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Notice
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interpreted as representing the official policies, either expressed or implied, of the Pipeline and
Hazardous Materials Safety Administration, or the U.S. Government.

This work is the contribution of an agency of the U.S. government, and is not subject to
copyright.
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Nomenclature

Abbreviations

D Diameter

D min Minimum Diameter

Dmay Maximum Diameter

Drom Nominal Diameter

oD Outside Diameter

ID Inside Diameter

1D One Diameter

2D Two Diameters

SMYS  Specified Minimum Yield Strength

VIC Visual image correlation,
Symbols

€ Strain

Organizations
PHMSA Pipeline and Hazardous Materials Safety Administration,

C-FER  C-FER Technologies Inc. (1999)
CRES Center for Reliable Energy Systems
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Appendix D Task 9 Full-Scale Test Results
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Task 9 Baseline Bend Test

Specimen ldentification: 9 (Baseline) C-FER Test Summary: Rev. 2, June 23, 2017
C-FER Specimen Number: X65-ERW-1-3-9BL Test Date: August 21, 2015
Nominal Pipe Characteristics Test Results
Nominal OD (mm) = 323.85 Peak End Moment (kN-m) = 178
Average OD (mm) = 324.02 Peak Local Moment* (kN-m) = 281
Nominal Wall Thickness (mm)=  6.35
Average Wall Thickness (mm)=  6.46
Specimen Length (mm) = 2689 Strains Across Buckle at Peak Moment
Length/OD = 8.3 1D Strain - Discrete (%) = -3.5
SMYS (MPa)= 448 1D Strain - VIC (%) = -3.6
2D Strain - VIC (%) = -3.3

Test Loading Procedure
1. The specimen was pressurized to 72% SMYS while applying
compressive force to compensate for the end cap load.
2. The specimen was bent to the maximum displacement possible
within the test frame.
Test Parameters Failure Mode
Target Net Pressure (MPa)=  12.65 Outward buckle formed 53 mm from the specimen midpoint.
Test Average Net Pressure (MPa)= 12.65

*Local Moment taken at specimen midpoint
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General Comments:
2D VIC strain calculation stopped at -4.8% due to image processing error.

Post Test:

Title:

Task 9 Baseline Bend Test T eghm@l@gﬁeg

rReviewed: Date: Specimen Identification:

CMJT 23-Jun-17 9 (Baseline) Fagn'l of 8
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Bending Moment versus Curvature
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BCA 4-Feb-16 Task 9 Baseline Bend Test Technol
[Reviewed: Date: Specimen Ide ntification:
CMJT 6-Apr-17 9 (Baseline) Page 2 of 8
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Intrados Strain Gauges and 1D Strains versus Local Moment
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Extrados Strain Gauges versus Local Moment
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Eeviewed: Date: Specimen Identification:
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-10

1D Strain Profiles from Discrete Instrumentation

1 1
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[Compiled By: Date: Title:
BCA 4-Feb-16 Task 9 Baseline Bend Test
[Reviewed: Date: Specimen lde ntification:
. Page 4 of 8
CMJT 5-Apr-17 9 (Baseline) g
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Pipe Measurements

End B

315"

270° s

Seam Weld at 2657

End A
225°
180°
Pipe Specimen
View from End A
Pre test Pup Lengths: Pl
End Ato 1 217 mm . H/
1D @2 T p /- os suns v
2103 320 mm T oy
3to 4 324 mm i L
4105 326 mm L
5t06 322 mm : =
Bto7 325 mm 1
7108 321 mm e =
810 End B 212 mm ¥ ~
—_— i
Total Length 2689 mm ﬁir (&
€+ (5}
Pre Test Pipe Lengths: S
Position B 2688 mm fs
Position D 2690 mm T W
Position F 2 687 mm i
Position H 2689 mm Jr &
Average 2 689 mm R D
—— R
75D
i _EniiE]
Circumferences: Grid Layout (Top view)
End A measured circumference 1019 mm Measurement Grid
End B measured circumference 1019 mm
Measurements Taken By: Date: Title: C F E R
TUT 18-Aug-15 Task 9 Baseline Bend Test achr
Measurements Approved By: Date: Specimen Identification:
. Page 5 of 8
JHB 18-Aug-15 9 (Baseline) g




Page D-8

Diameter Measurements

Micrometer:

Verification Rod 1

Verification Rod 2

0.000 in
0.000 in

Diameters in inches (as measured)

Station Spanned Positions (in)
0°to 180° | 45°to 225° | 90° to 270° | 135° to 315°
1 12.750 | 12779 | 12.738 | 12.719
2 12.807 | 12.779 | 12.730 | 12.740
3 12810 | 12.775 | 12.711 12.741
4 12.813 | 12.771 12.719 | 12.720
5 12.806 | 12.761 12719 | 12.726
6 12815 | 12.760 | 12.723 | 12.760
7 12.807 | 12766 | 12714 | 12.746
8 12.774 | 12.758 | 12.733 | 12.748

Diameters in millimeters (converted)

Scam Weld at 265°

270°

Station Spanned Positions (mm) View from End A
0°to 180° | 45°to 225° | 90°to 270° | 135° to 315°
1 323.85 | 324.59 | 323.55 | 323.06
2 325.30 | 324.59 [ 323.34 | 323.60
3 325.37 | 324.49 | 322.86 | 323.62
4 325.45 | 324.38 | 323.06 | 323.09
5 325.27 | 324.13 | 323.06 | 323.24
6 32550 | 324.10 | 323.16 | 324.10
7 325.30 | 324.26 | 32294 | 323.75
8 324.46 | 324.05 | 323.42 | 323.80
— Ovality
Station | Max. OD (mm) e Min. OD (mm) @ | Average OD (mm) |Standard Deviation) e (%) incl.
Position Position (mm) angle ()
1 324.59 45 323.06 135 323.76 0.64 0.47 90
2 325.30 0 323.34 920 324.21 0.90 0.60 90
3 325.37 0 322.86 90 324.08 1.09 0.78 90
4 325.45 0 323.06 90 324.00 1.15 0.74 90
5 325.27 0 323.06 920 323.93 1.01 0.68 90
6 325.50 0 323.16 90 324.22 0.96 0.72 90
7 325.30 0 322.94 90 324.06 0.99 0.73 90
8 324.46 0 323.42 920 323.93 0.44 0.32 90
* . D_.—-D._
Ovality = (D i) *100%
(Dnam
Measurements Taken By: Date Title: C F E R
TUT 18-Aug-15 Task 9 Baseline Bend Test ‘
Measurements Approved By: Date: Specimen Identification:
Page 6 of 8

JHB

18-Aug-15

9 (Baseline)
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Wall Thickness Measurements

Micrometer Measurements

Pipe Ring Verification

Vicrometer Ultrasonic probe

(mm) (mm)
End A - Position B 6.360 6.33
End A - Position D 6.440 6.42
End A - Position F 6.430 6.40
End A - Position H 6.410 6.40
End B - Position B 6.420 6.45
End B - Position D 6.420 6.42
End B - Position F 6.380 6.36
End B - Position H 6.410 6.41

Micrometer ID:

Mitutoyo 0-1" (HTS)
1": 1.00030"

Ultrasonic Probe ID:
Dakota Ultrasonics MVVX +/-0.001"
Velocity: 5904 m/s

Ultrasonic Measurements

i
Seam Weld at 265°

270°

315°

G

Circumferential Position
Staton [ A B c p [ E [ F G H View from End A
Wall Thickness (mm)
1 6.450 6.490 6.620 6.470 6.310 6.490 6.500 6.460
2 6.450 6.470 6.590 6.470 6.270 6.480 6.400 6.460
3 6.460 6.500 6.580 6.490 6.230 6.460 6.480 6.450
4 6.460 6.480 6.580 6.510 6.310 6.500 6.510 6.470
5 6.490 6.490 6.600 6.460 6.360 6.440 6.460 6.450
6 6.460 6.530 6.560 6.440 6.260 6.480 6.490 6.430
7 6.440 6.490 6.540 6.440 6.310 6.460 6.440 6.460
8 6.450 6.500 6.580 6.440 6.270 6.480 6.490 6.460
Average 6.46 mm
Std. dev 0.08 mm
Measurements Taken By: Date: Title: C F E R
TUT 18-Aug-15 Task 9 Baseline Bend Test T >y

Measuremertts Approved By:

JHB

18-Aug-15

Specimen ldertification:

9 (Baseline)

Page 7 of 8
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Instrumentation Layout

System O System 1

X1 X2 X3.¥1 X4 X5 X6 X7 XR X9

() Clinometer = Strain Gauge O VIC 3D

Drawing Done By: Date: Title:

. C-FER .
BCA 4-Feb-16 Task 9 Baseline Bend Test ec h no [0 gie S

Drawing Approved By: Date: Specimen Identification:

CMJT 6-Apr-17 9 (Baseline) Fegegala
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Task 9.a Transition Weld Bend Test

Specimen |dentification: 9.a.i (Transition 1)

C-FER Test Summary: __ Rev. 2, June 23, 2017

End A End B

Nominal OD (mm) = 323.85 323.85

Average OD (mm)= 323.98 323.94

Nominal Wall Thickness (mm) =  6.35 6.35
Average Wall Thickness (mm)=  6.55 6.60
Specimen Length (mm) = 1511 1191
Length/OD = 4.7 3.7
SMYS (MPa)= 448 448

Test Loading Procedure
1. The specimen was pressurized to 72% SMYS while applying
compressive force to compensate for the end cap load.
2. The specimen was bent to the maximum displacement possible
within the test frame.
Test Parameters
Target Net Pressure (MPa) =
Test Average Net Pressure (MPa) =

12.65
12.66

C-FER Specimen Number (End A): X65-ERW-1-3-9Al Test Date: February 2, 2016
C-FER Specimen Number (End B): _ X65-ERW-1-3-9ASP
Nominal Pipe Characteristics Test Results

Peak End Moment (kN-m) = 171

Peak Local Moment* (kN-m) = 254
Strains Across Buckle at Peak Moment
1D Strain - Discrete (%) = -2.2
1D Strain - VIC (%) = -2.8
2D Strain - VIC (%) = -2.2
0.5D Strain One Sided - VIC (%) = -3.2
1D Strain One Sided - VIC (%) = -2.8

Anomaly - Transition Weld

Girth weld transition
6.35mm to 6.35mm

Failure Mode
QOutward buckle approximately 25mm from specimen midpoint
*Local Moment taken at specimen midpoint
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General Comments:

Post Test:
Title: C E R
Task 9.a Transition Weld Bend Test -\l-;( h no [Qgieg
rReviewed: Date: Specimen Identification:
CMJT 23-Jun-17 9.a.i (Transition 1) Page 1 of 8
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Bending Moment versus Curvature
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[Compiled By: Date: Title: C F E R
BCA 15-Mar-16 Task 9.a Transition Weld Bend Test lec no
Reviewed: Date: Specimen Identification:
cMJT 5-Apr-17 9.a.i (Transition 1) PageZofB
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Intrados Strain Gauges and 1D Strains versus Local Moment
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Compiled By: Date: Title: C F E
BCA 15-Mar-16 Task 9.a Transition Weld Bend Test Technologies
[Reviewed: Date: Specimen Ide ntification:
CMJT 5-Apr-17 9.a.i (Transition 1) Fage-3ors
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1D Strain Profiles from Discrete Instrumentation

-6 I I
—@— 1D Strain at -5.6% Mid-span Strain
—@— 1D Strain at -5% Mid-span Strain
5 ~—@— 1D Strain at -4.5% Mid-span Strain

@ 1D Strain at -3.9% Mid-span Strain
1D Strain at -3.4% Mid-span Strain
—@— 1D Strain at -2.8% Mid-span Strain

1D Compressive Strain (%)
w

1D Strain at -2.2% Mid-span Strain
—@— 1D Strain at -1.7% Mid-span Strain
—@— 1D Strain at -1.1% Mid-span Strain
~@— 1D Strain at -0.6% Mid-span Strain
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Strain Profiles from VIC
-8 1 1 1 1 1
Strain at 1D-4.9%, 2D-3.3% Mid-span Strain
7 Strain at 1D-4.2%, 2D-2.9% Mid-span Strain
\ Strain at 1D-3.5%, 2D-2.6% Mid-span Strain
5 Strain at 1D-2.8%, 2D-2.2% Mid-span Strain *
Strain at 1D-2.1%, 2D-1.8% Mid-span Strain
'a‘g' Strain at 1D-1.4%, 2D-1.3% Mid-span Strain
& 5 1y
."E‘I Strain at 1D-0.7%, 2D-0.7% Mid-span Strain
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[Compiled By: Date: Title:
BCA 15-Mar-16 Task 9.a Transition Weld Bend Test
[Reviewed: Date: Specimen lde ntification:
. " Page 4 of 8
CMJT 5-Apr-17 9.a.i (Transition 1) g
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Pipe Measurements

0
End B 315°
270"
Seam Weld at 2657
End A
225°
180°
Pipe Specimen
View from End A
/* Axial Lines Alhirough H
Pre test Pup Lengths: ¥
EndAto 1 216 mm ; B EAE H —— bosp Stetions Litrougt 8
1102 323 mm
2103 324 mm WL ©)
3to 4 324 mm 5
4t05 324 mm ' S
5106 326 mm i [
———— 1o
6t07 324 mm
7108 323 mm % ®
81to End B 218 mm 10
L )
Total Length 2702 mm 1 ~
8.5D 1D
JT— < Transition Weld
Pre Test Pipe Lengths: i
Position B 2703 mm | O
Position D 2702 mm D =
Position F 2701 mm T
e TN
Position H 2702 mm % W)
Average 2702 mm % )y
0.75D -~
i (o]
Circumferences: Grid Layout (Top view)
End A measured circumference 1020 mm Measurement Grid
End B measured circumference __ 1020 mm Note: Stations 5a and 5b were measured 51mm on
either side of the center of the transition weld.
Measurements Taken By: Date: Title: C F E R
CED 28-Jan-16 Task 9.a Transition Weld Bend Test echno
Measurements Approved By: Date: Specimen Identification:
. L Page 50of 8
BCA 28-Jan-16 9.a.i (Transition 1) g
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Diameter Measurements

Micrometer:

Verification Rod 1
Verification Rod 2

0.001 in
0.001 in

Diameters in inches (as measured)

Station

Spanned Positions (in)

0°to 180° | 45°to 225°

90° to 270° | 135° to 315°

12.787 12.733

12.713 12.777

12.803 12.723

12.710 12.793

12.810 | 12.742

12.724 | 12.784

12.802 12.740

12.717 12.781

12.769 12.720

12.703 12.768

12.747 | 12.750

12.716 | 12.746

12.780 12.752

12.725 12.770

12.780 12.748

12.722 12.782

12.784 | 12.757

12.721 12.775

Diameters in millimeters (converted)

Seam Weld at 2657

2708

Station Spanned Positions (mm) View from End A
0°to 180° | 45°to 225° | 90°to 270° | 135° to 315°
1 324.79 | 323.42 | 32291 324.54
2 325.20 323.16 322.83 324.94
3 325.37 323.65 323.19 324.71
4 325.17 | 323.60 | 323.01 324.64
5a 324.33 323.09 322.66 324.31
5b 323.77 | 323.85 | 32299 | 323.75
6 324.61 323.90 323.22 324.36
7 324.61 323.80 323.14 324.66
8 324.71 324.03 | 323.11 324.49
. Ovality
Station | Max. OD (mm) e Min. OD (mm) @ | Average OD (mm) [Standard Deviation| o e (%) incl.
Position Position (mm) angle ()
1 324.79 0 322.91 90 323.91 0.90 0.58 90
2 325.20 0 322.83 90 324.03 1.21 0.73 90
3 325.37 0 323.19 90 324.23 0.99 0.67 90
4 325.17 0 323.01 90 324.10 0.98 0.67 90
5a 324.33 0 322.66 90 323.60 0.85 0.52 90
5b 323.85 45 322.99 90 323.59 0.40 0.27 45
6 324.61 0 323.22 90 324.02 0.61 0.43 90
7 324.66 135 323.14 90 324.06 0.73 0.47 45
8 324.71 0 323.11 90 324.08 0.71 0.49 90
* , D —-D..
(Dnam)
Measurements Taken By: Date: Title: C F E R
PHB 26-Jan-16 Task 9.a Transition Weld Bend Test Te
Measurements Approved By: Date: Specimen Identification:
i e Page 6 of 8
BCA 28-Jan-16 9.a.i (Transition 1)
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Wall Thickness Measurements

