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AISC Live Webinars
Audio Options

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

(866)-519-2796
Passcode: 671831
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AISC Live Webinars
AlA Credit

AISC is a Registered Provider with The American Institute of Architects Continuing
Education Systems (AIA/CES). Credit(s) earned on completion of this program will be
reported to AIA/CES for AIA members. Certificates of Completion for both AIA members
and non-AlA members are available upon request.

This program is registered with AIA/CES for continuing professional education. As such, it
does not include content that may be deemed or construed to be an approval or
endorsement by the AIA of any material of construction or any method or manner of
handling, using, distributing, or dealing in any material or product.

Questions related to specific materials, methods, and services will be addressed at the
conclusion of this presentation.
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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 2019

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

Course Description

Shear Connections, Part I|
November 13, 2019

This session will cover single-plate shear connection design, including both conventional
and extended single-plate connections. The differences between the two will be
contrasted in design examples. The design of single angle connections, stiffened and
unstiffened seated connections will also be discussed. The presentation of stiffened
seated connections will offer a discussion on a simplified approach.
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AISC Live Webinars

Learning Objectives

e Describe the advantages and disadvantages of single-angle connections.

e Describe the advantages and disadvantages of conventional single-plate
connections.

e Explain the differences between conventional and extended single-plate
connection design.

e Compare stiffened and unstiffened seated connections.

Fundamentals of Connection Design

Session 4: Shear Connections, Part Il
November 13, 2019

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

* November 13,2019 Shear Connections Part 11

SHEAR
CONNECTIONS

PART II
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TOPICS

Single-Angle Connections

Single-Plate or Shear Tab Connections

Unstiffened Seated Connections

Stiffened Seated Connections

Connection Classification
FR moment ¢ 9, 0,
connections 7’7_
|
Fixed — /
end
€ PR moment
GE) / connections S ——
o & 0, M
EIEJ / 90)/. 0, M
v | 2 0.80,
/
/ —— ¥ S
j 0.2M} — . N \4 M ’
— — Simple shear|
— connections
. Simplé beam
Rotation
Manual Figure 10-1 .

Copyright © 2019
American Institute of Steel Construction




AISC Live Webinar Series Fundamentals of Connection Design
November 13, 2019 Session 4: Shear Connections, Part Il

fw

S
o

Loy o

Single-Angle Connections

Advantages

e Eliminates Double Sided w [ 2w
Erection Problem

» Fewer Parts
Disadvantages

» Larger Angle Required

» Larger Bolts or Weld

« Cannot Resist Axial Forces

Comment

Manual Figure 10-13

Not recommended for laterally unbraced beams.

ﬁ@% 14

e
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Single-Angle Connections

Recommended Minimum Angle Thicknesses

Manual Page 10-116.

Bolt Diameter | Minimum Angle Thickness
d (in.) £y (IN.)
3/4 3/8
7/8 3/8
1 172

Single-Angle Connections: Bolted

Eccentricities for OSL

e, = e, Aez | Bolts
_—_|—; <a| Angle
() i e o %
) i [ ) [ ) %
. | o o
C:LWeb C:L Web

Single Column of Bolts Double Column of Bolts
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Single-Angle Connections: Bolted

Notes

» Beam-side eccentricity: ignored when one column
of bolts and eccentricity < 3 in.

Holes

— Beam side: standard holes or short slots.

— Support side: standard holes.

Single angle should be connected to supporting
member in the shop.

Additional Limit States at OSL
— Angle Flexural Yielding and Rupture

— Bolt Eccentric Shear and Bearing / Tearout

Single-Angle Connections: Bolted
e
Angle Flexural Yielding of OSL *a—|
Criterion T :
LRFD Required Moment
_ ' CLweb

Mu - V;tea ea
Flexural Design Strength

M, = OF,S, R

o Vi
S, = t,I*/6
$=0.9 ° |
‘ ' CdLweb 8
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Single-Angle Connections: Bolted

Angle Flexural Rupture of OSL

Criterion Supporting
member
M, < oM,
LRFD Required Moment
@ Supported
Mu = Vuea beam

ﬁ& member
I

Supporting —

-—

Flexural Design Strength
d)Mn - (I)F uZnet

@ Supported -
e beam e
r*i Vu | 8 Vu

¢ =0.75
Z . from Manual Table 15-3

net

Single-Angle Connections: Bolted

Table 15-3
Net Plastic Section Modulus, Z,et, in.2
(Standard Holes)

Net plastic section modulus
taken along this line

Manual Table 15-3

s =3in.

l,,=1-1/2 in.

3/4,7/8, 1 in. Bolts

#Bolts in Bracket Nominal Bolt Diameter, d, in.
One Plate 3/a | I8
Vertical Depth, a, Bracket Plate Thickness, #, in.
Row, n n. /a 38 2 5/8 3a 38 2 5/s
2 6 1.59 2.39 3.19 3.98 4.78 2.25 3.00 3.75
3 9 3.70 5.55 7.40 9.26 1.1 5.25 7.00 8.75
4 12 6.38 9.56 12.8 15.9 19.1 9.00 120 15.0
5 15 10.1 151 20.2 252 30.2 143 19.0 238
6 18 143 215 287 359 43.0 20.3 27.0 338
7 21 19.6 29.5 39.3 49.1 58.9 27.8 37.0 46.3
8 24 255 38.3 51.0 63.8 76.5 36.0 48.0 60.0
9 27 324 48.6 64.8 81.0 97.2 45.8 61.0 76.3
10 30 39.8 59.8 797 99.6 120 56.3 75.0 93.8
12 36 57.4 86.1 115 143 172 81.0 108 135
14 e 721 117 188 108 224 110 147 194

d',=d,+1/16 in.

