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Funds and Work Completed During this Quarterly Period 
 


  


Federal Funding   Cost Share Funding  


 


Task 


# per 


MS 


Task 


Description Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date Budget 


Expended 


(Actuals) 


This Quarter 


Expended 


(Actuals) 


to Date 


% Task 


Work 


Completed 


1 Project Kick 


Off Meeting 


and 


Subcontracting $9,335 $0 $9,335 $831 $0 $831 100% 


2 Purchase & 


Characterize 


Pipe Material $134,674 $15,107 $34,674 $146,108 $44,454 $140,562 80% 


3 Literature 


Review 
$11,549 $0 $11,549 $8,669 $0 $8,669 100% 


4 Testing of 


Dents on 


Welds & 


Corrosion 


Features $188,507 $0 $157,363 $599,632 $25,934 $525,520 75% 


5 Testing of 


Dents with 


Gouges $150,020 $0 $150,020 $254,404 $62,476 $222,093 60% 


6 Demonstration 


of Mechanical 


Damage 


Model 


Performance $22,008 $0 $0 $10,930 $0 $0 30% 


7 Industry 


Workshop 
$12,030 $0 $0 $4,325 $0 $0 0% 


8 Project 


Management 


and Reporting $88,366 $1,834 $58,910 $43,959 $0 $1,692 On-going 


 


GRAND 


TOTAL $616,490 $16,941 $421,851 $1,068,858 $132,864 $899,367 


 


 


Technical Status 
Technical activities undertaken through the Tenth quarter focused on the following tasks: 


 


 Task 2—Purchase & Characterize Pipe Material 


 Task 4—Testing of Dents on Welds and Corrosion Features 


 Task 5—Testing of Dents with Gouges 


 Task 8 – Project Management and Reporting 


 


A summary of the technical status and results to date are presented below for each tasks.   


 


The technical group for this program has maintained close communication with other related 


research projects being conducted by PRCI and DOT to ensure program coordination. The team 


has forwarded any issues of concern to PRCI and DOT for their consideration. 
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Task 2:  Purchase & Characterize Pipe Material 


There are three currently different pipe steels in this program:  


 


 Pipe 1 and 2 are modern IPSCO pipes manufactured between 2005 and 2006 


 


 Pipe 3 is intended to be of older steel which was initially intended to be a manufactured 


pipe that replicates vintage pipe properties.  Due to challenges identified with this initial 


approach, the project is now using vintage pipe from former in-service pipelines provided 


by PRCI member companies.  This has resulted in use of several different pipes, one 


vintage material for dents and a separate material for dent+gouge.   


 


GDF SUEZ has received three samples of Pipe 1 and two samples of Pipe 2 all with a length of 


11.8 m.  Pipe 1 is API X52 grade and has a 24 in diameter and 7.9 mm wall thickness.  Pipe 2 is 


API X70 grade. It also has the same diameter but has a wall thickness of 9.0 mm. IPSCO 


manufactured the pipe using the electric resistance welding (ERW) process. GDF SUEZ material 


characterization for Pipes 1 and 2 is fully complete and results presented in previous reports. 


 


The team removed a sample of vintage Pipe 3 from the field and delivered it to Stress 


Engineering Services (SES) facility near Houston, TX for inspection by the research team.  


Based on the inspection of the pipe conditions, they selected five pipe joints for preliminary 


material characterization to confirm that the material properties are consistent with standard 


vintage pipe materials.  SES cut ring samples from each of the five pipe joints and sent them to 


BMT Fleet Technology’s (BMT) facilities in Kanata, ON (Canada) in June 2010. BMT 


completed the preliminary characterization, and forwarded the results to the team in early 


September 2010. The material characterization has confirmed the suitability of the vintage pipe 


for the full-scale testing program and they have begun a detailed material characterization 


including, tensile testing, chemistry, Charpy, microstructure, hardness measurements and cyclic 


material properties. 


 


PRCI finalized arrangements and secured a second set of vintage pipes for the dent+gouge test 


samples. The pipe is 24 in. diameter and made of X50 steel that was manufactured in the early 


1940 by A.O. Smith.  The sections of pipe have been transported to SES, where the team will 


perform a preliminary visual inspection and catalogue this vintage pipe with respect to the 


locations of known anomalies such as existing girth welds, sleeves, metal loss, and other features 


that could have an impact on the full-scale test results.  SES cut ring samples from the three 


longest sections of pipe (i.e., the 24 ft. section and two 40 ft. sections) and sent it to BMT for 


immediate preliminary material characterization which includes the same test parameters as the 


Pipe 3. Preliminary material characterization was carried out and results forwarded to the team.   


 


The other vintage pipes recovered from service and provided by Williams Companies were 


previously shipped to SES and will also undergo preliminary testing of material properties to 


confirm their use as vintage pipes.  SES will then cut ring samples from each of two 40 ft. 


sections of the 24 in. pipe for preliminary characterization of basic materials properties.  The 


team will designate the most appropriate vintage pipe as Pipe 4 and GDF SUEZ will use it to 


perform tests on the dent+gouge defects. 
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BMT characterized a vintage Pipe 4 (24 in. diameter and 0.25 in. nominal thickness) to 


complement the dent + gouge test program. The results reflect relatively good characteristics for 


a vintage pipe, especially its Charpy toughness. BMT or SES will quickly characterize another 


vintage pipe with the hope of a lower Charpy V thickness and a thicker wall. If this is not the 


case, team may evaluate other vintage pipes for use in further experiments. 


Task 3:  Literature Review 


The literature review regarding cyclic fatigue dent assessment techniques is complete.  A report 


summarizing the findings and demonstrating the performance of the identified assessment 


techniques will be available following the completion of the testing. 


Task 4:  Testing of Dents on Welds and Corrosion Features 


BMT has commenced the full scale dent testing of vintage pipe specimens.  The initial phase of 


the program includes testing of eight plain dent specimens, as summarized in the table below.  


The team has identified the specimens and has developed a cutting and identification plan to 


ensure a specimen’s original pipe segment is fully traceable. 


 
Table 1:  Full Scale Vintage Pipe Plain Dent Testing – Initial Phase 


(in) (%) (%SMYS) (%SMYS)


41 EEE-3 EEE-3-41 C 2 5 R Plain 0% 100% 10%-80% NA


42 EEE-10 EEE-10-42 C 4 10 R Plain 0% 100% 10%-80% NA


46 EEE-3 EEE-3-46 C 12 5 R Plain 0% 100% 10%-80% NA


48 EEE-12 EEE-12-48 C 2 15 U Plain 0% 100% 10%-80% NA


52 EEE-10 EEE-10-52 C 4 15 U Plain 0% 80% 10%-80% NA


54 EEE-5 EEE-5-54 C 12 15 U Plain 0% 100% 10%-80% NA


56 EEE-10 EEE-10-56 C 4 20 U Plain 0% 100% 10%-80% NA


57 EEE-5 EEE-5-57 C 12 20 U Plain 0% 80% 10%-80% NA


Dent 


Restraint


Interacting 


With


Indentation 


Pressure


Initial 


Pressure 


Cycle


Cyclic 


Pressure 


Range


Weld 


Seam/Indent


er Location


Pipe 


Material


Nominal 


Indenter 


Diameter


Indenter 


Travel/Dent 


Depth


Pipe 


Segment 


from which 


to take the 


specimens


Specimen ID 


to be 


recorded on 


each pipe


Specimen #


 


Task 5:  Testing of Dents with Gouges 


GDF SUEZ is in charge of the creation, characterization, burst test, and fatigue test of realistic 


combined defects, i.e., ―dents with gouges‖, and their program is described in the next table: 


 


The defects are identified by three characters X.Y.Z. which are numbers: 


 


 X.Y.Z.—X identifies the Pipe X material which is noted by 1, 2, or 3 in this program; 


 


 X.Y.Z.—Y defines the type of dent and gouge defect characterized by its geometry 


notably in terms of dent depth and length, and gouge depth and length. This program is 


considering a maximum of three different kinds of defects per pipe material, and therefore, 


the value of Y can range from 1 to 3; two extreme aggression conditions are considered in 


this study: highly dynamic and slower aggression. The former corresponds to defect Types 


1 and 2 for Pipe 1 (two different excavator teeth used) and Type 1 for Pipe 2, while the 


latter corresponds to Type 3 for Pipe 1 and Type 2 for Pipe 2. 


 


 X.Y.Z.—Z is the number of defect in the defined type of defect. There are three similar 


defects per type of defect. The number 1 is for a detailed geometrical, mechanical and 


metallurgical in-depth defect characterization after its creation. Number 2 is a similar defect 
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for the burst test to evaluate the defect behavior of under monotonic pressure load and 


number 3 is a similar defect for the fatigue test to evaluate the defect behavior under cyclic 


variation of the internal pressure. 


 


In the previous quarterly reports, the following results were presented: 


 


 Creation conditions and results for 17 defects (15 + 2 repeated ones): 1.1.1, 1.1.1b, 1.1.2, 


1.1.3, 1.2.1, 1.2.1b, 1.2.2, 1.3.1, 1.3.2, 1.3.3, 1.2.3, 2.1.1, 2.1.2, 2.1.3 , 2.2.1, 2.2.2 and 


2.2.3; 


 Burst test conditions and results for 3 defects in Pipe 1: ―1.1.2, 1.2.2 and 1.3.2‖ and two 


in Pipe 2: ―2.1.2 and 2.2.2‖. 


 Fatigue test conditions and results for 2 defects in each Pipe : 


o  Pipe 1: ―1.1.3 and 1.2.3‖ Pipe 2: ―2.1.3 and 2.2.3‖. 


 Metallurgical Failure Investigation for 3 defects ―1.1.2, 1.1.3, 1.2.2 and 2.1.3‖. 


 


This report presents:  


 


 Fatigue test condition of defect 1.3.3; 


 Additional investigation of the hardened layer at the gouge bottom. 


 


Table 2 below summarizes the progress of the task on ―Dent and Gouge‖ defects for the MD4-1 


part of the program. The background color in the table represents: 


 


 White: Defects not yet created 


 Yellow: Defects already created but not yet characterized/investigated or submitted to 


either burst or fatigue tests 


 Green: Defects created and tests completed 


 
Table 2:  Status of “Dent and Gouge” defects for the MD4-1part of the program 


 


Task 5: Testing dents with gouges: Fatigue test condition of defect 1.3.3 


Defect 1.3.3 is a severe dent with shallow gouge (about 5.8% dent without pressure and gouge of 


20% depth). The burst test of similar defect 1.3.2, showed, during the pressure increase, a 


significant bulging effect starting at around 30 bar (defect creation pressure) up to around 50 bar, 


which are low compared to the burst pressure of 130.9 bar (see Figure 1). 
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Internal Pressure during defect creation (bar): 30 Pipe 1


Burst Pressure (bar): 130,9 Defect 1.3.2 Diameter (mm) 609,6


Thickness (mm) 7,9


Defect profile evolution versus pressure Grade X52
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Figure 1:  Bulging effect of defect 1.3.2 during the pressure increase. 


 


The researchers noted the same bulging effect in a similar defect in Pipe 2, (2.2.2). So, they 


performed a fatigue test on defect 2.2.3 in Pipe 2 with a pressure amplitude in the range of 


bulging pressures (20-60 bar) which are low compared to the burst pressure (193.5 bar). 


Although no initial crack was detected by Magnetic Particles Inspection (MPI) and the fatigue 


pressure levels were low, the defect failed quickly in 2,000 cycles.  


 


In order to confirm that fatigue cycling in the pressure range of bulging has very significant 


effects on the defect fatigue lifetime, the researchers at GdF SUEZ decided, for fatigue test of 


defect 1.3.3, to proceed with high pressure levels above the bulging pressure range. They 


confirmed the decision with the PRCI project team and Battelle who is in charge of fatigue 


modeling.  Using results shown in Figure 1, the team chose a pressure range with a minimum 


pressure of 53 bar and a maximum pressure of 93 bar (80% SMYS) which are above bulging 


pressure range. 


 


Defect 1.3.3 is well instrumented with the following equipment: 


 Opening clip gauge; 


 Four strain gauge rosettes around the gouge; 


 One strain gauge at the bottom of gouge; 


 Two vertical displacement sensors in the gouge; 


 Potential drop; 
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 Acoustic emission sensors; 


 A camera was used to photograph the targets positions on each side of the gouge and was 


synchronized with the maximum and minimum pressures to trace the defect width 


evolution versus time and detect the crack and leak initiation. 


 Reference strain gauges and vertical displacement sensors on pipe body outside the 


defect. 


 


The fatigue test of defect 1.3.3 is ongoing and at the time of writing this report, exceeds 18,000 


cycles. Although the test is not complete, it is confirms that the choice of the fatigue cycling 


pressure range, as compared to the bulging pressure range, has a dominant effect on cycle life.  


In comparison, the similar defect 2.2.3, tested in the bulging pressure range, failed in 2,000 


cycles only.  


Task 5: Testing dents with gouges: Additional investigation of hardened layer observed on defect 


2.1.3 


The researchers systematically observed that, after dynamic impact, a hardened layer is created 


at the gouge surface as shown in Figure 2. 


 


 
Figure 2: Hardened layer on gouge surface of defect 2.1.3 


 


This layer most often has a thickness between 50-100µm and its hardness is very high, around 


600 HV0.5. Until now, it was assumed that the pipe steel turned into a martensitic phase due to 


the thermal effect from the tooth impact.  However, the researchers did not expect such high 


hardness values, so to check this basic assumption, the team carried out several unplanned 


investigations: several thermal tests were performed with a Gleeble machine or furnace to 


reproduce this martensitic microstructure of the pipe steel. They were unable to reproduce same 


hardness levels; the highest hardness achieved was around 275 HV, far below 600 HV. 


Alternatively, the researchers used the Blondeau formula giving the martensitic hardness versus 


the chemical content of steel and cooling speed (tr) between 800°C and 500°C: 
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HV=127+949 *%C+27 *%Si+11*%Mn+8*%Ni+16*%Cr+21*log(tr) 


 


Using the chemical content of pipe steel and estimating cooling rates between 1°C/s and 5°C/s, 


the scientists calculated hardness between 200HV and 220HV. The low hardness levels exist 


because the carbon content is too low to produce a hard martensitic microstructure. This 


calculation confirms the brief experimental study that the hardened layer is not only made of 


pipe steel. 


 


So, in second step, researchers analyzed a tooth used for impact tests (Figure 3) 


 


 
Figure 3:  Samples taken from a tooth for chemical and hardness analysis 


 


The researchers at GdF SUEZ performed chemical and hardness analysis on the tooth samples 


and compared the results to the hardened layer characteristics. The hardness values are close 


(535 HV for the tooth and around 600 HV for the hardened layer). The chemical contents in 


Table 3 were the tooth and the hardened layer were similar, but the pipe steel contained different 


levels of silicon, chromium, and magnesium.  


Samples for 


chemical and 
hardness 


analysis 
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Table 3:  Comparison of chemical contents between hardened layer, tooth and pipe steel 


 %Si %Cr %Mn 


Hardened layer 0.63 0.63 1.54 


Tooth 0.64 0.63 1.49 


Pipe steel  0.25 0.09 2.2 


 


These results open the way to the interpretation of the creation of the hardened layer from the 


tooth material. But it is still an interpretation to be confirmed by a relevant detailed description 


of the diffusion mechanism due to thermal effects and friction between the tooth and pipe steel 


during the impact duration. 


Business Status 
The project remains well coordinated with the pipeline industry through PRCI.   


Funds Expended  


The financial condition of the project is shown in the table below. 


 


  


Federal Funding   Cost Share Funding  


 


Task 


# per 


MS 


Task 


Description Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date Budget 


Expended 


(Actuals) 


This Quarter 


Expended 


(Actuals) 


to Date 


% Task 


Work 


Completed 


1 Project Kick 


Off Meeting 


and 


Subcontracting $9,335 $0 $9,335 $831 $0 $831 100% 


2 Purchase & 


Characterize 


Pipe Material $134,674 $15,107 $34,674 $146,108 $44,454 $140,562 80% 


3 Literature 


Review 
$11,549 $0 $11,549 $8,669 $0 $8,669 100% 


4 Testing of 


Dents on 


Welds & 


Corrosion 


Features $188,507 $0 $157,363 $599,632 $25,934 $525,520 75% 


5 Testing of 


Dents with 


Gouges $150,020 $0 $150,020 $254,404 $62,476 $222,093 60% 


6 Demonstration 


of Mechanical 


Damage 


Model 


Performance $22,008 $0 $0 $10,930 $0 $0 30% 


7 Industry 


Workshop 
$12,030 $0 $0 $4,325 $0 $0 0% 


8 Project 


Management 


and Reporting $88,366 $1,834 $58,910 $43,959 $0 $1,692 On-going 


 


GRAND 


TOTAL $616,490 $16,941 $421,851 $1,068,858 $132,864 $899,367 
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Schedule 


The project is generally on schedule, but as discussed in prior reports, Task 5 is impacted by the 


decision to add neutron diffraction testing of selected dent+gouge samples to the program. The 


facility initially selected to perform the neutron diffraction testing, the Canadian Neutron Beam 


Centre (CNBC) at Chalk River, ON, experienced a shutdown for an extended period and this has 


delayed the proposed additional testing.  To help address the delay, the Program Team has 


coordinated with National Institute of Standards and Technology (NIST) Center for Neutron 


Research at Gaithersburg, MD to perform the testing. In April, NIST received defects 1.1.1b and 


1.3.1, and NIST is finishing the experimental work and interpretation of the data this month.  The 


reader should note that the analysis of the defect samples using neutron diffraction was not 


included in the original scope of work and was added to the program to capitalize on the 


availability of the neutron diffraction testing equipment and laboratories at no cost to the project.  


The data generated will be very beneficial to improving the understanding the behavior of 


dent+gouge defects and providing further input for improving the mechanical damage modeling 


projects. 


 


Task 


No. 
Task 


Scheduled 


Completion 


Date 


Completed 


Date 


Status  


(if delayed) 


1 
Project Kick Off Meeting and 


Subcontracting 
8/31/2008 8/31/2008  


2 
Purchase & Characterize Pipe 


Material 
8/31/2010 Ongoing 


Pipe 1 and 2 complete, work on Vintage 


Pipe 3 is on-going. 


3 Literature Review 11/30/2009 
11/30/2009 


 
 


4 
Testing of Dents on Welds and 


Corrosion Features 
2/28/2012 Ongoing  


5 Testing of Dents with Gouges 2/28/2012 Ongoing  


6 
Demonstration of Mechanical 


Damage Model Performance 
11/30/2011 Ongoing  


7 Industry Workshop 5/31/2012 Not Yet Started  


8 Project Management and Reporting 5/31/2012 Ongoing  


Payable Milestones 


Payable milestones for this period are shown in the table below.   


 


Task 


No. 
Task 


Status 


% Complete 


Scheduled 


Completion 


Date 


Payable 


Milestone 


(Item No) 


1 Project Kick Off Meeting and Subcontracting 100%  8/31/2008  


2 Purchase & Characterize Pipe Material 67%  8/31/2010 16 


3 
Literature Review – effect of pre-strain and 


dent-gouge defect from field feed-back 
100% 11/30/2009 


22, 26, 29, 


33 


4 
Testing of Dents on Welds and Corrosion 


Features 
75% 2/28/2012 35 


5 Testing of Dents with Gouges 60% 2/28/2012  


6 
Demonstration of Mech. Damage Model 


Performance 
30% 11/30/2011  


7 Industry Workshop 0%  5/31/2012  


8 Project Management and Reporting On-Going 5/31/2012 37 
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Results and Conclusions 


A summary of the results are: 


 


 Task 2—Material characterization are complete for Pipe 1 and Pipe 2; 


 Task 3—The literature review of cyclic fatigue dent assessment techniques is complete; 


 Task 4—The testing of dents interacting with girth welds is complete; 


 Task 5—The fatigue test on defect 1.3.3 is ongoing and its lifetime has exceeded 18,000 


cycles. Additional investigation of the hardened layer showed that this layer 


could be created from tooth material deposited during aggression. 


Issues, Problems or Challenges  


As discussed above, the team plans to complete preliminary material characterization of the 


vintage pipe in early September for Pipe 3 and later for other vintage pipes (i.e., Pipe 4 and other 


pipe materials used for dent+gouge test samples).  However, the full characterization will 


continue through at least March 2011.  The team believes that this delay will not affect the 


overall project schedule, since the other testing will continue in parallel during this time.  The 


team is in the process of evaluation options to expedite the characterization process.   


Plans for Future Activity 


Planned activities for the project are presented below.   


Task 2:  Purchase & Characterize Pipe Material 


The detailed material characterization on the vintage Pipe 3 is currently being carried out by 


BMT. The full scale dent gouge test activities will begin on the vintage material once the 


materials are delivered to the test facility (GDF SUEZ in Saint Denis, France).  Prior to 


delivering the materials to the testing facilities, BMT and SES will perform preliminary material 


characterization to verify that the selected materials are representatives of vintage pipe 


properties.  If the material is considered representative of vintage pipe properties, the team will 


carry out a detailed characterization.  


 


BMT or SES will quickly characterize another vintage Pipe 4 pipe with the hope of a lower 


Charpy V thickness and a thicker wall. If this is not the case, team may evaluate other vintage 


pipes for use in further experiments. 


Task 4:  Testing of Dents on Welds and Corrosion Features 


BMT will provide updates of the full scale dent testing of Pipe 3 through the monthly and 


quarterly reports, as they become available. 


Task 5:  Testing of Dents with Gouges 


GDF SUEZ will interpret the full results of fatigue test on defect 1.3.3 and will continue the 


metallurgical investigation on several already created defects. 


 








Eleventh Quarterly Report  February 28, 2011 


DTPH56-08-T-000011 – Project WP#339 


       


 


QUARTERLY REPORT 


Project WP#339: Structural Significance of Mechanical Damage 
 


Date of Report February 28, 2011 


 


Contract Number: DTPH56-08-T-000011 
 


Prepared For: United States Department of Transportation 


Pipeline and Hazardous Materials Safety Administration 


Office of Pipeline Safety 
 


Project Title Project WP#339: Structural Significance of Mechanical Damage 


 


Prepared By: Aaron Dinovitzer Murès Zarea, Rémi Batisse 


Principal Investigator Principal Investigators 


BMT Fleet Technology Limited GDF SUEZ, R&I Department  


311 Legget Drive 361 Ave du President Wilson 


Kanata, Ontario, Canada K2K 1Z8 B.P. 33, 93211 Saint-Denis, France  


613 - 592 - 2830 ext 203 +3-366-413-5637 


adinovitzer@fleetech.com mures.zarea@gdfsuez.com 


 remi.batisse@gdfsuez.com 


 


Mr. Ian Wood Mark Piazza 


Team Project Manager Team Technical Coordinator 


Electricore, Inc. Pipeline Research Council, Intl. 


27943 Smyth Drive, Suite 105 3141 Fairview Park Drive, Ste 525 


Valencia, CA 91355 Falls Church, VA 22042 


ian@electricore.org  mpiazza@prci.org 


For Period Ending:  February 28, 2011 


 
 


Distribution authorized to U.S. Government Agencies only, so as to protect information not owned by 


the U.S. Government and protected by the recipient’s “limited rights” statement, or received with the 


understanding that it not be routinely submitted outside the U.S. Government.  Public distribution is 


authorized for the final section (“Public Page”) of the report. 



mailto:adinovitzer@fleetech.com

mailto:mures.zarea@gdfsuez.com

mailto:remi.batisse@gdfsuez.com

mailto:ian@electricore.org

mailto:mpiazza@prci.org





Eleventh Quarterly Report  February 28, 2011 


DTPH56-08-T-000011 – Project WP#339 


Funds and Work Completed During this Quarterly Period 
 


 


Technical Status 
Technical activities undertaken through the Eleventh Quarter focused on the following tasks: 


 


 Task 2—Purchase & Characterize Pipe Material 


 Task 3—Literature Review 


 Task 4—Testing of Dents on Welds and Corrosion Features 


 Task 5—Testing of Dents with Gouges 


 Task 8 – Project Management and Reporting 


 


A summary of the technical status and results to date are presented below for each tasks.   


 


The technical group for this program has maintained close communication with other related 


research projects being conducted by PRCI and DOT to ensure program coordination. The team 


has forwarded any issues of concern to PRCI and DOT for their consideration. 


Task 2:  Purchase & Characterize Pipe Material 


There are currently four different pipe steels in this program:  


 


 Pipe 1 and 2 are modern IPSCO pipes manufactured between 2005 and 2006 
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 Pipe 3 is older steel to represent the majority of the pipelines in-service.  It was initially 


intended to provide a manufactured pipe that replicates vintage pipe properties for Pipe 3.  


Due to challenges identified with this initial approach, the project is now using vintage 


pipe from former in-service pipelines provided by PRCI member companies.  This has 


resulted in use of several different pipes, one vintage material for the full-scale testing 


program for dents, named Pipe 3, and  


 


 A separate vintage material for creating and testing dent and gouge defects, named Pipe 


4.  (There are actually several candidates for selection, named 4 a, 4 b and 4 c.)   


 


BMT has completed the detailed material characterization work on the vintage Pipe 3 material 


(X52, 18 in. outside diameter) which the team is using in the extended full scale test matrix of 


plain dents and dents interacting with welds and corrosion metal loss. Their material 


characterization work included preliminary tests on five randomly selected pipes from Pipe 3 


(which has been removed from the ground) and the complete detailed characterization on at least 


one pipe.  


 


BMT’s detailed material characterization work included the following:  


 


 Chemical Analysis on five pipes 


 Optical Microscopy on five pipes 


 Hardness (mid thickness and surface) on five pipes 


 Upper shelf CVN toughness on five randomly selected pipes and CVN transition curves 


on three pipes 


 Tensile tests (flat longitudinal, transverse flattened strap, round longitudinal and round 


transverse) on five pipes 


 Cyclic stress strain curve on one pipe 


 Quantitative metallography (ferrite grain size, pearlite volume fraction and inclusion 


volume fraction) on two pipes 


 CTOD (base metal) on three pipes 


 Strain life fatigue tests on one pipe 


A report detailing the characterization efforts and results is being finalized and will be circulated 


within the next quarter. 


 


BMT also performed preliminary characterization on vintage Pipe 4a (24 in. diameter and 0.25 


in. nominal thickness), see Table 1 below, to complement the dent + gouge test program. The 


results reflect relatively good characteristics for a vintage pipe, especially its Charpy toughness. 


SES characterized another vintage pipe named 4 b, with the hope of a lower Charpy V toughness 


and a thicker wall. A third vintage pipe 4c (Year 1967) from GDF SUEZ was also recently 


proposed for the study. Charpy values are not yet available, but underway. Once all 


characterization results are available for all three pipes (4a, b and c), the project team will decide 


on the pipe they will use to represent vintage pipe materials in the dent and gouge tests. 
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Table 1:  Characteristics of Vintage Pipes 4 a, b and c - basic characterization for selection before Dent and 


Gouge tests 


Diameter


thickness


Tensile Properties


Basic characterization


Charpy - Basic 


characterization


Pipe 4 a
based in 


U.S. 


24’’
0.25’’


Transverse (flattened)
YS=400MPa-413MPa


UTS =538MPa-542MPa


Longitudinal
YS=370MPa-375MPa


UTS =528MPa-568MPa


45 J/cm²-60 J/cm²
@ 20°C


Pipe 4 b
based in 


U.S. 


24’’
0.29’’


Transverse (flattened)
YS=404MPa-482MPa


UTS =552MPa-579MPa


Longitudinal
YS=460MPa-485MPa


UTS =555MPa-580MPa


37 J/cm²-48 J/cm² 
@ 20°C


Pipe 4 c
based in 
France


24’’
0.27’’min


X63 grade (1967)


Transverse 


YS=469MPa, UTS =610MPa
Ongoing


  


Task 3:  Literature Review 


The literature review regarding cyclic fatigue dent assessment techniques is complete.  A report 


summarizing the findings and demonstrating the performance of the identified assessment 


techniques will be available following the completion of the testing. 


Task 4:  Testing of Dents on Welds and Corrosion Features 


BMT has completed the fatigue testing of the first eight Pipe 3 plain dent specimens.  A 


summary of the experimental results is presented in Table 22 below. 


 
Table 2:  Summary of Initial Eight Pipe 3 Plain Dent Experimental Results 


Specimen 


# 


Nominal 


Indenter 


Diameter 


Indenter 


Travel 


Dent 


Restraint 


Indentation 


Pressure 


Initial 


Pressure 


Cycle 


Cyclic 


Pressure 


Range 


Weld 


Seam/Indenter 


Location 


Cycles 


to 


Failure 


(in) (%) (%SMYS) (%SMYS) 


41 2 5 R 0% 100% 10%-80% NA 69099 


42 4 10 R 0% 100% 10%-80% NA 69393 


46 12 5 R 0% 100% 10%-80% NA 125525 


48 2 15 U 0% 100% 10%-80% NA 23482 


52 4 15 U 0% 80% 10%-80% NA 9226 


54 12 15 U 0% 100% 10%-80% NA 47702 


56 4 20 U 0% 100% 10%-80% NA 15473 


57 12 20 U 0% 80% 10%-80% NA 14091 


 


Figure 1 through Figure 3 present the detailed experimental results in terms of the indentation 


load versus indenter displacement, the initial unrestrained dents shapes and the dent shapes after 


the second pressure hold. 
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Figure 1:  Comparison of Pipe 3 Plain Dent Indentation Load vs. Indenter Displacement 


 


 
Figure 2:  Comparison of Pipe 3 Plain Dent– Unrestrained Dents – Initial Dent Shape 
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Figure 3:  Comparison of Pipe 3 Plain Dent– Unrestrained Dents –Dent Shape After Second Pressure Hold 


 


The team presented the results of the full scale tests including the recently completed plain dent 


tests on vintage pipe (Pipe 3) at the PRCI Research Exchange meeting held in Atlanta, Georgia, 


on Feb1-3 2011.   


Task 5:  Testing of Dents with Gouges 


GDF SUEZ is in charge of the creation, characterization, burst test, and fatigue test of realistic 


combined defects, i.e., ―dents with gouges‖, and their program is described in the next table: 


 


The defects are identified by three characters X.Y.Z. which are numbers: 


 


 X.Y.Z.—X identifies the Pipe X material which is noted by 1, 2, or 3 in this program; 


 


 X.Y.Z.—Y defines the type of dent and gouge defect characterized by its geometry 


notably in terms of dent depth and length, and gouge depth and length. This program is 


considering a maximum of three different kinds of defects per pipe material, and therefore, 


the value of Y can range from 1 to 3; two extreme aggression conditions are considered in 


this study: highly dynamic and slower aggression. The former corresponds to defect Types 


1 and 2 for Pipe 1 (two different excavator teeth used) and Type 1 for Pipe 2, while the 


latter corresponds to Type 3 for Pipe 1 and Type 2 for Pipe 2. 


 


 X.Y.Z.—Z is the number of defect in the defined type of defect. There are three similar 


defects per type of defect. The number 1 is for a detailed geometrical, mechanical and 


metallurgical in-depth defect characterization after its creation. Number 2 is a similar defect 


for the burst test to evaluate the defect behavior of under monotonic pressure load and 


number 3 is a similar defect for the fatigue test to evaluate the defect behavior under cyclic 


variation of the internal pressure. 
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This report presents the metallurgical investigation of defect 2.2.3; 


 


Table 33 below summarizes the progress of the task on ―Dent and Gouge‖ defects for the MD4-1 


part of the program. The background color in the table represents: 


 


 White: Defects not yet created 


 Yellow: Defects already created but not yet characterized/investigated or submitted to 


either burst or fatigue tests 


 Green: Defects created and tests completed 


 
Table 3:  Status of “Dent and Gouge” defects for the MD4-1part of the program 


 


Task 5: Metallurgical investigation of defect 2.2.3 


GDF SUEZ cut this defect created by slow dynamic aggression into several samples after it 


failed under fatigue in order to investigate the microstructure, presence of cracks and to estimate 


local strains (Figure 4 and Figure 5). Due to its length of more than 350 mm, GDF SUEZ cut it 


into 24 samples numbered 0 to 23. 


 


 
Figure 4: Defect 2.2.3 before cutting, with samples reference # and observation direction 


 


Observation 


Main fatigue  crack 
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Figure 5:  Defect 2.2.3 after cutting of samples into 24 samples due to its length. 


 


Figure 6-8 provide macroscopic photos of samples 9, 14 and 17. 


 


 
Figure 6:  Defect 2.2.3 - sample 9 with two significant cracks (20-25%) and a third smaller one. 


 


 
Figure 7:  Defect 2.2.3 - sample 14 showing the main fatigue crack and a secondary crack. 


 


Main fatigue  crack 


Cracks 


Main fatigue crack 


Seconder crack 
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Figure 8:  Defect 2.2.3 - sample 17 with the end of the main fatigue crack and a secondary crack. 


 


GDF SUEZ measured the crack depth on 169 cracks from the cut samples 9 to 18 and plotted in 


a histogram shown in Figure 9. 
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Figure 9:  Distribution of crack depths measured on 169 cracks from samples 9 to 18. 


 


Almost half (45%) of cracks are less deep than 100 µm, and two thirds (67%) are less than 200 


µm deep.  While more than 10% of the cracks are deeper than 1 mm. The team believes the 


largest cracks are most likely propagating during the fatigue test. However, for the majority of 


very shallow cracks (i.e., less than 100-200 µm), the team is trying to determine if their size is 


due to crack initiation upon defect creation, re-rounding, or during the fatigue test.  The 


researchers found no indication of cracking using magnetic particle inspection (MPI) after defect 


Cracks 
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creation, so they need to assess the detection limit of this qualitative technique. The team did not 


observe a hard layer at the gouge surface as shown in the microscopic views (Figure 10 and 11) 


which would have originated from tooth material welded on the surface like they found in the 


case of highly dynamic aggression.  


 


 
Figure 10:  Defect 2.2.3 - Microscopic view close to the gouge surface from sample 17. 
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Figure 11:  Defect 2.2.3 - Microscopic view close to the gouge surface from sample 13, with a crack of 1.35 


mm depth and a secondary shallow crack. 


 


Several cracks propagated from geometrical imperfections at the gouge surface (Figure 12) or 


initiated by microscopic material defects (possible inclusions) in subsurface (Figure 13). 


 


 
Figure 12:  Defect 2.2.3 - Geometrical imperfection at the gouge surface where a crack (78 – 98 µm) originates 


- sample 15 
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Figure 13:  Defect 2.2.3 – Microscopic view of material defect (possible inclusion) at gouge subsurface and 


crack –sample 15 


 


At pipe mid-wall thickness under the dent+gouge feature, the microstructure is stretched with 


elongated ferritic grains due to significant local deformation (Figure 14). 


 


 
Figure 14:  Defect 2.2.3 with stretched ferritic grains at mid-wall under dent – sample 14. 
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GDF SUEZ made several micro-hardness progressions through the thickness from dent surface 


to internal wall on several cuts at five positions represented by color code in Figure 15: 


 


 Black line: Micro-hardness Progression 1; 


 Green line: Micro-hardness Progression 2; 


 Red line: Micro-hardness Progression 3; 


 Blue line: Micro-hardness Progression 4; 


 White line: Micro-hardness Progression 5. 


 


  
Figure 15:  Defect 2.2.3 - Micro-hardness progression positions 


 


Micro-hardness values were converted to strains by the empirical formulation: 


 


 


 


As an example, Figure 16 shows the local strains deduced form micro-hardness profiles for the 


five micro-hardness progressions on Sample 14. The researchers estimate local strains of up to 


30% under the dent. 


 


786.563377.0 5.0%  HV
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Figure 16:  Defect 2.2.3 - Local strains Profile along the thickness under the dent – sample 14. 


 


Technical Results and Conclusions 


A summary of the results are: 


 


 Task 2—Material characterization are complete for Pipe 1 and Pipe 2; 


 Task 3—The literature review of cyclic fatigue dent assessment techniques is complete; 


 Task 4—The testing of dents interacting with girth welds is complete; 


 Task 5—The fatigue test on defect 1.3.3 is ongoing and its lifetime has exceeded 18,000 


cycles. Additional investigation of the hardened layer showed that this layer 


could be created from tooth material deposited during aggression. 


Technical Issues, Problems or Challenges  


As discussed above, the team began preliminary material characterization of the vintage pipe for 


Pipe 3 in September 2010 and went on with other vintage pipes (i.e., Pipe 4 and other pipe 


materials to be used for dent+gouge test samples).  However, the full characterization will 


continue through at least March 2011.  The team believes that this delay will not affect the 


overall project schedule, since other testing will continue in parallel during this time.  The team 


is in the process of evaluation options to expedite the characterization process.   


Plans for Future Activity 


Planned activities for the project are presented below.   


Task 2:  Purchase & Characterize Pipe Material 


The team is characterizing three vintage pipes (Pipe 4a, b, and c) which are potential candidates 


for the DOT program. GDF SUEZ is providing one pipe and they have to confirm Charpy 


Progressn1 Progressn 2 Progressn 3 Progressn 4 Progressn 5 
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values. The team expects the results before the end of March 2011. Then, they will choose 


between the three vintage pipes and will start the dent + gouge tests on the chosen vintage pipe. 


Task 4:  Testing of Dents on Welds and Corrosion Features 


The full scale test matrix for the next set of Pipe 3 dent fatigue tests will be finalized and 


circulated to the project team and PRCI member companies for approval and subsequent testing. 


Task 5:  Testing of Dents with Gouges 


GDF SUEZ will continue the destructive characterization of defect 1.1.1b and will send defects 


1.2.1b, 2.1.1 and 2.2.1 to Chalk River in Canada for neutron diffraction analysis of residual 


stresses. 


Business Status 
The team has prepared a proposal for increasing the test variables for full scale dent tests and 


will submit it to DOT and PRCI.  


Funds Expended  


The financial condition of the project is shown in the table below. 


 


  


Federal Funding   Cost Share Funding  


 


Task 


# per 


MS 


Task 


Description Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date Budget 


Expended 


(Actuals) 


This Quarter 


Expended 


(Actuals) 


to Date 


% 


Complete 


1 Project Kick 


Off Meeting 


and 


Subcontracting $9,335 $0 $9,335 $831 $0 $831 


100% 


2 Purchase & 


Characterize 


Pipe Material $134,674 $90,000 $109,567 $146,108 $0 $96,108 


100% 


3 Literature 


Review 
$11,549 $0 $11,549 $8,669 $0 $8,669 


100% 


4 Testing of 


Dents on 


Welds & 


Corrosion 


Features $188,507 $0 $157,363 $599,632 $75,432 $575,018 


75% 


5 Testing of 


Dents with 


Gouges $150,020 $0 $150,020 $254,404 $31,238 $228,571 


65% 


6 Demonstration 


of Mechanical 


Damage 


Model 


Performance $22,008 $0 $0 $10,930 $0 $0 


40% 


7 Industry 


Workshop 
$12,030 $0 $0 $4,325 $0 $0 


0% 


8 Project 


Management 


and Reporting $88,366 $1,834 $58,910 $43,959 $0 $1,692 On-going 


 


GRAND 


TOTAL $616,490 $91,834 $496,744 $1,068,858 $106,670 $910,889 
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Schedule 
The project is generally on schedule, but as discussed in prior reports, Task 5 was impacted by 


the decision to add neutron diffraction testing of selected dent + gouge samples to the program. 


Two defects 1.1.1b and 1.3.1 were returned from the neutron diffraction testing and GDF SUEZ 


has begun the destructive metallurgical investigation of defect 1.1.1b. They will send three other 


defects, 1.2.1b, 2.1.1 and 2.2.1 to Canada next month for neutron diffraction to determine 


residual stresses. The researchers expect that they will return to France in the fall of 2011 for 


destructive analysis which they will complete by the end of the year. The researchers believe the 


data generated will be very beneficial for improving the understanding of the dent + gouge 


defects behavior and for providing further input to improve current mechanical damage 


remaining strength assessment models. 


 


Task 


No. 
Task 


Scheduled 


Completion 


Date 


Completed 


Date 


% 


Complete 


Status  


(if delayed) 


1 
Project Kick Off Meeting 


and Subcontracting 
8/31/2008 8/31/2008 100%  


2 
Purchase & Characterize 


Pipe Material 
8/31/2010 02/01/2011 100% 


Pipe 1 and 2 complete, work on 


Vintage Pipe 3 is on-going. 


3 Literature Review 11/30/2009 11/30/2009 100%  


4 
Testing of Dents on Welds 


and Corrosion Features 
2/28/2012 Ongoing 75%  


5 
Testing of Dents with 


Gouges 
2/28/2012 Ongoing 65%  


6 


Demonstration of 


Mechanical Damage Model 


Performance 


11/30/2011 Ongoing 40%  


7 Industry Workshop 5/31/2012 
Not Yet 


Started 
0%  


8 
Project Management and 


Reporting 
5/31/2012 Ongoing On-going  
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Payable Milestones  
Payable milestones for this period are shown in the table below.   


 


  


Federal Funding   Cost Share Funding  


 


Task 


# per 


MS 


Task 


Description Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) to 


Date 


Payable 


Milestone 


(Item No) 


1 Project Kick 


Off Meeting 


and 


Subcontracting $9,335 $0 $9,335 $831 $0 $831 
 


2 Purchase & 


Characterize 


Pipe Material $134,674 $15,107 $34,674 $146,108 $44,454 $140,562 
31 


3 Literature 


Review 
$11,549 $0 $11,549 $8,669 $0 $8,669  


4 Testing of 


Dents on 


Welds & 


Corrosion 


Features $188,507 $0 $157,363 $599,632 $25,934 $525,520 


38, 41 


5 Testing of 


Dents with 


Gouges $150,020 $0 $150,020 $254,404 $62,476 $222,093 
36, 39 


6 Demonstration 


of Mechanical 


Damage 


Model 


Performance $22,008 $0 $0 $10,930 $0 $0 


 


7 Industry 


Workshop 
$12,030 $0 $0 $4,325 $0 $0  


8 Project 


Management 


and Reporting $88,366 $1,834 $58,910 $43,959 $0 $1,692 
40 


 


GRAND 


TOTAL $616,490 $16,941 $421,851 $1,068,858 $132,864 $899,367 
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Funds and Work Completed During this Quarterly Period 
 


 


Technical Status 
Technical activities undertaken through the Twelfth Quarter focused on the following tasks: 
 


 Task 2—Purchase & Characterize Pipe Material 


 Task 3—Literature Review 


 Task 4—Testing of Dents on Welds and Corrosion Features 


 Task 5—Testing of Dents with Gouges 


 Task 8 – Project Management and Reporting 


 


A summary of the technical status and results to date are presented below for each tasks.   


 


The technical group for this program has maintained close communication with other related 


research projects being conducted by PRCI and DOT to ensure coordination across all projects 


that address mechanical damage inspection and assessment and maximize resources to deliver a 
comprehensive solution for the pipeline industry to manage mechanical damage. The team has 


forwarded any issues of concern to PRCI and DOT for their consideration. 


Task 2:  Purchase & Characterize Pipe Material 


There are currently four different pipe steels in this program:  


 


 Pipe 1 and 2 are modern IPSCO pipes manufactured between 2005 and 2006 
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 Pipe 3 is older steel to represent the majority of the pipelines in-service.  It was initially 


intended to provide a manufactured pipe that replicates vintage pipe properties for Pipe 3.  


Due to challenges identified with this initial approach, the project is now using vintage 


pipe from former in-service pipelines provided by PRCI member companies.  This has 
resulted in the need to use several different pipes:  one vintage material for the full-


scale testing program for dents, designated Pipe 3, and  


 


 A separate vintage material for creating and testing dent+gouge defects, designated 


Pipe 4 (there are currently several candidate vintage pipe materials being considered for 


selection, named 4a, 4b, and 4c).   
 


BMT Fleet Technology (BMT) performed preliminary characterization on vintage Pipe 4a (24 


in. diameter and 0.25 in. nominal thickness), see Table 1 below, to complement the dent+gouge 
test program. The results reflect relatively good characteristics for a vintage pipe, especially its 


Charpy toughness. Stress Engineering Services (SES) characterized another vintage Pipe 4b, 


with the hope of a lower Charpy V toughness and a thicker wall. A third vintage pipe 4c (Year 


1967) from GDF SUEZ was also recently proposed for the study. Charpy values are not yet 


available, but underway. Once all characterization results are available for all three pipes, the 


project team will decide on the pipe they will use to represent vintage pipe materials in the 


dent+gouge tests. Results are given in Table 1 below. 


 


 
 


A decision will be made soon by the Project Team, in consultation with the project AOTR from 


DOT PHMSA and Technical Leader from PRCI, on selecting one pipe among these three 


options for the experimental study of dent+gouge defects in vintage pipe. 


Table 1:  Characteristics of Vintage Pipes 4a, 4b, and 4c - basic characterization data for selection 


for dent+gouge tests 
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Task 3:  Literature Review 
The literature review regarding cyclic fatigue dent assessment techniques is complete.  A report 


summarizing the findings and demonstrating the performance of the identified assessment 
techniques will be available following the completion of the testing. 


 


Task 4:  Testing of Dents on Welds and Corrosion Features 


BMT has developed the next matrix of plain dent testing and submitted itto the project team for 
comment and approval.  Testing will commence once the team approves the final test matrix.   


 


The team presented the results of the full scale tests including the recently completed full-scale 


tests for eight plain dent test samples on vintage Pipe 3 at the Joint Technical Meeting 


(Australian Pipline Industry Association (APIA), European Pipeline Research Group (EPRG), 


and PRCI) held in San Francisco, California, May 16-19.   


 


BMT has received the first eight Pipe 3 plain dent specimens following the completion of the 


full-scale tests.  All of the specimens have been inspected using MPI (Magnetic Particle 


Inspection).  The initial inspection results revealed the presence of cracks  in locations around the 


dents, see Error! Reference source not found..  These crack indications will be inspected 
further using destrutive testing methods to better understand the factors that influence and 


control their formation and occurrence in the pipe steel, and other inspection methods may be 


applied to the test samples. The results of the complete testing results will be included in the next 


quarertly report, after all inspection and destructive testing are completed.  BMT has also 


prepared a recommended test matrix for the next set of full-scale tests using the vintage pipe 
(Pipe 3) and will provide additonal inspection for indications of cracks during these tests. 


