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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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use of the presentation without written permission of AISC
is prohibited.
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Course Description

Session 3: October 17, 2017 — Shear Connections Part I.

This live webinar provides an overview of various types of shear
connections, including the advantages and disadvantages of each.
Design considerations for shear connections, a review of limit
states for block shear and flexural strength in coped beams are
presented. Shear end-plate and double angle connection designs
are also discussed. Design examples are presented to demonstrate
the concepts.
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Learning Objectives

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

» List several types of shear (framing) connections.
» List the limit states for framing connections.
» List the steps in designing shear end-plate connections.

» List the steps in designing double angle connections.

Fundamentals of Connection Design

Session 3: Shear Connections — Part 1
October 17, 2017

Presented by

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

Virginia Tech, Blacksburg, Virginia

There’s always a solution in steel.

structural
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SCHEDULE

October 17, 2017 Shear Connections Part I
October 24, 2017 Shear Connections Part I1
November 07,2017 Moment Connections Part I
November 14, 2017 Moment Connections Part II

November 28, 2017 Introduction to Seismic
Connections

December 05, 2017 Bracing Connections and More

@ VirginiaTech

Invent the Future

SHEAR (FRAMING)
CONNECTIONS

PART I

@ VirginiaTech

Invent the Future
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TOPICS

» Types of Shear (Framing) Connections

* Design Considerations

» New Limit States for Framing Connections
» Shear End-Plate Connections

* Double Angle Connections

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

Shear (Framing) Connections

Type I, FR Moment Connection

M = 0.9M (Fixed End Moment)

Typical Beam Line
N
> e
£
Q \ .
g Type 111, PR Moment Connection
= M=0.5M ¢
N
, N

' N\ Type II, Simple Shear
M=0.2M; Connection

N Shear or Framing
: .~ Connections

Rotation, 0

. P LIy
[ VirginiaTech 12
Invent the Future & "
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Emeritus Professor, Virginia Tech

Types of Shear Connections

Shear End-Plate

Double Angles

Single Angle

Single Plate or Shear Tab

Tee Shear Connections

Unstiffened Seated Connections

Stiffened Seated Connections

[ VirginiaTech

Invent the Future
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Design Considerations

* Framing connection design assumes the
connection is pinned.

* Where is the pin?

A |

[ VirginiaTech

Invent the Future
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Design Considerations

* Where is the pin?
Answer: At the most flexible side of the

connection.

r
A 5

. o2 CI
[l VirginiaTech 15
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Design Considerations

* Where is the pin?

..-....-.,.-....-..
T O v

2 Angles
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Design Considerations

* Ductility Considerations
— Angle thickness < 5/8 in.
— Wide gage
— Wide vertical weld spacing
 Stability Consideration
— Depth of Connection > T/2

(T is clear distance between fillets — Tabulated
in Manual Table 1-1)

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

Design Considerations

* Beam Length Tolerance +/- 1/4 in.

For design:
Setbacks in calculations are usually 1/2 in.

End edge distances are taken in calcs 1/4 in. less
than detailed.

+-Y4in. —>|—|-—
(o]

o
o o]
(o]

1 |

1
Beam Length +/- Y4 in.

. P LIy
[ VirginiaTech 18
Invent the Future Nl
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Emeritus Professor, Virginia Tech




AISC Night School - Fundamentals of Connection Design Lecturer: Tom Murray, P.E., PhD
Session 3: Shear Connections Part | Emeritus Professor, Virginia Tech
October 17, 2017 Rev. 1

Design Considerations

* Beam Length Tolerance +/- 1/4 in.

I

2

f

© 0 0 ©

1/2" setback

. . : T O
[ VirginiaTech 19
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Design Considerations

* Beam Length Tolerance +/- 1/4 in.

Minus %4 in Design Calcs

O O OO

. P LIy
[ VirginiaTech 20
Invent the Future & "
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Design Considerations

» Effective Weld Length
When a weld terminates in the “air”, the
dimensioned weld length is reduced by the weld
size for calculations except for angles welded to a
beam web.

Shear 3
End-Plate i

LW Leff - LW —2 tw

. o2 CI
[l VirginiaTech 21
Invent the Future & ",

New Limit States

» Block Shear in Coped Beams

- Bolted at Web
- Welded at Web

* Coped Beam Flexural Strength

. P LIy
[ VirginiaTech 2
Invent the Future & "
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Block Shear in Coped Beams
Leh
@  Lov
% Shear I n bolfs @ % Shear
Areq —— CP s spacing Areq ———
i
@--
\’;N Vy\/
Tension Tension
Area Area
(a) Bolted Connections (b) Welded Connections
M\ Fivoini 23
i

Block Shear in Coped Beams

Block Shear Strength

Specification Section J4.3

¢ =0.75

R,=0.6F A +U,F A,
<0.6F A

y ey
U, = 1.0 when tension stress is uniform

+U,, F A

u” *nt

= (.5 otherwise

Equivalent to:

Shear Yield
Rn = . + Ubs FuAnt
min | Shear Rupture

. P LIy
[l VirginiaTech 24
Invent the Future & "
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Block Shear in Coped Beams

— :_ :L
' :
T S I8 J
[Im 31] 7
Welded Angle Single-Row Beam Multiple-Row Beam
End Connections End Connections
U, = 1.0 Uy, = 0.5

See Commentary Figure C-J4.2 for
more examples.

