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This session will provide an overview of a variety of shear connection types, addressing
the advantages and disadvantages of each. The limit states for block shear and flexural
strength in coped beams will be presented. Shear end-plate and double-angle
connection designs will also be discussed. Design examples will be presented to
demonstrate the concepts.
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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.

AISC Live Webinars

Learning Objectives

« Identify several types of shear connections. Fundamentals of Connection DESign
Session 3: Shear Connections, Part |
¢ Explain where the point of rotation is modeled for various shear connections. November 6, 2019

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

List the steps in designing shear end-plate connections.

List the steps in designing double-angle connections.
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, SHEAR
* November 6,2019  Shear Connections Part |

CONNECTIONS
PART 1

Topics Connection Classification
* Types of Shear Connections FR moment
. . . connections —
. Des1gn Considerations el //
.. . . end
* Additional Limit States for Shear = PR moment
. g | connections S S ———
Connections gsl | &, 6. o.M
2 %
* Shear End-Plate Connections . / % 046
* Double-Angle Connections // 02, M7 4 H
—— Simple shear, "
— connections
Rotation Simplé beam
" Manual Figure 10-1 1
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Types of Shear Connections Design Considerations
 Shear connection design assumes the
* Shear End-Plate connection is pinned.
* Double-Angle * Where is the pin?
* Single-Angle )
+ Single-Plate or Shear Tab - »
* Tee Shear Connections
* Unstiffened Seated Connections
+ Stiffened Seated Connections
Design Considerations Design Considerations
* Where is the pin? * Where is the pin?
Answer: At the most flexible side of the
connection. ' .
| b
A 3 >
! ! 2 Angles
— -
Copyright © 2019
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Design Considerations Design Considerations
* Ductility Considerations * Beam Length Tolerance +/- 1/4 in.
— Angle or end plate thickness < 5/8 in. i
— Wide gage o o
— Wide vertical weld spacing *| |
— Avoid welding along the top of angles or end plate Beam Length +/- % in '

» Stability Consideration

— Depth of Connection> 7'/ 2 Setbacks are usually 1/2 in.

(T is clear distance between fillets — Tabulated In calcs, end edge distances are taken as 1/4 in. less

in Manual Table 1-1) than detailed.

Design Considerations Design Considerations
* Beam Length Tolerance + 1/4 in. * Beam Length Tolerance + 1/4 in.
v |
‘bo Minus 1/4” in Design Calcs
ypo
ypo
gpeo

O O O O

1/2" setback |

20
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Add’l Limit States for Shear Connections

Design Considerations

* Effective Weld Length * Block Shear in Coped Beams

When a weld terminates in the “air,” the - Bolted at Web
dimensioned weld length is reduced by the weld Welded at Web
size for calculations except for angles welded to a - Welded at We
beam web.
I AL
—T | * Coped Beam Flexural Strength
_—t
L, y
] I
-1 =
Ly=L,-2w 11
' w
Shear End-Plate Double-Angle ) 2

Block Shear in Coped Beams Block Shear in Coped Beams
Ly Specification Section J4.3
¢=0.75
Rn = 0'6FuAnv+ UbsFuAnt < 0'6FyAgv+UbsFuAnt
{5_:%[" Equivalent to:
% Shear Cb n bolts @ jﬁ:gr . |Shear Rupture :
Area ———= S B R =min .. +Tensile Rupture
©-- 1 Shear Yielding
; : = min +
;zz;/on Zgglon 0.6 Fy Agv bs™ uTnt
(a) Bolted Connections (b) Weided Connections ‘ ‘ '
U,, = 1.0 when tensile stress is uniform
» W) = 0.5 otherwise »
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Block Shear in Coped Beams

Coped Beam Flexural Strength

® @
T 3 S 5
Uy, =1.0 [T U,=10 U,=05 *2
Single-Row Beam  Multiple-Row Beam-
Welded Angle End Connections ~ End Connections

More Examples in Commentary Figure C-J4.2

25

Setback ¢ _~ Buckling checked here e
/

o Setback / Buckling checked here
/ ot
S
| — 1
- i |
Ryor R, E i:/ * d Ruor REL ; ho |d -
’ i i
- J Fi-- é
/ 4 / jE—
. " 1 ]
£ simple sh 1
imple shear connection Simple shear connection s
Single Cope Double Cope

