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AISC Live Webinars Course Description

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

Copyright Materials January 24, 2018

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. Several considerations need to be made while in the process of
designing welds and welded connections. This webinar will provide
© The American Institute of Steel Construction 2018 guidance on some of the more challenging considerations. Specifically,
when (1) should the ductility factor be applied to a weld; (2) is the load
The information presented herein is based on recognized engineering principles and is for general path from the weld to the connecting e|ement(s) unclear in regard to
information only. While it is believed to be accurate, this information should not be applied to any shear rupture checks, and; (3) should a weld be sized to develop the

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. Strength of a connecting plate? This presentation prowdes background

into the development of these design considerations, and discusses
the application of these limit state checks.

Learning Objectives

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

* 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). Y RN T

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

* 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.
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* Describe how to consider shear rupture in your welded
connection design when shear rupture cannot be directly
calculated.
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Learning Objectives Unmasking the Ductility Factor, Shear Rupture,

and Element Capacity in Welded Connections
» Describe the background related to the development of shear e

rupture in base material adjacent to welds.

Accumulation of Tension
and Shear Stresses Due to
Load "R"

* 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.

Accumulation of
Compression Bearing and
Shear Stresses Due to Load
R

+ Identify the appropriate application of the weld ductility factor. Note that the material presented is based on a paper submitted to EJ:
* Describe how to consider shear rupture in your welded connection Fortney, P. J., Muir, L.S., Thornton, W.A. Thornton (2018), “Guidance on Shear

design when shear rupture cannot be directly calculated. Rupture, Ductility, and Element Capacity in Welded Connections,” Engineering
Journal, American Institute of Steel Construction, (submitted for review)

Accumulation of Tension
and Shear Stresses Due to
/ Load "R"

W
w
A

ion of
Compression Bearing and
Shear Stresses Due to Load

AGENDA
¢+ Shear Rupture Near Welds
» Background

» Discussion

B

+» Weld Ductility Factor ~1
> Background Shear Rupture Near Welds

» Discussion

¢ Element-Capacity Welds
> Background Field-Installed

Bolts

» Discussion

2-L3x4x3

ams
g@‘ All discussion based on 2016 Steel Construction Manual
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Unmasking the Ductility Factor, Shear Rupture, and Element Capacity in
Welded Connections

Shear Rupture Near Welds

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.”

Shear Rupture Near Welds

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.
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Shear Rupture Near Welds

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.”

Shear Rupture Near Welds

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.




AISC Live Webinar Unmasking the Ductility Factor, Shear Rupture, and Element Capacity in

January 24, 2018 REV. 1 Welded Connections
Shear Rupture Near Welds Shear Rupture Near Welds
Part 9 of the AISC Manual provides a brief discussion of how to address Part 9 of the AISC Manual provides a brief discussion of how to address
base material rupture strength at welds entitled, base material rupture strength at welds entitled,
“Connecting Element Rupture Strength at Welds.” “Connecting Element Rupture Strength at Welds.”
The equations given in the AISC Manual (Equations 9-2 and 9-3) are The equations given in the AISC Manual (Equations 9-2 and 9-3) are
repeated here for convenience. repeated here for convenience.
3.09D 3.09D
fam = IS (EQ.9-2) Fe = IS (EQ-9-2)  p s the weld size in sixteenths of
“ " an inch
19D 19D E, is tensile strength of the base
¢ =51 (EQ. 9-3) ¢ 0D poggy T e
min F; min FL materia
tuin 1S minimum required thickness
of the base material

Shear Rupture Near Welds Shear Rupture Near Welds
Again, the intent of these equations is to ensure that the base material 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. 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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Shear Rupture Near Welds Shear Rupture Near Welds
For a one-sided weld condition. .. The fillet weld throat (shown with
Fillet solid shading) is given by the comen
Connecting Weld following...
Material
) R, =0.60F,, cos(45)(%)1
Connecting If £y, =70 ksi Mt rex il
Material )
Xlerlodat R, =(0.60)(70) cos(45)[%)l w
Base Area R =1.856DI
/ /V Material
% R Area
Base / ¢ Weld Base
Material Tdyx Leg Material
Shear Rupture Near Welds Shear Rupture Near Welds

Weld Connecting

Setting R,,, and R,, equal to each Matrial
other gives the following... Comesting

Weld Material

Area
Rnw = Rnp

Connecting
Material

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

R, =0.60F,,, Cos(45)(%)l 7 > 1.856D1 =0.60F 1,

min /
z Weld 3 Weld
, Base Base , Base
IfF =70 ksi Material <£Y Leg Material t — 1 856D l Material Leg Material

one-sided weld ™ 0.60F] one-sided weld

Area

R, =(0.60)(70)cos(45) (%jz

R,, =1856DI

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

R, =0.60F,I1

min
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Shear Rupture Near Welds Shear Rupture Near Welds
Setting R,,, and R,, equal to each i 9 Similarly, for a two-sided weld condition...
other gives the following... Comesing s Upper Weld
X _r T Throat Area Upper Fillet
nw . np " :\\Mfml -
1.856D1 = 0.60F .. %/ S Comst i
ateria
1.856DI mwe /" [F5] N e Area
min 0.60F ] e . e Lower Fillet
-OUL, one-sided weld Connecting Weld
Material
= Sl (as given by EQ. 9-2)
F, Base
Material
Base
Material
Lower Weld
Weld y Throat Area
Leg 124)‘ Base
Material
Shear Rupture Near Welds Shear Rupture Near Welds
The fillet weld throat (shown with Summary
solid shading) is given by the )
following, considering that there One-Sided Weld
are now two throats... _3.09D (EQ. 9-2 of Manual)
2R, =R, "R .
(2)3.712D1 = 0.60F . TwoSided Weld
wo-Sided We
(o two-sided weld
min 0.60F;l 6 19D
tin=——  (EQ.9-3 of Manual)
6.19D F,
t :'T (as given by EQ. 9-3)
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Shear Rupture Near Welds

Summary

One-Sided Weld

:“jpﬂ (EQ. 9-2 of Manual)

u

min

Two-Sided Weld

Shear Rupture Near Welds

One-Sided Weld
_ 3.09D

min

(EQ. 9-2 of Manual)

u

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

z|Copyright © 2018
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Shear Rupture Near Welds

One-Sided Weld

3.09D
‘min F

u

(EQ. 9-2 of Manual)

Shear Rupture Near Welds

One-Sided Weld
_ 3.09D

min

(EQ. 9-2 of Manual)

u

size a fillet weld.
D
R, =0.60F,, cos(45)(gjl
If Fy =70 ksi
D
R, = (0.60)(70) cos(45) [R]l

R, =1856DI

This is simply the beginning of the derivation of the equation used to
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Shear Rupture Near Welds
One-Sided Weld

min

= 3(1):£ (EQ. 9-2 of Manual)

u

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

R, =0.60F,, cos(45)(%jl
If iy =70 ksi

D
R, =(0.60)(70) cos(45)[gjl
R, =1856DI

»>1f we multiply 1.856D! times the LRFD strength reduction factor, ¢, or divide
by the ASD strength reduction factor, €2, we get the well-know equations.

