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Copyright Materials Course Description

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. Vertical Bracmg Connections

© The American Institute of Steel Construction 2022 Session 5: Uniform Force Method Part 2—Special Case IV and V
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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.

This session will look at two cases of the uniform force method: Special Case IV, and Special Case
V. A design example will be presented to demonstrate applicability.

Night School 28: Vertical Bracing

Learning Objectives Connections
Session 5: Uniform Force Method Part 2—Special Case IV and V
1. Describe the Uniform Force Method — Special Case IV May 3, 2022
2. Explain the advantages of Special Case IV William A. Thornton, corporate consultant to Cives Steel
3. Describe the Uniform Force Method — Special Case V
4. Explain the advantages of Special Case V

T | Smarter.
i : Stronger.
ames | Steel.
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AISC Night School Vertical Bracing Connections
May 3, 2022 Session 5: Uniform Force Method Part 2—
Special Case IVand V

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 (Special Case IV and V)
Vertical Bracing Corner Connection — Seismic

Vertical Bracing Connections

Chevron Gussets Connection
By: William Thornton, Rafael Sabelli, and Carol Drucker

NN R WD =

Other Connection Topics and Case Study

Session Outline UFM Special Case IV

* Development of the Uniform Force Method Special Case IV & Column
* Development of the Uniform Force Method Special Case V *, j,,qoemw\umn fange

t — v | General notation for forces.
T 0 Fe See free body diagram on
R=F,+R, next two slides.
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Special Case IVand V

UFM Special Case IV

UFM ngugcial Case IV
/J‘g”

v
b
/ " .RG Pt "\~ Gentroid of
. : H,.V{_.Q / ‘C’;anffe‘c‘(’ig:m‘ Free Body Diagram of the gusset
— . / B Ve, R
{ I He. 1 DR Forces Shown
8 |7 .’a/ T TR on the gusset
! / o TN AR
! y
J e 1/ ¢ Beam
N v wp
/ b R [ —
1 He, Q H o a
we = ‘ ¢ Beam =
Ry
: ° /tv\, Mo Forces Shown
| S o S— ; o on the beam
i .
h_& L Free Body Diagram of the beam
€ 'v,, TR’ MB=Rx Y g
v, H|l @ H
{rv Lt )|t sean
Ry R
Free Body Diagram of the Plate b

a
14

(all forces are shown on the plate)

UFM Special Case IV UFM Special Case IV

Derivation of Equations Cont’d.
Gusset
oD Mo'= "R Rk R
EMwp=0= Rdb.— Re(ed+ ) - QB+ Mo =0 e+ f3
0=-Rea—Qf+Mo R
Mo=0f + Rea = Py (—ecev +ec(es + f3)) + Rex
Beam R
o Mo'=——— (~eséh + eeh +ecf) + Reax
SMup=0=—Mo'~ Qes+ Roee + Ro(ec+ a) - RE+ RE ertp
Mo'=—-Qer+Rec+ Reax = fﬂ(e(ﬂ)+Rga =0f+R.a=Mo - QED
)

=-Qer+Rec+ Rea
Using: a — ftan @ = estan 0 — e
Re.
er+ f ;

and Q =
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AISC Night School Vertical Bracing Connections
May 3, 2022 Session 5: Uniform Force Method Part 2—
Special Case IVand V

Example Special Case IV

Given:
1. AISC 15t Edition Manual, LRFD
Example of Vertical Bracing 2. 1 in. diameter ASTM A325-N bolts
Corner Connection 3. STD Holes, 11/8 in. diameter
Special Case 1V 4. Brace Slope = 45°

5. Plate: ASTM A572 Gr. 50, F, = 50 ksi, F,, = 65 ksi
6. HSS : ASTM A500 Gr. C, F, = 50 ksi, F, = 62 ksi

Example Special Case IV Example Special Case IV

€ W12x96 /98 kips (T) Weld (Spec. Section J2.4)

N o, @ Use a '4” fillet weld to keep weld passes to one.
g HSS6x6x% @Rn =0.75(0.6)(FEexx)teln
- Ny D
bl X/ =0.75(0.6)(70 In
‘ii <L | WS Typ, BS ( )( )(16\/5)
}{i / =1.392DIn
f )}5& K% D = no. of 16ths
"o’ oo NS R =50 kips
wF o Ny | ¢ wisxds [ = length
i llee n = no. of welds

20
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AISC Night School
May 3, 2022

Example Special Case IV

Weld cont'd.
dR,=1.392(4)(1)(4) = 398
398
>———=17.9" — use 18" of 1/4" fillet weld
1.392(16)
HSS Wall
dR»=0.9(0.6)(50)(18)(0.581)(4) =1129k>398k —OK

Vertical Bracing Connections
Session 5: Uniform Force Method Part 2—
Special Case IVand V

Example Special Case IV

Gusset Yield and Buckling cont'd.
Whitmore section Kl /7= 0.65x18 J2 =811
Lunimore = (18 tan 30°)(2) + 6 = 26.8in. 0.5
Whitmore falls outside of gusset
lwnimore (available) =8+8+6 =22in.
Yield
@Ry =0.9(1.0)(50)(22)(c) > 398k
tz > 0.4023 — try 1/2" plate
Buckling - Buckling length /s =18in.

