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The main objective of this thesis is to veriff that the equation defining an equivalent

crcss section of tapered columns proposed in the US timber design code and the equations

defining an equivalent length proposed in this thesis are conservative to be used to determine the

load carrying capacity of timber tapered columns in the inelastic buckling range because both

types of equations wer€ formulated on the basis of elastic behavior. This study considers tapered

columns having taper and buckling in the depth direction only. Five support conditions are

studied, i.e., hinge-roller, fixed-roller, fixed-free, fixed-fixed and fixed-guided" [n addition, two

types of stress-strain curve are considere{ i.e., the elastic-perfectly plastic and Ramberg Osgood

models. It was found that equation defining an equivalent cross section is unconseryative to

determine the load carrying capacity of timber tapered columns for both stess-strain curve in all

cases. However, if this equation is to be employed, an upper limit for the maximum load equal to

the multiple between yield stress (or) and the smallest area (l*,) must be set. Moreover, the

critical load value has to be reduced when the end ratio (r) is less than 0.6 together with using the

Ramberg Osgood material model. On the other hand, the proposed equation defining an equivalent

length is conservative in all cases when utilized to determine the load carrying capacity of timber

tapered columns in both elastic and inelastic range.
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rdlfl ulnnrmuurYll uourdlfi?]lJU]?tYluljtYl'lilun1:un:lltuilunttuu
J.

r[.: eo.: {r{ (Fixed-Fixed) ua s 6n : r cieu fi rJ a r urri r fiu o. e
J

s.zB n: tduJE uurfi uuri rrrininqnlu rialhi6nu {uto{tdtilaturtou
,vdrd,iaal 4l

rfl'llruln9rYtuuryl'l rtourcl'lf]?'luul?tYluljtYl'lflunl:un:{ttuilunltuu
9.

riq eo I {t'r (Fixed-Fixed) uns dn : r riaufi rJ a r urvi r titL o.q

vilul

102

103

1M

105

106

n



9t

crtriqnrn (sio)

vltul

n: rlfuilEuurfi uurirnrininqnturi'xhi6nntjutolterrJaruaol
ryo<ra,i<al 4r

rfl'rl.rulnnrmuurYrl uaur6t'lfi?'ruul?rvluljryl'lilun'l:un:{ttuuugttuu
g a t9 a i -. e, r dr, r c
r{rultrcg-6rurdnta-oilnru:t{ (Fixed{ruided) ttau0n:1d?uYlilnlutYl'lflu 0.3 108

,
5.30 n: tllnJtulrfi ourirr rininqnlurix 1il6nr,r {uto.trd1il n1udoil

drulnqi-drurf, nrfiounlu:r{ (Fixed{uided) uasdm:1ri?ufi rJarutdrtiu o.+ 1 09

s.3 I n:rylrilEurrfi ulrirm rininqnlurirt triu'nn {uto.Qtdtila tudou
etoard,i<41 -4--r

rfl'll.rulnatnuulYl'l rtavtftlfi?'luu'l?lYlulJtYllTllJfl'l:ua:.:ltuuualtuu

druluqj-drutf;nrdounlu:1{ (Fixed-Guided) uaudn:rti?ufirJarurritfi'u o.s 110

.E4i-oqr5.32 n: rilnJE uurfi urtri rn rinTnqnlurix 1il6nx {u t o{td1ila ludou
t, v d r d t 4q a I - 4 ,'

rd11.ru'rfl nrfl uljrYl'l rrnutdln?]uu]?ntuutillYlufl 'l:un:{ttuuunttul{

9 ei ' e, a i -, e r 4 r, r e
6rulmq-6rurdnrdounlilr1.r (Fixed{uided) ttason:1rl?uYlilalulYllnu 0.6 lll

t

5.33 n: rr'1ril5 uurfi utri rm rininqnlu ria.: hi6nn {uto{td1ila tudoil
9t o a r a t !4 - a-l ,-.4-..-l

rfl 'lHu'lnnrmuulYll rrautft'lfi?'llJUl?lTluulYllmun'l:un:{ttljilunltuu
, t t9 a A
Cru},rqj-drutfintfisunlu:'l{ (Fixed€uide.d) uasdn:tri'lufirJarurrilfiu 0.7 rt2

aaoo'9aors.34 n: rilnJEuu rfi uud rlr fn?nqnlud'N'hi6n n {uto'itdlrJa ludou
r,uaidrJaal 4'

rdl?ru'lnnrmuilml ltaetrY'ln?]uu'l?tYluutyl'lYlLlfl 'l:0n:{ttuuunttuu

, E tY d i
druluqi-drurfi nt6ounlu:1{ (Fixed€uided) uasdrr: rri:ufi rJnrurrirfiu o.t 1 1 3

rEdi-oltrhtArl5.35 n:1T{rlj:UlJrlrUU1l'rfiUfl?nqn IUU?.t tUUn}rqUXO{ld'.lilA1UdOU

l,odrdri<*l 4t
ldl1'ru'lnnriluljtYtl trnvtcllft?]uu'l?rYluurYllyllJfll:un:.:tluu0nttuu

R.1 n?'rildur{uf,torn'lrruluuaen?rurnEuoto{lfl

n.2 n'r:mndoil1fifrrotir.rfi r

n.3 nr:ilndoulfifrrotil{fi z

R.4 n1:ilndou1fi6?odr{fi:

,EtYaC--q'-ilre
6rulmry-6ruldnrdounlu:rit (Fixed€uided) uns0nrrd?uliilntutvt'lriu 0.9

n.1

n.2

.a
,r'tilil

5.29

gvdia,iaal 4t
rfllrulnnrnuurYtl uaurfllfi?'luul?tYluljtlllmun'l:ufl:{ttuuuattuu

uiarat9Or
n]:uu.{Tud?uu:r?arila1uI 1un1u tfl qxo{rfl'l

114

t29

130

131

r32

r37

138node ilarurardrulnqi



ar:risJnru (io)

.l
nmtil

n.3

fl.4

n.5

n.6

{.1

,1.2

{.3

,i.4

n.l

0.2

r.3

n.4

Q.1

8.2

t)

v
l,tut

140

l4l

143

143

147

149

150

150

152

t54

155

155

157

159

160

160

a.3

e.4

nr lr'hrdn{fl a nr:irn: r&rir rrirr rininqnludx hi6nr {u
xo.ild'lila1udolJ

dnu orcrcrilaludourioufi rnr:irn: rvd

f,nuorvrerilalufl oufl d{rlrn r:irn: rs #

fiRuorvntnrunlln o{rdrrfirfrnrfi uurvir

n:rllucnlrranr:irR : rcriu rrirurininqn

lud:r hi6nrtiutouerr rhdnrfi uurrir
olyvarrcal
aRU0rsrfl 1ltu lnarmuur?llnouYnRl: ?rR:'reu
e,edlscai
nRUE3r611ilU lnnrmUUrYrlfl A{n1n1' ?rfi' ?s?{

e94r
aRU0lsYl'l{fl 1uR1trxorild1?r u'tn?1uu't?lltulJrYt1

n: rr{uenr nanr:irn:rgrir,r rrirnrininqn

ludrr 1il6nu tjutoucra'lruurarfi uuryir
oartoal
nnu us tfl lft?1u91?rYruuryl'tfl ou?t1R1: ?tn: ltl,t
cArgcQ/
anu8lcrdlR?1u u't?lYtulJrYt1fl n{li1n 1t ?rfl : 1cil

dnuars fi ri ru fnn: s fi rtiurarrja ruao u

dnuorc rarilatuaoufi rfl urard'eotjx nr:irn: rv#ludx6nn tju

dnuorc rarilaroaouriourirnr: ira: rc?t

dnuatgrerilaruaour fiirirnr:?rn:rc#

dnuelvrarilaruaoufi rfl urarfraotitnr:irn: rvflu hirix6nn {u

f)



,rd r

unrir

t.t aarurfluil'ruoen?rudrfrqtorilqur

il r lriufr nr: rirrarfi fi dnu usrlarocou (Tapered column) rurldlu.rru rioalrs
, I r a l o t ril d r v

riounfc rdu rernouninilaruaotturrurarb'lflru:rgr rarrufinnnurlaruaouYulnrly'l

rflrsnnl{Buumioflruuilricyio{rfiu,l r,riorar}?fi1#d.r;rdurflurarErflurarnnrilnrudou

rriu16u'rtiu rarilaruaouuon01Rnslt?nluarurrudruanrilnun::ruudrfrrarur:nriaunn
- ! - jr s , 9 e I a 9v , g
?dnunculr.ruflnrtyr ruln:rafild'lu dnuarrroqarilarunsutsfiurhfrntouJa'ruld1il{doir

{',olri,ri',6'rlnurvfinr:aaartorur?rdnotir.rarirraroornilnrudru1rlql'hlqirJarudrufirf,n

n'ir nr:annworrdrdnolrtuann{firnrcrfiu?flioriraorfiavrmfild nrtfi t.t uancdnuils

t o uaril a r ueou ru^n ri rr 1

ttA
R?1Un?1.lfl,tYt

dlri
fl?lran tun{n , hr i

fl?1Ufl?'l{ tuR.iYt

4hrj
d i e ri j R?lunfllUfl'i1l

fl ?lunnn{il fl?1un?1.1 tun{m -JR-

n) raruj6ouurjardruf,n r) rarrilduuurja.:drunirs n) rarilfiuuuila.rao{fiamr'r

)onrilfr 1.1 dnuiluiJo{rdrilnructolJ

oe!-t6trrn?'rudlur:olunr:itLilrufnr::4nro{rdrilnrueou tsfrriro{:rrixn:'rurrlu'r:n
6fs!-gvjia1,erstrCvrarlunr:iudrrfnu::qntouernfirdan'rfifiilturnHfrd'nrrirflurlarudrurf;ntiudrulnrjror

. o I ar, 4 h,o erre", o 9
rdlilnrudou d.rriu u1n:Irun'r:ooRulludrticirs r 6slddrilunh?l#ndnnr:nr?rdnn.:fi

tfiuurrir (Equivalent Prismatic Member) lnurirtirdrnr:iurirmrinx::4nto{tartirJnruaou

urldttnaunr:r#uldlnr:oonuuurdl (column curve) ,uo{r6t1r.tdrfian'rfirfiuurrirriuros tu
a A, 194 a I e a r io , -.- I I a )

onnmflluul tnilnlruulullulnnriluurnrndrttril{ I/3 o1nila1urflln1urafl cr{fl1u1:0l#fiu



J

rurrhtJnruflouqndnl:vnr:dnir ueiluihlriuxln:!'rufl'r:oonuurlldrauoaunr:drriu
orYvartaaJ:

filn1ur4u{t o{flurnnrilurlryrl tauR'r:ili1:01'rflfl1iln'r:un:wilarutoqterdru otirrl:finru
9 e a , , loi e I r .l I 4 , J

dunl:?rfrd'nrfruurmrrrnruuiluirunr:liflu'ru'rn1nR1:lrirrnrslurix6nn{u 6rorthi

rJnonfrumrnrJ:vqnd1#fiurarfifinqfin::rnr:Iriunrrlud:rhi6nrqiu rdu rarulril'ruRn1{

rfl u du dr lfu f r n a: f, n u r d r du n l : n fl l dn rfi uu rri r dr n ri r a t c a r ru r : o 1 irJ : r q n rir r rit n rin

?nqnludarhldnnrjutouarilaruaouldadrsrJaonrit riolil uactrnfildnrir:mudafixdu

dr luitr lriufi rf, owrdnnr: nrirfinrfi uurrirfi l#lu nr:il: rqndn rrirdriurirnrinu: :Inro{

rarlfirJarueor drrfurf,ol#fiuurmrrlunr:ooRuurJrdrlfirjnruaur,rr^rr',nAod,

inurfirudnriudtvrirrauomdnnr:n'lruulltfroutrir (Equivalent L"ngtt ) tniol#lunr:rr
o ve ! - rro{rar1filu.,uaur,fiur6u6ntruantrxujrnln{:ilu]fiuflu::Ylf

I

t.z inqrlrva#

A a a sr )
t . z. t uio fi nu r n q n-n : : u n r : I ri un r v t o ua r }}J n r u a o u fii lu dN 6n m rj u ua v

hi6nnqiu

t.z.z,Cum at aouir eu nr:u rtrfrn rfi arrri rfi rrn: 3 ru n'l: 0 onuu u tar lfirJ a ru

aoulduucdrl{ drfiftu!run1:}iorurrrnnr:Iritrnraludrqdnn{u tsdrur:ol#rJ:rqndur

rirnrinu: : rlnrJaonfiuludx hi6nr,r tjutouarlfirJaruaouldriobi

t.z.r rf,orirrauoudnnr:fl?1uu1?rdrtfiuurrir drniulSrJ:vqndrrrhr,rrinu::r1n

ilnonfiut ouarlfirJnruaoufr.:lud'r.r6nr {uuav 1il6nu tju

1.3 {CutrnlOmrrilnur

1.3. I f; rr:urrnil rvrcrtln firdnduiifi rja ruaorludru 6n

1.3.2 l#Iil : un: u ABAeus lu n r : irn:',, #, rri'rn rininqn t oo,nlrio lr riro
a r hra r
unflgutlac luunfiqu

t . :. : ldn'rr u I fli { o6u u: n r o': rar hi rfi u x d{ ri?u r ror r u o o ?ru ur ?rdl

r.r.a hlfirr:onnr:Irir,r',r,on',rd

t.g.s l#nrru dur{u f,toqnmurduuacn?rurni'onroliag z ululduri rlastic -

Perfectly Plastic ttnuttuu Ramberg Osgood fifrgrJAunr: 5 = (o I E) + 0.02(o 1325)s'2



3

t.l.o fr-rr:orlcrnrrfllrdtiu 5 uuu lduri finnqrtioaoo{lrr (Hinge-Roller)

6nuriuunvdnurlu (Fixed-Roller) 6nuriuunvrJriou6a:s (Fixed-Frer) dnuilurilaoldr.r

1.4.3 iln dou #'rodrr lri,du,,$ o rfi ol{tfl u uu :n r rlu n r: d rr u n tdu ItYr

allsaera
t.+.+ Trn : r v ri m r ri r n rinin q n lu da r 6n r {u t o { rd 1 il a 1 u a s u d': u hJ : ufl : u

1.4.5 d91.: dun1 : fl ?ruur:rfi uurrir elru fur rf rnrininqn lud'Ndntr tjut o{tf, 1

t.+.0 a$rqruuiraorto{ud'rn?ruutlfi uuryirlulil:un:r ABAQUs

t.+.t a! tirrru u'f, 1 a o { r,o { rar?r dr frn rfi uu rvir lu TrJ: un : u ABAeus In ul#t u rn

to.rrr?rfrnrfiuurrirmnalnr:rdrdarfiurrvirfiurn:1run'r:ooRuuurar}hJaroaould

uusrirl{
at!

1.4.8 Tln : 1 c li fi r d r fi rinin q n 1 u rir t hi 6a r ti u x o {t rd r il a r u d o u rd't n ? 1 lJ u 1 ?

rfi uurvir uasrarr fird'nrfi ourvir d'rulrJ: un: u ABAeus

t.+.s rilSuurfiuunnnr:irn:rvr{r.rrrfrrrininqnluri:rhi6artjuroualrion'r,

:J:vrnilluds t.+.s

t.a. to aqrJuavirr:afnnfi ldtrnnr:flnur

-a'A(Fixed-Fixed) t tn son ttu u t tac tdou n lu : 1 { (Fixed{uided)

1.4 tru2nr{uoriunerrlr,nrriinur

4 a ;; ,t
1.4.1 flnulilqu0 uau?::un::uyrrflu?t o.t

t.+.2 finurnr: 1#}J: rtn: u ABAeus uav efitur u d ra ovuo rtcriln rudouuae
gviaidal

rfl'lfiu'lnnfl {Yl [utlnacn:iln1:un:{

n:rrdufruf,rarn:rur6uuasRerurn6unfiovl#lunr:fnur lun:6grJdun1:flo{ Ramberg

Osgood

ABAQUS

rJaroaor



,rd z

cl -rr.a.l l,
nqua$os{1u?osnlff ?To{

z.r unrir

,arrfl uduri'lu,uorIn: rairsfi fi r?rdrfi fru: rdn rdu tarluornr:rirutSouuio
9 | t o y A e i c t a o t a ---d-firue{o:cn'irlqnqtrtiuliorrlurlurnSocdn:na ilnntv,[ruunil:vmmto{ttlloof'ttt]u trll6lu

Aa
(short column) tAfurailruflal{ (intermediate column) ltngtd'lul? (long column) ru-oqtrnl

)
rq6n::rluRr:iuu:{nndnhirxfioutiu rarfru0uilnd?n'ruuu?unuodtlt6urttavatu'l:oiu

u:tnndaldounrrd.,6trri:urt:16'nq{qoto{5aq dlnr:irifitflufi'nuotvqndnturdugrl

(crushing) riaurirdlilu:{rnndaxoo,a',u'rrfi6mrvgnwr?oun'irrarriulil:1elfllfinr:lrild'l

oonnl{{1{d:u rfirldnnonfl?1rJU1?xo.rrdldosiur{'rlu,uuddad:uuoRtt'tu'oitntt:lnndn
j o a ua ,-4-.^i--e--^l-^...-^q^..-^:y^iJ^^-lq-.-' aq

n'rugulgnunfl:un'l nr:irifiro.rrf,1u'r?tvrflntuyr{r6lnr{u?uu:qlutarfrlfiriroqilud:.rfrrin

6nntiuuioda16nra6nnoriaq drrtun'ir nr:Irirtnrvlurix6nutiumiorix6nrdfin (elastic

buckling) u,n',n'rlornci?urd'tu1?iltunarlfirfinnr: Irilrnrcrriutiu ttciilileutt:.:firfiodulurar

oqiludelhjdnr{un6odx6u6nran'n (inelastic buckling) otirll:fi6 0siludl tird{iutt:{nn

dnt or rrrrfi ri rdu o{6'u ru ln fl ?'lu u1 ?rdl dnu us nr :6n rJ a ru rta v qot etrin^to.r iaq (ifi n

rioirf; u:, a: u'fi doirf, u: ua e ?: tfi : uf rioirf, u i, 2s48)

o vA a
2.2 lrlilUn?nqntl0{tfll

n6,,,,,Q\ ,,,,,,,,,(?,,,,,,,,

(t) (n)

rn,,*n"/
(n)

jaAAtaaaalaadraa
nrnfi Z.r rd6u:R1ilxo{n1:duqa 6fin rioirf,u:, r:un- riairfiu: ttava:ra:uf rioTr?u:, ZS+g)



irEs
rddu:n1ilro,ufl 'rdlu'r:noiuruldrrndRr?u dxqaxo{Qniloanaufi oqjlu frnuorr

toidrAro-l'cirll fru rrnnlilfi 2. 1 0rriiu'ildCIluy6uu:Rxo{QRnnroqilud'nuilc duqn?T.:dlrJuuu uei

drmrnfirr:srr}irioqufirrrfiudr finuorrarqofiuanrl{dfire6o:nruro{rnr:duqaunneil.r
e r a c j - - 9a a d I o r : j
ti'u nrilrfislunrnfr 2.1 (n) drfiu:uf,uufinfioun:rrirdoqnnnl QnnaufinernfioufilrJnrr

i o ro i i - tlo r a ht, io I
ll:{?in:efllttnluyrq[nrcrReiounauulogYr${1[rfiu{rnu tn nn1?uf,uqnttulJur:un?1 n1:6Iuqn

ruuufiradu:n1il (stable) dcujiailldriurarfiiuu:rdaudarfianr:Iricde uifidcmnrolutit

oonlil rd'r6t1ur:ofiu#'rnf,lurogiluaoruyrfirld ri'ruqnnnrlunrnfi 2.1 (x) drfiu:r
o al d I i i 3 tt d s, -Fis o t

fl:syl'llilu{ranuou QRnaurvrfia0uytooflnlRffR't?sdlJqa lnuhlrnf,oundrurfirn^u6nuci

o tir r ln r? u n en r a c au q a dn u u u ddl n'l r ur q a uu u 1 
gfl ?rrl rlu a r u io llta6 u: n rn (unstable)

riaunrrfi 2.t (n) rflu6nuuuruir,uornr:duqnnrirafio ru'ofir,:qn:vrirdoqnnau Qnnail
A jrr, o t a hli aaj - i o s

0urnnoufi'[rJorndrurdlrfiuunctJnqno{firfisfirfiuriut ulnto{ut{frn:ufi1 d'nuotv

itr-la
duQauuufitro{:vndrldnuuvetqato{flo,iulllJu:fl6'it:undralqnuuudutfiu (neutral)

A i E d i- o a a -. I tt- -A- -filrt-orilEuurfiuurarfrfutr:{nnd'n0uolu:linqn (Critical Load) ilurun?tudttdlnfolfros

ruJduu orniaquuudurfi u tJrfl uuuu lflradu: nrn r rnfi u: rdnn: srirtf, utrf; nfio u (ifi n
:ioirfr u:, r: fi o' :ioirf; u: uas?: ta:u f doirf, u:, 2548)

z.r rirnrininqnlurir$nntju (Elastic Crltlcal Load of Columns)

,
2.3.1 nr:6ru?0lmrrirr'rrininqnlurirldnn{u

J

nr:dru?uilrrirrrininqnlud:.rdnx {utoucr0crilu?ilr1t1nqn: r,o{
)

oouraof Inu Leonard Euler fnndnfi dnfrl?aia lduusriraunr:drrilmilrxrininqn

to'rrcnul?duflurarfiirT6luri'xdnx{uInul#aunr:tf,.roqrfluftosrdulf,'rnt:6am{uto.r

a1u Erdy/dx - -M d.:rflun:ludur{uf,:cfl'irrlurruuddnnrulufiunr:Irird:tfiurtf,nr?ou

flo{nrudlRrnfi z.z Inufi ,vr n'o luruuddnflrulu,y fio nr:Irilfrat0{Rtu,r fie lugfie

6nnrju, x R'o drufirisfifim:arr un, / 6o luruud6uruofrimowrdrdnnru Inufi
v

aqa
f,urlntlua{u

(t ) rarocdorfi rr?rdnrvirfruuariaqrfl urdo,6uafiunnanR:ruu1?rdl

(z) qndn9.rtoqtcrrfl u uruotirr.iru 6o rJarorir'rdnulr 1arryu (Hinge) ri:u

ilarouudnuuulnilryuuaufllu'r:orn6ouiiduarldrnnrsluuurdr (Roller) ,ri'ttfu

(3) raro{luf, Rrrrn: { u:{R'ruuon (^p) n:vfr rri ru nnfludri ?{xortfl #1dnto{td1



6

(4) n 21 u du r{u f,: s H'i r { n a r u rdu uav n'r r u rni unt o r iaq tar rfl u lrl n r u n q

no{qn (Hook's t^aw)

(s ) alr1fi l#nr: Iri r firr o uar rfi ndouu r n d.: rfu o c ldrirn :ru lfu g ry1
JAed<!r.!.en!
fro p n'oiafinrrrlficnr:Irid?ro{nru n'sil

(t /p) = tt ytar'lttt +(dy/d*fl"' - r y/d-'

I ! - .)at v A d e
rilurn : rv (dy/dx)' unlllouu'lRtlJotYluilnu 1

i

P

M4\

v-----------

\i T'x-
(n)(t)

iea4
omui 2.2 dnuuuxo{td1nlufrurynJruxo{ooutao:

tdlnrilRr?rfi z.z (n) tflurarn:qfifin:ruur:rvittiu z lndn#.rro'uartflu
rral14o

ruuuout{{rlu flo ilnruarrtlnuuuutut{ll (HingB) rirurJaruuudauuul#nryuldodrt6a:v
i t i, E A , ! i .t --- ^-- c I

uaedlu'trotnaourila{ldronrsluuua6t (Roller) trirrfu unvfiu:{nruuofl P n:vrirriru

lnquridxrorurlrfrnto{rd'r, E 6o luqd'a6nilriuto{rrn, / n'o lunrud6utuo{riutos

rr?rdnrar arryo'tr?rarrfinnr:Iri.:.rovrrrdrudr'rrvirfiu y fl1ufl1?I 2.2 ('.t) uartuiofitt:ur
9 u Ao , , q I , ,-4 I I -- q.1." .

ilulnnnnluuulrnrm x rrnilarurerrir{ wnu'irfifl:{ P uavluruusi ,tz n:vfirfrdrttflric

frinri m 6.rn rxfi 2.2 (a) rrnarnr: rdu lfir6arafints ld

(n)

x



d2u, 
*, 

:-M :-4)

ail:o

y -0
ao,

du{n tfi

-P
EI

dqriuocld aunr:6r,lnlor:uriua tfl u

dzv P__.+-,2ctx EI

k2

o', * k, u:o
dr2

flalqauro{dun1:60

tvld
!:e*

!' : me*

!'= m2e*

m2e* +k2e*

m2 +k2 =o

m2: -k2

m:Lik

! : etib

:0

tcld



! : Cfik +C2e-ib

ssJ
t1nfl?llJ6tuttu[10{

eik : cosb+isink

Irag

e-ib : coskr-isinb

0uld

y : C1@os b + i sinb) + C2@os lu - i sinla)

I : Gr +C2)costl+(Cr -C2)isinb

Inufi c, un&c2 6o rimrfiriofrngrJaunr:l#fi grJuuufi ovf; or:atrld.irudu
o ol,nrmualri (Cr-Cz)i : A

rrae (Ct+Cz) : B

tcld ! : Asinb+Bcoskr

d.r I uns B rflurirn.rfia"tu'trorr',rirldtrnrioulttourtn d.rd

(t) fi:YoY x=0; y=0 wld ^a=0

! = Asinb

(Z) fi:vus x=L;y=0 wld

A : sinkl 0

tlRdunr:arorflul#dr A : o nia sinkt : o d.rartt:afiot:ar1d
,tL)

;sti dr l: 0 rrctnrt'irtarhifinr:Jri{darau firfluhJhildru:rrnsriu

wld sinkl : 0

sinkl : O nis

kL: nt (n 1,2,3,)

k:nfi
L

k' : n"!''
t



dc
uag0lniln'1ililn

D

k2:'
EI

rv P n'fi'
0s tn ,2

EIL

p:nzr|tt b = r,2,3,) (2.1)
L,

runs 6trJ R'r : rdu Ifir6 n ra6'n t or tar 6o

nlAy : As'Jr- (2.2)

a Y i ioqg a lr 6l i a a A i^^r-----
ru: {enq n fi o u fi qn fi ri r l#tarrfi n n r : Iri { te 1v lu d?{ 6 n r an n n-o ffi o ri 1 x o {

J
vAn= I UURO

2--
p : 't 

Lt (2.3)
'"r--{

dunr:fi (2.r) riun'ir dunl:to{ooutnoi uns6unu:{inqndldtrndunl:d
t t sa d

?1 glilrJn?nqn{o{ooutdol (Euler's Load)

ruy r t o.: o o ura o ffi ldn ri r :u r {x du fi n r : 6n fc ur il q n il { u fr{ a o I {r.r uci dr
).t-d a q a c a I ! s a i9 I a e i A a

rfl1iin1:Enf{uuuOul fiarrr:nirn:luri141ri1r,rrin?nqn'ldrdut6u:flu lnuGutrnfit'l:Bl'l

f,unr:xo{rduldr6ara6nud'rldt$ou'lrnr:6nfiri',uasrmrrirurininqnto'udltuugiaun:d
tr cy,i d or, ,!r , ! ea iot a I -t-ifr{nrlfrirfrdrul:oriulrhioqjlugilaufll:ilr?rufl?nqnro.rrdrvrfirJnrudni.:uuuqnrryuri'.tii

D -n'EIP* ==t Q.4)

D _4n2EIP* =-f (2.s)

D _2r2EI,",=T e.6\

n: fi ilarurardnnryufr":aol{r.r(Hinge-Roller)

dr a , I
nt ar ila lutrnunuu u d{ do{ #r{(Fixed-Fixed)

d.Ar4
n: fl il alurdldnuuu uaudn?r {u (Fixed-Roller)

9



l0

n:fi rJorurardnuiluuacrJciou6a:s(Fixed-Free)

,,

r, _ tc' EI
'Cf ^4L'

(2.7\

!y - i - o jal h r r e d
drmrnfr'tr:illqn:xo{f tnrininqnrouarfi firiou'[tilaruralunnir.rriu 0Btiiu

'irrdofrn1#o{lugrJrirmrinro{oouraof rvldfi'lur:rflurirnrdr (constanO drrdrqarfiu

R?1uut?rdt f, drhi z rflun:ruu1?6d:u (unsupported length) d.rrurudl:vuutoittd't:cu'jr.t

ri',4, 6racing) rirn.rfi:rEundr firrJ:cfinf;'totn:tturzil:vfimina r (effective length

coeffrcient) drrfirnngarto'rdril:vfrvrf;fiun:luu1?6d:u tiun'irnerlureil:vfruinn z"

(effective length) d.rrnlrudr:yu&R?ruur?l,0{tldt:utr ixlndnnd'u (inflection points) mioln

Iuruuddnlurcrfi rirrfl u6utl ortriuurfl uaunr:ldft d taulndein,og, xfr , zstz)

(2.8)

runsfl1ln:oapJrirrirmrininqndrniunlr6,90,,,udx 1 ldd.rnr: r.rfi z. t

,lrrod 2.1 n2ruul?rJ :s fi vrina (aulni'iit rng: a.rd, zs+z)

KLL
e

rlooulrrJaurar
4.4unflrlu-unil{u

arat
untluu{nttuu

at-
sntluu{rnfl{u unttuu-oorv

N?1UU1?

ilrcdillHa z
e

{ {:
\l
F
V

ad
dtiilrcatiltt o{

fl?1UU'I?

tj:sfllr!fln K

1.0 0.5 0.7 2.0

rirrrininqnlno
qt,
lra21uul?

rJrcfrilinalu

gn:.uorooornoS

tc2 EI-----:-
L,

!-r
ullfuRoootaot

n2 EI-----
(0.s2)'

l.g

4 tltli,otull.tuR
J

oourn0:

n2 EI
---T(0.7 Ll'
l6

2 flr1xo{li'rilun
J

oourao,

nz EI
--------:-(21)'

(y+) rrirtol
i-r

u1l{ilnooutao,

v



z.r.z fi n 6 rtinqn: toloourasf (Limitation of Euler's Formula)

trnarunr:fi (2.:)

tyldnriruu:rinqn6o

graa
ncuu l,tu?utt:{?Rqnflo

du n1: (z.g) rfl u aufl 1: uda{n'lrt dufru f,: c il'irlr il ,lutt: linqntiu

dn:rriaua'llursQn 7Ltr,) t o.:rdr (slenderness ratio) druiunr:Iriltnrctottarlud'lt
A ili a a do t e a - oa I q
dnilqu unruo{n'rfltlurlntlunl:?rfi:l3finl?lun?1 ?dquqilfluunnlunar,o{qn uufio R'l:
A I o .| 9d c sA r i a j- J q , drtra .
TrR:ryfin:vrirnru'l6indrfin0nmrju ril,luu:r:nqnmrnnluRrulutardorfirirhirfiunr.i'ro

jasa r e J ;.--. . ,, d as
rr:rfifii'nu'nu,ilu o, dcfutrnaunr:fi (z.q) fl1Ru?luri1 on dta o, fitrdru:ofilfrri'n

drqarorrirdn:rriaunaruwqnfirrrrcrfinnrrlriusrcludardnn{uld 6frn rio?rf;at, ?tfrA
r aa / r aa - i

xo?txu: rtau?:rfl:ul to?rxu:, 2548) n.:u

1l/rr)p f*

1t

li r r la ld I e
rfrolorn rirluruunduruoiriutowfrd'n I = A(r)'

D _ tt2EI
'"r-f

P-- trz EI t Ao",:Z:-T

2^EL
vcr a

lLlrr)-

i; evA : ?{uYll'lil1nnl0{ld1
o ah i, Al i

rs : :flu ttt:$uiluouilqa

(2.e)

(2.10)

g a I s u J r r All
6'l fi 1 n rt ulJ fl 51fl u dn { fl ? 1 u du tI u tr : u l,r ? 1,t il u ? u ttt { Yt tn n'l n qn : n o {

lo e i
oouraoifludn:rd,lun:luruga nludunrrfi (2.t0) rvfidnuarcdrnrilfi z.l



t2

I as a r

l'tu'luu:{ilnnun?rqu

lF

(r

op

2^fiLorr=Qff

(Llr)o dn:rri'lunalilrvQn (z / r)

;vvJttaaltalrvvlRrflil 23 n2rildilrtu[1v]r?1{1m?t ut{?Rqntilr?{gnilqunuon:1il2un?1uru0n
-aaradaaiad/rad(iu-n toa-rBu:, ?:un roartu: lrau?:rf,:ui toittu:,2548)

233 F,lfritnr:Idwor?uurn (Initially bent columns)

I n u rJ n o' ra r fi 1 #1 u r r u rta }J o v I ri r r o rir r rf, n ris u 1 u ria {o dt c n ri r a 6 r

il q tn n : : u x o c r a r fi fi n r : l ri.n o G ru u: n I n u a u ry n^ 1 #q ar a u rio' t o.r ia q fi 1 {ri r ra r rfl u }J n l u n A

t o {r qn (Hooke' s Law) u: r n : v ri r ri ru l a Eu d: a u ul n t o c il fit dn ua i du {n'l#n r : Iri t ii rirudu

dfi ri r,f, nriou (small defection)

rdu}i{Iri{dariruu:n
, 19 * r c i - i -ldu ln{ lfl{n?ruo:uu'll{un

I

x.

