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C In\leg ht School

Today’s live webinar will begin shortly. Please stand by.

Today’s audio will be broadcast through the internet. Please be sure to turn
up the volume on your speakers.

Please type any questions or comments in the Q&A window.

C In\leg ht School

AlA Credit

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

This program has been submitted for 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 © 2022
American Institute of Steel Construction



AISC Night School Bracing Connections and Related Topics
April 26, 2022 Session 4: Corner Connection Wind and Low-seismic

C Rﬁg ht School

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 2022

The information presented herein is based on recognized engineering principles and is for general
information only. While it is believed to be accurate, this information should not be applied to any specific
application without competent professional examination and verification by a licensed professional
engineer. Anyone making use of this information assumes all liability arising from such use.

C Rﬁg ht School

Course Description

Vertical Bracing Connections

Vertical Bracing Corner Connection — Wind and Low-seismic
April 26, 2022

The various steps and methodologies used for bracing connection design will be highlighted as the
presenter works through a design example. Practical design tips will be discussed as well as
addressing common design challenges.
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AISC Night School

April 26, 2022

( AISC
Night School
Learning Objectives
Determine forces in a corner connection using the Uniform Force Method.

List the limit states that must be reviewed for the design of bracing connections.

Describe the bracing connection design process through the presentation of a design example.

Eall S

Determine gusset plate dimensions based on the type of corner connection.

Night School 28: Vertical Bracing

Connections

Session 4: Vertical Bracing Corner Connection — Wind and Low-
seismic

April 26, 2022

William A. Thornton, corporate consultant to Cives Steel

7y

&r 2 : Smarter.

i % : Stronger.
: 9

e : Steel.
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AISC Night School Bracing Connections and Related Topics
April 26, 2022 Session 4: Corner Connection Wind and Low-seismic

Bracing Connections and
Related Topics

By: William Thornton

Course Outline

Basic Principles
Uniform Force Method Part 1
Bracing Connection Details and Prying Action

Vertical Bracing Corner Connection — Wind and
Low-seismic

Uniform Force Method Part 2

Vertical Bracing Corner Connection — Seismic
Chevron Gussets Connection

Other Connection Topics and Case Study

b=

o =N oW
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AISC Night School Bracing Connections and Related Topics
April 26, 2022 Session 4: Corner Connection Wind and Low-seismic

Session Outline

* Example of VB Corner Connection in Wind
and Low-Seismic Systems
— Begin with the brace-to-gusset design

— Determine gusset dimensions based on brace-
to-gusset connection

— Check gusset-to-column connection
— Check gusset-to-beam connection

— Check beam-to-column connection

Example of VB Corner Connection
(PartI) in Wind and Low-Seismic
d

W16x57 BEAM
I I
Lev, ﬂ,,\
Typ. 1s, Typ.
! 1
RS e e
.
L 0 ')\’l - Liyeid - €
L—a
I
| ——
\\
| - . N
b N " GUSSET
‘ n \ (F, = 36 ksi)
i il
iy
I
I

W12x65 COL

N/ SLOPE
-

A N\ =
N
R
ec Py=+£75 kips
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AISC Night School Bracing Connections and Related Topics
April 26, 2022 Session 4: Corner Connection Wind and Low-seismic

Example of VB Corner Connection
(PartI) in Wind and Low-Seismic

Given:
1. AISC 15t Edition, ASD
2. Beam-to-Column and Gusset-to-Column: n = 4
3. L,.;;= 20 in. min. (gusset to beam) with ’4” min. weld
4. %, dia. ASTM F3125 Gr. A325-N, STD holes, UNO

5. Double L4x4x3/8” Gr. 36 angles, horizontal SSLT with
L,,=1.25 in. minimum and bolt spacing, s = 3 in.

6. Brace force, P, = +75 kips with slope = 43.6°, 0 = 46.4°
7.3/8” Gusset PL (A36), F), = 36 ksi
8. WT and W Shapes ASTM A992, F, = 50 ksi

Example VB Corner Connection, I
Brace-to-Gusset (cont.)
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AISC Night School Bracing Connections and Related Topics
April 26, 2022 Session 4: Corner Connection Wind and Low-seismic

Example VB Corner Connection, I
Brace-to-Gusset (cont.)

The example will begin with designing the N ,
brace-to-gusset connection. This will help ol | ﬁm =
set the geometry of the gusset. RUE I
K =
a. Determine the number of bolts required 0. I _ & e,,]
to attach the brace to the gusset = -
b. Check gross and net tension and block ] r cuss
shear for the brace ' o
c. Check bolt bearing and tearout of brace |3 T
and gusset £ .
d. Check block shear and Whitmore =

e Pa= =75 Kips

tension and buckling for the gusset

Example VB Corner Connection, I
Brace-to-Gusset (cont.)

Brace-to-Gusset — Bolt Shear: N
W16x57 BEAM
AISC Manual Table 7-1 e IE
|
1
I
-

Qs,Typ.

R,/Q = nr,/Q (single shear) Ty,
= 8x11.9 kips/bolt o
—95.2 kips > 75 kips 0.k. oo - ]

=~

Table 7-1 gl
Available Shear I
Strength of Bolts, kips —

GUSSET
(Fy =36 ksi)

Mominal Bolt Disenater, d, in, o il T 1

Wominl Bl Aves, in 0307 e [T [
Foull| e . )
ASTME | Theead | sy | e |Leas- | 50| O | W2
Desig. | Gond i et

i |% N
ASD | LAFD ASD | LRFD LRFDI gs"af_i':_p:r'n W0 | Lrn N/
R K TV Pz ]| oo \/\ — A
oy L 0 [ E6] 20 PSR o6 ARG ani AR Aid ec Po==75 Kips
i Enil o>: 18 T oo
1 ] 4 i |

£ Mo | =] P

W12x65 COL
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AISC Night School Bracing Connections and Related Topics
April 26, 2022 Session 4: Corner Connection Wind and Low-seismic

Example VB Corner Connection, I
Brace-to-Gusset (cont.)

Brace-to-Gusset — WT Gross Tension: " | WiersT BEAM
AISC Specification Eq. J4-1 o — ‘
& — F;’Ag r - g
Q Q 9 ‘, - Lo e,,]
(50 ksi)(6.56 in*)
1.67
=196 kips > 75 kips o.k.

GUSSET
(F, = 36 ksi)

W12x65 COL

Net Tension

* The determination of the net section strength
must account for
— the area reduction due to the holes
— shear lag effects

* The width of the holes 1s (d, + 1/16 1n.) for
standard holes and bolts less than 1.0 in. in
diameter. For bolts > 1.0 in dia., width of hole
is (d, + 1/8 mn.) — Spec. section J3.2

* The shear lag factor, U, is computed using
Table D3.1.
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Bracing Connections and Related Topics
Session 4: Corner Connection Wind and Low-seismic

TABLE D34

Shear Lag Factors for Connections
to Tension Members
mant | ShoarLag Facior,
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TABLE D31
Shear Lag Factors for Connections
1o Tension Members
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AISC Night School Bracing Connections and Related Topics
April 26, 2022 Session 4: Corner Connection Wind and Low-seismic

Net Tension
Determination of x

21

Example VB Corner Connection, I
Brace-to-Gusset (cont.)

