 'B'BnLLUU eJ ~ ~Jirw"Vl11 LL"n')'WLi'B ii ~'1"'l~L-W'W, 

'VI~n m1~1'WU1~LtI"Jl'W1-iff1'Bti ~,)1JJ~ ~WI')n1'Wm11-ifLL~ ~~,)1JJ~')t1'11JJ LU'W'VI~ n ~'1"'l ~1),) ~'B'I 

'lu ~1U'Iii'l~1'Wn11"ll'BJJLL'llJJ LVi 11 ~1),)iJn~ 1neD1J.n'B'W'B::11 'VI1'Bn11"n'W ~'1 LVi11 ~"n'W1 WI~1 rlWI 

mJJU1~LtI"JI'W1-if~'Btlu'l~U LtI'W~'W 1'W"nrw~~eJ~~.nrwsn1J1'1'BU1'1 L-n'W 'B'BnLLUUeJ~~.nrwsn 

1t"'ltl'Wul M1LtI'W~Un'B'BnLlUU"'l~~'B'I~1U'Iii'l'VI~nm1'B'BnLLUUeJ~~Jirwsn~1UvY'I 9 -if'B LU'W 
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~LIJlULfi~ ~1'el1P11:l~l'1'Yn"uqJqj'1iL1Un~1b~~nn~1U~ila-J btlub~~n~ilma-J1n.l 

~nf1J'elU~1(iA'elUn~12%) 'JJ'el'l~1~trn il~'lU~~a-J'iI'el'lL~nilua-J'elth'liA'elU 10.5% ihbill"l~u 

1utI ~.M.1903 b~'eltrn'i'VlmM1~lP1f~1J~1mn~a-Jilbn~ La-Jij~tra-J L'Vl'Vl1LtlUa-J LUL'elbtlUa-J ~1'el 

L~~~~UbblP1nj;h'lnuhJ1P11a-J"lIill"l '1l'el'l~n.l~a-J1J'1ib"B'In~ bb~~m'j'1;{~'11ub~~nn~1fina-Jl"I1 vh• 

U'i~LI1'V1"1.1il.:l~L(;IULfi~ LLU.:l\~ 5 "llUj;l\llfi'n 

1. Ln'i(;lilil~LlJluj)in (Austenitic) bb2-h~~nl"ll"lLaJ~l"I U'eln"1n~'lU~~a-J'iI'el'lL~nilua-J.. 
18%bb~'l u'lililbn~~-rl'lm~a-J~'l1a-J~1U'Vl1um'j'nl"lni'eluiln~'lu "lIill"l'el'el~blP1il~mtlu~ilua-J 

1;{'elth'ln11'1'i1'l1'1a-J1n~~~ 1U1J'j''j'l''I1~blP1Ub~~~'lUnu ~'lU'el'el~blP1il~n~m~nilua-J~~a-J'el~ 

~'1 20% (1'1 25% LL'i'l~ilmn~ 1%(1'1 20% "~~1a-J1'j'()'V1Um'j'bnl"l'el'eln;Ll"I"i!1~~'f.ln.l~1Jij~'1~'1 

1~U~'lu1..h::;n'el1J'iI'el'lL1P11V1~'ela-Jv1'el,j1~'l1a-J~'elUbb~::;bb~unu ~'l1a-J~'elu1Ub~i'el'luuj;ffGj::; 

L1umh b~~nn~1U~ila-J "Jlill"l'V1U~'l1a-J~'elU(Heat Resisting Steel) 

2. Ln'i(;lLvJil-i~Gin (Ferritic) btlU~ bblP1UL~~~()n~1ijJ1L~'el1~il~'l1a-J~1U'V11UlP1'elm'j'.. 
nl"lni'elUbb~~mnnl"l~ila-J ~bblP1Ub~~Lml"l~n~'lU~~a-J"jJ'el'lL~~n (Fe) bb~::;L~nilua-J 

(CHROMIUM, Cr) bblP1LaJil il~bn~ (NICKEL, Ni) ~~a-J'el~ bb~::;bbaJb~~n~1a-J1'j'()~l"I~l"IL~ 

(FERROMAGNETIC) ~ LbI?1Ub~~ m'j'l"I~,,~il~'l1a-J bb~'1 bbni'liA'elU~'1b~'el1;{'11U1U~1l1'l~~il 

~'l1a-J~'elU~'1 'elth'lhri1P11a-J~ bblP1Ub~~m'j'l"I~nu'Iilf,Jn.lm~ bb~::;~'l1a-J bb~'1 bmi'liA'elUn~1~ bblP1U 

L~~m'j'l"I'el'el~blP1il~n 

3. Ln'i(;l3.('l-iL'VIu:J1Gin (Martensitic) bbaJb~~n~l"I~l"I Ll"IU~'lhJ'"l~ilL~nilua-J~~a-J'el~ 

12%bb~~il~'lU~~a-J'iI'el'l~1f1J'elu1u'j'~~1J1J1un~1'1JTn,j11t11;{vh~'ela-J ill"l b~i'el'l;;'elj;]l"I bb~::; 

b~i'el'l;;'el'iMrm'j'~u1 ~'1~'el'lm'j'~n.l~a-J1J'1iblf1u1U~1U m'j'~1U'V11um'j'~nni'elu bb~~ ~'l1a-J 

bb~'1LL'j''1'V1U'V11U 

4. Ln'i(;l~L'W~ni (Duplex) LbaJb~~n~l"I~l"I nL~N~~1'1~~a-J'j'~~~1'1bW'elfhj;fbb~~ 

'el'el~blP1Luj;f m~nilua-J~~~'eltJ1J'j'::;a-J1n.l18-28% bb~::;ilbn~ 4.5-8% m~n"llill"l~JTn()n.. .. 
,jrIL1J1;{'11U~il~~'el1-u~'1 b~'eliJ'el'lnUm~ Ln l"Im'j'nl"Ini'elUbb1J1JlL~a-J (Pitting corrosion) bb~::; 

-rl'lm~a-J~'l1a-J~1U'V11Un1'j'nl"lni'elu~btlU'j''elU~1'l~Ub~'el'la-J1''1mb'j''1nl''l~U(Stress 
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corrosion cracking resistance) 

5. L,..~nni1"l1'Uu'1i.:JLL'U'UlJlnl:l;n (Precipitation Hardening Steel) iJ'LflnijtlaJ• 
j;JflaJ'fl~ 17 % LLft:::nilLnft 'Vl'fl'l LLl11'1 LLft:::1u'L'fl LUtlaJj;JflaJ'fl~~'JtI Lti'fl'liOllm.....,~n'~Ul11~fllaJl~TI 

"llU LL~'I1c;ilufln'J Lmm ~'I maJl:::~l.....,f1J'vh LLnu ~aJ 'li'J'Jl~'J LLft:::~'Ju1.h:::n'flu"il'fl'l'fllmll'l• 
mu flLl1IULftfl fl~ft ~utlaJ1-ifi'J1tJ~'fl 'fl'flflLl1IUn LLft:::LYl'flfi~n ~'I~l11LUU 95% "iI'fl'lm~nn~l 

11flUaJ ~1-if'llU'fl~1uUiOl'UU 

Plnlf4 ~~..r'J'ltJ u,-a:: Plnlf4 ~~V11.:Jm!l1l1Vi 

~ruflaJu~vn'lmtlm~"iI'fl'lflLl1IULftfl dj'flLmtluLVItlurlU1fll?JtJ~:::UlVl~U f11~LLfll11'1 

1umn'l~ 1 LUULVitl'lf11tJ'J:::aJlru Lti'fl'liOllnmnmtlU LVI tlUvh1~mn f11fl'JlaJ.....,Ul LL'llU~'I 

"iI'fl'lfl Ll1IULftfl LLl1In"h'liOllnr)'fll?J~H1um~ri'flflh:l~U1 'fl[h'lL~u1~"J!l11 1u~'Ju"iI'fl'l ~ruflaJllii 

L~tl'JrlUfl'JlaJ1'flUfl'JlaJfllaJl~rJ VlUfl'JlaJ1'flU"iI'fl'lflLl1IULftfl n;r'fli'lLnl1l 3 tJ~:::m~~'fl 

1. m~~ijiOll11.....,ft'fl:hlL.....,ft'Jfl'l vh1'lXijt[l1Infl'JlaJ~UmLri'fl LVitlUrlUL"ll~li1n~'flru"""fli1 
q III q llJ 

, 
o , ~ 

11I1n'Jl 1000 'fl'lll'llL"llft L"lltlfl 

2. m~~nf1TWlfl(naJ1'flU~:::~utJlumn'lvh1'lXflLl1IULftflL.....,aJl:::~iOl:::1rtU'I1U~~'fl'l 

VlUfl'JlaJ1'flU (fl'flULVlULU'ilf) .....,1'fl~'f)'Im~flruflaJ'illhllfl'JlaJ1'f)U1~m (Lfl1'f)'Irilt1fl'JlaJ1'f)U)• 
3. m~n,"hiaJjJ~~~Vl'tm~"ilmtl~'J~:::~utJ1Unftl'1 ~'IfllaJl~rJH'fl'JlaJm'JaJln11~ 

'Ll11t11-if~'JL~'f)aJU'f)tl (L"J1U 1um~Vil"""~'Ifll) 

fl Ll1IULftfl'Ll11t1i'J1tJiOl:::ij~'JUj;JflaJ"iI'f)'I L.....,~ ntJ~:::aJlru 70-80% ~'IVil1'lXij flruflaJU~• 
"iI'f)'IL.....,~n~~l~tlJ 2 tJ~:::m~~'f) fl'JlaJLL;j'lLLft:::fl'JlaJLLni'l1ul1Iln'l~ 2~ djum~ 

LmtlU LVitlU flruflaJU~ Lon'l nftrlU1fl l11"llUl11~U iOl::: L~U1~~1~ ftlfl ~n~'I djU1fl l11~u[m1-ifrlU" . 
'f)[h'ln11'1"i1'Jl'1nfl'JlaJ LL;J'I LL~'I LLft:::'LaJl11~fl fl'JlaJUl11.....,t.JU~l ~'JUL"ll~li1nnfl'JlaJ LL;J'I LL~'I LLft:::" . 
fl'JlaJ L.....,ilm~'I LLt1ln fl'JlaJ bLni'l.....,1'f)fl'JlaJfllaJl~rJfu LLNm:::LLVln'Ll11tl1aJ LLl1In'lin ~1 fl Ll1IULftfl 

1'lXf'il ~ Ltlunftl'1"i1'f)'I~'I WJlaJ LL;J'I fl'JlaJ LLni'l LLft:::fl'JlaJ L.....,ilm Lti'f)'IiOllnij~'JUj;JflaJ"iI'f)'Ifill1J 

m~n'fl~aJln LLft:::iOl:::nL~aJ~u~n1u"llul11'f)'f)flLl1IU~n LLft:::11I1~1'1~ 3 iOl:::LLfl"''I1'lXL~Uf11fl'JlaJ 

LL;J'I LLN~'I~l11 (Ultimate Tensile Strength) "iI'f)'IflLl1IULflfl1aJ~liOl:::"llUl11~'el'f)U~'J~1t1~'I 

fllaJlmVil1~ultJLiJu1~~ L"J1U m~~UltJ~n (Deep Drawing) iOlUti'l"lli1l11fl'JlaJLL~'1LL~'I 
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~'I~~ ~'I1~r.nnm~~t.lnJLih..lVl1'elnl~vh1'IXLih..l~'lt~m~'l (Quenching) V11'el'llil~'ULL~'I.. . .. 
LLlJUlnmJ~n (Precipitation Hardening) ~'ILmn::;1-if~1~m'l 

AW'lu.nj'ii'llil~ 'II bl.1PI 'IJb~ fl• 
~ LInt.lL~~ (;]l'1'l1il~ nt.l~ iitf1~'1~ ~1'1 (;]1'1 rit.l iOl::;ii~ m~n.l::;fh f1'l1~ LL~'I LL ~'I~ 

L1J~ tJt.lLL1J~'I LLIn n (;]1'1 rit.l~'11 t.l~1JiOl::;LL~ ~'I1 'IXL~t.l LLt.l'lt~'I"lJ'el'l 1"11 f1'l1~ LL~'I LLN t~tJ~'l11J"lJ'el'l.. 
Lm~~LInt.lL~~ 4 'lIil~ 

1. Ln~~mfL'V1t.len~n iiI"11f1'l1~4TI..lt.lf1'l1~LL~'ILLN (Yield Strength: YS) LL~::;1"11 

f1'll~LL~'ILLN~'I~~ (Ultimate Tensile Strength: UTS) ~'I~ln1t.l~1l1Yl~~1t.lm::;lJ'lt.lm~ 

'elU"JlU LL(;]iOl::;iiI"11m~U~~'d (Elongation: EL %) ~1 

2. Lm~ L~'elfi~n iifilf1'l1).J41t.lt.lf1'l1~LL~'I LLN LL~::;1"11f1'Jl).J LL~'I LL~'I~'I~ ~1Jlt.lmn'l 

Lri'el~'J~riUI"11f1'Jl~U~~'J~'I 9'1~11'IXl;'l1~lnl~t.l~1J1~~.. .. 
3. Lm~'el'el~Llnil~ n ii 1"11f1'Jl~41'W'Wf1'Jl~ LL~'I LLN1n'i\\f'1tJ'IriU'lIil~L~'elfi~n LLl9\ii 1"11 

f1'Jl~1 LL~'I LLN~'I~~ LL~::;f1'Jl).JU~~'J~'I 9'1~lm~r1~t.lt1J1~~).Jln 

4. Lm~~LYl~n,r ('el'el~LIn1'Wi - L~'elfhj;j) iifilf1'Jl).J41'W'Wf1'Jl~LL~'ILLN LL~::;1"11f1'Jl~.. 
U~~'Jl;'l'l9'1LrtJn 1~~1 LVI~n'llil~eii~'1f1'dl~ LL~'I LLN LL~::;f1'Jl~LVlljm (Ductility) ~~'I LUt.lL~f'l.. .. 

... ...., 
A~1~1PI1'IJ~1'IJn11n~n1il'IJ 

LVI~1~~LIn'WL~~9'1'V1'Wl9\'elm~ri~ni'el'W1~t~V1::;'Vln'llil~~'J11JiOl::;~11J!jrn-mrilJ 

'el'elnen LiOlt.l1'W'el1mf'l Ln~ LU'WYJ'Zi).J'el'eln1"l1191ut.l~'J t~V1::; V1r'el'el'eln1"l1191 ~ Ln ~Ut.l~'J LVI~n~'J 11J iOl::; 

~11J!jrn-m'el'elnen1~,r LL~::;.yh1'IXLn~~1l1Yl~'W~'JLVI~n~ni'elt.l ~Ld1LrtJn~l Lu'W~il~ LL(;]~Llnt.l 

L~~mf1niitJ).J ~~).J'eltJ 10.5% ~t.l11J ~rI1'IXf1n.l~~~"lJ'el'lYJ'Zi~'el'eln1"l1191lJt.l~t.l~'JL1J~tJt.lLL1J~'I.. . 
11J n~lmiJ'WYJ'Zi~1JniJ'el'l V11'elYl~1~en~L~LtJ'elf (Passive Layer) ~LVlij'el'WLml::;iJ'el'ln'W m~ 

ri~ni'el'W ~'I1J~ln!lm~ru~LrtJn~l Yll~~~ (Passivity) YJ'Zi).J1JniJ'el'leiOld'j,It.ll~Ul'1~ln 

(~lV1fULL~t.l~Llnt.lL~~U1'1"l1t.ll~ 1 ~).J. YJ'Zi~V11'elYll~~~ L~LtJ'elfe iOl::;iif1'Jl~Ul'1LVitJUL'yhriu 

'Jl'1m::;~l~ 1 LL~'W lJ'W~n~'I 20 -ff''W) LL~::;~'el'llnlL1Jfh1~iL~'WYJ'Zi).JeiOl::;Lm::;~~LL'l.l'W LL~::;~l 

V1t!1~1J niJ'el'l~ LIn'WL~~ lOll n m~ri~ ni'el'W~'I~'J~ V11 ml111J ~~ In LL1J~t1JVlr'el1-if'l1'W 1t.l~1l1Yl 

LVlm::;~).J Lri'elLn~iim~ii~~'J'W YJ'Zi~1JniJ'el'l~iOl::;~~1'1~'W1V1aJ1~L'el'lIn~'el~L'J~1 

f1'Jl~ f1'1'V1'W"lJ'el'lYll~~~ L~ LtJ'elf LUt.liIiOl4'tJVI~n"lJ'el'l f1'Jl~~h'W'V11'Wm~ri ~ ni'el'W"lI'el'l~ 

LIn'WL~~ 'W'elniOllne U'l~t.l'E)~riu~1l1Ylm~ri~ni'el'W~'W1~LLri f1'Jl).Jlt.lLLN "lJ'el'l1J!jrn-m 



I 

25 

'el'anen1~,r f1'J13Jluum-~l1hnt:l..l~1 ~~:;'W1tJfl~'el hl'l Ll~:;~t:l..lVl1Ji1 L~tJ~'J11J ll~'Jmn~3J 

mmt:l..l LflniJ£13J.,~"ll'JtJL~3Jfl'J13JiJf1U'Vl1U m~n~ni'elU"lI'el'l~llJlUl~~ mn~3Jilln~.,~"ll'J£1 

l~ 3J f1'J 13J iJf1U'Vl1Um~n ~ ni'eluL~£1~'J11J 1~'Vlu~[l1'J~n ~ ni'elUtUllN1~ ~'Ju L3J ~1J ~hr3J"~ 

"ll'JtJL~3J fl'J13JiJf1U'Vl1Umdn~ni'elUl'Yl~1~~ l"llU m~n~ni'elUll1J1Jn;j~ (Pitting Corrosion) 
'IJ 

1U'Vl1'11Jljmi ~ llJlUl~~"lln~ lvJ'elfi~n iJm11ejf'l1ur,hn~ 1u~[l1~m1n~ni'elu1J1u 

n~1'1ll~~lu~m~"llu1J'Vl ~'1"lln~LvJ'elfi~ml~~'el'el~LVln~n ~13J1~rI1ejfyh 'r,]1Jm-nIlfli'el'lleif1u 

fl1'J ~'elu1~ lll'i ln'el'l.,1 n"JIill?1tl'el~ llJlil~ n~13J11(1'VlUm~n~ni'elu1~~ ll~~yh fl'J 13J~~'el1 ~41tJ 

~'1il£1 3J1eif1U'elVl~1V1 m-m'el1V111 ll~~lfli'el'l~ 3J U'eln.,1 nn"JIil~'el'el~ llJlil~mr'l'Vlum~n~ ni'elu 
q 

o 

'Vl1fl'J13J 

~~m~ L~tJ loD' 

e.wnnvJ'eln ll~~~tl~1ejf 
'IJ 

11uu1u 

ll'el~n'el[l'eli ll~~'el~l"ll 

L'VlU 

I 

~~'el1~~iJ~'JUL:l~3J 

I "lI'el'lvJtl~vJ'el1~ ll~~1u 
lJI1'n 

co ... 