1

P

I

nrild z.l rarfifi nr:Id.:ro6uu:n

I



l#rdulft riuu:no{lupJtor rdulfirlmi

osld

)vo
tnaut$il'rc:'lu a{uu

lp =

l3

(2.1l)

duqa nn:artorllruudnruluuasnluuonfi:cuv , ln 1 ryirtiugud i'rriu

EIy'+ P(yo+y) : 0

ttmurir y, o1fltYUflr: (2.11) ttas K2 : L
EI

wld y'+K2y:-Kzasin9

uarl# y rfl u:c uvudrd'rd,irdur*rd,,, o r n: c fi tfiurar rfi oraro gjlu

(2.12)

d, n , t I r A q l,b C
fl atn nuyr ? hju o{dun'r: (2. I 2) rj:vnoud,]uao.: ri'lu 6o fl .rrifureiu uav na

I = !"*lp (2.13)

ltav

yr:AsrnKx+BcosKr (2.14\

* i a I J' Atauil A, B fto fl1n{fln'l6l1,ru{

Inud c, o fio rirnrfirirlndr

nlnnrilfi 2.4 rdrfi n2llld.r.rorirur $fl y s ln: o.tiurtuu[ ::unl unudr{et'

!o
.74asln-

L

C sin1 + Dcos9LL

LFn'rA y, luarnr: (2.15) arludunl: (2.tf) uarfrnrvroulmri tald

(2.15)



l4

IC(K, - Sr+ 
K2alsin I +lD(Kz - $ll"o"| = o

fql-l
tm'lnufluu n.:uu{

dunu{r{uurvrfluoirldqn 1 rir x drfrrqarnruror lmf uac Inlryf

a-o
1n2 t x2 ty-t

D * o,orri, K'-i 0

_2
K2 = "=t

o _ tt'EI
r-- r

tta&

A
14tO

."iie!-t-!9tvd
tr" EI / L' ar{tYl1fl1JU1flUn1O{tOOUtnO: n{UU D n&nO{lYllnUtJUU

d a io, <l , A s r h r t q
ruoirtlnrflrsunilxrilnr:Irftroriuu:n nvrfurir r hin::tvrillnu

o Qll,n]ilUntfi a: PlP,

4- D _ ttzElctr{l rE - 
-

- L2 
Euler load

tvq-AAAn{uu L.: _=_
(lla)-l l-a

uYrufil cuacD a{ludunl: (2.15)

aa.lu!p: t_o"ir'= 
(2.16)

Itne !=AsinKx+ Bcosl{xa -a-ssnT Q.n)l-a L

riorirnrfi A lr,c B lualnr: (z.rz) nrldtrnrtouhfileiu:olflo{rdl
Ait)fiofi x= 0,y : 0 ttoufi x= L, y = o 6triu B- 0$av AsinKL :0



ln 314 0_

) r*l
{,0{am0{ttu

A
l.t:o

(2.18)

Q.t9\

(2.20)
r-(P I PE)

i a - -i o oY lv
R',rilyt 2.5 [rdn.:o{Ha1o.lr!ufl1: (Z.ZO) Inurilrunlfi a rvirtil O.l uav 0.3

1.0

P/PE 0.5

0.0 ,

0.0 2.0 4.0 6.0

mid-height

Wz
d ajl,9 - J 9 t v
rilun:frfr'tri6'o{nr: drriu,e douvirtiuquduvrurir z uae .B alluaunr: (z.ro)tcld

du A orrtrrfluqudr,rfo sin kL = o drl# sin KL : 0

dluI -- ,*asm-

QI U A
rtaufl'l: ln{n?:?uno

lr= lo + y 6*ft)asnff

a1fivT : 

-sm-
r' l-a L

<t -i J
rravnr:Irilfrafilnfirnnrrto.ud'l fdl rrlnuuilil r : Lfzluaunl: (2.19)

a

l-a

,',rrd z.s rduldrtoqdlfl fnuacnr: Iri.r,r,oqarld.ttiuu:n

15

J
PE ctril

User
Rectangle

User
Rectangle



t6

9-

r rn rdu 1 d.r rft aoc or rfi u'irrar6u lri rfr'u fi ii qn u: { p n : c ri r lu : ; ur u: n1

nr:lrisocrfirdr#l 1,,uror,iu,irdrlrr*aiiu:r pfirirlndrdu{fiuu:r p, il. rfirundqfi

ru:{ ,p rrirflu rarlfl.rdfiri1 c ulna'irrslri{urnn'irrarfiIdqfifi , rloun'ir otir{l:finru

uilrfi .p r{rlnd r, rirnrin r uasrirnr:Irirosrfilduluturofilndriurtiu hi'irrir 
" 

nv

cirrfiuuiohi rmrlnufrrtjud'l u:{ p rvfi rirrioundt Euler load (Pr) rauo

z.l rirurintnqnluriaflrificrn{u flnelastic Criticrl Load of Columns)

rarftIriunrrluriarhi6nrtjuovrflurarurrrJrunatr ( intermediate column) rri:o

u:rfir6ndulurarrflunriruu:r::udqn^nrrnuriauu:sdnunsnriruu:{dn drfirirrurnn'ir
,iaooardl-!-19.

l.tu?utt:{ytt ndlnaunHgu 0fl7r{ofi:1d?ufi?luTUQnxotltdlu'l?tJ1ufla1{uouR?11ro{rtfl]u'l?
14 o Ere r ll rh9 i - o a

fler:xo{oournoin-rilrrrldrirrarure:Jrunax'[rj16 nr:nrnnctur:r?rfninqEtolrarfilrirs

rnrcluriarhi6nn{udorfirr:anrrnnarlf,uriuf,:ctr ir{Hil?uu:{dnriunr:finfrrto.r{eQ q

d.:nrnfi 2.6 (txi1yrlrnl#qn:uo{oournoforldririihigndoqrnvfirirrfiundraarrurfluoithJ

urn) ornnrnfi 2.6 ovulu'irnri'ruu:.:6nlurir.:hi6eu{utvhjrfludod'lulnon:lfiu
dAtqvvdl

nlrurn5un ::ufr rrirluq6'atoriaqfi rr hinrfi Inufi rirnna.rotirrdorfi orsnurirtsrrt-i:u
- j i J -aa r ad aa r 6a d r ad

rt:rdnfirytruriu (:un yo?rtu:, ?:un ro?txu: uau?:tfl:uI To?tru1,2548)

o
q
tn

c!

ocr

op

i v e J o e v i -aa r aa aa t aanrnfi z.o n:udur{uf,ros o - e drr,riuiaquu'r (iu^n rioirf,u:, ?:ugr so?r,uu:

au
r.tu?ufl'l:rnn? I

/ r ad
[ny?:rfl:u3 uo?r$u:, 2548)



t7

riru rinin qn r o uar fi 1 ri un rr lu rir.: hi6n m {u o r tf, o r : m ldt r nvr q u fi I ru q da

frufi'a (Tangent modulus theory) unvvrqufiltqdaan (Reduce modulus theory) d{rauolno

Freidrich Engesser lu n.a. tggq rasluil n.f,.1895 nruiirfiu d{d

2.4.1 vr qu fi Iu qd'af,i fra (Tangent modulus theory)

au u n' J r u t o r vr q u fi I u q da fiu fia 6o rar n c fir hi I ri.r rn r c r u n'i r n v iu rir n rin
aia
?nqn uasruorfllrRnfl'r:Iri{rars rilauu:rinqnlurar}ilfirirduriurirlugdadrrTa (Tangent

Modulus) ,ioii;'l1rqaa dufra rflurirnrrrufu or 1n rrdu rurduuanqnmufiur{uf,:sil'ir't
teeajdr.trrersuar-e-i

lfu?uu:{onfiilfi?lurn:un ilRRlrryr 2.6 surl{u?1uR'rr7rlRufll tuqodunfiqu E flo{?cYqtilo

?tu?ult:.toauoun?1fl:olYllflufiu?urt:{71?lRaunilquttn0uunlana{n'lualniltuo?lu?o
- 4 J a tA ce - e

ru:{dnil1RTu oun:cficrilugudfiqnn:rn nluldduun-!1u6{nrir:tot Frederic Degasser
,r

rvldrirtrrininqnrouarrfioiuu:rdnnriluu?uflulnufinriruu:ro{ludx1il6nrtjundrufiu
,

dunr:ro{ooura of rfi urus{uvr urir luqdadnu {u r d:urirllqaiaduria r. drfi

rirnrininqrrtortarlud:t'hi6an{u P", = nz ErI / I}

n il :uu: rinqnluri':'r 1il6nn tju oo = tr2 Er t(L lr)2

idi.li{t:un?1qn5 Tangent - Modulus

2.4.2 ntlaflluqfrann (Reduce modulus ft*ry)

du{ n'! lu to r vr qu fi lrl q daa n 6o I fl c fi rar rfi n n r: Iri u,, r, o, fi ,io r ri :u
;;^J e e e . va jAjeyj ,

lrr{7llilut u7r1{n1ul?lllasana{n'ritnluHu{o{1611 lru?uur{on?nqnmlilut u nlll{un1uR1

Iruqfiafrufia o, cituuu?uu: {enqnfi aaar}{ana{nlurillxqf,adnn {u r uav'lddrmu n

a* rflulrqfiaan (Reduce modulus) drrfluflrd#uto.t E tLas Er rfrnrininqnluria'r
hrA r t9 It a l-!
tuunfiqunsfllul:o?ll tnolnn'rrlflru E a1u ER tuqn:to{ooulao: a{u

rirmrininqnrouarluriarhidnn{u p", = r'E*I I t (2.23)

Inud En =2EEr /(E + Er) drlrir:rargrjd: r tl6o wr trav

(2.21)

(2.22')

Ep =4EEr t(JE + Jrrf drrirtarmrirfrniirrduufiufir
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1 uil n.a I 947 F.R shanley 1 dri r n r : vr. u u o *tu r, ? n rr o u yr 6l u fi rir a o r ua v 1 d

1#naaqrJ'ir vrqufiluqdaf,urialfidrrirxrininqnluriaqhi6nrtjuldqndorrurnn'irur}irts

rfir'hJrir.rfinrl
i -o o

fl 'r:1r'ru1fi un?nqndr?r iunr: Iriuarstortarludxlil6nr tju Inul#vrqufi

Iuqdaduria (Tangent modulus ft*.y) r,riovrqufiIlgdaan (Reduce modulus Oreory) nrlfi
t I I o I r c I tfre a A tl I I .l o v e

na1?{lir6u0sr{lurtlu1:ofllu2atr1n1l6furi lila,ir01nluvttllrfl1uo{r luAarrdu?td Er

dlllrqlfl:rsrirror r. dufiuurl'ruu:rinqnfirfintiutiruurrirdn frcfu nr:nrrirrirrrin

inqntolrarfi lrilrnrsluri:.:hi6nrtludortffi aolfinaolqn (Trial and Error) Iaunr: euq6

ri rm ri auu:rinqn ( o", ) duu rriou ud:r rri rluqdafiru fra Er e rnn ?1u dur{uf,: v r,r'irru il'ru
qca

lr:{dnrlun?turfliunroltiaq {st 
"ss 

- strain curve) rrnrfudrrirrirtor rr iildlilumua{lu

dufll: (z.z:) rf,onrrirrorrilauu:rinqn o- drldrir o.' rvirrirririiaqo'1{lunouu:n fi

ruenrdrrir o", fiduqrr'riurfluril:uu:rinqnfrrfindutir olntfufiti'tti1 Er lilldd1u?Brl't1

rirrr:rinqn pcr rlfldrn r (z.zt) ucidrririlil?uu:rinqn o,, frihin:qriolndrfiurfiuiild

ar u fi l{ fi l#arr1n-ri r o"" du u rln ri udari r dr ur u rd urfiu fi n ri rrdr c du t u n'i r t v ldln dr6or
u aa r aa -a . -a d r aa
nu ('lun !o?riu:, ?:un $o?tuu: ttac?:rfl:ul so?tru:,2548)

2.4.3 Column curve

rdori taunr z (2.22)urriuulfi drfl u dn:rri:un?1uic On 7 1, = v r[El/i]
rrrfiudr rrnrirrirro{ d", ual Er {ruiurmuriraqhl tcldrirdn:rri':unarutvea(Llr\
oerraleio!drrniurirrri:uu:rinqnuul.ulruou'rn'ltoir o", nas Llr udav{ lrJrtoun:rr'ltten.t

q o I t r a o c r i ttnaruduriuf:cf irrflilruu:rTnqn o,, tiudn:rri:un?1u$uqn torrdrru'olriuatslud'x

hi6n il qiu rc ldn : rrlr,oiurn (column curve) tu ri:{ 1il64 n {u i4 i ordo.r u lyn{ dlufi o trnf; fin

(Ltr), fildrnuuanqlflunrnfi z.r dcfiun'ir n:rv,hoqrar drnrnfi z.z riudu firnm:lu
t9

dn:rri:u n?1ursOnr,o{rdr ncr'rrirrilruu:linqnldr{ufi ornn:rllfi uasrir}?m:ruilrufn

in q rr r o urrrfi ar r r : n iu ld ruro n n ri r d.r n r ln u lddn : r dr u n r u iln o n riu6 r s ldri r u:.r dn 1 #
,,

rrudrriusonuuurarriur (ifin doiriu:,'uu'fi doirf,u: uay::rn:uf rioirf,u:, zscg)
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6p

lnelasticl elasticA

(L)o-r'

Tangent modulus theory

Euler theory ocr =

(Llr)

1
lt Lr

Ocr =-+
(L I r)'

,t
tt'E

(L I r)2

i , A- e -aa t ad aa t aa
nliln 2.7 n: 1Tl1o.rrfi 1yr:uil:.ronn1uuu?ilnu (ifin doitf,u:, r:frn rioliu:

uac ?:rfl:uf rioirf,u:, zsaa)

2,5 Rlriluil?u?rtslnrrumurlrnrtlilRlroonttuu

2.5.1 Rl:YrUYr?U?::iln::r

2.s.t.t nr:Iriunrvno{rdrrJaluaouluri:rdnmqiu
Atoee!-r!

R 1 : Trfl : 1 s fi il r d r d'q fl ri ril fnil : : I nx o { rd1 il a r u aou fu
Timoshenko (1908) rfl u{rirrauonurr:nInul#aunr:rf,rorp{uflunr:utlilaJilrdunl:duqa

i^ ir s d I - J dt, ttd o - o- i a
18{rd'lnrflnR1: tn{n?rnfluou fia{0rnuurfluduurldfinr:ri1rrtuoflnfl1r?0ulnu?RUrarilaru

rrA
douotil.tdotfiol orn'tdu Dinnik (lg2g'); Bleich (1952); Gatewood (195a); Gere and Carter

(1962); Fogel and Ketter (1962); Ermopoulos (1986) ldl$iinr:rj:vururirmt{d?lat

(Numerical methods) rflurnio.rfiolunr:ufiaunl:tf,{oqr{uf, drriunr:rrrirrirrnrinu::qn

to.ittllilaluttol, ttns Salvadori (t949); Girijavallabhan (t969); Iremonger (1980) ldrhaqndl#

finite differerr"" lunr:rrrirrrinu::rlnlriunrrto.rtdlilnrudolJ r.tio Godden (1965); wang

(1g67);Criswell (1991)l#liffint:xo{fi2urfn Newmark's method) lunmmrrirrirrrinu::11n

to.ttdtilaluflou ciorrldfid5f,uririi rnite elernent and energy methods url#1unr:r,rr
! - qr , f,ilrrfnt::v1nlri.:rnrvto{tldrilaludou6llduri Lee et al. (1972); IGrabalis and Beskos

(19s3); Williams and Aston (1989); smith (1988); Chan (1990) unufidrfiqluilna.tggt

Criswell 1 dl #ii n r : t o l fi 'lru t fn (Newmark's method) rrtu o du n t : dr m iu r t d r uu ri q t o r r dr



LL tr
fl

nmd z.e pdrfofirJarufirauofno crir*"tt n) rJarudrulrqidnuriu t) rJnrudrurf,n

dnurju n) 1n:o.riuotit.iru (Criswell, l99l)

n',r',od 2.2 drnl:uansdruilil.rtosillirdnrfiuurrirtrnilnrudrurdn (criswell, l99l)

,1a uaaofl1ilanl{nuo'tu

Yvtumilulf,n

njisuurjadu z

nfln.lit

rumnrirf,arildsuililadu#ru6n

ftiqnrvdru6n Id.rrnrcdrunfir

ilaruCrulrojdnuilu (n) 0.52 + 0.18r 0.55 + 0.15r 0.63 + 0.07r

rJnruCru#ndnuriu (r) 0.12 + 0.18r 0.15 + 0.15r 0.23 + 0.07r

1n: o.riuotir.r.iru (n ) 0.32 + 0.18r 0.35 + 0.15r 0.43 + 0.07r

20

dntordurieurfiuurrir01nn1:f,nurdruiivrxdzrnr Inuldfr-rr:a{'rln:o{iu : uuul#uri

uurilnrudruluqidnuriu uurilarudrurf,ndnuriu uavuuuln:o{iuodrr'iru drnrnfi z.s
s i o t I e 3 t d t J re e .- aai t !

Inufiarnr:xo{d1uilil{rfrdntoqiurirurfiuurrirrvfiuo{tirdn:rri:ufififiilnru, r Inufi t

do{urnndrriorvirtiu o.r dru :-ucunr: fi rcl#lu nr: ?nd lurri ru rhd'arfi uurri r uan q l{lu
nltl{fi 2.2 (Criswell, 1991)

cisu r fi ifrna" ufitrdu r un ufl alc (2s4B) ldn-rr: or rrfi u'ir urn : g ru
iae q

n'r:oofluurLfiiiluilrlriuhildn'o'r:onrdlfifilrdnfr,,uunrrirhildyrr{a6nrrasri
(Indeterminate column) niu tarfifin'trdr9.r,tuudnuriu-6nrrln (Fixed-Pinned) ttnuldlfifinr:

6.iu,,r, dnrniu+6sunr!:1{ (Fixed-Guidedt rfludu dsduftldfirnr:flnurrf,oil:curolrir
crgeirdrAaodrurilrurird'nrs$urirurfrarrrirro.rrarfiiiln:o{;uuuuflrrirhildvrrre6naranfiruru

3 ulru lduria uurdnuilu- lnil{u InurJnrudrulrqjdaurju uuu s dauilu- 1nmr1u Iau

rJnrudrurdndnuriu uulr c 6nuriu- nru:'r{ rJaruf,rulflqidnuriu drucrnsl5lunrnfi z.g
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ie r a a I a . o i Aar ir, Icr{ tuunaslrllilnsun1:?tfl:1srtd1 3 lun flo uunil I tdlfluualudouYl{f,luanttaudlu
y a j ia , 9 a . jy y a i .i I I I rflil{,unil 2 rdlniilnruaoudrudnusinrfidrun{rr ru'nfi 3 rarfirjarudoudlun?l{un

Act 4 s c i - I i o J - e a
R{tyt61uan n':lldn{ tuRlllYl 2.10 n{uuruotl01:01'1il{anuBtcln:o{:uttnv'runxo{ldl 0u

dlxt:nuri{trrluuunmfr-rr:snldrflu g n:d6o Al, Bl, ct, M,82,c2,A3, 83 uns c3

t, l-

tr-L
nt,n

nmd 2.9 dRriln1:6nicfin'tr:u1 n) urJU A 6aurju-1nrr1u rlarudrulnqjdnudu

{) uuil n dnurlu-1ar{u rJnrudrurdndnuriu fl) uilu c 6nuriu-ra'ounlu:1{t

rJnrulu qidnuriu (fi ifrn6' ufiaraur uarfl olu, 2548)

d*"Ifllo,_.
n) rarlfi nfi 1 rarnauilarudoudilrauori{ao{m'ailrr

r) rarcfiafi 2 rerf,u,rduuduilaruaoudrudn

o*'ir}

n) rerrfiafi 3 rardnrduufruilaruaoudrun{n

i e r ioo- o/
n rnfi 2. t 0 dnuars rer rJ o r ueorfi rir-finn- udrrau r uas fl Br& ldri rn r : f,nu r

-oo- .((u-ifrnfi uflareur ununols, 2548)

tr
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n r : f, n u r 1 dri'sr u r LJ : un : u fl o u il^ a rn o f rf, o'l #1 u n r : i rn : r v #m r

rirurinl::4nlri{rnrytouarlnuiiroir Newmark nanr:f,nurarur:oaEilrfluaunr:drniu

trrr{rurdrro.rnfir6'nrfi uutrirrrnrjnrudru16nldn',ru'''t'tod z.g

,rrr.d 2J duflr:uanrdrunriqrorurirfrnrfiurrrimrnrjarudrur6n (fiifinfi' udatcur

tracRolu,2548)

z.s.t.2 nr: Iri{rnrcrosrdrilaroaouludx hi6nr tju

n r : iin u r vr q n^ n : : u n r : 1 ri l rn r c 1 u ii:.r 1 il6n vr tj u t o r t ar il a r u d o il

Gudurutoil a.fl . 1 949 In u yo*g (young, r g+g) ldf,nurnqn'n: : u nr: Irirtn rs uo.rrarln ut#

vlqufito.r Engesser{onsidere tracl#aunr:6r'lrr'lst:urfrua (differential equation) lunr:

ufiila;r,rrnr:Irisrnrsrouarilaruaou Inuarury61t?rarrflurarn:{uachif;tr:arrnntoruil:u

rt:tntdrtluiaq (residual stress) tiourlui,l n.f,.1968 Appl and Smith (Appl and Smith, 1968)

ldrirrauonnnr:f,nurrerilnrueoumr?rdndrrduu drfigrJuuunaruf,ur{uf,tornerutfluuar

n:rurniunrtuu Ramberg osgood Inol#arnr:fiv'lrr'lor:urfrun (aifferential equation) lunr:

rudilqlrrnr:IriqrnrvIouerilnruaou unyldrirnr:riliuufioufirnaR1:ilndou,$ru:u

a+ daodrr nudrnnfildrrncrnr:6v,lu'lor:uriuafiriraonndortirnnnr:nnaorrir uavlufl

fi.f,.1984 Shiomi and Kurata (Shiomi and Kurata, f g84) ldfiflurAunr:drrilnrrirdlrj:vdu
,uo{tarilnruaour.rrirdagrJd':10 (I*hape) uavmdrdnplnrios (box-shape) ro.rduri'lun1u-rd'r

drunt:r{nrurIil:un:rnorf,:,nofdurrudelffiiruminlunr:ufiflqrnrnr:Iriunrc Inufi

auryn-1ru'ir tartflutarn:s illoilfiuf;tr:urflauowriruu:tnlfir{ (residual shess) dau siotr

lufl n.a.tggs Kim et al. (Kin\ Lee ard chang, rqgs) 1dfrflur'lil:un:uvrrdrulv'lluri6raruud

(finite element program) rf, of nu rlu dru drd{o zru ttfi rtt: qerrj arueou In uf, r r: or r Har o {

a irA
cnmrnltgnt{il

rlaru

nfirfinnliisuuilor
VA
n{go{ilfln1{

ilrirf,'nnliisumJar
VA
nluoR

mrirfinultisumjar

drun{x

A 0.31+0.20r 0.34+0.17r 0.41+0.09r

B 0.31+0.20r 0.34+0.17r 0.41+0.09r

C O.37+O.l4r 0.38+0.13r 0.39+0.12r

uilrutt:lRldrl uarfilrlttuln'lrrudur{uf,irornarutduuacn:rrurniuauuu Elastic-perfectly
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)
Plastic-srain hardening flon'r:f,nu1flildr drfr.riurirnfinu::qnto{td1ila1ufloilnsfi

q u Je t | - j i J i a - ! - ' e t 
'n?1uf,ufluf tiunr:Intnlnriluflui,o{rfl'uuoun'r::uur?runrn-ruffu uaslutu'ohiuruurfi

Gabriel Alejandro Jimenez l-opez (Gabriel Alejandro Jimenez Lopez, fggg) ldfirnl:finulldl

vrfirdng:Jfr:1ofifiroaaour{rlnufiu:{n:efiln'ruuu?uRu uasfiIiluilun?1uf,ur{uf,rornarn

tdurtavnarutn;unttilxhirflurilrdil (nonlinear stress-strain curve) nflouri'rn^t1tillflano':

uriruu:.rnrr{r.r (residual stress) rraerdlfifinr:lri.no6urt:nnd.rlur.rur{ri'u#rfouto(rn?1u

u'r?rd1 Inu'lffirn:rc#flrtirfiwo.rrdrilarudoulnuiGnr:mt.:fr?tax (Numerical solution) udt
rtdv.4rai

rilSuuryluilnuuln:gtun'rsoofllruu AISC-1993 (AISC, 1993) ,{an1:flnurnu:r n:dro'{rdlfi
d 4 ! a J c, a ir 9 q i d
iinr:6nfuruu6nmrluvr'{do{rh{ fl1nfrnr:srrnr:Iriqrnudruunuuf,n (unufiut.:u:.rn'ir)

ilrn:!1u AISC-l9930cdrur:o1#luf'r'r:oonuuuldrJaonfiuqnrirn'rruor?rd1 ueidrfirr:orr

runu:s{(unuddouuon'ir) ,ardurvilaonfiu ri'ruraruraovfinrruhirJaonfiurdnr?ou uritfifi
It
o e < d qYl|Y I I e I

nr:rir6ufr rfr uiiloxler: !ru AIsc- 1993 0lrr1x1:o1#ldodrulnonfiuqnd:rnruurr

2.5.2 u1n7 !lUn]:OOnrlUU

n r : ra r rir u rin in q n t o ua r rJ a r u a o u t s hi a u r : a n r'l dI n u n : uui o m r n r rir

cr'nro{rarilaruaourilf,uuuiln{naonn?1uur?rfll n?'rrud'rur:rrlunr:iudrrr.inr::qnto.:
,

rdlilarudou tufiriro{:u?r'il{n?'r:.rryru1:otuRr:furirufnu::qn{0.:rarilfirdnncfilnuld

turnudrdnfirJarudrurf,nuacdruluqi 6'.:rfu urn:!1unl:oofluulrrdrlfieir.r1 6.rld

firuunl#1#r,rdnnr:nrirfrnntfitfiuurvil (Equivalent Prismatic Mernber) lnurirrird'.rnr:iu

rirrrinu::qnxo{rd1}1ilnruaouurldrrnaunr:rduIrftflr:oonuulrd1 (column curve)
I v i o , I e a i r iyd a I q a , jo I

1'O{tdlttu1nnfl{YttYtuurYtluuro(t tilonnilflluil1 t6ilfl'l:uu1ul41.ilnnlfluxtytlytg{1tn4u{t l,/3

0rnilalurf,ldrurf,n dqaut:a1#flurorTrirJarurrou11ndnreynr:6nl,r uiiluilogriuularglu

fl'l:oofrulJU'ldrauoaunr:drriurrdruuilqroltrrirfrnrfiuurvirlnunr:fiu:ollrfRtrtnr:6n
9t

i.rfi :Jnroto.rrdrd?u nrnfi z. t t uancrarilarudolJuasrarnrhdnrfi uuryil
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d.i'

,H

t

Equivalent section

I

rirrrininqnrdlila'rudou : frrfininqnrarnrhfi'ntfiuurvir : P", =ttz EI, t(KD2

nild 2.1 r rarrjarudouuautdrr rirfi'nnrfi rfi ourdr

luo6n n1:oofl uullrarlfirJaruaoltvldii{ru 1 lunr:r1r,urnfi dldnuo{
))

AadisElI
iuci:urfruurir 6'.:udTl n.fl. 1944 6.t tggO The National Design Specification (NDS, 19,t/$-1986)

duflurur":!run'rroonuruln:ra$rrlfiro.rani1oruinr ldfiuruturnrrhfrnrfiuurvirtor

drurdn rir6o d = d-,-+(l/3)fi-*-d-,)D'D \ '\ D6 D'D

J . I v I <, . e
rorilaruaoudrurEuerfor{raoqdrufifinr?rdnfinnduruduhflfirurnrmr rfl d cr{lJoltynflu

rurntouJnrudrurf, nu'rnd:uu drluerrurorrirn ?ruunnsil.t:vrjxtu rn:J arudruluql6'r
)

drr iurarna rrJ a ruaor dr u16 urrio fii asqdru
o o ri q a d r r e I - o i i Atoi A 9 v r e a
filHUn tfiu11,lUn?nqnunlryrlnuu'r?1un?nqnxo{rnldrflauuvllllluYlfiulnntnlfluuavil
eaAolo99ootYs
anuu&fl'l:doiltlotiln1ur14uouflu 10n1flunt1{nunufl1u1:CIn]ilunn1tlfiu{lto.iflulnn

rfiuuryirtoqf,lilaludoumrhdnf,tudurldfis{lrfiil.r tR rrnilarudrurf,nroqarilarueou

frinrufi z.tz dorirnundr.rduovhir{rfiro'{d'nr*rn',rdrioto{16r'r ftrfirh{rirrrin?nqnfiId

fi rirnarurJnonfrufl{ulndrmirrarnaufi fr rJarudrulnai6auriuunvilarudrurf; nrJriou6a:c{

L,/3 L"/3
l<-+l t6t
lz-sl-l

Lt L2
lrLrl

i - -^ o t I v a t inrilfi z.r z d rurri.: rfi rd'n rfr uuryi ti,o{ tu rieu rfi ulrvi t (NDS, 1 944- 1 986)
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nr:rirrun}il#drunric ra trnilnrudrurdntottarilarudou tvrfir}?fi

nerurlasnfiuriou{r{urnrfiu}J rdol{fiurarilarueoufifirJarodrulnqi6nur.iu (cantilever

flagpole) s{olrluil 1984 Engineering Design in wood (Limit States Design) 1984 by Canadian

Standards Association (CAS, tgs+) dltfl uutn:!1unl:oonuilutdrlfitolrtnuurntldfi rmun

i{,uv d ,uorio,u'rnur,ruualdrr6oufirirurrir o.asz rrnilarudrurf;ndrtvhidrnrru
rs!,tat

ilaond'uanriouarndutn:!1ut,o{oruinruavluil16u:fiuriu Criswell (1984) raua'jrdrriu

ii'uriruiifiAn:rri:ufin^drJo1u, r (turnu'n'r,rrirfrafirJarudrurf;nsiorJarudrulnqi, d.Jd^*)

sdrlriourrirflu o.s ,rurntolrfirfrarfiurwiltto.t catiliver flaspoles tvod or 6rttnri{ o.oz

rrnilaruuuaudrurf,nuavdruiup:olilodrl.iru (Simple support) Criswell rrucdrh?l#
9sAr

xu'lor{ulnntnuurytl o.+gz rrnrlaruun audru rf, n

The National Desigrr Specification 1991 (NDs, rqgr) 1drtff1t{aaurln^J'lunl:

1 #si r un il.r o. gz, o r n il n r u um n u dr u rf; n d r u :-r rar fi fi n r : nJ d u u uil a r t s r m fi r dn l u n' gn r l dr u

dnn'amrudulrncrfinnr:Iriunrsmr{druf,n '[nuldaunrtfirlirt]1oo'rfldilnl:rJort criswell

(1991) '[unr:r.rfi z.z dtrfluarnlrfiduu{tiudn:rriru{otfifiuacdnro,rnl:6r9cfirjnrulu
o 9 - 3 ! d t s c '

n't:R1u10ll,t]1u'lnt o.:ltu1nnIo{.rufl?urYluljrTll n{udn{t tudilnl:fi Q.24)

d = d^n+(d.; d)[a-0.15(1-dJd^)] (2.24)

q i, o,J ro a lA, -itnuilRl a Ufi11lloQflUCYR1iln1:Un:{ilild1un{u

rJaru#ruluqidnuilu rJarodrurf, nrJriou6a:cniodnfcodrr.iru, : o.zo

19dAt
ilnrudrurfi nEnuilu rJarudrulnqjrkiou6a: c ?riodni{otirq.iru a : 0.30

,i,,al,
ila'luYt{ do{1 1{un: {ou'l{ {'lu

tYd
ualudoufi1urnu?

t

ilaruaorr{raosdru
oealicllfi:ulnun:{ltuljolr d : d.n+(l/i)(d_;d.)

aun r: fi Q.z4) tzituann eru {r urnuasdu au lu n r : rn'onl#lu n r: xfi z.z

ucinrh?drr.ra;n#iihi:.taonrYurf;nr?oudrrfurernoufifirJaruaounJduuurjas?i.:ao.:fismr.r

n:614:o.rirt,rr6u1 uonrmfioornfiuan.rl5lunrnfi 2.8 NDS-l9qr d{n{l#nr:dlu?0rfi1

a:0.50

a= 0.70

rrhfrnrfi urrrirfi cqrufl il{ z/3 trfl ilarudrurdn
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ASCE 1995 Standad for Ioad and Resistance Factor Design (LRFD) for

Engineering Wood Constnrction AF&PA/ASCE 16-95 (ASCE, fggS) ldfrflan15f,nUl1or

Criswell (1991) 0rnn1:1{d z.z d'muatfluurn:Xrudrrilrrtutoflo{ the design diameter

(D) xo{udlnax}rio the design depth (d) drr iurarfi tm duu Inuf, tr:atrorndn:rri:ufi rJaru
a - -!{o{[d1nju?tafl n{u

drmfurarnnr drdn:rri:urorrdudrEudnarrilarudru fin @S s{o

rdudrgutinar{rJnrudrulnqi tar) rloun'jr l/3 1#1# the desigrr diameter rrirfiutduril[ludnat{
;

rjnrudrurfin @l) usidrurnn'ir rlr h?ldttre design diameter nlunt:lqfi 2.4

flrtNd z.l ti'tDesign diameter (^o) drmiurrrrnaurjarudou (ASCE, 1995)

fl:01 rioultfirJaru x:

t radarufiu "flagpole" rJnrudrulnqjdntrrlu

z n'nhulu6u "flag)ole" rJarudrurf,ndnuriu

0.52+0.tgDllD'

0.12+0.lgDtlD2

g radaluf,oudrurdoauavfiilulorfuaoodnf{odrr.iru o.3z+o.ruD /Dz

4 lrllilalurlourilaordruuacfiilarud{aardn9'ratirl.iru o.sz+o.tBD/D,
)9ouAuAd5 d11{:il1nun:{U0flr?ruo0',rflU U3

D = D,+X(D;D)

drriurarur?rfrnfinrduu drdn:rciau{o{n?lufrnrJarudrurf,n (d,) do

n:rrufinrlarudrulrqj(dr) fioundr l/3 1#1# the design depth rrirf,unrrufin:Jnrudrurfin

(d,) ueidrurnn'ir tl: trtl# tr," design depth fl1uflr:xfi z.s



27

nuNd z.s rir Design depth (d) drr,riurartirrduuilarudou (AScE, 199s)

A
n:01 rsouhfirJaro

x-
Iri.unrsdrudn lriqnrydrunir.r

I

2

3

rarrJarudu "flagpole" rJarudruln qjdnuriu

rarrJarudu "flagpole" rlarudru dndnuriu
t e d at I a I

rdlr.I alu6IolJn 1U rnu?unuuil n'lu7t{ 6Yo{tun: il

otirr'iru, rdrilaruaordru16u:mioriraoqdru
ar J a I a y Aa r d
iirJnrurTsao{Enuiluil: onruru{unuuuondlu

6nfcodr{.iru (6rrjarudrurf, ndnurlul#l#n:fi ii zt
))

rdlila ludouriraordrqrnsil nrufi aor{rl 0.55+0.15d/d, 0.63+0.07dt|d2

alrr
unt{ou1{{1u
oeai;r:
rr1?rru?nunr{u onrru o0]fl u

d : dfx(d2-d)

0.55+O.t5dtld2

0.15+0.tsdtld2

0.35+0.15d/dz

0.63+0.07d/d2

o.23+O.07dtld2

0.43+{.07dtld2

t/3

LPJD rirnunh?l# Design diameter (D), Design depth (d) frldtrnnr:r.rfi z.g

$Ag 2.4 drUiunr The adjusted compression resistance of column P'

P' =C pAF"'

Cr: The column stability factor

cp

o"=&
10"P0

n ,'Eoo'Lt2 Eou A
'"= 1p"lf= ta),

_7+a" _ lr1+a" )2 _d"
2c I'2c' "

tlto
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A : grcss ar€a

F"' : parallel to grain compression strength multiplied

by all applicable adjustnent factor except C,

Eos : adjustnent of modulus of elasticity at the fifth

Percent

Pe : critical (Euler) buckling resistance about the axis

Being considered

Po : adjustnent member axis parallel to grain resistance

of zero length column (i.c., the limit obtained as

length approaches zero)

0.80 for solid sawn member

0.85 for round pole and pile

c = 0.90 for glued laminated member and

structure composite lumber

i" : resistance factor for compression: 0.90

l, : resistance factor for stability: 0.8

isen::rucoruuilril:srvrslyrulun:eu:u:rTiltilri ldtirrnun urns!'ru

dru iurru hl (ravr. t oo 2-16, zsti) lunr: oonuuuufl lfi l{dsd

* 4204 n r : d'ru ?or o o nttu u rfl 1fru r : : r n l
J'

n. dnrililn'rurdr En:druasrfil#tiurar6'ufianrnrJaludauilufi{nil{uyY{do.l

{rsuac arrur: nl{ldtYlrarfi fi enrnrJ arurfl u grJdnrf, uu frq ia
t. nilruu:rfiooul#drniurdlfiun::unrrflufiInnirciodudnrirdatflunr:r'r

rryiln^rufl : fi rird':dolilfi

rhriu NDS (19e7) unc NDS (20oll frinrl#{oriruunrdrdrniurarfifi

ilaruaouto{uln:!1uil 199 l

P n'E 3.6198.-=_*_-_____;=_ (2.25\A 2.727(L tr)2 (L tr)2



Iaurirfi riru:orldtvdo.rhiurnndrriruriruu:rdan',u,duufi uoul# lun:fi fi
te,jivvadi/!g.!4

rfl]?lU'rnnEilcTrfi auunq:dfl :oflrfl auuHulr'r qn:n1u?oruierilu

P 0.308
-=-A (Llr\'l

fl. l#rjiurirnri?urr:{fidlueorldnru{o 42crx.nru:vuer?nrfll:u::yrr'l
,t

rirnrindrfi ldrirrunl{lu{o zaoo uas 2s00

{ndl

4206 tdlRAU
9ttfo e A E ra o daA ri I v t, I t r - 9 q
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N6 (Ll)

N7
N8
N9
Nl0
Nll
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rrirfiun:ruurlarrjaruaoufirflurarduuur (rarduuuu 6o rarilaruaoufidornr:mrrirnrin

inqn Inul#rfinnr: mrirfrnrfi uurvir) nrufi r.s uanrdnuuvlocrarila rucoufi rfl urar
99qar
n u r rlj u ua u tfl 1?t u 1n n lil uu [Yl 1

d t/

d.
l-7

9var
flulnfltYruutYll

urrrd l.s dnsfl ;r,ogarilaruaoufi rfl urarduurutfilernfirfrnrfi uurvir

,rrrod 3.s duRr: uu cilrlu nr: m rd rum rirto.rr rirdnrfi urrri r (R)

ltu'lutl,t9lq
Aeti,r fro d'n:rrirufrrJaluto{rf,lila'rufloil (dtut d*)

a., 6o rurnn'lruf,ntoruflrfrnrarilaroaoudrurf, n

d* fl'o rurnnrrruf; nrorr#rdnrdlilaludoudrulxqj

L fio n?ruu1?xo{rfl1ilaludou

I ffit

I

d.mnH

,t
{rduoguRlt grJcunr:

aitqnunr{

Criswell (l99l) .R = 0.35+0.15r

R:0.55+0.15r

6anryurt'laocdru (Hinge - Roller)

dnuriu#rulnqi- 6a:vdrutf; n(Fixed -Free)

oo- o' ,
u!flRn ttfl?rflu]

lracflory (2548)

R = 0.34+0.17r

R:0.38+0.13r

6nuiludrulrqj-6nur1udrur6n (rixed - Rotler)

dnuriudrulnqj- rf,ounru:rrdrurf; n (Fixed -
Guided)

iarn::uanruur.i'r

rj:srmsnlyru (2517')

R=LR
at&9
ontruur{reoriix (Fixed - Fixed)
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nlnrrunl: lu n15 l{fi 3.3 cnul: om rdrur rirr firfrnrfi ourvir (R) ldnrnnr:
t u , i, , id 9 e e t

umunton:'rd?umilaru (r) rouerrlnruaoufirflurflldurruun.:lueunr:6{na1? uaen'ril1:o

ur,r,urnn?lrf,nrolrrirdnrfi uurvir (a ) ldornaunr:

R ld 
"- 

d,dllld*- d,*I

d" = R.[d* -d*]+ d^

rir 4 iiriru'lorldrrnaunr:{tdu uaesltlunr:rcfi l.+

i{9ea1nrrr{fi 3.4 rulan?rrdn (4) r,o.lrd1l.ni1fi'ntfr utttri r

i ny 9 a 9t e a t 9 c 9 s
ru o tn t u 1 n f, 'l u a n I o.l ?r u'rn n rm uil rYl'l ua ? ! g dlu 1 : 0 n 1 a o { td ]fl u 1 n n

a

rfi uurrirld Inurarfi nalunSlwo{rarnrfi rrirfiu to Gru. rd10uQn,6rnor}ifi durirutiounru

n?lr,dnto{ralvirriu ro du ciau,6ruaudurieunlrlu'r?ocrrirfiurarrjnruaoufirflurer#uuuu

Inuuil:riunlun't1uu1?,uo.trd1duuilu uarfiqardnuusn:{fl1ufinuo,rduJ'luro{rdrn1il

,lrlod r.t qnil:rnr: rirnunldrirr.rrinn:cfirfiilarurardruuu druir:ruasr6unnr:,firaor

grluuurarrr?rdnrfiuurrirlduenrliluRlRnu?R o ,,uro',nd 3.6 udn{Rr:,f,rnorgiluurJyn{

al
nnont{

I Yv.a I
azlron (dJ ao{rsmrilrnnrnuurnl

r{3 r={.4 r{.5 r={.6 14.7 r{.8 r<).9 11.0

finnrlur{raoldru (Hinge -
Roller)

5.77 6.46 7.13 7.76 8.37 8.94 9.49 10.00

6n uil u dru ln qi -6nu qudr u

rf;n (Fixed- Roller)
5.74 6.45 7.r3 7.77 8.38 8.95 9.49 10.00

6nuiludruh,r qj- rJriou6a: ;
drurfin(rixed -Free)

7.17 7.66 8. l3 8.56 8.97 9.34 9.69 t0.00

dnuriur{saor{rr (Fixed -
Fixed)

5.10 5.80 6.50 7.20 7.90 8.60 9.30 10.00

4rgerl
u9tllJiln]il tilq- [aounlu:1,1t

drurfin (Fixed - Guided)
5.93 6.59 7.23 7.83 8.41 8.97 9.50 10.00

nluRlllrraeonuilsYtu'l1lufln:ril'ln0td1ilu1naliluutYt1 laa?i. L fto fi?1uul?tortrd1fil]1nn
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Ar,A49qdr_d9,/varA
lliuurytl 4 flo n?1uafllo.ll,tulnnrYtuljrYt'l D flo n?1unl1{,r,o'rrf,1fiu1finrTUlJrYn W Ro

tttt,o q a o s I I I o d I o s 4 sa , t
lll?luRyln:UYl'lnuilA1UnlUUUlJO{td'Il'lUlnntilUUtvll 6I'11,1:Ufl'l:Ufl5tlYl Node ilalUUUttAU

ilarurirrro'rrar rf; ol#fi dnu uvnr:dnf':ii.r s g:J uu u tv fi dnu arv rm fi outiurarila ruaou4n
,i

il:cnr: uauRrflfi 3.7 u6ya{IilullUrro{rn1:draouarufir6orfiuurvirfirvfirnr:flnureiolrJ

h

L_.J

toj lo elLment

H
nild 3.6 nl:drao{Iiluuuto{rarlnul#fl d'nnr:rfirdarfi urrvir

urJ:nJ6uulrjnru

trj

!