20
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Single-Angle Connections: Bolted

Eccentric Shear Transfer at OSL
Manual Page 10-118 and Design Example I1.A-28A

Instantaneous Center of Rotation Method

oV, =C(9r,)
where

C = eccentrically loaded bolt group coefficient
from Table 10-11 or from Table 7-6, 7-7, etc.

¢r, = effective fastener strength of the outermost
(worst case) bolt.

21

Single-Angle Connections: Welded

Eccentric Shear Strength of Weld Group

2w
Return> W % \

A
!
| !

CL Web CL Web

Manual Table 10-12
or Table 8-10

22
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Single-Angle Connections: Welded

Table 10-12 (continued)
Bolted/Welded
Single-Angle Connections

Table 8-10
Coefficients, C,
for Eccentrically Loaded Weld Groups
Angle = 0°

I -
wl 2w wg max.
S 1
= J I .
£
- 5 .
w
Weld (70 ksi) Minimum
Number | gojt and Angle Strength, kips tuof
of Bolts Group A Bolts Angle | Angle Available | Supporting
in One size |Length,| Size, | gt il er
Vertical (F=36ks) in. | win. d with Angles,
Row 3ain. /g in. Both Sides
asD | w0 | ASD | e asD_| Lmrp | Of Webin
e | 943 | 141 | 0475
6 716 | 107 | 713 | 107 e | w | 755 | 13| 0380
s | 566 | 849 | 0285
e | 701 | 119 [ oars
5 507 | 895 | 591 | 887 wh | v | 633 | 949 | 0380
e | 414 | 712 | 0285
= e | 629 | 944 | 0475
4 476 | 714 | 470 | 04| % we | w503 | 755 | 0380
b1 %he | 37.8 | 566 | 0.285
e | 487 | 685 | 0475
3 35 | 532 [ 348 | 522 8% | Ve | 386 | 548 | 0380
e | 274 | 411 | 0285
She | 282 | 422 | o0ars
2 233 | 350 [ 227 | 340 S | | 225 | 338 | 0380
e | 169 | 253 | 0285

Available strength of a weld group, 6R, or R,/<2, is determined with
Ry=CC\DI (6=0.75, Q=2.00)

LRFD ASD

2P, QP

_ P __P __ P -
Cin = $C\D1 Dyin = rean] Imin= i Coi Dpin =

_ P
" CDI Gyl T CCD

where

P = required force, P, or P, kips

umber of sixteenths-of-an-inch in the filet weld size
haracteristc length of weld group, in. Il

&, = horizontal component of eccentricity of P
respect to centroid of weld group, in.
€ = coefficient tabulated below
1= electrode strength coefficient from Table 8-3
(1.0 for E7OXX electrodes)

Note: Shaded values indicate the value is based on the xl
greatest available strength permitted by AISC Specification
Section J24.

1

®

? 0 (01020304 06 | 0.7 10[12 |14 /16 | 18 | 20
0.00 |1.86 (204 |223 |2.41 3.25 |3.53 4.36 |4.92 (5.47 (6.03 |6.59 |7.15
0.10 |1.86 [2.04 |2.28 (2.53 331 |357 4.38 |4.93 (5.48 |6.00 (6.55 |7.10
0.15 225 (249 3.24 (3.50 4.28 |4.81 |5.34 |5.89 |6.44 |7.00
020 2.18 |2.40 3.11 |3.36 4.11 (462 |5.14 |566 |6.20 |6.73
0.25 207 (229 295 (319 3.90 (440 |4.90 |5.42 (594 |6.47
0.30 2.78 |3.00 369 |4.17 (466 |5.17 (568 |6.20
0.40 244 (2863 3.27 (3.73 |4.20 |4.69 |5.19 |5.70
30 645/0.776(0.924/1.09 [1.27 [1.46

x|0.000|0.005|0.017{0.035/0.057|0.083|0.113(0.144/0.178| 0.213| 0.250(0.327 | 0.408 | 0.492 0.579 0.667

¥y |0.500(0.455|0.417|0.385|0.357|0.3330.313|0.294|0.278| 0.2630.250| 0.227|0.208| 0.192(0.179/ 0.167

Loy o

i 23
Single-Plate Shear Connections
-
+ =
*
|
T
=
¢4 T
4
® :
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Single-Plate Connections

Advantages

Single Plate

» Simple — Few Parts
» No Welding on Beam

» Can be Designed to Resist
Axial Force

Disadvantages
Stiffer than Other Types L, 1

* Requires Careful Design
* Low to Moderate Strength

25

Single-Plate Connections

¢ Bolt group
~&.]
a len a ‘
L 1 lon
lev
iz 0
e - B
| n-1@3" |/ RARd !
1] Raks
lov \ lov
Ieh N\ ;

(Also used to eliminate beam copes)

Conventional Single-Plates Extended Single-Plates
* Various geometric limitations. *  Very few limitations.
Simplified Design = avoids * General Design = consider
checking some limit states. all limit states.