L:l'JVlU1, 

n1~i~~'J£1~'J~, n1~loD' 

L:l'li~ 

'l;' 0 1...... 1'" !'I
U1m'Vl1fl'J13J~~m~m-~.,n "JI~1'1~llJlUl~~ ~l]JU 

flf'lfl~1'J lll'iiJf'el'l~1'1'el'eln~'JtJJ1liiu1~V13J ~ 

~1V1f1Jfl111J~~1'1~'J£1~~1aJ'el'elnl"llU ~ ll~:;fl~11J 
... 

Q.o" .q .<:::II tr Q.o" '" '" 

~U"1n~1~'elUU'Vl~tJ"1nUU~1'1~'JtJ~11~:;~1£1 

Ltlu':jfi~~.yh£1~ fl'J~1ejfyh fl'J1~~~m ~~ llJlUl~~ 

~1'1'el'el n ~'JtJJ11'elUVI~1 £11 flf'l L~£11ejffl'J13J 

~:;31~~~1''1 fl'J~mm~n~l~tJ'J"ll1qj~1V111Jm11ejf ~ 

QniJf'el'lll~:;1J~'el ~.ntJ 

fln1J~~1'1'el'el nmn iJf'el'l1eifL:l~1JI.nt:l..lov1l'11 fl'J13J 

~~m ~l;'1n~ L:l~V1.nt:l..lov1~loD'iJf'el'l1J~'el~'el'eln 1"Jll'l 

'" '" ~.!1 ... co ..t .... 1'"
V1~n ll~:;~~'J'I1J-J V1ln~fl~11J"lIU'eln m~ "JI 

L:l~1JI.nt:l..lov1"llil~n,,~l'111~ ~U'ej'J~lJIUl~~iJm~ 

l1J~tJUll1J~'1 
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~'larU ~d'l1J~'larU th~~(n..l~'ldfl::;fl'ltJ1~LVld~'lf1J'elU / 'el'elfmUn (L'llU LL'elfln'el~'elt'i) LL~'Jth~ 

'el'eln~'JtJ~tl 
OJ 

/~'1invl'eln'elf.h~'e\'elu LLfl::;~'l ~'l'l'el'eln~'JtJ~'lLUU LLfl::;L-DVl1'IX 

~'l'l'el'eln~'JtJ~'ldfl::;fl'ltJ~ HLL1Jfl'l1u~'elu~~ 1 iTVI'el'eln LL~'J~'l'l'el'eln;;'JtJ 

J'l LUULLfl::;L.ID ~1'IX LL'IX'I 

'Vl1~1~ (L"llU 1Jf~L"ll) fl'l1JULL~uiVl~1~1;;vhfiil'lnm~n LL~'JiTVI~d'l1J~~V1 

1JU~ LI?lULfl~'el'eln ~'J'l~r'eluiTVl1u1uVifll'V1'l'l L~m nun1J~ue:i'J ~'l'l'el'eln 

~'JtJ~'l LUU LLfl::;Lon V11'IX LL'IX'I 

U'ltJLLfl::; '~fl'l1U~'l~U1 fl'elm'el'liJ'ltJ'el'elmL~'JQm'J'el'eln;;'JtJL1Ju~U ~'l'l'el'eln~'JtJ 
'" '" '" 

~~mn'elf ~~ LL~::;U'lfiil'lm!u1'IX~'l'l ~,)tJU'l~U Lon~ 1'IXLL'IX'I~,)f.1 ~'l~~ 1 

'~fl'l1U~'lt\'~~'ltJl1L~'elfiil'l'l (25%) ~1'elmVl1uI?l1n (15%) ~'l'l1'IX~::;'el'lVi 
'" '" '" ~'l'l,[)'eln ~'JtJ~tl LLfl::;U'l fiil'lm!utoh'l1'IX~::;'el'l V1~'JUU'l'eiu Lon ~1'IXLL'IX'I~'JtJ~'l 

OJ • 

,~1u.~'l~u~iJ~'JU~~~~'ldfl::;fl'ltJmVl1uI?l1n 1u'eiI?ld'l~')U 9191'el 1 
I I I " 

Ud::;~'lru~1'1~'1Wn'li') L~'1 ~'l'l'el'eln;;'JtJUrI1'IX~::;'el'lVi ~1'el~'l'l e:i'J ~htJ 

'" '" ~'ld'll::;fl'ltJndVl'el'eln"ll'l~~ Vi'lHud::;~'lru 20 U'lVl ~'l'l'el'eln~')tJU'lLUULLfl::; 

______----.JE'�XLL'�X'�~1'ell'i''el'lHL~i'el'liJ'el~'l'l~'ln~d'l1J~U~~V1LL't,!U
I 

Grade 

201 
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- 'el~j;q1V1n112-JVi1f'J, 11'Jlh::;~,. "" - fl1m.h::;~1J1'J, d1'J1J1::;1Jl'VI~1'l1 
m!1 ~1'l1(1-n'l1'Wt11 tJ1'W) 

- 1n~ L~tJ'ln1J Ln1(9l 201 LL~n Pl'J12-J ~h'W'Yl1'W 
202 

n11n~ni'el'W1~~n';h 

304 

, , 
- Lfi1'el'l1-nLnmn1JPl1'JL1'el'W L"JI'W Lm - L~::; :
 

'r.Jun11h::;n'el1J'el1V111
 

- 'r.J~j;q1V1n1d2-J LPli'el'l1;{1'WPl1'J L1'el'1,.v 

'el~j;q1V1n1d2-JLPli'el'l1;{1Ylvh• , ,
 
316
 - L~m1'J1Unn111-n'l1'WLVI~'el'WLn1~ 304 ''In
 

in'lfru.::;n1d1-n'l1'W~n.j1'ln~1Lm~304 ~'el
 
, 
~ or , 

- 'r.J~j;q1V1n1d2-JLntJ'Jn1Jn11~mL~'l 

rm.l1'W 

, , 
~ IV rrdl 4 rr lV (1"". ;/;:/If 

- CJfl~flru"Yl LPl'd'el'l2-J'el LL~'VItJ ,L'J"llflru"Yl~1'l1 'VI 

1;{1'WLN~m1J1'C1 

410, - 1-nVi'm-l'el1ULIOl'Elf. ~'WA'1~n LL~'lt11tJ1'WU1'W, 

430 'el1Pl11 
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I 

-'mJnnu ~~~'W, v1'fl~~I'11''W, 'VI'fl~n. ... - ~191~lt.m~nJt.lfll91'V1'fl11h'!1 

-1-nvh~'J'Wlh~n'flu~'W~'J'W~nEJ'W191 L"Jl'W'VI'fl~n 
'" , 'VI'fl1'flL~EJ,n'!t11iJ'W 

'" -'fl191~IVIn~nJ1J~~n'flu'li'W~'J'WmEJ'W191• 

::.:~? 

m'i'rht~llnt 

m"mlililEltl Hydrostatic m1rllililmJ Hydrostatici • 

',,',,'a""':"~"'~,
:~:-':m","""":"w,~

.,i",,~'iiil
 

m"m~flfJUI'11'm¥,mlJ
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~m tU:fl~ LL:fl~'I!l9! LiI'Wi'W'Zl'n.!tld~n'elu'lJ'el-:JL~i~''el-:J~mn:fl L~'el1fl'Wmd~UUL91 
'II 

.... I .... .... .... 

~'W'Zl'l'Wu\1-:J"11~~L91rl'W LL:fl:::U-:J~1,.,ndnn'elL91'el'fln1~L!l'el~'el-:Jn1d1wn'W'Zl'l'W~'el-:J~'W'I!'WLLtln"'l1n 

.::::!II IV ClI.d.c=l" .o=l q ~ cv q cv 

1.1 ~nl (SCREW) fl'el ~'tlmn:flmVl1-J'lJ'W1L91L:fln U1-:JLLUU1-JLn:flm1Jl:fl'elL91V1-:J1Jl'l~nl"'l::;1-JVI'l 

LL1Jlnu\1-:Jrl'W n~-:J"r'ln:fl1-J "r{,JVImVl~mJ "r'l~ LVI~t11-J LL:fl~"r'ler-:J U'W"r'l"'l::;vh Lij'Wi'el-:J~1 L'el1L1 

"'Ira LtI'WVI~1-J:fl-:J1t11 ojf~1V1fui'WVl1'el fl:fl1t1 Ln~m ~ nl~'l L~n1'Zl'l'W 1V1qJ"'l~ntl:fl1t1 Lrm ~-:J1l1~ 

llOl';)1J'o,l1ln l<(l1";'JhnlltnJll " ,,~ "Ju~,i I t"'J~n41l''''''''' t"'J!f'Tl!'l;r~ tI,,";"1II 
~\l1l1lJ ;j,~ljj~u fH1l1lJ) l ....'lll IKa;lnllllli 

t)t38 ()-~~ 9:--~ ~l\I\lh 
•

OIN G63 ! 1;1' 0'.'J DIN 06 011\$11 

1.2 tU:fl~ (BOLT) ~'el ~~mn~m'eltl1-:JVlrl-:JnVl:fl1t1ltl LLUU ltli1-:J'lJ'el-:JtU:fl~~1'WVlrl-:Jn"r'l 

~1~'l Ln~t1'l 'Zl'l'W1V1qJtU:flI?1"'l~1ojffl'lU~rlULn~m~'l L~t1(N UT) L~2-J'el ~-:J1l1~ 

ffE~~'~' ':'~'!~:=j;' '"':',''''''' i "."w,",~~,,,,,,. ,;.~,,,r,.~,,.. 
.. ~~~tp=a 

lJl.t"/\.~lf,HN"'T';'i.,; ""i~'Jo) .' '·,·VlllO"..,.t ,,~l1ln,;t.lW)~ tl~S.) 
~j2":t<JC:I~,,,'-:t,· MI~"';<'H~'I~I'" .... ,tl~*~·lo,' \1:, ..... *JOI"'~~*'~·w Mbl,.«,)f\f7'~~.·*-$ 

""Tlf~a';(j,~l. !4lTltf)lJ\I,!ll1itJJ;';<l;,~:~ .~ '~~rrll~""1h.1:l:1lt 1f~ftti:m1'h~$llj) ~~lti"mlYljllllll'ih;l 

fR =t~~~~ 
..kf I~. .''1'1;:~..a. :1'I"·I~.' '" """'~'I1li f!&'I1'11)..-4.,••• 

\II !I ~""(ll!'-',,·,~ r,A,~-f '11$-DC:'e'h"~o1<,'I. \1~ ~ I'; if ... q~''''J! \i\:t"ll.·JfUWlW)I'~_ ~'11!j"4Cltn~ 'ton 

:1';'I~I~~~ J-4tIIJ lIIhlf,iiIl'1t;):!...,lWlJ !UliYl.\: )lh~, ....1'A; ~~~tt 11;lti.'l'~~Ili-·ltl::m~~1l'W1 

~ Blt"" -$ 8i·:~·$ t-J=:~ t:"~'~f+~-~ ,. _.~' 

Md~l:~,~ ~.~; .>;~~;. M~~l~: l~~~~~~::~~; ~":~ 1~1:~:'I::~~.(; t'f:::J~ ~;~'~:~'~.': ~1 ,,~ • ~~;i~;~ :~d"U 

1.3 'l!1Jl (NUT) ~'el Ln~m~'lL~t1~1ojfPirlu~~mn~m 'l!lJl"'l~nLn~m'eltJ!l1t11'W 'l!lJ)~1oif'l!lJ)"r'l 
'II 'II 

n:fl1-J 'l!lJ)"r'l LVI~t12-J 'l!lJ)"r'l~ LVl~t11-J LL:fl~'I!lJ)U1-:J"'l::;ntlm~'el1ojf~1V1fui'WVl1'elfl:fl1t1'1!lJ)'el'eln ~-:J 

Jl1~ 
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°1WI'!1'lJ"ftWI' mtI"'l.11111'.\~.;;!- ..1J~'''itfY{_.#l'~Y'PU~_~.'_<''',frIl_':..-'"~~~~~----J 

111'W;I 2.16 UlPlltl:h'llP11'11 

2. "liUf;l"1lil.:Jilln'l Ltli! j;j' bbi!~UlJ1.. 
~nl LU"Wl LL'Cl:;UlPl ~1'J1nlJ~'W~rrwLl"i~tl'l9m'n'Cljj~'Cl1tJ"Jlil(;l (;)'1~1tJ'Cl:;L:atJ(;l 

2.1 "Jlil(;l"1Jtl'l~nl ~nl~1-ii1'WrNn1~~lPl~1~nn~m1tll.jfn'Wtl~-i'l1tljj~'Cl1tJ"Jlil(;l 

L'JI'W ~nl,r'l~nm~m.J ~nl,r'l~'1 ~nl,r'l~L~~m.J ~nlL'Cl~:;LL~'W LL'Cl:;~nl~(;l1~Lil'W~'W(;)'1Jl1~ 

Ll"i~tl'l9m'n'Cl-i'l1tljj~'Cl1tJ"Jlil(;l L'JI'W LlJ'Cl~,r'l~m~~tJ~-i'l1tl LlJ'Cl~~(;l LlJ'Cl~flJ LLN~'1 LL'Cl:; 

LlJ'Cl~'11'W1~ Lil'W~'W (;)'1Jl1~ 

. :'19 
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2.3 "llilV1'l1'el'l'l!~ 'l!~~H'l"lnu~~nLn~ml'l.l(Nm~'el~~1~mnJLL~:::m~1if'l1'l.li'J1tJi1w,n[J 
~ . 

