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SECTION 1. Theoretical research in mathematics.

CREEP TRANSITION OF SPHERICAL SHELL UNDER INTERNAL
PRESSURE

Abstract: The concept of the generalized strain measures has been useful to solve various elastic, plastic and
creep problems. The objective of this paper to solve the creep transition problem in spherical shell under internal
pressure using the concept of generalized strain measures and Seth’s transition theory of elastic, plastic and creep
deformation. The expressions for the creep stresses and yielding are derived by taking the asymptotic behavior of
creep transition. The results obtained have been discussed numerically and depicted graphically. The solution
obtained does not use the adhoc assumptions given by Tresca or Von Mises.
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I. INTRODUCTION _1 ANZ e
The study of spherical shells is very important B _5[1 — (A =2eipl (L) =1.23) o (_1)
for Various engineering appiicationsl The elastiC, Where nis the measure and eijl- are the almanSI flnlte
plastic and creep transition problems have paramount strain components. In the terms of the almansi strain
importance in the analysis and design of spherical components e{}, [5] the principal components of the
shells. Creep behaviour of spherical shells has been generalized strain measures are given as
closely investigated by various authors by using
Seth’s transition theory. Many authors like Rimrott, 1 nym
Wahl, Bailey [1-3] has obtained the creep stresses in elf = [Z{l B (1 ~ 2¢f) 2}] )
the solids by considering the assumptions, like Where m, n are measure exponents and ez/} are
Tresca’s yield condition, small deformation , creep principal components of e/}{. These generalized strain
strain laws and incompressibility condition. But measures can be reduced to the other strain measures
Seth’s transition theory does not use these adhoc for different set of m and n values.
assumptions. This theory of transition use the
concept of generalized strain measures and by I1. GOVERNING DIFFERENTIAL EQUATIONS
solving the equations of equilibrium, get non linear
differential equations from which turning points can We consider a spherical shell of constant
be obtained. Turning points are + o and -lwhere + thickness under internal pressure having internal and
oocorrespondents to elastic- plastic transitions and -1 external radii a and b respectively. Due to the
correspond to creep. The transition obtained is symmetry of spherical shell, the displacement is
treated as asymptotic phenomenon at the turning purely radial. Therefore, the components of
points. The asymptotic solution through the principal displacement in spherical coordinates (r,6,¢) are
stress difference gives the creep stresses and no semi given as:
empirical yield condition is necessary.
Seth [4] has defined the concept of the u=r(l-p),v=0,w=0 ®)

generalized strain mAeasures as where P is function of r only.

‘y nez The generalized components of strain are given

eij = J [1 — Ze{} Tde;} = by equation1(2) as:
0 err:W[l_(rﬂ’—l—B)n]m

ISPC The Combination of Technology &
Education, Ostersund, Sweden 201 THOMSON REUTERS

Indexed in Thomson Reuters



http://s-o-i.org/1.1/tas
http://dx.doi.org/10.15863/TAS
http://t-science.org/
mailto:gkdon85@gmail.com
http://s-o-i.org/1.1/TAS*04(24)35
http://dx.doi.org/10.15863/TAS.2015.04.24.35

Impact Factor ISRA (India) = 1344

Impact Factor ISI (Dubai, UAE) = 0.829
based on International Citation Report (ICR)

Impact Factor JIF =1.500
Impact Factor SIS (USA) =0.912
Impact Factor PUHII (Russia) = 0.179

Impact Factor GIF (Australia) =0.356 Impact Factor ESJI (KZ) =1.042
€gp— % [1 - ﬁn]m =epe P)n}m—l - {1 - ﬂn}m] =0
ero = ergp = o9 =0 “) Where ¢ = 2u/A+ 2uis the compressibility
T factor and r ' = BP such that P is function of g
where g’ = P and g is the function of r. Turning points of B from

The stress - strain relations for isotropic material
are given by [6].
Tij = 2.5,']]1 + Zﬂeij B (l,] = 1,2,3) (5)
Using the equation (4) in the equation (5)
having stress strain relations.
A+2 , 24
Top = [1= (@ B+ "™ + 20 [1 = I
yl , 2442
Too = Tpo= i [1 = (r B+ BY" ]+ =25 [1 = poI™
Trog =Trg = Ty =0 (6)

The equations of equilibrium are all satisfied
except

A o 2T=Tee) _ @)
dar r

Using equation (6) in (7), we get the non - linear
differential equation in g8 as

PB(L+P)" 1 [1—Br(L+P) "t

equation (8) are P - —1and P —» too where the
transition points P — too corresponds to elastic-
plastic transition and P — —1 is related to creep
transition. Therefore, we take into the consideration
the case only P — —1.

