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ABSTRACT 


This research was aimed to study the crashworthiness of Thai-manufactured bus body 

and its energy absorption capacity. The study focused on only main components of the body Le. 

the bus side wall, roof structure, assembled body and some joint patterns. The study was begun by 

surveying for data from Thai bus manufacturers. Then, experimental work was conducted in order 

to verify the commercial computer package (Finite Element Analysis, namely ABAQVS). Then, 

the verified FEA program was used to model the actual size structures in order to investigate their 

behaviors subjected to various crashing loads. 

According to the survey, it was found that there are three patterns of the side wall 

generally used in Thailand, which are the horizontally-parallel pattern, the diagonally-parallel 

pattern and the head-to-tail diagonal pattern. For the roof structure, two patterns were generally 

used i.e. the horizontally-parallel and the diagonally-parallel patterns. The three patterns of side 

wall were manufactured and tested under quasi-static axial crushed, bending load and twisting 

load, as well as under dynamic impact axial crush. The results revealed that the horizontally

parallel pattern tends to absorb more crush energy than other two patterns. However, in case of 

twisting load, the diagonally-parallel and the head-to-tail diagonal patterns seem to absorb more 

energy. The experimental result was also compared with the simulation result by FEA program. 

Good agreement with acceptable error was achieved. Therefore, the program was used for 

investigating further on the behavior of actual size and more complex components. 

Considering the actual size and whole bus side frame under axial and side impact, it 

was revealed that the horizontally-parallel pattern provides higher energy absorption than that of 

the diagonally-parallel and head-to-tail diagonal patterns. In cases of the bus roof frame, the result 

suggested that under axial and bending loads the parallel pattern provides more energy absorption 

than that of the diagonal one. In contrast, for the twisting load, the diagonal pattern has more 

energy absorption. This study also investigated the crush capacity of the roof with various sections 

of supplementary elements. These sections were circular, square, L-shape and V-shape. The 

results revealed that the roof with circular supplementary elements provides highest energy 

absorption and highest specific energy absorption. The assembled bus bodies, which were 

compos ted of different patterns of bus side frames and roof frames, were tested under axial crush 



in order to investigate their crush characteristic. It was found that the parallel side wall pattern 

combined with the parallel roof pattern gives higher energy absorption than that of other 

combinations. In addition, the different types of joint elements between the roof and side wall 

were also tested. It was found that the joint type 3 provides highest energy absorption. Detail of 

energy absorption capacity, load-displacement curve and deformation mode of each element of the 

bus body were reported and discussed in the report. 
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'U't1't1 1 

'U't1'ih 

1.1 flll'3J&ihnm&i:I~flll'3J,hftty'U8':I'Uty'Hl 

L'U t11'H.I um I'U'U~'U ff1'U'lJ U.:J Vl'U Vi 111'U ~~lfI~U'U ~~1tJfl1111!~ 1~.:J,j'U fl1111i'VI1.:J~1'U 

" fl1 'J IfftJ111 tJ'lJ U.:J 1 fI'j.:J fff1.:JUft~t11'J 'fI'fIcJ1'UVia.:J.:Jl'U 'ill flt11 'JG)f'U 11~Ut11'J fl'j ~U'VIfltJ'Ui1f111mhfiru 
~ u 

• d/ 'I jI "" " '" • d/ 1 11 'l9JUVl.:J1I1fl t11'JfYflEJl ~'U'fI1'U'U\!m'J tJfl'j111<1'] 11 t11'jfYflEJ1 flHff'J l.:Jfl1tJ L~fl1'jfl'j~!I'VIfl (Structural 

Crashworthiness) 5'Ul1:l'Uffl'lJl~ 1~i''Ut11'j ffflEJ1I!ft~1~tJ1I1Udl.:J~UliiU.:JUft~Vl1'U1'U 1'f1 tJlnVi 1::: L'U 

1.h~!'VIfY~i1~~ff111fl'j'J1It11Hlil~tJl'UtJ'U~~1.:J<1'] !'Ji'U ff11i'!flllljt11 5.:JflQEJ Wfl'j1lU ~~'U Uft~ 
I:!~ jJ ~ jJ 1 ~ Gf QI <I ~ IJ} 0 di dlJ Q.I Q,I 

1t1111 €I ~~ 11J'U~'U 'fItJ!\lVil:::flVl.:JtJ.:J ~ 'Ut11'jflflflU'U'U~1tl.:JHltJ'U~'U'U'il~~fl.:JfI1'U.:Jtl.:J11ftflfl1'j!!ft::: 
iJ iI 1 , 

'VIqEJ~'lJU.:J 1fI 'J.:J fffl.:Jfl1tJL~t11'j fl'j ~!I 'VI fludl.:J1I1fl l1.:Jurwu.:J 'il1mtl tJ'U~i1 ff1'U fflfityfld1.:J fJ.:J~ flt11'j 

if'ty 'il'j 11l1l1'il 'UI!'VI'UI~ tJfll~-h1:l'U ff1'U11 i1.:J'lJ U.:J t11 'j ~lH;1~1l'j ~ ~11''U 
tI ". 

L'U1f1'j .:Jfff1.:J'lJU.:J 'jtltl'U~tJ'U 1Pl1tl.:JtJ'UI1:l'U ff1'UViff1fityVifl'fl~fl~,r'U~!m:::~1'f1tJffl'J 

!iiU.:J 'illm1:l'U ff1'U ~i1U.:Jfl'U t11'j lfftJ111tJ~m 'illfl'fl~'UL'U rrU.:J ~1'fItlffl'j !rtm tl1l 'j::: ff'U~u~m~ 
. "iI , 

1'fI tJl1111lu~11Pl1tl.:J 'j tltl'U~1Jfl1l 'J ~ flfl'U ~1tl~'Uff1'U11 ftltl<1']~'U1l'j:::flfl'Ufl'U Im:::1Jfli1i 1l~1.:J Vi lti 

uU'U fl'U ~'U fl~fl'Ufl1111~U.:Jt11'j 'lJU.:J ~Nil~ !!~ 1'f1 tJi111l1Jfl1l 'j:::fl fl'U~1tl 1 fI'j .:Jfff 1.:J~!1:l'UaflEJw::: 

ml'U (Plates) uft~aflEJw:::!1lilufl (Shells) !iifl.:J'illfl1f1Hfffl.:j'~.:Jfffl.:JG)fiJ'fI!1:l'U 1f1'j~fffl~~ii 
fl1111 ff1111'jtl L 'U t11'j ~'fIcJ1'UVi a.:J~l'U 'il1flt11'jG)f'U 1~~ fl111111111tl'lJfl~t11'j~ 'fIcJ1'UViaHl'U 'illflt11'JG)f'U 

1~~11111tJil~fl1111ffll11'jtl'lJfl.:J1 fI'j ~ fff1~L'Ut11'j ~'U1Pl1~m1I1:::ff1ltrtmfl'flt11'j fl'j~U'VIfl11~Ufll'jG)f'U 

" . 
1'fItlL'U t11'J ~'U1Pl1tJ'U 1 fI'j .:Jfff 1.:Jfl1'j 'il:::ff1111'Jtl~ 'fIci1'Um ~ fl'j~U'VIfll~L 'U1lj1l1W1Ilfl!2j fll Vi tl'U fl'U 

" ". 
lJ111tJfl'lJfl.:J1Pl11J'Um.:J flUl.:J 1 'J~~111L'U'fI'fIcJ1'UU'J .:Jm:::U'VIflU'U ltifl1'JrlflL rr!fl'flt11'j l1l~U'Uu1lft~'lJfl~ 

~ 

fl11'iJt~1 (Deceleration 11~U Acceleration) 'lJU.:J 1f1Hfffl.:J1I1mfl'U 11l tiiU~t11'J!1l~tl'Uu1lft.:J'lJfl.:J 

fl1111!~1~1I1mfl'U11l m 'ilrlfl L rr!fl'fl5'UY'l'Jltl~Ui1.:J t11tJ1I'4EJtl~ 
" 

t11'J ffflEJ 1f11111ff1111'JtlL'U t11'ji''Uu'J .:Jfl'j:::U'VIfl'lJU.:J1Pl1tl~ 'j fW'U ~tJ'U1JflL.ut11'J tWfl 

-rI'ill'jW 11 fI'j .:Jfffl.:Jt1:l'U~'U<1'] 11l 1'Ji'U ffflEJ 1t11'j IfftJ111lJ!\lVi1::: 1flH'Jtl~l'U11U'l t11'JffflEJlt11'JlffU111tl 

<V , d/ jI1
'illflt11'JG)f'U'lJU.:JfI1'Ufl€l1.:JN'U.:J'UHU'U'UY'l1.:J<1'] t11'JfYflEJl flHff'JHfl€l1.:JU'U'U Double-hat U€l::: Top-

hat 1m::: t11'JffflEJlt11'J!fftJ111tl'lJfNUfl'U 1f1H'Jtlu'U~ t1:l'U~'U flU1.:J h~~iJ.:Ji1iJ'il~ut'U<1']flmJ1fl~i1N€l 
~flflWff1lU~'lJfl~ 1f1HfffHt11tlL~uHfl'j:::U'VIfl 1'Ji'U N€l'lJU.:JUH16flU (Inertia Effect) N€l'lJU.:J• 
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,; jJ Y f 

duyi'u'1uth~t't1fllfw,:ru iJ~iitlll i ~fl1ll1ffU '1 'ilflm:111~1I'1u~lUU,rfW1I1n l1~'1fi'lh~t't1fll't1{J 
.,. . 

ttlU~N~~;url1U{J1U{Ju~fidlflf,)!'UfN.fJiJmfl ufl~iJ~iiuNUfi'il~'tWl{JllunllN~~m)f1 ltlvn 
., ., 

U tlml1nihJl~mfll't1{JiJ~ii~~m(wu~l~Wffll'UU lfl1l1qjvmtlu~lU1UlIln 1flu~~m fitmhil 

Utln 'illn~ tll tl ~111'11ltl '1Utll ~t't1flU'"1iJ~iitlll rl'~ '1nntll~t't1fl~U'1 1U.fJiJfllflVn~1tl HfI~ttlU~'I1l . .,. 
ff~m~ -hul!-hl tltlu~l fltlffll YI 1~i'Utlll~tl 'Olna! l1ri lU 'O~iirl1utf)u1.ij'tl~tiu~1~~1~Wffll ttlu 

~ ~ 

~lU1U1l1n1l1tl H~iJ~ hjiiNfltlllflmJ1'1fl'1~vuiJU()~.ij'tl\!fI tm~1iitlll l111()~.ij'tlfl1l~'illlWl~i~ 
.,,, . 

'1 unn tltlnu'IJ'IJ ufl~tll::ntl'IJltltlu~lfltlff11t11rilu ~~,:runnflmntf){J1ti'IJfJWfflru~nni''lJHl ~ 
'Ii I I tI, tI I 

m~u't1n'Utl~;'U rl1U1m~ fffl~ltlfi~mlln ~111lt1t11rilU~~ttlUiY~~11t1U 11~ '1UH~'Utl~tlll t~lI 

fJWmYH;~fl1ll1t1f1muitl1~uti1fll ~fff1~ 11fI ~!~1If11111!~mt'U~lUfl1ll1t1 fltlfl.n tl1~!!ti ~1fltlffl1 

vn,f~iJ~!tI'U tlll fffHlIl~lll'UnllN~~ !lfI:: tl tlnt! 'IJ 'IJ 1m~fffH{J1U'f4111U~'U tl~tll~t't1flt~ tl tlll 

" ~WJU1~~ffl11m lll~lUU~tl lt1'1 'UtlU lf1\P1Vn~1tl 

Q.I _I J QQ.I 

1.2 lV1QlJ'S:: a''Ifl'Utl'lHU l'iltl . . " 
1.2.1 t~tlflmJ11tl!!'IJ'IJ ltl't1H l!fI~1iitllltll::ntl'IJ1fl{J1111t1 'Utl~;Url1'U'Utl~1flHfffH 

1tltlu~1fltlffll~N~\P11flU~~tlltlmu1utll~!'t1fl 
1.2.2 !~tlflnfJ lfJWfflltr~~l'Utlll!iYU111tl !W::fl1111ffll1ntl1Utllli'um~m~u't1n'Utl~ 

~Url1U!!U'IJ~1~'1 lU1m~fffWmtl'U~1fluffn~fffHlutll::mfl 
, tI " tI 

1.2.3 !~tll1l1tlU'IJ'IJ'Utl'l;'Url1'U!lfI::1iitlll !.ytlll~tlfit11111~ffll VU 'il~fil1~;U rl1U 

~ 1~ ~ ff1111ltllUUl ~m::u't1n flllln'Uu 

1.2.4 
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.., 1 ..,~ 
- fl11lJ'YI'\..!1 H€l~f11'Hl'J~'lllfJ~1'tftl.;jfl11lJ'YI'\..!1'tftH flHff'Jl.;j'YI€ln 

-lti-sH'tftl.;j 1f1'j.;jfffH'YItin 

_I ... 1 ~ 
- llJU'lJ'lJf11'J fJ~~ 

I 

tl fI'j .;jff'J 1.;j 

1.3.2 f11'JVI~€ltl.;j 
~ I 

't11f11'J VI~€ltl.;j!'il'Vll~~mi1'\..!'YItin"l 'tftl.;j1flHfffHViiiJ:-.l€l~tlfl11lJffllJ ufl1~fJnlJ'tf el'l 
jI, iI 701 

1flHfffHi''lJUHm~UVlm'Vhu'\..! l~fJ~.;jL,r'\..!ViI91'1utl'J'YItin"l~llJ-i1tl 1.3.1 V1.;jU 'II~V.;j1l.iihiho.;jJ:-.l€l 

'tftl.;j'J1fJ€l:aflfJ~~tlfJ~'\..!"l !'If'\..! 'lftl.;jffnl 'YIjtJ'atl~ !~'\..!~'\..! 
o '" <I

1.3.3 f11'J'ill€ltl.;jVlHfltllJ'Vl1L~m 

o '" "'1 i ~1-1 • d - 1'YI1nnVl~€ltl.;jVll.;jfltllJ'Vl1!~tl'J ~fJ 'l1 lJ'JumlJffm'illlJVlH Finite Element Analysis 
t jI jI t , 

(FEA) ~tl11 ABAQUS 1~m,jtl.;j~'\..!'II~'Vhf11'J~l€ltl.;j~'\..!ri1'\..!ViYhf11'JVI~€ltl.;ji '\..!-i1tl 1.3.1 L~tl'Vhf11'J 
d ~ • 

fftl'lJLVlfJ'lJ (Verification) 'il lnU'\..! 'll~Vhf11'J'tffJ1fJf11'J ffmI11~mtl~fJ'\..!utl'N'tf'\..!1~'tftl.;j~1utl'J i..r 
,,1 

'YI mn'YI €ll tlfI1'tf '\..! 

I ... 

13.4 f11'JLJ:-.IfJU'Vl'JJ:-.I€lf11'Jrlmn 

yhnn LJ:-.IfJU'Vl-SJ:-.l€lf11'Jffmn i..rml~tI'J::ntl'lJf11'J~~tl'Jfl1~fJffl'J U€l::~ff'\..! i 'llvY1 1t1 1~fJf11'J 

VtlJ,f'J 1 fJ.;j 1'\..! -i1tllJ.. €l~d~J'\..! tI 'J:: 1fJ'l1U'lllnnn1 ~m~tl!J:-.IfJu'Vl-S 

. 

_. ~ .... I 14 Yo.! 

1.4 lJ".i:: m'ti'UYlfllf1l1'il~ tfl".i'lJ 

Q.I~'j) GI ~ ..::! q ... 1 
1.4.2 VI'J l'lJf.]WfflJ 'lJ~~1'\..! fl11lJ ff1lJnfl ~ '\..! f11'J ~ 1'\..! Vl1'\..! n U LfffJ'YI1fJU€l:::: f11 'J IfffJllJ 'il 1nf11'J 

'l1'\..!'tftl.;ji'\..!ri1'\..!'YItin~H"l '1 '\..! 1f1Hff!H v'\..!'ll~ih 'tI~f11'Jtli''lJtI~.;jLl€l~Vi\Pll'\..!l'l..r1~1f1Hff!1.;j~ii 
.., , ~d,1 

fl11lJ'ffllJ1'JfIi '\..!f11'J'J'lJUHm~!!Vln ~~'tf'\..! 

1.4.3 1~fffHU€l~Vi\Pll'\..! ltl.;jfi'fl11lJ!L~tl10'lJ1fI 'J .;jfff Hf11'J f1tl.;jO'\..! nnm::::uVI mm~ f11'J'l1'\..!.. 
v'\..! 'll::::LfJ'\..!tI'J:: 1fJ'l1U~tltl~ff1'Y1 m'JlJf11'JJ:-.Ii1~i'\..! ri1'\..!fJ1'\..!tI'\..!~'tftl.;jtl'J::::LVlrl~fl'tI

q 

.. 
OJ 4

1.5 'UUAtlUfll".iflo'tn 
~ ~ ~ 

nnffmI11~fJilffllJl'Jtl!Wnf11'Jffm:J1fltln '~L~'\..! 3 ;r'\..!~tl'\..! l'Y/f'Y"lI91'~u 
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" L~U'tiU lPleJU U';j f)'U eJ~f)1';j fff)1l1 1~WflW~1 ~£J i ~;1lf) l';j L~'U;)eJ\! 11~L~£J1;)eJ~ 'illf) ~ 

~eJ';jtl£JU~hWffl';j Lrtmn;)eJ1Jl1~L~£J1;)eJ~ti'Uf)1';j1~£J 1~wn!ui'!J~;)mmL~£J1ti'U1fl';j ~fffwHi;if)
~ ~ 

'UeJ~';jtl£JU~1~£Jfflml1~1nf)1';i~eJ1m~fffHJu"1 
(2) f)1';jr11 f)1';j'Yl ~l1eJ~Ul1:l:: ffeJ'Ul,yj £J'U 1 '!J';j umlJ 

~ 11~Uffll1'r'Uf)1';j'Yl~l1eJ~ L111~1'*~u ~ lU'Yl~l1eJ~1lfih;f)llw:l::'ill~IPlTlJ~l~'U;)eJ1Jl11Jl ~11 f)1';j'Yl~mH.. 
~i~'iI~Uli'!Ji,*ffeJ'Ul,yj£J'U1'!JmmlJ FEA ~i,*1u~lU1~£J 

(3) f)l'Jul1'!JmmlJi'!J1,*fff)1l11m~fffH'UU1~'ill~ 

'HJ:1~'illf)~1'!JmmlJ iAl'Uf)1';iffeJ'Ul,yj£J'U ul1~~uir,.,rhffl1Jl';jtl i lfrlllPleJ'U iA 

\If)~f)~ti'U~l1f)1';j'Yl~l1f)~iU';j:l::~'U~£Jf)lJl'U i~Utl'1 'iI~ill1'!JmmlJ FEA ~~mh1i'!J'U£Jl£J~111u 
" .

f)l'Jfff)1l11m~ffrH'HJ:1f)'UU l~"l~ r1~1Ul'!JU'U'U'Uf)~1flHfffl~1~£J1 1111:l:: 1m~ffrH'!J';j:::f)f)'U 
. " 

rUeH 'illf)1m~fffl~ 'ill~mri lu'Wii'U'W l~ i 'Ht:UUl1:l:: liiffl1Jl';jtlUllJ 1 i ,*r11f)1';j'Yl~l1fl~'ill~ iA 
" 

" " " ';jl£J~l'W~,j'lJ'ui~L~£JU~U1~mwmilfl'Hlflflm~U'U'Yl'HJ:1f)~H"1 ~lU1U 6 'U'Yl Ul1~ 
" " mfl~U1f) 1~milfl'H 1i'WU~l1::::'U'Ylii~~~fl i'!Jij 

'U'Yl~ 1 'U'YlUl 1~U'U'Yl~f)ri110~fl11lJffllJfflf1t1J ~1Jl'Ufl~~lU1~£J 1~Q'!J';j~ff~fi 'Ufl'UI'U1Pl 

'Uf)~f)1';j1~£J Ul1:l::'!J';j~ 1£J'lflr'Ufl~'Jl'W1~£J Ul1:l::~UlPlflUiUf)1';jfff)1l11~£JVfl 1~m,ifl'H11'W'U'Ylifnru 
" " 

Uff~~ O~fl11lJfflf1t1J'U fl~~lU1~£J~uij 
d ",.l d Qw d d 31 d d,..:i j) .l d 

'U'Yl'Yl 2 'Ufl1q!l1'V'1U!lU 'Ylq1l.tll111::::~lU1'i1£J'Ylm£J1'Uf)~ ItlU'U'Yl'Ylf)1111m'Ufl1q!11'V'1U!lU'Yl 

1~(nti'U';jtl£JU~1~£Jffl'J~'!J';j:l::f)fl'U1111:l::1'*~ lU1'W'!J';j::::tVlffi 'Yl£J 1~'WlJ llPl';j!l'W~l~"1 ~1~£J1;)fl~ 1111:::: 
'j/ , ,. " 'JI 

• «i .. '" "'''':/I "'?i .1 !II'" '):/1 .:/1' '" "'''-IIJ.1'
f)m1tl~'Ylqlltl'V'l'W!1'Wmf)£J1'Uf)~ l'V'IflL'lJ'Wf)1';j \:Ifl11lJ t 'V'lU!1'W mUf)~fJ1'W flf)'Yl~£J~ !'flUff~'Jf)1';j 

'Yl'U'Yl1'W 1';j ';j Wf) ';j ';jlJ~ 1~(J1;)fl~ i 11\J ~i1\JV(l£J'Ufl'J'U'Ylif 1rtflUff~'J~l1'J lU1 ~£J~ 1~£J1;)f)~ti'lJl~fH~ 

d <:I :/I !II" d ""'" <:I
'U'Yl'Yl 3 f)1';jLf)'U;)fl\!l1 Ul1~'Uf)1q!111flHff';jH';jtl£J\J\P11~£Jffl';j 1\J'U'Yl\J'iI~Uff~~11Jf)1';jm'U 

!II 'I "'''' J :/I dllJ.1' <:I !II "'. "i!ll dllJ:/I :/I
'Uf)\!11 !'W~lU1'i1£J\J 1Pl11fl~'iI'WUff~~'Uf)1q!11'Yl !'fl'i11f)f)1';jm'U'Uf)\!11~~f)1111 !~£J'Ufl\!l1'Yl !~ 'iI:::IU'W 

;;fl\!l1L~£J1ti'U1m~fffl~'Ufl~';j tl£J'W~1~£Jffl'J I i1fl~ 'illm~U11PlQ'!J';j:l::ff~fi'HJ:1f)'Uf)~f)1';j fff)1l1 

'U'Yl~ 4 Ifl~fl~iJf)~i.rt'Wf)l'J fff)lllUl1:l::';j ltm::afl£J~1nf)l'J'Yl~11f)~ l,if)'H 1iU'U'Ylif"~'U';j';j£JlV 
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.. , 

'U tlfl'illf1iJi.'Uf11'f'l H'U 1f1fJ~1""h!~'U fl~ 1 tJ~l~fl1'.l fi l'U 1W fiwHl~~ l'U ~~cif'U"1'"1l1f1fl1'.l 
I Q Qw;f Ji\l)~QI Q.::::II tI , 

V1~(ltJ~U'U'U~l~'1 U(l~U~~~'.l lVfl1'.lH(l~1'UVI1~1"111fl1'.l 'il1ml'U1'i1V'U C)f~ !~'.l'Ufl1'l ~'VnJ'VUHVU'¥l'.l 



• 
tJfIfi"" 2 

2.1 a'fllIW:::Ut1:::.ufl\jt1'11M·Ultltlfl1?ltllll1 

mlJtl1'j 'U'\.A'ff~'Yl HUfl,~u1i~HlUtI~1~WtY1'i ~1<ff''U'U ri~~1~WtYl'j t:Jt:Jm1'J 'U'Hf11rJ,;lflllW:::
'" 

. " 
m~'Yl'j1~~,jU114 ('W.rt'. 2524) t:Jt!fl~llJfl11lJ1'U'W'jg::'jl'lfUtytY~tl1'j'U'Uri~'Yl1~Ufl 'W.rt'. 2522 ij~~i1 

lJ1~'j~1'U~ 1 fit! 'jf,yui'Utl1tl1rt''WLrYll 

lJ1~'jil'U~ 2 fit! 'jf:)'lH'mntl1rt' 


lJ1~'j~1'U~ 3 fit! 'jf:)~'~ijtfl~t!~1ii'Utl1tl1ff 


d "I d1, 

lJ1~'jil'U'Yl 6 fit! 'jf:)m'W1~ 


lJ1~'j~1'U~ 7 fit! 'jf:) 1~WtYTH~'Wl:::n~ 
d Q.I (/ I QQ,lJ

1~ tI'j ltn"l:::tt!rJ~'U t!~€lflllW~ 'jf:)tI'U ~1~tltY1'i1'UU~€l~lJ1~'ji l'UlJ~~'U . 
.at .... Iv .e:r.

2.1.1 lJUI1!1t1't111f11J11Jflln1A'fUA'll 

~ _I~ - ~ Idd"l ~ ~12.1.1.1 'lJlf11!1t1 1 f) tu'U'jf:)u'jUtl1tl1ff'WLrYll~::: IlJlJ'Yltl'U 'Ht!~~ ~tltYl'j!Wfl 

~lfl,rt!~fI'U,jU 1~tI~~11~~ii'~~1~tlffl'j'U'Ul'UtiUfl11lJfl~1~'Ut!~\9l1'jtl '1J!n'UUf:)1€l~ 3 ~ii'~ ij~ 
q ,4 .Jt d I 11''1 tjJ d "" I QJ d Q ~ 5 ~ d QIA Q"r Q.J 

!~'jrJlJtl1'Hl'jtm:::!fI'jt!~~lJ lJf.~umW m!fftl~U€l~u'j~'lflfflJ'W'U1i lJ'Ht!~q'UflWCVlU€l~'YltflutYlJm'j::: 

2.1.1.2 'lJlf1111t1 1 'II !1'J'U'jf:)1ii'Utl1tl1rt'fI~lt1tiUlJlm!l'U~ 1 fl u~~~~h~ti'U~ 
lJ1~'j!1'\.J ~ 1 'U M't!~~1~tltY1'j ~:::'~!Wflt!flfl~lflM'fl~fI'U,jU ~ii'~~flHm1~1~~lti~ 

2.1.2 lJUI1!1t1~ 2 1f11i11Jflln1A~J't1 
2.1.2.1 lJ1fI1!1t1 2 f) !t1'U'jtl1ii'Utl1tl1ff~ij~ii'~~1f1t1tYl'j!n'U 30 ~ii'~ l~ij~V'U 

d d 4 Add <V "I ctGl 'JJd .... 1 <V tid 4 lfI '4h]'JJ ,Q.I 

'Yll~'jtllJm'H1'iU€l~lmt!~f1lJ 'Ylm1JtYlJm'j~ ~Umw 1'H!tYtI~U€l~u'j~'lfltYlJ'W'U1ilJ'H'jt! tlJfl t~U~ 

'~ij,rfl~q'UtiWct1 
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2.1.2.3 tJlfl1!}1'U 2 A tnU'Hl,ji'mnfllfl'n~J~~l~Uffll 21-30 ~J~ 'O::'lin~vu 

,r'tl ~ff'tlliw ct1 ~t~1Jffllftll::U~::'tl,j f) 'Hu'l,rtffU~ ff1U ~!~jUlI'tll'Vlll tm~!f1 t 'tl~~1Inl1l'tl 'li~'~ 

2.1.2.4 tJUI1!}l'U 2 ~ n"'f)'lYW::~m~luti1Jm~l!lU~ 2 fl n~VUU~'~n~!~juli 
4 Jt 

'tll'VlU !!~::;tf11'tl~~1I 

2.1.2.5 tJlfl1!}1'U 2 i) !nU1f:I,ji'1J'tllmfl'~~n~J~~1~Uffl1'~!nU 20 ~J~ '~n 
.J~ f d d QI -=t 4 11] "='lJI"
'YIUU ff1U'YIlfl1Jffllfl11::'i)::1I111'tllllf) t~ · ..

.01 ~ .01, • .01... .1""
2.1.3 tJUI1!}l'U'rI 3 1flrJ'Ufll~UJtl11'r1 tJtJ&A1tl>11J1'Utllfllfl 

2.1.3.1 1JWI1!}1'U 3 fl !nUlf:ll~Uffl1~n~J~~1~Uffll!nU 30 ~J~ n~VUU~ 
ili Jj~!~j Ull 'tll'Vll1!!~::!flt 'tl ~~1J ilin,r'tl~tl'IJii'Wct1!!~::~ !~1J'ff1JfI11:: 

2.1.3.2 1Jlfl1!}1'U 3 'U Jj"'f)'lYW~f1~luti1Jm~l!lU 3 f) 'il::~l~tiU~'~Jj~VUl!~ 

,,! A ti] 'Q 31 Q,I <I d d w 
U~::!fl1'tl~~lI 11I1I11'tl~tl'IJflWCl'l!!~~'YIlfl1JffWl11~ 

2.1.3.4 1Jlfl1!1'U 3 ~ Jj"'f)'lYW::;~fl~luti1Jm~l!lU 3 f1 ii~!~1Jffllfl11::U~'~Jj 

.d d W d 4 "1 'd, 'JI
'YItf)1Jffllftll::1I111'tl !1If) ~ 

2.1.3.6 1Jlfl1!}1'U 3 'il Jj~J~~l~Uffll'~!nU 12 ~J~ 'liJj~vU~t~mYllfl11~Jj 

• w.01 ~ "" 2.1.4 1Jlfl1!1'U'rI 4 1fJrJ'UfllflrJtll1t1M'lf'U 
'II'" 

2.1.4.1 1Jlfl1!1'U 4 fl !nUlf:lff'tl~iu,ji'1J'tllmfl' iUril~Jj~1~Uffl1VU '~JjYh~1J 

ffllflll ~U~~,r'tl~tl'IJilWct1 'liJj~!~j UlI'tll1111H~~!fl1m~lI 

2.1.4.2 1Jlfl1!1'U 4 'U !nUlf:lUU~1~Uffll"'f)'lYW::!"IfU!~u1ti1Jmm!lU 4 f) U~ 

, ~ Jj!f1 t fH ,j i'1J 'tll m fI' 

'"· ~ ,2.1.5 1Jlfl1!1'U'rI 5 1fJrJ'UfllflrJtl11UtJtJ't'fl~ 

!:It 'w d.da 4 11] ,dill 3/d d 01 
2.1.5.1 1Jlfl1!1'U 5 fl !1JUlm'fH,jl1J'tllmfl''il::1I'Y1UU111'tl tllf) 1~'YI!f)tJffllfl11:: 
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.1 0''1 91 '" .,; Q .., 'lI'" 0' '" <!I lq '''' Qlq 'lI 
u~~tJumru rmfftJ~ 'YI!f11Jffllm'j~U~~l1tJ~Ii'lJflruOfl ~:::lI11'jtJ ~mJf1 ~~ 

2.1.6.2 1Jlg)~!lU 6 'U l'jhJl~tr;}f)'lJm~'j!tl'W 6 tl !!~i,jiJ!f1~tJ~'tl{1JtJ1tllfl 

2.1.7 1J1Vl~!lU~ 7 UltlUVl1~tlD'1~U'lJ'lU'll...n:::flll 

2.1.7.1 liJU~fJVtlft1n;;f),,nUflllfll~'~flllfll~'t'irt~1~tII'll""1:::!6J1'W H)ciltJ'YItJ~1'Y1Q 
'" 'i '" 0' "" lq.1 ",0' "" 51! 'lI oJ,!,

l1'jtJ ~'YI'j'YIfl'W H)'V'HJl'lJl~ 'jtl'lJ'jtll'j ~unlrutJU~:::'jtl1J'jtllHi'Wlfll'j !1J'W~'W C}f~ ~'WU~~:::;1I1m!tl'W 

i${u lm!!ff~~'jltJ~:::;lfll'J~I~'Hml'J'lJ!ViI'J'lJ!~'W~ln:j fflm'jtl~'${~ltl~UH~ 2.1.. 

f)lfllft 

'" 1 tl 11 24-32 

'" 1 'lJ 11 24- 32 

'" 2tl 11 

Ifl'W 30I 2'lJ '" 11 

2f1 21-30 

'" 2~ 11 21-30 

'" 2~ 11 

3tl 

3'lJ !fl'W 30 

3f1 21-30 

3~ 21-30 

f)l't'il~ 

'" 11 

'" 11 

, d a \Ii ' 
, 1111 'jtJ ~1I 

~i${ 

.. 
11 

.. 
11 

d .. 
'Ufl'lJ 

'" 11 

'" 11 

'" 11 

'" 11 

'" 11 

'" 11 

'" 11 I 

! 

I 
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, 
<01 <01. 

";4 fUfI1 till , 
4 '11'" 1infJU 

... <t t,I'1In'ml "!fI'U),:j '.i'U ntlu'Uu nm'U H8,:j 
1I1fl'.i!11U , , 81H11...... "" 1"'" ... •81fl1fl nu,:j '.ill , 

.A i:fllm'.i~ 'H!i:ftl,:j q'll.flWCfI
4 

!fl18-3f111 

3'0 i:uiJ 13-24 .e::! .. 1 ' 11l1'itl II i:utill1'W~ iJ'H1tl i:u i:u i:uti1tl'U~ 

"'i"fl ~ "'i"fl ~ till1'U~ i. 

I 3'U iiiiJ i:U!tl'W iiiiJ iiitill1'U~ iJ111tl i:u i:u i:utill1'W~ 

12 ~i~ 0 

fl111'U~ 

"" •iiitill1'W~ "" iiiiJ i:uiJ 
iii 

i:uij4fl II II 
0 

fl111'W~ 

hJiJ •i:utill1'U~ '" i:uiJ i:uiJ 
iii 

iiiiJ4'IJ II 
0 

fl111'U~ 

i:u iJ111tl i:u iJ111tl i:u iJ111tl1ii iJ111tl iii .::t..41 fC3 

"" 
11111tl llfl 

Sfl II 
"'i" ~i~ ~i~ ~i~0 i~fl111'U~ fl ~ 

iii iJ111tl i:u iJ111tl iii Q 4 1 ' iJ111tliii 
.d, .4 1 ,~ 

iiiiJ 
. 11l1'itl II 11l1'itl llfl . 

S'IJ 
~i~ "'i" ~i~ ~1~0 i~fl111'U~ fl ~ 

! iii iJ111tl1:u iJ111tl iii iJ111tl iii .::::.t a 1 ' d .4 1 'a 

"" 
. 11111tl II 11111tl llfl 

6fl II 
"'i" ~i~ "'i" ~i~ i~0 

fl111'W~ fl ~ fl ~ 

i:u iJ111tl i:u ij111tl i:u iJ111tl i:u iJ111tl i:u 
Q a i .d 

iiiiJ 
1111'j tl llfl 

i 

6'IJ 
"'1 " "'i v ~i~ "'1 " i~0 

fl1l1'U~ fl ~ fl ~ fl ~ 

I 
7 lrl'U'jf:l~'loM'mVn:::tl'Ol'lf'U 1f:l'YW11J1Cl 'jf:l1J~fl1'j1i'Wlf11'j "'1Cl"'1 

'Olfl~l'jl~~ 2.1 IrI'Ufl1mff~nh~lfl'YI1 mJ'U~l~fJffl'j ~U-U~~1111l1m! l'UU~Cl~"IfW~ 
.J ~ \I] , 0 \I]~ , .J~
Il)f~ 'O:t:I1J'W rtJ~l1111l~'j ~l'U'lJtl':!fl'jllfl1'j'IJ'U ff~'YI1~1Jflfl111'W~ n 'l'Uu~Cl:t:'Lh:t:lfl'YI tlCl:t:'Wtlfl'illfl'U 'YI.:! 

'IJ'U 1~!lCl:t:tl~ri1'U'lJtl.:!'if:lfJ'U~1~fJffl'j V.:! i~tJfltill1 'U~ 'l1i'lrI'U hj~111flQfl'j:::'YI11.:!'U'jj'U~ 9, 31 l!l;l:t: 

... ""'l d .J,~ ... , "1 I40 ~':!Uff~':!'jlfJCl:::ttlfJ~ 'Um'jl~'YI 2.2 1l)f.:!11J'Ufl1mff~':!'IJ'W1~tlCl:t:ff~ff1'W'lJtl':!'jf:lfJ'U~ ~fJfflm~Cl:t: 

th:::!fl'YI~.:!mh1 
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OJ I " 
ifVlifl,"'Ua~·UU.l,"VI 

I

IV1t.1ifl~ fn'IJ fll~'U '" if~'YIH'lJO 
i 

9J 
fl'11lJ0'11-!l 

lJ1mlll.! 1, 2fl, 2-!l, 2~, 3fl, 3-!l, 3~, 
fl'11lJtn'1 

I 

I A :JI 
il'1l.!fJ l.! 'VI 1fJ 

lI) t ~ , 

!lJl.!tlfJ0'11 1.75 !lJ\9l';i 

lJ1\9l';illl.! 1 tl, 1'1.1, 2tl, 2fl H€l~ 2~ 

lJ1\9l';i!1l.! 1 tl, 1'1.1, 2tl, 2'1.1, 3tl, 3'1.1, 5 

i 	 U€l~ 6 

lJl\9l';illl.!2fl,2-!l,2~,3fl,3-!l,3~,3~ 

lJ1\9l';i!1l.! 4tl, 4'1.1, 4fl, 4.:1, 4~, 4~, 

U€l~ 7 
j 
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i 

.. 
fttlynh"Utl~.:jqFl (kg) 

( 


( 


I 'JI 
'Hl'W,),;j 2 t'W~l 4 ~tl 

6,800 

9,100 

12,200 

16,400 

. . 
d "" 1'rU'llL~V ') HJl,;j t'fI tJ') 6800 

,
d , 

t'rHnt~V')+tJHf1 9,100.. 


16,400 

. 
, d 

t'W~lf1+VHt~tJ,) 12,200
'U 

, , 
d d 

t'W~ lt~ fJ,)+V Ht~fJ,) 6800 

, 
d • 

t'W~lt~tJ,)+fJl,;j1!! 9,100 

. 
I d 

t'Wm1!!+tJ1,;jt~fJ,) 12,200 

16,400 

6,800 

.
d , 

9,100t'Wmt~tJ,)HJH1!! 

8,500 

15,300 

21,000 

10,500 

14,000 

25,200 

18,800 

10,500 i 

14,000 I 

i 

13,600 

18,200 
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'" "".k .,..l • lit '"I I
{J fl'tl fl.:j'Hl UU WI ! fWffT:i t.].:j 'il~UiJ.:jWlllJ'tIU lflU{J~{Jfl£jW~V1f1';jlJfll'J 'tIUff.:JVI NiJ flfll'l1 U WI n 

':"1 I <;;'1_1 lit "" lit "'''' ..., .::'1 0 .k _I
'U'tlfl'illfl'U ~'UUWl{J~lJlJ'J;:::tVlff !V1UU.:J !fllJfll'JN{JWlHl lflUffl'J!lJU'illU1Ulllfl t.].:JlJ'J~WVl 

'tIfl.:J'Jt:lUU~lflUffl'Jffllll'Jt:lU,j.:Jfl'tlfl '~!i'Ju 3 t1'J~!flVl Wllmrfl£jW~'tIfl.:J~'Jn'il~lh~flfliJfll'J '~uri 
1) 'Jt:lUU~lflUffl'JtI'J~~lVlN 2) 'Jt:lUU~lflUffl'J'11t1'J~~lVlHU{J~ 3) 'Jt:lUU~lflUffl'Jf11U'lJ~~{J 

~ . 
lfluu~{J~t1'J~tflVliru '~ijffil~iufll'J'ilflVl~tiiuu'Jt:I i '1111 fiiJ f1';j lJfll'J'tIU ff.:JVlHiJfl ~.:Ji UWll'J 1.:J~ 2.4 

I 
I 

I 

I 

I 
I 
I 
I 

I 

I 

I 

I 

I 

I 

I 

I 'lCllAtltTl1 I 'lCllAtltTl'l 'lCllAtltTl1 " 'ldll'lCltl'UVi 
11 'fUI. I 

').h~;jTnH '1l').h~;jTn H • lAtltTl'l (flU)tTd'U"fl f'lil 

I 
2534 

I 
4,006 1,525 536 6,067 i 

2535 4,644 1,750 606 7,000 

2536 3,296 1,140 
I 

565 5,001 

2537 3,646 1,381 
I 

656 5,683 
J 

2538 4,014 1,463 558 
I 

6,035 

2539 3,065 1,496 493 5,054 J 
2540 2,921 1,375 553 4,849 J 
2541 2,325 I 733 190 3,248 

2542 1,111 387 162 I 1,660 

2543 1,154 376 398 1,928 

2544 1,568 837 406 2,811 

2545 2,446 1,007 507 3,960 i 

2546 4,993 2,178 556 7,727 
I 

I 
2547 3,945 2,773 648 7,366 

I 

I lJ.~. - iJ.u. 2548 I 
I 

1,394 958 290 2,642 



13 

'iJlf),rV\jflilJ~1'Jl~~ 2.4 Vny;i1 ij~llJ1lJ'jt1tJlJ~1~tJ(11'jtl'S~:aflll~H~ 'il~ll~tUtJlJ ilJ 

tt~fI~tJt~lJ~llJ1lJmf) l~tJYlti~'iJlf)tJ VUY.2542 ijttlJ11lfllt~lJ~lJt~VU~ 'cil1:l~ilJtJ ~.ff. 2546

2547 WlYh ij'St11~tJ(11';j'iJ~1l~tUtJlJ1.J1f)U~tl'S~mwf)';h 7,000 ftlJilJU~fI~tJ 

'" ilJm'Sffmnm';i!iYtJYI1tJ'UV~ ltn~(1fl~VllJtJlJ~UlJ i¢lijm'Sfff)'l:J11~tJmh~'il~~~~Ufl~ 

U~~YlflltJilJ~l~tl'S~tllff l~tJijm~'S!llJm'Sll~(1tJUm'S'll'lJUUU~l~~ YI~tJtt~tt~ilJm'Sll~(1VU 
'" m'S'll'lJ'iJlf) ltlmmllflVlI-W1t~tJ{ lJtJf)'illf)ij'llJtl'S~!llff~~(11Y1m'S1I"hlJ'lmyv~i¢lijm'SfhYllJ~ 

m~'S! llJ 'llJm'Sll~(1tJU'S t1tJlJ~11Y1f11tJlIl~'S!llJ t'lflJ m~'S!llJ¢lllJfl11lJtlfltJ~fitJ'Uv~(1Y1~lJn 
~ AI ~ 

tJllJtJlJ~ (Federal Motor Vehicle Safety Standard, FMVSS) m~'S!llJm'S1J'S~!lJlJttfl~m'jll~(1tJU 

'jt1tJlJ~'lmj (New Car Assessment Program, NCAP) Ufl~m~'S.!llJ¢lllJfl1111tlflv~fiUUlJllHy;i1lJ 
• 	 ..6 iJ! I dI ,.; '" 't "I(Insurance InstItute for Highway Safety, IIHS) C)f,:JV1'iJf)fIl1 'f111 m'Sfff)'l:Jl!f)tJ1f)U tflH(1'jl~ 

'" tJllJ tJlJ ~fl1tJ i ~m'j'll'lJm::u'l'lf)UlJ ijfl11mhfttyV~1,:JlJlf) i lJ 11 'il ~iJlJ 'fl,:J 'iJ~ i ¢IV~U1Vi lJ 'j ltJfI~!t)tJ~ 
'" U~fI~1J1~'j!llJ'fl,:Jij 

AI v v J of 
2.2.1 tJlfl'!1'UfllltJ1J08Y1Il0'llMtT'H'Vt'UIiOTlUJ'Ufl (FMVSS) 

!~lJlJWl 'j jllJ¢lllJfl11lJtl fltJ~fitJlll~ 'S t1tJlJ ~!m::L~1Iii'l~~tl 'j ~tllff(1Y1 i'!V!lJ ~m 

..6 d i I ~.,; i":; i '" 'tC)f~ttllJm~'S!llJ lJm'Sll~(1tJU'j::UU~l~~ 'UtJ,:J'jt1tJlJ~Ufl~t'jlJ 'll'f1HU'jf) lJil1968 !~tJlJW1'jjllJ 

~i~ijYlflltJtl'j~tfl'l'l i9l1tJ~1~!'lflJ m~'jjllJ~ 116 (Motor Vehicle Brake Fluids) ei1~t~lJ,rvfhYllJ~ 

t~tJ1fiu'j~UUlU'jf)ilJ'jt1tJlJ~ l~tJm~'j!llJ~lim'ji~f1fm'jf)~v m~'j!llJ~ 209 ci1~f)'cil1U~f11111 
Q,I 9J d Q.I ~ Q,I QJ 31,- ~ tI , 	 cI,.

tlflV~fltJ'llJ m'j i'll't'UlI'U~lJ 'JfWf1t1 ~ !~tJ(11'j'l'l~'jt1tJlJ~(11lJ1JflflfI 'jt1U'j HJf) ttfl::'jt1t1lJ ~ !~tI(11'J 

t~lJ~lJ lJ Vf) 'illf)ci'V~ li m~ 'j! llJ m 'j'l'l ~(1VUUuuglJ~ t)f) YI fIltJ,rv~hi i ¢If)'ci11U~ ci1,:J tlflJt~V,:J'U V,:J 

f11111tlflV~fitJ t~lJYltif) 

2.2.2 	tJlfl'!1'Um,tJ'::lil'UlIo::m''rlYltT81J'fJO'Ufli'HtJ (NeAP) 

.Q cI I~&:!" i "'AIl-11~'j:illJm'j tl'j::tlllJ UfI::ll~ (1VU'j t1tJlJ ~ i YllIlJ1.J 'l 'll''\1 fIlvtl'j ::tllff lJ YlflltJ'l'l11J 

. 	 '" 
t'lflJ 111tlVLlI~m tJ htl iUillJufI~tJtJm~'jLBtJ 1~tJli1nm'S1l~(1Vum'j'll'lJilJ'\1f11tltif)'l:JW~'fl~ij. ... . 
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~ jI So' J J
2.2.2.2 	 fl1~'t1mH)'U ~flf.lfl1~'HUfllU't'lU1U'U'UfI·H't'I'J.n (Offset frontal crash) fIl'j 

d '1 'jI d i d~d.4 'j).do'YI~ffV'lJfIl'j'lfUH'IJ'IJ'W'ilt 'If'fl11lU'j1 'WfIl'j'lf'W 56 kmIh (35 mph) 1.I11ifll'j'YI~ffV'IJ'flV hntl1~'lf'W 

nlU~~~1t1'fl111.1L~1~llJfiTl1'W~ l~tI'ilt"b''W!~tI~;m~tl1t't'hJ'W ~~tm~~hJm~~ 2.1 ('tI) 

FUll~WIDTII FIINTAl 

: ........ :..•... '/
..••......•.' ..,., .......... 

,,' ~[],'. ,.,', 

: "/"yv' .": 

AU/Bl/I'/US NeD 
(n) 

. 
ill'Wll 2.1 uff~~~m:JWtfll'j'YI~ffV'lJfl1'j'lf'W~1'Wln~1~11.1lJ1~'j!1'WfIl'j'YI~ffV'IJ'jt;)tJ'W~hnj (n) 

d 	 ~ 
fIl'j 'YI~ffV'lJfIl'j'lf'WU'IJ'IJt~ 1.1 U1;1t ('tI) fl1 'j 'YI~ ffV'lJfl1'j'lf'W U'IJ'IJ'fl'j ~ [4] 

'i ... So' '1 d d di 'jI2.2.2.3 fl1~'t1f1tJ0'U ~flf.lfl1~'HUflU'flUl't11 'Wfll'j 'YI~ffV'IJ'W'fl111.1! 'j 1'Y1 "b'l.h:::lJ1W 
'II • 

40 kmIh (25 mph) !rJ'WfIl'j'YI~ffV'lJfIl'j"b''W'fl'Wt~'W'YI1~!'yh l~tJff~H~'W~11;1V~'illnu'Wi..r'jt;)1~!~1'lf'U 

~11.1'fl111.1t~ 1~n1'H'W~t~Vff~!n~ ~~~ 'il:::!fl~U'W ~'j ltJfi'IJ'h~fIltJ'l'W~h'W~ 1~"1 ~~Uff~~ i 'Wm~~ 2.2 

us nils 
-~-~. 

FRINIAL IIISEr 
~._.-. 

