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AlA Credit

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

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

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

Fundamental Concepts, Part I
October 30, 2019

This session will discuss eccentric bolted and welded connections, directly-loaded
tension connections, block shear, the Whitmore Section, and light bracing connections.
Beam bearing and column base plate design will be discussed. Design examples will be
presented to demonstrate concepts.
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Learning Objectives

e List the steps in designing an eccentric bolted and welded connection.

Identify the limit states in designing a light bracing connection.

Explain the Whitmore Section concept.

Describe the limit states in designing a beam bearing plate connection.
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Session 2: Fundamental Concepts, Part I
October 30, 2019

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

* Eccentrically Loaded Bolted and Welded
Connections

* Directly Loaded Tension Connections
* Light Bracing Connection Example
* Beam Bearing Plate Design

e Column Base Plate Design

ECCENTRICALLY LOADED
BOLTED AND WELDED
CONNECTIONS

© o /
© o
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Bolts: Eccentric Connections
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e P, u
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Elastic Method
13

Bolts: Eccentric Connections
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Bolts: Eccentric Connections

Table 7-7
Coefficients C for Eccentrically Loaded Bolt Groups
Angle = 0°
Available strength of a bolt group, | where e
Ry or Ry/Q, is determined with P = required force, P, or Py kips
r, = nominal strength per bolt, kips ] oo P
Ba=Cra e, = horizontal distance from the ml O 10 (I)P = C (I)r
or centroid of the bolt group to Lowo n nv
LRFD ASD the line of action of P, in. 1 0 0 —Centroid of — O 7 5
s = bolt spacing, in. “* o o Dboltgroup .
Cumin= L Cmin= QF; C = coefficient tabulated below -
or n 3
. . Number of Bolts in One Vertical Row, n
s,in. | ey, in.

1 2 3 4 5 6 7 8 9 10 " 12
2 084 | 254 | 448 | 659| 872 108 | 129 | 150 | 17.0 | 19.0 | 21.0 | 23.0
3 0.65 2.03| 368 | 567 | 7.77| 991 121 | 142 | 163 | 183 | 204 | 225
4 0.54 167 | 3.06| 486| 6.84| 893 111 | 132 | 154 | 175 | 196 | 21.7
5 0.45 142 259 | 421 6.01 8.00| 10.1 | 122 | 144 | 165 | 187 | 20.8
6 0.39 122| 225| 3.69| 532 717 9.16| 11.2 | 134 | 155 | 17.7 | 19.8
7 035 | 1.08| 199 3.27| 474| 6.46| 833 103 | 124 | 145 | 167 | 18.8
8 0.31 096 | 1.78 | 293 | 427 586 7.60| 9.50| 11.5 | 136 | 157 | 17.8
9 028 | 086| 160 | 265| 3.87| 534 697 875 107 | 127 | 147 | 16.8
10 026 | 078 | 146 | 242| 353 | 490 642 810[ 991 11.8 | 13.8 | 159
3 12 022 | 066| 124 | 206| 3.01| 419 551 7.01| 863 104 | 122 | 142

15

Example: Eccentric Bolted Connection

Determine ¢P,
OP, = C dr,, T ke

eX
PM
From Manual Table 7-7, Angle = 0° ’7

withe, =8 mm.andn=4  _;. ©o
C=2.93 o3 0.0
© o

© o

From Manual Table 7-1,  (_3»
for 3/4 in. Gr. A325-N:

or,, = OF, 4, = 17.9 kips/bolt 31| | Bolts:
3/4 in.

