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1 Introduction

1.1 Terms of Reference

1.2 Project Scope of Work



2 Specimen Design 

2.1 Overview



2.2 Specimen Element Sizing



Buckling Mode SSP 74 Spreadsheet K79 Method



2.3 Welds Connecting Specimen Elements

2.4 End Cap Sizing

2.5 Specimen to End Cap Connection



2.6 Design Review

2.7 Fabrication Drawings



3 Specimen Fabrication 

3.1 Overview

3.2 Plate Material and Piece Layout

Specimen Plate Heat – Slab

Specimen A

Specimen B

Specimen C

3.3 Specimen Fabrication



3.4 Additional Fabrication to Simulate Corrosion Damage



3.5 Additional Fabrication to Repair Damaged Region





3.6 NDE Program

3.7 Component Element Dimensional Tolerances 



Specimen Component 
Dimension Target Value 

Measured Values

Specimen A Specimen B Specimen C 



3.8 Fabricated Specimen Geometry and Residual Stress 
Surveys

Fabrication Stage
Geometric Surveys Residual Stress Surveys

Specimen 
A 

Specimen 
B 

Specimen 
C 

Specimen 
A 

Specimen 
B 

Specimen 
C 

3.8.1 Geometric Surveys





Measurement Position
Specimen A After Cylinder Formed

Mean Radius
(mm)

Std. Dev.
(mm)

Max. OOC 
(%)

Max. OOC 
Pos. (deg) 

Frame 1 Position 1
Mid-bay Position 2

Frame 2 Position 3
Mid-bay Position 4
Frame 3 Position 5
Mid-bay Position 6

Frame 4 Position 7
Fine Grid Position 7.5
Mid-bay Position 8
Fine Grid Position 8.5

Frame 5 Position 9*
Fine Grid Position 9.5*
Mid-bay Position 10*
Fine Grid Position 10.5*

Frame 6 Position 11*
Fine Grid Position 11.5
Mid-bay Position 12
Fine Grid Position 12.5
Frame 7 Position 13

Mid-bay Position 14
Frame 8 Position 15
Mid-bay Position 16
Frame 9 Position 17 

Mid-bay Position 18
Frame 10 Position 19
Mid-bay Position 20
Frame 11 Position 21



Measurement Position
Specimen B After Simulated Corrosion

Mean Radius
(mm)

Std. Dev.
(mm)

Max. OOC 
(%)

Max. OOC 
Pos. (deg)

Frame 1 Position 1
Mid-bay Position 2
Frame 2 Position 3
Mid-bay Position 4

Frame 3 Position 5
Mid-bay Position 6
Frame 4 Position 7
Fine Grid Position 7.5
Mid-bay Position 8

Fine Grid Position 8.5
Frame 5 Position 9*
Fine Grid Position 9.5*
Mid-bay Position 10*

Fine Grid Position 10.5*
Frame 6 Position 11*
Fine Grid Position 11.5
Mid-bay Position 12

Fine Grid Position 12.5
Frame 7 Position 13
Mid-bay Position 14
Frame 8 Position 15

Mid-bay Position 16
Frame 9 Position 17
Mid-bay Position 18
Frame 10 Position 19

Mid-bay Position 20
Frame 11 Position 21



Measurement Position
Specimen C After Cylinder Formed

Mean Radius
(mm)

Std. Dev.
(mm)

Max. OOC 
(%)

Max. OOC 
Pos. (deg)

Frame 1 Position 1 

Mid-bay Position 2 

Frame 2 Position 3 

Mid-bay Position 4 

Frame 3 Position 5 

Mid-bay Position 6 

Frame 4 Position 7 

Mid-bay Position 8 

Frame 5 Position 9 

Mid-bay Position 10 

Frame 6 Position 11 

Mid-bay Position 12 

Frame 7 Position 13 

Mid-bay Position 14 

Frame 8 Position 15 

Mid-bay Position 16 

Frame 9 Position 17 

Mid-bay Position 18 

Frame 10 Position 19 

Mid-bay Position 20 

Frame 11 Position 21 



Measurement Position
Specimen C After Simulated Corrosion

Mean Radius
(mm)

Std. Dev.
(mm)

Max. OOC 
(%)

Max. OOC 
Pos. (deg)

Frame 4 Position 7 

Fine Grid Position 7.5 

Mid-bay Position 8 

Fine Grid Position 8.5 

Frame 5 Position 9*

Fine Grid Position 9.5*

Mid-bay Position 10*

Fine Grid Position 10.5*

Frame 6 Position 11*

Fine Grid Position 11.5 

Mid-bay Position 12 

Fine Grid Position 12.5 

Frame 7 Position 13 



Measurement Position
Specimen C After Weld Buttering

Mean Radius
(mm)

Std. Dev.
(mm)

Max. OOC
(%)

Max. OOC 
Pos.(deg) 

Frame 4 Position 7 

Fine Grid Position 7.5 

Mid-bay Position 8 

Fine Grid Position 8.5 

Frame 5 Position 9*

Fine Grid Position 9.5*

Mid-bay Position 10*

Fine Grid Position 10.5*

Frame 6 Position 11*

Fine Grid Position 11.5 

Mid-bay Position 12 

Fine Grid Position 12.5 

Frame 7 Position 13 
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Cylinder

