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assessment of an existing offshore structure with
1. Introduction crack-like defects, fracture mechanics methods
are the most reliable. For such defects in existing

Fracture mechanics has recently become an structures, the conventional S—N curve proce-
important part of offshore structural design and dure is inadequate for fatigue life analyses, and it
integrity assessment. An offshore platform struc- is inevitable to resort to such methods as fracture
ture is susceptible to defect development during mechanics methods for reliable results. Even for
its operation due to corrosion, mechanical da- design analyses of welded components, the frac-
mage, fatigue crack initiation, etc. For the safety ture mechanics approach is more reliable than the

* Member, Conoco Inc., US.A.
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conventional because fatigue lives are dominated
by propagation life due to welding induced geo-
metric irregularities and the fracture mechanics
method considers the structural conditions more
accurately in an analysis than the conventional
method.

Fracture mechanics methods require structural
data and analysis procedures which are generally
more rigorous and expensive to obtain than those
for the conventional approach. The complexity of
offshore structural conditions make a rigorous
implementation of fracture mechanics methods
even more difficult. This fact has been one of the
major reasons for the delay in the development
of the fracture mechanics technology in the off-
shore industry, compared to the other structural
and materials engineering technologies.

One of the most difficult aspects of offshore tu-
bular joint fracture mechanics fatigue life analyses
is the calculation of the stress intensity factors
hecause of the geometric complexity of a tubular
joint bracechord intersection area. A tubular joint
weld toe surface crack is often warped along its
surface length following the weld toe contour line
along the tubular intersection curve, as well as
along its depth. Recently a finite element analysis
procedure was developed to calculate the stress
intensity factors of such surface flaws. The stress
intensity factor solutions of weld toe surface flaws
obtained through these methods reveal that, de-
pending on the loading conditions, the crack tip
material behavior can be significantly mixed
mode. Utilizing these stress intensity factor solu-
tions, detailed fatigue crack growth simulation
analyses have been performed to assess the fati-
gue life of tubular joints. Through these analyses,
it has been concluded that such rigorous fracture
mechanics analyses are practical, when they are
performed using an efficient finite element analy-
sis system.

The objectives of this paper are the develop-
ment of reliable and systematic fracture mecha-
nics procedures to calculate the fatigue life of an
offshore structural tubular joint with defects, and

to implement them to a practical tubular joint un-
der realistic environmental fatigue loadings. The
model used in the analyses is a multiplane tubu-
lar joint common in offshore platforms.

For the reliability of fatigue life calculation for
a tubular joint crack, the accuracy of the member
force, P, due to offshore environmental loadings,
1s equivalently important as that of the stress in-
tensity factor, K, as apparent from the following
Paris crack growth law,

da/dN = A(APK)“‘ ........................ o))

where A and m are the material properties, and
K = K,/'P. In addition to the member force load
and stress intensity factor, there are many ele-
ments affecting the accuracy of fatigue life analy-
sis results, such as, variable amplitude loading,
fatigue crack closure, etc. This sutdy does not in-
tend to deal with all these elements including the
fatigue member forces. In the present develop-
ment of fatigue life analysis procedures, the em-
phasis is placed on the immediate fracture me-
chanics aspects, such as, the stress intensity fac-
tor and crack instability analysis including some
aspects of the welding residual stress.

2. Analysis Procedures

The environmental loads, under which offshore
structural components are subjected, are often ca-
tegorized into two groups for desgin purposes.
One is composed of low amplitude cyclic fatigue
loads. The other is less frequent design extreme
loads, which are generally due to a hundred year
storm. Figure 1 shows the behavior of a defect in
a stiffened joint under such loading systems.

When a defect in a structural component is su-
bjected to environmental cyclic loadings for an
extended duration, it behaves as a crack initiator,
from which subcritical fatigue crack propagation
starts. The storm loads are infrequent and, thus,
do not affect the fatigue crack propagation beha-
vior, but they can be so severe that an instanta-
neous member failure can be caused from a pro-
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Fig. 1 Fatigue crack growth behavior in welded
component

pagating fatigue crack. The fatigue life of a com-
ponent is the time for a crack to grow from the
initial size to the failure size (crack propagation
life) plus the time required for the crack initia-
tion.* Therefore, to determine the fatigue life for
a crack, 1t 1s necessary to perform both fatigue
crack growth simulation analysis with the fatigue
loads and failure analysis with the design storm
loads.

