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Thank you for joining our live webinar today. ‘

We will begin shortly. Please standby.

Thank you. o Y

Need Help?
Call ReadyTalk Support: 800.843.9166

X

C AI\Ils‘lzg ht School

Today’s audio will be broadcast through the
internet.

Alternatively, to hear the audio through the phone,
dial 800 381 7839.

There’s always a solution in Steel
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C ﬁig ht School

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
800 381 7839.

There’s always a solution in Steel

C ﬁ?g ht School

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.

There’s always a solution in Steel
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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 2014

There’s always a solution in Steel

C ‘I\\IISTg ht School

Course Description

Vertical Bracing Connections — Corner Connection Part 2:
High Seismic Systems
October 27, 2014

This session will be Part 2 of a two part session. Learn and understand the
various steps and methodologies used for bracing connection design in high
seismic areas. Become familiar with bracing connection design through
illustrated design examples. Gain an understanding of practical design tips as
well as addressing common design challenges.

There’s always a solution in Steel
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Learning Objectives

* Become familiar with designing a corner bracing connection using
single plate shear connections for high seismic forces.

* Gain an understanding of the bracing connection design process through
the presentation of a high seismic design example.

* Become familiar with the differences for designing for high seismic vs.
low-seismic or wind controlled forces.

* Gain an understanding of expected yield stress, amplified seismic load,
and protected zone and how these affect bracing connection design.

AISC

(Night School

Bracing Connections and Related Topics
Session 5: Vertical Bracing Connections — Corner
Connection Part 2: High-Seismic Systems

Presented by

William A. Thornton, Ph.D., P.E.

Corporate Consultant to Cives Corporation
Roswell, GA
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Bracing Connections and
Related Topics

By: William Thornton

) There’s always a solution in steel

Course Outline

Basic Principles

Uniform Force Method

Bracing Connection Details and Prying Action
Vertical Bracing Connections — Corner Part 1
Vertical Bracing Connections — Corner Part 2
Chevron Gussets for Wind or Low-Seismic
Chevron Gussets for High Seismic

Additional Connection Topics

SIS U

There’s always a solution in steel 10
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Seismic Vertical Brace Connection

A Hinge zone
-
Hinge zone Hinge zone
’ %
L A YN
(a) Linear hinge zone configured for (b) Elliptical hinge zone configured for (c) Knife plate configured for
out-of-plane buckling out-of-plane buckling in-plane buckling

Figure 5-3 — Details configured to provide brace buckling rotation capacity.
The AISC Seismic Design Manual has examples of each of these types.

NHERP Seismic Design Tech Brief No. 8, page 17

There’s always a solution in steel 1

Seismic Vertical Brace Connection

N

There’s always a solution in steel 12
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Session Outline

» Example of VB Corner Connection in High
Seismic Systems

— Brace-to-Gusset
* Tensile and Compression Demand of Brace
* Hinge Plate Design
* Weld of Hinge Plate
* Whitmore Section of Gusset
* Shear Lag of Brace

| There’s always a solution in steel 13

Session OQutline

* Example of VB Corner Connection in High
Seismic Systems (cont.)
— Determination of Interface Forces
— Shear Plate Ductility
— Gusset to Column
* Bolt Shear

* Bearing and Tearout
* Block Shear

| There’s always a solution in steel 14
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Session Outline

» Example of VB Corner Connection in High
Seismic Systems (cont.)
— Beam to Column Connections
* Bolt Shear
* Bearing and Tearout
* Block Shear of Plate
* Block Shear of Beam Web

| There’s always a solution in steel 15

Session OQutline

* Example of VB Corner Connection in High
Seismic Systems (cont.)

— QGusset to Beam Connection
» Weld of Gusset to Beam
» Gusset Checks

— Shear Yielding
— Tension Yielding

* Beam Checks
— Web Yielding
— Local Beam Web Crippling

| There’s always a solution in steel 16
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Example of High Seismic
Corner Connection

HSS 5x5x3/8
398 KIPS (T)
312KIPS (C)

o e . (\:/gLZUXﬁG'\‘ BOLTS: 1" @ A325N

. HOLES: STD 1-1/16"@
Inltlal DeSlgIl . T PLATES:  A572-50
HSS:

S

)7 PL 3/8 X 2-7/8 X 12+x,
TP
ol 1x10,
s SLOT ONTO GUSSET
30 4l
432 4]\, / INCREASE
N 17417 "\\FOR GAP
o9 L

—Ne o
o N\
e / ® 1417\ FOR GAP
< FLANGE: BLOCK

> 1415 AND CHIP FLUSH
e 1a1/15
& ?"%< /f
3| .
) 1.
7 L~+ \ 2 ‘
816 JW.. * T3 50 KIPS
BEAM SHEAR
_ o |PERRRTEAR 2 WiBx46 BEAM
P S B 7161\.6-3/4
*>
e e
R PL 5/8 x 11-5/16 x 33

Example of High Seismic Corner
Connection (cont.)

Given:
1. AISC 14t Edition Manual, LRFD
2. AISC 341-10 Seismic Provisions for Structural Steel Buildings
3. 1 in. diameter ASTM A325-N bolts
4. STD Holes, 1!/,4 in. diameter
5. Brace Slope = 45°
6. Plate: ASTM A572 Gr. 50, F, =50 ksi
7. HSS : ASTM AS500 Gr. B, F, =46 ksi

| There’s always a solution in steel
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Example of High Seismic Corner
Connection
Brace-to-Gusset

There’s always a solution in steel 19

Example of High Seismic Corner
Connection (cont.)

Brace-to-Gusset — Tensile Demand of Brace:

TABLE A3.1
- 1 Ry and R; Values for Steel and
AISC 341-10, Section F1.6a.(1), y ' ;
Steel Reinforcement Materials
T=R, F; Ag Avplication R | R
- Hot-rolled structural shapes and bars:
. .2 + ASTM A36/A36M 15 |12
= (1 4)(46 kSl)(6 18 in. ) + ASTM A1043/1043M Gr. 36 (250) 13 | 1
+ ASTM A572/572M Gr. 50 (345) or 55 (380), 1.1 11
— 3 98 klps ASTM A913/A913M Gr, 50 (345), 60 (415), or 65 (450),
ASTM A588/A588M, ASTM A992/A092M
* ASTM A1043/A1043M Gr. 50 (345) 12 11
+ ASTM A529 Gr. 50 (345) 1.2 12
+ ASTM A520 Gr. 55 (380) 1.1 12
_ Hollow structural sections (HSS):
AISC 341 1 0’ Table A3 * 1 2 * ASTM A500/A500M (Gr. B or C), ASTM A501 14 13
Pipe:
Ry = 14 + ASTM Asa/A5aM 16 12
Plates, Strips and Sheets:
* ASTM A36/A36M 13 12
* ASTM A1043/1043M Gr. 36 (250) 13 11
+ A1011/A1011M HSLAS Gr. 55 (380) 1.4 14
+ ASTM A572/A572M Gr. 42 (290) 13 1.0
* ASTM A572/A572M Grr. 50 (345), Gr. 55 (380), ASTM A588/A588M 1.1 12
* ASTM 1043/1043M Gr. 50 (345) 12 11
Steel Reinforcement.
+ ASTM A615, ASTM A706 1.25 125
There’s al lution i 1
ere’s always a solution 1n stee 20
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Example of High Seismic Corner
Connection (cont.)

Brace-to-Gusset — Compression Demand of Brace:

Work Point - to-Work Point =J(12 ft-0 in.)> + (12 ft-0 in.)?
=17'-0"
Lumaced =[(17 ft-0in) - 2(3 ft-7 in)](12 in./ft)
= 118 in.