Gr. A325-N

0P, = (2.93)(17.9) = 52.4 ips

16

Copyright © 2019
American Institute of Steel Construction




AISC Live Webinar Series
October 30, 2019
Revised: Nov 1, 2019

Fundamentals of Connection Design
Session 2: Fundamental Concepts, Part I

.
Example: Eccentric Bolted Connection
Table 7-7
Coefficients C for Eccentrically Loaded Bolt Groups
Angle = 0°
Available strength of a bolt group, | where . ex _
GRy oF R/, s determined with P = required force, P or P;, kips ‘
rp = nominal strength per bolt, kips ,,,I 00 P
B = Crn ex = horizontal distance from the of oo
or centroid of the bolt group to I [oRNG)
the line of action of P, in. O © > Centroid of _ .
LRFD ASD § = bolt spacing, in. I o o boltgroup S = 3 1mn.
_h _Qh C = coefficient tabulated below .
Crin Crin ‘ 3' ‘
o I 3 n = 4
Number of Bolts in One Vertical Row, = 1
s.in. | 6 in. ._ilm er of Bolts in One Vertical Row, n ex 8 1n.
1 2 3 4 5 6 7 8 9 10 " 12
2 0.84 254 | 448 | 659 872| 108 | 129 | 150 | 17.0 | 19.0 | 21.0 | 23.0 C - 2‘93
3 0.65 2.03| 368 | 567 | 7.77 991| 121 | 142 | 163 | 183 | 204 | 225
4 0.54 167 | 3.06| 4.86| 6.84 893 111 | 132 | 154 | 175 | 196 | 21.7
5 0.45 142 259| 421| 6.01 8.00( 10.1 | 122 | 144 | 16,5 | 18.7 | 20.8
6 0.39 122 225| 369| 532 717) 9.16| 11.2 | 134 | 155 | 17.7 | 19.8
0.35 1.08 | 1.99 |[3277]) 4.74 6.46| 8.33| 10.3 | 124 | 145 | 16.7 | 18.8
0.31 096 | 1.78 || 2.93 | 4.27 5.86| 7.60| 9.50| 11.5 | 13.6 | 157 | 17.8
9 0.28 0.86 | 1.60 85T 3.87 534 6.97| 875| 10.7 | 12.7 | 147 | 16.8
10 0.26 078 | 1.46 | 242| 353 490( 6.42| 8.10| 9.91| 11.8 [ 138 | 159
12 0.22 0.66| 1.24| 2.06| 3.01 419 551| 7.01| 863 104 | 122 | 142
17
Welds: Eccentric Connections
€ J P
! P
v |
+C.8. - +C.8. + +C.8.
M,=P,e
Elastic Method
18
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Welds: Eccentric Connections

L. e —
Pu

19

Welds: Eccentric Connections

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

Available strength of a weld group, R or R,/<2, is determined with
Rn=CC1DI (¢ =0.75, Q= 2.00)

LRFD ASD (I) = O. 75

- P S P, P | QR _Qp, _or,
,,,,,, bl D= gl i 5een | ST Gor Pimeer = ep
where
P = required force, P, or P, kips e=al
D = number of sixteenths-of-an-inch i the fillet weld size X
I = characteristic ength of weld group, in P
a=edl
&, = horizontal component of eccentricity of P P 9
with respect to centroid of weld group, in. O B X a

C = coefficient tabulated below

1= electrode strength coefficient from Table 8-3
(1.0 for E70XX electrodes) 1 k & a 9 (

Note: Shaded values indicate the value is based on the x| L ‘

greatest available strength permitted by AISC Specification L kI
Section J2.4.

K
a
0 [01[02]03[04[05[06[07[08[09[1.0[12[14]16] 18] 20 C f T bl 8 3
000 [1.86 [223 [269 [3:25 [3.80 [4.36 [4.92 [5.47 [6.03 [6.59 [7.15 [8.26 037 [105 [116 [127 1 rom laolc .
010 [1.85 [228 (278 (330 |3.83 (437 |492 546 601 656 711 822 [932 [104 [115 [127 .
015183 [2.25 [273 323 |3.75 [4.27 480 |5.33 [5.87 641 [6.04 [8.02 911 [102 [113 124 C — 1 OO for 70 kSI
020(176 |2.18 [263 [3.11 (360 [4.11 [461 [5.13 [5.64 [6.16 |6.68 [7.72 877 | 9.83 [10.9 [120 1 .

noslias (207 1981 |oas 242 (200 la2a 1a 527 |sgn laaa a | as2 ling 115

[ 50 [o219]0:278]0.343]0.417]0.500].591 [0.686[0.784]0.88[1.00 [1.12 [1:37 [1.66 [ 1.07 [ 231 [ 2568 |
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]

20
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Example: Determine P,

.. 6”"‘— 8"‘—l
Pu

21

Example: Determine P,

6in.; 8in.

