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CREEP TRANSITION STRESSES OF ORTHOTROPIC
THICK-WALLED CYLINDER UNDER COMBINED AXIAL LOAD
UNDER INTERNAL PRESSURE
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Abstract. Effect of anisotropy has been illustrated graphically. It is found that the
anisotropy of the material has little effect on radial stress but the effect is more prominent
on the axial and tangential stresses for higher ratio of anisotropic constants along the
radius. The results indicate the maximum stress is not always on the surface.
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1. INTRODUCTION

A thick walled circular cylinder is widely and commonly used either as a pressure ves-
sel intended for storage in industrial gases or as a media transportation of high pressurized
fluids. Creep of the thick-walled cylinder under internal pressure has been discussed by
many authors [1-10, 12, 13, 15]. At high temperature, its thick walled tubes subjected to
internal pressure and axial load exhibit continuously increasing deformation with direc-
tions. The thick walled cylinder creep under internal pressure alone may be found in lit-
erature for isotropic [6-9] and orthotropic [10-11] materials. At high temperature, the
thick-walled tubes under internal pressure are usually placed in vertical position. Axial
load is thus exerted on the tube not only by internal pressure but also by its own weight.
When axial load is exerted on the tube in addition to the internal pressure, the stress dis-
tribution is altered. Solutions become more complicated. It must be noted that in general,
the solution cannot be obtained by combining the effects of separate loads. The problem
of the thick walled cylinder creep under combined axial load and internal pressure has
been discussed by Finnie [12], Schwicker and Sidebottom [13] in the isotropic creep the-
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ory. Rimrott [6] analyzed the above problem by taking into consideration large strain.
This author made the following assumption:

1) The material is incompressible i.e.

e+ept+e: =0. @)
2) Axes of anisotropy coincide with the principal axes of the cylinder.
3) The creep deformation is infinitesimal and the pressure is assumed to be applied
slowly and held constant during loading.
4) This problem is assumed to be that of generalized plane strain so that

& =K. @

In this paper, the distribution of stress and creep rate have been obtained with the help

of digital computer by considering the constitutive equations of the anisotropic theory
given by Bhatanagar and Gupta [11].

2. SOLUTION AND DISCUSSION OF THE PROBLEM

Consider a uniform thick walled cylinder of internal and external radii ¢ and b respectively,
subjected to internal pressure p and axial load L. Co-ordinates 7,  and z are taken in radial,
circumferential and axial directions of the cylinder respectively. The compatibility equation is:

d;)e . .
=& —¢o. 3
dr ’ 3

Combining equation (3) with equation (1) and integrating, one gets:

- C' K - ' K
& =—F—"7,8 =————,¢& =K. “)
ro 2 re 2
where C'is the constant of integration.
Fundamental constitutive equations for anisotropic theory are given by Bhatnagar and

Gupta [9] as follow:

7

e =2 [(G+H)o, —Ho, ~Go.] &, =——[(H+ F)o, - Fo. - Ho, ],
20, 20,
. = [(F+G)o. —Go, —Fo,]. (5)
20,
Stress invariant o, is defined as:

o, = %[F (6,-0.) +G(c,—0,)’ +H(c, —0,) I*. (6)

Np

where F, G, H are constants of the material and ¢; is the strain rate invariant.

Steady-state creep rate &; is a function of stress o; only. Assuming Norton's law of
creep, we can write:

& =Po’, (7
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where B constant measure. Substituting in equation (5) the value of ér and (;,e from
equation (4) and solving for G, we obtain:
|:(F+2H)K+C2F:|Ge +[CZG—(G+2H)K}0,
2 r r 2
.= el e . (®)
[2(F+G)+(F—G)2}
,

Substituting €o from equation (4) and o, from equation (8), in equation (5), one gets:

! 20,
6,0, =| SFroyrF-m) N | L |20 ©)
r 2 |HF+FG+GH e

i

After substituting the value of stress invariants c; and strain rate invariants &; from
equation (6) and (7) in equation (9) the resulting equation becomes:

I'-n

_CIZ n
1+n
7 ’ 4
o0, =2 "N\ rirr-o K|+ L Ficram| . (10)
~LHF+FG+GH r 2 4
2C' K
+——(F -G
" 2( )
The equation of equilibrium are given by:
do
r—-—=0,—0,. 11
d}’ 0 r ( )

