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

C ﬁTg ht School

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

Appendix 1

April 26, 2022 | William A Thornton

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

Brace-to-Gusset — Block Shear Gusset: W S
AISC Spec Section J4.3 Block Shear Strength PR ||

Q=2.00 MR R

- -

Rn = O6FuAnv + UbyFuAnt 9\‘/ I} L e
<0.6F d,,+ U,F,A, " _5 =

Bl N . " GUSSET
Shear Rupture  =0.6F, A4, i (5, =36k
|

Shear Yield =0.6F A,
Tension Rupture = F,4,,

W12x65 COL

U,, = 1.0 for Direct Loaded Connections — Pum T3 ks
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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 (cont.): N e
Lgv =L, ts(n-1) Pl & =
=1.5in.+ (3 in.)(4 - 1) = 10.5 in. S A 1
0, :‘L Lo e,,]
L,=L,+s(n—1)—(n-0.5)d,+in) | =1
=15in.+(3in)4-1) ) .f S— N .
—(4-0.5)("%1n.) o (F, = 36 ksi)
=7.44 in, i :L
L,,=gage —(d,+/,41n.) 5 i " siore
=5.51n. — (% in.) =4.63 in. SN Pu= 75 kips

3
Example VB Corner Connection, I
Brace-to-Gusset (cont.)
Brace-to-Gusset — Block Shear Gusset (cont.): N
W16x57 BEAM
A, =2L, ¢ =2(10.5 in.)(0.375 i s ST
o = 2Lg 1, =2(10.5 in.)(0. in.) I
=7.88in.2 . T ]
/9; |L_ _ B €,
Ay = 2L, 1, = 2(7.44 in.)(0.375 in.) =S AN
=5.58in.? 7|:L &?iszthksi)
o
Ay = Lyt, = (4.63 in)(0.375 in.)
= 174 i .2 § SLOPE
in 2\
L e Pa=+75 kips
4
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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 (cont.): % e TREAM

L
0.6(58ksi)(5.58in.2)=194.18kips] 5 s

Rn = . . : S IL 777777777 T
0.6(36 ksi)(7.88 in.”) =170.21 kips S0 ‘
+ [1(58 ksi)(1.74 in.2)] TP
=170.21 kips + 100.92 kips = 271.13 kips Bl ] N
| (F, =36 ksi)
|

R,/C2=(271.13 kips)/2 = 136 kips = 75 kips o.k.

W12x65 COL

N\
ec Pa= =75 kips

C ﬁTg ht School

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

Appendix 2

April 26, 2022 | William A Thornton
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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
Gusset-to-Column (cont.)

Gusset-to-Column — Block Shear of Angles W A
OSL: L1
Typ. i 5. Typ.
AISC Spec Section J4.3 Block Shear Strength bR 1]
Q=2.00 il ]
0, L. €,
Rn = 06FuAnv + beFuAnt " = =
= 0'6F}Agv + beFuAm gl M 1 ( 3 A GUSSET
7l - N\ (F, = 36 ksi)
Shear Rupture  =0.6F,4,, . : i
Shear Yield =0.6F 4, 2
Tension Rupture = F,A4,, Y store
ec Pa= =75 Kips

U,, = 1.0 for Direct Loaded Connections

7
Example VB Corner Connection, I
Gusset-to-Column (cont.)
Gusset-to-Column — Block Shear of Angles % 1G5 TREAM
OSL (cont.): Lo | ] —
Lgv:Lev+S(n— 1) " ‘ |} QA,TYPI J
=125in. + (3 in)4 - 1)=10.3 in. N ]
L, =L, +s(n—1)—(n—0.5)d,+ " in.) D H T A T
= 125in.+ (3 in)@ - 1) e =30
—(4-0.5)(%in.) i I
~7.19in.
g ! c Pu= 755:‘0PE
8
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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
Gusset-to-Column (cont.)

Gusset-to-Column — Block Shear of Angles

OSL (cont.):
Ly, = L,,= a from prying calcs
= [2(angle OSL) + ¢, — gage]/2
=[2(4in.)+0.375in. — 5.5 in.]/2

AISC Specification

TABLE J3.3
Nominal Hole Dimensions, in.