 


In order to accurately characterize the indenters used to create the dents in the test specimens, 
BMT has created molds and casts of the indenters which were then digitized, as shown in 1 and 


Error! Reference source not found.2below.  The results will be provided digitally along with 
all of the experimental results at the end of the project. 
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Figure 1:  Photos of Indenter Casts (4 in. Nominal Indenters) 


 


 
Figure 2:  Digitized Centerline Contours of 4 in. Nominal Indenter (Indenter 4) 


Task 5:  Testing of Dents with Gouges 


GDF SUEZ is in charge of the creation, characterization, burst test, and fatigue test of realistic 
combined defects, i.e., dent+gouge, and their program is described in the next table: 


 
The defects are identified by three characters X.Y.Z. which are numbers: 


 


 X.Y.Z.—X identifies the Pipe X material which is noted by 1, 2, or 3 in this program; 
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 X.Y.Z.—Y defines the type of dent+gouge defect characterized by its geometry notably in 


terms of dent depth and length, and gouge depth and length. This program is considering a 


maximum of three different kinds of defects per pipe material, and therefore, the value of Y 


can range from 1 to 3; two extreme aggression conditions are considered in this study: 


highly dynamic and slower aggression. The former corresponds to defect Types 1 and 2 for 
Pipe 1 (two different excavator teeth used) and Type 1 for Pipe 2, while the latter 


corresponds to Type 3 for Pipe 1 and Type 2 for Pipe 2. 


 


 X.Y.Z.—Z is the number of defect in the defined type of defect. There are three similar 


defects per type of defect. The number 1 is for a detailed geometrical, mechanical and 


metallurgical in-depth defect characterization after its creation. Number 2 is a similar defect 
for the burst test to evaluate the defect behavior of under monotonic pressure load and 


number 3 is a similar defect for the fatigue test to evaluate the defect behavior under cyclic 


variation of the internal pressure. 
 


This report presents the metallurgical investigation of defect 1.1.1.b; 


 


Table 2 below summarizes the progress of the task on dent+gouge” defects for the MD4-1 part of 


the program. The background color in the table represents: 


 White: Defects not yet created (vintage pipe) 


 Yellow: Defects already created but not yet characterized/investigated or submitted to 


either burst or fatigue tests 


 Green: Defects created and all tests completed 


 
Table 2:  Status of Dent+Gouge defects 


 


Task 5: Metallurgical investigation of defect 1.1.1.b 


GDF SUEZ cut this defect (created by dynamic aggression) into twelve samples in order to 
investigate the microstructure, presence of cracks, and to estimate local strains (Figure 3 and 


Figure 4).  
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Figure 3: Defect 1.1.1.b before cutting, with samples reference # and observation direction 


 


 
Figure 4:  Defect 1.1.1.b after cutting into 12 samples. 


Microstructure: 


 
As mentioned in prior progress reports on other defects created by dynamic aggression, a hard 


layer of about 50–100µm depth is observed at the gouge surface (Figure 5). This layer is 


composed of tooth material which has been transferred to the pipe surface during the impact. 
Below this layer, a second layer corresponds to pipe steel which has been heated and 


transformed. 
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Figure 5:  Defect 1.1.1.b - sample 10: presence of hard layers at the gouge surface. 


 
Crack Analysis: 


 


The researchers observed eleven of the twelve cut samples by optical microscope to identify 


cracks just after the aggression test with the following load history:  


 


 Impact aggression on the pressurized pipe,  


 Re-rounding after tooth removal, and  


 Pressure decrease to atmosphere pressure before destructive defect examination. 


 


The team counted 109 anomalies or micro-cracks at the gouge surface. They did not observe any 
macro-cracks or larger cracks outside of the gouge surface. Among the micro-cracks identified at 


the gouge surface, the deepest was less than 200 µm as shown in Figure 6. 


 


First hard layer: material coming from aggression tooth 


Second hard layer: steel pipe transformed by impact heating 
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Figure 6:  Defect 1.1.1.b – Micro-crack from gouge surface – sample 2. 


 


On a population of 109 anomalies, only a minority (< 5%)  have a crack depth exceeding 50 µm 
and none exceeds 200 µm as shown in Figure 7. 
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Figure 7:  Distribution of crack depths or anomaly depths measured on a population of 109 anomalies 


 


This analysis shows that the creation by dynamic aggression of type 1 defects in Pipe 1, which 


are classified as moderate gouges in shallow dents, leads to initial micro-cracks at the gouge 


surface with a depth of less than 200 µm.  


 


Estimation of strain: 


 


GDF SUEZ performed several micro-hardness progressions through the thickness from the dent 
surface to the internal wall surface on several cuts at five positions represented by the following 


color code in Figure 8  (in progressive order, from the top of the picture in Figure 8: 
 


 Black line: Micro-hardness Progression 1; 


 Green line: Micro-hardness Progression 2; 


 Red line: Micro-hardness Progression 3; 


 Blue line: Micro-hardness Progression 4; 


 White line: Micro-hardness Progression 5. 
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Figure 8:  Defect 1.1.1.b – Micro-hardness progression position. 


 


Micro-hardness values were converted to strains by the empirical formulation: 
 


 
 


As an example, Figure 9 shows the local strains deduced from the micro-hardness profiles for the 


five micro-hardness progressions on Sample 5 (Figure 8). The researchers estimate local strains 


of up to 30% under the dent, in the pipe steel, below the first hard layer at the gouge surface. 


 


 
Figure 9:  Defect 1.1.1.b - Local estimated strain profiles along the thickness under the dent – sample 5. 


 


786.563377.0 5.0% HV
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Technical Results and Conclusions 


 
A summary of the results are: 


 


 Task 2—Material characterization are complete for Pipe 1 and Pipe 2; 


 Task 3—The literature review of cyclic fatigue dent assessment techniques is complete; 


 Task 4—Full-scale testing of the first set of dent samples (eight samples total) in the 


vintage pipe material (Pipe 3) was completed and initial inspection of the 


samples was conducted.  In addition, molds and casts of the indenters were 
made to measure differences bewteen the indenter shapes and evaluate their 


impact on full-scale testing 


 Task 5—Metallurgical investigation of defect 1.1.1.b shows the presence of micro-cracks 


at the gouge surface with depths less than 200 µm. 


Technical Issues, Problems or Challenges  


As discussed above, the team began preliminary material characterization of the vintage pipe for 
Pipe 3 in September 2010 and went on with other vintage pipes (i.e., Pipe 4a, 4b, and 4c to be 


used for dent+gouge test samples).  The basic characterization of three options of Pipe 4 is done 
and a choice has to be made to launch the dent+gouge test in vintage pipe.  


Plans for Future Activity 


Task 2:  Purchase & Characterize Pipe Material 


BMT Fleet completed preliminary characterization for the three vintage pipes (Pipe 4a, 4b, 4c) 


which are potential candidates for the DOT program. The project team will review the results 


and select one of the three vintage pipes to be used for the full material characterization and the 


dent + gouge tests. 


Task 4:  Testing of Dents on Welds and Corrosion Features 


The next batch of Pipe 3 plain dent testing will commence in the next quarterly period following 


approval of the test sample matrix recommended by BMT.  It is anticipated that the testing will 


be completed in the coming quarter. 


Task 5:  Testing of Dents with Gouges 


GDF SUEZ will continue the destructive characterization of defects just after creation, 
conditioned by the progress of neutron diffraction analysis at NRC Canadian Neutron Beam 


Centre (CNBC), and will launch full material characterization and dent+gouge tests of vintage 
pipe, once the vintage pipe option is decided by the Project Team. 


Business Status 
The project team has prepared a proposal for increasing the test variables for full scale dent tests 


and will submit it to DOT and PRCI.  


Funds Expended  


The financial condition of the project is shown in the table below. 


 


  


Federal Funding   Cost Share Funding  
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Task 


# per 


MS 


Task 


Description Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date Budget 


Expended 


(Actuals) 


This Quarter 


Expended 


(Actuals) 


to Date 


% 


Complete 


1 Project Kick 


Off Meeting 


and 
Subcontracting $9,335 $0 $9,335 $831 $0 $831 


100% 


2 Purchase & 


Characterize 
Pipe Material $134,674 $15,107 $134,674 $146,108 $0 $146,108 


75% 


3 Literature 


Review 
$11,549 $0 $11,549 $8,669 $0 $8,669 


100% 


4 Testing of 


Dents on 


Welds & 


Corrosion 
Features $188,507 $0 $157,363 $599,632 $25,934 $691,028 


75% 


5 Testing of 


Dents with 
Gouges $150,020 $0 $150,020 $254,404 $15,619 $206,474 


65% 


6 Demonstration 


of Mechanical 


Damage 


Model 


Performance $22,008 $0 $0 $10,930 $0 $0 


40% 


7 Industry 
Workshop 


$12,030 $0 $0 $4,325 $0 $0 
0% 


8 Project 


Management 
and Reporting $88,366 $1,834 $62,578 $43,959 $0 $21,692 On-going 


 


GRAND 


TOTAL $616,490 $16,941 $525,519 $1,068,858 $41,553 $1,074,802 


 


 


Schedule 
The project is generally on schedule, but as discussed in prior reports, Task 5 was impacted by 


the decision to add neutron diffraction testing of selected dent+gouge samples to the program. 


The team has completed the neutron diffraction testing on two defect samples, 1.1.1b and 1.3.1, 


and have been returned to GDF SUEZ, which has begun the destructive metallurgical 


investigation of defect 1.1.1b. They will send three other defects, 1.2.1b, 2.1.1 and 2.2.1 to 
CNBC next month for neutron diffraction to determine residual stresses in the region of the 


dent+gouge damage. The researchers expect that these defect samples will return to GDF Suez in 


the Fall of 2011 for destructive analysis, which will be completed by the end of the year (2011). 
The researchers believe the data generated will be very beneficial for improving the 


understanding of the dent+gouge defects behavior and for providing further input to improve 
current mechanical damage remaining strength assessment models. 


 


The schedule has also been affected by the identification and procurement of an appropriate 


vintage pipe material for the dent+gouge defect creation and full-scale testing.  The team is 


currently considering three options, and will select one of the pipe materials to initiate the 


dent+gouge vintage pipe testing program.  PRCI will continue to work with member companies 


to identify additional vintage pipe materials that represent the range of pipe grades and quality 
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for in-service vintage pipelines and may propose additional testing with these materials. Any 


additonal materials proposed to be included in the full-scale matrix will be reviewed with the 
DOT AOTR.  


 


Task 


No. 
Task 


Scheduled 


Completion 


Date 


Completed 


Date 


% 


Complete 


Status  


(if delayed) 


1 
Project Kick Off Meeting 


and Subcontracting 
8/31/2008 8/31/2008 100% Completed 


2 
Purchase & Characterize 


Pipe Material 
8/31/2010 


02/01/2011 


for Pipes, 1, 2 
and 3 


75% 


Pipe 1 and 2 complete, work on 


Vintage Pipe 3 is on-going. 


Pipe 4 has to be done 


3 Literature Review 11/30/2009 11/30/2009 100%  


4 
Testing of Dents on Welds 


and Corrosion Features 
2/28/2012 Ongoing 75% 


Work continues on full-scale 


testing of vintage pipe 


5 
Testing of Dents with 


Gouges 
2/28/2012 Ongoing 65% 


Work continues on full-scale testing of 
dent+gouge on vintage pipe and aterial 


characterization for modern steel 


defect samples 


6 


Demonstration of 


Mechanical Damage Model 


Performance 


11/30/2011 Ongoing 40%  


7 Industry Workshop 5/31/2012 
Not Yet 


Started 
0%  


8 
Project Management and 
Reporting 


5/31/2012 Ongoing On-going  


Payable Milestones 
Payable milestones for this period are shown in the table below.   


  


Federal Funding   Cost Share Funding  


 


Task 


# per 


MS 


Task 


Description Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) to 


Date 


Payable 


Milestone 


(Item No) 
1 Project Kick 


Off Meeting 


and 
Subcontracting $9,335 $0 $9,335 $831 $0 $831 


 


2 Purchase & 


Characterize 
Pipe Material $134,674 $15,107 $134,674 $146,108 $0 $146,108 


16 


3 Literature 


Review 
$11,549 $0 $11,549 $8,669 $0 $8,669  


4 Testing of 


Dents on 


Welds & 


Corrosion 
Features $188,507 $0 $157,363 $599,632 $25,934 $691,028 


35 


5 Testing of 


Dents with 
Gouges $150,020 $0 $150,020 $254,404 $15,619 $206,474 


42 


6 Demonstration 


of Mechanical 


Damage 


Model 


Performance $22,008 $0 $0 $10,930 $0 $0 
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7 Industry 


Workshop 
$12,030 $0 $0 $4,325 $0 $0  


8 Project 


Management 


and Reporting $88,366 $1,834 $62,578 $43,959 $0 $21,692 
44 


 


GRAND 


TOTAL $616,490 $16,941 $525,519 $1,068,858 $41,553 $1,074,802 
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Public Page for Quarter Ending November 30, 2010 


 
Project WP#339: Structural Significance of Mechanical Damage 


Background 
The primary objective of the project is to establish a detailed experimental database to support 


the development and validation of improved burst and fatigue strength models for assessing the 


interaction of mechanical damage with secondary features (gouges, corrosion, and welds). The 


data will be used to develop and validate mechanistic models which will produce reliable tools to 
assess a wide range of mechanical damage forms.  This will improve safety, reduce unnecessary 


maintenance, and support the improvement of pipeline standards and codes of practice. 


Progress in the Quarter 
 
A summary of the results are: 


 


 Task 2—Material characterization are complete for Pipe 1 and Pipe 2; 


 Task 3—The literature review of cyclic fatigue dent assessment techniques is complete; 


 Task 4—Full-scale testing of the first set of dent samples (eight samples total) in the 


vintage pipe material (Pipe 3) was completed and initial inspection of the 


samples was conducted.  In addition, molds and casts of the indenters were 
made to measure differences bewteen the indenter shapes and evaluate their 


impact on full-scale testing 


 Task 5—Metallurgical investigation of defect 1.1.1.b shows the presence of micro-cracks 


at the gouge surface with depths less than 200 µm. 


Technical Issues, Problems or Challenges  


As discussed above, the team began preliminary material characterization of the vintage pipe for 
Pipe 3 in September 2010 and went on with other vintage pipes (i.e., Pipe 4a, 4b, and 4c to be 


used for dent+gouge test samples).  The basic characterization of three options of Pipe 4 is done 
and a choice has to be made to launch the dent+gouge test in vintage pipe.  


Plans for Future Activity 


Task 2:  Purchase & Characterize Pipe Material 


BMT Fleet completed preliminary characterization for the three vintage pipes (Pipe 4a, 4b, 4c) 


which are potential candidates for the DOT program. The project team will review the results 


and select one of the three vintage pipes to be used for the full material characterization and the 


dent + gouge tests. 
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Task 4:  Testing of Dents on Welds and Corrosion Features 


The next batch of Pipe 3 plain dent testing will commence in the next quarterly period following 


approval of the test sample matrix recommended by BMT.  It is anticipated that the testing will 


be completed in the coming quarter. 


Task 5:  Testing of Dents with Gouges 


GDF SUEZ will continue the destructive characterization of defects just after creation, 


conditioned by the progress of neutron diffraction analysis at NRC Canadian Neutron Beam 


Centre (CNBC), and will launch full material characterization and dent+gouge tests of vintage 


pipe, once the vintage pipe option is decided by the Project Team. 
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Funds and Work Completed During this Quarterly Period 
 


 


Technical Status 
Technical activities undertaken through the Thirteenth Quarter focused on the following tasks: 


 


 Task 2—Purchase & Characterize Pipe Material 


 Task 3—Literature Review 


 Task 4—Testing of Dents on Welds and Corrosion Features 


 Task 5—Testing of Dents with Gouges 


 Task 8 – Project Management and Reporting 


 


A summary of the technical status and results to date are presented below for each tasks.   


Task 2:  Purchase & Characterize Pipe Material 


There are currently four different pipe steels in this program:  


 


 Pipe 1 and 2 are modern IPSCO pipes manufactured between 2005 and 2006 


 


 Pipes 3 are older steel to represent the majority of the pipelines in-service.  It was initially 


intended to provide a manufactured pipe that replicates vintage pipe properties for Pipe 3.  
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Due to challenges identified with this initial approach, the project is now using vintage 


pipe from former in-service pipelines provided by PRCI member companies.  This has 


resulted in the need to use several different pipes retrieved from service:  one vintage 


material for the full-scale testing program for dents, designated Pipe 3, and  


 


 A separate vintage material for creating and testing dent+gouge defects, designated 


Pipe 4 (there are currently several candidate vintage pipe materials being considered for 


selection, named 4a, 4b, and 4c, all 24 in. in diameter).   


 


BMT Fleet Technology (BMT) performed preliminary characterization on vintage Pipe 4a (0.25 


in. nominal thickness), see Table 1 below, to complement the dent+gouge test program. The 


results reflect relatively good characteristics for a vintage pipe, especially its Charpy toughness. 


Stress Engineering Services (SES) characterized another vintage Pipe 4b, with the hope of a 


lower Charpy V toughness and a thicker wall. A third vintage pipe 4c (Year 1967) from GDF 


SUEZ was also recently proposed for the study. Basic material characterization results are given 


in Table 1 below, to be used for choosing the vintage pipe material in the dent+gouge tests. 


 


 
 


Based on a review of the materials property data and the program objectives, the Project Team 


has recommended that Pipe 4-c be used as the vintage pipe material for the full-scale testing for 


dent+gouge features. A notice on selection of the Pipe 4-c material was provided to the PHMSA 


AOTR in July 2011.  The AOTR requested limited additional information on the steel properties, 


which is being gathered and will be provided in early September.  However, the additional 


information will not have a substantial impact on the selection of Pipe 4-c for the full-scale 


testing program and the Project Team is preceding with preparations for full-scale testing of the 


vintage pipe.   


Table 1: Characteristics of Vintage Pipes 4a, 4b, and 4c - basic material characterization data for 


selection for dent+gouge tests 
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Task 3:  Literature Review 


The literature review regarding cyclic fatigue dent assessment techniques is complete.  A report 


summarizing the findings and demonstrating the performance of the identified assessment 


techniques will be available following the completion of the testing. 


 


Task 4:  Testing of Dents on Welds and Corrosion Features 


The project team has approved the test matrix for the second batch of eight Pipe 3 plain dent 


specimens, shown in the table below.    The matrix includes the use of three different spherical 


indenter size (2, 8 and 12 in.), four levels of indentation depth and three levels of internal 


pressure during dent formation. The test matrix for the second set of dent samples was provided 


to PHMSA’s AOTR for review in July 2011, with no comments or suggested changes offered by 


PHMSA.   


 


 


BMT developed a detailed cutting plan for creating the specimens from the available Pipe 3 


segments.  They have created the  specimens and begun testing. 


 


BMT has completed the detailed ultrasonic inspection of the cracks discovered in the first eight 


Pipe 3 plain dent specimens.  


 
Table 2:  Batch 2 of Pipe 3 Plain Dent Experimental Specimens 


(in) (%) (%SMYS) (%SMYS)


43 EEE-4 EEE-4-43 C 2 7.5 R Plain 0% 100% 10%-80% NA


44 EEE-8 EEE-8-44 C 8 7.5 R Plain 0% 100% 10%-80% NA


45 EEE-8 EEE-8-45 C 8 7.5 R Plain 40% 100% 10%-80% NA


47 EEE-8 EEE-8-47 C 8 7.5 R Plain 80% 100% 10%-80% NA


49 EEE-4 EEE-4-49 C 2 10 R Plain 0% 100% 10%-80% NA


50 EEE-7 EEE-7-50 C 2 15 U Plain 40% 100% 10%-80% NA


51 EEE-7 EEE-7-51 C 2 15 U Plain 80% 100% 10%-80% NA


53 EEE-9 EEE-9-53 C 12 20 U Plain 40% 80% 10%-80% NA


55 EEE-9 EEE-9-55 C 12 20 U Plain 80% 80% 10%-80% NA


Indenter 


Travel


Dent 


Restraint


Interacting 


With


Indentation 


Pressure


Initial 


Pressure 


Cycle


Cyclic 


Pressure 


Range


Weld 


Seam/Indent


er Location


Specimen # Pipe 


Segment 


from which 


to take the 


specimens


Specimen ID 


to be 


recorded on 


each pipe


Pipe 


Material


Nominal 


Indenter 


Diameter


 
 


Task 5:  Testing of Dents with Gouges 


GDF SUEZ is in charge of the creation, characterization, burst test, and fatigue test of realistic 


combined defects, i.e., dent+gouge, and their program is described in the next table: 


 


The defects are identified by three characters X.Y.Z. which are numbers: 


 


 X.Y.Z.—X identifies the Pipe X material which is noted by 1, 2, or 3 in this program; 


 


 X.Y.Z.—Y defines the type of dent+gouge defect characterized by its geometry notably in 


terms of dent depth and length, and gouge depth and length. This program is considering a 


maximum of three different kinds of defects per pipe material, and therefore, the value of Y 


can range from 1 to 3; two extreme aggression conditions are considered in this study: 
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highly dynamic and slower aggression. The former corresponds to defect Types 1 and 2 for 


Pipe 1 (two different excavator teeth used) and Type 1 for Pipe 2, while the latter 


corresponds to Type 3 for Pipe 1 and Type 2 for Pipe 2. 


 


 X.Y.Z.—Z is the number of defect in the defined type of defect. There are three similar 


defects per type of defect. The number 1 is for a detailed geometrical, mechanical and 


metallurgical in-depth defect characterization after its creation. Number 2 is a similar defect 


for the burst test to evaluate the defect behavior of under monotonic pressure load and 


number 3 is a similar defect for the fatigue test to evaluate the defect behavior under cyclic 


variation of the internal pressure. 


The background color in the table represents: 


 


 White: Defects not yet created (vintage pipe) 


 Yellow: Defects already created but not yet fully characterized (this includes destructive 


and neutron diffraction testing for characterizing through wall residual strain 


 Green: Defects created and all tests completed 


 
Table 3:  Status of dent+gouge defects 


 
 


GDF SUEZ has completed the metallurgical investigation of defect 1.3.1 which is the first defect 


created by slower dynamic aggression.   


 


GDF SUEZ is waiting for the completion of the residual stress analysis of defects 1.2.1.b, 2.1.1 


and 2.2.1 by Chalk River Laboratories.  They expect to receive them by the end of September 


and will then begin their destructive metallurgical investigation. 


 


During this quarter, GDF SUEZ also investigated defect 1.1.1.b which was created using a 


greater degree of dynamic aggression which exhibited hard layers at gouge surface and the 


presence of micro-cracks at a depth below 200 µm. These results confirmed that dynamic 


aggression from excavator tooth can create severe damage. 
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Task 5: Metallurgical Investigation of Defect 1.3.1 


GDF SUEZ investigated defect 1.3.1 which was created by slower dynamic aggression, with a 


worn, rounded tooth and at a lower pressure. The resulting defect 1.3.1 is a deep dent with an 


intermediate gouge. 


The defect investigation reported in the twelfth quarterly report (May 2011) on defect 1.1.1.b 


created by dynamic aggression with a sharp new tooth at high pressure resulted in very hard 


layers at the gouge surface that presented micro-cracks less than 200 µm deep. An important 


check is to compare these observations with those on defect 1.3.1, that was created in different 


conditions. 


 


To perform this investigation, defect 1.3.1 was cut in seven pieces after creation (Figure 1). 


 
Figure 1:  Defect 1.3.1 cut in seven samples 


 


On these samples, the researchers examined the microstructure by optical microscope with 


emphasis on the area near the gouge surface. They did not observe any hard layer and did not 


identify any micro-cracks by fully scanning each of the seven samples (Figure 2). 


 


 
Figure 2:  Microstructure of Defect 1.3.1 near the gouge and dent surface (sample 6 from Figure 1)). 
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Figure 2 shows that the ferritic grains are not very deformed.  The researchers also confirmed the 


results of this optical examination through the micro-hardness measurement which showed that 


the  local strain did not exceed 25%. 


 


This newly-developed data  shows that the condition of mechanical aggression by the impact of 


the tooth lead to different types of dent+gouge defects in terms of geometry and material 


damage. The defects created by dynamic conditions with a sharp tooth at high pressure  result in 


shallow dents and moderate gouges with the presence of hard layers and micro-cracks near the 


gouge.  Whereas defects created by slower dynamic aggression with a worn rounded tooth and 


lower pressure lead to severe dents and moderate gouges without hard layer microstructure and 


without micro-crack.  These differences should have an impact on fatigue and burst behaviour. 


Technical Results and Conclusions 


 


A summary of the results are: 


 


 Task 2—The Project Team has selected vintage pipe materials for full-scale testing of 


dent+gouge features and has communicated the selection to PHMSA; 


 


 Task 4—The team has approved the second batch of Pipe 3 plain dent specimens has and 


testing has commenced.  The team estimates that they will complete the testing 


during the next quarter. 


 


 Task 5—The researchers performed metallurgical investigation on a defect created by 


slower dynamic aggression with a worn tooth at lower pressure and did not 


observe any hard layer microstructures nor the presence of micro-cracks near 


the gouge surface. This is a significant difference with respect to defects created 


by dynamic aggression with a sharp tooth at high pressure, resulting in hardened 


layers and micro-cracks at the gouge surface.   


 


Technical Issues, Problems or Challenges  


None 


Plans for Future Activity 


Task 2:  Purchase & Characterize Pipe Material 


The team will begin creating dent+gouge features in the selected vintage pipe and start full-scale 


testing and material property testing.   


Task 4:  Testing of Dents on Welds and Corrosion Features 


BMT will finish the testing of the second batch of Pipe 3 plain dents specimens in the coming 


quarter.  They will deliver a report documenting the results w to the project team and will present 


the results in the next quarterly report.  
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Task 5:  Testing of Dents with Gouges 


GDF SUEZ will continue the destructive characterization of defects just after creation, 


conditioned by the progress of neutron diffraction analysis, and will launch full material 


characterization and dent+gouge tests of vintage pipe. 


Business Status 


The team has proposed a 12-month, additional cost modification to DOT PHMSA.  The 


additional testing being proposed under this modification includes expanding the full-scale 


testing matrices for mechanical damage defects to evaluate a broader range of pipeline 


operating conditions and increasing the number of variables and parameters monitored 


during the tests performed. Funds Expended  


The financial condition of the project is shown in the table below. 


 


  


Federal Funding   Cost Share Funding  


 


Task 


# per 


MS 


Task 


Description Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date Budget 


Expended 


(Actuals) 


This Quarter 


Expended 


(Actuals) 


to Date 


% 


Complete 


1 Project Kick 


Off Meeting 


and 


Subcontracting $9,335 $0 $9,335 $831 $0 $831 


100% 


2 Purchase & 


Characterize 


Pipe Material $134,674 $0 $134,674 $146,108 $0 $146,108 


80% 


3 
Literature 


Review $11,549 $0 $11,549 $8,669 $0 $8,669 
100% 


4 Testing of 


Dents on 


Welds & 


Corrosion 


Features $188,507 $1,834 $157,363 $599,632 $0 $679,246 


80% 


5 Testing of 


Dents with 


Gouges $150,020 $0 $150,020 $254,404 $15,619 $222,093 


70% 


6 Demonstration 


of Mechanical 


Damage 


Model 


Performance $22,008 $0 $2,952 $10,930 $0 $5,530 


75% 


7 
Industry 


Workshop $12,030 $0 $0 $4,325 $0 $0 
80% 


8 Project 


Management 


and Reporting $88,366 $0 $64,412 $43,959 $0 $21,692 On-going 


 


GRAND 


TOTAL $616,490 $1,834 $530,305 $1,068,858 $15,619 $1,084,169 


 


 


Schedule 
The project is generally on schedule, but as discussed in prior reports, Task 5 was impacted by 


the decision to add neutron diffraction testing of selected dent+gouge samples to the program. 


The analysis for some samples was recently completed in August and the researchers expect that 







Thirteenth Quarterly Report  August 31, 2011 


DTPH56-08-T-000011 – Project WP#339 


these samples will return to GDF Suez by the end of September 2011. The schedule for analysis 


of the additional samples is being reviewed and will need to be considered in the scheduling of 


work for this project. The researchers will immediately begin the destructive analysis and expect 


to complete it by the end of 2011. The researchers believe the data generated will be very 


beneficial for improving the understanding of the dent+gouge defects behavior and for providing 


further input to improve current mechanical damage remaining strength assessment models. 


 


The schedule has also been affected by the identification and procurement of an appropriate 


vintage pipe material for the dent+gouge defect creation and full-scale testing.  A 


recommendation for vintage pipe material was made by the Project Team and submitted to 


PHMSA in July 2011 for concurrence.  There is no objection to use of the materials and the team 


is planning to initiate the full-scale testing program for the vintage pipe in September 2011.   


 


Task 


No. 
Task 


Scheduled 


Completion 


Date 


Completed 


Date 


% 


Complete 


Status  


(if delayed) 


1 
Project Kick Off Meeting 


and Subcontracting 
8/31/2008 8/31/2008 100%  


2 
Purchase & Characterize 


Pipe Material 
8/31/2010 


02/01/2011 


for Pipes, 1, 2 


and 3 


80% 
Pipe 1, 2 and 3 complete. 


Pipe 4 pending 


3 Literature Review 11/30/2009 11/30/2009 100%  


4 
Testing of Dents on Welds 


and Corrosion Features 
2/28/2012 Ongoing 80% 


Work continues on full-scale 


testing of vintage pipe 


5 
Testing of Dents with 


Gouges 
2/28/2012 Ongoing 65% 


Work continues on full-scale testing of 


dent+gouge on vintage pipe and 


detailed characterization for modern 


steel defect samples 


6 


Demonstration of 


Mechanical Damage Model 


Performance 


11/30/2011 Ongoing 80%  


7 Industry Workshop 5/31/2012 Ongoing 80%  


8 
Project Management and 


Reporting 
5/31/2012 Ongoing On-going  
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Payable Milestones 
Payable milestones for this period are shown in the table below.   


  


Federal Funding   Cost Share Funding  


 


Task 


# per 


MS 


Task 


Description Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) to 


Date 


Payable 


Milestone 


(Item No) 


1 Project Kick 


Off Meeting 


and 


Subcontracting $9,335 $0 $9,335 $831 $0 $831 
 


2 Purchase & 


Characterize 


Pipe Material $134,674 $0 $134,674 $146,108 $0 $146,108 
16 


3 Literature 


Review 
$11,549 $0 $11,549 $8,669 $0 $8,669  


4 Testing of 


Dents on 


Welds & 


Corrosion 


Features $188,507 $1,834 $157,363 $599,632 $0 $679,246 


35 


5 Testing of 


Dents with 


Gouges $150,020 $0 $150,020 $254,404 $15,619 $222,093 
46 


6 Demonstration 


of Mechanical 


Damage 


Model 


Performance $22,008 $0 $2,952 $10,930 $0 $5,530 


 


7 Industry 


Workshop 
$12,030 $0 $0 $4,325 $0 $0  


8 Project 


Management 


and Reporting $88,366 $0 $64,412 $43,959 $0 $21,692 
44 


 


GRAND 


TOTAL $616,490 $1,834 $530,305 $1,068,858 $15,619 $1,084,169 
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Funds and Work Completed During this Quarterly Period 
 


 
 


Technical Status 
Technical activities undertaken through the Thirteenth Quarter focused on the following tasks: 


 


 Task 2—Purchase & Characterize Pipe Material 


 Task 3—Literature Review 


 Task 4—Testing of Dents on Welds and Corrosion Features 


 Task 5—Testing of Dents with Gouges 


 Task 6--Demonstration of Mechanical Damage Model Performance 


 Task 8 – Project Management and Reporting 


 


A summary of the technical status and results to date are presented below for each tasks.   


Task 2:  Purchase & Characterize Pipe Material 


There are currently four different pipe steels in this program:  


 


 Pipe 1 and 2 are modern IPSCO pipes manufactured between 2005 and 2006 


 


 $-     $100,000   $200,000   $300,000   $400,000   $500,000   $600,000   $700,000  


Quarter 1 
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 Pipes 3 are older steel to represent the majority of the pipelines in-service.  It was initially 


intended to provide a manufactured pipe that replicates vintage pipe properties for Pipe 3.  


Due to challenges identified with this initial approach, the project is now using vintage 


pipe from former in-service pipelines provided by PRCI member companies.  This has 


resulted in the need to use several different pipes retrieved from service:  one vintage 


material for the full-scale testing program for dents, designated Pipe 3, and  


 


 Pipe 3DG for Dent and Gouge study left Houston at the end of January 2012 and should 


arrive at the GDF SUEZ lab at the end of February 2012.   The tables below are the 


mechanical characteristic of this pipe, exhibiting very low toughness: 


 
Table 1:  Chemical analysis of Pipe 3DG (%) 


C S P  Si Cr Mn Ni Cu Other 


0.19 0.024 0.017 0.06 0.03 0.91 0.03 0.08 <0.01 


 
Table 2:  Tensile and Charpy properties 


Yield Strength 


Lb/in² 


Tensile Strength 


Lb/in² 


Elongation% Charpy at 32°F 


Specimen size 10mm*6.7mm 


Ft.lbs 


53.5 74.0 33 9 


  


Task 3:  Literature Review 


The team has completed the literature review regarding cyclic fatigue dent assessment 


techniques.  They will submit a report summarizing the findings and demonstrating the 


performance of the identified assessment techniques following the completion of the testing. 


 


Task 4:  Testing of Dents on Welds and Corrosion Features 


BMT has completed the second batch of eight Pipe 3 plain dent specimens. The matrix below 


shows the current results for the seventeen tests carried out on vintage pipe specimens. It also 


illustrates the use of four different spherical indenter sizes (2, 4, 8 and 12 in.), five levels of 


indentation depth, three levels of internal pressure during dent formation and two dent restraint 


conditions. The tests carried out to date on Pipe 3 are plain dent fatigue tests.  
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Table 3:  Pipe 3 Plain Dent Experimental Specimens 


Specimen 


# 


Nominal 


Indenter 


Diameter 


(inch) 


Indenter 


Travel      


(% OD) 


Dent 


Restraint 


Indentation 


Pressure 


Initial 


Pressure 


Cycle 


(%SMYS) 


Cyclic 


Pressure 


Range 


(%SMYS) 


Dent 


Depth 


After 


Testing 


Complete 


(%OD) 


Cycles to 


Failure 


41 2 5 R 0% 100% 10%-80% 3.1 69099 


42 4 10 R 0% 100% 10%-80% 6 69393 


43 4 7.5 R 0% 100% 10%-80% 4.9 30604 


44 8 7.5 R 0% 100% 10%-80% 4.1 54036 


45 8 7.5 R 40% 100% 10%-80% 4.4 58532 


46 12 5 R 0% 100% 10%-80% 3 125525* 


47 8 7.5 R 80% 100% 10%-80% 4.3 61865 


48 2 15 U 0% 100% 10%-80% 2.9 23482 


49 2 10 R 0% 100% 10%-80% 6.3 30604 


50 2 15 U 40% 100% 10%-80% 4.3 16600 


51 23 15 U 80% 100% 10%-80% 4.8 12131 


52 4 15 U 0% 80% 10%-80% 2.5 9226 


53 12 20 U 40% 80% 10%-80% 1.3 18636 


54 12 15 U 0% 100% 10%-80% 1.0 47702 


55 12 20 U 80% 105% 10%-80% 1.4 21018 


56 4 20 U 0% 100% 10%-80% 2.5 15473 


57 12 20 U 0% 80% 10%-80% 0.8 14091 


*Failed outside dent region 


 


Figure 1 shows a typical restrained dent pipe specimen after test completion. The dent center is 


located at the crosshair marked on the pipe, and the ruler is placed parallel to the pipe’s 


longitudinal axis. In Figure 1 and all restrained dent fatigue tests to date, the cracks were oriented 


circumferentially and located in either one or both of the axial dent shoulders.   


 


Figure 2 shows a typical un-restrained dent pipe specimen after the completion of the test. The 


dent center is at the cross hair marked on the pipe and the ruler shown is parallel to the pipe 


longitudinal axis. There are multiple fatigue cracks in the axial orientation present on the dent 


shoulders. In most of the un-restrained dent fatigue tests carried out to date, (except for 


Specimen 54 and 57), the fatigue cracks were oriented axially and located in either one or both 


the axial dent shoulders (that are along pipe longitudinal axis).  
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Figure 1: Circumferential Fatigue Crack in the Dent 


Shoulder in a Restrained Dent (Specimen 41). 


 
Figure 2: Axial Fatigue Cracks in the Dent Shoulder 


in an Un-Restrained Dent (Specimen 48) 


 


Figure 3 shows a typical strain range path plot along the axial centerline of the finite element 


model for a restrained dent.   As shown in the plot, the researchers observed the maximum strain 


range on the inner pipe surface (ID) in the axial direction for the restrained dent fatigue tests.  


Figure 4 shows a typical strain range path plot for an unrestrained dent predicted by the finite 


element model. In unrestrained dent fatigue tests, the maximum strain range was observed on the 


outer pipe surface (OD) in the hoop direction.  


 


Based on the observed maximum strain range values, the axially oriented fatigue cracks should 


initiate on OD surface, away from the dent center in the shoulder region in unrestrained dent 


fatigue test and the circumferentially oriented fatigue cracks should initiate in the ID surface, 


away from the dent center in the shoulder region in restrained dent fatigue test 


 


 
Figure 3: Strain Range Path Plot for a Restrained 


Dent (Specimen 41). 


 
Figure 4: Strain Range Path Plot for an Unrestrained 


Dent (Specimen 48). 


 


The photograph shown in Figure 5 shows a typical fracture surface of a fatigue crack from a 


restrained dent fatigue test. The cross section shown is normal to the pipe longitudinal axis with 


the ID surface at the top of the photograph and the OD surface at the bottom of the photograph. 


The crack length is longer on the pipe ID surface and multiple crack initiation sites can be seen 


on the ID surface. Figure 6 is another typical photograph of a fracture surface of a fatigue crack 
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from an un-restrained dent fatigue test. The cross section shown is parallel to the pipe 


longitudinal axis with OD surface on top of the photograph and ID surface on the bottom the 


photograph. There are multiple crack initiation sites on the OD surface and crack length is longer 


on the pipe OD surface. The large steps seen in the macro are due to the presence of multiple 


parallel fatigue cracks being broken open. 


 


 


 
Figure 5: Fracture Surface of a Fatigue Crack in a Restrained Dent. 


 


 
Figure 6: Fracture Surface of a Fatigue Crack in an Un-Restrained Dent 


 


The circumferential crack orientation on the ID surface of the dent shoulder in restrained dents 


and the axial crack orientation on the OD surface of the dent shoulder in unrestrained dents are in 


agreement with finite element model predictions as shown in Figures 3 and 4 respectively.  


 


Figure 7 and Figure 8 show photographs of two unrestrained dent fatigue test specimens, 


specimen 57 and 54 respectively where the 12 in. indenter was used to create dents at zero 


internal pressure. In both cases, fatigue crack locations are close to or at the dent center as 


compared to earlier observations, as shown in Figure 2, where the fatigue crack location is away 


from the dent center and at the dent shoulder. In both the test specimens (54 and 57) the final 


dent depth was around 1% of the OD or lower.  
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Figure 7: Axial Fatigue Cracks Located in the Dent 


Center for 1% Un-Restrained Dent (Specimen 57) 


Created with 12 inch Indenter


 
Figure 8: Axial Fatigue Cracks Located in the Dent 


Center for 1% Un-Restrained Dent (Specimen 54) 


Created with 12 inch Indenter 


 


Figure 9 shows the strain range plots for the two specimens (54 and 57) as predicted by finite 


element models. In both cases, the maximum strain range is at the dent center as compared to the 


earlier example, shown in Figure 4, where the maximum hoop strain range was away from the 


dent center. It appears that shallow unrestrained dents created by the larger indenter at zero 


internal pressure, led to a higher hoop strain range at the dent center, and therefore, promoted 


fatigue cracking in the dent center.  


 


  
Figure 9 Strain Range Path Plot for Shallow Un-Restrained Dents Created using Large Indenter. 


 


In the present full scale test program, the fatigue crack orientation was circumferential in 


restrained dent tests and axial in unrestrained dent tests. In restrained dent tests as shown in 


Figure 1, there was one dominant fatigue crack, as seen from outside in either one or both the 


axial dent shoulders. In unrestrained dent fatigue tests (except the two shallow dent cases 


discussed above), there were multiple fatigue cracks as shown in Figure 2 in either one or both 


the axial dent shoulders.  These observations are supported by finite element modeling results. 


Figure 10 shows the ID axial stress range contour plot for a restrained dent (specimen 41). The 


maximum stress range is localized and confined to the two dent shoulders and, therefore, appears 


to promote the formation of a single dominant fatigue crack in the circumferential orientation. 


Figure 11 shows the OD hoop stress range contour plot for an unrestrained dent (specimen 48). 
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As shown, there is a wide area around the dent shoulders that experiences a large stress range 


and therefore results in promoting multiple fatigue cracks in the axial orientation in unrestrained 


dent fatigue test.  


 


 
Figure 10: ID Axial Stress Range Contour Plot for 


Restrained Dent. 


 
Figure 11: OD Hoop Stress Range Contour Plot for 


Un-Restrained Dent 


 


 


The multiple fatigue cracks seen in unrestrained dent cases, as shown in Figures 2, 7 and 8 


earlier resemble stress corrosion crack (SCC) colonies in pipelines. However, in the current tests 


the multiple cracks are similar to what is typically seen in low cycle fatigue tests. The cyclic 


pressure ranges used in the test program are 10%-80% SMYS which are considered very 


aggressive and not typically seen in routine pipeline operation.  Since, the multiple crack 


indications in the current tests were present even in the shallow dents, around 1% deep or lower 


(Figures 7 and 8), so it is conceivable that there can be scenarios present in existing pipelines 


where deeper unrestrained dents (>1%OD) but experiencing smaller pressure ranges (30-40% 


SMYS) typical of liquid pipelines may see similar stress ranges as generated in the present test 


program and therefore promote multiple low cycle fatigue cracks and may potentially be 


mischaracterized as SCC colonies on the basis of appearance.  


 


Task 5:  Testing of Dents with Gouges 


GDF SUEZ is in charge of the creation, characterization, burst test, and fatigue test of realistic 


combined defects, i.e., dent+gouge, and their program is described in the next table: 


 


The defects are identified by three characters X.Y.Z. which are numbers: 


 


 X.Y.Z.—X identifies the Pipe X material which is noted by 1, 2, or 3 in this program; 


 


 X.Y.Z.—Y defines the type of dent+gouge defect characterized by its geometry notably in 


terms of dent depth and length, and gouge depth and length. This program is considering a 


maximum of three different kinds of defects per pipe material, and therefore, the value of Y 


can range from 1 to 3; two extreme aggression conditions are considered in this study: 


highly dynamic and slower aggression. The former corresponds to defect Types 1 and 2 for 
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Pipe 1 (two different excavator teeth used) and Type 1 for Pipe 2, while the latter 


corresponds to Type 3 for Pipe 1 and Type 2 for Pipe 2. 


 


 X.Y.Z.—Z is the number of defect in the defined type of defect. There are three similar 


defects per type of defect. The number 1 is for a detailed geometrical, mechanical and 


metallurgical in-depth defect characterization after its creation. Number 2 is a similar defect 


for the burst test to evaluate the defect behavior of under monotonic pressure load and 


number 3 is a similar defect for the fatigue test to evaluate the defect behavior under cyclic 


variation of the internal pressure. 


 


The background color in the table represents: 


 


 White: Defects not yet created (vintage pipe) 


 Yellow: Defects already created but not yet fully characterized (this includes destructive 


and neutron diffraction testing for characterizing through wall residual strain 


 Green: Defects created and all tests completed. 


 
Table 4:  Status of dent+gouge defects in Modern Pipes 1 and 2 


 
 


Table 5:  Status of dent+gouge defects in Vintage Pipe 3DG 


 
 


GDF SUEZ investigated defect 2.1.1 by destructive metallurgical characterization. As usual, the 


defect is cut in 10 samples (Figure 12). 


 


Pipe 1 (modern steel X52) 24'' - 0.311'' Pipe 2 (modern steel X70) - 24'' - 0.354''


Type 1 : Dynamic aggression Type 2 : Dynamic aggression Type 3 : Low dynamic aggression Type 1 : Dynamic aggression Type 2 : Low dynamic aggression


shallow dent - medium gouge shallow dent - severe gouge severe dent - medium gouge shallow dent - medium gouge severe dent - medium gouge


MD-4-1


Defect 1.1.1b Defect 1.2.1b Defect 1.3.1 Defect 2.1.1 Defect 2.2.1


Defect 1.1.2 Defect 1.2.2 Defect 1.3.2 Defect 2.1.2 Defect 2.2.2


Defect 1.1.3 Defect 1.2.3 Defect 1.3.3 Defect 2.1.3 Defect 2.2.3


Pipe 3DG (vintage steel X52) - 26'' - 0.312''


Type 1 : Dynamic aggression Type 2 : Low dynamic aggression


shallow dent - medium gouge severe dent - medium gouge


DOT


Defect 3DG.1.1 Defect 3DG.2.1


Defect 3DG.1.2 Defect 3DG.2.2


Defect 3DG.1.3 Defect 3DG.2.3
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Figure 12 : Sample locations of for metallurgical investigation of defect 2.1.1. 


 


On each cut, the researchers performed the following: 


 


 Inspected the steel microstructure 


 Identified any present micro-cracks  


 Sized, and profiled of micro-hardness along the wall thickness 


 Deduced local strains 


 


For the defect in Figure 12, which is similar to defect 1.1.1b, the results confirm those already 


obtained for other defects created by dynamic aggression.  There is a presence of a hardened 


layer of tooth material which was transferred at the gouge surface to the second layer below.  


This thermally affected the pipe steel microstructure (Figure 13) 


 


 
Figure 13: Hard layer and pipe steel microstructure on sample 6. 


 


There are a few micro-cracks at the gouge surface which were created during the tooth impact 


and/or during the re-rounding caused by removing the tooth. Most of them are very small and 


only in the hard layer.  However, Figure 14 shows one crack beyond the hard layer depth. All of 


the micro-cracks identified on ten samples are below the 200 µm depth. 
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Figure 14: Micro-cracks observed on sample 6. 


 


The micro-hardness profile exhibits high values up to 350 HV in the pipe steel close to the hard 


layer.  This means that the local equivalent strain could reach around 50%-60%.  Also under the 


gouge, but further away from the surface, the local strain stabilizes between 10% and 30%. 


 


Metallurgical investigation of the last defect 2.2.1 created by slower dynamic aggression is 


underway and the results are expected in March 2012. 


 


Technical Results and Conclusions 


Task 2:  Purchase & Characterize Pipe Material 


Pipes 3DG are underway from Houston to GDF SUEZ labs to start Dent and Gouge experiments 


on vintage pipes. 


Task 4:  Testing of Dents on Welds and Corrosion Features 


The team at BMT has completed plain dent fatigue tests on Pipe 3.  


Task 5:  Testing of Dents with Gouges 


Metallurgical investigations on defect 2.1.1 created by dynamic aggression confirm previous 


results on similar defects.  There are small micro-cracks in the hard layer which can extend 


slightly below it (200 µm) The regions has a very high micro-hardness near the gouge surface 


which reflects large local strains estimated around 50%-60%. 


