AISC Night School - Fundamentals of Connection Design Lecturer: Tom Murray, P.E., PhD
Session 5: Moment Connections Part | Emeritus Professor, Virginia Tech
November 7, 2017

C ANIS?gh’r Sc

Thank you for joining our live webinar today.

We will begin shortly. Please standby.

Thank you.

Need Help?
Call ReadyTalk Support: 800.843.9166

AISC Live Webinars

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

dial 888-504-7949.
Passcode: 956659
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AISC Live Webinars

Today’s live webinar will begin shortly.

Please standby.

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
888-504-7949.

Passcode: 956659

AISC Live Webinars

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
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AISC Live Webinars

Copyright Materials

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

© The American Institute of Steel Construction 2017

Course Description

Session 5: November 7, 2017 — Moment Connections Part |

This live webinar covers wind and low seismic moment
connection design. Various moment connections will be
discussed including flange welded-web bolted connections,
flange plate welded-web bolted connections, flange plate bolted-
web bolted connections, and moment end-plate connections.
Column side limit states will be discussed followed by the
presentation of a design example.
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Learning Objectives

At the end of this program, participants will be able to:

» List various types of moment connections.
¢ List column side limit states in moment connections.

* Compare and contrast flange welded/web bolted vs. flange plate
welded/web bolted vs flange plate bolted/web bolted moment
connections.

» Describe the steps in designing a moment connection through the
presentation of a design example.

Fundamentals of Connection Design

Session 5: Moment Connections, Part |
November 7, 2017

Presented by

Thomas M. Murray, Ph.D., P.E.
Emeritus Professor

Virginia Tech, Blacksburg, Virginia
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MOMENT
CONNECTIONS
PART I

%Virg;niaTech

nvent the Future

TOPICS

Moment Connections:

* Flange Welded / Web Bolted
Flange Plate Welded / Web Bolted
Flange Plate Bolted / Web Bolted
Column Side Limit States

Design Example

W@ VirginiaTech

Invent the Future

Copyright © 2017
American Institute of Steel Construction




AISC Night School - Fundamentals of Connection Design Lecturer: Tom Murray, P.E., PhD
Session 5: Moment Connections Part | Emeritus Professor, Virginia Tech
November 7, 2017

Moment Connections

FR Moment Connections
Mg
| N\ M = 0.9M;, (Fixed End Moment)
"N\
. Typical Beam Line
AN
= /_
]
o \ .
g PR Moment Connection
. AN
= P M=0.5M
E \
) N
) : N
. M=0.2M; Connection
| AN Simple Shear
! N
1 1
Rotation, 6 65

W@ VirginiaTech

Invent the Future

FLANGE WELDED / WEB BOLTED
MOMENT CONNECTIONS

FSS 3 Pl

. i

W@ VirginiaTech

Invent the Future
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Flange Welded / Web Bolted

Limit States

* Girder Flange-to-Column Flange Weld
— Complete Joint Penetration (CJP)
— Partial Joint Penetration (PJP)
— Fillet Welds (Shop)
* Note

— Weld Access Holes
Required for Field Welds

@ VirginiaTech

Invent the Future

Flange Welded / Web Bolted

 Girder Flange-to-Column Flange Weld
PJP joint welds are not recommended.

Fillet welds can be designed to develop the tensile

strength of beam flange or resist the required beam
moment: '
D - 09 E; t; (lin.)
€4 1.5%1.392 (1in.)

or

_ M, /(d-t)
€19 1.5%1.392 b,

. P LIy
[ VirginiaTech 14
Invent the Future & "

(Recommended)
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Flange Welded / Web Bolted

» Web Plate Limit States: Vu\/
— Shear Yielding
— Shear Rupture ¢
— Shear Strength at the Elements ¢
— Block Shear [
— Weld Shear Rupture

@ VirginiaTech

Invent the Future

Flange Welded / Web Bolted

* Notes:

— Web plate connection is developed for direct
shear (no eccentricity).

— The moment couple is resisted by the flanges.
— High seismic design requires special
o V,
detailing. Y \/

. P LIy
[ VirginiaTech 16
Invent the Future & "
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FLANGE PLATE WELDED / WEB
BOLTED MOMENT CONNECTIONS

T e

!
A

__§_¢—_ V

Top i)late is narrower than beam flange.

Bottom plate is wider than beam flange.

. o2 CI
[ VirginiaTech 17
Invent the Future & ",

Flange Plate Welded / Web Bolted

Limit States

» Flange Plates-to-Column Flange Welds
— Complete Joint Penetration (CJP)

— Partial Joint Penetration (PJP)

— Weld Access Holes (not shown) required for
backup bar at top and access behind web at
bottom.

— Plate-to-Column Flange
weld must be made first.

