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Abstract

In-line inspection (ILI) has become a routine procedure in the Oil and Gas indus-
try for performing cost-effective pipeline integrity assessments, allowing continuing
monitoring and providing a basis for informed decisions in terms of repair, mainte-
nance or a change to the operating conditions. The amount of ILI data is however
immense and dealing with these data from a fitness-for-service point of view poses
a significant challenge to the industry. Thus, smart methods for using ILI data in
the assessment of the integrity of oil and gas transmission pipelines are essential.
The aim of this paper is to propose a screening approach for reducing the amount of
ILI inspection data requiring detailed structural integrity assessment. The screening
approach has two main stages: (I) a geometry based filter assessing the shape of
the flaw and (II) an elastic stress based filter that uses the point method, as in the
Theory of Critical Distances (TCD), to identify the most severe flaws. The method-
ology uses the outputs from ILI (dimensions of flaws, orientation and distance from
starting point) to generate a visualisation of the pits within the pipeline, a ranking
of pits/in terms of sphericity (roundness) and depth, to evaluate pit density and
generate the models for finite element analysis. The method was tested on actual
ILI data, where the number of pits in a 12.75 inch riser of 11 km length was re-
duced significantly (i.e. two/three orders of magnitude), such reduction depending
on-the level of conservatism introduced by the analyst. The tool will allow Oil and
Gas owners and operators to reduce the immense amount of data obtained during
pigging to a much less time-consuming set for flaw assessment.

Key words: In-line inspection data, Screening methodology, Pitting corrosion,
Sphericity, Theory of Critical Distances, Fatigue, Fracture
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Nomenclature

Aoy Plain fatigue limit

AK,y, Threshold stress intensity factor range
Sphericity

Inherent material strength
Flaw depth

Pipe thickness

Flaw half-width

J-integral

Stress intensity factor

¢ Plane strain fracture toughness
L Material characteristic length

l Flaw half-length

To Pipe outer radius

XX w3 e

1 Introduction

Corrosion control is within the responsibility of pipeline owners and operators.
Knowing the condition of a pipeline is an essential prerequisite for being able
to devise an appropriate set of measures and activities to manage its integrity:.
Through ILI tools and field nondestructive examination (NDE), pipeline oper-
ators have access to a wealth of data, providing information about anomalies
for extensive pipelines. These tools have become a valuable asset to the indus-
try for pipeline inspection and integrity management, and for characterising
the geometry of flaws in the pipe wall. Such data can be used in conjunction
with proper failure assessment models to allow for structural characterisation
and life estimation.

Various in-line inspections techniques are used to characterise the geometry of
detected mechanical and corrosion damage and each tool has its own advan-
tages and disadvantages [1]. Advances in ILI technologies have provided an
opportunity to leverage structural integrity assessments, by means of continu-
ous improvement of defect detection data accuracy and reduced uncertainty in
defect location and sizing [2]. These technologies have acted as driving forces
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for the development of a number of procedures for assessing metal loss and
cracks in pipelines [3].

Standard procedures like ASME B31G[4], API 579[5] or DNV-RP-F101 [6] are
used in the Oil and Gas (O&G) industry to evaluate the remaining strength of
corroded pipelines based on plastic collapse criteria as it has been recognised
that plastic flow is the predominant failure mechanism in ductile pipeline steels
with corrosion defects, gouges or dents in which the defect can be categorised
as a smooth local thinned area (LTA). However, these procedures are not
intended to cover applications where the component contains notch-like (3D)
and/or crack-like (2D) flaws subject to significant fatigue loading, or when
fracture is likely to initiate from the flaw. For example, manufacturing defects
in pipeline longitudinal welds that are in cyclic service can experience growth
by fatigue. In addition, pitting corrosion is the most common form of corrosion
observed in O&G transmission pipelines. Corrosion pits have been shown to
act as mechanical stress raisers promoting crack initiation and ductile tearing
of the defect through the remaining ligament.

