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Thank you for joining our live webinar today.
We will begin shortly.  Please standby.

Thank you.

Need Help? 
Call ReadyTalk Support: 800.843.9166

AISC Live Webinars

Today’s audio will be broadcast through the internet.

Alternatively, to hear the audio through the phone, dial: 

800-289-0459 Passcode: 993485
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Today’s live webinar will begin shortly.  Please stand by.

As a reminder, all lines have been muted.  Please type any questions 
or comments through the Chat feature on the left portion of your 
screen.

Today’s audio will be broadcast through the internet.

Alternatively, to hear the audio through the phone, dial: 

800-289-0459 Passcode: 993485

AISC is a Registered Provider with The American Institute of Architects 
Continuing Education Systems (AIA/CES).  Credit(s) earned on completion 
of this program will be reported to AIA/CES for AIA members.  Certificates 
of Completion for both AIA members and non-AIA members are available 
upon request.

This program is registered with AIA/CES for continuing professional 
education.  As such, it does not include content that may be deemed or 
construed to be an approval or endorsement by the AIA of any material of 
construction or any method or manner of handling, using, distributing, or 
dealing in any material or product.  

Questions related to specific materials, methods, and services will be 
addressed at the conclusion of this presentation.

AISC Live Webinars
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Copyright Materials

This presentation is protected by US and International Copyright laws. Reproduction, distribution,
display and use of the presentation without written permission of AISC is prohibited.

© The American Institute of Steel Construction 2018

The information presented herein is based on recognized engineering principles and is for general
information only. While it is believed to be accurate, this information should not be applied to any
specific application without competent professional examination and verification by a licensed
professional engineer. Anyone making use of this information assumes all liability arising from such use.

AISC Live Webinars

Unmasking the Ductility Factor, Shear Rupture, and 
Element Capacity in Welded Connections

January 24, 2018

Several considerations need to be made while in the process of 
designing welds and welded connections. This webinar will provide 
guidance on some of the more challenging considerations. Specifically, 
when (1) should the ductility factor be applied to a weld; (2) is the load 
path from the weld to the connecting element(s) unclear in regard to 
shear rupture checks, and; (3) should a weld be sized to develop the 
strength of a connecting plate? This presentation provides background 
into the development of these design considerations, and discusses 
the application of these limit state checks.

Course Description
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Learning Objectives

• Describe the background related to the development of shear 
rupture in base material adjacent to welds.

• Describe the background related to the development of the weld 
ductility factor (the Richard factor).

• When designing welds identify when it is intended to develop the 
strength of a connecting element.

• Identify the appropriate application of the weld ductility factor.

• Describe how to consider shear rupture in your welded 
connection design when shear rupture cannot be directly 
calculated.

written and presented by:
Patrick J. Fortney, Ph.D., P.E., S.E., P.Eng
Associate Professor – Educator
University of Cincinnati
Department of Civil and Architectural Engineering 
and Construction Management

Unmasking the Ductility Factor, 
Shear Rupture, and Element 
Capacity in Welded Connections
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Learning Objectives

• Describe the background related to the development of shear 
rupture in base material adjacent to welds.

• Describe the background related to the development of the weld 
ductility factor (the Richard factor).

• When designing welds identify when it is intended to develop the 
strength of a connecting element.

• Identify the appropriate application of the weld ductility factor.

• Describe how to consider shear rupture in your welded connection 
design when shear rupture cannot be directly calculated.

I -

Unmasking the Ductility Factor, Shear Rupture, 
and Element Capacity in Welded Connections

Note that the material presented is based on a paper submitted to EJ:

Fortney, P. J., Muir, L.S., Thornton, W.A. Thornton (2018), “Guidance on Shear 
Rupture, Ductility, and Element Capacity in Welded Connections,” Engineering 

Journal, American Institute of Steel Construction, (submitted for review)

10
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AGENDA

 Background

 Shear Rupture Near Welds

 Discussion

11

 Background

 Weld Ductility Factor

 Discussion

 Background

 Element-Capacity Welds

 Discussion

All discussion based on 2016 Steel Construction Manual

I -

Shear Rupture Near Welds

12
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Shear Rupture Near Welds

13

Part 9 of the AISC Manual provides a brief discussion of how to address
base material rupture strength at welds entitled,

“Connecting Element Rupture Strength at Welds.”

I -

Shear Rupture Near Welds

14

Part 9 of the AISC Manual provides a brief discussion of how to address
base material rupture strength at welds entitled,

“Connecting Element Rupture Strength at Welds.”

As briefly discussed in the AISC Manual, this section is intended to be
applied in cases where the demand on the base material adjacent to the
welds is “not readily known.”
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Part 9 of the AISC Manual provides a brief discussion of how to address
base material rupture strength at welds entitled,

“Connecting Element Rupture Strength at Welds.”

As briefly discussed in the AISC Manual, this section is intended to be
applied in cases where the demand on the base material adjacent to the
welds is “not readily known.”

In this case, the shear rupture strength of the base material adjacent to the
weld is ensured to at least match the strength of the weld.

I -

Shear Rupture Near Welds
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Part 9 of the AISC Manual provides a brief discussion of how to address
base material rupture strength at welds entitled,

“Connecting Element Rupture Strength at Welds.”

As briefly discussed in the AISC Manual, this section is intended to be
applied in cases where the demand on the base material adjacent to the
welds is “not readily known.”

In this case, the shear rupture strength of the base material adjacent to the
weld is ensured to at least match the strength of the weld.

Let’s look at those two equations, and see how they were derived.
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Part 9 of the AISC Manual provides a brief discussion of how to address
base material rupture strength at welds entitled,

“Connecting Element Rupture Strength at Welds.”

The equations given in the AISC Manual (Equations 9-2 and 9-3) are
repeated here for convenience.

(EQ. 9-2)

(EQ. 9-3)

I -

t is minimum required thickness
of the base material

min

Shear Rupture Near Welds

18

Part 9 of the AISC Manual provides a brief discussion of how to address
base material rupture strength at welds entitled,

“Connecting Element Rupture Strength at Welds.”

The equations given in the AISC Manual (Equations 9-2 and 9-3) are
repeated here for convenience.

(EQ. 9-2)

(EQ. 9-3)

D is the weld size in sixteenths of
an inch

F is tensile strength of the base
material

u
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Again, the intent of these equations is to ensure that the base material
adjacent to the weld can develop the strength of the weld material.