Brace-to-Gusset — WT Net Tension: N
AISC Specification Eq. J4-2 e =
|
1
I
[

x=1.13 in.
I=s(n-1)=@3in)4-1)=9in. R
U=1-x/1=1-(1.13 in./9 in.) = 0.874 el | =F— ]

=~

GUSSET

To simplify calculations: (F, = 36 ksi)

For % in. dia. bolts with STD holes,
d,="1/,¢in. and
(d,+1,41n) = 13/, in. + /4 in.) = % in.

|
'
|
|

W12x65 COL

SLOPE

N
ec Pa= =75 Kips

22
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AISC Night School Bracing Connections and Related Topics
April 26, 2022 Session 4: Corner Connection Wind and Low-seismic

Example VB Corner Connection, I
Brace-to-Gusset (cont.)

Brace-to-Gusset — WT Net Tension (cont.): "
A,= U4, — t,(# lines)(d, + /5 in.)] Ly ﬁK”BEAM
ol
=0.874[6.56 in.2 - (0.575in.)2)(%in)] | ™ t [ |
:485 in.2 f’IH* fffffffff -
o M. | L e
%L A
Q Q 7'% N B (Gl:?isi*]?ksi)
(65 ksi)(4.85in.*) Il
= . 2
= 158 kips > 75 kips o.k. : 1 R
L4 Pa= %75 kips

23

24

Copyright © 2022
. . ) 12
American Institute of Steel Construction
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Block Shear

-

Net tension
area

25

26
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AISC Night School Bracing Connections and Related Topics
April 26, 2022 Session 4: Corner Connection Wind and Low-seismic

Example VB Corner Connection, I
Brace-to-Gusset (cont.)

Brace-to-Gusset — Block Shear WT: A S
AISC Spec Section J4.3 Block Shear Strength PR |
Q=2.00 ot e
R,=0.6F A +UFA, i S]
<0.6F A, + Uy F A, ===
B I ‘7 k GUSSET
Shear Rupture  =0.6F, A4, i (5, =36k
Shear Yield  =0.6F,A,, ] I
Tension Rupture =F,4,, 2
/ e Pa= 75 kips

U,, = 1.0 for Direct Loaded Connections —

27
Example VB Corner Connection, I
Brace-to-Gusset (cont.)
Brace-to-Gusset — Block Shear WT (cont.): N e
Lgv = Lev + s(n - 1) Lev, | ] i_
~1.5in.+ (3 in)@—1)=10.5 in. MR
1 L,
Ly, =Ly, +s(n—1)—(n—0.5)d,+ Y, in.) R : ]
=1.5in. + (3 in)@d - 1) S AN
—(4-0.5)(%in.) "1 qusser
—7.44 in. 1
Lnt = (bff gage)/2 - (dh + 1/16 111)/2 § ¢ sLorE
= (8.05in. — 5.5 in.)/2 — (% in.)/2 Y s
= 0.838 in.
28
Copyright © 2022 14
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AISC Night School Bracing Connections and Related Topics
April 26, 2022 Session 4: Corner Connection Wind and Low-seismic

Example VB Corner Connection, I
Brace-to-Gusset (cont.)

Brace-to-Gusset — Block Shear WT (cont.): . S
L1
Ay = 2Lty =2(10.5in)(0.575 i R I R
o = 2Lt =2(10.5 in.)(0. in.) ' 1]
=12.08 in2 1 L ]
4,, = 2Lt =2(7.44in.)(0.575 in.) ) .f S N |
=8.56in.2 "L ;;tjisszsi)
= :L
A,y = 2L, t, =2(0.838 in.)(0.575 in.)
= 096 il’l.2 § \/\ SLOPE
- e Pa==75 kips

29
Example VB Corner Connection, I
Brace-to-Gusset (cont.)
Brace-to-Gusset — Block Shear WT (cont.): % G TREAM
0.6(65 ksi)(8.56 in.?) =333.84 kips || = fe o
R, =min | 4
0.6(50 ksi)(12.08 in.* ) = 362.40 kips DL ]
+ [1(65 ksi)(0.96 in.2)] =
= 333.84 kips + 62.4 kips = 396.24 kips a8 S
- (F, =36 ksi)
| :
= :L
R,/Q = (396.24 kips)/2 = 198 kips > 75 kips 0.k. |?
Z \/\ SLOPE
R Pa= =75 Kips
30
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AISC Night School Bracing Connections and Related Topics
April 26, 2022 Session 4: Corner Connection Wind and Low-seismic

Example VB Corner Connection, I
Brace-to-Gusset (cont.)

Brace-to-Gusset — Block Shear Gusset: N S
. .. TLYP*#: ,_ s, Typ
These calculations are similar to the block shear I
check for the WT that was previously shown. SN
0, m L [

The actual calculations will be contained in F—
Appendix 1 which is available with the I

— GUSSET
(F, =36 ksi)

handouts for this session.

W12x65 COL

./ SLOPE
A

ec Pa= =75 kips

31

Bolt

32
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AISC Night School Bracing Connections and Related Topics
April 26, 2022 Session 4: Corner Connection Wind and Low-seismic

Bolt Bearing and Tearout

Bolt Tearout is easier to

understand if you think

about a bolt tearing l TP
through the material as T
shown. t &)

Q

~

There are 2 shear planes;
the strength is therefore: l
P

(2)(0.6)F L)1)
or, 1.2(F,)(L)(®)

33

Bolt Bearing and Tearout

fail as shown, but test results
support the equation in the
Specification.

In reality, the material will —\\W/—

34
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AISC Night School Bracing Connections and Related Topics
April 26, 2022 Session 4: Corner Connection Wind and Low-seismic

Bolt Bearing and Tearout

» For each bolt there are five (5) possible limit
states or failure modes that need to be checked

— Bolt Shear

— Bolt Bearing on the Main Material

— Bolt Bearing on the Connection Material
— Bolt Tearout on the Main Material

— Bolt Tearout on the Connection Material

* Then the sum of the bolt capacities can be
added.

35

Example VB Corner Connection, I
Brace-to-Gusset (cont.)

Brace-to-Gusset — Bolt Bearing/Tearout: N

W16x57 BEAM

R,=24dtF,  AISC Specification Eq.J3-6a || I
R, =12I1F, AISC Specification Eq. J3-6¢ o . e]
AISC Bolt Shear: —
r/Q=11.9 kips

=~

GUSSET
(Fy =36 ksi)

WT Bolt Bearing:

Rpyoowry/Q = 2.4d)t 7, /Q X
=2.4(0.75 in.)(0.575 in.)(65 ksi)/2 - P73 kips
=33.6 kips

W12x65 COL

36
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AISC Night School Bracing Connections and Related Topics
April 26, 2022 Session 4: Corner Connection Wind and Low-seismic

Example VB Corner Connection, I
Brace-to-Gusset (cont.)

Brace-to-Gusset — Bolt Bearing (cont.):
WT Bolt Tear Out (Edge): | MIGEIRE
Ricarewr 5/QR2=12[L,,—(d, ,/D)tf,/Q N
= 1.2[1.5 in. — (13/,4 in.)/2] i

x(0.575 in.)(65 ksi)/2 oo

= 24.5 kips l —

’s,Typ.

S
L
Lo ev e

GUSSET
(F, = 36 ksi)

WT Bolt Tear Out (Center):
Ricariwr /2= 1.2(s = d, )1 47/Q
— 123 in. — 13/, in.)(0.575 in.)
x(65 ksi)/2 . -

W12x65 COL

=49.1 kips

37

Example VB Corner Connection, I
Brace-to-Gusset (cont.)

