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Summary: Strength of a multilayer polymer pipe under the action of the
system of external loads is studied taking into account the change in physical and
mechanical properties of the material. Mechanical effect, the dependence of joint
deformability of several polymer materials on the character of change of their
physical and chemical properties was established. Occurrence and dependence of
thrust forces in the layers of the pipe on physical and chemical properties of the
material and also maximum breaking stresses between the layers determining
adhesive strength of a layered polymer pipe were established.

Keywords: Change in physical and mechanical properties of polymer
materials arising from contact with aggressive liquid; changes in mechanical
properties of polymers arising from contact with aggressive liquid.

Problem statement: We study the strength of a rather long layered tube
taking into account influence of change in physico-chemical properties of polymer
layers, that arise in contact with aggressive liquid.

Analysis of last studies and publications

In the papers [1,2] theory of strength of layered and stiffened constructions
made of polymer materials taking into account variability of their physical-
chemical properties was developed. To achieve this goal, an experimental-
theoretical method on definition of variability of physical-mechanical properties of
polymers and composite materials, with taking into account the influence arising

in contact with aggressive liquid, was suggested. On this base, the generalized
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Hooke law with taking into account variability of physical-chemical properties of
a polymer material was offered, the criterion on adhesive strength of layered and
multi-layered reinforced pipes with taking into account physical-chemical
variability of the construction’s layer, was suggested; a criterion of stability of
one-dimensional structural elements with taking into account material swelling,
was offered. New mechanical effects as variability of polymer’s mass force with
taking into account the effect of swelling of the material; buckling of bars under
the action of only the effect of swelling of the material were revealed; mechanical
effect, dependence of joint deformality of some polymer materials on the character

of the swelling of layers, was established experimentally and theoretically.

Highlighting previously unsolved parts of the general problem

In a number of problems of engineering, in particular, the use of the layered
pipes made of polymer materials in pumping of aggressive liquid media, in aviation
and rocket technology when using polymer materials in the works in contact with
various kind of aggressive liquid and solid fuel media, operational characteristics of
production structures made from them, usually get worse. This reduces to premature
loss of their bearing capacity. While we note that to date, in design engineering of
constructions working in contact with aggressive liquid and gaseous media, there are
no reliable engineering methods for strength calculation of constructions with taking
into account the influence of changes in physical-chemical properties of the material.
This is connected with the fact that accounting for the influence of diffusion
processes of aggressive media in polymers on strength characteristics of
constructions introduce significant difficulties [5-9].

In this context, the problem of how physical-mechanical properties of polymers,
composite materials, an also structural elements made of them depend on physical-
chemical variability of the material, remains open. Today, there are only separate

experimental studies on this topic [3,4].
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Formulation of problem objectives

We study a problem of strength of a long layered pipe taking into account
physical-chemical properties of polymer layers that arise in contact with aggressive
liquid. Each layer is assumed to be piecewise-homogeneous with mechanical properties

E.(4,), v,(4,), G,(4,) and physical-chemical changes 4,, «,, ¢,(4,), v,(1,), 1,(4,).

Presentation of the main material

Construction of a physical-mathematical model, definition of numerical
values of displacements, deformations and also stresses in thickness of the layers
of the pipe, and also at the contact points depending in physical-chemical
variability of construction layers.

Let the pipe consist of (N —1) piecewise-homogeneous layers and (N) boundary
surfaces. Let the layered pipe be under the action of axial tensile force P, inner p, and
external p, pressures.

The goal of the problem is to determine magnitude of stresses and deformations in
layers, and also to determine contact stresses between the layers, that determine
adhesive strength depending both on external forces and on the degree of change in
physical-chemical properties of the layers arising from the contact with aggressive

liquid, i.e. from 2., «,, ¢.(4,), v.(4,), n.(4,), and also arising effect of thrust mass

forces in the layers of the layered pipe from the contact with aggressive liquid. Here

the parameter ﬂ(t)z% Is the function of swelling in time of the polymer

0
material in  contact with  aggressive  liquid, t,t.t,.t IS  time;
Q) =y(t)- V() =y(t)-a(t)-bt)-¢t) and Q,(t)=y,-V,=y,-a,-b,-¢, are current and initial
weights of polymer samples in moments t>0 and t=0. The problem is solved under

the assumption of complete adhesion between the layers [1,2].

