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PREFACE

Fracture by the progressive growth of incipient flaws under cyclically varying loads,
i.e,, by fatigue, must now be considered as the principal cause of in-service failures of
engineering structures and components, whether associated with mechanical sliding and
friction (fretting fatigue), rolling contact, aggressive environments (corrosion fatigue), or
elevated temperatures (creep-fatigue). Of particular importance are the early stages of
fatigue damage, involving the initial extension of microcracks and their subsequent growth
at very low velocities, as these processes tend to dominate overall lifetime. This has been
reflected by trends in fatigue research over the past five years, which have focused largely on
so-called “small cracks,” of dimensions comparable with the scale of microstructure or local
plasticity, and on crack growth in the near-threshold regime, i.e., at stress intensities
approaching the fatigue threshold below which cracks are presumed dormant. In addition,
associated mechanistic studies have highlighted the critical role of crack tip shielding in
fatigue, which arises predominantly from crack closure and deflection, and this has proved
to be important in modeling aspects of environmentally-assisted cracking and behavior
under variable amplitude loads, and in rationalizing the classical stress/strain-life and defect-
tolerant design approaches.

The series of internationl conferences on Fatigue and Fatigue Thresholds, although
devoted to all aspects of fatigue, has emphasized these topics of small cracks and
near-threshold behavior, and consequently, has become an international forum for the
exchange of information in this field. The series, which has been run under the auspices of a
steering and international committee wath representatives from Australia, Austria, Canada,
China, Czechoslovakia, France, Holland, Japan, Norway, Sweden, UK., W. Germany and the
US.A, began in Stockholm, Sweden, in 1981, and continued at the University of
Birmingham in England in 1984,

The current proceedings of the third conference, “Fatigue ‘87," which was held at the
University of Virginia, Charlottesville, covered a wide range of diverse views of the
fundamental and applied aspects of fatigue. This includes questions of cyclic deformation,
crack initiation and propagation, smali cracks, crack closure, variable amplitude effects, and
environmentally-influenced behavior. The proceedings should provide a comprehensive
state-of-the-art review of the field, suitable for students, researchers and practising

engineers alike. &

The Editors would like to thank the Editorial Committee, particularly Professors R.P
Gangloff and J.A. Wert, the International Committee and the University of Virginia for their
help over the past couple of years. We express our sincere thanks to Dr. AH. Rosenstein of
the Air Forces Office of Scientific Research, Dr. G. Mayer of the Army Research Office, Dr.
B.A. MacDonald of the Office of Naval Research, and Dr. G. Hartley of the National Science
Foundation for their financial support, and to Ms. Tana B. Herndon for her sterling cfforts
as the conference secretary.

R.O. Ritchie ;
E.A. Starke, Jr.
June 1987. \
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RECOMMENDED S YMBOLS

Crack-Length - One-Half the Total Length
of an Internal Crack or Depth of a Surface
Crack

Crack Growth Increment

Alternating Current

Test Piece Thickness

Compliance

Constants

Rate of Fatigue Crack Propagation

Additional Growth Rate due to Environment

Growth Rate Retarded by Crack Tip Blunting

Growth Rate Enhanced by Localised Hydrogen
Embrittlement

Overall Growth Rate for 'True Corrosion
Fatigue'

Stress Corrosion Fatigue Crack Growth Rate

Stress Corrosion Plateau Growth Rate Per
Second

Crack Extension Rate
Direct Current

Value of Crack Opening Displacement (see
British Standard BS5762)

Critical Crack Opening Displacement, being
One of the Following:
(1) Crack Opening Displacement at Fracture

(2) Crack Opening Displacement at First
Instability-or Discontinuity

(3) Crack Opening Displacement at which
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an Amount of Crack Growth Commences

