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CORROSION RESISTANT ALLOY WELDMENTS IN CARBON STEEL

STRUCTURES AND PIPELINES TO ACCOMMODATE HIGH AXIAL

PLASTIC STRAINS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U. S. Provisional Application No.

60/903,765, filed 27 February 2007.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to methods for joining two pieces of

metal. More specifically, in using austenitic weld materials to join two ferritic

materials, which may be utilized in the production or transport of fluids, such

as hydrocarbons, or other strain based applications.

Description of the Related Art

[0003] Typically, plain carbon and low alloy steel weld consumables produce

welds that are dominated by ferritic microstructures. Common microstructural

components in these ferritic weld metals include ferrite, pearlite, bainite,

martensite or derivatives or mixtures of these components. These ferritic

welds typically have limitations in toughness and tearing resistance,

particularly at low temperatures. These limitations restrict the amount of

strain that can be accommodated in a structural design and limits the

allowable weld defect sizes. The limited strain capacity of typical ferritic welds

also increases the amount of time/effort necessary to perform weld

qualification testing, inspection, and production welding.

[0004] Designs for steel structures, such as pipelines, have been pushed

from conventional stress-based designs, where materials remain mostly

elastic, to strain-based designs, where materials are designed to function

plastically. Plastic strains in pipelines can be experienced due to events such

as pipeline reeling, seismic activity, freeze-thaw weather cycles, soil



liquefaction, thermal cycles, and other loading conditions. These

environmental and operating conditions can impose extreme loads on a

pipeline and it is the design engineer's responsibility to establish the required

strain capacity of the pipeline materials based on study of these loads.

Accordingly, strain-based designs must utilize materials with resilient

properties, particularly in the welds, to avoid structural failure.

[0005] Conventional stress-based designs typically limit loading to some

fraction of the material's yield strength thus avoiding plastic deformation.

Typical fractions vary from about 0.3 to about 0.8. On the contrary, strain-

based designs quantify the applied loads in terms of the applied strains and

the limits on loads are expressed in terms of strain limits that allow a certain

amount of plastic strain to occur. Typical strain magnitudes for strain-based

designs are generally defined as global plastic strains in excess of 0.5%.

Global plastic strains are defined as strains measured along a length of base

material (and straddling the weld or welds in question) that is sufficiently large

to avoid definition problems with strains in the immediate vicinity of the

structural welds. For example, with an oil or gas pipeline, global plastic

strains for strain-based design purposes could be in reference to a section of

the pipeline that is about two pipe diameters in length, although other similar

definitions could be used to define global plastic strains.

[0006] Practical measurement of the load carrying capacity of steels and

welds, including cases when defects are present, can be conducted using the

wide plate test, a method pioneered in the mid 19th century by A . A . Wells

who worked for many years at The Welding Institute in Cambridge, England.

The wide plate test has been used extensively to assess the fracture

resistance of steels and welds to be used in stress-based designs. Although

originally designed as a test for flat structural steel plate, by the 1990s a

related version of this test was developed for curved pieces such as

specimens cut from large diameter steel pipes. This version of the test is

commonly referred to as the curved wide plate test (CWPT). Related to



strain-based designs, practical measurement of the strain capacity of a pipe

material, or a girth weld in pipe, is often done using the CWPT. This test can

be used as a measure of global plastic strain capacity.

[0007] As shown in FIG. 1, a CWPT specimen 12 may be cut from a pipe

girth weld 10. Typically, a surface breaking defect, such as a notch 14, is

machined into the weld metal or heat affected zone. These defects are often

referred to by their size (e.g., their depth and width, such as 3 mm x 50 mm or

3x50mm, respectively). Sometimes the total defect area is useful to the

experimenter. For example, if the defect has a size of 3x50mm, the area of

the defect is about 150 milllimeters 2 (mm 2) . Defect areas of interest rarely

exceed 1000 mm2. In this example, the CWPT specimen 12 has a weld

length 15 of 300 mm in the reduced section 14 while the length of this

reduced section 16 is 550 mm. The width of the expanded ends 17 also

known as the shoulder areas is 450 mm and the total length 18 being 900

mm. The CWPT specimen 12 is typically instrumented with linear variable

displacement transducer (LVDT) gauges at various locations 19 on either side

of the defect to measure the elongation of the CWPT specimen 12 when

pulled in tension in the directions shown by arrows 26. Other instrumentation,

such as strain gauges or other connection points for the LVDT gauges, can be

used as well.

