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Thank you for joining our live webinar today. ‘
N

We will begin shortly. Please standby.

Thank you. ° \

Need Help?
Call ReadyTalk Support: 800.843.9166

X

Lecturer: Tom Murray, P.E., PhD
Emeritus Professor, Virginia Tech

AISC Live Webinars

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

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

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

Session 4: October 24, 2017- Shear Connections, Part I1

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.

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.
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AISC Night School - Fundamentals of Connection Design
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SCHEDULE

Lecturer: Tom Murray, P.E., PhD
Emeritus Professor, Virginia Tech

¢ October 24, 2017

* November 07, 2017
¢ November 14, 2017
* November 28, 2017

¢ December 05, 2017

Shear Connections Part I1
Moment Connections Part I
Moment Connections Part I1

Introduction to Seismic
Connections

Bracing Connections and More

‘@VirginiaTech
Invent the Future

SHEAR (FRAMING)
CONNECTIONS

PART II

@ VirginiaTech
Invent the Future

TOPICS

Single-Angle Co

Single-Plate or S
Unstiffened Seat
Stiffened Seated
Tee Connections

nnections
hear Tab Connections
ed Connections

Connections

Shear (Framing) Connections

‘@VirginiaTech
Invent the Future

FR Moment Connection

N/ M =09M (Fixed End Moment)

AN
\ N [ Typical Beam Line

N

Moment, M

PR Moment Connection
. AN
y M=0.5M

................

\ PR - Pinned Connections

.........................

.\ Shear or Framing
~ Connections

|
Rotation, 0
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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
SINGLE-ANGLE CONNECTIONS Single-Angle Connections
R $z§ e Advantages: . -

* Eliminates Double Sided
Erection Problem

" 0000

e Fewer Parts

Disadvantages: .

» Larger Angle Required e

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

Comment:

Not recommended for laterally unbraced beams.

(B VirginiaTech Wiglniglc )
Single-Angle Connections: Bolted Single-Angle Connections: Bolted
Eccentricity Assumptions for OSL Notes:
e.=¢, Cb_y Bolts * Eccentricity is ignored on the beam side when the
———I—— Cal Angle connection is a single column.
: + Standard holes or short slots can be used on the
° | *° beam side.
o e o | « Only standard holes should be used on the
o |l o o | supporting member side.
L web 'L web * Single angle should be connected to supporting
) member in the shop.
Bolted Single Column Bulted Double Column * New Limit States: Angle Flexural Yielding and
Rupture; Bolt Eccentric Shear and Bearing

Copyright © 2017
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Single-Angle Connections: Bolted

Single-Angle Connections: Bolted

Angle Flexural Rupture of OSL

Angle Flexural Yielding of OSL

oV, =0.75F,Z,. /e,
Z_ .. from Manual Table 15-3

net
ea

e 5 ‘

R <.
|

0V, =09F,S, /e,
S, =t, L¥6

@

! ° 5 . )L

1 1 ® : !
Y IS S Y

E i ' - CLWeb— 1 CL Web

l L web - CL web w i L)

@ VirginiaTech

Invent the Future
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o -0

o - ——]

1§ VirginiaTech

Invent the Future

Single-Angle Connections: Bolted

Single-Angle Connections: Bolted
ion Mo Eccentric Shear of Bolts

Net Plastic Section Modulus, Z;et, in.?

(Standard Holes)
' Manual Ultimate Strength Method
¢V, =C (¢r,)

T g Manual Table 15-3

Foottsm | Bradket Wominal Bot Dameter, d, in.
o | Plate i | i d' = d + 1/16
Vertical | Depth, d, Bracket Plate Thickness, £, in. h h
Row, b W h [ h | | W | h | h | 'a . [ J [ ] [ ]
2 G 150 | 230 | 319| 38| 478| 225| 30| 37 S — 3 in
3 9 a0 | 55| 740| ex| 11| s25| 7| e .
4 12 63 | 956| 128 | 150 | fo1 | 00| 120 | 150
5 15 101 [ 151 | 202 | 252 | a2 | 143 | 190 | 28 L _ 11/ : [ ] ¢‘ In [ ] [ ) q)Vﬂ
6 1 143 | 215 | 287 | 359 | 4.0 | 203 | 270 | 3:p e - 2 m.
7 2 | 196 | 25 | a3 | a1 | so | e | 3o | sea v
s 2 | s | s | sto | ess | ms | 0 | 480 | 600 3/4 7/8 1 . B 1
o 2 | a4 | a5 | sas | e10 | w2 | ase | 10 | 73 t
10 w | s | ses | 77 | oa6 |12 | S | 750 | o3e s s m. olts o ® ®
2 % | 524 | st |15 |13 |42 [ e0 w8 |
" 2 | mt | | s |05 |2 |40 |7 | e
16 @ 1 |1 |4 |25 |36 1w |12 | 2w
18 5 [ | |2 | w3 | 3w |tee |23 | am
% | @ |t | | s |we | |z |wo | C: Table 7-6 Tables 7-7 thru 7-13
n 6 (1o | | | a2 |sm | s | e —_—
2 |z |s |4 | wa e |ae | | sw
% 7 |z |6 |5 | o3 |es a0 | w7 | e
= o [s2 |aw |6 | wm |y | |ss |7
% o [ s |77 | w6 [1ow [ss |es | s
n o [aw |2 | @6 |10 [120 s |7es | seo
u 102 |4t |eo | o2 |11s0 |13 |eso |7 |10e0
» w8 [st6 | 775 1020 |20 |15 |72 |2 [420
20

19 @ VirginiaTech

Invent the Future

‘@VirginiaTech

Invent the Future
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Emeritus Professor, Virginia Tech

October 24, 2017

Single-Angle Connections: Bolted

Bearing and Tear Out

oV, =C (0r,)

where 0r,, is the bearing/tear out strength at the
outermost bolt.