Brace-to-Gusset — Bolt Bearing (cont.): v S
Plate Bolt Bearing: PR ||
|
{
I
-

’s,Typ.

Rygpo1y/ Q= 2.4d,t F /O e
=2.4(0.75 in.)(0.375 in.)(58 ksi)/2 B ]
=19.6 kips - e '

N L,

GUSSET
(Fy =36 ksi)

=~

I e B

Plate Bolt Tear Out (Edge): r

Ricarpr_ey 2= 1.2[L,,— (d, /D)1, F /Q :
=1.2[1.5 in. — (13/,4 in.)/2]

%(0.375 in.)(58 ksi)/2

= 14.3 kips -

W12x65 COL

Pa= =75 kips

38
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AISC Night School Bracing Connections and Related Topics
April 26, 2022 Session 4: Corner Connection Wind and Low-seismic

Example VB Corner Connection, I
Brace-to-Gusset (cont.)

Brace-to-Gusset — Bolt Bearing (cont.):
Plate Bolt Tear Out (Center):

Ricarpr /2= 1.2(s — dj , )1, F,/Q o

=1.2(3 in. — 13/,4in.)(0.375 in.) NG -

x(58 ksi)/2 g ]

— 28.6 kips l =

W16x57 BEAM

’s,Typ.

GUSSET
(F, = 36 ksi)

Ry topy/ Q2 = min{r,/Q, Ry, owry/ 2, Rigarowr £y€2
Riyrao1)/ 2 Ricarpr ¢/ €2)

=min{11.9 kips, 33.6 kips, 24.5 kips,

19.6 kips, 28.6 kips} V= Ry

W12x65 COL

=11.9 kips

39

Example VB Corner Connection, I
Brace-to-Gusset (cont.)

Brace-to-Gusset — Bolt Bearing (cont.):
R, (centen/$2 = min{r/Q, Ry, oy Ricarewr_cy/€2s =
Riyropry 25 Rigarer, oy 2} T
=min{11.9 kips, 33.6 kips, 49.1 kips, AN
19.6 kips, 28.6 kips} 2
=11.9 kips —

’s,Typ.

Rn(bot)/ Q= min{r,/Q, Rbrg(WT)/ Q, Rtear(WT_C)/ Q,
Rbrg(PL)/Q’ Rtear(PL_E)/(z}>

=min{11.9 kips, 33.6 kips, 49.1 kips,

19.6 kips, 14.3 kips} TR

/~SLOPE
AN
Po= %75 kips

W12x65 COL

= 1 19 klps Rn(bm)

40
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AISC Night School Bracing Connections and Related Topics
April 26, 2022 Session 4: Corner Connection Wind and Low-seismic

Example VB Corner Connection, I
Brace-to-Gusset (cont.)

Brace-to-Gusset — Bolt Bearing (cont.): W e
Total Bolt Strength Lo I
Typ. s, Ty]
R/‘I/Q = [Rn (top)/g2 + (Rn(center)/g)(n - 2) ” J ) IL ) i ji 777777 J
+ R,y b0/ €2](2 lines) N ‘:L . )
=[11.9 kips + (11.9 kips)(4 — 2) =k =
+ 11.9 kips](2) B| .; A 1
=052 klpS >175 klpS o.k. ', % (F, =36 ki)
£ R ]
= ji(top) storr
\/i < Pa= i7\5 kips

41

42
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AISC Night School Bracing Connections and Related Topics
April 26, 2022 Session 4: Corner Connection Wind and Low-seismic

Whitmore Section

.

43

Example VB Corner Connection, I
Brace-to-Gusset (cont.)

Brace-to-Gusset — Whitmore Section of Gusset

Plate: W W16x57 BEAM
Whitmore Compression will control over Tvp ||
Whitmore Tension by inspection.
l = 8.81 in. max

unbraced —

l,=2(l,,tan 30° + gage
=2(9 in.)tan 30° + 5.5 in. min.
=15.9in.

W12x65 COL

L(beam) = length of Whitmore in beam

Pa= =75 kips.

=0 in. from geometrlc layout Reference AISC Manual Part 9 for Whitmore Section

44
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AISC Night School
April 26, 2022

Bracing Connections and Related Topics

Session 4: Corner Connection Wind and Low-seismic

Example VB Corner Connection, I
Brace-to-Gusset (cont.)

Brace-to-Gusset — Whitmore Section of Gusset
Plate (cont.):

lw(gusset) = lw - lw(beam)
=159in.—0in. = 15.9 in.

K =0.5 from AISC’s Design Guide 29 - Chapter 5
Design Examples

KLy pracea 7 = [0.5(8.81 in.)V(12)1/0.375 in.
=407

AISC Manual Table 4-14, F,, g, 36/Q = 19.7 ksi

AISC Manual Table 4-14, F,, g, 50/Q = 26.5 ksi

W12x65 COL

W16x57 BEAM

Qs,Typ.

=~

GUSSET
(F, = 36 ksi)

Pa= =75 kips

45

Example VB Corner Connection, I
Brace-to-Gusset (cont.)

Brace-to-Gusset — Whitmore Section of Gusset
Plate (cont.):

Table 4-14 [continued)
Available Critical Stress for
Compression Members

Fp= 8l Fy= 50 ki
0, | e | Al | Ofr |
sl L L sl
5 [TREDT| e [TABEY| LAFD

M4 2 b1
S M3
'l Ha

Fy = 85 ksl
Folll, | ol | Falily] ofe |

e | e |
n2 al
-4 ]

Bl o0 M3

@) me | o

ol 2

From AISC Design Guide 29: The effective length

factor K has been established as 0.5 by full scale tests
on bracing connections (Gross, 1990). It assumes that
the gusset plate is supported on both connected edges.

(Alternately, see: Dowswell, Bo (2006), “Effective Length Factors for
Gusset Plate Buckling,” AISC Engineering Journal, 2" Qtr.)

Tyb.

W12x65 COL

Loy, | ]

W16x57 BEAM

Qs,Typ.

Pa= =75 kips

46
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AISC Night School Bracing Connections and Related Topics
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Example VB Corner Connection, I
Brace-to-Gusset (cont.)

Brace-to-Gusset — Whitmore Section of Gusset !
Plate (COIlt.): I\’\/16){571}1;'/\M
Typ.
i_ F;r(gusset) F;‘r(beam)
Qc - Qc w(gusset) Qc w(beam)

=(19.7 ksi)(0.375 in.)(15.9 in.)+ 0
=83 kips > 75 kips o.k.

W12x65 COL

Note: for Whitmore tension, use £/ Q in lieu of £,/ Q

ec Pa= =75 Kips

47

Example VB Corner Connection, I
Gusset Forces

48

Copyright © 2022

24
American Institute of Steel Construction



AISC Night School Bracing Connections and Related Topics
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Example VB Corner Connection, I
Gusset Forces
Next, the gusset forces, V,, H,, M,, W o sEAM
V., H_, and M, will be determined ot : - 1t
using the Uniform Force Method. I :‘ 4
I N h ‘
7| :; USS“JETkSi)
§ \/\ c Py= 755:0PE
49
Geometry of UFM
All Parts are in Equilibrium
J‘:_ Rs | a-Btang = ey tang -e; |

He—g

a | Vio P
CONTROL POINT - ‘ /J/ Vep Ro E H
i

/1 [
wpg e :bT w% L

l = /_/ CONTROL POINT [~
U -
Al #=” :
Vb= _r'bP
s,
R-V R €c
[ Ve=7P He=+p

R —
r o) - (e

50
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Example VB Corner Connection, I
Gusset Forces (cont.)

