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1. Introduction

A safe and long term exploitation of various steel
structures is a relevant engineering problem. In design cal-
culations of structures and pipelines the materials features,
which will be used for their production of structures, are
assessed. Unfortunately in practice we face with ill-timed
structures and their elements failure, which always are as-
sociated with economical losses and environmental dam-
ages. One of the main problems is to predict the changes of
materials mechanical characteristics after particular. How-
ever, it is complicated to make aging test of materials tests
in laboratory and this kind of tests requires plenty of time.
One of the ways how to solve this kind of problem is to
perform tests with exploited material. Often from the prac-
tical or scientific point of view only single cases are stud-
ied when it is necessary to identify the reason of failure,
but there is no systematic data analysis yet. It is known,
that characteristics of materials vary according to time, but
relationships between materials mechanical characteristics
and exploitation time are not defined. For new steel with
high plasticity features various kinds of defects are not
very unsafe, because in defected place plastic strains as-
serts and fracture processes are blocked. When materials
plastic features decrease, even the same size defects can be
the reason of material failure.

In common case materials aging process is under-
standable like complex of internal processes in material
under the affect of different factors and the result of such
influence is irreversible variation of materials features
what worsens materials quality. The velocity of aging
process depends not only on materials composition and
structure but also on specific factor intensity and environ-
mental conditions. Nevertheless various investigations are
performed during the last decade in all over the world and
lots of the received data are empirical.

During long time service the embrittlement leads
to the decrease of critical flaw size of brittle fracture and to
the reduction of the remaining life of a pressure vessel.

Problem of the pipes aging in the water supply
system is analysed in the work [1]. Authors present the
stochastic method of pipelines failure calculation.

The analysis of the influence of pipes properties
on pipelines reliability and mathematical model is pre-
sented in the work [2]. The influence of external factors on
degradation process is explored in research project [3].
Work [4] presents researches of gas pipeline, which were
made of grade 191" steel and were exploited for 30 years
under internal pressure of 5 MPa. Mechanical characteris-
tics of 30 years exploited pipelines were compared with the
ones 30 years kept in storage. During exploitation yield

stress increased 30%, limitary plasticity and impact bend-
ing and impact tension toughness decreased by 21% and
40% respectively [5]. Under the steady influence of
stresses changes of exploited materials plasticity features
displays [6], with growing of exploitation years the prob-
ability of pipelines collapse increases too. One of the fac-
tors, which influence this process, is stress state. As a re-
sult of internal pressure variation in pipelines vary during
start-up and stop it is correct to assume that low cycle fa-
tigue asserts and makes influence on cracks origin and de-
velopment. The problem of this kind was explored in arti-
cle [7]. Authors performed six different types of tests to
determinate low cycle fatigue strength of pipelines steel
and defined variation types of pipelines materials mechani-
cal characteristics with pipelines assessment. The depend-
ence of fracture behaviour on the strain rate of a commer-
cial pipeline steel is investigated in work [8]. The issue of
ductile tearing assessment for the cases with global plastic-
ity, relevant to strain-based design of pipelines is analyzed
in work [9]. The results of investigation of mechanical
properties (such as tensile and impact strength) of pressure
vessel and pipeline steel are presented and discussed in the
work [10].

Making the analysis of failure reasons of ex-
ploited material gas and petroleum pipelines becomes
clear, that during long-term exploitation real metal features
are not assessed. Other way for the determination of rela-
tionships between mechanical characteristics and lifetime
long term and unique experiments are necessary. After
exploring of researches in this field it is possible to predi-
cate, that for scientific researches single samples are used
when it is important to clarify failure reasons however the
level of systematic researches accomplishment is low.

In this article as a research object hot-water arte-
rial pipelines was chosen. There are three external factors
which influence the pipelines: water temperature, external
environmental and pressure. Each of these factors has an
influence on aging process. Parameters of hot water sup-
plied by pipes: hardness of water up to 0.2 mg/eqv/l, there
are no oxygen and carbon dioxide, salts. The temperature
of water is 70-150°C, operating pressure — 1.6 MPa (during
hydraulic test reaches 2.0 MPa). Aim of this research is to
identify relation between operating time and mechanical
properties of material.