26
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Single-Plate Connections

Limit States
* Beam Side Limit States |
Eccentric Bolt Shear *

Shear Transfer i
Plate

— Shear Yielding .
— Shear Rupture

— Block Shear

— Flexural Rupture

— Plate Buckling

— Combined Shear and Flexure

27

Conventional Single-Plate Connections

Limitations

* One column of bolts. A

e 2<n<I12

e a<3-121n.

* [,,> limits in Specification
Table J3.4 M

s w>5/8 t,on both sides of
plate. Develops the plate if F), Wl
< 50 ksi.

* Max. ¢, or ¢, from Table 10-9

* [, > 2d for the plate or beam
__web.

a Lo

+*
* n-1@3" |1
*

28
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Conventional Single-Plate Connections

Ductility — Maximum Thickness Requirement

Bolts must “plow” in plate or web. Thus, plate
or web thickness i1s limited.

--"J\’""/-Single Plate

|

29

Conventional Single-Plate Connections

Bolts and Plate Checked for Eccentric Shear
M,=Ve

where e 1s from Manual Table 10-9.

Table 10-9
Design Values for Conventional
Single-Plate Shear Connections

n Hole Type e, in. Maximum t, or fy, in.

SSLT al2 None
2t05

STD al2 dr2 + e

SSLT al2 di2+"he
61012

STD a dr2 - "

Note: Plate buckling will not control plate design.

30

opyright © 2019
merican Institute of Steel Construction

15



AISC Live Webinar Series Fundamentals of Connection Design
November 13, 2019 Session 4: Shear Connections, Part Il

Conventional Single-Plate Connection Ex.

Example: Determine required number of bolts and
plate and weld sizes.

_T,J\,——-—- I E70XX

W14x30 A992
° t,=0.270 in.

T =11-5/8 in.
©

[\ V., =40 kips

——L \— 3/4 in. Gr. A325-N Bolts

Standard Holes
A36 Plate Material

31

Conventional Single-Plate Connection Ex.

Bolt Shear Rupture
Select trial number of bolts based on direct shear.
Try 3 —3/4 in. Gr. A325-N Bolts

|
©
OV, = (OF,,A)n o lV — 40 kips
= (17.9 kips)(3 bolts) hd
=53.7 k]pS > Vu =40 klpS | \L3/4 in.

Gr. A325-N Bolts
Still need to consider eccentric shear.

32
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Conventional Single-Plate Connection Ex.

Trial Plate Geometry

gn Conventional Single-Plate Limitations
Ly 2<n<12
° 2 . . .
o 2@3" a=2% 11.1. <3%i1n. | |
[ 4 1%" leh: 2.5 m. Z 2d = (2)(3/4 111.) = 1.5 1mn.
* 1,=1.5in.> 1.0 in. (Spec. Table J3.4)
;:21/2n All OK

Also:/=9in.>T/2=11-5/8/2=5.81 in. 2 OK

33

Conventional Single-Plate Connection Ex.

Rotational Ductility
2 to 5 Bolts
Lo =d/2+1/16=(3/4)/2 +1/16 =0.438 in.
Try 1/4 in. plate < 0.438 in. (Note: ¢, = 0.270 in.)
Eccentricity

e=al/2=25/2=1.251n.

Table 10-9
Design Values for Conventional
Single-Plate Shear Connections

n Hole Type & n. Maximum g, or &y, In.

SSLT an None
2105

sTD | arn | | @12+ s |
Ss1T ar a2+

61012

STD a a2 = s

34
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Conventional Single-Plate Connection Ex.

Check Eccentric Bolt Shear Strength

¢r, = 17.9 kips 5n
n=3 e ,=1251n. T 140
From Manual Table 7-6, C =2.59 : 2@3"
oV, = Cor, ot
=(2.59)(17.9)
= 46.4 kips > 40 kips APty
OK

35

Conventional Single-Plate Connection Ex.

PLATE LIMIT STATES

t =1/4in. F,=36ksi F,=58ksi l‘i’\
Shear Yielding 11"
oV, =90.6 F\ A, { 2@3"
= (1.0)(0.6)(36)(0.25)(9) 12"
= 48.6 kips > 40 kips OK _.J,

Shear Rupture a=2%"
OV, = 40.6F A,
= 0.75(0.6)(58) (1/4)[9 — (3)(7/8)]
= 41.6 kips > 40 kips OK

36
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Conventional Single-Plate Connection Ex.
5"
Block Shear . 14
oV, = 52.8 kips > 40 kips OK @3
Shear Transfer A
Bolt Shear Rupture = 23.9 kips 4= 214"
Beam web will not control
Plate Bearing: r, = 26.1 kips
Plate Tearout at A: r, = 19.0 kips
Plate Tearout at B: », = 38.1 kips 87 o
B e | |[2@3"
OV, =0.75(19.0 +23.9+23.9) AZ &I T1"
= 50.1 kips > 40 kips OK -

Conventional Single-Plate Connection Ex.

Required Fillet Weld Size

w = 5/8t,= 5/8("/s) = 5/32 in. = 3/16 in. both sides

No other calculations needed.

3/16 |

_T_—/\,——-— 316] E70XX
[
o)
o W14x30 A992
)
] ¥V, =40 kips
%—L 38
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Conventional Single-Plate Connection Ex.