In cases where detected anomalies cannot be considered as LTA, Fitness-for-
service (FFS) assessment procedures, such as API RP 1176, API 579 and BS
7910 [7], provide recommendations based on fracture mechanics and evaluate
the integrity of structures by considering detected or postulated anomalies as
crack-like defects. For the assessment of notch-like defects, such as localised
corrosion (pitting), which are three-dimensional in nature, the application of
these approaches requires the simplification and re-characterisation of these
defects into sharp cracks, both because they can be analysed by linear elastic
fracture mechanics (LEFM) or elastic plastic fracture mechanics (EPFM) and
also because this assumption represents the worst case scenario from a FFS
point of view. Figure 1 shows a schematic of the expected burst pressure as
a function of the notch acuity and the values used in FFS assessment proce-
dures used in the calculation methods to find a reduced Maximum Allowable
Working Pressure (MAWP). In some cases, however, this can lead to overly
conservative results and effort is currently focused on improving assessment
methodologies for non-sharp defects [8-18,32] to better address the damage
mechanism involved, e.g. plastic collapse or fracture, for more efficient pipeline
integrity management. Methodologies that consider the constraint conditions
at the defect surroundings, either explicitly [19,20] or implicitly [21,23-25],
allow for a more complete characterisation of the stress and strain fields and
for an improved capability to assess the integrity of the structure [22,26,27].

Despite recent advances in analytical software and computing power, perform-
ing and interpreting FFS assessments of large data sets obtained during ILI
from thousands of kilometres of pipelines is time consuming and expensive. It
is therefore important to reduce ILI datasets to focus attention on the most
severe flaws. This allows a reduction in the costs, time and effort dedicated to



the evaluation of remaining life and/or inspection intervals.

This paper presents a novel methodology to reduce the amount of ILI data for
FFS assessments and provides a basis for the application of more advanced
and accurate routes to reduce the number of flaws to those considered to be
most detrimental. The proposed approach includes a rendering tool for visual-
isation of anomalies within pipelines and a simple-to-apply procedure for ILI
inspection data screening. The paper focuses attention particularly on pitting
data from an oil and gas pipeline but the proposed approach can be used to
evaluate gouges, dents or any non-sharp flaw in industrial components affected
by corrosion, such as naval, petrochemical, aerospace and marine structures.
The overall methodology proposed in this paper has three basic steps: 1)-a
graphical geometry based filter; 2) an elastic stress-based filter that uses the
Theory of Critical Distances (TCD); and 3) the application of failure.models
required for life estimation.

The application of advanced failure models in Step 3 depends on the failure
mechanisms involved in the analysis, e.g fatigue, corrosion-fatigue, fracture,
etc. This step is devoted to the analysis of the filtered data as outcome from
Step 2. In this paper, attention is only focused on the sereening methodology
of Steps 1 and 2.

2 Screening procedure

Inspection of pipelines is performed periodically either by nondestructive test
(NDT) techniques, or non-destructive test technologies used on intelligent in-
line inspection (ILI) tools to locate and identify anomalies. The information
typically provided by ILI tools consists of geometric features regarding flaws
and anomalies, such as length, depth, width, circumferential position and lon-
gitudinal position.-Although these techniques allow a three-dimensional char-
acterisation of defects, in integrity assessments it is common to recharacterise
detected flaws into 2D crack-like defects. This is performed due to the lack
of widely accepted methodologies and recommendations in assessment proce-
dures [5,7] on how to deal with volumetric defects. As a result, detected flaws
are considered to be infinitely sharp and fracture mechanics is utilised for
characterising their severity. Assuming volumetric defects as 2D sharp cracks
can lead to a pessimistic assessment of the remnant life of the structure. The
portion of life in which a localised corrosion defect (a pit) transitions to a
crack is neglected by this characterisation approach. The pit-to-crack tran-
sition period depends on several factors, of which the pit macro-topography
[28-31] plays a major role, thus it is fundamental to include it in the analysis.