Hole Dimensions
= 144 in’ Bolt Standard Oversize Short-Slot Long-Slot
Diameter, in. (Dia.) (Dia.) (Width x Length) | (Width x Length)
. e 3he Sfa %6 % Ve Shex 14
L= Ley ~ 0.5(hole length + Yy in.) wo e | ow | | e
= 1,44 in, — 0,5(1 + 1/16 ln.) s She 1 518 x TV‘/a 18116 x 2%
1 18 14 18 x 1%1s 1Va x 242
=0.91 in. 211 d+ 'l d+%he (d+Ys)x (d+ ) | (d+ V) x 2.5d
9
L3
Example VB Corner Connection, I
Gusset-to-Column (cont.)
Gusset-to-Column — Block Shear of Angles v ,
OSL (Cont.): IV\/l()x57l}h/\M
N
»
Ag, = 2Lyt,=2(10.3 in)(0.375 in.) 1 L *e
=7.73 in? = '
A, =2L,t,=2(7.19in.)(0.375 in.)
=5.39in.2
é’
A, =2L,t,=2(0.911in.)(0.375 in.)
=0.68 in.2 - e Po= %75 kips
10
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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.)

Gusset-to-Column — Block Shear of Angles / WIGRST BEAM
OSL (cont.): TL;FJ —
. . . P e
0.6(58 ksi)(5.39 in.* ) =187.57 kips R, S 4
Rn =min oo
0.6(36 ksi)(7.73 in.* ) =166.97 kips oty L
EC— N
+[1(58 ksi)(0.68 in.2)] pl i —
=166.97 kips + 39.44 kips = 206.41 kips 1l e

R,/ =(206.41 kips)/2
=103 kips > I, = 26.3 kips o.k.

W12x65 COL

N\
ec Pa= =75 kips

C ﬁTg ht School

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

Appendix 3

April 26, 2022 | William A Thornton
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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
Beam-to-Column (cont.)

T Table 3-6 (continued)
Maximum Total

. . F, = 50 ksi
Uniform Load, kips
e
W16 W-Shapes
Shape W16x
89 77 67 | 57 D
Design ASD | LRFD | ASD | LRFD | ASD [ LRFD'| ASD | [RFD | ASD | LRFD
7 282 | 423 | 248 |37
8 00 315

9 353 529 | 300 450 233 350 204 307

1 318 477 | 272 409 | 236 355 191 286 167 251

13 [269 | 404 |230 | 346 | 200 | 300 | 161 | 242 | 141 | 212
14 [250 | 375 |214 | 321 | 185 | 279 |150 | 225 |43 | 197 0

5 |2 | 3 |20 | w0 |73 |20 |40 | 210 |22 | s || 0% UDL
16 |218 | 208 |17 | 281 |62 |24a |43 | 1e7 |45 |73 || =0.5(83.8)
17 205 | 309 478 | 265 | 453 | 220 | 123 | 185 |08 |62 |[ =41.9 kips
18 [194 | 202 166 | 250 | 144 | 217 | 116 | 175 [d02 | 153

19 (184 | 276 | 158 | 237 | 187 | 205 | 110 | 166 | 9656 | 1 -
20 175 | 263 | 150 55 | 130 | 195 | 105 | 138 | a1s % | (UDL projects: not
2 | 186 | 250 | 143 | 214 |12 | 186 | 998 | 150 A | 131 | preferred)

2 | 150 | 239 |13 | 205 118 | 177 | 953 | 143 3.5 | 125

24 146 219 | 125 188 | 108 163 87.3 .
25 140 210 | 120 180 | 104 156 83.84 126 73.5 | 110

26 134 202 | 115 173 99.8 | 150 806 | 121 70.6 | 106

Span, ft

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

Beam-to-Column — Forces (cont.): N S
RN =
. Typ. i T,Typ.

V=V F Visopy + Votpon B | i}
= 41.9 kips + 0 kips + 25.4 kips Nhis( v, ]
=67.3 kips = E -

B |[ N ‘ o CU?iET

H= max(HC(bm), Hc(top)+PTF) y 7: (F, = 36 ki)
= max(18.8 kips, 0 kips + 0 kips) | e bot 1l
~ 18.8 kips

\/\ ec Pa= =75 kips.
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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
Beam-to-Column (cont.)
Beam-to-Column — Forces (cont.): v S
Notes: L IS
Typ. [V, [1s, Typ.
1. Distortional forces not considered N l i
. i H =

2. Could.use H = H, 1)~ (H optPTF) if N L i .

checking exact load case e = S
3. Add opposite H, if braces are both in ) .b‘ S N

compression. I :L (F, =36 ks
4. Conservatively, the maximum V will be I

checked with H. However, when the 3 I

bottom brace is in compression, H is a £

tension force at the beam and V;, would Z N

reduce V. e Pu= 75 Kips

15
VB Corner Connection
If exact load case not known:
T vV T p—
H= max(HC(bm), Hc(mp)-irPT F)
Hy o If exact load case is known:
1| H= HC(bot) —(H, C(top)+P TF)
..E,

