AISC Night School Fundamentals of Stability
August 7, 2017 Session 8: Design of Bracing for Beams
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Thank you for joining our live webinar today. ‘
We will begin shortly. Please standby. v

Thank you. o \”

Need Help?
Call ReadyTalk Support: 800.843.9166
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Today’s audio will be broadcast through the
internet.

Alternatively, to hear the audio through the
phone, dial 888 504 7949. Passcode: 660099.
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C Itfl,‘i:gh’r School

Today’s live webinar will begin shortly.

Please stand by.

As a reminder, all lines have been muted. Please type any
questions or comments through the Chat feature on the left
portion of your screen.

Today’s audio will be broadcast through the internet.
Alternatively, to hear the audio through the phone, dial
888-504-7949. Passcode: 660099.

C ANm?ght School

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

This program is registered with AIA/CES for continuing professional
education. As such, it does not include content that may be
deemed or construed to be an approval or endorsement by the AIA
of any material of construction or any method or manner of
handling, using, distributing, or dealing in any material or product.

Questions related to specific materials, methods, and services will
be addressed at the conclusion of this presentation.
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Copyright Materials

This presentation is protected by US and International
Copyright laws. Reproduction, distribution, display and
use of the presentation without written permission of
AISC is prohibited.

© The American Institute of Steel Construction 2017
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Course Description
August 7, 2017- Design of Bracing for Beams

This lecture will emphasize the design requirements for
bracing of beam systems. Several design examples will
demonstrate the effective use of the AISC Specification
Appendix 6 provisions. These examples will include
relative, nodal, and lean-on applications. The uses of the
provisions covered in the Specification Appendix as well as
modifications covered in the Specification Commentary will
be addressed. The importance of brace connection details
is emphasized.
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C F:jclg ht School

Learning Objectives

* Learn and understand the design requirements
related to bracing beams.

* Gain an understanding of AISC Specification
Appendix 6 requirements.

» Become familiar with designing for relative, nodal,
and lean-on bracing applications.

* Understand bracing design through the use of
design examples.
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Fundamentals of Stability for Steel Design

Session 8: Design of Bracing for Beams
August 7, 2017

Presented by

Joseph A. Yura, Ph.D., P.E.
Emeritus Professor
University of Texas at Austin

There’s always a solution in steel.

structural

STEEL
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Fundamentals of
Stability for
Steel Design

Session 8
Design of Bracing for Beams

Joseph A. Yura, Ph.D., P.E.
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STEEL

BEAM BRACING

@ Multiple girder systems
= System buckling of narrow girder units
» |ean-on bracing

@ Bracing of single girders
» Lateral brace behavior and design
» Torsional brace behavior and design
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@ Multiple girder systems

= System buckling of narrow girder units

TWIN GIRDER SYSTEMS - Plan View
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girdé/rs 7

cross frame

p——— |_>A S
(a) Individual girder buckling

e,

Cross section A-A

ly _
X—FA )
i

(b) Global system buckling : closely-spaced beams, long span

Cross section B-B
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SYSTEM TWIST

y

~~ /ﬁ\\
L
4

N

S

2
Total warping rigidity = 2E hTIy

Use with beam buckling formulas in Lectures 3 and 4

TWIN GIRDER SYSTEM BUCKLING

T

| Y
S |

22 2 2
Mcrs=2—”\/E| GJ+” - Iy(lyt‘ +{|x5 ) (exact)
L ’ AL

All section properties are for a single girder

2 Girder Maximum Moments < M
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TWIN GIRDER SYSTEM BUCKLING
y

— —\;—
y

w

22 2
v 2% [N L TE 1L (I +1,57) (exact)
"L 41°

2
7Sk
Mcrs: L2 IyI

x (simple)

TWIN GIRDER EXAMPLE

_ Y 75.8in. x 1.0 in.
T

X X
J/ \L __319in.x0.738 in.
L
N

System Buckling Stress (ksi)

7]
4

Girder Spacing S (in.)

