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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

Copyright © 2017
American Institute of Steel Construction




AISC Night School - Fundamentals of Connection Design Lecturer: Tom Murray, P.E., PhD
Session 4: Shear Connections Part Il Emeritus Professor, Virginia Tech
October 24, 2017

AISC Live Webinars

Copyright Materials

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

© The American Institute of Steel Construction 2017

Course Description

Session 4: October 24, 2017- Shear Connections, Part 11

This live webinar will cover the design of welded and bolted
single angle connections. Single plate connection design,
including both conventional and extended single plate
connections will be discussed. The differences between the
two will be contrasted in design examples. The design of
stiffened and unstiffened seated connections will also
discussed. The presentation of stiffened seated connections
will include a discussion on a simplified approach.
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Learning Objectives

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

* Describe the advantages and disadvantages of single angle
connections.

* Describe the advantages and disadvantages of conventional
single plate connections.

¢ Describe the differences between conventional and extended
single plate connection design.

* Compare stiffened and unstiffened seated connections.

Fundamentals of Connection Design

Session 4: Shear Connections, Part Il
October 24,2017

Presented by

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

Virginia Tech, Blacksburg, Virginia
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SCHEDULE

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 II

@ VirginiaTech

Invent the Future
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TOPICS

Single-Angle Connections

Single-Plate or Shear Tab Connections

Unstiffened Seated Connections

Stiffened Seated Connections

Tee Connections

@ VirginiaTech

Invent the Future

Shear (Framing) Connections

FR Moment Connection

M = 0.9M  (Fixed End Moment)

. Typical Beam Line
) AN
= . /_
g I PR Moment Connection
= : N
y M=0.5M ¢
! N
: , A
. ' \ PR - Pinned Connections
TR M=02M;
: : N Shear or Framing
[ : : AN b
) : : Connections
Rotation, 0

. P LIy
[ VirginiaTech 12
Invent the Future & "
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SINGLE-ANGLE CONNECTIONS

ot

- /_v -

W@ VirginiaTech

Invent the Future

Single-Angle Connections

Return
|/ @ Top
Advantages: .

* Eliminates Double Sided
Erection Problem

* Fewer Parts
Disadvantages:
» Larger Angle Required e

» Larger Bolts or Weld Bolted and Welded Alternatives
» Cannot Resist Axial Forces

Comment:

0000

Not recommended for laterally unbraced beams.

W@ VirginiaTech

Invent the Future
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Single-Angle Connections: Bolted

Eccentricity Assumptions for OSL

— Cb_, Bolts
ea_eb o 67
—>4'<~ <2 Angle
°o | oo
°o | o' e
o | o o
C:L Web CIL Web

Bolted Single Column Bolted Double Column

. o2 CI
[ VirginiaTech 15
Invent the Future & ",

Single-Angle Connections: Bolted

Notes:

* Eccentricity is ignored on the beam side when the
connection is a single column.

» Standard holes or short slots can be used on the
beam side.

* Only standard holes should be used on the
supporting member side.

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

* New Limit States: Angle Flexural Yielding and
Rupture; Bolt Eccentric Shear and Bearing

. P LIy
[ VirginiaTech 16
Invent the Future & "
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Single-Angle Connections: Bolted

Angle Flexural Yielding of OSL
0V, =09F,S, /e,
S, =t, L6
C

SR
R

CL Web " CLWeb

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

Single-Angle Connections: Bolted

Angle Flexural Rupture of OSL

oV,=0.75F,Z,. /e,
Z,. from Manual Table 15 -163
N
K o o |
e h . QL
L) e
' " CL Web ] CLWeb

. P LIy
[ VirginiaTech 18
Invent the Future & "
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Single-Angle Connections: Bolted

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

sl

/

e Net plastic section modulus
taken along this fine M a nu a l Table 1 5 _3

e d'y=d, + 1/16

Iy
Vertical l]e|!1hY d, Bracket Plate Thickness, f, in.
Row, in. n A A g iy g ' ‘s .
2 6 1.59 239 319 3.98 478 225 3.00 375 S — 3 ln
3 9 arn 555 740 9.26 11 525 7.00 875 .
4 12 638 9.56 128 159 194 9.00 120 18.0
5 15 101 154 202 252 30.2 143 19.0 238 L — 1 1/ .
6 18 143 25 287 359 4.0 203 270 33.8 ev - 2 ln.
7 al 196 295 393 49.1 589 278 370 46.3
8 2 255 38.3 51.0 638 76.5 36.0 48.0 60.0 3 /4 7/8 1 . B 1
9 x 324 486 648 81.0 0.2 458 6.0 763 t
10 30 3038 50.8 7.7 90.6 120 56.3 75.0 038 9 b ln . 0 S
12 36 57.4 86.1 15 143 172 81.0 108 135
1" 42 781 n"7 156 195 234 10 147 184
16 48 102 153 204 255 306 144 192 240
18 5 129 104 258 323 3 182 u3 304
20 60 159 230 319 308 478 225 300 375
n 66 193 289 386 482 579 272 363 454
2 T2 230 344 45 574 689 324 432 540
% 8 269 404 539 673 808 380 507 634
- kY 312 469 625 8 kg 441 588 735
30 0 350 538 hald 8096 1080 506 675 844
32 96 408 612 816 1020 1220 576 768 960
34 102 461 691 21 1150 1380 650 867 1080
k-] 108 516 77 1030 1290 1550 729 72 1220
. 19
@ VirginiaTech

Invent the Future

Single-Angle Connections: Bolted

Eccentric Shear of Bolts
Manual Ultimate Strength Method

oV, =C (¢r,)

° OVn e o GV

C: Table 7-6 Tables 7-7 thru 7-13

[ VirginiaTech 20

Invent the Future
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Single-Angle Connections: Bolted

Bearing and Tear Out

oV, = C (0r)

where ¢r,, is the bearing/tear out strength at the
outermost bolt.

Note: Shear transfer strength at elements is
minimum of C (¢r,) and C (¢r,,).

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

Single-Angle Connections: Bolted

Recommended Minimum Angle Thicknesses

dy (in)  t,,(in.)

3/4 3/8
7/8 3/8
1 1/2

. P LIy
[ VirginiaTech 2
Invent the Future & "
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Single-Angle Connections: Welded

Eccentricity Assumptions for OSL.:
2twe o Cw
Returlg: I; \

c.g.