I -

Shear Rupture Near Welds

20

Again, the intent of these equations is to ensure that the base material
adjacent to the weld can develop the strength of the weld material.

The derivation of the two equations is relatively straightforward…
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For a one-sided weld condition…

I -

Shear Rupture Near Welds

22

one-sided weld

The fillet weld throat (shown with
solid shading) is given by the
following…

11
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one-sided weld

The fillet weld throat (shown with
solid shading) is given by the
following…

The rupture area of the base
material (shown with the cross-
hatching) is…

I -

Shear Rupture Near Welds

24

one-sided weld

Setting Rnw and Rnp equal to each
other gives the following…
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one-sided weld

Setting Rnw and Rnp equal to each
other gives the following…

(as given by EQ. 9-2)

I -

Shear Rupture Near Welds
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Similarly, for a two-sided weld condition…
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two-sided weld

The fillet weld throat (shown with
solid shading) is given by the
following, considering that there
are now two throats…

(as given by EQ. 9-3)

I -

Shear Rupture Near Welds

28

Summary

(EQ. 9-3 of Manual)

(EQ. 9-2 of Manual)

One-Sided Weld

Two-Sided Weld
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Summary

(EQ. 9-3 of Manual)

(EQ. 9-2 of Manual)

One-Sided Weld

Two-Sided Weld

Let’s take a closer look at Equation 9-2

I -

Shear Rupture Near Welds

30

(EQ. 9-2 of Manual)

One-Sided Weld

15
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(EQ. 9-2 of Manual)

One-Sided Weld

This is simply the beginning of the derivation of the equation used to
size a fillet weld.

I -

Shear Rupture Near Welds
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(EQ. 9-2 of Manual)

One-Sided Weld

This is simply the beginning of the derivation of the equation used to
size a fillet weld.
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(EQ. 9-2 of Manual)

One-Sided Weld

This is simply the beginning of the derivation of the equation used to
size a fillet weld.

If we multiply 1.856Dl times the LRFD strength reduction factor, φ, or divide
by the ASD strength reduction factor, Ω, we get the well-know equations.

I -

Shear Rupture Near Welds
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Fillet Weld Strength (LRFD)

Eq. 8-2a of the Manual
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Fillet Weld Strength (LRFD)

Fillet Weld Strength (ASD)

Eq. 8-2a of the Manual

Eq. 8-2b of the Manual

I -

Shear Rupture Near Welds

36

When are the equations intended to be used?
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These equations were originally
developed to address shop welded beam
end angle connections

When are the equations intended to be used?

I -

Shear Rupture Near Welds

38

These equations were originally
developed to address shop welded beam
end angle connections

The demand on the weld is
“readily known” from the
geometry and loading…

When are the equations intended to be used?
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These equations were originally
developed to address shop welded beam
end angle connections

The demand on the weld is
“readily known” from the
geometry and loading…

The demand on beam web,
adjacent to the weld, is not
“readily known.”

When are the equations intended to be used?

I -

Shear Rupture Near Welds
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These equations were originally
developed to address shop welded beam
end angle connections

The demand on the weld is
“readily known” from the
geometry and loading…

The demand on beam web,
adjacent to the weld, is not
“readily known.”

Equations 9-2 and 9-3 were developed for
cases such as this…

When are the equations intended to be used?
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In lieu of trying to develop a
rigorous conservative model of
the demand on the web adjacent to
the weld, Equations 9-2 and 9-3
were developed to conservatively
ensure that the base material could
at least develop the strength of the
weld.

When are the equations intended to be used?

I -

Shear Rupture Near Welds
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For example, Equation 9-3 (angle
on each side of the beam web)
would be used to check the
thickness of the beam web.

When are the equations intended to be used?
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For example, Equation 9-3 (angle
on each side of the beam web)
would be used to check the
thickness of the beam web.

A W16x57 (A992-50 )
has a tw = 0.430 in.
Assume D=3

When are the equations intended to be used?

I -

Shear Rupture Near Welds
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For example, Equation 9-3 (angle
on each side of the beam web)
would be used to check the
thickness of the beam web.

Equation 9-3 gives a minimum
thickness of…

A W16x57 (A992-50) has
a tw = 0.430 in.
Assume D=3

When are the equations intended to be used?
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When should these equations not be used?

I -

Shear Rupture Near Welds
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When you know the demand on
the base material.

When should these equations not be used?
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When you know the demand on
the base material.

When should these equations not be used?

Suppose you want to check shear
rupture on the HSS walls…

I -

Shear Rupture Near Welds
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When you know the demand on
the base material.

When should these equations not be used?

Suppose you want to check shear
rupture on the HSS walls…

If you use Equation 9-2 (one-
sided weld), you would get

24
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But we actually know the demand
on the legs of the HSS walls (100
kips)

When should these equations not be used?

I -

Shear Rupture Near Welds
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When should these equations not be used?

But we actually know the demand
on the legs of the HSS walls (100
kips)
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When should these equations not be used?

But we actually know the demand
on the legs of the HSS walls (100
kips)

I -

Shear Rupture Near Welds
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When should these equations not be used?

This is not 
a valid 
check

But we actually know the demand
on the legs of the HSS walls (100
kips)

26
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When should these equations not be used?

What if we used equation 9-2 to
check shear rupture, but used the
actual weld size required for D??

This is not 
a valid 
check

But we actually know the demand
on the legs of the HSS walls (100
kips)

I -

Shear Rupture Near Welds

54

What if we used equation 9-2 to check
shear rupture, but used the actual weld size
required for D??

When should these equations not be used?

Shear 
rupture 

strength of 
walls

27
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What if we used equation 9-2 to check
shear rupture, but used the actual weld size
required for D??

When should these equations not be used?

Always compute shear rupture
directly when you can reasonably
understand the demand the base
material.

Shear 
rupture 

strength of 
walls

I -

Shear Rupture Near Welds

56

What if we used equation 9-2 to check
shear rupture, but used the actual weld size
required for D??

When should these equations not be used?

You run the risk of unnecessarily
increasing thickness by a ratio of
Dprov / Dreq

Shear 
rupture 

strength of 
walls

28
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What if we used equation 9-2 to check
shear rupture, but used the actual weld size
required for D??

When should these equations not be used?