Let us consider the n-th layer of the binder (r, <r<r, ) in a curvilinear cylindrical

system of coordinates, and stress o,,, o,,, o, and deformation ¢,,, ¢, ¢, components

yy ! yy !

corresponding to these layers (fig.1).
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Since the shell structure is symmetric with respect to the axis and its length is
significantly greater than the sizes of the cross-section, the calculation is based on the
hypothesis of generalized plane deformation; transverse sections of the pipe plane to
deformation, remain plane after deformation as well for all the values of the parameter

of swelling of the n-th polymer layer 2, i.e. the axial deformation &, is constant over

the section z=const; all deformations and stresses for all the values of the swelling
parameter A, do not depend on the coordinate z, if P,p,,p, are constant along the
shell’s length or are slowly changing functions with respect to z. Then for every elastic

layer we can use the relations:

, &, =& =Cconst, zZ_-0, w=wr) (1)

dw w os
r

or

Wn+i

Whn

Wit

Fig.1. A multi-layer pipe made of a polymer material.
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The generalized Hooke law with taking into account the factor of physical-

chemical variability of a polymer material for the points of each n-th layer (r <r<r )

will be in the form [1,2]:

O = a,Wh, (ﬂ“n) -0 5ij + ZGongon (ﬂ“n)gij ~Tlon “Th (ﬂ'n) o Zn : 6ij
- 2
o6, 4y) =380,y (4, )L+ 220 L)y 5 7 @)
3aOn l//n (ﬂ'n)

Here o, and ¢, are stress and deformation tensors, 0=¢, =¢, +&, +¢, IS
volumetric deformation;
E,v E

on” on on (3)

Ay, = ’ ZG on—
(1+ Von )(1_ 2Von) 1+ Von

are Lame coefficients for the n-th layer ignoring swelling, i.e. for 12, =0; 4, is a

swelling parameter of the n-th layer of the polymer material; «, is a linear swelling

n

coefficient of the n-th layer; correction factors ¢, (4,), v,.(4,), n,(4,), dependent on

the swelling parameter of the n- th layer of the pipe 4, having the form:

bi 1+ kn j:n
h Von
wn(l):Ti l//n(ﬂ’)zwn(ﬂ) 2k _
140 7 1-— 7
1+v,, 1-2v,,
br?ﬂnrmx EOn
M (l)ZTi Mon =15~ (4)
1— A —“Von
1-2v,,
- ) Eini ~
Ay = . ’ |(n_ nmax ~ “on? b:ﬂ, n= nﬂ“ 5
=7 Vamx ~Von: by =2 Q= Oty (5)

E,, and v,, are elasticity modulus and Poisson ratio for the n-th layer ignoring
swelling, i.e. 1,=0; here o(e4,)=0,=0,+0,+0, IS the dependence of the

volumetric stress on total volumetric deformation in the n-th layer (r, <r<r ).
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The differential equilibrium equation of the elementary volume of the n-th layer

in the radial direction will be (r, <r<r ,):

o W r
dr r ()
Substituting (2) in (6) and taking (1) and expression ¢, = a(g’;w) into account, the

equilibrium equation of the elementary n-th layer is reduced to the differential

equation with respect to the deflection w(1) of the form:

aw w
E“L?:Cn(i) (7)

whose integral will be:
w(A) = Ar + % (8)
Then, allowing for (8), deformations (1) will accept the form:

:A+r_2' grrzgz —r—2’ 8ZZ=8=C0nSt

% B ow_, B 9)
Constants A and B are defined by the boundary conditions for the n-th layer of

the layered pipe (r, <r<r ,):

W=W,

r=r W=Ww_, (10)

n+l?