Mappraea _1OUI8i0) _ 0oy | B _yqq [ 20000ksi _ 00
r 1.87 R,F, (1.4)(46 ksi)

There’s always a solution in steel 21

Example of High Seismic Corner
Connection (cont.)

Brace-to-Gusset — Compression Demand of Brace (cont.):

From AISC Specification Eq. E3-4,

©’E  7°(29,000 ksi)
(K/ry  (631)
=71.9 ksi

From AISC Specification Eq. E3-2,
F, =[0.658""1% | R, F, =[ 0.658' 4071k ] (1.4)(46 ksi)
=443 ksi

There’s always a solution in steel 2

| Copyright © 2014
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Example of High Seismic Corner
Connection (cont.)

Brace-to-Gusset — Compression Demand of Brace (cont.):
From AISC 341-10, F1.6a.(2),
C=min{R,F,4,, 1.14F, 4,
=(1.14)(44.3 ksi)(6.18 in?)
=312 kips

There’s always a solution in steel 23

Example of High Seismic Corner
Connection (cont.)
Brace-to-Gusset — Hinge Plate Design:
Choose a plate width not greater than the greater of the beam width or
column depth Bl ,
Bypean= 6.0 in
dcolum” = 1275 in. 3, / 78 A-awzmpsmb
i / Puxitp/,n Ty x124x,
Choose a plate that’s 10.0 in. wide = e
P + 4 /
tmin = - :I 4
OFb, *
_ 398 kips 2O ws
0.90(50 ksi)(10.0 in.) At %@;&,,4 s
=0.884 in. - Try a PL1x10 | —
There’s always a solution in steel 24
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American Institute of Steel Construction 12




AISC Night School
October 27, 2014

Bracing Connections and Related Topics
Session 5: Corner Connection Part 2
UPDATED: October 29, 2014

Example of High Seismic Corner
Connection (cont.)

Brace-to-Gusset — Hinge Plate Design:

Wi2x98

Rupture strength of the hinge plate at slot, o /7
AISC Specification Eq. J4-2 — Tension Rupture i :5: /&
0 PLY 12+,
(I)Rn = ¢EA An p— y PL 1x1;vFF '
=0.75(65 ksi)(10.0 in. — 0.625in.)(1.0 in.) = S )
+* V4
=457 kips > 398 kips 0.k. (P4
+¥
Al sokes
P A b {365@_&1,_.4 —
+
. _ . +
Note: A,=[b;,— (t,+ 1/8 in.)]t, ] reTrT
There’s always a solution in steel 25

Example of High Seismic Corner
Connection (cont.)

Brace-to-Gusset — Buckling of Hinge Plate:
The yield line width should be 3 times the hinge plate thickness.

Assume hinge plate thickness at 1.0 in. and check.

1.2(3.0 in.)(~12
Munpaces _ 1230 .)( ) =12.5<25
r 1.0 in.

- Since kI / r < 25, per AISC Specification Section J4.4(a), yielding controls

_d
Ji2

r

(from AISC Table 17-12 p. 17-36)

There’s always a solution in steel 26
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L L3 L3
Example of High Seismic Corner
L3
Connection (cont.)
Brace-to-Gusset — Hinge Plate Weld Design: .
Use 1/4 in. fillet welds (single pass) -ﬂ& R, o,
___ R B /4
" 1392D(4 lines) 1 7 /'/ LpL»’f,,xz’/,ixmu_
_ 398 kips — b AT
" 1.392(4 sixteenths) (4 li g
392(4 sixteenths)(4 lines) S
=17.9 in. — Use 18.0 in. of weld per line : : 7 A
Ml
,/ : : 50 KIPS
éP’ FUPY %ETEH,E&,*,A Wiaxdé BEAM
+ +
+ 4
There’s always a solution in steel 27

L4 L L
Example of High Seismic Corner
L
Connection (cont.)
Brace-to-Gusset — Block Shear of Gusset:
From AISC Specification Eq. J4-5, T T s o /
Ay = A,y =2L,at, =2(18.0 in.)z, - Y/t
Ag[ = Am = IOtg ! Ag }’//’ L:b;’»ﬂ‘/ﬁxﬂﬂ.
ol ;tg;1gNTO GUSSET
‘ * PLY;
+4 7
+ + //
+ &
Piadd
sies +
ép, - — - AMSHEAR 2 wisxds BEAM
+ 4
+ &
There’s always a solution in steel 28
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Example of High Seismic Corner
Connection (cont.)

Brace-to-Gusset — Block Shear of Gusset:
From AISC Specification Eq. J4-5,

OR, = §(0.60F, 4, + U F, 4, )= R,
=0.75[ 0.60(50 ksi)(36.0 in.), +1.0(65 ksi)(1.0 in.)z, |>398 kips
= (859 kips/in.)z, > 398 kips

398 kips
¢ 859 kips/in.
=0.463 in. - Try /2 in. gusset

There’s always a solution in steel 29

Example of High Seismic Corner
Connection (cont.)
Brace-to-Gusset — Whitmore Section: wimes
o =t + Lyaa (1an30°)(2) T s rerm /o
=10 in.+18.0 in.(tan 30°)(2) weme A R
=21.8in. ‘ // o
=
Tension: :* g A
OR, = OF 1l 194
= 0.90(50 ksi)(0.50 in.)(21.8 in.) ot T\
=490 kips > P, =398 kips, 0.k. J Edlha 7#@;@;&774
.
There’s always a solution in steel 30
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Example of High Seismic Corner
Connection (cont.)

7 ECOLUMN  ~PL 172

Brace-to-Gusset — Whitmore Section (cont.): !
Compression: !
k =0.5 (from AISC's 14" Edition Design \
Examples, Example 11.C-2) i
|

|

k. 05(10.0 in.)(x/ﬁ)

= - =34.6
r 0.50 in. | BEAM
. /
From AISC Manual Table 4-22: ¢F,, =41.2 ksi ‘
¢B‘r = (I)Ertglvv’hil \7 S 7
— 412 ksi(0.50 in.)(21.8 in.) |
=449 kips > P, =312 kips, o.k. 1
d
r =—— (from AISC Table 17-12 p. 17-36)
— 5" gusset 0.k. so far NP
There’s always a solution in steel 31

Example of High Seismic Corner
Connection (cont.)

Brace-to-Gusset — Brace Check — Shear Lag:wm%

Effective Area: ——T e
2 HOLES 1o 1170 &
Ag =6.18 in. PLATES  AS7250 / S/ SeaKpeh
HSS AS00 yy s 2 KPS
An = Ag - 2Z‘HSS waltlstor /,,/(’/’/’/ LPL.?/”xZw/hx12+1
C /A v
= 6.18 in? —2(0.349 in.)(1.125 i — @
=0. m. . m. . . )74 oLy, SLOTONTO GUSSET
Y 2
. * 2
=5.40 111.2 Py V4
| + /
" +
- S i 0.349 +#
+ -+
// ‘ * 50 KIPS
E A N 7%155@"75&777;7 W18x46 BEAM|
+ +
+
PLS/Bx 11516 x33
_1.125"
There’s always a solution in steel 30

| Copyright © 2014
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Example of High Seismic Corner
Connection (cont.)

