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STABILITY OF CYLINDRICAL SHELLS,
STRENGTHENED BY THE ANNULAR RIBS AND
FILLED WITH MEDIUM AT STATIC EXTERNAL

PRESSURE

Abstract

The given paper is devoted to research of stability of cylindrical shells, strength-
ened by the annular ribs and filled with elastic medium at uniform external pres-
sure. Taking the shell as constructively-orthotropic, applying the asymptotic
method, the formulae for parameter of the critical stresses are obtained. The
analysis of influence of parameters of the external medium of the parameter of

the critical stresses is done.

Strengthened cylindrical shells are widely used as a supporting structural ele-
ments of constructions of modern technology. At working conditions they are in
contact with different media. To design models of strengthened cylindrical shells,
filled with medium, for example, different capacities and pipe lines, the construc-
tions of the special setting and etc. are reduced. Therefore development of theory
and methods of stability analysis of strengthened cylindrical shells with regard to
external influences is an actual problem of great practical value. In literature the
description of solution concerns mainly to the strengthened cylindrical shell without
medium [1,2]. The stability problems of such constructions with medium practically
have not been studied. Note, that the stability of smooth cylindrical shells with filler
is sufficiently completely investigated in the papers [3,4 and etc.].

The given paper is devoted to research of stability of cylindrical shells, strength-
ened by annular ribs and filled with the elastic medium at uniform external pressure.
Taking the shell as a constructively-orthotropic, applying the asymptotic method,
the formulae for parameter of the critical stresses are obtained. The analysis of in-
fluence of parameters of the external medium on parameter of the critical stresses is
carried out.

The stability equations of constructively-orthotropic shell, equivalent to the she

shell, stregthened by annular ribs and filled with medium has the form [1]:
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ring, L is a length of the shell, R is a radius of the shell cover, h is a thickness of
the shell, k1 is quantity of rings, Fs, F are modules of elasticity of ring and shell,
respectively, v is the Poisson coefficient, o, is a stress, J, is a moment of inertia of
cross-section of the ring with respect to axis ox,,u, v, w are components of vector of
points displacements of surface of the shell, q., g, g, are components of the pressure
vector from medium to the shell.

The balance equations of medium in the vector form has the form [5]:

a2qraddivs — a?rotrots =0 (2)
A+ 2u

Here a; = \/E are wave velocities of longitudinal and transverse
p

waves in the medium respectively; 3(s;s,0),s, is a displacement vector, A, p are
Lame coefficients. The systems of balance equations of shell (1) of medium (2) are
complemented by contact conditions. It is supposed, that the contact between the

shell and medium is sliding, i.e. at r = R
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w=s, (3)

e = —0rz =0, g9 = —0,9 =0, ¢ = —0pp (4)

Let’s mark, that condition (3) is the equality of displacement vectors, and con-
ditions (4) is the equality of stress vectors of the shell and medium.
Components of the stress vector o,,, 09,0, by [5], are defined in the following

way:
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Here v is a Poisson coefficient, F5 is an elasticity module of medium material.
Complementing by contact conditions (3), (4) the balance equation of cover (1) of
medium (2) we arrive at the contact problem on stability of the shell, reinforced by
the annular ribs and filled with medium. In other words, the problem on stability
of strengthened shell with the medium, is reduced to the combined integration of
equations of the shells theory of medium at fulfillment of indicated conditions of the
surface of their contact.

We'll represent the solution of system (1) in the form
u = ug cos kx cosnb, © = vy sin kx sinnd,

w = wosinkx cosnd, (n=0,1,2,...) (6)

The solution of system (2) has the form [5]:

S, — [(_kraf%(k?”) 4(1 = vy) kI, ) <+ k BS} cosnf cos kx
r

Sp = [—;I (kr) Bs — }smn@smkx

oI, (kr)

S, = [—k%[n (kr) Bs — 5

Bs + I (kr )Cs] cosnf cos kx .
(7)
Here I,, is a modified n-th order Bessel function of the first kind.
After substitution (6) in (1) the solution of problem is reduced to the homoge-
neous system of linear algebraic equations. Equating the determinant of this system

to zero, we obtain the following equation with respect to the parameter y = kR
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q:’ in oy, is an amplitude of the stresses vector component g,:
¢- = kw = ¢ cos nf sin kx (9)
For finding the expression for q,(zo) we’ll use the asymptotic formulae for logarith-

mic derivative of the Bessel function I, (x <<n; n >> 1)
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For facilitation of analysis of the roots of characteristic equation (8) we’ll sim-
plify its coefficients having preserved only their quantities that define their order.
Research shows, that parameters a;, (i = 1,2,...,5) essentially influence on order of

(22),a2,n, 522). It is obvious, that by studying stability of shells the

s

the coefficients n
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characteristic equation is of interest into which the parametric members enter with
maximum exponent of variability.