I~ ——n,

8 in. [=8in.| | +c.g.
/

i
E70XX>—|7 *
5/16
] 5/16 E70XX kl=6in.

kl=6in. = k=6/8=0.75
Manual Table 8-8: x=0.225
x[=(0.225)(8 in.) = 1.8 in. (location of c.g.)

22
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Example: Determine P,
Manual Table 8-8

k
0 /01]02/03 /0405 /06|07 08/09)10[12]14|16 ) 18]20

0.00 1.86 223 |2.69 (325 |3.80 |4.36 |4.92 |5.47 |6.03 [6.59 |7.16 [8.26 |9.37 [10.5 (116 [127
010 |1.86 228 |2.78 (3.30 |3.83 |4.37 |4.92 546 |6.01 656 |7.11 |8.22 |9.32 (104 ‘115 [127
015|183 225 273 (323 |3.75 |4.27 |4.80 |5.33 |5.67 |6.41 |6.94 |8.02 911 (102 113 |124
0.20 [1.76 218 |2.63 (311 |3.60 |411 461 |5.13 |5.64 |6.16 |6.68 |7.72 |8.77 | 9.83 109 [120
025 166 207 |2.51 (296 |3.42 |3.90 |4.38 |4.87 |5.37 |5.86 |6.36 |7.37 |8.39 | 942 105 |15

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 | 225 | 2.64 | 3.05
28 |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 | 210 | 2.46 | 285
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 |0.0000.008)0.0290.056{0.089|0.125|0.164 0.204,0.246{10.289| 0.333 | 0.424|0.516/| 0.610| 0.704) 0.800

k=0.75 2> x=0.225

Example: Determine P,

e=al _—
6 in. + 8 in. — 1.8 in. = (a)(8 in.) 10 ol
" {fe,~al

a=1.53 x lP

Using Manual Table 8-8: C =1.59

8in teg /
/
5/16 in. welds > D=5 T \
E70XX = C,=1.00 At 5/16E
xl=1.81n.
oP, = ¢CC,DI
=(0.75)(1.59)(1.00)(5)(8.0 in.)
=47.7 kips

Copyright © 2019
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Example: Determine P,

Manual Table 8-8
k=0.75anda=1.53 > C=1.59

a

0 (0102|0304 |05)|06)07)08

0.00 |1.86 (2.23 [2.69 [3.25 [3.80 |4.36 |4.92 ||5.47 |6.03
0.10|1.86 (2.28 [2.78 [3.30 [3.83 |4.37 (4.92 |5.46 |6.01
0.15|1.83 (2.25 (2.73 [3.23 |3.75 |4.27 |4.80 |5.33 |5.87
0.20 |1.76 (2.18 [2.63 [3.11 [3.60 |4.11 |4.61 |5.13 |5.64
0.25|1.66 (2.07 [2.51 [2.96 [3.42 |3.90 |4.38 |4.87 |5.37

0.30 |1.55 [1.95 [2.36 [2.79 [3.23 |3.68 |4.14 |4.60 |5.08 |t
0.40|1.33 [1.69 [2.07 |2.45 [2.84 |3.24 (3.65 |4.07 |4.50 |e
0.50 |1.15 (1.46 [1.79 (2.14 |2.49 |2.85 (3.22 |3.60 |4.00 |-
0.60)0.999(1.27 (1.57 (1.88 [2.19 |2.52 (2.85 |3.20 |3.57 |!
0.70|10.879(1.12 (1.38 [1.66 [1.95 |2.24 (2.55 |2.87 |3.20 |I

0.80 (0.783|0.996(1.23 |1.48 |1.75 |2.02 [2.30 (2.59 [2.90 |:
0.90 |10.704(0.896(1.11 [1.34 |1.58 |1.83 |2.09 |2.36 |2.65
1.0 (0.639]0.813/1.00 |1.21 |1.44 |1.67 |1.91 [2.16 |2.43
1.2 [0.538]0.684]0.845|1.02 |1.21 |1.42 |1.63 |1.85 |2.08
1.4 (0.464|0.589|0.729|0.883|1.05 |1.23 |1.42 [1.61 |1.82

