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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-AlA 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 AlA of any
material of construction or any method or manner of handling, using, distributing, or dealing in any
material or product.

Questions related to specific materials, methods, and services will be addressed at the conclusion of this
presentation.
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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 Avem(;aldbrace cor}(n?ctlﬁn 'Sda ,h'g_T)lly lpdete(rjr_n|tn_abtetlsysltem.h_T:e Uniform Iiorcel '\(lemgd 1s .
application without competent professional examination and verification by a licensed professional Presrfen © a1s_h9ne S a_lca y,"ad,mISSI eh o[j:e,f 1 rIFu Ion'{; M;] IZ no m(;)men S(?XIS,Iad . e ﬁor;rz__)eg fon
engineer. Anyone making use of this information assumes all liability arising from such use. interfaces. is session will discuss the Uniform Force Method procedure as detailed in the 15t

Edition of the AISC Steel Construction Manual.

C Rlight'School Night School 28: Vertical Bracing

Learning Objectives Connectlons
Session 2: Uniform Force Method, Part 1
1. Describe the derivation of the Uniform Force Method. Apl’l' 12’ 2022
2. List the Uniform Force Method procedures shown in the AISC Steel Construction Manual. - .
3. Apply the Uniform Force Method through a design example. William A. Thornton, corporate consultant to Cives Steel
4. Explain outcomes from applying the Uniform Force Method.

T | Smarter.
i : Stronger.
ames | Steel.
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Course Outline
1. Basic Principles
2. Uniform Force Method Part 1
Vertical Bracing Connections 3. Bracing Connection Details and Prying Action
4. Vertical Bracing Corner Connection — Wind and Low-seismic
5. Uniform Force Method Part 2
6. Vertical Braci tion — Seismi
By: William Thornton, Rafael Sabelli, and Carol Drucker ertical Bracing Comner C.onnec ion - Seismic
7. Chevron Gussets Connection
8. Other Connection Topics and Case Study
10
Session Outline
* The Uniform Force Method
—  Geometry
—  Control Points
— Admissible Force Field .
_ Special Cases I, I, and T1T The Uniform Force Method
— Example
—  Special Case IV
— Research Basis for UFM
—  Non—Orthogonal UFM
— Example
—  Summary
11 12
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The Uniform Force Method Uniform qu ce Meth_od (UFM).
Geometry Control Points and Admissible Force Field
* What is it? ¢ Vo
. . . | Ao~ v op
* A geometric method to determine the statically | Pl ¢ Vs
indeterminate force distribution in a vertical bracing i o e ‘ » S
connection. " P
| A / ‘ : .
* The method evolved from research sponsored by AISC e 3% /,/‘ B R H/ ’
: M M M Control i ] — = 2 T 2
performed by Ralph Richard at the University of Arizona "°i"“m7\9>4 g~ o/ ‘\/\/ /F(/]"b
T ’r’f ’’’’’ — % e &
\%j/l = q%;» goplrol
J oints
; € ‘ i3
Geometry of UFM
All Parts are in Equilibrium . .
s An admissible force field is an
e : P
e internal force distribution in
c €c a Vo P oqe . . .
cowmoLponTi i/ | A g r  E equilibrium with the applied
7 e 4
e U e S Il » external forces.
<hm He 7 /HCR CONTROL POINT s
Arddl— #=— 4+ ' .
TS The load path is defined by the
=2 2 ..
A , . admissible force field.
L% | Ve=+p He= %P
= \(“' "c)z'(ﬁ'%) ; y

Copyright © 2022
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The control point geometry is
dictated by the constraint

a—ptanO=e tan 0 — e,

a and B locate the gusset connection
centroids

Vertical Bracing Conections
Session 2: The Uniform Force Method

o and 3
VS
oand P
When designing a connection, o and 3 can always
be chosen to satisfy the geometric constraint.
When checking a connection designed by some other
method the connection centroids may not satisfy the
geometric constraint.
This is where o and B appear. These locate the
actual connections centroids and will not satisfy the

constraint. Therefore, couples will exist on the gusset
edges. Manual 15 Ed. Part 13 addresses this.

