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Weld Joint Clearance

INTRODUCTION

Adequate clearance must be provided adjacent to welded joints to ensure proper welding and
inspection. If optimal clearance is not provided, fabrication efficiency can be reduced. For small
clearances, the weld can be obstructed enough to affect the weld quality, potentially reducing the weld
strength. This research project addresses three weld clearance issues:

1. Welding near obstructions

2. Doubler plate welds

3. Acute angle welds

Welding Near Obstructions

Weld clearance recommendations published by Grover (1946) and LEC (1994) are shown in Figures
1 and 2, respectively. According to Shaw (1996), generally “access requires a minimum of at least 18
in. of clear space around the joint.” Weld clearance requirements are also discussed on page 8-15 of
the AISC Manual (AISC, 2011). For horizontal welds using the SMAW process, page 8-15 of the
AISC Manual recommends a 30° angle as shown in Figure 1, with an absolute minimum angle of 27°.
If the proper clearance cannot be attained, the more expensive alternative details in Figure 2 can be
used.

Another common weld access problem is shown in Figure 5, where a plate is welded to the web of an
I-shape member with a complete-joint-penetration (CJP) weld. In many cases, the arc cannot be
properly directed against the base metal due to an obstruction caused by the flange. There is not a
direct line of sight for the welder or the inspector to view the beveled weld preparation surface.

The recommendations by Grover (1946), LEC (1994) and AISC (2011) are based on the SMAW
process; however, due to the low production rates, SMAW is primarily used only for tack welding.
Most structural shops now use FCAW or GMAW for production shop welding. FCAW-g is the most
used process for shop fabrication of structural steel, and FCAW-ss is the most used process for field
welding of steel structures. The geometry of a FCAW welding gun, including gas nozzle for FCAW-
g, is much different from a SMAW stick electrode. Additionally, electrode manipulation techniques
may be different between the two processes. Therefore, the historic values previously developed for
the SWAW process may need to be updated for use with FCAW. It is believed that clearances required
for FCAW-g will be larger than for FCAW-ss due to the presence of the gas nozzle; therefore, the
research plan includes only shop welding with the FCAW-g process.

An additional parameter that may affect weld clearance requirements is the “banking” of weld metal
to counteract the effect of gravity for welds made in the horizontal position. To obtain equal leg fillet
welds, the welder typically rotates the electrode toward the horizontal surface, so the arc is directed
more toward the vertical surface. Based on this, a vertical obstruction element may be more critical
than a horizontal obstruction in the welding of joints in the horizontal position.
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Fig. 1. Weld clearance recommendations by Grover (1946).
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Fig. 2. Weld clearance recommendations by LEC (1994).
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Fig. 4. Alternative welds for joints with clearance on one side only.
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Fig. 5. Complete-joint-penetration weld with access problems.

Doubler Plate Welds

The main function of a weld preparation is to facilitate the required weld metal penetration. The
preparation must provide adequate access, so the arc can be directed against the base metal. Figure 6a
shows a Tee joint with a square groove preparation that is not prequalified because the arc cannot be
directed against the base metal. A similar detail is shown for a corner joint in Figure 6b. For relatively
thin materials, the corner joint is prequalified because arc access is not obstructed as it is for the Tee
joint. A prequalified Tee joint with a single-bevel weld preparation is shown in Figure 6¢, where the
arc can be directed against the beveled surface.

Typical doubler plate-to-column flange welds are shown in Figure 7, where Option 1 is fillet-welded
and Option 2 is groove-welded. The groove welds are considered full-strength welds, although they
are not AWS prequalified joints. For thin doubler plates, fabricators often eliminate the weld
preparation by welding the edge of a square-cut plate, relying on the welding heat to provide adequate
penetration at both the plate and the column. For thick doubler plates, the 30° preparation shown for
Option 2 is often used because the geometry is similar to the prequalified joint in Figure 6¢. Fabrication
practices vary, but generally, plates less than % in. thick are cut square and plates % in. and thicker
are beveled at 30°. The variables for the weld joint geometry are shown in Figure 8.

Allowing a slight encroachment into the flange-to-web fillet radius reduces the volume of weld metal,
which also reduces both the cost of the joint and the weld shrinkage stresses. Distortion of the column
due to weld shrinkage at a web doubler plate is shown in Figure 9. The weld metal volume can also
be reduced by using square-cut plate edges.

|\ VR
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b. prequalified for limited c. prequalified for unlimited

a. not prequalified thickness thickness

Fig. 6. Arc access.
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Fig. 9. Exaggerated distortion due to weld shrinkage at a web doubler plate.

Acute Angle Welds

Figure 10 shows typical HSS truss joints, where the heel of the joint must be welded at an acute angle.
Acute-angle welds can be problematic when the dihedral angle is less than 30°. AWS D1.1:2015
Subclause 9.15.4.2 discusses the qualification requirements for tubular joints with dihedral angles less
than 30°. At small angles, limited access to the joint root causes a lack of penetration and the weld
metal near the root can be used only as backup to the sound weld passes. In design, this dimension,
known as the z-loss dimension, is subtracted from the theoretical weld throat. Although tapered gas
nozzles can be used at joints with small angles, weld quality can be reduced where wider gas coverage
is required to protect the arc. Also, production efficiency is reduced when tapered nozzles are used.
The effectiveness of welding practices common to structural steel fabricators is unclear at dihedral
angles less than 30°.

b. round HSS connection

Fig. 10. HSS truss joints.
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OBJECTIVES

The objectives of this research are to determine practical limits on connection geometry for welding
near obstructions and welding acute-angle heel joints.

Welding Near Obstructions
The objective of the obstructed fillet weld research is to determine the minimum clearance required
for fillet welded joints, and the effect of small clearances on weld quality and production efficiency.

Doubler Plate Welds

The objective of the doubler plate tests is to provide preliminary information regarding the root-pass
penetration for square-cut plates, based on the plate thickness and the distance from the inner surface
of the flange to the edge of the plate.

Acute Angle Welds

The objective of the acute-angle tests is to provide preliminary information regarding the viability,
quality, economy and geometry of skewed joints fabricated according to AWS D1.1 Figure 3.8 Detail
D with dihedral angles, ¢, less than 30°.
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PROCEDURE

For the three weld clearance issues discussed, specimens were fabricated, sectioned and inspected. All
specimens were fabricated by AISC Certified fabricators using the FCAW-g process. Each shop
selected a welder to participate in the project, based on an average level of skill and experience. The
selected welders completed a questionnaire and the engineering/production managers were
interviewed for further information. All specimens were sectioned into sub-specimens by cold-sawing
at two locations perpendicular to the weld. The saw-cut sections were macro-etched with a 10% Nital
etchant, which consists of 10 ml nitric acid and 90 ml ethyl alcohol.

Welding Near Obstructions

The weld clearance specimens used a 4 x 8§ in. plate to simulate an obstruction. Each specimen was
fabricated with seven test welds, as shown in Figure 11. The outermost 4 x 2 in. plate was welded
first and the assembly sequence progressed toward the obstruction plate. Figure 12 shows the weld
sequences, labeled Location 1 through Location 7, with Location 7 closest to the obstruction plate.

One large fabricator and two medium-size fabricators participated in this part the project. Each
fabricator supplied three specimens, with two specimens welded in the horizontal position and one
specimen welded in the vertical position. For the specimens welded in the horizontal position, Position
A was oriented with the obstruction plate in the vertical direction and Position B had the obstruction
plate in the horizontal direction as shown in Figures 13a and 13b, respectively. A specimen welded in
the vertical-position, designated Position C, is shown in Figure 14c. The weld position for each
specimen was identified by the fabricator. The specimens were inspected by the fabricator and the leg
sizes were measured using a fillet weld gage as shown in Figure 15.

OBSTRUCTION PLATE
PLYx8x0%-10
TACK WELD TOPL} x 10

o BSPA@1"

—Tvp

PLix2x0-6
(7 REQ'D)

PL%x10x0-10

10"

Fig. 11. Weld clearance specimen detail.
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Obstruction Plate

Location 4

Location 5
Location 6
Location 7

Location 2
Location 3

Location 1

atataiatiinl =

a. Position A b. Position B

Fig. 13. Orientations for horizontal welding positions.

ek

a. Position A b. Position B c. Position C

Fig. 14. Specimen positions.
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Fig. 15. Measurement of weld leg size.

Each weld specimen is identified with the designation, FPC-L, where F is the fabricator number, P is
the welding position, C designates the cross-sectional cut location along the weld length and L is the
weld location number. After sectioning and etching the specimens, the weld leg sizes and effective
throat dimensions were measured from a digital image.

Doubler Plate Welds

Fabricator 1 supplied eight simulated doubler plate specimens. Four of the fabricated specimens are
shown in Figure 16. The specimens are 9 in. long and were welded in the horizontal position. Drop
material from a recent project was used for the W-shape, with extension tabs tack-welded to the flange
tips to simulate a W14x90 column.

The simulated doubler plate was square-cut (o = 0°) with variable dimensions are shown in Figure 17.
The distance from the inner surface of the flange to the edge of the plate, x, was either %% in. or 1% in.
and four different plate thicknesses were used: "4, 3%, 12 and % in. Because the concerns are associated
with penetration at the root pass, only the first pass was completed and the remaining passes required
to complete the joint were omitted.

10
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Fig. 16. Doubler plate specimens.
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Fig. 17. Doubler plate specimens.
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Acute Angle Welds

Fabricator 1 supplied four acute-angle specimens, shown in Figure 18. The specimens are 8 in. long
and were welded in the horizontal position. The weld geometry was based on AWS D1.1 (AWS, 2015)
Figure 3.8 Detail D (see Figure 19) and Table 3.6 with # = ' in., tw = 2 in. and F = ' in. Four
different dihedral angles, ¢, were used: 15°, 20°, 25° and 30°.

a. 30° Angle b. 25°Angle

c. 20° Angle d. 15°Angle

Fig. 18. Acute-angle specimens.
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Fig. 19. Acute-angle specimens.
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RESULTS

The completed welder interview questionnaires are in Appendix D and the Welding Procedure
Specifications for Fabricators 1 and 2 are in Appendix E. The Welding Procedure Specification for
Fabricator 3 was not available. The weld inspection report from Fabricator 1 is in Appendix F.
Fabricators 2 and 3 verbally reported that all welds were inspected, and accepted as-delivered.

Welding Near Obstructions

All photographs for the sectioned clearance specimens are in Appendix A. Representative samples are
shown in Figures 20, 21 and 22 for the specimens welded in Position A, B and C, respectively. The
digitally-measured weld leg sizes and effective throat dimensions are listed in Table B-1 of Appendix
B. The measured values, shown in Figure 12, are the effective throat, £, and the fillet weld leg sizes,
wi and wa.

As indicated in Table B-1, several of the weld leg measurements are less than the specified size of 4
in. However, these welds passed the fabricator’s visual inspection and meet the visual inspection
acceptance criteria requirements of AWS D1.1 Table 6.1, which allows a minimum size of % in. — ¥
in. = 0.156 in. over 10% of the weld length. Based on the specified leg size, the theoretical effective
throat is

7 1/4 in.

G

Specimen 1B2-3 is the only weld with a measured effective throat less than 0.177 in. At this section,
the measured dimension is only 4% less than the theoretical value. A reduction in the effective throat
at this location could be predicted by evaluating the slightly undersized Leg 1. Because Leg 1 was
undersized over less than 10% of the weld length, the slightly undersized effective throat can be
considered within tolerance.

=0.177 in.

The welds for Specimens 1A1-1, 1A1-2, 1A2-1, 1A2-2, 1B1-1, 1B1-2, 1B2-1 and 1B2-2 were rejected
by the inspector without repair. The rejected welds were in Positions 1 and 2, which were farthest from
the obstruction plate. Several of the rejected specimens have undersized weld legs; however, the
effective throat dimensions for these specimens are greater than the theoretical values.

