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- Background
2
- Pipelinematerial propertyrecord is one of * Bursttestingis oneof the best methods for
theimportant datasetsrequired for validating defect assessment and model
effective pipeline integrity management development or improvements.
e PRCI material property database has  Alotof bursttests havebeen conducted in
recentlybeen enhanced as part of NDE-4- previous projects by PRCI, DOT and member
17A project companies dealing with corrosion, crack, dent

etc. PRCIEC-02-11project developed a burst
testing database

 The material property and burst testing databases are hosted in PRCI Virtual

Technology Development Center (VTDC).
« PRCI member companies can access the database from VTDC

VTDC - Virtual Technology Development Center

Virtual Technology Development Center

Welcome. The VTDC is a virtual center for users to analyze data collected during physical testing to develop technology based solutions for operating problems in the energy

pipeline industry. These databases allow utilization of data from completed multiple research projects. Standardized reports are included that use the combined data to
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« Material and Burst tests are expensive and time PHMSA FAQ-23. Is there a
consuming process to compile comparable
« Finding appropriate pipe samples for testing is oL material properties across
Cha”enging the |ndUStry?
- Historical burst test data contains valuable No process currently exists to
information which were not captured in a systematic compile pipe material property

information. Material properties

» This often led to duplicative testing fna:n\lﬁ;{:t%rr?r?g};rccl)l::relrslg tlgle—lMSA

* Address PHMSA’s FAQ-23 and build an industry expects operators to verify pipe
resource to compile properties of representative material used within their system
pipeline materials '

way in the past
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- Value to Pipeline Community
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e Readily available burst testing and material property records for future PRCI projects or
PRCI members in-house projects

e Support pipeline integrity of systems that do not have available material test records in
demonstrating regulatory compliance

e Saving time and money in future PRCI projects by leveraging data from the database

e Recovery of huge testing campaign done in the past and build the foundation to capture
records from material and burst testing performed in future PRCI projects

e Strong material for validation of new/improvement of assessment criteria or modelling
effort

e Ability to compare and improve upon NDE material verification results, especially grade
determination, collected in the field under 192.607

e Ability to see predicted ranges of destructive results to support decision making around
cutouts or NDE results — making it less likely to force operators to use expanded
sampling
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Data Tables

Number of
Data Fields

BurstTest

14

BurstTestDefectGeometry

58

BurstTestLayout

11

BurstTestLoading

23

Charpy

30

CharpyResult

6

ChemicalProperty

29

CrackTipOpeningDisplacement

10

CrackTipOpeningDisplacementResult

7

DropWeight

11

DropWeightResult

6

Fatigue

13

FEA

8

Hardness

12

JRCurve

10

Micro

8

PipeMetal

35

PipeTensile

16

PipeTensileResult

10

WeldProcess

34

Total

351

CharpyResult
¥ CharpyResultiD

CharpyFK
Charpy
Shearfrea
LateralExpansion

SSMA TimeStamp

PipeTensileResult
% PipelensileResultiD

PipeTensileFk
VieldStrength
TensileStrength
Elangation

UniformElongation

YisldStrengthOverTensileStrangth

FailureLacation
SSMA_TimeStamp

Charpy
% CharpylD

PipeNumberFK
TestlLocation

WeldOrHeatAflectedZone.

Charge
Ternperature

FractureLocation

TestQrientation

CharpyAverage

CharpyMirimum

CharpyMasimum

ShearAreafverage

SpecmenSize

UpperSheifEnergy
TransitionTemperature
FulWallApiTransition Tempesature
FulWallA370TransitionTemperature
FUWlIBs79 1 0TransitionTemperature
SpedficationLocation

S5MA _TimeStamp

TestLocation
¥ TestLocationlD

Lexation

PipeTensile
¥ PipsTensilsD

PipeNumberFK
TestLocation
SpecimenType
Fracturelocation
LongitudeTransversCross\Weld
Specimentiaterial
YiekiType
GaugeLength
GuageDiameterRatio
Sandard

Speciment ocation
55MA_TimeStamp

CrackTipOpeningDisplacement
9 CrackTipOpeningDisplacementD
PireMumberFK
TestLocation
Termperature
Standard

—cc oo

Orientation
Specimensize
NotchLocation
NotehOrientation
SSMA_TimeStamp

ﬁ

CrackTipOpeningDisplacementResult

¥ CrackTipOpeningDisplacementResultiD
CrackTipOpeningDisplacementFK.
CrackTipOpeningDisplacementElastic
CrackTipOpeningDisplacementPlastic
CrackTipOpeningDisplacement Total
FailureType
SSMA_TimeStamp

Micro

¥ MicrolD
PipeNumberFK
TestLocation
WeldOrieration
FermiteGrainSpecimenSize
InehusionVolumeFraction
PeriiteviclumeFraction
SSMA_TimeStamp

Hardness
¥ HardnessiD

PipehumberFK
Testl ceation
HardnessMeasurement
WeldiZone
ReadingType
Loscl
DepthFraction
S5MA_TimeStamp