Brace-to-Gusset — Shear Lag (cont.):
AISC Specification Table D3.1, Case 6,
B>+2BH _(5.0in.)?+2(5.0 in.)(5.0 in.)

xX= - ;
4(B+H) 4(5.0 in.+5.0 in.)
=1.87 in.
TABLE D3.1
Shear Lag Factors for Connections
T 1.87 in to Tension Members
U = 1 - = 1 - R Case Description of Element Shear Lag Factor, U Example
lam,, 180 . 6 |Rectangular HSS g’l‘:‘r?caerilr:?;ussel I2H. .U:T—;{ H
= plate -_B%128H S
0.90 =T g I
h d . —1-X, e
;\;IE;M) side gusset I2H. U=1 ,%
g2 mI
*=aB+m —
There’s always a solution in steel 33

Example of High Seismic Corner
Connection (cont.)

Brace-to-Gusset — Shear Lag (cont.):
AISC Specification Eq. D3-1,

A, =UA4, = 0.90(5.40 in?)

=4.86 in” < 4, =6.18 in.’ -reinforcement required

Estimate the required area of reinforcement needed,

(4, +4.)U = 4,
a2
A, =g JOI8INT 5 hin?
U 0.90

=147 in’ > Try 2Q)PL¥%x2%"

A, =2(0.375in.)(2.875 in.) =2.16 in> >1.47 in” o.k.

There’s always a solution in steel 34

| Copyright © 2014
American Institute of Steel Construction
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Example of High Seismic Corner
Connection (cont.)

Brace-to-Gusset — Shear Lag (cont.): | T
A= 1.9375"
@ =0.375 in.(2.875 in.) = 1.08 in” - .
a, =0.349 in.(5.0 in.) =1.74 in? A
ay =(1.9375 in.—0.349 in.)(0.349 in.)(2) =1.11 in’ I\

x =1.9375+(0.375 in./2) = 2.125 in. |
x; =1.9375-(0.349 in./2) =1.76 in. - =4
x3=(1.9375-0.349 in.) /2 = 0.794 in.

=2
Qo =@ + a3 +a; =3.93 in.

There’s always a solution in steel 35

Example of High Seismic Corner
Connection (cont.)

Brace-to-Gusset — Shear Lag (cont.): K
AX = ayxy + ar Xy + asx; = 6.24 in’? 1.9375"

AX 624 in}

o
! ,(,,’\1/‘
= —

Qo 3.93 10

X= =1.59 in.

U=1- X :1_1.59 Tn.
Loonn 18.0 in.

=091 - v )
1.125"

4, =2aaU
=2(3.93in7)(0.91) |
=7.15in” > 6.18 in> - PL %% 27%" o.k. for reinforcement

There’s always a solution in steel 36

| Copyright © 2014
American Institute of Steel Construction 18




AISC Night School
October 27, 2014

i 'ﬁ‘_

Bracing Connections and Related Topics
Session 5: Corner Connection Part 2
UPDATED: October 29, 2014

Example of High Seismic Corner
Connection (cont.)

TABLE A3.1

Brace-to-Gusset — Shear Lag (cont.): R, and R, Values for Steel and
. Steel Reinforcement Materials
Expected strength of each reinforcement plate ———
pplication R, R:
Hot-rolled structural shapes and bars:
From AISC 341-10, F2.5b.(3), e s | e
+ ASTM A1043/1043M Gr. 36 (250) 1.3 1.1
d)Rn = RyF;, (A,,e / 2) | + _ASTM A572/572M Gr. 50 (345) or 55 (380), 11 1.1
ASTM A913/A913M Gr. 50 (345), 60 (415), or 65 (450),
_ 1 1 50 k . 1 08 . 2 ASTM A588/A588M, ASTM A992/A002M
- ( . ) ( Sl) . ln' * ASTM A1043/A1043M Gr. 50 (345) 12 11
* ASTM A529 Gr. 50 (345) 12 12
— : + ASTM A520 Gr, 55 (380) 11 12
=593 klpS Hollow structural sections (HSS):
+ ASTM A500/A500M (Gr. B or C), ASTM A501 14 13
Pipe:
+ ASTM A53/A53M 16 12
Plates, Strips and Sheets:
* ASTM A36/A36M 1.3 12
+ ASTM A1043/1043M Gr. 36 (250) 13 11
* A1011/A1011M HSLAS Gr. 55 (380) 1.1 11
* ASTM A572/A572M Gr. 42 (290) 1.3 1.0
* ASTM A572/A572M Gr. 50 (345), Gr. 55 (380), ASTM A588/A588M 11 12
* ASTM 1043/1043M Gr. 50 (345) 12 11
Steel Reinforcement:
+ ASTM A615, ASTM A706 1.25 125
There’s always a solution in steel 37

Example of High Seismic Corner
Connection (cont.)

W12x96 [‘\u‘/(l\
Brace-to-Gusset — Shear Lag (cont.): eyl \/ {\ ¢
. | - .
Expected strength of reinforcement plate || R Smare yrasT.
‘} PLATES  A572-50 7 398 KIPS (T)
P f HSS: ASDO / /,/( 312 KIPS (C)
L i = u /// //« L ]
" 1.392D(2 sides) | VO i
59.3 kips /// / o, SLaT oTo GussET
= - - + e /
1.392(4 sixteenths )(2 sides) s P
v P
=5.33in. - Use 6in.long % in. + ¢
P
fillet welds Z
+e
’/ .¢. .*. 50 KIPS
F K igoel-— - %&E’@ﬂ - —— ——=_ W18x48 BEAM
+e
++
— | PL5/8 x 11-5¢16 x 33
|
There’s always a solution in steel 38
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Example of High Seismic Corner
Connection
Determination of Interface Forces

There’s always a solution in steel 39

Example of High Seismic Corner
Connection (cont.)

Determination of Interface Forces — Uniform Force Method (Special Case IV):
Using the uniform force method (UFM), with a = 8.875 in. (AISC Manual

p. 10-103) take, \ &
e, =a+ 5 _g 875 i+ 2010 1
> —
=10.375 in. | -
*
The web connection is treated as a flange ‘ B :
connection of an equivalent column at depth of | :
2(10.375 in.) = 20.75 in., that is a W21 column. e :

z
=
dbeam 18.11n. g -l — — — =1
e/? == o P
2 2 $ | .+
. E ' W18x46 BEAM
=9.05 in. i
There’s always a solution in steel 40

| Copyright © 2014
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Example of High Seismic Corner
Connection (cont.)

Determination of Interface Forces (cont.):

Using the brace to gusset connection as a guide, 5 rows of bolts will be required
for the gusset to shear plate connection.

Strength calculations (not shown) require that there are 2 columns of bolts.

1

o—Ptan O =¢, tanb —e,

So choose, - — /
— . r Ny /
B=pB=9.01n. ! ..
‘ A PLY,
i i LR 2
Then, ‘ N o o/
e

o o o
z .
a=(9.05in.+9.0in)tan45°~10375in. |3 = e -~
. g
=7.675 in. § l *e W18x46 BEAM
There’s always a solution in steel 41

Example of High Seismic Corner
Connection (cont.)

Determination of Interface Forces (cont.):
Choose the length of the gusset to beam connection such that the centroid of

this connection falls at e
- . I Y
o=0=7.675in. L a gl
| Iz
Remember that a is measured from : + PLY
I * g
the face of the column flange, at \ -
. | B
e,=10.375 in. \ *
0 *
: o : o
2K e — !
° ; LA
g i ‘ hd W18x46 BEAM
There’s always a solution in steel 42

| Copyright © 2014
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Length of the gusset to beam connection,

Example of High Seismic Corner
Connection (cont.)

Determination of Interface Forces (cont.):

G COLUMN 1;72"'_ 3" _‘_2"_ -~ GUSSET
/
I I
6.75" /- BEAM
cg..
10.375" 3-25",L 7.675"
e a
B 10.89" a8 10.89" -
Iyeral2 Iyeral2

Lya=21.8in.