As the distance between the weld and the obstruction plate decreases, the electrode angle changes,
causing the arc to be increasingly directed toward the 4 x 10 in. plate and away from the %4 x 2 in.
plates. This causes an increase in the leg aspect ratio, wi/w2, and a decrease in the penetration into the
base metal at Leg 2. The leg aspect ratios for each specimen are listed in Table B-1. The mean values
for all specimens are plotted in Figure 23, which shows approximately equal leg sizes for Locations 1
through 5. For Locations 6 and 7, the mean value for wi is approximately 15 to 20% greater than wx.
This effect is clearly demonstrated in Figures 22d, 22e and 22f, where the specimen locations are 5, 6
and 7, respectively. The aspect ratios for Locations 5, 6 and 7 are 1.20, 1.25 and 1.70, respectively.

Generally, all welds showed good fusion at both plates; however, the penetration depth at the 4 x 2
plates (Leg 2) decreased as the distance between the weld and the obstruction plate decreased. The
specimen in Figure 21a, at Location 1, showed normal root penetration. For the weld closest to the
obstruction plate, Figure 21b shows a lack of significant penetration at Leg 2.

13
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An estimate of the reduction in efficiency is the area ratio, Am/A:, where Am is the weld metal area
calculated with the measured leg sizes and A: is the theoretical weld metal area calculated with the
specified leg size. The area ratios for each specimen are listed in Table B-1. And the mean values for
all specimens are plotted in Figure 24. At Location 1, An is approximately 20% more than A4:. As the
distance between the weld and the obstruction plate decreases the area ratio shows an upward trend to
a maximum mean value of 1.33 at Location 5.

a. Location 3 c. Location 7

Fig. 20. Clearance specimens-Position A.

a. Location 1 c. Location 7

Fig. 21. Clearance specimens-Position B.
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a. Fabricator 1-Location 5 b. Fabricator 1-Location 6 c. Fabricator 1-Location 7

d. Fabricator 2-Location 5 e. Fabricator 2-Location 6 f. Fabricator 2-Location 7

Fig. 22. Clearance specimens-Position C.

120
1.15
wi/w, 1.10

1.05

1.00
1 2 3 4 5 6 7

Location

Fig. 23. Mean leg aspect ratio, wi/w2, for each weld location.
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Am/At 1.20

Location

Fig. 24. Mean area ratio, An/As, for each weld location.

Doubler Plate Welds

All photographs for the sectioned doubler plate specimens are in Appendix C. Representative samples
are shown in Figures 25, 26, 27 and 28 for the specimens with Y4, %, 2 and % in. simulated doubler
plate thicknesses, respectively. As shown in Figure 25, all specimens with a %4 in. doubler plate showed
good fusion and penetration into both the column and the plate. The heat input from welding melted
the plate edge, creating adequate access for the welder to direct the arc toward the base metal.

The welding heat did not have the same effect on the thicker specimens. Many of the %, 2 and % in.
specimens had adequate fusion and significant penetration, as shown for the % in. doubler plate
specimen shown in Figure 26b and the % in. doubler plate specimen shown in Figure 28a. However,
the specimens in Figures 26¢, 27b, 28b and 28c, had a lack of root penetration and the specimens in
Figures 27c and 28b had a low penetration depth at the doubler plate. Although these problems were
more prevalent for the specimens with x = % in., they were also present for the specimens with x = 1%
in.

16
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a.x=14in.

b. x = %in.

Fig. 25. Y4in. doubler plate specimens.
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a.x=14in.

b. x = %in. c.x = %in.

Fig. 26. 7%in. doubler plate specimens.
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a.x=1%in. b.x=14in.

c.x = X%in.

Fig. 27. Y3in. doubler plate specimens.
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b. x = %in. c.x = Y%in.

Fig. 28. ?4in. doubler plate specimens.

Acute Angle Welds

The acute-angle weld specimens are shown in Figure 29. In all cases, #w was significantly greater than
1/ in., which is the required value from AWS D1.1 (AWS, 2015) Figure 3.8 Detail D and Table 3.6.
The specimens with dihedral angles, ¢, of 20°, 25° and 30° showed good penetration and fusion
throughout the joint. The specimen with ¢ = 15° had shallow fusion, but observation of the etched
sections revealed no lack of fusion at any of the weld-to-base metal boundaries. A portion of the weld
length, shown in Figure 29d, had a lack of penetration at the root of approximately %4 in. maximum.

20
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a. 30° Angle

b. 25°Angle

c. 20°Angle

d. 15°Angle

Fig. 29. Acute-angle specimens.
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CONCLUSIONS

Welding Near Obstructions

All welds at Locations 3 through 7 passed the fabricator’s visual inspection and meet the visual
inspection acceptance criteria requirements of AWS D1.1 Table 6.1. Although one weld section had a
measured effective throat that was slightly less than the theoretical value, all welds were deemed
adequate. As the distance between the weld and the obstruction plate decreases, the leg aspect ratio,
wi/wa, increases and the penetration into the base metal at Leg 2 decreases. The production efficiency,
as measured by both the leg aspect ratio and the area ratio, was reduced at Locations 6 and 7, relative
to welding at Location 1. Another issue at Location 7 is the 2 in. clearance between the welded plate
and the obstruction plate will not allow access to measure Leg 2 with a standard fillet weld gage.

The welder for Fabricator 2 reported no problems except that the angle of the welding gun was
restricted for welding in the vertical position at Location 7. This affected the weld leg ratio (see Figure
22f) and the production efficiency. The welder for Fabricator 3 noted that, for all three welding
positions, weld quality and production efficiency was affected only for welds at Locations 6 and 7.
Although the production efficiency was perceived to be the primary issue, the welder also expressed
concerns regarding the potential effects on the weld fusion and penetration.

At locations 6 and 7, if a reduction in efficiency is acceptable, it appears that consistent weld quality
is achievable in all three welding positions. Considering all of the issues discussed in this report, the
recommended clearance for FCAW welding is 3% in., with an absolute minimum of 2 in.

Doubler Plate Welds

Based on the results discussed in this report, adequate fusion and penetration for a full-strength weld
can be consistently obtained for '4 in. square-cut (oo = 0°) doubler plates welded with the FCAW
process. In this case, the root opening, R, had no observable effect on the weld quality; therefore, R =
0 is recommended.

For doubler plates thicker than % in., a groove angle, a, of 15° to 30° may be required to ensure
consistent weld quality. Based on the results of the Y4 in. doubler plate specimens, it is expected that
a Y4 in. land could be used for these joints to reduce the weld metal while maintaining weld quality.

For Question 1 of the welder questionnaire response (Appendix D1), the welder noted that proper
access with a standard (non-tapered) nozzle requires a minimum groove angle of 15° to 30° for 3 in.
doubler plates and thicker. This implies that doubler plates less than % in. can be square-cut. However,
the results showed inconsistent fusion and penetration for the ¥ in. and '~ in. square-cut plates.
Therefore, adequate welding clearance does not guarantee consistent weld quality.

Acute Angle Welds

Although the specimen with ¢ = 15° had a lack of penetration at the root for a portion of the weld
length, all of the acute-angle specimens met the requirements of AWS D1.1 (AWS, 2015) Figure 3.8
Detail D and Table 3.6. The shallow fusion for the specimen with ¢ = 15° indicated the lack of proper
access for manipulating the electrode.

Based on the welder questionnaire response (Appendix D1), a minimum angle of 15° is required for

proper access. All acute-angle specimens required a non-standard nozzle. The 15° specimen was
welded with a non-standard stick-out, resulting in a decrease in production efficiency.

22
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For question 3 of the questionnaire, the welder explained that acute angle welds are less problematic
for round HSS compared to rectangular HSS. This is because the angle changes around the perimeter
of the joint, with the smallest angle (at the heel) comprising only a small portion of the total weld
length. Also, the curvature allows better access from the side of the joint.

23
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APPENDIX A
WELDING NEAR OBSTRUCTIONS
PHOTOGRAPHS OF SPECIMEN SECTIONS

a. Position A

b. Position B

c. Position C

Fig A-1. Specimen sections for Fabricator 1
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a. Position A

X B
} Fabricator 2
Position B

b. Position B

: . 1 Fabricator 2
Position C 1 ~ Position C

c. Position C

Fig A-2. Specimen sections for Fabricator 2
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a. Position A

b. Position B

¢. Position C

Fig A-3. Specimen sections for Fabricator 3
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APPENDIX B