A fatigue crack growth analysis can be perfor-
med using a crack growth law, such as the Paris
law, for a crack at the most critical location along
the brace-chord intersection, which should be de-
termined based on the stress and defect distribu-
tions of a tubular joint. For a cracked steel struc-
ture, the common mode of failure is either plastic
collapse or crack instability (brittle fracture). This
failure analysis should also be performed using a
fracture mechanics crack instability analysis me-
thod, such as the J-integral method", the failure
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Fig. 2 Fracture wmechanics fatigue life analysis
procedures

assessment diagram method®®, the COD design
curve method®, etc., because of the crack.

For a fatigue crack growth analysis, the stress
intensity factor solutions are required. Depending
on analysis method, various different fracture pa-
rameters are required for a crack instability anal-
vsis, For a J-integral based analysis method, such
as the critical load assessment method and the
tearing instability theory, the J-integral solutions
are required. The failure assessment diagram
method uses the stress intensity factors and the
plastic collapse loads. The material properties,
which are required for fatigue crack growth and
crack instability analyses, should be defined con-
sistently with these various fracture parameters,

Figure 2 presents all the ingredients required
to complete a fatigue life calculation in a diagram
with the appropriate structural properties. Major
important steps of fracture mechanics fatigue life
calculation procedures are summarized as follows.
D) Calculate fatigue and storm member forces th-

rough frame analyses for a jacket under a gi-

ven environment.

* For a welded component, the initiation life may not be significant, compared to the propagation life, due to the

welding induced geometric irregularities.
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2) Determine the crack location for fatigue crack
growth simulation analyses based on the stress
analysis results and defect distribution status.

3) Calculate the stress intensity factors for the fa-
tigue crack growth simulation analyses, and
other fracture parameters required for crack
instability analyses. Calibrate the material fati-
gue and fracture properties required consiste-
ntly with the fracture parameters.

4) Perform fatigue crack growth simulation analy-
ses.

5) Peform crack instability analyses to determine
the critical crack size.

6) Correlate the results of the fatigue crack gro-
wth and crack instability analyses to determine
the component fatigue life.

3. Example Analyses

The geometry and material properties of the
analyzed multiplane tubular joint are presented in
Figure 3. On the plug of the brace concerned, the
clockwise weld toe position is numerically indica-
ted. The structural data used in the analyses are

Loaded Brace

: 210,000 HPa
: 250.0 MPa m (Base Hetal)
229.3 HPa =m (HAZ)
07 : 367 MPa
o, : 498 MPa

Fig. 3 Multiplane K-joint

discussed as follows.

3.1 Fatigue and Storm Loads

In the generation of the fatigue load cases, wa-
ves with five different heights from eight direc-
tions were considered. For the member force cal-
culation, each of these forty waves was applied in
six wave positions. The number of load cycles per
year for each of the forty loads was calculated
from the probability of the corresponding wave in
the North Sea. For the storm loads, waves with
eight different heights from the eight different
directions of a hundred year storm in the North
Sea were considered* The considered loading
modes at the end of the concerned brace are
axial force, in-plane bending moment, out-of-
plane bending moment, and torsion.

3.2 Crack Location

The joint was first analyzed without any crack
to obtain stress distributions along the brace-
chord intersection under the above mentioned
brace forces using a finite element analysis prog-
ram TUJAP®. Figures 4 and 5 show the SCF dist-
ributions along the chord side weld toe and th-
rough the chord wall at the 9 o’clock position, re-
spectively. The distance along the chord wall

Fig. 4 SCF variation along chord side weld toe

* For details about the fatigue and storm loads, see Reference 14.