éL Web
Welded Connection

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

Single-Angle Connections: Welded

Eccentric Shear Strength of Weld

2 tweld
Return: / \

CL Web CL Web

Manual Table 8-10

. P LIy
[ VirginiaTech 24
Invent the Future & "
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Single-Angle Connections: Welded

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

Available strength of a weld group, 4R, or R,/( ), is determined with M l T ‘bl 8 10
Ro= CEDI (o=0.75, ©2=2.00) _
- ‘ anual Table
=
i R e Bl . R, =CC,DI
’ ¢=0.75
. .
s = Parameters:
10 [12[1A]16[18]20 C E /70
o -
m 13 o9 i a1 e o e o e 1 XX,
iy i a5 o
8 18 o i o 0 o i o3 G o
o 12 o e e
1 P ) k = X
oo s e
A &a=C
743 o i x&a

1

7 [210 [204 250 (318

132 [157 185 [215 |248 (283

165 190 54

18 05 (126 149 [174 201 [231
20 706 0. 135 (15 1
2 124 185 [160 [194
24 14134 |15 170
2 741/08901.06 (124 145 (167
28 16 (135 |156
20 60524100 |127 146
x_|1-ooo[0.005{ 0017{0.025]0.057/ 0.083[o.113]0.1.4[0.178]0.242[0.250]0.227 0.408] 0402 570]0.667)
y |0458] |0-357]0.333]0.313]0.294]0.2760.26]0.250]0.227]0.206) 0.492]0.170]0.167)

AMIRICAN INSTIVTE: 0% $T533. CONSTRICTION

[ VirginiaTech - %

Invent the Future

Single-Angle Connection Example

Example: Determine required weld size.
Beam W21x50A992 t,=0.380 in.
Column W14x90 A992 t,=0.710 in.

. 2t
0.190 1in. weld
— |— l/ Return

Ve L6x6x3/8x1'-3"

2

V, =90k \

: 7 E70XX

CL Web

. P LIy
[ VirginiaTech 2
Invent the Future & "
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Single-Angle Connection Example

Manual Table 8-10 with /=15 in.
kl=61n. — e xl
k=6/15=04 2> x=0.057 _
x[=0.057 x 15=0.855 in.
al=0.38/2+ 6 —0.855
=534 in, Vu =90k +

a=534/15=0.356 !
0.19" 6"

al
15”

|
Y

CL Web

[ VirginiaTech ' 27

Invent the Future

Table 8-10
Coefficients, C, .
for Eccentrically Loaded Weld Groups S lngle_Angle
Angle = 0°
‘Avalable strength of a weld group, 6T or A/, s determined with

. Connection Example

A __h _ap _Op __ap,
Doin = GO0 Y= GTCD | Con =TI Pee=TOE ' TTD

__bh
" Ran!

Manual Table 8-10

cs | 1°

: =] R, =CC,DI
‘Note: Shaded walues indicate the vale i based on the |l L
et aeslai sbengh pamiled by ASC Sporielin " u =
Sectian 124, - - .

0 J01]/02/03|/04[065|/06/07 /08 09/10]12]14 |16/ 18|20
000 (186 [204 [223 [241 [260 [207 [a25 [a53 |30 [408 [436 [402 [5.47 [60a [60 [7.15 D 1 — \/ ( ( ( )
010 (186 (204 |228 (253 |278 [304 (331 |257 (384 (411 [438 (493 (546 |6.00 (655 |7.10 req d u 1

015 |1.83 (203 225 249 (274 (299 324 |350 (375 (401 |428 (481 |534 |589 |6.44 |7.00
020 [1.76 |197 |218 [240 (264|267 (341 236 [360 385 [4.11 462 |5.04 (566 [6.20 (673

025 166 |18 |207 zmn:izm 205 (310 |342 366 [380 440 [490 542 |54 (647 Parameters:
236
205

257 (278 (300 (322 (345 |360 (447 [466 (517 (568 (620

040 11.33 [149 1167 [1.85](2.06 [224 244 |263 |284 |305 |327 |373 |4.20 |460 (519 570
050|115 [120 |14 |160 195 (2143 |231 (250 (270 (260 (333 (376 (425 (474 |5.28 C = EXX/7O = 1 O
060 (0999112 (126 |130 |1.54 |170 157 |204 |221 240 250 209 342 357 [434 |52 1 .
0.70 |0.679(0987|1.10 (122 (1.35 [1.50 (166 |1.62 |18 |215 |2.32 |271 |3.11 (355 [4.00 (447
080 |0. 100 |1.20 [1.34 148 |1.63 [1.78 |1.04 |2.11 (246 [285 |3.27 |370 |4.15 — —
090 [0704/0. 08 [120 133 [148 162 177 |192 [226 [263 (302 (343 (385 k —_— 0.4 :> X = 0_057
10 [0639/0717)0. 100 (121 135 (148 |1.62 [176 |208 [243 (280 [320 361

103 |1.44 (126 |1.38 |151 (170 [210 |2.44 1280 |3.18

flo,
14 7150 110 |1.21 [1.32 |157 185 (215 |248 283 — 0 356
16 ). 0. 107 |1.47 (140 [165 |193 |222 |254 a’ .

10957/t

18 |02 0.057/1.05 126 (149 174 [201 221

20 0 144|135 (1.50 |1.84 241 & C 2 18
22 |02980. )t 719|0.792|0870(1.04 |1.24 |1.45 (1569 194 -

24 |0 .44 (134 [156 [1.70 X a :> .

26 0. 1/0.674{0.741|0.500(1.06 (124 (145 167

28 |0 'l 6 [1.36 (156

20 |o 776{0.924(1.00 [1.27 |1.46

x 0.057/0.083(0.113]0.144{0.178(0.213]0

¥ |05000.455] 0417|0385 0557 182{0.170]0.16

@ VirginiaTech

Invent the Future
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Single-Angle Connection Example

From Manual Table 8-10:
C = 2.18 by interpolation C,=10
Dyegia = V! (9C C; 1)
=90/(0.75x2.18x 1.0 x 15)
=3.66 2 4/16 = 1/4 in.
Min. weld = 3/16 in. (Angle t, = 3/8 in.)
Max. weld = (3/8 -1/16) o1o0iny /—17—<§:m;;

=5/16 in. |~ L6x6x3/8x 13"
Use 1/4 in. Fillet weld v, - 904

1
CL Web

%Virg;niaTech

nvent the Future

SINGLE-PLATE (SHEAR TAB)

CONNECTIONS
:; =
*
N IidHi?
¢ T
2

W@ VirginiaTech

Invent the Future

Copyright © 2017
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Single-Plate Connections

Advantages:
* Simple — Few Parts
» No Welding on Beam

Axial Force

Disadvantages:

» Can be Designed to Resist

« Stiffer than Other Types
* Requires Careful Design

Single Plate

@ VirginiaTech

Invent the Future

Single-Plate Connections

Conventional Single-Plate

Maximum plate thickness
a<3%in.

