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

Today’s live webinar will begin shortly. Please stand by.

Today’s audio will be broadcast through the internet. Please be sure to turn up
the volume on your speakers.

Please type any questions or comments through the chat feature in the left
portion of your screen.
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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-AlA 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.
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Copyright Materials

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

Course Description

Moment Connections, Part 2
February 26, 2020

This session will review the prying phenomenon, and its effect on certain moment
connections. End-plate and tee-stub moment connections will be discussed. Design
examples will be presented to demonstrate concepts.
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AISC Live Webinars

Learning Objectives

e Explain the prying action phenomenon.

¢ |dentify the design parameters that can eliminate or reduce prying action
force.

e List the design steps of bolted tee stub moment connections.

e Describe the design methodologies in AISC Design Guide 16, Flush and
Extended Multiple-Row Moment End-Plate Connections.
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Connection Design for Moment Frames

and Braced Frames
Session 2: Moment Connections — Part Il
February 26, 2020

Brad Davis, PhD, SE
Associate Professor, University of Kentucky
Owner, Davis Structural Engineering

T3 | Smarter.
;| Stronger.
7 | Steel.

SCHEDULE

 February 26, 2020 Moment Connections Part 11

* March 4, 2020 Introduction to Seismic
Connections
* March 11, 2020 Bracing Connections
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MOMENT
CONNECTIONS
PART II

TOPICS

FR Moment Connections

« Connections with Prying Forces
* Basics of Prying

» Tee-Stub (Bolted) Connections
* End-Plate Moment Connections
* Design Examples

10

Copyright © 2020
American Institute of Steel Construction




AISC Live Webinar Series Connection Design for Moment Frames and Braced Frames
February 26, 2020 Session 2: Moment Connections, Part Il

CONNECTIONS WITH PRYING FORCES
AT
[|=33-C N
Tee-Stub/Web Bolted End-Plate Moment

Prying Forces
&
M, < = | M,
Contact points
for prying forces
12
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Prying Forces

13

Prying Forces

MBMA Test A
MRE 1/2-3/4-3/8-30
06-04-01

MBMA Test A
MRE 1/2-3/4-3/8-30

ih 06-04-01
,.'
- -y,

=y
3 |

%
&
ez
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Prying Forces

Design Models
* “Prying Action” in Manual pages 9-10 to 9-14.

» “Kennedy Split-Tee” used for End-Plate Moment
Connections.

* Both are basically the same but details differ.
* Nomenclature is entirely different.

 “Thick” Plate Behavior is recommended for
Tee-Stub Connections (no prying force).

Prying Forces

Flange Tee-Stub Bolted/Web Bolted
» Tee Stub - Bolted Hanger Connection

16
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Bolted Hanger Connections

gk v,

u

Limit States from Manual Part 9
* Tee Flange Bending
* Bolt Tension Rupture

Bolted Hanger Connections

* Tee Flange Bending T+q T +q
d, = bolt diameter
b'=b-d,)2 N
a=a+d/2<12b+d,/2 Line of /| [~
p= b'/a' deformation i T
2T,
Design model is for one row of bolts ,
p = length of tee per loolt oW } ﬁL
} '_\:1| ‘ \\\ <1.75b
1 P
T /r <175 T ///# <1.75b
AL e

Min of 1.75b and s/2
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Bolted Hanger Connections

Bolt Strength Criterion
For LRFD (7. and ¢, = T, and q,)

2T, = required connection strength per bolt row
q, = prying force
Required Bolt Strength=T7, + g,

—-

T, +q,< ¢r, where ¢ =0.75 q ‘ A I

i P
/ b ‘ a
Line of '
a
deformation b

por

Bolted Hanger Connections

“Thick” Plate Behavior
No Prying Force: ¢g,= 0

M,=T,p' < oM, ¢=0.9

M,=FzZ = F(pt/4)

On substitution, the required
no prying flange thickness is:

;= ATD" (Manual Flange flexural strength
¥\ opF, Eq.9-17a) is adequate if #,> ¢

np:

20
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BOLTED HANGER CONNECTION EX.

Example: Determine if the hanger connection shown is
adequate for P, = 80 kips. Emphasizing flange-to-
flange connection limit states.

W24x94 A992

4 in, 5-1/2 in.