From Manual Table 4-14
@Fer=27.5ksi @ K[/ r=82
@Per=(27.5)(0.5)(22) =302k<312k — NG

Example Special Case IV

Try 5/8" plate

kirr =218 1o _eag
0.625
From Manual Table 4-14
¢Fe=33.0ksi@Kl/ r =65

#P. = (33.0)(0.625)(22) = 454k>312k —OK

K =0.65
Example of Corner Connection
Special Case IV
Brace-to-Gusset — Brace Check — Shear Lag:
Effective Area: & Wiz Vs kips (T)
e W // 312 kips (C)
A4,=117in? X, )

Y )
Ay = Ay = 2tuss wantsior

=11.7 in’ -2(0.581 in.)(0.75 in.) TS
=10.80 in? . < [>5i18( Tvp. BS
“ Whitmore—*
(T e N R R
.o
Lo R =50 kips
w»:rg . | wiss
S ) .o

0.625+0.125=0.75"

24
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AISC Night School Vertical Bracing Connections
May 3, 2022 Session 5: Uniform Force Method Part 2—
Special Case IVand V

Example of Corner Connection Example of Corner Connection
Special Case IV Special Case IV

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

A, =UA, = 04875(10.8 in.z)

Brace-to-Gusset — Shear Lag (cont.):
AISC Specification Table D3.1, Case 6,

o B 42BH _(60in) +2(60in)(60in)

4(B+H) 4(6.0in.+6.01in.) 045 in?
=225in. ' :
TABLE D3.1 ) ORn =0.75(62)(9.45)
Shear Lag Factors for Connections
X 2.251n to Tension Members =439k >398k —OK
U=1-—=1-—"— Case Description of Element ‘Shear Lag Factor, U Example
Loom 18.0 in. 6 |Rectanguiar HSS | with a single: R e
B cmze:emnc qusset = B:Z 25}4, =t
=0.875 ’ =B EE
with two side gusset 12H.U-1-F] Py
plates —
25 26
Example of Corner Connection
.
Special Case IV
Determination of Interface Forces — Uniform Force Method (Special Case 1V):
Using the uniform force method (UFM), with a = 8.875 in. (AISC Manual
p. 10-103) take, 20 FY% atine €T
R . K . X usset % in. / 312 kips (C)
e =a+ 30 _ 8875 in.+ 2'“ ! N
. . =10.375 in. T Hesoe

Determination of Interface Forces ; g
The web connection is treated as a flange . // o/ ~wrig{ Ty, BS
connection of an equivalent column at depth of i :}:’e:;f'o';:”ej b
2(10.375 in.) = 20.75 in., that is a W21 column. i .o

i " e e | R=50kips
e = dyeam _ 18.1 in. WP?G/ : : s ] G W18x46
2 2 i .o
=9.05 in. 1
27 28

Copyright © 2022
American Institute of Steel Construction



AISC Night School Vertical Bracing Connections
May 3, 2022 Session 5: Uniform Force Method Part 2—
Special Case IVand V

Example of Corner Connection Example of Corner Connection
Special Case IV Special Case IV

Determination of Interface Forces: Determination of Interface Forces (cont.):
Using the b 1 t i € W12<%6 /393 kips (T) . .
sing the brace to gusset connection as a / 312kips ) Choose the length of the gusset to beam connection such that the centroid of

guide, 5 rows of bolts will be required for

Gusset % in. R

1 ] this connection falls at € Wize6 S o
' ips
the gusset to shear plate connection. i " issonns [ | Gussetshin. R y H2kpe(0)
Strength calculations (not shown) require ; ' ) ;
that there are 2 columns of bolts. i i T HSSBx6x%
) . | wirie{ Tye. BS Remember that a is measured from ;
So choose, i . // !
> i Whitmore the face of the column flange, at ! . (T, BS
B=p=9.0in. i secton _ . bofieel o R
: .o e.=10.375 in. [ o o himors” !
. lee R =50 kips ! ® #| section
Then, o oo < l G W1Bxd6 1
WP .o | .o
—Btan 6 =¢, tanO — f e ", R =50 kips
o —Btan e, tan e, i WP\‘?‘/ E S ’\}.l G W18xd6
a=(9.05 in.+9.0 in.) tan 45°~10.375 in. J ’ (X
=7.675 in. ,
29 30
Example of Corner Connection Example of Corner Connection
o .
Special Case IV Special Case IV
Determination of Interface Forces (cont.):
Length of the gusset to beam connection, Determination of Interface Forces (cont.): Tension Case
ECOLUMN 1.75" " "
Wl 2 . GUSSET e (on+e()2+([3+e,,)2
| € W12<6 /a8 ips 1)
L ¥ . :\/(7A675 in.+10375 in)’ +(9.0 in.+9.05in.)’ - =N 2
" =25.53 in. — HoS6e%
10.375" -3-25":< 7675"
B L= P 395k Fumes
e e P _ ips - T
Ly =21.8 in. S 55 im 15.59 kips/in. .;/Wmmm PN
Distance from beam end to extent of blocking = 1.75 in.+ 3.0 in.+ 2.0 in. =il |
=6.75 in. Aies R=s0kps
Length of weld beyond block = 21.8 in. — 6.75 in. w¥ .. [ @ woas
=15.0in = ‘
31 32
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AISC Night School Vertical Bracing Connections
May 3, 2022 Session 5: Uniform Force Method Part 2—
Special Case IVand V

Example of Corner Connection Example of Corner Connection
Special Case IV Special Case IV

Determination of Interface Forces (cont.): Tension Case Determination of Interface Forces (cont.): Tension Case

H.=e, (ﬁ) =10.375 in.(15.59 kips/in.) V.=p s =9.0 in.(15.59 kips/in.)
r r
?W12x96 //,’//398 Kips (T) - 141 klps

