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1 SUMMARY

This report is one of a serie of 4 reports in the JIP project “Reliability of Corroded Pipes”, and
describes the laboratory burst tests of pipes with simulated corrosion defects. This projectis a
continuation of the JIP project “Residual Strength of Dented and Corroded Pipes”.

Twelve burst tests have been performed, of which 9 were with longitudinal corrosion defects and
3 with circumferential corrosion defects. The pipes were loaded with combined internal pressure
and external loads, except for 2 tests with internal pressure only. The external loads considered
were bending moment and axial compressive force.

The test specimen, test set-up execution of the tests and the main results are described in this
report, while evaluation of the results are included in the DNV project report no. 96-3394
“Reliability of Corroded Pipes / Assessment of Capacity and Acceptance Criteria™.

All tests were made from seamless pipe with 324 mm diameter and 10.3 mm wall thickness of
X52 modified material. The defects were smooth corrosion made using spark erosion for the
longitudinal corrosion and the circumferential corrosion was machined.
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2 INTRODUCTION

2.1 Motivation

A pipeline is a large financial assets for the pipeline operator and a safe operation of the pipeline
is therefore of great concern. On the other hand, unnecessary repair and an over conservative
operation of the pipeline may result in high costs and unexploded resource utilisation. As the
pipelines are ageing and corrosion may develop, the economical consequences of reduced
operation pressure, repairs, or replacements may become high. Available design equations for
assessment of allowable operating pressures of degraded pipelines depending on the selected
reliability level is therefore desirable.

When severe corrosion has been observed in a pipeline, the decision of necessary action to be
carried out should be based on an overall assessment of the pipeline, where uncertainties
associated with both the assessment of the degree of corrosion and the capacity evaluation should
be considered. The cost of repair or replacement can be very high and should be avoided, or
postponed in time, if this is possible within the safety requirements defined. Required actions
should further also be initiated in order to maintain the integrity of the pipeline and to avoid an
undesired risk exposure of the pipeline.

The objective of the work is to provide the participants with capacity formulas of corroded pipes.
The work includes laboratory tests and a large number of finite element analyses of corroded
pipes exposed to internal pressure, combined internal pressure and bending moment, and
combined internal pressure and bending moment. Both longitudinal and circumferential
corrosion are considered. The formulas will be calibrated using reliability methods. This will in
a systematic manner include uncertainties in inspection results and variations in material
properties, pressure and dimensions. The outcome of the project will be included in a manual for
assessment of corroded pipes.

2.2 Background

The present Joint Industry Project “Reliability of Corroded Pipes” is a continuation of the
project “Residual Strength of Corroded and Dented Pipes”. The former project which was
started in 1993 and concluded at the end of 1993, and the present project stared shortly after.

The Phase I of the project was sponsored by Statoil, Phillips, Brasoil (Petrobras), Mineral
Management Services (MMS), Norwegian Petroleum Directorate (NPD), The Research Couneil
of Norway (NFR), and Det Norske Veritas (DNV).

The present project “Reliability of Corroded Pipes™ is sponsored by Statoil, Amoco, Exxon,
NPD and MMS.

The scope of work of the project has been modified in order to best utilise the funding.
Especially has the work conducted by British Gas had an impact on our project as British Gas is
undertaking a similar project. To avoid unnecessary overlapping of work the scope was changed,
but some ifems were not overlapping. DNV have included combined load cases, circumferential
corrosion, and a reliability calibration of the capacity and design equations that would be
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established. British Gas, on the other hand, had already performed many tests and finite element
analyses for internal pressure only, including interaction of separate pits and grooves, buf they
would not included a reliability calibration of the equations. A co-operation with British Gas has
been discussed and an advantage would be that the equations would be based on a larger
database including effects studied only by British Gas and effects studied only by DNV. The
equations would include calibrated safety factors. Common capacity and design equations from
British Gas and DNV would most probable receive greater acceptance in the marked, and hence,
be a recognised equations.

After completion of both the British Gas and the DNV project, where both projects have made
project specific guideline of corroded pipes, a unified guideline could be made.

2.3 Project Reports

The project concludes with 4 reports, given in the table below.