Integrating equation (11) after substituting value of (64 — 5,) from equation (10) and
inserting boundary condition 6, = 0 at » = b leads to:

e 2n
o rc—4(F+G)
b A —(F+GQ) 2
n 2
L{M} g |raeeran) SLoa2
Bn b +(F_G)? C!
+r—2K(F_G)
The tangential stress is given by:
6, =0 +rd6". (13)
0 r

dr

The axial stress balances the sum of external axial load L and internal pressure ma’p i.e.

b
2nfczrdr =na’p+L. (14)
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Let us define the dimensionless quantities as follows: 7, =c,/ p,T,, =0,/ p,

1
D= 2 . llc", T.=c./p, R=rlb,C=C'/b K =—=BC and
FG+GH+HF| ! NG

PR’
R,=alb. (15)

Equation (12) in non dimensional becomes:

1-n

|Gy EEEHD L)
] 1“6 “ (16)
1+ (F-G) +——(F-G)| ¢
NCY e NG
with 77 =-1ata=R. Also
1 ,(F+G+4H) 2B  [F+G F-G
T.=T +D|—(F+G)+ + F-G . + (17
00 m |:a4( ) B 3 \/gaz( ):| |: az \/g B:| ( )
and the axial stress becomes:
[(F+2H)B+IZ}T99+{(§—(G+2H)B}T,,
. AT 5 "

{ F+G F-G B}
RN

Stress distribution equation (16) is solved by Simpson's Rule for values of a. Constant
D in equation (16) is found by taking 7,, = —1 at @ = R and then, C is determined from
equation (15).Thus, stresses T,,, Tyg and T, are determined for various values of a from
equations (16), (17) and (18) for known values of n and . Curves have been drawn in
Fig. 1 for stress distribution along radius for different values of G/F, H/F and n = 5. The
effect of anisotropy is noticeable more on the axial and tangential stresses. The stress
where the variation along the radius is prominent for higher ratios of anisotropic con-
stants. The results indicate that maximum stress is not always on the surface.

V -—
1 = = W %ZW = 0
P
>

(&} e

——G/F =
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@ o2 ola o6 wOls rr pliz
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= -
& — T = Ll —+—G/F=0.50, H/F=1.50
-1 = ez =
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Fig. 1 Stress distribution along the radius of thick walled cylinder under combined axial
Load and internal pressure.
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3. PARTICULAR CASE

Case 1 For vanishing anisotropy, "= G = H = | and Equations (16), (17) and (18) becomes:

1-n

2V [ , 2 da
ne( ) A ] 19)

Lon 1 Ln
2n n n
R oI
p a a

SR ERI

2 2

Equations (19) and (20) are same as given by Finnie [7] for isotropic case.

Case 2 Plane strain under internal pressure: If B = 0 and L = 0, the problem reduces to the
thick walled orthotropic cylinder internal pressure alone for the case of plane strain. On
substituting values  and L in equations (16), (17), (18) and solving with boundary
condition 7,,=—1 at a = R, one gets:

1 2 2

T, =— {r " b } (22)
b g
2 2
T, :%{(1_%} " b } (23)
b n —a n
FT. +GT
and o Ty 6T, (24)
F+G

Equations (22) — (24) are same as given by Pooja Kumari [15] and Bhatanagar and
Gupta [11] in case of plain strain.

4. CONCLUSION

Material anisotropy is found to have little effect on radial stress but the effect is more
prominent on the axial and tangential stresses for higher ratio of anisotropic constants
along the radius.

Nomenclature

a, b — Inner and outer radius of the cylinder
7,0,z — cylindrical polar co-ordinate

G,, Gy, G, — Stresses components

n — measure

p — pressure

L —Load
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c — constant of integration
F, G, H - constant of the materials

€ — strain rate invariant

Greek letters

R =r/b; Ry= a/b — Radii ratio

T,, —Radial stress component (G, / p)

Toe — Circumferential stress component (Gq / p)
T.. - Circumferential stress component (o, / ).
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PUZECI TRANZICIONI NAPONI ORTOTROPSKOG
DEBELOZIDNOG CILINDRA POD KOMBINOVANIM AKSIJALNIM
OPTERECENJEM POD UNUTRASNJIM PRITISKOM

Dejstvo anizotropije graficki je ilustrovano. Utvrdeno je da anizotropija materijala ima malo uticaja na

radijalni napon a da je uticaj mnogo izrazeniji na aksijalnim i tangencijalnim naponima za vise koeficijente
anizotropksih konstanti duz radijusa. Rezultati ukazuju da maksimalni napon nije uvek na povrsini.

Kljuéne reci: puzenje, cilindar, opterecenje, pritisak, naponi
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