€ W12<6 /a8 ips 1)
Gusset %in. R— R /

Gusset 56 in. B

=162 kips

H,= a(fj =7.675(15.59 kips/in.) resee Vi—e ( P ) —0.05 in.(15.59 kipsin.) S—
r r

[ wrig{ Typ. BS

=120 kips [ rraTie-ee =141 kips

.;/wmunme 2 | .;/wmum.e 2 ‘
secton secton
2 =162 kips +120 kips e %, =141 kips +141 kips e
=282 kips = 398 (cos 45°) I G v =282 =398 kips (sin 45°) b <G
=281 kips —OK due to rounding LX) [ =281 kips —OK due to rounding LX) [
| |
33 34
Example of Corner Connection Example of Corner Connection
. .
Special Case IV Special Case IV
- V=281 kips.
Exposition of Interface Forces: Tension Case g Exposition of Interface Forces: Tension Case Susset o s
* The force, O, is due to the beam gravity shear. y
It is required to move the beam shear R to the
face of the column web.
v ta He= 162 kips
ok Mo=Rf+Rex Ve-tetkod  efe ;’:%:‘E;s K n181 i S .
— Re. B=9in ] : ; @288k Vy= J M:zzs.g(;‘gs):zse Kip-in.
emB £ a=7675in,
R=50kps| /¢ o - o
R= Rg + Ry V,, = 141 Kips| :F;zsé‘:;i 0= 28818 VMD1=4 ;;‘ka\p—m
Q=28.8kips =
o §psoes o1 oR=50kps
=1 s These forces always act in the same A =
% | hdrer | teete I = direction, whether the brace force is Puate ESe
§ R=s0¢ N tension or compression. Beam
g ' Wwiaxas sEAM
35 36
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AISC Night School
May 3, 2022

Vertical Bracing Connections
Session 5: Uniform Force Method Part 2—
Special Case IVand V

Example of Corner Connection
Special Case IV _......

398 kips
2 H=281kips

.o ,
ee
He = 162 kips meqe 3 28:8 kips
. Ve=141 kips.:lo
141k =141 kips
=141 « )
Ve =141 kg bl = 162kips ®/* 4, = 120 kips
! Q=28.8kips =288 kips
B=9in. : ; V=141 ipd Mo = 28.8(0.0) = 259 Kipin.
1 a=7675in.
R =50 kips| /. . Vy = 141 kip
V, = 141 kips| ole

) s
’ lo = 141 kips Mg = 259 kip-in.
_ olofte=162kips Q=288 kips [\
Q=28.8kips =120 Kips
ole .
R E 50 kips b
LR
He=

R =50 kij
162 k0312 Pe J
Q=28.8kips 1 “

efev, =141 kips R =50 kips
e

Plate

Beam

Interface forces for brace tension of 398k

37

Example of Corner Connection

Special Case IV
Distribution of Forces (UFM + Effect of R): Brace Tension

The beam reaction acts at the face of the column web. | e v

398 kips
?“?Z- H =281 kips

s

R(10.375 in) = 0(18.01 in.)
50 kips (10.375 in.)

He =162 kips
18.01 in. - & o= tarkips  VoTHTKRS
Ve= 141 kips| ofe
. He =162 kips
=28.8 kips G=288kps Q=26 8kips
B=9in : ; ind Mg = 28.8(9.0) = 259 kip-in,
Rg:O Ry-R L a=7675
M. Q ﬁ R ij:aU":: 8 M= 141 kips Y R in
0= + Rex b ol oHe= 162 1ips Q=288ki - i
(el Q=288 kips 21
=28.8(9) +0(7.675) o
=25% —in Plate Q7208 | oty = 141 ps R=50kips
.o

Beam

Example of Corner Connection
Special Case IV

& W12-96 /395 Kips (T)
Gusset 3 in. B

W

¥
e
Nll.il
ooy

S0k T :/: /

T HSSExGx%

| il Typ.BS

ole R=50 kips

Y ~= l G W18xd6

WP} oo
/4/1.’.1 = ".

y

Net Interface Forces on Plate (Tension)

39

38
Example of Corner Connection
Special Case IV
& W12-96 /395 kips (T)
o cussetsking
E éw)L /s s
WP%" / S S 259k-in T SQO :ZSBMG
Net Interface Forces on Gusset (Tension)

Copyright © 2022
American Institute of Steel Construction
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AISC Night School
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Example of Corner Connection
Special Case IV

Vi kips (T)

T HSSExGx%

i

i

" N

I N 4

Fee <

J oo . A (

I ool w%vigl Typ. BS

i ool

i

[ sedtor

i e 4%k

P e e R=50kips

4 e ~f— g wisxee
WP} oo

Y otk

Net Interface Forces on Beam (Tension)

Vertical Bracing Connections
Session 5: Uniform Force Method Part 2—
Special Case IVand V

Example of Corner Connection
Special Case IV

H=221kips

312Kips
g \7‘ V=221 kips
/7

.o
. e = 111 kips
Ve= 111 kips| .1. e
¥ Q=288 kips =288 kips
B=9in. ° :( V, =11 kipd Mo = 28.8(9.0) = 259 kip-in.
. 11 kips
. a=7675in

R =50 kips

Vp=111 klp? ’

V, =111 kips
M

Beam

Interface Forces Brace Compression

Example of Corner Connection
Special Case IV
77?Ti6 //mzk.ps((:)
~ i <—§El//wn:r/mre e
””‘ﬁ .E 161k
Net Interface Forces on Plate (Compression)

Copyright © 2022

American Institute of Steel Construction

2
Example of Corner Connection
Special Case IV
7*?Ti6 Gusset%inB /3|2klps(0)
E g p e HSS6x6x%
/ IA\\\ ¢
1568 X ~ya7ad Typ. BS
e
section_65k
S T e o
Net Interface Forces on Gusset (Compression)
44

11



AISC Night School

May 3, 2022

Example of Corner Connection
Special Case IV

€ Wi2<6
us R~ ) /312 kips (C)
R /
i K,
S i
!