In order to obtain the full benefit of ILI techniques, it is necessary to consider



the actual geometry of defects in integrity assessments. For time and cost
efficiency, integrity assessments of pipelines containing large number of defects
would benefit from methodologies that reduce the number of defects requiring
detailed analysis [8-18,32].

The screening approach proposed in this paper aims to address the lack of rec-
ommendations in defect integrity assessment procedures regarding the analysis
and characterisation of non-sharp defects and the relative criticality within the
structure. The simplicity of the approach lies in the fact that defects are com-
pared based on their geometrical features and ranked based on linear elastic

FEA.
2.1 Geometry based filter

The first step in the screening approach is a Geometry based filter, which
involves processing all the data and calculating the sphericity (¥) of each of
the flaws detected during ILI. The sphericity [33] is a measure of roundness
and is calculated as:

7T1/3(6V 2/3

thus it is the ratio of the surface area of a sphere of the same volume (V) as
the defect to the actual surface area of the defect (A), assuming each defect
as a smooth tri-axial ellipsoid (three axes have different lengths), as shown in
Fig 2. Sphericity values range from 0 (flat, 2D defect) to 1 (perfect sphere, 3D
defect).

The dimensions of the flaws(a, 2c and 2l) are used to calculate V and A
for each defect. The severity of all flaws is ranked in terms of a W-a/B plot.
Flaws that are considered more severe are deep flaws (high a/B) with low
values of sphericity, that is flat or crack-like flaws. On the other hand, shallow
non-sharp flaws are less detrimental to the integrity of the structure, Fig 1.

The second part of the Geometry based filter uses the projection of each defect
in the axial and circumferential directions, where the relevant geometrical
parameters are a/c and a/l respectively, see Fig 2. The approach assumes
that, as for crack like-flaws, for a defect of given depth, the driving force
(JuI,CTOD), increases with decreasing a/c and a/l. This is discussed in
Section 4. Thus, for given a/B, flaws with the lowest values of a/c and a/l are
selected for further analysis.

The Geometry based filter allows the user to select the most detrimental flaws
within the structure. Specifically, the defects selected are those with the lowest
sphericity, those that are deepest (highest a/B), and for given a/B those with



the lowest a/c and a/l. This is illustrated in Section 3. It is worth mentioning
that in this paper the interaction of neighbouring defects is not addressed.
This will be considered in future work.

For those flaws that are considered most severe in this step, the tool generates
a render of the pipeline with the defects and the FEA model for posterior
numerical analysis. Again, this is illustrated in Section 3. A sub-modeling
approach in the Abaqus [34] environment has been set up for the sake of
efficiency.

2.2 Theory of critical distances (TCD)

A rank of the flaws in terms of the varying severity of the elastic stress field is
performed in Step 2 of the screening approach. The critical distance method
[35] in its simplest version, i.e. the point method (PM), is applied. The PM is
not used to calculate an absolute value of the fatigue/fracture resistance of the
defective pipe but as a consistent methodology to compare and rank defects
in terms of criticality. To do so, the maximum value of the opening stress at
a distance L/2 from the tip of the flaw is calculated in this step, with L given
as:

1 /AKy )\
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Vs (AO’FL) ( )
or )
- L) -
™ (o)

for fatigue [36] and fracture assessments [37], respectively. In the equations
above, AKjy, is the range of the threshold value of the stress intensity fac-
tor, Aoy, is the plain material fatigue limit, K. is the plane strain fracture
toughness and oy is the inherent material strength, which needs to be defined
experimentally as reported in [37]. It will be seen in Section 3, however, that
a precise value of L is not needed for the purposes of ranking flaws.