Final Design
3/16 ]

—-——J\fj“ 6] E70XX

[
¥ o |=——PL1/4x5x0'-9" A36

W14x30 A992

©
ok
[\ V.=40Kkips

_-L/IFL_ \— 3-3/4 in. F3125 Gr. A325-N Bolts

Standard Holes

V,=40 kips < ¢V, =41.6 kips
(Plate Shear Rupture Controls)

39

Extended Single-Plate Connections

@ Bolt group
e

i a=e Len a
| ‘ leh
|\|/\/i lev | lev

B .
\ fle l Lo & l
\ Lle e &
:“\/\ lev ‘ lev
|
I
:' Vert. PL to

Col. web

Fig. 10-12. Single-plate connection—Extended Configuration.

40
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Extended Single-Plate Connections

Limitations

* No limit on a
* No limit on number of bolts in a column
* No limit on number of columns of bolts
* [,,and [,, per Specification Table J3.4
* Maximum plate thickness such that:
Plate Flexural Strength < Bolt Group Flexural Strength

or
Satisty conventional plate max. thickness requirements.

41

Extended Single-Plate Connections

Rotational Ductility
Plate Flexural Strength < Bolt Group Flexural Strength
FS,<M,, =(F,/094,C"
= Plate yield stress
= Plate elastic section modulus = ¢,/%/6
Plate thickness
[ = Plate depth
F,, = Bolt shear rupture strength (Table J3.2)
A, =Boltarea

C' = equivalent eccentricity for pure moment
(Manual Tables 7-6 through 7-13)

= 0003 wﬁj

42
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Extended Single-Plate Connections

Rotational Ductility
Thus, the maximum single-plate thickness is:

. 6M,,.. 6(F, /0.9)4,C’
e Fy12 Fyl2

(Manual Eq. 10-3)

Or the “plowing rules” for conventional connections
can be used. See “Exceptions” on Page 10-90.

43

Extended Single-Plate Connections

Plate Limit States

 Shear Yielding (Just left of
Section 1)

1
[ ]
[ ]
i
* Shear Rupture (Section 1)
* Flexural Rupture (Section 1) * 2
[ ]
2

* Shear Yielding + Flexural
Yielding Interaction (Just left

of Section 1) o
3
* Block Shear (Section 2) i :
7= * Plate Buckling (Region 3) - u

Copyright © 2019
American Institute of Steel Construction

22



AISC Live Webinar Series
November 13, 2019

Fundamentals of Connection Design
Session 4: Shear Connections, Part Il

Extended Single-Plate Connections

Plate Shear Yielding, Shear Rupture, and Block
Shear

Same as previous.

Plate Flexural Rupture
Same as for single angles.
M,< oM, & =0.75

M,=V,a
Ml’l = FuZnet

Z . from Table 15-3

net

45

Extended Single-Plate Connections

Shear and Flexure Interaction

2 2
( v, ] +( M, j <1.0 (Manual Eq. 10-5)
(1)‘}/;1 ¢an

¢,=1.00 ¢,=0.90

V, = Required shear strength

V, =0.6F A,

M, = Required flexural strength =V a
M,=FZ,=F,[t,*/4)

46
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Extended Single-Plate Connections

Plate Buckling

 Treat as the web of a double-
coped beam. /

e M, <oM, ¢$=0.90

e M,=V,a | |

« M, Spec. F11 with C, > 1.84 e | Buckingchecked e
from Manual Eq. 9-15. < *

Spec. F11 | Single-Plate Shear 1 7
Variable | Connection Variable |R.or Rar i ho |d

L, a 1
d [ - i@

Simple shear connection

t tp 47

ri
:
|
|
|
|
|

(

Extended Single-Plate Connections
Plate Buckling (Modified Spec. F11 Equations)
=

M,=M,=FZ, (Spec. Eq. F11-1)
A, <A<,
M, = C,[1.52-0.274\M(F,/E)IM, < M, (Spec. Eq. F11-2)
2> A,
M,=Cy(1.9E/ WS, < M, (Spec. Eq. F11-3)
where a
A=al/ t;
,=0.08E/F, ,
), =1.90E/F,
48
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Extended Single-Plate Connections

Other Limit States
Eccentrically loaded bolt group shear strength.

Shear Transfer
Fillet Weld Strength

* Develop the plate = no strength calculation
needed.

> (5/8)1, |
> (5/8)1, |

|: 49

Extended Single-Plate Connection Example

Example: evaluate the extended single-plate
connection for ¥, = 30 kips.

5/16 | Beam: W14x43 A992
5/16 | £ =0305 in.
:
L,/ ° o 1-1/2" Column: W14x90 A992
" t = 0.440 in.
t,=1/2" @3 o
. L1 PL1/2x9x1'-3" A36
! 7/8 in. Gr. A325-N Bolts
| 10" 3" E70xx Welds

50
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Extended Single-Plate Connection Example

Rotational Ductility
_6M,,  6(F, /0.9)4,C’

max

{ —
e Fyl2 Fl 2
7/8 in. Gr. A325-N Bolt: 1-1/2"
F =54 ksi from Table J3.2 "
nv ' { =1/2" LA 4 2@3
A,=0.601 in.? r ® o1
Plate: F,=36ksi /=9 in. |