Crack Opening Displacement at First
Attainment of Maximum Force

Diffusion Coefficient for Hydrogen in Iron
Young's Modulus of Elasticity

Exponential Base of Natural Logarithms
Creep Strain

Secondary Creep Rate

Transient Creep Strain

Cyclic Frequency

Strain Energy Release Rate

Crack Extension Forces for Various Modes
of Crack Opening

Current

Anodic Current Density

Stress Intensity Factor - a Measure of the
Stress-Field Intensity Near the Tip of a
Perfect Crack in a Linear-Elastic Solid
Fracture Toughness - The Largest Value of
the Stress-Intensity Factor that exists
Prior to the Onset of Rapid Fracture

K in Fatigue Cycle Below which Crack is
Closed

Opening Mode Stress Intensity Factor
Plane-Strain Fracture Toughness as Defined
by ASTM Standard Designation E 399-74 or
British Standard BS 5447

Elastic Stress-Intensity Factor at the
Start of a Sustained-Load Flaw-Growth Test

Plane-Strain K., Threshold Above which
Sustained Load Flaw-Growth Occurs

ii
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XIH2$ Value of KISCC in Dry st Gas

KQ Provisional Fracture Toughness Value
Corresponding to a 5% Deviation of the
Load /Displacement Relationship from
Linearity

Kmax Maximum Stress-Intensity Factor

Kiin Minimum Stress-Intensity Factor

AK Stress Intensity Range

0K, Threshold Stress Intensity Factor Below
which Fatigue Crack Growth will not occur

AK? AKi to just cause Fatigue Initiation

AKn Next Value of AK

o =

Axth Value of AKth at R = 0

AKo Constant Value of AKth

dAK Notional Extra Stress Intensity due to
Environment

kT' kN Stress Concentration Factor, Neuber
Correction Factor

1n Natural Logarithm

log Common Logarithm

m Power Exponent in Paris-Erdogen Expression
da _ m
aﬁ-AAK

N Cycles

Ni Cycles to Initiate

NF Cycles to Failure

AN Cycles Increment

n Strain Hardening Exponent

AP Load Range

v Poisson's Ratio

iii
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Flaw Shape Parameter

Stress

Stress Range

Maximum Stress

Proof Stress

Minimum Stress

Ultimate Tensile Strength

Yield Stress under Uniaxial Tension
Stress Range on Net Section
Minimum Load/Maximum Load

R below which Crack Closure Occurs
Plastic Zone Size

Crack Tip Radius

Notional Minimum Value of o
Temperature

Time

Hold Time in Load Cycle

Rise Time in Load Cycle

Values of t_ at Minimum and Maximum
EnvironmentSI Enhancement

Potential Difference

Reference Potential Difference
Potential Difference at Crack Length, a
Test Piece Width

Electric Potential

Cartesian Co-ordinates

iv
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BFS
BRF
CCp
CcoD
CT
CTB
DCPD
EEF
LHE
PD
SENB
SENT
SccC
SCF
TCF
T-Type WOL

UTS
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Compliance Function
Ohms

RECOMMENDED ABBREVIATIONS

Back Face Strain

Blunting Retardation Factor
Centre Cracked Plate

Crack Opening Displacement
Compact Tension

Crack Tip Blunting

Direct Current Potential Drop
Environmental Enhancement Factor
Localised Hydrogen Embrittlement
Potential Drop

Single Edge Notched Bend

Single Edge Notched Tension
Stress Corrosion Cracking

Stress Corrosion Fatigue

True Corrosion Fatigue

T-Type Wedge Open Loading

Ultimate Tensile Strength
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A STUDY OF CORROSION FATIGUE CRACK INITIATION, GROWTH AND
THE THRESHOLD CONDITION UNDER VARIABLE AMPLITUDE LOADING

I.M. Austen* and E.F. Walker*

Variable amplitude corrosion fatigue is the major
cause of service failures and fatigue life is
dominated by crack initiation and growth at low
rates. Life predictions require research into
mechanisms and modelling and this paper describes
work on three areas. These are initiation from
notches, crack growth rates and threshold AK each
under constant and variable amplitude loading.
Results are considered in terms of quantitative
models based on mechanistic understanding.