Distance from beam end to extent of blocking = 1.75 in.+ 3.0 in.+ 2.0 in.

=6.751n.

Length of weld beyond block = 21.8 in. — 6.75 in.

=15.01in

There’s always a solution in steel

43

r=y(a+e) +(B+e)

Example of High Seismic Corner
Connection (cont.)

Determination of Interface Forces (cont.): I ] » /

a

=25.53 in.

P 398 kips
r  25.53in.

=15.59 kips/in.

= J(7.675 in.+10.375 in.)’ +(9.0 in.+9.05 in.)’

o PL I

EEREE -

l
)
:
|
|
:
:

€p

> o
* ®

W12x96 COLUMN

W18x46 BEAM

There’s always a solution in steel

44
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Example of High Seismic Corner
Connection (cont.)

Determination of Interface Forces (cont.): 1\ ) » /
. o —
H, =e, (EJ =10.375 in.(15.59 kips/in.) : -
r | * -~ PLY
_ - ‘ ¢ ’
=162 kips | Hie
Wil
|

H, = a(fj =7.675(15.59 kips/in.) o |lo e
7 % AN e €
=120 kips I 1 DO I T
g ! ¢ e W18x46 BEAM
Y, =162 kips +120 kips =
=282 kips =398(cos 45°) = 281 kips 0.k. due to rounding
There’s always a solution in steel 45

Example of High Seismic Corner
Connection (cont.)

Determination of Interface Forces (cont.): 1\ » /
. o !
V.= [3(5] =9.0 in.(15.59 kips/in.) : .
r ‘ - - PLY
_ : w o ’
=141 kips | Te
i -
P . . ‘ -
Vi=e (—j =9.05 in.(15.59 kips/in.) o fiee
r % Y P e,
=141 kips g ("’f‘** ’’’’’ T
. . é( ' L4 W18x46 BEAM
¥, =141 kips +141 kips = 0

v

=282=398 kips(sin 450) =281 kips o.k.due to rounding

There’s always a solution in steel 46
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Example of High Seismic Corner
Connection (cont.)
Exposition of Interface Forces:

i ; Ho=162¢
|
|
|
|

S !v.,=1/¢1 R=50¢

3 [ Hste2 Hete e 28

% |R=s" V=141

§ I W18x46 BEAM

There’s always a solution in steel 47

Example of High Seismic Corner
Connection (cont.)
10.375" o 398K
Exposition of Interface Forces:
e The force, F, is due to the beam ‘ 2"
gravity shear. It will be explained } : -
in the following slides. |
e | pcedniion
1 u + 1 act (;n the shear plate
> | o ¥521 H
I oy N
N i 1 /‘/ | Mg=(28.8")(9.0 in)=259 ¥
! H/fﬂszK i F=288<
\* T 7
| Vyr=tas Jrl ’
| Tb:ﬂﬂ
There’s always a solution in steel 48
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Example of High Seismic Corner
Connection
Ductility of Shear Plate

There’s always a solution in steel 49

Example of High Seismic Corner
Connection (cont.)

Shear Plate Ductility:
AISC 341-10 F2.6(a):
»  “The connection shall be a simple connection meeting the requirements of

AISC Specification Section B3.6(a) where the required rotation is taken to
be 0.025 radians.”

AISC Seismic Design Manual, 2" Edition, page 9-233:
* The simple shear connections of Part 10 of AISC Manual are deemed to
satisfy provision F2.6(a).

» The extended shear plate used here for the gusset-to-column and beam-to-
column connection is from the AISC Manual Part 10.

* Ductility is provided by requiring the plate to yield before the bolts or the
weld fractures.

There’s always a solution in steel 50
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Example of High Seismic Corner
Connection (cont.)
Shear Plate Ductility (cont.): BOLTS BN /Wm/
From AISC Manual Eq. 10-4, p.10-104, e /-
Mmax = - A};C' > PL111;YF
0.90 K_‘ /// PL"/Z SLOT ONTO GUSSET
54 ksi Iy
= (0.785 in”)(172) A e
0.90 e
=8100 kip-in. o
e e 50 KIPS
F E - ——- %Efﬁ"'?&,i,i> W18x46 BEAM|
F, = From AISC Specification Table J3.2 Ipos
J‘\j PL5/8 x 11-5/16 x 33
C’' = From AISC Manual Table 7-7 @ n = 11
There’s always a solution in steel 51

Example of High Seismic Corner
Connection (cont.)
Shear Plate Ductility (cont.): v
From AISC Manual Eq 10-3, p. 10-104, soTs 1o AN '/
) - 6me( . 6(8100 klp-ln) E;A;TES ,::;g,sn y // ,\’: 332 Qii@.
" Fd® 50ksi(33.0in.)’ 7 dnaa
K_‘ / / g SLO":’ ONTO GUSSET
=0.893 in. Y g rE
v
+ 4 //
Therefore, for ductility, the maximum shear :;
plate thickness is 7/8 in., try a 1/2 in. shear oo
plate. ey %ﬁ@ﬂ§£,f,f> —
i +*
+*
B N —
There’s always a solution in steel 52
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Ld [ [
Example of High Seismic Corner
[d
Connection (cont.)
Shear Plate Ductility (cont.): lrizse
Weld Size to Column Web s e LS
D= (%)tp = (%)(050 ln) = %6 " fillets ////l%:«"//prnxmmh @
L //f"' g -
# ‘ /// PLY;
Note: The plate thickness and welds size W/
. +
are tentative. A
// : : 50 KIPS
Mt ——- %EI‘EH_E&____> W18xd6 BEAM|
‘e
+e
J‘\ | PL5/8 x 11-5/16 x 33
There’s always a solution in steel 53

Example of High Seismic Corner
Connection (cont.)
Distribution of Forces (UFM + Effectof R): [ o
The beam reaction acts at the face of the | 21"
column web. | —
| T
R(10.375 in.)= F(18.01 in.) e T
50 kips (10375 in.) b HN
F= - ES \l Ve=141
18.01 in. ‘ Ver=141 ! % o
— 28.8 kips il e
’ P o ‘ // + Me=(28.8)(9.0 in)=259 k"
) R=504 —141K
F increases H, s +1+ e
1 He=162¢) | | IF=288¢ =
F decreases H,, ! T
Vpr=141% | -
F causes a moment, M. | v
There’s always a solution in steel 54
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Example of High Seismic Corner
Connection (cont.) K
. 10375" ! 398"
The moment caused by F is between the ‘ %W
gusset and beam. | /
My =Fp | +|+
= 28.8 kips (9.0 in.) e
= 259 kip-in. . \1 1
e e
% ! /// iR{%K 259 kin
vy He=162¢ SR T [ 3 =
i V,r=141% j_{j;(
b
#l There’s always a solution in steel 55

Example of High Seismic Corner
Connection
Gusset-to-Column

7| There’s always a solution in steel 56
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Gusset-to-Column — Bolt Shear:

W12x96

COLUMN

Example of High Seismic Corner
Connection (cont.)

V. =141 kips
H.+F =162 kips +28.8 kips =191 kips

R =1J(141 kips)’ +(191 kips)’
=238 kips
R 238 kips

n - 10 bolts
= 23.8 kips/bolt < ¢r, = 31.8 kips/bolt o.k.