C' from Table 7-7 (3 in. horizontal 3"
spacing) with

s =3 in. (vertical spacing)

n =3 in. (rows of bolts) 51

Extended Single-Plate Connection Example

Table 7-7
Coefficients C for Eccentrically Loaded Bolt Groups
Angle = 0°  —
Available strength of a bolt group, | where _ex _
Ry 0r Ry/<2, is determined with P = required force, P, or Py, kips [ I ) "
I = nominal strength per bolt, kips ot © | © R s = 3
Ra=Cry ey = horizontal distance from the w: oo
or centroid of the bolt group to 1 oxo
LRFD ASD the line of action of P, in. "’: O O Centroid of S = 3 "
s = bolt spacing, in @ o o boltgroup
Con="Tr | =2 C = coefficient tabulated below 3 [ ]
o n el
Number of Bolts in One Vertical Row, n !
S, In. | ey, in,
t 2| ffae]s e[ 78 [o]w][n]r
[
0.84 254 | 448 | 659 | 872| 108 | 129 | 150 [ 17.0 | 19.0 | 21.0 | 23.0
065 | 203| 368 | 567| 7.77| 9.91| 121 | 142 | 163 | 183 | 204 | 225 3 "
0.54 167 | 3.06| 4.86| 6.84| 893 11.1 | 132 | 154 | 175 | 196 | 21.7

045 | 142| 259| 421| 601| 800 101 | 122 | 144 | 165 | 187 | 208
039 | 122| 225| 369| 532| 77| 96| 112 | 134 | 155 | 17.7 | 198
035 | 108| 199| 327| 474| 646 833| 103 | 124 | 145 | 167 | 188
031 | 096| 178| 293| 427| 586 7.60| 950 115 | 136 | 157 | 17.8
028 | 086| 160| 265| 387| 534| 697 875 107 | 127 | 147 | 168 _ : —
026 | 078| 146 242| 353| 490| 642 s10] 991| 118 | 138 | 159 S = 3 1n. & n=— 3
022 | 066| 124 206| 301| 419 551 701| 863 104 | 122 | 142
019 | 057| 108| 178| 262| 366 482 615 761 919 109 | 127 r .
017 | 051| 095| 157| 232| 324 427| 547| 679 823 978| 114 = (C = 15.8 1n.
015 | 045| 085 141| 207| 290 383 492 611 7. .

014 | 041| 077| 127| 188| 263 348 447| 555 676| 807 948
012 | 034| 065| 107| 158| 221 293 377 4s9| 572| 685 806
010 | 029| 056| 0.92| 136| 190 253 325 405| 495 59| 7.00

009 | 026| 049 080 1.19| 167| 222 286 357| 436 523 6.18
0.08 | 02§

. o .
2.94 &3‘ 15.8 FE.O 387 | 542 | 722 | 931 |117 |143 |172 |204

52
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Extended Single-Plate Connection Example

Rotational Ductility
_6(F,,10.9)4,C’
max ~ 2 ——
Kl ° ol I1-12"
_ (6)(54/0.9)(0.601)(15.8) oo bay
(36)9*) b e ot
=1.18 in. !
t,=1/2in.<1.18 in., OK 3

Note: also passes — barely — using the
“plowing” max thickness from Table 10-9.

53

Extended Single-Plate Connection Example

Limit State Checks

Eccentric Bolt Shear Rupture
7/8 in. Gr. A325-N bolts ¢r, = 24.3 kips/bolt

From Manual Table 7-7 with s =3 in., n =3,
ande,=11.51n.:

:
C: 130 oo 1S=3"
OR, = (1.30)(24.3) : : fs=3"
= 31.6 kips > 30 kips, OK
P P I
|<—>
e, =11.5"

54
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Extended Single-Plate Connection Example

Table 7-7
Coefficients C for Eccentrically Loaded Bolt Groups
Angle = 0°
Available strength of a bolt group, | Wwhere ex
Ry or Ry/Q, is determined with P = required force, P, or Py, kips
rn = nominal strength per bolt, kips o010 P
Bn= Crn & = horizontal distance from the {ofo
or

centroid of the bolt group to OO

S_S_S_S_

LRFD ASD the line of action of P, in. 1 0 0 —Centroid of
s = bolt spacing, in o o boltgroup
Con=T | Cpp= 22 € = coefficient tabulated below 3
oy n et
B Number of Bolts in One Vertical Row, n
S, In. | ey, In.

1 2 3 4 5 6 7 8 9 10 1 12

2 084 | 254 | 448| 659| 872 | 10.8 | 12.9 | 150 | 17.0 | 19.0 [ 21.0 | 23.0
3 065 | 203 | 368| 567 | 7.77 | 991| 121 | 142 | 163 | 183 | 204 | 225
4 0.54 | 167 | 3.06| 486| 6.84 | 893 11.1 | 132 | 154 | 175 | 196 | 217
5 045 | 1.42| 259 | 4.21| 6.01 8.00{ 10.1 | 122 | 144 | 165 | 18.7 | 20.8
6
7
8

039 | 122| 225| 369| 532 7.17| 916 112 | 134 | 155 | 177 | 198
035 | 108| 199| 327| 474| 646 833| 103 | 124 | 145 | 167 | 188
031 | 096| 178| 293| 427 586 7.60] 950 115 | 136 | 157 | 17.8