INTRODUCTION

Fatigue is still the major cause of failure in metal structures or
components and in virtually every case the situation is complicated
in terms of investigation and prevention by at least one of the
following features:- (i) a corrosive environment which accelerates
failure rate, (ii) a stress history that is not simple constant
amplitude, (iii) a stress concentration, notch or crack-like defect.

Thus, understanding of variable amplitude corrosion fatigue
crack growth becomes the most important task in improving the
integrity of components and structures in service.

Quantitative information for preventative design and life
prediction can come either from modelling or from laboratory tests
which simulate the gervice condition. Accurate simulation of the
service environment implies not accelerated but real time testing.
Data acquisition rates are then directly related to the expected or
design life, typically tens of years. Accurate prediction from
models which can extrapolate to realistic fatigue life requirements

* British Steel Corporation, Swinden Laboratories, Rotherhem, UK,
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necessitate precise mechanistic models which in the first
instance require validation against experimental data.

EXPERIMENTAL PROGRAMME

A comprehensive experimental programme has been carried out and
full details and results will be published elsewhere (1). The
research addressed three areas of corrosion fatigue crack growth
and employed constant amplitude (CAL), block loading (BL) and
random loading (RL). The areas, with the total number of experi-
ments in each, were:- (1) initiation from notches (116),

(ii) crack growth rate (48), (i1ii) crack growth thresholds (32).

Steels Three steels were used in the research, two high strength

steels with tempered martensitic microstructures and a structural
steel with a ferrite/pearlite microstructure, The analysis and
properties of these steels are given in Tables 1 and 2.

TABLE 1 - Chemical Analyses (Wt, %)

Steel C Si Mn P S Cr Mo Ni v Cu Nb
:§;360- 0.155 0.36 1.24 0.019 0.025 0.045 0.025 0.04 - 0.06 0,03

835M30 0.29 0,16 0.47 0,016 0.012 1.2 0.19 4.22 - - -
817M40 0.38 0.29 0.67 0,04 0.017 1.26 0.28 1.50 0.20 0.21 -

TABLE 2 -~ Basic Properties

Oy Cu Elongation R of A KIC KIH,S
MPa MPa g g MPa Ym  MPa vm
BS4360-50D 353 504 31 65 62* 63
835M30 1291 1686 11 41 80 17.6
817440 1166 1277 14 49 66 23.6
x
not valid KIC

Computer Controlled Testing All tests used the DCPD technique for

monitoring initiation and growth of fatigue cracks, Calibrations
were derived experimentally and represented as third order polyno-
mials (2,3). Most of the tests were controlled and monitored
using a multi-tasking computer system developed at BSC Swinden
Laboratories (4). This system controls eight servohydraulic
fatigue machines simultaneously where each can perform a different
test type from a choice of eleven., Facilities are available for
CAL, BL and three types of narrow band random loading with testing
modes of increasing AK, constant AK or reducing AK. 1In addition,
strain controlled low cycle fatigue (LCF) testing is performed
using this systenm.

1156




r—

FATIGUE 87

Initiation From Notches Three point bend specimens of 817M40 steel,

10 x 30 x 140 mm, were used which contained notches 7.5 mm deep
with 0.076, 1.59, 3 and 11,75 mm root radius in addition to
fatigue pre-cracks. Fatigue tests were performed under CAL and
narrow band RL at stress ratios of 0.05 to 0.7 in air and in 3,5%
NaCl. For each combination, up to five tests were used to define
the minimum driving force for initiation, the cycles to initiate
cracks discernible by the 50 um resolution DCPD system and the
subsequent crack growth rates.

