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AWS B2.1/B2.1M:2009

STUD WELDING PROCEDURE SPECIFICATION (WPS) Yes[
OR PROCEDURE QUALIFICATION RECORD (PQR) Yes k4~
OR WELDER QUALIFICATION RECORD (WQR) Yes [}

Company name Test no.
Supporting PQR no.(s) 3y Vs ] Revision no. Date
Operator name By
Stud material mies sreel Authorized by Date
\/N\!/a’;:r:)al sp:f:ifica:|ons 3/\5‘5‘ 32 1;/ U Base material
eld base diameter = Specification A36
Stud Base Sketch/Application Detail - Alloy and temper
Group no. Surface condition HR[] CR[]
Coating A
Cleaning method __ G2 WP &2
Decking gage .
Shape
Flat[(X, Round[] Tube[] Angle[]
Thickness
/:L."‘./'. 'a’_;/ -,"//' . Ferrule ) ]
— Part no. (6D ~jo] - j#O
Machine data Ferrule description =L AT
Power supply ) e
Make &_U(?/(SOW Model Ie{LUZ/D cood Pasition L o "
Stud gun model. AL 2o WD Overhead Downhand Sidehand . |
Weld time Secs. o § — (% Gyetes Angulgr - ' degrees from norma
Current iS00 - { QOO _ +5% OCV _ Angle iron Inside radius ____ Heelofangle ___
Polarity __S7§2@je- T Lift o (K5 - Shielding gas
Plunge (protrusion) 0 * 50 _ Shielding gas(es) /U / A
Weld cable size __lo Length___ &©&0° Composition
Number of grounds (workpiece leads) { Flow rate
WELD TEST RESULTS
Stud Visual Option #1 Option #2 Option #3
No. Accepygnce Bend Test Tension Test . Torque Test*
1 2 KXeellew T _ 30°
2 il 7ol
3 (
4 i
5 \
6. ]
7 /
8 /
9
10 Y t
“Note: Torque test optional for threaded Bste ers only.ﬁ
Mechanical tests conducted by~ / sop) S7U> e bive Date
(Company)
We, the undersigned, certify that the statements in this record are correct and the test welds were prepared, welded,
and tested in accordance with the requirements of AWS B2.1/B2.1M, ( ), Specification for Welding Procedure
and Performance Qualification. | (year)
Signed by __._ ﬁ;,i‘ucé@ ?%ﬁﬂw " Title Date

(Contractor/Applicator)
Source: Adapted from AWS D1.1/D1.1M:2008, Structural Welding Code—Steel, Annex N Form N-9, American Welding Society.

Figure F.4—Example of a Welding Procedure Specification
and Procedure Qualification Record for Stud Welding
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power source has fully recovered from making one weld
before another weld is started.

*/.5.3 While in operation, the welding gun shall be held in
position without movement until the weld metal has
solidified.

7.5.4 Welding shall not.be done when the base mefal
temperature is below —20°C [0°F] or when the suzface is
wet or exposed tofalling rain or snow.

7.5.4.1 When the temperature of .the base metal is
belaw 0°C [32°F], one additional -stud in each 100 studs
welded shall ‘be tested by methads described in 7.7.1.3
and 7.7.1.4, except that the angle of (esting shell be
approximatefy- 15°. This is in addition to the first two
studs tested for each start of a new production period or
change iu setup.

7.5.4.2 Setup includes stud gun, power source, stud
diameter, gun lift and plunge, tolal welding léad length,.
or changes greater than £3% in currént (amperage) and
time. .
7.5.5-At the option of the Contractor, studs may be fillet
welded by the SMAW, provided the following requiré-
ments. shall be met:

7.5.5.1 The minimum fille( size (o be used shall be the
larger of those required in Table 2.1 or 7.2,

7.6.52 Welding shall be done with low-hydrogen
electrodes 4.0 mm [5/32 in] or 4.8 mu [3/16 in] in diam-
gter except that a smaller dismeter electrode may be used
on studs 10 mm [3/8 in] or less in diameter or for out-of-
position welds, .

7.5.58,.3 The stud base shall be prepared so ‘that, the
base.of the stud fits.against the base metal.