@ VirginiaTech

Invent the Future
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Flange Plate Welded / Web Bolted

 Tension Flange Plate Yielding
Ffu - Mu / (d + tp,avg)
Fp, < OF, A,

— Fyg,
0=0.9 . |

_

. . : T O
[ VirginiaTech 19
Invent the Future & ",

Flange Plate Welded / Web Bolted

* Tension Flange Plate Rupture
Longitudinal Welds Only

F. < _ Ffu
fu—q)FuAe_q)FuUAg \%Y% —p

6=0.75 AN

Using Specification Table D3.1, Case 4 withx =0

2
U= 231
3[°+ W2

. P LIy
[ VirginiaTech 20
Invent the Future & "
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Flange Plate Welded / Web Bolted

TABLE D3.1
Shear Lag Factors for Connections
to Tension Members

Case Description of Element Shear Lag Factor, U Example

1 | Al tension members where the tension load is trans-
mitted directly to each of the cross-sectional elements u=1.0 =
by fasteners or welds (except as in Cases 4, 5 and 6).

2 | All tension members, except HSS, where the

X
tension load is transmitted to some but not all of i | e 7£77 =
the cross-sectional elements by fasteners or by _ *
longitudinal welds in combination with transverse X i
= ; ‘ |

welds. Alternatively, Case 7 is permitted for W,
M, S and HP shapes. (For angles, Case 8 is

permitted to be used.) ;‘fg X ?T

!
3 |All tension members where the tension load is U=1.0 and
transmitted only by transverse welds to some but Ap = area of the directly -
not all of the cross-sectional elements. connected elements
4lal | Plates, angles, channels with welds at heels, tees, h
and W-shapes with connected elements, where |
the tension load is transmitted by longitudinal 32 X Plate or T
welds only. See Case 2 for definition of x. U= 7 3 1-7| |W| = connected =
324w element

[ VirginiaTech - 21

Invent the Future

Flange Plate Welded / Web Bolted

» Tension Flange Plate Weld
Fr,=M,/d<¢R, ¢=0.75

- Only Longitudinal Welds
R, =(1.392xD)2xL,)
- Long. + Transverse: Specification J2.4(b)(2)

R‘n - Rwl +tR wt
max |0.85R,; + 1.5R,,

@ VirginiaTech

Invent the Future
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Flange Plate Welded / Web Bolted

* Beam Tension Flange Block Shear
Longitudinal welds only.

Tension Area \ /
\|

F;

u

- Shear Area

. o2 CI
[l VirginiaTech 23
Invent the Future & ",

Flange Plate Welded / Web Bolted

* Compression Flange Plate Buckling

— Local Buckling (Specification Table B4.1a Axial

Compression
pression) Unstiffened : Casel

b, ‘T‘—ﬁ - 550.56 /E
| Y | tP Fy

b, ‘ Stiffened : Case 7
Unstiffened | Stiffened | Unstiffened b E
—2<1.40 |—
Fy

Element Element Element t
p

. P LIy
[ VirginiaTech 24
Invent the Future & "
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Flange Plate Welded / Web Bolted

TABLE B4.1a
Width-to-Thickness Ratios: Compression Elements
Members Subject to Axial Compression

» Compression

Limiting
Width-to- | Width-to-Thickness
Ratio \,

f o B Flange Plate
</ - T B + Local Buckhng
¥ [
E [ﬂ/

1.40 [—

” \F b |
£
/g’ 7 - s LA 4
w bt 1.40\/: f !
3 Ay
2
N,
3 Tl other stifene - b

el bt 149 = e

Fy i

. o2 CI
[l VirginiaTech 25
Invent the Future & ",

Flange Plate Welded / Web Bolted

* Compression Plate Buckling
— Flexural (Column) Buckling (Specification J4.4)

For KL/r <25 r\—/—j ~— Column
oP,=0.9F A, ; Flange
1 L .
For KL/t > 25 SEnn

oP, =0.9F, A,
and provisions of Chapter E apply with K = 0.65
Note: r =t /12

. P LIy
[ VirginiaTech 2
Invent the Future & "
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Flange Plate Welded / Web Bolted

« Compression Flange Plate Weld
Fi, =M,/ d <X (weld strengths)

ﬁ{>—< 1392 DL,

Ffu
<+

~—_

. . : T O
[ VirginiaTech 27
Invent the Future & ",

Flange Plate Bolted / Web Bolted

 Web Plate / Web Bolts

No eccentricity — all moment is resisted by flange
connections.

o O O

. P LIy
[ VirginiaTech 28
Invent the Future & "
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FLANGE PLATE BOLTED / WEB
BOLTED MOMENT CONNECTIONS

mi

W@ VirginiaTech

Invent the Future

Flange Plate Bolted / Web Bolted

» Flange Plates
— Flange plates usually welded in shop.

— Top flange plate is located 4" to 3" above
tabulated beam depth to account for tolerances.