PTF H
Tl st —— il
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AISC Night School Bracing Connections and Related Topics
April 26, 2022 Session 4: Corner Connection Wind and Low-seismic

VB Corner Connection

/ » Consider if both top and
™™V T . .
bottom braces in compression
due to column shedding

/1N

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

W16x57 BEAM

R,/Q = 2n(r,/Q)
=2(4)(11.9 kips)

Beam-to-Column — Bolts: W [
=95.2 kips > V' = 67.3 kips o.k. I

Check Shear and Tension:
Vi = V./(2n) = 67.3 kips/[(2)(4)]
= 8.41 kips

W12x65 COL

Tyore = H/(Zn) = 18.8 Kips/[(2)(4)]

ec Pa= =75 Kips

= 2.35 kips -

Copyright © 2022
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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
Beam-to-Column (cont.)

Beam-to-Column — Bolts (cont.): WV [ WG TBEAM
Check Shear and Tension (cont.): =t : ,' e
4, =7 : T
9‘,|_, B e,,]
_3.14(0.75 in.)’ R “a =
4 B| I / ) — GUSSET
.2 " N\ (, = 36 ksi)
=0.442in. il ?
=) "
5= Vol 4y £
= 8.41 kips/0.442 in.2 =
. ec Pa= =75 Kips
=19.0 ksi -7
19
Example VB Corner Connection, I
Beam-to-Column (cont.)
Beam-to-Column — Bolts (cont.): WV [ WL6x57 BEAM
Check Shear and Tension (cont.): ot ,' Sy
F',=13F,—QF, f /F,<F, (Specl3-3a) I : J
=1.3(90 ksi)— 2(90 ksi)(19.0 ksi)/(54 ksi) ol L e;,]
=53.7 ksi < 90 ksi, use 53.7 ksi ==
B ; ‘ ‘
AISC Specification o - &?iszhc—rksi)
TABLE J3.2 I
Nominal Strength of Fasteners and 3 M
Threaded Parts, ksi (MPa) 2
I Mominal Shear Strength in | § SLOPE
Mominal Teqsna Strength, Eeanng—Typa_ C = \/\
Description of Fasteners Frg. ksi (MPa)™ Frg, ksi (MPa)™ & Pa= 75 kips
| a307 bans 45 {310)E! | 27 (186} H | - -
Group A (e.g., A325) bolts,
:::‘..5|Ir‘.:::r:i1-\r\:;o1 ancidad 90 {520] 54 {372)
20
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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
Beam-to-Column (cont.)

Beam-to-Column — Bolts (cont.): WV [ =S
Check Shear and Tension (cont.): Lot 1 .' —
yp. * ’s,Typ.
. 4
rn F' A X
5’ = é L (AISC Spec J3-2) AR - ]
(53.7 ksi)(0.442 in?) Dl 1 A T
= 5 7|‘L \L (F, = 36 ksi)
=11.9 kips > T, ,, = 2.35 kips o.k. 2 o
= \/\ SLOPE
e Pa= =75 kips

21

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

W16x57 BEAM

For connections to column webs, there is no Loy 1
tension force on the angle due to the brace forces
since H_ = 0 kips. For this example, which is to a
column flange:

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

Beam-to-Column — Prying of Angles : N [
" 773,Typ.

b=gagel2 —1t,/2 —t,/2
=5.51n./2-0.431in./2 - 0.375/2=2.35 in.

W12x65 COL

b, B b d /2 B \/\ V\/'\\SLOPE
YT Wpe e Pa= =75 kips

=235in.—0.75in./2=1.97 in.

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
Beam-to-Column (cont.)

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

=[2(4in.) +0.43 in. — 5.5 in.]/2 i
=1.47 in. ¥ ﬁ
v
RN ©
a'=a+dy2<125b+d,)2 b
=147 in. +0.75 in./2 \a\ 4
<1.25(2.35in.) +0.75 in./2 U
=1.85in. <331 in.
= 1.85 in.

p=>'/a"=197in./1.85in. = 1.06

23

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

Beam-to-Column — Prying of Angles (cont.): v [ S
, I [ T
p=Ln=115in/4 I
K =
= 2.88 in. (tributary area per bolt) N I . . ]
§=1-d/p=1-08125in.,/2.88 in. s AL
N\ GUSSET
N (F, = 36 ksi)

m
=0.717 o
W

B.=r/Q= 119 kips
(bolt available tensile
strength shown previously) e Pa= %75 Kips

W12x65 COL

24
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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
Beam-to-Column (cont.)