Micrometer Measurements

Pipe Ring Verification

End A End B
F141009-CP3-9ASP F141009-CP3-9Al
Vicrometer Ultrasonic probe Vlicrometer Ultrasonic probe
(mm) (mm) (mm) (mm)

End A - Position B 6.330 6.33 End A - Position B 6.060 6.08
End A - Position D 6.060 6.06 End A - Position D 6.378 6.35
End A - Position F 6.304 6.33 End A - Position F 6.384 6.36
End A - Position H 6.300 6.27 End A - Position H 6.161 6.18
End B - Position B 6.160 614 End B - Position B 6.336 6.33
End B - Position D 6.207 6.22 End B - Position D 6.330 6.32
End B - Position F 6.126 6.11 End B - Position F 6.170 6.16
End B - Position H 6.259 6.24 End B - Position H 6.334 6.35

Micrometer ID: o

Mitutoyo 0-1" 315

1": 1.00005" Calibration

Ultrasonic Probe ID:

Dakota Ultrasonics MVX p—

Ultrasonic Measurements

i
Seam Weld at 265°

Circumferential Position
Station [ A B c p | E | F G H View from End A
Wall Thickness (mm)
1 6.40 6.54 6.59 6.45 6.49 6.49 6.75 6.44
2 6.44 6.54 6.57 6.42 6.47 6.50 6.89 6.45
3 6.44 6.50 6.60 6.46 6.49 6.49 6.96 6.46
4 6.46 6.50 6.61 6.50 6.50 6.53 6.99 6.44
5a 6.48 6.53 6.61 6.49 6.53 6.58 7.01 6.47
5b 6.52 6.56 6.67 6.58 6.52 6.49 6.77 6.59
6 6.55 6.50 6.60 6.57 6.45 6.44 6.85 6.52
7 6.55 6.60 6.67 6.57 6.56 6.50 7.22 6.53
8 6.55 6.59 6.65 6.50 6.41 6.61 7.04 6.53
Average 6.57 mm
Std. dev 0.16 mm
Measurements Taken By: Date: Title: C F E R
PHB 26-Jan-16 Task 9.a Transition Weld Bend Test A
Measurements Approved By: Date: Specimen Identification:
BCA 28-Jan-16 9.a.i (Transition 1) Fage7 ot8
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Instrumentation Layout

VIC System 1

VIC System O

— le >l 75

Location of buckle

F141009-CP3-9ASP F141009-CP3-9A
(c5) (c7)

X6 X7 X8 X9 X10

(O Clinometer == Strain Gauge

O VIC 3D

Anomaly - Transition Weld 6.35mm to 6.35mm nominal wt pipe

730°

/g\v

3.175 34175
2.381] 3.1& 2.381
2.381

——

DETAIL B

SCALE2: 1
Drawing Done By: Date: Title: C E R
BCA 15-Mar-16 Task 9.a Transition Weld Bend Test '[I; chnolo gl es
Drawing Approved By: Date: Specimen |dentification:
CMJT 5-Apr-17 9.a.i (Transition 1) Pagesol &




Page D-19

Task 9a Transition Weld Bend Test

Specimen |dentification: 9.a.ii (Transition 2)

C-FER Test Summary:

Rev. 1, June 23, 2017

1. The specimen was pressurized to 72% SMYS while applying
compressive force to compensate for the end cap load.
2. The specimen was bent to the maximum displacement possible
within the test frame.
Test Parameters
Target Net Pressure (MPa) =
Test Average Net Pressure (MPa) =

12.65
12.66

Anomaly - Transition Weld

Girth weld transition 3.175¢
6.35mmto 9.53mm 2381

Failure Mode

Qutward buckle approximately 38mm from specimen midpoint
*Local Moment taken at specimen midpoint

C-FER Specimen Number (End A): X65-ERW-1-3-9All Test Date: February 24, 2016
C-FER Specimen Number (End B): X65-ERW-2-9All
Nominal Pipe Characteristics Test Results
End A End B Peak End Moment (kN-m) = 172
Nominal OD (mm)= 323.85 323.85 Peak Local Moment* (kN-m) = 247
Average OD (mm)= 324.06 323.73
Nominal Wall Thickness (mm)=  6.35 9.53 Strains Across Buckle at Peak Moment
Average Wall Thickness (mm) = 6.49 9.49 1D Strain - Discrete (%) = -3.0
Specimen Length (mm) = 1515 1188 1D Strain - VIC (%) = -2.8
Length/OD = 4.7 3.7 2D Strain - VIC (%) = -2.0
SMYS (MPa) = 448 359 0.5D Strain One Sided - VIC (%) = -3.2
Test Loading Procedure 1D Strain One Sided - VIC (%) = -2.8

\

DETAL B
SCALET 2

300
250
T
S 200
X
=
E 150 1D Strain (Discrete) T
§° - 1D Strain (VIC) I I
< 1
s 100 2D Strain (VIC) »
3 == == (.5D Strain One Sided (VIC) / I
50 = == = 1D Strain One Sided (VIC) ]
I
0 []

-15

Strain (%)

General Comments:

The cable pot measuring the specimen mid span deflection malfunctioned at a deflection of 4.6 inches (1D VIC Strain 6.3%, 2D VIC Strain 3.8%).

Deflection derived from the clinometer measurements and spacing was used after this point to calculate the local moment.

Post Test:
1

Title:

Task 9.a Transition Weld Bend Test

C-FER

lechnologies

Reviewed:

CMJT

Date:

23-Jun-17

Specimen Identification:

9.a.ii (Transition 2)

Page 1 of 8
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Bending Moment versus Curvature

300 T |
Local Moment
250 \ End Moment
200 E—
—
€
-
= 150 S
5 \
£
o
= \
v \\ {
a \\ /
O \h
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Mid-Span 1D Curvature (rad/m)
Specimen Pressure versus Elapsed Time
14
- [ |
10
©
- /
PR &
F
o
= 6
Q
£
2
o
L
0
10 20 30 40 50 60 70 80 90 100
Elapsed Time (min)
[Compiled By: Date: Title:
BCA 15-Mar-16 Task 9.a Transition Weld Bend Test
Reviewed: Date: Specimen Identification:
cMJT 5-Apr-17 9.a.ii (Transition 2) PageZofB
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Intrados Strain Gauges and 1D Strains versus Local Moment
300
250
ﬁ/‘l
200
g f
4
=3
t
g 150 == Strain Gauge X11 |
§ wme Strain Gauge X12
© —_——Ccl
o
= 100 e £C2 L
—Ec3
€cd
50 =——Ec5 -
Ecb
! Ec7
o ™ . ! !
0.0 -0.5 -1.0 -1.5 -2.0 -2.5 -3.0 -3.5 -4.0 -4.5 -5.0
Strain (%)
Extrados Strain Gauges versus Local Moment
300
250
200
£
2
= == Strain Gauge X1
E 150 ———Strain Gauge X2
§ = Strain Gauge X3
T = Strain Gauge X4
= 100 Strain Gauge X5
= Strain Gauge X6
Strain Gauge X7
50 5} == Strain Gauge X8
| Strain Gauge X9
l£ = Strain Gauge X10
0 ; ! F
-0.5 0.5 1.5 2 2.5 3 35 4 45 5
Strain (%)
[Compiled By: Date: Title: C E R
BCA 15-Mar-16 Task 9.a Transition Weld Bend Test ]Eg.{: hnologies
Eeviewed: Date: Specimen lde ntification:
CMJT 5-Apr-17 9.a.ii (Transition 2) Page 3 of 8
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1D Strain Profiles from Discrete Instrumentation

-8
1—0— 1D Strain at -7,5I% Mid-span Strain

7 —@— 1D Strain at -6.8% Mid-span Strain |
—@— 1D Strain at -6% Mid-span Strain

5 =@ 1D Strain at -5.3% Mid-span Strain

1D Strain at -4.5% Mid-span Strain
—&— 1D Strain at -3.8% Mid-span Strain

1D Strain at -3% Mid-span Strain *

/// —@— 1D Strain at -2.3% Mid-span Strain
=@ 1D Strain at -1.5% Mid-span Strain

~—@— 1D Strain at -0.7% Mid-span Strain

1D Compressive Strain (%)
A

* Peak Moment —|

-2
E F",
0 | ¢ —
1 2 3 4 5 6 7
Strain Location
i T L T T :
EndA | H ! ; A ; End B
| T : T 0 : |
1 i) 1 ' 1 |
! : ! i ; :
1
./ S o/ o~/ - |
1 : : : ! \'PJ
1 1
: : i ; ! ]
: : ! ! | :
Pipe Station 1 Pipe Station 2 Pipe St#(iun 3 Pipe St%itinn 4 Pipe Statiun 5 Pipe s(?tiun 6 Pine Station 7 Pipe Station 8
Strain Profiles from VIC
-8 | T | | T
Strain at 1D-4.9%, 2D-3.2% Mid-span Strain
7 Strain at 1D-4.2%, 2D-2.8% Mid-span Strain 1
Strain at 1D-3.5%, 2D-2.4% Mid-span Strain
. Strain at 1D-2.8%, 2D-2% Mid-span Strain *
Strain at 1D-2.1%, 2D-1.6% Mid-span Strain
§ \ Strain at 1D-1.4%, 2D-1.1% Mid-span Strain
- -5 \ L]
£ \\d Strain at 1D-0.7%, 2D-0.5% Mid-span Strain
i
& \ * Peak Moment
[ -1 —
2 \
w
w
4]
o
a
£ 3 |
’ \
o
) ey N
‘/-“"' , \\
™
1 actl~ =~ ‘
R e k__‘
0 — - V- V)
-972 -810 -648 -486 -324 -162 0 162 324 486 648 810 972
Distance From Centre (mm)
[Compiled By: Date: Title: C F E R
BCA 15-Mar-16 Task 9.a Transition Weld Bend Test Techrt
[Reviewed: Date: Specimen lde ntification:
" ", Page 4 of 8
CMJT 5-Apr-17 9.a.ii (Transition 2) g
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Pipe Measurements

End B
270" C
Seam Weld at 265
End A 225°
Pipe Specimen
View from End A
L/ AxialLines Athraugh H
/
Pre test Pup Lengths: ¥
End A to 1 219 mm 2 == H / Foop Stetions 1 through 8
Tt02 324 mm om0 ¥
2103 322 mm + ®
3t 4 326 mm L;,
4105 324 mm )
5106 324 mm -~
6107 325 mm -
7t 8 324 mm e &)
8to End B 215 mm 10
®
Total Length 2703 mm
X L Transition Weld
Pre Test Pipe Lengths: »
Position B 2703 mm /ﬁ)
Position D 2705 mm -
Position F 2704 mm i B
Position H 2702 mm Jr )
Average 2704 mm R gz
1 [Enie]
Circumferences: Grid Layout [Tap view)
End A measured circumference 1020 mm Measurement Grid
End B measured circumference —1021 mm Note: Stations 5a and 5b were measured 51mm on
either side of the center of the transition weld.
Measurements Taken By: Date: Title: C F E R
PHB 22-Feb-16 Task 9.a Transition Weld Bend Test echnolog
Measurements Approved By: Date Specimen Identification
. e Page 50of 8
JHB 22-Feb-16 9.a.ii (Transition 2) g
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Diameter Measurements

Micrometer:
Verification Rod 1 0.001 in
Verification Rod 2 0.001 in
Diameters in inches (as measured)
Station Spanned Positions (in)
0°to 180° | 45° to 225° | 90° to 270° | 135° to 315°
1 12.786 12.773 12.734 12.769
2 12.792 12.739 12.722 12.789
3 12.789 12.723 12.710 12.798
4 12.790 12.738 12.714 12.778
5a 12.794 12.753 12.712 12.759
5b 12.735 12.744 12.745 12.741
6 12.742 12.741 12.745 12.743
7 12.744 12.741 12.751 12.752
8 12.743 12.750 12.755 12.750

Diameters in millimeters (converted)

Scam Weld at 265°

270°

Station Spanned Positions (mm) View from End A
0°to 180° | 45°to 225° | 90°to 270° | 135° to 315°
1 324.76 | 324.43 | 323.44 | 324.33
s 324.92 | 323,57 | 32314 | 324.84
3 324.84 | 32316 | 32283 | 325.07
4 324.87 | 32355 | 32294 | 324.56
5a 324.97 | 323.93 | 32288 | 324.08
5b 323.47 | 32370 | 323.72 | 323.62
6 323.65 | 323.62 | 323.72 | 323.67
7 323.70 | 323,62 | 323.88 | 323.90
8 323.67 | 323.85 | 32398 | 323.85
" Ovality
Station | Max. OD (mm) @ Min. OD (mm) @ | Average OD (mm) |Standard Deviatlon] o (o) incl.
Position Position (mm) angle (°)
1 324.76 0 323.44 90 324.24 0.56 0.41 90
2 32492 0 323.14 90 324.12 0.90 0.55 90
3 325.07 135 322.83 90 323.98 1.14 0.69 45
4 324.87 0 322.94 90 323.98 0.89 0.60 90
5a 32497 0 322.88 90 323.96 0.85 0.64 90
5b 323.72 90 323.47 0 323.63 0.11 0.08 90
6 323.72 90 323.62 45 323.67 0.04 0.03 45
7 323.90 135 323.62 45 323.77 0.14 0.09 90
8 323.98 90 323.67 0 323.84 0.13 0.09 90
Ovality = ~—== me s *100%
(Dl’l om )
Measurements Taken By: Date: Title: C F E R
PHB 22-Feb-16 Task 9.a Transition Weld Bend Test "chno
Measurements Approved By: Date: Specimen |dentification:
- - Page 6 of 8
JHB 22-Feb-16 9.a.ii (Transition 2) 9
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Wall Thickness Measurements

Micrometer Measurements
Pipe Ring Verification

End A End B
F141009 - CP3 - 9All F141009 - EV - 22333 -2 - 9AI - TR
WMicrometer Ulfrasonic probe Wiicrometer Ultrasonic probe
(mm) (mm) (mm) (mm)
End A - Position B 6.310 6.29 End A - Position B 9.483 9.48
End A - Position D 6.283 6.26 End A - Position D 9.506 9.50
End A - Position F 6.160 6.14 End A - Position F 9.446 9.47
End A - Position H 6.165 6.15 End A - Position H 9.404 9.41
End B - Position B 6.154 6.15 End B - Position B 9.501 9.50
End B - Position D 6.341 6.35 End B - Position D 9.492 9.51
End B - Position F 6.259 6.23 End B - Position F 9.506 9.52
End B - Position H 6.396 6.38 End B - Position H 9.448 9.45
0°
Micrometer ID:
315°
Mitutoyo 0-1"
1": 1.00005" Calibration
Ultrasonic Probe ID: &
Dakota Ultrasonics MV X 270° 20°
Seam Weld at 265
Ultrasonic Measurements 225 1357
180°
Circumferential Position
Station | A B [ ¢ | p | E | F | e | H View from End A
Wall Thickness (mm)
1 6.41 6.46 6.55 6.45 6.42 6.48 6.89 6.42
2 6.39 6.45 6.48 6.44 6.42 6.47 6.96 6.46
3 6.37 6.46 6.52 6.41 6.42 6.45 7.03 6.37
4 6.38 6.46 6.52 6.43 6.44 6.44 7.01 6.37
5a 6.33 6.43 6.53 6.37 6.44 6.44 6.54 6.42
5b 9.39 9.47 9.42 9.43 9.44 9.45 9.63 9.46
6 9.46 9.47 9.45 9.47 9.41 9.48 9.84 9.45
7 9.52 9.50 9.50 9.52 9.44 9.47 9.80 9.42
8 9.39 9.45 9.46 9.45 9.40 9.44 9.62 9.46
End A End B
Average 6.49 mm 9.49 mm
Std. dev 0.17 mm 0.10 mm
Measurements Taken By: Date: Title: C N F E R
PHB 22-Feb-16 Task 9.a Transition Weld Bend Test nologie:
Measurements Approved By: Date: Specimen ldentification:
JHB 20-Feb-16 9.a.ii (Transition 2) Page 7 of 8
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Instrumentation Layout

