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DETERMINATION OF THE MOMENT OF INERTIA
OF THE BEAM WEB STIFFNESS ELEMENT

The subject matter of the article is the shear buckling behavior of a thin-walled beam web in an aircraft structure
reinforced by longitudinal stiffeners under transverse shear loading. Particular attention is paid to the influence
of the stiffener's rigidity on the critical shear stresses and the web's load-carrying capacity. The aim of the article
is to develop an analytical approach for determining the required second moment of area of longitudinal stiff-
eners based on the conditions of global and local shear buckling of the beam web, and to provide a theoretical
justification for widely used empirical design relations. The tasks to be solved are: to formulate a mechanical
model of a stiffened beam web represented as an orthotropic plate with equivalent stiffness characteristics; to
derive analytical expressions for critical shear stresses under global buckling conditions; to solve the inverse
stability problem for determining the required stiffener second moment of area; to analyze local shear buckling
of elementary web panels bounded by stiffeners; to establish a condition for simultaneous occurrence of global
and local buckling; and to compare the obtained analytical results with known empirical formulas used in aer-
ospace engineering practice. The methods used in the study are based on the classical theory of stability of thin-
walled structures, in particular, the theory of shear buckling of orthotropic plates developed in fundamental
NACA works, as well as analytical methods of structural mechanics and stability analysis. The following results
were obtained: an analytical model describing the shear stability of a stiffened beam web was developed; closed-
form expressions for determining the required stiffener second moment of area under global shear buckling
conditions were derived; a relationship ensuring simultaneous satisfaction of global and local buckling criteria
was established; it was shown that the obtained solutions provide a clear physical interpretation of the influence
of geometric and material parameters on structural stability; and it was demonstrated that the derived analytical
expressions reproduce the characteristic power-law dependence between stiffener rigidity and applied shear
load observed in engineering practice. Conclusions. The developed analytical approach enables direct evalua-
tion of the required stiffness of longitudinal stiffeners at the preliminary design stage of aircraft structures,
accounting for both global and local shear buckling modes. The obtained results can be effectively used for
rational structural design and optimization of thin-walled beam elements. The scientific novelty of the results
obtained is as follows: an analytical solution to the inverse problem of determining the stiffener second moment
of area based on global shear buckling conditions was proposed; a unified criterion for simultaneous consider-
ation of global and local shear buckling was formulated; and a theoretical justification of empirical design
dependencies widely used in aerospace engineering was provided on the basis of classical stability theory.

Keywords: shear loss of stability; orthotropic panel; thin-walled beam; stiffeners; moment of inertia of a stiff-
ener; cylindrical stiffness.

whereas excessive stiffness results in unjustified weight
penalties. Therefore, the rational selection of the stiffener

1. Introduction

1.1. Motivation

Beam elements with thin webs reinforced by longi-
tudinal stiffeners constitute the fundamental load-carry-
ing components of aerospace structures, including spars,
ribs, stringers, and frame members. For such structures,
the governing failure mode is often shear buckling of the
web, which may occur well before the material reaches
its ultimate stress limit [1].

Design practice [2] demonstrates that the stiffness
of stiffeners has a significant influence on the critical
shear force (or stress) of the beam web and, conse-
quently, on the overall structural mass and efficiency. In-
sufficient stiffener stiffness leads to premature buckling,

moment of inertia represents a key problem in optimal
structural design.

In established engineering methodologies, stiffener
design is frequently performed using empirical [4] or
semi-empirical relations [5], including the widely applied
formula given in [3], which is commonly used in prelim-
inary and detailed design calculations. However, the
physical background of such expressions is not always
transparent, and their applicability is generally limited to
the assumptions under which they were derived.

In this context, an analytical derivation of design
formulas for the stiffener moment of inertia based di-
rectly on the shear buckling condition of a pseudo-ortho-
tropic panel representing the beam web with stiffeners is
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of clear practical and theoretical relevance.
1.2. State of the art

Shear buckling of stiffened thin panels has been ex-
tensively studied since the classical NACA investiga-
tions, where the beam web was modeled as an orthotropic
plate with different cylindrical (bending) stiffnesses in
the principal directions. In works such as [2], analytical
expressions for the critical shear flow were obtained in
terms of the stiffness components D,, D, and the geomet-
ric parameters of the panel.