UFM Admissible Force Field for the Gusset

@ column v
ec a
H
Column control point He Vo2 + He?
B Ve
B < H, NVFHz?
\Z
y - l b e
W.P. \9/
- X ¢ beam

Beam control point

Q
Gusset Intersection
Control
Point

Copyright © 2022
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UFM Admissible Force Field for the Beam

e a
v, AV HHE
A2 He /
b +HC | H,
T —
J f
He 5 -
X b
- — — — - ¢ beam
A AN
\ ~—Beam control point

Work point
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UFM Admissible Force Field for the Column

UFM Admissible Force Field for the Gusset

Copyright © 2022
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@ column v
J Ve + H? "
T —
s Y 700‘:';"00"‘““ Column control point He VeTRZ
s{,// ’ B] Ve
\V, B -
e, M= Eq. 3 .
I s we—7 K8~ *
v P A Beam control point Epeem
)
Q
Gusset Intersection
Con.lro\
21 Point »
Uniform Force Method Derivation UFM Admissible Force Field for the Gusset
¢ column v P
y = 1 x Equation of Brace Line of Action L !
tand (Eq. 1)
Column control point He Vo2 + He?
. B] Ve
epx  epe. Equation of Gusset to Beam B -
Y= T a4 Force Line of Action W .
(Eq. 2) AL -
P A Beam control point
=P L. Equation of Gusset to Column s
Y ec b Force Line of Action &
(Eq 3) gg:‘s:)l‘ Intersection
3 Point 2
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Uniform Force Method Derivation
To find point Q:

Set Eq. 1 = Eq. 2, solve for x:

_ epec 1
*o = a ( 1 _e_b) Eq. 4
) tand «
Set Eq. 1 = Eq. 3, solve for x:
1
Xo =€ 17,8 Eq.5
(tane - e_c)

xg given by 4 and 5 must be equal.

25

Uniform Force Method Derivation
Set Eq. 4 =Eq. 5:

epe. 1 _ 1
"o ®) (@t
tand « tanf e,
Simplifying,
o— B tand = e, tand —e, Eq. 6

To satisfy the geometry of the Uniform Force Method, the equality
given by Equation 6 must be satisfied.

26

Uniform Force Method Derivation UFM Special Case I
Non-Concentric Work Point
With the relationship given by Eq. 6 and introducing geometrical fooam -
parameter T " [ ineorsemon
r=y(a+e)?+(B+ey)?
The component forces are
P
Hp, = a— Vy = ep—
b= @ r b= €p »
P P . SPECIFIED WORK POINT .
HC = ec ? [/'c = ﬂ ? > GRAVITY AXI:WORjPOINT
Note: H, + H. = H Note: V, + V.=V
e=(e,—y") sind — (e, ~x’) cos®
27 28
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UFM Special Case I
Admissible Force Field

(1M
2

These forces are added

~
|
algebraically to the UFM
i concentric forces
Note the extra moments in the
|
~—r

o Gravity Axis
w.

- (PN ke,
.V 'n
I l Y

beam and column

nM ( kl_'a

29

Vertical Bracing Conections
Session 2: The Uniform Force Method

I \\ v

v A WP
@7 Gravity Axis
WP, =
— +
_H‘_.lvr

PO )4
e+

pL Mot

M

CONNECTION FORCE DISTRIBUTION DUE TO MOMENT M
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American Institute of Steel Construction

UFM Special Case 11
Admissible Force Field

Goeam !

- My = Vi(aayaVya

W,

(b)
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UF M Specml Cas'e Ul UFM Special Case I1
Admissible Force Field Admissible Force Field
This reduces the beam to column shear @ column p b
a . ) @ brace
lay,
Bl / .
RT R / P
s s : B GB . X
A ' o o “
ﬂ'{:‘ J gbeam !
(C) / A Wl ; | M, = Vy(a-ayaV,a
"'ow ¢ (@)
UFM Special Case 11 What causes the use of Special Case 11

Admissible Force Field

This reduces the beam to column shear * Beam shear reactions based on beam strength rather than floor

§col. loads
* Most beams, especially those part of the lateral bracing system, are
. L3 i designed for stiffness, not strength
i * This results in beams many times stronger than those required for
v P strength, and larger shear reactions than those required for the
} P 7 floor loads
& R
WP, )
%
%
lay,

(b)

35
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UFM Special Case I11

Admissible Force Field

Connection to beam or column only

wP

e

cat,

WP

=0
| o=gam-e,

R

| & W -ve 4:&3(&— R

|
v

v § Brace

Altemative
_JFiat Bar
| Configuration

37

Vertical Bracing Conections

Session 2: The Uniform Force Method

Alternative
Flat Bar
Configuration

M,

=
c

Wy

H

L

G Beam

Example of Brace-to-Beams/Column Connection

W16x57 BEAM
Lov, (||
Typ. I is Typ.
i 1
n i
6, M Lye - &
I 1
i .| N
iy
B — GUSSET
" (F, = 36 ksi)
- l”)e
ko,
o - /”40‘?.9
Q <
o
0
&
]
=z \/\ SLOPE
AN
o | Py= £75 kips

39
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Example of Brace-to-Beams/Column Connection (cont.)

