
CLASSICAL SOT,IJTION TO THE BUL]KLIN(;

OF A THTN CYI,INDIìICÁ\L SHIILL

by

Nicholas S. Kos;hnirsky

B. sc. (tlons . ) (Adel. )

A Thesis submitted for t-he Degree of

Master of Science

in the UniversitY of Adelaide

Department of I{athematics '

Novcmber. L982



TABLE OF CONTENTS

SIGNED STATEMENT

ACI(NOWLEDGEI,'IENTS

Chapter I : THE BUCKLING PROBLEI'I

1.1 Problem to be considered

1.2 Review of previous solutions

1.3 Outline of the current solution

Page

l-

T1

1

1

4

6

Ch¿pter 2 :

2.I

t)

2.3

2.4

2.5

2.6

2.7

2.8

2.9

Chapter 3 :

3.1

3.2

3.3

3.4

3.5

3.6

3.7

ELASTIC PREBUCKLING SOLUTION

Introduc tion

Prebuckling Equilibrium Equations

Axisymmetric Solution : ß = 0

Non-Axisymmetric Solution : ß = L,2r...

Normal Pressure Loading

Particular Solution : ß = 2,3,...

Particular Solution : ß = 1

Particular Solution : ß = 0

Boundary Conditions

BUCKLING EQUILIBRIUM EQUATIONS

InÈroduc tion

General Non-Linear Equilibrium Equations

Substitution for Displacements

Expansion of Equations

Expansion of x-direction Equation

Expansion of Q-direction Equation

Expansion oL z-dírection Equation

8

8

8

L2

L4

L4

15

19

20

22

25

25

25

28

30

30

32

34



Ch ap ter

Chap ter

Chapter 6:

6.1

6.2

6.3

6.4

6.5

6.6

6.1

6.8

Chapter /: CONCLUSION

4 : POWER SERIES SOLUTION

4.l Introduction

4.2 Linearize Equilibriunr Iiquations

4.3 Coefficients for x-direction Equation

4.4 Coefficients for $-direcrion Equation

4.5 Coef ficients .Eor z-direction Equation

4.6 Summary of Linear Buckling Equilibrium Equations

4.7 Prebuckling Power Series Expansion

4.8 Recurrence Relation : x-direction

4.9 Recurrence Relation : 0-direction

4.10 Recurrence Relation : z-direction

4.11 Summary of Recurrence Relations

4.12 Method to Solve Recurrence Relations

5 : BOUNDARY CONDITIONS

5. I Introduction

5.2 Local Buckling Patch

5.3 Boundary Condition Equation

Pa ge

36

36

36

3B

39

40

4I

43

43

46

4l

49

50

COMPUTER RESULTS

52

52

52

54

56

56

56

58

58

59

60

65

10

Introduction

Computer Program

Determining Buckling Load

Normalizing the Determinant

Size of the Buckling Patch

Buckling Load

Example 1 - Failure of a Prestressed Concrete Tank

Example 2 - Backfilling a Cylindrical Water Tank

59

REFE RENCE S
12



I

SIGNED STATEMENT

This Lhesis contains no material which has been accepte<l for the

award of any gLher tlegree or diploura j.n any University. To Ehe best

of nry knor^rle<lge ancl belief the thesi s contains no rnateriaL p::eviously

publisiied or written by any ottier person, excePt where due reference

is made in the text of ttre thesis.

(u. s. KoSHNTTSKY)



r1

r\i I t(N ()U L11 D GIj l.lE N'l] :i

'I'1re ar.rLiror wisht:s Lr) exirl-ess llis gr¿ltiL.r¡dt: to Dr. lf. lìehn,

forrnerL; o1- ttrc: En¡3iL-re-er irl¡; aru,l !{r¡tt:r- SuppJy Dcpar Int¡:ut whcr

r;uggesi.ecl tile tolric fc,r rr,'sarilrclr ¿lir!i \\rÌro worlie,J t-ogc:tlrer ¿rrrd

sui)er\¡i scd nre cluri ng Lìre inili al, s t,¿l ges oÍ [i-ìi s rese¿rrclr . Tlre:

¿rutht¡L is indebLerl to Dr. D. Clc,:rncrnt-s for. his encouragcrnent- ¿rnd

assistance in the prepí:rration oi thrs; rhesis,

Iìre author grr:lt.cfuLly achnowlr:dges the su¡rport

ìlnginc,rrj-ng aud Water Sr-rppIy Dep:rr1-nrerìt in al lorvinp,

pro,j ec t Io be undcrrl:¿rkett anc] ¿,rl s.;o iu provicl:-r.rg the-

of the

facili.I jes . ]lanv L,honlts arc exlleL-itìercl to t-ltcr t1'pist, ]1r-s

this

use o I

reseer:c[r

cr.ornput ing

S. Iìensl'ratn¡