Further development of engineering approaches led
to simplified formulas for determining the required stiff-
ener stiffness. A well-known example is the relation pre-
sented in [3], which directly links the stiffener moment
of inertia to beam geometry, applied load, and material
elastic modulus. While such expressions are convenient
for practical use, their theoretical transparency is limited,
and they do not always allow a clear assessment of the
influence of individual structural parameters.

In most sources, the stiffener moment of inertia is
treated as a prescribed or iteratively selected parameter.
In contrast, the inverse problem determining the required
stiffener moment of inertia from the condition of a spec-
ified critical shear force has not been sufficiently ad-
dressed. This complicates the comparison between ana-
Iytical models and empirical design formulas.

In addition, several non-aerospace design ap-
proaches, widely used in civil engineering [6], shipbuild-
ing [7], and general mechanical engineering [8], provide
alternative formulations. However, these methods typi-
cally yield overly conservative estimates and lead to ex-
cessive structural weight when applied to aerospace
structures.

1.3. Objectives and tasks

The objective of the present work is to derive an an-
alytical expression for the required stiffener moment of
inertia of a beam based on the shear buckling condition
of an orthotropic panel, and to compare the resulting for-
mula with established relations used in aerospace engi-
neering practice.

To achieve this objective, the following methodol-
ogy is employed:

- an analytical framework based on the classical sta-
bility theory of orthotropic plates;

- a beam web model incorporating the contribution
of stiffeners to the cylindrical (bending) stiffness of the
equivalent panel;

- algebraic transformation of the buckling criterion
to solve the inverse problem with respect to the stiffener
moment of inertia.

The study addresses the following specific tasks:

- formalization of the influence of stiffeners on the
stiffness components of the orthotropic panel;

- derivation of an analytical relationship for the
stiffener moment of inertia as a function of the critical
shear force;

- analysis of the obtained expression and compari-
son with classical empirical formulas.

2. Materials and methods of research

2.1. Global Shear Buckling of the Beam Web

When a transverse shear force acts on a thin-walled
beam, the stress state of the web is governed predomi-
nantly by shear stresses. For beams with stiffened webs,
buckling typically occurs in shear and may be interpreted
as global shear buckling of an orthotropic panel rein-
forced by longitudinal stiffeners.

In classical studies [2], the beam web is modeled as
an orthotropic plate whose bending (cylindrical) stiffness
differs in mutually perpendicular directions. This or-
thotropy arises from the presence of stiffeners, which sig-
nificantly increase the panel bending stiffness in the di-
rection perpendicular to their orientation. In general, both
vertical and horizontal stiffeners may be considered;
however, a typical beam configuration contains only ver-
tical stiffeners.

The critical shear flow for an orthotropic panel may
be written in the form

4\/ Dy - Dz3

ny cr = Ca” 2
()

where c, is a coefficient accounting for panel aspect ratio
and boundary conditions [2];

b is the characteristic dimension of the panel in the
buckling wave direction;

D; and D, are the cylindrical (bending) stiffness
components of the orthotropic panel.

The stiffness component D, is determined solely by
the web properties. For an isotropic material,

D, = E,-t3
12-(1-9,%)
where E,, is the Young’s modulus of the web material;
t is the web thickness;
9, 1s the Poisson’s ratio of the web material.
The stiffness component D, accounts for both the
web stiffness and the contribution of stiffeners and may
be expressed as

Es-Ig
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where Eg is the Young’s modulus of the stiffener mate-
rial;

I, is the stiffener second moment of area about the
axis parallel to the web;

d is the stiffener spacing.

This expression clearly illustrates the physical
meaning of orthotropy: in the absence of stiffeners
(I = 0), the panel is isotropic; as the stiffener stiffness
increases, the bending stiffness in the corresponding di-
rection increases accordingly.