AlIIIIIIP NeAP 

ADULT 
CHILD'S HBAD 
HUD. _ 

LBG~ 

ADULT CHILD 

~, .. 

http:11.1'fl111.1t
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SIDE IMPACT 

IIIS/IP[AlIEU NeAP 

2.2.3 'lJ1V1'l!mfl11'IJth:li!l~Ntl1J'U'YIHvb'U (IIHS) 

tll~'YI~tH)1JU'U'Url'11115 tll~'YI~tH)'U~fI ~lfJtl'Utll~'YI~fftJ'U ~ tltJ'tJ~i 'YI1I i'tJ lh,j'tJ~ 

.. 
4 ~ r v 

2.3 m'lftf)'Ul'l1'Utll'U'l1JU'l,m'S~urlO 

"'I ,. d QI q] 'Y1OJ S'7 f? '" '" QI.I!II 
tll~fI'fl'I:Jl !flHff~l~'YI~Utll~'lf'tJuH m~!! 'YIfl (Crashworthiness) lJ'YIq'I:JtlUtl~Wl1!!u~ 

edt:! rJJ dl<v , ,e1O.19) ~ ~ QQ.J1j) QI 

'YI!fl tl1'll tJ~'YI tlltlWl 1~1t1fl'tJ C)f ~WI1Utl ~ Wll~"l! 'YI tll'tJ lJ fl m.:Jfl~lJllllflm lvJ'll fl~.fll ~ ~ 'YI m ~ 'YIlt!tl~ ~~ tI~ 

~'U~1 (Load-Displacement Curve) ~!n~~'tJWltlfl~tll~'YI~fffl'U ~~!!ff~~i'tJ.fl1'r1~ 2.4 l~tlfh ~1 . 
utl~~l.:J"l 'lltJ~1m~ff!l~.fl1fJ il91'flni''Uu~ ~m~t!'YIflll~ 1~lllfltll~fil'tJ1tlU';'tJ fll.fl1~~milfJUtl~fll 

QJ QJ -1IlIJ!II '" o !II "" "QI~"'I!II "'I 
'rItl~~1'tJ'(l~C)f'U C)f.:J!~mlllfltll~ 'YI~fffl'U'YI ~ fllllfltll1 lllt1 fl~~1t1f1fllJ'rI1AWlfl ~ ~~'tJ 'tJ ll~WI tJ~'YI~ lUtl.:J 

~lt1tl~AVtl~Utl~fJWfflJ,j~'UtJ.:J~1utl ~~i~u~tI~~1nt1'tJ 1~tI~1uth l,hfity~iltllJ i ~i 'tJ tll~ fffl'I:Jl 

'" .
fll~~1flq~ (Critical load or Collapse load), P 'YIlJlt1f)~ .fl1~~fli'.:Jumtivhl..rcr 

3J iJ I I I 

~'tJ ~l'tJ!n~tll~ !fftl'YIlfJt1~l~ff~Af)WI!{l'tJ 1~ W ll~i'hrJ'tJ~l!!'YIt1~ti!~'tJmlvJi'tJ.fl1WVi 2.4 !~lJ Wlfltl~ 

'" . " 
~'tJ ~l'tJ!n~ tll~ tfffm lfJnt1'tJ ';1~t1t1ltil'YIlJ l~ fflJ !!~i 'tJ m~fl'r~.fln~1flq ~fllllll~l1fll!nltlUfll ~ ~ 

~11I 9J #:l d ~ d , d' I Q.J ~ ~ 4

'l~tl~ (Pmax ) fl!~ i'tJmw'Ut1~.fl1'r1'Y1 2.4 'tJ1l~m'tJ1l.fl1~~'l.:Jt!~lJfI1!'YI1flU.fl1~~1flqWl'YI~t1mll 
, lI] 9J t, ~ ~Q4 I d oJ ! I d IjJ "J Q.J J ~ 

fl tll1 !~1lf11.fln~1flqWlflflt1 fI1.fl1~~'YI'l~'YIt!~fI~~!!~ flfltJ'tJ'YIlff'tJm Tn 1l~ Wlfltl~U~~'YI~~ lllfl'lf1~'tJ 

. '" 
fnll11fll.fll ~~ 'l~ tl~ti 'l~fl"h~~u~1~ 

Administrator
Rectangle

Administrator
Oval
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p 

100% 

0% 

Smax 

. 
~ QI Q,I tI f J Q.I 

fll'Wn 2.4 t!1:YY;Hfl11lJ1:YlJ'VfW1i';i~'\11HfIlfll';i~t!l:l~';i~tJ~~'IJ\?l1 (Load - Displacement Curve) [5] 

' I d) di d "" .I 'I ,.I f

fll';i~1il~q~ (MaXlmum oa 'Proax '\1lJltltH fll';i~1il~q~'YUfl~'lJU tUfl'nn'lJtl~m 

QI I d .t ..:k I 1<1 ' 
fll'j ~Ul:l~ 'j ~ tI~~'IJ\?l1\?ll:l tl~'Jj'1~t1l:l1f1l'j I1:YtJ'\11tl'lJ tl~'Jj'U ~ 11,1 C]1~m'lJtl ~fll'j~1il~q~ fl1'j 'il~ tlg t'iJ')n~ 

.fll';i~!lll:ltJ (Mean crushing load), 

~1'\1lJ l~1:YlJUl:l~ 1~~tl~1il~lJlfl'ilUtflU1tl1W';i l~'il~"hi ~t1\?l 'jll'i~ 1~fl~~ t<JfU f1l'jl:l~fl11lJI~1tJth~ 
l1Ulh1Ui~ tll'ilVhi ~tfl~tiU\?l'j 1tJ~tl'h~flltllJU£j6~1t1 

..J 
2.3.3 m1~&'iHU.l 

• 

.d ~ I d .d, 

P '\1lJltltH m'lJtl~.fll'j~ml:ltJ\?ll:ltl~f1l'j!'iltJmean 

" ltl'lJtl~1fl';j ~1:YrHfl1tJl~f1l';i'Jj'um~I!'Y1fl'iluau q~f1l';i ~'IJ~1 l~tJ~fltmtl'IJ!iitJ'lJn'IJ 'j ~tJ~~'IJ~1'lJtl~ 

;1,1 ~lU ~~fi1fl1'j~ III~tJif1jm1lJfflJ";u nl~tJ\?l'j ~n'IJfi1WtlH 1u~1fl'j ~1:Yr1~1:Y1lJl'jfl~~~111~ 1~tJ 
...r1itlutl'1 fi 1.fll'j ~!1l~tlfl1'j 1jril1:Y~I~tli ~1~rilWtl~~lU~~~'IJ~1:Y ~\?lllJ i tl~1tJ .. '" '" 

..., OJ 

2.3.4 Vfi'l~~l'UijflC)f'lJ 

1IJ 'JI d 
!~'illfl'illJflU'Y1 (2.1) 

(2.1) 



IJLlA,~~~&N.mlH1.IMtf,IUU!.t~l f..,~fl,Iit\,lN1,${;'~.LU... lA,~IJ~f, S t6 ~ (6b t5l/t..", t::::r 1"OJ:,::f 
, t<, 

l}~tlt~f,LIj UOalU
d F 

~LM,1L1H\,L r;.r;. ~M,fl,.Ib~~tLU '3 ~1J~1 . '" ,.. 

SSVUl SSVUl 
.< 

(f'Z) S·uoawd ~ SPd! = 3 

(f'Z) ~tLUft.LWL[I,~kLHllf,LftLli~LM,1L~fl,!>~~ttLH~M, 

L~r;..Ib L..ttQ~ttHLM,ttWlUH~ttl}llf,r;.QIbr;.Ulit-.t~l tt.lt.1t-WQf..,~ ~tt.lt.Hfl,Hf,lit-f.~j fl,Uftli~LftH1ftl j f' Y fr,P t6 'I I"b t:w ('5 l>f'I) .111 
.. 
 (l,LQ~rtk tt~tULft\;1>~f..,ft~t\,lr;.tt~L~~l1ULft~kttLr;.t-~M,fl,!>~~ll.tLftLli~(!;t\,lt-tt~LHm Q~f..,qwrtktt~1 

, t< t< 

ULft~f..,ft~ttLr;.tt~At1.ftkQ~l t-Qlr;.Lklit-.t~lf..,~t-QIb~f..,ftfl,i!fl,I}!&W~lt\,lr;.r;.~M,fl,!>~~f,LULmf,LI~~u,tt 
t< 

'" 
' 

. Lf,lf..,U1t~UrI f,Llil}~1 Ht-QHtti I}fI,ttftt-QIbIJLUHf,tt.lt.1 I}IJ~Ql1rIftLf..,~HI r;.QrIUrIf,LUr;.Q~Lf,IlA,ttf..,litt.lt. j{ t::::r I'" -t.(6 If; b,.o t I 1'1) I'" t6 b k~ '''' (6 P' I ~ , t< 

r;.!?rtk t-.uuih(!;~~QQ~H1!&r;.f,l1tt,ttt-~ f..,}tl1\;1>ft~l~k ttLHl1M,fl,!>~~~Ltt,ttt\,l r;. tt~~li~ t-~IJLft"~tt!bl 
. ~, Ifi"" 

~mfl,ul1 u~~LQ~f..,~fl,~ll f,LftLliftk r;.~~Wtt(!;f..,~ fl,~Q~"f..,~fl,~ft~I~(!;r;.QIrt,ttf..,~ UlA,l1~Wtt.lt.f,LUUL (!; 

ttL r;. r;.~ M,fl,!>~~ft~lrtLt-tt~Q~1 t-QIrt,ttf..,~r;.QI\, ll.tL ftLli ftLW ft L ~~1 ttLt-r;.11 M,fl,!>~~IIf,L IlLli~(!; t\,l r;. tt~ 
• (£ I if, 

rtk f..,~~Urt tt.lt.f,LUQ~I1M,~lA,~~\;1>r;.LPQIJL~"IJ~ (!;[!t-~t-~L ~t-Q}f tt,ttUlA,l1~Wtt.lt.tLUUL(!;~~l\;1>~LM,lL~ 
• l " I 

ttLr;.t-~M,fl,.Ib~~f,LUL~L".tLUttl NHt-L.tlit-.t~lf..,~r;.QIbU tt"L ttfl,Ufl,IJlA,1 L..r;. tt"H.tlit-f. ~I t-QlbttUt-I1M, ..-0..-0 I Is" 1'1) ""';1'0 F f" (6 ~ 1'1) 

fl,.Ib~~.tLUL~ t-llIJLftH I"b I &7 1'3 '(Uolldrosqn A8J;}u;} :)!,Jl:);}dS) ~LM,YL(I,fl,.Ib~~ttLHI1M, • 9 0 11) t1) 

~lMnlUtllo~~N,lt'N:U' S't', o I'b '" 

(Z·Z) S·uoawd = /)3 

(Z·Z) lA,.tLUftli.lt.i 1J~1~1 L~LHt-.Ib UlA,I1:W
F 0'6'" 0'6 lit • f' 

tt.lt.tLUULll> [9] ~li~t-QIbt\,lH~M,fl,!>~~.tLUL!,!,L".tLUtt1. W;}JO;}41 ;}O'['BA Ul'laW t-QIbUl1HftL~IJ~tll 

:: f,WWUL (!; mLft~.trI.tLU.lt.i "i Ltt~tt1tr;. ll>~fl,{jrIr;.LlA,ttl ttttt-~ UlA,l1~Wtt.lt..tLU~UllA,L~f...1~IJ~.t ~QI1~ , I" "b(6bo &;7t::::rl'Dbl'" bl'Cl"O t::::r~ 

• 
t< ' 

QftliYLftlilA,r;.~ftl f..,~fl,IJ.tLU~IJ~.t~I111~.tWt-QIbULwttmUL(!;t-Qttl t·z lA,M,WULll> o J::" I IA t'O r"" (6 fr p 
j I • I 

t\,lt-tt~r;.QI\,f..,11>fl,Ii~IJ;::.tt-l1rtI1ttlJ~rtI!.LU SP 
t< ' 

ttLr;.tt.lt.~lif..,fl,ULlA,;::WlA,:f,W d t::::r 1'1) 11) 0 I=' 
t< ' 

~U-111!>~~ttLt-tt~\;1>t\,lH~M, 03 !&1J~1 
t< ' , 

LI 

http:L~LHt-.Ib
http:ttLr;.t-~M,fl,.Ib
http:ttLt-r;.11
http:r;.QrIUrIf,LUr;.Q~Lf,IlA,ttf..,litt.lt
http:ttLr;.t-~M,fl,!>~~ll.tL
http:M,fl,.Ib
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2.3.6 	l.h~a'tlfifll'Vtm·n.l1J~l 

'iJ'j~iY'YInfll'Vl'tJfl~fll'j~1J~'1 (Stroke efficiency), Se '\1lJ1t1ii~ fl'111HnlJ1'j()'tJfl~ 
~ 	 ~ 

~'U ~1'U i 'U fll'j tl1J~'1111f)fll'j'lf'U m~ 1 1 'YIf)1I'U~'U~1'U ill'ff1lJ1'j()tI'U~'1 itlflf) ~~'111 itl1I1f)fl~'j 1ri'1'U 

'tJfl~'j~ tI~ ~'U~'1'tJfl~~'U~l'U tl'Ufl'11lW1'1I~bJ'tJfl~~'U~1'U ~~'111 ttl1I1f)'fflJfll'j~ (2.4) 

S 
(2.4)

h 

~ 

Se = 'iJ'j~iY'YInfll'Vl'tJfl~fll'j~'U~'1'tJfl~~'U~l'U 
~ , ~ 

S = 'j~tI~tl1J~'1'tJfl~ lflH'ff~1~~~ulPil~lJ1I'UiY'U'ffflfll'jtl'UIPi'1• • • 
~ 

h = fl'11lJtl1'1I~lJ'tJfl~~'U~1'U 

s 

v 
-	 '-  -

I -

'-----  - -

L_ 
1" h 

..-

-

r-

I 

h 

~ 

I 
J 

..... 
(f)) 

.c::i j/ , I 

fll'Vt'tl 2.5 II 'fffln ~ tI~ tI'U~'1'tJfl~~'U ~lt.!'i1iifl '11 lJ '\1 'U 1U~ f)1Pi1~ tl'U mlflltl i tll~ fl'U i 'tJ'tJ fl 'U 1'tJ~1~ tI'1fl'U. ~ 

~ dd jJ ~ dd ~ J 
(f)) 'If'U ~1'U 'YIlJ fl '11lJ '\1 'U 1'U fl tI ('tJ) 'If'U ~1'U 'YIlJ fl '11 lJ '\1 'U 11'VllJlJ1f) 'tJ'U 

~ , 

'iJ'j~iY'YInfll'Vlfll'j tI'U~'1'tJfl~1flH'ff~HU'U 1~'UfiTi1U'fffl~ii~fl'11lJ'ff1lJ1'j() i'U fll'j• 
"'II)~ "i ~"i d... ...... 1I)~"i ~II)_I

~'U~'1 !fl'tJfl~ !flH'ff'j1~ !fltl'YItl~fl~'ff1lJ1'jm'U'VlJ;l~~1'U1I1f)fll'j'lf'Um~U'YIf)!fl !fltl'YI'1 !lJ'tJ'U1flUJ;l~ 

'j'iJ'YI'j ~iJm~'U ~'1tl1l1'U flflW. 'fflJu~i 'U.,rflrl' 1'lf'U ~'U~1'U~iifl'11lJ'\1'U1U~f)1Pi1~tl'Uflltii~l~fl'U i 'tJUJ;l~
~ 

~ , 
-=::to 	 dd , I 

'If'U ~1'U 'YIlJfl1fl '11 lJ11 'U llJ1f) tIfllJ 11 ~ 'YI'U U 'j ~ 

II) ~"'" ... II) ~ ~ .J I i ~_ 1 '" '" ... ~ ~ ~ 
m ~ U'YI f) ! flfl U~ 11 ~ tI'U ~'1 !fl'U fl tI C)f~ 11~ 'ff~ ~J;l '\1lJ 'j~ 'ff'YIIi fll'Vl 'tJfl~ fll'j tI'U ~ '1'tJ fl~ 'If'U ~1'U 'U fltlJ;l ~ fl '1t1 

I j/ j/ I 

ff1l1 f'U tl1'U fl '11lJ 'iJJ;l flfl i1tl!n~1'1 Ijjfl~'U ~1'U iY'U 'fffl fll'j tl1J~Tvh~ '1ln'U i'iJ fl111ii ~J;l i ""I nfl fl'U ~ 'j 1t1tl 'U 
j/ I j/ j/ 	 j/ 

~'U ri'1'U.yj~fl~f)1'j'iJf)ilfl~ itl'l11f)~'U~l'U ir'UiJ~flflcM1J'Vl1:i~~l'U fll'j m~U'YIf) itltll11lJ fl fl~ir'U~~~fl~ 
~ 

, ~"" i "I i ~... "i _I '" ~ ~ ... '" "" , ,'I11fl '11lJ !'\1lJ1~ 'fflJ 'YI~fl 'U fll'j IJ;lfl f) 'If'1'ff~ !fl tllJ f)~ UJ;l '1m'j ~tI~ ~1J~ '1'tJ fl~'lf'U ~1'U lJ flllJ1f) 11~ 'ff~ ~J;l 
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'I OJ! 'tl 	 !':l "" '" "'" .d & OJ! .d .t "'''' OJ!.Jn-tm 'j~1:1 Yl1ifll~'IJ~~fll'j ~'lJ~1lJm!'VnJ'IJ'U'fI1t1 '\Ilflfll~YI 2.5 L!ff'fl~~'U ~1'UYllJfl11lJ'H'U l'U ~tI "l1~ .. , 	 .. 
ffllJ 1'jt:1~'lJ~1i~lJlflfl11~'U ~1'Uii)jfl11lJ'H'U llJ lmm~t.i'1~'U~1'U~'I.Wi11~lJlfl f'lltl n: iYYlnfll~'IJ~~ 

Q.I ddt 'j) 

fll'j Q'lJ~1fl'\l~lJm~~'fI1t1 

... 1 Q, Q, V Q.I

2.3.7 u1~ iJnfifll'ft'YU'l~~lUtlfl"lnJ 

tl'j~iYYlnfll~~~~~l'U~'fIci'lJ (Energy efficiency), Ee 'HlJltl~~ fil1.h::;iYYlnfll~ 

'IJ~~~~'Hl'U~1fI'j ~ff!v~~'fIci'lJ i~'\I~~tiiCJ'lJti'lJ~~~~l'U ~1fl'j ~ff~Hfl1'j~'fIci'lJ 1~ 'il1flfll'j tn'flfll'j~ 
.. , 

~'l1i'fl ffllJ 1 'j t:1'H 1i~'\11 flV~ 'j 1 ri1'U'IJ~'lf1'U Vi'~fl'j 1l'l'IJ~'lfl'j ll'lfll'j~UCl~'i ::;tI::; ~'lJ~1 l~W!~fJ'U t~'U 

fl11lJ fflJi'U1i1~~ llJfflJfll'j~ (2.5) cJ1'lt1J'U fflJfll'i~l~t 'Ufll'ifll'U1W 

_ A 	 _ Ea
E ------	 (2.5) 

e P	 h P h 
max max 

.-.\ 
tlJ~ 	 Ee tl'j~iYVI1~fll~'IJ~'l~~'l'll'U 

Ea ~~'l~l'U~~'fI~'lJi~ .. , 

A = f1'UVi'~fl'jll'l'IJ~'lfll'i::;fll'j~'U 

.. 
h 'i ~tI::;Q'lJ~1'IJ jN~'U 'l1'U 'il1flfll'i::; fll 'jfl'j::;UYlfl 

P Pmax p 

~14------------------~~ S ~I~--------h---------~~I sh 

(fl) 

fIl'ft~ 2.6 Uff'fl ~ t~'U fl'j 1l'l'IJ ~'lfll 'j ~'lJ~1flldMfll 'j ::;fll'i ~'U fl'j::;UYlfl (fl) fl'j ll'lfll'j::;~~ 1i'flttCl~ 
.d dod, 	 I QI d. dG] iJ.t::l QI 

fll 'j::;mCltlYllJ ~1'l 'H1'lfl'UlJlfl ('II) fl'j ll'l'IJ~'lfll'j::; ~ 'l1i'flHCI::; fll'j::;m CltlYI ~flCltfl(J~fl'U 
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, , 
did. t Q,.f' .ct ,'II 1 tI.fl1) ~f)1) 'ifU m~t t'VIti 'VIlJ fl11lJt t\9l tI\9l1~tlU1J1t1) ~1111~.fl1) ~tY~tY'fl t! (I ~fln~Lll (I tl f)1) t!tl1~'IItl~.. . 

tff'Utlnrhrm:Jw~ifii'lh~tI~l~1J1mrlmt 'VIufhi UtYlJf)1) ~ (2.5) 'II~lhi l1'lh ~if'VInflTn'lltl~Vltl~~lU 
(I'fl(l~trlmntl'Utl'Um l1"liu.fl1V1~ 2.6 ('II) i 'fltl'll1t1.fl1V1tYllJl':itl111fil'lh~if'VIn.fl1V1'11tl~Vltl~~lU i~ 
'111 tltYlJ f)1) ~ (2.5) l'lfU t~tl1tlUtt(l~trlmi.l~ tl'U Intl'U tlU 2 m ru'Vt'lJ11 iUtY.fl11~ ~ !fl'flf)1) 'lfU tt(l~iifil 

.fl1)~Lll ~tltl'U .fl1'j~~~tl'fl"i1~ tlU 1J1ml~ri~r4(1i,ri.l'j ~if'VIn.fl1V1V1 tl~~lU (I'fl M~1tl 

2.3.8 t1".idj'flfiil1't1'UtHiI1".i~ 

i.l)~if'VIn.fl1V1'11tl~.fl1): (Load efficiency), ~ 111J1tl(j~er\9l'jlri1U'j~1111~fil.fl1':i: 

Lll ~tltl'Ufil.fl1'j:tY~ tY'fl ~~ii11jf)1)111'1~U tltlE.lW~t~tl1tlUtl'Ufi li.l'j~ if'VI n.fl1VI 'IItl~VI~~~lU 
.. q 

, ., ., 
iU f)1) 'VI'fltYtl'U1tY'flni ~yh i flHtYr1~iu f)1)fftlE.ll'U i~Vhf)1'j 'VI'fltYtl'U~~;U~lU i'fltli l1'• 

~ ..:2 Q-fi QltrJJQI d.d~ drJJ 
'lfU 'VI 'fl tYtl'U\ltl'fl~ 'IIU '111'fl'll1t1 tlU U!1(11tlUtYU 'fl1tltlm1!'j 1fl~ 'VI 9f~r4(1 'IIlt1 f)1) 'VI'fl tYtl'U 'II~ttl'U 'IItl~(I 

fJWtYlJU~'IItl~1tYY'J~~1Iilu lv7tli~iuhhumlJ FEA i'fltlfilI9i1ui.lHh~"1 tYl1J1)tl1!fl'jl:11"'~'IIlt1 

m 11"lfl11lJfflJ~u1i'lltl~fl11lJtflUU(l:fl11lJtfl~tI'fl (Stress-Strain Curve) ~~ i ~19i1utI'j~rllti\Yti~if 
v ..

2.4.1 fllUJAflU'fINlf11f)".i".itJ 

I 'j) ;Q • rJJ .dill 'j)

fllfl11lJtflU'VIH1f11m':ilJ (Engineering Stress) fltl fl11lJtflU'VI &'fl'lllt1f)1'j'VI'fltYtl'U 

~ lit rJJ 0 I dill jI .c9 ~ ~ II

19i1mh~1tY'fl 
q 

9f~tYl1J1)tl111 ~'fl 'IIlt1f)1)Ulfll.fl1) ~'VI ~'fl'lllt1f)1)'VI'fltYtl'U'fl~'lfU~lU &UU\9lCl~'lf1~1J111 n 
$I ,j/ , 

~1tl-WUnl1U119i'flt~lJ 'II tl~;U ~lUntlu1ilf)1) 'VI 'fltYtl'U i'fl tlr4Cl n'1~'IIlt1f)1'j 'VI'fl tYtl'U 'II~ii llJ lfllU1W111 
, ., , 

• 9J ... "'" "" i i 9J ... i .fllfl11lJ!flU'VIltI'fl'llU 'fltl 'lftYlJf)1':i'VI (2.6) Uf)1':ifllU1W 

F 
a=- (2.6) 

Ao 

, ... . 
F = fllUH'VIm:'VI1\9l1lJUU1UtlU 



21 

~ "" 2.4.2 A1UUA'UlYltlHlnlfl1'UI 

rr:m.Hflltlfl'YI1'11fl1fl':iliJ (Engineering Strain) l1mtl~'1 fl1l~l1~tI'UUl1fl'l'tlB'I 
, I 'JI 1 

mliJtllT~hl1~ tI'U 111~Bfl1UW11~~iJ'tIB'I;'U'YIfI fffl'irn'~~ltlfl1lVlflffB'IJ~'1 ffllJ lH1J>l1'U1W'~~ltl . . .. 
fl1ltlll~tI~Vi~l1~tI'UUl1fl'll1 n~1t1f111lJfJ11~~lJ'tIB'l;'U 'll'U'YIflffB'IJ ri lf111lJtfll tlfI'YI1'l1fl1fl':il lJ111 

'~~ltlfflJfl1l~ (2.7) 

(2.7) 

. . 
d Q \I)~I 91 I .d 

'il1tl(;1'lJfl1l'YI (2.6) ttfl~fflJfl1lVl (2.7) ~~ !f1f1lfl11l1~f1'U ttfl~fIlfl111Jtm tlfI'illtltlll 

~ ..; 0 'j/ dtq 'j/ ..?t tq 'j/ '" '" rI, 'j/

Vlfl (;1'B'IJ C]1 'I ~lJ B'U1'tIB:I.d flVl t fI 'il1tltlllVl fI (;1'B'lJiJ It'tItI'U~ 'U 'U m lvJ 'iI ~ !f1f111lJ fflJ'rl 'U 'Ii l ~ 1111'1f111lJ~f1 'U 

Ufl~f111iJtflltlfl\9l1lJm'rl~ 2.7 Git'l ~f1~1'1'1 ijfl11lJ "hrity~'l<H't 'U tlllVlflffB'lJtlll'M'U~ B111 

cStress 

o 1-

D 

_______________ Strain 

1f1t1~ ~f1 A fiB ~f1~lnfltllml1lH'U\9lH (Proportional limit) 

~f1 B fiB ~f1~lnflffm'rl~f111Q'U (Elastic limit) 

~f1 C fiB ~f1~'111f1f111lJ~r1''U (Ultimate Strength) 

~f1 D fiB ~f1U\9ltll1tl (Breaking point) Git'ltrJ'U~f1~lff~'tIlf1~ltln'U 
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t q; .4'
2.4.3 &tI~i,u'fll1t1t1Yl'tU~U 

rllf11lllVft'HQh! (Modulus of Elasticity) fifl rll ill~~ff'tlfl~fl1lllVft'ViQh!l:i:'H'h~ 

ff~ ff1h!fl1llll~h! U Cl:i:fl111ltfll tI~!rlfl11ltllJ flU I1J ~tlh!!1t1Cl~1llllfl1llltll1 i fttlll fl~~fffl1lllV~ 'Vi ~h!. ... 
Q,I , ~ Q.t ..e:If f (to! d '4!!I I cv ~ 

'tIflnff~1lVJ"Ifh!~flh!'il:i:llfl11lNflh!UCl:i:'illflfiWfYI 2.7 ffl1l1l(Jmfl1f11llltl~'H~h!'tIfl.:.l1ff~ (E) CJ:f.:.l . " . 
1~h!rlTri!fi~;jh!l:i:'Vi1l~'lb~ 0 ()~ A UCl:i:!1jh!'lh~l1f11lll!~h!UCl:i:fl1llllflltlftlilh!ff~ff1h! ifttl1lH~tJ 

fih! ffl1l1ltlfllh!1W i,j'illflfflJflll~ (2.8) 

(]' = E.e (2.8) 

, ~ "" 
cr fllf11llllflh!'VI1~1ff1mlll 

E = rll ill~~fffl1lllV1l'ViQh! 

, ~",,,,,J "" ?t' ~"'"".l ""'I 
fI1f11lll!flh!'VI!fl~'tIh!'ilH (True Stress) !Uh!fI1f11l1ltflh!'VI!fl~'tIh!'ilH &h!'tIW:i: 

I 'JI ,.. , 'JI, $I , 

'lf1.:.1!1Clll11'11flll 'VI ft fffl'UUh! i fttl'tlh! l~fih!ih'l'l!l~ft'tl tJ.:.I 'lfh! .:.Il'W'fiioNih! flll fllh! 1W 'il:i: !ilh! fih! 'fi W 

, d ~ 0 Q,I ~ ~ 9J:f 'j) d ~ J ~t .q I 

"If1~!1m'VIfill:i:'tIW~h!h!m~ 'YI1fl~ ~.:.I'Wh! 'il~'Wtllllfl1llJ!flh!H'U'Uh!11f11lll!flh!'VI!flft'tl'W 'ill ~ ffl1l1l(J 

mi,j'illflfflJflll~ (2.9) 

I F 
(]'=- (2.9)

A 

F 
,.., ,,.. " 

A = fih!'fi'il~~'fi!fift;jh!th!'lf1.:.1nCllffh!"11lCltJftflll'VIftfffl'U 

, ,.. I ,.. 

rllf11l1l1fl~ tlftl1!fi~;jh! 'il~.:.I (True Strain) lil'W rllf11llJ!fll tlft'filfi~;j'W 'iI~.:.I'illflflll 

'VI ftfffl'U1ffft UCl::;'h! flllfll'W 1W'il::;lJfl1lllffmih! 11'fi'U fI1l1l1fll tlft'Yl1~1ff1mlll~~ Uffft~ '1 'W ffllflll~• "''I ~'1~ ?t .,
(2.10) CJ:f~IUh!fflJflll'VI &"If &'Wflllfllh!1W 
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e' =1dl = In i =In(1 + e) (2.10) 
o I 10 

d ~ J

I = fl11lJfJ11'Y11'VnJ'\J'U 


10 = fl11lJfJ11fhl'Uf11'j'YI¥1lfffl1J 

2.4.6 Plastic Strain 

lrl'Utilf11'j 1'l1~fJ'UtllhH'\Jfl~fl11lJlfI~ fJ¥1I ~~Hn¥1l~'U 1)lmh~ ~¥1I~1'\Jfl~1ff'fl (yield 

point) ''l11)'Uil~'lb~fl11lJlA''UtJ~~¥1I (maximum stress) ~'I{'Olflf11'j'YI¥1lfffl1J l:fTl1f1Ji'U1'l1'jllmlJ 

FEA (ABAQUS) ~llrl'U~fl~ iritilfJtufflJlliiif l~fl iM'1'l1'jUmlJffllJ1'jflf11'U1tu '~mh~\lfl~[I~ ~~ 
m 1¥1IfJf11'jfhrf'lJ¥1I ~¥1I~l~"1 1J'Um lv.J'tI[I~fl11lJ1A''lHm~fl11lJlfI~ fJ¥1I1¥11m11'l1'U¥1I1)lfl~¥1I~1~11)'UO~ ~¥11 

m'j~tJ~~¥1I ~~ffllJ1Hlm'I{'OlflfflJf11'j~ (2.11) 1¥11fJi~Uff¥1l~1~f11nnflcil~1I:!~fJ¥1I H(h.j1J'YI~ 3 

(2.11) 

E 

.. 
<!t IIL.M J '" J

2.5.1 'WU!l'U'rIH ITt l'U'rIUHUtl'U9I 

i v.J i'lfr1'm ft!lJ 'U l'i'lrI 'U 'j~I1jfJ1Jl~ 1.:}1~ 1'i1III 'tI ~i.§f11'U1Wf11~1I1'inW1 ¥11 fJ'l1'j~lJ ltu 

'tI[I~ i1tyf11 1 ¥1IfJ'f11fll'j 111i~1'l1':h~'tIfl1J!'tI9I'tIfl~i1tyf11flflfllrl'U~'Uri1'UOflfJ"1 ~~ I~ fJIl11lflftllJ U I'i' 
.. .. 

cv fJ/ '.t!\ ~ QI A'!'::\ QI tI ~ qJo'iJl
(element) '01 IlUU ff'jl~fflJfll'j 'tIfl~U9l1l:mllllJU 91 f1 fffl¥1lflllfl~fl1JfflJ1l1'j I 'l1 ~fl1fnU 1i'tlfN 1Jtyf11U U 

1 ¥1Im flft llJul'i'lmhif'0: l~fllJ~fltiu~~ ¥11~ fl (node) ~~ IriU ~ ltlmi~~ i .§f11U 1tuf11ti 1't1fl~~11l 'l1 'j 

9IllJ~~fl~ f11 'j [7] fflf1 f 1J ~1flOl~'tIfl~fflJf11'j 1'l1'U IflftllJUI'i'U1J1J ffllJm~fJlJ i U fffl~iJ~~flQ1JU 
, • j.I , 

'j~U11J x-y IriUlflftIlJU~~iJ~¥1I~fl 3 ~¥1I~fl 1¥11fJ~~¥1I~mmhi11rlu~lUf1ti~'tIfl~~1~':JJ'YI'j11Jtil 
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"'" 31 ~. .s....s ... tI ..Ii tI Iiltl31(nodal unknowns) ffll~1Pl tH'U'WfI1fll'H'f1(;"W)'W1Pl1!'tH.N'illf1fll'HfftJ, (rp) C)1..:j 1~f1V1J b Wl1tJ rjJ" 

rp2 HCl~ rp3 ~..:jLfl'W~1Htll~~WlIPlV~ 1 fi..:j 3 IPlll1th~1J r;;f1'l:JW~flllm~'illtJ~V..:j~111irfllrl'ffl1111fl 
. " 

~:titJ'W i t1'vd''W,t1H1J1J~V..:jVJ..:jn.g'Wflll t11~lI1wmtJi'WHCl~~111irflTri~WlIPlV'$l~..:jU 

(2.12) 

. 
rp = fllflll''f1liv'W~1~V..:j~WlIPlV 

. " 
'illf1ffllflllVJ (2,12) ffll111m:tifJ'Wit1'vvi 'Wlt1U1J1J~V..:j~1I1Pl~f1C)11$l~..:ju.. .. 

(2.13);(x, y) = [NJN2N'1{~} 
rp(x, y) =[N]{ rp} (2.14) 

lW1tJ~ [N] !n'I'\.J!1I1Pl~f1CJ1Ufl1'WV'W~V..:jVJ..:jn.g'Wflllt11~1I1WmtJi'Ww~LlI'W~ 
" Ii"

{rp} Ul'l'Wt1mIPlVftlllPl~f1CJ1'Hrn~~VJtll~f1V1J$l1tJ~1 l1ii'fllVJ ~WlIPlV~V~W~tll'W ~,r'W 

d .s 0 31 "" 0' d
'illf1ffllfl1':il'l (2.12) HCl~ (2.13) IlIVl'l1fl11ff':il..:jffllfl1':i'illf1WClLlI'WIPlU1J1Jffll1nfClfJlI 

~..:jf1rll1 i t1'vd''W,t1U1J1J~ V..:jtlllPl~f1CJ1 ~..:j~,t1U1J1J~..:jrl' 

(2.15) 

(2.16) 
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'illm"lJm~~ 2.16 'iI::Vllmn.h::~tl~L1'(),/1'lJLm::'lJ,()'lJL'lJ~ (boundary conditions) (I~t'IJ 
" " r

~:::'IJ'lJfflJm~'iIltlU'IJVllmmfl~::'IJ'IJ fflJm~tflmll~1!!'ih Yihi~fh~'()itl ~1i1J'VI~lmhYi'il~~,() t 'IJ.. . 
~rl''HlJ leJt1~fl1m~tjil~'()'IJ~ 'ill tlm ~Lfftl'Stlt'IJ 'lJ,()~ t t ~~ u,,:::trl'() h1'~1Utl~~'1J'VI~ l'IJfl 1m'IJ mi'1n'il::: 

. '" . " 
r11'IJ1ru'H1fl1fl'IJ"l ~'() itli~\'l1'IJ m~r11'IJ1rufl1jil111Jt~Wt(l::jil11lJtjil~eJ~YiLn~;j'IJ tl'J'IJ~'IJ 

2.5.2 l11f1l'ithUlW'Ul1.hufl·nJ''f/h"lu:lan.lU~ 
" t'IJm~r11'IJ1rufflJm~L;~'()~'ti'IJnt'IJ~tlU'IJ'IJ'lJ,()~inm~t;~~1m'lJU'lJn 2 in fl'() 

.c::t..::r..c=::t Q,I 'jI .c:t Q.Q ... IQ 
n:L'lJeJ'lJ11iU'IJ'IJ'lf~U'il~ (explicit method) U":::~~L'lJfJ'lJ11iU'IJ'lJu~eJ1eJ (implicit method) mllJ 

" ,
U~tl~l~'lJ,()~in";~ff,()~fl,() m~ff~1~fflJtl1~t;-l~1m'lJYittl'IJt;-lL~'IJ'lJ'()~jil11lJfflJvr'IJn~~'H11~ 1'H'IJ~ 

dI .Q d'.t!\ QI QI rI .c::!:i Q.I ~ J 4 ..::I 4Q Q,I j}Qlfj)' 

'H ~ '()t'()" tlJ'IJ m'Vi,()u'VI 'IJ jil1llJ fflJ'Vi'IJ1i 'lJ '()-l fflJ m~t'lf~,()~'Vi'IJ1i tl(ll1jil,()~~L'lJfJ'IJ 11iL L'IJ'IJ'lf~U 'iI~\PI1~jill 

\ltlff~HLiJ'lJjil1llJfflJvr'IJnt~'()'H 1\01'1'1Jffll'Hrl-l~1'lJ '()~t'(ji1tlJ'IJ~~ '(), tl u~i'IJ ~:::t1jeJ'lJinH'IJ'lJtlleJlfJ 
.k _I 'JI "" i I'JI • 'I "" <I I lIJ_1 l.k "" .k i ~ 

fflJm~'H'IJ~fflJm~'iI~u~::tl,()'IJ~1eJ\PI1 lJ~m !'lJt'(j(ltlJ'IJ\PI\PI'() !u1Jltltl11'H'IJ~\PI1 91-l 'lJm~fltl'llltm:::.. 
" 'VI~ff'()'IJ'lJ'()~~ l'IJi~fJij i~t,*inm~r1l'IJ1ruU'IJ'lJi~H~~ Lt1'i.111~tl 

" .
i'IJ-l1'IJi~eJiji~,*ltlmmlJff1t~'iI1tl'V11~ ivJi 'IJ",t'(jllt1J'IJ~~,() ABAQUS l~eJi '* 

~ct 0 I) 1... I .c::t d.::::..c:s 0 ~ ~ 
11im~m'IJ1ruU'IJ'IJ explicit m~'lJ1'IJm~'V11~1'IJ'lJ,()~ u~umlJm~t'IJeJ'lJ11im~'VIH1'IJ 3 'lJ'IJ\PI,()'IJ 91~ 

o i 4 c' IjJ QQ i i d..::r. c' ct d OJ Jm~'VIH1'IJ'lJ,()~ 1tl~umlJ 'lJm~1Im1~'H~1eJ11i vJ 'IJ'VIt'()(ltlJ'IJ\PI m1fJ(I~t'(jfJ~~~'IJ 

" " (1) ,j'IJ\PI,()'lJm~tl~::lJ1(1 H(I (pre-processor) ttl'IJ,j'IJ\PI,()'IJ'lJ,()-lm~fh'H 'IJ~ltl~ H 
t ,tI tI I 

~tl'll ru~ ~1lJ t1-l t~'()'IJ' 'lJU (I:: 'lJ ,()'lJt 'lJ\PI 'lJ '()~iJty'H 1Yi~ 'iI nru lU(I~ i 'IJ,j'IJ \PI,()'IJ ij ItI'IJ m ~ mj ~iJty'H lYi 

rJ,J .Q rI ~ I I d .A " 4 rio QI 

\PI,()~ m ~1Lm1:::'H '()'()tl!'IJ'IJ'lf,()-l\PI1'lJlfJt(l tl"l t'Vi'() ff~Ht,() (I LlJ 'IJ \PI ffl'H ~'IJ'VI~ff,()1J 
tI ~ tI , 

(2) ,j'IJ\PI,()'lJm~r11'IJ1ru (simulation ABAQUSlExplicit) i'IJ,j'IJ\PI,()'lJij'l1~~'iI1tlYi 
o _I 'JI Q 'JI 1 o. dllJ 'JI. ..A II) I

'VIlm~u~::lJ1(1\P11lJ'lJ,() (1) tff~'iIU"1 tl~!!mlJ'iI~'VIlm~m'IJ1ruH(I~llJ'VI !~m'H'IJ~t-l,()'IJ !'lJ\PIH"l 

i 'JI1' """'iA.li "... " 1~nfJ11i 11 'IJ'VIm(ltlJ'IJ~ 

" " (3) ,j'IJ \PI,()'IJ m~ Uff~~H" (post-processor) ttl 'IJ.rr'IJ \PI '()'IJ m~!!ff~~ H"m (leJ'I1~,() 
o _I "d ... J ::1 .k ''I AI "" '" '" 

Hff~~m~'iI1(1,()-lu~ 1tlQm~ru'VIttl~'lJ'IJ 'lJ,()-luty'H 191~ '()~ !'IJ 'iUU1J'IJ'lJ,()~~ ::~1J ttil1Jff (contour) '11 ~ '() 

.., <lQII) 'JI .: ::It Q 'JI "" I d
'()l'ilUff~-l t 'IJ(ltl'llru~'lJ'()~ntlt\PIt1m !~ l~fJt 'IJ m~1J1Um~UL'lJU m~Ltl1J'lJt1\!(I'lJ,()-l\PI1utl~\PI1-l"l 'VI . . 
o II) 'JI "'. 'I 'JIi '" 'JI • i- Im'HU~ !11'Vi,()U11J1!'lf Um~'I1lH(I'VI\PIt1~m~\PI,() u 

" ~~i~tln11lJ1U~1iU1J'VI~ 1 'j,1m.:jff~H'H~tl'lJ,()-lfJ1U'Vil'HU~~1-l"l UU 1~eJff1u1J1tl 

:Jtltl';j::;tl,()1J~1eJ lm~ff~H~!t1u~tl'llru:::m.jutm::ttl~'()tl ~nmj'l~~~l~"l flU !rl,()-l'il1tlljilHff~1-l 

~tl'll ru~~~ tln11nf]rufflJU~'lJ ,()-l m~ tl'Ju 1m~ff~l-lflU m~'lfU~~ fl11lJ'H1JlfJ'lJ '()~ m~ ~~tj1J'Vi~~-llU 

http:l11f1l'ithUlW'Ul1.hufl�nJ''f/h"lu:lan.lU
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I j/ • J 

'\I1f1 fll 'j 'If'W fI'j ~ IIVlflYi~hr'W'I1lJ1fJo,;j fl11lJ i:111J1'j tl i 'Wfll'j fJ'U~1'\1 fH1 fl'j ,;ji:1~l,;jYit'\1lJ1~i:1lJ ~ijmn~• 
~ . 


fll'j 'If'W fI'j~HVlfI l~fJi 'Wfll'j fJ'U~1ir'W1fl Hi:1~1,;jVi~fl1'j'\J~ i:11lJ1'J tl~~i'U!!HfI'j~HVI fl1~i'W'lJ~lJ1w 
• OJ 

, j/ i1 I " 

lJ1fHijmYifJuti'UlJ111'\ltJ~~hiT'W !tJ~ [8], [9], [1 0] 'ti~ihutJ~'\I1f1fJ1'WV.1'11'W~ir'WiTfl1,j~tJ,;jfll'j i~ 
'JI" \I).J. "l 'JI'" .: <!I '" ,l....,:.l ... 'JI1flHi:1'jHlJlJ1111J1f1'\1'W~n'W l u C)f~'\I~i:1~~ll !mfl~fll'j i:1'W~UlltJ,;jV.ll,;j,;j l'W!'lftJtV.ll~!V.lJ'\I'W tJfI~1fJ 

'W tJ fI '\I1f1d'fJW i:1mj~ufltJtiH 'I1i1~'\ItJ,;j 1m~ i:1~H 11tJ~ti'Wfll 'j'lf'W~~ fl1'j ~ '\I~iifl9\ 'j 1 ri1'W fll'j QU~1 
(Stroke Ratio) '\I1f1fll'j'lf'W~i:1~~1fJ flU'I1lJ1fJO,;j fl11lJi:11'lJ1'j tl i ufll'j~~iuv.",;j~ 1'W'\I1f1fll'j'lfU~~.. .. 

JU!tJ~ Hl'ltJtiHh~9\l'lJi'Wfll'j~~iUfl1'j:::fl1'JfI'j~UVlfl'\llf1fll'j'lfU'\ItJ~ 1flHi:1~HI'l1~~ ,Tu 1,jfl1'j 

'q:v~ d 14' 
fltJ !mfl~fll'jlUllfJ'\.mUll~'\ItNfl11'lJ!H'I1'jtJfl11lJ'I1'W1~ (Acceleration or Deceleration) '\ItJ~ 

1 fl 'j ~i:1~l~'lJlfHnU 1 u !iitJ~'\I1f1fll'j !U~fJ'WUUll~'\ItJ~fl11'lJd~~lJ1fHnU'utll'\lntJi~~fi~flU9\'j 1fJI'l tJ 

• ~ \I)'JI 
'jl~fI1tJ'lJ'If!W (Body -Tolerance) !~ [11], [12], [13] 

~ 

fl11'lJi:11'lJl'j tl i Ufll'.i i'uu'j ~fI'j~UVlfI'\ItJ~1Pl1tl~'j tlfJul9I'ir'WiTfHwflfll'j~'\Il'jW11fl'.i ~ i:1~H 
~ 

~ "" \I)_I·.c!1 .. 1 'JI 'JI ~ .. 
!1J'W'lflJ~ !1J !'lfU fl'fI'tJlfll'jli:1fJ'I11m'ilv.l~ flH~lU'I1'W1 [14] fll'jflfl'tJlfll'.imfJ'I11fJ'\I1f1fll'.i'lfU'\ItJ~ 

.... <13 'JI1
fl1Ufl1l1~~'W~1JHUU'U9\1~~ [15], [16], [17], [18] fll'.ifl'fI'tJl flHi:1'.iHfl1l1~U'U'U Double - Hat 

Ull~ Top - Hat [19] fll'jfffl'tJ1fll'.i!fffJ'I11fJ'\ItI~UflU 1flH'jtlfJ'Wl9I' [20] !tJu~'W ul'ltJtiv.lh~~iJ~ii 

U'\l~tJ~U~ UfllJ1f1~ii~lll'ltJfJWi:1'lJ1i'~'\ItJ~ 1m~i:1~1~fl1fJH\'U'.i~fI'j~UVlfI tltiHl"lf'W ~ll'\ltl~UH!ttJfJ ' 

(Inertia Effect) [21] ~ll'\ltJ~flW i:1'lJ1i'~'\ItJ~1i:1~ [22] ~1l'\ltJ~fll'jg~~tJUll1tJ'I1~tJ1i tJ'W 1'\1 '\I tJ U1'\1 9\ 

[23], [24], [25J, [26J, [27], [28] Ull~~1l'\ltJ~fll'jlU~fJ'W!lUMfl11'lJ'I1'Wl'\1tJ~~ir~ 1flHi:1~1~ [29], 

[30], [31] 'j1lJO~fll'.i l~tJfI.:f'W~l'W~ii'\11rl~~lt9\fI~l~tiu1u ~~~fI'tJW~fll'jIU~fJu!IUll~'I1ti'l~~ 
~ ~. 

'11~ tJ'lJ'lJ 'IJtJ~;'W~1'Wi:111J1'j tl n1'l~fl11lJ'I1'W l'\1tJ~;'W~lUMll~ , ~1~fJYifl11lJU~~U'j,;j iJ~ fl~!'t'ill~'lJ• 
[32], [33] 

~l iJ ~ :V o.cS.c9 QlQ 

i'W fll'j tJ tlflH'U'U'lfU i:11'W 1fl H i:1'.i 1~'\ItJ~tJ1UV.1'I1'W~'W 'W 'W tJfI '\11 fl9\ tJ ~m'W~tl~fJW i:1'lJU9\ 

cip QI tjJ ~ .d1 'JI 1iI~ ~ .d QI :V
VI fflfttymn fJ,;j9\tJ~V.'\Il'j Wl'j~tJ~nlllVi flHi:1'jH 'If! Ufll'j'l1 Q~fll'j ImW'WVI'I111~'\Ilf1fll'j'lf'W~1fJ 

~~ '\I~ ff'jJj:r'W.fiti'Uu~lJ1W'11i1~ ~!l fJfI';hfilfl11lJ'I1'\..h~ 1 ~ fJfilfl11'lJ'\1'l-.h~d''\I:::~tJ~ iifil1,j~~ In'W fl11 

d, fI QI~:V 1.e:9 ,dod QI 

VI 'jl~fI1fJ'lJ'4'tJ fJi:111J1 'jtl'.i'U ! ~ (Body Tolerance oflmpact) ~fJ~llfll'.i fl'fI'tJ lV1If1 fJ1f1'Ufl11'lJ i:11 1J1HI 
~ 

tU fll'j ~1'WVIl'Wfilfl9\'j 111 ~ Hll~ fl9\'j l'\1'\l1~'\ItJ~ tJ1tJ1~ !;b'Wl'll~~ '\ItJ~ 11~fllfJir'W til '\I 1111~ '\I1f1 ~ll 
~ 

<13 • 'JI .. 
fll'jfl'fI'tJlf1tJ'W'I1'W1U [11], [12] 

~ ~ 

'\I~11l'W11 i 'Wfll'j tJtJflU'UU;'Wri1U 1 fl'j ~i:1~l~'I1"fI'\ItI~fJ1Um'l1'W~~l~~ irU~tI~~'\Il'jflll 

fJW i:1lJ1i'~'I1ll1t1U 'j ~fI1'ju'j ~fltJUtiU~1t1 1 ~ fJff1'11 i'Ufllfl11lJ i:11'lJ1'j tl i 'W fll'j ~~i'Uv.~~~1'W ~11V.1~ 
~. . 

(E, ) Ull~fllfl9\'j1ri1'Wfll'jQ'U1Pl1 (Stroke Ratio) iruiiU'\I~tlYiffltityUfl'l1111fJU'\I~tJYiii~llfl'j~'Vl'Ul'ltl 

1Pl1iT'WLtJ~L"If'W ,U'VlH'\ItJ,;j 1m~i:1fH (Geometry) lUU'UUfll'jg~U'j~fltJ'U1flHi:1~1~i~un fI1'.iL~tJ'lJ 
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!!'U'U~V.l'1 (Butt Welding, Spot Welding) nl'jgf!l1~f! (Pinning, Bolted) un~nl'jt.w1~~t~'U (Seam) 

ff111 i''Uvi1tl~l\1fJill fflJ,j~'Utl\l1ff~~i~ t'lf'U nl'j ~-h'Um~'U1'Unl'j 'YI1\1 fI11lJ ~tl'\.j (Heat Treatments) 
.., ... ,:It ~ ..Q ~... ..!1tI u'U'Unl'jm:;1I1tJ~1'Utl\lfl11lJl1'U1'Utl\l~'U\I (Wall Thickness Profile) lU'U~'U C)j'\llJlIlItlLl1n1'U 

'JI " iI SJ ,; 

t\'1'U w:·J\ltl~i 'U',r'U ~ tl'U 'Utl\ll tlu'U'U1! n ~lnnl'j ff~1.:j'lf'U ff1'U ~1\1'1 'Utl.:j 1fI'j \I ff~uti\l ff'U ~\lir'U 111f1 

ff1lJ 1 'j fI ffml1111.wtlff~ tilni ~':h i1 'i)<om tn:;fJ ill fflJ,j~t t~n ~ vi1iJ~n~ tlfll'j1j tl\lfl'U nl 'j tfffJ111tJ1I1f1 

nl'j"lf'UlIlflU'tlfJtl~l\1 i 'j~lI:;')h1nff1lJ1'jflri~U~tlflln 'j1lJt1\1t1i''UtI~\I't1~'U 11'Y1f1'Ufi i \Jfl1'jtl'j~ f1tl'U 

"" ~1 ~" ~ .11PI t.! o,:lt~'" ~ ~n~ff'j 1\1 flHff'j1nflfJ'U~1f!tJ ff1'j1\JtI'j~!'YIfll11 tltlll:;fflJ'U'U If! 'YI\I'Um'il'il11U'U~ tl\llJnl'jffmn 

.. " 
ttI~ tJ'U tfifJ'Utl'U\l1'U 1<0tJU\J'1 fiiJfll 'j fffl11111lUt\' 1'j1lJ<fl\l1'i' tl\liJfll)'t1~'U1U \J 1~fI 'YIqll~un:;infll 'j 

~ ff111l 'j fI 'l! llJ1 tI 'j:; QfI~1~tl'U1~Q~ 'U 11 n:;fl11lJ I'i'tl.:jfll 'j 'U tl\l tI 'j:; t'YIfllnlJ 1 f1~ tyfl ff111 'j 'U ~1 tl ci1.:j 
. . " 

,cQ q Go' d ~".~ ~, jI.d, ~ 0 ~ Q.I .d1
fll'j flfllllt m :;\l1\J 1'iltJ'YI1fItJ1'U tl\l'YI1\1~n'Unl'j "If\J 'U tl\l flHff'j 1\1 f!lJ j:j'YI1fll'jfffl1l1f1\1\J 

. . .. 
...... .ct.ct.., ~ ... I 1 !II " 

2.6.1 'Jl'U1iltl'Untl1n1.Jnl1f1n'l:llnl1"'U"UO~"'UiI1'U fI'HiI1H10tl'UVI 

. " 
H. Huh un~flill:; [34] '~'t11nl'jfffl1l1!t1fJ1tl'U'lf\Jff1'U If1Hff~l\1~11-n"!l'Utl\l 

"1.Q,cQ ~ J ~ 1 ~ .dlr( I .d
'jfltJ\J~ flfJ .... 11 1'j ill1mm:;'U1'U nl'j~n~'U\Jltl"lf'U\l1\J ~tJ.... 'il1'jill1~n'Utl{jfl11lJl1\J1'Y1 IlJfI\I'YIUn:; 

.d d ..J~J.Q I ~ ..:::t. dt~ IG)

~n'Utl{jfll'j!tlM'Uutln.:jfl11lJ!fl'jfJf!'YIlfIfI'U\J hW!'jtJm1lJ'111m'jlJ11ifll'J~n~ t.... tlfffl1l111t\Jnl'j 

". " 
~il~;r\J ff1'UtJ1\J fJ'U~iiH1'U1Il'~fhu .:jt1{j ~ni1l1<ommhihVifJ{j i fI un~~1!rJ'U ~tl\lfhiA\I t1.:j f'il vi111tI 'j 

" .
~1\1'1 tlt~hu~1fJ111tl11J In'YIfl fftl'U't111f!tJfll'j lffri1'Utl\l~1utl'j~1{j'1 fi 1~1I1f1fll'j'YIflfftl'U~1tl~1\1 
" " .