Plate 
Thickness1

Shell Thickness After 
Fabrication2

Shell Thickness in 
Damaged Region  

Shell Thickness in 
Weld Buttering 

Region  

Mean
(mm)

Mean
(mm)

Std. 
Dev.
(mm)

COV
(%)

Mean
(mm)

Std. 
Dev.
(mm)

COV
(%)

Mean
(mm)

Std. 
Dev.
(mm)

COV
(%)

Specimen A 

Specimen B 

Specimen C 

3.8.2 Residual Stress Surveys



4 Finite Element Predictive Collapse Load for 
Specimen A

4.1 Overview

4.2 FE Model Geometry



4.3 Boundary Conditions and Loads



4.4 Material Properties





Through Thickness Residual Stresses (Flanges)
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4.5 Solution Techniques

4.6 FE Results

Stress Strain Curves
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5 Test Results

5.1 Coupon Testing

5.1.1 Overview



5.1.2 Coupon Test Results

Specimen/Coupon ID
Yield Strength, 

0.2% Offset
(MPa)

Tensile
Strength
(MPa)

Young's 
Modulus

(GPa)

Specimen/Coupon ID
Yield Strength, 

0.2% Offset
(MPa)

Tensile 
Strength
(MPa)

Young's 
Modulus

(GPa)



Specimen/Coupon ID Poisson’s Ratio



5.2 Collapse Testing

5.2.1 Deepwater Experimental Chamber





5.2.2 Instrumentation and Test Procedure



5.2.3 Collapse Test Results

5.2.3.1 Specimen A – Baseline
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5.2.3.2 Specimen B – Damaged 
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5.2.3.3 Specimen C – Repaired
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5.2.3.4 Collapse Test Summary

Cylinder

First Yielding of the 
Shell Plate

First Yielding of the 
T-frame Collapse 

Pressure
(MPa)

Failure 
Mode

Location Py 
(MPa) Location Py

(MPa)



6 Discussion and Conclusions

6.1 Experimental versus Predicted Collapse Capacity

  

Collapse 
Pressure

(MPa)
Failure Mode Failure Location

Collapse Test

LS-DYNA Analysis

VAST Analysis

6.2 Effect of Simulated Metal Loss on Collapse Pressure 

6.3 Effect of Weld Repair on Collapse Pressure
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Annex A Final Design Notes 
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Annex B Fabrication Drawings
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Annex C HY80 Weld Procedures 





WELD PROCEDURE SPECIFICATION
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WELD PROCEDURE SPECIFICATION
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Annex D HY80 Plate Mill Certificates 
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Annex E Vendor Cut and Plate Layout Drawings
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Annex F Fabrication Procedure 





Fabrication Procedure for Collapse Cylinders

The T framed collapse cylinder shells will be fabricated following the steps listed below. All welding will
conform to the enclosed weld procedure specification documents.

1) The HY 80 plate material will be water jet cut following the layout drawings supplied by C FER
Technologies. All material will be tracked accordingly to ensure each collapse cylinder is
constructed from a single sheet of material.

2) The water jet parts that require cold forming will be cold rolled to the desired diameters. The
collapse cylinder shell and T frame flanges will be rolled, the seam weld of the parts will then be
tacked, and then the parts will be re rolled to remove any crimping that may occur near the
longitudinal seam. In addition to rolling the HY 80 material, two ¾” thick strips of QT100 plate
will be cold rolled for a transition ring from the end caps to the collapse cylinder.

3) Three of the arcs that are water jet cut will be tacked together to form the web of each T frame.
The rolled flange will then be tack welded into position on the web of each T frame. After
assembly the butt welds between web pieces will be made. The flange will be stitch weld using
4 mm fillet welds on either side of the flange to web connection. Stitch welding will be used to
control distortions. A complete fillet weld will be made on either side of the flange to web
connection at completion of welding

4) After three T frames are fabricated they will be NDE inspected following the requirements in the
work scope provided by C FER.

5) After passing weld inspections the remaining T frames will be welded and then all T frames will
be measured according to the work scope provided by C FER.

6) The shell of the collapse cylinder will be tack welded along the seam to provide dimensional
stability. The T frames will be inserted into the ID of the shell and subsequently welded into
place. As each T frame is welded to the shell, the seam weld of the collapse cylinder will be
welded between T frames except for the last cap pass. The last cap pass of the seam weld will
be done once the collapse cylinder assembly is complete. The seam weld will be capped from
the ID and OD of the collapse cylinder.

7) Grid markings will be placed on the cylinder according to the work scope document provided by
C FER. These grid markings will be protected for the remaining fabrication and transport to C
FER allowing for measurements to be taken at multiple stages of the remaining fabrication.

8) The measurements listed in the scope of work provided by C FER will be completed.
9) The ends of the collapse cylinder will then be cut and beveled perpendicular to the rolling axis.

