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Course Description

Behavior of Flexural Members — The Fundamentals
October 20, 2020

Using an approach similar to that employed in Session 1, this lecture will provide an
overview of the strengths and limitations of the solution to the differential equation that
defines the elastic lateral-torsional buckling (LTB) strength of beams. Related flexural and
torsional concepts, including the benefits of warping resistance, will be briefly reviewed.
The assumption of elastic behavior will then be relaxed to define the inelastic LTB and
plastic moment capacities of flexural members. The strength of beams without slender
elements will be covered and ultimately presented in the form of beam resistance
curves. The speakers will conclude by introducing the second learning module.

i Stronger.
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Learning Objectives

Explain the limit state of full yielding for flexural members.
¢ Describe lateral-torsional buckling behavior of beams.

¢ Explain how the length between brace points of the compression flange of a
member in flexure affects lateral-torsional buckling.

¢ Explain the application of the lateral-torsional buckling moment gradient
factor, C,,.
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Modern Methods for Learning The Basics of
Structural Stability: From Behavior to Practice

Session 3: Behavior of Flexural Members — The Fundamentals
October 20, 2020

Ronald D. Ziemian, PE, PhD
Professor
Bucknell University

' Craig Quadrato, PE, PhD
Senior Associate
Wiss, Janney, Elstner Associates, Inc.
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Course Overview
* Topics
— Compression Members (Weeks 1 & 2)
— Flexural Members (Weeks3)& 4)
— Beam-Columns (Weeks 5 & 6)
— Systems (Weeks 7 & 8)

» “Active” learning! Weekly virtual lab
experiences...

e Case studies from the real world...
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Course Overview (2)

fct d-

-y tiffness/ T

Slender Systems, Members, and Cross-sections

s - W

| Designforswbiliyl

Course Overview (4)
"Buckling” Design Methods:

Load
l oa dﬁm[ Bifurcation Theory

‘“‘\IHSTbeﬁfy stiffness |

deflections 1
Thé’Of‘y bending 1

Deflection
Deflection,

Figure applicable to system, member,
and cross-section behavior
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Course Overview (3)

* Focus of the course is on fundamentals!
* Better understanding of behavior will result in
improved design
* Key Definitions
— Stability: Under load, component returns to current state
after applying a small disturbance such as a deflection

— Bifurcation (critical load): Theoretical point at which
loading a component results in an instantaneous change
from current state to significant deflection — two options:
not buckled or buckled

— Instability: Loading a component results in a realistic
transition from small deflection to significant deflection —
buckling preceded by deflection

Course Overview (4)
"Buckling” Design Methods:

Load
[ Bifurcation Theory

Load);,

= .pe tiff
~_Instability |
deflections 1

Theo endi

Slope # infinity ending |

deflection is growing .

but initially byvery  Deflection

small amounts

Figure applicable to system, member,
and cross-section behavior
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Load

Loadﬁm Euler B

1)

uckling (5)

Boundary
Conditions!

C,=0 "trivial solution"

-
2) sin[\:%uﬂ) = ‘II%L:HJT =¥ el
T e D272, membgr,
and cross-section behavior

Bifurcation Theory

g /

T Vx=0)=0 = v{x)=C_sin(

h
(&

o vix=0)=0 = V("':“:O=C?5in(\}%”

Course Overview (4a)

"Buckling” Design Methods:

LBA
Eigenvalues —
buckling load
factors
Eigenmodes —
displacement
values are not
intended to be
used beyond
showing buckling
shapes

Course Introduction

Compression Members

IFlexural Members |

Modern Methods for Learning The Basics of
Structural Stability: From Behavior to Practice

Analysis acronyms: Course Overview (5)

LBA: linear buckling analysis; elastic critical load analysis;
elastic eigenvalue analysis; assumes bifurcation theory

GNA: geometric nonlinear analysis; 2"-order elastic
analysis; assumes equilibrium on the deformed shape and
linear elastic material, with no initial imperfections

GNIA: same as GNA, but includes initial imperfections

MNA: material nonlinear analysis; 1%-order inelastic
analysis; assumes equilibrium on the undeformed shape
and accounts for yielding, with no initial imperfections

GMNIA: geometric and material nonlinear analysis; 2¢-
order inelastic analysis; assumes equilibrium on the
deformed shape, accounts for yielding, and includes initial

Taalol=lg (s i(e]s Il hmmm....one resource that may be of use is the
textbook available at www.mastan2.com

Limit States of Flexural Members

* Full yielding (today!)
* Instability

—Along the member length (today!)
* Lateral torsional buckling

Beam-Columns —elastic
—inelastic
Systems — At the cross section
fae) (RS Smarter * local bucklin
Copyright © 2020
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* Tensile test

Full Yielding

Session 3: Behavior of Flexural Members — The Fundamentals

Full Yielding (2)
M,

o Partlal Yleldlng
yield Perfectly Plastic (E = 0)
MY=50

£

L+A

E I<(E I)elastlc Y M

‘T

(E I)elas.tic ";OY . e

€=A/L

* Assume same response for compression

O-y,tension = Gy‘leld
— Neglect strain hardening (assume elastic-plastic)

— Oy, compression —

1

RS IE Full Yielding (4)

M, * Beam Curve — Take 1 4 ,jﬂn
M ZU M, .
Partial Yilding » Limit State: Full yield (%

Mv_z_s_?x_]
Acceptable?

* What about:
— member instability ??? (today!)
— cross section instability (local buckling) ???