The critical shear stress associated with global
buckling follows from the critical shear flow:

YD, - D,?
by*
t(3)

The obtained expression directly relates the geo-
metric parameters of the web, the stiffener stiffness, and
the boundary conditions to the critical shear stresses as-
sociated with global buckling. In this formulation, the
problem of determining the required stiffener stiffness is
reduced to an inverse problem of stability theory, in
which the stiffener moment of inertia is determined from
the condition of achieving a prescribed level of critical
shear stress.

This approach is particularly convenient for further
analytical investigation, since it enables a direct compar-
ison between relationships derived from the classical the-
ory of orthotropic plates and well-known engineering or
empirical formulas used in practical stiffener sizing. In
contrast to purely empirical design relations, the present
formulation preserves a clear link to the underlying me-
chanics of orthotropic plate stability.

The remaining orthotropic stiffness components do

not influence the final expression for shear buckling. For
an isotropic web, the following identity holds:

global __ ny b _ ny cr

T
cr bt t a

D3 = D3 +2-Dgg =Dy + Dy —Dyp =Dy,

where the relation between D;, and D¢, is governed by
the Poisson’s ratio of the web material. Consequently, the
shear buckling problem reduces to analyzing the influ-
ence of stiffener stiffness on the orthotropic bending stiff-
ness component D,. This substantially simplifies the an-
alytical treatment and clearly isolates the mechanical role
of the stiffeners.

Substituting the expressions for D; and D, into the
formula for the critical shear flow yields a relationship
that directly connects the critical load with the stiffener
moment of inertia. Subsequent algebraic manipulation
makes it possible to transform the direct problem (deter-
mination of the critical shear force) into the inverse prob-

lem, in which the stiffener moment of inertia is deter-
mined from the requirement that a prescribed critical
shear force be sustained.

As a result of these transformations, the following
analytical expression for the stiffener moment of inertia
is obtained:

IR
3 (X(Z) E, - t3 >-d

iy )

Eg

Iy =

This expression explicitly demonstrates the depend-
ence of the required stiffener stiffness on the web geom-
etry, material elastic properties, and applied shear load.
The formula possesses a clear physical interpretation. An
increase in shear force V or panel width b leads to a
power-law increase in the required stiffener moment of
inertia, reflecting the nonlinear sensitivity of shear buck-
ling to load intensity and panel dimensions. Conversely,
an increase in web thickness t significantly enhances the
intrinsic bending stiffness D, (through the cubic depend-
ence on thickness), thereby reducing the stiffness require-
ments imposed on the stiffeners.

For comparison, the following empirical formula is
widely used in design practice [2]:

4
I 229 d <V'b>§
s &% ¢ \33-E/

This empirical relation exhibits a similar power-law
dependence between the stiffener moment of inertia and
the applied shear load, which indicates consistency in the
general scaling behavior. However, it is derived from the
generalization of experimental data rather than from first
principles.

A comparison between this empirical expression
and the analytical formula derived in the present work
makes it possible to:

— identify the theoretical basis underlying empirical
coefficients,

— determine the range of applicability of empirical
design rules, and

— assess the degree of consistency between empiri-
cal approaches and classical orthotropic plate stability
theory.

Figure 1 presents the dependence of the required
stiffener moment of inertia on web thickness, comparing
the existing empirical relation (leg) with the analytical ex-
pression derived in the present study (lag), while keeping
the remaining parameters constant. The following param-
eters are used (as in [14]): V= 4448N, d = 0.508 m,
h = 0.762 m. Both the web and the stiffener are assumed
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to be made of an aluminum alloy.
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Fig. 1. Comparison of the derived and existing
relationships for stiffener moment of inertia

2.2. Local Buckling of the Beam Web

In addition to global shear buckling of the beam
web considered as an orthotropic panel, stiffened thin-
walled structures may also experience local buckling of
individual web segments bounded by stiffeners and beam
flanges. This type of instability is characterized by the
formation of localized buckling modes that do not extend
over the entire panel but are confined to a single web bay
(cell). In contrast to global buckling, which involves in-
teraction between the web and stiffeners over a large re-
gion, local buckling develops within geometrically lim-
ited areas and is primarily governed by the properties of
the web itself.

Local buckling may be modeled as shear buckling
of an isotropic plate simply supported along its contour,
with a characteristic dimension defined as [16]

b = min(h, d),

where h — is the web height,

d — is the stiffener spacing.