The end caps will be positioned and tack welded in place.
10) The end caps will then be preheated to 250 F while the collapse cylinder body will remain at 70

F. The end caps will be welded using a full penetration weld with a cap back up.
11) All circumferential welds will be done in a 1G position.
12) Upon return of the first collapse cylinder, the end caps will be torch cut from the collapse

cylinder and subsequently prepared by grinding to be welded to the next collapse cylinder. This
process will be repeated with the second and third cylinders.
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End Cap Fabrication

1) 6” plate material having a minimum yield of 50 ksi will be oxy fuel torch cut to the rough
diameters listed on the drawings.

2) The center cap will be machined to provide sealing surfaces and the desired holes.
3) A bushing will be machined with o ring grooves and threaded holes to provide a seal surface for

the center cap to be attached.
4) After machining the bushing will be inserted into the one end cap that was cut to provide

material for the center cap.
5) The bushing will be welded into the end cap by fillet welds on either side of the bushing as

marked on the drawings provided by C FER.
6) Lifting eye holes will be drilled and tapped to facilitate handling of the end caps during

fabrication and at C FER.
7) The opposite end of the collapse cylinder will have a solid 6” thick plate with a minimum yield of

50 ksi will be welded to seal the cylinder.
8) For both end caps the ¾” thick QT100 strip that was cold rolled during cylinder fabrication will

be beveled and welded to the end cap as per the drawings supplied by C FER. The ring will be
welded using a full penetration weld to the end cap and then transition to 0.25” thick following
a 4:1 transition as per the drawings. This edge will subsequently be welded to the shell of the
collapse cylinder.

Simulated Corrosion

1) A simulated corrosion defect will be installed on the desired cylinders by grinding or machining
the wall thickness of the collapse cylinder shell to the desired wall loss. The method of metal
removal will need to be determined after the collapse cylinder has been welded. This is
necessary to determine the deformations that have occurred due to welding. Once the
deformations have been quantified the best suited machining method will be determined.

2) After a simulated corrosion defect has been machined a fine grid pattern will be marked across
the area to allow for measurements to be taken. Once again the grid lines will be protected to
ensure they are present throughout the remaining fabrication.

Weld Buttering

1) Weld buttering will be done by using a short arc GMAW welding process with ER100S 1 welding
consumables. Multiple passes will be placed side by side across the simulated corrosion defect
until the thickness of the collapse cylinder shell is greater than the original thickness of the HY
80 plate. The local temperature will be monitored and sufficient time between welding passes
will be taken to allow the material to still air cool to within the maximum specified interpass
temperature.

2) The weld passes will then be manually blended with a grinder/sander with the original plate
material surrounding the simulated repair method.
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3) After weld buttering and blending the fine grid pattern will be marked across the area in the
original pattern to allow for measurements to be taken. Once again the grid lines will be
protected to ensure they are present throughout the remaining fabrication.
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Annex G NDE Report 





*Results are an interpretation of the inspection method, not a guarantee.  Client signature indicates acceptance of report, results and applicable charges. 
T094 Rev 4 
Mar. 25, 08 White – Client            Green – Client                  Yellow – Office                   Pink – Invoice                  Golden Rod - Technician 

 

Applus RTD Canada 
5504 – 36 Street 
Edmonton, Ab. T6B 3P3 
T 780 440 6600  
F 780 440 2538 
www.applusrtd.ca

NDE REPORT # 031711-001 
Date (m/d/y): 3/17/11 Page  of 1 

RTD Job #:        
RTD Dep. #:        

  

Client: Randy Petersen  Job location: Applus RTD shop  
Address:       

 
Procedure(s): ASME V Rev. #:        

      Code(s): ASME VIII 
PO/WO:        Client Rep.:        

 

Part(s) Examined: (3) Welded T-frame, fillet welds and butt welds   
Calibration Standard:        
Surface Condition:  Weldment  Ground  Machined  Sandblasted  Painted  Other        

Method:  MT  PT  VT  Other       Surface Temp (C ):   5  5   60   60 
  

Equipment
Test Medium Family Batch # Technique

Type RTD 
Asset # 

Cal. Due  
Date (m/d/y) 

 Yoke 7064 03/28/11  Wet Fluorescent             MPI

 AC 

 DC 

 Continuous 

 Residual 

 Other 

LPI 

 Water Washable 

 Post Emulsified 

 Solvent Removable 

 Other 

 Perm. Magnet              Dry Powder             

 Coil              Wet Magnetic Ink  7HF       

 Black Light              Contrast WCP-2       

 Alloy Analyzer              Visible Dye             

 Hardness Tester              Fluorescent Dye             Dwell Time:       min 

 Other              Developer             Develop Time:       min 
 

Blacklight Intensity  1000 W/cm2 @ 18” from surface of part:     Accept Whitelight Intensity   100 fc @ surface of part:   Accept 

INSPECTION DETAILS 
 
Scope: 

 
MPI of 3 welded T-frames, fillet welds and butt welds 
 

Results: No evidence of any cracking, acceptable to code. 
 