Task 8:  Project Management and Reporting 


The team completed the required monthly status updates and quarterly reports and also met via 


teleconference when necessary.  BMT and GDF SUEZ presented their experimental results of 


the dent fatigue test and dent and gouge tests, respectively,  at the PRCI research exchange 


meeting held in Phoenix in February 7-9 2012. Both groups have also submitted papers to IPC 


2012. 
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Technical Issues, Problems or Challenges  


The team is planning on submitting a request for a no-cost, extension.  Important delays were 


unavoidable for Dent and Gouge tests on vintage pipes due to time spent to select vintage low 


toughness pipes and for their delivery.  


Also, the scope for the dent fatigue tests needs to be modified in order to account for the 


modifications, proposed by the project team, and incorporated in tests completed.   


Plans for Future Activity 


Task 2:  Purchase & Characterize Pipe Material 


GDF SUEZ will start the material characterization of vintage pipe 3DG upon delivery.  


Task 4:  Testing of Dents on Welds and Corrosion Features 


BMT will prepare a test matrix of four tests of dents interacting with welds for Pipe 3 and 


circulate it to project team for approval.  


Task 5:  Testing of Dents with Gouges 


GDF SUEZ will complete the destructive characterization of the last defect 2.2.1 and will start 


defects creation on vintage pipe 3DG upon its delivery and tensile mechanical properties 


characterization. 


Task 8:  Project Management and Reporting 


The team will complete the required monthly status updates and quarterly reports and also meet 


via teleconference when necessary. 
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Business Status 
The financial condition of the project is shown in the table below. 


 


  


Federal Funding   Cost Share Funding  


 


Task 


# per 


MS 


Task 


Description Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date Budget 


Expended 


(Actuals) 


This Quarter 


Expended 


(Actuals) 


to Date 


% 


Complete 


1 Project Kick 


Off Meeting 


and 


Subcontracting $9,335 $0 $9,335 $831 $0 $831 


100% 


2 Purchase & 


Characterize 


Pipe Material $134,674 $0 $134,674 $146,108 $0 $146,108 


80% 


3 
Literature 


Review $11,549 $0 $11,549 $8,669 $0 $8,669 
100% 


4 Testing of 


Dents on 


Welds & 


Corrosion 


Features $188,507 $0 $157,363 $599,632 $77,800 $753,725 


90% 


5 Testing of 


Dents with 


Gouges $150,020 $0 $150,020 $254,404 $0 $237,711 


72% 


6 Demonstration 


of Mechanical 


Damage 


Model 


Performance $22,008 $0 $19,126 $10,930 $0 $5,530 


90% 


7 
Industry 


Workshop $12,030 $0 $0 $4,325 $0 $0 
80% 


8 Project 


Management 


and Reporting $88,366 $1,834 $66,246 $43,959 $0 $21,692 On-going 


 


GRAND 


TOTAL $616,490 $1834 $548,313 $1,068,858 $93,418 $1,174,266 
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Schedule 
The project schedule is impacted by the time spent to select, to validate and to transfer pipe 3DG 


from US to France. At this time pipe 3DG is expected to reach at the end of February 2012. The 


team will be ready to start material characterization and defects creation upon arrival. 


 


 


Task 


No. 
Task 


Scheduled 


Completion 


Date 


Completed 


Date 


% 


Complete 


Status  


(if delayed) 


1 
Project Kick Off Meeting 


and Subcontracting 
8/31/2008 8/31/2008 100%  


2 
Purchase & Characterize 


Pipe Material 
8/31/2010 


02/01/2011 


for Pipes, 1, 2 


and 3 


80% 


Pipe 1, 2 and 3 complete. 


This task was extended for Pipe 


3DG  


3 Literature Review 11/30/2009 11/30/2009 100%  


4 
Testing of Dents on Welds 


and Corrosion Features 
2/28/2012 Ongoing 85%  


5 
Testing of Dents with 


Gouges 
2/28/2012 Ongoing 72%  


6 


Demonstration of 


Mechanical Damage Model 


Performance 


11/30/2011 Ongoing 90%  


7 Industry Workshop 5/31/2012 Ongoing 80%  


8 
Project Management and 


Reporting 
5/31/2012 Ongoing 


On-going 
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Payable Milestones 
Payable milestones for this period are shown in the table below.   


  


Federal Funding   Cost Share Funding  


 


Task 


# per 


MS 


Task 


Description Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) to 


Date 


Payable 


Milestone 


(Item No) 


1 Project Kick 


Off Meeting 


and 


Subcontracting $9,335 $0 $9,335 $831 $0 $831 
 


2 Purchase & 


Characterize 


Pipe Material $134,674 $0 $134,674 $146,108 $0 $146,108 
 


3 Literature 


Review 
$11,549 $0 $11,549 $8,669 $0 $8,669  


4 Testing of 


Dents on 


Welds & 


Corrosion 


Features $188,507 $0 $157,363 $599,632 $16,692 $753,725 


 


5 Testing of 


Dents with 


Gouges $150,020 $0 $150,020 $254,404 $0 $254,403 
54 


6 Demonstration 


of Mechanical 


Damage 


Model 


Performance $22,008 $0 $19,126 $10,930 $0 $5,530 


 


7 Industry 


Workshop 
$12,030 $0 $0 $4,325 $0 $0  


8 Project 


Management 


and Reporting $88,366 $1,834 $68,080 $43,959 $0 $21,692 
55 


 


GRAND 


TOTAL $616,490 $1,834 $550,147 $1,068,858 $16,692 $1,190,958 
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Milestone and Deliverable Accomplishments this Reporting Period 
 


Task 
No. Task 


Scheduled 
Completion 


Date 


Completed 
Date Milestone 


1 Project Kick Off Meeting and Subcontracting 8/31/2008 8/31/2008 MS 
2 Purchase & Characterize Pipe Material 11/30/2008 Ongoing MS 
3 Literature Review 11/30/2008 Ongoing MS 
4 Testing of Dents on Welds and Corrosion Features 11/30/2009 Ongoing MS 
5 Testing of Dents with Gouges 5/31/2010 Ongoing MS 


6 Demonstration of Mech. Damage Model Performance 5/31/2009 Not Yet 
Started  


7 Industry Workshop 5/31/2010 Not Yet 
Started  


8 Project Management and Reporting 5/31/2010 Ongoing MS 
 


Technical Status 
 
Technical activities undertaken through the first quarter focused on the following tasks: 


Task 2:  Purchase & Characterize Pipe Material 
Task 3:  Literature Review 
Task 4:  Testing of Dents on Welds and Corrosion Features 
Task 5:  Testing of Dents with Gouges 
 


A summary of the technical status and results or conclusions to date are presented below for each 
of these tasks.   
 
Additionally, activities under Task 1 were completed this period.  The project kick off meeting 
was held on July 11, 2008.  Subcontracting has been completed between BMT Fleet and Gaz de 
France.  Meeting notes from the July kick off meeting are presented as Appendix A. 
 
Task 2:  Purchase & Characterize Pipe Material 
 
Technical Status 
The entire program is comprised of evaluating the effects of mechanical damage defects on four 
different pipe steels called: 


• Pipe 1 
• Pipe 2 
• Pipe 3 
• Pipe 4 


 
GDF SUEZ has received three pipes: Pipe 1 of 11.8 meters length and Pipe 2, including two 
pipes of the same material, with length of 11.8 meters.  These pipe steels are current steels, one 
specified as API X52 grade and the second API X70 grade. The diameter of all pipes is 24’’ and 
the thicknesses are 7.9mm for the X52 grade (Pipe 1) and 9.0mm for the X70 grade (Pipe 2). The 
pipes are manufactured by IPSCO with ERW process. 
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GDF SUEZ has investigated the following material’s characterization on Pipe 1: 
• Tensile properties; 
• Impact Charpy values in different directions at room temperature; 
• Toughness J Curve; 
• Pre-strain effect on toughness J1C at room temperature; 


 
In addition, extra-work has been done to measure the size of slip bands of the material after 
deformation. This action has been taken to check the model described in a separate PRCI project 
(PRCI Project MD 4-3) linking the size of slip bands and the crack initiation during the dent 
creation.  


 
Results and Conclusions 
 
Tensile Properties at room temperature: 


 
Tensile round bar specimens have been taken at 180° Clock position in the pipe.  
                                                                          


Pipe 1 YS (MPa) UTS (MPa) % Elongation 
Transverse 448 512 31 


Longitudinal 442 504 35 
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Impact Charpy values at room temperature: 
 


 
 


      
 
 


 
Pipe 1 Impact Energy Value (J/cm²) Rupture mode 


TS 142 100% Ductile (no broken in two parts)
TL 234 100% Ductile (no broken in two parts)
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Toughness J-Curve at room temperature: 


         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


From Charpy, J1C≈ 210-440 kJ/m²
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Pre-strain effect on Toughness J1C  at room temperature : 
The pre-strain specimens have been taken in the SD section of the capacity containing the defect 
1.1.2 after the burst test. Along the SD section, the strain due to the pressure at burst moment 
was about uniform and equal to 3.6% following the hoop direction. In terms of equivalent strain 
that means 4.2%.  


 
 
 


 
 
 
                                                                           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


SD 


SD Burst location 


SD
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The specimen configuration was TL with the same geometry described in the previous 
paragraph. 


 
 


Extra-work – Measurement of Size of Slip-bands: 
A strip tensile specimen has been loaded up with a strain equal 3.5% to create slip-bands. Using 
AFM (Atomic force Microscope) the slip-band width and height have been measured. 
 


 
For 3.5% strain the slip-band width and height are respectively equal to 0.7µm and 0.03µm.  
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Procurement of Additional Pipe Material 
A source of manufacturing new pipe replicating the observed lower toughness of 1950’s or 60’ 
linepipe has not been identified to date. US Steel, IPSCO, British Steel, Berg, and four pipe 
storehouses have been contacted. These leads and others are being followed up.  
 
A survey to PRCI members requesting vintage pipe steels has been distributed as a back-up plan 
in the event that the new low toughness steel procurement fails. 
 
The delay in procuring the additional steel will not have a negative impact on the overall project 
schedule until the fourth quarter of the project. Due to the difficulties in procuring the steel, 
completion of this task will be delayed from 6 to 12 months.  If the procurement has any 
additional delay or begins to impact the overall project schedule, the team will request a 
modification to the project milestone schedule with revised plan to complete the project. 
 
Main Conclusions – 31 August 2008: 


• Actual tensile properties of Pipe 1 material, specified as API X52 grade, are close to 
API X65 grade; 


• Pipe 1 is a very ductile material with a high toughness value; 
• 4% of pre-strain has no effect on the high toughness of the Pipe 1 material; 
• For a 3.5% of pre-strain the slip-band width and height are respectively equal to 


0.7µm and 0.03µm 
 
Task 3:  Literature Review 
 
Technical Status 
The Literature Review has been led on two matters by GDF SUEZ: 


• Investigation on the geometry of realistic defects such as dent, gouge, gouges in dent on 
field 


• Pre-strain effect on toughness. 
 
Results and Conclusions 
 
Investigation on the geometry of realistic defects such as dent, gouge, gouges in dent on field: 
Recent PRCI projects called MD-1-2 and MD-2-1 have been interpreted to provide a statistical 
view of the geometric parameters of realistic defects. 
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Pre-strain effect on toughness: 


Several results of different studies from Battelle, Tokyo Gas and Andrew Palmer and Associates 
have been gathered to exhibit the trend of pre-strain effect on material’s toughness. 


 
 


Main Conclusions – 31 August 2008: 
The first investigation on data from field inspections gave the following results: 


• For D/t ratio above 60, the dent depths are below 4% from statistical analysis of the 
field data. The D/t ratio>60 is in accord with high pipeline diameter which have a 
thicker wall and relatively small pipeline diameters; 


• The gouge depths can reach to 40 % but the large number of cases are below 20%; 
• When the gouge length decreases, the relative depth of gouge increases; 
• The trend shows when the relative gouge depth diminishes, the dent depth increases. 
 


The analyses of the literature do not show a general law of the decreasing of toughness versus 
the pre-strain, even if the same trend of toughness decreasing is observed for all materials. The 
reality is more complex and the ductility level of the material could influence the rate of 
toughness decreasing versus the pre-strain. 
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Task 4:  Testing of Dents on Welds and Corrosion Features 
 
Technical Status 
The testing procedure, measurements and measurement systems/equipment, reporting and 
schedule details have been clarified and documented to allow testing to begin. The testing 
process will make use of a new higher capacity water pump purchased for this project and will 
increase the rate of testing in the program. 
 
Results and Conclusions 
Testing will commence in the next quarter with the first six test specimens being instrumented to 
capture the dent strain responses. 
 
Task 5:  Testing of Dents with Gouges 
 
Technical Status 
GDF SUEZ is managing the creation, characterization, burst test and fatigue test of realistic 
combined defects “gouge in dent” following the program described in the next table: 
 


 
 
The defects are identified by three characters x.y.z. which are numbers: 


• x.y.z. : x identifies the Pipe x material (i.e., Pipe 1, 2, 3 or 4); 
• x.y.z. : y defines the type of combined defect characterized by its geometry notably in 


terms of dent depth and length and gouge depth and length. In this program, the value of 
y can be in the range of 1 to 3, as this program considers a maximum of three different 
kind of defects per pipe material; 


• x.y.z. : z is the number designating the individual sample for each of the types of defects 
created, y.  There are three similar test specimens/samples created per type of defect. 
Sample number 1 is for a detailed geometrical, mechanical and metallurgical 
characterisation to fully understand the defect and its effect on pipeline properties after its 
creation. Sample number 2 is a similar defect for the burst test to know the behavior of 
defect under the monotonic pressure load, and sample number 3 is an identical defect for 
the fatigue test to know the defect behavior under variation of internal pressure. 
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Defects 1.1.1, 1.1.2, 1.1.3, 1.2.1, and 2.1.1 have been created by GSF SUEZ and are shown in 
the table below. 
 


 
 
This information that follows presents the results of testing and analyses completed on these 
defects. 
 
Results and Conclusions 
 
Creation of defects  
The defects are created by GDF SUEZ using their Pipe Aggression Rig, or PAR.  The parameters 
to create the defects are defined by the aggressor tooth type and geometry, the height of the tooth 
before the fall, the additional masses, and the impact angle α of tooth with the pipe. 
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Defects 1.1.1, 1.1.2, 1.1.3 
 


Tooth type Impact angle α 
(°) 


Drop Height 
(mm) 


Additional Mass 
(Kg) 


Internal Pressure 
(bar) 


 
Cal44New 


 
 


81 


 
 


170 


 
 
0 


 
 


85 


 
Defect 1.2.1 
 


Tooth type Impact angle α 
(°) 


Drop Height 
(mm) 


Additional Mass 
(Kg) 


Internal Pressure 
(bar) 


 
Esco 


 
 


76 


 
 


270 


 
 


800 


 
 


85 


 
Defect 2.1.1 
 


Tooth type Impact angle α 
(°) 


Drop Height 
(mm) 


Additional Mass 
(Kg) 


Internal Pressure 
(bar) 


 
Esco 


 
 


81 


 
 


170 
 


 
 


800 
 


 
 


85 
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Energy absorbed by the creation of defects 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


4713 Joules 


5416 Joules
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Detection of micro-cracks in gouge surface 
 After the defect creation, magnetic powder tests have been applied to identify potential surface 
micro-cracks in the gouge. 
 
 
 
 
 


 
 
 
 
 
 


 
Defect 1.1.1 


 
 
 
 


Crack


8662 Joules
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Defect 1.1.2 


 
 
 
 
 
 
 
 
 


 
Defect 1.1.3 


 
 
 
 
 
 
 
 
 
 
 
 
 


Defect 1.2.1 
 
 
 
 
 
 
 
 
 
 


Defect 2.1.1 


Crack


Cracks


Crack


Crack
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Defects Geometry 
Defects have been sized by 3D laser measurements. 2D longitudinal and circumferential profiles 
passing by the lowest depth of the dent are given in the following figures. 
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Along the longitudinal axis of the gouge center, residual thickness has been measured using 
ultrasonic equipment. Then, the gouge depth has been deduced as indicated in the schematic 
below. 
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The measurements of several key parameters for the defects are summarized in the following 
table  
 
 Defect 


Type 
Material Test order Gouge 


length (mm) 
Gouge depth 


(%) 
Dent depth 


(%) 
Defect 
1.1.1 1 Pipe 1 1 128 21 0,84 


Defect 
1.1.2 1 Pipe 1 3 145 7,5 1,30 


Defect 
1.1.3 1 Pipe 1 2 135 12,5 1,00 


Defect 
1.2.1 2 Pipe 1 4 101 42,5 2.08 


Defect 
2.1.1 1 Pipe 2 5 166 12,5 1.50 


 
 
Burst test – defect 1.1.2 
 
Defect 1.1.2 has been instrumented by: 


• 1 Clip gage; 
• 1 uniaxial circumferential gage in the gouge; 
• 3 rosettes at the edge of defect  
• 3 rosettes 120° at the edges of defect; 
• Uniaxial circumferential gage in the gouge; 
• Clip gage close the observed microcrack; 
• Potential Drop 


In addition: 
• Uniaxial longitudinal and circumferential gages are positioned on the body remote from 


the defect for the reference; 
• Two LVDT on the defect and one on the body for the reference 
• Targets along the edge of defect to measure displacement 
• Camera 
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A monotonic internal pressure has been applied and the capacity burst outside of defect 1.1.2 in 
the body at a pressure corresponding to the critical pressure of pipe without defect 
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+ 
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First Quarterly Report  September 2, 2008 
DTPH56-08-T-000011 – Project WP#339 
 


Page 24 


 
 
The defect 1.1.2 has been metallurgically investigated after completing the burst test. Note, the 
burst failure did not occur at the location of the defect. The pipe has been cut in ten transverse 
strip bands where the defect is present. On each strip, by optical microscope, metallurgical 
observation of microstructure, size of micro-cracks and rough estimation of strain by micro-
hardness calibration under the defect has been done. 
 


 
 


Strain experimentally estimated around 15-20 % close to the defect 1.1.2 surface. 
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View of notch, micro-cracks and change of microstructure at the surface 
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Fatigue test – defect 1.1.3 
Instrumentation 
 


 
 


 
General view of defect instrumentation 
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Detailed View focused on circumferential gage, displacement and clip gages 


 
The pressure variation has been controlled between 45 bar and 85 bar with a sinusoidal shape 
and a frequency of 0.02 Hz. The failure is reached between 10,480 cycles and 10,869 cycles. The 
history of the fatigue test is the following: 


• Cycle 0 to cycle 1190 : 45bar-85bar; 
• Interruption test at cycle 1190 - 0bar: Pressure cell failure; 
• Cycle 1191 to cycle 3604 : 45bar-85bar; 
• Interruption test at cycle 3604 – 0 bar: Pressure cell failure; 
• Cycle 3664 – 45bar-85bar : the circumferential gage in gouge has failed; 
• Cycle 3664 to cycle 3770 : 45bar-85bar; 
• Interruption test at cycle 3770 – 0bar: Replace of failed circumferential gage in the 


gouge; 
• Cycle 4247 –45bar-85bar: the second circumferential gage in gouge has failed; 
• Cycle 4247 to cycle 5380: 45bar-85bar; 
• Interruption test at cycle 5380 – 0bar: Check and remove the second failed 


circumferential gage. A crack has been observed under the gage in the gouge. 
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• Cycle 5381 to cycle 10480 or 10869 : 45bar-85bar 
• Between cycle 10480 and cycle 10869 : Failure in the defect 1.1.3. 


 
 


 
 


  


Crack under the gage 
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The next curves provide evolution of LVDT1 and LVDT2 displacements positioned in the defect 
comparatively to the LVDTreference on the body capacity. This is why the vertical axes are the 
difference between the LVDT1 or LVDT2 displacements and the LVDTreference displacement. 







First Quarterly Report  September 2, 2008 
DTPH56-08-T-000011 – Project WP#339 
 


Page 34 


 
 
 


 
 







First Quarterly Report  September 2, 2008 
DTPH56-08-T-000011 – Project WP#339 
 


Page 35 


The following curves present information from the clip gage, circumferential gage C1 in the 
defect, and the difference of the displacements of LVDT1 and LVDT2 for specific cycles, 1190, 
1191, 3604, 3605, 3770, 3771, 5383, 7210, 9040 and 10,869. These cycles correspond to 
particular events (interruption of test or failure of C1 gage) except for the cycles 7210 and 9040, 
which are mentioned to give a view of the cycles’ evolution. For LVDT information, the vertical 
axis is the difference between LVDT1 or LVDT2 displacements and LVDTreference placed outside 
of defect on the capacity. 
 
 
 


 


 







First Quarterly Report  September 2, 2008 
DTPH56-08-T-000011 – Project WP#339 
 


Page 36 


 
 
 


 
 







First Quarterly Report  September 2, 2008 
DTPH56-08-T-000011 – Project WP#339 
 


Page 37 


 


 
 


 
 
 







First Quarterly Report  September 2, 2008 
DTPH56-08-T-000011 – Project WP#339 
 


Page 38 


 
 
 


 
 


 







First Quarterly Report  September 2, 2008 
DTPH56-08-T-000011 – Project WP#339 
 


Page 39 


 
Such as defect 1.1.2, defect 1.1.3 has been cut in ten transverse strip bands after the failure for 
metallurgical investigation. By using an optical microscope on each cut, a metallurgical 
observation of microstructure, size of micro-cracks, and rough estimation of strain by micro-
hardness calibration under the defect has been done. 
 


 
Pipe external view – defect 1.1.3 


 


 
Pipe internal view – defect 1.1.3 
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Crack propagation on cut 5 and estimation strain from micro-hardness tests 


 


≈ 40% 


≈ 20% 
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Crack lengths in defect 1.1.3 after the fatigue test are higher than crack lengths in similar defect 
1.1.2. Several initial cracks in the defect could propagate during the fatigue test. The propagation 
front of highest crack in defect 1.1.3 has been reconstituted from cuts. 


 
Shape of propagation front of highest crack in defect 1.1.3 after fatigue failure 


 
Main Conclusions – 31 August 2008: 
Creation of defects type: 


• Three defects 1.1.1, 1.1.2 and 1.1.3 have been reproduced with a satisfying similarity 
concerning the length and the dent depth. But a significant difference on gouge depth 
has been measured between these defects, the depth decreasing from the first defect 
created (1.1.1) to the last (1.1.2). The defect 1.1.3 was created second. The reason can 
be explained by the change of the local geometry of the aggressive tooth after the 
impact; corrective action has been taken to avoid reproducing this phenomenon. 


• The defect 1.2.1 is characterized by a deeper dent and gouge but shorter length defect 
type than defect 1.1.1 ; 


• The defect 2.1.1 is the first defect created in material “Pipe 2” characterized by a long 
defect type with medium dent and gouge depths ; 


• In all cases, magnetic powder tests reveal micro-cracks presence at the gouge surface 
after the defect creation. 


Burst test on defect 1.1.2: 
• The results of burst testing for the pipe with defect 1.1.2 indicate the pipe failed at a 


burst pressure corresponding to a pipe without defect. This result can be explained by 
the high ductility of this material which can fully tolerate a defect type like 1.1.2 
under monotonic loads. Nevertheless the change of slope record of different gages 
and clip gage seem to indicate that the defect started to evolve from a pressure in the 
range of 60bar-80bar; 


• After the burst, defect 1.1.2 was cut for metallurgical investigation. Strain under the 
defect surface has been estimated around 20% by hardness calibration. A number of 
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micro-cracks, with 70% below 100 µm length and several around 500µm length have 
been measured and a crack length distribution has been determined; 


• At the surface under the defect, the steel microstructure has been transformed by the 
heat of the dynamic impact with the aggressivor tooth. 


Fatigue test on defect 1.1.3: 
• The fatigue test between 45 bar and 85 bar has led to the failure of defect 1.1.3 


between 10,480 cycles an 10,869 cycles. Four test interruptions occurred before the 
failure, two for pressure cell failure and two others to check and/or replace the 
circumferential gage at the gouge surface; 


• At 4247 cycles, the second circumferential gage in gouge was noted to have failed, 
with confirmation of the failure after the test stopped at 5380 cycles. A crack was 
observed under the failed gage at 5380 cycles.  Several gages present a slope change 
around 4000 cycles, indicating that crack propagation was likely started around this 
number of cycles; 


• The comparison between potential drop information and clip gage information shows 
that the clip gage is more sensitive to the defect evolution than the potential drop. 


• Such as for defect 1.1.2, defect 1.1.3 has been cut for the first metallurgical 
investigation after failure. The strain close to the defect surface has been estimated 
around 40% which is double the strain estimated in the defect 1.1.2, and the crack 
sizes are deeper than cracks in defect 1.1.2 with a few of them several millimeters 
long. So, before 10,000 cycles, crack propagations have been initiated from small 
existing cracks or sharp defects like microscopic scratches or notches after the 
creation of defect and maybe several cracks have been initiated during the fatigue 
test. 


 
Business Status 
 
Nothing significant to report. 
 
Schedule & Payable Milestones 
 
The project is currently on schedule per the milestone schedule.  We anticipate a delay in Task 2 
as discussed above.  The delay in procuring the additional steel is not anticipated to have a 
negative impact on the overall project schedule. Due to the difficulties in procuring the steel, 
completion of this task will be delayed until May 2009. 
 


Task 
No. Task Status 


Scheduled 
Completion 


Date 


Payable 
Milestone 
(Item No) 


1 Project Kick Off Meeting and 
Subcontracting 


100% 
Complete 8/31/2008 1 


2 Purchase & Characterize Pipe Material 10% 
Complete 11/30/2008 2 


3 Literature Review 40% 
Complete 11/30/2008 3 


4 Testing of Dents on Welds and Corrosion 5% Complete 11/30/2009 4 
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Features 


5 Testing of Dents with Gouges 10% 
Complete 5/31/2010 5 


6 Demonstration of Mech. Damage Model 
Performance 0% Complete 5/31/2009  


7 Industry Workshop 0% Complete 5/31/2010  


8 Project Management and Reporting On-Going 5/31/2010 6 
 


Issues, Problems or Challenges 
 


• To improve the similarity between the created defects of the same type, the aggressivor 
tooth has to be examined after the impact test and potentially retouched/refinished to 
correct any changes of its initial geometry that may have occurred during creation of 
earlier defects before beginning the following test and creating the other similar defects. 


• For the next defects, 1.2.3 and 2.1.3, a strain gage will be placed in the internal wall of 
the test pipe in the area where the defect will be created to record strain in the internal 
wall during defect creation and then during fatigue and/or burst test. 


• The residual stresses in defects called x.y.1 are recognized in the same capacity for a 
given material. This process avoids wasting material by using the same capacity for 
different x.y.1 defects in the same material in place of attributing one capacity per defect. 
The consequence is that the residual stress determination and the metallurgical 
characterization of these created defects will be realized at the end of the last created 
defect type for a given material (Pipe 1, Pipe 2, Pipe 3, Pipe 4). 


 
Plans for Future Activity 
 
Planned activities for the project are presented below.   
 
Task 2:  Purchase & Characterize Pipe Material 
 


• Achieve the tests on pre-strain effect on toughness for pipe 1 material; 
• Launch of material characterization on pipe 2. 


 
Efforts to complete the pipe procurement will continue with a desire to confirm the source of the 
steel in the next quarter. 
 
Task 3:  Literature Review 
 
The information on pre-strain effect on toughness and on realistic defects determined in the field 
will be monitored by attending or reviewing information from new conferences, workshops and 
results of projects from various consortiums. 
 
Task 4:  Testing of Dents on Welds and Corrosion Features 
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Full scale testing of the plain dents in the test matrix will be completed with a start planned for 
the dents on corrosion features. 
 
Task 5:  Testing of Dents with Gouges 
 


• Supplementary interpretation of  burst test on 1.1.2 defect burst test and fatigue test on 
1.1.3 defect;  


• Results of defect creations for 1.2.2 and 2.2.2 defects; 
• Burst tests on 1.2.2 and 2.2.2 defects; 
• Preparation and instrumentation for 1.2.3 and 2.1.3 defects with a variant consisting to 


place gage in internal wall before the creation of defect; 
• Creation of  1.2.3 and 2.1.3 defects; 
• Proposal for the last type of defect 1.3.1 for Pipe 1. 
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APPENDIX A 
 
Notes Recorded During Project Kick-off Meeting with PHMSA 
Structural Significance of Mechanical Damage – DOT/PHMSA Project #238 
DTPH56-08-T-000011 
 
DOT Western Regional Office - Denver, CO 
July 11, 2008 
 
Project Team review of slide presentation files 
• MD 4-1 


o covers re-rounding through instrumentation set up for fatigue test 
o proposed addition of internal strain gauge based on initial results 


• MD 4-2 
o Discussed material purchase/selection and characterization – manufactured vs. 


former in-service pipeline, pros and cons 
o dent depths show depth prior to indenter removal 
o corrosion is represented as wall thinning 


 
• PRCI to distribute the data request for vintage pipe to membership while evaluations for 


potential manufacturing options continue 
 
• Need to address database management; multi-media data management.  What will and will 


not be included in the database that will be made public and widely available.  Relevant, 
higher level data to be included.  Additional details (underlying measurements and 
spreadsheet/access database records) to be provided on request, as appropriate.   


 
• Progress updates – calls with Jim Merritt after submitting quarterly report 
 
• Task 7 - Knowledge based product is outcome of project – workshop is best venue 


o Research Exchange 2010 – report out to industry on findings to date 
o IPC 2010 – Paper from team on project results, key findings, etc. 
o Consensus from workshop may drive future work on this topic 


 
• Reviewed the chart prepared for the meeting that addressed project risks/challenges; the 


Technical Committee agreed that the chart should be maintained and updated on a routine 
basis and reviewed during each meeting as an effective approach to addressing potential 
project problem areas.   


 
• Jim Merritt requested critical design review with the Project Technical Committee at key 


points in projects.  These reviews would include discussion of several key decision points: 
o Is there sufficient data to represent the various characteristics of defects 


encountered by operators? 
o Has the testing program covered all of the relevant materials of construction, 


vintage and higher strength more modern steels 
o Increasing x-ray inspection of welds 
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o Increasing instrumentation to include all defects rather than the current proposed 
50% 


 
Action Items 
• Post slides from meeting to web site 
• Team to contact Battelle on guidance for more detailed video documentation of fatigue tests 
• Check DOT database on failure incidents – DOT to provide additional details that may not be 


included in the public databases that are important to the study (i.e., any material 
characteristics or other notes recorded) 


• Evaluate whether a contract modification is necessary after initial data collection to expand 
the program for x-ray inspection and instrumentation for testing program 


• Revise Project Risks table/chart based on input from the meeting and re-issue to PHMSA.  
The chart will be maintained and referenced during project meetings as a living document 
and iterative record of project pressure points.  Current chart is presented below.     
  


Identified Risks 


Risk
 Ite


m


Tec
hinca


l 


Risk


Sch
ed


ule 


Risk


Budget 
Risk


Mitig
ati


on 


Plan


Conse
quen


ce


Exchange Rate X None Project is underfunded for completion.


Tested materials not 
representative of high risk 
materials in the field


X X Seek out vintage pipe to complement 
moderm pipe already being tested


Project will develop test results that do 
not consider the range of material 
toughnesses in operation, on low side


Testing does not produce a 
sufficiently wide range of results 
for full model validation (e.g. 
indenter shape and size and 
number of dent peaks)


X X


Plan test program variables to consider 
a logical and wide range of conditions. 
Use data developed to validate 
numerical models to explore other 
geometries. Could also expand test 
matrix, but need to resource this 
extension.


Validation base for assessment model 
may be too narrow.


Vintage pipe used in testing is 
witdrawn from service X X X


Early action in defining pipe 
requirements and sources. Need to 
consider additional material testing 
and budget resources to support this.


Uncertainty in test results due to 
variability in material properties, pipe 
condition. Delay in project if pipe is not 
available from dig programs.


Weld metal material properties 
not characterized X X


Must complete additional material 
testing on weld metal to define 
welment properties. This extension to 
test matrix needs to be resourced


Future refined mechanistic model 
development will be short of data for 
characterization.


Not all samples are instrumented  
and an interesting behaviour may 
be missed if it occurs in a non-
instrumented sample


X X


Set instrumentation plan to cover at 
least one of each dent geometry. 
Instrument all samples. This extension 
to test matrix needs to be resourced


Uncertainty in test results


Varaibility in fatigue performance 
not captured due to too few 
repetitions of a given scenario


X X
Increase the number of test sample 
repetitions. This extension to test 
matrix needs to be resourced


Uncertainty in test results


Welds may contain defects. 
While procedure will be API 1104 
certified and 6 specimens will be 
inspected other welds may 
include defects


X X
Complete 100% weld inspection. This 
extension to test matrix needs to be 
resourced


Uncertainty in tests results


Additional measurements are 
required by modelling activities: 
e.g. Dent& Gouge: additional 
strain gauges on pipe inside 
beneath damage


X X


Keep strong communication with 
modelling teams, to foster thier 
implication in specification of 
measurements & immediate 
application of results, and identify 
possible additional requests. These 
need additional funding


Less complete data set


Testing runs slower than 
expected X


Either lengthen project schedule or 
add additional testing facility. The 
additional testing facility will require 
additional project funds


Delay in data production
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Milestone and Deliverable Accomplishments this Reporting Period 
 


Task 
No. Task 


Scheduled 
Completion 


Date 


Completed 
Date Milestone 


1 Project Kick Off Meeting and Subcontracting 8/31/2008 8/31/2008  
2 Purchase & Characterize Pipe Material 11/30/2008 Ongoing  
3 Literature Review 11/30/2008 Ongoing  
4 Testing of Dents on Welds and Corrosion Features 11/30/2009 Ongoing MS 
5 Testing of Dents with Gouges 5/31/2010 Ongoing MS 


6 Demonstration of Mech. Damage Model Performance 5/31/2009 Not Yet 
Started  


7 Industry Workshop 5/31/2010 Not Yet 
Started  


8 Project Management and Reporting 5/31/2010 Ongoing MS 
 


Technical Status 
 
Technical activities undertaken through the second quarter focused on the following tasks: 


Task 2:  Purchase & Characterize Pipe Material 
Task 3:  Literature Review 
Task 4:  Testing of Dents on Welds and Corrosion Features 
Task 5:  Testing of Dents with Gouges 


A summary of the technical status and results or conclusions to date are presented below for each 
of these tasks.   
 
The technical group for this program has maintained close communication to ensure program 
coordination. Issues of concern in the program have been forwarded to PRCI and DOT for their 
consideration. 
 
Task 2:  Purchase & Characterize Pipe Material 
 
Technical Status 
The entire program comprises 3 different pipe steels called: 


• Pipe 1 
• Pipe 2 
• Pipe 3 


 
GDF SUEZ has received three pipes of 11.8 meters length of Pipe 1 and two pipes of 11.8 meters 
length of Pipe 2. These pipe steels are current steels, one specified API X52 grade and the 
second API X70 grade. The diameter of all pipes is 24’’ and the thicknesses are 7.9mm for the 
X52 grade (Pipe 1) and 9.0mm for the X70 grade (Pipe 2). The pipes are manufactured by 
IPSCO with ERW process. 
 
In the first quarterly report, GDF SUEZ presented material characterization results for Pipe 1: 


• Tensile properties; 
• Charpy V impact values in different directions at room temperature; 
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• Toughness J Curve; 
• Size of slip bands. 


The study concerning the pre-strain effect on toughness is continuing and the following material 
characterizations have been launched: 


• Tensile properties 
• Charpy V impact values in different directions at room temperature; 


 
The full report with all results is not yet available because the testing and characterization work 
are not yet completed.  This information is expected to be included in the next quarterly report 
(3rd quarter).   
 
Progress was made regarding the identification of pipe materials to represent older/vintage pipe 
for completing the testing program.  A source has been identified for the manufacture of pipe 
with material properties replicating the observed lower toughness of 1950’s or 1960’ era 
linepipe, and cost/schedule data has been collected. The procurement schedule will meet the 
requirements of the project, as the materials manufactured would be available.  However, the 
cost is substantially more than the funding allotted in the project budget for this task.  One of the 
primary costs drivers is the need to purchase the entire heat of steel from the manufacturer. The 
additional steel would likely prove to be a substantial benefit to other research projects 
investigating various forms of degradation or damage to older pipeline steel. 
 
The Project Technical Team has discussed the procurement of the vintage pipe with PHMSA.  
During the project kick-off meeting, PHMSA indicated a strong preference for the use of a 
manufactured pipe for the project testing rather than a vintage pipe removed from service (from a 
PRCI member company), as a manufactured pipe with vintage properties would not have been 
subjected to variations and unknown conditions during its operating history.  The additional costs 
for the manufactured piping option have been raised with PHMSA, and the Project Technical 
Team is preparing a summary plan outlining the steel procurement justification and cost analysis. 
 
Task 3:  Literature Review 
 
Technical Status 
There is no substantive additional information pertaining to the literature review task to report.  
Any new information on pre-strain effect on toughness and on realistic defects from field 
feedback will be captured as it becomes available from other sources. 
 
Task 4:  Testing of Dents on Welds and Corrosion Features 
 
Technical Status 
The testing procedure, measurements and measurement systems/equipment, reporting and 
schedule details have been clarified and documented to allow testing to begin. The testing 
process will make use of a new higher capacity water pump purchased for this project and will 
increase the rate of testing in the program. 
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Results and Conclusions 
Testing will commence in the next quarter with the first six test specimens being instrumented to 
capture the dent strain responses. An analysis of costs to more completely instrument the test 
specimens and add 100% radiographic inspection of welds is being prepared and will be 
forwarded to PRCI and DOT for consideration. 
 
Task 5:  Testing of Dents with Gouges 
 
Technical Status 
GDF SUEZ has in charge the creation, characterization, burst test and fatigue test of realistic 
combined defects “gouge in dent” following the program described in the next table: 
 
 
 


 
 
 
 
 
 


The defects are identified by three characters x.y.z. which are numbers: 
• x.y.z. : x identifies the Pipe x material which can be in this program, 1, 2, or 3; 
• x.y.z. : y defines the type of combined defect characterized by its geometry notably in 


terms of dent depth and length and gouge depth and length. In this program, the value of 
y can be in the range of 1 to 3, this program considering a maximum of three different 
kinds of defects per pipe material. 


• x.y.z. : z is the number of defect in the defined type of defect. There are three similar 
defects per type of defect. The number 1 is for a detailed geometrical, mechanical and 
metallurgical in-depth defect characterization after its creation. Number 2 is a similar 
defect for the burst test to evaluate the defect behavior of under monotonic pressure load 
and number 3 is a similar defect for the fatigue test to evaluate the defect behavior under 
cyclic variation of the internal pressure. 


 
In the First quarterly report, the following results were presented: 


• Creation conditions and results of defects 1.1.1, 1.1.2 and 1.1.3. 
• Burst test condition and results of defect 1.1.2, except strain rosettes interpretation in 


terms of principal strains and directions. 
• Fatigue test condition and result of defect 1.1.3, except rosettes interpretation in terms of 


principal strains and directions. 
 


New defects created during the second quarter are the defects 1.2.2, and 2.1.2 (red background in 
the following table), similar to defects 1.2.1. and 2.1.1 respectively. 
 
 
 
 


PR 305, pipe 1 & pipe 
2


Pipe number
Defect type agreed
with Project team Type 1 Type 2 Type 3 Type 1 or 2 Type 2 or 3 Type 1 or 2 Type 2 or 3


Defect 1: Detailed 
characterization Defect 1.1.1 Defect 1.2.1 Defect 1.3.1 Defect 2.1.1 Defect 2.2.1 Defect 4.1.1 Defect 4.2.1


Defect 2: Burst test
Defect 1.1.2 Defect 1.2.2 Defect 1.3.2 Defect 2.1.2 Defect 2.2.2 Defect 4.1.2 Defect 4.2.2


Defect 3: Delayed 
failure Defect 1.1.3 Defect 1.2.3 Defect 1.3.3 Defect 2.1.3 Defect 2.2.3 Defect 4.1.3 Defect 4.2.3


Pipe 1 (current steel X52) Pipe 2 (current steel X70)


DOT BAA 07
Pipe 4 (older steel)


MD 4-1
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Creation data of these new defects were collected in terms of energy creation, sizing and surface 
micro-cracks examination.  The defects were burst after instrumentation. 
 
This report presents complementary interpretations of rosettes in terms of principal strains and 
directions for defects 1.1.2 (burst test) and 1.1.3 (fatigue test).  Also included are conditions and 
results for the creation and burst tests for the new defects 1.2.1 and 2.1.1. 
 
Results and Conclusions 
 
Defect 1.1.2 – Burst test – principal strains and directions 
 
The following picture details the defect instrumentation: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


MD 4-1


Type 1 Type 2 Type 3 Type 1 or 2 Type 2 or 3


Defect 1.1.1 Defect 1.2.1


Defect 1.3.1


Defect 2.1.1


Defect 2.2.1


Defect 1.1.2 Defect 1.2.2.


Defect 1.3.2


Defect 2.1.2.


Defect 2.2.2


Defect 1.1.3 Defect 1.2.3. Defect 1.3.3 Defect 2.1.3


Defect 2.2.3


Pipe 1 (current steel X52) Pipe 2 (current steel)


Uniaxial circumferential strain gauge


Direction of tooth penetration


Clip 
Gauge
2L/3


Rosette 120°


First half of defect, smeared metal, 
changed color, sharper, cracks


Second half of defect, less of all:
smeared metal, changed color, cracks
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The principal direction closest to the pipe axis is given by the angle φ of this direction with the 
pipe axis, and the positive value is counter clockwise. The other principal direction is oriented at 
90° counter-clock wise from the first. 
 
 
 


 
 
 
 
 
 
 
 


Principal strains and the φ angle definition. 
 
The graph below gives the principal strains and directions deduced from rosettes R1, R2 and R3 
versus the pressure. 
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Note that the jump in angle is about 90°, which means that principal directions switch. 
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Note that the jump in angle is about 90°, which means that principal directions switch.  
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 Defect 1.1.2 
Evolution of Principal direction φ from rosette R2 
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Defect 1.1.3 - Fatigue test – principal strains and directions 
 
The principal strains and directions are plotted versus the number of cycles. The black lines are 
the principal strains or directions at the maximum pressure of 85 bar and the grey lines are the 
principal strains or directions at the minimum pressure of 45 bar. The exchange between strain 
values when a principal direction shifts by 90° can be noticed below. 
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 Defect 1.1.3 
Evolution of Principal direction φ from rosette R1 
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 Defect 1.1.3 
Evolution of Principal direction φ  from rosette R2 
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Creation of defects 1.2.2 and 2.1.2 
The parameters to create the defects are defined by the aggression tooth type and geometry, the 
height of the tooth before the fall, the additional mass and the impact angle α of the tooth with 
the pipe, also equal to the trajectory angle with respect to the pipe normal at the aggression point. 


 
Impact angle α 


Defect 1.2.2 
 


Tooth type Impact angle α 
(°) 


Drop Height 
(mm) 


Additional Mass 
(Kg) 


Internal Pressure 
(bar) 


 
Esco 


 
 


76 


 
 


270 


 
 


800 


 
 


85 


 
Defect 2.1.2 
 


Tooth type Impact angle α 
(°) 


Drop Height 
(mm) 


Additional Mass 
(Kg) 


Internal Pressure 
(bar) 


 
Cal44New 
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Energy absorbed by the defect creation   
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
DEFECT 1.2.2


X energy, Z energy and total absorbed energy vs time
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DEFECT 2.1.2
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Detection of micro-cracks on gouge bottom 
After the defect creation, magnetic particle inspection (MPI) was applied to identify potential 
surface micro-cracks in the gouge. Cracks appear in defect 1.2.2 and micro-cracks in defect 
2.1.1. 


 


 
Defect 1.2.2 


 


 
Defect 2.1.1 


 
 
Defects Geometry 
Defects were sized by 3D laser measurements. 2D longitudinal and circumferential profiles 
passing by the deepest point of the dent are given in the following figures. 
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Defect 1.2.2
2D longitudinale Profile passing by the deepest point
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Defect 1.2.2


2D circumferential Profile passing by the deepest point
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Defect 2.1.2


2D longitudinale Profile passing by the deepest point 
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Defect 2.1.2


2D circumferential Profile passing by the deepest point 
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Along the longitudinal axis of gouge center, residual thickness has been measured by US. Then, 
the gouge depths have been deduced as indicated in the schema below 
 
The main defect dimensions are gathered in the following table: 
 
 Defect 


Type 
Material Test order Gouge 


length (mm) 
Gouge depth 


(%) 
Dent depth 


(%) 
Defect 
1.2.2 2 Pipe 1 2 101 30 2 


Defect 
2.1.2 1 Pipe 2 2 166 19 1,3 


 
Burst test – defect 1.2.2 
 
Defect 1.2.2 was instrumented by: 


• 1 Clip gage; 
• 1 uniaxial circumferential strain gauge in the gouge; 
• 3 strain-gauge rosettes at the edges of the defect  
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A monotonic increasing internal pressure was applied and the vessel burst in the defect at a 
failure pressure of 110 bar. The failure is a slight opening in the gouge creating a leak, not a 
rupture. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Leak at 110 bar in the gouge 
 
 
 
The following graphs provide the evolution of all instruments: clip-gauge, strain gauges, etc. 
versus internal pressure.  
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 Defect 1.2.2


Evolution of clip gage opening versus pressure
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 Defect 1.2.2
Evolution of gages from rosettes R1 versus pressure


-0,2


0


0,2


0,4


0,6


0,8


1


1,2


1,4


1,6


0 20 40 60 80 100 120 140


Pressure ( bar )


St
ra


in
 ( 


%
 )


 R1A %  R1B %  R1C %


L


L/4


R 1 A


R 1 B


R 1 C







Second Quarterly Report  December 2, 2008 
DTPH56-08-T-000011 – Project WP#339 
 


Page 20 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


  Defect 1.2.2 
Evolution of Principal strains from rosette R1 
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  Defect 1.2.2 
Evolution of Principal direction φ from rosette R1 


-15


-10


-5


0


5


10


0 20 40 60 80 100 120 140
Pressure ( bar )


A
ng


le
 φ


 b
et


w
ee


n 
pi


pe
 a


xi
s 


an
d 


pr
in


ci
pa


l 
di


re
ct


io
n 


1 
(°


)


R1-2


R1-1


Pipe axis


φ


Pipe N° : 1
Diameter (mm): 609,6
Thickness (mm) : 7,9
Grade : X52


R1-C


R1-B


R1-A







Second Quarterly Report  December 2, 2008 
DTPH56-08-T-000011 – Project WP#339 
 


Page 21 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 


 Defect 1.2.2
Evolution of gages from rosette R2 versus pressure
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  Defect 1.2.2
Evolution of Principal strains from rosette R2 
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 Defect 1.2.2 
Evolution of Principal direction φ from rosette R2 
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 Defect 1.2.2
Evolution of gages from rosette R3 versus pressure
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Burst test – defect 2.1.2 
 
Defect 2.1.2 was instrumented with: 


• 1 Clip gage; 
• 1 uni-axial circumferential strain gauge in the gouge; 
• 3 strain gauge rosettes at / along the defect edges  


  Defect 1.2.2 
Evolution of Principal strains from rosette R3 


-0,80


-0,60


-0,40


-0,20


0,00


0,20


0,40


0,60


0,80


1,00


1,20


0 20 40 60 80 100 120 140
Pressure ( bar )


St
ra


in
 ( 


%
 )


R3-1 R3-2


Pipe N° : 1
Diameter (mm): 609,6
Thickness (mm) : 7,9
Grade : X52


3L/4
R3-2


R3-1


Pipe axis


φ


R3-A


R3-CR3-B


 Defect 1.2.2 
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The strain-gauge positions are given in the following graphs. A monotonic increasing internal 
pressure was applied.  The vessel burst in the defect at a failure pressure of 185 bar. The failure 
is a ductile rupture, in shear mode, as shown in the picture below. 
 


