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ABSTRACT 

Currently, the automotive industry plays an important role on the economic 

growth in Thailand. As the same time, the waste of automotive parts has increased as 

well. 

As a results, the automotive parts made from three different natural fiber parts 

was studied consisting of hyacinths, sugarcane, and pineapple leaf fiber. By of 50 x 250 

x 20 mm of mold dimension, the specimens were produced under 700 W of heating 

stick and measured temperature by a K type of thermometer. There were 3 same 

proportion specimens made from: 1) sugar cane fiber: husk: latex adhesive 2) water 

hyacinth fiber: husk: latex adhesive 3) pineapple fiber: husk: latex adhesive in the ratio 

of 25:25:50 by weight which were formed under temperature between 100GC and 105°C 

at 5 MPa of pressure and leading to find out the bending moment ability. 

The test results show that the specimen made from sugar cane fiber has the 

highest value 5,482.5 Nand 4,061.11 N/mm2 of bending moment and bending stress 

respectively. It was more than specimen made of water hyacinth 29.84 % and 

pineapple fiber 65.01 %. 
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'U'VI'VI 1 
o 

'U'VI'U1 

1.1 f'I'Jl:iJdJ'U:l.J1IJ,~~f'I'Jl:iJ6h~qJ"!'Iel..:Ji1qJVil 

b~eJ,r'il1fliJ"il "ilD'UeJ (916'ilVifl 'J'J~ tn'UtI'U(911~~ f11'J b&1'U1(91 bb(;l~ boVlm1J'UVI'U1Vi mh:Jmfl ~eJ f11'J, , 

'1J til tI (J)'1V11'1 bl"1 'J~)in"il[ll tl1 'UD 'J~ bVI 1"11 VI tI v1'lJ'U~'lvh1~ bn Vl fll'Jt:-J~ (91~mh'U tI l'UtI'U \ll bb(;l ~ 

tn'U'YllV1'U ~ eJ ~1'l ~ eJ b~eJ'l b.u'U ~l'U'1'Um fl 1Vl tiD 'J~ bVI 1"11 VI tI ~ eJ b.u'U )il'U f11 'Jt:-J~ (91 'J~tI'U \ll 'Jl tI1VI ~1 'U 

1JlJmmm~tI(91~1'UeJeJmQtI'l1i1 bb(;l~btJ'U)il'Uf11'Jt:-J~(91'Jlt11VI~btJ'Ue)'Uv1'U 9 '1JeJ'l1(;lfl1'U'1Jru~~'J~tI'U\ll 

~ fl'l11 eJeJ fl~ l1.u'U'UVieJ'l~'U'U btJ'U ~l'Ud'U~l fl '1l1 fl~'U~d'Utll'UtI'U \ll~ bnVl~'U "ill fl fll'J b~eJ~i:1[11'Yl bb61 ~ 
" 

Breakdov.n of Materials 

ltl~ 1.1 ~Vl~'1'U16'iq~'I11mHt:-J~(91~'U~'1'Utll'UtI'U\ll 
~m : http://www.greenvehicledisposal.co 

http:http://www.greenvehicledisposal.co
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~~'U~\ljJbbtnA~1'Uf11,)BBf1bb'lJ'lJB1~f1l'~1.ff\l1'U'lJB\l81'U8'U~b~8\l 5 Ci\l 10 tJ b'VilJ'U bbfl::;B1Y'18 

m::;'lJd'U f11 ')~1"1! bAfl1 'U f11,)fh~'~l6'1 ~Vlr:r\lVl:IJ ~m 8 f11 ')1.ff\l1'U~\l n8\l1:0 6'11:IJ 1 ')fi'IJ ~~'lJ 711 Vll J11'U
" 0;; 

b~\l']l'Ul'U (Mass production) 
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bb ';i~, hi blJ'U 17l\i1~, A11lJ bA'U bb~~m1mA~8 V1 3J'U 1'11~1V1 t'l'lA 11lJ611 b ~~ bdeJ'l vl'U'1JeJ~ f11';i~ m~l 

'UeJfl~l fld~~~611fl(lJ1'U fll ';i b~eJ fl1otl1?1 q~ vlm fhW' .:j~.:j ~eJ fll';ib~ eJ f11?1 q b VI ~ eJ1otl~?llm ';i(lVll1vl'~18 

ill81'U'\JJ~ b'Vl Abb61 dhhu'1'Um f1 b118 'lVleJ ~ eJ fll';ie-J~ \?1~'U~'1'U81'U tJ'U 171 bb61 ~1?1(9] \i1\l n ~1'1m ';i ~tI'U 1?lVlVl, , 

G11mJmll n ~U1'L111flVlJJlvl'VI~eJiJ f11 ';it! 8 8i:1i.ll rJ lvl'vl'1 rJ 1'1'1 beJ\l 8n~\l8\l vl8 \liJ 1"11 llJVI'U 1 bb ti'U VI~8 

J1V1Uf1~f1~l~rJ\l tlUl?1Vi~11fl'UiJ~~U'U b~8 (91eJU?I'U tmJ'Vli)f'11?l1911fllJf;W1 iJ\91Jl fllJ1otlVl~\l\ll'U'1J 8-1" , 

81'U8'Ui?l1'U8'U1AI91 

vl'1 tJ bb m AVi \i1\l ml11 Aru~ ~:?'.l~81vl'b~\l bVl'U1i:1V1 bVI~eJbotl~ 1 fli)';i';ilJ'1Jl ~~iJeJ tJ [1181'U'\J J:::; b'Vl A 
'II' 'U 

81'U8'U 171 bb~1 8-1 ~\l [:..J 61l'ieJ fll ';i'll'1 8 b~\l'\J5 n181 fll';itJ eJCJi.'Im 8 VI~8 f11 TWl n ~mn1mVI dJ'1J 8\l;ff'U~1'U8l'U 

8'Ul7lb'U€lfl~\l8\l btl'U fll';ifjViiJruVll~\l bb 1(9]~mJ~lfl16'lV1 bVl~eJ1otli)J';ilJ'1Jl~~iJm fl bn'U1'\J bb~~l'lJ11'lJ'Vl1\l" , 

Jl~G1¥l\liJ (lJ'Vl1 n(9]'lJ11\l fllJ~Jl~J'Vl1\lJl bb~:::;?i\l[:..J~m:::;'VlU'Vll\leJeJlJlVitJ b~lJl;J~fh1~tlU16'lq'V1eJ\l ~'U 

\i1\lfl~11vl'1tJ ~\l~1 fl bb mA(9]\i1\lf1~T) b~1r"il~~vh1~bn(9]'Vll\lb~eJfl611V1~Ufl1JVl11G1(9]'VlVl bb 'Vl'U1'U f11"J, 

http:8i:1i.ll
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'" 	 '" 
1) 1) fI bb UU~'W~TU tJ l'W tJ 'WM 8m1-l tJ-l 'Ii1 tJ~-l b61~:lJ f11,)1 ~1'.1 bb!:l~~1?lJ'W l eJ ()161lVlfl':i':i:lJ flTH)eJ 1l bb UU tJl'W, 

, '" 

2) b-w €I 'VI (il61 €lU A,ru?l:lJtT&1'V1l~ m'lbUeJ-l #I'W 


1.3 	 'UBUb'UIJ1'UB.:,jfl1':i1..ijCJ 

1) ~m'\.JJhtJ bbJJY1:lJ~1'W61ml~eJ ruViil:W?l-llJJ bn'W 
'U 	 "I 'U 'U 

3) 1.rrb~'W1tJ 3 'lltj(91 AeJ ~fI(91U'llll, ir'thJ~':i?l bb;;'1~eJmJ 

4) 'VI('I611)UfJru?l:lJtT~'VIl'lfl6'1~'U~l'W b'li'W Density, Bending moment, Energy absorption 

etc. 

1.4 	'lh~lfJ"!l'l1~fl1~yhil~l~~u 

1) 10{bb 'Wl'V1 l ,In l')~m'\.Jl?l ('I~'':lbA,)l ~v1"ill fl6'mJ'lll &l 
'lJ 	 , 

3) 6l('l'\.J~:lJl rul'll-W'll~~ 'l e.J i:1 m~'VIu ~ €I ~'l bbd (il61el:lJ 


4) i:1(il#l'U'VI'WO{l'Wl(91f1~UlUf11'je.Ji'1~~'W6'il'WtJl'WtJ'WM
, , 

6) ri eJ1Vibf'i (91 fnl:lJ ~1:lJ:lJ eJ'VIl-l O{l'W~ l'Wl ~tJ ,)~Vrll'lVlt1':ltJ'Il'Wm A-r~bb;;'1~ beJ fI'll'W 


7) e.J~~'l1fll~t'J~'W1VlJJ bb!:l~~I?lJ'Wl'l1nl~tJ~'Wbril1VinuVlt11tJ~ l'W
, 	 , 
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d 
'U'VI'VI 2 

2.1 ernIP1'tJ'ti11 

ern~'U'lJl1 (Water Hyacinth) btJ'U~'lJJ1~lJ~ne:n~Vlr;ntJ~~ ?lllJl'H1B~1~VJn?lJll'i'nJl ~ 

~'Ur11bU~1'UbbD'U~lJJ1B~blJ'l1B'U oJ<j~bVlI"1tJ';il:a~ 1'UVlloJmlJ~fl11(1] ~~Bn ~hh 'HjB'U fl~ltJ'1iB~Bn. 

~~VlB~~'U~,rdernoJB~ :, ?ll~, ernhfl, ern~'U'lJl1, erntJ~11, ernlltJn , ernuB~ ern~'U'lJl1f1fl'\hihlJ1 
" 

1'UoJ<j~ bVll"11VltJ1'UU ~ .1"1.2444 1'U?liTtJ-r'IJfl1~vi 5 l~tJtllbillJ1~lnoJ<j~bVlI"1€l'Ul~ij b'1ltJ1'U.21'U~ btJ'U 

1l.JoJ<j~~'U?lltJ~llJ l~tJ b~l'U1tJ~ltJ1'Uvi~llJb?l~~oJ<j~~l?1oJ<j~bVlI"1€l'Ul~ijb'1ltJ 1~b~'U~'IJ'lJu~t1il ~Bfl 

?lltJ~llJ ~~tll fl~'UlJ1oJ~n1'UoJ<j~bVll"11VltJ bb~~1~~1~~'Ub~tJ~HVlUl?1'U1lJl~?I<j~oJVllJ ~'U m~Vi'~ bil~" . 