Voot =

o)

BOLTS:  1"@A32SN
HOLES:  STD 1-1/16°0 / 7 Hss s
PLATES  A572-50 7 7 4 398 KIPS (T)
HSS A500 Yy 312KIPS (C)
C K P
4 PL 1x10,
Z , SLOTONTO GUSSET
7 PLY,
+ 4 7
+ + V4
o
+ ¢
+ ¥
Y +* +
, ey 50 KIPS
K lig @] |BEAMSHEAR | _ wisxs sEAM|
+ 4
+ ¢

PL 5/8 x 11-5/16 x 33

There’s always a solution in steel

57

1, _ 1.50 in.
238 kips 191 kips
[, =187 in.

AISC Specification Eq. J3-6a,
OR, = §1.21.tF, < $2.44dLF,

=39.2 kips/bolt < 58.5 kips/bolt
=39.2 kips/bolt > ¢r, =31.8 kips/bolt o.k.

Gusset-to-Column — Bearing and Tearout of Plate:

Example of High Seismic Corner
Connection (cont.)

\e/
4

=0.75(1.2)[ 1.87in.—0.5(1.06 in.) (0.50 in.) (65 ksi)
<0.75(2.4)(1.0 in.)(0.50 in.) (65 ksi)

,/

1,
15

— |

\\

2384 141

/191

EDGE OF
PLATE

There’s always a solution in steel

58
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Example of High Seismic Corner
Connection (cont.)

Gusset-to-Column— Block Shear — Shear Plate (Vertical Load):

From AISC Specification Eq. J4-5, e ,
BOLTS. 1" @ A325N 4
Ay =[(my=1) 84+ La, |1 R, Dy £5 ) s
2 312 KIPS (C)
=[(2-1)(3.0 in.)+1.50 in.](0.50in.) 7o
TYP
995 in2 -

i

Ant = Agt _(nh - O'S)dholetpl
=225 in”—(2-0.5)(1.125 in.)(0.50 in.)
=141in’

50 KIPS

‘ BEAMSHEAR _ Wi8xd6 BEAM

5
T
YIdee
tree s

PL5/6 x 11-5/16 x 33

There’s always a solution in steel 59

Example of High Seismic Corner
Connection (cont.)

Gusset-to-Column— Block Shear — Shear Plate (Vertical Load) (cont.):

From AISC Specification Eq. J4-5,
Ag =[(n,=1)s,+ La, |1, 5 0
~[(5-1)(3.0in.)+1.50 in.](0.50in.) L
=6.75 in.? L .
< I \ 191K
Ap = A — (1, = 0.5)dyoiet © O
=6.75 in.* —(5-0.5)(1.125 in.)(0.50 in.) OO
=422 in’
/

There’s always a solution in steel 60
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Example of High Seismic Corner
Connection (cont.)
Gusset-to-Column— Block Shear — Shear Plate (Vertical Load) (cont.):
From AISC Specification Eq. J4-5,
R, = ¢[ min{0.6F, 4,,, 0.6F, A, } +U,F, 4, | O O
I 141K
Uy F, 4, =1.0(65 ksi)(1.41 in.” ) = 91.6 kips =
|
0.6F, 4y =0.6(S0 ksi)(6.75in?) =202 kips SR R T
0.6, 4,, = 0.6(65 ksi)(4.22 in) = 165 kips T
Ry, =0.75(165 kips +91.6 kips)
=192 kips >V, =141 kips o.k. w
There’s always a solution in steel 61

Example of High Seismic Corner
Connection (cont.)

Gusset-to-Column— Block Shear — Shear Plate (Horizontal Load):

From AISC Specification Eq. J4-5, Wi
Agt = I:(I’lv - 1) S, + Lev :| tpl FOLES 41D e S wsssissan
e R sy
=[(5-1)(3.0 in.) +1.50 in.](0.50in.) o
=6.75 in? ] -
Ant = Agt - (nv - O-S)dhaletpl L
_ s 2 _ . . *
=6.75 in” —(5-0.5)(1.125 in.)(0.50 in.) RS Jrfffé ]
=4.22in? e

There’s always a solution in steel 62
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Example of High Seismic Corner
Connection (cont.)

Gusset-to-Column— Block Shear — Shear Plate (Horizontal Load) (cont.):

From AISC Specification Eq. J4-5,
A, = [(nh - l)s,Z + Le,,]t,,,
=[(2-1)(3.0 in.)+1.50 in.](0.50in.)
=2.25in?

Anv = Agv _(nh - O'S)dholetpl
=225 in2—(2-0.5)(1.125 in.)(0.50 in.)
=1.41in?

O O

141K
i
)

@)

J

~

:
S
I
A
(
Q

I
}'i\, Jan) .

N \7/
{ 191
A
o O

L '\
Cr-—- -1
N

J

/

/!

There’s always a solution in steel

63

Example of High Seismic Corner
Connection (cont.)

Gusset-to-Column— Block Shear — Shear Plate (Horizontal Load) (cont.):

From AISC Specification Eq. J4-5,
R, = o[ min{0.6F, 4,,, 0.6F, A, } +U,F, A, |

U F, 4, =1.0(65 ksi)(4.22 in* ) = 274 Kips

0.6F, 4, =0.6(50 ksi)(2.25 in*) =675 kips

0.6F, 4, =0.6(65 ksi)(1.41 in* ) = 55.0 kips

ORyy = 0.75(55.0 kips + 274 kips)

T
A )
\T/ N\
! 141K
Ao
/ )
|
1
( — —
J J
T 191K
oS
\‘ J o/
|
e L\ ,,,,,,,
/ /

=247 kips > H, =191 kips o.k.

/!

There’s always a solution in steel

64
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Example of High Seismic Corner
Connection (cont.)

Gusset-to-Column — Block Shear — Shear Plate:
Interaction of vertical and horizontal loading,

v. ¥ ( H. Y (141kips) (191kips ) o O
" - | T . 41
R, ORyg, 192 kips 247 kips ,:\ O
=1.14>1 N.G. .
(T/‘ S, _>191K
A 5/8” minimum shear plate is required. — 1 )
O O
|

There’s always a solution in steel

Example of High Seismic Corner
Connection (cont.)

Gusset-to-Column — Block Shear — Gusset:

3.
12
4 an
The forces on the gusset act as shown. — S -1
5
. . .. WORSTCASE—| 0 O
Only horizontal block shear is a limit state. | oap piIRECTION ‘\’ T
o) N
. [
However, to cover the compression case and [ PN <
gusset at beam bottom flange, consider loads e
towards the edges. OF O
141 Y
F-O-—-0O
There’s always a solution in steel 66
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Example of High Seismic Corner
Connection (cont.)
Gusset-to-Column — Block Shear — Gusset (Vertical Load):
AISC Specification Eq. J4-5, s
Ay =[ (m=1)s3 + Loy ]2, [T [z mm s
=[(2-1)(3.0 in.)+1.75 in.] (0.50in.) 7
=238in’ 1
Ay,t = Agt —(nh - O'S)dholetpl :j
=238 —(2-0.5)(1.125 in.)(0.50 in.) | ||/ *% (e
=1.53in? .
There’s always a solution in steel 67

Example of High Seismic Corner
Connection (cont.)

Gusset-to-Column — Block Shear — Gusset (Vertical Load) (cont.):
AISC Specification Eq. J4-5,

Ay =[(n,=1) s, + Lo, |1, S

0T
=[(5-1)(3.0 in.)+3.00 in.](0.50in.) e
WORSTCASE—| () O
=7.50 in LOADDIRECTION [~ |
”ij‘A C
I %
Ay = Ay (1= 0.5)dyity miﬁ = <
~
_ 02 _(5_ ; i oyo—]
=7.50 in> —(5-0.5)(1.125 in.)(0.50 in.) 14;'( -
=4.97 in’ L-O-—-O
There’s always a solution in steel 68
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Example of High Seismic Corner
Connection (cont.)