VIC System O

VIC System 1

X1

X2

—1D TYF—»‘

Location of buckle

X3¥1l X4

(O Clinometer = Strain Gauge O VIC 3D

Anomaly - Transition Weld 6.35mm to 6.53mm nominal wt pipe

30°

30°

13.175  14.6° (4:1)
381

3.175y Nl ___——
2.381 == ,I 2
i
3.176
. 2.382
DETAIL B
SCALE T :2
BCA 15-Mar-16 Task 9.a Transition Weld Bend Test C-],;Eflsn 0 lO gies
éMJT 5-Apr-17 9.a.ii (Transition 2) Page 8 of 8
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Task 9.a Transition Weld Bend Test

Specimen |dentification: 9.a.iii (Transition 3)

C-FER Test Summary: Rev. 1, June 23, 2017

2. The specimen was bent to the maximum displacement possible
within the test frame.
Test Parameters
Target Net Pressure (MPa)= 12.65

Test Average Net Pressure (MPa)= 12.66

C-FER Specimen Number (End A): X65-ERW-1-3-9Alll Test Date: February 18, 2016
C-FER Specimen Number (End B): X65-ERW-2-9Alll
Nominal Pipe Characteristics Test Results
End A End B Peak End Moment (kN-m) = 184
Nominal OD (mm) = 323.85 323.85 Peak Local Moment* (kN-m) = 265
Average OD (mm) = 324.03 323.76
Nominal Wall Thickness (mm)=  6.35 953 Strains Across Buckle at Peak Moment
Average Wall Thickness (mm)=  6.43 9.57 1D Strain - Discrete (%) = -1.8
Specimen Length (mm)= 1517 1190 1D Strain Centered on Buckle - VIC (%) = -3.0
Length/OD = 4.7 3.7 2D Strain Centered on Buckle - VIC (%) = -2.4
SMYS (MPa) = 448 359 0.5D Strain from Buckle towards End A - VIC (%) = -3.3
Test Loading Procedure 1D Strain from Buckle towards End A - VIC (%) = -3.2
1. The specimen was pressurized to 72% SMYS while applying Anomaly - Transition Weld e
compressive force to compensate for the end cap load. e % ‘ ik
Girth weld transition FEAERE N/

6.35mm to 9.53mm

Failure Mode
Outward buckle approximately 50mm from specimen midpoint
*Local Moment taken at specimen midpoint

300

250
€ 200 .
2 )
.‘-E— [ {
S 150 i 1 7
E 1D Strain (Discrete Stations 4 to 5) l ]
% 100 H— - 1D Strain Centered on Buckle (VIC) ,' ' 2
E 2D Strain Centered on Buckle (VIC) |

50 w= == (05D Strain From Buckle towards End A (VIC) £
== == = 1D Strain from Buckle towards End A (VIC) !
0 I I L ’
0 5 -10 -15 -20 -25

Strain (%)

General Comments:

Calculation of discrete compressive strain beyond -8.6% was hindered by the failure of the extrados strain gauge

nearest to the buckle (X5).

Title:

Task 9.a Transition Weld Bend Test

Reviewed:

CMJT 23-Jun-17

Date: Specimen Identification:

9.a.iii (Transition 3)

Page 1 of 8
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Bending Moment versus Curvature
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[Compiled By: Date: Title:
BCA 15-Mar-16 Task 9.a Transition Weld Bend Test
Reviewed: Date: Specimen Identification:
cMJT 5-Apr-17 9.a.iii (Transition 3) PageZofB
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Intrados Strain Gauges and 1D Strains versus Local Moment

300
[ —
2o LA /] ; —
T / = 5
| i
200 |+ ; :
£ i
2
f-:f Strain Gauge X11
é 150 ¥ =~ Strain Gauge X12 [ |
g i —tc1
k- ' —t2
S 100 f-iF —
i €c3
e EC4
so |18 —Ec5 |
i £c6
1 £c7
o ] | I ]
0.0 -0.5 -1.0 -1.5 -2.0 -2.5 -3.0 -3.5 -4.0 -4.5 -5.0
Strain (%)
Extrados Strain Gauges versus Local Moment
300
" R —
250 M =X\ A
ol \ N\
T —
\ Ny, \-h—.__
200 -
T ; |
2 ﬁL Strain Gauge X1
= |
b l“r Strain Gauge X2
@ 150 1 —
E j{ Strain Gauge X3
E »{ == Strain Gauge X4
o |
o | ;
s 100 f Strain Gauge X5 | |
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. l 1 !
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[Compiled By: Date: Title: C E R
o . q R Moo Nios o
BCA 15-Mar-16 Task 9.a Transition Weld Bend Test lechn @ﬁ@ gﬁ Ies
[Reviewed. Date: Specimen Identification:
. P 30of8
CMJT 5-Apr-17 9.a.iii (Transition 3) ageso
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-6

1D Strain Profiles from Discrete Instrumentation

I I
—@— 1D Strain at -4.5% Mid-span Strain
—@— 1D Strain at -4.1% Mid-span Strain
~—@— 1D Strain at -3.6% Mid-span Strain

~—®—1D Strain at -3.2% Mid-span Strain
1D Strain at -2.7% Mid-span Strain
—@— 1D Strain at -2.3% Mid-span Strain

1D Strain at -1.8% Mid-span Strain *
—@— 1D Strain at -1.4% Mid-span Strain

=@ 1D Strain at -0.9% Mid-span Strain
~@— 1D Strain at -0.4% Mid-span Strain

* peak Moment

1D Compressive Strain (%)
w

—
0
1 2 3 4 5 6 7
Strain Location
T T - . T ;
EndA ! i 1 | | L End B
: : ! : : ]
i ! 1 ] i '
1 | ! |
o fan ) fan fan fan fan o
3/ NS G/ \QJ fry o/ v 3/
1 1 i 1 I 1
1 1 ]
i : i ; : ]
: \ ! H : 1
Pipe Station 1 Pipe Station 2 Pipe St#(iun 3 Pipe St%itiﬂn 4 Pipe Stétiun 5 Pipe s@tiun 6 Pine s(altiun 7 Pipe Station 8
Strain Profiles from VIC
-8 1 I I 1 I
= Strain at 1D-5.3%, 2D-3.6% Mid-span Strain
-7 N Strain at 1D-4.5%, 2D-3.2% Mid-span Strain H
\ Strain at 1D-3.8%, 2D-2.9% Mid-span Strain
-6 Strain at 1D-3%, 2D-2.4% Mid-span Strain * H
\/ Strain at 1D-2.3%, 2D-1.9% Mid-span Strain
g -5 v Strain at 1D-1.5%, 2D-1.25% Mid-span Strain  []
&= Strain at 1D-0.8%, 2D-0.6% Mid-span Strain
g . ——]
b f\/\ // * Peak Moment
g /\/\
7 N AN/
5 I AV
a /
S 2 Y = }
-1
et g | N
0 e
1
-972 -810 -648 -486 -324 -162 0 162 324 486 648 810 972
Distance From Centre (mm)
[Compiled By: Date: Title:
BCA 15-Mar-16 Task 9.a Transition Weld Bend Test
[Reviewed: Date: Specimen lde ntification:
. Page 4 of 8
CMJT 5-Apr-17 9.a.iii (Transition 3) g
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Pipe Measurements

End B

270°

Seam Weld at 265°

90°

End A :
D
135°
Pipe Specimen
L/ il tinas Athrough
Pre test Pup Lengths: ¥
End A to 1 220 mm B IEII H // Hoop Stations L through 8
1to2 324 mm e
2t03 324 mm @
3to 4 325 mm D
4t05 324 mm R ()
5t06 323 mm -
T 1
6to7 324 mm l )
7t08 323 mm 1 )
8to End B 220 mm »
R O)
Total Length 2707 mm -
e 85D 1 F——-———— -
X < Transition Weld
o5 5h,
Pre Test Pipe Lengths: i ®
Position B 2707 mm v e
Position D 2706 mm [
Position F 2707 mm L )
Position H 2708 mm 4 @
i
Average 2707 mm v o
— [ o
75D
' [Eni |
Circumferences: Grid Layout (1op view)
End A measured circumference 1020 mm Measurement Grid
End B measured circumference 1021 mm Note: Stations 5a and 5b were measured 51mm on
either side of the center of the transition weld.
Measurements Taken By: Date Title: C F E R
PHB 8-Feb-16 Task 9.a Transition Weld Bend Test ecnno
Measurements Approved By: Date Specimen |dentification:
- Page 5 of 8
BCA 10-Feb-18 9.a.iii (Transition 3) 9
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Diameter Measurements

Micrometer:

Verification Rod 1

Verification Rod 2

0.001 in
0.001 in

Diameters in inches (as measured)

Station Spanned Positions (in)

0°to 180° | 45°to 225° | 90° to 270° | 135° to 315°
1 12766 | 12796 | 12.713 [ 12.738
2 12.791 12.811 12.710 | 12.726
3 12.804 | 12.797 | 12.725 | 12.757
4 12789 | 12793 | 12.719 [ 12.744
5a 12.747 | 12773 | 12.714 | 12.727
5b 12.738 | 12,727 | 12.739 | 12.730
6 12.748 | 12746 | 12.755 | 12.749
i 12.750 | 12.743 | 12.759 | 12.7567
8 12.748 | 12.744 | 12.754 | 12.757

Diameters in millimeters (converted)

Seam Weld at 265°

270°

0°

225°

180°

Station Spanned Positions (mm) View from End A
0°to 180° | 45°to 225° | 90° to 270° | 135° to 315°
1 324.26 325.02 322.91 323.55
2 324.89 | 325.40 | 322.83 | 323.24
3 325.22 325.04 323.22 324.03
4 324.84 324.94 323.06 323.70
5a 323.77 | 324.43 | 322.94 | 323.27
5b 323.55 | 323.27 | 323.57 | 323.34
6 323.82 323.75 323.98 323.82
7 323.85 323.67 324.08 324.03
8 323.80 | 323.70 | 323.95 | 324.03
g Ovality
Station | Max. OD (mm) e Min. OD (mm) @ | Average OD (mm) [Standard Deviation| o, e (9) incl.
Position Position (mm) angle ()
1 325.02 45 322.91 90 323.93 0.91 0.65 45
2 325.40 45 322.83 90 324.09 1.25 0.79 45
3 325.22 0 323.22 90 324.38 094 0.62 90
4 324.94 45 323.06 90 324.14 0.91 0.58 45
5a 324.43 45 322.94 90 323.60 0.65 0.46 45
5b 323.57 90 323.27 45 323.43 0.15 0.09 45
6 323.98 90 323.75 45 323.84 0.10 0.07 45
7 324.08 90 323.67 45 323.91 0.18 0.13 45
8 324.03 135 323.70 45 323.87 0.15 0.10 90
* 2 D = D 2
Ovality = (Do min) + 100%
(Dnam)
Measurements Taken By: Date: Title: C F E R
PHB 8-Feb-16 Task 9.a Transition Weld Bend Test lechne
Measurements Approved By: Date: Specimen ldentification:
s Page 6 of 8
BCA 10-Feb-16 9.a.iii (Transition 3) 9
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Wall Thickness Measurements

Micrometer Measurements
Pipe Ring Verification

End A End B
F141009 - CP3 - QAlll F141009 - EV - 22333 - 9Alll - TR
Micrometer Ultrasonic probe Micrometer Ultrasonic probe
(mm) (mm) (mm) (mm)
End A - Position B 6.413 6.39 End A - Position B 9.420 9.41
End A - Position D 6.434 6.42 End A - Position D 9.390 9.37
End A - Position F 6.330 6.35 End A - Position F 0.458 9.48
End A - Position H 6.416 6.41 End A - Position H 9.415 941
End B - Position B 6.353 6.37 End B - Position B 9.410 9.39
End B - Position D 6.363 6.35 End B - Position D 9.421 9.44
End B - Position F 6.377 6.40 End B - Position F 9.430 9.41
End B - Position H 6.405 6.38 End B - Position H 9.407 9.41
Micrometer ID: o
Mitutoyo 0-1" 3ty
1": 1.00005" Calibration
Ultrasonic Probe ID:
Dakota Ultrasonics MVX G
270° 90
Seam Weld at 265
Ultrasonic Measurements _— -
180°
Circumferential Position
Staton [ A B C p | e ] F | @ H View from End A
Wall Thickness (mm)
1 6.430 6.400 6.510 6.450 6.380 6.400 6.410 6.460
2 6.410 6.380 6.500 6.420 6.370 6.380 6.430 6.440
3 6.420 6.390 6.500 6.440 6.360 6.380 6.420 6.450
4 6.430 6.410 6.510 6.470 6.390 6.400 6.480 6.430
5a 6.380 6.390 6.530 6.460 6.370 6.330 6.560 6.430
5b 6.210 6.190 6.490 6.440 6.140 6.180 6.230 6.200
6 9.520 9.480 9.490 9.550 9.460 9.450 9.920 9.460
7 9.510 9.480 9.510 9.550 9.450 9.530 10.050 9.480
8 9.560 9.510 9.540 9.580 9.490 9.540 10.020 9.520
End B
End A (excluding 5b)
Average 6.43 mm 9.57 mm
Std. dev 0.05 mm 0.17 mm
Note: 5b wall thickness measurements were taken on the back bevel of the counterbore weld.
Measurements Taken By: Date: Title: C F E R
PHB 8-Feb-16 Task 9.a Transition Weld Bend Test CNno
Measurements Approved By: Date: Specimen ldertification:
BCA 10-Feb-16 9.a.iii (Transition 3) Eagef o9
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Instrumentation Layout

VIC System O VIC System 1

F141009-EV-22333-9Alll-TR

X1 X2 X3,Y1 X4 X5 X6 X7 X8 X9 X10

0.5DTYP 1D TVPAD‘

(O Clinometer

O VIC 3D

mm Strain Gauge

Anomaly - Transition Weld 6.35mm to 9.53mm nominal wt pipe

30° 30°
DETAIL B
SCALE1:2

| \

il
=

3814 }

14.6° (4:1)

4992

Drawing Done By: Date: Title: C E R
BCA 15-Mar-16 Task 9.a Transition Weld Bend Test ]l; chnolo g[e S
Drawing Approved By: Date: Specimen |dentification:
cMJT 5-Apr-17 9.aiii (Transition 3) Pege8efs
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Task 9.b Corrosion Bend Test

Specimen Identification: 9.b.i (Corrosion 1)

C-FER Specimen Number: X65-ERW-1-2-9BI

C-FER Test Summary:
Test Date:

Rev. 2, June 23,

2017

October 29, 2015

Nominal Pipe Characteristics

Nominal OD (mm)=  323.85
Average OD (mm) = 323.87

Nominal Wall Thickness (mm) = 6.35

Average Wall Thickness (mm) = 6.38

Specimen Length (mm) = 2693

Length/OD = 8.3

SMYS (MPa) = 448

Test Loading Procedure
1. The specimen was pressurized to 72% SMYS while applying
compressive force to compensate for the end cap load.
2. The specimen was bent to the maximum displacement possible
within the test frame.
Test Parameters

Target Net Pressure (MPa)=  12.65

Test Average Net Pressure (MPa)=  12.65

Test Results

Strains Across Buckle at

Nominal Dimensions:

Nominal Dimensions (mm):

Measured Dimensions (mm):
Failure Mode

Peak End Moment (kN-m) =
Peak Local Moment* (kN-m) =

Peak Moment

1D Strain - Discrete (%) =

1D Strain - VIC (%) =
2D Strain - VIC (%) =

Anomaly - Shallow Corrosion Patch

Length Width

0.2D 0.2D
64.8 64.8
64.0 65.0

Qutward buckle formed at the specimen midpoint. A leak formed
on the edge of the corrosion patch ata 1D strain of 14.1%
*Local Moment taken at specimen midpoint

171

-1.7
2.3
-1.5

Depth
0.25t
1.59
1.45

250
200 ¢ E— = .
£ - [
4
X 150 !
£ \ |
[}
§
s 100
TE e 1 D Strain (Discrete)
= 50 1D Strain (VIC)
—— 2D Strain (VIC)
0 | |
0 -2 -4 -6 -8 -10 -12 -14 -16
Strain (%)
General Comments:
% : e
L - e N