2. Experimental
The specimens from hot water pipeline material

with different time of operating were chosen for the deter-
mination of materials mechanical characteristic variation.
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Table 1
Chemical composition of the grade 10 steel
Date of pipelines Diameter of Chemical elements, percent
operating pipe, m . .
beginning C S P Si Mn Cr Ni Cu
1963 0.220 0.09 0.016 0.018 | 0.19 0.50 0.10 0.07 0.17
1966 0.220 0.14 0.016 0.016 | 0.24 0.52 0.07 0.06 0.20
1969 0.220 0.13 0.016 0.015 | 0.24 0.57 0.13 0.10 0.12
1980 0.635 0.12 0.016 0.017 | 0.10 0.46 0.05 0.03 0.07
1981 0.220 0.10 0.016 0.017 | 0.19 0.47 0.06 0.04 0.04
Table 2
Results of tensile test
Date of pipe- Strength Yield Ultimated Yield Relative Relative reduction
lines operating | force, kN force, stress, MPa stress, elongation, of cross section
beginning kN MPa % area, %
1963 40.3 30.7 400.1 304.9 13.0 54.0
1966 46.6 34.7 444.0 330.7 8.5 473
1969 42.6 29.5 413.9 286.7 9.1 44.5
1980 42.7 28.6 404.9 271.9 8.3 44.5
1981 26.9 18.9 422.6 297.2 15.6 42.7

It is important for suitably accuracy of relation-
ships between mechanical characteristic and maintenance
time to analyze the same material, which was exploited in
the same conditions during lifetime. Tests of chemical
composition and material type determination were per-
formed. Spectral analysis results showed that that majority
of pipelines samplers of hot-water supply network are
made from grade 10 steel. Tension test was performed with
specimens from these samplers. During tension test me-
chanical characteristics of grade 10 steel was determined:
yield stress oy, ultimate stress oy. According to geometrical
parameters of specimens the main criterions, which charac-
terize plasticity features of materials, were defined:

e the relative residual elongation of specimens
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here, |; is length of effective strip of a specimen after frac-
ture; |y is original length of the specimen; A, is original
cross section area of specimen; Ay is cross section area of
the specimens after fracture.

For tensile tests the specimens, which were made
form materials of arterial hot-water pipelines, which opera-
tion started in 1963, 1966, 1969, 1980 and 1981 years were
used. The specimens (10 samples) were made and tested
from the material of each year pipelines samplers. Speci-
mens were machined from exploited pipelines. For tensile
test performing specimens were machined according to
LST EN 10002-1:1998 standard (Fig. 1).

Hydraulic tension-compression machine P-50 was

used for testing. It was defined that plasticity features of
the materials are changed and also Charpy V-notch impact
test was performed.

It was impossible to cut standard (ten millimeters
width and ten millimeters thickness) specimens for impact
test from the pipes, because maximum thickness of the
pipe material was about eight millimeters.

For this reason nonstandard (ten millimeters
width and five millimeters thickness) specimens were
tested. Results from nonstandard test were equalized with
standard using correction factor.

3. Results and discussion

After making tests, were calculated average val-
ues and variation coefficients of the data. Chemical com-
position of investigated grade 10 steel and tension tests
results are presented in Tables 1 and 2.

According to experimental test results relation-
ships between mechanical characteristic of grade 10 steel
and maintenance time were deduced. Stochastic distribu-
tion calculations of test results were fulfilled as well.
Variation coefficient of experimental results is between 3
and 10 percent.
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Fig. 1 Geometrical parameters of specimens used for ten-
sile test



Exploratory results from the tests showed, that
strength stress value grew up negligibly if compare with
the strength stress value of the new material. In practical
calculations concerned with design of new structures and
elements materials yield stress is used as extreme bound-
ary, because above it the irreversible plastic deformations
start. Analysis of experimental results revealed that when
operating time grows up materials yield feature appears
later. Recording of yield stress in some case was unsuc-
cessful. Relationship between materials mechanical char-
acteristics and operating time is shown in Fig. 2
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Fig. 2 Relationship between yield stress of materials and
operating time