7.5.5.4 All rost and mill scale at the location of the
‘stud shiall be removed from the base metal by grinding.
The end of the stud shall also be clean.

7.5.5.5 The base metal to which studs ars welded shall
be preheated in confoxmame with the requiremenis of
Table 4.4,
RTINS
7.5.5.6 Fillet welded stud bases shall be visually

nggez,tud pet 6.5.

7.6 Stud Application Quahficatmn
Requirements

7.6.1 Preqgualification. Studs which are shop or field
applied in the flat (down-hand) position to a planar
and horizontal surface shall be deemed prequalified by
virlue of the manufacturer’s stud-base qualification tests
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(Annex E), and no further application testing is required.
The limit of flat position is defined as 0°~15° slope on
the surface to which the stud is applied, :

The following are some nonprequalified stud applica-
tions that require tests of this section:

(1) Studs which are.applied on nonplanar surfaces or
to a planar susface in the vertical or overhead positions.

(2) Studs which. are welded. through decking. The
tests should be with material representative of the condi-
tjon to be used in construction.

(3) Studs welded to steels other than those described
in 1.2.2

7.6.2 Responsibilities for Tests, The Contractor or stud
applicator shall he responsible for the performance of
these tests. Tests may be performed by the Contractot of
stud applicator, the stud manufacturer,-or by another test-
ing agenty satisfactory to all parties involved.

7.6.3 Preparation.of Specimens

7.6.3.1 Test specimens shall be prepared by weldma
the studs being quilified. to specimen plites of M270M
[M270] Grade 250 [36] (A 709M [A 709] Grade 250
[361) steel or sy base metal described in1.2.2,

b =

7.6.3.2 Weld position, nature of base metal and stud
surfaces, carrent, and time shall be rccmded

7.6.4 Number of Spécimens. Ten (10) specimens shall

“be welded consecutivily nsing récommended ‘WPSs and-

settiings for each diameter, position, and sorface

geometry.

7.6.5 Tests Required. The ten (10) spécimens shall be
iested. nsing one or more of the following test methods:
bending, torguing, or tensioning.

7.6.6 Test Methads

7.6.6.1 Bend Test. Studs shall be bend tested by
being bent 90° from their original axis. A stud applica-
tion shall be considerad qualified if all the lest specimens .
are bent 90° anel fracture occurs in the plate or shape
material or in the shank of the stud and not in the weid.

7.6:6:2 Torgue Test. Studs shall be torque tested
using « torqué-test aviangement that is substantially in
coriformance with Figure 7.3. A stud application shall be
considered qualifisd if all test specimeris are torqued to
destruction without faiture in the weld.

7.6.6.3 Tension Test, Studs shall be tension tested to
destruction using any machine capable of supplying the
requited force. A swud application shall be considered
qualified if pone of the tesi specimens fai) in the weld.
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7.6.7 Application Qualification Test Data shall include
the following:

(1) Drawings that show shapes and dimensions of
studs and arc shields

(2) A complete description of stud and base materials
and a description (part aumber) of the arc shield

(3) Welding position and settings (current, time)

(#) A record which shall be made for exch qualifica-
tion and that record shall be available foreach contract

7.7 Production Contrel
7.7.1 Preproduction Testing

77111 Before production welding with a particular
setup (see 7.5:4.2) and with a given size and type of stud,
:and af the beginfiing of each day’s or shift’s production,
tegting shall be petformed on the first two, siuds that are
welded, The stud techinique may be developed. ona piece

- of material similar to the production meriber in thickness
and. propeities. If actual production thickness is .nol
available, the thickness may vary plus or minug 25%. All
test ﬂuds shall bé welded in the same general position as

‘requited on the production member (flat, vertical, or
overhead). )

7.1.1.2 Instead of being welded to separate maierial,
the test siuds may be welded on the production memhes,
except when separate plates are required by 7.7.1.5.