WT8x28.5 x 0'-8” A992
3/4 in. Gr. A325-N Bolts

P, =80 kips

21

Bolted Hanger Connection Example

[

Limit States

WT

1. Flange Bending

2. Flange Shear Yielding

3. Flange Shear Rupture *
4. Web Tension Yielding  Bolts
5
6
7

. Tension Rupture
. Block Shear
. Shear Transfer at Bolts

8. Tension Rupture

Beam
9. Flange Bending
10. Web Local Yielding

22
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Bolted Hanger Connection Example

Properties

W24x94 t, = 0.875 in. A992 F, =50 ksi
b,=9.07 in. F,=65ksi
t,=0.5151n. Gr. A325 Bolts
k,, =138 in. F ., =90 ksi

WTgx28.5 bf =7.12 1n.
t = 0.715 1in.
t,=0.430 in.

3/4 in. Gr. A325 Bolt

o, = OF, 4,

= (0.75)(90)(0.4418) = 29.8 kips

23

Tee-Stub Parameters o ' x L ‘ '
b=(g-1,)/2=(4.0-0430)/2=1.79 1n. R\ [ :

b'| a
b'=b-d/2 =1.79-0.75/2=1.42in. b2
L = length of tee = 8.0 in. Yo
s = bolt spacing = 5.5 in.
s/2=15.5/2

=2.75in. < 1.75b=1.75(1.79)= 3.13 in.

=
-

_--!_!

=s/2+1,=275+(8.0-55)2=4.0in.

(Use 2.75 in.) |
p = flange length / bolt ? )

24

Copyright © 2020
American Institute of Steel Construction

12



AISC Live Webinar Series Connection Design for Moment Frames and Braced Frames
February 26, 2020 Session 2: Moment Connections, Part Il

Bolted Hanger Connection Example

Required Tee Flange Thickness
, . g L

t = /M;b No Prying I:mj__r
? (I)pF; ‘y b’ | a'
M b '! a

_[(4)(20)(1.42) C o
~\ (0.9)(4)(65) o7

=0.697 in. < 0.715 in. for the WT8x28.5, OK

Check Bolt Strength
T, =80kips/4
=20 kips < ¢r, = 29.8 kips, OK

25

Bolted Hanger Connection Example

Tee Flange Strength Checks

* Shear Yielding of Flange with 1= 0.715 1n. (:j " C:)
OR, = 00.6F 4, (Spec. Eq. J4-3) 8in.| 1 .

= 1.0(0.6)(50)(8.0)(0.715)(2 planes) ojtio
= 343 kips > 80 kips OK IPlan '

» Shear Rupture of Flange with effective hole
diameter, 7/8 in. (Spec. B4.3b)
OR, = 90.6F A, (Spec. Eq. J4-4)
=0.75(0.6)(65)[8.0—2)7/8](0.715)(2)
=261 kips > 80 kips OK

26
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Bolted Hanger Connection Example

Required Beam Flange Thickness
W24x94 b=9.07 in. t,=0.875in. #,=0.515 in.
b=(5.50 - 0.515)/2 = 2.49 in.

r--r---
b'=2.49 - 0.75/2=2.12 in. pas] | 1" e §

5Kk"| 9.07

p=1.75(2.49) +2.0=6.36 1n.

”
Verify beam flange is thick enough to prevent prying:

_[ARET | (DQON212) ) eas i < 0.875 in. OK
opF, \(0.9)6.36)65) T

27

Bolted Hanger Connection Example

Beam Web Local Yielding

W24x94: ¢,=0.515 . W2dx04 A0
ks = 1.38 1n. ¥ N
Zb = 4 iIl. \.l-i:;'-z Fv
OR, = OF 1 (5k +1,) (Spec. Eq. J10-2)
= (1. Sl 1.38) + 4.
(1.0)(50)(0.515)[5(1.38) + 4.0] P S0 kin

=281 kips > R, = 80 kips OK

28
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Bolted Hanger Connection Example

W24x94 A992

4" 15-1/2"

WT8x28.5 x 0-8" A992
3/4 in. Gr. A325-N Bolts

*Pu = 80 kips *
WT flange thick enough.
W24 flange thick enough. ion i
g €N oy The Connection is

Bolts strong enough. Adequate
Other limit states OK.

