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Steel catenary risers (SCR) are used in deepwater oil and gas developments to transfer production fluids from the seabed
to surface facilities. SCR can be subject to fatigue loading from a variety of sources including wave and tidal motion, vortex-
induced vibration and operating loads. When the production fluids are sour (i.e. contain water and H2S), higher fatigue
crack growth rates (FCGR) are expected and therefore shorter overall life compared to performance in air, as a result
of sulfide stress cracking (SSC). Successful design is critically dependent on the availability of appropriate experimental
data to quantify the extent to which fatigue lives are reduced, and rates of fatigue crack growth are increased in a sour
environment. The aim of this paper is to provide guidance on the current best practice methods for generating experimental
FCGR data in a sour environment. Recent sour test data generated as part of this research are presented, and the influence
of a number of key variables is investigated including loading conditions, crack depth, specimen geometry, pre-soak and
coating configuration.

INTRODUCTION

Previously published data from fatigue tests carried out at TWI
on X65 pipeline steel have shown that crack growth rates in a sour
environment can be 100 times higher than in air (Holtam et al.,
2009). Tests have also illustrated a possible crack depth depen-
dence whereby shallower flaws (up to 4 mm) appear to grow faster
than deeper flaws subject to the same value of stress intensity fac-
tor range (�K) (Fig. 1). In the test carried out in air (at a constant
applied �K of ∼300 N·mm−3/2 and a stress ratio, R= 0�5), the
observed crack growth rate remained approximately constant at
6× 10−6 mm/cycle. This is very close to that expected from the
mean curve for steels in air (R ≥ 0�5) taken from British Stan-
dards (BS) 7910 (2005). In the 2 tests carried out under the same
constant �K conditions in a sour environment (specimens S2 and
S3), the crack growth rate was initially (flaw depth, ∼2–4 mm) a
factor of between 30 and 130 times higher than in air, but it fell
to a factor of between 5 and 12 times higher than in air by the
end (∼6–10 mm) of the test. It is also worth noting that the crack
growth rates seen at the end of the test (2–8 × 10−5 mm/cycle)
are comparable to those seen at the end of a decreasing �K test
(�K = 670 N·mm−3/2 down to 315 N·mm−3/2), and the crack
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growth rates seen at the start of the test (2–8 × 10−4 mm/cycle)
are also comparable to those seen at the beginning of an increas-
ing �K test (�K = 240 N·mm−3/2 up to 650 N·mm−3/2).

In these sour tests there appeared to be 3 distinct regimes of
behaviour as crack depth increased. For relatively shallow flaws
(up to 3–4 mm), crack growth rates were approximately constant
(although there was roughly a factor of 3 variation between the
2 tests). As crack depth increased to approximately 6 mm, the
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Fig. 1 Results of constant �K tests (∼300 N·mm−3/2) in sour
environment and in air; also plotted for comparison: crack growth
rates from beginning and end of increasing �K and decreasing
�K test, respectively (Holtam et al., 2009)