7.1.1.3 The test studs shall be -visually examined.
They shall exhibitfall 3607 ftash.

- 7.7.1.4 In addition to visual examination, the test shatl
consist ‘of bending the studs after they are atowed to
cool, 1o an angle of approximately 30° from their origiaal
axes hy either striking the studs on-the head with a ham-
mer or placing a pipe or other suitable hollow device
-over the stud und manually or mechanically bending the
stud, At temperatures below 10°C [S0°F], bending shall
preferably be done by continuous slow application. of
load, For threaded studs, -the forque test of Figuré 7.3
shall be substituted for the bend test,

7:1.1.5 If on visual examination the test studs do not
exhibit 360° flash, or if on testing, failure occurs in the
weld zone of either stud, the WPS shall be corrected, and
two more studs shall be welded to separate material or on
the production member and tested in confonnance with
the provisions of 7.7.1,3 and 7.7.1.4. If either of the sec-
ond two studs fails, additional welding shall be contin-
ved on separate plates until two consecutive studs are

AASHTO/AWS D1.5M/D1.5:2008

tested and found to be satisfactory before any more pio-
duction studs are welded to the member,

7.7.2 Production Welding. Once production welding
has begun, any changes made to the welding setup (sce
7.5.4.2) as determined in 7.7.1 shall require that the test-
ing in 7.7.1.3 and 7.7.1 4 be performed prior to resuming
production. welding.

773 In production, studs on which a full 360° flash is
not obtained .may; at the option of the Contractor, be
repaired by adding the minimum fillet weld as required
by 7.5.5 in place of the missing flash. The repair weld
shall extend at least 10 mum {3/8 in] beyond each end of
the discontinuity being repaired.

774 Operatoi' Qnualification
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7.74.1 The preproduction test required by 7.7.1, if
suceéssiul, shall also serve to qualify the: stud welding
opetrator, ‘ ) .

7.7.4.2 Before any production studs are welded by an
opetator not involved in the preproduction setup.of 7.7:1,
the firsttwo studs welded by the operator shall be tested
in ¢onformance with 7.7.1.3. and 7.7.1.4. When two.con-
secutively welded studs have been tested and found satis-
factory, the operator may then weld production studs.

7.7.5 If an unacceptable stud has been removed from a
component. subjected fo tensile stresses, thé area from
which the stud was removed shall be made smooth and
flash. ‘

7.7:5.1 ‘Where. in such areas the base metdl has been
pulled ott in the course of stud removal, SMAW with
low-hydrogen electrodes in conformance with the require-
ments of this code shall be used to fill the pockéts, and
the weld surface shall be ground flush.

7.1.5.2 In compression aress of members, if stud fail-
ures are confined to shanks or fusion zones of studs, a
new stud may be welded adjacent to each unacceptable
area in lieu of repair and replacement on the existing
weld area {see 7.4.3). If base metal is puiled out during
stud rémoval, the repair provisions shall be the same.as
for tension ateas, except that when the depth of disconti-
nuity is the lesser of 3 mm [1/8 in] or 7% of the hase-
mefal thickness, the discontinuity may be faired by
grinding in lieu of filling with weld metal,

7.7.8.3 Where a replacement stud is to be provided,
the base-metal repair shall be made prior to welding the
replacement stud.
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7.1.5.4 Replacement studs (other than threaded type
which should be torque tested) shall be tested by bending
to an angle of approximately 15° from their original axis.

7.7.5.5 The areas of components exposed to view in
completed stiuctures shall be made smooth and flush
where.a stud has been removed.

7.8 Inspection Requirements

7.8.1 If visual inspection reveals any stud that does not
show a full 360° flash or any stud that has been repaired
by welding, such stud shall be bent to an angle of
approximately 15° from its original axis.”

7.8.2 'The method of bending shall be in conformance
with 7.7.1.4. The direction of bending for studs with less
than a.360° flash shall be opposite to the niissing portion
ofthe {Tash,

7.8.3 Thredded studs shall be torque tested. “Torque test-
ing shall be in conformance with Figuie 7.5.
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7.8.4 The inspector, where conditions wamant, may
select a reasonable number of additional studs to be sub-
jected to the tests described in 7.8.1.