~—HSS6x6x%

.
—a7ig{ Ty, BS
oo
0/
161 o | 65/
el R =50 kips
4 <iale - § W18x46
WPLis6k| e ® l
' LR

7

Net Interface Forces on Beam (Compression)
45

Vertical Bracing Connections
Session 5: Uniform Force Method Part 2—
Special Case IVand V

Example of Corner
Connection
Gusset-to-Column

Tholt =

Example of Corner Connection
Special Case IV~ _ ~..

Plate: Gusset-to-Column — Bolt Shear: Table 7-1
Brace Tension H=133k, V=141k

Brace Compression H=156k, V=111k
Tension controls

R=+133+141° =194k

_ R 19 kips
n 10 bolts PR
=19.4 kips/bolt < ¢r, = 31.8 kips/bolt —OK I =_\ o

All bolts see 19.4 kips

47

Copyright © 2022
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Example of Corner Connection
Special Case IV

Plate: Gusset to Column Bearing and Tearout of Plate ¢ wis
AISC Specification J3.10
Tearout grio = 0.75(1.2)(Fu)(l)(te)

Guseal Yo @ o
+

Bearing ¢rps = 0.75(2.4)(Fu)(db)(t:) I bi [
Because of Special Case IV, all bolt groups are i —
. stction
concentrically loaded 1 | ¥ oy
- § Wi

Net Inferface Forces on Plate (Tension)

12



AISC Night School
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Vertical Bracing Connections
Session 5: Uniform Force Method Part 2—
Special Case IVand V

Example of Corner Connection

Special Case IV
The critical bolt is the top right bolt
141 L o
g=tan™ — =46.7" 0 R
133 "
Since 46.7° > 45°, the distance to horizontal |
edge of plate controls 1 | ¥ oy o
: - g wineas
cos¢g = L3 - L= 1.5 - =2.06" MR
le cos43.3 l L
/a1 !
Lk Am
1 < % 19.4k
150t N Net Interface Forces on Plate { Tension)
. »‘ |- Edge of plate

49

Example of Corner Connection
Special Case IV

Tearout

le :le*ldh
2

:2.06—%(1.125) =1.50"

¢ro=0.75(1.2)(65)(1.50)(t») 2 19.4
t,>20.221 — 3/ 8 plate ok, so far
Bearing
droo =0.75(2.4)(65)(1.0)(0.375)
=43.9>19.4k —-OK
3/8 plate ok, so far
Remember, gusset is 5/8 plate

R B0k

Net Inferface Forces on Plate (Tension)

Example of Corner Connection
Special Case IV

§ Wizas

Plate: Gusset-to-Column— Block Shear —
Shear Plate (Vertical Load):
From AISC Specification Section J4.3
Ag =[(m=1)s1+Lay Jtn
=[(2-1)(3.0 in.)+1.50 in.](0.3751n.)
=1.6875 in

R B0k

Ay = Ay —(n,, - O,S)d/,ozetp/

=1.6875 in* —(2-0.5)(1.1875 in.)(0.375 in.)
) Net Interface Forces on Plate {Tension)
=1.019 in.

Copyright © 2022
American Institute of Steel Construction

Example of Corner Connection
Special Case IV

Plate: Gusset-to-Column— Block Shear — Shear Plate (Vertical Load) (cont.):
From AISC Specification Eq. J4-3,

Ag =[(n =1)s, + Lo |ty
=[(5-1)(3.0 in.)+1.50 in.](0.375in.)
=5.0625 in?

141%

133K
An = Ay *(”» - O'S)d/m[etp/
=5.0625 in? —(5-0.5)(1.25 in.)(0.375 in.)

=2.95in? V\




AISC Night School
May 3, 2022

Example of Corner Connection

Special Case IV

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

From AISC Specification Eq. J4-5,
OR, = o[ min {0.6F, 4,,, 0.6F, Ay, } +UpF, A,

UsF, A, =1.0(65 ksi)(1.019 in* ) = 66.2 kips
0.6F, 4, =0.6(50 ksi)(5.0625 in.” ) =152 kips
0.6F, 4,, =0.6(65 ksi)(3.06 in.2) =119 kips

ORys =0.75(119 kips +66.2 kips)

141%

133K

=138 kips<V, =141kips —NG

53

Vertical Bracing Connections
Session 5: Uniform Force Method Part 2—
Special Case IVand V

Example of Corner Connection

Special Case IV

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

Try a 1/2 plate

0.5

@Rosw =134x =179 >141k —OK
0.375

Continue with 1/2 plate

141%

133K

Example of Corner Connection

Special Case IV

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

From AISC Specification Eq. J4-5, .H.'. i
Ay =[(n,=1)s,+ L, ]t 1 :
=[(5-1)(3.0 in.)+1.50 in.](0.50in.) 1 ool

=6.75 in’?

Ay = Ay —(n,— 0.5) )t
=6.75 in —(5-0.5)(1.875 in.)(0.50 in.)

.
=4.08 in.” Net Interface Forces on Plate { Tension)

Copyright © 2022
American Institute of Steel Construction

Example of Corner Connection

Special Case IV

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

From AISC Specification Eq. J4-5,

Ay =[(m=1)s5,+ Ly 10
=[(2-1)(3.0 in.)+1.50 in.](0.50in.)
=225in?