The analysis shows, that the formulae can be essentially simplified only in case,
when at loss of stability of shell long waves are formed. Such forms of wave forma-
tion at loss of stability are realized in case when shells are loaded by the external
pressure, or jointly by external pressure and axial contracting forces. In case, when

the inequality is fulfilled

nPnt << 1, (11)
we’ll obtain the approximate characteristic equation
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From (12) we’ll obtain
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h=14+92 =% ho =0 + (a2 +03) (1+12)

As the problem is reduced to the charateristic equation of the fourth degree, on
the each edge of the shell can be satisfied only two boundary conditions.

The addends of equation (12), which don’t contain x?, describe the state of the
shell, independent of this coordinate. Hence, critical pressure in infinitely long shell,

filled with medium ¢y must be defined by the formula

’I’l2 -1 ~(0)
qo = lig +
(1)

As the critical pressure of any way strengthened shell of the finite length must be

greater of equal to gy, radicand in (3) is greater than zero. Hence, x? can take two

values B? and — B3, where B? and B3 are real positive numbers.
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So, in the considered case equation (8) has such roots: B, —iBs, B, —Bj. Using
(13) we can express By by B, that allows to solve the stability problems of the

considered constructions for different boundary conditions

2V5g2)n2 (n2 - 1)
1+9% -1

Let’s cite one of boundary conditions for finding Bs:

Bf = B; +

at £€=0 and at £€=& N,=0, v=0, (14)

where N, are normal efforts in the cross sections of constructively-orthotropic
shell, defined by the formula

Eh ou ov
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In case (14), the equations for By = By¢; have the roots mm (m =1,2,3). In
general case for calculation of parameter of the critical stresses g, we’ll obtain:
1
q= [lntl + 20622 (n2 — 1) B2+
2 (12 (2) s
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For getting gy, it is necessary to substitute the values By and n to this formula

providing minimum of g. In this case calculation formula (15) will take the form
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If we suppose, that the value By, providing minimum of ¢, is not equal to zero
and weakly depends on n and take n >> 1, then minimizing ¢ by n, we obtain the

formulae for calculation gy, and n:
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where 7 is defined from the approximate equation of the fourth degree

nt+Pn+Q=0 (17)
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where
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It is known, that the solution of equation (17) of the fourth degree is reduced to

pP=_

the solution of cubic equation

A —4QA-P*=0 (18)

and two quadratic equations
X2 - VAX +1(A+/A2—4Q) =0
X2+ VAX +1(A-/A2-4Q) =0

Using (18) and (19) for n = n, satisfying the requirements of the problem, we’ll

(19)

obtain
V2VA—IQ - A- VA
n= (20)
2
where
2 2
A=Y ;pQ + 2\/—31) + ¢ ;pQ — ;\/—31); D = 256Q°% + 27p>.

Substituting (20) in formulae (15), we can obtain the value of the critical force
qkp- Formulae for gy, show, that the account of influence of filler and increasing the

number of transverse ribs the value of the critical force is increased.

References

[1]. Amiro .Ya., Zarutskii V.A. The theory of ridge shells. The methods of
calculation of shells. Kiev, Naukova Dumka, 1980, p. 367.

[2]. Abovskii N.P. On interrelations of variation equations for flexible

anisotropic and various ridge shells. The theory of shells and plates. Proceedings
of VIII all-union conference on theory of shells and plates. Moscow, Nauka, 1970,
pp-596-601.

[3]. Igamov M.A., Ivanov V.A., Gulin B.V. Design of shells with elastic filler.
Moscow, Nauka, 1987, p.260.

[4]. Korbut B.A. Stability of shells, connected with elastic body. lzv. Vuzov
Aviatsionn. Tekhnika, 1970, No2, 00.33-38.

[5]. Latifov F.S. Oscillation of shells with elastic and liquid medium. Baku, Elm,
1999, p.164.



140 Transactions of NAS of Azerbaijan
[E.S.Latifov, S.A.Gasanov]

Fuad S. Latifov, Shaiq. A. Gasanov

Institute of Mathematics and Mechanics of NAS of Azerbaijan
9, F.Agayev str., AZ1141, Baku, Azerbaijan

Tel.: (99412) 439 47 20 (off.)

Received July 11, 2005; Revised October 14, 2005.
Translated by Mamedova Sh.N.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck true
  /PDFX3Check true
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


