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Materials science

According to the existing standards, the ultimate
bearing capacity of pipes is calculated using the de-
pendences, which are based on the momentless the-
ory of shells and allow determining of the maximum
pressure or available thickness of a wall considering
the mechanical properties of metal, the initial sizes of
pipe and uniform stress distribution in a wall.

As the basic equation for evaluation of the bearing
property of pipelines, the following formula is used:

. 2oy15,
Pint = — (1)
o

where Ppr — boundary value of internal pressure;
F,,; - ultimate resistance of pipes material; § 0> DD
- initial value of wall thickness and pipe diameter re-
spectively.

Relative simplicity of dependence (1) was con-
ducted to its wide spread occurrence. At the same

Table 1. Calculation and actual parameters of pipes failure

time, the results of actual tests of the pipes internal
pressure obtained by a number of researches [1, 6]
testify to serious difference between calculated and
actual parameters of pipes defect (Table 1). Among
the provided data, it can be seen that the difference
between calculated and experimental values of pipes
strength reaches 25%. At that, we can observe the
calculated values, which are both lower and higher
than the experimental ones. From our standpoint,
such difference is a consequence of imperfection of
calculating formula (1). In this dependence, the stress
influence on resistance of deformation material and
change of the pipes sizes till the time of maximum
pressure value reaching is not considered. When pipe
strength evaluation, it is also wrong to characterize
the resistance of deformation material by the stress
value corresponding to limit uniform deformation at
uniaxial extension.

Wall

Pipe a Calculating value | Experimental value Ratio
diameter, |thickness,| Steel grade ul, p p D.../D Sourse

mm mm MPa “FT MPa BT MPa cpriTepr
720 3 19Mn 515 11.5 10.9 1.05 [4]
720 3 19Mn 578 12.8 11.3 1.14 [4]
720 3 19Mn 582 13.0 11.9 1.09 [4]
720 3 14CrMnSi  |520 11.5 15.5 0.74 [4]
720 3 14CrMnSi 560 12.5 16.5 0.76 [4]
529 3 MK 594 16.7 14.0 1.09 [4]
529 6.8 MK 530 13.7 12.8 1.07 [1]
529 6.6 MK 530 13.5 12.3 1.10 [1]
529 6.7 MK 530 13.5 13.0 1.04 [1]
273 6.3 St3 505 23.5 22.8 1.03 [1]
273 6.5 St 3 505 23.5 22.8 1.03 [1]
273 6.5 St 3 505 24.2 24.5 0.99 [1]
325 8.2 20 490 24.9 24.2 1.03 [1]
325 7.8 20 490 23.5 23.1 1.02 [1]
325 8.6 20 490 26.1 26.8 0.97 [1]
325 8.6 20 490 26.1 26.0 1.01 [1]

For correction of these shortcomings of the exist-
ing calculation of strengths, first of all, we will con-
sider the phenomenon of plastic hardness in the pipes
loaded with internal pressure.

Generally, when loading of pipes by internal pres-
sure, two cases related to loss of plastic hardness are
possible:

In process of pipes deformation by internal pres-
sure, there comes the moment when further increase
of stress is carried out due to increase in diameter
and reduction of a wall thickness without growth and
even at reduction of pressure p.

By analogy, when pipe uniaxial extension with
neck forming, there comes the moment when result-
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ant loading F, which is in the area I, reaches the max-
imum value.

The condition of these moments emergence can be
characterized by the equations:

@ _ o,
dej ()
F_0
d=;g , 3)

where £ - intensity of logarithmic deformations.
Let us consider the pipe loaded with the internal
pressure and axial force, but under condition that

0= Olon = U2 = Opir = :‘_’}'1, (4)
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where O}, 0;,- longitudinal and circular stress
in a pipe wall respectively.

Let us introduce designation:

2
z2_K
oy T (5)
Let us write down the load condition
)
= —, 6
p=- (©)
F = g,5I, )

where Rﬂ, S, 0, I 0 — thickness, radius and unit
length respectively.