Shear Rupture Near Welds

Fillet Weld Strength (LRFD)
OR. =@1.856D]
#R, =(0.75)(1.856)DI

@R, =1.392DI % Eq. 8-2a of the Manual

Fillet Weld Strength (ASD)

R, 1856DI

Q Q

R, 1856DI

Q 2.00

Row _ 0.928p1—=] Ea. 8-2b of the Manual

Q

Copyright © 2018
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Shear Rupture Near Welds

Fillet Weld Strength (LRFD)
R, =¢1.856DI
#R, =(0.75)(1.856)DI

oR., =1.392DI 4% Eq. 8-2a of the Manual

Shear Rupture Near Welds

When are the equations intended to be used?
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Shear Rupture Near Welds

When are the equations intended to be used?

These equations were  originally
developed to address shop welded beam 4"
end angle connections

Field-Installed

\
fﬁ\/
I
Bolts \J’\\

2-L3x4x3

Shear Rupture Near Welds

When are the equations intended to be used?

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

The demand on the weld is
“readily known” from the Field-mstalled

geometry and loading. .. Bolts |

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

Copyright © 2018
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Shear Rupture Near Welds

When are the equations intended to be used?

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

The demand on the weld is
“readily known” from the Field-Installed

geometry and loading. .. Bolts

Shear Rupture Near Welds

When are the equations intended to be used?

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

The demand on the weld is
“readily known” from the Ficld-mstalled

geometry and loading. .. Bolts |

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...
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Shear Rupture Near Welds

When are the equations intended to be used?

In lieu of trying to develop a

rigorous conservative model of
talled

the demand on the web adjacent toficld-Ins

\

Bolts | !
the weld, Equations 9-2 and 9-3 l \1\
were developed to conservatively —

ensure that the base material could g
at least develop the strength of the § ‘
weld. \J‘%/

2-L3x4x3

Shear Rupture Near Welds

When are the equations intended to be used?

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 WI16x57 (A992-50 ) B e ™

has a7, = 0.430 in.

Assume D=3 1

z|Copyright © 2018
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Shear Rupture Near Welds

When are the equations intended to be used?

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

Field-Installed

Bolts

Shear Rupture Near Welds

When are the equations intended to be used?

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 Field-nsalled_|

at,=0.430in.
Assume D=3 1

Equation 9-3 gives a minimum
thickness of...

619D _(6.19)(3)
"TUF 65

t.n =0.287 in<t, =0.43 in. ok.
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Shear Rupture Near Welds Shear Rupture Near Welds

When should these equations not be used? When should these equations not be used?

When you know the demand on ,
HSS 4x4xg

the base material. (A500-B 46)

N 100 ki
\/ lps

N
Shear Rupture Near Welds Shear Rupture Near Welds
When should these equations not be used? When should these equations not be used?
When you know the demand on HSS et When you know the demand on HSS 4t
the base material. (AS00-B 46) the base material. (AS00-B 46)
/\\J 100 kip}' /\\/ ‘ 100 kips

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

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

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

3.09D _ (3.09)(4) 7
min F 58

t.., =0213in>zr, =0.174 in. n.g.

des

Copyright © 2018
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Shear Rupture Near Welds

When should these equations not be used?

But we actually know the demand

on the legs of the HSS walls (100 (fssosof‘é‘?%
kips) N

100 kips

Shear Rupture Near Welds

When should these equations not be used?

But we actually know the demand

on the legs of the HSS walls (100 (Essosog?si;
kips) N

100 kips,

HSS 4x4x
(A500-B 46)

Shear Rupture
Area

ksl
PL 3" (A36)

Shear Rupture Near Welds

When should these equations not be used?

But we actually know the demand

on the legs of the HSS walls (100 5?503415
kips) N

OR, =4¢(0.6F, )¢,/

OR, = (4)(0.75)(0.6)(58)(0.174)(6)
oR =109 kips > 100 kips  o.k.

Shear Rupture /
Area ’

HSS 4x4xs
(A500-B 46)

LT
PL 3" (A36)

Shear Rupture Near Welds

When should these equations not be used?

But we actually know the demand

on the legs of the HSS walls (100 (Essgog?g}
kips) N

OR, =4¢(0.6F)t, [ _

‘ This is not
BR, = (4)(0.75)(0.6)(58)(0.174)(6) i
@R, =109 kips > 100 kips ~ o.k. check

_3.09D _ (3.09)(4)

100 kips

min E 58 ///

u

., =02131in>t, =0.174 in. n.g.

Copyright © 2018
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Shear Rupture Near Welds

When should these equations not be used?

But we actually know the demand

HSS 4x4x%
on the legs of the HSS walls (100 (AS00-B 46)
kips) T 100 kips
©
OR, =4¢9(0.6F )1, [ _ ;o/\
’ This is not o 4
PR, =(4)(0.75)(0.6)(58)(0.174)(6) a valid el
@R, =109 kips > 100 kips ~ o.k. check ==
) Z PL 3" (A36)
309D (3.09)(4) e
min F; 58 // }Z
tn =0213in>t, =0.174 in. n.g.
What if we used equation 9-2 to } ]

check shear rupture, but used the
actual weld size required for D??

Shear Rupture Near Welds

When should these equations not be used?

What if we used equation 9-2 to check

. HSS 4xdxi
shear rupture, but used the actual weld size (AS00-B 46)
required for D?? Shear N 100 kip/s'

/\ rupture

D, = 109 —32627 strenlgth' of
" (1.392)(4)(6) walls
_(3.09)(3.2627)
min T
t,. =0174in.=t, =0.174 in. ok.
/

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

Copyright © 2018
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Shear Rupture Near Welds

When should these equations not be used?

What if we used equation 9-2 to check

R HSS 4x4xi
shear rupture, but used the actual weld size (AS00-B 46)
required for D?? Shear N
/\ rupture
D, = 109 —32627 Stre]?.gltlb of
7 (1.392)(4)(6) walls

min 58
fon =0.174 in.=t, =0.174 in. ok.

100 kips,

Shear Rupture Near Welds

When should these equations not be used?

What if we used equation 9-2 to check

. HSS 4x4xi
shear rupture, but used the actual weld size (A500-B 46)
required for D?? Shear N
/\ rupture
109 strength of

3.2627

walls

D =—— 7 @ _
" (1.392)(4)(6)
_ (3.09)(3.2627)
min - T
t. =0174in.=t, =0.174in. ok.

/// o]
You run the risk of unnecessarily °
increasing thickness by a ratio of
D[)/'O\’ / D/‘(’q a
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Shear Rupture Near Welds

When should these equations not be used?