;r\J\l1\J'lJtl\llf1'j{jff~1{jn\l ltA 1 tI'JumlJfll'jllf1'j1~,r'YI1{j FEA (LS-DYNA 3D) 'il1f1ir\J't11fll'jtfl~tltA 

~ir\llJ1n 200 kg "If\J~1fJfl11lJ!~1!~lJ~'U 48 kmIhr Ut\'1't11nl'jl!fI'j1:;,r~n'Utl{jlt1u'U'Ufll'j!fffJ111fJ~ 

Inf!~'U 'il1flnl 'j "If\J lf1tlLtI~ fJ'UlYi fJ'Ufl'Ufll'J'YI fI fftl'U~ '1J~flihiA{jt1{jm 'jlJlnfll'j ~il~un:;i1'il<OfJ~l\1'1 . 
'" 1'YIfln1111l 

16 
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'j/, , , 

tl11lJ 'I1'W l'Utl'l ~'W 'll'WU€l:::!ijtlVi '1111 ru 1~1UthU€l :::1]'11.[flVi tfifl1,'jtl'l~1'l"l 'U tl'lm :::'U1'W fll'j f-lft~U~1 
~ ~ 

f-l€l n1 1 ffn'l:.l1ff~tl' ~i1tl11~tl'lVi '011 ru 1f-l€l'U tl ~~1Utl1!'11 rll'Wi 'U n 1 1lJ1nfll 'j f-lft ~~'Wff1'U~1U 
\Ii iJ~ ~ cv d .dQ,I

Toru Kawano U€l::: Yuta Urushiyama [35] !~fln'l:.l11'ilfJ!nU1n'Utl11lJ!fffl'\11f1'Utl'l 

1tl'j 'lfff1'l1 (W'U~ c11'lYll'il1nnrl tl'lfl€l uLi'iUlJ 1tl'YI 'j -:j '11m'11 ~fllJ t~tl'\11tl11lJff1lJ11 fI 1'Ufll1 ~~GJf'U.. .. .. . ~. 

-n "''l'l1'U '0 1nfll1']j''U 1~fI'YI~fftl'U 'il1mtl~f1'l'YI~fftl'Un1'jm:::u'YIn "'n'l:.l ru~~'W 'l1'U ,~uff~'l i 'W.fl1-nVi 

2.9 1~fI~'U,n'Uii i'rliitl111-l1fl''l~U~n~1'lti'U i'Wu~€l:::v'U ~'lUff~'l1'U~1'jl'l~ 2.5 c11'lYl1fll'j'YI~fffl'U 
i '}.l "" "" <9.fl1f1 ~.fl11~ 2 U'U'Utltl .fl11~fll1~~ (Bending load) U€l~.fl1'j~fllm~ (Crushing load) f-l€lfll1r1n'l:.l1 

~ . . 

ff1tl '~i1 'U~nru'.4lJ'Utl'l~'W'l1'WViiii'rliilJ1n'O:::Y11"H'Utl11~'~lJ1fl 'illn.fl1-nVi 2.10 trJ'U fll1 Uff~'l 

~ 

'JI • .1 alii 
. 

'}.I 1 ... ..... 'I'"
tff'WflHn'UfI'lf-l€l'YI !~'01flfll'j'YI~fffl'U ~fI']j''W'YI~tYfI'U']j''U~ C lJtl11lJff1lJ1'jfl ! 'Wfll11'UU'j-:jm~u 'YIn 

t ",' 

Vll ':iNn 2.5 Uff~-:jfh i'rlii ff1'W 1fl''l 'U tl'l'.4lJ~'U 'l1'U 'YI ~fftl'UVi~1U'11 tl'l1Oi1-:j"l 'Utl'l nfttl'lfl ~urw fllJ 

.. 
'" W'UflPlt'I'8'lJ 1ftii1l101'U (Rl'rum) v "" ':ifttl.fl10'U8f1 (~, rum) 

.; ... 2 
ft'UfI\l8~~tI (mm ) 

A 2 11 894 

B 3 18 907 

C 4.5 30 914 

Area of corner 

(n) (fl) 

f ". ," I 

II1ftn 2.9 Uff~'l~'Uff1'WVi'YI~fffl'UU€l:::'U~nru,~ViVi'011ru1 (n) ~w;h'UViVi'il1'jru1'il1nlflHtYfl'l 
'j/ , , , 

'Utl'l'jflfl'U~ ('U) lJlJ'UfI'l~'U-:j1'UViVi'01'jru1U€l~ (tl) i'rliiff1'W lfl''lVittli'lfl'UutlM [34]• 

http:f-l�lfll1r1n'l:.l1


29 
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Stroke(mm) 

If]g)o ~ ~Q.I ~ I g) iI IJI 
Wang Hongyan U"~flfl.!::: [36] !~'VI1fn':iflfl1l11'ilU'lflH1'1tJ lfl'j'H"':il~~ltJ'HtJl'UfJ~ 

, I ':II I , I 

'HlUtJlP1.yjijfn':i Lttfl:dfJ~.yhJ~lV'UfJ~;tJ~ltJ1 tJ ~f1'l;jfl.!:;.yjuWlfl\9l1~ntJ~~uff~~1 tJ flTYfYi 2.11 tYifJ'Hlfh 
, iI )i I 

'Y'I ~~~ ltJ li:jftJ~ ltJ ffllJ l':i ()~~ i'lJ1~ 1~Vff~ !fl\?l~N~ fIl ':i 'VI ~~ tJ ~U~:;l 'llu'lJ 'lJ fn':i LffU'H1U'UtN:jftJ ~ltJ.yj 

ijfll'H'llgUtJ~lU'H tl~'UtNfIl':iLttfl:;~ tJ~ l~vij ':i~U~~'I11~'illfl'\J mVUWlfl\9l1~ntJ WlllJWll':i l~~ 2.6 'illfl 

" " 
fn':i fff1'l:ll'Y'l 'lJ -;h N~ 'UtN fIl ':i LttfldfJ~;tJ ~ ltJ ij N~ n'lJfl11lJ ffllJl ':i ()1 tJfn':i ~~i'lJ'Y'I~~UfJUlJ lfl ~~,rtJ 

1tJm:;'lJ 1tJfn':iN~WI 111~lLntJfl'fJ~UllJli1 'ill':ifl.!1 

. . 
, 1..ct Q,.I 1..1 

1~tI::;'HH'V8~18~'JlAGJ1~lft;)ltl Qltl (mm) 
OJ <:\ OJ,V

'rUH~l'U'JltlftGJ'U ft (%) 

25 45.56 

36 56.29 

50 56.32 

(fl) Square ('U) V -shape (fl) Semicircle 

. " . 
iIl'Wn 2.11 Uff~~':i'll~f1'l:lfl.!~'UfJ~fn':itttfldfJ~;tJ~ltJ.yj1.ntJfIl':i'VI~fffJ'lJ [35].. 
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• 11]310 & 31 31 0'
Wang Hongyan !!~~ Xmo Fan [37] 1~'YI1f11'jfff1'l:11f11'j'lf'U~1'U11'Ul'IJtI.:.J'Hltl'U~ 

!~t1~;hfl'j l~M~fl'l:IW~f11'j !fl~t1'U~'lJtI.:.J HI~tI{1"l'j 'lJw~!n~f11'j 'If'U !!~~f-.m 'il1mr'U~'j lt1~ 'il~!n~~'U1'U.. 
M't1.:.JHI~tI{1"l'j~';wi1if11'j ~1~t1.:.J'YI1.:.J FEA !~t1~f11'j !fl~t1'U ~ !!~~V'U ~'jlt1~ !n~ti'lJffnJ~ !!~~fltl'IJtI.:.J.. .. 
~'U~1~t1.:.J l~tll~!~ll.,j~ihfitlt!'lJ'lJ 3 ~~ l~tI'YI~~t1.:.J1M''jtltl'UIP1'~.:.J'lf'Utll!!'W.:.J~';Wfl';1111!~150 kmlhr 

& '31 311 ., _~ 311 II] 31"'''' "" d II] 31 
f-.l~f11'jfff1'l:11'W'lJ11 11t1.:.Jf-.l ~tI{1"1'j{1"1ll1'jtluf1lJtI.:.Jf-.l ~tI{1"l'j 1~~!lltl!f1~f11'j'lf'U !!~~f-.l~'Y1 1~'illf1f11'j.. .. 

31'" "', d ... , '1 1 ~ '" 1'YI~~t1.:.J fltl HIC = 783.73 (HIC fl'fJfl1f11'j'lJ1~!'il'lJ'IJ'fJ.:.J111l1'Ufl1t1 'U11'fJ.:.J ~tI{1"l'jC)f.:.J'il~'fJ1i'lJ1t1 ~tI 

'" '" ~ '1 ... 31 ... 11]., ~ , ., ... 0 '1 3111] , "" ~ '" ,
~~!'fJtI~'fJf1flH 1'U111'IJ'fJtl~ IU) C)f.:.Jfl1111\P1'j!1'Ufl1111u~'fJ~fltlf1111'U~I!11 Ill!f1'U 800 C)f.:.Jtl'fJ11f-.l~f11'j 

'YI~{1"'fJ'lJ'fJ~1 'U'lh.:.J~tI'fJllf'lJ I~.. 
Kum Cheol !!~~ Jung Ju Lee [38] l~fffl'l:I1!~tl1ti'lJf11'j'lf'U!!~~f11'j~~'IJ'fJ.:.J'Vl'fJ 

'fJ~iJ!U tlll'JU'YI 'j .:.J~\PIf{1" !~'fJ111~1'W1:i.:.J.:.Jl'U~1{1"~'il~{1"1ll1'jtl~~ci1'lJ 1~fl1t11~!!'j.:.Jm~!!'YIf11~tlf11'j l~ cu cu q q cu 

'YItrhl~'IJ'fJ.:.J Kecman's [39] l~tI~i~tll~!{1"'U'fJf1~ 1f1f11'jYim;1'IJ'fJ.:.J'Vl'fJ'fJ~iJ!Utlll~U'YIH~~f{1"~.:.Jfl1'W 

~ 2.24 !!~~1 ~l11:if1'Y11.:.J'W1:i.:.J.:.Jl'U l'U f11'jfll'U 1W 111~1'W1:i.:.J.:.Jl'U~~ci1'lJ.. 

I 'jI I I 

fIl'l111 2.12 !!{1"~.:.J!~'U'j'fJtlYi'lJ'IJ'fJ.:.J;'U.:.Jl'U 1~11~lUiY!11~tlll\PI111'YIq1J~'IJ'fJ.:.J Kecman's [38] 

(2.17) 
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M(O)= M(O+t10)-M(O) (2.18) 
t10 

Tae Seong Lim U(l::: Dai Gil Lee [40] fffl£J1f1l'JIi:YtJ'\11fJ'\I()~1ff~~1i'~fl~'lh:::~ 
v v v 1 ". d" v ~ .iI'" l' y 1 "v", "': '" 
'fI1'W'\I1~'\I f)~l1tl~ 'fIfJff1'J'JfJfJ'W~ff1'Wl'l ~"lHlJ'W fI1'WlJ()~fl'WfIl'J"I1'W9>n'W'\I1~ 'fI fJ ~"I11ff'fl~fflJlJ'W1'Y'1'Wfl• 

_t:! d QJ d -dSS ~, .e::. QJ ~ I " Y. ..t 
L'U1llJ'J fJ1J ll'lfJ1J fl'W'Y'I(lfll'l ~"I1()QU1J1JI'fIlJ 1 'fIfJfIl'Jl'l'flfff)1JfIl'J'fI'fI '\I()~"I1'W ff1'W 'fI1'W'Il1~1..h::: ~'J fJfJ'W~ 

'II , 'II 

1'f1fJff1'Jf11Ui.~lJ1~'JJ1'W ASTM D3039 'l1'lH1'Wiif111lJfJ11 540 iJ(lilLlJ~'J 1~Q111i'fl'fl~'Wn\.H~'U 
~ .c:.1:3I' tI ~~ '),Q,d, ~ I 

l'l'J ~flH1~fl(llJlJlff'W~1'Uti'WfJfl(l1~fJ11 305 lJ(l(lllJ~'J l'l'flmH !'fIfJ11i FEA ~(l"'lflfll'Jfffl£J1'Vl1J11 

QJ d " ~ : ~, bJ1!4 d. <V d d 9JQJ ,Q,

1ff~ ~fflJl'l ff'Jl~'\I'W ffllJ1'JfJ(l'fl'W111 'W fl'\l () ~"I1'U ff1'W1H t1'1IlJ () Il'l fJ1J fl1Jm (lfll'l Lfl fJ i."I1U1J1J L'fIlJ U(l::: ~€l 
'" y"" y ....", "i'" d d.,J

fIl'J l'l'fl€l ()~lJ fl11lJ ff()'fIfl €l()~fl1JfIl'J l'l'flffij1J'fI1U11i FEA t 'fIfJlJfl11lJU'\I ~UH t'VllJ'\I'U 20% 
, 'II 

~ Q d ... 1 QJ dQ 

Dong-Kuk Kim Im:::f1tu~ [41] fffl't:J1'Vlq~f1'J'JlJfll'HfffJllJU€l~'Vl(l~~1'Wl'l"l1'U~1'W 
, 'II 

~'fIn-U1J illf11fJ 1~U'J ~f1'J:::Ul'lfl 1ff~111i'1~'Uf)\liJlilfJlJV€l€l~:wiiri1'U ~fflJl'11~Lflii~~il 1.12 Mg, 0.65 
'II 

Si, 0.23 Fe, 0.015 Mn, 0.19 Cu, 0.09 Cr, 0.023 Ti, 0.18 Zn, 0.014Ca. 1'f1fJiifll'Jff~1~~'W~1'U1l1fJ 
..,,1 d;~ '" v",~dd "i '" "I 

fIl'J'fI'U'\I'Wltl C)f~"I1'W~1'WlJl1'W1~'fIllJ'Uffm€lfJlJU€l~1~fl€lll t'flfJlJfl11lJ'Y'I'U1 3 '\I'U1'f1fl() 1.2, 2.0 1m::: 

...... 1" v ... l' "I ",,1 ~ I~ ... '" 10 d
3.0 lJ(l(l!lJm 'flU !"I1~tu'Y'l.QlJ 480-500 C I'l1fJfl11lJL'J1 !'WfIl'J'fI'W'\I'Wl1J"I1'W~l'W 30 C)flJ/1'W1l'l 'fIfJ 

1i'servo Hydraulic machine ii~lfl11lJlfl''WtJ~~'fI = 226 MPa U(l:::m1lJlfl''W~~'fIfl'Jlfl 186 MPa 

Itl()flC)f'U~fIl'Jtl'fl~1 11.7% 1'f1fJl'Wf11'Jl'l'flffij1J,.,~~~vm1ri1'W'J:::'w;h~ (TIW) Im~ (TID) ';hii~(l 
'II 'II 