,
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l.----,t H Fr-' ffi, #r#'rHs 
A,N'."'

ffiIffiIffiIffiI ffiI
// /// All Nodes All Nodes All Nodes All Nodes

_rffi
,l/A\
I /il]

_i_ [y_26#
n. rarrlaruaou (reiduuuu) r,.

N6 (L1, L2) (LL,LL,L6) (Lr,Lz,L6) (LI,L2,L6\ (Lr ,Lz,L6)
n) r) n) {) n)

i o r 9 v a , i o 4 ,4 i --- -rt-nrnfr 3.7 n1:d1a0{Irjttuuxo{ld1filJ1f,nriluurYIl?r03?r'rn1:flnu'l n) un?{{uYl{f,o,{1,'l.s

t) 6nuriudru}nqi- 6nrrludrurf, n n) 6nnriudruluqj-:Jriou6a:sdturf, n

.a . I I .1 t I o , i g, d
'{) unuuuYr{do{il1{ t) uRuuunlu lfiq-lnounlr:1{nlulnfl

3.s.1 nr: 6rnorgiluuuro{ldln?ruutltfi uurir

rfl 'rfl ?'ruu'r?rfi uurrir 6o rarfl ur6oufrurnrirdnnrfi rrirtiunfirfrndrurf, nto.l

rarilnruasufirflurarduuuu uasfifl?1uur?rd'rrrirfiunrruut'rrit1 rdcdr,6un'irnuuurr

rfiuurrir( z") nrnfi 3.g uaardnuolc.uo{ud'nlaruaoufirflurardurtuufiutarn'lruur:rfiuutrir

d*n dnn,q ,,ry

Iv)/ ,1 t _I
/(Jl./

CIru

d'rfl?1uu12rfiuurrir

a.'ru

rf,1fl

o-,r,d l.a dnuarsroqerilaroaorfi rfl urerduurutirrern:ruollrfi uurdr

!

a
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a

rrnnlild 3.8 n. rdrilaruaoufirflurarduuuu finrrrudnfirJnrurardrulrqj

rvirrir d* R:rrufinfi ilorurardrurf; nrvirtiu d-h n?luulararrrirfiu z nrrrun{roruo,alnud

naonn?luur:rar rvirtiu tr rcarur:o{rnor:iluuurdln?'uJu'r?rfiurrrir drnrnfi g.t ,. do{
{ia4ye;tq-rirs

rijurdlytuR?'luant,o{?tl]lnnn,QyllytlRU dffi R21unl'r.:1,o{tdln{mtil]flu , n?]ilu1?td'l
I

rvirtiunrruurafiuurvir z" drriurirn:uurarfiuurvit z" lduan'rdunouuaviGnr:dru'rfl?rr

lffluuvrfr + frailo +.t.r dqaru'rrnufln,idun'r:n?ruu'r?rfiaurvir'ldsrruerr:rrfi :.s

,',r',ttd 3.5 dunl:n'lrruar:rfi mrrirro{rarilaruaouluri':.r6nn{u

o',nr',r',od 3.5 ,r'u,,rrrirdn:rriaudtJu',r,o',,,acrirn:rrrur:to{tarilaru
hrr d t

aou tc'ldrirn:ruurlfiuurrir ," nudlu1:ofraolrara:rrurlfiuurrirld Inu'firaorldrarfi

neunixroqarnrdrrirfru to cru. rdlrsQn6raorh?fidurirutiaunrunarrufinrouarrrirfiu
v,

ro f;u ciruiru'rufiuri'run'rru'r?ncrrirfiurarrjaruaoufirflurarduuuu lnuurj:frun1un11u
,,aqsi

urarouarfi'uuuu uarilqordnuuuer:{enudnuowfluJ'ruto{ld1n1rnr:rrfi 3.1 Unil:snr:
o E ri - o j I I c e drirnunhirirufnn:vr4rfrilarurardruuu drufu:ruacrEunnr:6raorgiluruldln?'ruu'r?

rfiuurrirlduan.r'l{lun1nflu?n n uacnrilfi 3.9 uancnr:6raorgduruyn':R'ruRlilnau
ta

dnuarcfidrflrinn:cfirdortt'rfl?'nrul:rfiuurrir Iaufi z 6o nrruur:toqrerilarudor ,. do

n?1uu1?fl0{rfl1o?1uurarfiourilr d." nrudn.uo{rd1R?ruurlfiuuryird.rrdrf,un:rudntor

ilarurerdrurdnto.rrarilalutroll b n'o R:rrun{rwo'rrarnauorlfiuurdr w n^o rirnrinfr
oetly4ro-aiAr.l

n:vyt'lRUua'lunluilutoirtd'rn?ruu'rariiuurdr drrirnr:Enilfr Node rJaruuurrnvilnrunrt

to{t6r'r riohf,fidnuo,rnlr6rfsvi.r s lrJuuu rvfid'nuorvruu'ouriurarilarueouunil:ynr:

vaE,
aouorvRlrgA:il

.ll
uunlra?llltIt?tiltJutnt

6n u rg, fr": ao{ {r { (Hinge-Roller) L": (0.h0.14)z

rJaruluqi6nuilu - ila tur6 ndn n ryulrixed-Roller) L": (0.9r+0.14)L

rl a r u lr qjdn uri u - il a r u rf, n rJ ri o u o^ a : v (Fixed-Free) L": (1.03r4.02)L

6n uil u r{l ro {dr.: (rixed-Fixed) L": (0.h0.14x,

rJaroluqidnuriu - :J L": (0.9*{.14)L

i.a
ttacnrufi 3.10 rtrrn{eilurutosnr:'firaoqrarn:ruur:rfiorlrrirfitsrirnr:flnurciolil

a



6ruru element

rurj:nJ6ou}Jnrl

n?1ilu't?1611

10 element

H
; o | ? s d ,rnilfi 3.9 n1: 6 ra o{ Iiluuilrdlln um finnt: n 11uu12tfi ul*il

ffil ffilffilffil

*\
All Nodes

(L6)
ual

ffi

ffi

ffi
All Nodes

I
N6 (L1, L2) (LI,L2,L6) (Lr ,L2,L6) (Lr,Lz,L6) (L\,L2,L6)

n) t) n) .t) r)

- j--- e, r ' t -4 I vnrnfi s.to nr:6rao.:1iluuuto{rdrn?ruularfiourrirfitsrirnr:finur n) 6nrrlufiraoc{rr

r) finuiludrulrqi- 6anryudrurf, n n) dnuilu#rulrqi-rkiou6a:vdrurfin

r ) 6n uri u rir es r {r r n ) 6n uri u dr u 1n qj+do u n r u : x dr u rf, n

d.H
N6 (L1)

Cr1

N6 (Ll)

irj
All Nodes

(Ll, L6)

d.ffi
All Nodes

Free

toj

I
1
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3.6 nrrurrirrnrin?nqnro*s'rdrahl:rnm ABAeus

Iil:un:u ABAeus rfl u }J: un:ruvrr.rdru h{ luri6ra rfi ud (ri"it" Etement)

ivrurfinuf,nrludrslilil:un:u ABAeus rflurniorfiolunr:irnr',rrin,rirrfninqntor
)auorarlrared

rd'rYr{ lus?{unfi qulrau luun?rrlu n{u

3.6. l nr:irn:rcffl rrirnrininqnludacfiafi tjuto.rrerrJaludou
iorrdrgeg,al

rilo'fl r o o.r ; rJ urr.r ra rrJ a r u aor rT uu io u udrn r u rTrio r.s n r : irn : rs ri r r
,

rirnrininqnluriardomtjutorre rilnruaou n:srirld1aufl1:flour{rcirhflIrJ:ufl:lr
^ J *. c r a t , aa * i, i - o

ABAQUS ?rfi :',le Hn'r: [n{rn lc tux?{unilqun?u?[ EIGE]WALUE tnufl R 1u1fi un?nqet

luda.ru'an{urouarilaludoudru?orldrrn rir ucrrwAl-uE q*drorilrrinfin:vrirtiurer
J

rJ n r ua o u ri r ri r r rini n q n 1 u rir.r 6n r {u t o r tar il a r u a o u r v l#rfl u {o 
ry 

u du J', u 1 u n r : d g1.r

duR"r:n?rrur:rfiuurrirtoqerilaruaouc{o'lil dudld,rourfirotirutasnanr:irn:rc#flrrir
i -o e r A

ulilun?nqn rut'xunr{urolrar:JaruaoljlSud'llunrRnuan n

3.6.2 nr:iror',rrir,rirrrininqnluri:rhi6nrtju
icltgedtd,

ru-of rnortrrJururarilnrudou rarr{rd'nrfr uuryir rd'rfl ?'rl,u'r?rfr urryir

rairriuufouudanrufa{o r.s nr:irn:rsr{rrrirnrininqnludrclilfinmqiutoucr6rnrirr

n : c fi r ldl n u n r : fl o u ri r do lt?ItJ r,,o : u ABAeus irn : r v r{u r rir u rin in q n 1 u d:r'[rl6n u { u
yad,,

6ruTi LARcE DISnLACEMENT rirrirnrininqnludxlildnr{utouar fi rr:qrldrir
" ,Ao L ! - i o e r r v v

rirn rinqlqn.uocn: rr,lfi riuuiu: srixrirn rinfr n: srirfrurcruasri rnr:ududmocrcr i'r

rua a c l fl u n r vr fi g. t r rir til duaa r d'r o ti r r un u H n n r : irn : r c fn r : u r ri r rir r rinin q n l u dx
Ir. , I
lil0nr {utouarvYraruil: c mil lfi rdelunrnnu an ry 6{ ar

Po *'

Displacement
l,

alosa
Rriln 3.11 fllu1?rufl?flqn Pcr
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raa-J
3.7 0rtlutslrtilau,f onl:?tatluil

o itr, . 9 r e ) e a r r oi9{il tnnnl?ulua ??1 fi annl:?tu 1nnrmuurYt1l0{rdlila'tunouunu!'runl:

r{ruururrrnnr:Iriunwlurierdnr{u 141nnril:;gndl#f,urdru1?illunnxdrfinq6n:ruRr:
)

lrisrnrsluriar}l6nn{uldniolilrsdo{firnr:n:?06toureuriou Inunr:ril:'urrfiuurirnrin

inqnludxhi6nrtjuto'rrd1?rfllfinrfiurrvirtiurirnrin?nqnlurir.rhifinn{uto.rrarrJaru
A O do o a t ,t o ld d i - o

cYolj l,t:o tufl:Blu'lrduoflann1:n?'luul?lTtuljrYtl 0gno{Yt1fl1:r:J:uurYtuuulilufl?nqfi

luri:shi6nr{utouarn:ruurlfi uurrirfiurirr.r rininqnluri:r hjdar {u to.ud1ilaru6rou

rdurfioadu nr:nJ:'urrfiuilncudn{flalutrrln:rr'lftxf,on:yr.r'jrc:yfi'ir{ri1 (p,r t A'1to, riu

dn:raaunalurcqn 1xt/ r)Inafi P",6o rirnrininqnlurizrhidnrcju, ; dodufinrirda

rorilnrurardrurf,nrorrerilorudou, or6oril:uu:rn:rnfirirrdrfiuaso ksc., Kfl'o
eroo/aJiraaea'
durJ:yfryrinr:EnfrfirJarurd'r, z 6io n'lruul?rd'r, r, n'o iafilrr:fu firirrritfiisJt tt , t

n'a luruud6uruofrf;mo{ilnrurardrurdnroqerilaruaor Inuuj:'uurfiurnrurirdn:rriaufi
At

ilaru (r) uasruriliuurfiuurYrn:6fin'lruduriudro{n?rurfiuuncR?lulREunuuu Elastic-

Perfectly Plastic llaettilU Rarnberg Osgood fifitrrJAlnrl s =(o I E) +0.02(o t325152 ri':una
a4

nr:rilEuurfi uurruaarluumfi s siohJ

3.8 rru2nr{nurill[ovierroinanrrfi nur

3.8. 1 n:fi ufrnnr:nr?rfrnrfi ulrrir
d ta d i -o

r ii o ril:- u u rii u r ri r r,r rin T n q n 1 u d : r Li 6n n { u t o r r c r r #r dn r fi u u r d r fr u
,)

rirnrininqnlud:{ld6nntjutorre rilaruaoruda il'rnn:1r'ho.rrirrrininqnludr.:

hi6nr{utouarrrirsTntfiuurrir ogjlutourtntorn:rildrr,rrininqnluria.rhi6nrn{utouar

ilarucou uanvirrd'nnr:ur?rdnrfiuurrirarur:orl:vgndlitild':.rhi6nntjuldotirr

rJaonfiu uciilrnn:rv,h,o.rrirnrininqnludthi6artiutorre rufirfinrfiuurrir o{uon
)

toutnnrlo.rn:rr{rirrrininqnluriarhi6anqiurosrarilaruryou ueardrrfinnr:rrirdn

rfiuurrirhirJnonfiudrriurl:vqndl#tiudr.rhi6nn{u nafildornnr:flnuro;aur:neqrJld
.9ea,iit arnr:mfrdnrfruutilr iluln:!lunr:ooRuuularlfirJaruaoulduucdrls d.rfifiulru

nr:rYaurrurtrnnr:Iri{tarsludar6nn{u ocarlr:oldrl:vgndnrrirnrinu::qnlu,rizr

hi6nlr {urouar}irJaruaol'[dodr.rrJaonfiuldrio hi
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3.s.2 n:fifif,nnr:neruurarfiuurvir
jlAAi-oQrIt{rdls

rfr o ril5 u u rfr u u ri r r ti n T n q n 1 u d'r r 1 il 6n u tj u t o.r r d 1 n ? r u u ll rfr u u rvi r ti'u
)9

ri rr rinin q n l u ri:r hi6n n tj u t o r rar il n r u a o u uda m r n n : rr'l t o ui r n rini n q n lu dx
J5 ra r d r ie tc s a o r n ra I

hl6nn{uto,ird'rn'r'ruurrrfiu:lrir oqilutorrtnrorn:rr'lilrmrininqnluri:rhi6nr.rduto't

rarilnrueou uenrdrrfrnnr:naruolrrfiuutvirarur:nrJ:vqnd1d6'ldarhi6nntjuldodx

rJnonfiu udrrnnrrr,lto.rrirnrin?nqnlura.rhidnnrjur0{rrr1fl?'ruurarfiuurrir oqiuon
)

uourrnro{n:rllrirxfninqnluri:rhi6nx{utoctarilarudou udn{drrdnnr:n?ruur?

rfiuunirhirJoonfiudruiurJ:vgndl#fiudes}idnrrju nafildrrnnr:flnurrvcrur:naqrJId

'ir rrrRl:n?luurafiuunirfiinuru'nuddldt:l,euo dufiir1''unr:fisururrrnnr:Iriunrr

ludr.rdnx{u 0udlu'r:nldrl:vgndurrirrnrinr::rlnlurixhi6nr{uro.rrarhhlnruaolld

otir.:ilaonfiuldrniolil uavrrnl#lurix'[il6nr{uldodrrrJaonfiu rdnnr:nrruur':rfiuutrir
d 4 a i o e e , r I 'firyrilu6nuurilrcfifr{ drr,riul#rJ:;gndrrdrdriurirrrinu::Ini,o{rdr}hJaruaoucielil

r.l unapl

uvrfi : ldnrira6.r qoraurifidu!1uyn{Rrunliluacqsaurifiieqtorrarfitv

rirnr:flnur'lduri 6'nuarrnlr6rio6lu?u 5 pJuuu fio r) 6rnr1urioao.:dr.: z) dnuriudru

lnq| dnnrludrurf,n :) dnuriudrulnqj-rkiouda:ydrurdn +) dnuriudrasr{r s) 6nur.iu

drulrqi+f,ounrr:rrdrurf;n dn:rrieufirJarurariruru z rir d.:usi o.: dr 0.9 n?'rxur?r6y'l
orerAattvalasa<st
01U?U 19 Rl n{un 40 O{ 400 r.runrun: nl tuQaduailqluryrlflU 450 n lan:unonl:1{

AlqqltYAotA
rcrunrun: Iiluljiln?ludullut:efl?1.:n?1urf1u[raefl?lurntun ilu?u 2 lljlruu flo Elastic

Perfectly Plastic ttnsttllll Ramberg osgood luriauiint:rittu'uRt:forltf, ldnrirrd.r nr:

alrquuuiraortosrcrilaludou n1:dfi{uiluirnortorrarnfirdnrfiuurrirrrnarnr:rruyrir

to{ Criswell (1991), fif;#nduthtrfut uacflor c(2548) trnsia:nr:uaoruur.ilil:srnrlmu

(?flyr.1002-l 6,2517)n1:dfi{uuu{rnortoqrd'ra?1uu'r?rfiourrirrrndufl'l:R?'uJur:rfiuurvirfi

ivruru'uuf,dldrirrauo nr:itn:rsr{rrrirnrininqnludr.rdar{urouarrJnruaoudauii

Eigenvalue n r:itn : rs #r r rir r rininqn l u ria l hi6n r tjut ol tard:uii r-g" displacement
tl

nr:t:JEuurfiuurirrirnrininqnluri'xlil6nn{utouerrf,on:aoaou'ireunr:nfirfinrfiuurrir

uio au n r : n'r ru ur lfi uu rri r ar u r : a l#ldo ti r ul a on frulu d:r

ldndr16.rfl plnnfi rvldiu rrnnr: flnu r

1il6an{umiohi qndru



unii4
a I i ua

HOnl:?rnr1s?rfi lil1fi un?nqnxo{rfl'l

tuuvrfi r ldncirad'rif; nr:r{rru-unr:f;nur lduri nr:dfi {uuudraowo{rer
AlleaYsraeEjnl:ira:lefinrrirrrininqnro{rdldeu}J:un:u ABAeus cirniuluunfi + rsuan{Haflr:

A I ! e a i o /s s r t, r a I
irn:rvfinrrirnrln-nqnro.:rfl'r s{?rn:rvflnuIil:un:r ABAeus lduri nanr:trn:rc?i
i - o o r a r r a l! s a

rirnrininqnluria.:6nmtjuxo{rrd'rila1udou fl'r:er:?0.toilHan1:TrR:rcriilrflfnTnqnludr.r
A ' t 

ou n1:d$r{GIufl1:n?ruur2tfiuutyir fiafl'rr?rn:rur4ur}rufl?nqnlud?.run?lqu1o{lctlunlurYou n1:d$1{dufl1:n?1uul2rfiuurrir flofll' t! qa

hl6nntiuro{rrnilnrudou r6rlrflrdnrfiulrrir uasrct'ln?lilur?rfiuurvir frq:ruaerAun

cio1ilfi

a t Z ua c r A
4.1 fl anrrTra:rsriu rrirrnrininqnluda$lnu{uta{rsmlor,fl ou

i"r
rfiof rao.rgrluxu16Irilarudounlurf?{o g.s l#fi f,nuervyr1{nluRrrrunynildufa

iaqrouarnlunl:r.id s.t Inudrilunfl?1uu'r?ralrirfiu 400 rsu6run: Guu$ouudr 6'rhfl

Iil:un:u ABAeus irn:rcfnr:Iri.:rnrulude.rdnn{ud':uii elcei.rvAluE Hanl:elfl5ls#
)tD

nrrirr,rrininqnlurixdailriuflo.rrdrilnruaorlduanql{1unr:r.rfi +.t r{.:fifr':otjr.rnr:
I

irn:rvdurrirrirnrininqnlu:ir.rdnn{urouarrJaruaoulduanrlflunlflHu?n n rirrirnrin
r e i A I I Erd ,t iinqnluria.r6nntjuto{rdrilnlurlou oslfrrflu{oryan'ugrulunr:a$rrarnr:n?luu'r?

rfi uurvirro.udlilaludorLeiohl
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.)
nll{ii l.t rirrrininqnlurixdnrtjutouerrJarueortrnlil:un:u ABAeus

.49
tnun:{

rirnrioinqnluiadnn{uro$orrJo'rosou (fllonYr)

r{13 r<).4 r{.5 r{1.6 14.7 r{1.8 r-{.9

6nnqu-6nnryu

(Hinge-Roller)
1276.0 1873.0 2543.0 3283.0 4093.0 4968.0 5909.0

ar4
unuuu-unfl{u

(Fixed-Roller)
2547.0 3775.0 5157.0 6683.0 8348.0 10147.0 12074.0

4 I rt -unuulr-ilaouoflr3

(Fixed-Free)
598.0 770.0 937.0 I100.0 t26r.o r419.0 1575.0

AtAr
unrruu-unuuu

(Fixed-Fixed)
4934.0 7337.0 10043.0 13003.0 16292.0 19810.0 23577.0

arA
unrrur-raounlu

tltl(Fixed€uided)
1410.0 1987.0 2634.0 3349.0 4133.0 4988.0 5916.0

drru'unr:n:?0dorflan'r:irn:rv#fi ldrrnl:J:un:u ABAeus dr fi n'rturirrf,odorfi urln Inu
A d ! -o io /rlv i -o Gl r a . r d

n1:ruruurYruuulflun?nqnfl?rR:1efl lnnilulr{un?nqn lul?{unilrluxo{rdlilaludou0r{

dru:otrrornrir Bucking coefficient, fr fireuolno u^ifrndufilfluluaunu v(2548) drniu
diaal

n:fi rarfi iinr:EniruurdnuiluCrulmqj- 6nrnqudrurf, n (Fixed-Rolter) uacdnuiludrulrqj-
ird--r.oedAaaitaounlu:l{nluran (Fixed€uided) ttas tauolnu Criswell (1991) drr,riun:6rd1fiiint:unr{

Airt
truu6n fi rl u fii assdx (Hinge-Roller) ua vdn uiludrulu qi -rJd ou6a: c dr u rf, n (Fixed-Free)

a I ! ea a r a r

4. 1. I fl 1:n:?0fl oufl nnr:arfl : rsfi nrilrrdninqnlu:ie.r6nr{uroflarrjaru cou
i o a y! s a o r a

rfr oTrn:ryri l6rirnrininqnlurix6nmqjunouarilaruaorGuu$ouud'r rc

Pr = k(EIJL')

)
r- : rhr,rrininqntolrarrlaruaoufi 6ru au rrnrir r
k : Bucking coefficient rranclflunt:llfi 4.2

I,- : luruud6urusfiiunrirdadrurJaruluqj

ro{rrnilatuaou rrirtiu 833.333 su.4

L : fl?1UU't?10,rud1ila1udou ryilfiu 400 cru.

Inuii
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nur.rd l.z ti'tBucking coefficient, * fitauolnuu^ifinnrutl'lldut uounile (2548) tlnu

Criswell (1991)

f,lursodluasnrrrirnrininqntorrerrlnruaoulddqnr:r{fi +.g driliilnl:r.:fi 4.4 udn{fl 1:
9.

nl6 u u tfi ur ri r n rini n q n lu rixdn r {u t auar :J n ro ao u fi irn : r v fln u I il : un : u ABAeus
)

(r) riu rhn rininq nfi ri ru aar ldt rnri r nucking coeffi cient, t (p^)

.)
nrrxii ls rirrirrrininqnlurixfinr{utouerilaruaorfidruasrnrnrir Bucking coefficient

av
Qrun:{

dr nuc*ing coefficlent, t
r{3 r{.4 r{.5 r{.6 r={1.7 r{.E r-{1.9

6nrryu-dnrryu

(Hinge-Roller)
1.820 2.672 3.628 4.685 5.840 7.091 8.434

atl
unuuu-uax{u

(Fixed-Roller)
3.635 5.388 7.362 9.543 11.923 14.494 r1.252

A l .r a
ualtuu-ila0uofl:s

(Fixed-Free)
0.8s3 1.098 1.336 1.569 1.798 2.023 2.246

4
0nll

rl
uu-tn1oun'lu

rltt(Fixed€uided)
2.01I 2.837 3.758 4.777 5.897 7.1l8 8.42

1v
tngnttl

dr nucHng coenEcbnt, t
r<)3 r{.4 Hl.5 r4.6 r4.7 r{.8 r{1.9

6arqu-6nuqu

(Hinge-Roller)
1289.t7 1892.67 2569.83 3318.54 4136.67 5022.79 5974.08

ard
unuuu-unx{u

(Fixed-Roller)
2574.79 3816.50 5214.75 6759.62 w5.45 10266.58 12220.16

A I rt a
unttuu-ilaouoflts

(Fixed-Free)
6M.21 777.75 946.33 llll.37 1273.58 t432.96 1590.92

€'i
uniluu-taou9t'lu

:'ltl(Fixed{uided)
1424.46 2009.s4 2661.92 3383.71 4177.M s04l.9l 5979.75
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i:lrr'AlInrrr{ii r.4 Souavro{ri'rntruunnrix:srirnirmrininqnluriardnr{utouerrlnrueoufi

ira: rcfln ulil: un: u ABAeus (r) riu ri rr rininqnlu riardnn {uto{ rcn

rJ a ruaoufi r{ ru ,lar l#trnri r Bucking coefficient, k (P 
k)

Aaaa!-ocrarrj
tu o Yt 0 1 : 0r 1 n 1 : f illj : u u rvr uu ll l il u n ? n q n tu a?{ dn }r rlu { o't rd1il a 1 u d o u m

irn:rvr{Inu'lil:un:r ABAeus tiu rirnrininqn1ud:r6nr{utouarilaruaoufiriru:orld

nlnril Bucking coefficient, r r.l:rnqdr rira:runnrnrnfioufiriurnfiqnn'o $ouav 1.216 udn{

dt'lil:un:u ABAeus f,1urtoarnrrsfnrrirr,rrininqnlud:r6ar{utouarilnraaorldna

nr:irn:rsf dlndr6u.rfiurirfiqndar firirn'lrrnararndsufrrirurnfiqnn'o louac r.zro dc

Po

I -r a r a
rirrrintnqnluduu'nr{uroqcrrJorusou(Aloniu)

r<)3 r{.4 r{.5 r<).6 r4.7 r4.8 r{.9 r:1.0
aJaa

1n0n iu ru rrlo?t rlu-rrn x ryu(Hinge-Roller)

Ph 1289.17 t892.67 2s69.83 3318.54 4136.67 5022.79 5974.08 699r.2s

Po t276.W 1873.m 2s43.W 3283.00 4093.00 4968.00 5909.00 6914.00

,t
:ouas -t.022 -1.039 -1.u4 -1.071 -1.056 -1.091 -1.089 -1.105

aiar4
lnOniruu uOnt tuu-tJn u ryil(Fixed-Roller)

Pk 2s74.79 3816.50 5214.75 6759.62 u45.4s 10266.58 12220.t6 14301.95

Pcr
2547.m 3775.00 5t57.N 6683.00 8348.00 t0t47.N 12074.00 14128.00

t)
:oua, -t.079 -1.087 1.107 r.133 l.154 Ll65 -1.196 I 216

a i, d r rr
ln6eiruuufrnuilu-rJriou6e: c(rixea-rrce)

Pk ffi.21 777.7 5 946.33 nlL.37 1273.58 1432.96 1s90.92 1747.6

Pcr
598.00 770.00 937.00 I100.00 1261.00 1419.00 1575.00 1730.00

I
:ouas 1.028 -0.996 -0.986 -1.o23 {.988 -0.974 -1.001 -0.999

aidri
lAun: {ltuUUglrUU-rSiOUn 1U: 1{(Fixed-Guided)

P* 1424.6 2009.54 2ffi1.92 3383.71 4177.U 5041.91 5979.75 699t.25

Pq 1410.00 1987.00 2634.W 3349.00 4133.00 4988.00 5916.00 6916.00

louac -1.015 1.t22 -1.049 -l-026 - r.054 -1.069 -1.066 -1.o76

d.tjo
nJufllYtfllU1:nUOU:lJld
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4.r.2 fl12 erixaunr:narruurrrfi uurvir
arAiAvg-itsgeyd

td'l R ? ]u u'l ?tYt u u tYt 1 R o td 1 rYtfl a u u n u fl u 1 n n n': Yt tYt 1 fl u ?t u "l n n n 1 u ta n I o {

rd ril a ru do u fi rfl u rardu r ruu ua e fi n ?r u u 1 ? rcn ryi l rilr n ?ru ul ?ri l l n dr dr ri un drn u r u ur r

rfirurir z" nlild 4.1 udn{finuucro{ruy'rilaruaoufirflurarduurutiurernarrurfiuurrir

I

d.h,
lry

ilTt
llll
lD-,#1tr:

d.mn

#
nJdlilaludou (rarduuuu) dt

t .rd'tft?'tut l?tYtt utyt'l

o.trd l.l a'nuarvrorrerilnruaorfi rfl urarduur-rutirrarnrruurlrfi uurrir

ernnrnfi 4.I n. rarilaruaoufirflurariuuuu finrrudnfirJororardrulr,rqj

rrirfru d*, n:tudndrJarurardrurf,nrrirfii d.io , fl?'uJ0r:rarrrirfitl.L , n:runiroroo,a',ood

naonfl?uJurrrar rrirtiu b ncdrx'r:odraorgrlururrnn?luurrrfiurrrir d'rnrnfi +.r t. d'r,flu
-Aa a , c A r e , 9 J , - t e

tdlYllJfl?luantoitl{u1nnfl{Yttillnu d_=. R?]un11.1tl0{rctlft{yunlnr 6 , fl?1uul?tdltytlfiil

a'rruurlfi uurrir 2," drriurirnrrrurlfi uurrir z" d'nn: oriru mrr rlddrd

rirn rininqn fi ldmnn r tlnt wd dtalil:un:u ABAeus n rufi ucn q 1 fl u
-----s.-.*-.-i-----o e r a , . I i oa jly Inr:rlfr a.t rilufirrrininqnluriN6nr{utouarilaruaoil(pcr7 rirrrinTnqnfildurfurv
c lgAr A , ' a r d 'rirnunhifr rirrfr ulrrirfiurirrrininqnluda.rdan{uto.rrern:ruurafi uur it l e*,)" 6'.rfi

Pn: (p*)"

o2 EI.
Dt c'r (KL)z
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,_w'"- 11 4
;A"ra,r

nrnnr: rrfi +. I fi.:uantrird rr fninqnludr'rdnr {ur o':rerrJaruaoufi fi

n?1rul? 40o GUU.fl'rur:odrurililrrir z uncdn:rdruRaruumrfi uuryircion?1uu'l?iro{lf, 1
e

ilaruaorfirflurarduu il\ (L./ L)d.r z ryirtiu +oo ryr.druanrtunr:r.rfi +.s ,ra, n',rr',rrcd

a.o nruiirdu

,rrrod l.s rirnruur,rfiuurvirfi g;l

,rrrod l.o rirdn:r6i?un?ruur?rfimrrirdon:ruur:rarilaruaoufirflurerduuuu (L^/ L)

Inufi r rrirfiu 4oo rryun^run:

avqnun:{
ir nucmng coefficien! *

r{3 r{.4 r={.5 r{1.6 r<1.7 r={.8 r<).9

6nu qu -6nn qu(Hinge-Roller) 23.@ 38.182 54.926 73.519 93.642 l15.16l r37.858

0'n uil u -6n il 
ry u (F ixed-Roller) 24.t74 38.662 ss.276 73.7M 93.698 115.068 137.688

A I .t a
unrluu-ilaouodtu(Fixed-

Fre+)
12.6t3 23.219 37.267 54.855 75.986 100.796 t29.302

atAt
dn ttuu-lrotluu(Fixed-Fixed) 24.459 38.989 5s.632 74.248 94.102 lt5.52t 138.203

ArA
UnltUu-tnouo lUl 1{(Fixed-

Guided)
2t.397 3s.991 s3.029 72.070 92.735 tt4.699 r37.694

.i.
QCsn:{

f,n:rdeu @e/L)

r<,3 14.4 r={1.5 r{1.6 14.7 r{1.8 r={1.9

4A
Un ?t {u-Unfl {U(Hinge.Roller) 0.059 0.095 o.137 0.184 o.234 0.288 0.345
4ra
UnttUu-Un1l{u(Fixed-Roller) 0.060 0.097 0.138 0.184 0.234 0.288 0.34
4 r .t a
0nttuu-lJnoUofl : r(Fixed-Free) 0.032 0.058 0.093 0.137 0.r90 0.252 0.323
ata
UnttUU-Unltuu(Fixed-Fixed) 0.061 o.497 0.r39 0.186 0.235 0.289 0.346
4,i
UflttUU-tnOunlUl 1{(Fixed-Guided) 0.053 0.090 0.133 0.180 o.232 o.287 0.3M
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ilorurar (r) lulrJn:rv{lddrnrlrfi q.zdt q.a