Determine Gusset Forces using UFM: W16x57 BEAM

tan 6 = 1.05 Typ. § ,_ [T
1
I
-

Lo €

e, =dp/2=(16.41n.)/2=8.2 in. 0

T
|

e,=d/2=(12.1in.)/2 = 6.05 in. f
(note: e, = 0.0 in. for connections

GUSSET
(F, = 36 ksi)

into column web, except Special
Case V)

W12x65 COL

ec Pa= =75 Kips

51

Example VB Corner Connection, I
Gusset Forces (cont.)
B = distance to center of gusset-to-column e e
connections —
N
-
From geometric layout, H,,q,,, = 16.875 in. N il T
Place bolts in approximate center of gusset, e L,l “
B=8.51n. Nl = S N
LGIE: B r N\ ;;tjisszsi)
o =e,tand — e, + P tan® I :
= (8.2 in.x1.05) — 6.05 in. g |
+ (85 11’1><105) § N " siorE
\
=11.51n. R Pa= =75 kips
52
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Example VB Corner Connection, I
Gusset Forces (cont.)

Determine Gusset Forces using UFM (cont.): | WG TREAM
~ 1 | P
o =—2 4 ().5in. (setback for angles) e
2 L I <
. "
Z 200 o sin, oy =
=10.51in. min. — does not equal o 5 0 . h cusser
L H : (F, = 36 ksi)
2 2 I
r:\/[(owec) +(B+e,) J 3 m |
= \/[(1 1.5 in. + 6.05 in.)’ +(8.5 in. + 8.2 in.)z] =
e Pa= 75 kips

=242 in.

53
Example VB Corner Connection, I
Gusset Forces (cont.)
Determine Gusset Forces using UFM (cont.): ) W67 BEAM
Lo |
V=P, (e)r) S 1
= (75 kips)(8.2 in./24.2 in.) . L_ L
= 25.4 kips — =
p I | k GUSSET
H, =P, (a/r) : no
= (75 kips)(11.5 in./24.2 in.) o o
=35.6 kips £
: \/\ 4 Py= 7::'01)5
54
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Example VB Corner Connection, I
Gusset Forces (cont.)

M, =V,(a—a) " |
=25.4kips(11.5 in. — 10.5 in.) | [
= 25.4 Kip-in. e

V.= P,(BIr)
=75 kips(8.5 in./24.2 in.)
=26.3 kips

H,=P,(eJr)
=75 kips(6.05 in./24.2 in.)
= 18.8 kips

M, =0 since B =

W12x65 COL

ec Pa= =75 Kips

55

Example VB Corner Connection, I
Gusset-to-Column

56
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Example VB Corner Connection, I

Gusset-to-Column
The gusset-to-column will be designed using P TToiscsr mman
the gusset forces previously determined. . : ,_ -~
a. Check bolts at column flange :: g
b. Check prying of angles and column e 'IL ) L,‘ K
flange —
c. Check bolt bearing and tearout of angles Bi : \ (5 =35 ki)
and column flange I
d. Check gross and net shear and block § —
shear for angles g ! e
e. Check angle welds e Pa=+75 kips

57

Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Bolts: ,
Rb/Q = 2n(}”v/Q) L iﬁxﬂ BEAM

|

I

s

’s,Typ.

=~

Check Shear and Tension: ﬂ{ r = N

=2(4)(11.9 kips) » T
=95.2 kips > V.= 26.3 kips o.k. S

. — a

GUSSET
(Fy =36 ksi)

Vi = V/(21) = 26.3 kips/[(2)(#)]
= 3.29 kips

W12x65 COL

Ty = H.J/(2n) = 18.8 kips/[(2)(4)] Y
=2.35 kips - e Pa= =75 kips

58
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Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Bolts (cont.): y
Check Shear and Tension (cont.): L ﬁ‘” EEAN
|
|
|
s

Typ. i s, Typ.
7d,? J 7o
A4, =—" _— <
4 o
- \2 0, Ly .
3.14(0.75 in.) - R
4 rt X ~

=0.442in”

T
[r

GUSSET
(F, = 36 ksi)

Jov= VoA
=3.29 kips/0.442 in.2 A
=7.44 ksi ec Pa= =75 kips

W12x65 COL

59

Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Bolts (cont.):
Check Shear and Tension (cont.): MiGeTEEa

Loy 1 ,_
|
s

F,,=13F,—QF,f.JF, <F, (Spec]3-3b) |t

= 1.3(90 ksi) — 2(90 ksi)(7.44 ksi)/(54 ksi) :
= 92.2 ksi > 90 ksi, use 90 ksi oo

’s,Typ.

i
T
2l
1 &~
D

AISC Specification TABLE J3.2 8

Nominal Strength of Fasteners and
Threaded Parts, ksi (MPa)

Nominal Shear Strength in
Nominal Tensile Strength, | Bearing-Type Connections,
Description of Fasteners For, ksl (MPa)¥! Fov, ksl (MPa)®

W12x65 COL

AB07 bolts 45 (310) 27 (188)1

Group A (e.g., A325) bolts, ;
when threads are not excluded 90 (620) 54 (372) L—Ce | Pa= =75 kips
from shear planes

60
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Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Bolts (cont.):
Check Shear and Tension (cont.):

F' A

% — gtz (AISC Spec J3-2)
(90 ksi)(0.442 in?)

2

=19.9 kips > T, ,, = 2.35 kips o.k.

W12x65 COL

W16x57 BEAM

’s,Typ.

=~

Lo €
o

=
|
s

T
[r

GUSSET
(F, = 36 ksi)

Pa= =75 kips

61

Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Prying of Angles:
For connections to column webs, there is no
tension force on the angle since H, = 0 kips. For
this example, which is to a column flange,
however:

Ty = H/(2n) = 18.8 kips/[(2)(4)] = 2.35 kips

b=gage/2 —1,/2 1,2

=5.51in./2-0.375in./2 -0.375/2=2.38 in.

b'=b—d/2=
=238 in.—0.75in./2 =2 in.

W12x65 COL

W16x57 BEAM

AN
T
<l
1 =~
S

’s,Typ.

=
|
s

/~SLOPE

AN
Pa= =75 kips

62
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Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Prying of Angles (cont.):
a = [2(angle OSL) + 1, — gage]/2

=[2(4 in.) + 0.375 in. — 5.5 in.]/2 i
= 1.44 in. h ﬁ
v
RN ©
a'=a+dy/2<1.25b+dy2 b
=144 in. +0.75 in/2 < 1.25(2.38 in.) + 0.75 in./2 NN 4
=1.82in.<3.35 in. L
= 1.82 in.

p=>"/a'"=2in./1.82in.=1.10

63

Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Prying of Angles (cont.): N S
p=Ln=115in/4 PR ||
Typ. s, Typ.
—2.88 in. (tributary length per bolt) R I
K =
0 " |l» Eoe e,,]
6=1-d/p=1-0.81251in./2.88 in. | ==
=0.717 o T s b ;
. ;;t}isszsi)
B.=r/Q

=19.9 kips (bolt available tensile
strength from previously)

W12x65 COL

Pa= =75 kips

64
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Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Prying of Angles (cont.): N

W16x57 BEAM

;= [24BL (AISC Manual Eq. 9-26b) MR
P oF anual Eq. 9- 1 J
: -

_[1.67(4)(19.9 kips)(2 in.) e = - ]
- (2.88in.)(58 ksi) = —

. (F, = 36 ksi)
=1.26 in. O

¢t.= minimum thickness of angles to develop
full available tensile strength of bolt with no A
pl'yll’lg R Po==T75 kips

W12x65 COL

65
Example VB Corner Connection, I
Gusset-to-Column (cont.)
Gusset-to-Column — Prying of Angles (cont.): v S
ol (f_c ]2_1 (AISC Manual RS 1T
dA+p)|\ ¢ Eq. 9-28) = :: 4
1 1.26in. =T ]
= -1 .
0.717(1+1.10) [(0.375 in.J } v B <
=6.83 in. ] ]
; \/\ - P_i755:01’£
66
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Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Prying of Angles (cont.): N

W16x57 BEAM

Note: L1
|
I
-

’s,Typ.