()~1~ htl1J'l1'W~l'W ~(lf11'Jfffl't:J1'Vl1J';i1 il11l~hr~'W~l'U ~1J~11~'WH1J1JfflJlJ1~'J (Symmetric folds) 
, tI. • 

~~~()~I~lJV~'J1ri1'W (TIW) d1'Y'1i'1J~'W~1'Wvi()ffm~fJlJ Im:::~:::~()~€l'flVm1ri1'U (TID) (l~i'U 
'II , 

'l1'U ~1'U11 lil'Wvi ()fl(llJ 

Dong-Kuk Kim 1m::: Sunghak Lee [42] illfffl£J1U€l:::l11f11'Jl'l'fl€l'fH 1'f1fJii'1ff~ 
Q d d odd" (LI.d d .dl " ! .: " <V .: 4 

()\llJL'UfJlJL1Jij'J 6061 l'llJ'Y'I'Ul~'fIffm(lfJlJ~'W~ll'l~'Y'IlJ'fI 8 "I1'W~1'Ulm:::'Y'I'W1~'fI1~fl€llJ 6 "I1'W~1'U 1'Vl() 
I I I )I 1 

'Y'I1'Vl ci~ ~1'W 11 1ff~ff1lJ1'J fJ~'fIci1J i 1'1Illijmn'flfll'Jm:::Ul'lfl "'lfl~(l fIl'Jffml1'Vl1J';i1 Lij ()~'U11'Y'1 oW'1~'fI 

'\I ij ~<ff'U ~1'U ltl~m~ fJlJli4lJ~'U m1lJU~ ~H'J ~ ~:::li4lJ~'Wl1\pii~iifl11lJirlJ~'W£tl1JV~ 'J1ri1'W fl11lJl1 'Wl 

, j/ "I v' "" d.,J ,dllj'lIj l' 0 " V d d. ,1
~ijfl11lJfl'J1~ (TIW) fl() HlJ11()~'J1ff1'U (TIW) ~:::L'VllJ'\I'Wl1~flllJ !9>1l'11Il1fl11lJWtl~UHL'VllJ'\I'U 

LL(l:::f11fJl~L~()'Wi'\l (TIW) U(l::: (TID) ~ii~11vi1tl'W'Vl1J';h vi()l'lHm:::1J()flff1lJ1'JfJ~'fIci1J'Vlci~~1'U~f) 

~1'J1 ~iJ€l flllJ~ 'J i IllJ1flfl';i1vi ij'Y'l oW'l~'fI~m~ fJlJ u~vi ij'Jtl ~m~fJlJff1lJ l'JfJ i'1J L!'J ~1IIlJ1 flfl';i1vi()fl€llJ ... 

Lrl tI i'ffii~'\Itl1J'\Iij ~~'W ~1'U ltl~m~ fJlJii '\I'W1~u~m~'W ~(l1M'iif11'Jiifl'\ll~~ llJ 11'U 1~:::1~1J'\I() ~~'W ~1'W 
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~ Q ;::v Q! d .d .o=:!! ~ d ~ ~ J jI 0.,; .d ~ 
~ll~Hfllfl fn'j m ~ ~ L'YIfl GJr'U ~ l'U 11 'U 11'l'flff!11 fttIlll!-l'U 1!-l1 'il~1l1. UIt'U'Ufn'j 1'1 'U ~fllfl 'tl'U I'l 'j ~'tl 111 fl'UJ 1 'U 'Yl~GJrf)ll 

~ , 
~'fI ff1'U"if'U ~ l'U 11 U'1~1f11~ fl"ll 'll~ii l.UU 'U'Ufn n:r'U'U~!1WViil'U!m::~l'U 'U'U t~'U t t'U'U ffll1l11'l 'j 

D.Mohan tm::f1w:: [43] 1~nlfn'jffmm~tnn'UfJwilm!IW::fn'jGJr'U'tlf)~'j() l'f1l'Jffl'j 

""- 0 1j,I ...e:u:::t Jll!!i QI .d QJQI QI 31,- ..s.:ll 
fflll"f) IlfIl'Jfn'j'll1"f)~1fI1I'JTIi FEA t'Wf)li'flfllf)'UI'l'jll'J'Ylf.l1'iltfl'fl'tl'Ufl'Uf1'U'tl'UU"::f::! 1'fIl'Jffl'j ll)!'~tu'U 

~~'U1m~1'Ufn'jvrWJ'Ult~1'J1n'Uf1111lU"f)'fIfil'J 1'f11'J1,*lu'jHmllfn'l"1~f1'l"1::11 ~f) Madymo 5.1 3D 

.:'1 .A <II '1 ,. '1 fjI ,. fjI ,fjI '" ....Q 1111' , ..,,,,. 
!uWf1'l"f)~llf) l'Ufn'l"'Yl'flfff)'U 1'fI1'J I11H11'fll'JffUfflll"f)'VI~!'tllGJr'Ufl'U'j()'Uff Il)!'.;j l;lU'U~11Jfn'j'Yllflfff)'U• 
f)f)m~'U 2 mw tif) 1) U'U'U lf1Hfffl.;j1l11'l'jil'U!~1l 2) U'U'U lf1Hfffl~uf'UUt .;jf)f)flu'U'UlmJ I!-l" 

'lllflfn'jflflfll'W'U'";h fn'l"GJr'U"W~ lf1HfffHu'U'Ut~1l1,*mlll!~1~ 20 km/h 'll::l,rflll HIC 800 

rll11f'Uf1'U')'U!m:: 985 rll11f'U~l'f1l'Jffl'j ff1'Ufn'j")f'U'tleH lf1'j.;jfffl~~Ui''UUt.;j lm.;jfffHlm.i'il:: l,r 

fill HIC 512 rlmi''Uf1'U,)um:: 904 rll11i''U~llf1l'Jff1'j ~~'il::!1l'U':h lf1Hfffl~~f)f)flU'U'Uhn.i 
~ 

ffl1l1'j()"'fIfill HIC 'tlf)~li~~1If1uffl'jum~f1'U,)'U111 

. 
'"I ... OJ ..

2.6.2 fn1f1fl1:mflrnmJm1mV1'~1I~lflU"Ufl1::U't1fl 

Jones, N. [44] 1~ffmnU"::'j1'U'j11l~1'U1~1'J~!~1'J1ti'Uf1111lU"H)'fIfiU'tlf)~'iHfnl'J 
" '1 fjI .Q "" fjI~ "" ... fjI.1 III fjI"" .., '" '" 

ll'4fll'J.fl1U ! I'lff.fl11::fn'j m::u'Ylfl 1l)!'~1l f::!"flfl1U"::1'll1'J'Yl1~1fI1'U'U1l1fl1l1UU1:'l:: llflll 'U fl1 'il1'J'W 1'J11'J11l111 

fIl 1~ ~1111 1:: ffll~ ~1fI 'tl f)~ 'il~flll'Jll '4 fl6~rlf)f)~fI1l'J1~u 'j~m:: U 'Ylfl111f)!rl f)'j () l'Ju~!n'flfJ'I1~!111PJ~1mh.;j 

!'l1'U ,rf).;j~l'f1l'Jffl'l"'tlf)~'j ()I'JU~~i1~'1 ~~iif1111lrllrityf)dH1l1fl~~f)~'Yl'jl'Uf1111l ffl1l1'j()1Ufn'l"i''U 

U'j .;jm::u'Ylfl'tlf)~1m~ff!l~ !wn::!rlmn'flfn'j")fUf.l1'iliiflU l'l'jll'J~tfi'fln'U~1~fnI'J1l'4fl6f11l'Jtu,rf)~ 
l'f1l'Jffl'j 1 ~ U~f)dl.;j 1 'l"~l'llll!~U fn'j I'Jlfl~'ll::t1111U 'fI t 'If!!U<>M'fI':h~f11111!~1!'Vh t'fl~~'il::u"f)'fIfil'J'lllfl 

fI1'W~ 2.13 Uff'fl.;jflllf1111lfflllTH1'tlf).;j'il~fnl'JllUfl6tUfn'j'jf)~i''UuHm::I!'Ylfl~fll'l'jld.;j~H'1 tiu• 
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J 
10 Example 

a 

g Extl'eme sm"'i'1valliInlt20..______________________'" 

100 

1---- Accf(lental falls 

1--- Fil'elnall's llet 

10 Ejector seat 

1 
VOIWltat"Y 
e:x:poslu'e 

10 
SW""i'1:vable 
emergency 

Dhnbdshlng 
chance of sm"Vival 

a 

g 

'illflfl1'W~ 2.13 d~I'Wfl·Hrht'ff~.:JtlI11lJ'ffllJnilm'j'YI'W'Il~.:J1NmVlJlf.l:l61'Wm~d''lJ 

m.:Jfl'j~U'YIfl 1~VU'ff~.:J~~fllJl1'W"'fl'.l:lW~tlI11lJfflJ_W'W'fi'timj~'jlri1'W'Il~.:JtlI11lJd.:Jl9i~m.:J~.:J~~'Il~.:J.. 
11'1fl (a/g) 'illflfl'jll'l'il~'ffllJl'jiluti~fl'jll'l~~fllfi!'~'W 3 i1.:J fi~ i1.:Jmmrl'W'H1.:Jfl'W~'jlm~m!~v 

. " 
(Voluntary exposure) t~'Wi'H'riijfh (a/g) 'Lh~lJlW 1 ii.:J 7 ~1~V1.:J'Il~.:Ji'HU lfiuti m'j1'1.:J'ilfl~ 

" . 
'Ilfl.:JllJ 1!GJ1'W trl'W~'W 1 'Wi1.:JU iim~'Wi1.:JlleJ.:Jij fl'W ~ 'j 1m!flVl l.:Jfl1V'ffllJl'j mtwi'lJ1fl1 ~vlli 'lJ 1~1~'lJ 

lJlfl i1.:J~'fffl.:Jt~'W'H1.:Jfl'W~'j1VlJ1fl (Survivable emergency) 1~'Wi1.:J~ijfl~'j1tl111lJd.:J"l.:J~'Wl'll 
flflmh1ti~ ijrll (a/g) 'llnilJlW 7 ii.:J 25 ~.:JI~'Wrll~"l.:JlJlfl'Wfl~'il~nfl1,rln~fl'W~'j1mlnl1.:Jfl1V 

" " lJ'W'.I:I61fi ~1flV1.:J'Ilfl.:Ji1.:JUli'W m'j~~~1'1l~.:Jt~lfl'l1'j.tiV m'jfl'j:t 1~~1'1.:JlJ1eJ.:J~1'li1Vl1UhJ U1'1~• 
m'j~fl'il1fl~"l.:Jtrl'W~'W i1.:J~'ff1lJt~'Wi1.:JI#V.:JGJ11~ (Diminishing chance of surviva1) 1~'Wi1.:J~ij

" .
fl~'jlri1'WtlI11lJd.:Jl9iflUH~.:J~~'Ilfl.:J 11'1fl'ff.:Jl'\'~ tifl 'll'j~lJlW 25 ii.:J 250 i1.:JUI~'Wi1.:Jlliifl~'j1VUC1~.. .. .~ 
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(a/g) 

200~~--------------------

% 
10 

10 

Short Long
dw'fttion dw'sttoll 

1~________~______L-~~________~________~ 

-2 
10 

No injlD'Y 

Stvnt inJ1D'Y 

-1 1010 1 T(s) 

'1H)fl'illmh (a/g) ~iim;9iijil.:jf11tJlJtf~l6uKJi1.:jiii:l'iloiltJ~lJ"l Ofl t'lflJ ';i:::mwun 

.dd IQ,J c:ldi/ ~ 
'lJij.:jf11'j"l1'Wm:::m1f1 (Pulse duration) 9f.:jlJf'Hlm:::l'111~ijij~'jlf11'j1J1~U'iJlIijfl~1tJ 'iJlflfll'VfVI 2.14 

Uff~.:jtl1llJfflJi'Wn'j:::1'j';il.:jV~';iTd1'W (a/g) nlln"l"'Wf11'ji'lIm.:jm:::Ul'1fl'IJij.:j-i1.:jf11tJlJ'41:.l61~tJ 

mJ.:j'lf1.:jflnrJijijfl 1~d'J'W 2 ~hlJ ~.:jif~h'Wu'jmil'W~h'W~ii';i~tJ:::n"lf11'j"l1lJm::;ul'1mf'W"l (Short 

f d ~ .de!ll .& 4 I tdt 

ff1'Wl'1ffij.:jtlt) ff1'Wl'1lJt1"1" 'Wf11';im:::Ul'1fl'Wl'W (Long Duration) 9f.:jlJrnt)Ql'1 0.1 

,.. ",,«2 ,.. ""..t !lI J 1 ..,!lI...., d , !lI d 
1'Wll'1f:H1.h::;lJ1W 10 1'Wll'1 tlJt)mmff'W~H'lJlJ i.hJ'Wl'Wfllltff'Wt)~'jlff1'W (a/g) 'il:::tl1'W1ltfflJl'1 

J 1 ..,....!lI ::: !lI.., '" 91' 91,,' d1 'jId.... ' 'I'
"lfl'IJ'W i.l'iJ:::~~fllltfflJml~l'1.:j 3 tff'W~.:j !~flm1lJ1U"1 'Wff1lJmflU"::;N"l'1 ~flTlt)'il:::t)Q t'Wff1'W 

d. --=Q I d ~ , d ~ d 
'IJ t).:j fl 'j 1~l'111.:jllijflf).:j"l11.:j'IJ ij.:jf11';i1J1~t 'iJlIlJlfl tlJf11'j 111Tllf11';i1J1~1 'iJlItlJ t).:j 'ill flN"'IJ t).:j 'j::;u:::nml'1 

" '.il.:jf11ui'1I!t'j.:jm:::Ul'1flir'W'iJ::;fflJi'WnnllV~'jlri1'W'lJt).:jtl1l:IJd.:ju"::;UH~.:j~~'lJt).:j1"fl (a/g) ~1U 
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I I JI JJ 

'lf1'J'U1~!~ 'U'lhw tlCl1"tl'U'lf1"~'U1~1~'U:lJ1tl 1~mff''\.J;]) 'Jficl1tlA'll iltlU'll'J'lf1'J11" tYfNlJ tY1lJ1Hl 

fi1U1W'~mlJtYlJtl1)~ (2.19) 

TAB =1000 (2.19) 

1~tI~ T= 'lf1"nCl1'\ltNtl1)m~U'Yltl (Pulse duration) 

A = U;]'nri1'\.J'\l~" (a/g) !rl~ a fl~ tl11lJ!1"'H~~m1lJ'Ht.h~'\l~,,11"tl1t1lJ'4'hl6 UCl:::~l g 

f 'JI f 1 

1'\.J'\lw~filii~tl1'i")j''\.Jm~U'Yltltl'U11''tl1t1,:ruri1'\.J'\l~,,11''tl1t1fitfffJ''~mlU;])lfJmtl 

d "" ..Ii .s. • d ..I 
tl1'J'U1~t~'U'\l~"ff'J'hl~1tCl:::tl~ (Head Injury Criterion, HIe) CJ1"'HmfJrt" mtl1'J'Yl'\.J;]~tl1'J'U1~1~'U'Yl 

lii~tl'U;h'hl ~ 1~fJtY1m'Jtlfi1'\.J1W'H 1'~~ltltYlJtl1'J~ (2.20) 

(2.20) 

I d ~ ~~ ~ 

HIe = mtl1)'U1~l~'U'\l~"ff)'hl~lJ'4'hlmlJmtl~tl1)")j'um:::U'Ylfl 


A = U;]·nri1'\.Jtl11lJd,,1tCl~UH~"~~'\lfN1Clfl (a/g) 

'il1f1fl1'Yl~ 2.15 !~'\.Jm1yJutY~"m1mYlJ')~·'\.J n'n~w;h"ti1tl1'J'U1~1~'U'\l~"fh'hl::::tl'U 
"" i ..Ii "" I <V • (/) ..Ii t cdt • 1 "" tl11lJl'J1 '\.Jtl1)")j'Utl'J::::U'YltlCJ1"lJy,jCl;]~~;]'i1tY1'\.J a g 'il1tlflHn '\.JUtl'\.J;]"!1J'\.Jm'\l~" HIe 'flfJlJ 

lff'U1.h::::Cl1tlr-i1'\.J~ti1 HIe 1000 ~"~liiti1mtltl';huU1!ff'utl'J::::ifm1'1'il::::!~'\.J'lf1'J~lii'flu'\.J;]'J1fJtl'U 
"" 'JI ~ A I '" ""..;. ,J..Ii • ..Ill] 'JI ,J I", "'. ( / ) ~ 
ff)'hl::::m;]lCl"lJ1m1lJuCl~'flflfJfI~::::1'YllJmfl'\l'\.J CJ1"m'Yl L'fl'il::::'\l'\.J~~f1'U~m1tY1U'\l~" a g ~nfJ 

lrl~tl11lJl1 'J'H~~tl11lJl1't.l1"UCl::::m "~")j'um::::u'Ylfl~~i '\.J tY fl11:::tl"~ 1~lfJy'htl1'Ju~tYlJtl1'J ~ (2.20) 

I:JI ., \Ij'JIcdt .d..li ll]~ ;f
1tl:111t'YlUm;]l"~ ~:::: L'fll1JUtYlJtl1)'Yl (2.21) CJ1"tY1lJ1'jrt'H1m'\l~" HIe L~1'il1tlfflJtl1)U 

(2.21) 
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HIe 1ilfl11lJLl iJ flflflU'\I fl~ ff'j 'hl~lJ"" 'hlV 
fl11lJ~~1 iUf)1'j'lfu 

g fl11lJL1~'iI1fH~H~~flfl'\lfl~ liJf1 
" 

a 

1200 

me 

900 

. 600 

300 

o 	 10 io ·30 40 

(ajg) =10 

.m'W~ 2.15 	Ufffl~f1':nrJfl11lJfflJ'titJ,r'j:::lf'h~1ilf)l'j'Ulfl~~'U'\Ifl~ff'j'hl~ HIe nmnllJ~~1itJf)l'j'lftJ 
m~U'YIf1 V 2 UiJ~U~'jlri1tJfl11lJd~n'UUH~~~fl'\lfl~ liJf1 (a/g) 

Kathleen M. 	Smith lliJ~ Peter Cummings [45] '<A'Vilf)l'jfff1'hlll~tlfl11lJfflJ'WtJ,r 

'\Ifl ~lPllUIf tl ~t 'U l~J~ ~1~Wffl'j n'Uf1 l'H~U~lPlVf)l'j ~lUlf~V'Ulflt~'Utrt fltn fl fJ-U~ ~If~ 'YIl~ 'il'j l'il 'j1fltl i.fj 

~fllJ iJtI fl. rY. 1993-2000 'il1m:::'U 'U,yVlJiJ f)l'j lffUlf1tI'\I fl~f)l'j ~flf)l'jfl11lJtliJ flflflUf)l'j 'il'j 1 'il'fYIl~ 
" " 

~1tJUM~'Ifl~ fflfi':l{VtlJ~f)l 1 fltlf)1'j ttllU'UI~u'U'j:::wh~~J~N'lfl tlffl'j t'Ul:::lf~~n'U ~J~N'1 flUffl'j 
.11 	 "''' 

t'Ul:::lf,j'1'\lfl~'jt:WtJ~9iflU~'jlf11'jt~U~'illf1f)l'j~lUlf1flf)l'j'Ulflt~'U'illf1f1l'j'il'jl'iI'jvmf)l'jfff1'hll'n'U'h 

U~ 'j 1 f)l'j t~tI~9ifl f)l'jmu'\I fl~ ~1fltlffl'j~,j~<A'ltJlf~~trtmnflf)l'j 'IftJi'i1ill'Yhn'U 0.61 (95%'Jh~fl11lJ 

t~mjtJ 0.46-0.81) 1 flUU ~'j lf1l'j tfftl;l~ '\IV~ ~1 flU ffl 'j~J~ IPlltmtl~~l~lf ~~i'i1flf)1fft~tI~,j'V tlw;h 

N'lflUffl'j~J~<A'ltJlfU'l lflui'iu~'jlt~u~t'yhn'U 0.67 (95%GJi1~mllH~mju 0.57-0.78) r-liJf)l'jfff1'hll 
" 
.ce! lsi '" 	 I d .c:l QQ tl "I ef tl
'VI ~flm'il'il:::'If1UiJflfl11lJlffU~'\Ifl~f1l'jlffU'lf1~iJ~ 'j:::lJlW 39% If'jViJflf11'j'Ul~H'iI'UiJ~ 'j:i:lJ1W 33% 

http:0.57-0.78
http:0.46-0.81
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3.1 lBfH'UflU'lJ8\jt1 

'" "" ... ~!II 0 '" 91 91 't1 "i 91.d... '" flW:::'Ufl'J'iW 1~'VIlflTHflll'UtJlq!~UflU1flllfll'jff'n~ U{l:::ff1'U 'j:::fltJlIlflHff'jl,!j'jtlU'U~ 

l'fWffl'j~Ha~ '1 'UtI'j:::!'VIff1 'VI V l~v'Ii'm.J{l'(;h'Ui'Hfl11~~lflfll'j!~'U,j'tJlq!{l~lfl~~tJ'jtl'~Uffl'j i'UI'U~ 
o !II "i_" '" ..6 '" 0 , , "" .d, ~ ;:.., '" 
tJ1!fltJ'Ul'U 11J-!I ~.'jl"lf1,!'j CU-!l~~1'U1'U~~tJ'jtlV'U~ 'fWffl'jmfl'VIq-~ 'UtI'j~!'VIff !'VIU 'Uflfl~lfl'UV-!I~ 

"'!II ":... , I .;, i,l.d '" ';', g1~ !II !II .d!ll;j
fll'j!fl'U'Ufllq! {l!l'I~!~~~lfl~~ fl'j tl fl'U"l 'Ul'I'U'VIfl1fltJffl'U!l'ItJ '11 I~'U fllq! {l'VIfl11-!1'U'U 

~ . 
1~u1Jj fll'j !~'U,j'fllq!mj'U '~11i fll'j!'Ii' 1 1t1"lf~11ifll'j Hi;~ll~~l-!1"l iifll'j ff~ fl11:1W'1fl-!1 ~fl 'j tl 

tJ ,j/ j/ 

~lfl~~l-!1"l U{l:::iifl1'11~'U'Ul~'Ufl-!l~'UriTU lflHfffl-!1'jtl'~Vff1'j~l-!lll~fli'U'UH~ l1-!1Ufll'j1~'U'Ul~ . 
'il1-!lir 

~ 

'U hJfflm'jtlm~yh1~l]fl~ li1fl-!l~lfl'U1-!1~!r'f'U i1!;']'U ml~t1'U'Ufl-!l'U1Ei'VI tJVH h~~1~l'I'Ui1 

'U'U 1'fl !m:::t1fl1:lW:::'UtJ-!I~'Uri1'U~ i ~i 'U fll'jtl'j:::fl fl'U 'j tlv'U911 'flVffl'j if'Uiifl11~fl ft'lVfI~-!lti'U ~ lfl 

'" 
~ 

....... .... ~ 91"'1 !II I tI 
'Uflfl'illfl'UflW~1~um I~~ flfllff!'Uln~ 'j:::~~ 

~1V 

3.2 fll·nl1l'111fll1NOfl"U;lf.lUfl1f1f.1t1'11'U'l.h~lflfI'flf.I 

'" 91 I I "" i tI ~ 1 '"' ~lflfll'j!fl'U'Ufllq!{ll'l'U11 fll'j~fl'jtlU'U~ ~Uffl'j 'U 'j:::!'VIff I'VIV ~V!l1l'll:::~'U'Ul~!{lfl 

Im:::'U'U 1~ fl{ll-!1 Jj'fl , ~'j~'U'Ufll'j~m!'U'U mm'1f1-!1 1'flVi If'1fl-!1'H1flfl~~'1fl-!1 !;']'U ~i''U!'Hm~fl 
~ ~ . 

'm-!lfffl-!1'jtll~Uffl'jri'Uir'U"l l1-!1ri'U ri1'U!~1'Ufl-!l~'thmrl'vk~v-!I')~'Hl1ff~ f;!t1mw t11'U1Vfl11:JJ 
I " j/ j/ 

ff::::~1fl i'U fll'j¢i l!iJ 'U -!ll'U Ut'l:::Yil'H l!111'VI1-!1fll'j~m~!vilir'U l1-!1UU'U 'U'U fl-!l'j tll~Uffl'j!!~{l~ ri'U'iI~ 

!!t'I ~ t1fl1:l W~!l1l'll::: 'UtJ-!I'1fl-!1! I~{l::: 'Jt~ 

fl1'1 ¢il!iJ'U-!ll'U''U t1fl 1:1 w:::if i 'U!!~mj-!ltJ1~~lU~ fl fll'j'Ul'Hl'j,)'fl fll'j !!~~Yil i lffll'j ~!!{l 
i'mnfJWfl1l'1l~-!lfl11:JJtI{lfl~tlm;']'U1tI 1~Ulfl Iii fl-!l ~lfllf1'j ~fffl-!1 'jtl !!~{l:::ri'Uii'j lU{l ~!VV~~ . 
U~fl~l-!1ti'U flVl~1 'j~~l~li1fl-!l ~lfltl'j:::I~'UU 

~ 

11lfldi'U'UtJ'U!'U~'Ufl~fll'jflfl1:l1U 
~ 

flW:::irfl1,rU~-!I11l1~ 
~ 

{l-!l'jlUt'I~IVU~1t1:lJ1flflil'U 
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3.3 'lYt)1Jil1A'HD'1H1fJfl'UVl1YlflD'11 

uii":h1m.:nYf1~'HlntlfJt.!~1~'Wffn 'il:::ijfl111JU~flIPi1~nt.! i,t.!11fJi:'I~:aVfJ~ 

11 ~fl~ ~V~ ijfl111Jn1 iiflt.! nt.! yf~ if'il1flfl11 ~~1J'i!fll.!i:'I ff11111 tlU~~1m~fff1.:J'IJ fl.:J 1 tlfJt.! ~1~fJff11flfl fl 

IIJ!V?I 1 "''''.:'4 1 !V !V !V '" !V '" ~~11Jt.! 4 ff1t.!'Hi:'Ifl~~t.! flfl 1) flHff11.:J~1t.!'lJ1.:J'lJfl~1tWt.!~ 1~fJff11 2) 1flHff11.:J'Hi:'I~fl1 3) 

1flHfff1.:J~1t.!'H,r1Ui:'l::: 4) 1flHfff1.:J~1t.!'H~.:J ~.:J11fJi:'I:aVfJ~i,t.!ulPii:'l:::ff1t.!'lJfl.:J1m.:Jfff1.:J ~.:J'il::: 

iln1JltJlPiilhI 

~ d «i 1 ~ 0 ~ ~ 1 iI ~ ~ d ~,iV 

~6)$fl1Jn1i:'1fl'IJ11~ ~t.!Ut.!1t.!flt.! ~tJ1J~~ff1'H11J~~~.:J flHff11.:J~'VW!ff11Jm11JU'IJ.:JUH C1Wil:::iI~ 

1Jl~1w~.:Jflm.:J'lJiI.:J 1fl1.:Jfff1~i,t.!ut.!1i.:Jui:'l:::iI~~1~9huml.:J~J.:J'lJiI.:J~1~tJffn'Ylfl~ (fJ'il1flm'Yl~ 
" 3.1 1t1~1t.!'lJ11) 'il1flfl11ri111'il'Yl1J'h fl11IPiil1fl'Hfff1.:Jff1t.!tffl1Ji'lff1lJl'.itlU~.:Jflilm1'lt.! 3 U1J1J tiil.. 

l.fl1'.ilPitl!!1J1J'lJt.!lt.! 2.fl1'.ilPitl!~1J1JVlUtJ~lJ1JUi:'l::: 3.fl1'.ilPiflU1J1Jff~1Ji'lt.!llm (Uff~~ 1~tJi:'I:::!vtJ~ it.! III 
~ 3.4) 1~tJ 1m.:Jfff1.:Jlmhif";1'il1m'Hgm~i:'I:::~;m.JlPiiltit.!'ilt.!b1'lt.!1m.:Jfff1.:J m'Yl~ 3.1 11'1t.!~1fl~1.:J 
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• v 
ffl'Hf1J1ff~fi'1~"h.J mlNil~1m-!ifffl-!iltlfJ'W"l ~fJffllU'W ":1-nJ '1'Hqjd~I'Wm~f1 

f1~V-!i'H'!wi~~m~fJlIiJ'\J'Wl~U~f1~l-!iti'W't1~ll1ml'-r-!il'W ~-!i,rVlI~'\J'Wl'fl'\JV-!iU~~~:5'W ri1'WUff'fl-!i.. 
l'W~lll-!i~ 3.1 ~-!i '~Uff'fl-!ii'11111'H'Wl1t~~'\J'Wl'fl'\JV-!im~f1~'.r1'Wml Nil'fllm -!ifffl~~l'W,rl~'\JV-!i 
l tlfJ'W"l 'flfJffll ri1'W~ru ffll,r~lt~-!if1~'\JV-!i1ffY'JJ'W'il~Uff'fl-!i '1'W1J'VI~ 4 

1 

~I 


I 

t 

r 10e.44.751 

2 

.. .. , t <JJ 

1ff~U~~~~'W ri1'WU'W!rI'W!'H ~f1f1 rlV-!i'H'!l~'fllr1'W ffl 'H ~fJlI'\J'W l'flU'fl f1~ l~ti'W i t1 iiirl fJ-!i~'W ri1'W 
v • • 

'HlIlfJ1~'\J 4 tviTW'W ihrl 'W 1'H~ml-!ilt1~1~ ~ lf1 ml 1~1J,rmJ~~1J11'\J'W l'flU~ ~ lIl'fll!l'WYiNil'fl iJ-!i hiij 
; 41 't ,., f "'I J ~ e1J w Q,II 

i'11111fflll1ffllVf1'W !'W'HmfJ'l 'fll'W !')j''W'\J'Wl'fli'11111f111-!i !'WU~~::')j'V-!i 'VI-!i'W'\J'Wf11J'VIf1f1~ i'11111 . 
o , 4' 

')j'l'Wlty'\JV-!i')j'l-!i'VI'flV 

" I II Q.I cI , 

• 

'" 't'ililtlUl"ll'ti''UU1'U flllll't'i'Ul "lI'U1Yl't'i'UU1Yll't'iilflflil0.:J 

('flll1Uff'fl.:.J l'Wtn~~ 3.2) (mm) Cmm
2 

) 

1 2 50x50 

2 2 60x40 

3 2 37x37 
d ... 

40x204 1 (m~f1~1 U) 



M,,ttl!!m~t-B/\,t-lkl'M,l~t-k\t~t-,ttHM,t':In~~t~M,I;PB~I~t-JJ~~I1~~!:fl~l ~ . 
HIlUt-~~mt1~I1I1UllA1Ulrtt-t11t-/\'nrtltlHLUt-B~rtl ~ll1lltUUIl1~lM,/\,rtIAUIlM.l$("l rtflM,M,mtt ~11M,1 '=" ~, p ". 14 'P J:;7F P t1i h 't:;7r '07 

~11 t-UJJt-~~lt-B /\,t-l b1M,L~t-M,M.nl~mt1~11t-~nt-/\,nrtltlilrtM.1BM.lt-l ~JJt-~lill rt~JJ1B~rtB$("ItlU t-~JJ11
a" J ", 0 l;7 p ~ f''' V 1 If' 

n: ~M.W I1m1ftlJJt-l'tt-t11t-~nrtlt~rt~JJ1t-lkJJHlill~mfiiU~t-~JJl1 (/\,) 17'£ ~M.llmtp llll1M,M-I1~JJ
. . ~ 

I1m1B~~LU~mfiiU~M,l;ltl~Ut-~M.llJUl~t-~ U~t~l!i!t-B/\,t-lkl'M,L~U~~W~~~~bt-ftM.l1l~mt1~11 

t-l/\,M,l~t-l~JJH~1t-B/\'Hnt-/\'nrtlt~rt~JJ1IAmtltl1t-~JJn (U) 17'£ IAM.W tb1nlrttlb1UI~1 t-~ 111111 £ 
" t1i " P t'o7 F v F". ,KlA, 1'0 

~(W~~LU~mfiiUb1l1l1nrr trt~~t-lW t-Ul.M,L~H~JJt-~~1t-Bl\,t-lb1M,L~~1l11t-lb1Ut-~~mu~l1t-l ~JJt-~lill I I ... I~ '" f' (( ((; ((; j ((; ... ((; 

11.1 t-~nt-M1ftlt~rt~JJltLUrt::1!. tllnt-l/\,M,l~t-l~JJt-~~lt-HnM,n.lM,~M,UB~rtB$(,,1Brt1
((;10" "" '" ((; ((; ((; ((; I'; '" I f' f' 

Z'£ ::1l11 I'£ ~M.WM,bt-~JJ11 

t-~~lJJII~l~M,II U~t-B/\'H/\,M,L~t-Hnt-l ~JJt-~~lM,nlM,~M,U I1BU~~n.~b1n ~M,BM,tJJM,lt-M,$("B~rtB~ '" I' ((; ((; ((; IP '" IV ~. b' 1 IF
. ~. 

~~M,M,Ul~ M,/\,rtM1Hl1t-M1ftltlilM.1 BMlM,/\,UlrtM.l rtB$("ltLUM,lIABM,1ftM.1BM.1 I1lIAB~rtB$("I~LUM,l
;i r;=" " b f r "h P hF r ~ f If' p I 

$("llAM,Lt-M,$("t::l~ltLUrt~lB::b1n UIlM.M,mrtB$("l~LUllt~B~~~B~~LUg;tfl~l U~t-B/\'lWJJlWlmUt-l/\'M,L~ t1i bp. b' 1=7 J1) IJi IF. ". I P"'t7 J:7 1'0" (6 ~ 

HkJJt-Wl t-l~M.;;:~PBB~~~~M,tpM,~t-~JJnt-~ £'£ ~M.llmbt-~JJllM,~~~B~rtB~l~~!:t-~ ~M,~M,tP 

::1l11H/\,M,ll~t-l ~JJt-~lillt-B/\,UM,M.lM,I1Ut1 BM.l U~t-~lill t-B/\'lWJJlWnUl~lrtUBBUIl UH~JJt-~lillB~~~ 
" tl " J'I) : 1f>(6 b V f,7 (!)", 

U~IlM,LbM,l t:t-~BPIl~lM,Lt-M,n1L~~LU!~!:M,,ttHkl'M,l~t-lkJJHlillI1Bu;;:~I1~LUM,b 
~ ~ ~ 

JlsJJlWnI1UH/\,M,L~t-UJJH~lB~rtB$(,,1tLU~mfiiUb1t-~JJl1 (O( lUA,Uf p 1'0(616(& I IF 1'0 t=J
. . 

017 

http:tllnt-l/\,M,l~t-l~JJt-~~lt-HnM,n.lM
http:b1M,L~t-M,M.nl
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Il.~L!frtL~rtllrttrtn~~l1t-~trtm'Lk~Hl!!lrttPrt8;Il.¥t-L~rtL~t-Lk~Hl!!lll~tLUN~~n L'f, !!-MW 
.... . 

C€ ~M,Llmbt-~~!lt-~ UWll.mlll.¥W~m~mll~nLU!t 

rt~~lt-Llt.rtL~L~1t-IlIt.t-U~t-tl!! 1 IlU-t,t-~trtlmbrtt~rtSf.Il.U~~~flt-Lt~t-Wlt-Il It.H!lt-lt.l1rtLt~rtt~l 
~ t'&" " IF:; I ;'I'f>tr&'"tfi f:> too 

Sf.i IA.U~H,t-lllt.flL~flHi ~~11l~tLurtmt-Il~lA.ll.ll.n flllrtU~mftuLt!.LrtUIlIl~l)rtllSf.l~11fl ~1t-Lt~Hl!!l 
"bF' p I""(f) blIP F' " P Y " It> 

t-lllt.tL~trtlmL~rtt~rtSf.Il.U~~~flrt t~mt~u~HIt-lllt.flL~flHi fl~lIl16 tLUt-rt HIA.Il.Il.I1 Gl!!ll.ll.llflt 1~lt>tr67tr tp "b I rF' • 

£ rt~~mtprt~t-Lt!t!!rt!,tHllt-~nrtLtl!!!!,ttbtL~fl~Utlrtfll)f.t-Lk~t-tl!!lrt~~ltLUrtb~~n rt!tmG~l 
.. .. . 

flG tll.Ull.lA.rtl fl~ltrtnll.llt~l rtllSf.ltLULIA.l)tLrtL~Hi ~I1IA.GM,mt-1A. rtLt-rtJt.Il.UHi rtllJt.lt rtnrtM,lGM,l I'f> 11). Itt (6 Itt IF 0 "b $:I' IF P J"O tr 1'0" b.", too.", 
• I ." '" " I I I 

t-U~t-tl!!lt-lllt.rtftmtltll.t-Ltt-llSf.rtfmll.nG~nurtmt-JI:> 9"£ 1A.M,LU'rti t-~~nt-~ UIW 01 mLrt~tflrtft " b f t if , ~ f" F b to I'" 

Llt.nLUrt i ~fl~trtutLU~~l rttmrtt~rtJt.ll16rtGSf.ltLU!ltrt~I1~Ut-.1tLUrtG16rtlt.rti
" b" ~ I b I IF pw}:7 'Cr It) b

.. ' .. 

rtllSf.WIl t rtt~lIlM,lt-Llt.rt L~t-L t~t-tl!!lrtt~rtSf.t-G It.t-LUGJt.rtn Il.Il. nG ~tLUt-~~11 9"f, UMltl 
" 1;.::7 IF""" It>' I,il. 'It7 
I J " • 

Z17 


http:M,lt-Llt.rt
http:tLUrtG16rtlt.rt
http:rtllJt.lt
http:HIA.Il.Il.I1
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i'UUlJlJ~ff1lJ ijrrfl'l:l W~ fll 'j I'i fl i "riJI:11t1't1fl~m~m,rllJlJ'V'I fl~nlJ lJ~!dW 1I111'i fl'tlfl~ 
, J/, I I J/ I 

1 f1'j ~ff~1~ ul'ifll'j t'iffllJl'iflU lJlJU 1~t~'U lh1t1lJ ti1fl~1I1fl i 'U fll'j t'iffllJ;$'U J;Y1'Ulii,*tff~lJfl11lJU~~m ~ 

jJ jJ jJ "1.d I jJ:: '" "'1 jJ
'Uflfl1l1fl1f1Hff'j1~1I1'U'tI1~'tIflnfltl'Ul9l I9ltlff1'j'YIflI:111lJ1UI:11'U'U tI~lJ f1Hff'j1~ 

flmY1'U~j;hflty fifl 1f1Hff~Wmr~fI1'jfltl'U~111t1ff1'j ~~Ltff1l~i'UfI1'V'1~ 3.9 1f1Hff~1~ff1'Url'1I~ 
., . 

f1J.fll'j~fll'j'lf'U fl'j~U'YIm'li'Ut~tl1nlJ1 f1'j ~ff~1~~1'U,r1~ 111 tI1m~ff~Wl1rr~f11ir'Ut~'U ff1'U liV1ItHN 

., .., 
..:::::.. I Q.I..::9 'j) Q.I 'j) 'j) 'j) .e:I r, 'j) Q.I Q.I 'j)1 

'If'U fl'j~U 'YIfl 'If'Uff1'U'I11:1~f1111~l9lfl~ 'jlJUHfl'j~U 'YIfl 111 fl f1Hff'j1~1I1'U 'tI1~'YIff~m'UlJWl1t1 11 ~'U'Um 

'YI'j1lJfl11lJff1lJ1HI i 'Ufll'j flJUHfl'j~U'YIfl'tlfl~1f1Hff~l~'I1rr~fI1'~ ~ff1lJ1'jfl flflflttlJlJ 1f1Hff~l~ 

'MmlJ1~fflJ~~1I i 'Ufll'jflJUHfl'j~U'YIfl1~ 111t1lJ~!dW~~fl~Vi1I1'jW1fld1~lJ1flfifllJ~!dW 'j fltl 

L~fllJl'ifl'j~'\1';h~1m~ff~l~'I1rr~fI1nlJ1 f1'j ~ff~1~tff1~1'U,r1~'tIfl~~1~1'jfltl'U~11Itlff1'j ~~lJ~!dwrl' 
I I J/ I 

l1'flll~tn1l fll'j tfftl'l11t1fld1~lJ1mijmn1l fllJl9lml9lfll 'j 'If'U '111 fl'V'l~ flfll1 ~~ir'U fll'j t 'iffllJ I'i fl 1fI 'j~ ff~1~ 

'11 rr~ f11~~ ijfl11lJff1flty fl~l~~~~11~~fl~111fll'j fffl'l:llt~ fl'l111, iJulJlJfll'j I'i fl~t'I1lJ 1~ fflJ I'i fl 1 iJ 
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. ~ 

~{1 V.:l~lfl1 fl 'j .:ltY~l.:ll11:l.:lfllU'Uijfl11lJ 'thrlt)llJ lfl\l.:l~l!iI'U ~v.:lfi l'ih().:li1ifll'j~V 

w iJ~nW~hmt1.:l~l.:l'1 'UV.:l 1m.:ltY~1.:l~1rJ ~.:li'Ui1~~u'U~~v'jt:lrJ'Ulfl'lflrJffl'jl~iji1ifll'jl~vlJ~V 
'j j} ... "''j j};,I j} ..; ..Ii dllJ;,I,'1 .a ''j j}
lflHff'jl.:ll1ft.:lfl1 fliJ lflHff'jl.:lfll'U'Ul.:l\PIllJf11'rfrJ 3.10 C)f.:l~~m'U lfl11 t'Ufll'j!'b'VlJIPIV tflHtY'jl.:l 

~ ilJJ Q I ~ , t,. ,,~ 4 d 91i1:!i";' d 
'U'U 11:: 'b'mftflflftV.:l11~mlJU'U1m1fl'UV~'j~1111~ tflHtY'jWtNtYV~ !lJVlff'j 1Il!ft111~!'b'VlJUfltYV~ 

j} '" ~ 'j j} ~ ij} d.a, "" ''I '" fll'U1.h~flViJfl'U~'UIU'U lflHff'jl~ ~lfl'U'U 'b'mftfl!'b'vlJIPIVlh::fliJiJ'jnW~lJ'Uv~'jVrJIPIV t'Uftfl't:lW~ 
,.", .. i jI.c! d ~ J 4 q ~ ~ • d C Q.I d QI JJ 
lfl.:l!'rW l1lJfl11lJ!!'U~1I) .:l''WlJ'U'U !'U V.:l ~lfliJ'jnw 'U IU'U ~fl\PI V'YIfflflt)l'YI ~~ 'j iJU 'j ~m::;u'YIfll1 'j V 

II)~iJ~'Uv~1m~ff~l~!rlV!n~fll'j'W~flfl'h 

mfl 
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., , 

G]f'W hm'W""Htfl'W;i'W 1f1Hffr1,rYii''lJHHfl'j~H'VIfl1"tJ\PIH h~/!!fi HC)fffC)f 1f1HffrH~l'W.u\~tm~ 
~ ... d 1 ~~ ~ 0'11 flHff'jHln'l~fI1 'iJ1flflWI'YI 3.11 Hff"~ flHff'jH"1'W11'W1'IJfl~'jt1tJ'W\PI "tJff1'j 

~ ~ ... 0'1 '" ... ~... 1 ~ ~ ~ <!I 1 '''' 1flHff'j1~"1'W 111:1~'jt1tJ'W \PI "tJff1nmfl'lHU~fl1:I1tJfl'IJ flHff'j1~"1'W l1'W1f1fl lJlJ 
'JI 'JI I I 

fll'j tff~lJ 1 flHffr1~lJ1flt!fliit-wtJ~~'W ri1'WH1:I~Vl'W Vi Hff111i''IJ~''fl'j~'iJfll1~~ ~~Hff"~1 'Wf11Y1Vi 3.12 

~ d1 ~ 0 0 , ~ <!i... 1 ~ 0'1 ""'" 
'lJfllJ1:I'VI "'iJ1flfll'jff1'j1'iJ'YI1 11'V1'j1'IJm1:lfl'l;ltu~ flHff'j1~'lJfl~'jt1tJ'W\PI "tJff1'j H1:I~11ifll'j.. ., 

~fl1fI'j ~ffrl~'jt1tJ'W ~11"tJff1'j ~~fll 'W lh~t'YIff1'VItJ~~flri11lJ1H~1 'iJ1flt!'Wfltu~t!fl1~tJ1~tJ1 

Vi 1fll 'j fffl'l;ll~fl 1"tJ1'W fll'j fffl'l;l 1 'iJ~Vi1 fll'j fffl'l;l 1i~H 'IJ'IJfll'j 'VI" 1:1 fl~H1:I ~1"tJfll'j ffrl~H 'IJ 'IJ ~ 11:1 fl~ 
'YI1~flfllJ~1t\PIfl{ ~~'iJ~flri11U~1'W'IJ'VI~fl"l 111 



.
... 

tJ'fI'fI 4 

. 
':trw '\J()~ i fI1 ~ff~1~ 'j(jv'W~i~lrJffl'j'\J'W 1~'il~~ i~tJlIi1u 

~ 

'il~*t11&ff'Wm~tJ~'j1tJn~&v tJ~ '\J()~&tll()~i1 tI 
~ . 

un:::1nfllll'rhu'W ff1'WHnl1 '~'il:::t11!ff'W();''W1Ii1~()',j 

.ei ~ ~:¥II <4
4.1 Itl'HI-3'l18Y1l'lf lUfll'.iftfl'lJ1 

~ ~. 
;,'W~1'W1~tJul~ttlltl'li1m1lifll'W fil'jffm:n~'1~tlltju 

.ei <4 
4.1.1 Ifl'.iMYI~U"8'Ufll'.ifl~UQ:::fll'.i~-3 

;Q,QI• ~ .::lGl"~ Jd.4 , QI 

LfI18'1i1~fftlllfillfl~un:::fll'j~'1i1 t"lf &'W'Il'W1'iltJ'WlJ"Iftl1'1 ESH Testing Limited ~'1 

Uff~'11'WflTn~ 4.1 ~'1&tl~()'1~'1mh1L~'Wlfl~()'1i1~fftlll~l~l~1I11fltllJii1l~ tI,nlll:: 1111 Hydraulic . ~ ~ 
Q.4.= 0 liJ"Q,I.eQ 

;, 'W fill tl111fJlJfll'ji11'11'W Ifl'jtl~i1~fftlll'WffllJll (ji11fil'ji1~ff()11 l~i1'1fil'j ~'1 (Tensile Test) un~ 

!lI • I"''''' "' d!ll ..9 ... • 111 :P
fll'jfl~ (Compressive Test) 'Vt'jtllJf;l:umW1LfI11::'I1HnUn::mll'\Jtll.,ln CJ1'1lJfl11lJffllJll(ji11'11'W !~l 

.,g ... 1II!lI '" .,g !':It
t:l'I 2,000 kN m'::lJ'j:::V::fl~ !~~'1~~ 200 mm ffllJ1'jf11l'Wi1flHnfllli1~n()'111l'Wm'j:: (Load) un~ 

.,g 1II!lI.... .,g ..9 .... !':It d d ... 
l:::tJ:::fl~/~~ (Displacement) !~tltJl'1n:::ltItJ~(j'l'l'.lfl~ 0.04 mm CJ1'1(jtl11l'U'Wfl11lJn::ltIV~i1L'VttJ'I'Vt() 

~ 
0, Q.I.:9 do" "QI ~ QI

ffl'11 'jllfll'j rtfllJ lfll'jLfftJ'I11tJUlIlIU'j '1m::i11"1fl~ (Quasi-Static) 'Vt'j tllJi1'1Uff~~HtU1J'W~1m'\Jun::: 

L~tJ'Wm Wn~'t'i'W11 'W tlfl 'illflif'l11fl~tI~fll'j Vi lfil'j i1 ~fftllJ i ~tJtl111fJlJ ~1VU'j 'I m~Vi lL~'W'I1lifl~ 
• 111 ~ .1'" '" .ld.1 '. ..9.1 QI 1II!lI ... .,g

ffllJ1HIi11 !~ !~tJ:u'jlll~~lIfll'jL:untJ'Wu:un'l'\JtI'IUNm::i11 CJ1~:u'j1l !~n::ltItJ~t:l'I 0.1 kN 

.. .eQ .. J4 . "d Q 4 
lfl 'j tI'Ii1~ fftlll flll ~'1Un::fl~Ltl 'j tI'I 'W lJ()gun1i1fllfl1"1fl1rt1mllJ f;l~ffl '11 fl1'j tlW:: 

1rt1m'jlJrtlff~' '11lJ11i1 tJllitJf;lllnll"1fTnU tlVH''j~~llJtiitI'I 'illmfl~()'1i1~ fftllJ~~mh1Fh'Wfll'j 

;,~'11'WlJ1'Wl'W ~'1tfi~fll'j'l111~ ;''W'j~'I111'1;'~'11'W Vil1M'flW::Ufl1~tJ~()'1Vilflll,j11l,jl '11mj i~tJ 
~ . 

fil'j ~~~tI"If~ '1,j'j UmlJfl111tllJ un::UH'Ifl1l1tllJfllll1Hl'W hnj ~ntl~'il'W111fll'jff()lILl1tJlILflltl~Vfl
q q q 

~ . 
'11 n1tJtlf~ ff '1Hn;, M'~()'1;'~'111,j'j::lJ1WlIl'1ff1'W'W()flmiltl'illfluH'Wl1nl'11'W~'~l~lJ un::1~l1nl1'W 

• "" .I
fill ~1m'W '11'W 'Wl'W'\J'W 

http:liJ"Q,I.eQ
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. .. . 

~fl~tFl'YI~H"tl'Ufll'jfl~H!"~fll'jA~il ~~ l.rt 'W fll'j't1~ffO'U1m~fffl~!~mi1fll'j fftl'U 

r~tl'UhhumlJ FEA lumwfllm~u'U'Ufl11lJ!~1~1 fitl'W~lI~\hhJmmlJhJH;·n'Wl'W~l'W'U'Wl~ 

l'l1qj~u 1~tl1.w1ufll'j't1~ffo'U lm~fffl-l1l1f1fll'jfl~ ''WUU1UflU (Axial Crush) fll'j~~ (Bending 
.. 

Moment) !m~fll'jti~ (Twisting) 'uri1U'UO-lfll'jti~irumu~Ufl1~tli~"'lfll'jOOflU'U'U1m~fffl-l 

,r1~'Ult'U'U~!fl"l;l!~O"'lfll'jti~ 1m>lfffl-lilfl~1tl 

-=' .4 ~ tI 
iIl')'t'" 4.1 !fI'jO>l'YI~ffO'U Compressive & Tensile Test Machine um:;~~flOlJl'f11I9lmfl1'UfJlJ 

. . .. 
!fI~O-l't1~fftl'Ufll'jm~U't1f1~1.lf1U-llU1~tJilij~fI'l;IW~!~U110~>l "'l-llU1 ~tlfll'j 

I j)~ 4 gJ : QI Q,I ~ 11 Q & 4~?tII"Otl1'11 t1tlUlJ1" '11 'j O~lIUmUfll9l fI">l m~'t1'UfI'U'lfU >l1'W mtlfll'jl9lflU'U'U Off'j~ CJf>lI't1f1U flUl'UU 

!'YIflUfl~1.lf-llUnU1~mt1 ill 

!fl~O>l't1~ffo'Ufll'im~U't1f1ii'flw~1~tli~"'lfll'iOOfll!'U'U lm:::fffl>l~U l~tlij. . .. .., .., 1 Q .cl ... 1 91 " , a . 31.4 2 
"fI'l;IW:::~>lUff~-l Uflll'f'YI 4.2 lfl'jO>lU1J'j:::flO'Ufl1mffl~-l 4 m m'Wm>lllU't1'Wfl11>l Ixl m ~>l 4 m 

I 'I • 

~~Ufffl>llUflWj~ 4.2 (fI) ~lU'UU'Utl>l!fl~O>lijf11U!~6!!'U1UlloU1I1"fio'W~1I:::t1ftOtl1,rl9lflm:::'t1'U 
" I tI 1 

;U>ll'W'YI~ffO'U~l'Wftl>l ~>lUfffl>l 1Uflll'f~ 4.2 ('U) Iltl'W1I1"ilffllJ1'j(Hll~tlu'UU1~ i~19l1lJfl1111 
iI '" ""<j OJ 1 & l' .I iI 1iI" "I
I9ltl>lfll'j U":::1I'UU1~~-l-q~ 25 fI ~"fI'jll 'Wfll'ifl>ltltlU1I1"'UUfllU'UU 'lfll6!I9ltl'i'UUlfl 1 Hp tUfll'j 

fI~lulltl'W1I1,,~'Will ~!1'W~lUftl-l'Utl~!fl~O>l~fl~~!fl~tl-l1~UH (Load Cell) 'lfUfl Dynamic Load 

i gJ9I ,~ QI d. Q ~ 1 ~ ~QI 4. ~ Q,I

Cell 1fllU'UUU't1U!'VW1~UHm:::U't1f1't1Lf1~'UU U'lfU>ll'W Utlfl1l1f1Utl>l1l'Qtlmwull">lfftytylW 

d)l .4 dl d4.l.. .J'~ do"Q,I f Q,I 

lm:::lfl'U'UOlq!" !'Yw'U'W't1f1f11UHm:::U'YIfI't11flfl'U'W lmo~ull">lfftytylWU!'UUU'l1tl KYOWA iU 

DSC toOA ffllJl HI'UU-nfl 1fm.J" i~m:;!iltlfl~~-qflO>l 50,000 1iilfitl1Ul~ (5 kHz) 
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(fl) 

..i .,j .d ~ .1 .,j i~ 
fIl'W'n 4.2 !fI·H)~l'1~"H.l1Jfl1'jm~Hl'1flH1J1J Drop Hammer Tower mn.lfl!!1J1J H"~ff'jl~'\I'U!'VH.l 'If . ".
i 'U fl1'j1~tJ (fl) .fl1~"m:jw~l1flfh;j'U'Jl~ll"fltJ~lJtJ1l'nrfl!'Vlm"11~!!Hm~!!l'1fl ('\I) .fl1~rid'U1J'U 

" " '\Ifl~'Il~l'1~" fl~ !!ff~~"fllJ W~fl1'j~~~~~lJtJ1MUflflfl'l..l 11 "fltJ~ fl 
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.. ~ t! 
4.1.3 lA'H'I~Aa:JJ'Vtl1Vla"1 
I. jI jI • 

tf11tI~A tllJybt~H)lii1 ,*1ufll'li'i lU1fl.!lu fll 'if'fflEn1~emf~iltrtu f1 tllJfb!~1tI1ii ii 

f11llJ!~1'i\l~ n1t1~~lfl1ufll'il'1~H"tI'UU~'tl~f1f~~~1,*n'tl11ufllnh~lJ1'tlH'tlU lU'H'tllV4~ llJ~ ~~rl' 
~utI~ti'U!1t1u ''\JU'tl~'\Jtl1Jl'\J~~1ff1tfti'UhhumlJ !'lfU t01U1U Element flfl.!fflJ,j~'\JtI~1ff~ l~wlu 

jI jI I , iI 

fll'i frflEnAf~iMitlflL'*A tllJ~11~tlliiiithd1l'1~.fll'VHI,r'lfliiffllJl'i f:l ~f1'H1,~u'Jh~nmuu '~uri 
~ '0 ~ 1" ))"0 <V .QQI~

CPU Intel PentIUm 4 3.2 GHz 'HU1Vf11llJ~1 (RAM) 2 GB C)f~ffllJl'if:l 'J1~lU !f1ffl'H'i'U~lU1~VU 

. . 
4 4 _I 44 

4.1.4 lA1a~:JJaUQ::fAufl1WaU' 

~ ~ QlQI'-''' t " ~<II;rQlb]"l"A.dI ~ Utlfl~lmmtl~lJtl'H'tlfl~H !flfl'tl11lJ1U'tl1 ~lU1~VUV~ tf1 'J1'f1'itl~lJtlu'tl~f../timfl.! 

gU'1I'lfU!f1~tI~.gm~u,tll'tl'H~ '~uri 1f1~tl~flii~ !f1~tI~!~tllJ 'f1~tI~i'U l'tl'H~u'tl~'f1~m CNC ,rtu 

91 ..i.... 91 d'!l ,. '" <f "'... ... d <f 
~u C)f~lJtI~U'tl1l'1f'1ltl! H,;jlUf1fl.!~1ff1m'ilJfflffm lJ'Hl1l'1Vl'tltlf../'U'tl'il'J1tilU U'tl~'t1tTUV CNC 

SI. • 

f1fl.!~1ff1m 'ilJft1ff~1 lJ'H11't1 m~vf../'U 'tl'il'J1tilU Utlfl~lflUiJ~L'*1f11tI~jjtl1f1~1~'1 U'tl~'f11 tI-3 

,jUVifl.fl1~ !rtu~u 

SI 

1U,;j lui~tlU~~ ~tI,;jl1lfll 'i l'1fl'tl tI~~1V1~ fll'il'1fl'tl tI-3 ~~-3 U'tl~l1 lfll'i 't1fl'tl f.l~~1tlfll'i 
• SI 

~1'tlml'1Hf1t1lJ~11\9ltll lflvl,*l'1.humlJ"h~'il'itl't11~ FEA 11t1 ABAQUS <;l,;juU~-3~tI-3l'1'il'U
'" 

fiJfl.!fflJ,j~!;f-3fl'tl'\JtI~1ff~~1 '*1Ufll'itl'i~fltl'U1m~-N~l~!fftlritlU !~m~tlu1tfuri1thumlJ 

QI~~ QI !,9h=l..:::l ~ ~1Ufll'i'Hlflfl.!fflJ'U~U'J1-3fl'tl'\Jtl~1ff~UU 'J11tifll'ifl~lJl~'i!lU (Standard Tensile Test) C)f,;j 

Irtu1~fll'i~UtllJ1,*lf1mh111 f1fl.!~Ufl1.gv'~'~'U~1t1~1~m~fl~1,*lu fll'il1l1 m -3ff~l-3'if:lVU~ 

lf1tlffl'i ~lfl~~l~'1 ~lflJUthh1~u,tI~u-nu1tf,rtu 'tI~llJlJl~'i!lUfll'i't1f1 fff.l'U lflvfll'if'fflEnrl' 

'~ff,;j;fu-31U 111l'1flfftl'U~tTUU'f1~tI~jjf.l1l'1Vlfflff~lu'tl~,'t1f11u li'lU lJ'Hl1l'1m~ml'1f11uli'lU"l'iUl~ 
Ui'l~~tTuu!l'1f11u li'luli'l'H~ui'l~1ff~u"y~'J1l~ (MTEC) "hUfl~lUi~Ul1l'1mfflff\9l1ui'l~!l'1f11u li'lU 

SI • 

mi ,;j'J1l~ (ff1't1'J1.) ~lflUu~~'lllflfl.!fflJ~~l~'1 ii'~~lflflTJ't1flfff.l'UlJll1lfll'i11m1~MUi'l~'ll1lJ11'* 
luhhumlJ FEA !~tlltf'~f1fl.!fflJ,j~~ul1'~~~'\JtI,;j lm~ff~1~Ui'l~f11llJU:uuiil'\JtI~Hi'l~'~~lflfll'i• 

• SI • 

l'1f1fftl'U~1tlltlmmlJ FEA .fl1~ii 4.3 Ufffl~;U~lU'rlflfftl'U (Specimen) ii'~~lflfll'il'1f1fftl'U~~ 

http:f1fl.!~Ufl1.gv
http:II;rQlb]"l"A.dI


so 


fl1'Vl~ 4.3 d~'W;'W'YI~fftl1J~rhWfl1'j'YI~HH)1J~~ (Tensile Test) 1~t:UrI'W~1tl(h~~'~ 
fl"1Jfl'W'illfHj'WU1'YIfl1'W 1~V1~11~U~~1ff~ml~'I11~ (MTEC) dl,rfl~l'Wi~\ni'VIV1tYlff~lu~~ 

I .. III l' ! .d, './I ......,;f ..II 
l'VIfI 1 1 ~VUl1~'I11~ '" 

(ff1'Y1'11') U~~'illflfl1'j'VI~fftl1J li1f11'IJtl~fl1'j~'VI 'I1tm~'j~V~Vl\l~1'IJtl~'II''W~1'W G1f~'W 

ffl111'j tJU 1;j'tl\!mJl1:Uv'WflH~'~~llJfl1'W~ 4.4 

3000 

Z 2000-
1000 

o 2 4 6 8 10 12 
Extension (mm) 

. . 
"" -.I <!I "" './I ...1l1'W't14.4 ttff~~flnn'IJtl~'j::;V;:;V~ (Extension) U~::;fl1'j::; (Load) 'VI ~'illflf11'j'YIl\lff'01J1ff~ 

fl1'Vl~ 4.4 IrI'Wml-W~'~'illflfl1'j'VI~fftl1J1ff~~1mh~~'~''Wfl1'jfffl~1f1Hfffl.:J 

'jtJV'W~1~tJffl'j ~nlflml-W'il::;Ul'Urif11'j111filf1f.UfflJ1r~~1~G1
II 

1'lf'W fil1lJl\l"fffl1111li~l1V'W.:uqJ I 
ill • •QI' ~ jI QI~ A.'!t" QI Ie:JII( " , '" 

(Elastic) 'lJtl.:J1ff~ 1I~::;fI1fl1'j::;'l~i:ll\lI1J'W~'W fJf.Ut1'111J~I1Jtl~~'W'lJtl{j1ff~'VIl~ Uff~~ 'W~l'jl{j'VI 4.1 
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Specimen No. 
Width 

(mm) 

Thickness 

(mm) 

Area 

(mm
2 
) 

Maximum Load 

(N) 

Gage length 

(mm) 

Nl 13.49 0.79 10.657 3305.01 65 

N2 12.2 0.88 10.736 3560.54 65 

N3 12.9 1.02 13.158 4124.7 65 

N4 14.13 0.94 13.282 3850.75 65 

N5 14.37 0.84 12.708 4047.37 65 

. 
,ct Q"I 1 J Ij}..e:.. 4 <Q; I 

llll'nni 4.2 Uff'fl~'fl1fltJ1~fI1f1111Jlf1'W'IlH (True Stress) fl111Jlfl'HJ'fl'llH (True Strain) U~::;fll 

Plastic Strain ~'~'Illflfll'J'YI'flfffl'lJ1ff~ 

Engineering 

2
Stress (kN/mm ) 

F 
a=

A 

Engineering 

Strain 

I e. =--1mtnZ 
0 

True Stress 

(MN/m2) 

a=airnlJ+y 

True Strain 

I =In(l +&non) 

Plastic Strain 

epl =el _ (J' 

E 

I 

112.9331 

118.5798 

124.2264 

131.7553 

0.0032 

0.0058 

0.0103 

.0231 

113.2950 

119.2636 

125.5000 

134.7958 

0.0032 

0.0058 

0.0102 

0.0228 

0.0015 

0.0040 

0.0084 

0.0208 

i 
! 

138.6566 

141.7939 

144.3033 

i 0.0519 

0.0872 

0.1256 

145.8561 

154.1562 

162.4344 

0.0506 

0.0836 

0.1184 

0.0485 

0.0813 

0.1160 

144.9590 0.1385 165.0303 0.1297 0.1273 

iI .cd" iI 1Ij) , Q"I ~ Q.I' fJ'Q/Q,I Q,.f 

'" fl\!~'YI &'fl 'Illflfll'J 'YI'fl ff fl'lJ1J1'fl'J! 1'W 'i)::; lfm"'fl~m'J:::!1~::;'J::;tJ::;~'lJ'f11 C)f~ ff1J~'W1)fl'W'fl~ 
.., . 

Uff'fl~trJ'Wfl'Jl....J''Wm~Vi 4.4 'Illm!'W'i)::;~fl~Ulfhm'J:::Vi'~'W1t~~::;')h~1Jl1tU~~lrJ'Wfl111Jlli'W'YI1~ 

1ff1fl'J'J1J (Engineering Stress) lm:::fl111JlflltJ'fl'Yl1~1ff1fl'J'J1J (Engineering Strain) U~1fll'W1W 

~fl'UlrJ'Wfl111Jlli'W'Il~~ (True strain) fl111Jlf1ltJ'fl'll~'i (True Strain) !1~:::fh Plastic strain l'fltJ 
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~1V~1'ifh~ti11nw'~m"~H i 'U~l'.il'i~ 4.2 fil~t11'U1W,~if'il~\lfllh'tli~'UU'lJ'lJ~1"V'i1tY~'tlV'i 
1flHtY!Hi'Uff1'U'tlv'in1n1fmV~~1fJ FEA ~v'tI 

4.3 lthun'itJ FEA m..nUn11ftn'J1 (ABAQUS) 

~'i '~fl~11mU~1i'U'lJ'YI~ 1 .. FEA':h1m'in1'.i1~fJifi-M1t1'jufl·n.J"ht~'il'jtlm'i ~v 

'" .ttYfJflV'U 

. ., 
FEA ViilfJlIL-M'il'U-n'i ''Uff1'U'tl V'i-!Jl'U1~fJ u,,~ 

... ..~ "" '" . ,~"mflt:l~tYWim'jll tYll11'j()1tfl'jl~111Jty111m-!J1ff1fl'j 'j1l flV fJ1-!J 11 "lfll1 "lfJ 1'lf'U 1Jty111f11'Un1'.i'lf'U 

n1'jt4''UtY~t'"v'U fl1111!V'U 'tlV-!J '11" tm~fll'.iliYfJ111fJU'lJ'lJ~1'i'1 trl'U~'U 1tI'j umlliftl'j~flV'lJ'tI . ., 
~1fJff1'U11 trfl'tl ~H1tI'jumllVidlrlty~-!JiA 

,J'~ " • .I,;, '" "i. '"i 'UtY1'U'Ut1J'U n1'j tY'jHU'lJ'lJ 'ill" V~'tl'Ul"'Wt~'j fJlIfll'.i'YIfltYV'lJ ~flfJtYl111'j ()'YI1 fI 

2 U'lJ'lJ flV "" U'lJ'lJmfl1flfJn1'j i 'If " ABAQUS\CAE C}f-!JlI"fl'l:lW~'YIflrmJfl'lJn1'jl'tlfJ'Ul.9 "'.., d l' OJ '" tli'U "itl~ 'jumll 

1;jtJ'UU'lJ'lJ111Vm'il'il~t;jfJ'U'illfl1t1'jumll~1~tJ1n'lJm-!J~1'Ufll'.it;jtJ'UU'lJ'lJ (CAD) t,r'U Solid Work ~ 

,~ U~1~-!J~-!Jt.,rl111 i-Mi'U1tI'.iumll ABAQUS\CAE U'lJ'lJ~tYV~l;jfJ'U1f1fJn1'jL-Mt11t4'~L'Ufl1'l:11'tlV-!J 

1t1'jumll ABAQUS lf1tJ'il~t;jtJ'Ui'Utrfl'l:lw:::trl'U Text File Format 111m~fJfl':h Input File ~-!J"'M~ 
'~'il~ij'Ull1tYf.!"trl'U *.inp ~1V~1~11t!1'ilV'tlV-!J ABAQUS\CAE utYfI-!Ji'Um....~ 4.5 ff1'U~1V~1-!J 
trfl'l:lW~'tlV-!Jn1'jl;jfJ'U1tI'jumll~1fJ1Ti Text File Format UtYfI~ ,'Ufl1.... ~ 4.6 

., 
i'Uff1'UiA'UVfl'illfl'il~~V~tY!nm .... 'tlV~1 fl'j ~tY!l~ i ,rij'tl'Ulf1U,,~trfl'l:lW~ll1ijV'U 

'il~'iU~1 iJ-!J~V'ifiln1'jifft1v'U1'tl~'U'l'l~t~fJ1.,rV'i '';'U flWtYlIiJ~'tlm1tYfi• • 11v'U''tl'tlv'lJt'tl~ trfl'l:lW~I 

'tlv-!Jm'j~~m~vh 11v'U''tl'tlV~~bffllrltY 'lfilfl'tlV-!Jm~lll'U~ ~1'U1'U'tlV'ilV~11l'U~ 'lfilfl'tlv-!Jn1'j 

... .." d " c;l ~" .9';' iii ~ d, "i .oS'.11fl'jl:::11 'tlV\l"'YI~V'in1'jlfl'lJ 11J'U~'U C}f~l'iV'U t'tl'YI-!Jl1l1f1'Y1 'If 'U lt1'jumll'il~1If-1"~Vfll'jm'U1W 
Jill t 

U,,~ f-I"Vi'~1111 flfll'jt11'U 1W ~-!Jl!'U flW~1~tJ~-!J'~filn1'j 'YIfltYV'lJ tVlV111fJWtYlIiJ~~l'i'1 Vi ~11rI'U U,,~ 

filn1'j tYvwVifJ'lJ 1 tI'j Ufl 'jlln'lJ f-I"fll'j'YIfl "v-!Jt~V,,r1i''U' 'il11f-1"n1'j t11'U 1W~1tJU 'lJ'lJ ~1"V~'YI1~ 

flVlI<W':1l~v1tYlm'j() l-M-!Jl'U '~'il~ -!J (l~V'in1'jtYvwVitJ'lJ 1t1mmll'il~fl~11il-!J i 'Ur11.,rV~V'1 1 tI) 
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. 

"" .., ~ 'LI

fll'ft'rl 4.5 Uff~-:.I"fliHU::':'HU1\1V'IlV-:.I nJ'Htm:IJ ABAQUS\CAE 

I 0 

4.3.2 D"J'U'UtHfl11fll'UltuND 

I 
~ 

"' ... 
~ 

.., _I "i "i_I 0 ~ 
I 

... lit 
1 

'" ~ 
ffdUUflV'IlU~VU01'i1l1~:lJd"~" ~~U ~111 Um:IJ\1~U1'1lVlJ"U"::':!-:.IVU ~ 'Il'VIffl 1-:.1 

111 UU 'U'IJ ~1"V-:.I:lJl'ti 1011fl1UdWU,,~tJl~:lJd" ~"~1:IJ1i011 ~1~!~UU111 u1111 ummhuu'ifl i U 

" 	 .
"hUUff1:IJ11fJ,.h'~ffv-:.I1Tl flV 1Tlmfl1~dioN ABAQUS\CAE 1ififfm1~u011'oN 

ABAQUS\Command ~-:.IltJ'ium:IJ\1dh011fl1Ud~fl1~l:IJ~'~n1'HU~!ivu1'1lu"~'Ilv'tH'Il~'Ilv-:.Ifid 
