AISC Night School
March 4, 2019

Thank you for joining our live
webinar today. AISC

Night School

We will begin shortly.
Please standby. Thankyou.

Need Help? $
Call ReadyTalk Support: °
800.843.9166 o\

X

Connection Design  Smarter.
. . Stronger.
Tips, Tricks, and Lessons Learned : Steel.

Connection Design: Tips, Tricks, and Lessons Learned
Session 4: Moment Connections (Rev 1)

AISC

C Night School

Audio Options

Today’s audio will be broadcast through the internet.
Alternatively, to hear the audio through the phone, dial:

(866)-519-2796
Passcode: 324420

( AISC
Night School
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:

(866)-519-2796
Passcode: 324420

C ANHTg ht School

AlA Credit

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. - :
G "‘%% Smarter.
i@  Stronger.
X : Steel.

Copyright © 2019
American Institute of Steel Construction




Connection Design: Tips, Tricks, and Lessons Learned

AISC Night School
Session 4: Moment Connections (Rev 1)

March 4, 2019

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.
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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.

Course Description

19.4 Moment Connections
March 4, 2019

Bolted or welded; should the EoR and delegated connection designer collaborate on this decision? Gravity
or Lateral; does it make a difference in the design of the connections? Beam axial load equals transfer force;
should it be obvious to the connection designer where, and for what magnitude, transfer forces are
required in design?

This presentation will present the information that a delegated connection designer will: (1) need to in
order to make an informed decision on connection type and design, and; (2) need to provide to the EoR to

facilitate the review process. )
: Smarter.

: Stronger.
: Steel.

Learning Objectives
* Identify unverified assumptions that connection design engineers might have when
designing moment connections.

¢ Explain how safe moment connection design, at a beam-column connection, depends
on understanding if the moment demands arise from gravity or lateral load effects.

* Describe how to detail moment connections to allow for construction tolerances.

* Explain the significance of whether the effect of inelastic panel-zone deformation on
frame stability has been considered in the analysis, or not.

Night School 19
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Joint Types

Beam-to-Column Flange
Beam-to-Column Web
HSS Beam-to-Column Flange
HSS Beam-to-HSS Column
One-Sided
Two-Sided
Beam-to-Beam
Equal Depth
Unequal Depth
One-Sided (spandrel)
Two-Sided
Cantilevers

Moment Connections

Direct Welded
Bolted Flange Plate
End Plate

Saddle Plates
Wrap-Around Plates
Embedded

Joint Types

Beam-to-Column Flange
Beam-to-Column Web
HSS Beam-to-Column Flange
HSS Beam-to-HSS Column
One-Sided
Two-Sided
Beam-to-Beam
Equal Depth
Unequal Depth
One-Sided (spandrel)
Two-Sided
Cantilevers

Moment Connections

Direct Welded
Bolted Flange Plate
End Plate

Saddle Plates
Wrap-Around Plates
Embedded

Today’s Discussion

e Allin the context of delegated connection design

Today’s Discussion

e Allin the context of delegated connection design

* To understand delegated design work, we need to understand
— Responsibilities (Larry, Cliff, Pat — Sessions 1, 2, and 3)
— Work Flow (Larry and Pat (Sessions 1 and 3)

— Effective Communication (Larry, Cliff, Pat — Sessions 1, 2, and 3)
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Today’s Discussion

¢ Allin the context of delegated connection design

* To understand delegated design work, we need to understand
— Responsibilities (Larry, Cliff, Pat — Sessions 1, 2, and 3)
— Work Flow (Larry and Pat (Sessions 1 and 3)
— Effective Communication (Larry, Cliff, Pat — Sessions 1, 2, and 3)

*  We'll talk a little about
— Effective Communication
— General Detailing
— Specific Issues Related to Moment Connections

Today’s Discussion

* AISC has offered many webinars and Night Schools on the design of connections

* Dowswell, Fortney, Muir, Murray, Sabelli, Thornton, etc.

— Specific examples
— Number crunching

e The SDM and Design Examples manual

* Today, I'd like to look at some detailing and any issues not typically addressed

in regard to design in general, but specific to moment connections

Communication — Unverified Assumptions

Before you
“assume” try thi
crazy method
called “asking”.

e -

Structural Drawings specify CJP welds at top &
bottom beam flanges for fully restrained moment
connections

16
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Structural Drawings specify CJP welds at top &
bottom beam flanges for fully restrained moment
connections

Connection designer assumed beam moments
were solely due to lateral load cases such that:
>oMp_beams < Z¢pMp_columns

and designed/detailed the beam-to-column
connections for only 356 k-ft.

Structural Drawings specify CJP welds at top &
bottom beam flanges for fully restrained moment
connections

Connection designer assumed beam moments
were solely due to lateral load cases such that:
2¢Mp_beams < Z¢Mp_columns

and designed/detailed the beam-to-column
connections for only 356 k-ft.