The value of stress for the defected component at failure is then calculated as:

UN
Pit __ [‘7 00
cr

990 ] d=L/2

(4)

Oup =0

where g9 and of are the stress ahead of the defect tip and the membrane
stress in the circumferential direction, respectively, and o, is the critical stress
for the non-defected material, with o., = Aopr and o.. = o( for fatigue and
fracture assessments, respectively. Flaws exhibiting the lowest values of criti-
cal stress at the distance L/2 are considered potential threats to the integrity



of the component and require further analysis with more advances techniques.
The application of elastic-plastic FEA together with fatigue/fracture dam-
age models is considered as a potential method for life and fatigue/fracture
strength assessment in Step 3 of the overall methodology. Progress in the de-
velopment of a methodology for fatigue and fracture assessment of non-sharp
defects has been reported recently [16,26,27,32] by the authors. However, as
noted earlier, this stage is not considered in this paper.

3 Application of the procedure

A representative batch of data obtained during in-line inspection of a 12.75”
(323.85mm) riser is analysed in what follows. The main characteristics of the
component are shown in Table 1. The proposed approach is equally applica-
ble to different loading cases (e.g., pure bending, internal pressure; combined
pressure-bending) as the criteria remain invariant: 1) Geometry based filter:
deep and sharp defects are more detrimental than shallow and non-sharp de-
fects, irrespective of the loading mode; II) Linear elastic analysis plus the
Theory of Critical distances: The approach explicitly considers the stress field
in the neighbourhood of the defect for the loading mode.

Figure 3 shows the render of the pipeline which provides a clear view of defects
within the structure. The tool allows areas of defect density, orientation and
dimensions to be calculated, as shown in Fig. 4 and 5. The current analysis
focuses only on internal flaws, which is representative for 99.9% of detected
defects. Figure 4 also shows that more than 85% of the defects appear in the
lower half of the pipeline. Figure 5 shows the distribution of all defects. Only
7.3% of all defects have low sphericity and therefore have a crack-like shape.

The Geometry based filter is first applied to the batch data as described in
Section 2.1. A graph of W-a/B is constructed using the raw ILI data (1750
anomalies), Fig 6. The most severe screening would only consider the deepest
(highest a/B) and flattest (lowest W) flaws. The least conservative approach
would be to select those flaws highlighted in the figure joined by a green
line; this reduces the number of pits requiring further consideration to only 4.
However, for increased conservatism, it may be appropriate to select more of
the deeper and flatter pits as shown by the blue (15 pits) and red (43 pits)
selections. Clearly, the number of pits that will require more detailed analysis
is significantly reduced by the application of this procedure. The analyst can
use different criteria to select those pits that will be further analysed in Step 2.
The selection criteria depend on user experience and expertise, the potential
modes of failure (fatigue, corrosion, etc.), asset criticality, risk of asset failure,
company integrity management policies, uncertainty in input parameters, etc.
It will be seen below that the elastic analysis in Step 2 can also be used to



inform the selection process inan iterative manner.

The Theory of Critical Distances is applied next. Defects within the structure
are analysed by means of elastic FEA. For simplicity, the analysis carried out
in this paper is that for the least conservative selection of 4 pits in Step 1; those
pits shown in Fig. 6 joined by the green line. In general terms the analyses to
follow are the same, regardless of the number of pits that have gone through
to this step.

Figure 7 shows the location and orientation of defects in the pipeline and
results of the elastic stress analysis for an applied internal pressure (P=35
MPa) for the four defects selected in Step 1. The maximum opening stress
field at the symmetry plane, normalised by the opening stress field remote
from the defective area, for each of the four pits and the application of the
PM to evaluate stresses at the critical distance (L/2) are shown in Fig. 8. A
number of observations may be made from this figure.

e First, it is readily observed that Pit 2 (blue curve) and Pit'3 (red curve)
have the more severe elastic stress fields, followed by Pit 1 (pink curve) and
Pit 4 (black curve), respectively.

e Secondly, the ranking of defects in terms of severity is not strongly depen-
dent on the value of L.

e Finally, the analyses suggest that selection of additional pits to be analysed
should be in the surrounding area of pits 2 and 3, as shown in Fig. 9 (green
rectangle).