Table 2-1 Overview of the project reports

DNV report no. | Title / Subject
96-3392 Reliability of Corroded Pipes / Finite Element Analyses
96-3393 Reliability of Corroded Pipes / Laboratory Burst Tests (This document)
96-3394 Reliability of Corroded Pipes / Assessment of Capacity and Acceptance Criteria
97-3358 Reliability of Corroded Pipes / Project Guideline

2.4 Participants and Their Representatives

The following organisations participated in the project;

Participant Representative Telephone / Fax
Minerals Management Service {MMS) Wallace O. Adcox telephone {(+1)703 787 1354
fax {(+1) 703 787 1010
Norwegian Petroleum Directorate (NPD) Kiell A. Anfinsen telephone {(+47) 51 8762 26
fax {(+47y 515351571
Den norske stats oljeselskap a.5.(Statoil) Richard Verley telephone (+47)73 38 41 &3
' fax {(+47y 7396 72 86
Amoco Norway Oil Company (Amoco) Ole Jergen Narvestad telephone (+47351 3020 18
fax {(+47)31 5022 18
Exxen Production Research Company (EPR) Robert Appleby telephone {(+1y 7139657195
fax {(+1) 712 966 6423
Petrobras /CENPES/DIPREX Adilson C. Benjamin telephone (+53)21 598 6263
fax (+53)21 598 6793
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The SI units are used in the report. The conversion factors are between the S units and the US

units are;;

From US units to ST units

length: I in (inch)

Mass 1 1t {pound)

Force 1 Ibf (pound force)
P kip

[ psi {(Ibfin2)
1 ksi (1000 psi)

Stress (Pressure)

From S1 units to U, S anits

length: I mm
Mass 1 kg
Force I N
1 kN
Stress {Pressime) 1 MPa
1 MPa
1 ksi = 1000 psi
10 bar = 1 MPa

2340 mm

0.4336 kg

4448 N

4,448 kN

0.066895 MPa (N/mm2)
6.865 MPa

0.03937 in

2.205 b (pound)

(.2248 Ibf {pound force)
0.2248 kip

145.0 psi (IbfFin2)
0.1450 ksi
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3 GENERAL DESCRIPTION OF TESTS

3.1 Overview of tests

A total of 12 tests has been carried out within the project. An overview of the tests are given in
Table 3-1.

Table 3-1 Overview of tests

Test Nom Nem mat. | defect defeet defect foading
ne. Dia thick depth length width
{mm} (mm) {d/t) int. press /bending/axial

1 324 10.3 X52 0.50 0.75D I5¢ X
2 324 10.3 Xs52 0.50 075D 15¢ X X
3 324 1.3 Xs52 8.50 075D 15¢ X X
4 324 10.3 X52 .30 0.50D 3t X X
5 324 10.3 X52 0.30 .50 D 3t X
6 324 10.3 X52 0.36 030D 31 X X
7 324 10.3 X52 (.50 075D 3t X X
8 324 10.3 X52 0.50 075D ER X
9 324 10.3 X352 0.70 075D 3t X X
10 324 10.3 Xs2 0.30 12 mm cire. X X
11 324 10.3 X532 0.50 12 mm Cire. X X
12 324 10.3 X52 0.70 12 mm circ. X X

The dimensions given in the table are nominal values. The actual values of diameter, wall
thickness and corrosion defects were measured. The material curve was determined by coupon
tests. All simulated longitudinal corrosion defects were smooth rectangular defects fabricated
using spark erosion, while the circumferential corresion defects were machined. Tests 1 through
9 were simulating longitudinal corrosion, while test 10 through 12 simulated girth weld
corrosion. All defects were made at the outer surface in the parent material.

The test specimens were exposed to combined internal pressure and external forces until burst,
except for 2 test specimens which were exposed to internal pressure only.

3.2 Description of the test set-ups
The tests were exposed to different kind of loading which required different test set-ups:

= internal pressure only

= combined internal pressure and bending moment

s combined internal pressure and axial compressive force
The tests with internal pressure only requires virtually no special test set up, apart from the
instrumentation and the water pump to increase the internal pressure until burst.
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The tests with internal pressure and bending moment was performed in a 4-point-bending test
rig. The test rig is shown in Figure 3-1 and Figure 3-2. A sketch of the test rig is also included
in Appendix A. Rollers were used at the supports to in order to define and keep the distance
between the supports constant. The distance between the rollers, which is the moment arm,
varied from 1.27 to 1.43 meter for the three tests with bending moment. A servo controlled
dynamic MTS 1000 kN actuator was used to apply the force. The specific test rig set-up made for
this project had approximately 650 kNm moment capacity, and maximum 150 mm stroke.