For this project, that was not a valid assumption!
(example courtesy of Susan Burmeister)

If it's not in the Design Drawings, it doesn’t count. Ask for clarification
(RFI process) in lieu of trying to second guess the intent...
f:-wq%g

W24x55:
OMp = 503 k-ft
e e Y™ vs. 300 k-ft

W24x62:
i omee : : OMp = 574 k-ft
e e L vs. 540 k-t

W24x76:
OMp = 750 k-ft
R vs. 630 k-ft

Figure courtesy of Susan Burmeister, P.E.

Member capacity design does not just impact the size of the connection — it has a direct impact
=

{@ on evaluations for continuity and web doubler plates
5]
oy 19

Moral...

...with balanced gravity beam moments, the available flexural strength of the
column does not impact the required strength of the moment connection.

20
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Note that the moment at the face of a beam-column moment joint may
be a result of a combination of gravity and lateral...

...this effects the way panel zone shear is calculated; useful information
to a connection designer

,@%
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Moment Connections with Combined Loads — Boundary Conditions

22

Moment Connections with Combined Loads — Boundary Conditions

| doint | A | v | v | M | m | M
(kips)  (kips)  (kips) (k-in) (k-in) (k-in)
m 35 15 42 95 0.50 0.25

*Provide available axial, shear, or moment strength of HSS
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Moment Connections with Combined Loads — Boundary Conditions

| ot | A | v, [ v, | owm | wm | wm |
(kips)  (kips)  (kips) (k-in) (k-in) (k-in)
Bl s 15 42 95 0.50 0.25
m * * * * * *

*Provide available axial, shear, or moment strength of HSS

SEoRs: Let’s be reasonable...

Connection Designers: It's okay to ask...

24
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Moment Connections with Combined Loads — Boundary Conditions Moment Connections with Combined Loads — Boundary Conditions
y y
W14x145 /\‘\/‘ m W14x145 /\‘\/‘
‘ 3" 5‘%" 3" (kips & inches) ‘ 3" "% 3"
! HSS8x8x! | M, — ! HSS8x8x! |
| L |
‘ i . 9 0 | M, 45.0 ‘ L1 . 9 0 |
| W - © z“\ M 35.0 | L= : © z“\
R | - Lo A om0 R | - Lo
[F © 0 ' 00 [F © 0 ' 00
‘ 5 ‘ v, 10.0 ‘ ‘
/\i_/ /\_/ Y 650 /\i_/ /\_/
P, T Py T
Y / 25 .N__",.! 26
Moment Connections with Combined Loads — Boundary Conditions Moment Connections with Combined Loads — Boundary Conditions
»
‘ ‘ Approach 1
[ Load | Wagnitude (+/1) | /3\5\;/ SN Eoits 1-4 and 9-12 carry M, (T)
(kips & inches) (kips & inches) e=12"
M, 250 ap ) | M, 250 l N
~ = 250 k-in
© © © © P
M, 45.0 : . N My 450 (12 in)(4 bolts)
M, 350 . @7 © M, 35.0 T =521 kips/bolt
A 15.0 . de ® A 15.0 ®
v, 10.0 © o v, 10.0
v, 65.0 AR v, 65.0
‘ }‘, ‘ 27 28
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Bolts 1, 4, 5, 6,7, 8, 9, 12 carry M, (T)
(kips & inches) e=115"
_ 45.0 k-in

(11.5 in)(4 bolts) B

T =0.978 kips/bolt )

A 15.0 N
v, 10.0
V, 65.0

Moment Connections with Combined Loads — Boundary Conditions

Bolts 1-4 and 9-12 carry M, (V)

(kips & inches) e=12" ‘
] 250 ‘ c- 35.0 F—ln
_ 350k-in (12in)
. = “T(2in@bolts)  C=2.917 kips
V. =0.729 kips/bolt 5
350 k-in
v, 10.0 (12 i) —
v, 50 C =2.917 kips
@
uy

Moment Connections with Combined Loads — Boundary Conditions

(kips & inches) e=nl/a
! 250
. w0 150k
Y : 12 bolts

M 35.0 T =1.25 kips/bolt

V, 65.0
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Moment Connections with Combined Loads — Boundary Conditions

(kips & inches) e=nla
M, 250
. 450 100k
Y : * 12 bolts
M, 35.0 ¥, =0.833 kips/bolt
A 15.0




AISC Night School Connection Design: Tips, Tricks, and Lessons Learned
March 4, 2019 Session 4: Moment Connections (Rev 1)