This last point represents an iterative process between Steps 1 and 2 of
the screening approach. If any-additional pits selected lead to higher elas-
tic stresses, then the selection process can be extended further. If not, the
selection process can be terminated and the assessment proceeds to Step 3.
Note, it is not intended that Pit 1 and Pit 4 are excluded from Step 3; at
Step 3, pit 1 being the most crack-like may be found to be more susceptible to
fracture and pit 4 being the deepest may be found to be more susceptible to
plastic collapse. The outcome of Step 3 may, therefore, also lead to iteration
with the screening steps and the selection of more pits.

The orientation of defects with respect to the load direction is not considered
in the geometry based filter; that is why the value of the critical stress (o)
does not have a clear trend with respect to the value of W-a/B in Fig. 8.
Nevertheless, the approach does consider orientation in the elastic analysis
where two pits of the same geometry (same W-a/B), one being unfavourably
(w.r.t. the loading) oriented and the other being in a more favourable (i.e.
parallel to the loading direction) orientation are ranked differently.

The above analysis has only considered 4 pits and iteration would likely lead
to selection of a larger number for detailed analysis. A second example with



the same dataset is used here to show how considering orientation can be used
to reduce the number of pits selected. Figure 10(a) shows a possible selection
of defects by the analyst at Step 1, where points (86 solid circles) below the
blue line are considered to require further analysis. Figure 10(b), showing the
aspect ratios a/c and a/l as a function of normalized pit depth, is constructed
for these defects. Only defects with the lowest a/c and a/l ratios for given
values of a/B are selected for further analysis. This selection is based on the
standard stress intensity factor solutions for defects under pressure, shown in
Fig. 11(a) and Fig. 11(b) for circumferential and axial cracks, respectively,
which demonstrate that the stress intensity factor reduces with increasing a/c
or a/l for given a/B.

As a result, 42 flaws out of 86 would be selected for more detailed analysis by
means of elastic FEA (Step 2). These flaws are shown in Fig. 12 in semi-solid
blue circles.

4 Discussion

The approach proposed in this paper aims to increase the efficiency of integrity
assessments when there is a large inspection area and the large number of
detected anomalies prevents the application of detailed, advanced fitness-for-
service approaches to all anomalies. The method uses the geometry of defects
as a first step in reducing the amount of inspection data. The geometry is
assessed by the use of: (a) sphericity, gquantifying the degree of flattening
of the defected flaws, (b) depth relative to section thickness, which is key
factor in both plastic collapse ‘and fracture based assessments, and (c) aspect
ratios which has been shown to strongly influence elastic stress intensity factor
solutions. However, geometry is not the only consideration: a second step in
the screening approach uses elastic stress analysis and a simple point method
to rank flaws. The stress analysis step may be used with the geometry based
step in an iterative manner to increase or decrease the number of anomalies
requiring detailed analysis.

It is worth noting that while sphericity provides important information re-
garding the deviation of defects from spherical shape as it accounts both for
form (three-dimensionality of a flaw) and roundness (angularity or sharpness),
it has been recognised [38] that it can only be used rigorously in conjunction
with the use of additional shape factors or aspect ratios to remove ambiguity,
i.e two defects of different shape can be of the same volume and with equal
surface area. In the proposed approach we have coupled the use of sphericity
(V) with depth relative to different directions (a/B, a/c, a/l) to achieve this.

In addition, there are parameters that could be explored to account for surface



features which are small-scale relative to the size of the defect. There has been
extensive work in this area, as described by Blott et.al [39], where the use
of regularity or surface texture, for example, would allow indentations and
the existence of non-smooth surfaces to be included in the analysis as could
be potential threats due to their stress/strain concentration characteristic.
However, due to inherent limitations of conventional ILI technologies, the level
of detail about the geometry of defects is limited. Therefore, currently the use
of simple geometry based filtering in conjunction with stress analysis is a
pragmatic way forward.

