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SCATTERED FAILURE OF THE THICK PIPE EXTERNAL ARMOURED
WITH ELASTIC SHELL

Abstract

On the base of conception of damage accumulation in the body at its loading the
scattered failure process of the cylindrical transversal isotrop thick pipe covered with
thin elastic shell is investigated. The mathematical model of the process is constructed on
the base of which is the system of non-linear integral equations with respect to the
variable of radial coordinate of failure front and pressure on the contact of the pipe with
the shell. The numerical analogues are consiructed as for incubation as for main period.
The carried owt calculations let make out the influence on the parameters of failure
process of the relation of rigidity of the pipe in the circle and radial directions and also
the parameters of singularity of the kernel of damaging operator.

The considered probiem is related to the known problem on failure of Lee and
Radock solid rocket fuel [1]. The thick-walled cylinder fabricated from the material is
investigated which is exposed to creeping and arranged in a thin metallic shell. Pressure

P, is applied in the inner surface and changes by time. The inner radius is the given

function of time- material burns out. In assumption that the pipe and the shell are in the
conditions of plane deformation and the material of the pipe is non-compressible the
solution is reduced to the integral equation for the function connected with radial
displacement of the pipe. In [2] this problem was solved on the base of the author model
of damaging body. Tt was reduced to the pair of integral equations and also allowed to
determine the principle of change of the inner radius of the pipe. In the present work the
similar problem is investigated for cylindrical ortotrop material of the pipe.

We will suppose that in the material of the pipe the damage accumulation process
happens and the deformation correlations are determined by the formulas of [3]. As the
failure criterion we take the criterion by maximal tensile stress which is the circle stress:

o+ Ma, =0y, (1)
where M" damage operator of hereditary type, o, strength of the defectless material.
The picture of failure represents following. At moment of time ¢, determined
from condition (1) in the inner surface of the cylinder wherc the value of circle stress o

achicves maximum the failurc process begins which will occupy further other new
layers. Finally the circle failure zone is formed (by virtue of axial symmetry of
the problem) expanding to the external bound of the pipe sealed with elastic shell
{(fig.1). Then on the bound of separation of failed and imfailed areas on the failure
front the condition is always fulfilled

o, =-Plt) 2)
on the contact surface of the pipe with shell

£4(b)=~yo, (b}, (3)
where b is the external radius of the pipe. And

sg(b)=“’T(”); 4)
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£(b) = ”f’); ®)
_bl-v]
y= h—"El . {6)

Here u, is radial displacement of points of the pipe, o, is radial stress; g is contact
pressure on the joint of the pipe with shell, » is thickness of the shell; £, and v, are

Young’s modulus and Poisson’s coefficient of the material of shell. Using the
representations for stress and displacement for cylindrical ortotrop elastic pipe [4] and
taking that the damaging process in contrast to deformation process is isotrop we have
from conditions (2) and (3) for incubation 0<ft<¢, the following system of one non-

linear integral equation and one algebraic equation with respect to contact pressure g{t)
and continuation ¢, of incubation:

v (8o a0} + ;jM(r ~ Yo, g(O Nz = mgl0)

: (7
F(Bo, gD+ [Mles ~2)olBo. o alts Ja(e )t = 0,

Here B, = : , where a is the initial inner radius of the pipe; M(t—r) is kernel of

damaging operator.

Expansion process of failure zone connected with motion of failure front is
described by following system of two non-linear integral equations with respect to
contact pressure g(z) and dimensionless radius of failure front B(¢}=c(s)/b:

(B al)+ MG~ W (B glo)r = 7 (2)

. (3)
7B a)+ OIM (e~ 2)olple) A} qldale T = o
Here ﬁ(:.)z bofor 0<t<y,.
In system (7) and (8):
PPN =5, o) L),
() -

(£)8'(r)- P (f) kel
+(ﬂ,2—k}33‘q 1= ﬂzk( ) ("):
o(B(t) plr)qlr).q(r))=

2 35 (¢ g 1_ k]r Plr ﬁ(‘f) e (10)
g -0 -t - )|

Ble)

For the considered form of cylindrical transversal isotropy:

" 1 X E ]_vz
k2=g_22;ﬁu=‘*[ ’ )ﬁzz‘ E
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For solution of systems (7) and (8) numerical method was used. For that system (7) was
substituted by the numerical analogue:

(z-1)pE + R 1- pF)

—#0
= 07 (12)
¢ 7+ 7z —(1+n)Be*
-1 -1 k+1 ik _
R, :kZM(fn _;}_)_(/_?.: )ﬂﬂl "‘_Qz;((.ﬂﬂ - Z.); R, =0, (13)
i=0 ~ P
0, >0 (14)
' 2k k-1 |
Hffg.k - .].2.%2* 0,+L,~G<s, (15)
T Me T Hy ;
el 1+ 8% _ “ly
L =hZM(t“ —t) ﬂﬂl ._..ifﬂ Y] , (16)
=i} -~ Mo
where the dimensionless quantities were used:
o-17. G::;; ?‘:-;; (sign of tilde in (13) and (16) is omitted)
r
n = e . =_ﬂu+kﬁ22. (17

