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Effective Throat for Flare Bevel and Flare-V Groove Welds 

o. EXECUTIVE SUMMARY 

An experimental research project has been undertaken to investigate the geometric properties, and 
in particular the effective throat size, of flare bevel and flare-V partial joint penetration groove welds 
at the corners of Hollow Structural Sections (HSS). HSS-to-plate (flare bevel) and HSS-to-HSS 
(flare-V) single-pass welds were carefully performed to Welding Procedure Specifications agreed 
within a Project Oversight Committee, using ASTM A500 tubing, then cross-sectioned after 
inspection to produce 180 test welds. Parameters included three HSS sizes (with wall thicknesses 
ranging from 3/16" to 3/8"), four welding processes (FCAW-G, FCAW-S, GMAW and SMAW) and 
four welding positions (flat, horizontal, vertical and overhead). All weld cross-sections were 
polished and etched , then had their profiles digitally recorded and measured. An analysis of the 
resulting data has shown that the current prequalified effective throat sizes for these two weld 
types, in AWS 01.1101 .1 M:2002, can be made more liberal for most weld processes, as described 
below. 

• For flare bevel groove welds, filled flush to the face of the HSS, test data confirms that, after 
inclusion of a suitable safety margin , the following effective throat sizes (E) can be justified , in 
terms of the HSS outside corner radius (R), for flat, horizontal, vertical up and overhead welding 
positions, depending on the welding process: 

E = 0.64R for GMAWand FCAW-G 
or E = 0.31R for SMAW and FCAW-S 

• For flare-V groove welds, filled flush to the faces of the HSS, test data confirms that, after 
inclusion of a suitable safety margin, the following effective throat sizes (E) can be justified , in 
terms of the HSS outside corner radius (R), for flat, horizontal, vertical up and overhead welding 
positions, depending on the welding process: 

E = 0.73R for GMAWand FCAW-G 
or E = 0.61R for SMAW and FCAW-S 

• For flare bevel groove welds, not filled flush to the face of the HSS, the equations above 
can be re-written in the following form, using a dimension Of (which must be measured), where Of 
is the distance from the outer wall of the HSS to the face of the weld : 

E = 0.64R - Of for GMAW and FCAW-G 
or E = 0.31 R - Of for SMAW and FCAW-S 

• For flare-V groove welds, not filled flush to the faces of the HSS, the equations above can 
be re-written in the following form, using a dimension Of (which must be measured), where Of is 
the distance from the outer walls of the HSS to the face of the weld: 

E = 0.73R - Of for GMAW and FCAW-G 
or E = 0.61R - Of for SMAW and FCAW-S 

All the above equations entail a knowledge of the square or rectangular HSS outside corner radius, 
R. For ASTM A500 hollow sections, an outside corner radius of R = 2T can be assumed. The 
tube wall thickness, T, can either be measured or a "design value" of 0.93T nomona' may be assumed, 
as specified by AISC. 
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1.0 INTRODUCTION 

Flare groove welds arise when a convex surface makes up the joint preparation in a Partial Joint 
Penetration (PJP) groove weld (see Figure 1). These welds occur when one or both components 
of a joint consist of a round bar or 90· bend in a formed section, for example a Hollow Structural 
Section (HSS). The fabrication of HSS structures involves joints where flare bevel (Figure 1a), and 
to a lesser extent, flare-V (Figure 1 c) groove welds are common. The deposition of sound weld 
metal to the bottom of the flare is very difficult because the welding puddle bridges between the 
two surfaces and then penetration into the root is inhibited. Hence, the extent of root penetration in 
flare bevel groove welds is dependent on the angle between the fusion faces, and therefore the 
outside corner radius or profile of an HSS is a major parameter determining the geometry of the 
weld . With the quality of the weld being difficult to control , specifications in many cases require the 
fabricators to demonstrate the effective weld throats being produced by sectioning random 
sections of production welds for each weld procedure. By performing trial welds and sectioning, 
larger weld sizes can be justified relative to values given in specifications that provide prequalified 
PJPs, thereby allowing higher joint design loads, however extra costs will be incurred in the 
fabrication stage. 

In the case of equal-width rectangular HSS welded joints, considerable cost would go into 
qualifying welds at truss joints. For example, when sections of differing wall thickness are joined 
the resulting interface between one tube's corner radius (chord member in truss) and the wall of 
the other tube (truss web member) necessitates a costly adjustment of the root gap. Three options 
are available to the fabricator to close the root of the joint; (i) profile shaping one of the tubes, (ii ) 
building out with weld metal to produce a "backing" weld, (iii) using a backing steel element, as 
shown by Figure 2 (AISe, 1997). If the tubes have equal wall thickness (see Figure 3), the root 
gap will become more favorable for welding, however if the outside corner radius (R) approaches 
the upper limit, i.e., three times the nominal wall thickness, (ASTM, 2001) , then backing would be 
required and joint welding would become expensive. A recent experimental project (Teh and 
Rasmussen, 2002) has looked at welding equal-width rectangular HSS with the aim of determining 
the conditions required to get adequate penetration and full mechanical strength. The minimum 
root gap between brace and chord (main or thru member), G, recommended for the joint to be 
prequalified, for flat and horizontal welding positions , was: 

G <! 3mm for GMAW, and 
G <! 4mm for SMAW. 

Five North American specifications, listed below, give the following design guidance for flare weld 
sizes: 

1.1 AISC ASD (1989) & LRFD (1999b) 

Both AISe design specifications establish the effective throat thickness of a flare groove weld, 
when the weld is flush (tangent) to the surface of a bar or 90· bend in a formed section (see Figure 
4), as a ratio of radius to effective throat, in Table J2.2 as follows: 

Type of Weld Radius of Bar or Bend (R) Effective Throat Thickness 
Flare bevel groove All s/'6R 
Flare V-groove All ' / 2R • 
a Use o/eR for Gas Metal Arc Welding (except short circuiting transfer process) when R <! 1 in 
(25mm) 
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Further to the table, the specifications state the following: 

"Random sections of production welds for each welding procedure, or such test sections as 
may be required by design documents, shall be used to verify that the effective throat is 
consistently obtained. Larger effective throat thicknesses than those in Table J2.2 are 
permitted, provided the fabricator can establish by qualification the consistent production of 
such larger effective throat thicknesses. Qualification shall consist of sectioning the weld 
normal to its axis, at mid-length and terminal ends. Such sectioning shall be made on a 
number of combinations of material sizes representative of the range to be used in the 
fabrication or as required by the designer". 

1.2 AWS D1 .1/D1 .1M:2002 

Similar to the AISC specifications, the AWS 01.1 specification in Section 2 under design of welded 
connections, provides Table 2.1 (shown below) for effective weld size, E, of flare groove welds 
when filled flush to the surface of round bar, a 90° bend in a formed section, or a rectangular tube. 

Flare-Bevel-Groove Flare-V-Groove Welds 
Welds 
5/'6R '/2R' 
• Use Yo R for GMAW (except GMAW-S) process when R is Y, in. (12mm) or greater. 

One difference between the AISC and AWS tables is in the YoR weld size for the GMAW process 
which is stated to occur when R 2: 1 in. (25mm) in the AISC specification while in the AWS 
specification it is stated to occur when R is Y, in . (12mm) or greater. 

Figure 5 shows effective throats given in Section 3 of AWS 01.1, namely Figure 3.3, which are pre
qualified and allow a fabricator to avoid the cost associated with qualification procedures required 
by welding authorities. The flare bevel groove weld size, E, shown in Figure 5 is expressed as a 
function of wall thickness ( i.e. E = %T) and is equivalent to those in Section 2 of the standard if the 
nominal relationship holds for the corner radius, i.e. R=2T. Figure 5 includes a "corner dimension", 
C, with a nominal minimum of 3/2T, however it is not limited to this value and has been shown to 
be as low as C=T. This dimension acknowledges the true geometry of cold-formed sections where 
the corner curvature may not be a 90° quadrant of a circle tangent to the sides, and the comer 
dimension, C, can be less than the radius of the comer. 

1.3 CSA W59 (1989) 

In CSA W59 Section 4.3.1.6 effective throats are prequalified for flare bevel and flare-V groove 
welds on solid bars but not for HSS. For HSS the effective throat thickness of flare-V and flare 
bevel groove welds needs to be established by the fabricator by means of trial welds and 
sectioning. The prequalified effective throat thickness for flare groove welds on solid bars is similar 
to the AISC and AWS specifications and is presented in CSA W59 Table 4.1 as follows: 

Flare-Bevel-Groove Welds I Flare-V-Groove Welds 
All Diameter Bars 

0.3R l '/2R' 
Not applicable to GMAW using the short-circuiting transfer mode of metal deposition. 
• Except O.4R for GMAW process with bar sizes 25mm (1 in.) and over. 
Note: R = radius of bar. 
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1.4 AISI (2001 ) 

This new North American Cold-Formed Steel Specification uses a prequalified effective throat size 
for flare groove welds filled flush to the surface as specified by AWS (2002). For flare groove 
welds "not filled flush" this specification determines an effective throat size by treating the weld as 
a fillet. The latter is also done in the forthcoming CSA W59 specification (see Section 1.5 below), 
but is only feasible for small bend radii , such as up to about Yo", which is appropriate though for 
light gage steel. 

1.5 eSA W59 Pre-ballot Draft (2001) 

The forthcoming 8111 edition of CSA Standard W59 Welded Steel Construction, which is likely to be 
released in 2003, is presently available in draft form to the specification committee. The section on 
flare welds has been completely re-written and expanded significantly to cover flare bevel and flare 
V-groove welds in butt jOints and flare bevel groove welds in T-joints, with several configurations of 
botlh being taken as pre-qualified. Paolini is the lead author of this new section, which is based on 
data that he has collected over many years. The focus of the data was on the effective size of 
welds. 

The W59 craft defines the flare bevel groove weld in a T-joint as a joint configuration formed 
between a member with a curved surface and a surface of a planar member (see Figures 6 and 7). 
The flare V groove weld in a butt joint results when two curved surfaces make side-by-side 
longitudinal contact such as the joints formed by side-to-side contact of two round bars or two HSS 
members, as shown in Figure 8. 

The concept of a "flare bevel fillet weld" is introduced for the first time in a major welding 
specification. A discussion paper on this matter by Paolini for a 1994 CSA W59 committee 
meeting recommends that for round bars with radii $ Yo", and for HSS with wall thicknesses $ 3/,6 " 
(or radii $ Yo"), T-joint welds may be designed and detailed as flare bevel fillet welds, and this has 
now been incorporated into the W59 draft. The root of such a fillet weld is assumed to be the 
intersection of the planar surface and a tangent to the curve of the flare that is perpendicular to the 
planar surface (see Figure 6). One research study on this matter was conducted by the Welding 
Institute of Canada (WIC, 1982). The report acknowledges that it would be necessary to evaluate 
the variation in HSS corner radii in order to make a recommendation for exactly where to make a 
definite cut-off point between the two weld types. 

In the new draft W59, for T-joints with round bars having radii > Yo" and square/rectangular HSS 
members having radii > Yo" , a flare bevel groove weld need not be flush with the tangent to the 
curve of the flare that is perpendicular to the planar surface (see Figure 7). A designer has the 
option to consider a weld within the flare , flush with it or extended beyond it by means of a fillet. 
For design purposes, the effective throat shall be indicated by specifying a weld face ,W, greater 
than or equal to a factor of 6 times the required effective throat, E, subject to the following criteria: 

(a) for the SMAW process: factor 6 = 1.7 (see Figure 9) 
(b) for the SAW, FCAW, MCAW and GMAW processes: factor 6 = 1.5 (see Figures 10 and 11) 
(c) the effective throat shall be indicated on the welding symbol in brackets to the left of the 

flare bevel weld symbol and the weld face width (W) noted below the flare bevel symbol 
(see Figure 7). A detail showing the weld face should be provided on the shop drawing . 
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For flare bevel groove welds in T-joints using round bars, tubing or HSS members, when filled flush 
to the surface of the round bars, tubing or HSS members, the effective throats are given by CSA 
WS9 Draft (2001) Table 1 as follows: 

Flare-Bevel-Groove Welds Flare-V-Groove Welds 
0.3R O.SR· 
Not applicable to GMAW using the short-circuiting transfer mode of metal deposition . 
• Except 0.37SR for GMAW process with R ~ 'I:z in. 
Note: R = radius of round bar, tubing, or measured corner radius of HSS member. 

Figures 9, 10 and 11 summarize details and welding procedure requirements for prequalified 
Partial Joint Penetration (PJP) flare bevel and flare-V groove welded joints with SMAW, GMAW 
and FCAW processes. 

Jaxa-Rozen (2001), a member of both the CSA WS9 Specification Committee and AWS 01 .1 
Design Subcommittee, has also presented a variation of this design concept utilizing the weld face, 
which is in use as an internal specification at Bombardier Transportation, Canada. 

Figure 12 compares the effective throats specified by some of the afore-mentioned specifications 
and those produced by a fabricator, namely Canron Construction Corporation East, as reported on 
welding procedure data sheets, for two different flare bevel groove welds (see Appendix 1). One 
weld is shown to be made between a plate and a cold-rolled HSS (T='I:z") and the other weld is 
shown between a plate and a hot-formed HSS (T=%"). For both, the weld geometries produced 
are in stark contrast to those prequalified by the specifications. The comparisons show that 
fabricators typically produce a larger effective throat than those prescribed by specifications, along 
with a smaller Z loss factor. 

2.0 EXPERIMENTAL WORK 

The objective of this research study was to examine flare groove weld geometries more closely 
and see from the deposited welds the relationship among three different variables; namely, HSS 
wall thickness/corner geometries, different weld processes and welding position. From the 
research results, the aim of the study was to quantify the weld effective throat size (or Z loss 
dimension) by jOint variables for specific welding situations, thereby allowing prequalified joints 
having a larger limit on effective throats. 

The HSS sizes for the study consist of three sections representing possible corner geometries due 
to varying comer profile (see Tables 1 to 3). The acquisition of material has been from two 
Canadian HSS producers and STI member companies, namely LTV Copperweld (Brampton, 
Ontario plant) and Atlas Tube (Harrow, Ontario plant). Material for the study was cold-formed, 
square HSS to ASTM ASOO Grade C (Fy = 50ksi nominal). Table 5 summarizes the chemical and 
mechanical properties of the HSS. Pre-fabrication of 24 tacked specimens was done at the 
University of Toronto laboratories. Figures 13 and 14 illustrate the configuration of the test 
specimens for both the 4 x 4 and 6 x 6 HSS, respectively. Specimens were one foot in length for 
welds produced in the flat, horizontal and vertical positions and one-and-a-half feet in length for 
welds produced in the overhead position. For the HSS-to-HSS-to-plate assemblies a Yi' thick plate 
was used on one side of the HSS. As shown in Figures 13 and 14, HSS and plates have been 
tack welded to each other to allow up to 12" (or 18" for overhead welds) of continuous weld. After 
the specimens were tacked, test weld numbers as shown in Tables 1 to 3 were punched along 
HSS walls adjacent to the flare bevel or flare-V groove joint. These numbers were punched in four 
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locations along the joint to maintain permanent records of test weld numbers on each piece of the 
subsequently saw-cut test specimen, i.e., after the final welding of the specimens. 

Four weld processes, namely, FCAW-G (with shielding gas), FCAW-S (without shielding gas), 
GMAW and SMAW were used to make the test welds, using just single pass welds, These 
processes are the predominant processes used in the welding of such joints by fabrication shops. 
Appendix 2 provides the certificate of conformance sheets for the FCAW, GMAW and SMAW weld 
consumables used to make the test welds, Welding parameters, or Welding Procedure 
Specifications (WPSs) associated with each particular process (see Tables 4a & 4b) were 
prescribed to reflect prevalent shop practices, and were the result of considerable consultation 
amongst the project Oversight Committee. The final WPSs were targeted to be "somewhat below 
the median" for a typical fabrication shop. (This implies that any results obtained should err on the 
safe side, as higher degrees of penetration can be achieved if all welding parameters were to be 
optimized). 

In summary, each HSS size was used to produce eight flare bevel and flare-V groove welded 
specimens made by four different weld processes and four different welding positions, namely 
horizontal (H), flat (F), vertical, up or down (V) and overhead (OH). The specimen and test weld 
numbers listed in Tables 1 to 3 are shown figuratively in Figures 15 to 17. 

Final welding of the HSS-to-HSS-to-plate assemblies, for the study of flare bevel and flare-V 
groove welds was carried out by Walters Inc., a fabricator certified to CSA W47.1-92 (CSA, 1992). 
During the study, the production of all test welds was supervised by the Authors. All welds were 
made by a certified welder and visually inspected by a certified inspector. Welding of the test 
specimens was performed during two days on January 22 and 23, 2002 at Walters Inc. 's Princeton 
plant (located near Hamilton, Ontario). Figure 18 shows the 24 HSS-to-HSS-to-plate test 
specimens ready to receive the 72 test welds. Prior to depositing a particular test weld the welding 
engineer and welder performed trial welds to verify the welding parameters. Over each particular 
weld length, the travel speed was noted. The complete documentation for each test weld is in 
Appendix 4 in the form of 72 Procedure Qualification Record (PQR) sheets. As an aid to collecting 
welding parameters, a computerized data acquisition system was supplied by the welding 
engineer, Mr. K. Kerluke, and is shown in Figure 19. Figures 20 and 21 show the welding of a 
particular specimen in the overhead position, while Figures 22 and 23 show specimens being 
welded in the horizontal and vertical positions, respectively . Finally, Figure 24 shows the external 
appearance of two FCAW-G test welds (No. 26 and No. 28) done in the vertical position. 

After the production of fully-welded test specimens, a specimen was ready for saw-cuts and this 
was carried out by Walters Inc. at the fabrication plant. As previously mentioned, Figures 13 and 
14 indicate three test specimen saw-cuts to provide up to three weld cross-sections for each test 
weld . Tables 1 to 3 summarize the total number of weld cross-sections for measurement (180). 

Subsequent to the welding phase, all test specimen material was returned to the University of 
Toronto laboratories where all 180 test weld cross-sections were ground and polished with an 
industrial die grinder having a rotation speed of 21,000 rpm (Milwaukee model No. 5192). The 
discs were 2" in diameter and preliminary grinding was done using 100 grit discs with secondary 
polishing utilizing 240 grit discs. Following this, all 180 cross-sections were macro-etched using an 
etchant referred to as 10% Nital that was made using proportions of 180 ml ethyl alcohol and 20 ml 
nitric acid. Technical advice on these two procedures was provided by the welding engineer. 

All cross-sections, prior to etching, received a punched test weld number adjacent to the weld itself 
to carry on the permanent record of test weld numbers within the photographic image that was 
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used in the measurement phase. This photographic digital image was created by setting the actual 
HSS-to-HSS-to-plate saw cut test pieces (after polishing and etching the weld measurement area) 
directly on a scanning machine. Figures 25 and 26 show two scanned images for test weld nos. 
17C and 59C; i.e., flare bevel groove welds made on HSS 4x4x3/'6 and HSS 6x6xo/a test 
specimens, respectively. It is note worthy to mention the large difference in the Z-Ioss factor 
between the two test welds. The Z value is quite large for test weld no. 59C, made by the FCAW-S 
process in the overhead position, and for test weld no. 17C a small Z dimension is evident, also 
made in the overhead position however utilizing the GMAW process. The letters A, Band C 
distinguish between the three different cross-sections for each particular test weld made in the 12" 
or 18" long joints. The etched cross-sections, as shown in Figures 25 and 26, allow one to 
examine the degree of root penetration and heat-affected zone (HAl). 

The next phase of the project involved the measurement of weld profile dimensions and angles 
from 180 photographic scanned images. As indicated in Tables 1 to 3 the flare bevel test welds 
had three cross-sections and flare-V test welds had two cross-sections, from which a small 
statistical evaluation of weld dimensions along a length of weld could be made. Weld and HSS 
dimensions were measured using AutoCAD 2000 drafting software. Using the digitized ruler within 
each scanned image as a reference length, a scaling factor was applied to the image to regenerate 
the image into its actual size. A ' spline" command was used to contour the comer profile of the 
HSS. This involved drawing a part circle by specifying three points along the HSS corner arc. A 
series of trials was needed before the best-fit circle could be obtained , from which the corner 
geometry could be established; i.e., the corner radius R, and the Bend angle (angle of corner 
circular arc between two HSS straight faces). The Z dimension was measured horizontally from 
the back of the weld to where the HSS comer curve met the plate (flare bevel) or the neighboring 
HSS (flare-V). The HSS-to-HSS-to-plate specimens were generally tacked in a snug fit-up, but in 
(rare) instances where a root opening occurred (dimension R in Figure 5) one HSS was "digitally 
moved" to reduce the root opening to zero before measuring Z. 

The weld profile data measured can be summarized as follows: 

Z = Z loss factor (in.) E = effective throat (in) R = HSS comer radius (in.) 
T = HSS wall thickness (in.) W = dimension of weld face (in.) 
Bend = angle of HSS corner between two flat sides of a HSS (degrees) 

For flare bevel welds only, an additional two measurements are reported , as follows: 

Alpha = angle between weld face and plate (degrees) 
S = leg dimension of weld along plate (in.) 

Typical examples for the above dimensions are shown for a flare-V and a flare bevel weld in 
Figures 27 and 28, respectively. Similar photographic data sheets for all 180 test weld cross
sections are recorded electronically on a CD ROM, labeled Appendix 5, enclosed in the back cover 
of this Report. 

3.0 EXPERIMENTAL RESULTS 

HSS geometric properties, namely T, R, Bend and RIT ratio for the three HSS sections used in the 
test program are given in Table 6a. Statistical values for average and standard deviation were 
determined from a population size of 60 for T and 84 for both the R and Bend values. Additional 
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data for R and Bend angles was due to having two measurements taken from each flare-V cross
section; i.e., from two HSS on either side of a flare-V weld. 

It can be seen in Table 6a that the measured wall thickness, T, for these three HSS, in all cases 
exceeds the minimum prescribed by ASTM A500 (ASTM, 2001) which is 0.90T, and also exceeds 
the 0.93T "design thickness" prescribed by AISC (1997). The corner or bend angle was . on 
average, 72.7°, which is considerably less than the popularly-assumed corner radius of 90°. Thus. 
the corner radius in modern HSS does not meet the flat of the section at a tangent. The corner 
radius-to-thickness ratio shown in Table 6a varies considerably, but the HSS 4x4x3/'6 was 
produced by one company whereas the other two were produced by a different company. 

Table 6b provides some more recent data on thickness and outside corner radius properties, for 
seven other HSS produced to ASTM A500 (ASTM, 2001) and measured at the University of 
Toronto (Lecce and Packer, 2000). This confirms that the outside corner radius is generally 
greater than 2.0T and that the actual thickness (T) can be as low as 0.90T nominal' 

Tables 7 to 9 summarize the prime welding parameters (extracted from the PQRs in Appendix 4) 
for all 72 test welds made in this study. A complete summary of measured weld profile and HSS 
dimensions is presented in Tables 10 to 12. Each table presents a summary of the 24 welds made 
on one particular HSS with the 12 flare bevel welds separated from the 12 flare-V welds. With Z 
loss being a prime point of interest, the values of Z have been sorted in descending order. For 
both flare bevel and flare-V welds an EIW ratio is calculated from the measured dimensions. 
Values of Z, S, Wand E for flare bevel welds are averages from three measurements while the Z, 
Wand E values for flare-V welds are averages from two measurements. (Refer to Figures 9. 10 
and 11 for notation). 

One noticeable trend from the tables is that the two minimum Z values in each grouping of 12 test 
welds are for welds done in the overhead position and by either the GMAW or FCAW-G process. 
Figures 29 to 31 present contrasting scanned images showing the minimum and maximum Z loss 
among each grouping of 12 welds, for each of the three HSS sizes. The range of Z values in these 
photographs is as follows: 

HSS size (in.) Weld Type Z minimum (in.) Z maximum (in.) 
4x4x 3/' 6 Flare Bevel 0.03 (Weld 17) 0.29 (Weld 8) 

Flare-V 0.00 (Weld 18) 0.19 (Weld 10) 
4 x 4 X 'I. Flare Bevel 0.12 (Weld 29) 0.43 (Weld 32) 

Flare-V 0.13 (Weld 30) 0.45 (Weld 36) 
6x6x % Flare Bevel 0.10 (Weld 53) 0.49 (Weld 56) 

Flare-V 0.00 (Weld 66) 0.24 (Weld 60) 

From the above dimension summary and the scanned images in Figures 29 to 31 , the range of Z 
has varied from minimum values of zero up to about y.". Also noticeable is that for the HSS 4x4xV. 
welds, a zero or very low value of Z was not produced compared to Z values produced on the other 
two HSS. To expand on this range of Z. the 36 values of Z for flare bevel and the 36 values of Z 
for flare-V welds are presented in histogram format in Figure 32. The histograms are shaded to 
identify the particular HSS. The Z values in the flare-V histogram show the majority (lOaf 12) Z 
values measured on HSS 4x4x'i. welds all greater than those measured on the other two HSS. 
This has occurred because the HSS 4x4x'i. was found to have a bowed or convex side wall and 
this exacerbates the Z dimension. Figure 33 shows four flare-V welds made with HSS 4x4x'i. 
having the largest Z dimensions. where one can see the effect of this type of HSS profile geometry 
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that leads to a larger Z loss, since Z is measured horizontally from the back of the weld to the point 
of contact of the two tubes. (Figure 33 also includes the scanned image of Weld No. 40 which is 
later screened from the database in the Analysis). 

The following table summarizes the maximum and minimum E values, alongside their 
corresponding weld face dimensions, W, for the complete 72 test weld database. 

HSS size Weld Type Emin. E max. W for E min. W for E max. 
(in.) (in.) (in.) (in.) (in.) 
4 x 4 X 3/,6 Flare Bevel 0.15 (20) 0.36 (17) 0.21 (20) 0.32 (17) 

Flare-V 0.16 (12) 0.27 (15) 0.40 (12) 0.41 (15) 
4x4x ' l. Flare Bevel 0.19 (44) 0.39 (41) 0.22 (44) 0.33 (41) 

Flare-V 0.08 (40) 0.39 (30) 0.25 (40) 0.31 (30) 
6 x 6 X 3/s Flare Bevel 0.17 (68) 0.43 (65) 0.28 (68) 0.28 (65) 

Flare-V 0.19 (69) 0.40 (66) 0.33 (69) 0.36 (66) 

Histograms of E, for the 36 flare bevel and 36 flare-V welds, are shown in Figure 34 and are again 
shaded to identify the three HSS sizes. 