29

FLANGE TEE-STUB (BOLTED)
MOMENT CONNECTIONS

1

=T

ilp
e
p

dfiF|lo 0o 0 0 0 g;‘"

dlp
dp
d|p

30
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Flange Tee-Stub (Bolted) Connections

Limit States
« Tee Stub - Bolted Hanger Connection Design
» Girder —> Same as Flange-Plated (Bolted)

* Web Plate = Same as previous. No eccentricity.
_-—_J\rj_

31

Flange Tee-Stub (Bolted) Example

Example: For the connection shown:
1. List all limit states.
2. Determine if the tee flange-to-column flange
connection is adequate.
3. Determine if the bolt slip resistance of the flange
bolts is adequate. Class A surface preparation.

Custom Tee from W16x57. M, =100 kip-ft

AN —A—
i
glp
g j
N €
)
2 W18x35 A992 /5
- €
3
)
z I N
¥4 in. A325-SC at Beam Flanges
-N Elsewhere 1 ) L 32
4 | I
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Flange Tee-Stub (Bolted) Example

1. Limit States

Beam  Reduced Flexural Strength
Flange Block Shear
Beam Flange Bolts
Bolt Slip (-SC Bolts)
Shear Transfer
Tee-Stub Stem Block Shear
Stem Tensile Rupture T e
Stem Tensile Yielding
Flange Shear Yielding
Flange Shear Rupture
Flange Bending / Prying Action
Tee-Stub Flange Bolts
Tensile Rupture

i

W18x35 A992

‘W24x94 A992

g %a in. A325-SC at Beam Flanges
-N Elsewhere

33

Flange Tee-Stub (Bolted) Example

1. Limit States

Web Plate
Shear Rupture
Shear Yielding
Block Shear
Weld Rupture
Shear Transfer -
Column
Flange Bending / Prying Action. Replaces flange local
bending from Spec. J10.
Web Local Yielding
Web Local Crippling

i

‘W18x35 A992

W24x94 A992

5 % in. A325-SC at Beam Flanges
-N Elsewhere

34
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Flange Tee-Stub (Bolted) Example

2. Check Strength of Tee-Stub Flange Connection

WI18x35 A992 d=17.7 in. WT ¢,=0.430in.
Assume same geometry as in previous tee-hanger
example with one additional row of bolts at stem.

R,=M,/(d+t,) — T
=(100x 12)/(17.7+ 0.430)
= 66.2 kips

o
o| W18x35 A992

W24x94 A992

§ % in. A325-SC at Beam Flanges
-N Elsewhere

. R
From previous example:

Tee Flange Connection ¢R,> 80 kips > 66.2 kips, OK

35

Flange Tee-Stub (Bolted) Example

3. Check Beam Flange Bolt Slip Resistance

R, =M,/ d=(100)(12)/17.7 = 67.8 kips < 75.9 kips, OK

8 — 3/4 in. A325-SC Bolts ]

T, =28 kips (Spec. Table 3.1)
¢ = 1.0 (standard holes)

W24x94 AY92

“ — 0 . 3 O (Class A) L, Y4 in. A325:§CE?:e]3;11TeFlanges

hy=1.0 (no fillers or one filler at each flange)
n,= 1 (slip plane)

OR, = ¢uD, hTyn, (Spec. Eq. J3-4)
= (1.0)(0.30)(1.13)(1.0)(28)(1)(8 bolts) = 75.9 kips

36
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END-PLATE MOMENT
CONNECTIONS

37

End-Plate Moment Connections

AISC MOMENT END-PLATE DESIGN GUIDES

Stea! Design Guide

Extended End-Plate

Flush and Estended Multiple-Row Moment Connections

Muoment End-Plate Connections Seismic and Wind Ap s

38
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End-Plate Moment Connections

TODAY’S TOPICS

* Types of Moment End-Plate Connections for Wind
and Low Seismic

 Basis of AISC Design Guide Procedures

» AISC Design Guide 16
Wind and Low Seismic Moment
End-Plate Connections

39

End-Plate Moment Connections

w

Beam-to-Column Beam-to-Beam

40
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Flush End-Plate Moment Connections

s
-

Two Bolt Unstiffened Four Bolt Unstiffened

Four Bolt Stiffened Four Bolt Stiffened

41

Extended End-Plate Moment Connections

Copyright © 2020
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Basis of End-Plate Design Procedures