DropWeight

¥ DropWeightlD
PipeNumberFk
Temperawre
DropWeightAverage
ShearAreafverage
SSMA_TimeStamp

PipeMetal

¥ PipeMetaliD
Pipetumbersk
Heat
Charge
PipeCompany
il
Vintage
SamplehillingDate
MNominsiOuterDiameter
MeasursdOuterDiametsr
MominalThickness
MeasuredThickness
Grade
SpecifiedMinimumieldStrength
Type
PipeEsgansion
PlateOrPipe
MaterialSource
RollPractice
DataSource
Units
IsWeldhetal

DropWeightResult
T DropWeightResultio

] DropieightFK
Dropieight
ShearArea
SSMA_TimeStamp
‘WeldProcess
T WeldProcessiD
PipehumierFk
WeldProcessvalue
ElectrodeClassification
TradeName
M a—— FluOrGasweld
DesignationCodeValue
e WeldPaosition

Heatinputhinimum
HeatinputMasimum

WeldThickness

Groove

FreheatTemperature
ProceciureQualificationRecorcleferencelu
SSMA Timestame

ChemicalProperty
9 ChemicalPropertylD
PipeNurmberFK

Lo WeldMetal

CarbenContent
ManganeseContent
PhospherusCentent

SulfurContent

SilicenContent

CopperContent

NickelCentent

ChromiumCantent
MelybdenumCantent
VanadiumContent
CohumbiumContent

TinCortent
AcylonitrileStyreneAcrylateContent
Ceriumontent

TtaniumCeontent

BoronCentent

NitrogenContent

OnygenContent

CalciumContent

AlsmiiumContent
ManganeseChremiumMalybdenumCentent
CarbonContentEguivalentCalulated
CobaltContent

ZirconiumContent
TungstenCentent
SSMA_TimeStamp
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- Key Features of the Database

6

e Provide auniform format for material property and burst testing data collection

e Ensures data traceability and retention of the source data with supporting documents

e Records available in both imperial and metric units

e Ability to add pictures (e.g., stress-strain curve, CVN transition curve, defect profile, etc.)
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R Available Burst Testing Data

Count of Burst Testing by Grade

8

Count of Burst Testing by Defect Type

o]
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H Defect Free Lab Burst Test

H
(@]

M External Corrosion Lab Burst
Test

M External Corrosion Service e
Failure X100 Unknown

M Internal Metal Loss
Corrosion Lab Burst Test

M Internal Metal Loss
Corrosion Service Failure
Mechanical Damage DG Lab
Burst Test

W Stress Corrosion Cracking
Lab Burst Test

Number of Burst Testing
D
o

N
o
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Count of Tensile Tests by Grade Count of Tensile Tests by Diameter

Total 11499 Test Total 11499 Test
Results RERES

Number of Tensile Tests
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o
REX2024

PRCI Research Exchange

Available Charpy Test Data

e
: Number of Number of
21 A 97

9

Number of Test
Manufacturer
Results
171

AOSmith
1900s Bethlehem
Cal-Metal 10
1920s 26 B 979 Camrose 5202
1930s 269 X42 777 IPSCO 2865
J+L 30
1940s 310 X45 9 Kaiser 293
Kawasaki 6
1950s 1461 X46 420 T 125
X48 15 Napa =
1960s 547 National Tube 44
X52 2353 Nippon 33
1970s 683 Page-Hersey 28
19805 53 X56 59 Republic 122
X60 1439 Shaw Group Inc. 11
1990s 10163 Stelco 34
X65 560 Stupp 158
2000s 97 Sumitomo 6
X70 6041 UK 24
Unk 2703
o 2 L WL:ISS d 1386127
ellan
Total 16333 Unknown 1736 Youngstown 97

Unknown 4825
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- Use Case 1- Model Development and Validation
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Www.prci.org

Use of Burst Testing Data from PRCI EC-2-09 in EC-2-10 Project in
developing a new model

Source: EC-2-10 Project Status Update by CRES on Feb 7, 2024
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- Use Case 1- Model Development and Validation

11

Validation of Psqr Corrosion Assessment Model using Public Data
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- Use Case 2 — Use to Toughness from Similar Pipe

12

CFR 192.712 (e) (2) (A) Charpy v-notch toughness values from comparable pipe with known properties of the

same vintage and from the same steel and pipe manufacturer;
ERW, Gr. X52, 1973 Stupp pipe
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- Use Case 3 —=Other Default Toughness from Similar Pipe