— Finger shims are used if
needed to fill gap when

U U]

Finger Shim

bolting.

W@ VirginiaTech

Invent the Future

Copyright © 2017 15
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Flange Plate Bolted / Web Bolted

Limit States
 Flange Plates-to-Column Flange Welds

— Complete Joint Penetration (CJP)
— Partial Joint Penetration (PJP)
— Fillet Welds

— If welded in the field,
welding must be done
before flange bolting and weld
access holes may be required.

@ VirginiaTech

Invent the Future

Flange Plate Bolted / Web Bolted

Limit States
* Tension Flange Plate Limit States
(Same as for a Tension Member.)

2,3 1 Tension
! ' Yielding
Block Shear 3,4{0--0--0-0--0 | Fp,
I | —
Shear Strength 3,41-6--0--0--0- —é‘> i
at Elements ! !
Tension Rupture 2.3 1

. P LIy
[ VirginiaTech 32
Invent the Future & "
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Flange Plate Bolted / Web Bolted

1. Tension Yielding

Tension
Yielding

Py

34106--0--0-0--

R U |

0
3,4~o-—e-—0—0--é|>
2

0 T,=0.9F, A,

. . : T O
[ VirginiaTech 33
Invent the Future & ",

Flange Plate Bolted / Web Bolted

2. Tension Rupture

Tension Rupture 2|,3 .1
34[0-0-0-0--0 | .
! ! fu >
3,41-0--0--0-0--0 |
23 1

dT,=0.75F, A,
with A, = A

. P LIy
[ VirginiaTech 34
Invent the Future & "
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Flange Plate Bolted / Web Bolted

3. Flange Plate Block Shear

b

Block Shear Paths: a,b--fe-0-0--0-0 2 Fru
: —»

a’ b -ee]-O- - O --Q--0--O

b

a--|o--0-0--0--0 b--fo-0-0--0--9
000 o0 0 Fru b--fo-0-06--0--& Fru

O 0 0 0 © c--o-0-0--0-9

a---9-0-0--0--0 0O 0 0 0 0

o --F

. . : T O
[ VirginiaTech 35
Invent the Future & ",

Flange Plate Bolted / Web Bolted

4. Shear Transfer at Elements
2,3

3416--0--0-0--

i

%
341{06--0--0-06--0
2

o =0.75 >3

holes

R, = > min.(Bearing/Tear Out, Bolt Shear Rupture)

. P LIy
[ VirginiaTech 36
Invent the Future & "
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Flange Plate Bolted / Web Bolted

« COMPRESSION PLATE LIMIT STATES
5. Shear Strength at Elements
6. Local and Flexural Buckling

5. Shear Strength at Elements
Same as for Tension Plate

o =0.75

holes

R, = > min.(Bearing/Tear Out, Bolt Shear Rupture)

. . : T O
[ VirginiaTech 37
Invent the Future & ",

Flange Plate Bolted / Web Bolted

6. Local and Flexural Buckling

1
™ — t =— Column
g P Flange
b L

Unstiffened | Stiffened| Unstiffened K=0.65
Element Element Element

Local Buckling Flexural Buckling
(Spec. Section B4) (Spec. Section J4.4)

. P LIy
[ VirginiaTech 38
Invent the Future & "
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Flange Plate Bolted / Web Bolted

7. Bolt Shear Rupture at Top and Bottom Flanges

Long connection rule (Spec. Table J3.2 Footnote [b])

For end loaded connections with a fastener pattern length
greater than 38 in., F,, shall be reduced to 83.3% of
the tabulated values.

@ VirginiaTech

Invent the Future

Flange Plate Bolted / Web Bolted

» Girder/Beam Limit States
8. Reduced Flexural Strength

9. Block Shear
10. Bearing Tear-Out

. P LIy
[ VirginiaTech 40
Invent the Future & "

Copyright © 2017
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Flange Plate Bolted / Web Bolted

8. Reduced Flexural Strength (Specification F13.1)

Giee

. A

. o2 CI
[ VirginiaTech 41
Invent the Future & ",

Flange Plate Bolted / Web Bolted

8. Reduced Flexural Strength (Spec. F13.1)
If F, A, <YF, A,

F A
M =—"g (Spec. Eqn. F13-1)
fg
If F, Ay > Y F, Ay, no reduction is needed.

where Y, = 1.0 for F,/F, < 0.8 (A992: 50/65=0.77)
= 1.1 otherwise

Ay, = flange gross area
A, = flange net area
Note: Reduction is based on tensile rupture strength.