Analysis
Type

FEA 2131 28.56 38.68

80 109 150

Exact 21.40 28.73 39.21

Simple 20.70 28.22 38.83 |
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More Info on Global Buckling

e | | | | 1>~

Improved capacity

Similar to Lecture 2

Yura et al,(2008) "Global Lateral Buckling of I-Shaped Girder
Systems”, J. Struct. Engrg., ASCE, Vol. 134, No. 9, pp. 1487-1494 17

@ Multiple girder systems
= Lean-on bracing

18
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LEAN-ON LATERAL BRACING

3
—~ | _Bucklingload _ ______.
2 o

P

o 2 o5p!  losp "
D —
<
o)
-
—
2 1
O q’ W12x14  Span = 24 ft
= Initial Deflection = 0.16 in.

0

0 1 2 3 4 5

LATERAL DEFLECTION (in.)
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. |'wood deck — not
attached'to the beams

20
Stringer # 2

— 3\1

—_
o

AXLE LOAD ( kips )
=)

%
o
|

S == I
¥ I I I1
#1 #2 43
0
5 4 3 2 1 1

LATERAL DEFLECTION (in.)

22
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-y 4
I’/

e
‘ : .‘: i ,;
‘{- £ ' y
7 y p
/ f.r"

Wheel Load Location
Yy

N
e A
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LEAN-ON BEAM SYSTEMS

* Beams that are interconnected by members without
torsional restraint lateral-torsional buckle as a system :

=M, £ =M,

M, = maximum moment in an individual beam
M, = lateral-torsional buckling capacity of an individual beam
assuming that the interconnection points are not brace points

* Check individual beams for buckling between the
intersection points treated as brace points

24
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August 7, 2017

@ Bracing of single girders
» Lateral brace behavior and design
= Torsional brace behavior and design

25

BEAM BRACING

A successful bracing system prevents twist
of the cross section
LATERAL BRACING of the compression flange will prevent twist
since the tension flange would prefer to remain straight for simply-
supported beams. For beams with inflection points both flanges
must be laterally braced to prevent twist.

TORSIONAL BRACING prevents twist of the cross section at
the brace location. The brace does not need to prevent lateral
movement of the cross section to be successful.

An inflection point is not a brace point. Twist of the cross
section is not prevented at the inflection point.

Bracing must have sufficient stiffness and strength

26
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TYPES OF BEAM BRACING

LATERAL BRACING TORSIONAL BRACING
* RELATIVE * DISCRETE (NODAL)
* DISCRETE (NODAL) * CONTINUOUS
¥ CONTINGOUS
% LEAN - ON

27

@ Bracing of single girders
= Lateral brace behavior and design

28
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LATERAL BRACING SYSTEMS

buckled/shape - partial bracing

RELATIVE
‘ . buckled shape - full bracing
Top Flange AN
Bracing — Girder

PLAN VIEW

DISCRETE (NODAL) floor

\VAVAVAVA \<I

joist

brace Ny
comp. flg.

CONTINUOUS

Metal Deck Forms 5

FACTORS THAT AFFECT BRACE EFFECTIVENESS

) ¢ﬁA < ten. flg. restraint
7 o is best
a) cantilever A
center o
¢(_| A twist > sect A-A
) centroid brace
7y <A 7 “relatively ineffective
b) top flange loading center of twist
brace <1
— A 3 © <— brace location
5 <A ol :D comp. flg. can
I Il
c) cross section distortion move laterally

30
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EFFECT OF LOAD AND BRACE POSITION
Load at Centroid
0 \ : —
mM ¢|:>
117 W12%X,26 177
@Flan@e Load g‘ midspan brace
--------- T-------'=<;j"“""""
o I
0 = - - -
0 4 8 12 16 20
LATERAL BRACE STIFFNESS (k/in)
31

BEAMS WITH INFLECTION POINTS

4000 | @ Iﬁ

M 30001 e o
cr i %0
(in-k) | G
2000 | | / 1 Mer
| =
—
1000 | W16x26 - 20ft
|
| S
0 o ~ |__midspan flg.brace .
0 5 10 15 20 25

BRACE STIFFNESS ( kfin) 32
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LATERAL BRACING TESTS
7
»n
2 6
x / FEA
N 5 /
a)
S 4
-
o 3
Z Top Flange Load ’
—
¢ 2 i o
S 1 [ wi2x14-24ft 7]
om = =1
0
0 05 1 15 2 25
LATERAL BRACE STIFFNESS (k/in)
33