2 <n=no. of bolts <12

Lep= > 2d,

Le, > limits in Spec. Table J3.4

¢ Bolt group

| lop

lev

Vert. PL to
Col. web

(Also used to eliminate beam copes)
Extended Single-Plates

Maximum plate thickness
L., and L., satisfy Spec. Table J3.4

@ VirginiaTech

Invent the Future

32

Copyright © 2017
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Single-Plate Connections

Plate Rigidity

Bolts must “plow” in plate. Thus, plate
thickness is limited.

~— Bolt )
Thne V7 ingle Plate
M, M,
Pin
SV
Ay 1

. o2 CI
[l VirginiaTech 33
Invent the Future & ",

Single-Plate Connections

Plate Limit States

+ Shear Yielding |

* Shear Rupture 4_’

* Block Shear _‘_b
» Shear Transfer at Elements

 Plate Buckling @

» Eccentric Bolt Shear

. P LIy
[ VirginiaTech 34
Invent the Future & "

Copyright © 2017
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Conventional Single-Plate Connections

Conventional Connection Geometric Limitations
Maximum t, or t,, from Manual Table 10-9

L, > 2d,, for the plate or beam web. | |
L., > limits in Specification Table J3.4 F,‘_ Lev
a<3%in.
2 <n=No. of Bolts <12 * 1@s| L
e
L > T/2 E70XX
P

tyela = 5/8 t, on both sides of plate
Note: t, . > 5/8t is sufficient to develop the plate;

weld =
no strengtfl calculations are required.

. o2 CI
[ VirginiaTech 35
Invent the Future & ",

Conventional Single-Plate Connections

Bolts and Plate Checked for Eccentric Shear
M,=V,e

where e is from Manual Table 10-9.

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

n Hole Type e In. Maximum I, or &y, In.

SSLT a2 None
2105

STD an a2 + Wis

SSLT an /2 + 6
Glo12

STD a a2 - e

Note: Plate buckling will not control plate design.

. P LIy
[ VirginiaTech 36
Invent the Future & "
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Conventional Single-Plate Connection Ex.

Example: Determine required number of bolts and
plate and weld sizes, for the conventional single
plate connection shown.

——AN—T N E70)'(X

W14x30 A992
t, =0.27 in. \/Vu— 40 k

©
©
Q T =115/8 in.
\

I
4

|
—— \— 3/4 in. A325-N Bolts
A36 Plate Material

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

Conventional Single-Plate Connection EX.

Bolt Shear Rupture
Try 3 — 3/4 in. A325-N Bolts
OV, = (0 Fp Apn
=(0.75x54x0.4418)(3)=179x3
=537k>V, =40k
OK but need to check 7 E70XX

eccentric shear strength. 751 W 14x30 A992
°l t,=0.27in. LVLF 40k

T =115/8in.

1
\" 3/4 in. A325-N Bolts
A36 Plate Material

. P LIy
[ VirginiaTech 38
Invent the Future & "
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Conventional Single-Plate Connection Ex.

Assume Plate Geometry

—1%"  Conventional Plate Limitations:
.

| 2<n<12
’2@3" a=3in. <3 % in.
[ 2d,=2x3/4=1.5in. <L =1.5 in.
L %" L =1.5in. > 1.0 in. (Spec. Table J3.4)
a=3"L 0 L=9in.>T/2=11.625/2=5.81 in.

All OK

. o2 CI
[ VirginiaTech 39
Invent the Future & ",

Conventional Single-Plate Connection EX.

Max. Plate Thickness Manual Table 10-9)
2-5 Bolts
t.=d/2+1/16=(3/4)2 +1/16 = 0.4375 in.
Try 1/4 in. plate <0.4375 in. (Note: t, = 0.27 in.)
Eccentricity from Manual Table 10-9
e=a/2=3.02=1.51n.
Table 10-9

Design Values for Conventional
Single-Plate Shear Connections

n Hole Type &n. Maximum tp or fi, In.

SsLT a2 None

2t05
STD ar @12 + s

SsiT a2 /2 +'hs
STD a a2 — s

. P LIy
[ VirginiaTech 40
Invent the Future & "

61012
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Conventional Single-Plate Connection Ex.

Check Eccentric Bolt Shear Strength
or,=17.9 k (3/4 in. A325-N Bolt, Manual Table 7-1)

n=3 e, =15in
From Manual Table 7-6, C=2.47
oV, =C or, i
=247x17.9 o — \
=442k > 40 k OK @3

| o
3"r|_112u

[ VirginiaTech 4

Invent the Future

Conventional Single-Plate Connection Ex.

Check Eccentric Bolt Shear Strength

Coefficients C for Eccentrically Loaded Bolt Groups
Angle = 0° Manual Table 7-6

‘Avalable strength of a bolt group, | where o —
O 01 Ao/, Is determined with | P = required force, P, of Py kips 2 == X rIl
-

rs = nominal strength per bolt, kips
By=Cx1y & = horizontal distance from the ) P
o centroid of the bolt group to o | = O 75
LRFD ASD the line of action of P, in. o & .
s = bolt spacing, in. -0 \_Centroid of
=8 = of T
Can= 7 € = coefficient tabulated below bolt group

Number of Bolts in One Vertical Row, n

2 4 5 6 7 8 9 10 1 12 Parameters :

i

1| 163 | 271 375 477| 577| 677| 7.76| 875| 974[ 107 | 117
2 | 118 | 223 332| 439| 545\ 648| 7.51| 852| 953 105 | 115 .
3 | 088 = 281| 390| 498| 606| 7.12| 817 921| 102 | 113 —
4 | 069 | 140| 236| 340| 447| 556| 664| 772 878| 984| 109 s — 1n .
5 | 056 | 115| 201| 296 398 505 613 722| 830 938 104
6
7
8

041 083 151 228| 317 413 515 6.20 7.28 836 9.44 — — 5
03 | 073 134| 204 285| 375| 472| 573 678| 7.85| 893 n-=— 3 & eX - 1 . 5 1m.
3112 | o2¢ | o49| o%2| 140 200| 268| 344| 427| 515\ 609| 7.06 C — 2 4’7

14 021 042 078 121 174 233 3.01 375 4.55 541 6.31 : - .