 

 
 
 

Assistant 1:        Technician: Peter den Boer 

Assistant 2:         CGSB   ASNT   SNT        Level:  1   2   3 

  CGSB   ASNT   SNT         Level:  1   2 Discipline:  UT     MT     PT     ET     RT     VT

Discipline:  UT     MT     PT     ET     RT     VT
Signature:  

  
 

Client Name:  Client 
Signature:  Date:(m/d/y) 3/17/2011 
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Annex H Dimensional Check Measurements 





T-FRAME MEASUREMENTS - Post-welding (flange-web)

Web Depth (D)

Fr 1 Fr 2 Fr 3 Fr 4 Fr 5 Fr 6 Fr 7 Fr 8 Fr 9 Fr 10 Fr 11
90°
270°

Web Thickness (t,w)

Fr 1 Fr 2 Fr 3 Fr 4 Fr 5 Fr 6 Fr 7 Fr 8 Fr 9 Fr 10 Fr 11
90°
270°

Flange Width (W)

F 1 F 2 F 3 F 4 F 5 F 6 F 7 F 8 F 9 F 10 F 11

Measurement (Tolerance: L1 = ±2 mm, L2 = ±4 mm)

Measurement (Tolerance: L1 = ±1 mm, L2 = ±2 mm)

Measurement (Mill Cert Average = 6.74 mm, Tolerance: L1 = ±3%, L2 = ±6%)

Fr 1 Fr 2 Fr 3 Fr 4 Fr 5 Fr 6 Fr 7 Fr 8 Fr 9 Fr 10 Fr 11
90°
270°

Flange Thickness (t,fl)

Fr 1 Fr 2 Fr 3 Fr 4 Fr 5 Fr 6 Fr 7 Fr 8 Fr 9 Fr 10 Fr 11
90°
270°

Flange Centre (W,fl)

Fr 1 Fr 2 Fr 3 Fr 4 Fr 5 Fr 6 Fr 7 Fr 8 Fr 9 Fr 10 Fr 11
90°
270°

Angle between Flange and Web ( ,fl)

Fr 1 Fr 2 Fr 3 Fr 4 Fr 5 Fr 6 Fr 7 Fr 8 Fr 9 Fr 10 Fr 11
90°
270°

NOTES:

Measurement (Tolerance: L1 = ±1 mm, L2 = ±2 mm)

Measurement (Tolerance: L1 = ±2.5°, L2 = ±5°)

Measurement (Mill Cert Average = 6.74 mm, Tolerance: L1 = ±3%, L2 = ±6%)

Post-welding (flange-web)

Specimen A - 410930

Petersen's Welding
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CYLINDER MEASUREMENTS

Interframe and End Bay Spacing (L,f & L,e): Tilt Angle between Shell and Web ( ,t):

90° 270° 90° 270°
(in) (in) (deg) (deg)

Cylinder Length (L,c):

Post-fabrication Sheet 2

Specimen A - 410930

Petersen's Welding
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T-FRAME MEASUREMENTS - Post-welding (flange-web)

Web Depth (D)

Fr 1 Fr 2 Fr 3 Fr 4 Fr 5 Fr 6 Fr 7 Fr 8 Fr 9 Fr 10 Fr 11
90°
270°

Web Thickness (t,w)

Fr 1 Fr 2 Fr 3 Fr 4 Fr 5 Fr 6 Fr 7 Fr 8 Fr 9 Fr 10 Fr 11
90°
270°

Flange Width (W)

F 1 F 2 F 3 F 4 F 5 F 6 F 7 F 8 F 9 F 10 F 11

Measurement (Tolerance: L1 = ±2 mm, L2 = ±4 mm)

Measurement (Tolerance: L1 = ±1 mm, L2 = ±2 mm)

Measurement (Mill Cert Average = 6.74 mm, Tolerance: L1 = ±3%, L2 = ±6%)

Fr 1 Fr 2 Fr 3 Fr 4 Fr 5 Fr 6 Fr 7 Fr 8 Fr 9 Fr 10 Fr 11
90°
270°

Flange Thickness (t,fl)

Fr 1 Fr 2 Fr 3 Fr 4 Fr 5 Fr 6 Fr 7 Fr 8 Fr 9 Fr 10 Fr 11
90°
270°

Flange Centre (W,fl)

Fr 1 Fr 2 Fr 3 Fr 4 Fr 5 Fr 6 Fr 7 Fr 8 Fr 9 Fr 10 Fr 11
90°
270°

Angle between Flange and Web ( ,fl)

Fr 1 Fr 2 Fr 3 Fr 4 Fr 5 Fr 6 Fr 7 Fr 8 Fr 9 Fr 10 Fr 11
90°
270°

NOTES:

Measurement (Tolerance: L1 = ±1 mm, L2 = ±2 mm)

Measurement (Tolerance: L1 = ±2.5°, L2 = ±5°)

Measurement (Mill Cert Average = 6.74 mm, Tolerance: L1 = ±3%, L2 = ±6%)

Post-welding (flange-web)

Specimen B - 411006

Petersen's Welding
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CYLINDER MEASUREMENTS

Interframe and End Bay Spacing (L,f & L,e): Tilt Angle between Shell and Web ( ,t):

90° 270° 90° 270°
(in) (in) (deg) (deg)