The tests with combined internal pressure and axial compressive force was performed in a test
frame as shown in Figure 3-3. A 10000 kN static jack was applied. The length of the test
specimens were all 1000 mm, plus 2*50 mm for the end-plates. The maximum stroke of the jack
was slightly less than 100 mm.

The water pump used in the burst tests had a capacity of 1000 bar. All tests were performed at
room temperature at approximately 20°C

Figure 3-1 Picture of the test rig for 4-point bending test {after completion}.
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2 Picture of the test rig for 4-point bending fest,

3.

Figure
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Figure 3-3 Picture of the test rig for axial compressive force
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3.3 Instrumentation

Each specimen was instrumented with strain gauges and pressure transducer in order to monitor
the specimen during testing and for recording. The strain gauge instrumentation for each
specimen are shown in Appendix A. Approximately 10 strain gauges were applied at each test.
For the tests with combined loading the external loads were also monitored and recorded. In
Figure 3-4 an example of the strain gauge instrumentation ot a corrosion defect is shown.

For the specimens exposed to combined loads, some strain gauges were used for load and
alignment control. All strain gauges were post yield cross gauges allowing for large strains from
Tokyo Sokki Kenkyujo Co., LTD., type YFLA-2.

A 1000 bar pressure transducer was used, serie no. F02395. In order to minimise erroneous
pressure fluctuations the pressure transducer was mounted directly to the end flange in a separate
hole from the connection from the hose for the pump.

3.4 Manufacture of the test specimens

The simulated corrosion defects were spark eroded at the outer surface. The defect similar to test
i to 3 is shown in Figure 3-4. The defects had a smooth surface and all edges were made with a
small radius. The surfaces were also grinded slightly to get a smoother surface for ease thickness
measurements and application of strain gauges. At each end of the test specimen a S0mm thick
end-plate was welded to the pipe. For the tests exposed to bending moment thicker extension
pipes of approximately 2 meters were welded to each end of the test specimen, and the end-plate
were welded to the end of these extension pipes. The inlet for internal pressure and mounting of
the pressure transducer were in the end flanges.
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Figure 3-4 Picture of a corrosion defect with strain gauge instrumentation
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4 DETAILED DESCRIPTION OF THE TESTS

4.1 General

Twelve test were performed. The 9 first test specimens were made from the same pipe, while the
last 3 test specimens were made from another pipe, which was almost identical to the first one.
The nominal parameters are the same for all 12 tests, apart for the simulated corrosion defects.
For each test specimen the actual dimensions were measured and are described for each test in
this report.

The following was the same for all tests;

Pipe Diameter 324 mm  (nominal)

Pipe wall Thickness 1031 mm (nominal)

Pipe Grade X352

Type of Longitudinal Seam Seamless

Yield Strength (actual, eng.) 380 MPa (Average of 8 test coupons)
Tensile Strength (actual, eng) 514 MPa (Average of 8 test coupons)
Year of Manufacture 1996 / 1997

The pipe diameter was measured at several locations, it was found to be closer to 325 than the
nominal diameter of 324 mm, and was almost identical at all measured locations. The pipe wall
thickness, however, varied far more, from minimum 10.25 mm to maximum 11.10 mm. The
largest variation was in the circumferential direction, but large variations were also observed
along the length of the pipe.

Some variables have been calculated based on measurements and constants, as for instance the
axial stress is calculated based on the applied {(measured) force and the diameter and thickness.
For calculation of the cross section parameters the an outer diameter of 324 mm is used, and for
the wall thickness the “average” thickness of 10.6 mm is used. This results in the following
values for the cross section;

o Area . = 10437 mm’ (D DY*a/4
o Area, . = 72012 mm’ (DAy*n/4
» Moment of Inertia (I} =1.28*10°mm* (D, -D*n/64

» Section modulus W .. = 791854 mm’ 17(D,/2)

D, ; Outer Diameter = 324 mm
D, ; Inner Diameter = 302.8 mm

In the following sub-sections each test is described. Sketches showing the test set-up, the
corrosion defect, the instramentation, the thickness measurements are included in Appendix A.
Pictures of the test specimens after burst are included in the main section of the report. In
Appendix B the material certificates are included, and in Appendix C listing of the recorded
pressure, loads and strain gauges are given (Microsoft Excel spreadsheet)
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4.2 Testno. 1
Loading

Internal pressure only.