111 .SOLUTION THROUGH PRINCIPAL STRESS
DIFFERENCE

In order to calculate the creep stresses, we
define the transition function R (T — Too)
through the principal stress difference as taken by
Seth, Hulsarkar, Gupta [4, 5, 7].

(Trr = Top) = — [[{1 = B™(1 + P)"}™ —

9
{1-pmm] ©)

On taking the logarithmic differentiation with respect

ap to 3, we get,
+[1 -1+ P) ™ P(1+P)" —2(1— (8)
_ pnim-1 2¢ _pn
O = B " P+ 22 [(1 - B (L +
d(logR) _ {1_ﬁn(1+P)n}m—1 [_ﬁn—l(1+P)n_3n(1+P)n—1%]+ {1_311}771—1311—1 10
apg X =g Py (-] (10)
Using the value of Z—;from equation (8) in (10),
we get as
mm-— mm-— 2¢ n nmym nym
dQogR) _ oy 20-00=T I (1B (- BT (14 P (1T
s~ mnh [(-gn(+P)ym— (1= ()
By taking the asymptotic valueat P — —1 , the R = (T, —Tge) = Agr~ ¢ [1 (14)

equation (11) becomes
d(logR) _ mn{1-p™MM~1pn-1 (3-2() +z
ap [1-(@-p™™] B

(12)

Integrate eq. (12) with respect to 8, we have
R = Agr™*[1— (1 —pmM™mP~*° (13)

where A, is the constant of integration.
The asymptotic value of gwhen P - —1 is

given by D/r where D is constant. Using the value of
B ineq. (13), we have

— (1 _ Dnr—n)m]B—Zc

We can find the value of T,.,. using the eq. (14) in the
eq. (7).
Tr :_ZAOf r—2c—1[1 -(1-
DnT_n)m]3_chT‘ + A1

(15)
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where A, is the constant of the integration and can be
find using the following boundary conditions. The
boundary condition for the spherical shell under
internal pressure is given by [5].

T,, = —p atr=aand T,,=0 atr=nh.
Therefore, the values of constants are

Ay =24 [ T2 1= (1= DMy dr ],

AO = P

Zf: r=2¢-1[1_ (1-phr—m)ym|3-2¢4y
Put the values of these constants A, and 4, in

the eq. (14) and (15), we get as
fb —26-1[1_ (1_pny-mym3-2¢qy

Zf T'_ZC 1[1 (1 Dnr—n)m]S ZCd

T =-p (16)

Too = Tpgp = Tr
p r—ZC[l _ (1 _ Dnr—n)m]S—Zc (17)

2 f: r-2¢-1[1 — (1 — Dny—n)m]3-2¢gy

Eq. (14) represents single stage of the creep. If
we have to show all three stages of the creep, we
shall add the increment value of (T, — Tyg) as [5,
8]. Therefore, we have

R = (T —Tgp) = Aor_ﬁc_3 Hm,n[l -
(1 _ Dnr—n)m]S—Zc (18)

Where m and n have three set values which are
corresponding to one stage of the creep and the
transitional creep stresses are given as:

b —6c-3 _ (1_pnye—nymi3—2c
T,, = —p S T [Tmn[1- (1-D"r~ ™)™ dr (19)

Zf: r=66=3 [T, n[1— (1-DMr—M)M|3=2¢qy

ng = T¢¢ = Trr +
P T’_6C_3 Hm,n[l_ (1_Dnr—n)m]3—2c
2 ff =663 [, n[1— (1-DMy=M)M|3=2¢

(20)

IV. STEADY STATE OF CREEP

The secondary stage of the creep is treated as
the steady state and the transitional creep stresses for
this stage can be obtained by taking m=1 in the
equation (19). Therefore, we get as

b _ —1)—
fr r 3n+2c(n—-1) 1d1"

T, = —
rr p Zf: ro3n+2c(-1)-14y

[ 3n 2c(n— 1)

p[ 3n—2c(n-1) ] (21)

P r—3n+2c(n-1)

2 ff ro3n+2c(n-1-14,

Tog = Tpp = Trr +

3n-2c(n—-1)
2 InG-20-2(1-0)] () +1

3n—-2c¢c(n—1)

@ -1

Results obtained are same as given by
Hulsarkar[9] for the isotropic materials. It is also
noted that the value of | T, — Tpe | is maximum at r
= a. Therefore, the initial yielding starts at the
internal surface of the spherical shell given as

Tgp =

(22)

Y (yield stress) = | Ty — Tgg | =

P a—3n+zc(n—1)

2 ff ro3nt2c(n-1-1g4y

(23)

From eq. (23), we can define the yielding ratio
as

Y -3n+2c (n—1)

Yo Smrel (24)

p 5 (g)sn—zc(n—l)_ .