. P LIy
[ VirginiaTech 42
Invent the Future & "
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Flange Plate Bolted / Web Bolted

9. Beam Flange Block Shear

Ffu 6--0--0--0--0---
<——- ——=—=-—===—==—======z==j Case 1
Q--0--0--0--0-[--
@--0 -O—-.O_,_@____a
Ffu ®--0--0--0--0-F-- 5 Case 2
«— —-—=-—-—c--—=-—=-=-=—====z=z==9j
©--0--0-0--0-| -~
© o 0o 0o o Case 3
b

. . : T O
[ VirginiaTech 43
Invent the Future & ",

Flange Plate Bolted / Web Bolted

 Web Plate / Web Bolts

Same as for Flange Welded / Web Bolted
Connection (No Eccentricity)

Lvu

. P LIy
[ VirginiaTech 44
Invent the Future & "

Copyright © 2017
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COLUMN SIDE LIMIT STATES
AT MOMENT CONNECTIONS

. o2 CI
[ VirginiaTech 45
Invent the Future & ",

Column Side Limit States

Flange and Flange Plate M-Connections

1. Flange Local Bending (Spec. J10.1)
2. Web Local Yielding (Spec. J10.2)
3. Web Crippling (Spec. J10.3)

4. Web Compression Buckling  (Spec. J10.5)
5. Transverse Stiffener Design  (Spec. J10.8)
6. Web Panel Zone (Spec. 110.6)

. P LIy
[ VirginiaTech 46
Invent the Future & "

2\ Copyright © 2017
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Column Side Limit States

1. Flange Local Bending (Spec. J10.1)

T, T,
Stress )
- Concentration
=09 T,<0R,

OR, = 0.9 (6.25 ;2 F,,)

If T, > ¢R,, half depth column web stiffeners required.

. o2 CI
[ VirginiaTech 47
Invent the Future & ",

Column Side Limit States

2. Web Local Yielding (Spec. J10.2)

N7
* T,or C,
%ﬂ ) ————
F il “lh=typort,
q) _ 1 0 0 +E 42.5
=1. s

Tu or Cu = q)Rn =1.0 ch (Skdesign + tp) twc

If T, or C, > ¢R,, half depth stiffeners required

. P LIy
[ VirginiaTech 48
Invent the Future & "
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Column Side Limit States

3. Web Local Crippling (Spec. J10.3)

Same design rules as for beam bearing with I, = t, or tg,.
AT

If C, > ¢R,, half depth column web stiffeners required.

. o2 CI
[ VirginiaTech 49
Invent the Future & ",

Column Side Limit States

3. Web Local Crippling (Spec. J10.3)
Web crippling @ >d/2

Q= 1.0 for wide flange sections

. P LIy
[ VirginiaTech 50
Invent the Future & "
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Column Side Limit States

4. Web Compression Buckling (Spec. J10.5)
C,=0R, ¢=09

24t [EF
i N s aa

h = clear distance between fillets
(get from tabulated h/t,, value)

Q= 1.0 for wide flange sections
If max C, > ¢R, full depth stiffeners required

. . : T O
[ VirginiaTech 51
Invent the Future & ",

Column Side Limit States

5. Transverse Stiffener Design
(Spec. J10.8 Requirements)

t,
trort
17 \ g [ T

bs \ » J ,/ T, or C, !
twc bﬁﬁ 7 N > bf or bp
Sll Y
b7 /
> d2

. P LIy
[ VirginiaTech 52
Invent the Future & "

Copyright © 2017
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Column Side Limit States

5. Transverse Stiffener Design

b + tWC > bf or bp s thI'tp
s =
2 3 t\’vc T“ Ori C“ bf or bp
tport, .
ts 2 2 >d/2
b

5 <0.56,/E/F, Local Buckling Limit State
t, (Compression only)

. o2 CI
[ VirginiaTech 53
Invent the Future & ",

Column Side Limit States

5. Transverse Stiffener Design

Load Path Assumptions When Transverse Stiffeners
are Required:

Column resists ¢R for each limit state.

Stiffeners resist difference.

Stiffener Force = C ., or T
=(C,or T)) —min ¢R
=R, —min ¢R,

. P LIy
[ VirginiaTech 54
Invent the Future & "
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Column Side Limit States

5. Transverse Stiffener Design
Required Net Stiffener Area

_R,—0R,

* 09E,
Clip to Clear Fillet

3/4" Min. — ~ Clipto .Clear Fillet
' 3/4" Min.

k

\

: |
\ A l2
Pvigen ”

Column Side Limit States

5. Transverse Stiffener Design
Stiffener-to-Flange Weld

Recommend that weld develop the stiffener contact
area at the column flange. For fillet welds:

_ (0.9) (b, - clip) t,
1.5 (1.392) (b, - clip) (2)
(09 F ¢,
1.5 (1.392) (2)

(no.of 1/16's)

Or,
Complete Joint Penetration (CJP) Weld.

