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FATIGUE CRACK GROWTH IN STEEL IN AIR AND SEA
WATER UNDER CONSTANT AMPLITUDE AND RANDOM LOADING

P. J. Haagensen*

TYTRODUCTION

Patigue crack propagation data has been accumulated, in recent years, in
¢ver increasing amounts for various materials. However, much of the data
comes from tests that are carried out at relatively high stress amplitudes
#lving crack propagation rates that correspond to short fatigue lives. 1In
iddition, most of the published data is obtained at constant amplitude
toading which is quite different from the type of loading experienced by
iwtual structures in service conditions. In fixed offshore structures,
which have a design life of 30-50 years, most of the fatigue damage is
caused by low to medium stress amplitudes [1], (10° < Nf 5_1010). Very
little data is available for this life range and there is a 3-4 log cycle
ipread between the various S-N design curves (21, [3].

the lack of design data in the high-cycle part of the S-N curve, for steels
in sca water 1is due to the fact that reliable corrosion fatigue results

can only be obtained from tests that are carried out at the same frequencies
44 those experineced by the actual structure. This, however, imposes severe
limitations on the amount of data that can be generated because of the

fung testing times involved. Typical North Sea waves have a frequency

of approximately 0.17 Hz. Nineteen years would be required to obtain one
data point on the S-N curve at 10° cycles! For welded structures, the
dominant part of the fatigue life is spent in propagating a crack-like
defect to the critical crack size. In this case it is possible to compute
the life, N, by integration of crack growth relations of the form

da 5
aN =~ £(AK) (1)

In particular, Paris' equation

da _ m 5
I = CaK) (2)

where C and m are material constants, is often used to predict life.

fhe purpose of the present investigation was to establish fatigue crack
growth data for a type of steel, in a corrosion cnvironment, that is a
candidate material for offshore structures. The etfect of irregularly
varying stress amplitudes was also studied.

"SINTEF (The Foundation of Scientific and Industrial Research at the
University of Trondheim), Trondheim, Norway.
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CUNCLUSTONS

bue to the fact that there is large scatter in the test results caution is
indicated in their interpretation. However, there does not appear to any
@ajor cffects due to the variable amplitude loading. The effect of corros-
fon is large at low crack propagation rates. The data obtained from the
fests in sea water does not show any tendency to reach a threshold.
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Table 1 Chemical and Mechanical Properties of the
Test Material

Element, weight % oy af €

G Si Mn P S Al Nb Ce (MPa) (MPa)

0,17 0,26 1,38 0,036 | 0,006 | 0,047 0,052 0,015 | 444 586 0,33
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