1.6 ]0.408|0.517{0.640(0.775/0.924|1.09 |1.25 |[1.43 |1.61 || 25
1R N 3AR3IN4RTINAZNINAATIN RPRINA7NIT 17 T4h |-

cm e e em e

ETins na na

DIRECTLY LOADED CONNECTIONS

5/16
PL5/8

o O O T

u
- /
2L4x31/2x 1/4 LLBB

26
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Applicable Limit States

* Tensile Yielding

* Tensile Rupture ./ 516

* Block Shear PLo/S

 Shear Transf —
Shear Transfer o O O T

Whitmore Section 7] —————
Considerations 2L4x31/2x 1/4LLBB

Weld Rupture
Support Limit States

Evaluation Criterion: 7, < ¢T,

/

27

Limit State: Tensile Yielding

Specification D2 and J4.1
F

y
OOO_.T

u

o7, = oF 4, (Spec. D2-1, J4-1)
$=0.9

Note: Tensile yielding is a member limit state.

28
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Limit State: Tensile Rupture

Specification D2 and J4.1

0T, = oF,A4,
¢=0.75

F, = tensile strength
= 58 ksi for A36;
65 ksi for A992, A529 Gr. 50, and A572 Gr. 50

= effective net area = UA,,

Ae
U = shear lag factor
A}’l

= net area
29
.
Limit State: Tensile Rupture
Shear Lag Factors for Connections
to Tension Members
Case Description of Element Shear Lag Factor, U Example
1 | Alltension members where the tension load is trans-
mitted directly to each of the cross-sectional elements U=1.0 -
by fasteners or welds (except as in Cases 4, 5 and 6).
2 | All tension members, except HSS, where the X {
tension load is transmitted to some but not all of ;q_f X ==
the cross-sectional elements by fasteners or by _ I *
longitudinal welds in combination with transverse U=1_-X I
welds. Alternatively, Case 7 is permitted for W, T _ I - e
M, S and HP shapes. (For angles, Case 8 is f $
permitted to be used.) _ ‘ XT=—=
= I
3 | All tension members where the tension load is U=1.0 and
transmitted only by transverse welds to some but Ap = area of the directly -
not all of the cross-sectional elements. connected elements
4lal | Plates, angles, channels with welds at heels, tees, h
and W-shapes with connected elements, where / !
the tension load is transmitted by longitudinal 3,2 x ) T { Plate or T
welds only. See Case 2 for definition of x. U= 5 1-7| |w = connected |/ —=
3124 w2 7 ‘ element
A
30

Copyright © 2019
American Institute of Steel Construction

15



AISC Live Webinar Series Fundamentals of Connection Design
October 30, 2019 Session 2: Fundamental Concepts, Part I

Revised: Nov 1, 2019

Limit State: Tensile Rupture

Example: Specification Table D3.1, Case 2

[ i

Commentary Figure C-D3.2

Use out-to-out
distance for /

31

Limit State: Tensile Rupture

E

(a)

(b)
Commentary Figure C-D3.1

32
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Limit State: Tensile Rupture

Example: Specification Table D3.1 Case 4.

_h /— Low
312 X T ‘Plateor T Stress
U= 1—1_ W/| ——/ connected # ;—=
312 4 w2 element
l
L+1
where [ = %

Note: /; and /, > 4 times fillet weld size.

33

Limit State: Tensile Rupture

Example: Specification Table D3.1 Case 4.
Plate with equal length welds.

w —PT,

| P

3/ X 3/
U= l-—| = U=
3]2+w2( Zj 37 +w

34
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Limit State: Tensile Rupture
Net Area

/d,;:dh+1/16in.\
oo & -

4,=4, - ZA,; + ZStagger
A, = gross area of cross-section

A = effective area of hole
=(t)(d, +1/16 in.) per Spec. B4.3b
Add “Stagger” term(s) if applicable.