Title:
C-FER =
Task 9.b Corrosion Bend Test lechno loglies
|Reviewea: Date: Specimen Identification:
cMJT 23-Jun-17 9.b.i (Corrosion 1) Pager of 8
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Bending Moment versus Curvature
250 |
Local Moment
/\ \\ End Moment
200
"EI" 150 = \
2
—
€
£
S 100 ™
s \
50 \\\
. \
0.1 0.2 0.3 0.4 0.5 0.6 0.7
Mid-Span 1D Curvature (rad/m)
Specimen Pressure versus Elapsed Time
14
12
10
©
(-9
2
o 8
3
a
[
[-%
§ 6
E /
o
L]
o
5 i
4
2
0
0 10 20 30 40 50 60 70 80 90
Elapsed Time (min)
[Compiled By: Date: Title:
BCA 4-Feb-16 Task 9.b Corrosion Bend Test
IReviewed: Date: Specimen Identification:
cMJT 6-Apr-17 9.b.i (Corrosion 1) Peae2ers
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Intrados Strain Gauges and 1D Strains versus Local Moment
250
200
B
3 150
= = Strain Gauge X10
=
£ s Strain Gauge X11
S
= e €1
w 100 |
3 €2
e £€3
€cd
50 ——£c5 T
€cb
€c7
0 ] | !
-1.5 -2.0 -2.5 -3.0 -3.5 -4.0 -4.5 -5.0
Strain (%)
Extrados Strain Gauges versus Local Moment
250
200
E
é 150 s Strain Gauge X1 [
E == Strain Gauge X2
EE = Strain Gauge X3
E 100 = Strain Gauge X4 ||
3 Strain Gauge X5
= Strain Gauge X6
50 -Strain Gauge X7 [
== Strain Gauge X8
@ -Strain Gauge X9
0 1 ! e e
-0.5 0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
Strain (%)
[Compiled By: Date: Title:
BCA 4-Feb-16 Task 9.b Corrosion Bend Test
[Reviewed: Date: Specimen Ide ntification:
. . Page 3 of 8
CMJT 6-Apr-17 9.b.i (Corrosion 1) g




Page D-38

-5

1D Strain Profiles from Discrete Instrumentation

-5

'l—o—lD Strain at -4.3‘;6 Mid-span Strain
—@— 1D Strain at -3.9% Mid-span Strain H
~—@— 1D Strain at -3.4% Mid-span Strain
~—@—1D Strain at -3% Mid-span Strain

1D Strain at -2.6% Mid-span Strain
—@— 1D Strain at -2.1% Mid-span Strain

1D Strain at -1.7% Mid-span Strain *
—@— 1D Strain at -1.3% Mid-span Strain
—@— 1D Strain at -0.9% Mid-span Strain |4
~@— 1D Strain at -0.4% Mid-span Strain

1D Compressive Strain (%)
w

) : ]
\ * Peak Moment
-2
: — e — .~ S—
_1 T *T
0
1 2 3 4 6 7
Strain Location
T T : T T t
End A i H ! ; : ! EndB
| T i T T |
‘ H ! i i i
1 1 ' 1 1 '
D fan fan fan fan Y o
L/ 4/ &/ \,J G/ G/ \{J 3/
1 1 H 1 1 1
1 1 1
: ! : ; i
i ) ! i ] ‘
Pipe Station 1 Pipe Sthtion 2 Pipe S(Pliun 3 Pipe St:ation 4 Pipe sqniun 5 Pipe Sthtion 6 Pioe Stition 7 Pipe Station 8
Strain Profiles from VIC
-10 I I I I I
= Strain at 1D-4%, 2D-2.5% Mid-span Strain
9 Strain at 1D-3.5%, 2D-2.1% Mid-span Strain
Strain at 1D-2.9%, 2D-1.9% Mid-span Strain
8
= Strain at 1D-2.3%, 2D-1.5% Mid-span Strain *
7 Strain at 1D-1.7%, 2D-1.3% Mid-span Strain
9 Strain at 1D-1.15%, 2D-0.9% Mid-span Strain
."E‘I 6 Strain at 1D-0.6%, 2D-0.5% Mid-span Strain
£
] * Peak Moment
g 5
2
a
<
a -4 41
: !
o
Q
-3
2 g
1 / I‘ﬁ\
e — ‘WJ \\\_-::‘ P ——————— e
——— —— ] e e e e ey P N
0
-972 -810 -648 -486 -324 -162 0 162 324 486 648 810 972
Distance From Centre (mm)
[Compiled By: Date: Title:
BCA 15-Mar-16 Task 9.b Corrosion Bend Test
[Reviewed: Date: Specimen lde ntification:
. . Page 4 of 8
CMJT 5-Apr-17 9.b.i (Corrosion 1) g
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Pipe Measurements

End B 315

270° s

Seam Weld at 2657

End A
225°
180°
Pipe Specimen
View from End A
Pre test Pup Lengths: Pam e
EndAto 1 213 mm . H/
1102 324 mm e ; /oo stons s g
—— 0.75D »
2t03 323 mm 1 i
3t04 325 mm ? ~
4105 324 mm L
5t06 325 mm ? =)
6t 7 323 mm o
7108 323 mm e =
8to End B 213 mm 1 ~
- i
Total Length 2693 mm ! @
R A N A
. (5}
Pre Test Pipe Lengths: it
Position B 2693 mm .
ot ¥ (6
Position D 2691 mm e
Position F 2 692 mm i
Position H 2694 mm Jr @
fi
Average 2693 mm R Vi
——— R
75D
] _Enti6]
Circumferences: Grid Layout (Top view)
End A measured circumference 1020 mm Measurement Grid
End B measured circumference 1020 mm
Measurements Taken By: Date: Title: C F E R
TCT 28-Sep-15 Task 9.b Corrosion Bend Test =Y
Measurements Approved By: Date: Specimen Identification:

BCA 28-Oct-15 9.b.i (Corrosion 1) Pags bef8
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Diameter Measurements

Micrometer:

0.000 in
0.000 in

Verification Rod 1
Verification Rod 2

Diameters in inches (as measured)

Station Spanned Positions (in)

0°to 180° | 45°to 225° | 90° to 270° | 135° to 315°
1 12.775 | 12.750 | 12.730 | 12.764
2 12.791 12.763 | 12.709 | 12.740
3 12.790 | 12.761 12.696 | 12.733
4 12.805 | 12.757 | 12.720 | 12.760
5 12.802 | 12.755 | 12.712 [ 12.732
6 12.821 12.760 | 12.693 | 12.732
T 12.802 | 12.753 | 12.699 [ 12.741
8 12.788 | 12.766 | 12.677 [ 12.750

Diameters in millimeters (converted)

270°

Seam Weld at 265°

180°

Station Spanned Positions (mm) View from End A
0°to 180° | 45°to 225° | 90°to 270° | 135° to 315°
1 324.49 | 323.85 | 323.34 | 324.21
2 324.89 324.18 322.81 323.60
3 324.87 324.13 322.48 323.42
4 325.25 | 324.03 | 323.09 | 324.10
5 325.17 323.98 322.88 323.39
6 32565 | 324.10 | 322.40 | 323.39
7 32517 323.93 322.55 323.62
8 324.82 324.26 322.00 323.85
. Ovality
Station | Max. OD (mm) e Min. OD (mm) @ | Average OD (mm) [Standard Deviation| o e (%) incl.
Position Position (mm) angle ()
1 324.49 0 323.34 90 323.97 0.49 0.35 90
2 324.89 0 322.81 90 323.87 0.88 0.64 90
3 324.87 0 322.48 90 323.72 1.02 0.74 90
4 325.25 0 323.09 90 324.12 0.88 0.67 90
5 325.17 0 322.88 90 323.86 0.98 0.71 90
6 325.65 0 322.40 90 323.89 1.37 1.00 90
7 32517 0 322.55 90 323.82 1.08 0.81 90
8 324.82 0 322.00 90 323.73 1.22 0.87 90
* < D . D o
Ovahty — (m‘“—m‘“) * 100%
(Dﬂﬂn'l
Measurements Taken By: Date: Title: C F E R
TCT 19-Oct-15 Task 9.b Corrosion Bend Test - nologo
Measurements Approved By: Date: Specimen Identification: :
5 . Page 6 of 8
BCA 28-Oct-15 9.b.i (Corrosion 1)
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Wall Thickness Measurements

Micrometer Measurements
Pipe Ring Verification

Vicrometer Ultrasonic probe
(mm) (mm)
End A - Position B 6.376 6.39
End A - Position D 6.314 6.33
End A - Position F 6.344 6.37
End A - Position H 6.384 6.40
End B - Position B 6.391 6.40
End B - Position D 6.352 6.37
End B - Position F 6.306 6.29
End B - Position H 6.346 6.34
Micrometer ID:
Mitutoyo 0-1"

1" Calibration : 1.00030"

Ultrasonic Probe ID:
Dakota Ultrasonics MVX +/- 0.001"
Velocity: 5904 m/s [6.34mm One Point]

Ultrasonic Measurements

270°

G

315°

i
Seam Weld at 265°

Circumferential Position
Station | A B c p | E F | 6 H View from End A
Wall Thickness (mm)
1 6.34 6.28 6.35 6.23 6.24 6.58 6.88 6.50
2 6.29 6.18 6.31 6.25 6.22 6.31 6.54 6.29
3 6.28 6.21 6.37 6.34 6.13 6.30 6.86 6.51
4 6.26 6.19 6.30 6.33 6.36 6.24 6.96 6.41
5 6.41 6.30 6.34 6.26 6.45 6.31 6.86 6.44
6 6.30 6.26 6.33 6.21 6.32 6.26 6.85 6.38
7 6.29 6.29 6.32 6.39 6.28 6.25 6.86 6.33
8 6.22 6.29 6.32 6.29 6.29 6.34 7.01 6.46
Average 6.38 mm
Std. dev 0.20 mm
Measurements Taken By: Date: Title: C F E R
TCT 19-Oct-15 Task 9.b Corrosion Bend Test \( X
Measure ments Approved By: Date: Specimen Identification:
BCA 28-Oct-15 9.b.i (Corrosion 1) Eage 0o
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Instrumentation Layout

Svstem 0

System 1

| 050 ‘[ISD

(O Clinometer

mm Strain Gauge

Anomaly placed on top (intrados with

respect to bending) at specimen centreline

. VIC 3D

Drawing Done By: Date: Title: C E R
BCA 4-Feb-16 Task 9.b Corrosion Bend Test ]'I-;_- chnolo g| es
Drawing Approved By: Date: Specimen |dentification:
CMJT 6-Apr-17 9.b.i (Corrosion 1) Fage BB
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Task 9.b Corrosion Bend Test

Specimen |dentification: 9.b.ii (Corrosion 2)

C-FER Specimen Number: X65-ERW-1-2-9BII

Rev. 2, June 23, 2017
November 5, 2015

C-FER Test Summary:
Test Date:

Nominal Pipe Characteristics

Nominal OD (mm)= 323.85
Average OD (mm)= 324.07
Nominal Wall Thickness (mm) =  6.35
Average Wall Thickness (mm) = 6.38
Specimen Length (mm) = 2700

LengthlOD = 8.3
SMYS (MPa)= 448

Test Loading Procedure

1. The specimen was pressurized to 72% SMYS while applying
compressive force to compensate for the end cap load.

2. The specimen was bent to the maximum displacement possible
within the test frame.

Test Parameters

Target Net Pressure (MPa)= 12.65
Test Average Net Pressure (MPa)=  12.65

Test Results
Peak End Moment (kN-m) = 170
Peak Local Moment* (kN-m) = 255

Strains Across Buckle at Peak Moment

1D Strain - Discrete (%) = 25
1D Strain - VIC (%) = 28
2D Strain - VIC (%) = 25

Anomaly - Corrosion Circumferential Groove

Length  Width Depth

Nominal Dimensions: 0.05D 0.2D 0.25t
Nominal Dimensions (mm):  16.2 64.8 1.59
Measured Dimensions (mm).  16.0 65.0 1.55

Failure Mode
QOutward buckle formed at the specimen midpoint.

*Local Moment taken at specimen midpoint

300

Local Moment (kN-m)

1D Strain (Discrete)

- 1D Strain (VIC)

e 2D Strain (VIC)
I

-15 -20 -25
Strain (%)

General Comments:

Testing was suspended during initial bending to address a test control issue. The bending moment during the first

cycle reached approximately 100 kN-m and the specimen behaved elastically.

Post Test:

A
R

NN Oy

Title:

Task 9.b Corrosion Bend Test

C-FER

Reviewed:

CMJT 23-Jun-17

Date: Specimen Identification:

9.b.ii (Corrosion 2) Pega'l of 8

echnologies
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Bending Moment versus Curvature

300

Local Moment

250 S E—

End Moment

200

150 [

Moment (kN-m)

100 P,

Mg

50 \

N
0 T~

0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8
Mid-Span 1D Curvature (rad/m)

Specimen Pressure versus Elapsed Time

14

- | i |

e

10

Specimen Pressure (MPa)
()]
_'_‘__.—.—'—-F—

0 20 40 60 80 100 120 140 160 180 200 220
Elapsed Time (min)

[Compiled By: Date: Title:
BCA 4-Feb-16 Task 9.b Corrosion Bend Test
[Reviewed: Date: Specimen lde ntification:
cMJT 6-Apr-17 9.b.ii (Corrosion 2) Page20P8
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Intrados Strain Gauges and 1D Strains versus Local Moment

300
250 — — |
|
200 f
B
z
= " —Strain Gauge X10
=
£ 150 7 w Strain Gauge X11 [
S !
s o g ——tcl
® b
8 | €c2
= 100 [(— —
| — 3
} Ec4
50 |- ——£c5 ||
| | ¥ Ecb
' 1 A &c7
o 1 i ——
0.0 -0.5 -1.0 -1.5 -2.0 -2.5 -3.0 -3.5 -4.0 -4.5 -5.0
Strain (%)
Extrados Strain Gauges versus Local Moment
300
250
200 f
T | |
é | ==Strain Gauge X1
£ 1so " ———Strain Gauge X2 | |
£ i |
=} (B ] i I = Strain Gauge X3
= :3? B!
s Iy 1 | ——Strain Gauge X4
S J { |
100 'l 1 Strain Gauge X5 [
j ” { | == Strain Gauge X6
50 J ». ““ ; ‘ Strain Gauge X7 |
" ; “ | ’ Strain Gauge X8
i 1) |
| ]i‘ | 1 [ ===Strain Gauge X9
0 | 10 : : : |
-0.5 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Strain (%)
[Compiled By: Date: Title:
BCA 4-Feb-16 Task 9.b Corrosion Bend Test
[Reviewed: Date: Specimen Ide ntification:
. . Page 3 of 8
CMJT 6-Apr-17 9.b.ii (Corrosion 2) g
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1D Strain Profiles from Discrete Instrumentation
-7 I I
—@— 1D Strain at -6.1% Mid-span Strain
~—@— 1D Strain at -5.5% Mid-span Strain
6 ~—@— 1D Strain at -4.9% Mid-span Strain
@ 1D Strain at -4.3% Mid-span Strain
F s 1D Strain at -3.7% Mid-span Strain
= —®— 1D Strain at -3.1% Mid-span Strain
;S_!; 1D Strain at -2.5% Mid-span Strain *
o 4 —@— 1D Strain at -1.8% Mid-span Strain
é —@— 1D Strain at -1.2% Mid-span Strain
o —@— 1D Strain at -0.6% Mid-span Strain
o -3
g * Peak Moment
5 /
[a]
o / \
. g ’\\‘\
0 |
1 2 3 4 5 6 7
Strain Location
1 A 1 > L 1
T T T T 1
End A i H : ; : ! EndB
) 1 i ! ' 1
i : : : ! :
1 1
H i [ 1 | H
' 1 ! : I |
; i ! ; . A
Pipe Station 1 Pipe Sthtion 2 Pipe S(Pliun 3 Pipe St:ation 4 Pipe sqniun 5 Pipe Sthtion 6 Pioe Stition 7 Pipe Station 8

Strain Profiles from VIC

-8

7 H

5

= Strain at 1D-4.9%, 2D-0.35% Mid-span Strain
Strain at 1D-4.2%, 2D-3.2% Mid-span Strain