Note: Shear transfer strength at elements is
minimum of C (¢r,) and C (0r,,).

Single-Angle Connections: Bolted

1§ VirginiaTech
Invent the Future

Recommended Minimum Angle Thicknesses

dp (in.)  ty(in.)

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

@ VirginiaTech
Invent the Future

Single-Angle Connections: Welded

Eccentricity Assumptions for OSL:

2t

Cw
weld ——
Retum: % N\

c.g.

(‘ZL Web
Welded Connection

Single-Angle Connections: Welded

‘mVirginiaTech
Invent the Future

Eccentric Shear Strength of Weld

2 tweld
Retur

) o

CL Web CL Web

Manual Table 8-10

Copyright © 2017
American Institute of Steel Construction
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Single-Angle Connections: Welded

Lecturer: Tom Murray, P.E., PhD
Emeritus Professor, Virginia Tech

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

it srgth o 2

Manual Table 8-10
R,=CC,D!
¢=0.75
Parameters:

C, =Exx/70
k= x
x&a=C

1§ VirginiaTech

Invent the Future

Single-Angle Connection Example

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

1 2 Rve
0.19024 |‘— / E :Retullil

— L6x6x3/8x1'-3"

1
1

V, =90k |f
1

E70XX

CL Web

@ VirginiaTech

Invent the Future

Single-Angle Connection Example

Manual Table 8-10 with /=15 in.
ki=6in. Xl
k=6/15=0.4 > x =0.057

x[=0.057 x 15 =0.855 in.
al=0.38/2 + 6 0.855 al 5n
=534 in. Vo= 90k +

a=5.34/15=0.356

0.19" | 6"

CL Web

Invent the Future

‘@VirginiaTech

Table 8-10
Coefficients, C,

for Eccentrically Loaded Weld Groups S ingle-Angle

Angle = 0°

Availabe sirength of a wekd group, 0 o R/, defemined with

S Connection Example

1 _op
- e

o S2P
e = TCD

T il
I \ n 1
Mate: Shaded values indicato he valuo & based on tho M|l L. ¢ — 0 75
o i k‘ i =
? [0 Jer[u2]03 oA 050607 08081012 1A] 15[ 18] 20 _
T e D .. =V
010 (196 [204 |28 [253 [278 304 (338 (357 [354 |491 (438 495 [545 |600 [656 |70 req d u 1
D1 (15360 (27 (o[£ 14 |29 (330 |32 375 |10 [4 (10 [ o [ 100
; m .
O (Ve (15 o e (258 2 % a2 o (o 2 e o o e Parameters:

7 i o - i i i g i
prdied il el P ol e e e el ed ]
HHEH RS AR A C. =Exx/70=1.0
060 [0.000/1.12 [1.25 [130 |154 [170 [1.87 |204 [221 (240 |250 |200 [3.42 (387 [4.34 |482 1 .
o 12 [120 13 oo o o e a8
o e e g g v g _ _
o e HE H R e e k=04= x=0.057
w oo b e
2 a1 T e o 0
1 10 (121 [1:22 |157 [185 [215 [248 [288 — O 356
N 101 117 |40 155 [152 122 |54 a .
i A e
s

20 135 (158 |84 [241 C 2 18
22 X 101 |1.24 (145 150 |19 =
W (134|130 175 x&a=> .

0.178]0:213(0.250] 0.227{0.408] 0.202(0 570/ 0567
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Lecturer: Tom Murray, P.E., PhD
Emeritus Professor, Virginia Tech

Single-Angle Connection Example

From Manual Table 8-10:
C = 2.18 by interpolation C,=1.0
Dyega = Vu/ (9C C, )

=90/(0.75x2.18 x 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) 0190iny
=5/16 in.
Use 1/4 in. Fillet weld  v.- 9014

2 tyeg
Return

Lex6x3/8x1-3"

E70XX

i
CL Web

‘mVirginiaTech
Invent the Future

SINGLE-PLATE (SHEAR TAB)
CONNECTIONS

a

@Virgl;niaTech

Invent the Future

Single-Plate Connections

Single-Plate Connections

Advantages:
* Simple — Few Parts

Single Plate

* No Welding on Beam

* Can be Designed to Resist
Axial Force

Disadvantages:
« Stiffer than Other Types ——
* Requires Careful Design

‘mVirginiaTech
Invent the Future

¢ Bolt group

_ e
a len ‘ a=e lon a
/\T/‘V - len
lov i
T e l[ev 1 ! ‘[w
| Wi Sl
I+ n-1@3" |1 | e | / 4+ ‘ !
k e Al -
lov Ve ‘ tey
l ‘ ‘
E"\% N Vert PLo

Col. web

(Also used to eliminate beam copes)

Conventional Single-Plate Extended Single-Plates
Maximum plate thickness Maximum plate thickness
a<3%in. L.,and L., satisfy Spec. Table J3.4
2 <n =no. of bolts < 12
Len=>2d,

Lo, > limits in Spec. Table J3.4

@Virgl;niaTech

Invent the Future
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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