~fl 'lS-ru~Vll~~ ~ fl'lS-l"11?1 ~~'U B~erfl~'U'lJl1ij~n'lS-ru~~l (I]'Uj'Ubb~ n 1 'U btJ'U fl B~BtJ1'lJ ~ llJJlvi ij 

fl1<j1V1~ ;~bil~~llJ'llBfl1'Ubb~l b~~!;1Jb'lJ'U~'UelB'UvioJmtJ1VI~ i11Jl~'Utl~~VltY-1<jlfl~-1~'U 1'U btJ'U1'U 

b~tJ1~'lJ1'lJVl1B bnB'Ufl~lJ nl'U 1 'U fl6'llJ Bl'UJl (I)<j,:j fl6'll,:j~ B~BB flJll t.l1'U btJ'U'IlB-1 B 1 flll"1fl~l tJ'{j B-1Jl 

'Illt11~6'lBtJJ11~ ~Bmil~b'u'U'1iBvi'lJ~ntJtJB~~~Bfl~BtJ 3-~Bfl ~lJl.:J~B'U ij 25fl~'U~Bflfl~'U 6 
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fl~UUtl~~<utl1(ilh!j~ fl11 fl~U~tl 1 bbrl:;iJ~(il bVl~8\1~mn\lfl~U <utJltJ~tlql~ tJ fllJ'bbtJ flJltl el 8tl~ 

tJmtJ1vl6ll thJi.1fl ~bi.1::;iJtJ';l~ltJ'lnjvr\l~8ltJii 
'" 

1. fll':iu~lnf1 Vl€lfle:l8tllli.1:;n1tll Uel8tlntlb'Utl ~mr'J 1l~),.nhV~~llVl~mrf1 bbfN~:lJ 

2. HdJtle:nVl1';lb~tJ\I~1>11 b'lltlVl:lJ HVlTUtJVlJJfl n1tlbbi.1::;lueJ8tltl1:lJl~UtJ':i:;vnmhdJtl" , 

ttl 1 b~8tl~flI>1U'lJl1b~tJ\I 1 Jltlm'il'lJtJ1tJ~tllfll?l:lJlflQ\I 1,000 Jltl (i\lbbilJ1'il:;bbVl\l'iltlJltlI>11mb(9] 

b:lJ~~'lJeJ\lJJtl il tJ\liJ~ll>1(9]'E)1tJl1?ltl1tlQ\I 15 tJ bbrl:;V1tl-v1~ b:lJ~~lll?l-ruJ1~ b~tJ\I'V'leJJJtlil'il:; bbl>1llVltJ8 btltl 

JltllVl:wvi8ltJ 'ilWli.11 mtltltl ruVl1'V11\lJ1 bb61:;'VIlrrJ1:lJ'Jtlbb<WiltlbtltltlruVl1':i~vrUtJ ':i~ b'VIY'l v1'1t Vl-r~Ul61 
q.I uJi,,'11 

JleJ\lb~tJ\lU1tlfll':in1~~~rW1U'lJl1;J1tlTU:lJl1l ~\lh; b~tJ,m(9]tJ':i~ b'VIAl'VI mvi1tTtlB fl r1')l 50 tJ';l::;b'VIY'lvtl 

li.1flill'il€ltl'l:)Vl1 b'lltl b~tJlntlii 'il~iJn bb(9]tJ';l:t: b'VIA1mW1J [~l':itJ bvi1tTtl~tJi.1e:WI fll':i':iU fntl blrl:t:U~ 11 rki~ 

fill ~fl I>1U 'lJl 1 A fl A1:lJ:lJl fl~?lVl f18 'VI:t: bi.1?11Ul fl 1>18 b~tJ tJ':i:t: b'VIAl'VI tJ b€J\liJ fl1 ';l b~:lJ n 1 ~Vl ~fl 1>1 U'lJ 1 1:lJl " , , 

iJVltJltJ\l1tlbbi.1~eJ\lAri8tl~l\l1ll?lboU1:lJl'lilmVl~81tlfl1';ln1~Vl b'li'Ll tl1ltJe-J~l>1btltl'lJeNH mVl1':i~()l1 

'Vl1~ tJ '161 '1 lbrl:t:iJ fll ';ltl'l bb:lJ61\1mtl~fl I>1U'il1 flbl Vl6l\l n1 b{J (il~'VIltJm:lJ1rn1Jl boU1:lJl'VI ~rl8 \ltJ6l fJtJ1tl 

tJ':i~b 'VIY'11'VI tJ bVl8A1UA:lJ;J1tlltltJ':i:t:'lJ1 f1':i'lJ€I\I~IlI>1U'lJl1, 

~\lltJIl11tTtl ~IlI>1U'lJl1tJ\liJU'VIUl'VI1tl f1l':in1~~J1b~tJ b'V'l':i1:t:?11:lJl':ifl'llltJ'ltl fll':i1.huVlJ1 

b~tJ 1~tJfll':i'Vl1VltJ1~meJ\lJ1~1Vl61~ltlfleJ~flI>1U'lJl18~l\li11 'Vl11Vl'lJ8\1 bb~.:J bb'lJltli.1€JtJ(9]1'l1 ~tJ1ki 

8 ~1tlJ1~ fl?l nVl k1ki n':i8\188 fl 1ki 8 fl'il1fltTtl ':i::;UU11 n~iJ;J1tll1ki:lJ 1 n~:t:'lll tJ f1 ':i8\1?11 ':iB1ki'VI ~tJ~ 

i.1~bBtJVI bbi.1~'il~tl'VI~tJ~m~mfll::;8~~':i1n 'il:t:'lilCJ~~?l1':i81ki'VI~CJ111?l,.ltJBf1'Vnm~\I ';llfl~fl()lU'lJl1 
, "" 

~tl1 A8 tJJ:t::lJ1ru 95 % 'lJru:;~ltlbl>1';l'VI 
V 

ltll()l1 b"Utl bb61:; bb8:lJWbUtJ11kil(91':ib'iltl "U~btltltJ1:;:lJlru 80 % 

bbrl~ 77 % \9ll:lJ~b~IU ?1f1l1ki~bb':if111kitJ':i~b'VIAl'VItJ-v1Hfll'j"thU(i1l?lltJ1Biifl8 "{j\lJJf1fl~~tl" ~'lbtltl 

http:ilWli.11
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2.2 ~'UtJ:::'a~ 

~eJl'VltJ1mi,'l(»4 (Ananas comosus) ~mniT'1l (Pineapple) ~n~ru:::'Vl1'ly.j~n~f'111:1(»4 

bU'UW;;\'ll1;ln i,'I'l 90-100 "Illl. ci'1~'U1~~'U tJ;;\'eJ'l«'U bJbb(»nM.:Jn1'Uii bb~fI1'U1'U9.Am-1:lJi;h~'U 1'U bU'U1'U, ,~ 

~tJ~ 2.2 ~'U~'UtJ:::~~ 


~lll: http://www.tungsong.com/samunpai/drug/60_Pineapple/pineapple.htm 


'UeJnl\ll n fI1~'U~t.f1I'1~'UtJ:::~~ bb;;\":nr'U btJ ~eJn bbrl:::1'U'1JeJ'l~'UtJ::: ~~I\l:::ii b~'U1mV!'Utll btJ~eJ n 

~'UtJ:::~~eJ ~ll~l tJ 1:11 ~eJ l'\1!l~~ii I'1ruA1 ~'lii fI1~t11 btJ~ eJn~'UtJ:::~~m bU'UeJ1'\1!l~ '1J eJ'ltl'1 bbrl:::, , 

1:1 l:1J1~(leJ'U bb ~'l bU'U~l'Ue.Jl:1ll'1JeJ'leJ1'\1!l~~(»l~'U 11'U~'UtJ:::~~tJ n&i'1l111~~'UtJ:::~~I\l:::~~1'U~'UtJ::: ~~ 

1'U~1~ rie:J'UU~rl'Un1'ie:Je:Jn~e:Jn ~'lbf'1~1tJ~'W'UJ'UiitJ'i:::1CJ'1l'U1'UfI1'ir1rlll'\l!tJ1~'U bb(;l::: cJeJCJi,'I(;lltJbU'U, 

http://www.tungsong.com/samunpai/drug/60_Pineapple/pineapple.htm
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2.3 el~fJ 

~€llVltJll"1l61(?11 (Saccharum officinarum linn) ~€l61lllq.j (Su~ar cane) B€ltJ ii€l~ 

Vim f1 VI~ l CJ 61l CJ ~'U ~ ~ ~ bb(?1 f1 ~ l.:J n'UYi f11llJ ~.:J'1J €I.:J ~'U f11llJ m1'1J €I.:J-ij' €I ~'U bb~ ~ ~ '1J €I \l cll ~ 'U 

~.:J';itJ~ 2.3 lVltJ~'UB€lmtJ'UYl'll~ii~iJf1l b'WVl1'Ub'1J(?1~€I'U'1J €I.:JVlltJ bm~ tJ VI~€I1'Uth~ bV1l"1tJl'Ul'Wl flU 
" 

bb~~tJ';i~bVlI"1~ btJ'UbbVl~\ltJ~f1BmJ~{;{lA'Il 'IJml~f11(1)bbn tJ';i~bVlI"1Un'll61 tJ';i~bVll"1fhUl bb~~tJ';i~bVlI"1 

B'Ub~tJ btJ'U~'U 
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eJ~ \il1i'1Jl'u BeJ tJ b.u'U b;ffeJ b'W~~i1'l,1-rUl'llJJ11'U'l,1lJeJJ11~b~ tll?l bb~1 1i r116'1'l1tlJ 1 i1 W~'U b~'U bA~tl 'l ~n ';i 