"llilV1 L-n'l.l 'l!~1X'J~nm~m,J 'l!~1X'J~m~m,J 'l!~1X'Jnm.JLlOjl:::~;h'l 'l!~1X'Jn~1.Ji'el'l~l;rl'1 'l!~~1'1 
~ 

tJ~l 'l!~1X'Jn~1.J~uvf~l[J ,r~~~'elU 'l!~1X'Jn~1.J~m{~l[J 'l!~~~'elU 'l!~1X'J~1 l?l'l!l1~ 

-... ~.,nn1AUi,I 1«ttnll~U t..1>jtrWI1;U'''i 

~ ~ ~ 63 
-:.,';]I,mrirn, i;'fl:i-'lJl,··ril1 .rllflaJjj~ l,hil~ "'~18U 

Illliil>lllj1l ,j""llflO'O 

~ Cb9 W ~
 
·.l'~",illltl!uu ""'I Ntla1 17i1"f'Uiu 17"li1Hl 

.cI _ IQoO' 

111'Vft'l 2.19 'l.l~"ll'l.lV1~1'11 

IOjln 

2 ~:::1J1J ~'el~:::1JU L1.J~1'n LL1'l:::~:::uU'5'1n~M i'l.l~'J'l.lL~i'el'l4'mn~ tV1[Ji'J1tJtllOj,U'l.l~IOj:::1if~1 

1.Jl ~~jl'l.l'll'el'l~:::UU L1.J ~1'n dj'l.l~'J'l.l1.Jln~i1~l.l'J [Jt)V1LiI'l.ljj~~ L1.J ~~ lOj:::tJ~:::n'elU ~'JtI~'J'l.l[;]1'11 

l?l'l!l1~ 

(3) l~i''O'\l';'('-il'''h'n~1u 

{2} ,th'~',!'!l'n~1~11nO.iltI'f 

(i) tdUI-.h'1ultolntiauDtl 

1 {.) 'l'"".,,/iu, 
fbi) l~uu~a~J /"" ......,..,c... ..! 

.... n1. I ' ...
111'r4'V1 2.20 'Ci'J'l.llJ~:::n'elU~1'11 'lI'el'lLn~m 

3.1 i';l~m~'aLL'VI'l.lA1IJh-IJ '''llil-IJLn~!J';I ~'Jr5'1n~M~H{ LL'V1'l.ll"ll[;]l'1'l1'el'lLn~m 

i1~'1~'J~1.J~'~CkJ LL~:::~'J~1.JvfL~n L-n'l.l 

D ~'J~1.J~'~CkJ LL'V1'l.ll"ll~'Jl1.Jt~'lI'el'l Ln~m'l!~ 

d ~'J~1.JvfL~mL'V1'l.ll"ll~'Jlt-Jt~'lI'el'l~~mn~m 
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J. 

I """" tr ~ 
P LL'Vl'Ufl1:r::;U::;Y'llWJl'lJ'fNLn'i'lm 

00 LL'Vl'Ul'i1'JJ'el,nnJLn~m• 

3.2 ma!l'J!I'f)(;lLL'VI'iUJ LU'ULn~m~13-Jm~mJ~~L;{n'U3-J1nV1~{;1L'U~fln LU'U• 
Ln~m~13-Jm~U3-J'lJ'f)':JLn~m 60 'f)'1Pl1 ~n~ru::;Ln~m ~'f) U'f){;1Ln~mtff{;1 ~fl'ULn~m 

L'U ~'1Jl1'V'l 

D = d fie Wl91lcfuNl"Jutf'llNbt'lriU1 

p • fifl '~1I;w,,'l1'INbnfitJ1 

d = d - 1.2269 )< p fie "Uli'llf'o.".hffu6flnl~ IflUlnSfnJ • 

D; .. d - 1,082r> x P flEl 'lJUlf"llftl,Jl!J\Hrlle91~mnft01tj91 

d = D '" d - 0.640 X P 
'l 2
 

60 O~f1'l ;ill ~1J'n1!'\I0~lOii01
 

3.3 ma!l'J11J1L'J'f)j;J tOj::;~~3-J:r'l3-J'lJ'f)'1Ln~U'l 55 'f)'1Pl1 UU3-J1;{';hvl'f1i.h::;'I.h LLfl::; 

',hVl'f)~'lJJlru" -i'l11J ~'1Jl1'V'l 

I' ...

~nrl'.~ • 



33 

3.4 bniitl~;b~~t1).1F11.:1~aJ "l~jjaJaJLn~m~,;}aJ 30 'fl'lf'l1 Ln~m'll'Wln~"l~jjLLNL~t1t'1'Vl1kl'ij';} ... . 
'ii1,l'Ij'fltln~1 Ln~mtl'flln LL'lil'blaJ 9'1'WtlaJ1;yh Ln~m~hlilf1Jn1~i1JLfl~'flklLn~m~ LVI~t1aJfl1'1 

VI~"l~jj~i1'1 ~'1Jl1Yl 

D. - d. 2&< 

~" d-(P.~) 

[)," d-P 

<1, - d- O.5P 

:t() fWO filll.jtJlnon 

3.5 bniitl~Vlklb~'eltI"l~jjtl'fllnLn~m 33 'fl'lf'l1 Ln~m'll'Wln~"l~jj~i1'1hj~aJaJ1~~'WtlaJ1oif1'\.¥ 

~1kloif1'1Ln~m;r1'1V1~'1f1JUN~'1n~1Ln~m~i1JLfl~'flkl L'llkl Ln~m Ln~m~1Jnmrtln 

Ln~m'll'Wln~l1Ji1'1 ~'1Jl1'V'l 

d .. 0 

d, : d 1.136 P 

D, " d - I.~ P 

d. - d - ~.882 P 

30 + 3 " 33 1)4«1 ~iitn 

3.6 bniitl~nft).l Ln~m'llilln~"l~jjtl'fllnLn~maJklL~'1jjaJaJ~,;}aJtI'fllnLn~m30 'fl'lf'l11oif~1V1f1J• 
ikltlln1kl~~jjfl,;}1aJ~n1Jm~1aJ1~(lf1Jfl,;}1aJ~'flkll~~'1 f1JLLNn~::;LL'Vlnl~~ LVlaJ1~~1V1f1J'I1kl 

VI tI11J1Ln~m~jjl1Ji1'1 ~'lJl1Yl 
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.,..I"l" 'i' d ..... 
4. 'VI'LI1V1n1'i b'!l.:l1'L1"l1'E1.:1'itn'i b1.Jfl j;J LLfl~'LI9I.. 

~m 'i:u~l?1 LL~~'l!Vl LLj;J'JJ'W'll?lihn!'l~m'j'l-if'l'l'W fi'el "Jl'.ltll'Wm'j'9uul?l~'Wfl'.l'W 
'II 

Lfi~'el'l9mn~ 'Vi1'el~'Wfl'.l'Wii'.l1tll,xUl?l~l?ln'W ~'1d'ltJ~~LiltJl?lj;J'el1tle 

4.1 ~m'IX'.l'\.m L\-1~m.J l-ifUl?l~'Wfl'.l'WLfi~'el'l9mn~ 'i:l?ltJ~~'Wfl'.l'W~iOl~1tlUl?lt!'W~'el'liJ 
'II 

4.2 ~m'IX'.l'VInL'VI~m.J~r'el~'l!t91 1~'Wfl'.l'WLfi~'el'l9mn ~ 'i:l?ltJ~~'Wfl '.l'Wvh~1tlul?lt!'W~'el'l LiOl'l ~'j' 
'II 'II 

i:J'l'Wt91~'ell?l11'LL~'l~'1~'lm'j'tll-if~nlLLUUeul?l1~ ~'1Jl'l~ 

4.3 ~ nl'IX'l i:J'l'W'Vld'lm~u'el n LtI'W~ nl~l-ifu l?l~'W'I'l'W~ fu LLNt!'eltJ1 L~'el'liOl'ln'IX'l~nlLtI'W'IX'l tJ'l~ 

l-if1'JJ f1'l'l~'l'VIfu-n'W'VI1'el f1~'ltJ'el'el n ~'W'I'l'W~9UU l?l ~'el'liJ Ln~m 1'W'el£l~'1~'l~'l 'j'r19UU l?l now 
'II 
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4.4 ~nl~'J~1 LLUU~'JiSm ltl'W~nl~1oiful?li'W'ITI..l~fuLLNU'tltl1L'lIt,lfl'W Lti'tl'l91 n~'J~ nlLtI'W 

~'J ~1'vh 1i~'J'I~1'\..1fui'Wvfj.'tl~fl1t1'tl'tln LL~~'J~ nl'JlUI?l~9:: iSm i'W'I1'W~4'UUI?l ~'tl'liJ Ln~ m 

1'W'tlU~'1~1~1~n4'uul?ln'W1~ ~'1n1W 
'lJ 

4. 5 ~ n~'J ir'l1oif'\..ln L'\..I~t1~'ll'W1'W LtI'W~nl~1 oif4'uu I?l LLtl'W~1 n~'J'JJ'tl'l~nl9::a'l'tl~1 'Wd1'tl 

i'W'I1'WiStiU 1oif1.h::LL9'\..1nL'\..I~t1~1'Wm~i'W'\..Iffi~fl1t1'tl'tln i'W'I1'W~~'tl'lm~UI?l~'tl'liJLn~m1'W 

@)=8 

~ 

4.6 bflfl ~~'J'\..Im'\..l~t1~ LLUU~'J~Yj~ bUfl ~'JlUI?l~~1~'J~1'Wmn9t1d::1'W~h iStiU 1oif~1'\..1fuul?ll 

~'W'I1'Wri~'tl'lm~r~L~'tlf~1LL~'JL~'tl1m1Jfl~~1~1~n1~1~~w'tl~nui'W'I1'W~~'tl'lm~~'J1~ 

_ t'"'
dl''';;"~;lC,~ti)O 

Cn!Prll!
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.1 

4. 7 ~m''lf'J~ bV1~m,J 1fl:wm~tJf'I.JV11'el~'eln~'W~h'W'JI.:J'elf.h:l1aJ1lXbl"1~'el'W~ b"il'W ~m'~'elni1~ 
~	 ~ 

0

n~.:J ~m'bb'I.J'l.Ji1i1~n~ru:::m~1ojf.:JI'W ~.:J1l1~ 
~ 

4.8 ~ nlU ~ L'ClV1:::bbrJ'W 1ojf~ lV1f'I.JU~ L'ClV1::: bbrJ'W'l.Jl.:J b.jfl~1'Jf.Jfi'W m~u ~ L'ClV1:::bbrJ'W~'el.:J b"'ll:::l 
,	 0

bV1~n1lXb~nnr;ll~nltJd:::~nru 3 bi1'eli'W~nlb.jfl1.tJ1'Wbil'el L'ClV1:::n"'l:::btl'Wbn~tJ'J ~n~ru:::~.:J 

1l1~ 

~.dl	 ... _.dl': .: 
4.9.1	 m~"'l'I.JtJ~bb'J'l.Jm'J~ (PERMANENT JOINTS) V1~lmN m~"'l'I.JtJ~'Il'el.:J"ll'W.:JI'W~'el.:J"ll'W 

, , 
'" '" cv ..:51 '" Q..o" .dl a.lIt. "=II q cv c:lI cv

b'Ill ~'J tJn'W b~'ell?1'el.:JmnbtJm''eltJ'''l'I.JtJ ~"'l::: m~1"1'Jl~ b~tJV11tJ'Yl ~'eltJ"'l'I.JtJ~ ~.:J1l1~ 
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,
cv4 IV ... cv4o:=.. 

~ 

4.9.2 n11fiilUtI(;lLLUU"ll'JfI11'J (DETACHABLE JOINTS) 'VImtlrl'ln11 fiilUtI(;l"ll'l.l'l1'l.l~'el'l 

~'l.l'l1'l.lL-if1~'Jtlfl'l.l L~'el~'el'ln1nLtlm'eltl4'uU(;l'el'elnfiil1nn'l.lfiil~hJLn(;lI"l'J12JL~t1'V11t1~1'elti4'UU(;l 

• wihrtti\. ,l'N'looUt • iitm\! ~ '-tljt1fl,~r':::;('.n'f'f»lf)ft 

~ .rnl~l~i! F~!tO oj 'F•. ~,~ F,' r . f. 
. J.ui\,hi~ tu.. Yf:Ji C f. ,r. 

, 
4.1 0.2 nnlld~'eliJLLN~'l.lLL't1~LLN111t1'l.l'elnmnm~v'h19112JLL'l.l'J'1I'J1'lfiil~Ln(;lLLN~'lf11'W 

r~f" • P ,. JI, F" ~ ~ .. F,.. ,~~ .. ~ .. f. 
(110 .l!1KlnIu"\1.".,~,fl,M!'\l} • Illt4116llf""1"~';'" • Ulo"uelldONlt...hf.... 

"."ibill::llW 
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f1n~1,j''el2J~ L~t1'Jn'IJ;... 
fIIJ13-J1UI1!1"11'eHli f'1'el ~m~n.l~r1'Jl~ L;r~"1l'el'l LL~'1~1Jnn!J LLrl~IUIW'11~ L~'WLiI'W~ 

L~U~I'Wn1~U'J'Wnl1fuf~'JU~1 

~'i' ., , ... .!" 1" "~,,1. oft L'Vl'U'i'il'U ( Warm Tone) L"ll'W LL~'1 L'IH'l'el'l ~~ ~'J'ILL~'1 "ll~~ Vlr1'Jl~l'Cim'el'W1'WLLN 

m~~'W'ell1~nr ~'1~~~IU~1 ~~~~~1 mm~riU'Il'W~~'el'ln11r1'Jl~~'WL~'W L11110l 
q 'lJ q 

~'Wn~'Wl'W 1'WLLN1'ui'W 
q q q 

2. it'Vl'Ub~'U (Cool Tone) L"JI'W LVI~'el'l L;iu'J ~IL~'W vh aJ'J'I~IL~'W 1~r1'Jl~i~n~~ ~'W 

LLrol~1~ ~lliJ~ll'Jl r1'Jl~i~J~'W n11~n~'el'W r1'JlmlOlrqjL~h.lL~ r1'Jl~]Jfl'el~L]Ji'lLVI~I~riU 

'11'W~~'el'ln11 LL~~'1r1'Jl~i~i'W~~1~ r1'Jl~~lliJ~ll'Jl r1'Jl~~~'ell~r1'Jl~L~'1L1Ji'l~'eln'l 
... I I if _ 

n1n~ne.t'el'W'elm'lLL'VlIOlN 

3. i'ei'il'U (Tint) LiI'W~~e.t-zq~~'JU~"1l1'J~ln1 L"JI'W r11~rel'el'W aJ'J'Irel'el'W "ll~~rel'el'Wvhrel'el'W 1~ 

r1'Jl~1~ nti~'W'Jflrel'el'WVI'Jl'W 'elU'Pl'W r1'Jl~ LiI'WL~n ~ ~'ell ~~'el'Wl~m VI~I~riU'Il'W~ 
'lJ q "If 

~'el'ln1nL~~'1r1'Jl~~~'ell(7l r1'Jl~ur~'Vli 11L~U'l~1 ~'el~N ti~'W'Jfl 
q q 

4. ib,J3-J (Shade) LiI'W~~eJ~~~'JU~~11~r1'Jl~f~n~!lI'Vi LiI'WrrtVlqj tilL~'el (1'el~ 

VI~nn11~~1 ~'Wr1'1 mm~riU'Il'W~~'el'ln11r1'Jl~ L~'el(1'el '11'W~ LiI'W'Vll'1n11 LiI'WlOlr'l LiI'W 

4''1 

5. ib~.f6t'Vl'U (Earth Tone) L"JI'W ~1~lfl r11~ L;iU'J~~1 Hir1 L'Vll LVI~'el'l1~r1'Jl~i~n 

~'1U LPl11 VI~~ ~IU 1 '11'WLrll1unn.l 'el~fn~UU~LVI~I~riU'lI'W1n.lNf'1'1I'W'el~fn~P\I'1

LL~~'1"J1'J'IL'Jfll 'elIU 
q 

" 6. i"ll1IJ-\;'h (Black & White) 1~r1'Jl~1~m1uu~IU ~N11J~N~1 ~n~u (;'W'elUriUn11
'lJ 'lJ 

4'~'Jl'1) 1J1~VlU~ LVI~I~ri1J'Il'W~~'el'ln11~'el~11 LLUU~N11J ~N~IV11'elL-W'Wr1'Jl~1~ n 
'lJ 

'elUl'1V1~'1'elUl'11~ L~U L'Y):vn~ 

7. ib~'U,i'Vl'il.:l (Silver, Gold) 1t.1r1'Jl~i~nPlf'Vlfil Pll~'W1 'el~'1n11 ~'11V1qJ ~fJn.lfh 

LVI~I~nU'lI'W~ ~'el'ln1n~ 'W'el ~'el'ln'J r1'Jl~ Plf'Vl fil L!-'el'l~ L-W'Wr1 n.l~I'Vl1'1~ ~ 110l r1'Jl~ L~'el 
q 

'elUl'1hri~1~ ;a'Vl~'Vifl"1l'el'l~P\'el'ell1~ nrr1'Jl~i~n"1l'el'l~~'rt6ri"'11"Jln!J Ln n.l"fl 

~IUc;l'J 1aJU1'1 r1f'l Ln'el1IOl1J1~un ~1oif"ll ~~~ e.t~ ~ e.t~I'Wri'WL~'el r1'Jl~ L"'~1~~~1'Wn11H'Il'W 
q q 