Beam-to-Column — Prying of Angles (cont.): v S

¢ = [24BD (AISC Manual Eq. 9-26b) Rl
; oF anual Eq. 9- N J ]
0, Loy €,

_ [1.67(4)(11.9kips)(1.97 in.) AR
_\/ (2.88in.) (58 ksi) Bl S

=0.968 in. ]

~
|
|
s —u——

2l

GUSSET
(F, = 36 ksi)

¢t.= minimum thickness of angles to develop
full available tensile strength of bolt with no
ec Pa= =75 Kips

prying -

W12x65 COL

25
Example VB Corner Connection, I
Beam-to-Column (cont.)
Beam-to-Column — Prying of Angles (cont.): N [ S
Co Y (AISC Manual oty et
o'= TS (7] -1 Eq. 9-28) | W: J
o 0.968in.) = ]
~0.717(1+1.06)| | 0.375 in. T AN | s
=3.83in. ] B ‘
§ \/\ - P_ﬂ::ops
26
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American Institute of Steel Construction 13



AISC Night School
April 26, 2022

Bracing Connections and Related Topics
Session 4: Corner Connection Wind and Low-seismic

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

Beam-to-Column — Prying of Angles (cont.): A

W16x57 BEAM

Note: Lot
When o' < 0, this means that the fitting has

77 s, Typ.

s —u——

sufficient strength and stiffness to develop the
full bolt available tensile strength, but insufficient
stiffness to prevent prying action,

Q:(f}z(nm ) e

c

W12x65 COL

(See AISC Manual Eq. 9-27)

sufficient strength and stiffness to develop the . T

full bolt available tensile strength, B s e"]
o .

When 0 <o’ < 1, this means that the fitting has B| : qusser

Pa= =75 kips

27

Beam-to-Column (cont.)

W16x57 BEAM

Example VB Corner Connection, I

For the example, Loy ||
o' =3.83>1

This means that the angle has insufficient

strength to develop the full bolt available tensile

Beam-to-Column — Prying of Angles (cont.): N [
" 773,Typ.

strength. Therefore,

Q=[%T(1+6)

¢

W12x65 COL

_(0375in.
0.968 in.

2
] (1+0.717 in.)

=0.258

Pa= =75 kips

28
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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
Beam-to-Column (cont.)

Beam-to-Column — Prying of Angles (cont.): N o
The available tensile strength including the Lo 1 [
effects of prying action, 7, is: ey 11 e
| J
T,=B.0 = (11.9 kips)(0.258) A L»( ]
=3.07 kips > T, = 2.35 kips o.k. i A N
b
g
z N SLOPE

Pa= 275 kips

29

Beam-to-Column — Prying of Angles (cont.):
If prying force, g,, needs to be determined:

5
a=| ||| =] -1
5)| B\t
_( 1 j 2.35kips |( 0.968in. | _,
0.717 )|\ 11.9 kips )| 0.375 in.

=0.441>0and<1.0

(AISC Manual
Eq. 9-25)

Note: When o > 1, the connection is not
adequate.

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

W12x65 COL

W16x57 BEAM

73,Typ.

=~

L €p
F—a .

1] -
N

GUSSET
(Fy =36 ksi)

Pa= %75 kips

30

Copyright © 2022
American Institute of Steel Construction

15



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

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

Beam-to-Column — Prying of Angles (cont.): v S
q,=B,| dap (—] (AISC Manual Eq. 9-24) R | 1% 0e
tc N =
o M Ly e
0.375in.Y’ Q= ]
=11.9kips| (0.717)(0.441)(1.06)] ——— e
P {( )(0:441)( )(0.968in)} pl I .
i GUSSET
7|‘L N\ (F, = 36 ksi)
— 0.599 kips ] 1
B.=T.+q,=2.35Xkips + 0.599 kips =\
e Pa= =75 kips

=2.95 kips < B, = 11.9 kips o.k. e

31
Example VB Corner Connection, I
Beam-to-Column (cont.)
G Column
Beam-to-Column — Prying of Column Flange: i
For connections to column webs, there is no ‘
tension force on the angle due to the brace force |
since H_ = 0 kips. For this example, which is to a
column flange, use the following criteria: i
1
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.) —
a b
(:P:/Iann;d L.J. Morris, f‘Liml( Design o(t
p =spacing =3 in. e oSk v WSS
Note: a=a and b=b )
32
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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
Beam-to-Column (cont.)