U1l1~l-:.1"1 

4.3.3 	al'U'Utl~fl11Ui.T~~ND'Utl~1'lhAln111 

"hu 'IlV-:.I01'iUff~-:.IN"flV ff1U ~111'ium:IJuff~-:.I~"01'ifl1U1W~1~VVfl:IJ1 1~tJ 
" 	 . 

V1\1Uff~-:.I N"i U,'ilu'IJ'IJ'Il tNfl1'ft:JfU-:.I1Ui U5fl'lJW::':~1-:.1"1 fll'im::.: \11tJ~1'1lV-:.I~1U'il1fi~V-:.Iflll 'H '1V 
" 	 . . 

mwl !r1u~u 'u1'il'ium:IJuff1ufiioNuff~-:.IN" flV ABAQUSWiewer l~tJ\1~\h'li'vlJ"'H'1vN"fi'~ 

\llflflll'il'i::'::lJ1"N"iUff1U 2 t;Ufl'hhhf ODB :IJ1til~Uff~-:.I~" !l4vfhflll,jUl1flfl1~1u'il'i~l-:.1"1 . 	 ," 
11:IJg-:.l'li'VlJ"fi1'illumlnh'uUl1fl1~'IlW::.:Vi101'i'VI~ffV'IJ \11fltru \1::': 'Ill'li'vlJ" 1'ilioNi Uflll 

fl1UdW'H1fl1'ft5-:.1-:.11U~~i'IJ~v1 'il 

http:u1'il'ium:IJuff1ufiioNuff~-:.IN
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cylinder2
*HEADING 
Aluminum truncated cone with the thickness varies as x, subjectec
axial compression.
** 

**The geometry of cylinder

** 

*PREPRINT, CONTACT=NO, ECHO=NO, HISTORY=NO, MODEL=NO 

*,~ 

**Model Definition 

**conical Shell: cone number 2 

**TOp diameter 27.5 mm. 

**Base diameter 68.0 mm. 

**Height 85.0 mm. 

**Non-uniform thickness 

**Node 32x19 = 608 nodes 
**Element 32x18 = 576 elements 
**Explicit analysis

** 

'~NODE 
I, 25.0E-3, O. , O. 
20, -24.6922E-3, O. , -3.9108E-3 
21, -25.0E-3, O. , O. 
40, 24.6922E-3, O. , 3.9108E-3 
,~* 

3001, 25.0E-3, -120.0E-3, O. 

3020, -24.6922E-3, -120.0E-3, -3.9108E-3 

3021, -25.0E-3, -120.0E-3, O. 
3040, 24.6922E-3, -120.0E-3, 3.9108E-3 

** 

*NGEN, NSET=TOPN 

1, 20, 1, , 0., 0., O. 
21, 40, I, , 0., 0., O. 

*NGEN, NSET=BASEN 

3001, 3020, 1, , 0., -120.0E-3, O. 
3021, 3040, 1, , 0., -120.0E-3, O. 
*NFILL, NSET=ALLN 
TOPN, BASEN, 30, 100 
** 

**Element 

** 

*ELEMENT, TYPE=S4R 

I, 1, 101, 102, 2 

*ELGEN, ELSET=ELSA 

1, 39, 1, 1, 30, 100, 100 

*ELEMENT, TYPE=S4R 

40, 40, 140, 101, 1 

*ELGEN, ELSET=ELSB 

40, 1, 1, 1, 30, 100, 100 

*ELSET, ELSET=ALLE1 

ELSA, ELSB 
** 

**Axis property and Material 

** 

*ORIENTATION, NAME=CONE, SYSTEM=CYLINDRlCAL 

0., -5.0E-3, 0., 0, -120.0E-3, O. 

'Itt, 

... "_I .., ......
4.4 f)11trfl1JlflfnJ I1J'U&tl1U FEA ntJlBf)11f1~afl.:J 

!~f),,r~'Wt1l111t1mfl'nJ FEA ~t~~l'WffllJl'Hlt,rfh~f)'U~\1f)~tN fff)~fl"'f).:Jn'UN1:I 

m'J11~1:If).!.l ~~ '~'tilm'Jfff)'U!fitJ'Uu'U'U~11:1f).!.l111.!.l FEA n'Um'J11~1:If)~lll~ l~tJ''Wm'J fff)'UtfitJ'U11::: 

o d (V )I d ~ " d 
111m'Jfff)'U!l1tJ'Uf)'Ufl1'J~m'J'If'W~1tJfl11lJt'J1~1 (Quasi-Static Loading) un:::fl1'J'If'Wfl1tJfl11lJt'J1 
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cI cI "V .l' .. 
. 

4.4.1 1UJt'l~ !f)rJ~'UtHfl11t'l'8'U1'r1rJUillrJ 'ftm1~fl11"'U\>11rJfllUU11ft
0 1 

"" .Jt, "" "" J!! 'II ~ ... ,'11....'II 'JI11~HH)'1!lhJ"lf'Uff1'1Hff·nJfl11:IJU'IJ'IH'.i'l'IJfl'llm'lff11'1~lU'lJ1'1'fH 3 HUtJ ~'1 ~fl1itJ1tJ:lJ1U(l1 

4.4.1.1 fl11'r1~t'lf)~'iI;~ 

!m 'Iff'.i1'111 "lf111fl1'.il1i'1fffltJtlJ'U 1m'Iff1 Htff'.i1Jft111JU'IJ'IU'.i'l11'1 3 utJtJ 11 ~1 'il1flfl1'.itfl'IJ'lJfl\j(l 

• ':,'JI'l'JI.,j .$ dli]Ji"'"
fl1'.i11~(lfl'lff1U'U ~ ~ ''If!m fl'll1~fffltJfl1'.i ~'I U(l~fl1'.i fl~fl1:IJl1 '~l fl1itJ1tJ 

, ~ 'II d 
1 !'U'I11'IJfll1 4.1 

!'it."jtlJ'UtmfHl1~fffltJ .: 'JI 'JI "" 'JIt'Ufl1'.i11~(lfl'l'Ut"lffl1'.i~fl1'.ifli'li'l1tJft11:IJ!'.i1UtJtJ"lf1"1 
"i 'II d'l 'JI 0 ~ "i J!!.... "" ~ d,Ji "" 'II 

'illfl~~fl'.i(ltJ'U~li'1tJff1'.i~1'1"1 '~uti 1) fl1'.i~flHtJtJ'IJ'U1'U'l'IJUU1'Ufl'U 2) fl1'.i~fl!!'lJtJl1LLtJ'Il:I1JU(l~ 

3) fl1'.i ~ flU'IJ'lJffilurJ'UtI(ll ~'I~'U 'I1'U~'l~!~'U~U'Il'U~ff~1'1 'il1fl1ff~ 'ill 'I U(lg;lj'IJU1i'1!'yi1n'IJ'IJ'U 1Vi1 

'IJfl'llm'Iff!1'1tffl1Jft111JU~'IlL'.i 'I'lJfl'l'.i(loUff 1 GJffl'l ilflllW~'IJfl'l~'U 'I1'UU'IJ'IJ~1'1"1 ~t~'l 'Ufl1'.i 

'Yli'l(lfl'lUff~'I'l'Ufl1'n~ 4.7 

(fl) ('1.1) (ft) 

mft~ 4.7 Uffi'l'l~'Uri1u'lJfl'llm '1ff!1'1~ff~1'1~'Uff1'Yii''IJ'l~'Ufl1'.il1i'1fffl'IJ (fl) fl1'.i~flU 'IJ'IJ'IJ'U1U 

'l'UU'U1'Ufl'U ('1.1) fl1'.i~flU'IJ'IJ'YllW'll:l1J (ft) fl1'.i~flU'IJ'lJffilurJ'Utlm 

'il1flfl1'n~ 4.7 uff~'11m'lff~1'1ri1'Ulffl1Jft111JU~'1lL'.i'l~1'U.u"'~'.i(ltJ'U~ 

lVi1tJff1'.i~'l~ 'Ufl1'.i l'Ii'1fffl'IJ '1 'Ufl1'.i 'Yli'lfffl'IJ 'il~Vi1fl1'.i11~fffl'IJ~1Ufl1'.i~ 3 u 'IJ'IJ~m:a'h~l'1n'U ;'ifl 

1) fl1'.il'Ii'1fffl'IJfl1tJt~fl1'.i~fl1'.ifli'l 'l'UU'U1UflU 2) fl1tJ'l~.fl1'.i~fl1'.i~i'I 3) fl1tJ'l~.fl1'.i~fl1'.iiJ~ li'1u'lu 

. . 

Q,I .. 6'1 4 

'Yli'lfffl'IJfl'IJtft'.ifl'l'Yli'lfffl'IJ Uff~'1 ~'U.fl1'n'Yl 4.8 
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. 	 " 
'illflm~Yi 4.8 Uff~~~fl't:lW::::fll'j~~~,m~::::fll'j'YI~lH)~ lf1Hff!l~ 

mfJl~m'j::::u'lJ'lJ~l~"l l~fJm~~ 4.8 (fl) Uff~~~fl'1lW::::fll'j~'lJti~ lm~ff!l~~i''lJm'j::::~'-;lfJm~fl~ 
<) -el .., '" "'I 1 31 <)31 31 '" 
t'WU'W1!1fl'W m~'YI 4.8 ('1.1) Uff~~~fl'1lW::::fll'j'il'lJfJ~ flHff'jl~mfJ tflfll'j'YI~fftl'lJ~1fJm'j::::U'lJ'lJ~~ 

I 	 "I 'II tJ 

lh'Wm~Yi 4.8 (fI) U~:::: (~) Uff~~~fl'1lW::::fll'j.o'lJti~~'W~l'WYii''lJm'j::::u'lJ'lJii~ '¥i~ilflW::::irfl1~fJ'~ 
Q,I ... iT.a I 1 ~ 'GJ"'~ ~ ~ " 41'" 01 	 I
~~'Wlf.JlJmWL~tl')f1fJ 'Wfll'jff";ll~m'j::::fll~ tl1Ufl')f'W~1'Wl~1Jl~1J~1fJ 11'W 11~lfJfltlfll'j'YIlfl111J 

" 
L,rl1 'il 'il:::: 'UtlufJfltli'lJ1fJ'jlfJlt::::lflfJ~'Utl~11i fll'j 'YIA~tl~U'lJ mh~"l ,r~~tl , lIil 

(1) 	m1n~tTtl'Um1tm1'11'"''UU'U1Un'U (Axial load) 

<) <)31 4. 1 <)31 0'" ... " 
t 'W fll'j'YI~fftl'lJ'il:::: !')flmtl~'YIAfftl'lJ ~W! ')fm'jtU'lJ'lJfl~m::::'YIlfl'lJ')f'W~l'W 

, 31 ~ 11) 3/'" .., .., "'I Ji .... 1 3/ -el, 31 .,; ... d 31 .... 
tlfJl~')fl"l qf~ ~~1Jfll'jtltlflU'lJ'lJfl1'il'lJfJ~L~tlH)~'j 'lJ fl Hff'jl~'YI 'If'YI~ fftlm~1JLfl1Jm fl'W tlfJ ~~Uff~~ 

fil, 	 J/ I JI, 

l'Wm~Yi 4.8 (fl) 'l1'W~1'WYi'~''Wfll'j'YI~fftl'lJir'Wij1J1~Yi1m~'lfifJ~n'W fitl ~'W~l'WYi~tlU'lJ'lJ'U'Wl'Wij 
J/ J/. 	 J1" , 

t'hl1irfl 1.7 kg ~'W~l'WYi~tl1L'lJ'lJ'YIUfJ~1d1JU~::::~tlU'lJ'lJff~'lJ'w'WlImijtlll1irfl 1.65 kg ~'WnuYi'~ 
d" 	 d , ,ta1'Wfll'j'YIAfftl'lJ1J'U'W1~fl111Jfl1H 250 mm U~::::fJl1 480 rom m~flUfllt::')f'W1Jfl111J11'Wll1'j::::1J1W 1 

" 	 . 
rom ''Wfll'j'YI~fftl'lJ'~filfll'j'YI~fftl'lJ lfl'j~ff!1~U~~::U'lJ'lJ~1'W1'W 3 fli'~ L-ntl~Afl111Jf:j~~~1~'illfl 
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• 	 I 'JI t 

~lfHfljV{I'YI"ffV'U fiVtl1'j~fJ~~'U~1 (Stroke) n'Um'j~iil~ (Load) ~lf1,:ru~~ihU'm.!1;rfi'~'I.h~fJU 

m1v.J!'~mntl1m'j~"ci'U'Vl~{I{l1U~V 'tJ 

(2) 	m'fl~tTtl'UIl1'::m''''U~n!,yHn'lJmi'~ (Bending load) 

!dV{I~lfHfl~V{I'YI"ffV'U 1"fJi111"ffV'Um'j~" (Bending Test Jig) ~iitl~ 
>I. 	 >I 

L~lJiifl11lJf1~l{1tJ'j~:JJ1W 150 rom U~~U{l1uiil~um'j'YI"fftl'U,:ruiifl11lJf1~1{1 250 rom Ufl~fJ11 

..II ", " "" "" <&I" "" • 1"".1 "" "" "I '''I''480 	rom il'jf{lf111{1n11fl11lJf1d1{1'11V{I't1111"ffV'Ut"lJ ~{I~V{llJf11hJ'j'UlJH't1111"ffv'Um'j~" L'HlJ L'H• 
,'JI I 	 JI 

iifl11lJn~1{1 500 rom t~v'jtl{li''Un'U~U{l1U'~ ~{luff"{llum'Vlii 4.8 ('II) f11'll1"ffV'U~::fh 3 fli'{I 

o I 	 ~ ~ ~ " ~,"4 d 
Ufl~'l~fJ:::'IItl{lf11'ln~m~111~V'lfU{l1U 30 rom lUUU1~{lmn 'IIVlqIfll1 "~lfHmtl{ll1"ffV'U~~tf1'U 

fim~U'l::fJ::~'U~1 (Stroke) n'U.m'l~ (Load) ~1~ lrtV'~tl1U~TYi1f11'lltJ~fJUtl1h1',~u:ylJ~" 
(Radian) n'U1lJllJU~~" (Bending Moment) U~1l-htl1 'tJfff1{1m1v.Jl-r1tl't11tllm'l~"ci'U'Vl~{I{l1U 

~tl'tJ 

(3) 	m'fl~tTtl'lJm"'lJ1l11::IIU'lJij~ (Twisting load) 

1Um'll1"fftl'Uf11'jiJ"'~'Yi1m'ltlVf1U'U'Ui111~ffV'U1mj tJ'j ~nv'U~1fJi1 

<&1..11<&1"" '''''';1' ..II. """..II "1"it ... ..t 1 '" ";<&1
fJ"il'jf{I fJ~~"v~n'Ul1~t1U 't1U {I ff1U vn"1U 't1 U {I tl tl nu'U'U1't1 't1:yU "L'Vl tl'U,,'lfU {I1U "fJ tl1fffJUH'YI~ {I 

H1U~flUi ~{luff"{llum'Vl~ 4.8 (f1) ri1Um'Vl~ 4.8 ({I) Uff"{I!ln'j.jw~'IIV{ltfl~V{ll1v~l~lum'l 
"" .,; ".I it "I" ..II .,

l1"fftl'Uf11'j'U" (Twisting Jig) 'YIVVnU'U'UUfl~ff'll{1'11Ut'Vltll'lfl1"ffV'U il'jf,;jf11'l'YI~fftl'U~~111m'j 

'YI"fftl'U 3 fli{l!'lfunu lUf11'j'YI"fftl'U1~11tlU''II!'liul~t'Jdn'Um'j11~ffV'U~1fJm'l~f11'l'lfU1U 

m:::'Yi1~vrff'ufl1"ffil{l 90 rom fifl~'~~lfHfI~V{l11"fftl'U\l:::1~'Utl1'~Utl1'l:::fJ:::fJ'U~1n'Um'j:::~• 
>I • 

m:::'Yi1 ~ln,:ru'Yi1m'jltJiifJutl1'l::fJ::~'U~1l..rt~u:ylJiJ" (Radian) n'UUHiJ~ (Torque) U~TI.hrh'tJ 

fff1{1 n 'l1l'h-r1tl 't11tl1 f11 'j ""ci'U'Vl ~{I,;j1U
OJ 

" 	 ..."" 4.4.1.2 m1fl~tTtl'lJ~ltllfi FEA 

,-r1v'Yi1m'jfftl'UlfifJ'U 1 tJmmlJ~m'j'lfUu'U'Ufl11lJ'~1~1 ~{I '~fff1{1 

U'U'U~lflV{ll11{1 FEA 'IIV{I1m{lfffHU~fl::U'U'U 1"fJ1aVn'~1ViltlJU~U'U'UltJaVn'U1{1 (Shell 

Element) 'lfij" 4 ~,,~V (S4R) 1flHfff1{1~'YI"ffV'U'U1tJ'jumlJ~~fff1{1'..rii~n'j.jW:::~l{1" ~llJ'U 
.,; ..II.". ""..t "I ... , 	 ... ",,1,,, ..., " 

m'Vll1 4.9 il'jf{ltHlJtlUn'U'lfU{l1U !um'jl1"flV{I\lH um'j'YI"fltl{l'YI1{1fltllJ'Vl11~fl'jU ~fflJ:y~ 't1 
>I >I 

1flHfffn';{I't1lJ"1~UU'U'UtilvA~fJ1nU iiflWfflJ,j~'IIV{l1ff"trJUU'U'U Elastic Plastic Strain 

"I " • d,3I <&I d ";<11 "<II "". I "" Hardening 1~w !'lffl1~llJ'YI "~lf1f11'll1"ffV'U",;jlJ1m!lU fl11lJl'j111! 'If l Uf11'll1"ffV'UlJfI1!l11f1'U 

m'j'YI"fltl{l flV 10 nun/min ii'l:::m::n"'UUU1Uf1U 60 rom 'j~fJ::::ylJ~" 0.17 m~fJU ff1't1i''Uf11'j 
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'Yl~tHl'Uf11j~~ UCl~~lJiJ~ 0.28 m~~J'u ffl'Yti''Uf11j'Yl~tH)'lJf11jiJ~ ~1'U1'Ul{l~llJ'U~~'1,*'1'UU~Cl:::; 
d,1 	 "" ",..6?t. "" ",d lIJ.JI

mWuj:::;lJ1W 30,000 l{lmlJ'U~ C)f~11J'U ~1'U 1'UH)ClllJ'U~'YlmlJ1~fflJUCl~ ~~l~lflf11j'Yl~ff{l'UUCl:::; 

"" '" ..6 d ",1'1 '" 91 "i A I ...
11ml~'Yt Mesh Independence C)f~fjJ:::;Uff~~jl[JCl~m[J~~{l u 'U'Yt1'\1{l 4.5 ~~fJluU'U'UUCl~Clfl1:lW:::; 

'\I~H lflj ~ff~l~~'1,*'Yl~ff{l'U'1 'U hhumlJ FEA ~'lIfjJlflm..,~ 4.10 

(fl)(fl) 

d 	 ,1, "i 91d9l.1'1 ... '" ,
ill'rt" 4.9 Uff~~'lfUff1'U'\I{l~ ~flj ~ffjl~'YIffjl~'\I'U 'Ufl{llJ"'11~m (fl) f11j~{lU'U'U'\I'U 1'U 

'1'UU'U1'U fl'U ('\I) f11j~{)11'U'U'YIU[J~~lJ (fl) f11j~flU'U'Uffft'UVJ'UtlCll 

(fl) (fl) 

ill'rt~ 4.10 	 Uff~~ftfl'tUU:::;f11j.o'Ufj~ lm'lff~1~~H1'UltijUmlJfl{llJVi11~{lf (fl) f11j'YI~ff{l'U1I1fJ 
mj:::;U'U'Ufl~ ('\I) f11j'YI~ff{l'U1I1[Jmj:::;u'U'U~~ (fl) f11j'Yl~ff{l'U1I1fJmj:::;u'U'Uii~ 

d 	 tl "i 91 d... 'lm..,'YI 4.10 (fl) Uff~~l U'U'U ~flHffj1~'YIj'Umj:::;U'U'Ufl~ 'UU'U1Ufl'U 

"i '1"" y do , , d d f "t QJ

l~W 'Yt ~flHffn~'YI'YIlf11j'YI~ff{l'U11~{l[Jj:::;'Yt1HUN'U1~ml'\1~lm~ (Rigid body) ff{l~UN'UUCl1.. ,. 

o " ~ 	 .d ~ '1"0.; JJ 	 0 oQf11'Yt'U~~~ flH{l~ (Reference Node) 'YIUN'U Rigid body 'YI'Iff{l~ UCl:::;f11'Yt'U~ 'YtfflJtlj:::;ff'YItifl11lJ 

" . 
1fffJ~'Yl1'U j:::;wh~F-hfflJ Nffl 'l'hti'U ,;~'YtlJ~fi{l 0.3 1~fJfh'Yt 'U ~ 'l~UN'UU~~lfl~ ~1I1'Uth~fj~~~ti'UVi 

I ,d d 91 GI do" dev Q,J" Y 
ffl'UUN'U U'\l~1m~~1'U'U'UffllJ1jt:l fl~Cl~ ~'UU'U1~~UCl:::;'Yl1'Yt'U 1'Y11~j:::;fJ:::;~'U~1'\1{l~ ~m ~ff'J H ~1fl 

f " 	 ,. 

l;lJ~'U ~'U ff'U 'l~j :::;fJ:::;~'U~1 tY1'U ~~V'1~v~1I1'U rl HYi 1'Yt,r lVi1~m~tl6mfJ1Vi'lI~lflfl1'J fl~ 
d ?t tl "i 91 d 91

m..,'YI 4.10 	('\I) 11J'Uf11jUff~'11 U'U'U ~fl'J~ff'Jl~'YI'Yl~ff{l'U~1fJmj:::;U'U'U 

Q,I ,. d QI ... I ,.. " a • d 	 1Q" 
~~ ~~fJlJ ~~ j {l~j 'Uff{l~~~ 'U'JA1W ~l'UuCllfJ'\Ifl~ ~m 'I ffn'lUCl ~lJ'YI{l'U m Clfl'YI j '1m:::; 'U {lflfl~fl~m~ 

'1 "!iI ~ QJ .,. 0 QlQ QJ QI QI ~ 'jI Q 

flClH~1'U'U'U'Yt'U~~1 ~~fJf11'Yt'U~fJWfflJ'U~'\I{l'l~1jfl~'J'UUCl~~1fl~ 'Ytl1J'U Rigid Body ~~{lHfl'l 

111 'U'U 'U 'lIfi1'Yt'U~ '1 ~1~'J:::;fJ:::;fJ'U~1UCl:::;1~fhm 'Ifl~ th'Ulll'UrlHfil'Yt'U~ '1mi~ut1'U '~'1~lf1gfl'U~• 
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fJ Wff1lU~~'U'"mjjtJ'U fl'lJfll'j'YI~fftJ'lJU'lJ 'lJfl~i 'UtI'U 1t1fl'U 

tll~~ 4.10 (fl) l~'UltlU1.i'lJ lflHff!l'1~i''Utll'j~U'U'Uti~ ij~tlmW'i''Uv~ 
.d_ 1 ~ ~ ~ jlGl ~ ~ ~ 0 QlQ <V ~ ~ )J ~ 
'YIlJl'lltJ'YI'IfftJ'Il~tJ ~ 'If ! 'Ufll'j'U~')f'U'I1'U C)f'lfll'H'U~fJW ff1l'U~'UtJ'I~1'lJ~'YI'1fftJ'Il 'H l'U'UU'U'U Rigid 

Body Ul'l~ij~~~l'1~'1~~Hflm'l'U~H~tlmW'V~~tJ..f'lfftJ'I<G'l'1 L~tJ1~'j~tJ~fll'jti~Ul'l~1~l11L1I'U~~ 
Lf)~~1flfll'jti~Ul'l~l~mmlJ1'"1fll'jfl1'U1W~tJ1 tI fJW ff1JU~g'U.., 1'H jjtJ'Ufl'Ufll 'j 'YI~fftJ'UU'U'Ufl~i 'U 

tL'U 1 tLfl 'U1'If'U fl'U 

... "'!'I y y .. 
4.4.2 11t1Q~ltltlfl1JtHfll1l;1tl'UI't1t1'U 1I1t1lft.fln~ fll1"'Uilltlfll11J111i.:a 

d 'j/ 'j/ d! ;::S~d 
fll'j fftJ'Ul'YItJ'U 1 tI'j tLm1JtlltJl~fll'jm ~u'YIfl~1tJfl11111'j 1~ 'I'U 'U1I111 fll'.i 

oQ 'j/ (V .d d;<v~ 
~11'U'U'I1'Ufl mtJfl'Ufll'j'YI~fftJ'U'YIfl111J1'j1~1 ~'1'U 

4.4.2.1 nl1t1i1Qtl~4);~ 
" .

fll'.i'YI~l'ltJ'I~1'1"'11~tJfll':rU1;'Url1'UmH<G'1'1U'U'U1~U1fl'UVi'YI~l'ltJ'I~1U 
. " . 

fl111Jl~1~1 tltJ;;'U'I1'UVi~tJtt1J'U'U'U1'U U'U'U 'YIUU'l~1J Ul'l:;U'U'Uff~'U..,'Utll'll ij.., 1fll'j'YI~ fftJ'Ui'UlH 

Y ~ 1 Z ,Yd
m~U'YIfl~1mfl'jtJ'I'YI~fftJ'Ufll'jm~U'YIflUUU Drop Hammer Tower ~tJ')f'U'I1'U1l~\lfl11'1 1'Y1!1'U 

'UtJ'I'fl~tJ'Il'U~fI'Ww:;11mfll'.iV~!1'U (Simply Supported) ~'IUff~'Il'Utll~~ 4.11 (fl) 

(n) (fl) 

. ". 
fIl'Wfl 4.11 11ff~'I ~fllIW:;fll'j i'~11'1;'U 'I1'U'YI~ fftJ'U1'Ulfl1tJ'I'YI~fftJ'Ufll'jm~U'YIfl (fl) 19l1tJfh'lfll'.i 

" i'~11'I;;'U'11'U'U'U U";'U 1~U 'j 'I tlUmml1 tJ'U fll'j'YI~ fftJ'U ('U) 
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" 
fl1 'H"~1'm~ ~m::U'VIm", 1 ~hwf11~11rimJ~1J'u 111 irfl1:l'UJ1'i11 m:: fJ:: Tl d 11J•,,:(V I~ ~"d'

tI~ 2.5 m 1fl1J'U1l1'Uflll::~fltlfJ1~tlff~::1:I~m::'VI'IJ"lf'\.N1'UAdfJm11Jt~dfltl'Um::'VI'lJ11~::mtU 7 mls 
_I ..k • , ,,-l '" II) .." d
(1J~::mtU 25 kmIh) C]j'~1I::'VI1 l1"lf'U~1'U~'IJ~d L1111~::mtU 105 mm A~HffA~ 'Ufl1~'VI 4.11 ('\I) 111:1:: 

(Tl) 111m!'U fi1f11~ <u'Unflm ~11ilnlfJ1 1 'U'lh~n1:l1~1~" ~1:ItlAf11~tfffJt111~tI1 '*1 'U fl1~fi1'UdtU t;, 
~ft~~l'U~Ai'IJ~v1 11 

v ...'" 4.4.2.2 f1l1'r1Y1tf8'UYlltllfi FEA 

'~tlfi1fl1~ffVmVifJ'IJ 111'lum1J~fl1'l"lf'UU'U'UTl11111~d~~ ~~ 1~ff~1~ 

U'U'IJ~l1:ltl~'VI1~ FEA '\ItI~ lm~ff1'l~U~1:l::U'U'U iAmntlfl1,*1t1~I1J'U~U'U'Ul11iivfl'lJ1~ (Shell 

A , ~ 3I.d: 1 ,.... I " GJ 9/d GI , 91 Q,I

Element) 'If'UA 4 ~A~tI (S4R) LTlHff~l~'VI'VIAfftl'U 'U !1Jmm1JlI::ff~l~ Ll11J1:Ifl'iltU::~H" Tl1:l1Ufl'IJ 

GI 'Ci d ~ 4 GI ~ 1 A ~ o'~1"~dtlU1~ L'Ufl1~'VI 4.9 C]j'~m1JtI'Ufl'IJ'lf'U~l'U 'UflH'VIA1:ltl~lIH ''Ufl1~'VIA1:ltl~'VI1~Tltl1l~dl~tI~'U A 

" " 
ff1l1J ~111'i m ~ ff1'H);~l11JAtrJ'UU'IJ'Utatl!AUdn'U iiTltU ff1J<U~'\I tI~1ffAlrJ'UU'IJ'IJ Elastic Plastic 

, "" 
Strain Hardening iAU',*fi1~111Vi 1~1l1flfl1'l'VIAfftl'IJ~~mm!1'U 1I1flU'U 1~~11:1t1~~1JU1l1Ufl 

(Impact Head) U1:l::!l'U'ltl~ (Anvil) 111',rJ'U Rigid Element lAUfi1l1'UA,itl'U''\I'\Itlm'\l~'\IV~~1J 
: "'... ,_f"'; " ,,, d ..d1 ..k... 

'U1l1'UflTltl l11Tl1:ltl'U'VI 'UU'UdUfl'U1:I~mA1'U1:l1~AdUTld11Jl'ld 7 mls C]j'~m1ltl'Ufl1~'VIA1:ItI~lIH 1t1:l:: 

n1l1'UAn1:l1''Ufl1~tTlgtl'U~ 0.015 sec ci1~1I::fi1'11'ii~::U::flA''UU'UdUfl'U11'l::mtU 105 mm mijv'U 

f11nlA1:IV~ ftfl'iltU::'\ItI~U'IJ'U~l1:lV,:j'Vl1~ FEA ~, '*,'U f11'l~l1:1t1,:jfl1~::f11~m::H'VIflHffA~''Ufl1~~ 
4.12 

Impact Head 

Structure 

Anvil 
• 
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flW t'nJ'INi~ff1fltygU'l~ihl1U~i UH1J1J~l1:'lfN 1~m) ff'lJ11'S~ff'Vltfl11'lJ 
" . . 

~ff[J~'Vl1U'S~l1':h~~bff'lJNffti111U~ t H'!'Vhf1U,:r~l1'lJ~tifl 0.3 ff1UflW ff'lJ<U~'\lfl~1ff~.rnt~ff'lJl;!~t,f 

fl~tU'M1~fl11'lJU~l1quHm;'lb~flTHl1g[JUHl11:'l~fl11'lJlfl~tJ~ t~tflal'lJu~u1J1Jll1i1flfl1J1~1j 4 ~~~fl 
.:::::. cf,di ~A< I ~ d',. 0 9J " , ~ d<II dl cv , g,J 

tfl1:'lt'lJU~'Vl ')flJ'S~'lJ1W 30,000 ~fl1:'ll'lJU~ &~[Jfl1l1U~ ~l1!lU~lU1:'ll~[J~~~fl1J'Vl ff1UflflU'lJ11:'l 
I , ". t ,,, • 

~lU1JU111~m~'Vl1Jfl11'lJfl11'lJl~1 7 mls UUff1'lJ1'Smfli1flUl1tUUU1fi~t'Vhuu U1:'l~'thl1l!1111~ . " . 
'S~ [J~[J1J\9l1'\l fl~1fl 'S ~ ff!1~ 'il1m~'lJ~U'ilU ffU ff~'S ~[J~[J1J\9l1 ff1U ~~01~f)~~1U ci 1~ ..11111!1111~U 'S ~ 

q q q 15 

l1iifi~tJ1~'~'il1flfl11fl~ 

o .er...tAt. 
4.5 fll'i't'llmU1U'tlilll1Uf)tl"1~ (Mesh Independence) 

fl1'S111~lU1Utfl a~'lJU~f)ff'S:.arJUfl1'S111 ~lU1Ulflat'lJU~~!11 'lJ1~ff'lJt~fl 'il~ t ~fl11 ff!1~ 
. 1 ~ ~ lA I .ok "''''''' 1 do. ... ".1.,j

U'U'U'il11:'lfl~'\lfl~ flHffl1.:J &U lJ'SlIm'lJ FEA CJ1~'lJ1'Iifl1'Sm ~tuft'lJ'il1U1U'\lfl~lfl1:'lI'lJU~'\lUl'Sfl[J'l 

(11; flflflfl1'S 1:'l ~'\lU l~'\lfl~tflat'lJU~1:'l.:J!~fltJ'l) t Ufl1'S'Vl~fffl1J u~1:'l~ flf~ 'il1mfuU1r-41:'l~ '~'lJ1 
1m[J'U ll1tJ'Uf1U1~[J~~\9l';lU11'S\9l1t~\9l111 rt.:J trJu \9l1;1~ 'ilU m~..t~ti1"Jfl~\9l1U111 ~Yi'il1';1 W1JU1j 

" t Ufl1';1fffl"l,:n{i1~'t11fl1';1ff!1.:JU'U'U ~ 11:'l fl~u'U'U~mJU 1'1...1 t unU1U flU 

flWff'lJ<U~'\lfl~1ff~U1:'l~t~flU l'tJ'tJfl.:J 111 mm'lJ~~l~fln1J1[J'lJ1u~1 't11fl1':UYi'lJ ~lU1u'tJfl.:Jtfla1:IJU~ .. " 
'il1fl~lU1U 2,000 tflal'lJU') 1111lfltJ'l 'ilum~,:r.:J1j~lU1U~~"l~ 70,000 tflal'lJU~ 'il1flUUtH' 

. ". 
111';1 Um'lJri1u1w lI1:'l~11'S~'lJ11:'lr-41:'l1~tui1flfl;' ~ti1ft€1.:J~lU ~~i1JlrJU\9l1;1~ fl1:'l11'~'il1flfl1Hhu1W 

'il1flU'U'U~l1:'lfl~~1j ~1U1Utflat'lJU~~1.:J'l Uff~~!rJumTn~.:JfI1ft~ 4.13 

3.5 

-E 3 
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'Ii,,,,,,,, Element 

. . " 
fI1'Vtn 4.13 Uff\9l~m1vJfl1':i111ti1~lU1Utflat'lJU~11tl1'lJl~ff'lJ 1~tJ;'~ft€1~~lU~\9li'UlrJU\9l1;1~.. 
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Q '0 ...... .... ...1 "J " 'i/o ..I ..I .oi .... 5ft ' 
1l~m'W11111'W1'WmmlJ'W111ln::tJ1W 30,000 lfllUlJ'Wl1'IJ'W ~1l11::; ~'Hfl111fl'U'YIfl~'YI tlJflfl~U'U'Wfl1fl11lJ 

, ....... ,1 ..I "J'i/o "'.. .... .. 2.1 "J_I ::QI

'H'W1U'W'W'lJfl'llmHlJ'W1111fl'n'W'YI1l~ ~4fnJ1'W1'W'flmlJ'W111ln:tJ1W 102,000 m~tlJ'Wl1/m 'IJ'W DJ ~~'W'W 

t'Wmlffnfjlrl'~~t~mi'lllJ'W~'IJ'Wl~ 30,000 l'eJi'lllJ'W~t'Wmlffnfjl11~ij~i~ lm~~l'Wiiv li1fl~~ln 

o "J.}' 'i/ QI ::" ' Q ~ Q
ffl:tJ11f1 'YIl'W lUN~ ~ ~I\l nl1ij~l1Hn'Uml 'YI~~ ij~ 'YI~ ~ 'W ff1'W'lJij~fl11lJll1111U~~fl11lJt1 Tq~ 

• v 

(11V~~lVV~tnrnti'UN~mlffij'Ut~V'Ull~nril1()~ t 'W'U'YIt1~ '11) t 'Wi!h~'U~fl'1l~~ '1{,,1111l1umlJu 

'lI'IJU1VN~t~'Wmlffnfjl1flHff!1~1f1,jff~h'W~1~"1 U'U'Ul~lllllU'U'U 1~Ut~'IJ'Wl~'IJij~lm~ff~l~ 
.... ..1/... QI" '" 'i/ , "1_1.1

'lIH C)f~11U~~tijV~'lJij~ml'Y1~ffij'U~~1l::;'UnU1U ~'W'H1'IJijl1fl ~1J'W 

4.6 ftl'.i'JI?lt:r8'Uftl "''U'U8~1fl1 ,n,i\~v\'n'..YH'UM1t'1l1'UPl1?llIal1 

" ' .1 .... 'i/ .}' 'i/ Q " 'i/~ 'W ff1'W'W 'lItijtl'U1Vml'Y1~fffl'Uml')f'W'lJfl~UN~1 m ~ffl1~V'll'W'lJ1~U'U'U111lJUN~ l~v !')f 

iii FEA 1~m:;lml'HlfiwHr~~1'Wrl~cH'U'lJfl~UN'I1m~ff~1~1{1'W,j'1~lf1U'W~1~Vff11 l~u~ 

1flHff~1~~dhi1'Wlff~lJfl11lJU~'1UH~ijml~ij 3 U'U'U ~~'li'mh1~1'WlJ1U~1t'W'U'YI~ 3 m'n~ 

3.4 i 'WnT:i 'YI~fffl'Unl'H'W~ t 1-f1m ~ff~l~i''Uml::;ml')f'W t 'WU'W1Un'WU~~i''Uml~ml')f'W1{1'W,j'1'1 i'W 

:: ..1/ 5ft ... d QI .... .1 "I 'i/ ~ "I_I _I....'" 'i/
U'W111~'itln C)f~''U'W~nfjw~nl':i')f'W'YIlJmn~'IJ'W ~~'YI1 ~1J ml')f'Wl1Ju'U'U~~n~11~~ff~N~ !'H 

'if ... _I'i/ QI '" <'II ....... QI..I/" 'i/ 'i/ '" ..I1flHffdl~lffVl1J~1Vmm~fl~ f111~~ 'Hlijml'U~~TnlJ"1 n'W C)f~~t !'HN~fl~lun'Um::;'U1'Wml'Y1 

'~Vilmlfffl'Ul~U'U1llmmlJlJ1U~1 t'Wml'Y1~ffij'U'l{nl'H'W~flWfflJ,j~~l~"1 t1-fti'U 1m~ff~1~ 

l'li'Wt~v1ti'U~nl'H'W~ t 1-ft 'Wl1ij'Wmlffij'Ut~V'U111 mmlJ vm1''W'IJ'W1~U~~lll'YIl '1'IJij~1m'1ff~l'1~.. 
v .oi ,,'i/~tff!l'1Ii'J'W 'IJ'W 1~!vil ~~~ 'illn'l1'W nl'H'W~ t 1-f11l1 um ml1nl':i,j'W .yjnN~'IJ ij~~1u1l1~ 1~ "1 t'nij !')f 

rll'W 1W 'H lfi l'n~'1~l'Wrl~cH'U'lJij~1m~ff~l'1 lrlij'I{N~~lnmlrll'W1WU~1~~.yhnl1i'fll1~rfNm~fl 

1ill V'U!~U'Ufl11lJ ffllJl1 fI'lJfl'l1 m ~ff~1'1U~~~U'U'U~ffl:tJ11f1~~cH'U'n~~'11'W 'l{u~n~l~ ti'W 

• "I _1.1 5ft "'... 0 "I' 'i/ ..I" 'i/"
l1ij ~1J'W~~l'U'Wml ijli'U1V~nfjW~'lJij'lU'U'U~l~ij~ ~ flHffl1~'YI ~')f ~'Wml'Y1~ffij'U'YI1'1 
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~ . 
"fl£lru::at'U'U ~lf1fl,;j'iOeJ'U~l~eJ'ffTH1'U'Ul~:IJ fl'U ,\:j't.m'ff~,;j '1'Ufll'Vft; 4.14 

(fl) (11) 

m ..... ~ 4.14 U'ff~,;j~11U'U'U~1f1fl,;j'YI1,;j FEA 11 fl,;j ff1'U11 'i::flfl'U lf1H'ff!1,;j'ioeJ'U~1~eJ'ff1'i (fl) U'ff~,;j 
91 "1 1 1 91 "1 d1 f1H'ff'i1,;j'iOeJ'U~ ~eJ'ff1'iU'U'U1Wfl'ff1'U (11) U'ff~,;j f1H'ff'i1,;j'iOU'U\Pl ~U'ff1'i'YI 

11'i :: mm1'ff~ 'ill U~/1 

d " , I "1 oJ , Gl ... 1 ' 
'il1flm'ilfl'U11fl\lfl'il1fl~\Plfl'iOeJ'U~ ~U'ff1'.i ru 'ffm'U'YI~l,;j'lfl1U ~'UlJ'.i~l'YIf'I' 'Vt'U11 

91 91 91 "1 "'.1 .1 .11 '1 91 '" 1 "" 1'1mN1 f1H'ff'i1,;j~1'U111,;j11fl,;j'.iOU'U\Pl ~U'ff1'i:IJfllJ'i~flfl'U11'UtlJ ~u ~'1n'Hflflflflfl,;jUfl::'UU:IJ~fl ~'U 3 

"fl£lru::~~m;11:1J1U~1 i~uri 1) m'iYlifllf1H'ff!1,;jU'U'U11'U1'U 2) m'iYlifl1f1H'ff!1,;jU'U'U'YI1W~2,!:IJ 

Ufl~ 3) m'iYlifllf1'.i,;j'ff!1,;jU'U'U'ff"'U~'U11f11 1~U"fl£lru::fl1'iYliflU'U'U11'U1'U'il~ljm'iYlifli~ 2 U'U'U . ~ 

1~UH'U'Umfl'il::Ylifll'ff'i:IJ~1Ul'H~m'ff'i:IJ 2 '¥1fl'U ff1'UU'U'U-ti'fftN'il~YlitH'ff'i:IJ~1m'H~fl 1 '¥1fl'U i~,r'U 
di 0 1! 0 "" d_1 ",.t:\ d
'N 'YI1 fl1'i 'ff",j l~U'U'U 'illmNUN,;j~1'U11 1~ 'YIlJ'i:: fl fl'U~1U 'ff1'Ul 'ff'Wfl11:IJU 11 ~U'i ,;jU'U 'U ~ 

I 

1,;j'l \Pl1:IJ 

"fl£lru~ 11fl~1 fI'.i ~'ff!1~'il'i,;j "fl£lru~1 fI'.i ~'ff!l~U'U'U ~lf1fl~UN~~l'U"1,;j~'~' 'U m'i'YI~'fffl'U'YI1~ 
f1fl:IJ~11~u1~,;jH'ff~,;j '1'UfI1'Vt~ 4.15 (fl) m'l:: 4.15 (11) n1'Hi''UUN,;j~1'U~1~~ljm'iYliflU'U'U11'U1'U l~eJ 

" d '0 CV I ..d ~ 1 jJ.d Q. d
'1 'l1tmm 2 UfI:: 1 'YIfl'U~1:IJfl1~'U 'ff1'UfI1'Vt'YI 4.15 (f1) llJ'U f1H'ff'i1~'YI''ff'i:IJfl111JU11,;jUHU'U'U'YIUU,;j 

d '" 1 91 d "" '" OJ !':1 .12,!:IJ ltfl::fI1'Vt'YI 4.15 (~) llJ'U f1H'ff'i1~'tll'ff'i1Jfl11:IJH11,;jUHU'U'U'ffflUYf'UlJfl1 
~ . . 

1f1'i ,;j'ff!1,;j";,;j'H :IJ~,;j'U"fl£l ru~m'iYlifl-tiiJ'~fl~'1 'U ~~ fl'iOU'U ~1~eJ'ff1'i";1'11 1~eJ 
o G1 "4 Q,I ,:,.Q ~ l' d , .d. 4 Q,IJ 

m'H 'U ~ ! 'H:lJ11'U1~1 'YI1 fl'U11'U l~11fl~'l1'U 'ff1'U 'ilH ufl::11'i~flfl'U11'U111 Y'l1eJl'HfI flflfl fl,;j'YI1Jflfl£lru~11 U~ 
" Q,.O d I Q.I (LI .d d , .. ~ d d .d,914 i 

'H'U1\Pl~'tl11\Plfl~1~fl'U ~~'i1UfI::'flU~'YIflfl11 n l'U'U'YI'tl 3 fI1'Vt'YI 3.2 ltfl::\Pl1'i1,;j'YI 3.1 Ufl~ 'l1t,;jfl'U 11 
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'j1lJ..f~1'ltl! 'fflJ'l1~'lJ lthHmlJrtl lt611t1IJ~'.nlJ m'j'ff6IJ~i'i(JIJhlmmlJ ~rtV'ffrH UIJIJ~1t1tN'U6~ 
'jI'jI'jI Q'jI 0 91:: "1flH'ff'jH~llJ'Ul~~'ff'HIUt11\):::lJl1flH'ff'jl':)'VI~ 3 HIJIJ 'Vilm'j'VI~'ffVIJUt1:::1~fln:::'Yi~1fJhhumlJ 

FEA IPlvhl 

, .1' v v _, v
4.6.3 mnlfl1:rtl'U fl1~1:r1Hfll'WUHU'U'UlpnJ fl1~1:r1H 

91 'jI 'I ...,...'" 1 0
m'j'VI~'ffV'UmN~llJ'Ul~\)::: &'111'.6 FEA (ABAQUSlExplicit) ~tlmt1v':) 

lm':)'ffrl'mlPlt1:::UIJIJ~1mV;;llJlJ~UIJ1Jttl~Vf1IJH (Shell Element) '11i!~ 4 ~~IPlV (S4R) ihiVlJ1'U 

'I 1~ I ... 0 'I 91 "'" '" ~ d ""'I !JI ~ QI Q Q ~fin::: ~lJ lJ'jHmlJflV m'YilJ~ !'Yi'jf:lfJlJ~Vf1fllJ'YilJ~'VI'fflJl:!~ &m1JlJ1~QU'U~lf1H (Rigid Body) c]H 

'fflJl:!~hrU~':)UHlJ1f1Ut1::: hhfi~m'jtilm'ntl'~'1 ~':)l..rl'11lJ1m~'ffrl~UfN 'lJYifl'VI1':) 90 V.:)fllt1IJ 

91 d 9191'1 'r!JI!JI Q '" 
HFN1flH'ff'jl':)'VI'VI~'ff6IJHt1:::'11lJ'YI1':)~llJ'YilJl !lJHlJ1Uf1lJ'UV~ &flH'ff'jl':)~1t1fl11lJl'j1 64 km/h ~~ 

fll'Vl~ 4.16 (f1) Ut1::: 4.16 ('U) ~lmh~IJ 1~tl1'l~'fflJ'l1~'Uv':)1'ff~~1~'fflJl:!~hr~1jlJUIJIJ Elastic 

~ 1II!JI "'" QI 'I 'r~ I 0 91 '" Plastic Strain Hardening C]f~ !~lJ1~1f1f11'j'VI~'ff6IJ~~1'ff~ &lJ tlJ'jumlJ~:::m'YilJ~~~m~v.:) 
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hI ff1'U'lJ~nW~nnJmfJ'Uv'i1m.;jff!1'i,f'iffV'i1l~'ti1m'i~'lJfj~u'll'U nnt1m"C1m'iVl~ffV'lJ~1~ 
ff1lJ1'iml1hl~1'U1W!~V'I11fi1"~.;j'i1'U~~cHmivhI 

OJ 

(n) 

m ....~ 4.16 	 Uff~'i1n!~~fJlJm'iriV'UVI~ffV'lJt'U hhumlJ1rl''U!Vi;!lJ'U~ (n) Uff~.;j~m:IW~m'i'lf'U 
U'lJ'lJ 90 V.;jft'1'11~V'If'U~1'U..r1'i ('U) !!ff~'i"'m:lW::m'i'lf'Ut'U!!'U1Un'U 'I1~V'If'Ulh'U'I11!l 

1l1nm"~ 4.16 (n) Uff~.;j~1mh'im'i!~~fJ)J1flHff~1'iHlfJ'U~1~fJff1'i~ 
~VI!'lJ'lJ'U'U1'U.fl1fJt~m'i tm'i'lf'U~l'U..r1'1 :b.;j!~'Um'i!~~ fJlJm'i t 'U1,humlJ1rl''U..1!Vi;!lJ'U~riv'U 

, 	 . 
!~lJm'iVl~ffV'lJ ff1'Um"li 4.16 ('U) I!ff~.;j~1V~1'im'i!~~m.J1,jmmlJri{)'Um'iVl~ff{)'lJ'U{)'i 

4.7 fl11'Y1~fI'8'Ufl11Y'U'U8~tfl1~fI'rH'Ha'~fll1fJtI'Uft1~tlfI'11 
t 'Um'iVl~ff{)'lJm'i'lf'U'UV.;j1m'iff~l.;j'l1"'.;jfl1 'ilt t ~vivt'\1 ~n'l1..r1~~1,j~!'I1~fJlI~n'U'U 1~ 

~ 	 ~ 

'I11!l~fl40 mm x 20 mm !~'U';'Uff1'U!ff~1I'11"'nt'Um'i,j'itn{)'lJ1m'iff~1.;j 1nm'iVlflffV'lJ'I!'U1l::t~ 

m'iVifi ffV'lJ~1fJ PEA 1~fJf11'11'U ~'U {)'lJ!'U~I!C1t!~V'Ui 'U~ll1flW ffll,j~'UV.;j1fff.l~ ~1!~wi'lJ1,j'ium11 

l!C1tf11'11'Ufit..n,j'iumlJ'ti1m'i,j'Uiim'm~'~'it'tdnyi1m'iVl~ffv'lJ '~uri fi1HH,j~mfJ1UC1t 
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4.7.1 m~'niltTo'Ulfl'HtT~H'Ha'Ul1l!'U'Um,nuifQilii'U 
i'Ufll';j'Yl~fffl'IJ1m.:iff~l.:i'H~.:im';jtltl'U~l~t1fflm'IJ'IJ~'l~.:il'U 'l'Uil~~,j'U '¢\,'l'* 

fI1';j~ff.:j 3 l1h!'IJ'IJ '¢\'urifll';ji'Uu'W1un'U fll';j~~ m'l~fll';jiJ~ l~m~fl'U''U'l'Ufll';j'Yl~fffl'IJ~W'l 

(n) ('U) 

.fI11'i~ 4.17 Uff~NltlU'IJ'lJfll';j?i£llf1Hff~1.:j'H~.:jm';jtltl'U~1~fJffl';j 'l'Uil~~,j'U (fl) ~nlJW::;fll';j?ifl 
1f1Hff~1.:jU'IJ'IJ'U'\..I1'U ('U) ~nlJW~fll';j?ifllf1Hff~l.:iU'IJ'IJ!QtI.:j 

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


4.7.2 m ':I 'nil tTo'U l fI'UtT ':IH'Ht'I~fll'n2Jm ':I&tT~2Jfll12JU'll~II~~il1ru'Ht'In'HU1PlilPlH, 

'" . '" 
'l 'U.:jl'U1ifJil' ¢\'';lfll';j'Yl~1:'I fl.:i&tln t1'U~fllJW~'Uf).:i';'U ff1'Ulff$lJfl11lJ u~·m ';j .:j'Ufl.:j 

, JI , I 

1 m .:jff~1.:j'H6.:ifll lilJfl i ,*~~~.:ii'U'IJ$nruli?if)1ff$lJfl11lJU~.:iU';j .:i'Uf).:j lf1Hff~1.:i'H6.:ifll ~.:jfl1~li 
~ J.t ..;" "i J ~ , <I";" QI I QI .II "<I,,

4.17 'Yl.:i'U'1f'W.:il'U'Yl t'1f 'Ufll';j'Yl~fff)'U'Ul'IJ'U'Y1f)1'H1:'Ifl'Yl'H'U1~~H~fl~1.:in'U t)f.:itl';j~nf)'IJ~1m'H1:'Ifl'H'Ul 

~~ttl1.:in1:'l:U 'HU'1~~~1'H~t1:u 'HU'1~~ltl~1~U1:'l~'HU'1~~ltl~1Ufl1:'l 1i'U'Ul~lm::;~fllJru::;~.:jHff~.:j 
• 'II 'JI , 'II tJ 

'l 'Ultlli 4.18 't1.:jil'¢\'';lfll';j~11:'1f).:i lf1Hff~1.:i'H~.:ifllli~~~.:i';'Uff1'U&ffl:UU?i1:'l::;UtJtJ Ha1i,ri'tJfI1';j~ 
'" '" fll':i'1f'U i 'U&1'W 1Ufl'U1'l'lTW''W '111m!'W ~::;U1N1:'I ~ lflfll';j 'Yl~ fffltJ'tlfll'U1W'H lf111lJffllJ1';j tl i 'U fll':i~~ 
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40 
---";;"1 i..e1 

0 D=40.··t=2 -.:t 

t 
(n) 

l() 

(V) t=2 

J~~Ll 

(f1) 

~ 
.::Ii 
. 

<v g/Q,I 4Q f Q'l ~ QI til 'JIQI
iIl'Ytfl4.18 Ufffl.:jftn1:lW~'I1'Ul~fI'lJtl~"lI''Uff1'Utffnl tflHffJl.:j'l1ft~fI1'jflU'U~ flUffl':i (n) 'I1'Ul~fI 

ttJ~m~ulJ ('IJ) 'I1U'1~flltJ1~n(llJ (f1) 'HU'1~~ltJ~1Utl(lU(l~ (~) 'I1U'1~~ttJ~1g 
. 


4.8 m'lflAtTf)1Jm1'l1U'Uf)~lfl1~tT1H'ih~nf)1Jliflf)1~,,.:h~1fl1~tT1H'HO~flln1J1fl1~tT1HyflU'H 
i 'Ufh'Url'lil'Um'l'VI~fftl1Jm'l"ll''U'lJtl.:j1f1'l ~ff~l~tJ 'l~ntl1J~~tl~'U ~ln1m'iff~l.:j'l1i5'.:jfl1 

H1J1J~l.:j"l H(l~ lf1Hff~1~~1'U'l11.:jU1J1J~1~"l lf1uyhm'j~tlmr1J"lI'ij~O''U'j~'I1'h~ lm~ff~l.:j'l1i!~fI1 
~ 

O'1J lf1Hff~1~~1'U'l11'iU~(l~U1J1J i'Um'l'VI~fftl1J'W~~Yllm'j'VIfifftl1J lf1um'j1fji FEA lil'U'I1i5'n 
~ 

QI 0 i 'JI iI I '" 4 
. 

?t.1 ... 
. 

H(l~ 'VIfi fftl1Jn1Jm'j~m~'VIl 'UU'U1un'U ~1 n~l'U 'I1'U l1m'U 'U l'U tl.:j ~lfl11J'U llJ U1J1J m'l"ll''U'VI ....1JlJl n 

~tlfl 91.:j i'U m'ltltlnU1J1J 1f1Hff~l~~i.n'Um'j'VIfifftl1JiftJ'j~ntl1J~1U1m .:jff~H~1'U'l11.:j'lflU'U~ 
l~Uffl';i 3 U1J1J lm~1f1Hff~1~'I1i!.:jfl1'lflU'U~1f1Uffl'l 2 111J1J trlOtlllJl~tltJ'j~n01Jffi5'1JO''U~::'~ 

ltJU1J1J lf1Hff~l'i~i~tf'i'l1lJfI 6 U1J1J ffl'11i'1Jm'l~~ff01Jrl'~1'~O~~~ffn1:l1':h i'Un1'l i'*lf1Hff~l'i 
U~ft~U1J1JtrlotJ'j~ntl1JO''Udj'U1m.:jff~ln$'iU"'1 m'l~1J~u1J1J1f1~~iifl11lJffllJl'lfl1'Um'lflflnlf1J 

~ ~ 

.... i!.:j'il'U '~lJln~t:!fI L~o~~::ail'U'l1mJfti'Um'lL~On1~~tl itJi'Ummll91 m .... ~ 4.19 (n) Ufffl'i 

~10~1.:j'IJO~m'j~OO''U'j~'I1':iH 1f1H~1'U'l1HU1J1J'IJ'Ul'UO'1J 1f1Hff~1.:j'l1i5''ifl1U1J1Jtiiu~ "h'Um.... ~ 

4.19 ('IJ) LiI'Ui!n1:lw~'lJo~m'l'91~UlJ lm.:jff~H'~tli~'VIflff01Ji'U1tJ'jumlJ FEA ~lnm""~~111'U11ii 

Ntr~fhu.... .:j 2 uH'U~tld~l'U'I1U'lO'1J~l'U'I1i5'.:j'IJO.:j 1f1Hff~1'i 1f1UUH'U'I1i5'~~~tJfltldO'1J~ Yll'11U'1~1f1 

~lm'l~~'~~lnm'j'VIflff01J ff1'UUH'U'I1U'n~'f1~O'U~~1Ufl11lJ'~1 64 kmIh ~.:jt'l11"l1''UO'1J 
lm.:jff~l.:j1'UU'U1un'U 1f1mll'l1'Ufi i..rnlu.... .:ji~ 2 iiflWfflJ1J~iAiI'U191flU~.:jm~'i 

http:iIl'Ytfl4.18
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(f) 

mft~ 4.19 	Uff~~~1mh~llmlw~ml~m.h~f)V'Un''U'\IV~1t'lHff~1~~l'W.ij'Hti'U 1m~ff~nYYll~fll 
'\IV~lt:lfJ'U",1~fJffll (f) ml~V1m~ff~1~~1'U.ij'HU'U'U'\I'Ul'Uti'U1m~'PIll~fllU'U'UtUfJ~ 

('\I) mltfl~fJlJ 1m~ff~1~1'U1ummlJ FEA 

4.9 fl1111~Ur81Jafll:lW:::fl11ii~A81~'tr;lHlfl1'U:r-rH'l'ia-3flln'UU'Hlfl1-3jJ-rH~nA~H1J8-310rJ'Uft 

1~rJjJl1 
.:'i • ~f ~ Q,I -=:i I "QI QI" J

fill fl'mn ff1'U'U 1l~flf)!l11:1f)!l w:::mlfJ~f1V1 t'll ~ffnm1:l~t'l1f)'UUH~'\Il~'\IV~l t:lfJ'U fI 
'JI JI 	 ", f f 

'fi~ul 'U 1m~ff~1~'\IV~lt:lfJ'U",1~fJffll t!'U 'U~nw ~~-¥iijfl11lJlfffJ~'I1~mn'U ~~1f)q~-¥i 

l t:lfJ'U",1~tJffll ~~L~Vlfi~~ 'iJ~m 11 ml":l'u~nw~ ~ii'21f) 'il:::lr!'U ~~~ tfi~fill lfftJ'I11fl-tlf)fJfI f~ 1~tJ'illf) 
• 	 • JI 

fill 1~'U.ij'f)\! 1:I-¥iNl'UlJ1~'U".h1 'Uti 'il~'iJ'U~~vltltJ'U",l~Vffll ~f1'U1 'PIqj21m1vlJ I.:jfVlJ ~v'U~nwill,rij 

llm:lW:::~V'i'll'U'U~nw~hw 1~~l:::'I1'h~1m~ff~1~'PI1l~mU1:l~ It'lHff~l~UH~~l'U.ij'l~'\If)~ltltJ'U''' 
• JI 	 JI 

l~Vffll 	 lI~ti~Vl t:lfl'U",1 ~tJffll'Ul~-¥iWhjl~lff~lJ1'U ~f1'Uil 1~v1'Uf)llfff)!ll ~f1'Uil 'il:::.yhfil1.. 
Q 	 1Q <I" .. I QI QI.d d. J J dt 

'i'I~ffV'UU1:l:::1Iml:::'PI~1V FEA I~V'PI1t'l1~1:I~~1'U~~CJ1'Um1:lV'i'lIf1~'\I'U'il1f)m1~f)U~1:I:::U'U'U l~f).. 
_I'!! ... 	 'I d .. ;j... 4 I I _I :; .: _I 4QI 

IlJ1 tJ'Ul'i'lV'Ufl11lJ ffllJ11 t:I ~ 'U fil111JU 1 ~f)~'i'lIf1~'\I'Uf)'Ufil1 V~f1 VII~1:I~llJlI'U'U 'i'I~'U1lJH'U'U fil1 V~ 

~v~ffmn'il:::~ 'ill1W l'illf)luU'U'Ufil1 ~v~ijl~Vdl~lJln'U 'PI llmm:::rrilJllml W:::f)ll ~VII'U'U~'U"1 ~~ 
• JI • 

llf)!lW::: 1 t'lHff!l~-¥il~'Uf)llfff)!lliluff~~11l'Umr.-¥i 4.20 
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. 
('f1) U'lJ'lJii 3 

iI1l1~ 4.20 Uff~~11ht'lJ'lJfl1'J~tllffl:IJ'f111:IJU~'mH'Utl~fl1'Jii~~tl1m~ffrl~l1li~mn'lJUH~ 
'JJ 'JJ 'JJ "'11'f1Hff'Jl~~ltl'Ul~'Utl~'J(lVtl~ ~Vffl'J 

~~n'lJ1m~ffrl~mv fl1'J~tlU'lJ'lJ~ 2 m:IJfl1Yf~ 4.20 ('U) i~tltlflH'lJ'lJ'hnhl1~flflritl~~m~V:IJ'il9i}1ff 

iif'111:IJl1tll 2 mm ~eHffl:IJltllifl1IW~l1UfJ~lJ:lJn'lJ~~~tl~~\lTnUl U'fl~11~,;'lVfl1'J~fllffl:IJU'lJ'lJ~ 3 

~l:IJfl1Yf~ 4.20 ('f1) l~tlfl1'Jl~m~flUHtl'Utll~l1tll 2 mm ~~l,riilU';h~ffl:IJm~V:lJlJ:lJmfl l~tl 
~ ~..t:':Io ~ I 1 'JJ 1 v ~ ~ OJ' 1 'JJ.q I

l 'lftl:IJtff'J:IJ'lJ 'J nwlJ:IJ'U tl~'lJ'J nw'J tlV~ tl'Ufl~ 'f1Hffn~ ~fJ~ltll1tl~l'Jj'fl:IJ~~ fl'lJ ff1tl 'Utl~ 'f1Hff'J 1~ 

'" "''JJ .li .... dl"''''1 'JJ 'JJ 'JJo'" 11~:: 0'Y1Mm U'fl~tlfl~ltl'Y1tl~!")j'fl:IJfJ~~~fl'lJ 'f1Hff'Jl~UH~~ltl'Ul~m~1':i(l 'fW 'f1Hffd1~11~'Y1:IJ~'il~111 

fl1jl1'fl fftl'lJ~1fJ FEA 1,riifl1':i~m~lh1 tlU tl1!!fltl U'fl~1~lm~ff~1~l1li~'f11U'lJ'lJ'UtlltlU'fI~ 

1f'1'J ~ffrl~<A'ltl.fh~u 'lJ'lJ'Utlltl ~~!~tl1m ~ffrl~~ii'f111:IJffl:1J1':ifl1 tlfl1':it'lJU ':i ~fl~ ~~11~trlmiiv'lJ 
• JI 

n'lJu'lJ'lJ~tl"l 1tl~ltl1~fJU 



,... 

unn 5 

""., I <S 'j 'JI o''j I I <Si U'U'YIU 'iJ~flCll1(l{lHClfl1'S 'YI/flfffl'U'Ufl{l LflHff'S l{1'S(lf.JU~ L/flf.Jffl'S ff1U~l{1'1 'S111(l{I HCl 

fl1'Sfffl'Utilf.JlIHClfl1'S'YI/flClfl{lti'Ufl1'S~lClfl{l~1f.JL1.Jmm1J FEA t~mhL1.Jmmll~{lflrll111.J'UrJlf.JHCl 

i ~ti'U1m{lff~l{1Lhu ~U'1 ~ lliffl1J1'S (l't11fl1'S'YI/flClfl{l'i);{I'~ l/flrJ'i)~ 1~'t11fl1'S11fl'S l~l1'HCl'iJlflfl1'S 

'YI/flfffllHtlU ff1U'1 ~l1Ji1,j'fl~flrll1~lU1Jl i U'U'YI~ 4 

5.1 Nt'lfl11r;r8mfltl'U'I~'tr~hunnl~t'lIHfl'lJfl11't1~r;r8'lJ~1t1hhUfl'l1J FEA 
., . . 

iui1,j't)'Wtt1UHClil1~'iI1flfl1'SffV'Utl1f.J'UtilrJ'U l1.J'Sum1J FEA (ABAQUS) ilii'{llU n'U 

HClfl1'S 'YI/flClV{I t~vtiu fj'Ufl111J\jflJlV{I'UV{ll1.J'S Um1JUCl:t,\WlrJHClfl1'S'YI/flffV'U 11.Jfj'{lff1U gu '1 ~1li 

ffl1J1m't11fl1'S 'YI/flClfl{l '~tilfl{l'i)lfllflHff!HU'UU1/fl i 'HqJUCl:t ii'J1u'tJul;!{I i Ufl1':iffV'Utilv'U'iJ:t ii' 

3 
" " JJ 

tt 'U'U ~lClfl{lilflrll11J1U~1iu 'U'YIl1 4 ttlu lfl'S {I ff!l{1'H€Tfl iUfl1'SffV'Utilf.J'U ";{lilfl1'Sfffl'Utilv'U '~uti{l 
.;:II I "I I .d .9 <:It "" i'JI 'JI d ~ i'JI

VflfltlJ U fffl{lff1U flflff1U'YI'HU {ll'U U fl1'j fffl'Ul 'YIf.J'UfllrJ ~ fll'j:tfl1'j 'li'U/fl1Vfl11111'j 1~1 'li'f11'j 

l.d <:It "" i 'JI 'JI d
UCl:t ff1U 1'1 ffV {ll'UU fl1'j ffV'Ut1'1 V'U fllf.J ~ fll 'j:t fl1 'j 'li'U /fl1f.Jfl111J l'j 1 I;!{I 
'II"" 

HU1ttflU t'thwu HClfl1'jfffl'Ul ilv'U";{I ffV{I ff1UU~{I~ fl 11.Jil 

'II 

'U fl{l'j (If.JU ~1mJffl'jij1~'t1 lfl1'jffV'Util rJ'Ufl1111UliuVl'UV{ll 1.J 'j um1J1/flV~ 'ill'S W n lflHCl'U 'eN 

A I "" 1 'JI ... A.I 1 'JI.d iii 'JI'jlJU'U'Ufl1'j lffV'H1f.J'Ufl {I flHff'jl{1 UCl:tClflllW:l:flnnfl1'j~fl'UffUV{I'Ufl{l fI'j {I ff'j H'YI !/fl'iJlfl.. ., 
l1.J'Sum1J FEA lmf.J'Ulilv'Un'UHCl'iJlflfl1'j'YI/flmN'iJ~{I Uflfl'iJlflijJ{I't11fl1'jfilU1Wthy~€T{I{llU~/floir'U 

'U v{llfl Hff~l{1~1~'iJlflfl1'j'YI/flClfl{ltilfJ'Un'U 'iJlfllL'U'U ~lClV{I 'YIl{1 FEA 1~fll1.J'l f.J'UtilfJ'Utiu Vfl~1f.J 

UCl:tt~fl i...r~lrJ~Vfl1'j't1 lf1111J1,j' 1 i 'iJ ~{I'UV't11fl1'j1tm l:l:l1't1.J'l fJ'Util fJ'U~1.JU'U'Ufl1'j 1fffJ'H If.J'UV{I 

LfI'j {I ff!l {I UCl:t€TflllW:t flnrJ fl1'j ~fl'UffUfl {I'U fl{l1 fI Hff!1{1 fllfJ iJlfll'j:l: m:l: 't11U'U'U ~ 1{1'1 i U i 1,j'V 

~fl11.Jif ff1Ufl1'j 11.J'lfJ'UlilfJ'UfiTt'Ul{l{llU/fl/floir'U~1~'iJ~'t11fl1'jvfi1.J'jlV l/flfJ'j 111 i Ul11,j'fltl/fl' 1.JVfl.. 

http:l{1'S(lf.JU
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.. 
.e! ~ ... 	 ... I ~ v

5.1.1.1 Nam'H:r81Jlntl1JA?ltl'Ytftl'tlnn1'if'l81JiJU8~'U8~'tiUiJdlUA'~iJ'H 

i 91 	 i '" ~ · ?t ok 1 91~flHff'Jl.:J 	 ~flmlJllJtlQmtHm~'fllllJ'U'J~u:nm'VI'U.:J flHff'.i1.:J\l: 

f'ltl'U ff'Utl.:J~1Ufll'J1i1ultl 1 ~UQ'U1P11 i'Ultlu'U'Ui~ltlU'U1J'VIi1~tltlfllJl 1~ultlU'U'Ufll'JlffumUlf'U'1 
., "'., '" ok 1 tI "",.I ., ., I tI 1 91 ...."'" 
lJnm'lfl}Jw::mrrn::~n Clf~ ~u flf'l'U'Ufl'U{lfl}JW::fll'Jf'ltl 1 l'IH'U~N flHffn~ U{l::fjWfflJ'Uf'l'Utl.:J 

., 
iff~ 'Wtlfl'illflUi'W'J~'trh:.Jfll'Jtffvltl'Utl.:J 1m..:.Jff~1..:.J 1m..:.Jff~H'iI~~~ci'UlIHm~lhll{l~t1{l~t1citlu. ., 
u'J.:JtI ~f1~Ul ~)tlnlJlf'l{l tl~nm 1 ~uU'J..:.JtI~f1~mVitlci elUm.lfllJTU'U ffllJ 1'J tll~u'Ultl'UmlvJ 

fl11lJffm~'Unn'U'J;:m::Q'U1P11'~ tlVfl11mlvJ'Utl.:Jfll'J::U{l~'.i::U~Q'U1P11 (Load Displacement Curve) 

4 •.1 tI "" """" ., ok ... ?t 	 i 91 '" tI ok'VI'.itlmll1'Utl..:.JUH {)mmU(l~'.i::v::~'Um Clf..:.J'U'UIlJ'Ufll'Jf'ltl'Uff'Utl..:.J'Utl..:.J ~flHff'.iHtlnl U'U'U'VI'U~ 

.. 
... I ~ V V v !'l.i' '1

(1) m'f'101JiJU8~'Uo~'tiUiJdUAA'~iJ'HmU'UH.f)ltll"'I.f)1'i::mlIUUUdunu 

v ...
(1.1) Nt'ln1'in?liJ01J?ldrJm'n?lt'l8~il'~ 

d 	 ~ , 9i jJ 

ltlll'U'Ufll'.i tffUmu'U tl.:J')$'U ff1'U 1 m ~ff'.i l~flltl if'l fll'J::fll'.i fl~ i 'UU'U1Ufl'U 

Uff~~ i 'Ufll'f'j~ 5.1 ~~ff.:.Jlflf'l1~11tlfl}JW:::fll'JtffV'VI1U'Utl~1 flHff~l~~~tlU'U'U'Vluv.:.J'lAlJU{l:::u'U'U 

fftl'Uvh-AtI{ll1:h'U i my\l::tffV'VIlv'U~nw ri';l'Utff~lJ 1flHff~1..:.Jltl'W'VItlfl ~..:.JUff~~fll'f'j~ 5.1 ('U) 1m:; 

f' 	 I d as .a. J Q 4 J jI ~ ~ 
5.1 (fl) ff1'Ufll'Jf'ltlU'U'U'U'Ul'U'f'j'Ul1lJfll'HffvmVlfl~'U'U'U'.inWf11'UI'f'jlJ'U'Ui'nti ~.:.Jfll'f'jl'l 5.1 (fl) 

(fl) 	 ('U) 

m'Yt~ 5.1 	 Uff~..:.Jltlll'U'U fll'J t ffU'VI1U'Utl.:.J 1 f1 H ff~l~'illflfll'J'Vl~{ltl.:.JfllVi.~fIl'J::u 'U'U fl~i 'UU'U1Ufl'U 

(fl) 1flHff~HU'U'U'U'Ul'W ('U) 1flHff~1.:.JU'U'Ul'I!w.:.J'lAlJ (fl) 1m..:.Jff~1~u'U'Ufftl'U'~'Utlm 
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35 