Given:
1. AISC 15™ Edition, ASD
2. Beam-to-Column and Gusset-to-Column: n = 4
3. L, .y =20 in. min. with %4” min. weld
4. %" dia. A325-N, STD holes, UNO
5. For double 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°, 6 = 46.4°

40

10



AISC Night School
April 12,2022

Vertical Bracing Conections
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Example of Brace-to-Beams/Column Connection (cont.)

SOIUtion: T _W|SK57 BEAM
Determine Gusset Forces using UFM Lo, 1
Typ. i 15 Typ.
» 1
tan0 = 1.05 S -
P Luga o
L —
e, =dy2=164in/2=82in. I
T . e ~
Ll | — GUSSET
e.=dJ/2=12.11in./2=6.05 in. | (Fy =36 ksi)
(note: e, = 0.0 in. for connections :}
into column web, except Special 8
Case IV) 3 )
= ; 4 SLOPE

]

N
Pa= 75 kips

41

Example of Brace-to-Beams/Column Connection (cont.)

B = distance to center of gusset-to-column
connections

From geometric layout, H,,., = 16.875 in.
Place bolts in approximate center of gusset,
B=8.5in.
LetB=8
o =e,tand —e, + [} tand
=(8.2in.x1.05) — 6.05 in.
+ (8.5 in.x1.05)
=115in.

W16x57 BEAM

s, Typ.
!

- a

3
8
2
g
]
&
,L\/\_
o

a

(F, = 36 ksi)

./ "~SLOPE
-~

N
Pa= 75 kips

42

Example of Brace-to-Beams/Column Connection (cont.)

“a=1L,,,/2+0.5 in. (setback for angles) ——\/\—‘W‘SK57 BEAM
=20in./2+0.5 in. Lov, |1
=10.5 in. min. = does not equal o ™ i s
- R T
r=(@+e )l +(B+ey)? o b *
L —
=V(11.5in. +6.05in)2 + (8.5 in. + 8.2 in.)? I
v A
=242 in. | RN GUSSET
g } (F, =36 ksi)
il %8,
I &2
g - ‘IO&‘T
g \
IS ; SLOPE

Pa= 75 kips

]

43

Example of Brace-to-Beams/Column Connection (cont.)

Note: If AISC Special Load Case 2 is selected,
then:

Vy = transfer portion, AV, to V.
Ve=P,(B/r)+AVy

My=Vg(a ) + (AVp) &

For this example, Special Load Case 2 is not
used. (AVz=0)

—

W16x57 BEAM

Loy, !
Tyvp i 1s. Typ.

i !

=
- V,
P, " L
- L o
! ", | M,
L 14 \
8 ¢ — GUSSET
< (F, = 36 ksi)
H, |

- @@
N » &"o{?"
Q <
<]
8
& \

B z /~-sLoPE
e Pa= £75 kips

44
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Vertical Bracing Conections
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Example of Brace-to-Beams/Column Connection (cont.)

Example of Brace-to-Beams/Column Connection (cont.)

For this example, Special Load Case 2 is not — I

used. (AV =0): |
Lov, |
Typ. i ’s, Typ.

V=P, (e)r) N B A
=75 kips % (8.2 in./24.2 in.) o4 ? .
= i T [ —

25.4 kips I <TI0
S N
8 ¢ — GUSSET
Hy =P, (o/r) P (F, =36 ksi)
=75 kips x (11.5 in./24.2 in.) ‘ 2
=35.6 kips 3
é /-sLoPE
,L\/\; L L
& Pa= £75 kips.
a5, s
.
Special Case IV
P T
a
Mbolts
.« . . +
SR ‘E,i,i e e He /. fi,lR b
. \: L ep
TR+ c
R T
He__.
VcT Vi
chk
| €c
Ve Vct :
ZTINN) Ref. AISC Design Guide 29: Vertical Bracing Connections
‘]|5 Free Download for Members: aisc.org/dg 47