Stiffness Criterion

* Fully Restrained (FR) Construction
End-Plate Strength

* Yield Line Theory
Bolt Force Prediction

* Pretensioned and Snug-Tightened Bolts

* Including Prying Action

43

End-Plate Connection Classification

Stiffthess Criterion

FR moment
» Extended End-Plate @'f
Connections I © Manual
/ Figure 12-1

/1
. Fixed - 11
Fully Restrained (FR) ond /‘/‘ﬂ\ 556, B
|/ | \\ connections

/
/
/

é b ‘9@
5 | 90)/
* Flush End-Plate 2 K
Connections : N
: = simple shear
Fully Restrained (FR) [ e . comecions
o= - 7 -
Usea‘ble end-plate Rotation Elmpte hedm

strength is reduced to
satisfy stiffness criterion.

44
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End-Plate Connection Classification

Stiffness Criterion
* FR Flush End-Plate Connections

End
Moment|. Beam Line
My .
M,/ < [} = reduction factor
Pl YV T \\\\ — 1.25
Rotation

45

End-Plate Flexural Strength

End-Plate Flexural Strength: Yield-Line Analysis

» Flexural Strength of Plate
M,= Ft2Y

where
F, = end-plate material
yield stress
t, =end-plate thickness
Y = geometric yield-line
parameter

46
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End-Plate Strength

End-Plate Strength from Yield-Line Analysis
* Internal Work Example

W =—=Lh| -2 L+l +z(pf+s) !
h 2\p, s) g

where m,=F,Z=F (1")t,*/4

» External Work Example —
1 F*‘g'ﬁ

47

End-Plate Strength

End-Plate Strength from Yield-Line Analysis

* Equating W,= W,
b 1 1 2
M =Ff£h| 2L —+=|+=(p,+s)|=M
n ypl{2£pf S] g(pf )] pl

dw. 1
L=0=>s=—/b
ds 2 v

Note: Yield-line solutions are upper bound solutions
and therefore the least strength for any s is the
ultimate strength.

48
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Bolt Forces/Prying Forces

Bolt Force Predictions

* Split-tee analogy
» Connection fails when first bolt reaches its tensile
strength

or, = o,F,,A, with ¢,=0.75
» Three stages of plate behavior possible.
* Prying forces in bolts considered.

49

Bolt Forces/Prying Forces

Split-Tee Analogy

(14 : 2 2F T
Thick” Plate T 2F “Intermediate”

Behavior ‘ Plate Behavior

sl s ot BlTQ

“Thin” Plate
Behavior

50
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Bolt Forces/Prying Forces

Thick Plate Response
MBMA Test B ;:.
MRE 1/2-3/4-3/4-30 :
-D6-05-01 >
|l ;
- -\T
WEBMA Test 8 M =
MRE 1/2-3/4-3/4-30 o

51

Bolt Forces/Prying Forces

Thick Plate Response

Copyright © 2020
American Institute of Steel Construction
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Bolt Forces/Prying Forces

Thin Plate Response

MEMA Test A MBAA Test C
MRE 1/2.3/4.3/8-30 MRS e
06-04-01

|
b — N ¥ .

.
-

\
\

nw:
1 B

e

> ¢

53

Bolt Forces/Prying Forces

Thin Plate Response

"~ MBMATestA
MRE 1/2-3/4-3/8-30

(e ¥ 06-04-01
_ G

54
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AISC Design Guide 16

For Wind and Low @ == :-.g%

Selsmlc Appllcatlons Flush and Extended Multiple-Row
( R < 3 Designs) Moment End-Plate Connections

55

AISC Design Guide 16

Overview of Design Guide 16

» Background

» Flush End-Plate Design Procedures
2-Bolt, 4-Bolt, and 4-Bolt Stiffened

» Extended End-Plate Design Procedures

4-Bolt, 4-Bolt Stiffened, MRE 1/2, MRE 1/3, and
MRE 1/3 Stiffened

* Gable Frame Panel Zone Design

56
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AISC Design Guide 16

Overview of Design Guide 16 TZF
» Two Design Options:
- “Thick” end-plate option
(thicker plate, smaller bolts) 2 l l 3

- “Thin” end-plate option
(thinner plate, larger bom
2F

* Two Bolt Pretension Levels:

- Fully Pretensioned (AISCS Table J3.1)
(Note: Not Slip-Critical)

- Snug Tightened

Qma X Qnmx

57

AISC Design Guide 16

“Thick” Plate Design Option

« Plate yielding does not occur prior to bolt rupture.