30 -- Gi il LLIJIJ'llU1U -z 25.:.::-
- Giilil\fIJ~u1icn 
- Gi il LL1JIJ'Wl LLfJ \Ill11 

G> 
~ 200 

LL. 
c 150.. 
(,) 
lU 

10 -G> 
D:: 

5 

0 
0 10 20 30 40 50 60 70 

Displacement (mm) 

.ci' 	 , $I 

ilTffYl 5.2 Hff~~ml-n'fhm1~l1m~fhti'U1~V~~'U9i';l'illflfl11l'1~11't1~'\I'tI~lflHff~l~l1lPlm;~ 3 U'U'U 

mvll9i'm1 ~fl11 fl~1'WU'I,rmfl'I.J 

'illflml-nl'Wm"~ 5.2 ~lff~~fl11lHhJ~'W1:h~'Ydl~U'.l~l1Dn7t1lUl1~'.lZV~ 

~'U 9i1"IJ 'tI~1flHff~1~~l'1~ff'tl'Umvll9i'm'.l~fl11fl~1'WU'W1Ufl'W 1 ~vl 'WU fl'W'W 'tI'WUfffl~'.lZV~~'U1'i1 
~ . 

"IJ 'tI~1 fl1 ~ff~l~ ~11 'tI~fl11l'1flff'tl'UUl1~Ufl'W~~Ufffl~ti lU'.l ~l1DmtIll1 1 ~'illflfl1'.ll'1~ff'tl'U 'illflml-n 
~. . 

"IJ'tI~f11'j l'1~l1't1~ihlff~~ l1ftif'W':h 1m~ff~l~l11Pl 'tIU'U'U"IJ'Wl'W 'il~ijtilm ~l1DmfJlll~w,h1m~ff~Hl1 . 	 ~ 

lPl'tlUfl 2 u'U'Ul1mti'tl l~fJ~flll~"l~"IJ'tI~ml-ni'W'lh~u'jfl"IJ'tI~lm~ff~l~UlPll1~U'U'UU'WUff~~f)~til 

m'.l~1flt]~~ln~~'W 1~fJ,,'U";htilm'.l~1flt]~'\I'tI~ 1m~ff~1~U'U'U"IJ'W1'Wiitilll~"l~ ~'tI 28 kN 

='1' "" "" 1!i1 '" !':1 I 	 .li "" ,A'.l'tl~11~lJll1J'Wfl1m'j~1flt]fl'\l'tl~ flHff'jl~U'U'Uffl1Un'W1J111Ul1ZU'U'Ul'1UV~l:!lJ 9f~lJfl1 22 kN Ul1Z 

16 kN flllJth1i'U "Hr~'illmf'Wml-n'I'Jm~'W'il~Ufl1~1'i1~'W11~fflt'Uti'W111t~'tIV~ q1~1~'WltmjtlA~i1'11 
d lit l!' 	 "l !iI '''' ... 1 !iI do': di 31"IJ'tI~ml-nl'1 !i'l'illflfl1'jl'1~ff'tl'UmV lflfl1'.l"lf'W fll"l1~~l'W~~9f'U"IJ'tI~ flHff'.l1~flfl1'W1tlA'illfl"'Wl'1 fl 

~ . 
ml-nillm~1~!!ff~~Hl'W1.n'.l1~l1 5.1 

(1.2) 	 "tlm'a'fllin'l'8U~'Jrm1J'lHhtl8'1 FEA 

o!il "l d .li "'t AI "" 
Nl1fl1'j'illl1't1~~1fJ FEA UffM l'Wm"l'1 5.3 9f~!lJ'W11JU'U'Ufl1'.l11:W111V'illfl 

fl1'jl'1~ff'tl'U~"W1t FEA mfJi~m'j~fl1'.lfl~1'Wu'W1Hfl'W 1flfJi'Wm"~ 5.3 (fl) t~'WNl1fl1'.ll'1flff'tl'U 
'\I'tI~ 1 m ~ ff~l~~IPl'tlU'U'U'\I'Wl'W~~ 'il~ijltfl'tltlA~fl1'.lliYV111tJ'U7!1tlA ff1'Wfll'W1m ~ff~WH -crm~'Wff1'W 

1'1:1t\! ffTum"~ 5.3 ("IJ) Ul1zm"~ 5.3 (fl) 11:1'Wll1U'U'Ufl1'j~'U9i1'\1't1~ 1m~ff~1~~IPl'tlU'U'Ul'1tW~l.llJ 
~ 

Ul1~U'U'Ufflt'Ui1'Wl1l11 flllJih1i'U lflVltfl'tltlAZfl1'j!fffJ'I:IlfJ~1~'illflU'U'U~111't1~~1V FEA u'Wii 

ltfl'tl tlA~fl ""lVti'UNl1~1 ~'illflfl11l'1~11't1 ~1l1fl 
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(n) (11) 


..; _I '" 1 'JI JI ""'" ~ 'JI
.flTrfYl 5.3 	 !!ff~.:JlIJU1J1Jnl'Hfftl1l1t111tJ.:J f1Hff',jl.:J'illnf11',j'Yl~fftJ1J9'11t111i FEA fl1t1 t~fl1',j~f11',jn~ 

1'WU'l.J1un'W (n) lm.:Jfffl.:JU1J1J11'Wl'W (11) lf1Hfffl.:JU1J1J'YlUtl.:JlJlJ (f1) lm.:Jfffl.:JU1J1J 
q 

ml1J'rhnhn 

35 


-- 6i il UlJlJtJU1U 
30 -~ 25-II) 
~ 200 

LI. 
e 
0 15 

:;::; 
I,,) 

I-
!U 

10 


5 


0 

0 10 20 30 40 50 60 70 


-- 6iilUlJlJQ~lJ,"Ulhn 

-- 6iilUlJlJ'VIUthlll lJ 

Displacement (mm) 

'. 	 " 
.fll'wii 5.4 	 Uff~.:JnnvJrilfl1',j~';;m~\'hn1J',j::tI~fJ1J~l'illnf11',j'Yl~fftJ1J~';ltI FEA 11tJ.:J lm.:Jfffl.:Jl1.:J 

3 U1J1J fl1t1t~fl1',j~f11',jn~ t'WmnuntJ 

1'JI 1 	 ••1 ~ 'JI d I 'I I ..,; '" ""..6 	 "" FEA fl1t1 ~fl1',j::f11m~ 'WU'Wlun'W 9f.:J'illnnnrdlff~.:J tmll'WTII'W'lfl.:Jmn'Ylm~fl1',j::dnq~ 

. 	 " 
lf1Hfffl.:J';;~tJU1J1J11'Wl'W iJrilmnn-hvn 2 U1J1J fltJU',j~mw 34 kN ml.:J'illmr'W'il~€l~€l.:JU~ 

1J! .... .ld Q;I d., ''J/ ... .1 d. 	 1 t 

tff'W nnnntl.:JfI.:JlJfl11ll.:Jnl1m'Wnnn'IJtJ.:Jfln 2 H1J1J ~€ltJ~f11',j'Yl~ fftJ1J ffdtJf11',j~ tJU1J1J'YlUtl.:J:a./lJ 

U€l::~tJU1J1Jff~1J~'WU€lliJrilfl1',j::1nq~ln~lfitl.:Jn'W fltJU',j::mw 24 kN 'illn~n1:lW~mlyJ~.:Jmhd 

ff1 U '~11i.:JFmf11',j'Yl~€ltJ.:JU€l~N€lf11',j'Yl~fftJ1J~1t11ii FEA 1fI',j .:Jfffl.:J~~ tJU1J1J'lJtJl'W 'il ::iJf11',j 

f 1J.f11 ',j::1~lnnn111 f1',j.:J fffl.:J~~mt1J1J'Ylutl.:J:a./1JU€l~U1J1Jff~1J~'Wum 
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d 
fIl'W'¥I 5.5 

(f)) ('U) (fl) 

il1'n~ 5.5 u fffl~ltlU1Jllm1,i1m1111'Utl'llflHfff1'1'il1f)ml'¥lflfftlll'il~ 'I fIlt/!'li'fIl1:::m:::"'lUllll~fl 
(f) lfI'Nfff1'1Ullll'U'U1'U ('U) lm'lfff1'1Ullll'¥l!W'l~1J (fl) lflHfff1~Ullllffi:i'llW'Utlt'l1 

fIl'W~ 5.5 !~'U ltlUllllf)l'Hi111'H 111~1~'il1f)ml '¥Ifl t'ltl~ 'il~~fIlV lli'fIl'J::: 
., . . 

Ullll~fl'UtN lflHfff1-rfi~ 3 Ullll lflllfll'WfJ 5.5 (f) 1fl'U lm~fff1~fJ~6Hllll'U'U1'Uih'f)lIOl:::m'J 
'" .1.,9 'i '!II' ., • •
!ffVl1J~Hmmn~'Utl~ &m 'Iff'J 1'1 n16'1 'il1f)1'U ~flihfl'Uu'U "";l'rii1f)fl'U6~ !flltl'l'¥lflfftlllff1J ~fftill 
~, ~.c:l Q.i'c:.& ..:',\ I~i 4Q,1~1 Q"I1 

"J'U ff1'U C)f~ml lffV'H 1V1J mf)fl'U'UVll 'Ill l!10l l tlllVltl'J:::'H 11~"J'U ff1'U1ff'J 1Jf)1l'l$'Uff1'U'H t'lf)'U6'1 

lflHfff1~ l'UfIl'W~ 5.5 ('U) !fl'Ultlullllm'J'i1vmll'U6'11m~fffH~~tl!Lllll'¥lUll~ld1J 'Wll';h1im'J 
., .,. 

Qll~1111!1OlVI'J'If)t'lH'Utl~ lm~fffH'J:::'Hiwi}$'Uff1'Ufl1'U'Hi:i'f)nll;'Uff1'U~1~~mff~1J'';'U1A1l1nll 

ml~m!llll'U'U 1'U Ut'l:::f11'V.~ 5.5 (fl) d~'Ui:i'f)lIOl:::ml!i1111tl'Utl~ lm~fff1~~~m!1l1lffi:i'llW'Utlt'l1 

SI ""'"(2.2) Nt:lfll'.i'fl~U't)'lJ~lOlli FEA 

fIl'W~ 5.6 ,fl'Ultl!!1l1lm'J,i111'H111'Utl~ lf1HfffH 'il1f)ml'¥lflfftlll~"'m
<u ., 

111 FEA fI1vlli'fI1'J:::m'J~fl 'il1f)f11'Wff~mVll~i1mlli111'H111'il:::!flfl;j'Ulll!1Olff1'Uf)t'lHlm~fffH 
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!fftlmtl~'~~lnf11l1'1'f1C1fFJ~1~ uifhnn-w~llw11'WU~'\Ifl~vtt:r'H1'W'fI'fIcH'U'\Ifl~U~CI:::1m'iff~1~U~1.. 
NCI~i~ijfr:mmifln~1'~fi'Wfl1~ ~~~~i~flihlntl'1'W111~fl~fl'U 


(n) 	 (fl) 

m1'l~ 5.6 	!!ff'fl'i1uu'U'Unl'Hffmntlflltl1~flll:::f11l~'fIl'f1t1ml1'1'f1fffl'U~1t111i FEA (n) lm~ff~l~ 
~fl!L'U'U'\I'W1'W ('\I) lm~ff~l'i~fl!t'U'U1'1!W~~lJ (fl) lfl'Hff~1'i~flU'U'Ufft:r'U'W'WUCl1 

. 
!'If'iJ 

.d QI 	 Q.I ~ d • ,d 9JQ Q d Q J 
!'fI tl1 n'U NClf11l1'1'f1fffl'UU'U'U'fI'fI fl fl~:;!f1'UNCI'\Ifl~fl1flll :::1'11'If'U'fIUCI :::~lJ'U'fI1'1!n'fl'\l'W ifl Clfl'fl ml 

1'1'f1fffl'U 1'f1t1~lJiJ'fI~tfl'fl~'W1'f1!rI'W~lJ!ll~tI'W (Rad) 111f11l1'1'f1fffl'U 2 1nIUltl'Uliitl'Uf1'iJ i~utiml 

(n) 

..J .1 '" 1 'JI dlJ) 'JI 	 'I 'JI 0'"
m1'l'fl 5.7 	Uff'fl~luU'U'Uf11llfftlmtl'\lfl~ fl'Hffl1.:J1'1 t'fl~lnml1'1'f1C1fl,tmtl liflflll:;m:::1'l1U'U'U'U'fI.. 

(n) 1m .:Jff~l.:J U'U'U'\I'iJTW ('\I) 1m.:Jff~l~U'U'U1'1IW.:J~lJ (fl) lm~ff~1~u'U'Ufft:r'U'W'WUCl1 

d .1 '" .,. 'JI 'I 'JI ... d 
fllvt1'1 5.7 Uff'fl~luU'U'Uf11l1fftl'H1t1'\1fl~ tflHffl1~flltl liflflll~f11l'U'fI1'1.. 

i~~lnml1'1'f1C1tN '1'iJtl1vt~ 5.7 (n) Uff'fl~lUu'U'Um·Hfftlmtl'\lfl.:J lm'iff~1~~~fl!t'U'U'\I'iJ1'iJ 1'f1t1~::: 
ff.:J!f1iflt,1'Wf11llfftlmtl~'U1nwri1'iJ'\Ifl'UUCI~ri1'iJ1ff1lJ'\Im lflHff.f1.:J ri1'iJfllvt~ 5.7 ('\I) UCl~ 5.7 
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'" '" I!VI tJ'lJ fl 'lJ fll ';j ~ f) U'lJ 'lJ 'tI 'W 1'W 

:II ...... 
(3.2) fH.'1nl'l'tlPliJO'UPllDlfi FEA 

• y 

flTrfVl 5.8 Uff~.:Jllht'lJ'lJfll';j tfftJ111tJ'tIf).:J~'W ff1'W 1f! Hfffl.:J'illflflln1~fff)'lJ 

(fl) ('tI) 

fI1'Vt~ 5.8 Uff~~l,jU'lJ'lJfll';jtfftJl11tJ'illflfll';j'YI~fff)'lJ~';Wl~ FEA fl1tJl~fl1';j~~m~vhu'lJ'lJ'U~ (fl) 
If!Hfffl.:JU'lJ'lJ'tI'Wl'W ('tI) If!HfffHU'lJ'lJ'YI!W.:Jl1tJ (fI) lf1Hfffl~U'U'Uff5'lJ'.,'W,j"1 

..; ~ I d"; ",.K .. 'l! ~ 
'illflfl1'Vt'YI 5.8 'il::m'W111,jU'lJ'lJfll';j tfftJ111tJ'YItfl~'tI'W'tIf).:J ! flHff'd 1.:J'YI.:J 3 

U'lJ'lJ if'W 'il::!fftJ111tJ~~ ';j ~'lJ~nwff1'W'tI f)'lJtm::'U~nwtJ tJ ~';j ~'il~~f)'~'W115fl ~~ii 5flllW::fff)~f!~f)~ 
y 

fimm'tlf).:Jfll';j'YI~tlf).:J'il~.:J ff1'Wfll't1f).:J'Vt5·Hl'W'(!~i'lJ'tI'tH1m.:Jfffl.:Jf1.:J 3 U'U'U '~Uff~.:J '1'1'W~1';jl~ 

~ 5.1 ~~'il::f)n'U1tJl'W'I11.,rf)~f)1,j 

5.1.1.2 H"nl'liJO'Ulnuu'iPlDft;n'lWlftl'Vt~..!J..!Jl'UijPl.'U'UM'ifll..!J iJ~H 
y y 

'illflfll ';j ffm.I1f1i'.:J{j , ~ti1'W 1Wf-.ltl'tlf).:Jfll';j ~~i'U'Vt5.:J~1'WUtl~ fll ';j ~~i'U'Vttl.:J~l'W ... .. 
~1!'Vtl~'tIf).:J~'Wff1'W lm.:Jfffl.:J~l'W.,rl.:J';jfJtJ'W~l~tJffl';j ~~'~Uff~.:Jf-.ltl '1'1'W~nl.:J~ 5.1 Utl~'il~1~ 

y 

f)ii,j';jltJf-.ltl~~~tl1,j{j 
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. 
.::t c QI .dd ~ 91.d 0d,iI

i>ll~NTl 5.1 r,mm'jfll'U 'lOA 't1 ~~lfl m'j't1~ fftJ'UU"~~ 'lU th't1LflfJ'l'IJtN.fll fJ' ~fll'j~l'Im~l'I1U 'U 'U flfl 

''UU'U'lUfl'U .fll'j~U'U'U~~H"~.fll'j~!!'U'UiJ~ 

---";0 -d Experiments~ 
~ ~ 

Gt) 
'""-' '-' 

-5: ;I! 
r-Ii"> "7 ,-.,

r-
G:: ;I! § ---c;: a/l;P ,-... f/l;l! )~ '-' 
;p ~ 

8 
:;: <:. g :ir-

r$J -a 0;l! 

Axial load 

'lJ'Ul'U 1.67 60 

't1UfJ~ld1J 1.65 60 10.84 65004 394.18 11.79 

ffII'U'Vl 'U t1"1 1. 60 

Bending load 

'IJ'Ul'U 1.67 0.17 3.01 526.75 89.55 53.62 4.17 

't1WH1J1J• 1.65 0.17 2.64 462 78.54 47.6 3.83 

ffll'U~'UtI"l 1.65 0.17 2.78 486.5 82.71 50.13 3.98 

Twisting load 

'IJ'UTU 1.67 0.28 2.13 148.92 41.67 24.95 2.33 

't1 UfJ~ ldlJ 1.65 0.28 2.38 166.79 46.7 27.96 3043 

ffll'U~'UtI"l 1.65 0.28 2.39 167.02 46.76 28.34 3.39 

Simulation (FEA) 

,-... 

8 g ,-., 

f,-... 
8 g g 

729.75 124.1 74.31 

670.25 113.94 69.05 

696.5 118041 71.76 

27.35 

240.21 67.26 40.76 

237.49 66.5 40.3 

(1) HamilTli>l tnlUfIlr.J 1ftflliI~U'U'Ufli>l1'UU'lr;ulfl'U 

""fl1'j't1fl"tJ~ ~1~.fllfJ '~fIl'j~m'U'Uflfl '\'UU'U 'lUfl'U 

U'U'U'IJ'Ul'U'..rfhfl1'j~~cM'U'~ll,:j~l'UlJlfl~llfl lflfJffl1J1'jtl~~cMm'lll~,:jl'U'~ 688.2 N.m ~,:j1J1flfl';h 
. " 

1 m ~ff~l~Vi~tJu'U'U't1UfJ,:jlJlJU"~lPitJU'U'Uffll'U~'UtI,,1 1fltJ...r~ fftJ~ ffl1J1 'j tl flflcM'U'V~ll~~l'U '~n11ti'U. ~ 

65004 N.m u,,~ 588.6 N.m ~llJ!:h~'U Ihtfi''UflU't1~fftJ'U~'ltJi;; FEA fl1'j~tJU'U'U'lJU1Uffl1J1'jtl 

~~cM'U'~ll~~l'U'~ 963.78 N.m ridUfl1'j~tJu'U'U't1WNld1JU"~U'U'Uffll'U~utl"11flHff~1,:jffl1J1'jtl 

flflcMm"lll~,:jlU '~I'Yhti'U 70704 N.m u,,~ 688.8 N.m ~l1Jth~'U ""flnilm,l1ufffl'l'l..rn1'U11... 
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(2) m1'f1V1lf01Jll1fJ'~.m1~H1J1J~VI 

fH'lm'.i'l'l~~O~~~ul1tJ1~n1'.i~U'U1J~~ mru1f1'.i~ff~1~~~OU'U'U'IJ'W1'W 

ff1111'.ifl~~qr1J'VI~H1'W~lflm'.i~~nlhti'U 89.55 N.m ff1'W 1f1Hff~1~~~O'l'l!W~1J1J~~qr'U'VI~~~1'W'~ 

78.54 N.m !!~~1f1Hff~1~~~OU'U'Uff~'U-W'W1.h'l1~~qr'U'VI~~~1'W '~!'t'hti'U 82.71 N.m ~lflIl-lClfll'.i.. 


, <!I 
. 

• .., 'JI 1- 1 <!I' i " m'.ilPlou'U'Uo'W~ ff1'l1'.i'UII-lCl1J1flm'.i'l'l~ffO'Ufl1tJ lJ1Um1J PEA flO fll'.iIPlO flHffnm'U'U'IJ'W1'W 

ff11J1'.ifl~flqr'U'VI~~~1'W'~!'t'hti'U 124.1 N.m m'.i~o!t'U'U'I'lLw~1J1J1,rfi1fll'.i~~qr'U'VI~~!'vhn'U 

113.94 N.m u~~m'.i~OU'U'Uff~'U-W'WtJCI1ff11J1'.iflfl~qr'lJ''''~~~1'W'~n;,n'U 118.41 N.m 1J~!~'W '~';h.. 

fll'.i~ 0 1 fI'J ~fff1~U'U'U'IJ'W1'W ff11111fl~~qr'U'VI~~~1'W 1J1flm1~~'~lllflfl111fI'J ~ff~l~U'U'Ug'W~ UCl~ 

'VI'U11I1-lCl fll'Hil'W1W1J1fl1tJ,11m1Jiifl111JffOflfl~o~.ti'Um'.i'l'lflCl O~'il~~ 

(3) m1'f1V1lf01Jll1fJ1~1l11~U1J1JiiVl 

m1'l'l~ffO'U1f1Hff~1~mtJ1~m'.i~u'U'UiJ~ II-lCl~'~'il1flfll1'l'l~Cltl~ flO 

1m~ff~1~U'U'U'Il'W1'Wff1111'.ifl~~qr'lJ''''~~~lflfll1iJ~'~!1'hn'U 41.67 N.m fll'.i~OU'U'U'I'lutJ~1J1J 

.., .., ,'JI'''' ,<v 1':1.1 '" .k c:C,ff1111'.ifl~flC)f'U'VICI~~1'W fll'I'llfl'U 46.7 N.m !!CI:::m'.iIPlOu'U'UffCl'UTf'WlJCl1 fI 46.76 N.m C)f~'il~!'H'W11 

1 fl1 ~ff~1~~~ OU'U'Uff~'U-W'W tJCI1HCI:::~ o!!'U'U'I'lutJ~ :JJ1Jiifhfll'.i~~ci'U'VI~~ ~1'W1J1flm1iJfllfl~!flm. .. 
n'W lllfl ~~!~O!l1 tJ'Un'Ufll1~O!! 'U 'U'Il 'W1'WU~1'V1'U111fI'J ~ ff~\~~~~ffO~ff11111fI~~ci'UIIHij~ , ~ 
III flfl 11im~ff~1~~~O!!'U'U'Il'W1'W ff1'WII-lClm1'l'lfiffO'U1J1fl itJmm1J PEA 'il:::'~II-lClm'.i~flci'U 

'VI~~~l'W'lJO~ 1m~fff1~U'U'U'IJ'W1'W!1;,ti'U 45.69 N.m fll1~fl1f1Hff~1~U'U'U'I'lutJ~1J1J1,rIl-lClfll1~~ 

qr'U'VIti~~l'W!'t'hn'U 67.26 N.m !tCl::: i fI'J~fffVJ~~flU'U'Uff~'U-W'WtJCI1ff1111'.it:l~flqr'U'VI~~~1'W'~ 

"" !'t'll Jt Q

5.1.2 Nam1lfOmnfJ1Jll1fJ,flIl11:::m1'tf'U\trJfJtllUU1l\T..:J 

1'Wfll'.ifffl'Ull1tJ'U1tJ,Um1J PEA n'Ufll'.i'l'l~Clfl~~1tJfl111J!~111~J'W '~ii'W~l'WU'U'U 
l~tnti'U~1i1 'Wfll1'l'l~ClO~~1tJfl111J!~ 1~1 U~Li,tJU'U'Um, m:::11YlflL'WU'W 1Ufl'Wl-WtJ~II'U'UL~tJ1.. 
!~O~1J1fl~O~lti~'Ilfl~VtJmW'l'l~ClO.:l ff1'Wl1o'W' 'lJm1'l'l~ClV~ff11111flm1tJCI:::LtitJ~ '~1'W'U'I'l~. .. 

" " !!CI~ II-lCl m '.i nntJ'Ull1tJ'Um'.ifffl'l:llff1'Wijii~~ ij 

4 
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y ... 
(1) "iltn1'n,.tJB'lJ"ltf'n"ilB~<\11~ 

ltlU'lJ'lJm'itfftJ'H1tJ'Utl~ lf1HtI'~l~,f~ 3 uuu t~tli'uuHm~U'Vlfl 'tUU U1UflU 

'I .d .k , 1 'JI':: '" _I '" 'JI... '<!I '" 
Utl'~~ tUfl1'W'Vl 5.9 r.'J1~'WU11 flHtI''iUm 3 uuu lJ'ilJuUUm'it(;'l'tJ'HltJfI"ltJflU flm1f1tl1Jfll'i.. 

... ... .d... .k 'JI.k 1 'JI : ... 
~ml1UUU~~'VlU'inwmfl"l~'Utl~i'I1U ~lU'JUG)f~\lflm~u 'Vlfl ~tJ~ 'i ~'itlfl~1J 1..1 l'HUfl 

lf1HtI'!N~~tlUUU'llU1Ui1fll'i~U~1UtltJ~1:l~ rdt:l~~l1fli1l'lt:lUm~fl 2 l'ltlU ~1N'llU lwiu '1f1tJ~~ 
v • 

ciu tI 'i ~ 'tU fll'ifffllllU 1~,jui'imh'Utl~u'i~tl~mtJ1~"tl~ fll'i m~U'Vlfll1t1"l~Nt"] U,,~ t~tJUt~U 
, jI jI I 

mll'lfl1l1Jff1Jiu"r'i:m11~fhfl1'i~u"~n"1 ~~Utl'~~ '1Ufl1'Wl1 5.1 0 l'i~U'Ut:lt:liU1mW1JI~1J11 '11..1 

m'i 'Vl~"t:l~~1tJfl111Jt~1~~J1..1 11itl'l1J1'i(r!~filfll'i~U~1'U t:l~1i'I'i ~tI'~N '11..1 'i::m 11~fll'i tfftJ'H ltJ1~ 
A Q.J Q ~ t d QI ~ & Q.J Q d I 

t1..1 t:l~'itlflfll'i ~U\Pl1m~'UU tltJl~ 'i1~ t'i1 ~~U 1..1 \1 ~1JflUtJ1Jt'UtlU mll'l'Utl~fll fll'i~U"~n"1 lJ lflfl11 

fl'i 1l'l'U tl~fi lfl1'i~U"~ 'i::; tJ::; ~U~1~~~'1~'11..1 fll'ifffllllf11llJt~1~1 

(fl) ('ll) 

• QI d 9J! 9J d 
IIlftfl 5.9 "flllW::;fll'ittl'tJ'H1tJ'lltl~ lf1HtI''il~'Vl~ 3 uuu \11flfll'i'Vl~"t:l~m::;U'Vlfl~1tJfl111U'i1~~ 

(fl) li'1'i~tI'~1~UUU'UU1U ('ll) li'1'i~tI'~l~UUU'VlUtJ~~:u (1'1) li'1'i~tI'~l~UUutl''''u~utlm 

l~tlW\11'iWlmll'l'Utl~uHtl~mtJ1U"::;t1m '1Ufl1'W~ 5.10 'WU11"'flllW::;mll'l 
v • v 

\1djmmfl1~~1~~!:l~ '11..1 ~t:lUU~ fl 'ill flU 1..1 m ll'l 'it::; \Plfl"~lJ1tm::; Ufl1~~11i l"~ \11..1 ffU 1:l~m~ 

m::; It'Vlfl 1..1 tlfl'illflif\1::; ff~m~111u111i'I'i ~tI'~l~~~ tlttUU'llU lui1fil'U tl~U 'i~tl~mt1l~~flil'Utl~ 

li'1'i~tI'~l~flfl 2 UUU\Pl"tl~m'im::;U'Vlfl 
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9 

8 ~ n,'SliDLLUU'MLU""3.llI 

-a- n,'SliDLLUU••ufquua, 

--.!r- n,'SliDLLUU..U'U 

7 

2 

O~~--~----~------~----~------~----~B---~--EL~ 

o 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 

Impact Time (sec) 

m'W~ 5.10 mTvhtHt1ijf1~tJl'm~l1m'\lt).:JlflHffrl.:Ji~ 3 U'lJ'lJ 1l1f)m~'YI~HW.:Jm~U'YIf)~'.ltJ 
d 

fl1111'~1\1.:J 

'" .(2) "U'ltl11f1~iJ0'lJ~lmA'lJ1Hna8~ FEA 
". . 

lt1!1'lJ'lJm~tfftJ'll1tJ'\It)\llflHffrl.:J';.:J 3 U'lJ'lJ fi~lftt).:J1l1nlt1~umll FEA ':Ut) 

f'lJU~.:Jm~U'YIf)''UU'U1un'UUff~N''U.fl1'W~ 5.11 

(f) 

.d 41 0 iI:d ~~"iI ~ 
m'WfI 5.11 ftn1Jru~m~!fftJ111tJ'\IV.:J tflHff~WYI.:J 3 11'lJ'lJ 1l1f)m~'iI1ftt).:Jfl1tJ FEA .fl1tJ &~m~ 

m~U'YIn~':H:Jfl1111t~1ff.:J (f) lm.:Jffrl.:JU'lJ'lJ'\I'Ul'U ('\I) lm.:Jffrl~U'lJ'lJ'YIt!tJ\lllll (fl) lm~ffrl~11'lJ'lJ 
~ . 

ffl;luVl 'U t1 ft 1 



81 

.d dl 01 jI '" '" \llnfl1Yl'YI 5.11 \l~~'11 'lJ11 U'U'U\l11:1 tH m ~t'I''jN'YInU'U'UlJ'jllU'U'UnTmW'l11fJ. .. 
jI", '4'" '" "'d ... .Q jI.Q

fll:l 1fJn'IJJ:.lI:I \llnfll'j 'YI ~I:I fl~ fll:l l1flfllJfll'j ~'U~ 1U'U'U~ ~'YI'U'jnflA fl~flfl1~'U fl~fl1 t.! ~1 'lJ 'UWl1~~nu'j~ 
" . .

m~m'YIni~fJ!ilH\lln~mh'l1'wn i~fJYl'U';h lflHt'I'~wVil9iflU'U'U'U'lJl'lJlim'j~'U~1U't)fJ11"1~ ff1'lJ 

mlv1fl11lJfflJlr'lJ;'j~'I1':h~fl 1f11'j~UI:I~L11:11 ~i~\llnul9il:l~U 'IJ'IJ ~11:1 fl~LLt'I'~~''lJfI1Yl~ 5.12 

10 
........... n,,,lIiaUUUMUlh1ltJJ 


9 
-s- n,,,lIiauuu.lufhnJa, 

8 

3 


2 


o 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 

Impact Time (sec) 

Lrlfl"'\l1'lflAlm1v1'Ufl~uHlliin~fJ1uI:I~nl:l1 ~i~\llmL'U'U~l1:1fl~.yf~ 3 U'U'U ~~ 
Ut'l'~~1'lJfI1Yl~ 5.12 Yl'U'hmlv1li t1n'hlflA~ fl~lfJm lv1\llnfll'j'YI~I:I fl~ 1~fJYl'U",hlimmn1~~1~~ "1~ 

'jI . , " SII 

1'lJ 'j fl'UU'l f) \lln'l1'lJ mlv1\l~~f)I:I~lJ1UI:I~Uf)1~~1\9l11:1~ \l'lJ ff'lJ "1~fll'jm~u 'YIf) 'lJfln\lln'u \l~ 

ff~lf)!ilL~'lJ111flHt'I'~1~~l9iflLL'lJ'U'U'lJl'lJlifll'Ufl~uHlliimfJT'l~n11'Ufl~lm~t'I'~l~Vf) 2 U'U'U!ill:lfl~ 
.Q:iJ ... djl <II 

fll'jm ~U'YI n CJj" ~LlJ 'lJYl q!il m 'j lJ 'YIfll:l1 fJn'Ufll 'j 'YI ~ 1:1 fl~ lJ1n 

-=t.,.~ 'u !V.,. SI 
5.1.2.2 N0fl11i1tlU&'fItl'U &~U.l'n'ilntlllfll'nO~~lU~VlCU'U"M&fl"~il1H 

. " 
fll~flci'UYlt1~~1'lJ 'Ufl~1flH t'I'~l~Yi'YI ~t'I'fl'IJfI1fJl~uHm~Ul1f)'I1'lJT11'lJ1flA l~fJfll'j . OJ 

" . 
lnfllf11'j~ ~i! ~fJ\llf)mlv1m ~lliimfJ1UI:I~nl:l 1'Ufl~ i m ~"N~l~U~I:I~U'UlJ 'inn'l1'lJ t11fl111i ~lJ1~flA 
'" jI '" • dllJ jl4 .Q dllJ jI 'I d
fl'U'j~fJ~~'IJ"1~1(lfJ'Ufl~ lm~t'I''jl~ ('innmn~ fll'YI &~flfl 105 mm) CJj"~J:.lI:I'YI !~U"N~~ L'lJVll'jl~'YI 5.2 

http:i~\llmL'U'U~l1:1fl~.yf
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N0fl11 AU,1w'nir~,nuij~cU'IJ'U8~UN{t1fl1 {ttTi'l~~lU~H1OtlUlJI1'~tI tTl1 I 
iSimulation (FEA) Experiment 

, i"" "U~fl11lJ18 StrokeStrokeP EaEamean Pmean 
I 

(kN.m) (kN) (m.m) (kN.m)(kN) (mm) 

, 
I m 'J ~ ij U'U 'U 'U 'in \,I 105 579.49105 531.38 5.525.06 

, 

m'J~ij It'U'U'I'lWJ-:JlJlJ 
 472.86105 4.50 1054.34 456.59 

339.22m 'J ~m t'U 'U 1111'U VI \,111 ,n 105 339.64 3.42 1053.23 

111f).rJmdft t\,l~l'Jl,:j~ 5.2 l1::m~\,I'h t\,lmrum'J'I'l~ftij-:J,f\,llm'HY~l,,;jU'U'U~ij 
'" '" lq 'jIh I .Q I I '" 

'U\,Il\,11l1lJ1'JfI~~C)j''U'VH'I-:J,,;jl\,1111f)m'J m::;u'I'lf) l~lJ'J~lJ1W 531.38 kN.m C)j',,;jIl,:jf)11f11m'J~~C)j''U 
~ ~ ~ 

~ "-:JHI..I'Uij-:J1fiI H Il.fHU'U'U~ij'l'lwJ,:jlJlJltft~t!'U'U1l,,'UVI\,IlIftl ~~~i'U~"-:J,,;jl\,11 $I!l'ho'U 456.59 . ~ 

kN.m Uft~ 339.64 kN.m ~lmhfl'U "h\,lfh~1l-:J-:Jl\,1~~cH'U'¥111i'111flm'J~lftij,,;j$l1fJ FEA U\,Iiirllll,,;j
~ ~ 

fl11m'J'I'l~ftij,:j 1~tJ~'U11U'U'U ~lftij~1 fiI'J ,,;jll~l,:jU'U'U~ij'U'in\,lllllJ1'l'fI~~i'U~5,:j,,;j l\,1111flm'J 
~ 

lIJ 'jIh I .Q " '" '" • 1 'jIm::;U'I'lfl L~lJ'J~lJ1W 579.49 kN.m C)j'~tl,:jmlf11fl1'J~~C)j''U~ft,:j,:jl\,1'Uij,,;jU'U'U111ftij,,;j filHllnm'U'U . , 4<'2:1 .... 1 Q Q.I ltJV1Q,lQ.I

~ij'l'l!W~lllJtlft~t!'U'UllftUrt\,llJftl 'I'l~~C)j''U~ft,:j,:jl\,1 l~I'l'llfl'U 472.86 kN.m Uft~ 339.22 kN.m 

~llJ~ 1~'U trtmilm'Jlll"l fJ'Ul'¥1 fJ'U Nft~1 ~111flm'J 'I'l~ftij~ Uft~111flU'U'U ~lftm'l'l1~ FEA ~'U':hrl1 . . 
~II~,:j 1\,1 ~~cH'U'¥11 $I111flU'U 'U ~1ft ij,:jU 

~ 

\,Iii rl 1 tl~ fl11rll fi 1 ~111 flm'i'l'l~ ft ij,,;j!IllJ ij 

I hi .Q "'" , ~ d '" lIJ 'jII 
lJ1flfl11lJ'J~lJ1W 1 %-8% C)j',,;jfltl11t1J\,I'1f1,,;j'l'lfJ'fllJ'J'U l~ 

d , Q'
FEA 'I'lNl\,1lJ111~m\,l11m'i 

~ 

~'fl'UIl\,l 'fl,:j'U ij~1m,:jll~l-lii "f)'l::lw::;!~rl1o\,l fl-l"f)'l::l w::; f)HvJ'U 'fl~m ,:jllUfl1tI1Uft~IlIu'U'Um'J 

d ~ :... "" 'jI d .; 'jI d 
tiYfJ'H lfJflfilt11fJO\,l 1~tJ~'U'I'l~ A\,I mw m'J'I'l~Il'fl'U~1t1fi111lJl'J1~lUft~fl1'l''I'l~ 1l'fl'U~1 t1fi111lJ!'J1tl-l 

~ ~ 

u~,\,IU~'U ij,,;jrl 1~ 1l~~1\,1 ~~i'UU{(1~'U11ti~iirl lUl'lfl~1-ln\,l'fld'l11,,;j fl~il1'i1flVi111'l' w lrl 1~"~~1\,1~~ 
QI .c! 0 'J} ~ d ; ~ .cl , ,d"1 <JJ Q.c:t Q,I ~ fjI

C)j''U'I'lfl1U1W'~ '\,ImW'U'fl,:jfl11lJl'J1mC)j'-lUIl~,,;jt\,lm'Jl,,;j'l'l 5.1 'il~~'U11fi11'1'll~111fl11i FEA lJf) l'H .
fl 11'1 'fl'U fill ,:jf)11rll111f)f) 1'l''I'l~ft ij-lllllJ'fl 1~t1111f)m 'jIm tJ'Ulfitl'UNft'j~'Hl1,:jf)1'J 'I'l~ ft ij~ 'i);~n'U1i 

~ 

FEA 'il~iifil11lJ~~~ftl~~ln~~\,Im~t111'J~lJ1W 28% til'Hi''Um'J'I'l~llij'U1filHIl~l,:j~~m!'U'U'U\,Il\,1 
8% Uft~ 14.5% til'Hi''Um'j'l'l~Il'fl'U lm~ll.fl,:j~~ml'U'U'I'lUtI~lJlJUft~U'U'UIl"'UVI\,Itlftl I'IllJ~lfl'U 
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FEA 

i,rP-I1:I~iflft't~tI.:JnlJll1fl 1fltl'Vt'U'fI11lJ Hfl'Vt1:l1fl"l.:J~flt~tI.:J 8% !'vhtTlJ ~.:Jrl''fI11lJUlJ1fl~1.:J~!flfl~lJ 
~ ~ 

mlltflfl;jlJlllflfflmlJ1~fJitlu• 
~ ~ ~ 

(1) ;flJ.:JllJ 1l1.:J,rlJl~lJ fl1'j P-I il~11l1flfl1 'jtl'j~fl fJ'Ut 't1gfl't1mtl;flJl.fll~1t1nlJ VfJlJij llfl6fJlJ • , ~ . 
U1:l~ij~1U tl 'j tfhJ;jlJ U~U'U'U ~11:1fJ.:J'Yll.:J'fI fJlJ~11lJ1fJ1fflll1'j tlfl1't1lJfl i,r1m.:J ff~1.:J -ritl'j ~ fl fJ'U n lJ 

~ ~ 4 Q,J "11'1 I i 0 ~ lid
l1JlJllJ mfl tl1fllJ !~1 fltl~fllJ1fJ lJU'U 'U 'il 11:1 fJ.:J 'il~lJ'fI11lJfflJ\j'jtlA'Yl1ifl 

~ , I ~ 

(2) i lJ fl1'jtl 'j~ flfJ'U;flJ .:JllJ t-nfJfl1'j 'Ylfl1:lfJ.:J 'ill.:J i~ioNin fl1'j l;'ffJlJ~ fJ;flJ .:JllJ 1fl tli,rUlJ1 

r I ~ ~ 

(3) fltlA fflJ ,j~'UfJ.:Jtl1 gfl-rii oN'Yl fl fffJ'Uij 'fI11lJ i:u 'fI.:JViIJ11:1fJ fll1.:J;flJ.:J llJ t"lflJ 'fI11lJ't1lJ l'UfJ.:J 

t't1 gfl~i oN !!~ffl't1f'Ufl1'j ff~l.:JU'U'U ~11:1fJ.:J'Yl1.:J'fI fJlJ.w1LlJ1fJ1tTlJfflll1'j tlfll't1lJfl'fl11lJ't1lJ 1 i ,rtvhnlJ 

'11 '" ",dl.t. .d'JI,1 ... '" "'i ' (4) i lJ f11'j 'Yl1J1 fffJ'Ufl1mm fJ.:Jll'Utlfl'lflJ.:J llJ'Yl ff'j H'UlJ mlllJflU1'f11:1fJlJ 1J11 lJ 'j ~'t111.:Jf11'j 

'Ylfl fffJ'U fllJ'iJ~1~lJI'-I1:I i ,rilfl'Yll.:J'UfJ.:JUH flfltTlJttl~tllJ' tl ~~mll!~lJ 1'-11:In'U~1Utl'j~.w 'ilUtlA 1 i~ 
~hlJ i lJ fl1'j'Yl flfffJ'U~1t1in FEA !'j lfflll1Hlnl't1lJ fl'UfJ'U!'UIJ1U1:l~t~fJlJ''U~1.:J"l i~1J11lJ~fJ.:J f11'j l"1flJ 

~1'f111lJ!fftlfl'YlllJ'UfJ.:J~~hfflJHff'j~rr;h.:Ju~lJflfl~lJ.:JllJn'Ufb~lJ~llJ~'lflJnlJ l~lJ~lJ 
'1 A I d, '" A~... '11 1A Idlflm1 fltlfflu 'il~tl1'W11!lJfJl1J'jtl'UfYltl'UP-lilf11'jflfl1:l1fl1t1 1JmmlJ FEA Uil~l'-lil'illflf11'j 

'YllJ1ilfJ.:J 1l~'Vt 'U'h~l'Vtn.:J-:JllJ~lJ1cH'U~ i ~'illflf11'j 'Yl1J11:1fJ.:J 'il~ij~ lU'fJtlf1';h~ 1~t11lJ 1tlA'~1l1fl FEA 1 fflJfJ 

~.:Jrl'm'illflfllllflfflnH]'UfJ-:J'fI11lJ ':UfflJ\j'jW'UfJ.:J 1m .:Jff~l-:J'ill.:J~ioNilJf11'j'YllJ1ilfJ.:J~.:Jflnl1 ~.:J'fI11lJ 
111 t "I ;r, i" <V .d .l ~ tiI"4 " I ill d d,QI Q,I t

!lJfflJ'U'jtlAtl11:11lJff.:J P-lil 't1'Vt1:l-:J.:JllJflflll)f'U'Yl'lflJ-:JllJll'j .:Jflflll)f'U LfllJ'fI1lJfJtl1:I-:J fJtll.:J! mIJ11lJ'il~tl1lJ11 
<u .... 

.!':i1lJ'JI ' c:li'JI.d... I'll dI ... "': AI "'i'JI1'-11:11'1 !fl'illfl FEA Uil~1'-I1:I'illflf11'j'YllJ1ilfJ.:J1J11~fl 't1P-1il'YllJUlJ1 'WlJmlJfJ'WfllJ lJ1.:JlJlJf11'j1J'j~~fllJ1 'If 

ltl'jumlJ FEA ilJf11'jt11lJ1tlA 1'f1Hff~1-:J~.:Jffl1J1'jmhtl't11lJllJf11'j!tl~tI'Wutlil~'UfJ.:J'Vtn-:J.:Jl'W~lJ1cH'U 
~ . . 

i~ 'WfJfl1l1flU't11fl.wlll'jtlAl.flfJlJililJIJ11'il.:JVi 5.1 Uil~ 5.2 mllflnl1'~';h1m.:Jff~1.:JVi~fJu'U'U'UlJllJij.. 
fltlA fflJ,j~ilJf11'ji''U.f11'j~'illflf11'j'lflJ i~~ flnl1f1fJ ffllJl'jtl1'Ufl1'j~ i 'WU'W 1UfllJtm~U'W1~fl i~~flll 

'11'" .... '11 i ... "" ~ 1 '11 I '" 1':1 _I ' ""1'fIHff'il-:JfJfl 2 'lflJfl tlm1lJ lJmtlAfl1'j~'Ufl Il)f-:J 'fIHff'jl-:JU'U'UlJ1fJff1:l'Ul"flJ1JmU1:l~lJ1fJu'U'Ut~tI-:J'il~ 

't,r~lf11'iflflcH'U'Vtn.:J-:JllJ'~flft'!~lJ.:JnlJ Uil~~flllf11'j ~fJU'U'U'U'W llJ 
<u 

5.2 N"fl11nVla'fJ'lJfl11"U'\ltF.llf11~a'i\iI~nA.uN1fJtlUVl1Vltla'11u'IJmiijJuN~ 

't1n.:J'illfl '~'t11f11'jfffJ'Ut-ritl'U1tlmmlJ FEA n'U1'-I1:If11'i'YlflilfJ,mft'1 ~.:J'~th1tl'iumlJ 

QI , ~.Q "Q dCi ev";(
tHfl m11J1'U til tll'-I 1:1 i lJf11'jflfl1:l1f11'j!fflJ't11t1'UfJ-:J1m-:J ff'j l.:J'UlJlfl'ilH Il)f-:J !lJ't11'UfJ'W 'il~Ufffl.;j1'-l1:lfl1'j 
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'" 'YI~fffliJf11~'lf'IJ~1tJ~h~t'IJ!!'lJ1~~~lflniJ1m~ff~l~ . HC1~f11~'YI~fffliJfln'lf'IJ t 'lJU'lJ1Ufl'IJ t 'IJ 

'" '" .
f11~i1mnff1'IJiA'l:::t~fll'i~1"fl~1~fJ FEA mh~~~fJ11'Yhu'IJ lUfl~'llfl1flHff~1~ij,l'\.n~ t 'Htth~,,:::'~

" 

!lI !lI!lI ~"1 ~ If.l"'llflf11~'YI~fffliJf11~'lf'U 'Ufl~1m~ ff~l~~l'IJ'Ul~HlfJ'IJ \91 ~fJffll'YI\91fl'YI~ 3 UiJiJ 

...... ... 1!l1 I ... lIJ~ ~ ~ ~ _I
lI"fl1HU:::f11~lfffJ'HlfJ'Ufl~ flHff~1~UiJiJ\911~"1 ~~Uff~~ !1 ~'lJfI11'1'Y1 5.13 '11~llJ'IJ(,1JUiJiJf11~ 

... 1!l1 ~... !lI !lI 'I ~ .... 1 !lI 1 1 !lI
lfffJ'HlfJ'Ufl~ m~ff'Jl~'YIliJfI1'J:::f11~"lf'IJ~l'IJ'Ul~ ~'lJU'IJ1\91~~lflfliJ m~ff'Jl~ ~fJ flHff~l~\lfl"lf'IJ 

t,rfJiJ"~ 'llt~'IJ~:::fJ:::'YI1~1l~~1I1ru 320 mm f.l"~ '~'llflf11'J'YI~fftliJ '~UI:hlluiJiJf11~tfffJ'H1fJ'Utl~. ~ 

1m~ff~l~'l~Uff\91~f.l" t 'IJ ~fl'tJru~tllfl11'1 ~~Uff\91~tll~ 5.13 ff1'IJf.l"fl1~'YI~fffliJ~t~'lJfll'Utl~UH 

'" .
llilmfJ1U"~'J:::fJ:::~iJ~1 'l:::\lfl'jj'IJYifl1~w11l'JUfl'J1I FEA 'llflU'IJtJlfllli'~1I11;jfJ'lJflHl.J ~~Uff~~ 

t'IJtll~ 5.14 ~tl\!" t'IJfl'Jlv.Jifll::: t~fil'IJ1tll'tnfl11'1~~~1'IJ~lflHff~1~~~~iJ '~~tl'll 

oJ _I ... 1 !lI.!lI!lI "1 '1!l1 'Im't'tl1 5.13 Uff~~t1JUiJiJf11~lfftJ'H1tJ'Ufl~ flHff'JWfl1'IJ'Ul~~tltJ'IJ\91 ~lfJffl~fI1tJ ~\91f11'J:::fl1~"lf'IJ!'IJ 

'" U'IJ1~~~lfl 

~ ... !lI !lI!lI " ~ 
fI11'1'Y1 5.13 I1ff~~(,llUiJiJfl1'HfffJ'HltJ'Ufl~Uf.l~1m~ff'Jl~~l'IJ'Ul~'JtlfJ'IJ \911~tJffl~'YI 

'" .
'~1l1flf11'J'YI~fffliJfl1~"lf'IJ~1'IJ~1~ t'IJU'IJ1~~mflniJ lm~ff~1~~1tJ11i FEA 1~tJt'lJ.f111'1li 5.13 (fl) 
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~fllJhI [43] ~'W'Sl~m'S ltl~fJlJHtl(l~'\It1~3\Pl'Sld~'H~m)\Pl'nl1tA1~~1J1mfllJ i tl61'Otl tl 1..rlfl~3lJ\Pl'SlfJ 

~tl~l~mtl'lJtl~lJ'4'I!J rfl¢i' [38] Li1lJfi1'W~~~llJt1~i'U~u~~1m~ff~l~¢i'llJ.,j'l~U~(l~u'U'Ut1~i'U l¢i' 

iflJ 'O:;l'i1m'Sfi1lJ1fJm(l~Uff~~i1'ilJ\Pl1'J1~~ 5.3 91~'il~ i¢i'tln'U1tl~tl1tl 

5.2.2 	fll~"t)1JD''Ut)~'UtF,lfl~~D'fH~1'U'I~\ntlfl'U''''YUJD'11111f1'ftfl11'm''UU'UdUfl'U 

~(l 'il1nm'JVI~fft1'Um HmllJLllJ1~inlJ'\Itl~u~~1 m ~ff~l~¢i'1lJ .,j'1~ 'S f:ltllJ~l~ t1ff1'S 
" 	 .. 
't1~ff1lJu'U'Ulj~n'I!JW~m'Jlffmntl~~Uff~~ilJm'WYi 5.15 l~t1ilJm'WYi 5.15 (n) lnlJm'WUff~~m'S 

1\PlltllJ1m~ff~1~tltllJm'SVI~fftl'UllJ1tlmmlJ PEA ri1lJilJm'W~ 5.15 ('\I) U(l~m'W~ 5.15 (fI) 

~ _I "" "i 'JI d, ... 'JI '" , , ... 'JI '" 
lUlJ llJ U'U 'Um'S lfftl'l11tl'\l tl~ ~ fI 'J ~ ff'S 1~VI\Pl tlU'U'U'\IlJ1lJ~ff'S lJ~1t1m(ln 2 VI tllJtm:;\Pl tl1ff'J lJ~1tJl'l1(l n 

1 vitllJ \Pl1lJil1~'U riT\.,IilJm'W~ 5.15 (~) !nlJm'JUff~~'Stlu'U'Um'Jtfftl'l1lfJ'\Itl~ 1f1Hff~1~~~tlU'U'U.. 
VlUfJ~~lJ U(l~m'W~ 5.15 ('0) uff~~ltlu'U'Um'S!fffJ'\lltl'lJtl~ 1m~ff~1~¢i'llJ.,j'1~~~tl1t'U'Uff~'U'WlJ 

tlm 91~.,f~'HlJ~i''Ufll'jZm'J'1flJilJulJ1UnlJ~fl11lJ!~·Jn1'S'1flJtl'S~1J1W 64 kmIh tm~ih'l1lJ~1..r 

'S::t1Z"lflJfJ'U(l~ itl 320 mrn 'Olnm'W'il::i1~!fWJ!lllJ ';h1m~ff~l~.,f~'I1lJ~ 'il::!fl~m'J!fftl'l11tl'U~nw 
¢i'llJm!l'\ltl~ 1f1Hff~1~!nlJ'I1~n ldtl~'iI1mrJlJri1lJ~ljm'S"IflJn'Uti1u'W~ l~fJ\PlH 1i'1t1'W'U';h 

1m~ff~1~~~tlU'U'U'\IlJ1lJ (m'W~ 5.15 ('\I) U(l:; (fI» 'il~tfftl'l11tl1i'1t1m'S";'U~1'\1tl~1m~ff~l~';tl~ 

u'Sn 1lJ'\Iw~~1f1'S~ff~1~~~tlU'U'UVltW~lJlJU(l~U'U'Uffi1'U~lJtl(l1 (m'W~ 5.15 (~) U(l~ ('0» 'OZtfli'1 
q 

(fI) ~tlU'U'U'\IlJ1lJ 1 vitllJ 

1I11't~ 5.15 uff~~ltlu'U'Um'Stfftl'l1ltl'\ltl~1m~ff~1~¢i'llJ.,j'1~HlfJlJ~1i'1fJff1'Smtl1~m'Jzm'J"IflJ i lJ 

U'l..I1UnlJ 
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I I 

.c:I • .1 .... "" lit ~ 0 GJ "1".fl1'Wfl 5.16 fl·nrt.fl1'j::;Hfl::;'j::;fJ::;~1J~1'Y1 ~~Hl1flU1J1J~lfl6~'YI1~ FEA 'U6~ f1Hff'jl~.fl1fJ ~~fll'j')j''U 

l'UU'U1Ufl'U 

.fl1~~ 5.16 Uff~~f111lJthJ'n'U;'U6~uHtlfimf.l1ti1J'j::;fJ::;~1J~1'U6.:j1m.:jff~1.:j~'~ 
o 1 ~"" "t" ~1l1flU1J1J~lflO.:j f1Hff'jl~~l'U'Ul~'HW'U~ l~fJffl'j'YI.:j 3 U1J1J .fmll~fll'j')j''Ul'Uu'U1Ufl'U l~fJ'U6lJfl.. 

GJ • .1 OJ ~ GJ t "" I _ '''''_ d....l 
~ 'U Ufl'U 'U 6'U'Uo~m 11"1Uff~.:j'j::;fJ::;~1J~1Ufl:::'UO\!fl t'UUfl'U~ ~f16f11U'i ~1JomfJl'Y1!fl~'U'U~flO~fll 'j 

'YI~ff01J Mflfll'itl~!fl~~1J'h~'Ufl'nvJ'Um lm.:jff~1.:j~~6tt1J1J'U'Ul'Uiiu'U11,rlJfhm.:jtlfifllfJl\i~ 

f)",h lm.:jff~H~~OU1J1J'YIUfJ~lJlJUfl::;U1J1Jmr1J'rl'UtI{n ff1'UamnU::;fll'iUfr:i~~1'Uo~mlvJll::;ii• 
!V jI , iI' 

'l'l.:jihii6fl~ ~1'U1'U.;$'Uff1'U fll'i ~6!ffllJ1 fI 'j ~ ff~1~U1J 1J'U'U l'UM 1 

f111lJ ffllJ1'j til'Ufll'j ~~i1J~a~~l'U 'U O~1 m ~ff~l~iirilfl~ fl~tgfl,rOfJ U~~~~lJlflfl';htll'UO~fll'i ~0 
!iI • • 

U1J1J'YIUfJ~l.!lJHfl::;ffa1JV1'Utlfl1o~~ 'jlfJfl:::tVfJ~ff1'UU~::;1JnfJlm-WlJt~lJ''U':h~ofi 5.2.3 

. 
3 U1J1J .fl1fJl~.fJ1'i::;fll'j')j''U~l'U~l~Uft:::.fl1'j::;fll'i')j''U l'UU'U1Ufl'UlJlfll'U1W'Hlrll.fl1'i:::milfJ (Pmeall ) 

Ufl:::'j::;fJ::;~1J~1 (Stroke) 'UO~ lf1'i~ff~1~~1l::;ffllJTimiTu1W'Hltll~a~.:jl'U~~i1J ( Ea ) 'UO~ 
• !iI , 

1f1Hff~l~'${ 1~ fJMflfl1'jfll'U1Wfi'~1l1flfl1'j'YI~ff01Jil'~Uff~~ H''U~l'jl~fi 5.3 
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i iIiIiI " 
fl1~iJ1H~lWUH1fJfjUfl Moment Angle E a 

i~fjiJn (kN) (mm) (kN.m) (kN) (kN.m) (Rad) (kN.m) 

fll'j~tlU'U'U'tI'l.Jl'I.J (2l'ltl'I.J) 262.13 320 0.077 54.6783.88 170.15 709.94 

0.077 43.65 i 
, 

f11'j~tlU'U'U'lJ'l.Jl'I.J (ll'ltl'I.J) 207.32 320 66.34 135.86 566.85 

0.077 34.4557.17 104.67 436.72fllHltlU'U'U'YIUmlJ1J 178.67 320 

.077 33.63fll 'j ~ tlt t'U 'U ffliUrJmJ t'11 171.4 5 320 54.86 107.24 447.4 

'llfWll'jl~~ 5.3 'W'U'j,''l.JmWf11'j'YI~fftl'Uf11'j''lf'I.J ''l.JtL'l.J1Uf1'I.J'tItl~ 1f1Hfffl~ 

~l'I.J.,rl~'jt:HJ'I.J 1Pi'1~tJffl'j 1 fI'j ~fffH~~tlU'U'U'tI'l.Jl'I.Jffl1Jl'jO~~cM'U'Wli~~l'I.J'llf1f11'j ''If'I.J'~ 83.88 

kN.m ~~ihi1\1:~~~~ 1:h'I.J1fI'j ~fffT~~~tlU'U'U'YItW~lJ1JUt'1::;U'U'UffliurJ'l.Jtlt'11tl~cM'U'Wli~~1'I.J'~ ., ., . 
1m\'LfitJ~n'I.J fitl 57.17 kN.m tm::; 54.86 kN.m fll1Ji;;'~'U 'l1~il'W'U'j, 1f1Hfffl~Vl~tltL'U'U'tI'l.J1'I.Jij 

fl111Jffl1J1'jO 1'I.Jf11'jflflcM'U'Wli·Nl'I.J1J1flf1111f1'j ~fffl~~~tltm'U'YIutJ~1J1J 9.67 kN.m 'H~tltl 'j::;1J1ru
~ . 

14.57% Ut'1::;1J1f1f111fll'j~tlU'U'UffliurJ'l.Jtlm 11.48 kN.m 't1~tltl'j::;1J1ru 17.3% fll1Jih~'U ffl't1i''U 

91 1'"., '1 . 
d 91 91..:::11 QIm ru fll'j'YIflfftl'U fll'j ''If'I.J fll'I.J 'tIl~ 'l.JU'I.J 1f1~ ~ lf1 'W'U11 flHff'jl~'YIfI tlU'U 'U'tI'I.J 1'I.J ffl1J1'jO~ fl91'U 

'Wli~~l'I.Ji~ 54.67 kN.m lf1'j~fffl~~~tlU'U'U'YI!W~lJ~1J'~ 34.45 kN.m Ut'1::; lf1'j~fffl~~~tltL'IJ'Uff"''IJ 
~_I 1qY .J '1Yd'l 91"':' ......
Tt'I.J1Jt'11lfl 33.63 kN.m 91~ufffl~ l't1!'t1'I.J11 fI'j~ff'jl~'YIfltlU'IJ'U'tI'l.Jl'I.Jffl1Jl'jO~fl91'IJ'Wt'1~~l'I.J'llf1fll'j 

''If'I.J~1'I.J.,r1~ ''l.JU'I.J1i~~1f1 '~~f1111f1'j ~fffl~flf1 2 H'lJu"Ii'I.Jn'I.J lf1tJffl1Jl'jOtlflcM'IJ'W"'~.:n'I.J i~ 
1Jlf1f1'j,fll'j~tlU'U'IJ'YIUtJ~lJlJUt'1::;U'IJ'Uffli'Ufl'I.Jtlmtl'j::;1Jlru 20.22 kN.m Lm::; 19.07 kN.m 't1~tl 

tl'j::;1Jlru 37% Ut'1::; 29.39 % fll1Jih~'U . .,. 
ffl't1 i''lJfll'j~tlt!'U'IJ 'tI'l.Jl'I.JU'U'IJ1mjVi'~fllfll'jt'1f1~1'I.J 1'I.J ~'I.J ff1'I.J Vi~ tltffl1J t'1~ 1 

" " t "~'I.J~tl"litl~ 'llm~1Jij 2 ~'l.Jff1'I.J~tl"litl~ 'W'lJ111f1'j~fffl~Vi~tltffl1Jtt'U'U'tI'l.J1'I.J,.;jtJ~ 1 ~'I.J ~fli'IJ . ., ., 
'W"'~~l'I.Jt'1f1t'1~tl'j::;1J1ru 20 - 21 % tijtltVitJ'lJn'Umwij~'l.Jff1'I.J~tl'tl'I.J1'I.J 2 ~'I.J 'mlf11tlu'U'lJf11'j"lf'I.J 

. jI " jI 

~ -=!t' "1 I QI f 111 d 1 1 Y 4' ".Q 1 ~.Q ~ 4d
91~Otl11t'1f1t'1~ l1J1Jlf1'I.Jf1 mm l'jf1f111J'W'U11 f1Hff'jl~'YIfltl'tl'I.J1'I.Jfl1tJ"lf'I.Jff1'I.J'ff'j1Jt'WtJ~ 1 ''If'I.J'l.Jf1 
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.., 	 . 
H1J 'IJ~1 ,UH '1fl Hfffl~ 'M15~fI1iithl.l1 i ~i 'W fl1lfffl'l:ll'U ~ll:H)~lmnflU 'IJ'IJ i m ~fffl~ 'M15~fI1ii 
. ." 

i~~l'W fl'W..11 hi ~~iillUl:I~&VU~11iflllfffl'l:l1~~f.)ii'lJ1ui'W"'f1~f.)ii 4. 7 Ul:l~ii~l:Ifl1lfffl'l:ll~~ij 

5.3.1 	 Ht:tfll1't1~Ut)'IJltlHu.rH'tra'~tllU'IJ1Jm,rfl'U''UiJil'iliJ'U 
ifll~fffH'M15-ifll~i~i 'W fllll1~fff.)'IJ&~'W1m~fffl~~iinh!'IJ'lJflll~f.)U'IJ'IJ i'W 

OJ 

t1~~,j'W ~-iii15fl'l:lW~f11l~f.) 2 U'IJ'IJ 1$1!!fl flll~f.)!!~'IJ'U'Wl'W!!l:I~flll~f.)!!'IJ'IJ!iiU-i ~{j!!ff~{j i 'Wfl1.... ~ 
,J, ~ 11)~ 	 '1 91 i!ll ... '" .:4.17 "l1{j~l:Itllflfl1'jMfl'l:ll !Y'l11l1'IJflll~f.)'lJff'Wf.){j'Uf.)~ flHffntfilu ~!!Hm~111~W'1 ~{j'W 

'i' 	 :11.... ~:11 ,
5.3.1.1 flllV101JU'U0..:.tflll"'U'U0..:.t ItlHU1H't1t:t~flUl1tlIVlllll~U'IJ1JVlH' 

A i '" 11) ~'" i ~I' .. ~ "" d ~ Ii!lI&1If.) flHfflH'Ml:I{jfll !Y'1'j'IJfl1'j~ 'WI1JU'IJ'IJ~1{j"lm~111 fltl~!fl~fl1'j!ffUI1J 'W 

Itlu'IJ'IJ~U~fl~l{jfl'W ~{jfl1""~ 5.17 !!ff~~ItlU'IJ'lJfl1l1~(Jmtl'U f.){j iflHfffl{j'M15{jfl1~~f.)!!'IJ'IJ'U'W 1'W 

!!l:I~~f.)!!'IJ'IJ&ii tI{j i ~tlfl1""!! t11r;l1{jUff~{j i flHfffl{j 'M15{jfll~~f.)!!'IJ'IJ'U'W 1'W ff1'W fl1....fl1 .... i 'W!!t11'IJ'W 

Uff~{j iflHfffl{j'M15{jfl1~~f.)!!'IJ'IJ&iitl{j fl1 .... ~ 5.17 (fl) !!ff~{jltl!!'IJ'lJfl1'jU'IJ~1'Uf.){j iflHfffl{jfl1t1i~
OJ • 

,J, '" ~ I ~I ,. !lI!lI 91'" ... i I 

fl1l~fll'j'lfUi 'WU'W 1!!fltJ "l1{jtl~ff~!fl\PI!l1'W111Jl:I1V !flHff'jl{j~ltJ'M'W1t1~!fl~flll f,/'IJ~1 fl{jM !!l:I~ 
., . 	 . 

l1fl~1;j'W i ~ tI"fl'l:l W~fll'j i fi{j~1'U f.){j i flHfffl~ ii~m&'IJ'IJ'U'Wl'Wii l ~ tI~ fll'j '1fi{j~1iffl1l1f1 fl11!!'IJ'lJVi 

(fl) 

.,j !!ff~{j'jtlU'IJ'IJ fll':i !~tm lV'Uf.){j i fI ':i {jffh~lf "~fI1~~ f.)U 'IJ'IJ'U'W l'W!!l:I~~f.)t!'IJ 'IJ&i} tI{jfl1t:Ji~1ll'W't1 5.17 
OJ 

fl1'j~flll')j''W 3 U'IJ'IJ (fl) fl1t:Ji~m'j~fll'j')j''Wi'W!!'W1 Ufl'W ('U) fl1vi~m'j~u'IJ'IJ~~!!l:I~ 
'1!l1 ....

(fI) fl1U !\PIm':i~!!'IJ'IJ'IJ~ 

http:fI1iithl.l1
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ri1'UfIl'rl~ 5.17 ('IJ) H'ff~~ltJUllllfll7t~fJ'HlfJfIlfJi~fIl7~fll7~~'lJV~1flH'ff!1~ 

~~ 2 UlIlI ~~!n~1l1fl~lJ~~tJ7~lJ1W 0.2 m~fJ'U 1~fJ'rlu:h!n~fll7!ihJltJ~HlI~nwri1'Ufli:lH'lJV~ 
1m~'fffl~~~ 2 UlIlI 'UVfl'illflif'rl1l";h1m'l'fffH~~'ffV~ih!'U11UlJfll'i!fffJ'itJ~fllhmi''U Ui:I~fIl'rl~... 

='11 'JId. ... '1'J1 "" 1 ""d"".15.17 (fl) !1JU fl'i~'ff'il~'YI~VUllll'IJU1UUi:l~ulItU"w~fIlfJ L~fIl7~Ullllll~ ~fJl;IlJlI~'YI!f1~'lJU'illfl 

fl1'i'YI~'ffVlIijfiltJ'i~lJ1W 0.48 !7!~fJU l~fJ'il~ff~!fl~tl1'U':h1flH'ff!1~tn~fl1'iii~~1mlJUU1uHfJ~ . 
4 ... 1 Ad. d. ~ QI 

Ui:l~ lJllJU1I11fll7!'ffU'H lU'YIfl i:llfJflU 

lIJ'JIo'illflfll'i'YI~'ffVlIflW'JfU'lJV~1 fl'i ~ 'ff! H'H ft'l fllfllU t~l tJu1I11~1~'l L~'YIlfil'i 

'tJ''U '¥ifl~l fIl7 ~Utl~'i~fJ~fll7 ~11~1 u~..;ui\juu!~'Um 111'IJtJ~fIl7~Ui:l~'i~fJ~~1I~1'IJ tJ.:j1 m 'J'ff! 1~ 

fI1ui~m~mdhullll~l~'l !mfJlI!fiulIn'U'i~'H";h~ 1m~'ff!1.:j~~tJUlIlI'IJ'Ul'UUtl~ 1m'l'fffl~~~tJ 
!tlllJtiiu~ ~.:jU'ff~~i'UltJ~ 5.18, 5.19 Ui:I~ 5.20 dl'Hi'tJ.fl1'i~fllnfUtuU'U1UflU fIl'i~UlIlI~~ Ui:l~ 

fI1'i~UlIlIii~ ~llJih~lI 
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700 --Z 
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Displacement (mm) 

iI1't1~ 5.18 U'ff~~ml11mllJfflJiU1h~'H11.:jm ~tJijmulnll'i~U~~1I~1'IJtJ~1m~'ff!1~'Hft~fl1~~V 
u1111 '\lUl'U Ui:l~Ullll!iifJ'JfI1 fJ i~fl1'i"JfU tunU1UflU 

i 'JI i & (V QI tI J~.Q4 (&I QI1~W'ffl'iflltJ ~fll'i"JfU UU'U1UflU 9NU'ff~~fl11lJ'fflJ'rlU1i'IJtJ'lUH'l ummflll'i~tJ~~1I~1'IJtJ~ 

1 m ~'ff!1'l~'l 2 UlIlI 'rl1l11'lf1'J mfl'IJtJ'lm 1111fl H'ff!H'Hft.:jfll~~tJU1I11'IJU lU ijfllf11'i~1flq~ 
tJ7~lJ1W 850 kN "hu 1m.:j'fffl~~~tJullll!iiu~ijfllf11'i~1flq~~1fl':illJlfl tivtJ'i~lJ1W 390 kN 

'" ;: 'JI • QI .1 '" '" lIJ_1 .% ..9 QI

11 i:I'l 'illfl ~~U!'ffum l11'il~Ufl1~~1'IJUtl'l'ffi:lllflU LlJ ;)U'ffU m~1I1'U fil'i 9f'l 'illflfll7'ff 
QI

.:Jtfl~i:lflEJW~ 

t~Uml11'IJtJ.:Jfll7~Vl!1I11!iitJ.:J;)~ijUU11UlJUfl1'l~1UVfJfl11fil'i 1m.:J'fffl.:J~~VUllll'\lU1U U~'Hlfl 
Vi'ill'iWlfll'IJV'lUHtJijmm 'il~'rl1l";hfllm'ltJ~mUl'IJtJ'llm.:J'fffl'l~~Vltllll'IJUluijUU11UlJ~1ll'l 
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., . 

n'h~l'\JeHm'j~tmtJ'lJlutJ~ fl'U.yji~mlvJ'lJtl~mlvJ~~n~11~~\InUllJlril'U1W111~Tl'Hi~~1'Ut1~~tJ 

lm~l'H;~~l'Ut1~~tJ~l!'Wl~~tlit! ~~Uff~~i'U~l1n~~ 5.4 

300 

250 

200-z 
~ 
cs 150 
~ 
? 
II" 
::J 100 

50 

0 

m,-Gi illLlIlI'lJU1U 

- n1,-GiillLlIlIGim(1U\I 

0 0.05 0.1 0.15 0.2 0.25 


~lnm'W~ 5.19 !rJ'UmlvJUff~~fhi!'j ~~~titJ~lJ~~'lJtl~ im~ff~Hl1tr~m~~tlutJtJ 
., " 

'\J'Ul'Uu~~~tl!!tJtJ!utJ~mtJi~m'j~n1'j~~ ,,~ili'UUf)'U'Wtl'WUff~~~llJlJ~~'lJtl~im~ff~l~ "h'W''W• 
!!n'W ~~!!ff~~~l!l'j ~~~.~ i $I111nm'j'V1~fftltJ ~~trmIW~'IJ tl~!ff'W m lvJ,f~fftl~!ff'W 1i~1if)~!fltJ~ti'W 
~Hltl~m'j'V1~fftltJ 111f)m'jff~!n~1'WtJ'h ifl'j~ff~1~~~tlUtJtJ'lJ'Wl'WffllJ1'jfl~tJ~lfll'j~1f)fI~i${ 

mf)whifl'j ~ff~Hl1tr~f11~~tl!!tJtJ!iitJ~ i~tJ i m ~ff~l~UtJtJ'lJ'W 1'Wfflm'jfl~tJ.f)l'j~1f)fI~i¢i 
. " 

t!'j~mw 270 kN "h'U ifl'j~ff~l~.yj~tl!!tJtJ!iitNffllJl'jfl~tJi${t!'j~lJ1W 220 kN 111f)ir'WmlvJl1~ 
p ,<v .K <V .J'1i\ .oi .: .: d'l 'j/.Q