My = V(o —00) T [ Wiexs7 BEAM
=254 kips(11.5 in. — 10.5 in.) Lo 1
= 25.4 kip-in. ™ b .
Ve="P,(B/r) o A -
=75 kips(8.5 in./24.2 in.) s ? ’ o
. ———
=26.3 kips S, M,, N
He=P,(elr) B Vel | cusser
=75 Kips(6.05 in./24.2 in.) PR 7, =35k
= 18.8 kips
(Note: H. = 0 kips for connections to g
column web, except Special Case IV) & |
Mc=0 sincep=P S S A Seore
S Pa= £75 kips
a5 i
Special Case IV
.~ == | A $2 Million dollar savings
compared to the original
estimate was attributed to the
connection design on these
two projects.
a5 "

Copyright © 2022
American Institute of Steel Construction
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Special Case IV

Conventional and Extended
Tabs replaced the more
traditional double clips at the

jumbo columns reducing both

fabrication and erection costs.

Special Case IV

e - The Uniform Force Method
was used extensively in novel
ways to optimize the
connections.

® .
Special Case IV
o2 = X-bolts were also used
wherever the threads excluded
condition could be assured
without additional inspection.
® .

® “
Allow X-Type Bolts Where Appropriate
Thread Length, * Threads can be excluded with
He |, ~Min.PL Thick.=T-H, no additional inspection given
y4 minimum plate thicknesses.
Pl Ena * The change from N to X
e represents a 25% increase in
bolt capacity.
® .

Copyright © 2022
American Institute of Steel Construction
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. Special Case IV,
Allow X-Type Bolts Where Appropriate Bolts %479 A325 P Wl4x145
in std. holes WI6x26
Minimum Ply Thickness for Threads Excluded Condition R=20 kips
Bolt Dia.| Min. Ply | Min. Ply Thick w/ | Min. Ply Thick w/ %/5,”
(in.) Thick 3/4,” washer washer & !/, stick-thru
(in.) (in.) (in.)
3, 0.641 0.485 0.235
A 0.641 0.485 0.235 s \
& ¥ Stiff. Pl for
1 0.766 0.610 0.360 v strong axis
A 4 = moment conn.
1Y 0.891 0.735 0.485
8 HSS10x10x5/16 35”_V
1/, | 0.781 0.625 0.375 P=150 kips Y3 Tab PL
- = Vertical Bracing w/ Ext. Tab
‘ 8 ‘ Optimum Load Path e, = 10.25 *
Conventional UFM Special Case IV
Bolts: 17¢ A490 \ W14x145
in std. holes
W16x26
R=20 kips
& ¥ Stiff. Pl for
strong axis 1/2” PLATE
A4 moment conn. (A36)
HSS10x10x5/16 1” PLATE
P=150 kips 1 Tab PL b (Gr50)
= Vertical Bracing w/ Ext. Tai) =
“ Standard Load Path e, =0 ” “ 6

Copyright © 2022
American Institute of Steel Construction 14
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Special Case IV

5/16” FILLET Special Case IV ‘
/ WELDS

Conventional Conventional

% Tab Pl %" Tab PL

(14)- 3/4”
A325 BOLTS

24 -1~

FILLET 1”Tab PL 1”Tab Pl
WELDS A490 BOLTS
® : ® :
Special Case IV Special Case IV
a 27.8"
‘ a | 15.75"
FBD of R . \Mbolts/ — {R+vb FBD of - .| 275kin sk
Optimum | - : :7H°(: : . Optimum : 5}34,7,( - 5
Solution i pran S I Solution _ __
“Hb VE| ReVb R+ Tig a2k |66k 466k 466K 34Tk
Special \V"/ Special
CaselV _Hb_ o He Case IV 347k
vel# 50k|14.75"
| o sam |
50k 50k|
10.25"]

59 ‘onnections. 60

=

(o Y\ Ref. AISC Design Guide 2

s ¥/ Free Download for Membe:
%

Copyright © 2022
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Comparison of Design Results

COMPARISON OF DESIGNS RESULTING FROM DIFFERENT LOAD PATHS
DRILLING WELDING MATERIAL
wol | Plae 7 Wield | Lenpth [ Voltaise | Temgth | Area [ Thich, [ Vilume | Aren | Thick. | Vidumi Ceaght
Hales | Thick. Size | qiny | ¢in'y | Single | of | Tabs | Tabs | of | Cusset | Gusser | Comnection
iin [N Pass | Tabw | (1) i | Geser| o GIE | Plates (Ibsy
weld | iy {1}
tiny
Standard
Lasd M ] (Y 144 ek M0 56 (£ 8] 325 | nokd o 41 (o7 oIS ril
Path
Orpimm
Lead 4 os 44 doe | 56 23 218 423 R | foad a2 241 |0 (%~ im
Path
Lhntinsum 3 . g8 71
Stardint L “_ 20% 1%
Note:

Standard Load Path = Ordinary UFM
Optimum Load Path = Special Case IV

Comparison of Design Results

61
. .
Comparison of Design Results
COMPARISON OF DESIGNS RESULTING FROM DIFFERENT LOAD PATHS
DRILLI? WELDING MATERIAL
ful | Plae | Ares YVl Weld | Lengih | Voluse | Lemgth | Anca | Thick, | Vel Aren | Thick | Vidume Weaght
Holes | Thick. of Size | {in) fin'y | Simgle | of Tabs. Tabs of | Gusset | Gusset | Connection
[E8] Hales | (i Passy Talw o (L8 Citaet o A1) | Plates (Iks)
{in’y Wl | () {1t
iy

Standard

Lasd M ] (Y 144 ek M0 56 (£ 8] 325 | nokd o 41 (o7 oIS ril

Path
Chptimum

Lead 153 (%] 44 i | 516 LB 233 313 B | moaz a1z 241 | 0047 | 02 im

Fath i

fiT 3 . s 71
L 2% Cle]=]) 1
Note:
Standard Load Path = Ordinary UFM
Optimum Load Path = Special Case IV

+50% SAVINGS IN
WELD CONSUMABLES
63

COMPARISON OF DESIGNS RESULTING FROM DIFFERENT LOAD PATHS
DRILLING WELDING MATERIAL
wol | Plae 7 Weld | Lengih | Valime | Lengih | A [ Thick, [Vedume | Aren | Thick Weaght
Hales | Thick Size | {iny [ qin’y | Sngle | of | Tabs | Tabs | of |Cusset | Gusset | Comnection
i i Pass | Tabw | (1) i | Gessa| o )| Prates lba)
Wl | () (1)
tiny
Standard
Lasd M ] (Y 144 ek M0 56 (£ 8] 325 | nokd o 41 (o7 oIS ril
Path
Orpimm
Lead 153 (%] 44 e | 516 LB 233 423 B | moaz a1z 241 | 0047 | 02 im
Path
Do e | od =
ey ( 2% ) | 2 1%
Note:
Standard Load Path = Ordinary UFM
Optimum Load Path = Special Case IV
+80% SAVINGS IN
DRILLING TIME
62
. .
Comparison of Design Results
COMPARISON OF DESIGNS RESULTING FROM DIFFERENT LOAD PATHS
DRILLING WELDING MATERIAL
fol | Plae | Ares Yol Weld | Lengih | Voluse | Lemgth | Anca | Thick, | Vel Aren | Thick | Vidume Weaght
Hales | Thick. | Wales | of | Size | iny | (in'y | Single [ of | Tabs | Tabs | of | Gusset | Gusset | Connection
imd | gin® | Holes | gmd Pass | Tubw [ () "y | Guser| om0 )| Plates (b}
{in’y Wl | () {1t
tiny
Standard
Lasd M ] (Y 144 ek M0 56 (£ 8] 325 | nokd o 41 (o7 oIS ril
Path
Orpimm
Lead 153 (%] 44 i | 516 LB 233 313 B | moaz a1z 241 | 0047 | 02 im
Path —
fiT 3 . s 71
L 2% Cle]=]) 1
Note:
Standard Load Path = Ordinary UFM
Optimum Load Path = Special Case IV
+60% SAVINGS IN
WELDING LABOR
64

Copyright © 2022
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Vertical Bracing Conections
Session 2: The Uniform Force Method

Comparison of Design Results

COMPARISON OF DESIGNS RESULTING FROM DIFFERENT LOAD PATHS
DRILLING WELDING MATERIAL
wol | Plae 3 [ Vol | Weld | Lengih | Valie | Length | Area [ Thich, [Volume | Ares | Thick. [ Velume | Weaght
Hales | Thick. | Holes | of | Sie | giny | ¢in'y | Single | of | Tabs | Tabs | of | Gusset | Gusses | Connection
fny | i | Holes | (m Pasa | Tabw [ (1) i | Gusse| (M GE | Pates (k)
{in’y Wl | () {1t
tind
Standard
Laud 4 ] i 144 5H £ 56 =0 325 | nokl 017 41 (17| oIS 43
Fath
Chptimum
Lead 153 os 44 doe | 56 23 218 423 R | foad a2 241 | 00417 | 02 im
Path P
Lhntinsum 3 . g8 71
tadand 2% | 2% | ( -1-)
Note:

Standard Load Path = Ordinary UFM
Optimum Load Path = Special Case IV

+30% SAVINGS IN /

Non-Orthogonal UFM

Note:

This is a positive
force diagram where
0 and y are in the
positive direction.