. P LIy
[ VirginiaTech 42
Invent the Future & "
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Conventional Single-Plate Connection Ex.

PLATE LIMIT STATES —1%"
t =1/4in. F,=36ksi F, = 58 ksi | 1
Shear Yielding | 2@3"
0V,=1.0(0.6F)A, I
= 1.0 (0.6 x 36) (0.25 x 9) \ A
=48.6k > 40k OK 3Ly
Shear Rupture
OV, =0.75(0.6 F) A,
=0.75(0.6 x 58)(9 — 3 x 7/8)(1/4)
=41.6k>40k OK

. o2 CI
[ VirginiaTech 43
Invent the Future & ",

\

Conventional Single-Plate Connection EX.

Block Shear —1%"
OV, =41.9 k> 40 k OK ' I 1
Shear Transfer Btw. Web & Plate y 2@3"
|
Plate: Bearing =26.1k l r Ly
Edge T.0. =19.0k , ’
Other T.0. =38.0k 3" Ly

Bolt Shear Rupture = 23.9 k
oV, =0.75(19.0 + 23.9 + 23.9)
=50.1k>40k OK

. P LIy
[ VirginiaTech 44
Invent the Future & "
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Conventional Single-Plate Connection Ex.

Note: Beam web (t,, = 0.27 in. A992 steel) 1s
stronger than plate (t, = 0.25 in. A36
steel) and will not control bearing and
tear-out strengths.

Required Fillet Weld Size

tyeld = 5/8t, = 5/8(4) = 5/32 in. == 3/16in. B.S.
No other calculations needed.

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

Conventional Single-Plate Connection EX.
Final Design - I%H
PL Vi x 4-% x 097 A36 y
% in. A325-N Bolts \s\ o ]
E70xx Electrodes ° 2@3"| 9"
b
3/16 1
N ~ I 12"
3" L llH
2
V,=40k < ¢V, =41.6 k (Shear Rupture)
WirginiaTech “
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Extended Single-Plate Connections

¢ Bolt group
e
‘ a=e Len a
! \/\ \ lon
-~ lov : | low
I [
T o
N le Raks
|
}H_\'—\ lev lev
I
i I ~Vert PL to
| g Col. web \/\

a 1s to first column of bolts
e 1s to center of bolt group

. o2 CI
[ VirginiaTech 47
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Extended Single-Plate Connections

Limitations

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

Satisfy conventional plate max. thickness requirements.
* Length of plate > T/2

. P LIy
[ VirginiaTech 48
Invent the Future & "
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Lecturer: Tom Murray, P.E., PhD
Emeritus Professor, Virginia Tech

Extended Single-Plate Connections

Limitation: Maximum Plate Thickness
Plate Flexural Strength < Bolt Group Flexural Strength
ES, <M, = F,A,C/0.90

F, = Plate yield stress

S, = Plate elastic section modulus = t,L.%/6

F., = Bolt shear rupture strength (Table J3.2)

A, = Bolt area

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

t, = Plate thickness

L = Depth of plate

. o2 CI
[l VirginiaTech 49
Invent the Future N

Extended Single-Plate Connections

Limitation: Maximum Plate Thickness

Thus, the maximum single-plate thickness is:
6M, . 6F A,C

t — max — _
R TR TN (Manual Eqn. 10-3)

Or the “plowing rules” as for conventional connections
can be used. For single column of bolts:

t, or t, < thickness from Manual Table 10-9
l4, = > 2d, for both plate and web

For connections with double columns of bolts both the
plate and beam web must satisty both rules above.

. P LIy
[ VirginiaTech 50
Invent the Future & "
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Extended Single-Plate Connections

Limitation: Maximum Plate Thickness

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

n Hole Type g, in. Maximum £, or &y, in.
SSLT al? None
2to5
STD al? a2 + e
SSLT al? a2 + e
6to12
STD a di2 - e

. o2 CI
[ VirginiaTech 51
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Extended Single-Plate Connections

Plate Limit States

* Shear Yielding Loy

* Shear Rupture L

* Block Shear ‘ A

 Combined Shear + o In-l@s| L
Moment Strength ° Y

* Plate Buckling | |a>3h”

. P LIy
[ VirginiaTech 52
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Extended Single-Plate Connections

Combined Shear + Moment Strength Using
Von Mises Yield Criterion

2 2
M
( Vu J +£ u j <1.0 (ManualEqn. 10'5)
(I)an q)an

¢,=1.0 ¢,=0.9

V, = Required shear strength

V, =06 F A,

M, = Required flexural strength =V, a
M, =F,Z,=F, (t,L?/4)

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

Extended Single-Plate Connections
a

Plate Buckling

Buckling check required L
for extended connections.
a > 3% in. or w/ 2+ cols. Y -

e \/

Setback Y / Buckling checked here

SN Plate Buckling is checked
7 assuming the extended plate
E = 19— is equivalent to the web of a

{-- double coped beam.
LLji

Simple shear connection

. P LIy
[ VirginiaTech 54
Invent the Future & "
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Extended Single-Plate Connections

Plate BUCkllng Setback ‘+<-|‘/Buckllng ch;cked here
Use “double coped beam theory” I ¥ e—

as described in Session 3 and RumRar wls
Manual pp. 9-9 and 9-10. 1

(I)Mn = 09Mn /Simole sh::rconnlection e
where M, is from Spec. F11 a
L,=a \
d =L, length of plate L <
C, > 1.84 (Errata)
!
|

. o2 CI
[ VirginiaTech 55
Invent the Future & ",

Extended Single-Plate Connections

Plate Buckling (Modified Spec. F11 Eqgns.)

AR,
M,=M,=F2Z, (Spec. Eqn. F11-1)
A, <A<A,
M, = C,[1.52-0.274MF/E)IM, <M, (Spec. Eqn. F11-2)
A>A
M, = C, (1.9E/ M)S, <M, (Spec. Eqn. F11-3)
where a
A=al/t; Z,= tpL2/4 ]
A, =0.08E/F, L (\
) =1.9E/F, ,

. P LIy
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Extended Single-Plate Connections

Other Limit States:
Eccentric Bolt Shear Strength
Shear Transfer at Elements
Fillet Weld Strength: 5/8 x t, on each side of plate.