WELDING NEAR OBSTRUCTIONS
MEASURED WELD DIMENSIONS

Table B-1. Measured Specimen Dimensions

Specimen w1 w2 E wi/w2 Am AmlA:
1A1-1 0.33 0.31 0.23 1.06 0.051 1.64
1A1-2 0.30 0.31 0.25 0.97 0.047 1.49
1A1-3 0.29 0.28 0.21 1.04 0.041 1.30
1A1-4 0.25 0.23 0.19 1.09 0.029 0.92
1A1-5 0.24 0.27 0.21 0.89 0.032 1.04
1A1-6 0.26 0.24 0.20 1.08 0.031 1.00
1A1-7 0.29 0.24 0.20 1.21 0.035 1.11
1A2-1 0.26 0.27 0.21 0.96 0.035 1.12
1A2-2 0.26 0.31 0.22 0.84 0.040 1.29
1A2-3 0.28 0.24 0.20 1.17 0.034 1.08
1A2-4 0.29 0.30 0.23 0.97 0.044 1.39
1A2-5 0.28 0.26 0.22 1.08 0.036 1.16
1A2-6 0.27 0.24 0.20 1.13 0.032 1.04
1A2-7 0.30 0.28 0.25 1.07 0.042 1.34
1B1-1 0.20 0.26 0.19 0.77 0.026 0.83
1B1-2 0.20 0.30 0.20 0.67 0.030 0.96
1B1-3 0.28 0.27 0.20 1.04 0.038 1.21
1B1-4 0.24 0.26 0.20 0.92 0.031 1.00
1B1-5 0.24 0.30 0.20 0.80 0.036 1.15
1B1-6 0.26 0.29 0.21 0.90 0.038 1.21
1B1-7 0.27 0.25 0.21 1.08 0.034 1.08
1B2-1 0.21 0.24 0.19 0.88 0.025 0.81
1B2-2 0.21 0.26 0.21 0.81 0.027 0.87
1B2-3 0.24 0.25 0.17 0.96 0.030 0.96
1B2-4 0.27 0.24 0.18 1.13 0.032 1.04
1B2-5 0.25 0.27 0.20 0.93 0.034 1.08
1B2-6 0.26 0.25 0.18 1.04 0.033 1.04
1B2-7 0.24 0.22 0.18 1.09 0.026 0.84
1C1-1 0.26 0.29 0.21 0.90 0.038 1.21
1C1-2 0.25 0.23 0.21 1.09 0.029 0.92
1C1-3 0.27 0.24 0.21 1.13 0.032 1.04
1C1-4 0.24 0.28 0.22 0.86 0.034 1.08
1C1-5 0.27 0.23 0.21 1.17 0.031 0.99
1C1-6 0.23 0.25 0.23 0.92 0.029 0.92
1C1-7 0.26 0.22 0.21 1.18 0.029 0.92
1C2-1 0.20 0.23 0.19 0.87 0.023 0.74
1C2-2 0.22 0.25 0.19 0.88 0.028 0.88
1C2-3 0.24 0.21 0.19 1.14 0.025 0.81
1C2-4 0.21 0.23 0.20 0.91 0.024 0.77
1C2-5 0.27 0.28 0.22 0.96 0.038 1.21
1C2-6 0.25 0.25 0.22 1.00 0.031 1.00
1C2-7 0.25 0.21 0.19 1.19 0.026 0.84
2A1-1 0.29 0.28 0.20 1.04 0.041 1.30
2A1-2 0.27 0.30 0.22 0.90 0.041 1.30
2A1-3 0.27 0.30 0.21 0.90 0.041 1.30
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2A14 0.29 0.32 0.21 0.91 0.046 1.48
2A1-5 0.29 0.32 0.21 0.91 0.046 1.48
2A1-6 0.25 0.29 0.19 0.86 0.036 1.16
2A1-7 0.29 0.25 0.21 1.16 0.036 1.16
2A2-1 0.25 0.27 0.18 0.93 0.034 1.08
2A2-2 0.24 0.27 0.20 0.89 0.032 1.04
2A2-3 0.28 0.30 0.20 0.93 0.042 1.34
2A2-4 0.27 0.30 0.20 0.90 0.041 1.30
2A2-5 0.26 0.29 0.20 0.90 0.038 1.21
2A2-6 0.28 0.30 0.21 0.93 0.042 1.34
2A2-7 0.27 0.24 0.18 1.13 0.032 1.04
2B1-1 0.28 0.28 0.22 1.00 0.039 1.25
2B1-2 0.33 0.28 0.21 1.18 0.046 1.48
2B1-3 0.34 0.31 0.23 1.10 0.053 1.69
2B1-4 0.38 0.26 0.21 1.46 0.049 1.58
2B1-5 0.34 0.28 0.23 1.21 0.048 1.52
2B1-6 0.34 0.23 0.20 1.48 0.039 1.25
2B1-7 0.33 0.29 0.23 1.14 0.048 1.53
2B2-1 0.28 0.27 0.21 1.04 0.038 1.21
2B2-2 0.31 0.25 0.22 1.24 0.039 1.24
2B2-3 0.34 0.27 0.23 1.26 0.046 1.47
2B2-4 0.38 0.27 0.22 141 0.051 1.64
2B2-5 0.32 0.26 0.21 1.23 0.042 1.33
2B2-6 0.35 0.21 0.19 1.67 0.037 1.18
2B2-7 0.34 0.28 0.23 1.21 0.048 1.52
2Cl1-1 0.24 0.32 0.22 0.75 0.038 1.23
2C1-2 0.25 0.26 0.23 0.96 0.033 1.04
2C1-3 0.25 0.26 0.23 0.96 0.033 1.04
2C1-4 0.25 0.26 0.23 0.96 0.033 1.04
2Cl1-5 0.31 0.30 0.26 1.03 0.047 1.49
2C1-6 0.30 0.23 0.20 1.30 0.035 1.10
2C1-7 0.40 0.26 0.24 1.54 0.052 1.66
2C2-1 0.40 0.24 0.22 1.67 0.048 1.54
2C2-2 0.30 0.25 0.22 1.20 0.038 1.20
2C2-3 0.27 0.28 0.23 0.96 0.038 1.21
2C2-4 0.27 0.28 0.21 0.96 0.038 1.21
2C2-5 0.26 0.28 0.22 0.93 0.036 1.16
2C2-6 0.26 0.24 0.23 1.08 0.031 1.00
2C2-7 0.23 0.30 0.25 0.77 0.035 1.10
3Al-1 0.28 0.26 0.22 1.08 0.036 1.16
3A1-2 0.36 0.25 0.21 1.44 0.045 1.44
3A1-3 0.34 0.28 0.24 1.21 0.048 1.52
3A14 0.32 0.28 0.22 1.14 0.045 1.43
3A1-5 0.36 0.30 0.23 1.20 0.054 1.73
3A1-6 0.35 0.28 0.22 1.25 0.049 1.57
3A1-7 0.39 0.23 0.22 1.70 0.045 1.44
3A2-1 0.24 0.27 0.21 0.89 0.032 1.04
3A2-2 0.34 0.26 0.22 1.31 0.044 1.41
3A2-3 0.35 0.29 0.25 1.21 0.051 1.62
3A2-4 0.31 0.25 0.23 1.24 0.039 1.24
3A2-5 0.38 0.29 0.23 1.31 0.055 1.76
3A2-6 0.35 0.22 0.21 1.59 0.039 1.23
3A2-7 0.39 0.24 0.23 1.63 0.047 1.50
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3B1-1 0.34 0.30 0.25 1.13 0.051 1.63
3B1-2 0.30 0.28 0.23 1.07 0.042 1.34
3B1-3 0.32 0.29 0.26 1.10 0.046 1.48
3B1-4 0.30 0.31 0.22 0.97 0.047 1.49
3B1-5 0.30 0.32 0.24 0.94 0.048 1.54
3B1-6 0.31 0.29 0.25 1.07 0.045 1.44
3B1-7 0.34 0.27 0.24 1.26 0.046 1.47
3B2-1 0.32 0.29 0.25 1.10 0.046 1.48
3B2-2 0.30 0.31 0.24 0.97 0.047 1.49
3B2-3 0.33 0.28 0.23 1.18 0.046 1.48
3B2-4 0.31 0.30 0.22 1.03 0.047 1.49
3B2-5 0.28 0.31 0.23 0.90 0.043 1.39
3B2-6 0.31 0.31 0.23 1.00 0.048 1.54
3B2-7 0.33 0.27 0.21 1.22 0.045 143
3Cl1-1 0.29 0.26 0.21 1.12 0.038 1.21
3C1-2 0.30 0.29 0.23 1.03 0.044 1.39
3Cl1-3 0.28 0.28 0.24 1.00 0.039 1.25
3C1-4 0.32 0.31 0.22 1.03 0.050 1.59
3C1-5 0.28 0.29 0.24 0.97 0.041 1.30
3C1-6 0.32 0.28 0.26 1.14 0.045 1.43
3C1-7 0.28 0.31 0.26 0.90 0.043 1.39
3C2-1 0.26 0.26 0.20 1.00 0.034 1.08
3C2-2 0.31 0.30 0.24 1.03 0.047 1.49
3C2-3 0.24 0.30 0.22 0.80 0.036 1.15
3C2-4 0.31 0.30 0.26 1.03 0.047 1.49
3C2-5 0.29 0.30 0.25 0.97 0.044 1.39
3C2-6 0.31 0.30 0.27 1.03 0.047 1.49
3C2-7 0.30 0.32 0.28 0.94 0.048 1.54

Red shaded cells indicate a weld that was rejected by the CWI

Blue shaded cells indicate the measured dimension is less than the

nominal dimension

A, = weld metal area calculated with the measured leg sizes, in.?

A; = weld metal area calculated with the nominal specified leg size, in.”

E = effective throat, in.

wi = fillet weld leg size at the %4 x 10 in. plate, in.
wy = fillet weld leg size at the '4 x 2 in. plate, in.
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APPENDIX C
DOUBLER PLATE WELDS
PHOTOGRAPHS OF SPECIMEN SECTIONS

a.x=1%4in.

b. x = %in.

Fig. C-1. Y in. doubler plate specimens.

a.x=1%in.

b. x = %in.

Fig. C-2. %%in. doubler plate specimens.

31



Weld Joint Clearance

a.x=14in.

= X%in.

Fig. C-3. Zin. doubler plate specimens.

Fig. C-4. ?4in. doubler plate specimens.
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APPENDIX D1
WELDER QUESTIONNAIRE
FABRICATOR 1
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WELDER QUESTIONNAIRE
For AISC Research Project

REQUIRED CLEARANCE FOR WELDED JOINTS

Date: 5/13/2013

Company: Bell Steel Company
Fitter Mike Tanton
Welder Name: Rob Lowe

Inspector: Curtis Smith

300 Cahaba Park Circle Suite 116 ® Birmingham, AL 35242 e (205) 283-2078 ® www.arcstructural.com
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Welder Questionnaire Page 2 of 5
WELDING NEAR OBSTRUCTIONS

1) For each of the three welding positions, what is the least clearance that can be provided without
affecting the weld quality (See Figure 1)?

Only on the vertical is weld productivity affected. Lower voltage settings and resulting
amperage is lower resulting is a slower weld progression throughout the length of the welds.

OBSTRUCTION PLATE
PL,x8x0-10
TACK WELD TOPL} x 10

o" 6 SPA@ 1"

—<Tvp

Y

PLYix2x0-6
(7 REQ'D)

\

PLYx10x0-10

10"

Figure 1
2) For each of the three welding positions, what is the least clearance that can be provided without
affecting the production efficiency (See Figure 1)?
Found no real difference in the productivity in any of the welding on these samples that

affected productivity. The vertical as stated above was slower, but because it was vertical and
not because of a clearance issue.

3) For small clearances, what changes in your standard welding techniques and equipment would be
required?

No change was required in equipment or technique for any of the clearances provided by the
samples.

How do these changes affect the weld quality and production efficiency?

N/A
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DOUBLER PLATE WELDS
1) What values of R would you recommend for each plate thickness (See Figure 2)?

Our standard is to use 0”. The plate is normally located at the intersection of the fillet with
the web, or at the tangent point unless a specific weld detail or instruction is supplied by a
connection engineer. On the test samples provided varied form approximately 1/8” to 1”
depending on whether X was 5/8” or 1 /4”.

R DOUBLER PLATE
o
</
s

Figure 2.
2) At what doubler-plate thickness would you recommend beveling the edges to provide a groove
angle greater than 0°?

On plate thickness %4 (over 5/8”) a 15 degrees bevel would be recommended to allow access
with the standard weld nozzle tip.

For doubler plates of this thickness and greater, what values of R and o would you recommend
(See Figure 2)?

On thicker samples over 3/4” it might require an increase in the bevel angle from 15 to 30
degrees depending on actual thickness of the plate.
3) Would the answer to Questions 1 and 2 change with the welding process? If so, can you provide
estimates for other welding processes (SMAW, GMAW)?
We only use FCAW welding on structural steel in our shop. The only SMAW welding is for

tack welding only, and then only in some cases. Most fitters are also using FCAW to make
tacks; so therefore in our shop we would not require change any processes.
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Off-subject comment: There was one exception to this in the past where welding stiffeners in
a cruciform column actually required us to use SMAW because the gun would not fit into the
space we had to make the weld. We used a E7018 electrode on these welds and welded the
joist using a mirror in a handle to be able to see the weld progression. The welds were not
pretty and barely passed inspection, but satisfied the requirements.

4) What changes in your standard welding techniques and equipment would be required? How do
changes in variables such as electrode stick-out, contact tip-to-work distance and nozzle width
affect the weld quality and production efficiency?

None for the doubler plates; however on the acute angle welds in the next section there are
some noted changes.

ACUTE ANGLE WELDS

1) What is the minimum dihedral angle that can be properly welded with standard welding
techniques and equipment?

Anything any less than 15 degrees might not be weldable form an access standpoint.

In welding the acute angles on the tube sample welds, the welder had to change the welding
tip on his gun form the standard tip to a cone shaped welding tip which narrows down to the
tip permitting to have the needed access to the weld, particularly the root passes and back
welding.

In fact at all sample angles the cone shaped tip had to be utilized in order to get weldability in
the joint. The standard nozzle would not allow access or enough freedom of manipulating the
weld gun to properly lay in the weld passes.

For angles less than this, what changes in your standard welding techniques and equipment
would be required?

Less than 15 degrees in just not feasible for us from a welding standpoint. We would try to
have the design of the joint changed to a configuration we could handle fabrication wise.

How do changes in variables such as electrode stick-out, contact tip-to-work distance and nozzle
width affect the weld quality and production efficiency?