When a' <0, this means that the fitting has !
sufficient strength and stiffness to develop the o T
full bolt available tensile strength, L e “
0=1 | N
When 0 < o’ <1, this means that the fitting has
sufficient strength and stiffness to develop the
full bolt available tensile strength, but
insufficient stiffness to prevent prying action,

2 A
Q - [ZLJ (1 +8a ') e Po= %75 kips

c

T
[r

GUSSET
(F, = 36 ksi)

W12x65 COL

(see AISC Manual Eq. 9-27)
67

Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Prying of Angles (cont.): N

W16x57 BEAM

For the example, PR ||
|
1
I
-

’s,Typ.

o' =6.83>1 oy
This means that the angle has insufficient S

strength to develop the full bolt available tensile —
strength. Therefore,

Q=[%T(1+6) B

@
%

T

2l

1 =~
S

¢

W12x65 COL

1.261n.

N2
=[—0'375 m'j (1+40.717in.)

ec Pa= =75 Kips

=0.152

68
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Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Prying of Angles (cont.): N S
The available tensile strength including the Lo 1 —
. . . Typ. i s, Typ.
effects of prying action, 7., is: R I s
=
m
PN . e,
T,=B,0 = (19.9 kips)(0.152) = ]
=3.02 kips > T}, = 2.35 kips o.k. i TR
R (5, 36k
g \/\ SLOPE

ec Pa= =75 Kips

69
Example VB Corner Connection, I
Gusset-to-Column (cont.)
G Column
Gusset-to-Column — Prying of Column Flange: }
For connections to column webs, there is no ‘
tension force on the angle since H,. = 0 kips. For |
this example, which is to a column flange, use the
following criteria: i
.
Determine effective flange width Y
Pey =[p(n—1)+n5+25]/n
(Ref Akbar Tamboli, Handbook of Steel — Yield Lines
Connection Design and Details, 2" Ed.)
p = spacing =3 in. (o2t i
Note: g =a and b=b Somesral Diion 45CE. vl 105
ST3, March 1979)
70
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Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Prying of Column Flange v S
(cont.): PP I
b=(gage—1,.)/2 KR
~(5.5in.-0.39in.)/2= 2.56 in. N Sg]
Ez(bfc - gage)/Z | = '
~(12in.-5.5in.)/2= 3.25 in. pl A Y
v (F, = 36 k)
Py =[p(n=1)+nb+2a]/n | 5
—[(in)@4 - 1)+ (3.14)(2.56 in.) I ¥
r@E2sin4 2 { o

=5.88 in. - G Pa= =75 kips

Note: use 3” max if at top of column

71

Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Prying of Column Flange

(cont.):
Ty = H./(2n) = 18.8 kips/[(2)(4)] = 2.35 kips N
b= gage/2 —1,,/2 SN
=5.5in./2 - 0.39 in./2 = 2.56 in. b
NN
'=b—dy)2= 4

=2.56in.—0.75in./2=2.18 in.

72
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Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Prying of Column Flange

(cont.):

a = min{(b; — gage)/2, a from angle calcs} S
=min{(12 in. — 5.5in.)/2, 1.44 in.} o
= 1.44 in. g N

en b b
a'=a+d/2<125b+d,)2 NN\,
=1.441in. +0.75in./2 < 1.25(2.56 in.) + a\a
0.75 in./2

=1.821in.<3.58 in. Use 1.82 in.

p=b'a'=2.18in./1.82 in. = 1.20

73

Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Prying of Column Flange !
(COIlt.) : I\’\/1(»{57 BEAM
. Lew | 1 [
P = peff: 588 1mn. Typ. I} Q;,Typ_
d=1-d/p=1-0.81251in./5.88 in. i -
=0.862 B = ]

H < .
t = /Q4Bvb (AISC Manual Eq. 9-26b) ’ qusser
PE, L
. \\ £

_[1.67(4)(19.9 kips)(2.18 in.)
_\/ (5.88 in.)(65 ksi) ) sors

=0.871 in. e Pa= 75 kips
-> check available strength of bolt
including the effects of prying action

W12x65 COL
-

74
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Gusset-to-Column (cont.)

Example VB Corner Connection, I

Gusset-to-Column — Prying of Column Flange % R
(cont.): Lo | ¢ —

2 L | Qs,Typ

o] {Et_ ] B 1} (AISC Manual I

- Eq. 9-28 ) |
s(1+p)|\ 1 49-28) S
B 1 0.871in. )" _, =
0.862(1+1.20) | { 0.605 in, pl i1 <

=0.565>0and < 1.0 ] :

g I

:

- use Q:(%J (1+38a.")

c

Pa= =75 kips

75

Gusset-to-Column (cont.)

Gusset-to-Column — Prying of Column Flange

Example VB Corner Connection, I

W12x65 COL
-

T,=B,0 = (19.9 kips)(0.717)
= 14.3 kips > T,,, = 2.35 kips 0.k.

(COIlt.): W W16x57 BEAM
) s s S
0= - (1+5a') I
c ) .
. 2 0 M L.
0.605 in. - &
=| ——— | | 1+(0.862)(0.565 - =
[0.871in.] [1+( )(0:565)] B A
=0.717 "
The available strength of bolt including prying is :

Pa= =75 kips

76
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Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Bolt Bearing: % W16x57 BEAM

R =
|
{
-

’s,Typ.

=~

R, =2.4dtF, AISC Specification Eq. J3-6a .
R =1.2[1F, AISC Specification Eq. J3-6¢ 85

AISC Bolt Shear: p
r/Q =11.9 kips

GUSSET
(F, = 36 ksi)

Column Bolt Bearing:
Rpyrgooty/ Q2 = 2.4d, 1, F,/Q W
=2.4(0.75 in.)(0.605 in.)(65 ksi)/2
=35.4 kips

W12x65 COL

ec Pa= =75 Kips

71

Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Bolt Bearing (cont.): WV A
Column Bolt Tear Out (Center): ot — ,
Yp- | s, Typ.
Rtear(colfC)/Q =1 Z(S - dhiw)thu Q k il Q -
I
- D e,,]

= 1.2(3 in. - 1%/, in.) |

- —1

%(0.605 in.)(65 ksi)/2 —
=51.6 kips p

GUSSET
(Fy =36 ksi)

Angle Bolt Bearing:

R/ =2.4d,1,F,/Q
=2.4(0.75in.)(0.375 in.)(58 ksi)/2 W
=19.6 kips

W12x65 COL

ec Pa= =75 Kips

78
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Example VB Corner Connection, I

Gusset-to-Column (cont.)