The stress analysis proposed is elastic stress analysis. The analysis should be
for the loadings of concern for the component under consideration. Where a
pipeline is subjected to pressure, axial load and/or bending, results of the
type shown in Fig. 11 support the geometry based filtering based on aspect
ratio. However, if other stresses are dominant, then behaviour may be more
complex. For example, through-wall thermal stresses may be higher near a
surface as may welding residual stresses. Then shallower defects may be of
more concern. Thus, it is prudent to select a range of defects in the screening
steps and consider iteration with the detailed assessment in Step 3 where the
ranking may differ from that produced in Steps 1 and 2.

Detected anomalies that have not passed the screening methodology (i.e. the
most severe defects) will require further analysis in'Step 3. Such considerations
necessitate an understanding of the failure mechanisms involved (e.g, plastic
collapse, environmental effects on crack initiation and propagation, fatigue,
fracture), the effects on material’s behaviour and detailed calculations of local
driving forces in the surrounding area of the defect. Such analyses are beyond
the scope of this paper but, forillustration, Fig. 13 shows an example in which
the elastic-plastic stress and strain fields are evaluated at a service load level.
The material true stress-strain data is seen in Table 2. The elastic-plastic
stress fields differ from the elastic solutions developed in the screening step
but confirm that pit 2 and pit 3 are the most severe flaws. The magnitude
of the plastic strains could be used with crack initiation and propagation
criteria, such as these developed in [25], to determine whether or not any of
the flaws selected in Steps 1 and 2 are likely to grow. Clearly, if all flaws selected
are predicted to grow in service, then further defects need to be selected for
detailed analysis. However, the overall approach will still allow remaining life
estimations for the structure to be made based on the analysis of a reduced
number of detected anomalies.

By reducing the amount of defects in Steps 1 and 2, the underlying competition
between the intrinsic failure mechanisms can be analysed in detail in Step 3.
The method is then appealing for cases in which there is interest in assessing
competing mechanisms of failure. For example, the benefit of the proposed
method is readily seen in the severity assessment of pit 4. It is shown in Fig.
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13 that stresses remain elastic in the vicinity of the defect at the applied
load level, thus plastic collapse or fracture are unlikely to occur. However, the
re-characterisation process would have envisaged a different scenario, i.e. the
analysis of a deep crack-like feature (note the pit 4 has the highest a/B ratio
in the analysis), leading to erroneous (or at least over-conservative) decisions.
This is the case of corrosion in weld metal, where differences between treating
detected defects as crack-like flaws and treating them as loss in load-carrying
area are profound, not only in terms of the inherent conservatism and the
decisions that would come from each route, but also in terms of the effort and
material data required.

Additional issues that could be considered in developing the approach are
the defect detection likelihood (probability of detection, probability of identi-
fication) achieved and the accuracy of measurements (confidence level). The
latter uncertainty could be treated by increasing the sizes of all anomalies
prior to application of the screening steps. The use of probabilistic approaches
[40-43] to account for the statistical fuzziness of the geometrical inspection
could be used together with the scatter in the relevant material properties to
yield a more informative analysis in terms of probability of failure. However,
to achieve this, knowledge about the real statistical distributions in ILI data is
required and the screening steps would need to sample a sufficient number of
anomalies for the detailed analyses in Step 3 to provide a reasonable estimate
of overall failure probability.

5 Conclusions

A rendering tool has been developed to allow structural integrity analysts of
pipelines to have a clearer view of defects, providing simplified procedures
to analyse defect population, reduce ILI data, extract FEA models of the
defective pipeline and evaluate the criticality of defects.

The main objective of the proposed method has been to reduce the amount of
data requiring detailed analysis from that obtained during in-line-inspection.
To achieve this, a Geometry based filter consisting of two parts is first applied.
The first part is based on the pit sphericity (V) and pit depth to thickness ratio
(a/B)« The second part is based on pit aspect ratios, reflecting the increased
driving force of defects being dependent on the shapes of the projected area
of the defect on the circumferential and axial planes of the pipeline wall.

Following the geometry based step, the Theory of Critical Distances is applied
as a simple and consistent approach to generate a ranking of flaws. For a par-
ticular case of in-field data, it was shown that the number of pits requiring
detailed analysis in a 12.75 inch riser of 11 km length could be reduced signif-
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icantly, depending on the level of conservatism used in the initial selection.