*  Minimum diameter bolts

»  Thicker end-plate

» Prying forces are negligible

*  Design requirement: ¢, M,/v, = ¢,1.11M,,,
(end-plate stronger than the bolts)

* M, = no prying flexural strength of bolts

»  Design procedure is straight forward.

58
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AISC Design Guide 16

“Thin” Plate Design Option

« Plate yielding occurs prior to bolt rupture.

* Minimum end-plate thickness
» Larger diameter bolts
* Prying forces assumed to be maximum

Design requirement: ¢,M,,/y, < ¢,1.11M,,,
(bolts stronger than end-plate)

Design procedure is complicated.

59

AISC Design Guide 16

“Thick” Plate and “Thin” Plate Design Options
Tz F T 2F

.. -

sl 1o T,

“Thick” Plate “Thin” Plate

d)bMpl/YVZ 111¢an d)bMpl /Yr< llld)ran
on Q= Qmax

M, is the flexural strength of the plate
M,, is the “no prying” flexural strength of the bolts 60

max
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AISC Design Guide 16

Table 4-2 Summary of Four-Bolt Extended Unstiffened Moment End-Plate Analysis

Geometry Yield-Line Mechanism Bolt Force Model
b,
i
o ) i ¢ o i B =2(R-Q,)
1 1P,
[
. o imS e ey B =2R-Q,)
I
h h M, d 4
-t
t, h |
-1
. . . L] L
Ll L | 1 1

b 1
End-Plate Y=-"L|n L+l +hy -+ —% +£[h,(p/_,+s)] Note: Use py;=s,ifp;i>s
Yield 20 \ppios Pro) 2 &

1
S:E b,g $=0.90

2B~ O )y + 2B~ Oy )]

Bolt Rupture o, = o= 2P, ~ Oy )y + 2T, ) )] —07s
w/Prying Action 4}{2([“, = Qi) + Z(Th)(d,,)]
2Ty +d)))
Bolt Rupture oM, =M., = H2(P)(dy+d,)] $=075

No Prying Action

61

AISC Design Guide 16

Weld Strength Requirements (Manual p. 12-10)
* Beam Flange to End-Plate Weld

M,/ (d-t,)
I, = max
0.6F D t,
* Beam Web to End-Plate Weld ‘
Zone 1: Max. of calculated web tensile 1o, Zome
stress and 0.6Fz,,, kips/in. i
Zone2: V, <oV, T
h’ _ _ 2d l Zone 2
L=min| ° Pr. ’
h. |2
62
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AISC Design Guide 16

Example: 4-Bolt Extended Unstiffened
“Thick” Plate

* Plate Design Strength: ¢,
$,=0.9
M,,= plate nominal flexural strength
=F Y
F, = end-plate yield stress
t, = end-plate thickness

P
Y =yield line parameter

63

AISC Design Guide 16

Ex.4-Bolt Extended Unstiffened “Thick’ Plate
* Plate Design Strength ¢,M,, = ¢,F, 12Y

b
Y=-L|h L+l +h L +zh p,.+s
1 0 1 S
2 Pri S Pro 2| g

where I .

PP [* 2 1R, |
1 b 225 e #P. L
= — L I ] b
PToVE I =
d, ‘ " h
' 5 | 1
Note: if p;; > s, then use p,; = s -t h
LT r

64
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Ex.4-Bolt Extended Unstiffened “Thick” Plate
* No Prying Bolt Moment Strength: ¢,M,,
0,M,, = 220,F, 4,
i=0

' . = ZFntAb
= 2¢;E;tAb z dl‘ g ZFntAb
i=0
where ¢, = 0.75 < dy J
F,, =90 ksi for Group A "y !
= 113 ksi for Group B "
|
(Spec. Table J3.2) P I |

65

AISC Design Guide 16

Ex.4-Bolt Extended Unstiffened “Thick’ Plate

* For “Thick” Plate Design
$,=0.90 ¢,=0.75

To avoid prying:
oMy, > 1.119,M,,
Required strength:
M, < ¢bMp1 v,
withy, = 1.0 (Extended)
1.25 (Flush)

66
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Assumption and Limitations for All Configurations

» Assumption:

- Compression side bolts resist all vertical shear.
 Limitations:

- Bolt diameter < 1-1/2 in.