1~n1 1 LLU'IL'Vl'W~ Li1'W".~'J ~VlaJ1aJ1~"'~IU r1'Jl~~1 Ln ~'el'l L~'eln"ll~~1~~VI~'11'W'Il'W 
'lJ q 

L~'rtn.ll1J1~"llli~~'WfiLLP\VI~IUn'l!l1'Vi1'J ~"1l'el'l'lI'W~'W,r'W 1 'elllOllOl~L -w'W~ ~~1~~ ~"'~'1 
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lJI13.JlHrn;t1'1 tlf'W bbLJi1'W[;]'J'lI'el'l'l1'Wb'el'lri'el1'"l'"l~~~' liIt'W1 bb'VIm'el~~'J£J b~'el hl1~[l1V'l ~l.h 

d~'elbn'Wl1J~~nm:l'11i11bumn~'eln~1'el~1iI~'Wh1ojf~1iI~1'W'I1'WLil1:tru11.h~"ll1~3.J~'Wi "lJ'el 
I '" I I 

bb'W~'I11';jfi~1mbf'l~L~e.Jf'l~~'l\1iI~'el ~~n 20 : 80 ~'el1~~liIYi'WV1LliIm'J3.J"lI'el'l~'elLil1:tru1bU'W. 
".Jo=lI Ji'...J "..A" -=I

100 % bbf'l'J1;{L'VI'W~'VIbf'l'elmh~3.J1ru 80 % "lI'el'lV'l'W'VI bbf'l~1"ll~'el'W1 b"ll13.J1e.J'll3.Je.J'll1'W'eln 
, ' " 

20 % bYi'elbU'W~n-lTlii ( Contrast) '"l~"lh£J1~'I1'W~'ll3.J\!nlI'l..h'll'Wb'"l bbf'l~~b'llti~3.J1nU'l;'W 

i'£lJJ~ L~!I':ln'U.r\1lliltl'1::LJlV,l en L'U'£l1n~'1\11 (fiberglass).. . 
~:l'~~n~ 'el1il3.Jn'"lblil"ll1 mh'Jn'l tj'l\1iI1.h~bll'VIL'V'h1.mfnf'l1'll~1bUUtj'lllil.e.J'll3.J ~ffi 

• q 

V'l~1'll ~m'll13.J bbN 1ojfe.J~ [;Ibtl'W~~'I1"l1 :l'rlm~u~ ~1'elrei1'1mU~1 bbLJi bbl'l'"l1'1 bb~'J "L'V'hU'elf 

n~1'll" ri~'el "b~'Wbmbn'J" ~f1'J13.J~3.J1£J ~ bbUf'l[;lN[;]'J b~'Wbmbn'Jrln'l11Ltl1;\U'Wtj'll1il"ll'J£J 
~ q 

b'll13.J bbNb~tlUV'l~1'll~m:l'~'W bbf'l~~'WlU bU'We.J~[;IJiru"LJi1'11 b"ll'W ~~'I1"l1:l'rlm~U~ rei1'1 

"" "I " " 
mu'I11 1S'el 6jj'W~'J'Wbl"l1-'el'lU'Wb~n r;l'l'l11"l1'W11i11my 6jj'W~'J'W:l'mb"ll'l e.J~[;IJiru"I"l'el'Wn1~lb'll13.J1£J 

bbn'J (Glass Reinforced Concrete, GRC) bU'Wtlf'W 'W'eln'"l1n'll3.JU~I"l'J13.Jbb~'IbbN 'VI'WbbN~'I 

L~~'I3.J1mb~'J b~'W1mbfl'JiJ'I~'l\3.Jmi~1u mnuwu'W'J'W1"l'J13.J1'el'W ~n1ojfbuwu'W'J'W1'Wb[;l1 

tlfbU'W ~1-'eltj'lllilri'el'll11'1 'W'eln'"l1m!'W b~'W1mbn'J'll13.J1:l'rI'VI'elbU'Wtl'Wej'1 buubil'Wi'W bbf'l~~'J£J 
~ q 

1"l'J13.J'll13.J1:l'rl1'Wm:l'u'el'ltlUI"l'J13.J1'el'WL~~ b~3.J1~~'"l:;vhej'1~~'W~1U1'W b~'elbUWU'W'J'W~~ 
I" "" 

b"ll'Wb~mtlUV11ojftlutlfbu'W~1'elb~'el~'W1'J ej'1'"l1m~'W1£Jbbn'J'W~m:l'1iI1i1;3.J'I111ojf bU'Wej'1tl'W'I11
~ ~ 

hhnlilm:l'~liI[;]'Jbb~~'Wbnlile.J~b~£J '"l1n~1 

b~'W1£J bbn'J~"lI'W11i1 bb'i'\~f1'J13.J£J1'J~f'l1n~f'l1£J"lI'W11i1 b~'W1£J'el1'"l£J1'J b~n'el'Wb~'W~1£J £J1'J 

3.J1nLU'"l'Wn'lb~'W1£J~i'W3.J1n'"l'W3.J'el'l~'Jtl[;l1 bU~1 hh~'W b~'W1mbn'Je.J~ [;I'"l1n~'J'WU:l'~n'elu "lI'el'l 

'VI:l'1tlbbn'J ~'W~'W ~'WYl''W~1 b~3.JmlilU'el1mb~~'ll1n~3.JbbLJi'lt'W1 ~n~~'el3.Jm~'J[l1£J1'W b[;l1 

L'V'lYh~'r.Jru~.1Ji1~'I3.J1nn'l 1,370 'el'll"l1b"ll~bon£J'll ~'I~1n~m:l'I"l'JUI"J3.Jl"Jru[l1V'l~'J'We.J'll3.JbU'W 

'elf.h'l~ 1~~1"l'J13.Ju1~'VIi n1,.]~rlbu'Wtlf'el'lvh1~d:J'W~mbn'Jb~'el~liIb~'eln~mbn'J~~ 3.J1~f'l'el3.J 
" " " 

btl'W'I11 bbn'J1~,.]tlnl"lf'l ~~'I'"l1mr'W '"l~b;r1~m~U'Jum:l'11i1 bU'Wb~'W1£J£J1'J LliIm~'W1£Jrln~'I 
~ ~ 

'el'el n'"l1 mr'J11i1 bb~~\ln~'J'Wbriu~'J£J rl'J13.J b1'J~~'In~11"l'J13.J b1'J"lI'el'lb£J bbn'J ~ ~n~1iI'el'eln'"l1n~'J 

11i1 ~'Ib vhtlu bu'Wm:l'ulil~'Il'W"lIru~~b~'W1£JiJ'I~'el'W~'JL~b~'W1£J"lI'W11i1 b~n~'Iri'el'Wmnb;j'l~'J 
" " b~'W1£J£J1'Ju,rnU£J3.J1ojfvh ej'1,.]1'W ~1n tlf'el'lm:l'vh bil'Wb~'W1£J~'W ri'"l~rln[;]1iI ~'J£J bb:l''I~3.J 1~~ 

~ 

1"l'J13.J£J1'J bb[;lnLJi1'1tl'W'el'elnhJ ~'IU£J3.J'I11LUvhe.J~[;IJiru.yrb'VIU~1-'elej'11'W'I1'W'el(;l'll1~n:l':l'3.J b~'el 
q 
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il'el,lfl'WL~U'I 'eln.lVlJliJ LL'Cl:;1vl , '" 
1yJ LU'elfmn~ 1'WJl11i1'lJ'el'l1'~"l L~1a.J LLN~i4'n~'J 11J 1'WmrVi1V1~'Ifl1rrlm':;u:; V11t'el 

~'W~'J'W~ ~'el'lmrfl'J1a.J LL~'I LLNt!'W f.J~(;I'"l1nmnl1~'W~'J'W~'WLLuua.J1-n ~Cj'J ~1'W'W'eln ~'Ju ~t'l 

rl'el~ LLUU 'J1'1 ej11u LLri'JU'W~'W~'J'W~'WLLUU Vl1~'JU Lron'W~ f.J~a.J ~'JVi11~ LL~'Il~~ fl'J1a.JVI'W1 

(;I1a.J~'el'lmr Ld'elL~'WLL;j'lI?l'JLL~'Jm'l~'W~'J'W1yJLU'elfmn~'el'eln'"l1n~'W~'J'W~'WLLUU 'I11a.J1-n~ 

LLj;)'I Cj'J ~1'W'W'eln 1~ LrUU1'eltJ mr~11'1~'W~ 'J'W1yJ LU'elfn~ 1~'"l1n~fie'"l:;'lJ1 ~r1U~:;L ~UlPl LL~:; 

fl'J1a.J~'J tJ'I1a.J LL(;InlP11'1'"l1 n~fi~l.;r LLaJ~m{;'I LV1a.J1:;~hVlfu~'W~'J'W41'W'J'Wa.J1n LLlP1~i'W(;I'el'W 

~'Imnn~1~fiLLm L~mr1 ~'el'l~11'1 LLaJ~a.J~i'Wa.J1'"l1n~'W~'J'W~'WLLUtl L~mi'el'W Ld'el1~ LLaJ~a.Jvi 

LL~'J9'1'tl1a.J1~ 11'1~'W~'J'W1yJ LU'elfn~1~~ ~'el'lm r ~'W~'J'W~ ~11'1~'Wa.J1~fl'J1a.J~'JU'I1a.J 

LVlil'el'L.lllU ~'WLLUU'VJ mJr:;mr LL~:;~1a.J1rrlL~1a.J fl'J1a.J LL~'I LLN1'Wu1L'In.l~ ~'el'l m rLlPlU L~a.J 

fl'J1a.JVI'W1 'lJ'el'llmLri'JVI~1tJ 1 .ff'W 

1yJ LU'elfn~1~f.J~(;I~'W'"l1n~1nfl~ LL~:;1'~ ~V1~1U''1lil~ ;'ILth'!~'W(;Ir1UlP1'el~'lJJl1~ L'll'W, , 
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~ "-
'el1'1'e1'11l1Yl91n http://kltchenopolls.com/store/search .asp 
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.col 
1J'VI'VI 3 

" " ' 
m~'i9tJl"If-:Ju.LtI'Wm~'i9m'l1-:J~'l~'J9 (Survey Research) iJtJl9l~U~:::~-:Jf"lL~'el~n'jj''l 

~n'jj'n.l:::Vl'l-:JmWl'l~ '1~LLri "1I'W'llYl~'W~ m~9lYl'J'l-:J~'lLL~tl-:J 1'Wm~~'l-:J9'l'W ~'J3-Jn-:Jl1'l"1l'W:::~'W LLfl::: 

~unnum~fuu~:::'Vl'l'W'el'll1'l~ '1~LLfl -D'el'W ~'el3-J 1~~'ellYll"l~'el-:Jnu~~~m~3-J LLfl:::~Umn.l1'Wm~~'l-:J 

9'l'W 

.:dI " i.t 0 _ ~Q .diI, i.I i.I ...:::.. ""'lI 

LU'el-:Jl9l'W9'lm'eln~'l~ 'J'l~~'l~ 19l'ln LLfl:::'el'WL'Vl'eln'Wl9l L~'ell"l'Wl"I'J'l'VlU'Vl'J'WLL'W'J l"IlYl 'Vl ~'jj'{] LLfl::: 

-:J'l'W'i9tJ~ L~tJ')cii'el-:Jnum~vY !ij.J'Wrl LLfl:::'el'elri LLUU ~~19l.nn.l"t1'El'l-:J~'l-:J9'l'W L~'el'Vlnun-:J ~'J LLunLfl::: 

'ifln 'l~1'Wm ~'i Ll"I~'l:::lfcii'el3-J1;1.. 

i19'U'W LLfl:::cii'el3Jfl9'lmL1JU~'elum3-J~un-:J'l'W~'l-:J9'l'W9'l'W'J'W 97 l"I'W 9'lmr'Wr.j-:J~lU~flm~ 
, " 

'fjLl"I~'l:::lf~'JtlbUnLm3-J SPSS L~'el'Vl~'lU~n'jj'n.l:::~-:J~'W LLfl:::~n'jj'n.l:::~~19l.nn.l"t1'El'l-:J~'l-:J9'l'W 

9'lnt!'WVi'lm~4'l LL'WnU~:::LJl'Vl LLfl:::~'ln'Cl3-J~'J'el£h-:J~u LLUU~-:J~'W LLfl:::~U LLUU ~~19l.nn.l"t1'El'l-:J~'l-:J 
q.. .. 

9'l'W 

,t. ..,; " , 
"lI'U(;I'f)'U'VI 3 'I1'lm~u~:::Ljj'W~m~LL'JlYl~'el3-J'Vl'l-:JmtJm~1'WYl'WVi~'l-:J9'l'W LtI'Wn~3-J 

~'J'el£h-:J 9'l'W'J'W 97 l"I'W blYltJm~~-:JLnl9l ~3-Jl1'l'jj'nr n'ltJm~ tJlYl"1l'W'llYl~'W~ LLfl:::9lYlu'Wiin L~'el 
...s:cv cv _cv ~I iI _ -=>. ~_x 

'Vl nu n-:J fl n'jj'n.l:::'Vl'l-:JmtJl1'l~"1I'el-:Jl"I ~'J LLfl:::~ fll9ll1n.l"Yl'el'l-:Jfl'l-:J9'l'W n9m~3-J LLfl:::~ ~ 19l m~3-J'Vl Ln lYl"1l'W 
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~.caI .J dl II '1 J' .di.l 
"lIUj;J'ilU'VI 4 L2-J'e)'YlnlJn..:l~1l1~ LL':l~~'e)2-J'Yl1..:lmtl1l1~ LL~~'e)U~ddPl b'W~'W'Yl~1..:l1Ol1'W 

q 

d':l2-Jii..:lU C1jVi1 ~..:lVhmd~~1..:l L~i~·'e)..:lij'e)'Yl~~'e)..:lVi1'e)..:l~Ud~n'e)1J~ LVi2-J1~~2-J 1'Wmd~1..:l1Ol1'W L~'e) 1~ 

'YlnlJii..:l"1l'W1~i~~':l'W"1I'e)..:l~'W~~LVi2-J1~~2-JnlJ~~~ndd2-Jmd~1..:l1Ol1'WlJ'WI:J~l?lJiru·Vhh..:l~1..:l1Ol1'Wl'W 

LLI?i~~~'Wl?l'e)'W"1I'e)..:len;..:l1'W bl?1t1')fimdiJL~2-J~ (Body Motion Envelop-BME) 
" 

.fuj;J'ilUoV1 5 ~1md')LPln~'lf-ii'e)2-J~~1~1Ol1nmd'YlI?1~'e)..:l L~t1')fith~2-J~ Vi1'-'e) Body Motion 
" 

Envelop-BME LL~~md1'I?1"11'W1~il?1~':l'W"1I'e)..:l~'W~~..:l~12-JiJ~ L~t1mdl'Wmdntl..:l1'WI:J~md'Yl~~'e)..:l 

L~'e)'Y1d1lJii..:l"1l'W1I?1i~~':l'W"1I1l..:l~'W~~ LVim~~2-JnlJ~mjru~~~~ndd2-Jmd~1..:l1Ol1'W LI?1t1 L~'W'e) LL'W~ 

dj'Wmmru~'W~1'Wmd~1nlOlndd2-J~'W~1 LL~~U..:l~1mdn~1nlOlndd2-J1~'e)£h..:lU~'e)I?1JitlLL~~L~'f1Ol 

~2-J\!dnr LL~~~1md') LPld1 ~'\.H'e)~~~1~1Ol1nmdLrilJ LLlJlJ~'e)lJm2-J 2-J1Ud::2-J':l~ I:J~ ~':ltlLUdLLnd2-J 

SPSS - Statistic Package for the Social Science 

.fUIJl'ilUoV1 6 Lri'e)'VlnlJii..:l"1l'W1I?1i~~':l'W"1I'e)..:l~'W~~LVim~~2-JnlJ~~~ndd2-Jl'Wmd~1..:l1Ol1'W 

LL~::~1 LLViti..:l~ ~..:l"1l'e)..:l~'W~1 'W~':l'W1?i1..:l 1 lJ'Wrei1..:l~1..:l1Ol1'W 1Ol1mr'W~..:l~~1..:l LPl1'e)..:lij'e)LI?1t11;lU1l1~ 
i.I .o::irIIt. _ lI"" I i.; 

"1I'e)..:ll?l'WLLlJlJ I:J~ l?l1l ru"Vl'e)1..:l~ 1..:l1Ol1'W 

ud::m~I:J~~':ltlLUdLLnd2-J SPss - Statistic Package for the Social Science 
.r:. ' 
"lIuj;J'ilUVi 8 ~~UI:J~L~'W'e)LL'W:: 