Evaluation Criterion Limit States

M, =R, e<¢,M, * Flexural Yielding (C or T)

¢,=0.9 » Web Flexural Local
Buckling (Single Cope)

* Web LTB (Double Cope)

26

Coped Beam Flexural Strength

Single Coped Beam Flexural Strength

Setback __|"

Single Coped Beam Flexural Strength |

e
5 1 ~ Buckling checked here
-/ o

1

Manual Pages 9-6 through 9-9 T ’ J

A< xp J* -

M,=M,=FzZ,, (Manual 9-6)
A, <A<2M,

M,=M,- (M,-M)(MX,-1) (Manual 9-7)
> 2,

M,=F.S,., (Manual 9-8)
where

F, =0.903Ek, / \*
S, = net elastic section modulus at the cope, in.3
Z,., = net plastic section modulus at the cope, in.?

27

Single Coped Beam Flexural Strength

A = web slenderness = & /¢, Setoeck Y .
N1
A, =0475[kE/F, il =8
i :/7 7 |
T 4
kl =max ﬁ ’/ Simple shear connection
1.61 Single Cope
2& if £<1.0
| d d
f= N+e/d | e
min if —>1.0
3.0 d

_~ Buckling checked here

28
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Double Coped Beam Flexural Strength Double Coped Beam Flexural Strength
Web Lateral-Torsional Buckling Web Lateral-Torsional =~ = GRS
Manual Page 9-9 and Specification Section F11 Buckling, Manual Page 9-9 = —+H
}\’S}\’p IbeZCt _ RuorRaM % 7 ho |d -
M,=M,=F,Z<1.6F,S (Spec. F11-1) e 1A
A, < AN, G =3+ =2 | 1= | 2184 gy —
M, = C,[1.52-0.274\M(F JE)IM, < M, (Spec. F11-2) o] Lo
A> A, Otherwise L T,
= < -
Mn (1 .9ECb/ }L)Sx - Mp e (Spec. kil 3) _S ﬁ _ﬁ > Note: First printing
h | ~ Buckling checked here Cb 3+In 1 >1.84
where 5 5 Setoeck ‘ 8 o C d d of the Manual Page
A=Lph, /1, Z=t,h, /4 : ; ' Note: When ¢, > ¢, flexural tensile z-9>shows =- Shh°“1d
A, =0.08E/F, S=t,h/6 RRW I T yielding must be checked at the € = 45 Shown Acte.
7 A =19E/F, * hL:i: | zmbottom cope.
) ! sovecmton 0 n U *
Single Cope Flexural Strength Example Coped Beam Flexural Strength Example
Example: Evaluate coped beam flexural strength. W14x30 [

e 8" g
d =13.8in. £,=0.270in. =
1/2" b, =6.73in. t;=0.385 in. 1
( g h,=13.8—-3.0=10.8 in. P A0 kips W14x30

| — Q"
| 3 S ., = 8.37 in.? from Manual Table 9-2

[

T Z,,,= 15.1 in.3 from Companion to the AISC Steel
Construction Manual, Volume 2, Table 9-A.

V, =40 kips

W14x30 A992 Steel Note: The distance 4, above # A, that is tabulated in
—] Manual Table 1-1 W-Shapes Dimensions.

31 32
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Coped Beam Flexural Strength Example Coped Beam Flexural Strength Example

Table 9-2 (continued) —1/2" i Table 8-A (continued) —1/2"
Elastic Section Modulus for Coped W-Shapes Plastic Section Modulus for Coped W-Shapes