 
Rupture at 185 bar initiated in the defect 


 
 
 
The following graphs provide the evolution of all instruments: clip-gauge, strain gauges, etc. 
versus internal pressure.  Unfortunately, the circumferential strain-gauge failed at the beginning 
of test so the information from this strain-gauge is not available.  
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 Defect 2.1.2
Evolution of clip gage opening versus pressure
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 Defect 2.1.2
Evolution of gages from rosettes R1 versus pressure
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 Defect 2.1.2 
Evolution of Principal strains from rosette R1 
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Note the 90° switch in principal directions, that results in an exchange of the strain gauge 
readings between gauges. 


 Defect 2.1.2
Evolution of gages from rosette R2 versus pressure
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 Defect 2.1.2 
Evolution of Principal direction φ from rosette R2 
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 Defect 2.1.2
Evolution of gages from rosette R3 versus pressure
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 Defect 2.1.2 
Evolution of Principal strains from rosette R3 
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 Defect 2.1.2 
 Evolution of Principal direction φ from rosette R3 
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Main Conclusions: 
 
Principal strains and direction for defects 1.1.2 and 1.1.3 


• Principal strains and directions were determined for previously performed defects 
1.1.2 (Burst test) and 1.1.3 (Fatigue test). 


 
Creation of defects 1.2.2 and 2.1.2: 


• Two defects 1.2.2 and 2.1.2 were created respectively similar to defects 1.2.1 and 
2.1.1.   


• Total absorbed energies for the defect creations were recorded.  
• 3D laser mapping and 2D laser profiles of the defects were determined.  
• The defect 1.2.2 on pipe 1 is shorter but with a deeper gouge than defect 2.1.2 on pipe 


2, as different aggression teeth were used.  
• Magnetic particle inspection (MPI) revealed cracks in the gouge for defect 1.2.2, and 


also for defect 2.1.2 but rather microcracks, less numerous and less easy to observe. 
 
Burst tests on defects 1.2.2 and 2.1.2: 


• Both defects were instrumented in the same conditions with a circumferential strain 
gauge in the gouge, a clip gauge and 3 strain gauge rosettes. 


• Defect 1.2.2 in pipe 1 failed by leak in the gouge at a pressure of 110 bar, whereas the 
defect 2.1.2 in pipe 2 led to a ductile rupture at 185 bar (in shear mode). 


• For the both defects, all gages were interpreted including principal strains and 
direction for rosettes, except for circumferential gage of 2.1.2 which failed. 


 
Preparation for creation of defects 1.2.3 and 2.1.3: Exploratory internal strain gauges  


• To comply with the new project team request, strain gauges were installed on the 
internal wall of pipes before the defect creations under the expected impact zone, to 
record the strain evolution during the impact. 


 
 
Business Status 
 
The project remains well coordinated with the pipeline industry through the PRCI partnership on 
the project. 
 
Schedule & Payable Milestones 
 
Task 2 is slightly behind schedule due to identifying pipe and collecting cost/schedule data for 
the vintage pipe.  Task 3 is behind due to capturing data as it becomes available from sources.  
Neither task will delay the overall schedule of the project. 
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Task 
No. Task Status 


Scheduled 
Completion 


Date 


Payable 
Milestone 
(Item No) 


1 Project Kick Off Meeting and 
Subcontracting 


100% 
Complete 8/31/2008  


2 Purchase & Characterize Pipe Material 60% 
Complete 11/30/2008  


3 Literature Review – effect of pre-strain and 
dent-gouge defect from field feed-back 


70% 
Complete 11/30/2008  


4 Testing of Dents on Welds and Corrosion 
Features 0% Complete 11/30/2009 9 


5 Testing of Dents with Gouges 20 % 
Complete 5/31/2010 10 


6 Demonstration of Mech. Damage Model 
Performance 0% Complete 5/31/2009  


7 Industry Workshop 0% Complete 5/31/2010  


8 Project Management and Reporting On-Going 5/31/2010 11 
 


Issues, Problems or Challenges 
 


• To improve the similarity between the created defects of the same type, the aggression 
tooth has to be examined after the impact test and reshaped to get as close as possible to 
the same geometry as initially before launching the following test to create a similar 
defect. 


• For the next defects 1.2.3 and 2.1.3, a strain gauge was placed on the internal wall of the 
vessel in the area where the defect will be created, but before the defect creation. This 
gauge will record the strain evolution on the internal wall side of the defect during its 
creation and then during subsequent fatigue and/or burst test. This supplementary action 
with respect to the contract involved a delay of two weeks. 


• The residual stresses in defects called x.x.1 are realized on the same vessel for a given 
material. This process avoids to waste material using the same vessel for different x.y.1 
defects. The consequence is that the residual stress determination and the metallurgical 
characterization of these already created defects will be performed at the end of the defect 
creation process for a given material (Pipe 1, Pipe 2, or Pipe 3). 


 
Plans for Future Activity 
 
Planned activities for the project are presented below.   
 
Task 2:  Purchase & Characterize Pipe Material 
 
Team is preparing a summary plan outlining the steel procurement justification and cost analysis.  
Results on pre-strain effect on toughness for pipe 1 material will be compiled as well as results 
of material characterization on pipe 2. 
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Task 3:  Literature Review 
 
Any new information on pre-strain effect on toughness and on realistic defects from field 
feedback will be captured as it becomes available from other sources, like conferences, 
workshops and results of other PRCI projects. 
 
Task 4:  Testing of Dents on Welds and Corrosion Features 
 
Full scale testing of the plain dents in the test matrix will be completed with a start planned for 
the dents on corrosion features. 
 
Task 5:  Testing of Dents with Gouges 


 
Evaluate results of defect creations for defects 1.2.3 and 2.1.3.  Creation of defects 1.3.1 and 
2.2.1 with internal strain gauges will be completed.  Initiate metallurgical investigation of failed 
defects 1.2.2 and 2.1.2.  Evaluate results of fatigue tests of defect 1.2.3 or 2.1.3. 
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Project WP#339: Structural Significance of Mechanical Damage 


 
 
Background 
 
The primary objective of the project is to establish a detailed experimental database to support 
the development and validation of improved burst and fatigue strength models for assessing the 
interaction of mechanical damage with secondary features (gouges, corrosion, and welds). The 
use of this data to develop and validate mechanistic models will produce reliable tools to assess a 
wide range of mechanical damage forms, thereby increasing safety, reducing unnecessary 
maintenance, and supporting the improvement of pipeline standards and codes of practice. 
 
Progress in the Quarter 
 
GDF SUEZ created two combined defects “Dent - Gouge” one on a recent pipe specified as API 
X52 and the second on a recent pipe specified as API X65, both steels being characterized by a 
high level of ductility: 
 


• Defect 1.2.2 on pipe grade X52. 
• Defect 2.1.2 one pipe grade X65. 
• The maximum gouge depths and dent depths (measured without internal pressure) are 


respectively of 30% and 2% for defect 1.2.2 and 19% and 1,3% for defect 2.1.2. The 
gouges are respectively 115 mm and 195 mm long.  Theses values correspond to the 
defect types 1.2.1 and 2.1.1. 


 
Burst tests were performed on both defects. Defect 1.2.2 burst at 59% of the burst pressure of 
defect 2.1.2. But the significant difference is the failure mode, by leak for defect 1.2.2 and by 
rupture for defect 2.1.2. After tests all instrumentation records were represented in graphical 
form, and principal strains and principal directions were determined from the strain gauges 
records. 
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Funds and Work Completed During this Quarterly Period 
 


 
 


Technical Status 
Technical activities undertaken through the Thirteenth Quarter focused on the following tasks: 


 


 Task 2—Purchase & Characterize Pipe Material 


 Task 3—Literature Review 


 Task 4—Testing of Dents on Welds and Corrosion Features 


 Task 5—Testing of Dents with Gouges 


 Task 6--Demonstration of Mechanical Damage Model Performance 


 Task 8 – Project Management and Reporting 


 


A summary of the technical status and results to date are presented below for each tasks.   


Task 2:  Purchase & Characterize Pipe Material 


There are currently four different pipe steels in this program:  


 


 Pipe 1 and 2 are modern IPSCO pipes manufactured between 2005 and 2006 
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 Pipes 3 are older steel to represent the majority of the pipelines in-service.  It was initially 


intended to provide a manufactured pipe that replicates vintage pipe properties for Pipe 3.  


Due to challenges identified with this initial approach, the project is now using vintage 


pipe from former in-service pipelines provided by PRCI member companies.  This has 


resulted in the need to use several different pipes retrieved from service:  one vintage 


material for the full-scale testing program for dents, designated Pipe 3, and  


 


 A separate vintage material for creating and testing dent+gouge defects, (there were three 


candidate vintage pipe materials being considered for selection, previously named 4a, 4b, 


and 4c, all 24 in. in diameter).  Finally a fourth proposal of vintage pipe was also 


investigated and validated by PHMSA due to its very low toughness. This pipe is 26 in. 


diameter, 0.312 in. thickness and X52 grade. Chemical composition and mechanical 


properties from Control Quality Sheets are reported in the following tables : 


 
Table 1:  Chemical analysis of Pipe 3DG (%) 


C S P  Si Cr Mn Ni Cu Other 


0.19 0.024 0.017 0.06 0.03 0.91 0.03 0.08 <0.01 


 
Table 2:  Tensile and Charpy properties 


Yield Strength 


Lb/in² 


Tensile Strength 


Lb/in² 


Elongation% Charpy at 32°F 


Specimen size 10mm*6.7mm 


Ft.lbs 


53.5 74.0 33 9 


 


From theses tables, we can see the vintage pipe has characteristics such as high carbon and sulfur 


content and very low Charpy toughness equal to 9 ft-lbs. This pipe will complement the previous 


study on high toughness modern pipes and will allow the team to perform and validate the 


modeling on a large range of pipe properties. 


 


To discriminate with vintage Pipe 3 used in Task 4 by BMT, this pipe is called “3DG”, standing 


for “dent + gouge”. 


 


The team, using an economical shipping method, will send the 3DG pipes from US (Houston) to 


France (Paris) before the end of the year and will start their research immediately upon arrival.  


Task 3:  Literature Review 


The team has completed the literature review regarding cyclic fatigue dent assessment 


techniques.  They will submit a report summarizing the findings and demonstrating the 


performance of the identified assessment techniques following the completion of the testing. 


 


Task 4:  Testing of Dents on Welds and Corrosion Features 


BMT continues to test the second batch of eight Pipe 3 plain dent specimens. The matrix below 


shows the use of three different spherical indenter size (2, 8 and 12 in.), four levels of indentation 


depth and three levels of internal pressure during dent formation. They have completed five tests 


out of eight and the results are shown in the Table 3 below. 


 


Table 3:  Batch 2 of Pipe 3 Plain Dent Experimental Specimens 







Fourteenth Quarterly Report  November 30, 2011 


DTPH56-08-T-000011 – Project WP#339 


(in) (%) (%SMYS) (%SMYS) (%SMYS) (%OD)


43 2 7.5 R Plain 0% 100% 10%-80% 4.91% 30604


44 8 7.5 R Plain 0% 100% 10%-80% 4.10% 54036


49 2 10 R Plain 0% 100% 10%-80% 6.31% 30604


50 2 15 U Plain 40% 100% 10%-80% 4.26% 16600


51 2 15 U Plain 80% 100% 10%-80% 4.78% 12131


cyclic 


Pressure 


Range


Cycles to 


Failure


Final Dent 


DpethSpecimen #


Nominal 


Indenter 


diameter


Indenter 


Travel Dent restraint


Interacting 


with


Indentation 


Pressure 


Initial 


Pressure 


Cycle


 
 


Task 5:  Testing of Dents with Gouges 


GDF SUEZ is in charge of the creation, characterization, burst test, and fatigue test of realistic 


combined defects, i.e., dent+gouge, and their program is described in the next table: 


 


The defects are identified by three characters X.Y.Z. which are numbers: 


 


 X.Y.Z.—X identifies the Pipe X material which is noted by 1, 2, or 3 in this program; 


 


 X.Y.Z.—Y defines the type of dent+gouge defect characterized by its geometry notably in 


terms of dent depth and length, and gouge depth and length. This program is considering a 


maximum of three different kinds of defects per pipe material, and therefore, the value of Y 


can range from 1 to 3; two extreme aggression conditions are considered in this study: 


highly dynamic and slower aggression. The former corresponds to defect Types 1 and 2 for 


Pipe 1 (two different excavator teeth used) and Type 1 for Pipe 2, while the latter 


corresponds to Type 3 for Pipe 1 and Type 2 for Pipe 2. 


 


 X.Y.Z.—Z is the number of defect in the defined type of defect. There are three similar 


defects per type of defect. The number 1 is for a detailed geometrical, mechanical and 


metallurgical in-depth defect characterization after its creation. Number 2 is a similar defect 


for the burst test to evaluate the defect behavior of under monotonic pressure load and 


number 3 is a similar defect for the fatigue test to evaluate the defect behavior under cyclic 


variation of the internal pressure. 


 


The background color in the table represents: 


 


 White: Defects not yet created (vintage pipe) 


 Yellow: Defects already created but not yet fully characterized (this includes destructive 


and neutron diffraction testing for characterizing through wall residual strain 


 Green: Defects created and all tests completed 


 







Fourteenth Quarterly Report  November 30, 2011 


DTPH56-08-T-000011 – Project WP#339 


Table 4:  Status of dent+gouge defects 


 
 


GDF SUEZ is waiting for the completion of the residual stress analysis by neutron diffraction of 


defects 1.2.1.b, 2.1.1 and 2.2.1 by Chalk River Laboratories.  Due to delays of the neutron 


diffraction analysis, GDF SUEZ recently received defect 1.2.1.b in France and expects to receive 


the other at the beginning of next year. 


 


Task 6:  Demonstration of Mechanical Damage Model Performance 


GDF SUEZ performed numerical simulations of dent+gouge defect creations by highly dynamic 


aggression and slower dynamic creation. Defects 1.1.2 and 1.3.2 were chosen respectively as 


highly dynamic and slower dynamic aggression cases. The researchers performed Finite Element 


Analysis using Abaqus Standard® 6.9 EF2 code and implicit solving method.  Due to symmetry, 


only one half of the vessel is modeled as shown Figure 1, where boundary conditions are 


indicated. 
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Figure 1:  Numerical model (half vessel) with boundary conditions. 


 


For the same reason of geometry, one half of the tooth is simulated (see Figure 2). 


 
 


 
Figure 2:  Numerical model of half tooth 


 


The pipe wall model is meshed with six eight-node linear brick elements. The applied load 


history has three steps: 


 


 Step 1: Pressure is increased in the pipe up to defect creation pressure 


 Step 2: Longitudinal and vertical displacements are imposed to the tooth 


 Step 3: Internal pressure is decreased to zero bar (relative) 


 


Figure 3 shows a satisfactory comparison of simulated and experimental forces respectively for 


defects 1.1.2 and 1.3.2. 


 


Nodes fixed radially on the 


external surface  


Ur=0 


Symmetric condition 


3D elements 


Ux=0 


Node fixed in 


 z-direction 


Symmetric condition  
Shell elements 


Ux=Ury=Urz=0 


Nodes fixed radially on the 


external surface  


Ur=0 


Node fixed  


Uz=0 
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Figure 3:  Comparison of simulated and experimental (dashed line) forces for creation of defects 1.1.2 (left) 


and 1.3.2 (right) 


 


In the same way, Figure 4 compares simulated and experimental longitudinal profiles after defect 


creation and after removing the internal pressure for both defects. 


 


 
Figure 4:  Comparison of simulated and experimental (dashed line) longitudinal profiles for defects 1.1.2 


(left) and 1.3.2 (right) 


 


 


The comparison shows that the modeling results in a deeper dent for the severe dent of defect 


1.3.2. The researcher believe that one possible cause is that the simulation underestimates the 


spring-back upon re-rounding after removing the tooth, even if the model accounts for material 


cyclic behavior. They propose that other causes include pipe movement on the “V” support, the 


size of mesh, or the complex shape of the tooth in the impact zone. Nevertheless, the comparison 


shows reasonable agreement. Furthermore, the model estimation of the residual wall thickness 


values are accurate for both defects.  


 


The model can also determine all  of the local mechanical parameters, and local components of 


stress and strain. Figure 5 shows the high local value of equivalent plastic strain for defect 1.1.2 
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on the upper and lower layer of the defect at position 1 which is the instant when the longitudinal 


displacement of the tooth is 80 mm and at position 2 which is the end of the defect creation when 


the tooth is removed. 


  


  
Figure 5:  Defect 1.1.2: Equivalent plastic deformation versus defect length 1.1.2 at lower (left) and upper 


(right) surfaces for positions 1 (solid line) and 2 (dashed line). 


 


The modeled equivalent local plastic deformation reaches about 80% at the lower layer and 90% 


at the upper layer after the removing the tooth (position 2). 


 


Technical Results and Conclusions 


Task 2:  Purchase & Characterize Pipe Material 


Vintage pipe materials with very toughness for full-scale testing of dent+gouge features, called 


pipe 3DG, was validated by PHMSA and the team is working to transfer theses pipes from the 


US to France; 


Task 4:  Testing of Dents on Welds and Corrosion Features 


The team at BMT has completed five tests out of the eight have been completed and estimates 


that they will complete the remaining tests during the next quarter. 


Task 5:  Testing of Dents with Gouges 


Due to delays from neutron diffraction analysis (malfunctioning beam devices) in Canada at 


Chalk River laboratories, GDF SUEZ was not able to perform destructive characterization of 


defects 1.2.1.b, 2.1.1 and 2.2.1 during the last months. Defect 1.2.1.b will arrive at the GDF 


SUEZ lab at the end of November and defects 2.1.1 and 2.2.1 are expected at the beginning of 


next year.  


Task 6:  Demonstration of Mechanical Damage Model Performance 


GDF Suez simulated defect creations by highly dynamic and slower dynamic aggression using 


finite element analysis. Simulated results compared well with experimental results from defects 


1.1.2 and 1.3.2 in terms of forces during defect creation, defect profiles and residual thickness. 
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The model also determines the local mechanical parameters during the defect creation process.  


Task 8:  Project Management and Reporting 


The team completed the required monthly status updates and quarterly reports and also met via 


teleconference when necessary.  


Technical Issues, Problems or Challenges  


None 


Plans for Future Activity 


Task 2:  Purchase & Characterize Pipe Material 


GDF SUEZ will start the material characterization of vintage pipe 3DG upon delivery.  


Task 4:  Testing of Dents on Welds and Corrosion Features 


BMT will finish the testing of the second batch of Pipe 3 plain dents specimens in the coming 


quarter.  They will deliver a report documenting the results to the project team and will present 


the results in the next quarterly report.  


Task 5:  Testing of Dents with Gouges 


GDF SUEZ will proceed with destructive characterization of defect 1.2.1.b and will continue in 


the same way for defects 2.1.1 and 2.2.1 conditioned by the progress of neutron diffraction 


analysis.  


Task 8:  Project Management and Reporting 


The team will complete the required monthly status updates and quarterly reports and also meet 


via teleconference when necessary. 
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Business Status 
 


The financial condition of the project is shown in the table below. 


 


  


Federal Funding   Cost Share Funding  


 


Task 


# per 


MS 


Task 


Description Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date Budget 


Expended 


(Actuals) 


This Quarter 


Expended 


(Actuals) 


to Date 


% 


Complete 


1 Project Kick 


Off Meeting 


and 


Subcontracting $9,335 $0 $9,335 $831 $0 $831 


100% 


2 Purchase & 


Characterize 


Pipe Material $134,674 $0 $134,674 $146,108 $0 $146,108 


80% 


3 
Literature 


Review $11,549 $0 $11,549 $8,669 $0 $8,669 
100% 


4 Testing of 


Dents on 


Welds & 


Corrosion 


Features $188,507 $0 $157,363 $599,632 $77,800 $753,725 


85% 


5 Testing of 


Dents with 


Gouges $150,020 $0 $150,020 $254,404 $15,618 $237,711 


70% 


6 Demonstration 


of Mechanical 


Damage 


Model 


Performance $22,008 $16,174 $19,126 $10,930 $0 $5,530 


90% 


7 
Industry 


Workshop $12,030 $0 $0 $4,325 $0 $0 
80% 


8 Project 


Management 


and Reporting $88,366 $1,834 $66,246 $43,959 $0 $21,692 On-going 


 


GRAND 


TOTAL $616,490 $18,008 $548,313 $1,068,858 $93,418 $1,174,266 
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Schedule 
The project is generally on schedule, but as discussed in prior reports, Task 5 was impacted by 


the decision to add neutron diffraction testing of selected dent+gouge samples to the program. 


Defect 1.2.1.b reached at GDF SUEZ at the end of November and the team plans destructive 


metallurgical investigation in January 2012. GDF SUEZ expects to receive the other defects 


2.1.1 and 2.2.1 at the beginning of next year and will immediately begin the investigation.  


Furthermore, the transfer of selected and validated pipe 3DG from US to France underway. At 


this time the pipe is expected to reach in December and the team will begin its to be ready to start 


material characterization upon arrival. 


 


Task 


No. 
Task 


Scheduled 


Completion 


Date 


Completed 


Date 


% 


Complete 


Status  


(if delayed) 


1 
Project Kick Off Meeting 


and Subcontracting 
8/31/2008 8/31/2008 100%  


2 
Purchase & Characterize 


Pipe Material 
8/31/2010 


02/01/2011 


for Pipes, 1, 2 


and 3 


80% 


Pipe 1, 2 and 3 complete. 


This task was exteneded for Pipe 


3DG  


3 Literature Review 11/30/2009 11/30/2009 100%  


4 
Testing of Dents on Welds 


and Corrosion Features 
2/28/2012 Ongoing 85%  


5 
Testing of Dents with 


Gouges 
2/28/2012 Ongoing 70%  


6 


Demonstration of 


Mechanical Damage Model 


Performance 


11/30/2011 Ongoing 90%  


7 Industry Workshop 5/31/2012 Ongoing 80%  


8 
Project Management and 


Reporting 
5/31/2012 Ongoing 


On-going 
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Payable Milestones 
Payable milestones for this period are shown in the table below.   


  


Federal Funding   Cost Share Funding  


 


Task 


# per 


MS 


Task 


Description Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) to 


Date 


Payable 


Milestone 


(Item No) 


1 Project Kick 


Off Meeting 


and 


Subcontracting $9,335 $0 $9,335 $831 $0 $831 
 


2 Purchase & 


Characterize 


Pipe Material $134,674 $0 $134,674 $146,108 $0 $146,108 
 


3 Literature 


Review 
$11,549 $0 $11,549 $8,669 $0 $8,669  


4 Testing of 


Dents on 


Welds & 


Corrosion 


Features $188,507 $0 $157,363 $599,632 $77,800 $753,725 


45, 49, 53 


5 Testing of 


Dents with 


Gouges $150,020 $0 $150,020 $254,404 $15,618 $237,711 
50 


6 Demonstration 


of Mechanical 


Damage 


Model 


Performance $22,008 $16,174 $19,126 $10,930 $0 $5,530 


51 


7 Industry 


Workshop 
$12,030 $0 $0 $4,325 $0 $0  


8 Project 


Management 


and Reporting $88,366 $1,834 $66,246 $43,959 $0 $21,692 
52 


 


GRAND 


TOTAL $616,490 $18,008 $548,313 $1,068,858 $93,418 $1,174,266 
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Funds and Work Completed During this Quarterly Period 
 


 
 


Technical Status 
Technical activities undertaken through this reporting period focused on the following tasks: 


 


 Task 2—Purchase & Characterize Pipe Material 


 Task 3—Literature Review 


 Task 4—Testing of Dents on Welds and Corrosion Features 


 Task 5—Testing of Dents with Gouges 


 Task 6--Demonstration of Mechanical Damage Model Performance 


 Task 8 – Project Management and Reporting 


 


A summary of the technical status and results to date are presented below for each tasks.   


Task 2:  Purchase & Characterize Pipe Material 


There are currently four different pipe steels in this program:  


 


 Pipe 1 and 2 are modern IPSCO pipes manufactured between 2005 and 2006.  All 


material characterization has been completed for these pipes. 
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 Pipes 3 are older steel to represent the majority of the pipelines in-service.  It was initially 


intended to provide a manufactured pipe that replicates vintage pipe properties for Pipe 3.  


Due to challenges identified with this initial approach, the project is now using vintage 


pipe from former in-service pipelines provided by PRCI member companies.  This has 


resulted in the need to use several different pipes retrieved from service:  one vintage 


material for the full-scale testing program for dents, designated Pipe 3, and;  


 


 Pipe 3DG for the Dent and Gouge tests left Houston at the end of January 2012 and 


reached the GDF SUEZ lab at the end of March. Material characterization is underway 


and first characterization results are presented here: 


 


Chemical Content 


As shown in Table 1, the percentages of carbon and sulfur are high and the carbon equivalent 


deduced from this chemical composition is 0.44%. In addition, knowing the sulfur and 


manganese percentages, the volume ratio of manganese sulfur inclusions is approaching a high 


level of 2 10
-3


, as indicated by Franklin’s formula. This initial information shows that Pipe 3DG 


may have a low toughness level. 


 
Table 1:  Chemical analysis of Pipe 3DG (%) 


C S P  Si Cr Mn Ni Cu Other 


0.23 0.036 0.019 0.06 0.02 1.10 0.06 0.16 <0.01 


Microstructure 


The microstructure was observed with and without etching on longitudinal and transverse 


polished cuts by optical microscope with X200 and X500 magnifications. Figure 1 shows the 


presence of numerous elongated inclusions (observation without etching). 


 


 
Figure 1:  Manganese sulfur inclusions 
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The observation with etching reveals a high density of pearlitic phase (black and grey areas) due 


to the high quantity of carbon in the chemical content (See Figure 2). 


 


 
Figure 2:  Ferritic-Pearlitic microstructure 


 


Three transverse tensile tests were performed on cylindrical specimens under quasi- static 


loading at room temperature. Results are given in Table 2 below. 


 
Table 2:  Results on tensile transverse properties for Pipe 3DG 


Test number YS 


(MPa 


ksi) 


 


UTS 


(MPa 


ksi) 


 


YS/UTS Elongation at 


rupture  (%) 


Section area 


reduction at 


rupture (%) 


1 488 


71 


599 


87 


0.81 26 57 


2 486 


70 


607 


88 


0.80 26 58 


3 496 


71 


612 


89 


0.81 26 58 


Average 490 


71 


606 


88 


0.81 26 58 


 


Tensile test results show steel properties close to those of an API 5L X70 grade. 


Task 3:  Literature Review 


The team has completed the literature review regarding cyclic fatigue dent assessment 


techniques.  They will submit a report summarizing the findings and demonstrating the 


performance of the identified assessment techniques following the completion of the testing. 
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Task 4:  Testing of Dents on Welds and Corrosion Features 


BMT Fleet has submitted their recommendation for the final series of four full-scale test 


specimens to the project team for review and approval.  Table 3 below shows the last batch of 


recommended test matrix, for the vintage pipe full scale dent fatigue tests. The test matrix 


includes three indenter sizes and three indenter displacements. All four tests incorporate dents 


interacting with welds. The location of the dents with respect to the girth welds were chosen 


based on the likely location of fatigue crack initiation with the objective of determining the affect 


on the fatigue life due to the dent interacting with the weld. 


 
Table 3:  Test Matrix for Dents Interacting with Girth Welds for Vintage Pipe 3 


Specimen 


# 


Nominal 


Indenter 


Diameter 


Indenter 


Travel 


Dent 


Depth 


Dent 


Restraint 


Interacting 


with 


GW Location 


wrt Dent 


Initial 


Pressure 


Cycle 


Cyclic 


Pressure 


Range 


 (in) (%) (%)    (%SMYS) (%SMYS) 


58 2 15 ~2 U GW Shoulder 100% 10%-80% 


59 12 20 ~2 U GW Center 80% 10%-80% 


60 2 7.5 7.5 R GW Shoulder 100% 10%-80% 


61 8 7.5 7.5 R GW Shoulder 100% 10%-80% 


 


BMT Fleet has selected two tests from the last series of full scale tests, Specimen 53 and 55 for 


detailed investigation. In both cases, the fatigue crack leading to the pipe failure (leak) occurred 


on the transverse shoulder of the dent away from the axial center line of the pipe (see Figures 3 


and 4, below). The dents in both the cases were unrestrained and created using the 12 in. indenter 


while the pipe was pressurized. The researchers will report on the detailed results of the 


metallurgical investigation in the next quarterly report.   


 


 
Figure 3:  Un-restrained dent created using 12 in. indenter at 40% SMYS pressure in Pipe 53 
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Figure 4:  Un-restrained dent created using 12in.  indenter at 80% SMYS pressure in Pipe 55 


Task 5:  Testing of Dents with Gouges 


GDF SUEZ is in charge of the creation, characterization, burst test, and fatigue test of realistic 


combined defects, i.e., dent+gouge, and their program is described in the Table 4: 


 


The defects are identified by three characters X.Y.Z. which are numbers: 


 


 X.Y.Z.—X identifies the Pipe X material which is noted by 1, 2, or 3 in this program; 


 


 X.Y.Z.—Y defines the type of dent+gouge defect characterized by its geometry notably in 


terms of dent depth and length, and gouge depth and length. This program is considering a 


maximum of three different kinds of defects per pipe material, and therefore, the value of Y 


can range from 1 to 3; two extreme aggression conditions are considered in this study: 


highly dynamic and slower aggression. The former corresponds to defect Types 1 and 2 for 


Pipe 1 (two different excavator teeth used) and Type 1 for Pipe 2, while the latter 


corresponds to Type 3 for Pipe 1 and Type 2 for Pipe 2. 


 


 X.Y.Z.—Z is the number of defect in the defined type of defect. There are three similar 


defects per type of defect. The number 1 is for a detailed geometrical, mechanical and 


metallurgical in-depth defect characterization after its creation. Number 2 is a similar defect 


for the burst test to evaluate the defect behavior of under monotonic pressure load and 


number 3 is a similar defect for the fatigue test to evaluate the defect behavior under cyclic 


variation of the internal pressure. 
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The background color in the table represents: 


 


 White: Defects not yet created (vintage pipe) 


 Yellow: Defects already created but not yet fully characterized (this includes destructive 


and neutron diffraction testing for characterizing through wall residual strain) or not yet 


submitted to burst or fatigue tests 


 Green: Defects created and all tests completed. 


 
Table 4:  Status of dent+gouge defects in Modern Pipes 1 and 2 and vintage pipe 3DG 


 
 


Defect 3DG.1.2 has just been created and the photo is not yet available to fill the yellow cell 


3DG.1.2. 


 


GDF SUEZ created the first two defects, 3DG.1.1 and 3DG.1.2, in May 2012 by dynamic impact 


under an internal pressure of 89 bar (1291 psi). The researchers visually saw cracks at the gouge 


bottom. The also performed magnetic particle inspection was performed on defect 3DG.1.1 and 


confirmed the presence of cracks is as shown in the figure below. 


 


 
Figure 5:  Presence of cracks at the gouge bottom of defect 3DG.1.1. 


Technical Results and Conclusions 


Task 2:  Purchase & Characterize Pipe Material 


Material characterization of vintage pipe 3DG has started and the first characterization results 


indicate the steel has a high percentage of equivalent carbon and sulfur leading to a 
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microstructure containing a high quantity of pearlitic phase and a significant volume ratio of 


inclusions of manganese sulfur. This information should indicate a low toughness level, and the 


team will confirm this through fracture tests in the next few months. 


 


Results of transverse tensile tests provide a level of yield strength close to that of an X70 grade, 


even if this pipe was specified as an X52 grade. This high value of yield strength can be 


explained by the content of carbon which reinforces the steel resistance.  


Task 4:  Testing of Dents on Welds and Corrosion Features 


BMT Fleet Technology completed a total of 57 full-scale tests and is analyzing the data.  They 


are subjecting two test samples from the latest batch of vintage pipe tests to detailed evaluation 


and analysis (samples 53 and 55).  Each of the samples failed by fatigue cracking that occurred 


on the transverse shoulder of the dent away from the axial center line of the pipe. The researchers 


are currently performing a detailed metallurgical investigation and will report the results next 


quarter. 


Task 5:  Testing of Dents with Gouges 


GDF SUEZ created two similar “Dent and Gouge” defects, called 3D.1.1 and 3D.1.2, on vintage 


Pipe 3DG with internal pressure of 89 bar (1290 psi) by dynamic aggression. These defects are 


pretty similar to those created on modern pipes (Pipe 1 and 2) called 1.1.1b and 2.1.1 defects. 


 


After GDF SUEZ created and re-rounded 3DG.1.1 and 3DG.1.2, they observed cracks at bottom 


of gouge visually and by magnetic particle inspection analysis.  GDF SUEZ will send 3DG.1.1 


defect to the SERAM (Société d’Etudes et de Recherches des Arts et Métiers) laboratory for x-


ray analysis to determine residual stress in outer and inner surfaces of defect.  3DG.1.2 defect 


will be instrumented to perform burst test during the summer. 


Task 8:  Project Management and Reporting 


The team completed the required monthly status updates and quarterly reports and also met via 


teleconference when necessary. The team has prepared two technical papers based in part on the 


results from this study and submitted them to the 2012 ASME International Pipeline Conference 


.  Both papers have been accepted and are expected to be included in the conference proceedings.   


 


Technical Issues, Problems or Challenges  


The team is planning on submitting a 12 month contract, additional cost modification request to 


DOT PHMSA.  The team encountered important delays which were unavoidable for the Dent + 


Gouge tests on vintage pipes.  These delays were due to time spent to locate and select the 


appropriate vintage pipe material that exhibited sufficiently low toughness (as requested by 


PHMSA) and for their delivery to GDF SUEZ.  


 


Also, the modification will include changes to the instrumentation and number of the dent 


fatigue test.  
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Plans for Future Activity 


Task 2:  Purchase & Characterize Pipe Material 


GDF SUEZ will continue the material characterization, notably Charpy, toughness tests and 


cyclic behavior tests on vintage pipe 3DG.  


Task 4:  Testing of Dents on Welds and Corrosion Features 


BMT Fleet has submitted their recommendation for the final series of four full-scale test 


specimens to the project team for review and approval.  The test matrix includes three indenter 


sizes (2, 4, and 12 in cylinders) and three indenter displacements. All four tests incorporate dents 


interacting with welds. The team had a goal of determining the affect on the fatigue life due to 


the dent interacting with the weld.  They therefore chose the location of the dents, with respect to 


the girth welds, based on the likely location of fatigue crack initiation.  The researchers will 


initiate testing after confirming the dent matrix with the project team.  BMT Fleet will report on 


the final matrix and any results in the next quarterly report. 


Task 5:  Testing of Dents with Gouges 


GDF SUEZ will finalize the interpretation of tests already performed (defects 3DG.1.1 and 


3DG.1.2 created) and will continue in the next months to create the third defect 3DG.1.3 for 


fatigue tests. They will also proceed with burst and fatigue tests of respectively defects 3DG.1.2 


and 3DG1.3. The SERAM laboratory will analyze Defect 3DG.1.1 using x-ray diffraction for 


surface residual stresses.  The team will then ship sample 3DG1.1 to Queen’s University in 


Canada, who will then arrange for neutron diffraction evaluation through Chalk River 


Laboratories to measure residual stresses at the defect surface as well as locations along the 


thickness under the defect. 


 


GDF SUEZ will create and test three type 2 defects (slower dynamic aggression) in the fall. 


Task 8:  Project Management and Reporting 


The team will complete the required monthly status updates and quarterly reports and also meet 


via teleconference when necessary.  The authors of the IPC papers discussed above will present 


their results at the conference, scheduled for September 24-28, 2012, in Calgary, Canada. 
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Business Status 
The financial condition of the project is shown in the table below. 


 


  


Federal Funding   Cost Share Funding  


 


Task 


# per 


MS 


Task 


Description Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date Budget 


Expended 


(Actuals) 


This Quarter 


Expended 


(Actuals) 


to Date 


% 


Complete 


1 Project Kick 


Off Meeting 


and 


Subcontracting $9,335 $0 $9,335 $831 $0 $831 


100% 


2 Purchase & 


Characterize 


Pipe Material $134,674 $0 $134,674 $146,108 $0 $146,108 


82% 


3 
Literature 


Review $11,549 $0 $11,549 $8,669 $0 $8,669 
100% 


4 Testing of 


Dents on 


Welds & 


Corrosion 


Features $188,507 $0 $157,363 $599,632 $77,800 $753,725 


95 


5 Testing of 


Dents with 


Gouges $150,020 $0 $150,020 $254,404 $0 $237,711 


75% 


6 Demonstration 


of Mechanical 


Damage 


Model 


Performance $22,008 $0 $19,126 $10,930 $0 $5,530 


90% 


7 
Industry 


Workshop $12,030 $0 $0 $4,325 $0 $0 
0% 


8 Project 


Management 


and Reporting $88,366 $1,834 $66,246 $43,959 $0 $21,692 On-going 


 


GRAND 


TOTAL $616,490 $1834 $548,313 $1,068,858 $93,418 $1,174,266 
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Schedule 
The project schedule is impacted by the time spent to locate, select, and to transfer pipe 3DG 


from US to France. Material characterization and defects creation on this pipe started at the 


beginning of April 2012. 


 


 


Task 


No. 
Task 


Scheduled 


Completion 


Date 


Completed 


Date 


% 


Complete 


Status  


(if delayed) 


1 
Project Kick Off Meeting 


and Subcontracting 
8/31/2008 8/31/2008 100%  


2 
Purchase & Characterize 


Pipe Material 
8/31/2010 


02/01/2011 


for Pipes, 1, 2 


and 3 


82% 


Pipe 1, 2 and 3 complete. 


This task was extended for Pipe 


3DG  


3 Literature Review 11/30/2009 11/30/2009 100%  


4 
Testing of Dents on Welds 


and Corrosion Features 
2/28/2012 Ongoing 95  


5 
Testing of Dents with 


Gouges 
2/28/2012 Ongoing 75% 


Testing linked to time needed to 


locate, secure, and ship for Pipe 3DG 


6 


Demonstration of 


Mechanical Damage Model 


Performance 


11/30/2011 Ongoing 90%  


7 Industry Workshop 5/31/2012 Ongoing 0%  


8 
Project Management and 


Reporting 
5/31/2012 Ongoing 


On-going 
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Payable Milestones 
Payable milestones for this period are shown in the table below.   


  


Federal Funding   Cost Share Funding  


 


Task 


# per 


MS 


Task 


Description Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) to 


Date 


Payable 


Milestone 


(Item No) 


1 Project Kick 


Off Meeting 


and 


Subcontracting $9,335 $0 $9,335 $831 $0 $831 
 


2 Purchase & 


Characterize 


Pipe Material $134,674 $0 $134,674 $146,108 $0 $146,108 
 


3 Literature 


Review 
$11,549 $0 $11,549 $8,669 $0 $8,669  


4 Testing of 


Dents on 


Welds & 


Corrosion 


Features $188,507 $0 $157,363 $599,632 $16,692 $753,725 


 


5 Testing of 


Dents with 


Gouges $150,020 $10,000 $160,020 $254,404 $50,000 $304,403 
 


6 Demonstration 


of Mechanical 


Damage 


Model 


Performance $22,008 $0 $19,126 $10,930 $0 $5,530 


 


7 Industry 


Workshop 
$12,030 $0 $0 $4,325 $0 $0  


8 Project 


Management 


and Reporting $88,366 $1,834 $68,080 $43,959 $0 $21,692 
 


 


GRAND 


TOTAL $616,490 $1,834 $550,147 $1,068,858 $16,692 $1,190,958 
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Funds and Work Completed During this Quarterly Period 
 


 
 


Technical Status 
Technical activities undertaken through this reporting period focused on the following tasks: 


 


 Task 2—Purchase & Characterize Pipe Material 


 Task 3—Literature Review 


 Task 4—Testing of Dents on Welds and Corrosion Features 


 Task 5—Testing of Dents with Gouges 


 Task 6--Demonstration of Mechanical Damage Model Performance 


 Task 8 – Project Management and Reporting 


 


A summary of the technical status and results to date are presented below for each tasks.   


Task 2:  Purchase & Characterize Pipe Material 


There are currently four different pipe steels in this program:  


 


 Pipe 1 and 2 are modern IPSCO pipes manufactured between 2005 and 2006.  All 


material characterization has been completed for these pipes. 
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 Pipes 3 are older steel to represent the majority of the pipelines in-service.  It was initially 


intended to provide a manufactured pipe that replicates vintage pipe properties for Pipe 3.  


Due to challenges identified with this initial approach, the project is now using vintage 


pipe from former in-service pipelines provided by PRCI member companies.  This has 


resulted in the need to use several different pipes retrieved from service:  one vintage 


material for the full-scale testing program for dents, designated Pipe 3, and;  


 


 Pipe 3DG for the Dent and Gouge tests left Houston at the end of January 2012 and 


reached the GDF SUEZ lab at the end of March. Material characterization is underway 


and additional characterization results in this current quarter are presented here: 


 


Three longitudinal tensile tests were performed on cylindrical specimens under quasi- static 


loading at room temperature. Results are given in Table 1 below. 


 
Table 1:  Results on tensile longitudinal properties for Pipe 3DG 


Test number YS 


(MPa 


ksi) 


UTS 


(MPa 


ksi) 


YS/UTS Elongation at 


rupture  (%) 


Section area 


reduction at 


rupture (%) 


1 373 


54 


595 


87 


0.63 52 60 


2 373 


54 


591 


86 


0.63 42 63 


3 380 


55 


589 


86 


0.65 39 61 


Average 375 


54.5 


592 


86 


0.63 41 61 


 


The average values of tensile mechanical properties in the transverse direction presented in the 


previous report are presented in Table 2 below 


 
Table 2:  Results on tensile transverse properties for Pipe 3DG 


Test number YS 


(MPa 


ksi) 


 


UTS 


(MPa 


ksi) 


 


YS/UTS Elongation at 


rupture  (%) 


Section area 


reduction at 


rupture (%) 


Average 490 


71 


606 


88 


0.81 26 58 


 


Comparison of mechanical properties in both directions reveals that the steel showed significant 


anisotropic mechanical behavior. 


 


Three Charpy impact tests with Transverse—Short Transverse (TS) orientation and three others 


with Transverse—Longitudinal (TL) orientation were also performed at room temperature (see 


Figure 1). 
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Figure 1:  TS and TL orientations of Charpy specimen 


 


Tables 3 and 4 show the results for TS and TL orientation tests. 


 
Table 3:  Charpy impact results in TS direction 


Test 


Location 


Test 


Temperature 
Impact Energy 


 


Broken 


Base 


Metal 


  Spec N° J J/cm
2 


°C °F  Meas. Avg. Meas. Avg.  


21 70 


1 18.33 


19.02 


45 


47 


No 


2 16.95 42 No 


3 21.78 53 No 


 


Table 4:  Charpy impact results in TL direction 


Test 


Location 


Test 


Temperature 
Impact Energy 


 


Broken 


Base 


Metal 


  Spec N° J J/cm
2 


°C °F  Meas. Avg. Meas. Avg.  


20 70 


1 21.71 


18.55 


53 


46 


Yes 


2 18.67 46 Yes 


3 15.27 38 Yes 


 


At room temperature, the Charpy toughness is relatively low in both directions. In the TL 


orientation, all specimens were broken in two pieces after the impact. It is an indicator of low 


toughness where rupture mode could be partially brittle. This point has to be checked next by 


fractographic examination of the rupture on broken Charpy specimens. 


 


Task 3:  Literature Review 


The team has completed the literature review regarding cyclic fatigue dent assessment 


techniques.  They will submit a report summarizing the findings and demonstrating the 


performance of the identified assessment techniques following the completion of the testing. 


 


 


TS


T


L
TL 


TS 
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Task 4:  Testing of Dents on Welds and Corrosion Features 


BMT Fleet finalized selection of the parameters for the final series of four full-scale test 


specimens. Table 5 below shows the last batch of test samples for the vintage pipe full scale dent 


fatigue tests. The test matrix includes three indenter sizes and three indenter displacements. All 


four tests incorporate dents interacting with welds and had the objective of determining the affect 


on the fatigue life due to the dent interacting with the weld. Based upon this goal, the researchers 


chose the location of the dents with respect to the girth welds because it was the place where the 


fatigue crack would likely initiate.  . 


 


Table 5:  Test Matrix for Dents Interacting with Girth Welds for Vintage Pipe 3 
Specimen 


# 


Nominal 


Indenter 


Diameter 


Indenter 


Travel 


Dent 


Depth 


Dent 


Restraint 


Interacting 


with 


GW 


Location 


wrt Dent 


Initial 


Pressure 


Cycle 


Cyclic 


Pressure 


Range 


 (in) (%) (%)    (%SMYS) (%SMYS) 


58 2 15 ~2 U GW Shoulder 100% 10%-80% 


59 12 20 ~2 U GW Center 80% 10%-80% 


60 2 7.5 7.5 R GW Shoulder 100% 10%-80% 


61 8 7.5 7.5 R GW Shoulder 100% 10%-80% 


 


BMT Fleet selected two tests from the last series of full scale tests, Specimen 53 and 55, for 


detailed investigation. In both cases, the fatigue crack leading to the pipe failure (leak) occurred 


on the transverse shoulder of the dent, away from the axial center line of the pipe, instead of the 


axial shoulder or dent center as reported in the previous quarterly report. The dents in both the 


cases were unrestrained and created using the 12 in. indenter while the pipe was pressurized.  


The researchers sectioned the dent region in both the specimens at different locations for 


metallographic evaluations as shown in Figure 2 and Figure 3. In both the cases the team found 


corrosion pits (~0.15 mm and 0.2 mm) at the ID surfaces at the transverse shoulders of the dents 


as shown inFigure 4 and Figure 5.  The presence of the deep pits on the ID surface at the 


transverse shoulders promoted fatigue crack initiation at their locations.  
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Figure 2:  Dent Cut out from Pipe 53. Transverse Section Locations marked by red lines. 