. P LIy
[ VirginiaTech 56
Invent the Future & "
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Column Side Limit States

5. Transverse Stiffener Design
Stiffener-to-Web Weld

% 7
Cu, net N Lvl/ 2 Y, Tu, net
— 77 G —»
V./2
(4
Vu = Cu,net + Tu,net

. o2 CI
[l VirginiaTech 57
Invent the Future & ",

Column Side Limit States

5. Transverse Stiffener Design

When required for Web C j;:] c
Compression Buckling — -
Design as a compression L/];

member with cruciform e
Cross section.

Provisions are in Spec. J10.8.

bb bS
Section

. P LIy
[l VirginiaTech 58
Invent the Future & "
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Column Side Limit States

5. Transverse Stiffener Design
Compression Member Design =~ ~ ==~ -
—p
A=25t2+(2bt)
K = 0.75 (considering fixity at flgs) LV‘

%
e {
h = dC - 2 th t—

\ 1 25t

Kh/r > ¢F,. > ¢P, J

0P, > max C, : *T

!

i

Section

. o2 CI
[ VirginiaTech 59
Invent the Future & ",

Column Side Limit States

5. Transverse Stiffener Design

Connections at Top of Columns

Column side strengths are S Cy T,
approximately one-half of — -—

above, see Specification
Sections J10.1, J10.2 and
J10.3.

. P LIy
[l VirginiaTech 60
Invent the Future & "
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Column Side Limit States

6. Web Panel Zone Shear lpu

(Spec. J10.6) |
Story shear, V,

N A E_ — 4 S y
Muz CEE ~ L _T\E = ut
Loe _SLX

R E—— VU

Panel Zones

. . : T O
[ VirginiaTech 61
Invent the Future & ",

Column Side Limit States

6. Web Panel Zone Shear ll’u
At Section A-A | ‘% |
ZFu =&+%_Vu ”f(&[ii%;%ﬁ Jw
Ao A ~ Panel
d,, =d —-t, =0.95d, ~]-_Tj\/_gavuZones
d,,=d,-t, =0.95d, —

D E <R, $=09

. P LIy
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Column Side Limit States

6. Web Panel Zone Shear

When effect of panel zone deformation on frame
stability is not considered (Specification Section
J10.6):

ForP,<0.4P,=04F A,
R, =(0.60 F, )(d, ty.
ForP,>04P,=04F A,
R, =(0.60 F, )(d, t,.)[1.4—(P,/P)]

) (shear yielding)

. . : T &
[ VirginiaTech 63
Invent the Future & ",

Column Side Limit States

6. Web Panel Zone Shear

See Specification Section J10.6(b) for strength when
the effect of panel zone deformation on frame
stability is considered.

. P LIy
[ VirginiaTech 64
Invent the Future & "
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Column Side Limit States

6. Panel Zone Web Shear

Story shear, Vy

Doubler Plate Design e

Spec. Section J10.9 o @ET = \1 ?3 )
\Y A+l Doubler

IfXF,>¢R, o *jn Plate

a doubler plate is required. J r

Vu,dp =2 Fu - (I) Rv,col

~

Note: Two plates are recommended if required
doubler thickness is greater than 1 in.

. o2 CI
[ VirginiaTech 65
Invent the Future & ",

Column Side Limit States

6. Panel Zone Web Shear Vidp

Doubler Plate Shear Yielding or Buckling
V,<0V,  0=10

If£ <224 /E
tp Fy t_/

0V, = 1.0(0.6F )(ht,) (Shear Yielding)"
Otherwise,

oV, from Specification Section G2.

Mx

h=d-2t,

. P LIy
[ VirginiaTech 66
Invent the Future & "
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Column Side Limit States

6. Panel Zone Web Shear
Doubler Plate Shear Yielding or Buckling (Spec. G2-1)
0V, =0.9(0.6F, )(ht, )C,

For h <1.10 kE then C, =1.0 (Shear Yielding)
tp y
For 1.10 k.E < E
y tP
1.10,/k E/F
C, = N /: ~ (Inelastic Buckling)

. o2 CI
[l VirginiaTech 67
Invent the Future & ",

Example: Design Flange Welded/Web
Bolted Moment Connection

A36 Plate Steel
) l P.=1200k
3/4 in. A325-N Bolts
= Vusoy=90k
E70XX i
3 |
W24x103 o W24x103
Vo= 60 ]{J A992 § A992 L V= 75>
=
M,= 882 k-ft F i M, =882k-ft
_.._4’-__

T P,=1335k
. P LIy
[l VirginiaTech 68
Invent the Future & "
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Ex. Flange Welded/Web Bolted M-Connection

W24x103 | W14x159
oM, 1,050 k-ft
d 24.5 in. 15.0 in.
t, 0.550 in. 0.745 in.
b, 9.000 in. 15.6 in.
t, 0.980 in. 1.19 in.
k 1.79/2-Y in.
hit, 15.3
A 46.7 in
T 10 in.