With a view to prediction of initiation life, LCF parameters
were established for this steel using both smooth and precorroded
specimens,

Crack Growth Rate The history effects of RL and BL on crack growth
rate as a function of AK were assessed using 20 mm thick CT speci-
mens of 835M30 and BS4360~50D steels in air and aqueous environments.

The block loading consisted of simple single overloads
repeated after intervals of constant amplitude loading and also
more complex overload/underload and repeated overload sequences
were used. The random loading had clipping on both peaks and
trough with turning points linked by a ramp waveform with a
constant time period, The clipping necessarily altered the
specified mean and rms so each sequence was cycle counted by the
'Rainflow' method to produce accurate parameters for calculation
of AKrpg for data presentation. Crack growth rate, da/dN, was
calculated using a five point sliding polynomial method using
logarithmic increments of crack length (1, 2).

Crack Growth Thresholds Automated threshold testing was carried

out using a constant K gradient, constant R, step load reduction
technique to establish AKth values at a growth rate of 2 x 1011
m/c. This method is one of four outlined in a British Standard
Draft for Development to be published in the near future (5).
The AK level was reduced according to:-

AK = AKs exp [Cx (a-as)] aos (1)

where CK’ the normalised K gradient, was calculated from:-

CK = -0.35

~ 2
(l-R)OK cos (2)
| B,

This provides a 10% reduction in the first step over an increment
of three times the maximum crack tip plastic zone size (1,5).
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RESULTS, ANALYSIS AND MODELLING

Initiation From Notches

Fracture Mechanics Approack Traditionally, initiation life, Ny,

has been correlated with the notional stress parameter AK1//b
where AKi is calculated assuming the notch depth is part of the
crack (2). This approach was shown to provide inadequate statist-
ical correlation for prediction purposes with a typical scatter
band width of two orders of magnitude on life (1). An alternative
fracture mechanics approach has been developed with the derivation
of a K solution for short cracks emanating from notches. The form
of short crack correction has been demonstrated by Smith and co-
workers (6,7) as:-~
B re  [2a*® o/t + 1 L]
AK - a + D cae (3)
i _ n

where values of the constant, H, are quoted as 7.09 (6) and
4.76 (7). The short crack parameter, 10 is given by:-

v L]
AKth

=31
T |30
_0

o

An alternative form to Equation (3) is now proposed which
allows H to be uniquely defined, independent of 1,, by setting the
correction to unity for the case of a fatigue precrack; this gives:

- 3
a ]
a + H . 2 . (2)
calc = n lg P (5)
AKi a +D te
n

Substitution at a equal to 1 gives H simply as /bpc, where p¢e is
the root radius 09 a real fntggue crack. This correction factor
applies only when it is greater than unity and for crack lengths
less than l,, a, is set equal to 1,. Using this approach, Fig. 1
shows the correlation with initiation life. Note that there are
some data points for initiation and subsequent arrest which could
also be predicted from Equation (5) with a knowledge of the propa-
gation threshold, AK¢p, for the appropriate environment and
loading mode. The lower bound to the data in Fig. 1, excluding
arrest points is:-

-4.29

- 7
N1 = 3.92.10 Axcalc

for AK >2MPa vm ... (6)
calc

Local Stress Approach A3 an alternative to tte fracture mechanics

approach, a local stress approach may be adopted so that initiation
life can be predicted from LCF parameters. Using Neuber's Rule,
it can be shown that:-
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L]

2y b+c
= 2 1]
. k 4 Of (ZNi) + 4 E.Ef(zNi) eeo(T)

& N

olocal = Aonet

A comparison is made in Fig. 2 between the data expressed in
terms of local stress, which has much reduced scatter, with the
prediction from LCF properties which gives an adequate lower bound
prediction,

Crack Growth Rate

As an illustrative example of the results obtained comparing
CAL, BL and RL corrosion fatigue crack growth rates, Fig. 3 shows
data for BS4360-50D steel in seawater at 1 Hz with a stress ratio
of 0,05,