LATERAL BRACING DESIGN FACTORS

® NUMBER OF BRACES

® BRACE POSITION

Place at or near the flange

Top and bottom braces needed
for compression on both flanges

® LOAD POSITION
Top flange loading is the worst

® MOMENT DIAGRAM

Consider the C,, modification factor
34
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WINTER 'S APPROACH FOR BEAM BRACING

PLAN VIEW

-—
-

B
v

35

SINGLY - SYMMETRIC SECTIONS

2000
FEA —_— 0
1600 \
W16x26
1
M, 1200
' s M
= cr
() 00 | Tow T
E < midspe% brace
400 !
|_B,= 2R /L= 158
0 i ‘ . ‘
0 1 2 3 4 5

LATERAL BRACE STIFFNESS (k/in)

36

2} Copyright © 2017

American Institute of Steel Construction

18
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LATERAL BRACING REQUIREMENTS - FULL BRACING

STIFENESS: N
From Lecture 7 /
, , 2
|1.0 —relatlvebracmg|’_ 14(12/n) 1+(|\/|S/|\/||)
[4-(2/n) discrete bracing| hvﬁ
an |/ E double curv

ye' "b

37

LATERAL BRACING REQUIREMENTS - FULL BRACING

STIFFNESS: .
B, = 2NiPf Cop)CL Ca/ Lo

From Lecture 7

: : 2
11.0 - relative bracing 1+0.2/n) |1T+(M/M)
|4-(2/n) discrete bracing 2 : NS
doubl
o E ch/ Lb ouple curv
M
< /ho

the compressive force

Another practical option for C

38
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APPROXIMATE COMPRESSIVE FLANGE FORCE

<M
M( W16x26 ho o
— 5
2 2

lp | Mg | B=nEL/E | M/h| M/h,
ft k-in kips kips ¥
5 6035 381 393 1.03
10 | 1640 95.3 107 1.12
15 | 817 42.4 53.3 1.26

39

SIMPLIFIED BRACING REQUIREMENTS

* M/h
STIFFNESS - = 2Ni R Gy G Gy / Ly
/ ﬁ
[4-(2/n) discrete bracing] top fig loading
N 11 23|45 ]|6

2NC, || 88[96(93 |9.1]89 |88

40
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LATERAL BRACING — LRFD RECOMMENDATIONS

Relative Nodal
Stiffness AG-6 AG-8
=075  BL=4M,Cy/PLyh, BL=10M, C4/ dLoh,

\

max. moment

A,=0.002 L,
Strength
AB-5 AG-7
Fi, = 0.008M, C, / h, For=0.02 M, C,/ h,

\ 1.0 — single curvature
2.0 — double curvature

Note: The required bracing spacing, Lq, can be

substituted for the actual spacing, Ly,. 4

DISCRETE BEAM BRACING - Gravity plus Uplift Wind

A€ The rafter of an industrial building frame
4 is braced along the top flange by purlins
1 spaced at 5 ft interval. The uplift load
Ae! gy %' condition produces compression on the
bottom flange and three angle braces

101310 T \T ,are proposed to stabilize the rafter.
! 80— 83 Check the detail shown. F, = 50 ksi.
9"purlin . From F5-4 for LTB of the rafter
S AN V) at 83 k' with Cy,= 1.0. ,
2
SN f D 8312 = 0.9(67.9)(1 0)2(29000(1.59
2 rafter beam L =170 I
SRR IZ - |24x0.149 - " g
L14 X14% 4 ”e%
A= 0297 in 6x0.375
r, = 0.385 in. lyo=6.75 irg
' S,=67.9in
Section A-A rsz 154n i