1tlJ1bb;;]~i1WrU r11btJ\?lhJvh 1'U';i~tJ~bd;;]1~tllJ1'ln'UBtltJ1'U~Af'ieJ'U 1 ~'liiJ1\il1;;]~«;iUtltlnhj'v'llJ\?l 

'v'I;;]'l b'v'I~ tltl ~ lJ1 n bb;;] ~ b.u'U m ';i~ ~ \?l1 n 1 'U m';i~u f)'U'1Jl'UBtlmn n;;] n«;iu;;] n~\?lVll tJ boVl(\ bl1l1 I'llJJ1 
\J 'U 'U 'I 'U 

'v'I~tl (Boiler) 1~vl'UV1 ~'lm~J'U1l\illlJ'1Jl'UBtltJjl~'lA'l b'v'l~tltl~~nlJ1n b~tl~\)ln'v'llJeJl'llJt111ihj'l,1lJVI
'lJ 

1'h1~bil\?l11~'v'Il1'Um';ir11~1?l bb;;]~'V11;;]ltJ1~'v'IlJ\?lhhnnu~bdru'(';i~~I'UbblJllU1'l'(';i'l'lI'U~'l(i)l?lbb'\J;;]~hJ 

2.4 bbn~'U (Rice Husk) 

bbn;;]U Af) b'\J~eJ nbb~'l'VeJ~ blJ~\?l'Ul1~1~'<iJ1 nm';i~oVl1 btJ'U(\1'U~ b'v'l~eJ1i'<iJl n m';ie.J ~ \iloVl1 blJ~ \?lii 

6'1n~ru~ b.u'U';i'\J'Y1';i'l~ biJVI tJ1d~b'v'I~ eJ'leJlJt11V11;;] 'v'I~eJ b'v'I~ eJ'l'U1;;] bb~1 bb~.nih.h~ b'Y1!'1~iinwtJ;;] noV11 
'lJ 'lJ 'lJ 

(i)~';i'\J~ 2 . bbn;;]u'\J';i~neJu~1tJ 8b'll;;];;]1;;]~ b~ilb'll;;];;]l;;]~ ~ntJ'U bb;;]~b~~1 bb;;]~ii68~m1'Ub~llJ1n bbn;;]U
'lJ 'lJ 'lJ 

hj;;]~;;]1tJ1'Ut11 iirnllJA~lJi'd'Y11~bflii 'Y1'U'Y11'U~mb';i'lm~'V11 ~'lbtJ'UlJi'd\?l\?liu~~'UmTlhul?lJ1 b~tJ~ 
'V 

m;;]'v'I~'l,1tTn m';ir11~VI'(;;]'v'I~'v'I,rn~1tJbbn;;]uii';iltJ,n'U11~llJl';ifl1.ij1~nu bbfll?lbiitJlJ V1~A'd rK'1n~~ 
'Y1 eJ'l bbl?l~ '(flUeJ;;] ~ tJ mn;;] bb;;]~ b~'U1l?ltJ1.ij1~vr~1'U~'\J~'V11bb;;]~h i'V11'\J i] n~tJlnU~I';ibflii ~1';ibflii~tJtJlJ 
1i'V11'\Ji] n~tJ1 nu bbn;;]U b~ eJ1~~I?liu'(;;]'v'I~lJ1n~'UAeJ l'llb~tJlJ1~meJn1'1l1?l l'llb~tJlJflTfum'UV1bb;;]~~Y; 
fl;;]eJh 1~\?l~'U 

2.4.1 m"j1~oJ~dtJ'1JL1'<iJ1f1bbfl~'U 

'U eJ n'<iJln nwul bbn;;]UoVl11'\J1ibtJ'Ub;ffm'W~'l ~1'l1 bb~1 tJ~?lIlJ1';iflL111'\Je.J?llJnuli.'i~~'U1 
'V11btJ'Ul?l\?lri8?l~I.,']bb~1 bbn!;lUoVl1tJ~f1nL111'\Je.J~\ilbtJ'U~b~lbbn6'1U (Rice husk ash) b~8L111'\JH 

, 'V 

'\J';i~'(tJ'/jtJ ~d'U'\J';i~neJu'v'l6'1n'VeJ~~b~lbbn;;]U AeJ 68~nl (Si02) ?l1lJ1';i[lL111'\J1'111~u~~'Y1~~1tJ, 
m~U1'Um';i'Y11.,']bflii bb;;]~m';ib~,n V1~ru'v'lJJil~.,'] 68~m1'U~b~'lbbn!;luiivr~~btJ'U 68~me.J~n (Crystalline 
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si lica) 68~ f11 ~~ni:11dJ l'Hlbb D'l tJ mJb tJ'UVli,ll CJ'1lUVl 1i11lJflTilJ bb\i1 n~l"'lJeJ'l'j'lhl" ~mH1J~~ ~n bbi,l~
\J 

fllllJVI'Wlbbt1'U'lJeJ,,68~f11 'j'tJ~l'l'lJeJ"~~niJVli,llmb'\J'\J b'li'U 611lJbVl~CJlJ ~bVl~CJlJ VlmVl~CJlJ ~bVl~CJlJ 
'IJ 

~mJ1V'lnbbi,l~b~'UCJll bbi,l~68~f11eJ~ru.l'il'U (Amorphous silica) ~"btJ'U~~f11~£l~'tJ~l"hJbtJ'U~~n 
(Non-crystalline silica) 61'j'j~~ru i,lVln~'U ~lf1fleJnll t11lJ1Vh~CJ1~ 

1. 	 ~l'Unl'Jbn~\i1l 


- H~61lJb~eJ'tJ-r'U61m~~'U 


- 1-b'vhDCJVlllf1
, 
- Hn'UfllllJ~'U1'UfleJf1~\i11 

- HbtJ'U~l'U~i:!lJf11'j~~\i1<SblJ'U~ 


2. 	~l'Um'jrieJi:!~l'l 


- btJ'U~1'U~61lJ1'Um'jvhB~
... 
- bdmmbtJ'U~l'Ubb~lb~lJ"'l'jbfl£l'\J1'l'tJl~ bi1'Vl1-b'btJ'Uli:!Vlf:1lJ1'U"1'Uf:1'U'U, 

3. 	~1'U~~""1'Ubbi,l~eJ\i1611VlmllJ, 
- 1-tl'btJ'Ub~m~~'l 
- b~lbtJ'Ubt11'lJll ~'U£lflru"'lJ'U~btJW.il" HbtJ'U~l'U~?I:lJ'lJeJ'li:!D CJli:!'j~~lJ bbi,l~J1CJ1

, 	 'IJ 

~l'l~l'UbtJ'U(9)'U 

- 1-tl'vllbbvi"~1'UeJVl~bt11bbn(l'U b~mtJ'Ub~m~~" 
- 1-tl'Vl VloV'U nl'1l~l n m~'\Jd'U f11 'j~~ \i1'Vll'l ~1'UeJ\i1?11Vlm'jlJ." 	 , 

~'\.J~ 2.5 bbni,l'U
" 

~:lJl: http://puechkaset.com 

2.5 f1TJ 

f111 ~eJ ~1'U ~ 61lJ'lJ eJ'l'lJeJ'l bVli,llVl~eJ l"'Vl~"'lJeJ" bVli,l1~611:lJl'jf:1fiVl~VlVl~eJ'tJ'j~ ?ll'Ul?lVl?l eJ'l~'U b-ih, 	 , 

~lml'U ~'l~m1611lJl'jmbD'leJeJmtJ'U 'tJ'j~bi1'Vl AeJ 2 

1. ml~ln5'j'jlJ'l11~ 1~~lnY;'libbi,l~;;r\i11 b'11'UeJi.l1,JiJ'U h.h~'U UD'l CJ1'l61'U Cll'lbJ btJ'U (9)'U 

2. ml;;r'lbfm~~ 1~~1f1~eJ~blJeJ1~'lbfl'jl~~ b'11'U m1161 m1i,llbVlf1'1l ml68~1fl'U btJW'l'U 

http:http://puechkaset.com
http:U�lflru"'lJ'U~btJW.il
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nl'dmbVin'llil~l'U'l.Jd~n€lU;;1lri'qjf1€lb'Yj~hUi;l€l~'llb(1lVl (polyvinyl acetate) (PVAC) ~'HU'U 
b'Yj~ib:l.m1~.:J bAdl~~€l n'lJU(j1't/'l'tl.:J bb~i;l~mmlr,1ffiJJ~'l!n b~€lm.n'Ut1l~.:JmJ1'UG'i'n~ru~'U €l .:J~ld~hj'i;li'U

'\J '\J 

(emulsion) f1mu'U€l1ii11Ab~n1 m~'illtJ€l~vi'11'Ut1l 'U'Ul(j1'U€l.:J€l1ii11A 1'U~ld€llJi;li'Uil'U'U1(j11VlqJ 

btl'll1'l.Jnll~'il~'Vh1Vlbb~.:J~m ~1'U1'ln~ vl.:JJ'U b~€lilbb~.:J (1l n m~VlU nU€l11i11 A'lJ€l.:J nll~.:J bfl(j1 nld~n bVI 

bLi;l~~~y'f€l'Un~u 'Vh1Vlnllm bVi n'llil~n~ru~ bU'U~'lJll'li'UA~ltJt1l'UlJ bbll1 b~€lnlli;ll bVi n'll bb VI.:J n'il~il, 

~n~ru~1~bVl:ij€l'Unl11~ vl.:Jd'l.J~ 2.6 
'\J 

'l.Jd~btJ'lJtJ'U€l.:Jnlli;llbVin'll bVllJ1~;;11V1~UH~(j1l~(j1~ild'Yjd'UlJln b'll'U lJJ' m~(j1l~ ~l bUW9l'U 
, 	 '\J , 

