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Introduction

Examination of buckling of the sandwich cylindrical shell allows the identification of its energy components
that are lost in the non-linear imperfection sensitive mode coupling”. This has lead to the reduced stiffness lower
bound buckling strength of both sandwich cylindrical shells under pure axial and lateral loading®. Further to that,
the effect of uniform constant external lateral pressure on the Reduced Stiffness (RS) lower bound buckling
strength of axially loaded sandwich cylindrical shell is examined in this paper.

RS lower bound buckling strength

The pre-buckling membrane fundamental state of a simply supported
axially loaded sandwich cylinder of length L, mean radius a, face
thickness Ay and core thickness A, (Fig 1) under constant uniform lateral
pressure and can be defined as
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Here, o and g denotes the applied axial stress and constant uniform
external lateral pressure respectively. The axial load is supported by only
face sheets while the core is assumed to support only transverse shear. vy

and E; denote the Poison parameter and Young’s modulus of face respectively. N, NF and N/ denote the

Fig. 1. Sandwich cylindrical shell

membrane fundamental stresses in the x and s directions and xs plane (Fig. 1) respectively. M", M” and M are

the relevant fundamental state moments. EY, E” and E’ denotes the relevant strains. Depending on the
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incremental membrane strains that are linear and quadratic at the point of buckling, the total potential energy of the
sandwich cylindrical shell can be divided into its constant, linear, and quadratic components.
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Here, U is the sum of strain energies. V;; and V,, denote the axial and circumferential nonlinear membrane energy

components. Application of the variational principles to Eq. (5) results in a set of homogeneous equations. The
classical bucking strength (o, ) can be obtained by further manipulation of those equations.
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The critical stresses and the relevant mode shapes are obtained as a solution to Eq. (6) by computational iteration.
Here, A, =(ma/L)*, A, =a(n/a)’. m and n denote the axial half and circumferential full wave numbers. 4;
depends on amplitude of displacement functions and coefficients, C; of the homogeneous equations. From Eq. (5),
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Here, U, =U +U; +US: the axial, circumferential and twist  Stress (kgf/cm’)
membrane energies, U, =U,+U, +U; : corresponding bending 5000} "
strain energies and U =U;* +U;* : the shear strain energies in the
superscripted planes. The nonlinear membrane energy components, 4000t
Vw and Vi associate with applied axial stress. Whereas, Vi
associates with the lateral pressure. In the case of the axially loaded  3000¢
sandwich cylindrical shell, the mode coupling can result in the loss of
initial stabilization provided by the non-linear circumferential strain 2900}
energy V,, and U, %) Therefore, elimination of these two energy
components from the total potential energy leads to the reduced 1000! 8\@ ___________________ é
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The wvalidity of the proposed reduced stiffness strength is 5000} ' R Oy ---O-—--0 K
ascertained by comparing it with that of purely axially loaded  }  |------ Oy ———— Oy
sandwich cylindrical shell (o, ) and the imperfection sensitive Finite  4p00} il R — Tt
Element Method (FEM) lower bound (o, ) obtained with numerical N
examples”. Variation of the FEM and reduced stiffness lower bound 30004 TNell ~
and classical buckling strengths are shown in Fig. 2(a) [/'=0.0] and (b) ol
[V=0.1]. Where, V (=E h,[4aG (1-v})) is the transverse shear TYeel L
flexibility parameter. Here, G. denotes the core shear stiffness. o, 2000¢
denotes the FEM lower bound of purely axially loaded shell. g equals
0.02 kgf/cm®. And, it causes the readily available classical buckling 1000} M A
strength (o,,,) to deviate considerably from that of purely axially e T ©
loaded shell (o,,) . This deviation increase as L/a increases. Though oL B e
small, the slight reduction in FEM and reduced stiffness lower bound 2 3 Lla 5
buckling strengths are corresponding. Thus, the proposed reduced
stiffness lower bound buckling strength avoids the uncertainty of (b) V=01

consequences associated with both initial geometric imperfections and
external uniform lateral pressure of strong (V'=0.0) as well as weak
(V=0.1) core axially loaded sandwich cylindrical shells.

Fig 2. Variation of RS and FEM lower
bounds (L/a=2.0, E=2.06x10° MPa,
a/hy = 5000, h/h=10, a=1.0 m, v, =0.3)

Conclusions

An additional uniform external lateral pressure applied on axially loaded sandwich cylindrical shell reduces its
reduced stiffness lower bound buckling strength. However, the proposed reduced stiffness lower bound buckling
strength avoids the uncertainty of consequences associated with both initial geometric imperfections and external
uniform lateral pressure.
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