— 90 —
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Fig. 5 SCF variation along chord wall thickness

from the outer surface at the 9 o’clock position is
denoted by X in Figure 5. Close resemblances in
their stress distribution states are observed bet-
ween the brace axial and in-plane bending loads,
and between the out-of-plane bending and tor-
sion loads.

To assess the fatigue stress distribution, the
weighted principal stress sum was calculated as

where N; (Ni) is the ith (kth) fatigue load cycle
number, and o; (=1,2,3,4) is the principal st-
ress resulted by one (the jth) of the four brace
loads of the ith fatigue load case. The weighted
principal stress sum of all four modes of load is
highest at the chord side 9 o'clock position. Assu-
ming no defects along the weld toe area, the 9 o
clock position was selected as the crack location.

3.3 Stress Intensity Factor Calculation

A weld toe surface crack was modelled with its
length following the chord side weld toe and its
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depth perpendicular to the chord surface.

This crack was assumed as semielliptical on a
flat rectangular plane, which is defined by the
weld toe curve and the chord thickness perpendi-
cular to the chord surface. The deepest depth di-
mension and the half surface length of this crack
are represented by a and c, respectively.

The finite element method was used to calcu-
late the stress intensity factors of this crack,
which was modelled with the quarter-point crack
tip singular elements.” Figure 6 shows one of the
finite element models used for the stress inten-
sity factor calculation. The models were develo-
ped by the preprocessor of TUJAP. Fourteen dif-
ferent cracks (Table 1) were analyzed following
procedures of Reference 7.

Figures 7 through 10 show the stress intensity
factor distributions along the crack front of one
of the fourteen cracks. For all the loading condi-
tions, the mixed mode crack tip material behavior
of the crack is clearly demonstrated in these figu-
res. The negative K; solutions in Figures 7 and
9 indicate that the crack surfaces contacted and
penetrated each other during loading. This physi-
cally impossible behavior occurred because TU-
JAP does not have a contact algorithm. The entire
stress intensity factor solutions near the area of
crack surface penetration should be affected by
this physically unreasonable model behavior. Ho-
wever, the effects of possible error resulting from
this model behavior may not be significant at the
other end of the crack.

The solid dot data plots of Figures 7 through
10 represent the respective effective stress inten-
sity factors, which were developed from the ene-
rgy release rate expression of a mixed mode pro-
blem. For a mixed mode problem, all the existing
components of the stress intensity factors contri-
bute to fatigue crack propagation. It is necessary
to develop an effective crack driving force para-
meter to incorporate all the existing stress inten-
sity factors in the fatigue crack growth analysis
of a mixed mode problem. Presently, for a fully
mixed mode problem, there is no universally ac-

— g1 —



592 H. C. Rhee

Table 1 Analyzed crack geometries - Tension: 0-36. mm; c-136. mm
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Fig. 10 Stress intensity factors of weld toe surface
flaw (Out-of-plane bending)

cepted form of the effective stress intensity factor,
which can be used as the crack driving force pa-
rameter with a fatigue crack growth law.

For fatigue crack growth analyses, it is neces-
sary to have the stress intensity factor solutions
for cracks with various sizes in a range, in which
the crack propagation is expected. In the present
analyses, for each of the four brace loading mo-
des, the effective stress intensity factors for six-
teen different cracks with four depths (a/T = .
05, .1, 4, and .75) and four lengths (c./T = .33,
0.86, 151, and, 3.02) were first developed from
those of the fourteen cracks of Table 1. The cubic
polynomial expressions of the effective stress in-
tensity factors at the deepest crack front point
and tubular surface crack front point (with the
higher stress intensity factors)* were then deve-
loped through interpolations of the respective 4X
4 matrices of the effective stress intensity factors
in terms of the crack depth and length as discus-

* The cracks are not symmetric.

I
I
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sed later. For three long flaws in Table 1 with
depth a T = 0.05, the stress intensity factor so-
lutions for the depth were extrapolated from
those of the larger depths.

3.4 Crack Growth Simulation for Weld Toe
Surface Flaw

For fatigue crack growth analyses, the crack
growth law developed by Southwest Research In-
stitute” for cathodically protected seawater envi-
ronment under low R-ratio loading was used.