The tight acute angle did require a change in the normal welding technique. It required a
longer than normal stick out resulting in a longer arc, increased tip-to-work piece and slower
welding travel speeds as a result, which would affect the time required in making the root
pass and several of the additional passes of the back weld. Once the weld is layered in and
the back weld completed the stick out is reduced some increasing the weld travel speed
slightly. The welder just adjusted stick out when completing the passes as was required and
did not really kept any accurate measurement of the stick out during the welding of the
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samples.

2) Will the answer to Question 1 change with welding position?

The welding position can be a problem depending on the actual work piece in terms of being
able to access the joint in which the acute angle occurs depending on piece geometry. This in
itself could dictate a different welding position be used than the one you really would like to
use. However, in most circumstances we can manipulate items so as to achieve the best
position for the welder prior to starting and completing his welds.

3) For welding the acute angle, are there any differences between rectangular and round HSS (See
Figure 3)?

Yes, the round tubing or pipe in general terms is easier to weld as the area where the acute
angle occurs is smaller and has better access with some access being form outside the pipe.
As you move around the joint once past the small acute angle it becomes easier to weld.
There are some special considerations when welding pipe intersections which can require
different perpetration on different parts of the pipe to achieve a good weld.

L

Rectangular HSS Connection

=

L

Round HSS Connection

Figure 3.
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APPENDIX D2
WELDER QUESTIONNAIRE
FABRICATOR 2
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J bk( International, LLC

WELDER QUESTIONNAIRE

For AISC Research Project

REQUIRED CLEARANCE FOR WELDED JOINTS

Date:
Company:

Welder Name:

Patrick J Fulbimmder
CWI 16082081
QC1 EXP. 8/1/2019

300 Cahaba Park Circle Suite 116 ® Birmingham, AL 35242 e (205) 283-2078 e www.arcstructural.com
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Welder Questionnaire Page 2 of 3
WELDING NEAR OBSTRUCTIONS

1) For each of the three welding positions, what is the least clearance that can be provided without
affecting the weld quality (See Figure 1)?

Verticle = alfecied oureh ar@fe on las? }Jé"}f’:’,

Hortz vert ogﬁfv‘Cf‘r@")“ Nowe

Horiz Q’f’“'z °5) = Nere

PLLx8x0-10

OBSTRUCTION PLATE
TACK WELD TO PL . x 10

/ _z__ssPa@r
4
. ~PLix2x0-8
® / {7 REQD)
) /
iRk A
| IR IRIRIRIY |
1 . BIDIDIDIDIA .

PL)x10x0-10

10"

Figure 1
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2) For each of the three welding positions, what is the least clearance that can be provided without
affecting the production efficiency (See Figure 1)?

No \mg\m

3) For small clearances, what changes in your standard welding techniques and equipment would be
required?

Nohﬁ €X€€P+ Uerl;C,\f, T“C ’G# ch.?c: af'fft"‘*té

H i
+he +ourch arale somewhet,

How do these changes affect the weld quality and production efficiency?
T;\c ¢ iﬂm«qp W touve h m&_fﬂs causeé the  weld 4o be less
um-(orm and 14 +oplC a li4+le lonﬂer 70 3"1 'n G (omfmmit

weldn < on
A &‘j po n
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APPENDIX D3
WELDER QUESTIONNAIRE
FABRICATOR 3
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WELDER QUESTIONNAIRE
For AISC Research Project

REQUIRED CLEARANCE FOR WELDED JOINTS

Date: 9-14-16

Company: Structural Steel Services, Inc.

Welder Name: Timmy Boles

300 Cahaba Park Circle Suite 116 ® Birmingham, AL 35242 e (205) 283-2078 ® www.arcstructural.com
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WELDING NEAR OBSTRUCTIONS

1) For each of the three welding positions, what is the least clearance that can be provided without
affecting the weld quality (See Figure 1)?

For each of the welding samples, issues began at the second last fillet weld location for each
of the positions. This location was 3” from the obstruction plate, marked on the sample as
position F. All three full samples had this same outcome, fillet welds F & G (measured at 3”
& 2” from the obstruction plate, see Figure 1 below).

H
B 1
o =my
_—
]
p- —
nnnnmp 'l;:..:'l
TR TR [ [ TR E

E ==

a. vertical obstruction plate b. horizontal obstruction plate

Samples Marked 1A - 1G Samples Marked 2A - 2G

Note: Samples marked 3A — 3G are the samples welded in the vertical position
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2)

3)

OBSTRUCTION PLATE
PLYx8x0-10
TACK WELD TOPL} x 10

o BSPA@1"

r—<Tve
4

© GFEDCBA P(;IIE)I(E(ZJ)E)?G
AL U
o
Figure 1

For each of the three welding positions, what is the least clearance that can be provided without
affecting the production efficiency (See Figure 1)?

At 4” from the obstruction plate (location E), the welds were able to be made without
affecting the production efficiency. When the welds were made closer to the obstruction
plate, the production efficiency and the quality of the weld appeared to be affected.

For small clearances, what changes in your standard welding techniques and equipment would be
required?

For the small clearances, we had to adjust the nozzle and our position to accomplish the
weld. The obstruction plate forced a limited area for mobility for the welder.

How do these changes affect the weld quality and production efficiency?

The quality of the welds was slightly affected, but the production efficiency was what was
affected the most. The welder had to readjust and figure out the best way to make a quality
weld for these tight positions. These adjustments were made to hopefully still able to make
a quality weld. The size of the welds was able to be achieved, but the penetration and fusion
of the weld is what could be affected by these adjustments.
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APPENDIX E1
WELDING PROCEDURE SPECIFICATIONS
FABRICATOR 1
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Bell Steel
AWS - Prequalified Welding Procedure Specification (pWPS)

WeldOffice WPS
Identification # Bell Steel WPS 120-1 Rev.
Company name Bell Steel Originated by Ron Phillips
Welding process FCAW Date 5/14/2013
Process type Semi-automatic Authorized by Curtis Smith
. e 1 " DEEL DS - Dalees. | 5/14/2013
Joint design used ‘ Pk ?95..“50!",, o
Joint type B - Butt joint Welding position: Groove All
| Joint design Single V groove (2) Fillet All
Backing Yes Vertical progression Up
Backing "‘?“e“a' , Weld metal Electrical characteristics
Root opening (R)* () 1/8, +1/16, -0 (+1/16, -1/8) e e et}
Root face (f)* (n)| 0to 1/8, +1/16, -0 (Not Limited) Transfer mode (GMAW) Spray
Groove angle (a)* @ea)| 60, +10, -0 (+10, -5) Current type DCEP
Radius (J - U)* (deg) n/a Other Constant Voltage (CV) power supply
Back gouging Yes Technigque
i 5, Wt Wbt . i SRR 0 90§ Stringer or weave bead Stringer or Weave
Base metals ! " Dawm. As Detaiied (s FitUp) | Myltifsingle pass (per side) Single or Multiple
Spec., type or grade AWS D1.1 Table 3.1 Group |l Number of electrodes Single electrode
Thickness: Groove ) T1:unlimited Spacing: Longitudinal = n; -
Fillet  any All Lateral in) -
’ ) : . Angle (geq) -
Diameter (Pipe) n) Unlimited
Fill tal - Contact tube to work in) 0.5-1
el gty . i Peening Not permitted
AWS Specification 5.20 Interpass cleaning Brushing or grinding
AWS Classification | E71T-1C-H8 P_reheat
Shieiding . . Preheat temp.: Min. ¢F See notes
Flux - Interpass temp.: Min. 7 See notes
Electrode-flux (class) - Max. ¥, See notes
Gas composition CO2 (A5.32 SG-C) Post weld heat treatment
Gas flow rate iy | 35-45 T -
Gas cup size in) 3/8-5/8 Temperature %) None
: - Time resh =
Welding procedure ’
Filler Current Wire feed Travel
Layer Pass Process Filler metal class ‘metal type_f Amps speed Volts speed Joint details
diameter polarity
| (.} | I | {numing ! {inmin)
1 All FCAW E71T-1C-H8 0.045 DCEP 145220 200-500 2328 6-12
1 All FCAW E71T-1C-H8 0.052 DCEP 165-265 200-500 24-29 6-12
1 All FCAW E71T-1C-HB 1116 DCEP 275-320 200-600 27-31 6-12
__Designatiah B 'B-U2-GF
Notes
PREHEAT/INTERPASS

For thickness 1/8 to 3/4(in.): 32(°F). Preheat to 70(°F) if the base metal temperature is below 32(°F).
Over 3/4 thru 1-1/2(in.): 50(°F).

Qver 1-1/2 thru 2-1/2(in.): 150(°F).

Qver 2-1/2(in.): 225(°F).

See additional information page for further limitations

Signature 1
‘Name
Ron Phillips
|Date
5/14/2013
Signature 3

__Signature 2 o
Signature

| iS"i'gnature4 7
'Name Signature L ulkes] _ Name Signature

Date Date

WeldOffice WPS 2013.02.023

(c) Copyright 2013 C-spec Software. All rights reserved worldwide:
Catalog n* PWPO0221

Page1 of 2
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Bell Steel Co.

Welding Procedure Specification

Page 1 of 3

Bell Steel WPS 120

WPS No.  Bell Steel WPS 120
Authorized By Curtis Smith

Revision

Date 7/15/1998

Date 7/15/1998 By Ron Phillips

Prequalified =]

N/A

Welding Process{es} FCAW Type: Manual [} Machine ] Semi-Auto Auto [}
Supporting PQR(s) AWS D1.1
JOINT
Type Butt ! T e et et
Backing Yes [7] No [l  Single Weld ] Double Weld 4 a“Y I T

Backing Materiat

Root Opening 1/8"+/-1116" Root Face Dimension 1/8"+.1/18"

Groove Angle 60° Radius (J-U) NIA Wm“’“’""ﬂ"“’:“:;wg,_lm on
BackGouge  Yes (¢ No [ G S °f“"““’ s “’5 f
Method  Grind or Gouge rom | B9 prons Bl il B i
BASE METALS POSITION
Material Spec.  A-36 to A-36 Pasition of Groove Al Fillet Al
Type or Grade GROUP 1 to GROUP 1 Verticai Progression: = Up 1 Down
Thickness: Groove (in )1/8 - Unlimited ELECTRICAL CHARACTERISTICS
Fillet (in )Any - Any Transfer Mode (GMAW):
Diameter {(Pipe,in ) 24 - Unlimited

Short-Circuiting [7]  Globular ]  Spray [

FILLER METALS Current: AC [} DCEP[Z DCEN [ Pulsed ]
AWS Specification AS5.20 Other NI/A
AWS Classification E71T-1 Tungsten Electrode {GTAW):
Size N/A Type NIA
TECHNIQUE
SHIELDING .
Flux Gas Carbon Dioxide Stringer or Weave Bead Both
NIA Composition 100% Multi-pass or Single Pass (per side) Mulfiple
Electrode-Flux (Class) ~ Flow Rate  35-45 CFH Number of Electrodes 1
N/A Gas Cup Size 10-12 Electrode Spacing: Longitudinal N/A
PREMEAT Lateral N/A
Preheat Temp., Min. SEE MEMQ A”Q'B”ZN’:;;
C Work Dist ".314"
Thickness Upto3/4" Temperature SEE MEMO P°"t?°t T”b? to Work Distance
Over 3/4" to 1-1/2" 50° F cening  NIA
Inferpass Cleaning  CHIP OR GRIND/WIRE BRUSH
Over 1-1/2" to 2-1/2" 150° F
Qver 2-1/2" 225° F POSTWELD HEAT TREATMENT  PWHT Required {}
Interpass Temp., Min. 50° F Max. 350°F Temp. N/A Time N/A
WELDING PROCEDURE
Layen’P_assi Proce.ss_ ! Filler Metal Class D_iarheter; _Cl_jr. Type % Amps or WFS i Volts Travel .S_p.'eed g(_)ther Notes
ALL ‘FCAW E71T-1 0.045 [DCEP 175-220 23-28 8-101PM
ALL ‘FCAW E71T-1 0.052 DCEP :180-250 -24-29 {8-10 IPM
ALL -FCAW  E71T-1 116"  DCEP . 195-300 126-32 1 8-101PM ;

AL ROUADM, PIUPS

Mg{\; N 980!