Random Loading The RL results in Fig. 3 were obtained using a
Gaussian sequence with complete cycles. The crack growth behaviour,
when plotted in terms of AKrms' fall just to the left of the CAL
data, The rms representation is not strictly valid as exact coin-
cidence can only occur when an equivalent AK parameter based on

the mth root of the mth moment of the RL sequence is used where m
is the slope of the Paris Law for CAL. The correction factor for
narrow band random loading is (8)

AKh
b _ / n
K = T (7 + 1) voo (8)

rms

(vhere I' is the gamma function from statistical tables).

In this particular case, the correction is to increase AK
values by 13.4% which would result in exact coincidence. This
implies that there are no net history effects and that all cycles
are damaging. In this sequence, the smallest cycles have the
highest stress ratio so most, if not all, of them are above their
respective Axth values. This conclusion further implies that
Miner's Rule of linear damage accumulation may be applied to
predict RL growth rates from CAL behaviour.

rms

Block Loading Whilst narrow band RL with complete cycles appears
to produce no net history effects, the crack growth results in
Fig. 3 for periodic overloads clearly show retardations in growth
rate., In this case, single overloads 70% higher than the CAL
maximum were applied every 25 000 cycles.

Modelling of crack growth retardation due to overloads may be
tackled quantitatively using the residual stress intensity
approach (9) where the overload induces a compressive KR at the
crack tip which must be subtracted from the K and K i to
leave AK ’ for calculation of growth rate. ’ﬂg origigaf form-
ulation 85 the model due to Willenborg (10) has
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- 3
Aa
KR = KOL 1- ZMax - Kmax ee (9
oL

In this research, this model has been refined to incorporate
80 called ‘'delayed retardation' and ‘'overshoot' as follows:-

- 3 - 3
KR = K 1 - __________Aﬂ - (K - K ) 1 - Aa
OL zmax _ ghax OL max Zrev
_ OL CA _ oL
- 3
- K P e (10)
max Zmax
_ oL
A full derivation is given elsewhere (1). The first term in

Equation 13 describes the decay in the overload effect which
becomes zero when the CAL maximum plastic zone boundary crosses
that due to the overload (Fig. 4c). The second term controls
delayed retardation where KR is in fact zero at the point of over-
load (Fig. 4a) and realises its greatest effect when the moving
crack tip crosses the reversed plastic zone boundary due to the
overload (Fig. 4b). The third term describes the overshoot
phenomena where growth rates surpass those expected in CAL (Fig.
4c and d). During this period K is in fact negative and hence
increases both Kp.x and K, ; thus raising the stress ratio. An
overshoot of growth rate than occurs if there is a strong stress
ratio effect in CAL growth rate response.

Prediction based on Equation 13 is compared to measured
growth rates in Fig. 3 where agreement is good. However this model
remains simplistic in that threshold and crack closure aspects are
not yet included. Current research is considering this and also
considering multiple overload effects and the reduced retardation
effects from overload-underload combinations. Even the single
overload case is not fully resolved as not only beneficial retard-
ation and even arrest can occur, but also bursts of ductile crack
extension which dramatically increase crack length and reduce life
can result from overloads, These may be modelled from CAL behav-
iour close to fracture and a J integral resistance curve can be used
to provide a basis.

Crack Growth Thresholds The AKyy values obtained by CAL and RL
testing of 835M30 and BS4360-50D steels are given in Table 4.

These results show that in the low strength BS4360-50D steel,
thresholds at low R are higher in seawater due to corrosion blunt-
ing (2) and thresholds under RL are higher than under CAL due to
history effects, By contrast, thresholds in the high strength
835M30 steel are low in corrosion fatigue presumably because
environmentally enhanced growth lowers the AK at the cut off growth
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rate. The RL results for this steel are not so affected by history
effects as the plastic zone sizes are smaller and growth rates out
of affected zones are faster.