1 8X10* 29X10"
de r’/dN = AKSQ N AKS.B:{ 7
— 29?(, 1Olj, N 10h
[(1 — R)Kc]‘r"m

where ¢ is the crack size parameter, N is the
load cycle number, d¢ ,/dN is in m“cycle, the
stress intensity factor range, AK is in MPa \/r—n— ,
the material toughness in stress intensity factor,
K. is 250 MPa \/m , and R is R-ratio. In the
analyses, the previously mentioned effective st-
ress intensity factor was used for the stress inte-
nsity factor range.

For a weld toe surface flaw fatigue life analysis,
a fatigue crack growth simulation poses significant
difficulties, in addition to the stress intensity fac-
tor calculations. Since the weld toe flaw is two-
dimensional, the stress intensity factors depend
on the crack shape, as well as, its size. So does
the crack propagation behavior. Because the crack
growth law is given in a single size parameter, it
should be implemented with modification to inco-
rporate the crack shape to the crack growth be-
havior.

Another difficulty of a surface flaw fatigue ana-
lysis is in the fact that a surface flaw has a conti-
nuous crack front along which the stress intensity
factors vary, and that during crack propagation,
the crack front shape continuously changes. It is
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not well understood how the instantaneous stress
mtensity factor distribution affects the crack front
shape change.

It is not practical to model, in an analysis, the
arbitrary crack front shape as it is. An idealization
of a crack front by an elliptical curve as recom-
mended by the ASME code®, in conjunction with
an assumption in the manner of the crack growth,
as follows, can make the problem manageable.

In the analyses, it was assumed that the pre-
sent effective stress intensity factors at the dee-
pest point, K,, and at the surface point, K, will
determine the elliptical shape of the growing
crack following the crack growth law, Equation
(2). Through integrating Equation (2) with a (or
¢) for ¢ , and with the instantaneous K, (or K.)),
the increment crack depth (or length) can be cal-
culated.

The stress intensity factor (K, or K.) range ex-
perienced by a crack under a wave progressively
passing in six steps was calculated by following

AK = K= Kpin orrrrremrrrerrmemeaneees (4a)

where K,.. are respectively the maximum and
minimum of the stress intensity factor amplitudes
for the wave,

K=Pki+ OB ke + 1B k; + T ky -~ (4b)

with P, OB, IB, and T respectively being the am-
plitudes of the axial force, out-of-plane bending
moment, in-plane bending moment, and torsion.
The kn(m=1, 2, 3, 4) associated with these load co-
mponents represent the respective stress inten-
sity factor per unit magnitude of the correspon-
ding member force.

For each of the four k,, factors, the sixteen as-
sociated point values at the deepest (or surface)
crack front point for a load case were interpolated
in the range of 0.05= a/T = 0.75 and 0.33 =

¢/T= 302 using two-dimensional Lagrange
interpolation functions as -

44
k, = ZZK'iI‘jM‘ ........................ 5)

=1j=1

where K; (,j=1,2,3,4) are k, values at (a/T)
and (¢/T), and L; and M; are the cubic Lagra-
ngean interpolation functions of ¢/T and a/T,
respectively.

4. Crack Instability Analysis

There are considerable difficulties in a crack
instability analysis for a cracked tubular joint me-
mber. These difficuities originate from its comp-
lexities of geometric and loading conditions.
These structural complexities can make the crack
tip material behavior mixed mode as indicated by
the stress intensity factor solutions of Figures 7
through 10. For a fully mixed mode fracture me-
chanics problem, there is no proven failure crite-
rion. The complex three-dimensional nature in
the stress state near the brace-chord intersection
area of a tubular joint makes the applicability of
any existing engineering approach, such as the
COD design curve method, the failure assessment
diagram method, the J-integral method, etc., que-
stionable in a rigorous sense. However, if proper
judgement is exercised in their applications, rea-
sonable results can be obtained through the utili-
zation of engineering approaches in the fracture
mechanics.