This definition reflects the fact that the buckling
half-wave is constrained either by the web height or by
the distance between adjacent stiffeners, depending on
which dimension is smaller. Consequently, the geometry
of the web bay plays a decisive role in determining the
local stability limit.

Within the framework of linear elasticity theory, the
critical shear stress associated with local buckling may be

written as:

12 (1n— ) (t)

where Kk is the shear buckling coefficient, which depends
on the aspect ratio of the web cell and the boundary con-
ditions along its edges [9];

ns is a reduction factor accounting for inelastic
buckling beyond the proportional limit in the case of lo-
cal instability (is given in [10] for hinged mounting, in
[11] for fixed condition, in [12] for elastic supports and
in [13] for various load cases);

Ew, t, 9y are respectively the Young’s modulus,
thickness, and Poisson’s ratio of the web material.

This expression shows that local buckling is gov-
erned primarily by the web geometry and material prop-
erties. It does not directly depend on stiffener stiffness,
except through the influence of stiffeners on the effective
cell dimension by. In other words, stiffeners define the
geometric boundary of the buckling region but do not di-
rectly contribute to the bending stiffness of the locally
buckling plate.

From the standpoint of rational structural design, it
is undesirable for one buckling mode to occur signifi-
cantly earlier than the other. If local buckling occurs at
stresses substantially lower than the global buckling
stress, the stiffeners are underutilized, and their stiffness
is not effectively exploited. Conversely, if global buck-
ling occurs first, the web thickness may be unnecessarily
large, leading to excessive mass without improving struc-
tural efficiency.

For this reason, engineering practice frequently
adopts the simultaneity condition for global and local
buckling [1]:

local _
Ter = MNs-

Tl?cal %’iobal
The critical stress associated with global shear
buckling, derived in the previous section, is:

.4\, Dl'D23 _ .4‘\[ Dl'D23

=4-c
cr a t.(g)z a t'bé

where by is the characteristic half-wave dimension asso-
ciated with global buckling.

By equating the global and local critical stresses,
one obtains an equation that relates the cylindrical stiff-
ness components of the equivalent orthotropic panel to
the geometric parameters of the local web cell. The sim-
ultaneity condition therefore reduces to an inverse prob-
lem of determining the stiffener moment of inertia re-
quired to ensure the simultaneous occurrence of both
buckling modes.

global __
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After performing the necessary algebraic transfor-
mations, the following analytical expression for the stiff-
ener moment of inertia is derived:

Ew't3 3 T]s4'1T8'bg ks4 )
12-(1-9,°%) | J4* - ca* ng* b}

I, =d- E. ,
which defines the minimum required stiffener stiffness
ensuring simultaneous global and local shear buckling.

Here, 1, is the reduction factor accounting for ine-
lastic effects in global buckling beyond the proportional
limit [15]. The presence of both ng and n, in the expres-
sion allows the model to incorporate post-proportional
material behavior consistently for both instability modes.

The obtained relation provides a direct analytical
tool for evaluating the influence of:

- beam geometry (web height, stiffener spacing,
global half-wave dimension);

- web and stiffener material properties;

- boundary conditions;

- and inelastic reduction factors,

on the rational selection of the stiffener moment of
inertia.

Structurally, the derived expression is consistent
with established engineering design formulas used in
practice. In particular, empirical relations that relate stiff-
ener stiffness to cell dimensions and web thickness [2]
may be written in the form

_0.0217-d- t3

T ®
h- /K,

Although empirical in origin, such expressions ex-
hibit a structural similarity to the analytically derived for-
mula, especially in the cubic dependence on web thick-
ness and the proportionality to stiffener spacing. This
confirms the mechanical consistency between empirical
practice and classical stability theory.

Figure 2 illustrates the dependence of the required
stiffener moment of inertia on web thickness, comparing
the existing empirical relation (l¢) with the analytical ex-
pression derived in the present study (l.), while keeping
the remaining parameters constant (see Figure 1).