e T . e 8" o 3w
o ‘—’I 3 Fz — -—’I 3

1 H ]
T *» d |z d Z, d| e =
I I ] 1] Il - ] 1]
d }S, % d S, d| 1S et )__ T T = —
i g
I 1 a |t | 2] 2. Lot
L 1 Shape n. in. in® | i} CHC
F2 T T 0 T
St . . Wian | me | sm (| wm | - | - | - | - | | | | | e .
0 |t | S| S c V, =40 kips “ate | 228 | 512 [ 30 | 17 s |am |3 |32 | =2 | ¥V =40 kips
stape | G|t | Su | S . u P W14x30 a0 | 224 fas | wwsof oea | = | T | [ |0 |ner 0o || Tu P W14x30
2 [3[4]5 67891 woas | 216 | as2 |weo| ss | 2 [ T | I | sse |1 | 2y | 2se | 22r | 2o
605 | 200 | 418 | 1320 | 509 - 305 | 272 | 242 | 214 | 180 | 166
Wi4xis2 | 147|103 [209 | 381286 |243 |203 |167 |134 |105 peodl 54l e bl e o Bl il Pt el ol B B o]
x120 | 145 (0940|190 | 342[255 |21.7 [181 |148 [118 | 920 g o Dol il Bl BEalll Bl -l o [l B [P fe
109 | 143 |0860(173 | 300|223 (189 |157 |128 [102 | 791 ass | sa0 | 320 | sa | a0 213 | 1es | 106 | 1as | 128 | 10n
x99 142 | 0.780 | 157 272|202 (170 |142 |115 | 915| 7.04 «426 | 187 | 304 | @6e | 301 - - 123 | 170 | 148 130 [ 113 | 970
a0 | 140 |o710[143 | 203|180 |152 126 |102 | 07| 618 ‘v | 183|285 | eon [2ra | T [ ves | 1r2 | vs2 | 1s2 | vis | se0 | sae
<10 | 179 | 208 | 736 | 248 174 | 154 | w3 | 117 | o | 865
Wit@2 | 1430855123 | 280209 |17.7 |148 |121 | 964 | 7.46 sz | 178 | 247 | ora | 2w | = | 84 | 108 | vio | 1 | o7e | 7ax
14 | 142 |0785(112 | 244|182 [15.4 |128 |104 | 831| G40 S| |2z o [ | 2 | v | vr | oz [ ers [ ree | e
68 | 140 |0720(103 | 222|165 (139 |116 | 0.41| 76| 572 2 | 1er | 207 | 52 | 108 1w | 101 | ars | 7as | ess [ s3a
x61 139 |0645 921| 197(146 (123 [102 | 828| 6.54 «257 | 164 | 188 | 487 | 150 | 117 | 102 | sab 63 | 648 | 547 5.6
*233 | 160 | 172 | 436 | 130 | 101 | 879 | 759 | 648 | S48 | 459 [ 379
wiaxs3 | 139 |0660| 77.8| 19.1]142 [120 | 093 807 639 aii | 457 | i3 | 3 | vis | oei| 771 |omz | mea | ra | 53
a8 | 138 |0595| 702| 173|128 |108 | 893| 7.23| 571 <193 [ 168 | vas | 368 [ 103 | 7mm [ ey | sa3 | sms | ave | me2
a3 | 137 |0530| 626| 153|113 | ade| 784 634| 499 . «ms [ 152 | 131 | 320 [ w22 | 103 [ 60e | sus | s25 | 362 | 207
Wiaas | 141 |05i5| 546| 160[120 [102 | 8.48| 6.94| 54| 428 S =8371n 3 cividl ol Weiql B 0 oo e Boodl Bl e o
x34 140 (0455 486| 14.4|10.gT=9rr=]62| 6.22| 495 net * * - . 3
30 | 138 |0385| 420| 132| o8| 837| 96| 568| 451 Z ;= 15.11in.
Wi14x26 139 (0420 353| 123| 920] 7.80| 6.50| 531 423 W14:38 41 |0515) 615 | 201 | 297 | 183 | 151 | 123 | 977 | 754 ne
w22 | 137 |03%5| 200| 107| 7.97| 675| 562 458| 364 ‘2 | 110 [oass| sas | 29 [ 19 w7 | 11| a7 | 6rs
W12336 168 (296 |483 |123 ~ |831 |71.4 |606 |508 (419 | 341 r ,’.’u — 'i,]fim:‘,,ivi?(i(,,w —
xa05 | 163|271 (435 108 | - |7t4 610 [514 [427 (349 | 280 Cope gt ascanta 812
w29 | 159 |247 (393 | 91| - 631 535 |a48 |369 |208
x252 154 226 | 353 837 - |542 |457 380 |310 |248
20 | 151|207 321 | 72| - |475 309 |329 |267 |21

33 34

Coped Beam Flexural Strength Example Coped Beam Flexural Strength Example

—1/2"

Local Web Flexural Strength ] Local Web Flexural Strength ]

a8 — 3 8 — 3
Slenderness: s Buckling Adjustment Factor, f: s
p=le 1080, €8I0 _5580<1.0, s0

t, 0270 in. V=40 kips W14x30 d 138in. V.= 40 kips W14x30

—1/2"

Limiting Slenderness for Yielding: f=2 c_ 2(0.580)=1.16
Plate Buckling Coefficient, k: Modified Plate Bending Coefficient, £;:

c_8in 10 s _|e=@16)361)=419
h, 10.8in. k, =max =

1.61
1.65 . 1.65
k=22 [h—j —22 [Mj ~3.61

c 8 in.