V~ ~ ~ 

Aru~lJUt1l'U€l.:Jnlli;llbVl n"1l, 
1. Vl'UII1€lAlllJ~€l'Ul~~ 

2. n'Ub~€ldl1~~ 
3. ~(j11~bVl{JtJlbLt.i'U LLi;l~A.:JVl'U fllld 

4. Vl'UII1€l~ldbAil 

atlv12.6 nlli;llbVin'll 


~lJ1: http://VvWW.vcharkarn.com/varticle/38229 


2.6 	 m':ie.J~:IJ~'J'ue.JmJ 

nld~~lJ~1'ue.J~lJb(j1tJHl~(j1'illnDddlJ'lJl~ f1€l1mrn(1lU'lJll1tJ~u'l.J~d(j11m)€ltJ bLni;lU b(j1tJ1-tivl'1, 
'l.Jd~~l'U f1€l nll LYim)(j1~'Ud'l.J~'U.:Jl'UVl(j1~€lU

'\J 

'ill n e.J i;l.:Jl'U nldl~tJ n 1 d~n~lAlllJ ~llJ1del n 1 d(j1 (j1.a'U'Yj~.:J.:Jl'U'U €l.:J l~ (j1Vll.:J b~€l n'ill n ern (1lU 'lJll 
'\J 	 , 

bLi;l~bLni;lU 1.unld~'Ud'l.Jl'UMl1l~A11lJvl'UUddtJ1nlf1 bbi;l~eJ(j1i;l.:J1'U bbJJYllJ'Yj1m~mllJVI'Ulbbt.i'U 75 
'\J 

kg/m 3 b(j1tJil~1'Ue.J~lJ 3 ~1'Ue.J~lJ~1tJn'U ernt1l)U'1ldl:bbfli;lU:fll1i;llbVin'll f1€l (37 .5:12.5:50, 

25:25 :50, 12.5:37.5:50 b(j1tJt11V1'l!nt1lllJ~lvlU 
I' V w: .,. ~ v 

'illne.Ji;lf11dVl(j1~€lU'YjUl1~1'Ue.J~lJe.J nt1lU'lJll:bLni;lU:nl1i;llbVln"1l Vl 25 :25:50 ~llJldel (j1 (j1"1lU
" 

'Yj~.:J.:Jl'Ul~lJln~~(j1b(j1tJl~(j1ilAlllJ~(j1V1ci'Ul'U'll1.:JnldL~tJd'l.Jfll1d~lJ1n nll LLi;l~ilrilmllJbA'U~.:J~(j1
.. .. .. '\J 	 '\J ~ 

~ 6,572.77 N/ m2 Vl1.:Jn~lJ~~(j1'Vh~.:Jb~€lne)t1ldl~l'U,j'thlJ1HeJ(j1~'UVl(j1~€lU
, '\J 

http:6,572.77
http:1.unld~'Ud'l.Jl
http://VvWW.vcharkarn.com/varticle/38229
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2.7 :UeJ~iiiafl':l,:uv~Vlq'l.J 

:lJ8(91;;r6'ff'l11:lJ ~(i1V1ci'l.J, , 

1)
E 

F (N) 

2.2 

m 
p= 

(2.2)
V 

p 

V 

(:U'l.JVl~ illtlnn't:J-Vl';i,2545 ) 

p 

'1 

2.9 
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F 
p 

A 

P 

F 

A 

S.D. 

deviation) 

(Shear force) 6661:;hJh:lJ'Wi; 

,Qt)'W (S'lear bb61~ 
'" , 

stress Flexural stress) ~~'11'WfieJ'WYI"\l~ 
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1by;] ':il ::;Vifr:mJ bA'U1~\116tJwK€l~ r11'U J I1!Vll bb ':i ~ 

i,"l:lJnl':i"[jf).;jbb';l~b5€l'U (V) bbf1:::;L:!H:lJ'Uii (M) 

ViI"l'Vll~~ btJ'U'tn n 'illllJ'U~~ ri' lVl'W(7l'Vifl1'Vll~ bb61:::; 

ri'lVl'W(71bY;]~€J~Vlm ['J'(jf)~bb ';i~ bQeJ'Ubbf1:::;1:lJ b:lJ'Wii 

My 
(2.7) 

tI\lll'1J )2550 nv1€ltlmbtltlbfl~€l~Btlm:::;i11l1jb~tln~J['J 

bb Vf~t 'U ~LJ bb tltI\!ll~1 Vltlll bfl~€J"leJtI bb Vf~ m:::;V111j'illll 

34.7% 

cr 
M 

Y 
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)2558 (1~'Vhnl'~il'lJ'W116'!\?)1tJern\9l1J'lJJ1~JtJnTrW1bBTV'H.l~ 

r: ~~ bb'VI n1~ eJ 81 ~1'lfl \91111 tJ~:iJf)J111-;J1 btJ'W~'il~,;)B ~vi[1'lJ'W 11'W 

fl 



d 
'U'Vl'Vl 3 

3. 

4. 

5. load 

6. u'WVim.J61fl1':lvtl7l61eJ'U 

7. f1dtJe.J61fl1d'VhlA':l-1~TU, 
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'" .. of3.1 nTmtJ'a'atJ 1l'lfl~tJ LL~~~~~11lJ'II'U" . 
rn'alfltJern\>1tJ'1JdlV11~n~lJ1~'Vhrn~6hn"il ern\>1tJ'1J11\>11lJ?lrn'U~ LL:utll "lfl61€l~ l~tlVll"il~~ij. . 

ern\>1U'1J11V1'Ul bb tl'U bb61~'Vhrn~L~€l n ern \>1U'1Jdl~ij'lJ'U1 ~ L~'U ~1'UY'1'U~n611~'\J~~lJ1ru 10-20 mm 
'U 

Vll~ n~lJ~~1~'Vll rn~bilmdm1lJ "illmr'U~;j'Ll1lJ1~~ LW n 1 -ifbi:l~l~~d'U'lJ€l~"l~'U Lb61~'l11lJ1'Vllfl11lJ 
?I~€ll~ "illn,!'Uer nI'lU'1J11,'1Jl'UB€ltl ,~UtJ~'a~bb61~ bbn61u~1~"ill n nl~btlU~dU'a1:wtl nUllJl\9l~1~ij

'U 

fl11lJtlldtJ~~lJ1ru 3-5 em 'Lh)\>1tl~U~'Vllrn'a\9l~lJ1~'U~dmfl~€l~~'Utlle.J611lJ "il'Um~vi'~l\>1tl~U. . 
61~ bB tI~ bU'U b~'U1tJ ~~Ul b~'U1tJl)~~lJ'1Jl&\~1~"ill n rn~~'UUllJ1 bVl61~U'U\>1~bbm~ "illn,!'UUllJ11€l'Utll 

1~bVl~mb~ b~'U1tJ15~~lJ'1Jl~ bb61~UllJ1\>11mb~~ tJ~~lJlru 1-2 ~tJ~l~ 

Ulern\>1U'1J11, '1Jl'UeJ€ltl, 1u~'\JtJ~~~ bb61~ bbn61U ~1\illJ1'VllfldllJ?I~€ll~\ildtJtll?1~m~1~ 
b1t1'\J1€lmb~dUllJ1,*'U1m~mllJtlldtJ~~lJ1ru 3-5 em vl~~'\J~ 3.2 (n) bb~d'Vllnl~~'Ul~tJVle.J?llJtll 

"IJ 

61~1'Ubfl~€l-:J~'U\ildtJ bb61~~'U"il'Un';hl\>1f1~U"il~n611t1bU'Ub~'U1t1 vl-:J~tJ~ 3.2 )'lJ ( Lb~dbVlb~'U1tJ"illn 
• 'U 

15'a~lJ'1J10l61-:jU'U\>1~bbm-:Jbb~1Ul1tJ\>11n"il'Ubb~-:J 1-ifmn\>11ntJ~~lJ1ru 2 ~tJ~l~ bb61~UllJ1i-:jtllV1un 

(n)ern\>1U~,*'Ubb~1 ('lJ ) nl'aUlern\>1UlJ1~'U 
'atJ~ 3.2 rn'abb'\J'a'atJern(;)U'1Jdl1~bu'Uttl 
'U 'U 

" 3.1.2 rn~€lU61(1)fldllJ~'U 

Vltr~"illn1~b~'Uttll)'a'alJ'1Jl&\~\>11mb~~ bb~d UllJ1i-:JtllV1unri€l'UU11tJ€lU61~fldllJ~'U1(1) tJ1-if 

bd6111'Un1~€lutJ~~lJlru 7 id1lJ-:j~€lruVl.flij 103 €l-:JY'11b'll61b~tI?lbyj €l 1V11\iltllV1Un?l.()IVi'ltJ Vl1€l 
• 'U 
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" 3.2 m.n.J~~l'Ubl.61~n1'~emmb'U'U;J'U{jl'U
os 

n 1 ~El El n bb 'U'U ;8'U-.11'U bb 'U'U'U 1-.1 b~El111:IJ 1Vll'l ~El'U ~'U bb ~-.1 n I'lVl1-.1 n~:IJ ~~I'l vl11#1 b~ El n11fbtJ'Ul~I'l 
, 'IJ , 

JIltJ 1 'UVlEl-.1bl'ltJ~l~~fI tJ'U~ b~El-.1'<\J1n;8'U-.11'U btJ'U1mi~~:IJ'I11~hj~lm~flbl'l'UJ'1 bb61~Al1:IJ1El'U~m n1#1 

;8'U~1'U1'UVlEl-.1bl'l tJ~l~~fltJ'U~ btJ'U;8'U~l'U~~'U bb ~-.1 nl'l (9l1:IJl(9lfl'\J~~~-.1A'UmbA~-.1-.11'U V1l-.1~~l'lvl1~-.11#1 
, 'IJ 

b~Bn~~nbb'U'U vl-.1TtJ~ 3.4 111m btJ'U;8m1'U\91'Ubb'U'U b~~1~iJ'U'U11'l~ b~ nbb61~11f~'U bb ~-.1 nI'lVl~B~-.1 
'IJ 

bl'l tJ (9l~-.1611Vl~'U1'U n 1 ';iBB n bb 'U'UA ~-.1d ~v11VlAl1:IJ611A~ n'U b~El-.1 fIl';i11fl~q~iJJ'lVl'l1n b 'Ul (Li~ht 
wei~ht) ~'\J~1-.1 (Shape) bb61~btJ'Ul~q~'\J61BI'l'<\J1n~1';i\91B-.1Vl1:IJB~1-.1b61Vl~Vl'l1n b~Elm1:IJ'\J61Ell'lntJ 
\9iB~'UJIl~1'UVlB-.1bl'l tJ~l~btJ'UVl~n bb61~~lm';ifl~(9),J'U111fbtJ'UO'Ul'Un'Um1:IJ1El'U bb61~m~ bb~1'¥lvh1~, 
b~m'JB-.1n'U f1l';i';i'U m'U'UB-.1~'Ul:IJ bbJJ bVl~n bb61 ~m1:IJ1B'U bb61~'<\J~ btr'U~f1l';i'\J~'UMlll~m';itll n 1 Y'l1 'U 