Cylinder Length (L,c):

Specimen B - 411006

Post-fabrication Sheet 2Petersen's Welding
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T-FRAME MEASUREMENTS - Post-welding (flange-web)

Web Depth (D)

Fr 1 Fr 2 Fr 3 Fr 4 Fr 5 Fr 6 Fr 7 Fr 8 Fr 9 Fr 10 Fr 11
90°
270°

Web Thickness (t,w)

Fr 1 Fr 2 Fr 3 Fr 4 Fr 5 Fr 6 Fr 7 Fr 8 Fr 9 Fr 10 Fr 11
90°
270°

Flange Width (W)

F 1 F 2 F 3 F 4 F 5 F 6 F 7 F 8 F 9 F 10 F 11

Measurement (Tolerance: L1 = ±2 mm, L2 = ±4 mm)

Measurement (Tolerance: L1 = ±1 mm, L2 = ±2 mm)

Measurement (Mill Cert Average = 6.68 mm, Tolerance: L1 = ±3%, L2 = ±6%)

Fr 1 Fr 2 Fr 3 Fr 4 Fr 5 Fr 6 Fr 7 Fr 8 Fr 9 Fr 10 Fr 11
90°
270°

Flange Thickness (t,fl)

Fr 1 Fr 2 Fr 3 Fr 4 Fr 5 Fr 6 Fr 7 Fr 8 Fr 9 Fr 10 Fr 11
90°
270°

Flange Centre (W,fl)

Fr 1 Fr 2 Fr 3 Fr 4 Fr 5 Fr 6 Fr 7 Fr 8 Fr 9 Fr 10 Fr 11
90°
270°

Angle between Flange and Web ( ,fl)

Fr 1 Fr 2 Fr 3 Fr 4 Fr 5 Fr 6 Fr 7 Fr 8 Fr 9 Fr 10 Fr 11
90°
270°

NOTES:

Measurement (Tolerance: L1 = ±1 mm, L2 = ±2 mm)

Measurement (Tolerance: L1 = ±2.5°, L2 = ±5°)

Measurement (Mill Cert Average = 6.68 mm, Tolerance: L1 = ±3%, L2 = ±6%)

Specimen C - 410935

Post-welding (flange-web)Petersen's Welding
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CYLINDER MEASUREMENTS

Interframe and End Bay Spacing (L,f & L,e): Tilt Angle between Shell and Web ( ,t):

90° 270° 90° 270°
(in) (in) (deg) (deg)

Cylinder Length (L,c):

Specimen C - 410935

Post-fabrication Sheet 2Petersen's Welding
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Annex I Wall Thickness Measurements 





Baseline Model (no corrosion patch or weld buttering)

Welded and no corrosion defects

2 4 6 8 10 12 14 16 18 20
10 6.54 6.50 6.69 6.41 6.47 6.43 6.56 6.44 6.38 6.33
20 6.46 6.51 6.49 6.48 6.39 6.45 6.58 6.57 6.48 6.45
30 6.86 6.83 6.81 6.89 6.79 6.86 6.84 6.83 6.76 6.79
40 6.87 6.77 6.89 6.87 6.78 6.85 6.85 6.89 6.83 6.76
50 6.88 6.82 6.84 6.84 6.78 6.81 6.95 6.93 6.82 6.73
60 6.82 6.82 6.78 6.89 6.83 6.83 6.79 6.77 6.73 6.72
70 6.87 6.86 6.88 6.85 6.81 6.82 6.79 6.76 6.79 6.72
80 6.87 6.87 6.92 6.85 6.84 6.85 6.74 6.87 6.81 6.72
90 6.93 6.89 6.90 6.94 6.82 6.90 6.89 6.97 6.77 6.72
100 6.94 6.96 6.88 6.94 6.83 6.86 6.87 6.83 6.82 6.78
110 6.95 6.92 6.86 6.95 6.79 6.82 6.86 6.77 6.75 6.74
120 6.85 6.85 6.87 6.82 6.80 6.79 6.79 6.77 6.73 6.75
130 6.93 6.88 6.85 6.88 6.79 6.80 6.79 6.82 6.82 6.77
140 6.84 6.83 6.86 6.92 6.80 6.80 6.82 6.79 6.75 6.77
150 6.86 6.85 6.82 6.84 6.82 6.88 6.84 6.83 6.72 6.76
160 6.82 6.87 6.82 6.83 6.82 6.84 6.81 6.75 6.72 6.74
170 6.81 6.85 6.84 6.83 6.74 6.82 6.80 6.93 6.76 6.74
180 6.81 6.87 6.83 6.83 6.73 6.85 6.82 6.75 6.72 6.79
190 6.81 6.79 6.80 6.88 6.89 6.80 6.80 6.79 6.82 6.84
200 6.80 6.82 6.78 6.83 6.82 6.75 6.81 6.81 6.79 6.78
210 6.84 6.82 6.95 6.85 6.78 6.77 6.78 6.80 6.79 6.75
220 6.85 6.86 6.87 6.84 6.75 6.74 6.77 6.77 6.81 6.83
230 6.84 6.84 6.79 6.85 6.85 6.73 6.82 6.81 6.72 6.74
240 6.82 6.84 6.82 6.89 6.81 6.73 6.85 6.81 6.72 6.72
250 6.87 6.83 6.81 6.85 6.79 6.78 6.78 6.79 6.77 6.72
260 6.86 6.86 6.85 6.82 6.68 6.72 6.80 6.78 6.72 6.68
270 6.93 6.85 6.79 6.89 6.37 6.62 6.78 6.75 6.71 6.69
280 6.83 6.86 6.82 6.88 6.50 6.71 6.80 6.77 6.75 6.71
290 6.83 6.78 6.78 6.80 6.49 6.59 6.81 6.80 6.72 6.71
300 6.86 6.81 6.77 6.82 6.52 6.58 6.78 6.72 6.74 6.86
310 6.82 6.79 6.78 6.80 6.43 6.78 6.78 6.80 6.69 6.74
320 6.80 6.80 6.79 6.79 6.42 6.70 6.81 6.90 6.74 6.72
330 6.77 6.74 6.72 6.75 6.53 6.69 6.89 6.82 6.71 6.72
340 6.79 6.79 6.81 6.86 6.75 6.74 6.81 6.80 6.86 6.74
350 6.76 6.79 6.74 6.86 6.79 6.82 6.83 6.78 6.85 6.83
360

