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Tom tat:
Noi dung chinh cta bai bao la khao sat
chi tiét luc t6i han cla panel tru véi chiéu
day thay d6i dua trén ly thuyét bién dang
nho va ly thuyét vo thoai. Phuong phap
Galerkin — Xap xi lién tiép dugc st dung
dé xac dinh hé s6 t6i han clia panel tru c6
chiéu day thay déi. Anh hudng ctia thong
s6 chiéu day thay déi dén luc tSi han
dugc khao sat. Tu dé thu dugc cac cong
thic xac dinh luc téi han va cac két qua sé
duoc khdo sat cho panel tru cé bién tua
don chiu nén.
T khéa: Panel tru, phén tich én dinh,
phan tich én dinh tuyén tinh.
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Abstract:
The major objective of this paper is
to investigate in detail the buckling of
cylindricalpanelofvariablethickness,based
on the small deflection theory and shallow
shells theory. The Galerkin - Approximate
method is in use to determine the critical
load factor of cylindrical panel with variable
thickness. The influence of the thickness
non-uniformity parameter to the buckling
load is investigated. General asymptotic
formulae for the buckling load are derived
and numerical results are investigated for
compressive simply supported panels.
Keywords: Cylidrical panel, stability
analysis, linear buckling analysis.
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1. Introduction

Stability studies of thin shells and
plates with variable thickness is a major
branch of modern solid mechanics. Plates
and shells as structural elements are
seldom perfectly flat and of uniform
thickness and the amount of variable
thickness can affect the load carrying
capacity of structures. In recent years, the
study on stability of thin structural
component with initial imperfections and
variable thickness has attracted attention
to many researchers [1-5]. Elishakoff et al
[1] studied the effect of axisymmetric
imperfections in the shape of the
axisymmetric buckling mode on the
buckling of cylindrical shells. Mateus et al
[2] studied post-buckling behavior of
corroded steel plates. Nguyen and Thach
[3], investigated buckling analysis of
perfect cylindrical panel with variable
thickness. Nguyen and Tran [4]
investigated the stability of thin
rectangular plates with variable thickness
on a basis of the theory of thin plates of
small deflections. Yeh et al [5] treated
chaotic and bifurcation dynamics for a
simply supported rectangular plate of
thermo-mechanical coupling in large
deflection. Ye Zhiming [6] introduced the
nonlinear analysis and optimization of
shallow shell of variable thickness.

The major objective of this paper is to
investigate in detail the buckling of
cylindrical panel of variable thickness,
based on the small deflection theory and
shallow shells theory. The Galerkin -
Approximate method is in use to
determine the critical load factor of
cylindrical panel with variable thickness.
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The influence of the thickness non-
uniformity parameter to the buckling
load is investigated. General asymptotic
formulae for the buckling load are
derived and numerical results are
investigated for compressive simply
supported panels.

2. Governing differential equations
[1,3,7]

Consider a cylindrical panel with small
thickness variation loaded in its mid-
plane by uniform compression N
(Fig.1). As the cylindrical panel thickness

is not uniform in the x direction and
radius of cylindrical panel is R ,the

dimensions of the sides in the 7V
directions are ¢ and b

Assume that:
N} . M],&; W°(i,j=1,2) are  axial

forces, moment, strain in the mid-plane,

deflection in the fundamental pre-
buckling state.
1 1 1 1r: = .
Ny .M &, W (i,j=1,2) are axial

forces, moment, strain in the mid-plane,
deflection in the adjacent buckling state.
We have the increments of solutions at
buckling:

gl 0 gl 0_ gl
Ny =N; —N;.M; =M, -M;=M, (1)
g =6, —& , W=W -Ww'=w'

It is noted that in the buckling state:
M;=0,W"=0.

We shall use the basic general
equations in term of increments to solve
the stability problem of cylindrical panel
compressed in the direction of long edges.
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Fig.1. Uniaxially compressed cylindrical
panel

The governing differential equations
with variable thickness coefficients for
the panels in general case are obtained as
follows [3]:

WV*V°F — 2h—
( 8x8y j
+
{ 6x } oy’
3
—2h—[ oF
ay 6 (2)
8h 8 82F
+ 2| —| -h—
8y o’ Var
2 2
+4(1+ )@@8 -2(1+v)h Oh oF
Ox Oy Ox0Oy Ox0y Ox0y
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R ox’

EW  _,_, 6ER’  Oh( O'W
12(1-v?) ox
o'W
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ow 3ER*  O°h( o'W
+ + — +v
oxdy® | 12(1—=v?) ox* | ox?
o'W
oy’

6Eh (6};}2 oW
t Ao A 7tV
12(01-v7)\ ox ox
oW
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6ER (on\ (oW
t—| — +v
120-v*) oy oy’

