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This p;:~.p~:r discusses one o? the.. ~.iomechanic~,l probl~..[f~s,

n~.~:l~ the: problem o? r;~.tion~,l de:si~[n o? composite: tube: struc-

tur~:s ~s connecte’.d ~.,~Jth the ?r~ctur~: cr~+-’,.~.rJ~..

::, p~rticula.r m6:ch~mism o? ?r~.ctu.r[: ~.,~ith ~.xial s[amm~’.trta o? the

th~ c~,n ?ail in the ?ori~ of m~,crob~cklins: or in the ?orm

cal mi~{robucklin£: under

The critic;:~.l stress ?or the’. chinese 18mte:rn mode:

?r~ctu.ra~ for the thJn-t~;[~~]~..d tu.[,f’., ~codih~[ to R~t, otnov, Polilov

:.,~here: Rt~- the ~ve:ra.~:~ r~dius, I - %he~ len~[th o? the tube,E - the

lons[i%~dln;[ti ~,.~o~.n~[’s [~odulus (;:~loh~[ the’. ?iber), y - the: spesl?lc
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leng~h ?or ~he given ~a~et-ial are:
1. [IIE~,..’~~t=P

’opt-’    - 2.24E ..... y:~’~’: ~                                ::8).
For the GFRP Ropt= g. Og rr~;~~ and lopt= 13,4.4 [r~rf~.

<2. Under berdirg c:onditior~ e~,ch link of ~ [~ulti-lirff: tube
structure, i~: lo~tded b~ dif?erent stress, ~tnd there?~me, the
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= R-((R’~ 4M×i:~,~c)R)Z/4 (9)

~.,~here R - thE: ext~:rn.’..~l radi~s, I~× - %h~: b~..nd~n~
The optimization problem ?or mu.~-i~nk ~ubes can no%

solved uiih the %hin-t~lled appro::<imalion since %he thickness is
::~ parame.Ter of opTimizaTion. Therefore: iT is n~cess~rL~ To
receive the exact e.qu{~tion like t.5), [~ith the follouin~; expres-

sion ?or the moaent o~ inertia of the circle: s~:gmant:
l=(a+sin,~.cos~.)(R4_r4)/4_asinZ~.(R~_rS)Zi9,s~.(RZ_r z)    (10)

~.,~he:re r - internal radius, ,:t = :a/n (n - the nurf~ber o?
nySl - %be tuork o? splitXin~), and %o solve %his equation bL4.
some numerical methods.

O~;r numerical r~:search o? this ~r~odel sho(~s th3.% ?or
the optimal link l~:n~ith Ii de:crease:s t,Jith the Rai(ave.ra~e radius
o? the i-th link.) incre~tsin~L and ?or 6/Ra.~,,~.z the oF, lim~al link
len~%h Ii increase: t,.d%h %he uall thickness 8i incre,.asin~i.

In order %o w,.ri?~ %h~: applic:;~bili%? o? %he proposed cri%e-
rium o? optindzaLion to natural b~olo~ical s%ru.clures like a
ba[~i, oo trunk, ~.,.~e consid~}:r tha: L, arnboo trunk as r~~u.l%i-link tube
stru.ctu.ra’, und~’.r bendin~ ,...%.’n,51%Jon ,,,,.~’ ,:..’.- %o u.~in,~ load. For a
radiu.s o~ the ]ot,.~est part o? a -i.:runk %h:~: thickness o? the
~,~:~.s fm;nd ?ror~ (9). Thq:..n !:he op%]~al ?Jrs’L link len~-th
?ound ?rorr~ ~he ~:::<:~.cI.: ~:,:LU:;r~:icn iik~: (4) ?or %he. chinese lantern
mode of ffracture.

Ne consider ’the linear de.creas~n~ o? ~he trunk radius ?rom
lhe louer part to %he top and assume the ?ollouin~ properties
the ~,~ood: E = 30 GPa, 7 = 20 EN/m, %he %o%ai length I = ~4

%he firs% link radius R~= O.i m, oc=~350 [.IPa, and the critical
bendin~ ?orce. P = ~ KN. The results o£ corr@uter ri~odellin~i
%ha.% %he .link len~i%h varies ?tom 0.14 %o 0.2 ~~, and [~onoXonousl~
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OONCLU~; I ON
The conside.r~.d ?allure r~od~:s ~k~: it:to accoun~ th~ scale

B??ect, and so ~he op~r#~l dimer~sions o? thB ~ub~

rr, a~ be ?our, d us ir,~ ~h~: cr~erium o? s ir~~ultaneos mi:~:ed-rr~ode

The proposed approach w~s developed in order ~{I

connected w~h ~ ~l~l~]~flSO~: ~rl~a~Orl 87 di??eYgrl~

Th~s r~e~hod r~,aW b~’. used in the d~..si~rl o? ~ub~’. consTru.cT~ons

@F£F’ and oth~:rs).
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F~g. I

?hree modes o~ ~rac~ure under axial compression.

a) Stress versus lengthl b) length versus radius.
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