VlB-.1bl'l tJ~l';i1VlbVl:lJl~n'Urnl'ltJ~l';i f1l';iBBn bb'U'U;8'U~l'U tJ1'UtJ'U~d~l:lJl~flVlI'l bb Vl'Ul~I'l~~El tJ~m fJ1#1 
'IJ , 

til nm1fn'UEl~l-.1 bb~~VlmtJ bl'l tJV1l~I'l\91B-.1iJm1:IJ bb ~-.1 bb ';i-.1 bb61~cJ-.1~l:lJl~fll'll'li'U bb ';i-.11#1~B n 
, 'IJ 
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3.3 n1'HHJnuuUUaJ~lJ~'1~VI:: 

1'U m:::m'Unl1e.J~ !?1~'U~l'U'Yl~"€l'U~ij~l'U1'UlJl n ~1Lu'Ul11€l'l€ll~tJ bb:wyhJvr~"llJl ':if'! fI '.i€l'U fI ~lJ 
~'1f1ru~n~ru:::'lJB'I~'U'Il'U1VI'1vl'~'1 '.i'IJ'Yl'.i'l 'lJ'Ul~ tllV1'Un !?11lJ~e:i€l€lnbL'U'UnlV1'U~11 ~'1~n~ru:::'lJ€l'l 

, " " 
m'.ilJ15nl'.ie.J~!?1~bb!?1fl\Jh'ln'U'\l:::~'1t-J611~tJ!?11'1lJl'\llnbb:W'Wm~~'LhlJl1i'l1'U ~'1~'U nl'.i€l€lflbb'U'Ubb61::: 

"11'1 bb:W'WlJvri5''1 bU'U~'1~ijfll1lJ~lAfkJ bU'U€l~1'1~'1~'1I11€l'l8~VI~n nl1 ~'1t1 
bb:W'WlJvrflrum~~ e.J61t-J~!?1~~~€llJbn~~'U bb:wr;lJvrt-J~!?1~'U'Il'UBBnlJl1vl'b~1 t-J(1!?1€l'Ubb'Yl'U'\llnnl'.i, 

61'1'Yl'U'\l:::A'U n~'UlJl1~tJ b~1 bb61::: bb:wr;lJvrij'.ilf11~bVllJl:::"lJ ~BlJ~'1e.J611V1'1vl'b'IJ1E.1'U'Yl1'1;)'.in'\l, , 
~ . 

~'1u'U nl'.iB€lnbb'U'Ubb61~,,11'1bb:wr;lJvrI11B'Ifhti'l~'1 flrum~ bb61:::'.ilf11VibVllJl~"lJ nl'.i€l€lflbL'U'U, 

bbll'WlJvr~~i5''1f11'.ir;'\ll'.irul~'1U'\l~tJ~l'1 ~ ~'1d 
1. lJ1!?1 '.i 15'1'U fl1 '.i €l €l flbb'U 'U ~ '11u fll '.i€l €l fHb 'U'U bb~ 61::: fI f 'I ~1 b U'U 111eJ '1:iJlJ 1 m 15'1'U~~1~ tJ nl'.i 

~ ~ 

n lV1'U ~ n Db n ru '11 ~1 'I ~ ~'U "1lJ1 '.i fI fl'.i ~ 'Vh 1vl1~ E.I ~ e.J ~!?1 bb:W'WlJvr beJ'I b~eJ nH~'U ~l'UlJ 1!?1 '.i .§1'U ~ 
bVllJl~"lJ b~eJ'151E.161~ b16111'Unl'.ieJeJnbb'U'U 

2. "llJl'.iflt.llbbll'WlJ~1'\J1oUt'Unl'.ie.J~!?11vl1~E.I lll:iJ~'\J"'.i'.ifl1~~ bn~~'U 
3. b~eJ n';hl,,~~Hv11bb:W'WlJ~1vl'eJ~1'1 bVllJl:::"lJ n'U1J~lJlrunl'.ie.J~!?1 b~ eJ61~ 111'U'Yl'U1'Ufll'.iv11, , 

bb:W'WlJ-W 

4. (1~f111lJ,,~'Ui'UieJ'U 1'Unl'.iv11'11'U'lJeJ'Ibb:wr;lJvl' b~eJ1~bn(91f111lJ"~mn bb61~'.i1(91 b~11'Unl'.i 

'1iBlJU11'1, b:iJmn(91f111lJb~tJVllE.1'.i:::VI'Jl'1m~m'Unl1e.J~!?1 

1'UU'\l ~u'U nl'.ieJeJfl bb'U'U bb:W'WlJ~1vl':iJnl1~(9),J'Ul B~l'1~eJ b~eJ '11(91 E.I:iJ nl'.it.ll fleJlJ'W1 b!?1 eJ ~biJllJ l'1h tJ 

1 ~n 1 '.i eJ eJ n bb'U 'U :iJ fl11lJ bb :W mh bb 61 ::: fI nl11eJ '1lJ1 n ~ 'I ~'U b~ €l 'I '\l1 n 1 'U WLI1 tJ fl11lJ ~1 'lJ eJ 'I '.i ::: 'U 'U 
" 

fleJlJr;l b(l1€lflvl'bn'UJ1'UJ1lJiJeJlJ61 ~1'1" ~ b~ E.l1 iJB 'I n'Unl'.iBB n bb'U'U bb(1:::nl'.il bfl'.il~~fl11lJ fI nl11eJ'I 
" I " 

'lJ eJ'I fl1 '.ieJ €l n bb 'U'U11eJ ~ l'1lJl nm E.I v1 rl1 ~61 (91 '.i::: E.I::: b1mnl'.iv11'11'U.rr'U!?1eJ'Ut1bU'UeJ ~l'1lJ 1 n bbvl fll'.i 

eJeJ n bb 'U'U'\l~1~"lJ'UJru1vl'~'U 'Ufl611m~v11'11'Uvl'1'Ut1I11€l'l:iJ'\J'.i~?l'Unl'.irul'Unl'.iv11'11'U~b~E.I1iJB'I n'U" , 
nl'Hrh.:J bbllVhJ-wlJlnm.J. b~eJ'tlltJJ~"'lJnl'Hl1lJl1oUt'lXbn(9\tJJ~ltJ'1J'ul'UJ~VI'il'lfl1JeJ€lflbb'lJ'U~eJ1tJ 

'\l1 nm 'i~n~l A'U fl11iJeJlJ61 b~ E.I1 n'U1mij:::~ '\l :::t.lllJl'Vh bb:W'WlJvl' 'Yll'le:i~m'h1vl'b~ eJ flb u'U1(1V1:::
" " 

(Ca rbon steel S50C) b~'il:::~(91 bU'Unl.'ilJbVI~n n~1f114'lJeJ'U'\Jl'Un611'l~t1E.1lJ1oUt'U'Il'U~'Ul5'l'U ~'1'11'U, .. 

http:bb(1:::nl'.il
http:nl'.it.ll
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lm'l~f1'1 '11'l.JeJ'\J mrufl1'Hn~m '11'l.JU'l~eJ'I~mn~ '11'l.JbbliV;lJ~ bb~~(;'h'l.J'\J'J~ n eJ'lJ'IJ eJ'IbbliV;lJ~, 
'JdlJ~'1~'l.J~d'l.J1'l.Jbrl~eJ'ItJ'l.J~ btJ'l.JJI'l.J b~eJ'I\J1nbtJ'l.JbVl~ n~iiflru;;mu~~~1'l.JVlmtJ~1'l.J ~'1~1'l.Jrld1lJ 
bb~'1bb'J'I rld1lJbVlUtJdbbn1'1 bb~~ii'J1rl1t1n 'VI1'1~~~vhl~'I11161Vl~ (Carbon steel S50C) lJlvhwV;lJ~

" " 
~dtJnl'Jn~l~fJH'J~'U'UrleJlJV;db~eJ~m'UfllJb~ '1(l)db~'IJ (Computer numerical contro l (OK) b~eJ1~ 
1~bbliV;lJ~~ii'IJ'l.J1~~bbli'l.Jfh bb61~'Vhnl'J~~~'1eJtlmru1~m1lJfeJ'l.Jbbvl'lbb'U'U SUS 304 hltJii ('IJ'l.J1V1, 

v • 

b?:'l.J~1'l.J~'l.J~nm'lXrld1lJtJ1d) bvl1n'U 8x230 mm 700 W bb~~~V1(l)-:J(l)dl(9)~ruVl1Jil type" bYieJl(9) 

eJruVli1il~bb:wV;lJ~ bb~~~(9)vht1(9)rld'UrllJeJruVli1il b~eJm'UrllJeJruVli1il1m~~llJ~JleJ'Inl'J v1'1'J'\J~ 3.5 
't 'U 't \I II 'lJ II' 'U 'U 