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

Coped Beam Flexural Strength

de

RuorRar_- -E . d Ruorﬁaﬁ ”ji 7 ho |d =
L7 A
/ o=

Cb
Simple shear connection

Buckling checked here .
Setback c / o Setback G |~ Buckling checked here

Simple shear connection des

Single Cope Double Cope

Design Strength Limit States

¢,=0.9 * Flexural Yielding (C or T)
M,=R,e<¢, M, * Local Web Buckling

. P LIy
[ VirginiaTech 2
Invent the Future & "
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Coped Beam Flexural Strength

e
|~ Buckiing checked here
/ de

Single Coped Beam Flexural Strengtﬂj =
Manual pp. 9-6 and 9-9 N
g é
M, =M, =F, Z, (Eqn.9-6)
dy <A< 20
M, =M, - (M,-M,)(W2,-1) (Eqn.9-7)
> 20
Mn - Fchnet (Eqn9'8)
where

E, =0.903Ek, / A’
S, = net elastic section modulus

Z .. = net plastic section modulus

. o2 CI
[ VirginiaTech 27
Invent the Future & ",

Single Coped Beam Flexural Strength

Single Coped Beam Flexural Strength
Setback W Buckling chzcked here

A = web slenderness =h /t,,

A, =(0.475) /K E/F, ?

Ruor RaT

I
|
I
|
I
|
|
L1

fk L
k, =max / 4
1 .61 Simple shear connection
_Single Cope
h V¢ pd if £<1.0
k=22 — if —<1.0 d d_ )
c h, f=
h c C[1+c/d i C ~1.0
k=22—= if—>10 min R
c h, 3.0 d

. P LIy
[ VirginiaTech 28
Invent the Future & "

14




AISC Night School - Fundamentals of Connection Design Lecturer: Tom Murray, P.E., PhD
Session 3: Shear Connections Part | Emeritus Professor, Virginia Tech
October 17, 2017 Rev. 1

Double Coped Beam Flexural Strength

Double Coped Beam Flexural Strength
Specification Section F11(Modified Equations)

A<,
M, =M, =FZ<1.6M, (Spec. Eqn. F11-1)
Ay <A<,
M, = C,[1.52-0.274\(F/E)IM, < M, (Spec. Eqn. F11-2)
A>
M, = (1.9ECy/ 1)S, < M, (Spec. Eqn. F11-4)
where _ e, e
xk—(c)tggl/zt/wF Z=tyh.*/4 o e
p =008E/E ity 4
A =19E/F, 5

imoll shear connection ey
. o2 T
[ VirginiaTech 29
Invent the Future & ",

Double Coped Beam Flexural Strength

Local Web Buckling Sethock B S eshee
Manual Page 9-9 L=
> oo
If ¢, > ¢, / L, =c, Ruor RETE | 27 ho |d -
Ly d
Co=|3+In— || 1-— | =21.84 —
d d s i q
Lb — Cy + Cy Simple shear connection <
Otherwise 2

Note: Manual Page 9-9
C, =C_b(3+]n%j 1—%)21.84 shows < . Should be > as

c, shown. Errata forthcoming.

Note: When c, > c, flexural tension yielding must be
checked at the bottom cope.

. P LIy
[l VirginiaTech 30
Invent the Future & "
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Single Cope Flexural Strength Example

Example: Determine if Coped Beam Flexural

Strength is Adequate for V, =40 k.

l"
2

8" — 3"

N

Vu=40k

W14x30 A992 Steel

. . : T O
[ VirginiaTech 31
Invent the Future & ",

Coped Beam Flexural Strength Example

W14x30 A992 N
. . _ ; ;I' -3
d =13.81in. t,=0.270 in. =t
b; =6.73 in. t;=0.385 in.
h,=13.8—3.0=10.8 in. Vem a0k W40 |

S, = 8.37 in® from Manual Table 9-2
Z.. = 15.1 in? from forthcoming AISC Design Ex.

Note: The distance h, above is not the same as h, that
is tabulated in Manual Table 1-1 W-Shapes
Dimensions.

. P LIy
[ VirginiaTech 32
Invent the Future & "
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Coped Beam Flexural Strength Example

Table 9-2 (continued) — L
Elastic Section Modulus for Coped W-Shapes 2
8" | —n
3

dcl ‘ |

i

s % d S, d*_ et —J L
I
‘

—

S, 07 _
AEAEE [ Vu=40k W14x30

W14x132 147 |1.03 209 381|286 |243 (203 | 167 (134 [105 1

Shape

90 14.0 |0.710 (143 243|180 |152 |126 (102 | 8.07| 6.18

W14x82 143 10.855(123 | 28.0({209 |17.7 |148 |121 | 964 7.46
74 142 10785112 | 244|182 |154 |128 |104 | 831 6.40
x68 14.0 [0.720{103 | 222|165 |139 |11.6 | 9.41| 746/ 572
x61 13.9 [0.645| 924 | 19.7|148 |123 [102 | 8.28| 6.54

W14x53 13.9 [0.660| 77.8| 19.1|142 |12.0 | 9.93| 8.07| 6.39
x48 13.8 [0.595| 70.2| 17.3|128 |10.8 | 893| 7.23| 571
x43 13.7 [0.530| 626 153|113 | 9.49| 7.84| 6.34| 4.99