4.0 ANALYSIS OF RESULTS 

For the purpose of making a direct comparison of test data to AWS rules, for flare bevel and flare-V 
effective throats filled flush to the HSS face , a predicted AWS value for Z can be back-calculated 
from the AWS effective throat formulas, which are: 

• for Flare Bevel Welds: E = 5/,6 R, for all HSS 
• for Flare-V Welds: E = Y, R, for HSS 4x4x3/'6 and HSS 4x4x'/. (see Table 6a for average R) 
• for Flare-V Welds: E= %R, for HSS 6x6x% with GMAW (see Table 6a for average R) 

If one considers the summation of Z and E to be equal to the corner radius , for welds "filled flush" 
as shown in Figure 35, and assuming a 90° corner radius, the following predicted Z can be 
determined: 

• for Flare Bevel Welds: Z (predicted) or ZAWS = " 1,6 R, for all HSS 
• for Flare-V Welds: Z (predicted) or ZAWS = Y, R, for HSS 4x4x3/'6 and HSS 4x4x'/. (see Table 6a 
for average R) 
• for Flare-V Welds: Z (predicted) or ZAWS = %R, for HSS 6x6x% with GMAW (see Table 6a for 
average R) 

The Z values measured in this test program can now be compared to a predicted Z value based on 
an AWS rule. Figure 36 shows six groups of 12 test welds with their Z values in relation to a 
predicted Z based on R of the HSS. The rule is shown to be a safe predictor of Z for both the HSS 
4x4x3/'6 and HSS 6x6x% test welds, however for HSS 4x4x'/. there are some unsafe predictions 
especially in the flare-V welds where 10 out of 12 welds have Z greater than the predicted Z. For 
the HSS 4x4x'/. flare bevel welds only 2 out of 12 welds show unsafe Z values. As shown in 
Figure 33, the convex shape of the HSS 4x4x'/. has had the effect of increasing all the measured 
values of Z. This illustrates the problem of trying to define effective throat by measuring the Z loss 
dimension. Furthermore, this method of effective throat and Z prediction seems to be historically 
related to the habit of cross-sectioning flare groove welds for qualification . 
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Flare groove welds are frequently not filled flush to the face (or faces) of the HSS, and in such 
circumstances it would be particularly advantageous if the weld effective throat could be related to 
the size or location of the weld face. This is even more imperative if the existing weld effective 
throat rules are to be relaxed, and smaller flare groove welds consequently used. The weld face 
size or location is also the only dimension that can be determined by external measurement and 
also verified by an inspector. Thus, the weld effective throat, as a fraction of the weld face 
dimension, i.e. EfW, is plotted as histograms in Figure 37 (for flare bevel welds) and Figure 3S (for 
flare-V welds) . Also on these two figures are the Mean of the (EfW) ratio and the Mean minus two 
standard deviations of this ratio. The Mean minus two standard deviations level is a commonly
accepted level of structural reliability, rather than the absolute lowest bound from any test data 
point. In Figure 32 it could be seen that anomalously-high values for Z were obtained for the HSS 
4x4x'/.., because the flats of this section were slightly convex, but analyzing the results in terms of 
E and W (Figures 37 and 3S) has taken care of this manufacturing problem. 

Based on the statistical parameters for EfW test data one can now make a direct comparison to the 
AWS effective throat rule , for welds filled flush to the HSS facers) . Figure 39 shows theoretical 
weld face dimensions for flare bevel and flare-V welds when welds are filled flush and using the 
average measured bend angle of the three HSS used in the test program. Using a 72.70 bend 
angle (Table 6a) the weld face dimension, W, is as follows: 

• for Flare Bevel Welds: W = R (cosS.65° - sinS.65· ) = 0.S3SR 
• for Flare-V Welds: W = 2R (cosS.65· - sinS.65· ) = 1.677R 

The EfW Mean and standard deviation for all test data (n=72) are as follows: 

Weld Type EfW 
Flare Bevel Average = 0.91 
(n=36) Std. Dev. = 0.27 
Flare-V Average = 0.75 
(n=36) Std . Dev. - 0.23 

... (1 ) 

... (2) 

One should also bear in mind that each flare bevel data point is itself the average of three 
measurements , and each flare-V data paint is itself the average of two measurements. Thus , the 
statistical base is actually a total of 1S0 flare weld cross-sections. 

Expressing an effective throat rule in the form of E = constant x W, and using a constant developed 
from test data, i.e., Mean EfW - 2 x S.D. , the general expression for effective throat , with Rand 
test data combined, is as follows: 

• for Flare Bevel Welds: E = constant x W 
E = (Mean EfW - 2 x S.D.) x (0.S3SR) 
E = (0.91 - 2 x 0.27) x (0.S3SR) 
E = 0.31R 

Note that this E is almost identical to the E predicted by AWS; i.e., E = 5/16 R = 0.3125R. 

• for Flare-V Welds: E = constant x W 
E = (Mean EfW - 2 x S.D.) x (1 .677R) 
E = (0.75 - 2 x 0.23) x (1.677R) 
E = 0.49R 
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Note that this E is again very similar to the E predicted by AWS; i.e., E = 0.50R in general , or E = 
0.375R for GMAW with R ~ Y2 in. 

4.1 Screening and Grouping of Data 

The procedure outlined above was also done for each set of nine test welds made with each of the 
four weld processes. It was also decided to exclude data that pertained to non-prequalified 
welding procedures. Six of the 72 test welds (3 GMAW flare bevel welds and 3 GMAW flare-V 
welds) were done in the "vertical down" position; a weld progression that is not prequalified to AWS 
01 .1. These welds were made in this manner because: 
(a) It was actually recommended by the Oversight Committee, and 
(b) According to the project's professional welding engineer GMAW cannot be done "vertical up" 
with the kind of equipment available in a typical structural fabrication shop. 
Nevertheless, to derive recommendations in conformance with AWS 01 .1 prequalified welding 
procedures, the GMAW "vertical down" data was omitted. 

Based on this analysis, the weld processes that had the highest EIW Mean were grouped together 
and another calculation was made of an EIW Mean, this time with a grouping of 15 or 18 test welds 
from two processes. For both the flare bevel and flare-V weld types the processes with the highest 
E/W Means were FCAW-G and GMAW. The summary of this data is as follows: 

Weld FCAW-G GMAW SMAW FCAW-S GMAW & SMAW & 
Types (n=9) (n=6) (n=9) (n=9) FCAW-G FCAW-S 

(n=15) (n=18) 
Flare Mean (EIW) 1.12 1.19 0.83 0.61 1.15 0.72 
Bevel S.D. (EIW) 0.19 0.20 0.17 0.10 0.19 0.18 

Mean-2xS.0 . 0.75 0.79 0.49 0.41 0.76 0.37 
E 0.63R 0.66R 0.41R 0.34R 0.64R 0.31R 

Flare-V Mean (E/W) 0.90 0.90 0.70 0.58 0.90 0.64 
S.D. (EIW) 0.26 0.19 0.11 0.13 0.23 0.14 
Mean-2xS.0 . 0.38 0.52 0.47 0.32 0.43 0.37 
E 0.64R 0.88R 0.79R 0.53R 0.73R 0.61R 

Thus, it would seem possible to recommend design rules , as follows, for flare groove welds filled 
flush to the HSS face and made with prequalified welding procedures: 

• for Flare Bevel Welds: E = 0.64R for GMAW and FCAW-G 
or E = 0.31 R for SMAW and FCAW-S 

• for Flare-V Welds: E = 0.73R for GMAW and FCAW-G 
or E = 0.61 R for SMAW and FCAW-S 

... (5) 

... (6) 

. .. (7) 

... (8) 

In the case of flare bevel welds, predictions for E by individual welding process are all higher than 
the AWS rule (E = 0.3125R). For flare-V welds, predictions for E by individual welding process 
are also higher than the AWS rule (E = 0.5R) for FCAW-G, SMAW and FCAW-S weld processes. 
In the case of GMAW the prediction for E is considerably greater than the AWS rule (E = 'Y.R or E = 
Y2R, depending on R). 
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Using test data to establish an effective throat rule for welds not filled ffush to the HSS facers) , the 
externally measured weld face size (W) can be related to the E value by a constant developed 
from EIW test data ratios, but excluding "vertical down" welds, as follows: 

• for Flare Bevel Welds: 

• for Flare-V Welds: 

E = constant x W 
E = (Mean EIW - 2 x S.D.) x W 
E = (0.91 - 2 x 0.28) x W 
E = 0.35W 

E = constant x W 
E = (Mean EIW - 2 x S.D.) x W 
E = (0.76 - 2 x 0.23) x W 
E = 0.30W 

. .. (9) 

... (10) 

As discussed in Section 1.5, the forthcoming GSA W59 has accounted for welds not filled fiush , for 
fiare bevel welds only and for just a restricted welding parameter range. The relationship between 
E and W is expressed (GSA, 2001) as follows: 

Effective Throat Rule Weld Process Limitations 
W = 1.5E FGAW Wmtn. = ~" 
or R > :y. " for fiat and horizontal positions only 
E = 0.67W Alpha = 900 to 1400 

Gap G ~ 5, " , 32 

W = 1.5E GMAW Wmin = y." 
or R > :y. " for fiat and horizontal positions only 
E = 0.67W Alpha = 900 to 1400 

Gap, G S%2 " 

W = 1.7E SMAW Wmm = y. " 
or R > :y. " for flat and horizontal positions 
E = 0.59W R> 9"6 " for vertical and overhead positions 

Alpha = 900 to 1400 

Gap, G ~ Yo" 

Comparing E = 0.35W (Equation 9, for fiare bevel welds) with GSA effective throat rules tabled 
above, the effective throats predicted by Equation 9 are 41 % (for SMAW) and 48% (for GMAW and 
FCAW) lower than those predicted by the GSA W59 draft rules. However, one must bear in mind 
that Equation 9 is developed from data that includes numerous vertical and overhead fiare bevel 
welds, which are only considered by the GSA W59 draft for SMAW when R > 9"6 " . It is a better 
evaluation of the GSA (2001) rules to compare measured E values from just those test welds that 
meet the GSA Limits of Applicability, with E predicted by GSA. Only 11 of the 36 test welds in this 
current program meet these criteria (after confirmation from Paolini that FGAW covers only FGAW
G and not FGAW-S). The comparison for the 11 test welds is given in Table 13. It can be seen 
that the E value measured in each case exceeded the E predicted by the new GSA rules , thus 
confirming that the CSA proposals are indeed safe and conservative. 

For flare bevel welds at the "filled flush" limit, the weld face dimension (W) is 0.838R (see Equation 
1) for typical contemporary HSS. Thus, the new GSA rules would predict E = 0.667W = 0.56R for 
such a weld (for GMAW and FCAW-G), which is very similar (but a little more conservative) to that 
proposed in Equation 5 (E = 0.64R). For fiare bevel welds by the SMAW process the new GSA 
rules , at the "filled flush limir, would predict E = 0.588W = 0.49R, which is considerably more 
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optimistic than proposed in Equation 6 (E = 0.31 R) , but one must bear in mind that the range of 
applicability of Equation 6 is much broader. 

An altemative to measuring the weld face dimension (W), for welds not filled flush to the HSS 
faces(s), would be to measure the setback distance (Of) from the outer wall to the face of the weld. 
This has the advantage of maintaining weld effective throat size formulas In a consistent and 
familiar format, by relating to the "filled flush" line. The new CSA rules are lower bounds for quite a 
range of slope on the weld face (see Figures 9 to 11), and Similarly the dimension Of would need to 
be measured conservatively too for a sloped weld face (i.e. the largest Of distance would be used). 

5.0 CONCLUSIONS 

The experimental results of this test program have been used to make direct comparison to 
existing rules for flare groove welds, resulting in the following recommendations. 

• For flare bevel groove welds, filled flush to the face of the HSS, test data confirms that, after 
inclusion of a suitable safety margin, the following effective throat sizes (E) can be justified, in 
terms of the HSS outside corner radius (R), for flat, horizontal, vertical up and overhead welding 
positions, depending on the welding process: 

or 
E = 0.64R for GMAW and FCAW-G 
E = O.31R for SMAW and FCAW-S 

.. . (5) 

... (6) 

• For flare-V groove welds, filled flush to the faces of the HSS, test data confirms that , after 
inclusion of a suitable safety margin, the following effective throat sizes (E) can be justified, in 
terms of the HSS outside corner radius (R), for flat, horizontal , verlical up and overhead welding 
positions, depending on the welding process: 

or 
E = 0.73R for GMAW and FCAW-G 
E = 0.61R for SMAW and FCAW-S 

... (7) 

... (8) 

• For flare bevel groove welds, not filled flush to the face of the HSS, equations (5) and (6) 
above can be re-written in the following form, using a dimension Of (which must be measured), 
where Of is the distance from the outer wall of the HSS to the face of the weld: 

or 
E = 0.64R - Of for GMAW and FCAW-G 
E = 0.31R - Of for SMAWand FCAW-S 

.. . (11) 

... (12) 

• For flare-V groove welds, not filled flush to the faces of the HSS, equations (7) and (8) above 
can be re-written in the following form, using a dimension Of (which must be measured), where Of 
is the distance from the outer walls of the HSS to the face of the weld: 

or 
E = 0.73R - Of for GMAW and FCAW-G 
E = 0.61 R - Of for SMAW and FCAW-S 

... (13) 

... (1 4) 

Equations (5) to (8) and (11) to (14) above all entail a knowledge of the square or rectangular HSS 
outside corner radius , R. For ASTM A500 hollow sections, an outside corner radius of R = 2T can 
be assumed . (Tables 6a and 6b show that this is nearly always exceeded, hence resulting in a 
conservative prediction for E). The actual tube wall thickness, T , can either be measured or a 
"design value" of 0.93T nom .... may be assumed, as specified by AISC (1997). 
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Table 1. Test Specimen Summary for HSS 4 x 4 X 3". 
HSS Weld Specimen Weld 
Size (in.) Process No. Type 

FCAW-G 1 FB 
4 x4 X 3'1. FB 

FV 
FV 

2 FB 
FV 

FCAW-S 3 FB 
FB 
FV 
FV 

4 FB 
FV 

GMAW 5 FB 
FB 
FV 
FV 

6 FB 
FV 

SMAW 7 FB 
FB 
FV 
FV 

8 FB 
FV 

TOTALS 4 8 2 

16 

Weld Weld No. of Weld 
Position No. Cross-

sections 
H 1 3 
V 2 3 
F 3 2 
V 4 2 
OH 5 3 
OH 6 2 
H 7 3 
V 8 3 
F 9 2 
V 10 2 
OH 11 3 
OH 12 2 
H 13 3 
V 14 3 
F 15 2 
V 16 2 
OH 17 3 
OH 18 2 
H 19 3 
V 20 3 
F 21 2 
V 22 2 
OH 23 3 
OH 24 2 
4 24 60 
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Table 2. Test Specimen Summary for HSS 4 x 4 X 'I. 

HSS Weld Specimen Weld 
Size (in.) Process No. Type 

FCAW-G 9 FB 
4x4x 'l. FB 

FV 
FV 

10 FB 
FV 

FCAW-S 11 FB 
FB 
FV 
FV 

12 FB 
FV 

GMAW 13 FB 
FB 
FV 
FV 

14 FB 
FV 

SMAW 15 FB 
FB 
FV 
FV 

16 FB 
FV 

TOTALS 4 8 2 

17 

Weld Weld 
Position No. 

H 25 
V 26 
F 27 
V 28 
OH 29 
OH 30 
H 31 
V 32 
F 33 
V 34 
OH 35 
OH 36 
H 37 
V 38 
F 39 
V 40 
OH 41 
OH 42 
H 43 
V 44 
F 45 
V 46 
OH 47 
OH 48 
4 24 

No. of Weld 
Cross-
sections 
3 
3 
2 
2 
3 
2 
3 
3 
2 
2 
3 
2 
3 
3 
2 
2 
3 
2 
3 
3 
2 
2 
3 
2 
60 
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• • Table 3. Test Specimen Summary for HSS 6 x 6 X 3/8 • • • 
HSS Weld Specimen Weld Weld Weld No. of Weld 
Size (in.) Process No. Type Position No. Cross-

sections 

• • 
FCAW-G 17 FB H 49 3 

6x6x 'ls FB V 50 3 

• • 
FV F 51 2 
FV V 52 2 

18 FB OH 53 3 

• FV OH 54 2 

• FCAW-S 19 FB H 55 3 

• • 
FB V 56 3 
FV F 57 2 
FV V 58 2 • 20 FB OH 59 3 

• FV OH 60 2 

• • 
GMAW 21 FB H 61 3 

FB V 62 3 
FV F 63 2 • FV V 64 2 

• 22 FB OH 65 3 

• • • 
FV OH 66 2 

SMAW 23 FB H 67 3 
FB V 68 3 
FV F 69 2 

• FV V 70 2 

• 24 FB OH 71 3 

• • 
FV OH 72 2 

TOTALS 4 8 2 4 24 60 

• • • • • • • • • • • • • • 18 
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Table 4a. WPS for Flare Bevel Groove Welds (Tee Joint) before Trial Welding 

T -
IV 

~ 
v--7 / , <-

Weld Position Electrode WFS Amps CTTWD* 
Process Dia. (in.) (in.lmin.) (in.) 
FCAW-G H (2G) 1/16 225 250 3/4 
Lincoln 71 M V (3G) - Up 1/16 150 200 3/4 
(E71T-9 with OH (4G) 1/16 225 250 3/4 
CO2) 

FCAW-S H (2G) 0.072 200 275 3/4 
Lincoln V (3G) - Up 0.072 170 250 3/4 
NR232 OH (4G) 0.072 170 250 3/4 

GMAW H (2G) 0.045 325 250 1/2 
(ER70S-6 with V (3G)- Down 0.045 325 250 1/2 
C-10) OH (4G) 0.045 325 250 1/2 

SMAW H (2G) 1/8 N/A 125 N/A 
(E7018) V (3G) - Up 1/8 N/A 125 N/A 

OH (4G) 1/8 N/A 125 N/A 

• Contact Tube to Work Distance 

19 

Voltage 

26-28 
22-24 
26-28 

20-23 
20-21 
20-23 

26-28 
26-28 
26-28 

N/A 
N/A 
N/A 
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• • • • • • • • Weld Position Electrode WFS Amps CTTWD ' Voltage 

• • 
Process Dia. lin.) lin.lmin. ) (in. ) 
FCAW-G F (1Gl 1/16 225 250 3/4 26-28 
Lincoln 71 M V 13Gl - Uo 1/16 150 200 3/4 22-24 

• (E71T-9 with OH (4G) 1/16 225 250 3/4 26-28 

• • 
CO2) 
FCAW-S F I1G) 0.072 200 275 3/4 20-23 
Lincoln V (3G)- Up_ 0.072 170 250 3/4 20-21 

• NR232 OH (4G) 0.072 170 250 3/4 20-23 

• GMAW F I1G) 0.045 325 250 1/2 26-28 I: (ER70S-6 with V (3G) - Down 0.045 325 250 1/2 26-28 
C-10) OH (4G) 0.045 325 250 112 26-28 

• SMAW F I1G) 1/8 N/A 125 N/A N/A 

• (E7018) V _(3G) - Uo 1/8 N/A 125 N/A N/A 

• OH (4G) 1/8 N/A 125 N/A N/A 

• * Contact Tube to Work Distance 

• • i. 
I. 
• • • • • • • • • • • • 20 
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EffectIve Throat for Flare Bevel and Flare-V Groove Welds 

Table 5. HSS Chemical and Mechanical Properties - Producer Test Report Values 

HSS Size (in .) 4x4x 3
/' 6 4x4x ' /4 6 x 6 X 3/ 8 

Producer Atlas Tube LTV Copperweld LTV Copperweld 
Heat No. 0134937 864176 J55962 
Mechanical Yield Strength 61,149 77,200 58.400 
Properties (psi) 

Tensile Strength 71 ,200 88,800 67,800 
(psi) 
Elongation (%) 26 .5 30 37 

Chemical C 0.18 0.20 0.21 
Analysis Mn 0.67 0.88 0.73 

P 0.010 0.007 0.012 
S 0.009 0.005 0.011 
Si 0.009 0.01 0.01 
AI 0.030 0.410 0.037 
Cb 0.024 
Cu 0.020 0.039 
Ni 0.010 0.013 
Cr 0.01 8 

Table 6a: HSS Geometric Properties of Tubes used in this Study 

HSS Size (in.) 4 x 4 X 3/, 6 4 x 4 X '/4 6 x 6 X 3/8 

Thickness - T Average (in .) 0.183 0.241 0.372 
(n=60) Std. Dev. (in.) 0.001 0.001 0.001 
Radius - R Average (in.) 0.445 0.466 0.716 
(n=84) Std. Dev. (in.) 0.022 0.028 0.048 
Bend (HSS corner) Average (deg.) 76.2 72.3 69.5 
(n=84) Std. Dev. (deg.) 2.1 2.2 1.3 
Bend Angle - average (degrees) 72.7 

TIT nomInal 0.976T 0.964T 0.992T 
RIT 2.43 1.93 1.92 

Table 6b: Further Geometric Properties of recent ASTM A500 Tubes 

Tube 10 HSS Size (in.) TIT nomInal RIT 
LTV 1 6 x 6x 3/'6 0.924 2.73 
LTV2 7 x 7 x % 0.913 2.64 
LTV3 8 x 8 X 5/,6 0.945 2.80 
LTV4 8 x 8 x'ta 0.903 2.33 
LTV5 8 x 8x V. 0 .921 2.14 
LTV6 10x 10x 5/'6 0.913 2.90 
LTV7 12x12x V. 0.953 2.48 

21 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 



.-,,, 
• ,D • • • • • • • • • • • • • • • • • • • I: 

I· • I. 
• • • • • • • • • • • • • • • • • 

Effective Throat for Flare Bevel and Flare-V Groove Welds 

Table 7: HSS 4 x 4 X 3/,6 Test Weld Parameters With Dimensions Z and E 

Flare Weld Weld Z (in.) E (in.) Amps Voltage 
Bevel No. Position 

FCAW-G 1 H 0.076 0.294 237 25.0 
2 V 0.077 0.271 213 21 .0 
5 OH 0.057 0.319 199 24 .0 

FCAW-S 7 H 0.183 0.194 237 21 .0 
8 V 0.290 0.237 180 17.5 
11 OH 0.159 0.199 196 17.0 

GMAW 13 H 0.085 0.308 234 26.9 
14 V 0.108 0.228 248 24.5 
17 OH 0.031 0.358 197 24.4 

SMAW 19 H 0.182 0.201 120 -
20 V 0.177 0.148 120 -
23 OH 0.124 0.273 120 -

Flare-V Weld Weld Z (in.) E (in.) Amps Voltage 
No. Position 

FCAW-G 3 F 0.140 0.199 233 25.0 
4 V 0.040 0.238 192 21 .0 
6 OH 0.000 0.260 200 24.0 

FCAW-S 9 F 0.134 0.172 235 22.0 
10 V 0.188 0.204 180 17.5 
12 OH 0.111 0.161 197 17.0 

GMAW 15 F 0.054 0.271 234 26.7 
16 V 0.054 0.193 259 24.4 
18 OH 0.000 0.238 200 23.1 

SMAW 21 F 0.100 0.164 120 -
22 V 0.076 0.178 120 -
24 OH 0.084 0.171 120 -

22 

Wire Travel 
Feed Speed 
(ipm) (ipm) 
225 11 5 
157 7.4 
155 7.7 
173 9.5 
115 37 
11 5 61 
330 99 
330 15.3 
260 7 .3 
NIA 4.1 
N/A 5.0 
NIA 37 
Wire Travel 
Feed Speed 
(ipm) (ipm) 
225 10.9 
157 8.6 
155 10.3 
173 12.0 
11 5 3.7 
11 5 65 
330 137 
330 19.5 
260 10.6 
NIA 4 7 
NIA 4.9 
NIA 4.4 



Effective Throat for Flare Bevel and Flare-V Groove Welds 

Table 8: HSS 4 x 4 x 'I. Test Weld Parameters With Dimensions Z and E 

Flare Weld Weld Z (in.) E (in.) Amps Voltage 
Bevel No. Position 

FCAW-G 25 H 0.276 0.266 251 27.0 
26 V 0.191 0.327 200 21.0 
29 OH 0.121 0.373 208 24.5 

FCAW-S 31 H 0.327 0.198 237 21 .0 
32 V 0.432 0.221 180 17.5 
35 OH 0.310 0.249 225 20.0 

GMAW 37 H 0.226 0.346 206 26 .8 
38 V 0.242 0.206 255 24.6 
41 OH 0.157 0.388 237 25.7 

SMAW 43 H 0.309 0.227 136 -
44 V 0.318 0.190 132 -
47 OH 0.188 0.308 123 -

Flare-V Weld Weld Z (in.) E (in.) Amps Voltage 
No. Position 

FCAW-G 27 F 0.345 0.218 244 27 .0 
28 V 0.173 0.288 197 21 .0 
30 OH 0.132 0.386 215 24.0 

FCAW-S 33 F 0.379 0.208 237 22.0 
34 V 0.349 0.311 180 17.5 
36 OH 0.450 0.232 225 20.0 

GMAW 39 F 0.360 0.291 214 26.0 
40 V 0.440 0.080 258 26 .2 
42 OH 0.261 0.374 237 24 .8 

SMAW 45 F 0.374 0.210 136 -
46 V 0.282 0.342 133 -
48 OH 0.357 0.229 120 -

23 

Wire 
Feed 
(ipm) 
225 
157 
175 
173 
115 
153 
330 
330 
330 
N/A 
N/A 
N/A 
Wire 
Feed 
(ipm) 
225 
157 
175 
173 
115 
153 
330 
330 
328 
N/A 
N/A 
N/A 

Travel 
Speed 
(ipm) 
10.3 
5.4 
7.8 
9.0 
3.6 
6.6 
7.8 
12.6 
9.2 
3.7 
4.8 
2.9 
Travel 
Speed 
(ipm) 
10. 8 
6.8 
7.2 
11 .8 
3.5 
6.3 
10.1 
17.3 
9.4 
3.6 
3.0 
3.7 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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Effective Throat for Flare Bevel and Flare-V Groove Welds • • Table 9: HSS 6 x 6 x % Test Weld Parameters With Dimensions Z and E • • • Flare Weld Weld Z (in.) E (in ,) Amps Voltage Wire Trave l 
Bevel No. Position Feed Speed • (ipm) (ipm) 

• FCAW-G 49 H 0.244 0.323 247 26.5 225 8.3 

• • 
50 V 0.225 0.343 200 21 .0 157 5.1 
53 OH 0.096 0.432 N/A 24.0 175 5.6 

FCAW-S 55 H 0.371 0.192 227 22.0 173 8,5 

• 56 V 0.487 0.237 178 17.5 11 5 3,7 

• 59 OH 0.340 0.259 225 20.0 153 6.2 

• • 
GMAW 61 H 0.212 0.374 209 27.1 330 8.5 

62 V 0.372 0.214 239 24.4 330 10,5 
65 OH 0.128 0.433 240 25.4 330 8.0 • SMAW 67 H 0.410 0.234 122 - N/A 2.4 

• 68 V 0.360 0.167 120 - N/A 3.3 

• • 
71 OH 0.196 0.349 122 - N/A 2.7 

Flare-V Weld Weld Z (in.) E (in.) Amps Voltage Wire Travel 
No. Position Feed Speed • (ipm) (ipm) 