4.19

35 36
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Coped Beam Flexural Strength Example

Local Web Flexural Strength

A, =(0.475)\/kE/ F,
=(0.475)/(4.19)(29,000/ 50)

=234
A, <(A=40)<2)\,=1B.
M, =F,Z,, =(50)(15.1) =755 kip-in.
M, =F,S,., =(50)(8.37) =419 kip-in.
M, =M, - (M,-M,)(MA,-1)
=755 —(755-419)(40/23.4 -1)
=517 kip-in.

®

X

—1/2"

I T L

V.= 40 kips W14x30 ]

——

(Manual Eq. 9-7)

37

Single Coped Beam Flexural Strength

—1/2"

8

-
¥, = 40 kips W14x30

oM, =(0.9)(517 kip-in.) = 465 kip-in.

M, = (40 kips)(8.5 in.) = 340 kip-in. < $pM ,, OK

®

X

38

Shear End-Plate Connections

Shear End-Plate Connections

39

N
Advantages e

+ Simple — Few Parts

* No Holes in Beam

Disadvantage

* Requires Beam to be
Cut to Exact Length

Manual Figure 10-6

»

by

40
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Shear End-Plate Connection Limit States

Shear End-Plate Connection Limit States

Beam

1. Shear Yielding
2. Coped Beam Flexural Strength
3. Web Base Metal Strength at Weld

Weld
4. Weld Rupture Strength

41

Plate 765567
5. Shear Yielding I: :::: ::
6. Shear Rupture G Oy
7. Block Shear Lo
o @ ol
8. Shear Transfer i iiii i
Between Plate and 70O hi BT
Support é 5"5 é

4

Shear End-Plate Connection Example

Example: Determine the design strength, ¢V,
3/4 in. Gr. A325-N Bolts, E70X)§'}Electrode

" [ 3"
3
R S o T
Iy &Té =
" o) :: o |
ek R e
PL 1/4 x 6 x 08 1/2" A36 3/16|
Girder:  A992 steel W14x30 F,=50ksi F, =65 ksi
t,=0.5in. d=138in. ¢,=0.27in.

43

Shear End-Plate Connection Example

Copyright © 2019
American Institute of Steel Construction

1. Shear Yielding at Cope "

8 — "
d=13.81n. 3
d.=3.01n. T
Spec. J4-3: qu _jb ?91942?430

(I)Vn = (I)(06 Fy)(d'dc)tw
— (1.0)(0.6)(50)(13.8-3.0)(0.27)
= 87.5 kips

44
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Shear End-Plate Connection Example

Shear End-Plate Connection Example

2. Coped Beam Flexural Strength

From previous example
Vu/‘ :JLL

oM, = 465 kip-in.
With e = cope length + plate thickness
=8.0+0.25=8.25in.

oV,=465/8.25
=56.4 kips

45

3. Web Shear Rupture Strength

at Weld 8"
—_— 3"
Plate L = 8.5 in. —E-

= 3/16 in. H-
Beam Web ¢, =0.270 in. v | Ik W14x30
" RN A992
Spec. Table J2.5 and Eq. J4-4: 3/16|
OV, = 0(0.6F,)(L - 2t,,.)t,,
=0.75(0.6)(65)[8.5 — (2)(3/16)] (0.270)
= 64.2 kips

46

Shear End-Plate Connection Example Shear End-Plate Connection Example
4. Weld Rupture Strength Plate Limit States 3%"
.&_l o t,= 1/4in. .
From Manual Table J2.4, the = Iz" T Ei 10
minimum weld size is 1/8 in. i T A36 Steel: 2@3" i oiﬁio
3/16 in. weld OK so far. :‘[— W14x30 F,=36ksi F,=58ksi 1%" oo
1N A992 | 6
[ 5. Shear Yielding
OV, = (1.392)(DUL - 2t,010) 36! OV, = 6(0.6F)2 L 1)  (Spec. J4-3)
= (1399385~ )G/16)](2 welds) =1.0 (0.6 x 36) (2 x 8.5 x 1/4)
= 67.9 kips = 91.8 kips
Copyright © 2019