What if we used equation 9-2 to check

. HSS 4x4xi
shear rupture, but used the actual weld size (AS00-B 46)
required for D?? Shear Ny 100 kips,
/\ rupture
D, = 1097 32627 strenlg,ltlh' of
17 (1.392)(4)(6) walls

_ (3.09)(3.2627)
min 58
tyn =0.174in.=t, =0.174 in. ok.

You run the risk of unnecessarily
increasing thickness by a ratio of
mev / D/‘eq /\\J

This can be compounded if D, controls the size of the weld

min

Shear Rupture Near Welds

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

Shear Rupture Near Welds

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

There are those who choose to check the web thickness of

such a connection as shown.
4 SN Gy
2 4
/{5 PL ", Typ.

Shear Rupture Near Welds

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

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

In the absence of a clear understanding of
how the column web actually absorbs the

)

gb Typ|

shear from the connection plate, some will
do the following...

oo

0 o

Yy

0 o
o o

3]
oo

<)
o

el
o
S

o
| = |R=35k
—| Typ.

Z B PL3", Typ.
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Shear Rupture Near Welds

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

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

Sk
<>

In the absence of a clear understanding of
how the column web actually absorbs the

shear from the connection plate, some will ool ool T sk
I W oo Sftyp.
it

do the following...

Note that ¢,, for a W14x53 is 0.370” ZB
PL 1", Typ.
L =w=0.476 in

min 65

=0.476 in.>¢ =0.370 in. n.g.

tmi n

Shear Rupture Near Welds

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

First of all, the weld size is a result of the 5/8tp

requirement; not based on the required load!
b, 2 [\ Typ
3 sV
oo ! oo
loo M ool - |R=35k \
<§> oo il oo| =[Typ. <>
oo ‘nn‘ O\O

z|Copyright © 2018
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Using 9-2 and 9-3 for sanity checks?

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

e
In the absence of a clear understanding of g
how the column web actually absorbs the
shear from the connection plate, some will co oo i‘h{%k%
do the following... I ool =|Typ-
Note that ¢, for a W14x53 is 0.370”
PL 1", Typ.
=2 7 ZB
65

tn =04761in.>¢ =0.370 in. n.g.

So is the column web really no good for these required loads??

Shear Rupture Near Welds

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

First of all, the weld size is a result of the 5/8tp

requirement; not based on the required load! ? SN
5/ Typ|

[e}e}

_ i, ool = |R=35k |
oo| —|Typ.
0o

ZB PL3", Typ.

So using these equations would be really
conservative!

13x53

0 o

0 o
o o
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Shear Rupture Near Welds

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

First of all, the weld size is a result of the 5/81,
requirement; not based on the required load!

Sk
<>

So using these equations would be really
conservative!

We could just directly compute shear % - ZZ?EV?ysSk%
rupture assuming that “failure” occurs as T

shear rupture along the depth of the
connection Z 5 PLY", Typ.

Shear Rupture Near Welds

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

First of all, the weld size is a result of the 5/8tp

requirement; not based on the required load! S

i VAN
So using these equations would be really Ej
conservative!

We could just directly compute shear oo - ool & R3Sk
rupture assuming that “failure” occurs as i

shear rupture along the depth of the
connection Z 5 PL", Typ.

R, =(0.75)(0.6)(65)(12)(0.370)(2)
oR =260 kips > R, =35 kips + 35 kips =70 kips  o.k.

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

z|Copyright © 2018
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Using 9-2 and 9-3 for sanity checks?

First of all, the weld size is a result of the 5/81,
requirement; not based on the required load! ?

So using these equations would be really
conservative!

gD Typ

oo

0 0

We could just directly compute shear %
rupture assuming that “failure” occurs as

0 O
o o

oo

i, ool = |[R=35k \
oo| —|Typ.
oo

shear rupture along the depth of the
connection ZB

oR. =(0.75)(0.6)(65)(12)(0.370)(2)
®R =260 kips > R, =35 kips + 35 kips = 70 kips  o.k.

PL3", Typ.

Shear Rupture Near Welds

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

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

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

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

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

e

Shear Rupture Near Welds

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

Accumulation of Tension
and Shear Stresses Due to
Load "R"

%%7

Accumulation of
Compression Bearing and
Shear Stresses Due to Load
"R"
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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.

SR

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

Accumulation of Tension
and Shear Stresses Due to
Load "R"

=

Accumulation of
Compression Bearing and
Shear Stresses Due to Load
R

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

Shear Rupture Near Welds

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

14x53
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i ool = |[R=35k )
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Shear Rupture Near Welds

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

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

g ]
Use Equation 9-2 or 9-3, but use the required =
weld size, based on load, rather than the
5 ool £ [R=35K \
o gTyp, %
/{5 PL ", Typ.

provided weld size.

Shear Rupture Near Welds

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

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

e
Use Equation 9-2 or 9-3, but use the required =
weld size, based on load, rather than the
provided weld size. iR ””/ ool Taask
35 oo 2o 7P

D, =——————=1047

1 (1.392)(12)(2)
L _(6190.047) j) LT
min 65

=0.100in.<¢t, =0.370 in. ~ o.k.

bt

‘ But, recognize that is still very conservative! ‘

Shear Rupture Near Welds

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

If you absolutely feel you need to do something to check the web
thickness, conservative options may be... N
Typ.
Use Equation 9-2 or 9-3, but use the required ? v
weld size, based on load, rather than the
provided weld size. % ol o R35k¥
ve oo TTyp.
35 4 oo oo

D, = =1.047

17 (1392)(12)(2)
6190047 iijﬁ Lt
min 65

f =0.100 in<z, =0370 in.  ok.

14x53

Shear Rupture Near Welds

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

If you absolutely feel you need to do something to check the web
thickness, conservative options may be... ? N
5 V Typ.

oo

ool = |[R=35k )

oo TirTyp.

00

/{5 PLJ", Typ.

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

14x53

z|Copyright © 2018
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Shear Rupture Near Welds Shear Rupture Near Welds
Using 9-2 and 9-3 for sanity checks? Using 9-2 and 9-3 for sanity checks?
If you absolutely feel you need to do something to check the web If you absolutely feel you need to do something to check the web
thickness, conservative options may be... N thickness, conservative options may be... N
&3 5 Typ 6 5 Typ.
Or another option is to directly compute E? 4 Or another option is to directly compute g? 4
shear rupture assuming the effective rupture shear rupture assuming the effective rupture
area is only along the connection length o I o0 Trossk area is only along the connection length A
adjacent to each weld. oo I oo =T adjacent to each weld. oo Il oo [T
As calculated previously... As calculated previously...
PL ", Typ. PL 1", Typ.
#R, = (0.75)(0.6)(65)(12)(0.370)(2) #R, = (0.75)(0.6)(65)(12)(0.370)(2)
@R, =260 kips > R, =35 kips + 35 kips = 70 kips  o.k. @R, =260 kips > R, =35 kips + 35 kips = 70 kips  o.k.
‘ But, recognize that even this is very conservative! ‘
Shear Rupture Near Welds Shear Rupture Near Welds
Poll Question 1 End Part 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) UseD,,;,
b) Use D, itea
¢) Use D,y ireq (Without D,;, considerations)
g@ d) Use (5/8),
z|Copyright © 2018 20
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L2 L2

Part 11 Weld Ductility Factor

Extent of
Spread Overlap

Weld Ductility Factor Weld Ductility Factor
The ductility factor for welds (some refer to this as the Richard factor), 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 first showed up in AISC documents in the 1992 Manual of Steel

Construction, Volume II: Connections. 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.