3. Results and Discussion

The derived analytical expression for the stringer
moment of inertia I is obtained directly from the classi-
cal formula [2] for the critical shear flow of an ortho-
tropic panel. Unlike empirical or semi-empirical design
relations, the present derivation explicitly accounts for

the coupling between the bending stiffness of the skin
(web) and the discrete contribution of longitudinal string-
ers through the cylindrical stiffness component D,. In
this way, the reinforcing effect of stringers is introduced
in a physically consistent manner within the framework
of classical plate stability theory.

4
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Fig. 2. Comparison of the derived and existing
relationships for stiffener moment of inertia

A key feature of the first proposed formula is that
the contribution of the stringers enters the buckling con-
dition in a nonlinear manner, specifically through a cubic
term. This reflects the physical fact that resistance to
shear buckling is governed not only by the local stiffness
of the plate but also by the global bending rigidity pro-
vided by the reinforcement system. As a consequence,
even a moderate increase in stringer stiffness may result
in a disproportionately large increase in the critical shear
load. This nonlinear sensitivity is an inherent property of
orthotropic panel stability and cannot be captured ade-
quately by purely linear design approximations.

By isolating the stringer moment of inertia from the
buckling condition, a closed-form analytical expression
for I has been obtained. This enables direct evaluation
of the required stringer stiffness for a prescribed shear
load without resorting to iterative procedures. Im-
portantly, the resulting formula preserves the original
structure of the classical NACA solution for shear buck-
ling and therefore remains fully consistent with the as-
sumptions of classical plate theory.

It should be emphasized that the obtained value of
the moment of inertia represents the minimum required
stiffness necessary to prevent global buckling of the web
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under the given transverse shear force and geometric pa-
rameters. Any lower stiffness would lead to instability
prior to reaching the specified load level.

A comparison with the widely used engineering ex-
pression [3] shows that both relationships exhibit the
same functional dependence on the applied shear load V
and panel width b, namely a power-law behavior with ex-
ponent 4/3. This agreement confirms that the empirical
formula implicitly reflects the same fundamental buck-
ling mechanisms as the analytical model. However, the
present derivation provides a clear theoretical justifica-
tion for the value of this exponent and explains the origin
of the numerical coefficients appearing in empirical de-
sign rules.

In contrast to the existing formula, which assumes
isotropic behavior and condenses several physical effects
into a single empirical constant, the derived expression
explicitly incorporates the web modulus of elasticity E,,,
the rib modulus of elasticity E, the web Poisson’s ratio
9,, and the geometric parameter of stiffener spacing d.
This makes the formulation particularly suitable for mod-
ern aerospace structures, where skins and stringers may
be manufactured from different materials (including hy-
brid or composite configurations) or optimized with re-
spect to spacing and stiffness distribution.

Furthermore, the analytical form clearly demon-
strates the limiting behavior of the system. In the limit of
vanishing stringer stiffness, the critical shear load asymp-
totically approaches the value corresponding to an un-
stiffened plate. Conversely, for very large values of I,
the structural response becomes dominated by the string-
ers. Such asymptotic tendencies are concealed within
simplified empirical relations but are fundamentally im-
portant for understanding load-transfer mechanisms and
for developing rational optimization strategies.

Overall, the proposed formula may be regarded as a
theoretically substantiated generalization of existing de-
sign rules. It enables transparent sensitivity studies with
respect to material and geometric parameters and can
serve as a reliable basis for preliminary sizing of stiffened
panels subjected to shear loading particularly in applica-
tions where classical empirical coefficients are used out-
side their original calibration range.

A distinctive feature of the second formula is that it
provides the minimum stiffener moment of inertia re-
quired to ensure equality of the critical stresses for local
and global buckling. If the first formula demonstrates that
global buckling does not occur at the specified load level,
it logically follows that local buckling will also not occur
under the same conditions. Thus, the second formulation
provides a unified stability criterion ensuring simultane-
ous safety with respect to both instability modes.

Figure 3 presents, as an example, the dependence of
the required stiffener moment of inertia on web thick-
ness, comparing existing engineering expressions and the

formulas derived in the present study (see Figure 1).