In the present analyses, the failure assessment
diagram method was used. It is postulated, in the
failure assessment diagram method, that a crac-
ked member failure is bounded by two extremes,
viz., pure brittle fracture in one end and plastic
collapse at the other. The brittle failure parame-
ter is defined by

K, = K/ K creerrmereeermmmeeceenann, (6)

where K is the Mode I stress intensity factor and
Kic is the corresponding plain strain material tou-
ghness. The plastic collapse mode parameter is
given by

S, = 01/00 ................................. (7)

where o, is the applied stress contributing to pla-
stic collapse, and o, is the plastic collapse stress
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for the component. When the location of the point
defined by (S, K,) is outside of the failure asses-
sment curve in a faillure assessment diagram
(FAD), the member is unsafe. A FAD is develo-
ped in a two-dimensional rectangular coordinate
plane with S, and K, as its coordinates. The origi-
nal R6 failure assessment curve” was derived
using the plain strain crack opening displacement
expression of the Dugdale strip yield model™.
Later on the failure assessment curve was modi-
fied by various investigators to incorporate mate-
rial hardening behavior, ductile tearing of a crack,
crack size effects, etc. In the present analyses, the
original R6 curve and curves developed for nuc-
lear reactor vessel class steel materials® were
used as reference failure assessment curves.

Among the sixty four storm load cases, the cri-
tical storm load case selected was the one which
developed the maximum effective stress intensity
factors at the deepest and weld toe surface crack
front points of a crack. For all the cracks during
the fatigue crack propagation, it was found that
Load Case 8 was the critical one. For this critical
storm load case, the effective stress intensity fac-
tor and the applied stress contributing to plastic
collapse were calculated following procedures dis-
cussed below.

For the brittle fracture parameter, K. all the
existing local stresses consisting of those due to
four brace forces and welding residual stresses
will make contributions. To include the welding
residual stress effects, the effective stress inten-
sity factor resulted by a brace axial tension,
which makes the hot spot (9 o'clock position)
yield, were added to that of the critical storm
loads. Since the welding residual stress is a self-
equilibrating stress system, the stress distribution
due to the brace tension is considered to be a co-
nservative approximation for the residual stress.
This is apparent from Figure 5.

To include the plastically adjusted crack length
effects, the effective stress intensity factor, K.,
with the combined storm load and the welding
residual stresses was modified to obtain the plas-

tically adjusted stress intensity factor, K, which
represents K, or K, depending on the location on
the crack front, as

K=K /0, 8 ooreeeremmmermnincnnens 8

where £ is the crack size parameter (a or c), the
plastically adjusted crack size, £. is

¢ = 1 (Ke/O'yj bog e 9
6n

The K, parameter of Equation (6) was obtained
by replacing K; with the above K.

It is unlikely for an existing offshore structure
that such a parameter as K for Equation (6) is
available, since fracture mechanics methods have
rarely been utilized in the design and fabrication
of conventional offshore structures. Although it is
not ideal as a fracture mechanics parameter, the
Charpy energy (CVN) can be a practical choice as
a material toughness parameter for a crack insta-
bility analysis, since it is available for most exis-
ting offshore structures.

Two common difficulties in using CVN as a
fracture mechanics toughness parameter for an
existing structure are its availability and conver-
sion to a relevant fracture mechanics toughness
parameter, such as Kic or CTOD. For the base
materials of tubular joints, it is comparatively
easy to obtain a proper CVN value, since CVN
has been used as a quality control parameter for
a long time. However, the reliable HAZ CVN of
a joint 1s not always easy to obtain.

Although many conversion formulas between
CVN and K¢ are available, there are significant
uncertainties in implementing them to a specific
case, since, as empirical formulas, they are all ba-
sed on a specified set of conditions under which
the conversion data were generated. In the pre-
sent analyses, the following formula'’ was used to
convert CVN to K¢ for both HAZ and base plate
material -