2} Copyright © 2017
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DISCRETE BEAM BRACING - Gravity plus Uplift Wind
A€ The rafter of an industrial building frame
T4 A~ & & A& 4 isbraced along the top flange by purlins
A———g———4————— spaced at 5 ft interval. The uplift load
Ae! gy %7 condition produces compression on the
o 1 _ bottom flange and three angle braces
10" 10’ ~\| are proposed to stabilize the rafter.
) 50— %3 Check the detail shown. F, = 50 ksi.
9”purlin4 From F5-4 for LTB of the rafter
k=126 0" at 83 k' with C, = 1.0. ,
2
d - } gax12. = 0.9(67.9)(1.0) % (29000154
o rafter beam L 170 L2
il e |24x0.149 q= ' g
AVAV O . -
coorit O Wegows 0T ? g :3A /6 0775 17.0)24.38) = 2.67 kii
r, = 0.385 in. ch=63.75in£1 I3|_ = 10(83)/(0.75(17.0)24.38) = 2.67 Kiin
Section A-A 5=679n" R =0.02(83x12)1.0/24.38 = 0.82k
- rr=1.54in 43

Brace Stiffness

The angle braces are supported by the continuous purlins that span 25
between rafters. The effect of the purlin stiffness must be considered
when evaluating the stiffness of the brace system

Purlin stiffness: M,:(f—l\." M. -

M726.5F “TL=25x12-30= 270"

M/6 = 2 x 2EI/L = 4(29000)12.6/270 = 5410 k-in
F/A = M/(6(28.5)2 )= 6.66 kiin

Treat as
rigid unit

44
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Brace Stiffness

The angle braces are supported by the continuous purlins that span 25
between rafters. The effect of the purlin stiffness must be considered
when evaluating the stiffness of the brace system

TR M=28.5F I(T)'25x12_3() = 270"
: M/6 = 2 x 2EI/L = 4(29000)12.6/270 = 5410 k-in
“b=n285 F/A = M/(6(28.5)% )= 6.66 k/in

rigid unit dief Angle stiffness: 0.297(29000) os20 = 124 k/in
39.7

A
Brace stiffness: (1/6.66) + (1/124) = (1/8) : B = 6.32 > 2.67 k/in OK

45

Brace Stiffness

The angle braces are supported by the continuous purlins that span 25
between rafters. The effect of the purlin stiffness must be considered
when evaluating the stiffness of the brace system

Purlin stiffness: M,:(f:l\." .«:M? .
— M=28.5F “TL=25x12-30 = 270"
M/6 = 2 x 2EI/L = 4(29000)12.6/270 = 5410 k-in
i = 2 \= 1
Treat hs ‘/6 —A/28.5 F/A = M/(6(28.5)? )= 6.66 k/in
rigid unit

icF  Angle stiffness: 0.297(29000) ¢os29 = 124 k/in
39.7
A

Brace stiffness: (1/6.66) + (1/124) = (1/B) : B = 6.32 > 2.67 k/in OK
Brace Strength (E5-1)
Fy =50ksi KL/r=32+1.25(103)=161:¢F, = 8.72ksi
L/r,.=103 ¢R,=8.72(0.297) = 2.59k > 0.82/cos 6 =1.09k OK

46
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Polling Question 1

True or False:

For a cantilever beam, the best location for a

lateral brace at the free end is the top tension
flange.

47

@ Bracing of single girders
= Torsional brace behavior and design

48
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TORSIONAL BRACING SYSTEMS

DISCRETE Through Girders
v Diaphragms v
== - T Cross Frames
= = %
—— ——
floor beam
CONTINUOUS

PLAN VIEW l, i,

"
A A BUCKLED SHAPE

Decki
eexing SECTA-A 4o

SECTION IS FULLY BRACED AT A LOCATION

IF TWIST IS PREVENTED

50
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TORSIONAL BRACING - EFFECT OF STIFFENER

cr

= <<

no br D)

4 X 1/4 stiff T

2.67 X 1/4

no stiffener

Aﬁ_
no brace Z/// W1 6X26 Mer

o2

midspan brace

1000 2000 3000 4000
TORSIONAL BRACE STIFFNESS (in-kfrad)