Wiax38 | 141 [0515| 546| 160(120 |102 | 848 6.94| 554| 428
X34 | 140 [0.455| 486| 144|104 oTH].62| 622| 495 _ : 3
x30 | 138 [0385| 420| 132 9%; 837 I»ga 568| 451 Snet = 837 1n

Wi4x26 | 1390420 353| 123| 920( 7.80] 650| 531 423
x22 | 137 (0335| 200| 107| 7.97| 675 562| 458/ 364

W12x336 | 16.8 [2.96 |483 |123 - [831 [71.4 |60.6 (508 [41.9 | 341
x306 | 16.3 |271 |435 |108 - [71.4 |61.0 |51.4 427 |349 | 28.0
x279 | 159 247 |393 | 961| - [631 |535 |448 |369 [29.8
%252 | 154 225 |353 | 837| -

%230 | 154 207 (321 | 742| -

@ VirginiaTech

Invent the Future

Coped Beam Flexural Strength Example

Table IV-11 (continued) N
Plastic Section Modulus for Coped W-Shapes 2

e "
. d! 8" — 3"
| ¥
d z, d 1Za d Zo
L N Ry I B T
Zyr 0
sape | & | o) B e 4.

Widxg73 | 238 | 551 | 2030 | 018
~e08 | 222 | 542 | 1830 | 817
«730 | 224 | 401 | 1880 | 880
=65 | 218 | 452 | 1480 | 570

F]

- — | ss2 | 4s0 | a:2 | 287 | 3e

- e | am | e || s Vu=40k
«805 | 200 | 418 | 1320 | 503 | -

221 | as0 | 341 | 308 | 273 | 243 W14x30

- | 305 | 272 | 242 | 212 | 138 | 188 1
200 | 288 | 220 | 203 | 470 | 157 | 137

Yy 3 € 7 B ] 10

=650 | 202 | 382 | 1180 | 434
=500 | 108 | 250 | 1080 | 3o
=455 | 100 | 321 | @38 | 33
=428 | 127 | 204 | 8@ | 3m
~a08 | 123 | 285 | @01 | 273
=370 | 170 | 288 | 738 | 248
=342 | 175 | 247 | &72 | 210
«aft | 171 | 228 | mo3 | 103
=223 | 187 | 207 | 542 | 1a0 | - [ 117 | 101 | &75 | 740 | 635 | 523
«257 | 184 | 180 | 487 | 150 | 117 [ 10z | =88 | 783 | 64n | 547 | 468
=233 | 180 | 172 | 438 | 130 | 101 [ e70 | 750 | 648 | 548 | <50 | 37
=211 | 167 [ 168 | 300 | 115 | eseo [ 771 | e62 | 583 | 473 | 383
=193 | 155 | 144 | 255 | 103 | 738 [ 681 | 583 | 404 | 414 | 342
=176 | 152 [ 131 | 220 | e22 | 703 | 608 | 516 | 435 | 382 | 287
=150 | 150 [ 118 | 287 | 810 | @15 [ s28 | 440 | 378 | 312 | 254
=145 | 148 | 109 | 200 | 722 | 545 [ 467 | 306 | 331 | 272 | 21

Wiax53 | 128 0880 | 871 | 342 | 284 [ 211 | 174 | 182 | 112
x43 | 138 | 0585 | 784 | 311 | 227 | 181 | 157 | 127 | 101
»43 | 127 | 0530 | 698 | 278 | 201 | 180 | 130 | 112 | 883

120 | 0455 | 548 | 263 | 1. 111 | 878 | 875

Wid3s | 141 [ 0515 | 815 | 201 | 217 [ 183 | 151 | 123 | 877 | 754
34 137
%30 | 122 | 0385 | 473 | 238 | 17| 151 |1z 5] 101 | 7m

[Fniates that cope depth & less than fangs Tikness
[Féte: Valuss are omitied when cops depth excesds d/2.

@ VirginiaTech

Invent the Future
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Coped Beam Flexural Strength Example

Local Web Flexural Strength " |
. L
Slenderness: ,:T
h, 108in.
“t, 0270in. Ve=40k W14x30

Limiting Slenderness for Compact Web:
A, =(0475))KE/F, Needk,=fk>1.61
Plate Buckling Coefficient, k:

‘- 81n.. <1.0, so
h, 10.8in.
1.65 . 1.65
k=2.2(5j - 2.2(10?1“'} ~3.61
c 8 1in.

[ VirginiaTech 3

Invent the Future

Coped Beam Flexural Strength Example

— .]."
2

Local Web Flexural Strength v,
e

Modified Plate Buckling Coefficient, f: =
Ny

C 8 in.
= =0.580 <1.0, so _
d 138in. Ve a0k

f=2§ =2(0.580)=1.16

W14x30

Modified Plate Bending Coefficient, k;:
tk=(1.16)(3.61)=4.19
| =max
1.61

[ VirginiaTech 36

Invent the Future

= 4.19

Lecturer: Tom Murray, P.E., PhD
Emeritus Professor, Virginia Tech
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Coped Beam Flexural Strength Example

Local Web Nominal Flexural Strengthl
L

A, =(0.475)JE/F, SR
=(0.475)/(4.19)(29,000/ 50) _E‘r
=234
Va=40k W14x30

A =40 <2\, =46.8 so Manual Eqn. 9-7 applies.
M, =EZ,. =(50)(15.1) =755 kip-in.
M, =ES, =(50)(8.37) =419 kip-in.
M, =M, - (M-M)(WA,-1) =1-6M, ~ (Manual Eqn. 9-7)
=755 —(755-419)(40/24.8 -1)
= 549 kip-in.