Copyright © 2018
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Weld Ductility Factor

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. ..

Weld Ductility Factor

Part 13 of the Manual, BRACING CONNECTIONS, Available
Strength (page 13-11) states...

Copyright © 2018
American Institute of Steel Construction

Weld Ductility Factor

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).

Weld Ductility Factor

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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Weld Ductility Factor

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...”

Weld Ductility Factor

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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Weld Ductility Factor

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).”

Weld Ductility Factor

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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Weld Ductility Factor

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...

Weld Ductility Factor

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 ]
> A . —/\] Welllook at this a
Frame Distortion little later.
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Weld Ductility Factor

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.

Weld Ductility Factor

Williams” work was a nonlinear inelastic FEA study of braces framing to
beam-column joints

~
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S
N = 75

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.

Weld Ductility Factor

Williams’ work was a nonlinear inelastic FEA study of braces framing to
beam-column joints
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Weld Ductility Factor
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Figure 48. Uniformity of Fastener Force Distributiens at
Yield Load.
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Weld Ductility Factor

beam-column joints

Forty-five (45) specimens with varying
geometry was considered. A plot of the ratio of

Williams” work was a nonlinear inelastic FEA study of braces framing to

the peak-to-average stress along the welded
interface was plotted, as shown here.
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Weld Ductility Factor
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SDNLE B sooews | oo ney | uven omee ! oeen oo | ecooenuee
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g 1 ,!I ' 1
g il YW il
sm WWN ‘f\ AISC COM
i, w A rounded up
Aroes ! ' o
The l_drgest ‘ ' o to 1.40.
ratio was '
1.39 o s " 2 ® 5 5
e
1
R Stress R Stress R Stress R Stress R Stress
un Ratio un Ratio un Ratio un Ratio un Ratio
1 1.22 10 1.22 19 l 1.16 28 1.20 37 1.16
2 1.20 11 1.31 20 l 1.22 29 1.32 38 1.26
3 1.19 12 1.19 21 l 1.19 30 1.18 39 1.20
4 1.30 13 1.22 22 1.29 31 1.17 40 1.26
5 1.29 14 1.24 23 1.32 32 1.18 41 1.30
6 1.28 15 1.26 24 1.18 33 1.19 42 1.19
7 1.19 16 1.32 25 1.33 34 1.27 43 1.22
8 1.20 17 1.14 26 1.39 35 1.18 44 1.22
9 1.29 18 1.26 27 1.37 36 1.12 45 1.30 .
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Weld Ductility Factor

PP P S S

Weld Ductility Factor

Py E—— TR

In 2004, Hewitt and Thornton did In 2004, Hewitt and Thornton did

a statistical analysis of the data.

swmeny | onowe we

! owo o ! o oo ! wven coums | eccomne

S
N = 75

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%.

Weld Ductility Factor

TR

somens | woews | oowo e | uoen oo | uven comr | ecoomuee
| '

a statistical analysis of the data.

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

swerey | o ws

i

Stress Stress Stress Stress Stress Stress Stress Stress Stress Stress

Run | Ratio | ®™ | Rato | ®™ | Ratio | ®"™ | Ratio | ®"™ | Ratio Run | Ratio | B | Ratio | ®™ | Ratio | ®"™ | Ratio [ R | Ratio
1 122 [ 10 | 122 [ 1 [ a6 | 28 [ 120 [ 37 | 116 1 122 [ 10 | 122 [ 19 [ 116 | 28 [ 120 [ 37 | Ii6
2 1.20 11 131 20 122 29 132 38 126 2 1.20 11 1.31 20 1.22 29 132 38 1.26
3 1.19 12 1.19 21 1.19 30 1.18 39 1.20 3 1.19 12 1.19 21 1.19 30 1.18 39 1.20
4 [ 130 | 13 [ 122 [ 22 | 129 | a1 | L7 | 40 | 126 4 [ 130 | 13 [ 122 | 22 | 129 [ 31 | 117 | 40 | 126
5 120 | 14 | 124 [ 23 [ 132 | 3 [ a8 | a1 | 130 5 120 | 14 | 124 [ 23 [ 132 | 32 [ a8 | 41 | 130
6 1.28 15 1.26 24 118 33 119 42 119 6 1.28 15 1.26 24 L8 33 L19 42 L19
7 1.19 16 1.32 25 1.33 34 1.27 43 1.22 7 1.19 16 1.32 25 1.33 34 1.27 43 1.22
I 8 | 120 | 17 | 114 [ 26 | 139 | 35 | rag | a4 | 122 s 120 | 17 | t1a | 26 [ 139 | 35 | 1is | 44 | 122
9 [ 129 | 18 [ 126 | 27 | 137 | 36 | ri2 [ 45 | 130 9 | 120 | 18 [ 126 | 27 | 137 | 36 | 112 [ 45 | 130

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%.

Weld Ductility Factor

TR

seres | smews | oowoner | usen oome ! uven soumr | ecoome
| |

The AISC COM acted on that e e The AISC COM acted on that e cn
recommendation and lowered the e recommendation and lowered the
increase to today’s value of 1.25. increase to today’s value of 1.25.
mn | S | R | e | R | Rt | R | e | o | ean . rn | e | mon | S | R | e | R | e | P | e
1 1.22 10 1.22 19 116 28 1.20 37 116 On an aSlde, even at a 95% 1 1.22 10 1.22 19 1.16 28 1.20 37 1.16
2 1.20 11 1.31 20 1.22 29 1.32 38 1.26 . 2 1.20 11 1.31 20 1.22 29 1.32 38 1.26
o T N T T Y T T B confidence, the value still TP PR
N B T BT [V e O comes out as ~1.25. S I TS 15 2 B o o s
7 1.19 16 1.32 25 1.33 34 1.27 43 1.22 7 1.19 16 1.32 25 1.33 34 1.27 43 1.22
8 1.20 17 1.14 26 1.39 35 1.18 44 1.22 fvsr,,, 8 1.20 17 1.14 26 1.39 35 118 44 1.22
9 1.29 18 1.26 27 1.37 36 1.12 45 1.30 g % 9 1.29 18 1.26 27 1.37 36 1.12 45 1.30
I -,Q__,,xi II-24
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Weld Ductility Factor

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

+ Proximity and
¢ Frame Distortion

Weld Ductility Factor

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, & tends to . °
decrease; when the brace is in .