Corrosion defect parameters (nominal)

Corrosion defect depth d = 5.3 mm (d/t = 0.5)
Corrosion defect length L = 245mm (L/D=075
Corrosion defect width w = 150mm (w=151)
Length of test specimen Lpecimen = 1500 mm

Instrumentation

In the corroded area 9 cross strain gauges were applied, and one strain gauge was applied away
from the corroded area for load control and hoop strain measurement. Internal pressure and time
for each scan were also recorded.

Loading description
Internal pressure was applied until burst, and applied internal pressure versus time is shown in
Figure 4-1.

Results
The test failed at 232 bar. The test specimen after burst is shown in Figure 4-2.

Loading sequence, testno. 1
250 :
Pressure (bar}

200 .

L1510 18 B S U RO SURNS SUVRSPPRUUROS SRR N
- : :
0
&
=00

50 L S

o - ; , :

g 600 1200 18G0 2400 3000 3660
Time {sec}

Figure 4-1 Applied pressure versus time for test no. 1
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Figure 4-2 Picture of the test specimen no. § after the burst
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Figure 4-3 Picture of the test specimen no. 1 after the burst
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4.3 Testno.2
Loading

Loaded with combined internal pressure and bending moment.

Corrosion defect parameters (nominal)

(Identical with specimen no. 1)

Corrosion defect depth d = 53 mm (d/t=0.5)
Corrosion defect length L = 245mm  (L/D=0.75)
Corrosion defect width W = 150mm (w=151)
Length of test specimen Lipecimen = 1300 mm
Instrumentation

In the corroded area 9 cross strain gauges were applied, and two single filament gauges were
applied away from the corroded area for load control of the bending moment. The time, the
actuator load and displacement were also recorded.

Loading description
The specimen was exposed to combined internal pressure and 4-point-bending moment. The
corrosion defect was located at the compressive side of the bending moment.

An internal pressure of 165 bar was applied during the first 15 minutes. The loading is
illustrated in Figure 4-4 to Figure 4-6. The internal pressure was then kept at 165 bar and
bending moment was applied to the test specimen. The actuator was in displacement control,
and for this test set-up the applied displacement results in a forced curvature of the pipe. At
approximately 220 kNm bending moment more and more displacement was required in order to
further increase the bending moment, which effect indicate excessive yielding of the pipe cross
section. Further, the displacement was kept constant and the internal pressure was mcreased,
which resulted in a drop in the bending moment at the constant displacement. In order to
maintain the bending moment additional displacement was applied, but the pipe had softened
significantly due to the internal pressure and the pipe could not carry much increased bending
moment.
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Loading sequence, testno. 2
250 T ——e Pregsure {Dar}
._..___a.rxﬁoment (ki)
200 — o Disp. {mm)
150 1.
=
[
=]
o100 Lo
B0 Lo i
o : ; ‘
0:00:00 0:10:0G (:20:00 0:30:00 0:4G:00 0:50:00 1:00:80
Time
Figure 4-4 Loading sequence, test no. 2
internal pressure versus bending moment, testno. 2
250
. L=zo0 .
b :
£ - : : :
S - o U S
7 : : N
2 : : ™
B LA00 B
= : : P~
e : : : ~
8 B0 e e e R
= : : : ~
4] ; N ;
250 200 150 140 50
Bending moment (kNm)

Figure 4-5 Internal pressure versus bending moment, test no. 2
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Internal pressure versus hending moment, testno. 2

----------

Actuator displacement {mm)

250 200 150 100 50 g
Bending moment (kNm)

Figure 4-6 Actuator displacement versus bending moment, test no, 2

Results

Excessive yielding was observed in the pipe, and it was not possible to maintain the maximum
bending moment of approximately 220 kNm when the internal pressure was further increased.
When the internal pressure was increased from 165 bar to rupture at 218.5 bar, the bending
moment decreased from 220 kNm to 130 kNm.

The bending moment resulted in a radius of approximately 15-20 meter, where the 15 meter was
estimated based on measurements of the test specimen after testing and the 20 meter was based
on the applied displacement during the test.
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7 Picture of the test specimen no. 2 after the burst test

Figure 4
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Figure 4-8 Picture of the fest specimen no. 2 after the burst test
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4.4 Testno.3

Loading
Loaded with combined internal pressure and bending moment (similar to test 2).