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

Coped Beam Flexural Strength Example

Single Coped Beam Flexual Strength
— .].”
2

8" | — 3n

Vua=40k W14x30 I

oM, = 0.9(549 kip-in.) = 494 kip-in.
M, = (40 kips)(8.5 in.)
= 340 kip-in. < $M, =494 kip-in Adequate

. P LIy
[l VirginiaTech 38
Invent the Future & "

19




AISC Night School - Fundamentals of Connection Design Lecturer: Tom Murray, P.E., PhD
Session 3: Shear Connections Part | Emeritus Professor, Virginia Tech
October 17, 2017 Rev. 1

SHEAR END-PLATE CONNECTIONS

o e 2
[ VirginiaTech g@} 39
Invent the Future )

Shear End-Plate Connections

1 1/4" Minimum

Edge Distance
Advantages: . o
« Simple — Few Parts oo
. E;E (-2 K:J
* No Holes in Beam B [

\ End Plate

Disadvantages:

Note : End Plate Thickness Range is 1/4" to 3/8"

» Requires Beam to be Cut to Exact Length

W@ VirginiaTech

Invent the Future
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Shear End-Plate Connection Limit States

Beam:

1. Gross Shear Yielding
2. Coped Beam Flexural Strength
3. Web Shear Rupture Strength at Weld

Weld: 3,4 1 2 |
4. Weld Rupture Strength
g

”W"VuglmaTech 41
Invent the Future N

Shear End-Plate Connection Limit States

Plate: 7655 67
5. Gross Shear Yielding : e :
6. Net Shear Rupture © @\
7. Block Shear Strength " :ii: :
Shear Transfer at the Elements O o |8
8. Bearing and Tear-Out Strength | § i
Bolt Shear Rupture 7 ii @ -7

Supporting Girder or Column: —
9. Bearing and Tear-Out Strength 6 5 5 6

o
B VirginiaTech 42
Invent the Futur Nl
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Shear End-Plate Connection Example
Example: Determine the design strength, ¢ V.
3/4” A325-N Bolts, E70XX Elec‘gpde

\‘_—1 — 3"
3%" ! II
]
1"]“" o ii o :‘sz— _1\
2@3"| |eue - W14x30
i V X
= te e M A992
ZII)L 1/4x 6 x 0'-8 1/2* A36 |
3/16]

Assume thickness of W14x30 F,=50ksi F,=65ksi

supporting girder web = 0.5 in. d=13.8in. t,=0.27in.
WvirginiaTech -

Shear End-Plate Connection Example

1. Gross Shear Yielding at Cope [ [ ¥
d=13.8 in. —
——
OV, = 1.0 (0.6 F,) (d-d) t, sl
=1.0 (0.6 x 50) (13.8-3.0) (0.27)
=875k

. P LIy
[ VirginiaTech 44
Invent the Future & "
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Shear End-Plate Connection Example

2. Coped Beam Flexural Strength "
From previous example _—E-
oM, = 494 in.-kips (Wﬂ {‘\ w0
l\ 1

With e = cope length + plate thickness * =
=8.0+0.25=8.251n.

oV

n

494 / 8.25
99k

. . : T O
[ VirginiaTech 45
Invent the Future & ",

Shear End-Plate Connection Example

3. Web Shear Rupture Strength =] P
at Weld _‘E-
Plate L = 8.5 in. ¢V4 :it— W14x30
g = 3/16 in. 4
Beam Web t, = 0.27 in. el

OV, =0.75 (0.6 F,) (L - 2t ) t,
=0.75 (0.6 x 65) [8.5 — (2 x 3/16)] (0.27)
=642k

. P LIy
[ VirginiaTech 46
Invent the Future & "
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Shear End-Plate Connection Example

4. Weld Rupture Strength =]
Minimum Weld Size = 1/8” _—E-
from Manual Table J3.4. OK v, {‘ W14x30
M A992
E70xx Electrode N
31617

OV, = (D x 1.392) (L - 2 t09)
=(2x3x1.392)[8.5-(2x3/16)]
=679k

. . : T O
[ VirginiaTech 47
Invent the Future & ",

Shear End-Plate Connection Example

Plate Limit States: 3%"
t = 1/4 in, [ aEnin
A36 Steel: 14 \ OE:HO
F,=36ksi F,=58ksi 2@3"| |oie
(Lo —toitio
4 1 r
5. Gross Shear Yielding

oV,=1.0 (0.6 F,) (2Lt)
=1.0 (0.6 x 36) (2 x 8.5 x 1/4)
=91.8k

. P LIy
[ VirginiaTech 48
Invent the Future & "

24




AISC Night School - Fundamentals of Connection Design Lecturer: Tom Murray, P.E., PhD
Session 3: Shear Connections Part | Emeritus Professor, Virginia Tech
October 17, 2017 Rev. 1