35

Limit State: Tensile Rupture
Stagger Term = (s%/4g)t (Spec. B4.3b)
!
0 o ¢
g o 0 \Q.) —» I
——?i‘—
O O /é
g o g — T,
& o o \Gl)
Nl
S
36

opyright © 2019
merican Institute of Steel Construction

18



AISC Live Webinar Series Fundamentals of Connection Design
October 30, 2019 Session 2: Fundamental Concepts, Part I
Revised: Nov 1, 2019

Limit State: Block Shear Strength
Specification J4.3

Iz

u
v

r Tension Rupture

||

l Min of Shear Yield or Rupture
Tu

* Failure occurs when shear forces reach the smaller of
shear yield and shear rupture.
* The tension area is at rupture when failure occurs.

37

Limit State: Block Shear

P
JT °
v
+Small fension
force
l l Large shear
force
P

4 33
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Limit State: Block Shear Strength

Specification J4.3 g A
>y —> 1,
¢=0.75 \—A

nt

Rn - [O6FuAnv+UbsFuAnt] =
[0.6F, Ay, +Uy Fd, ] (14-5)

. |Shear Rupture ,
R =min .. +Tensile Rupture
Shear Yielding

. |0.6F,A4,
=min +U, F, A,
0.6F A ‘
yo8v

39

Limit State: Block Shear Strength

Example
A4,=2.53in2 A,~3.63in>
A,=0.781in2 U, = 1.0
A36 Steel: F),=36ksi F, =58 ksi
~ [0.6(58)(2.53) = 88.0
R =min +(1.0)(58)(0.781)
0.6(36)(3.63) = 78.3

=78.3+45.3 =124 kips

OR = (0.75)(124) = 92.7 kips

40
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Limit State: Block Shear Strength

Welded Connections

7 7—>Tu

Areas in Tension

N

Y Area in Tension

\i \ g Note: 4, = 4,,

}
N Areas in (. Areas in
Shear Shear
Casel Case II

41

Limit State: Plate Compression

Specification Section J4.4

P,<¢P, $=0.90 7&

If L/r <25, then Q@ © O7p
Otherwise Yielding or Buckling

¢P, per Chapter E

L.=KL - See Design Guide 29

42
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Whitmore Section

/ Low Stress

Critical <«—>» 7T orP
u u

Section /
b7 — D

Tensile Yielding ~
Tensile Rupture
Compression Low Stress

Whitmore Section on Page 9-4 in the Manual

43

Whitmore Section

i_ Y, 44
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Whitmore Section
T or P
iti 30° u u
grltlf:al b g < N
ection 302
“Whitmore Section
g 300 doesn’t control.”
grltlf:al b g < >
ection k300 T orP,
45

Light Bracing Connection

Example Determine ¢7.
A36 Steel  3/4 in. Gr. A325-N Bolts

/3716 2L4x3 1/2x 1/4 LLBB
PL 5/8 ﬁ/A —3.64 in2

X = O 897 in.
7" o ] O O O B
E _ﬂ//é—;J x

A
|
| [ E E
3" 3"
1l|ly L 1ll| .
4 4 Section A-A

46
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Light Bracing Connection

Limit States
1-1 Angle Tensile Yielding
2-2 Angle Tensile Rupture
3-3 Angle Block Shear
4-4 Shear Transfer Between Angles and Plate
5-5 Plate Tensile Rupture
6-6 Plate Tensile Yielding
7-7 Weld Rupture

u

47

Light Bracing Connection

Angle Tensile Yielding

2L4x31/2x 1/4 LLBB
A,=3.64in2

00 O §—>Tu

OT, = OF A,
= (0.9)(36)(3.64) = 118 kips

48
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Light Bracing Connection

Angle Tensile Rupture

6 in. 2L4x31/2x 1/4 LLBB
— | / X =0.897 in.

3/4 in. bolts in STD holes
0T, = oF,4,= ¢F,UA,
A=A, — 4, =3.64—(1/4)(3/4+1/16+1/16)(2 angles)

=3.20 in.’
U=1-x/1=1-0.897/6=0.850

OT, = (0.75)(58)(0.850)(3.20) = 118 kips

Light Bracing Connection

Angle Block Shear
/—A A

gv “Iny
oto —» 7
T,

I
1-1/4" 3" 3"

2"

nt

A,,= (7.25)(1/4)(2 angles) = 3.63 in.?
A,,=1[7.25-(2.5)(7/8)](1/4)(2 angles) = 2.53 in.?
A,,=1[2.0-(0.5)(7/8)](1/4)(2 angles) = 0.781 in.?