~~~~mt!'j~aJ1W 50 kN !l(l1!lf)1~~1'IJ'WMi'W'j~~tJ'W tt!I'jtltJ"l 11'Uff'U"l~m'j!fftJ111tJ 'W'U'V1 t\91 

f)'jlvJ'lJtl~f)'jlvJ~~n~11~~\If)UllJlril'W1W111~1'Wtr~~1'Wt1~~'lJllt'1~'Wtr~~1'Wt1~cHtJ~ll'Wl~ffll1~tJ 

m'j~m'j~~~tl it! ~~!!ff~~.,j'm.!~ i'W\9Il'jl~~ 5.4 
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250 

200 
- n,,.1ti El LL1J1J'lI).nu 

~ 150 - n,,.ItiEl LL1J1JL(SD"-CI 
Q 

~ 100§ 

50 

0 

0 	 0.1 0.2 0.3 0.4 0.5 0.6 

...".ua (L'on'UU) 

il1'n~ 5.20 1lLYifl~fl nrlfl11lrff1JW't.l1f'I ~1111~UHUiflU];I::ld1JUifl'UfN1 m ~LYrHl1 "'~f11~~ fl 

111J1J'U'Ul'W tt ];I~!11J1JIihl~il1fJt~m'I ~fl1'IUifl 

.d ~ •.1 '" '" '\' :II '" t :II'tllfltlW4't'l 5.20 t1J'Uflnrt'Ufl~UH1Jifl!t];l~ld1J1Jifl'Ufl~ !flHLY'Il~l1];1~f11mfJ IIm'I~ 
., 	 . 

fl1'Iiiifl'Ufl~1m~LYrUt1~LYfl~II1J1J 'tllflml~'tl~Il1 'l.J111m ~LYrl~m;~fI1li~flU1J1J1Q fJ~ t 'U'lh~U'Ifl 
.a:::I ....1 ..,! dr" 	 .ek .c:t t ... 1 

'tl:: 1JfI1m l~ "l~~ifllJl::1J1W 200 kN C)j'~1JfI11Jlflfl11fl1lllflU1J1J'U'Ul'l.JC)j'~1JfI1m l ~"l~qifllJl::1J1 W 

<v .c" Q; jJ" .... .1 ~ 	 J Q-' J GI' I 

150 kN l1];1~'tllflml~1flqllu];l1ILY'l.Jml'rt'Ufl~HH1Jifl'tl~iflfl];l~ U];I~Uf1"HII1'U'U];I~ l'U'lf1~l::1111~ 0 
., 	 . . 

il~ 50 kN 'Uflfl'tllfliirr~'t'j1J11ml~'Ufl~ lf1HLYrl~11"'~fI1li91m!1J1J!QfJ~ihl'U11'!!1Jfil!!HUiflVi"l~ . 	 ., . 
fl111 m ~ LYrl~li~ml1J1J'U'U1'U ff1'l.J ~'UVit~ml~'Ufl~m l~~~m;n'tl::t'l fl'lll1J lfll'U1W111fh.. 
'W "'~~l'l.J~iflci1Jtm::'W"'~~ l'U~iflci1J~lt'W 1~rl11111Jml~f11 lUifl~fl , tl ~~ULYifl~,rm.d];l t 'UlIlll~~ 5.4 

., 
U];l~f11lflfitlllmm t'l.J-th,rfl91fl ltlii 

5.3.1.2 ';1 m 'j~~cj1J'nQ~~ l'Uillfl"'U'U8~lfl'j~ "~H'tIQ~fll.flUJ'~il1'j~U1J1Jph~, 

1rlfl'll1,rfl1J];If11l't'liflLYfl1J'tllflltllUm1J FEA 'Ufl~LHN1m~LYfHl1"'~fI1u1J1J~H; 
., .. 	 . 

t'Ui:J'iJ~~'U";~ 2 U1J1J mtJt~ml~f11l'lf'UU1J1J911~"1J1fll'l.J1Wl11filml~!\liiu (P ) U];l~l~U::mean 

~mi1'Ufl~ 1f1HLYfl~''Ul'lh11J1J911~'' ~'tl~LY11J1lt'lfll'l.J1Wl11fil'W"'~~1'U~iflci1J ( Ea ) 'Ufl~ 
'\' :II lIJl' ..It 0 	 • :II ,\,:11 d lIJ:II'
!f1HLYll~ !'Pl !t];l~tlW'l.Jlf11 Ea 1Jl111lifl1U1J1];1'Ufl~ !flHLYll~ (Structural Mass) fl"'~ ~iflfl1 

'W~~~1'U~iflci1J~11'Wl~ (Es) lifltJH];If11lfll'l.J1ru~'I:~~tlLYifl~1ll'l.Jifll'Il~~ 5.4 

http:H'tIQ~fll.fl
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N"011f1f1tyO'U 

Q) 
,.-..,, . Oil bh 

"'" <U5ll1:::flfl1:::fll I ~ ~ bh 
<Jl 
<Jl Oil c Moment Es~ P Eac < mean1'l.hA'U'U011GJO :.s Oil::E c 
] <U '&;l 

c 
(kN) (kN.m) (kN.m) (N.mlkg)CO <Jl-:::l Ji .~ 

(.) 

E g E-< 

r./J r./J 

(mm)Axial load 
I 

f11 'j ~Hm'U 'U '\J 'W 1'U 197.51 600 
, 

'" m 'j ~nm 'U 'U UHJ-!I 197.25 600 

Bending load (Rad.) 

I 

m Hlfl U'U'U'\J'W 1'W 197.51 0.2 
I .,. 

m'j~tJu'U'UnHJ-!I 197.25 0.2 

Twisting load (Rad.) 

I 

m'j~tJu'U'U'U'W 1'W 197.51 0.48 

I .,. 
m 'j ~ tJ U'U'lJ!'iHJ-!I 197.25 0.48 

10.94 12.85 6.17 

17.48 20.54 9.86 50 

~lfl~l'jl-!1~ 5.4 LU"~~ r.lLlm'jfil'W1W~'~~lflm'j'Yl~tYtJ'Um'j<Jj''W'UtJ-!I 
" " 1flHtYfl-!1l1~~fll~':Wfl1n:11~ 3 LL'U'U l~tlr.lLlf11'j'Yl~tYtJ'U'V'I'U'h l'Wmru'\JtJ-!lm'j<Jj''W1'W U'W1Ufl'W U'W 

1m-!I tYfl-!1 11 ~-!lm~~tJu'U'U'\J'Wl'WtYl111'Hl~~i'U'V'I~~~l'W '~l'Yhn'U 153.45 kN.m ff1'U 1m-!ltYfl-!1~ 
'" 

~tJU'U'UL~tI-!I'~ 112.43 kN.m fi-!l,f'W1):::1~'W111m ~tYfl~l1~~m~~tJU'U'U'\J'Ul'UtYllJ1Hl~~i'U
'" 

'V'I~-!I-!ll'W ~lflm'j<Jj''W l'Uu'U1Llfl'U '~lJ1fln111m -!ltYf1-!l'11~~fll~~tJU'U'Ul~tI-!l1h:l::lJ1W 26.73% ULl:l:: 

~ .Q d( Go' 9J ~ ~ • t GJ 1 GJ Q,I1 
l11tJ'V'I~l'jW lfH1l1Ll'\Jfl-!l~1 m -!ltY'jl-!1 C)1-!111111LllfltJ'UL'Yllfl'W 'V'I'U11fl1111tYllJ1Hl !'U mj~~C)1'U 

'V'Il:i-!l-!ll'U ~lL'V'I1:l::'\JtJ-!l1m -!ltYfl-!1l1l:i-!lm~~mL'U'U'U'Ul'U5~1l1flfl':h1 fl'j -!ltY~Hl1~-!lm~~tJu'U'UL~tI~ 
'll'j:l::ll1W 26.64% ffll1i''Ur.lLlm'j'Yl~utJ'UfI1t11~fI1'j:::u'U'Ufi~ 'V'I'U111m -!ltYfvml:i-!lm~~tJu'U'U 
'\J'Wl'UtYlll1'jfl~~i'U'V'I~-!I-!ll'W '~t'Yhn'U 23.88 kN.m ULl::: 1m-!ltY~l-!1~~ml'U'U'YllW-!l1Jll~~i'U 
'V'I~-!I-!ll'U '~l'Yhn'U 20.86 kN.m GJ1-!1111fl1mtl'Ulntl'Un'W'V'I'U'h1m~tYfHl1~-!lfll~~m1'lJ'U'\J'Ul'U 
tYlll1'jfl~~i'U'V'Il:i-!l-!ll'U~lflm'j<Jj''Uu'U'U~~ '~1l1flfl';h1Dm'j~6U'U'Ul~tI-!I'll'j:::lllW 12.65% ULl:l::m'j 

i 
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~m l'U'U'\J 'U l'Uffl1J1'j t:l~~cirm~~~~l'U~m''n~ 1~~fl'";hf11'j~vu 'U'UlUtJ~1.h~1J1W 12.55% ri1'U f11 'j 

'fI~ ffVUf11 tJ 1~.fl1'j~f11'jij'fl Vt'U';l1 1 'fl'j ~ ff~1~'H ~~ m~~vu'U'U'\J 'U l'U ffl1Jl'j t:l~~cir'UVt~~~l'U1 ~ .. 

lJlf1fl'hf11'j ~V1 'fl'j ~ff!HU'U'U'\J'Ul'U1.h::::1J1W 37.42% 'Hlfl,""'l'jW lfllVt~~~l'U~~cir'U~llVtl~ Vt'U,h.. 
1 'fl'j ~ ff!l~'H~~mU 'U'U!UtJ~ffl1J1'j t:l~~cir'UVt ~~~1'U~ltVtl~ 1~1J1flfli1f11'j ~'tll 'fl'j ~ ff~"':j~~'tlu'U 'U.. 
'\J'Ul'U 18.77 N.m/kg 'H1Vl_h::::1J1W 37.54% 

ffl lJ1 'j t:l~~cir'UVt~~~l'U 'ill flf11'j'lf'U 1 'UU'U1Ufl'UtU'l~ 'il'lflf11'j'lf'UU'U'U~~1~1J1fl fli11 fl'j ~ ff!l~'H ~~m 

~~'tlu'U'UtutJ~ u~1'Umw~i'ml1'j~u'U'Uij~ 1l.l~f11'jffmnfl~'Um~ti'U'Wl1J flril1f!V l'fl'j~ff!l~ 
'H ~~fl1~~VU 'U'U tUtJ~fl~'U1J1ffllJ1'j t:l~~cir'UVt~~~l'U1~~fl'":h1 'fl'j ~ff!l~~~VU'U'U'\J'Ul'U 

"" OJ .!'" 91 0 "l J!., .k... 191 '"OJ1'U~1'U1'iltJ'U ~~'Ul ~flHff'J 1~'H~~fllU'U'U'\J'Ul'UCJt~lJU'U1 'U1Jf11'j~~CJt'UVt~~~l'U 
., '111 jI 

"'lflf11'j'lf'UYi~fli11'fl'j~ff!1~Yi~'tlU'U'UtUfJ~ 1J1Vilf11'j~\liIJ'Ul~'tll~tJ'fI~~'tl~~~~~'lf'Uri1'Um~1J'fl111J 

u~~uH~ihl'u'l~~~l~"l 1~Ufi In:Yll1l~lll~rHgtJ1J ill1~fl~lJ Ill~1gu~~tll~1uv~ ~~'jltm~aBtJ~ 
, 'I j,I 

'UntJltJl'Ul11rU'VYi 4.7.2 u~::::~~'jllYiuff~~1'UfI1VtYi 4.18 l~tJih'Hlf11'j'fl~ffV'U~~ij... 

mVt~ 5.21 uff~~tllu'U'Uf11'jtfftJH1tJ'\JV~1'fl'j~ff!1~'H~~'fll~~mff~1J~1ml1~fl 
'HtYl~~,f~ 4 U'U'U~~flri1d 1~tJf11'j'fl~ffv'Ul~11i'fl~ff'tl'U~1tJ FEA 1~tJ1'UfI1Vt~ 5.21 (fl) f!V 

, , t tJ , 

1 fl'j ~ff~l~l1 ~~fl1Yitff~1J~1tJrH ~fll1tYl~~t llffrH ~ tJlJ ri1'U'fIl~~1'U'\J11f!V.fl1Vt'\J tJltJ'UV~"ii'Uri1'UYi 

1~~'tltff~1J u~::::1'UfI1Vt~ 5.21 ('U), ('fl) U~:::: (~) trIuf11mff'fl~Illu'U'Uf11'jtfftJl11tJ'UV~f11'j~Vtff~lJ 

1fl 'j ~ff~1~~1m'H~fll1,.r111l~Ill~1uv" III 1~ fl"lJU"~Ill~19lPlllJ ~1')'U 



[1tfl~1M.&rtJT.UU::&U,t;t!b Ubrtt;UHk.l!H~lt-Qn.t:Ltn.rtL~t~L~I1M ~flG1::IW~lflLUfl.l!ttLuLIlUk! 
'" '" !F' 

G~tt-tnt-~mtLt~rt£.l!1M.t;U t-Q Jl,flL Ufl~1tLUMWflLfln.tLUL!J.~Lfl~~Urt::m~t}t-~ t-Lk.l!t-t~1rtL~
. ,. ,. 

m flL& ::WUUIA. rtt.l! t-LI1H nUL &W rt1 Ul1t~I1~::mIlU~rtUt-U.l!t-t ~lt-GJl,flLlA.rtQ ~mut I1Ltl1M 1""111 F 'f ~ It) ~p " is ~, t 1'1) 

::~n rtJT.tLU~!tt~mu£11M.1J1::UMl U~UrtlJ1t-Lk.l!t-t~lt-QI\ L,tturtL~mtt£l1rtbflLUfl~ttLU~U,t;t!bUb 

... 
rtt.l!~rtUt-IA.I1G.l!~IULUUL &rtJl,~UtlA.flLUfl.l!1tLUI11111[1tLtrt U1::& I l"~ IA.MWUL &
J:; r '=" p l=' P F I 

rtuntrt1tM. 1 rtJT.tLU::tW~1 flWI1Q.l!~1A. 111111 tr ~~LrtUU~Ut 
" ", b "'", P 

flt~t-!.mJl,nrtLt~rtt.l!1IA.L~t-~Ut-Lt.l!t-t~1t-GJl,flLUIl.l!1tLUl1l1nrrh~.l!n Il'S lU.tLlf 
", P "" .'" '" ", '" 1-... . 

~t~[1t~~L,ttUU~U1 (t-) 

rt~ut-trrt~~LrtUU~U1 (~) 1-"'", P 

~Q1tt~rrt~~LrtUU~Ul (0.) '" 1-.... ", P 

rtfl~Ul.l!rrt~~LrtUU~Ul (u) F' pi" 11) If, P 

~6 
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f dJ', , ~ .Q J Q.I d f ~,~ dd fjJ

fUrW 'Y1 'If'W ff1'W ~ eHff'j lJ ~~ IfWI fl1'j IffV111V'll'W 1~Vff~lfl~!11 'U 11'1f'U ff1'Ulff'j lJfl11lJU 'll~ll 'j ~u1I1I11'U1 

~~1~f1ftlJffllJl'jmY~p.h'Wm~i ,j~fI1lJ'll11~ i~:lJ1f1~1:l~ 


800 


700 
 .... \-1111tlfliL\-1fttl2J-z 
.:.:: 600 - • \-1111tlfl'l\1na2J-
e CD 500 
0 
LL 400 
c 
+I 
0 300 
u ns 

200~ 
100 

a 

- \-1111tlflltltl'lQ 

- \-1111 tlflltltl'l Uil a 

a 100 200 300 400 500 600 

Displacement (mm) 

. . " 
fIl'nn 5.22 !!ff~ ~Hft fl1'j'Y1~ffeJ1I fl1 'j 'If'W i 'Wll'W1!!flU'll eJ~1fI Hff!1~11 t5'~f11!!1I1I'll'U1'W Vi ~~~~"Y1'W 

~lf1m'Yi~ 5.22 Uff~~ml~f111lJfflJi'Wn'j~11';h~!!H,jiifi'iV1fi1l'j~v~Q1I~1'lleJ~ 
, fj/ QI dQ ~, Q Ij/ Q.I' d GJ 
~f1Hff'j 1~11ft~fI1!!1I1I'll'Wl'W 'Y1~~~~ ff1'Wlff'jlJ11 'W l~fI~H'1 CJ1~'Y1~ffeJ1Ifl1'j'lf'W ! 'Wll'W 1UfI'U 'il1f1 

... .1 d J l' "d Q tj} d _IQ.I .cI I ..::::. Q 4 ... 1 
mll"4'i1~I11'W11 ~f1Hff'j1~'Y1!ff'jlJfl1m11ftflllJ~1~lJfI1m'j:l:1f1q~fJ~1:lfl f1eJlJ'j:l::lJ1W 690 k:N 

~ ~... _I'" _I • "i ~.d "" ~ d ~"'_I
'jeJ~ft~:lJ1!lJ'W'lJeJ~11'Wl~~llJ~1UeJft lJ'jtlJ1W 540 k:N ff1'U !f1Hff'jH'Y1!ff'jlJ~1m'ln'lfl11'Ul~~llJ 

I , , JI 

ff!11~tllJUft:l:11U'1~fll,j1~f1ftlJijf'hfll'j~1f1q~Vi1mr!fiv~fi'W fieJ,j'jt:lJ1W 200 kN 11t5'~'il1mr'W 
QI SJ ~ Q.I 1 QI ~ Q.I Q.I ~ J Q.I d I 

ft f1'}Jw~m1~'lJeJ~ l'J n1m ~ff'j1~lJft n'}JW:l:Um~~1'lJ'W ft~ ffft1lfl'W~fteJfI 'Y1~'W 'ilt ff~!fI~!11'W111,ju1111 

fl1'j!! f1i~~1'lJeJ~m l~ij!! 'W11U'lJi ,j'Y11~I~tI1fi'W 

5.3.2.2 

iI , •I 

Yl'WVii~ml~'lJeJ~ml~i'WfIl'V4Vi 5.22 \lflftl'W1W!VteJ111fh'Yit5'~~1'W~~ci111i'W 

u~ft~mw ~~!!fffl~Hftfl1'jftl'W1Wi'W~1'jl~~ 5.5 
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. 
~ J Q.I Q.I I Q,I Q,I Q 0 

9l11H'n 5.5 fl1'YHlHllJ~flS)l'U (Ea) UCl~flTrHl~~llJ~flS)l'U'\Jl~'Wl~ (Es) 'illmL'U'U'illCltJ~'VI1~ FEA 
• 'JI • 

'\J~N lf1'I~tY~nHti~fI1iiH;';mhlJ~tlLtY~lll1.u'l~flii~l~nlJ 

I 
Structural i11 SI OJ <t3 U'U1J'H'Ul91A'Utl~&'Htm Stroke EaPmean E"i 

Mass 
(leN) (mm) (leN.m) (N.mlkg)ti1'U&";~lAH"fH'Hi~Al 

(kg) 

gJ Q.O 11 
l1lJl~fll 'HflClll 238.65 689.50550 131.26 190.36 

11.u'l~fllll~AM~fJll 637.20228.82 550 125.85 197.51 

200.90 110.50 625.52550 176.6611.u'l~fllll~1~ 

11.u'1~fllll~1UtJCl 160.73 88.40 509.62550 173.46 

'illfl~Tn:J~ 5.5 t~lJm'JflllJ1tufh'Wti~.:JllJ~fli'UUCl~fh'Wti.:J.:JllJ~fli'U 
• 'JI 

~ 1A'rn~ '\J lflm'J'lflJllJUlJ1UfllJ'\JtJ~1 fI'I .:JtY~1~ l1ti~fI1'J~vlJ~lflfJtYl'J iiijm 'J ~fl~~thlJ LtY~l1ml11 

LL~~U'J .;j~1~11.u'1~fll1l1.;jflCl11 lll~Ll1~Vll lll~1~ UCl~lll~1UtJCl ~.:J'il~111lJl1fh'Wti.:J.:JllJ~fli'U 
'\JtJ.:J1 fI'I ~tY~1.;j~1~AM~flH.u'1~fl'J1l1~flCl11&~lJ'j;hlJm~l1ijfi11'yhn'U 131.26 leN.m ri1lJl1.u'1~fl'j 11 

~ ~ 

~AM~fJ11 11.u'1~~lll~1~UCl~H.u'1~fllll~1UtlCl ijfiTwti~.:JllJ~fli'lJ!'yhn'U 125.85 leN.m, 110.50 

• Q.O d 1011" 1 gJ "'. "" l' d gJ Q.O AIQ.O'leN.m UCl~ 88.4 leN.m ~l11mfl'U 'illflNClfl.;jflCll1AMlJ t~n-I flHtY'Jl.:J'VI~tlLtY'J11;J1VAMClflHlJl~fll1J 

1.;j flCllltYl111'J~~fli'U'Wti.;j~llJ 'illflm'J'lflJ1¢{~fl11U'iJ'UglJ lrltlLiiv'Un'U111Cl'\JtJ.:J~11 fI'I ~ tY~l~U~Cl~ 
9J J' ~" d jJ Q.I .J.d d '4 1'" 

u 'U 'U UCl1 'W 'U11m'J ~ tlLtY'J 11fl1m H €I fll1lJ l~fl 'J1l tYAM €I fJll 'il~ 11 11 1Clll1 flfl1111 'U 'U tllJ flVl1111Cl.. 

AI .ok ,.j.~ ... ., 'I gJ d gJ '" .1'" '" gJ 'ly. d gJ.,
1J'J~ll1tu 197.51 kg S)l~l11tJl1J'JV'Ul'Y1V'Ufl'Um'J ~'ll1HClflHlJl~fll1JtYAMClV11UCl1 m'J ~"DAMClflHlJl~fl 

l1l1~ flCl11tYlll1'J~~fli'U'Wti.:J~llJ1¢{~fll11flV~ij111Cl.u'tlVfl11 lrltJ11fl'Il~MNCl 'illflfl1111tYlll1'J~llJ 

Q.O .... 1 gJ 1 1 ".d, q" d "Q,I ... I 
m'J~flS)l'U'WClHllJ 'illl'Wl~'\Jtl~ flHtY'Jl.;j 'W'U11 flH tY'Jl.;j'YI IPItlltY'J 11fl1V1HCl flHlJ 1~fll1J1~flCl11 'il~ 

lM'NCl~fl11H'U'UglJ titJijfil~fli'U'W"'.;j.:JllJ~11'Wl~l'vhn'U 689.5 N.mlkg ~'1!~lJfil\\.:J~trfl tJdl~h~ 
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. 

5.4 N'tIfl11f1vUI01.1fl11'1fU1.IfFilA1~fJ.rH'I.h~flO1.J'nvi01~,.rh~lA1~fJ.rHttK~Al"1.11A1~fJ.rH 
A1U.uH . 

"" 'VIFEA 
~I 'JI 'i 'JI OJ .... 'i 'JI 'JI 'JI I ~I )! 'JI ... OJ 

1I'j::m)U~1fJ U'IHff'jl~'t"'~fl1U1JU9Il~"1 f)U ~f1Hffn~~1'U'lIl~UU1J9Il~"1 1I'j::f)t11Jt1.l1~1fJf)'U ~~ 

. . '" 
t1111J1fJ11im'iffmn l'U1J'Vlll 4 lh,j't111 4.8 1l1f)u'Uihlm~ff!wtJj~f)t11J1J1i'1Jm'j::m'j'lf'U''U 

. '" 
U'U1Uf)'U l~t1ffmI1Vfq91mnJ'lItI~1m~ff!HU~"::'l1~ l~fJfiH"f)nffmn~~~t11t1iJ 

. 
5.4.1 fl11f101.1fJUO~fl11'1fU1.IO~lA1~ fJ.rH'I.h::: flo1.1nvio1 :::1'11H 1tl1~fJ.rHttK~A1"1.1 

lfl1~fJ.rHA1U.uH 

"" (11) 'lI'Ul'U+LUIH (U) 'lI'\.J1'U+'lI'Ul'U 

.d ~ ~I "" 'JI 0 'JI 'JI
fll'Vt'Vl 5.23 L1J'Ull1U1J1Jm'jtfffJ'H1U1l1f)m'j'Vl~fftl1J~1um'j1l1"t1~m'j"tr'U~1'U'H'Ul'l1fN 

lflHfffl~~t1'i:::f)t11J1l1f)UH~ 1f1Hfffl~~1'U,'I1~nu lm~ff!l~'H~~fl1U1JU~l~"1 l~ul'UmVf~ 5.23 

(f) LrI'U m'i tfffJ'lI6~'H1U1 fl'j ~fff1~t1'i::f) t11J 'j::'\..r;h~1 m ~ff!T~~1'U.f11~U1J1J'VltW~1JlJ~t1 n1J 

http:lfl1~fJ.rHA1U.uH
http:fl11f101.1fJUO~fl11'1fU1.IO
http:A1~fJ.rH
http:flO1.J'nvi01~,.rh
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'I' 	 'JJ <V Q d ~ Q 'I' 'JJ.I • 
LflHff':il.:llHl.:l'fllU1J1JL'IW.:I m'}'jl'l 5.23 ('lJ) IlJ'Un1':ilfftJ111tl'\Jij.:l tm.:lff':il.:llJ':i:i:Oij1J':i:i:1111.:l 

1f1':i .:Iff!l.:l~TW'li'l.:lll1J1J'YIlltI.:I~1I~ml1J 1f1Hff!Nl1~.:I'fllIl1J1J'\J'U1U m'}'j~ 5.23 (f1) I~Un1':iLfftl111tl 

'tItH1m.:Iff!l.:l,j':i:i:Oij1J':i:i:1111.:l 1m.:lff!l.:l~1\J,j'l.:lU1J1Jff~1J'~'U,ji:llWm11J1m.:Iff!l.:ll1~.:I'fllIl1J1J 

li!tI.:I m'}'j~ 5.23 (.:I) 1~'UOl':iliftl'l'lltl'tlij.:l 1f1Hff!l.:l,j':i::Oij1J':i:i:11·h~ 1f1Hff!l.:l~1'U'li'l.:lU1J1Jff~1J 

Vh",ji:llWmllJ 1m.:lff!l.:ll1"'.:Ifl11l1J1J'\JU1'U m'}'j~ 5.23 (~) I~UOl':iliftl111tl'\Jij.:l 1m.:lff!1~,j':i:i:Oij1J 

l:i:lr:h.:l 1m.:lff!l.:l¢1l'U'li'l.:lII1J1J'\J'Ul'UWml1J 1m.:lff!UI1"'.:IfllU1J1JIi!tI.:I 1Ii:l:i:m'}'j~ 5.23 ('Q) L~'U 

n1':i Ifftl111 tI'tIij.:l1m .:Iff!1~,j':i:i:Oij1J':i:i:1111~ 1m.:lff!l.:l~111~1~U1J1J'\J'U lU ~ml1J1m .:Iff!l~l1~.:I'fll 
.k ... 	 "'. 'I' 'jI.1 '" 'I' 'J! 'JJ <V<V

1I1J1J'tI'U1'U 	 1l)f.:l~::::ff.:l!f1~m'U11 ~flHffl1.:llJ':i::::Oij1J1I::::lfWln1'j~1J~1't1ij.:l ~flHff'Jl.:l~1t1f11'U11i:l.:l'\Jij.:l 

3J' t.4 ~ \I] 91 t:t I jI CV 4 

1f1Hff'jl.:lOij'U ~1t1'U'U1I::1In1'jlfftl11ltlm::::~ltJ ~,j~i:lijfl1m.:lff'jN 'YI.:1'U'}'j1J111f1Hff'jUI1i:l~'fll1l 
<V <V 'JJ' 1 'jI 'JJ 'JJ '" '" ...... 'JJ 111.1 'jI 'l 'I' 1 'JJ 'JJ 'JJ d

n1'j'}'j1J~1i:l.:lfll'Um.:l 1m:::: flHff'jl~f11'U'\Jl.:lmOflOl'j'}'j1J~11'\Jl tlJfllU U ~f1t1 flHff'jl~f11'U'\Jl~l'I 

~ij1l1J1Jff'"1Ji'l'U,j mlnfln1'j oW1J ~11,j'11,jflO~r{f1 ~~m lIff!H6U ~ 'jltlllri~lf1t1ffl'j 1Jlo~ r{f1 1'U 

fll'}'j 'j 111 ~::::ff~!f1~1~'U111,j1l1J1J01':i I ffmlltl'\Jij~1m.:Iff!l.:llj~t1'1;lW::~fI ~1m)u IIWHi:l n1'j 

" ~ij1J ffU ij~ 'l'U~ ,j1l1J1J'\Jij~1IH,j~mt!l'\Jij.:lIlWi:l:::: 1m.:l ff!1~,rU'}'j1J11ljfl111l1l~OW l.:lt1UTI'l.:l ~.:I 

Ufffl~I~'Uml~fll11lff1li'U.fi'j::'I111.:lU 'j .:I,j~fWtlllli:l::::'j:i: tI:i:~tJ~1'l'Jm'}'j~ 5.24 

2400 
'. fI ilVi u.tI"~ 11 +flil LUth12200 


2000 
 - ~iilVlU.tI"~1I+flil'1lU1U~ 
:'.1: ....... 6liliilttlJ'MUUil1HlilLUtI"
-z 1800 

I 
~- 1600 
Q) 

e 1400 
0 
LL 1200 
c 
0 1000;: 
Co) 
ftI 	 800 
Q) 

0:: 	 600 
400 
200 

0 
0 50 100 150 200 250 300 350 400 450 

Displacement (mm) 

• • . 6lil iii tttJ'14UUil1+flil'1lU1U 

_.. _. flil'1lU1UHlil ~UtI" 

- .. 6liltlU1U+fliltlU1U 

iln't~ 5.24 	IIfffl.;Jml~'tIij.;Jm.;J,j~mtlllli:l::::'j::::tJ::::q~~1't1ij.;J1f1Hff!1~,j'j::::Oij1J~Wij~101f1Hff!1.;J 

~l'U 'li'l.;Jt1tJ 1 flHff!l.;J'I1 "'.;JflllltJ1JW l~ ~ 

m'}'j~ 5.24 ~.:II~'Uml~lIfffl.:lHi:l'tlij~IIH,j~nlt1l!li:l::::'j::::tI::::qtJ~l'\Jij.:lll1JtJ~li:lij.;J 

1m.:Iff!l.:1,j'j:::: Oij1J~'~'illOn1':il'lfiffij1Jn1'j'l1U'tIij.:l1m.:Iff!l.:l~,j'j~OijtJff"'1Jt1U 6 U1JtJ ':i::::'I111.;J 
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'J! "" "" 1 ~p~ <f1 1..It "" I1fl'j 'H"~ l.;J'tHl.;JfIlfl'lJUH.;J flHff'j 1.;JtilU '\Jl.;J'\J6.;J'j flVU~ ~Wffl'jU'IJ'IJ~1.;J"l CJ1'Hl1flfl1'j ff.;Jlfl~'Vt'IJ11 

. 	 " 
fl'j 11'1'\J6.;Juvi{l~1 flHff~l.;Jihrfl'MW~fifl~lV"l mh1fi6ijfl1'j!!fl1.;J~h~.;J i lJ'M1.;Jum 1JlflirlJ'j)~Ufl1.;J. . 	 . .... i "" 1 0 "'I 	 ~ I 1 gJ AI dAI ~ 1 ~ 
~1 U (lflllW~tl~1{l.;JlJll'j6t1"l 'iJlfl'\J6l.d{l'Vt'IJ11 flHff'jl~lJ'j~fl6'IJVllJ'j~fl6'IJ"1V flHff'jl.;J 

p ~ 	 1 gJ.... d i ~ I """" "'I A I
'fllU'\Jl.;JU'IJ'IJ'\JU1UU{l~ flHff'jl~'tt{l.;JfIlU'IJ'IJ!'j:W.;J 'ttfllfl1'j~1flq~'tJ~1l" fl6lJ'j~lJ1W 2,250 kN 

~llJlJl~1V1 fl'j .;Jff~l~tl'j ~fl6'IJ~tl'j~fl6'IJ~1t11fl'j ~ff~H~lU.fi'l.;JU'IJ'IJ'\JU lU !m~1m.;Jff~l.:J'tt ti~fll 
~ d , _ I 	 '1 rJJ a 1 ..::.1 I ~ Ai gJ d .... 

