How to properly specify weld studs for
use with the drawn arc stud welding

process in structural applications.

¥ EDING DOE> A PRE’Y GREAY job of

keeping things together—and quickly.

The drawn arc stud welding process produces welds that
provide a solid bond between a metal stud anchor and base
metal—commonly a steel plate embedded in concrete or the
top ange of a steel beam. It is a mechanized welding process
that produces a weld with full fusion between the stud base and
the base metal. Stud welds are stronger than the base metal or
stud material alone, meaning that an engineer does not have to
speci cally design the strength of the weld, and the drawn arc
stud welding produces consistent quality repeated over many
welds. And, they can be installed in the down-hand, horizontal
and overhead positions.

But there’s plenty to consider when approaching a stud weld-
ing job, including specifying the correct stud type and the cor-
rect ceramic arc shield or ferrule for the intended stud applica-
tion, determining the base diameter and the required after-weld
length (and corresponding before-weld length) of the stud, iden-
tifying the best material for the application and determining the
stud’s purpose—i.e., how it is to be welded and/or applied.
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Let’s begin with weld stud types. Weld studs come in a vari-
ety of different con gurations, sizes and lengths. In composite
construction the mechanical properties of embedded studs or
strength under tension and shear forces are typically governed
by three things: the mechanical properties of the concrete, the
geometry of the concrete member around the studs and depth
of embedment or stud length. Stud sizes range from very small
(only a few millimeters in diameter and length) to very large
(over 1 in. in diameter and 6 ft in length). Different types of
studs may require specialized equipment and accessories—e.g.,
welding very large studs in the down-hand position can strain
the limits of the welding equipment due to the physical weight
of the stud.

For carbon or mild steels, the American Welding Society
(AWS) D1.1 Structural Welding Code—Steel, lists three types of
studs based on use: Types A, B and C. Type A studs are general-
use studs for purposes other than shear transfer in composite
construction (and therefore will not be covered in this article).
Type B weld studs with a formed head and Type C defor
bar anchor studs (DBAs) are the most common studs used in
composite construction. AWS D1.1 states:
be studs that are headed, bent or of other con guration in
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Y%-in., Ye-in., ¥%-in., ¥%-in., 78-in. and 1-in. diameter that are
used as an essential component in composite beam design and
concrete anchorage design.” And regarding Type C: “Type C
studs shall be cold-worked deformed steel bars...”

Headed weld studs are referred to as either concrete anchors
or shear connectors. In the AISC Speci cation for Steel Buildings
they are referred to as steel headed stud anchors, while DBAs
are headless studs that resemble steel reinforcing bars or re-
bar. They are designed with indented deformations, rather than
the protruding deformations that are typically found on rebar,
which allow the studs to be gripped by standard stud welding
gun accessories and welded with standard diameters of ceramic
ferrules. The welding process for headed anchors and DBAs is
the same and the latter are produced in many different shapes
other than straight (e.g., hooked or bent) and usually require
specialized welding accessories.

The terms headed concrete anchor and shear connector are
used to distinguish studs by size and primary use. A headed
concrete anchor is speci ed when the primary load is the same
direction as the shank of the stud (tensile), and the shank is typ-
ically smaller than that of a shear connector. As the name im-
plies, shear connectors are used when the forces acting between
the steel and concrete are transverse (shearing) in direction.
(We typically refer to a headed anchor with a %-in.-diameter
or smaller shank as a headed concrete anchor and studs with a
¥a-in. or greater diameter as shear connectors.)
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During the stud welding process, a small amount of the stud
length is melted, along with some of the base material, to create the
weld pool. The amount of stud consumed is typically called burn-off,
melt-off or burn-off/melt-off length. The melt-off length is propor-
tional to the amount of arc current and total time of the welding
process. Since the values for current and time are proportional to
the stud diameter, it is simpler to relate melt-off length to diameter.

When specifying studs, it is important to take into account the
nominal melt-off length to determine the required stud length for
the application. Typically, studs are ordered by specifying the length
before welding (the before-weld length). For example, if the speci-

ed stud length for the project is 6 in. and the stud diameter is %
in., then the melt-off length is %6 in. The length speci ed on your
purchase order should read: % in. x 6% in. headed shear connector
(the 6%16-in. is the before-weld length).

The following table lists the nominal melt-off lengths for a range
of standard diameter studs when they are welded directly to steel in
typical down-hand applications:

*
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_ psi min d1000 oo  d0,000
Tensile Strength _
MPa min 420 450 552
) psi min 49,000 51,000 -
Yield Strength (0.2% Offset) .
MPa min 340 350 -
_ psi min - - 70,000
Yield Strength (0.5% Offset) .
MPa min - - 485
% in 2 in. min 17% 20% -
Elongation % in 5x diameter
min 14% 15% -
Reduction of Area % min 50% 50% -

conforming to ASTM A 493 Speci cation for Stainless Steel Wire
and Wire Rods for Cold Heading and Cold Forging or ASTM A276
Speci cation for Stainless Steel Bars and Shapes. The following
300-series alloys may be used; XM-7, 304, 305, 309, 310 and
316 or the low-carbon version thereof. Other Type 300 series
may be used with the approval of the engineer; however, Type
303 shall not be used. Where studs are to be cyclically loaded,
they shall be tested and furnished in the annealed condition.”

Aluminum studs are covered under AWS D1.2 (Aluminum),
but are not typically used in composite construction. And note
that properties for studs in the AWS D1.5 Bridge Welding Code vary
from those in D1.1.
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"I’heyceramic ferrule is needed to properly weld all drawn arc
weld studs—the exception being very small-diameter studs and
studs with very fast weld times (referred to as short-cycle studs).
The ferrule serves two purposes: It acts like a crucible to hold the

molten metal around the base of the stud during the welding and
cooling process, and it shields the molten metal from contamina-
tion by air, which can adversely affect the weld. Ferrules come in
many different shapes and sizes, each speci cally designed for the
many different stud welding applications possible.

The most common ferrule, called a at ferrule, is used when
the stud is welded perpendicular to a at horizontal surface below
the stud (this is known as the down-hand position). Flat ferrules
are also used for overhead stud applications, such as hanger sys-
tems. For vertical applications (where welding studs are positioned
horizontally to a vertical surface) a special vertical ferrule with
closed vents along the bottom of the ferrule is used for studs that
are larger than % in. in diameter. Another common special ferrule
application is for studs welded through metal decking materials to
a supporting steel structure. This is called through-deck stud weld-
ing and requires a special “through-deck” ferrule; these ferrules
have larger vent openings to allow the zinc plating and other con-
taminates on the decking material to escape from the weld zone. If
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the welding application involves welding in something other than
down-hand position—such as into the toe or onto the heel of an
angle—it is important to discuss this with your stud supplier to
determine the right type of ferrule, as well as other stud welding
parameters, for your needs. Ferrules are commonly provided free
of charge with the purchase of the studs. If you have a speci ¢ ap-
plication or need additional ferrules, it is important to indicate this
during the ordering process.

Any job involving weld studs should start with specifying the
correct stud and purchasing the proper ferrules for the intended
application. Remember to gather the following information:

» required stud type

» base diameter of the stud

» required after-weld length

(and corresponding before-weld length)

» required material type
. » purpose of the studs
— : | ' _ » intended welding process

: ’ » welding conditions affecting the consumables (such as
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= through-deck or out-of-position)
A Itis important to take into account the nominal melt-off length to Proper speci cation and due diligence in the specifying
determine the required stud length for the application. states will lead to a faster, more ef cient and more economical
weld stud project. L
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