1.10

1.00

0.90

0.80{
). o.zo

0.60

0.50

0.40

0.30

0.20

rrnnr:rrfi 4.6 flru1:ouanrnrrudur{uf,:vn'ir.: ci't t, t z tiud'n:rcirufi
e

0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

@ t i,
6'n: rriaufi rJarur0{rrd1ila1udoll(r)

nrrrd 4-l n:llhrdn{n?rudilfiuf,:cildt t"/ t iludn:rrirufirJaluxo{trrl (r)

nild l.z n: rl&ran{naru fiilrYu f,: s u dr.r t, 
^ 
t t fry dn: rrirufi rJoluro{ rd'r(r)

e

iaalar
YlUfl 'l: Un:{ltUU Unfi ryurTqeo{{rs(Hinge-Roller)

t9 q+ n:d{oqati.t # L"/L: o.ho.l4
l.r0
1.00

0.90

{ 0.80

.f 0.70

0.60

0.50

0.40

0.30

0.20

0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

9l
on : 1d?uriilnluxorrrdlilo'ludou(r)

fi fi nltdtlouuudauriudruluqi- dnrrludrutf; n (Fixed-Roller)



56

t9 a+n:lrWo{ati{ * L"/L: o.ho.l4
l.l0
1.00

0.90

{ 0.80

*i 0.70

0.60

0.50

0.40

0.30

0.20

0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

nmd 4.s n:ly,hrrtn{n?rudur{uf,:vm'it t -/ t frudn:rdrufirjoluto{tdl (r)
e

irev?,'
Rrflil 4.4 n:liludn.:n?lurtuy.tu!:sl,r?1.r t^t t ilu dn:rci:ufirjaluto{rdr (r)

e

ia al a
fr Inr:EniruuuEnuriudrulnqj-rJrioa6a:cdrurf, n (Fixed-Free)

t9 a+ n:1r{iio{aoi{ # L"/ L:0.h0.14
l.l0
1.00

0.90

0.80

t o.7o
*f 

0.60

0.50

4.40

0.30

024

ia.la'
Ytufl 'l:0n:{ttUUUauilufriaoldx (Fixed-Fixed)
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tl, a+ n:1r{{io{an5{ * L"/ L:0.9r|0-14
l.l0
1.00

0.90

{ 0.80

:. o.7o

0.60

0.50

0.40

0.30

0.20

0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 l.00

u t At
6n : rriaufi rJa'rux o{rr6f rila ru6torJ(r)

r-aat r o v I . o v t <i r -- dd A vnrilf 4.6 ntrrludn{fl?lrdurru!:cfi?t{ t,J r fts6'n:rri'lufirjnturo{rdl (r) fifinr:tn:.r
e

tut tdn uil u dr u lr qi -dr u rd n rai o u n l ru : 1 { (F ixed{uided)

;a;ieeitJvvt
nlflRliln 4.2 o'rRlyrYr 4.6 muda{R?1ufTuilu!:efl?1{fi1 L / L n.on:lct?u

e

fi ilarurar Gl n: rr'ldririu rfl un: rllrdu ld.rafi { r1n{o{ ani{lunr: rr a.o rxio}floqilu grJ

Grunl: odr{.i ru6.rrJ iuufirfl u n: rllrdu n: {Aun { drfi pJ au n'fi Ao L 
" 
/ L : 0.9rr0. 14 drr iu l n

al a I
un:.:ttuuunx{uYl{do{rirl (Hinge-Roller) dnuiludrulrqj- dnnr;udrutdn (Fixed-Roller)

a r J ,t 4 | 9 a r, a '
tuilu0nuilufrqaoq{x (Fixed-Fixed) uuudnuiludrulnqj-dtutfinta'ounlil:'r{ (Fixed-Guided)

1l{osal 4r
ruarfi Iildunl:60 z. = ( 1.03r+0.02)z drraillnun:{uuuunuuudlulfi qj-rJriou6a:sdrurf; n

(Fixed-Free) fr.rrfuarur:odEd flrfl'r:R?'ruurrrfiuurvirto{rdrilalueorlurixdnr{u1#fr.r

etl:]{d 4.7

..i t'-' r..jl. l.Zrlirl
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nur{d 4.7 auR'r:a?ruu1?riiuurvir roqrarilaruaouludr'rdarn{u

0lnfluR1:R:ruurrrfiurrvirlunr:xfi +.2 arrr:ndru?olHrn?'ruur?
Atv.ltrt-!aJ4l

rfruuryirnud'nuarsnr:Enf.r16n'.rfr n1:Anf{uuudnnryuvT.reor{rr (Hinge-Roller) ul:-lrJaru

lrqjo'nuriu-rJnrurdndn?r{u (Fixed-Roller) uuudnurirrfoao{{r.: (Fixed-Fixed) uauttu!J

rJarulrqjdnuilu-rlarurdnratounru:rq (Fixed{uided) una{lflunr:rrfi +.4 riaunr:6nf,t

uuuilnrutrqjdnurlu-rlarurf;nrJciou6a:y (Fixed-Free) erur:odru?arfi'rn?luurarfiuurvitld

nrufi uanrlSlunr:rrfi q.g

vdv
aRUflCnttun:{

4l
cunlta?1llo'l?tlluum'l

dnrryu -6nn qu (Hinge-Roller) Le: (0.9r+0.14)L

dnuriu -dnn r1u (Fixed-Roller) r": (0.h0.14E

dnuilu -rkioo6e:c (Fixed-Free) L": (1.03r4.O2)L

Ardl.
tln ttuu -0nuuu (Fixed-Fixed) l,e = (0.9r+0.14E

dtj
0nttuu+n'oun'lr:'l{ (Fixed€uided) Z" = (0.9rr0.14)Z



59

f,rtr{d 4.8 n?rilu'r:tfiuutrirtoon't16rfur,rudtnrluri.aorr?rr (Hinge-Roller) uuuilaruluqj
Ar.dA
Enuriu- ilarutin0nrrlu (Fixed-Roller) uuudnuriurilaor{r{ (Fixed-Fixed) uat

uuuilnrulrqjdnurlu-:Jarurf, n,6oun1u:'r{ (Fixed{uided)

a?luo't?tc'l

ilarsrau
arrusraliisurrir r, ; L,= (0.9t*4.t4lr,

L ({il.) r =03 r:0.4 r=0.5 r=0.6 r=0.7 r=0.8 r=0.9

40 16.40 20.00 23.60 27.20 30.80 34.40 38.00

60 24.60 30.00 35.40 40.80 46.20 51.60 57.00

80 32.80 40.00 47.20 54.40 61.60 68.80 76.00

100 41.00 50.00 59.00 68.00 77.00 86.00 95.00

t20 49.20 60.00 70.80 81.60 92.40 103.20 114.00

r40 57.40 70.00 82.60 95.20 107.80 t20.40 133.00

160 6s.60 80.00 94.40 108.80 123.20 137.60 r52.00

180 73.80 90.00 r06.20 t22.40 138.60 154.80 171.00

2W 82.00 100.00 l18.00 136.00 154.m t72.N 190.00

220 90.20 I10.00 129.80 149.60 169.40 189.20 209.00

240 98.40 120.00 141.60 163.20 184.80 206.40 228.W

260 106.60 130.00 153.,00 176.80 200..20 223.60 247.00

280 I14.80 140.00 165.20 190.40 215.60 240.80 266.N

300 123.00 150.00 177.N 2M.N 231.00 258.00 285.00

320 131.20 160.00 188.80 2t7.60 246.40 275.20 304.00

340 139.,10 170.00 200.60 23t.20 261.80 292.40 323.00

360 147.60 180.00 212.40 2M.80 277.20 309.60 342.W

380 155.80 190.00 224.20 258.40 292.60 326.80 361.00

400 164.00 200.00 236.00 272.N 308.00 344.00 380.00
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nuNd 4.9 R?luu1?rfiourvirroqn116rfo,,rrrJoruh,rajdauriu-rJarutf,nrJrieo6a:c

(Fixed-Free)

ru' o ri r u rel 1 dri r n': r u u r r tfi uu rvi r t 
" 

rrdt t v e ru r : o 6 1 a o {t td'l rt ?'l u ut ?

n?ulu1?till

darascu
arruurariiuurrir r, ; L 

" 
= (l.ottrl,.0l2q

r ({u.) r=0.3 r=0.4 r=0.5 r=0.6 r:0.7 r=0.8 r=0.9

40 I1.56 15.68 19.80 23.92 23.9 32.16 36.28

60 t7.34 23.52 29.70 35.88 35.88 48.24 54.42

80 23.12 3l.36 39.60 47.84 47.U @.32 72.56

100 28.90 39.20 49.50 59.80 s9.80 80.40 90.70

120 34.68 47.M 59.40 71.76 71.76 96.48 108.84

140 40.46 54.88 69.30 83.72 83.72 112.56 126.98

160 46.24 62.72 79.20 95.68 95.68 128.il t45.12

180 52.O2 70.56 89.10 107.il to7.il 14/'.72 t63.26

200 57.80 78.40 99.00 I19.60 119.60 160.80 181.40

220 63.58 86.24 108.90 131.56 131.56 176.88 199.54

240 63.58 94.08 I18.80 r43.52 t43.s2 r92.96 2t7.68

260 75.24 tOt.92 t28.70 155.48 155.48 2W.M 235.82

280 80.92 109.76 138.60 167.4 167.M 225.r2 253.96

300 86.70 1t7.6 148.50 t79.40 179.40 241.20 272.10

320 92.70 125.4 158.40 191.36 191.36 2s7.28 290.24

340 98.48 133.28 168.30 203.32 203.32 273.36 308.38

360 104.04 t4t.t2 t78.20 215.28 2t5.28 289.44 326.s2

380 109.82 148.96 188.10 227.24 227.24 305.s2 34/..66

400 115.60 156.8 198.00 239.20 239.20 32r.60 362.80

rfiulryirld dr:runs16unfi ldrnuuanrlttdaluri"r{o r.s iro{uilfi 3
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4.2 nanrre,ar',r#r,r,rirrrininqaluiulriiinmtju

4.2.r rcrilaruaou
i o r t q , c rds

rfio6roorgrlururerrJnrurloun1u#?{a g.s h1fi dnuarcn1{R'ruRlr drnrn
i cas i d a )fi:.+ uarqoraurid'{aqt,o{rfl1n1unr:1{fi 3.1 rdirGuusouudr 6.r1#hJ:un:x ABAeus
a I ! oa q r hia t I ad a t
irn:rcfifirilrurinTnqnluri'l'r1il6n?r{udauTi LARcE DISrLACEMENT flanr:irn:'rulifi1
3 -o e r hia r . ia a ! 4 I Irirnrininqn1u:ierhi6nu{utosrarrJaruaorfrfrnr:Enfuruu0ail{ur{qaor{tr (Hinge-

aA
Roller) fl:olYt Stress-Strain curve ttllU Elastic Perfectly-Plastic lduaotlflunr:rlfi 4.10 ltag

n:6 Stness-Shain curve uuu Ramberg osgood s=(olE)+0.02(ot3ZS;52 lduan{lilu
j

n1t1{7r 4.11

osal!s-ErhrArtja
d]fi : U fl An15 ?tfi:'tg 14 fi lU 1t,l Un?nqn tus?{ tu unil qu1o,q1611il alu6l0uYlu

al A ,, Jn r a t t i -on'r:un:{uljUou1il:oufr'rd'rotirrnr:irfl:1u14r,r'rfl'ru'r14uR?nqnluri'xlil6amtiuto{rd1iln'ru

aoulduan.rl{lunrnnu?R { uau r rirrirrrininqnlurixhldnr{uro'rrarilaruaou tvl{
,.

nJi uurfi uutiuri rn rininqnlu ri:r lil6nn{utor roru fir#nrfi uurrirrflon: ?t doild1m finnr:

nrirdnrfiuuryildlulrnl#ldotir'rrJaoafrulud:r'[ri6nr{uldriohi 16ol#lunr:
,rt

ril6uurfiuufiurirnrininqnluriNhi6nrtjurouarR?1uur?rfiuurvir rfran:?0dou'i1?rdnnr:

n?1uu1?rfiuurrirfiivrurfinufnriufildilrrauoarur:n1{ldotjr.:rJaooriuluri'xlrjdnn{uld

uiohi
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.)tlt

nrrNii l.ro rirnfninqnlurixlilfinrtjunoucrilaruaoufi fi nr:dnicurudnrrlur{s

Aoldrs (Hinge-Rollerl Inufi Stress-strain curve ttUU Elastic Perfectly-Plastic

n?lilul?

tfrlanYut

r ($t.) r=03 r=0.4 r=0.5 r=0.6 r=0.7 r=0.8 r=0.9

N 14898 19576 24078 30150 32254 36940 41185

60 14389 t9074 23514 29976 32169 36750 40970

80 14134 18715 23243 29947 32r54 3654r' 40854

100 13968 18543 23176 29240 32019 36/.30 407W

120 t3&5 18370 2293r 2742 31914 36349 40120

140 10278 15031 20281 25852 31338 36198 39426

160 7908 11592 r5714 20238 25113 30254 34465

180 6263 9185 12463 16076 20005 2422s 28283

2N 5080 7452 10150 13046 16256 19711 23221

220 4197 6165 8369 10803 13458 16326 18320

740 3526 5184 7038 9086 l r320 13736 t5229

260 3004 4/'20 6000 7747 9653 1r715 l3lll

280 2596 3813 5t77 6683 8328 10108 l 1396

300 226/. 3323 4512 5825 7259 8810 9986

320 1990 29t9 3967 5tzt 6382 7746 8820

340 1763 2590 3515 4538 5656 686/. 7W3

360 1574 23tt 3137 40/9 5046 6r25 7020

380 t4t3 207s 2816 3636 453t 5499 6317

400 1267 1873 2543 3244 4090 4964 5716
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i i -o e . L.a r r id a l a Inrlr{ii l.rr rirrfntnqnlurixlilfinr{uro{rdlilaludoufiiinr:Eni.ruru8nfi{ufr.l

aos{r{ (Hinge-Roller) Inufi Stress-strain curve ltUU Ramberg Osgood

s = (o / E) + 0.02(o 1325)5'2

n?1il

t12

rirlrrininqn'ludeilri6nn{umurrrlaruscu

tilanYll

z ({u.) r{3 r<).4 ti=O.5 R<).6 l'4.7 r{.8 r4.9

40 14894 t9607 24192 28659 30122 37234 41216

60 13734 18017 22083 25927 29s46 3293s 36080

80 l 1258 14929 t84r'5 2t797 24989 2802s 30925

100 9tt9 124,r'.3 154il t8473 21349 24t0/. 26729

120 7355 10081 12881 15523 18278 20829 22860

140 6M3 82s6 to624 13091 15s33 t79t5 20219

160 5069 6929 8854 10913 l3lll 15299 17461

180 4347 5928 757t 9268 I l05l 13022 15002

200 3832 5189 6588 8056 9572 I1140 12853

220 34/'5 4678 5875 7 tt2 843s 9506 11219

240 3tt4 4288 5409 il66 7544 8742 9994

260 2794 3932 5036 6065 7006 7919 8999

280 2475 3559 466/. 5715 6674 7251 8286

300 2183 3l7t 4235 5314 6336 8645 8045

320 1933 28t9 3792 4825 5874 6871 775r

340 t72r 2515 3395 4344 5341 6348 7308

360 1540 2254 3048 3912 4834 5794 6755

380 1386 2030 2748 3533 4378 5270 6189

400 t254 1836 2488 3198 3974 4796 5&8
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iroar
4.2.2 LonnulnnlnuutYtl

rni o,fi r a o.r g il ur u ra r u r?r frn rfi ou rvi rn r u rflr {o s. s }?fi dn u il c yn.{ n l u n ur
- j sas ; d
dsnrufi r.z uacqudulin-ieqtouarnrunr:1{rfi 3.1 rerirriuulouud:6rl#Iil:un:u

al!saotIrAr9ad
ABAQUS ?rfl:',rufifi1u1r4un?nqn tuT?.r luunflqun?u?f LARGE DISPLACEMENT T{a

AlleaOrliargeari<alAl
n1:Trn:rurirrilrrfninqnluri'xhi6am{uto.rrarufirdnrfruuryilfrfnr:Enf.:uuuEn?r{uf{

aot{lt (Hinge-Roller) nrfifi Stress-strain curve tluu Elastic Perfectly-Plastic ldrrantlilu

erl:1{fi 4.12 ttasn:6 Sness-strain curve ltUll RambergOsgood s =(o I E)+0.02(o 1325)s'2

lduaa':1i1un1:l{fi 4. l3
oq-llsaEitrar:yvdlfi :UHAn 1t ?rR : 13 ?rfi lUlil U n?nqn tU U?rr tUUnfi rlut'O{ [6Y1U U lnn

driaalAyin.air'"rfrurrilrfrInr:Enfrurroulfl:ouyr{n?od1.:nr:Trn:rsrirrrirrirnrininqnluri:r1il6nfldu
,

toqrr?rdnrfimrvir'lduan.rlflunrne{u?R r uauo rirrirrrininqnlurierhifinntjutoucr

rnfirfinrfiuurvir nyl#nJsorrfiuutirLrirnrininqnlud'r.rhi6nuqiuro.:ratJaludoufirflurdl

duuuu rdon:'rraou'jrufrnnr:nr?rfrnrfiuurviraur:ol#ldodruJnonfiuludxhl6nm{u
h, a h r

tnfl:o tu
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t)rcrhr-.rlvaridal 4l
nrrr{rii l.rz rirrrininqnluda.rhi6nrntjuto.rrdrr#1frnrfiuurrirfrilnr:0afutruEnurlurT.r

flo{r?l{ (Hinge-Roller) Inufi Stness-Strain curve tllJu Elastic Perfectly-Plastic

n?lutn2lal

ilarsscu

c v- t

u1?tufl?nqn

(frlanYu)

I, ({il.) r= 03 r=0.4 r=0.5 r=0.6 r=0.7 r=0.8 r=0.9

40 2s9U 29067 32051 34943 37653 40275 427t4

60 25866 28990 31989 34879 37601 40227 42660

80 25279 28738 31826 34556 375r1 40130 42594

100 20516 26968 3l 170 34220 37271 39908 42460

120 14534 20334 266s5 32886 36369 39415 42076

140 r0725 15086 20103 2782t 31624 36927 40794

160 8226 I 1587 15481 19980 24861 30154 35407

180 6502 9t69 12261 15848 r9773 24108 28623

2N 5274 7434 9944 1286t 16061 20105 23336

220 4356 6148 8226 loarl 13294 t6240 19342

240 3663 5169 6916 9036 11181 13560 16279

260 3t2t 4406 5896 7700 9534 r 1668 13885

280 2696 3801 5086 6&0 8225 10053 12266

300 2350 33t2 M33 5815 7168 8762 tu43

320 2066 2912 3897 5123 6303 770/. 9183

340 l83l 2581 3453 45t2 5585 6827 8138

360 1634 2303 3081 4030 4983 6092 726t

380 1467 2068 2766 3588 4474 5469 6519

400 t32t 1867 2497 3248 4039 4937 5885
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.)tJl,

nrtlii l.rl firmfninqnluriNhidnrtjurouarrrirdnrfiuurrirfifinr:dniruuudnrrlufri
g'

do{{il{t (Hinge-Roller) Iaufi Stress-Strain curve tlUU Ramberg Osgood

s =(o I E)+0.02(o t325)52

fr?lugl?tm

ilarosou

tsdl
lnetilgurnl

(6IanYul

z (ru.) r- 03 r=0,4 r=0.5 r=0.6 r=0.7 r=0.8 r=0.9

40 21001 24852 28r':98 32050 35376 38589 41579

60 16503 19829 23240 26676 29954 33t17 361 l6

80 13032 16120 19177 22138 25tU 28108 30914

100 10233 13106 t5542 18564 21450 24162 26725

t20 7956 r0512 131 18 15880 18323 20857 23236

140 6394 8400 t0709 t3245 16010 17914 20195

160 5369 6994 8780 10885 13330 1s275 17435

180 4660 s998 7542 9r67 lll00 12991 14975

200 3967 5 165 6545 797t 9477 r 1093 12845

220 3s62 4550 5774 7054 8387 97O ttt92

240 3120 4188 53s2 6677 7490 8704 9970

260 2880 4006 4985 6392 6994 7901 8979

280 2534 3483 4623 5935 6604 7653 7995

300 2187 3123 4248 5368 6287 7356 8079

320 2028 28/3 3772 4812 5903 6905 7765

340 l80l 2528 3362 431 I 5288 6346 7302

360 1609 2261 3012 3872 4775 5778 7302

380 1446 2033 27tt 3492 4336 5250 6176

400 1307 1838 2453 3t62 3933 4776 5642
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AI
4.2 3 rclml1luul?rYlUulYtl

rulodraor;rJrruuuyrR?luurarfi ourvirnrur[rdo r.s Inuh?fi n'rrudnrornr?r
qtel9qrd
d'n rar rri r tiu n ? l u A n x o { m fi rn'n ra r dr u rd n u o c rer rJ a r u a o u (a.; fi rfl u ra r du u:r u ua y }f, fi

J

R?'urul?touarryirfiinruurarfiuuryir (zJ nlunl:l{d 4.8 uns +.g udlrdn:fitor1nfinir
t s - i y I sas

ri:ufrnuorvyl1.rf11uR1rrf,{nrilfi t.to rrrSourT'rqoraurlniaqro{r6llnrunr:rcfi :.t raf r

6uu lo urr da 6r }?I rJ : un r u ABAeus irn : rs riu r rir r rinin q n l u ri: t hi 6an Qudtuli
LARGE DISnLACEMENT Ha n r : irn : lr rir r rir n rininqn lu de.r hi6n n {u t ouarn firdn
d , i< a I a t e a'
tfruutrirfrInl:Eai{ttuu6arqufr.:do{ri1't (Hinge-Roller) n:6fi Stress-strain curve ltuu

Elastic Perfectly-Plasti" lduanllflunl:l{fi 4.14 ttasn:fi Stress-Strain curve ttull Rarnberg

osgood s =(o / E)+0.02(o l3zs)52 'lduaotl{lunr:r.rd a.rs

d r m fu n n n r : i rn : u #n r rir x rini n q n 1 u d :.r hi6n r,r { u t o { rd'r n ? r r u'r ?

dria.lirl-raJ.)
rfruurrirfrnn'r:Enf{uuuoulTriouyr{rfr?orir{n1:arn:rurinrrirrirnrininqnlud:rhi6nu{u

v

to{uy'rR?luulrrfi uurrirlduanr lSluR'rnfl u ?n e uau ry rirri rrriningnluria.: 1il6nn tju

to{n?'ruu1?rfiuurrir rsl#nJEuurfiuutiurirurininqnlud'r.rhi6nn{urouerilaroaorfirflu

rarduurrL ,iorrroauu'irm6'nnr:R?'ruu'r?rfiuurrirarur:n1#ldodrrilaonfiuluri'lr
I rA l a,
tuunrqu tn
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.lrr9t

nrrl{ii l.u frufninqnludxhi6nnrjuto.udrn2'ruur:rfiuurrirfifinr:u'oi{uuudnrrlurir

ao{df{ (Hinge-Roller) Iaufi Stness-strain curve ltlJlJ Elastic Perfectly-Plastic

n2lUU'l?tgl

rlarurcu

rirrrini nqnlulriixiinn{utoual a ? ruul arfi aurir

tfiIanYu)

r (uu.) r= 03 r=0.4 r=0.5 r=0.6 r=0.7 r=0.8 r:0.9

40 13507 17915 2252r 27039 31536 360/4 40567

60 13478 17980 22s06 26999 3r526 35535 40514

80 13422 r7924 22439 26935 31423 35454 40338

100 13179 17781 21560 26955 31387 35330 40309

r20 l l7l0 t7070 zA0/;O 25500 31194 34878 39975

140 8926 t40/./ 17450 2M23 30733 34t25 38858

160 6883 10928 14820 197s6 24560 28550 33571

180 5458 8676 12285 t5772 19546 22920 27138

2N M24 7@.3 9868 12881 15323 18106 22297

220 3627 5828 8169 10548 t27il 15080 18338

240 3077 4901 687t 8820 10880 t2&3 15345

260 2623 4179 6014 7660 9480 l 1040 13165

280 2263 3605 5210 w0 8139 9M6 I 1360

300 t972 3142 4r';05 5729 7@3 8590 9901

320 1734 2762 3873 5037 6237 7s88 8706

340 1536 24r'.8 3432 4il 5527 6613 7715

360 t37t 2t84 3062 3983 4932 5900 6884

380 t23t 1961 2749 3576 4,r',28 5298 6180

400 I 108 r760 2482 3233 3997 4782 5592
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IJ.AJ

nrrl{fi l.rs ilrrrininqnlurir.:lil6nrqiuto{rflla?'ruurrrfiuuryirfifinr:6niquurdnurlufr'.r

Ao{{r{ (Hinge-Roller) lnufi Stress-strain curve ttUlJ Ramberg Osgood

s = (o I E) + 0.02(o 1325)5'2

n?lilu't?till

ilarsceu

ri rurini nqn'lulridrsiinntjuto{ lsl n ?lilu r arfi su dr
(fiIanYl)

r (sil.) r=03 r=0.4 r=0.5 r=0.6 r=0.7 r=0.8 r=0.9

40 I 1395 16707 21250 25899 30365 34947 39693

60 9958 13996 18108 22095 27760 30202 34276

80 8247 l 1690 15184 18705 23670 25781 29336

100 6888 9906 12t86 15883 19882 22257 25360

t20 5707 8386 10988 13837 17170 19303 220/.8

140 4689 7035 9355 l 1852 14880 16715 19195

160 3847 5870 7884 10079 r2432 14378 r6539

180 3277 4924 6558 8551 10833 12310 t42M

200 2854 4278 5771 7345 9l l0 10531 12371

220 2519 3776 5087 il39 8134 9007 10616

240 2408 3310 455t 57M 733s 8206 9457

260 2337 3363 4355 5253 6788 7667 8517

280 2109 3t67 4160 5105 6033 6951 7870

300 1879 2900 3913 4882 5829 6755 7667

320 1672 2615 3588 4558 5512 ffi8 7367

340 1492 2349 32s3 4172 5095 6015 6930

360 1338 2114 2940 3791 4655 5525 6396

380 1205 1908 2659 3441 4237 50/'3 5856

400 1092 1724 2414 3100 3858 4600 s492
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43 unilIrj

i ry r d a t ! s a i a
umfr 4 '[6nrir:fr.rxaRr:Trfli'ryrinrrirrrlnTnqnrolrar fi.rTrn:rcflnulil:un:ru

ABAQUS lduri nanr:itn:rvfrirurininqrrluri:.rdnm{uta{rdlilarudeudaoif; Eigenvalue

R15n:?0dolJflonlrern:ufrirurininqnluriardnn{uto.rrerilnrueou Inunr:riliuurfiuu
i - o io dige i - o o r a r I j o I

ulilun?nqnm?rfi:1ul,t l6RUulilun?nqn tuT?{uafiqulo{td1ila1udolJGr.:fi1u?aIfl101nfl1
) + aa-J Y' o&criswell nt:dit{flilnl:Bucking coeffrcient, & Yltfluo tnu ufif,nn ttR?tCYu'l ttaenug u]

n?1uur?rfiurrvir nnnr:irn:ryr{rirnrininqnlurirclil6nH{utouarrJa'rurrou , rarmr?rdn
A r a | 9 ad i o cnl! v a

tYlUUtYll lt0Utfl1n?lUul?tYluulYll 6?U?[ Large displacement lU0?tfl:1eil tnillflUn?nqn
orriAr'luriarlil6nm{urouarrTraruil:crnilud? lurvrsia}Jn'arnfi s ocnrir:fi{Rr:n:?0doudl

9 q d t A A r 4 u Sl E I A t
flun1:?,rfi1d'nrfruilrri1fi6oaunr:n'l1uu1?lfiuurvir drriorurxlrrnnl:Iri{rnlslud?':unugu

n&duI'r:CI1#luri:rhi6nn{uldotJr.rrJaonfr'uldniolri Inunr:riliuurfiuurirnrininqnlu
hrrAtgoaradrsY
hirixdnr{uro{rd1ilfrn'nrfruuryiriliordrfl?1uu'r?rfruuryirtiurirnrininqnluri':r'[ri6nn{u

iro.rrdrilaluaoufirflurf,lduurJU nrndrrErininqnlurirshlu'nn{uto'rrdrflflrdnrfiuurrir

uisrarn'lruu1?rfiuuryiroqilutourxnto'urylilnroaoufirflurflrduuuu ufln{'i1 diln1:il1

druuri.:mrircinrfiuuryil14ioflrtn1:n?rru'r?rfiuur?ir f,1ur:o1#ldotir{ilaonriutud'l.r

hi6nrtju



nrnuilfi + Idrirnr:i,or'trrin'tri',nrininqnlur:rhi6nr{utortarilarudoil rrll
ycdratr;-!.aal

ill]'lnnriluurytl rta&tcllfl?'llJU't?rYtuurYt't tuuYlYt 5 u0uRa1?o{t{an1:n:?rrloljtrae?rfl:'lul.r

,{n'ir flrlnr:rr?rdnrfiourrirfilduuvrirl{luurn:!run1:oonurLurar}tJaruaoucircl n6o

rru fl r : n ? l u u r lfi u u rd r fi i m u r u' n u fdl dti'.r, a r u do rio n u o a u n r : fr du 1 r u n r : frn u'r 0'r n n 1 :
1ri.:rnrsluri'rsdnr,r{u nvl#rJ:rqndmrrirurininqnlud:.rhi6ar,r{uts{rar'[fiilaruaould

r I s a I tQ ld d i - o O r ll lA I I o 4 I
sdtilaonfiuuio'tri Inunr:rilEuutfruurirrfninqrrluri,lrhi6nnrjutoqtarrfir6'nrfruutvir

46rei-o.rthrar
r.riorcra'lruurariiuu tyi rfiiri rr rininqnlurir.r hi6an rju t oqtoril nrueon

nr:riliuurfi uu?cufln{fl alulrJn:nrlfinfion:cfl drsrir (p", / A) t o, fru dn:rriru

n?luveQn lxttr)Inufi P".fio rirmrininqntu:i:.:hi6nurju, z dofiui4nfirdntoularo

rardrurdnroqcrilaruaou . o.. n'o mri'luu:co:rnfrfirrrirfiu +so ksc. r n'o duil:vfinihr:
a lAt a a o<t J a, r s r- a I /a
6nilfirJaru.ct't , L fio Rluuranl, r" 6o iniilrr:fu firirrdrfiu ,m, r 6o luruucio=u

ruofrf,urorilnrurardrurf, ntoqarilnludoll Inuujiuurfi mnrrurirdn:rri'lufi rJaru (r) uns
6aloAqql 9a

nyruiuulriuur{{n:0lrifl?luriuriutto{n?1ulf,uuasfl?1utfi:uRttuu Elastic-Perfectly Plastic

ttnsrtllU Ramberg Osgood fifipJaunr 7 s =(o I E)+0.02(o t325)s2

nr:ril?ourfiuunanr:ira:rc?ililrfn?nqnluria.rhi6nr{uvouarrfiri'nrfiurrrir

ruarrGIln?ruulrrfiurrvirfirrirrrininqnludxhl6nn{urouarrJnrudou 'lduantl{nrru
vlJovea-!
anuotgnl:un:{10{rdl :lunurounnlufi?iro 5.1 fl{ 5.5 n{u
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s.r nrrdniruuurlarsriqsor{r$inr,r{u @inge - Roller)

€a
nr:rilEuurfiuunanr:irn:rrririrnrininqnlurie.rhio'nnrjurorrarrr?r6'nrfiuurrir

q I u i -t c I rr.q t t I

ruac16I'rfl?'ruur?rfruilryr'rnuulrun?nqn turiarhi6nntiuto{rGIrrJnrudoulun:dfifi1ndnf'r
,lea

ruuililaluyr'{do.r{1{dnflrlu (Hinge - Roller) 1duanr156'rudnrnfi s.t fr'rnrnfi 5.7 drul:o
aEaj

ot u 1 ufl afl 't : ru : uu rYt 0u ldi'{ fi
avsJgqa

n:frnaudrrflufnarurdutiun:rutnEuauuu Elastic-Perfectly Plastic tu'on'tt:atr
r i a r o , i, ar a d i -n:1il01nR1fln 5.1 0':5.7 teilU?l tilT?{mn1 lXLlrr) Ufl1u1nil:otfllIfi?1lJu1?U1fl UlilUn

at

inqn 1r.,;ludarhJdnn{uto{r6lrfr{d1uil:smmrafirirlndr6urtiu ua;rfio @ttr) fici't

nnn{ou6{ 1KLtr)rirl ruor n:rlhouirrrininqn 1r-;luda,rhifinr{uro{rrnn?ruu1?
4rstgvartaii-o

rytuurytl0euufln?oonnlnn:]flx0.:tfl1ilr]'lnntiluulYtltrourdlilaludoutraeufl'lu'lflun?nqn

lr,,y ludarhi6nu{udrn'irrarrfirfrarfiuuryiruasrdrilarudouodr{fnrtu Inufinrn
e t j I .. d r I I t r t i s a q r h rA r

dn:raauvr:Jaru (r) urirfou rirn'lruunneirr:yHdrsrirrirnrininqn (p"r) luri'xhl0nn{u
areycdtlaitit@t

10{rry1n?luul?ryruuryrlnurfl'rfiulnarmuuryilua;rd'rila'rudourufifiluln rirufrrir6nrld?u

firJaru (r) frrirurn drnruunnrilonuorilnrininqn 1r",;lud'xhi6nn{unvfirirriou riru
,iai',rlqalrtrArYvAr

ria.rfi fi rir 1KL / r r\ riou n: rr{torilrufninqn (p", ) ludaclil6ar tjutouarufirfrnrfr uurvir

nurunfi?oonunvfirirgrn'irrarrJnruaou rfiodc 1xL / r) rirl rd.: rirrrininq a (p,,) lud:.r
hrAtl,'ll-atcJ
hi6nutjuto{rdlyi{dluil:r&nnnun.qfi udrarrnrhfrnrfiuurrirrrfirirrirmininqn (p.,) lurirs
rr-rrriterr6tA
hi6nutiuqrn'irraril:rmn6uod1{f,nrcu drure rilarudouuasrdln?'ruu1lrfruuryi1nu!
)))

rirnrininqa e) lud:rlildnntjulndr6urtiu Jnufrrarilarueouocfirirdrnfninqn 1r",y

turi:rhidnu{ugrndlrdrR?ruurarfiuurrirrdnrfou ciaurarfifin?rudufuf,nrrrurdu
t

R?lutniunuuu Ramberg osgood trfipJuurn:rr'lxo{rdrf{arilrl:cmmndrund{fiiluuu

Elastic-Perfectly Plastic ttcitctrnnsirltiululnfi giluuu Rarnberg Osgood n:rlltshirtdn{n:d
rtlr,,dvadidaa*rv

Yrtf,lil{dlulJ:UrRmunl (P,,1 A\l o, ntil dlu1:ooflJluilqnR::ufl1: [n{role.uo{ttd1li{dlu

rJ:yrnvrldd{d
qrjrdraai-o
1 u das fi ri r (Az / r* ) fi ri'l il'l n ui o ld r fr n : r u u r u I n il I fl tinin q n 1r", ; lu dr.r

J
a

1il6nr,r{uto{tdlfr.:druil:smmovfirirlndr6urf,u ilrnf,r1:Bl1r:Jiuurfimfitlnqrrn::unr:

lriqtnrsro.trarlnuri'rhJ drtvrfialri{rnrsrforilruu:.r:?u:su'ir.:rriruu:.ttr{uriuril:uu:.r

dnfirirurnn'irniorvirfitlnriauu:.rR:rn (o,) r,o{idq lud:qfirarfifl?'tuu't?u1fllunrud#noc

fi6vrf;nasionr:lrirtnrvto{t6yr uacrircfirarfin'lruurr:Jluou'',orio,,:{n'riluu?ufluuauu:,:dn
)

ocfi6ilf;ilneionr:'lrilrnrcto{td'r cirudr'rrarfin?1uul?du u:{nruuu?unurerrvfi6vrf;nacio
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nr:Iriunrct o,udl d.rriulu:i'lrfififirir 1xL t r)firitrurnniordlfin?'uJU1?u'rn rd'r0erfinnr:

, 9t

aouwfi rirrrin?nqn 1r,, ; ludashi6nn{u q{ndlrdln??ua1?rfi c,uryirrf, nr?aa lurizrfi rfi o
,

rarirLrirrrinrcrfinnr:Iri{d:#ou lunruddnocrfin#ou u:{nrurlr?unu0sfiBilf;nacionr:
auA a-^C I I io E dr r s r s
?iln10.:tdl ldltu?untuo?tu?ult:{tfluntnn lur6l1ufl1rYl1nuilu?tJrt:.tft:'ln (o/) 10{?dq
o e e ! - rr, i : 9 o Av q r v
nla{:uu1?tunro{[cl'Ns tn01nHaqilflo.:?ruYrHulnnil:uu:,inuilu?utr:iln:1fl (oy) 1,o{?dq

i 9 v d r .i j 9 q r I a r d d r

ruo,tlt'lnrfllilu1nntmuulilluilulr?tulnnulnn'j'tt6t'tilnludoultautflln?llJu1?rYruutYrl 0{un1
9r

rirrrininqn (p",) luriarhi6nr{uqrn'lrrdlilnluf,ouuasrflrn?'ruu1?riiuurriruarrfinfi

rur ?tfi uu rYird.rfi du fi iuu:.r

rvirf,un'oryir6'ududrJarurardrurf,nxo{rf,1ila1udou 6.:rflr1#rirmrin?nqn1r",;lutar
tr fa i d r o ga e s i d t a J t -- r q - { r

1il6nn{ufirirlndrfiu.rffu Iaufirarnaluur?riiuurrirrfinfirir (P,, / A)t o rrrirfiufi'unfrr riau

rdlilaludourfinfirir (p-IA\/o..arn'iruuaqf,nrlou cirun:fifin:1r,lr,o{n?'urdur{ufnrru
9ed-hraArA.irdufiuneruln5unuuil Ramberg osgood hiuanqn:fifirir 1r", I zytorfiritnrfi lilld

rurun?llrt'ir ludzrfiri 'r(KL t r)fifirr?ouuforarfinrruutl#u rarts'[rjfrnqn^n::udcncir:
tJ

rueidrugrluuun?ludufiuf,n:rrurdufiuR?lurniuauuu Ranrberg osgood rfi orariuri rrfnts
rfinnr:rfiugrJtorrerurnn'iruur Elastic-Perfectly Plastic nr:fioturdrfi.rtortarrfioiurirrrin

gqlAoevi,rleaad
0eUOU A{ilUld17lUA?1UftUylUlR?lUtfiilnUfl?lUlfltUnltUU ltamberg Osgood fl1n0YlnnR:01

dr i a r q jo J a, t v I e
(P", / A)l orUn'ln{nflt0?lU?Utt:{ tutftliltnn1uUfiltYllflUl'lU?Ull:{fltrR (or) t0{?dq n?lu

ur?no{uyl0rduoduurnl uavfioundr +o ruuArunr drrflurirnaruurrfirloutiqritt#tu
4 J ! 14 h I r a ao-oJa, iRl:frnUlR:{U R:1T{0.1 lUrr6ln{Ha21rnnn:0t?ilnytilR1 (p", I A) I o rf|lfr

a t r J qa
H 1 nil n r : al lri r n': r ru un nci r s r o l il r ?r rini n q n 1 r", ; tu dx hi 6n n {u r o.l rd t fl fl1 dn

dtAattaas.,'
rfruutriruiottt'rR?'ruuratfruurvirr:J:-uurfiurfiurdrilnludou ludatfi gt t r)fiti'tu'ln 0u

t-gvardri-o
vru'irratufirdntfrourrit0vlrilrill,rrinTnqn 1r",y ludxhi6an{ulndr6urtiurarilarueou

r a ' J ii i -u'lnn'illdtn?1uu't?tytuuryn yr{u[lJo{r1n6riln'r:rfcao{riflu1u10tnn1:ilfun:ry'kird{iu

rirrrint::qnlurir.:6nmtjutouarilaruaourrnrduldqhflrflurdun:'r rfion^rr:anufl,lrs

nu'irn:rylto{diln1:rdrdnrfiourvirldfunr:rJiulfllnd'r6u{riiln:rr'ltduId.:{o,rrirfr.riu
t

ilrmfnu::4nluriardnr{utouarilaruaourrnn'irn:rr,ho{6ruR'r:R?1r.,u1?rfiuurvir o'.rrir
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!r I a a < /s c - A a I o i a- io J
tfl{rnlutuo,rrnlnom!ila{o.rluruuddnrfluran tUotfllufi?]uu'r?tynRu tutuunnnilrRnrunu

fi rirlndr6urtiu rfl unal#rirrrin?nqn (4r ) 1o{rdrri':arufi rirlndt6o.rriudru
Eri,drer;t.dllvalu d: r fi ri r 1KL t r )il ri r rio u fl To rd rfr n ? r u u r ? du ri r n rinin q n (p., ) lu ria r

hfA | 9 v 4 t t t '
1il6nu{uto.rrdr,rflrdnrfiuurvirwg.:n'jrrarilarurrouuasrd'rn?1uu1?rfiuur?ir InufirarrJaru
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h{rird.rtoqarrrirdnrfiurrrirfirirlndr6urtiudrf,rrosrerrJnruaourrnn'irraxr?'ruu'r?
arrqr;arylvaErhrarirs

lYl UUlYll tY?U tu U?{ r{t (KL l r r) Llnlil oU il lfl U n2nq A (P",) tU U?{ lXUn r gU{ O{trf lfl U ln n
ardrrri-oorrral

rfiurrvirrsfirirqrn'lrrarilnruaouulR uaur:lflrininqn 1r",y luri':rhi6nu{uto{rdln?1u

urlfiurrrirrvdrn'irrarilaruaourdnfiou uayfilRn'0'l:urnJ;uillfiuu:cfldrrnaruf,rlr{uf,

n?1il1f{ufrun?lutnEunttuu Elastio--Perfectlv Plastic tiuuuu Rambers Ossood tullyil n?1u
s c I I e d <r , ! v

fl?'lUdUTlUfin?'lUtf,URUfi?1Utn:UnttUU Ramberg Osgood teUnln?'llJttnnnlWO{U'1111{fl

inqn l4,y lurierhi6nrtjutouerrnrh6'nrfiuurrirniorarn?ruur?rfiuurrirrfisnJiuurfiul#r
r r l:A d tA ,

tdlilaludou q{n?ltluu Elastic-Perfectly Plastic Yl{1lrilo{tu1t]flr{at,o{nl:tduEljylillflfl?l
)

't,o{tuuu Rarnberg osgood rhl#drdliudrrfntolrrYlann{ntuhjd:u
doec4yq<

tfr ofr t r: at ln fl 1s n?lu durfu f a ar utdu tiu aarutflSunuilu Ramberg osgood Inu
A i o q 9i - o E r h r{ | 9 e a t r ln^cr:arrlnfirirb{rirrrininqn 1r,,; luda.rhi6nrtjurouarnrird'ofrriu1nn'irrd1ilarudoil

' 
?ouci0.6 duhl lnriudufirarrr?r6'nrfiuurrirfirirnuilil'il rrnrirdn:rrieufi:Jaru G) firird

rirurininq a(p*') luri'lrhi6nm{uqrn'lrrdlilarudoilocfirir (p", t A)to,rrirtirnd.r ri':urir

dn:rri?ufiilaru (r) r?oun'ir 0.6 a{rul rvfirirrj:vrulfl 0.4 cirun:rudrr{udn'rrurdufru

n?lurn;unttilll Elastic-Perfectly Plastic tsrfinfirir (P", t A)torlirtiunui.rrlnrirdn:rci'lufi
9Jt

ilatu (r) rTsfitfro{urtlna?rudur{uf,n.lrurdun?lutn5uauuu Ramberg osgood osrirldtar
a

rfianr:Irirdruacrfinrirluruuddnlurarurnn'iruuu Etastic-Perfectly Ptastic 6nrirrir
9

dn:rri:ufirJa1u (r) firirriou 6wirlt?n:rild1x1:olunr:irLrirnrinnrurru?uflurdrann{odl.i

uln rfluflal#rarrisaosrfinnr:Irirrnrvfirir (p", t A)tordlxlnn'ilrruu Etastic-perfectty

plastic ci:un:fifirerfirirdn:rri'rufiilaru G) #rud 0.6 dulillilrfian:fidrfio{rnrnfirurnxo.:
9 v I a o ,J A - ! u 4 r, u s , Iilu1nn10{lfllYhldo{unuln tfiqxu r:.J01611:uulilunnulflan1: tfl{a?uoufl?1 0{fl]ul:6t

rYnrurrirdr'ldturir e", t A\torlndriorfiuruis d{flnd'qnrirroyfir.racionr::J:vgndl#
vrteatqosg)ud'nnr:rfrd'ntfruutvirlunr:nrrirdrfurirnrinil::qnilaonfiuro{rarrlaruaoltufir{o

ciolil

rrnfi neirarr{r{du arrrr:oaqilrJ:vrfi u dr6'qdrnfun:6narrudur{uf,n:rrurflu

n?lrltn;untluu Elastio-Perfectly Plastic ocld'ir ludr.rfi (p", t A)to, firirr?oun'irmuil
i: e !r -- - 6r r h ra t ,t e a r d r 9t t r o

u1lluR?nqn (P", ) tuu?{ luunflgil.llo{rdlxfi16nrvruurnrtvufl'llioufl?'tuauognlululolln el

?a{tdtilaludou riauri:{fi (P* / A)lorurnndrrfordriumuiq rirnrininq ng")luria{ld
A.9earairto-nr{utoudtfifildnrfruutvirtafrrirurnndruarodilonrourilnro{ldlrJaludou ri':urar

n?tuut?tfiuurrirtvfrrirrirnrlninqn 1r",y lu:ierhjdnn{uo{nrulurourtnrolrerilaludou



rartavql 94
qnfl1 (P", I A) I o rlli0tlflfll (KZ / r* ) fl?Un:ilR?llJdUilUIn?1UtflUn?'lutfl:UnttuU Ramberg

osgood t s ldt o u rt n t o.r rir m rini n q n lr,, y l u d x hi6n n tj u t o r ra r n rir dn rfi u u rvi r ua r rar

n?1uut?tfiuurvirfirirtriur6u'lriu;rJrtuu Elastic - Perfectly Plastic usioyunncirltiuluqnfi

grlrtuln:rlltornrruduriufn:rrrf,un?lurn;unuull Ramberg osgood rchiuanln:d
, a, i i ,, r e

rir 1r- t A)t orfirirnrfr unrd'{ueirilrirdn:rd'lufirJara (r) r?oun'ir 0.6 a{rill lnfirarurhfra

rfi uurvirfi drdrqrndrraril aruaouos fi ri r 1r", / A) / o ril :cl rar o.a

t
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nrtilniruuu iinnqu#raor{r{uinge-no[er) : r = 03

Elude.Perfectty Plestlc

nr:dnilrruu fienquriicol{rl GrtnsFno[er): r - 03

Rrmberg Osgood

nmd 5.r n:mlnJiuurfiuurirnrininqnluria.:ti6nlr{uro.:rflrilaruaou rtrrrdrfinrfiuuuir
a,iaaJae

tuaurf,'rn?'ruutrrfiuuryir dfior:6nloruil6nfl{urioaol{'ro (Hinge-Roller) u0v

i 

-- tfl]fl ?1llll1?tYluU[Yl]i

uaatto
on:1d?uYtljalu lil1nu 0.3

2.W
1.80
1.60

't.4
a' 1.20

s 1.00

r.b 0.80
v 0.60

0.40

0.20
0.00

2.W
1.80

1.60

1.4
a t.2oa i.n,
Ut o.8o

0.60

0.,O

0.20

0.00

4 80 120 160 M 2$ N 320

runt

-16080 120 4n4/o$0280 320 360
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1.80

1.60

1.4

-b- 1.20

\ i.ms-b 0.80\v 
0.60

0.40

0.n
0.00

nr:ilnYruuu ihnqurYrcoq'Sucrngenoler) : r = 0.,f

Elertlc-Perfectly Phstic

320 360 /O0

a!, ., !,
nu0nt"{rruu Eenrlurft eol{r{uinge-Rolhr) : r = 0,,f

Remberg (hgood

.i i i i i i.*-tilazuot?ffiuurl]. r

:>\l i i i ,-tq:!!lrqu!lj

40 E0 120

1.60

1.40

1.n

a 1.oos
\ o.8o
s"

0.60

0./O

0.20

0.00

160 2m 240

KINI

280 320 360 400

omd sJ n: rvrhili uu,fi uu rir r rininqn lu da.r hi6n r {u x o'ud1 il a rudoll rdl u fi ri'n rfi uu rri r

uau rfl 'ra ?llJur:rfi uurri r ii fi nr:6"9{uuudn H q u rio aosdrc (Hinge-Roler) uas
vlalls
on: 1d'llJ YltJal0rYl lfl lJ 0.4

8040 160 200 2Q 2&

ruh,
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aX, - :'nrrihi{ttuu 0nnryuriroootrr Grmge-Rotter): r - 0.5

Elrstle,Perfectly Phstic

& 60 80 'l(D 120 1/O 160 180 200 20 24 2@ N 300 320

KL/r,

Ramberg (hgood

120 1.rc 160 1E0 N nO 24 m 280 300 3A)

KIrt,

nmd ss n:lr,hiliuurfiurrirnrininqnludx}l6nuqluxo{rd1ilaludou urr}rfird'nrfiuurrir

ttaetdln?1lluratfiuutilr i{finltdni.uruudnrrlrrioauo{'r.r (Hinge-Roller) unl
!

nrtiinicruu finuqurYraol{rr grmge-Rolhr): r = 05

i , I i +-lcnjhrurfsui i i

9 t at r s
o9:1d?UYrlJA'rurYllnU 0.5

1.60

1.40

1.20

Q' r.oo
e\ o.8o
f."- 0.60

0./O

0.20

0.00

1.40

1.20

1.00

a
a 0.80

C 0.60

0.lo

0.20

0.00
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-8, a 1,,
nu0e5{uuu Enuqurftcal{rl Gruge"Rothr): r - 0.6

Elr$ds.Perfcctly Plrsttc

c 0.80

0.Q +

0.20

0.00

020 /O 60 80 1m 120 140 160 180 2m m 2N 260 280

xrh,

nilii s.4 n:rr'lnliuurfiuurirrrininqnludrrhi6nrtjur,o{rf,1ilnludolr rdlxdrdnrfiuurrir

uns rtrlfl ?1u ul?rfi uurli 1 dfi ol:d.fuluudafl {u fo au o{',0 (Hinge.Roller) uav

ttr a l,
nr:EcYluuu EnnqurYlaaq{u GttngeRoller): r = 0.6

Remberg Osgood

0 20 40 60 80 100 120 140 160 180 2N 220 210 260 280

KD?t

slattu
on:1d?uYtlJnlutmlnu 0.6

i.--I-* i i r i r +*-irnaduurirft,Uitit.i' - " -'," - -' -' 
1 " " - 
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r 
- - - - - -':- - - - -- -,

i I i \i : : : I i-trrrudrdarfiourir ijE!*#-E\ i i i i r. .i.;i.,.1-..,i., .:

I I l\I I I I -;ianJriroco,n I I'--j-------:------'1-------r--\'-'i-------i--'---i-------i------1-------i--'---l---'--'i'------1-------i
r r : : \l I : i I : : i : :iiir\::ti:::tl

1.40

1.20

a 
l.fi)

e 0.80

C 0.60

0.40

0.20

0.00

\i iir:ti;ili.\
\\-I lj;tlllll"-:-\s.t'------r- '- -- i-" --1--'--''i------''l-------;-------i-------i-----''1

r)*1*-.;r llllll
i I j I -+.-:]_-r r- r



80

1.40

1.20

1.00

b-: o.Bo
!.'\
g' 0.60

0.lo

0.20

0.m

1.20

1.(p

- 0.80
a
-Q o.oo

c
0.lo

0.20

0.00

-t'---
--i

i

r----i--------

\
\l\
1

I

I

orttd ss n:rv,lriliuu,fiuud',rrininqnludr'rhi6nutju,usuarilarueor rarrdrfinrfiour?ir

luns rf, ln?rrurlrfi uurd r d fi o'r:6n iquuudn r ry u rio au. dlu (Hinse-Roller) un y

nr:dniluuu dnilqufhsaltrl (nugoRotter): r - 0.7

Elartte.Perfectty Plrstlc

l' t' i' I ' i

-I3l-'lfl?11,Uf:UfiUlfri1 
i

I gl, e ai r , i

+ ltT1l{1l|lnfll?ldillil1 : i

* i61il6iu6sxi i i
-----' 1'--'-----t--------'j-'-'----'1''-------l

n /O 60 80 100 120 140 1@ 180 200 220 2N

KIJr,

af,,t r !,
nr:Eairuuu EarrlurYrrortrr {Htoge-Rolter): r = 0.7

Remberg (hgood

.O 60 80 100 120 140 100 180 200 n0 240

KIN,

sri,ru
of, :1d?uYrunlurmlnu 0.7
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1.20

1.@

a 0.80

e 0.60

S'
0.40

0.20

0.00

1.20

1.00

- 0.80

a
a 0.60

r."> 
0.40

0.20

0.00

nuila:oqtuu finnqurft cortrr grngoRotter): r = 0.E

KIht

Ehstle.Perfectly Plrstlc

60 80 100 120 1q 160 180 200

al a, I
nr:Eniruuu 0curlurftaal{N lHtngc-Rothr): r = 0.E

: ; -.c-.{d10?lilplltYltl$nl i

60 80 100

rrnt

120 14() 160 180 200

.ln
d__tFlaasaqrtr{.tgvdrnliln 5.6 n:TttljtuulYruljull{un?Rqnlur?{luun}rquxo{rd1ilaludou rd1il{ldnr11uurytl

ruacrdlfl2ruurrrfiuurrir iifinr:6afiu1lil6nilryur{oao.rn?tl (Hinge-Roller) uns
9fdtau
on: lrY?uYrlJa lurYt lfl lJ 0.8

Remberg Orgood
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-4, . L
nuEn;{uuu Ennqurftaot{rl (Htnge-Roller): r - 0.9

ElrgtlePerfectly Plrsttc

a

nr:ihisuuu finnqurft aol'3r(Htngc-Roller): r = 0.9

Remberg Osgood

020'CI60 80 100 120 1q 160 180

ruht

nmd 5.2 n:T{riliuurfiurrirnrininqnlurixhi6nn{uto{rdlila1udou rdlr#1finrfiuuuir

luaurdln?ruul?rfi uur?i1 dft o',16.i.uuudnr{urf{auo{ro (Hinge-Roller) uag
o1-rts
on:16Y?UYtUA10r1t1flU 0.9

KIJ?,

1.20

1.00

a' o.8o

tr
\ 0.60

s"
0.40

0.20

0.00

20 4 60 80 100 120 140 160 180

i i i --\r.,i
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s.z nr:dnirmuilartt'lnqifinrniu - rlarsrdrfinfi{u (Fixed - Rouer)

Ad
nr:r:Guurfiuuflanr:irR:rrririrrrininqnlurixhi6nflqiuuouerrr?relnrfiourrir

a t u i -o (l . rir{ r I o aia a l
rrnurdlfl?1uu1?ryruurYrlnuul1.rufl?nqn lus?{ tuunflqutlo{rc[llJalucYorJ tufl:alnulnun:{

ruuuilaruluqjdnurlu - rJarurf,ndnflrlu (Fixed - Roller) lduanrl{d.rucinrilfi s.s o'rnrflfi
J o < , d r a el q a

s.t+ fi.rfrtt:arlInu:?uud'ltvfigrJuililuaeilqa'n::un1:Iri{rnrenfllunfrrf,rLuurrarfifinr:

6n9luuu6rrrlrriouu.:{rr1ui,g"-Roller) drnunrir:lrud: udryfi{ounndrsR'o 6n:rnr:
;^J,'r'

rfr-ufiutorril(P",1 A)lo,dorir (KLlrr)ana{ iro{rdrfifinr:dnfluuurJnrulnqidnuilu -
rJarurfindnrqu (Fixed - Roller) tvfirirqrn'i'r tfrdu fid'r1xttrr1rduafiu rrrrfifinr:dnfi

uuurlara'lrqjdnurlu - rJnrarf,nda?fryu (Fixed - Roller) tsfirird'riurirnrinqrnirnr:dair
a i ,t ":A A ia re J ,

ruuuEnurlur[raor{rq (Hinge-Roller) rflrfiru'ortrnarrrqfirerfiiinr:0nfrururJarulnqj
4rldA
Enuilu - rJnrurfinEnil{u (Fixed - Roller) filrurardrurlarulrqjtvdnurju ruAoiurirnrinlru
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s.l o,rii"iouuurlarsrt{aa$inrniu (Fired - Fircd)
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d.uroalaalrlat.
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s.s olrdoiuuuuilartfl rqjilnrniu - rlarsrSoriounrilnrt G'ixed - Guided)
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nr:rr-liiuurfiuunanr:irR z"wii'tn$ninqnluri'r.rhi6nr{urouarr,rr?rdnrfiuurrir

a"rlratt'
ruaurd'rn?'ruur?rfruilryilriurirnrininqnlurixlil6nntjuro':rdlilarurroulun:6fifinndnfr
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ruo{rrlnunldulj:3dyrrR?lilul?tJ:rdYrtfla (K) unlrmlnu unflla{:ull11.ruflt o'il611Yrufl'r:
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runstdrn?1uurafi ourrir iifi nr:6.fqruuilaruln {6nuriu -rJnro,f, nrdoun'rr: 1{

(Fixed-Guided) uac dn :tdru fi ila rurvirtir o.g

120 1lo 160

Gked-GuHcd): r-0.9

RrmbergOosmd



115

5.6 flAR'

Ad
0 1 n n r : rilE u u rfi u u H a R 1 : irn : r v ririr n rin in q n 1 u rix hi dn r {u r o,r rar tnir dn

rfiuurrir6'urarilaruaouuioufirLld?tr:slnnnr:nlSuurfiullluda lufirdo s.t d.r 5.s 0&

errur:oa1il nnnr: uG uurfi uurirrirnrininqnluri'xhi6nn tjutouarrdrdnrfi uurrirtiurar

rJaruaorl#dqfi

n: fi n :trtn rrru dur{u f,n :ru tdu n:utni unttuu Elastic - Perfectly Plastic tvnu'ir
,)

rirnrininq n(p",)lurirclil6nrqiutouarrrirfrnrfiuurvirr;firiroqir[':nruluunuRluuofl
i - o -- o i r r{ r I i a r d i

rourrnul?ruR?nqn 1r.,; ludr.thj6nrrjuto{rdlilarudou Inufilnurirtorrun6olafirar
9 v a r ao c t r ' a r r q j - !

rfrd'nrfrouryirldra"rurnndrrarilaruaourio?nfi (P", I A)/ orfirirryirriuru'l d.:fi ludr'r
i--arl,ii-o--orlrAtgtqard
fi 1p,, / A) t o ,firirr?ounlfiil.: ul?run?nqn (p." ) lud:lhidnfiquto{rdr{urnornuurfirryl
,jrrorrri

ri ri rn'irrrar oqin rulut orJnnno{rerilarueou riauri,'r fi (p,, / A) I o rfi ri ru rnn'jrrio
r e tr i - o -- q I h iA I I e a i d r r .rrirtiurfrr rirr.rrininq a(P",)lud:.rhi6nr{utorrarlrrirdntfiurrvirnvfirirqrn'jrunvogj

i-o-arrrarluonflournnro{il1ilfninqn 1r",; luri:rhi6artjutouerilarueor rlndn:rrirufirJaru (r)

al
qndRliln1:un:'i

ri:un:dnaruduri'uf,n:ruuluun;n?rutn5unuulI Ramberg osgood tyldtourtn

to.rrirnrininqn (p,.)luri:rhi6nrtjutourrrrnrhfiarfiuurrirrdsnliuutfiuuriurerilalu.rou
r d q I t a9 rrdurfiu'ltiu;iltruu Elastic-Perfectly Plastic ttcitvildotrnndxfiutrfiuuilElastic-Perfectly

. cr aA ^, I , - - J rr , A 9 v a r ac e
Plastic lun:fifi mrndn:rciaufirJaru (r) frrirfr{ucio.o fiulil lnfircrrnrirdnrfiuurririitira'.r

urnndrrarilarudoururfinfidr (p,, / A)torrrirtirndr usidrdn:rri:ufirJaru G) firirr?oundr

0.6 a{lil lnfirarrrhd'arfiuurvirfidrdqurnn'ilrdr:Jaludouosrdnfirir (P", / A)/orrJ:cur0l
al ,t a ai a ,l t '

0.4 rlflrlnttnt:6ni.: unt{iln:frnr:Enf{uuuOauriuvt'.tco{dt{(Fixed-Fixed)1nfirdtr#ldn
4 I d. e r I o j

rfruurvirfirird'rurRnirrarrJnrueoutvrnnfirir (P,, I A'y I o ril:srursr o.g

-lAevdr'd'qriurfroaunr:flri'riarfruuryirlddrrirrrininqn (p",) luri'xlil6nutlurouar
,,eard.Ioiea-..thra.

rfrd'nrfruurririlriro{r{sRluluunsR'ruuof},r,ouri,nil1rfninqn (Pc,) ludxhjdnrriutor

rfl1ila1udou udn{'i1 dunr:ildlfrnrfiuurrirhjarur:ol#ldodr.rilaonfiolud'xhl6nr{u
t

fr'rgrlrtuun'lufrur{'uf,n'lrutduttacR?lutniuauuu Elastic-Perfectly Plasticuoutluu Ramberg

Osgood

r.i1frf;01:011n:6naruduriuf,narrrfluuaun?'rxrn;unuuu Elastic-Perfectly Plastic

r r i ar r a r s tr J 4 , i I q d i
I U T?{ 1l (P", I A) I o rU fi'l U'l n n ? 1 il t O lYl 1 fl U l4 U { er{ til U'U ?.t m dU n 1 : ?l u 1 n n tm Uil tYl'l

hiarur:nlildotirrrJaonriu'ludxhi6nu{u drrrntiruunrirrirxrininqngrqn 1r",;
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luri:rhi6nmtjutouarurhdnrfiuuryirlflrirfiurirfirfinrrnnaqar:rmdrrrriruu:rR:rn (o, )
cci;reyc.toriaqi'ufiufiurird'ndrurdntorrarilaruao u (A) ,(P,, - A.o r)ovrf,rlt?rir 1 

p", / A) I o,
9 q d ar r s j i A a r d r i i<t

ro{r6yrilfird'nrfruufrrirrrird'unfr.r fr.:rfrofitr:flrr1nn:1?,lrsrfiudrrir (P", I A\l o rfiiirir
rqircr-r-lr

rynflljr.ru{0uoqfllulilIoljrxofi1 (P",I A\Iorxo{ldlilnludou n'tfuttan.:'jr lun:fi
vol tldr)

n?1udufiuf nerrutfruttnsn?1ltREunttuu Elastic-Perfectly Plastic ttt'odrrunrirritrfn

inqn 1r",; q.rqnturia':hjdar{uto.rr6y1?{fi1frnrfiuurrir1{hirfiurirfirfinnrnnagursHdl':

rri:urr:rn:1n (o/ ) torirqfiufiufirr?rfindrurf,nto.rtflrrJaluflo 1) (P* - A.o r) dufll:

r,rfirdnrfiuurrirrvarur:o1#ldotir.rrJaonfiulud:rhi6nu{u 4ndn:trirufirJnroG) qn6Tn1il
.J

n'l:un:.i

fi 'r fl ?t^ t'r : sr r n : 6 n e r l dr r{u f,n r r r rdu ua s n ? r u rni u n uu u Ramberg osgood

Inul#rdnnr:r6u:riuriuuuuElastic-perfectly Plastic Inudrnunrirrirurininq a(P*)q!{qn

luri:.rhi6nr{utouarflrhciarfiuurrirlflrirfiurirfirfinrrnnnqil:urr i'r{nriauu:{n:1n (o/ )
v o i : 9 e 9 d t . .. .^ . o 9 9 e

xo{?dqnrilumnulfrndturf,nto.trrnilarudo"r (A) ,(P"" = A.cy)rsrirlr?arunr:mfird'n

tiiuurrirtvarul:CIl#ldotjr.rilnon6'uturi:{1il6nr{urriu16u:fiuuuuElastic-Perfectly Plastic

ucincldldrnvrrrdxfidn:rrirufirJnru (r) firirdrud o.o dulrJ Tndnl?{n1:6ni.r riluri?rd

dn:rriaufirJaru (r) firirr?oun'ir o.o nrurrvl#lilld{ndnrflnl:fini{ rfiorunlnfirarnrhdn

rfiuurvirfirirdrurnndrrarilnrueourrfirir 1r", I A) / o ,rJ:vursr o.+ rdofirr:arrrrnn:rlhy
dtri

riiu'irri:'rfi1r", /A)torfia'ril:curu o.+ o'r t rarurirdnrfiuurvirtvfirird.rurnn'i1rdlilalu

dou 6{firl#lilrjnonfio ri'run:dnl16rfu,,uudauiluri{aor{rr(rixed-Fixed) d.rfi

ei'r 1r* I A) I o rfi 1n fi rarr rirdotfi uurririrird'r u rnn'jrrarila rudoilil: cu 1ol 0.8 fi aur: o

fitr:arrldrriu16ua6'u us{rnrntcl#l#ldodruJnon6'uludrqdorduourrirrirurininqnq{En

lurirs lil6n u qlu (P"" - A.o r)r os terfi dr6'n rfr uu rri r a r lrirrirfiu rdlila r u dou ru'ofi m: fl r
,rgrieaerhr{itycdr-!

rud? ru6'0{aarirrirurininqn lr",l grqnlu.ir.:hi6nu{urolraruf rn'nrfruuryirn'.:fr

dn:rci:ufirjn'ru(r) rvirfrr 0.g ana{flouaul6 , 6n:rrirufirjnru(r)rrirfli o.a ann{founs t0
o t At

ruoydn : rtiauvrilnro(r)rrirfiu o.s anaqlouac 6 qndnlilnr:dniq
)

dr fu uen I d r lu n : fi n'lr u duriu f,n r rrl ulu u a v n ? r u rRE un u! u Ramberg osgood
i o i i - - -- a . r ra I I e a r hyl r a , j 

^diodrruarirrirnrininqnq{Ea 1r-;1urir.r}i6nr{uroqerufirfrnrfiuuryirlflrirfiurirfrrn=n

0'rn flnqil rsyl'irrr ri'ruu: {ra:'rR (or) roriaqfr'ufiudr.rrirdndru rf,nr ocre ril aru

dou (l) (P", = Ao r) aunr:rr?rfrnrfiuurriro;aru1:oldldotir.rilaonfiuludr.rhjdnu{u

4nflnriln1:6nir rfio6'n:rcirufirjaru (.) d.rue{ o.o dulrj ri:uritfidn:rci'lufirJaru (r) firir
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r?sun'ir o.o a{ur illnnsarur:nt{ldstir{ilaonfiu tcdo.:anrirrirrrin?nqn1r""1q{qn

luriarhidnrtju (P", = A.o y) rouarmrhfiarfiuurrirnrd'rd 6n:rciaufiilaro(r) trirtiu o.:

nnn{flouac to , 6n:rrirufirjnru(r)rvirfiu o.+ anariouav to uncdn:rri:ufirjaru(r)rvirfiu o.s

annciouas 6 qnrrnliln',rdrfo

6a
ornnr:rilS uurfi uu nanr:irn: rrr{rirnrininqnluri:.r hi6nn {ur ouarn?'ruu'r?

rfiolrvirfiurarilarucounloutiulffitr:atflanr:njiuurfiurlludr lurirdo s.t 61 5.s rg

arur:aagilHanr:riliuurfiourirrirnrininqnlurialhi6an{uuo{rrnn?ruurarfiuurdrrlurar

:Jnruaouldd{d

rirmrininqn 1r", y lud:r'lil6nr,rtiuro{rn'ra?'ruurarfiurryirrvfirirr?oun'iruavoql

"isaerlr{rrtnrulutourtnrirrrininqn (pc,) ludarhi6nr{utouarilaruasu r{.rpJmuun'rrrfruriuf
gdoti

n?lUlfiultnufl?1UtR:UnltUU Elastic-Perfectly Plastic ttayttlju Ramberg Osgood 4non:ld?uYl

rJnru(r) UndRlilnr:6rio ;otirdunl:fl?luullrfiuurvirfiivrurfinuf,dri',,aru arur:01#1d

o d r.r rJ n o n fiu l u d x hi 6n n tj u rir pJ uu u R : r u firu rYu fa : r u rflu u a c fl ?'r u rfl S u n ur rL Elastic-

Perfectly Plastic ttacltuu Ranrberg Osgood r.,rndn:rrifufirlnru (r) l"[ndntYtol:6uit

fl r n fr- r r : il r uji u u rfi u u : c ri r r fl f,n n r : n a r ru u r r rfi u u r ri r fiu m dn n r : m r?r dn
I

rfiuurrirud: wurl'ir ndnnr:n'lruurufiuunirfinrruavn'lnlunr:rirlrjl{nrtirdriurirnrin

u::rlnilaonrToto.:rar}hJaruaou drfinrrrdufruf,narurduuauR?'rurniunuur Ramberg

osgood urnn'irmdnnr:nr?rf,nrfiuurrir ,r'uoo',od',ur:nl#ldodr.rilnondo rlnrirdn:rri:u
.eriratt

R?lusuQn lxr t r ) rlnrirdn: rrieufi rJatu(r) uauInryRlilnr:6ail Inufi lildo.rfi nr:rirmun
)

rirrrininq a (P*)q.rqalurixhi6nHqiuro{rdlfl?'ruorrrfiurrrir hirfiurirfirfinornnnqar
)

:srdrtr,rriaurrs{n:'rfl (or) roriaqfi'rf,uiinr?rdndrurdntouar:Jaro cto't)(A),(p", = A.cr)

unslildorfinr:rJirLnntirdrtoqern:ruur:rfiourrir rfodn:rrirufirJnru(r)firirr?aun'ir o.o

,-{ 9t- - 9, ,t e d r r v A t ag I t c I atfiuounuilanfl1:14u'lnnriluuml trnflnnnl:fl't'llJUl')tyluutmlnuuilonoun?1flaflnl:ru'lnn

tfiuurrirn:'rpiidunJdo.rfaqrurnn'jr lnursilrsrir.:fifidn:rrirufirJaru (r) #ruci o.o duhJ

r,rdnnr:nr?rdnrfiuurvirtvfiR:ruruurveulunr:rirhll#rruurnn'irrdnnl:n?'ruu'r?rfiuuryir
i o e 9 v d r a t o 9d e o q

tfiortrnrira'rrlo{rd'rilil'rnnrnuuryn0cunrlndrfru{riudrd{rlo.:rarrjorucoulrnn'irrc'lR?1u
4 I I r, a te o s g c a t 9 d 4 I

u1?rYluljrYll ttac tuno{un'l:lI:uonnln{to'ild1l,tu1nntiluljtyt1 uRtlun:0tfl1:un:{ttuu
J

ilatur[le o.r{xdauilu(Fixed-Fixed) rdnnr:R:ruurarfiuurrirt;rrurcaulunr:1#.rru
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r a a v A I d I C 9d v .
ulflRlluo.t0rnflrn{tolrrd1fl?'uJU1?rfiuilril'rnyun'r rnarRU{nilrirfr{uocrarilarueoururnndr

,t o a , ! ! 9 v a r .t a r err t J
rdlr,rfldarfruur?i1 vr'rfreunr:rfird'nrfruurrirrioaun'r:fl?tuu1?rfiutlrrirrrl#rJ:vgnrinr
t

drrfnr::rlnrJaoarTuuocrarlfiilaruaouldlnul{n:rr'loofluuurdr (column curve) fi

rirn ua liluxrn: ! run1: oonuuurdrlfirJaruaou{rr 1 cio}J
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alilnanr:6inur

