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THICK, LONG SEAM WELDING SYSTEM AND METHOD FOR
DISTORTION CONTROL AND NON POST WELD HEAT TREATMENT
OF PIPELINE HOT TAP FITTINGS

BACKGROUND

This disclosure relates to welding of fittings that are installed on in-service pipelines.
More specifically, the disclosure relates to welding performed on long seams of pipeline hot tap
fittings.

In-service welding of thick section fittings (1-% inches [32 mm] or more) long seam
groove butt joints in carbon steel plate (e.g. ASTM AS537 Class 1) is challenging because
traditional stress relief via post weld heat treatment is not practical on in-service pipelines and
the weld thickness results in high levels of stress often resulting in distortion and deformation of
the fitting which can compromise the intended functionality of the fitting. Additionally, there is
accelerated cooling caused by the thickness of the fitting and the pipeline product. Therefore,
there 1s a desire to control distortion and deformation and provide local stress relief for
applications where thick fittings are required to meet design conditions and post weld heat
treatment 1s not practical. See ASME B31.8-2016, Ch. VIII, 825 (requiring stress relief in welds
in all carbon steels when nominal wall thickness exceeds 1% inches [32 mm)]).

Prior art approaches begin welding at one end of the joint and progress to the other end
— typically left to right depending on the required orientation of the fitting’s flange tee — and

stack weld beads from the bottom up.
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SUMMARY

In embodiments of a method for controlling fitting bore distortion when welding a seam
located between two sleeve halves of a fitting located on a carrier pipe, the seam being at least 1-
a inches (32 mm) thick. The method includes dividing the seam on each side of the carrier pipe
into a left outer third section, a middle third section, and a right outer third section and then, on
each side of the carrier pipe, welding the middle third section of the fitting in a pyramid shaped
manner completely to the weld cap. Once the middle sections are welded, the left and right third
sections on either side of the fitting are then welded using an outward progression from an end
adjacent to the middle section along the profile of the seam bevel.

The welding of each third section includes temper bead welding of the first layers (until
sufficient weld metal is deposited such that additional weld beads will no longer affect the heat
affected zone of the fitting) 1n the longitudinal seam bevel. The temper bead welding 1is
controlled 1n a particular way such that stress relief and grain refinement is achieved without the

need for traditional post weld heat treatment.



WO 2018/183900 PCT/US2018/025481

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1A 1s front elevation view of a hot tap or plugging fitting as it would be arranged

about a section of pipe and presenting a thick, long seam on each side of the fitting in need of

welding. In some embodiments, the fitting is a T.D. Williamson (Tulsa, Oklahoma) STOPPLE®

fitting or its equivalent.

FI1G. 1B 1s a side elevation view of the fitting of FIG. 1A.

F1G. 1C 1s a side elevation detail view of the thick, long seam of FIG. 1B.

FIG. 2A 1s an embodiment of a weld made according to this disclosure.

FIG. 2B is a side elevation view of the thick, long seam prior to welding.

F1G. 2C 1s an embodiment of a welding system and method of this disclosure.

FIG. 2D 1s an embodiment of the completed pyramid-shaped middle third (center)
section.

FIG. 3 1s a schematic illustrating four inside diameter measurement dimensions, with @A
being a diameter in an axial flow or X direction and @B being a diameter in a direction
perpendicular to the axial flow or a Y direction). @C and @D are diameters at + 45° relative to

the axial flow in the X-Y plane.

Elements and Numbering Used in the Drawings and Detailed Description

10 Fitting

11 Upper sleeve half

13 Lower sleeve half
15 Gap
17 Root gap

19 Bevel
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20 Long seam

21 First side of pipe or fitting
23 Second side of pipe or fitting
25 Outer edge

30 Long seam weld

31 Center third section

33 End

35 Center
37 Outer third section
39 End

47 First weld layer

49 Second weld layer

50 Backing strip

60 Bore

L Length

P Carrier pipe

S Weld bead placement overlap

T Thickness



WO 2018/183900 PCT/US2018/025481

DEFINITIONS

For the purpose of this disclosure, a thick, long seam is a seam requiring welding located
between the upper and lower sleeve halves of a fitting after final fit-up on a carrier pipe, with the
sleeve halves comprised of carbon steel plate at least 1-%4 inches (32 mm) thick. In embodiments,
the fitting may be a hot tap fitting and the material is carbon steel such as ASTM A537 Class 1
plate that is at least 1-% inches (32 mm) thick.

In-service piping 1s piping containing a service fluid at any pressure or flow rate,
including zero pressure and flow rate.

DETAILED DESCRIPTION

In embodiments of a thick, long seam welding system and method for non-post weld heat
treatment and distortion control, the long (longitudinally extending) seam 20 located between
opposing upper and lower sleeve halves 11, 13 of a fitting 10 for use about a carrier pipe is
welded using a tempered bead, controlled deposition on each side 21, 23 of the seam 20, with a
middle (center) third 31 of the seam 20 welded first in an inward progression (from ends 33 to
center 35) and the two outer thirds 37A & B of the seam 20 welded in an outward progression
(from end 33 to end 39). The weld extends an entire length L of the seam 20. The thickness T of
the seam 20 is at least 1-% inches (32 mm).