[0008] As shown in FIG. 2 , once the CWPT specimen 12 is loaded to failure

in tension, the output from the test is represented by a plot 20 of tensile load

on the y-axis 22 and strain on the x-axis 24 where strain is measured using

the data from the LVDTs. Other variations of data output, such as stress

versus strain may also be plotted. The response 23 on the plot 20 resembles

a stress-strain curve from a routine tensile test on structural steel. The

response 23 includes an initial linear portion 26 that extends up to the elastic

limit 27, which is typically at about 0.5% strain, followed by a non-linear

portion 28 that describes the plastic deformability of the CWPT specimen 12.

The strain achieved at the point of maximum load position 29 is often used as



- A -

a measure of strain capacity (e.g., global plastic strain). For large diameter

carbon-manganese pipe steels, typical strain capacities as measured by the

CWPT may range from values somewhat less than yielding of about 0.3 to

about 0.5% strain and up to about 8% strain, or in some cases up to 10%

strain with rare cases up to about 15% or 20% strain. The strain capacities

depend on the quality of the steel and/or the girth weld, and the defect size.

[0009] Details of some techniques for CWPT are provided in the following

papers: R. M. Denys, "Wide-Plate Testing of Weldments: Part 1 - Wide Plate

Testing in Perspective," Fatigue and Fracture Testing of Weldments, ASTM

STP 1058, H.I. McHenry and J.M. Potter, Eds., ASTM Philadelphia, 1990, pp.

160-174; R. M. Denys, "Wide-Plate Testing of Weldments: Part 2 - Wide Plate

Evaluation of Notch Toughness," Fatigue and Fracture Testing of Weldments,

ASTM STP 1058, H.I. McHenry and J.M. Potter, Eds., ASTM Philadelphia,

1990, pp. 175-203; R. M. Denys, "Wide-Plate Testing of Weldments: Part 3 -

Heat Affected Zone Wide Plate Studies," Fatigue and Fracture Testing of

Weldments, ASTM STP 1058, H.I. McHenry and J.M. Potter, Eds., ASTM

Philadelphia, 1990, pp. 204-228; and M. W . Hukle, A . M. Horn, D.S. Hoyt, J.B.

LeBleu, "Girth Weld Qualification for High Strain Pipeline Applications", Proc.

of the 24th Int'l Conf. on Offshore Mechanics and Arctic Eng., (OMAE 2005),

June 12-17, Halkidiki, Greece.

[0010] To employ a strain-based design, and the advantages the strain-

based design offers, extensive materials testing is utilized to verify boundary

conditions for safe operation and integrity of the structure. It has been

experimentally determined that for conventional strain-based designs of

ferritic steel welded components, the primary properties that determine

performance are the percent overmatch of the weld metal versus the pipe

yield strength in addition to other pipe and weld metal mechanical properties.

The pipe and weld metal properties include yield strength to tensile strength

ratio (YR), uniform elongation (elongation at the onset of maximum load),

toughness, and tearing resistance. Low YR, high uniform elongation and



good toughness and tearing resistance are desirable properties for robust

strain-based designs.

[0011] Unfortunately, ferritic weld metal consumables have limited tearing

resistance, fracture toughness, and strain hardening capacity. When these

consumables are used in strain-based designs, the allowable flaw sizes in the

weld and fusion line are significantly limited by these properties. Additionally,

the use of ferritic weld metal consumables involves complex weld testing and

analysis along with precise weld parameter control to provide adequate weld

performance.

[0012] Accordingly, there is a need for a joining method for ferritic structural

steels that produces welds capable of accommodating significant plastic

strains, permits larger allowable weld flaws, and simplifies weld testing and

qualification.

SUMMARY O F THE INVENTION

[0013] The present invention provides a technique for producing resilient

weld joints between ferritic structural steel components whereby the weldment

is beneficial to strain-based designs. Strain-based design refers to design of

structural components that are capable of absorbing predicted global plastic

strains while in service. The weld metals provided by this invention are

superior to conventional ferritic welds for strain-based designs. They are

capable of absorbing high strains, can permit the acceptance of larger weld

flaws without repair, and can simplify the weld testing and qualification

regimen of a typical construction project. The welds provided by this invention

are unique to strain-based applications in that they are made using weld

consumables that are nominally austenitic in microstructure. Corrosion

resistant alloy (CRA) welding consumables are a name that is used in the

current invention to refer to this group of welding consumables. This group

includes, but is not limited to, nickel-based alloys, stainless steels, and duplex

stainless steels, or similar. Examples of such consumables include, but are



not limited to, American Welding Society (AWS) ENiCrMo-4, ENiCrMo-6,

ENiCrMo-14, ENiMo-3, E310, E308, E316, E2209 and E2553, derivatives and

alloys thereof.

[0014] In one or more of the embodiments of the invention, any of the typical

API (American Petroleum Institute) Pipe Specification 5L pipe grades (such as

X52 up to X80, or X100, or X120) can be welded with the CRA consumables.