L.,

MATERIAL
65
Note:
This is a positive
force diagram where
0 and y are in the
positive direction.
3
T
T
T2
67

66
Non-Orthogonal UFM
x—f{cos Y tan0—siny j=e,(tan & —tany |- i
cosy
, &)
")
;.=“‘+0.,? tany B
=
V.= Beosy P
r
H.=(Psiny+e./cosy)P/r
Q=M —PcosOtany
Iy # 12
a'=\: atetany+Bsiny+——| +(e,+Beosy)’ o
cosy

Copyright © 2022
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Vertical Bracing Conections
Session 2: The Uniform Force Method

Another Example

69

L COLUMN
W14x342 (A992) 12 % 350 kips
g 2L55x/4x19" (A36)
s/ . B BRACE
N 4 %
% e HSS 10x10x%% (AS00B)

/ NG
it e
%@

§§ of | ﬁ

< ° / \ P optional cut

Sl < e

5 . \yg)/ 20kips \

~ ' - ¢ Beam
< 2L8x6x%"x1-0" X

3@6's g0

Bracing Connection with Sloping Column
From AISC Bracing Design Guide 29

BRACE
~—HSS 10x10x'4 (A5008)

Yo
nitial Size
R
\ Optional Cut
PL 342754 (A36)
W18150 (A992)
¢ Beam
S 2L8x6%4'x10"
6" leg trimmed
105" (A36)
Bols: A490X 1" 0
Holes: STD 1g" @
70

31%"

Design for a sloping building column
Admissible Force Field

gL coumn
24kps |12 260 kips
350 kips
2
j 24 kips
L BRACE
o= 156 ki

V, =105 Kips.
H, =208 kips

L Beam ~——190kips

lt[;.’v,,:wos kips -
i o=
; lzo s 105k

$t Column

F s
& ° o
© o
)
/4 6" leg timmed
I B to 5" (A36)
213 Bolts: A490X 1" 0
Holes: STD 14" @
~d 3154
L COLUMN 71

Copyright © 2022
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q(L COLUMN
ZGAkip:An 0kps oe CﬂlClllatl()nS
2
I 234 kips )
A achce e=0.0, ¢,= 9.0 in.
! Ho=259kips

tany=2/12,y=9.46 deg.
sin y=0.164, cos y = 0.986

H, =208 Kips tan 6 = 10.75/12
,'/'I Vytoskps  [RTIooKRS
’,'; . b i, =208 kips
LA "//:’/ Q=176 ku;su p o 190 kips 1 1 1
ﬂ—Lf S Jrf 1 Beam —201 Set B = 13.5 in., centroid of gusset to column connection
,""."v,, =105 kips V=
iﬁ 20kips 105ki:)s
¢IL Co/!:mn
73 74
Calculations Calculations (continued)
From the constraint, r=[(a+ eytany + Bsiny + e /cosy)*+(e, + Peosy)*] 2

. r=[(16.3+9.0x0.167+13.5x0.164+0)*+(9.0+13.5x0.986)?]'2
o = e(tanB—tan y)—e /cos y+PB(cosy tanf—siny)

=30.0 in.
o =9.0(0.896—0.167)-0 + P/r=350kips/30.0 in. = 11.7 kips/in.
13.5(0.986%0.896—-0.164)
=16.3 in.

75
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Calculations (continued)

V= e,(P/r)=9.0x11.7 = 105 kips
V.= Beosy(P/r) = 13.5%0.986x11.7 = 156 kips
X(V,+V,) =261 kips

Brace vertical component = 350 cos6 = 261 kips OK

77

Calculations (continued)

H,= (ate,tany)(P/r) = (16.3+9.0%0.167)(11.7) = 208 kips

H = (Bsiny+e /cosy)(P/r) = (13.5%0.164+0)(11.7) = 25.9 kips
Y(H +H,) =234 kips

Brace horizontal component = 350 sinf = 234 kips OK

O =H_—Pcosbtany = 25.9-350(0.744)(0.167) = —17.6 kips

78

Design for a sloping building column
Admissible Force Field

L COLUMN

264kps [|12
2

20kps

/ s
wP. :/ Q=-17.6 kips
\ﬁ-t ,i,i,f‘,, L Beam ~——130kps
i
Vy=

ﬂvn =105 kips
b lzu s

$t Column

105 kips

79

¢ coLumn
|
e 260 kips
264 Kips " 350k
2
bir 234 kips
il GLBRACE

V= 156 kips

Hj, =208 kips
V, =105 kips
V, =105 kips H, =208 kips
20 kips
_ 20 kips 20 kips

I
1
i} Q=-17.6 kips 190 kips

—_— _—— -— L Beam =——

Hi

{11V, =105 kips V=
il[ X 105 kips
L 120 kips

¢L Column
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Jack Truss to Main Truss