• • 
FCAW-G 51 F 0.164 0.216 236 26.5 225 10.0 

52 V 0.122 0,295 202 21.0 157 5.9 
54 OH 0.086 0.339 238 25.0 205 10.5 • FCAW-S 57 F 0.234 0.188 245 22.0 173 9.0 

• 58 V 0.197 0.283 220 22.0 164 5.9 

• 60 OH 0.242 0.248 226 20.0 153 6.6 

• • 
GMAW 63 F 0.121 0.305 218 26.9 330 9.9 

64 V 0.137 0.200 242 24,5 330 15,0 
66 OH 0.000 0.402 235 25.4 330 7.5 

• SMAW 69 F 0.227 0,186 130 - N/A 3.8 

• 70 V 0.134 0.249 130 - N/A 2.9 

• 72 OH 0.147 0.234 130 - N/A 3,1 

• • '. I. ,. 
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FLARE BEVEL 
PROCESS 
POSITION 

Tavg 
Z 
S 
R 

BEND 
E 
W 

EfW 
ALPHA 

FLARE·V 
PROCESS 
POSITION 

Tavll 
Z 

R(top) 
R(bottom) 

Ravll 
BEND(top) 

BEND(bottom1 
BENDavg 

E 
W 

EIW 

8 7 
FCAW·S FCAW·S 

V H 
0.18 0.18 
0.29 0.21 
0.36 027 
0.42 0.45 
75.7 773 
0.24 0.19 
0.50 0.30 
0.48 0.65 
127.3 128.3 

10 3 
FCAW·S FCAW·G 

V F 
0.18 0.1 8 
0.19 0.14 
0.46 0.48 
0.43 047 
0.44 0.48 
740 76 .5 
74.0 77. 5 
74.0 77 0 
0.20 020 
0.52 0.39 
0.39 051 

Table 10: HSS 4 x 4 X '116 Section and Weld Measurements 

19 20 11 23 14 13 2 1 5 17 
SMAW SMAW FCAW·S SMAW GMAW GMAW FCAW·G FCAW·G FCAW·G GMAW 

H V OH OH V H V H OH OH 
0.18 0.18 0.18 0.18 0.18 0.19 0.18 0.18 0.18 0.18 
0.18 0.18 0.16 0.12 0.11 0.09 0.08 0.08 0.06 0.03 
0.22 0.17 0.32 0.34 0.30 0.38 0.35 0.35 0.35 0.39 
0.47 0.44 042 0.46 0.47 0.41 0.43 0.46 0.47 0.41 
77.0 74.0 75.3 76.3 76.7 77.3 74 .0 74.3 75.0 75.7 
0.20 0.15 0.20 0.27 0.23 0.31 0.27 0.29 0.32 0.36 
027 0.21 0.34 0.31 0.22 0.32 0.27 0.26 0.28 0.32 
0.75 0.69 0.58 0.89 1.04 0.97 1.00 1.12 1.14 1.14 
109.7 112.7 130.7 117.7 119.7 126.0 128.0 117.7 113.3 114.3 

9 12 21 24 22 15 16 4 6 18 
FCAW·S FCAW·S SMAW SMAW SMAW GMAW GMAW FCAW·G FCAW·G GMAW 

F OH F OH V F V V OH OH 
0.18 0.18 0.18 0.19 018 0.18 0.18 0.18 0.18 0.18 
0.13 0.11 0.10 0.08 0.08 0.05 0.05 0.04 0.00 0.00 
0.46 044 0.44 0.46 0.45 0.44 0.46 0.44 0.43 0.45 
0.45 0.46 0.44 0.47 0.45 0.44 0.45 0.44 0.44 0.46 
0.46 0.45 044 0.46 045 0.44 0.45 0.44 0.43 0.46 
76.5 77.5 77.5 76.5 76 .5 76.5 740 79.0 77.0 78.0 
75.5 76.0 77.5 77.0 770 75.0 775 79.5 76.5 75.5 
760 76.8 77 5 768 76.8 75.8 758 79.3 768 76.8 
0.17 0.16 0.16 0.17 0 18 0.27 0.19 0.24 0.26 0.24 
0.31 0.40 0.29 0.28 0.23 0.41 0.25 0.29 0.26 0.32 
0.55 0.40 057 0.61 0.77 066 0.76 0.82 1.00 0.74 

••••••••••••••••••••••••••••••••••••••••••• 
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N 
m 

FLARE BEVEL 
PROCESS 
POSITION 

Tavg 
Z 
S 
R 

BEND 
E 
W 

EIW 
ALPHA 

FLARE-V 
PROCESS 
POSITION 

TavQ 
Z 

R(top) 
R(bottom) 

Ravg 
BEND(top) 

BEND(bottom) 
BENDavg 

E 
W 

EIW 

32 
FCAW-S 

V 
0.24 
0.43 
0.31 
0.48 
73.0 
0.22 
0.48 
0.46 
127.7 

36 
FCAW-S 

OH 
024 
045 
0.45 
0.44 
044 
70.5 
72.0 
71 3 
023 
041 
056 

Table 11 : HSS 4 x 4 x Y. Section and Weld Measurements 

31 44 35 43 25 38 37 26 
FCAW-S SMAW FCAW-S SMAW FCAW-G GMAW GMAW FCAW-G 

H V OH H H V H V 
0.24 0.24 0.24 0.24 0.24 024 0.24 0.24 
0.33 0.32 0.31 0.31 0.28 0.24 0.23 0.19 
028 0.25 0.33 0.26 0.34 026 0.42 0.37 
0.49 0.44 0.50 0 .50 0.51 047 0.49 048 
70.3 72.0 73.0 68.7 74.3 72.0 70.0 76.0 
0.20 0.19 025 0.23 0.27 0.21 0.35 033 
0.30 0.22 0.36 028 0.31 0.26 0.36 0.33 
0.67 0.86 0.70 0.81 0.85 079 0.97 0.99 
124.7 120.7 121 .7 116.3 128.0 117.0 123.7 1163 

40 33 45 39 48 34 27 46 
GMAW FCAW-S SMAW GMAW SMAW FCAW-S FCAW-G SMAW 

V F F F OH V F V 
024 024 0.24 024 0.24 0 .24 0.24 0.24 
0.44 038 037 036 0.36 035 0.35 028 
0.48 0.44 043 047 0.45 0.44 045 0.46 
0.46 0.45 043 0.49 0.45 047 048 045 
047 0.44 0.43 0.48 0.45 046 0.47 0.45 
71 0 71 5 71 0 730 73.0 760 75.0 710 
735 700 71 0 73.0 70.5 750 71 .5 725 
72.3 70.8 71 0 730 71 .8 755 733 71 .8 
0.08 021 021 0.29 023 031 0.22 034 
025 026 036 038 0.31 056 041 038 
032 081 0 .58 076 074 055 053 090 

- .l , .J 

m :::: 
CD n 
<: 
'" -i 
:;r 

47 41 29 
a 
~ 

SMAW GMAW FCAW-G 0' 
~ 

OH OH OH 'T1 or 
0.24 0.24 0.24 ;;; 
0.19 0.16 0.12 CD 

'" 0.35 0.44 0.39 
< 
~ 

0.43 0.50 0.42 III 
:> 
a. 

71.0 71.0 70.7 'T1 

0.31 039 0.37 or 
;;; 

0.31 0.33 0.31 <:: 
099 1.18 1.20 
111 .7 117.7 105.3 

Gl 

8 
< 

'" ~ 
'" a: 

42 28 30 
en 

GMAW FCAW-G FCAW-G 
OH V OH 
0.24 0.24 0.24 
0.26 017 0.13 
0.46 042 0.47 
0.47 045 0.47 
0.47 0.44 0.47 
735 760 72.5 
735 730 73.5 
73.5 74.5 73.0 
037 029 0.39 
033 028 0.31 
1 13 103 1 24 



Table 12: HSS 6 x 6 x % Section and Weld Measurements 

FLARE BEVEL 56 67 62 55 68 59 49 50 61 71 65 53 
PROCESS FCAW-S SMAW GMAW FCAW-S SMAW FCAW-S FCAW-G FCAW-G GMAW SMAW GMAW FCAW-G 
POSITION V H V H V OH H V H OH OH OH 

Tavg 0.37 0.37 0.37 0.37 0 .37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 
Z 0.49 0.41 0.37 0.37 0.36 0.34 0.24 0.23 0.21 0.20 0.13 0.10 
S 0.31 0.24 0.25 0.25 0.27 0.32 0.36 0.40 0.43 0.41 0.48 047 
R 0.82 0 82 073 0.71 073 072 0.66 081 0 .79 067 077 0.66 

BEND 68.3 69.7 70.7 70.3 67.7 67.7 69.3 70.0 69.7 70.0 69.7 69.0 
E 0.24 0.23 0.21 0.19 0.17 0.26 0.32 0.34 0.37 0.35 0.43 0.43 
W 0.43 0.35 0.29 0.31 0.28 0.33 0.30 0.30 0.28 0.29 0.28 0.28 

EIVV 0.55 0.68 0.74 0.62 0.60 0.79 1.06 1.15 1.33 1.18 1.53 1.56 
ALPHA 120.0 104.7 114.0 115.0 126.0 118.3 116.0 118.7 118.0 115.7 115.3 111 .0 

FLARE-V 60 57 69 58 51 72 64 70 52 63 54 66 
PROCESS FCAW-S FCAW-S SMAW FCAW-S FCAW-G SMAW GMAW SMAW FCAW-G GMAW FCAW-G GMAW 
POSITION OH F F V F OH V V V F OH OH 

TavQ 0.37 0.37 0.37 0.37 0.37 037 0.37 0.37 0.37 0.37 037 0.37 
Z 0.24 0.23 0.23 0.20 0.16 015 0.14 0.13 0.12 0.12 0.09 0.00 

R(top) 0.69 0.70 0.72 0.66 0.70 069 0 71 067 0.69 0.68 0.71 0.70 
R(bottom) 0.69 070 0.73 0.69 0.70 0.69 0.70 0.70 0.70 0.68 0.70 0.67 

RavQ 0.69 0.70 0.72 0.68 0.70 0.69 0.70 0.69 0.69 0.68 0.71 0.68 
BEND(top) 70.0 69.0 70.0 70.5 69.0 68.5 70.5 71.0 68.5 71.0 70.5 70.0 

BEND(bottom 69.0 70.0 69.5 69.5 70.5 69.0 70.5 68.0 69.5 68.5 69.5 71 .5 
BENDavg 69.5 69.5 69.8 70.0 69.8 688 705 69.5 69.0 69.8 700 70.8 

E 025 0 19 0.19 028 022 023 0.20 025 0.30 0.30 034 0.40 
W 0.40 0.33 0.33 0.38 028 0.31 023 031 0.32 0 .30 0.26 0.36 

EIVV 062 058 0.56 074 0.79 075 087 0 .80 0.92 1 00 1 30 1 12 

••••••••••••••••••••••••••••••••••••••••••• 
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CD 

Table 13: Flare Bevel Test Weld Measurements Compared with CSA W59 Draft Effective Throat Rules 

Measured Test Dala CSA W59 Draft 
HSS WELD NO. POSiTION PROCESS E W EIW EIW E ",od,ct"" E Ie .. I E p<edlCtecl 

4x4x' I ,8 19 H SMAW 020 027 075 0.59 0.16 1.26 
13 H GMAW 0.31 0.32 097 066 0.21 1.47 
1 H FCAW-G 029 026 1.12 0.66 0.17 169 

~x4xY. ~3 H SMAW 0.23 0.28 081 0.59 017 1.39 
125 H FCAW-G 0.27 0.31 085 0.66 0.20 1.32 
37 H GMAW 0.35 0.36 0.97 0.66 10.24 1.47 

~x6x% 67 H SMAW 023 0.35 0.68 0.59 021 1.11 
~9 H FCAW-G 0.32 0.30 106 0.66 0.20 1.62 
61 H GMAW 0.37 0.28 133 066 018 2.00 
68 ~ SMAW 0.17 028 0.60 059 0.17 1.03 
71 OH SMAW 0.35 0.29 1 18 0.59 0.17 2.05 



Effective Throat for Flare Bevel and Flare-V Groove Welds 

Figure 1 a. Flare Bevel Groove Weld 
(HSS & Plate) 

Figure 1 c. Flare-V Groove Weld 
(Two HSS) 

Figure 1 b. Flare Bevel Groove Weld 
(Round Bar & Plate) 

Figure 1d. Flare-V Groove Weld 
(Two Round Bars) 

Figure 1. Flare Groove Welds (CSA, 1989) 
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Effective Throat for Flare Bevel and Flare-V Groove Welds 

Profile 
Shaping 

Weld 
Build 001 

Figure 2. Equal Width HSS Welded Joint: Flare Bevel Groove Weld for HSS with Unequal Wall 
Thickness (AISe, 1997) 

(nominal) 

Flare-bevel weld 

Figure 3. Equal Width HSS Welded Joint: Flare Bevel Groove Weld for HSS with Equal Wall 
Thickness (AISe, 1997) 

30 



Effective Throat for Flare Bevel and Flare-V Groove Welds 

Flare-V-groove 

effective throat E = R / 2 

.___- Flare-bevel groove 
effective throat E = 5R /16 

Figure 4. AISC Flare Weld Nomenclature (AISC, 1997; 1999a) 

31 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 



• • • 
I· • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

" .J:> 
,,,<> Effective Throat for Flare Bevel and Flare-V Groove Welds 

Flare-bevel-groove weld (10) 
Butt JOInl (B) 

r'" ./ (E) 1"-T.pnl (T) 
Corner 101m (C) 

I 
f -? 

, ., 
~------ - V 

/. 
~ < ... _----- - -r-r LT. 

C 
T3 r "'vl~ 

~ R 

- I-T, 

Base Metal ThICkness 
Groove Preparation 

tU :: unlimited) 
Root Opening 

Tolerances 
AllOWed 

Wekitng JOint Root Face As Detailed As Fit-Up Weldll'l9 We)d Size 
Process Designallon T. T, T, Bend RadIus· (see 3 12.3) (see 3.12 3) POStllons (E) Notes 

R=O +1/16. -<> .'16, -1/16 
3116 T. f:: 3116 min "'U , -<> +U, -1116 ST. 5.7 . 10. SMAW BTC·P10 U All m.n m.n 3T. -0, +Not- -0, "NoI· 8 12 

COT m.n Limited limIted 

R-O +1 /16,~ ""8. -1/16 
GMAW 3/16 T. f = 3116 min +U, -<> +U, - 1116 ST, 1.7. 10. BTC·P10-GF U All 
FCAW m.n m,n 3T. -0, "Not- -0, "Nol- 8 12 

COT m.n LimIted lImited 

R=O .0 .,.1116. -0 
112 1/2 f = 112 min -+U , --O +U. -'''6 ST. 

SAW T· P10-S N/A F 7. 10.12 m.n m.n Co 3T. -0. +Not- -0. "Not- 8 
2 

m," L,mited LImited 

'For cold formed (ASOO) rectangUlar tubes, C dimenSIOn IS not limited See lhe fOllOWIng 

Effective Weld Size of Flare·Be .... el-Groove Welded Joints. Tests have been performed on cold formed ASTM A 500 malenal exhlb
Iling a ·c· dimenSIOn as small as T, With a normnal radius of 21 As the radiUS Increases, the ·c· dimenSIon also Increases The comer 
curvature may nOl be a quadrant of a orde tangent to the sides The comer dimenSIon, ·c: may tie less than the radius of the corner 

Noles 
1 Not prequahfled fOf GMAW-S nor GTAW (re fer to Annex A). 
2 Jotnl shall be welded from one side only 
3 Cydlc load aopllcatlon hmlts theSe JOInts to the honzontal welding POSll1OO ($88 2.27.5). 
4 Backgouge rOOI to sound melal before welding second side 
5 SMAW detaIled JOInts may be used tor prequaltfied GMAW (except GMAW~S ) and FCAW 
6 Minimum weld stZe (E) as shown In Table 3.4 S as specified on drawtngs 
7 If fillel welds are used In statically loaded structures to relnlOl"ce groo .... e welds In romer and T ·JOlnts, these shall be equal to T ,/4 . 

bUI need not exceed 3/8 In (10 mm) Groove welds In corner and T 'IOInts 01 cychcally loaded structures snail be relnfOlted wlI.h flllet 
welds eQual to T , /4 , but need not exceed 318 ,n (10 mm) 

6 OOUt)/e--groo .... e ..velds may ha .... e grooves of unequal depth. Out the depth of the shallower groove shall be no less than one·loun" 01 
the thICkness of the thinner part .I01ned 

9 Oouble-groove welds may have grooves 01 unequal depth, proVIded these conlorm to the hmltahons 01 Note E Also the weld sIze 
(E) applies lnd .... 'duaUy 10 each groove. 

10 The onentaltOn o f the two members In the }oInts may vary from 135- 10 180- for butt tOtnls. or 45- to 135- for comer JO,nts or 45- to 
90- for T ·J06ntS 

11 For comer pnls the outSide gr()()Ve preparahon may be In either or both members, proVided the basIC groove conf.guratlon IS not 
changed and aOeQuate edge diStance IS malntalOed to suppon the welding operahons Without excessIVe edge melting 

12 Weld size (E , snail be based on JOInts welded flush 

Figure 5. AWS 01.1/01 .1 M:2002. Figure 3.3. Pre-qualified Partial Joint Penetration (PJP) Flare 
Bevel Groove Welded Joint Details (AWS. 2002) 
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Effective Throat for Flare Bevel and Flare-V Groove Welds 

R < 10 mm (J/8-) ( 

,--/ , , 

R 

OR 

v 
\ 

s 

Figure 6. GSA W59 Pre-ballot Draft (Nov. 2001), Figure 4, Flare Bevel Fillet Weld in aT-Joint 
(GSA,2001) 

---/ ..... 
/ " I 

R> 10 mm (318') 

, 
\ 

" 

Note: Tnls weldmg symbol IS 
lptClIK ro CSA Sranaard WS9 

,....---",.-\--« W = wold foeo 

eE) '-

W 

W=I) E 

I) =~ 
E 

oc =: 90- to 1400 

Figure 7. GSA W59 Pre-ballot Draft (Nov. 2001), Figure 5, Partial Joint Penetration Flare Bevel 
Groove Weld in a T-Joint (GSA, 2001) 

I , 

R \ \ Mt.asured radiUS 

.... __ ..... 

I 
I , 

Figure 8. GSA W59 Pre-ballot Draft (Nov. 2001) , Figure 6, Partial Joint Penetration Flare-V 
Groove Weld in a Butt Joint (GSA, 2001) 
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Effective Throat for Flare Bevel and Flare-V Groove Welds 

SPECIFICATIONS: AWS (2002), AISC (1989), AISC (1999b) and CSA (1989) 

f---+ T =3/S" 
HOT FORMED 
HSS R=15T 

E=5/16R=0.IS" 

f----t_ T=1/2" 

COLD FORMED 
HSS R=2T 

f--+-E =5/16R=0.31 " 

FABRICATOR WELD PROCEDURE DATA SHEETS (see Appendix 1) 

z 

f---+T=3/S" 
HOT FORMED 
HSS R=15T 

,...--+-E=1125T=0 42" 
z -t---l 

f---+- T=1I2" 

COLD FORMED 
HSS R=2T 

f----t-E=125T=063" 

Figure 12. Weld Sizes as per Specifications and Fabricator Weld Procedure Data Sheets 
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Effective Throat for Flare Bevel and Flare-V Groove Welds 

/ SAIJ -CUTS <TYP.> 

I / HSS 4x4x1/4 <TYP.) 

~===;"\ 

, , , , , 
_ __ L. __ ..L_ -' 

_ __'- __ ..L. __ -' _ 

f---- 1'-0' ----j ~6, ~I' 

SPECIMEN 9 

I , 
..- -r - ...., , , , 

.-- T -, , , , , 

/SAIJ - CUTS nyp> 

f------ 1'-6' ------j 

SPECIMEN 10 

LEGEND 

~ IJELDMENT No, SEE TABLE 2 

~6'~I' 

NOTES: 1. 'X' DENOTES TACK IJELDS LOCATED AT ENDS OF HSS. 
2. BEFORE DEPOSITING TACK IJELOS , CLAMP HSS TO PLATE 

AND HSS TO HSS TO ENSURE STEEL TO STEEL CONTACT 
ALONG THE RUNNING SURFACES. 

Figure 13, Typical HSS 4"x 4" x 14" Test Specimen Configurations (Specimens 9 and 10 using 
FCAW-G) 
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Effective Throat for Flare Bevel and Flare-V Groove Welds 

1/ SAlol-CUTS <TYP.) I HSSf,.f,.3/S CTYP') 

• • 
~ ... .... 

• ,- __ -'- __ -.J __ _ 
, /! 

2!!===~:S~ 1/2 ' PLATE oyP,) 

1----1'-0' ---1 
I 

I - r- I ' 
f--- S" I 

SPECIMEN 17 LEGEND 

/ SAlol-CUTS (TYPJ o IoIELDMENT No .. SEE TABLE 3 

TRIALS 

--------'---~--~---------------- -- -- --------• • • • • • • 

• • • • ________ '- __ ..L __ -.J _______ _ 

1------ 1'-f," ------1 

SPECIMEN 18 

NOTES: 1. 'X' DENOTES TACK 'wiELDS LOCATED AT ENDS OF HSS. 
2. BEFORE DEPOSITING TACK 'wiELDS, CLAMP HSS TO PLATE 

AND HSS TO HSS TO ENSURE STEEL TO STEEL CONTACT 
ALONG THE RUNNING SURFACES. 

Figure 14, Typical HSS 6"x 6" x o/e' Test Specimen Configurations (Specimens 17 and 18 using 
FCAW-G) 
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• " • Effective Throat for Flare Bevel and Flare-V Groove Welds • • • • I rCAV-G I • D D • ~ ~ ,fl • D D • ~ fi ,fl • • SPECIMEN 1 SPECIMEN 2 

• • • I rCAV-S I 

D D • ~ l/V fl • • ~ D ~ D ~ • • SPECIMEN 3 SPECIMEN 4 

• • • IGMAVI 

• ~ D ~ &J D • • ~ D ~ ~ D • • SPECIMEN 5 SPECIMEN 6 • • • ISMAVI 

• ~ D fl D ~ • • ~ D fi D ~ • • • SPECIMEN 7 SPECIMEN 8 

• • Figure 15. HSS 4'x 4' x 3/,6 ' Test Specimen Configurations (Specimens 1 to 8) 
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Effective Throat for Flare Bevel and Flare-V Groove Welds • • • • • I FCAIJ-G I 

D D • ~ ~ ~ • 
~ D ~ D ~ • • • SPECIMEN 9 SPEC[MEN [0 • • • I FCAIJ-S I 

D D • , ~ ~ • • D D ~ ~ ~ • • SPEC[MEN 11 SPEC[ MEN 12 • • .1 
IGMAIJ I • D D ~ ~ ~ • • 
~ D ~ D ~ • • 

SPECI MEN 13 SPECIMEN 14 • • • 
ISMAIJ I • 

~ D ~ D --e • • 
~ D ~ D I-@ • • 

SPECI MEN 15 SPECIMEN 16 • • • 
Figure 16. HSS 4' x 4' x 'A' Test Specimen Configurations (Specimens 9 to 16) • • • 41 • • 
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'"' • Effective Throat for Flare Bevel and Flare-V Groove Welds • • • '"?" A'!:,. G Ii -, 

0/ • ~LJ • ~ • D D? • • '9 ~ • / 
.~ • SP:::CI1[N 17 SPECIMEN '6 

• • A vi <; 

C • 51 @ c~ • ;/ _/ 

I· '55 [J/, [J, ,...." • ~ • • -l 

SPECI ' :;.N 19 SPECI MEN 20 

• • ."A71 

D 0 • ~ "r @ • ,/ • D D"fl • 6: /J • • • SPECIMt.N 21 SPECI MEN 2i: 

• [';MfI 'w'J 

~[J ~ [J 
-. 

• '0 

• • ~D 
-@ 

D 
- -@ 

• • • • SPEC! ;ON 23 SPECI Mt.N 24 

• • Figure 17. HSS 6"x 6" x o/e" Test Specimen Configurations (Specimens 17 to 24) • • • 42 
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Effective Throat for Flare Bevel and Flare-V Groove Welds 

Figure 18. Test Specimens Prior to Final Welding at Walters Inc. 

Figure 19. Data Acquisition System for Welding Parameters at Walters Inc. 
(Equipment loaned from AccuData Inc.) 
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Effective Throat for Flare Bevel and Flare-V Groove Welds 

Figure 20. Overhead Welding of Test Specimen at Walters Inc. 

Figure 21 . Overhead Welding (Close-up) of Test Specimen at Walters Inc. 
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Effective Throat for Flare Bevel and Flare-V Groove Welds 

• • • • • • • • • • • I. 
• • • :. 
• • Figure 22. Horizontal Welding of Test Specimen at Walters Inc. 