Additionally, the data on the Floor Beam from [17],
[18], [19], [20] and [21] was processed and plotted on
Figure 3. The data points show that, in practice, the beam
stiffener have a higher moment of inertia than required.
However, this value provides a safety margin.
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Fig. 3. Comparison of derived and existing relationships

As shown in Figure 3, the discrepancy between the
existing and derived relations increases with increasing
web thickness. This behavior likely results from the fact
that the stiffness of the web itself was partially neglected
or simplified in the development of the existing empirical
relations. In contrast, the present formulation retains the
explicit contribution of web bending stiffness, leading to
increasing divergence at higher thickness values.

The plasticity reduction factors ng and ng may be
determined from material stress-strain diagrams based on
the Ramberg-Osgood equation. However, the use of such
coefficients for materials with atypical deformation dia-
grams is not recommended without careful validation. It
should be emphasized that all equations derived in this
work are strictly exact within the framework of linear
elastic behavior.

The coefficient c, is purely geometric in nature and
may be determined graphically, numerically (for exam-
ple, using the finite element method), or from the condi-
tion of minimum total potential energy of the deforming
system.
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It should also be noted that the limiting behavior of
the obtained expressions is physically consistent. For ex-
ample:

- at zero stiffener spacing, zero web thickness, or
zero web modulus of elasticity, the simultaneity condi-
tion yields a required stiffener moment of inertia equal to
zero. In such cases, instability occurs in both the web and
the stiffener at arbitrarily small load levels.

- at zero stiffener modulus of elasticity, the simulta-
neity condition requires an infinite value of the moment
of inertia to compensate for the loss of stiffness. This con-
clusion also applies to the condition of preventing buck-
ling altogether.

These limiting cases confirm the internal con-
sistency and physical correctness of the derived analyti-
cal relations.

4. Conclusions

This study presents an analytical investigation of
the influence of stiffeners on the shear buckling behavior
of the web of a thin-walled beam and solves the inverse
problem of determining the required stiffener moment of
inertia to ensure a prescribed load-carrying capacity.

Based on the classical theory of shear buckling of
orthotropic panels, a closed-form analytical expression
for the stiffener moment of inertia has been derived. The
formulation follows directly from the NACA-based sta-
bility solution and does not rely on empirical coefficients
at the derivation stage. This provides a clear physical in-
terpretation of how stiffener rigidity affects the global
shear buckling resistance of the beam web.

It is shown that the resulting analytical relationship
reproduces the characteristic power law with an exponent
of 4/3 between the stiffener moment of inertia and the
applied shear force, which is widely used in engineering
practice. This confirms that commonly used empirical
formulas have a theoretical foundation within the classi-
cal stability theory of orthotropic plates, and that their nu-
merical coefficients can be interpreted through the stiff-
ness parameters of the panel.

Unlike simplified design approaches, the proposed
expressions explicitly account for the web stiffness con-
tribution, material properties of both stiffeners and skin,
Poisson’s ratio, panel geometry, and stiffener spacing.
This significantly extends the applicability of the method,
particularly for structures made of dissimilar materials or
with non-standard reinforcement layouts.

The derived analytical relationships allow investi-
gation of the limiting behavior of the “web-stiffener” sys-
tem. It is demonstrated that for low stiffener rigidity, the
panel response approaches that of an isotropic plate,
whereas for large stiffener moments of inertia, the shear
stability is governed predominantly by the stiffening sys-

tem. This result is essential for understanding load trans-
fer mechanisms and for making rational design decisions.

The condition of simultaneous global and local
shear buckling has also been examined, and an analytical
expression has been obtained for the minimum stiffener
moment of inertia required to satisfy this condition. The
proposed formulation is structurally consistent with ex-
isting engineering expressions, while providing a more
physically grounded assessment of the influence of geo-
metric and material parameters.

Comparison with well-known empirical relations
shows that discrepancies increase with increasing web
thickness, indicating the limitations of simplified formu-
las in which web stiffness is often neglected. The pro-
posed analytical expressions eliminate this limitation and
provide more physically consistent predictions.