 


 
Figure 3:  Dent Cut out from Pipe 55. Transverse Section Locations marked by red lines. 
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Figure 4:  Micrographs from Section (a) on ID side (bottom) for Pipe 53 


 


 
Figure 5:  Micrographs from Section (a) on ID side (bottom) for Pipe 55 


Task 5:  Testing of Dents with Gouges 


GDF SUEZ is in charge of the creation, characterization, burst test, and fatigue test of realistic 


combined defects, i.e., dent+gouge, and their program is described in the Table 5: 


 


The defects are identified by three characters X.Y.Z. which are numbers: 


 


 X.Y.Z.—X identifies the Pipe X material which is noted by 1, 2, or 3 in this program; 


 


 X.Y.Z.—Y defines the type of dent+gouge defect characterized by its geometry notably in 


terms of dent depth and length, and gouge depth and length. This program is considering a 


200m 


200m 


150m Pit 


Pit 
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maximum of three different kinds of defects per pipe material, and therefore, the value of Y 


can range from 1 to 3; two extreme aggression conditions are considered in this study: 


highly dynamic and slower aggression. The former corresponds to defect Types 1 and 2 for 


Pipe 1 (two different excavator teeth used) and Type 1 for Pipe 2, while the latter 


corresponds to Type 3 for Pipe 1 and Type 2 for Pipe 2. 


 


 X.Y.Z.—Z is the number of defect in the defined type of defect. There are three similar 


defects per type of defect. The number 1 is for a detailed geometrical, mechanical and 


metallurgical in-depth defect characterization after its creation. Number 2 is a similar defect 


for the burst test to evaluate the defect behavior of under monotonic pressure load and 


number 3 is a similar defect for the fatigue test to evaluate the defect behavior under cyclic 


variation of the internal pressure. 


 


The background color in the table represents: 


 


 White: Defects not yet created (vintage pipe) 


 Yellow: Defects already created but not yet fully characterized (this includes destructive 


and neutron diffraction testing for characterizing through wall residual strain) or not yet 


submitted to burst or fatigue tests 


 Green: Defects created and all tests completed. 


 
Table 5:  Status of Dent+Gouge defects in Modern Pipes 1 and 2 and vintage pipe 3DG 


PRCI MD 4-1 DOT 


Pipe 1 Modern Steel X52 Pipe 2 Modern Steel X70 Pipe 3DG Vintage 


Type 1 Type 2 Type 3 Type 1 Type 2 Type 1 Type 2 


 
Defect 1.1.1b 


 
Defect 1.2.1b 


 
Defect 1.3.1  


Defect 2.1.1 


 
Defect 2.2.1  


Defect 3DG 1.1. 


 


 
Defect 3DG 2.1 


 
Defect 1.1.2  


Defect 1.1.2 


 
Defect 1.3.2 


 
Defect 2.1.2 


 
Defect 2.2.2  


Defect 3DG 1.2 


 


 


Defect 3DG 2.2 


 
Defect 1.1.3 


 
Defect 1.2.3 


 
Defect 1.3.3  


Defect 2.1.3 


 
Defect 2.2.3  


Defect 3DG 1.3 


 


 
Defect 3DG 2.3 


 


 


During this quarter, GDF SUEZ performed the following actions : 


 Determination of residual stresses by x-ray on Defect 3DG.1.1; 


 Creation of the third defect 3DG.1.3 with determination of impact energy, geometrical 


characterization and Magnetic Particles Inspection of the defect; 


  Fatigue test of defect 3DG.1.3 


 


The fatigue test led to a rupture that propagated at a very low number of cycles (around 1700 


cycles). Figure 6 shows the extension of rupture propagation. 
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Figure 6:  Rupture propagation of defect 3DG.1.3 after 1700 cycles of fatigue loading 


 


On the rupture surface, “chevron” shapes are observed, which are typically the sign of fast brittle 


rupture propagation (Figure 7). 


 


 
Figure 7:  “Chevron” shapes on rupture surface. 


 


In Figure 8, the brisk opening of clip gauge near 1700 number of cycles indicates the start of 


instability of fatigue crack to rupture propagation. 
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Figure 8:  Evolution  of opening displacement (clip gauge) versus number of cycles 


 


Technical Results and Conclusions 


Task 2:  Purchase & Characterize Pipe Material 


Vintage pipe 3DG showed significant anisotropy mechanical properties with higher strength and 


lower ductility in transverse direction than the longitudinal direction.  The Charpy toughness 


values were relatively low at ambient temperature.  


Task 4:  Testing of Dents on Welds and Corrosion Features 


BMT Fleet carried out a detailed investigation of samples 53 and 55. In both the cases they found 


corrosion pits on the ID surface at the transverse shoulders of the dents which resulted in fatigue 


crack initiation at the pits. BMT will start the full scale testing of the remaining four specimens 


and report the results in the next quarter.  


Task 5:  Testing of Dents with Gouges 


GDF SUEZ determined through x-ray analysis that the residual stresses on 3DG.1.1 defect are 


compressive on the external and internal surfaces.  The external surfaces had higher stresses. 


 


The 3DG.1.3 defect tested under fatigue loading  quickly failed at a low number of cycles (about 


1700 cycles), in a brittle fracture mode with some propagation. Examination of the rupture 


surface showed “chevron” marks which are indications of fast brittle rupture propagation. 


Task 8:  Project Management and Reporting 


The team completed the required monthly status updates and quarterly reports and also met via 


teleconference when necessary. The team has prepared two technical papers based in part on the 
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results from this study and submitted them to the 2012 ASME International Pipeline Conference.  


Both papers have been accepted and are expected to be included in the conference proceedings.   


 


Technical Issues, Problems or Challenges  


The team has submitted a 12 month contract, additional cost modification request to DOT 


PHMSA.  The team encountered important delays which were unavoidable for the Dent + Gouge 


tests on vintage pipes.  These delays were due to time spent to locate and select the appropriate 


vintage pipe material that exhibited sufficiently low toughness (as requested by PHMSA) and for 


their delivery to GDF SUEZ. Also, the modification will include changes to the instrumentation 


of the dent fatigue test.  


 


Plans for Future Activity 


Task 2:  Purchase & Characterize Pipe Material 


GDF SUEZ will continue the material characterization, notably toughness tests and cyclic tensile 


behavior tests on vintage pipe 3DG.  


Task 4:  Testing of Dents on Welds and Corrosion Features 


BMT Fleet will start the testing of the remaining four specimens and report the results in the next 


quarter.  


Task 5:  Testing of Dents with Gouges 


GDF SUEZ will proceed with burst test of defect 3DG.1.2. Defect 3DG.1.1 will be sent for 


neutron diffraction evaluation to NIST to measure residual stresses at the defect surface as well 


as locations along the thickness under the defect. 


 


GDF SUEZ will start the creation and tests of three type 2 defects (slower dynamic aggression) 


in fall. 


Task 8:  Project Management and Reporting 


The team will complete the required monthly status updates and quarterly reports and also meet 


via teleconference when necessary.  The authors of the IPC papers discussed above will present 


their results at the conference, scheduled for September 24-28, 2012, in Calgary, Canada. 
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Business Status 
The financial condition of the project is shown in the table below. 


 


  


Federal Funding   Cost Share Funding  


 


Task 


# per 


MS 


Task 


Description Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date Budget 


Expended 


(Actuals) 


This Quarter 


Expended 


(Actuals) 


to Date 


% 


Complete 


1 Project Kick 


Off Meeting 


and 


Subcontracting $9,335 $0 $9,335 $831 $0 $831 


100% 


2 Purchase & 


Characterize 


Pipe Material $134,674 $0 $134,674 $146,108 $0 $146,108 


85% 


3 
Literature 


Review $11,549 $0 $11,549 $8,669 $0 $8,669 
100% 


4 Testing of 


Dents on 


Welds & 


Corrosion 


Features $188,507 $0 $157,363 $599,632 $77,800 $753,725 


96% 


5 Testing of 


Dents with 


Gouges $150,020 $0 $150,020 $254,404 $0 $237,711 


80% 


6 Demonstration 


of Mechanical 


Damage 


Model 


Performance $22,008 $0 $19,126 $10,930 $0 $5,530 


90% 


7 
Industry 


Workshop $12,030 $0 $0 $4,325 $0 $0 
0% 


8 Project 


Management 


and Reporting $88,366 $1,834 $66,246 $43,959 $0 $21,692 On-going 


 


GRAND 


TOTAL $616,490 $1834 $548,313 $1,068,858 $93,418 $1,174,266 
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Schedule 
The project schedule is impacted by the time spent to locate, select, and to transfer pipe 3DG 


from US to France. Material characterization and defects creation on this pipe started at the 


beginning of April 2012. 


 


 


Task 


No. 
Task 


Scheduled 


Completion 


Date 


Completed 


Date 


% 


Complete 


Status  


(if delayed) 


1 
Project Kick Off Meeting 


and Subcontracting 
8/31/2008 8/31/2008 100%  


2 
Purchase & Characterize 


Pipe Material 
8/31/2010 


02/01/2011 


for Pipes, 1, 2 


and 3 


85% 


Pipe 1, 2 and 3 complete. 


This task was extended for Pipe 


3DG  


3 Literature Review 11/30/2009 11/30/2009 100%  


4 
Testing of Dents on Welds 


and Corrosion Features 
2/28/2012 Ongoing 96%  


5 
Testing of Dents with 


Gouges 
2/28/2012 Ongoing 80% 


Delay due to time needed to locate, 


secure, and ship for Pipe 3DG 


6 


Demonstration of 


Mechanical Damage Model 


Performance 


11/30/2011 Ongoing 90%  


7 Industry Workshop 5/31/2012 Ongoing 0%  


8 
Project Management and 


Reporting 
5/31/2012 Ongoing 


On-going 
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Payable Milestones 
Payable milestones for this period are shown in the table below.   


  


Federal Funding   Cost Share Funding  


 


Task 


# per 


MS 


Task 


Description Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) to 


Date 


Payable 


Milestone 


(Item No) 


1 Project Kick 


Off Meeting 


and 


Subcontracting $9,335 $0 $9,335 $831 $0 $831 
 


2 Purchase & 


Characterize 


Pipe Material $134,674 $0 $134,674 $146,108 $0 $146,108 
 


3 Literature 


Review 
$11,549 $0 $11,549 $8,669 $0 $8,669  


4 Testing of 


Dents on 


Welds & 


Corrosion 


Features $188,507 $0 $157,363 $599,632 $16,692 $753,725 


 


5 Testing of 


Dents with 


Gouges $150,020 $10,000 $160,020 $254,404 $50,000 $304,403 
 


6 Demonstration 


of Mechanical 


Damage 


Model 


Performance $22,008 $0 $19,126 $10,930 $0 $5,530 


 


7 Industry 


Workshop 
$12,030 $0 $0 $4,325 $0 $0  


8 Project 


Management 


and Reporting $88,366 $1,834 $68,080 $43,959 $0 $21,692 
 


 


GRAND 


TOTAL $616,490 $1,834 $550,147 $1,068,858 $16,692 $1,190,958 
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Milestone and Deliverable Accomplishments this Reporting Period 
 


Task 
No. Task 


Scheduled 
Completion 


Date 


Completed 
Date Milestone 


2 Purchase & Characterize Pipe Material 11/30/2008 Ongoing  
3 Literature Review 11/30/2008 Ongoing  
4 Testing of Dents on Welds and Corrosion Features 11/30/2009 Ongoing MS 
5 Testing of Dents with Gouges 5/31/2010 Ongoing MS 


6 Demonstration of Mech. Damage Model Performance 11/30/2009 Not Yet 
Started  


7 Industry Workshop 5/31/2010 Not Yet 
Started  


8 Project Management and Reporting 5/31/2010 Ongoing MS 
 


Technical Status 
 
Technical activities undertaken through the third quarter focused on the following tasks: 


Task 2:  Purchase & Characterize Pipe Material 
Task 3:  Literature Review 
Task 4:  Testing of Dents on Welds and Corrosion Features 
Task 5:  Testing of Dents with Gouges 
 


A summary of the technical status and results or conclusions to date are presented below for each 
of these tasks.   
 
The technical group for this program has maintained close communication to ensure program 
coordination, including coordination with related PRCI projects. Issues of concern in the 
program will be forwarded to PRCI and DOT for their consideration. 
 
Task 2:  Purchase & Characterize Pipe Material 
 
Technical Status 
The entire program comprises 3 different pipe steels (IPSCO pipes manufactured during 
2005/2006) called: 


• Pipe 1 
• Pipe 2 
• Pipe 3 


 
GDF SUEZ has received three pipes of 11.8 meters length of Pipe 1 and two pipes of 11.8 meters 
length of Pipe 2. These pipe steels are current steels, one specified API X52 grade and the 
second API X70 grade. The diameter of all pipes is 24’’ and the thicknesses are 7.9mm for the 
X52 grade (Pipe 1) and 9.0mm for the X70 grade (Pipe 2). The pipes are manufactured by 
IPSCO with ERW process. 
 
In the previous quarterly reports, GDF SUEZ presented material characterization results for 
Pipe1: 
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• Tensile properties in longitudinal and transverse directions; 
• Charpy V impact values in different directions at room temperature; 
• Toughness J Curve; 
• Size of slip bands (Extra-work) 


 
In the 3rd Quarterly period, the material characterization had been implemented for Pipe 2 
and is presented in this report:  
• Tensile properties in longitudinal and transverse directions; 
• Charpy V impact values in different directions at room temperature; 
• Toughness J Curve; 


 
Progress was made regarding the identification of pipe materials to represent older/vintage pipe 
for completing the testing program.  A source has been identified for the manufacture of pipe 
with material properties replicating the observed lower toughness of 1950’s or 1960’ era 
linepipe, and cost/schedule data has been collected. The procurement schedule will meet the 
requirements of the project, as the materials manufactured would be available.  However, the 
cost is substantially more than the funding allotted in the project budget for this task.  One of the 
primary costs drivers is the need to purchase the entire heat of steel from the manufacturer. The 
additional steel would likely prove to be a substantial benefit to other research projects 
investigating various forms of degradation or damage to older pipeline steel. 
 
The Project Technical Team has discussed the procurement of the vintage pipe with PHMSA.  
During the project kick-off meeting, PHMSA indicated a strong preference for the use of a 
manufactured pipe for the project testing rather than a vintage pipe removed from service (from a 
PRCI member company), as a manufactured pipe with vintage properties would not have been 
subjected to variations and unknown conditions during its operating history.  The additional costs 
for the manufactured piping option have been raised with PHMSA, and the Project Technical 
Team is preparing a summary plan outlining the steel procurement justification and cost analysis. 
 
Task 3:  Literature Review 
 
Technical Status 
There is no substantive additional information pertaining to the literature review task to report.  
Any new information on pre-strain effect on toughness and on realistic defects from field 
feedback will be captured as it becomes available from other sources. 
 
Task 4:  Testing of Dents on Welds and Corrosion Features 
 
Technical Status 
The testing procedure, measurements and measurement systems/equipment, reporting and 
schedule details have been clarified and documented to allow testing to begin. The testing 
process will make use of a new higher capacity water pump purchased for this project and will 
increase the rate of testing in the program. 
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Results and Conclusions 
Testing will commence in the next quarter with the first six test specimens being instrumented to 
capture the dent strain responses. An analysis of costs to more completely instrument the test 
specimens and add 100% radiographic inspection of welds is being prepared and will be 
forwarded to PRCI and DOT for consideration. 
 
Task 5:  Testing of Dents with Gouges 
 
Technical Status 
GDF SUEZ has in charge the creation, characterization, burst test and fatigue test of realistic 
combined defects “gouge in dent” following the program described in the next table: 


 
The defects are identified by three characters x.y.z. which are numbers: 


• x.y.z.: x identifies the Pipe x material which can be in this program, 1, 2, or 3; 
• x.y.z.: y defines the type of combined defect characterized by its geometry notably in 


terms of dent depth and length and gouge depth and length. In this program, the value of 
y can be in the range of 1 to 3, this program considering a maximum of three different 
kinds of defects per pipe material. 


• x.y.z.: z is the number of defect in the defined type of defect. There are three similar 
defects per type of defect. The number 1 is for a detailed geometrical, mechanical and 
metallurgical in-depth defect characterization after its creation. Number 2 is a similar 
defect for the burst test to evaluate the defect behavior of under monotonic pressure load 
and number 3 is a similar defect for the fatigue test to evaluate the defect behavior under 
cyclic variation of the internal pressure. 


 
In the previous quarterly reports, the following results were presented: 


• Creation conditions and results of defects 1.1.1, 1.1.2, 1.1.3, 1.2.1, 1.2.2., 2.1.1 and 2.1.2 
• Burst test condition and results of defect 1.1.2, 1.2.2 and 2.1.2 
• Fatigue test condition and result of defect 1.1.3, 


 
This report presents the creation conditions and results of defects 1.2.3, 2.1.3, 1.1.1b and 1.2.1b. 
The strain during the creation of defects 1.2.3 and 2.1.3 have been recorded on internal pipe wall 
under the impact location of the tooth. The defects 1.1.1b and 1.2.1b are the defects 1.1.1 and 
1.2.1, as the earlier created defect samples were subjected to pressure variations by error. In 
addition, this report also gives results on metallurgical investigation on defect 1.2.2 after burst 
failure. 
 
The table below summarizes the progress of the study on defects “Gouge in dent” for the entire 
program. The defects that were created during the last quarter and presented in this report appear 
with yellow background: 
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Results and Conclusions 
 
Material characterization of Pipe 2: 
 


• Tensile properties 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


PR 305, pipe 1 & pipe 
2 MD 4-1


Pipe number
Defect type agreed
with Project team Type 1 Type 2 Type 3 Type 1 or 2 Type 2 or 3 Type 1 or 2 Type 2 or 3


Defect 1: Detailed 
characterization


Defect 1.1.1b Defect 1.2.1b


Defect 
1.3.1


Defect 2.1.1


Defect 2.2.1 Defect 4.1.1 Defect 4.2.1


Defect 2: Burst test


Defect 1.1.2 Defect 1.2.2.


Defect 
1.3.2


Defect 2.1.2.


Defect 2.2.2 Defect 4.1.2 Defect 4.2.2


Defect 3: Delayed 
failure


Defect 1.1.3 Defect 1.2.3.


Defect 
1.3.3


Defect 2.1.3


Defect 2.2.3 Defect 4.1.3 Defect 4.2.3


DOT


Pipe 1 (current steel X52) Pipe 2 (current steel) Pipe 4 (older steel)


Tensile Curve : True stress-strain curves
Tensile Specimen Round bar Pipe Number 2
Speed displacement (mm/mn) 0.6 Grade X70
Temperature (°C) 20
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 Longitudinal Transverse 
 Test 1 Test 2 Test 3 Test 1 Test 2 Test 3 


YS (MPa) 584 576 567 535 538 547 
UTS (MPa) 626 633 624 623 632 628 


Elongation (%) 25 27 27 26 26 25 
K* 829 921 776 904 918 914 
n* 0.08 0.12 0.12 0.12 0.12 0.12 


*Isotropic hardening law coefficients:  
n


pKεσ =  
The mechanical behavior is close to an isotropic one, with slightly larger yield 
strength in longitudinal direction. 
 
• Charpy Impact  values 


 
The Charpy impact values were determined at room temperature in two directions, 
TL and TS  
 
 
 
 
 
 
 
 
 
 
The Charpy specimens are sub-size, with different geometries for TL and TS. Three 
tests were repeated per direction. The table below gathers the results. 
 
 TL TS 
 Test 1 Test 2 Test 3 Test 1 Test 2 Test 3 
Charpy value (J) 187 203 212 158 158 154 
Mean Value (J) 201 157 


 
For each test, the specimens did not break apart and the fracture is 100% ductile. 
 
• Toughness J-Curve 
 
J-Curve has been determined by multiple specimens method (ISO 12135) with SENB 
specimens in TL direction at room temperature 
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The fracture crack initiation and propagation spend high energies. The behavior is 
fully ductile. 


 
 
Creation of defects 1.2.1b and 1.2.3 
 
These defects were created in the same conditions as previously defects 1.2.1 and 1.2.2. 
 


Tooth type Impact angle α 
(°) 


Drop Height 
(mm) 


Additional Mass 
(Kg) 


Internal Pressure 
(bar) 


Esco 


 
 


76 


 
 


270 


 
 


800 


 
 


85  
Load factor: 0.73 


 
 
The forces versus displacements are plotted below and the energy spent for the defect creation 
appears in the upper left corner: 
 
 
 
 
 


J - Curve
Pre-strain (%) 0 Pipe Number 2
Displacement speed (mm/mn) 0,02 Grade X70
Température (°C) 22 Configuration TL
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Actual load factor : 0.73 Diameter (mm) : 609.6
Internal pressure (bar) : 85 Thickness (mm) : 7.9
Total absorbed Energy (J) : 5816 Grade : X52
Tooth type : ESCO Pipe number : 1


DEFECT 1.2.1.b


Force versus displacement during defect creation 


-100


-50


0


50


100


150


-20 0 20 40 60 80 100 120


Displacement (mm)


Fo
rc


e 
(k


N
)


Fx Fz Ftan


Actual load factor : 0.73 Diameter (mm) : 609.6
Internal pressure (bar) : 85 Thickness (mm) : 7.9
Total absorbed Energy (J) : 6145 Grade : X52
Tooth type : ESCO Pipe number : 1


DEFECT 1.2.3


Force versus displacement during defect creation 
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In addition, strains from internal gauges were recorded during the defect creation. C2 and L2 are 
respectively circumferential and longitudinal strain gauges placed as indicated in the figure 
below. 


 
Creation of defect 2.1.3 
 


Tooth type Impact angle α 
(°) 


Drop Height 
(mm) 


Additional 
Mass 
(Kg) 


Internal Pressure
(bar) 


Cal44m 


 
 


81 


 
 


170 


 
 


800 


 
 


85 
Load factor : 0.53 


 
Forces versus displacement during the defect creation are plotted below, and energy spent for the 
defect creation appears in the upper left corner of the figure. 
 


Actual load factor : 0.73 Diameter (mm) : 609,6
Internal pressure (bar) : 85 Thickness (mm) : 7.9
Total absorbed Energy (J) : 6145 Grade : X52
Tooth type : ESCO Pipe number : 1


DEFECT 1.2.3
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Internal C1 – circumferential – and L1 – longitudinal – strains during defect creation are plotted 
below.  


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Actual load factor : 0.53 Diameter (mm) : 609.6
Internal pressure (bar) : 85 Thickness (mm) : 9.0
Total absorbed Energy (J) : 4907 Grade : X65
Tooth type : CAL44m Pipe number : 2


DEFECT 2.1.3
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Actual load factor : 0.53 Diameter (mm) : 609,6
Internal pressure (bar) : 85 Thickness (mm) : 9.0
Total absorbed Energy (J) : 4907 Grade : X70
Tooth type : CAL44m Pipe number : 2


DEFECT 2.1.3


Internal strains during defect creation versus time
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Creation of defect 1.1.1b 
 


Tooth type Impact angle α 
(°) 


Drop Height 
(mm) 


Additional Mass 
(Kg) 


Internal Pressure 
(bar) 


Cal44 
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85 
Load factor : 0.73 


 
Forces versus displacement during defect creation are plotted below and energy spent for the 
defect creation appears in the upper left corner of the figure. 
 


Characterization of defects 1.1.1b, 1.2.1b, 1.2.3 and 2.1.3 
 
For each defect, magnetic particle inspection (MPI) was performed and 2D longitudinal and 
transverse profiles were deduced from 3D laser mapping. For each defect, the magnetic particle 
inspection revealed the presence of cracks and micro-cracks in the gouge, e.g. as shown in the 
figure below (defect 2.1.3) 
 


Actual load factor : 0.73 Diameter (mm) : 609.6
Internal pressure (bar) : 85 Thickness (mm) : 7.9
Total absorbed Energy (J) : 3424 Grade : X52
Tooth type : CAL 44 Pipe number : 1


DEFECT 1.1.1b


Force versus displacement during defect creation 
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The following figures show the Circumferential and Longitudinal profiles of each defect: 


Crack 
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Actual load factor : 0.73 Pipe N° : 1
Internal pressure during defect creation (bar) : 85 Diameter (mm) : 609,6
Tooth Type : CAL 44 Thickness (mm) : 7.9


Grade : X52


DEFECT  1.1.1b


2D longitudinal profile passing by the deepest point of defect  (pressure = 0 bar)
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Actual load factor : 0.73 Pipe N° : 1
Internal pressure during defect creation (bar) : 85 Diameter (mm) : 609,6
Tooth Type : CAL 44 Thickness (mm) : 7.9


Grade : X52


DEFECT 1.1.1b


2D circumferential profile passing by the deepest point of defect  (pressure = 0 bar)
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Actual load factor : 0.73 Pipe N° : 1
Internal pressure during defect creation (bar) : 85 Diameter (mm) : 609,6
Tooth Type : ESCO Thickness (mm) : 7.9


Grade : X52


DEFECT 1.2.1b


2D circumferential profile passing by the deepest point of defect  (pressure = 0 bar)
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Actual load factor : 0.73 Pipe N° : 1
Internal pressure during defect creation (bar) : 85 Diameter (mm) : 609,6
Tooth Type : ESCO Thickness (mm) : 7.9


Grade : X52


DEFECT  1.2.1b


2D longitudinal profile passing by the deepest point of defect  (pressure = 0 bar)
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Actual load factor : 0.73 Pipe N° : 1
Internal pressure during defect creation (bar) : 85 Diameter (mm) : 609,6
Tooth Type : ESCO Thickness (mm) : 7.9


Grade : X52


DEFECT  1.2.3


2D longitudinal profile passing by the deepest point of defect  (pressure = 0 bar)
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Actual load factor : 0.73 Pipe N° : 1
Internal pressure during defect creation (bar) : 85 Diameter (mm) : 609,6
Tooth Type : ESCO Thickness (mm) : 7.9


Grade : X52


DEFECT 1.2.3


2D circumferential profile passing by the deepest point of defect  (pressure = 0 bar)
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Actual load factor : 0.53 Pipe N° : 2
Internal pressure during defect creation (bar) : 85 Diameter (mm) : 609.6
Tooth Type : CAL44m Thickness (mm) : 9.0


Grade : X65


DEFECT  2.1.3


2D longitudinal profile passing by the deepest point of defect  (pressure = 0 bar)
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Actual load factor : 0.53 Pipe N° : 2
Internal pressure during defect creation (bar) : 85 Diameter (mm) : 609.6
Tooth Type : CAL44m Thickness (mm) : 9.0


Grade : X65


DEFECT 2.1.3


2D circumferential profile passing by the deepest point of defect  (pressure = 0 bar)
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Metallurgical investigation of defect 1.2.2 after burst failure 
 
Defect 1.2.2 was cut in 10 samples for metallographic investigation consisting of sizing the depth 
of cracks and micro-cracks and comparing them with the thickness of the hardened layer at the 
external surface of the gouge and to estimating the local strains by micro-hardness calibration. 
 
 
 


 
Cut of defect 1.2.2 in 10 samples 
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Evaluation of local strains in sample 4 and microscopic view of crack and hardened layer 
microstructure close to external surface of gouge. 
 
The ratio of crack depth over hardened layer thickness was determined for all cracks found in all 
samples and summarized in the histogram below. 
 
 
 


Sample 4
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More than 85% of cracks are shorter than the hardened layer thickness. An interpretation is that 
they were probably initiated during defect creation or re-rounding just after the mechanical 
impact and then have remained stable during the burst test. Only a few significantly deeper ones 
eventually evolved / coalesced into the crack that grew to become critical. 
 
Main Conclusions: 
 
Material Characterization of pipe 2 


The pipe 2 material specified as X70 grade exhibits characteristics that are consistent 
with a high strength steel close to X80 with a high ductility and a very good toughness 
characterized by the J-Curve. 
 


Creation of defects 1.1.1b, 1.2.1b, 1.2.3 and 2.1.3: 
• All defects were created with forces and displacements recorded during the creation. 


In addition, for defects 1.2.3 and 2.1.3, strain gauges placed on the internal pipe wall 
under the impact location provided local strain information during defect creation, as 
requested by associated projects in terms of extra work.   


• All defects were characterized by 3D laser mapping and controlled by magnetic 
particle inspection. All gouges created in these conditions are associated with 
external micro-cracks and cracks. 


 
 
 


Defect 1.2.2
Crack depth on layer thickness ratio
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Metallurgical investigation of defect 1.2.2 after burst failure: 
• On different cuts, micro-hardness measurements reveal by calibration indications of 


local strains that are in excess of 40% close to the gouge surface. 
• A hardened layer micro-structure is observed at the gouge surface with a depth in the 


range of 100 µm to 200 µm. 
• More than 85% of cracks observed on the 10 cut sample surfaces have a depth shorter 


than the thickness of the hardened layer. Only a limited number of cracks may have 
evolved to failure during the burst test. 


 
Business Status 
 
The project remains well coordinated with the pipeline industry through the PRCI partnership on 
the project.  Please refer to Attachment 1 for a summary of details about the resource status of 
this Agreement. This attachment includes a quarterly accounting (broken up by Project 
milestones) of budgeted, current and cumulative expenditures, including cost share amounts. The 
attachment also explains any major deviations and discusses the adjustment actions proposed. 
 
Schedule & Payable Milestones 
 
Task 2 is slightly behind schedule due to identifying pipe and collecting cost/schedule data for 
the vintage pipe.  Task 3 is behind due to capturing data as it becomes available from sources.  
Neither task will delay the overall schedule of the project. 
 
 


Task 
No. Task Status 


Scheduled 
Completion 


Date 


Payable 
Milestone 
(Item No) 


1 Project Kick Off Meeting and 
Subcontracting 


100% 
Complete 8/31/2008  


2 Purchase & Characterize Pipe Material 60% 
Complete 11/30/2008  


3 Literature Review – effect of pre-strain and 
dent-gouge defect from field feed-back 


70% 
Complete 11/30/2008  


4 Testing of Dents on Welds and Corrosion 
Features 


50% 
Complete 11/30/2009 12 


5 Testing of Dents with Gouges 38% 
Complete 5/31/2010 13 


6 Demonstration of Mech. Damage Model 
Performance 0% Complete 5/31/2010  


7 Industry Workshop 0% Complete 5/31/2010  


8 Project Management and Reporting On-Going 5/31/2010 15 
 


Issues, Problems or Challenges 
 


• To improve the similarity between the created defects of the same type, the aggression 
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tooth has to be examined after the impact test and reshaped to get as close as possible to 
the same geometry as initially before launching the following test to create a similar 
defect. 


• For defects 1.2.3 and 2.1.3, strain gauges were placed before defect creation on the 
internal walls of the vessels in the areas where the defects were created. These strain 
gauges recorded the strain evolution on the internal wall sides of the two defects during 
their creation. Some of the initially installed gauges failed during defect creation, and 
their performance will be monitored during subsequent fatigue and burst tests. This extra 
work with respect to the contract involved a delay of two weeks. 


• Defects called x.x.1 are introduced on the same vessel for a given material. This process 
avoids to waste material using the same vessel for different x.y.1 defects. The 
consequence is that the residual stress determination and the metallurgical 
characterization of these already created defects will be performed at the end of the defect 
creation process for a given material (Pipe 1, Pipe 2, or Pipe 3). 


 
Plans for Future Activity 
 
Task 2:  Purchase & Characterize Pipe Material 
 
The Project Team is preparing a summary plan outlining the steel procurement justification and 
cost analysis.  Results on pre-strain effect on toughness for Pipe 1 and Pipe 2 materials will be 
compiled. 
 
Task 3:  Literature Review 
 
Any new information on pre-strain effect on toughness and on realistic defects from field 
feedback will be captured as it becomes available from other sources, like conferences, 
workshops and results of other PRCI projects. 
 
Task 4:  Testing of Dents on Welds and Corrosion Features 
 
Full scale testing of the plain dents in the test matrix will be completed with a start planned for 
the dents on corrosion features. 
 
Task 5:  Testing of Dents with Gouges 


 
• Fatigue tests for defects 1.2.3 and 2.1.3 will be launched as soon as their instrumentation 


is finished.   
• Creation of defects 1.3.1 and 2.2.1 with internal strain gauges will be launched. During 


the February 2009 PRCI Research Exchange Meeting (Atlanta, GA, February 3-5, 
2009), the MD4-1 project team decided that the type of these defects should be a deep 
dent and a shallow gouge, to better cover the range of defects identified through a 
separate PRCI research project (Project MD 2-1, Inventory of Types of Mechanical 
Damage Experienced by Gas and Oil Pipelines).  


• Fractographic investigation of failed defects will be completed by SEM on the fracture 
surfaces.
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Attachment 1: Business Status Section 
 


Item No. Task No.
 Budgeted 
Amount 


 Current 
Amount 


 Cumulative 
Amount Item No. Task No.


 Budgeted 
Amount 


 Current 
Amount 


 Cumulative 
Amount 


1 1 9,335$       9,335$     9,335$      1 1 831$            831$         831$             
2 2 19,567$    19,567$   19,567$    2 2 51,654$      51,654$    51,654$        
3 3 8,111$       8,111$     8,111$      3 3 4,803$        4,803$      4,803$          
4 4 32,606$    32,606$   32,606$    4 4 307,539$   307,539$  307,539$      
5 5 ‐$           ‐$          ‐$          5 5 47,065$      47,065$    47,065$        


N/R 6 ‐$           ‐$          ‐$          N/R 6 ‐$             ‐$          ‐$              
N/R 7 ‐$           ‐$          ‐$          N/R 7 ‐$             ‐$          ‐$              


6 8 7,747$       7,747$     7,747$      6 8 4,242$        4,242$      4,242$          
First Qtr 77,366$    77,366$   77,366$    First Qtr 416,134$   416,134$  416,134$      


N/R 1 ‐$           ‐$          9,335$      N/R 1 ‐$             ‐$          831$             
7 2 15,107$    ‐$          19,567$    7 2 44,453$      ‐$          51,654$        
8 3 3,438$       ‐$          8,111$      8 3 3,866$        ‐$          4,803$          
9 4 31,325$    31,325$   63,931$    9 4 58,690$      58,690$    366,228$      


10 5 34,559$    34,559$   34,559$    10 5 37,426$      37,426$    84,491$        
N/R 6 ‐$           ‐$          ‐$          N/R 6 ‐$          ‐$              
N/R 7 ‐$           ‐$          ‐$          N/R 7 ‐$             ‐$          ‐$              
11 8 7,747$       7,747$     15,494$    11 8 4,242$        4,242$      8,483$          


Second Qtr 92,177$    73,632$   150,997$  Second Qtr 148,677$   100,357$  516,491$      
N/R 1 ‐$           ‐$          9,335$      N/R 1 ‐$             ‐$          831$             
N/R 2 ‐$           ‐$          19,567$    N/R 2 ‐$             ‐$          51,654$        
N/R 3 ‐$           ‐$          8,111$      N/R 3 ‐$             ‐$          4,803$          
12 4 31,144$    31,144$   95,075$    12 4 58,351$      58,351$    424,579$      
13 5 33,270$    33,270$   67,829$    13 5 26,439$      26,439$    110,930$      
14 6 2,952$       ‐$          ‐$          14 6 5,530$        ‐$          ‐$              


N/R 7 ‐$           ‐$          ‐$          N/R 7 ‐$             ‐$          ‐$              
15 8 7,747$       7,747$     23,241$    15 8 4,242$        4,242$      12,725$        


Third Qtr 75,113$    72,161$   223,158$  Third Qtr 94,561$      89,032$    605,523$      


DOT Portion Cost Share Portion


 
 
The following items are not being invoiced for this reporting period: 


• Item No. 7, Task No. 2 – Purchase and Characterize Pipe Material 
• Item No. 8, Task No. 3 – Literature Review 
• Item No. 14, Task No. 6 – Demonstration of Mechanical Damage Model Performance 


 
Task 2-Material characterization (Quarter 1): Tensile tests, Charpy tests, Toughness tests on 
non-pre-strained material, and a part of pre-strains are done for Pipe 1.  Toughness tests with pre-
strain levels and cyclic tensile tests have to be conducted.  
Task 2-Material characterization (Quarter 2): Tensile tests, Charpy tests, and Toughness tests 
on non-pre-strained material are done for Pipe 2. Pre-strain test, toughness with pre-strain levels 
and cyclic tensile tests have to be conducted.  This task 2 is behind schedule due to the ongoing 
process of procuring a vintage pipe (Pipe 3) with low toughness. Due to the requirement of PRCI 
Project Team, an extra-work consisting to measure slip bands by Atomic Force Microscope is 
being added to the program (Cost $2,000 not taken into account in above table). 
Task 3- Literature Review (Quarter 1): A literature review has been done on the pre-strain 
effect on toughness and on data on realistic defects from field feedback. This review will be 
updated from sources at future technical conferences, workshops, and from results of other PRCI 
projects. 
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Task 5- Testing of Dents with Gouges (Quarter 1): Defects 1.1.1, 1.1.2, 1.1.3, 1.2.1 and 2.1.1 
were created and characterized (Mapping and Magnetic particles inspection). Burst test of defect 
1.1.2 & Fatigue test on defect 1.1.3 done. 
Task 5- Testing of Dents with Gouges (Quarter 2): Defects 1.2.2 and 2.1.2 were created and 
characterized (Mapping and Magnetic particles inspection). Burst tests on defects 1.2.2 and 2.1.2 
done. Metallographic investigation after failure done for defects 1.1.2, 1.1.3. Fractographic 
examination has to be done. 
Task 5- Testing of Dents with Gouges (Quarter 3): Defects 1.2.3 and 2.1.3 were created and 
characterized (Mapping and Magnetic particles inspection). Extra work of instrumenting them 
with strain gauges on the pipe inside below the defect, and recording the strain variation during 
defect creation was also performed1. Defects 1.1.1 and 1.2.1 which had been unwillingly 
submitted to pressure variations, and so were reproduced without additional costs for the Project 
Team (new defects called 1.1.1b and 1.2.1b).  The instrumentation of defect 1.2.3 was performed 
after confirmation by the PRCI Project Team of the instrumentation plan.  Metallographic 
investigation after failure was completed for defect 1.2.2. Fractographic examination has to be 
done. 
 
Note: Determination of residual stresses on defects 1.1.1b, 1.2.1b and 2.1.1 has been deliberately 
delayed to save material permitting to create several defects in the same piece of pipe. 
Determination of residual stresses on defects 1.1.1b and 2.1.1b will be launched in the next 
months. 
 
 
 
 


                                                 
1 The cost of the extra work related to internal strain gauges will be mentioned in the next progress report. 
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Milestone and Deliverable Accomplishments this Reporting Period 
 


Task 
No. Task 


Scheduled 
Completion 


Date 


Completed 
Date Milestone 


2 Purchase & Characterize Pipe Material Estimated 
09/30/2009 Ongoing  


3 Literature Review 06/30/3009 Ongoing MS 
4 Testing of Dents on Welds and Corrosion Features 08/30/2009 Ongoing MS 
5 Testing of Dents with Gouges 5/31/2010 Ongoing MS 


6 Demonstration of Mech. Damage Model Performance 11/30/2009 Not Yet 
Started MS 


7 Industry Workshop 5/31/2010 Not Yet 
Started  


8 Project Management and Reporting 5/31/2010 Ongoing MS 
 


Technical Status 
 
Technical activities undertaken through the fourth quarter focused on the following tasks: 


Task 2:  Purchase & Characterize Pipe Material 
Task 4:  Testing of Dents on Welds and Corrosion Features 
Task 5:  Testing of Dents with Gouges 


 
A summary of the technical status and results or conclusions to date are presented below for each 
of these tasks.   
 
The technical group for this program has maintained close communication to ensure program 
coordination. Issues of concern in the program have been forwarded to PRCI and DOT for their 
consideration. 
 
Task 2:  Purchase & Characterize Pipe Material 
 
Technical Status 
The entire program comprises 3 different pipe steels:  


• Two modern IPSCO pipes manufactured during 2005/2006 called: 
• Pipe 1 
• Pipe 2 


• Pipe 3 is planned to be older steel, either a former operating/in-service vintage pipe from 
one of PRCI’s member companies or a manufactured pipe that replicates vintage pipe 
properties.  The source of Pipe 3 remains to be established. 


 
A potential source has been identified for the manufacture of pipe representing older/vintage 
pipes, with material properties replicating the observed lower toughness of 1950’s or 1960’s era 
linepipe, and cost/schedule data have been collected. The technical group for the project is 
evaluating the benefits of a manufactured option to avoid the variability introduced by unknown 
operations (i.e., pressure cycling over time) and is coordinating the final decision with PHMSA.   
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GDF SUEZ has received three pipes of 11.8 meters length of Pipe 1 and two pipes of 11.8 meters 
length of Pipe 2. These pipe steels are current steels, one specified API X52 grades and the 
second API X70 grade. The diameter of all pipes is 24’’ and the thicknesses are 7.9mm for the 
X52 grade (Pipe 1) and 9.0mm for the X70 grade (Pipe 2). The pipes were manufactured by 
IPSCO with the ERW process. 
 
In the previous quarterly reports, GDF SUEZ presented material characterization results for 
Pipes 1 and 2: 


• Tensile properties in longitudinal and transverse directions; 
• Charpy V impact values in different directions at room temperature; 
• Toughness J Curve; 
• Size of slip bands (Extra-work) 


 
In the 4rd Quarterly period, the effect of pre-strain on toughness (J Curves) was investigated for 
Pipe 1.  
 
Task 3:  Literature Review 
 
Technical Status 
Any new information on pre-strain effect on toughness and on realistic defects from field 
feedback will be captured as it becomes available from other sources. 
 
The literature review has identified a number of sources of potential cyclic fatigue dent 
assessment techniques.  These have been gathered and a thorough review and comparison of the 
techniques is underway with the goal of using a select number of techniques in Task 6 to 
demonstrate the performance of each in predicting the fatigue lives of the experimental 
specimens. 
 
Task 4:  Testing of Dents on Welds and Corrosion Features 
 
Technical Status 
The testing of plain dents for pipe materials 1 and 2 has been completed.  The detailed test 
matrix for dents on welds has been finalized (see Table below) and the testing has commenced 
with completion of the first four specimens.   


Dent on Girth Welds Testing Matrix 


 Pipe Indenter 
Initial 
Dent Dent  Interacting 


Initial 
Pressure 


Second 
Pressure 


Cyclic 
Pressure 


Weld 
Seam 


Specimen 
#  Diameter Depth Condition with Cycle Cycle Range Location 


  (in) (%)   (%SMYS) (%SMYS) (%SMYS)  


21 1 2 5 R Girth Weld 100% 80% 10%-80% Shoulder 


22 1 2 5 R Girth Weld 100% 80% 10%-80% Shoulder 


23 2 4 10 R Girth Weld 100% 80% 10%-80% Shoulder 


24 2 4 10 R Girth Weld 100% 80% 10%-80% Shoulder 


25 1 2 15 U Girth Weld 100% 80% 10%-80% C.L. 


26 1 2 15 U Girth Weld 100% 80% 10%-80% C.L. 


27 1 2 15 U Girth Weld 100% 80% 10%-80% Shoulder 


28 1 2 15 U Girth Weld 100% 80% 10%-80% Shoulder 
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29 1 4 15 U Girth Weld 100% 80% 10%-80% Shoulder 


30 1 4 15 U Girth Weld 100% 80% 10%-80% Shoulder 


31 2 2 15 U Girth Weld 100% 80% 10%-80% Shoulder 


32 2 2 15 U Girth Weld 100% 80% 10%-80% Shoulder 


33 2 4 15 U Girth Weld 100% 80% 10%-80% Shoulder 


34 2 4 15 U Girth Weld 100% 80% 10%-80% Shoulder 


35 2 4 15 U Girth Weld 100% 80% 10%-80% C.L. 


36 2 4 15 U Girth Weld 100% 80% 10%-80% C.L. 


 
Development of the detailed test matrix for the dents on corrosion features, including the size, 
shape, and location of the simulated corrosion features is currently ongoing.  A finalized test 
matrix will be provided to the technical group for feedback prior to starting the testing. 
 
Results and Conclusions 
A sample of the detailed results of the testing to date is shown below and includes detailed maps 
of the dent shapes, the indentation force versus displacement for each specimen, and the internal 
pressure versus the measured pipe wall strains. 
  


 
Detailed Scan of Post Test Dent Shape 
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Cyclic Pressure Testing 
 
Task 5:  Testing of Dents with Gouges 
 
Technical Status 
GDF SUEZ is in charge of the creation, characterization, burst test and fatigue test of realistic 
combined defects, i.e., “dents with gouges”, following the program described in the next table: 


 
The defects are identified by three characters x.y.z. which are numbers: 


• x.y.z. : x identifies the Pipe x material which can be in this program, 1, 2, or 3; 
• x.y.z. : y defines the type of dent and gouge defect characterized by its geometry 


notably in terms of dent depth and length and gouge depth and length. In this program, 
the value of y can be in the range of 1 to 3, this program considering a maximum of three 
different kinds of defects per pipe material. 


• x.y.z. : z is the number of defect in the defined type of defect. There are three similar 
defects per type of defect. The number 1 is for a detailed geometrical, mechanical and 
metallurgical in-depth defect characterization after its creation. Number 2 is a similar 
defect for the burst test to evaluate the defect behavior of under monotonic pressure load 
and number 3 is a similar defect for the fatigue test to evaluate the defect behavior under 
cyclic variation of the internal pressure. 


 
In the previous quarterly reports, the following results were presented: 


• Creation conditions and results for defects 1.1.1, 1.1.1b, 1.1.2, 1.1.3, 1.2.1, 1.2.2, 1.2.3, 
2.1.1, 2.1.1b, 2.1.2 and 2.1.3 


• Burst test conditions and results for defects 1.1.2, 1.2.2 and 2.1.2 
• Fatigue test conditions and results for defect 1.1.3, 
• Metallurgical Failure Investigation for defects 1.1.2, 1.1.3 and 1.2.2 


 
This report presents:  


• Fatigue test conditions and results for defect 1.2.3, 
• Fractographic Investigation of defect fatigue failure 1.1.3, 
• Surface residual stresses of defects 1.1.1b and 1.2.1b. 
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The table below summarizes the progress of the study on “Dent and Gouge” defects from the 
beginning. The background color code is the following: 


• White: Defects not yet created 
• Yellow: Defects already created but not yet metallurgically investigated or submitted to 


Burst or Fatigue tests 
• Green: Defects completed 
 


 
 
Results and Conclusions 
 


• Task 2: Material Characterization – Pre-strain effect on toughness of pipe 1 
 


The pre-strain effect on toughness was studied on pipe 1 for three pre-strain levels: 0%; around 
5%; around 10%. 
 
The toughness values were determined for the T-L configuration (Figure 1) by J-Curves applying 
the multiple specimens method and using SENB specimens (Figure 2). 