The UFM applied to a truss-to-truss connection

. ®
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A Jack Truss to Main Truss Connection

T

PANC 7
el

86
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Use of Control Points

,— Tab Plate C

Stiffener D —

189 kips (LRFD) ~{~
125 kips (ASD) | '\ 705 p-in. ALRED)
466 kip-in. (ASD)

62 kips (LRFD)
42 kips (ASD)
COLUMN CONTROL POINT

Control point B
409 kips gLRFD)
N\ 271 kips (ASD)
Cap plate \
¥ix18"x18" \:
i\
A
| '
189 kips (LRFD)—
i 471 kips (LRFD)
125 kips ?ASD) i) les gASD) )

BEAM CONTROL POINT
Control point A

89

Column Control Point (B)
simplifies interface force calculation

— Tab Plate C

Stiffener D a\

BEAM CONTROL POINT
Control point A

705 kip-in. (LRFD)
> 466 kip-in. (ASD)

189 kips (LRFD) |
125 kips (ASD) \
-

COLUMN CONTROL POINT

RN

| 62 kips (LRFD)
5| 42 kips (ASD)

Control point B
\ N 09 kips (LRFD)
271 kips (ASD)
Cap plate
¥ix18"x18" \
i | %
A A
| '
189 kips (LRFD)— )
132 kie2 (355 1 kps RED) N

Geometry of UFM

\/\__
Vi ZiF\’c
He ec o Vo P
CONTROL POINTB |/ /B VDL'R" MH
\ Vf i W.P. /Vb - A
weA [ WP -~ _
A, 7 IR H
/ | He 7 CONTROL POINT A
; = R — R T
e
a
Hb= - P Vb= pr
LA,
R-V B e,
e Ve= +P H= TC P

91

The Uniform Force Method

The Uniform Force Method is not based
on theory alone.

The concept of concentrically loaded
interfaces developed from observations of
the tests run by Richard.
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Analytical and Physical Testing

Origins of Uniform Force Method

93

STEEL CONNECTION DESIGN
BASED ON

INELASTIC FINITE ELEMENT ANALY SIS
A DESIGN REPORT PREPARED FOR

AMERICAN INSTITUTE OF STEEL CONSTRUCTION
GEORGE C. WILLIAMS, Ph.D.
RALPH M. RICHARD, Ph.D., P.E.
UNIVERSITY OF ARIZONA

ALSO PROCEEDINGS, AISC NATIONAL STEEL
CONSTRUCTION CONFERENCE, NASHVILLE, TN, 1986
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GUSSET EDGE FORCE RESULTANT ENVELOPES
30° WORKING POINT MODELS
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GUSSET EDGE FORCE RESULTANT ENVELOPE GUSSET EDGE FORCE RESULTANT ENVELOPES
45° WORKING POINT MODELS 60° WORKING POINT MODELS
W.P) (W24x104 B‘E,AM e __W24r104 BF:::M W24x104 BEEL%
o A o WP/ % ‘o

i qa&%
6| 33" ou%‘il

Wi2<65 COLUMN\«C

W24x104 BEAM
™

e W241104 BE AM EC%EG?ASN «' S, 3
/ T £ o \ Wi2:65 \g,
%\ (5N COLUMN

. 12 P 12 TN
0 s COLUMO 9 D COLUMNE W24i04 ~ yeR o5
GUSSET EDGE FORCE RESULTANT ENVELOPE GUSSET EDGE FORCE RESULTANT ENVELOPE
45" WORKING POINT MODELS 45° WORKING POINT MODELS

¢W24x104 BEAM

wﬂ% | =

!
Ila
%

(W24x104 BEAM
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GUSSET EDGE FORCE RESULTANT ENVELOPE
45° WORKING POINT MODELS