Overall, the results may serve as a theoretically jus-
tified basis for preliminary design and optimization of
thin-walled beam elements in aerospace structures sub-
jected to shear loading. Future research should focus on
incorporating post-buckling behavior, nonlinear material
effects, and validation of the proposed relationships
through numerical simulations and experimental studies.

Unlike envelope-type design formulas, the expres-
sions derived in this work are applicable to arbitrary com-
binations of materials and stiffness ratios, since no struc-
tural component was neglected in the formulation.

The buckling of the stiffeners themselves was not
considered, as typical stiffeners in such configurations
are not directly load-carrying members. The design crite-
ria for load-bearing stiffeners differ in nature and are
governed primarily by strength requirements rather than
by web shear stability.

A comparison of test data for actual beams with the
required moment of inertia shows that the results of this
study can be used as a minimum size, which will subse-
quently be increased in the event of rib loading or round-
ing of dimensions to standard values.
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HIJIBIP MOMEHTY IHEPIII EJIEMEHTY )KOPCTKOCTI CTIHKH BAJIKU
C. C. Caginos

IIpeameToM BUBYEHHS B CTATTI € MOBE/IIHKA 3CYBHOI BTPATH CTIMKOCTI CTIHKH TOHKOCTIHHOT OaJIKH B aBianifHii
KOHCTPYKIIi, MAKPIIUICHIH TO3T0BKHIMU CTPUHTEPAMH, IIPHU il HOMEPEYHOTO 3CYBHOTO HaBaHTaxeHHSI. OcoOInBY
yBary IpuAiJIeHO BIUIMBY KOPCTKOCTI CTPHUHTEPIB HA KPUTHUYHI 3CYBHI HAIIPy)KEHHS Ta HECYydy 3/aTHICTh CTiHKU. Me-
TOIO CTaTTi € PO3POOJICHHS aHATITUYHOTO MiIXOY [UIS BU3HAYCHHS HEOOX1THOTO MOMEHTY iHEpIlil MO3I0BXKHIX CTPH-
HTepiB Ha OCHOBI YMOB II00ATBHOI Ta JIOKAJIHHOI 3CYBHOI BTPATH CTIMKOCTI CTIHKH Oaiku, a TAKOX HaJaHHS Teope-
TUYHOTO OOIPYHTYBaHHS IIUPOKO BUKOPHUCTOBYBAHUX EMIIPUYHMX PO3PaXyHKOBUX 3aliekHOCTEel. 3aBaanHs: chop-
MYJTIOBaTH MEXaHIYHY MO MiAKPIIUICHO] CTIHKH OaJIKH, TIPEACTaBICHOI y BUTIISAAI OPTOTPOITHOI TNIACTHHH 3 €KBi-
BJICHTHUMH XapaKTEPUCTHKAaMH KOPCTKOCTI; BUBECTH aHAJIITUYHI BUPA3H Uil KpDUTHYHHUX 3CYBHUX HalpyXKECHb 3a
YMOB IJI00AJIbHOT BTPATH CTIMKOCTI; pO3B’s3aTH 3BOPOTHY 337ady CTIHKOCTI [UIsi BU3SHAYEHHs HEOOX1THOTO MOMEHTY
iHepuii cTpUHrepiB; NpoaHai3yBaTH JOKAIBLHY 3CyBHY BTPATy CTIHKOCTI eJleMeHTapHHUX NaHeJei CTIHKH, 00MEKEeHUX