Ay = Ay _("h - O'S)d/mlr'tp/
=2.25in>—(2-0.5)(1.1875 in.)(0.50 in.)
=1.359in’

133K

14



AISC Night School
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Vertical Bracing Connections
Session 5: Uniform Force Method Part 2—

Special Case IVand V

Example of Corner Connection
Special Case IV

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

R, = o[ min {0.6F, 4,,, 0.6F, 4.} +U,.F,A

Uy F, 4, =1.0(65 ksi)(4.08 in? ) =265 kips t

0.6F, 4, =0.6(50 ksi)(2.25 in ) = 67.5 kips 133K

0.6F, 4,, =0.6(65 ksi)(uso in.z): 53.0 kips

ORys =0.75(53.0 kips + 265 kips)
=238 kips > H. =133 kips —OK V\

57

Example of Corner Connection
Special Case IV

Gusset-to-Column — Block Shear — Shear Plate:

Interaction of vertical and horizontal loading,

v. ¥ ( H. Y (141kipsY (133 kips ) .
+ = S|, ! 141
Ry, Ry 179 kips 238 kips 1

=0.93<1 -OK

133K
A 1/2” minimum shear plate is required.

58

Example of Corner Connection
Special CaselIV ...

Gusset: Gusset-to-Column — Block Shear — = 8 S i
The forces on the gusset act as shown. 55 o
e ey e
i e
For Brace Tension: & x_/ ) prem

Only horizontal block shear is a limit state.

The gusset plate is 5/8”. The shear plate has
been checked for this load; therefore, 5/8”
gusset is ok.

Example of Corner Connection
Special Case IV

Gusset: Gusset-to-Column — Block Shear —

The limit state was ok for the /4” plate.
Therefore, 5/8” gusset ok for block shear.

o 3in.
1/un.~1 '——1

Net Interface Forces on Gusset { Tension)

60
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Vertical Bracing Connections
Session 5: Uniform Force Method Part 2—
Special Case IVand V

Example of Corner Connection
Special Case IV
Beam-to-Column

61

Example of Corner Connection
Special Case IV

Plate: Beam-to-Column Connection:
Tension Case:
H=133k V=91k R=161k
Compression Case:
H=156k V=161k R=224k -- Controls
Bearing
gren=0.75(2.4)Fu(ds)(tv)
=0.75(2.4)(65)(1.0)(0.5)
=58.5k > 224k /10=22.4k —OK
Tearout - worst case
@Vio=0.75(1.2)(Fu)(le)(tw)
=0.75(1.2)(65)(1.50 - 0.5(1.125)(0.50)
=274k >22.4k —OK

62

Example of Corner Connection
Special Case IV

Plate: Beam-to-Column Connection:

Block shear is not a limit state for the brace
tension case.

For the brace compression case, block shear
is a limit state for the vertical plate force of
161k and the horizontal force of 156k.

Example of Corner Connection
Special Case IV

Plate: Beam-to-Column — Block Shear:
Vertical force, V=161 kips
Agy =(13.5)(0.5)=6.75 in2
Ayy =6.75-4.5(1.1875)(0.5) = 4.08 in.2
Ay =(4.5-1.5(1.1875))(0.5) =1.36 in2
F, 4, =65(1.36) = 88.4 kips
0.6F, Ag, =0.6(50)(6.75) = 203 kips
0.6F, 4, = 0.6(65)(4.08) =159 kips <
R, =0.75[1.0(88.4)+159 | =186 kips ~ >161kips —OK

Net Interface Forces on Plate (Compression)

Copyright © 2022
American Institute of Steel Construction
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Example of Corner Connection
Special Case IV

Plate: Beam-to-Column — Block Shear:
Horizontal force, H = 156 kips

Fd
S )

Agy = (4~5)(0-5) =2.25in2 i
Ay =2.25-1.5(1.1875)(0.5) =1.36 in? s
A =(13.5-4.5(1.1875))(0.5) = 4.08 in.2 -

F, Ay = 65(4.08) =265 kips

0.6Fy Ay, =0.6(50)(2.25) = 67.5 kips
0.6F, A, = 0.6(65)(1.36) = 53.0 kips
R, =0.75[1.0(265)+53.0] =239 kips ~ >156 kips —OK

Net Interface Forces on Plate (Compression)

Vertical Bracing Connections
Session 5: Uniform Force Method Part 2—
Special Case IVand V

Example of Corner Connection
Special Case IV

Plate: Beam-to-Column — Block Shear:
Interaction

2 2
IV (B8 s »1 -nG
186 239

0.5)
1.18£;J <1
tP

— 1, 20543 in. -- Use a 5/8-in. plate.

LR T
§ Winas

Net Interface Forces on Plate (Compression)

Example of Corner Connection
Special Case IV

Beams: Beam-to-Column — Beam Web Shear: 12 5 ‘/n'nmu::
e S
AISC Manual Table 3-2,
oV, =195 kips > 161 kips, --OK

Table 3-2 (continued) |
Fy =50 ksi W-Shapes 2 x nEISn
Selection by Z,

Av Bk
§ Wik

o o e o o |, | [
‘Shapo K-t Kip-ft | K-t | Kip-R| Kips | Kigs ‘ " [ waes [iaos.
vovss | a2 | 0w || oo [ins | 6s | 6|00 | o6 fus | 2

T | 2 L] 2o L] 71 7 T ] Py

Net Interface Forces on Benm Compressiond

67

Copyright © 2022
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Example of Corner Connection
Special Case IV e TERPO_

Beam: Beam-to-Column — Bearing and Tearout of
Beam Web: Tension

Web is critical since: £, = 0.360 in. <7, =0.50 in.