American Institute of Steel Construction
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Shear End-Plate Connection Example Shear End-Plate Connection Example
lu 1 '
6. Shear Rupture 37 7. Block Shear Strength I35
b 2 E m E
d;=3/4+1/16+1/16=7/8in. L frt PL1/4x6x0-81/2 ik
S $=0.75 STTeEe
" 1) 1) " o
4, =(1/9)[8.5-3(7/8)]2) 2@13 b of-
. 1" T 1,
=2.94 in’ 4 6 . |Shear Rupture _ Iy
R, =min .. +Tensile Rupture
OV = 00.6F A Shear Yielding
’ o 0.6F 4
= (0.75)(0.6)(58)(2.94) =min| """ +U,F4, (Spec. J4-5)
=76.7 kips 0.6F,4,,
49 50
Shear End-Plate Connection Example Shear End-Plate Connection Example
lvv_
7. Plate Block Shear 7. Plate Block Shear I
- Shear Rupture 3 ? ii ¢
hear Rupt R
0.6F,4,, = (0.6)(58)(1/4)[7.25 - (2.5)(7/8)1(2) R, =min| o RUPMIC L psile Rupture 37 [0 ¢
— 88.1 kips Shear Yielding T s
. 1 1
] 15" 0.6F 4 A
Shear Yielding 4 . _ min U FA Iy
0.6F,A4,, = (0.6)(36)(1/4)(7.25)(2) . ST 0.6F A,
= 78.3 kips 3 o4 0 . [88.1 kips . .
Tensile Rupture o1 - =min 78.3 kips +(1.0)(23.6 kips) =102 kips
F A,,=58(1/4)[1.25 - (0.5)(7/8)](2) L .
=23.6 kips 4
oV, = (0.75)(102) = 76.4 kips
Copyright © 2019

American Institute of Steel Construction
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Shear End-Plate Connection Example Shear End-Plate Connection Example
8. Shear Transfer Between Plate and Girder 8. Shear Transfer Between Plate and Girder
A992 girder with £, = 0.5 in. 11/4" Bolt Shear Rupture v
A36 plate with £ = 0.25 in, 3 r,=23.9 kips ol ofn
Therefore, the plate went will control. 3n Bolt Rupture 3"

: . 1-1/4" 1@ ®]|C
r, = min|Plate Bearing B N 7
Bearing: r, = 26.1 kips with d = 3/4 in. Plate Tearout !
T ihd — 13161 23.9 kips 23.9 kips <
t wit = .
SATOUL W G . n r,, =min|26.1 kips s =T, =min|26.1 kips
At A:r,=14.7 kips 147 i 38.1Ki
AtBand C: r, = 38.1 kips HKIPS = KPS
. OR, = (0.75)[(14.7)(2) + (23.9)(#)] =93 8 kips &,

Shear End-Plate Connection Example

Connection Design Strength

Coped Beam Flexural Strength Controls
¢V, =56.4 kips

55

Double-Angle Connections

8” "
3L R
2 ,:
llu "P m -
4 O :: (o] -
2@3"| |oio y {‘ W14x30 :
dndtodo 4 N A992 | :
PL 1/4x 6 x 0-8 1/2" |
A36 3/16 | Welded/Bolted Bolted/Bolted Bolted/Welded

56

Copyright © 2019
American Institute of Steel Construction
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Double-Angle Connections Solution of Erection Safety Issue

2 Angles \

Advantages - T J B L -

* Beam length can vary.
» Weld or bolt to beam.
» Strong

Disadvantage

» For double-sided connections at a column or
girder web, shared bolts cause an erection
safety issue.

I N

57 58

Welded/Bolted Double-Angle Connections Welded/Bolted Double-Angle Connections

Horizontal short slots
_ | may be used in angles
| |

o ©
000

g —— o— —T—

Pin is at face of supporting element

Manual Figure 10-4(b) Beam web weld is subjected to eccentric shear.