Materials plasticity features in the best way shows
relative extension parameter of a specimen. The relation-
ship between relative residual length variation of specimen
and materials is represented in Fig. 3. The relationship be-
tween relative residual cross section area variation and
materials is presented in Fig. 4.
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Fig. 4 Relationships between relative reduction of cross-
section area and operating time
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After impact test of the investigated material it
was observed that impact toughness decreased. Table 3
presents results of the test. During impact test differences
in fracture way were noted. It should be mentioned that
chemical composition of the materials is very similar.
(Fig. 5, 6) contains pictures of plastic and brittle fracture.

With the intention to identify different fracture
reason identifying, optical analysis of materials microstruc-
ture was performed with metallographic microscope
KRUSS.

An enlarged view of the materials microstructure
in the case of plastic fracture and brittle fracture is pre-
sented additional in Fig. 7 and Fig. 8.

Table 3
Impact test results
Date of pipelines Absorbed impact
operating beginning | energy of standard speci-
men, J
1963 48.42
1966 47.71
1969 51.44
1980 19.11

Fig. 6 Specimens after impact test (brittle fracture)

Microstructure researches confirmed that bigger
grains are one of the factors which make an influence on
brittle fracture. The size of the grains was measured. Value
of correlation coefficient p between size of the grains and
values of impact test was calculated (0 =-0.9). Correla-

tion coefficient shows inverse dependence.



Fig. 7 An enlarged view (400 times) of materials micro-
structure

Fig. 8 An enlarged view (400 times) of materials micro-
structure (in the case of brittle fracture)

4. Conclusions

1. Steady effect of stresses changes plasticity fea-
tures of exploitable materials. Experimental research of
material showed, that plasticity features of the material
grow down according to lifetime of the pipelines. With the
increment of maintenance time of pipelines the probability
of failure increases as well.

2. Plasticity features of materials in the best way
outline relative residual length variation of the specimen.
Depending on tests results the variation of specimen rela-
tive residual length value grows down when lifetime of
pipeline increases. This relationship for grade 10 steel was
expressed by the equation: 6 =—0.495x + 27.53 , where Jis
relative elongation, X is years of operating.

3. The variation of value of relative residual cross
section area variation changes according to pipelines. This
relationship approximately can be described using the

equation: y =—-0.24X+52.46, where  is relative cross-
sectional area, X is years of operating.
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J. Januténiené, R. DidZiokas, M. Gintalas

METALU MECHANINIU SAVYBIU KITIMO
PRIKLAUSOMAI NUO EKSPLOATACIJOS TRUKMES
TYRIMAS

Reziumé

Siame darbe nagrinéjama, kaip keiciasi medziagu
mechaninés savybés priklausomai nuo eksploatacijos
trukmés. Kar$to vandens vamzdynus eksploatacijos metu
veikia iSoriné aplinka, skatinanti jvairios risies medziagy
korozija. Kartu, ilgalaikis jtempiy buvis keic¢ia medziagy
mechanines savybes.

Medziagos mechaninéms savybéms nustatyti pa-
gal LST EN 10002-1:1998 atliktas bandiniy, pagaminty i§
kar$to vandens magistralinio vamzdyno vamzdziy tempi-
mo bandymas. Bandiniy gamybai pasirinkti 20 - 40 mety
eksploatuoti kar$to vandentiekio vamzdziai, pagaminti i§



plieno 10. Vamzdziy medziagos cheminé sudétis nustatyta
atlikus spektring analizg.

Metaly plastiSkumo savybes geriausiai nusako
bandinio santykinio liekamojo ilgio pokycio charakteristi-
ka bei santykiné bandinio skerspjavio ploto poky¢io cha-
rakteristika. Eksperimento rezultatai parodé, kad medziagy
stiprumo riba pakito nedaug. Pakitusias medziagos plastis-
kumo charakteristikas labiausiai atspindéjo bandinio ilgio
santykinio pokyc¢io bei santykinio bandinio skerspjiivio
ploto poky¢io reikSmés. Pagal gautus eksperimentinius
duomenis gautos medziagos santykinio bandinio ilgio
poky¢io, santykinio bandinio skerspjivio ploto pokycio bei
medziagos takumo jtempio reikSmiy kitimo priklausomai
nuo eksploatacijos trukmés tiesinés priklausomybés.