51
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W30 comp flg
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TORSIONAL BRACING DETAILS
7 fI @e Td
6 ~
g, L
X
=~ b
g 4 I\
9 o
_ 3 a
5 I
s 2
O ]Top Flg Load
1 ALT W12x14-24ftj”
O0 100 200 300 400 500 600
TORSIONAL BRACE STIFFNESS (in-k/rad) 56
.§§‘u_ﬂ'$ﬂ'&% .
g@% Copyright © 2017
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BUCKLED SHAPES AT MIDSPAN
Top flg. torsional brace B < A >
(566666
17
< 30’ >
W16 x 26
ﬁTEIy - 30 stiffened
Mg /Mcr = 1582 in-k
; no stiffeners
y no '\bAracmg . distortion
o = Mcr=283 ink Mq, = 1133 ink
57

EFFECT OF LOAD POSITION

50 —
P 40 -~ Top Flange Load
cr
. Load at Centroid
(Kips) 4
20
¢P
N WiexoR O
f; W16x26
I PRI Wd//! e oo
LATERAL STIFFNESS (k/in) R e e

% 1000 2000 3000 4000 5000
TORSIONAL BRACE STIFFNESS (in-k/radian )

58
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TORSIONAL BRACING TESTS

[ee]

FEA

0.16 = Initial Sweep

N Top Flange Load
0.22

A (4
| Wi12x14-241t,

I

BUCKLING LOAD (kips)
nNo w &~ o o

—_
_‘7_33

0 200 400 600 800 1000 1200
TORSIONAL BRACE STIFFNESS ( k-in/radian)

59

TORSIONALLY BRACED BEAMS -Taylor and Ojalvo

(74; \ /3_// MCI’

\

[ A\

) A
|v|cr=\/|v|O +EI1, B

Unbraced Beam Buckling Strength

60
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TORSIONALLY BRACED BEAMS

Mcr_ (-:bulVI0 + C S Mp or MS
/ T
unbraced capacity 3 B, x n braces
T = —
top flange loading = 1.2 /span length
1 1 1
cross section |—= — t —

distortion Br Bro Bsec

61

1 BT = System Stiffness
B B B BTb = X-frame or Diaphragm Stiffness
T Tb sec
Bsec= Web Distortional Stiffness

NOTE: The system stiffness is less than or at best equal to

the smaller of the brace or web stiffness. o

N2
2} Copyright © 2017
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TORSIONAL BRACING - CROSS SECTION DISTORTION

Torsional Bracg

< >

N

(N + 15h)

«— > —>

Effective Web Width for Distortion
stiffener at least 3/4 depth

3 3

33E [ ts bs

= ~—~—|— (N+15h) + —
sec h 12 12

use 1 in. for continuous bracing

63

APPROXIMATE BUCKLING FORMULA

6, Topflg. brace &O
. :%%ﬁbyvlcr o
Wiexee 7
O le— | —
L = 30’
v N M_= 283 in-k)
cc S == 20/
M_ 3 -
0 (504 in-k)
2
10'
1 (1617 in-K)
0
0 10 20 30 40

64

)
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DIAPHRAGM BRACE STIFFNESS

Diaphragms Through Girders
or Decks A
_I ]I
2 S —>) — —
br Mbr
0 0
6EI, 2E| o

Use if diaphragm is at midheight or closer to the compression flange 65

CROSS FRAME STIFFNESS

TENSION SYSTEM
F A
-F _} 9| |e
| 67

. F F 5!
F Qf § — A
M g 2" M=Fh,

L
2Fh, © Ny

c, - Other Geometries
A A h in Reference

66
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Recent Tests: Cross Frame Specimens
Battistini et al(2016), J. of Bridge Engrg.,ASCE, Vol 21, No.6

Double Angle Z-Frame
(Double Angle Struts)

Double Angle Z-Frame
(Single Angle Struts)

Single Angle K-Frame Square Tube Z-Frame

Stiffness: Test vs. Analytical vs. FEA

Type of Cross Test Analytic Error Line Error
Frames Results Solution %  Element %
Solution

Single Angle " 872,000 1579000 82% 1,572,000 81%
X Frame = =

Single Angle &« 1

% 760,000 1,189,000 56 ﬁ‘ﬁﬁ&m 55%

K Frame —
Unequal Leg

1§09 000 53% 1,614,000 539
Angle X Frame™ C Eﬁ*’f@ﬁﬁ 53 % 53%
Double Angle 2 ‘% 597,000 907000 52% 905000 52%

(Single Struts)

(D[;)OUL?l'I)leeASnt?:jetS§ Z 1,182,000 1,152,000 -2.5% 1,152,000 -2.5%

Square Tube 3 o o
7 frame = . 658,000 649,000 -1% 647,000 -2%

68
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S ———

The reduction in the stiffness is due to the bending
caused by the eccentric connection

Reduce stiffness 50 % for eccentric connections

What about the angle brace in the earlier lateral brace example?