Corrosion defect parameters (nominal)

(Identical to specimen no | and 2)

Corrosion defect depth d = 5.3 mm (d/it=10.5)
Corrosion defect length L = 245mm (L/D=0.75)
Corrosion defect width W = 150 mm (w=151)

Length of test specimen  Lspecimen = 1500 mm

Instrumentation

In the corroded area 9 cross strain gauges were applied, and two single filament gauges were
applied away from the corroded area for load control of the bending moment. The time, rotation
angle, the actuator load and displacement were also recorded.

Loading description

The specimen was exposed to combined internal pressure and 4-point-bending moment. The
corrosion defect was located at the compressive side of the mending moment. In the previous
test the MTS was in displacement control, but order to try to maintain the bending moment and
hence allow the pipe to deflect the actuator was set in load (bending moment) control.

An internal pressure of 165 bar was applied during the first 12 minutes. The internal pressure
was kept at 165 bar and bending moment was applied to the test specimen. Further, the bending
moment was kept constant at 200 kNm, and the internal pressure was increased. The pipe was
yielding extensively, which resulted in increased additional displacement in order to maintain the
set bending momient of 200 kNm. An small increase in the bending moment up to 212.5 kNm
was applied, and only marginal additional internal pressure was introduced before rupture.
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Loading sequence, testno. 3

280

Pressure (bar};
— SO

150 ey IR e S PR S

L.oad

wo Lo L

B0

=
—
0 ; o= ; ; :
o 600 1200 1800 2400 3000 3600

Time {sec)

Figure 4-9 Loading sequence, test no.3

Internal pressure versus bending moment, testno. 3

A0

Fl —-}
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a : : :
& : :
c : : :
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=

8 ; ; :

250 200 150 160 50 G

Bending moment {kNm}

Figure 4-10 Internal pressure versus bending moment, test no. 3

Results
Excessive yielding was observed in the pipe before rupture in the corroded region. The test
bursted at a bending moment of 212.5 kNm and an internal pressure of 195 bar.
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Figure 4-11 Picture of the test specimen no. 3 after the burst test
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Figure 4-12 Picture of the test specimen no. 3 after the burst test

Page 23

Reference to part of this report which may lead to misinterpretation is not permissible.
1é Docember 1047, QHB/ Doculive ro. 9712150003




DET NORSKE VERITAS

Report No. 96-3393, rev. 02

DETAILED DESCRIPTION OF THE TESTS

Figure 4-13 Picture of the test specimen no. 3 after the burst test
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4.5 Test no. 4
Loading

Test specimen no. 4 was loaded with combined internal pressure and bending moment.

Corrosion defect parameters (nominal)

Corrosion defect depth d = 32mm (dt=0.3)
Corrosion defect length L = 162mm (L'D=0.50)

i

Corrosion defect width w = 32mm {w=31)
Length of test specimen Lpesimen = 1100 mm
Instrumentation

In the corroded area 3 cross strain gauges were applied, and two gauges were applied away from
the corroded area for load control of the bending moment. The time, rotation angle, the actuator
toad and displacement were also recorded

Loading description
The specimen was exposed to combined internal pressure and 4-point-bending moment. The
corrosion defect was located at the compressive side of the bending moment.

An internal pressure of 200 bar was applied during the first 15 minutes. The internal pressure
was kept at 200 bar and bending was applied to the test specimen. When the moment exceeded
200 kNm the internal pressure started to drop due to excessive yielding of the pipe. The pipe had
become soft and additional displacement was necessary in order to maintain the bending
moment. Further, after excessive yielding the actuator reached the maximum stroke which
resulted in that the tests changed from load (moment) controlled to displacement controlled.
During the increase of internal pressure until burst at 290 bar the resulting bending moment
decreased from 260 kNm to 73 kNm.

Results

Excessive yielding was observed in the pipe before rupture in the corroded region. The test
bursted at a bending moment of 73 kNm and an internal pressure of 290 bar. During the loading
the test specimen had also been exposed to an internal pressure of approximately 200 bar and

250 kNm.
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Loading sequence, festno. 4

300 FE Prassure {barj;
e BlOTREAL (KNET)

260 poveeend T e, (1)

200 0 LT
T 150 |
i : : : : :

00 Lo f e e B

0 A s ﬁ E : z
0 600 1260 1800 2400 3000 3800 4200  48G0 5400 6000
Time {sec}

Figure 4-14 Loading sequence, test no.4

Internal pressure versus bending moment, test no. 4

200
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300 250 200 180 10¢ 50 0

Bending moment {kNm}

Figure 4-15 Internal pressure versus bending moment, test no. 4
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16 Picture of the test specimen no. 4 after the burst test
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Figure 4-17 Picture of the test specimen no. 4 after the bursi test
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Figure 4-18 Picture of the test specimen no. 4 after the burst fest
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4.6 Testno.5
Loading

Test specimen no. 5 was loaded with combined internal pressure and axial compressive force.