Strain at 1D-3.5%, 2D-2.8% Mid-span Strain
Strain at 1D-2.8%, 2D-2.5% Mid-span Strain *
Strain at 1D-2.1%, 2D-1.9% Mid-span Strain
Strain at 1D-1.4%, 2D-1.3% Mid-span Strain J
Strain at 1D-0.7%, 2D-0.7% Mid-span Strain

-3

* Peak Moment

B

\

[

Compressive Strain (%)
A

\
\
\

g%m

, /N L
-1 T — I i\ —r" v'\—_———/‘—\-—; P‘-\"‘!\\"?'
w\—.’v—/ \,\,.__,./ ——————
0
-972 -810 -648 -486 -324 -162 0 162 324 486 648 810 972
Distance From Centre (mm)
[Compiled By: Date: Title:
BCA 4-Feb-16 Task 9.b Corrosion Bend Test
[Reviewed: Date: Specimen lde ntification:
cMJT 5-Apr-17 9.b.ii (Corrosion 2) BeirAerg
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Pipe Measurements

0°
End B 315°
270° G
Seam Weld at 2657
End A
225°
180°
Pipe Specimen
View from End A
Pre test Pup Lengths: T st
EndAto 1 213 mm . H/
T T A PR
0.75D 3
2t03 324 mm 1 (i
3to4 324 mm i -
4105 324 mm L
5t06 323 mm : =
6t 7 325 mm o
7108 324 mm e =
810 End B 219 mm ¥ ~
—_— i
Total Length 2700 mm lT (£
€+ (5}
Pre Test Pipe Lengths: S
Position B 2699 mm e
T vy o
Position D 2 697 mm et
Position F 2702 mm i
Position H 2701 mm Jr &
Average 2700 mm v \H)\
750 |
] _EntiE]
Circumferences: Grid Layout (Top view)
End A measured circumference 1020 mm Measurement Grid
End B measured circumference 1021 mm
Measurements Taken By: Date Title: C F E R
TCT 28-Oct-15 Task 9.b Corrosion Bend Test \}cNno
Measurements Approved By: Date: Specimen Identification:
- . Page 5 of 8
BCA 4-Nov-15 9.b.ii (Corrosion 2) g
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Diameter Measurements

Micrometer:

Verification Rod 1
Verification Rod 2

0.001
0.001

Diameters in inches (as measured)

Station Spanned Positions (in)

0°to 180° | 45°to 225° | 90° to 270° | 135° to 315°
1 12.82 12.75 12.73 12.75
2 12.80 12.74 12.72 12.75
3 12.80 12.73 12.72 12.79
4 12.80 12.74 12.73 12.76
5 12.81 12.75 12.73 12.76
6 12.82 12.74 12.73 12.77
7 12.80 12.73 12.73 12.77
8 12.79 12.74 12.73 12.75

Diameters in millimeters (converted)

Scam Weld at 265°

270°

Station Spanned Positions (mm) View from End A
0°t0180° | 45°to 225° | 90° to 270° | 135° to 315°
1 325.70 323.95 323.27 323.88
2 325.22 323.62 322.99 323.95
] 325.22 | 323.29 | 323.14 | 324.79
4 325.12 323.57 323.32 324.13
5 325.32 323.72 323.22 324.13
6 325.73 323.55 323.34 324.41
7 325.12 323.44 323.27 324.43
8 32479 | 323.47 | 32322 | 323.93
— Ovality
Station | Max. OD (mm) e Min. OD (mm) @ | Average OD (mm) |Standard Deviation) e (%) incl.
Position Position (mm) angle ()
1 325.70 0 323.27 90 324.20 1.06 0.75 90
2 325.22 0 322.99 20 323.95 0.94 0.69 20
3 325.22 0 323.14 90 324.11 1.05 0.64 90
4 325.12 0 323.32 90 324.03 0.80 0.56 90
5 325.32 0 323.22 20 324.10 0.80 0.65 20
6 325.73 0 323.34 90 324.26 1.09 0.74 90
7 325.12 0 323.27 90 324.07 0.87 0.57 90
8 324.79 0 323.22 20 323.85 0.69 0.49 20
. . (b, -D.)
Ovality = —o s *100%
(Dﬂ om )
Measurements Taken By: Date: Title: C F E R
TCT 8-Oct-15 Task 9.b Corrosion Bend Test - olooi
Measurements Approved By: Date: Specimen Identification:
o x Page 6 of 8
BCA 4-Nov-15 9.b.ii (Corrosion 2)




Page D-49

Wall Thickness Measurements

Micrometer Measurements
Pipe Ring Verification

Mitutoyo 0-1" (HTS)

1" :1.00005"

Ultrasonic Probe ID:
Dakota Ultrasonics MVVX +/-0.001"
Velocity: 5904m/s

Ultrasonic Measurements

Vicrometer Ultrasonic probe

(mm) (mm)
End A - Position B 6.321 6.33
End A - Position D 6.290 6.26
End A - Position F 6.301 6.29
End A - Position H 6.348 6.36
End B - Position B 6.359 6.33
End B - Position D 6.292 6.27
End B - Position F 6.286 6.27
End B - Position H 6.355 6.33

Micrometer ID:

315°

270°—5

i
Seam Weld at 265°

Circumferential Position
Station | A B c p | E F | 6 H View from End A
Wall Thickness (mm)
1 6.35 6.30 6.39 6.29 6.33 6.30 6.43 6.42
2 6.32 6.34 6.44 6.29 6.32 6.30 6.47 6.37
3 6.34 6.35 6.48 6.28 6.36 6.26 6.49 6.36
4 6.37 6.40 6.52 6.32 6.18 6.32 6.51 6.45
5 6.37 6.41 6.51 6.33 6.35 6.34 6.52 6.39
6 6.33 6.42 6.52 6.30 6.35 6.32 6.53 6.41
7 6.35 6.36 6.46 6.33 6.39 6.31 6.46 6.36
8 6.31 6.37 6.51 6.31 6.32 6.30 6.50 6.37
Average 6.38 mm
Std. dev 0.08 mm
Measurements Taken By: Date: Title: C F E R
TCT 13-Oct-15 Task 9.b Corrosion Bend Test ~chnole
Measurements Approved By: Date: Specimen ldentification:
BCA 5-Nov-15 9.b.ii (Corrosion 2) Paged of 8
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Instrumentation Layout

System O

System 1

(O Clinometer == Strain Gauge O VIC 3D

Anomaly placed on top (intrados with

Drawing Done By: Date: Title: C E R
BCA 4-Feb-16 Task 9.b Corrosion Bend Test ]'I-;_- chnolo g| es
Drawing Approved By: Date: Specimen |dentification:
CMJT 6-Apr-17 9.b.ii (Corrosion 2) Fage BB
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Task 9.b Corrosion Bend Test

Specimen |dentification: 9.b.iii (Corrosion 3)

C-FER Specimen Number: X65-ERW-1-2-Blll

C-FER Test Summary:
Test Date:

Rev. 2, June 23, 2017

Novmber 16, 2015

Nominal Pipe Characteristics

Nominal OD (mm) = 323.85
Average OD (mm) = 324.07

Nominal Wall Thickness (mm)=  6.35

Average Wall Thickness (mm)=  6.35

Specimen Length (mm)= 2705

Length/OD = 8.3

SMYS (MPa)= 448

Test Loading Procedure
1. The specimen was pressurized to 72% SMYS while applying
compressive force to compensate for the end cap load.
2. The specimen was bent to the maximum displacement possible
within the test frame.
Test Parameters

Target Net Pressure (MPa)= 12.65

Test Average Net Pressure (MPa) =

Test Results

Peak End Momen

t (kN-m) =

Peak Local Moment* (kN-m) =

Strains Across Buckle at Peak Moment

1D Strain - Discrete (%) =

1D Strain -
2D Strain -

Length

Nominal Dimensions:  0.2D
Nominal Dimensions (mm).  64.8
Measured Dimensions (mm).  65.0

VIC (%) =
VIC (%) =

Anomaly - Deep Corrosion Patch

Width
0.2D
64.8
65.0

157

208

-2.5
-2.6
-1.5

Depth
0.4t
2.54
249

12.65

Failure Mode

QOutward buckle formed at the specimen midpoint. A leak formed

on the edge of the corrosion patch ata 1D strain of 11.3%
*Local Moment taken at specimen midpoint

250

€ \
=
=
= \
]
§
s 100
Tuu e 1 D Strain (Discrete)
S

50 1D Strain (VIC)

2D Strain (VIC)
0 |
0 -2 -4 -6 -8 -10 -12

Strain (%)

General Comments:

Post Test:

Title:

Task 9.b Corrosion Bend Test

|Reviewed:

CMJT 23-Jun-17

Date: Specimen Identification:

9.b.iii (Corrosion 3)

Page 1 of 8
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Bending Moment versus Curvature
250 , T
Local Moment
200 p End Moment
‘__-“—
g 150 ~ \
& \
=
E \
@
g 100 —
2 \\
50 e
0
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
Mid-Span 1D Curvature (rad/m)
Specimen Pressure versus Elapsed Time
14
/
12 /,
10
g
£
L 8
2
o
a
g 6
£
o
L
[~
wv
4
2
0
0 10 20 30 40 50 60
Elapsed Time (min)
Compiled By: Date: Title: C . F E R
BCA 4-Feb-16 Task 9.b Corrosion Bend Test l[echnol
[Reviewed. Date: Specimen Identification:
cMJT 6-Apr-17 9.b.iii (Corrosion 3) PageZols
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250

200

Intrados Strain Gauges and 1D Strains versus Local Moment

E
= 150
f— e Strain Gauge X10
é -Strain Gauge X11
o
—Ecl
E 100 |
3 —Ec2
S
3
Ecd
50 ——£c5 T
€cb
Ec7
0 | | !
-1.5 -2.0 -2.5 -3.0 -3.5 -4.0 -4.5 -5.0
Strain (%)
Extrados Strain Gauges versus Local Moment
250
BATS
200 i /d <
1y
E
Z 150 = Strain Gauge X1
‘é = Strain Gauge X2
g = Strain Gauge X3
'_g“ 109 | == Strain Gauge X4
o~ |
| Strain Gauge X5
" | ———Strain Gauge X6
50 | -Strain Gauge X7
‘ -Strain Gauge X8
=Strain Gauge X9
0 ! I I
-0.5 0 0.5 1.5 2 2.5 3 35 4 45 5
Strain (%)
(Compiled By: Date: Title:
BCA 4-Feb-16 Task 9.b Corrosion Bend Test
[Reviewed: Date: Specimen Identification:
cMJT 6-Apr-17 9.b.iii (Corrosion 3) Page 3 of 8
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-6

1D Strain Profiles from Discrete Instrumentation

1D Compressive Strain (%)

I—.-— 1D Strain at -5.1I% Mid-span Strain
—@— 1D Strain at -4.5% Mid-span Strain
—@— 1D Strain at -4% Mid-span Strain
~—@— 1D Strain at -3.5% Mid-span Strain
1D Strain at -3% Mid-span Strain
—&— 1D Strain at -2.5% Mid-span Strain
1D Strain at -2% Mid-span Strain *
—@— 1D Strain at -1.5% Mid-span Strain
=@ 1D Strain at -1% Mid-span Strain
~—@— 1D Strain at -0.5% Mid-span Strain

* Peak Moment

1 2 3 4 5 6 7
Strain Location
: : : ; ; :
End A i H ! ; : ! EndB
i T i ¥ 1 1
‘ H ! i i i
1 1 ' 1 1 '
D fan fan fan fan Y o
L/ 4/ &/ \,J G/ G/ \{J 3/
1 1 H 1 1 1
1 1 1
! : : : i !
Pipe Station 1 Pipe Sthtion 2 Pipe S(Pliun 3 Pipe St:ation 4 Pipe sqniun 5 Pipe Sthtion 6 Pioe Stition 7 Pipe Station 8
Strain Profiles from VIC
-10 I I I I I
= Strain at 1D-4.6%, 2D-2.5% Mid-span Strain
9 Strain at 1D-3.9%, 2D-2.1% Mid-span Strain
Strain at 1D-3.3%, 2D-1.8% Mid-span Strain
8
= Strain at 1D-2.6%, 2D-1.5% Mid-span Strain *
7 Strain at 1D-1.9%, 2D-1.2% Mid-span Strain ﬂ
9 Strain at 1D-1.3%, 2D-0.8% Mid-span Strain
."E‘I 6 Strain at 1D-0.6%, 2D-0.5% Mid-span Strain
£
] * Peak Moment
¥ 5 -
2
m ‘\
<
o 4 a
E
o
Q
-3
-2
-1
== [} . —— e e N
. hmﬁ [ tﬁﬁ:‘“«;" wv‘
0
-972 -810 -648 -486 -324 -162 0 162 324 486 648 810 972
Distance From Centre (mm)
[Compiled By: Date: Title:
BCA 4-Feb-16 Task 9.b Corrosion Bend Test
[Reviewed: Date: Specimen lde ntification:
. Page 4 of 8
CMJT 5-Apr-17 9.b.iii (Corrosion 3) g
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Pipe Measurements

End B 315

270° s

Seam Weld at 2657

End A
225°
180°
Pipe Specimen
View from End A
Pre test Pup Lengths: Pam e
EndAto 1 221 mm . H/
1102 324 mm = ; L/ g s g s
0.75D ¥
2t03 324 mm 1 i
3t04 323 mm ? ~
4105 323 mm L
5t06 324 mm ? &)
6to7 324 mm
7t08 323 mm L 7
8to End B 220 mm 1 ~
- 1D
Total Length 2706 mm i @
A A N Y
<+ (5}
Pre Test Pipe Lengths: S
Position B 2706 mm .
e I v i
Position D 2704 mm ~
Position F 2 704 mm i
Position H 2705 mm Jr @
fi
Average 2705 mm 4 o
——— R
75D
] _Enti6]
Circumferences: Grid Layout (Top view)
End A measured circumference 1021 mm Measurement Grid
End B measured circumference 1023 mm
Measurements Taken By: Date: Title: C F E R
TUT 10-Nov-15 Task 9.b Corrosion Bend Test e( hno
Measurements Approved By: Date: Specimen Identification:

BCA 13-Nov-15 9.b.iii (Corrosion 3) Fage ot
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Diameter Measurements

Micrometer:

Verification Rod 1
Verification Rod 2

0.001
0.001

Diameters in inches (as measured)

Station

Spanned Positions (in)

0° to 180° | 45° to 225°

90° to 270° | 135° to 315°

12.801 12.735

12.745 12.790

12.799 | 12.734

12.724 | 12.764

12.801 12.739

12.714 12.757

12.793 12.740

12.719 12.751

12.803 | 12.738

12.743 | 12.790

12.818 12.741

12.722 12.774

12.804 12.736

12.714 12.764

Lol [NE e N K& B N HEVH N

12.782 | 12.735

12.730 | 12.773

Diameters in millimeters (converted)

Scam Weld at 265°

270°

Station Spanned Positions (mm) View from End A
0°t0180° | 45°to 225° | 90° to 270° | 135° to 315°
1 325.15 323.47 323.72 324.87
2 325.09 323.44 323.19 324.21
] 325.15 | 323.57 | 322.94 | 324.03
4 324.94 323.60 323.06 323.88
5 325.20 323.55 323.67 324.87
6 325.58 323.62 323.14 324.46
7 325.22 323.49 322.93 324.21
8 324.66 | 323.47 | 323.34 | 324.43
— Ovalit
Station | Max. OD (mm) e Min. OD (mm) @ | Average OD (mm) |Standard Deviation) e (%) incl.y
Position Position (mm)
angle (°)
1 325.15 0 323.47 45 324.30 0.83 0.52 45
2 325.09 0 323.19 20 323.98 0.86 0.59 20
3 325.15 0 322.94 90 323.92 0.93 0.68 90
4 324.94 0 323.06 90 323.87 0.79 0.58 90
5 325.20 0 323.55 45 324.32 0.83 0.51 45
6 325.58 0 323.14 90 324.20 1.07 0.75 90
7 325.22 0 322.93 90 323.96 0.99 0.71 90
8 324.66 0 323.34 20 323.98 0.67 o041 20
" Ovality = (D = D) 100%
(Dﬂ om )
Measurements Taken By: Date: Title: C i F E R
TCT 10-Nov-15 Task 9.b Corrosion Bend Test Tale
Measurements Approved By: Date: Specimen ldertification:
< Page 6 of 8
BCA 13-Nov-15 9.b.iii (Corrosion 3)
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Wall Thickness Measurements