You run the risk of unnecessarily
increasing thickness by a ratio of
Dprov / Dreq

This can be compounded if Dmin controls the size of the weld

Shear 
rupture 

strength of 
walls

I -

Shear Rupture Near Welds

58

Using 9-2 and 9-3 for sanity checks?
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There are those who choose to check the web thickness of
such a connection as shown.

Using 9-2 and 9-3 for sanity checks?

I -
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There are those who choose to check the web thickness of
such a connection as shown.

Using 9-2 and 9-3 for sanity checks?

In the absence of a clear understanding of
how the column web actually absorbs the
shear from the connection plate, some will
do the following…
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There are those who choose to check the web thickness of
such a connection as shown.

Using 9-2 and 9-3 for sanity checks?

In the absence of a clear understanding of
how the column web actually absorbs the
shear from the connection plate, some will
do the following…

Note that tw for a W14x53 is 0.370”

I -

Shear Rupture Near Welds
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There are those who choose to check the web thickness of
such a connection as shown.

Using 9-2 and 9-3 for sanity checks?

In the absence of a clear understanding of
how the column web actually absorbs the
shear from the connection plate, some will
do the following…

Note that tw for a W14x53 is 0.370”

So is the column web really no good for these required loads??
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First of all, the weld size is a result of the 5/8tp
requirement; not based on the required load!

Using 9-2 and 9-3 for sanity checks?

I -
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First of all, the weld size is a result of the 5/8tp
requirement; not based on the required load!

Using 9-2 and 9-3 for sanity checks?

So using these equations would be really
conservative!
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First of all, the weld size is a result of the 5/8tp
requirement; not based on the required load!

Using 9-2 and 9-3 for sanity checks?

So using these equations would be really
conservative!

We could just directly compute shear
rupture assuming that “failure” occurs as
shear rupture along the depth of the
connection

I -
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First of all, the weld size is a result of the 5/8tp
requirement; not based on the required load!

Using 9-2 and 9-3 for sanity checks?

So using these equations would be really
conservative!

We could just directly compute shear
rupture assuming that “failure” occurs as
shear rupture along the depth of the
connection

33



AISC Live Webinar
January 24, 2018 REV. 1

Unmasking the Ductility Factor, Shear Rupture, and 
Element Capacity in Welded Connections

Copyright © 2018
American Institute of Steel Construction

I -

Shear Rupture Near Welds

67

First of all, the weld size is a result of the 5/8tp
requirement; not based on the required load!

Using 9-2 and 9-3 for sanity checks?

So using these equations would be really
conservative!

We could just directly compute shear
rupture assuming that “failure” occurs as
shear rupture along the depth of the
connection

But, is this really how the web absorbs this load??

I -

Shear Rupture Near Welds
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What if the previous calculation showed the web was too thin?

Using 9-2 and 9-3 for sanity checks?
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What if the previous calculation showed the web was too thin?

Using 9-2 and 9-3 for sanity checks?

Would the column size need to be
changed; or the column reinforced?

I -
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What if the previous calculation showed the web was too thin?

Using 9-2 and 9-3 for sanity checks?

Would the column size need to be
changed; or the column reinforced?

Depending on column properties
(depth, thickness, etc.), the load
transferred from the plate to the web
will tend to hang from the web above
and bear on the web below.
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What if the previous calculation showed the web was too thin?

Using 9-2 and 9-3 for sanity checks?

Would the column size need to be
changed; or the column reinforced?

Depending on column properties
(depth, thickness, etc.), the load
transferred from the plate to the web
will tend to hang from the web above
and bear on the web below.

Some combination of these
phenomena

I -
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If you absolutely feel you need to do something to check the web
thickness, conservative options may be…

Using 9-2 and 9-3 for sanity checks?
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Using 9-2 and 9-3 for sanity checks?

Use Equation 9-2 or 9-3, but use the required
weld size, based on load, rather than the
provided weld size.

If you absolutely feel you need to do something to check the web
thickness, conservative options may be…
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Using 9-2 and 9-3 for sanity checks?

Use Equation 9-2 or 9-3, but use the required
weld size, based on load, rather than the
provided weld size.

If you absolutely feel you need to do something to check the web
thickness, conservative options may be…

37



AISC Live Webinar
January 24, 2018 REV. 1

Unmasking the Ductility Factor, Shear Rupture, and 
Element Capacity in Welded Connections

Copyright © 2018
American Institute of Steel Construction

I -

Shear Rupture Near Welds

75

Using 9-2 and 9-3 for sanity checks?

Use Equation 9-2 or 9-3, but use the required
weld size, based on load, rather than the
provided weld size.

But, recognize that is still very conservative!

If you absolutely feel you need to do something to check the web
thickness, conservative options may be…
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Using 9-2 and 9-3 for sanity checks?

Or another option is to directly compute
shear rupture assuming the effective rupture
area is only along the connection length
adjacent to each weld.

If you absolutely feel you need to do something to check the web
thickness, conservative options may be…
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Using 9-2 and 9-3 for sanity checks?

Or another option is to directly compute
shear rupture assuming the effective rupture
area is only along the connection length
adjacent to each weld.

As calculated previously…

If you absolutely feel you need to do something to check the web
thickness, conservative options may be…
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Using 9-2 and 9-3 for sanity checks?

As calculated previously…

But, recognize that even this is very conservative!

Or another option is to directly compute
shear rupture assuming the effective rupture
area is only along the connection length
adjacent to each weld.

If you absolutely feel you need to do something to check the web
thickness, conservative options may be…
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Poll Question 1

If Equations 9-2 or 9-3 given in Part 9 of the Manual is used to check
shear rupture…

… when the intent is not to at least develop the strength of the weld,…

…what weld size should be used in order to not unnecessarily increase
the plate thickness?

a) Use Dmin

b) Use Dprovided

c) Use Drequired (without Dmin considerations)

d) Use (5/8)tp

I -

Shear Rupture Near Welds

80

End Part 1
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The ductility factor for welds (some refer to this as the Richard factor),
first showed up in AISC documents in the 1992 Manual of Steel
Construction, Volume II: Connections.

II-

Weld Ductility Factor

4

The ductility factor for welds (some refer to this as the Richard factor),
first showed up in AISC documents in the 1992 Manual of Steel
Construction, Volume II: Connections.