Note: 5/8 x t is sufficient to develop the plate in shear
plus tension. A strength check is not needed.

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

Extended Single-Plate Connection Example

Example: Determine if the extended single plate
connection shown 1s adequate if V= 21 kips.

L Beam: W14x43 A992
v HA t, =0.305 in.
| ] Column: W14x90 A992
DOt t, = 0.440 in.
aRak Plate: A36
! - 7/8 in. A325-N Bolts
} Wéﬁﬂ'ﬁ;“’ E70xx Electrode

@ VirginiaTech

Invent the Future
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Extended Single-Plate Connection Example

Plate Geometry Limitation Checks
/ Rirxox 13 ase 1. Check Min. Edge Distances
Y, .
vy e L= 210
5, 3 L,=1%in.
5/:: 3+ From Specification Table J3.4
%" for 7/8 in. bolts:
: 10 32 Legge, min = 1-1/8 in. OK
: Use L, =2 in. at beam end.
a=101n. . :
' L > T/2 by inspection.
e=11.51m.
WVirginiaTech

Extended Single-Plate Connection Example

2. Check Maximum Plate Thickness
t o= 6Mm;" = 6F“VA"(2: (Manual Eqn. 10-3)
EL’  09FL
7/8 in. A325-N Bolt:

V

/ R 15" x 9" x 13", A36

F,, = 54 ksi from Specification = 4
Table J3.2 s -~
A,=0.601 in.? — i

Plate: Fy =36ksi L=9in.
C’ from Manual Table 7-7 withs =3 in. n=3 in.

@ VirginiaTech
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Extended Single-Plate Connection Example

Table 7-7
Coefficients C for Eccentrically Loaded Bolt Groups
Angle = 0°

, , . Manual Table 7-7
@Ry or Ry/<y, is determined with P = required force, P, or P, kips N
1 = nominal strength per bolt, Kips o) - P .
Fn ;[C’" & = horizontal distance from the mlft‘:é* L Parameters :

Available strength of a bolt group, | Where

centroid of the bolt group to %
-§™—Centroid of

LRFD ASD the line of action of £, in. &

oo s=3in.&n=3

il

5 = bolt spacing, in. @)
on € = coefficient tabulated below

2=

I —
Number of Bolts in One Vertical Row, n : C - 1 5 . 8

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

0.84 | 2564 | 448 | 6.59| 872 108 | 129 | 150 | 17.0 | 190 | 21.0 | 230
0.65 | 2.03| 368 | 5.67| 7.77| 991 121 | 142 | 163 | 183 | 204 | 225
054 | 1.67| 306 | 4.86| 684 | 893 111 | 132 | 154 | 176 | 196 | 217
045 | 1.42| 258 | 4.21| 601 | 800| 101 | 122 | 14.4 | 165 | 18.7 | 208
039 | 1.22| 225| 369| 532 747| 916 112 | 134 | 1565 | 17.7 | 198

R 15" x 9" x 13", A36

B

035 | 1.08| 199 | 3.27| 474 | 646/ 833 103 | 124 | 145 | 167 | 188 Z
0.31 096| 178 | 293| 427 | 586/ 760/ 950 11.5 | 136 | 157 | 178 3
028 | 0.86| 160 | 265| 387 | 534 697| 875 10.7 | 127 | 147 | 168
026 | 0.78| 146 | 2.42| 353 490| 642/ 810| 9.91| 118 | 13.8 | 159

3 022 | 066 124 2.06| 3.01 419 551 7.01| 863 104 | 122 | 142 30
0147 | 051 | 095 | 1.57| 232| 324 427| 547| 679 823 9.78| 114 %"
015 | 045 085| 1.41| 207| 290 383 492| 6.11| 743 885 104 - 2

044 | 04| 077 | 1.27| 188 | 263| 348 447| 555 676| 8.07| 948
042 | 034 065| 1.07| 158 | 221| 293| 377| 469| 572| 6.85 806
010 [ 029 056 | 0.92| 1.36| 1.80| 253| 325 405/ 495 593 7.00 I

009 | 026 049| 080 119| 167| 222| 286 357/ 436 523 618 !
008 | 023, 043 | 072 106 | 149] 198 255/ 318 390] 467 552
C,in | 2.94 | 833158 [|26.0 | 387 | 54.2 | 722 [ 931 [117 143 [172 |204

2 0.84 | 3.2 7.47| 951 115 | 135 | 165 | 17.5 | 195 | 21.5 | 234
2 lneas |l 270l a02l 7orl a17] 412 | 122 1 152 1 172 [ 102l 212 | 722

2
3
4
5
6
7
8
9
10
12
14 | 049 | 057 | 1.08| 1.78| 262| 366 482 645 7.61| 9149| 10.9 | 127
16
18
20
24
28
32
36

Invent the Future

[ VirginiaTech o1

Extended Single-Plate Connection Example

2. Check Maximum Plate Thickness
_6F,A,C' _ 6(54)(0.601)(15.8)

, /E/2x9x13,A3s

max 2 > [N %"
0.9F,L 0.9(36)(9.0%) . -
= 1 .18in. > tp = 05 ln OK 76 ?:'2"

Alternatively for 2 columns of bolts:
t,and t, <d,/2 + 1/16 in. (Manual Table 10-9)
t,=0.51n. <0.875/2+ 1/16 = 0.5 in. OK
t, =0.305 in. < 0.5 in. OK

Iy, =21in. >2d,=2 (0.875) = 1.751in for both
plate and web. OK Y, in. Plate is OK

[ VirginiaTech :’é@a 62
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Extended Single-Plate Connection Example

Limit State Checks

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

From Manual Table 7-7 with s = 3in., n =3,
and e, = 11.5 in.:

C=1.30

R 15" x 9" x 13", A36

OR, = 1.30 (24.3)
=31.6k>21k OK B

[l VirginiaTech :‘@‘Hb‘a 63
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Extended Single-Plate Connection Example

Table 7-7
Coefficients C for Eccentrically Loaded Bolt Groups
Angle = 0°
: Manual Table 7-7
Available strength of a bolt group, | where o

Ry or R/, s determined with | P = required force, P, or Py, kips =
Iy = nominal strength per bolt, kips ] 4 A Rn - C XT
Rn=Cm & = horizontal distance from the ol & n
or centrod o the bolt goupto «%Q\f =0.75
LRFD ASD the line of action of £, in. ~@-"—Centroid of *
S

- - s = bolt spacing, in | bolt group
A A G = ooefficient tabulated below
Con= 5 | Cmn==10 |2
Number of Bolts in One Vertical Row, i P aram eteI'S .
s,in. | ey in
- 1 2 3 4 5 6 7 8 9 10 1" 12 .
084 | 254 | 448 | 659 | 872 108 | 129 | 160 | 17.0 | 190 | 21.0 | 230 S :3 ln.