S / ®s pesyin
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‘Bell Steel Co.

Welding Procedure Specification

Page 2 of 3

Bell Steel WPS 120

Single-V-groove weld (2)

. Butt joint (B)
a g BACKGOUGE
- A T1
| fy
A
- <R
' Base Metal Groove Preparation
Thickness Root Opening Tolerances Permitted! Gas 5 gl
Welding |  Joint (Us=unlimited) = Root Face AsDetailed | AsFitUp = Welding; shielding !
Process | Designation  T1 T2 : Groove Angle | (see 3.13.1) | (see 3.13.1) | Positions! for FCA\N; s
oA R=0to1/8 | +116,-0 | +1/16, -1/8 - A
s i o0 !
cenyy | BUZGF U - f=0to1/8 | +1116, -0 Not limited Al L 4| c
o= 600 +100 , _Oo +10 ul _5o E requlre N
| |
MEMO
1} When the base metal is below 32 degrees F. (0 Deg. C), the base metal shall be preheated to at least 70 Degrees  F (32

Deg. C) and this minimum temprature maintained during welding.
A: Not prequalified for gas metal arc welding using short circuiting transfer nor GTAW. Refer to Annex A.

N: The arientation of the two members in the joints may vary from 135" to 180" for butt joints, or 45° to 135° for corner joints, or
45° to 90° for T-joints,
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Minimum Fillet Weld Sizes Minimum Size
Base-Metal Thickness (T) of Fillet Weld
in. mm in. mm
T<1/4 T«<B64 1/8 3
1M <T< 12 54 <T<127 3186 5
1/2<T<3/4 127 <T<19.0 /4 6
34«7 190<T 5/1G 8
Maximum single pass YA
Fillet Weld Size
Flat 3B
Horizontal 5/16
Note N -~
0-1/8" Max
Y

- (o
% ]
| i

Base Metal Less Than 1/4" Thick

i
1/16"
Base Metal Greater Than 1/4" Thick

Maximum Detailed Size of Fillet Weld Along Edges
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Welding Procedure Specification

Page10f3

Bell Steel WPS 121

WPS No. Belt Steel WPS 121
Authorized By Curtis Smith

Revision 0

Date

Date 9/8/2008
0/8/2008

By Ron Phillips
Prequalified ]

Short-Circuiting 1 Globular [ Spray {]

Welding Process(es) FCAW Type: Manual 7] Machine {1 Semi-Auto [ Auto [}
Supporting PQR(s) AWS D1.1

JOINT pemnd

Type Butt

Backing Yes [§ No 7l  Single Weld [ Double Weld [

Backing Material  STEEL -

Root Opening 3/16"-3/8"  Root Face Dimension N/A o

Groove Angle 30°45°  Radius (J-U) N/A L e T T R Py
Back Gouge Yes [1 No & e e 5::,:&;: RS | |

Method  N/A A R R I TR B

BASE METALS POSITION

Material Spec.  A-36 to A-36 Position of Groove  All Fillet Al A
Type or Grade GROUP 1 to GROUP 1 Vertical Progression: & Up O Down

Thickness: Groove {in }1/8 - Unlimited ELECTRICAL CHARACTERISTICS '

Fillet (in )Any - Any Transfer Mode (GMAWY):
Diameter {(Pipe,in } 24 - Unlimited

FILLER METALS Current: AC [[] DCEP[{ DCEN [ Pulsed [}
AWS Specification AS5.20 Other N/A
AWS Classification ET4T-1 Tungsten Electrode (GTAW):
Size NIA Type NIA
TECHNIQUE
SHIELDING . )
Flux Gas Carbon Dioxide Stringer or Weave Bead Both
NIA Composition 100% Muli-pass or Single Pass (per side) Multiple
Electrode-Flux (Class)  Flow Rate  35-45 CFH Numberof Electrodes 1~
NiA Gas Cup Size 1012 Electrode Spacing: Longitudinal N/A
PREHEAT Lateral NIA
NIA
Preheat Temp., Min. SEE MEMO o A”Q'em .
C H t LN "
Thickness Upto3/4" Temperature SEEMEMO P"”tafc‘ Tube to Work Distance
Over 3/4" ta 1-1/2" 50° F eening  NIA
e — Interpass Cleaning  CHIP OR GRIND/WIRE BRUSH
Over 1-1/2" to 2-1/2" 150°F »
Over 2-1/2" 296° POSTWELD HEAT TREATMENT  PWHT Required [ ]
Interpass Temp., Min. 50°F Max. 350°F Temp. N/A Time N/A
WELDING PROCEDURE
L'ayerlPassg Process §Fil[er Metat Class ;Diameter Cur. Type, Amps ar WES | Volis g éTravel Speed O_ther Notes
ALL ;FCAW §E71T—1 0.045 DCEP 175-220 . 23-28 58—10 IPM
ALL FCAW | E71T-1 0052 DCEP  180-250 12429 18-10 IPM
ALL ‘FCAW E71T-1 116" DCEP 195-300 26-32 8-101PM : i
N RHALD M, PHILEIES

o éiﬁ,&@téﬁl?i o
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Bell Steel Co. Page 2 of 3
Welding Procedure Specification Bell Steel WPS 121

fSingIe-V—groove weld (2)
 Buttjoint (B)

A
- ST
| \
VVVVV .,.__E _.. R
Base Metal Groove Preparation .
Thickness Tolerances Permitted Gas gj
Welding| Joint ~ (U=unlimited) Root | Groove | AsDetalled  AsFitUp | Welding | Shielding !
Process|Designation T1 T2 Opening§ Angle (see 3.13.1)  (see 3.13.1) | Positions |for FCAW s
R = 3/16 o =30° F.V,OH ; Required| A
GMAW R=+1/16,-0  +1/4,-1/16 !
Fcaw | B-U2a-GF U - | R=38 g=30° FV,OH | Notreq. . N
- o= +10°, 0° +10°, -5°
R=1/4 | a=45° FV.OH | Notrea.
MEMO

1} When the base metal is below 32 degrees F. (0 Deg. C), the base metal shall be preheated to at least 70 Degrees  F (32
Deg. C) and this minimum temprature maintained during welding.

A Not prequalified for gas metal arc welding using short circuiting transfer nor GTAW. Refer to Annex A.

N: The arientation of the two members in the joints may vary from 135° to 1807 for butt joints, or 45° to 135° for corner joints, or
45° to 80° for T-joints.
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~ Minimum Fillet Weld Sizes ~ Minimum Gize
Base-Metal Thickness () of Fillet Weld
in. mm in. tmm
T<1/4 T<B4 18 3
V4 <T=1R2 B.A4<T<127 316 5
12«<T<3/4 127 <T<19.0 1/4 B
W <T 19.0<T 5416 8
Maximum single pass A
Fillet YWeld Size
Flat 3/8
Horizontal 5/16

Note N =
X 0-1/8" Max

Y
i 3

T i

Base Metal Less Than 1/4" Thick

1/16" |
Base Metal Greater Than 1/4" Thick

Maximum Detailed Size of Fillet Weld Along Edges
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Bell Steel

AWS - Prequalified Welding Procedure Specification (pWPS)

WeldOffice WPS
Identification # ' Bell Steel 130 Rev. 1
| Company name Bell Steel  Originated by Ron Phillips
| Welding process FCAW Date |5/21/2010
| Process type | Semi-automatic Authorized by | Curtis Smith
| | i Date | 5/21/2010
Joint design used Position _ -
| Joint type B - Butt joint | Welding position: Groove Al
Joint design | Single bevel groove (4) | Fillet All
| Backing | Yes Vertical progression ‘Up -
 Backing material AL Electrical characteristics
| Root opening (R)* @n)| O to 1/8, +1/16, -0 (+1/16, -1/8) ‘ == R
| Root face (f)* (n) 0o 1/8, +1/16,-0 (Not Limited)  Transfer mode (GMAW) Spray
| Groove angle (a)* (deg) 45, +10, -0 (10, -5) ‘Current type |DCEP
' Radius (J - U)* (deg) n/a Other | Constant Voltage (CV) power supply
' Back gouging Yes Technique -
‘ Back_ gouging me methﬂ i il Mechenical or Termal ; | Stringer or weave bead Stringer or Weave
Base metals " Dawm, As Detaiied (AsFiUR} | Mylti/single pass (per side) Single or Multiple
Spec., type or grade |AWS D1.1 Table 3.1 Group II Number of electrodes | Single electrode
Thickness: Groove  (nj| T1:unlimited | Spacing: Longilt_i-'a‘:mall o0, =
: Fillet  an3| Al L -
 Diameter (Pipe) ¢n)| Unlimited Angle ) -
; - = | Contact tube to work n) 0.5-1
Filler metals ' Peening Not permitted
| AWS Specification 15.20 Interpass cleaning | Brushing or grinding ]
AWS Class:ﬁcahon | ET1I—1 Preheat , o
Shielding ,  Preheat temp.: Min. ¢F) See notes
Flux - | Interpass temp.: Min. (F See notes
Electrode-flux (class) Max. (F)| See notes
f Gas compaosition ; CO2 (A5.32 SG-C) Post weld heat treatment
| Gas flow rate ()| 35-45 - o e
| Gas cup size nyl 172" Temperature (°F} None
L ! Time ()| -
Welding procedure 3 - —
% ! [ Filer | Current | Wire feed | Travel | _
Layer Pass Process Filler metal class metal | tVFE_" . Amps = speed | \Volts speed | Joint details
| | diameter | polarity | | |
L ‘ (i | 3 Gniminy | nfmin) | 3 i ?
1 Al FCAW E71T-1 0.045 DCEP | 175-200 | 250-500 23-28 8-10
1] Al FCAW E71T-1 0.052 DCEP  180-250 | 250-500 24-29 8-10
b1 | A FCAW E71T-1 1116 DCEP 195300 |  250-500 26-32 8-10
‘ ' i
1 | - S—
Designation B-U4b-GF - B
Notes
PREHEAT/INTERPASS
For thickness 1/8 to 3/4(in.): 32(°F). Preheat to 70(°F) if the base metal temperature is below 32(°F).
Over 3/4 thru 1-1/2(in.): 150(°F).
Over 1-1/2 thru 2-1/2(in.): 225(°F).
Over 2-1/2(in.): 300(°F).
See additional information page for further limitations
Signature 1 Sigmature 2 i
|Name = ignaty ‘Name Signature
| Ron Phillips / ‘
Date & Date :
|5/21/2010 o g
Signature 3 P ; B B4/ Signature 4
{Name i _Name Signature .
Das ' Date &

WeldOffice WPS 2008.11.027

Catalog n* PWP00134
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Bell Steel
AWS - Additional Information (pWPS)
WeldOffice WPS

|dentification # | Bell Steel 130

D1.1 Table 3.7 states:

T37-01.3
Maximum GMAW/FCAW electrode diameter for flat and horizontal position is 1/8 in. (3.2 mm).

Maximum GMAW/FCAW electrode diameter for vertical position is 3/32 in. (2.4 mm).
- Maximum GMAW/FCAW electrode diameter for overhead position is 5/64 in. (2.0 mm).

T37-02.1
Maximum current shall be within the range of recommended operation by the filler metal manufacturer.