TABLE 1

YIELDING RATIO FOR DIFFERENT THICKNESS RATIO For n=2

Thickness ratio (g) Yielding ratio
C=0 C=0.25 C=0.50 C=0.75
3.0470 2.8121 2.5806 2.3500
3.0042 2.7565 2.5103 2.2663
3.0009 2.7513 2.5024 2.2500
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TABLE 2
YIELDING RATIO FOR DIFFERENT THICKNESS RATIO For n=3
Thickness ratio (5) Yielding ratio
@ C=0 C=0.25 | C=0.50 | C=0.75
2 45090 | 4.0157 3.5275 3.0476
45004 | 4.0006 3.5016 3.0041
4.5000 | 4.0000 3.5002 3.0007
3,5
3 = & —0
82 — - " ——C=0
[
00 C=0.25
.E 1 5
= —4—C=0.50
> 1
——(=0.75
0,5
0

2sheII thickn?’ess ratio
Figure 1 - Yielding ratio for different thickness ratio for n=2.
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Figure 2 - Yielding ratio for different thickness ratio for n=3.

In the fig.1 and fig.2, the graph have been
plotted between the shell thickness ratio and yielding
ratios for n=2 and n=3 respectively. It is seen that
yielding is higher in the spherical shells having lesser
thickness ratio. Therefore, the pressure required to
yield in thinner shells as compared to thicker shell is
more.

Incompressible material:

As a particular case, we obtain the transitional

creep stresses for compressible material by
approaching c to zero. Therefore eq. (21) and (22)
become as
3n
_ e
Trr = P 37 '
[(a) ‘1]
%[311—2] (g)m +1
Top = Pz —— (25)
@ -1
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In order to find the Creep stresses, we introduce
the non-dimensional components as following:

R=r1/b, R, =a/b, 0, = T /D, 09 =Tee/p.

Therefore, the equations (21), (22) in magnitude
are given as

[(R )—3n+2c(n—1)_1]
r [(RO)—3n+Zc(n—1)_1]

_ 3IB-20-2(1-0)] (R)T3MHZEM-D 4 g

Og = (Rp)~3n+2¢(n-1)— 1 (26)
For incompressible material,
-3n_ IBn-21(®)~3" + 1
o = @71 _ B2 7 4 @7

[(Rp)~3m-1]" ¢ (Rp)™31— 1

Further the creep strain rates can be calculated
for this creep transition problem of spherical shell
under internal pressure. For this, Creep sets in the
strain should be replaced by creep strain rates and the
stress-strain relation is given by [11].

. 1+v o

eU —TTQQ—E 6116 (28)

where e, is the strain tensor with respect to
1-c . . .
parameter tand v = Pyl the poisson ratio.

On differentiation of equation (1.4) with respect
totat m=1

e = —p" B (29)
If &4 is the Cauchy strain measure, then
€po = —P (30)

Now when P — —1 in equation (1.9) for m=1,
we get the transition value of B as

n n
B = [ﬂ (T — Tee)]
By using equations (29), (30),(31) in equation
(28), we get expression for creep strains.

=k [T = (3= ) Ty +Too) |

_ c
ggg = k [Tee - (m )(Trr + Top)

. C
Epp =k [T¢¢ - (ﬁ )(Trr + Too)
1

where k = [i (T — Tgp)]Z X % These equations

are similar with the results given by Bailey[12] for
creep strains. These are known as constitutive
equations useful for finding creep stresses.

V1. NUMERICAL DISCUSSION

The figures 1, 2 are drawn to calculate the
yielding and pressure for different shell thickness
ratio. It is observed that yielding is higher in shells
having lesser thickness ratio and the pressure
required to yield in thinner shells as compared to
thicker shell is more. In the figure (3,4,5,6),curves
have been drawn between stresses and the radii ratios
R = r/b with different compressibility factors. It is
noted that stresses are maximum at the internal
surface of shells and stresses obtained for the
incompressible materials are more than the stresses
in the compressible materials. Therefore, we can say
that the spherical shells made of the incompressible
material need high pressure to yield as compared to
spherical shell made of the compressible material. It
is also concluded that secondary creep or steady state
are applicable for m=1, where as the primary and
tertiary creep stresses can be obtained for any value
of m. The graphs have drawn similar with Guven[10]
in the elastic-plastic problem of rotating disk with
rigid inclusion.
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Figure 3 - Stresses drawn for different radii ratios(C=0).
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Figure 4 - Stresses drawn for different radii ratios(C=0.25).
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Figure 5 - Stresses drawn for different radii ratios(C=0.50).
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Figure 6 - Stresses drawn for different radii ratios(C=0.75).
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Nomenclature:

— Principal finite strain component

u,v,w — displacement components,[m]
r,0,¢ — Radial, circumferential and axial directions
respectively
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