Ud~"Jl1nd~~1md~nM1 LtI'W~Un..:l1'W~1..:l1Ol1'W~iJ'e)1t1~..:lLLI?i 25-60 t1~'W1u ~1'W':l'W 291 
q 

Pl'W1l1t1Vi~..:l1Ol1n1~flJ-ii'e)2-J~1Ol1nLLlJlJ~'e)lJm2-JLL~':l ~1mdl?ld':lIOl~'e)lJ~vrnmMtll'WmPl1d"llI?1~lwB'e) 
" "q 

~'e)~ L~'e) ~~ 1?i'e)"1I'e)'e)~C1j1l?l L-ii1~1 mdLrilJ-ii'e)~~1l1 Pl~'W12-J L~t1')fimdi2-J1l1Mnr LLlJlJ L1Ol1~~ n (In

depth interview) L~mnlJuruVi1 'e)u~dd~ll'Wmd~1'e)1Vi1d1'Ylti 1Jd:::n'e)lJnlJmdU'Wl1n1l1~ 1'~
~ q 

"1I'W1~~'W~1'WlJ1L':lrul-n~'e)t1 ~1'W':l'W 97 ntl 

Lri'e)'YlnlJUruVi1 ~U~ ddPll'Wmdl-n~'W~lJ'Wl:J ~ l?lJiru"V1rei1..:l~1..:l1Ol1'WLL~':l ~..:lt112-J1~ ~1..:l 

LPl1'e)..:lij'e)'YlI?1~'e)lJ 1'W~m'W~~~1~'e)..:l~'W~~1..:l1Ol1'W L~'e)Vi1~'Wvil'Wm d~1..:l1Ol1'W~ LVi 2-J1 ~~2-J~..:l1 'W 

LL'W':l'W'e)'WLL~~l'WLL'W':l~..:l ~':lmPl1'e)..:lij'e)md1'I?1"11'W11?1~'W~d'e)lJ 1 mdLPl~'e)'W~"1I'e)..:lPl'Wl'Wmd~1 

nlOlndd2-J Vi1''e) BME (Body Motion Envelop) Ud~n'e)lJnlJmdi2-J1l1Mnr mdi-:JLnl?l LL~~md1'1?1 
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"lJ'W1~i~~'.J'WaJ~ttU (Anthropometries) 1'W"lJru::vhn9m1aJL~mnlJm1~1'191'W1'W~'WlweJ'Wm1 

L~i1-tlaJ m1~1'191'W LLfl::nW~~L1iu91'W L-D'W 1::tI::tlfl'eJ~.ntl rt'.J1aJtI1n~1t11'Wm1V1uu1-if'l1'W m1 

Lt'eJaJ m1flaJ m1~'1 m1i6JJ91 rt'.J1aJL~'eJtI~1 LLfl::L'.Jfl11'Wvhn9m1aJIPh'l 1 91n~'eJ1~1L-n11'.JaJ 

mnl~fl'eJ'I 91'W'.J'W 35 rt'W 

91nm'eJU LL'W'.JR~ L~'1'V1tltt5 'V'lU~11P1'.J LLtl1V1~n1'Wm1~9t1 

~'JLL'LJ'lifl'l~ (Independent Variables) 

'V'ltl~m1aJm1vh~1'191'W 'r;!tlnnlItl1::n''eJum1~1'191'W 

~'JLL'LJ'lIJl'nJ (Dependent Variable) 

~fllPl.nru,,'ei1'1~1'191'W ~ LVlaJ1::~ aJnU'V'ltl ~ m1aJ LLfl::~nttru::'V11'1 mtlJl1'V'l"lJ'eJ'I0-if'l1'W 

-n'eJ1;jfl L~mnU'V'ltl~nnaJ bLfl::i!f!.!Vl1~ Ln ~~'Wmtl1'W~'W~~fllPl.nru"'ei1\l~1\l91'W 2) -n'eJ1;jfl 

L~mnU"lJ'W1 ~i~~'.J'W~'W~~ LVlaJ1::~aJnlJ'V'ltl~m1aJ1'WLL~~::n9nnaJ LLfl::3) -n'eJ1;jfl L~mnU1::c;1U 

rt'.J1aJ~\l'V'l'eJ191'Wl:JfllPl.nru"~1\l~1\l91'W~'WLLUU ~\lmnnu-n'eJaJ~~'.J'W~~1aJ~ LtI'Wmnnu-n'eJaJ~ 
~ ~ 

~ ~ , 
~\l1'Wtl1:: L~'WL"D\l~'WV1 LLf'l ::tl1::L~'Wm1fu 1~Jl1'V'l LL'.J ~~'eJaJ ~1aJ11(l LL~ {;]'I ntl~::L ~tI ~m nnlJ 

~ 

-n'eJaJ~LL~::~Ll"1n::t.f-n'eJaJ~LLU\l'eJ'eJndj'W 3 ~'.J'W c;1\l~ ~'eJ 
~ ~ 

~'.J'W~VI~\l mnnlJ-n'eJ1;j~L~tl'.JnlJn9nnaJ 'V'ltl~nnaJ LL~:;i!f!.!Vl1~Ln~~'WlJ'W~'W~ 

LrJ'eJmL9'eJrl"1f'.J m tl1'W~'eJ'll"1f'.J"lJ'eJ'I~'eJ\l'Jl~~n'eJ1 ~tI ~'.JtI m1tl1::Lij'W~Jl1'V'l LL'.J ~~ 'eJaJ'V11\l mtlJl1'V'l 
q 

Jl1t11'W~'eJ\ll"1f'.Jb~tlm1i\lLnlPl iaJmttru r;htlm'V'l ~~"lJ'W1~~'W~ LL~::9~u'W~n L~'eJ'V1nUn\l 

~nttru::n9nnaJ 'V'ltl~m1aJ ~Ln~~'WJl1t1lJ'W~'W~fllPl.nru"'ei1\l~1\l91'W LLfl:;I"1'.J1aJ~'eJ\lm11'W~1'W 

~Jl1'V'l LL'.J ~~'eJaJ'V11\l mtlJl1'Y'l 1'.JaJ n\ltl1::LI1i'Wi!ruVl1~ LtI'W'eJtl~ nl"11P1'eJ~Jl1'V'l LL'.J ~~'eJaJ'V11\l n'ltlJl1'V'l 
~ q 

1-ifLLuuiaJJl1ttru L~'eJ'V1111Jn\l11t1~::L~tI~1'WLLlPlfl::n9nnaJ LL~::'V'ltl~nnaJ~n~fl L1\l~'W~ L"JI'W 

~1I?1lJi'W1PI'eJ'W1'Wmn:h 1'WLL{9]~::n9m1aJ ~1c;1U~'W1PI'eJ'W1 'Wmnj1t111\lmtl vh~mr~1'Wmnj1t1 

LLfl ::~ntt11"1'.J1 aJ~'eJ\l mnLfl :;-n'eJ91 n ~1'Wm1H~'W~ ~fllPl.nru"'ei1\l~1\l91'W"lJ'eJ\l~Jl1'V'l LL'.J ~~'eJaJ'V11\l 
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i3-JllTI~nrbL1JULiOl1~~n (In-depth interview) 27 'ntJ l.h~n'flUrlUm1ri1tJ1l1~u1L')ru~dj'W 
" ,

'flU~11fl LLfi~1'~"1I'W1 ~~'WVi1'WU1L')ru1if~'fltJ. 
, , 

.::::I dl Goo' .-.o:d.o:d I '" IV 

L3-J'El'VlnUn\lfim~ru~~~l'1m13-J'Vl3-Jt:Jfil'1'fl~1l1~LL,)~fi'fl3-J LLfi~finMru~ 
I II..... I 

~1l1~ LL,)~~'fl3-JVidj'W~U~11fll'1'fl~~~m13-J LL~')Vi1 mnnu-n'fl3;jfi LnmrlU"1l'W1 ~i~~,)'W~'WViVi 
" " 

LVI3-J1 ~~ 3-J rlU~ ~~ m13-J1'WLLlYifi~niOl m13-J b~tJ m1u1~d1'W~1l1~ LL') ~~'fl3-J LLfi~~ nM1"11'W1 ~~'WViVi 
I ..... I I 