The resultant girth weld is capable of withstanding global plastic strains in

excess of 0.5%, preferably in excess of 1%, more preferably in excess of

1.5%, or even more preferably in excess of 2%. For demanding applications,

the CRA consumables can be applied to achieve global plastic strains in

excess of 4% strain. The global plastic strain that a pipeline can sustain,

which may be referred to as the global strain capacity, is limited by the

properties of the girth welds and pipeline steel. For example, in the case of a

pipeline comprising large diameter carbon-manganese steel pipes coupled by

girth welds, typical global strain capacities may range from values less than

yielding of about 0.3% strain to about 0.5% strain, and up to about 8% strain,

or in some cases up to 10% strain, or up to about 15% or 20% strain, which

represents a practical upper limit for global strain capacity of steel pipelines.

The global strain capacity for the girth weld and the joined material may be

determined from experimental data or estimated from experience. Further,

the combination of ferritic structural steel components and the CRA welding

consumables produces a weld that achieves the resilient strain properties by

possessing a superior combination of mechanical properties. These

properties include low yield strength to tensile strength ratio, high uniform

elongation, and good toughness and tearing resistance. A combination of

these properties enables these welds to achieve high plastic strains even

though these welds can in some circumstances produce undermatched yield

strengths compared to the base metal of up to 10%, or possibly 20%, or even

in some cases as much as 30%. These welds are ideally suited for creating

girth welds used in constructing large diameter oil and gas transmission

pipelines when a strain-based design is desired.



[0015] Any of a number of the common welding processes can be used to

apply the combination of ferritic base metals welded using CRA welding

consumables, the construction being placed into service as a strain-based

design. Suitable welding processes for joining the base metals include, but

are not limited to, shielded metal arc welding (SMAW), gas metal arc welding

(GMAW) or metal inert gas (MIG) welding, gas-tungsten arc welding (GTAW)

or tungsten inert gas (TIG) welding, flux-cored arc welding (FCAW),

submerged arc welding (SAW), double submerged arc welding (DSAW),

pulsed-gas metal arc welding (PGMAW), pulsed-gas tungsten arc welding

(PGTAW), laser welding, electron beam welding, etc. or combinations thereof.

[0016] In another embodiment, two pieces of API 5L grade X70 pipe of

dimensions having 24 inch (in) outer diameter (OD) by 12.5 millimeter (mm)

wall thickness, were joined using ENiCrMo-6 as the weld metal. The welds

were produced using a combination of the GTAW and SMAW processes. The

girth welds were tested using the CWPT with 3x50 mm and 4x50 mm notches

placed in either the weld metal or the heat affected zone. The test results

demonstrated that the weld is capable of withstanding global plastic strains in

excess of 0.5% plastic strain, preferably 1% plastic strain, more preferably

1.5% plastic strain, or even more preferably 2% plastic strain. For some

demanding applications the CRA consumables can be applied to achieve in

excess of 4% strain. The global plastic strain for the girth weld and the joined

material may again be limited by a maximum global strain capacity, or other

specified strain limit, which may be defined by experimental data or a

personal experience.

BRIEF DESCRIPTION O F THE DRAWINGS

[0017] Figure 1 is an exemplary CWPT specimen removed from a pipe girth

weld;

[0018] Figure 2 is an exemplary plot of tensile load verses strain applied to

the CWPT specimen;



[0019] Figure 3 is an exemplary flow chart associated with the welding and

use of two pieces of metal joined in accordance with one embodiment of the

present invention;

[0020] Figure 4 is a view of a fluid transportation system in accordance with

one embodiment of the present invention.

[0021] Figure 5 is a diagram outlining a joining method in accordance with

one embodiment of the present invention.

[0022] Figure 6 is a cross-sectional view of a girth weld in accordance with

one embodiment of the present invention.

[0023] Figure 7 is a cross-sectional view of another girth weld in accordance

with one embodiment of the present invention.

DETAILED DESCRIPTION

Introduction and Definitions

[0024] Embodiments of the present invention provide a method and

apparatus that may be used to join two ferritic metals using austenitic weld

materials.

[0025] Joining tubular sections of a pipeline made of a material exhibiting a

primarily ferritic micro structure is a specific, but not limiting, example of an

application in which techniques in accordance with embodiments of the

present invention may be used to advantage. However, those skilled in the

art will recognize that similar techniques may also be used in a variety of other

applications, for example, where high axial loading and plastic strains are

expected.

[0026] As used herein, the term strain-based design refers to the design of

a structure such that the environmental and operational loads are quantified

in terms of the applied strains and the limits on loads are expressed in terms

of strain limits that allow a certain amount of plastic strain to occur.