Micrometer Measurements
Pipe Ring Verification

Mitutoyo 0-1" (HTS)

1":1.00030"

Ultrasonic Probe ID:
Dakota Ultrasonics MVVX +/-0.001"
Velocity: 5904 m/s

Ultrasonic Measurements

Vicrometer Ultrasonic probe

(mm) (mm)
End A - Position B 6.290 6.29
End A - Position D 6.290 6.29
End A - Position F 6.250 6.25
End A - Position H 6.310 6.31
End B - Position B 6.320 6.32
End B - Position D 6.260 6.26
End B - Position F 6.250 6.25
End B - Position H 6.280 6.28

Micrometer ID:

i
Seam Weld at 265°

315°

270°—5

Circumferential Position
Station [ A B c p | E F G H View from End A
Wall Thickness (mm)
1 6.270 6.270 6.390 6.240 6.280 6.250 6.440 6.250
2 6.310 6.300 6.410 6.250 6.310 6.260 6.370 6.310
3 6.340 6.340 6.450 6.300 6.360 6.290 6.520 6.370
4 6.380 6.350 6.500 6.320 6.340 6.290 6.480 6.380
5 6.340 6.380 6.470 6.340 6.390 6.360 6.480 6.360
6 6.320 6.340 6.450 6.300 6.350 6.320 6.490 6.380
7 6.320 6.330 6.440 6.270 6.350 6.290 6.480 6.380
8 6.280 6.360 6.400 6.240 6.290 6.230 6.430 6.330
Average 6.35 mm
Std. dev 0.07 mm
Measurements Taken By: Date: Title: C F E R
TCT 10-Nov-15 Task 9.b Corrosion Bend Test A
Measurements Approved By: Date: Specimen Identification:
BCA 13-Nov-15 9.b.iiii (Corrosion 3) Fage7 ot8
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Instrumentation Layout

System 0

System 1

() Clinometer == Strain Gauge . VIC 3D

Anomaly placed on top (intrados with

Drawing Done By: Date: Title: C E R
BCA 4-Feb-16 Task 9.b Corrosion Bend Test ]Iéch no log| es
Drawing Approved By: Date: Specimen |dentification:
CMJT 6-Apr-17 9.b.iii (Corrosion 3) Paghéiol 8
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Task 9.c Bend Test with Dent

Specimen |dentification: 9.c.i (Dent 1) C-FER Test Summary: Rev. 2 June 23, 2017
C-FER Specimen Number: X65-ERW-1-1-9CI Test Date: September 22, 2015
Nominal Pipe Characteristics Test Results
Nominal OD (mm) = 323.85 Peak End Moment (kN-m) = 166
Average OD (mm) = 323.97 Peak Local Moment* (kN-m) = 255
Nominal Wall Thickness (mm)=  6.35
Average Wall Thickness (mm)=  6.32
Specimen Length (mm)= 2700 Strains Across Buckle at Peak Moment
Length/OD = 8.3 1D Strain - Discrete (%) = -3.7
SMYS (MPa) = 448 1D Strain - VIC (%) = -3.3
Test Loading Procedure 2D Strain - VIC (%) = -3.0

1. The specimen was pressurized to 90% SMYS then 5 cycles of 72%.
2. The specimen was pressurized to 72% SMYS while applying

compressive force to compensate for the end cap load. Anomaly - Dent midspan intrados 63.5mm diameter ball
3. The specimen was bent to the maximum displacement possible Indentation Depth (mm) = 10.7
within the test frame. Dent Depth After Rebound (mm) = 52
Test Parameters Dent Depth After Pressure Cycles (mm) = 3.8
Target Net Pressure (MPa)= 1265 Failure Mode
Test Average Net Pressure (MPa)= 12.66 QOutward buckle approximately 58mm from specimen midpoint
*Local Moment taken at specimen midpoint
300
250 ﬂq"t
zE 200 : -
= / =
=
5 150
s |
o
2
3 100 s 1 D Strain (Discrete)
s
s 1 D Strain (VIC)
50
e 2D Strain (VIC)
0 [
0 -5 -10 -15 -20 -25
Strain (%)

General Comments:
Early test VIC data missing due to VIC computer malfunction.
Testing was paused to restart VIC computer.

Post Test:

C-FER

Task 9.c Bend Test with Dent Technologies

rReviewed: Date: Specimen Identification:

CMJT 23-Jun-17 9.c.i (Dent 1) Page 1 of 9




Page D-60

Bending Moment versus Curvature

300 T |
Local Moment
250 — End Moment
200 —
. A}
£
z
T~ 150 -
c
L]
£
Q
3 \
100 ‘ \
N \\\
0 .
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Mid-Span 1D Curvature (rad/m)
Specimen Pressure versus Elapsed Time
14
12 I _ l
10 j
©
o
£ :
v 8
2
g
= 6
Q
E
o
@
o
» 4
2 \.
0 J
20 40 60 80 100 120 140 160 180
Elapsed Time (min)
[Compiled By: Date: Title:
BCA 25-Aug-15 Task 9.c Bend Test with Dent
[Reviewed. Date: Specimen Ide ntification:
cMJT 5-Apr-17 9.c.i (Dent 1) Pegeerd
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Intrados Strain Gauges and 1D Strains versus Local Moment

300
250
__ 200 -
£
2
f— Strain Gauge X10
c
g 150 ==Strain Gauge X11 [ |
S —
k| : —tc2
3 100 -
I e €03
i Ecd
s0 ! —E 5 |
{ y -Ec6
1A AN
o It | | |
0.0 -0.5 -1.0 -1.5 -2.0 -2.5 -3.0 -3.5 -4.0 -4.5 -5.0
Strain (%)
Extrados Strain Gauges versus Local Moment
300
250
200 \ \“‘-—._
B \ |
é r = Strain Gauge X1
- .
é 150 ; = Strain Gauge X2
g } = Strain Gauge X3
'_g“ “{ == Strain Gauge X4
- |
e ] y‘ Strain Gauge X5
{ /]
‘i l}l = Strain Gauge X6
{ St
50 \\ u Strain Gauge X7
! 1 I == Strain Gauge X8
| ] |
| 3 { ‘ e Strain Gauge X9 ‘
0 == | ] : :
-0.5 0 0.5 1 1.5 2 2.5 3 3.5 4.5 5
Strain (%)
(Compiled By: Date: Title: C E R
BCA 15-Mar-16 Task 9.c Bend Test with Dent TEE.E hnol Dfﬁ,ﬂ es
Reviewed: Date: Specimen Ide ntification:
CMJT 5-Apr-17 9.c.i (Dent 1) Paghors
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-10

1D Strain Profiles from Discrete Instrumentation

—I.—1D Strain at -9.2‘;6 Mid-span Strain
—@— 1D Strain at -8.3% Mid-span Strain
~—@— 1D Strain at -7.4% Mid-span Strain
~—®— 1D Strain at -6.5% Mid-span Strain
1D Strain at -5.5% Mid-span Strain
—@— 1D Strain at -4.6% Mid-span Strain
1D Strain at -3.7% Mid-span Strain *
—@— 1D Strain at -2.8% Mid-span Strain
—@— 1D Strain at -1.8% Mid-span Strain H
~@— 1D Strain at -0.9% Mid-span Strain

1D Compressive Strain (%)
v

* Peak Moment

-2
-1
0
1 2 3 4 5 6 7
Strain Location
0 T : T T 1
End A : H ! ; : ! EndB
i T i ¥ 1 1
: : ! i i :
1 ! 1 1 1
D fan fan fan fan Pan o
L/ 4/ &/ \,J G/ G/ \{J 3/
: 1 H : [l I
: : : : i i
Pipe Station 1 Pipe Sthtion 2 Pipe S(Pliun 3 Pipe St:ation 4 Pipe sqniun 5 Pipe Sthtion 6 Pioe Stition 7 Pipe Station 8
Strain Profiles from VIC
-10 I I I I I
= Strain at 1D-7.2%, 2D-4.9% Mid-span Strain
9 Strain at 1D-6.4%, 2D-4.6% Mid-span Strain
Strain at 1D-5.6%, 2D-4.25% Mid-span Strain
8
Strain at 1D-4.85%, 2D-0.38% Mid-span Strain
7 - Strain at 1D-4%, 2D-3.4% Mid-span Strain u
9 Strain at 1D-3.3%, 2D-3% Mid-span Strain * M\
."E‘I 6 Strain at 1D-2.4%, 2D-2.4% Mid-span Strain 1
£
n * peak Moment ’ u
g 5 eal omen if’l M
@ \
g 4 JA'T/AY
5 |
? s N2\
, —
, MO/ N 4
\VA'4 =
-1
0
-972 -810 -648 -486 -324 -162 0 162 324 486 648 810 972
Distance From Centre (mm)
[Compiled By: Date: Title:
BCA 15-Mar-16 Task 9.c Bend Test with Dent
[Reviewed: Date: Specimen lde ntification:
. Page 4 of 9
CcMJT 5-Apr-17 9.c.i (Dent 1) g
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Pipe Measurements
End B

Seam Weld at 2657

270°

End A
225°
Pipe Specimen 130"
View from End A
Pre test Pup Lengths: / aaltires Athiogh i
End Ato 1 216 mm " “;”
S Hoog Stations 1 threugh &
102 322 mm ﬂlm FllA | P Vi
2t0 3 325 mm g _e
3to 4 324 mm 1 &)
4105 325 mm j_
5t0 6 323 mm T e
6to 7 322 mm »
Tt08 326 mm | -
—_— (35
81tc End B 217 mm kD =
— i
Total Length 2,700 mm %7 ©
8.0 n f+—+—-—-—-| | IR i POy
Pre Test Pipe Lengths: IS
Position B 2,700 mm s
Position D 2,701 mm S
Position F 2,701 mm i
Position H 2,699 mm Jr {2
Average 2,700 mm 7L e
: TD End & |
Circumferences: Grid Layout (Top.vicw)
End A measured circumference 1,020 mm Measurement Grid
End B measured circumference 1,020 mm
Measurements Taken By: Date: Title: C F E R
TUT 20-Aug-15 Task 9.c Bend Test with Dent e 1N
Measurements Approved By: Date: Specimen Identification
. Page 5 of 9
JHB 8-Sep-15 9.c.i (Dent 1) g
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Diameter Measurements

Micrometer:

Verification Rod 1

Verification Rod 2

0.001 in

0.001 in

Diameters in inches (as measured)

Station Spanned Positions (in)

0°to 180° | 45°to 225° | 90° to 270° | 135° to 315°
1 12.785 | 12746 | 12.746 | 12.775
2 12.797 | 12.750 | 12.720 | 12.750
3 12.799 | 12.751 12.708 | 12.746
4 12.798 | 12739 | 12711 12.740
5 12.814 | 12.743 | 12.717 | 12.757
6 12.817 | 12,756 | 12.708 [ 12.735
T 12.815 | 12.745 | 12.707 [ 12.756
8 12.786 | 12.734 | 12.735 | 12.766

Diameters in millimeters (converted)

Seam Weld at 2657

270°

Station Spanned Positions (mm) View from End A
0°to 180° | 45°to 225° | 90° to 270° | 135° to 315°
1 324.74 323.75 323.75 324.49
2 325.04 | 323.85 | 323.09 | 323.85
3 325.09 323.88 322.78 323.75
4 325.07 323.57 322.86 323.60
5 325.48 | 323.67 | 323.01 324.03
6 325.55 | 324.00 | 322.78 | 323.47
7 325.50 323.72 32276 324.00
8 324.76 323.44 323.47 324.26
g Ovality
Station | Max. OD (mm) e Min. OD (mm) @ | Average OD (mm) [Standard Deviation| o, e (9) incl.
Position Position (mm) angle ()
1 324.74 0 323.75 45 324.18 0.51 0.31 45
2 325.04 0 323.09 90 323.96 0.81 0.60 90
3 325.09 0 322.78 90 323.88 0.95 0.71 90
4 325.07 0 322.86 20 323.77 0.93 0.68 20
5 325.48 0 323.01 90 324.05 1.04 0.76 90
6 325.55 0 322.78 90 323.95 1.18 0.85 90
7 325.50 0 322.76 20 324.00 1.14 0.85 20
8 324.76 0 323.44 45 323.98 0.64 0.41 45
* . D —D._
Ovality = —( e in ) *100%
(Dﬂ om )
Measurements Taken By: Date: Title: C F E R
MSE 22-May-15 Task 9.c Bend Test with Dent echno
Measurements Approved By: Date: Specimen ldertification:
. Page 6 of 9
JHB 18-Aug-15 9.c.i (Dent 1) g
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Diameter Measurements

Micrometer:

Verification Rod 1

Verification Rod 2

0.001 in

0.001 in

Diameters in inches (as measured)

Station Spanned Positions (in)
0°to 180° | 45°to 225° | 90° to 270° | 135° to 315°
1 12.806 | 12.729 | 12.731 12.803
2 12.811 12.732 | 12.708 | 12.774
3 12.803 | 12.741 12.710 | 12.763
4 12.785 | 12737 | 12720 | 12.759
5 12.802 | 12.741 12.727 | 12.773
6 12.820 | 12.747 | 12.710 | 12.756
7 12.8256 | 12732 | 12.704 | 12.775
8 12.797 | 12727 | 12728 | 12.783

Diameters in millimeters (converted)

Scam Weld at 265°

270°

Station Spanned Positions (mm) View from End A
0°to 180° | 45°to 225° | 90°to 270° | 135° to 315°
1 325.27 | 323.32 | 328.37 | 325.20
2 325.40 | 323.39 [ 322.78 | 324.46
3 325.20 | 323.62 [ 322.83 | 324.18
4 324.74 | 323.52 | 323.09 | 324.08
5 325.17 | 323.62 | 323.27 | 324.43
6 32563 | 323.77 | 322.83 | 324.00
7 325.76 | 323.39 | 322.68 | 324.49
8 325.04 | 323.27 | 323.28 | 324.69
— Ovalit;
Station | Max. OD (mm) e Min. OD (mm) @ | Average OD (mm) |Standard Deviation) e (%) incl.y
Position Position (mm)
angle (°)
1 325.27 0 323.32 45 324.29 1.09 0.60 45
2 325.40 0 322.78 920 324.01 1.16 0.81 90
3 325.20 0 322.83 90 323.96 0.99 0.73 90
4 324.74 0 323.09 90 323.86 0.71 0.51 90
5 325.17 0 323.27 920 324.12 0.85 0.59 90
6 325.63 0 322.83 90 324.06 1.16 0.86 90
7 325.76 0 322.68 90 324.08 1.34 0.95 90
8 325.04 0 323.27 45 324.07 0.93 0.55 45
" Ovality = (Dm“—Dm”‘) *100%
(Dn om )
Measurements Taken By: Date: Title: C F E R
TUT 18-Aug-15 Task 9.c Bend Test with Dent e
Measurements Approved By: Date: Specimen Identification:
Page 7 of 9

JHB

18-Aug-15

9.c.i (Dent 1)
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Wall Thickness Measurements

Micrometer Measurements
Pipe Ring Verification

1":1.00010" Calibration

Ultrasonic Probe ID:
Dakota Ultrasonics MV X
Cal point: 6.34mm

Ultrasonic Measurements

Vicrometer Ultrasonic probe
(mm) (mm)
End A - Position B 6.380 6.35
End A - Position D 6.300 6.29
End A - Position F 6.350 6.35
End A - Position H 6.350 6.35
End B - Position B 6.350 6.35
End B - Position D 6.300 6.28
End B - Position F 6.320 6.30
End B - Position H 6.360 6.37
Micrometer ID:
Mitutoyo 0-1"

i
Seam Weld at 265°

315°

270°—5

Circumferential Position
Station [ A B c p | E F G H View from End A
Wall Thickness (mm)
1 6.25 6.32 6.43 6.23 6.24 6.29 6.36 6.36
2 6.30 6.32 6.42 6.24 6.27 6.33 6.37 6.37
3 6.31 6.32 6.46 6.25 6.28 6.31 6.40 6.37
4 6.30 6.34 6.46 6.27 6.28 6.30 6.38 6.35
5 6.27 6.34 6.44 6.24 6.28 6.30 6.35 6.36
6 6.29 6.37 6.44 6.24 6.25 6.33 6.33 6.33
7 6.28 6.32 6.39 6.25 6.27 6.31 6.35 6.36
8 6.26 6.33 6.39 6.24 6.24 6.27 6.32 6.31
Average 6.32 mm
Std. dev 0.06 mm
Measurements Taken By: Date: Title: C F E R
TUT 18-Aug-15 Task 9.c Bend Test with Dent ‘ 1| ¢

Measuremerts Approved By:

JHB

8-Sep-15

Specimen ldertification:

9.c.i (Dent 1)

Page 8 of 9
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Instrumentation Layout

System O System 1

Anomaly placed on top (intrados with

(O Clinometer ®=m Strain Gauge O VIC 3D

Pre-test Denting and Pressure Cycles
18

16

Spherical Indenter Diameter (mm) =  63.5 14 /ﬁ
Indentation Depth (mm)= 10.7 (%OD)= 3.3 / /
Dent Depth After Elastic Rebound (mm) = 5.2 (%O0D)= 1.6 12

10 Vd yd

% SMYS MPa
First Pressure Cycle 0-90-0 0-1582-0
Cycles 2 through 6 10-72-10 1.76-12.65-1.76

#
Dent Depth After Pressure Cycles (mm)= 3.8 (%0D)= 1.2 6 / /
4

Pressure (MPa)
o]

0 0.05 0.1 0.15 0.2
Hoop Strain (%)

Drawing Done By: Date: Title:

BCA 15-Mar-16 Task 9.c Bend Test with Dent Cﬂ%ﬁnolo gies

Drawing Approved By: Date: Specimen Identification:

cMJT 5-Apr-17 9.c.i (Dent 1) Page 9 of 9
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Task 9.c Bend Test with Dent

Specimen |dentification: 9.c.ii (Dent 2)

C-FER Test Summary: Rev. 2, June 23, 2017

C-FER Specimen Number: X65-ERW-1-1-9ClI Test Date: October 1, 2015
Nominal Pipe Characteristics Test Results
Nominal OD (mm 323.85 Peak End Moment (kN-m) = 168
Average OD (mm 323.97 Peak Local Moment* (kN-m) = 249

) .