9| 028 | 086 265| 3.8 7 | 127 | 147 | 168
10]| 026 | 078 146 242 — 91) 11.8 | 138 | 159
12)| 022 | 066 | 1.24] 206 *} C - 130 63| 104 | 122 | 142
14 | 019 | 057| 108| 1.78| 2 - 61| 919) 109 | 127
16 | 017 | 051| 095| 157| 232| 324| 427 547| 679 823| 9.78| 114
18 | 015 | 045| 085| 1.41| 207| 290| 383 492| 611 743| 885( 104
20 | 014 | 041| 077| 127| 188| 263| 348 447| 555 676 807| 948
24 | 012 | 034 065| 1.07| 158| 221 293 377 469 572 685 806
28 | 010 | 029| 056| 092| 136| 190 253| 325 405 495 593 7.00
32 | 009 | 026| 049| 080| 1.19| 167 222| 286 357| 436 523 618
36 | 008 | 023| 043| 072| 1.06| 149] 198| 255 318] 390 467| 552
C',in.| 2.94 | 833158 | 260 | 387 | 542 | 722 | 931 |117 |143 172|204

55

Extended Single-Plate Connection Example

Shear Transfer —_
Bolt Shear Rupture Ce ®
r,= 324 kipS Be o
Plate Ae o
Bearing: r, = 60.9 kips 6, =172
Bolt A tearout: r, = 35.9 kips A36
Bolts B, C tearout: r, = 71.8 kips t,=0.305" A992
Web Nl
Bearing: r, = 41.6 kips
Bolts A, B tearout = 49.1 kips
Bolt Shear Rupture Controls
oR, = 31.6 kips > 30 kips, OK

2@3"
1-1/2"

2@3"

> W O
e—_e_o

e_e_o

56
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Extended Single-Plate Connection Example

Shear Yielding
OR, = 00.6F, 4, —
— (1.00)(0.6)(36)(1/ 2)(9) o172
972 kips > 30 kips, Ok |? 2 1 ¢| @3
Shear Rupture ; 1-172"

OR, = $0.6F 4,
= (0.75)(0.6)(58)(1/2)[9—(3)(1 in.)]
= 78.3 kips > 30 kips, OK

57

Extended Single-Plate Connection Example

0.6F A
Block Shear R —min e U4
' 0.6F,4, v
L1 Ae=(01/2)(7.5)=3.75in’

5,=12"¢ & | baz' A, =01/2)[7.5-2.51)]=2.50 in’
1-12" A4, =(01/2)[5-1.5(1)]=1.75 in?

U, =0.5 (Spec. Fig. C-]4.2)

3” 2"
R, =min> 0 KPS | (0.5)(58)(1.75
Controls by " —mlngl.o Ki s+( S)(58)(1.75)
inspection _ 132 kips

dR =98.8 kips > 30 kips, OK
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Extended Single-Plate Connection Example

Plate Buckling
M, =V a=(30)(10) = 300 kip-in.
T Y100
30 kips t 0.5
® =" % —008E/F
t,=1/2"e @ P ¥
[ =(0.08)(29000/36) =64.4
|<—>a —10" A, :1.9E/Fy =1530

A, <A <X, = Inelastic Buckling

M, =F,S, =F,(t,]*/6)=(36)(1/2)9%)/ 6= 243 kip-in.

59

Extended Single-Plate Connection Example

Plate Buckling
Conservatively: C;, = 1.84

— AN
ks ® ® M,=C,|152-0274.= M, <M,
e o ||/—9"
[ 12" o - 1.84(1.52—0.274(360)i)243
— 29000
a=10" =625 kip-in. > M, =365 kip-in.

oM, = oM , =(0.9)(365 kip-in.)
=329 kip-in. > M, =300 kip-in., OK

60
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Extended Single-Plate Connection Example

Shear and Flexure Interaction a :10"|=
V, =30 kips P
M,=V a =300 kip-in. 30 kips e eo|j=9n
,=1/2"e @
0.V, =9,0.6F, 4, =97.2 kips —

O,M, = 0,F.Z, =(0.9)3 6)% = 328 kip-in.

] o e <10
oV, o,M,

2 2
(ﬂj + (@) =0.932<1.0, OK
[y \ 97.2 328

61

Extended Single-Plate Connection Example

Weld Strength
516 |
5/16 |
:
% o ol l1-12" wzgzp :2(1/2):5/16 in.
" oo 2 3" . . .
L2 1@1@/2" Table J2.4: min is 3/16 in.
| 5/16 in. welds are adequate
10" 3" 2"

62
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WELDED UNSTIFFENED
SEATED CONNECTIONS

Top angle
i %" min. thk.
47, min. Optional location, top

|T_‘ f }'W/ angle (weld toe only)
. . 11 4" (optional) i
¥2" nominal Length of return =
setback . = /—? 2 x weld size
F Weld

Ahr.\giie J‘—F\ Erection ___ylength
thickness bolts ‘ Angle

length

(b) All-welded
Fig. 10-7. Unstiffened seated connections.