7.8.5 The bent stud shear connectors (Type B) and other
studs to be embedded in concrete (Type A) that show no
sign of failure shall be acceptable for use and left in

‘the bent position. All bending and straightening when

required shall be done without heating, before comple-
tion of the production stud welding operation, except as
otherwise provided in the contract.

7.8.6 If, in the judgment of the Engineer, studs welded

during the progress of the work are not in conformance
with code provisions, as indicated by inspection and test-
ing, corrective action shall be required of the Contractor
at the Contractor's expense. The Contractor shall make
the setup changes necessary to insure that studs subse-
queatly welded will meet code requirements.

7.8.7 At the option and the expense of the Owner, the
Contractor may. be required, at Any time, to-submit.studs
of the types used under the contract for 2 qualification

- ghecle in conformance with the precedures of Annex E.
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Table 7.1
Mechanical Property Requirémehts for Studs (see 7.3.1.2)
Type A2 Typé BP
Tensile-sitength 380'MPa {55 ksi] min. 4135 MPa {60 ksi] min.
Yield strength (0.2% offset) s 345 MPa (50 ksi] min.
1796 min, 20% min.

Elongation (% in 50 mm (2 in])
Reduction of arca §50%-min, 50% min.
 Type A studsshall be general purpose of any type and size.used-for prposes other. than shear transfer in compbsite beam desizn and construction,

BType. B studs shafl be studs that are lieaded,.beat, or of otlser conligiration in 12 mmn [1/2 in] through 23 mm {7/8 in) diameter that are used as.an

essential component in-compésite beain design and conktruction,

Table 7.2
Minimum Fillet Weld Size for Small Diameter Studs (see 7.5.5.1)

Minimum Fillet Weld Size, mm {in)

Stud Diameter, @, mm [in]

H£10{3/8] 6 [1/4]
10 [3/8] <9 <2511 8 [5/16]
1013/8)

F>25 (1)
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—H
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1

L
(Note a)

[

i

2L = manufaclured length—length speciiled by Enginser plus

upsel distance.

L

Standard Dimensions, mm fin}

Length Head Minimum
Shank Diamster  Toferance:  Diameter  MeadHelght
Q) L) (H) @)
127 0.00 1.6 254 ¢ 04 7.1
(1/2) ~0.25 [-0.010] [x1/16] [t=1/68 (932
15.9  +0,00 £1.6 31.7£0.4 7.1
[6/8] ~0.25-0.010] (x1/16]  {1-1/4 1/64] [9/32)
19.0 +0.00 %1.8 31.7x04 9.5
[3/4]  ~0.381-0.015] [£1/16)  [1-1/4 = 1/64) (ale]
221 +0.00 1.6 34904 4.5
[718) —0:38 {-0.015] [21A 8] [1-3/8 + 1/64} [3/8]
254 40,00 1.6 41304 12.7
1T -O 38 f-O 015} [+1A 6] {1-5/8 + 1764} {t2).

Figure 7,1—Dimension and Tolerances of
Standard-Type Shear Connectors (see7.2.1)

CLAUSE 7. STUD WELDING

SLOTTED FIXTURES
TO HOLD STUD HEAD.
AND ‘SPECIMEN PLATE

Ld

Figure 7.2—Typical Tension
Test Fixture (see 7.3.2)

—af-
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Table 3. Stud welding setups for mild and stainless steel studs welded to mild and stainless steel base materials.'#