)=
Nominal Wall Thickness (mm)=  6.35
Average Wall Thickness (mm)=  6.34
Specimen Length (mm) = 2713
Length/OD = 8.4
SMYS (MPa)= 448

Test Loading Procedure

1. The specimen was pressurized to 90% SMYS then 5 cycles of 72%.

2. The specimen was pressurized to 72% SMYS while applying
compressive force to compensate for the end cap load.
3. The specimen was bent to the maximum displacement possible
within the test frame.
Test Parameters

Target Net Pressure (MPa)= 12.65

Test Average Net Pressure (MPa)= 12.65

Strains Across Buckle at Peak Moment

1D Strain - Discrete (%) = -2.9
1D Strain - VIC (%) = 25
2D Strain - VIC (%)= 2.3

Anomaly - Dent midspan intrados 63.5mm diameter ball

Indentation Depth (mm) = 24.1
Original Dent Depth (mm) = 13.6
Dent Depth After Pressure Cycles (mm) = 8.9

Failure Mode
Outward buckle approximately 63mm from specimen midpoint
*Local Moment taken at specimen midpoint

300

N
[%2]
o

zE 200 — e —
= N —T
: ) )
3 150
£
(=]
=
] 100 e 1 D Strain (Discrete) |
S
1D Strain (VIC)
50 ]
} 2D Strain (VIC)
o [
0 B -10 -15 -20 -25

Strain (%)

General Comments:

Post Test:

Title:

Task 9.c Bend Test with Dent

|Reviewed:

CMJT 23-Jun-17

Date: Specimen Identification:

9.c.ii (Dent 2)

Page 1 of 9
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Moment (kN-m)

300

250

200

150

100

50

Bending Moment versus Curvature

I
Local Moment
End Moment
\ B —
-
\\
\\
\\
0.1 0.2 0.3 04 0.5 0.6 0.7 0.8

Mid-Span 1D Curvature (rad/m)

Specimen Pressure versus Elapsed Time

14
12 [ !‘
10 \
E /
g
g
2
g
a 6
i =
Q
E
2
2 4
2 \
0 —
10 20 30 40 50 60 70 80 90 100
Elapsed Time (min)
C ompiled By: Date: Title: C E R
BCA 15-Mar-16 Task 9.c Bend Test with Dent ‘F chr
[Reviewed. Date: Specimen Identification:
cMJT 5-Apr-17 9.c.ii (Dent 2) Page 2 of 9
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Intrados Strain Gauges and 1D Strains versus Local Moment

300
250
200
£
4
-f— = Strain Gauge X10
=
g 150 wwStrain Gauge X11 [
g — E 1
ke —EC2
3 100 —
e £C3
Ecd
50 —Ec5 ||
-Ecb
€c7
0 1. | |
-2.0 -2.5 -3.0 -3.5 -4.0 -4.5 -5.0
Strain (%)
Extrados Strain Gauges versus Local Moment
300
250
[
200 1
T | |
é == Strain Gauge X1
g 150 Strain Gauge X2
Qo w—Strain G X3
E rain Gauge
T = Strain Gauge X4
3 ‘/.
100 Strain Gauge X5
== Strain Gauge X6
| 1 -Strain Gauge X7
50 —H g
ﬁ 1 -Strain Gauge X8
| d \‘ -Strain Gauge X9
0 _. . : : :
-0.5 0 0.5 1.5 2 2.5 3 3.5 4 4.5 5
Strain (%)
(Compiled By: Date: Title:
BCA 29-Mar-16 Task 9.c Bend Test with Dent
Reviewed: Date: Specimen Ide ntification:
cMJT 5-Apr-17 9.c.ii (Dent 2) BegRiare
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1D Strain Profiles from Discrete Instrumentation

-8
'l—o—lD Strain at -7.2‘;6 Mid-span Strain
7 ~—@— 1D Strain at -6.5% Mid-span Strain
~—@— 1D Strain at -5.7% Mid-span Strain
5 ~—@—1D Strain at -5% Mid-span Strain

1D Strain at -4.3% Mid-span Strain
—@— 1D Strain at -3.6% Mid-span Strain

1D Compressive Strain (%)
A

1D Strain at -2.9% Mid-span Strain *
—@— 1D Strain at -2.2% Mid-span Strain
—@— 1D Strain at -1.4% Mid-span Strain
~@— 1D Strain at -0.7% Mid-span Strain

* Peak Moment —|

1 2 3 4 5 6 7
Strain Location
= a : i i =
End A : L ! | H ! EndB
| T H T T |
= E ! i | =
1 1 1
D fan fan Fan fan fan Pan o
L/ 4/ &/ \,J pry G/ \{J 3/
1 1 H I 1 1
1 1 1
: ! : ; i
: ; . : : :
Pipe Station 1 Pipe Sthtion 2 Pipe S(Pliun 3 Pipe St:ation 4 Pipe sqgmm 5 Pipe Sthtion 6 Pioe Stition 7 Pipe Station 8
Strain Profiles from VIC
£ | | I |
Strain at 1D-4.4%, 2D-3.2% Mid-span Strain
& l Strain at 1D-4%, 2D-3% Mid-span Strain
Strain at 1D-3.2%, 2D-2.6% Mid-span Strain
[\ Strain at 1D-2.5%, 2D-2.3% Mid-span Strain *
-5 ‘ Strain at 1D-1.9%, 2D-0.19% Mid-span Strain [
x | \ = Strain at 1D-1.3%, 2D-1.4% Mid-span Strain
.fE‘I " : | Strain at 1D-0.6%, 2D-0.7% Mid-span Strain
- 1 T Ml
& |
di * Peak Moment
2
a
@ -3
a
E
o
Q
2 A v"
1 i el ‘A\ T~
g I V Y
0
-972 -810 -648 -436 -324 -162 0 162 324 486 648 810 972
Distance From Centre (mm)
[Compiled By: Date: Title:
BCA 29-Mar-16 Task 9.c Bend Test with Dent
[Reviewed: Date: Specimen lde ntification:
. Page 4 of 9
CcMJT 5-Apr-17 9.c.ii (Dent 2) g
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Pipe Measurements

End B

Seam Weld at 2657

270°

315"

G

End A
225°
180°
Pipe Specimen
View from End A
T mesllines Athiougt
Pre test Pup Lengths: &

End Ato 1 224 mm I H _/— \loog Stations 1 through 8
102___ 323 mm Zo S
2t03 325 mm ()
3t04 325 mm w
4105 323 mm e .
5t06 324 mm p=
6107 323 mm
7t08 324 mm . (2

8to End B 224 mm 3

v .\"2{‘/
Total Length 2715 mm an it
O
Pre Test Pipe Lengths:
Position B 2715 mm 5
Position D 2713 mm i
Position F 2713 mm N
Position H 2711 mm =
p— 1D
Average 2713 mm ; ®
e Tn -
. Grid Layout (Top view)
Circumferences:
End A measured circumference 1020 mm Measurement Grid
End B measured circumference 1019 mm
Measurements Taken By: Date Title: C F E R
TCT 8-Sep-15 Task 9.c Bend Test with Dent \}cNno
Measurements Approved By: Date: Specimen Identification:
. Page 5 of 9
JHB 30-Sep-15 9.c.ii (Dent 2) g
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Diameter Measurements

Micrometer:

Verification Rod 1

Verification Rod 2

0.001 in
0.001 in

Diameters in inches (as measured)

Station Spanned Positions (in)

0°to 180° | 45°to 225° | 90° to 270° | 135° to 315°
1 12.800 | 12.747 | 12.730 | 12.747
2 12813 | 12.747 | 12.714 | 12.752
3 12.807 | 12.728 | 12.721 12.776
4 12792 | 12728 | 12726 | 12.762
5 12.804 | 12736 | 12.713 | 12.747
6 12812 | 12.745 | 12.714 | 12.751
7 12.809 | 12724 | 12725 | 12.783
8 12.787 | 12.721 12.725 | 12.761

Diameters in millimeters (converted)

Scam Weld at 265°

270°

Station Spanned Positions (mm) View from End A
0°t0180° | 45°to 225° | 90° to 270° | 135° to 315°
1 32512 | 323.77 | 323.34 | 323.77
2 325.45 | 323.77 | 32294 | 323.90
3 32530 | 323.29 | 323.11 324.51
4 32492 | 32329 | 32324 | 324.15
5 325.22 | 323.49 | 322.91 323.77
6 32542 | 323.72 | 32294 | 323.88
7 325.35 | 323.19 | 323.22 | 324.69
8 32479 | 323.11 323.22 | 324.13
— Ovality
Station | Max. OD (mm) e Min. OD (mm) @ | Average OD (mm) |Standard Deviation) e (%) incl.
Position Position (mm) angle ()
1 325.12 0 323.34 90 324.00 0.77 0.55 90
2 325.45 0 322.94 90 324.02 1.05 0.78 90
3 325.30 0 323.11 90 324.05 1.04 0.67 90
4 324.92 0 323.24 90 323.90 0.80 0.52 90
5 325.22 0 322,91 90 323.85 0.98 0.71 90
6 325.42 0 322.94 90 323.99 1.04 0.77 90
7 325.35 0 323.19 45 324.11 1.08 0.67 45
8 324.79 0 323.11 45 323.81 0.80 0.52 45
Ovality = —2=—m-*100%
(Dﬂ om )
Measurements Taken By: Date: Title: C F E R
MSE 25-May-15 Task 9.c Bend Test with Dent ‘
Measurements Approved By: Date: Specimen Identification:
Page 6 of 9

JHB

30-Sep-15

9.c.ii (Dent 2)
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Diameter Measurements

Micrometer:

Verification Rod 1
Verification Rod 2

0.001
0.001

Diameters in inches (as measured)

Station

Spanned Positions (in)

0° to 180° | 45° to 225°

90° to 270° | 135° to 315°

12.810 12.764

12.723 12.743

12.818 | 12.756

12.710 | 12.748

12.797 12.732

12.735 12.780

12.743 12.745

12.760 12.773

12.755 | 12.748

12.748 | 12.762

12.799 12.745

12.732 12.755

12.810 12.721

12.725 12.790

Lol [NE e N K& B N HEVH N

12.796 | 12.727

12.721 12.766

Diameters in millimeters (converted)

Scam Weld at 265°

270°

Station Spanned Positions (mm) View from End A
0°to 180° | 45°to 225° | 90°to 270° | 135° to 315°
1 325.37 | 324.21 323.16 | 323.67
2 325.58 | 324.00 [ 322.83 | 323.80
3 325.04 | 323.39 | 323.47 | 324.61
4 323.67 | 323.72 | 324.10 | 324.43
5 323.98 | 323.80 [ 323.82 | 324.15
6 325.09 | 323.72 | 323.39 | 323.98
7 325.37 | 323.11 323.22 | 324.87
8 325.02 | 323.27 [ 323.11 324.26
— Ovalit;
Station | Max. OD (mm) e Min. OD (mm) @ | Average OD (mm) |Standard Deviation) e (%) incl.y
Position Position (mm)
angle (°)
1 325.37 0 323.16 90 324.10 0.95 0.68 90
2 325.58 0 322.83 920 324.05 1.14 0.85 90
3 325.04 323.39 45 324.13 0.83 0.51 45
4 324.43 135 323.67 0 323.98 0.36 0.24 135
5 324.15 135 323.80 45 323.94 0.16 0.11 90
6 325.09 0 323.39 90 324.05 0.74 0.53 90
7 325.37 0 323.11 45 324.14 1.15 0.70 45
8 325.02 0 323.11 920 323.91 0.89 0.59 90
" Ovality = (D = D) 100%
(Dﬂ om )
Measurements Taken By: Date: Title: C
TCT 9-Sep-15 Task 9.c Bend Test with Dent FE R :
Measurements Approved By: Date: Specimen ldentification:
i Page 7 of 9
JHB 30-Sep-15 9.c.ii (Dent 2)
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Wall Thickness Measurements

Micrometer Measurements
Pipe Ring Verification

Mitutoyo 0-1" (Labelled HTS)
Calibration (1"): 1(0.3"): 0.30000"

Ultrasonic Probe ID:
Dakota Ultrasonics MVVX £0.001"
Cal One Point: 6.33mm

Ultrasonic Measurements

Vicrometer Ultrasonic probe

(mm) (mm)
End A - Position B 6.326 6.32
End A - Position D 6.271 6.28
End A - Position F 6.281 6.26
End A - Position H 6.348 6.33
End B - Position B 6.368 6.36
End B - Position D 6.311 6.31
End B - Position F 6.299 6.31
End B - Position H 6.350 6.34

Micrometer ID:

i
Seam Weld at 265°

315°

270°—5

Circumferential Position
Station [ A B c p | E F G H View from End A
Wall Thickness (mm)
1 6.28 6.33 6.38 6.24 6.26 6.26 6.41 6.37
2 6.30 6.35 6.39 6.29 6.27 6.27 6.43 6.39
3 6.33 6.38 6.46 6.31 6.32 6.33 6.48 6.40
4 6.34 6.37 6.43 6.32 6.30 6.31 6.47 6.38
5 6.33 6.34 6.42 6.32 6.33 6.33 6.45 6.36
6 6.32 6.36 6.42 6.30 6.31 6.31 6.40 6.33
7 6.33 6.33 6.44 6.28 6.29 6.28 6.37 6.35
8 6.32 6.30 6.39 6.27 6.29 6.26 6.36 6.33
Average 6.34 mm
Std. dev 0.06 mm
Measurements Taken By: Date: Title: C F E R
TCT 8-Sep-15 Task 9.c Bend Test with Dent ~chnole

Measurements Approved By:

JHB

30-Sep-15

Specimen ldentification:

9.c.ii (Dent 2)

Page 8 of 9
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Instrumentation Layout