... A'''' 
3.4 -U'U~H),\Jnl'J'IJ'U~tJ:a'U.:jl'U 

\J 1 n nl'J~n~l nl'J~'l.J'Jtll~(9)'VI1'1 b~ eJ n\J 1 n b?:'l.J1tJ 5'J'JlJ'd1 ~~'Ul1 ~d'l.Je.J~lJ bM ~n n'U eJm1~1'l.J" , 
'J~Vll1-:J1mrn~'U'dl1 bbn~'U bb~~nll1'l.JeJ~'J1~1'l.JfeJtJ61~ 25:25:50 btJ'l.JeJ(}l'J1~1'l.J~iirll1lJth~'l.J1\J 
bb61~b tJ'l.J1'\J1~ VI1.:l n~lJ~~(9)'Vhlrl'J.:l,n'l.J1~'Vh nl'J(9)eJtJeJ(9) b~lJ~'l.J1(9) tJ'I111tJ 5'J 'JlJ'd 1 ~8 n'llU(9) 'I11lJ1 2 , " 
b'\J~tJ'UbVitJ'UfieJ 1tJBeJtJ:bbn61'U:n11 bb61~1tJ~'U'\J ~'J(9):bbn61'U:n11 ~eJ~'J1~1'l.J 25:25:50 b~eJ 
'Vllnl'J~n~lrlru~lJ'U~1'l.Jn1'J-r'Ubb'J.:ln(9) bb61~~n~lbM tJd n'Unl'J~'l.J'J'\J (9)eJ1'\J 

, \J 

n~lJ~~(9)'v'h1~b~lJJI'l.J'VIVl61eJ'IeJ(9)~'l.J.:l1'l.J ~fI11lJv1'l.J~.:lbb~ 3 blJn~'\J1~rll61 ~eJruVli1il 
\I 'tI II 'lJ 

'J~Vll1.:l 80 (i.:l 85 eJ.:lY'llb'IJ61b'1ltJ~ lV1tJH'J~tJ~nm 20 'U1Vi t11Vlun~1'Ue.J6'tlJ 40 n-rlJ ~'Ul1 ~'l.J'I1'l.J 
~eJ(9)~'l.J'J'\J1lib~lJbbliV;lJ~ bb~~(l)d'Vll'\J'J~6't1'l.J8'161~mtJlli~1~'l.J.:l1'l.J l'ieJlJ1~'1'V1V161eJ.:lH m1lJv1'l.J~ 4 

" 
blJn~'\J1~rl1~ ~eJruVli1il'J~Vll1-:J 80 (i.:l 85 eJ.:lY'll b 'IJ~ b '1ltJ~ 1(9)tJ1i'J~tJ~bl~1 30 'l.J1Vi t11wun , " 
~l'l.Je.J~lJ 50 n-rlJ ~'Ul1 ~'l.J'I1'l.J~eJ(9)~'l.J'J'\J1:Wb~lJ bbliV;lJ~ bb~~(l)lVh'\J'J~~1'l.J8.:l~~~ltJlli~d~'l.J'Il'l.J 

" Vl~.:l\J1mr'l.J~.:lb~lJrll1lJv1'l.J~'l.JbtJ'l.J 5 blJn~'\J1~rl1~ ~eJruVli1ih~Vlll.:l 100 (i.:l 105 eJ.:lY'l1b'IJ~b'1ltJ6't , " 
l(9)tJH'J~tJ~b1m 30 'l.J1Vi J1VlUn~1'l.Je.J~lJ 60 n-rlJ ~'Ul1 ~'l.J.:l1'l.J~eJ(9)eJeJnlJ1J'l.Jiirll1lJ~lJmru

" 
bb61 ~ ~lvh'\J'J~6't1'l.J(;1~~ 1 tJ~1~'l.J.:l1'l.J ~'1 (9) 1.:J \J 1 n nl'J'VI (9)(;1 eJ.:J eJ(9) \J 1 nrlf.:J~~ 1'l.JlJ1 (9)eJlJ1 ~.:J11'1'Vll nl,;) 
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'VIi1lG1eJ-.:JeJi1l€mltJ~mllJ(i]tJ 5 blJfI:::tllG'lf'11G1 ~eJru'VlJliJd~'Vrh-1 100 ii-.:J 105 B-.:JY'11b'l5G1b~tJ6'I bb~~ 
, 'U 

b~:!Jb1m1tJnldeJVibtJtJ 40 tJlVi yftr:h €mTW~eJVllJ1JtJbnVldeJtJl'VllJ (i]-.:Jl'lldl-.:J~ 3.1 

(i]-.:JJtJ f1~lJ~~i1lvhMb~Bn1<tifnllJ(i]tJ~ 5 b:!Jn~tl16'1Al~ Bru'Vlf1iJd~vr;i1~ 100 ii-.:J 105 
'I 'U q "U 

eNWlb'l5m~tJG'I ';l~tJ~nG1l 30 tJlVi lJ11-11l'UnldeJi1l~tJ';jtl€tJ-.:JltJ
'U 

~ 

fl11lJ\?l'L! Bru'Vfflil, 
" 

i 

(MPa) (0C) (min) (g) 

3 80-85 20 40 
€m11J~eJVi~'U';jtll~.1b~lJbbJJWlJi~

'U 

tI"i~611'UcJ'I61~mtJlJJ~l€'U-.:JltJ 
bb~~(9)lVh 

4 
i 
I 80-85 

I 
I 

30 50 
€U--11UVleJVi~tJdtlW b~:l.JbbJJWlJ~ 

'U 

tI"i:::611UcJ--1G1:::G11tJW~l€U,nU 
bb61~(9)TYh 

5 100-105 30 60 

", " 
~wnuVieJVieJeJ fllJ1UU:!Jf'1l1lJG'llJ'lJ'Wl ll61~(9)l

'U 

I Vhtl';j~G'll'L161~mtJ~l€U'Il'LI i 
5 100-105 40 60 

3.4.2 fI1';jbl'l~tJlJ1V1L1~'lJ, 

'\.hll'lt1~'lJ~~,h'LIfll';jB'lJG1V1 f'111:!J~'LIlJ1i'llhvjUfl 1<tieJ\?1';jl~l'L1~G'llJ eJti~1eJ tJG1~ 25 :25:50 , " 
~'1:!JJ1'VlUn':lllJBti~ 60 n-rlJ (i]'1';jtl~ 3.10 ~G'lllJ1';jt1~tJdtll~b~mblJWlJ~~B~ 1vw:!JtI~lJ1I'l';j~l~

'U" 'U 

~lfl fll"iBB nbb 'lJ'lJ lbJJWlJ~eJ ti~ 43,111.58 G1 fl'lJ1l"1niJG1~ blJl'ld ~1~~1 fl fIldfllmru'IJB-.:J1tI'Hbn':lJJ 
'U 'U 

b:UtJ'LIlb'lJ'lJ ~~1~f'111JJ'VltJllbUmlflnldrll'LIlruG'lJJfI1d(i]'1~ 2.2 

.d 
~lflG'lJJfIlJVI (2.2) 

m 
p = 

v 
m= 60 g 

3v = 43,111.58 mm

m 
p = 

v 
bb'VI 'LIf'1 1 

360 g / 43,111.58 mm 
" 

f'111JJ'VltJlllUU'lJeN'ilwn'LI p = 0.00139 g/mm3 

http:43,111.58
http:43,111.58
http:43,111.58
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3.4.3 rn':ib\fl~mJbb~vhJ'vj 

'l.htI111'U'iJ b'U mJ ':i~?I'lrl~'U~'l1'Ubb~Vhl"vj b~mJ 'iJ'l fl'U f11':iOlVl'1J'iJ'l bb~'Uyj 'iJtJ~~111:1J1':i'iJ'l 
;;\J'U~?lll~'V11 f11TeJVI bUVl':i~'U'U~rr:l'UI'111'iJ illVlil:iJ1V1 tI1't1m111-r'iJ'Ubb~~mh~Vll1'l 100 fi'l 105 

'U ~ q 'tJ 

111;;\J 'U~ ?lll~ ~VI b\fl ~ till11'1'11 f11':i1;;\ ~ 'l1'U bb~~ll 'I'n 't1 b~ll b~'U bl'1 ~'iJ'lelVItI111'Ul~VI ':i 'iJ ~ fl 

b~'iJ1't1tI111'Ub,th;;\':i~'U'U vl1 fl1':iflVl bb~~m~~'l'U'U;;\J'U~?lll1'U bb~~m~~'U?lVI vi'J tI 1'11111 vl'U1'U m~'U'iJ fl" , 
?I'U~ 5 bllfl~'\.h?l1'11~ ~'U?lVlvl1rn':ielVl~'lHbtJ'Unm 30 'UlVl ~'iJillVliljj 100 fi'l 105 'iJ'lY'11b"llm'l5t1?1 
'U ~ q 'U 

vl'l~tJ~ 3.11 b~'iJI'1':i'U\fl111nm~n1Vl'UViHvl1fl1':i111~'U'l1'U'iJ'iJfl~lmb~~lJ'\~1V1t.lH~llbth'iJ'iJfl bb':i'l~ 
HflVl~'U'l1'U?l1:1J1':it1l'11'UJ ill1vi'~1 fl?lllf11':ivl'ltf 1'11111vl'U1'U m~'U'iJ fl?l'U 5 bll fl~tJ1?11'11~ '1J'Ul VI b~'U 

" 

.J 
?lllrn':i'Vl (2.3) 

F 
P 

A 

Vl1bb':i'l F 

F PxA 

P 50 bar 

50 bar 5 MN/m2 
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" , 	 TC 2

vnvh.rYl A A -d 
4 

TC 2 
A _O.1

2 m 
4 

F PA 

2 	 TC 2 2 
5 MN/m X-O.l m 

4 
F 39.2 kN 

3.5 	 n1':i'VI~61B'ULL':i.:jMIU,'U'U61~~ (Static Load test) 

~1 n fl1':lf'i m~nA\jAl1-rrmJ61 b ~ tr;lfl\J'u~ ~~~ 1~ G) 1'l..lfl1':l-r'Ubb ':l~ n(9}'lJ€J-:j~wl1'l..l YI1-:j~~(9}'Vh1~ 
~ I ~ 

b~ €I n H fl1 ':l'V1(9}?!€J'U bb 'U'U?!~ ~b(9} ~HbA ~€J~'V1(9}?!€J'U?!l n 61 ~~ nJ~ 3.8 b(9}~i11\?lfltJ':l:;?!-:jI'1'lJ€l-:jfl1':l
~ , 

'V1(9}?! €l'U~e:Jfl1':lV!lAl~l?!(9}~~?!l:lJ1':lfl-r'U bb ':l~ n(9}1~:lJ1n~?!(9} b~ e:J fl1':l'(11:lJ1fhmruV!lAllJ€J(9}61?!Al1lJ, , 	 , 

""l.hA':le:J~'V1(9}?!e:J'U?!ln61 (Universal tester machine) 


2.) bde:J{b'ij~{ 


3.) ~61'\J blJ\?l':l1(9}Al1lJml'lJe:J~1?!(9}, 

" 


4.) ;S'l..l~l'l..l'V1(9}?!€l'\J 
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bf!'lfl'lYWI?!fl'U?!lni:'l) Universal tester machine( 

3.5 .2 15 nl WI (il?!fl'U 
" , 

1. Vhnl'lb(11~tJ:lJ;U'UVl(il?!fl'U b Ylm/hnlWl(il?!fl'U bb'l'lnVl 

2. l.11~'UVlVl?! flml'1'U'U"ilVl'lfl'l-r'Ub(il tJ:lh~ tJ~vh'lfl ~~ 15 b'1!'U~h:lJ(11'mi:'l:;fl~(11'l'lni:'lI'1 
, " " , ~ ~ . 