. o2 CI
[ VirginiaTech 69
Invent the Future & ",

Ex. Flange Welded/Web Bolted M-Connection

W24x103 Flange-to-Column Flange Weld
| oo

= Vasu= 90k

T

* Girder Flange-to-Column Flange — T —
Use Complete Penetration (J j[ L 3
Welds (CJP) with Backing Bars. T

W24x103 Web-to-Column Flange Weld

* Girder Web-to-Column Flange
Single Plate
No eccentricity considered.

. P LIy
[ VirginiaTech 70
Invent the Future & "
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Ex. Flange Welded/Web Bolted M-Connection

W24x103 Web-to-Column Flange Connection
14—

* |
o< 5/16)
4 @ 3n °
.\
® >\ 13/16 in. holes
l%ll_ l%n I o

Try PL 5/16 x 3% x 1'-2%4" A36 with
5 -3/4 in. A325-N Bolts

. o2 CI
[ VirginiaTech n
Invent the Future & ",

Ex. Flange Welded/Web Bolted M-Connection

W24x103 Web-to-Column Flange Connection

V, =75 kips
Limit State Strengths
Shear Yielding: oV,=979k OK
Shear Rupture: oV, =82.6k OK
Block Shear: oV, =815k OK
Shear Transfer @ Elements ¢V, =854k OK
Weld Rupture: oV, =202k OK

. P LIy
[ VirginiaTech &
Invent the Future & "
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Ex. Flange Welded/Web Bolted M-Connection

Beam Flange Forces

W24x103 d, = 24.5 in. t;= 0.980 in.
M, = 882 ft-kips
T,=C,=(882x12)/(24.5-0.980)

=450k

l PB,=1200 k

= Vi 90k

,
W24x103
4992 t/ Vi=75k

| M, =882 k-ft

W14x159 A992

L
W24x103
V=60 1§J A992

M, =882 k-ft T

T B.= 1335k
. . . CI7pN
[@VirginiaTech 73
Invent the Future 8, ",

Ex. Flange Welded/Web Bolted M-Connection

Beam Flange Forces
V,=90k

E——

N7

T, =450 k < 1 24—17c:u—4501<

23.52 in. 23.52 in.

C,=450 k —L |4 3 J—bTu450k

. P LIy
[ VirginiaTech 74
Invent the Future & "
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Ex. Flange Welded/Web Bolted M-Connection

Column Flange Local Bending (Spec. J10.1)

OR, = 0.9(6.25 ;2 F,)
=0.9 (6.25 x 1.192 x 50)
=398k <T,=450k

Vu=90k
. . T
For This Loading, Half-Depth Tl o z
Stiffeners Required at tension
locations 1 and 3. 23.52 in. 23.52in.
C |4 3 » T

[ VirginiaTech &
Invent the Future & ",

Ex. Flange Welded/Web Bolted M-Connection

Column Web Local Yielding (Spec. J10.2)

q)Rn =1.0 (5 kdesign+ tfb) Fy twc
=1.0 (5 x 1.79 + 0.980) (50) (0.745)
=370k <T,and C, =450k

Vy=90k
Half-Depth Stiffeners Required at =T
all locations. L ¢
23.52in. 23.52in.
Use Full Depth Stiffeners Top and
Bottom. G 3T,

[ VirginiaTech 76
Invent the Future & "
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Ex. Flange Welded/Web Bolted M-Connection
Column Web Local Crippling (Spec. J10.3)
@ > d2 g
*| [EF,, t
OR , =0.75 (0.80) t2, 1+3[1—bj[tl°j —w kg,
dc tfc twc
= 556k V,=90k
W24x103 1, =ty = 0.980 in. Ll le—c,
Cu =450k < q)RT‘ =356k % 23.52in 23.52in
C, |4 3 > T,
WVirginiaTech 7

Ex. Flange Welded/Web Bolted M-Connection

Transverse Stiffener 1-2 Design

398 — Flange Local Bending
370 — Web Local Yielding

= 450-370=80.0 k

T, = 450— min

1 2 Vu =90 k
— =— o7
- = T, < 1 2 Cy
V. =80.0 +80.0
=160 k 23.52 in. 23.52 in.
C |4 3 > T,
Ay 1

[ VirginiaTech 8
Invent the Future & "
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Ex. Flange Welded/Web Bolted M-Connection

Transverse Stiffener 1-2 Design

Tension Side: :\ A2

Ay reqa = 80.0 /(0.9 x 36) = 2.46.in* "
Compression Side:
Ay reqga = 80.0 /(0.9 x 36) = 2.46 in
Try PL1/2x 6
Clip: W14x159: Kepiting— tr = 2.50-1.19=1.31"
Use 1-2" Clip
A, =2 (6-1.5)(0.50)=4.50 in> > A