Gusset-to-Column — Block Shear — Gusset (Vertical Load) (cont.):
AISC Specification Eq. J4-5,

3u
OR, = ¢[ min{0.6F, 4,,, 0.6F, A} +U,F, A, 14 =N
Uy F, 4, =1.0(65ksi)(1.53in)=99.4kips  onercase. | & ) °
~N O O
LOADDIRECTION [~ |
0.6F, A, =0.6(50 ksi)(7.50 in.* ) = 225 kips Mo
19ﬁ_ ! \,,1‘\ ® —
0.6F, 4,, =0.6(65 ksi)(4.97 in ) =194 kips s
OV o—
Ry, =0.75(194 kips +99.4 kips) s
o=
=220 kips > V. =141 kips o.k. N
There’s always a solution in steel 69

Example of High Seismic Corner
Connection (cont.)

Gusset-to-Column — Block Shear — Gusset (Horizontal Load):

AISC Specification Eq. J4-5, e
Ag =[(n,=1)s,+ Lo ]t R R £
~[(5-1)(3.0 in.)+3.00 in.](0.50in.)
— 7.50 in,2 o s ;towroomo GUSSET
3
:
-
Anr = Agt _(nv - O'S)dholetpl !
=750 in” —(5-0.5)(1.125 in.) (0.50 in)| /|7 33 fetee L
— 493 in’ .

There’s always a solution in steel 70
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Example of High Seismic Corner
Connection (cont.)

Gusset-to-Column — Block Shear — Gusset (Horizontal Load) (cont.):
AISC Specification Eq. J4-5,

Agv = |:(n;, —I)Sh +Leh:|tpl »1%"<3">‘

=[(2-1)(3.0 in.)+1.75 in.](0.50in.) —
) WORSTCASE—. | ) (b

=2.38in. LOADDIRECTION [~ | 3,
o) Yo

[

Ay = Ay —(ny = 0.5)dyut,y miﬁ = =

el

_ 2 _(y_ ; i oyo—I

=2.38in” —(2-0.5)(1.125 in.)(0.50 in.) 14;'( T
=1.53in.2 F-o—<C

There’s always a solution in steel

Example of High Seismic Corner
Connection (cont.)

Gusset-to-Column — Block Shear — Gusset (Horizontal Load) (cont.):
AISC Specification Eq. J4-5,

OR, = o[ min{0.6F, 4, 0.6F, Ay} +UpsF, Ay 3,

——

Uy F, 4, =1.0(65 ksi)(4.93 in.z) =320 kips WORST CASE

LOAD DIRECTION
0.6F, A, =0.6(50 ksi)(2.38 in.” ) = 71.4 kips

.

191 |
0.6F, 4,, = 0.6(65 ksi)(1.53 in” ) = 59.7 kips I

ORyy =0.75(59.7+320 kips)
=285 kips > H. =191 kips o.k.

There’s always a solution in steel
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Example of High Seismic Corner
Connection (cont.)

Gusset-to-Column — Block Shear — Gusset (cont.):
Interaction of vertical and horizontal loading,

3.
Vo Y (H. Y _(141kips ) (191kips ' o
0 ) \ORw ) | 220kips, | 285 kips M
- WORST CASE—._
=0.860<1 o.k. LOAD DIRECTION

191 | !
—~—

#l There’s always a solution in steel

Example of High Seismic Corner
Connection
Beam-to-Column

7| There’s always a solution in steel
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Example of High Seismic Corner
Connection (cont.)

Beam-to-Column Connection: o 281

- - 398
Column Web Shear, {

|

|

281%

V, =141 kips + 141 kips + 50 kips =332 kips

F=28.85//

AISC Specification Eq. J4-3 — Shear Yielding
OR, = $0.60F, A, B (e R W
yarg ‘ - ! 4

= 1.0(0.60)(50 ksi)(33 in.)(2)(0.550 in.) b \ /+R:50K ‘t“:";:ﬁ”“‘“"‘)%g“"
= 1090kips > ¥, =332 kips o.k. s} s J

| V,*=141¢ +J+K

| e

1 \
There’s always a solution in steel 75

Example of High Seismic Corner
Connection (cont.)

10.375"

Beam-to-Column Connection:

Consider the worst case in which V),

|
and R are in the same direction. : +
| +
He=162]
. . T
This will occur for a beam bottom ‘ +
flange gusset or the top flange gusset > ‘l o 4 ;/
> . > Ve*=141 .
of this example with a 312 kips ‘ Recsof bl [PT1200 Feone
. | T
compression force. g | R \#’MF:(ZB 89(9.0 in)=259 "
’ T
. He=162¢ | F=288<
Use the worst case, V), = 141 kips, I B g
L o Vyr=tat i pt
R =50 kips in the same direction | [Votar]|
\ T T
There’s always a solution in steel 76
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Example of High Seismic Corner
Connection (cont.)

Beam-to-Column — Bolt Shear:
V, + R =141 kips + 50.0 kips =191 kips
H.+ F =162 kips + 28.8 kips =191 kips

Ro=\(7s+R) +(H.+FY

— (191 kips)’ + (191 kips)’
=270 kips

R, 270 kips
Apolrs 10 bolts

Yoot =

=27.0 kips/bolt < ¢r, =31.8 kips/bolt o.k.

W12x98

COLUMN
BOLTS. 1@ A325N ey
HOLES'  STD 1-1/16'0 7 3 J tss ssxam
PLATES  AS72.50 VL, 398 KIPS (T)
HSS, A500 PN 312KIPS (C)
C A YR
4 PL 1x10,
4 , SLOTONTO GUSSET
7 PLY,
- ] J
v 7
* ¢ 7
+ 4
+ /6
3
7 4 50KIPS
| e BEAMSHEAR . wisws BEAM|
PL5/8x 11516 x 33

There’s always a solution in steel

77

Example of High Seismic Corner
Connection (cont.)

Beam-to-Column — Beam Web Shear:
AISC Manual Table 3-2,
oV, =195 kips > 191 kips, o.k.

Table 3-2 (continued)
Fy = 50 ksi W-Shapes 2 : Y
Selection by Z,
7o 2] oMy [ B/ 1] ol [BF/S2] &oBF [~ T T Tl b
Shape " [kip-ft | Kip-ft | kip-ft | Kip-ft | Wps | kips | 7 | Kips | kdps
W2x44 | 954 238 | 358 | 143 | 214 |11 | 168 | 445 | 130 | 843|145 | 217
W1 G50 2.0 345 3 114 5.6 1 B59 186
witas | 90.7 [ 226 | 340 [ 138 | 207 [ 068|145 | 456[ 137 | 712 [va0 | 105

Wi2x98
COLUMN

BOLTS.
HOLES
PLATES
HSS,

1" AN
STD 1-1/16"0
A572-50
A500

SN
Y
J
g

J  Hss sxais

TYP

% PL 1x10,
,, SLOT ONTO GUSSET
PLY,

m?\

50 KIPS
BEAM SHEAR

PL5/8 x 115116 x 33

398 KIPS (T)
312KIPS (G)

W18x46 BEAM

There’s always a solution in steel

78
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Example of High Seismic Corner
Connection (cont.)