 
 
 
 
 
 
 
 
 
 
 
 


Figure 1: T-L configuration 
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Figure 2: SENB specimen 
 


Full pipe thickness curved strips oriented in the transverse direction and equipped with strain 
gauges on each side (internal and external) were taken from pipe 1 and flattened by compression 
(Figure 3). 


 


 
Figure 3: Compression flattening of strip specimen 


 
The maximum strains recorded by the gauges were in the range of [1%, 2%] in tension (internal 
side) and compression (external side). Then, the flattened strip specimens were submitted to 
tensile strain levels up to around 5% and 10% indicated by strain gauges. Finally, six T-L SENB 
specimens were machined in each pre-strained strip (5% and 10%) to determine J-Curves at pre-
strain levels of 5% and 10% and to compare with the reference without pre-strain. The J-Curve 
results are given in Figure 4. 
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Figure 4: Pipe 1 toughness for pre-strain levels 0%, 5% and 10% 


 
The toughness J1C exhibits very high values of 720 KJ/m² and 668 KJ/m² for pre-strains of 
respectively 5% and 10%. The decrease of toughness in this range of pre-strain levels [5%, 10%] 
as compared with the reference toughness value without pre-strain, 929 KJ/m², is less than 30%. 
This decrease did not change the defect failure behavior up to pre-strain levels of 10% because 
the steel ductility is still very high. 
 


• Task 5: Testing dents with gouges: Fatigue test conditions and results of defect 
1.2.3 
 


Figures below show the profiles of defect 1.2.3. The maximum relative gouge depth is around 
25% of the pipe wall thickness and the maximum residual relative dent depth around 2% of the 
pipe diameter. 
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The fatigue test of defect 1.2.3 was equipped with the following instrumentation: 
• Four rosettes on the edge of the gouge from one end to the other end of defect, which 


is one more rosette than the three used in previous tests; 
• One hoop uni-axial strain gauge in the gouge; 
• Strain gauges on the pipe body as reference; 
• One potential drop sensor; 
• One clip gauge; 
• Three displacement sensors – LVDT, two in the gouge and one further away on the 


pipe body as a reference; 
• A camera with targets around the defect; 


A sketch of the instrumentation layout around the defect is given figure 5. 
 


 
 


Figure 5: Fatigue Instrumentation of defect 1.2.3 
 


A photo of the instrumentation is provided in Figure 6. 
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Figure 6: Instrumentation of defect 1.2.3 
 


In addition, black ink was injected on the gouge to mark the existing micro-cracks before the 
fatigue test to size the depth of these micro-cracks by fractographic investigation after fatigue 
failure. The pressure was cycled between 45 bar and 85 bar until failure around 4300 cycles by 
leak (Figure 7). 
 


 
Figure 7: Fatigue failure by leak 


 
Figures 8 and 9 show the clip gauge opening and principal strains from rosette R1 versus the 
number of cycles for the minimal pressure (45 bar) and maximal pressure (85 bar). From these 
graphs, the failure occurrence could be around 4300 cycles. Other results from potential drop and 
other gauges, not shown in this report, confirm this interpretation. The principal strains from 
rosette 1 in Figure 9 are oriented about following the pipe axis, R1-1 and R1-2 in the axial 
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direction and R2-1 and R2-2 in the hoop direction. The principal strains in the hoop direction are 
in tensile, increasing with the cycle numbers, whereas the principal strains in the axial direction 
are stable around 0.  


 
Figure 8: Clip gauge opening displacement versus number of cycles  
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Figure 9: Principal strains versus number of cycles from rosette R1. 
 


• Task 5: Testing dents with gouges: Fractographic Fatigue Failure Investigation of 
defect 1.1.3 


 
The 10 samples of defect 1.1.3 were broken in liquid nitrogen to observe the failure surface 
(Figure 10). 


 
Figure 10: Fatigue failure surface by leak 


 
The macroscopic observation of the failure surface above shows several fatigue cracks. On the 
samples 4 and 5, the fatigue crack appears to be fully through the wall thickness. In consequence 
the sample 4 was chosen for SEM examination (Figure 11). 
 


1 cm


Fatigue cracks 
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Figure 11: SEM Investigation and fatigue striations at about half-thickness 
 


Figure 11 shows fatigue striations at wall half-thickness with a width around 1µm. With a 
pressure swing range between 45 bar and 85 bar, ΔK is in the range of [30 MPa√m, 50 MPa√m] 
at this location. Using Paris law given by API-579 for ferritic steel (formula F-91 Appendix F), 
the crack propagation speed is calculated with a result in the range of [1 µm/cycle, 4 µm/cycle]. 
One fatigue striation corresponding at one cycle, the observed striations are in agreement with 
the fatigue crack propagation speed predicted by the API Paris Law. 
 


• Task 5: Surface residual stresses of defects 1.1.1b and 1.2.1b 
 


Residual stresses were determined on internal and external surfaces of defects 1.1.1.b and 1.2.1.b 
by X-Ray. Residual stresses on the external surface were determined in both directions (hoop 
and axial). On the internal surface, only residual stresses in the hoop direction were determined. 
Figures 12 and 13 show the results with the following color code: 


• Blue: Axial residual stress on the external surface; 
• Red: Hoop residual stress on the external surface; 
• Green: Hoop residual stress on the internal surface. 
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Figure 12: Surface residual stresses for defect 1.1.1b 


 


 
Figure 13: Surface residual stresses for defect 1.2.1b 


 
The residual stresses are very variable from one location to another and can be very high in 
compression and in tension.  
For defect 1.1.1b: 


• All hoop residual stresses are in compression on the external surface (red color) with 
an absolute maximum value of 410 MPa in the gouge at the end of the aggression; 


-275 


-75 
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• All axial residual stresses are also in compression on external surface (blue color), 
except at the first third of the gouge with a high tensile value of 510 MPa in this location; 


• Hoop residual stresses on internal surface (green color) are in compression at the edges 
of the gouge at its end, whereas they are in tension at the beginning of the gouge with a 
maximum value of 250 MPa. In the gouge, a tensile value of 200 MPa is found at the end 
of the gouge. 


For defect 1.2.1b : 
• As the previous defect, all hoop residual stresses are in compression on the external 


surface (red color) with an absolute maximum value of 465 MPa in the gouge; 
• All axial residual stresses on internal surface (blue color) are in compression with an 


absolute maximum value of 305 MPa in the gouge; 
• Hoop residual stresses on internal surface (green color) are in compression at the edges 


of the gouge and one significantly in tension in the gouge (190 MPa). 
 
Residual stresses are also determined in one location in the body pipe, far from the defect and the 
values are not significant (maximum –100MPa in axial direction on the external surface and 0+/-
10 in other cases. 


 
Main Conclusions: 
 
Task 2: Material Characterization  


Pre-strain effect on toughness was achieved for Pipe 1. Pre-strain levels in the range of 
[5%, 10%] affect the toughness J-Curve by about 30%. But this remaining toughness is 
still very high and should not significantly affect the defect behavior. 
 


Task 5: Fatigue test of defect 1.2.3 
The defect 1.2.3 failed by leak around 4300 cycles with a pressure swing range between 
45 bar and 85 bar. 


 
Task 5: Fractographic Fatigue Failure Investigation of defect 1.1.3 


Samples of the dent and gouge were broken after failure in liquid nitrogen to observe the 
failure surface. Several fatigue cracks propagated, and one went through the thickness. 
The SEM investigation showed fatigue striations with an order of width around 1 µm for 
each striation. This size is in agreement with the size given by the Paris law provided by 
API 579. 
 


Task 5: Surface residual stresses of defects 1.1.1b and 1.2.1b 
Residual stresses were determined on internal and external surfaces of defects 1.1.1b and 
1.2.1b. The values are very variable from one location to another and very high values are 
found in compression and in tension. 
 


 
Business Status 
 
The project remains well coordinated with the pipeline industry through the PRCI partnership on 
the project.  Please reference Attachment 1 for a summary of details of the resource status of this 
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Agreement. This attachment includes a quarterly accounting (broken out by Project milestones) 
of budgeted, current and cumulative expenditures, including cost share amounts. The attachment 
also explains any major deviations and discusses the adjustment actions proposed. 
 
Schedule & Payable Milestones 
 
Task 2 is slightly behind schedule due to identifying pipe and collecting cost/schedule data for 
the vintage pipe.  Task 3 is behind due to capturing data as it becomes available from sources.  
Neither task will delay the overall schedule of the project. 
 
 


Task 
No. Task Status 


Scheduled 
Completion 


Date 


Payable 
Milestone 
(Item No) 


1 Project Kick Off Meeting and 
Subcontracting 


100% 
Complete 8/31/2008  


2 Purchase & Characterize Pipe Material 80% 
Complete 11/30/2008  


3 Literature Review – effect of pre-strain and 
dent-gouge defect from field feed-back 


70% 
Complete 11/30/2008  


4 Testing of Dents on Welds and Corrosion 
Features 


65% 
Complete 11/30/2009 16 


5 Testing of Dents with Gouges 45 % 
Complete 5/31/2010 17 


6 Demonstration of Mech. Damage Model 
Performance 0% Complete 5/31/2010  


7 Industry Workshop 0% Complete 5/31/2010  


8 Project Management and Reporting On-Going 5/31/2010 19 
 


Issues, Problems or Challenges 
 


• To improve the similarity between the created defects of the same type, the aggression 
tooth has to be examined after the impact test and reshaped to get as close as possible to 
the same geometry as initially before launching the following test to create a similar 
defect. 


• For the last type of defects in Pipes 1 and 2 (i.e, defect 3), to achieve another extreme 
defect geometry, the goal is to create a deeper dent and a shallower gouge, via a slower 
impact. This new type of defect will require some trial and error to achieve the most 
adequate defect, i.e. to define the parameters and process for the creation. 


• The residual stresses in defects called x.x.1 are determined on the same vessel for a given 
material. This process avoids to waste material using the same vessel for different x.y.1 
defects. The consequence is that the residual stress determination and the metallurgical 
characterization of these already created defects will be performed at the end of the defect 
creation process for a given material (Pipe 1, Pipe 2, or Pipe 3). 
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Plans for Future Activity 
 
Planned activities for the project are presented below.   
 
Task 2:  Purchase & Characterize Pipe Material 
 
Team is preparing a summary plan outlining the steel procurement justification and cost analysis.  
Results on pre-strain effect on toughness of pipe 2 material will be compiled. 
 
Task 3:  Literature Review 
 
A report summarizing the findings of the literature review of the cyclic fatigue dent assessment 
techniques will be completed and delivered in the next quarter. 
 
Any new information on pre-strain effect on toughness and on realistic defects from field 
feedback will be captured as it becomes available from other sources, like conferences, 
workshops and results of other PRCI projects. 
 
Task 4:  Testing of Dents on Welds and Corrosion Features 
 
Full scale testing of dents on welds is ongoing with a scheduled completion date of 08/30/2009.  
A detailed test matrix summarizing the details of the dents on corrosion features will be 
completed and provided for review in the next quarter. 
 
Task 5:  Testing of Dents with Gouges 


 
Launch fatigue test for defect 2.1.3.   Launch the creation of defects 1.3.1 and 2.2.1.  During the 
PRCI technical exchange meetings, the MD4-1 project team decided for these defects a deep 
dent and shallow gouge.   Metallurgical investigation of defect 1.2.3 will be performed. 
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Attachment 1: Business Status Section 
 


Item 
No. Task No.


Quarter 
No.


Budgeted 
Amount


Current 
Amount


Cumulative 
Amount


Item 
No. Task No.


Quarter 
No.


Budgeted 
Amount


Current 
Amount


Cumulative 
Amount


(per proposal) (per proposal)


1 1 1 $9,335 $9,335 $9,335 1 1 1 $831 $831 $831
2 2 1 $19,567 $19,567 $19,567 2 2 1 $51,654 $51,654 $51,654
3 3 1 $8,111 $8,111 $8,111 3 3 1 $4,803 $4,803 $4,803
4 4 1 $32,606 $32,606 $32,606 4 4 1 $307,539 $307,539 $307,539
5 5 1 $0 $0 $0 5 5 1 $47,065 $47,065 $47,065


NR 6 1 $0 $0 $0 NR 6 1 $0 $0 $0
NR 7 1 $0 $0 $0 NR 7 1 $0 $0 $0
6 8 1 $7,747 $7,747 $7,747 6 8 1 $4,242 $4,242 $4,242


1 $77,366 $77,366 $77,366 1 $416,134 $416,134 $416,134


NR 1 2 $0 $0 $9,335 NR 1 2 $0 $0 $831
7 2 2 $15,107 $0 $19,567 7 2 2 $44,453 $0 $51,654
8 3 2 $3,438 $0 $8,111 8 3 2 $3,866 $0 $4,803
9 4 2 $31,325 $31,325 $63,931 9 4 2 $58,690 $58,690 $366,228
10 5 2 $34,559 $34,559 $34,559 10 5 2 $37,426 $37,426 $84,491
NR 6 2 $0 $0 $0 NR 6 2 $0 $0 $0
NR 7 2 $0 $0 $0 NR 7 2 $0 $0 $0
11 8 2 $7,747 $7,747 $15,495 11 8 2 $4,242 $4,242 $8,483


2 $92,177 $73,632 $150,998 2 $148,677 $100,357 $516,491


NR 1 3 $0 $0 $9,335 NR 1 3 $0 $0 $831
NR 2 3 $0 $0 $19,567 NR 2 3 $0 $0 $51,654
NR 3 3 $0 $0 $8,111 NR 3 3 $0 $0 $4,803
12 4 3 $31,144 $31,144 $95,075 12 4 3 $58,351 $58,351 $424,579
13 5 3 $33,270 $33,270 $67,829 13 5 3 $26,439 $26,439 $110,930
14 6 3 $2,952 $0 $0 14 6 3 $5,530 $0 $0
NR 7 3 $0 $0 $0 NR 7 3 $0 $0 $0
15 8 3 $7,747 $7,747 $23,242 15 8 3 $4,242 $4,242 $12,725


3 $75,113 $72,162 $223,159 3 $94,561 $89,031 $605,522


NR 1 4 $0 $0 $9,335 NR 1 4 $0 $0 $831
NR 2 4 $0 $0 $19,567 NR 2 4 $0 $0 $51,654
NR 3 4 $0 $0 $8,111 NR 3 4 $0 $0 $4,803
16 4 4 $31,144 $31,144 $126,219 16 4 4 $58,351 $58,351 $482,930
17 5 4 $35,819 $35,819 $103,648 17 5 4 $46,463 $46,463 $157,393
18 6 4 $2,882 $0 18 6 4 $5,400 $0 $0
NR 7 4 $0 $0 $0 NR 7 4 $0 $0 $0
19 8 4 $7,747 $7,747 $30,990 19 8 4 $4,242 $4,242 $16,966


4 $77,593 $74,711 $297,870 4 $114,455 $109,055 $714,577


DOT Portion Cost Share Portion
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Milestone and Deliverable Accomplishments this Reporting Period 
 


Task 


No. 
Task 


Scheduled 


Completion 


Date 


Completed 


Date 
Milestone 


2 Purchase & Characterize Pipe Material 
Estimated 


09/30/2009 
Ongoing  


3 Literature Review 06/30/3009 Ongoing MS 


4 Testing of Dents on Welds and Corrosion Features 08/30/2009 Ongoing MS 


5 Testing of Dents with Gouges 5/31/2010 Ongoing MS 


6 Demonstration of Mech. Damage Model Performance 11/30/2009 
Not Yet 


Started 
MS 


7 Industry Workshop 5/31/2010 
Not Yet 


Started 
 


8 Project Management and Reporting 5/31/2010 Ongoing MS 
 


Technical Status 
 


Technical activities undertaken through the fourth quarter focused on the following tasks: 


 


 Task 2:  Purchase & Characterize Pipe Material 


 Task 4:  Testing of Dents on Welds and Corrosion Features 


 Task 5:  Testing of Dents with Gouges 


 


A summary of the technical status and results to date are presented below for each tasks.   


 


The technical group for this program has maintained close communication to ensure program 


coordination. Issues of concern in the program have been forwarded to PRCI and DOT for their 


consideration. 


 


Task 2:  Purchase & Characterize Pipe Material 


 


Technical Status 
The entire program comprises 3 different pipe steels:  


 


 Pipe 1 and 2 are two modern IPSCO pipes manufactured between 2005 and 2006 


 


 Pipe 3 is planned to be older steel, either a former operating/in-service vintage pipe from 


one of PRCI’s member companies or a manufactured pipe that replicates vintage pipe 
properties.  The team is still establishing the source of Pipe 3. 


 


A potential source has been identified to manufacture Pipe 3 which will represent the 


older/vintage pipes.  The potential source will create the material with properties replicating the 


observed lower toughness found in the 1950’s or 1960’s era pipelines. The technical group for 
the project is evaluating the cost, schedule, and benefits of a manufactured option which would 


avoid the variability introduced by unknown operations (i.e., pressure cycling over time) and is 
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coordinating the final decision with PHMSA.  The funding for the purchase of the material is to 


be finalized. 


 
 


GDF SUEZ has received three samples of Pipe 1 and two samples of Pipe 2 all of 11.8 meters in 


length. Pipe 1 is API X52 grade and has a 24 in. diameter and 7.9 wall thickness.  Pipe 2 is API 


X70 grade. It also has a 24 in. diameter but has a wall thickness of 9.0 mm. The pipes were 


manufactured by IPSCO with the ERW process. 


 


In the previous quarterly reports, GDF SUEZ presented material characterization results for 


Pipes 1 and 2: 
 


 Tensile properties in longitudinal and transverse directions; 


 Charpy V impact values in different directions at room temperature; 


 Toughness J Curve; 


 Pre-strain effects on toughness for pipe 1 


 Size of slip bands (Extra-work) 


 


In the 5th Quarterly period, the measurement of the effect of pre-strain on toughness was 


launched for Pipe 2.  


 


Task 3:  Literature Review 


 


Technical Status 


The literature review regarding cyclic fatigue dent assessment techniques is still ongoing.  A 
report summarizing the review and selected techniques will be completed in the coming quarter.   


 


Task 4:  Testing of Dents on Welds and Corrosion Features 
 


Technical Status 
The testing of the dents interacting with girth welds is ongoing with approximately 8 specimens 


still to be tested.   Issues related to failures outside of the dent region have delayed the testing 


program, however the remaining specimens should result in failures in the dent region, 


precluding the need for further repairs.   


 


 Pipe Indenter 


Initial 


Dent Dent  Interacting 


Initial 


Pressure 


Second 


Pressure 


Cyclic 


Pressure 


Weld 


Seam 


Specimen 


#  Diameter Depth Condition with Cycle Cycle Range Location 


  (in) (%)   (%SMYS) (%SMYS) (%SMYS)  


21 1 2 5 R Girth Weld 100% 80% 10%-80% Shoulder 


22 1 2 5 R Girth Weld 100% 80% 10%-80% Shoulder 


23 2 4 10 R Girth Weld 100% 80% 10%-80% Shoulder 


24 2 4 10 R Girth Weld 100% 80% 10%-80% Shoulder 


25 1 2 15 U Girth Weld 100% 80% 10%-80% C.L. 


26 1 2 15 U Girth Weld 100% 80% 10%-80% C.L. 


27 1 2 15 U Girth Weld 100% 80% 10%-80% Shoulder 
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28 1 2 15 U Girth Weld 100% 80% 10%-80% Shoulder 


29 1 4 15 U Girth Weld 100% 80% 10%-80% Shoulder 


30 1 4 15 U Girth Weld 100% 80% 10%-80% Shoulder 


31 2 2 15 U Girth Weld 100% 80% 10%-80% Shoulder 


32 2 2 15 U Girth Weld 100% 80% 10%-80% Shoulder 


33 2 4 15 U Girth Weld 100% 80% 10%-80% Shoulder 


34 2 4 15 U Girth Weld 100% 80% 10%-80% Shoulder 


35 2 4 15 U Girth Weld 100% 80% 10%-80% C.L. 


36 2 4 15 U Girth Weld 100% 80% 10%-80% C.L. 


 


Development of the detailed test matrix for the dents on corrosion features, including the size, 


shape, and location of the simulated corrosion features is currently ongoing.  A finalized test 


matrix will be provided to the technical group for feedback prior to starting the testing. 


  


Task 5:  Testing of Dents with Gouges 


 


Technical Status 
GDF SUEZ is in charge of the creation, characterization, burst test and fatigue test of realistic 


combined defects, i.e., “dents with gouges”, following the program described in the next table: 


 
The defects are identified by three characters X.Y.Z. which are numbers: 


 


 X.Y.Z.: X identifies the Pipe X material which is noted by 1, 2, or 3 in this program; 


 


 X.Y.Z.: Y defines the type of dent and gouge defect characterized by its geometry 


notably in terms of dent depth and length, and gouge depth and length. This program is 


considering a maximum of three different kinds of defects per pipe material, and 


therefore, the value of Y can range from 1 to 3; 


 


 X.Y.Z.: Z is the number of defect in the defined type of defect. There are three similar 


defects per type of defect. The number 1 is for a detailed geometrical, mechanical and 


metallurgical in-depth defect characterization after its creation. Number 2 is a similar 
defect for the burst test to evaluate the defect behavior of under monotonic pressure load 


and number 3 is a similar defect for the fatigue test to evaluate the defect behavior under 


cyclic variation of the internal pressure. 


 


In the previous quarterly reports, the following results were presented: 


 


 Creation conditions and results for 11 defects (9 + 2 repeated ones): 1.1.1, 1.1.1b, 1.1.2, 


1.1.3, 1.2.1, 1.2.1b, 1.2.2, 1.2.3, 2.1.1, 2.1.2 and 2.1.3 


 Burst test conditions and results for 2 defects in pipe 1, 1.1.2, 1.2.2 and one in pipe 2: 
2.1.2 


 Fatigue test conditions and results for 2 defects in pipe 1: 1.1.3, 1.2.3 


 Metallurgical Failure Investigation for 3 defects: 1.1.2, 1.1.3 and 1.2.2. 


 


This report presents:  
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 Defect creation and characterization of defect 1.3.2, 


 Fractographic investigation of fatigue failure for defect 1.2.3, 


 Surface residual stresses of defect 2.1.1. 


 


The table below summarizes the progress of the task on “Dent and Gouge” defects since the 
beginning. The background color in the table represents: 


 


 White: Defects not yet created 


 Yellow: Defects already created but not yet metallurgically investigated or submitted to 


either Burst or Fatigue tests 


 Green: Defects created and tests completed 


 
 


Results and Conclusions 
 


Task 2: Material Characterization – Pre-strain effect on toughness of pipe 2 


 


The measurements of the effect of pre-strain effect on toughness of pipe 2 are underway. Pipe 


steel bars were pre-strained up to 5% and 10% strains. SENB specimens were machined from 


these bars for J-Curve tests. Results are expected for October 2009. 


 


Task 5: Testing dents with gouges: Creation and characterization of defect 1.3.2. 


 


A new type of Dent + Gouge defect was created following the advice from the project team.  


This defect has a deep dent and a shallow gouge created with a slower aggression, as opposed to 


previous defects which were characterized by a shallow dent and a deep gouge. Figure 1 shows a 


photo of this defect. The defect was created under an internal pressure of 30 bar (load factor of 


26% of actual yield strength) to favor a deeper dent. 
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Figure 1: Defect 1.3.2 and aggression tooth 


 


Defect 1.3.2. is more than 300mm long and the residual dent depth (pressure = 0) is larger than 


5%. Unlike previous defects created under highly dynamic conditions, magnetic powder 


inspection (MPI) did not reveal the presence of cracks or micro-cracks at the bottom of the gouge 
(Figure 2). 


 


 
Figure 2: Defect 1.3.2 - No crack or micro-crack revealed by magnetic powder inspection 


 


 


Two-dimensional profiles in transverse and longitudinal pipe directions passing by the deepest 


point of defect 1.3.2 are presented in Figures 3 and 4. The maximum residual dent depth (with 
internal pressure = 0) is 5.3%. 
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Figure 3 : Defect 1.3.2 – 2D Longitudinal Profile 
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Figure 4 : Defect 1.3.2 – 2D Transverse Profile 
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Task 5: Testing dents with gouges: Fatigue Failure Investigation of defect 1.2.3 


 


Defect 1.2.3 failed by leak after about 4,300 cycles of internal pressure between 45-85 bar. After 


failure, the defect was cut into 10 samples for metallographic investigation (Figure 5) 


 


 
Figure 5 : Defect 1.2.3 cut in 10 samples for metallographic investigation 


 


Figure 6 shows a transverse view of cut number 7  
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Figure 6: Transversal cut number 7 


 
In Figure 6 the minimum thickness in the gouged and thinned section is approximately 3.35 mm 


whereas the pipe thickness is about 7.79 mm. During defect creation, the combination of steel 


removal and thinning due to denting resulted in a reduction of 57% of pipe thickness under the 


gouge (remaining ligament thickness of 43%). Optical microscopy examination showed several 


micro-cracks with depths up to 500µm and the main fatigue crack were observed at the defect 


surface (Figures 7 and 8). A hardened layer of about 10 µm thickness covers the external surface 


of the gouge. Certain cracks are contained only in this layer and other start in this layer and 


continue farther into the pipe. The team supposes that the micro-cracks confined in the hardened 


layer are initiated during the defect creation.  In contrast, the cracks that prolong beyond the 


hardened layer also originated in the hardened layer during the defect creation and propagated 
during the fatigue loading. 
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Figure 7 : Cracks at the external defect surface. 


 


 


Figure 8 : Crack propagation from external surface of defect. 
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Figure 9 shows that the grains are extremely stretched and a network of micro-cracks sometimes 


seem to follow the grain joints.  


 


 


Figure 9 : micro-cracks network through stretched grains and inclusions 


 


Locally, micro-hardness measurements in the damaged zone roughly estimates strains up to 60%. 
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Task 5: Surface residual stresses of defect 2.1.1 


 


The team used the x-ray method to determine residual stresses on the internal and external pipe 
surfaces of defect 2.1.1. The team measured residual stresses on the external surface in both 


directions (hoop and axial). On the internal surface, they only measured residual stresses in the 


hoop direction. Figure 10 shows the results with the following color code: 


 


 Blue: Axial residual stress on the external surface; 


 Red: Hoop residual stress on the external surface; 


 Green: Hoop residual stress on the internal surface. 


 


Figure 10: Surface residual stresses for defect 2.1.1 


 


The residual stresses varies considerably from one location to another : 


 


 Hoop residual stresses on the external surface (red color) are in compression at the 


aggression start and in tension at the end.  The stress level ranges from -225 MPa, to 


+210 MPa]; 
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 All axial residual stresses on the external surface (blue color) are in tension at the 


aggression start with stress levels up to +195MPa.  They have low tensile or compressive 


values in the middle and at the aggression end; 


 


 Hoop residual stresses on the internal surface (green color) are slightly in tension at the 


very aggression beginning and in severe compression beyond that area with a high 


maximum stress level of –475MPa.  


 


Residual stresses were also measured in one location at 40 mm from the defect and the stress 


levels were still significant (maximum –110MPa and +210MPa in hoop direction on the internal 


and external surfaces, respectively. The stress levels were measured at +145MPa in axial 


direction on the external surface). 


 


Main Conclusions: 


 


Task 5: Testing Dents with Gouges : Creation and characterization of defect 1.3.2. 


 


The defect 1.3.2 was created with a low internal pressure (30 bar) to favor a shallow 


gouge and a deep dent. A different, rounded tip excavator tooth was used with a slow 
aggression speed. The defect length is about 300mm with a residual dent of 5.3% 


(internal pressure=0). This type of defect is very different from previous defect types 


which were characterized by a severe gouge and shallow dent and high impact velocity. 
The team did no find any surface cracking or micro-cracking using by magnetic powder 


inspection (MPI). 


 


Task 5: Testing Dents with Gouges : Fatigue Failure Investigation of defect 1.2.3 


 


Samples of the dent and gouge were cut after failure to observe steel damage and 


deformation in the reduced thickness under the defect. Using optical microscopy, the 


team found that the steel grains were extremely stretched and roughly estimated a 60% 
strain through micro-hardness measurements. As for other high velocity impact defects, a 


10µm thick hardened layer was found at the external defect surface indicating that high 
temperature was reached by contact with the tooth during the dynamic defect creation. 


Several cracks and micro-cracks start from the hardened layer at the external surface and 


travel into the pipe at a depth of up to 0.5mm. Some of them remain in the hardened 
layer, whereas other propagate into the pipe. In other cases, there is a network of micro-


cracks propagating around stretched grains and joining the damaged inclusion.  


 


Task 5:Testing Dents with Gouges :  Surface residual stresses of defect 2.1.1. 


 


Residual stresses were found on the internal and external surfaces of defect 2.1.1. Hoop 


residual stresses are in tension and compression on the external surface, and in 


compression with locally very high values on the internal surface. Axial residual stresses 


are in tension on the external surface. 
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Business Status 
 


The project remains well coordinated with the pipeline industry through the PRCI partnership on 
the project.  Please refer to Attachment 1 for a summary of the resource status of this program. 


This attachment includes a quarterly accounting (broken out by Project milestones) of budgeted, 


current and cumulative expenditures, including cost share amounts. The attachment also explains 


any major deviations and discusses the adjustment actions proposed. 


 


Schedule & Payable Milestones 
 


Task 


No. 
Task Status 


Scheduled 


Completion 


Date 


Payable 


Milestone 


(Item No) 


1 
Project Kick Off Meeting and 


Subcontracting 


100% 


Complete 
8/31/2008  


2 Purchase & Characterize Pipe Material 
80% 


Complete 
11/30/2008  


3 
Literature Review – effect of pre-strain and 


dent-gouge defect from field feed-back 


100% 


Complete 
11/30/2008  


4 
Testing of Dents on Welds and Corrosion 


Features 


65% 


Complete 
11/30/2009 16 


5 Testing of Dents with Gouges 
70 % 


Complete 
5/31/2010 17 


6 
Demonstration of Mech. Damage Model 


Performance 
0% Complete 5/31/2010  


7 Industry Workshop 0% Complete 5/31/2010  


8 Project Management and Reporting On-Going 5/31/2010 19 


 


Issues, Problems or Challenges 


 
 Task 2 is slightly behind schedule due to identifying pipe and collecting cost/schedule 


data for the vintage pipe. Neither task will delay the overall schedule of the project if a 


satisfactory solution is identified for pipe delivery. 


 


 The residual stresses in defects called x.x.1 are measured on the same vessel for a given 


material. This process avoids wasting material by using the same vessel for different 


x.y.1 defects. The consequence is that the residual stress measurements and the 


metallurgical characterization of these already created defects will be performed at the 


end of the defect creation process for a given material (Pipe 1, Pipe 2, or Pipe 3). 


 A failure of the automated pressure pump used to cycle the internal pressure for the dent 


and girth weld specimens experienced a failure and required repair.  Repair was carried 


out and testing restarted on the remaining girth weld specimens. 


 NDI inspection of the fabricated girth welds revealed several specimens that had 


rejectable weld faults.  The specimens, their faults and the resulting repairs and re-


inspection have all been documented for reporting purposes.  The complete girth weld 
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procedure, including edge preparation has been reviewed and revised in order to avoid 


repairs in the future. 


 Testing of the restrained dents interacting with girth welds resulted in leaks initially 


forming outside of the dent region, along the circumference of the pipe at the girth weld.  


These have been repaired and testing is continuing.  The initial failures for the 


unrestrained dents occur in the dent region so there is no need for repairs to these 


specimens.  All the remaining girth weld specimens to be tested are unrestrained so no 
further repairs are expected. 


 The expected completion date for the testing of plain dents and dents interacting with 


girth welds and simulated corrosion features cannot currently be met due to the delay in 


procuring of the third pipe material (Pipe C).  A revised completion date cannot be 


estimated prior to placing an order for Pipe C. 


 


Plans for Future Activity 
 
Planned activities for the project are presented below.   


 


Task 2:  Purchase & Characterize Pipe Material 


 


Team is preparing a summary plan outlining the steel procurement justification and cost analysis.  


Results on pre-strain effect on toughness of pipe 2 material will be completed. 


 


Task 3: Literature Review 


 


A report summarizing the findings of the literature review of the cyclic fatigue dent assessment 


techniques will be completed and delivered in the next quarter. 


 


Task 4:  Testing of Dents on Welds and Corrosion Features 
 


Full scale testing of dents on welds is ongoing with a scheduled completion date of 10/15/2009.  
A detailed test matrix summarizing the details of the dents on corrosion features will be 


completed and provided for review in the next quarter. 


 
 


Task 5:  Testing of Dents with Gouges 
 


Provide detailed fatigue test results for defect 2.1.3.  Launch the creation of defect 2.2.2.  


Perform burst tests of defects 1.3.2 and 2.2.2.  


 


Prepare complete reports for the PRCI project for the tests done so far. The format for reporting 


will be agreed upon with the project team before finalization. 
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Attachment 1: Business Status Section 
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 List of Activities and Deliverables 


Task 


No. 
Task 


Scheduled 


Completion 


Date 


Completed 


Date 
Milestone 


2 Purchase & Characterize Pipe Material 11/30/2008 Ongoing  


3 Literature Review 06/30/2009 
Completed 


11/30/2009 
MS 


4 Testing of Dents on Welds and Corrosion Features 08/30/2009 Ongoing MS 


5 Testing of Dents with Gouges 5/31/2010 Ongoing MS 


6 Demonstration of Mech. Damage Model Performance 11/30/2009 
Not Yet 


Started 
MS 


7 Industry Workshop 5/31/2010 
Not Yet 


Started 
 


8 Project Management and Reporting 5/31/2010 Ongoing MS 


 


Technical Status 


Technical activities undertaken through the sixth quarter focused on the following tasks: 


 


 Task 2:  Purchase & Characterize Pipe Material 


 Task 3:  Literature Review 


 Task 4:  Testing of Dents on Welds and Corrosion Features 


 Task 5:  Testing of Dents with Gouges 


 
A summary of the technical status and results to date are presented below for each tasks.   


 


The technical group for this program has maintained close communication to ensure program 
coordination. Issues of concern in the program have been forwarded to PRCI and DOT for their 


consideration. 


Task 2:  Purchase & Characterize Pipe Material 


There are three different pipe steels in this program:  
 


 Pipe 1 and 2 are modern IPSCO pipes manufactured between 2005 and 2006 


 


 Pipe 3 is intended to be older steel, either a former operating/in-service vintage pipe from 


one of PRCI’s member companies or a manufactured pipe that replicates vintage pipe 


properties.  The team is still establishing the source of Pipe 3. 
 


A potential source has been identified to manufacture Pipe 3 which will represent the 


older/vintage pipes.  The potential source will create the material with properties replicating the 
observed lower toughness found in the 1950’s or 1960’s era pipelines. The technical group for 


the project is evaluating the cost, schedule, and benefits of a manufactured option which would 


avoid the variability introduced by unknown operations (i.e., pressure cycling over time) and is 


coordinating the final decision with PHMSA.  The team is also determining the funding 


necessary to purchase the material. 
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GDF SUEZ has received three samples of Pipe 1 and two samples of Pipe 2 all of 11.8 m in 


length. Pipe 1 is API X52 grade and has a 24 in. diameter and 7.9 mm wall thickness.  Pipe 2 is 


API X70 grade. It also has a 24 in. diameter but has a wall thickness of 9.0 mm. IPSCO 
manufactured the pipe using the ERW process. 


 


In the previous quarterly reports, GDF SUEZ presented material characterization results for 


Pipes 1 and 2: 


 


 Tensile properties in longitudinal and transverse directions; 


 Charpy V impact values in different directions at room temperature; 


 Toughness J Curve; 


 Pre-strain effects on toughness for Pipe 1 


 Size of slip bands (Additional originally unplanned work) 


 


In the 6
th


 quarterly period, the technical team finalized the sensitivity study of the effect of pre-
strain on toughness for Pipe 2.  


 


Task 3:  Literature Review 


The literature review regarding cyclic fatigue dent assessment techniques is complete.  A report 


summarizing the findings and demonstrating the performance of the identified assessment 


techniques will be available following the completion of the testing.  
 


Task 4:  Testing of Dents on Welds and Corrosion Features 


BMT has commenced the final testing of girth welds interacting with dents.  They have carried 


out a preliminary analysis of the results, including a comparison of the performance of the 


various specimens, and an overview of the results to date is included later on in the report 


(Results and Conclusions). 


 
BMT has forwarded a draft modified test matrix summarizing the parameters of the dents 


interacting with metal loss, including the three proposed simulated metal loss geometries for the 


test samples, to the project team for comment.  The project team is expected to complete its 


review within the next week and provide any requests for revisions.  BMT will start machining 


the metal loss features and commence testing of the simulated corrosion in the coming quarter. 


 


Task 5:  Testing of Dents with Gouges 


GDF SUEZ is in charge of the creation, characterization, burst test, and fatigue test of realistic 


combined defects, i.e., “dents with gouges”, and their program is described in the next table: 


 


The defects are identified by three characters X.Y.Z. which are numbers: 


 


 X.Y.Z.: X identifies the Pipe X material which is noted by 1, 2, or 3 in this program; 
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 X.Y.Z.: Y defines the type of dent and gouge defect characterized by its geometry 


notably in terms of dent depth and length, and gouge depth and length. This program is 


considering a maximum of three different kinds of defects per pipe material, and 


therefore, the value of Y can range from 1 to 3; two extreme aggression conditions are 


considered in this study: highly dynamic and slower aggression. The former corresponds 


to defect types 1 and 2 for pipe 1 (two different excavator teeth used) and type 1 for pipe 


2, while the latter corresponds to type 3 for pipe 1 and type 2 for pipe 2. 
 


 X.Y.Z.: Z is the number of defect in the defined type of defect. There are three similar 


defects per type of defect. The number 1 is for a detailed geometrical, mechanical and 


metallurgical in-depth defect characterization after its creation. Number 2 is a similar 


defect for the burst test to evaluate the defect behavior of under monotonic pressure load 


and number 3 is a similar defect for the fatigue test to evaluate the defect behavior under 
cyclic variation of the internal pressure. 


 


In the previous quarterly reports, the following results were presented: 


 Creation conditions and results for 11 defects (9 + 2 repeated ones): 1.1.1, 1.1.1b, 1.1.2, 


1.1.3, 1.2.1, 1.2.1b, 1.2.2,  1.3.1*, 1.2.3, 2.1.1, 2.1.2 and 2.1.3 


 Burst test conditions and results for 2 defects in Pipe 1, 1.1.2, 1.2.2 and one in Pipe 2: 


2.1.2 


 Fatigue test conditions and results for 2 defects in pipe 1: 1.1.3, 1.2.3 


 Metallurgical Failure Investigation for 3 defects: 1.1.2, 1.1.3 and 1.2.2. 


 
*During the fifth quarterly period, GDF SUEZ created defect 1.3.2, and intended to conduct a 


full-scale burst test on that test sample. Prior to the burst test, the program team recommended 


that internal strain gauges be placed on the internal pipe wall surface under the tooth impact area. 


However, because test preparation was well underway (including all welding being completed), 


adding internal strain gauges would require substantial effort and rework.  Therefore, the team 


decided use this defect for destructive characterization, and it is now designated 1.3.1. to be 


consistent with the three character designation.  Its companion defect 1.3.2 will be created in the 


next quarter and equipped with internal strain gauges. 
 


This report presents:  


 The effect of pre-strain on toughness for Pipe 2 


 Defect creation and characterization of defect 2.2.1 


 Fatigue test results of defect 2.1.3 and metallurgical investigation after failure 


 


The table below summarizes the progress of the task on “Dent and Gouge” defects for the entire 


program. The background color in the table represents: 


 White: Defects not yet created 


 Yellow: Defects already created but not yet characterized/investigated or submitted to 


either Burst or Fatigue tests 


 Green: Defects created and tests completed 
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Business Status 


The project remains well coordinated with the pipeline industry through the PRCI partnership on 


the project.   
 


Funds Expended  


  


Federal Funding   Cost Share Funding  


 


Item 


# per 


MS 


Task # 


Task Description Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date 


% Task 


Work 


Completed 


1 Project Kick Off 


Meeting and 


Subcontracting $9,335 $0 $9,335 $831 $0 $831 100% 


2 Purchase & 


Characterize Pipe 
Material $34,674 $0 $19,567 $96,108 $16,149 $16,149 70% 


3 Literature Review 


$11,549 $0 $11,549 $8,669 $2,114 $8,669 100% 


4 Testing of Dents on 


Welds & Corrosion 


Features $188,507 $0 $157,363 $599,631 $0 $541,282 65% 


5 Testing of Dents 


with Gouges 
$150,020 $1,500 $150,020 $254,403 $0 $192,461 60% 


6 Demonstration of 
Mechanical 


Damage Model 
Performance $22,008 $0 $0 $10,930 $0 $5,530 0% 


7 Industry Workshop 


$12,030 $0 $0 $4,325 $0 $0 0% 


8 Project 


Management and 


Reporting $73,694 $7,336 $46,072 $43,959 $4,242 $25,451 On-going 


 
GRAND TOTAL $501,818 $8,836 $393,906 $1,018,856 $22,505 $790,373 
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Schedule 


The project is generally on schedule, but as discussed in prior reports, Task 5-Testing of Dents 


with Gouges is impacted by the shutdown of the neutron diffraction facility at Chalk River. This 


delay impedes the detailed characterization of defects of Index 1. Note, the analysis of the defect 


samples using neutron diffraction was not included in the original scope of work and was added 
to the program on a voluntary, no-cost basis. 


Finally, the team expects to receive approval for a contract modification in the next quarterly 


period to support the procurement of manufactured vintage pipe for the DOT sponsored tests . 


Payable Milestones 


Task status for this period is: 


 


Task 


No. 
Task Status 


Scheduled 


Completion 


Date 


Payable 


Milestone 


(Item No) 


1 
Project Kick Off Meeting and 


Subcontracting 


100% 


Complete 
8/31/2008  


2 Purchase & Characterize Pipe Material 
70% 


Complete 
11/30/2008 2* 


3 
Literature Review – effect of pre-strain and 


dent-gouge defect from field feed-back 


100% 


Complete 
11/30/2008 3* 


4 
Testing of Dents on Welds and Corrosion 


Features 


65% 


Complete 
11/30/2009  


5 Testing of Dents with Gouges 
60 % 


Complete  
5/31/2010 24 


6 
Demonstration of Mech. Damage Model 


Performance 
0% Complete 5/31/2010  


7 Industry Workshop 0% Complete 5/31/2010  


8 Project Management and Reporting On-Going 5/31/2010 26 


*Only PRCI cash cost sharing was expended for these tasks.  No federal funds were used this 
quarter. 


Results and Conclusions 


A summary of the results are: 


 Task 2 - The team found very little influence of pre-strain in the range 0% to 10% on the 


toughness of Pipe 2 which was the similar result found for Pipe 1. 


 Task 3 - The literature review regarding cyclic fatigue dent assessment techniques is 


complete 


 Task 4 - Several general trends were identified through comparison of the cyclic fatigue 
lives available to date (for plain dents and dents interacting with welds).  The trends help 


to relate the effects of the various parameters on both the residual dent depth and the 


resulting fatigue lives. 


 Task 5 - Testing dents with gouges: Creation with a slower aggression and then first 


characterization of defect 2.2.1., similar to defect 1.3.1, a deep dent and shallow gouge in 


Pipe 2. It reached around 4.5% dent depth and a gouge depth of about 0.2%. Such a deep 
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dent in the ~X80 pipe required an internal pressure during defect creation of 20 bars. 


 Task 5 - Defect 2.1.3 on Pipe 2 was submitted to a fatigue test, followed by a 


metallurgical investigation of the fatigue failure. Failure was observed around 17,600 


cycles, with a maximum pressure of 128 bars. 


 


Task 2: Material Characterization – Pre-strain effect on toughness of Pipe 2 


The team did not find any significant effect of pre-strain on toughness J-Curve in the range of 


0% to 10% pre-strain for Pipe 2 (Figure 1). The toughness of one specimen with pre-strain of 


10% was higher than the others with the same pre-strain. After some investigation, the team 


found that the fracture surface of this one specimen had a large split not found on the other 
specimens. This split could provide resistance to crack growth. 


 


 
 


 


The critical toughness values J1C for Pipe 2 are 430 kJ/m², 431 kJ/m² and 418 kJ/m² respectively 


for pre-strains 0%, 5% and 10%. 


Task 4:  Testing of Dents on Welds and Corrosion Features 


A summary of the results of the testing of plain dents and dents interacting with welds is 


Figure 1:  Pre-strain effect on toughness J-Curve for Pipe 2 
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presented in Table 1 below.  The table includes the results of the twelve plain dent specimens 


tested as part of the first phase of the test program.  


 
Table 1:  Summary of Plain Dents and Dents Interacting with Welds 


Nominal


Pipe Indenter Initial Dent Dent InteractingInitial PressureSecond PressureCyclic PressureWeld Seam Corrosion Initial Dent Depth Final Cycles to


Specimen # Diameter Depth Condition w ith Cycle Cycle Range Location Patch Dent Depth After 2nd Cycle Dent Dpeth Failure


(in) (%) (%SMYS) (%SMYS) (%SMYS) (%OD) (%OD) (%OD)


1 A 2 5 R Plain 100% 80% 10%-80% N.A. N.A. N.A. N.A. 5.56% 6948


2 A 2 5 R Plain 100% 80% 10%-80% N.A. N.A. N.A. N.A. 5.51% 38685


3 B 4 10 R Plain 100% 80% 10%-80% N.A. N.A. N.A. N.A. 9.01% 6886


4 B 4 10 R Plain 100% 80% 10%-80% N.A. N.A. N.A. N.A. 8.28% 16234


5 B 4 10 R Plain 80% 80% 10%-80% N.A. N.A. N.A. N.A. 9.84% 2531


6 B 4 10 R Plain 80% 80% 10%-80% N.A. N.A. N.A. N.A. 9.84% 3359


7 A 2 15 U Plain 100% 80% 10%-80% N.A. N.A. 5.21% 1.47% 2.63% 21103


8 A 2 15 U Plain 100% 80% 10%-80% N.A. N.A. 5.88% 2.71% 2.48% 28211


9 A 2 15 U Plain 80% 80% 10%-80% N.A. N.A. 5.89% 3.25% 3.28% 6825


10 A 2 15 U Plain 80% 80% 10%-80% N.A. N.A. 5.76% 2.96% 2.69% 9116


11 A 4 15 U Plain 100% 80% 10%-80% N.A. N.A. 7.99% 2.73% 2.55% 15063


12 A 4 15 U Plain 100% 80% 10%-80% N.A. N.A. 6.00% 1.90% 2.28% 27575


13 B 2 15 U Plain 100% 80% 10%-80% N.A. N.A. 5.81% 2.80% 2.17% 13262


14 B 2 15 U Plain 100% 80% 10%-80% N.A. N.A. 5.74% 2.42% 2.21% 15065


15 B 2 15 U Plain 80% 80% 10%-80% N.A. N.A. 5.52% 2.97% 2.21% 4035


16 B 2 15 U Plain 80% 80% 10%-80% N.A. N.A. 5.63% 2.99% 2.22% 4684


17 B 4 15 U Plain 100% 80% 10%-80% N.A. N.A. 5.41% 1.88% 1.56% 11415


18 B 4 15 U Plain 100% 80% 10%-80% N.A. N.A. 5.32% 1.83% 1.69% 15949


19 A 2 5 R Long Seam 100% 80% 10%-80% 2" Offset N.A. 1.56% 1.30% 1.56% 32282


20 A 2 5 R Long Seam 100% 80% 10%-80% 2" Offset N.A. 1.17% 1.43% 1.56% 24919


21 A 2 5 R Girth Weld 100% 80% 10%-80% 2" Offset N.A. 67000


22A A 4 10 R Girth Weld 100% 80% 10%-80% 2" Offset N.A.