TABLE 4 - Threshold AK Value (in MPavm) For 835M30 And
BS54360-50D Steels

Stress Ratio

Steel Loading Environment 0.05 0.25 0.5 0.75
835M30 CAL Alr 4.53 3.90 3.48 2.89
Water 2.84 2,74 2.36 1,57
RL Air 7.28 5.41 2.60 1.98

Water 4,95 3.82 2.61
BS4360-50D CAL Air 6.29 4.57 5.48 3.95
Water 8.75 6.57 5.25 3.76
RL Air 8.69 8.24 8.50 6.81

Seawater 7.67 7.21 7.75 6.05

Under RL, AKth values are characterised by a single value of
AKrm . Conceptually, growth will proceed if the one largest cycle
in the test block is damaging, but at a growth rate equal to the
CAL growth rate divided by the block length. Consequently, RL
threshold testing should either be continued to very much lower cut
off growth rates, which is impracticable, or should be carried out
over a range of block lengths to determine AKyp by extrapolation.

It is known that MKy, tends towards 2 MPa vm in steels as R
tends towards unity in CAL testing and since random sequences
contain all R values, this value may be assumed for life prediction
purposes., However, this assumes a complete lack of history effects
which are particularly prevalent at near threshold growth rates
leading to high AK¢y values which depend on both the RL sequence
and on crack length.

The existence of a positive threshold for non-propagating
cracks implies that the driving force for crack advance is zero and
that this only occurs when the crack is closed throughout the
fatigue cycle by various mechanisms of crack closure (1).
Plastically induced closure occurs at a constant K (Ko1)o oxide
induced closure occurs at a constant AK (AK,x) at the threshold.
Toughness induced closure occurs as the result of a change in
propagation mechanism below a Kyay level (Ktax) and thereafter at a
fixed proportion (a) of K“x at a constant stress. Thorough
consideration of the interaction of these closure mechanismg (1)
reveals that there are only four relations governing the dependence
of AR¢y on stress ratio depending on the combination of the

parameters Kcl, OK, ., K:‘x, a and R:-
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AKth = (K

or AKox (1-R)/(1 - o) or K;ax (1-R) eos (11)

o1t Axox)u-n) or Axox

The appropriate boundary conditions for each relation are given in
(1).

To illustrate the complexity of closure mechanisms, Fig. 5
shows a schematic illustration of the course of a AK decreasing
threshold test where AK ig modified to AK which becomes zero at

eff
threshold,

Clearly, acquisition of threshold data is time consuming and
expensive so a database has been compiled of over 1000 AKy), values
for steels ranging in yield strength from 114 to 2050 MPa and in
various environments. This is mounted on an IBM-XT computer and
has interactive interrogation and facilities for graphical display
and hard copy. It incorporates the steels data from (11)
together with more recently published information and it is
periodically updated.

CONCLUDING REMARKS

Variable amplitude corrosion fatigue life consists notionally
of four phases:- (i) initiation - an incubation period of cycles
for crack formation, (ii) initial growth - where growth at AK
levels above a threshold is discontinuous, not all cycles are
damaging and growth rate can be significantly influenced by
higtory effects, (iii) propagation ~ where the Paris Law governs
continuous growth and da/dN correlates with AKy for narrow band
RL, (iv) failure - rapid increase in growth rate as instability is
approached though ductile crack extension and even premature
failure can be caused by high peak loads.

This paper serves to demonstrate the extent to which research
has been successful in quantitative modelling within these
categories., Attention has necessarily been focussed on the first
two as most cycles accumulate here and dominate total life. The
current position is that:- (i) initiation can be predicted from
LCF properties, (ii) initial growth can be modelled using short
crack AK corrections and measurements (or predictions) of threshold
AK and near propagation threshold growth rates, (iii) corrosion
fatigue enhancement of crack propagation can be modelled predict-
ively (1, 2, 4, 12, 13), (iv) narrow band RL can be assessed using
CAL information and Miner's Rule, (v) simple overload effects on
growth rate can be quantitatively modelled.