Beam-to-Column — Bearing and Tearout of Beam Web: 13
Web is critical since: £, =0.360 in. < ¢, = 0.625 in. Al
le = leh \/5 / N
=1.75in~2 EDGEOF = | . <
=247 in. BEAM WEB i
AISC Specification Eq. J3-6a, / N

OR, = §1.211F, < $2.4dtF,
=0.75(1.2)[ 2.47in.-0.5(1.0625 in.) ] (0.360 in.)(65 ksi)
<0.75(2.4)(1.0 in.)(0.360 in.)(65 ksi)

=40.9 kips/bolt < 42.1 kips/bolt
= 40.9 kips/bolt > ¢r, =31.8 kips/bolt o.k.

There’s always a solution in steel 79

Example of High Seismic Corner
Connection (cont.)

Beam-to-Column — Bearing and Tearout of Shear Plate:

These forces do not produce a force acting toward an edge
but consider worst case, compression, bottom gusset, etc. w
Q=0
Note that the vertical force was taken as: I 141K
V,+ R = 141 kips + 50.0 kips = 191 kips o) Xe
= ‘ . |28
. . . . K m
For the compression case with P =312 kips, they will add, | 162 |
but the sum will be smaller. Q O
50¢
. L . O O
Rather than another loading analysis, it is conservative to J
proceed as above; as follows
There’s always a solution in steel 80
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Example of High Seismic Corner
Connection (cont.)

Beam-to-Column — Bearing and Tearout of Shear Plate (cont.):

For a bottom gusset and a compressive brace force the forces will act
toward an edge.

Consider the case shown: OO

|

o 0

~ ‘ K

L 191

\ T) T —
|

O] o
I V191K

O 0

There’s always a solution in steel 31

Example of High Seismic Corner
Connection (cont.)

Beam-to-Column— Bearing and Tearout of Shear Plate (cont.):

Web is critical since: £, =0.360 in. < ¢, =0.625 in. w
le =142
=1.50 in/2 = O O /\ ;
=2.12 in. O &> - o
AISC Specification Eq. J3-6a, *L%‘

OR, = §1.211F, < $2.Ad1F,
=0.75(1.2)[ 2.12 in. - 0.5(1.0625 in.) |(0.625 in.)(65 ksi)
<0.75(2.4)(1.0 in.)(0.625 in.)(65 ksi)

= 58.1 kips/bolt < 73.1 kips/bolt
= 58.1kips/bolt > ¢r, =31.8 kips/bolt o.k.

There’s always a solution in steel 82
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Example of High Seismic Corner
Connection (cont.)

Beam-to-Column — Block Shear — Shear Plate (Vertical Load):
AISC Specification Eq. J4-5, e

Ay = |:(nh —I)S;, + Leh:|t ol —
=[(2-1)(3.0 in.) +1.50 in.](0.6251in.)
=2.81in?

HSS 5x5x3/8
398 KIPS (T)
312KIPS (€)

[

tebeo i vreee

Anr = Agt _(nh - O'S)dholetpl
=2.81in2—(2-0.5)(1.125 in.)(0.625 in.) | (-~
=1.76 in?

N
P ey
+4

There’s always a solution in steel 3

Example of High Seismic Corner
Connection (cont.)
Beam-to-Column — Block Shear — Shear Plate (Vertical Load) (cont.):
AISC Specification Eq. J4-5, w
A, = [(nv - l)sv + Lev]t[,,
=[(5-1)(3.0in.)+1.50 in.](0.625n.) SO
_ ‘2 O
=8.44 in. = ? o
?
Anv = Agv _(nv - O'S)dholetpl <> O
=844 in’ —(5-0.5)(1.125 in.)(0.625 in.) - Yyo1K
., OO
=5.27 in. H
There’s always a solution in steel 34
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AISC Specification Eq. J4-5,

Example of High Seismic Corner
Connection (cont.)

Beam-to-Column — Block Shear — Shear Plate (Vertical Load) (cont.):

OR, = ¢[ min{0.6F, 4,,, 0.6F, Ay, } + U, F, A,
Q=0
Uy F, 4, =1.0(65 ksi)(1.76 in* ) =114 kips C‘> .
0.6F, Ag, = 0.6(50 ksi)(8.44 in.” ) = 253 kips e ”‘? L
|
0.6F, 4,, =0.6(65 ksi)(5.27 in.” ) = 206 kips oo
R AEI
ORy,, = 0.75(206 kips+114 kips) o O
=240 kips >V, =191 kips o.k.
There’s always a solution in steel 85

AISC Specification Eq. J4-5,
Ay = [(nv —l)sv +L€V]t,,1
=[(5-1)(3.0in.)+1.50 in. |(0.625in.)
=8.44 in”

Anr = Agt _(nv - O'S)dholetpl
=844 in” —(5-0.5)(1.125 in.)(0.625 in.)
=527 in?

W12x98
COLUMN

BOLTS
HOLES:

HSS

PLATES

nf?\

N\
W’i tee e
TN

Example of High Seismic Corner
Connection (cont.)

Beam-to-Column — Block Shear — Shear Plate (Horizontal Load):

10 A32SN S

STD 1-1/16°0 J tssssxais
R872.50 398 KIPS (T)
As00 312 KIPS ()

PL Y2y x12+x,

L

Y% PL 1x10,
/ oy, SLOTONTO GUSSET

50 KIPS
AM SHE
L [PEAMSHEAR  _ wisxsseaM

PL5/8x 11516 x 33

There’s always a solution in steel

86

| Copyright © 2014
American Institute of Steel Construction

43



AISC Night School Bracing Connections and Related Topics
Session 5: Corner Connection Part 2
UPDATED: October 29, 2014

October 27, 2014

Connection (cont.)

AISC Specification Eq. J4-5,

Example of High Seismic Corner

Beam-to-Column — Block Shear — Shear Plate (Horizontal Load) (cont.):

Ag =[(m =)y + Ly 1,
=[(2-1)(3.0 in.) +1.50 in.|(0.6251in.)
=2.81in’

Anv = Agv _(nh - O'S)dholetpl
= 2.81in2 —(2-0.5)(1.125 in.)(0.625 in.)
=1.76 in’

/!

>—-0-0
e

—
N

N
/

OO
O

191K
——

There’s always a solution in steel

87

Connection (cont.)

AISC Specification Eq. J4-5,

Example of High Seismic Corner

Beam-to-Column — Block Shear — Shear Plate (Horizontal Load) (cont.):

OR, = ¢[ min{0.6F, 4,,, 0.6F, A, } +U,F, 4,

Uy F, 4, =1.0(65 ksi)(5.27 in* ) = 343 kips

0.6F, 4,, = 0.6(65 ksi)(1.76 in* ) = 68.6 kips

ORuy: = 0.75(68.6 +343 kips)

0.6F, A, =0.6(50 ksi)(2.81 in.” ) = 84.3 kips -

191K

O

=309 kips > H, =191 kips o.k.

There’s always a solution in steel

88
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Example of High Seismic Corner

Connection (cont.)

Beam-to-Column — Block Shear — Shear Plate (cont.):
Interaction of vertical and horizontal loading,

v. ¥ (H. Y (191kips) (191kips )
+ = ; + 3 N O
DRy, ORyy, 240 kips 309 kips % C
=1.02>1 N.G.—Trya PL¥% Q O
= ‘ 191K
. Qe
0.625 in. |
1.02| ————— | =0.705<1o.k.
[ 0.75 in. j Q10
R AEI
O O
Ductility: ¢,,,x =0.734 in.<0.893 in. o.k. ‘
There’s always a solution in steel 89

Example of High Seismic Corner

Connection (cont.)

Beam-to-Column — Block Shear — Beam Web: ...