2

3 | 065 | 203 368| 67| 777| 991 121 | 142 | 163 | 183 | 20.4 | 225
4 | 054 | 1.67| 306| 486 684| 893 11.1 | 132 | 164 | 175 | 195 | 217 _ _ :

5 | 045 | 1.42| 259 | 421| 601 800 104 | 122 | 14.4 | 165 | 187 | 208 n-=— 3 & c. = 115 1n.
6 0.39 122| 225| 369| 532 747| 916| 112 | 134 | 165 | 17.7 | 198 X

7 | 035 | 1.08) 190| 327| 474| 646| 833 103 | 124 | 145 | 167 | 188 —

8 | 031 | 09| 178| 293| 427| 586 7.60| 950 11.5 | 136 | 157 | 178 = C - 130

9 0.28 | 086,160 2.65| 387 534| 697 875/ 107 | 127 | 147 | 168
10 | 026 | 078 146(]242| 353| 40| 642| 810 991 118 | 138 | 159
12 | 022 | oes|| 124 ||206| 301| 49| 551 701 863 104 | 122 | 142
14 019 | 057 108 1.78| 262 366/ 482 645 7.61| 919| 109 | 127
16

18

20

24

28

2

3%

047 | 051 | 095| 1.57| 232 | 324 427| 547| 679 823 9.78| 114 —

015 | 0.45| 085| 1.41| 207 | 290| 383| 492| 6.11| 743 885 104 ¢Rﬂ - 1 . 3 0X24 . 3
044 | 0.41| 077 | 1.27| 188| 263 348 447| 555 676| 8.07| 948

042 | 034 065 1.07| 158 | 221| 293| 377| 469| 572| 6.85( 806 — 3 1 6 k
010 [ 029 056 | 0.92| 1.36| 1.90| 253| 325 405 495 593 7.00 .

009 | 026 049 | 080 119| 167| 222| 286/ 357 436| 523 6.18
0.08 | 023) 043 | 072| 1.06| 149] 198) 255 3.18| 390 4.67| 552
C.in | 2.94 | 833158 |26.0 | 387 | 542 | 722 | 934 [{17 [143 [172 |204

2 [ 0841 324| 539( 7.47| 951 | 115 [ 135 | 155 | 17.5 | 195 | 21.5 | 234
2 L nes | 97al a2l 708l @171 4119 [ 122 1 482 [ 472 [ 1a2 | 212 | 922

[ VirginiaTech 64
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Extended Single-Plate Connection Example

2. Shear Transfer Between Elements
Plate:
Brg. (2.4x58)(0.875x0.5) = 60.9 k
Edge T.O. (1.2x58)(1.5-15/32)(0.5) =35.9<60.9 k
Other T.O. (1.2x58)(3.0-15/16)(0.5) =71.8 k> 60.9 k
Bolt
r, =54(0.601) =324k
Web (Not coped; Edge Tear Out is not a Limit State)
Brg. (0.305/0.5)(60.9) =37.1 k
Other T.O. (0.305/0.5)(71.8) =43.8 k>37.1 K
Bolt Shear Rupture Strength Controls Transfer Strength

@ VirginiaTech

Invent the Future
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Extended Single-Plate Connection Example

3. Shear Yielding 4/ R 5"x 9" x 1-3", A36
0R, =1.0(0.6xF,)A, vs . o
=1.0(0.6x36)(0.5x9) 5. _.:I >
=972k>21k  OK }/ o 3
15"
4. Shear Rupture I EGE
|

OR_ =0.75(0.6F))A
=0.75(0.6x58)(9 —3x1)(0.5)
=783k >21k OK

@ VirginiaTech
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Extended Single-Plate Connection Example

5. Block Shear

06EA,
= +
n 0.6FyAgv bsTu” “nt

/ R 5rx 9" x 1-3", A36 min
Ay =7.5%0.5=3.75in’
:1 A, =(7.5-2.5x1.0)(0.5) = 2.50 in’
i E fl/z U,, = 0.5 = Specification Fig. C—J4.2
R A, =(5-1.5x1.0)(0.5) =1.75in’
(0.6x58)(2.50) =87.0
" (0.6x36)(3.75)=81.0

OR, =0.75(81.0+50.8) = 98.8kips > 21 kips

s

+0.5x58x1.75

. Controls by
- inspection

@ VirginiaTech

Invent the Future

Extended Single-Plate Connection Example

n

6. Plate Buckling 4y - M

/ R 15" x 9" x 1-3", A36 A= % _ (10)(29) 1360
Lf\ 114" t 05
3
s A, =0.08£=0.08M=64.4
3" E, 36
T7,"
TR E A, =1.9£:1.9%:1531

y
A, <A <A, so inelastic buckling

M, =FS, =F,(tL’ / 6) =36[0.5(9.0”) / 6] = 243 kip-in.
M, =F,Z, =F,(tL? / 4) =36[0.5(9.0”) / 4] = 365 kip-in.

@ VirginiaTech

Invent the Future
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Extended Single-Plate Connection Example

6. Plate Buckling

Conservatively: C, = 1.84
/ E %" x 9" x 1'-3", A36

F
Y

3//
17" = 1.84(1.52—0.274(360)ij243
1 1w 3] o 29000
' = 625 kip-in. > M,, = 360 kip-in.
oV, =0M, /a = 0.9(360)/10
=32.4kips > 21kips  OK
@ VirginiaTech

Invent the Future

Extended Single-Plate Connection Example

7. Von Mises Yield Criterion

Maximum M, =V a a=101n.

( v, J [ M, j <10
0.V, o.M, b

21.0 . 21.0 x10.0
1.0(0.6x36)(0.5x9.0) 0.9(36)(0.5x9.0>) /4 ) ~

b7

/ R 15 x 9" x 13", A36
\/f_\‘ 14"
Ve

0.05+0.41=0.46<1.0 OK

@ VirginiaTech

Invent the Future
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Extended Single-Plate Connection Example

8. Weld Strength

/ E 15" x 9" x 1'-3", A36

t, 2%t
AN
f/ = ¥, In.

" 1 — 3 *
32 tmin - A6 m.