- F, <50 ksi

- Width of end-plate, b, taken in calcs to be < b,+1 in.

- Bolt gage, g < b,

- With CJP welds, weld access holes not recommended.
* Minimum Pitch Recommendations
przd,+1/21n.if d, < 1 in.
pr>dy+3/4imn.ifd,> 1 in,

67

4E Moment End-Plate Design Example

Ex. Determine required bolt diameter and end-plate
thickness for the 4-Bolt Extended Unstiffened (4E)
shown. Use “Thick” End-Plate design.

M,=2,000 kip-in. V,=33.0 kips

End-Plate: A572 Gr 50 "
Bolts: Gr. A325-N T 1 o
Geometry e
b,=b=8in. t=38in. LML
t,=1/4in.  p,=2in. e W)
h =18 1n. Pro=2-1/21n. o le.
g =3-12in. p,=3-12in. = <+
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4E Moment End-Plate Design Example

4-Bolt Extended Unstiffened “Thick” End Plate

Geometry: f, =3/8 in.
h =18 in.
Py =21n.
Pro=2-1/2 in.
Do =3-1/2 1n.
Calculate:

hy=18+2.5=20.5 in.
h,=15.4+0.375/2=15.6 in.

dy=18+2.5-0.375/2 =20.3 in.
d,=18.0-0.375-2.0-0.375/2=15.4 in.

Yd,=20.3 +15.4 =358 in.

69

Use 3/4 1n. bolts (4,

Required Bolt Diameter
Will ensure plate is thick enough
to prevent prying, so:

N
_2¢t ntA Zdl

M, <oM,

_2¢t nt breqzd

2000 = 2(0.75)(90)(4, ., )(35.8)
A4 =0414in’

b,req

=0.442 in.2)

70
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4E Moment End-Plate Design Example

Required End-Plate Thickness to Prevent Prying

Y, 20,1. dly
0M, 1y, 2¢,1.11M,, L11y,0,M,
5 ) [, =  ET——
O,F LYy, 29 1.11M, 0 F,¥

End-Plate Yield Line Parameter, Y:

b
Y=-"L1h L+l +h0L—l +zhl(pfl.+s)
2 Pri S Pro 2| g ’

=127 in.

71

4E Moment End-Plate Design Example

Required End-Plate Thickness

N
(I)tan = 2(I)tF:1tAb g(:) di
= (2)(0.75)(90)(0.4418)(35.8) = 2,130 kip-in.

o [tivem,
pred 0,F,Y

~[(1.11)(1.0)(2130)
A\ (0.9)(50)(127)

=0.643 in. Try 3/4 in. end-plate.
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4E Moment End-Plate Design Example

Required End-Plate Thickness 8 in.
* Check Shear Yielding of Extended Portion E—
of End-Plate  e---®--
PL3/4x 8 A572 Gr. 50 L

V. = (M, /h)/2=(2,000/18.0)/2 = 55.5 kips
oV, = 1.0(0.6)(50)(0.75)(8.0) = 180 kips > V,, OK

« Check Shear Rupture of Extended Portion of End-Plate
3/4 in. A325-N Bolts = effective hole dia. = 7/8 in.
&V, =0.75(0.6)(65)(0.75)[8.0 — (2)(7/8)]

=137 kips >V, OK
Use 3/4 in. End-Plate

73

Compression Side Bolts :

* Check Shear Transfer
V., =33 Kkips N i
PL 3/4x 8 A572 Gr50
2 —3/4 in. Gr. A325-N Bolts T
=2.4F,dt, (Spec. Eq.J3-6a) 11 Ll ..
= (2.4)(65)(0.75)(0.75) = 87.5 kips/bolt
Tearout (Spec. Eq. J3-6¢) will not control by inspection
Frboir = FonAp = (54)(0.442) = 23.9 kips (Spec. Eq. J3-1)

oV, =0.75(23.9)(2 bolts) = 35.8 kips > 33 kips, OK

r n,bearing
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4E Moment End-Plate Design Example

Design of Flange Welds

* Beam Flange to End-Plate Weld
M,/ (d-t,)=2,000/(18-3/8) =113 kips
0.6F,b,t, =(0.6)(50)(8)(3/8) =90 kips
Try E70xx fillet welds:

R,<o0R,=1.392(1.5)(D)(l) (Manual Eq. 8-2)

Dreq =113 kips / [(1.392)(1.5)(8.0 + 8.0 - 0.25)]
= 3.44 sixteenths

R =max

u

Minimum from Spec. Table J2.4 is 3/16 in.
Use /

% 75

4E Moment End-Plate Design Example

Design of Web Welds (Manual 12-9)

* Beam Web to End-Plate Weld b
Zonel: t,=0.251n.
Required weld strength is max. of

calculated web tension stress and 0.6F ¢, kips/in.