Gusset-to-Column — Bolt Bearing (cont.): W Wi GxETBHAR
Angle Bolt Tear Out (Edge): =1 ‘ ?— T
Rtear(LiE)/Q = 12(Lev - th/Z)ta Fu Q I Q v <
=1.2(1.25 in. — 1%/, in./2) 0 ]
x(0.375 in.)(58 ksi)/2 ==
=11.0 kips 5 [N N e
» (F, = 36 ksi)
Angle Bolt Tear Out (Center): a "
Ruwq of/Q=12(s—d, )t,F,/Q
=123 in. — 13/,4in.)(0.375 in.) =)
><(58 ks])/z - - Pa= =75 Kips
= 28.6 kips
79
Example VB Corner Connection, I
Gusset-to-Column (cont.)
Gusset-to-Column — Bolt Bearing (cont.): WV A
R 10py/ €2 = min{r /€, Ry, o1/, Riercol o/ 2 e | ,_ fs
R/ Qs Rigar. o/ 2} :‘ <
=min{11.9 kips, 35.4 kips, 51.6 kips, i L ]
19.6 kips, 28.6 kips} ==
=11.9 kips s GUSSET
» (F, = 36 ksi)
Rn(center)/ Q=min{r,/Q, Rbrg(col)/ Q, Rtear(colfC)/ Q, 3 n
R/ Qs Rigart. o/} £ ,
=min{11.9 kips, 35.4 kips, 51.6 kips, = oo
19.6 kips, 28.6 kips} - - .
=11.9 kips
80
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Example VB Corner Connection, I

Gusset-to-Column (cont.)

Gusset-to-Column — Bolt Bearing (cont.):
Ry oty €2 = min{r, /€, Ry, oco1y/ s Rigareol o €2
Riyrowy/ € Rigar_5y/ €2}
=min{11.9 kips, 35.4 kips, 51.6 kips,
19.6 kips, 11.0 kips}
= 11.0 kips

Total Bolt Strength
R/Q =R, 40p/ 2 + (Rycentery (11 = 2)
+ R, ory/€2](2 lines)
=[11.9 kips + (11.9 kips)(4 — 2)
+ 11.0 kips](2)
- 17, = 26.3 kips o.k.

n(top

=934 kips

W12x65 COL

W16x57 BEAM

’s,Typ.

=
|
s

T
H

=~
‘31.]

GUSSET
(F, = 36 ksi)

Pa= 275 kips

81
Example VB Corner Connection, I
Gusset-to-Column (cont.)
Gusset-to-Column — Angle Gross Shear: !
AISC Specification Eq. J4-3 . ﬁmmm
R, _0.6F 4, S I 1
Q Q P :‘L L e,,]
_0.6(36 ksi)(11.5in.)(0.375 in.) | =
1.5 )
= 124 kips > V, = 26.3 kips o.k. =341
§ \/\ - ’\7\55:01’5
82
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Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Angle Net Shear:
AISC Specification Eq. J4-4

Ly, = L= n(d), yian + 16 n.)
— 115 in. — 4(13, in. + V¢ in.)
=8 in.

R 0.6F A,

Q 0
0.6(58 ksi)(2)(8 in.) (0.375 in.)

2
=104 kips > V, = 26.3 kips o.k.

W12x65 COL

W16x57 BEAM

=
|
s

’s,Typ.

=~

GUSSET
(F, = 36 ksi)

Pa= =75 kips

83

Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Block Shear of Angles
OSL:

Calculations for block shear of angles are
similar to those done in this example for the
WT brace to gusset connection.

The actual calculations will be contained in
Appendix 2 which is available with the
handouts for this session.

W12x65 COL

W16x57 BEAM

’s,Typ.

/~SLOPE
AN
Po= %75 kips

84
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Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Block Shear of Gusset % R
for vertical force (V,): PR |
Typ. s, Typ.
AISC Spec Section J4.3 Block Shear Strength PR 1]
0 " |l» Eoe e,,]
0=2.00 R |j ===
Rn = 06FuA/1v + beFuAnt B 'r-_{ 3 A GUSSET
<0.6F Ay, + UpF A, B
-
Shear Rupture = 0.6F,4,, 2 |
Shear Yield =0.6F 4,, Y store
ec Pa= =75 Kips

Tension Rupture =F, 4, e

U,, = 1.0 for Direct Loaded Connections
85

Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Block Shear of Gusset: % R

Gusset is welded It

’s,Typ.

=

For Shear check: |
L,,=14.25 in. (from geometric layout)
L,=k=3.5in. LI
L, =14.25in. ]
L,=k=3.5in. "

R i

W12x65 COL

/~SLOPE
AN
ec Pa= =75 kips

86
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Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Block Shear of Gusset
(cont.):

Ag = Lyt, = (1425 in.)(0.375 in.)
=5.34in2

Ay = Lyt, = (14.25 in.)(0.375 in.)
=534in?

A, = Lyt,=(3.51n.)(0.375 in.)
=1.311in.2

W12x65 COL

W16x57 BEAM

’s,Typ.

=~

=
|
|
s

Lo €
o -

'

-

GUSSET
(F, = 36 ksi)

Pa= =75 kips

87
Example VB Corner Connection, I
Gusset-to-Column (cont.)
Gusset-to-Column — Block Shear of Gusset WV ——
(cont.): Lo —
0.6(58 ksi)(5.34 in.* ) = 185.83 kips RN B
R =min I <+
0.6(36 ksi)(5.34 in* ) =115.34 kips Y i ]
+[1(58 ksi)(1.31 in.2)] AL
= 115.34 kips + 75.98 kips = 191.32 kips B | (%, =361
W
]
R,/Q = (191.32 kips)/2 N\
=96 kips > V. = 26.3 kips o.k. - fre 7S ks
88
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Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Block Shear of Gusset for WV ——
horizontal force (H): PR |
Typ. s, Typ.
Gusset is welded bLo e
—1q 4
0 ‘, - L. e,,]
For Axial check: |

GUSSET
(F, = 36 ksi)

L, =k=3.5in Bl
L, = 14.25 in. (from geometric layout) L]
L,,=k=3.5in

L, =14.25 in.

i:

W12x65 COL

e Pa= =75 kips

89
Example VB Corner Connection, I
Gusset-to-Column (cont.)
Gusset-to-Column — Block Shear of Gusset % S i6seTREAM
(cont.): PR ||
Typ. I} Q;,Typ.
Ag = Lot,=(3.5in.)(0.375 in.) .| N ]
=1.311in2 | =t
B I;_I‘ . k GUSSET
A,y =Lyt = (3.5n.)(0.375 in.) B | (5,361
=1.311in2 i I
S -
Ay = Lyt, = (14.25 in.)(0.375 in.) N\
=534 in.2 L—Ce | Pa= =75 kips
90
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Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Block Shear of Gusset WV ——
(cont.): Lo | ¢ —
0.6(58 ksi)(1.31 in.” ) = 45.59 kips R B
R, =min S -
0.6(36 ksi)(1.31 in.” ) = 28.30 kips Y ]
+[1(58 ksi)(5.34 in.2)] pl A
=28.30 kips + 309.72 kips = 338.02 kips L ‘\ (=361
W
]
R,/Q = (338.02 kips)/2 =\
ec Pa= =75 Kips