where w, and w_, are deflections of contour points of the n-th layer. We introduce

n+1

the denotation:

& =ﬂ| =& & =ﬂ| =g (11)

r r=r,— “n? vy r r=r,,_ “n+l

Satisfying the conditions (10), allowing for (8) and (9), the constants A and B will

be expressed by the contour values of deflections w, and w,, in the form:

A= (Wr) n+l (Wr)n B = (V%)f;l — (_Wf)n (12)

2 2 !
P I

Then the deformations of the points of the n-th layer (9) (r, <r<r ) will be

expressed by the contour values of deformations ¢, and ¢,,, in the form:
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2 2
Sy _ Enalha — &l +i_ €nia —€n (13)
- r2 r2 T A
Ery n+1 = 'n n+ "~ 'n

Substituting (13) and (3) in (2), we determine the stresses at the points of the n-th

layer of the layered pipe in thickness r <r<r _, with taking into account the changes in

physical-mechanical properties of the material of the n-th layer of the pipe 4 , in the

form:
1 O-yy — Von v, (ﬂ“n) £, + [1+ 2Von . Vi (ln) Ena I’.n2+1 — & rn2 +
2C-:'on L (ln) Oy 1- 2Von ?y (Z“n) 1- 2Von ?, (/In) r-n2+1 - rn2
iiz' ‘c":rl _‘C’;r; _ Non T (]’n) anzn (14)
r A 2Gon Py (ﬂ‘n)
(for n=12,.......,N-1)
2 2
1 c, = [1+ Von . Va (ﬂ“n)]gZ + 2Von Ya (/In) gn+1r2n+1 ‘c’;n rn _
2GOn @y (j’n) 1- 2Von L0 (}“n) 1- 2Von ®y (ﬂ’n) P (15)

_ Mon nn(in)_an./-{n
2G,, ¢, (4,)

Then from (14) radial stresses on boundary surfaces o, |_ =o, of the
o, |,.. .= o,, of the n -th layer of the layered pipe, will be equal to:
1 o= Vo Vi (4,) S 1 {12, L AR (J“)]rf}-sn .
2(sonwn (ﬂ’n) 1- 2Von L0 (ﬂ’n) P 1- 2Von Dy (ﬂ’n)
2 - 16
+ 22rn+l . [l+ Voo ¥hn (ﬂ“n)]gmrl _ Mon M (ﬂ“n) ‘a, 'ﬂ’n ( )
M= 1- 2Von @y (;tn) 2Gon L (;tn)
(mmss n=12, ............. , N-1)
A 2r? A
1 Gr:+1= Von l//n( n)gz_ - n 2[1+ Von !//n( n)]gn+
2Gonq)n (ﬂ“n) 1- 2Von L (ﬂ“n) M —h 1- 2Von P (ﬂ‘n)
T3 - 2 [ry +@+ Von_ Y (ﬂn))rnzﬂ]gml _ Jon 7 %) &, 'Zn (17)
P 1- 2Von L (A‘n) ZGon L (ﬂ“n)
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Adhesive strength of the layered pipe on the n-th boundary surface with taking
into account physical-chemical properties of the layers, will be determined in the form
of equality to zero of difference of radial stresses o and o, acting on the n-th
boundary surface, in the form [1,2] :

Ac,=0c -0c, =0, (for n=1,2,.....,N) (18)

From (17), we determines, . For that in (17) we replace the index (n+1) by n,

and get:

2

1 o = Von1 . Yna (ﬂ’n—l) c — 2rn—l [1+ Vont . Vha (Zn—l)]g n
ZG0n—1(0n—1 (ﬂ’n—l) " 1- 2Von—l Pna (ﬂ’n—l) ‘ r-nz - rn2—1 1- 2Von—l Pna (ﬂ’n—l) i

(19)

- n—1

2 A A ~
+ ) 1 . [r.n{1 + (1+ Von-1 . l//n—l( n—l))rnz ]gn Mona ﬂn—l( n—l) 0!,1,1/1
r =l 1- 2Von—l Pnq (ﬂn—l) 2Gon—l () (A’n—l)