CTPUHT€PaMH; BCTAHOBUTH YMOBY OJJHOYACHOTO BUHUKHEHHS T7100aJIbHOI Ta JIOKAIBHOT BTPATH CTIHKOCTI; MOPIBHATH
OTpHMMaHi aHAJITHYHI PE3yJIbTaTH 3 BIJOMUMHU EMITIPHYHUMH (popMysIaMy, [0 BUKOPUCTOBYIOThCS B aBialliiiHil 1H-
KEHEpHIH mpakThili. MeToau IOCIiKeHHS 0a3yI0ThCs Ha KIACHYHINA Teopil CTIHKOCTI TOHKOCTIHHUX KOHCTPYKIIIH,
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30KpeMa Teopii 3CyBHOI BTpATH CTIHKOCTI OPTOTPOITHUX TUIACTHH, po3po0IieHill y pyHnamenTambsHuX podotax NACA,
a TAaKOXK HAa aHANIITHYHUX METOJaX Oy IIBEIbHOT MEXaHIKH Ta aHaNi3y CTiHkocTi. OTpHMAaHi pe3yJabTaTH: PO3pOOJICHO
aHAITUYHY MOJIEJb, 10 OIHCY€E 3CYBHY CTIHKICTh MiAKPIIUICHOT CTIHKHM OaJIku; OTPUMAaHO 3aMKHEHI aHaJTiTUYHI BH-
pasu Juis BU3HAYCHH: He0OX1JHOrO MOMEHTY 1HEpIIil CTPHUHTEPIiB 32 yMOB II100aJIbHOT 3CYBHOI BTPATH CTIMKOCTI; BCTa-
HOBJICHO CITiBBiJHOILICHHSI, IKE 3a0e3Meuye 0JJHOYaCHE BUKOHAHHS KPHUTEPIiB r1100aIbHOT Ta JIOKaJIbHOT BTPATH CTil-
KOCTI; TOKa3aHo, 110 OTPUMaHI pillIeHHs MaloTh YiTKy (Di3WYHY iHTEpHpETaLilo BIUIMBY T€OMETPHYHHX Ta MaTepiallb-
HUX IapaMeTpiB Ha CTIMKICTh KOHCTPYKIIT; MPOJEMOHCTPOBAHO, 1110 BUBEAEH] aHAIITHYHI 3aJIeKHOCTI BiITBOPIOIOTH
XapaKTepHY CTENEHEBY 3aJISKHICTh MK )KOPCTKICTIO CTPUHTEPIB 1 MPUKIAACHUM 3CYBHIM HaBaHTa)KEHHSM, sKa CIT0-
CTepiraeThes B iIKCHEPHIN NpakTulli. BucHoBKkH. Po3pobneHnii aHaTITHYHIH MiAXiA JO3BOJISIE OE3IIOCEPETHBO OITi-
HIOBaTH HEOOXiTHY )KOPCTKICTh MO3IOBKHIX CTPHHTEPIB Ha €Talli IIONepeIHBOTO MIPOEKTYBAaHHS aBiaIliifHUX KOHCTPY-
KIi{ 3 ypaxyBaHHAM SIK TII00aJFHAX, TaK 1 IOKaIBHUX GOPM BTPATH CTIHKOCTI IpH 3¢yBi. OTpUMaHi pe3ynbTaTH MO-
KYTh OyTH e(h)eKTHUBHO BUKOPHCTAHI IS paIliOHAIEHOTO IIPOEKTYBAHHS Ta ONTHMI3allii TOHKOCTIHHUX OalKOBHUX elle-
MeHTiB. HaykoBa HOBH3HA OTPHIMAaHUX PE3yNBTATIB MOJTA€ B TOMY, IO 3alIPONIOHOBAHO aHATITHYHE PO3B’SI3aHHS
o0OepHeHOT 3a7a4l BU3HAYEHHsI MOMEHTY 1HeplLlii CTPHHIePiB Ha OCHOBI YMOB IJI00AJIbHOT 3CYBHOI BTpaTH CTIHKOCTI;
c(hOpMyIILOBAHO €JUHUI KPUTEPIl ISl OTHOYACHOTO BpaxyBaHHs IJI00AJIbHOI Ta JIOKAJIBbHOI BTPATH CTIMKOCTI; a Ta-
KOXX HaJIaHO TEOPETHYHE OOIPYHTYBAaHHS €MIIPHUYHHMX PO3PAaXyHKOBHX 3aJIE)KHOCTEH, IIMPOKO 3aCTOCOBYBAaHHX B
aBialiiHil iHKeHepil, Ha OCHOBI KJIACHYHOT TeOPii CTIHKOCTI.

KuarouoBi ciioBa: 3cyBHa BTpaTa CTIHKOCTi; OPTOTPOINHA NaHeNb; TOHKOCTIHHA 0ajka; pedpa >KOpCTKOCTI; MO-
MEHT iHepIlii pebpa; HWITiHAPUIHA KOPCTKICTb.
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