(seam weld)
8.54 8.96 7.35 9.25 9.27 9.76 11.20 8.40 10.38 9.01

corrosion patch area (not on this model)
Fine Grid

7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5
160 6.79 6.77 6.77 6.80 6.83 6.84 6.82 6.85 6.89
165 6.76 6.84 6.79 6.81 6.84 6.80 6.84 6.85 6.88
170 6.82 6.79 6.80 6.79 6.83 6.80 6.81 6.85 6.86
175 6.81 6.78 6.77 6.78 6.82 6.83 6.83 6.86 6.81
180 6.84 6.78 6.78 6.80 6.79 6.85 6.82 6.86 6.84
185 6.84 6.80 6.79 6.81 6.80 6.80 6.81 6.87 6.84
190 6.83 6.83 6.84 6.83 6.82 6.82 6.85 6.87 6.85
195 6.85 6.87 6.85 6.83 6.83 6.83 6.84 6.86 6.87
200 6.84 6.87 6.84 6.84 6.83 6.86 6.87 6.86 6.86
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Damaged Model (has corrosion patch but no weld buttering)

Welded and no corrosion defects

2 4 6 8 10 12 14 16 18 20
10 6.76 6.71 6.71 6.76 6.76 6.86 6.83 6.73 6.78 6.78
20 6.71 6.78 6.73 6.73 6.78 6.76 6.81 6.76 6.76 6.78
30 6.68 6.68 6.71 6.76 6.73 6.76 6.81 6.73 6.76 6.78
40 6.68 6.76 6.73 6.71 6.76 6.73 6.73 6.73 6.76 6.73
50 6.63 6.71 6.71 6.71 6.76 6.86 6.81 6.76 6.78 6.78
60 6.68 6.68 6.73 6.73 6.73 6.76 6.76 6.76 6.78 6.76
70 6.68 6.71 6.73 6.76 6.73 6.76 6.78 6.76 6.78 6.76
80 6.73 6.73 6.73 6.73 6.71 6.76 6.76 6.76 6.78 6.76
90 6.63 6.68 6.68 6.71 6.73 6.73 6.76 6.76 6.78 6.76
100 6.68 6.71 6.68 6.71 6.76 6.76 6.73 6.76 6.76 6.81
110 6.65 6.68 6.68 6.73 6.78 6.78 6.76 6.78 6.78 6.81
120 6.65 6.68 6.71 6.73 6.76 6.76 6.78 6.76 6.78 6.76
130 6.68 6.71 6.71 6.73 6.76 6.78 6.76 6.76 6.71 6.76
140 6.68 6.71 6.73 6.76 6.81 6.78 6.78 6.81 6.81 6.78
150 6.71 6.81 6.78 6.76 6.78 6.81 6.81 6.78 6.81 6.78
160 6.65 6.73 6.81 6.73 6.76 6.81 6.76 6.78 6.83 6.81
170 6.68 6.78 6.78 6.78 6.76 6.81 6.78 6.81 6.78 6.78
180 6.73 6.76 6.71 6.73 6.76 6.83 6.81 6.78 6.78 6.78
190 6.65 6.73 6.73 6.73 6.73 6.78 6.81 6.76 6.81 6.78
200 6.68 6.68 6.71 6.73 6.71 6.78 6.76 6.83 6.78 6.76
210 6.65 6.71 6.73 6.68 6.76 6.88 6.73 6.78 6.78 6.83
220 6.68 6.73 6.73 6.76 6.73 6.78 6.73 6.76 6.78 6.81
230 6.68 6.68 6.78 6.78 6.78 6.83 6.83 6.78 6.86 6.78
240 6.68 6.71 6.78 6.81 6.81 6.78 6.78 6.81 6.83 6.83
250 6.68 6.68 6.78 6.83 6.78 6.81 6.81 6.86 6.86 6.81
260 6.76 6.73 6.76 6.73 6.76 6.78 6.76 6.86 6.81 6.81
270 6.73 6.71 6.76 6.73 6.76 6.81 6.78 6.78 6.78 6.81
280 6.68 6.71 6.76 6.83 6.83 6.99 6.81 6.81 6.83 6.81
290 6.71 6.71 6.73 6.76 6.78 6.78 6.83 6.78 6.78 6.76
300 6.71 6.71 6.76 6.76 6.73 6.76 6.73 6.76 6.78 6.73
310 6.73 6.78 6.76 6.78 6.76 6.78 6.73 6.73 6.76 6.81
320 6.81 6.83 6.78 6.78 6.76 6.78 6.76 6.76 6.76 6.86
330 6.76 6.78 6.81 6.73 6.78 6.81 6.73 6.76 6.76 6.76
340 6.78 6.76 6.76 6.76 6.78 6.78 6.76 6.73 6.76 6.73
350 6.76 6.78 6.86 6.81 6.78 6.88 6.81 6.88 6.76 6.76
360