4 OK

st,req

. o2 CI
[ VirginiaTech 7
Invent the Future & ",

Ex. Flange Welded/Web Bolted M-Connection

Transverse Stiffener 1-2 Design
Minimum Thickness:
t;=0.501in. >, /2=0.980/2=0.490in. OK
Minimum Width:
b,=6in.>(9.0/3)—(0.745/2)=2.62in. OK
Local Buckling:

5o 8 _120<056 [ =0.56/2%0 159 ok
i 0.50 F, 36 =

Use 2 PL 1/2 x 6 Top and Bottom

. P LIy
[ VirginiaTech 80
Invent the Future & "
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Ex. Flange Welded/Web Bolted M-Connection

Transverse Stiffener 1-2 Design
Stiffener-to-Column Flange Fillet Welds to Develop

Plate Yield Strength at Weld:

_Yield strength of stiffener plate/1in.

- Rupture strength of fillet weld /in.

_0.9%0.50%x36

1.5%1.392x2

Minimum Weld Size = 1/4 in.
Use 1/41n. fillet welds B.S.

. o2 CI
[ VirginiaTech 81
Invent the Future & ",

D

=39 1/16ths

Ex. Flange Welded/Web Bolted M-Connection

Transverse Stiffener 1-2 Design
Stiffener-to-Column Web Welds:

160/2=280.0k
80/2= — 80/2=
40.0 k
40.0 k

T =10.0 in. > d_-2t,—2xclip = 15.0-2(1.19)-2(1.5)
=9.62" Use 9-%4"
D =(80)/(9.5x 2 x 1.392) = 3.02 1/16s

Minimum weld 1/4 in. Use 1/4 Welds B.S.

. P LIy
[ VirginiaTech 82
Invent the Future & "
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Ex. Flange Welded/Web Bolted M-Connection

Transverse Stiffener 1-2 Design
Strength of Column Web at Welds:

160/2=280.0k
80/2= — 80/2 =
40.0k
‘ 40.0 k
oV, =0.75(0.6F )(t,.L,)
=0.75(0.6x65)(0.745x9.5)
=207 k>2x80.0k =160k at T or B Weld Line

OK

. o2 CI
[ VirginiaTech 83
Invent the Future & ",

Ex. Flange Welded/Web Bolted M-Connection

Partial Design i P 1200k
— Vs =90k
N7
2PL12x6
W14x159 /_
Typ at 1/4 Typ at
Flyange' A992/ W9—< ﬂanges
; |
W24x103 W24x103
. . A992
Vu=60k\l A2 [ J Lvuuk
M, =882 k-ft | / \ | M, =882k-ft
/""l"-_ 1/4 Typ at
2PL1/2x6 * 53 k1/4 9 < web
PuZ = 5

. P LIy
[ VirginiaTech 84
Invent the Future & "
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Ex. Flange Welded/Web Bolted M-Connection
Panel Zone Strength
¢ P,= 1200 k
——— Viso7 90k lPM: 1200 k
e
T —4sok<—:-------~:Tc,450k =
Il 2355 23.55 in.1 ]/
G, =450 k — T. =450k __
12.61g, 12.6 in.
G P,= 1335k
T P,=1335k
%Virg;ni%;fchth 85

Ex. Flange Welded/Web Bolted M-Connection

Panel Zone Strength

V, = 450+ 450 — 90.0
— 810k lPM:lZOOk
P, = (1,200 + 1,335)/2 .
- 1’268 k 23.55 in.1 L
0.4P,=0.4F, A,
=0.4 (50 x 46.7)

=0.4 (2335) 12:6in,
=034k <1,268k TPM: 1335k

. P LIy
[ VirginiaTech 86
Invent the Future & "
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Ex. Flange Welded/Web Bolted M-Connection

Panel Zone Strength
Shear Strength of Column Web
Since P, > 0.4 P, =934 k
ovV,=09(0.6 F)(d xt,)(14-P,/P)
=0.9(0.6 x 50)(15.0 x 0.745) (1.4 — 1268 / 2335)
=259k<V,=810k
Doubler Plate(s) Required

t B 810—-259 ~13
dp,req'd 0.9(0.6x50)(15.0) .

6 1n.

. o2 CI
[l VirginiaTech 87
Invent the Future & ",

Ex. Flange Welded/Web Bolted M-Connection

Panel Zone Strength ip ook
Try (2) 3/4 in. Web Doubler Plates .
h=d-2t,
=15.0 - 2 (1.190)
=12.6 in. nssin | |

Doubler Plate Slenderness:

12.6 in.
E =% =16.8<2.24, /M =63.6
t 0.75 36 P,=1335k

p

_

Shear yielding controls as assumed.
Use 2 — 3/4" A36 Doubler Plates

. P LIy
[ VirginiaTech 8
Invent the Future & "
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Ex. Flange Welded/Web Bolted M-Connection

V\l

Panel Zone Welds =

Long Side: _
>M, =0 S 1 L 23.55 in.