'l:;vr:m VllVlVl?!fl'Ubb'l'lnVl'U'Ubf!'lfl'lVlVl?!fl'U?!ln61 (Universal tester machine) 

3. r11Vl'U WIJ 'U 1Vl bb 61:; 1'lJ ~ 1-:J ~'U ~ l'U~ "il:; Vll nl'lVl Vl?! fl'U61"'U'U b f!~ fl 'If! fl:lJvh b(11 fl~'1J €J -:J'(j Vl" . 
4 . r11Vl'UVlfl11:lJb~11'Unl'lnVl bb~lb~:lJYhnl'mVl b~€JVlVl?!fl'Ul?!Vl, 

CJi Q..I IV 0 ~ v 
5. ,)fl"il'l..i bf!,)fl"VlVl?l fl'U nVll?!V"I "il'U bbl'l nVl n bb61:;V\1 n 1'l bn'U'1J€J:lJi:'l e..J61 n I'lVlV"l?l fl'U , " 



d 
'U'VI'VI 4 

4.1 ~lilfl1'aV1~6ieJ'Ufl1'a~'W'atJ 
" 

nl ':i (9]11~;;1eJU1J 1 (9] ':i<:ilt!1 t! tl11~'W ':i'lJ'lHl'l~t!'llt!~t! eJ ~ nu J1V1'tJmi It!~ 611J'lJ eJ .:Jl\rl 1:1 ~u bb~61:;;
<M 'U 'U ~ 

'I.1DVi1VitJ~~:DVi'Vh1~Vll~1t!b~tJ'lbut!m(9]1\l1t! (Standard deviation) ~b'U'W tl111Vi nl1m:;;~ltJ(;]1
~ ~ 

'lJmiieJ:lJ61V1l'l61D ~~ btJ'Wun M~11'lJ 1ii6i'TVi1'l1 b'lJ~tJu bVltJUJ1V1'tJn~'W.:Jl'W ,b~61:;;~'Wll:lJ f11':im::;~ 1eJ (;]1
'U 

eJel1ll'lJmnUeJtJb'Y1l1Vi VllnJ1V1'tJn'1lD;j~Wl'W~1t!1V1tlJ8~1n~Albu~m.J1 n roilb~mbut!m(?l1]1t!n~::; 
:lJroilUelti 1 t!V11'! n;;runt! (11 JlVI'tJn'lJeJ;j~wlt! bb~61 ~~'W 8 ~'\-il.:J 1n61~11 nfil bu~ tJb tJt!~1t!m n fil 

b~tJ~ bU'W:lJ 1(9i':i<:ilt! fi~::;:lJ film n bVl 8m1 nJ1V1'tJ n'lJ1J~~t!~ It!lVi 8'lJ'UlVi b'Y1l nt!fOr"d l1JVI'Ul bb'Lit! b'Y1l nt!.. " 

4.1.1 J1V1'tJn bb61:::rilb~CJ~bUt!m~~lni.'i1t!~611J'lJeN 1mJelti bbf1f1U f111 

(1l11'1'l~ 4.1 J1V1'tJf1V1;;r;jf1115Vi~'W1'lJ'lJeJ~1m18tJ bbfJ61U bbf1:::f111 
'U 

2. 37.0 

3. 38.3 

37. 83 

0.723 

nL:/ - (l:X)2 
611Jf111 )2.4( S.D. 

n(n-l) 

Lx2 38.22 + 37.02 + 38.32 

4,295.13 

LX 38.2 + 37.0 + 38.3 

113.5 

n 3 

, 3 x 4295.13 -113.5
2 

bb'V1'Uf) 1 
3 x (3 -1) 

S.D. 0.723 

http:1V1tlJ8~1n~Albu~m.J1


4.1.2 

26 

d 
1>l1'i1{1V1 4.2 

1. 

2. 

3. 

4.2 l}JanT:iVlt9l6iBtJu::i"lnI>lLbtJtJ6itll>l (Static load test) 

4.2.1 

" Al bt d;j 11 ~~ 1 f1'8'W.;jl'W'\Il~?leJ'U bb 'U'U 

140mm 120mm Al1:lJh111'Wlll'ifWl 

F 

h 

L 

38. 2 

37. 7 

38.4 

0.818 

37. 9 

38. 6 

35mm 

2mm/min 

10 mm till 
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6'\:Wfll'J )2.1( E 
4861 

F 21.63 N 

l 120 mm 

6 5.21 mm 

, 
bb'VI'Ufll E 

bxh 3/12 

2,916.66 mm4 

21.63 N x 1203 148 X 5.21 x 2,916.6 

E 51.25 N/mm2 

6'\:W fIl'J'iffl(i"i''ill n~l'U~6'\:W"lJ eJ;j1t.J eleJ t.J bbn!;1'U fill bY; t.J;j eJ tJ 1;j b~ t.Jl ~l'U~6'\:W'll1J \ilB'UVl1 fIl'J bb6'\\il;j 

1'11v1;j(9l1'Jl..:JVl 4.4 

~1':i1~~ 4.4 1'11:WeJ\il~6'\"lJeJ..:J bb~!;1~~l'U~6'\:W, 

LL':i~n~ ':i:::EJ:::n~ ~111€1~~61,
"lfil~ci'J'U~61l1 

(N) (mm) (N/mm 2
) 

1t.JeleJt.J bbn!;1'U fill 21.63 5.21 51.25 


1mrn(9l'U'Illl bbn!;1'U fill 16.35 4.69 42.94 


1mr'\J'tJ~'J\il bbn!;1'U fill 	 13.19 3.32 49.02 

4.2.2 	fIl'J'VI\il6'\t)'U1'11Alll-lbA'Uv1\il 

~'U'VI\il6'\eJ'U~1v1"illnfll'Jel\il~'U'JtJ1oUl6'\\il;;il'U~6'\:W"lJeJ;j 1t.JeleJt.J bbn!;1'U bb!;1~fIll l\ilt.J1oUbb'J;j
"U , 

73 6'\;j6'\\ileJtJ~. IN "lJ'Ul\ilflll:wt.J1l L = 200 mm 'J~t.J~"ilmeJ;jf'UeJtJ~ al + a2 = 150 mm flll:W 
\.J ~ 	 '\J ~ '\J 

v 	 v . 

6'\;j;S'U..:Jl'U hI = 20 mm bb!;1~h2 = 17 mm flll:wnl1;j:ijl'U;S'U..:Jl'UeJtJVl bl = 40 mm bb61~ b2 = 
"U 	 ~ "U 

34 mm 

F 

1 
I I~~I h ' ¢hl 

bl 

L 
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a 

M x a 

73.1 N x 75 mm 

M N'mm 

y 

Y 

hi /2 

20 mm / 2 

10 mm 

x 

13.5 

1 

x 

/ 12 

- 17) 3 

r:lfnl:lJ 

iJ61flblJ\I1'j' 
d 

!'l1':i1..'l'Vl 4.5 

a 
a 

N'mm x 10 mm/13.S mm 4 

4,061.11 N/mm2 

1mleJtJ bbJl~'lJ bb61:t;f111 v~~ 4,061.11
" 

(N) 

f'l1fl"J1:lJU~!\J~~ 

(N/mm2
) 

73.1 4,061.11 

56.3 3,127.77 

44.3 2,461.11 



d 
'U'VI'VI 5 


a-:iu~61 bl,a~,j'ma'Uel 1,1:.'U~ 

~ 

5.1 

bblJYllJY1'~'i..!~tll(1q"(j'W(91'Ul.:j (Shell type) 

ri,rU:U~tJv!(;lltJJll'i..! l'll'i..! ,~ru6'llJtI&i'1JB.;j161V!~~Hv11bblJYl:wY1' 
'lI'i..!l~bnjvhJY1' 

type bb~~'Vhfll~~'i..!~tll(91~~'U (3 lJlbbn 1tJr.rn(9l'U'lrn 1mJ8CJ 

Ji'.:j n ~11~ llJ 1~~v11 n1"i~'i..! "i'LllJlbtJ'i..!ltll'lll1(91 ~tI J~5.;jrl~fhtli'i..!~
~ , 

bbf1~ 4,061.11 


29,65 84.01 


5 

5.3 

1) f11~~(918t1 mru1~rnl:W~eJ'i..!~ bb:WYl:wY1'~'i..!'U'i..! b~8.;j~lfli:ll~'i..!.;jl'i..!Jll'i..!1'i..!1:W61:W'U";iI;'J
, '\J 

2) fll~88mb'U'Ubfl~eml'Uf1(91Al1:W'1l'i..! 1~ij'IJ'i..l1(?)1V!~f1ilb~:W 

3) bf1~mer(»rn"ibyj:Wfll1lJJi''WlJl:lJ1f1~'i..! 