The ductility consideration arose during the development of the uniform 
force method (UFM); now commonly used for distributing forces in 
vertical brace connections framing to beam-column joints. 
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The ductility factor for welds (some refer to this as the Richard factor),
first showed up in AISC documents in the 1992 Manual of Steel
Construction, Volume II: Connections.

The ductility consideration arose during the development of the uniform 
force method (UFM); now commonly used for distributing forces in 
vertical brace connections framing to beam-column joints. 

One of the assumptions in the development of the UFM is that interface 
forces are distributed uniformly along the interfaces…
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The ductility factor for welds (some refer to this as the Richard factor),
first showed up in AISC documents in the 1992 Manual of Steel
Construction, Volume II: Connections.

The ductility consideration arose during the development of the uniform 
force method (UFM); now commonly used for distributing forces in 
vertical brace connections framing to beam-column joints. 

One of the assumptions in the development of the UFM is that interface 
forces are distributed uniformly along the interfaces…

…regardless of interface length, proximity of connected members, or 
other variables such as frame action (distortion).
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Part 13 of the Manual, BRACING CONNECTIONS, Available
Strength (page 13-11) states…
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Part 13 of the Manual, BRACING CONNECTIONS, Available
Strength (page 13-11) states…

“Note that when the gusset is directly welded to the beam or column, the 
connection should be designed for the larger of the peak stress and 1.25
times the average stress, but the weld size need not be larger than that 
required to develop the strength of the gusset…”
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Part 13 of the Manual, BRACING CONNECTIONS, Available
Strength (page 13-11) states…

“Note that when the gusset is directly welded to the beam or column, the 
connection should be designed for the larger of the peak stress and 1.25
times the average stress, but the weld size need not be larger than that 
required to develop the strength of the gusset…”

“…this 25% increase is recommended to allow adequate redistribution 
of transverse stresses in the weld group...”
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Part 13 of the Manual, BRACING CONNECTIONS, Available
Strength (page 13-11) states…

“Note that when the gusset is directly welded to the beam or column, the 
connection should be designed for the larger of the peak stress and 1.25
times the average stress, but the weld size need not be larger than that 
required to develop the strength of the gusset…”

“…this 25% increase is recommended to allow adequate redistribution 
of transverse stresses in the weld group...”

“…This adjustment should not be applied to welds that resist only shear 
forces (Hewitt and Thornton, 2004).”
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In the 1992 Manual of Steel Construction, Volume II: Connections, the
weld ductility factor was first introduced but, the factor was
recommended to be 1.40.
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In the 1992 Manual of Steel Construction, Volume II: Connections, the
weld ductility factor was first introduced but, the factor was
recommended to be 1.40.

The 40% increase was a consensus requirement of the AISC COM at that 
time, based on a report submitted by Williams (a Ralph Richard student).
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In the 1992 Manual of Steel Construction, Volume II: Connections, the
weld ductility factor was first introduced but, the factor was
recommended to be 1.40.

The 40% increase was a consensus requirement of the AISC COM at that 
time, based on a report submitted by Williams (a Ralph Richard student).

Although Williams recommended that no factor was required, the COM 
concluded that the maximum ratio obtained in the FEA study presented 
should be used to allow adequate redistribution to account for…
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In the 1992 Manual of Steel Construction, Volume II: Connections, the
weld ductility factor was first introduced but, the factor was
recommended to be 1.40.

The 40% increase was a consensus requirement of the AISC COM at that 
time, based on a report submitted by Williams (a Ralph Richard student).

Although Williams recommended that no factor was required, the COM 
concluded that the maximum ratio obtained in the FEA study presented 
should be used to allow adequate redistribution to account for…

 Proximity, and
 Frame Distortion

…effects.
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In the 1992 Manual of Steel Construction, Volume II: Connections, the
weld ductility factor was first introduced but, the factor was
recommended to be 1.40.

The 40% increase was a consensus requirement of the AISC COM at that 
time, based on a report submitted by Williams (a Ralph Richard student).

Although Williams recommended that no factor was required, the COM 
concluded that the maximum ratio obtained in the FEA study presented 
should be used to allow adequate redistribution to account for…

 Proximity, and
 Frame Distortion

…effects.

We’ll look at this a 
little later.
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Williams’ work was a nonlinear inelastic FEA study of braces framing to
beam-column joints
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Williams’ work was a nonlinear inelastic FEA study of braces framing to
beam-column joints

Forty-five (45) specimens with varying
geometry was considered. For each model, a
plot of the ratio of the peak-to-average stress
along the welded interface was plotted, as
shown in the plot here.
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Williams’ work was a nonlinear inelastic FEA study of braces framing to
beam-column joints

Forty-five (45) specimens with varying
geometry was considered. A plot of the ratio of
the peak-to-average stress along the welded
interface was plotted, as shown here.
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II-

Weld Ductility Factor
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The largest 
ratio was 

1.39

AISC COM 
rounded up 

to 1.40.
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In 2004, Hewitt and Thornton did
a statistical analysis of the data.
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In 2004, Hewitt and Thornton did
a statistical analysis of the data.

Assuming a 90% confidence interval,
they recommended that the increase
be reduced from 40% to 25%.
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In 2004, Hewitt and Thornton did
a statistical analysis of the data.

Assuming a 90% confidence interval,
they recommended that the increase
be reduced from 40% to 25%.

The AISC COM acted on that
recommendation and lowered the
increase to today’s value of 1.25.
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In 2004, Hewitt and Thornton did
a statistical analysis of the data.

Assuming a 90% confidence interval,
they recommended that the increase
be reduced from 40% to 25%.

The AISC COM acted on that
recommendation and lowered the
increase to today’s value of 1.25.

On an aside, even at a 95%
confidence, the value still
comes out as ~1.25.
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Recall that the COM concluded that adequate redistribution needed to be
provided to account for

 Proximity and
 Frame Distortion
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Recall that the COM concluded that adequate redistribution needed to be
provided to account for

 Proximity and
 Frame Distortion

Proximity
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Recall that the COM concluded that adequate redistribution needed to be
provided to account for

 Proximity and
 Frame Distortion

Frame Distortion

When brace is in tension, θ tends to
decrease; when the brace is in
compression, θ tends to increase.
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Recall that the COM concluded that adequate redistribution needed to be
provided to account for

 Proximity and
 Frame Distortion

Frame Distortion

Changes in θ induce distortional forces on
the gusset interfaces

When brace is in tension, θ tends to
decrease; when the brace is in
compression, θ tends to increase.
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Recall that the COM concluded that adequate redistribution needed to be
provided to account for

 Proximity and
 Frame Distortion

Thus, as a result of proximity or frame
distortion, or a combination of both, a
ductility factor may need to be used to
“correct” for the assumed uniform
distribution.
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Although the ductility factor was originally developed for corner gussets,
it has been used on many other various types of connections…
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Although the ductility factor was originally developed for corner gussets,
it has been used on many other various types of connections…

 Hanger connections,
 Chevron gusset connections,
 Bracket connections, and
 Various other types of connections

Let’s look at proximity!