Let us express the dependence between the current
values R, S, I and the main deformations €1, €2 and
£3 as follows:

R
g, =In—; R = R,e®;
RD
I
£, = lnr—;I= [,e®z (8)
(4]

5
g,=In—;5 = 5,¢e%;
SD

Materials science

where Ru, S.;], I o - initial values of geometrical
parameters; e - basis of Napierian logarithms.
After substitution of (8) into (6) and (7), we obtain

p= 015—06{53_513’ 9)

o

F = g,1,S,e®>%2), (10)

As we know, the intensity of stress for two-axial
stress state is the equal to

0; =0 — 010, + 05 | (11)
From here, considering (4), we obtain
0, = ——. (12)
J1-Kg+KZ

Introducing (9), (10) and (12) in (2) and (3), and
having carried out differentiation, we obtain:

@ — S_D 1 [dgi 3(53_51] + 0-13{53_513 (ﬁ — @)] =0 ’ (13)
de; Ry /1—K, +KZ lds, de;, ds;
d Sol da; de, de
P _ 20 [ Lelez=ea) 4 g plea—ea) (—2 — —2)] =0, (14)
de; \J1—-K, +KZlds, de;, de,
Expressions (13) and (14) can be reduced: doi  (2-Kg)a;
E B E - E dEE' ..‘_-'l—Ha-+Ha- for Fmax (19)
de;  lde  dep’ (15) Let us use the widespread dependence of approxi-
mation &F; [Eij in the theory of plasticity in the form
do; de; dig of
2= an e 1 .
. . . o =A(g)™ (20)
Using the equation of plasticity [6], we can obtain )
According to [7]
doy oy—05/2
d ey o A=g,yem™m™, 2
dos  Go—a4/2
—_— = 17 =
de; o a7 m=¢g, (22)
dgg _ o +05/2 Where €p — uniform logarithmic deformation at
de; 20; uniaxial extension.

After substitution of (17) into (15) and (16) con-
sidering (12), we obtain

doj 3 i

de;  2/1-Ks+Ks ¢ Dmaxs

(18)
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Let us write down the known expressions for
deformations intensity at 4 = 0.5, in this case, the
conditions of volume constancy and of components
proportionality of stress deviators and deformations
will be of the form
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£ = EEJ(E1 — &)+ (g, — &) (g3 — &) 23)

El + Ez + Eg = D (24)
g4 €z fg—E&g g3 —&1
@y —dg Gz—dg Tg—dy

For two-axial stress condition, having obtained
oy = I{g > from (4) and having solved (23), (24)
and (25) together, we obtain

g =—2 [1-K, +K?

s (26)

Having substituted (20) into (18) and (19) consid-
ering (22), after transformations we obtain expression
for determination of deformations intensity critical
values, which corr nd the moment of maximum
pressure _ :ching (Eiﬂ’r) and the moment of neck for-
mation (T1m):

EicTZEEle_KJ_FKE (27)

2 £
2-KE; P

Ei']‘l_

2

\{ 1-K,+K: (28)
Using (26), let us express the critical value of
deformations intensity through the corresponding

values of circular deformation £4 . and €15:
g

Sier = 3 £p (29)

€in = €p (30)

According to entrance criteria, &; o ANA E;
%haracterige the pipe? strength (p,,.,), and criteria
in and = 1n - material strength (F),,,, ). For the con-
venience, let us call them as criteria of loss of plastic
hardness of pipe and material respectively.

However, it should be noted that expressions (27-
30) are not original. In different variants (for separate
values of K| =» as well as in general cases), they were
obtained earlier.

For convenient analysis of obtained expressions,
let us show them in the form of diagram (Fig. 1).

Actually, having considered the essence of these
criteria, it can be noted that first of all, they both de-
pend on the deformation resistance change nature
with the increase in deformation (strengthening mod-
ule).As it is known, the letter may be essential even
for materials with equal values of uniform deforma-
tion £p. In another words, materials with equal value
of £, may have different ratios of yield point to time
resistance Tul.
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Figure 1. The curves of critical values dependences of
intensive deformation on coefficient, which characterises
the metal loaded state

As we can see, application to such materials of
deformation, according to considered criteria of plas-
tic hardness, cannot be identical.

In the paper [4], it is noted about observation of a
condition (30) during hydrostatic extrusion of sheet
metal through the circular hole. Influence of power
characteristics together with deformation on plastic
hardness of material was also noticed in practice of
metal treatment under pressure. In particular in pa-
pers [2], it is pointed out that deformation ability of
material when pressing and drawing depends both on
€pand 0,/ 0.

It can be seen that the plastic hardness of a pipe
in the entire investigated range of change of Kg is
lost at much smaller deformations, than the neck is
formed. Thus, all the considered criteria are defined
only by material plasticity and coefficient K and do
not depend on strength characteristics. Value €1nis
independent of K -
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