6ER’ Oh[OW oW
+ 2N A Tt
12(0-v*)oy\ oy oxoy
3ER* O’h(O'W o'W
— +v
120-v*) oy* | oy’ ox’
N Eh’  0’h 62W Eh_0h oh o'W
2(1+v) Oxoy Oxay (1+v) ox 6y Ox0y
W OW la F (3)
Yox’ Rox’
2 2
With: V= o 6
o 8y
Where W and F represent the

displacement and the stress function, v
is Poisson’s ratio, £ is the modulus of
elasticity, R is radius of cylindrical panel.
Eq (2), Eq (3) constitute the governing
differential  equations  for  small
deflections of cylindrical panel with
variable thickness.

In Egs (2-3), 4 is the cylindrical panel
thickness, which is assumed here varying
with sine functionin x direction:

h(x) = ho(l—gsin @j; 20 (4)

a

where 5, is the cylindrical
the

panel

thickness and ¢,p are non-
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The rule of plate thickness variation.
T T T T

dimensional parameters indicating the o —
magnitude and wave of the thickness noEl e, A
variation, respectively. When x=0 and
x=a, one has h(x)=h,, for the case

x=a/2:onehas h(x)=h,(1-¢) (Fig.2).

Fh. A
**_*_ ot 4 +-H‘*

=
& &5
m M i@

=
=)

Plate thickness by
=
~1
m

3. The Galerkin - Approximate
method

Stress function and deflection function
can be chosen:

o
m
faj)

=
m

=
i
[

wfa
W o= ZA,-W,- (x,9), F =¢ =ZBI-¢Z- (x,y) (5) Fig.2. Expression graph of thickness
= = variation h(x) when £ =0.1and p =1

Multiplying the resultant differential

Eqs (2-3) can be rewritten:
9 (273) equation ® by ¢4, T by w and

84¢ o9 0 dh intergrating over the area of the
=7’ [&c 28x28 7t o7 P —2h— I cylindrical panel, one has:
o [[@gdxdy=0 i=12,..n (8)
e L R =TI
X ey o o J.J.Fmdxdyzo i=12,..,n (9)
¢ s(1 o'W 4
_ng +Eh ( R ox ] 0 From Eqs (8-9), the critical load is
determined. In this paper, the expressions
ER (64W o'w +64W] fO}: buckling lloads .arel dftermi:ed onlzll
ETv—— ) 7 when » =1 using a single term stress an
12a-=v7) oy displacement series obtained in Eq (5).
2 3 3
n 6Eh ﬁ{@ w + ow ] Stress function and deflection function
12(1-v*) dx\ ox’  oxoy’ can be chosen satisfying the boundary
3ER: dPh( oW oW conditions are simply supported as:
+ —— ( +V— ] 7) -
12(1-v7) dx iy ¢ =B =B, sm( ; jsm( byj
6ER (dh\ (o'W oW (10)
PN 7 TV - 7x ny
12(1-v")\ dx Ox oy W =Aw, =4, sin sin )
LW 1% ¢
P! _Eg When n =1, Eqs (8-9) becomes:

(a,—a,+a;)B,+a,A4,=0 (1)
11
(b, +b, +b, +b,) A4, —b;B, +b AN’ =0
Where:
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0'¢, , 0% '

= J.J. (ax PP 8y ]@dxdy
(34 3

= '” [ P 8 o j¢ldxdy

o= (%) -t [  poa
a, =[] Eh{% a;fl j¢ldxdy

Enl’ o'w o'w,  o'w
b = L+2 ! L \w dxd
: ~” 12(1—v2)£ ox* " ox*oy” i oy jwl @
6ER*  dh( 0w, ©&’w
b, :.” —— -+ = |wydxdy
12(1—v7) dx\ ox”  oxoy
2 2 2 2
b, Z-H.IZ?IE—h - Z’ il aav;‘ +va v:, w,dxdy
v) dx X oy

2/ A2
b, =“‘76Eh 5 (dh) 0 v;‘ +v6 ld w,dxdy
12(1-v~)dx Ox oy’

by = II g;ﬁlz w,dxdy

b, = dxdy
From Eq (11), the critical load is
determined:
NO =Ncr=_(b1 +b, +b,+b,)(a, —a, +a;)
! by(a,—a, +a,) (12)
N a,b,
by(a,—a, +a,)
Substituting Eq (20) into the

parameters a,,a,,...,b,,b,,...and take only

to the first degree of &€, we obtain:
7’(a@* +b*)’ h; (3 —16¢)
a, = 3.3
12a’h

B 27k (a” +b*)e

R VT
270 (b —va®)e
G- 3a’h
4= nEhb(8s — 1)
¢ 4aR

_ 7°Ehy(a’ +b)*(r —8¢)
1 48(1-v*)a’b’
7 Ehy(a® +b*)e

P 6(1-vHa’h
7’Eh (b +va’)e

T 6 h(1-vY)
2 2
b=0s b =20 p = TP
4aR 4a

Substituting «,,a,,....b,,b,,... into the
Eq (22), the critical load is determined.