[0027] As used herein, the term corrosion resistant alloy (CRA) generally

refers to a metal that may resist deterioration due to adverse physical



conditions. Various types of CRA welding consumables that may be suitable

for use as described herein include, but are not limited to American Welding

Society (AWS) ENiCrMo-4, ENiCrMo-6, ENiCrMo-14, ENiMo-3, E310, E308,

E316, E2209 and E2553, derivatives and alloys thereof. CRA materials may

also include stainless steel alloys. The CRA and stainless steel metals have

a primary austenitic microstructure, while duplex stainless steel metals include

a dual ferritic/austenitic microstructure. The particular composition or ratio of

each element for any particular alloy may be selected based on the desired

properties for a given application.

[0028] As used herein, the term ferritic metal generally refers to an iron -

based alloy consisting primarily of one or more of the following components:

ferrite, pearlite, bainite, martensite or similar derivatives. Various types of

ferritic metal that may be suitable for use as described herein include, but are

not limited to carbon steel, alloy steels, structural steels, cast iron, proprietary

iron-based alloys, derivatives and alloys thereof. Ferritic metals may be in

any structural shape including, but not limited to, tubular shapes, pipe, bar,

rod, beam, plate or foil. Ferritic steel may be used in many applications,

including, but not limited to, pipelines, pressure vessels, offshore structures,

buildings, vehicles, ships, bridges, towers and other structures.

[0029] As used herein, axial loading generally refers to loading orthogonal

to a weld or joint. An example of such axial loading is loading parallel to a

longitudinal axis of a pipeline, more particularly, loading orthogonal to a

circumferential weld or girth weld in a pipeline.

[0030] Embodiments described herein provide for the use of CRA's,

stainless steel and duplex stainless steel welding consumables to weld steel

structures and steel pipelines. These structures and pipelines may be made

from a primarily ferritic material and may be subject to high axial loading and

plastic strains. The CRA and stainless steel weld metals that are employed

may have a primary austenitic microstructure, while the duplex stainless steel

weld metals may exhibit a dual ferritic/austenitic microstructure. These weld

metals may include, but are not limited to, American Welding Society (AWS)



ENiCrMo-4, ENiCrMo-6, ENiCrMo-14, ENiMo-3, E310, E308, E316, E2209

and E2553. These CRA weld materials have a low yield strength to tensile

strength ratio (referred to as yield ratio, YR), such as less than about 0.75,

preferably less than about 0.65, more preferably less than 0.60, and even

more preferably less than about 0.55. The Y R for ferritic pipeline steels varies

depending on manufacturing process, grade, chemistry, etc. Typical YRs for

carbon or low alloy steel pipe in the aged condition (i.e., after a hot-applied

coating for corrosion resistance) are approximately as follows: API 5L grade

X52: > 0.70; grade X60: > 0.80; grade X70: > 0.85; grade X80: > 0.90; grade

X100: > 0.95). Ferritic weld metals have YRs of a similar range based on their

yield strength, however the YRs tend to be somewhat lower than those for

aged pipe.

[0031] As used herein, the term single layer ferritic material refers to an

iron -based alloy. The single layer ferritic material may include tubulars

comprising homogeneous materials, such as steel pipe.

[0032] As used herein, the term cladded material refers to an iron -based

alloy that has a layer of CRA material. The cladded material may include

cladded tubulars, such as a steel pipe where the base pipe is primarily ferritic

with a relatively thin layer of clad austenitic material on the inside or outside of

the base pipe.

Exemplary Embodiments

[0033] To begin, FIG. 3 is an exemplary flow chart, which is referred to by

reference numeral 30, associated with the welding and use of two pieces of

metal in accordance with one embodiment of the present invention. In FIG. 3,

a strain-based design may be formed and utilized in the transport of fluids

between two locations through a fluid transportation system or pipeline. At

block 32, a specific strain-based design is determined for a specific location.

This application may include sections of a pipeline that is used to transport

fluids, such as hydrocarbons or other similar fluids, between two or more

locations. The pipeline may be made up of tubing or tubular elements, which



are discussed further below. The strain-based design may include a range of

strain expected to be experienced by the pipeline. The expected range of

strain may be based on modeling of a pipeline or from experience. That is,

the strain-based design may include a deformation or strain that is expected

for a certain application, which may be based on the environmental factors.