• • • • • • • • • • • • • • • • • • Figure 23. Vertical Welding of Test Specimen at Walters Inc. • • • 45 
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Effective Throat for Flare Bevel and Flare-V Groove Welds 

Figure 24. External Appearance of Two FCAW-G Test Welds, No. 26 and No. 28 

Figure 25. Scanned Image of Test Weld No. 17 Cross-section 
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Effective Throat for Flare Bevel and Flare-V Groove Welds 

Figure 26. Scanned Image of Test Weld No. 59 Cross-section 
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• q;, ,-• q;, Effective Throat for Flare Bevel and Flare-V Groove Welds • <0 

• • • • PROCESS TYPE POSITION HSS SIZE SECTION UNIT TQvg 

• FCII\I-G FV FLAT 6.6K3/B SIB INCH 0.375 

• • • • • • • • • • • • • • • • • • • • • • • • Z I!(up) R(aown) lItN.l)(up) BEND<.,. r'\) E IILPHA • 0.157 0.70~ 0.695 69 71 0.219 NIA • • • • Figure 27. Typical Data Sheet for Measured Weld Dimensions of a Flare-V Weld 
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• <:> .-
• .... Effective Throat for Flare Bevel and Flare-V Groove Welds • • • • • PROCESS TYPE POSlTlON HSS SIZE SECTION UNIT TOVQ 

• FC~\J-G FB HORIZONT~L ~.~.1/~ 25A INCH O.2~0 

• • • • • • • • • • • • • • • • • • • • • • • • z S R II£ND E \J ALPHA • 0.292 0.319 0.511 75 0.2~7 0.296 12':1 • • • Figure 28. Typical Data Sheet for Measured Weld Dimensions of a Flare Bevel Weld • • • • • • 49 
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• '" .-• ,r, -• .~ Effective Throat for Flare Bevel and Flare-V Groove Welds 

• • • • • • • • • • • • • • • Flare Bevel Weld No. 17C Flare-V Weld No. 1BA 

I· • • • • • • • • e 
• • • • Flare Bevel Weld No. BC Flare-V Weld No. 10B • • • Figure 29. Minimum and Maximum Z Loss for HSS 4x4x3/'6 Flare Bevel and Flare-V Welds 
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Effective Throat for Flare Bevel and Flare-V Groove Welds 

Flare Bevel Weld No. 29A Flare-V Weld No. 30A 

Flare Bevel Weld No. 32B Flare-V Weld No. 36A 

Figure 30. Minimum and Maximum Z Loss for HSS 4x4x% Flare Bevel and Flare-V Welds 
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• (l) --• ..... Effective Throat for Flare Bevel and Flare-V Groove Welds • • • • • • • • • • • • • • • • Flare Bevel Weld No. 53C Flare-V Weld No. 66B 

• • • • • • • • • • • • • • Flare Bevel Weld No. 56B Flare-V Weld No. 60A 

• • • Figure 31 . Minimum and Maximum Z Loss for HSS 6x6x% Flare Bevel and Flare-V Welds 
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Effective Throat for Flare Bevel and Flare-V Groove Welds 
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Z (inches) 

Z lor Flare-V 

1 

t:J HSS 6x6x3l8 

C HSS 4x4x1 /4 

C HSS 4x4x3l16 

o HSS 6x6x3l8 

C HSS 4x4x1/4 

C HSS 4x4x3l16 

Figure 32. Z for Flare Bevel and Flare-V Test Welds 
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Effective Throat for Flare Bevel and Flare-V Groove Welds 

Test Weld No. 36A Test Weld No. 408 

Test Weld No. 33A Test Weld No. 458 

Figure 33. HSS 4x4x 'A Flare-V Test Welds With Large Z Values 

54 



• r> 
• T. • • • • • • • • • • • • • I. 
• • • • • • • • • • • • • • I: 
• • • • • • • • • • • 

---- ---------------------

Effective Throat for Flare Bevel and Flare-V Groove Welds 

E for Flare Bevel 

12 r-------------------------------------------, 
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E for Flare-V 
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o HSS 6x6x3l8 

HSS 4x4x1 /4 
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Figure 34. E for Flare Bevel and Flare-V Test Welds 

55 



. ~ 
.~ 

• 
• ·1 

• • • • • • • • • • • • • • • • • • • • • • • I: 
• • • • • • • • • • • • • • • 

Effective Throat for Flare Bevel and Flare-V Groove Welds 

5/1E.R 

FLARE BEVEL - -
EAvs - 5/16R 
ZAVS - 11/16R 
Z. "s p,.ec/lctec/ by USln9 
90· COr"'ner QSSl,.I("ption 

FLARE V 

EAv s = 1/2R 
ZAVS = 1/2R 
Z '''S p"ec/lc ted by USln9 
90· corne'" QSSUMption 

Figure 35. AWS Effective Throats for Flare Bevel and Flare-V Welds Filled Flush to 
the HSS Face 
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Effective Throat for Flare Bevel and Flare·V Groove Welds 
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Figure 37. EIW Ratios for all 36 Flare Bevel Welds 
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Figure 38. EIW Ratios for all 36 Flare-V Welds 
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Effective Throat for Flare Bevel and Flare-V Groove Welds 

FLARE BEVEL 

I' 
RCcos865° - 5,,.,8 65°) 

FLARE - V 

'I 
2RCcos8('So - 51n8 ('So) 

~ 

Figure 39. Flare Bevel and Flare-V Weld Face Related to Radius 
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APPENDIX 1 

Welding Procedure Data Sheets of Canron Limited 
(dated December 1984) 
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1'QRONTO 
WELDING PROCEDURE DATA SHEET 1 

NO 
"",".liil r. tt y O" 'l PROCESS w. Salgent December 12/84 POSITION PREPARATION 
" .; l"V""/tU tl~ l AH :fo! "'l "'.\>tt .... 

W. Ba:tge'!.~ .. q....-~: ! FCAW HORIZONTAL 
..... lOG PAOC.SP(C.NCI 

FOc). (9-82l13) . srB . ' i 
M.ltr~ 1 

SPKl'lClllon 

Elleltod, 

Flux 

C" O.11 - T I'P" W #/ui T 
""' lit) V •• ld, uo 10 SSt kli l 

rhBCO 61 

N/ A 

WITH 

I __ S_h_.,_d_on_;_G_' S ______ ~~C~0~2L-~3~0~-~3~5~C~f~h~_I i 
CI UStf,',! lon E70T- 9- CH 

Electrode SUckoul 1/ 2" 

MANUAL 0 SEMI·AUTOMATIC I» AUTOMATIC 0 

Curr.nt ChlflC.(tusltcs OC+ 

Voltage ChlrlCttflstlCS Constant 

NOTES: 
, $ft CANRON P"" •• , S~Cl fIC.tIOnJ 0 
2 Incru w Fill., $,u "C." . , Root ,,,0 Of C,.. ,. , 
~ GTSM ",d,c. ,.s "G0Il91119 '0 Sound M~r.r 

l 
) 

LAYER 

1 

1 

~ 

1 

2 

2 

CO2 

';: 
.;... 

., L 

P'l 
~ 

~ 

~ 
R 

A 
I. te ~ 

POWER :~I, ..... 
I_p.m. Am .. VOIU •• 

360 29 18 

360 29 15 

360 29 

360 29 

360 29 1~ 
360 29 17 

• Testing Procedure carried out on this specimen by C.W.B. 
•• Run First Pass with 5\ higher amperage than figure shown. 

. 
. . 

FLARE BEVEL 

10, H. s H~T ~O~ ~dT *** F R'IE 

I 

T ~ Thickness of H. S.S 
" R"adius • l~T 

te = 3/4R - effective 
throat 

te = 1.125 x T 

. .. 
ews ~l1:j 10 ~:A Vi41.1 

85 01 02 

PROCEDURE 
OUALI F ICATION 

•• Figures shown are average - speed depends on size of bead required. First pass 
will be app roximately 20\ slower and final pass 20 faster. 

1'*** Hot Formed - All HSS (Stelco) with a periphery of 16" or less are hot rolled and I '_No 
R • lisT 
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APPENDIX 2 

Certificate of Conformance for FCAW (classification E71T-1). GMAW (classification 
ER70S-6) and SMAW (classification E7018-1) Weld Consumables 
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CERT I FIC:ATE OF ONFORMANCE 
!t.m:1~ UY TO U.S pro;U;1S) 

'l"YPICAL V ALtJU ONL V 

A' ! d® lIM clas;fflcatJon mr-l ,supplied on the above o r der 
cert lly that Oll f « ( t - (" r~'cc.:ss· and malerlal requirement' ;),! th6 .} tt~lroo. used for 

of the same classilicallon, manu'ac ! ur Ing P d b ·;,,~W..f Af.1(}-/~ .1 ~ "'S~(.r ..f.~i 1JO ,"ere 
t dad on Moll' U "'~f ' A I I I tiS t S ,equ 10 I . 

a l 1151 . cone u . h . j. 'at ~n~ and the :IIbov. mJltd;l1 nlet all reqiJlft: .lc nl:. JOrO: conI iguratlon 
In co"f o lmance WI th 1 .S8 speci Ie I 

fOf .072' el e ctrode are shown 311 lower rlghl . 

Requir ed 
.012 

200 
25 
CO2 

lnlolmatlon Only 
1/'6 
250 

25 
an 

052 .c.<S 
350 400 FI.ctrit:1I1 Sr/ckouf 1m) 

27 26 ?.ss.s/IIJ"u 

an 0J2 IIUII'p.lSS r'fltp. (oF) 

as-welded cond i t ion 

, u. o .. .. 
.os, 

C 17,100 
61. SOO 

'" 28 
$I 

$ 

• 

DAVID A f'HI' 
'!l,II~ISllAliVI ~CIH[£tlNC 1M"." 
COHSU,;A1l1 IIHAiCIi L Of'IlIO'''I,' 

) 

RIQu , oJ In:~rm~tlon Only 
.071 1/16 .0;2 .c.<5 

716 

~ 
3/.; 3/" 

15/6 16/6 15/6 1~/9 

325 3:5 • 3~5 325 

I 
and C:~·m,~a iDill"ilI cl I ~. 

o , o. 
. C45-

'l ilt Rt..<q. • .j~ .J> .0> .05 

1.75 • .u '-41 1, .7 1.1 1 .. l~ 
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CERTIF1CATE O~ COl FORMA CE 
W:R I ~ ~6L Y TO U S P'U\.CTS 
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APPENDIX 3 

Canadian Welding Bureau Letter from J. Craig Martin to Ken Kerluke, dated January 11 , 
2002 
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CANADIAN WELDING BUREAU 
... OMI.on of tM CWlI G,oup 
2000 Argenl ,. Rd • Plaza 4. Sun. 495. Mlss,ssauga. Ool.no LSN 1 W' 
(90! .) 826·5133. Fa. (905) 826-9733. WEB www.cwbgroop.com 

January 11, 2002 

Mr. Ken Keriuke, P. Eng. 
KMK & AsSOCIates In~. 

1 (j Regan Road, Unit 46 
Brampton, ON L7 A 1Cl 

Dear Mr KI'r1uke: 

RE: FIARE·BEVEl I FLARE-V WELD SIZE STUDY 

VIA ~AX : 905·8466770 

As requested in your facsimile of J~nuary 2, 2002, we have reviewed the proposed 
welding parameters to be used in the upcoming study at Walters Inc. 

The proposed paramelers were compared with historrcal PQT rnformation for ealh 
configuration . Please note that we could not locate any PQT information for ~CAW-S 
wrth NR 232 and GMAW in vertical down. 

We confirm that the parameters proposed are typical of what is currently being u~ed 
by our CSA 47.1 Certified fabricators. ~or the two cases where we did not locate any 
information , we do agree that the parameters proposed are reasonable. 

Please let me know If we can be of further assistance durrng the study. 

SlItterely, H~ 

CA/N.r,A~D.I_ ~ WC:UREAU 

--I ' rd ig artin, P. (ng 
Man er, Welding Procedures Approvai ;-'L ~al " lent 
AsSIstant Manager, Ontario 
E"IoiII,1 cr",., fTWlln@cwb8rcupcom 

--.-. --
l __ "' _ _ .-

• "CERTIFICATION MAKES THE DIFFERENCE" ----
VANCOUVER • EDMONTON • WINNIPEG • TORONTO • SUDBURY • MONTREAL • HAUFAX 
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APPENDIX 4 

Procedure Qualification Records (PQR) for Test Weld No. 1 to No. 72 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQRNo. I 
Authorized By: Ken Kerluke Weider's Name: Jonn Williamson 
Welding Process(es): FCA W· G Stamp Number: NI A 
Types: Semi·automatic ArcScan ID # 136 
Date Welded: January 23,2002 

Jo int Desie" 
Tvne Flare Bevel Tee T 
Single or Double Weld Single 

-+~ ~ 

Backing None 
Backio. Material N/A 

~ Back Gouging None 
Method N/A 111/2 " I Base Metal: 
Material Spec. A500 to Material Spec. G40.21 
Type or Grade C Type or Grade 44 W 
Thickness: 3/16 112 
Diameter (Pipe) N/A Position: 

Position of Groove: 2G (horizontal) 
FiUer Metals: Weld Progression 
A WS Specification A5.20 Other 
A WS Classification E7IT·9(O/S 71M) 
Size of Filler Metal 1/16 Preheat: See General otes 

NOlle 
Preheat Temperature: 70°F ambient 

Heat Treatment: Interpass Temperature 
Temperature Other 
Time 

Shielding Gas 
Electrical Character istics: %Comp. 
Current Type DC Gas (Mixture) Flow Rate 
Mode of Metal Transfer (GMA W) N/A Shielding: CO, 1000A. 35 cJh 
Polarity Positive 

Trailing: None 
Tungsten Elecuode Size and Type None 

Technioue 
Suine or Weave Bead Strinl! 
Oscillation NOlie 
Multi·oass or Single Pass (oer side) Sinl!le 
Gas CUD Size 5/8"0 
[nteroass Cleanin. None 
Peening None 
Push or Drag Elecuode Angje Drav 
Contact Tube to Work Distance 3/4" 

Welding Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 

T Class (iom) (iom) 
3/ 16 I 1 1 E71T·9 1116 225 237 25.0 11.5 



PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQRNo. 2 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): FCA W-G Stamp Number: Nt A 
Types: Semi-automatic ArcScan ID # 13 I 
Date Welded: January 23, 2002 

Joint Desi2n 
Tvne Flare Bevel Tee 

-~ 
T 

SinQle or Double Weld Sim!ie 
Back; ne None 
Backin.-Material NIA 

~'-Back Gou.ine None 
Method NIA 

I T 112" Base Metal: 
Material Spec. A500 to Material Spec. G40.21 
Type or Grade C Type or Grade 44W 
Thickness: 3116 112 
Dianleter (Pipe) NIA Position: 

Position of Groove: 3G (vertical) 
Filler Metals: Weld Progression: Vertical Up 
A WS Specification A5.20 Olher 
A WS Classification £71T-9 (OIS 71M) 
Size of Fi ller Metal 1116 Preheat: 

Preheat Temperature: 70· F ambient 
Heat Treatment: None lnterpass Temperature 
Temperature Other 
Time 

Shieldin!! Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) Flow Rate 
Mode of Metal Transfer (GMA W) N/A Shieldine: CO , /00% 35 cfh 
Polari ty Positive 

Trailing: None 
Tungsten Electrode Size and Type None 

Technioue 
StrinQ or Weave Bead Slrin" 
Osci lIation None 
Multi-nass or SiMIe PasSin""er side) Sin "Ie 
Gas Cu~ Size 51S" I2J 
Internass Cleanine None 
Peenine None 
Push or Drag Electrode Angle D· 
Contact Tube to Work Distance 5/S" 

Weldin!! Data : 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 

T Class (iom) (iom) 

31/ 6 / 1 1 E71 T-9 ///6 / 57 213 21.0 7.4 

2 

• • • • • • • • • • • • • • • • • • • • .' • • • • • ·1 ., 
· 1 • . : 
• • • • • • • • • • • • 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters In c. PQRNo. 3 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Proeess(es): FCAW-G Stamp Number: N/A 
Types: Semi-automatic ArcScan lD# 135 
Date Welded: January 23, 2002 

J oint Desi. n 
Tvne Flare Vee Butt 

IT Single or Double Weld Simde 
Backin. None \ ::~~/~/ Backing Material NIA 
Back Gouging NOlie r 
Method NIA 

Base Metal: 
Material Spec. MOO to Material Spec. MOO 
Type or Grade e Type or Grade e 
Thickness: 3116 3116 
Diameter (Pipe) NIA Position: 

Position of Groove: I G (flat) 
Filler Metals: Weld Progression __ 

A WS Specification A5.20 Other 

A WS Classification E71T-9 (DIS 71M) 
Preheat: Size of Filler Metal 1116 

None 
Preheat Temperature: 70° F ambient 

Heat Treatment: [nterpass Temperature 
Temperature Other 
Time 

Shielding Gas 
Electrical Characteristics: %Comp. 
Current Type De 

Gas (Mi,ture) 
Mode of Metal Transfer (GMA W) NIA 

Shielding: eo, 100% Polarity Positive 
Trailin.: None Tungsten Electrode Size and Type None - -

TechniQue: 
Strin. or Weave Bead Strinll 
Oscillation None 
Multi-Dass or Single Passlner sidcl Sinf!le 
Gas Cup Size 518" 0 
Intemass Clcanin. None 
Peenul' None 
Push or Ora. Electrode AnQle Drall 
Contact Tube to Work Distance 718" 

Welding Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Metal 0 Speed 

T Class (iDm) 

3116 1 J J E7JT-9 1116 125 233 25.0 

3 

Flow Rate 
35 c/h 

-

Travel 
Speed 
(jDm) 
10.9 



PROCEDURE QUALIFICATION RECORD (PQR) 
Company arne: Walters I nc. PQR No. 4 
Authorized By: Ken Kerluke Welder's ame: John Williamson 
Welding Process(es): FCA W-G Stamp Number: Nt A 
Types: Semi-automatic ArcScan ID# 130 
Date Welded: January 23,2002 

J oint Dcsiun 
Type Flare Vee BI/II 1 T Single or Double Weld Single 
Backing NOlie \ ::;;"JJ/ I Baclcin~ Material NIA 
Back Gouging None I 
Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec. A500 
Type or Grade C Type or Grade C 
Thickness: 31/6 31/6 
Diameter (Pipe) NIA Position: 

Position of Groove: 3G (vertica/) 
Filler Metals: Weld Progression: Vertical Up 

A WS Specification A5.20 Other 

A WS Classi fication E7/T-9 (OIS 7/M) 
Preheat: Size of Filler Metal /116 

Heat Treatment: None 
Prebeat Temperarure: 70· F ambient 
Interpass Temperarure 

Temperature Other 
Time 

Electrical Characteristics: 
Sbielding Gas 

% Comp. 
Current Type DC 

Gas (Mixrure) 
Mode of Metal Transfer (GMA W) NIA 
Polarity Posirive Shielding: CO, /00% 

Tungsten Electrode Size and Type None Trailing:~ne - . 

Technique: 
String or Weave Bead String 
Oscillation None 
Multi-pass or Single Pass (per side) Single 
Gas Cup Size 518"0 
Interpass Cleaning None 
Peening NOlie 
Push or Drag Electrode Angle O· 
Contaci Tube 10 Work Distance 314" 

Welding Data: 
Wall S.de Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Metal 0 Speed 

T Class (ipm) 
3116 / 1 / E71T-9 /116 /57 192 21.0 

4 

Flow Rate 
35 cjh 

-

Travel 
Speed 
(ipm) 
8.6 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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PROCEDURE QUALIFICATION RECORD (PQR) 

• Company Name: Walters Inc. PQRNo. 5 
Authorized By: Ken Kerluke Welder's Name: John Williamson • Welding Proeess(es): FCA W-G Stamp Number: NI A 

• Types: Semi-automatic ArcScan JD # 158 
Date Welded : January 23, 2002 

• J oint DeslPn • • f: • • 

Tvoe Flare Bevel Tee T 
Sinllie or Double Weld Sinille --.-+-
Backin~ None 
Backing Material NIA 

a\: Back GOl;;;M None 
Method NIA 11 112" I Base Metal: 
Material Spec. A500 to Material Spec. G40.21 

• • 
Type or Grade C Type or Grade 44W 
Thickness: 3116 112 
Diameter (pipe) NIA Position: I. 

• 
Position of Groove: 4G (overhead) 

Filler Metals: Weld Progression __ 
A WS Specification A5.20 Other 

• ,. 
• 

A WS Classificalion E7IT-9 (OIS 71M) 
Size of Filler Metal 1116 Preheat: 

None 
Preheat Temperature: 70 · F ambient 

Heat Treatment: Interpass Temperature 
Temperature Other • Time 

• • • I· 
Shieldin!! Gas 

Electrical Characteristics: % Comp. 
Current Type DC Gas (Mixtun:) Flow Rale 
Mode of Metal Transfer (GMA W) NIA Shielding: CO, 1000,1, 35 cfh 
Polarity Positive 

Trailing: None 
Tungsten Electrode Size and Type None 

• TechniQue ,. I. String or Weave Bead Strinp 
Oscillation None 
Multi-nass or Single Pass (oer side) Sinille :. Gas Cup Size 518" /21 

• Intemass Cleaning None 
Peening None I· ,. Push or Drag Electrode Angle Drail 
Contact Tube to Work Distance 518" ,. 
Weldin!! Data: '. Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel I. Size Metal Metal 0 Speed Speed 

T Class (jom) (iom) I. 3116 1 1 1 E71T-9 1116 155 199 24.0 7.7 

• • • • 5 

• 



PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters loc. PQR No. 6 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): FCA W-G Stamp Number: NI A 
Types: Semi-automatic ArcScan ID# 155 
Date Welded: January 23, 2002 

Joint Desi20 
Type Flare Vee BUll I T Single or Double Weld Single 
BackioR None \ .. <'~~~/;1/ ( 
Backing Material N/A 
Back Gouging None 1 
Method N/A 

Base Metal: 
Material Spec. A500 to Material Spec. A500 
Type or Grade C Type or Grade C 
Thickness: 3/16 3/16 
Diameter (Pipe) N/A Po ition: 

Position of Groove: 4G (overhead) 

Filler Metals: Weld Progression __ 

AW SpecificatioD A5.20 Other 

AWS lossification E7IT-9fO/S 71M) 
Preheat: Size of Filler Metal // /6 

Heat Treatment: NOlie 
Preheat Temperature: 70· F ambient 
Interpass Temperature 

Temperature Other 
Time 

Shieldinl! Gas 
Electrical Characteristics: % Comp. 
Current Type DC 

Gas (Mixture) 
Mode of Metal Transfer (GMA W) N/A 

Shielding: CO, /00% Polanty Positive 
Tungsten Electrode Size and Type None Trailinl\: None - -

Technique: 
Strina or Weave Bead Strinf{ 
Oscillation None 
Multi-oass or Single Pass (per side) Sinf{le 
Gas Cup Size 5/8"0 
Interpass Cleaning None 
Peening None 
Push or Drag Electrode Angle O· 
Contact Tube to Work Distance 5/8" 

Weldin2 Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Metal 0 Speed 
T Class (ipm) 

3116 / / / E71T-9 //16 /55 200 14.0 

6 

Flow Rale 
35 cf/r 

-

Travel 
Speed 
(lpm) 
/0.3 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 



. 0Zl 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

PROCEDURE QUALIFICATION RECORD (PQR) 
Company ame: Walters Inc. PQRNo.7 
Authonzed By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): FCA W- SUlmp Number: Nt A 
Types: Semi-automatic ArcScan lD# NtA 
Date Welded: Ja.nuary 23, 2002 

Joint Desi~n 
Tvoe Flare Bevel Tee T 
Sin2le or Double Weld Sim?/e ---~ I+-
Backing None 
Backin, Material NIA 

~'-Back Gouging None 
Method NIA 

111/2" Base Metal: I 
Material Spec. A500 to Material Spec. G40.2/ 
Type or Grade C to Type or Grade 44W 
Thickness 3/ /6 112 
Diameter (pipe) NIA Position: 

Position of Groove: 2G (horizontal) 
Filler Metals: Weld Progression __ 
A WS Specification A5.20 Other 
AWS lassification E7IT-8 (NR-232) 
SIze of Filler Metal 0.072 Preheat: 

None 
Preheat Temperature: 70· F ambient 

Heat Treatment: lnterpass Temperature 
Temperature Other 
Time 

Shieldin2 Gas 
Electrical Characteristics: % Comp. 
Current Type DC Gas (Mixture) Flow Rate 
Mode of MeUlI Transfer (GMA W) NIA Shieldin2: None - - -Polarity Negative 

Trailin2: None -Tungsten Electrode Size and Type None - -

Technique 
Strinl1 or Weave Bead String 
Oscillation None 
Multi-oass or Single Pass (pcr side) Single 
Gas CUD Size N/A 
Intemass Cleaning None 
Peenin2 None 
Push Or Drag Electrode Angle Drag 
Contact Tube to Work Distance 314" 

Weldine Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 
T Class (iom) (lom) 

3116 J I J E71T-8 0.072 / 73 237 2/.0 9.5 

7 



PROCEDURE QUALIFICATION RECORD (PQR) 

Company Name: Walters Inc. PQRNo. 8 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): FCA W-S Stamp Number: NI A 
Types: Semi-automatic ArcScan ID# N/A 
Date Welded: January 23, 2002 

Joint DesieR 
Type Flare Bevel Tee T 
Single or Double Weld Single 

_r-r-
Backing None 
Backing Material NIA 

11\"-Back GOUging None 
Method NIA 

I 
~ T 112" Base Metal: 

Material Spec. A500 to Material Spec. G40.21 
Type or Grade C to Type or Grade 44 W 
Thickness 3/ 16 112 
Diameter (Pipe) NIA Position: 

Position of Groove: 3G (vertical) 
Filler Metals: Weld Progression: Vertical Up 
A WS Specification A5.20 Other 
A WS Classification E71T-8 (NR-232) 
Size of Filler Metal 0.072 Preheat: 

Heat Treatment: None 
Preheat Temperature: 70 ° F ambient 
Interpass Temperature 

Temperature Other 
Time 

Shieldin!! Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) Flow Rate 
Mode of Metal Transfer (GMAW) NIA Shielding: None 
Polarity Negalive 

- - -
Tungsten Electrode Size and Type None 

Trailing: None - - -

Technique 
String or Weave Bead Weave 
Oscillation None 
Multi-pass or Single Pass (per side) Single 
Gas CuD Size NIA 
lmerpass Cleaning None 
Peening None 
Push or Drag Electrode Angle 0 ° 
Contact Tube to Work Distance 112" 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 

T Class (ipm) (ipm) 
3116 I I I E71T-8 0.072 115 180 17.5 3.7 

8 
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~ .' • • PROCEDURE QUALIFICATION RECORD (PQR) 

• • Company arne: Walters Inc. PQR No. 9 
Authorized By: Ken Kerluke Welder's Name: John Williamson • • 
Welding Process(es): FCAW·S Stamp Number: NI A 
Types: Semi· automatic ArcScan ID # NI A 
Date Welded: January 23 , 2002 

I: 
:. :. , I-• :. 
!. , 

Joint Desil'o 
Tvoe Flare Vee Bull I T Sinole or Double Weld Sill/i1e 
Backin" NOlle I '~/3/ I Backin" Material N/A 
Back Goul'ino None 1 
Metbod N/A 

Base Metal: 
Material Spec. A500 to Material Spec. A500 
Type or Grade C to Type or Grade C 
Thickness 3/16 3/16 '. Diameter (Pipe) N/A Position : '. '. Position of Groove: I G (flat) 
Filler Metals: Weld Progression __ 
A WS Specification A5.20 Otber i. A WS Classification E7JT-8 (NR 232) 
Size of Filler Metal 0.072 Preheat: • '. Reat Treatment: None 

Prebeat Temperature: 70· F ambient 
lnte,pass Temperature 

Temperature Other • • • • • 

Time 

Electrical Characteristics: 
Shieldin2 Gas 

%Comp. 
Current Type DC 

Gas (Mixture) Flow Rate Mode of Metal Transfer (GMA W) N/A 
Shielding: None Polarity Negative 

. . . 
Tungsten Electrode Size and Type None Trailin!': None . . . 