5/16 in. E70xx Welds are Adequate

@ VirginiaTech

Invent the Future

Extended Single-Plate Connection Example

¢ Bolt group

=

F" Inargls Beam: W14x43 A992

; :}:qﬁz ' t, = 0.305 in.

:ﬁ% Column: W14x90 A992

B 15" x 9" x 1-3", A36 = 0.440 1n.
i Plate: A36

%s 7/8 in. A325-N Bolts

df_ E70xx Electrode

Connection 1s Adequate for V. 21.0 kips

@ VirginiaTech
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WELDED UNSTIFFENED
SEATED CONNECTIONS

AT

—
— "’4"’* /S(t:zllill))ilizer
]

/-

Alternate
Clip Position

......

Return
@ Top >+ \Seat Angle

B —

[l VirginiaTech qm "

Invent the Future

Welded Unstiffened Seated Connections

Advantages: T T

« Few Parts f:%'—r P &

« Few Bolts N | N

Disadvantages: e

* Requires Field Welded /ﬁ
Stability Angle

¢

: b léf!?g‘ \ cat Angle
* Limited strength sl

» Cannot Resist Axial Force
Comment:
Commonly used to connect to the web of a column.

@VirginiaTech Oy
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Welded Unstiffened Seated Connections

Limit States

I

* Beam Web Local —
Yielding — Spec. J10.2 -

* Beam Web Local L L
Crippling — Spec. J10.3

» Seat Angle Bending J“H -

» Seat Angle Shear Yielding 11

Weld Eccentric Shear Rupture

. . : T O
[ VirginiaTech 75
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Welded Unstiffened Seated Connections

Beam Local Web Yielding
Specification Section J10.2

o=1.0
Rn - (Z'Skdesign + 1b)F

(Spec. Eqn. J10-3)

yw tw

——————

. P LIy
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Invent the Future & "

Copyright © 2017
American Institute of Steel Construction

38




AISC Night School - Fundamentals of Connection Design Lecturer: Tom Murray, P.E., PhD
Session 4: Shear Connections Part Il Emeritus Professor, Virginia Tech
October 24, 2017

Welded Unstiffened Seated Connections

Beam Local Web Crippling
Specification Section J10.3

¢=0.75
1, Specification Eqns. J10-5a and -5b

. o2 CI
[ VirginiaTech 7
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Welded Unstiffened Seated Connections

Beam Local Web Crippling

l,/d <0.2 (Spec. Eqn. J10-5a)
B L5
EF t
R, = 040> |1+3 (l—bj{t—q ] — g
a1, t,
l,/d > 02 (Spec. Eqn. J10-5b)

B L5
EF t
R, =040t |1+ (4—1'3 -0.2j£t—W] } B T
d t t,

Note: Q = 1.0 for wide flange sections.

. P LIy
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Welded Unstiffened Seated Connections

Design Model for Angle Flexure

The 1,-distance is upported Beam
determined from the

limit states of web Bl o

yielding and web —

T for Bending, Shear
crippling, but not less ey
than Ky, and 1, + setback not L b
greater than OSL length. :\Supporﬁng Column

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

Welded Unstiffened Seated Connections

Design Model for Angle Flexure
Setback = 1/2 in.
Beam Tolerance = 1/4 in. 3

Use 3/4 in. setback upported Beam
in calculations.

Assume distance from face of R
angle leg to end of fillet = 3/8” —

Critical Section
for Bending, Shear

r=3/8"
t

\Supporting Column

. P LIy
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Welded Unstiffened Seated Connections

Design Model for Angle Flexure

The maximum value of

I, 1s then used to determine ~

the eccentricity: Supported Beam
lb = maX(lb,yieldinga lb,crippling) \ L
but > kdesign 4 \
; p E—
and lb + % 1n. = OSL length ~ Critical Section
for Bending, Shear
e=1/2+3/4-3/8)-t, o 3/8"
—1,/2+ 3/8 -, JF
N
\Supporting Column
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Welded Unstiffened Seated Connections

Design Model for Angle Flexure
For the Limit State of Web Yielding
R

b,yielding — < design
TEOL0F, :

u
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Welded Unstiffened Seated Connections

Design Model for Angle Flexure

For the Limit State of Web Crippling
when 1,/d < 0.2

15
1bcri lin ZE R, 2 Ly -1 t_f Q
SIPPIE 310,75 (0.40t7) EFytf t

W

when 1,/d > 0.2
1.5
lb ippli :g Ru tw _1 t_f +02 Q
emrine 4 11°0.75 (0.40 t2) \E F t; by
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Welded Unstiffened Seated Connections

Design Model for Angle Flexure

Required angle thickness
from OSL bending

¢ _ 4 Ru (§ Supported Beam
“ Y O09F, L,

with L, = angle length by
e=1/2+3/4-3/8-t, —

Critical Section
for Bending, Shear
r=3/8"
ta

ESH

-

/\Supporting Column
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Welded Unstiffened Seated Connections
Angle Shear Yielding

R, <0R, =1.0(0.6F,)L,t

angle _
Supported Beam
— R u
req 3 1y
1.0(0.6F, )L, 3 |
i E—
Critical Section
for Bending, Shear
r=3/8"
t
&\\
/\Supporting Column
[ VirginiaTech
Invent the Future
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Welded Unstiffened Seated Connections
Weld Rupture Strength

Eccentric Weld Rupture Strength:
Elastic Method Manual p.10-72

1.392 DL Supported Beam
OR, =2 —
I +2025¢ /L
. lb_l
. 4
L = length of vertical angle leg =
= length of vertical welds Sritical Section o
r=3/8"
Derivation is similar to T
that for knife connections &~
except returns are considered. | ] >—Supporting Column
%Virg;nie};fchth

86
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Welded Unstiffened Seated Connections

Design Model for Angle Flexure

Eccentric Weld Rupture Strength:
Instantaneous Center of Rotation Method

(I) Rn = O75CC1DL Supported Beam
C 1s from Manual Table 8-4 for
. 1
vertical welds or Manual Table| 3 *~
: i —
8-6 if welded all around. = Critical Section
for Bending, Shear
S 3/8"
e\d
/\Supporting Column

Invent the Future

[ VirginiaTech ' 87

Welded Unstiffened Seated Connections

Table 8-4
Coefficients, C,
for Eccentrically Loaded Weld Groups
Angle = 0°
Al strongth o 2 wekd group, ot o A/, s determined with Manual Table 8-4

Bo= OO (9= 075, 21=2.00)

w= = R,=CC,DI

Py Pe . QF, 0F I QF,

S TRTI) S Toa ] lmin SOCD | ™ CDI ol ™ TGD 0 5
Special case (load not in plane of (I) - .7

weld group). Usa C-valuas for k = 0.