Corrosion defect parameters (nominal)
(Tdentical with test no. 4)

Corrosion defect depth d = 32mm (d1t=0.3)
Corrosion defect length L = 162mm (L/D=0.50)
Corrosion defect width w=32mm (w=31
Length of test specimen specimen = 1000 mm
Instrumentation

In the corroded area 3 cross strain gauges were applied, and 4 gauges were applied ina
uncorroded region to monitor the loading. The time and the jack load and displacement were

also recorded.

Loading description
The specimen was exposed to combined internal pressure and axial compressive force.

The jack was operated with a manually controlled pump, and during the test the load and the
displacement were monitored. With this set-up the operator could manually maintain the axial
force by running the pump, or stop the pump and keep the displacement constant.

For test no.5 an internal pressure of 200 bar was first applied, and then the axial compressive
load. At approximately 2500 kN external applied axial force the pipe was yielding excessively,
and the internal pressure dropped. The internal pressure was again increased to 200 bar, and
further axial compressive load was applied, resulting again in a drop in the internal pressure.
Both the internal pressure and the jack displacement was increased, but the resulting axial force
decreased, until burst occurred at 286 bar and with an axial compressive external force of

2563 kN.

Loading sequence, festno.
330 Pressure (bar};
300 L. Force (10°kNy +
H—— - U110 D
250 Lo
5 2001
8
o EBD L
50 Lo b
N iy iy T
o . . ; : st S, T |
0 800 1200 1800 2400 3000 3800 4206 4800 5400

Time {sec)

Figure 4-19 Loading sequence for test no. 5
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Internal pressure versus axial compressive force, testno. §
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Figure 4-20 Internal pressure versus axial compressive force, test no. 5

internal pressure versus axial compressive force, testno. §
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Figure 4-21 Jack displacement versus axial compressive force, test no. §

Results

Excessive yielding was observed in the pipe before rupture in the corroded region occurred. The
test bursted at an internal pressure of 286 bar, and with an axial compressive external force of
2563 kN. The end cap force due to the internal pressure was 2060 kN, resulting in a compressive
pipe wall force of only 503 kN, equivalent to 48 MPa in axial compression.
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~22 Picture of the fest specimen no. 5 in the test rig before the burst test
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Figure 4-23 Picture of the test specimen no. 5 after the burst test
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Figure 4-24 Picture of the test specimen no. 5 after the burst test
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4.7 Test no. 6

Loading

Test 6 was loaded with combined internal pressure and axial compressive force.

Corrosion defect parameters (nominal)

{Identical to test specimen no. 4 and 3)
Corrosion defect depth d = 32mm ({dit=0.3)
Corrosion defect length L = [62mm (L./D=20.50)

fi

i

Corrosion defect width w o= 32mm (w=31)
Length of test specimen Lpecimen = 1000 mm
Instrumentation

In the corroded area 3 cross strain gauges were applied, and 4 gauges were applied in a
uncorroded region to monitor the loading. The time and the jack load and displacement were
also recorded.

Loading description
The specimen was exposed to combined internal pressure and axial compressive force.

For test no.6 an internal pressure of 200 bar was first applied succeeded by axial compressive force.
At approximately 2500 kN external axial force the pipe was yielding extensively, resulting in drop
in the internal pressure. The internal pressure was maintained by pumping water simultaneously to
the increase of the jack force to approximately 4300 kN. At this point the jack displacement was
approximately SO mm and the range of the displacement transducer was exceeded. The position of
the transducer was changed, and due to safety reasons during this operation the test specimen was
unloaded. The test specimen was reloaded to 200 bar, and further axial displacement/force was
applied to the test. More excessive yielding was experienced, the pipe at the end supports started to
deform, and in order to burst the pipe the internal pressure was increased when keeping the
displacement constant allowing the axial compressive force to decrease.