J. Januténiené, R. Didziokas, M. Gintalas

ANALYSIS OF METALS MECHANICAL PROPERTIES
VARIATION DEPENDING ON THE OPERATION
TIME

Summary

A long-term operating influence on mechanical
properties variation of constructional materials is analysed
in this article. During the exploitation of structures and
pipelines the consistent surrounding influence causes cor-
rosion of the structures materials. Beside the surrounding
influence of the constant stress state affects structures too.
For constant stresses mechanical properties of structural
elements are variable and the metal is ageing. The article
presents experimental researches of hot-water pipelines
material. From 20 - 40 years exploited pipelines specimens
were cut and tension test was fulfilled. The test results
disclosed that material strength stress increased minutely.
The value of materials yield stress in exploited specimens
showed up later if compared with new material. In the best
way the changed materials plasticity properties were
exposed by specimens relative elongation, which characte-
rizes materials fragility. Linear materials mechanical pro-
perties dependenty on lifetime is presented in the article.
According to this linear law it is possible to calculate mate-
rials mechanical properties of a structure, which is
exploited, and assess safety of this structure.
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AHAJIN3 3ABUCUMOCTEI U3MEHEHU A
MEXAHNYECKUX XAPAKTEPMCTUK METAJIJIOB
OT CPOKA NX OKCIUTYATAIIMN

Pe3zmomMme

B pabore mccnenoBaHO M3MEHEHHE MEXaHHUYEC-
KHE XapaKTePHCTUK MAaTepHANIOB B 3aBHCHMOCTH OT Bpe-
MEHH X dKCIuTyartanun. Ha TpyOompoBoabl Topsyei BOIbI
BO BpeMsI UX AKCIUTyaTalliH ACHCTBYET OKpYy:Karomiasi cpe-
J1a, KOTOPast BBI3bIBAET KOPPO3UIO Pa3iIMdHOM npupozasl. B
TOXKE BpCMA BO3Z[CI>1CTBH€ JJINTEJIBHOI'O COCTOAHHSA Ha-
NPsSHKEHUA M3MEHSIET MEeXaHWYEeCKHE CBOICTBa MaTepua-
JioB. J[ys MiccrenoBaHnsT MEXaHUYECKAX CBOWCTB MaTepua-
JIOB TIPOBEJICHBI IKCIICPUMEHTHI HA PACTSHXKCHUE 10 CTaH-
nmapty LST EN 10002-1:1998 ¢ ucnonb3oBaHueM o0pas-
I[OB, U3TOTOBJICHHBIX U3 cTaiu 10 TpyOOmpoBOIOB ropsuei
BOJIBI ITOCTIE UX dKCIuTyaTanun B TedeHun 20 - 40 seT.

YcTaHOBIIEHO, YTO TIPENeN MPOYHOCTH CTak Ma-
JO W3MEHSACTCS BCIENCTBHE €€ SKCIDTyaTalldd, OIHAKO
mpenes TeKy4ecTH 3aMEeTHO IOBBIMIAETCS, a XapaKTepH-
CTHKH TUTACTUYHOCTH CYIIECTBEHHO MOHMKAIOTCS, CBUE-
TENBCTBYSI 00 OSKCIUTyaTallMOHHOW Jerpajaiiy MeTalia.
HpI/l OTOM IIOJIYYCHbBI HHHeﬁHble 3aBUCHUMOCTU N3MCHCHUS
OTHOCUTECIIBHOI'O YAJIMHCHUA U OTHOCUTEJIIBHOI'O CYKCHUS,
a TakkKe mpejeia TEKydeCTH OT BPEMEHH 3KCILIyaTaluu
TpyOOIpoBOIA.
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