=169 kips > H_ = 18.8 kips o.k. —

91
Example VB Corner Connection, I
Gusset-to-Column (cont.)
Gusset-to-Column — Block Shear of Gusset N e
(cont.): ol | ‘_ -
Unity Check (Sum of Squares): e I
2 2 R =
( 4 J +( A, ] <1.0 B e ]
R, /Q R,/Q w—
263kips ) (18.8kips) i & S5
( 9ék.‘p5] +[16‘9k}psj =0.09<1.0 ok A
ips ips . i
-
= \/\ ‘ : 5:01’5
92
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Example VB Corner Connection, I
Gusset-to-Column (cont.)
Gusset-to-Column — Size Weld: WV ——
‘ [
2 2 Lew | 1 [
P = yp. I s, Typ.
. (HC) +(VL) Typ. i .} Q Typ.
. N\2 . N\2 ! " T
= \/(18.8 kips )™ +(26.3 kips) N e}]
=32.3 kips =
p I[_ GU?S?ET i
0 = tan'!(H,/V,) = tan"! (18.8 kips/26.3 kips) o S
=35.6° a "
[=s(n—1)+2L,, =
ec Pa= =75 Kips
=3 in)4-1)+2(1.251in.) -7
=11.51n.
93
Example VB Corner Connection, I
Gusset-to-Column (cont.)
. AISC Manual
Gusset-to-Column — Size Weld (cont.): Table 8-8 (continued)
_ : Coefficients, C,
kl'=3.5 in. for Eccentricgﬁy If;:::l:d Weld Groups
k=kl/I=3.5in/11.51in.=0.304 Angle = 30°
x=0.057 H . A
a=[(al —xI}/I 1
k
= [4 il’l. _ 0057(1 1.5 1n)]/1 1.5 iIl. 2 0 Jo1 0203 040506 07]08]08]10] 712
0.00 |2.18 |2.70 |3.21 |3.73 |4.24 |4.76 |5.27 |5.78 |6.30 |6.81 |7.33 [8.35
=0.29 013 192 |48 (238 (247 |18 145 [500 [552 |65 [554 (706 |50
028171 [215 |26 [o10 [558 [[06 |15 [s01 349 [oa7 [ob |15
. 030|161 |2.01 |2.49 |2.91 |3.37 |§.83 |4.29 |4.75 |5.21 |5.68 |6.15 |7.11
C = 296 (AISC Manual Table 8-8 Wlth Angle = 300) x [0.000{0.008]0.09]0.056]0.089](.125|0.164[0.204[0.246]0.289] 0.333|0.424
94
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Example VB Corner Connection, I

Gusset-to-Column — Size Weld (cont.):

C,=1.0 for E70 (AISC Manual Table 8-3)

AISC Manual

Gusset-to-Column (cont.)

Table 8-3

Electrode Strength Coefficient, C4

Electrode

Fexx (ksi)

&

E60
E70
E80
E90
E100
E110

0.857
1.00
1.03
1.16
121
134

W12x65 COL

W16x57 BEAM

’s,Typ.

=
|
s

=~
‘31.]

oy
I
'
|
|

GUSSET
(F, = 36 ksi)

\/\
e Pa= %75 kips
95
Example VB Corner Connection, I
Gusset-to-Column (cont.)
Gusset-to-Column — Size Weld (cont.): N e
D,. =P.Q/2CC,L) el LI
Typ. s, Typ.
=323 kips@)((2)2.96)(1.o)(11.5in)) |~ P @ [T
=~
=0.949 <4 (16' of an inch) | . ) ]
14 fillet weld o.k. T '
I ‘_ GUSSET
1, =2(0.928D, . )/[0.6(F,/Q)] o =36k
=2(0.928)(0.949)/[0.6(58 ksi/2)] i I
=0.101 in. <#,=0.375 in. 0.k.
= \/\ '\\SL‘OPE
Note, the above is same as Manual Eq 9-3: - Pum TS Kips
tm=6.19D/F,
96
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Example VB Corner Connection, I
Gusset-to-Column (cont.)

Gusset-to-Column — Size Weld (cont.): v S
If ¢,,,, < t,, no reduction necessary. e IS
Typ. + ] Qs,Typ
»
k i S
I
iy, >0, R (R_jﬂ fp] ol . .
min p° - i S —
Q Q tmin [ o ; N
B GUSSET
" :~ (F, = 36 ksi)
o 5,
8%
| 1,
é - 7(\@J‘
§ /"~ SLOPE
W BN
ec Pa= =75 Kips

97

Example VB Corner Connection, I
Gusset-to-Beam

98
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Example VB Corner Connection, I

Gusset-to-Beam

The gusset-to-beam will be designed f | |psea
by doing the following: . — -
a. Size weld between gusset and beam - 4’ 'iL — “ ! )
b. Check gusset for shear and tension o K st

at weld line 1 Uym3sid
c. Check beam web yielding 3 T

Check local beam web crippling § } one

ec Pa= =75 Kips

99

Design of Fillet Welds

Section J2.4(b) allows the directional strength increase for linear weld groups.
R=F_A,. (AISC Specification Eq. J2-4)

F,,=0.6F;(1.0+0.5sin'30) (AISC Specification Eq. J2-5)

Fpyy = electrode classification number, i.e., minimum specified tensile strength, ksi
0 = angle of loading measured from the weld longitudinal axis, degrees

r
% booer
-

0=0° 0=90°

100
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Design of Fillet Welds

Again, this is more commonly written:

For ASD: R,/Q
For LRFD: ¢R,

0.928(1.0 + 0.5 sin' 3 0)DL
1.392(1.0 + 0.5 sin'0)DL

101

Example VB Corner Connection, I
Gusset-to-Beam (cont.)

Gusset-to-Beam — Size Weld:
fo.=H,/L,,.,=35.6kips/20 in. o
= 1.78 kips/in. R

W16x57 BEAM

Lo €

;= VL= 25.4 Kips/20 in. =
= 1.27 kips/in. —— N

2l

GUSSET
(Fy =36 ksi)

fy = 4Mb/Lweld2
= 4(25.4 kip-in.)/(20 in.)?
= 0.254 kips/in.

W12x65 COL

/~SLOPE
N
ec Pa= =75 Kips

102
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Example VB Corner Connection, I
Gusset-to-Beam (cont.)
Gusset-to-Beam — Size Weld (cont.):
S =LY + (51, )

= J(1.78 Win.)’ +(1.27 /in. +0.254 K/in.)’
= 2.34 kips/in.

1251, =(1.25)G){\/(fx)2 w(f+r) +\/(fx)2 +(/, —f'y)z}

- (1.25)(%)[\/(1.78 K/in.)" +(1.27 K/in.+0.254 k/in.)’

+J(1.78 K/in.)’ +(1.27 K/in.—0.254 in.)’ }

= 2.75 kips/in.

103

Example VB Corner Connection, I
Gusset-to-Beam (cont.)

Gusset-to-Beam — Size Weld (cont.):
0 =tan" (7, + /,)/f)]
= tan’! [(1.27 kips/in. + 0.254 kips/in.)/1.78 kips/in.]
=40.6°

£, = 0.60(F 14,/Q)(0.707D/16)(1.0 + 0.50 sin'5 0)

=0.928D (1.0 + 0.50 sin'5 40.6°)
= 0.928D(1.26)

104
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Example VB Corner Connection, I
Gusset-to-Beam (cont.)