59 60

Copyright © 2019
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Limit States

Beam
Shear Yielding
Coped Beam Flexural Strength
Block Shear
Web Base Metal Strength at Weld

Weld

Rupture of Eccentrically Loaded Weld
Group

61

Angles
Base Metal Strength at Weld
Yielding
Shear Rupture
Block Shear

Shear Transfer
Angle Bearing / Tearout
Bolt Shear Rupture
Supporting Element Bearing / Tearout

62

Welded/Bolted Double-Angle Example

Welded/Bolted Double-Angle Example

Example: Determine ¢R,, for
1. Beam Web Block Shear
2. Weld Rupture due to Eccentric Shear
3. Beam Web Strength at Weld

1/2"—f}a— 42" |
‘_/ 1/4"

1-1/4"T | W14x30 A992
3y oA t,=0270"
3n Rﬂ'
1-1/4" I E70XX
/ 3/16
2L3x3x5/16x0-8 1/2”

63

2
1. Beam Web Block Shear 1= /3 &

. (0-6F,4,, | W14x30 A992
R, =min 0.6FyAgv +U,F, A, R”T : £, =0.270"
_ — Shear Area
A = Agv (no holes) \Tensile Area
* 0.6FA,,> 0.6FyAgv
2L.3x3x5/16 x 0'-8 1/2"

* Shear yielding controls

R, =0.6F, A, +U, F 4,
= (0.6)(50)(0.270)(8.5+1/4) + (1.0)(65)(0.270)(3—1/ 2 —1/ 4)

=110 kips Beam
Length
OR =(0.75)(110)=82.8 kips | Tolerance | .,

opyright © 2019
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Welded/Bolted Double-Angle Example

Welded/Bolted Double-Angle Example

2. Weld Rupture Due to Eccentric Shear

Instantaneous Center

1/2u €X = al
’_‘ N of Rotation Method

Il

R

=
= >
+

~—Weld ) Design Aid: Table 8-8
Group xl R,=CC DI
ki ¢=0.75

21.3x3x5/16
x 0'-8 1/2"

65

Table 8-8
Coefficients, C,
for Eccentrically Loaded Weld Groups _
e R, = CC,DI

Available strength of a weld group, 0Ry or Ry/<2, is determined with
Ro=CCiDI (6=0.75, Q=2.00)

LRFD AsD k 9 X

P . QP QP Qr,

. P P A

= Dinin = =orpy | Cmin==pr  Dmin= =T Imin =
Coin= Gty Doin= geé7 nn= 505 nin= s ;
where

P = required force, P, or Py, kips e=al
D = number of sixteenths-of-an-inch in the fillet weld size o a

1 = characeitc lngt f weld grup. n T

o= oo component of eccentrcity of P g Jf
with respect to centroid of weld group, n. ~ 4+

€ = coefficient abulated below

€= eloctrods strangth coefficent from Table 8-3
(1.0 for E7OXK electrodes) !

Note: Shaded values indicate the value is based on the -t 1
greatest available strength permitted by AISC Specification k] .
C, = 1.00 for 70 ksi

k
0 [01[02[03[04[05/06[07[08[09][10[12[14] 161820
0.00 {1.86 (223 |2.69 [3.25 |3.80 (4.36 |4.92 |5.47 (6.03 |6.59 |7.15 |8.26 (9.37 [10.5 [116 (127
0.10 {1.86 (2.28 |2.78 [3.30 |3.83 (4.37 |4.92 |546 (6.01 |6.56 |7.11 |8.22 [9.32 [104 [115 (127
015 |1.83 |2.25 |2.73 (3.23 (3.75 [4.27 [4.80 [5.33 [5.87 [641 (694 (8.02 [9.11 [102 [113 [124

0.20 {1.76 (2.18 |263 (3.1 |3.60 |4.11 |4.61 |5.13 (564 |6.16 (6.68 7.72 8.77 | 9.83 [109 (120
noslies [o07 [oet lnos oo laon [490 [4e7 |ea7 lcos lgas 290 | 040 line lise

a

[30 \o219\0273\0343\0417\0500\0591\05%\0754\03&9\\oa [112 137 [166 [ 17 [ 231 [ 268 |

x_|0.000[0.008] [0.089]0.125]0.164]0.204[0.246]0.289]0.333] 0.424[0516] 0.610] 0.704] 0.800]

66

Welded/Bolted Double-Angle Example

Welded/Bolted Double-Angle Example

Determine C from Table 8-8:

1/2" e, =al
—i

R, RuT H
“—Weld
Group x/

kl=3-1/2-1/4=2.251n.