23 B 4 10 R Girth Weld 100% 80% 10%-80% 2" Offset N.A. N.A. N.A. 12722


24 B 4 10 R Girth Weld 100% 80% 10%-80% 2" Offset N.A. N.A. N.A. 16278


25 A 2 15 U Girth Weld 100% 80% 10%-80% C.L. N.A. 6.28% 2.77% 2.77% 19063


27 A 2 15 U Girth Weld 100% 80% 10%-80% 2" Offset N.A. 18633


28 A 2 15 U Girth Weld 100% 80% 10%-80% 2" Offset N.A. 16107


29 A 4 15 U Girth Weld 100% 80% 10%-80% 2" Offset N.A. 14400


31 B 2 15 U Girth Weld 100% 80% 10%-80% 2" Offset N.A. 6.03% 2.68% 2.55% 9890


32 B 2 15 U Girth Weld 100% 80% 10%-80% 2" Offset N.A. 5.97% 2.71% 2.51% 9506


33 B 4 15 U Girth Weld 100% 80% 10%-80% 2" Offset N.A. 9386


34 B 4 15 U Girth Weld 100% 80% 10%-80% 2" Offset N.A. 9871


35 B 4 15 U Girth Weld 100% 80% 10%-80% C.L. N.A. Running


36 B 4 15 U Girth Weld 100% 80% 10%-80% C.L. N.A. 15568  
 


A variety of comparisons of the results is presented in Figures 2 to 6.   


 
Figure 2 presents the ratio of the fatigue lives for all of the duplicate specimens conducted to 


date.  As shown, aside from specimens 1-2 and 3-4, the ratio of fatigue lives ranges from a low 


of 1.04 to a maximum of 1.83, indicating that there is good repeatability in the specimen results. 
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Figure 2:  Ratio of Fatigue Lives for Duplicate Specimen Pairs 


 


Figure 3 presents the effect of a number of the major parameters considered in the experimental 
program in terms of the ratio of the average fatigue lives for the group of specimens.  The results 


indicate the general sensitivity of the fatigue lives to the various parameters.  For example the 
first two bars on the right of the plot indicate the fatigue lives of the specimens seeing 100% 


SMYS (specified minimum yield strength) is approximately 3.5 times the lives of the specimens 


seeing only 80% of SMYS.   


 


 
Figure 3: Ratio of Average Fatigue Lives for Various Parameters 


 


Figure 4 presents and compares the rebounded dent depth following the removal of the indenter 


(i.e., elastic rebound) for unrestrained dents versus the initial applied dent depth of 15% OD.  As 


shown, the rebounded dent depths range from 5.2% to 6.2% of OD, with one outliner at 8.0%.  
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Figure 4:  Rebounded Dent Depth vs Initial Dent Depth (Unrestrained Dents) 


 
Figure 5 presents the residual dent depth after the initial 100% and 80% SMYS pressure cycles, 


as a function of the maximum internal pressure.  The results indicate that the residual dent depths 


for a maximum internal pressure of 80% SMYS are deeper (3 – 3.5% OD) than those that 
experienced a maximum pressure of 100% SMYS (1.5-2.75% OD). 


 


 
Figure 5:  Residual Dent Depth vs Maximum Internal Pressure (Unrestrained Dents) 


 


Figure 6 presents the fatigue life (in pressure cycles) versus the residual dent depth (after first 


maximum pressure cycle) for all of the unrestrained dents.  The results indicate that with 


increasing residual dent depth there is a corresponding decrease in fatigue life with the shortest 


fatigue lives being for the deepest residual dents (for those specimens seeing a maximum internal 


pressure of 80%).   







Sixth Quarterly Report  November 30, 2009 


DTPH56-08-T-000011 – Project WP#339 


 


 


Page 11 


 


 
Figure 6:  Fatigue Life versus Residual Dent Depth (Unrestrained Dents) 


Task 5: Testing dents with gouges: Creation and characterization of defect 2.2.1. 


The team created a type of Dent + Gouge defect similar to defect 1.3.1 (deep dent and shallow 
gouge) in Pipe 2 with a slower aggression. The defect was created under an internal pressure of 


20 bar (load factor of 12% of actual yield strength) in order to ensure producing a deep dent in 


the very strong Pipe 2 material (almost X80 strength). Force versus displacement is plotted in 
Error! Reference source not found.. 
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Figure 7: Force-displacement curve for creation of defect 2.2.1 


 
Error! Reference source not found. shows a lateral view of the defect. 


 


 
Figure 8:  Lateral view of defect 2.2.1. 


 


Defect 2.2.1 is more than 300mm long. The residual dent depth (pressure = 0) is around 4.5% 
and the gouge is very shallow (0.2% depth). Magnetic particle inspection (MPI) did not reveal 


the presence of cracks or micro-cracks at the bottom of the gouge (Error! Reference source not 


found.). 
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Figure 9:  Defect 2.2.1 - No crack or micro-crack was indicated by magnetic particle inspection 


 


Two-dimensional profiles in longitudinal and transverse pipe directions passing by the deepest 
point of defect 2.2.1 are presented in Figure 10 and 11.  


 


 
Figure 10:  Defect 2.2.1 – 2D Longitudinal Profile at no pressure. 
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Figure 11:  Defect 2.2.1 – 2D Transverse Profile at no pressure. 


Task 5: Testing dents with gouges: Fatigue Failure Investigation of defect 2.1.3 


Defect 2.1.3 was instrumented with the following:   


 Four strain gauge rosettes along the defect (one more than initially panned) 


 One transverse axial strain gauge in the defect 


 Two strain gauges on the internal pipe surface wall under the defect area 


 One opening clip gauge 


 A potential drop 


 Two vertical displacement gauges (LVDT) in the defect and one on the pipe away from 


defect for the reference.  


In addition, two pairs of targets were placed on each side of the defect to measure the defect 


opening at different locations during the test via a digital SLR camera which showed the 
evolution in the distance between targets. Reference strain gauges and one vertical displacement 


gauge were also placed away from the defect on the pipe (Figure 12 and 13). 
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Figure 12:  Instrumentation plan for the fatigue test on defect 2.1.3. 


 


  
Figure 13: General view of defect 2.1.3 instrumentation and focus on camera for displacement measurement 


between targets. 


 


During the fatigue test, all information from instrumentation was recorded and Figure 14 shows 


the evolution of distance between targets and the clip gauge opening versus the number of 


cycles. The maximum pressure was 128 bar corresponding to 80% of actual yield strength, as 


requested by DOT to reflect recent modifications to US regulations and allowances for operating 


pipeline systems at higher design factors.  
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Figure 14:  Evolution of defect opening versus the number of cycles. 


 


The first water drop was observed leaking from the crack between 17,564 cycles and 17,600 


cycles (Figure 15). 


 


 
Figure 15: Leak in defect 2.1.3. 
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A metallurgical investigation was performed after fatigue failure. The defect was cut in 10 


samples as shown in Figure 16. 


 
 


Figure 16:  Defect 2.1.3 – cut in 10 pieces for metallurgical investigation.  Cut No. 8 (third section from left of view 


above) is detailed below in Figure 17. 


 


The researchers examined each cut under an optical microscope. As with previous defects 


created by highly dynamic impact with an excavator tooth, the gouge surface is covered with a 


hard layer in the range of 50 to 150 µm thick.  This change in microstructure was due to the 


successive massive and very quick friction heating during the impact of the aggressive tooth, 


followed by an extremely fast cooling as heat was conducted away into the steel. In the hardened 


layer, the researchers recorded multiple micro-cracks (Figure 17). 
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Figure 17:  Metallurgical observation on cut number 8 (from Figure 16 above) -  micro-cracks in hard layer and 


main fatigue crack 


 


The investigators measured the depth of micro-cracks and cracks on each cut and a statistical 


distribution was established based on a population of 37 cracks (Figure 18). As shown on the left 


side of the chart in Figure 18, the depth of many of the micro-cracks is consistent with the 


thickness of the hardened layer. At the other end of the chart, the large crack depths on the 


histogram essentially correspond to the main crack that propagated by fatigue and is observed in 


the different cuts. 
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From the depth of the cracks on ten cuts, the team was able to create a profile of the main fatigue 


crack (Figure 19). 


Essentially fatigue main crack 


Thickness of hard layer 


Figure 18:  Distribution of crack depths sized on 10 cuts. 
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Figure 19:  Profile of the front of the main fatigue crack. 


 


Issues, Problems or Challenges  


 Task 2 is slightly behind schedule due to challenges related to identifying a source for 


manufacturing pipe and collecting cost/schedule data for the vintage pipe. Neither task 
will delay the overall schedule of the project if the pipe is identified and delivered in the 


near future.  The project team will evaluate schedule impact after confirming the period 


required for manufacture and delivery of the vintage pipe, and coordinate with DOT any 


necessary extensions to the project schedule that may be required as a result of these 


challenges.   


 


 The residual stresses in defects called x.x.1 are measured on the same vessel for a given 


material. This process avoids wasting material by using the same vessel for different 


x.y.1 defects. The consequence is that the residual stress measurements and the 


metallurgical characterization of these already created defects will be performed at the 


end of the defect creation process for a given material (Pipe 1, Pipe 2, or Pipe 3). 
 


 Demonstration of mechanical models is delayed until 2010 to include the results from the 


vintage pipe testing program and therefore provide for a more substantial set of data for 


the analysis. 


 


 The process to mark the cracks and micro-cracks by ink injection in “dent and gouge” 


defects was not satisfactory. The team is developing a new or modified process. 


 


 A number of adjustments and modifications have been made to the program to improve 


the outcomes and generate additional and/or more robust data.  These changes have 


included additional tests (e.g., neutron diffraction), additional instrumentation to 


expand/improve the data collected during the tests, and related coordination, planning, 
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and management to implement the modifications.  The project team is attempting to 


offset any cost increases associated with these changes by improvements in productivity.  


However, it may be necessary to request a contract modification to account to the costs 
and additional time needed to provide for these changes.   


 


Plans for Future Activity 


Planned activities for the project are presented below.   


Task 2:  Purchase & Characterize Pipe Material 


GDF SUEZ will proceed to cyclic tensile tests on materials from Pipe 1 and 2 to determine the 


cyclic law hardening.  The source (or sources) for vintage pipe material will be confirmed and 


the material procured.  Testing on vintage pipe material will begin once the materials are 
delivered to the test facilities (GDF SUEZ in Saint Denis, France, and Stress Engineering 


Services in Houston, TX, USA).    


Task 4:  Testing of Dents on Welds and Corrosion Features 


Full scale testing of dents on welds will be completed by the end of November 2009.  Testing of 


dents interacting with corrosion features will start in the next quarter. 


Task 5:  Testing of Dents with Gouges 


GDF SUEZ will launch the creation of defects 1.3.2 and 2.2.2 and perform burst tests of defects 


1.3.2 and 2.2.2. The team will also develop a standard format and prepare complete reports for 


the tests completed to date. 
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 List of Activities and Deliverables 


Task 


No. 
Task 


Scheduled 


Completion 


Date 


Completed 


Date 


Mileston


e 


2 Purchase & Characterize Pipe Material 11/30/2008 


Ongoing 


(Vintage 


Pipe 3) 


 


3 Literature Review 06/30/2009 
Completed 


11/30/2009 
MS 


4 Testing of Dents on Welds and Corrosion Features 08/30/2009 Ongoing MS 


5 Testing of Dents with Gouges 5/31/2010 Ongoing MS 


6 
Demonstration of Mechanical Damage Model 


Performance 
11/30/2009 


Not Yet 


Started 
MS 


7 Industry Workshop 5/31/2010 
Not Yet 


Started 
 


8 Project Management and Reporting 5/31/2010 Ongoing MS 


Technical Status 
Technical activities undertaken through the sixth quarter focused on the following tasks: 


 


 Task 2—Purchase & Characterize Pipe Material 


 Task 3—Literature Review 


 Task 4—Testing of Dents on Welds and Corrosion Features 


 Task 5—Testing of Dents with Gouges 


 Task 8 – Project Management and Reporting 


 


A summary of the technical status and results to date are presented below for each tasks.   


 


The technical group for this program has maintained close communication to ensure program 


coordination. Issues of concern in the program have been forwarded to PRCI and DOT for their 


consideration. 


Task 2:  Purchase & Characterize Pipe Material 


There are three different pipe steels in this program:  


 


 Pipe 1 and 2 are modern IPSCO pipes manufactured between 2005 and 2006 


 


 Pipe 3 is intended to be older steel, either a former operating/in-service vintage pipe from 


one of PRCI’s member companies or a manufactured pipe that replicates vintage pipe 


properties.  The team is still establishing the source of Pipe 3. 


 


As indicated in prior progress reports, a potential source was identified that could manufacture 


Pipe 3 with properties replicating those observed for lower toughness pipes found in the 1950’s 


or 1960’s era pipelines. A manufactured source was identified as the preferred option in order to 


provide test pipe that was not affected by the variability introduced by unknown operations (i.e., 


such as pressure cycling over time and other operational factors/considerations).  This would also 


limit material characterization costs, as a manufactured source would be from one manufacturing 
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batch and require only one characterization vs. multiple sources of vintage pipe. However, based 


on further discussions that occurred during this quarterly reporting period with the prospective 


manufacturer, the project technical team, and PHMSA, it is likely that the sources for the vintage 


pipe will be from former in-service pipelines provided through contributions by PRCI’s member 


companies. Recent vintage pipe materials have become available and are believed to be 


consistent with the material properties needed for the project (this needs to be confirmed through 


material characterization and testing).  The vintage pipes are available immediately and there is 


no manufacturing lead time, which will improve schedule controls and maintain momentum on 


the project.  In addition, there are two primary sources of vintage pipe identified that are believed 


to be sufficient to meet the material needs for the program, which should help limit material 


characterization costs.   


 


A contract modification request had previously been submitted to PHMSA in August 2009 


regarding the vintage pipe manufacture and has been under review by PHMSA since that time.  


Based on the adjustment regarding the sources for vintage pipe, a revised version of the 


modification request was prepared and issued to PHMSA in February 2010.  The revised 


modification includes the acquisition and characterization of vintage pipe using former in-service 


pipes.  Preliminary material characterization test are being planned at this time and will be 


initiated upon approval of the revised contract modification request.   


 


GDF SUEZ has received three samples of Pipe 1 and two samples of Pipe 2 all with a length of 


11.8 m. Pipe 1 is API X52 grade and has a 24 in diameter and 7.9 mm wall thickness.  Pipe 2 is 


API X70 grade. It also has a 24 in diameter but has a wall thickness of 9.0 mm. IPSCO 


manufactured the pipe using the electric resistance welding (ERW) process. 


 


In the previous quarterly reports, GDF SUEZ presented material characterization results for 


Pipes 1 and 2: 


 


 Tensile properties in longitudinal and transverse directions 


 Charpy V impact values in different directions at room temperature 


 Toughness J Curve 


 Pre-strain effects on toughness 


 Size of slip bands (Additional originally unplanned work) 


 


Task 3:  Literature Review 


The literature review regarding cyclic fatigue dent assessment techniques is complete.  A report 


summarizing the findings and demonstrating the performance of the identified assessment 


techniques will be available following the completion of the testing.  


Task 4:  Testing of Dents on Welds and Corrosion Features 


The testing of all dents interacting with girth welds has been completed.  A general review and 


comparison of the results has been carried out to identify general trends.  A summary of the 


findings is presented in later in the report. 
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Figure 1:  Simulated Corrosion Feature 


 


The final test matrix for dents interacting with simulated corrosion features, shown in Table 1 


below, has been approved by the project team at the PRCI Research Exchange meeting in 


Atlanta (February 11-13).  Fabrication of the corrosion features and testing will begin in the 


coming quarter. 


 
Table 1:  Final Test Matrix – Dents Interacting with Simulated Corrosion Features 


(in) (%) (%) (%SMYS) (%SMYS)


35 26 A 4 10 10 R Metal Loss 30 80% 10%-80% C.L


36 30 A 4 10 10 R Metal Loss 0 80% 10%-80% C.L


37 37 A 4 15 ~3-5 U Metal Loss 30 80% 10%-80% C.L


38 38 A 4 15 ~3-5 U Metal Loss 0 80% 10%-80% C.L


39 39 B 4 5 5 R Metal Loss 0 80% 10%-80% 1" Offset 


40 40 B 4 15 ~3-5 U Metal Loss 0 80% 10%-80% 1" Offset
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Task 5:  Testing of Dents with Gouges 


GDF SUEZ is in charge of the creation, characterization, burst test, and fatigue test of realistic 


combined defects, i.e., ―dents with gouges‖, and their program is described in the next table: 


 


The defects are identified by three characters X.Y.Z. which are numbers: 


 


 X.Y.Z.—X identifies the Pipe X material which is noted by 1, 2, or 3 in this program; 


 


 X.Y.Z.—Y defines the type of dent and gouge defect characterized by its geometry 


notably in terms of dent depth and length, and gouge depth and length. This program is 


considering a maximum of three different kinds of defects per pipe material, and 


therefore, the value of Y can range from 1 to 3; two extreme aggression conditions are 


considered in this study: highly dynamic and slower aggression. The former corresponds 


to defect Types 1 and 2 for Pipe 1 (two different excavator teeth used) and Type 1 for 


Pipe 2, while the latter corresponds to Type 3 for Pipe 1 and Type 2 for Pipe 2. 
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 X.Y.Z.—Z is the number of defect in the defined type of defect. There are three 


similar defects per type of defect. The number 1 is for a detailed geometrical, mechanical 


and metallurgical in-depth defect characterization after its creation. Number 2 is a similar 


defect for the burst test to evaluate the defect behavior of under monotonic pressure load 


and number 3 is a similar defect for the fatigue test to evaluate the defect behavior under 


cyclic variation of the internal pressure. 


 


In the previous quarterly reports, the following results were presented: 


 Creation conditions and results for 13 defects (11 + 2 repeated ones): 1.1.1, 1.1.1b, 1.1.2, 


1.1.3, 1.2.1, 1.2.1b, 1.2.2,  1.3.1, 1.2.3, 2.1.1, 2.1.2, 2.1.3 and 2.2.1 


 Burst test conditions and results for 2 defects in Pipe 1, 1.1.2, 1.2.2 and one in Pipe 2: 


2.1.2 


 Fatigue test conditions and results for 2 defects in Pipe 1: 1.1.3, 1.2.3 and one in Pipe 2 : 


2.1.3 


 Metallurgical Failure Investigation for 3 defects: 1.1.2, 1.1.3, 1.2.2 and 2.1.3 


 


This report presents:  


 The cyclic hardening behavior of Pipe 1 and Pipe 2 


 Defect creation and characterization of defect 1.3.2 and 2.2.2. 


 


Table 2 below summarizes the progress of the task on ―Dent and Gouge‖ defects for the entire 


program. The background color in the table represents: 


 White: Defects not yet created 


 Yellow: Defects already created but not yet characterized/investigated or submitted to 


either Burst or Fatigue tests 


 Green: Defects created and tests completed 


 
Table 2:  Status of ―Dent and Gouge‖ defects for the entire program 


 


Business Status 
The project remains well coordinated with the pipeline industry through the PRCI partnership on 


the project.   
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Funds Expended  


The financial condition of the project is shown in Table 3 below.  Please note that a contract 


modification was submitted to DOT which will affect the budget. 


 
Table 3:  Status of the budget for the Project 


  


Federal Funding   Cost Share Funding  


 


Item 


# per 


MS 


Task # 


Task Description Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date 


% Task 


Work 


Completed 


1 Project Kick Off 


Meeting and 


Subcontracting $9,335 $0 $9,335 $831 $0 $831 100% 


2 Purchase & 


Characterize Pipe 


Material $34,674 $0 $19,567 $96,108 $16,149 $96,108 65% 


3 Literature Review 


$11,549 $0 $11,549 $8,669 $2,114 $8,668 100% 


4 Testing of Dents on 


Welds & Corrosion 


Features $188,507 $0 $157,363 $599,631 $0 $561,250 65% 


5 Testing of Dents 


with Gouges 
$150,020 $0 $150,020 $254,403 $0 $205,111 75% 


6 Demonstration of 


Mechanical 


Damage Model 


Performance $22,008 $0 $0 $10,930 $0 $10,930 0% 


7 Industry Workshop 


$12,030 $0 $0 $4,325 $0 $1,372 0% 


8 Project 


Management and 


Reporting $73,694 $7,336 $53,408 $43,959 $4,242 $40,879 On-going 


 
GRAND TOTAL $501,818 $8,836 $393,906 $1,018,856 $22,505 $790,373 


 


Schedule 
The project is generally on schedule, but as discussed in prior reports, Task 5 is impacted by the 


shutdown of the neutron diffraction facility at Chalk River. This delay impedes the detailed 


characterization of defects of Index 1. Note, the analysis of the defect samples using neutron 


diffraction was not included in the original scope of work and was added to the program on a 


voluntary, no-cost basis. 


 


Finally, the team has provided revised documents to DOT and expects to receive approval for a 


contract modification in the next quarterly period to support the procurement of manufactured 


vintage pipe for the DOT sponsored tests and to provide for a schedule extension from 24 to 48 


months. 


Payable Milestones 
Task status for this period is shown in Table 4.  Please note a modification was submitted to 


DOT to extend the schedule. 
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Table 4:  Status of Tasks for Project 


Task 


No. 
Task Status 


Scheduled 


Completion 


Date 


Payable 


Milestone 


(Item No) 


1 
Project Kick Off Meeting and 


Subcontracting 


100% 


Complete 
8/31/2008  


2 Purchase & Characterize Pipe Material 
65% 


Complete 
11/30/2008  


3 
Literature Review – effect of pre-strain and 


dent-gouge defect from field feed-back 


100% 


Complete 
11/30/2008  


4 
Testing of Dents on Welds and Corrosion 


Features 


65% 


Complete 
11/30/2009  


5 Testing of Dents with Gouges 
75 % 


Complete  
5/31/2010  


6 
Demonstration of Mech. Damage Model 


Performance 
0% Complete 5/31/2010  


7 Industry Workshop 0% Complete 5/31/2010  


8 Project Management and Reporting On-Going 5/31/2010 28 


 


Results and Conclusions 


A summary of the results are: 


 Task 2—Cyclic hardening tests were done in transverse direction for Pipe 1 and Pipe 2. 


The results show a Bauschinger effect with softening behavior for both materials. 


 Task 3—The literature review regarding cyclic fatigue dent assessment techniques is 


complete. 


 Task 4— The testing of dents interacting with girth welds has been completed. 


 Task 5—The team created dents with gouges on defects 1.3.2 and 2.2.2 with a slower 


aggression and then characterized defects 1.3.2 and 2.2.2, similar to defects 1.3.1 and 


2.2.1. It reached with a maximum 5.7% dent depth and gouge depth of 29% for defect 


1.3.2 and a maximum 5% dent depth and gouge depth of 16.7% for defect 2.2.2. Such a 


deep dent required an internal pressure during defect creation of 30 bars for Pipe 1 


(defect 1.3.2) and 20 bars for Pipe 2 (defect 2.2.2) 


Task 2: Material Characterization – Cyclic hardening tests on materials pipe 1 and pipe 2 


Cyclic hardening tests were done for Pipe 1 and Pipe 2 for different ranges of strain amplitudes: 


[-0.2%, +0.2%], [-0.5%, +0.5%], [-1.0%, +1.0%], [-1.5%, +1.5%], 


 


The team at GDF SUEZ observed a Bauschinger effect with softening behavior for both 


materials. Figure 2 shows cyclic curves data for Pipe 1. 
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Figure 2: Kinematic hardening behavior for Pipe 1 


Task 4:  Testing of Dents on Welds and Corrosion Features 


The testing of dents interacting with girth welds has been completed.  A review of the results to 


date is presented in the figures below. 


 


Figure 3 presents a summary of the experimental fatigue lives for each of the specimens, where 


the blue bars represent restrained dent specimens and red bars represent unrestrained specimens.   
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Figure 3:  Experimental Fatigue Lives – Plain Dents and Dents Interacting with Welds 


 


Figure 4 presents the final rebounded dent depth prior to cyclic fatigue loading.  As shown, the 


dent depths for the restrained dents are deeper than the rebounded dent depths exhibited by the 


unrestrained dent specimens. 
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Figure 4:  Final Rebounded Dent Depth Prior to Fatigue Cycling 


 


Figure 5 presents and compares the experimental fatigue life curves for plain unrestrained dents 


in Pipe A and Pipe B.  The curves relate the experimental fatigue life to the dent depth prior to 


fatigue cycling.  The curves represent the combined effect the different material grades and the 


wall thicknesses have on both the dent depth and the experimental fatigue lives. 
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Figure 5:  Experimental fatigue life curves for plain unrestrained dents in Pipe A and Pipe B 


 


Figure 6 shows similar experimental fatigue life curves for both plain restrained dents and 


restrained dents interacting with girth welds.   
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Figure 6:  Experimental fatigue life curves for both plain restrained dents and restrained dents 







Seventh Quarterly Report  February 28, 2010 


DTPH56-08-T-000011 – Project WP#339 


 


 


Page 11 


Task 5: Testing dents with gouges: Creation and characterization of defects 1.3.2 and 2.2.2. 


The team created defects 1.3.2 and 2.2.2 similar to defects 1.3.1 and 2.2.1 with a slower 


aggression procedure. The defects were created under internal pressures respectively of 30 and 


20 bar in order to ensure producing a deep dent. Force versus displacement curves are plotted 


below in Figure 7 and Figure 8 


 


 
Figure 7:  Force-displacement curve for creation of defect 1.3.2 


 


 
Figure 8: Force-displacement curve for creation of defect 2.2.2 
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Magnetic particle inspection (MPI) did not reveal the presence of cracks or micro-cracks at the 


bottom of the gouge for either defect (Figure 9). 


 


 
 


 
Figure 9:  Defect 1.3.2 (above) and 2.2.2 (below). - No crack or micro-crack was indicated by magnetic particle 


inspection 


 


The appearance of these defects is illustrated in Figure 10 below. 


 


 
Figure 10:  Side view of defect 1.3.2. 


 


For each defect two-dimensional profiles in longitudinal and transverse pipe directions passing 


by the deepest point of defect 1.3.2 and 2.2.2 are respectively presented in Figure 11 and Figure 


12.  
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Figure 11:  Defect 1.3.2 – 2D Longitudinal and Transverse Profiles at no pressure 
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Figure 12:  Defect 2.2.2 – 2D Longitudinal and Transverse Profiles at no pressure 
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Task 8: Project Management and Reporting 


A revised version of a previous August 2009 contract modification request was submitted to 


PHMSA to address a change in the approach for acquiring and testing of vintage pipe materials 


needed for the testing program (Pipe 3).  The updated modification request included a revised 


milestone schedule, extending the project schedule from the original 24 month period to 48 


months.  The additional time is related to the extension required to complete the testing program 


on the vintage pipe materials, as there was delay in identifying and confirming sources for the 


vintage pipe. 


 


The Project Technical Team participated in a program review meeting at the PRCI 2010 


Research Exchange Meeting in Atlanta, GA, held on February 10, 2010. The review meeting was 


broadly attended, with more than 50 participants from the pipeline industry present.  The meeting 


included not only the specific technical elements of the PHMSA-sponsored project on the 


structural significance of mechanical damage, but a number of other PRCI research projects that 


are directly linked to the database being developed under this project, including the development 


of models to assess the effects of dents and dent+gouge features on pipeline integrity. 


Issues, Problems or Challenges  


 GDF SUEZ measures the residual stresses in defects called x.x.1 on the same vessel for a 


given material. This process avoids wasting material by using the same vessel for 


different x.y.1 defects. However, the consequence is that the residual stress 


measurements and the metallurgical characterization of these already created defects will 


be performed at the end of the defect creation process for a given material (Pipe 1, Pipe 2, 


or Pipe 3). 


 


 The team is planning on delaying the demonstration of mechanical models until 2010 to 


include the results from the vintage pipe testing program and, therefore, provide for a 


more substantial set of data for the analysis. 


 


 The process to mark the cracks and micro-cracks by ink injection in ―dent and gouge‖ 


defects was not satisfactory. The team is developing a new or modified process. 


 


 A number of adjustments and modifications have been made to the program to improve 


the outcomes and generate additional and/or more robust data.  These changes have 


included additional tests (e.g., neutron diffraction), additional instrumentation to 


expand/improve the data collected during the tests, and related coordination, planning, 


and management to implement the modifications.  The project team is attempting to 


offset any cost increases associated with these changes by improvements in productivity.  


However, it may be necessary to request a contract modification to account for the costs 


directly attributed to these changes.  This modification is expected to be prepared and 


submitted in the next quarterly period. 


 


Plans for Future Activity 


Planned activities for the project are presented below.   
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Task 2:  Purchase & Characterize Pipe Material 


Testing on vintage pipe material will begin once the materials are delivered to the test facilities 


(GDF SUEZ in Saint Denis, France, and Stress Engineering Services in Houston, TX, USA).    


Task 4:  Testing of Dents on Welds and Corrosion Features 


Testing of the dents on simulated corrosion features will begin in the coming quarter. It is 


anticipated that the testing will also be concluded in the coming quarter. 


Task 5:  Testing of Dents with Gouges 


GDF SUEZ will perform burst tests of defects 1.3.2 and 2.2.2 and will launch the creation of 


defects 1.3.3 and 2.2.3. They will also perform X-ray diffraction to determination of residual 


stresses on internal and external surfaces of defects 1.3.1 and 2.2.1. 
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 List of Activities and Deliverables 


Task 


No. 
Task 


Scheduled 


Completion 


Date 


Completed 


Date 
Milestone 


2 Purchase & Characterize Pipe Material 8/31/2010 Ongoing*   


3 Literature Review 11/30/2009 Completed MS 


4 
Testing of Dents on Welds and 


Corrosion Features 
2/28/2012 Ongoing MS 


5 Testing of Dents with Gouges 2/28/2012 Ongoing MS 


6 
Demonstration of Mechanical Damage 


Model Performance 
11/30/2011 


 


Ongoing 
MS 


7 Industry Workshop 5/31/2012 
Not Yet 


Started 
 


8 Project Management and Reporting 5/31/2012 Ongoing MS 
* Vintage Pipe 3 


Technical Status 
Technical activities undertaken through the sixth quarter focused on the following tasks: 


 


 Task 2—Purchase & Characterize Pipe Material 


 Task 4—Testing of Dents on Welds and Corrosion Features 


 Task 5—Testing of Dents with Gouges 


 Task 8 – Project Management and Reporting 


 


A summary of the technical status and results to date are presented below for each tasks.   


 


The technical group for this program has maintained close communication to ensure program 


coordination. Issues of concern in the program have been forwarded to PRCI and DOT for their 


consideration. 


Task 2:  Purchase & Characterize Pipe Material 


There are three different pipe steels in this program:  


 


 Pipe 1 and 2 are modern IPSCO pipes manufactured between 2005 and 2006 


 


 Pipe 3 is intended to be of older steel, either a set of former operating / in-service vintage 


pipes from one of PRCI’s member companies or a manufactured pipe that replicates 


vintage pipe properties.   


 


GDF SUEZ has received three samples of Pipe 1 and two samples of Pipe 2 all with a length of 


11.8 m. Pipe 1 is API X52 grade and has a 24 in diameter and 7.9 mm wall thickness.  Pipe 2 is 


API X70 grade. It also has a 24 in diameter but has a wall thickness of 9.0 mm. IPSCO 


manufactured the pipe using the electric resistance welding (ERW) process. 


 


In the previous quarterly reports, GDF SUEZ presented material characterization results for 


Pipes 1 and 2: 
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 Tensile properties in longitudinal and transverse directions 


 Charpy V impact values in different directions at room temperature 


 Toughness J Curve 


 Pre-strain effects on toughness 


 Size of slip bands (Additional originally unplanned work) 


 Cyclic hardening behavior. 


 


Materials characterization for Pipe 1 and Pipe 2 is now fully complete. 


 


As discussed in the previous progress reports, PRCI has identified sources of the lower 


toughness vintage pipe for the dent (including plain dents, dents on welds, and dents with 


corrosion metal loss) and dent and gouge defects.  These pipes were removed from the field and 


stored at Stress Engineering Services (SES) near Houston, TX.  The team performed a 


preliminary visual inspection during a project team meeting in May.  SES has catalogued the 


vintage pipe, with respect to lengths of the segments available and the locations of known 


anomalies such as existing girth welds, sleeves and metal loss.  The researchers will confirm the 


suitability of the vintage pipes for the project based upon the on initial material characterization 


tests. 


 


BMT has developed a material property characterization plan for the ―SoCal‖ vintage pipe.  The 


characterization plan includes fully characterizing material from five pipe segments, where the 


researchers will carry out tensile testing, chemistry, Charpy, microstructure and hardness 


measurements on all five segments.  In addition to the detailed material characterization, the 


scientists will perform fatigue testing on coupons extracted from the ―SoCal‖ pipe to evaluate the 


effect of surface notches found on the outer diameter of the pipe, shown in the Figure 1 below 


created during the pipe manufacturing process.  The objective is to ensure the surface features do 


not significantly affect the fatigue testing results.   


 


     
Figure 1:  Surface Notches on OD of SoCal Vintage Pipe 
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Task 3:  Literature Review 


The literature review regarding cyclic fatigue dent assessment techniques is complete.  A report 


summarizing the findings and demonstrating the performance of the identified assessment 


techniques will be available following the completion of the testing. 


 


Task 4:  Testing of Dents on Welds and Corrosion Features 


The testing of the six dents interacting with simulated corrosion features, is summarized in the 


table below, has started with the first two specimens.  BMT has completed the fabrication of the 


simulated corrosion features in the remaining four specimens. 


 
Table 1:  Final Test Matrix – Dents Interacting with Simulated Corrosion Features 


(in) (%) (%) (%SMYS) (%SMYS)


35 26 A 4 10 10 R Metal Loss 30 80% 10%-80% C.L


36 30 A 4 10 10 R Metal Loss 0 80% 10%-80% C.L


37 37 A 4 15 ~3-5 U Metal Loss 30 80% 10%-80% C.L


38 38 A 4 15 ~3-5 U Metal Loss 0 80% 10%-80% C.L


39 39 B 4 5 5 R Metal Loss 0 80% 10%-80% 1" Offset 


40 40 B 4 15 ~3-5 U Metal Loss 0 80% 10%-80% 1" Offset


Indenter 


Location
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Restraint
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Indentation 


Pressure
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Pressure 
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Task 5:  Testing of Dents with Gouges 


GDF SUEZ is in charge of the creation, characterization, burst test, and fatigue test of realistic 


combined defects, i.e., ―dents with gouges‖, and their program is described in the next table: 


 


The defects are identified by three characters X.Y.Z. which are numbers: 


 


 X.Y.Z.—X identifies the Pipe X material which is noted by 1, 2, or 3 in this program; 


 


 X.Y.Z.—Y defines the type of dent and gouge defect characterized by its geometry 


notably in terms of dent depth and length, and gouge depth and length. This program is 


considering a maximum of three different kinds of defects per pipe material, and 


therefore, the value of Y can range from 1 to 3; two extreme aggression conditions are 


considered in this study: highly dynamic and slower aggression. The former corresponds 


to defect Types 1 and 2 for Pipe 1 (two different excavator teeth used) and Type 1 for 


Pipe 2, while the latter corresponds to Type 3 for Pipe 1 and Type 2 for Pipe 2. 


 


 X.Y.Z.—Z is the number of defect in the defined type of defect. There are three 


similar defects per type of defect. The number 1 is for a detailed geometrical, mechanical 


and metallurgical in-depth defect characterization after its creation. Number 2 is a similar 


defect for the burst test to evaluate the defect behavior of under monotonic pressure load 


and number 3 is a similar defect for the fatigue test to evaluate the defect behavior under 


cyclic variation of the internal pressure. 


 


In the previous quarterly reports, the following results were presented: 
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 Creation conditions and results for 15 defects (13 + 2 repeated ones): 1.1.1, 1.1.1b, 1.1.2, 


1.1.3, 1.2.1, 1.2.1b, 1.2.2,  1.3.1,1.3.2, 1.2.3, 2.1.1, 2.1.2, 2.1.3 , 2.2.1 and 2.2.2 


 Burst test conditions and results for 2 defects in Pipe 1, 1.1.2, 1.2.2 and one in Pipe 2: 


2.1.2 


 Fatigue test conditions and results for 2 defects in Pipe 1: 1.1.3, 1.2.3 and one in Pipe 2 : 


2.1.3 


 Metallurgical Failure Investigation for 3 defects: 1.1.2, 1.1.3, 1.2.2 and 2.1.3 


 


This report presents:  


 Creation of defect 2.2.3 


 Burst tests of defects 1.3.2 and 2.2.2. 


 


Table 2 below summarizes the progress of the task on ―Dent and Gouge‖ defects for the MD4-1 


part of the program. The background color in the table represents: 


 


 White: Defects not yet created 


 Yellow: Defects already created but not yet characterized/investigated or submitted to 


either Burst or Fatigue tests 


 Green: Defects created and tests completed 


 
Table 2:  Status of ―Dent and Gouge‖ defects for the MD4-1part of the program 


 
 


Business Status 
The project remains well coordinated with the pipeline industry through the PRCI partnership on 


the project.   


Funds Expended  


The financial condition of the project is shown in Table 3 below.  Please note that a contract 


modification was submitted to DOT which will affect the budget. 


 
Table 3:  Status of the budget for the Project 


  


Federal Funding   Cost Share Funding  
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Task 


# per 


MS 


Task 


Description Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date Budget 


Expended 


(Actuals) 


This Quarter 


Expended 


(Actuals) to 


Date 


% Task 


Work 


Completed 


1 Project Kick 


Off Meeting 


and 


Subcontracting $9,335 $0 $9,335 $831 $0 $831 100% 


2 Purchase & 


Characterize 


Pipe Material $134,674 $0 $19,567 $146,108 $0 $8,166 


 


100% 


3 Literature 


Review 
$11,549 $0 $11,549 $8,669 $0 $3,684 100% 


4 Testing of 


Dents on 


Welds & 


Corrosion 


Features $188,507 $0 $188,507 $599,632 $77,802 $463,999 65% 


5 Testing of 


Dents with 


Gouges $150,020 $0 $150,020 $254,404 $0 $0 


 


80% 


6 Demonstration 


of Mechanical 


Damage 


Model 


Performance $22,008 $0 $0 $10,930 $0 $0 30% 


7 Industry 


Workshop 
$12,030 $0 $0 $4,325 $0 $0 0% 


8 Project 


Management 


and Reporting $88,366 $1,834 $55,242 $43,959 $0 $0 On-going 


 


GRAND 


TOTAL $616,490 $1,834 $434,220 $1,068,858 $77,802 $476,680 


 


Schedule 
The project is generally on schedule, but as discussed in prior reports, Task 5 is impacted by the 


decision to add neutron diffraction testing of selected dent+gouge samples to the program. The 


facility initially selected to perform the neutron diffraction testing, the Canadian Neutron Beam 


Centre (CNBC) at Chalk River, ON, experienced a shutdown for an extended period and this has 


delayed the proposed additional testing.  To help address the delay, the Program Team has 


coordinated with National Institute of Standards and Technology (NIST) Center for Neutron 


Research at Gaithersburg, MD to perform the testing. In April, NIST received defects 1.1.1b and 


1.3.1 and begun the neutron diffraction analysis.  The reader should note that the analysis of the 


defect samples using neutron diffraction was not included in the original scope of work and was 


added to the program to capitalize on the availability of the neutron diffraction testing equipment 


and laboratories at no cost to the project.  The data generated will be very beneficial to 


improving the understanding the behavior of dent+gouge defects and providing further input for 


improving the mechanical damage modeling projects. 


 


Also, the team has executed a modified contract with DOT in order to support the procurement 


and testing of manufactured vintage pipe which was delayed.  The modification will extend the 


project for 24 months through May 2012  
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Payable Milestones 
Task status for this period is shown in Table 4.   


 
Table 4:  Status of Tasks for Project 


Task 


No. 
Task Status 


Scheduled 


Completion 


Date 


Payable 


Milestone 


(Item No) 


1 
Project Kick Off Meeting and 


Subcontracting 


100% 


Complete 
8/31/2008  


2 Purchase & Characterize Pipe Material 
100% 


Complete 
8/31/2010  


3 
Literature Review – effect of pre-strain and 


dent-gouge defect from field feed-back 


100% 


Complete 
11/30/2009  


4 
Testing of Dents on Welds and Corrosion 


Features 


65% 


Complete 
2/28/2012 25, 28, 31 


5 Testing of Dents with Gouges 
80% 


Complete  
2/28/2012  


6 
Demonstration of Mech. Damage Model 


Performance 


30% 


Complete 
11/30/2011  


7 Industry Workshop 
0%  


Complete 
5/31/2012  


8 Project Management and Reporting On-Going 5/31/2012  


 


Results and Conclusions 


A summary of the results are: 


 Task 3—The literature review regarding cyclic fatigue dent assessment techniques is 


complete. 


 


 Task 4—The testing of dents interacting with girth welds is complete. 


 


 Task 5 


o The team created a dent and gouge defect labeled 2.2.3. It has a maximum dent depth 


of 5.2% and a maximum gouge depth of 21% (As a comparison, dent depth were 5% 


and 4.6% s for respectively defects 2.2.2 and 2.2.1)  


 


o GDF SUEZ performed burst tests on defects 1.3.2 and 2.2.2. In addition to strain 


gauges and a clip gauge, they built a specific profiling tool was built.  The researchers 


used a video camera to follow the evolution of the longitudinal dent profile during the 


pressure increase until burst.  The results showed the dent re-rounding and subsequent 


bulging. 


Task 4:  Testing of Dents on Welds and Corrosion Features 


The team has not generated any new results for the dents interacting with simulated corrosion 


features.  The testing is currently ongoing and an update to the results will be provided in the 


next quarterly report.  
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BMT has developed a cutting plan for the vintage pipe based on the catalogue of segments 


provided by SES.  It has identified sufficient material for all of the specimens in the extended 


matrix developed previously.  The plan also includes locations where the researchers can remove 


material for the detailed material characterization program previously described.  


Task 5: Testing dents with gouges: Creation of defect 2.2.3 and burst tests of defects 1.3.2 and 


2.2.2. 


The team created with a slower aggression procedure defect 2.2.3, similar to defects 2.2.1 and 


2.2.2. The defect was created under an internal pressure of 20 bar in order to ensure the process 


would produce a deep dent. The force versus displacement curves are plotted below in Figure 2 


and Figure 3. 


 


 


 
Figure 2:  Force-displacement curve for creation of defect 2.2.3 
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Figure 3: Evolution of internal strains during the creation of defect 2.2.3 


 


Figure 4 shows defect 2.2.3 


 


 
Figure 4:  View of defect 2.2.3 
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For the burst tests, defects 1.3.2 and 2.2.2 were equipped each with the specific profiling tool to 


record the evolution of the dent longitudinal profile during pressure increase as shown in Figures 


5 and 6. The burst pressures of defects 1.3.2 and 2.2.2 are respectively 130.9 bar and 193.5 bar, 


which are close to those of undamaged pipes. 


 


 
Figure 5:  View of longitudinal dent profiler at the beginning of test (defect 1.3.2) 


 


 
Figure 6:  View of longitudinal dent profiler close to burst pressure (defect 1.3.2) 


 


Figures 7 and 8 present the vertical displacements at several positions along the dent versus 


pressure of defects 1.3.2 and 2.2.2. The graph shows a quick re-rounding at low pressure (from 


35 bar for defect 1.3.2 and from 30-35 bar for defect 2.2.2) above the indentation pressures. 
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Figure 7:  Vertical dent displacement versus pressure (defect 1.3.2) 


 


 
Figure 8:  Vertical dent displacement versus pressure (defect 2.2.2) 
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Task 8: Project Management and Reporting 


The team has received approval for a twenty four month extension in order to complete the 


testing program on the vintage pipe materials, as there was delay in identifying and confirming 


sources for the vintage pipe. 


 


 


A project progress meeting was held on May 13-14, 2010, at SES in Houston, TX.  The meeting 


was scheduled to provide a report to PHMSA and the program team on the status of defect 


testing and development of the mechanical damage database, and to review the proposed 


modifications to the program that have been identified based on results to date and recent 


discussions with PHMSA’s representatives. The meeting also provided the opportunity for 


PHMSA, the Principal Investigators, and the members of the program team in attendance to 


visually inspect the vintage pipe.  


 


Due to the timing of the meeting relative to developing this progress report, meeting minutes 


have not yet been compiled and completed. Meeting minutes will be included as an attachment in 


a future progress report (either monthly or quarterly).   


 


Issues, Problems or Challenges  


 GDF SUEZ measures the residual stresses in defects called x.x.1 on the same vessel for a 


given material. This process avoids wasting material by using the same vessel for different 


x.y.1 defects. However, the consequence is that the residual stress measurements and the 


metallurgical characterization of these already created defects will be performed at the end 


of the defect creation process for a given material (Pipe 1, Pipe 2, or Pipe 3). Two defects 


(1.1.1b and 1.3.1) were sent to NIST for neutron diffraction and so the metallurgical 


characterization could be done this year for these defects. 


 


 The team is planning on delaying the demonstration of mechanical models until 2010 to 


include the results from the vintage pipe testing program and, therefore, provide for a 


more substantial set of data for the analysis. 


 


 The process to mark the cracks and micro-cracks by ink injection in ―dent and gouge‖ 


defects was not satisfactory. The team is looking for a new or modified process. The 


challenge with ink marking is that most inks are water-based and the use of hydrostatic 


pressure for burst and fatigue testing results in wash out of the ink when the defects fail.  


Solvent-based inks are more difficult to find due to environmental considerations.   


 


 A number of adjustments and modifications have been made to the program to improve 


the outcomes and generate additional and/or more robust data.  These changes have 


included additional tests (e.g., neutron diffraction), additional instrumentation to 


expand/improve the data collected during the tests, and related coordination, planning, and 


management to implement the modifications.  The project team is attempting to offset any 


cost increases associated with these changes by improvements in productivity.  However, 


it may be necessary to request a contract modification to account for the costs directly 


attributed to these changes.  The team is preparing this modification and plans to submit it 
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during the next quarter. 