Moment Connections with Combined Loads — Boundary Conditions Moment Connections with Combined Loads — Boundary Conditions
Approach 1 Approach 1
m WLAEERRAE Al bolts carry V, (V) B | i [ e | | o [ = P T
Load Type | (kips & inches in) (kips) | (kips) (kips) | (kips) (kips) | (kips)
(kips & inches) _ M, 250.0 12.0 4 521 521 521 - - -
e=nla Tension | M, 45.0 115 4 0.978 - - 0978 | 0978 0978 | 0978 | 0978 - - 0.978
M, 250 A 15.0 nla 12 125 1.25 1.25 125 125 125 1.25 125 125 1.25 125
65.0 k Sum- Tension [l 744] 646 | 646 | 744 | 223 SRR
M 45.0 =" Shear(r)[ M. | 350 | 120 | 4 0729 | 0729 | 0729 | 0729 - - - 0729 | 0729 | 0729 | 0.729
v ’ Y 12 bolts B Shear)| Ve | 100 | na | 12 0833 | 0833 | 0533 [ 0833 [ 0833 0833 | 0833 | 0833 | 0833 | 0833 [ 0833
. Sum - Horizontal Shear 156 | 156 | 156 | 156 | 083 083 | 083 | 156 | 156 | 156 | 1.56
M, 35.0 Vv =5.42 kips/bolt 2 x Shear()| ¥, | 650 | na | 12 5.42 5.42 542 | 54 5.42 542 | 542 5.42 542 | s4 54 | s4
- Sum - Vertical Shear 542 42 42 542 42 542 542 42 542 542 2 542
A 15.0 . Shear Resultant 1| 564 | 564 | 564 | 564 | 548 | 548 | 548 | 548 | 564 | 564 | 564 | 564
s
V, 10.0
AT
iy
= 34
Moment Connections with Combined Loads — Boundary Conditions Moment Connections with Combined Loads — Boundary Conditions
y
Approach 1 Approach 2 /\‘\/‘
Bolt Load Load e Qty 1 2 3 4 5 3 7 3 9 10 [ 12 m Magnitude (+/-) No Tension/Shear Interaction slu
Load Type | (kips & inches)| _(in) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) (kips) | (kips) X X 3" 3"
M. 250.0 12.0 4 521 521 521 521 - . - - 521 521 521 521 (kips & inches)
Tension | M, 45.0 115 4 0.978 - - 0978 | 0978 | 0978 | 0978 | 0978 | 0978 - - 0.978
A 15.0 na 12 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25 Mx 250 ‘1« (
Sum - Tension 1| 744 | 646 | 646 | 744 | 223 | 223 | 223 | 223 | 744 | 646 | 646 | 7.44 =
Shear) [ M. | 350 | 120 [ 4 0729 [ 0729 | 0729 | 0729 - - - - 0729 | 0729 | 0729 [ 0.729 M 45.0 © ©
Shear(x)| V. | 100 | nma | 12 | 0833 | 0833 | 0833 | 0.833 | 0.833 | 0833 | 0833 | 0833 | 0.833 | 0833 | 0833 | 0833 U ! T A
Sum - Horizontal Shear 1.56 1.56 1.56 1.56 0.83 0.83 0.83 0.83 1.56 1.56 1.56 1.56 M 35.0 ‘;5 O (@, (i:
Shear () |V, 65.0 na | 12 542 | 542 | s42 | s42 | sar | sar | sd2 | s42 | s42 | sa2 | s42 | sa2 2 B I | 2 | x
Sum - Vertical Shear S.42. S5.42 S.42. S.42. S.42 S.42. S.42 S.42 S.42. S.42. S.42. S.42. ‘7 -~
Shear Resultant 1] 564 5.64 5.64 5.64 548 5.48 5.48 548 5.64 5.64 5.64 5.64 A 15.0 ~ 1o ©)
B
Section J3.7 v, 10.0 © (©)
: ; : 9 ©@
This approach requires an R =F 4, v, 65.0 =
evaluation of shear/tension
interaction for every bolt C_ £, /\/
y F, =13F, -2 [, <F, (LRFD) | | |
" 35 y 36
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Moment Connections with Combined Loads — Boundary Conditions Moment Connections with Combined Loads — Boundary Conditions
»
Approach 2 ‘ ‘ Approach 2
Let corner bolts carry loads that /3\5\;/ Bolts 1, 4, 9,12 carry M, (T)
(kips & inches) PrOdUCG tension, (kips & inches) _ "
e.g., M, M, and A | e=12
M, 250 a @,6 ® [ M, 250 I 250 ki
M, 450 Let other bolts carry loads that . ©0 | o0 M, 45.0 T :ﬁ A
350 produce shear N e : elle o ( 1n?( olts) % .
ik i eg. V, V,, and M; o = 2, i ik i T =10.4 kips/bolt A
A 15.0 . © A 15.0 . 4
v, 10.0 © ‘ v, 10.0
v, 65.0 ®© 0o v, 65.0
P N P
an o an
No—yib y 37 No—yib
Moment Connections with Combined Loads — Boundary Conditions Moment Connections with Combined Loads — Boundary Conditions
»
Approach 2 Approach 2 ‘ ]
(kips & inches) e=115" (kips & inches) e=115" 11.5 1.n
M, 230 M, 230 C =3.04 kips o | a
45.0 k-in 35.0 k-in
(11.5 in)(2 bolts) (11.5 in)(2 bolts) % 4 _
i =0 T =1.96 kips/bolt v, =1.52 kips/bolt . B © .
A 15.0 . a ®
v, 10.0 v, 10.0 © O | ©
@0 |0
v, 65.0 v, 65.0
i"’.“‘"& /\_/
an I
oy y 40
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Moment Connections with Combined Loads — Boundary Conditions

v, =1.52 kips/bolt

Moment Connections with Combined Loads — Boundary Conditions

ses07 om0 ssowi] |, 4] Bt 1,4,9, 12camy A
(kips & inches) " 115in (kips & inches)
e=11.5 e=n/a
250 C =3.04 kips 250
_ 350kin . 5o 150k
Y (11.5 in)(2 bolts) 3 U : " 4 bolts *