There is no force acting towards the end of the beam. o HES P
Therefore, tearout does not apply. 2
Shear per bolt:
Ri=133"+91” =161k
o= 1006 14 ot
nvons 10
Bearing:

Bro=0.75(2.4) Fu(ds)(t) yosi] |
=0.75(2.4)(65)(1.0)(0.36)
=48.9k >16.1k —OK

68
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Vertical Bracing Connections
Session 5: Uniform Force Method Part 2—
Special Case IVand V

Example of Corner Connection
Special Case IV

Beam: Beam-to-Column — Bearing and Tearout

Compression controls

V =161kips H =156 kips R =224 kips | e
Shear per bolt - | !

224/10 =22.4 kips  <31.8 kips —OK -
Bearing

or, =0.75(2.4)(65)(1.0)(0.360) !

=42.1kips > 22.4 kips —OK

Tearout X
tanG:(161/156:1.032)~>6:45.9° [,=151n.
cosB = (1,5/1) —>[/=2.16 in. > = 2.1670.5(1.1875) =1.57 in.
or, = 0.75(1.2)(65)(0,360)(1.57) =33.1kips >22.4kips —OK

Example of Corner Connection
Special Case IV

Beam: Beam-to-Column — Web Block Shear
Horizontal force, H = 156 kips

Agy =2(4.5)(0.360) =3.24 in?

Aw =2[4.5-1.5(1.1875)](0.360) = 1.96 in2

Aw =(12-4(1.1875))(0.360) = 2.61 in.2

F, Ay = 65(2.61) =170 kips

0.6F, Ay, =0.6(50)(3.24) = 97.2 kips

0.6F, Ay =0.6(65)(1.96) = 76.4 kips

R, =0.75[1.0(170)+76.4] =185 kips ~ >156 kips —OK

Example of Corner Connection

Special Case IV
e‘yﬁifzzl?n, Plate Section Forces — Tension Case
‘ . 4(263 .
154 ke v o133kips No =228 287 ips
1o | ‘ Ztglg:nkips. . 13.375 . .
o0 [om ¢V, =1.0(0.6)(50)(13.375)(0.625) = 251 kips
26133;:}515{— - >133 kips -- OK
v ON, =0.9(1.0)(50)(13.375)(0.625) = 376 kips
. o1kfyo| | eosin > 78.7 kips -- OK
o1 kips | 133@} 1 133 2 8.7 2
lolo [—j +(—J =032 <1.0 -OK
I 251 376
10%in.
13% in.

Example of Corner Connection

Special Case IV
Mif:ly:l?n, Plate Section Forces — Compression Case
T , 4(218) _
|of2 V =156 kips N, =———==65.2 kips
111 4ips | !+ ST 13.375
iigee| | oin oV, =1.0(0.6)(50)(13.375)(0.625) = 251 kips
NG >156 kips -- OK
21?;2’::;-55 - ON, =0.9(1.0)(50)(13.375)(0.625) = 376 kips
t \ ool | sosin. > 65.2 kips -- OK
161 kips 1 1
! Z O?5€kips 2 2
wigl] (B (2] 0m <10 ok
~ ol 251 376
13% in.

Copyright © 2022
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AISC Night School Vertical Bracing Connections
May 3, 2022 Session 5: Uniform Force Method Part 2—

Special Case IVand V

Example of Corner Connection
Special Case IV -

a1

Beam: Gusset-to-Beam Connection — Weld:

Brace Tension:

Brace Compression:
. Shear: H =149 kips Shear:  H=65.2 kips
Example Of Corner ConneCtlon Normal: ¥, =141 kips Normal: V=111 kips I g e
Special CaselV Moment: M, =28.8 kips(9.0 in.) Moment: M= 259 Kip-in. i
Gusset-to-Beam =259 ip-in

Brace Tension Controls.
Equivalent normal force,
4M -

N =V, +—=
weld o
4(259 kip-in.
—141 kips+7( P in.) ol | P L
21.8 in. o
=189 kips
73

Example of Corner Connection Example of Corner Connection
Special Case IV Special Case IV
((i:)l;ste)t:to-Beam Connection — Weld § Wi /et wpny Gusset-to-Beam Connection — Weld (cont.):
) ) } Gusset W in. @ i Do = Ru
R =1 +N? o AR " T 13920l (2 lines)
= /(149 kips)’ + (189 kips)’ Fdben _ (241 kips)
— 241 kips - s - L 1392(1.35)(21.8 in.)(Z lines)
N 189 kips P | e af v =2.94 sixteenths — 3/16 but weld min. is 1/4 per Table J2.4
0=tan (*J =tan” ( . ] e Use % in. fillet welds for 15.0 in.
Vv 149 kips : ool f= B0 ips
st S rames
1.0+0.50 sin'6 LY alpl Due to block on beam, weld single sided in this section.
=1. . s H
: 104050 sin'*51.75° L 2.94 sixteenths (2) = 5.88 sixteenths - Use 3/ 8 in. fillet welds for 6.75 in.
=1.0+0. sm .
=135
Net Interface Forees on Beam ( Tension)
75 76

Copyright © 2022
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Vertical Bracing Connections
Session 5: Uniform Force Method Part 2—
Special Case IVand V

Example of Corner Connection
Special Case IV

Gusset-to-Beam Connection — Gusset Checks:
AISC Specification Eq. J4-4 — Shear Rupture
OR, = §0.60F.A,,
=0.75 (0.60)(65 ksi)(0.625 in.)(21.8 in.)
=398kips >V =149 kips —OK

LR

Example of Corner Connection
Special Case IV

Beam: 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 —OK

AISC Specification Eq. J10-4 — Web Local Crippling

1.5
¢R,,:¢0.801‘,{1+3[lij[i] } [ﬂ
d )\ 1 Ly

. . 1.5 . . N
— §0.80(0.360)" 1+3(21.8 _m.](osao W_] [29.000 ksi(50 ks.l)(0.605 in.)
18.1in. )L 0.605 in.) |V 0360 in.