T37-03.1

Maximum root pass thickness:

3/8 in. (10 mm) for Flat,

5/16 in. (8 mm) for Horizontal,

1/2 in. (12 mm) for Vertical,

5/16 in. (8 mm) for Overhead position.

T37-04.3
Maximum GMAW/FCAW fill pass thickness is 1/4 in. (6 mm).

| T37-05.3
Maximum GMAW/FCAW single-pass fillet weld size:
1/2 in. (12 mm) for Flat,
3/8 in. (10 mm) for Horizontal,
1/2 in. (12 mm) for Vertical,
5/16 in. (8 mm) for Overhead position.

T37-06.1

Maximum GMAW/FCAW single-pass layer width:

-Root opening > 1/2 in. (12 mm): Split layers.

-Any layer of width w: In the F, H, or OH positions for nontubulars, split layers when the layer width w > 5/8 in. (16 mm). In the vertical
position for nontubulars or the flat, horizontal, vertical, and overhead positions for tubulars, split layers when the width w > 1 in. (25 mm).

D1.1 Table 3.7. end of quote.

WeldOffice WPS 2009.11,027 (c) Copyright 2010 C-spec Software. All rights reserved woridwide.

Catalog n° pWPS00134 ) 5 Page 2 of 2
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Bell Steel Co.

Welding Procedure Specification

Page 10f3

Beli Steel WPS 143

WPS No,  Bell Steel WPS 143 Revision 0 Date 4/24/2006 By Ron Pierce
Authorized By Cleveland Rhoades Date 4/24/2006 Prequalified [
Welding Process{es) FCAW Type: Manual [} Machine [] Semi-Auto <} Auto [
Supporting PQR(s) AWS D141 B-L1b-GF
JOINT e
Type Butt : o b BACHGEUGE
Backing Yes (] No Single Weld [] Double Weld £ “ I S
Backing Material  N/A - '
Root Opening 0-1/8"  Roof Face Dimension NA ‘
Groove Angle NIA __ Radiss(J-U)y NIA L el i
o e oot T cova | oovion ] setian
Back Gouge Yes &1 No [ i i E" PR
Method  GRIND OR GOUGE g L
BASE METALS POSITION
Material Spec.  A-36 to A-36 Position of Groove  All Fillet All
Type or Grade GROUP 1 to GROUP 1 Vertical Progression: B up [] Down
Thickness: Groove (in )1/8 - 38" ELECTRICAL CHARACTERISTICS
Fillet (in )Any - Any Transfer Mode (GMAW):
Diameter (Pipe,in ) 24 - Unfimited Short-Circuiting []  Globular []  Spray [J
FILLER METALS Current: AC {7 DCEP{Z DCEN [ Pulsed []
AWS Specification AS.20 Cther NiA
AWS Classification E71T-1 Tungsten Electrode (GTAW):
Size NIA Type N/A
TECHNIQUE
SHIELDING . 4
Flux Gas Carbon Dioxide Stringer or Weave Bead Both
N/A Composition 100% Multi-pass or Single Pass (per side) SEE MEMO
Electrode-Flux {Class)  Flow Rate  35-45 CFH Number of Electrodes 1
N/A Gas Cup Size 10-12 Electrode Spacing: Longitudinat N/A
CREHEAT e Lateral NIA
N/A
Preheat Temp., Min. SEE MEMO A"gleﬂm
Contact Tub i
Thickness Up to 314" Temperature SEE MEMO ontact Tube to Work Distance
Over 3/4" to 1-1/2” 50°F Peering  N/A
B Interpass Cleaning  CHIP OR GRIND/WIRE BRUSH
Over 1-1/2" to 2-1/2" 150° F
Over 2-1/2¢ 225° F POSTWELD HEAT TREATMENT  PWHT Required [
Interpass Temp., Min. 50 F Max. 350 F Temp. NIA Time N/A

WELDING PROCEDURE

Layer/Pass | Process  Filler Metal Class | Diameter Cur. TypeéArﬁps or WES - Evmzs Travel Speed | Other Notes

ALL FCAW 0045 DCEP 175220 23-28 sl0PM |
R ovs vom moa  m a o e
L R e DCEP i 8101% -




Bell Steel Co. Page 2 of 3

Welding Procedure Specification Bell Steel WPS 143
| Square-groove weld (1) |
. Butt joint (B) |
j
L
‘ BACKGOUGE
b
T
I /
‘‘‘‘‘‘‘ ! I-q R
T Gmovepreparauon . J
Thickness Tolerances Permitted: Gas g’
Welding | Joint ( U=unlimited ) Root As Detailed As Fit Up Welding | Shielding é
Process | Designation ~ T1 T2 Opening (see 3.13.1} | (see 3.13.1) | positions | for FCAW! s
GMAW B.L1b.GE ; Not A
FCAW -L1b- 3/8 max - R=01o 1/8 +1/16, -0 +1/16, -1/8 All Required | C
N
MEMO

1) When the base metal is helow 32 degrees F. (0 Deg. C), the base metal shafl be preheated to at least 70 Degrees F (32
Deg. C) and this minimum temprature maintained during welding.
A Not pragualified for gas metal arc welding using short circuiting transfer nor GTAW. Refer to Annex A.

N: The orientation of the two members in the joints may vary from 135° to 180° for butt joints, or 45° to 135° for corner joints, or
45° to 80° for T-joints.
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Minimum Fillet Weld Sizes Minimurm Size
Base-Metal Thickness (T) of Fillet Wald
in, mre in. mrri
T <1/4 T<B.4 1/8 3
14 <T <172 64<T<127 3/16 5
172 <T <34 127 <T<190 1/4 B
34 < T 190<T 5/16 8
Maximum single pass A
Fillet Weld Size
Flat 3m
Horizontal 5116

0-1/_8" Max

i } \:
[T

[ T

Base Metal Less Than 1/4" Thick

v

1/16"
Base Metal Greater Than 1/4" Thick

Maximum Detailed Size of Fillet Weld Along Edges
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Bell Steel Co.

Welding Procedure Specification

Page 1 of 3

BELL STEEL WPS 144

WPS No. BELL STEEL WPS 144  Revision o .. Date 7/31/2006 By Ron Pierce
Authorized By Cleveland Rhoades Date 7/31/2006 Prequalified §J
Welding Process(es) FCAW Type: Manual []] Machine {77 Semi-Auto Auto [ ]
Supporting PQR(s} AWS D141 BTC-P10-GF
JOINT et
Type Butt ::::%Ti | A
Backing Yes (] No [¥  Single Weld [ Double Weld ] T

Backing Material  N/A

Root Opening o"

Root Face Dimension D"-3I1_6" MAX Ll
Radius {J-t)) NiA

Eusa Wetsh
bty

Back Gouge  Yes [ No [ 1)«@ s "M g,..‘f

Method  N/A "”’g’"in S| < |
BASE METALS POSITION
Material Spec.  A-36 to A-500B8 Position of Groove  All Fiflet Al
TypeorGrade GROUP 1 to NIA Vertical Progression: [ Up {7 Down
Thickness: Groove (in )3/16 - Unlimited ELECTRICAL CHARACTERISTICS

Fillet (in }Any - Any Transfer Mode (GMAW):

Diameter (Pipe, in ) 24 - Untimited

Short-Circuiting []  Globular [[]  Spray ]

> CWI 06040091

66, ﬂéfﬁim

FILLER METALS Current: AC ] DCEP[ DCEN [ Pulsed ]
AWS Specification A5.20 Other NIA
AWS Classification E717-1 Tungsten Electrode (GTAW):
Size N/A Type N/A
TECHNIQUE
SHIELDING )
Flux Gas Garbon Dioxide Stringer or Weave Bead Both
NIA Composition 100% Multi-pass or Single Pass {per side) SEEMEMC
Electrode-Flux {Class)  Flow Rate  35-45 CFH Number of Electrodes 1~~~
N/A Gas Cup Size 10-12 Electrode Spacing: Longitudinal NIA
CHEAT . Laterat  NJA
PR
NIA
Preheat Temp., Min. SEE MEMO A”Q'GNM
t ist
Thickness Upto 3/4" Temperature SEE MEMO :;Jontact TUbTAU Work Distance
} i N
Over 34" to 1-1/2" 50° F Fening
Over 1-4/2° to 2-1/2" 150"“;“’_““““ Interpass Clesning  CHIP OR GRIND/WIRE BRUSH
ver 1- o 2- °
Over 2-1/2" 205° F POSTWELD HEAT TREATMENT ~ PWHT Required {]
Interpass Temp., Min. 50 F Max. 350 F Temp. NIA Time N/A
WELDING PROCEDURE
LayerlPass§Proces’s Z Filler Metal Class ?Diameterﬁ Cur. Type| Amps or WFS EVolls ' =Travei Speed | Other Notes
ALL FCAW  E71T- 0045 [DCEP  175-220 23-28 8-10 IPM
ALL FCAW E717-1 10 052 (DCEP 1 180-250 24 29 ! 8-10 iPM 1
ALL FCAW ' ;1/1 s"  DCEP ;195 300 26-32 *8 10 M
- 8 mm Ai PHIIPS




Bell Steel Co.

Welding Procedure Specification

Page 2 of 3

BELL STEEL WPS 144

| Flare-bevel-groove weld (10) |

£
H

Butt joint (B) | (E)
| Corner joint (C) ; ! (T
LI o
..._...1....._.. 4, ; —— H ‘ o
i | ‘ !
] |
i |
C g . | Y
5 E ‘ L
o
-T2 -
Base Metal Groove Preparation
. Thickness Root Opening Tolerances Permitted, Weld
Welding Joint ) (U=unlimited) Root Face As Detailed As Fit Up Welding Size
Process Designation, 71 | T2 |73 | BendRadius & (see3.12.3 | (see3.12.3) |[Positions | (E) Notes|
. R=0 +116,-0 | +1/8,-116 Al
E'(\)n:VV\\; BTC-P10-GF 2’-1“6 U T1 f =3/16 min +U, -0 +U, ~1/16 Al 518 T1 N, Z
o m MR C=3T1/2min | -0, +Not- | -0, +Not-
| Limited Limited
MEMO
1) When the base metal is below 32 degrees F. (0 Deg. C), the base metal shall be preheated to at least 70 Degrees  F (32

Deg. C} and this minimur temprature maintained during welding.
Multiple passes on groove side and single pass on back side.

A: Not prequalified for gas metal arc welding using short circuiting transfer nor GTAW. Refer to Annex A.

45° to 90° for T-joints.