M 35.0

10.0
Note the manner that M,

J T =3.75 kips/bolt Y ox—
B @

10.0

Yy 65.0 is evaluated here v, 65.0
(vertical force couple in /\/
lieu of horizontal force gr%‘i
couple) 41 @‘
oon 5

Moment Connections with Combined Loads — Boundary Conditions

(kips & inches) e=nla (8 2 eivesi e =nla

M, 250 M, 250

10.0 k 65.0 k
M, 45.0 V.= M, 45.0 L=

3 bols 8 bolts
M, 35.0 v, =1.25 kips/bolt M, 35.0 ¥, =8.13 kips/bolt
A 15.0 A 15.0

v, 10.0

Moment Connections with Combined Loads — Boundary Conditions

Copyright © 2019
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Moment Connections with Combined Loads — Boundary Conditions Moment Connections with Combined Loads — Boundary Conditions

Bolt | Load Load . Qty 1 2 3 4 5 6 7 8 9 10 i 2 Bolt | Load Load e Qy 1 2 3 4 5 6 7 8 9 10 i 2
Load | Type |(kips & inches)| (Gin) Gdps) | (kips) | (kips) | (Gips) | Gdps) | Gaps) | (kips) | (kips) | Gaips) | Geips) | (kips) | (kips) Load | Type |(kips & inches)| (in) Gaps) | (kips) | (kips) | (Gkips) | Gaps) | Gaps) | (kips) | (kips) | Gaips) | Geips) | (kips) | (kips)
M. 250.0 120 2 104 - g 104 - g - g 10.42 g - 104 M. 2500 120 2 104 - g 104 - g - g 10.42 g 104
Tension | a1, 450 115 2 1.96 - - 1.96 - - - - 1.96 - - 1.96 Tension | a1, 450 115 2 1.96 - - 1.96 - - - - 1.96 - - 1.96
4 150 wa ) 375 B . 375 B . B . 375 . B 375 Pl 150 Wa 4 375 B . 375 B . B . 375 . B 375
Sum - Tension 16.0 - E 16.1 g I 7 g 16.1 E B 6.1 Sum - Tension 16.1 B E 6.1 i g - B 16.1 E g 161
Shear)| Ve | 100 | nma | 8 | - 5| 125 - 25 5 | 125 125 - 25 125 - Shear)[ Ve | 100 | na | 8 - T35 | 125 - 25 5 | 125 25 - 25 125
Sum - Horizontal Shear - 125 [ 125 - 125 [ 125 | 125 | 125 - 125 | 125 P Sum - Horizontal Shear P 125 [ 125 P 125 [ 125 | 125 | 125 - 125 | 125
Shear)| ¥y, | 650 | wa | 8 813 | 813 - 813 | 813 | 813 | 813 - 813 | 813 - Shear)] ¥y, | 650 | wa | 8 813 | 813 - 813 | 813 | 813 | 813 - 813 | 813
shearg)| M. | 350 [ us [ 2 - - 152 152 | 152 1.52 - - Shear)| M. | 350 [ us [ 2 - - 152 152 | 152 1.52 - - -
Sum - Vertical Shear - 813 | 813 - 96 965 | 96 965 - 813 | 813 - Sum - Vertical Shear - 813 | 813 B 96 965 | 96 965 - 813 | 813 B
Shear Resultant = 822 | 822 - 973 | 973 | 973 | o1 - 822 | 822 - Shear Resultant |t 822 | 822 - 973 | 973 | o713 | o3 - 822 | 822 -

Shear/tension interaction is
not required for any bolt

45 46
Transfer Forces
Transfer Forces and Collectors
¥y > > MF I
e
i - —_—t> wr =1
_h" -— —— MF 4
_’» —_  w =1 1
P — P . P
4 — — Y
—_—
_V4> —T> —1> ME___ =P
_V3> -— —— ME +—
_V1> o —1> ME. -1
47 o o o o o 48
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Transfer Forces

Transfer Forces

Rarely reported

; P ) »; — —_— o —>
- * Impacts design of web -
iy — e T —— connection and/or flange iy — i
connections
¥ -— = ME > ¥ — — v +—
— —_—

—= o o — % —= o —
TF i fe ) TF o — o o N TF i fe TF o — o
— | i - — ' -—
< 11 g P — , ( o