Beam-to-Column — Prying of Column Flange N

> = = '- W16x57 BEAM
(cont.): IS
b=(gage-1,.)/2 R
a

(

(5.5in.—0.39 in.)/2 = 2.56 in.
(bﬁ,-_ gage)/Z ~
=(12in.-5.5in.)/2= 3.25in. 6

F - -
N
|
N
- \
| \
|

Py =|:p(n—1)+nl3+25]/n
—[3in)@— 1)+ (3.14)(2.56 in.)
+(2)(3.25 in))/4
=5.88 in. e Pa- =75 ips

Note: use 3” max if at top of column

W12x65 COL

33

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

Beam-to-Column — Prying of Column Flange

(cont.):
T, = H./2n = 18.8 kips/[(2)(4)] = 2.35 kips N
()
b=gage/2 —t,/2 SN
=5.5in/2 - 0.39in./2 = 2.56 in. %y
b
NN
'=b—d)2= 4

=2.56in.—0.75in./2=2.18 in.

34
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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
Beam-to-Column (cont.)

Beam-to-Column — Prying of Column Flange
(cont.):

a = min{(b; — gage)/2, a from angle calcs}

N
=min{(12 in. — 5.5 in.)/2, 1.47 in.}
=1.47 in. o
m % \
b b
a'=a+dy)2<125b+d,2 N
=1.47in.+0.75 in./2 < 1.25(2.56 in.) + a a

0.75 in./2
=1.851in. <3.57 in. Use 1.85 in.

p=>b'/a'"=2.181in/1.851n. =1.18

35

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

Beam-to-Column — Prying of Column Flange

(C()nt.): \/\ I W16x57 BEAM
. Loy
P = peﬁ«: 588 m. Typ. = 73’-1-”’_
6=1-d'/p=1-(0.8125in./5.88 in.) ~ 14 =
=0.862 K e - :., eb]

;= Q4BLb (AISC M. I Eq. 9-26b) p :P 4 GUSSET
¢ pF; anua q. 7- ‘L \ \ (F, =36 ksi)
| N\ N

:\/1'67(4)(11-9kips)(2.18in.)

(5.88in.) (65 ksi)
= 0.673 in. > £, =0.605 in. !

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

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
Beam-to-Column (cont.)

Beam-to-Column — Prying of Column Flange WV Twises? BEAM
(cont.): U IAE
5 Typ. I " 73,Typ.
o'= 1 15 1 (AISC Manual o n J
5(+p)| 1 Eq. 9-28) i N ]
B 1 0.673in. ) _, TN
0.862(1+1.18)| | 0.605 in. LA e
| X :
=0.126>0and < 1.0 —» Eq. 9.33 applies B Iy
= \/\ V\/'\\SLOPE
R Pa= =75 Kips
37
Example VB Corner Connection, I
Beam-to-Column (cont.)
Beam-to-Column — Prying of Column Flange N S
(cont.): . 11—
p 2 Typ. " 73,Typ.
Q:[—J (1+38a) — -
tc p;" c Ly, eb]
2 i —a -
0.605 in. Fa—
- 1+(0.862)(0.126 FloAL
(0673 IHJ I: ( )( )] PO Q GUSSET
PP - \ (F, = 36 ksi)
=0.896 .
W
The available strength of bolt including prying is g i L siore
T.=B.0=(11.9 kips)(0.896) e Pa= 75 Kips
=10.7 kips > T, = 2.35 kips o.k.
38
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AISC Night School
April 26, 2022

Bracing Connections and Related Topics
Session 4: Corner Connection Wind and Low-seismic

Beam-to-Column — Bolt Bearing/Tearout:

R, =2.AdiF,
R, =12L(F,

AISC Specification Eq. J3-6a
AISC Specification Eq. J3-6¢

AISC Bolt Shear:
r/Q=11.9 kips

Column Bolt Bearing:

Rprg(eot/ Q2 = 2.4d), 1, F, 12
=2.4(0.75 in.)(0.605 in.)(65 ksi)/2
=35.4 kips

W12x65 COL

W16x57 BEAM
P

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

73,Typ.

o M Ly

L

=~

‘31.]

