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ECF 9 RELIABILITY AND STRUCTURAL INTEGRITY OF ADVANCED MATERIALS

viour of the layers and package, possibility of normal
contact of the layers at the crack zone, natural kine-
matic and static conditions at the boundary of layer
geparation zone, which is mobile and can be defined on
the basis of generalised energy fracture criterion.

The formulated Eroblem can be solved by using veriati-
onal approach. To this end, on the basis of the lag-

rangilan functional, a complete functional of the in-
vestigated linear poundary-value problem with variable
boundaries (contact zone boundaries and macrocracks

boundaries) shall be created. ~his functional has the
following form:
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where: Do~ is potential energy of monolitic region

3:" 9_—. are potential energies of layers in Hregi-
L7 ¢ ong of layer separations )

)

i tact conditions in the contact regions of
layer seperation zones

7 _ are lagrangian factors for conjunctive con-

é) .~ is the energy of formetion of & new layer
é’* geparation surface

The functional is & complete one in a sense thatl out
of it all resolving relationships inside the region
can be derived as well as all boundary static and ki-
nematic conditions, static and kinematic conditions of
mating, conditions of contact, end defects growth equ—
ations. The condition of the defect growth is the equ-
ality of invariant J_integral and 1imiting value of
Jg. Tor verying the functional, the formula for vary-

ing the varying boundaries functional is used.

In a case when the charscteristics of the defect and
stress and strain state of the shell are of the
axially gymmetric nature, the non-linear boundary-ve-
lue problem is solved by reducing the bpundary—value
groblem to the Cauchy problem applyving Hewton's method.
n this cese, the coordinates of the contact zones and
the defects boundaries are included into argument-vec-—
tor and the corresponding conditions of transversality
and fracture are included into the implicity defined
Newton's discrepancy functions. In case the deformat i~
on is exially non-symmetric one, the problem is redu-
ced to a single—dimensional one by applving Vlasov-
lantorovich method with utilizetion of the finite-ele-
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ments approximation. By continuing to solve the prob-

1em for 1oading parameter, it pecomes pOSSible to per-

forms of the loss of stability and fracture of the
structure.

The enalysis performed with the aid of the suggested
model demonstrates that the phenomenon of local loss
of stability at the layer separation zone can pe rela-—
ted toO existence of the geparate equilibrium pranches
of non-linear solutions. -

Depending on the nature of interaction of the stress
and strain gtates within the zoneé of gefect and out-
gide 1%, type of the structure and its geometric shapes
there can exist general, local and mixed forms of bul-
ging corresponding to different jevels of the critical
Joads, 1088 of stability and fracture- ere the possi—
pility exists either of the 1ocal 1088 of stability
with oonsequent growth of the crack, OF of the general

yer aisappears- The degeneration of separate pranches
of solution with decrease of the reletive distance of
layers separation is demonstrated in ig.2.

The region of existence of the jocal 1088 of stability
critical 1oads is determined only bY the size of de-
fect and s1ightly gepends oL the geometrio shape of

rease.

The realization of this OT that form of the 108S of
stebility and the possibility of gefect spreading are
determined vy the type and intensity of initial dis-
turbances in & gystem. For @ number of system (gphe- -
rical segment, en%less cyl%ndrical shell, etc there
exists & minimel 1€ itical i
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The process of spreading of the defect zone on account
of normal separation of the bulged layer is determined
by the non-linear character of the system deformation.
The critical loads of local loss of stability and ini-
tiation of the defect growth not always determine the
exhaustion of the carrying capacity.

Depending on the type of the structure and its streng-
th characteristics the growth of the defect can conti-
nue until the complete failure of the structure, or
the spreading of layer separation ceases as the load
increases. In Fig.3 the equilibrious curves are pre-
sented which describe the shell behaviour prior to the
initiation of the defect (curves 1 to 5)_and the pro-
cess of fracture (curves 6 and 7). From Fig.3 it fol-
lows that after bulging of a layer end commencement of
fracture the appearance of ascending branches of solu~
tion becomes possible.

In the process of performing enalysis, the possibility
of the exhaustion of carrying capacity of the shells
on account of local loss of stability in the layer se-
paration zone has been revealed (e.g. formation of the
Chinese lantern' shape at axial compression of the

varimodulus cylindrical shell); in this case the equi-
1ibrious branch of the solution describing the local
bulging is obtained as a result of bifurcation of the
initial solution rather that formation of a separate
branch.

REFERENCES

(1)  Cnhai, H. and Babcock, C.D., J. of Composite
Mgterials, Vol.19., ﬁo.1, 1985, pp.67-91.

(2)  Chei, H., Knauss, W.G. end Babcock, C.D.,
Experimental Mechanics, Vol.23., No.3,1983,
pp.329~337.

(3) Obodan, N.I, and Gelezko, I.P,, Izv.A N USSR,
llechanica txerdogo tela, No.6, 1986, pp.153-158.
In Russian).

(4) Obodan, N.I, and Lebedev, A.G., Dokl. Akad, Wauk
Ukraine, Ho.12, 1980, pp.38-41.(In Rugsian).

1313



/

AL INTEGRITY OF ADVANCED MATER\ALS

\UITY AND STRUCTUR

ECF 9 RELIAB

TOAD

DISPLACEMENT

Ngn-lineal geformation of shell-
separation

with layer
DISPLACEME&T @

LOAD
DIUTL:\CSMJUT
Pjgure 2 Uegeneration of rigure O Practure proces®
separnte pranches

1314