=323kips > N, =189 kips —OK

78

AISC Specification Eq. J4-2 — Tension Rupture & Wigss
dR, = OF, 4,
=0.75(65 ksi)(0.625 in.)(21.8 in.)
=664kips > N, =189 kips —OK
Net Interface Forces on Beam ( Tension)
77
Example of Corner Connection
.
Special Case IV
G W12x96 ) /x8 Kips (T)
o cusewing /" 312kips (C)
i 3in. 14, N
Iy = T HSSExGx%
1% in)
! d ﬂi
tin. e e
1 1o 71g{ Typ. BS
a@sin. | %1 lee| / e
W » jo o 7%
4 1 lefw
A=t
3in. ! - )‘/\.\ \o/ e ‘
L |le e\ R =50 kips
4@3in. K ool % l € W18x46
WP |le o] t5in. |
i, : L e ofSKin.
:«\ \ R %x13%x33
* Flange is blocked and chipped flush
Final Design
79

UFM Special Case V — Bypass Method

Copyright © 2022
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UFM Special Case V — Bypass Method

* “Design for Local Web Shear at Brace Connections: An
Adaptation of the Uniform Force Method”
by Sabelli, Saxey, Li, and Thornton
AISC Engineering Journal, 2021, Vol. 58, No. 4, pp. 223-265
Visit aisc.org/ej for access.

Vertical Bracing Connections
Session 5: Uniform Force Method Part 2—
Special Case IVand V

UFM Special Case V — Bypass Method

* When beam shear is high due to UFM component, V,, and
gravity shear, R...

« If Special Case II cannot reduce beam shear enough to
eliminate doubler...

...try the Bypass Method.

UFM Special Case V — Bypass Method
¢ Column (-NP
/
*‘\)/\— // /AP

7

e

| Me {1 /M, =(1-NPe
d

| Mo Y v,
YA

WPK\_:'R == ¢ Beam

R

Copyright © 2022
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Calculation of Eccentricity, e

¢ Column

¢ Brace

C_e(sin(0-1)
sin(r)

()
=tan”’ =
! [ems]

€

¢ Beam

21
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UFM Special Case V — Bypass Method
When R +|V,|> ¢R,

(])Rn -R

setA =
14

where

OR,, is the beam web strength or the web connection strength,
whichever controls

Vertical Bracing Connections
Session 5: Uniform Force Method Part 2—
Special Case IVand V

Special Case V — Example

G W14x120
}_ € —T_ a ol a o
\ “\

wp!

i T\ | ‘ S G WIBXS5
& R =56.0 kips
' (% UDL)

Typ>
BS/ %1725

Nl N § Hes8x8x%
y/

421 kips

550 kips

|
|
HH
|
!

354 kips

Special Case V — Example

Using the UFM
12

10.0625

e =9.05in. e.=7.25in. tanb=

oa—PtanO=e¢, tan O —e,
Choose f =8, then o = (8+9.05)(1.1925)—7.25 =13.1 in.
r=yJ(ate ) +(Bre)
—J(13.147.25) +(8+9.05)° =26.55 in.

P 550 g g Kips
r 26.55 in.

=1.1925 - 6=50°

Copyright © 2022
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Special Case V — Example

Hy = o —=(13.1)(20.72) = 271 kips

H. =e,

\:|*~g‘|"c

=(7.25)(20.72) =150 kips

> =421 kips (OK)
V. =pL = (8)(20.72) = 166 kips

r

Vy=erl = (9.05)(20.72) =187 kips
r

D" =353 kips (OK)

iy . .
@ Placing these forces on the connection... 8

22
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Vertical Bracing Connections
Session 5: Uniform Force Method Part 2—
Special Case IVand V

Special Case V — Example

N ‘\Q HSSBx8x5%

e A \

550 kips

€ W14x120
e:=[7.25in. a=13.1in. a=13.1in.
He=1sokpsl] RT%OKPS) e
9.05i WP o= 187 dp R=560kps | &
€, = 9.l n. - .
° fVD= 187 kips (% UDL)
B=8in. Ve =16
He=15
B=8in.

am I want to demonstrate Special Case 5.

Special Case V — Example

The shear capacity at the beam
oV, =212 kips

The shear demand is
187+56 =243 kips > 212 kips -- No Good

Could try Special Case 2 to reduce the shear by introduction of
AV, =243-212 =31 kips

This will work for this problem

-- but --

Special Case V — Example

Special Case 5...
Set 2, = =R 212756 _ g3y
V| 187

If the brace force, P = 550, is reduced to
AP =(0.834)(550) = 459 kips
the beam shear will be reduced to

(187)(0.834) =156 kips < ¢R, =212 kips —OK

Special Case V — Example

The brace force, P = 550, is reduced to
AP = (0.834)(550) =459 kips

This brace force, AP =459 kips, is used in the UFD.

All the UFM forces are reduced by A = 0.834 as shown in the next
figure.