50
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Light Bracing Connection

Angle Block Shear
/_Agv’ Anv
oo
o = > Tu
e,
1 %H3H 3"
R, =min Shear Rl.lpture + U, Tension Rupture
Shear Yield

(0.6)(58)(2.53) = 88.0
(0.6)(36)(3.63) = 78.3

OR, =0.75 (78.3 + 45.3) = 92.7 kips

= min

+(1.0)(58)(0.781)

Light Bracing Connection

Shear Transfer . jlﬁl’@ " fzijl"fﬁh’%n’é 1/4 LLBB
] _ ¥=0.897 in.
7 Lﬁ«}o oo [ YT
Specification Section 'T—f—'ﬂ -
J3.6 User Note | "”“‘Er’“

1dn 1o i
4 4 Section A-A

Effective Strength of each bolt is the minimum of:

* Angle Bearing

Angle Tearout
Bolt Shear Rupture
Plate Bearing

Plate Tearout
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Light Bracing Connection

Shear Transfer

A B C

O 0 O ‘3_>Tu

Angle Bearing
Use the bolt diameter, d = 3/4 1n.
r, = 52.2 kips
Angle Tearout
Use the nominal hole diameter, d;, = 13/16 in.
Bolt A: r, =29.4 kips
Bolts B and C: r, = 76.1 kips

53

Light Bracing Connection

Shear Transfer

Bolt Shear Rupture
3/4 in. A325-N Bolts in Double Shear

Table 7-1: ¢r, = 35.8 kips = r, = 47.7 kips
Plate Bearing
r, = 65.3 kips
Plate Tearout
Bolts A and B: r, = 95.1 kips
Bolt C: r, = 36.8 kips

54
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Light Bracing Connection
Shear Transfer Bolt Rupture
Angle Bearing
$ r, = min|Angle Tearout
_(/3 %) (8. Tu Plate Bearing
/ Plate Tearout
47.7 kips 47.7 kips 47.7 kips
52.2 kips 52.2 kips 52.2 kips
r, =min|29.4 kips| 7, =min|76.1 kips 7. =min|76.1 kips
65.3 kips 65.3 kips 65.3 kips
95.1 kips 95.1 kips 36.8 kips
07,=0.75(29.4 +47.7 + 36.8) = 85.4 kips

Light Bracing Connection

Plate Rupture

N

6.93 in. 6.48 in.| ¢

Co

A,=UA,

=3.501in.2
oT, = OF 4,

U=1.0 (Table D3.1 Case 1)
Whitmore Section doesn’t control.
A, =(6.48 —7/8)(5/8)

= (0.75)(58)(1.0)(3.50) = 152 kips

5/8 1n. Plate

56
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Light Bracing Connection

Plate Yielding

6.93 in. 6.48 in.| - 5 o | —Pp T,

Whitmore Section doesn’t control.
-2
Ag =(6.48)(5/8)=4.05 in.
o7 = (1)FyAg =(0.9)(36)(4.05) =131 kips

5/8 1n. Plate

57

Light Bracing Connection

Weld Rupture

Whitmore 30° results in > 7 in. at the weld, so use
L, q="71n.
¢T =1.392(1.5)DL,,,
=1.392(1.5)(5)(7 in.)(2 welds) =146 kips

58
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Light Bracing Connection

Connection Design Strength

. /5/16 2L4x31/2x1/4LLBB
PL5/8 / =364 in.2

7n O O O 5"

A_l_

2"

-

P A T |

KRETSRSH
A

&7, = 85.4 kips (Shear Transfer)

59

BEAM BEARING PLATES

Limit States Lo
1. Beam Web Local Yielding SN

(Specification J10.2) I~

2. Beam Web Local Crippling ;
(Specification J10.3) /L Rl

3. Bearing Plate Bending 4
(Specification J4.5) 1,2

4. Concrete Crushing

(Specification J8)