Izdbl Zone 1

Conservatively compare with yield strength
of web: Ft,, = (50)(0.25)(1.0) = 12.5 kips / in.

D,., = 12.5/[(1.392)(1.5)(1.0)(2 welds)] = 2.99

Min. is 3/16 1n. 3/16 ;
Use 3/16

76
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4E Moment End-Plate Design Example

Design of Web Welds (Manual 12-10)

* Beam Web to End-Plate Weld he
Zone2: V,=33.0 kips
h,=h-2t,=18.0-2(0.375)=17.3 in.

N
Izdbl Zone 1

Length of weld:

h —p,.—2d, =13.8 in.
L=min| ¢ 77 ’

h /2=28.631n.

Dy, = 33.0/[(1.392)(8.63)(2 welds)] = 1.38

Min. is 3/16 1n. 3/16
Use —¢ ;

77

4E Moment End-Plate Design Example

4-Bolt Extended Unstiffened “Thick” Plate Design
* Final Design
M, = 2,000 kip-in.
V,=33.0 kips
End-Plate 3/4x8x1'-9%," A572 Gr50
3/4 in. Gr. A325-N Bolts

78
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Other Limit States

* Column Side
- Flange Bending: M, = F t? Y
- Web Local Yielding at Compression Side
I, = (6ky + 21, 1) from AISC DG4
- Web Local Crippling at Compression Side
- Web Compression Buckling
- Panel Zone Strength

79

End of Session 2

Thank You for
Attending

Next Up

80
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Next Session

« March 4, 2020 Introduction to Seismic Connections

TOPICS

Ductile Mechanisms and Capacity Design

Qualification Requirements for Special and
Intermediate Moment Frame Connections

Introduction to Prequalified Connections

* Requirements for Concentrically Braced Frames

81

22 | Smarter.
;| : Stronger.
7 i Steel.

AISC | Questions?
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Single-Session Registrants
CEU / PDH Certificates

e 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!

3 : Smarter.
;| Stronger.
7 i Steel.

Single-Session Registrants
CEU / PDH Certificates

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

e Password: Same as AISC website password.

3 : Smarter.
;| Stronger.
7 i Steel.
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4-Session Registrants
CEU / PDH Certificates

One certificate will be issued at the conclusion of the course.

GATaR | Smarter.
f : Stronger.
e/ : Steel.

4-Session Registrants
Attendance and PDH Certificates

¢ You have two options to receive credit for a given session.
* Option 1: Watch the live session. Credit for live attendance will be
displayed on the Course Resources table within two days of the session.
* Option 2: Watch the recording and pass the associated quiz.

Videos and Quizzes
e For each session, find access by the end of the day, Friday, after the live air date. (An

email will be sent from webinars@aisc.org.)

e Quiz scores are displayed in the Course Resources table.

Distribution of Certificates
All certificates will be issued after the course is completed. Only the registrant will
receive a certificate for the course.

A | Smarter.
: Stronger.
e/ : Steel.
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February 26, 2020

4-Session Registrants

Course Resources

attendance information in one place!

Find all your handouts, quizzes and quiz scores, recording access, and

AR | Smarter.
E@g : Stronger.
ame | Steel.

ey 7L

4-Session Registrants

Course Resources

Go to www.aisc.org and sign in.

USERMAME

PASSWORD

LOGIN

REGISTER NOW
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4-Session Registrants

Course Resources
Go to www.aisc.org and sign in.

IN THIS SECTION I‘ﬂyAbf_

MY PROFILE

EDIT PROFILE

rlar Hizt MY PURCHASED DOWNLOADS
MY COURSE RESOURCES

VIEW RESOURCES

4-Session Registrants

Course Resources
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4-Session Registrants

Course Resources

Design of Facade Attachments

4-5ESSION PACKAGE RESOURCES

3 : Smarter.
;| Stronger.
7 i Steel.

AISC | Thank you.
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