• Techniaue: 

• String or Weave Bead Strin" 
Oscillation None • Multi·nass or Sin"le PasS(;;'er side) Sin!'le 

• • 
Gas Cuo Size N/A 
loteroass Cleanin" None 
Peenino None -• Push or Dral! Electrode Ane:!e Push 
Contact Tube to Work Distance 3/4 " 

• Weldin!! Data: 

• • 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 

T Class (iom) (iom) 

• 3/16 I I I E71T-8 0.072 173 235 22.0 12.0 

• • -• 9 

• 



PROCEDURE QUALIFICATION RECORD (PQR) 
Company ame: Walters Inc. PQR No. 10 
Authorized By: Ken Kerluke Welder's Name: John WiJliamson 
Weldmg Process(es}: FCA w- Stamp Number: NI A 
Types: enU-automatic ArcScan ID # NI A 
Date Welded: January 23, 2002 

Joint Dcsieo 
Tvoc Flare Vee Bull IT Single or Double Weld SinJde 
Backing None \ ,~lp ( 
Backing Material N/A 

I Back Gouging None 
Method N/A 

Base Metal: 
Material Spec. A500 to Matenal Spec. A500 
Type or Grade C to Type or Grade C 
Thickness 3/16 3/16 
Diameter (Pipe) N/A Position: 

Position of Groove: 3G (vertical) 
Filler Metals: Weld Progre sion: Vertical Up 
A WS Specification A5.20 Other 
A WS Classification E7IT-8 (NR 232) 
Size of Filler Melll i 0.072 Preheat: 

Heat Treatment: None 
Preheat Temperature: 70 Q F ambient 
Interpass Temperature 

Temperature Other 
Time 

Electrical Characteristics: 
Shieldine (;as 

% Comp. 
Current Type DC 

Gas (Mixture) 
Mode of Metal Transfer (GMA W) N/A 
Polari ty Negative Shielding: None - -
Tungsten Electrode Size and Type None Trailing: NODe - -

TechniQue: 
String or Weave Bead Weave 
Oscillation None 
Multi-pass Or Single Pass (per side) SinJ!le 
Gas Cup Size N/A 
lntemass Cleaning None 
Peening None 
Push or Dra,g Electrode Angle Push 
Contact Tube to Work Distance 112" 

Weldine Data : 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Mellll Metal 0 Speed 
T Class ...fipm) 

3/16 1 1 I £7l T-8 0.072 //5 180 17. 5 

10 

Flow Rate 
-
-

Travel 
Speed 
(ipm) 
3.7 

• '. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQRNo. II 
Authorized By: Ken Kerluke Weider's Name: John Williamson 
Welding Process(es): FCAW-S Stamp Number: Nt A 
Types: Semi-automatic ArcScan ID# Nt A 
Date Welded: January 23, 2002 

Joint Deslen 
TVDe Flare Bevel Tee T 
Sinele or Double Weld Sinele -~ t+-

Backin. None 
Backin. Material NIA 

~\.. Back Gouginl1. None 
Method NIA 

Base Metal: I 1 112" 
Material Spec. A500 to Material Spec. G40.2/ 
Type or Grade C to Type or Grade 44W 
Thickness 31/6 112 
Diameter (Pipe) NIA Position: 

Position of Groove: 4G (overhead) 
Filler Metals: Weld Progression 
A WS Specification A5.20 Other 
A WS Classification E7/ T-8 (NR-232) 
Size of Filler Metal 0.072 Preheat: 

Heat Treatment: None 
Preheat Temperature: 70· F ambient 
Interpass Temperature 

Temperature Other 
Time 

Shieldin!! Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) Flow Ratc 
Mode of Metal Transfer (GMA W) NIA Shielding: None - - -
Polarity Negative Trailin. : None - - -Tungsten Eleclrode Size and Type None 

TecboiDue 
Strine or Weave Bead Stdn!! 
Oscillation None 
Multi-Dass or Sin.le Pass (Der side) Sin!!le 
Gas CuD Size NIA 
Internass Cleanin. None 
Peenin. None 
Push or Ora. Electrode An.le Dra!! 
Contact Tube to Work Distance 518" 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 

T Class (iDm) (iDm) 
31/6 / / / E7I T-8 0.072 JJ5 /96 / 7.0 6.1 

II 



- ------

PROCEDURE QUALIFICATION RECORD (PQR) 
Company arne: Walters lDc. PQR No. 12 
Authorized By: Ken Kerluke WeIder's Name: John Williamson 
Welding Process(es): FCA W-S Stamp Number: N/A 
Types: emi-automatic ArcScan ID # N/A 
Date Welded: January 23, 2002 

Joint Design 
Type Flare Vee Bull IT Single or Double Weld Single 
Backing None \ ~~ I BackiD~ Material NIA 

I Back Gouging None 
Method NIA 

Base Metal: 
Material Spec. A500 to Material pec. A500 
Type or Grade C to Type or Grade C 
Thickness 3116 31/6 
Diameter (Pipe) NIA Position: 

Position of Groove: 4G (overhead) 
Filler Metals: Weld Progression __ 
A WS Specification A 5.20 Other 
A WS Classification E71T-8 (NR 232) 
Size of Filler Metal 0.072 Preheat: 

Heat Treatment: None 
Preheat Temperature: 70 0 F ambient 
Inlerpass Temperature 

Temperature Other 
Time 

Electrical Characteristics: 
Shielding Gas 

%Comp. 
Current Type DC 

Gas (Mixture) 
Mode of Metal Transfer (GMA W) NIA 
Polarity Negative Shielding: None - -
Tungsten Electrode Size and Type NOlle Trailin~: None - -

Technique: 
String or Weave Bead String 
Oscillation None 
Multi-pass or Simile Pass (oer side) Single 
Gas CuP Size NIA 
Interpass CleaDing_ None 
Peening None 
Push or Drag Electrode Angle Drag 
Contact Tube to Work Distance 518" 

Weldjng Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Metal 0 Speed 

T Class (ipm) 

3/16 I I I £7IT-B 0.072 1/5 197 17.0 

12 

Flow Rate 

-
-

Travel 
Speed 
(ipm) 

6.5 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company arne: Walters Ln c. PQRNo. 13 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): GMA W Stamp umber: N/A 
Types: emi-automatic AreScan [0# 110 
Date Welded: January 23, 2002 

Joint Desion 
TVDe Flare Bevel ree T 
SiMle or Double Weld Sinflle 

_r-_ 
Backing None 
Backiru! Material N/A 

~ Back Gouging None 
Method N/A II ]12" I 

"-'" 
Ba e Metal: 
Material Spec. A500 to Material Spec. G40.21 
Type or Grade C to Type or Grade 44 W 
Thickness 3/16 112 
Diameter (Pipe) N/A Position: 

Position of Groove: 2G (hori::ontal) 
Filler Metals: Weld Progression: 
A WS Specification A5.18 Other 
AWS lassification E70S-6 
Size of Filler Metal 0.045 ~~tfemperature 

Other 

I4S11V:.H.!iiIJm,%lt 70· F ambif,,~"e 
Temperature 
Time 

• Shieldinl! Gas 
Electrical Characteristics: %Comp. 

UrTent Type DC Gas (MiXTUre) Flow 
Mode of Metal Transfer (GMA W) Spray Shielding: C-IO 90%Ar 10-% 35 eflr 
Polarity Positive CO, 
Tungsten Electrode Size and Type None 

Trailioo: None 

TechniQue 
String or Weave Bead Slrinl! 
Oscillation None 
Multi-Dass or Sinole Pas,;i;;-er side) Sill!!le 

Gas CUD Size 5/8"0 
Intemass Cleaning None 
Peening None 
Push or Ora. Electrode Anole Pllsh 
Contact Tube to Work Distance II2" 

Weldin!! Data: 
Wan Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 

T Class liom) (iDm) 

3/16 I I I E70S-6 0.045 330 234 26.9 9.9 

13 



PROCEDURE QUALIFICATION RECORD (PQR) 

Company Name: Wallers Inc. PQRNo. 14 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): GMA W Stamp Number: N/A 
Types: eml-automatic ArcScan ID# I 12 
Date Welded: January 23, 2002 

Joint Desien 
Type Flare Bevel ree T 
SinRle or Double Weld SinJ(le --- +-
Backing None 
Backing Material NIA 

iA: Back Gouging None 
Method NIA 

Base Metal: I Tl12" 
Material Spec. A500 to Material Spec. G40.21 
Type or Grade C to Type or Grade 44 W 
Thickness 3116 112 
Diameter (Pipe) NIA Position: 

Position of Groove: 3G (vertical) 
Filler Metals: Weld Progression: Vertical DowlI 
AWS Specification A5.18 Other 
A WS Classification £70S-6 
Size of Filler Metal 0.045 I"t't!h~tf emperature 

Other 

~EtiI:.t..;rr_w-t~ 70· F ambif,,~ne 
emperature 

Time 
Shielding Gas 

Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) Flow 
Mode of Metal Transfer (GMA W) Spray Shielding: C-IO 90%Ar 10-% 35 cjh 
Polarity Positive CO} 
Tungsten Electrode Size and Type None Trailing: None 

Technique 
String or Weave Bead StrinJ( 
Oscillation None 
Multi-oass or Single Pass (per side) SillJ(le 
Gas Cup Size 518" 0 
In!ernass Cleaning None 
Peening None 
Push or Drag Electrode Angle DraJ( 
Contact Tube to Work Distance 112 .. 

Welding Data: 
Wall Side Layer Pass FiUer Filler Wire Feed Arops. Volts Travel 
Size Metal Metal 121 Speed Specd 
T Class (iom) (ipm) 

3116 I I I £70S-6 0.045 330 248 24.5 15.3 

14 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQR No. 15 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): GMA W Stamp Number: N/A 
Types: emi-automatic ArcSean fD# 108 
Date Welded: January 23, 2002 

Joint Desipn 
Tvoe Flare Vee BUll 

IT Single or Double Weld Sinlde 
Backing None \ ",'\:;1> Backing Material NIA 
Back Gou.;;;; None r 
Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec. A500 
Type or Grade C to Type or Grade C 
Thickness 3116 3/16 
Diameter (Pipe) NIA Position: 

Filler Metals: 
Posi tion of Groove: IG (flat) 
Weld Progression: 

A WS Specification A5.18 Other 
A WS Classification E70S-6 
Size of Filler Metal 0.045 Preheat: 

Reat Treatment: None 
Preheat Temperature: 70 a F ambie1Jl 
Interpass Temperature 

Temperature Other 
Time 

Shieldin2 Gas 
Electrical Characteristics: %Comp. 
Current Type DC 

Gas (Mixture) 
Mode of Metal Transfer (GMAW) Spray 

Shielding: C-IO 90%Ar 10-% Polarity Positive 
Tungsten Electrode Size and Type None CO, 

Trai ling: None 

Technique: 
String or Weave Bead Strill11 
Oscillation None 
Multi-nass or Sin"le Pass (oer side) Simde 
Gas Cu~ Size 518" f2J 
Intemass Cleaning No,," 
Peenin. NOlle 
Push or Drag Electrode Angle Push 
Contact Tube to Work Distance 1/2" 

Weldin!! Data: 
Wall Side Layer Pass Filler Fi ller Wire Feed Amps. Volts 
Size Metal Metal 0 Speed 

T Class (iom) 

3/16 I I I E70S-6 0.045 330 234 26.7 

15 

Flow 
35 elll 

Travel 
Speed 
(iom) 

13.7 



PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQRNo. 16 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): GMAW Stamp Number: N/A 
Types: Semi-automatic ArcScan ID# III 
Date Welded: January 23, 2002 

Joint Design 
Type Flare Vee BUll 1 T Single or Double Weld Sinf{le 
Backing None \ .\~ I Backing Material NIA 

I Back Gouging None 
Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec. A500 
Type or Grade C to Type or Grade C 
Thickness 3116 3116 
Diameter (pipe) NIA Position: 

Position of Groove: 3G (vertical) 
Filler Metals: Weld Progression: Vertical Down 
A WS Specification A5.18 Other 
A WS Classification E70S-6 
Size of Fil ler Metal 0.045 Preheat: 

Heat Treatment: None 
Preheat Temperature: 70° F ambient 
!nterpass Temperature 

Temperature Other 
Time 

Electrical Characteristics: 
Shielding Gas 

%Comp. 
Current Type DC 

Gas (Mixture) 
Mode of Metal Transfer (GMA W) Spray 

Shielding: C-IO 90%Ar 10-% Polarity Positive 
Tungsten Electrode Size and Type None CO, 

Trai ling: None 

Technique: 
String or Weave Bead Strinf! 
Oscillation None 
Multi-pass or Single Pass (per side) Sinf!le 
Gas Cup Size 518" t2f 
lnterpass Cleaning None 
Peening None 
Push or Drag Electrode Angle Draf! 
Contact Tube to Work Distance 318" 

Welding Data: 
Wall Side Layer Pass Fi ller Filler Wire Feed Amps. Vol ts 
Size Metal Metal 0 Speed 

T Class (ipm) 
3116 1 I 1 E70S-6 0.045 330 259 24.4 

16 

Flow 
35 cfh 

Travel 
Speed 
(ipm) 

19.5 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company arne: Wallers Inc. PQR 0. 17 
Authorized By: Ken Kerluke Weider's Name: John Williamson 
Welding Protess(es): GMA W Stamp Number: fA 
Types: cmi-automatic ArcScan 10 # 119 
Date Welded: January 23 , 2002 

Joint DesieR 
Tvoc Flare Bevel ree T 
Sinele or Double Weld Sinr!le -~ I"--
Backin~ None 
Backin2 Material NIA 

~ Back Gou2m2 None 
Method NIA 111/2" Ba e Metal: I 
Matenal Spec. A500 to Material Spec. 040.11 
Type or Grade C to Type or Grade 44 IV 
ThIckness 3116 III 
D,ameter (Pipe) NIA Position: 

Position of Groove: 40 (o verhead) 
Filler Metals: Weld Progression __ 
AW pccification A5.18 Other 
AW Classi fication £70S-6 
Size of Filler Metal 0.045 JIIN!1t~tfemperature 

Other 

I4~M~rn.mt: 70 0 F ambit;,~ne 
Temperature 
Time 

ShieldiDl! Gas 
Electrical Characteristic : 0/. Compo 
Current Type DC Gas (M,xture) Flow 
Mode of Metal Transfer (GMA W) Spray Shielding: ColO 90% Ar / 0-% 35 cjh 
Polanty Positive CO, 
Tungsten Electrode Size and Type None Trailing: None 

Technique 
Strine or Weave Bead Slrin~ 

Oscillation None 
Multi.pass or Single PasST~r side) Single 
Gas Cup Size 518 " 0 
Intemass Cleanine None 
Peenm2 None 
rUsh or Drae Electrode Anele Push 
Contact Tube to Work Distance /12 .. 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Sin Metal Metal 0 Speed Speed 
T Class (inm) (ipm) 

31/6 I / / £ 70S·6 0.045 160 197 14.4 7. 3 

17 



PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc, PQRNo.18 
Authorized By: Ken Kerluke Weider's Name: John Williamson 
Welding Process(es): GMA W Stamp Number: N/A 
Types: Semi-automatic ArcScan ID# 118 
Date Welded: January 23, 2002 

Joint DeslPn 
Tvne Flare Vee BUll IT Sinvlc or Double Weld SinJ!le 
Backina None \ ",,,\ ijJ> I Backin2 Material NIA 

I Back Gou"ina None 
Method NIA 

Base Metal: 
Material Spec, A500 to Material Spec. A500 
Type or Grade C to Type or Grade C 
Thickness 3116 3116 
Diameter (pipe) NIA Position: 

Position of Groove: 4G (overhead) 
Filler Metals: Weld Progression 
A WS Specification A5. 18 Other 
A WS Classification E70S-6 
Size of Filler Metal 0.045 Preheat: 

None 
Preheat Temperature: 70 0 F ambient 

Heat Treatment: lnterpass Temperature 
Temperature Other 
Time 

Shieldin!! Gas 
Electrical Characteristics: %Comp. 
Current Type DC 

Gas (Mixture) Mode of Metal Transfer (GMA W) Spray 
Shielding: C- IO 90% ArlO-% Polarity Positive 

CO, Tungsten Electrode Size and Type None 
Trailina: None 

Techniaue: 
Strin2 or Weave Bead StrinJ! 
Oscillation None 
Multi-oass or Sin21e Pass (oer side) Sine/e 
Gas cU;;- Size 518"0 
Intcmass Cleani"'! None 
Peeninl! None 
Push or Dw Eleclrode Anole Push 
Contact Tube to Work Distance /12" 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Metal 0 Speed 

T Class (jom) 
3/ /6 1 / / E70S-6 0.045 260 200 23. 1 
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Flow 
35 efh 

Travel 
Speed 
(ipm) 
10.6 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQR No. 19 
Authorized By: Ken Kerlukc Welder's Name: John Williamson 
Welding Prooess(es): SMA W Stamp Number: Nt A 
Types: Manual AIcScanID#: 65, 66 
Date Welded: January 23, 2002 

Joint Desie.n 
Tvoe Flare Bevel Tee T 
Sioltle or Double Weld Sin!!le -~ -Backing None 
Backing Material NIA 

~ Back Gouging None 
Method NIA 

Base Metal: r T 112" 
Material Spec. A500 to Material Spec. G40.21 
Type or Grade C to Type or Grade 44W 
Thickness 3116 112 
Diameter (Pipe) NIA Position: 

Position orGroovc: 2G (horizontal) 
Filler Metals: Weld Progression: 
A WS Specification A5. 1 Other 
A WS Classification £7018 
Size or Filler Metal 118 Preheat: 

None 
Prebeat Temperature: 70· F ambient 

Heat Treatment: [nterpass Temperature 
Temperature Other 
Time 

Shieldin!!. Gas 
Electrical Characteristics: % Comp. 
Current Type DC Gas (Mixture) Flow Rate 
Mode of Metal Transfer (GMA W) NIA Shielding: None 
Polarity Positive 

Trailing: None 
Tungsten Electrode Size and Type None 

Backing: None 

Technique 
Strinl1. or Weave Bead Slrin!! 
Oscillation None 
Multi-pass or SiMle Pass (oer side) Sin!!le 
Gas Cu~ Size NIA 
lnterpass CleaninQ None 
PeeninS!. None 
Push or Drag Electrode AnQle Dra!! 
Contact Tube to Work Distance NIA 

Weldin!!. Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 

T Class (ipm) (ipm) 

3116 I I I £ 701 8 118 NIA 120 - 4.1 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQR No. 20 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Proeess(es): SMA W Stamp Number: NI A 
Types: Manual ArcScan 10#: 69, 70 
Date Welded: January 23, 2002 

Joint Dcsivn 
Tvnc Flare Bevel ree T 
Sinele or Double Weld Sinr!!e 

--0- I+-
Backui. None 
Backine Material NIA 

~ Back GotWin.- None 
Method NIA 

Base Metal: I T 1/2" 
Material Spec. A500 to Material Spec. G40.21 
Type or Grade C to Type or Grade 44 W 
Thickness 3116 112 
Diameter (Pipe) NIA Position: 

Position of Groove: 3G (vertical) 
Filler Metals: Weld Progression: Vertical Up 
A WS Specification A5.1 Other 
A WS Classification £7018 
Size of Filler Metal 1/8 Prebeat: 

None 
Preheat Temperature: 70° F ambient 

Heat Treatment: Lnterpass Temperature 
Temperature Other 
Time 

Shielding Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) Flow Rate 
Mode of Metal Transfer (GMA W) NIA Shielding: None 
Polarity Positive Trailin.: None 
Tungsten Electrode Size and Type NOlie 

Backin.: None 

TechnlOue 
Stnn2 or Weave Bead Strinl! 
Oscillation None 
Multi-nass or SiMle Pass (oer sidel Sinl!le 
Gas CUD Size NIA 
Intemass Clean;;;; None 
Peenin. None 
Push or DraQ Electrode AMle Push 
Contact Tube to Work Distance NIA 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 
T Class liom) (ipm) 

3116 I I I £7018 1/8 NIA 120 - 5.0 
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PROCEDURE QUALIFICATION RECORD (PQR) 

Company Name: Walters Inc. PQR No. 21 
Authorized By: Ken Kerluke Weider's Name: John Williamson • • 
Welding Process(es): SMA W Stamp Number: NI A 
Types: Manual ArcScan LD #: 62, 64, 
Date Welded: January 23, 2002 

• Joint Desipn • • • • • • 

Tvoe Flare Vee BUff 
jT Single or Double Weld SinJlle 

Backing NOlie \ "\~/ Backinn Material NIA 
I Back Goulting None 

Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec. A500 

• • 
Type or Grade C to Type or Grade C 
Thickness 3116 3116 
Diameter (Pipe) NIA Position: 

• • 
Position of Groove: I G (flat) 

Filler Metals: Weld Progression: 
A WS Specification A5.1 Other 

• A WS Classification £7018 
Size of Filler Metal 118 Preheat: • • None 

Preheat Temperature: 70· ambient 
Heat Treatment: lnterpass Temperature 
Temperature Other 

• • • • • 

Time 

Electrical Characteristics: 
Shield in!! Gas 

%Comp. 
Current Type DC Gas (Mixture) Flow Ratc 
Mode of Metal Transfer (GMA W) NIA Shielding: None 
Polarity Positive 

Trailinn: None 
Tungsten Electrode Size and Type None 

Backinn: NOlie 

• • Tccbninue 
Stri". or Weave Bead Slrillt! 

• • 
Oscillation None 
Multi-oass or Sinnle Pass (oer sidel SinJlle 
Gas Cun Size NIA 

• Inlcmass Cleaning None 

• Peening NOlie 
Push or Om Electrode An.le Drat! 

• Contact Tube to Work Distance NIA 

• • Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 

• • 
Size Metal Metal 0 Speed Speed 

T Class (iom) (iom) 
3116 I I I £7018 118 NIA 120 - 4.7 • • • • 21 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQR No. 22 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): SMA W Stamp Number: N/A 
Types: Manual ArcScan TO #: 67, 68 
Date Welded: January 23, 2002 

Joint Desi!!n 
Type Flare Vee BUll j T Single Or Double Weld Single 
Backin~ None \ ~JJ/ I Backing Material NIA 

1 Back Gouging None 
Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec. A500 
Type or Grade C to Type or Grade C 
Thickness 31)6 31)6 
Diameter (Pipe) NIA Position: 

Position of Groove: 3G (vertical) 
Filler Metals: Weld Progression: Vertical Up 
A WS Speci fication A5. ) Other 
A WS Classification £7018 
Size of Filler Metal 118 Preheat: 

Heat Treatment: None 
Preheat Temperature: 70° ambient 
Interpass Temperature 

Temperature Other 
Time 

Shielding Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) 
Mode of Metal Transfer (GMA W) NIA Shielding: None 
Polarity Positive 

TraiIiDl~: None 
Tungsten Electrode Size and Type None 

Backing: None 

Technique 
String or Weave Bead String 
Oscillation None 
Multi-pass or Single Pass (per sidel Single 
Gas Cup Size NIA 
lnteroass Cleaning None 
Peening None 
Push or Drag Electrode Angle Push 
Contact Tube to Work Distance NIA 

Weldine Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Metal 0 Speed 

T Class (ipm) 
31)6 ) I 1 £7018 118 NIA 120 -

22 

Flow Rate 

Travel 
Speed 
(ipm) 

4.9 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQR No. 23 
Authorized By: Ken Kerluke Weider's Name: John Williamson 
Welding Process(es): SMA W Stamp Number: NI A 
Types: Manual ArcScan 10#:73, 74, 75 
Date Welded: January 23, 2002 

Joint Desi!!n 
Type Flare Bevel r ee T 
Sinelc or Double Weld Sinflle -..r- _ 
Backing None 
Backin!! Material NIA 

~ Back Gouging None 
Method NIA 

111/2" Base Metal: I 
Material Spec. A 500 to Material Spec. G40.21 
Type or Grade C to Type or Grade 44W 
Thickness 3116 112 
Diameter (Pipe) NIA Position: 

Position of Groove: 4G (overhead) 
FilJer Metals: Weld Progression : 
A WS Specification A5.1 Otber 
A WS Classification £7018 
Size of Filler Metal 118 Preheat: 

None 
Preheat Temperature: 70· F ambient 

Heat Treatment: [nterpass Temperature 
Temperature Other 
Time 

Shieldin!! Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) Flow Rate 
Mode of Metal Transfer (GMA W) NIA ShieldiDl!: None 
Polarity Positive 

Trailin!!: None 
Tungsten Electrode Size and Type None 

Backing: None 

Technique 
Strin!! or Weave Bead Sirinfl 
Oscillation None 
Multi-pass or Sinole Pass (oer side) Sillflle 
Gas Cu~ Size NIA 
lnterpass Cleanin. None 
Peenin. None 
Push or DraR Electrode Angle Drag 
Contact Tube to Work Distance NIA 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 

T Class (iom) (ipOl) 

3116 1 1 1 £7018 118 NIA 120 - 3.7 

23 



PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQRNo.24 
Authorized By: KeD Kerluke Welder's arne: John Williamson 
Welding Process(es): SMA W Stamp Number: N/A 
Types: Manual ArcScan ID #: 7 1, 72 
Date Welded: January 23, 2002 

Joint Desi2n 
Type Flare Vee BUll jT Single or Doublc Weld Sin!!.le 
Backing None I ~J;J> I Backing Material NIA 

I Back Gouging None 
Metbod NIA 

Base Metal: 
Material Spec. A500 to Material Spec. MOO 
Type or Grade C to Type or Grade C 
Thickness 3116 3116 
Diameter (Pipe) NIA Position: 

Position of Groove: 4G (overhead) 
Filler Metals: Weld Progression __ 
A WS Specification AS.I Other 
A WS Classification £7018 
Size of Filler Metal 1/8 Preheat: 

Heat Treatment: NOlie 
Preheat Temperature: 70° ambient 
Interpass Temperature 

Temperature Other 
Time 

Shieldine Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) 
Mode of Metal Transfer (GMA W) NIA Shielding: None 
Polarity Positive 

Trailing: NOlie 
Tungsten Electrode Size and Type None 

Backing: None 

Technique 
String or Weave Bead String 
Oscillation None 
Multi-pass or Single Pass (per side) Single 
Gas Cup Size NIA 
Interpass Cleaning None 
Peening NOlie 
Push or Drag Electrode Angle Drag 
Contact Tube to Work Distance NIA 

Welding Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Metal 0 Speed 

T Class (ipm) 

3116 I I I £7018 1/8 NIA 120 -

24 

Flow Rate 

Travel 
Speed 
(ipm) 
4.4 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQR No. 25 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): FCA W-G Stamp Number: N/A 
Types: cmi-automatic ArcScan ill # 134 
Date Welded: January 23, 2002 

Joint Dcsi"n 
Tvoe Flare Bevel Tee _ r-.! 
Sinole or Double Weld Si".le 
Backin~ NOlie 
Backinlt Material NIA 

~ Back GOlwino None 
Method NIA 

I 
~ T 112" Base Metal: 

Material Spec. A500 to Material Spec. G40. 2J 
Type or Grade C Type or Grade 44 W 
Thickness: 114 112 
Diameter (Pipe) NIA Position: 

Position of Groove: 2G (horizollla/) 
Filler Metals: Weld Progression 
A WS Specification A5.20 Other 
A WS Classification E71T-9 (OIS 71M) 
Size of Filler Metal 1116 Preheat: 

Heat Treatment: None 
Preheat Temperarure: 70 0 F ambient 
Interpass Temperature 

Temperarure Other 
Time 

Shield in!!: Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas fMixrurel Flow Rate 
Mode of Metal Transfer (GMA W) NIA Shieldinl!: CO, 100% 35 en. 
Polarity Positive 

Trailin l1.: None 
Tungsten Electrode Size and Type None 

Techniaue 
Strin2 or Weave Bead Strine> 
Oscillation None 
Multi-Dass or Sinl!.le Pass (oer side) Sinllle 
Gas CuD Size 518"0 
lntemass Cleanin. None 
Peenino None 
Push or Oral!. Electrode AMle Drop 
Contact Tube to Work Distance 314 " 