Section A

60
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Beam Web Local Yielding

ly+ 2.5k
Bearing | k F
plate \l\ —i L_y_____l__/J y
n kil n t tr, 1
B — lb
Critical
Section
Manual Figure 14-1
61
Beam Web Local Yielding
Specification J10.2
kdes
| +25k
Bearing k
plate -‘ 4‘{ _______J__/_,
n kq‘Lk! n t q
B I

R, =F t/(2.5k+1[,)ifload <d from end
R,=F, 1(5.0k+1[,)ifload > d from end
¢ =1.0

62
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Beam Web Local Crippling

Specification J10.3 czzz

¢ =0.75

If load is applied > d / 2 from end:

m&z@

t t

1.5
[\ ¢ EF t
R, =0.80z 1+3(§j(—wj nf O, (Spec.J10-4)
S w

Note: O,= 1.0 for wide flange sections.

63

Beam Web Local Crippling

Specification J10.3
If load is applied <d /2 from end:

I, /d <0.2
1.5
EF 1
Rn:04m§1+3(§J[iq =elrg (110-5a)
d )\ t, ‘)
I, /d>0.2

64

1.5
EF t,
Rn:04m§1+(ﬂ§—02j£&) | 210, (J10-5b)
d t, t,
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Concrete Crushing

Specification J8
¢, =0.65

(a) On the full area of a concrete support:

P =0.85f/4 (Spec. 18-1)
(b) Otherwise:

P =085/ A4,/ A <1.7f!4 (Spec. J8-2)

65

Beam Bearing: Concrete Crushing

FIIIIIzzizzziiiz _’—J\r’—/—AZ

e
N
%/ |_— Loaded
A, measured \ Area, 4,
N
¢
_N—_—

L W on this plane

~ A, measured
on this plane A1

e
\ Concrete Wall Section A

A, = area of steel bearing on concrete, in.?

A, = area of the portion of the supporting surface
that is geometrically similar to and concentric
with the loaded area, in.2

66
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Beam Bearing: Plate Bending

_ |
k_kdes

| k |
—— I ®

' l l
n quk n t n=|B/2 -k

B

B ]

67

Beam Bearing: Plate Bending

n= B2~k 1’ Plate Strip
A
Y <—| I |
M, ( \ Y 4 4 //1 | t
fou= R,/ 4, Jou
4J Section A-A
A

M,<oM, ¢=09
M,=w,n*/2=f, (1 in)n*/2
oM, =0 F,Z=¢ F,(1in)#/4

68
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Beam Bearing Plate Bending

n=B/2 —ky, 1’ Plate Strip

4

1 Y f;}u: Ru/Al A A];uT \
4J Section A-A
A
2f n’
Mu = ((I)Mn )min = tmm = r
OF,
¢=0.90

69

Beam Bearing Plate Example

Example

* Beam bearing on a concrete wall.
* Bearing plate centered on the wall.
* A36 Plate

o fl=3ksi

¢ Determine whether or not the 5 in.
dimension is adequate.

' TRM = 80 kips
* Determine the required plate —
width, 8

* Determine the required plate
thickness.

70
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Beam Bearing Plate Example

Beam: W18x76 A992
b, =11.0 in.
t, =0.680 in.
d =18.21n.
t, =0.425 in.
k. =1.08 in.
F,=50 ksi

71

Beam Bearing Plate Example

Web Local Yielding
F,, =50 ksi
ks = 1.08 in.
t,=0.425 in. |
\ Tz_eu = 80 kips
OR, = ¢watw(2.5k + 1) 8"

= (1.00)(50)(0.425)[(2.5)(1.08) + 5.0)]
=164 kips > R, = 80 kips, OK

72
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Beam Bearing Plate Example

Web Local Crippling

At <d/2:
[,/d=5.0/182=0.270>0.2

1.5
4] t EF 1
OR, = $0.40z;, [l + (7” — 02}&} ] /t~—fQ_f (Spec. 110-5b)
f w

=(0-75)(0.4)(0.4252)[1+[4(0.270)—o.2](g"6‘§3j | J \/29000(()5320-680)

=118 kips > R, =80 kips, OK

5 in. bearing length is adequate

73

Beam Bearing Plate Example

Plate Width
Trial based on flange width.

