rectional Fiker-reinforced

Ti-link Bamboo-like Tuks

R)

TL 4 T T i o 1e e
1 ane af the hanical prablems,
s T T N e G e e
namely The problem of rational des siruc -
BT I L T T T e e ST T - F
GaTes and how the gesmetrical suwmmetry of strong tube biostruc-

tres is connected with the fracturs oriteria.
1. Undddrectional compozite tubhes under awial conpression show
A particular mechanizm of fracture with axial swmmetra of the

arder. Thew fall as a chinese lantern when multiple split-

and buckling of n oo place . Beszides,

It

thew can fail in the form of macrobuckling or in the form of lo-
cal mikrobuckling under compression.

sive strength for o the local microbuckling

The axial campre

iz denoted by

[
The ocritical stress for the chinese lantern mode of

fracture for the thin-walled tuke, acoding to Rabotnow, FPolilow

Yo ois giwen hu

o . < PR o ‘
a.= 8 =12y tEYRE 15 fo

i o
where H&— the awerage radius, 1 - the length of the tube,E - the
longitudinal “oung”s modulus (along the fiber), v - the speszific

anergy of splitting.

=4
or
[a)

critical streszs for macrobuckling of the tube mayw be

written by BEuler s formula

a..= g =iEILE

RO
z
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whetre o= RERZ- moment of Inertia with respeet to axis through a

center of attraction, F = 2R89F. - cross section, O - wall thick-

a
fiess.
TLAaco +hroos 93 Tueres e do A IR 1 e u»-.iv-l-ir.-..----
G o [N R Wl aw c MU O Wi C R ERERIU}) 11 4 .I,':,. <L 1 l Wit ULl oL
tional glass-fiber reinforced plastic (GFRP) with the following

characteristics: E=50 GPRa, o =500 MPa, w=30 kMo, PH=F.5 M.

For a tube element with optimal geometry the wariouz modes
af failure must occur simultamecsliv,

Then the ratiohal tube length for simultapeosds ocouring two
fracture modes may be deriwved:

fram 41 and (2) in the following form

from 2 and {3} in the following form

:.:,L.‘ E4F|L[I ) -1 J. 16 ::.__i.':,
from (1) and €3} in the following form
b= Ry mIES 20 {6

Three graphs of these squations for the GFRP are shown in

From (3) and {5} the optimal average radius and the optimal

length for the giwven material are:

Rypt= 1. O1E¥/ ] (7
' . .,'_.5.".'2 -."O'
Aiip_t ._.L'JE "r.- Ul: ._l.-,,‘

For the BFRP Ry 4= 6.06 mw and 1 .4= 134.4 mn.

Z. Under bending condition each link of & multi-link tube
structure iz lovaded by different stress, and therefore the
optimal length to radius ratio and the optimal thickness change

from link to link. The optimal thickness is found from (1), It
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§o= R-i(RYe 4N Sna,

L =

where & - The external radiug, M, - the bending moment.

The aptimization problem for muelti-link tubes can not be
solved with the thin-walled approximation zince the thickneszs iz
a parapeter of optimization. Therefore it is necessary to
receive the exact equation like (53, with the following expres-

zion for the moment of inertia of the circle segment:

I=tarsinocosa YR r ¥ 3/8-ds in Sa R r 35 0aipe-r (10}
where + ~ internal radius, a4 = &M On - the number of segnents,
fvfil - the work of splitting), and to solwe this equation bty
aeme namerical methods.

el

Our numer ical research of this model shows that for B/ <Ca”

the optimal link length 1_i dECrEa with tha Eﬂiiawerage radius

of the i-th link) increaszing, and for &7

the optimal link
length 1i increasze with the wall thickress &, increasing.
N ES

In order to werify the applicabilite of the proposed crite-

Vivm of optimization to matural biclogical structures like a
bambon trunk, we cansider the hamboo trunk as multi-link tube

structure under hending condid

arodus Hr owind load. For oa fixed

Fadivs of oot oa drunk the thickpess of the fube

Was found gmal First link length was

found from the

ctoeauation Like 40 for the chinese lantern
mode of fracture.

HWe consider the linear decreasing of the trunk radius From

the lower part to the top and asswme the following properties of
the wood: £ = 30 GFa, v = 20 EMSm, the total length 1 = 14 m,
the first link radius Eiz 0.1 m, 5E=ESD MPa, and the critical
bending force F = 9 BN, The results of computer modelling show

that the link length waries from 0014 To 0.2 m, and monotonously
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increase from the ends of the trunk to the middle 4See Fig, 2.
Quantatively it is in agreement with the real changing of. bamboo

link lengths.

CONCLUSION

The considered failure modes take into account the scale
effect, and zo the optimal dimenzions of the tube structures
may be found using the criterium of simultaneos mixed-mode fai-
lure initiation.

The propased approach was developed in order to prowe that
some strong bicolegical structures agree with optimal vrelations
connected with simultanecs initiation of different fracture
modes.

This method may be used in the desigh of tube constructions
{e.g, ferms) using unidirectional composite materials (CFRP,

GFEF and cthers).

REFERENCEE
1. Ju.N.Rabothow, AN Palilow, On the Chinese Lantern Hode of
Composite Pipes Fracture, Mechanica Kompozitnuh Materialow

Lin Russian), 1963, 3,p.536-550.

430



Pig. I
Three modes of fracture under axial compression.

a) Stress versus length; b) length versus radius.
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Fige. 2

The link length versus the link number.