69

Brace Stiffness

The angle braces are supported by the continuous purlins that span 25
between rafters. The effect of the purlin stiffness must be considered
when evaluating the stiffness of the brace system

Purlin stiffness: M,:(f—;l\." .«:M? .
— M=28.5F “TL=25x12-30 = 270"
M/6 = 2 x 2EI/L = 4(29000)12.6/270 = 5410 k-in
i = 2 \= I
Treatée N\ “[6=ar28.5 F/A = M/(0(28.5)2 )= 6.66 k/in .
rigid unit t_F Angle stiffness: 0.297(29000) ¢os20 = 124 k/in
= 39.7

A
Brace stiffness: (1/6.66) + (1/24) = (1/B) : B = 6282 > 2.67 k/in OK
- 62 6.01
Brace Strength (E5-1)
Fy =50ksi KL/r=32+1.25(103)=161:¢F, = 8.72ksi
L/r,.=103 ¢R,=8.72(0.297) = 2.59k > 0.82/cos 6 =1.09k OK

70

2} Copyright © 2017
American Institute of Steel Construction

35



AISC Night School
August 7, 2017

Fundamentals of Stability

Session 8: Design of Bracing for Beams

SINGLY - SYMMETRIC GIRDERS

g

71

DEVELOPMENT OF DESIGN RECOMMENDATIONS

2 —
C.EI
T
\ /

Maximum Moment, M, 1.2

p- 1

T 5
CopE et

L

72
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DEVELOPMENT OF DESIGN RECOMMENDATIONS

2

2.4 L M;

Br = ——
nC, El,

Strength : M, = 0B - take 6 =0.002 L,/h

0.005 L M? L,
nC, El, h

(C-A-6-8)

I\/Ibr =

This was further simplified — See AISC Commentary for details
73

TORSIONAL BRACING - LRFD RECOMMENDATIONS

. 24M2L
STIFFNESS : B, = - (A-6-11)
2
onE Iy Cip
STRENGTH : 0024 M. L
Mor = Py =——— (A-6:9)
nCpl,

L, — brace spacing
ASSUMES INITIAL TWIST = —©

500 — peam depth

Note: The required bracing spacing, Lq, can be

substituted for the actual spacing, Ly,. “
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TORSIONAL BEAM BRACING \
Wioxd0 | glass (no d|aphragm) .
—— 3 The grillage supports glass roof panels subjected to
x/ . uniform load. The maximum beam moments are:
] (W12x40) My =45 K’ < oM, =97 K’ (L= 30",Cb=1.14)
60" § (W30x90) My = 583 k' > ¢M= 144 K (Lp= 60',C,=1.14)
! .~. the W30%90 needs bracing from the W12x40
¢5' From p.3-123, AISC Manual, Lg=22.1 for oM, = 583 k'
b a4
30’
F, = 50 ksi
W12x40
= 307in*
W30x90
l, = 115 in*
t,=0.470in
h, = 28.92in
75
PLOTS OF AVAILABLE FLEXURAL STRENGTH V5. UNBRACED LENGTH 3123
e Table 3-10 {continued)
Moy oty W-Shapes
l:;:t T,:;;t Available Moment vs. Unbraced Length
o | s b WYL TR T T T
e e N TR 5
g CHEE - S
3 | 56 | ':’,,“;- SAHE B TR
5837 EEEESUVINE NN | INEE BEE)
3|0 | ST0 . 3 ' v
g o RN : ' I&I
I I E NER.N
znu B n k] 2 H k'3
Unbraced Length (0.5-ft incraments)
Lq AI'I.'IL'JIE(Iﬂ'S‘lF}].CEHﬂiI]LL'('I'I(}‘.‘i 76
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TORSIONAL BEAM BRACING \
glass (no diaphragm)