Try PL?x5x1°-1”
_A/ B>b,=111n.
|

e 1
z 1"
nin

74
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Beam Bearing Plate Example
Concrete Crushing
s\ L
A,=(5)(13)= 65.0in.2 ‘ Z ,
A, =(8)(16) = 128 in.2 T :
,=(8)(16)=128 in | ﬂ
A 16" 13" ,E/ 77> 11"
_ ' A .
OF, = 408514, |5 ) L § \ )
Ny
= (0.65)(0.85)(3)(65) % 1 T~ A,
=151 kips > 80 kips, OK r 85" 1

Use 5 in. x 13 in. plan dimensions.

Beam Bearing Plate Example

Plate Bending
F,=36 ksi
fou =R, 14, = 80/[(5)(13)] = 1.23 ksi
n=B/2—k, =13/2—1.08
=5.42 in.

I:':I

\ 9F,

_[2(1.23)(5.42%)
A\ (0.936)

Use PL1-1

=1.49 in.

/2x5x1°-17A36

76
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Column Base Plate Design

Concrete Crushing

Same as for beam bearing plates.

71

Column Base Plate Design

Required Base Plate Thickness

fou=Ru (BN) -
m' = max (m or n) O
d | | 0.95d N
\ \
t = —2fpu(m,)2 o m
(I)Fy n 0.80b¢ n
B

What is ¢,,;, if m and n are very small?

78
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Column Base Plate Design

Lightly Loaded Base Plates

_
|

//////////////////

\

Bearing Area

79

Column Base Plate Design

Lightly Loaded Base Plates

For lightly loaded base plates, replace m' with
[ =max (m, n, An'"), where

N3 , 1

A= <1.0 n'=—./db
TN g N
and
2
X = 4dbf 2 I)” tmin = 2fpul
(d+b,) )oF, oF,

80
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Column Base Plate Design Example

Example: Evaluate the base plate.
W10x33 d=9.73 in. b,=7.96 in.

P, =250 kips
Base Plate: PL 1-1/2x 18 x 1’-6” A36
Concrete Pedestal:

24 in. by 24 in.
f!'=3ksi

Plate centered on the pedestal.

Column Base Plate Design Example

Concrete Crushing
A, = (18)(18) =324 in.2
A, = (24)(24) = 576 in.2

0P, = $0.85 /4, /% <ol.7f'4
1

=716 kips < H3kips 1074 kips
g = 716 kips > P, =250 kips, OK

= (0.65)(0.85)(3)(324) % <(0.65)(1.7)(0-85)(3)(324)

82
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Column Base Plate Design Example

Plate Bending

m=4.381n.and n=15.82 in by

n'= db, /4 -
=./(9.73)(7.96) / 4 ]
_ - d | | .
=2.20 in. } } (9(.)2%45?11. "
- 4db, ; L 637 m= 438 in.

(d + bf) ¢Pp n (.).80bf. n=5.82 in.

~4(9.73)(7.96) 250 B

(9.73+7.96)* 716
:@ =0.346 .

Column Base Plate Design Example
Plate Bending
X 240346
C1441-X 1+4/1-0.346
=0.650<1.0
An' = (0.650)(2.20) =1.43 in. m
m =438 in.
[ =max|n =5.82 in. <= controls 0.95d N
An'=1.43 in. |
P 250 [Im=438in.]
Tm = BN " a8)18) A
W) =0.772 ksi .
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Column Base Plate Design Example

Plate Bending

. 21,0°  [(2)(0.772)(5.82%)
"o OF, (0.9)(36)

=1.27 in.<1.5 in., OK

PL1-1/2x 18 x 1°-6” A36
is adequate.

End of Session 2

Thank You for
Attending

Next Up

86
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Next Session

« November 6, 2019 Shear Connections Part |

TOPICS

» Types of Shear Connections

* Design Considerations

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

* Double Angle Connections

87
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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

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

4-Session Registrants

Course Resources

Go to www.aisc.org and sign in.

USERMAME

PASSWORD

downioade bookstore.
REGISTER NOW

LOGIN
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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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