63

Welded Unstiffened Seated Connections

Advantages
* Few Parts
* Few Bolts
» Convenient at the web of a I
column %" nominal [[]~ -
Disadvantages setback ;
» Requires Top Angle Angle ru\ _
» Limited strength thickness [| rection

i . bolts
» Cannot Resist Axial Force

64

Copyright © 2019
American Institute of Steel Construction

32



AISC Live Webinar Series Fundamentals of Connection Design
November 13, 2019 Session 4: Shear Connections, Part Il

Welded Unstiffened Seated Connections

Limit States
* Beam Web Local
Yielding — Spec. J10.2

Beam Web Local
Crippling — Spec. J10.3

Seat Angle Bending Jﬁ”H T

Seat Angle Shear Yielding

« Weld Eccentric Shear Rupture

65

Welded Unstiffened Seated Connections

Design Model for Angle Flexure

[, 1s the max required for Setback]| | /s
Web local yielding, 7, ; y R,
Web local crippling, /;, ;¢ l
If /, + Setback > horizontal leg length N —
then > NG
. . Critical Section
Setback = 1/2 in. (nominal) + for bending
1/4 in. (beam length tol.) and shear
=3/4 in. ™—Supporting
Section J10.2: [, > k (taken as k) Column

66
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Welded Unstiffened Seated Connections

Design Model for Angle Flexure

M,=R,e
3/4"]| | L
J— RM
Iy =max(lyprys Lywic) e |
but>k,,, v
e =3/4in. +1,/2 — (t,+ 3/8 in.) "™ Critical Section
:lb/2+3/8 in.—ta " 3/8"
—He

67

Welded Unstiffened Seated Connections

Design Model for Angle Flexure

Required Bearing Length for Web Local Yielding
OR, =¢F 1 (2.5k+1)  ¢$=1.00

wow
R, =0F, 1t (2.5k+1,,,)

L, = sk

F ot
a \ Use k.

Design Aid: Manual Table 9-4 ‘ 68
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Welded Unstiffened Seated Connections

Design Model for Angle Flexure

Required Bearing Length for Web Local Crippling
when /,/d < 0.2

l _i Ru tw _1 tl .
E 31 60.40620, \ EF t, t,

when /,/d > 0.2

1.5
t.
L = i Ruz ft -1/ L] +0.2
4 (|)0.40tWQf EF t, t,

¢=0.75 Design Aid: Manual Table 9-4 69

Welded Unstiffened Seated Connections
Design Model for Angle Flexure (Spec. J4.5)

Required angle thickness
fi horizontal leg bending:
rom horizontal leg bending sall 4
;o 4R e lleu
req e
" \ORL, }
where -
e=10/2+3/8n.—t l
a \_ . .
(|) —~0.90 Critical Section
_ . U 3/8"
F, = angle yield stress
ol

L, = angle length

70
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Welded Unstiffened Seated Connections
Angle Shear Yielding (Spec. Eq. J4-3)

R <OR
34| | Ly
OR = ¢0.6FyAgv II”
where |
¢ =1.00 ~—Ceritical
A =Lt Section
oo )7 3/8"
—»He

71

Welded Unstiffened Seated Connections

Weld Rupture Strength ;

|u
v

Eccentric Weld Rupture Strength:

Elastic Method (Manual page 10-72) 10
oR = 2( 1.392D1 ]
J1+20.25¢% /12

D =number of 1/16 in. in w

Derivation is similar tothat for knife 1

. [
connections except returns are T2w
considered. TG

¥
Can also use ICoR Method in Wrﬂ/ —
Manual Table 8-4.
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WELDED STIFFENED
SEATED CONNECTIONS

Optional location, top
angle (weld toes only)
Top angle,

%" min. thk.
W-sh T TF 4 =
-shape W
column \ TJ 4, min.[
M1 %" nominal
Il 1 setback
B .b l <_$f
Optional —| § =
trim lines \( Stiffener
ﬁ/ fitted to bear !
7/
7
V4 ‘9—
0.2/, min. —
A e
2 x weld size, min., | |
1" recommended w

73

Welded Stiffened Seated Connections

Advantages
» Erection Safety
e Few Parts %‘f
/M
* Few Bolts Weshape |
. M1 %" nominal
* Convenient column web 7] etback
connection ootor o
. trim lines ,\ iffener
Disadvantages ) o

e Introduces Column Web

Limit States

2 x weld size, min.,

1" recommended

Optional location, top
angle (weld toes only)

Top angle,
14" min. thT\
4", min.|
!

4" (optional)

;t
N fitted to bear 7_% |1
0.2/, min. —_—

opyright © 2019
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Welded Stiffened Seated Connections

Limit States

Beam Web Local Yielding
Beam Web Local Crippling
Strength of Stiffener Plate
Eccentric Shear of Welds
Column Base Metal

Column Web Punching Shear

75

Welded Stiffened Seated Connections

Simplified approach
for bolted / welded
,,+,,
covered here. Manual Z\c/)-lﬁf;?npe
Pages 10-78 through 11 %" nominal
10-81. Table 10-8. ', setback
B <I—>‘

Other Cases 2> Steel Optional—] i
Structures by Salmon, ~ timlines \\\ Stifener
Johnson, and Malhas \54,// rod o bear
(2009). 3 E

2 x weld siz;, min.,

1" recommended w

76
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Welded Stiffened Seated Connections