Gusset-to-Beam — Size Weld (cont.): v W16x57 BEAM
Dy = MaX (oo 1.257ing) ! [fy(2 sides)] . : =
= max(2.34 kips/in., 2.75 kips/in.) / [0.928(1.26)(2)] o J
=1.18 <4 (16™ on an inch) o.k. 9‘,1 L., e
(1/4” fillet provided) ==

GUSSET
(F, = 36 ksi)

Also, per AISC Specification Table J2.4, minimum size —:
fillet weld for 3/8” gusset = 3/16” < 1/4” o.k. .

W12x65 COL

ec Pa= =75 Kips

105
Example VB Corner Connection, I
Gusset-to-Beam (cont.)
Gusset-to-Beam — Check Gusset: N o
Shear: L, 1
bintussen = J/L0-6(F /)] TR 1]
= (1.78 kips/in.)/[0.6(36 ksi/1.5)] 0., )
=0.124 in. <1,=0.375 in. 0.k. gl =i '
p Irf‘ g ; GUSSET
Tension: P ‘L (F, = 36 ksi)
tmin(gusset) = (7;+f’})/(Fy/Q) a -
= (1.27 K/in. + 0.254 k/in.) / (36 ksi/1.67) |2
=0.071 in. <7,=0.375 in. o.k. N\
106
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Example VB Corner Connection, I
Gusset-to-Beam (cont.)

Gusset-to-Beam — Beam Web Yielding: v S
P = 2[Mb/(Lweld/2)] + Vb Ler, 1 j i—
|
{
I
.

equival —
= 2[25.4 k-in./(20 in./2)] + 25.4 kips .
= 30.5 kips for full weld length

Qs,Typ.

R,JQ=t(L,pq T 2.5k)(F,/Q) s W
=(0.43 in.)[20 in. + 2.5(1.12 in.)] x (50 ksi/1.5) 7"L
=327 kips > 30.5 kips o.k. I

GUSSET
(F, = 36 ksi)

(7
%,
Py 2

7(‘@ "S5,

W12x65 COL

/~SLOPE
P aN

\
ec Pa= =75 Kips

107

Example VB Corner Connection, I
Gusset-to-Beam (cont.)

Gusset-to-Beam — Local Beam Web Crippling:

P guivar = 30.5 Kips for full weld length (from beam web yielding calcs)
1.5
L t EF t,
0.80¢, [1 +3 (yj{t‘”] ] ;7/ AISC Specification Eq. J10-4
R f w
Q- Q o

16.41n. )| 0.7151n. 0.43 in.

[0.80(0.243 in.)’ {H 3( 20 in. ][ 0.43 in. ]TX J(29,000 ksi)(50 ksi)(0.715 in.)

(1.0)

2
=311 kips > 30.5 kips o.k.

108
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Example VB Corner Connection, I
Beam-to-Column

109

Example VB Corner Connection, I

Beam-to-Column
Finally, the beam-to-column will be VTN 160s7 BEA
designed, checking the beam end as a shear ==
and axially loaded end connection. o P

a. Check bolts at column flange

Lo €

b. Check prying of angles and column = (a
flanges F N
|
|

GUSSET
(Fy =36 ksi)

c. Check bolt bearing and tearout of angles
and column flange

d. Check gross and net section shear and
block shear for angles >

e. Check block shear of beam - P= 275 ips
Check angle welds

W12x65 COL

110
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Example VB Corner Connection, I
Beam-to-Column (cont.)

Beam-to-Column — Forces: N e
v, =25.4 kips Lol
. Typ. ?L 5. Typ. R=42k
R =42 kips i
H T ]
ol m L [
Calculations for this connection (shown in "~ -

example for the gusset to column connection. b

(F, = 36 ksi)

=
yellow) are similar to those done in this < — >
L
|
|
|

The actual calculations will be contained in
Appendix 3 which is available with the
handouts for this session.

W12x65 COL

o e Pa= =75 Kips

111

Vertical Brace Example

If either the gusset-to-column connection or the
beam-to-column cannot be made to work
economically, it may be necessary to change the
force distribution. This can be done by:

a. Changing the dimensions of the gusset plate.

b. Using AV, to change the distribution of the
vertical brace component — Special Case II.

c. Try using Special Case V (Bypass Method)
which will be discussed next week (Session 5)

112
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Economy of Vertical Bracing Connections

Use the Uniform Force Method.
Use W12 or W14 columns as a minimum where possible.

Use W18 beams as a minimum.

Use same depth beams either side of the column when
transfer forces exist.

113

Economy of Vertical Bracing Connections

 Consider net section capacity when sizing brace members.

» Provide actual loads (tension and compression).

114
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Summary

115

Summary

Example of a corner vertical bracing connection
was reviewed for a Wind and Low-Seismic
condition

— Began the example with the brace-to-gusset design

— QGusset dimensions were determined based on the brace-
to-gusset connection

— The gusset-to-column connection including prying action
was checked

— Followed by the gusset-to-beam connection

— Finally, the beam-to-column connection, also including
prying action, was checked

116
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Questions?

Thank you!

CATSRO Smarter.
AISC | Questions €@s Stronger.

e~ : Steel.
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Individual Session Registrants

PDH Certificates

All WFH individuals associated with a group registration will be issued a
certificate.

* Allindividuals attending at your connection: you will receive an email on how
to report their attendance from:

* 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!

8-Session Registrants

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 Friday mornings. www.aisc.org/nightschool -- Click on Current Course Details.

Reasons for quiz

* EEU - You must take all quizzes and the final exam to receive EEU.
* PDHs — If you watch a recorded session, you must pass quiz for PDHs.
* REINFORCEMENT — Reinforce what you learn tonight. Get more out of the course.

Note: If you attend the live presentation, you do not have to take the quizzes
to receive PDHs

8-Session Registrants

Access to the recording

Information for accessing the recording will be emailed to you by Wednesday. The recording will be available
for four weeks. (For 8-session registrants only.) EMAIL COMES FROM NIGHTSCHOOL@AISC.ORG.

PDHs via recording

If you watch a recorded session, you must take and pass the quiz for PDHs.
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8-Session Registrants
Night School Resources

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

8-Session Registrants

Night School Resources
Go to www.aisc.org and sign in.

SR AATAA A

&‘A.A‘ | I | f Fiy
L SEMBLET S5 € 4 4 di,
.| ) A _;‘ Fi'l

Login

USERNAME DON'T HAVE AN ACCOUNT?

PASSWORD
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8-Session Registrants

Night School Resources
Go to www.aisc.org and sign in.

IN THIS SECTION My»“sc

MY PROFILE

EDIT PROFILE

MY PURCHASED DOWNLOADS

VIEW DOWNLOADS

MY COURSE RESOURCES

View online resources for Night School aRd Live Webinar package registrat

VIEW RESOURCES

8-Session Registrants

Night School Resources

145 13 8-Secsion Package-Night School 13 - Design of Industial Buildings

148 14 §-Session Pack jht Schood 14
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8-Session Registrants

Night School Resources

Night School 13: Design of Industrial Buildings

8-SESSION PACKAGE RESOURCES

8-Session Registrants
Night School Resources

* Weekly “quiz and recording” email.

* Weekly updates of the master quiz and attendance record, found at
www.aisc.org/nightschool28. Scroll down to Quiz and Attendance records.

* Updated on Friday mornings.
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8-Session Registrants
Night School Resources

* Webinar connection information

* Reminder email sent out Monday mornings

* Links to handouts also found here

G

& : Smarter.
AISC | Thank you i@% Stronger.

e : Steel.
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