(seam weld)
6.76 8.20 9.50 9.58 8.00 8.05 7.70 9.07 7.04 8.10

corrosion patch area
With Corrosion Patch Fine Grid

7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5
160 6.80 6.80 6.81 6.82 6.78 6.78 6.78 6.79 6.83
165 6.78 6.77 6.77 6.79 6.75 6.76 6.78 6.79 6.80
170 6.77 6.77 6.80 6.80 6.79 6.76 6.80 6.77 6.81
175 6.79 6.81 6.85 5.67 5.58 5.51 6.81 6.80 6.79
180 6.81 6.83 6.86 5.60 5.39 5.45 6.85 6.80 6.79
185 6.83 6.84 6.89 5.51 5.43 5.39 6.85 6.83 6.82
190 6.83 6.84 6.86 6.86 6.84 6.80 6.83 6.83 6.84
195 6.83 6.84 6.86 6.86 6.84 6.82 6.86 6.82 6.82
200 6.83 6.87 6.85 6.86 6.87 6.81 6.85 6.85 6.79
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Repaired Model (has corrosion patch and weld buttering)

Welded and no corrosion defects

2 4 6 8 10 12 14 16 18 20
10 6.63 6.38 6.48 6.58 6.68 6.65 6.71 6.76 6.68 6.65
20 6.63 6.45 6.43 6.48 6.63 6.53 6.38 6.40 6.45 6.45
30 6.65 6.53 6.50 6.45 6.65 6.58 6.45 6.38 6.43 6.53
40 6.58 6.50 6.45 6.55 6.76 6.78 6.68 6.71 6.68 6.58
50 6.55 6.65 6.45 6.63 6.76 6.63 6.38 6.35 6.55 6.48
60 6.55 6.71 6.60 6.68 6.58 6.68 6.31 6.31 6.45 6.60
70 6.60 6.73 6.71 6.58 6.58 6.68 6.43 6.37 6.35 6.68
80 6.65 6.73 6.73 6.65 6.53 6.76 6.73 6.55 6.35 6.73
90 6.60 6.63 6.71 6.55 6.48 6.73 6.60 6.33 6.18 6.63
100 6.50 6.73 6.71 6.58 6.58 6.73 6.58 6.32 6.30 6.68
110 6.45 6.78 6.65 6.50 6.71 6.76 6.65 6.32 6.40 6.65
120 6.35 6.73 6.60 6.40 6.50 6.71 6.63 6.30 6.33 6.53
130 6.50 6.68 6.63 6.45 6.65 6.68 6.68 6.27 6.22 6.53
140 6.58 6.65 6.65 6.60 6.63 6.68 6.63 6.58 6.43 6.40
150 6.68 6.68 6.65 6.65 6.73 6.68 6.65 6.55 6.38 6.40
160 6.68 6.63 6.48 6.68 6.73 6.71 6.60 6.55 6.58 6.35
170 6.71 6.68 6.42 6.68 6.78 6.73 6.53 6.38 6.50 6.48
180 6.65 6.73 6.40 6.71 6.76 6.73 6.55 6.45 6.43 6.63
190 6.48 6.65 6.58 6.68 6.71 6.68 6.55 6.37 6.34 6.68
200 6.53 6.65 6.63 6.68 6.68 6.68 6.65 6.60 6.30 6.65
210 6.43 6.63 6.63 6.68 6.68 6.63 6.78 6.65 6.35 6.63
220 6.53 6.65 6.65 6.73 6.78 6.65 6.63 6.65 6.60 6.40
230 6.55 6.68 6.71 6.76 6.76 6.68 6.65 6.68 6.45 6.28
240 6.68 6.68 6.68 6.71 6.71 6.65 6.73 6.68 6.22 6.23
250 6.58 6.65 6.65 6.68 6.71 6.65 6.68 6.68 6.00 5.95
260 6.45 6.65 6.63 6.68 6.71 6.65 6.71 6.68 5.94 6.04
270 6.45 6.65 6.63 6.68 6.73 6.65 6.68 6.71 5.74 6.02
280 6.38 6.68 6.68 6.68 6.71 6.68 6.68 6.71 6.14 6.12
290 6.58 6.76 6.71 6.71 6.73 6.73 6.71 6.71 6.31 6.32
300 6.58 6.68 6.63 6.63 6.63 6.65 6.60 6.71 6.35 6.35
310 6.68 6.63 6.58 6.68 6.68 6.65 6.68 6.68 6.38 6.43
320 6.65 6.63 6.45 6.65 6.68 6.65 6.65 6.65 6.40 6.48
330 6.65 6.63 6.43 6.71 6.65 6.68 6.63 6.68 6.45 6.48
340 6.68 6.68 6.45 6.71 6.68 6.63 6.63 6.68 6.63 6.45
350 6.71 6.68 6.48 6.68 6.71 6.65 6.63 6.71 6.63 6.50
360