Single-Plate Connections Single-Plate Connections
Plate Rigidity Plate Limit States
Bolts must “plow” in plate. Thus, plate * Shear Yielding |
thickness is limited. * Shear Rupture
* Block Shear i
~ Bf)lt _ i .  Shear Transfer at Elements
Line « Plate Buckling -
M, — M, * Eccentric Bolt Shear |
Pin
| a| e,
- |

1§ VirginiaTech
Invent the Future

= S
amy 33 @ VirginiaTech
e Invent the Future

Conventional Single-Plate Connections Conventional Single-Plate Connections
Conventional Connection Geometric Limitations Bolts and Plate Checked for Eccentric Shear
Maximum t, or t,, from Manual Table 10-9 M,=V,e
L, > 2d,, for the plate or beam web. | __ where e is from Manual Table 10-9.
L., > limits in Specification Table J3.4 t Loy Table 10.0
a<3%in. Design Values for Conventional
2 <n=No. of Bolts < 12 Single-Plate Shear Connections
L > T/2 n Hole Type e n. Maximum 2 or &y, In.
tyela > 5/8 t, on both sides of plate 2005 - = ik
Note: t,.q> 5/8t, is sufficient to develop the plate; o SsiT an a2+
no strengtfl calculations are required. ST a @2~ Yo

Note: Plate buckling will not control plate design.
iy 35 @VirginiaTech sy 36

Invent the Future

‘@VirginiaTech
Invent the Future
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Conventional Single-Plate Connection Ex.

Conventional Single-Plate Connection Ex.

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

Y p— N E70XX
|
o| WI14x30 A992
o tw =0.27 in. Vu=40k
T =115/8in.
1
-1 \ 3/4 in. A325-N Bolts

A36 Plate Material

1§ VirginiaTech
Invent the Future

Bolt Shear Rupture
Try 3 —3/4 in. A325-N Bolts
0V, = (0 F,,Apn
=(0.75x54x0.4418)(3)=179x 3
=537k>V, =40k
OK but need to check
eccentric shear strength.

77— <E70XX
|

W14x30 A992
°| ,=027in.
T =1158in.

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

@ VirginiaTech
Invent the Future

Conventional Single-Plate Connection Ex.

Conventional Single-Plate Connection Ex.

Assume Plate Geometry

—1%"  Conventional Plate Limitations:
2<n<12

?| |2@3" a=3in.<3 %in.
2d,=2x3/4=1.51n. <L =1.5 in.
1 L,=1.5in.> 1.0 in. (Spec. Table J3.4)
a=3"L L=9in. >T/2=11.625/2=581in.
All OK

‘@VirginiaTech
Invent the Future

Max. Plate Thickness Manual Table 10-9)
2-5 Bolts
t . =d2+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=3.0/2=1.5in.
Table 10-9

Design Values for Conventional
Single-Plate Shear Connections

n Hole Type e n. Maximum £ oF fiy, In.

SSLT an None

2t05
STD an dr2 + 16

SSLT ar a2 + Vi

61012
STD a 2 - Ve

mvngmmm

Invent the Future
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Lecturer: Tom Murray, P.E., PhD
Emeritus Professor, Virginia Tech

Conventional Single-Plate Connection Ex. Conventional Single-Plate Connection Ex.
Check Eccentric Bolt Shear Strength Check Eccentric Bolt Shear Strength
or, =17.9k (3/4 in. A325-N Bolt, Manual Table 7-1) cositts o for o Losa oo | V1] Table 7-6
n=3 e, =1.5in. ey R,=Cxr,
From Manual Table 7-6, C=2.47 ¢=0.75
q)Vn = C q)rn 1" P t .
=247x179 arameters:
s=31in.
=44.2k>40k OK * 2@3" n=3&e,=15in.
= C=247
@VirginiaTech ! @VirginiaTech N
Conventional Single-Plate Connection Ex. Conventional Single-Plate Connection Ex.
PLATE LIMIT STATES —11" Block Shear —1"
t=1/4in. F, =36 ksi F,=58ksi OV, =41.9k>40 k OK
Shear Yielding P 2@s Shear Transfer Btw. Web & Plate ? | 2@3"
o V,=10(0.6F) A, L Plate: Bearing =26.1k l Ly
=1.0 (0.6 x 36) (0.25x 9) ’ Edge T.O. =19.0k | ’
—48.6k >40k OK 3L Other T.O. =38.0k 3Ly
Shear Rupture Bolt Shear Rupture = 23.9 k
OV, =0.75(0.6F,) A, oV, =0.75(19.0 + 23.9 + 23.9)
=0.75(0.6 x 58)(9 — 3 x 7/8)(1/4) =50.1k>40k OK
=41.6k > 40k OK
@Viginizlech @ - WVirginiaTech “

Copyright © 2017
American Institute of Steel Construction
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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

Conventional Single-Plate Connection Ex.

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

Required Fillet Weld Size

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

1§ VirginiaTech
Invent the Future

Conventional Single-Plate Connection Ex.