13

CFR 192.712 (e) (2
Vintage:1950-1959, ERWand EFW, Test Temp Range: 50 Fto 80 F _ ( ) (2)
0.0175 (C) If the pipeline segment does not
' have a history of reportable incidents
caused by cracking or crack-like defects,
0.0150 - maximum Charpy v-notch toughness
=PRCI Data values of 13.0 ft.-Ibs. for body cracks
5001 ——Best Fit Distribution - Beta and 4.0 ft.-Ibs. for cold weld, lack of
e _ 10th Percentile fusion, and selective seam weld
o 0.0100 corrosion defects;
>
% _ (E) Other appropriate values that an
§ 0.0075 operator demonstrates can provide
& conservative Charpy v-notch toughness
0.0050 values of crack-related conditions of the
pipeline segment.
0.0025 -
0.0000 -
© & g 3 8 S Q 3 @ o
— — — — —
Charpy Energy (ft-1b)
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A 4

Use Case 4 — Better Understanding of Material Property Variability

APl 1176 Annex D provides

Table D.1—Database Yield Strength (YS) Properties by Grade

statistics of yield strength and Grade | DN | VeS| SUDSN | e | AGYSeiSisa | AvevS-tessd
ultimate strength by pipe grade e B LT
ABsmrdOH | o1p)a (275.77) (31.267) 0.113 (327.04) (224.49)
* API 1_176_ assumes no_rmal o | wmow | smes | rms I | evas sener
distribution in providing the e | g0 | mazs | exe | o %ﬁ s
upper and lower quantile values e | o0 | s 52 a4
« Source of the API 1176 data is "“ ??SS?P ﬁ'7 S I N N
n Ot p ro V I d e d X56 5{?33(?} {253331 (ggg:} 0130 {E{Eﬁ} {%ﬁgg}l
) Xx60 Eﬁ?f?? {?,?fgg, éﬁ?g} 0.079 (;;fg) jﬁ‘fﬁﬂ,
 PRCI Database contains more oo | oo | 7200 | 28% | oom
(450) (496.44) (19.88) : (592.05) (463.83)
d ata th an APl 117 6 Annex D : . 70,000 80,438 4,996 6o 88,631 72,245
0 (485) (554.60) (34.45) 0.08: (611.09) (498.11)

h en C e , C an better rep res ent 2 Actual range was Y3 = 25 ksi to 30 ksi (172 MPa to 207 MPa), UTS = 45 ksi to 50 ksi (210 MPa to 345 MPa).

similar pipeline characteristics
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Yield Strength Distribution of Grade X52 Ultimate Strength Distribution of Grade X52

——PRCI Data ——PRCI Data
——API 1176 Data ——API 1176 Data
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Use Case 5 — Material Verification Testing Results Evaluation

 Use PRCI database to
compare material properties
obtained from in-situ NDE

 Example Case:

* Non-TVC pipe grade X60

 NDE performed in opportunistic
dig

* NDE reported an average Yyield
strength of 60.75 ksi

* NDE specificationfor yield
strength is £3 ksi 80% of the
time

 Should this pipe grade be X60 or
X56 based on the NDE result?

Probability Density

Yield Strength Distribution of Grade X60

60.75

57.75

—— Distribution Based on
PRCI Data

—— Distribution base on
NDE Specification

—— NDE Reported Avg. YS

Lower bound of NDE
80% Tolerance

/

40

45

50 55 60 65 70 75 80 85 90 95
Yield Strength (ksi)

100
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- Use Case 6 — Probabilistic Defect Assessment

17
- . . . ; 0.2.7.3 Mechanical properties
. Pro bab| Ilty d'Stn butlons Of mec;hanlcal Table 0.6 summarizes available statistical data and distributions for yield strength, tensile strength, flow
. . . .. . . stress, ultimate tensile strain, Charpy V-notch impact energy, CTOD fracture toughness, and Young's
properties of pipeline are critical inputs in modulus
probabilistic defectassessment . Table 06 . .
. . . Parameter distributions for pipe mechanlcal properties
* Distributions from CSA Z662 Annex O are (See Clause 0.2.75.)
commonly used _ _ Distribution
Variable Units Type Mean CoV, % Source
e CSA Z662 Annex O distributions are Yield strength/SMYS ~ — Normal 111 3.4 gg?;fgéoggsm
developed mostly based on data for higher Normal 108 33 Jiao et al. (1997)
API 5L X65
grade (XGO and above) N/A 107-1.10  2.6-3.6 ﬂﬁ?ﬁf%&?g%m
« Jiao et al. data represents pipe used in Lognormal ~‘g and Leira
offshore operation Normal or Liary datas

 PRCI Database can be leveraged to develop Tensile strength/ INgmr.nl h“ﬁe Jiao et dl. (1995b)
probability distributions of mechanical —L 6?— .
properties to better represent pipe used in GSP\ - i . f”i"fi:gg;m
onshore application for a wide range of grade, API SLXGO axial**

1 Pipe body Ct J 30-70 F latt Leewis (1997
vintage and manufacturer e Y N/A ormulart - Leewls (1997)55
energy Lognormal 149-259 18-24***  Jiao et al. (1995b)
API 5L X60 & X65T1T
N/A 110 13F** Hillenbrand et al.

(1999) API 5L X801+t
N/A 176-183 16-18***  Gartner et al. (1992)
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p Probability Distributions)

Yield Strength of Grade X42 Yield Strength of Grade B
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