810—259)( 23.55 g
V W= >

2 12.6 —

= 515k 126, | ©

D=515/(1.392x23.55)=15.7—-1/16s

Use Complete Joint Penetration Weld (CJP)

@ VirginiaTech

Invent the Future

Ex. Flange Welded/Web Bolted M-Connection

Panel Zone Welds

Short Side:
Use Minimum Fillet Weld, 1/4 in., or Fill Valley

Stiffener \
Fill Valley
Doubler Plate \
AN

e
v

]

Web

@ VirginiaTech

Invent the Future
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Ex. Flange Welded/Web Bolted M-Connection
Final Design i P, =1200k
Visiory =90 k

TV I — 2PL12x6

. W14x159 /1; )
s A992 / - ap

\
W24x103 W24x103
Ve 60 kJ A992 > A992 V.= 75k
M, =882 k-ft | ] M, =882 k-ft
Typ. N / \ 3/4 in. Plate B.S.

-——A—1 1/4 Typ at

2PL1/2x 6/ * 1/4 9—\/ web

P, =1335k
B VirginiaTech 91
End of Session 5
Thank You for
Attending
Next Up
%Virg;ni%;fchth 9
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Next Session

« November 14, 2017 Moment Connections Part 11

TOPICS

e Tee Stub Moment Connections
e End-Plate Moment Connections

@ VirginiaTech

Invent the Future

Individual Webinar Registrants

CEU/PDH Certificates
Within 2 business days...

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

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

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

CEU/PDH Certificates

Within 2 business days...

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

* Username: Same as AISC website username.

* Password: Same as AISC website password.

8-Session Registrants

CEU/PDH Certificates

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

Copyright © 2017 48
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8-Session Registrants

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

Quiz and Attendance records: Posted Wednesday mornings.
www.aisc.org/nightschool - click on Current Course Details.

Reasons for quiz:

— EEU — must take all quizzes and final to receive EEU
— CEUs/PDHS — If you watch a recorded session you must take quiz for CEUs/PDHs.
REINFORCEMENT - Reinforce what you learned 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 this Thursday. The recording will be available
for three weeks. For 8-session registrants only. EMAIL COMES FROM
NIGHTSCHOOL@AISC.ORG.

CEUs/PDHS - If you watch a recorded session you must take AND
PASS the quiz for CEUs/PDHs.

Copyright © 2017
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Night School Resources for 8-
session package Registrants

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

Zo

Night School Resources for 8-
session package Registrants

Go to www.aisc.org and sign in.

< EDUCATION  PUBLICATIONS NASCC: THE STEEL SAFETY STEEL SOLUTIONS AWARDS AND RESEARCH
& lbfg CONFERENCE CENTER COMPETITIONS LIBRARY

USERNAME

Enter your username

PASSWORD

ore
Enter your password
REGISTER NOW

Copyright © 2017
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Night School Resources for 8-
session package Registrants

Go to www.aisc.org and sign in.

IN THIS SECTION MyA|SC

Edit Profile
MY PROFILE

My Downloads Update your contact and address information

My Pending Quizzes
My Events
Order History MY PURCHASED DOWNLOADS

Course History Access articles and documents that you have purchased

VIEW DOWNLOADS

MY COURSE RESOURCES

View online resources for Night School a}d Live Webinar package registrations.

VIEW RESOURCES

Night School Resources for 8-
session package Registrants

EDUCATION PUBLICATIONS NASCC: THE STEEL STEEL SOLUTIONS AWARDS AND TECHNICAL
CONFERENCE CENTER COMPETITIONS RESOURCES

AISC > MYAISC » COURSE RESOURCES

Course Resources

Event

NS 13 8-Session Package-Night School 13 - Design of Industrial Buildings

NS 14 8-Session Package-Night School 14 - of Stability

Copyright © 2017 51
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Night School Resources for 8-
session package Registrants

SHETy EDUCATION  PUBLICATIONS NASCC: THE STEEL SAFETY STEEL SOLUTIONS AWARDS AND RESEARCH
& %‘g CONFERENCE CENTER COMPETITIONS LIBRARY

N

AISC > MYAISC

Night School 13: Design of Industrial Buildings

8-SESSION PACKAGE RESOURCES

E
N
NS1.
N

g Envelope and Bracing Design

Night School Resources for 8-
session package Registrants

* Weekly “quiz and recording” email.

» Weekly updates of the master Quiz and Attendance record
found at www.aisc.org/nightschool. Scroll down to Quiz and
Attendance records.

o Updated on Wednesday mornings.

Copyright © 2017
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Night School Resources for 8-
session package Registrants

*  Webinar connection information:
o Found in your registration confirmation/receipt.
o Reminder email sent out Tuesday mornings.

* Link to handouts also found here.

Thank You

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