Final Design . l%n
PL Y% x4-%x0-9” A36 |
Y in. A325-N Bolts —\s\ o
E70xx Electrodes ° 2@3"| 9"
3/16 L
_ B L 12H
3" L 1_]_"
2

V,=40k <¢V, =41.6 k (Shear Rupture)

@ VirginiaTech
Invent the Future

Extended Single-Plate Connections

@ Bolt group
_e_
‘I a=e len a ‘
VJ/:\ | lon
i f fev f i fe
i+ 4
e / e :
e 4| e
|
! oy v
i \9_<Verl. PLto
; Col. web
a is to first column of bolts
e is to center of bolt group

‘mVirginiaTech
Invent the Future

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

Copyright © 2017
American Institute of Steel Construction
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Invent the Future

12



AISC Night School - Fundamentals of Connection Design
Session 4: Shear Connections Part Il
October 24, 2017

Lecturer: Tom Murray, P.E., PhD
Emeritus Professor, Virginia Tech

Extended Single-Plate Connections Extended Single-Plate Connections

Limitation: Maximum Plate Thickness
Plate Flexural Strength < Bolt Group Flexural Strength

Limitation: Maximum Plate Thickness
Thus, the maximum single-plate thickness is:

_ v M F.A,C'
Fysg S 1\/‘[max anAbC /0.90 tmax — 6 m2ax — 6 nv b? (Manual Eqn. 10_3)
) F L 0.9F L
F, = Plate yield stress g '
S = Plate elastic section modulus = t 1.2/6 Or the “plowing rules” as for conventional connections
g P .
F_, = Bolt shear rupture strength (Table J3.2) can be used. For single column of bolts:

A, = Bolt area

C’ =equivalent eccentricity for pure moment -
(Manual Tables 7-6 through 7-13) len =2 2d, for both plate and web

t, = Plate thickness

L = Depth of plate

t, or t,, < thickness from Manual Table 10-9

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

‘@VirginiaTech
Invent the Future

@ VirginiaTech
Invent the Future

S 50

Extended Single-Plate Connections Extended Single-Plate Connections
Limitation: Maximum Plate Thickness Plate Limit States
* Shear Yielding Lyt
Table 10-9 N — L,
Design Values for Conventional Shear Rupture
Single-Plate Shear Connections * Block Shear
n Hole Type e in. Maximum £, or fy, in. ® Combll’led Shear + ® n-l@S L
2005 o i tone Moment Strength
STD al2 drR + e
SsiT a2 a2+ s ¢ Plate Buck]ing a>3%"”
61012 .
STD a dr2 - e
WViginiaTech @ - WVirginiaTech @ -

Copyright © 2017
American Institute of Steel Construction
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Extended Single-Plate Connections Extended Single-Plate Connections
a
Combined Shear + Moment Strength Using Plate Buckling 1
Von Mises Yield Criterion Buckling check required L
Vv 2 M 2 for extended connections.
[ \“/ J +( 1\;‘[ j <1.0  (Manual Eqn. 10-5) a > 3% in. or w/ 2+ cols. | -
q)v n q)b n Setbock ec, /Buckllng checked here \/l/
da
¢,=1.0 ¢,=0.9 i = AN Plate Buckling is checked
V, = Required shear strength . . = assuming the extended plate
V. =06FA R"Mh P . |2~ is equivalent to the web of a
: iy el A double coped beam
M, = Required flexural strength =V a c/—’ ) ouble cope :
Mn = Fyzpl = F)’ (tpL2/4) - simole shear connection o
BViginilch @ - WViginiaTech “
Extended Single-Plate Connections Extended Single-Plate Connections
Plate Buckling setba :%* Buckdngsocod e Plate Buckling (Modified Spec. F11 Eqns.)
Use “double coped beam theory” || \fj A<D,
as described in Session 3 and RRT | = L M,=M,=F/Z, (Spec. Eqn. F11-1)
Manual pp. 9-9 and 9-10. ; - A <A<,
oM, = 0.9M, e P xgi: Cy[1.52-0.274M(F /E)]M, < M, (Spec. Eqn. F11-2)
where M, is from Spec. F11 a M, =C, (1.9E/ VS, <M, (Spec. Eqn. F11-3)
L,=a where a
d =L, length of plate L < A=al/t; Z,=t,1%/4 ¢
C, > 1.84 (Errata) A, =0.08E/F, L (\ 4
’ A =19E/F, '
@VirginiaTech @ - WViginiaTech “

Copyright © 2017
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Extended Single-Plate Connections

Lecturer: Tom Murray, P.E., PhD
Emeritus Professor, Virginia Tech

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.

1§ VirginiaTech
Invent the Future

Extended Single-Plate Connection Example

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

_ Boligroue Beam: W14x43 A992
I t, = 0.305 in.
| JJT fo Column: W14x90 A992
H*i* ' t, = 0.440 in.
IRk Plate: A36
O N 7/8 in. A325-N Bolts
jl; Wgﬁﬁiﬁ,“’ E70xx Electrode

@ VirginiaTech
Invent the Future

Extended Single-Plate Connection Example

Plate Geometry

/ "E W"x 9"x 1-3", A36

u\ %"

5
Pl

| 3 |2
f
a=10in.
e=11.51n.

Limitation Checks

1. Check Min. Edge Distances
L, =21n.
L., =1%in.
From Specification Table J3.4
for 7/8 in. bolts:
Legge, min = 1-1/8 in. OK
Use L, = 2 in. at beam end.

L > T/2 by inspection.

‘@VirginiaTech
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Extended Single-Plate Connection Example

Copyright © 2017
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2. Check Maximum Plate Thickness

¢ = 6Mu, _6FAC
™ FL*  09EFL
7/8 in. A325-N Bolt:

F,, = 54 ksi from Specification
Table J3.2

A,=0.601 in.?
Plate: Fy =36ksti L=9in.