[0034] At block 34, the tubing and weld materials may be selected based on

the specific strain-based design. The tubing may include a material having

primarily ferritic properties (e.g., a single layer ferritic material, such as a

homogeneous steel pipe) or a cladded material (e.g., a steel pipe where the

base pipe is primarily ferritic with a relatively thin layer of clad austenitic

material on the inside or outside of the base pipe. Further, the welding

materials may have primarily austenitic properties to form a weld joint based

on a strain-based design. In this manner, the weld joint may be configured to

accommodate significant plastic strains, permit larger allowable weld flaws,

and simplify weld testing and qualification. In particular, the weld joint may be

configured to sustain global plastic strains in excess of 0.5%, but below the

strain limit for weld joint. Further, the weld joint may be configured to sustain

global plastic strains with weld defects present that have flaw areas in excess

of 150 mm2 up to a weld defect that renders the weld joint unsuitable for its

intended purpose. The ability of the tubing and weld materials to sustain the

required global plastic strains may be determined by physical testing or it may

be estimated using analytical methods or previous experience.

[0035] At block 36, the tubing may be joined with weld joints. The joining of

these tubing sections to form the weld joint is discussed further below in FIGs.

4-7. Then, at block 38, the joined tubing may be used for a specific

application. This application may include the transport of fluids from a first

location to a second location within a specific environment.

[0036] FIG. 4 illustrates a fluid transportation system 100, wherein various

tubular sections 110 may be joined at welded joints 120. The fluid

transportation system may be of various size and configuration, adapted to be



buried under a surface or suspended above a surface. It may also be used in

a variety of applications, for example, as a pipeline used for hydrocarbon

transportation.

[0037] The welded joints 120 may be joined with a circumferential weld, also

known as a girth weld 130, at the joints 120. In one embodiment, the tubular

sections 110 include a carbon steel material having primarily ferritic

properties. Examples include various American Petroleum Institute (API)

grades, such as API 5L X52, API 5L X56, API 5L X60, API 5L X65, API 5L

X70, API 5L X80, X100, suitable ISO grades, suitable CSA grades, suitable

EU grades or equivalent or combinations thereof. The girth welds 130 include

CRA's, stainless steel having a primarily austenitic microstructure, and/or

duplex stainless steels having a dual ferritic/austenitic microstructure.

[0038] FIG. 5 is a diagram outlining one embodiment of a method 200 for

joining two or more tubular sections of a pipeline. The method 200 includes

providing two sections of tubing having a primarily ferritic microstructure, as

shown in block 210. The two sections of tubing may be similar to the tubular

sections 110 of FIG. 4 . Examples of the two sections of tubing may be API 5L

X52, API 5L X56, API 5L X60, API 5L X65, API 5L X70, API 5L X80, X100,

X120, ISO grades, CSA grades, EU grades and/or any combinations thereof.

For instance, CSA grades may include grades 359, 414, 448, 483, 550, 690,

and 827. As may be appreciated, other suitable ISO and EU grades, which

may be similar to the grades noted above, may also be utilized for specific

applications. Block 220 includes joining one end of each section with an

austenitic material by a welding process. The various austenitic materials

may be CRA's, stainless steel alloys, including duplex stainless steels.

[0039] An intermediary operation prior to joining, such as fitting and/or

preheat, may be utilized to prepare one end of each section of the tubing for

joining, as shown in block 215 if the ends of the sections of tubing are not

suitable for joining. For example, the tubular section may not be square, or

the tubular section may be square but the intended joint is angled. This



operation may include machining operations, such as cutting, grinding,

sawing, and the like, one end of the tubing to form a desired interface and

surface in preparation for welding. The desired surface may also be

beveled/chamfered to facilitate welding. When welding with CRA welding

consumables, joint cleanliness should be ensured as CRA welds may be

more sensitive to impurities than ferritic welds.

[0040] Suitable welding processes for joining the two sections of tubing

include, but are not limited to, shielded metal arc welding (SMAW), gas metal

arc welding (GMAW) or metal inert gas (MIG) welding, gas-tungsten arc

welding (GTAW) or tungsten inert gas (TIG) welding, flux-cored arc welding

(FCAW), submerged arc welding (SAW), double submerged arc welding

(DSAW), pulsed-gas metal arc welding (PGMAW), pulsed-gas tungsten arc

welding (PGTAW), laser welding, electron beam welding, and the like or

combinations thereof. Suitable consumable weld materials include AWS

ENiCrMo-4, ENiCrMo-6, ENiCrMo-14, ENiMo-3, E310, E308, E316, E2209,

E2553, or combinations thereof or other CRA materials.

[0041] FIG. 6 is a cross-sectional view of one embodiment of a girth weld

130 between two tubular sections 110, which may be produced, for example,

in accordance to the method 200 of FIG. 5 . In this embodiment, the tubular

sections 110 are a carbon steel material having a primarily ferritic

microstructure. The girth weld 130 comprises a root weld 310, one or more

hot passes or filler passes 320, and a cap weld 330 to provide a full

penetration joint. Alternatively, the girth weld 130 may be made using a root

weld 310, followed by a plurality of filler passes 320 to form a cap weld 330,

thus providing the full penetration joint. In one embodiment, the root weld 310

comprises a CRA material applied by a GTAW welding process, followed by

filler passes 320 and a cap weld 330 comprising a CRA material applied by a

SMAW process. FIG. 6 also shows the heat affected zone (HAZ) 340 at or

near the fusion interface of the tubular sections 110 and the girth weld 130.



