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MATERIALS SCIENCE AND CORROSION PROTECTION

A TUBE STEEL BRITTLE FAILURE CRITERION

V. D. Makarenko and I. O. Makarenko

A brittle failure mechanism is usually involved in accidents to oil pipelines operated under harsh conditions (tem-
peratures between 40 and —60°C). On prolonged operation, there is a substantial reduction in the resistance to brittle failur
i.e., the cracking resistance.

It is considered that the cracking resistance in tube metal is one of the basic parameters in the reliability of indus-
trial pipelines operated for long periods.

In the Russian pipeline system, the proportion of oilfield pipelines that have been operated for more than 20 years
is 30%, while that for over 30 years is 59%. About 40% of oilfield pipelines have been in operation for more than 14 years
(in their metal, deformational ageing has already advanced), and of those, 20% of pipelines have exceeded their amortizatic
working life [1].

The safe operation of oilfield pipelines is a complicated problem requiring new approaches to the quantitative eval-
uation of cracking resistance for metal when these pipes are operated for a long time.

Tube wall failure is characterized by stages of crack nucleation, slow growth to critical dimensions, and rapid growth
to complete failure. To prevent rapid nucleation and in some cases to eliminate pipeline failure, one can use hydraulic tes
ing, heat treatment, treatment with high-frequency current, and so on. However, from the practical viewpoint, these technica
ways of eliminating the crack nucleation stage are ineffective.

It is best to determine the nucleation conditions by new effective methods of estimating the brittle failure resistance
of steels from the structural states. This requires the correct choice of optimum criteria for the cracking resistance of tub
steels, which should properly reflect the actual physicomechanical processes in crack nucleation, growth, and propagatio
causing failure.

Various criteria for mechanical properties are used to estimate metal brittle failure, but most of them are suitable only
for comparative analysis, and criteria should be physically based for quantitative estimation of brittleness.

For example, there is the microcleavage conception, which provides physically and experimentally based criteria for
brittle failure and enables one to estimate the effects of hydrogen. According to the microscopic failure model, the critical
state is the onset of instability in nucleated crack growth, which is characterized by the transition to unstable growth of pri-
mary cracks, i.e., submicroscopic ones. The geometrical dimensions of a submicroscopic crack are as follows: length abot
100 nm and thickness a few times the lattice period. Such a crack constitutes a superdislocation in elastic equilibrium witt
the stress pattern produced by a group of dislocations nucleated by a microcrack, and also with the elastic field of the con
pressive stresses created by the sharp vertex of the microcrack in the surrounding metal. The main difference between
microcrack and a submicroscopic one lies not in the difference in geometrical dimensions but instead in the difference in thei
relation to the tangential and normal stresses in the metal.

A basic criterion of brittle strength R, the minimum stress at the yield limit for failure in uniaxial stretching.

The hydrogen embrittlement is evaluated frog which is equal to the ratio of the paramétﬁ}rc for hydrogenated speci-
mens to the parametBy, . for unhydrogenated ones, i.8 = Rmcl Rne
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Fig. 1. Tempeegture dgopendence of the viscosiky, = Rmce/cry for steel 20:
1 and?2) initial structure; 3 and4) after heatreament (860C, 60 min).
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Fig. 2. Tempesture dgpendence of the meaailure stessS, for steel 204) and the dgree of tydrogen
embittlementdy, (b): 1) no hydrogen; 2) after lydrogenaion to 6.3 cri/100 g

One measwsR,,. a tempeatures in the viscous-litle transition inteval. As hydrogen embittlement occus &
tempeatures dose to the@om \alug and becausR,,. is increased  plastic stain,one uses theflure stessS, and the el-

ative contactiony to detemine the dedrmation analg of R, namey R, namey the filure stess of metal defmed &
a cetain st e.

The stain st@ is calculéed from
e=In(l/(1 -y)).
Ther eists a typical set obgelimental cuves fom which one can deterine R, andR,. Figure 1 shavs sud
graphs.
The rumeical value ofR,. is dven by the point of intesection betwen the tempature dgpendence of the yield
pointcry and tha for the #ilure stessS, (Fig. 2),i.e., it can be dewved from the gaphs. Fgure 2 shavs thd hydrogen does

not influenceR,. (for steel St3) low tempestures.
Ther is [2] the bllowing relation betweenR . andR

Rme = f@Rmee
wherr f@) is a function desdring the incease in the little strength leel because of fure formation.
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Fig. 3. Typical tempegture cuves br the mebanical hamcteistics of steel St3 withoutfdrogen @) and after
hydrogendion to 6.0 cm/100 g b).

One assumes th(e) is invariant with respect to theydrogen content because it cannppeeciadly influence the
formation of the metal teture & concentations not moe than 10 c#100 g On the other handR . is almost the same as
the maxinum tensile s&sso for the hilure of a specimen with the sanmesidual stain.

Then the dgree of lydrogen embittlement is
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where Rr';'me andc}'é are the coresponding kamacteristics of the rdrogended metal.
The maximal s&sses [3] &
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where n = 0.92€ - 0.1);S, is the mean siiss athe instant ofdilure.

Consequenyl to detemined,, chamcteizing the tydrogen embittlement one needs to use rhaaical tests in cier
to calculde o). for the working tempeature range. One dw'/idesoré by o). for gven stains to @t the dgree of tydrogen
embittlement.

AlthoughR, . is indgpendent of tempeture, the dange in 8 chamacteizes the dicts of lydrogen on this quan
tity. The tempeature dgpendence o§, reflects the total action of wvembittlement fctoss: low tempesature and dissoled
hydrogen (Hg. 3).

Also, 4, indicates the tempeture range in which hydrogen infuences theeasult and is quantitizely detemined
by the tempeature dgpendence of the deee of embittlement (the fidrogen efect is dsent br & = 1).

An additional citerion for hydrogen efects is povided by the viscosityK,,, which characteizes the potential scope
for the metal toasist micodeavage.

ThiskK,, is directly related to the aterion for the tansition to the bitle stae:if K, > 1,the metal is viscous; K, <1,
the metal is little.

This method of estinieng hydrogen embittlement has a major adntaye: the quantittive citeria ae detemined
from odinaly medanical tests on smootlylmdrical specimensyhich endles one to xamine the pecise dpendence of
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the tydrogen efect on the composition and wtture of the metaltogether with the s&ssesconcentation and distibution
of the dissoled hydrogen,tempeegture, strain rate, and so on.
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