Ao o
K
N

compression, ftends to increase.

Weld Ductility Factor

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

+ Proximity and
¢ Frame Distortion

Proximity

Assumed Uniform
Distribution N

Non-uniform
Distribution

Weld Ductility Factor

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, @ tends to
decrease; when the brace is in
compression, ftends to increase.

Changes in @induce distortional forces on
the gusset interfaces
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Weld Ductility Factor Weld Ductility Factor
Recall that the COM concluded that adequate redistribution needed to be Although the ductility factor was originally developed for corner gussets,
provided to account for it has been used on many other various types of connections...

+ 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.

Weld Ductility Factor Weld Ductility Factor
Although the ductility factor was originally developed for corner gussets, Although the ductility factor was originally developed for corner gussets,
it has been used on many other various types of connections. .. it has been used on many other various types of connections...
+ Hanger connections, « Hanger connections,
+ Chevron gusset connections, + Chevron gusset connections,
¢+ Bracket connections, and +¢ Bracket connections, and
+¢ Various other types of connections <+ 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.

Let’s look at proximity!
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Weld Ductility Factor

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.

Weld Ductility Factor

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

o
o
be evaluated base on an assumed > i

Whitmore spread

Whitmore
N\ Spread

Weld Ductility Factor

Consider, again, the corner gusset connection. How might proximity be
evaluated?

/\\/
o
~ o
N
Whitmore
Spread
\\
N
/_\\_/

Weld Ductility Factor

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

‘Whitmore
Spread
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Weld Ductility Factor

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

o
o
be evaluated base on an assumed S i

connection to the welded interface can

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

Whitmore
Spread

L~
N~

Weld Ductility Factor

Consider, again, the corner gusset connection. How might proximity be
evaluated?

What if the brace-to-gusset connection N
length was relatively longer while the
distance from the end of the brace to

o
the interface remained the same? N ° ?

Something like this!

T

o
7 ll(/
o
[e]

/'l ) Whitmore]
\ Spread
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Weld Ductility Factor

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 ﬁ
the interface remained the same? °

Whitmore
Spread

Weld Ductility Factor

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? N o
N [|ie

Something like this!

=
Proximity now does not seem to be an i

1Ssue \\

Whitmore
Spread
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Weld Ductility Factor

Consider, again, the corner gusset connection. How might proximity be
evaluated?

What if the brace-to-gusset connection N
length was relatively longer while the
distance from the end of the brace to

the interface remained the same? N ° ?

Something like this!

Proximity now does not seem to be an vl;@Y////////} —_—

issue /

2 Spread
However, frame distortion will still be N
present under loading, and therefore, a ~
ductility factor would be prudent. .
@

Weld Ductility Factor

With this distribution..., the 1 L‘ <

maximum Stress is...

\
N
N
. . AN
...the maximum stress is: e
f AN
| :
_ 2, 2 e r———
S =N (@+m)"+v [ T
\
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Weld Ductility Factor

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.

| |
] ]
\ —| \ —|
N b N
‘\\ ‘\\
! \J ! \j
L g —
L S T LT g she
\B nding :m\Be ding
N N
L . L T:T:TjE
N [N
~ ‘T N
\.X : a

With this distribution..., the L
maximum stress is... ®

\
N
N
. . AN
...the maximum stress is: \ \W °
! AN
‘ S
2 2 JET SN -
Joax =@+ m)"+v TT 11 L Ja Sha
\ ia

...the minimum stress is:

Jain = \j(a_m)2 +v? \l\ Em
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Weld Ductility Factor
|

With  this
maximum Stress is...

distribution..., the \ L‘ <

...the maximum stress is:
Srun =@+ m)* +?
...the minimum stress is:

S =AJ(@a— m)* +v° .

The average stress is the average
Offmax andfmin'

Weld Ductility Factor

Fundamentally, if /., (f,...) is larger than
1.25 f,,,» a ductility factor is not required. N

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

R=\N2 +V?

Where N, is equal to...

N
N
DL

o \\\
N

Unmasking the Ductility Factor, Shear Rupture, and Element Capacity in
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Weld Ductility Factor

Fundamentally, if /. (7., 18 larger than

1.25 f,,.» @ ductility factor is not required.

Weld Ductility Factor

R= N> +V? ]

Where N, 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.

Fundamentally, if /.. (/,..) is larger than ]
1.25 f,,,» a ductility factor is not required. N :|
\\\ j
It is important to recognize that \f\
we typically design interface - w
welds loaded as shown for the N N
peak (maximum) forces/stress. .Y
P
AN
AN
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Weld Ductility Factor

Weld Ductility Factor

Suppose a welded interface is loaded as

Suppose a welded interface is loaded as
shown. shown.
S j < The peak force is calculated as: N %‘ <
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Weld Ductility Factor Weld Ductility Factor
Suppose a welded interface is loaded as Suppose a welded interface is loaded as
shown. shown.
The peak force is calculated as: L j < The average resultant force is calculated as: _ %‘ <
> 5 \\\ o \\\ o
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Weld Ductility Factor Weld Ductility Factor
Suppose a welded interface is loaded as Suppose a welded interface is loaded as
shown. shown.
The average resultant force is calculated as: - j < The average resultant force is calculated as: _ %‘ <
g N
ng=181+120 i Ravg=181+120 T
2 = N &
R, =151kips N 850 R, =151 kips N N
AN Units of kips . Units of kips
) ) . 4% | and inches . . . %% | and inches
1.25 times R, is: N 5% 1.25 times R, is: N %
- S \\\ 1 o \\\
o \\ — o \\
1.25R,, = (1.25)(151) I \] 1.25R,,, = (1.25)(151) i \/]
1.25R,, =188 kips > R,,,,, =181 kips N 1.25R,,, =188 kips > R,,,,, =181 kips .
-. Design weld for 1.25R,,, =188 kips
Weld Ductility Factor Weld Ductility Factor
Suppose a welded interface is loaded as Suppose a welded interface is loaded as
shown. shown.
SUMMARY N %‘ < SUMMARY N %‘ <
R, =181kips S o R, =181kips S °
1.25R,, =188 kips <« controls =~ 1.25R,, =188 kips < controls =
—»95 —»95
However, AISC publications (e.g., SDM and ™. \ﬁ’il,gw : : However, in AISC publications (e.g., SDM ™ \i’il,gso : :
DG 29), the authors of exarpple proplems, \\\\ o | omis of kips and DG 29), the authors of example \\\\ a0 | ot of kips
and I prefer a more conservative and simpler N I problems, and I prefer a more conservative N I
approach. Te \\ and simpler approach. T \\
[¢] N o N
/ The calculation typically presented is as 1
2% follows: =
Il Il
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Weld Ductility Factor Weld Ductility Factor
Suppose a welded interface is loaded as Suppose a welded interface is loaded as
shown. shown.
R, =181kips E R, =181kips E
SUMMARY ) N ° SUMMARY ) N °
1.25R,,. =188 kips N 1.25R,,, =188 kips DN
N, o . 5
_ 2 2 T _ 2 2 T~.
R=\N.+V L%ﬁ R=\N2 +V =
2 2 AN 2 2 N
R= ((2)(19850) +§j +(§j . \jlizz:j Units of kips R= [(2)(1>850) +§j +[%J . Ul‘zzz Units of kips
26 2 2 \\\\ };gs’ and inches 26 2 2 \\\\ 1%5‘ and inches
R =1J(175)* +(47.5)* =181 kips TN R =4/(175)* +(47.5)* =181 kips N
: \] : \]
p=tan (ﬂj =74.8 ! p=tan" (ﬁj =74.8 1
47.5 2 475 2
1=1.0+0.5sin"3(74.8) =147 1 =1.0+0.5sin"*(74.8) =1.47
This is 1.25R
__ (asasy __ @25ds8h™ _, (125)(181 kips)=326 kips
" (1.392)(26)(2)(1.47) T (1.392)(26)(2)(1.47)