It may very well be reasonable to do so when interface loads are assumed
to be uniformly distributed and proximity or distortion can be reasonably
assumed to be a consideration.
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Although the ductility factor was originally developed for corner gussets,
it has been used on many other various types of connections…

 Hanger connections,
 Chevron gusset connections,
 Bracket connections, and
 Various other types of connections
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Although the ductility factor was originally developed for corner gussets,
it has been used on many other various types of connections…

 Hanger connections,
 Chevron gusset connections,
 Bracket connections, and
 Various other types of connections

It may very well be reasonable to do so when interface loads are assumed
to be uniformly distributed and proximity or distortion can be reasonably
assumed to be a consideration.
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Consider, again, the corner gusset connection. How might proximity be
evaluated?
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Consider, again, the corner gusset connection. How might proximity be
evaluated?

The spread of the load through the
gusset from the introduction of the
load from the brace-to-gusset
connection to the welded interface can
be evaluated base on an assumed
Whitmore spread
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Consider, again, the corner gusset connection. How might proximity be
evaluated?

The spread of the load through the
gusset from the introduction of the
load from the brace-to-gusset
connection to the welded interface can
be evaluated base on an assumed
Whitmore spread

Assuming a uniform distribution at the
welded interface may not be
appropriate if the spread indicates that
the entire interface is not engaged
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Consider, again, the corner gusset connection. How might proximity be
evaluated?

The spread of the load through the
gusset from the introduction of the
load from the brace-to-gusset
connection to the welded interface can
be evaluated base on an assumed
Whitmore spread

Assuming a uniform distribution at the
welded interface may not be
appropriate if the spread indicates that
the entire interface is not engaged

This could suggest that proximity is an issue
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Consider, again, the corner gusset connection. How might proximity be
evaluated?

What if the brace-to-gusset connection
length was relatively longer while the
distance from the end of the brace to
the interface remained the same?
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Consider, again, the corner gusset connection. How might proximity be
evaluated?

What if the brace-to-gusset connection
length was relatively longer while the
distance from the end of the brace to
the interface remained the same?

Something like this!
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Consider, again, the corner gusset connection. How might proximity be
evaluated?

What if the brace-to-gusset connection
length was relatively longer while the
distance from the end of the brace to
the interface remained the same?

Something like this!

Proximity now does not seem to be an
issue
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Consider, again, the corner gusset connection. How might proximity be
evaluated?

What if the brace-to-gusset connection
length was relatively longer while the
distance from the end of the brace to
the interface remained the same?

Something like this!

However, frame distortion will still be
present under loading, and therefore, a
ductility factor would be prudent.

Proximity now does not seem to be an
issue
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In both the 1992 Manual and the 2004 Hewitt and Thornton paper, the
average stress and peak stress is calculated assuming a uniform
distribution of shear and normal forces and a plastic stress distribution of
interface moment.
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With this distribution…, the
maximum stress is…

…the maximum stress is:
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With this distribution…, the
maximum stress is…

…the maximum stress is:

…the minimum stress is:
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With this distribution…, the
maximum stress is…

…the maximum stress is:

…the minimum stress is:

The average stress is the average
of fmax and fmin.
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Fundamentally, if fpeak (fmax) is larger than
1.25 favg, a ductility factor is not required.
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Fundamentally, if fpeak (fmax) is larger than
1.25 favg, a ductility factor is not required.

It is important to recognize that
we typically design interface
welds loaded as shown for the
peak (maximum) forces/stress.

Where Neq is equal to…
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Fundamentally, if fpeak (fmax) is larger than
1.25 favg, a ductility factor is not required.

It is important to recognize that
we typically design interface
welds loaded as shown for the
peak (maximum) forces/stress.

Where Neq is equal to…

Although only one-half of the 
interface is loaded at this level, the 
entire interface weld is designed for 
this level of force.
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Suppose a welded interface is loaded as
shown.

Units of kips
and inches
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Suppose a welded interface is loaded as
shown.

The peak force is calculated as:

Units of kips
and inches
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Suppose a welded interface is loaded as
shown.

The peak force is calculated as:

The minimum resultant force is calculated as:

Units of kips
and inches
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Suppose a welded interface is loaded as
shown.

The average resultant force is calculated as:

Units of kips
and inches
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Suppose a welded interface is loaded as
shown.

1.25 times Ravg is:

The average resultant force is calculated as:

Units of kips
and inches
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Suppose a welded interface is loaded as
shown.

1.25 times Ravg is:

The average resultant force is calculated as:

Units of kips
and inches
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Suppose a welded interface is loaded as
shown.

However, AISC publications (e.g., SDM and
DG 29), the authors of example problems,
and I prefer a more conservative and simpler
approach.

SUMMARY

Units of kips
and inches
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Suppose a welded interface is loaded as
shown.

SUMMARY

The calculation typically presented is as
follows:

Units of kips
and inches

However, in AISC publications (e.g., SDM
and DG 29), the authors of example
problems, and I prefer a more conservative
and simpler approach.
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Suppose a welded interface is loaded as
shown.

SUMMARY

Units of kips
and inches
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Suppose a welded interface is loaded as
shown.

SUMMARY

This is 1.25Rpeak
(1.25)(181 kips)=226 kips

Units of kips
and inches
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Suppose a welded interface is loaded as
shown.

Most example problem authors know that
they are using a ductility factor with Rpeak.

Units of kips
and inches
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Suppose a welded interface is loaded as
shown.

Most example problem authors know that
they are using a ductility factor with Rpeak.

 They know a ductility factor should
always be used for corner gusset welds (if
for any other reason, frame distortion)

It’s done for the following reasons:

 It’s quick, conservative, and they don’t
have to take the time to calculate fmin & favg

Units of kips
and inches
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Suppose a welded interface is loaded as
shown.