KIC = 022E(CVN)M ........................ (10)

where K¢ is in 2Pa /m and CVN is in joule.
In the calculation of the plastic collapse load,
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the welding residual stress was not considered.
Being a self-equilibrating force system, the wel-
ding residual stress does not contribute to the
section collapse. To calculate the plastic collapse
stress due to the critical storm loads, the local
principal stresses due to the four brace forces
were first algebraically added at three points
along the chord thicknes at the 9 o'clock position.
These three points are outer, middle, and inner
wall surface points and the SCFs on them are
shown in Figure 5 for the four brace forces. The
resulting principal stress sums at the three poi-
nts, which were based on the joint without a
crack, were fitted into a quadratic curve with res-
pect to the chord thickness. The plastic collapse
load at the deepest crack front point (or at the
tubular surface crack front point) was then calcu-
lated by normalizing the area under this curve by
the uncracked ligament length (or by the wall
thickness) of a fatigue crack to be analyzed.

The above described plastic collapse load para-
meter at the deepest crack front point is nothing
but the magnitude of the storm load stress to be
uniformly distributed on the cross section of the
chord wall reduced due to crack growth. In this
model, the elliptical shape of the crack surface is
approximated by a continuous flaw with a depth
identical to that of the deepest point of the actual
elliptical crack front. Therefore, the plastic colla-
pse storm load is highly conservative. The ave-
rage of the yield and tensile strength of the ma-
terial was used as the plastic collapse stress of
Equation (7).

5. Results and Discussions

5.1 Fatigue Crack Growth Analysis Results

Sixteen different cracks were analyzed follo-
wing the procedures discussed above. For these
analyses, the fatigue loads of a year were incre-
mentally applied in twelve equally divided seg-
ments. For each segment loading, the forth load
cases were applied consecutively following the
load case number. During each application of the

forty load cases in an increment, the stress inten-
sity range was kept constant. At the end of each
load case application, the crack size was updated
with the relevant growth in depth and length, and
the stress intensity range was recalculated for the
new crack size for the next load case application.

The results of the analyses are listed in Table
2. The initial crack geometries were selected to
cover a wide range of crack geometries. Especia-
lly, those with depth and length equal to or larger
than 6 and 140mm, respectively, are considered
to be highly unlikely as initial welding induced
defects for fatigue crack propagation. Except for
these extremely large initial defects, all took
more than twenty years for seventy five percent
wall penetration.

At seventy five percent wall penetration, the fi-
nal surface lengths of the sixteen cracks were al-
most identical and were only around thirteen pe-
rcent of the total circumferential length of the
weld toe. It i1s considered that, even after comp-
lete wall penetration of a fatigue crack, with the
crack shape extrapolated from this final shape,
the joint compliance is unlikely to change signifi-
cantly and its static strength capability will not be
reduced considerably.

Figure 11 shows the fatigue crack depth growth
records with the number of years of platform
operation. From this plot, it is apparent that most
of the crack growth trends to occur in a similar
pattern through which extrapolation of crack de-
pth growth can be possible beyond the plotted
points. An identical trend to this was observed for
the crack length growth plot, which is not presen-
ted in this paper. Figure 12 shows the crack
shape change during the fatigue crack propaga-
tion. Figure 12 indicates that regardless of their
initial dimensions, the weld toe surface cracks
have a tendency to converge to a single shape,
while they are propagating under the considered
fatigue loadings. After the convergence, the cracks
followed a single growing path to reach an identi-
cal crack shape at seventy five percent wall pene-
tration. This trend is consistent with previous



Establishment of Fracture Mechanics Fatigue Life Analysis Procedures for Offshore Tubular Joints

O‘.G

) ] Df
Se
1)
2
hd
a <
- A
) E
. G
o H
1
J
K
3 k
| g
i
0.0 5‘.0 IB.O lg.o z‘u ﬁ.o l;.(l 3;.0 ‘1%.0
Yeor
Fig. 11 Fatigue crack growth record
©
2.
5
O
~
Sa
s
“
ol
5
pel
~
i
pd
°
o T T e Y T
0.0 0.5 1.0 1.5 2.0 2.5

c/T
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analysis results on an X-joint under brace tension
loading'” and on a K-joint under fatigue load ty-
pical at the North Sea.