{oading sequence, testno.&

486 Hressure (bar)

400 . Force (10%N} -

350 § mee o Disp. (M) :

300 [T T
o 280 L : f '
& 200
9 RS ] o

50 L. bt

wo b

; o e T
50 1 T Tt | W ey o R
0 e 2 : - ;
0 800 1200 1860 2400 3060 3600 4200
Time (sec)

Figure 4-25 Loading sequence, test no. 6
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Internal pressure versus axial compressive force, testno. 6
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Figure 4-26 Internal pressure versus axial compressive force, test no. 6

internal pressure versus axial compressive force, festno. §
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Figure 4-27 Jack displacement versus axial compressive foree, test no. 6

Results

Excessive yielding was observed in the pipe before rupture in the corroded region. The test
bursted at an internal pressure of 287 bar, and with an axial compressive external force of

2943 kN. The end-cap force due to the internal pressure was 2067 kN, resulting in a
compressive pipe wall force of only 876 kN, equivalent to 84 MPa. The test specimen had during
the test experienced 205 bar and 4323 kN.
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Figure 4-28 Picture of the test specimen no. 6 after the burst test
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Figure 4-29 Picture of the test specimen no, 6 after the burst test
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4.8 Testno.7
Loading

Test 7 was loaded with combined internal pressure and axial compressive force.

Corrosion defect parameters (nominal}

Corrosion defect depth d = 33mm (dit=10.5)

Corrosion defect length L = 245mm (L/D=0.73)

Corrosion defect width w o= 32mm (w=3t)

Length of test specimen L pecimen = 1000 mm

The corrosion defect was longer and deeper compared to the test specimen no. 4, 5 and 6.

Instrumentation
In the corroded area 3 cross strain gauges were used, and 4 gauges were applied in a uncorroded
region to monitor the loading. The time and the jack load and displacement were also recorded

Loading description
The specimen was exposed to combined internal pressure and axial compressive force.

For test no.7 an internal pressure of 175 bar was applied, and succeeded by axial compressive
load. At approximately 2500 kN axial force the pipe was yielding extensively and the internal
pressure started to dropped. The internal pressure was maintained simultaneously as the jack
force was increased to approximately 3000 kN. The internal pressure was increased slightly
while maintaining the axial force, until burst.

Results
The specimen bursted at 186 bar and an axial force of 2998 kN.
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Loading sequence, testno. 7
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100 L =
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0 a00 1200 1800 2400
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Figure 4-30 Loading sequence, test no, 7
internai pressure versus axial compressive force, testno. 7
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Figure 4-31

Internal pressure versus axial compressive force, fest no. 7
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Figure 4-32 Picture of the test specimen no. 7 after the burst test
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Figure 4-33 Picture of the test specimen no. 7 after the burst fest
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4.9 Testno. 8
Loading

Test no. 8 was loaded with internal pressure only.

Corrosion defect parameters (nominal)

(Tdentical to test specimen no. 7)

Corrosion defect depth d = 53mm (d/t=0.5)
Corrosion defect length L =245 mm (L/D=0.75)
Corrosion defect width w=32mm (w=31
Length of test specimen Lecimen = 1000 mm

Instrumentation
In the corroded area 3 cross strain gauges were applied, and 4 gauges were applied in a
uncorroded region to monitor the loading.

Loading description
The specimen was exposed to internal pressure .

Results
The test specimen was loaded with internal pressure until burst at 220 bar,

Loading sequence, testno. 8

250 .,
e Pressure (bar) |

200 |

180 Lo

Load

50 i......

o 500

Time {sec)

Figure 4-34 Loading of test no. 8, internal pressure only.
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Figure 4-35  Picture of the test specimen no. 8 after the burst test
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Figure 4-36  Picture of the fest specimen no. 8 after the burst test
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4.10 Testno.9
Loading

Test 9 was loaded with combined internal pressure and axial compressive force,

Corrgsion defect parameters (nominal)

Corrosion defect depth d =75mm (dt=07)
Corrosion defect length L =245 mm (L/D=0.75)
Corrosion defect width w = 32mm (w=31)
Length of test specimen Lpecimen = 1000 mm

Instrumentation

In the corroded area 3 cross strain gauges were applied, and 4 gauges were applied in a
uncorroded region to monitor the loading. The time and the jack load and displacement were
also recorded

L.oading description
The specimen was exposed to combined internal pressure and axial compressive force.

For test no.9 an internal pressure of 130 bar was applied, succeeded by axial compressive load
was applied until burst. The internal pressure was 123 bar and the axial compressive force was
2070 kN at burst. The end-cap force due to the internal pressure was 886 kN, resulting in a
compressive pipe wall force of only 1184 kN, equivalent to 113 MPa.