C’ from Manual Table 7-7 withs=3 in. n=3 in.

(Manual Eqn. 10-3)

. / R 15" x 9" x 1'-3", A36

17
30
30
7'
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Lecturer: Tom Murray, P.E., PhD
Emeritus Professor, Virginia Tech

Extended Single-Plate Connection Example Extended Single-Plate Connection Example
Table 7-7
Coefficients C for Eczentlricalt;y Loaded Bolt Groups 2 Check Maximum Plate Thickness
ngle = 0°
, R 15" x 9" x 1'-3", A36
ey Manual Table 7-7  _SEALC_6(H0600158) 1/ 1
e S | e T = =
o= “ZZZQ{S,?E’T}’{%EZEESEEE’IEW W% \;‘{k Parameters: e 091:},]_42 09(36)(902) & 3"
L G e =3in. & n=3 - i . i
© = coeficent tabulated below _T;T S =5 1n. n= = l.lgln. > tp =0.51n. OK -
o =C'=15.8 T
Number of Bolts in One Vertical Row, n .
el T s w s [s[ 78 s [w]H]® Alternatively for 2 columns of bolts:
IHEFEEREEREBRERE e —— :
A R R A SR t, and t,, <dy/2 + 1/16 in. (Manual Table 10-9)
7 (% | 1| 90| 51| 43| oa 5| 105 | 24| 145 | ey | e T . .
5 |02 | oa| ian| o3| our| aa ger ax| 0y | 127 | 147 | 108 3 1:p =0.51n.<0.875/2+1/16 = 0.5 in. OK
10 | 026 | 0.78| 146| 242| 353| 490| 642 810 991 118 | 138 | 159
3 12 | 022 | 066| 124| 206 301| 419| 551 701 863 104 | 122 | 142 3 . .
1| 07| 061 55| 157| 5%| o4 421 sl &m 623 ‘o7 114 - t, = 0.305 in. < 0.5 in. OK
18 | 015 | 045| 085| 1.41| 207 | 290 383 492| 6.141| 743 885 104 -
M| 012 | 03| aes| Tor| is0| 2 2 orr| as| 72| om| s . 3 [ . .
28 | 010 | 029| 056 082| 1.36| 190 253/ 325 405 495 593/ 7.00 i leh = 2 ln. 2 2db: 2 (0.875) = 1.751n for both
2 009 | 026| 049| 080| 119| 167 222| 286/ 357| 436 523 618
36 | 008 | 023) 043| 072| 106 149 198 255/ 318 390/ 467 552 late and Web OK 1 . .
Gl r e i P : /2 in. Plate is OK
M o2 o L et .

Extended Single-Plate Connection Example Extended Single-Plate Connection Example

Limit State Checks Table 7-7

Coefficients C for Eccentrically Loaded Bolt Groups
Angle = 0°

Manual Table 7-7

R,=Cxr,
¢=0.75

Available strength of a bolt group, | where

1' Eccentrlc BOlt Shear Rupture ORn OF Ry/C2, is determined with P = required force, P, or Pa kips
. . Fo= G o e ey o
7/8 in. A325- N bolts o¢r, = 24.3 kips/bolt "

centroid of the bolt group to
the line of action of £, in.

s = bolt spacing, n.

€ = coeffcient tabulated below

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

d _ 11 5 . . Number of Bolts in One Vertical Row, n Para[[]eters:
an ex - . m.: 4 | 5 | 6 | 7|8 | 9 |10 11|12 .
lE‘/z")( 9" x 1'-3", A36 659| 8.72| 108 | 129 | 150 | 17.0 | 190 | 21.0 | 230 S :3 mn.
567| 777 991| 121 | 142 | 163 | 183 | 204 | 225
— 486 684| 893 111 | 132 | 154 | 175 | 198 | 217 _ _ .
C = 1_30 [T %" 421| 601| 800 101 | 122 | 144 | 165 | 187 | 208 n= 3 & [ 115 mn.
o 369| 532| 77| 16| 112 | 134 | 155 | 177 | 198 X
3 327 474| 646 833|103 | 124 | 145 | 167 | 188 —
%s 293| 427| 58| 760 950| 115 | 136 | 157 | 178 =C=1.30
R — 1 30 24 3 265| 387| 54| 697| 875 07 | 127 | 147 | 168
v . . 3" 242 353| 490 642 80| 91| 118 | 138 | 59
; 206| 301 | 419 55| 701| 863[ 104 | 122 | 142
—_ 31 6 k > 21 k O 7" 178| 262| 366 482 615 7.61) 9.19| 109 | 127
= . K —=— 157| 232| 324 427 547| 679| 823 978 114 —
3" (2 141 207| 290 383 492 611 743 885 104 ¢Rn - 130X243
7 127| 1.88| 263| 348 447| 555 676 807| 948
F 107| 158| 221 293 377| 469| 572| 685 806 —
092 136 190| 253 325 405 495 593/ 7.00 - 31'6 k
80| 119| 167| 222 286 357| 436 52| 618
255 318

0. 5

072| 1.06| 1.49| 1.98 390| 467) 552
260 | 387 | 542 | 722 | 931 [117_[143 [172 204

2 | 084 | 324| 539 747| 951 115 | 135 | 155 | 175 | 195 | 215 | 234
2 e | 270l sal 7ol o947l 445 | 122 | 452 | 472 | 102 | 212 | 22
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Extended Single-Plate Connection Example Extended Single-Plate Connection Example