: oy oy
J% . ) J% Y"v -
Vi —_ —t> MF 1> 4 > —_ —t> MF. 1>
4 -+ —— MF +— V -+ —— MF =
% —_ —> = % —_ —_—> =t
A . T S N A . P S N
Transfer Forces
Rarely reported Poll Question 1
* Impacts design of web
connection and/or flange 4 — e A
connections Q: The design strength of a beam-to-column moment connection is determined
— uEma - — based on the relative available flexural strengths of the beams and column.
[ "
—_1> —> 1>
a) True
TF ) ) TF N SE o N N b) False
- B . — [ — — —— .
< < — = c) It depends on source of the moment (gravity or lateral)
~ % ——— —> o —> d) Onlyif the source of the moments is gravity load only
3 -—> =1 ME —-
i —— —t> o —
N N o o N 52

Copyright © 2019
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Poll Question 1

Q: The design strength of a beam-to-column moment connection is determined
based on the relative available flexural strengths of the beams and column.

a) True

b) False

c) It depends on source of the moment (gravity or lateral)
d) Onlyif the source of the moments is gravity load only

Connection Design: Tips, Tricks, and Lessons Learned
Session 4: Moment Connections (Rev 1)

Erection and Mill Tolerances

g@ Select your answer! 53
——
o
O
B )
N [e]
o
— =
AT
g- ‘: 55
Copyright © 2019
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Ny 54
Potential Welding Issues
AT % B
g_“_m' Flange Tilt Flange Tilt w/ Under/Qverroll .
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Possible Options

Option 1 Option 2

Connection Design: Tips, Tricks, and Lessons Learned
Session 4: Moment Connections (Rev 1)

Possible Options

Possible Options

|

|

|
ooq;ooo
00 ¢ 00O

T

Option 2

"Backspan" Cantilever

Shallow Supporting Members

Copyright © 2019
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Beam-to-Beam

60
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"Backspan"

Cantilever

Shallow Supporting Members

"Backspan" Q Cantilever

°

\

\
D

°odo0o0o

} 1 -

Beam-to-Beam

Flange Plate and Tee

61

Connection Design: Tips, Tricks, and Lessons Learned
Session 4: Moment Connections (Rev 1)

"Backspan"

Cantilever

Shallow Supporting Members

"Backspan" Q Cantilever "Backspan" Q Cantilever

°

\

°

°odo0o0o

cdoc0

\
/

-
) W | )

Beam-to-Beam

Flange Plate and Tee Flange Plates

62

Account for Bolting — Limits on Stress Ratios

Flange Reinf. Plate

|
/_\l’\/ Not Req. For Net
i f Section Rupture, Typ.
! %
W
o
I 4 -
|
I
e
|
/—i\/

Flange Reinf. Plate
When Req. For Net
Section Rupture, Typ.

63

Copyright © 2019
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Entering and Tightening

Offset Pull-off on Flange and
‘Web Bolts To Avoid Bolt Fouling
1 /

and Entering and Tightening Issues
alv
2

\ Possible Bolt Foul and

Entering and Tightening
Issues

Section A-A

64
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Weak-Axis Moment Weak-Axis Moment

ZZ
i

i
/\T\_/ 66

65

Weak-Axis Moment Weak-Axis Moment

/\‘4{\/ Make diaphragm plate at least
iii / 1" thicker than top beam flange
I
[

H
/\/>\ Make diaphragm plate at least

3" thicker than bottom beam flang

68

Copyright © 2019
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Panel Zones and Column Stiffening

W14x90 Column
with 1.5” thick
continuity plates

Note distortion in
column flanges due to
welding

70

Two-Sided — Lateral Moments

Mwl Q Mwl A—_—\ ;ﬂl

Vol Vol
—_ — e
LE T
) TR
Vool % Vool % %,
\_/ u Vool
M M

col

72

Weak-Axis Moment et el i i
T _Z{—_ -
| ! btttk BN
/\"’{\/ Make diaphragm plate at least : ‘ t :
iii / 1" thicker than top beam flande | ‘ ‘ ‘ \
il . 1 1
o o] I
o
Lo
I I 3
e SR IREeR
I ___‘ 1
T TR B O
=J-- Lo J\L ********* N
! O e o
G /\T\/ Make diaphragm plate at least ! ”J. TTTENT T |
i I ‘ 3" thicker than bottom beam flang bbb - 5 9_
uy
Two-Sided — Lateral Moments
Mwl QV
— "col
It's a mistake to assume
My, that panel zone shear
K |— ﬁ K only occurs with lateral
) L J ) moments
Mbm
Mwl
AT
g % 71
1Y
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One-Sided — Gravity or Lateral — T/Column

i
1 77{77 777777 Y>>
% Mbm
L
Mcul
M, =min(M,, , M
Mm.”, =min (Mbm s CO,) , db1_ A;nll’l/(d bm> cnl)
avt = M ap
Stiffeners Doublers

73
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One-Sided — Gravity or Lateral — Column Midspan