GUSSET
(F, = 36 ksi)

Pa= =75 kips

39

Beam-to-Column — Bolt Bearing (cont.):
Column Bolt Tear Out (Center):
Ricarcol cf 2= 1.2(s —d), )i, F, /Q
=123 in.— ¥/ 4in.)
%(0.605 in.)(65 ksi)/2
=51.6 kips

Angle Bolt Bearing:

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

W12x65 COL

W16x57 BEAM
P

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

73,Typ.

=~

‘31.]

GUSSET
(Fy =36 ksi)

Pa= =75 kips

40
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AISC Night School
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Bracing Connections and Related Topics

Session 4: Corner Connection Wind and Low-seismic

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

Beam-to-Column — Bolt Bearing (cont.): WV WL6x57 BEAM
Angle Bolt Tear Out (Edge): = i e T
Rtear(LiE)/Q = 12(Lev - th/Z)ta Fu Q I Q v <
= 1.2(1.25 in. — 3/, in./2) N ]
It i1/
x(0.375 in.)(58 ksi)/2 =
=11.0 kips Bl GUSSET
7| :» (F, = 36 ksi)
Angle Bolt Tear Out (Center): a o
Rtear(LfC)/Q =1 2(S - dhiw)ta Fu /Q %
=123 in. — 13/, in.)(0.375 in.) =)
><(58 ks])/z - - Po==T75 kips
= 28.6 kips
41
Example VB Corner Connection, I
Beam-to-Column (cont.)
Beam-to-Column — Bolt Bearing (cont.): % S i6seTREAM
Ry10py/ 2 = min{r,/Q, Ry o001/, Ricaricot o/ €2 e | s
R/ Qs Rigar. o/ 2} : <
— min{11.9 kips, 35.4 kips, 51.6 kips, ]
19.6 kips, 28.6 kips}
=11.9 kips GUSSET
(F, = 36 ksi)
Rn(center)/ Q=min{r,/Q, Rbrg(col)/ Q, Rtear(colfC)/ Q, 3
R/ Qs Rigart. o/} £ ,
=min{11.9 kips, 35.4 kips, 51.6 kips, =~ L= oo
19.6 kips, 28.6 kips} - - .
=11.9 kips
Iy
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Example VB Corner Connection, I
Beam-to-Column (cont.)

Beam-to-Column — Bolt Bearing (cont.): ,

Rn(bot)/Q = min{r\/Q, Rbrg(col)/Q’ Rtear(col_C)/Q5 Lm.,,, j —
Rbrg(L)/ Q, Rtear(L_E)/ Q} e I Jo o

=min{11.9 kips, 35.4 kips, 51.6 kips, — J

19.6 kips, 11.0 kips} LN ]

W16x57 BEAM
P

= 11.0 kips

GUSSET
(F, = 36 ksi)

Total Bolt Strength
R/ = [R 100/ + (R (centery/ (1 — 2)
+ R, 5o/ 2](2 lines)
=[11.9 kips + (11.9 kips)(4 — 2) s 3 e T
+ 11.0 kips](2)
=93.4 kips > V= 67.3 kips o.k.

n(top

W12x65 COL

43
Example VB Corner Connection, I
Beam-to-Column (cont.)
\/\ W16x57 BEAM
Beam-to-Column — Angle Gross Shear: Lot VR
AISC Specification Eq. J4-3 TorR e 1]
Rn — 06FyAg : e,]
Q O :
_0.6(36 ksi)(11.5 in.)(0.375 in.) 1N\ —
1.5 N \ (F, = 36 ksi)
=124 kips > V = 67.3 kips o.k. 2
= \/\ V\/'\\SLOPE
R Pa= =75 Kips
44
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April 26, 2022 Session 4: Corner Connection Wind and Low-seismic

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

Beam-to-Column — Angle Net Shear: ) | WIeSTBEAM
AISC Specification Eq. J4-4 T T e
L, = Lyy—n(d) yign+ 16 1n.) i =
=11.51in. —4(13/ ¢ in. + 1/, in.) B0 |, 2 S — e;]
=8in. w— -

GUSSET
(F, = 36 ksi)

R, _0.6F,4,
Q Q
_0.6(58 ksi)(2)(8 in.)(0.375 in.)

B V!
=104 kips > V' =67.3 kips o.k.

ec Pa= =75 Kips

45
Example VB Corner Connection, I
Beam-to-Column (cont.)
Beam-to-Column — Block Shear of Angles WV WG TBEAM
OSL: | LL[*
T | M Ts Typ.
AISC Spec Section J4.3 Block Shear Strength " . e il
Q=2.00 1 _‘ ) ]
Rn = 06FMAnv + UbAF nt /
<0.6F A, + Uyl A, ossir
(F, = 36 ksi)
Shear Rupture = 0.6F,4,, B
Shear Yield = 0.6F A,
Tension Rupture = F,A4,, Y X
e Pa= =75 kips
U,, = 1.0 for Direct Loaded Connections
46
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Example VB Corner Connection, I
Beam-to-Column (cont.)