N: The orfentation of the two members in the joints may vary from 135° to 180° for butt joints, or 45° to 135° for corner joints, or
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3

Minimurn Fillet Weld Sizes Minimum Size
Base-Metal Thickness (T) of Fillet Weld
in. mrit in. rmm
T <1/4 T«<b.4 18 3
14 <T 172 B.4<T<127 3NE 5
12 <T<3/4 127 «T<19.0 144 6
3 =T 190 «T 5/1B 8
. Maximum single pass B —
Fillet Weld Size
Flat 3/8
Haorizontal 516
Note N
: 0-1/8" Max
Y ! { 3
i

Base Metal Less Than 1/4" Thick

4
1/16"

Base Metal Greater Than 1/4" Thick

Maximum Detailed Size of Fillet Weld Along Edges
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Bell Steel
AWS - Prequalified Welding Procedure Specification (pWPS)

WeldOffice WPS
Identification # | Bell Steel 160 Rev. 1
Company name | Bell Steel | Originated by Ron Phillips
Welding process FCAW | Date 9/14/2009
| Pracess type ' Semi-automatic | Authorized by | Curtis Smith
ﬁ Date 9/14/2009
Joint desig n used Position o
Joint type | TC - T or corner joint ' Welding position: Groove All
Joint design | Single bevel groove (4) 1 Fillet| Afl
Backing | Yes Vertical progression Up
Backing material Weld metal Electrical characteristics i
Root opening (R)* in} 0to 1/8, +1/16, -0 (+1/16, -1/8) = =
'Root face (7* i) O'to 1/8, +1/16, -0 (Not Limited) | Transfer mode (GMAW) Spray
| Groove angle (a)* @e0) 45, +10, -0 (10, -5) | Current type  DCEP
Radius (J - U)* (@eg) n/a | Other | Constant Voltage (CV) power supply
Back gou@:r_rg Yes Technique
Back gouging method Mechamcal-or Thermal . Stringer or weave bead Stringer or Weave
Base metals " Datum, As Detalled (A Fi-UB)  Muilti/single pass (per side) Single or Multiple
Spec., type or grade | A-902 ' Number of electrodes Single electrode
| Thickness: Groove  (n)| T1:unlimited T2:unlimited ;Spacmg: Longitudinal  gnj -
i Fillet Gn)| ALL | a1 -
 Diameter (Pipe) {iny| - : ngle (geq) -
> N Contact tube to work (in}( 0.5 -1
Filler metals Peening Not permitted
AWS Specification 15.20 | Interpass cleaning Brushing or grinding
AWS Classifmpon | E717T-1 Preheat
Shielding | Preheat temp.; Min. P See notes
| Flux - | Interpass temp.: Min. ) See notes
| Electrode-flux (class) & t Max. ¢F; See notes
| Gas composition CO2 (A5.32 SG-C) Post weld heat treatment
| Gas flow rate (et} 25-45 e
Gas cup size in)| 1/2-3/4  Temperature ¢&) None
: ' Time (hrsy| -
Weiding procedure
3 | Filler ' Current | | Wire feed | Travel |
' Layer  Pass Process | Filler metal class | metal ty&e_f | Amps = speed Volts speed | Joint details
| | diameter | polarity | | | |
{ (in) i | L (Gndminy  (ndmin) |
1 Al FCAW E71T-1 0.045 DCEP 150-280 |  200-500 25-29 9-15
T FCAW E71T-1 0.052 DCEP 165-360 |  150-450 26-31 8-15 enaed
;
| Designation | TC-U4b-GF s
Notes i
PREHEAT/INTERPASS
 For thickness 1/8 to 3/4(in.): 32(°F). Preheat to 70(°F) if the base metal temperature is below 32(°F).
Over 3/4 thru 1-1/2(in.): 50(°F).
Over 1-1/2 thru 2-1/2(in.): 150(°F).
Over 2-1/2(in.): 225(°F).
See additional information page for further limitations
Signature 1 ¢ _ {.Signature 2
' Name Signature ‘[ Name Signature
Ron Phillips RONALD M, PHITLIPS
| Date | Date
| : P
"9/114/2009 & °m : -
Signature 3 W5 (R0 W&#&ﬁi Signature 4
Name Signature j_Name Signature
Eahe ' Date

WeldOffice WPS 2009.11.027

() Copyright 2010 G-spec Software. All rights reserved worldwide.

Catalog n° PWP0038
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Bell Steel
AWS - Additional Information (pWPS)
WeldOffice WPS

Identification # Bell Steel 160 Rev. 1

D1.1 Table 3.7 states:

T37-01.3
Maximum GMAW/FCAW electrode diameter for flat and horizontal position is 1/8 in. (3.2 mm).

Maximum GMAW/FCAW electrode diameter for vertical position is 3/32 in. (2.4 mm).
Maximum GMAW/FCAW electrode diameter for overhead position is 5/64 in. (2.0 mm).

T37-02.1
Maximum current shall be within the range of recommended operation by the filler metal manufacturer.

T37-03.1

Maximum root pass thickness:

3/8 in. (10 mm) for Flat,

5/16 in. (8 mm) for Horizontal,

1/2in. (12 mm) for Vertical,

5/16 in. (8 mm) for Overhead position.

T37-04.3
Maximum GMAW/FCAW fill pass thickness is 1/4 in. (6 mm).

T37-05.3

Maximum GMAW/FCAW single-pass fillet weld size:
1/2 in. (12 mm) for Flat,

3/8 in. (10 mm) for Horizontal,

1/2 in. (12 mm) for Vertical,

5/16 in. (8 mm) for Overhead position.

T37-06.1

Maximum GMAW/FCAW single-pass layer width:

-Root opening > 1/2 in. (12 mm): Split layers.

-Any layer of width w: In the F, H, or OH positions for nontubulars, split layers when the layer width w > 5/8 in. (16 mm). In the vertical
position for nontubulars or the flat, horizontal, vertical, and overhead positions for tubulars, split layers when the width w > 1 in. (25 mm).

D1.1 Table 3.7. end of quote.

WeldOffice WPS 2009.11.027 i () Copyright 2010 C-spec Software. All ights reserved woridwide.
Catalog n* pWPS00038 = Page 2 of 2
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Company name
Welding process
Process type

Joint Gesigh used

Joint type

Joint design

Backing

Backing material
Root opening (R)*
Root face (f)*

Groove angle (a)*
Radius (J - U)*

Back gouging

Back gouging method

{in.)
{in.)
(deg.y
(deg.)

Bell Steel
AWS - Prequalified Welding Procedure Specification (PWPS)
WeldOffice WPS

Bell Steel
FCAW
Semi-automatic

TC - T or corner joint
Single bevel groove (4)
Yes

Steel

1/4, +1/16, -0 (+1/4, 1/16)
n/a
45,
n/a
No
n/a

+10,-0 (+10, -5)

Identification #

Originated by
Date

Authorized by
Date
Position
Welding position:

Vertical progression
Electrical characteris_tics

Transfer mode (GMAW)
Current type
Other

Techniqt_le |
Stringer or weave bead

Groove

Fillet

Bell Steel WPS 160-1 Rev.

Ron Phillips
2/13/2013
Curtis Smith
2/13/2013

All
Al
Up

Spray
DCEP
Constant Voltage (CV) power supply

Stringer or Weave

Base metals * Datum. As Detsiled (As Fit-Up) Multi/single pass (per side) Single or Multiple
Spec., type or grade AWS D1.1 Table 3.1 Group Il Number of electrodes Single electrode
Thickness: Groove in) T1:unlimited T2:unlimited Spacing: Longitudinal  n) -
Fillet @n) All Lateral ¢n) -
y ; . - Angle (geq) -
Diameter (Pipe) @) Unlimited
Fill " Contact tube to work (ny 0.5-1
Hier metals Peening Not permitted
AWS Specification 520 Interpass cleaning Brushing or grinding
AWS Classification E71T-1C-H8 Preheat
Shielding Preheat temp.; Min. ¢F) See notes
Flux - Interpass temp.: Min. 7} See notes
Electrode-flux (class) . Max. ¢F; See notes
Gas composition CO2 (A5.32 SG-C) Post weld heat treatment
Gas flow rate (et 25-45
Gas cup size iny 1/2-3/4 Temperature ‘Fy None
Time {hrs) -
Welding procedure
Filler Current Wire feed Travel )
Layer Pass Process Filler metal class metal TYPE,J' Amps speed Volts speed Joint details
diameter polarity
{in.) i {in./min) (in./min)
1 All FCAW E71T-1C-H8 0.045 DCEP 150-260 200-500 24-29 6-15
1 All FCAW E71T-1C-H8 0.052 DCEP 165-300 200-500 25-29 6-15
'Designation TC-U4a-GF
Notes
PREHEAT/INTERPASS
For thickness 1/8 to 3/4(in.): 32(°F). Preheat to 70(°F) if the base metal temperature is below 32(°F).
Over 3/4 thru 1-1/2(in.): 150(°F)
Over 1-1/2 thru 2-1/2(in.); 225(°F)
QOver 2-1/2(in.): 300(°F)
See additional information page for further limitations
Sigl_xature 1 _Si_gnatqrgz
Name Signature
Date
Signature 3 Signature 4
Name Signature Name Signature
Date Date

WeldOffice WPS 2012.01.003
Catalog n° PWPO021S

(c) Copyright 2013 C-spec Software. All rights reserved worldwide.
Page 1 of 2
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Bell Steel
AWS - Additional Information (pWPS)
WeldOffice WPS

Identification # Bell Steel WPS 160-1 Rev.

D1.1 Table 3.7 states:

T37-01.3
Maximum GMAW/FCAW electrode diameter for flat and horizontal position is 1/8 in. (3.2 mm).

Maximum GMAW/FCAW electrode diameter for vertical position is 3/32 in. (2.4 mm).
Maximum GMAW/FCAW electrode diameter for overhead position is 5/64 in. (2.0 mm).

T37-02.1
Maximum current shall be within the range of recommended operation by the filler metal manufacturer.

T37-03.1

Maximum root pass thickness:

3/8 in. (10 mm) for Flat,

5/16 in. (8 mm) for Horizontal,

1/2 in. (12 mm) for Vertical,

5/16 in. (8 mm) for Overhead position.

T37-04.3
Maximum GMAW/FCAW fill pass thickness is 1/4 in. (6 mm).

T37-05.3

Maximum GMAW/FCAW single-pass fillet weld size:
1/2 in. (12 mm) for Flat,

3/8 in. (10 mm) for Horizontal,

1/2 in. (12 mm) for Vertical,

5/16 in. (8 mm) for Overhead position.

T37-06.1

Maximum GMAW/FCAW single-pass layer width:

-Root opening > 1/2 in. (12 mm): Split layers.

-Any layer of width w: In the F, H, or OH positions for nontubulars, split layers when the layer width w > 5/8 in. (16 mm). In the vertical
position for nontubulars or the flat, horizontal, vertical, and overhead positions for tubulars, split layers when the width w > 1 in. (25 mm).

D1.1 Table 3.7. end of quote.

WeldOffice WPS 2012.01.003 (c) Capyright 2013 C-spec Software. All rights reserved worldwide.
Catalog n° pWPS00215 Page 2 of 2
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Bell Steel

AWS - Prequalified Welding Procedure Specification (pWPS)

WeldOffice WPS
| Identification # BS 164 Rev.
Company name Bell Steel | Originated by Ron Phillips
Welding process FCAW | Date 11/13/2009
Process type Semi-automatic | Authorized by Curtis Smith
e e e | Date 11/13/2009 aS
Joint design used Position o
Joint type BTC - Butt, T or corner joint Welding position: Groove All
Joint design Single bevel groove (4) Fillet All
' Backing No Vertical progression Up
{Eacking malsral - yhia Electrical characteristics
| Root opening (R)* ) 0, +1/16, -0 (+1/8, -1/16) -
| Root face (f)* (3| 1/8 min, +U, -0 (+/-1/16) Transfer mode (GMAW) Spray
 Groove angle (a)* ideqs| 45, +10, -0 (+10, -5) Current type DCEP
'Radius (J - U)* (degy| n/a Other Constant Voltage (CV) power supEIy
| Back goug:mg No Technique )
| Bk ouging meind e . Stringer or weave bead Stringer or Weave
Base metais  "Dawm AsDewiled (As Fittp) | Mylti/single pass (per side) Single or Multiple
| Spec., type or grade | A572-50 to A500-B Numt_:ner of electmd_es : Single electrode
Thickness: Groove (n)| T1:1/4 min T2:unlimited Spacing: Longitudinal ) -
@) ALL Lateral (nJ -
; : M e Angle (geq) -
Diameter (Pipe) an}| Unlimited
Fillermetals ' Contact tube to work (in) 0.5-1
Flllermetals . - Peening Not permitted
AWS Specification A5.20 Interpass cleaning Brushing or grinding
‘AW§ plassnﬁcatlon E7111 Preheat -
Shielding e Preheat temp.: Min. F See notes
 Flux - Interpass temp.: Min. F: See notes
| Electrode-flux (class) |- Max. ¢F) See notes
: Gas composition . C0O2 (A5.32 8G-C) Post weld heat treatment
Gas flow rate (<th)| 30 - S
' Gas cup size Gin) Temperature Fy None
‘ - - Time thes) | -
Welding procedure
| : Filler Current | | Wire feed | Travel
Layer | Pass = Process Filler metal class metal type_f | Amps | speed | \Volis speed Joint details
3 diameter | polarity | | |
P (in) i { Gn/min) | | Gn.dmin) s
1 Al FCAW E71T-1 0.045 DCEP 175225 | | 2426 9-18
1 Al FCAW E71T-1 0.052 DCEP 195-275 | | 2529 9-18
i 'Designation BTC-P4-GF
Notes o
See additional information page for further limitations
. t 1
Signature 1 Signature 2
Name RONALD PHILLIPS [Name Signature =
Ron Phillips M.P B
Date O 9600091 -
[1113/2008 €1 EP.e4mm T
Signature 3 Signature 4 .
|Name Signature | Name Signature
\Date | Date

WeldOffice WPS 2008.12.018

Catalog n° PWPO0048

{c) Copyright 2009 C-spec Software. All rights reserved worldwide.
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Bell Steel
AWS - Additional Information (pWPS)
WeldOffice WPS

Idenﬁﬂcatién #

D1.1 Table 3.7 states:

T37-01.3
Maximum GMAW/FCAW electrode diameter for flat and horizontal position is 1/8 in. (3.2 mm).