M

col —

M ;) =min (Mbm’ 2M('nl)
Vi =M 4y 1 d

Doublers

74

Two-Sided — Gravity — Equal Beam Moments

—
\
|
~ i —
M,,, | |
A ‘ M
i bm,2
Mbm.l = Mbm.Z /\F_
M stiff — M bm.1
M, =M,,, No Panel Shear
Stiffeners Doublers
75
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Two-Sided — Gravity — Equal Beam Moments

eI

i

Mbm,2
Mbm,] > Mbm,Z @
M,
col My =(M,,, Mhmz)/d
M = min(Mbm,l -M,, ., Mm/) Vin =My, 1d
Stiffeners Doublers

76
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Two-Sided — Gravity or Lateral — T/Column Multiple Panel Zones
30k
= . =]
g o ( )
- 3,500 k-in %)
= 6,000 k-in
\
530k
\_"2,500 k-in
Unequal depth beams can induce more than one panel zone
A FBD of the joint should be generated to understand the
demand on the column flanges and web
77 78
Multiple Panel Zones Two-Sided — Gravity or Lateral —Column Mid-Span
| = =
A S ~

Unequal depth beams can induce more than one panel zone

A FBD of the joint should be generated to understand the
demand on the column flanges and web

79

80
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Panel Zone Strength

Section J10.6

(a) ...panel zone deformation is not considered...

aPb, <04P,

R,=0.60F,dt, (EQ.I10.9)

==

NS

ML'()I Q %7/

—i__V.

L Yeol
—_— —_— /5
gl
) 9 E )
-«— -—
My

81
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Panel Zone Strength

Section J10.6

(a) ...panel zone deformation is not considered...

ab, <04P,

R,=0.60F.dt, (EQ.I10.9)

(b) ...panel zone deformation is considered...

aP. <0.75P,
3b,1]

R, =0.60Fdt,|1+—LC | (EQ.J10.11)
b ctw

B

i

Nyt

-~ Ycol
—_— —_— b
- 1l
IR
M

&irsa, The parans term accounts for additional shear strength in columns with thicker flanges and
@; inelastic panel zone deformation (up to three times the deformation at panel zone yieldingg2

Mco/ Q ;’l

—__V.

Panel Zone Strength

Section J10.6

(a) ...panel zone deformation is not considered...
aP, <04P, .
R,=0.60Fdt, (EQ.J10.9)

ctw

(b) ...panel zone deformation is considered...

aP, <0.75P, .
3b,t2,
R, =0.60F,dt,|1+=-LL | (EQ.J10.11)
dbd(‘tw
AT
G wI»:
uy

Research (e.g., SAC) shows that when
centerline models are used for analysis with no
rigid offsets, it is reasonable to assume that
effects of panel zone deformation has been
considered.

The contribution of additional term in J10.11 is
relatively less in thinner flanged members and
in deeper column sections (i.e., deeper webs)

83
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Panel Zone Strength

Section J10.6

(a) ...panel zone deformation is not considered...

aP, <04P,

R,=0.60F,d, (EQ.J10.9)

(b) ...panel zone deformation is considered...
aP, <0.75P,

3b,t2,
R, =0.60Fd.,| 1+—=CL | (EQ.110.11)

b¥c"w

*Approximate Strength
Increase from with
t; (inches) J10.11

W14x730 4.91 50%
W14x370 2.66 35%
W14x145 1.09 20%
W14x26 0.42 5%
W24x370 2.72 20%
W24x146 1.09 10%
W24x62 0.59 3%

*Varies based on beam depth

84
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Two-Sided Connection with Continuity and Web Doubler Plates

ﬁ BEAM

these are design
requirements or
just for bidding

=
FILL VALLEY
% TpiCAL> T

I

AS REQUIRED
BY DESIGN

7,%77

I

| | COLUMN | WP [ CP | WELD“A” | WELD'B” | WELD"C”
L L 1, (m) (16(l|5) (1611\5) (161h5)
7 ¢ J i WI6X26 | Wi4x9%0 | = | Y X X X
‘ / | WI6X26 | Wl14xI32 - - - - -
WISXTI | Wi4x90 | =" | Y X X X
WISX71 | Wi4xI32 - Y X X -
Note that the information provided should
TTNTT o include interaction for “shared columns.”
' '
Make clear if
= = ccle

One-Sided Connection with Continuity and Web Doubler Plates

WELD"A"

One-Sided Connections with Continuity Plates — No Web Doublers

a

WELD A"
BEAM

COLUMN [ WP | CP | WELD“A” | WELD"B” | WELD“C"
1, (in) (16" (16™) (16"
W16X26 | W14x90 (2)x Y X X X
WI16X26 | W14x132 - - - 5 B
— WISX71 | W14x90 | @« | Y X X X
WISX71 | Wl4x132 - Y x x -
77#\,777. v
A J 7, -
Make clear if
these are design
- requirements or
s R just for bidding
774\,777
87