Most example problem authors know that
they are using a ductility factor with Rpeak.

 They know a ductility factor should
always be used for corner gusset welds (if
for any other reason, frame distortion)

It’s done for the following reasons:

 But at least recognize that it’s not how the
ductility factor was intended to be evaluated.

Units of kips
and inches

 It’s quick, conservative, and they don’t
have to take the time to calculate fmin & favg
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Some use it always; so never on this type of
connection

Recall the two triggers for ductility evaluation

Proximity Distortion

Should the ductility factor be used on
chevron interfaces?
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Proximity

Recall that it is generally assumed that the
load from both braces is transferred uniformly
along the interface

Should the ductility factor be used on
chevron interfaces?
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Proximity

Recall that it is generally assumed that the
load from both braces is transferred uniformly
along the interface

How does that assumption align with the transfer of forces through the
gusset using a Whitmore evaluation?

Should the ductility factor be used on
chevron interfaces?
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Proximity

Recall that it is generally assumed that the
load from both braces is transferred uniformly
along the interface

How does that assumption align with the transfer of forces through the
gusset using a Whitmore evaluation?

Consider this geometry.

Should the ductility factor be used on
chevron interfaces?
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Proximity

With this geometry, neither brace
influences the entire interface

Should the ductility factor be used on
chevron interfaces?
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Proximity

With this geometry, neither brace
influences the entire interface

It might be prudent to evaluate the need
for a ductility factor for this weld!

Should the ductility factor be used on
chevron interfaces?
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Proximity

What about this geometry?

With this geometry, both braces
influence the entire interface

An evaluation of the need for a ductility
factor may not be required.

Should the ductility factor be used on
chevron interfaces?
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Proximity

What about this geometry?

The interface even more engaged by
both braces

Based on proximity, a ductility factor
evaluation is not required

Should the ductility factor be used on
chevron interfaces?
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Distortion

What about Distortion?

Should the ductility factor be used on
chevron interfaces?
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Distortion

What about Distortion?

Should the ductility factor be used on
chevron interfaces?
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Distortion

What about Distortion?

The beam curvature during
bending will always be present
under loading creating stress
risers at both the gusset edges
and middle of the interface

Should the ductility factor be used on
chevron interfaces?
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Distortion

What about Distortion?

The beam curvature during
bending will always be present
under loading creating stress
risers at both the gusset edges
and middle of the interface

Regardless of proximity, distortion will always be present, and
an evaluation of the ductility factor should always be done for a
chevron connection

Should the ductility factor be used on
chevron interfaces?
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Should the ductility factor be used on
hanger connection interfaces?
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Should the ductility factor be used on
hanger connection interfaces?

The maximum stress is:

The minimum stress is:

So, the average stress is:

always
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Should the ductility factor be used on
hanger connection interfaces?

The maximum stress is:

The minimum stress is:

So, the average stress is:

always

Suggesting that a ductility factor is always needed
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Proximity is not an issue here; even
at very acute Whitmore angles

Should the ductility factor be used on
hanger connection interfaces?
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Proximity is not an issue here; even
at very acute Whitmore angles

The interface length is usually small
enough that distortion is not an
issue

Should the ductility factor be used on
hanger connection interfaces?
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Proximity is not an issue here; even
at very acute Whitmore angles

The interface length is usually small
enough that distortion is not an
issue

A ductility factor is not needed here!

Should the ductility factor be used on
hanger connection interfaces?
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However, if one was to taper the gussets, the
same issues discussed for chevrons may apply!

Should the ductility factor be used on
hanger connection interfaces?
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Proximity and distortion (interface length)

Should the ductility factor be used on
hanger connection interfaces?

However, if one was to taper the gussets, the
same issues discussed for chevrons may apply!
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Should the ductility factor be used on
bracket connection interfaces?
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Should the ductility factor be used on
bracket connection interfaces?

The maximum stress is:

The minimum stress is:

So, the average stress is:

always
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Should the ductility factor be used on
bracket connection interfaces?

The maximum stress is:

The minimum stress is:

So, the average stress is:

always

Suggesting that a ductility factor is always needed
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Should the ductility factor be used on
bracket connection interfaces?

However, there are no proximity or distortion issues
with the geometry.

A ductility factor simply does not apply!
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Should the ductility factor be used on
bracket connection interfaces?

However, there are no proximity or distortion issues
with the geometry.

A ductility factor simply does not apply!

However, be aware that if h is large
enough, column bending could produce a
curvature that would make distortion
something that may need to be
considered.
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Clearly, there is not enough time to cover every possible connection and
geometry.
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Clearly, there is not enough time to cover every possible connection and
geometry.

Keep proximity and distortion in mind
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Clearly, there is not enough time to cover every possible connection and
geometry.

Keep proximity and distortion in mind

 A ductility factor for corner gussets should always be evaluated!
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Clearly, there is not enough time to cover every possible connection and
geometry.

Keep proximity and distortion in mind

 A ductility factor for corner gussets should always be evaluated!

 Otherwise, use good judgment!
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Clearly, there is not enough time to cover every possible connection and
geometry.

Keep proximity and distortion in mind

 A ductility factor for corner gussets should always be evaluated!

 Otherwise, use good judgment!

Finally, never use a ductility factor on a weld
that has been designed to develop the strength of
the connecting element (including a “(5/8)t”
weld)!
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Weld Ductility
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Poll Question 2

For what reason(s) was the ductility factor reduced from 1.40 to 1.25?

a) The COM wanted to make welds more economical

b) The original 1.40 factor was before test data was available but,

the 1.25 factor was based on test data

c) The 2004 Hewitt and Thornton paper proposed 1.25 based on

an evaluation of a 95% confidence level

d) The 2004 Hewitt and Thornton paper proposed 1.25 based on

an evaluation of a 90% confidence level
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II-

ELEMENT CAPACITY WELDS
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Let’s look at welds designed to develop the strength of the connecting
element.
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Let’s look at welds designed to develop the strength of the connecting
element.

 Generally, welds need only be designed to resist the loads transferred 
between the parts based on the structural analysis.
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Let’s look at welds designed to develop the strength of the connecting
element.

 Generally, welds need only be designed to resist the loads transferred 
between the parts based on the structural analysis.

 Generally, welds need not be sized based on the available or expected 
strength of the joined parts.
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Let’s look at welds designed to develop the strength of the connecting
element.