2. Shear Transfer Between Elements 3. Shear Yielding
Plate: 0R, =1.0(0.6xF,)A,
Brg. (2.4x58)(0.875x0.5) = 60.9 k — 1.0(0.6x36)(0.5x9)
Edge T.O. (1.2x58)(1.5-15/32)(0.5) = 35.9 < 60.9 k Co7okanlk  OK
Other T.O. (1.2x58)(3.0-15/16)(0.5) = 71.8 k > 60.9 k ‘ =
Bolt 4. Shear Rupture
r, = 54(0.601>d= 33.4 k R =0.75(0.6E,)A |
Web (Not coped; Edge Tear Out is not a Limit State) _
Brg. (0.305/0.5)(60.9) = 37.1 k =0.75(0.6x58)0 - 3x110.5)
Other T.O. (0.305/0.5)(71.8) = 43.8 k > 37.1 K =783k>21k  OK
Bolt Shear Rupture Strength Controls Transfer Strength

/ B 15" x 9" x 1-3", A36

oL T

@ VirginiaTech [l VirginiaTech
Invent the Future Invent the Future

Extended Single-Plate Connection Example Extended Single-Plate Connection Example
5. Block Shear 0.6F A 6. Plate Buckling 4y, - M.
n = O 6FuAnv +UbSFuAm a
R J57x 9" x 1-3", A36 _|0.6F A, o Rurxex1ua A6 =L _A00) _ ¢
o Ay =7.5%0.5=3.75 in’ T 2 0.52
¥ A, =(7.5-2.5x1.0)(0.5) =2.50 in’ Y 008520082290 _ g4 4
Uy, =0.5 = Specification Fig. C ~J4.2 i y 36
T A, =(5-1.5x1.0)(0.5)=1.75 in’ TR EE h =195 21922000 _ 55,
I ' E
] _ |oesss=st0 e
| Controls by "7 0.6x36)3.75)=81.0 ok <A<h, S;) inclastic buckling
. . M, =F,S, = F,(tL* / 6) = 36 [0.5(9. = 243 kip-in.
inspection OR. =0.75(81.0+50.8) = 98.8kips > 21 kips y =ES,=F(tL"/6)=36[0.5(9.0")/6] =243 kip-in

OK M, =FZ, =F,(tL’ /4)=36[0.5(9.0%) / 4] = 365 kip-in.

‘mVirginiaTech
Invent the Future

Invent the Future

s @VirginiaTech w@

Copyright © 2017
American Institute of Steel Construction 17
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Lecturer: Tom Murray, P.E., PhD
Emeritus Professor, Virginia Tech

Extended Single-Plate Connection Example

6. Plate Buckling

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

OV, =0M, /a = 0.9(360)/10

Extended Single-Plate Connection Example

1 M, =G, (1.52 - 0.2747»%}My <M,

v
Hm =184/ 1.52-0.274(360)———
, 29000

=625 kip-in. > M, = 360 kip-in.

=32.4kips > 21kips ~OK

1§ VirginiaTech
Invent the Future

7. Von Mises Yield Criterion
Maximum M, =V a a=10in.

v, Y. (™, Y B
|4 2| <100 ] PR VA P
q)VVn q)an f —

21.0 N 21.0 x10.0
1.0(0.6x36)(0.5x9.0) 0.9(36)(0.5x9.0*) /4 |

“

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

0.05+0.41=0.46<1.0 OK

@ VirginiaTech
Invent the Future

Extended Single-Plate Connection Example

8. Weld Strength

E‘/{'X 9"x 1'-3", A36

' t 2%t
nA/ . v 2%t
3 Kt,=%%
di/ =¥ in.

" 3/7 2/ — 3 :
} S tmir\ - Aﬁ m.

e

Extended Single-Plate Connection Example

5/16 in. E70xx Welds are Adequate

‘@VirginiaTech
Invent the Future
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¢ Bolt group

]

S ity Beam: W14x43 A992
| R £ =0.305 in.

R Column: W14x90 A992

P ——— t, = 0.440 in.
/ — Plate: A36
- 7/8 in. A325-N Bolts
Af_ E70xx Electrode

mvugmmm

Invent the Future
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WELDED UNSTIFFENED Welded Unstiffened Seated Connections
SEATED CONNECTIONS Advantages: T 7T
« Few Parts L *|l4_1:/ (e
11 el « Few Bolts 1 | N
P 4' /Staibilizer . - - N Attemate
v *l L o Disadvantages: % G
] f + Requires Field Welded | | Le |
\%}ggr,;:)gggon Stability Angle " - ’ﬁ\ g
* Limited strength . s
[ » Cannot Resist Axial Force B
] g@etTl:'rPn ; SSeat Angle Comment:
B Commonly used to connect to the web of a column.
GvigniaTech @ - Vgl -
Welded Unstiffened Seated Connections Welded Unstiffened Seated Connections
Limit States V Beam Local Web Yielding
+ Beam Web Local Specification Section J10.2
Yielding — Spec. J10.2 0=1.0

* Beam Web Local

Crippling — Spec. J10.3
Seat Angle Bending
Seat Angle Shear Yielding | |
Weld Eccentric Shear Rupture

——————

‘@VirginiaTech
Invent the Future

@ @ VirginiaTech
o

Invent the Future
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AISC Night School - Fundamentals of Connection Design
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Lecturer: Tom Murray, P.E., PhD
Emeritus Professor, Virginia Tech

Welded Unstiffened Seated Connections

Beam Local Web Crippling
Specification Section J10.3

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

1§ VirginiaTech
Invent the Future

Welded Unstiffened Seated Connections

Beam Local Web Crippling

1,/d <0.2 (Spec. Eqn. J10-5a)
B 15
EF t
R = 040¢ |143 (ij(t—J } — g
d )z, t,
l,/d > 02 (Spec. Eqn. J10-5b)

M 1.5
EF t
R =040 |1+ (ﬂ-o.zJ(iJ ] — g
d 3 €

Note: Q = 1.0 for wide flange sections.