Two welders may be used, one on each side 21, 23 of the carrier pipe P, or four welders
may be used, two on each side 21, 23. When two welders are on each side 21, 23, the outer third
sections may be welded at the same time, with one welder welding the left outer third and
another welder welding the right outer third.

Referring to FIG. 2B, prior to welding and final fit-up location, a backing strip 50 is

placed along the length L of the seam 20 against the carrier pipe P. The backing strip 50 may be
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a flat bar 1/8 inch by 1-% inches (3.2 mm x 32 mm). The sleeves 11, 13 each have a bevel 19 that

may present a seam 20 having an included angle of about 60° + 15°. The root gap 17 should be as
tight as practicable while ensuring sufficient gap remains to facilitate full penetration welding. In

some embodiments, the root gap 17 is 1n a range of 3/32 inch to 1/2 inch (2.4 mm to 12.7 mm).
In other embodiments, the root gap 17 1s approximately 1/8 inch (3.2 mm).

Next, the fitting 10 is intermittently tack welded in the weld root’s long seam 20 butt
joint over the total length of the seam 20 in order to ensure the fitting’s final correct welding
position. The middle center section 31, measuring about one-third of the total length L of the
long seam 20, is tack welded first to increase the fitting’s stiffness. Because the backing strip 50
1solates the seam weld 30 from the carrier pipe P, in-service welding standards like those applied
to the end circumferential welds do not apply to the long seam weld 30.

A first weld layer 47 is then laid down, starting with the middle third section 31, using an
inward progression (from end 33 to center 35), and following the profile of the bevel 19. See
FIGS. 2A & 2D. A second (tempered bead) layer 49 with dimension S i1s then laid down on top
of the first 47, again using the inward progression. Bead overlap may be in a range of 25% to
75%. Note both the first layer 47 and second layer 49 require the need for overlap, but only the
second layer 49 requires the need to follow weld bead placement “S”.

This sequencing continues in the middle third section 31 as the weld layers build in a
pyramid fashion one on the other toward the outer edge 25 of the seam 20 and until the gap 15
between the sleeve halves 11, 13 1s filled. Temper bead welding is utilized for a minimum of two
layers until after about a 3/16-inch (4.8 mm) weld deposit is achieved after which large diameter
welding electrodes (e.g. 1/4, 3/16” or 5/32”) are used to aid in minimizing stress and ultimately

distortion. Care must be used when depositing large diameter weld passes over the temper bead
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layers so as not to compromise the integrity of the temper bead layers particularly the beneficial

effects of grain refinement and stress relief.
Once the middle section 31 pyramid-like weld is complete, welding may begin on the
two outer third sections 37. The same sequencing as that used in the middle section 31 takes

place, with an outward progression being used (from middle section end 33 to outer section end
39) as the profile of the bevel 19 is followed. Circumferential welding may then occur at ends
39.

In some embodiments, the method includes dividing the seam 20 on each side 21, 23 of
the carrier pipe P into a left outer third section 33, a middle third section 31, and a right outer
third section 33 and, for each side 21, 23, welding the middle third section 31 using an inward
progression from an end 33 of the middle third section 31 along a profile of a seam bevel 19, and
welding the left outer third section 33, the right outer third section 35, or the left and right outer

third sections 33, 35 using an outward progression from an end 33 adjacent to the middle section
31 along a profile of the seam bevel 19. The welding of each section 31, 33, 35 includes a temper

bead welding of at least a first layer 47 of surface bead placement by a second layer 49 of surface
bead placement.

Compared to prior art methods, for a same size long seam 20 this method typically
requires more time. However, no post weld heat treatment 1s required. Additionally, resulting
distortion and deformation are dramatically reduced compared to prior art methods which helps
maintain the integrity and ultimately desired functionality of the fitting. For example, prior art
methods may result in distortion which increases the risk of cutting into the inside diameter of a
fitting’s bore 60 during the carrier pipe hole tapping operation. It can also compromise the seal

interface around the completion plug’s O-ring diameter @A-D located in the bore 60 (when
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applicable). See FIG. 3. Typically, the tolerance is about 1/8 inch (0.125 inch or 3.2 mm) or 1/16
inch per side (0.0625 inch or 1.6 mm), with negative distortion in the axial flow direction and
positive distortion in the perpendicular direction (as a general rule). Typical distortion results
using the new system and method are shown in Tables 1-2 below.