Several problems remain. One is the requirement to model
complex history effects, via plastic zone interactions, on a cycle
by cycle basis. This must also include predicting the crack
extensions during fatigue with large peak loads. A second major
problem is cycle counting and the subsequent ordering of cycles in
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a RL sequence as all history effects are dependent on K and hence
crack size so the order in which cycles occur can significantly
influence response and hence total life,

Prediction of variable amplitude corrosion fatigue life is
therefore a real possibility provided that research continues to
generate the appropriate models or data. Then prediction of each
phase of life becomes a matter of appropriate computer programming.
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ADDITIONAL SYMBOLS

as = starting crack length (m)

an = crack length from a notch (m)

b = fatigue strength component

c = fatigue ductility exponent

CK = normalised K gradient (m'l)

D = notch depth, (m)

H = constant (m)

k' = cyclic strain hardening coefficient (MPa)

K;ax = minimum K for roughness induced closure (MPa vm)
Ko = residual K due to overload (MPa vm)

KOL = Kmax at overload (MPa vm)

AKcalc = AK corrected for short cracks (MPa vm)

AKeff = effective AK (MPa vm)

Ak, = equivalent AKX in RL (MPa /m)

Ak, = initial value of AK (MPa vm)

AKox = AK at threshold due to oxide induced closure (MPa vm)
AKrms = root mean square AK (MPa vm)

1o = short crack parameter (m)

n' = cyclic strain hardening exponent

R = s8tress ratio
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z::x = maximum plastic zone diameter for CAL

Zéiv = reversed plastic zone diameter for CAL

max

ZOL = overload maximum plastic zone diameter

ngv = overload reversed plastic zone diameter

o = closure factor

eé = fatigue ductility coefficient

pc = fatigue crack tip radius (m)

cf = fatigue strength coefficient (MPa)

Ao

local = 1local stress range (MPa)
Ac = fatigue limit (MPa)
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EFFECTS OF CORROSION AND CATHODIC PROTECTION ON
CRACK GROWTH IN OFFSHORE PLATFORM STEELS IN SEA WATER:

EINAR BARDAL*

Corrosion fatigue of steel for offshore platforms

has been studied at SINTEF since 1973. Particularly,
the following subjects have been given much attention:
Near threshold crack growth, measurement of very low
crack growth rates, effects of corrosion and cathodic
protection at different crack growth levels, mecha-
nisms of the effects of cathodic protection and the
total effects of corrosion and cathodic protection on
fatigue crack growth life. The paper gives a review
of the most important of these results, which are com-
parea with results reported in the literature.

INTRODUCTION

Due to long service lives required from offshore steel structures
and the uncertainties involved with acceleration of fatigue tests
in corrosive environments, realistic endurance data for these
conditions cannot be obtained by conventional SN tests (l). For
welded joints, however, fracture mechanics methods and crack growth
data offer a possibility of extrapolation of SN-curves into the
high cycle region. In this connection there is a need for very
slow crack growth data, and an experimental program was established
in 1975 to obtain such data.

Two main features have characterized the experimental eftords to
obtain sufficient amount of data from the low crack growth rate
region:

i) The application of multi single edge notch (MSEN) specimens,
each of which contains 6 cracks to be studied simultaneously.
The specimen, the experimental rig and the set up have been
described elsewhere (2).

ii) The development and application of a crack growth measuring
method and equipment, based on the potential drop technique
with pulsed direct current, by which a particularly high
accuracy and stability was obtained (3)(4)(5).

*) The Corrosion Centre/Division of Materials and Processes,
SINTEF, N-7034 Trondheim-NTH. Norway
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In addition to the experiments with MSEN-specimens, some special
tests have been carried out with CT-specimens in order to