In this paper, the expression for
buckling loads is determined only when
r=a/b=1, v=03and n=p=1, using
a single term displacement
obtained in Eq (5).

series

Eq (12) is given as the following:
Eh; (5007 +204607s” —64007°¢)
b* (13657 —8463¢)

Ehyb* (40957 —32760¢)
1277 R* (136577 —8463¢)

NL’r —

(13)

The buckling load factor of cylindrical
panel with variable thickness is defined:

NC‘V
Ny

A= (14)

Where:

N, is the buckling load of the
cylindrical panel with constant thickness.

S6 02



KHOA HOCCONG NGHE

N is the buckling load of the
cylindrical panel with variable thickness.

In the case ¢ =0 substituting into the
Eq (23), the buckling load of the
cylindrical panel with constant thickness
(h = h,)is given:

2 3
Ehyb +3.6153 Ehy

N =0.0253 2 . (15)

And the buckling load factor:

ER(5007° +204607° — 64007°¢)
b* (13657 —8463¢)
2 3
Emb” 3 6153 £

R? b?

Z:

0.0253
(16)
Eh,b* (40957 —32760¢)

| _127°R*(13657 —8463¢)
Ehpb’ Eh;
R’ b’

0.0253 +3.6153

4. Numerical Analysis, Comparison
and Discusion

In Eq (15), if R-—>o then the
cylindrical panel with »=a/b=1will be
the square plate, the same as the
Timoshenko formula for a square plate is
simply supported with constant thickness
and v =0.3 inform [7]:

2 3 3
Ng”=—47f Eh°2 =3.6153E—’Z°
126" (1-v7) b

From Eq (16), when R — oo the non-
dimensional buckling load factor due to
the thickness variation of the square plate
the same as Nguyen and Tranin form [4]:

_ (5007° +204607s” — 64007°¢)
3.6153(136577 —8463¢)
The effect of thickness variation

parameter ¢ on the buckling load factor
A is studied. The following figures are
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presented for cylindrical with

r=a/b=1 and v=0.3.

panel

Buckling of the perfect cylindrical
panel with variable thickness: the
relationship between & and A is shown
in Fig.3, in the case R/b=2 and
b/ h, =30.

Buckling load of the cylindrical panel with thickness variation
1 T T T T T T T T T

0.95-

0.9

0.85

Buckling load factor ),

0.8

0.75

0.7

c . c c : c c . c
0 0.02 0.04 006 0.08 01 012 014 016 018 0.2
Thickness variation parameter &

Fig.3. Relation between & and

R . b
A(==2,—=30
(b P )

0

The results obtained show that the
effect of thickness variation occurs when
¢ is positive. Even if the amplitude of the
thickness variation is as small as £ =0.1,
the buckling load factor of cylindrical
panel 4=0.8754is reduced about 12%
and in the case £¢=02—>1=0.7216 is
reducedabout 27.8% from its counterpart
of the cylindrical panel with constant
thickness, when

R b
—=2 and — =30 (Fig.3).
5 e (Fig.3)
From Eq (16), when R/b=2 ,
b/hy=30 and v =0.3 the non-

dimensional buckling load factor due to
the thickness variation of the perfect
cylindrical panel with variable thickness

ISSN 2525-2615



SCIENCE, TECHNOLOGY - ENGINEERING

there is a slight difference compared to
Nguyen and Thach in form [3] , this is

cylindrical panel in small deflection with
variable thickness, a detailed study of the

shown in Fig.4:
100 ¢

stability of the perfect cylindrical panel
with thickness varying along only the x-
axes with sine functions has been
presented. The formulae for the buckling
load have been derived using the Galerkin
— Approximate method.

Buckling load [of the cylindrical panel
0.95 with-thickness variation

=
bt

=
3

From the obtained results, the variable

Buckling load factor
e 2
2 @

085 thickness with reduced thickness causes
050 reduction of the load-carrying capacity of
055 cylindrical panel structures. The influence
T oo 001 000 008 01 om om o1 om 02 of the thickness  non-uniformity
_ Thickness variation parameter parameter to the buckling load is
Fig.4. Relation between & and 4 investigated.  General ~ asymptotic
(522’£:30 ) compared to [3] formulae for the buckling load are

b hy derived and numerical results are

investigated for
supported panels.

5. Conclusion compressive  simply

In this paper, based on the coupled
governing  stability  equations  for
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