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CONSIDERATION OF PORE FORMATION
AT ESTIMATION OF LIMITING STATE IN ZONE

OF PRESSURE VESSEL WALL THINNING DEFECT

V.I. MAKHNENKO, E.A. VELIKOIVANENKO, G.F. ROZYNKA and N.I. PIVTORAK
E.O. Paton Electric Welding Institute, NASU, Kiev, Ukraine

The tough fracture models allowing for pores forming in plastic flow either at non-metallic inclusions or
in matrix from the microcracks that do not propagate by cleavage mechanism provide for the corresponding
algorithms of growth of the pore due to plastic strains and respective redistribution of the stress-strain
state. At present, the interest in these models is determined by growth of the scope of prediction and expert
estimates for the welded structures, based on calculation estimation of the limiting state. In a number of
cases, in view of the trend to utilization of high-strength and sufficiently ductile materials in the welded
structures, the limiting state occurs under the tough deformation conditions at the rigid stressed state,
which contribute to the pore formation. Fracture as a result takes place at relatively small plastic strains
that rapidly reduce deformation capacity of corresponding welded assemblies before fracture.

Keywo r d s :  steel pressure vessels, development of
plastic flow, limiting state, pore formation, fracture
zone, criteria of fracture involving pores, spontaneous
fracture

Operational defects of wall thinning in current
welded pressure vessels are the most widely iden-
tified defects of long-term service structures
(main pipeline, oil and gas storages, tank cars
etc.). At periodic technical diagnostics of such
structures the identified defects are estimated
from point of view of safe operation of the struc-
ture for a period at least up to the next technical
diagnostics. Specific rules based on correspond-
ing calculation and experimental investigations
are applied at that. These rules are improved
according to accumulation of facts of their ap-
plication, change of operation conditions for spe-
cific type of structures, development of calcula-
tion models of loading (fracture) as well as meth-
ods of realization of these models.

Observed significant progress in computer en-
gineering, deformation and fracture mechanics
of structural materials, respectively, provides for
realization of the more complex physical models.
It is a good basis for development of more detailed
models of behavior of structural material at de-
formation (in stage close to fracture) as well as
at fracture to certain extent. This makes the cal-
culation approaches to prediction of a limiting
state for complex cases of deformation suffi-
ciently suitable to that is observed in experiment
allowing reducing the scope of expensive experi-
ments. Such an approach is connected with at-
traction of additional physical and mathematical

models for development of information related
with the coming of limiting state. Work in this
direction is actively performed in different coun-
tries. Works of scientists of Siberian school of
Prof. V.E. Panin in scope of new scientific di-
rection, i.e. physical mesomechanics of materials
[1], are worthy of notice among the current in-
vestigations. Deformation of material on
mesolevel, i.e. considering significant physical
discontinuity determined by presence of different
interfaces (for example, gain boundary) with fur-
ther estimation of reaction of material on
macrolevel by means of average of characteristics
of stress-strain state along representative meso-
volume is considered in scope of this direction.
Primitive example of inelastic material behavior
according to [1] is a «shear + rotation» that al-
lows preserving continuity condition up to frac-
ture. The latter is a final stage of material frag-
mentation on macrolevel when global shear buck-
ling takes place.

Pore formation in many cases is an important
phase of material deformation before fracture
stage. The pores are formed in plastic flow at
non-metallic inclusions or in matrix from the mi-
crocracks that do not propagate by cleavage
mechanism, i.e. being almost essential attribute
of material tough fracture. It is not surprising
that a great attention is paid to the issue of for-
mation and growth of pores at tough fracture of
materials [2—4]. Initial dimensions of appearing
pores are not large around 1 μm as a rule. There-
fore, their influence on deformation processes and
fracture can be considered in scope of mesolevel
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