Weld Ductility Factor Weld Ductility Factor
Suppose a welded interface is loaded as Suppose a welded interface is loaded as
shown. shown.
Most example problem authors know that \ j < Most example problem authors know that \ %‘ <
they are using a ductility factor with R ,, . DN they are using a ductility factor with R ,, ;. DL
1 \\\ | \\\
=0 It’s done for the following reasons: o5
N +65 N $65
~—71,850 . S S 850
. Units of kips *» They know a ductility factor should |\ Units of kips
. 850 | and inches o . 850 | and inches
g always be used for corner gusset welds (if s
=\ for any other reason, frame distortion) =<
[¢] AN o .
A s It’s quick, conservative, and they don’t £ A
- have to take the time to calculate f,,;, & f,,, o
Il Il
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Suppose a welded interface is loaded as Should the ductility factor be used on
shown. chevron interfaces?
Most example problem authors know that \ L‘ < S use it allvenyss €0 mever on i Gy of
they are using a ductility factor with R . Sl CELEE
I Recall the two triggers for ductility evaluation
It’ for the followi : =
t’s done for the following reasons . \&%5 N B
1,850 P P

% They know a ductility factor should |\ T Units of Kips

always be used for corner gusset welds (if \\ s, and inches

for any other reason, frame distortion) -jo . A

o \\

¢ It’s quick, conservative, and they don’t e K

have to take the time to calculate f,,;, & f,., o
> But at least recognize that it’s not how the Proximity Distortion
ductility factor was intended to be evaluated. . .
Weld Ductility Factor Weld Ductility Factor
Should the ductility factor be used on < < Should the ductility factor be used on < <
chevron interfaces? > /TAT\‘ > eh[ chevron interfaces? > TA/T\ > j[
AT\ AN b
Proximity T o=y Z Proximity T o5 =
Recall that it is generally assumed that the mm]lmm Recall that it is generally assumed that the ml]]]],mm
load from both braces is transferred uniformly load from both braces is transferred uniformly
along the interface along the interface

How does that assumption align with the transfer of forces through the
gusset using a Whitmore evaluation?
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Should the ductility factor be used on < < Should the ductility factor be used on < <
chevron interfaces? > /TAT\ > e,,[ chevron interfaces? > TAT\ > ;[
s \ 2N ’
Proximity T _o====s v Proximity T o= =5y
Recall that it is generally assumed that the mm]lmm With this geometry, neither brace mmmm
load from both braces is transferred uniformly influences the entire interface
along the interface / ey

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

Extent of
Spread Overlap — JEp— W | I N

%7\% Consider this geometry.

N\

! 30° Whitmore

iﬁm‘ﬂ"ﬁ" \ 1I- Spread, Typ. \H,
Weld Ductility Factor Weld Ductility Factor
Should the ductility factor be used on < < Should the ductility factor be used on < <
chevron interfaces? > /TAT\‘ > e{[ chevron interfaces? > T/A/T\ > j[
A1\ ’ AT\ b
Proximity T o=y Z Proximity T o= =
With this geometry, neither brace mm]lmm What about this geometry? ml]]]],mm
influences the entire interface
Brental With this geometry, both braces Extent of

It might be prudent to evaluate the need [ ot influence the entire interface [/ Syead Overep

for a ductility factor for this weld!

An evaluation of the need for a ductility
——-—A 7\— —-— factor may not be required. 1 -

30° Whitmore
Spread, Typ.

30° Whitmore

Spread, Typ. \\
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30° Whitmore
Spread, Typ.

Should the ductility factor be used on < <
chevron interfaces? \
o L A )
roximity Sy
a
[TTIITI]]
. m{[T]]
What about this geometry? T m
The interface even more engaged by /gﬁﬁil,‘é?fmp
both braces
Based on proximity, a ductility factor\ | B — LN\
evaluation is not required o0

Weld Ductility Factor

Should the ductility factor be used on
chevron interfaces?

Distortion

What about Distortion?

.
\ Beam Rotation
N Relative to GusSet
N N ,

3
“A "\ Beam Rotation
Relative to Gusset

Beam Rotation /

Relative to Gusset
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Weld Ductility Factor

Should the ductility factor be used on
chevron interfaces?

Distortion

What about Distortion?

Weld Ductility Factor

Should the ductility factor be used on
chevron interfaces?

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

Weld Ductility Factor Weld Ductility Factor

Should the ductility factor be used on
hanger connection interfaces?

S =/(@+0)* +07

Should the ductility factor be used on
hanger connection interfaces?