Weldin!!: Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Vol ts Travel 
Size Metal Metal 0 Speed Speed 
T Class (iom) (iDm) 

114 I I J E7lT-9 IIJ6 225 25J 27.0 10.3 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQR No. 26 
Authorized By: Ken Kerluke Weider's Name: Jobo Williamson 
Welding Process(es): FCA W-G Slamp Number: NI A 
Types: em i-automatic ArcScan ID # 126 
Date Welded: January 23, 2002 

Joint Desi!!n 
--:r;;;;-e Flare Bevel Tee T 
Single or Double Weld Simde -<-I+-
Backing None 
Backi';.-Malerial NIA 
Back Gouging None ?7\.. Method NIA 

I 1 112" Base Metal: 
Malerial Spec. A500 to Material Spec. G40.21 
Type or Grade C Type or Grade 44W 
Thickness: 114 112 
Diameler (Pipe) NIA Position: 

Position of Groove: 3G (vertical) 
Filler Metals: Weld Progression: Vertical Up 
A WS Specification A5.20 Other 
A WS Classification £717-9 (DIS 71M) 
Size of Filler Metal 1116 Preheat: 

None 
Preheat Temperature: 70· F ambient 

Heat Treatment: Interpass Temperature 
Temperature Other 
Time 

Shieldinl! Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) Flow Rate 
Mode of Melal Transfer (GMA W) NIA Shielding: CO, 100% 35 cfh 
Polarity Positive Trailinl!;: None 
Tungsten Electrode Size and Type None 

TechniQue 
Strin. or Weave Bead Strinf! 
Oscillation None 
Multf.oass or Sinole Pass (oer side) Sinf!le 
Gas CuD Size 518" 0 
Intemass Cleanin\!. None 
Peeni;;;! None 
Push or Drag Electrode Angle O· 
Conlact Tube to Work Distance 314" 

WeldinI' Data: 
WaU Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 

T Class !iDOl) (jom) 
114 I 1 I £71T-9 1116 157 200 21.0 5.4 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQRNo. 27 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): FCAW-C Stamp Number: N/A 
Types: Semi-automatic ArcScan ID# 133 
Date Welded: January 23 , 2002 

Joint Desi"n 
Tvoe Flare Vee Bllft 

I T Sin.ie or Double Weld Sinrde 
Backine None \ ~Jjf I Bacru:;. Material NIA 
Back Gou!!in!!: NOlie I 
Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec. A500 
Type or Grade e Type or Grade e 
Thickness: 114 114 
Diameter (Pipe) NIA Position: 

Position of Groove: / G (flat) 
Filler Metals: Weld Progression __ 

A WS Specification A5.20 Other 

A WS Classification E7IT-9 (OIS 71M) 
Size of Filler Metal 1116 Preheat: 

Heat Treatment: None 
Preheat Temperature: 70· F ambient 
lnterpass Temperature 

Temperature Other 
Time 

Shieldin!! Gas 
Electrical Characteristics: %Comp. 
Current Type De 

Gas (Mixture) 
Mode of Metal Transfer (GMA W) NIA 

Shielding: eo, /00"/0 Polarity Positive 
Trailing: None Tungsten Electrode Size and Type None - -

Tecbnioue: 
Strinl! or Weave Bead Strinl! 
Oscillation NOlie 
Multi-oass or Sin.le Pass (ocr side) Sin,"e 
Gas Cu~ Size 518"0 
lntemass Cleaninl! NOlie 
Peenino NOlie 
Push or Dral! Electrode Anllie Oral! 
Contact Tube to Work Distance 314" 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Metal 0 Speed 

T Class (iom) 

114 1 I I E71T-9 11/6 225 244 27.0 
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Flow Rate 
35 cfll 

-

Travel 
Speed 
(iom) 
10.8 



PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQRNo.28 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): FCA W-G Stamp Number: N/A 
Types: Semi-automatic ArcScan lD# 125 
Date Welded: January 23, 2002 

Joint Design 
Type Flare Vee Bull I T Single or Double Weld Single 
Backing None \ ;:\J/f: I Backing Material NIA 
Back Gouging None I 
Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec. A500 
Type or Grade C Type or Grade C 
Thickness: 114 114 
Diameter (pipe) NIA Position: 

Position of Groove: 3G (vertical) 

Filler Metals: Weld Progression: Vertical Up 

A WS Specification A5.20 Other 

A WS Classification £711-9 (DIS 71M) 
Preheat: Size of Filler Mew 1116 

Heat Treatment: None 
Preheat Temperature: 70° F ambient 
lnterpass Temperature 

Temperature Other 
Time 

Electrical Characteristics: 
Shielding Gas 

%Comp. 
Current Type DC 

Gas (Mixture) 
Mode of Metal Transfer (GMAW) NIA 

Shielding: CO, 100"A> Polarity Positive 
Tungsten Electrode Size and Type None Trailing: None - -

Technique: 
Stringor Weave Bead SIring 
Oscillation None 
Multi-pass or Single Pass (per sidel Single 
Gas Cup Size 518"0 
Interpass Cleaning None 
Peening None 
Push or Drag Electrode Angle 5'Push 
Contact Tube to Work Distance 314" 

Welding Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Metal 0 Speed 

T Class (ipm) 
114 I I I £711-9 1116 157 197 21.0 

28 

Flow Rate 
35 cfh 

-

Travel 
Speed 
(ipm) 
6.8 
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PROCEDURE QUALIFICATION RECORD (PQR) 

• Company arne: Walters Inc. PQR 0.29 
Authorized By: Ken Kerluke Weider's Name: John Williamson • Welding Process(es): FCAW-G Stamp Number: N/A 

• Types: Semi-a utomatic AreSean ID # 154 
Date Welded: January 23, 2002 

• • • • • • • 

Joinl Desion 
TVDe Flare Bel'el ree T 
Sinl!ic or Double Weld Sill!!l. ....... -1-
Backing NOlie 
Backing Material NIA 

~ Back Goueine NOlie 
Method NIA 111/2" I 

~ 

Base 1etal: 
Material pcc. A500 to Material Spec. G40.21 

• • 
Type or Grade C Type or Grade 44 W 
Thickness: 114 112 
Diameter (Pipe) NIA Position: 

• • 
Position of Groove: 4G (o l'erheadj 

Filler Metals: Weld Progression ___ 
AWS pccification A 5.20 Other 

• A WS Classification E7Ir-9(OIS 71M) 
Size of Filler Metal 1116 Preheat: • • NOlle 

Preheat Temperature: 70· F ambielll 
Heat Treatment: Inlcrpass Temperature 
TcmperalUre Other • Time 

• • • • 

Shieldine Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mix ture) Flow Rate 
Mode of Metal Transfer (GMA W) NIA Shielding: CO, 1000. 35 elll 
Polarity Positive 

Trailin!!: NOlie 
Tungsten Electrode Size and Type NOlie 

• Tech niuue • Strino or Weave Bead Slr;lI(T 

I· • 
Oscillation No"e 
Multi-pass or Sino Ie l'as5(;;'er side) SillY/. 
Gas Cup Size 518" fa 

• • 
Internass Cleanino None 
Peening NOlle 
Push or Draf! Electrode An!!le Dra!! 

• Contact Tube to Work Distance 314" 

• Weldin!.' Data: • Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 

• • 
Size Metal Metal 0 Speed Speed 

T Class (iom) (iom) 

114 I I I E7Ir-9 1116 175 208 24.5 7.8 

• • • • 29 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters l nc. PQRNo. 30 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): FCAW-G Stamp Number: N/A 
Types: Semi-automatic ArcScan ID# 147 
Date Welded: January 23, 2002 

Joint Desien 
Type Flare Vee Bull 

jT Single or Double Weld Single 
Bacleing None ~ ,,\9: / Backing Material NIA 
Back Gouging None I 
Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec. A500 
Type or Grade C Type or Grade C 
Thickness: 114 114 
Diameter (pipe) NIA Position: 

Position of Groove: 4G (oyerhead) 

Filler Metals: Weld Progression __ 

A WS Speci ficatioo A5.20 Other 

A WS Classification E71T-9 (DIS 71M) 
Preheat: Size of Filler Metal 11/6 

Heat Treatment: None 
Preheat Temperature: 70· F ambient 
Interpass Temperature 

Temperature Other 
Time 

Electrical Characteristics: 
8hieldine Gas 

% Camp. 
Current Typc DC 

Gas (Mixture) 
Mode of Metal Transfer (GMA W) NIA 

Shielding: CO] 100% Polarity Positive 
Trailing: None Tungsten Electrode Size and Type None - -

Technique: 
String or Weave Bead SIring 
Oscillation None 
Multi-pass or Single Pass (per side) Single 
Gas Cup Size 518"£1 
Interpass Cleaning None 
Peening None 
Push or Drag Electrode Angle Drag 
Contact Tube to Work Distance 518" 

Weldine Data: 
Wall Side Layer Pass FiJler Filler Wire Feed Amps. Volts 
Size Metal Metal 0 Speed 

T Class (ipm) 
114 I I I E7IT-9 1116 175 215 24.0 

30 

Flow Rate 
35 cfh 

-

Travel 
Speed 
~!Tt) 

7.2 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQRNo.31 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): FCA W-S Stamp Number: N/A 
Types: emi-automatic ArcScan JD# N/A 
Date Welded: January 23, 2002 

Joint Desien 
Tvoc Flare Bevel Tee T 
Single or Double Weld Sinille --or-I+-
Backing None 
Backing Material NIA r;;: Back Gouging NOlie 
Method NIA 

111/2" Base Metal: r 
Material Spec. A500 to Material Spec. G40.21 
Type or Grade C to Type or Grade 44 W 
Thickness 114 112 
Diameter (pipe) NIA Position: 

Position of Groove: 2G (horizonta/) 
Filler Metals: Weld Progression __ 
A WS Specification A5.20 Other 
A WS Classification E71T-8 (NR-232) 
Size of Filler Metal 0.072 Preheat: 

None 
Preheat Temperature: 70· F ambient 

Heat Treatment: Interpass Temperature 
Temperature Other 
Time 

Shieldin!! Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) Flow Rate 
Mode of Metal Transfer (GMA W) NIA Shielding: None - - -Polarity Negative Trailing: NOlie - -Tungsten Electrode Size and Type None -

Technique 
String or Weave Bead Strinll 
Oscillation None 
Multi-oass or Single Pass (per side) Sinfile 
Gas CUP Size NIA 
Interoass Cleaning NOlie 
Peening NOlie 
Push or Drag Electrode Angle DrOll 
Contact Tube to Work Distance 314" 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 
T Class (inml Ciom) 
114 I I I £7lT-8 0.072 173 237 21.0 9.0 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQR No. 32 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): PCA W-S Stamp Number: NI A 
Types: Semi-automatic ArcScan 10# NI A 
Date Welded: January 23, 2002 

Joint Desien 
TYPe Flare Bevel Tee T 
Single or Double Weld Single ----+-
Backing None 
Backing Material NIA 

h\ "-Back Gouging None 
Method NIA 

I - 1112" Base Metal: 
Material Spec. MOO to Material Spec. G40.21 
Type or Grade C to Type or Grade 44 W 
Thickness 114 112 
Diameter (pipe) NIA Position: 

Position of Groove: 3G (vertical) 
Filler Metals: Weld Progression: Vertical Up 
A WS Specification A5.20 Other 
A WS Classification E7IT-8 (NR-232) 
Size of Filler Metal 0.072 Preheat: 

Heat Treatment: None 
Preheat Temperature: 70 0 F ambient 
lnterpass Temperature 

Temperature Other 
Time 

Shielding Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) Plow Rate 
Mode of Metal Transfer (GMA W) NIA Shielding: None - - -Polarity Negative 

Trailing: None -
Tungsten Electrode Size and Type None - -

Technique 
String or Weave Bead Weave 
Oscillation None 
MUlti-pass or Single Pass (per side) Single 
Gas ClIJl Size NIA 
lnterpass Cleaning None 
Peening NOlie 
Push or Drall Electrode Angle 0 0 

Contact Tube to Work Distance 112" 

Weldin!!: Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 

T Class (ipm) (ipm) 
114 I I I E71T-8 0.072 115 180 17.5 3.6 
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PROCEDURE QUALIFICATION RECORD (PQR) 

• Company Name: Wallers Inc. I'QR No. 33 
Authorized By: Ken Kerluke Welder's Name: John Williamson 

• Welding I'rocess(es): FCAW- Stamp Number: NIA 

• Types: Semi-automatic ArcScan ID # NIA 
Date Welded: January 23, 2002 

• • • • • • • 

Joint Desinll 
Tvpe Flare Vee BIIII I T Sinele or Double Weld SillRle 
Backine NOlie ) '\IJJ/ Backin~ Matcrial NIA 

I Back Gouging NOlle 

Method NIA 

Base Metal: 
Material pec. A500 to Material Spec. MOO 

• • 
Type or Grade C to Type or Grade C 
Thickness 114 114 
Diameter (Pipe) NIA Position: 

• • 
Position of Groove: / G (flat) 

Filler Metals: Weld Progression ___ 
AW Specification A5.20 Other 

I: 
r: 
• • • '. 

A WS Classi fica lion £7IT-8 (NR 232) 
Size of Filler Metal 0.072 Preheat: 

NOlie 
Preheat Temperature: 70 0 F ambiem 

Heat Treatment: Interpass Temperature 
Temperature Olher 
Time 

Shieldinf! Gas 
Electrical Characteristics: 0,'0 Compo 
Current Type DC 

Gas (Mixture) flow Rate 
Mode of Metal Transfer (GMA W) NIA 

Shielding: None Polarity Negali\'e - - -
Trai lino : None -Tungsten Electrode Size and Type None - -

• Technique: , ,. 
• , 

String or Weave Bead Slr;n$! 
Oscillation None 
Multi-pass or Single Pass (ocr side) Sil/l!le ,. '. Gas CUD Size NIA 
Intemass ( leaning NOlie 
I'cening NOlle 

• I. Push or Drag Electrode Angle Push 
Contact Tube to Work Distance 314·· 

• Weldin!! Data: 

• • 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed peed 

T Class (iDm) (ipm) 

• 114 / / 1 £71T-8 0.072 /73 237 22.0 11 .8 

• • • • 33 
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PROCEDURE QUALIFICATION RECORD (PQR) 
ompany ame: Walters Inc. PQR No. 34 

Authorized By: Ken Kerluke Welder's ame: John Williamson 
Welding Process(es): FCA W-S Stamp Number: N/A 
Types: Semi-automatic ArcScan ro # 177 
Date Welded: January 23, 2002 

Joint Design 
Type Flare Vee BUll jT Sin!':le or Double Weld Sillgle 
Backing NOlie I ,'\I;J I Backin!': Material NIA 

I Back Gouging None 
Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec. A500 
Type or Grade C to Type or Grade C 
Thickness 114 114 
Diameter (Pipe) NIA Position: 

Position of Groove: 3G (vertical) 
Filler Metals: Weld Progression: Vertical Up 
A WS Specification A5.20 Other 
A WS Classification E71T-8 (NR 232) 
Size of Filler Metal 0.072 Preheat: 

Ileat Treatment: None 
Preheat Temperature: 70· F ambient 
Interpass Temperature 

Temperature Other 
Time 

Electrical haracteristics: 
Shieldin2 Gas 

%Comp. 
Current Type DC 

Gas (Mixture) 
Mode of Metal Transfer (GMA W) NIA 
Polarity Negative Shielding: None - -
Tungsten Electrode Size and Type None Trailin$!: None - -

Technique: 
String or Weave Bead Weave 
Oscillation None 
Multi-pass or Single Pass (per side) Sinf!le 
Gas Cup Size NIA 
Interpass Cleaning NOlie 
PeeninR None 
Push or Drag Electrode Angle O· 
Contact Tube to Work Distance 112" 

Weldin2 Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Metal 12) Speed 

T Class (iom) 

114 I I I E7JT-8 0.072 lJ5 180 17.5 
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Flow Rate 
-
-

Travel 
Speed 
(iom) 

3.5 

• •• 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company ame: Walters Inc. PQR No. 35 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): FCA W- Stamp Number: Nt A 
Types: Semi-automatic ArcScan 10# NtA 
Date Welded: January 23, 2002 

Joint DesieD 
Tvne Flare Bevel Tee T 
Sinele or Double Weld SinI!ie --t- ~ 

Backi;;; None 
Backine Material NIA ;;: Back Gowin; None 
Method NIA 11112" Base Metal: I 
Material Spec. MOO to Material Spec. G40.2! 
Type or Grade C to Type or Grade 44W 
Thickness 114 112 
Diameter (Pipe) NIA Position: 

Position of Groove: 4G (overhead) 
Filler Metals: Weld Progression 
A WS Specification A5.20 Other 
A WS Classification E71T-8 (NR-232) 
Size of Filler Metal 0.072 Preheat: 

None 
Preheat Temperature: 70 0 F ambient 

Heat Treatment: Interpass Temperature 
Temperature Other 
Time 

Shieldinl! Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixturel Flow Rate 
Mode of Metal Transfer (GMA W) NIA ShieldiDl!: None - - -
Polarity Negative 

Trailinl!: None - - -Tungsten Electrode Size and Type None 

TechniQue 
Strine or Weave Bead Strin$! 
Oscillation None 
Multi-oass or Sin!!le Pass (oer sidel Simde 
Oas Cu~ Size NIA 
Internass Cleanine None 
Peening None 
Push or Ora!! Electrode An!!le Drall 
Contact Tube to Work Distance 112" 

Weldin!!: Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 

T Class (iom) (iom) 

114 ! ! ! E7IT-8 0.072 /53 225 20.0 6.6 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQRNo.36 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): FCAW-S Stamp Number: N/A 
Types: Semi-automatic ArcScan ID # N/A 
Date Welded: January 23, 2002 

Joint Desien 
Type F/are Vee Bull IT Single or Double Weld Single 
Backing None \ ;\1/1: I BaclOnE Material NIA 

1 Back Gouging None 
Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec. A500 
Type or Grade C to Type or Grade C 
Thickness 114 114 
Diameter (Pipe) NIA Position: 

Position of Groove: 4G (overhead) 
Filler Metals: Weld Progression __ 
A WS Specification A5.20 Other 
A WS Classification £71 T-8 (NR 232) 
Size of Filler Metal 0.072 Preheat: 

Heat Treatment: None 
Preheat Temperature: 70°F ambient 
[nterpass Temperature 

Temperature Other 
Time 

Electrical Characteristics: 
Shieldin!! Gas 

%Comp. 
Current Type DC 

Gas (Mixture) 
Mode of Metal Transfer (GMA W) NIA 
Polarity Negative Shielding: None - -
Tungsten Electrode Size and Type None Trailing: None - -

Technique: 
String or Weave Bead String 
Oscillation None 
Multi-pass or Single Pass (per side) Single 
Gas Cup Size NIA 
Interpass Cleaning None 
Peening None 
Push or DragElectrode Angle Drall 
Contact Tube to Work Distance 112" 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Metal 0 Speed 

T Class (ipm) 
114 / 1 1 E71T-8 0.072 /53 225 20.0 

36 

Flow Rate 
-
-

Travel 
Speed 
(ipm) 
6.3 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQR No. 37 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): GMA W Stamp Number: N/A 
Types: Semi-automatic ArcScan rD# I 0 I 
Date Welded: January 23, 2002 

Joint Desi2n 
Tvne Flare Bevel Tee T 
Sinele or Double Weld Simzle -or-~ 

Backing None 
Backing Material NIA 

~' Back Gouging None 
Method NIA 

r '=' T 112" Base Metal: 
Material Spec. A500 to Material Spec. G40.21 
Type or Grade C to Type or Grade 44 W 
Thickness 114 112 
Diameter (Pipe) NIA Position: 

Filler Metals: 
Position of Groove: 2G (horizon/al) 
Weld Progression: 

A WS Specification A5.18 Other 
A WS Classification E70S-6 
Size of Filler Metal 0.045 Wqm~{femperature 

Other 

/4~;rr~.mmt 70 0 F ambi~8ne 
Temperature 
Time 

Shieldinl!: Gas 
Electrical Characteristics: '10 Comp. 
Current Type DC Gas (Mixture) Flow 
Mode of Metal Transfer (GMA W) Spray Shielding: C-IO 90"AiAr 10-% 35 efh 
Polarity Positive CO, 
Tungsten Electrode Size and Type None Trailing: None 

Technique 
Strine or Weave Bead Sirinf( 
Oscillation None 
Multi-oass or Sinele Pass (oer side) Sinf(/e 
Gas Cuo Size 518" RJ 
[nteroass Cleaning None 
Peenine None 
Push or Drag Electrode Angle Push 
Contact Tube to Work Distance 518" 

Welding Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
S,ze Metal Metal 0 Speed Speed 

T Class (jom) (iom) 

1/4 / / / E70S-6 0.045 330 206 26.8 7.8 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQR No. 38 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): GMA W Stamp umber: fA 
Types: Semi-automatic ArcScan ID# 104 
Date Welded: January 23, 2002 

Joint Design 
Tvoe Flare Bevel ree T 
SiOQle or Double Weld Sill pie -tr- _ 

Backi",! None 
Backin; Material NIA 

~'-Back Gouaina NOlie 
Method NIA 

I --- T 112" Base Metal: 
Material Spec. A500 to Material Spec. G40.21 
Type or Grade C to Type or Grade 44 W 
Thickness 114 112 
Diamerer (Pipe) NIA Position: 

Position of Groove: 3G (verlical) 
Filler Metals: Weld Progression: Venical Down 
A WS Specification A5.18 Other 
A WS Classification £70S-6 
Size of Filler Metal 0.045 ~wtfempcrature 

Other 

~~;r,~m~Alt: 70 0 F ambitfW" 
emperarure 

Time 
Shieldin!! Gas 

Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixrure) Flow 
Mode of Metal Transfer (GMA W) Spray Shielding: ColO 90%Ar 10-% 35 cfh 
Polarity Positive CO, 
Tungsten Electrode Size and Type None 

Trailina: None 
Techniaue 
StrirW or Weave Bead Slri"" 
Oscillation None 
Multi-nass or Sinnle Passr;;-er sidel Sinf(le 
Gas Cup Size 518" 0 
!ntemass Cleanina None 
Peenin2 None 
Push or Draa Electrode An-;je Drop 
Contact Tube to Work Distance /12" 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 
T Class (iom) (ipm) 

114 1 1 1 £70S-6 0.045 330 255 24.6 12.6 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company ame: Wallers Illc. PQR No. 39 
A uthorizcd By: Ken Kerluke Welder's ame: John Wilhamson 
Wclding Proccss(es): G lAW Stamp umber: fA 
rypes: COli-automatic A rcScan 10# 100 
Date Welded : January 23. 2002 

Joint Des ion 
Tvoe Flare Vee BUll 

I T Single or Double Weld SIII!!.lc 
Backi n)! NOlie \ :(;/;1'/ Backing Matcrial NIA 

J Back Gou)!in)! NOlie 
MetllOd NIA 

Base Meta l: 
Material Spec. A500 to Material Spec. A500 
Type or Grade C to Type or Grade C 
Thickness 114 114 
Diameter (Pipe) NIA Position: 

Filler letals: 
POSitIOn of Groove: IG (/Iat) 
Weld !'rogres Ion 

AWS peci fication A5.18 Other 
AWS lassl fica lion E70S·6 

ize of Filler Metal 0.045 Preheat: 

None 
Preheat Temperature; 70 · F ambient 

lIeat Trealmenl: Interpass Temperature 
Temperature Other 
Time 

Shieldin!! Gas 
Electrical Characteristics: 'Yo Comp. 
Current Type DC 

Gas <Mixture) 
Mode of Metal Transfer (GMA W) Spray 

Shielding: C-IO 90"0 Ar 10-·~ Polariry POsif;l'e 
CO , 

Tungstcn Electrode Size and Type None 
Trailina: None 

Technique: 
SUm!! or Wea,e Bead String 
Oscillation None 
Multi-pass or Single Pass (per SIde) Single 
Gas Cup Si7c 518"0 
Interoass ( Icaninl! None 
Pccning NOlie 
Push or Dral! Electrode Anule PI/sit 
Contact Tube 10 Work Distance 518" 

Weldin!! Data: 

Wall Side Layer Pass Fillcr Fi ller WICe Feed Amps. Volt. 
ize Metal Metal 0 Speed 
T Class (iom) 

114 I I I E70S-6 0.045 330 214 26.0 
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Flow 
35 cfl, 

Travel 
Speed 
IlPm) 

10.1 



PROCEDURE QUALIFICATION RECORD (PQR) 
Company ame: Walters Inc. PQR No. 40 
Authorized By: Ken Kerluke Weider's Name: John Williamson 
Welding Process(es): GI\1A W Stamp Number: N/A 
Types: Semi-automatic ArcScan ID# 103 
Date Welded: January 23, 2002 

Joint Design 
Type Flare Vee Bull 

jT Single or Double Weld Single 
Backing None \ ~;J/ / Backing Matcrial NIA 

1 Back Gouging None 
Method NIA 

Base Metal: 
Material Spec. MOO to Material Spec. A500 
Type or Grade C to Type or Grade C 
Thickness 114 114 
Diameter (Pipe) NIA Position : 

Position of Groove: 3G (vertirol) 
FilJer Metals: Weld Progression: V.rtirol Down 
A WS Specification A5.18 Other 
AWS Classification E70S-6 
Size of Fi ller Metal 0.045 Preheat: 

Heat Treatment: None 
Preheat Temperature: 70· F ambient 
lntcrpass Temperature 

Temperature Other 
Time 

Shieldin!! Gas 
Electrical Characteristics: %Comp. 
CUlTent Type DC 

Gas _CMixturel Mode of Metal Transfer (GMA W) Spray 
Shielding: C-IO 90%Ar 10-% Polarity Positive 

Tungsten Electrode Size and Type None COl 
Trailing: None 

Technique: 
String Or Weave Bead String 
Oscillation None 
Multi-oass or Single Pass (per side) Single 
Gas Cuo Size 518" fZJ 
Interpass Cleaning None 
Peening None 
Push or Drag Electrode Angle Drag 
Contact Tube to Work Distance 112" 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Meml 0 Speed 
T Class .llpm) 
114 1 1 1 £708-6 0.045 330 258 26.2 
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Flow 
35 ejh 

Travel 
Speed 
(ipl11) 
17.3 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company arne: Walters Inc. PQRNo.41 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): GMA W Stamp Number: Nt A 
Types: Semi-automatic AreScan 10# 107 
Date Welded: January 23, 2002 

Join t Desi2n 
Tvoe Flare Bevel Tee _r-~ 
Sin!!le or Double Weld Sinf!.le 
Backing None 
Backin!! Material NIA 

~\. Back Goul!.in!! None 
Method NIA 

Base Metal: r T 112" 
Material Spec. M OO to Material Spec. G40.21 
Type or Grade C to Type or Grade 44 W 
Tlrickness 114 112 
Diameter (Pipe) NIA Position: 

Position of Groove: 4G (overhead) 
Filler Metals: Weld Progression __ 
A WS Specification A5.18 Other 
A WS Classification E70S-6 
Size of Filler Metal 0.045 }lljqffiwffemperature 