Beam-to-Column — Block Shear of Angles WV WL6x57 BEAM
OSL (cont.): PR LL[*
. . Typ. ﬁ 773,Typ.
Ly =L, +s(n—1)=125in.+(3in)(4-1) o J
=103 in. - ]
? P _ Lo €,
an:Lev—i_S(n* 1)7(n70~5)(dh+ 1/16 11’1) I3| '\’- ~ . k GUSSET
=125in.+(3in.)4-1) L > =36 1a)
- (4-0.5)(7s1n.) . Il
=7.191n. 2
g \/\ SLOPE

ec Pa= =75 Kips

47
L
Example VB Corner Connection, I
Beam-to-Column (cont.)
Beam-to-Column — Block Shear of Angles
OSL (cont.):
. AISC Specification

Ly, = L,,= a from prying calcs
— TABLE J3.3
= +¢ —

[2(an.gle OSL) . tW gage]/z Nominal Hole Dimensions, in.
=[2(41in.) + 0.43 in. — 5.5 in.]/2 —
= 147 in' Bolt Standard Oversize Short-Slot Long-Slot
Diameter, in. (Dia.) (Dia.) (Width x Length) | (Width x Length)
. 2 e 5fa %6 x Ve Shex 14

L= Loy~ 0-3(hole length + 1/ in.) wo e | ow | | e

= 147 in' — 0'5(1 ln + 1/16 ln) s She 118 518 x TV‘/a 5/1g x 2818
1 1 1 1Ye % 1%hs 1/ax 2%
=0.934 in. 217 d+s d+5he (d+Ve)x (d+ %) |  (d+ ) x 2.5d
48
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Bracing Connections and Related Topics
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Example VB Corner Connection, I
Beam-to-Column (cont.)

Beam-to-Column — Block Shear of Angles
OSL (cont.):

Ag = 2Lt,=2(10.3 in)(0.375 in.)
=7.73 in2

A, =2L,t,=2(7.19in.)(0.375 in.)
=539 in.?

A, =2L,t =2(0.934in.)(0.375 in.)
=0.701 in.2

‘/\ W16x57 BEAM
0
Typ. * 7 s, Typ.
=
[
P, B e,,]
- t—a
=
o
~ N
-
B GUSSET
- (F, = 36 ksi)
[ y
™
|
=) M
S
o
N
&
= \/\ SLOPE

Pa= =75 kips

49
Example VB Corner Connection, I
Gusset-to-Column (cont.)
Beam-to-Column — Block Shear of Angles W A
OSL (cont.): Lo, | ] LLH
Typ. 1 1 Typ
0.6(58 ksi)(5.39 in.* ) = 187.57 kips 'BE J
R, =min .
0.6(36 ksi)(7.73 in.* ) =166.97 kips Lo ]
+[1(58 ksi)(0.701 in.2)] s AL
= 166.97 kips + 40.66 kips = 207.63 kips = (5, =361
o
R,/Q = (207.63 kips)/2 ,
=104 kips > "= 67.3 kips o.k. - P73 kips
50
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Bracing Connections and Related Topics

Session 4: Corner Connection Wind and Low-seismic

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

Beam-to-Column — Block Shear of Beam
Web, Axial:
AISC Spec Section J4.3 Block Shear Strength
0=2.00
R,=0.6F,A,,+ UpF A,
<0.6FA,,+ U,F,A,

Shear Rupture  =0.6F,4,,
Shear Yield =0.6F A,,
Tension Rupture = F, 4,

U,, = 1.0 for Direct Loaded Connections

W12x65 COL

W16x57 BEAM

73,Typ.

=~

GUSSET
(F, = 36 ksi)

Pa= =75 kips

51

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

Beam-to-Column — Block Shear of Beam
Web, Axial (cont.):

For Axial check:
L,=k=35in
L, =115 in. (length of angle)
L,,=L,, =3.5 in. (since welded)
L, =Ly =115 in. (since welded)

Note: The beam is checked for axial load
only. Block shear due to shear
load is not applicable since top
flange is not coped.

W12x65 COL

W16x57 BEAM

73,Typ.

Pa= =75 kips

52
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Example VB Corner Connection, I
Beam-to-Column (cont.)