S =Al(@+0) +0

The maximum stress is: The maximum stress is:

max =a max =a
. . n =\(@=0)’+0 - . » =\(@=0)" +0°
The minimum stress is: i ( ) The minimum stress is: i ( )

min min

So, the average stress is:  Jfue =4 So, the average stress is:  Jue =4

1’25f;wg > fpeak always 125f

we > oear always ]E
Suggesting that a ductility factor is always needed }
P
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Should the ductility factor be used on Should the ductility factor be used on
hanger connection interfaces? hanger connection interfaces?
Proximity is not an issue here; even Proximity is not an issue here; even
at very acute Whitmore angles - ——- —t - at very acute Whitmore angles Ne—-—- —t —
\ \
| The interface length is usually small |
/1% enough that distortion is not an /y
i /\ Whitmore IBRIE i K Whitmore
i Spread i Spread
‘ of 10 deg. ‘ of 10 deg.
\ \
B T
\ \
Gl A
Weld Ductility Factor Weld Ductility Factor
Should the ductility factor be used on Should the ductility factor be used on
hanger connection interfaces? hanger connection interfaces?
Proximity is not an issue here; even < < < <
at very acute Whitmore angles —Ne——- —— - > Py pyS e > > >
i 45°25° 25'45 45 35 2515 15 25 ;5" 45"
5 5 N 0 77 . 7
The interface length is usually small | NI Z O\ /
. . . =] .
enough that distortion is not an ] (Clvssi L2ilge ny e N0 1/
issue Ai/ /\ Whitmore Pi Gusset Edge Gusset Edge
i Spread
A ductility factor is not needed here! ‘ of 10 deg. However, if one was to taper the gussets, the
| same issues discussed for chevrons may apply! 7
o~
i
7|
Il Il
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Weld Ductility Factor Weld Ductility Factor o
e.
Should the ductility factor be used on Should the ductility factor be used on :lz
hanger connection interfaces? bracket connection interfaces? ] iP
( ( ( -
> > 45 35 25'15 15'25'35 45 >
\\\ \\ . \ 7 > =
Gusset Edge ‘\\ W\ \
Gusset Edge /Gusset Edge
However, if one was to taper the gussets, the
same issues discussed for chevrons may apply! il
Proximity and distortion (interface length)
Weld Ductility Factor 2 Weld Ductility Factor o
e e.
Should the ductility factor be used on :Iz Should the ductility factor be used on %
bracket connection interfaces? P iP bracket connection interfaces? P iP
S =N +m)* +v? o =N +m)* +v?
The maximum stress is: fo= S < The maximum stress is: 7= S ir <
Jun =A@=m)* +v? o Srin =AO=my +7? T

The minimum stress is: fo= S e, The minimum stress is: fo= N e,
So, the average stress is: [, =Vm’ +V’ So, the average stress is: [, =Vm’ +v’

h
=T TR
UIlls

1’25favg > fpmk always 1'25favg > fpeak alWays

| —

I~

Suggesting that a ductility factor is always needed I
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Weld Ductility Factor o Weld Ductility Factor
e.
Should the ductility factor be used on :12 Should the ductility factor be used on
bracket connection interfaces? P ip bracket connection interfaces?
However, there are no proximity or distortion issues However, there are no proximity or distortion issues
with the geometry. = with the geometry. %
A ductility factor simply does not apply! |~ A ductility factor simply does not apply! —_ i
. I/ m m VT‘__LI
2 | I
f
P However, be aware that if A is large ﬁ F
™ vomom oy, enough, column bending could produce a < f f
t E E % curvature that would make distortion ﬁ F
= | i something that may need to be | f
lm mT considered. fm mF
@ ~ o
MV, 1 II- 86
Weld Ductility Factor Weld Ductility Factor
Clearly, there is not enough time to cover every possible connection and Clearly, there is not enough time to cover every possible connection and
geometry. geometry.
Keep proximity and distortion in mind
gf@" “’"3% gf'ﬁi@%
b ', 1I-87 b A Il
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Clearly, there is not enough time to cover every possible connection and Clearly, there is not enough time to cover every possible connection and
geometry. geometry.
Keep proximity and distortion in mind Keep proximity and distortion in mind
+¢ A ductility factor for corner gussets should always be evaluated! ¢ A ductility factor for corner gussets should always be evaluated!

+» Otherwise, use good judgment!

125f > f. . 7

avg peak

Weld Ductility Factor Weld Ductility
Clearly, there is not enough time to cover every possible connection and .
geometry. Poll Question 2
Keep proximity and distortion in mind For what reason(s) was the ductility factor reduced from 1.40 to 1.25?
% A ductility factor for corner gussets should always be evaluated! a) The COM wanted to make welds more economical
% Otherwise, use good judgment! b) The original 1.40 factor was before test data was available but,

125f > f 0 the 1.25 factor was based on test data
° avg peak **°

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

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

weld)!

an evaluation of a 95% confidence level

an evaluation of a 90% confidence level
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ELEMENT CAPACITY WELDS

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

ELEMENT CAPACITY WELDS

ELEMENT CAPACITY WELDS ELEMENT CAPACITY WELDS

Let’s look at welds designed to develop the strength of the connecting

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

element.
» Generally, welds need only be designed to resist the loads transferred

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

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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ELEMENT CAPACITY WELDS ELEMENT CAPACITY WELDS

Let’s look at welds designed to develop the strength of the connecting

When would a designer choose to provide a capacity weld?
element.

» Generally, welds need only be designed to resist the loads transferred

» The Seismic Provisions require it (e.g., brace gussets),
between the parts based on the structural analysis.

» Generally, welds need not be sized based on the available or expected » The manual recommends it (e.g., (5/8)z,)
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”.’

» 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

ELEMENT CAPACITY WELDS ELEMENT CAPACITY WELDS

» 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.

» 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.

Copyright © 2018
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» One option is to provide a complete-joint-penetration (CJP) groove SHEAR
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 The required weld size to develop a part subjected to shear can be
strength of the weld. determined by setting the available shear strength of the weld equal to

the available shear strength of the part.
» 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.

G o O o M G
) ) ) ) ) ) )

—>V —>V
i M Ay

N
aM M
#® )

ELEMENT CAPACITY WELDS ELEMENT CAPACITY WELDS
SHEAR SHEAR
The required weld size to develop a part subjected to shear can be 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 determined by setting the available shear strength of the weld equal to
the available shear strength of the part. the available shear strength of the part.
I’1l do this using the LRFD method but, the same can be done for ASD as I’1l do this using the LRFD method but, the same can be done for ASD as
well. Also assuming a two-sided weld. well. Also assuming a two-sided weld.

§0.6F, 4, = 1392DL,

—_—
Shear strength of plate Shear strength of weld
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ELEMENT CAPACITY WELDS
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’1l do this using the LRFD method but, the same can be done for ASD as
well. Also assuming a two-sided weld.

90.6F, 4, = 1.392DL,

N
Shear strength of plate  Shear strength of weld

1.0(0.6)Ft,L, =1.392D(2)L,

ypp

ELEMENT CAPACITY WELDS
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’1l do this using the LRFD method but, the same can be done for ASD as
well. Also assuming a two-sided weld.

90.6F, 4, = 1.392DL,

—
Shear strength of plate Shear strength of weld

1.0(0.6)Ft,L, =1.392D(2)L,

~D=0216F,

Note that if a one-sided weld was used (for some reason), D,,,
would be 0.431F 1,
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ELEMENT CAPACITY WELDS
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’1l do this using the LRFD method but, the same can be done for ASD as
well. Also assuming a two-sided weld.

¢0.6F,4, = 1392DL,

— Y —
Shear strength of plate  Shear strength of weld

1.0(0.6)Ft,L, =1.392D()L,

y'pp

~D=0216F,

ELEMENT CAPACITY WELDS
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’1l do this using the LRFD method but, the same can be done for ASD as

well. Also assuming a two-sided weld.