 Generally, welds need only be designed to resist the loads transferred 
between the parts based on the structural analysis.

 Generally, welds need not be sized based on the available or expected 
strength of the joined parts.

 When welds are sized based on the strength of the joined parts, this is 
often referred to as “developing” as in “developing the plate” or 
“developing the strength of the beam”.’
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When would a designer choose to provide a capacity weld?

 The Seismic Provisions require it (e.g., brace gussets),

 The manual recommends it (e.g., (5/8)tp)

 Joining elements of built-up members and judgment suggests that 
shear flow is not appropriate (e.g., built-up links in EBF systems).

 Rational thinking should be used to no unnecessarily specify capacity 
welds
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 One option is to provide a complete-joint-penetration (CJP) groove 
weld. As indicated in Table J2.5 of the Specification at CJP groove 
welds “the strength of the joint is controlled by the base metal” not the 
strength of the weld.
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 One option is to provide a complete-joint-penetration (CJP) groove 
weld. As indicated in Table J2.5 of the Specification at CJP groove 
welds “the strength of the joint is controlled by the base metal” not the 
strength of the weld.

 Partial-joint-penetration (PJP) groove weld with or without 
reinforcing fillet welds can also be used to develop steel elements.
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 One option is to provide a complete-joint-penetration (CJP) groove 
weld. As indicated in Table J2.5 of the Specification at CJP groove 
welds “the strength of the joint is controlled by the base metal” not the 
strength of the weld.

 Partial-joint-penetration (PJP) groove weld with or without 
reinforcing fillet welds can also be used to develop steel elements.

 This discussion will concentrate on the design of fillet welds used 
to develop steel elements.
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SHEAR

The required weld size to develop a part subjected to shear can be 
determined by setting the available shear strength of the weld equal to 
the available shear strength of the part.
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SHEAR

The required weld size to develop a part subjected to shear can be 
determined by setting the available shear strength of the weld equal to 
the available shear strength of the part.

I’ll do this using the LRFD method but, the same can be done for ASD as 
well. Also assuming a two-sided weld.
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SHEAR

The required weld size to develop a part subjected to shear can be 
determined by setting the available shear strength of the weld equal to 
the available shear strength of the part.

I’ll do this using the LRFD method but, the same can be done for ASD as 
well. Also assuming a two-sided weld.
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SHEAR

The required weld size to develop a part subjected to shear can be 
determined by setting the available shear strength of the weld equal to 
the available shear strength of the part.

I’ll do this using the LRFD method but, the same can be done for ASD as 
well. Also assuming a two-sided weld.
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SHEAR

The required weld size to develop a part subjected to shear can be 
determined by setting the available shear strength of the weld equal to 
the available shear strength of the part.

I’ll do this using the LRFD method but, the same can be done for ASD as 
well. Also assuming a two-sided weld.
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SHEAR

The required weld size to develop a part subjected to shear can be 
determined by setting the available shear strength of the weld equal to 
the available shear strength of the part.

I’ll do this using the LRFD method but, the same can be done for ASD as 
well. Also assuming a two-sided weld.

Note that if a one-sided weld was used (for some reason), Dreq
would be 0.431Fytp.

II-

ELEMENT CAPACITY WELDS

108

Note that if a one-sided weld was used (for some reason), Dreq
would be 0.431Fytp.

Tension

The required weld size to develop a part subjected to tension can be 
determined by setting the available tensile strength of the weld equal to 
the available tensile strength of the part.

I’ll do this using the LRFD method but, the same can be done for ASD as 
well. Also assuming a two-sided weld.

See Section J2.4(b) of the 
Specification for “directional 
strength increase.”
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Compression

 The available strength of welds relative to compression load applied 
transverse to the longitudinal axis of the weld is generally assumed to 
be equal to that relative to tension load applied transverse to the 
longitudinal axis of the weld.
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Compression

 There has been little testing of such conditions. There are reasons to 
believe that the strength of fillet welds subjected to compression will 
be greater than that for welds subjected to tension.

 The available strength of welds relative to compression load applied 
transverse to the longitudinal axis of the weld is generally assumed to 
be equal to that relative to tension load applied transverse to the 
longitudinal axis of the weld.
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Compression

 There has been little testing of such conditions. There are reasons to 
believe that the strength of fillet welds subjected to compression will 
be greater than that for welds subjected to tension.

 Whereas applied tension will tend to open the root of the fillet, applied 
compression will tend to close the root of the weld.

 The available strength of welds relative to compression load applied 
transverse to the longitudinal axis of the weld is generally assumed to 
be equal to that relative to tension load applied transverse to the 
longitudinal axis of the weld.
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Compression

 There has been little testing of such conditions. There are reasons to 
believe that the strength of fillet welds subjected to compression will 
be greater than that for welds subjected to tension.

 Whereas applied tension will tend to open the root of the fillet, applied 
compression will tend to close the root of the weld.

 There also may be bearing between the parts over some portion of 
the joint, which is generally neglected, and should be neglected, 
unless the parts are fit to bear (mill-to-bear).

 The available strength of welds relative to compression load applied 
transverse to the longitudinal axis of the weld is generally assumed to 
be equal to that relative to tension load applied transverse to the 
longitudinal axis of the weld.
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Compression

Conservatively, and for the sake of avoiding specifying joints to be 
mill-to-bear, treat the tension and compression cases the same.
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Compression

Conservatively, and for the sake of avoiding specifying joints to be 
mill-to-bear, treat the tension and compression cases the same.

Note that if a one-sided weld was used (for some reason), Dreq would be 
0.431Fytp.
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Bending

 The intended meaning of “developing” the element can be less clear 
when related to bending.
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Bending

 The intended meaning of “developing” the element can be less clear 
when related to bending.

 Various criteria can and are commonly used in design: elastic strength 
(first yield), plastic strength, and plastic strength with continued 
rotation.
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Bending

 The intended meaning of “developing” the element can be less clear 
when related to bending.

 The plastic strength of a rectangle bent about its strong axis will be 
discussed here. A similar approach can be used if one was to evaluate 
elastic strength.

 Various criteria can and are commonly used in design: elastic strength 
(first yield), plastic strength, and plastic strength with continued 
rotation.
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Bending

The required weld size to develop a rectangular part subjected to bending 
about its strong axis can be determined by setting the available flexural 
strength of the weld equal to the available flexural strength of the part.