Copyright © 2022
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Vertical Bracing Connections
May 3, 2022

Session 5: Uniform Force Method Part 2—
Special Case IVand V

Special Case V — Example ]
Reduced UFM Forces Special Case V — Example

G W14x120
‘ € a a . . .
SN N The remainder of the brace force is applied to the gusset-to-column
Y
| connection as
_ . R =56 kips
AHe = 125 kips| =
s ——— ——— ¢ W18x55 _
. weT IV, = 186 ips =560 *kips P= (1 — X)P
! f/\v,, =156 kips (%2 UDL)
AL/. = 118 kips~. MHb = 226 kips

=(1-0.834)(550) = 91.3 kips

This force is eccentric to the W.P. and causes a moment

W . Pe =(91.3)(8.42) = 769 kips
N

A550 = 456 kips

Special Case V — Example Special Case V ~ Example
. < L ev . Free Body Diagram
Special Case V Force Distribution

G W14x120 ¢ Column
€, o , o 6 =7.25in.
"7/-“" ,,‘\/\;,,
;\?5” :ips R =56 kips J ‘ 56 kips Beam .shear is applied at column flange.
WP AV, = 156 kips | **\;'*Q W18x55 N 195 kips There is a moment: 56kx7.25
e % ’ R =860 kips WPT i & Boam Beam shear is applied at column flange
o JAV, = 156 kips (% UDL) 6,=9.05in. 156 kips pp 2€.
o] i There is a moment:
o] oo | eisamomen:
Pe =< _\:1 B=8in. ! 195 S6kips x7.25 = 406k —in — ignored
769 \ 70 Note: Forces are | kips™ 769 7 ZF=0=195-195=0
B | ||Kip-in: kips shown on the | Kip-in. '+ ¥ F=0=-56-156-197+409=0
beam and gusset I R y=U=-50- - =
197 ki
I [197 kies D) X Muy=0=-769-(156+197)7.25+195(9.05+8)=-3.5= 0 — OK
TV
) \\g HSS8xBx% 1 409 kips
il -
' "N A550 = 456 kips

Free Body Diagram for the column

Copyright © 2022
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Special Case V — Example
Free Body Diagram
§ Column o
- LF=0-195+226-426-0
o5 kps {5945 s ) Q';:m ++ T Fy=0=56+156-56-156=0
oneoosin] | p/ [N pesdins D) X My=0=-156(13.1+226(9.05)-RutRs

1 226 kips =0=-2044+2045=0 —OK

1156 kips

e=725in a=13.1in.

Free Body Diagram for the beam

Special Case V — Example

G W14x120
ec r_ a o a o
\y/« r
195 kips, | °© 9P S WIBKSS
wetThs6 ki s "
o \ ps ) R =56.0 kips
f156 kips. (%2 UDL)
226 kips
B 197 k\ N\
769 ( 195 Note: Forces are

shown on the
beam and gusset

B Kip-in. kips

Typ
B8 K125

\ N
V
Final Connection Design 550 kips

& HSSBx8x%

Vertical Bracing Connections
Session 5: Uniform Force Method Part 2—
Special Case IVand V

*'7****7**QEeam
€,=9.05in.. |
IB . t156k|ps

Special Case V — Example
Free Body Diagram

|725in a=13.1in,,

g 2 F=0=-226-195+421=0

B=8|n

1+ TF=0=156+197-354-1=0 —> O.K.
(D) X Mup=0=0+156(7.25+13.1)-226(9.05)197(7.25)

| 197 \226 kips
kips

Z,ffm -195(9.05+8)+769
| =3175-2045+1428-3325+769=2 = 0 —OK
€ Column “K g Brace
421 kips
550 kips
354 kips

Free Body Diagram for the gusset

The forces on all interfaces are now known.

The connection design can now be completed.

Copyright © 2022
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Summary

Vertical Bracing Connections
Session 5: Uniform Force Method Part 2—
Special Case IVand V

Summary

* Uniform Force Method — Special Case IV
* Provides concentrically loaded bolt groups
* Uniform Force Method — Special Case V

» With heavy columns and light beams, provides an
alternate method to avoid doubler plates

102

Thank you!

AISC | Questions

L

: Smarter.
: Stronger.
i 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: registration @aisc.org.

* Be on the lookout: Check your spam filter! Check your junk folder!

* Completely fill out online form. Don’t forget to check the boxes next
to each attendee’s name!
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AISC Night School Vertical Bracing Connections
May 3, 2022 Session 5: Uniform Force Method Part 2—
Special Case IVand V

8-Session Registrants 8-Session Registrants

PDH Certificates Access to the quiz

Information for accessing the quiz will be emailed to you by Wednesday. It will contain a link to access the
One certificate will be issued at the conclusion of all 8 sessions. 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 8-Session Registrants

Access to the recording Night School Resources

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. Find all your handouts, quizzes and quiz scores, recording access, and

. . attendance information all in one place!
PDHs via recording P

If you watch a recorded session, you must take and pass the quiz for PDHs.
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AISC Night School Vertical Bracing Connections
May 3, 2022 Session 5: Uniform Force Method Part 2—
Special Case IVand V

8-Session Registrants 8-Session Registrants

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

Rl o o h T SEcTioN MyAISC

MY PROFILE

MY PURCHASED DOWNLDADS

MY COURSE RESOURCES

p—— [r—
8-Session Registrants 8-Session Registrants
Night School Resources Night School Resources

{1 B
Night School 13: Design of Industrial Buildings
e i3 8-SESSION PACKAGE RESOURCES
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Vertical Bracing Connections
Session 5: Uniform Force Method Part 2—

Special Case IVand V

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.

8-Session Registrants
Night School Resources

* Webinar connection information

* Reminder email sent out Monday mornings

¢ Links to handouts also found here

y"‘"""x Smarter.
AISC | Thank you @esmmger-

<~ | Steel.
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