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SYNOPSIS
A comprehensive survey of the literature concerning
environmental cracking in maraging steels has been carried .

out, with particular reference to the behaviour of welded

- joints.

The major part of ﬁhe present experimental work was
centred on the performance of submerged-arc welded platé in
aqueous hydrogen sulphide. By'using pre-cracked specimens,
stress-intensity/endurance relatioﬁships were determined fér
weld and parent metals together with mixed structure‘material
from two positions within the heat-affected-zone.

From these data, estimated threshold stress-intensities

/2

of 20-30 MN/m3 showed little difference between materials
from any of the four positions. Endurances themselves,
however, were generally lower for weld metal than for parent
material.

Stage II crack propagation occurred at rates cf the order

4. 10-3 mm/sec, predominantly along prior-austenite

of 107
grain boundaries.

An unusual feature of many tests was an apparent drop
in propogation rate after growth was initiated. There
followed growth at more or less constaﬁt rates béfore final
accelefation just prior to fracture.

Fractography showed preferential cracking along‘specimen

edges ahead of the main crack front. This suggested either



faster growth under plane stress conditions or a diffusion
barrier affecting hydrogen ingress. Scanning electron
microscopy confirmed the purely intergranular nature of

cracking, and the presence of stretch zones.



INTRODUGTION

Risk of structural failure, often with catastrophic
consequeﬁces,‘becomes increasingly serious as material
streng;hs and operating stresses rise. A major cause of many
such failureé is environmental interaction with stressed
ﬁaterial resulting in cracks, the insidious growth of-~which is the
forerunner of unstable fracture. High yield-strength
martensitic steels have a reduced tolerance for such cracks
due to their poor fracture toughness, which factor may ... ..
restrict attainment of their potential.

A partial solution to the Gordian knot of concomitant
strength and ductility is offered Ey maraging steels, whose
high yield stre;ées are matched by excellent toughness,
albeit at increased cost. These steels owe their remarkable
properties to the formation of alloy martensites which are
less highly stressed than martensites in more conventional
steels, but whose strength is increased by precipitation.
Nevertheless, such structures are susceptible to embrittle-
ment by hydrogen and their tolerance of defects may thereby
be affected. Any factors such as welding, which still
further reduce this tolerance, are therefore regarded with
concern.

The danger of including crack-like defects in multi-
pass welds increases with material thickness, so that pfocesses
with high deposition rates such as the submerged-arc technidue

are used. Unfortunately, the heat inputs associated with



this process can lead to excessive grain growth and segre-
gation, which may in turn reduce fracture toughmness and
resistance to environmental cracking.

Little information is availaBle on the performance of
maraging steel welds in any environment other than air, and
‘none relating to submerged-arc welds. .Consequently, the
aim of the present investigation was‘to examine and compare
the behaviour of such welds in an Environment known to cause
rapid failure under stress, namely hydrogen sulphide. The
results have allowed estimates of threshold stresses and
propagation rates to be made, which show little deterioration
compared with other published data on welds tested in salt,

solutions.



3.1

LITERATURE REVIEW

GENERAL METALLURGY OF MARAGING STEELS

The term maraging evolved from the concept of age-
hardening martensitic structures to effect significant
improvements in mechanical strength. Concommitant achievement
of high strength and adequate toughness in simple iron-
carbon martensites proved impossible, however, by reason of
their crack-sensitive and highly stressed body-centred
tetragonal crystal structure. Fortunately, alloy modifica-
tion affords a satisfactory solution to this problem.

As the carbon'content is lowered, conventional martensite
formation in plain-carbon steels becomes progressively more
difficult. With carbon levels below 0.05%, the structure of
martensite changes from internally twinned acicular material
to a more ductile body-centred cubic 'lath' or ‘massive’
martensite, with a much reduced internal stress.

Three distinct types of product can result from austenite
transformation, depending upon cooling rate and composition.(l)

They are: (1) Massive ferrite,
(2) Massive martensite, and

(3) Acicular martensitef
Massive ferrite denotes ragged b.c.c. grains formed by a rapid
short-range diffusion process, with a fairly high tangled
dislocation density structure and high-angle boundaries.
Massive martensite is characterised by b.c.c. laths with

typically jagged boundaries formed by a shear proqeés. The



low-angle boundary structure has a higher dislocation density
than massive ferrite. Acicular martensite is characterised
- by individual or grouped lenticular b.c.c. plates formed by
shear, and is often embedded in untransformed austenite.
Its substructure ié internally twinned, and it has the
greatest tangled dislocation density of each product.

0f the three structures, the first although ductile, is
the least strong, while the last is too crack-sensitive for
structural use. The constitutional problem with maraging
steels is therefore, that of obtaining complete transformation
of austenite to massive martensite under the wide range of
cooling conditions which obtain during heat-treatment of
constructional thicknesses.

Solution of the problem lay in the addition of nickel

(2)

to low-carbon iron as discovered by Bieber during the
period 1956-60, work which resulted in the first commercial
maraging steels.

3.1.1 Constitution

The physical metallurgy of maraging steels has been the

(3) (4)

subject of comprehensive reviews by -Contractor, Floreen

and by Magnee et al.(s)

Only the primcipal aspects relevant
to behaviour during welding are therefore includéd in this
gsection.

At room temperature, ferrite is the equilibrium phase

in low-carbon iron alloys containing less than 10% nickel,

but as the cooling rate from 900°C is increased, lath
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