R 4 »
ﬂl? ‘kﬁzz ﬂu _kﬁzz
First, contact pressure (J, is determined on each step ¢, = nh by the given initial £, and
calculated on the foregoing stages Q,, (13). Then conditions (14), (15) are checked. If
condition (14) is not fulfilied then calculation process is stopped or the condition @, <0
means peeling of the pipe from the shell. If condition (14) is fulfilled then calcuiation
process is continued until condition (5} is satisfied, number ., which just determines
the continuity of incubation #, =1, =rn.h. After that it should pass to solution of system
(8) whose numerical analogue is following:

_-0p + R, (- 8%)

n+x - (B o
- _ K+l 2k
R»,,-=h§;:M(fn—t,-}(l YA *lfﬁ%@" 2 (19)
1
{p(ﬁn’ﬁ;):ﬁf” l-—ﬁ?}c x
(20)

X ﬁjﬂ (1 + ﬂfk)‘ (ﬂ,fk + ﬁ;u )LZ _ l)ﬂfﬂ R, (] B ﬂr‘zk )},

n+y -+
olB,8)+ MU, ~1)olB,.8)=G: @n

Here n>n,, f,=0,;i<n,.

Algorithm of solution consists of following stages:

First contact pressure (J, is determined by (18) using (19) and values @, of the
foregoing steps of calculations; then by (20) on each step the non-linear algebraic
equation (21) is solved with respect to current coordinate of failure front £, . At the same
time two conditions ), >0 and A, > 8, are checked. At imsatisfaction of any of them
calculation process is stopped. By the first condition that means peeling of the pipe from
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the shell and by the second condition that means achievement of an infinite large value of
the velocity of motion of failure front, i.e. finish of failure process.
For incubation the calculations were carried out for the cases ¥ =0 (non-

compressibility of the material of the pipe) and y =-1 (equality to zero of Poisson’s
coefficient v'). It is taken P =P, = const; By =0,3; n=~5/k; k=0,51;2 . For the
parameter of singularity of damaging kernel M(z, — ¢, )= (t ~-1, )’“ the values are taken:
a =0; 0,5 . The results of calculations by incubation ¢, are reduced in Table 1 and fig.2

Table 1
x=0; =0 r=-1 =0 ¥=0,4=05 | yx=-1 =05
K=05 2,69 3,0025 2,11 3,04
k=1 1,545 1,64 2,653 0,729
k=2 0,4037 0,4075 0,05 0,054
~ 4
3,5060
3,0000
2,5000 -
2,0000
1,5000
1,0000
4,5000
k=0,5
Fig.2
2= B=05; Table 2
From them it follows the significant @ 0 0,25
increase of incubation with decrease of k
"k", i.e., by (11} with decrease of circle L 32275 3,285
rigidity of the pipe. Also it is remarked 0.%
sufficient noticeable influence of e | 0,4974 | 0,5207
singularity of damaging kernel.
Singularity of the kernel leads to | fo 1,64 1,3475
decrease of incubation from 5% to two- ti 0,5441 0,5721
multiple dimension.
The main period is calculated & 0,4075 | 0,2088
for th - ibl =1
or the non-compressible case x > 05315 | 0458
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for values & =0,5;1;2 and a =0;0,25. The results of calculations are given in Table 2 and

in figures 3 and 4. Also the corresponding values of incubation are pointed there. The
reduced data certify

B B

06— T’
=1 0,67 =]
0,54 K=2 K=0.5 K=0,5
0.5+ k=2
04T 0.4+
0,3 ] L | | Ly [ | L 7
I 2 3 4 5 1 2 3 4 5
Figd a=0; M =cost; y=-1 Figd4 a =025 M =mt™"; y =-1

on decrease of limit critic coordinates of failure front with decrease of "&", i.e. with
decrease of circle rigidity of the pipe. Singularity of the kernel of damaging operator
reduces to increase of this parameter.

References

[1]. PabothoB KO.H. Snesenmm nacredcmeennoll mexanuxi meepoux men. M., 1977, 384 c.

[2]. AxynnoB M.B. Puaspyuienue nacnedcmecuno  ynpyzoli  moacmocmenmoli  mpybel,
SAKTIONEHILOTL € MORKYI0 YApyeyio oborouky. Y3s, AH A3 .CCP, 1987, Ned, ¢.138-143.

[3]. Axynzop M.B. Mexauuzm Oeopmuposanus u paccesnmozo paspyiienus KOMROSUNHBIX
cmpyxkmyp. Has. AH CCCP, MTT, 1991, Ne4, ¢.173-179.

[4]. Nexmuuxutt C.I'. Teopus ynpyeocmu anuiomponnozo meaa. M., Hayka, 1977, 416 c.

Akhundov M.B., Sadayev A.Sh. _
Baku State University named after E.M. Rasulzadeh.
23, Z.1. Khalilov str., 370148, Baku, Azerbaijan.

Received December 24, 1999; Revised March 23, 2000.
Translated by Soltanova S.M.