[0042] FIG. 7 is a cross-sectional view of another embodiment of a girth

weld 130, which is similar to the embodiment shown in FIG. 6 with the

exception of a defect 400. This embodiment also shows a weld toe 410,

which may be any exposed fusion interface, whether at or near the cap weld

330, or the root weld 310, and includes any weld toe 410 that may be

subsequently covered by another weld pass. The defect 400 is exemplarily

shown between a filler pass 320 and the cap weld 330, but the defect 400

may be at any location in or adjacent the girth weld 130. The defect 400 may

be a pinhole, a toe 410 crack, an off seam weld, undercutting, incomplete

fusion, porosity, slag inclusions, other discontinuity, or combinations thereof.

[0043] The defect 400 may be discovered after completion of the girth weld

130 by a non-destructive testing (NDT) procedure, such as X-ray testing,

ultrasonic testing (UT), visual inspection, magnetic particle testing, eddy

current testing, and/or penetrant/dye testing. If the defect 400 exceeds a pre¬

determined magnitude, such as size, depth, and/or percentage of weld, the

defect may have to be repaired. The pre-determined magnitude is typically

set during detailed design of the structure and often depends on such weld

and pipe properties as toughness, weld strength overmatch, yield to tensile

ratio, pipe wall thickness, and applied strain. Weld defect repair results in

increased labor cost as the girth weld 130 is excavated, such as by gouging

and/or grinding, at the location(s) of the defect. The excavated portion is then

re-welded, and a second round of NDT is performed to qualify the repair and

the girth weld 130. The cost of repairing the defect and the second NDT

procedure results in higher costs for fabricating the weld, which may lower the

profitability of the project.

[0044] Embodiments described herein are designed to replace the ferritic

consumables typically used in joining tubular sections of a pipeline. While

CRA consumables may increase consumable costs when compared to the

cost of ferritic consumables, the CRA weldments accommodate larger defects

when compared to ferritic weldments as will be described in greater detail



below. As a result, labor costs may decrease because larger defects in the

CRA weldment (if present in the weldment) may not need repair. In addition

to the decreased labor costs, a second NDT procedure may not be required.

In addition, thinner pipe may also be used decreasing cost for steel and

welding procedures, while providing the same strain capacity and repair rate.

Testing of Ferritic Metals Joined with CRA Materials

[0045] Initial tests of actual welds generated in accordance with techniques

described herein were performed using two sections of API 5L grade X70

tubulars having a 24 in OD and 12.5 mm wall thickness. The sections were

joined with CRA welding consumables at the girth weld. AWS ENiCrMo-6

was used as the CRA welding consumables based on its material properties

(e.g. low YR, high uniform elongation, high toughness and high tearing

resistance). The welding processes include GTAW for the root weld and

SMAW for the filler and cap welds.

[0046] The test results for. this example showed that the CRA weld metal

yield strength was less than the actual yield strength of the pipe (79.8 ksi). In

fact, it is an intended aspect of the present techniques that when subjected to

plastic strains, the relatively weak (in terms of yield strength) CRA weld work

hardens more than the pipe (lower YR) eventually becoming stronger than the

pipe thus maintaining structural integrity. Additionally, the high toughness of

the CRA weld metal enables it to resist fracture during the plastic straining

and work hardening. Therefore, even when the CRA weld metal

undermatches the pipe yield strength, its mechanical properties are sufficient

for strain-based applications. Compared with conventional carbon steel

weldments, the present approach to welding strain-based design pipelines

increases weld defect tolerance, and enables the pipeline to accommodate

higher plastic strains for a given defect size. As shown for the initial examples

in Table 1 below, the actual yield strength differences between the pipe

sections and the CRA girth weld created about 20% undermatch. When

these welds were subjected to curved wide plate testing, remote plastic



strains of 1.4% and 4.8% were measured. These wide plates included

surface-breaking notches in the weld centerline of dimensions 4x50 mm and

3x50 mm. In other words, these defects represented flaw areas of 150 mm2

and 200 mm2, respectively. These initial CWPTs were conducted at -20C.