L'VI3-J1 ~~3-J rlU~ ~~ n 113-J"1I'fl\l0-if\ll'W L~'fl'Vl11U n\l"1l'W1 ~i~~,)'W"1I'fl\l~'WViVi L'VIm ~~ 3-JrlU i nMru~ 
I ..... I I 

~~~m13-JVint:Jfi l'1'fl L"B\I~'W~ n11~l\1iOl1'W n1'V1'W~fjfim1'Vl~fi'fl\l b~tJH' Lfl1'fl\lii'flm1'Vl ~~'flU 

" ~~~m13-JU'fltJiOl1nUf!J'VI1 LLlYifi~~h'W b~tJm1~11\1~1l1~m1nH1fi'fl\l b~tJnlif'l;l1'~ dj'Wm1i\l Ln l'1 
I I ..... I .... I 

iOl1n1l1~Viu'WVln L~'fl'VI1mmru~'WVi1'Wm1Vi1niOln113-J-n'W~1 LLfi~U\l~lm1nVi1niOlm13-JL~'flU1\1 

Ufi'fl~.nmLfi~L~~iOl~3-Jmnr iOl1mr'WfjLfl11~'L-i-n'fl3-Jfib~tJfjfiih~3-J~ 'VI1'fl Body Motion Envelop
~ ~ 

.... I I I IJ .... 

BME LLfi~m11'~"1I'W1~i~fl'J'W"1I'fl\l~'WV1fi\l 3 ij~ 1'Wm1ntJ\l1'Wt:Jfim1'Vl~fi'fl\l Lfl1'fl\lii'flr1\1'V13-J~U 

" b~ tJ n-n'Wl'1 'fl'Wmnnu-n'fl3-J fi 

" 
~ 

~\ll'1'flLUU 

b~tJ ~4'tJ L~Vi1 m14'~ Ll'11tJ3-J~'W~~'fl\luBU~\l1'WL~'fl~ 11\1 Lfl1'fl\I ii'fl'Vl (;lfi'fl\l m1~l\1iOl1'W 

~~ ~\lU'W~l L~~1'Wu1L')runfi1\1~'fl\l L~'fl3-J~ltJyj'J\lL-n1rlU fl'fl3-JVi'J Ll'1'flf LLfi~'VI1~1 LL'VItl\l 

I I .... 

LLfi~4'~ Ll'11tJ3-Jn~'fl\lL~U LLfl3-J 

" 
~l'V1fuu'WVlnmnfl~tl'WL'VI'J ~1'fl3-J'flumnrViVi1;'WL 'fl\l• (~\l1l1~Vi 

, 
3.1 )
 

~l'V1fu ~ (;l n 1~iOln'W'W1'W~'W~;\I byJ rl~"1I'fl\l n~'fl\l hJi'~ LiOl'WL~'fl"1lmtJ 3-J3-J3-J'fl\l"1l'fl\l1l1~~ L'VI3-J1~~ 3-J
 
~ . 

L~'fl~iOl~~ 13-J11n4'U1l1~ LLfi :::;U'WVl n1l1~L~i' ~ L9'W3-J1 n~ ~~ ~\I ~11 'Wfl'fl3-JVi'J Ll'1'flf'l'WbU1 LLm3-J LL~ ~\I• 
1l1~ LLfi ~ Lnuu'WVl n1l1~ Lfl~'fl'W L'VI'J1'W"1I ru~Vi 1m1'Vl ~fi'fl\l Lri'flL~~1 LL'VItl\l ~ ~ ~\I n~'fl\l~ \,'VIm ~~3-J 

~4'tJVi1Lfl1'fl\l'VI3-J1tJ~1'V1f1JLtl'W~l LL'VItl\l~l\1~\I"1I'W1 ~ \,Lfi ~3-J1l'1n~'J'WiOl1\1~~'WLLfi ~u1L'J ru~'W~ 
'" I.... I 

m1fi1\1iOl1'W -rl'fl\lfi~ 1a L"Jj'W~L3-Jl'11 (~\l1l1~Vi 3.2) 'VIi\liOl1mr'WIS3-Jn11'Vl(;lfi'fl\l \'Lfi~\,fi1Ju'WVln 

1l1~il\l 

I 
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LL'W'.l'Vl1,m'd1L~n~~-ii'enJ~r.nnmdLn1J-ii'e))..J~~1~'l.i1ftJ~f..:l~
~ ~ 

LL1.1..:l'e)'e)mU'W 2 ~'.l'W ?')'e) 1) 

1L~n~~-ii'e))..J~~1rn"'l1nmdVl~~'e)..:l LL~~ 2) -ii'e))..J~~1rn"'l1nmd1L~d1~~LL1J1J~'e)1Jm)..J~1mdrJ 
~ ~ 

LL~~'lntJ~::;LreltJ~md1Ll"ln~~-ii'e))..J~1rnl?1..:l~ 
~ 

I I I I 

~'.l'WVi'Vi-W'l md1 Lrl n::;~-ii'e))..J ~Vi1rn"'l1nm d'Vl ~ ~'e)..:l d1'e)1rn-ii'e))..JmU'Wfl1'VH~~'e)'W 1'Vi'.lVi1rn 
~ ~ 

"'l1nmdu'WVinrn'.ltJn~'e)..:lL11J LL~)..J "'l1nmd'Vl~~'e)..:l'Vi1"11'W1~i~~'.l'W"1I'e)..:l~'W~~L'Vim::;~wl1Jmoil..:l1'W 
~ 

1J'W~'W~~~l'l.nruOY]'ei1..:l~1..:l"'J1'W U11l1'r4L~~'e)'W1'Vi'.l~1~"'l1nmdu'WVin1'W~'e)uVl'.lLl'l'e)f LL~::;~1md 

'Vl'J'Vl'.l'W,r'Wl'l'e)'W1'Wmd'Vl~~'EJ..:l1'WLLj;j~::;n"'lndd)..J "'l1mr'WU1lL~'WYJ~)..J1~~11~l'l.H1'l Ll~::;"1I'W1~md 

H~'W~"1I'e)'l0oil..:l1'W1'WLlj;j~:;n"'lndd)..J~~1md'Vl~~'e)'l b~tJ~1..:l~..:l"1l'W1~Ll~~d::;tJ::;"'l1n~Lu'Wl~'W 

~ln~~~'W~'e)..:lLU'WL~i'e)..:l'Vi)..J1tJ~~1~'Wl'l1)..J,r'Wl'l'e)'Wmd'Vl~~'e)..:l u11l1'r4~1~"'l1nmd ~11~rn'.ltl 

LL~'WYJ~)..J1~ "'l1n,r'W~ LLn'W1l1'r4 lL~::;l'lmlj;j..:lL~)..J L~)..J1'W hJdLLnd)..JnnYJn (Adobe Photoshop) 
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L~~1tn~:l'U11'1 LLfl::;"1I'U111l~(9)~'J'U"1I~'1~'U~l'uLL~fl::;nr.m:l':l'~~'1 3 ;:)~ tl1lm~'U~ LL'U::;m~1ru~'U~1'U 
OJ 

m:l'l11 n"'lnn~1~~th'lUfl'ill1liltJLLfl::;ilU:l'::;~'Vlfill1~ 

~'J'U~~~'1 m:l''5 Lfl:l'1::;tr;r~~fl~1~"'I1n LLUU~mJri1~ \h;r~~fl~1~~1U:l'::;~'Jfl ~fl ~'JtJ 

LUnbn:l'~ SPSS L~~'I,nri1L'U~tJ"1I~'1:l'::;~Ufl'J1~~'1~~ 1"'11'UU:l'::;L~'U"1I~'1m:l'~~n LLUU ~~ (;lilruovT 

~1'1~1'1"'11'U ~1~1~1'Ufi~ ~1'UU:l'::;ttJ'll'U'oif~~tJ, ~1'Ufl'J1~'11~ LLfl::;~1'Um:l'~~(;l ~'JtJm:l'1~fl1 

I I '" '" iI' 'I;' 

Lfl1-~'1~~V11oif1'Um:l''5r.rtJflf'lt1LLU'l~~mtl'U 4 'JlUl1l ~'1t1 

1. LLUU~~Um1-J (Questionnaire) ~Wjr.rtJ~~1'1~'UL~~1oif1'UmnnU;r~~fl-i'J1u 
OJ OJ 

L~mnU~r]~nn~m:l'~1'1"'l1'U ~Un:rnrm:l'~1'1"'11'U lU LLUU~1'l-11:l' lU LLUU ~~ (;lilruovT~1'1~1'1 .. , 
I V I _ I lV _vAIl 

"'I1'U "1I~'1 n~ ~(;l'J~m'l "'11 n m:l''VlU'Vl'J'U'Jnrunn~ LLfl::; LL'U'J fll1lr;l1'11 (;lfl~ 11l'Vl'l~fl'l1'U'J"'ItJ'Vl 

L~m;r~'1 Ll1ltJftm~ru::;LLuu~~um~LU'ULLUU(;l:l''J'''I~~1J:l'1tJm:l' (Check list) LLfl::;LLUU~1(;l:l'1~'J'U 

U:l'::;L;:)'Ufl1 (Likert scale) 5 :l'::;~U LLfl::;"'I1nfl::;LL'U'U~1~tlrI1U'l-I1ri1fl::;LL'U'UL'U~tJ (X) LLfl::;fl'J'U 

LritJ'I LU'U~1 (;l:l'~1'U (S.D.) m:l'n1'l-1'U11l bnru"YI''Um:l'LLUflfl'J1~'l-I~1tJri1L'U~tJ ~'1~ 
dJl 

.. .,J
4.50-5.00 'l-ImtJrJ'I ~1n'Vl~11l .. q 

3.50-4.49 'l-I~1tJrJ'I ~1n .. 
2.50-3.49 'l-ImtJrJ'I U1'Unfl1'1 .. .. 
1.50-2.49 'l-I~1tJrJ'I 'U~tJ .. .. .,J
1.00-1.49 'l-ImtJrJ'I 'U~tJ'Vl~l1l 

q 

2. LLUU~~ll1~nr(Interview) L~~1oifu:l'::;n~Um:l'~1:l''J'''Ill1fl~'U1~ Ll1ltJ1oifLLUU 

~Ufl1~ru~'1Lu'Uftn~ru::;~rm1~ufl1mtll1l L~'il1~til'JLL'Vl'U"1I~'1~'Wn~1~tJ1'Umfl1T'lJ11l 91'U'J'U 27 

fl'U LU'U~(;l~U ~1m~ L~mnU~r]~nn~m:l'l11~1'l-11:l'1'VltJ ~lJ~nfl1'Um:l'l11m'l-l1:l'1'VltJ Ll1ltJ 

~9tJ1~vh m:l'lr'UV\nll1~ ~ 1l1~ LL'J 11l~~~'Vl1'1 mW11~ll1tJ 1'U~~'1 flf'J 1"11l~'U~Jl1tJ 1'U~~'1 flf'J 

LLfl::; Ly.J~ftlL"'I~fflf'J 

• I ~ ~ .. 1 1:"I"Ji'.,J .. %. ..
3. LLUUu:l'::;L~'U:l'::;l1lUfl'J1~~'1~~ "'I"11~'1~ b'Jl~'U'Vl11l'JtJm:l'~~Jl1~ru (Usability Rating 

Scale: URS) fi~m :l'~~U bl1~ fl'J11-J1~ nfl'J'Uu fl fl flii'l:l'::;~ufl'J1~mn~1tJ1'Um :l'l11n"'l m:l'~~
OJ q 
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'" I I I 

rh",'W~ Pl'J'la.JYl'l~'tl19 1'W'll ru,::;'V1 ~~'tl'ln'l'j'1'~"1I'W'l ~~'W.yj'j''tlU 1 n'ldLPl ~'tl'W.yj"1l'tl'la.J~~tn 'Wn'l 'j'Vl'l .. 
n9m'j'a.Jl~	 1 (Body Motion Envelop: BME) 'L~t1iJLnru,"Y11'Wn'ldLLU~Pl'J'la.J",mtl l?1'1U 

fl'l -3 "':hJ'ltJn~ ijd~r;i'utJ'lna.J'ln 

fl'l -2 

""'II Q,o' I	 i;o

fl'l -1	 a.J'j'::;~U Pl'tl'W"1I'l'ltl'l n 

fl'l 0	 iJ 'j'::; l?1U U'l'Wn ~ 'l'l 

.c.:.I IV I	 iI I 

fl'l +1	 a.J'j'::;~U Pl'tl'W"1I'l'l'l'lti 

fl'l +2	 iJ 'j'::; l?1U~'l t1U'l'Wn ~ 'l'l 

fl'l +3 

4. LLUUU 'j'::; Lii'W'j'~l?1U Pl'J'la.JYl'l~'tl191 'WI:.J~ l?lnru,,r'fl'l'l ~'l'l9'l'W~'W LLUU 'L~mh.ji'tl n'l 'j' 

u'j'::;Lii'WLLU'I'tl'tlmu'W 3 ~TW fl'tl ~'l'WPl'J'la.JU'j'::;'LtI"Jl'W1.jf~'tltl ~'l'WPl'J'la.J~'JtI'I'la.J LL~::;~'l'Wn'l'j'I:.J~l?l 

t~mLUUU'j'::;Lii'WL1J'WLLUUj;I 'j''J9~'tl1Jd'ltln'l 'j' (Check list) LL~::;LLUUa.J'll?ln~'J'WU'j'::;Lii'Wfl'l (Likert 

scale) 5 'j'::;l?1U LL~::;9'lnPl::;LL'W'W~1~'l1'l1uvl'lfl'lPl::;LL'W'WL'U~t1 (X) Lk~::;~'J'Wkntl'lku'Wml?l'j'~'l'W 
os 

, .. 
(S.D.) n'ldfl'lVl'W~Lnru,"Y11'Wn'lnLu~Pl'J'la.JVla.J'lti fl'l L'U~t1 l?1'1U ..	 .,J

4.50-5.00 VI:W'ltltl'l a.J'ln'VI~~ ..
3.50-4.49 "':W'l t1tl 'I a.J'ln ..
2.50-3.49 "':W'ltltl'l U'l'Wn~'l'l ..	 ...
1.50-2.49 "':W'ltltl'l 'W'tltl
 .. ... .,J

1.00-1.49 ",:w'l tI tl 'I 'W'tltl'VI~~ 

q 



~1~fUI'l'l.l1'VltJ~Lm,.n::f\~j;]1~~~nm~tJ~lflt;lf 1J..:JLU'l.l~1'l.l1J~::LtJ''Jl'l.l1;{f\l1tJ l'l'Jl~l1fl1..:Jnl~"1I'El..:J• 
eJL;{..:Jl'l.l m~~mt1m~9~'El..:JR1J~::n'ElU~'l.l~ '"llnm~~n'lill'lf..:Ji1 ~9tJ1~rh~'l.l~1J~::L~'l.l1'l.l 
~ ~ 

m~~n'lil'El'Elmjj'l.l291 ntl1J~::L~'l.l ~'El m~~n'lil~n'lin.l::ii'"lm~lJLLf'l::Yi~~m~~l'l.lm~~l..:J'"ll'l.l 

~'J ~ n..:J ~ n'lil ~n 'lin.l::flJllYi LL'J ~~'El ~ mtJJllYi~ L:jj'l.l~1J fl ddl'l ~'ElYi ~ ~ ndd~ m~H 'ell..:J ~1..:J'"l1'l.l"1I'El..:J 

~ " J' .J" .4 ~. ~ ~ ..J1 iI" ':! i.Ia iI" lOt 

~ b"ll..:Jl'l.lJlltJl'l.lYi'l.l'Vlf'll..:J'"ll'l.l "lI..:J b'l.l"1l'l.lt;l'El'l.l'l.lLtI'l.lm~fll1J1J~::L~'l.l'Vl ~'"llnmdL"1Ilr1n'lil LnU"1I'El~f'l 

L~mLUUfl'ElUC11~ n1~~~Jll'1iruLLf'l::m~1j'l.lV\nJllYi LLf'l::1J~::L~'l.l~fl'El..:J LtI'l.lm~~n'lil~lm~9~ 
II I I I 

'El..:J R1J~::n'EluYJ'l.lVi l'l.l1J~::L~'l.lVi LtI'l.l'El1Jflddl'll'l.lflJllYi LL'J ~~'El~"1I'El..:Jm~~ 1..:J'"l1 'l.lVi YiU'"ll nm~~n'lil. 
'"lln.jf'El~f'l n1~~n'liln..:JWll~l1fl1..:Jm~l'l.lm~H~'l.l~L~mriu~'El..:J"1I'El..:J~lLL'\nl..:JLLf'l::"1I'l.ll~"1I'El..:J~'l.l~ 

9~LtiU ~'l.l~9~Lj;]1tJ~ ~'l.l~~l~fu~l..:J'"ll'l.l '"llmr'l.l9..:Jin.;r'El~f'l~..:Jfl'El..:J1J~::L~'l.l.jfl..:JI1f'l.l~1~fll1J 

L~'El'VlnU n..:J LL'l.l'J'Vll..:J mnJ1u1Jl..:J'El..:J R1J~::n'ElU e.J~ t;I.tln.I"]'fll..:J~l..:J'"ll'l.l~ il'El~l 'l.lU'"l'1U'l.l 

1'l.lm~'Elii1J~ltJe.Jf'l9::~~'"llnm~mh'Jn..:J l'l'Jl~I1f'El..:Jm~n1~H~'l.l~ "1I'l.ll~LLf'l::~::tJ::"1I'El..:J 

~'l.l~~H ~1~~1'"llnn1~'Vl~f'l'El..:J l'l.l1J~::L~'l.l~dj'l.l'El1Jflddl'll'l.lflJllYiLL'J~~l1~~YiU'"llnm~~n'lil• 
L~'El'Vlnun..:J~~~'J'l.l"1l'El..:JflJllYi LL'J ~~'El ~Jl1tJ 1'l.l'Vll..:J~l'l.lmtJJllYi~ L~mriU"1I'l.ll~~~~'J'l.l"1l'El..:J~'l.l~ 

~fllmnlt;l'ElUfl'l.l'El..:JI'l'Jl~I1f'El..:Jm~l'l.lm~~lii'"lndd~"1I'El..:JeJL;{..:Jl'l.l 
~ 

e.J f'l m~~ n'lil'"l::n~ 1'Jn..:J m~tj LI'l~l:;'lf l'l'Jl~iltJ~"1I'El..:Jn~~ ~'J'Elth..:J 1'l.l~'El..:J"1I'El..:J ~1 LLwll..:J• 
~ ~..:J"1I'El..:J~'l.l~Jl1tJl'l.le.J ~ t;I.tln.lSY]'fll..:J~l..:J'"ll'l.l~..:J e.J f'l m~tj LI'l~l::'lf1J~::n'ElU ~'JtJ e.J f'l m~tj LI'l~l::'lf 

Pll L'U~ tJ l'l'Jl~iltJ~"1I'El..:Jn~~ ~'J'Elth..:J ~'JtJ m~l"" n~~ ~'Jl1th..:J~ LtI'l.l~'J LL'Vl'l.l"1l'El..:JeJL;( e.J ~ t;I.tln.I-n'fll..:J. . ~ 

~l..:J'"ll'l.lLtI'l.l~lOl'ElU LLUUfl'ElUC11~ L~'El'Vlnun..:J~l LLwll..:J~~..:J"1I'El..:J~'l.l~ LL~f'l::~'J'l.l~ L'VI~l::fl~ ~..:Ji1 

L~'El':b e.Jf'l fll1J~1~1J~::n'Eluriu e.Jf'lfll1J"1I'El..:J m~~ n'lil"11'l.ll ~ LLf'l::~::tJ::"1I'El..:J LL~f'l:;n'"l n dd~ L~'ElUl ~1 

Lfl'l.l'El LL'l.l::~ n'lin.l::l1J LLUU e.J ~ 1Ol.tln.I-n'fll..:J~l..:J'"ll'l.l ~ L'VIm::fl~~ ~ ~ 

4.1 n1~1Lfl'31~~n'"ln~~3J Vi,,~n~~3J"lI'!l.:lm'li.:l1'U LL~~'!ltJ~~~flVl1.:1n1t1111Vi 
OU q
 

CIIIr, cv tf. II
 

"lI '!l.:l e.I ~ j;)11 r;u'VI'!l1.:1~ 1.:1'"11 'U 

09tJ1~~ n'lilii'"lndd~ LLf'l::Yi ~ ~ndd~~ Ln~~'l.l'"l1..:J"1I'El..:JYi,rn..:J..:Jl'l.l~ 1..:J'"l1'l.l 1'l.lm ~~1 

ii'"lm~~~l..:J 1U'l.l~'l.l~~1..:J'"l1'l.l L~tJ1~~1n1~~n'lilL~tJmdLtiu.jf'El~f'l~'JtJm~lOl'ElULLUUfl'ElU C11~ 
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41'W'J'W 400 'll~ l~ftJfll'W';n'W'J'W 291 'll~ LLfi::ia.J1l1Mnr'Yl'l!n,:n'W~1'1"'l1'W1'WtHl1'WUr::n'eltJn1r 
q q 

[;]1'1 1 41'W'J'W 97 r1t1 L~t13:lur::L~'W~3:l~fi[;]'el"1l'W1~~'W~1'Wn"'lmra.J 3 ,r'Wl'1'el'WVI~n fll'el ri'el'W~1'1 

'" J' J ~ '" ~1 '" ,
"1I'el3;jfi'Yl'W~1'W L'Yl'el A'el'lmrm1tJ"1I'el3;jfi'Vl'J U"1I'el'l ~ l'1'eltJ LLtJtJ~'eltJma.J L'll'W ~m'WJl1'Yl 

n1r~nM1 ntll~ LtI'W~'W bLfi::L~'el'VlntJ;r'ela.JfiUr::n'eltJ~41LtI'W1'Wmr';j4't1i1 L~t141 LL'Wn 
" 

L'WA 
. 
~1'tJ'J'tJ 

III 

'iil!J~:: 

'll1t1 22 22.7 

VI ro'l 75 77.3 

r'Ja.J 97 100 

"'l1n l'11n'l~ 4. 1 'YltJ~1n~a.J ~'J'eltJ1'1~ LtI'W'Yl'l!n'l'l1'WVi1l"1'J1a.J~ ::'el1 ~3:l41'W'J'WL 'Yll"'lVi ru'l 
q ~ 

, 
q '" '" 

a.J1n'Vl~~ r'eltlfi:: 77.3 LLfi::; L'Yll"'l'll1t1 r'eltlfi:: 22.7 

i11!J• 
. 
~1'tJ'J'tJ 

III 

'iil!J~:: 
, 
~1n~1 15 tJ 0 0 

15-19 tJ 6 6.2 

20-24 tJ 4 4.1 

25-29ij 6 6.2 

30-3411 12 12.4 

35-39 tJ 9 9.3 

40-44 tJ 16 16.5 

45-49 tJ 18 18.6 

50-54 tJ 11 11.3 
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il1!1• 
0 

~1'L1'J'LI 
IV 
'iil!lft:: 

55-59 tl 7 7.2 

60-64 tJ 3 3.1 

65 tJ~'WhJ 5 5.2 

1'Ul 97 100 

'"l1nj;l1n:J~ 4.2 'V'l1J~1n~3.l~(J'eJth\liJ'll'J\I'el1U1~vd1\145-49 tJ 3.l1n~~l'I f')l'ILtl'Wr'elUfl~, , , 

18.6 'el1~ 40-44 tl f')l'ILtI'Wr'eltlfl~ 16.5 'el1~ 30-34 tJ f')l'ILtl'Wr'eltlfl~ 12.4 'el1~ 50-54 tJ f')l'I 

.A " ::"1'" .?I " ::"1'" .?I " <V

LlJ'W1'eltlfl~ 11.3 'el1t1 35-39 lJ P1l'1LlJ'W1'eltlfl~ 9.3 'el1t1 55-59 lJ P1l'1LlJ'W1'eltlfl~ 7.2 j;113.lfl1l'1U, , 0 

fl'J1~tI.:).. 0 

~1'L1'J'LI 
IV 

'iil!lft:: 
, 
~1n~1 150 "ll3.l. 6 6.2 

150-154 "ll3.l. 20 20.6 

155-159"ll3.l. 22 22.7 

160-164 "ll3.l. 19 19.6 

165-169 "ll3.l. 22 22.7 

170-174 "ll3.l. 7 7.2 

175-179"ll3.l. 1 1.0 

~ 1180 "ll3.l. 'll'W 1.l 0 0 

1'J3.l 97 100 

, , 
'"l1nmn\lVl4.3 'V'l1J~11~~UPI'J13.l~\I'll'el\ln~3.l~'J'elth\lVl155-159 165-169"ll3.l. LLfl~" , 

"ll3.l. ii~1'W'l'W3.l1n~~l'I f»l'ILU'Wr'eltlfl~ 22.7 P1'J13.l~\1 150-154 "ll3.l. f')l'ILtl'Wr'eltlfl~ 20.6 LLfl~ , " 
160-164 "ll3.l. f')l'ILtl'Wffitlfl~ 19.6 j;113.l~1~U 

l'i'" ..... 
'LI1'\11'L1n 

~1n~1 45 nn. 

0 

~1'L1'J'LI 

3 

IV 
'iil!lft:: 

3.1 

45-49 nn. 18 18.6 I 

50-54 nn. 17 17.5 
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. .... 
'lJ1'V1'1.,m 

. 
~1'IJ'J'IJ 

IV 

'l'£)t1'ft~ 

55-59 nn. 

60-64 nn. 

65-69 nn. 

70-74 nn. 

75-79 nn . 

.r '180 nn."lI'IJ tJ 

15 15.5 

17 17.5 

13 13.4 

8 8.2 

2 2.1 

4 4.1 

~,)'-J 97 100 

rol1nIn1n\l~ 4.4 'W1J(;hn~'-JI?h[)th\li1~1'I.."Wn 45-49 nn. '-J1n~~(;1 ~(;1LtI'Wr'eltl~:: 18.6, , 

~1'I.nrn 50-54 nn. LL~:: 60-64 nn. f)(;1LiI'Wr'eltl~:: 17.5 ~1nUn 55-59 nn. ~(;1LtI'Wr'eltl~:: 

15.5 ~1"'Un 65-69 nn. ~(;1LiI'Wr'eltl~:: 13.4 1n1'-J~1(;)1J 

59 60.8 

2 2.1 

23 23.7 

9 9.3 

2 2.1 

2 2.1 

97 100 

rol1nIn1~1\l~ 4.5 'W1J~1n~'-Jl'l,)'elU1\l~,)'W'-J1ni1Jlij~1L'W1'elu1'W,rn ~n~1\l ~(;1 LtI'Wr'eltl~:: 
, OJ OJ 

60.8 ~'el\l~\l'-J1'1~LLriJl1~!9l::i'Wlnn ~(;1LiI'Wr'eltl~:: 23.7 Jl1~In::i'W'el'elm~t1\lmil'el ~(;1LtI'Wr'elti 

~:: 9.3 Jl1~In::i'W'el'eln Jl1V'lL"'U'el LL~::;Jl1~1~ f)~ILiI'Wr'eltl~:: 2.1 
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~::~\Jn1~Amt1 
0 

~1'L1,;)'L1 
g, 

~'eI!liI:: 

, 
~1n~1 ~.3 64 66.0 

~.3-~.6 26 26.8 

mryry 11'i~ 7 7.2 

~'J~ 97 100 

~1ml1n'l~ 4.6 ~tJ~1 ~:::lP1tJn1~~mf1'I1't1'ln~~l'htltJ1'l~mf1~1n~1~.3 ~1n~i'l~ i9~ 

dj'W~'tItlf'l::: 66.0 ~:::lP1tJ ~.3-~.6 i9~btl'W~'tItlf'l::: 26.8 bbf'l:::~:::lP1tJillryn.J1I'iri9~btl'W~'tItlf'l::: 7.2 

eJf'ln1~~1~'J~~~~m~~bbf'l:::~'JtJ~'J~'l1n.J'I.111'W!l1F1~'W1~(Field survey) 'II'tI'li'lrl1'W 

'I.h:::n'tltJn1~L~m'U'V'l1:::LHrl1'lIl1~'II'W1~nf'l1'l bbf'l:::b~n1'Wnl'lb'VI~~'\ol1'WFI~ 91'W'J'W32 bb'lol'l 

~1~\J~'LI~'eI'LIn1~~1n~n~~~ 
----------",,.-----,-------1 

1.	 n1n(1]1t1uVJ'WV1'el1'l~1'l~1'W L~t1 

n1n(1]1t1~~1 ~~~n'Iltl::: 'tItlnmr 

, 
o	 "" ..

2. 'W1!l1"11'W::: ~1'W "111~ 'VILntJ~'JtJ~'J~ 

1~4'~ b(1]1t1~tJ rb'Jn.l~'W~ ~'tItJ'el1'l 
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fi1i~~u~~un1~~1n~n~~~ 
~--------------

3. u'11l1'll'W:::4'(?),)1-:Jl'W'eh.:mm 

.. iI <j' IV 4
 

5. U'Wfl1-:J1l1'll'W::: ~(?)UflnMnJ:::n1~U'W 

,huJTI..nrnhJm 
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, 
9. U11l1'U~V1~1~L~1~LL~lJ4'~L1U~ 
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, 
o ..::lI '" '" .dI I

10. ~1L~t1\11l1"I1'W~L"1J1~'el1JLYl'el~1L"II'el 

t1~ 

o _ ...:::.I 0 Q..<' 

11. 'W11l1"I1'W~'el'elmJ1i;jI1lLl'I1t1~~1V111J 

1;\I1'W[;)'elltl 

~1~~~u~~un11~1n~n11~ 

1. mnl'l1-t1~;'el'W ~'el~ 'el'elni;j1n 

IV ... 

~\IU11t1.yh~,)1~~~'el11111'Wu1LL1n 
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o " 

1~111'll'l.l::: b~tl b(;i~EJ~~h·:nl1 ~:::'fl1lPl 

(~1~~tl,:j) (;]tl1t1 

3. 'l11~h-11'l.l~1~~tl,:j b~tlt\'1,:j~1EJ1 

t\'1,:j91'l.l1'l.l~1 bbmtltln 
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4. 
, ., 

LLN 1 LVl'e1~h:l'rJ'e1'lij,1EJ1~1'l"'l1'l.l 

'e1'e1n 

., ., , 
5. ~1'lij,1~~vhtJ (ij,1Vi~1JJ) 
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~1~u~u~~un1~~1n~n~~~ 
------------,.,---,--------..;-----1 

1.	 'Il1f11"Jl'L.l::;(~')1_:J1'L.lyh..lVl""1_:JU.1 bb1n 

1'L.l~n'lfru::;bL'L.l')~_:J 

, 
2.	 ""1_:Jfl1"Jl'L.l::;bb"",)~1b~£J_:Ji.t11'L.l~1_:JVl 

4. ~1b~£J_:Jfl1"Jl'L.l::;~'fi1_:J~~1~ b~'eI'V11 

~,)1~~::;'el1~ 
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5. ~1'l~1~:;'e11~LL~(;l'W1C1tJ'l1\! 

1l1"l1\!:; 



65 



66 



67 



68 



69 



70 



71 
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-
~ ~I:Jfl n1~·ft1~'1~'YHllJln~~3-I n1~fl1.:11l1"ll'U:: 

'Vl~~ndd2-Jn1nh.:lJll"Jl'U:: tld::n'flU~'lEJ "Il'U "Jl12-J tl'lEJ ~'fI'I'Vl'l!n'll'UVillPl'll2-J~::'fIlj;1 

JllEJ1'ULN'fI1V1ld~'fI'I~m'Utld::n'flUn1d 'VlU~l 

- 'YH1~n~~3-I"lIr;u::Lrh.J'Yhfl'113-1"'::1l1(;1ti;L'1r;u'eh.:l;1.:1 H~lV1fUn1d~l'1VillPl'll2-J~::'fIlj;1 

1'~n~u L"ll'U ~n LLfl::L~'fIirJi VillPl'll2-J~::'fIlj;1'f1tlnnuVil'f11V1ld L'll'U m::'VI:: ~::V1fi'l V13!'fI 
q q 

"' ,
LLfl::VillPl'll2-J~::'fI1j;1Jll"Jl'U::; L'll'U "Il'U "Jl12-J tl'lEJ 'VlU~lYl'UVlu1'L'lru'eil'1~l'1 (Sink) iJn1d'll'1 

'fItlnnUVillPl'll2-J~::'fI1j;1L~LLrl J1EJ1~1'1"1l'U LLfl::yJ'fI'IJ1~Udd"l1'UJl1"Jl'U::L~'fIi1'f1'1n'UtlruVllJl
q q ~ 

"'"' "' 
Lfl 'fI:: L'VI'fI ::lJ1'L'l rulJ'UL~::Vi1 'fI1V1ld i'lLn ~ L~"Il nul'L'l ru'l!'U31'niJt1lLtl EJ n LLfl:: lPld1U'fI ~ j;j'l'fl~1'U 

~l LLV1'W'l~'fIU'ei1'1~1'1"11'U~ l'U~j;1l:J'l!'1~'fI'IlPl f'l n1d~1'1~ld::iJtln.JVl1J1m:: L~'U LLfl::~ru::H~1'1 

1'~Q~u~h'l1 Lti'fl'l"lln'eil-1~1'1iJ~'U1j;1L~mii'ULtl 

t1n.JVl1~L~"I1 nn1d~ld'l"l LLfl ::i2-JJl1'Mnr~~n'fl1 ~t1i'l Ln ~'VlU~l ~'U~U1'L 'l ru d'fIU'ei1'1~1'1 

"I1'UiJ i'fl'ld'fl EJ ~'fI'IJ l~ nd:: L~ 'ULtltInu'U~'Un'l LlPl1UL~'fIfLLfl:: lPl d1U~:: LlPl iVlr'fl~'1 ~ ntldn~~ ld'flU 
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U1L')ru'Eh\l~1\191t.l t.l®n91n~U\l'YiU~11t.lfll f')1'VItJ1Jn ~lltl),J H7ifim1~1\191t.l~htl~1t1'l~1\191t.l 

LL'Cl :;~'el\l~1V11® LL~t.lVh flI,)1),J~ ::®1Vl 

'lI'i'l.hJ'i::L~'UoV1'~~1nn1'i~nti1• 
"I , "" I 

91nm1~1 i,)9~t.lV1~1\191'l.lViLUt.lj;]') LLY1t.l"lJ®\ln~),Jj;]')®th\llU LLUU ~\lYit.l Vi*~mnVl1 

U 1:;L~t.lU [)JVl1~ Ln Vl~t.lUt.l~'l.l~~1\191t.l ~~ r.J 'Cl1P1®"lJt.l1 Vl~t.l~ LL'Cl::r.J'CllP1® n'l nfll~®t.l1V1 ')r1\1 mtl 
I I" I I .... 

(B ME) ~1),J11rl~ ~U LU'l.lU 1~L~t.lVi1l1 ~ m1'V1 Vl'Cl®\I LYi®",1"lJt.l1 VlYi'l.lViVi LV!),J1:;~),J 1P1®1u ~\lil 

...I .J I!l;' 

-"1It.l1 Vl'V'lt.l'VI')1\11®1J'E'l'l\l 'Cl1\191t.l 

- n11,)1\1Jl1'llt.l:: 
., ., , 

- m1Vi\lLI'llM'E'l'l",11 ~®\l1l1 LYi'elvi1 flI,)1),J~::®1 Vl 

- m11'~1t1'l~1\191t.lLLf1::®1Jnm1"
q 

91nm1~nM1ii9m'j').J 'Yi~~m1),J LL'Cl::~Jl1'V'lLL')(1)~®),JmtllU~LUt.l~U~11fl1lP1®'V'l~~m1),J 
" " I " I 

"1J®\I ~'\l1t.lfllf\lil oii®),J'ClVil~9::1;( LUt.lLLt.l') 'VI 1\1n119Vl®\l1"1t11::n®u L:n\lYit.lVil~ ~~ lOInru-n'Ei1\1~ 1\1
'II 'II 

I " I I.... tI q Q;' ~.i;' cv .cII q i;' odiI tI a 
91t.l),Jl LLUUYI L"'),J1::~),JnU~ b'll\l1t.lLL~::~ m~ru::'VI'l\lmtlJl'l'Yi"1l®\I'Yit.l'VI'Cl1\191t.l 'lI\I 1::L(1)t.l 

I " I I.Of 'I. ':! .. ... I .. .. ........ •
 
u rlJ",1 bt.lm1~ nM1L'Yi®"'1®'l flIu1::n'elU L"ll\l'Yit.l 'VI 'VI LV!),J1::~),J ~13-J11rl'fl1t.l')t1 flI,)13-J~ ::l?1') n LL'Cl::
 

In'flU~t.lMflI,)1),Jl1f®\ln11"11®\lrn;(\l1t.llt.l 3 U1::L~t.lW,rn"1l®\I'Yi~~mnl~;j~~1P1®~Jl1'YiLL,)l?1~®),J 

1~LLri mnln1t13-J m1~1\1 m1fl111Jl1'llt.l:: mn-nl?1 ",1®m1®U ;\l9::vi1m1'V1(1)'Cl'el\lJl1t11l1f 

~Jl 1'Yim m1"41'Cl ®\I~),J 191n'i'\ Jl'l'YiU qj",1 LL'Cl::'Yi ~~ n n),J'JJ®\I0;(\l1t.l91\1 
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4.6.1 ~fin1'i'VIj;'l~i1.:1'W'l~n'i'n.I!iil!l (BME) 

ijfimd'Vl ~~'fJ..:J t~EJ md4'~ ~1l1~ mdcl41~'fJ..:J1l1EJ1'W~'fJ..:J ,",f'J t~EJ-K'WI'I'fJ'WLLdn rh~'W~ ~~ 

i'J3.J1'Wmd'Vl~~'fJ..:J1'I13.Jijfimd1'Wu'Vl~ 3 Lu'W~.yhn'"lmd3.J~ri1~'W~ L~'fJ~1m3.J1ru~'W~1'WmdVirl 
" 

n'"lndd3.J-K'W~1 LL~~U..:J~1mdtlVi1n'"lndd3.JL~'fJEh..:Ju~'fJ~.nLILL~~L~~'"l~3.JUdcl '"l1mr'WijL,",d1~~ 
" 

-ii'fJ~~ Body Motion Envelop (BME) L~'fJ'Vld1Uii..:J"1I'W1~~~~'J'W"1I'fJ..:J~'W~~L~3.J1~~3.JnU~m~ru~ 

~ ~~ ndd3.J~ il tJ~ L;j..:J~'W~ LL~:; L~'fJ,j1 tJ~~lU~L~Ud:;n'fJUnU tJ~~ lU"1I'fJ..:JlU LLUU tJ~ l'I.nruoyj"rel1..:J 
, ,

'" 1 ......
~1..:J'"l1'W 'Wm..:JL'Vl~3.J~1'W'"'d'VlL~3.J1~~3.J'Vl~, , ~ 

mdri1~'W~Ud:;L~'W~vhmd'Vl ~~'fJ..:JL~'fJ~1"11'W1 ~~'W~~ L~3.J1:;~3.J ~13.J1dtl LLEJnL~ LU'W 3 

~'J'W ~'fJ mdLI'I1EJ3.J1'l'Itl~U n1dUd:;n'fJU'fJ1~1d md~1..:JVi1,",'J13.J~:;'fJ1~ t~EJ~'"l1dru1'"l1n, 

~ rl~ md3.Jm dHf~'W~ LL~:;~m~ru:;~1l1~LL'J ~~'fJ3.J~ LU'W'rJU~ dd,", ~'fJ~ ~ ~ md3.J m d1-if~'W~1'W 

~m.iru:;~1..:J1 t~EJil ~'J~1'~ d:l'Wmd~..:J Ln 1'I'"l1 nlU~U'WVl nt~EJn~'fJ..:J'J..:J'"ldtl ~ L~'fJU d:;Li1'W 

,",'J13.J~13.J1dtl1'WmdVhn'"lmd3.J~ilmd~1n~~'W~~'I!'fJEJ~~~, LL~U..:J~1mdtlVi1n'"lmd3.JL~'fJEh..:J 

U~'fJ~.nmL~:;L~h~3.J1ddcl L~'fJ~1m3.J1ru~'W~1'WmdVi1n'"lndd3.J-K'W~1 ~'JEJfjfiih~3.J~ (BME) 

4.6.2 n1'i~1Lij'Wn1'i'VIj;'l~i1.:1 LL~::eJ~lIi1.:1n1'i'VIj;'l~i1.:1 