Seat Stiffener Thickness
Manual Page 10-80 %

L
1>t F;),beam

w

v,stiffener
2wit F =36 ksi

£> v,stiffener
|L5wif F =50 ksi

v,stiffener

77

Welded Stiffened Seated Connections

+,
Seat Width, W L
W %" nominal
e Set based on: ., i szT“’“k
* Setback \
* 1/2 in. nominal plus
. il w>
* 1/4 in. beam length I
tolerance.
* Required /, .
. . Table 9-4 (contlr_\ued)
° Web LOC&I Yleldlng Fy =50 ksi Beam Bearing
. . Constants
* Web Local Crippling | ¢&,=¢R*,0R, (WLY)
* Design Aid: Manual As e As o ,,s
Table 9-4 = B =B s KR

78
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Welded Stiffened Seated Connections

Stiffener Depth and Weld

« Fl

e T-Shaped Weld

Weld length, /

Horizontal length, 0.2/ each side.

astic Method =2 Manual Table 10-8
__\/\__

EERTS

~1 %" nominal

=

|1 setback

Stiffener-to-seat weld same size
as stiffener-to-support weld.

79

Welded Stiffened Seated Connections

,_ﬁf;ﬁ

_1 %" nominal

g

-1 setback

Table 10-8
Bolted/Welded Stiffened
Seated Connections
Weld Available Strength, kips
| width of Seat, W, in. |
4 5
4,in. 14) = 70-ksi Weld Size, in. 70-ksi Weld Size, in.
| e 5/16 3/8 16 /e %8

ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD [ LRFD | ASD | LRFD
6 | 227 | 340 | 284 | 425 | 340 511 | 397 596 | 235 352 | 282 422
7 | 299 | 449 | 374 | 561 | 449 673 | 524 | 786 | 31.2| 469 | 375| 562
8 | 378 | 567 | 472 | 708 | 567 | 850 | 661 | 992 | 398 | 598 | 478| 717
9 | 461 | 692 | 577 | 865 | 69.2 | 104 | 807|121 | 491 | 737 | 590 | 885

10 | 549 | 823 | 686 (103 | 823|123 | 960|144 | 590 885 | 708 | 106

11| 639 | 958 | 798 (120 | 958144 [112 |168 | 694|104 | 833|125

12 | 731 (110 | 914 137 [110 |165 [128 |192 | 802|120 | 96.2 | 144

13 | 825 (124 [108 [155 [124 |186 [144 |217 | 913|137 [110 | 164

14 | 921 (138 [115 (173 [138 |207 [161 |242 [103 | 154 [123 | 185

15 (102 (152 [127 [191 [152 |220 [178 |267 [114 |171 [137 | 206

16 lass laar [daa | ona [aes | osn Faas | oo Fase | a0 Fama ] 0oy

80
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Welded Stiffened Seated Connections

Column Web Base Metal at Welds %
t,... approach from Manual Eq. 9-2. 7
L

If stiffener only on one side,
_3.09D

t .
min F;
If stiffener on both sides,

tmin = (tmin)Lefi + (tmin)Right 021, min. T

If column ¢, < ¢

min?®

OR, = ((I)Rn,Weld )tt_w
min .

Welded Stiffened Seated Connections
Column Web Punching Shear

° e
Iy .
Stress Concentration Solutions
Weld Fracture e Stiff column web
* Web stiffener on
opposite of web.
ﬁﬁf
° I °
:I
Flange Rotation
Decreased Column Strength 82

Copyright © 2019
American Institute of Steel Construction

41



AISC Live Webinar Series

Fundamentals of Connection Design
November 13, 2019

Session 4: Shear Connections, Part Il

Welded Stiffened Seated Connections

Column Web Punching Shear

Manual Page 10-79 Simplified Approach for:
W8x24 and heavier
W10x33 and heavier
W12x40 and heavier
W14x43 and heavier

83

Welded Stiffened Seated Connections

Column Web Punching Shear

. . ﬁ_—\/\__*
Simplified Approach Top Angle
Top Angle > 1/4 in. _ I]ﬁ;z;’?k'“‘""
Beam not welded to the seat plate. s
High-strength bolts with: \A o
w2 —
B <max _ AW
2-5/8 in.
When
W=81in.or 9 in.

See Sputo and

3-12in.<B< W2 Ellifritt (1991)

(Slightly different for W14x43)

84
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THE END
Thank You for
Attending

85

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

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

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

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

Single-Session Registrants

CEU / PDH Certificates

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

e 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.

: Smarter.
Stronger.
7 : Steel.

4-Session Registrants
Attendance and PDH Certificates

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

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

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

e 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.

: Smarter.
: Stronger.
~/ i Steel.
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4-Session Registrants

Course Resources

attendance information in one place!

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

: Smarter.
Stronger.
~/ i Steel.

4-Session Registrants

Course Resources

Go to www.aisc.org and sign in.

USERMAME

PASSWORD

LOGIN

REGISTER NOW
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4-Session Registrants

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

IN THIS SECTION I‘ﬂyAbf_

MY PROFILE

EDIT PROFILE

MY PURCHASED DOWNLOADS

VIEW DOWNLOADS

MY COURSE RESOURCES

VIEW RESOURCES

4-Session Registrants

Course Resources

AISC > MYACCOUNT » COURSE RESOURCES

Course Resources

Event
Seismic Design in Stee
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4-Session Registrants

Course Resources

AISC > MY ACCOUNT > COURS!

Fundamentals of Connection Design

4-SESSION PACKAGE RESOURCES

g‘%‘""" { Smarter.
(;|HD Stronger.
AISC | Thank you. &2 | Steel.
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