[=8.51n.

2L3x3x5/16
x 0-8 172"

k=225/85=0.265

67

Table 8-8
Coefficients, C,
for Eccentrically Loaded Weld Groups
Angle = 0°

Avallable strength of a weld group, 6ff; or An/<2, is determined with
Fn=COLDT (0= 0.75, Q =2.00)

26 [0 481 680[0.788[0.901[1.02"1.15 |1.28 [1.57
2.6 {0.235/0.297|0.366|0.447(0.5350.632|0.734(0.838(0.850| 1.07 [1.19 [1.47
30 [0 0 591(0.686(0.784|0.689]1.00 |1.12 [1.37

LRFD ASD
£, B R or ar or,
S P Lt = | e 2 D e 1,
P = required force, P, o¢ £, Kips. e -al
D = e o et havinh n e et weld e —
7 2 et g o et o
o
;= herizontal companent of eccentriclty of P cg P
ey s v . N L S
© = coefficient tabulated below
2 e shongh ettt o e 6.
(1.0 for E70XX electrodes)
Mote: Shaded values indicate the value is based on the x
(greatest avallable strength permitted by AISC Specification | ki _|
L
a k
0 0102 [03)|04/05|06)07|08|09]|10|12|14] 16 18 | 20
0.00 {1.86 (223 |269 (3.25 |3.80 |4.36 [4.92 |5.47 |6.03 (6.5 |7.15 (8.26 |9.37 (105 (116 |12.7
0.10 {1.86 (2.28 |2.78 (3.30 |3.83 |4.37 [4.92 |5.46 |6.01 (6.56 |7.11 (8.22 |9.32 (104 (115 [12.7
0.15 {1.83 (225 |2.73 (3.23 |3.75 |4.27 [4.80 |5.33 |5.87, (6.41 [6.94 (8.02 |9.11 (102 (113 [12.4

190 | 225 | 264 | 305
177 | 210 | 246 | 285
166 | 1.97 | 231 | 268

x foss]o.1250.16¢[0 202024502890

0.610] 0.704] 0.800)

k=0.265 > x=0.0465

68

Copyright © 2019
American Institute of Steel Construction

17



AISC Live Webinar Series Fundamentals of Connection Design
November 6, 2019 Session 3: Shear Connections, Part |
Revised: Nov 8, 2019

Welded/Bolted Double-Angle Example Welded/Bolted Double-Angle Example
Determine C from Table 8-8: Table 5.8 '
Coefficients, C,
for Eccentrically Loaded Weld Groups
1/2" ex = al Angle =0°
= r- —F o
R) RI +H  [[=85in. e R B et
“—Weld R P
Group -—
L x/=(0.0465)(8.5)=0.395 in.
21.3x3x5/16
x 0'-8 1/2" k=0.265
A et
e, =3-0.395=2.611in. > a=2.61/8.5=0.307 shakeiisimpafzpambslmpohs | k& a=C=262

69 70

Welded/Bolted Double-Angle Example Welded/Bolted Double-Angle Example
C=2.62 1/2"a‘ ’«— 3. Beam Web Strength at Weld
3/16 in. welds > D =3 | Proposed Rational Approach
E70XX > C, = 1.0 - mlﬁ: |
ull oR, = ( oR, )ngd Web Shear Rupture Strengtl.l /1in.
3/16 Weld Rupture Strength / in.
Strength of eccentrically / $0.6F.1,(1.0 in.)
loaded weld group: 213x3x5/16 =(0R: )y (1.392)(D)(1.0 in.)(2 welds)

OR, = 6CC,DI x 0-81/27 _ (100 ©7X0.X65X0.270X1.0)

= (0.75)(2.62)(1.0)(3)(8.5)(2) - (1392)3)1.0)2)

=100 kips =94.6 kips

Copyright © 2019
American Institute of Steel Construction
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Bolted/Bolted Double-Angle Connections Bolted/Bolted Double-Angle Connections
Bolt eccentricity ignored -
. in bolted/bolted double- [ B J
N angle connections. g
| +
g
¢ Shear transfer between angles and beam web and
angles and supporting element as previous:
Min of Bearing, Tearout & Bolt Shear Rupture
at each hole/bolt.
Beam to Girder Beam to Column Flange No Additional Limit States
Bolted/Welded Double-Angle Connections Double-Angle Knife Connections
T 2 Angles v 2w -/
° w +
° +|
° +
(-] +
ez __J\/f,
Weld returns per Specification Section J2.2b User Note.
g
Bolted/Welded Double-Angle Knife Connection Bolted/Welded to Column Flange
Copyright © 2019