Downhand welding Overhead welding Vertical welding
Diameter | Area Time Time Time
i, |mm |sqgin | Amp | Sec |Cycles | Lift |Plunge | Amp | Sec |Cycles| Lift |Plunge | Amp | Sec |Cyeles{ Lift | Plunge
0.187 | 49 100276 | 300 |0.15 8-9 ]0.062|0.125 | 300 | 0.15 8-9 | 0.062 | 0.125 300 0.15 8-9 0.062 0.125
0.250 | 6.4 [0.0491 | 450 {0.7 | 10-12 [0.062| 0.125 | 450 | 0,17 | 10-12 | 0.062 | 0.125 450 0.17 | 10-12 | 0.062 0.125
0.213 | 7.9 00767 | S00 | 0.25 15 10.062] 0.125 1.500 | 0.25 15 0.062 { 0.125 500 0.25 1S 0.062 0.125
0375 | 9.5 10.1105 | 550 | 0.33 20 _10.062| 0.125 | 550 0.33 20 0.062 | 0.125 600 033 20 0.062 0.125
0437 |11.1 10.1503 { 675_ | 042 25__[0.062] 0.125 | 675 | 0.42 25 0.062 | 0.125 750 0.33 20 0.062 0.125
0.500 |12.7 10,1964 | 800 | 0.55 33 10.062] 0.125 | 800 0.55 33 0.062 | 0.125 875 0.47 28 0.062 0.125
0.625 [15.9 10.3068 | 1200 | 0.67 40 [0.093! 0.187 ]1200 | 0.67 40 0.093 | 0.187 1275 0.60 36 0.062 0.187
0.750 [19,1 104418 | 1500 {0.84 |50-55 |0.093} 0.187 {1500 | 0.84 | 50-55]|0.093 | 0.187 | 1700 | 0.73 50 0.093 0.187
0.875 122.2 10.6013 | 1700 | 1.00 { 60-65 [0.125] 0.250 | 1700 | 1.00 65 0.125 | 0.250 Not Recommended
1,000 {254 |10.7854 | 1900 |1.40 | 85 [0.125| 0.250 |2050 | 1.40 85 | 0.125 | 0.250 Not Recommended

Note 1: These welding parameters should be considered as an initial setup guide for the stud dismeter and position being welded. They should produce satisfactory results, but
should not be considered so restrictive that they prevent modification based on physical and visual test evaluations of the finished welds as outlined in AWS D1.1 Structural Weld-
ing Code — Steel, AWS D1.6 Structural Welding Code — Stainless Steel and/or AWS C5.4 Recommended Practices for Stud Welding, which would assist in finalizing the weld
setup based on the conditions and equipment at the production welding site.

Note 2: 1 in. =25.4 mm; 1 sq in. = 645 mm?,

verification measurement of both weld
time and current, '

Current controls can adjust for weld
cable resistance, compensate for in-
coming power fluctuations, and pro-
vide system shutdown in the event of
variations from the set weld param-
eters. As another example, welding
guns with potentially erratic pneumatic
weld plunge dampeners have been up-
graded to very reliable, self-contained,
sealed hydraulic dampener controls.

STUDWELDING SETUP

An understanding of the settings and
adjustments and their relationship with
weld quality is needed to ensure con-
sistent stud welding results. The fol-
lowing definitions of specialized stud
welding terms will make the narrative
easier to understand.

e Plunge is the length of stud that
protrudes beyond the ferrule. This
portion of the stud is available to be
“burned off," or melted, to develop the
weld fillet. A short plunge may cause

Fig. 6. Typical
tension

test fixture
(Reference 8).

Slotted Fixtures to
Hold Stud Head and
Specimen Plate

excessive splatter and high or uneven
fillet formation. Plunge is a physical
measurement set and measured with
the stud and ceramic ferrule in place
on the stud gun (see Fig. 2).

» Lift is the distance the gun pulls
the stud away from the base material.
Before the weld is started, the stud and
base metal are in contact. Lift creates
an air gap that the electri¢ current must
bridge. The current flow across the re-
sistance of this gap creates the arc heat
to melt the stud and base material.

If no gap exists, the current will not
create sufficient heat to fuse the metal.
A short lift may allow the molten
metal to bridge the arc gap, resulting
in a cold weld. An excessively long
lift increases the chance of having
arc blow and welds that are bonded
on only one side of the fillet. Lift is
physically set on the stud gun and is
measured when the stud weld is initi-
ated. Lift should be set and measured
by placing the stud and ferrule on a
nonconductive surface and initiating
the weld cycle so that an actual molten
weld is not made. -

¢ Time is the duration of the weld.
On thin base material, a shorter time
and higher amperage can be used to
achieve sufficient heat and prevent
melting through the base material. On
some base materials, a longer time and
lower amperage improve the ductility
of the weld zone, Weld time is set on
the time setting indicator of the con-
trol system.

* Amperage is a measure of the cur-
rent from the power source that flows
across the air gap created by the Iift.
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