[0047] Additional CWPTs were carried out using ENiCrMo-6 as the weld

metal to join sample tubulars of API 5L grade X70 having a 24 in OD and 12.5

mm wall thickness pipe. The ENiCrMo-6 girth welds were produced using

GTAW for the root weld, and SMAW for the fill and cap welds. Once again

3x50 mm and 4x50 mm notches were used. These flaws were machined on

the root side of each sample in either the center of the weld metal, or such

that the tip of the defect was at or near the fusion line in the coarse grain HAZ.

Results of these tests are shown in Table 1 below. All CWPTs failed by

plastic collapse of the net section area (i.e., in the volume of material ahead of

the flaw).

TABLE 1



[0048] Table 2 shows the all-weld metal tensile properties of the CRA welds

referred to in Table 1

TABLE 2

[0049] The strain capacity performance of these CRA welds is far superior to

that possible with ferritic materials with similar levels of undermatch. The

actual yield strength differences between pipe and weld created about a 16%

to about a 20% undermatch. These results were compared with CWPT data

generated using conventional carbon steel consumables. For the same pipe

grade and specimen geometry, the conventional results show about 0.5%

strain capacity for a 4x50 mm flaw and about 2.0% strain capacity for a 3x50

mm flaw using the same specimen geometry and pipe grade.

[0050] As indicated by the data above, utilizing CRA weld metals with

austenitic and primarily austenitic properties, such as stainless steels and

duplex stainless steels, increased global strain (i.e., pipe girth weld strain

capacity) as compared to welds with ferritic properties. Thus, by using the

present weld techniques, the strain performance of pipeline girth welds is

greatly increased. The welds accomplish this improvement by creating a weld

metal with enhanced fracture toughness, tearing resistance, and work



hardening capacity. Embodiments described herein may accommodate larger

weld flaws than ferritic welds and/or larger plastic strains than ferritic welds

without failure. Additionally, because of robust mechanical and fracture

properties, the use of a CRA, stainless steel or duplex stainless steel welding

consumables may result in reduced and/or simplified weld testing and

qualification.

[0051] In some applications, it may even be possible to relax some weld

qualification standards and/or pipeline specifications due to the low YR, high

uniform elongation and good toughness and tearing resistance of CRA's.

Accordingly, the overall cost may be decreased due to the simplification and

reduction of welding parameters and/or testing. The CRA weldments and

joints are also beneficial in extreme environments, such as cold environments,

where freeze-thaw and soil liquefaction may be experienced, and/or areas

where seismic events occur. Other applications using CRA's may include

fabrication of pressure vessels and other structures in areas where high axial

loading is prevalent or expected.

[0052] While the foregoing is directed to embodiments of the present

invention, other and further embodiments of the invention may be devised

without departing from the basic scope thereof, and the scope thereof is

determined by the claims that follow.



Claims:

1. A method of constructing a pipeline for transporting hydrocarbons,

comprising:

developing a strain-based design for the pipeline based on predicted

loads on the pipeline;

predicting global plastic strains on the pipeline based on the

strain-based design;

providing two sections of tubing made of a material having primarily

ferritic properties;

joining the two sections of tubing with a material having primarily

austenitic properties to form a weld joint designed to sustain the predicted

global plastic strains; and

using the weld joint and the two sections of tubing to transport

hydrocarbons.

2 . The method of claim 1, wherein the weld joint is configured to sustain

global plastic strains in excess of 0.5%.

3 . The method of claim 1, wherein the weld joint is configured to sustain

global plastic strains with weld defects present that have flaw areas in excess

of 150 mm2.

4. The method of claim 1, further comprising transporting hydrocarbons or

other fluids through a flow path formed by the two sections of tubing and the

weld joint.

5 . The method of claim 1, wherein the joining comprises a welding

process.

6 . The method of claim 5, wherein the welding process is selected from

the group consisting of: shielded metal arc welding, gas metal arc welding,



gas-tungsten arc welding, flux-cored arc welding, submerged arc welding,

double submerged arc welding, pulsed-gas metal arc welding, pulsed-gas

tungsten arc welding, laser welding, electron beam welding, or any

combinations thereof.

7. The method of claim 1, wherein the primarily austenitic material

comprises a corrosion resistant alloy (CRA).

8 . The method of claim 1, wherein the primarily austenitic material

comprises a weld material created by using a consumable selected from the

group consisting of: ENiCrMo-4, ENiCrMo-6, ENiCrMo-14, ENiMo-3, E310,

E308, E316, E2209, E2553, or any combinations thereof.

9 . The method of claim 1, wherein the two sections of tubing comprise a

material selected from the group consisting of: API 5L grades X52 X56, X60,

X65, X70, X80, X100, X120 and any combinations thereof.

10. The method of claim 1, further comprising preparing at least one end of

one of the two sections of tubing prior to joining to enhance weld quality by

buttering a layer of CRA weld material on the prepared face of the one of the

two sections prior to final joining.