System 0

System 1

(O dlinometer

mm Strain Gauge

O VIC 3D

Anomaly placed on top (intrados with

Pre-test Denting and Pressure Cycles

18
16
Spherical Indenter Diameter (mm) =  63.5 14 /4
Indentation Depth (mm)= 241 (%0OD)= 7.4 / /
Dent Depth After Elastic Rebound (mm) = 13.6 (%0OD)= 4.2 12 =
g i
% SMYS MPa g 10
First Pressure Cycle 0-90-0 0-15.82-0 P
Cycles 2 through 6 10-72-10 1.76-12.65-1.76 ‘g— 3
] / /
a
6 A /
Dent Depth After Pressure Cycles (mm)= 8.9 (%0OD)= 2.7 / /
4 / /
0
0 0.05 0.1 0.15 0.2
Hoop Strain (%)
Drawing Done By: Date: Title: C E R
BCA 29-Mar-16 Task 9.c Bend Test with Dent 1I;Ch nolo gies
Drawing Approved By: Date: Specimen |dentification:
" Page 9 of 9
CMJT 5-Apr-17 9.c.ii (Dent 2) 9
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Task 9.c Bend Test with Dent

Specimen |dentification: 9.c.iii (Dent 3) C-FER Test Summary: Rev. 2, June 23, 2017
C-FER Specimen Number: X65-ERW-1-1-9ClII Test Date: October 9, 2015
Nominal Pipe Characteristics Test Results

Nominal OD (mm) = 323.85
Average OD (mm) = 323.96
Nominal Wall Thickness (mm)=  6.35
Average Wall Thickness (mm)=  6.39
Specimen Length (mm) = 2701
Length/OD = 8.3
SMYS (MPa)= 448
Test Loading Procedure
1. The specimen was pressurized to 90% SMYS and 5 cycles of 72%.
2. The specimen was pressurized to 72% SMYS while applying
compressive force to compensate for the end cap load.
3. The specimen was bent to the maximum displacement possible
within the test frame.
Test Parameters
Target Net Pressure (MPa)= 1265
Test Average Net Pressure (MPa)= 12.65

Peak End Moment (kN-m) =
Peak Local Moment* (kN-m) =

Strains Across Buckle at Peak Moment
1D Strain - Discrete (%) =
1D Strain - VIC (%) =
2D Strain - VIC (%) =

Anomaly - Dent midspan intrados 63.5mm diameter ball
60.2

Indentation Depth (mm) =

Original Dent Depth (mm) =

Dent Depth After Pressure Cycles (mm) =
Failure Mode

QOutward buckle approximately 48 mm from specimen midpoint
*Local Moment taken at specimen midpoint

172
249

-2.1
-2.3
-2.1

43.1
17.8

300

250

Local Moment (kN-m)
P
S

100 s 1 D Strain (Discrete) |
1D Strain (VIC)
50 —
e 2 D Strain (VIC)
. !
0 -5 -10 -15 -20

Strain (%)

General Comments:

Post Test:

Title:

Task 9.c Bend Test with Dent

Reviewed:

CMJT 23-Jun-17

Date: Specimen Identification:

9.c.iii (Dent3)

Page 1 of 9
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Bending Moment versus Curvature

300 T I
Local Moment
250 End Moment
200
B o
2
T 150 AN
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<
g \
3
100 \\
50 \
\\
0 P~
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Mid-Span 1D Curvature (rad/m)
Specimen Pressure versus Elapsed Time
14
- / hl_l
10 -L'
©
[-%
2
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3
[-%
c 6
]
E
@
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2
0 \‘
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Elapsed Time (min)
[Compiled By: Date: Title:
BCA 25-Aug-15 Task 9.c Bend Test with Dent
Eeviewed: Date: Specimen lde ntification:
cMJT 5-Apr-17 Page 2 of 9

9.c.iii (Dent3)




Page D-79

Intrados Strain Gauges and 1D Strains versus Local Moment

300

250

200
- |
£
2
= ‘ = Strain Gauge X10
c
£ 150 - _ﬂ w Strain Gauge X11 [
S J
= ]
ke
3 1 €c2
100 —
ﬁ —Ec3
L g £cd
3 '
50 i e £C5 |
I Ecb
{
g Ec7
[ | | [
0 f t 1
-1.5 -2.0 -2.5 -3.0 -3.5 -4.0 -4.5 -5.0
Strain (%)
Extrados Strain Gauges versus Local Moment
300
250
= 200 p—
é .‘- == Strain Gauge X1
g 150 ; _ | =—>5train Gauge X2 | |
| IR R
§ I ]' Strain Gauge X3
T.g i J == Strain Gauge X4
3 [ — —
100 J Strain Gauge X5
I| == Strain Gauge X6
| .t
50 | _ -Strain Gauge X7 | |
| -Strain Gauge X8
] ===Strain Gauge X9
0 ; ; ] :
-0.5 0 0.5 1 15 2 2.5 3 35 4 4.5 5
Strain (%)
(Compiled By: Date: Title: C E
BCA 4-Apr-17 Task 9.c Bend Test with Dent Technolo gie:
[Reviewed: Date: Specimen Identification:
Page 3 of 9
CMJT 5-Apr-17 9.c.iii (Dent3) g
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-6

1D Strain Profiles from Discrete Instrumentation

'I—.—lD Strain at -5.2‘;6 Mid-span Strain
—@— 1D Strain at -4.7% Mid-span Strain
~—@— 1D Strain at -4.1% Mid-span Strain ||
~—@— 1D Strain at -3.6% Mid-span Strain
1D Strain at -3.1% Mid-span Strain
—@— 1D Strain at -2.6% Mid-span Strain |
1D Strain at -2.1% Mid-span Strain *
—@— 1D Strain at -1.5% Mid-span Strain
=@ 1D Strain at -1% Mid-span Strain H
~@— 1D Strain at -0.5% Mid-span Strain

* Peak Moment

1D Compressive Strain (%)
w

-1
0
1 2 3 4 5 6 7
Strain Location
: : : ; ; :
End A : H ! ; : ! EndB
i T i ¥ 1 1
: ; ! : i :
1 1 ! 1
\J \J o/ \ar A\ |
1 I| : : ! \'PJ
1 1
! : : ; : ]
: ; . : : :
Pipe Station 1 Pipe Sthtion 2 Pipe S(Pliun 3 Pipe St:ation 4 Pipe sqniun 5 Pipe Sthtion 6 Pioe Stition 7 Pipe Station 8
Strain Profiles from VIC
-7 1 1 1 1 1
= Strain at 1D-4%, 2D-2.8% Mid-span Strain
6 H Strain at 1D-3.5%, 2D-2.6% Mid-span Strain
== Strain at 1D-2.9%, 2D-2.4% Mid-span Strain A
-5 H Strain at 1D-2.3%, 2D-2.1% Mid-span Strain *
Strain at 1D-1.7%, 2D-1.7% Mid-span Strain IM
';.a' 4 H Strain at 1D-1.2%, 2D-1.3% Mid-span Strain
£ Strain at 1D-0.6%, 2D-0.7% Mid-span Strain [\
©
% -3 * peak Moment y\\\
]
2 /J\
& -2 o~ "- \
i X zg S
£ L N / MV.\"\?&
—"—\/\.'\4——-—-\ pr— J\”\A s [ / R NN
0
1
2
-972 -810 -648 -436 -324 -162 0 162 324 486 648 810 972
Distance From Centre (mm)
[Compiled By: Date: Title:
BCA 4-Apr-17 Task 9.c Bend Test with Dent
[Reviewed: Date: Specimen lde ntification:
Page 4 of 9
CMJT 5-Apr-17 9.c.iii (Dent3) g
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Pipe Measurements

End B 315

270° s

Seam Weld at 2657

End A
225°
180°
Pipe Specimen
View from End A
Pre test Pup Lengths: Pt
EndAto 1 218 mm . H/
1102 323 mm e ; L/ g s g s
2103 327 mm T o
3104 322 mm 1 N
4105 325 mm L
5t06 322 mm T =)
Bto7 324 mm 1
7t08 322 mm L 7
8to End B 219 mm 1 ~
- i
Total Length 2702 mm ! @
R A N A
4+ (5}
Pre Test Pipe Lengths: S
Position B 2702 mm .
Position D 2700 mm S W
Position F 2 700 mm i
Position H 2701 mm Jr @
fi
Average 2701 mm R Vi
— R
75D
] _Enti6]
Circumferences: Grid Layout (Top view)
End A measured circumference 1020 mm Measurement Grid
End B measured circumference 1020 mm
Measurements Taken By: Date: Title: C F E R
TCT Sep. 4, 2015 Task 9.c Bend Test with Dent echno
Measurements Approved By: Date: Specimen Identification:

JHB 6-Oct-15 9.c.iii (Dent3) Page 5 of 9
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Diameter Measurements

Micrometer:

Verification Rod 1

Verification Rod 2

0.001 in
0.001 in

Diameters in inches (as measured)

Station Spanned Positions (in)
0°to 180° | 45°to 225° | 90° to 270° | 135° to 315°
1 12796 | 12729 | 12.731 12.759
2 12.811 12.737 | 12728 | 12777
3 12.805 | 12.741 12.712 | 12.750
4 12,797 | 12734 | 12719 | 12.755
5 12797 | 12720 | 12721 12.773
6 12815 | 12.725 | 12.726 | 12.780
7 12.812 | 12732 | 12.710 | 12.759
8 12.786 | 12.727 | 12723 | 12.752

Diameters in millimeters (converted)

270°
Scam Weld at 265°

Station Spanned Positions (mm) View from End A
0°to 180° | 45°to 225° | 90°to 270° | 135° to 315°
1 325.02 | 323.32 | 323.37 | 324.08
2 325.40 | 323.52 [ 323.29 | 324.54
3 32525 | 323.62 | 322.88 | 323.85
4 325.04 | 323.44 | 323.06 | 323.98
5 325.04 | 323.09 [ 323.11 324.43
6 32550 | 323.22 | 323.24 | 324.61
7 325.42 | 323.39 | 322.83 | 324.08
8 324.76 | 323.27 | 323.16 | 323.90
— Ovality
Station | Max. OD (mm) e Min. OD (mm) @ | Average OD (mm) |Standard Deviation) e (%) incl.
Position Position (mm) angle ()
1 325.02 0 323.32 45 323.95 0.80 0.53 45
2 325.40 0 323.29 920 324.19 0.97 0.65 90
3 325.25 0 322.88 90 323.90 0.99 0.73 90
4 325.04 0 323.06 90 323.88 0.86 0.61 90
5 325.04 0 323.09 45 323.92 0.98 0.60 45
6 325.50 0 323.22 45 324.14 1.12 0.71 45
7 325.42 0 322.83 90 323.93 1.2 0.80 90
8 324.76 0 323.16 920 323.77 0.74 0.49 90
Ovality = —2——222%100%
(Dn om )
Measurements Taken By: Date: Title: C F E R
TUT 18-Aug-15 Task 9.c Bend Test with Dent - y
Measurements Approved By: Date: Specimen ldentification:
Page 6 of 9
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Diameter Measurements

Micrometer:

Verification Rod 1
Verification Rod 2

0.001
0.001

Diameters in inches (as measured)

Station

Spanned Positions (in)

0° to 180° | 45° to 225°

90° to 270° | 135° to 315°

12.836 12.733

12.797 12.760

12.802 | 12.742

12.758 | 12.783

12.668 12.743

12.847 12.758

12.414 12.794

12.964 12.820

12.435 | 12.780

12.958 | 12.831

12.721 12.730

12.844 12.782

12.792 12.735

12.729 12.765

Lol [NE e N K& B N HEVH N

12.840 | 12.729

12.686 | 12.756

Diameters in millimeters (converted)

Scam Weld at 265°

270°

Station Spanned Positions (mm) View from End A
0°to 180° | 45°to 225° | 90°to 270° | 135° to 315°
1 326.03 | 323.42 | 325.04 | 324.10
2 325.17 | 323.65 [ 324.06 | 324.69
3 321.77 | 323.67 | 326.31 324.05
4 315.32 | 324.97 | 329.29 | 325.63
5 315.85 | 324.61 329.13 | 325.91
6 323.11 323.34 | 326.24 | 324.66
7 324.92 | 323.47 | 323.32 | 324.23
8 326.14 | 323.32 | 32222 | 324.00
— Ovality
Station | Max. OD (mm) e Min. OD (mm) @ | Average OD (mm) |Standard Deviation) e (%) incl.
Position Position (mm) angle ()
1 326.03 0 323.42 45 324.65 1.14 0.81 45
2 325.17 0 323.65 45 324.39 0.67 0.47 45
3 326.31 90 321.77 0 323.95 1.87 1.40 90
4 329.29 90 315.32 0 323.80 5.97 4.31 90
5 329.13 90 315.85 0 323.88 5.68 4.10 90
6 326.24 90 323.11 0 324.34 1.44 0.96 90
7 324.92 0 323.32 90 323.98 0.74 0.49 90
8 326.14 0 322.22 920 323.92 1.65 1.21 90
X . (Dpe = D)
Ovality = —2&= min 2 *100%
(Dﬂ om )
Measurements Taken By: Date: Title: C F E R
TCT 4-Sep-15 Task 9.c Bend Test with Dent Y
Measurements Approved By: Date: Specimen Identification:
Page 7 of 9
JHB 7-Oct-15 9.c.iii (Dent 3)
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Wall Thickness Measurements

Micrometer Measurements
Pipe Ring Verification

Calibration (1"): 1.00010"
(0.2"): 0.20000" (0.3"): 0.30000"

Ultrasonic Probe ID:
Model Dakota Ultrasonics MVVX +0.001"

Cal point: 6.34in

Ultrasonic Measurements

Vicrometer Ultrasonic probe
(mm) (mm)
End A - Position B 6.333 6.34
End A - Position D 6.294 6.30
End A - Position F 6.347 6.33
End A - Position H 6.346 6.32
End B - Position B 6.361 6.35
End B - Position D 6.304 6.29
End B - Position F 6.321 6.35
End B - Position H 6.356 6.38
Micrometer ID:
Mitutoyo 0-1"

315°

270°—5

i
Seam Weld at 265°

Circumferential Position
staton [ A B c p [ e [ F [ c H View from End A
Wall Thickness (mm)
1 6.38 6.4 6.45 6.29 6.35 6.34 6.45 6.37
2 6.38 6.4 6.48 6.31 6.36 6.35 6.51 6.41
3 6.39 6.41 6.5 6.33 6.38 6.36 6.44 6.43
4 6.37 6.4 6.49 6.34 6.35 6.32 6.51 6.46
5 6.32 6.39 6.5 6.32 6.36 6.34 6.53 6.41
6 6.35 6.38 6.49 6.31 6.36 6.32 6.49 6.44
7 6.36 6.4 6.49 6.34 6.34 6.34 6.47 6.46
8 6.36 6.35 6.46 6.31 6.33 6.33 6.43 6.39
Average 6.39 mm
Std. dev 0.06 mm
Measurements Taken By: Date: Title: C F E R
TCT 4-Sep-15 Task 9.c Bend Test with Dent ~chnole
Measurements Approved By: Date: Specimen ldentification:
JHB 7-Oct15 9.ciii (Dent 3) Page8of @
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Instrumentation Layout

System 0

0.5D TYP

(O Clinometer

System 1

/.51

Location
of dent

| Location
‘ of
| puckle

Anomaly placed on top (intrados with

O VIC 3D

Strain Gauge

Pre-test Denting and Pressure Cycles

18 I
16 H e Trial 2
s Trial 1 i 7
Spherical Indenter Diameter (mm) =  63.5 14 /
Indentation Depth (mm)= 602 (%OD)= 186 / /
Dent Depth After Elastic Rebound (mm) = 431 (%0OD)= 133 12 /
o rd /
% SMYS MPa s - /
First Pressure Cycle 0-90-0 0-15.82-0 b= /
Cycles 2 through 6 10-72-10 1.76-12.65-1.76 § 3 y.
&
a /
Dent Depth After Pressure Cycles (mm)=  17.8 (%0OD)= 5.5 6 7 /
4 /A y
2 Z / /
O ) / /
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Hoop Strain (%)
Prepared By: Date: Title: C E R
BCA 4-Apr-17 Task 9.c Bend Test with Dent TI;C hnolo gies
Reviewed By: Date: Specimen |dentification:
cMJT 4-Apr-17 9.c.iii (Dent 3) Pegesal
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