6.1 HaRmnr?ocroudunrrurhfrnrfisurrir

trnnr: f,nu runun: ?rdou dunr:ilrJrfinrfi uurrirnrunr: r.rfi g.r dofi du gluo',,

r{srultiururtrnnr:Iriunrrlud'lrdnr{u'h rvarur:nl#ldotixrJaonfiolud:.rhi6nn{uld

nio hi crru r: oa1il nonr: fnu ruac fl anr: n: rtaou 1d6'rd

n:dn'lrufrur{ufnrrurduunrR:turniuauull Elastic-Perfectly Plastic ertnr:rfir

finrfiuurrirhiarur:nl#rJrrgodr'rri'rrfnu::lntouarlfirJnruaouluriarhjdnn{uldotir.r
lsicegodtarrrr

uaonRU tlJofl1o{{o{rd'D,tu'lnnriluurTtluftlulnn?1flng8l:cr?l.tru?u[t{n:lfl (or) xort
u.-iA9v94r-loii-o
?dqnuiluYr?.rulnnnluranxo{rd'njaludou n{uu fl1nfl1ilugfllrltrufl?Rqn (pcr) q{qn

luri, .tlddautju.uouarrarirdnrfiuuryirlflilrfiurirnngor:ru'irruri':uu:{n:1fl (or) xoriaq
-jievedilufr ufr rnrirn'ndrurdn.uo.:rarilarudou (r), 9sdl

dufl 1: l{ ulnRrYt uurnl0e d'lu'l: otiufrufrtttirdn6rurdn.uo.:rarilarudou (A), (P", = A.o y) dunt:?trild'nrfruurirovatut:o

1#rl:;gndnrrirnrinrL::Unno{rdr'lrftJaruaorlurirshi6nutjuldodrrrJaonfr'u rlnrir
vavr)
dn : rdaunrlute Qn 1xt / r ) r1 ndn : rd'lu fi rJnro (r) In anrunr:dn il

n : 6 n er u fru rYu f,n r r urf,u uac fl ?1 ulni uauu u Rarrberg osgood eu n r: u rirdn

rfiuutviraur:ol#rJ:sqndn',ri'tnfnr::qnrouarlfirJaruaoulud:rhi6nnqiuldodx

rlaonfiu rfiorirdn:rrirufirjnru trl firirdruci o.o tiulrj usirshirjaonrYurfiorirdn:rci:ufi

ilatu (r) fioun'ir 0.6 a{u1 nrnrcl{aunr:rdrdnrfiuurilrluri.odldudlorjaoafiu osdor
,

drrunrirrirr,rrininqnE{cln 1r-1lud:rhjdnnqiurocrerrfirfrnrfiuurvirl{hfufiurirnngor

:cfldrcrri:outitat1fl (or y to.riaqriufiudnrirrfi'ndrurf,nro.rrarilaroao 1) (A) ,(pcr = A.o ,)
ud:rJfranrirrirrrininqnq{qa 1r,.; ludrrhjdnr,rtjurorrarrr?rdnrfiuuryirnrnruri'r

dn:rci'lufi rjaru (r) d-rd dn:rriaufi rJnru G) rdrfii o.r iliunnarlouav r o, dn: rciaufi ilnru

(r) rrirtil o.+ rj:-uannrlouavto uacdn:rd?ufirjaru (r)rrirtiu o.s rjiuanariouavo.o r1n
)

a n r il n r : u' n ir a u n r : r rh frn rfi o u rri r6m v a r ru r : n 1 #l do ti r.r rl a o n fi u'l u ri x hi 6n r { u d fr ri r

6'n:rri'rufirjaru (r) risun'ir o.o
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6.2 fl aRrrnt?oiloudunrra?rilurxriisurdr

-leriaurt-uur01nn1:Iri{rnrylud:rdnrtiu'ir ruflrur:o1#ldatir'rrJaonfio'ludashi6nu{uld

dn:rrirufirjaru (r) dqud o.o duhJ nfinnr:mfirfrnrfiuuryirrvfinrrurrrryaulunr:rir}Jld
r s a , d o s g o d l < i e yd v{'luu'lnn?'lflnnfl'l:R?'luu'l?rYtuutYt'l ruo{01nn'ra{,uo{trrlilu1nnriluutm1teufl'l tnarnu{fiu

4 d , j i oi
t'tflfl1:f,nulrtaynt?0do1jdufl'ltR?'luu1?rltuutil'tn1lJn1t1{71 4.7 0r{uflux'liln1t

uia}i drrlffi orrlilHanr:f,nuluaufl anr:n:maoulddrd

rir n rin i n q a (p*)1 u d a r hi 6n r q! u r o r rd 1 n ? 1 u u'r ? rfi u u rvi r r v fi ri r o { n r u 1 u
,)

,riourrnill?rrininqn 1r",;lud'l.rhi6nn{uno{rdrila1u6rou rirliluurLnrruduriu#nrrurflu

ttflun?liltfl3unttulJ Elastic-Perfectly Plastic ttautlUu Ramberg Osgood rlnrirdn:rri?ufi?'llJ

tzea (KL / r rl qndn: rri:ufi rJaru (r) 4nanrnnr:Eni{

fluR1rn?luurarfi uurirfi ?yrurfinu#dIdr:',,ar s d?u?r o'l#rJ:vgndn rrirn rin

u::qRto{rarlfirJnruaoulurirrhi6nr,rtiuldotjrrrJaoafiu #olugrl,,uun?rudx}iuf,n:rr

tfiuttacnrrutniuattuu Elastic-Perfectly Plastic ttncttuu Ramberg Osgood rlnrirdn:rriau

n?luss0n 1xt t rr) qndn:rriaufirJaru (r) qnanrnnlrdnir

m fin n r : n a r u u r : rfi u u rri r fi n'r r u er n a n l u n r : il r hJ 1 #n r ri r d'r fu rir n rin u : : r1 n

rJaonfiutocrerlfiilnruf,ouulnn'irrdnnr:rr?rdnrfiuurrir ruiomrnarur:o1{ldodrr
r e r jr a I

rJaonfiu qnrirdn:rrilun?rxree a (KL / r ) qnrirdn: rri'rufi rJaru (r) unvrlnenrunr:0nil
s Jh ry a o i s a o r r ra r a I
lnufr'tri6o.rilnr:drrunrirurininq n g",) qrqnluri'lrhi6nrtjuto{rf,tn?ruul?rfruuryil
r ra r io r r

hi rfr u ri r fi rn n 0 r n r{ a Qot : u ?r ?lm u ? u u:'rr R : 1 fl (or ) r o r iaq fiu iu fi n rir dn dr u rf, n r o { rd1

ilnrucou (A), (P", - A.o r)uac hids rfi nr: rJ fil an drdsr o r rarn rru urlrfi urt rriudu
dn:rri'rufirJaru(r)frrirdoundr o.o rdu16uatiunf,nnr:nr?rfrnrfiuurrir uciilfinnr:n11rrur?
4ta|ytvrrvariitdv,srAa

tYluutYn0cuxonoun?1il4fln1:uulnnriluljril'ln:{lnilduruno{?dqulnn?1 taut0fl13r?{ytu
q r a r .. O r e{
On:ld?uYllJalU (r) n{tln 0.6 t u

I J,,
1U til ?r

drdruoctarilaruaorurnn'irrarnaruul?rfiuuryir unvlildorfinr:rJiuandrdrtouarnrh6'n
d.rtdll ,Jtfroutviruntiun:frnr:0nfrrtuurJarur{raor{rsf nuilu (Fixed-Fixed) rfinnr:n?1ru1?
A r o rl tl r e 9 o a , i: i o d rtTluutYl'ltrrlllJlsdu tunl: lt{1uulRn?lflannl:?rrirfinrriulrytl li{ildunl:?rf 16nrfruuryil

uioeunr:n?lu u1?rfi uurvirrc lfiJ: vqndr rrirn rinu: : 4nilaonrYutouarlfirJ aruaor ldln u

1#n:rv{oonuuuldl (column curve) fidrrunlfluu1n:!runl:ooRuuurar'lfirJaruaoreixl

ciolil
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63 ntlt{ooRttuuto{tgl (Column cune)

I e d r A d I h rqrO o
fl u n'l : fi u 1 n n ril uu rYr'r?r : o 6ru fl 1 : R ? ]u ul ? [Yr uu rYr 1 0 y tu t, tu n 1 : fi 1 u ? at r 1

rirurinu::4nilaonfrorouer}srJarueoulaun:q nr:dru:arrrrirnrinu::qnilnonfiuro.r

rartirJ oruaou drfi lrJ uuua:ru frir{u f,nrrurdu uay fl ?lu rni unuur Ramberg osgood
gorgoaradrrot

e c6orilrrirnfird'nrfrurrrirrTonrruollrfiuurvir uvrurirnrluEn:rorn:ry'loonuuurarfi

urn:grutdrrldruual{ rdofitr:arrqn:to{n:lr,loonttuuto{rd1 (column curve) oyfifraurJ:
io - A ?) e r ro I
fitirf,tg 6o rritdnrer (r) unvfl?ruul?rdl (r) il:lnfloqiluqn:uu1

eY s I v a r I I o - - ! v
fl 1nIf,?r d'nnr:mfrdnrfi ulrviril:rgndn rrirdriudru fnu: : qnrJaonfrur0'ud11fi

rJaruaou osrirldlnunlruvrurir uiltilamt u) dunirfr'nrfiuurrir uaarmun?luul?rf,l
J

Q) dx fl?'ruul?nouarilaruaouluqn:n:1r'loonuuurdr ?nnrild{irLrirurinto{rd1ilfi1
e A , io ,tlat I r r r o - j j I v
nntnUUlYl'lYlnlU?01 tnUfllUoUn?1fl4efl:er?1{l'lu?Utt:{R:'1fl (o/ ) r|Ort?dqnUTlumilulna

drurf;ntortdlilaluf,ou tzl rcld'jr rirdriudrmfntoqarnr?rfinrfiuurvirfir{ru:arldrfu
4 o e q ! - t q r 19 o Y

rilurird'.:fuilrmfnr::qnrJaonfiuto.:rdriln1u6rou ucidrflrnrirdlfiLrirrrinxo'rrd1?rfitdn

rfiuurvirfiriru,larldfirirrrnn'irriorrirtiunnqu:ul.r'i1{nrj:uu:rn:r n (o r) to.riaqfiu
l;eteed.-
frufrnrirdndrurdntoudlila'rudo lJ (A) ncldrirdriudrrfnu::v;nrJaoariulo{rf,1ila'ru

dr r e r r q q i i 9 c 9 daor iirirrrirriunaqor:rrir{ril?uu:{fl:rn (or) to.:iaqtirn'ufrnrirdndrurdnrslrar:Jaru

aou (l) , (p", = A.o) udwfinr:rliunndrdrrouarrrirdnrfiuurvirfir{ru'larldtrnn:rr'l

oofl uilua,ufisrirdn:reirufi rJaru (r) fioun'ir o.o

drr iu nr: l#m dnnr:nrtuorrrfi uunirrJ: rqndn rrirr rinu : : r1nilnsnfiut o{rar'l#

ilnruaou wdoruyrudrurhdnrar u> dtaui'tdnrJarudrurf,nrocrarilaludou uaurryruril

n?'luu't?r611 121 d'lun'lruurarfiourvirnrlugn:ro{R:lr,loonuuuld'l rirrirrrinu::URto{rd1

naruulrriiuurrirfi r{ru :or ldrvrfl uriru fnu: :11nilnsafrutouarh?ila rueou
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e.l {otrusuuc

6.4.1 nr:f,nurluofodldf,nrrrarfi fi rlarsdour^rrnr.rr6ua6odru 6nunsrfinnr:
)t

Iri{rnrsilN#rua'n dcfudlol#n:ounQuqndnuarynr:aortouJarurar n::rirnr:fnurlu

n:66u t dru rdu rarilaluourdlrf,nrfianr:Iriununrrdrunlrc niorarfifirJnludou
A Si I I A I I ct I

cto{YtflYr l.t lfl {tnlen 1u afl fl : on lu n ?lit tilunu
)J)t

a.q.z n:uf,n u rlu n fc fi ldf nu r ra r lfi fir riu rf; o h?n : o u n q u v1 n iaq n : :
o 4 c ao j i a r d a a 4 y

Ynfll:flnul lun:il?rrqourilulnr rru rd'ulron rd'roQUruuu luunu

6.4.3 nrrf,orlluo9odldflnulqxrsn:6iuu:rnaotirqfi ur uirarluln:qefi .r

,)
r?qosiuri.ru:rnauaclrruuddnnlarfiu rfarariru:.rrdoEud 6sn::f,nurrf,ufirlun:fi

n,iRar?
J/

6.4.4 nr:f,nu rlu nir fi ldflnu rrn n ru n: drd1n firfrnfi'u ud rerluln : { air.r ri.r rc
tJ

finr:1#rrurd'rnaunn?lfifirJaruaourYreowl'anrr rdurarrflf,niun:{Inudora'irrnluouu

m f o ra r rr f, n ir fl r u drg a4 u lyh : r r : 6r n a : fi n u r 1 u n : fi d,iu rn'r dr u

t
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AAg J g
frif,no u6,:reur uncflolu. 2548. 'ffunr:uuydrlunr:oonrruudruilnr:Irilrnrvrotrer

ial q r a a < r a lrA
tvqafifirJaluufl au", lu nr:rhvquirrnr:in?R:rrlurrtnilrrfr aicfr lo.

ilYlU1 : Ul4l?mUlnuil:&noUlnAlnU:J:.

iu'n do?riur, ?:u'A do?rf,u: uav?lflruf :io?riu:. 2sls. drfliirg naarrniiuq.
a I lA r v v J a I
tIUtIfi: {71 7. nI{tililUlf'llJfl I : fi 0 n. il. ftlJtIU [ ?l'l0l{U.

?6tyr. l0O2- 1 6. 2517 ."u'rn:!'ru drriurrulfi", irznr:usoruuriqJrvrnsln:,lunrsuiu

ntrrJf,uri.
q 6/6 J
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nr:ilnsoulfilufedfiffinr:

o- o'o r - ai - I ! enuifiufiijqnil:ca{riryt=oirn:rrrixrilrnrinu::qnxo{tdl}hJaruaoud:u}J:un:l
looriaqr+ra;,{ABAeus 6':lunr:6rno,qIiluililrarrn'o1r?I:J:uR:u ABAeus Trn:rcfiHa {oxadrrlqfi

tvdorfloun.rluIrJ:un:u ABAeus n'o ;ilurlun'lruduriuf,to.rn?lurrluunsfl?rurnEueu0,i
- iq ^ a lla lye i a I o rrro 9 .asa )
?flq .r{ tu?ytuluilurifr fro hi d'uiuoldocfirnr:rnrou}?1u#olrJ6'ri6nr: rf,orrgiluur:

ntrudurf,uf,torn'rrrurduuacnmurn5untorh?drrftldrflud'lumuro{a?txdufiuf,xo{

n2lutfiuuaun?lxrn6uatoriaqfinrrirnr:if,unioti ;ru,il.rlfifivraaourflu}irdou{r turn

5.00 crx.x5.00 ctru.fi'lluul? 15.00 $u.'firu:u : 6:odrr 'lnoldrfirnr:nndouluriolr.lfrrifinr:

tornatvin?n::uflrrrnf uurimutduqua:rrlrfi nanr:nnGyouGnlJt:oriuun:tllueat
., q I , d t, o e e Ifr?'ludunuIt o{R?lulnuunsR?'turn:un10{ tii unvdlul:ofi1rilnR?1u3r!fiurt orfi?1u

9 a tc, Aa r

tCluttacRtturn;unxo{lfi uuu Ranrberg osgooafifigileunr: e =(o / E)+0.02(o /325)s2

drnrnfi R.l uas n1ilfi n.2 n'.r n.t rflunrnciruralcilndoulurio.rrJfrrifinr:

n fl l'l uf, non:ru {ur{u6rnairon:u rduuecR:ru ralue! a oti

s00

450

^ 400

E sso
Y;

€ soo
cc 250

€ 200

F tso
rrc too

50

0
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ra .a t t ! -- a '
nudiuurfiuudraeruunndrwclrirmrinToqnro{trrrlorarourficmrnnrrliliurirudes

-!a.alv(Element) nUaUmUnnnl{RU

J,

rirnrin?nqnluriaqdnntju to.uarrJalufl ou fi fi n :ruura a00

J

nr:uri.rf,urirudou (Element) rrnurjruuruurnrirfildryfinrrunarnrn6oufl.r usig

rrnurirotirsny16oa ririildrvlndr6usfiurirgndourdrvldnnrlunr:irn:rvr{urundrnr:

urirotirrruru luu:nriunr:irru'u.rruifiu 6rldvraaorlf}J:un:r ABAeus ira:rcffir

sr,. Inuril?aurfi ou :s ?r d r.r
9t

Surirufifitula 0.25 x 0.25 mr. fiurura 1.00 x 1.00 rru. il:rnnnanr:irR:rcr{nrunr:xfi
)

t. t d:unr: r{ r,.2 0eudnriouacrorri rRrruunnsi rwo.rri rrrininqnfi irn:rs#1

l#turndu cieudou (Elemeno unndrtiuto.rdu ci'lurum 0.25 x 0.25 cffu.uou t.00 x

.94loqaEtArtaa
fl lrl.flr r.l ult{un?nqa tux?{unfi quto{rftlilnludouYnJfl ?1uu1? 400 cru.

vA
nruo{01flfl1:

l.m.ilu.

altulf,tuo?u

(rr.)

(fiIanil)

r<1.3 r<).4 r<).5 r<1.6 14.7 rql.8 r<1.9 I:l.0
as

llfluf:r

0.25x0.25 1288.0 1890.0 2567.0 3314.0 4131.0 5015.0 5965.0 6979.0

l.0Oxl.00 1276.0 1873.0 2543.0 3283.0 4093.0 4968.0 5m9.0 6914.0

aJata
lndnt{ttljut nttuu-oox l,f u(Fixed-Roller)

0.25x0.25 2570.0 3810.0 5205.0 6746.0 u26.0 10241.0 12187.0 14260.0

1.00x1.00 2547.0 3775.0 5157.0 6683.0 8348.0 10147.0 12074.0 14128.0

aiarl
ln6niruu u6auilu-rJ ci o u6a: ;(Fixed-Free)

0.25x0.25 M.0 778.0 946.0 llll.0 t273.0 1432.0 1590.0 1747.0

1.OOx1.00 598.0 770.0 937.0 l100.0 1261.0 1419.0 1575.0 1730.0

ai.rl
lndni {ttuudnttuu-tiiouer lur 1{(Fixed{uided)

0.25x0.25 4980.0 7N6.0 10137.0 13155.0 16444.0 19994.0 23797.0 27U3.0

l.0Oxl.00 4934.0 7337.0 10043.0 13003.0 t6292.0 19810.0 23577.0 27585.0

a&ard
lndat{rrulJUnrtuu-ra=ouf, lur lrr(Fixed€uided)

0.25x0.25 1423.0 2007.0 2659.0 3380.0 4t72.0 s035.0 5972.0 6981.0

1.00x1.00 1410.0 1987.0 2634.0 3349.0 4133.0 4988.0 5916.0 6916.0
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nulrd t.z louac,uorrirRaruunnsixtorrirrrininqnfiirn:rsr{'ldruio.rtrnnr:1#r,rlrdu
)

ri:utiou (Element) unndrsfiutorf,uri:uturn 0.25 x 0.25 .rr.lrael.00 x 1.00 cilu.

a

01nnr:rir t.z nudr rirazruunnrirsta{d1ilrininqnfi?rn:rcfldornnr:1#r,urndu

rirutiou (Element) r,urn 0.25 x 0.25 cuu. uae nuln 1.0 x 1.0 .ur. firirqrqarvirtirlouav t.or

dro^o'irrflufir?oucrlr:ououiuld iyruru'yruf,d6r1#1#turn durirudou (Element) 1.0 x 1.0

ryu. lunr:,flrnotliluuutoucrlunr:irn:ryfrtirrrininquvioludrodnrqiuuavhl6nn{u

ciolil

{ouos rorrirnrruuanir.r

r43 r<1.4 r{.5 r={.6 l,4.7 r{.t r{.9 11.0
aiaa

1n Un : tttUUUnx rlu-Ufl l,t {u(Hinge-Roller)

0.93 0.90 0.93 0.94 0.92 0.94 0.94 0.93

aiara
1fl dnt'lttUUdnttuu-dnil ryu(Fixed-Roller)

0.89 0.92 0.92 0.93 0.93 0.92 0.93 0.93

a&arr
ln6niruuu6nuriu-rJriou6rr: i(Fixed-Fr€e)

0.89 0.92 0.92 0.93 0.93 o.92 0.93 0.93

aJa'l
1ndn5.!uUU0nttuu-rdoun ru: r(Fixed{uided)

0.99 1.03 0.95 0.99 o.94 0.91 0.94 0.97

ai<rl
lnde5{ttxUdnttuu-t.iouetUt t{(Fixed-Guided)

0.92 0.93 0.93 1.16 0.92 0.92 0.92 0.93
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t. nrr{itao{Iilrruurnlorasou

J

t.t nrrdrnuniudzurioa (Ehment deflne)

rerrvgnuri{n'ruuu?n?rua'nrflu ro iuci'lu ucinsduriaudn t.o Gru.q{ r.0 lril.

Inufi nnrun{rrn'rfi rrirti:rRrunirrto.rrerrrirfiu l0 Gru. durteutit#fio sota element 2D

4 Node Tu'fl Ptun" stress 6o cps4R nr:rirrunfoduriaunruuueR'ludn rrh{,fir,tdd
i q i:Jo 

ntlrjaruaelnln 1,2,3,...... l0 d?ulultu?n{tilu1uilae 100 nln l,l0l ,201 ,..... tut
9 c 9 a s r ir i , J

rd1n1urnnuuqa t,ulnm1inluanreana{n'ruon:'rd?uililalurdl n?luq{1o.rTud?un{yt

rvirtir t ryu.6ru:uunaduogjfiun?luul?r,ouerrdu rdlur? 200 errt.6rcfr 200 ucra rfludu
itira.nrilfi n. I udn{nr:u1i.tfr udruuir?uilalu! ludrulx qjrouer

t)a-rd
tto?Yt I Tud?uYt 1,2,3,4,5,6,7,8,9, l0

tJaara
llo?yt 2 aud?uyt 101, 102, 103, 104, 105, 106, 107, 108, 109,

ll0
ai,i

rto2Yt 3 ,ud?uIt 201 ,2o2,203 ,2U,205 ,2M ,207 ,208,2@ ,

2t0

x ril6uuuila{rlulfl nlurirdn:rri:ufr rJnru

A
I

I

I

I

j
t
F

-(F
o7
Gq
@
=(-e
IE

201 202 203 2U 205 206 207 208 209 2t0

l0l 102 103 104 105 106 t07 108 109 ll0

I 2 3 4 5 6 7 8 9 l0

i ,{nrilfi n.l rn:uil.:fr u riruuir:arilaru1 rudrulu {n olrar
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ri:uil arurardru rf, nuu qa rr gnuriufl u t o du cieu r:iu tiu utd t u rn vr rq dru dn t r
o r A, t I s , i, r o

ana{nluon:1d?umrjnlutdr rdu drdn:ra'luilUnrurrrlryr1nil 0.5 rc'[dn']rudnro.rfldtdn
ir c r - - l: t i, d

rarfirJarurfinuuqnryilriu 5 .ru. fi{fufruri:ufi:Jarurdnuuqnrefiruln 0.5ox1.0 oru.
a

R?ruq{ro{iuri:unlfirrirtiu I !ru. nl:61run Element trdruunlnol#rirrir
TELEMENT nud:utfinro{ Element, do Element , fr'fin x-y tto&Qslaurin^nrlifl?R::u

rolieq rdu

*ELEMENT, TYPE:CPS4R
tr]-,2r 102,101
*MATERIAL, NAME=WOOD
*ELASTIC
1.36E5,0.25
*PLASTIC
450,0

. ri
1.2 n1:6tilunqnr{oiuci?u (node of element)

nr:drnunf,o Node wl#riudufinv t n1R I ,2,3,......10n1uuu?nmudn ri,lu
o A iJo
lurruaa-crfiuiufias 100 rln I , lol ,zot ,..... rufisrJalurdldrurdnuuqn Ebment solid

2D cPs4R ocfi 4 node fignr{toit node nrur{lurfinr rdu
j

ElementYl I node I -2 - 102- l0l
;

Elernent 11 2 node 2-3 - 103 - 102

Blementfi lOt node l0l -lO2-202-2Ol
j

Element Yl 102 node 102- 103- 203 -2O2

202 203 2M

Elem.10l

l0l

Elem.l02

to2

Elern.103

103

Elem.lM

104

Elem.105

105

Elem.l Elem.2 Elem.3 Elern4 Elem.5

r23456
t

n{R]ilm n.2

206

106

nrilfi n.2 lnri of, u rirudou (node) i,o{rjn lurdrdru}aqi
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nl:filflun node nsldtil*o *Noop nrudrufio node , firin *-y toit node rdu

*NODE

t,-5.00,0
11 , 5.00 , 0
2000L, -2.00 , 200
20011, 2.40 , 200

I 3 nudrnunqotcurmilN?fl ?n::rmriaq Gnoperty of Metertal)

qor aurifi vrrrisrn: : rt oriaqfi do r drm u nh?hJ: un: u 6o rirluqdadnrn tju
J

(Modulus of Elasticity) trnsdn:rrirutotil:ryol (Poisson's Ratio) sruifrufilddrnuniaq

rfl u birfi ufi r fi rirluq dadun tjurvir riu 1 36,000 n'la nfrdon r: rrrryufiru n : uay Eir

qtqllyatv
f,n: rriaur oril eryorro.r'lriil rvirfru 0.25 d rdqfi 1#61n unqu durin'toriaq6o

I
*MATERIAI IIAg *ELASTIC dIfi

*MATERIAL, NAME=WOOD
*ELASTIC
1.3585, 0 .25

" a j
t.l nr:drnunpEnir (Boundary)

n 1 : d l u u n n adn ir t y ti ru un fi Noa" rl a rurard'r ao { {r r I n u n r : : r q degree of freedom
t9t

fido':nr:6nis hilhj:un:uyr:ru drniu degree of freedom (dof.) dtq"ltsfinrrurtrudtfi

dof. I 6o nr:rndoufi{os node luuuaunufi 1 (unu x)

dof .2 6o nr:radoufiToc node luuu?unufi 2 (unu y)

dof .3 6io nr:rndoufitor node luuur,,ord 3 (uflu z)

nnn{u tcdnfqldhirfinnr:rnfioufi luuuaunu xJ uduoul#ur1u:ouunu x,v ldriufio

do.rrirrunlfiIil: un:uyr: ru'irrsdn9,r dof 1,2 rdu

dof .4 6o nr:rrlururuorfi 1 (unu x)

dof .5 6o nr:rryurur,,nrd 2 (lrnu Y)

dot. G 6o nr:rryurur,,oufi 3 (unu z)

nr:rirrun1u6r9o1#A'tdo *souNDARy nrldru node uou dof. rdulndnfiuul

*BOUNDARY

NODE, L,2
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rs rirnrinfinrc$r Gord)

tJ

fitrmr{arnruuil?ni.: (n^flyrrr -n r{rd.riil#n'o *cLoAD , node firhrrinn:vfir , figflrcro,:

9-

rirr rinn:s dr tsrirm u nrfl u point toaa 1#n: g rirfi node ila rurauudru rf, n In ufi

-6000
-30 00
-3000

2,
2,
2,

t J ) t t9

rirnrin uact uln$onirrrin d{fi nrilfi n.3 udn{frnuarcfidrilfnn:srirtiurerilnrooou

Total Load lOP
*CLOAD

NLOAD ,
20001 ,
20011 ,

I 4934.2

wldrirrrininqnlurirrdnr{urrirfiu Lor4%4.2

. tt
at I aO U O C iRliln n3 anuilemulrufln:yYtlflilrdl:Jalurrou

1.6 fl rrtrfrmvriuasucn*ta

a lA i - o e r I r t9o n' An1:-rn:rulirfiourfrnfninqnludt6nn{u nvlfrirdr rsrEp, *BUCKLE tu-o

Iil:un:uirn:rsr{nariuulsuudr ocrlda{flnrflurir rtaerwAl.uE mode ii r ovld
i-oir,rtar!-Ao,'rirrrininqnlud:q6em{u n'o flaeu:su'il{lirfirinfrn:cfi1fr{flun(Total roaa) fiu rir

EIGENVALI..IE

o &o I
ftld{?ln:1sl.l
*STEP
*BUCKLE

1,

fl'l:udn{fla
MODE NO EIGENVALU

4s34.20 fiInnil
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v t - aZ v a a I A
z. friodrsnr:Tm:rcririrrnininqaluirGnu{ulo$crrlarssou

v r c r joe ! i r r u a J a Irdld?od1.:riJurarilaruaorfrfrri'n:reruvrilarurerrrirrYu 0.5 lnfini{uuu8nfi{ufi.1
aoq{r.: rJarudrulnqjfinrrudnn.rfirrirtir l0 aru. n?runil{rorrrdrn{finaoafl?luul?rdl

rrirtiu 10 .ru. Element fraorgiluuilrdrfio Solid Element 2o yfin Phn Stress a Node f,o

cPs4R nula l.oxl.0 .ru nlruul?un 400 ryu. Sdqtoqarrflulfiufou{rfirirhga'adnr{u

rrirtiu 13,600 fi'laniucionr:ruryun-run: ilil?uu:rrfrufi1nn:rnrrirriu +so fiIaniucio
AAaev/tYvA

fl1:]{lcrunlun: tlaeuIutrililn?ludlJtrutr:sl.t?'l{ft?'tlJtflunun?1!tn:un tluu Elastic-
!

Perfectly plastic d{nrilfi n.+

P:Ib

v
d - v r ict s r a de r d IRlilil n.4 AflU0rsrdllJalu6t0uyrrljurcYln?oul{n1:?tn:13?t lu!?{unilqil

File Input.inp
*HEADING

Elastic Tapered HR-L400 r0.5 CPS4R1.0X1.0 thickness 10 cm.

*NODE

1, -5.000,0.00
lL, 5.000,0.00
40001, -2.500, 400
40011, 2.500,400
*NGEN, NSET=NBOTTOM

*NGEN, NSET:NTOP
40001,40011,1
*NGEN, NSET=NCOL
7, 40001_, 100
2, 40002, 100
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3, 40003, 100
4, 40004,100
5, 40005, 100
6, 40006, 100
7, 40007, L00
8, 40008, 100
9, 40009, 100

.10,40010,100
11,40011,100
*ELEMENT, TYPE:CPS4R
1, l, 2,102r701
*ELGEN, ELSET:ECOL
!, 10, l, 1r400r100r100
*SOLID SECTION, ETSET=ECOLT MAT:WOOD
10. 0
*MATERIAJ,, NAME:WOOD
*ELASTIC
1.36E5,0.25
*BOUNDARY

6,L,2
40006,1
*STEP
*BUCKLE

!,
*CLOAD

40006, 2,-7
*END STEP

t
rdo}J : un:ruirn: ur{na6uuiouud? nu uda{ Halu File.dat 6'cfi

EIGENVAIUE OUTPUT

BUCKLING LOAD ESTI!,IATE : ("DEAD" LOADS) + EIGEWALUE * (rLM"
LOADS) .

TDEADT LOADS : TOTAI LOAD BEFORE *BUCKLE STEP.
trLIVEtr LOADS = INCREMENTAI LOAD IN *BUCKLE STEP

MODE NO EIGENVAIUE

t 2542.6

THE ANAIYSIS HAS BEEN COMPLETED

ANALYSIS COMPLETE

ryldrirurininqnlud:rdnn{urrirtiu t.o*2s4z.6 zs42.6o fi'lanil
j

R1ilil R.5 ria& fl.6 rrdn{dnuilurdlilaludolJdourravudsnr:im:rcf



143

:FBFHtstsEq-FiaS
dc *c sq8ilG aa @64@ o %tr it
d:rfuw o,cf'@:fiEsmd'

I=L
f,G.
LE.
ffi
EI.F
P.
J, E:

?
mtr
frt
q,tr

L*ffi4 -"-ElElElEl
tr
E

rtu brd -a6 d.r .*-.r3.o ...-rI- ,o -.
::.r:'o:,.*0.*-.- 

D&D,P? 'f&. ..$r k1 tu tr o:orro. rr E. e&. iD roro

d. 1r t@rdE I lgr.a

lffisG]]

isrroalnrilfr n.s d'nuarsrfllilalufrouriourirnr:1fl:lvfi

TBFHBFBTFie&
es +Csq8llE AA @@6fl O "dE ir

EL
lL
LE-
ffi
9.8
tr
J'EI

t
tstr
Eil
!iE

**o@ oi- lEi3IEld
tr
E

rt1 E t2 lrol,Oa l! !L sdrd tL l0ro

ErjdE:lta;FG::]

aavlooad
nmln n.6 aflU8turdlil aludour a{rilR]:?rfl :'lcl.t

V.Bion65llvrdFill
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1. nrr{iraorgiluuuurrJoraceu

n r : 6 r a o r g ilur u rar rJ o r o ao u dr r fu irn r r s #1 u rix hi6n n {u rer ila r uao u r v fi
q A e .l t A r I tay Ay o i a o v a I
anuorclxuouflu lu$?{tunilquUnil:snr: unu{o{nmno{rill,runnrurnurlrxirnr::rR:rvn
erLiAr-!
tuT?{r luunflqu n{u

1.1 nrrdrrilnqorilurmxl$i?nrrilao{irq

qildilffi fl 1{af,?n : : rlroriaqfi doq 6rn ua lfiIil:un: ru n'o ri rluqd'adur tiu

(Modulus of Elasticity) uavdn:rri?uto{ril?0ror (Poisson's Ratio) {luif,udldd1fiunidq

rfluhirfinfir firirluqa'adun{urrirriu t36,000 6lnniurionrrr.uryun'run: rirdn:rriau

{o{il?ryo.rxorlfifiryirfiu o.zs uasluio{nrnfirnr:irn:rc?ilud?rlddnntju 6rdsrrirnun

!nn: ln(Yield Point) d.:fi riruirfiu +so fi laniueionr: rtrryufi run : Inufi grJuuun eru dlr{u f,
t 9 u a ; o - aA a r a r a i t a

:ul4?1{n?1utflunuR?1urfl:unm0yvl'lR1:?tR:lefililil[nunlnT?{unrquofll{1I{IlJrtuufto
iara

trull Ramberg Osgood fifipJrrulaunl:fio s =(o t E)+0.02(o 1325)s'2

o^qa-!qilduilnxo{?dqno *MATERIAI un3 *ELASTIC n{u

n:6n:rudrr{uf,:srdrrnartrduriun?tuln6unuuu Elastic-perfectty plastic
*MATER IAL, NAI,IE:WOOD
*ELASTIC
1.3685, 0.25
*PLASTIC
450,0

ageltYea
n: fr nrrufuriuf : cil ir{n2lurfi uflun?turn; unuuu Ramberg osgood fi fi grluuu

amr:6o 6 =(o / E)+0.02(o /325)5'2
* MATE R IAL, NAI'IE:WOO D
*ELASTIC
1.36E5, 0.25
*PLASTTC

90, 0
105,1. L3E-4
120,2.298-4
135,3.488-4
150, 4 .7 4E-4
L65,5.078-4
180, 7 . 508-4
195, 9.08E-4
2L0,1.08E-3
225,L.288-3
240 t L. 518-3
255, L.778-3

o J iocro
ftlcf{Yt tan'lfiun
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27 0 ,2. 0BE-3
285 ,2. 4 4E-3
300 ,2. B6E-3
315, 3.35E-3
330,3 .928-3
345, 4. 608-3
360, 5 . 3BE-3
375,5.30E-3
390,1.36E-3
405,8.598-3
420,1.00E-2
435,1.]-6E'-2
450,1.35E-2

" J- .
1.2 nrg.i?tntlvilfla

i a i - ! o1r tratfiortrnnqfrn::utorrdlfioldrfurirnrinosri':rhl8nn{u ld'r0srfinnt:Irilfr:odrt
aJ"u1n R1:-ln: rurin rrirm rininqnlu rirr hi6nx {ur ouer rfi rldlnunr: 1# Large

disptacement Analysis laolirirri.r NLGEoM dlhJ:un:r ABAeus ldt'nrniuull
oea/.aa-!dmiuTrn:B?ilun:fi Large displacement Analysis dlfi