Beam-to-Column — Block Shear of Beam v W LGETREAM
Web (cont.): =
Typ. ﬁ I 73,Typ.
, . : -
Agy = 2L, 1, =2(3.5n.)(0.43 in.) .y N ]
=3.01 in.2 R |
p Ir GUSSET .
A,,=2L, .t =2(3.5in.)(0.43 in.) | (F, =36 ks
=3.01 in.2 B Iy
A, =L,t,=(11.5in.)(0.43 in.) =\
ec Pa= =75 Kips

=4.95in.2 -

53
Example VB Corner Connection, I
Beam-to-Column (cont.)
Beam-to-Column — Block Shear of Beam WV WG TBEAM
Web (cont.): PP ||
Typ. P 15, Typ.
0.6(65 ksi)(3.01 in* ) =117.39 kips : J
R, = B
’ 0.6(50 ksi)(3.01 in* ) =90.30 kips otedy - ]
+ [1(65 ksi)(4.95 in.2)] o AL
=90.30 kips + 321.75 kips = 412.05 kips = (5,361
W
R,/ = (412.05 kips)/2 2
= 206 kips > H = 18.8 kips 0.k. - oo
54
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Example VB Corner Connection, I

Beam-to-Column (cont.)

Beam-to-Column — Size Weld: % Wi6xs7 BEAM
oot
P=~V*+H? TL.vp- ;7‘* ?_ JTop.

. \2 . \2 K i N
= \/(67.3 kips )™ +(18.8 kips) NN i L eb]
=69.9 kips - ‘“a =

p I[ GU?S“ET i
0 = tan'! (H/V) = tan"' (18.8 kips/67.3 kips) o s
=15.6° . i
I=s(n—1)+2L, =\
] ) e Pa= 75 kips
=3 in)4-1)+2(1.251in.) -
=11.5 in.
55
Example VB Corner Connection, I
Beam-to-Column (cont.)
Table 8-8 (continueq) \1SC Manual
y - B Coefficients, C,
Beam-to-Column — Size Weld (cont.): for Eccentrically Loaded Weld Groups
ki=3.5 in.
k=ki/l=3.5in/11.5 in. = 0.304 s
x=0.057 -
a= [(al+XZ) _XZ)]/Z 2 0 |01)02([03|04]05]|06]07 kD.E 09 [10 (12
=[41in. - (0.057)(11.51in)/11.51n. 000 25 Ber o5t (oo [150 |oos [ooo [os [ovo |ror [aae
=029 o7 o ey W o o
0.30 |1.55 |1.95 |2.39[2.82 [3.27 |3}72 |4.18 |4.64 [5.11 [5.58 |6.06 |7.03
C =2.87 (AISC Manual Table 8-8 with
Angle = 15°, round down)
56
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Example VB Corner Connection, I
Beam-to-Column (cont.)

Beam-to-Column — Size Weld (cont.): W =S
C,=1.0 for E70 (AISC Manual Table 8-3) = : ,— -
:‘ 1
AISC Manual Table 8-3 o |‘L . o
Electrode Strength Coefficient, C4 | =

Electrode Fex (ksi) ¢ sl W
GUSSET
E60 60 0857 - (F, =36 ksi)
E70 70 1.00 il !
E80 80 1.03 .
E90 90 1.16 W
E100 100 121 2
E110 110 134 o)
3
&
s \/\ SLOPE
ec Pa= =75 Kips

57
Example VB Corner Connection, I
Beam-to-Column (cont.)
Beam-to-Column — Size Weld (cont.): v S
D, =P.QI2CC,L) L IS
Typ. s, Typ.
= 69.9 kips)/(2)2.87)(1.o)(11.5in)) |~ P Q|
L =~
=2.12 <4 (16% of an inch) | . ]
14 fillet weld o.k. el = '
i = 2(0.928D)/(0.6F,/C2) =361
=2(0.928)(2.12)/[(0.6)(65 ksi/2)] i
=0.202 in. > £, = 0.43 in. o.k.
z \/\ ) \/'\\SL‘OPE
Note, the above is same as Manual Eq 9-3: - Pum TS Kips
t,. =6.19D/F,
58
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Example VB Corner Connection, I
Beam-to-Column (cont.)

Beam-to-Column — Size Weld (cont.):

If ¢,,, < ,, no reduction necessary.

R R t
Ife, >t —‘=(—”] £
! Q Q tmin

W12x65 COL

W16x57 BEAM
P

Pa= =75 kips

59
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