 


Plans for Future Activity 


Planned activities for the project are presented below.   


Task 2:  Purchase & Characterize Pipe Material 


Testing on vintage pipe material will begin once the materials are delivered to the test facilities 


(SES in Houston, TX, and GDF SUEZ in Saint Denis, France).  Prior to delivering the materials 


to the testing facilities, preliminary material characterization will be performed to verify that the 


selected materials are representatives of vintage pipe properties.  Preliminary testing will be 


performed by BMT Fleet Technology and SES, pending approval by the team.   


Task 4:  Testing of Dents on Welds and Corrosion Features 


BMT has begun the testing of the dents on simulated corrosion features and plans to conclude it 


in the coming quarter.   


 


Work will begin on creating the vintage pipe specimens for the extended testing matrix.  


Additionally, the detailed material characterization program for the vintage pipe material will 


begin in the coming quarter. 


Task 5:  Testing of Dents with Gouges 


GDF SUEZ will create defect 1.3.3 and perform fatigue tests on defects 1.3.3 and 2.2.3  


 


 


 


 
 


 GDF SUEZ continued the tests on dents and gouges during this reporting period with the 


following results: 


 


 GDF SUEZ created Defect 2.2.3 with slower aggression and low internal pressure, (20 


bars) to promote deep denting in the range of 5%. 
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 GDF SUEZ performed burst tests on defects 1.3.2 and 2.2.2 with additional 


instrumentation in order to video the longitudinal profile of severe dent versus the increase 


of pressure  
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 List of Activities and Deliverables 
 


Task 


No. 
Task 


Scheduled 


Completion 


Date 


Completed 


Date 
Milestone 


1 
Project Kick Off Meeting and 


Subcontracting 
8/31/2008 8/31/2008  


2 Purchase & Characterize Pipe Material 
8/31/2010 


 
Ongoing*   


3 Literature Review 11/30/2009 Completed  


4 
Testing of Dents on Welds and 


Corrosion Features 
2/28/2012 Ongoing  


5 Testing of Dents with Gouges 2/28/2012 Ongoing  


6 
Demonstration of Mechanical Damage 


Model Performance 
11/30/2011 Ongoing  


7 Industry Workshop 5/31/2012 
Not Yet 


Started 
 


8 Project Management and Reporting 5/31/2012 Ongoing MS 
* Pipe 1 and 2 complete, work on Vintage Pipe 3 is on-going. 


Technical Status 
Technical activities undertaken through the ninth quarter focused on the following tasks: 


 


 Task 2—Purchase & Characterize Pipe Material 


 Task 4—Testing of Dents on Welds and Corrosion Features 


 Task 5—Testing of Dents with Gouges 


 Task 8 – Project Management and Reporting 


 


A summary of the technical status and results to date are presented below for each tasks.   
 


The technical group for this program has maintained close communication with other related 


research projects being conducted by PRCI and DOT to ensure program coordination. The team 
has forwarded any issues of concern to PRCI and DOT for their consideration. 


Task 2:  Purchase & Characterize Pipe Material 
There are three currently different pipe steels in this program:  


 


 Pipe 1 and 2 are modern IPSCO pipes manufactured between 2005 and 2006 
 


 Pipe 3 is intended to be of older steel which was initially intended to be a manufactured 


pipe that replicates vintage pipe properties.  Due to challenges identified with this initial 


approach, the project is now using vintage pipe from former in-service pipelines provided 


by PRCI member companies.  This has resulted in use of several different pipes, one 


vintage material for dents and a separate material for dent+gouge.   
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GDF SUEZ has received three samples of Pipe 1 and two samples of Pipe 2 all with a length of 


11.8 m.  Pipe 1 is API X52 grade and has a 24 in diameter and 7.9 mm wall thickness.  Pipe 2 is 


API X70 grade. It also has the same diameter but has a wall thickness of 9.0 mm. IPSCO 
manufactured the pipe using the electric resistance welding (ERW) process. GDF SUEZ material 


characterization for Pipes 1 and 2 is fully complete and results presented in previous reports. 


 


The team removed a sample of vintage pipe (called SoCal or Pipe 3) from the field and delivered 


it to Stress Engineering Services (SES) facility near Houston, TX for inspection by the research 


team.  Based on the inspection of the pipe conditions, they selected five pipe joints for 


preliminary material characterization to confirm that the material properties are consistent with 


standard vintage pipe materials.  SES cut ring samples from each of the five pipe joints and sent 
them to BMT Fleet Technology’s facilities in Kanata, ON (Canada) in June 2010. BMT Fleet 


Technology is nearing completion of the preliminary characterization, and they expect the results 


in early September 2010. If the material characterization confirms the suitability of the vintage 
pipe for the full-scale testing program, BMT Fleet Technology will proceed with detailed 


material characterization and full scale tests based upon a material property characterization 


plan, including full characterization of the samples from each of the five sections - tensile 


testing, chemistry, Charpy, microstructure and hardness measurements. 


 


PRCI finalized arrangements and secured a second set of vintage pipes for the dent+gouge test 


samples. The pipe is 24 in. diameter and made of X50 steel that was manufactured in the early 


1940 by A.O. Smith.  The sections of pipe have been transported to SES, where the team will 
perform a preliminary visual inspection and catalogue this vintage pipe with respect to the 


locations of known anomalies such as existing girth welds, sleeves, metal loss, and other features 
that could have an impact on the full-scale test results.  SES will cut ring samples from the three 


longest sections of pipe (i.e., the 24 ft. section and two 40 ft. sections) and send it to BMT for 


immediate preliminary material characterization which includes the same test parameters as the 
SoCal pipe.   


 


The other vintage pipes recovered from service and provided by Williams Companies were 


previously shipped to SES and will also undergo preliminary testing of material properties to 


confirm their use as vintage pipes.  SES will then cut ring samples from each of two 40 ft. 
sections of the 24 in. pipe for preliminary characterization of basic materials properties.   The 


team will designate the most appropriate vintage pipe as Pipe 4 and GDF SUEZ will use it to 


perform tests on the dent+gouge defects. 


Task 3:  Literature Review 


The literature review regarding cyclic fatigue dent assessment techniques is complete.  A report 
summarizing the findings and demonstrating the performance of the identified assessment 


techniques will be available following the completion of the testing. 


Task 4:  Testing of Dents on Welds and Corrosion Features 


BMT Fleet Technology has completed the testing of dents on welds and simulated corrosion 


features for Pipe 1 and 2 (modern steel).  They are reviewing the detailed experimental data 


collected during the test and reformatting it into a common format suitable for dissemination.  


The researchers will commence full scale dent testing of the vintage pipe material scenarios next 


quarter. 
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Task 5:  Testing of Dents with Gouges 
GDF SUEZ is in charge of the creation, characterization, burst test, and fatigue test of realistic 


combined defects, i.e., ―dents with gouges‖, and their program is described in the next table: 
 


The defects are identified by three characters X.Y.Z. which are numbers: 


 


 X.Y.Z.—X identifies the Pipe X material which is noted by 1, 2, or 3 in this program; 


 


 X.Y.Z.—Y defines the type of dent and gouge defect characterized by its geometry 


notably in terms of dent depth and length, and gouge depth and length. This program is 


considering a maximum of three different kinds of defects per pipe material, and therefore, 


the value of Y can range from 1 to 3; two extreme aggression conditions are considered in 


this study: highly dynamic and slower aggression. The former corresponds to defect Types 
1 and 2 for Pipe 1 (two different excavator teeth used) and Type 1 for Pipe 2, while the 


latter corresponds to Type 3 for Pipe 1 and Type 2 for Pipe 2. 


 


 X.Y.Z.—Z is the number of defect in the defined type of defect. There are three similar 


defects per type of defect. The number 1 is for a detailed geometrical, mechanical and 


metallurgical in-depth defect characterization after its creation. Number 2 is a similar defect 
for the burst test to evaluate the defect behavior of under monotonic pressure load and 


number 3 is a similar defect for the fatigue test to evaluate the defect behavior under cyclic 


variation of the internal pressure. 


 


In the previous quarterly reports, the following results were presented: 


 


 Creation conditions and results for 16 defects (14 + 2 repeated ones): 1.1.1, 1.1.1b, 1.1.2, 


1.1.3, 1.2.1, 1.2.1b, 1.2.2, 1.3.1, 1.3.2, 1.2.3, 2.1.1, 2.1.2, 2.1.3 , 2.2.1, 2.2.2 and 2.2.3; 


 Burst test conditions and results for 3 defects in Pipe 1: ―1.1.2, 1.2.2 and 1.3.2‖ and two 


in Pipe 2: ―2.1.2 and 2.2.2‖. 


 Fatigue test conditions and results for 2 defects in Pipe 1: ―1.1.3 and 1.2.3‖ and one in 


Pipe 2: ―2.1.3‖; 


 Metallurgical Failure Investigation for 3 defects ―1.1.2, 1.1.3, 1.2.2 and 2.1.3‖. 


 


This report presents:  


 


 Creation of defect 1.3.3; 


 Fatigue tests of defect 2.2.3; 


 Additional investigation by SEM of the hardened layer at the gouge bottom. 


 
Table 1 below summarizes the progress of the task on ―Dent and Gouge‖ defects for the MD4-1 


part of the program. The background color in the table represents: 


 


 White: Defects not yet created 


 Yellow: Defects already created but not yet characterized/investigated or submitted to 


either burst or fatigue tests 
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 Green: Defects created and tests completed 


 
Table 1:  Status of “Dent and Gouge” defects for the MD4-1part of the program 


 
 


Business Status 
The project remains well coordinated with the pipeline industry through PRCI.   


Funds Expended  
The financial condition of the project is shown in Table 2 below.  Please note that a contract 


modification was submitted to DOT which will affect the budget. 
 


Table 2:  Status of the budget for the Project 


  


Federal Funding   Cost Share Funding  


 


Task 


# per 


MS 


Task 


Description Budget 


Expended 


(Actuals) 


This 


Quarter 


Expended 


(Actuals) 


to Date Budget 


Expended 


(Actuals) 


This Quarter 


Expended 


(Actuals) to 


Date 


% Task 


Work 


Completed 


1 Project Kick 


Off Meeting 


and 


Subcontracting $9,335 $0 $9,335 $831 $0 $831 100% 


2 Purchase & 


Characterize 


Pipe Material $134,674 $15,107 $34,674 $146,108 $44,453 $68,769 67% 


3 Literature 


Review 
$11,549 $0 $11,549 $8,669 $0 $6,975 100% 


4 Testing of 


Dents on 


Welds & 


Corrosion 


Features $188,507 $0 $157,363 $599,632 $25,934 $438,065 75% 


5 Testing of 


Dents with 
Gouges $150,020 $0 $150,020 $254,404 $0 $71,336 60% 


6 Demonstration 


of Mechanical 


Damage $22,008 $0 $0 $10,930 $0 $0 30% 
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Model 


Performance 


7 Industry 


Workshop 
$12,030 $0 $0 $4,325 $0 $0 0% 


8 Project 


Management 


and Reporting $88,366 $1,834 $57,076 $43,959 $0 $1,450 On-going 


 


GRAND 


TOTAL $616,490 $16,941 $420,017 $1,068,858 $70,387 $587,425 


 


 


Schedule 
The project is generally on schedule, but as discussed in prior reports, Task 5 is impacted by the 
decision to add neutron diffraction testing of selected dent+gouge samples to the program. The 


facility initially selected to perform the neutron diffraction testing, the Canadian Neutron Beam 


Centre (CNBC) at Chalk River, ON, experienced a shutdown for an extended period and this has 
delayed the proposed additional testing.  To help address the delay, the Program Team has 


coordinated with National Institute of Standards and Technology (NIST) Center for Neutron 


Research at Gaithersburg, MD to perform the testing. In April, NIST received defects 1.1.1b and 
1.3.1, and NIST is finishing the experimental work and interpretation of the data this month.  The 


reader should note that the analysis of the defect samples using neutron diffraction was not 


included in the original scope of work and was added to the program to capitalize on the 


availability of the neutron diffraction testing equipment and laboratories at no cost to the project.  


The data generated will be very beneficial to improving the understanding the behavior of 
dent+gouge defects and providing further input for improving the mechanical damage modeling 


projects. 


Payable Milestones 
Task status for this period is shown in Table 3.   
 


Table 3:  Status of Tasks for Project 


Task 


No. 
Task Status 


Scheduled 


Completion 


Date 


Payable 


Milestone 


(Item No) 


1 
Project Kick Off Meeting and 


Subcontracting 


100% 


Complete 
8/31/2008  


2 Purchase & Characterize Pipe Material 
67%  


Complete 
8/31/2010 16 


3 
Literature Review – effect of pre-strain and 


dent-gouge defect from field feed-back 


100% 


Complete 
11/30/2009  


4 
Testing of Dents on Welds and Corrosion 


Features 


75% 


Complete 
2/28/2012 32 


5 Testing of Dents with Gouges 
60% 


Complete  
2/28/2012  


6 
Demonstration of Mech. Damage Model 


Performance 


30% 


Complete 
11/30/2011  


7 Industry Workshop 
0%  


Complete 
5/31/2012  
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8 Project Management and Reporting On-Going 5/31/2012  


 


Results and Conclusions 


A summary of the results are: 


 Task 2—Material characterization are complete for Pipe 1 and Pipe 2; 


 Task 3—The literature review of cyclic fatigue dent assessment techniques is complete; 


 Task 4—The testing of dents interacting with girth welds is complete. 


 Task 5—The team created a dent+gouge defect labeled 1.3.3 and performed a fatigue test 


on defect 2.2.3.  They also used scanning electron microscope (SEM) to 


investigate a small surface crack in defect 1.1.3 


Task 4:  Testing of Dents on Welds and Corrosion Features 


A summary of the full scale fatigue test results, for dents on Pipes 1 and 2 (i.e. all plain dents, 


dents interacting with welds and dents interacting with simulated corrosion features) is presented 


in the table below.   


 
Table 4:  Summary of Full Scale Dent Tests – Pipe Materials 1 and 2 


Spec 
# 


Pipe Nominal 
Indenter 
Diameter 


Indenter 
Travel 


Rest. Cond. Initial 
Pressure 


Cycle 


Weld  
Loc. 


Metal 
Loss 


Initial 
Dent 


Depth 


Final 
Dent 


Depth 


Cycles 
to 


Failure 


(in) (%)   (%SMYS)   (%OD) (%OD)  


1 1 2 7.5% R Plain 100% N.A. N.A. N.A. 5.56% 6948 


2 1 2 7.5% R Plain 100% N.A. N.A. N.A. 5.51% 38685 


3 2 4 10.0% R Plain 100% N.A. N.A. N.A. 9.01% 6886 


4 2 4 10.0% R Plain 100% N.A. N.A. N.A. 8.28% 16234 


5 2 4 10.0% R Plain 80% N.A. N.A. N.A. 9.84% 2531 


6 2 4 10.0% R Plain 80% N.A. N.A. N.A. 9.84% 3359 


7 1 2 15.0% U Plain 100% N.A. N.A. 5.21% 2.63% 21103 


8 1 2 15.1% U Plain 100% N.A. N.A. 5.88% 2.48% 28211 


9 1 2 15.1% U Plain 80% N.A. N.A. 5.89% 3.28% 6825 


10 1 2 15.1% U Plain 80% N.A. N.A. 5.76% 2.69% 9116 


11 1 4 15.0% U Plain 100% N.A. N.A. 7.99% 2.55% 15063 


12 1 4 15.1% U Plain 100% N.A. N.A. 6.00% 2.28% 27575 


13 2 2 15.0% U Plain 100% N.A. N.A. 5.81% 2.17% 13262 


14 2 2 15.0% U Plain 100% N.A. N.A. 5.74% 2.21% 15065 


15 2 2 15.0% U Plain 80% N.A. N.A. 5.52% 2.21% 4035 


16 2 2 15.0% U Plain 80% N.A. N.A. 5.63% 2.22% 4684 


17 2 4 15.0% U Plain 100% N.A. N.A. 5.41% 1.56% 11415 


18 2 4 15.0% U Plain 100% N.A. N.A. 5.32% 1.69% 15949 


19 1 2 5.1% R L.S. 100% 2" Off N.A. n/a n/a 32282 


20 1 2 5.1% R L.S. 100% 2" Off N.A. n/a n/a 24919 


21 1 2 5.0% R G.W. 100% 2" Off N.A. N.A. 2.78% 66871 


22A 1 4 10.0% R G.W. 100% 2" Off N.A. N.A. 4.60% 66429 


23 2 4 10.0% R G.W. 100% 2" Off N.A. N.A. 5.88% 12722 


24 2 4 10.1% R G.W. 100% 2" Off N.A. N.A. 5.49% 16278 


25 1 2 15.0% U G.W. 100% C.L. N.A. 6.28% 2.77% 19063 
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27 1 2 15.0% U G.W. 100% 2" Off N.A. 6.93% 2.88% 18633 


28 1 2 15.0% U G.W. 100% 2" Off N.A. 6.85% 2.88% 16107 


29 1 4 15.0% U G.W. 100% 2" Off N.A. 6.35% 2.20% 14400 


31 2 2 15.1% U G.W. 100% 2" Off N.A. 6.03% 2.55% 9890 


32 2 2 15.0% U G.W. 100% 2" Off N.A. 5.97% 2.51% 9506 


33 2 4 15.1% U G.W. 100% 2" Off N.A. 5.82% 2.20% 9386 


34 2 4 15.0% U G.W. 100% 2" Off N.A. 5.87% 1.97% 9871 


35 2 4 15.1% U G.W. 100% C.L. N.A. 5.28% 2.10% 19959 


36 2 4 15.0% U G.W. 100% C.L. N.A. 5.03% 1.88% 15568 


26
* 1 4 10.0% R M.L. 100% N.A. 1 10.0% 6.06% 40832 


30 1 4 10.0% R M.L. 100% N.A. 2 10.0% 6.08% 31179 


37
* 1 4 15.0% R M.L. 100% N.A. 3 15.0% 3.41% 42159 


38 1 4 15.0% U M.L. 100% N.A. 1 15.0% 2.43% 32963 


39 2 4 5.0% R M.L. 100% N.A. 1 5.0% 2.81% 7559 


40 2 4 15.0% U M.L. 100% N.A. 1 15.0% 2.01% 6504 


* Indentation carried out under 30% pressure. 


Task 5: Testing dents with gouges: Creation of defect 1.3.3, fatigue test of defect 2.2.3 and 


microscopic examination of small crack in hardened layer of defect 1.1.3. 


 


The team created defect 1.3.3 using a slower aggression procedure, similar to defects 1.3.1 and 
1.3.2. They created it under an internal pressure of 30 bar in order to ensure the process would 


produce a deep dent. The force versus displacement is plotted below in Figure 1. The value of 


total absorbed energy for the creation of defect 1.3.3 is 23973 J. This value is aligned with the 


energy levels of 34930 Joules and 28312 Joules for the similar defects, which in turn were high 


compared to the absorbed energy below 10000 J for other defects created with dynamic impact 
aggression. This difference is due to the defect length, almost three times longer in the former 


case. 
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Figure 1:  Force-displacement curve for creation of defect 1.3.3 


 


After the defect creation, the team did not detect any cracks at the bottom of the gouge using 


MPI (Magnetic Particles Inspection). 


 


The dent depth is 5.8% and the gouge depth is 20%. For comparison the values of dent depth for 
respectively defects 1.3.1 and 1.3.2 were 5.3% and 5.7% and the values of gouge depth 28% and 


29%., respectively.  Figure 2 shows the longitudinal profile of defect 1.3.3 passing by the 


deepest point.  
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Figure 2:  Longitudinal profile passing by the deepest point of defect 1.3.3 


 
GDF SUEZ performed fatigue test on defect 2.2.3.  They equipped the sample with one clip 


gauge, rosettes at the edge of the gouge, one hoop uni-axial strain gauge at the gouge bottom, 


and two vertical displacement sensors in the gouge. For reference, the researchers placed strain 
gauges and one vertical displacement sensor on the pipe body. They also adhered targets at the 


edge of the gouge on each side to measure the displacements of targets with a camera during the 


test. Finally, the team used acoustic emission sensors to detect with accuracy the failure onset 
and also to estimate the number of cycles of crack initiation. Figure 3 gives a view of 


instrumentation (after fatigue failure). 
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Figure 3:  Instrumentation of defect 2.2.3 (view after fatigue failure) 


 


The pressure cycling range was between 20-60 bar which was the same 40 bar pressure range as 


used for all other fatigue tests. This level of pressure was low to compare with the burst pressure 


around 190 bar (193 bar was measured at the burst of similar defect 2.2.2). The choice of this 
pressure range was motivated by observations and data that showed dent bulging occurring just 


above the pressure of dent creation at 20 bar.  This was documented using the new 


instrumentation which recorded the conditions of the sample during the burst test failure.  In 


comparison, the team used a cycling range of 88 – 128 bar on defect 2.1.3.  The sampled failed 


soon after starting the cycling.  The camera showed a water drop on the crack initiated in the 


gouge near targets 3-4 as captured with the camera at 2007 cycles (Figure 4). 
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Figure 4:  Water drop from crack in the gouge at 2007 cycles (defect 2.2.3) 


 


The team observed the initiation of a crack in the gouge near the targets 3-4 around 1300 cycles 


as shown in Figure 5. 


 


6 mm


3


4


 
Figure 5:  Crack initiation at the gouge bottom around 1300 cycles (defect 2.2.3) 


 


Figure 6 shows the opening displacement from two different measurements:  the clip gauge and 


the distance between opposite targets (1-2 and 3-4) as the sampled is cycled.  The opening 


displacement is recorded each cycle at the minimum pressure and at the maximum pressure. The 


Water drop 


Crack initiation 
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two opening displacement measurements agree closely.  The opening displacement slope 


accelerates around 1300 cycles which corresponds to the crack initiation at the gouge bottom. 


The slope is steeper for targets 3-4 and the clip gauge than targets 1-2 (see targets position on 
photo of figure 6).  This may be due to the fact that the crack initiation is observed closer to 


targets 3-4 and to the clip gauge than to targets 1-2. 


 


 
Figure 6:  Evolution of clip gauge opening and targets distances (defect 2.2.3) 


 


The test equipment recorded significant acoustic emission signals between 1730 and 1930 cycles 


and from 2007cycles until failure where they observed a water drop escaping from the crack with 


the camera. However, the researchers did not find any acoustic signals between 1930 and 2007 


cycles.  Finally, the acoustic equipment also recorded six other smaller intermittent acoustic 
emission signals in the range of 350 cycles to 800 cycles before seeing the crack initiation at the 


gouge bottom around 1300 cycles. 
 


SEM (Scanning Electron Microscope) was used to investigate the surface of a small crack in the 


hardened layer of previous defect 1.1.3. A pure cleavage is observed as shown in Figure 7.  This 


result confirms the very high brittleness of this area. 
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Figure 7:  Small crack at the gouge surface of defect 1.1.3 and pure cleavage observed by 


SEM in the area of hardened layer of the crack surface. 


Task 8: Project Management and Reporting 


The team continues to submit monthly and quarterly reports, and meets as necessary to discuss 


the test results.   


Issues, Problems or Challenges  


As discussed above, the team plans to complete preliminary material characterization of the 
vintage pipe in early September for Pipe 3 and later for other vintage pipes (i.e., Pipe 4 and other 


pipe materials used for dent+gouge test samples).  However, the full characterization will 


continue through at least March 2011.  The team believes that this delay will not affect the 


overall project schedule, since the other testing will continue in parallel during this time.  The 


team is in the process of evaluation options to expedite the characterization process.   


Plans for Future Activity 
Planned activities for the project are presented below.   


Task 2:  Purchase & Characterize Pipe Material 


The full-scale testing on vintage pipe material will begin once the materials are delivered to the 


test facilities (SES in Houston, TX, and GDF SUEZ in Saint Denis, France).  Prior to delivering 


the materials to the testing facilities, BMT and SES will perform preliminary material 
characterization to verify that the selected materials are representatives of vintage pipe 


properties.  If the material is considered representative of vintage pipe properties, the team will 


carry out a detailed characterization.  


Task 4:  Testing of Dents on Welds and Corrosion Features 


Full scale dent testing of the vintage pipe specimens (Pipe 3) will commence within the next 


quarter, following the completion of the detailed material characterization testing program. 


Task 5:  Testing of Dents with Gouges 


GDF SUEZ will perform fatigue test on defect 1.3.3.  


 


 


100 µm 
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FINAL REPORT 


Contract Number: DTPH56-08-T-000011 


 


Prepared For: United States Department of Transportation 


   Pipeline and Hazardous Materials Safety Administration 


   Office of Pipeline Safety 


 


Project WP#339: Structural Significance of Mechanical Damage 
 


The letter transmits the Final Report for work completed under US DOT PHMSA Other 


Transaction Agreement (OTA) DTPH56-08-T-000011, Structural Significance of Mechanical 


Damage.  The project was implemented to develop a detailed experimental database on how 


pipelines respond when affected by mechanical damage, caused by both external interference 


and rock dents.  This full-scale testing program produced detailed experimental data to support 


the validation of improved burst and fatigue strength models to assess dents interacting with 


secondary features - gouges, corrosion, and welds. These data are needed to support the efforts of 


PHMSA and the pipeline industry to ensure safe operation of pipeline systems and to promote 


continuous improvements and focus on public safety. 


 


The Final Report presents the activities completed to develop a detailed database of mechanical 


damage defects and evaluating the impact of those defects on the structural significance of 


operating pipelines.  These data form the basis and input for further development and validation 


of mechanistic models previously developed to predict the conditions that lead to immediate 


(burst) or delayed failure under fluctuating pressure loading.  The engineering tools and 


empirical and mechanistic (numeric) models currently used for assessing the significance of 


mechanical damage with secondary features are based on a number of assumptions rather than 


detailed experimental data. Improvements to the models are needed to avoid overly conservative 


assessments, promoting unnecessary maintenance, or the lack of required maintenance that could 


result in unexpected failures, which represent a significant environmental and safety concern for 


operating pipelines. 


 


The project included the creation and full-scale testing of Dent+Gouge and Dents/Dents with 


secondary features (corrosion, on welds) using modern steels and vintage steels, with the vintage 


steels being from former in-service pipelines.  The full-scale tests were highly instrumented to 


capture the level of detail needed for a range of parameters that are important to the development 
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and validation of mechanical damage assessment models.  The models that will be developed (by 


other efforts) should eventually be made available for pipeline integrity management. 


 


The final report includes information and details of the testing already completed in the project, 


and are included in the attachments to this cover letter.  It is built from information provided in 


the Quarterly Reports already provided during the project life and included in this final report.  


The following Appendix A and B summarize the final status of the Testing on Dents and Dent + 


Gouge research.   


 


Electricore, PRCI, BMT Fleet Technology, GDF SUEZ appreciate the opportunity to work on 


this program with PHMSA.  Please contact Electricore directly with any questions: 


  


 Deborah Jelen, Executive Director 


 Electricore, Inc. 


 27943 Smyth Drive, Ste 105 


 Valencia, CA 91355 USA 


 (661) 607-0230; jelen@electricore.org 


  


 


 


  



mailto:jelen@electricore.org
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Appendix A—Technical Details Testing on Dents
1
 (Task 4) 


 


The experimental testing for dents is being performed by BMT Fleet Technology Ltd (BMT) 


with support from Stress Engineering Services (SES) as a subcontractor.  The original scope of 


work for the dent testing program consisted of the following primary activities: 


 


 Developing a dent test sample matrix, consisting of 72 samples – these samples were 


divided between modern steel pipe (50 samples) and vintage steel pipe (22 samples).   


 Creating dent samples using two indenter sizes of 2 and 4 in. nominal diameter. Three 


different dent depths are being created using indenter travel of 5%, 10% and 15% of the 


pipe diameter (note, these values are total indentation depth; the dents rebound following 


removal of the indenter and are actually shallower). The 5% and 10% dent depths are for 


restrained dents and 15% indenter travel is being used for creating unrestrained dents. 


The test matrix involves a combination of plain dents, dents interacting with welds, and 


dents interacting with simulated corrosion. 


 Creating dents in unpressurized pipe specimens 


 Testing duplicate specimens for each combination of variables  


 Instrumentation of half the tests (36) 


 Radiography of the three representative welds 


 


The initial test matrix is presented in the summary table below. 


Table 1:  Initial Project Dent Test Matrix 


Condition Restrained Unrestrained 


Pipe X52 – 24”Dia x 


0.312” thick 


X70 – 24”Dia x 


0.35” thick 


X52 – 24”Dia x 


0.312” thick 


X70 – 24”Dia x 


0.35” thick 


New Material 


Plain dents 


24 tests 


2 x 2” indenter 


5% depth 


4 x 4” indenter 


10% depth 


4 x 2” indenter 


2 x 4” indenter 


15% depth 


4 x 2” indenter 


2 x 4” indenter 


15% depth 


3 x 2” indenter 


3 x 4” indenter 


15% depth 


Dent on 


girth weld 


24 tests 


2 x 2” indenter 


5% depth 


2 x 4” indenter 


10% depth 


3 x 2” indenter 


3 x 4” indenter 


15% depth 


3 x 2” indenter 


3 x 4” indenter 


15% depth 


4 x 2” indenter 


4 x 4” indenter 


15% depth 


Dent on 


long seam 


2 tests 


2 x 2” indenter 


5% depth 


    


Dent on 


metal loss 


22 tests 


3 x 2” indenter 


5% depth 


3 x 4” indenter 


10% depth 


2 x 2” indenter 


2 x 4” indenter 


15% depth 


2 x 2” indenter 


2 x 4” indenter 


15% depth 


4 x 2” indenter 


4 x 4” indenter 


15% depth 


 


As the project progressed and the initial testing data generated were reviewed with the research 


team, there were a number of adjustments proposed.  These adjustments resulted in an increase 


in test variables (dent shape, dent size, restrained dent tests for vintage pipes, indentation under 


pressure), and the quality of the test data (all tests in the present program were instrumented as 


compared to 50% of the tests).  The changes include: 


                                                 
1
 Includes plain dents, dents on welds, and dents with metal loss 
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 Limiting duplicate testing and providing experimental data for a wider range of scenarios 


and mechanical damage conditions 


 Adding shallower and blunter dents  


 Increasing the range of indenter sizes from two to four 


 Adding a number of tests where the indentation is carried out on pressurized pipe, 


compared to the tests carried out to date where all indentation is carried out at 0% 


pressure 


 Full instrumentation of all test specimens and radiography examination of all girth welds  


 Incorporating restrained dent tests on vintage pipe 


 


The program completed 40 tests on Pipe A and B rather than the original total of 50 tests.  The 


reduction included several of the duplicate specimens in the remaining girth weld test samples 


and reducing the number of samples for the dent with the metal loss portion of the test program.  


The total number of metal loss specimens was six. The maximum depth of the features was 20% 


of the wall thickness.  The project reduces the total number of specimens included in the 


program to 62 specimens (compared to 72 tests in the original matrix).  


 


The modified test matrix investigated a wider variety of dent geometries, including deeper 


unrestrained dents, shallower restrained dents, and blunter indenter sizes.  It also maximizes the 


possible number of direct comparisons between the various dent parameters, and includes a 


number of dents to be made while the test pipe is under pressure. Moreover, the matrix does not 


include any duplicate tests.  The difference in the original vintage pipe test matrix and the 


proposed vintage pipe test matrix is compared in the table below. The comparison of the old and 


the new matrix shows that the scope and the range of parameters that are being investigated have 


increased. The matrix has been developed with the following objectives in mind: 


 


 The dent models can be calibrated and validated (dent shape, dent formation strains, 


cyclic strain range, and pressure versus strain/stress transfer functions) against a wider 


range of dent scenarios and therefore ensure its applicability covers the range of damage 


scenarios encountered by pipeline operators. 


 


  Generate enough test data to develop suitable fatigue life trends based on dent depths, 


dent shapes and dent restraint condition. This will ensure that enough data and trends are 


available to investigate different life estimation approaches (stress life, strain life and 


crack growth approaches) 


 


 Generate test data and evaluate the behavior and response of dents formed during pipe 


installation (zero pressure) as well as dents formed during service (dents formed under 


pressure).  
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Table 2:  Comparison of the Original and the Final Test Variables for Vintage Pipe Full 


Scale Dent Testing 


Parameters Original Matrix Final Matrix 


Dent Depth, Unrestrained 1 2 


Dent Depth, Restrained 0 3 


Dent Size 2 4 


Indentation under Pressure 0 2 


Instrumentation of Tests 11 21 


Test on Vintage Pipe 22 22 


 


 


Table 3: Final Test Matrix for Vintage Pipe Material (Pipe C)  


 
 


 


 


 


 


 


 


 


Specimen # Pipe Material Indenter Indenter Dent Depth Dent Interacting Indentation Initial Pressure Cyclic Pressure Weld Seam


Diameter Travel Restraint w ith Pressure Cycle Range Location


(in) (%) (%) (%SMYS) (%SMYS) (%SMYS)


41 C 2 5 5.1% R Plain 0 100% 10%-80% N.A.


42 C 4 10 10.1% R Plain 0 100% 10%-80% N.A.


43 C 2 7.5 7.5% R Plain 0 100% 10%-80% N.A.


44 C 8 7.5 7.5% R Plain 0 100% 10%-80% N.A.


45 C 8 7.5 7.5% R Plain 40% 100% 10%-80% N.A.


46 C 12 5 5.1% R Plain 0 100% 10%-80% N.A.


47 C 8 7.5 7.5% R Plain 80% 100% 10%-80% N.A.


48 C 2 15 ~2 U Plain 0 100% 10%-80% N.A.


49 C 2 10 10.0% R Plain 0 100% 10%-80% N.A.


50 C 2 15 ~2 U Plain 40% 100% 10%-80% N.A.


51 C 2 15 ~2 U Plain 80% 100% 10%-80% N.A.


52 C 4 15 ~2 U Plain 0 80% 10%-80% N.A.


53 C 12 20 ~2 U Plain 40% 80% 10%-80% N.A.


54 C 12 15 ~2 U Plain 0 100% 10%-80% N.A.


55 C 12 20 ~2-5 U Plain 80% 80% 10%-80% N.A.


56 C 4 20 ~2 U Plain 0 100% 10%-80% N.A.


57 C 12 20 ~2 U Plain 0 80% 10%-80% N.A.


58 C 2 15 ~2 U GW 0% 100% 10%-80% offset


59 C 12 20 ~2 U GW 0% 80% 10%-80% c/l


60 C 2 7.5 7.5 R GW 0% 100% 10%-80% offset


61 C 8 7.5 7.5 R GW 0% 100% 10%-80% offset


62 C 12 20 ~2 U Plain 80% 100% 10%-80% N.A.
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Table 4: Test Matrix and Result Summary for Dent Fatigue Tests  


 


Spec. Pipe Indenter


Initial 


Indenter Dent Interacting Indentation Firstl Press. Cyclic Press. Secondary Cycles to


# Mat Diameter Travel Condition w ith Pressure Cycle Range Feature Failure


(in) (%) (%SMYS) (%SMYS) (%SMYS) Location


1 A 2 5 R Plain 0% 100% 10%-80% N.A. 6948


2 A 2 5 R Plain 0 100% 10%-80% N.A. 38685


3 B 4 10 R Plain 0 100% 10%-80% N.A. 6886


4 B 4 10 R Plain 0 100% 10%-80% N.A. 16234


5 B 4 10 R Plain 0 80% 10%-80% N.A. 2531


6 B 4 10 R Plain 0 80% 10%-80% N.A. 3359


7 A 2 15 U Plain 0 100% 10%-80% N.A. 21103


8 A 2 15 U Plain 0 100% 10%-80% N.A. 28211


9 A 2 15 U Plain 0 80% 10%-80% N.A. 6825


10 A 2 15 U Plain 0 80% 10%-80% N.A. 9116


11 A 4 15 U Plain 0 100% 10%-80% N.A. 15063


12 A 4 15 U Plain 0 100% 10%-80% N.A. 27575


13 B 2 15 U Plain 0 100% 10%-80% N.A. 13263


14 B 2 15 U Plain 0 100% 10%-80% N.A. 15065


15 B 2 15 U Plain 0 80% 10%-80% N.A. 4035


16 B 2 15 U Plain 0 80% 10%-80% N.A. 4684


17 B 4 15 U Plain 0 100% 10%-80% N.A. 11415


18 B 4 15 U Plain 0 100% 10%-80% N.A. 15949


19 A 2 5 R Long Seam 0 100% 10%-80% C.L. 32282


20 A 2 5 R Long Seam 0 100% 10%-80% C.L. 24919


21 A 2 5 R Girth Weld 0 100% 10%-80% 2" Offset 66871


22A A 4 10 R Girth Weld 0 100% 10%-80% 2" Offset 66429


23 B 4 10 R Girth Weld 0 100% 10%-80% 2" Offset 12722


24 B 4 10 R Girth Weld 0 100% 10%-80% 2" Offset 16278


25 A 2 15 U Girth Weld 0 100% 10%-80% C.L. 19063


26 A 4 10 R Metal Loss 0 100% 10%-80% C.L. 40832


27 A 2 15 U Girth Weld 0 100% 10%-80% 2" Offset 18633


28 A 2 15 U Girth Weld 0 100% 10%-80% 2" Offset 16107


29 A 4 15 U Girth Weld 0 100% 10%-80% 2" Offset 14400


30 A 4 10 R Metal Loss 0 100% 10%-80% C.L. 31179


31 B 2 15 U Girth Weld 0 100% 10%-80% 2" Offset 9890


32 B 2 15 U Girth Weld 0 100% 10%-80% 2" Offset 9506


33 B 4 15 U Girth Weld 0 100% 10%-80% 2" Offset 9386


34 B 4 15 U Girth Weld 0 100% 10%-80% 2" Offset 9871


35 B 4 15 U Girth Weld 0 100% 10%-80% C.L. 19959


36 B 4 15 U Girth Weld 0 100% 10%-80% C.L. 15568


37 A 4 15 R Metal Loss 0 100% 10%-80% C.L. 42159


38 A 4 15 U Metal Loss 0 100% 10%-80% C.L. 32963


39 B 4 5 R  Metal Loss 0 100% 10%-80% Offset 7559


40 B 4 15 U  Metal Loss 0 100% 10%-80% Offset 6504


41 C 2 5 R Plain 0 100% 10%-80% N.A. 69099


42 C 4 10 R Plain 0 100% 10%-80% N.A. 69393


43 C 2 7.5 R Plain 0 100% 10%-80% N.A. 30604


44 C 8 7.5 R Plain 0 100% 10%-80% N.A. 54036


45 C 8 7.5 R Plain 40% 100% 10%-80% N.A. 58532


46 C 12 5 R Plain 0 100% 10%-80% N.A. 125525


47 C 8 7.5 R Plain 80% 100% 10%-80% N.A. 61865


48 C 2 15 U Plain 0 100% 10%-80% N.A. 23482


49 C 2 10 R Plain 0 100% 10%-80% N.A. 30604


50 C 2 15 U Plain 40% 100% 10%-80% N.A. 16600


51 C 2 15 U Plain 80% 100% 10%-80% N.A. 12131


52 C 4 15 U Plain 0 80% 10%-80% N.A. 9226


53 C 12 20 U Plain 40% 80% 10%-80% N.A. 18636


54 C 12 15 U Plain 0 100% 10%-80% N.A. 47702


55 C 12 20 U Plain 80% 80% 10%-80% N.A. 21018


56 C 4 20 U Plain 0 100% 10%-80% N.A. 15473


57 C 12 20 U Plain 0 80% 10%-80% N.A. 14091


58 C 2 15 U Girth Weld 0% 100% 10%-80% 1.25" offset 4815


59 C 12 20 U Girth Weld 0% 80% 10%-80% C/L 6126


60 C 2 7.5 R Girth Weld 0% 100% 10%-80% 0.75" offset 32580


61 C 8 7.5 R Girth Weld 0% 100% 10%-80% 1.5" offset 33451


62 C 12 20 U Plain 80% 80% 10%-80% NA 12861
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Appendix B—Testing on Dent+Gouge Defects (Task 2 and 5) 


Material characterization of the second vintage pipe is performed by GDF SUEZ. This work includes the 


full material characterization of this vintage pipe: 


 


 Chemical Composition 


 Hardness (Base Material, Weld Material, HAZ) 


 Microstructure  


 J Curves  


 Machined round bar tensile tests 


 Effects of pre-strain on toughness 


 Machined sub-size flat specimens 


 Charpy V notch toughness  


 Kinematic hardening behavior  


 


The testing program for Dent +Gouge defects is being performed by GDF SUEZ, with the 


defects being introduced using the Pipe Aggression Rig.  The work completed to date has 


included testing on modern steel with five different types of Dent+Gouge defects created using 


both highly dynamic aggression (defect Types 1.1.1b, 1.2.1b, and 2.1.1 in the table below) and a 


slower aggression mode where the gouge is shallower and the dent more severe than the dynamic 


aggression conditions (defect Types 1.3.1 and 2.2.1) (Table 5).  Each defect type created is then 


subjected to a series of detailed material characterization tests and burst and fatigue testing, with 


the burst and fatigue test being highly instrumented to provide detailed and comprehensive 


measurement data for the development of the improved severity assessment models.   


 


Table 5: Dent and Gouge tests matrix 
  MD 4-1 DOT 


Pipe number Pipe 1 (modern steel X52) Pipe 2 (modern steel X65) Pipe 3DG (vintage steel) 


Defect type  Type 1 Type 2 Type 3 Type 1 or 2 Type 2 or 3 Type 1  Type 2 


Defect 1: Detailed 


characterization Defect 1.1.1 Defect 1.2.1 Defect 1.3.1 Defect 2.1.1 Defect 2.2.1 
Defect 


3DG.1.1 


Defect 


3DG.2.1  


Defect 2: Burst test 
Defect 1.1.2 Defect 1.2.2 Defect 1.3.2 Defect 2.1.2 Defect 2.2.2 


Defect 


3DG.1.2 


Defect 


3DG.2.2  


Defect 3: Delayed 


failure Defect 1.1.3 Defect 1.2.3 Defect 1.3.3 Defect 2.1.3 Defect 2.2.3 
Defect 


3DG.1.3  


Defect 


3DG.2.3  


  Completed Tests 
     


  Vintage Pipe Tests not completed 


    


 


Data collected to date on the burst and fatigue models created have been communicated to the 


full project team and the modeling SMEs working on the related mechanical damage modeling 


projects.   


 


Tables 6 and 7 respectively summarize results of burst and fatigue tests on modern pipes 1 and 2 


that were created on pressurized pipes. 


 







Final Report DTPH56-08-T-000011 


Project WP#339: Structural Significance of Mechanical Damage 


 


 


Distribution authorized to U.S. Government Agencies only, so as to protect information not 


owned by the U.S. Government and protected by the recipient’s “limited rights” statement, or 


received with the understanding that it not be routinely submitted outside the U.S. Government.   


 


Table 6: Results of burst tests on modern pipes 


 


Pipe 


number 


Defect 


number 


Type of 


mechanical 


aggression for 


defect creation 


Dent 


depth 


without 


pressure 


(%) 


Pressure 


during 


defect 


creation 


(bar) 


Burst 


pressure 


(bar) 


Failure mode 


 


Pipe 1 


Defect 


1.1.2 


Highly Dynamic 


aggression 


1,6 85 133 Ductile rupture in the 


pipe body 


Defect 


1.2.2 


Highly Dynamic 


aggression 


2,6 85 110 Ductile rupture in 


defect 


Defect 


1.3.2 


Slower dynamic 


aggression 


5,9 30 131 Ductile rupture 


propagation from 


defect 


Pipe 2 Defect 


2.1.2 


Highly Dynamic 


aggression 


1,6 85 185 Ductile rupture 


propagation from 


defect 


Defect 


2.2.2 


Slower dynamic 


aggression 


5,2 20 194 Ductile rupture 


propagation from 


defect 


 


Table 7: Results of fatigue tests on modern pipes 


 


Pipe 


number 


Defect 


number 


Type of 


mechanical 


aggression for 


defect creation 


Dent 


depth 


without 


pressure 


(%) 


Pressure 


during 


defect 


creation 


(bar) 


Fatigue 


amplitude 


Pmin-Pmax 


(bar) 


Number 


of 


cycles 


at 


failure 


Failure 


mode  


 


Pipe 1 


X52 


grade 


Defect 


1.1.3 


Highly Dynamic 


aggression 


1,6 85 45 - 85 10.869 Leak in 


defect 


Defect 


1.2.3 


Highly Dynamic 


aggression 


2,6 85 45 - 85 5.200 Leak in 


defect 


Defect 


1.3.3 


Slower dynamic 


aggression 


5,9 30 53 - 93 20.494 Leak in 


defect 


Pipe 2 


X70 


grade 


Defect 


2.1.3 


Highly Dynamic 


aggression 


1,6 85 88 - 128 17.700 Leak in 


defect 


Defect 


2.2.3 


Slower dynamic 


aggression 


5,2 20 20 - 60 2.007 Leak in 


defect 
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Other main results of this study include: 


 Defects created by highly dynamic aggression and by slower dynamic aggression are 


very different : 


o Highly dynamic aggression introduces at the gouge bottom hard layers associated 


with micro-cracks (Figure 1). The first hard layer at the gouge surface contains 


tooth steel whereas the second hard layer below is the pipe steel that underwent 


straining and thermal treatment due to heating during aggression. 


 


 
 


Figure 1: Hard layers and micro-cracks at the gouge surface in a defect 


created by highly dynamic aggression 


 


 


o Defects from slower dynamic aggression do not exhibit very hard layers and 


micro-cracks at the gouge surface as seen in Figure 2 below. 


 


First hard layer from tooth 


Second hard layer  
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Figure 2: Microstructure at the gouge surface of a defect created by slower dynamic 


aggression 


 


 


 Defects created by slower dynamic aggression with worn teeth and lower internal 


pressure lead to deeper dents. As a consequence, during pressure increase, dent pop-up 


and bulging is significant for these defects as shown in Figure 3 below. 
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Figure 3: Dent pop-up followed by significant bulging for pressure increase between 30 bar 


and 50 bar 


 


 Dent bulging has a very significant impact on the remaining defect fatigue life time. The 


dent pops up and bulges above the dent creation pressure. If the defect is submitted to 


pressure swings above the dent pop-up / bulging pressure range, that means at high mean 


pressure, the remaining fatigue life is significant (20.494 cycles for defect 1.3.3, see 


Table 3 above). But if the same type of defect is submitted to a lower mean pressure in 


the pressure range of dent pop-up / bulging, the dent fatigue lifetime is reduced by one 


order of magnitude (2.007 cycles for defect 2.2.3, see Table 3 above). So, fatigue loading 


in the bulging pressure range, or just above the indentation pressure, may significantly 


reduce the expected fatigue life of the dent and gouge defects. These results should be 


confirmed on a larger sample of steel grades and dent shapes. 


 


 