N W24x104 BEAM
'~

>

101

W

Vertical Bracing Conections
Session 2: The Uniform Force Method

GUSSET EDGE FORCE RESULTANT ENVELOPE
45° WORKING POINT MODELS

__ W24x104 BEAM
‘™

WE

>

102

The force distributions shown on the previous
four slides, based on the work of Ralph Richard,
gave rise to the UFM force distribution shown
on the next slide

103

Uniform Force Method (UFM)

Admissible Force Field
Ve p
H
3 HC /
Vv /
J/Ref | He
I Iy /J
1 {_ v
[/ R
/7 -
- WP
e o %
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The UFM was first introduced in 1991

* “On the Analysis and Design of Bracing Connections”,
William A. Thornton, Proceedings of the 1991 AISC
National Steel Construction Conference, Washington, DC,
June

» A version of this paper is available on the Cives Steel
Company website at

¢ WwWWw.cives.com

105

Vertical Bracing Conections
Session 2: The Uniform Force Method

Comparison of the Uniform Force
Method with Physical Test Results

106

£0 TENSILL LOADS
r COLUMNIWIZx 85 ’/
l AT

\
||L,AEE_L CHAKRABARTI/BJORHOVDE
TEST SPECIMEN

P sino 1/ 107
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TEST SPECIMEN NO. 1
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Limit State Identification for Bracing Connections

Limit State Type Limit State Number
Bolt Shear Fracture 1
Bolt Shear/Tension Fracture 2
Whitmore Yield 3
Whitmore Buckling 4
Tearout Fracture 5
Bearing 6
Gross Section Yield 7
Net Section Fracture 8
Fillet Weld Fracture 9
Beam Web Yield (beyond k distance) 10
Bending (including Prying Action) Yield 11
Bending (including Prying Action) Fracture 12

109

Limit States Considered for
Each Interface of the Bracing Connection

Connection Interface

Connection Element

Limit States

Comparison of Uniform Force Method Predicted Results with Test Results
Predicted Results Test Results
Test Brace Gusset Gusset Beam Predicted Predicted Test Test Test
Specimen To to to to Capacity Failure Capacity Failure Capacity /
Gusset Beam Column Column (kips) Interface (kips) Interface Predicted
B Capacity
(Kips) (Kips) (Kips) (kips)
Chakrabarti/ 142 184 216 152 142 A 143 A 1.01
Bjorkovde (S (W) ®) 3.5 3.5 3.5 ®)
30°
Charkrabarti/ 142 182 164 210 142 A 148 A 1.04
Bjorhobde 3.5 W) [6) 12) (3.5) 35 ®)
45°
Chakrabarti/ 142 169 155 342 142 A 158 C L
Bjorhovde 3.5 W) ®) 12) (3.5) 3.5 6
60°
Gross/ 73 212 67 149 67 C 116 A 173
Cheok “@ (W] (12) 0] 12) (12 “@
No. 1
Gross/ 78 77 143 NL® 77 B 138 A 179
Cheok @ W) ™ (@] (U] “@
No.2
Gross/ 84 9% 171 NL® 84 A 125 A 149
Cheok “@ (Y] (Y] @ “@ ®)
No.3
(1) Limit state number from Table , typical 111
(2)  NL=No Limit: this part of connection does not carry any of brace load P

Brace to Gusset Bolts to Gusset 1
Gusset 3,4,5,6
Bolts to Brace 1
Brace 5,6,7,8
Splice plates or WTs 5,6,7,8
Gusset to Beam Gusset 7
(B) Fillet Weld 9
Beam Web 10
Gusset to Column Bolts to Gusset 1
Fillet Weld to Gusset 9
Gusset 6,7,8
Bolts to Column 2
Clip Angles 6,7,8,11,12
Column 6,11,12
Beam to Column Bolts to Beam Web 1
(D) Fillet Weld to Beam Web 9
Beam Web 6,7,8
Bolts to Column 2
Clip Angles 6,7,8,11,12
Column 6,11,12
110
General Summary
» Connections can account for 50% of the cost of erected
steel
+ Rational design of connections requires engineering
knowledge
112
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General Summary

¢ The Uniform Force Method is a rational method.

* In the context of the Corollary to the Lower Bound
Theorem, it provides a design closer to the actual
unknown admissible internal force distribution than any
other known method.

* It provides economical connections when properly used.

* The geometry and loads determine whether to use the
general UFM or special cases I, 11, III, or IV.

113

Vertical Bracing Conections
Session 2: The Uniform Force Method
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Vertical Bracing Connections, Session 2: Uniform Force
Method, Part 1
April 12, 2022 | William A Thornton
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