@ VirginiaTech
Invent the Future

Welded Unstiffened Seated Connections

Design Model for Angle Flexure

The lb'distance iS upported Beam

determined from the

limit states of web L

EN

yielding and web —

Critical Section
for Bending, Shear

r=3/8"
a

crippling, but not less
than K., and 1, + setback not )
greater than OSL length.

\Supporting Column

‘mVirginiaTech
Invent the Future

Welded Unstiffened Seated Connections

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

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

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

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

t

1,

IS

\Supporting Column

Copyright © 2017
American Institute of Steel Construction
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Lecturer: Tom Murray, P.E., PhD
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Welded Unstiffened Seated Connections Welded Unstiffened Seated Connections

Design Model for Angle Flexure Design Model for Angle Flexure

For the Limit State of Web Yielding

R
the eccentricity: upported Beam 1 = v 925k

b, yielding 1 O F t . design
1, = max(ly vieidines b.crivnling) Ty w
b b,yielding> “b,crippling

but Z kdesign
and I, + % in. < OSL length = Critical Section
for Bending, Shear

e =12+ (3/4-3/8) - t, o
=1,/2+3/8 -, Nl
’\—Supporting Column

The maximum value of
1, is then used to determine _

'

IS

T

‘mVirginiaTech
Invent the Future
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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
1.5
d R, t, t
lb,cripp]ing =7 2 - 1 —L Q
31075040 2)\VEEL,  |(t,
whenl,/d>0.2

1.5
Ly cri lim:g Ry 3 b -1 L +0.2:Q
CIPPEE 411 0.75 (0.40 %) E F t, t,

‘mVirginiaTech
Invent the Future

Welded Unstiffened Seated Connections

Design Model for Angle Flexure

Required angle thickness
from OSL bending

¢ _ 4 Ru (] Supported Beam
“ Y 09F L,

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

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

EN

\Supporting Column

mvngmmm

Invent the Future
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AISC Night School - Fundamentals of Connection Design Lecturer: Tom Murray, P.E., PhD
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Welded Unstiffened Seated Connections Welded Unstiffened Seated Connections
Angle Shear Yielding Weld Rupture Strength
Eccentric Weld Rupture Strength:
R, <o0R, =1.0(0.6F)L,t, Elastic Method Manual p.10-72
u - n ° ° y a “angle — —
R Supported Beam (D Rn _ 2[ 1.392 DL \] upported Beam
¢ = v 1 V1420256 /17 \
e 1.0(0.6Fy)La 3 ) 3
pi— L =length of vertical angle leg i—
ortical Sectigh o = length of vertical welds el Sectigh oy
r=3/8" r=3/8"
I Derivation is similar to Iy
& that for knife connections &
| ™>-Supporting Column except returns are considered. | |™>-Supporting Column
WVirginiaTech B - WVirginiaTech “
Welded Unstiffened Seated Connections Welded Unstiffened Seated Connections
Design Model for Angle Flexure Coefficients, C,
for Eccentrically Loaded Weld Groups
Eccentric Weld Rupture Strength: Angle =0° | Tabl
Instantaneous Center of Rotation Method B Manual Table 8-4
] PR . 1 R,=CC,DIl
(I) Rn = O75CC1DL Supported Beam Com™ 5001 Do G ton” D | O ¢ ~0.75
C is from Manual Table 8-4 for it
vertical welds or Manual Table 3 l ::;wgw:m,, . Parameters:
8-6 if welded all around. = rifical Section i k=0&a=C
for Bending, Shear P
ra= 3/8” 000 (371 |37 |37 (371 |37
J" & 015 [367 [o0n [a66 [a54 [ake o
& 025 |33t (131 |23t [a20 [a20
,\Supporting Column Eﬁz E 25 Eég §£ EE ;
WirginiaTech @ - WVirginiaTech ;

0O
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Session 4: Shear Connections Part |l
October 24, 2017

Lecturer: Tom Murray, P.E., PhD
Emeritus Professor, Virginia Tech

WELDED STIFFENED

SEATED CONNECTIONS
—A—T AT
: [ ﬁ’ip /_Sé;lil:)ﬂizer
g ‘ ‘_‘j\ =
) “-Alternate
Clip Positior
= =
_':j [ >Seat Plate ﬁ\%
N \Stiffener ™~
% \Oqtion?l —E—
] Trim Line i, 1

Welded Stiffened Seated Connections

A A
Advantages: _ e
* Few Parts = ' S :
+ Few Bolts ™ e
Disadvantages: Lo |
. g eq e c:u;\Scu\l’lalc ﬁ\%
* Requires Stability A s N
Angle e —b—
* Introduces Column Web Limit States i
Comment:
* Commonly used to connect to the web of a
column.

1§ VirginiaTech
Invent the Future

@ VirginiaTech
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Welded Stiffened Seated Connections

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

Notes
* 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.