(seam weld)
9.07 9.32 12.45 9.40 10.21 9.78 9.63 9.63 9.78 9.14

corrosion patch area
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With Corrosion Patch Fine Grid

7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5
160 6.75 6.70 6.78 6.85 6.71 6.79 6.82 6.72 6.75
165 6.80 6.75 6.82 6.79 6.79 6.73 6.79 6.76 6.73
170 6.79 6.73 6.80 6.81 6.81 6.79 6.83 6.72 6.76
175 6.78 6.78 6.84 5.47 5.54 5.43 6.81 6.77 6.80
180 6.82 6.77 6.79 5.52 5.55 5.46 6.82 6.71 6.76
185 6.82 6.75 6.85 5.57 5.55 5.57 6.80 6.78 6.74
190 6.77 6.72 6.74 6.75 6.75 6.76 6.78 6.70 6.75
195 6.77 6.75 6.78 6.75 6.76 6.74 6.77 6.76 6.76
200 6.74 6.65 6.72 6.73 6.72 6.74 6.76 6.66 6.78

With Weld Buttering Fine Grid

7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5
160 6.88 6.84 6.78 6.84 6.80 6.77 6.76 6.74 6.73
165 6.84 6.83 6.93 6.83 6.86 6.77 6.80 6.79 6.75
170 6.80 6.89 6.89 6.74 6.83 6.71 6.89 6.76 6.78
175 6.95 6.92 6.75 8.36 8.33 7.64 6.80 6.79 6.80
180 6.88 6.80 6.78 8.64 8.00 8.30 6.79 6.75 6.74
185 6.98 6.79 6.78 7.95 8.05 7.53 6.78 6.73 6.74
190 6.84 6.77 6.73 6.69 6.73 6.67 6.76 6.72 6.70
195 6.86 6.79 6.79 6.79 6.79 6.81 6.78 6.73 6.72
200 6.85 6.81 6.82 6.89 6.87 6.80 6.83 6.73 6.72
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Annex J Coupon Test Procedure





TESTING OF STEEL CYLINDERS 

Procedure for Tension Coupon Tests 

1. Test Description 

2. Instrumentation and Data Acquisition 

3. Pretest Measurements, Installation, and Test Set-up 
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COMBINED LOAD TESTS OF CORRODED PIPES 
PROCEDURE FOR TENSION COUPON TESTS 

4. Procedure for Tension Tests 

0.009 in/min
6,000-lb

0.009 in/min

0.09 in/min 
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Annex K Coupon Test Reports





Coupon Identification 

Results Summary

Initial Measurements

Comments:

Coupon Test Report

Final Measurements
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Strain (% )
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Coupon Identification 

Results Summary

Initial Measurements

Comments:

Coupon Test Report

Final Measurements
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Coupon Identification 

Results Summary

Initial Measurements

Comments:

Coupon Test Report

Final Measurements
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Coupon Identification 

Results Summary

Initial Measurements

Comments:

Final Measurements

Coupon Test Report
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Strain (% )
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Coupon Identification 

Results Summary

Initial Measurements

Comments:

Coupon Test Report

Final Measurements
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Coupon Identification 

Results Summary

Initial Measurements

Comments:

Final Measurements

Coupon Test Report
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Coupon Identification 

Results Summary

Initial Measurements

Comments:

Coupon Test Report
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Coupon Identification 

Results Summary

Initial Measurements

Comments:

Final Measurements
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Coupon Identification 

Results Summary

Comments:

Coupon Test Report

Initial Measurements

Final Measurements
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Coupon Identification 

Results Summary

Comments:

Coupon Test Report

Initial Measurements

Final Measurements
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Annex L Instrumentation Layout
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Model A

Internal Gauges
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Model A

External Gauges
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Model A

External Gauges
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Model B & C

Internal Gauges
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Model B & C

External Gauges
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Annex M Collapse Test Procedure 





DRDC-ATLANTIC COLLAPSE TEST PROGRAM 

Procedure for Collapse Tests 

1. Test Description 

2. Instrumentation and Data Acquisition 

3. Installation, Test Preparations 
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DRDC-ATLANTIC COLLAPSE TEST PROGRAM 
PROCEDURE FOR COLLAPSE TESTS 

4. Test Procedure 
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