~~~md3.Jn1dHf~'W~1'WmdLI'I1EJ3.J md~m~1 n'"lmd3.J LL~:;~~~ndd3.J~ Ln~~'W 

'"l1'..:J1'W-K'WI'I'fJ'WWldLI'I1EJ3.J "1U~1 d:;EJ:;1'Wmd,j11l1"Jl'W:;~1'fJ'"l1'W1;rLL~'J'"l1mm~'W ild:;EJ:;hh·h..:J 

~1m3.Jmd'Vl~~'fJ..:J 

- "1I'W1 ~~'W~d'fJU"1I'1lUrel1..:J~1..:J'"l1'W~ m3.J1:;~3.J ,",'Jdil"1l'W1 ~ LvhLd 

'" 
'i'WI'I'fJ'Wmd'Vl ~~'fJ..:J 

md'Vl~~'fJ..:JilM'J3.Jmd'Vl~~'fJ..:J,",f..:J~:; 1 ,",'W ~'fJ..:J~1..:JVi1,",'J13.J~:;'fJ1~1l1"11'W:; 'fJUmclmd" , 
Vi1'fJ1~1d ~1..:J 1 1l1Uw~'..:J'"l1nmdVi1'fJ1~1dL~hi'W t~EJ4'~ 1~~1..:J1l1"Jl'W:; L"ll'W '"l1'W "Jl13.J 