‘@VirginiaTech
Invent the Future

@VirgniaTem

Invent the Future
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October 24, 2017

Welded Stiffened Seated Connections

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

Seat Stiffener
Beam, F, F, ts min
36 36 t,,
50 36 141,
50 50 t,,

Stiffened and Unstiffened Beams:
1:s,min (36 kSI) 2 2 tWeld
1:s,min (50 kSI) E 15 t

weld

Welded Stiffened Seated Connections

‘@VirginiaTech
Invent the Future

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.

@ VirginiaTech
Invent the Future

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 WI0 (> W10x33)
21 Ib/ft for W8 (> W8x24)

Welded Stiffened Seated Connections

‘@VirginiaTech
Invent the Future

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.

Copyright © 2017
American Institute of Steel Construction
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Lecturer: Tom Murray, P.E., PhD
Emeritus Professor, Virginia Tech

Welded Stiffened Seated Connections

Optional location, top
angle (weld toes only)

Top angle,

14" min. thk.
W-shape T/ &
column \ 4, mln.f

WELDED TEE AND WT
CONNECTIONS

Min. Clearance
T "K" Distance + 1/4"
T_} %" nominal f }' | - 4+
Il 1 setback N . L L.
I 4" (optional) M
B e — 2
! |t
Optional —| | H.::.E
trim lines \ Stiffener 1/ <
i\/(/ fitted to bear é !
/
¥ E RRRRRR N B
V4 - @ Top,
0.2/, min.} " e, s
il In et
2 x weld size, min., Concrete Wall
1" recommended W

1§ VirginiaTech
Invent the Future

s .
w7 @ VirginiaTech
e Invent the Future

Tee Connections

Cl

Min. Clearance
Advantages: T“ﬁ
* One Sided
Disadvantages:

THE END

@ I Thank You for
ST Attending

* Sometimes used to connect to concrete wall or
existing construction

* Tee can be Heavy -
* Stiffer than Other Types | =
except Shear Tab

Comment;

‘mVirginiaTech
Invent the Future
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Next Session Individual Webinar Registrants
November 7, 2017 Moment Connections Part I CEIV_\[J/PDH Certlﬁcates
ithin 2 business days...
TOPICS * You will receive an email on how to report attendance from:
registration@aisc.org.
° Flange Welded /Web Bolted * Be on the lookout: Check your spam filter! Check your junk
o folder!
Flange Plate Welded /Web Bolted » Completely fill out online form. Don’t forget to check the boxes

* Flange Plate Bolted/Web Bolted next to each attendee’s name!

* Column Side Limit States
* Design Example

‘@VirginiaTech
Invent the Future

Individual Webinar Registrants 8-Session Registrants
CEU/PDH Certificates CEU/PDH Certificates
Within 2 business days. ..
One certificate will be issued at the conclusion of
» New reporting site (URL will be provided in the forthcoming all 8 sessions.
email).

e Username: Same as AISC website username.
» Password: Same as AISC website password.

Copyright © 2017
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8-Session Registrants

Lecturer: Tom Murray, P.E., PhD
Emeritus Professor, Virginia Tech

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.

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!

Night School Resources for 8-

Copyright © 2017
American Institute of Steel Construction

session package Registrants

Go to www.aisc.org and sign in.

SR EDUCATION  PUBLICATIONS NASCC: THE STEEL SAFETY  STEEL SOLUTIONS AWARDS AND RESEARCH

CONFERENCE CENTER COMPETITIONS LIBRARY

Login
If you're an existi stomer, pl: ntes me and f
USERNAME DON'T HAVE AN ACCOUNT?
Enter your username
PASSWORD bool
Enter your password
REGISTER NOW

Remember Me

27
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Night School Resources for 8- Night School Resources for 8-
session package Registrants session package Registrants

T : 1 \\\E“’SY[(/ EDUCATION PUBLICATIONS NASCC: THE STEEL STEEL SOLUTIONS AWARDS AND TECHNICAL
Go to WwWw.aisc.org and s1gn 1n. ;W CONFERENCE CENTER COMPETITIONS RESOURCES
it b
s =
IN THIS SECTION MyAISC = AlCC P
e ]
Edit Profile . - Y

MY PROFILE

Update your contact an

MY PURCHASED DOWNLOADS

Access articles and documents that you have purchased.

VIEW DOWNLOADS

Course Resources

Start Date.

NS 13 8-Session Package-Night School 13 - Design of Industrial Buildings 1/30/2017 7:00:00 PM

f Stability 6/5/2017 7:00:00 PM

NS 14 8-Session Package-Night School 14 - Fi

MY COURSE RESOURCES

View online resources for Night School 3}d Live Webinar package registrations.

VIEW RESOURCES

Night School Resources for 8- Night School Resources for 8-
session package Registrants session package Registrants

EDUCATION  PUBLICATIONS NASCC: THE STEEL SAFETY  STEEL SOLUTIONS AWARDS AND RESEARCH

s o * Weekly “quiz and recording” email.

- R . » 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.

AISC > MYAISC > NIGHT SCHOOL

Night School 13: Design of Industrial Buildings

8-SESSION PACKAGE RESOURCES

Event

N
[
N
N
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AISC Night School - Fundamentals of Connection Design Lecturer: Tom Murray, P.E., PhD
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October 24, 2017

Night School Resources for 8-
session package Registrants

Thank You

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

* Link to handouts also found here.

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