11. The method of claim 1, further comprising pre-joining the two sections

of tubing with a material having primarily ferritic properties prior to joining the

two sections of tubing with a material having primarily austenitic properties.

12. The method of claim 1, wherein the two sections of tubing comprise

tubular members formed from a cladded material.

13. The method of claim 1, wherein the two sections of tubing comprise

tubular members formed from a single layer ferritic material.



14. A method of forming a weld joint between tubular sections, each of the

tubular sections having primarily ferritic properties, comprising:

joining ends of the tubular sections with a welding process using a

primarily austenitic weld material having a yield strength to tensile strength

ratio that is less than 0.75.

15. The method of claim 14, wherein the yield strength of the primarily

austenitic weld material is at least 10% less than the yield strength of the

tubular sections.

16. The method of claim 14, wherein the primarily austenitic material

comprises a corrosion resistant alloy.

17. The method of claim 14, wherein the welding process comprises an arc

welding process.

18. The method of claim 14, wherein the primarily austenitic weld material

comprises a weld material created by using a consumable selected from the

group consisting of: ENiCrMo-4, ENiCrMo-6, ENiCrMo-14, ENiMo-3, E310,

E308, E316, E2209, E2553 or any combinations thereof.

19. The method of claim 14, wherein the primarily austenitic weld material

used for the weld joint is selected based on a strain-based design.

20. The method of claim 14, wherein the tubular sections comprise tubular

sections formed from a cladded material.

21. The method of claim 14, wherein the tubular sections comprise tubular

sections formed from a single layer ferritic material.



22. A pipe section suitable for deployment in a pipeline used for

transporting hydrocarbons or other fluids, comprising:

two tubular members comprising of a material having primarily ferritic

properties; and

a welded joint joining the two tubular members formed using a weld

material having primarily austenitic properties, wherein the welded joint is

designed to sustain global plastic strains.

23. The pipe section of claim 22, wherein the weld material used for the

weld joint is selected based on a strain-based design.

24. The pipe section of claim 22, wherein the tubular members comprise

tubular sections formed from a cladded material.

25. The pipe section of claim 22, wherein the tubular members comprise

tubular sections formed from a single layer ferritic material.

26. The pipe section of claim 22, wherein the weld material has a yield

strength to tensile strength ratio of less than 0.75.

27. The pipe section of claim 22, wherein the weld material comprises a

corrosion resistant alloy.

28. The pipe section of claim 22, wherein the weld material comprises a

consumable selected from the group consisting of: ENiCrMo-4, ENiCrMo-6,

ENiCrMo-14, ENiMo-3, E310, E308, E316, E2209, E2553 and any

combinations thereof.

29. The pipe section of claim 22, wherein the two tubular members

comprise a material selected from the group consisting of: API 5L X52, API 5L



X56, API 5L X60, API 5L X65, API 5L X70, X80, X100, X120 and any

combinations thereof.

30. The pipe section of claim 22, wherein the weld joint is configured to

sustain global plastic strains in excess of 0.5%.

31. The pipe section of claim 22, wherein the weld joint is configured to

sustain global plastic strains with weld defects present that have flaw areas in

excess of 150 mm2.

32. A pipeline for transporting hydrocarbons, comprising:

a plurality of tubular sections comprising of a material having primarily

ferritic properties; and

welded joints joining at least some of the plurality of tubular sections

formed using a primarily austenitic weld material, wherein the welded joints

are configured to sustain global plastic strains based on a strain based

design.

33. The pipeline of claim 32, wherein the weld joint is configured to sustain

global plastic strains in excess of 0.5%.

34. The pipeline of claim 32, wherein the weld joint is configured to sustain

global plastic strains with weld defects present that have flaw areas in excess

of 150 mm2.

35. The pipeline of claim 32, wherein the primarily austenitic weld material

comprises a corrosion resistant alloy.

36. The pipeline of claim 32, wherein the weld material comprises a

consumable weld material selected from the group consisting of: ENiCrMo-4,

ENiCrMo-6, ENiCrMo-14, ENiMo-3, E310, E308, E316, E2209, E2553, and

any combinations thereof.



37. The pipeline of claim 32, wherein the primarily austenitic weld material

has a yield strength to tensile strength ratio below 0.75.

38. The pipeline of claim 32, wherein at least some of the plurality of

tubular sections comprise a material selected from the group consisting of:

API 5L X52, API 5L X56, API 5L X60, API 5L X65, API 5L X70, X80, X100,

X120 and any combinations thereof.

39. The pipeline of claim 32, wherein the tubular sections comprise tubular

sections formed from a cladded material.

40. The pipeline of claim 32, wherein the tubular sections comprise tubular

sections formed from a single layer ferritic material.
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