Shear End-Plate Connection Example
1

6. Net Shear Rupture 35"
d, =3/4+1/16 + 1/16 = 7/8 in. ' =
A, =(8.5-3x7/8) (1/4)(2) " 4—eue

=2.94 in2 2@3"| |ono

ed=te e

OV, = 0.75 (0.6 F,) (A,) L
=0.75 (0.6 x 58) (2.94) 6"

=76.7k

. . : T O
[ VirginiaTech 49
Invent the Future & ",

Shear End-Plate Connection Example

ln_
7. Block Shear Strength 4 T
PL 1/4x6x0°-8 1/2” T 00
d=3/4in.d,=13/16in.d’,=7/8in. 3n] [}
—To ! o
$=0.75 —=—13"
R, = Shear Yield U, FA,

min | Shear Rupture

. P LIy
[ VirginiaTech 50
Invent the Future & "
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Shear End-Plate Connection Example

ln_
7. Plate Block Shear 4 v
- Shear Yielding 3" q’ ii °
0.6F,A,, = (0.6x36)(2x0.25x7.25) 30 |14 °
(ONNIINC]
=783k ] :
- Shear Rupture =T 1211"

0.6F, A, = (0.6 x 58) (7.25 2.5 x 7/8) (2 x 1/4)

=88.1k Shear Yielding Controls
- Tension Rupture
F, A, =58(1.25-0.5x7/8)(2x 1/4)
=23.6k

. . : T &
[ VirginiaTech 51
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Shear End-Plate Connection Example

ll_!__
7. Plate Block Shear I3 |
o 0
Shear Yield 3" 6 ii &
R: = min | Shear Rupture T Ups e 3 "\ 51 6
l"
I3
_ 183 1 10x23.6=1019k
min | 88.1

oV,=0.75x101.9=76.4k

. P LIy
[ VirginiaTech 52
Invent the Future & "
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Shear End-Plate Connection Example
I
3_"
8. Shear Transfer Between Elements 4
- Bearing/Tear Out li" 4 oo
| - ~0.5] 2@ [ohe
Since the girder web t, = 0.5 in., 0.25 in. P
; ) 1.—to10
plate Bearing/Tear Out will control. g
Brg: 24F,d,t =(2.4x58)(3/4x 1/4) 6"
=26.1k
Edge: 1.2 F, L_t=(1.2x 58) (1.25 — 13/32) (1/4)
=147k <26.1k
Other: 1.2 F, L_t=(1.2x 58) (3 — 13/16) (1/4)
=38.1k>26.1k
WVirginiaTech -

Shear End-Plate Connection Example

L,
8. Shear Transfer Between Elements 7
- Bolt Shear Rupture li" + it e
3/4” A325-N F,, =54 ksi ey (04
r. = (54 ksi)(0.4418 in2) = 23.8 k 3 _‘_L—»
- Design Shear Transfer Strength 6"

V., =2[min. (Edge B/T.O., Bolt Shear Rupture)]

4[min. (Other B/T.O., Bolt Shear Rupture)]
= 2[min. (14.7, 23.8)] + 4[min. (26.1, 23.8)]

=125k
oV,=0.75x125=934k

. P LIy
[ VirginiaTech 54
Invent the Future & "
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Shear End-Plate Connection Example

CONNECTION DESIGN STRENGTH

— 3"
I3 TS

" I
2@3 °u©° OVa

Ln ol o
13

W14x30
A992

C Lk

ZIIDL 1/4x 6% 0-8 1/2" I
A6 3716

Coped Beam Flexural Strength Controls
oV, =599k

. . : T O
[ VirginiaTech 55
Invent the Future & ",

DOUBLE ANGLE
CONNECTIONS

Welded/Bolted Bolted/Bolted Bolted/Welded

. v > LI
%Vlrg}metl;fchth 56
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Double Angle Connections

Advantages: | L
* Beam Length can Vary J
» Weld or Bolt to Beam
Disadvantages:

XXX

* Double Sided Connections into Column Webs
are an Erection Problem

» “Shared” Bolts are an Erection Safety Issue

W@ VirginiaTech

Invent the Future

\- 2 Angles

Beam Dropped for Joist Seat Coped Beam

. o2 AT
[l VirginiaTech @ 58
Invent the Future b
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Welded/Bolted Double Angle Connections

— -

2 Angles —\

N
N
N
N
N
N
N
\
N
\
\
N
y
N
N
N
N
!E!
N
N
N
N
N
;
N
N
N
N
N
N
N
N
M
N
A\

1 N
Double Sided Connection into Column Web

@ VirginiaTech

Invent the Future

Welded/Bolted Double Angle Connections

Horizontal short slots
may be used in angles
|

© 0
000

\—‘ 2 Angles

2z

Pin is at face of supporting element

Beam web weld is subjected to eccentric shear.