The proposed approach will contribute to reducing the amount of analysis
required of data collected during in-line inspection and will allow the analysis
to focus only on problematic pits, to assess the pipeline condition and estab-
lish if repair, maintenance or a change to the operating conditions is required.
The approach has been illustrated through an example from the oil and gas
industry, but could potentially be applied to other structures affected by cor-
rosion such as marine structures. Finally, it is expected that the rendering tool
will also be useful to display the evolution of defects within a pipeline from
different inspections, allowing for improved assessment of growth with time.
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Pipeline length (km)
Outer radius (rp) (mm)
Thickness B (mm)
Class factor
Reference pressure (MPa)

Number of defects detected

11
162

40
0.72
69.3
1750

Table 1
12.75” riser: main parameters
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True strain (mm/mm) True stress (MPa)

0.00 464.5
0.01 472.50
0.0184 483.34
0.0247 504.67
0.033 526.94
0.0438 550.20
0.058 074.48
0.0767 599.83
0.101 626:30
0.133 653.94
0.1512 665.12
0.1748 682.80
0.2295 712.94
0.3011 744.40
0.3949 T777.25
0.5176 811.55
0.6782 847.37
0.8883 884.77
1.1633 923.81

Young’s modulus E (GPa)  Poisson’s ratio v

210.7 0.3

Table 2
API X65 material properties for elastic-plastic analysis.
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Grooves, pits, etc. Local Thin Areas
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e . .. = — — Transition in assessment methods
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ASME B31G
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Defect bluntness/radius

Fig. 1. Effect of notch acuity on burst pressure and treatment of detected defects
in fitness-for-service codes. Figure adapted from [17].
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Fig. 2. Defect and pipe relevant dimensions.

Scale factor on length=0.01

Fig. 3. Visualisation of defects in the pipeline as outcome from the rendering tool.
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Pit depth (mm)

99.9% of defectsare internal

0

>85% of defectsin lower hemisphere
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Fig. 4. Analysis of defect geometry and location.
1 2
w/3(6V)7/3
700 A
600 -
Sphericity
500
Ju| Min 0.26
Q Max 1.00
‘S 400 Mean 0.80
P Std. Dev 017
o)
el
£ 300
3
=2
200
100
0 -
0.2 0.3 04 0.5 0.6 0.7 08 0.9 1.0
2D Sphericity (V) 3D

Fig. 5. Roundness (sphericity) of defects encountered at riser.
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Fig. 6. Step 1: Sphericity Vs. normalised depth of defects. Different criteria with
varying levels of conservatism are shown.
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Fig. 7. Step 2: Sub-modelling approach, elastic finite element analysis.
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Fig. 8. Step 2: Normalised elastic opening stress and application of the Point Method
(PM) to rank pits. oj¥=124.25 MPa is circumferential stress in the non-defective
component for P—35 MPa
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Sphericity (V)

alc
a/l

(b) Aspect ratios of axial (a/l) and circumferential (a/c) projected
areas of 3D flaws.

Fig. 10. Arbitrary selection of points by the analyst (red) and double-Y plot to
reduce dataset based on aspect ratios a/c and a/l of projected areas of flaws.
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Fig. 11. Normalised SIF Vs. crack aspect ratio for internal cracks in cylinders under
internal pressure.
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Sphericity (V)
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Fig. 12. Arbitrary selection of points by the analyst (red) and reduced dataset using
aspect ratios a/c and a/l of projected areas of defects (semi-solid blue).
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Fig. 13. Elastic and Elastic-plastic stress and strain analyses.
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Highlights:

e The proposed method reduces the amount of data
requiring detailed analysis from that obtained during
inline- inspection of Oil and Gas pipelines.

e The procedure uses a geometry-based filter and finite
elements elastic stress analysis to identify most severe
flaws.

e Arendering tool allows a clear view of defects within the
structure, evaluate dimensional parameters and allow FEA
models to be extracted.