BEAM | COLUMN | WP | CP | WELD“A” | WELD“B” | WELD “C”
1 (ll'l) (16"‘5) (16“]5) (16lh5)
WI6X26 | Wi4x90 | x | Y X X X
W16X26 | Wi4x132 - - - -
N WISX7L | W14x90 | =" | Y X X x
WISX71 | Wi4x132 - Y x X -
Note that the information provided should
TTYIT oy include interaction for “shared columns.”
TR o
S = Make clear if
e these are design
requirements or
. just for bidding
,,J\If,,
86
Clean Column Worksheet
Least weight s not feast cast Varsion 1217 |
Least weight s not leasf cast
an 005
Design Guide ¥13, and Design Guice #4 2nd Editon.
Clean Columns calculates the
hiest column secton
required Lo eliminate siffener
:
Talk to your favorite fabricator, or consult chapter 3 of Design Guide 13 for
mare Informaticn o piates.
https://www.steeltools.org/ 88
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| T

Engineer

Remarks: '™

Chmwa s B C, msa f

= [T} T n %2 chrvedony
P ot el o D e A B i, el o s S (g e S T adoe T AT
5 3 bz T

o comderen]

Cliek Hore for Dotsiled Testroe sons end Definks

Wdaary B it |
Vi 13,17

T et o 4o

1 Cuem i o oy s

Sntari it Tt e 3504 8 o1 s ey w1 e g, (B o) S e 8 B a3 by i i1

Erers ot Cammidbor e 1o G Samsti
Bl A\
P Pt Tikaerys 0080 W L ol
Enalorrer i I .
e ah ~ 1
S

) Column Design Results: 7) Column Calculations:

Tightest | Lightest | Lightest Lightest Tightest Tightest
w8 W10 W2 Wid WIE Ll
Mo Stffener VEXSE | WI6E | w1279 Viaz7a | WI62TT VigsTl
Plates Required
Ho Doubler - wiomnz | wizaizo | wiarizo | WiGz89 [ WiszTi
Plates Required
o Stiffener
Plates or - wioemiz | Wizaizo | wiamzo | Wi189 VigzTl
Doubler Plates
Fiequired

This spreadsheet has been prepared in accordance with information made available to the American Institute of Steel Construction, Inc., AISC Marketing, LLC,
and the Steel Salutions Center, LLG at the time of its preparation. Whil it is believed to be 2ccurate, it has not been prepared for conventional use as an
engineering or construction document and should not be used or relied upon for any specific application without compstent professionsl esamination and
cerification of its acouracy, suitability and applicability by a licensed engineer, architect or other professional. ALSC, AISCM, and SSC disclaim any liabilty arising
From others or fr rized use of the information contained in this spreadsheet.

89
Most commercially available software evaluates stiffening requirements of wide
flange columns
6) Column Design Results: 7) Column Calculations:
Tightest Tightest Lightest Tightest
WE W10 W12 W14 WG Wi
Mo Stiffanet WBXSS | WIDa68 | Wiza79 W74 | WIETT | WisTl
Plates Required
Hlo Daubler - Wiozhiz | Wizai20 | Wirizo | WiBags Wigs71
Plates Fiequired
Mo Stiffener
- Plates or - Wiozhiz | Wizai20 | Wiz | WiBags WigaT
oubler FPlates
Fiequired
Thiz spreadsheet haz been prepared in accordance with information made availzble to the American Institute of Steel Conztruction, Inc., AISC Marketing, LLC,
and the Steel Solutions Center, LLT at the time of its preparation. While it is believed to be accurate, it has not been prepared for conventional uze as an
engineering or construction document and should not be used o relied upon For any specific application without competent professional examination and
werification of itz sceursey, suitability and applicability by 2 . architect o other BISC, AISCM, 3nd SSC dizclaim any lisbility arising
fromir i i others or uze of the information contained in this spreadsheet.
If not, | strongly recommend this worksheet!
91

90
A Word on Continuity Plate Welds
Consider the lateral
moment connection
shown...
(
92
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A Word on Continuity Plate Welds

T, , = Tension Flange Force
Consider the lateral
moment connection
shown...

A; = Controlling Limit State for C.P. Checks

O.SE,-O.SA,S 0.57},-0.54,
—>| —

—
(0.57,,40.5T;,)-(0.54, +0.54, )

(0.5T44+0.5T},)-(0.54, +0.54 )
-

L =
0.57;,-0.54, 0.57;,-0.54,

93

A Word on Continuity Plate Welds

Consider the lateral
moment connection
shown...

oAsr,,-oAsA,S 0.57,,-0.54;
—| —

—
(0.57,,4+0.5T;,)-(0.54,+0.54,)

Interface weld
demand is reduced
by the controlling
limit state of the
column checks

(0.5T44+0.5T},)-(0.54,+0.54, )
-

L =
0.57;,-0.54, 0.57},-0.54,

94

A Word on Continuity Plate Welds

Consider the lateral
moment connection
shown...

O.ST/,»O.SAIE 0.57,,-0.54,
— —

—
(0.57,+0.5T;,)-(0.54, +0.54,)

v Eccentricity
is neglected
L < < T/z
) /_ll Eccentricity
is neglected
N

(0.5T44+0.5T},)-(0.52,+0.54 )
-

_’B_’
0.57,,-0.54, 0.5T,,-0.54,

Copyright © 2019
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A Word on Continuity Plate Welds

Consider the lateral
moment connection
shown...