¢F, 4,  =(15)1.392DL,

|
Tensile strength of plate Tensile strength of weld

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

0.9F,,L, =(1.51.392D()L, (1.01055m" 0)

~.D=0216F1,

Note that if a one-sided weld was used (for some reason), D,,,
would be 0.431F ¢,
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ELEMENT CAPACITY WELDS
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.

ELEMENT CAPACITY WELDS
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.

» 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.

ELEMENT CAPACITY WELDS
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.

» 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.

ELEMENT CAPACITY WELDS
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.

» 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,
ﬁ‘wﬁ% unless the parts are fit to bear (mill-to-bear).

Copyright © 2018
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Compression Compression
Conservatively, and for the sake of avoiding specifying joints to be Conservatively, and for the sake of avoiding specifying joints to be
mill-to-bear, treat the tension and compression cases the same. mill-to-bear, treat the tension and compression cases the same.
~D=0216F/, = D=0216F/¢,

Note that if a one-sided weld was used (for some reason), D,,, would be
0.431F ¢,

i

C
=

II-114

ELEMENT CAPACITY WELDS ELEMENT CAPACITY WELDS
Bending Bending
» The intended meaning of “developing” the element can be less clear » The intended meaning of “developing” the element can be less clear
when related to bending. 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.

I

AT
S@E II-115

Nyt

I,

1I-116

=
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ELEMENT CAPACITY WELDS ELEMENT CAPACITY WELDS
Bending Bending

» The intended meaning of “developing” the element can be less clear

t The required weld size to develop a rectangular part subjected to bending
when related to bending.

about its strong axis can be determined by setting the available flexural
» Various criteria can and are commonly used in design: elastic strength strength of the weld equal to the available flexural strength of the part.

(st rislial st stimemiziln, £l plasi sivsngih vl comimis I’11 do this using the LRFD method but, the same can be done for ASD as

rotation. well. Also assuming a two-sided weld.

. . o o LZ

> The plastic strengtlr} of a rectangle bent about 1t§ strong axis will be oF Z —(2)(1.5)1.392D =2

discussed here. A similar approach can be used if one was to evaluate . IJ_h, . 4

. lexural stren; 0 ate
elastic strength. e otpit Strength of weld

FZ t I’
D=0.862| = ==
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ELEMENT CAPACITY WELDS ELEMENT CAPACITY WELDS
Summary Summary

Shear 0.216F 1, Shear 0.216F 1,

Tension 0.216F, Tension 0.216F ¢,
**Compression 0.216F, **Compression 0.216F 1,
Bending 0.216Fytp Bending 0.216Fytl,

* Assuming two-sided fillet weld * Assuming two-sided fillet weld

** Assuming not mill-to-bear ** 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:

D=0216F,

g@ 1I-119 g@ II-120
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ELEMENT CAPACITY WELDS ELEMENT CAPACITY WELDS

Developing the Strength of the Connecting Plate

Developing the Strength of the Connecting Plate

Assuming A36 plate material Assuming A36 plate material

D=17.78t, D=17.78t,
W =0.4861, W =0.4861,
W =0.50, W =050,

Assuming GR 50 plate material
D=10.81,
S W =0.675t,
W =075,

ELEMENT CAPACITY WELDS ELEMENT CAPACITY WELDS

Single Plate Shear Connections Single Plate Shear Connections

Part 10 of the Manual recommends a (5/8)z, weld for this type of

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

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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ELEMENT CAPACITY WELDS ELEMENT CAPACITY WELDS

Single Plate Shear Connections Single Plate Shear Connections

Part 10 of the Manual recommends a (5/8)z, weld for this type of

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

connection (the same for both A36 or GR 50 material).

+* Note that there is no provision of the Specification requiring that the

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

weld be stronger than the plate.
< Instead the (%/g)t, recommendation is used as a means of satisfying

+ Instead the (*/y)t, recommendation is used as a means of satisfying
Sections B3.4a and J1.2 of the Specification.

Sections B3.4a and J1.2 of the Specification.

% 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.

ELEMENT CAPACITY WELDS ELEMENT CAPACITY WELDS
Single Plate Shear Connections Large Inelastic Rotations - Seismic

Part 10 of the Manual recommends a (5/8)z, weld for this type of

In some instances, primarily related to seismic design, the weld must not
connection (the same for both A36 or GR 50 material).

only develop the flexural strength of the joined parts, but must also
+ Note that there is no provision of the Specification requiring that the mgintain its strength through large inelastic rotations of one of the parts
weld be stronger than the plate. joined.

< Instead the (°/), recommendation is used as a means of satisfying
Sections B3.4a and J1.2 of the Specification.

+¢ 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.”
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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).

ELEMENT CAPACITY WELDS

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.

Copyright © 2018
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ELEMENT CAPACITY WELDS

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.”

ELEMENT CAPACITY WELDS

Large Inelastic Rotations - Seismic

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

53




AISC Live Webinar

Unmasking the Ductility Factor, Shear Rupture, and Element Capacity in
January 24, 2018 REV. 1

Welded Connections

ELEMENT CAPACITY WELDS ELEMENT CAPACITY WELDS

Large Inelastic Rotations - Seismic Large Inelastic Rotations - Seismic
Section F2.6¢.4 of the Provisions is intended to address this concern and Section F2.6¢.4 of the Provisions is intended to address this concern and
states,... states,...
...“For out-of-plane brace buckling, welds that attach a gusset plate ...“For out-of-plane brace buckling, welds that attach a gusset plate
directly to a beam flange or column flange shall have available shear directly to a beam flange or column flange shall have available shear
strength equal to 0.6R,F 1 /a, times the joint length.” strength equal to 0.6R,F 1, /a, times the joint length.”

R, is a correction factor on F), to get from R, is a correction factor on F, to get from

nominal specified to expected yield strength nominal specified to expected yield strength

Even with the inclusion of R, the required weld size is still %z,

ELEMENT CAPACITY WELDS Element Capacity Welds
Large Inelastic Rotations - Seismic
Note that the Provisions require element/member capacity weld in other Poll Question 3
places...

It was shown that a weld size equal to 0.216F ¢, would develop the

.. . . strength of the connection plate for any combination of shear, axial, and
!
» Generally, however this is achieved with CJP welds! et lond| domrmdh. .

+» Beam-to-column moment connections (OMF, IMF, SMF)

+ Continuity plate welds to flanges (OMF, IMF, SMF) ... This is true for both one-sided and two-sided fillet welds?
% etc.

a) True

b) False
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REFERENCES REFERENCES (cont.)
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PDH Certificates

Within 2 business days...

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

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

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

Within 2 business days...

* Reporting site (URL will be provided in the forthcoming email).

e Username: Same as AISC website username.
e Password: Same as AISC website password.

Thank You

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