. P LIy
[ VirginiaTech 60
Invent the Future & "
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Welded/Bolted Double Angle Connections

ezZZ

Limit States
Beam:
Shear Yielding
Coped Beam Flexural Strength \_ 2 Angles
Block Shear =
Web Strength at Weld

Weld:
Weld Rupture Due to Shear Plus Torsion

&

i
i
i

. . : T &
[ VirginiaTech 61
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Welded/Bolted Double Angle Connections

Angles:
Gross Shear
Net Shear
Block Shear
Angle Strength at Weld

Shear Transfer Between Elements:
Angle Bearing/Tear Out
Bolt Shear Rupture
Supporting Element Bearing/Tear Out

. P LIy
[l VirginiaTech 62
Invent the Future & "
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Welded/Bolted Double Angles Example

Example: Determine ¢V, for the limit states of:
1. Beam Web Block Shear
2. Weld Rupture due to Eccentric Shear
3. Beam Web Strength at Weld

| — l” - n

llu_ 2 :

4 A y

)
Y 1 I | W14x30 A992
g" :: :: _ 4 tw=0.27 in.
1 E70xx

ll"—

4

2L3x3x5/16 x0'-8 1/2” A36

. . : T O
[ VirginiaTech 63
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Welded/Bolted Double Angles Example

ln — N
lln_ 2 2
4 A |
I \

T | W14x30 A992
3 T — 3 4,=027in.
E70xx

11"_‘ \\ 3/16 |
- 2L3x3x5/16x0'-8 1/2” A36

A992 F,=50ksi F,=65ksi
A36  F,=36ksi F,=58ksi

. P LIy
[ VirginiaTech 64
Invent the Future & "

Lecturer: Tom Murray, P.E., PhD
Emeritus Professor, Virginia Tech
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Welded/Bolted Double Angles Example

1. Beam Web Block Shear
* Shear Rupture

Shear Area

Never controls when angles

are welded to the beam web. Tension area
* Shear Yielding

0.6 F, A, =0.6 (50) (8.5 +0.25)(0.27)

=709k T |

« Tension Rupture ,? |, Wieonm %

F, A, =(65) (3-1/2-1/4) (027)

773 E70xx
= 39 5 k 2L 3 x3x5/16 x 0'-8 1/2” A36

. . : T O
[ VirginiaTech 65
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Welded/Bolted Double Angles Example

1. Beam Web Block Shear Shear Areal

* Beam Web Block Shear Strength

Tension area |

oV, = 0.75 (min shear + U, tension rupture)
=0.75(70.9 + 1.0 x 39.5)
=828k

. P LIy
[ VirginiaTech 66
Invent the Future & "
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Welded/Bolted Double Angles Example

2. Weld Rupture Due to Eccentric Shear

A

In
Iy

¢ =0.75 % T

e, = al. 3
V,=CC,DI
2L3x3x5/16x0-8 1/2” A36

C = effective weld coefficient
\V/ c.g¥ L from Manual Table 8-8

! C, =F, of weld metal / 70

XL D = number of 1/16 ths
kL

Needed for Table 8-8:
k, xI, a

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

Welded/Bolted Double Angles Example

Table 8-8
Coefficients, C,
z Y W14x30 A992
for Eccentrically Loaded Weld Groups " Loy
Angle = 0° E70xx
Available strength of a weld group, ¢f, or R,/€2, is determined with | ™
Bue CCDI {0~ 0.75, 02— 2.00) 2L3x 3 x5/16x 0-8 1127 A36
LRFD ASD
Cwe P po P B | QP _8p o
"""" dCDI e eccy " eCcC,D ey e T oon ¢: 0 75
where

P = required force, £, or Py, kips e =al — CC Dl
D = number of sixteenths-of-an-inch in the fillt weld size 1

1 = characteistic length of weld group, in
a=ed .
. ot componentof ecenviy o P . |- Parameters:
vith respect to centroid of weld group, in .
C = coefficient tabulated below
;= electrode strength coefficient from Table 8-3 =
" 1.0 for E70X electrodes) Cl EXX/ 70
Note: Shadod valugs indicate the value is based on the .
greatest avallable strength permitted by AISC Specification k| k = X
Section J2.4.
a K X=a
0 [01] 020304050607 [08][09]10][12]14] 161820
0.00 |1.86 [2.23 [269 [3.25 [3.80 |4.36 [492 [5.47 6.0 [6.59 |7.15 [6.26 [0.37 105 [116 [127
0.10 [1.86 [2.28 (278 |3.30 [3.83 |4.37 [492 [5.46 [6.01 (656 |7.11 [822 (932 [10.4 [115 [127 X&a= C

015|183 |2.25 273 |323 |3.75 |4.27 480 |5.33 |5.87, |6.41 (6.94 [8.02 [9.11 102 |113 |124

26 |0.253|0.320(0.396|0.481|0.576/0.680(0.788|0.901(1.02 |1.15 [1.28 |1.57 |1.90 | 2.25 | 2.64 | 3.05
2.8 |0.235|0.297(0.368|0.447|0.535/0.632(0.734/0.839/ 0,950/ 1.07 [1.19 |1.47 |1.77 | 2.10 | 2.46 | 2.85
3.0 |0.219/0.278(0.343|0.417|0.500/0.591|0.686|0.784|0.889(1.00 [1.12 |1.37 |1.66 | 1.97 [ 2.31 | 268
x |0.000/0.008(0.029/0.056|0.089{0.125(0.164|0.204|0.246|0.289|0.333|0.424| 0.516( 0.610] 0.704| 0.800)

. v > LI
%Vlrg}metl;ﬁ;cth 68
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Welded/Bolted Double Angles Example

Determine C from Table 8-8: ——
2-1L.3x3x5/16 x 0°-8 4" : e
L=8.51n.