Other 

M~;r,cw-mffit~ 70 0 F ambif,p,ne 
Temperature 
Time 

Shieldinl! Gas 
Electrical Characteristics: % Comp. 
Current Type DC Gas (Mixture) Flow 
Mode of Metal Transfer (GMA W) Spray 

Shielding: C- IO 90%Ar 10-% 35 Cjll 
Polarity Positive CO, 
Tungsten Electrode Size and Type None 

Trailin!!: None 
Technique 
Strin!! or Weave Bead String 
Oscillation None 
Multi-Dass or Sin!!le Pass (oer sidel Single 
Gas Cup Size 518 " 0 
!nteroass Cleanin!! None 
Peenin!! None 
Push Ot Oral! Electrode An!!le Push 
Contact Tube to Work Distance 112" 

Weldin!! Data : 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 

T Class (iom) (iom) 

114 I I I E70S-6 0.045 330 237 25.7 9.2 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQRNo.42 
Authorized By: Ken Kerluke Weider's Name: John Williamson 
Welding Process(es): GMA W Stamp Number: N/A 
Types: Semi-automatic ArcScan fD# 105, 106 
Date Welded: January 23, 2002 

Joint Desien 
Tvne Flare Vee Butt IT Sin21e or Double Weld Simde 
Backing None \ '\:3/ I Backi,w Material NIA 

r Back Gouging None 
Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec. A500 
Type or Grade C to Type or Grade C 
Thickness 114 114 
Diameter (pipe) NIA Position: 

Position of Groove: 4G (overhead) 
Filler Metals: Weld Progression __ 
A WS Specification A5.18 Other 
A WS Classification E70S-6 
Size of Filler Metal 0.045 Preheat: 

None 
Preheat Temperature: 70°F ambient 

Heat Treatment: Interpass Temperature 
Temperature Other 
Time 

Shieldin1! Gas 
Electrical Characteristics: %Comp. 
Current Type DC 

Gas (Mixture) 
Mode of Metal Transfer (GMA W) Spray 

Shielding: C-IO 90%Ar 10-% Polarity Positive 
CO, Tungsten Electrode Size and Type None 

Trailing: None 

Techniaue: 
String or Weave Bead Sirillfl 
Oscillation None 
Multi-Dass or Sinole Passlner sidel Sinflle 
Gas Cup Size 518" 0 
Intemass Cleanine None 
Peenine None 
Push or Drae Eleclrode Anele Push 
Contact Tube to Work Distance 112" 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Metal 0 Speed 

T Class (iam) 
114 1 J 1 E70S-6 0.045 328 237 24.8 
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Flow 
35 cfh 

Travel 
Speed 
(iam) 

9.4 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQR No. 43 
Authorized By: Ken Kerluke Weider's Name: John Williamson 
Welding Process(es): SMA W Stamp Number: Nt A 
Types: Ma nual ArcScan lD#: 42, 43 
Date Welded: January 23. 2002 

Joint DesiPD 
Tvoe Flare Bevel Tee T 
Sim?ie or Double Weld Sin!!.le 

_ r-I+-

Backine None 
Backinl1. Material NIA 

~' Back GOll!!in" NOlie 
Method NIA 

I '"'-- 11/1" Base Metal: 
Material Spec. A500 to Material Spec. G40.21 
Type or Grade C to Type or Grade 44W 
Thickness 114 112 
Diameter (Pipe) NIA Position: 

Position of Groove: 2G (horizontal) 
Filler Metals: Weld Progression: 
A WS Specification A5.1 Other 
A WS Classification £7018 
Size of Filler Metal 118 Preheat: 

Heat Treatment: None 
Preheat Temperature: 70· F ambient 
lnterpass Temperature 

Temperature Other 
Time 

Shieldin!! Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) Flow Rate 
Mode ofM.tal Transfer (GMA W) NIA Shieldine: None 
Polarity Positive 

Trailioe: None 
Tungsten Electrode Size and Type NOlie 

Backing: NOlie 

TechniQue 
Strin" or Weave Bead Strinp 
Oscillation None 
Multi-pass or Sinel. PasSCoer sidOl Sill!!.le 
Gas CUD Size NIA 
lnternass Cleaninl>. None 
Peenino NOlie 
Push or Ora. Electrode Anl1.le Dra!!. 
Contact Tube to Work Distance NIA 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 

T Class (jom) (ipm) 
114 1 I 1 £7018 118 NIA 136 - 3.7 
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PROCEDURE QUALIFICATION RECORD (PQR) 

Company ame: Walters IDe. PQR o. 44 
Authorized By: Ken Kerluke Welder's ame: John WiUiamson 
Welding Process(es}: SMA W Stamp Number: N/A 
Types: Manual ArcScan ID#: SO, 51 
Date Welded: January 23, 2002 

Joint Dosien 
Type Flare Bevel Tee T 
Stn~le or Double Weld SinJde 

-t l-

Backing None 
Backin!! Material NIA 

?7\' Back Gouging None 
Method NIA 1 112" I Base Metal: 
Material Spec. A500 to Material Spec. G40.21 
Type or Grade C to Type or Grade 44 W 
Thickness 114 112 
Diameter (Pipe) NIA Position: 

Position of Groove: 3G (vertical) 
Filler Metals: Weld Progression: Vertical Up 
A WS Specification AS. I Otber 
A WS Classification £7018 
Sir.e of Fillcr Meral 118 Preheat: 

Heat Treatment: NOlle 
Preheat Temperature: 70· F ambient 
Interpass Temperature 

Temperature Other 
Time 

Shieldin~ Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) Flow Rate 
Mode of Meral Transfer (GMA W) NIA Shielding: None 
Polanty Positive Trailin!!: None 
Tungsten Electrode Size and Type None 

Backing: None 

Technique 
Strin!! or Weave Bead SlrinJ{ 
Oscillation None 
Multi-pass or Sin~le Pass (per side) SinJ{le 
Gas Cup Size NIA 
lnternass Cleaning None 
Peening None 
Push or Drag Electrode Angle Push 
Conract Tube to Work Distance NIA 

WeldingData: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Meral Meral0 Speed Speed 
T Class cipm) (ipm) 
114 I I I £7018 118 NIA 132 - 4.8 
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PROCEDURE QUALIFICATION RECORD (PQR) 
ompany ame: Walters Lnc. PQR No. 45 

Authorized Sy: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): SMA W Stamp Number: NIA 
Types: Manual ArcScan ID #: 44, 45, 46 
Date Welded: January 23, 2002 

Joint Desi.n 
Tvoe Flare Vee Butt I T Sin21e or Double Weld Sins!!e 
Saclcin~ None I ",\iJf/ SackinS! Material NIA 

I Sack Goul!;inl!; None 
Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec. MOO 
Type or Grade C to Type or Grade C 
Thickness 114 114 
Diameter (Pipe) NIA Position: 

Position of Groove: I G (fIal) 
Filler Metals: Weld Progression: 
AWS peci fication A5.1 Other 
A WS Classification £ 7018 
Size of Filler Metal 118 Preheat: 

Nane 
Preheat Temperature: 70· ambient 

Heat Treatment: Interpass Temperature 
Temperature Other 
Time 

Shieldin!! Gas 
Electrical Characteristics: % Comp. 
Current Type DC Gas (Mixrure) 
Mode of Metal Transfer (GMA W) NIA Shieldi",,, None 
Polarity Positive 

Trailin!!: None 
Tungsten Electrode Size and Type None 

Sadinl!: NOlie 

Technique 
Strin2 or Weave Sead Sirinl{ 
Oscillation None 
Multi-pass or Sin.le Pass (Der side) Sinl{/e 
Gas CuD Size NIA 
Internass Cleaning None 
Peeninl! NOlie 
Push or Drag Electrode Angle Drag 
Contact Tube to Work Distance NIA 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Vol ts 
Size Metal Metal 0 Speed 

T Class (ipm) 
1/4 1 I I £ 7018 1/8 NIA 136 -

45 

Flow Rate 

Travel 
Speed 
(ipm) 
3.6 
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PROCEDURE QUALIFICATION RECORD (PQR) 

Company Name: WaIte", Inc. PQR No. 46 
Authorized By: Ken Kerluke Welder's Name: 10hn Will iamson 
Welding Process(es): SMAW Stamp Number: N/A 
Types: Manu al ArcScan ill #: 47, 48, 49 
Date Welded: January 23, 2002 

Joint Design 
TVDC Flare Vee BUll IT Single or Double Weld Single 
Backina None I :;~/i1/ i Backing Material NIA 

I Back Gougin'" None 
Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec. A500 
Type or Grade C to Type or Grade C 
Thickness 114 114 
D,ameter (Pipe) NIA Position: 

Position of Groove: 3G (vertical) 
Filler Metals: Weld Progression: Vertical Up 
A WS Specification A5.1 Other 
A WS Classification £7018 
Size of Fi ller Metal 118 Preheat: 

Heat Treatment: NOl/e 
Preheat Temperature: 70· ambient 
Interpass Temperature 

Temperature Other 
Time 

Shieldin~ Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) 
Mode of Metal Transfer (GMA W) NIA Shieldin",: None 
Polarity Positive 

Trailin",: None 
Tungsten Electrode Sizc and Type None 

Backing: None 

Technique 
String or Weave Bead Slrin$! 
Oscillation None 
Multi-pass or Single Pass (per side) Sin/tie 
Gas CUD Size NIA 
Interpass Cleaning None 
Peening NOl/e 
Push or Drag Electrode Angle O· 
Contact Tube to Work Distance NIA 

Welding Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Sizc Metal Metal 0 Speed 

T Class (ipm) 

114 1 1 1 £7018 118 NIA 133 -

46 

Flow Rate 

Travel 
Specd 
(ipm) 

3.0 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQR 0.47 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Proeess(es): SMA W Stamp Number: N/A 
Types: Manual ArcScan 10#: 86 
Date Welded: January 23, 2002 

Joint Desipn 
Tvoe Flare Bevel Tee 

-~ 
T 

Sinole or Double Weld SinRle 0<-

Backin2 None 
BackinS! Material NIA 

~' Back GoW!;'" None 
Method NIA 

I --- 1//2" Base Metal: 
Malerial Spec. MOO to Material Spec. G40.21 
Type or Grade C to Type or Grade 44W 
Thickness 114 1/2 
D,ameter (Pipe) NIA Position: 

Position of Groove: 4G (overhead) 
Filler Metals: Weld Progression __ 
A WS Specification A5.1 Other 
A WS Classification £7018 
Size of Filler Metal 118 Preheat: 

NOlle 
Preheat Temperature: 70· F ambient 

Heat Treatment: Interpass Temperature 
Temperature Other 
Time 

Shieldin!! Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) Flow Rate 
Mode of Metal Transfer (GMA W) NIA Shieldin",: None 
Polarity Positive 

Trailin2: None 
Tungsten Electrode Size and Type None 

Backin2: None 

Technioue 
Strin2 or Weave Bead SlrinR 
Oscillation None 
Multi-oass or Sin21e Pass (oer side) SinRle 
Gas Cun Size NIA 
Intemass Cleanin2 None 
Peenin. None 
Push or Oral! Electrode An21e Oral?, 
Contact Tube to Work Distance NIA 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 
T Class (jam) (jam) 
//4 I I I £7018 118 NIA 123 1.9 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQRNo. 48 
Authorized By: Ken Kerluke Welder's Name: John Will iamson 
Welding Process(es): SMA W Stamp Number: Nt A 
Types: Manual ArcScan ID #: 52, 53, 54, 55 
Date Welded: January 23, 2002 

Joint Desi~n 

Tvne Flare Vee BUll I T Sin21e or Double Weld Sinllie 
Baclon. None \ ~~/ I Backin2 Material NIA 

r Back Gou.in. None 
Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec. A500 
Type or Grade C to Type or Grade C 
Thickness 114 114 
Diameter (Pipe) NIA Position: 

Position of Groove:4G (overhead) 
Filler Metals: Weld Progression: 
A WS Specification A5.1 Other 
A WS Classification £7018 
Size of Filler Metal 1/8 Preheat: 

None 
Preheat Temperature: 70· ambient 

Heat Treatment: lnterpass Temperature 
Temperature Other 
Time 

Shieldine Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) 
Mode of Metal Transfer (GMA W) NIA 

Shieldin~: None 
Polarity Positive Trailin2: None 
Tungsten Electrode Size and Type None 

Backinl1.: None 

Technioue 
Strinl1. or Weave Bead Strinll 
Oscillation None 
Multi-oass or Sinl!.le Pass (oer side) SiMle 
Gas Cun Size NIA 
!ntemass Cleaninl!. None 
Peenin2 None 
Push or Ora; Electrode An.le Drop 
Contact Tube to Work Distance NIA 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Metal 0 Speed 

T Class (jpm) 
114 I I I £7018 118 NIA 120 -

48 

Flow Rate 

Travel 
Speed 
(jpm) 

3.7 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQRNo. 49 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): FCA W-G Stamp Number: NI A 
Types: emi-automatic AreSean fD # 121 
Dale Welded: January 23, 2002 

Joint Desi~n 
Tvoe Flare Bevel Tee 

-o-
r 

SiOOIe or Double Weld Sinvle +-

Backing None 
Backing Material NIA 

~' Back GouQinQ None 
Method NIA 11112" I --
Base Metal: 
Material Spec. A500 to Malerial Spec. G40.2 I 
Type or Grade C Type or Grade 44W 
Thickness: 318 112 
Diameter (Pipe) NIA Position: 

Position of Groove: 2G (horizontal) 
Filler Metals: Weld Progression: 
A WS Specificalion A5.20 Other 
A WS Classification E71T-9 (OIS 71M) 
Size of Filler Metal 1/16 Preheat: 

Fleat Treatment: None 
Preheat Temperature: 70 0 F ambient 
[nterpass Temperature 

Temperature Other 
Time 

Shield in!!: Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) Flow Rate 
Mode of Metal Transfer (GMA W) NIA Shielding: CO, lOOOA. 35 cfh 
Polarity Positive 

Trailing: NOlie 
Tungsten Electrode Size and Type None 

TechniQue 
String or Weave Bead Srrinv 
Oscillation None 
Multi-Dass or Sinole Passlner sid"' Sin "Ie 
Gas CupSize 518" RJ 
Intemass Cleanin. None 
Peening None 
Push or Drn., Electrode An.le Drat! 
Contact Tube to Work Distance 314" 

Weldin!!: Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 

T Class (iom) (ipm) 

318 I I I E7IT-9 1/16 225 247 26.5 8.3 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company arne: Wallers Inc. PQRNo. 50 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Proces (es): FCAW-G Stamp Number: N/A 
Types: Semi-autom.tic ArcScan LD # 124 
Date Welded: January 23, 2002 

Joint Desien 
Type Flare Bevel Tee T 
SinRle or Double Weld SinJlie --+-
Backing None 
Backing Material NIA 

~ Back Gouging None 
Method NIA 

I l l]" I Base Metal: 
Material Spec. A500 to Material Spec. G40.21 
Type or Grade C Type or Grade 44W 
Thickness: 318 112 
Diameter (Pipe) NIA Position: 

Position of Groove: 3G (vertical) 
Filler Metals: Weld Progression: Vertical Up 
AWS Specification A5.20 Other 
A WS Classification E71T-9 (DIS 11M) 
Size of Filler Metal 1116 Preheat: 

Heat Treatment: None 
Preheat Temperature: 10· F ambient 
[nterpass Temperature 

Temperature Other 
Time 

Shieldinl! Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) Flow Rate 
Mode of Metal Transfer (GMA W) NIA Shielding: CO, 100"/" 35 cfh 
Polarity Positive Trailing: None 
Tungsten Electrode Size and Type None 

Technique 
String or Weave Bead Strinfl 
Oscillation None 
Multi-pass or Single Pass (per side) Single 
Gas Cup Size 518" RJ 
Interpass CleaninR None 
Peening None 
Push or Drag Electrode Angle 5· push 
Contact Tube to Work Distance 314" 

Welding Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 
T Class (ipm) (jpm) 

318 I I I E71T-9 1116 157 200 · 21.0 5.1 
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PROCEDURE QUALIFICATION RECORD (PQR) 

• Company Name: Walters Inc. PQRNo. 51 
Authorized By: Ken Kerluke Weider's Name: John Williamson 

• Welding Process(es): FCAW-G Stamp Number: N/A 

• Types: em i-automatic ArcScan ID# 120 
Date Welded: January 23, 2002 

• Joint DesiRn • • • • • • 

Tvoe Flare Vee BUll 
IT SinOte or Double Weld Sin~/e 

Backin. NOlie \ 
'-., '\/./ / Backing Material NIA 

Back Gouo;;;; None J 
Method NIA 

Ba e Metal: 
Material Spec. A500 to Material Spec. MOO 

• • 
Type or Grade C Type or Gmde C 
Thickness: 318 318 
Diameter (Pipe) NIA Position: 

• • 
Position of Groove: I G (fIal) 

Filler Metals: Weld Progression: 
A WS Specification A5.20 Other 

• • • 
A WS Classification E7/T-9 (DIS 7lM) 

Preheat: Size of FiJler Metal JI/6 

None 
Preheat Temperature: 70· F ambient 

Heat Treatment: Interpass Temperature 
Tempemture Other • • • • • 

Time 
Shieldin!! Gas 

Electrical Characteristics: %Comp. 
Current Type DC 

Gas (Mixture) Flow Rate Mode of Metal Tmnsfer (GMA W) NIA 
Shieldin2: CO, /OOO/" 35 efh Polariry Positive 
Tmilin2: None Tungsten Electrode Size and Type None - - -

• Technioue: 

• • 
String or Weave Bead SIring 
Oscillation None 
Multi-Dass or Sinl!le Pass (oer side) Single 

• • 
Gas Cu~ Size 518"0 
Intemass Cleaning None 
Peenino None 

• Push or Om. Electrode An.le O· 

• Contact Tube to Work Distance 314" 

• Weldin!! Data: 

• • 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Tmvel 
Size Metal Metal 0 Speed Specd 
T Class !iom) (iom) 

• 318 / / I E7IT-9 /1/6 225 236 26.5 /0.0 

• • • • 51 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQRNo.52 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): FCAW-G Stamp Number: N/A 
Types: Semi-automatic ArcScan m # 123 
Date Welded: January 23, 2002 

Joint DeslOn 
Tvoc Flare Vee Bull IT Single or Double Weld Sinr!ie 
Backino- None \ ",'\9 I Backin!! Material NIA 
Back GoUOi';~ None I 
Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec. A500 
Type or Grade C Type or Grade C 
Thickness: 318 318 
Diameter (Pipe) NIA Position: 

Position of Groove: 3G (vertical) 
Filler Metals: Weld Progression: Vertical Up 

A WS Specification A5.10 Other 

A WS Classification E7IT-9 (OIS 71M) 
Preheat: Size of Filler Metal 1116 

None 
Preheat Temperature: 70· F ambient 

Heat Treatment: lnterpass Temperature 
Temperature Other 
Time 

Shieldin!! Gas 
Electrical Characteristics: % Comp. 
Current Type DC 

Gas (Mixture) 
Mode of Metal Transfer (GMA W) NIA 

Shielding: CO, 100"A, Polarity Positive 
Tungsten Electrode Size and Type None Trailioo: None - -

Techniaue: 
Strin. or Weave Bead Slrinf{ 
Oscillation None 
Multi-Dass or Sinole PasS(;;"er side) Single 
Gas CUD Size 518"0 
lnteroass Cleaninl1. None 
Peenin. None 
Push or Drag Electrode AMle O· 
Contact Tube to Work Distance 314" 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Metal 0 Speed 

T Class (ipm) 
318 1 1 1 E71T-9 1116 157 202 21.0 

52 

Flow Rate 
35 c{h 

-

Travel 
Speed 
(ipm) 
5.9 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company arne: Walters Inc. PQR No. 53 
Authorized By: Ken Kerluke Welder's arne: John Williamson 
Welding Proces (es): FCA W-G Stamp Number: N/A 
Types: emi-automatic AreSean ID # 145 
Date Welded: January 23, 2002 

J oint Desien 
TVDe Flare Bevel Tee T 
Sinele or Double Weld Simde 

-or-I-
Backin; None 
Backin. Material NIA ;;: Back GouRinR None 
Method NIA 11 112" I Base Metal: 
Material Spec. MOO to Material Spec. G40.21 
Type or Grade C Type or Grade 44 W 
Thickness: 318 112 
Diameter (Pipe) NIA Position : 

Position of Groove: 4G (overhead) 
Filler Metals: Weld Progression 
A WS Specification A5.20 Other 
A WS Classification £71T·9 (OIS 71M) 
Size of Filler Metal 1116 Preheat: 

NOlie 
Preheat Temperature: 70· F ambient 

Heat Treatment: Interpass Temperature 
Temperature Other 
Time 

Shieldinl! Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixturel Flow Rate 
Mode of Metal Transfer (GMA W) NIA Shieldim>: CO, 100"A. 35 cfh 
Polarity Positive 

Trailin.: None 
Tungsten Electrode Size and Type None 

TechniQue 
Strine or Weave Bead Stri,,!! 
Oscillation None 
Multi'Dass or SiMle Pass (Der sidel Sin!!le 
Gas CUD Size 518"0 
Interoass Cleanin. None 
Peenin; None 
Push or Drae Electrode Anl1;le Dra!! 
Contact Tube to Work Distance 3/4" 

Weldin!! Data: 
Wall Side Layer Pass Fi ller Fi ller Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 

T Class (iom) (ipm) 

318 I J I £7JT·9 1116 175 NIA 24.0 5.6 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQRNo. 54 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): FCAW-G Stamp Number: N/A 
Types: Semi-automatic ArcScan ID# 147 
Date Welded: January 23, 2002 

Joint Desien 
Type Flare Vee BUll 

j T Sincle or Double Weld Si,,!!le 
Backing NOlle \ ,\,,\ l~ I Backing Material NIA 
Back Gouging None I 
Method NIA 

Base Metal: 
Material Spec. A 500 to Material Spec. A500 
Type or Grade e Type or Grade e 
Thickness: 318 318 
Diameter (Pipe) NIA Position: 

Position of Groove: 4G (overhead) 

Filler Metals: Weld Progression __ 

A WS Specification A5.20 Other 

A WS Class ification E71T-9 (OIS 71M) 
Preheat: Size of Filler Metal 1116 

Heat Treatment: None 
Preheat Temperature: 70° F ambient 
!nterpass Temperature 

Temperature Other 
Time 

Electrical Characteristics: 
Shielding Gas 

%Comp. 
Current Type DC 

Gas ~Mixture) 
Mode of Metal Transfer (GMA W) NIA 
Polarity Positive Shielding: CO, 100% 

Tungsten Electrode Size and Type None Trail ing: None - -

Technique: 
String or Weave Bead StrinR 
Oscillation None 
Multi-pass or Single Pass (per side) Sin!!le 
Gas Cup Size 518"0 
lnterpass Cleaning None 
Peening None 
Push or Drag Electrode Angle Drag 
Contact Tube to Work Distance 314" 

Welding Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Metal 0 Speed 

T Class (ipm) 
318 1 1 1 E71T-9 1116 205 238 25.0 

54 

Flow Rate 
35 cfh 

-

Travel 
Speed 
(ipm) 
10,5 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQR No.55 
Authorized By: Ken Kerluke Welder's Name: John Will iamson 
Welding Process(es): FCA W-S Stamp Number: N/A 
Types: Semi-automatic ArcScan 10# N/A 
Date Welded: January 23, 2002 

Joint Desien 
Tvoe Flare Bevel Tee T 
Simlie Or Double Weld Sinflle 

---.r-_ 
BackinR None 
Backing Material NIA 
Back Gouging None (;\. Method NIA 

I 
~ T 1/2" Base Metal: 

Material Spec. ASOO to Material Spec. G40.21 
Type or Grade C to Type or Grade 44 W 
Thickness 318 112 
Diameter (pipe) NIA Position: 

Position of Groove: 2G (horizontal) 
Filler Metals: Weld Progression: 
A WS Specification A5.20 Other 
A WS Classification E71T-8 (NR-232) 
Size of Filler Metal 0.072 Preheat: 

None 
Preheat Temperature: 70 · F ambient 

Heat Treatment: Interpass Temperature 
Temperature Other 
Time 

Shieldin2 Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) Flow Rate 
Mode of Metal Transfer (GMA W) NIA Shielding: None -- -Polarity Negative 

Trailing: None - - -Tungsten Electrode Size and Type None 

Technique 
String or Weave Bead Strinfl 
Oscillation NOlle 
Multi-oass or Single Pass (Der side) Sinflle 
Gas CUD Size NIA 
in te'llass Cleaninl! None 
Peeninl! None 
Push or Oral!; Electrode Anl!;le O· 
Contact Tube to Work Distance 314" 

Weldin2 Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 spe~ Speed 

T Class (iom (jom) 

318 I I I E7IT-8 0.072 173 227 22.0 8.S 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQRNo. S6 
Authorized By: Ken Kerluke Weider's Name: John Williamson 
Welding Process(es): FCAW-S Stamp Number: Nt A 
Types: Semi-automatic ArcScan ID# 17 S 
Date Welded: January 23, 2002 

Joint Desi~n 
Tvoe Flare Bevel Tee T 
Sin~le or Double Weld Sinl'le 

-or-}4-

Baclcin2 NOlie 
Baclcin2 Material NIA 

fA Back Gou,,"in> None 
Method NIA 

Base Metal: I T 1/2" 
Material Spec. A500 to Material Spec. G40.21 
Type or Grade C to Type or Grade 44 W 
Thickness 318 112 
Diameter (Pipe) NIA Position: 

Position of Groove: 3G (vertical) 
Filler Metals: Weld Progression: Vertical Up 
A WS Specification A5.20 Other 
A WS Classification E71T-8 (NR-232) 
Size of Filler Metal 0.072 Preheat: 

None 
Prebeat Temperature: 70 0 F ambient 

Heat Treatment: lnterpass Temperature 
Temperature Other 
Time 

Shieldin2 Gas 
Electrical Characteristics: % Comp. 
Current Type DC Gas (Mixture) Flow Rate 
Mode of Metal Transfer (GMA W) NIA SbieldiM: None - - -Polarity Negative 

Trailin2: None - - -Tungsten Electrode Size and Type NOlie 

Technioue 
String or Weave Bead Weave 
Oscillation None 
Multi-oass or Sin21e Pass (oer side) Silll!le 
GasCuoSize NIA 
[ntemass Cleanin2 None 
Peeni';; None 
Push or Drag Electrode Angle 5 0 push 
Contact Tube to Work Distance 518" 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 

T Class (iom) (ipm) 

318 I I I E71 T-8 0.072 1/5 178 17.5 3.7 

S6 
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PROCEDURE QUALIFICATION RECORD (PQR) 
ompany Name: Wallers Inc. PQR No. 57 

Authorized By: Ken Kerluke Weider's Name: John Williamson 
Welding Process(es): FCAW-S Stamp Number: N/A 
Types: Semi-automatic ArcScan ID # NI A 
Date Welded: January 23, 2002 