*STEP, NLGEOM

r3 nrrlriworiuurn

rertirfi l#rruIn:rafisrtatj whirfl urarn:rnluuuu61norfi l#lunr:oonuuu uei

a si 4 9 I a r <, d e

tuunl: tn{{orafluou cr{r:ufl?1 n'r: ln{{or:lJtr:fl fl410{R1:lrislsrilu:nccfirl#lirilfn
iegraiJcctr-tu
YnJlfl:s?l1flUld1rflnR1:rUO{EUUOOnt'lnuullnillOitrct'r ril lr.rR1::Uri',lnunlo,ild1 uonnln
- ! ' ,rnuud? rsdoriu'luruuddnfilfinrirrrinn:rrfirrdorEurirn"udu6n uavtv:lju'muRnluuuzr

rfiorirr.rrinn:sfirrfiuurntjutsrfirl#u:{6nn1uuu?uRurd'rrf,utJunrrhJdau u:{dnn1u
e Q I .a.- -- I r o ! r a i /e d a r i t , a v

Itu ?ttnu 0 e il 1 ttl td'ltfl n n'l : tR { n ?u 1 nt, u fl ?'r rn u I u [uu n 6 R f] n c u n 1 rillJ n=u rru 16 u ?tIu

Iunrudfirn"ududrflunalnun:rtrnnr:rfiuduxo{ru:{dnnruuu?unu (pdelta srec0 rhlfr
t

R?'rud1u'r: rrlunr: iuriru fnrofl ernnn{od1{utn

=-^J_..^i^c-1._-_1_ , 4 a a joi q c e a e
n { u u ffiI o t fl rdl Yl 0 s Yl 1 n 1 : fl n u lu il q n n : : u 1 0l 3 yt u il't}l u n u'l n : u fi 1 n 6 r un d' t n u

tqfin::lto{tfl1ti{ liluuuitao{r,o{lrn6rdordruunlfifirirnr:Iriwor?uu:n rCotd
)

Iil:un:ru ABAQUS ldirn:rcli Hnro.rur{dnnluuu?unu (ptelta Etrec0 riuruo rirnr:Iriq

lotiutt:ntoo,a',douliulnarta}J6oruirrf:undrriutosR?1uur?r61 1 (L/tooo)drnfu

quifiufi'rn'ohildnnnr:irn:rvrifiay16unuriudrurnSrriu ovl#rirnr:Iriwsriuu:nrrirfiu

n u{.r ri : u r ul q u du r o r n a'r u u r ? rd'r o/ 1 0000 ) lu n r : fl n u r i 6'u n #.r d
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rdr6o Solid Element 2D gfin Phn Shess 4 Node fiu cpS+n ruln l.ox1.0 cru n?1uu1?rdl

v t a t Z ua a t IrA r az fiecdrrnrr?ra:rcrilrrrirurininqnluriulriiinrn{uteumrJar?rseu

q."*tAaal 4let
rer6'eotjmrilurdrilnrucrorfifipdniruuu6nilrlilf,iaorrir.: rJarudrulnqifinarudn

rrirtirL l0 Gru. n?1un51{r,o{rdrn{tfinaonflaluulararrrirtiu l0 cru. Element draorgiluuu

oti
200 erri. dn:rci'rufirJalurrnrvi'rriu 0.s iaqro.rrarrflu}irfiufitfrrirlruqfiadnr{urrirtiu

asvtaetqrvrrri
13,600 R tAn:ilnofl'l:l{rgrunrun: on:'td?u10{u?!ro.:ril]nu 0.25 Hu?urt:{rftuillnn:]n

rvasetai-ojrydrerYllflu 450 fl tafl:U9ton1:l,qtcrunrilcl: u1fiunn:gYtlYlljalurdlnluranrn1flu 60,000

fiInnfu uacfi1iluililn?rudurfluf:uritrnarurfruriunrlurniun uurl Elasric-perfectly

-iplastic n.:Rliln {.1 y

v
nlild r.t d'nufl crarilarucoufi rfl urard:otjr{nr:irn:rvrilurialhi6nutiu

lnput File.inp
*HEADING

Ine.Tapered column support is hinge-roller(Taper is
r0 . 5L200 )

*NODE

L , -5.00 , 0
11 , 5.00 , 0
20001, -2.50 , 2O0
2001,1,, 2.50,200
*NGEN, NSET=NBOTTOM
7, ll, 1
*NGEN, NSET:NTOP
20001,2001_1, 1
*NGEN, NSET:NLOAD
20002, 20070, 1

Z
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*NGEN, NSET:NCOL
1,20001,100
2,20002, too
3,20003,100
4,20004, lO0
5,20005,100
6,20006,100
7 ,20007 ,'J.00
8,20008,100
9,20009,100
70,20014, too
11,20011,100
*NGEN, NSET=NDisp
6,20006, 100
*ELEMENT, TYPE:CPS4R
!,!,2,102r 101
*ELGEN, ELSET=ECOL
L,L0,L,7,200r 100, 100
*SOLID SECTION, ELSET:ECOL, MAT=WOOD
10. 0
*MATERIAL, NAIIE=WOOD
*ELASTIC
1.36E5,0.25
*PLASTIC
450,0
*ELEMENT, TYPE=B21
20001", L,2
*EIGEN, ELSET=EBEAM
20001, L0,1,1
* BEAM S ECT I ON, SECT ION=REC I ELS ET:EBEAM, MAT:MATBEAM
10.0,1.0
* MATER IAL, NAIVIE :MAT BEAM
*ELASTIC
1.36E10,0.25
*BOUNDARY

6, 1,2
20006,1
*IMPERFECTION, FILE:IBT0 .5L200, STEP-1
7, 1
*STEP, NLGEOM, fNC=500
*STATlC, RIKS
0.01, , , 0.01,
*CONTROLS, PARAMETERS:FIELD
,0.01, ,
*CONTROLS, PARAMETERS:TIME INCREMENTATION
*CLOAD

NLOAD , 2, -6000
2000'1 , 2, -3000
2O0LL , 2, -3000
*NODE PRINT, NSET-NBOTTOM, TOTALS=YES
RF2
*NODE PRINT, NSET:NDisp

Yl"
*OUTPUT, FTELD, VARIABLE:PRESELECT, OP=NEW
*OUTPUT, HISTORY, OP:NEW
*NODE OUTPUT, NSET=NBOTTOM
Rr2
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*NODE OUTPUT, NSET:NDisp
U1
*END STEP

rdo hJ : un : u irn : r v dri u u f o u udr fl ru'r : o u6rn { n a n 1 : aro : r v flu g rJ n : r r,l fl n

Eam
I ..n,

o.ff, l.q, 2a 320 4.m
OThunuil(on.)

olnd s.2 n:rlluensnnnr:irnrrrr{r',ri',nrininqnlud:rhidnn{utoqer:Jaruaou

9t

drur:orfiuun:ry,l:cfi'iruirnrinfin:sfirtiunr:Irir.rotoqrarldd.rnrnfi {.2 unu n1ild .r.3,
t

{t.4 uf,a{f,nsarsriouuau?rfr{01fl n1:iurirurin

o1nnl?Ifi ,r.z tvld P., lo,l5o fiIaniru

610rt
r0.00

8.m

Icad curve

)<I.tIN 0. 0008+00
)0{Ax 4. 3268+00
l'lrrN 8.0008+00
YI{AX 1. 015E+04
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EEFHAt*BFtF
O%Ei!dc .la$c.ErrE aa @oaa

ht:f.br cafa'Q,@l&-Y

uf-f
lr.l
LLI
ffil
o.Dlsl
^tr1rl
strl.rl
obtrl

I

I

r0.54@,
5,5-r io sD u g:a!E rt d. tuo( rb 20u

n*ufri **BEEE
f'l BEL..rr'Ehhd
P 6[&t.'n'bhdd
n b t--nlt.'Lo-l'bb€.dars(.@EIdb'btrd diEt, U rtbla@ iEDle'
E bt-Fq&ot.'l+r'bbild

lffi-*r1

ie
Rlrril {3 aRusrurflrrjarueourioufi rntTrn:rcf

TBFEA'-BhF&
&tr tte5 .i(e,q,trilE aa @@@@ a

&trr c(r@Y

ELf-
\LI
LLI
ffil
sFlsl
J'El
t
Btr
aa
!-tr

n*o orr@@Q@
Fl *nilu'r. bhhdP tuEdb,tr,bb€qd
E H ffi * tn :El: !3 

= =s 
rE ih 16 ffi '*trd d+t_r' s .t B t @. r! B FE'

luoffil6Eal

io
nffi fi r.l dnuaryrdtilalufl oundrfi rnr:irn:tsd

Y.,.ir,n 1 lli,nviin, ll

bP I D,atE I d. rtdd tb 20u
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nlnHu?R 0

u t a a i qra a
ffaodrr nr:Trn: rvrimrrirnrini nqnludadriiier,r{uto.uarmir#ariiuurdr
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daodr.r nr:iran, r{r',rirurTninqnlurixlriiinr{ur ormrfirfinrfi aurdr

rareiu uuurfl u rarrJ o ruaoun'fi dn : r rf ru fi rJ n r o o.s 1 r 6" 9o uuudnrryu vio ao.r {ru

rJarudruluqjfinrrrudnrrirfiu l0 $u. n'rrrn{mtuo,a.loodraonn?luullarrrirtiu l0 ertl.

Element fraotgrJrtuurerdo Solid Element 2D iu'a Phn Stress 4 Node du cps+n tutn

1.ox1.0 Gru n?luul?rrll 200 mr. ieqtoqrarrfl uh?rdou{drirluqfrednrtjurvirfiu 13,600

aleraerqrsrlA.e
fl lafl:unonl:'r{r!runrun: ofl:161?1r{o{lJ?euo,trYrlnu 0.25 r,tu?uu:{rflufllnR:lnrillnil 450
Atva-AtgolryvA
n lafl:unonl:'r{r$unrrn: ua&uIlJuljUR?luduytu!:r}r?1{tR?1urfluflufl?1urfl:un truu

Elastic-Perfectly plastic
JY

n: fi 1 adn ir uu udn r r1 u rir a o r r?r.r u o s dn : r ri:u fi rJ a r o o. s o s 1 dt u r n t o.r u fi r #n

rfiaurrirrrirtiu z.t: .tru. Grlul:o6raorilJuurcrrdrdnrfiuurrirl#d'rnryrfi r.t Inu

rirrunhlfinr:Iriworiuu:nrvirrTu z/10,000 rirnrinn:cfirrrirfiu 60,000 n'laniu

P = 60000

9v4 l
?tulflnliluutll'l

nJdlduuuu
9qat

1.rdlt{u1nfltiluutyt1

.l. v',qatRtilil o.I a nu uuyn{nluR'lilt o{rdtr rI tn ntriuuryll

5
?+

,{

l-

Input file.inp
*HEADING

Ine. equivalent section
rolIer (Tapered column

*NODE

! , -3.56,0
11 , 3.56 , 0
20001, -3.56 , 200
20017, 3.56 , 200
*NGEN, NSET=NBOTTOM
1, 17, 1

column support is hinge-
is r0.5L200)
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*NGEN, NSET=NTOP
20001,2oo1,L, 1
*NGEN, NSET:NLOAD
20002, 200t0, 1
*NGEN, NSET:NCOL
L, 20001, 100
2, 20002, 100
3, 20003, 100
4, 20004, 100
5, 20005, 100
6, 20046, 100
7, 20007, 100
8, 20008, 100
9, 20009, 100
10, 20010, 100
11, 2001_1, 100
*NGEN, NSET:NDisp
6, 20006, 100
*ELEMENT, TYPE:CPS4R
1" r'J_, 2 r 102, 101
*ELGEN, ELSET=ECOL
t, 1,0, l, l, 200, 100, 100
*SOLf D SECTION, ELSET=ECOL, MAT:WOOD
10.0
*MATERIAL, NAME=WOOD
*EI,ASTIC
1.36E5,0.25
*PI,ASTIC
450,0
*ELEMENT, TYPE:B21
20007,1,2
*ELGEN, ELSET:EBEAM
20007,l_0,1,1
* BEAM SECT T ON, SECT I ON:REC, ELS ET:EBEAM, MAT:MATBEAM
10.0,1.0
* MATERIAI, NAME:MATBEAM
*ELASTIC
1.36E10,0.25
*BOUNDARY

6, 1,2
20006,1
*IMPERFECTION, FILE=IBT0.5L200, STEP=1
1-, 1
*STEP, NLGEOM, INC=500
*STATIC, RIKS
0.01,,,0.01,
*CONTROLS, PARAMETERS:FIELD
,0.0L,,
*CONTROLS, PARAMETERS:TIME INCREMENTATION
*CLOAD

NLOAD , 2, -6000
2000t , 2, -3000
20077 t 2, -3000
*NODE PRINT, NSET:NBOTTOM, TOTALS:YES
RF2
*NODE PRINT, NSET:NDisp

Yl.
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*OUTPUT, FIELD, VARIABLE=PRESELECT, OP:NEW
*OUTPUT, HISTORY, OP:NEIII
*NODE OUTPUT, NSET:NBOTTOM
RF2
*NODE OUTPUT, NSET=NDisp
U1
*END STEP

rdo I rJ : un : u irn : r s fri u u lo u u d: f, 'u.n : o u rrn { fl a n 1 : i rn : r v r{1 u tr rJ n : r r{ i[ n

r dr q d1 fi fn fi n : c fi r fiu n r : I ri w ot o.r rar ldd.r n rn fi t. z d'r rir m rinin q n

2.m

0.00

lurierhi6au{utouarmrirdnrfiulrvirrrirtir g,gna fi'laniru uasnrnii t.3, i.4 udn{dnualu
rsal

noultnufi a{01nfl 'l:?tn: ]u1l

Flo'l
10.m

Ioad curve

)o{rN 0.0008+00
xHA)( 5.0758+00
YI{IN 0.0008+00
YilA:K 9.9448+43

8.m

0.m 2.m t1.00

Urpbcrncna(cm.)

g 0'oo

EJ 4.m

nild o.2 fltrlluan{,{nnl:irn:rvritrrrirrrininqnlud:.rhl6nn{uro{rdlilfllfinrfiuurvir
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SDtsrkEtrEEFF{nD
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EcG 500: &c b$b - !.0d

.!F+Fd @lEl t. .0.5P00
, 6.5-1 bD bP U 16:53:05 r Xl. n.&a tb 20u

fiEbt.:lL*tri di-tsEEE

elvYvarroadnlilil 03 aRU0rSr?t]fl u 1fl nrn uurm lnou liln'r: ?tfi:'rs?r

iErFTF'-BFFqnD

\
L
ffi

dc .}aEq.8flE ea @@@@ o %r: ry
a'i&Y G<r-a4E@l

r** or-@@Q!

s
Lll
t
Etr
atD
q,tr

!!aq!*:f G@l

i-egodteoalRliln 0.4 0RUoru rfl 1fl u 1n aliluuryt 1H d.qr{1R1: irfi: 1 gli

! .0. lB00
D 16:!r:05 I 81. btu lb 2011L
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n1nflu?o fl
v t .l J Z .r- a t tra I a t
n?osl{R'rr?rRr1silfi 1ulfl un?oqo lur?{luunHquto,{rfl1n?'lurIr?firuurfl'l



ts7

vraJ'druirrnrrTm:rsriurrirnrininqalurizfl ri6nnriu'ro{lsri2msr:rfi sunir

rarciu uu u rfl u raril n r uao u fi fi dn : r ri:u fi rJ a r o o. s l n d" io uu u da r rl u rf'r ao.r {'x
ilorudruluqifin:rrf;nrrirtiu 10 $u. n:runlxruo,aloofiouonfl?llrul?rarrrirtir l0 lrtl.
Elernent {raolgrluuutarfio Solid Element 2D tu'n Phn Stness 4 Node du crs+n ruln

1.oxl.0 .tru R?ruul?rfrr 2o0 url. iaqtouarrflulfirfiufi.rfirirluqdafinr,rtiuryirfiu 13,600

A39ravrq.e.9j,-
fl lan:unon1:1{r.uilnrunt on:1rY?uto{lJ?.ro{rm1nu 0.25 fiu?urr:{rlfluil1an:'lnrfllfiu 450

-tv.aa,yvl .90a
n lan:xn0n1:1{r0runrrn: lracululluufl?1xdufiilr:cfl2rrnarurfluriuR?lurn5un trulJ

Elastic-Perfectly plastic

A a i a I y e . ir i
n:6 ln6niurilu6nil {u rireoq,flrl un&dn: 1d2ufi rJ n ru 0.s fi n aru ul?rdtduuuil

zoo ryu.rcldn'ruur:rfiuurrirrrirfiu I18.00 .fl. rnur:oirnorgilulilrdtR?1uu1erfiulrrir1d

frinrnfi n.t Inurirnunlfifinr:Inworduu:nrrirtiu r/10,000 rirnrinn:;rilrirfiu 60,000

fiIaniu

n.tdlduuuu
d!

x. r rnfl ?1u u't?1il uutyt 1

aavAr
Rrilil s.l a nufl uyt 1{ nluRlilno{tfr1R?1t.lU'l?tTtuutytl

Input file.inp
*HEADING

Ine.equivalent section column support is hinge-
roller(Tapered column is r0.5L200)

*NODE

L , -2.50 , 0
11 , 2.50,0
20001, -2.50 , 118
20011, 2.50 , 119
*NGEN, NSET:NBOTTOM
7,11, L

P:60000
5

?+

l8

I,{



*NGEN, NSET-NTOP
20001,20011, l_

*NGEN, NSET:NLOAD
20002, 20010, 1
*NGEN, NSET-NCOL
1,20001,100
2,20002, LOO
3,20003,100
4, 20004, 100
5,20005,100
6, 20006, L00
7 ,20001 , LOO
8, 20008, 100
9,20009, L00
10,20010,100
11,20011,100
*NGEN, NSET:NDIsp
6,20006, 100
*ELEMENT, TYPE:CPS4R
1_,1,2r 102,101
J,ELGEN, ELSET=ECOL
1, L0, L,Lr200,100,100
*SOLID SECTION, ELSET:ECOL, MAT:WOOD
10. 0
*MATERfAL, NAME:WOOD
*ELASTIC
1.36E5,0.25
*PLASTIC
450,0
*ELEMENT, TYPE:B21
2O00L, L,2
*ELGEN, ELSET=EBEAM
20001,,10,1,1
* BEAM SECT I ON, S ECT I ON-REC I ELSET:EBEAM, MAT=T"IATBEAM
10.0,1.0
* MAT ER I AL, NAME=MAT BEAI'I
*EI"ASTIC
1.36E10, O.25
*BOUNDARY

6, L,2
20006,1
*IMPERFECTION, FILE-IBT0.5L200, STEP=I
L, 1
*STEP, NLGEOM, INC=500
*STATIC, RIKS
0.01, , , 0.01,
*CONTROLS, PARAMETERS:FIELD
,0.0L,,
*CONTROLS, PARAMETERS=TIME INCREMENTATION
*CLOAD

NLOAD , 2, -6000
2000L , 2, -3000
20017 , 2, -3000
*NODE PRfNT, NSET:NBOTTOMT TOTALS=YES
RE2
*NODE PRINT, NSET=NDisp

Yl.

158
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,.OUTPUT, FIELD, VARIABLE=PRESELECT, OP=NEW
*OUTPUT, HISTORY, OP=NEW
*NODE OUTPUT, NSET=NBOTTOM
RF2
*NODE OUTPUT, NSET=NDisp
U1
*END STEP

rdo hJ : un : u irn : r s r{ri uu $o uud'l d1 rJ 1 : o udn { H n n 1 :ern : u rilu tr rJ n : rll fl n

E 0.00

I ..0

otnd s.2 n:liluf,n{Hnnl:etfl :rar{nrrirrrininqnludxhi6nu{ut o'rrfl 1n?rrJurrrfi uurrir

r d r.r rir n rin fi n : v ri r fiu n r : I ri w o t o ua r 1 d6.r n r n fi n . z d r rir r,ninin q n

luri:thidnrtjuto.rrarn?rxu'rzriiuurrirrvirrir g,aos fiIanfu uacnrnd n.:, s.4 udn{
erusln
nnuilenoutlaufi a{s1fl n'l::uu1fi ufl

Frotl
10.00

0.s 1.G0 2a &20 t.0
Dlnhgut(cm")

>lI.IIN

,{ilAr<

YITIN
Y'I,iA)(

Teup-1

0.0008+00
4. 40?,8+gg
0.0008+00
9.868E+03

0.00
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:fDFFBAr-FFFSFer +(e,q8ilE sa @aaa o %E t
bt:ffiv Gcfffi&v

bL
lE
}L
ffi
fl.E?s
rtr
t
Btr
at
!.tr

EE6F -*EBEE

.(tF!d @le 1, d.SEOOl
6.5-1 ED re U 1tr01:01 A &i. &.lfud tb.2011

IffiF*':I

tr
ts

? ,*,oa-.- b4t d.'.@ft l. Ed-E.
| @: md.@o.d [8gtMPv.r.
' ' fta, abFl

tEad 5O!: &c tqtl - 5.000

a-earroaJoilln 03 anuuSrdln?1uul?lyruljryt'tRourilRl:?tR:'le?t

:EBFFtrFFrtsqtrdr +(e,q.EnE aa @@a@ o "dtr rt
hii6' 6<d@ra..

E,L
lL
LL
ffi

cl
*trIoi
BEI
.al
*tr1

i

? *.*-.- l.Et drt
| @Er 6xmd,s!2i0.@ t
- 'ftf: EFl

@!u t, d.s&O)
b! &r A 19101:01 a Ll. ft.fud tb 2011

tic*- 50o! &c tdrb . s.0AO
thryEr l, &a.
EtotDd hr: u b&mlon bL tGo.: +1.00bfl

Ed*rr.ElE
tr
Et

e-ea.gaala.lltil o.4 afl Hsrurdlfi?lut ]?lytuur?t]?td{lilfl 'l:?tfl :1cil
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nrtr.td r.r rirrrininqnlud'x}i6nrtiutouarrlaruaorfifin',:drfouuudnurluri.raosdr.r

(Hinge-Rollet) Inuii Stness-Stain curve ltUU Elastic Perfectly-Plastic

n?1il91?

L (fil.)

i -a a r a r .
uffi un?nqn tul ?{unfi qure{rsltJolusou

tfllaniut

r=03 r=0.4 r=0.5 r=0.6 r-0.7 r=0.8 r=0.9

40 r4254 19013 23310 27831 32490 36814 41163

60 14l5l 18708 23249 27730 32215 36s56 40883

80 tN24 18526 231s3 27605 32r61 36543 40815

100 13968 18275 23t50 27568 32019 36430 40799

120 13200 17880 22680 27M2 31914 36349 40750

1'10 10278 15031 201s0 25852 3 1338 36198 40/'32

160 7908 11592 15650 20238 25113 30254 35460

180 6263 9185 12463 16076 20005 24225 2870t

200 5080 7452 10150 13046 16256 20282 23392

220 4t97 6165 8369 10803 13458 r6326 19398

240 3526 5184 7038 9086 l 1320 t3736 t6327

260 3004 M20 6000 7747 9653 11715 13928

280 2596 3813 5177 6683 8328 r0108 12018

300 22il 3323 4512 5825 7259 8810 tul5
320 1990 2919 3967 5tzt 6382 7746 92lt

340 1763 2590 35 15 4538 56s6 686/- 8162

360 1574 23tt 3137 40/9 5046 6125 7283

380 1413 2A75 28t6 3636 453r 5499 6539

400 1267 t873 2543 3244 4090 4964 5903
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i - i se q r hra r r ia a l a . Inrrr{tfr r.z rirrrinTnqnlud:rhi6nr{uro{rfllila1udorfiiinr:Enf{uiluBnuiludrulnqi-

6nr ryudru rf, n(Fixed-Roller) In ufi Stress-Strain curve ttuu Elastic Perfectly-

Plastic

n?1ilg1'l

z ({u.)

tfiIanYul

r=03 r=0.4 r=0.5 r-0.6 r=0.7 r=0.8 r=0.9

40 14110 r92M 23457 27788 32373 36594 41016

60 140s3 19t97 23293 2769r 32t71 36510 40885

80 13997 18796 23289 27574 32138 3&63 40813

100 1399s 18693 232s1 275t2 31963 36293 4078t

120 13818 18448 23146 27508 31823 36268 40750

140 13741 18346 23074 2742 31814 3626r 40749

160 13378 18338 22952 27313 3r773 36253 40725

180 t2275 17873 22&3 27143 3r748 36248 40688

200 10050 1484r 20126 257@. 31156 36052 40316

220 8340 t23U 16820 21711 26920 32322 37516

240 7023 IMM 14196 18366 22879 27691 32720

260 5992 8880 12123 t5697 19581 23755 28185

280 5172 766s 10468 13559 t692s 20549 24,r'.t9

300 4s00 6683 9t27 I 1826 r4765 17935 2t324

320 3965 5877 8028 10400 12991 15783 1877r

340 3514 5209 7trs 9220 ll5l5 13993 16654

360 3135 4il8 6349 8228 10277 t2489 14859

380 2815 4173 5945 7388 9228 ttzt6 13344

400 2541 3767 5146 6670 833 1 10126 r2M8
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i ^i ea q ' hra r I da al a . y
nrtr{fr r.r rirnrininqnlud,lllil6nntjuro.rrdrilaludoufiiinr:Eni.uruuEnuilil6rulxqj-

rJciouda:cdrurdn(fi""A-free) Inufi Stness-Strain curve tlUll Elastic Perfectly-

Plastic

n?1ilu12

z (ru.)

rirnrinlnqnlurirldnntiuro{rdrrJausou

(fiIanYul

r=0.3 r-0.4 r=0.5 r-0.6 r=0.7 r=0.8 r-0.9

40 14466 19063 23600 28023 32s61 36783 40998

60 14309 18897 23431 27878 32t68 36716 41003

80 13958 17956 22653 2@85 31084 34888 38239

100 9924 12295 14965 t7573 20133 22649 25108

120 6887 8550 10405 r22t8 13997 r5752 17478

140 5025 6287 7650 8981 10289 11579 12850

160 3741 4817 5860 6879 7880 8868 9842

180 2958 3808 4633 5438 6229 7W 7780

200 2398 3087 3755 4/,07 5048 5680 6303

220 1983 2552 3105 3il2 4173 4696 s2tt

240 t6'13 2147 2610 3M2 3507 3947 4380

260 1423 1824 2224 2609 2989 3363 3734

280 1228 1580 l9l3 22sl 2578 29or 3220

300 to7t t375 1666 1959 2246 2527 2805

320 942 12t2 1465 1726 1978 2225 2466

340 836 1075 1298 1532 1754 1972 2t85

360 746 954 I 158 1333 1565 1752 1950

380 671 851 1038 1229 t406 1575 t750

400 606 77r 939 1095 r270 r422 1581
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t9tt,

nlrl{rii r.l rirnrininqnludrlhi6nrrjuroqarilnrucoufifinr:6ni.ruuudnuilufi{aoc{r.:

(Fixed-Fixedllnud Sress-Strain curve ltllU Elastic Perfectly-Plastic

RXlUU'r2

I, (iil.)

ri rnfin? nqn'lurirsiinutjuro{rmrJau uou

(ftIaniu)

r=03 r=0.4 r=0.5 r=0.6 r-0.7 r=0.8 r=0.9

40 14178 18702 23354 2788s 32313 36678 41034

60 14102 18610 232sO 27797 321 l8 36543 4A%2

80 t4022 18546 23231 27878 32051 364r']9 40893

100 13969 t8/r'3 23r12 27543 32032 36436 40877

r20 t3928 t8/.Tt 22997 27498 3202r 36444 40852

140 13831 18456 229W 27466 31909 36448 40815

160 r39t4 r8423 23M9 27394 31876 36415 40795

180 t3823 ru20 23001 27347 31842 36367 4075s

2W t3il2 18168 22956 27252 3173s 3622s 4074r'

220 13174 17942 22660 27120 31662 36082 40561

240 t2425 17255 22tM 26735 31428 35832 40309

260 ttt20 16159 21259 26t73 30899 35527 40063

280 9770 t4r'-t6 19469 24700 29847 34776 3951s

300 8584 12730 17343 22332 27577 32900 38104

320 7581 rtzil 1s389 19911 24781 29935 35410

340 6737 10017 13703 17761 22163 26879 31872

360 6022 89s8 12261 15905 19869 24135 28682

380 5414 8054 l 1028 1431I t7887 21742 25863

400 4892 7279 9967 t2938 16175 19668 23406
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,l -! e- q r rtra r I i.r a ! 4 I ,t
nrtr{tfr r.s drrrinTnqnlurixlil6amtjuto{rcyrilarurroufiiinr:Enf{uuuUntrilur{rulrqi-

rdA
il nrudntfi ounlu: 1.t(Fixed-Fixed) Inufi Str".r-Strain curve ttlJU Elastic

Perfectly-Plastic

n?1il91?

L ({il.)

f -o .r r a
ri rrnininqnluri a l8nn rjumuorrla losou

(6IanYut

r=0.3 r=0.4 r=0.5 r=0.6 r-0.7 r-0.8 r=0.9

40 14226 18623 23012 2746r'. 3t90.2 36362 40780

60 14108 18591 22940 27422 3185s 36318 40754

80 13855 18327 229M 27380 31810 36284 40715

100 13760 18133 22820 27320 31793 36240 40657

120 13300 17902 22478 27031 3 1554 36M4 40506

140 ttl74 15679 20543 25583 30084 35370 40018

160 8700 12279 1626t 20648 25429 30575 360t4

180 6907 97s2 12925 t&33 20283 2477 29016

200 5607 7916 10493 13343 t&74 19889 23591

220 AilO 6550 8681 1 1040 13632 16458 19524

240 3902 5s08 7300 9283 11462 13839 tilt1
260 3326 4695 6223 79t3 9770 tt797 13994

280 2870 4050 5368 6825 8427 tot74 12069

300 2500 3529 4677 5947 7343 8865 105r6

320 2t98 3 103 4t12 5228 6455 7793 924r'.

340 1948 2749 36r''3 4632 57t9 69M 8190

360 1738 2453 3250 4132 5098 6159 7306

380 1560 2202 2971 3710 4580 5529 6558

400 1408 1987 2633 3348 4134 4990 5920



t67

i -! s- .r i hrd r I ia a I 4 I y
nlrr{fi r.o rirr,rrinTnqnludNlildantjuro{udlilarudoufi iinr:6ni.uruil6arqufriaol{r.r

(Hinge-Roller) Inufi Stness-Strain curve ttuu Ramberg Osgood fifipJaunr:

s =(o I E)+ 0.02(o 1325)s2

n2lr

?n2

f -o a r a
rirnrio?nqalurir$nr{uro{rrrrtla ru(ou

(fiIonYul

I,({u.) r{3 r{.4 rE{.5 R{.6 14.7 r{.8 r{.9
40 1466/ 19355 23746 283s8 33420 33420 41216

60 13734 18017 22082 25927 29870 29870 36080

80 1 1258 14929 184r'5 21797 24989 24989 30925

100 9l 19 12336 t5464 18473 21349 21349 26729

t20 7355 10081 12881 t5523 18278 18278 22860

140 60/3 8256 r0624 13091 1s533 15533 20219

160 5069 6929 8854 10913 13111 l3lll 17461

180 4347 5928 757t 9268 I l05l I l05l 15002

200 3832 5189 6588 8056 9572 9572 12853

220 3M5 4678 5875 7fi2 u35 8435 tt2t9

240 3tt4 4288 5409 &66 754r'. 75M 9994

260 2794 4096 5036 6065 700,6 7006 8999

280 2475 3559 4664 5715 6674 6674 8286

300 2183 3t7t 4235 5314 6336 6336 8045

320 1933 2819 3792 4825 5874 5874 7751

340 t72t 2538 3395 434/- 5341 5341 7308

360 t540 2254 30r8 3912 4834 4834 6755

380 1386 2030 2748 3533 4378 4378 6189

400 1254 1836 2488 3198 3974 3974 5648
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i 3 -o . r rrd r I ia a I 4 . 9
nrn{rfi r.z rirnrinTnqnlurixhidnrn{uto{rdriln1udoufifinr:0niurux6nrriludruluqj-

dnrrludturf;n (Fixed-Roller) Inufi Shess-Strain curve ttuu Ramberg Osgood

fifilrJaunr: e = (o / E) + 0.02(o t 325)5 
2

n?lut 12

z ({r.)

I -a t I A
rirr,rrin?nqnludadnr,rtiuto{rcrilouaou

(fiIaniu)

r=03 r=0.4 r=0.5 r-0.6 r=0.7 r=0.8 r=0.9

40 t4667 19475 24013 28606 33M9 37366 41609

60 t4287 19019 23617 28t28 32546 36699 40761

80 13825 1830r 22s77 26600 30369 33895 37182

100 12t69 16239 20t16 23774 272t9 30461 33523

120 tM99 14158 t7695 21060 24236 27249 30100

140 9135 12363 15614 18736 217t3 24524 27r98

160 7998 10769 13758 16674 19469 22140 24667

180 7015 9455 1206/. 14789 17439 20100 22403

200 6r34 8361 10591 13059 15547 17971 20299

220 5365 7402 9424 tt5t2 13816 16104 18339

240 4769 6539 8422 10276 12260 14395 16507

260 4267 5880 7513 9251 10968 12859 14840

280 3836 53s3 6791 8333 9933 l l54l 13332

300 3500 4895 6243 7575 9019 10500 12019

320 3253 4/i93 5794 6988 8260 9608 10987

340 3045 4206 5390 6560 7ilB 8862 10133

360 28M 3976 5077 6188 7222 8238 9396

380 2634 375t 4810 5877 6899 7805 8770

400 2419 3505 4602 56r''3 6617 7543 8322
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.)t9

nlrr{il r.s ilrfifninqnlud'xhi6nn{urouarilaruaoufifinr:dnfurrrfiouiludrulmqi-

rJciou6a:ydrurf,n (Fixed-Free) Inufi Stress-Strain cunre ttllU Ramberg Osgood

Aa.
fifigrJaunrl s = (o I E) + 0.02(o I 325)5 

2

a?tilul?

L (ril.)

3 -o . I Arirnrininqaluiu0nntjulcuarrlauscu

(fiIanYl)

r= 03 r=0.4 r=0.5 r=0.6 r=0.7 r=0.8 r=0.9

40 r4626 18987 236W 2s696 28196 30393 32348

60 l 1350 14263 23431 19091 21095 2287s 24475

80 8241 r0258 226s3 13987 t5ilt 17165 r8570

100 6198 7656 14965 10245 11427 12623 13792

t20 492t 6225 10405 7999 8897 10100 10565

140 4077 5146 7650 6915 7605 8163 8666

160 3433 M02 5860 6159 6938 76r',0 8255

180 2863 3696 4633 5277 6028 61M 7399

200 2354 3037 3755 4336 4960 5568 6154

220 1956 252t 3105 3599 4120 4630 5 128

240 1648 2123 2610 3031 3472 3903 4326

260 1406 1811 2224 2587 2962 3331 3694

280 tzt4 1563 l9l3 2233 2557 2876 3190

300 I 130 1363 1666 1946 2229 2507 2782

320 990 r 198 1465 tTlt 1960 2205 2M7

340 792 I 100 1298 1517 1737 1954 2169

360 708 950 l 158 1353 l 550 174/. 1935

380 637 850 1038 tzt5 1392 1566 1738

400 577 768 939 1093 1256 t4r7 1569
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.Jt9)

nrrr{fi r.s f rfilininqnluriNlildnrtjurouarrJaruaoufifinr:6ni'ruuufinuilufriaordr.r

(Fixed-Fixedl Inufi Stress-Strain curve ttlJU Ramberg Osgood fifigrlAlnr:

s = (o I E\ + 0.02(o I 325)5 
2

n?1ilu1?