k=(3-0.5-0.25)/8.5=0.26

Invent the Future

[ VirginiaTech - 69

Welded/Bolted Double Angles Example

Table 8-8
Coefficients, C, L
for Eccentrically Loaded Weld Groups " 1, 02
Angle = 0°

E70xx

Available strength of a weld group, ¢R, or R4/C2, is determined with

Ra= COIOI (0 =0.75, ©=2.00) 2L3x3x5/16x0-8 1/2” A36

D = number of sisteenths-of-an-inch in the fillt weld size

I = charactetisti length of weld group, in

a=af

e, = horizontal component of eccentricity of P cg I P
with respect to centroid of weld group, in. O S O

© = coeffcient tabulated below

= electrode strength coefficient from Table 8-3
(1.0 for E70XX electrodes)

Wote: Shaded valugs indicate the value is based on the oL
greatest available strength permitted by AISC Specificatian K
Section J2.4.

2 k

0 |01)02)|03|04(05|06|07 08|09 1012|1418 |18 | 20

0,00 [1.86 |2.23 |2.69 |3.25 (3.80 |4.36 |4.92 |5.47 [6.03 |6.59 |7.15 |8.26 |9.37 105 (1.6 [127
0.10 [1.86 |2.28 |278 |3.30 [3.83 |4.37 |4.92 |5.46 [6.01 |6.56 |7.11 |8.22 |9.32 104 (115 [127
0.15 [1.83 |2.25 |273 |3.23 (375 |4.27 |4.80 |5.33 |5.87, |641 |6.94 |8.02 |9.11 102 (113 [124

2.6 |0.253|0.320(0.396|0.481|0.576(0.680(0.788|0.901(1.02 °|1.15 [1.28 |1.57 (1.90 | 2.25 | 2.64 | 3.05
2.8 |0.235|0.297(0.368|0.447|0.535(0.632(0.734|0.838(0.950(1.07 [1.18 |1.47 [1.77 | 210 | 2.46 | 2.85
3.0 |0.219|0.27 4:500(0.591)0.686|0.784)0.889(1.00 |1.12 |1.37 [1.66 | 1.97 | 231 | 2.68

x |0.0000.00840.029 nniﬁl!ﬂnq 0.125(0.164(0.204|0.246(0.289(0.333(0.424/|0.516| 0.610| 0.704| 0.800]

LRFD AsD
c Pu D, Py ! P, QP Qr, QP,
wn= gepr D= gaen = seen | = Epp D el e R — C C D l
where
P = tequired force, P, or Py, kips e -al

¢=0.75
Parameters:
C, =10
k=0.26

= x=0.0465
X=a
x&a=C

@ VirginiaTech

Invent the Future
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Welded/Bolted Double Angles Example

Lo o

Determine C from Table 8-8: lg‘ i

W14x30 A992
=027 in.
E70xx

2-L3x3x5/16 x 0°-8 57

L=8.51n.

k=(3-0.5-0.25)/8.5=0.26
= x =0.0465

3

3
1
13"

xL =0.0465 x 8.5 =0.40 in.

a=(3.0-040)/8.5=0231 | XL

@ VirginiaTech qm 7

Invent the Future

Welded/Bolted Double Angles Example

Lo o
Table 8-8

Coefficients, C, . L W40 A99)
for Eccentrically Loaded Weld Groups " B =02

3
o E70xx
Angle =0 i
Available strength of a weld Qroup, Al or Re/C2, 15 determined with 2L3x3x5/16x0-8 12" A36
Ra= CO1DY (6= 0.75, 0 =2.00)
LRAD ASD

__ P __h __P _ QP _ QP __op —
Coin= $CiDI Daia= ¥CCyl oin = 6CCD Coin= CDI D= [Za] Ioia= CGD I{n CCIDI
where . =

= required force, Pu of Py, Kips L (I) 075

P
D = number of sxieenths-of-an-inch in the fillet weld size
1

] 2t gl sl e, f ’ | Parameters:
x = horizontal component of eccenriciy of P
g ST i 1 [~ C, =10

" k=0.26

Cy = electrode strength coeflicient from Table &-3
= x = 0.0465

(1.0 for E70XX electrodes)
k
0 |01[02]03/04/05/ 0607 0809|1012 [14] 16 [ 18 | 20 a_o 31

000 [1.86 [2.23 [269 |3.25 |3.80 |4.36 |4.92 (5.47 (6.03 |6.59 |7.15 |8.26 (9.37 [10.5 (116 (127
010 [1.86 [2.28 |278 |3.30 |3.83 [4.37 |4.92 (5.46 (6.01 |6.56 |7.11 |8.22 (9.32 [10.4 [115 (127

015 [1.83 |2.25 |1273 |3.23 |3.75 [4.27 |4.80 |5.33 |5.87 (641 (6.94 (802 911 [10.2 (113 [124 —
020 [1.76 [2.18 |263 |3.41 |360 [4.11 |461 (513 (564 |6.16 |6.68 |7.72 877 | 9.83 [109 (120 X & a :> C 2'62

025 (166 |2.07 |251 (296 [3.42 [3.90 |4.38 |487 |537 (586 |6.36 |7.37 (839 | 9.42 105 [115