U'IJ'IJ'\JU1U 	 CJ1~lJfIllJ'j~1J1W 2,100 kN ff1U flHff'jl.;J6U"l 'Vt'IJ11lJfIlfl1'j~1flq~ fl{lLflV.;JflUlJlfl 

fi6tl'j~lJ1W 1,700 - 1,800 kN U6fl'iJlmfuiJ.;Jff~lfl~'~-;h 1m.:Jff~1>1tl'j::fl6'IJ~tl'j::fl6'IJ~1V 
" 1 m.;J ff~l.;J~lU .fi'l.:JU'IJ'IJ'\JU1UU{l~1 fl'j .;Jff~H'ttil.;J fIlU'IJ'IJ '\J'UluirU 'iJ~ijrll'\J6.;Jm 11'1 'tJ~fl11'\J 6.;J 

1m ~ff~l.;JU'IJ'lJgU"l 

~ v 	 v , 
m>'~ Ifl1..:1i.l1H'H1NfllUUUVlH, 

flW::1~tI'~1l1.fi'6l.d{l'iJ1flflH•.jiUfl1'Vt~ 5.24 lJlri1\nW'tt1til'Vtti.:J~lU~"aH'lJ (Eo) !m~ 

til'rtti.;J.;J1Utl"aH'lJ~1!'Vtl~ (Es) ~>1 i~H{l~.;JUff"~iU~l'jl.;J~ 5.6 

Vl11H~ 5.6 	H{lfl1'jrllU 1W'\J6~fl1'jVl"ff6'lJfl1'j"lfU1uuu 1UflU'\J6.;Jfl1'jvi6ffti'IJ'j~'tt1H1fl'j .;Jff~l.;J 
~lU.fi'l.:Jti'lJ1m.;Jff!l~'ttti.;JfIl'jfltlU~l"Uffl'j 

I 11 1 v v vfl11 1~fl8U fl1..:1i.l1HA1'U'UH 

flU lf11..:1i.lfH'HO..:lfl1 
Structural 

P mean Stroke Eo E~ 
Mass 

ur+~lf11..:1i.lfH 
(kN) (onn) (kN.m) (N.mlkg) 

UfH1fI'Ui.lfH (kg) 

v v .... 
Al'U'UH ,",Nfll i 

d 

i 
U'IJ'lJVlUtl~ldlJ U'lJ 'IJ!,W>1 520.42 400 208.00 284.1 732.21 

I U'lJ'lJVllm.;JldlJ U'IJ'lJ'\JU1U 585.27 400 234.11 286.93 815.91 

U'lJ 'lJ ff iluwU tl{l1 
d 

U'lJ'lJmv.:J 528.11 400 211.24 284.10 743.54 

1I'lJ 'IJ ffiluwU tl{l 1 U'lJ'IJ'\JU1U 565.11 400 226.04 286.93 787.78 

d 

U'IJ'lJ'\J'UlU U'IJ'lJI,W.;J 603.41 400 241.36 281.94 856.07 

1I'lJ'IJ'\JU1U U'IJ'IJ'\JU lU 697 400 278.8 285.05 978.07 

i 
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ll~ ffV1J m'.i"lfW 1 'WU'W 1un'W'.i ~"1'h~1m~ ff!1~1I1'W"''''~n1J1 m~ff!ntYi:l~m'.i()tJ'W~l ~tJff1'.i ~~v 

m:l1Jn'W 6 H1J1J 'il1n""V:Ull1'W~1'.i1~ 'W1J'hm'.i~v1m~ff!HtI'.i~nV'U~ff1:1J1'.i()~~ti'U'W~~~1'W'1I
~ ~ 

"I,. yd. y y ... ,. y ... .& 
t.l~,,!~f1V ~f1Hff'.i1-311~V'il1nmN~1'W'\I1~U'U'U'\I'W1'Wn'U ~f1Hff'.i1-3l1ll~mU'U1J'\I'W1'W ct1~ff1:U1'.i()~~ . 
ti'U'W~~nu 'lIll'hn'U 278.8 kN.m '.iV~ll~:U1fiv1f1Hff!1~Vi~ml1nU~~1I1'W""1~U'U'U'\I'W1'Wn'U 
,. y "'.& ......'11 . ... .& y •<V 

~f1Hff'.i1~l1ll-3f11U1J1J~lltJ~ ct1~ff1:U1'.i()~~ct1'U'Wll~-31'W ~Hmn'U 241.36 kN.m ct1~'WVtJf)11u'U'Umn 

tI'.i~:IJ1tu 13% tb'W 1f1Hff!1~~~~ti'U'Wi:l~~1'W'IIt!vtJ~,,!~fiv1f1Hff!1~~~fl'il1nU~-3111'W""1-3U'U'U 
... ,. y <V "'.& ...... , y , <V .& y • 

llutJ~ll:un1J ~f1Hff'.i1~l1ll~f11U1J1JtlltJ~ ct1~ff1:1J1'j()~~ct1'U'Wll~-31'W ~~llln1J 208 kN.m ct1~'WfltJn11 

1flHff!1~u'U'Umno~ 25.39% ri1'W 1f1Hff!1~U'U'U~Wl 'W'U'";hijfi1m'.i~~ti'U'Wi:l~~1'Wlnt1'!tltJ~n'W 
"I •f1m~1111~ tI '.i~:IJ1tu 210 - 230 kN.m 

~rlml1fi1'Wi:l~-31'W~~ti'U'\IV~U~ll~1m-3ff!1~:IJ1tVitJ'Un'U:U1ll'\lv-3<fi11m ~ff!l~m~ 'iI~ 
Q'<j ~tI .::i, "j.I <v,. fJi d'QI

m'W11 ~f1Hff'.il-3 '.i~nV1Jll~V'il1f)U~~~1'W'\I1-3U1J1J'\I'W1'Wf)'U LflHff'.i1~l1ll~mU1J1J'\I'W1'W:umm'.i 

~~ti'U'W~~-31'W~ll'W1~t.l-3,,!~ l~tJijfi1l'~hn'U 978.07 N.mlkg tb'W1flHff!1-3~~fl'il1m!WJII1'W""1-3 
U'U'U'\I'W1'Wn'U 1f1H'H~-3mll'U'ULUtJ-3ijfi1'W~-3-31'W~~ti1J~ll'W1~'.ifl-3ll-3:1J1 fiv 856.07 N.mlkg tb'W 

1f1'.i -3ff!1-3~Wl'W'U';hijfi1n1'.i~~ti'U'W~-3-31'W ~l~m~ 'nt1'ltltJ-3n'W 

.., 4' 1'1' v ........ 'I' vvv

5.5 Nan11'f1fU'tl'UilfllJW~n1·n.lft(Jltl1~111H~fl1~inH'Hil-!ifllflmUHlfl1~iJ1HftTU'lll~'lItl-!i 

1 fJtI'U(Jl'1fttliJl1 

'JI JI , , 

1'W "b'Wilf1tu~t1n1.otJ11I'Vl1n 1'.i ~lllV-3;$'W ri1'Wg~~ flu'Umh ~1lVlv!:gmJ'.i ~11 ';h ~ 
,. y... y ~ ,. ~y y 1 OJ '" 

~ f1Hff'.i1~l1ll-3mUll~U~-3~1'W'\J1~ L~tJ &'lm~~'\I1~U'U'U'\I'W1'U Ull~ f1H'H ll~mU'U'U'\I'W1'W~'U fl~'il1n 

" " d~'W1flHff!1-3 tI'.i~ nfl'U~ff1:U1'.i()~~ti'U'Wi:l'N1'W 'il1n m'.i '11'U 111ff-3ff~~-3 , 11na11:1J1ut1'1 l'i~il 
~ ~ ~ 

QI ~ I ..::i ,do J d t J .d. ,d l.d 
llnlJtu~'\IV-3'11'Uff1'UtJ~~fl'Yl'il1llU~'\I'Wl'.itJn11 m'.i~VU1J1Jll 1 m'.i~flU1J1Jll 2 Ull~m'.i~VU'U'Ull 3 

d "" 1!i1 y d: G) .d .d d d tV e!Col

~1:UllV1i1J1tJ 11'U111'\1Vll 4.9 Ull~ mfll'Wll 4.20 ct1-3:U~llm'.ifff)lJ1~~'U 

. " 
'.itlU'U 'U m 'j'fftJ'H 1tJ'\I fl ~1 fI '.i -3 ff!l-3t1 'j ~ntl'U;ig~~ flIl1tJ;$'U ri1 'W g~~ fl U'U'U~1~1.. 

"" .
l'i~ 3 U'U'Ut1'WUff~-3 ''W.fI1'W;i 5.25 

http:1'W~1'.i1
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. 
(fl) f11'j'fltlU'lJ'lJili1 

. 
('U) f11'j'flm~'lJ'lJili2 

. 
(fI) f11'j'fltlU'lJ'lJili 3 

. . .,
4 _I" "i ';II _I ....... "'i
I

1Il,,'n 5.25 Ufffl~ilJU'lJ'lJf11'j ~fftJlYltJlllflf11'j'l'lfl fftl'lJf11'j ')f'W'Utl~ ~flHff'j l~lJ 'j ~fltl'lJ'l'IlJ')f'W ff1'WtJfI 

'fltlU'lJ'lJ'fll~i 

'0 lflfl1't't~ 5.25 ~~UitJ U'lJ'lJfl.l'j ~iYtJlY ltJ~tnfllllflf11'j')f'W'U tl~ ~f1'fltl1flH ff~l~ . . 
~l'W,rHti'lJ 1f1Hff~1~lYft~fI11f1tJi'Wfl1't'tfi 5.25 (fl) ~~'Wftf1'}Jtu~f11'niYtJlYltJ'Utl~ 1f1Hff~1~U'lJ'lJfi 1 

~~11i'~ijf11'j'flmff;lJifli iUfl1't't~ 5.25 ('U) d~I'Waf1'}Jtu~f11'j'flmt'lJ'IJ~ 2 f11'j'fltlU'lJ'lJifiltJlJi~tiu 
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ff111rHgfJlI~f)'IJ~nW~1I'\lf)-3~~~f)~"mn1ihm~h'!'\ltJ1~VI'..n 2 rum 'Il1111fl~ '1,rt.u'l~l1 ~-3iiioNitJy 

~f)'HWtJ~1~fJff1';i'lJ1-3U"y-3 FH'I'Olflmn1~fff)'lJfI1';i~mf-3 3 U'IJ'IJ ~'IJ':hnmJW~fI1';itffml1fJ'\lf)~U'IJ'IJ 
d .d a (V d.d ~ QI r 4. ~ Q,I.J.ci , QI 

'YI 1 u('1~U'IJ'IJ'YI 2 lI('1flllW~fI1';itfffJ';itl'YIfHnfJfltJ fl('l11flf) lm.:Jffd1~l1('1fl'YIfJ~';i~Vl11~VlMmU('I~ 

~ fl';i ~ ff'j HVI ('I flllfl1';i tfffJl1JtJf)fJfl11fff)~U'IJ'IJU';jfl ~ 'i'WUNtJtVI('Ifl'YItff';i 11!'\l1 ttl'O~'YI1VItJ l'Y1m~ '0 1fJ 

... 

UFN.u'1~'O~!fi~fI1';i~'lJfl1fl~lfJtfi~fI1';i~~ ~~ri~~·mi,rtfi~fI1'Hffvltl1l1fl ri1tJU'IJ'IJ~ 3 ~'lJ11 
,. fJ/ QI ~ d ... 1 j). ,. I d d ~ iJ 11) 0 y.d 

".,. fJ/, Jt iI QI' 1IJ
UHt'\ll~ tflHff';i1~ff1tJf)tJ"''\lf)-3UN~'\lHU('l~VlMflWIf) ttl 

450 

- 400 z 
~ 350-Q) 

300~ 
0 

250u. 
r:::: 
0 200;:; 
CJ 150CU 
Q) 

0::: 100 
50 

0 

- 01'5'GiaLL1J1Jii 1 
•••. 01'5'GiaLL1J1Jii 2 

- 01'5'GiaLL1J1Jii 3 

. 
.... 

, .. . 

'. 

500 

0 50 100 150 200 250 300 

Displacement (mm) 
• • if 

.fIlnils.26 m1-nm .:JtlUmfJ1U('l~'j~fJ~t./'lJfl1'\lf)~1m ~ff!Htln:flf)'IJ'riiH1tJri'JtJ~~~mt'IJ'IJ~1-3'" 

• • if 

.fIlwri 5.26 Uff~~nfl'I;JW~'\lf)~UHtlUfi~V1'\lf)~ lflHff!wriii;tJri'JtJ~~~mt'IJ'IJ 

~1-3'" trtf) f 'lJ.m'j~fl~ '1tJUtJ'JUfltJ 'Olflm 1'W 'O~t~tJ'b '1 Wlf-;m!'jfl~tfi~fI1'j:1flfl~ fI1'j~ mt'IJ'IJ~ 3 .. .'I IjJ , ~~.:::I • 4..a d f AI d ... 1 t , 

t11mfl1'j~'Jflfl~'YI~-3fl'J1U'IJ'lJf)tJ flf)lIfl11J'j~1I1W 160 kN 'YI';i:u~m'j')ftJ1J'j~1I1W 15 rum ff'JtJ tJ 

fI1'j~f)U'IJ'IJ~ 1 'Odjri1f11'j~ff~ff~tl';i:1I1W 130 kN ~'j:::fJ:::fI1'j')j'tJtl';i~1I1W 18 mm ri'JtJfI1'j~t1... . 
.d 'I 'J/ • ~I .d.1 ....

U'IJ'IJ'YI 2 'O~ tVlmfl1'j~1\X~~~1J'j~1I1W 140 kN 'YI'j:::fJ:fI1'j')j'tJ1J'j~1I1W 30 rum Vl1fl~'01'jW1'Olfl 

nflllW:::fln-n'il~!~tJ11fl1'j~ml'IJ'IJ~ 3 iiUtJ11tlllfll'\lf)~uHtlumVl1\X.:Jfl11fl1';i~t1U'IJ'IJ~tJ.., U('I~ 
~'lJ11fl1'j~f)U'IJ'IJ~ 2 iinflllW:::fI1mfli.:Jfl1'\lf)~uHtlumV1flf)tJ.u'Htlf)U lrtmViu'lJfi'IJfI1'j~f)U'IJ'IJ 

http:Q,I.J.ci
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'Q,.I <V "l !II ... I ".:$' 1.1 ~ , .d '(v ,
5.5.2 A11'4 ~-a-a1'U~A.'U'll8-3 ! fl1-a1:f11-alJ 'i~fl8'U'YIflAVl8A lfl'lf'U1:flU[JAVl8~fl1:lW~VIH9 

QQ,f "1 ~ 0 'J1 ..d
flW~1'iW l~'lJl'llfl~{I'iJlflflWI1'1 5.2.6 lJlril'lJ1W'H1ril'VHr~·n'lJt1~cU'U'llfl,m9i{l: 

lm~ffrl~ Um~L~f.I{I~~Uff~~ilJ~l~l~~ 5.7 

Q.I '1 v~fl1:lW::::1AVl8 fl'i-31:f1H 

iI iI ""'1 iI OJVl1U'llHfl1J AH1:f'iH'HfNA1 

P mean 

(kN) 

Stroke 

(mm) 

Ea 

(kN.m) 

I d 
fl1~~flU'U'U'VI 1 95.789 285 26.44 . 

I '" fl1~~flU'U1J'VI 2 125.319 285 35.72 

I '" 
fl1~~flU'U'U'VI 3 

. 
154.202 285 43.95 

. 
.::t .:::oj 4 d • cv cv I cv 

U'U'U'VI 1 lJmllJffl111Hl~fl~{I~lllflfllJfllfl1~t1~~'Uvt{l~~l'lJ!'VIlfl'U 35.72 kN.m W;'l::~ 26.44 kN.m 
" JI f" 

\911lJl!h~'U l1~il'H1flff~lfl~ltlmJ'Ufl1~9iflu'U'Uli 3 'illflfl1vtli 4.20 U{l~fl1vtli 5.25 'il::::vt'U,htl'fl1:lW:::; 
1 !JI • • 

fln9imm'Uli 3 ili,,*1ff~9imff;1Jllj1Jlmijfllli~'Uti'Ufl1~9iflU'U'Uli 2 u9iffl111HI~~cU'Uvttl'~.,'jl'lJ'illfl. ~ 

fl1~'1f'lJ l~lllflfl'hu'U'U~ 2 'lh~lllW 18. 73% Ufl:::;fl1~9iflU'U'U~ 3 ffl1JTHlt1~cU'Uvttl'.,'j.,'jl'lJ'illflfl1~ 
~.2' I ~ ... 1 I',V: I -=S 1 Ij) cv JI cv 9J.ci

"'f!J 1'l'llllflfl11U'U'U1'1 1 lJ~:::;1J1W 39.84% ~~'lJ'lJfl1)~flV~ flHff)1.,'j'HfI.,'jml'lllfl'UurN'llWil~fl1~ . . 
~ .ci 1 .d' 4: 

vt'ill~Wlfl1)(J~\91flU'U1J'VI 3 flfllJU'U'UfllJ<l'] 
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'" 111111 6 

.1 .:Ii iI 
ff1lJ~f;Ull1f1fl'Wl'U.'~"t)'ff'Ut)U'U~ 

6.1 tJlt.1NDm1~mn 
d/ J"':!l .., 91 "l 91 ""l d"" 

fll'JffflEl11J:I;j-3f1f1E11fJW flflElW~Vll-3~l1J fll'J 'tf1J'UtHI IflHff'Jl-3'Jfltl1J ~ I ~tlff1'JVIHfl ~ 1J 

.1 III 0 d/ "l '" 91 .1 "l 91 .... d • '1 91 'I 
1J'J~lVlff !VltI Vl1fll'JffflEl1 !~tIlfl1J'UVlJfll1JU1J1J IflHff'Jl-3'UV-3'Jfltl1J~ !~tlff1'JVI~V !'tf.:J11J !1J 

U'J~lVIff U~1fffl-3U1J1J~lflV-3V11-3 FEA 1~ltIlt1u'JUflaJff11~~lUVll-3 FEA ~V ABAQUS ,rJ1J 
, • " tI 

tfllV-3:UVlt"f1'1J fll'J ffflEl1 , 1Jfll'JffflEl1' ¢i'':hU1J1J~lflV-3;11JU11J1m-3fffl-3'H "f1 'ti-3U1J1JtWflU11J 
., 

ttfl~U1J1J1fl':i -3fff1-3U'J~f1V1J uti'1',hfll'J~lflV-3fll'J'tf1J'1J "f1E1Wg:~l-3" O'1J ~1f1il'1J,hf\1'J1tm1g:"y 

Hflf\1'JffflEl11~tI-W~1'JW11UU1J1Jfll'Jtfftl'H1t1 f\1'J~V1Jff1Jv-3'Uv-31m.:Jfffl-3 fl11lJff1lJ1'JfI '1Jf\1'J~~ 

clf1J ....".:J.:J11J Uflg:fll'J~ilIclf1J"""-3-311J~11""1~'Uv-31m.:Jfffl-31rJ1J~1;1~'H"f1 ~.:JfflUNflf\1'JffflEl1ij
., 

~.:J~v'uil 

6.1.1 n11tJ0ml1rJUhhllfl"UI FEA n1Jm1'JlflD0~ 

'1J-311J1.utlifi¢i'Vi1fll'JffV1JtVitl1J1ummlJ FEA ~'t.:J11JO'1JVI~flV.:J 1~tIliiVfI 
1flHfffl-3UN.:J~11J,yH'UV.:J'Jfltl1JI?i'~UtllJ't 3 U1JU¢i'1t1O''WflV 1) f\1'J~V1m-3fff1.:JU1J1J'U'W1'W 2) 

f\1'J~V 1flHfff1.:JU1J1JVllW.:J:l;jlJUfl~ 3) f\1'J~V1flHfffl-3U1J1Jff"1J~'WUfl11rJ'W1flHfff1.:J'1.1Jf\1'JVi1 

f\1'JVI~ flV-31~mVitl1J O'1J 1u'JumlJ '1. 'W f\1'JVI ~flV.:J i~Vi1fll'JVI~flV-3f11t1'1.~fI1'J~m~~l1u1J1J~H" ~1t1 

fl11lJt~1~1 (Quasi Static Load) Ufl~fI1'J:;'1.1JU'W1Ufl'W~1t1fl11lJl~1lJ-3 (Impact Load) Hflfll'JffVU 

tVitl1J....1J,ll1u'JumlJ FEA ~tiiVfI '1.t.:J1'WU1:\~1~V'W ''U~1.:J'' ~'1.t'1. 'Wf\1'Jill'W1Wff1lJ1'JflVi11J1t1 

"" '" .. 91 11191' 91 t '191 '" ~ '" 1 ....q~m'JlJfll'Jlfftl'H1t1'UV-3 !fl':i-3ff'JH !~Vtll-3\lfl~V-3V1.:JfI1t1 !~fI1'J~fl11lJtn~lufl~fl11lJt'J1'l-3 ~tI 

91 .1 ... .., • .1 .., d !II .., 'I ' 
'H~1JU1JUfl1'Jtfftl'H1t1Ufl~flflElW~'Uv.:Jmlnf11'J~U1:\~'J~tI~~U~1V1flmtiflUfl1'JVIilIflV.:J !'Wff1'W 

., 
''Uv.:Jihfl1';i~~ci1J""".:J.:J1U (Ea) ufl~fhf\1'J~ilIci1J""".:J.:J11J~lt""1~ (Es) il'u .... u,;h1u'JumlJ FEA . ., 
ff1lJ 1'Jfltihu1Wt'h'~lJ.:Jfl11 H1:\f\1'l VI illflfH '1.U'J~ ~1J jiJ11lJNilI....m~VitlvlJfU 1 ~ ~-3il'U~-3 fflu1~11 

U1J1J~lflV.:J~fffH;fulJn1f11ummlJ FEA ~.:Jmh1ff1lJ1'Jmh1u'1.t'1.Uf\1'JffflEl11fl':i-3fff1~~ij 
., 

'UU1~~'i~'~ U11J ff1m~'Uv.:Jtl11lJN~""fl1~m~1f1~ ~1f1tl11lJ 'lifflJ\!'Jcl'U V.:J;11J-31U ~1.:J~~1 ~ 

VfiU'llt1'~ttti'1 
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'\ :11:11:11 .,\ .. 
6.1.2 tl11'f1mr01J fll1'tf'U"IJ0~ &f1H«1N~lWIlN1tlrJ'UPi &~rJ«l1U1J1JIPI'JJUN~ 

1I)'JIohAn1 l 'VI~ ffil1Jfl1l'lf'UU1J 1Jt~lImN'UiI.:.t1fll 'Iff!H~l'U,j'l.:.tl tW'U 1Pi'1~t1ff1l ~~'VI1 

'" 
'1. 'UU'U 1Hfl'U U1:1~fl1l 'VI~ ffil1Jfl1l'lf'U' 'WII'W 1;;l.:.t~1fl r/1:1fl1l'VI~ ffmJ fl1l'lf'W'UiI.:.t 1 fI l 'I ff!1.:.t;;l'lmh1 

'Vn.rh 1m.:.tff!H~~i1U1J1J'U'W 1'Uff1111nl~~cti1J'V'l".:.t .:.t1'U \1~~fl111fl1 'Iff!1.:J~ ~m!1J1J'VIutJ.:.t 1I11U1:1~ 
~ . 

• Iii, 

U1J1J ff"1JV1'Wll 1:11 u~t'u i1.:.t 'il1fl"m:lw~'UiI.:J lf1l .:.tff!1.:.ti1~ml1J1J'U'U1'U'il~'1.~;r'Wril'u f1~mffllllj 
o ,<V ~ 0 '1. 'iI~ .. dCi iI ~ J" 'i'J d •(V 0

'Il1'U 1'U111 flfl 11 ~.:J'U'Wil1'il'VI1 l1ff'Utll1:1i1'11ff~'V1 ~'lf!'W1I'U'U~1t1 i1tJ1.:J t1fl~111'W1J11111fl1:1~'il1'U1'U•'" , 
;r'U ri1'Wf1~mfflll'UiI.:.tfl1l~i1U1J1J'U'U1'U'M't'H~m~tJ.:.t'lfil.:.t1:1~ 1 !Un 1 m 'Iff!1.:.t~U.:Jff11111fl~~cti1J 

.d '" '" 
'W"'l.:.t1'U '~1I1flfl11fl11~i1Vfl 2 U1J1J~.:Jmh1 CIJf.:Jfl1l1:1~ ~1'W1'U;r'U ri1'U~i1!fflll1:1.:.tilff11111mh'M' 

1:1~rhlff~~ '1. ~'1. 'W m~1J1'Ufl11r/il~,~ 1~t1~1fl1.:Jff!1.:JU.:J ff1111lfl~~cti1J'W".:J'I1'W1~~fl11fl11~ iI 

U1J 1J 'VILW'I2JlIU1:1 ~U1J1J ff"1JV1'U 111:11 

6.1.3 fl11'f1~a01Jfl11'tf'U"IJMlf11~«~1-3l1a~f111tlrJ'UfI"~rJ«11 

fl11'VI~ffil1J lflHff!nH".:.tfl1U1J1H~lIUr/.:.t m~vhmtJ'~fl11~tl1l'lf'U''UU'U1Ufl'U 

ml~U1J1J~~U1:1~m1~U1J1J,j~ l~tJlm.:Jff!l'1~'VI~ffil1Jljfl1'J~i1ffil.:JU1J1J '~urilfl'J'~H"!l'1l1"'Ifl1 

f1~m!1J1J'U'U1'W U1:1 ~~ i1U1J1JI;ltJ.:J r/1:1 'il1flfl1l'VI~ ffil1Jfl1t1 '~fl1l~ fl1'J'lf'U' 'W U'U 1Ufl'UU1:1~fl1'J ~fl1'J 

'If'UU1J1J~~ 'W1Ji1fl1'J~i11m .:.tff!l.:.t'H"'Ifl1U1J1J'U'W 1'Uff11111fl~~i1J'W".:.t.:J1'W'~~fl111flHff!l.:.t~ 

~i1U1J1J!;ltl'l u~ri11111Jr/1:1fl11'VI~ffil1Jmtl'~m'J~U1J1J,j~ 'W1J111flHff!1.:.t~~i1U1J1J!;ltJ'I'Il~~~ 

i1J'W"-3.:.t1'W '~~fl11 
;:'" 11) 'JI 0 0 1 'JI ",.d... "" d 'JI d 'JI

'W tl fl'il1fl'WtJ.:J tfl'VI1fl1l'il11:1tl.:J fl1.:.tffl1.:J111:1.:Jfl1'V111fl1'J tffl lIfl1111U'U.:.tUH fl1tlt'H 1:1fll1'W1 

;;lfl~l.:.t"l 4 1I1J1J '~uri l1~l;;l~lll~t'H~t1l1 11~1;;l~lll~1Y 11~1;;l~11l1'1fl1:1l1U1:1~11'!1;;l~11l;;l1Utl1:1 
;JI , ~ .,1I)'JI'1 2!.d. ",,'JI d 'JI

LA 1:1~'VIfl fftl1Jfl1tJml ~fl1'J'lf'U 'W U'U 1Ufl'U N1:1fl1'J t'lfl'l:llfflu t~11 flH ff'J 1.:.t'VI~ i1tff'JlIfl1tJ1l11:1 fll1'W 1 
• .d it

;;l~1111'1fl1:1l1 ff11111 fl~fli1J'W ".:.t '11 'W 'Il1flfl1l 'If'W , ~111 fl fl11t'H ~fl!fflll 'H ~l;;lfl U 1J1J fl 'W CIJf.:.t 111 tl 

tmt11J tf1tJ1Jf11Jfl1l'~t'H ~fll1,r1;;l~11l ~t'H~t1l1U~1fl11'~t'H ~fll1~1;;lfll1l1.:.t fl1:1l1 ff1111'Jfl~flcti1J 
'" 11) I 1.d... 'JI l.d '!'t 'JI.... '" 1 .. , '11)'JI 'JI d

'W1:1.:.t.:.t1'U t~1I1flfl11 fltl'VI1l1l11:1'Utltlfl11 CIJf.:J!1J'U'Utl~ff11111J flHff11.:.ttJ1'UtI'U~~1.:.t"l i1tJ1.:.t tlfl~ll1 

http:lIfl1111U'U.:.tU
http:H~l'U,j'l.:.tl


107 

. 

6.1.4 fl11f1RU8'U fl11"Y'U8~1ft 1~ Utl~'1.hzn8'U'nPl81:: ...r:h~1ft'H utH'tU~"~ftIn'U 

'l !II !II !II ,
Ift1-3U1HR1Y'UHU'U'Ufll-3C) 

IlH'Ifll'j'VI~ff8'U 1flHfff1~~,j'j:;f1tl'U~..;ltI1flHfff1~'H~~f11ti'U1m~fff1~uIlH 
!II !II l.k AI !II !II !II !II !II.., ell1 1 
~l'W'Ul~U'U'U~l~'1 C]f~lJ'j:;f18'U~1mUH flHff'jl~~l'W'Ul~ 3 u'U'Utm:; flHff'j1~'H{I~f11 2 U'U'U ~~ 

"'.. ..
ffll1ntlffn'Uti'W~8t~'U 1m~fffl~,j'j:;ml'U 1~";~'H1I~ 6 U'U'U ~1f1,:r'Wtll1m ~ff!H,j'j:;f1tl'Utmhu 

1 ,j'VI~fftl'U'If'W1'Wtt'W1Uf1'U H{I~1~~lf1fllnl~ ff8'Uffl,j 1~11fll'j,j'j:;f1tl'UUH~1 m ~ fff1~ A'1'W.u'1~~ 

~tlU 'U'U'U'W1'W ti'UUH~1 m 'Iff!1'1'H~~f11~~tlU'U'U'U'Wl'Wffl111'jtl~~cHm'~~~~ 1'W ~1 f1fll'j'lf'W 1 A';1~q~ 
'" . 

401 AIIIJ!II' ..,. 'I !Ill !II 'j/ !II "1 ~ 01""
'Wtlf1 ~ lf1 'U V~ffllJ L~11fll'jm tlf1 L'l1 flHff'jl'1~ l'U 'U1.~'U 8~'jtlV'W~ ~Vffl'j U'U'U'U'W l'UtlJ 'W'H {I fUlItl . .. 
tll1111~tlll~tlti'U1m~fffl~'H~~fI111i11U'U'U't~ 1wJ ~fffl~,j'jZf1tl'U,:r'W~~ffl111'jtl~~cH'UYI~~'Il'W 

1A';1f1111m ~fffl~~,j 'j~f18'UA'1VUH~.u'1~U'U'Ug'U'1 tffll tl 

OJ ell. ''l 11 OJ "" 'l }!
6.1.5 fl11f1RU8'UDn'l:lW::fl11fJRfl81Z'ttlH l'lHU1H'ttD-,1ft In'UUfH Ift1~UlH 

Aly,rH'U8-,110tlYfl1RtlU11 

'" fll'j'VI~fftl'U~mH.u::'U tl~SJf'W~hw fll'jri~~tl'j~'H11'11m ~fffl~'H~~flln'U 
'j/ l' 'j/ "1 1 1IJ'j/ 'j/ • .9 I I 1 'j/1flH ff'j 1~~11'U 'Ul~'Utl~'jtlV'W~ ~Vffl'j ~V ~~ff'Jl~U'U'U~ l{1tl~ fll'J t'l1tlll~ tl'J ~ 'H11~ flHff'Jl~ 

'H~~fI1U{l~mN.u'l'1 3 U'U'U ~'I't'Ul,j~ 4.20 U~1tll1.,j'VI~ff8'Ufll'j'l1'U't'WU'W'1Uf1'W H{lf1nffmnffl,j 

1~..;h~f1'WW~fll'jri~~8tt'U'U~ 3 fi8tt'U'U~'t,*t'H~fUH.l'Wff111t'H~VlI~8tfflll'UlnWl;l1l'U8~ lm~fffl~ . . .. 
ijfl1111ffl111'JtI't'Ufll'j~~cH'UYI~H1'W1 A';1~q~tli8t~v'Un'Uflf1 2 U'U'U 'U8ml1f1Unf1'WW~fll'J~8 't'W 

, I SI iI ii, 

U'U'U~ 3 iJ~ij.u'8;1fi8 ,j'J~'HiJ~lff'iJ t'U8~~1f1SJf'U~1'Uij'U'Wl~11i'tmy Ull~';l~lfU'tt~f1UH'W ";'IUtli8 . . .. 
tmv'Ut~v'Uti'Ufll'J~8tl'U'U~ 2 U~1 YI'U11fll'J~8U'U'U~ 2 ~~ ''*lff'iJ't'Wfll'J~8tfflll~~U1l1f1f111 . .. 
ri1'Wfll'J~8U'U'U~ 1 11iijfll'Jlfflllfl'1111U~~UH 't~'1 W ~~U u~~~,j'J~'HiJ~fhlff'iJu~YI'U·;h 

fl'1111ffl111'JtI 't'Wfll'j~~cH'UYI~~~1'U~::'1!tlVf111U'U'U~ 2 Ull:;U'U'U~ 3 1I1f1 

~lf)fll'j fff)l1 l.u'mJ{lif'U !1'W 'U 8~ f.J~ffl'Hm 'JlIfll 'J~ tl'jtlV'W ~1~Vffl'j 't 'W,j'J::t'VIff YI'U l1iJ~ 
4 I I d'j/ 401 !II IIJ AI!IIM 4 A I d .k '" ~ A I d !II 
1I'1f811~'VI~ 8~fll'j ~1'W '1~Vt'U1 L lJUf1uru'H18f)'H{llVlJ 'J~t~'W C]f~ tl1~t'UV'Ut1J'W lJ 'J ~t~ 'U 'U8tff'W tlU'W::... .. 
tijtl~~'Wff1'Hi''Ufll'Jfff)l11~tl1,j1~~~ij 

http:Utl~'1.hz
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.... ..., .... 
6.2.1 mtl1fllJfl1~lJ1'1..!fl11fn1V1 

., 
11 'il ~'jj'Wtll'j r;nVl'j(w'W 191'1 VI tlt'I'l'j,'W'lh~!'VIfl'L 'VItI'l1'W'~tll'j'IJl11 1 'j tll'j r;nVlu'IJ'IJ 

., 
1'HlJl1f1~ fl6I'HlJl 'rr1fHU~f1~'1!Vlfiltlln16'jfl1V1eJt'I'THrI'Wti'W., LlI ~~t1'Wfl'j~'lJ1'Wtll'jr;nVl Uf1~ 

~lIU'IJ'IJ'jlfJfl::a6eJVI~1~"'lI6':)1 m ~t'I'fl':)~':)~l~t1'W ri .:)r;fl ,rrtll'jfl1'IJtJlJlJ1V1 'j!l'W!rI'W LlIL~fJ1fl 

~.:)J'W~~m'ilijfl1'j1im~flli~'Wlfl'j~'lJ1'Wtll'ir;nVl I?lfl6V1~'Wt'I'fl':)lfl~6.:)1i6Uf1~flllfl'jW~Ir1'W 
lJ1m!l'W !1f'Wflllfl'jwi'UuVl1m.:)t'I'fl~ (Jig and Figure) flllfl'jW'~61f1eJtllnf~'i~~'lJ1I'i~fl6'U 
1m.:) t'l'f1,:) flllfl'jWl~61f1eJtll'W1W tll'i fl'j ~ 'illfJ111,..,n1flfl~n'lm 1?lf16V1 ~'Wli~'Wl'i~'U'Ufl11lJ 
lIfl6V1fteJ'lI6~~ ,rI'W~'W 

6.2.2 A~tl1nmJ1V11!1'Ufl11'iJtJi.'I8~KtI"8.:J1f1t1'1..!Vl1~UI i.'I'l1''UtJ1~Aflft 

.4 0',. t d dCi iI"l "wSol QI dQ

I'W6~~1fl'jfleJ'WVI tVlfJt'I'1'j'W 'WtflfJ1'l16':) fl'IJ'l111?lr;! t VleJt'I'l'j Ufl~'l11V1r;!t'I'\\I ~'j 'IJ'WfI'W'W 
" , 1 iI " 

~1'W1'WlJ1fl ~.:) t1'W ~':)fl1'iij fll 'j rh11 'W VllJ 11?l'i ! 1'W fl11lJlI fl6V1ft eJii In fJ1,r 6,:) mhu,rlJ,r'W l'i.:) tj11 'il ~'jj'W 
11 'i~' 'VI fl'LYlfJijflt)tflW cti'~I~fJ1,rtHl'in'l1~ ,t6':) t1111'WVlt11111Tflfl.:)l.... m Ufl~'lI'W lV1'l16':)1m.:)t'I'f1,:) 

., 
Il1TU'W H~iJ.:) L~ij flt)l1lJlt1~1~fJ1,r6.:)t1'UlJ lVi 'i! 1'W fl11lJ tl fl6V1ftfJ'lI6':) 1m.:)t'I'f l':)lflfJ ~~fl1'iij 

. . 
......, ... 1" v "" .......


6.2.3 mtl1fl'Ufl11ftfllll ~fl1~lJ1H1f1t1'UVlIY1t1lJl1A'W'iJIVI'iJ 

iJI ~ J ';10 dl Q "Q.I 0' 
UlJ11 tll'j1'1 fl'tJ 1'W ~~, VI 'VI lfl l1fl'fl'tJl....ql?lfl'jllJ'lI 6,:) 1m':)ffl1':)11 flfl'llfH 'iflfJ'Wl?l 

1 VlfJt'I'l'i meJ'~tll'j'l1'UlJ lU~1 u~~iJ.:)ij1l1~1~'Ul~fJ1t1'IJ1 m ~t'I'fl~6fllJ1 fl~iJ~ L~L~filtll 'jfffl'tJ l''W 

. d GAl d t '0' ,,;. QI 4 d
(ChaSSIS) G)f.:)lJ1Jl~!VI'WI?l~ UVlVllUl1'W.:)'lI 6~tll1!'l16lJ flfl'tJW~tll'i1~1~1'l1'6lJ Ufl~fl11lJU'll':)UH'lI 6,:) 

, Ji , , 

1 6m~6lJ!rI'W~'U 'U 6mnfltjiJ~m ~ijtlllfffl'tJlIVf61'WlJfl11lJ t'l'1lJ11 fI '1. 'U tlll f'UuH fl'j~U 'VI fl'll6~ 
., ~,,~ .1., d';' -: "'lIJ' '" .,., a
tflHffl1~ L'HlJlfl'll'W tVleJ'YU.... lJ'Wl11'Wfl tlJlJ1fl'W fl 11f'Wtllll~lJ1 vJlJfl':)' 'U~'Wri1'W'lJH~'U l1l6tlll 

111~eJ'W11lu'U'UtlllUVl~6~ I'H lJl~ t'l'lJ IrI'W ~'W 
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[1] 	 nHJfl1'i'U'\..A'ff,:jVll,:jUn. 'l.h:::fl1fl'nUJfl1'i 'UtJri,:jVll,:jUnl~6,:jUUUUfl:::fl1'J i~1H~,t,:jGl~Vffl'J 
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illfl~Ulf) f) 

. 
Q.J" 0 ..c:t. 

1. 	VI'J8t1Htn":itll'U1WfIlflVll":iH'tl 5.1 

~1f1th:Jf-U'lfll<HiTlJ1W'IJfI.;j Im.;jff~l.;j~~f1U1J1J'lJlIlll (Experiments) 

1.1 	 tn":i'tlPliJ81JiIltl'lill":i~"1J1JflPl''U'''U1''fl'U (Axial load) 

fll'nn Energy Absorption, Ea ,j'f1:J.d~'illflfll'.i'YIAfffl1J P 11.47 kN, Stroke = mean 

..6 	 III 'JI 
60 mm, 1l1~ 1.67 kg C]f.;j'l11 ~A'illflffllfll'.i 

Ea =11.47 x 60 

Ea =688.2 N.m 

. 	 . ... 	 "" tllfl P = fll'.i::mmJ'illflfll'.i'YIAfffl1J 
mean 

'illflffllfll'.i 

E= 
S mass 

E =688:2 N.m/kg 
s 1.67 

Es = 142.1 N.mlkg 
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ff1Uf11'Hilu 1tIJ 1Uf11'J ~mL1l'Utu U~~f11'Jfil'W1tIJ;}lfl11 FEA ~ij11 fl~H'JfUL~fJ1ti'U 

~1m.h~~h~~u~mJ~vlq!~lU\9l1'Jl~~ 5.1 

1.2 	 m1'nYlin)1.J.fIlf.Jl~.fIl1~'mtJ;)YI (Bending load) 

f11'J'\11 Energy Absorption, Ea ;}lfl~fllq!~f11'J'Yl911ffV'U ~,ean 3.01 kN, (B) = 0.17 

... 	 ..6 1I)!II ... .: 
t'J1911tJ'W,1I1ft 1.67 kg, Moment = 526.75 N.m C)1~'\11l911911~'W 

Moment P,~ean x r 

Ea =MomentxB 

E 	 =526.75xO.17 a 

E = 89.55 N.m a 

f11'J'\11 Specific Energy Absorption, Es ffl111'Jtl'\11f'iWHr~~lUtl911cH'U~1t'Vn~;}lfl 

f11'J~fI '~;}lflff1Jf11'J 

E=~ s mass 

E = 89.55 N.m/kg 
s 1.67 

E =53.62 N.mlkgs 

http:526.75xO.17
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ff1'W fl1';ifll'W1W1'W fl1';i\9ifltt1J1Jt'W U€1~fl1';ifll'W1W ~1f111j FEA ~ij11jflfl!';'Wt~fJ1n1J 

9i1mh\l,j'l\1~'W\Pll:JJ,j'fJ\l€1''W\Pll';il\1~ 5.1 

1.3 fll~'t1~tT81JiIl£llflfll~~H1J1Jii~ (Twisting load) 

fl1nn 	Energy Absorption, Ea mf1,j'mod€1fl1';i'YIflff81J P"lean =2.13 kN, Moment = 

.cO ~ "1" ... .1
148.92 N.m, (0) = 0.28 t'H~W'W, :JJ1€1 = 1.67 kg, C)1\1l11 ~~fI\I'W 

Moment = P X r = 2.13 x 70 =148.92 kN.mmean 

~ 	 ~ d~~ 0 ~ 1 " t:JJfJ P	 = .fl1';i~mmJ'YI !"l1m~'YIlf11J flHff';il\1, N mean 

r = i'ffij'lJ8\1'l1€1ti'l~'f1'Wfl1';iij~, (70) mm 

Ea =MomentxO 

E = 148.92 x 0.28 a 

E =41.67 N.m a 

fl1';il11 Specific Energy Absorption, E s ffl:JJl'ml11fiWHr\l\ll'W~~i1J~ltl'll~~1f1 

fl1';i~~ '~~lf1ff:JJfl1'j 

E= s mass 

= 41.67 N.m/kg
Es 

1.67 

E =53.62 N.m/kg
s 
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u, 	 , 
0 	 CIl 

2. 9JltlDHtll'arll'U1WUlfl9J11H'n 5.3 

1P11fl~1~~H1flllfhU1W'\lfl~I!H~iflHfffl~~l'U,j'l~~~ml'lJ'lJ'\l'Ul'U (FEA) 

2.1 	 tll1'nYlQ'tltJ.fllD'~.fll1:;tll1'1f'U''UU'U1Ufl'U (Axial load) 

fllnn Energy Absorption, Ea ,j'6lqj~'Hllflflll'VI'flff6'lJ P 207.32 kN, Stroke = mean 

.Ji 	 1!l1320 mm, C)f~'\11 'fI\llflff1Jflll 

Eo =207.32 x 320 =66.34 N.m 

E =66.34 N.m 
(/ 

2.2 	tll1'nYlQ'tltJtll1'1f'UYll'U'UH !'UU'Ul9J~illfl 

flll'\11 Energy Absorption, Ea ,llfl,j'fllqjtlflll'VI'flfffl'lJ P 170.15 kN, 

" ".. "" 
.. 

mean 

'" 	 .Ji 191'" J(0) 0.077 m'fltJ'U, Moment = 709.94 N.m C)f~'\11 'fI'fI~'U 

Moment ~lean x r = 170.15 x 4.172 = 709.94 kN.m 

Ea =MomentxO 
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E 	 = 709.94 x 0.077 = 54.67 kN.m a 

.QJ' 0 	 0=1
3. 	ft18fJHfl11'tll'UlflHllnftl1'H'tl 5.4 

" ... " fl1Vfl1'.i!:'VI-3 3 l!tIti 

3.1 	 fl11''tlFltT8t1lllf.l1AIll1':mU'UnFl 1'UU'Ulun'U (Axial load) 

fllnn Energy Absorption, Ea <U'fllJ1:l'illflfll'.i'VI~ffVtI P 255.75 kN, Stroke = meon 

600 mm, :lJ11:l = 197.51 kg ~-3'Hl'~'illflfflJfll'.i 

Eo 	=255.75x600=153.45 kN.m 

~1V{i1'1fll'.ifhtnru'H1 Specific Energy Absorption, Es ff1m'.itl'H1fhVHr-3-3TU~~ 

~t1 ~lfVn:; '~'illflff:IJfll'.i 

E=~s mass 

3 
E 	 =153.45xl0 =776.92 N.mIkg 

s 197.51 

3.2 	fl11''tlft1J8t1lllfJ1AIll1'ZUtltlvlFl (Bending load) 

fll'.i'H1 Energy Absorption, Ea ,rmJ1:l'il1flfll'.i'VI~ffVtI P'lIcan 28.62 kN, (() = 0.2 

"" m~m..J, Moment = 119.42 kN.m 

Moment Pmean X r = 28.62 x 4.172 =119.42 kN.m 

A 	 .d .doq y. 0'" "i " 
!:lJV P'lIcall = fl1'.i:::m1:lV'VI ~'lJm:i:'VIlfltl LflHff'.i1-3 , N 

r i'f1'ij'il1m!'U1m~i1-3,j1:l1V~1'U'Hi1-3'llV.:.IlflHff~H, (4.172) m 

http:255.75x600=153.45
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Ea =::Momentx(} 

Ea =119.42xO.2=23.88 kN.m 

~1V~1~fll'JfhW1W111 Specific Energy Absorption, E ffllJl'Jtl111fi1't'Hr~,:n'Uiflifls ~ 

E=~ s mass 

3 
E = 120.92 x 1 0 = 120.92 N.mlkg 

s 197.51 

3.3 fl11'f1iUJtltJIIUJ'~.m1~UtJtJijA (Twisting load) 

fll'J111 Energy Absorption, Ea 'il1f1,rV~'t1fll'J'YIiflffVU P"leall =10.94 kN, Moment 

... ..\ III 9/ ... .! 
12.85 N.m, «(}) = 0.48 mifltJ'U, 1l1't1 197.51 kg, CJ.f~111 Liflifl~'U 

Moment = P X r =:: 10.94 x 1.175 =12.85 kN.mmean 

trlv P"u;all m'J~m~tJ~H;m~.yhnu lf1'J ~ff!l~, N 

r i'ffih.m~fl111lf11Hlf1'J~ff!l~mr~fI1, (1.175) m 

Ea =Monientx(} 


E =12.85 x 0.48 =6.17 kN.m 
a 

fll 'J111 Specific Energy Absorption, Es ffllJl'Jtl'H lfi1'YHr~~l'U tliflcHU~1!'rn~ 'Illf1 

f11'JUifl'~'Illf1ffllfll'J 

http:119.42xO.2=23.88
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E=~ 
S mass 

3 
E = 6.17x10 =31.23 N.m/kg 

S 197.51 

.Q,J' Q0 

4. f'lltlfJHfl11tll'J.fJWmnf'l11H't'I 5.5 

~":lfleh~Nt1flTHh'UJru'tltN lflHff~W\111~m~~'tJ1~vfl1'Ht1~V'U'\1.Jl~~'tI'tJ~m~fl 

it1V1H~l~"1 mvl~m'j~fl1'j'l1'Ul'Uu'U1ufl'U 
'\' '191 t::S 91 '" :11 "'. ... 91

fl1'j'\11 Energy Absorption, Eo l~Vfl1'j l'l1mt1fl'\1'Ul11~1~flt111tll'U1I111'tJ'ffnl 'tI'tJ\!t1 

.k 1qjJ
'illflfl1'jVl~ff'tJ'U P = 238.65 kN, Stroke 550 mm, 1J1t1 == 190.36 kg G]f{j'\11l~1l1flff1Jfl1'jmeon 

Eo = 238.65 x 550 = 125.85 kN.rn 

4 
11l'tJ P 

meon 

.d 
= m'j~mt1V'illflfl1'jVl~ff'tJ'U 

Stroke == 'j::V::~'U~1'i11flfl1'j'l1'U 

E=~ 
is mass 

E =125.85 =689.50 N.m/kg 
s 190.36 

ri1'Ufl1'jfll'U1ru1'Ufl1'j~'tJll'U'U~'U"1 'illfl1l1'jH~ 5.6 Ut1::1Iln~~ 5. 7 ~1i1nfll'U1ru 
1'lf'UlflV1n'U~1t:lth~1Il11.,rmJt1~~~'¢Imh11Jlu111.. 
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