L (ruJ

(hlaniu)

r=03 r=0.4 r=0.5 r=0.6 r=0.7 r=0.t r=0.9

40 14583 19289 2389s 28499 32881 37308 41s73

60 14319 18916 23il7 28080 3263s 37022 41524

80 14226 l88l I 23515 279il 32439 36552 41088

100 13998 r8528 22952 27296 31302 35106 38672

120 12825 17357 2t498 254/,0 29177 32722 36060

140 1196/. 160t2 19896 23577 27057 30348 33472

r60 10843 14629 18274 21736 24996 28080 31001

180 9781 13279 t6707 19978 23078 26003 28773

2N 8855 t2024 t5261 18369 21329 24r37 26792

220 8040 10875 13925 16896 t9734 22432 24991

240 7312 9889 12683 15510 18239 20846 233t5

260 6640 9039 I 1530 14214 16833 19358 21778

280 6018 8279 10522 t2997 15493 r7943 20278

300 5506 7579 9674 rt872 14249 16589 18869

320 5072 6927 8918 10894 13085 1s326 17523

340 4686 6403 8222 10076 12016 t4t4t 16243

360 4336 5968 7584 9346 tl100 t3Mt r5048

380 4025 5587 7068 8668 10327 12041 13939

400 3759 5240 6637 8078 9630 I 1200 t2912



t7t

; ! -o o r bra i r i< A ! .{ t e
nrrr{fi r.ro rirmrinTnqnlu:irr1il6nr{uto{rdriln1ufl orLfi fi nr:6nfuriluEnrriludrulr qi-

iedtfiounlu:l.ldrurdn (Fixed{uideA) Inufi Stress-Strain curve tlllll Ramberg

iat
osgood fifig:Jaunr: s = (o / E) + 0.02(o / 325)s'2

n?rilgt?

z ({il.)

tfiIanYul

r=0.3 r=0.4 r=0.5 r=0.6 r=0.7 r=0.8 r=0.9

40 t4524 19220 23933 2836'.t 32783 37062 4tt96

60 14108 18330 22323 26083 29637 33028 36277

80 12015 15678 19t33 22393 25477 28417 31256

100 9796 12919 15886 18926 21742 2432 27055

r20 8057 10572 t3291 15978 18592 2l r30 23550

140 6788 8830 I 1004 13416 15832 18214 20515

160 5852 7535 9309 tt2t4 13384 t556/ 17743

180 s098 6600 8042 9619 I 1307 13250 15250

200 4441 5861 7122 8406 9828 t1337 13085

220 3828 5 163 @26 7510 8679 9973 l 1339

240 3340 4538 5715 6852 7818 8893 10084

260 2935 40,4.t 5168 6252 72r8 8067 9066

280 2619 36t4 4663 5752 6784 7685 ut2

300 2357 3289 4276 5290 6315 7328 8195

320 2ttl 2966 3897 4889 5911 6928 7908

340 1898 2662 3514 44,13 5435 6470 75t2

360 t696 2392 3 165 4013 4933 5919 6956

380 1529 2157 2896 3626 M67 5376 6349

400 1384 1953 2587 3287 4053 4884 5780
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Rlfi,tu?R cr

fl a nlr?rn n, r{r',rl',n rini nqnlude qlri0nn{utouarn a ruurafi surrir



t73

r)9)
nrn{il t.r rirnrininqnluriashi6nntjuto{urlfl?ruu'rarfiuurrirfifinr:6niruuudnurlufr'r

Aoqr?r{ (Hinge-Roller) Inufi Stress-Strain curve [tUU Elastic Perfectly-Plastic

n?luul?tm

rlarsaou

I, (ru.)

.at
1?fltuutfn

tfiIanYul

r= 03 r=0.4 r=0.5 r=0.6 r=0.7 r=0.8 r=0.9

40 13507 17915 22521 27039 31536 35654 40567

60 13478 17980 22506 26999 31526 35535 40514

80 t3422 17924 22439 26935 31423 35454 40338

100 13179 1778r 2ts60 26884 31387 35330 40309

t20 11710 17070 20M0 26235 31194 34878 39975

140 8926 t4M4 t7450 24r'.23 30733 33t4/. 38858

160 6883 10928 14820 19756 24s60 28845 33571

180 5458 8676 12285 15772 t9546 23,2A 27138

2@ M24 70/'3 9868 12881 16328 t9257 22297

220 3627 5828 8169 10s48 13475 161 18 18338

240 3077 490r 6871 8820 10880 13880 15345

260 2623 4179 6014 7660 9480 1t523 13165

280 2263 3605 5210 6440 8139 9846 1 1360

300 1972 3142 4r';Os 5729 7093 8590 9901

320 1734 2762 3873 5037 6237 7588 8706

340 1536 2448 3432 Mil 5527 6613 77t5

360 t37l 2t84 3062 3983 4932 5900 6884

380 t23r l96l 2749 3576 4r',28 5298 6180

400 I 108 1760 2482 3233 3997 4782 5592
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il-oorbrArarJnrtr{fi c.z frilfnTnqnluri'l.r1il6nr.r{uto{rdrn?'ruur':rfiuurrirfifinr:dni.:uurlrJaruluqj
Ar.dr4+'
Esuilu- ilarurfinEnrr{u (Fixed-Rotter) Inufi Stress-strain curve ttlllJ Elastic

Perfectly-Plastic

n?1ilu1?tgl

rlarusau

L (tu.)

rirnrintnqnlulriri

tfiIonYul

r =03 r=0.4 r=0.5 r=0.6 r=0.7 r=0.E r=0.9

40 13526 l8@l 22554 27074 31580 36093 40618

60 13509 18018 22s42 27039 31570 36047 40600

80 13480 t79W 22496 26999 3t523 36013 40577

100 13444 t7920 22350 26895 31483 35948 40/.59

120 13387 t7897 22230 26900 31432 35884 40388

140 13238 17789 22t08 26809 31369 35798 4031 l

160 12653 175r2 22070 2663t 312t0 35632 39988

180 10871 16435 2l150 26146 3lllt 3s228 39776

200 8954 14086 19365 24916 29578 34092 39459

220 746 I l80l tffit 21325 25990 30871 35644

240 6270 9965 13938 r8075 21983 26619 30962

260 535 1 8513 t2r82 15481 18880 22873 266s0

280 4618 7352 10300 13385 16561 19801 23085

300 4026 &t0 89M t1679 LMs5 17287 20161

320 3540 5638 7904 10276 12720 15215 17747

340 3 138 4997 7006 9110 11278 13491 15738

360 2800 4/.59 6252 8l3l n066 t2M2 14M9

380 2513 4004 5614 7301 9039 10814 12616

400 2270 3614 5068 6606 8162 976/- I1431
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iJ-oerllard''
mrn{fr cs ilrilfnTnqnludx}l6nrtjuto{ud'rn?'ruul:rfrurrilrfifinr:6ailuuurJarolnqj

a i r cJ rr a < '
o-nttilu- rjarurdnrJriou6d:y(Fixed-rree)Inufi Srcss-Strain curve ltuu Elastic

Perfectly-Plastic

n?lilt 1?lol

rlaraaau

L ({u.)

rirurininqnlulrii116nu {utoual a ?rutn 2 riisu rir
(frlanil)

r=03 r=0.4 r=0.5 r=0.6 r=0.7 r=0.8 r=0.9

40 13495 179s6 22485 27007 3t417 36007 40s22

60 t354,/. 178s8 22319 26776 31233 35690 40142

80 12712 16716 20679 24618 28s63 32506 364r''5

100 8350 11449 14031 16619 19208 21800 24393

t20 6125 7998 9786 I 1587 13390 15195 17001

140 4660 5875 7197 8s22 9M8 ttt75 r2s03

160 3510 4500 5507 6528 7540 8552 957t

180 2830 3557 4350 5 153 5951 6755 7554

2N 2285 2882 3529 4r76 4819 5474 6122

220 r825 2383 29t8 34/;9 3985 4552 5062

240 1550 2m3 2451 2900 335 I 3802 4251

260 1330 l70l 2091 2465 2856 3240 3624

280 tt43 t467 1801 2t3l 2465 2795 3126

300 996 t278 1570 1856 2148 2436 2722

320 875 I 128 l38l l63l 1886 2137 2393

340 776 999 1222 tM6 1685 1894 2120

360 692 890 l09l t29o 1495 1695 1926

380 622 799 973 l 158 1345 1523 1540

400 561 722 937 1045 1218 t4l0 r405
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tJt99

nrt{tii r.l rirrrininqnlurir.rhi6nn{uro{rdrn?ruu'rerfiurrrirfifrnr:6ailutludauilufr.r

ao.rdrl(fi*ed-Fixed)Iauii Sress-Strain curve ttUU Elastic Perfectly-Plastic

n?lilt l?tgl

dargaou

I, (ru.)

ri rurini nqnlulriria$nm{uro{ ls1 a a rrs r affi uu nir

thlanYut

r=03 r=0.4 r=0.5 r=0.6 r=0.7 r=0.8 r=0.9

40 13535 18048 22545 27017 31591 36t07 4036/,

60 13s23 18038 22553 2706.3 31575 36084 40600

80 13504 r7992 22524 27Us 31552 360/.6 40577

100 13492 18002 22s12 270t5 31501 36087 40548

120 13463 17973 22488 26992 31487 36005 40512

140 13,148 17910 22456 26955 3t462 35930 40466

160 13405 n90/- 22423 26923 31461 35880 4Ml4

180 13345 17869 22343 2674r'. 31369 35865 40360

2N 13207 17778 22293 26798 31297 35777 40282

220 t2780 t7594 22t59 26681 3tt23 35678 401il

240 12008 17109 21805 26//'3 30970 35258 39971

260 10il3 15864 21078 25868 30520 35055 39537

280 9345 14085 19373 24510 29401 34155 39326

300 8220 12396 17256 22213 27157 324r',8 37752

320 722s 10947 15291 19800 25134 29876 34886

340 6450 9723 13604 17651 22r06 26632 31554

360 5725 8687 12188 15798 19534 23985 28450

380 5123 780s 10935 14209 17578 21698 25552

400 4540 7050 9880 t28/.t 15676 19660 23106
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.)r)

nrtl{ii t.s rirxrininqnluriNlil6nm{uto{rflm?'ruurrrfiuurrirfifinr:6nituulrJnrulraj
,frtaA
Enuilu - rjorurdnrfiountU:t{ (Fixed€uided) Inofi Sto.*r-Strain curve uuu

Elastic Perfectly-Plastic

n2lilrfr2101

rlarscou

z ({u.)

rirurinSnqnlulriria$nu {urowrn? rus r lliiaunil

(fiIonYu)

r=0.3 r=0.4 r=0.5 r=0.6 r=0.7 r-0.8 r=0.9

40 13519 18027 22533 27027 3t5U 36077 40589

60 13482 17993 22508 27003 3t437 36029 40538

80 13439 17947 22528 26946 314.r',9 35949 40446

100 13313 17862 22375 2687r 3t376 35862 40354

t20 I 1965 17372 22W2 26663 31 163 35668 40193

140 9018 14266 19715 24997 29959 33430 39374

160 6930 11023 15426 200t2 24812 294s3 34212

180 5482 8730 12234 15900 19675 23s23 27425

2W 4681 6924 9923 12903 15973 19107 22287

220 366t 5852 8206 tM72 13205 15809 18444

240 3087 4918 6898 8972 lll09 13292 r5508

260 2631 4192 5879 7U7 9469 l 1330 13219

280 2267 3615 5070 6s95 8166 9772 11276

300 1977 3 150 Mt7 5746 7tts 8514 9934

320 1738 2769 3883 5051 6546 7455 8732

340 1539 2553 34,r';0 4/-75 5535 66/,9 7736

360 1373 2188 3069 3992 4943 5915 6901

380 1232 19il 275s 3583 4437 5310 6195

400 lll3 t773 2487 3235 4050 482s 5592
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i1t.9)

nul.rii r.o rirmrininqnlurixlildnrtjuto{rdln?ruu'r'lrfiuurvirfifinr:dni{uilrdar,r1ufr.r

aos{rs (Hinge-Roller) Inufi Stress-Strain curve ttuu Ramberg Osgood iitgrt

dlnr: s =(o / E)+0.02(o /325)s'2

n?lr01?tgl

rlarasou

z ($t.)

u 9a (

mrun2nqn
t t

tfiIanYut

r=0.3 r=0.4 r=0.5 r=0.6 r=0.7 r -- 0.8 r=0.9

40 I 1395 17915 212s0 25899 30365 35654 39693

60 9958 17980 18108 22095 27760 3553s 34276

80 8247 17924 15184 I8705 23670 35454 29336

100 6888 17781 12786 15883 19882 35330 25360

120 5707 17070 10988 13837 17t70 34878 220/.8

140 4689 t40/r'. 9355 I 1852 14880 33t44 19195

160 3847 10928 7884 10079 12432 288r'.5 16539

180 3277 8676 6558 855 l 10833 23r20 t42M

2N 2854 70/,3 5771 7754 9t l0 19257 12371

220 2519 5828 5087 6882 8134 16118 10616

240 2408 4901 4776 6210 7335 r3880 9457

260 2337 4179 4355 5864 6788 11523 8517

280 ztw 3605 4160 54r'.5 il48 9W6 7870

300 1879 3t42 3913 5006 6015 8590 7667

320 1672 2762 3588 4558 5&2 7588 7367

340 1492 2M8 3253 4t72 5095 6613 6930

360 1338 2184 2940 3791 4655 5900 6396

380 t205 l96l 2659 344t 4237 5298 5856

400 1092 1760 24t4 3100 3858 4782 5492
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i i -o q r h.A r 4 ria a i tflttr{ii t.z drnrininqnluri'r.rhi6nr{uro{rn'rn?ruulrrfiuurrirfifinr:An;{uuurJarulnqj
Aridao'
0nt$iu- darurfinEatr{u (fixea-Roller) Iaufi Stomr-Strain curve ltUu Ramberg

osgood fifigrJennr 1 s = (o I E) + 0.02(o I 325)s'2

a?nta1?trl

rjarsacu

z (iil.)

(fiIanYul

r= 03 r=0.4 r=0.5 r=0.6 r =0.7 r=0.8 r=0.9

40 t34/.5 18121 22140 27359 31897 3il82 41110

60 1 1948 LUTl 20896 25s20 30s56 34553 39084

80 10410 14568 18686 22901 28r'.33 31262 35448

100 9063 12950 t6523 20136 25839 28024 31835

t20 7979 11351 t4760 18183 23349 25097 285s9

140 7039 10107 13213 16361 21182 22651 25822

160 6185 9018 tt766 14728 t9134 20/193 22879

180 5408 8000 10588 t3273 16987 18588 2t242

200 47t2 7067 9524 t2w9 15338 t67U 19490

220 3995 6229 8400 10636 13233 l5t2t 17374

240 3603 548r' 7463 9490 rt874 13572 1s633

260 3279 4865 6632 u52 10229 12176 14055

280 2937 4405 5954 7547 9218 10913 12621

300 2696 402t 5436 6867 8339 9835 I 1356

320 2603 3701 4998 6303 7650 9015 10392

340 2537 3503 4662 5821 7062 8319 9587

360 2436 3435 MIO 5422 6559 77t9 8891

380 2292 3338 4262 5232 6173 7220 8300

400 2139 3t97 42tO 5242 6063 6979.7 8210
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i3-oort.ardriaaltnrn{fr s.s frrfninqnluri:rlil6nnrjuro{trd'rn?'urur:rfruurrirfifinr:Eniruuuilarulnqi
A t r d tt aEnrtilu- rlarurfinilriou6d:u (Fixed-Free) Inufi str"s-Shain ttuu Ramberg

osgood fifigrJarnr: 6 = (o I E) + 0.02(o I 325)s'2

n21IU1?tgl

rJarsrou

l, (trr.)

clt
?riltutil'l

tfiIanYul

r=03 r=0.4 r=0.5 r=0.6 r-0.7 r=0.8 r=0.9

40 r0/.57 13806 17t53 20/197 23840 27t84 30527

60 8009 10542 t3073 15601 18128 20656 23 185

80 6201 8t23 lo044 t1964 13883 r5802 1772t

100 4716 6t40 7561 89M ll160 I 1833 132s9

120 3sM 4667 5753 68r',2 8788 902r 10112

140 3006 3807 4698 5591 6946 7381 8277

160 2638 3502 436/. 5226 6087 6948 7808

180 2487 3258 4024 4789 5554 63t7 7080

200 2150 2783 3416 4051 4685 5320 5955

220 1808 2334 2861 3389 3918 4448 4977

240 1530 1973 2416 2863 3310 37s6 4203

260 1285 1686 2066 2338 2828 3209 3591

280 I 130 t457 l78s 2tt4 24r'.3 2772 3r02

300 986 t27r 1557 r84r'. 2131 24t8 2705

320 868 lll8 t370 1622 t874 2127 2380

340 769 991 t2t4 1438 1,662 1886 2tt0

360 687 885 1084 1283 1483 1683 r883

380 617 794 1084 tt52 1332 l51l t7u

400 557 717 879 1040 t202 13& 1553



l8l

))t,t

nr:r{ii r.s ilrflfininqnlud:.rhidnrn{uro{16r'rR?'ruu'rarfruurrirfifinr:6niruurdauiluri.r

aoqrhl (Fixed-Fixed) Inofi Stress-Strain curve ttuu Ramberg Osgood iitgtt

flUnt: s =(o I E'S+0.02(o 1325)s'2

n?utt l?till

ilarusou

z (ru.)

o vA (

uniuR?Rqn

tftIanYut

r-03 r=0.4 r=0.5 r=0.6 r=0.7 r=0.8 r=0.9

40 13698 18278 22856 27433 32007 36583 41160

60 13284 17977 22670 27239 31821 3&04 40981

80 12175 16761 21312 25878 3M49 35033 39577

100 11051 15370 19703 23999 28371 31988 36986

120 9987 14033 18095 22149 26209 29870 34379

140 9058 12790 t6570 20363 24t97 28t12 31831

160 8269 11723 15224 18759 22454 25852 294r7

180 7551 1o796 t4071 17349 20654 23973 2729r

200 6844 9937 13006 t6to2 19210 22322 25435

220 6174 9162 na37 14938 17809 20783 23710

240 5733 84t7 tlt4r'. 13880 16618 19358 22113

260 5196 7722 10280 t2857 1s456 18052 20652

280 4709 7065 9470 I 1892 14335 t6770 19234

300 4263 @57 8697 tw78 13273 15572 17879

320 3862 5895 7993 10122 12200 14282 16605

340 3542 5382 733t 932t I 1333 133M 15380

360 3281 4934 6731 8585 r0435 12362 14255

380 3055 4585 6198 7906 9666 11425 t3212

400 2860 4283 5780 7325 87s5 10988 12229
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.)tJ

nrtr{fi t.ro f tufninqnludrtlil6nn{uto{rrdlfl?uru't:rfiurrrirfifinr:6niruurLrJarulrqj
+rraA*i
UnllUu - ilnlutdnlriounlu:l{ (Fixed{uided) InuYl Stress-strain curve t[lJU

Ramberg Osgood fifilrlaunr 1 s =(o I E)+0.02(o 1325)s2

n?lllut2tgl

ilarasou

r (til.)

riturininqnlulriri

(fiIonYl)

r= 03 r=0.4 r=0.5 r=0.6 r=0.7 r=0.8 r=0.9

40 t2269 16865 21484 26050 30692 3524t 39778

60 10055 t4tt9 t8264 22281 2&35 30s23 34606

80 8349 I l83l t5347 l89l I 22452 26064 29670

100 6983 10036 13138 16243 19414 22524 2s628

t20 5797 85 l3 11268 14024 16767 19561 22342

140 4766 7155 9582 t2w tM90 16994 t9457

160 3910 5980 8092 10250 12496 146t2 1681 l

180 3317 4983 6823 8709 10608 t2514 lla411

2AO 2869 4298 5805 7387 9033 10708 12388

220 26r0 3980 5111 il70 8077 926t 10685

240 2594 3766 4666 5773 7000 8246 9524

260 2465 3472 4174 5332 6340 744t 8563

280 2185 3305 4309 5251 6t7l 7m.2 8150

300 1930 302t 4079 5084 6037 6965 7882

320 1708 2694 3740 4749 5224 6508 7658

340 l5 l8 2405 3349 4318 5086 6276 7324

360 r357 2155 3009 3896 4801 5715 6650

380 1220 1939 2712 35 18 4344 5183 6031

400 I 104 1753 2454 3 186 4022 4758 5480
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Rlnltil?n fu

Haorr?rnr rrr{n nirnrin? nqnludarlri6nlr{utouarilr?rfinriis,urrir

:

a
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.J.JU

nur{ii or.r drrfninqerluria.rhJfinn{utouarrdrfrnrfiurryirfifinr:dafsuuudnrqufr't
I

Aordr.: (Hinge-Roller) Iaufi Stress-Strain curve ttuU Elastic-Perfectly Plastic

n?luu'l?tgl

rlaruseu

I, (ttr.)

ri rurini nqn'lulrida siinn{ut o uar urir fln riisu rrir

(6Ianil)

r- 03 r=0.4 r=0.5 r=0.6 r=0.7 r=0.8 r=0.9

40 2s90/- 29067 32051 34943 31536 40275 42714

60 2s865 28990 31989 34891 3r526 40227 42660

80 25278 28738 31826 34770 31423 40130 42594

100 20s16 26968 31 170 34296 31387 39908 42460

r20 14533 20334 26655 32424 31t94 39415 42076

140 10585 15086 20103 25792 30733 36927 40794

160 7982 I 1587 t5826 19980 24560 30154 35407

180 6248 9169 12261 l5M8 19546 24108 28263

200 4992 7434 994r'- 12861 r6328 20105 23219

220 4154 6148 8226 1o&tl 13475 r6240 r8283

240 3510 5169 6916 9036 10880 13560 15196

260 2992 4/,06 5896 7700 9480 I 1668 13106

280 2586 3801 5086 6640 8139 10053 I 1330

300 2245 33t2 4433 5815 7093 8762 9956

320 1963 2912 3897 5123 6237 770/. 8780

340 t755 2581 3453 4512 5527 6827 8038

360 1554 2303 3081 4030 4932 6092 7015

380 1398 2068 2766 3588 4r'.28 5469 6278

400 1250 1867 2497 3238 3997 4937 5681
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ii-oerara])eariaaltnttr{fr am ilrrfnTnqnlurie.rhi6nrn{uto'rrdlfl dlfrnrfi uuryirfi fi nr:Eni.:uuurJnrulrqj

Enutju- ilarudnEnrrlu (Fixed-Roller) Inufi Stness-Strain curve ttuu Elastic-

Perfectly Plastic

n?1ilt 1?rol

ilarssou

z ({u.)

riu,rrTntnqnlulddxfinmtju,uouawrrirfi'nrfi uurrir

(6Ioniu)

r=03 r-0.4 r=0.5 r-0.6 t=O.7 r=0.t r=0.9

40 2s9s0 29tt4 32102 34918 37710 40331 42722

60 2s908 29068 32051 34830 37668 40295 42690

80 25801 28979 3r977 34758 37595 40240 42686

100 256t4 28864 31891 34718 37541 40160 42614

t20 24932 28598 31729 34560 37M2 40089 42s42

140 21303 27447 31281 34214 37283 39962 42435

160 16670 23133 29334 33108 36874 39724 42266

180 13006 18584 24586 30114 35617 39091 41901

200 10015 14786 20r64 25872 3 l7t0 36982 408r7

220 8280 t2274 1674t 21586 26812 32369 37596

240 7020 10365 14099 l82l l 22696 276t1 32652

260 5990 8826 12030 15550 19405 23665 2812r

280 5096 7625 10382 13426 167il 2M66 24335

300 4488 6634 9050 tt706 t4622 17859 21263

320 3925 5834 7958 10295 12862 15715 18718

340 3488 5170 7052 9124 I1401 13932 16599

360 3W9 4621 6292 8142 t0174 12435 14817

380 2789 4140 5&9 73tO 9135 lll66 13307

400 2s32 3738 5099 6599 8247 1008r 12015
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;3-^crLratrlea.iaAlrnrrt{fi s3 ilrufnTnqnludrhi6nvrtiuto{rflr}rf1i'nrfruurrirfiiinr:o-ai{uuur.laru}nqj

dnuriu- rjarurf;nrjriou6d:& (Fixed-Free) Inufi st .r.-Strain curve ttlJu Elastic-

Perfectly Plastic

n?1ut'lxlgl

rlarsssu

z (trt.)

o va (

ulnun2Rqn

(6IonYu)

r=0.3 r=0.4 r-0.5 r=0.6 r=0.7 r=0.8 r=0.9

40 31972 34259 36654 38s38 41123 420il 43432

60 27409 32032 35 188 3768/. 39705 41s22 43127

80 15833 r9360 2301t 26858 30875 34455 37852

100 9838 t2274 14795 17323 19854 22470 24991

t20 6804 8480 toz84 t2M5 l38l I 15639 17405

140 4975 6227 7559 8854 10153 11499 r2799

160 3692 4780 5860 6782 7776 8807 9803

180 2921 3774 4576 s360 6l3l 6961 7749

200 2375 3065 3708 4343 5023 5640 6278

220 1963 2525 3066 3591 4154 4663 5190

240 1658 2126 2577 3018 3461 3919 4363

260 1408 1806 2197 2573 2950 3341 3718

280 12t7 1567 1895 2219 2545 2882 3207

300 1061 t3@ 1652 1934 2218 25tt 2795

320 933 1200 1453 l70l 1950 2208 2457

340 828 1063 t287 1507 1725 1957 2r78

360 740 947 tt49 1327 1542 1746 1943

380 665 845 1032 1208 1385 1568 t745

400 602 7il 932 1091 t25t t4t6 t576
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.:l .9J

nr:riii sr.l drrfininqnluri'x1il6nm{uroqrarudrd'arfiourvirfifinr:dnirurudnuilufr's

Aol{x (Fixed-Fixed) lntlfi Stress-Strain curve ttru Elastic-Perfectly Plastic

n?Iilt l?tgl

ilorsuau

z (ru)
tfilanYul

r-03 r=0.4 r=0.5 r=0.6 r:0.7 r=0.E r-0.9

40 24038 270s7 30069 33080 36098 39109 42119

60 24007 27030 30045 33053 36078 39088 42097

80 239il 26W2 29990 33027 36050 39040 42062

100 23900 26936 29961 32970 36010 39014 42024

120 23803 26869 29882 32932 35967 38906 41999

140 23s85 26751 29776 32868 3591 1 38934 4r943

160 22808 26540 29692 32779 35843 38875 41902

180 19981 2s663 29400 32626 35729 38796 4t826

2W 16519 22939 28512 32293 3s563 38684 41751

220 t3737 19403 25873 313s6 35 193 38474 41624

240 I r575 t@23 22300 28800 34218 38068 41386

264 9878 14037 19158 2s220 31731 370s7 40944

280 8s26 t2r21 16581 21946 28t69 34642 39909

300 7432 10576 14475 19199 24792 3ttt2 37551

320 6s36 9303 12739 16914 21893 276sr 340s2

340 5792 8245 t1294 15005 t94d.5 24623 3053s

360 5 168 7358 10081 13398 17374 22028 27393

380 4638 6606 9052 12034 1561 I 19087 24665

400 4185 s9& 8173 r0866 14100 17898 22036
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nrrNd ,.s ,irnrin:'nqnlud:.rhi6nr{urosrarrrirdnrfiuurrirfifin,rdrf.,,rrrJorulnqj
arrai
0nuriu - ilarurfinr6ounlu:-l{ (Fixed€uided) lntlfi Stress-Strain curve ttull

Elastic-Perfectly Plastic

n?lilu12tg'l

ilarsrsu

r (.ril.)

(6lonYu)

r=03 r=0.4 r=0.5 r=0.6 t=0.7 r=0.8 r=0.9

40 26639 29632 32s29 3s246 36240 40/.Ot 4284/-

60 26598 29s30 3242 35174 36154 4031 I 42772

80 26125 29399 32509 35074 36072 40306 42775

100 22512 28/i07 31991 34892 35921 40t37 42569

t20 15891 2r7tt 28201 33549 35006 39866 42431

140 11148 16048 21t45 26727 30552 37918 41594

160 8660 t2305 16241 2060/. 25332 30769 36286

180 6883 9728 t2u6 l63l l 20198 2475 29003

200 5572 7883 10410 13222 16336 19865 23556

220 4601 6516 8606 1W32 r3568 1il32 19463

240 3887 5477 7233 9188 11342 13814 16350

260 3300 4667 6164 7831 9683 11774 13925

280 2855 4025 5316 6753 8339 10155 12013

300 2485 3507 4632 5884 7240 88/.7 10461

320 2182 3083 4072 5172 6321 7777 9200

340 1931 2732 3608 4583 5660 6890 8128

360 1722 2437 3219 4088 4945 6147 7266

380 ls53 2188 2889 3670 4440 55 l8 6502

400 1397 r975 2608 3313 4055 4981 5893
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i J -orqnluriNhidnntjuto.rrdrx{lfinrfiuurrirfifrnrrdaf.r,,urdrrr1uri.rf,ltl{il ot.6 u]l{un?t

aol{rt (Hinge-Roller) Inufi Stness-Strain curve ltuu Ramberg Osgood iiqtl
duRl: s = (o I E) + 0.02(o I 325)s2

n?luul?tol

ilarssou

r ({il.)

rirmrininqnlulririar6nrn{utouarrrirfrnriisurrir

(6IanYu)

r=03 r=0.4 r=0.5 r=0.6 r-0.7 r=0.8 r-0.9

40 21000 24852 28498 32050 35376 38589 4t579

60 16503 19829 23240 26676 30187 33117 361 l6

80 13031 16120 19177 22238 25lil 28108 309t4

100 10233 13106 t5542 18793 21450 24162 26725

120 7955 10512 13118 r5724 18352 20857 22820

140 6393 8400 10709 13245 15586 t7914 20195

160 5324 7028 8780 10885 13154 t5275 t7435

180 4545 5998 7502 9167 I 1073 1299r 14975

200 3967 5 165 6545 7971 9477 l 1093 12845

220 3562 4550 5774 7054 8387 9483 11192

240 32r5 4188 53s2 M32 7490 87M 9970

260 2880 4006 4985 5990 6994 7901 8979

280 2534 3483 4623 5688 66M 7156 8215

300 2187 3123 4220 5298 6287 7012 7990

320 1910 2800 3772 4812 5M0 6865 7725

340 1690 2528 3362 431 I s288 6346 7302

360 t520 2250 30t2 3872 4775 5778 6705

380 1366 2015 27tt 3492 4336 5250 6t76

400 1250 183 1 2453 3t62 3933 4776 silz
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nrrl{d or.z rirrrininqnluri:.rhi6nr{uto.rrerudrdnrfiuunirfifin'rr6rfo,,rrrJarolnqi
4r.4A-e
Enttilu- rJarurdnEaxrlu (Fixed-Rotter) Inufi Stress-strain curve ltUlJ Ramberg

osgood fifi;rJrrnnrl s = (o I E) + 0.02(o / 325)s'2

a?luu12[m

rjarsEou

' 
('.rr')

(6IanYu)

r=03 r-0.4 r=05 r=0.6 r=0.7 r=0.8 r-0.9

40 24335 28247 31802 34887 3799t 40736 4r'.576

60 20834 2438t 28070 31s22 34978 38194 4t166

80 17221 20788 24310 276& 31087 34316 37233

100 t46r'.8 17937 21124 24308 27494 30705 33545

120 t2481 15541 18538 21422 2M38 274t6 30095

140 10540 13M3 16308 r9066 21876 24615 27t83

r60 8845 I 1549 14260 16960 l96l l 22tU 24654

180 74t9 9876 t2402 15001 t75t4 20t28 22388

200 6322 8440 10760 13 183 15590 1799t 20279

220 5276 7377 9331 rt572 13819 16110 18315

240 4720 6522 8244 10155 12238 14389 16482

260 4l l8 5810 74t3 9058 t0w7 t2842 14818

280 3755 5287 6730 8208 9763 t1474 t3268

300 3M0 4815 6220 7497 8907 10413 11974

320 3186 4/'25 5725 6931 8181 9556 10956

340 2934 4130 5310 6520 7583 8710 10107

360 2776 3880 4928 6168 7210 8205 9374

380 2588 3714 4746 5850 6788 7795 8750

400 2388 3M8 4550 5548 6550 7515 8321
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il-oerrr-tetqdrJnl:r{fi ot.s ilrfifninqnluri:rhi6nu{uto.:rd1?rfirdnrfiurrvirfifinr:6nfluurLrJarulnqj
4 r a d tt a
Enudu- rJarutfin:Jriou6d:& (Fixed-Free) Inufi sto.r.-strain ulJU Ramberg

ia.
Osgood fiii;rJaunrl s =(o I E) + 0.02(o 1325)5'2

f

a2lugl2trt

dorsrou

z (rr)
(fiIaniu)

r= 03 r=0.4 r=0.5 r=0.6 r=0.7 r=0.8 r=0.9

40 19619 2t990 24276 26505 28545 30s60 3234r

60 13485 15571 17541 t9473 21305 22918 24446

80 9006 10699 12487 14134 15700 t7130 t8523

100 6542 7834 9t63 10079 I 1388 t2554 13745

t20 5120 6330 7200 7932 8857 10067 10519

140 4055 522s 6114 6888 7574 8123 8640

160 336s 4334 5281 6130 6898 7589 8227

180 2186 36/,2 4492 5236 596/' 6690 7347

240 2289 3015 36s9 4277 4940 5520 6l 19

220 1895 2st0 3033 3548 4087 4s93 5103

240 1615 2122 2553 2988 3423 3873 4306

260 1398 1800 2178 2550 2922 3307 3678

280 t2t0 1550 1880 2201 2522 2855 3176

300 tt24 1347 1638 l9l8 2199 2490 2770

320 989 tt75 l4/.r 1687 1934 2190 2437

340 76s to12 1236 1495 1689 194t 2t60

360 698 935 l 139 1225 1530 1732 1928

380 615 845 1023 I 198 1373 1555 t73t

400 570 760 923 l08l 1240 ua 1563
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t).t9

nrn{fi or.s drfifininqnluriarlil6nxtjuto.:rarrdrdnrfiuurvirfifinr:6niruuudnuilufr'r

aol{rl (Fixed-Fixedl Inofi Stress-Strain curve ttllll Rarnberg Osgood iitgtJ

dURl: 6 =(o / E)+0.02(o 1325)5'2

3

l1:

n?luul?tgl

rlarsaou

z (ril.)

rintrininqnlulriri:liinntiurcqsrnrlrfinriiaurrir

(filanYl)

r= 03 r=0.4 r=0.5 r=0.6 r=0.7 r=0.t r=0.9

40 23959 27255 30400 33481 36558 39300 41160

60 21,483 25t32 28803 32484 35954 37201 40981

80 18707 22360 26081 29783 33509 34439 39577

100 l63ll 19780 23386 27034 3073r 31724 36986

t20 r4388 17s85 20943 24,r'.38 28065 29099 34379

140 12715 15749 18904 22r64 25575 26776 31831

160 tt2t4 14126 t7t09 2024t 23445 24756 29417

180 9W 1262r 15527 18484 21590 22947 27291

200 8596 tt24l 14020 r6920 19876 21256 25435

220 7500 9970 12637 15420 t8327 19722 23710

240 6575 8836 I 1345 14031 t6827 18226 22113

260 5903 7832 10181 12726 15435 16832 206s2

280 5352 7M3 9127 I l54l t4t2t 15508 32502

300 4900 u25 8221 tw7 12900 14266 17879

320 4656 5901 7534 9465 1 l78l 13131 16605

340 4555 5467 6952 8680 10758 12067 15380

360 4400 5240 &50 8M2 9868 ll106 14255

380 4174 514l 6031 7487 9t7t 10323 t3212

400 3894 4998 5821 7m.2 8661 39300 12229
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i!-oerarar,udt)nr:r{fi o.ro ilrrfninqnludxhl6nrnqluro{rd1r4drdarfiuurilrfifinr:6niluulrlnrulnqi
ar.di
Ontrilu - rJarurdnrooun'ru:'r{ (Fixed{uidea) Inufi Stress-strain uul Ramberg

Osgood fifigrlcnnr: s = (o I E) + 0.02(o 1325)5'2

a

2l-

n?luul2rg1

ilarsrou

r (.ru.)

rirnrininqnld

(6IanYu)

r=03 r=0.4 r=05 r=0.6 r=0.7 r=0.8 r=0.9

40 22063 25809 29387 32761 3394t 391 t9 42009

60 17345 20677 24018 27287 30213 33553 3656/.

80 139t7 16866 19899 22850 25883 286t5 3 1356

100 I 1060 13806 166t4 19271 2t913 24552 27tzs

120 8658 lll5l t37M 16242 18641 21213 23U7

140 7180 8948 tt273 13587 15865 18278 20597

160 5743 7556 92tt l 1285 13400 15615 17813

180 5024 6552 7788 9561 tt2t2 13291 t5290

2N 4.r';00 5815 6880 824/. 977r t1299 13055

220 3789 5120 6378 7445 8623 9862 I 1289

240 3293 4478 5677 6822 7779 8794 10033

260 2880 3990 514/' 6193 7l l0 8003 901 1

280 25s2 3554 4596 5660 6676 7623 8374

300 2320 3188 4223 5210 6220 7267 8138

320 2106 2925 3835 4832 s833 6880 7875

340 1873 2610 3505 4442 5365 ilt5 7462

360 1676 2388 3150 3990 4887 5887 6904

380 l5 l5 2145 2860 3626 4332 5350 6305

400 1380 r950 258r'. 3277 3990 4866 5755
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