The grillage supports glass roof panels subjected to
/ uniform load. The maximum beam moments are:

L Wi2xd0

X

S (W12x40) My =45 k' < ®M, =97 K’ (Lp= 30',Cb=1.14)
60’ § (W30x90) Mr = 583 k' > oM,= 144 k' (Lp= 60',C,=1.14)
! .~. the W30%90 needs bracing from the W12x40
}5' From p.3-123, AISC Manual, Lg=22.1 for oM, = 583 k'
T ‘ Brace Requirements ‘
F, = 50 ksi (A6-11) 2
. p - ~AEOXIDOBI" 5474 inkrad
W12x40 T 0.75(11)(29000)(115)(1.0)
= 307in*
W30x90 (A6-9) Use L4=22.1"instead of L= 5’
oaron 0.024(583)60
t, = 0.470in . :
== LD, M, = V238000 g 45
h, = 28.92in ] or " 11(1.0)22.1 345K

q 77

Try W12x40 as bracing - assume that the shear tab connection can act
as a moment connection for the small My,

By, = 6El/L = 6(29000)307/(30%12) =148,400 in-k/radian

3
_3.3(29000)(1.5(28.92)(0.47)

weo \| (AB12) PBse™ 5595 < 12 +0
#*distortion =

(no stiffener) = 1242 <3074 in-k/rad ~= need web stiffeners
(or thicker web)

78
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Try W12x40 as bracing - assume that the shear tab connection can act
as a moment connection for the small My,

By, = 6EI/L = 6(29000)307/(30%12) =148,400 in-k/radian

3.3(29000)/1.5(28.92)(0.47)°
(A6-12) B *35 65 )< — )+O>

web :
? 'disthtion Ll
(no stiffener) = 1242 < 3074 in-k/rad .~ need web stiffeners
’ ’ 1 (or thicker web)

— + . .
3074 148,400 B :required ﬁsec= 3140 in-k/rad

(C-A-6-12)

Assume 3/8 thick stiffener -

3.3(29000)(1.5(28.92)(0.47)3 0.375(bg)°

3140 =

28.90 1 T >;bs=2'63'”

- use 4x3/8 full-depth one-sided stiffener for connection "

Brace strength:  The bolted connection to the coped W12x40 can
.0 provide moment capacity as the bolts come in
S contact with the web when the beam tries to rotate.

oM, = 0.9 SF where S'is the section

modulus of the web in the connection zone

oM. = 0.9(50)9.5) (0.295)/6(12) = 16.6 k-ft

— Mo OM,, > My, = 3.45 k-ft OK
t,=0.295in

3/8 stiffener

Because of hole clearance, some rotation, 8p, may occur before
flexural resistance can be developed. Check increase in brace force.

say 6, = (2/16")+ 6" = 0.0208 6,=0.002(22.1x12)/28.92 =0.0183

0.0208 + 0.0183
0.0183

M, = 3.45( ) - 7.37< 16.6 k-ft, still OK

80
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Minimum Web Thickness to Eliminate the Web Stiffeners

1 1 1
A _ + . . ~ :
(C-A-6 12)3074 148.400 P required B =3139 in-k/rad

sec

3 . .
(A6-12) 3139 =3.3(29000)(1.5 tw)/12 =~ approx. min t, = 0.640 in
W30x148 (t, = 0.650 in)

81

Minimum Web Thickness to Eliminate the Web Stiffeners

1 1 1
-A-6- = + - i = i
(C-A-6 12)3074 148,400 Peo required B__ =3139 in-k/rad

sec

(A6-12) 3139 = 3.3(29000)(1.5 tiv)/12 =~ approx. min t, = 0.640 in
W30x148 (t, = 0.650 in)
Try W30x124, t, = 0.585 in, ¢M, unbraced = 284 k' (M, = 583 k')
Account for unbraced buckling strength :
Replace M2 with (M.2- (¢M,, )?) (AISC C-A-6-7)

