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ABSTRACT

This paper deals with the derivation of general explicit solutions of various
isotropic thin closed ecircular cylindrical shell equations.
These basic partial differential equations are called to be €uncoupled

squations and their explicit solutions have never been derived yet.
As one of numerical examples, UPright cylindrical tank under G.W.Housner,s

dynamic fluid pressure 1is calculated.

BASTC PARTTAL DIFFERENTIAL EQUATIONS
A: FLUGGE-BIEZENO-GRAMMEL EQUATION
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C: LS.D MORLEY EQUATION
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D: APPROXIMATE L.H.DONNELL EQUATION (MUSHTARI-VLASOV-DONNELL EQUATION)
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DERIVATION OF GENERAL EXPLICIT SOLUTIONS

As wo are discussing a shell complete in the circumferential direction, then
we require that all quantities be periodic in the 'S=a@ coordinate, We can assume
that

W=W)cesne, V =VH)-sinnd, U =L -cosne
We assume the normal surface load per unit area in the next form.
Sn=(dn-¥2+BaY +fn+se’ ¥+ Te " ) cosMB
T is the circunferentisl wave number, Putting gy  ,2g equal to zero,
wo substitute above expressions into the basic partial differential equations,

Then, we oan get a set of 0! differential equations as follows.
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In the cese of FLUGGE~-LUR?E-BYRNE equations , W"’W,U,--UQ,W-W become as follows,
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In the equations of ( G ),after normal displacement w(,6) is lmown, the other

displacement u{.0),v(y,0) can be sought. This procedure 1is the characteristic one of
‘UNCOUPLED EQUATIONS’,

(1) WHEN THE WAVE NOMBER Y\IS BQUAL 1O ONE § A% gre known from sbove relations
W3 and W4 become zero, whenn =1,except approximate Donnell equation ’
Then,the ordinary differential equation for W(y) becomes as below.
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The explicit genei'al solution for w(y,0) can easily be obtained.
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wherg , & and {8 are the real and imaginary parts of next quartic equation,
AY+ W A2+ Wz =0 ; The other relations are
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(2) WHEN THE WAVE NUMBERWIS GREATER THAN 1 ; The general solution becomes
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Where, < ,o(;,ﬁ,,?;a.re the real and imaginary parts of next eighth-degree equation.
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Ai=dir b, Az=ol~4 8 »A33-thiriBya=-di~iB), Ax=daeifr ,A6= G2-1 P2
7"'F="%_2+i»ﬂz,23=-dz-bﬂz § oy,d2,8,, B2 are real number.} is imaginary symbol.
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To obtain the explicit solution for U(y) and V(y),next ordinary differential equ-
-ation must be solved and solution becomes as follows.
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By utilization of above formula,remaining explicit solutions for u(y,8) andv(y,0)

can be easily obtained. As mentioned above,these solutions have different forms for wave
numbern=1 andn2. But, approximate Domnell equation has same solutions forn=1 and iy 2.
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The general solution derived above has eight arbitrary constents which must be
detexmined from four boundary conditions at each of the two edges of constent y,
Representative combination of boundary condltions are given as follows.
a) FREE EDGE 3 Nx=0 ,Mx=0, Nxe=0,Q%=0.
b) HINGED EDGE WITH FIXED SUPPORT § Mx=0, U=0,U =0, w=o.
o) xémem EDGE WITH SUPFORT FREE TO MOVE IN THE NORMAL DIRECTION 3Myx=0, 9.’;=o,u.=o,v=o,
;)iswmbe EDGE 3U=0, V=0,wr=0,8 =0, Where, Nyls longitudinal exiel force and
x nding moment in the longitudinal direction. Nie and@ denote the Kirchhoff,s ef-
fective shearing stress resultents of In-plane and Out~of-plene(in the long.dir.) respe

-ctively, In Fliigge,s stress-displacement relations,Nx,Mx,Nys, @y can be expressed as j
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(NUME%IGAL EXAMPLE) Here,let apply derived solutions to upright tenk under G.W.Housner,
s impulsive pressure which is proportional to horizontel acceleration. The pressure is
Sn= --LP&.,H {\-(%)’:yz}ﬁ.W(ﬁ “’).wse Where, Pis the density of fluid.
\'J.is horizontal acceleraion, @ is radius ;? curvature, H is depth of the fluid. 1et be
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Namely, %n==0.09003 , fn=0,28220, Bn=3=T>0, E=3.2%10%kg/m* , M=F
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ax =35 -cos0
The summation of integrated value of Q% andNofe,s horizontal component must coi-

neide with total horizontal force induced by pressure.lhe turning moment Mo must be bal-
lanced by Mx and Nx, Namely,

Tonh <M . — 7%

Qo= —pliomazH LnhlBa/m) _ [a¥ s Nt sing)ade = (BX+Nze) T
(Fe/H) ° .

Mo= Qox(FH) = [Z% (Mx-cos8 + Ny a casé)-adg &b the botion edge.
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Y | Nxe Nﬁaié: el INZe | @ |Tore) | N3o | Ok [Totel| Nie [@% [Total|Nio | QX [Tote

0.00| 20.27 [19.08] (.23 [20.31[19.06] .21 |20.2T{18.9! 1.37 |20.2818.25]1.12 |20.07]19.05]1. 2] }20.26

l %‘membmne As e: c: 0: E: Approximate Donnell equation reveals
¥¥x=0. '34—.3'5‘1!34’.40! f34-.53l ’34‘.601 127.63 ||34'-5‘_J less precision than the other one.

(CONCLUSIONS) These solutions obtained here do not contein the rigid-body-displacement,
But,numerical example reveals very good coincidence between externsl forces and induced
stress resultents. Upright tank subject to dynamic pressure which derived from Potential
theory(solution of Laplace equation) can be easily analyzed by the same methods above,
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