Joint Des;,' " 
Type Flare Vee 81/1/ 

jT Sinele or Double Weld Sill~/e 

Backing NOlie \ '\~~ l3ackin.-Material NIA 
) Back Gouging NOlle 

Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec. A 500 
Type or Grade C to Type or Grade C 
Thickness 318 318 
Diameter (Pipe) NIA Position: 

Position of Groove: 1 G (flat) 
Filler Metals: Weld Progression __ 
A WS Specification A5.20 Other 
A WS Classification E7IT-8 (NR 232) 
Size of Filler Metal 0.072 Preheat: 

NOlle 
Preheat Temperature: 70° F ambielll 

Heat Treatment: Interpass Temperature 
Temperature Odlcr 
Time 

Shieldinl! Gas 
Electrical Characteristics: % Compo 

urrent Type DC 
Gas (MIXture) 

Mode of Metal Transfer (G MA W) NIA 
Shielding: None Polarity Negative - -

Tungsten Electrode Size and Type NOlle Tmiling: None - -

Technioue: 
Strill!! or Weave Bead Slrinl! 
Oscillation NOlie 
Multi-oass or Sin.le Pass (ocr side) Silll!le 
Gas CUD Size NIA 
I ntemass Cleanino NOlie 
Peening NOlIl' 

Push or Drag Electrode An. le Push 
Contact Tube to Work Distance 518" 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Meml 0 Speed 

T Class (iDm) 

318 1 1 1 E71T-8 0.072 173 245 22.0 
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Flow Rate 

-
-

Travel 
Speed 
(10m) 

9.0 



PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: WaIters Inc. PQR No. 58 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): FCAW-S Stamp Number: N/A 
Types: Semi-automatic AreScan ID # NI A 
Date Welded: January 23, 2002 

Joint Design 
Type Flare Vee Bult IT Single or Double Weld SinKle 
Backing None \ :::\1/( I Backing Material NIA 

I Back Gouging None 
Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec. A 500 
Type or Grade C to Type or Grade C 
Thickness 318 318 
Diameter (pipe) NIA Position: 

Position of Groove: 3G (vertical) 
Filler Metals: Weld Progression: Vertical Up 
A WS Specification A5.20 Otber 
A WS Classification E71T-8 (NR 232) 
Size of Filler Metal 0.072 Preheat: 

Heat Treatment: None 
Preheat Temperature: 70 °F ambient 
Inte!pass Temperature 

Temperature Other 
Time 

Electrical Characteristics: 
Shieldin~ Gas 

%Comp. 
Current Type DC 

Gas (Mjxture) 
Mode of Metal Transfer (OMA W) NIA 
Polarity Negative Shieldjng: None - -
Tungsten Electrode Size and Type None Trailjng: None - -

Technique: 
String or Weave Bead StrinK 
Oscillation None 
Multi-pass or Single Pass (per side) SinKie 
Oas Cup Size NIA 
Inte!pass Cleaninlt None 
Peening None 
Push or Drag Electrode Angle 0 ° 
Contact Tube to Work Distance 518" 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Metal 0 Speed 

T Class (ipm) 
318 I I 1 E71T-8 0.072 164 220 22.0 
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Flow Rate 

-
-

Travel 
Speed 
(ipm) 
5.9 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQR No. 59 
Authorized By: KeD Kerluke Welder's Name: John Williamson 
Welding Process{es): FCA W- Slamp Number: NtA 
Types: Semi-automatic ArcSc.n 10# Nt A 
Date Welded: January 23, 2002 

Joint Desi2n 
TVOe Flare Bevel Tee T 
Sin.le or Double Weld Sinille 

-or- _ 

Baclcin. None 
Backin. Material NIA 

~" Back Gouoino NOlie 
Method NIA 

I 
~ T 1/2" Ba e Metal: 

Material Spec. A500 to Material Spec. G40.21 
Type or Grade C to Type or Grade 44 W 
Thickness 318 112 
Diameter (pipe) NIA Position: 

Position of Groove: 4G (overhead) 
FiUer Metals: Weld Progression __ 
A WS Specification A5.20 Otber 
A WS Classification E71T-8 (NR-232) 
Size of Filler Melal 0.072 Preheat: 

None 
Preheat Temperature: 70 0 F ambient 

Heat Treatment: Interpass Temperature 
Temperature Other 
Time 

Shielding Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) Flow Rate 
Mode of Melal Transfer (GMA W) NIA Shield in.: None - - -Polarity Negative Traili",,, None - - -Tungsten Electrode Size and Type NOlie 

Tecbnioue 
Strine or Weave Bead Strinll 
Oscillation None 
Multi-nass or Sin.le Pass (oer sidel Sinille 
Gas CuD Size NIA 
Internass Cleanino None 
Peenin. None 
Push or Drao Electrode Anole DrOll 
Conlact Tube to Work DiSlance 112" 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Melal Mela10 Speed Speed 
T Class (jDm) (iDm) 

318 I I I E7IT-8 0.072 /53 225 20.0 6.2 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQRNo.60 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): FCA W-S Stamp Number: Nt A 
Types: Semi-automatic ArcScan ID # NtA 
Date Welded: January 23, 2002 

Joint Design 
Type Flare Vee Bull I T Single or Double Weld Sinl?/e 
Backing None \ ~Jj» I Backing Material NIA 

1 Back Gouging None 
Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec. A500 
Type or Grade C to Type or Grade C 
Thickness 318 318 
Diameter (Pipe) NIA Position: 

Position of Groove: 4G (overhead) 
Filler Metals: Weld Progression __ 
A WS Specification A5.20 Other 
A WS Classification E71 T-8 (NR 232) 
Size of Filler Metal 0.072 Preheat: 

Heat Treatment: None 
Preheat Temperature: 70 0 F ambient 
lnterpass Temperature 

Temperature Other 
Time 

Electrical Characteristics: 
Shieldin2 Gas 

%Comp. 
Curren t Type DC 

Gas (Mixture) 
Mode of Metal Transfer (GMA W) NIA 

Shielding: None Polarity Negative - -
Tungsten Electrode Size and Type None Trailillg: None - -

Technique: 
String or Weave Bead String 
Oscillation None 
Multi-pass or Single Pass (per side) Sinf{le 
Gas Cup Size NIA 
interpass Cleaning None 
Peening None 
Push or Drag Electrode Angle Dral? 
Contact Tube to Work Distance 5/8 " 

Weldin2 Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Metal 0 Speed 

T Class (~m) 

3/8 I I I E71T-8 0.072 153 226 20.0 
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Flow Rate 

-
-

Travel 
Speed 
(ipm) 
6.6 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQRNo.6 1 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es) : CMA W Stamp Number: NI A 
Types: Semi-automatic ArcScan lD# NI A 
Date Welded: January 23, 2002 

Joint Desi!!n 
TYlle Flare Bevel Tee 

---f~ 
T 

Sin!!le or Double Weld Simde -Backing None 
Backing Material NIA 

>A: Back Gouging None 
Method NIA 

11 /12" Base Metal: I 
Material Spec. A500 to Material Spec. G40.11 
Type or Grade C to Type or Grade 44W 
Thickness 318 111 
Diameter (Pipe) NIA Position: 

Posi tion of Groove: 1G (horizontal) 
Filler Metals: Weld Progression: 
A WS Specification A5. 18 Other 
A WS Classification E70S-6 
Size of Filler Metal 0.045 }IIjqffi~ffemperarure 

Other 

14~;r.r.!iRtt.mHtIlt: 70· F ambitfW" 
T emperarure 
Time 

Shieldiol! Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixrure) Flow 
Mode of Metal Transfer (GMA W) Spray Shielding: C-IO 90"/OAr 10-% 35 ell! 
Polarity Positive 

C01 Tungsten Electrode Size and Type None 
Trailin~ : None 

Technique 
String or Weave Bead Strill!! 
Oscillation None 
Multi-pass or Sinole Pass (oer side) Sill!!le 
Gas Cup Size 5/8"0 
Interoass Cleaninl! None 
Peening None 
Push or Oral! Electrode Angle Push 
Contact Tube to Work Distance 5/8" 

Welding Data: 
WaU Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 

T Class (jpm) (jom) 

3/8 I I J E70S-6 0.045 330 109 17. 1 8.5 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQRNo.62 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es) : GMAW Stamp Number: N/A 
Types: Semi-automatic ArcScan 10# 097 
Date Welded: January 23, 2002 

Joint Desien 
Type Flare Bevel Tee T 
Sinele or Double Weld Sinl(le -+~J4-

Backing None 
Backing Material NIA 

~ Back Gouging None 
Method NIA 

Base Metal: I T 1/2" 
Material Spec. A500 to Material Spec. G40.21 
Type or Grade C to Type or Grade 44 W 
Thickness 318 112 
Diameter (Pipe) NIA Position: 

Position or Groove: 3G (vertical) 
Filler Metals: Weld Progression: Vertical Down 
A WS Specification A5.18 Other 
A WS Classification £70S-6 
Size of Filler Metal 0.045 ~w{femperature 

Other 

/;JSIl\,QfJfi/Jm.ffit~ 70 0 F ambitf,~ne 
Temperature 
Time 

Shiel dine Gas 
Electrical Characteristics: % Comp. 
Current Type DC Gas (Mixture) Flow 
Mode of Metal Transfer (GMA W) Spray Shielding: C-IO 90%Ar 10-% 35 cfh 
Polarity Positive CO] 
Tungsten Electrode Size and Type None 

Trailing: None 

Technique 
String or Weave Bead Strinl( 
Oscillation None 
Multi-pass Or Single Pass (per side) Sinl(le 
Gas Cup Size 518" 0 
Interpass Cleaning NOlle 
Peening None 
Push or Drag Electrode Angle Dral( 
Contact Tube to Work Distance 112" 

Welding Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 
T Class (ipm) (ipm) 

318 I 1 I £ 70S-6 0.045 330 239 24.4 10.5 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQR No. 63 
Authorized By: Ken Kerluke Welder's ame: John Williamson 
Welding Process(es): GMAW Stamp Number: N/A 
Types: Semi-automatic ArcScan ID# N/A 
Date Wclded: January 23, 2002 

Joint Des i~n 

TV1>e Flare Vee BUll IT Sin!!le or Double Weld Sin "Ie 
Backin!! None \ -<~0/ Backino Material NIA 

1 Back Gou.in. None 
Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec. A500 
Type or Grade C to Type or Grade C 
Thickness 318 318 
Diameter (Pipe) NIA Position: 

Filler Metals: 
Position of Groove: I G (fIal) 
Weld Progression 

A WS Specification A5.18 Other 
A WS Classification E70S-6 
Size of Filler Metal 0.045 Preheat: 

None 
Preheat Temperature: 70' F ambient 

Hcat Treatment: [nterpass Temperature 
Temperature Other 
Time 

Shieldinl!. Gas 
Electrical Characteristics: %Comp. 
Current Type DC 

Gas (Mixture) 
Mode of Metal Transfer (GMA W) Spray 

Shielding: C-IO 90%Ar 10-% Polarity Positive 
CO, Tungsten Electrode Size and Type None 

Trailin~: None 

Techniaue: 
Strino or Weave Bead Slrinf! 
Oscillation None 
Multi-oass or Single passToer side) Sin"le 
Gas clip S ize 518"0 
Internass Cleanin" None 
Peenin. None 
Push or Ow Electrode Anole Push 
Contact Tube to Work Distance 518" 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Metal 0 Speed 
T Class (iom) 

318 I I I E70S-6 0.045 330 218 26.9 
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Flow 
35 cjh 

Travel 
Speed 
(ipm) 

9.9 



PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQRNo. 64 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): GMA W Stamp Number: N/A 
Type : emi-automatlc ArcScan lD# 092 
Date Welded: January 23, 2002 

Joint Desi!m 
Type Flare Vee BUll j T Single or Double Weld Sim!le 
Backin~ No"e \ -

/ Backing Material NIA ,\,,\1;1/ 1 Back Gougin2 No"e 
Method NIA 

Ba e Metal: 
Material Spec. A500 to Material Spec. A500 
Type or Grade C to Type or Grade C 
Thickness 318 318 
Diameter (Pipe) NIA Position: 

Position of Groove: 3G (venical) 
Filler Metals: Weld Progression: Vertical Down 
A WS Specification A5.18 Other 
A WS Classificadon £70S-6 
Size of Filler Meral 0.045 Preheat: 

Heat Treatment: NOlle 
Preheat Temperature: 70 0 F ambient 
Interpass Temperature 

Temperature Other 
Time 

Electrical Characteristics: 
Shieldine Gas 

%Comp. 
Current Type DC 

Gas (Mixture) 
Mode of Meral Transfer (GMA W) Spray 
Polarity Positive Shielding: C-IO 90%Ar 10-% 

Tungsten Electrode Size and Type None CO, 
Trailing: None 

Technique: 
Strin~ or Weave Bead String 
Oscillation None 
Multi-pass or Single Pass (per side) Single 
Gas Cup Size 518"0 
Interpass Cleaning No"e 
Peenin2 None 
Push or Dra~ Electrode Angle Drag 
Conract Tube to Work Distance 112" 

Weldine Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. VollS 
Size Meral Meral'" Speed 

T Class (ipm) 

318 / / / E70S-6 0.045 330 242 24.5 
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Flow 
35 ejh 

Travel 
Speed 
(ipm) 
/5.0 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Wallers Inc. PQRNo.65 
Authorized By: Ken Kerluke Weider's Name: John Williamson 
Welding Process(es): GMAW Stamp Number: NI A 
Types: Semi-automatic ArcScan lD# 099 
Date Welded: January 23, 2002 

Joint Dcsilln 
Tvoe Flare Bevel Tee T 
Single or Double Weld SinKle --< i+-
Backing None 
Backing Material NIA 

~ Back Gouging None 
Method NIA 

I =- T 112" Base Metal: 
Material Spec. A500 to Material Spec. G40.21 
Type or Grade C to Type or Gmde 44W 
Thickness 318 112 
Diameter (Pipe) NIA Position: 

Position of Groove: 4G (overhead) 
Filler Metals: Weld Progression __ 
A WS Specification A5.18 Other 
A WS Classification E70S-6 
Size of Filler Metal 0.045 PII<eh~(femperature 

Other 

ij~"_ffit~ 70 0 F ambit',ftne 
Tempemture 
Time 

Shield in!! Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) Flow 
Mode of Metal Tmnsfer (GMA W) Spray Shielding: C-IO 90%Ar 10-% 35 cfh 
Polarity Positive CO, 
Tungsten Electrode Size and Type None 

Trailing: None 
TechniQue 
Strin\! or Weave Bead Slrin!!, 
Oscillation None 
Multi-oass or Single Pass (oer side) Sin!!,le 
Gas Cup Size 518" f2f 
Interpass Cleaning None 
Peening None 
Push or Dmg Electrode Angle Push 
Contact Tube to Work Distance 1/2" 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Tmvel 
Size Metal Metal 0 Speed Speed 

T Class (iom) (ipm) 

3/8 I I I E70S-6 0.045 330 240 25.4 8.0 

65 



PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Wallers Inc. PQR No. 66 
Authorized By: Ken Kerluke Welders Name: John Williamson 
Welding Process(es): GMA W Stamp Number: NI A 
Types: emi-automatic ArcScan 10# 098 
Date Welded: January 23. 2002 

Joint Desien 
Tvne Flare Vee BUll IT Sin21e Or Double Weld SiMI. 
Backing NOlle \ ,,'~~/.l/ I Backing Material NIA 

I Back Oougine NOlie 
Method NIA 

Base Metal: 
Material Spec. A500 to Matenal Spec. A500 
Type or Gradc C to Type or Orade C 
Thickness 3/8 3/8 
Diameter (Pipe) NIA Position: 

Position of Groove: 4G (ol'f!rhead) 
"iller Metals: Weld Progression 
A WS Specification A5.18 Other 
A WS Classification E70S-6 
Size of Filler Metal 0.045 Preheat: 

No,,!! 
Preheat Temperature: 70 · F ambielll 

Heat Treatment: Inlcrpass Temperature 
Temperature Other 
Time 

Shieldine Gas 
Electrical Characteristics: % Comp. 
Current Type DC 

Gas (Mixture) 
Mode of Metal Transfer (OMA W) Spray 

Shielding: C-IO 90% Ar 10-% Polarity Positive 
CO, 

Tungsten Electrode Size and Type NOlie 
Trailing: None 

Techniaue: 
String or Weave Bead SlrinJ! 
Oscillation NOlle 
Multi-oass or Single Pass (ocr sidel SillJ!le 
Gas Cup Size 5/8 ·· 0 
Intcmass Cleaning NOlie 
Peening NOlie 
Push or Ora. Electrode Anele Pllsh 
Contact Tube to Work Distance Ill"" 

Weldjn!) Data: 
Wall Side Laycr Pass Filler Filler Wire Feed Amps. Volts 

ize Metal Metal 0 Speed 
T Class (iom) 

3/8 I 1 I E70S-6 0.045 330 235 25.4 
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Flow 

35 clh 

Travel 
Speed 
(iom) 

7. 5 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. I'QR No. 67 
Authomed By: Ken Kerluke Welder's Name: John Williamson 
Weldmg Proeess(es): MAW Stamp Number: N/A 
Types: lanua l ArcScan ID#: 76, 77, 78 
Dote Welded: January 23. 2002 

Joint Desi!!n 
Type Flare Be,'!!1 Tee T 
Sino.!e or Double Weld Sillfde ---.r-_ 
Backing None 
Backing Matenal NIA 

~ Back Goullin!! None 
Method NIA 

11//2 " Base Metal: I ---
Material pec. A500 to Material pec. G40.21 
Type or Grade C to Type or Grade 44111 
Thickness 318 /11 
Diameter (Pipe) NIA Po ilion: 

Position of Groove: JG (hori=olllal) 
Filler Metal : Weld Progression : 
AWS pecification A5.1 Other 
AWS lassification £70 /8 
Sl7e of Filler Metal /18 Preheat: 

NOlie 
Preheat Temperature: 70· F ambient 

~Ieat Treatment: Inlerpass Temperature 
Temperature Other 
Time 

Shieldin!! Gas 
Electrical Characteristics: I}o Compo 

urrent Type DC Gas (Mixture) Flow R"tC 
Mode of Metal Transfer (GMA W) NIA 

Shield in.: None 
Polanty Positive 

Trailing: NOlie 
rungsten Electrode Size and Type None 

Backing: None 

TechniQue 
String or Weave Scad Siring 
OSCillation None 
Multi-pass or Single Pass (oer sidel Silll!le 
Gas CUD SiLe NIA 
Interpass Cleaning None 
Peenm" NOlie 
Push or Drag Electrode Angle Drag 

Contact Tube to Work Distance NIA 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 

izc Metal Metal 0 Speed peed 
T Class (inm) (10m) 

318 / / / £7018 118 NIA /J2 - 2.4 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQR o. 68 
Authorized By: Ken Kerluke Welder's arne: John Williamson 
Welding Process(es): MAW Stamp Number: N/A 
Types: Manu al ArcScan m #: 79, 80 
Date Welded: January 23, 2002 

J oint Desien 
Type Flare Bevel Tee T 
Single or Double Weld Sin!!le -< -I+-
Backing None 
Backing Material NIA 

?'A-"-Back Goul(inl!; None 
Method NIA 

Base Metal: I T 1/2" 
Material Spec. MOO to Material Spec. G40.21 
Type or Grade C to Type or Grade 44 W 
Thickness 318 112 
Diameter (Pipe) NIA Position: 

Posi tion of Groove: 3G (vertical) 
Filler Metals: Weld Progression: Vertical Up 
A WS Specification A5.1 Other 
A WS ClassiJication £7018 
Size of Filler Metal 118 Preheat: 

Heat Treatment : None 
Preheat Temperature: 70· F ambient 
Interpass Temperature 

Temperature Other 
Time 

Shielding Gas 
Electr ical Characteristics: % Comp. 
Current Type DC Gas (Mixture) Flow Rate 
Mode of Metal Transfer (GMA W) NIA ShieldinR: None 
Polarity Posilive 

TrailinR: None 
Tungsten Electrode Size and Type NOlie 

Backing: None 

Technique 
String or Weave Bead Slrin!! 
Oscillation None 
Multi-pass or Single Pass (oer sidel Sin!!le 
Gas CuP Size NIA 
Interpass Cleaning None 
Peerun!! None 
Push or Drag Electrode Angle Push 
Contact Tube to Work Distance N/A 

Welding Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Meral Meral0 Speed Speed 

T Class (ipm) (ipm) 

318 I I I £7018 1/8 N/A 120 - 3.3 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQR No. 69 
Authorized By: Ken Kerluke Weider's Name: John Williamson 
Welding Process(es): SMA W Stamp Number: N/A 
Types: Manual ArcScan In #: 36 
Date Welded: January 23, 2002 

Joint Dosieo 
Tvoe Flare Vee Butt 

I T Sin~le or Double Weld SinJ?le 
Backing None \ t~/fl/ Backing Material NIA 

1 Back Gouging None 
Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec, A500 
Type or Grade C to Type or Grade C 
Thickness 318 318 
Diameter (Pipe) NIA Position : 

Position of Groove: I G (flat) 
FiUer Metals: Weld Progression: 
A WS Specification A5.1 Other 
A WS Classification £7018 
Size of Filler Metal 1/8 Preheat: 

None 
Preheat Temperature: 70 Q ambient 

Heat Treatment: lnterpass Temperature 
Temperature Othcr 
Time 

ShieldiD!! Gas 
Electrical Characteristics: %Comp, 
Current Type DC Gas (Mixture) Flow Rate 
Mode of Metal Transfer (GMA W) NIA Shicldine: None 
Polarity Positive 

Trail ing: NOlie 
Tungsten Electrode Size and Type NOlie 

Backing: NOlie 

Technique 
Striog or Weave Bead Strin[L 
Oscillation None 
Multi-pass or Sinele Pass (oer side) Single 
Gas Cu~ Size NIA 
Interpass Cleaning None 
Peenine None 
Push or Drae Electrode Angle Drag 
Contact Tube to Work DislaOce NIA 

Welding Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 

T Class (ipm) (iom) 

318 I I 1 £ 7018 JI8 NIA 130 - 3.8 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQR No. 70 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): SMA W Stamp Number: NI A 
Types: Manual AreScan m #: 37, 38 
Date Welded: January 23, 2002 

Joint Desipn 
Tvoe Flare Vee BUll j T Single or Double Weld Sinsde 
Backino None \ ~~ I Backin2 Material NIA 

I Back Gougin!!. None 
Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec. A500 
Type or Grade C to Type or Grade C 
Thickness 318 318 
Diameter (Pipe) NIA Position : 

Position of Groove: 3G (vertical) 
FiUer Metals: Weld Progression: Vertical Up 
A WS Specification A5.1 Other 
A WS Classification E7018 
Size of Filler Metal 118 Preheat: 

None 
Preheat Temperature: 70 0 ambient 

Heat Treatment: Interpass Temperature 
Temperature Other 
Time 

Shieldine Gas 
Electrical Characteristics: % Comp. 
Current Type DC Gas (Mixture) 
Mode of Metal Transfer (GMA W) NIA Shielding: None 
Polarity Positive Trailing: None 
Tungsten Electrode Size and Type None 

Backin2: None 

Techninue 
Strin2 or Weave Bead Slif!ht Weave 
Oscillation None 
Multi-oass or Single Pass (oer side) SiMle 
Gas CUD Size NIA 
Intemass Cleanin. None 
Peenine None 
Push or Ow Electrode An.le Push 
Contact Tube to Work Distance NIA 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Metal 0 Speed 

T Class (iom) 
318 I I I E7018 118 NIA 130 -
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Flow Rate 

Travel 
Speed 
(ipm) 
2.9 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters lot . PQRNo.71 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Process(es): SMA W Stamp umber. N/A 
Types: Manual AreScan lD#: 83, 84, 85 
Date Welded: January 23, 2002 

Joint Desien 
Tvne Flare Bevel ree T 
Single or Double Weld Single --tr-_ 

Backing None 
Backing Material NIA 

~ Back Gouging None 
Method NIA 

Base Metal: I T 112" 
Material Spec. ASOO to Material Spec. G40.21 
Type or Grade C to Type or Grade 44W 
Thickness 318 112 
Diameter (Pipe) NIA Position : 

Position of Groove: 4G (overhead) 
Filler Metals: Weld Progression __ 
A WS Specification AS.I Other 
A WS Classification £7018 
Size of Filler Metal //8 Preheat: 

None 
Preheat Temperature: 70· F ambient 

Heat Treatment: Interpass Temperature 
Temperature Other 
Time 

Shieldin!! Gas 
Elect rical Characteristics: %Comp. 
Current Type DC Gas (Mixture) Flow Rate 
Mode of Metal Transfer (GMA W) NIA ShieldiDl!: None 
Polarity Positive 

Trailino: None 
Tungsten Electrode Size and Type None 

Backing: None 

Techniaue 
Strine or Weave Bead String 
Oscillation None 
Multi-oass or Single Pass (oer side) Single 
Gas Cup Size NIA 
lntemass Cleaning None 
Peening None 
Push or Drag Electrode Angle Drag 
Contact Tube to Work Distance NIA 

Weldin!! Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts Travel 
Size Metal Metal 0 Speed Speed 
T Class (iom) Ciom) 

318 I I I £7018 118 NIA 122 - 2.7 
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PROCEDURE QUALIFICATION RECORD (PQR) 
Company Name: Walters Inc. PQR No. 72 
Authorized By: Ken Kerluke Welder's Name: John Williamson 
Welding Proeess{es): SMA W Stamp Number: Nf A 
Types: Manual AreSean ill #: 39, 40, 41 
Date Welded: January 23, 2002 

Joint Design 
Type Flare Vee Bull I T Single or Double Weld Sin!!le 
Backing None \ ~J;1f I Backing Material NIA 

1 Back Gouging None 
Method NIA 

Base Metal: 
Material Spec. A500 to Material Spec. A500 
Type or Grade C to Type or Grade C 
Thickness 318 318 
Diameter (pipe) NIA Position: 

Position of Groove: 4G (overhead) 
Filler Metals: Weld Progression: 
A WS Specification A5.1 Other 
A WS Classification £7018 
Size of Filler Metal 1/8 Preheat: 

Heat Treatment: None 
Preheat Temperature: 70 0 ambient 
tnterpass Temperature 

Temperature Other 
Time 

Shielding Gas 
Electrical Characteristics: %Comp. 
Current Type DC Gas (Mixture) 
Mode of Metal Transfer (GMA W) NIA Shielding: None 
Polarity Positive 

Trailing: None 
Tungsten Electrode Size and Type None 

Backing: None 

Technique 
String or Weave Bead Slrin!! 
Oscillation None 
Multi-pass or Single Pass (per side) Sin!!le 
Gas Cup Size NIA 
[nterpass Cleaninl!. None 
Peening None 
Push or Drag Electrode Anltle Dra!! 
Contact Tube to Work Distance NIA 

Welding Data: 
Wall Side Layer Pass Filler Filler Wire Feed Amps. Volts 
Size Metal Metal 0 Speed 

T Class (ipm) 
318 I I I £7018 118 NIA 130 -

72 

Flow Rate 

Travel 
Speed 
(ipm) 
3.1 
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