Br = 3074 (5832 — 2842)/ 5832 =2344 in-k/rad

1 1 1
-A-6- = + - i = i
(C-A-6 12)2344 148,400 Peo required B, =2381 in-k/rad

(AB-12) 2381 =3.3(29000)(1.51 )/12 - min't, = 0.583 < 0.585 in
OK 82

)
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Polling Question

To be effective, a torsional brace system must
a. be attached near the compression flange
b. prevent lateral movement and twist

c. have a web stiffener

d. limit distortion

e. all of the above

83

END CONNECTION TORSIONAL RESTRAINT

Ends fully braced

tab
M
0 0.6 I]l;lclip Ls shear
b T ” endpl T
0.4
4 3ol 112 JPattop g
ATTWiex26 O
0.2 DAY X
M, - Ends fully braced
0 . ] ]
0 500 1000 1500 2000

END CONNECTION TORSIONAL STIFFNESS (in-k/rad) g,

)
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SUMMARY

@ Closely-spaced long-span beams can buckle as a unit

@ Beam braces can be designed to either prevent
movement of the compression flange(s) or twist of the
cross section

@ Braces must have adequate stiffness in addition to
strength

@ Distortion of the cross section must be controlled for
effective torsional bracing

85

-S.t-ab_ility Design
Criteria

FOR

www.stabilitycouncil.org § Me[al StruClurF}S'

CHAPTER 12

BRACING

i

Ronald D, Zaril:
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Fundamentals of Beam Bracing
Joseph A. Yura

87

Individual Webinar Registrants

CEU/PDH Certificates

Within 2 business days...

* You will receive an email on how to report attendance from:
registration@aisc.org.

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

¢ Completely fill out online form. Don’t forget to check the boxes
next to each attendee’s name!
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Individual Webinar Registrants

CEU/PDH Certificates

Within 2 business days...

* New reporting site (URL will be provided in the forthcoming
email).

* Username: Same as AISC website username.

¢ Password: Same as AISC website password.

N a

8-Session Registrants

CEU/PDH Certificates

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

e
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8-Session Registrants

Final Exam

The final exam will be issued on August 14.

The final exam must be submitted by August
28 at 8:00 AM EDT.

8-Session Registrants

Access to the quiz: Information for accessing the quiz will be emailed to you by
Wednesday. It will contain a link to access the quiz. EMAIL COMES FROM
NIGHTSCHOOL@AISC.ORG

Quiz and Attendance records: Posted Tuesday mornings.
www.aisc.org/nightschool - click on Current Course Details.

Reasons for quiz:

*EEU — must take all quizzes and final to receive EEU

*CEUs/PDHS — If you watch a recorded session you must take quiz for CEUs/PDHs.
*REINFORCEMENT — Reinforce what you learned tonight. Get more out of the
course.

NOTE: If you attend the live presentation, you do not have to take the quizzes to
receive CEUs/PDHs.
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8-Session Registrants

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

CEUs/PDHS — If you watch a recorded session you must take AND
PASS the quiz for CEUs/PDHs.

Pt AN
Re . ()
i s

—

e

Night School Resources for 8-session

package Registrants

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

e
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Night School Resources for 8-session
package Registrants

Go to www.aisc.org and sign in.

DON'T HAVE AN ACCOUNTT

Night School Resources for 8-session
package Registrants

Go to www.aisc.org and sign in.

1N THIS SEETION MyAISC

MY PROFILE

M¥ PURCHASED DOWNLOADS

® VIEW DOWNLOADS

MY COURSE RESOURCES

VIEW RESQURCES

Copyright © 2017
American Institute of Steel Construction




AISC Night School Fundamentals of Stability

August 7, 2017 Session 8: Design of Bracing for Beams

Night School Resources for 8-session

package Registrants

Course Resources

hiLdEismgn Ppagetignriones L0 Deagn stingugtol Byndn

hikdd &:Sessian Pachape-hight School L Fucdamentabial Stabikty

Night School Resources for 8-session

package Registrants

Night School 13: Design of Industrial Buildings

B-S5ESSION PACKAGE RESOURCES
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Night School Resources for 8-session

package Registrants

* Weekly “quiz and recording” email.

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

o Updated on Tuesday mornings.

N a

Night School Resources for 8-session

package Registrants

+ Webinar connection information:
o Found in your registration
confirmation/receipt.
o Reminder email sent out Monday mornings.
« Link to handouts also found here.

e
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Thank You

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