Figure 13 shows the crack growth rate changes
with crack depth. In the development of these
plots, one of the forty fatigue loading cases was
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used. The initially different crack growth rate cu-
rves for cracks with different initial sizes and
shapes converge to a single curve as the cracks
grow. The crack growth rates vary with the dime-
nsions of the propagating cracks. This form of co-
nstant or decreasing crack growth rate trend with
fatigue crack extension, which reflects the dec-
reasing stress distribution patterns along the
crack growing path, is consistent with that has
been observed in many laboratory tests.

5.2 Crack Instability Analysis Results.

The FAD analysis result plot for a selected
crack from Table 2 is presented in Figure 14.
Two different sets of solutions, viz., with (solid
symbols) and without (open symbols) considera-
tion of the welding residual stresses, are presen-
ted in this figure. The circular and rectangular sy-
mbols represent the data at the deepest and tu-
bular surface crack front points, respectively. For
the base material, CVN=1757 J, which can be
possible for a BS4360 50D grade steel, was used.
For the HAZ, CVN = 109.0 J was selected. Howe-
ver, the maximum K's converted from these
CVN’s were limited to 250.0 MPa /m.

As the fatigue cracks grow, the status points
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move from left to right and from down to up for
the deepest and surface crack front points, respe-
ctively, in Figure 14. At the later stage of the
crack propagation, the deepest and surface crack

Table 2 Fatigue life weld toe crack

H. C. Rhee

front points are in the unsafe zone for both cra-
cks, when the welding residual stresses were co-
nsidered.

Table 2 shows the crack instability fatigue lives
of the analyzed cracks. The crack instability life
of a crack is the time when the status point of
the crack moves outside of the proper failure as-
sessment curve. For all cracks, the first unsafe
status developed at the weld toe surface crack
front point rather than the deepest crack front
point. As indicated from Figure 14, at the surface
crack front point, the danger of brittle fracture is
more significant than for plastic collapse. This is
due to the low material toughness at this point.

The differences between the seventy five per-
cent wall penetration and crack instability lives is
significant. This difference increases with the ini-
tial crack dimensions and is more sensitive to the
initial depth than length. Whether the crack ins-
tability on the surface crack front point is practi-
cal (and, thus, the crack instability life is credible)
or not is a matter of engineering judgement for
a specific problem.

Number of years N -
B ) Ini}ial g:ragk - 75% Wall l Crécikii 7 7 Flirglié;icik 7
_amm 2, mm ~ penetration | instability a, mm 2c, mm
60 329 269 5200
i5 | 100 20.1 22.4 675 520.4
| 140 24.7 18.9 5188
| 200 | 196 | 14.9 519.2
60 i 23.3 “ 16.9 521.2
60 O T
200 | 15.2 | 104 | 5188
| 60 ’ 166 } 9.7 f 519.8
00 100 ‘ 146 | 79 675 5164
140 13.0 69 5184
200 115 6.4 | 520.0
60 116 i 44 517.4
180 100 1 104 | 34 4 675 517.8
140 | 9.4 2.9 | 518.0
- 20 82 5 29 } ! 518.0
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6. Conclusions

This paper presented a fracture mechanics

analysis procedure for the fatigue life analysis of

an offshore tubular joint. Using a multiplane tu-

bular joint, the applicability of this procedure was

demonstrated. From this study, the following con-

clusions can be drawn :

D

2)

3)

4)

5)

For an in-service safety assessment of an exi-
sting offshore structure, rigorous fracture me-
chanics analyses are practical.

For most full scale offshore tubular joints, all
the data required for the present analyses can
be developed with about one hour of CPU time
for a recent CRAY machine, when an efficient
general purpose finite element program is
used.

Considering the benefits that can be achieved
from such analyses, the computer time requi-
rement, which can be further reduced with
new machine developments, is a small invest-
ment.

For a fracture mechanics fatigue life calcula-
tion for an offshore structural tubular joint, it
is essential to develop the stress intensity fac-
tors appropriate for the specific joint geometry.
For this purpose, a numerical method, such as
the finite element method, is the only practical
approach.

It is also essential for such an analysis to de-
velop the material fracture properties consiste-
ntly with the analysis formulations.
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