4) 


5) 

http:4,061.11


·2549 . I9l€lU'Y'H;l'l'HWlli:'i'l mVlI?1 tl.b'U'tJ e-J ;;UJe-J ii11tlfn ',it! ";l:;'t1JJ1't11 fl1'j' bfl~€l'Ih CJ .
'U , 

20. 18-20 I?1mAJJ 2549 .tlA'l''j'l'lJ~JJ1, 
~ If' OJ C!I ! ..,d 

bbfl~'V'h't1~!i 'lF1JtlJ1t:'HJ .fl1',iI"1f)~lmtle-Ji;'\j..;VI l'VlJJ1:t:i;'\i. '[j €l'l 
< <V 

~b ',i.;J n ',i~ bb VI n'lJ e.J'l'Hi tltll?1 '\l1 fl n 1 fl e.J fl1?1U't111 bbfl:t: 
.Q, .c:. .cd 

'i"U'i .2558 ?l1'lJl1't1111'lJm'JJJbA'JB'lfl1;l 

.. 
2550 . f11'JElElfHbUUbfl'JEl.;JElU 

.fl1'i'tJ'i':t:'1l:lJ b;s'l1't11 fl1'ibfl~El-tilCJ'\I<ii:l;j;jltlbbvi;j'lJ'l'~ b'Vlf"llVltJA~'l~ 3. 23-25, 

2550. 


d ~ ~ 

: ?ltl'\l<i.'lJbe:J(?1~bA'lJtl. 

"1 : 61tl'\l<i.'\l'lt1'l1;l'lmru, 

'\I<i.f"I.2558 

Euro NeAP. 

explained/pedestr:an-protectionl 

ii1 U '(j 11 . 11. 'ltml 

v "" 1tl'Vl 2560 JJn'ilf1:lJ 24 

;;l(ut!:t:'l~ .http://www.6.l·tLf11.W1V1tJ.coml;;l(ut! ;t;'J~ 6';i-html 24 

2560 :lJmlA:lJ 

bbn1,lU. http://puechkaset.com/f1tlbdEl :l.JfWlfl:lJ 24 2560 

fl11 

http://puechkaset.com/f1tlbdEl
http://www.6.l�tLf11.W1V1tJ.coml;;l(ut




32 

~ "'1
Vl'JVl1J1J,ft1,ml'a 

1. ~ 1) -'U111 G1 n 61 	 (Jll'tfllvm ), 

Mr. Polrut Boonme 


2. Vl1l1m(1'1JD(91'J'\J'J~~ih~'1'\J'J~'(jl'(j'U 3 1605 00360 48 4 

3. d11bbVlU.:Ju~Vll'Jn'(jlm'J ~bU'Utl~~D'U 
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d11bbVlU.:JU1VIl'J - ~lUVl'U.:Jl'(jlnl'J 1)l~l'JtJ 

b~'Ub~1)'U 23,890.- nmnwvll1'iltJ 20'1J1I./~'\J1'11v1 
! d ~Q. I VI 2.1 

4. 	 Vlmml'Ubb(1~G1m'U'VI'VIVllI'1Vll1) bl'1?1:t:l'nn 

G'11'lJl1'1Jl11'11rl'J'J1I bA~fl.:Jn(1 Aru~11'11 rl'j'J1I1'11C1Vll1 
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C\ .d.d 

1381 f,l.~um1.:Jml11 bb'1J1-1U1-1"1Jfl b'tl(l1U1"l"1JeJ rl'j.:Jb'VI~'1 10800 
'\J 	 , 

b'VI'J~wvl:02-9132424 \91eJ 138,081-818-6092 

1'V1'JC11'J:02-9132424 \91eJ 138 

E-mail:me_boon@hotmail.com 

5. D'J:t:1P1nl';Ji3in'l31 

mrurul tiel 
<II <II 

mruru1 
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11'1.11. 


1Y'1.U. 

6. C11'1Jl1'1Jl nl'J~£JA1111'1l'1'Ulru bu'Uvhf'l'lj (~.:J81~ bb(91 n\911'l~1 m~ nl'Ji3in'ljl) 'J:::UI:11'lJl1'1Jl f11'J 
v 	 " 

- fI1111~eJ'U'\J'J~~nCl'i (Applied Thermal System) 


- b'VIfll'Ul61~bb61~nl';j'ill'1m':ivll'U~B-1.:Jl'U (Energy Technology and Mana~ement) 


7. '\J'J:t:?lUnl':iru~bMtJ1<umnum'JU~Vll':i-11'Wl'iltJ~'1mtJ1'Wbb;;l~mtJ'Wfln'\J':i~b'VIr" 1I'1tJ'J:t:u?lm'Wm~, 

l'iltJ 

7.1 	'lX1VlihlA'J"lf11'Jl'iltJ 


bA~eJ'IAI'1 bbtl n'1J'U1~ blJ~~?ll'Jf11 bb ~1 'JDG11l11 


f11'J'VIV1?1eJum'JeJI'1I'l1'tJEl.:J1?1V1t-J?l1Im tJ1Il1?1m1~eJruVlJl:D \911'1" 

'I 	 'I '1J l 

f11'JeHJiI bb UU bA~m'VIl'1G1eJUf11'Jbn\l'1JeNA1'W 8Vl'\JmtJ bb U'U ?leJ'I<Ul\1m tJ1;'bb 'J'l rl'J~9:l1tJ 
C111'lbC1l1eJ 

f11'i~f\'t?:fl b'VI141'Wb8~ bVl:lJ1~?!lJnUf11'lGwllJ1:'lVl'l3bb1:'l~eJ(i1':il f11Ji'Ub'\J~e:J'l b~e:J b~~'l'tleJ'l'lX1'lf,l 
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3. 

4. 
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3 1201 0178803 1 
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4138 

b'Vl'H'11':l:02-9132424 ~eJ 4138 

E-mail: 

10800 

Mechanical The Sirindhornlnternational Thai-

German Graduate of 

Automotive 

Management( 
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7.1 	~ehUlmb~1.Nl'Ul~tJ 
\J 

7.2 	'j..hvj'Lh1r1':i ,ml':il~tJ 

- br1~eJ ~ 'Vl~6re.JU~~~m':i:lJl6't\?lml:lJ6~tJ~'Vllti 
- nl ':i~ m~nu~~tJ nl':i€l€l n bbUUvle)'wn1v b~m ~€I6'l(Yl b~ tJ~':i'U n1'Ubb6'ld' mn6't:lJ ':i':if:ltl~'1J €I~br1~eJ~ tJ'U~ 

r.J " m :;VlU LL,, :; 'lJ 'l :; 1\Vl5ill'fj~1LU'ln L '8 ~ 'fj .1'1.255 2 Industry Subcontractin g 

L~t.mumu LL,,:;.rlJ'lJ ,):; ~Vlafl 1 1lJ L~t.J(j) Exhibition o f Thailand 2009 

'Il 1U \I1rl(j) LL m; lndustrial 

Technolo~y 

Ass istance Pro~ram 

(iTAP) 

2 Inves ti ~a tion of Brake Noise Apr.2009 The International mn1VltJl<1m'll flLu'i"fi 1Tn1,yt.J/ 

Parameters Using Sin~le Conference on Automotive 'fj'l:;~ eJlJLmi'l~ 'l:; U I'I,) ~t11 
Dynamometer En~ineerin~ ICAE -5 L.,UeJ 

3 Econo Power Car Jun.2010 The 2nd RMUTP International lJVI11'1lt.J1 <1mVlI'IL U l"fi ~~1lJ 
Conference Green 'jl'1llJ~ I'I,, ~'l:;U I'I ,) %tJ/ 

Technolo~y and Productivity ~t11 
L.,UeJ 

4 Analysis of Clutch Materials Jun. 2012 World Academe of Science, EXEDY Friction 

behaviour . Comparison between Engineering and Technology Material Co. LTD 

Coefficient of Friction Tes tin~ and 66, 20 12 

Full Size Tes tin g 

5 Study and Trend of Development Industrial 

fo r Electric Railway and Related Tp( hnology 

Industries in Thailand) Phase 2) Assistance Pro~ ram 

(iTAP) 

6 11'1'j~ n1 'li'1m:l1Ll'I~ eJ ~ t.J u~u. n.,1'1l~uLL":; ~.1'1.2555 RMUTP Research Journal, mlJ~9IJU1'fj <1H1U 

~L'1l,, 'lJU1 (j) L ~ n 1 ., U L¥ieJ,y(j)'Yh~ l ~. Vol.6, No. 2, 

n!l n ') :; Vl 'l I ~ LU~1:; J11U 'lJ '):; 1\'Il5 ill'~ 

~<1~~lU ~ llJ 'fj . 'l . U . n1'l~~L"~lJ nl'l 

eJU1n'l:!'fj <1mU 'fj .1'1. 2550 

7 Design and Development o f Bus mlJ'lJU~~Vll~un 

structure for s in~le and double 

deck 

8 b I'l1 (JW1(j)" (J u~ q~n 'l'llJ 1"VlmllJb~t.J (j) ~ . 1'1 . 2555 'l1'l"1 'l1'1l 1n1 'l"~'l:;~eJlJLmi'l Wl:; 

Yl l U umL~iJ (J tJ~il,j'uvi 2 22 

9 n l 'l Vl (j) ., (JU n 1'l f5 (j) ~'l 'lJ eJ ~ 1'., Ii) r.J " lJ 
'11'1.2556 

KKU Research Journal lJ~11Vlt.Jl <1mVl l'llul,,1.i 

mt.J1~.,m'l :;(J ru'\ojil ij~ 1~1 Vo1l8, NO. 2 'i l'll lJ ~I'I ,,~ 'i:;U I'I'i 

10 nl 'lilt) nLLUU ~1'\HU'l n L :a ~ nl'J<1 :;.,lJ Songklanakarin J. Sci. Technol. lJVI11Vl t.J l <1m'I'l l'lL U l"fi 

fll llJ ~eJ UL~eJmllJ'lJ"eJ(j)ntJ 20 13 (6) 35, 68 1-671 , Nov. - Dec. 'l l 'll lJ~I'I,,~'i:;um 

2013 
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