American Institute of Steel Construction
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Bolted/Welded Double-Angle Bolted/Welded Double-Angle
Bolted to Beam / Welded to Column Flange Coped Beam Web Strength at Tension Flange
 Referred to as a “Knife” Connection 3 ¢,=0.9
* Bottom Cope to Permit Erection ‘ V.=M,/e T

: | where L
Additional Limit States iy M. —min M,=F.Z,,
n e
* Coped Beam Web Strength at : | 1.6M, =1.6F,S,.,
Tension Flange S, = elastic section modulus from Manual Table 9-2
« Weld Strength on Outstanding Legs (OSLs) — Z,., = plastic section modulus from AISC Companion
angle_to_column ﬂange Connection. to the AISC Steel Construction Manual

Table 9-A.
77 78

Bolted/Welded Double-Angle Bolted/Welded Double-Angle
Weld Strength on OSLs e = Leg Width Vertical Weld Force i

V./2
1 " V.2 i
L \ f; = / [ fvT | 4 Vu /2
i ! (\:)Zfll:act . T 1 a.n d/i
il pressure Max Horizontal Weld Force in
il e kips/in.
| V.2

Return at Top Elastic Vector Method . 7

* Uniform vertical weld force. SN S | A Ve

¢ Linearly varying horizontal XM =0=f,= 1'81_2

weld force. [ (5/6)l
* Neglect returns.
79 'ﬂl 80
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Bolted/Welded Double-Angle Bolted/Welded Double-Angle Example
Maximum Weld Force as a function of V,, Example: Calculate the weld design rupture
V .
fo=NF 4 7 =5 12966 (kipsfin) strength at OSLs, 97,
Design Weld Force (kips/in.) with 6 = 0° 2L.3x3x5/16 x 0"-8 112"
=1.392D ol t
&, W14x30 0 J?'l .
Weld Group Design Shear Strength, ¢V, o
oV, 2 2 :
=—21"+12.96
¥, =—p e B 7 E70XX
2(1.392DI) 4
oV, = (Manual 10-1a)

J1+12.96¢% /12 e=3in. and /= 8.5 in.

81 82

Bolted/Welded Double-Angle Example End of Session 3
Weld design rupture strength at OSLs
oV, = 2(1.392D0) Thank You for
\/l +12.96¢% / I? Attendlng
_(2(1392)4)8.5)
J1+12.96(3%) / (8.5%) Next Up
=58.5 kips

83 84
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Next Session

« November 13, 2019 Shear Connections Part II
TOPICS

* Single-Angle Connections

* Single-Plate (Shear Tab) Connections
* Unstiffened Seated Connections

» Stiffened Seated Connections

85

AISC | Questions?

Single-Session Registrants
CEU / PDH Certificates

¢ 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!

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

=2 | Smarter.

Single-Session Registrants

CEU / PDH Certificates

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

¢ Password: Same as AISC website password.
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4-Session Registrants
CEU / PDH Certificates

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

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.
e Option 2: Watch the recording and pass the associated quiz.

Videos and Quizzes
¢ 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 Each video recording and quiz will be available for four weeks.
e Quiz scores are displayed in the Course Resources table.

Distribution of Certificates
All certificates will be issued after the course is completed (the week of December 16).
Only the registrant will receive a certificate for the course.

4-Session Registrants

Course Resources

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

Copyright © 2019
American Institute of Steel Construction

4-Session Registrants

Course Resources

Go to www.aisc.org and sign in.

USERNAME

PASSWORD
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4-Session Registrants

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

SR MyAISC

MY PROFILE

T FROFIE

MY PURCHASED DOWNLOADS

© VEEW DOWNLOADS

MY COURSE RESOURCES

VIEW RESOURCES

Fundamentals of Connection Design
Session 3: Shear Connections, Part |

4-Session Registrants

Course Resources

4-Session Registrants

Course Resources

Fundamentals of Connection Design

4-SESSION PACKAGE RESOURCES
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