I’ll do this using the LRFD method but, the same can be done for ASD as 
well. Also assuming a two-sided weld.
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Summary

Limit State *Weld Size (D)

Shear

Tension

**Compression

Bending

*Assuming two-sided fillet weld
**Assuming not mill-to-bear
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Summary

Limit State *Weld Size (D)

Shear

Tension

**Compression

Bending

*Assuming two-sided fillet weld
**Assuming not mill-to-bear

Combinations of shear, axial, and/or bending

Using similar procedures, it can be shown that any combination of these 
loads, the weld size required to develop the strength of the plate is:
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Developing the Strength of the Connecting Plate

Assuming A36 plate material
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Developing the Strength of the Connecting Plate

Assuming A36 plate material

Assuming GR 50 plate material
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Single Plate Shear Connections

Part 10 of the Manual recommends a (5/8)tp weld for this type of 
connection (the same for both A36 or GR 50 material).
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Single Plate Shear Connections

Part 10 of the Manual recommends a (5/8)tp weld for this type of 
connection (the same for both A36 or GR 50 material).

 Note that there is no provision of the Specification requiring that the 
weld be stronger than the plate. 
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Single Plate Shear Connections

 Instead the (5/8)tp recommendation is used as a means of satisfying 
Sections B3.4a and J1.2 of the Specification.

 Note that there is no provision of the Specification requiring that the 
weld be stronger than the plate. 

Part 10 of the Manual recommends a (5/8)tp weld for this type of 
connection (the same for both A36 or GR 50 material).
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Single Plate Shear Connections

 Instead the (5/8)tp recommendation is used as a means of satisfying 
Sections B3.4a and J1.2 of the Specification.

 Note that there is no provision of the Specification requiring that the 
weld be stronger than the plate. 

 Section B3.4a requires that, “A simple connection shall have sufficient 
rotation capacity to accommodate the required rotation determined by 
the analysis of the structure.

Part 10 of the Manual recommends a (5/8)tp weld for this type of 
connection (the same for both A36 or GR 50 material).
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Single Plate Shear Connections

 Instead the (5/8)tp recommendation is used as a means of satisfying 
Sections B3.4a and J1.2 of the Specification.

 Note that there is no provision of the Specification requiring that the 
weld be stronger than the plate. 

 Section B3.4a requires that, “A simple connection shall have sufficient 
rotation capacity to accommodate the required rotation determined by 
the analysis of the structure.

 Section J1.2 requires that, “Flexible beam connections shall 
accommodate end rotations of simple beams. Some inelastic 
but self-limiting deformation in the connection is permitted to 
accommodate the end rotation of a simple beam.”

Part 10 of the Manual recommends a (5/8)tp weld for this type of 
connection (the same for both A36 or GR 50 material).
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Large Inelastic Rotations - Seismic

In some instances, primarily related to seismic design, the weld must not
only develop the flexural strength of the joined parts, but must also
maintain its strength through large inelastic rotations of one of the parts
joined.
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Large Inelastic Rotations - Seismic

In some instances, primarily related to seismic design, the weld must not
only develop the flexural strength of the joined parts, but must also
maintain its strength through large inelastic rotations of one of the parts
joined.

 One such condition involves the welds of gusset plates attaching 
vertical braces used in special concentrically braced frames (SCBF).
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Large Inelastic Rotations - Seismic

In some instances, primarily related to seismic design, the weld must not
only develop the flexural strength of the joined parts, but must also
maintain its strength through large inelastic rotations of one of the parts
joined.

 One such condition involves the welds of gusset plates attaching 
vertical braces used in special concentrically braced frames (SCBF).

 Per the Provisions SCBF are “expected to provide significant 
inelastic deformation capacity primarily through brace 
buckling and yielding of the brace in tension.”
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Large Inelastic Rotations - Seismic

In some instances, primarily related to seismic design, the weld must not
only develop the flexural strength of the joined parts, but must also
maintain its strength through large inelastic rotations of one of the parts
joined.

 One such condition involves the welds of gusset plates attaching 
vertical braces used in special concentrically braced frames (SCBF).

 Per the Provisions SCBF are “expected to provide significant 
inelastic deformation capacity primarily through brace 
buckling and yielding of the brace in tension.”

When the buckling occurs out-of-plane, large inelastic rotations 
occur about approximately the longitudinal axis of the weld 
group, which could lead to premature rupture of the weld.
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Large Inelastic Rotations - Seismic

Section F2.6c.4 of the Provisions is intended to address this concern and 
states,...
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Large Inelastic Rotations - Seismic

Section F2.6c.4 of the Provisions is intended to address this concern and 
states,...

…“For out-of-plane brace buckling, welds that attach a gusset plate 
directly to a beam flange or column flange shall have available shear 
strength equal to 0.6RyFytp/αs times the joint length.”

Ry is a correction factor on Fy to get from 
nominal specified to expected yield strength
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Large Inelastic Rotations - Seismic

Section F2.6c.4 of the Provisions is intended to address this concern and 
states,...

…“For out-of-plane brace buckling, welds that attach a gusset plate 
directly to a beam flange or column flange shall have available shear 
strength equal to 0.6RyFytp/αs times the joint length.”

Even with the inclusion of Ry the required weld size is still ¾tp.

Ry is a correction factor on Fy to get from 
nominal specified to expected yield strength
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Large Inelastic Rotations - Seismic

Note that the Provisions require element/member capacity weld in other
places…

 Generally, however this is achieved with CJP welds!

 Beam-to-column moment connections (OMF, IMF, SMF)
 Continuity plate welds to flanges (OMF, IMF, SMF)
 etc.

II-
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Poll Question 3

It was shown that a weld size equal to 0.216Fytp would develop the
strength of the connection plate for any combination of shear, axial, and
bending load demands…

…This is true for both one-sided and two-sided fillet welds?

a) True

b) False
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Within 2 business days…

• You will receive an email on how to report attendance from: 
registration@aisc.org.

• Be on the lookout:  Check your spam filter!  Check your junk 
folder!

• Completely fill out online form.  Don’t forget to check the 
boxes next to each attendee’s name!

PDH Certificates

Within 2 business days…

• Reporting site (URL will be provided in the forthcoming email).
• Username:  Same as AISC website username.
• Password:  Same as AISC website password.

PDH Certificates
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Thank You

Please give us your feedback!
Survey at conclusion of webinar.
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