'rJumclmdVi1'fJ1~1d L"ll'W m:;'Vl:; ~~'fJ I'I:;~~'J LL~:;;r'fJ'W ~'fJ3.J t~EJ1~~i'J3.J'Vl~~'fJ..:J4'~'J1..:J 
" 

vi1'Vl1..:J1~~:;~'Jn ~1J1EJ~~rJ '"l1mr'W~..:Jci3.J~1..:JVi1,",'J13.J~:;'fJ1~ LL~:;4'~'J1..:J1l1"Jl'W:; 'fJumcl, ~1..:J, 

1 ]J'W~'W~ L,",1ULI'I'fJf L~'fJ M~'W~Hf..:J1'W'fJEh..:J;S~d:; LL~:;~1n~~'W~ L~'fJ 1~'Vld1U~'W~~~1n~ LL~ 

~13.J1dtlUDu~..:J1'WL~'fJf.l1..:Jilud:;~'Vlfi1l1~ (~..:J1l1~~ 4.2) 
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~~n1~'Vl{Ml'fl'l 

~1nn1~tlf1Jn:£.I::"h'l'fl'fln~1n~1'l.l;r1'1 1'l.ln1~""1'1vhfl':l11-J~::'fl1~1l1"J1'l.l:: ~1J~11'l.l~::£.I:: 

A ~1':l1-J'Vl~~'fl'l£.l'fl1-Jf1J'1~'l.l"1l'l.l1~~'l.l~ 100 - 105 b"ll'l.l~1L1-JIn~ t~mtl'l.l~'l.l~'eh'l""1'1'"l1'l.l 60 

_ J'.J ".:=to . .J'.J iI' 0

b"ll'l.llnb1-Jln~ bL~::~'l.l'Vl':l1'11l1"J1'l.l::'fln 40-45 b"ll'l.llnb1-Jln~ 1'l.l~::£.1 B ~1J':l1~'l.l'Vll'l.ln1~~1'1'Vl1fl':l11-J 

~::'fl1~Lb~::4'~':l1'11l1"J1'l.l::l?Il'1 1 ~1':l1-J'Vl~~'fl'l£.l'fl1-Jf1J'1~~"jJ'l.l1~~'l.l~ 50-53 L"ll'l.l~b1-J1n1 ~':l'l.l1'l.l 

~::£.I:: C ~1J~1~1':l1-J'Vl~~'fl'lf1J'1~'l.l"jJ'l.l1~~'l.l~·WW1n~1'1 40-50 L"ll'l.l~L1-JIn~ (~'1~tl~ 4.40)
'lJ 'lJ 

o 

:0 ~!:v- , , 

'" _ _-~ ~ __ .~\.-., . 

':' 
-------.- -_.. -_.

(1 ) (2) 
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md?jL"ld1:::"h:::~UYl'J1~W~'V'l'e11"l"1l'e1~'V'l'l1n,:n'L.lth~"l1t.Ul1tJ'VI~~ (Post-test) md1-if~1'L.l 
0<=0, _ .... 0G"''' 

e.Jfl~J1 ru"VI~'L.lLLUtl LLfl'J"l1'L.l'J'L.l 37 "l'L.l 
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.." 
1JI1"i1~Y1 4.8 

,.." .." 
Pl1'i1'i!l L1J!I~L'U'U 

~11J1'i!1'U 

Q/If' ~.J.J 
1.1 f'I'J1~i~'V'l'Uti"JI'El'l'l"fl..l'Vl LYl'Elf'l'J1~ 

,.547724.6000 ... 
'Vl~l?1~::;l?1'Jn 1'1..ln111~'11'1..l q 

L'\.-l~~~~~1n 
.00000a5.0000 

'Vl~l?1 
q 

.447214.2000 

.447214.2000 

.00000a5.0000 

.447214.8000 

" 
2.3 mm::;~~rlu~l?1r;i''1 5.0000 .00000a 

4.0000 .00000a 

n1'i~ilJl 3.2 m-::;U'J'I..ln11eJfl(;l .447214.2000 

3.3 f'I'J1~ii~1(;l1~1'1..l 4.4000 .54772 
<is 

r.nn(;l111'1Yl1J(;heJfi(;l.n(Usn~'I..lLLUuiif'l'J1~~1~1In1'1..ln11H'I1'1..l~1tJ L1tJU'I1tJ LL~::;~~ 

rlUn11~l?1~'11~~'JtJ'I1~ ~1 L'tl~tJ 5.00 iif'l'J1~~'Ell?1f'1~'El'lrlU1h::;ttJ''Jl'l..l1~~'EltJ (Function) 

~1L'U~tJ 4.80 iif'l'J1~i~~'I..lfi"1l'El'l~'I..l~L~'Elf'l'J1~~::;l?1'Jn1'1..ln1IH'I1'1..l ~1L'tl~tJ 4.60 1~~1(;l1~1'1..l 
, " 

~1L'U~tJ 4.40 ~1~1IneJ~(;l1~(;l1~n1::;U'J'I..ln11f.Jfl(;l ii1.h::;~'VlfiJl1Yl f'I'J1~~1~11n1'1..ln11~l?1r;i''1 
, , 

~1L'U~tJ 4.20 LL~::;n1IHrj(;ln~u ~1L'tl~tJ 4.00 (;l1~~1~U 
q 

I 
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...a 
tJ'VI'VI 5
 

~~tI LL~~i'el L~CU'el LLCU~
 
q 

m:i'L~'l.l'il LL'l.l::LL'l.l'.l'V11,:m1~~l'J,J'l.l1 LLfl::'il'iln LLUU eJ~l?l.nrusrl'fi1\lih:l'"l1'l.l'"l::lh::n'ilu~l'.ltJ 2 fl'.l'l.l 

V1~n1'l.lmnl1L~'l.l'il~'il 1) ~t1J~h'l.lm~'il'ilnLLUUeJ~l?l.nrusrl'fi1\l~1\l'"l1'l.l 2) ~t1JL~'l.l'ilLL'l.l::~h'l.lm~ 

'il'ilnLLUU 

eJfl~t1J'"l1n;r'il~flm~'i~m'lu~1 'V'lUn\l\l1'l.ll11fl'.l1~~::'il1(;lil41'l.l'.l'l.lL'V'l~V1~\lmn~~(;l ~'iltJfl:: 

77.3 LLfl::L'V'l~'Jl1tJ ~'iltJfl:: 22.7 -rl'.l\l'il1fJ~::V1~1\l 45 - 49 11 mn~~(;l ~(;lLU'l.l~'iltJfl:: 18.6 'il1~ 40

44 11 ~(;lLtI'l.lT'iltJfl:: 16.5 'il1EJ 30-34 11 ~(;lLtI'l.lT'iltJfl:: 12.4 'il1EJ 50-54 11 ~(;lLU'l.lT'iltJfl:: 11.3, . 
'il1tJ 35 - 39 11 ~(;lLU'l.l~'iltJfl:: 9.3 'il1tJ 55-59 11 ~(;lLU'l.l~'iltJfl:: 7.2 l?l1~~1~1J ~::~1Jfl'.l1~~\l"1l'il\l.. " 

nfl~~'.l'ilth\l~ 155 - 159 "ll~. bbfl:: 165 - 169 "ll~. il41'l.l'.l'l.l~1n~~(;l ~(;lLtI'l.l~'iltJfl:: 22.7 fl'.l1~~\l. ." ... 
150 - 154 "ll~. ~(;lLtI'l.l~'iltJfl:: 20.6 Lbfl::160 - 164 "ll~. ~(;lLtI'l.l~'iltJfl:: 19.6 l?l1~~1~U U1V1Un 45 

- 49 nn. ~1n~~(;l ~(;lLU'l.l~'iltJ~:: 18.6 ~1V1'l!n 50-54 nn. LLfl:: 60 - 64 nn. ~(;lLtI'l.lT'iltJfl:: 17.5 

~1nUn 55 - 59 nn. ~(;lLtI'l.l~'iltlfl:: 15.5 ~1V1Un 65 - 69 nn. ~(;lLiI'l.lT'iltJfl:: 13.4 l?l1~~1~U 

JJij~1L'l.l1'il~1'WJ11flnfl1\l~(;lLtl'l.l~'iltJfl:: 60.8 ~'il\lfl\l~11~LLri1l1fll?l::tJ'l.ll?ln ~(;lbil'l.l~'iltJfl:: 23.7 1l1fl 

l?l::tJ'l.l 'il'ilnL~tJ\lLVIu''il ~~ILiI'l.l~'eltJfl:: 9.3 1l1fll?l::tJ'l.l'il'iln 1l1flLVlU,'il LLfl::1l1fl111l ~(;lLtI'l.l~'iltJfl:: 2.1 

~::~Um~~m~1"11'il\lnfl~~'.l'ilth\l~n'M'1~1n~1 ~.3 mn~~(;l ~(;lLtI'l.l~'iltJfl:: 66.0 ~::~u ~.3 - ~.6 ~(;l 

LU'l.lT'iltJfl:: 26.8 Lbfl::~::~umryry1l?l1~(;lLtl'l.l~'iltJfl:: 7.2 

fl'.l'l.lm~'i4'tJ~1'l.l"1l'l.l1(;l~ 'fi1\l~1\l'"l1'l.l (sink) fl'.l~il"1l'l.l1(;l(;lfl'.l'l.l"1l'il\l'il\l f1jJ~::n'iltl L~\l~'l.l~ 

jJ~::mru 50 L"ll'l.l~L~l?l~ "1I'l.l1(;l~'l.l~~'ilU~1\lL~'il'.l1\l~\l"1l'il\li?\1\l1V11'il1l1'Jl'l.l::1J~::mru40 - 45 

L"ll'l.l~L~l?l~ fl'.l1~~\l"1l'il\lLfl1,rLl?l'eJffl'.l~il~::tJ::1J~::~1ru83 - 85 L"ll'l.l~b~l?l~ 
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IDEA SKETCH 
devclopnillntand design sink product 

.IDEA SKETCH ~ 
WATER SYSTI;M . 1 \ 
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Wj9t11~U1 eJ 'i:l"'l1nm 1'Vl ~~'el":I'VI1'el'l ~1J 1::n'elU L;'1~'W~ '\"jU~111J LLUU"1I'el'l eJ~ [il.nru-n
~ ~ 

rel1'1ft1'1"'l1'W ~'J1iJ"1I'W1~~'W~~L'lUJ1:;~J..I[il1J..1~miru:;~~~'J'W11'1mtl"1l'el'l~'W1'Vltl LL~:;'\"j~~m1J..1m1 

ft1'1"'l1'W ~'1~'W[il'el'Wm1ft1'1"'l1'W 'el1Jnnl!~1V1fuft1'1"'l1'W LL~:;'11'W1::Uu1J1~n'el1Jmn;1~'J1J..1~~'el1~
q 

"'l1'W ~'W~'J1'el'eln LLUu1lXeJ ~ [il.nru-nrel1'1ft1'1"'l1'Wil'el'l ~1J1~n'elU'Vl1'1mtlJl1'\"j~ LV1J..11~~J..InU"1I'W1 ~ ~~~'J'W 

5.2 
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", , 
1:.l~"l1nn'"ml1L~'Utli1f'ULLUU~tl~1,.if'I1'U'fh~'ih:l"l1'U~U~liJlPl'l1).J~).Jvr'W1f'lltl~~'UV1 L~tl 

'1/ 

lPl';ll).J~::j;l';ln 1'Um ~1-if~1'U 1-if~ l'U~lt1L'l-l).J1 ::nuulu'VIm ~~l~"ll'U'lItl~ lPl'Ul'VIti 

"l1n;rtlL~'U'flLL'W::ii'l'fl'l~lPl';l1).Ji~1~"l1nm~~4'tllPlf'le "l::~1mnnl1mHdj'WLnru-n 

nl~tltlnLLUtle.l~Ul.nru-n'fil'1~1..:J"l1'W~iJin~ru:::L~-:I~'W~~).Jvr'Ufinutl~::LtI"1l'Wi,.if~tltl LL~::dj'Wtl~::LtI"1l,r 

lPl'flm~'fl'flnLLUuLL~:;m~~mt1f)4'tI~'U 1 ~L~tI'J;r'EJ-:lnUe.l~Ul.nruoyJ'fl1'1~1'1"l1'W1'U'fl'UllPlUi 



n~:w'i::i'f'I~1nn1:i'tJ:i'~n'El'lJ'El1;h~LL~~~'1Lb'JL1l~'EI:W ~1,rn'l1'l.li1'E1'lfi'l.l~'J'lJf'I:W'i::i'~~ 6 ~'1~tJL1l~'EI'l.lLLri'l.l. 2549. 
• q 

n11i1'f1.:Jn'ULL~::~U1trru\'l1n11'l.bUlL~'fI!ln;13JL;f'fl i'UL;j'fl.:J3J1~1nn11'ri1.:J1'U [Online]... 
Available from: http://dpc6.ddc.moph.go.th/envocc/thesis10.htm!. 

f'I:wiL1l~n. 12 ~~'ft1l1f'1:W 2549. LU~fil"liu: leW~1;j"," 'VI1.:JL~'fInL\'I3.icW;)UltI'JUI\'Ii.:J. [Online]. Available 

from: http://www.komchadluek.neUnews/2006/05-12/soc--19661.html. 

'l.l1l1Yl:i':i'ru ~'VlD~~'l.l'VJ. 2544. t1ijimn11'f1'f1nLLUUUlnLL9i.:J1l1!1L'U 1. n~'1L'Vl~"1 : 1;'1:W1f'1:W~'1LI;'11:w 

L'Vl~b'l.lb~U (\'VlU-~~'l.l). 

e:J1u';j~mL~~~W-l'l.l1 'lJ1,;''Vl LL'EI~. ~. L~'l.l ~L'J~~'EltJL:W'l.l"t1 r.l1nL1l (:W~1"Jl'l.l). 2550. 11!1.:J1'Utl1::41t1 2550 

Cltt,4I.' ClI" CI tI <1'0'"
U1ti'VI LL'el~ ...... L'el'U. U1L'J~~'fI LlI'U'VI ~1nr;'\ (1I,"1"ll'U). nNL'Vl~~~1'l.l1"l:i'. 

q 

111f'1';j"Jl1';j'VlU1n1:i'~'1'Vl'EI f'lru~'EI[?]~1~n:i'~:WLm~11l:i' :W~1';j'Vlmimm~I1l:i'Pl11;'1I1lf LL'Cl~PI'l.lUL'Vl~b'l.lb~U. '" 
~L~n'Vl:i''fliln~LL'Cl~f'I'EI:W~'JLI1l'ElfLL'lA'I"1l1~. bf'lNn1:i' Size Thailand. [Online]. Available: 

www.sizethailand.org 

';j~I1l:i' ~ru"VlI;'1'Vlt LL'Cl~f'lru~. 2542. n11flfnti1n11'ri1.:J1'U. nNL'VlYl:W~1'l.lMq.: bN~~vr~~1~·.mmr• 
~~1';j'VlU1~U. 

';j~l1loj yj"1l'lJ\Yfl.l~U. 2527. n11'f1'f1nLLUULflI'i'fl.:JL'i'fl'U'"3J!lL,"3.i. nt'lL'VlYl:W~1'l.lM: ~1,rnyj:wvrLL'l"'1 

"~11'Nn:i'ru~~1';j'Vltl1~U. 

';h~~n~ 'r:JL1l:wn~LL1l'll1. 2552. 1'V1!11flI1'AVliLi'ULtI ,;)1:i'1;'11:i' Hobby Electronics 'UD'lJ~ 102. 

l;'1'Vlt Pl1'lJ:i'Yl1. 2540. L'el'flin'fl'U'fIilni: 1fl1'Jn'i'i1l3J'Utitl,j~~tI.nNLYlYl~~1'l.l~:i':'lJ1,;''Vl ~L~l?1mf'l.r'l.l 
q 'U q q 'U 

~1nl?1 (~~1"1l'l.l). 

~1,rn'l1'l.l:W111l:i'~1'l.leJ~[?]Jiru,]'El11l~1~n:i':i':W n:i'~'Vl:i''J'I'EI[?]~1~n:i':i'~. 2542. 1UJ'fI. LtJ'UL~1111""~r;'\n1'i 
~. .
 

t11::"ll3J1I1 UI'iQJ1'U1::\lI';i1.:JtI~L 'VI flIL~tI'J nun111r;'\ir;'\~'J'U LL~::intiw::'Vi1'V11.:Jn11Lf1;'fI'U1\'I'J . .... 
"JI'fI.:J3J~ti!i. [Online]. Available: http://www.tisi.go.th/cgi-bin/news/news.pl?news=75 
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