Using (16) and (19), the contact condition on the n-th boundary surface (18) will

take the form:

2

r 1% A 2G A 2v A
46,0, (A) 5y (e o Volhdy, 2Ot B) e gy Pon Vol
P 1- 2Von (8 (ﬂ“n) M — M 1- 2Von @, (j’n)

+ 2Gon—zlqon—lz(ﬂ’n—l) [rn%l + (1+ 2Von—l . Vi (;Ln—l))rnz ]}gn +
=l 1- 2Von—l Do (ﬂ’n—l)

r2
+4Gon—1(on—l (An—l) - n-1 [1+ Vona X Vaa (ﬂ“n—l)]gn_l +

n I’nz—l 1- 2Von—l Pna (ﬂ'n—l)
Gonvon Gon— Von= Py 7
+ 2[— W (in) — oo, Via (ﬂ“n—l)]gz =Tonln (ﬂ’n)anﬂ’n —Ton-aTTh-1 (ﬂ'n—l)an—lﬂ“n—l
1-2v,, 1-2v,.,
(for n=2,........... N —1) (20)

The values of radial stresses of the first o; and the last o, layers are determined

from the boundary conditions:

=, o7 =P, (21)
r=ry, on=—p, (22)
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From (18), the contact conditions on the 1-st and N -th boundary surfaces will be in
the following form:

—_— + —
Ao, =0, —o; =0

(23) Aoy =0y —oy =0
(24)
From (23) and (24), and allowing for (21) and (22), we determine o, and o, in
the form:
oy =—Pa (25)
oy ==Py (26)

From (16) for n=1 and (25), we obtain a contact condition on the 1-st boundary

surface, in the form:

2r22 > (1+ VOl l//l(ﬂ'l))g2 - 1 . [r22 +(1+ 2VOl . l//l(ﬂ'l)

r22 -1 1-2vy, o (4) ry —r 1-2vy, o,(4)

Vo ¥i(A) _ 1 ro 27
1-2v,, () &, 2G o1 () (17017 (1), Ay — Pa ( )

From (17) for n=N-1 and (26), we obtain a contact condition on the N -th

) r12 le, +

boundary surface, in the form:

1 2v, A 2r?
— [I‘,\?_l-l-(l-l- oN-1 ‘WN—l( N—l))rﬁ]gN_ SN [1+

2
N —Tna 1-2voyy ona(A) N —Tna

Vonar ¥ (A 71)]8 4 Yona Y () e =
N-1 2
1-2voy .y oy (Aya) 1-2voyy oy a(Any)

1
2G40y (Ay)

Longitudinal force P in the thick-walled layered pipe will be equal to:

[7ona v (Ana) -y 'ZN—l — Py (28)

P= ﬂf(rnil - r-nz)Gzz (29)

Substituting (15) in (29), we obtain:

4NZ_:1G ¥ia(4) Von (6,55 — &) +2¢ -NZ_:lG 0. (A2, —r?)(1+ Yon W”(ﬂ")) =
~ on7 n\"*n 1_2Von n+1'n+1 n'n z —~ on¥n\"Mm n+1 n 1_2V0n (Dn (ln)
_l N 2 2 Py 30
- T P + znonnn (ﬂ‘n)(rnﬂ r-n )an/ln ( )
n=1
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We note the following. The system of algebraic equations (27), (20), (28) and
(30) contain swelling parameters 1, and A, , corresponding to heterogeneous
polymer materials. Obviously, the character of the change in physical-chemical
properties of each of polymer materials for the same period of time of their stay in
aggressive liguid medium will be different. In connection with this phenomena in
[9] we offer a necessary mathematical condition of connection between these
swelling parameters. Therefore, when finding the solutions of the algebraic system
(27), (20), (28) and (30), as a mathematical relation between swelling parameters in
the n-th and (n-1)-th layers of the layered pipe, the following condition should be
used [1]:

A, = O A, (31)
qn—l

Here q, and q,, are linear coefficients in the dependences of the swelling
parameter 2, on time t in the n-th and (n-1)-th polymer layers of the layered pipe.
Thus, the system of equations (27), (20), (28) and (30) represents (N +1) linear-
algebraic equation with the same number of unknown tangential ¢,s¢,,...,¢, and
longitudional &, deformations with taking into account physical-chemical variability

of the layers of the pipe and the thrust mass force effect arising in layers. If the solution
of the system of equations (27), (20), (28) and (30) are found with respect to external

loads P,p,,p, and the swelling parameters 1, then by formula (14) - (15) one can

easily determine distribution of stresses in thickness of the pipe layers, and also

adhesive strength, i.e. maximum breaking stress between the layers by the formula:

(o}

(0 Yo = max(“:J (32)

Special case. When considering a special case of a multilayer pipe only under the
action of the swelling effect in the algebraic system (27), (20), (28) and (30) it is

necessary to equal to zero external mechanical loads P, p,, p,. This case is interesting in

the sense of study of the character of distribution of stresses and deformations at the
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expense of influence of physical-chemical change in the material of layers. In this case,
it is of interest to know maximum breaking stresses on the boundaries between the
layers (32) depending on the change in physical-chemical properties of the material of

layers and thrust mass forces arising in the layered pipe.

Stress-strain state of a two layer pipe under the action of aggressive liquid
medium and forces.

We consider a problem on the strength of a two-layer pipe consisting of polymer
materials, with taking into account changes in physical-chemical properties of layers,
and also arising thrust forces in the layers of a layered pipe, that arise in contact with
aggressive liquid [1]. It is assumed that the layers of the pipe are piecewise-

homogeneous with the following mechanical and physical-chemical properties:

1-stlayer - o, vors Gorflors Ay a1y ¢u(A),s wi(4), m(4)

2-nd layer - Ey,, vy Guoraas Ags @y @5(A), Wo(A,)y 1,(Ay) (33)

We determine stresses and deformations in the layers and maximum breaking
stresses between the layers, determining the adhesive strength of the layered pipe being
under the joint action of external loads p,, p,, P and swelling forces of the material of
the layers 4,. The solution of the problem will be determined by means of the general

equations obtained in the previous section. For that, in the system of equations (27),
(20), (28) and (30) we accept n=2. The problem is reduced to the system of four

algebraic equations with respect to unknown contour values of tangential ¢, ¢,, &, and

longitudinal deformations &, = ¢, of the form:

-— 1 g [rzz + 0+ 2vy, Wl(/ll))rlz]gl n 227'22 _(L+ Vo ‘//1(11))82 +
r,—-n 1-2vy o (4) r,—n 1-2vy ¢ (4)
Vo Vi), = Ly n(h)-ay- -] (34)

1-2v, o(4) " 2Ggp, (4)
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4G 0, (4,) 2r1 (L Vo1 Wl(ﬂq))gl_{ZG()zz(iz(ﬂ«z)[rsz+(l+ vy, W,(4,)

ry —n 1-2vy, ¢1(4) I r22 1-2vy, 0,(4,)

2

+ 2601(p1(f1) [r12 + (Lt 2Vy, ‘//1(21)) ) r22]}82 +4G,0,(4,) 2|"3 . L+ Vo2 ‘//z(ﬂ'z))gg "

)'r22]+

"22 ! 1-2vy, ¢ (4) - 1-2vy, 9,(4,)
G,.v G, v ~ ~

+2[ =202y, () — =Ly ()] €, = 101, (M) @y — 1ot (M) iy (35)
1-2v,, 1-2v,,

2
: 1 . [r22 + (1+ 2‘/02 '//2 (12))r32]83 _ 22r2 : [1+ VOZ V/Z (22)]82 +
E Nl PY 1-2vy, ¢,(4,) R —n 1-2vy, 0,(4,)
1 -
Voo V(%) &y = (770277, (A2) 2, 4, — Py ] (36)