Note: Shaded values indicate the value is based on the L.
greatest available stength permitted by AISC Specification M
Sections J2 4, J2.4{a), J2.4(b) and J2.4{c). o

a

030 [1.55 [1.95 1236 |2.79 |3.23 |3.68 |4.14 |460 (5.08 (555 (6.03 (7.01 (8.00 | 9.00 10,0 [11.0
040 [1.33 [1.69 207 12.45 284 |3.24 |365 |4.07 |4.50 [494 |5.39 |6.30 [7.24 | 8.19 | 9.16 [10.1

[l VirginiaTech @ -
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Welded/Bolted Double Angles Example

PR

Using Manual Table 8-8 g :

W14x30 A992
5" =027 in.
E70xx

= C=2.62
With C, = 1.0
D=2 (TwoLs)x3
Weld Rupture Strength
0V, =¢0CC, DL
= (0.75)(2.62) (1.0) 2 x 3) (8.5)
=100k

3

3
1
13"

2L3x3x5/16x0-8 1/2” A36

. o2 CI
[l VirginiaTech 73
Invent the Future & ",

Welded/Bolted Double Angles Example

3. Beam Web Strength at Weld
v = Design Rupture Strength of Plate/in.

! _DesignRupture Strength of Weld/in. :
Design Connection Weld Rupture Strength, k
_ 00.6F, t, (1.0)
(1.392) 2x3) (1.0)
_0.75 (0.6 x 65) (0.27) (1.0) 10
(1.392) (2x3) (1.0)
= 948k

. P LIy
[l VirginiaTech 74
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Bolted/Bolted Double Angle Connections

Beam to Girder Beam to Column Flange

W@ VirginiaTech

Invent the Future

Bolted/Bolted Double Angle Connections

Bolt eccentricity ignored T
in bolted/bolted double /
angle connections.

v
Fe+3H
A

Shear transfer between angles and beam web and
angles and supporting element as previous:

Min (Bearing/Tear Out & Bolt Shear Rupture)
at each hole/bolt.

No New Limit States

W@ VirginiaTech

Invent the Future
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Double Angle Knife Connections

2 Angles

Return
@ Top

© 000

|

Bolted/Welded Double Angle Knife Connection

. . : T O
[ VirginiaTech 7
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Double Angle Knife Connections

A
Note: Weld returns on top of angles
per Specification Section J2.2b

Bolted/Welded to Column Flange

. P LIy
[ VirginiaTech 78
Invent the Future & "
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Bolted/Welded Double Angles

Bolted to Beam / Welded to Column Flange
» Referred to as a “Knife” Connection

__+,
* Bottom Cope to Permit Erection
+
- : : =
New Limit States: +
+ Coped Beam Web Strength at — | i

Tension Flange

» Weld Strength on Out Standing Legs (OSLs) —
angle-to-column flange connection.

. . : T &
[ VirginiaTech 7
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Bolted/Welded Double Angles

Coped Beam Web Strength at Tension Flange

¢, =0.9
V,=ES.#eM,/e oV,
where
M . Mp = FyZnet
. =min
1.6M, =1.6ES,. el

S, = elastic section modulus from Manual Table 9-2
Z... = plastic section modulus from AISC Design Ex.

. P LIy
[ VirginiaTech 80
Invent the Future & "
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Bolted/Welded Double Angles
Weld Strength on OSLs

\J #
X L/6

Z ;—— CL
Tension, f, Web

\Return @ Top

. . : T O
[ VirginiaTech 81
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Bolted/Welded Double Angles

Weld Strength on OSLs e |var2

[ o= ( V., / 2 ) o Y;:I:Lm
’ L
0

2 M, = )

1 ?

— 1, (é Lj(z Lj = W e - CL
2 6 3 2 ZTension, f, Web
f =g

. P LIy
[ VirginiaTech 82
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Bolted/Welded Double Angles

Weld Strength on OSLs e |var2
f, = Jf2 + f Yir
0 L/6
= Vo P+ 1296 E |
2L L
. _ — CL
with ¢f, =1.392D ZTension’ ; web

1.392 DL
JI + 12.96 ¢* /12

OR, =2£ J (Manual p.10-11)

. . : T O
[ VirginiaTech 83
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Bolted/Welded Double Angles Example

Example: Calculate the weld design rupture
strength at OSLs, ¢V,.

2L3x3x5/16x0'-8 1/2“A36‘\

W14x30

O
A992 of |8
tw=027in. 2" ©

4" ’__

e=3+0.2772 L=8.51n. 3/4” A325-N Bolts
=3.14 in. E70XX

. P LIy
[ VirginiaTech 84
Invent the Future & "
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Bolted/Welded Double Angles Example

Weld design rupture strength at OSLs:

217 (1.392 D)

JI2 + 12,96 ¢2
_2(8.5)% (1392 x 4)
85?4 12.96 x (3.14)?
=569k

OVy =

Note: Weld returns (2t,,) at top of angles have been
neglected.

. . : T O
[ VirginiaTech 85
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End of Session 3

Thank You for
Attending

Next Up

. P LIy
[ VirginiaTech 86
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Next Session

+ October 24, 2017 Shear Connections Part II
TOPICS

* Single Angle Connections

* Single Plate (Shear Tab) Connections
» Unstiffened Seated Connections
 Stiffened Seated 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.
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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 — 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 Wednesday. 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.
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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
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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
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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.
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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.

There’s always a solution in steel.

structural

STEEL
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