2}
3

e e, =a
= recqired force, P,or P, hips "
= number of sistoenths-af-an inch in the fllet wokd siza 1 } ‘

s mmwg

= characlerisic length of weld group, in

—al

o = horizontal companent of eccenticily of P ~
wilh respest lo esnirid of weld group, in

& = coeffcient tabulated bolow

£ = dlectods strength oocfficiant from Table 83

11.0 for /DX elbctrodes)

Parameters:
k=0&a=C

a

0 0102030406 /06|07 0809|1012 |14]16| 18|20
000 |371 |37 (371 (371 |37 |3F (3A (301|371 (371 |37 |37 (371 |3 (37 |3
040 |372 |372 (372 (371 370 |260 (367 [3.65 |363 (361 |3.50 |355 352 (348 (344 | 342
045 |367 |366 (365 (364 |362 |260 (358 [3.56 |3.54 (352 |3.50 |346 343 (330 (336 | 333
020 |351 |351 (350 (340 |3.47 |346 (344 (342 |341 (330 |3.38 |335 332 (330 (327 | 325
025 |3.31 |331 (331 (330 |3.20 |328 (328 [3.27 |3.26 (3.25 |3.25 |3.23 321 |3.20 (318 | 316

030|309 |3.09 (310 (340|340 |20 (391 {311 |341 (341|341 |31 |310 (309 (308 | 307
040 |266 |267 (268 (270 |273 |275 277 (280 |281 (2.83 |2.84 |287 |2.85 |2.80 (2.00 | 290
050 |2:30 |230 (232 (236 |2.40 |244 (248 [2.52 |255 (258 |260 |265 |268 (270 (272 | 273
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WELDED STIFFENED
SEATED CONNECTIONS

Stabilizer
/* Clip

Al

f

“-Alternate
Clip Position

: \Seat Plate
\Stiffener
\Optional

Trim Line

i1

B S S

[ VirginiaTech

Invent the Future

Welded Stiffened Seated Connections
Advant T Tl
vantages: el s
* Few Parts *IJ_‘E 7
* Few Bolts ’ e
Disadvantages: A
* Requires Stability N
Angle ~—b—
* Introduces Column Web Limit States )
Comment:
* Commonly used to connect to the web of a
column.
VirginiaTech @ -
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Welded Stiffened Seated Connections

Limit States

* Beam Web Yielding

Beam Web Crippling

Strength of Stiffener Plate

Eccentric Shear of Welds

Column Web Punching Shear Failure

. o2 CI
[ VirginiaTech 91
Invent the Future & ",

Welded Stiffened Seated Connections

Notes
e 1/2 in. setback but 3/4 in. for calculations
* Seat plate > 3/8 in.

* For unstiffened beam webs, the seat stiffener
thickness is a function of the beam and seat
stiffener yield stresses and the weld size.

. P LIy
[ VirginiaTech 92
Invent the Future & "
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Welded Stiffened Seated Connections

Seat Stiffener Thickness
For Unstiffened Beams (No web stiffeners):

Seat Stiffener
Beam, F, F, ts min
36 36 t,
50 36 1.4t¢,
50 50 t,

Stiffened and Unstiffened Beams:
ts,min (36 kSI) > 2 tweld

ts,min (50 kSI) e 1.5 tWeld

. o2 CI
[ VirginiaTech 93
Invent the Future & ",

Welded Stiffened Seated Connections

Column Web Limit State

Stress Concentration which Need to prevent flange rotation.
may cause weld fracture.

Solutions:
* Stiff column web
* Web stiffener on opposite side of web.

. P LIy
[ VirginiaTech %4
Invent the Future & "
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Welded Stiffened Seated Connections

Column Web Limit State
Manual p.10-78 has a simplified approach for
sections heavier than:
38 Ib/ft for W14 (> W14x43)
35 Ib/ft for W12 (> W12x40)
30 Ib/ft for W10 (> W10x33)
21 Ib/ft for W8 (> W8x24)

. o2 CI
[ VirginiaTech 9
Invent the Future & ",

Welded Stiffened Seated Connections

Column Web Limit State

Simplified rules:

 Beam must be bolted to seat with A325
or A490 bolts within the greater of W/2
or 2-5/8 in. from the column web.

» Special rules for W14x43.

* Beam flange is not welded to the seat
plate.

. P LIy
[ VirginiaTech %
Invent the Future & "
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Welded Stiffened Seated Connections

Optional location, top
angle (weld toes only)

Top angle,

%" min. thk.

W-sh T TR ‘
-shape "o

column \ o mln.f

-1 %" nominal ?

Il 1 setback ]
i 4" (optional) || |

A Stiffener A
fltted to bear é !

0.2/, mm T

o

B

Optional —
trim lines

.
o
~

~

L

l T
2 x weld size, min.,
1" recommended W

CI
[ VirginiaTech 97
Invent the Future & ",

WELDED TEE AND WT
CONNECTIONS

Min. Clearance
"k" Distance + 1/4"

%x
L peesed
l\/

Concrete Wall

CIZ
[ VirginiaTech %
Invent the Future & "
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Tee Connections

Min. Clearance
"k" Distance + 1/4"

Advantages:
* One Sided

Disadvantages:

* Tee can be Heavy =
« Stiffer than Other Types | '}
except Shear Tab

t
e
A

Comment:

Concrete Wall

» Sometimes used to connect to concrete wall or
existing construction

. o2 CI
@ VirginiaTech 9
Invent the Future & ",

THE END
Thank You for
Attending

. P o
@ VirginiaTech 100
Invent the Future Nl
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Next Session

November 7, 2017 Moment Connections Part I

TOPICS

* Flange Welded /Web Bolted
 Flange Plate Welded /Web Bolted
* Flange Plate Bolted/Web Bolted

* Column Side Limit States

* Design Example

@ 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.

Copyright © 2017

American Institute of Steel Construction 56




AISC Night School - Fundamentals of Connection Design Lecturer: Tom Murray, P.E., PhD
Session 4: Shear Connections Part Il Emeritus Professor, Virginia Tech
October 24, 2017

Night School Resources for 8-
session package Registrants

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

* Link to handouts also found here.

Thank You

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