1-2vq, ¢,(4,) “ 2Gy,0,(4,)

422:G0nl//n (ﬂ,n) Von (gn 1rn2+1 — En rnz) + ZgZZZZZGOnwn (/lh)(rnz_'-l _ rn2)(l+ Von l//n (/1”)) —
n=1 1_ 2Von * o 1_ 2V0n an (An)
1 2 -
B ; P+ Znonnn (ﬂn)(r”il - rﬂz)a‘nﬂ’n (37)
n=1

We not the following. By heterogeneity of polymer materials of the 1-st and 2-nd
layered of the pipe, mathematical relation (31) between the parameters 4 and A, will

be in the form:

A, =2 38
) qlﬂl (38)

where g, and g, are the coefficients of linear dependences 1 = A(t) for each layer of the
layered pipe. They are determined experimentally. For example, accepting the value

A, =4, Torthe material of the 1-st layer, then the appropriate value for the parameter

A, Will be determined by the relation (38) as follows:
2, = Z—ZAW s (39)

The system of equations (34)-(37) (2.3.2)-(2.3.5) is a linear-algebraic system of

four equations with respect to ¢, ¢,, &, &, =¢,. We write this system in the matrix
form:
(40)
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where
2r}
a, = —— 1 . [r2+(1+ 2V, Wl(&))rlz], a, = — 2 (1+ Vo1 ‘//1(]'1))
r,—n 1-2vy, ¢1(4) ry —n 1-2vy o, (4)
Voo ¥i(4)
a,.,=0, a,, = o1 1 , b = a
13 14 1-2v,, ou(4) = 2G, 1(21) e (L)a 11'1 P.1
r’ Vo ¥i(4)
=4G L (+—2 -2 :
21 0?1 (4,) r22 ~ r12 ( 1-2v, (01(11))
2G A 2v A 2G 2v
—a,, = 02(02( 2)[ (2 + (Lt 0w Wl 2)) ] 01¢1(ﬂ1) [I’ + L+ 01 ‘/’1(/11)) ]
rs 1-2vq, 9,(4,) rz - 1 1-2vy, o, (4)
r’ % v,(4,) Gy,V Z
a,, =4G,,0,(4,) i _(1+ 02 T2Y27) " 3 =2[—2%2 y (1,) - 101 v, ()],
23 0272 2 r_32 _r22 1—2V02 q)z(iz) 24 1—2V0 2 2 1 2 01 1 ﬂ".l.
2r} Ve W,(4,)
b, = A a,, =0, a,=—-—">-[l+—2 F227]
02715 ( z)az o1 (A’.L)alﬂ’.l. 31 32 I’32 ~ f22 [ 1-2v, o, (/12)]
1 2v A v A
gy = [+ @ e Vel )y, a,, = o ¥alhs)
ry—n 1-2vy, 0,(4,) 1-2vy, @,(4,)
b, = ;[7702772 (/12)0‘2/%2 - Pyl a,, =—-4Gyy, (4,) You I’12 )
2Gy,p,(4;) 1-2v,,
a,, = 4r22 [Gow: (4) Yo _ 02 Yoo v, (4], Ay = 4[’32(302 L‘//z (42),
1-2v,, 1-2v,, 1-2v,,

v A 1 2 ~
zzeom(z )2, s Yo Valhdy e S A 1),
1-2v,, ¢,(4,) T n-1

(41)
By the Cramer rule, the deformations ¢; will be equal to:

o Scors
g = vl o (42)

! ‘a‘ : 1+k
Ul Z (-1) Ay Alk
k=1

Here A, are the minors of the determinant \aijL, and B are the minors of the

determinant

ol Given mechanical and physical-chemical properties of the layers of

the two-layer pipe E;, vy, Gy, 4, o, /-{on o, (L), vi(h), my, m(4), and geometrical
characteristics of the construction r,, r,, r,, deformations ¢, ¢,, ¢, &, =¢, according

to (42) are determined similarly depending on the external loads p,, p,, P with taking
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into account the effect of variability of physical-chemical properties of layers. Having

determined the numerical values of tangential and longitudinal deformations ¢,, ¢,, &,

g, =¢, of the 1-st and 2-nd layers, by formulas (14)-(15) we find distribution of

stresses in thickness in the form:

for the 1-st layer:

;LGWJ_ Vo ‘//1(]1) L+ 2V, l//l(ﬂl)]gz
2G0(4)\ o, 1-2vy, ¢(4) “u 1-2v,, o(4) r _r

1 &-g Na M(4)
re rziz_rl 2601 @ (4) lil (43)

1 o, =[l+ Vo1 ‘//1(/‘{1)] 2vy, yi(4) 52r222 _52"12 _
2Gy,p,(4) 1-2vy @(4) 1 vy, o(4) 1, -1 (44)
g mK) 7
2Gy; p(4)

for the 2-nd layer:

1 [GWJ_ Vo2 ‘//2(/12) T+ 2y, Wz(ﬂz)]gs 2 i
2G,0, (L) \ o 1-2vy, ¢,(4) b 1-2vy, 9,(4,) r _r

1 &-6 1Ny 772(/12)0[2 (45)

* 2 2 2 272
rrn -n 2Gy, ¢,(4,)
1 o, =[1+ Ve Wa(4 )] 2, Yo(A) &1 — 6,15 _
2Gy,0,(4,) “ 1-2vy, 9,(4,) 1 vy, 9,(4,) r32 - r22 (46)

_ e m(h)
2Gy, ,(4,) %

For r=r, r=r, and r =r, by formulas (43)-(46) we determine radial deformations

o, o5, o;, o, ,and similarly, tangential stresses on boundary surfaces, in the form:

1 o = Yo v, (4) 2r) 14 Y01 Wl(ﬂq)] _
2Gy,0,(4,) bo1- 2ve, o1 (4) ) r22 - rl2 1-2vy, o(4) ’ (47)
1 2 vy Y (4,2 ) o1 m,.(4,)
r22 - r12 [r2 " (1+ 1- 2V01 (01(/11))rl ] 2601 1(11) lﬂl
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2V, 4 (4)

1 o, =0 vi(h) E4+— L ~[r? + @+ wil-e, -
2Gy, ¢, (4,) 1-2vy ¢,(4) ry —n 1-2vy ¢,(4) (48)
2r? v ~
- 1 [+ 01 _Wl(ﬂ’l)].gl_ Mo M(4) ak
r,—-n 1-2vy, o(4) 2Gy, ¢ (1))
2
1 o) = Vo2 '//2(2'2)84_’_ 22I‘3 [+ Vo2 _‘//2(/12)]' .
2Gy,0,(4,) 1-2vy, ¢,(4,) Iy =1 1-2vy, ¢,(4,) ( 49)
—— 1 . [r2+1+ 2V _'r’/z(;tz))rzz].(92 _ N2 17,(4,) a, "2
= 1-2vy, 9,(4,) 2G,, ¢,(4,)
1 oy = Vo2 '/’2(%)84 - 1 . [r2+(1+ 2o ‘V/z(ﬁz))rgz]‘gg _
2Gy,0,(4,) 1-2v,, ,(4,) Y P 1-2vy, ¢,(4,)
2r? 1% 4,) 4,) =~ (50)
_ 222[:|__|_ 2 Y 2]_82_7702 m, 2 o 2,
E Nl Pt 1-2vy, 9,(4,) 2G,, ¢,(4,)

Special case. Let as consider a two-layer pipe consisting of a polymer material,

only under the action of only the influence of aggressive medium. This case is of great
interest in the sense of study and knowledge of the quality and quantity character of
stress and deformations distribution in the layers of the construction due to the
influence of physical-chemical changes in the layer material. This time, the definition
of maximum breaking stresses on the boundaries between the layers depending on the
change in physical-chemical properties in the material of the layers and thrust mass
forces is of interest. For solving this problem, we use formulas (47)-(50) in which we

equate to zero the external mechanical loads P, p, and p,. We carry out numerical

calculation for the following input data. The internal layer of the two-layer pipe is
made of polymer material of the brand «low density polyethylene» (LDPE) and the
external layer of the polymer of the brand «high impact polystyrene» (HIP), with the
following geometrical sizes, mechanical properties and physical-chemical
characteristics of layers:

- geometrical sizes of the construction of the two-layer pipe:

nr=0m, r,=013m, r;=015m.
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- mechanical properties and physical-chemical characteristics of the internal layer

(of LDPE polymer):
o, =03452, A =00289, E, =34mPa, Ve, =04, Eomin = 21mPa ,
Vim =0435, b =061765, k, =0,035, q,=00104, @, =aA,,, =001,

2G,, = 24,2857mPa, a, =485714, n, =170, (ol(il)hi:l =0,6026, y, (/11)|11:1 =1,0082,

m(A)|;, =00274, 7, = 9025,2%.
- mechanical properties and physical-chemical properties of the external layer (of
HIP):
a,=02333, Ay =002, E,, =153,5mPa, Ve = 0,33, Vo = 0,37,

E,.. =135mPa, b,=08795,  k, =004,  q,=00072, @&, =,y =0,0047,

2G,, =115,4135mPa, a,, =112,019, Ny, = 4514706, ?,(4,)| 5., = 08538,
H
w,(4,) ;. =12518, (4,)) 5.=0023, 7, :10300,55.

In this case, the algebraic system (40), with respect to the contour tangential

deformations ¢, ,, ¢, and longitudinal deformation ¢, = ¢,, will be of the form:

~135977 &, +21,29-¢, +0-¢, +33462- &, =011-0,0683- p,
184,3615- £, —1836,6211- ¢, +1918,6245- £, + 91,2574 £, = 0,8146

51
0-g —14,6245- ¢, +18,4705- ¢, +1,423- £, = 0,0246 (51)
~0,9794 - £, —3,0845-¢, +6,3102- £, +1,776 - £, = 0,0247 + 0,3185- P
The solution of the system (51) for P=p, = p, =0 will be:
£ =00034, &,=00064, &, =0,006, &, =0,0057 (52)

In this case, numerical values of displacements of the points of boundary surfaces

will be equal to:

= glr| =0,34mm, V\I|r onay = €21, 013, = 0,832mm ,

W| n=0,1u n=0,1m

— 0,9um (53)

W| r,=015m glr|r3:0,15M
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Substituting numerical values of tangential and longitudinal deformations in ¢, &,
, &, & =¢, In (52), by formulas (43)-(46) we find distribution of stresses in the

thickness of the 1-st and 2-nd layers. They will be of the form:
for the 1-st layer:

1

o, _
=0,4654 70,0001 —
[0 J " r’ for 0lw<r <013m (54)

r

o, =01741

for the 2-nd layer:

Gy 1
—~0,2759+0,003-
Lar ] 2 for 013u<r, <015m (55)

o, =-0,0591

By formulas (54)-(55) we determine numerical values of radial stresses at the

points of boundary surfaces:

+

o, =0, ., =0,4754mPa, o, = O-r‘rzzo , =0,4603mPa

r ‘ rn=0,1 13,

+_
O'2 _O_r‘

—-0,4534mPa, o3 = o] = —0,4092mPa (56)

r, =0,13m r;=0,15m

It is seen from (55) that radial stresses at the points of boundary surfaces of the

two-layer pipe located only under the influence of aggressive liquid medium, attain

about 4,7K_92. In other words, this is a result of a thrust mass force from physical and
cm

chemical changes in polymer layers of the pipe [10].

Conclusions from the present study

1. Formulas (52)-(56) completely determine quality values of displacements,
deformations and also stresses both in the thickness of the layers of the pipe and at the
contact points depending on physical and chemical variability in the layers of the pipe.

2. Secondly, the results of this study allow for practical goals to design reliable

constructions intended to work in aggressive liquid media.
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