0.57,,-0.5/1,@ 0.57,,-0.54,
— —

The effect of e is (0.5T,,+0.5m0.5A,+0.5A1)
negligible...

...several ways to

v Eccentricity
is neglected

account for this otherT” <

than the momentat — )

the web...

...no effect final weld
size

(0.5T44+0.5T},)-(0.54,+0.54, )
-—

_’B_’
0.57,,-0.54, 0.5T,,-0.54,

) Eccentricity
is neglected

96
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A Word on Double Plate Welds A Word on Double Plate Welds
“Fill Valley” Welds “Fill Valley” Welds
CJP??? CJP???
Mag. Particle Testing??? Mag. Particle Testing???
DBL PL, Typ.
Addressed in AWS . 0
D1.8 2016... ( } (

...but really applies

Fill Valley,Typ. to all dbl. plate Fill Valley,Typ.
N n welds N n
( }% ( ( (

) )

1

97 98

A Word on Double Plate Welds

Poll Question 2

A= (

( \
gapiaia oy @

-

1 The welds used to install continuity plates in wide flange columns are typically
: based on an admissible and equilibrated force distribution on the continuity
|

1 ; <— — _ pBLPLT plate FBD.
% | I % a) True

b) False

I
[ I D

Increase plate
thickness to

account for bevel 99

100
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Poll Question 2

Q: The welds used to install continuity plates in wide flange columns are typically
based on an admissible and equilibrated force distribution on the continuity
plate FBD.

a) True

b) False

Select your answer!
101

Moment Connections

AISC | Questions?

Individual Session Registrants
CEU / PDH Certificates

* 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!

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

Ze, | Smarter.
i ;) : Stronger.
e’  Steel.

Individual Session Registrants

CEU / PDH Certificates

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

e Password: Same as AISC website password.

Ze, | Smarter.
i ;) : Stronger.
e’  Steel.

Copyright © 2019
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8-Session Registrants
CEU / PDH Certificates

One certificate will be issued at the conclusion of all 8 sessions.

gg@ : Smarter.

Loy 02

8-Session Registrants

Access to the quiz

Information for accessing the quiz will be emailed to you by Wednesday. It will contain a link to access the
quiz. EMAIL COMES FROM NIGHTSCHOOL@AISC.ORG.

Quiz and attendance records
Posted Tuesday mornings. www.aisc.org/nightschool -- Click on Current Course Details.

Reasons for quiz

¢ EEU - You must take all quizzes and the final exam to receive EEU.
*  CEUs/PDHs — If you watch a recorded session, you must pass quiz for CEUs/PDHs.
* REINFORCEMENT — Reinforce what you learn tonight. Get more out of the course.

Note: If you attend the live presentation, you do not have to take the quizzes
to receive CEUS/PDHs

8-Session Registrants

Access to the recording

Information for accessing the recording will be emailed to you by Wednesday. The recording will be available
for three weeks. (For 8-session registrants only.) EMAIL COMES FROM NIGHTSCHOOL@AISC.ORG.

CEUs / PDHs via recording

If you watch a recorded session, you must take and pass the quiz for CEUs/PDH:s.

8-Session Registrants
Night School Resources

Find all your handouts, quizzes and quiz scores, recording access, and
attendance information all in one place!

Copyright © 2019
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8-Session Registrants

Night School Resources
Go to www.aisc.org and sign in.

AT

DoT HAYE i AccouNT2 .

. . ZATa | Smarter.

prsswond ] i@% : Stronger.
Nemo$y

: Steel.

Connection Design: Tips, Tricks, and Lessons Learned
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8-Session Registrants

Night School Resources
Go to www.aisc.org and sign in.

i 4 o MyAISC

MY PROFILE

EBIT PHBFILE

e 1 MY PURCHASED DOWNLOADS
5 7
MY COURSE RESOURCES &> m‘\% i Smarter.
- it s o i : Stronger.
Nomyb

: Steel.

8-Session Registrants

Night School Resources

8-Session Registrants

Night School Resources

.u Resources Py Smarter.
Copyright © 2019
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Night School 13: Design of Industrial Buildings

8-SESSION PACKAGE RESOURCES

ZATRS | Smarter.
i@% : Stronger.
A’ Steel.
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8-Session Registrants
Night School Resources
* Weekly “quiz and recording” email.

* Weekly updates of the master quiz and attendance record, found at
www.aisc.org/nightschool19. Scroll down to Quiz and Attendance records.

* Updated on Tuesday mornings.

;@i Smarter.-
NS Steel.

8-Session Registrants
Night School Resources

* Webinar connection information
¢ Found in your registration confirmation / receipt

* Reminder email sent out Monday mornings

¢ Links to handouts also found here

Loy 02

;@i Smarter.-
N > Steel.
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