COLUMN

1"9 A325N
STD 1-1/16"0
A572.50
A500

J  Hss sxais
398 KIPS (T)
312KIPS (C)

\— PL ¥px27ly x12+x,
v

7 PL 1x10,
4 ,, SLOT ONTO GUSSET
PLY,

AISC Specification Eq. J4-5, e
Ay = (nV — 1) Syt Eggé
=(5—l)(3.0 in.)(0.360in.) -
=432 in? >
b
p
Anr = Ag _(nv - 1)dholetw Wl
=432 in? —(5-1)(1.125 in.)(0.36 in.) | [} 1%
=2.70 in

50 KIPS
o |eEAMSHEAR | J \wisxs eEAM|

PL5/8 x 115116 x 33

There’s always a solution in steel
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Example of High Seismic Corner
Connection (cont.)

Beam-to-Column — Block Shear — Beam Web (cont.):
AISC Specification Eq. J4-5,

Ag =2[(my=1)s, + Lo, |1, QQA
=2[(2-1)(3.0 in.)+1.75 in.](0.3601in.) . me
=342 in’ o | 5"% =y
Ay = Ay =2(my = 0.5)dyit, - ??f
=3.42 in* ~2(2-0.5)(1.125 in.)(0.360 in.) R
=220 in? & s

There’s always a solution in steel 91

Example of High Seismic Corner
Connection (cont.)

Beam-to-Column — Block Shear — Beam Web (cont.):
AISC Specification Eq. J4-5,

A — 1

OR, = ¢[ min{0.6F, 4,,, 0.6F, A, } +U,F, 4, | ooy
Uy F, 4, =1.0(65 ksi)(2.70 in* ) =176 kips O 6“’%
191K L&

0.6F, 4, =0.6(50 ksi)(3.42 in?) =103 kips | ?jt e
o O—
0.6F, 4,, = 0.6(65 ksi)(2.20 in ) = 85.8 kips N :f

ORy,, =0.75(85.8 kips +176 kips) 13
4 3"

=196 kips > H. =191 kips o.k.

There’s always a solution in steel 9
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Example of High Seismic Corner
Connection
Gusset-to-Beam

| There’s always a solution in steel 93

Example of High Seismic Corner
Connection (cont.)
10.375" o8¢
Gusset-to-Beam Connection — Weld:
Shear: H, + F =120kips + 28.8 kips 281"
=149 kips | =
Normal: V¥, =141 kips ‘ N
Moment: M =28.8 kips(9.0 in.) | -
— 259 kip-in. oo ?;E
| 1?5!5’;‘2 B =Y
Equivalent normal force, ‘ X =(26.8(9.0 in)=259 "
aM § ‘ / iRjE?B Vbi’lﬂiias oo
Né' = V + u ‘ /; K| ! K
b eld 1* He=162 J‘FI ‘ F=288" = _
4(259 kip-in. R v i
~141 kips+(—m | i
21.8 in. ‘
=189 kips
There’s always a solution in steel 04
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Example of High Seismic Corner
Connection (cont.)
Gusset-to-Beam Connection — Weld Wiz
(cont): RolEs S 4
R, =[(H, +F)' +N. s /et
. 2 . 2 f///:"l/leL-‘/ 27, x12+
= \/(149 kips)” + (189 kips) v
. K—_ﬁ / / ;::01;18’“'() GUSSET
=241 kips = // u,
. o
0=tan"| e |—tan"! m b4 ,//
H,+F 149 kips o] et '
=3175 e
n=1.0+0.50 sin"* . RO + ——————— T
=1.0+0.50 sin'*51.75° e —
=1.35 R
There’s always a solution in steel 95

Example of High Seismic Corner
Connection (cont.)

Gusset-to-Beam Connection — Weld (cont.):
1.25R,
" 1392011,y (2 lines)
B 1.25(241 kips)
1.392(1 .35)(21.8 in.)(2 lines)
=3.68 sixteenths - Use Y4 in. fillet welds for 15.0 in.

req

Due to block on beam, weld single sided in this section.
3.68 sixteenths (2) = 7.36 sixteenths - Use1/2 in. fillet welds for 6.75 in.

There’s always a solution in steel 9%
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Example of High Seismic Corner
Connection (cont.)

Gusset-to-Beam Connection — Gusset Checks:
AISC Specification Eq. J4-3 — Shear Yielding <

OR, = $0.60F, 4,, o / vsssan
=1.0 (0.60)(50 ksi) (().50 in.) (2 1.8 in.)
=327kips > H, + F =149 kips o.k. [ R o, BéfSocen

+ . 4
* o 7
+
AISC Specification Eq. J4-1 — Tension Yielding + ¥ |
= A

¢RVI (I)F:V Ag p L R __t_:_ _____ %QE"_E“L____> W1gxds BEAM|
=O.90(50 ksi)(O.SO in.)(21.8 in.) P4
=490kips > N, =189 kips o.k. e

There’s always a solution in steel 97

398 KIPS (T)
312 KIPS (C)

Example of High Seismic Corner
Connection (cont.)

Gusset-to-Beam Connection — Beam Checks:
AISC Specification Eq. J10-3 — Web Local Yielding

OR, = OF,t, (2.5k+1,)
=1.0(50 ksi)(0.360 in.)[ 2.5(1.01 in.)+21.8 in. |
=438kips > N, =189 kips o.k.

AISC Specification Eq. J10-4 — Web Local Crippling

1.5
OR, = 0.80¢, [ns(éj{&] } EF,.t;
d )\ ty

i in.\* | |2 ksi(50 ksi)(0.605 in.
:¢0.80(0.360)2[1+3[21.8 m.j(0.360 1n.] N 9,000 ksi (50 ksi)(0.605 in.)

18.11in. /{ 0.605 in. 0.360 in.
=323kips > N, =189 kips o.k.

There’s always a solution in steel 08

49



AISC Night School
October 27, 2014

e

Bracing Connections and Related Topics
Session 5: Corner Connection Part 2
UPDATED: October 29, 2014

Example of High Seismic Corner
Connection (cont.)

HSS 5x5x3/8
398 KIPS (T)
312 KIPS (C)

3 3 . W12x96 BOLTS:  1"@A325N
Flllal DeSlgIl. COLUMN HOLES:  STD 1-1/16'0
PLATES:  A572-50
0

HSS:

5
x NN\
=7 NG
32 "
e \
s
%
»
3
&
B
¥
R

oS
o
o
S
o
g
E
3
°
2
&
2
i
ot

4@3"

FLANGE: BLOCK
1]\ 15 AND CHIP FLUSH

3

:é\az 3
[ SITF

33"
3

B

BEAM SHEAR W18x46 BEAM

T T3 |50KPS
AETANET)

PL 3/4 x 11-5/16 X 33

There’s always a solution in steel 99

Summary

There’s always a solution in steel 100
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Summary

for a High Seismic condition
* Uniform Force Method — Special Case IV

* Special Concentrically Braced Frame
— Required Brace Tension Strength per AISC 341-10
— Required Brace Compressive Strength per AISC 341-10

— Required Rotational Capacity of the Connection

» Example of a Corner vertical bracing connection was reviewed

— Accommodation for Brace Buckling, in this example, Hinge Plate Design

There’s always a solution in steel

101

There’s always a solution in steel

Copyright © 2014
American Institute of Steel Construction

51



AISC Night School
October 27, 2014

Bracing Connections and Related Topics
Session 5: Corner Connection Part 2
UPDATED: October 29, 2014

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!

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.
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8-Session Registrants

CEU/PDH Certificates

One certificate will be issued at the conclusion of
all 8 sessions.

8-Session Registrants

Access to the quiz: Information for accessing the quiz will be emailed to you by
Thursday. 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

*CEUSs/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.
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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 two 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.

Thank You

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