Results
The internal pressure was 123 bar and the axial compressive force was 2070 kN at burst.
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Loading sequence, testno. 2
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Figure 4-37 lLoading sequence, test no. 9
Internal pressure versus axial compressive force, testno. 2
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Figure 4-38 Internal pressure versus axial compressive force, test no. 9
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Higure 4-39 Picture of the fest specimen ne. 9 after the burst test
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Figure 4-40 Picture of the test specimen no. 9 after the burst test
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411 Testno. 10
Loading

Test 10 (and 11 and 12) were made with circurnferential corrosion, and were loaded with
combined internal pressure and axial compressive force.

Corrosion defect parameters (nominal)
Corrosion defect depth d =53mm (dt=05)

Corrosion defect length L = 12mm
Corrosion defect width w = full circumference
Length of test specimen Lipecimen = 1000 mm

A 12 mm wide ring groove was machined to 50% of the depth for the full circumference of the
pipe at the outer surface to simuiate girth weld corrosion. The groove was made in the parent
material.

Instrumentation
In the corroded area (groove) 4 cross strain gauges were applied, and 4 gauges were applied in a
uncorroded region to monitor the loading. The time and the jack load and displacement were

also recorded

Loading description
The specimen was exposed to combined internal pressure and axial compressive force.

Internal pressure was applied until burst and simultaneously an axial compressive force
corresponding to the end cap force was applied. The resulting pipe wall force was close to zero.
Burst occurred at 320 bar and an axial force of 2289 kN.

Results
Burst occurred at 320 bar and with an axial compressive force of 2289 kN. The rupture was in
the longitudinal direction, even though the corrosion defect was in the circumferential direction.
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Figure 4-41 l.oading sequence, test no. 10

Loading sequence, testno. 10
350 ; Pressure (bar)!
300 4o Force (10°kN} |
S e Disp () 5
250 1. P IO S S
- 200 L.
5]
S 180 L
100 b
50 |
4} ; ; o S e """"'-" - ;
0 660 1200 1800 2400 3000 3600 4200
Time {sec}

internal pressure versus axial compressive force, testno. 10
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300 L..90
250 1.

50 ...
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Axial compressive force (kN)

500 0

Figure 4-42 Internal pressure versus axial compressive foree, test no, 10
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Figure 4-43 Picture of the test specimen no. 10 after the burst test
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Figure 4-44 Picture of the test specimen no. 18 after the burst test
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4.12 Testno. 11
Loading

Testno. 11 was loaded with combined internal pressure and axial compressive force.

Corrosion defect parameters (nominal)

(Identical with test specimen no. 10)

Corrosion defect depth d = 53mm (d1t=0.5)
Corrosion defect length L = 12mm

Corrosion defect width w = full circumference
Length of test specimen Lpecimen = 1000 mm

A 12 mm wide ring groove was machined to 50% of the depth for the full circumference of the
pipe at the outer surface to simulate girth weid corrosion. The groove was made in the parent
material.

Instrumentation
In the corroded area (groove) 4 cross strain gauges were applied, and 4 gauges were applied in a
uncorroded region to monitor the loading. The time and the jack load and displacement were

also recorded.

Loading description
The specimen was exposed to combined internal pressure and axial compressive force.

Internal pressure was applied simultaneously with an axial compressive force corresponding to
the end cap force, hence the resulting pipe wall force was close to zero. The internal pressure was
kept constant at 225 bar and only axial compressive force was applied up to 3800 kN, From this
point additional internal pressure was applied and the axial force was tried maintained.

However, this required large displacements in the axial direction, and after 95 mm compression
of the pipe the stroke limit of the jack was reached and the displacement was kept constant when
further internal pressure was applied until burst. (The displacement transducer exceeded the
measure range after 50 mun). This resulted in a drop in the axial load down to 2343kN when the
pipe bursted at 335 bar.

Results
Burst occurred at 335 bar and with an axial compressive force of 2345 kN. The rupture was in

the longitudinal direction, even though the corrosion defect was in the circumferential direction.
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Loading sequence, testno. 11
400
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Figure 4-45 Loading sequence, test no. 11
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Figure 4-46 Internal pressure versus axial compressive force, test no. 11
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Figure 4-47 Picture of the test specimen no. 11 after the burst fest
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