Maximum GMAW/FCAW electrode diameter for vertical position is 3/32 in. (2.4 mm).
Maximum GMAW/FCAW electrode diameter for overhead position is 5/64 in. (2.0 mm).

T37-02.1
Maximum current shall be within the range of recommended operation by the filler metal manufacturer.

T37-03.1

Maximum root pass thickness;

3/8 in. (10 mm) for Flat,

5/16 in. (8 mm) for Horizontal,

1/2 in. (12 mm) for Vertical,

5/16 in. (8 mm) for Overhead position.

T37-04.3
Maximum GMAW/FCAW fill pass thickness is 1/4 in. (6 mm).

T37-05.3

Maximum GMAW/FCAW single-pass fillet weld size:
1/2 in. (12 mm) for Flat,

3/8 in. (10 mm) for Horizontal,

1/2 in. (12 mm) for Vertical,

5/16 in. (8 mm) for Overhead position.

T37-06.1

Maximum GMAW/FCAW single-pass layer width:

-Root opening > 1/2 in. (12 mm): Split layers.

-Any layer of width w: In the F, H, or OH positions for nontubulars, split layers when the layer width w > 5/8 in. (16 mm). In the vertical
position for nontubulars or the flat, horizontal, vertical, and overhead positions for tubulars, split layers when the width w > 1 in. (25 mm).

D1.1 Table 3.7. end of quote.

o (c) éobyrigm 2009 C-spec éoftware. Alrlirlai; reserved worldwide.

Page 2 of 2
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Bell Steel
AWS - Additional Information (pWPS)
WeldOffice WPS

Identification # Bell Steel WPS 120-1 Rev.

D1.1 Table 3.7 states:

T37-01.3
Maximum GMAW/FCAW electrode diameter for flat and horizontal position is 1/8 in. (3.2 mm).

Maximum GMAW/FCAW electrode diameter for vertical position is 3/32 in. (2.4 mm).
Maximum GMAW/FCAW electrode diameter for overhead position is 5/64 in. (2.0 mm).

T37-02.1
Maximum current shall be within the range of recommended operation by the filler metal manufacturer.

T37-03.1

Maximum root pass thickness:

3/8 in. (10 mm) for Flat,

5/16 in. (8 mm) for Horizontal,

1/2 in. (12 mm) for Vertical,

5/16 in. (8 mm) for Overhead position.

T37-04.3
Maximum GMAW/FCAW fill pass thickness is 1/4 in. (6 mm).

T37-05.3

Maximum GMAW/FCAW single-pass fillet weld size:
1/2 in. (12 mm) for Flat,

3/8 in. (10 mm) for Horizontal,

1/2 in. (12 mm) for Vertical,

5/16 in. (8 mm) for Overhead position.

T37-06.1

Maximum GMAW/FCAW single-pass layer width:

-Root opening > 1/2 in. (12 mm): Split layers.

-Any layer of width w: In the F, H, or OH positions for nontubulars, split layers when the layer width w > 5/8 in. (16 mm). In the vertical
position for nontubulars or the flat, horizontal, vertical, and overhead positions for tubulars, split layers when the width w > 1 in. (256 mm).

D1.1 Table 3.7. end of quote.

WeldOffice WPS 2013.02.023 o) ! () Copynight 2013 C-spec Software. All rights reserved worldwide
Catalogn®  pWAS00221 Page 2 of 2
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Weld Joint Clearance

APPENDIX E2
WELDING PROCEDURE SPECIFICATIONS
FABRICATOR 2
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e NAFCO
1540 County Road 222
NAFCO Cullmin AL 35057

AWS D1.1 Prequalified Welding Procedure Specification (WPS)
WPS No. TFillet Date 5/18/2015 Rev. No. 0 Page 1 of 2

sosce, imwny
Prepared By: @Ef—" EXp e Date 5/18/2015 QA Manager
Welding Process(es)/Type(s) FCAW /Semiautomatic

JointDesign Used JointDetail
Weld Type _Fillet welds

FilletType _T-joint

Double Welded No

Backing _Yes Material Base Metal

Root Opening _3/16 in. Root Face N/A
Groove Angle N/A Radius _N/A Fillet size =
Back Gouging No Method N/A Drawing size

Plus root gap
BaseMetals L

Base Metal ASTM A 572, Grade 50

Thickness: Groove N/A T
Thickness: Fillet _1/8 in. min.
Pipe Diameter _3/8 in. min.

Groups [ & 11 Position .. . .\

- Weld Position: Fillet _All Positions
FillerMetals Weld Position: Groove N/A
AWS Specification _5.20 Vertical Progression _Vertical up
AWS Classification E71T-1 5/16

Weld Size _5/16 in.

ElectricalCharacteristics

Shieldi
lelding Power Source

Gas _100% CO2 Flow Rate 32-60 CFH

Output_Constant Voltage

Gas Cup Size 5/8-3/4
Electrode-Flux (Class) N/A

Current / Polarity DCEP (reverse)

Flux Trade Name N/A TransferMode Globular arc

Tungsten Electrode: Type N/A

Preheat Tungsten Electrode: Size N/A
Preheat Temperature, Min. 32°F Techni
Interpass Temperature, Min. 32°F Max. 500°F echnique

Stringer or Weave Bead _Stringer or weave bead

Minimum Preheat and Interpass Temperatures for given thickness:

_ - Multi/Single Pass_Single or multipass
1/8" thru 3/4" incl.: 32°F (70°F if less than 32°F) Number of Electrodes 1

Over 3/4" thru 1-1/2" incl.:* 50°F Electrode Spacing: Longitudinal N/A

Over 1-1/2" thru 2-1/2" incl.: 150°F Lateral N/A Angle N/A

Over 2-1/2": 225°F Contact Tube to Work Distance 3/8 to 3/4

Peening Not allowed.

Interpass Cleaning Chipping hammer, wire brush and grind as

needed.

Postweld Heat Treatment
Temperature None

Time (hr.) _None

Welding Procedure
Pass Filler Metal Current Travel
or Weld AWS Size Type& Speed
Layer(s) | Process Classification (in.) Polarity Amps Volts (in/min)
ALL FCAW E71T-1 0.052 DCEP (reverse) | 220 -270 26-30 12 -20
ALL FCAW E71T-1 0.045 DCEP (reverse) | 200 - 240 25-28 9-15
71
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Weld Joint Clearance

APPENDIX F
INSPECTION REPORT
FABRICATOR 1
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Test sample weld inspection summary for Obstruction fillet weld test:

Note: Samples were cleaned after all fins were welded; and were inspected after all fins were welded in
place on all (3) samples. This posed a small problem with access between fins for cleaning and
inspection. During inspection the weld gage could be placed on the actual weld except right at the end
of the fin samples and eyeballing from the top. So during inspection, the weld size was eyeballed using
the gage from both the top and the ends as best as possible and making the best decision based on what
could be determined using this method. It is not uncommon to have a situation occasionally where you
have make the best educated guess on the size of the weld when proper access after welding gage
becomes an issue. | will usually error on the side of caution and call for another pass if the weld appears
close to being small. In the case of the samples below, no extra prep or additional passes for repair were
made. The welds from a production standpoint would all be accepted once repairs were made. That said
the results of my inspection are as follows:

Sample #1 welded in the flat postion:

» Fin #1- Rejected for a small area of possible lack of fusion or cold lap. In production would be
ground and another pass added and the obstruction would not prevent this since the presence
of any additional fins would not be present..

> Fin #2- Rejected because there are areas that appear to be undersize in excess of 10% of the
weld length. Again these would be ground cleaned and repaired if this were a production weld
Fins # 3-7 were accepted as is.

Sample #2 welded in the horizontal position:

» Fin #1 — Rejected because of appearance and cleaning. (Weld would be re-cleaned in an actual
production situation and would then be acceptable).

> Fin #2- Rejected due to an area on weld appears to be undersize. Again in a production situation
the weld would be properly cleaned and additional weld added to correct the issue. Access
would not be a problem in production even with the obstruction present.

> Fins #3 thru 7- All welds accepted.

Sample #3 welded in the 3G vertical up position:

» All fins #1 thru 7 were acceptable as welded with no production repairs to be noted.

Test samples for doubler plates root pass welds:

Two samples created for each respective plate thickness with the X dimension being 5/8” and 1 %4” and
root pass inspected for visual appearance in all cases. NOTE: In an actual shop inspection of these welds
on a couple of the samples | would require the welder to knock off some of the spatter that remained
during inspection since addition passes are going to be added to complete the welding to avoid would
having to incorporate them in the weld pool upon adding the additional passes.

Test samples for prequalified tubular heel weld connections:

» Sample 1 with acute angle 15degrees:

73



NAFCO
AWS D1.1 Prequalified Welding Procedure Specification (WPS)

WPS No. TFillet Rev. No. 0 Page 2 of 2

AdditionalNotes
Good for any size fillet weld per Clause 3 of AWS D1.1 with a maximum single pass fillet up to and including 5/16”.

JOINT NOTES:

(a)Not Prequalified for GMAW-S nor GTAW. (g) If fillet welds are used in statistically loaded structures to reinforce groove welds in the
corner and T-joints, these shall be equal to T1/4, but need need not exceed 3/8in. [10mm]. Groove welds in corner and T-joints of cyclically
loaded structures shall be reinforced with fillet welds equal to T1/4, but need not exceed 3/8in. [10 mm]. (j) The orientation of the two members
in the joints may vary from 135° to 180° for butt joints, or 45° to 135° for corner joints, or 45° to 90° for T-joints. (K) For corner joints, the
outside groove preparation may be in either or both members, provided the basic groove configuration is not changed and adequate edge
distance is maintained to support the welding operations without excessive edge melting.

74
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1. Root pass from the joint side was good & passed inspection.

2. Subsequent passes were made to achieve the required back weld and the final passes
looked very good. No defects observed. Back weld passed inspection & size requirements.

3. The final weld out was then completed to achieve the %" tw. The final weld passed visual
inspection.

(NOTE from the back side which would be inside of the tube if this were a real joint which not

visible after welding was indeed observed as being a good root pass which would probably pass

a pipe weld inspection)

Remaining samples followed the same protocol for inspection. All root passes were acceptable, all back
welds were accepted and the size was adequate. The final welds passed visual inspection with no viable

defects.
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