Although the system and method have been described with reference to particular means,

materials and embodiments, the system and method are not intended to be limited to those

particulars; rather, to extend to all functionally equivalent embodiments and methods such as are

within the scope of the appended claims.
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SUBMTITUTE SHEET (RULE 26)
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CLAIMS

WHAT Is CLAIMED
A method for controlling fitting bore distortion when welding a seam (20) located
between two sleeve halves (11, 13) of a fitting (10) located on an in-service carrier
pipe where the seam (20) after welding must remain in its as-welded condition, the
seam (20) being at least 1-1/4 inches (32 mm) thick, the method comprising:

first welding a middle third section (31) of the seam (20) in multiple weld
layers using only an inward progression starting from an end of the middle third
section (31) along a profile of a seam bevel (19), each weld layer having a different
length than that of an adjacent weld layer, the weld layers decreasing in length from a
root gap of the seam to an upper end of the seam; and,

after welding the middle third section, welding a left and a right outer third
section (37) of the seam (20) using only an outward progression from an end adjacent
to the middle third section (31) along a profile of the seam bevel (19);

wherein the welding of each of the three sections includes a controlled temper
bead welding technique applied only to a first two weld layers using a first diameter
size welding electrode; and

wherein at least one second diameter size welding electrode having a diameter
larger than that of the first diameter size welding electrode is used on remaining weld

layers.
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The method according to claim 1 wherein the fitting (10) is a hot-tap fitting.

A method for controlling fitting bore distortion when welding a seam (20) located
between two sleeve halves (11, 13) of a fitting (10) located on an in-service carrier
pipe where the seam (20) after welding must remain in its as-welded condition, the
seam (20) being at least 1-1/4 inches (32 mm) thick, the method comprising:

welding a middle third section (31) of the seam (20) in multiple weld layers
beginning along a profile of a seam bevel (19), each weld layer being made in only
one welding direction and having a different length than that of an adjacent weld
layer, the weld layers decreasing in length from a root gap of the seam to an upper end
of the seam; and, after welding the middle third section (31) of the seam (20),

welding a left and a right outer third section of the seam (20) beginning along a
profile of the seam bevel (19), each of the left and right outer third sections being
welded, respectively, in only one welding direction;

wherein the welding of each of the three sections includes a controlled temper
bead welding technique of only a first two weld layers of the multiple weld layers; and

wherein the only one welding direction used in each section is selected from
the group consisting of (i) an inward to outward progression and (ii) an outward to

inward progression.
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The method according to claim 3 further comprising a welding progression of the
middle third section (31) being an inward progression starting from an end of the

middle third section (31).

A fitting (10) located on an in-service carrier pipe, the fitting comprising:

a seam (20) on one side of the in-service-carrier pipe and another seam on an
opposite side of the in-service carrier pipe, each seam being at least 1-1/4 inches (32
mm) thick and including a middle third section and a left and a right outer third
section,

the middle third section (31) of the seam including a weld extending from the
root gap of the seam to an upper end of the seam and containing multiple weld layers
welded using an inward progression starting from an end of the middle third section
(31) along a profile of a seam bevel (19), each weld layer having a different length
than that of an adjacent weld layer, the weld layers decreasing in length from a root
gap of the seam to the upper end of the seam; and

the left and right outer third sections of the seam being in an unwelded state
from the root gap of the seam to the upper end of the seam;

wherein only a first two weld layers (47, 49) of the middle third section
includes a controlled temper bead; and

wherein no post-weld heat treatment is applied to the welded seam; and

wherein a total distortion of the fitting bore in an axial direction of the in-
carrier service pipe, in a direction perpendicular to the axial direction, and in a

direction at 45° to the axial direction, is no greater than 1/8”.
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The fitting (10) of claim 5, wherein a bead overlap of the first two weld layers (47, 49)

is in a range of 25% to 75%.

The fitting (10) of claim 5, wherein the first two weld layers (47,49) result in a weld

deposit of about 3/16”.

The fitting (10) of claim 5, further comprising, the left and right outer third sections
transitioning between the unwelded state and a welded state, wherein only a first two
weld layers of each outer third section includes a controlled temper bead, and wherein

the welded seam of each outer third section is welded in a single welding direction.

The fitting (10) of claim 5 wherein the fitting is a hot-tap fitting.

The method of claim 1, wherein after the welding of the three sections the fitting bore
distortion in an axial direction of the in-carrier service pipe, in a direction
perpendicular to the axial direction, and in a direction at 45° to the axial direction, is

no greater than 1/8”.

The method of claim 1, wherein after the welding of the three sections the fitting bore
distortion in an axial direction of the in-carrier service pipe, in a direction
perpendicular to the axial direction, and in a direction at 45° to the axial direction, is

in a range of — 12% to + 12% of a total tolerance.
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The method of claim 3, wherein after the welding of the three sections the fitting bore
distortion in an axial direction of the in-carrier service pipe, in a direction
perpendicular to the axial direction, and in a direction at 45° to the axial direction, is

no greater than 1/8”.

The method of claim 3, wherein after the welding of the three sections the fitting bore
distortion in an axial direction of the in-carrier service pipe, in a direction
perpendicular to the axial direction, and in a direction at 45° to the axial direction, is

in a range of — 12% to + 12% of a total tolerance.