14
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merican Institute of Steel Construction




AISC Night School 24 Session 3: Behavior of Flexural Members — The Fundamentals
October 20, 2020

Member instability...Consider a M Keep increasing those M
simply supported beam subject to end moments:
equal and opposite end moments:

Initially, beam bends downward

resulting in only vertical deflection... Who Wi" win‘)

15

Compression (top) portion buckles with M

; ; o Member instability:
tension (bottom) portion resisting...

Lateral Torsional Buckling

Twisting
movement

Lateral

. movemen

“Lateral torsional buckling (LTB)”

Copyright © 2020
American Institute of Steel Construction
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Member instability:

Lateral Torsional Bucklin
Lateral Torsional Buckling ateral lorsional Buckling

* Theoretical bifurcation
— solution

— assumptions

* Undoing those assumptions
(approaching reality)
— not fully elastic, partial yielding

— alternative loading and support conditions
* Beam curves

— AISC

— others

20

Lateral Torsional Buckling (LTB) LTB (2)

* Before obtaining the theoretical solution for M,,
let’s do a “parametric” analysis...

¢ Bifurcation solution
* Assumptions!

_ prismatic member M<M * Terms expected in the solution? M-,
(I = constant) ( — Minor axis buckling: £/, and L, 'j

— only major axis bending — Torsion e
occurs before buckling * St. Venant: GJ and L, ¥

— linear elastic behavior * Warping: EC,, and L, ]
(E = constant) MM —Others? 7 (of course!)

— uniform moment
distribution

* What’s their impact? ‘uaterial: ET,6 T = M T
— braced at the ends Tem_w in numerator«— Section: /, Tate, T = m7T
(frictionless) . Term in denominator .__nhraced length: LT = M|,

Copyright © 2020
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Wait...

* Minor axis buckling, | recall from
earlier slides

2
TT°El
Fe=—
L
* But, | need a quick refresher on

ion!
torsion: St. Venant ?

Warping ??7??

23

St. Venant Torsion

Consider a portion of the
member of length dx
subject to a torque T.

If we consider only St.
Venant (uniform) torsion,
the rotation per unit

length is: do T
dx GJ

St. Venant Torsion (2) Open Shape:

Closed Shape: ET:Hﬁ

7 bl

J= ¥ i}l

z 3 |

U =median H

_ circumference / H

N\ A=area enclosed

N i

% 1
Circular Hollow Shape: e e

. " = in
t=0.25" A= 3.8‘1 in . W8x13 (t,=0.23", t=0.26"):
Br=A{w) =4.90 — A=3.84in2
P S 1=0.0871in

Factor of 264...closed sections rule in torsion!,,

Warping Torsion (your new best friend!)

opyright © 2020
merican Institute of Steel Construction

Top View End View

Notice that this torque T causes the flanges to bend
in opposite directions. The resistance to this “cross
flange” bending opposes the applied torque (yeah!)
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The twist on torsion do. Elastic lateral torsional M,
St. Venant (uniform): buckling moment, Me
de
S
Warping(non-uniform):
3 ME
T =-EC s Twisting
v v dX3 movement
Total resisting torque:
Lateral
T=T,+T, T
deo : —
T=GI—*—FC —2 ‘ M, =72??
dX ud an 27 28
Summary Summary (2)
Equilibrium on deformed shape:
G lied” t “resisting” t
Japl:i ie : ocrilzlue1 | :95!5 ln? orq:;g v d*w g dzex
T=mM ¥ -6 _gc “dx’  dx?
° dx dx v dx?
2 2
d( dw) df_dé d’6 M=mo ——g I o dwW__ My
— |\ M,—— |=—| 6/ —EC y X Y dx® dx>  EI, ¥
dx\ ¢dx ) dx X " dx? y
2 2 4
dw_ &0, d'0, Mo _9% g 16
= — X 2 w 4
¢ dx’ dx* " dx? . el 2 22 -

opyright © 2020
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Summary (3) Summary (4)
Solve differential equation This sort of makes sense! m, |7
4 2 2 2 (
e, e e v T | e P
" dx* dx* El, e 2 g ey
y Lb Lb
and apply boundary conditions L e .
Top flange in Bottom flange in tension resisting this minor
Bx (X = 0) = 0, Gx (X = l'_b) =0 compression trying axis buckling by creating a resisting torque,
R . to produce minor which includes both St. Venant and Warping
9:: (x=0)=0, Qx (x= ,'_b) =0 axis buckling components
Results in which simplifies to:
, | 7 n 2
Me = L2 GJ+LTECW Also note that our M = E El GJ + ”_E | C
b b earlier parametric e L y L y w
" study was spot on! b b i

* Elastic lateral-torsional buckling ‘Mn ,)M,
2 Full yield \
Me=£\/EIyGJ+[ﬂ—E] IC, My "

b

b

* Beam Curve — Take 2

It's
M, M, MASTAN2
timel ?
1/ [Full vield \ " ) P Acceptable: L,
p = . .
M ( Z— L W24x68 (E=29,000, F, = 50, Z=177, include warping)
e
L 100
. 300 u

opyright © 2020
merican Institute of Steel Construction
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NS24_L3_Example_1.mat  \yax68

E=29,000, F, = 50
=177, M, = 8850

35

(D)
>

N
M, = 3.45 x 1000

NS24 L3 Example_ 1.mat

= Deflected Shape: 2™-
M = -100 I

-
=

L, =300

opyright © 2020
merican Institute of Steel Construction
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LBA
M, = 3.374 x 1000
M, = 3374

Deflected Shape: Elastic Cri Load, Mode # 1, Applied Load Ratio = 3.3741

NS24 L3 Example_ 1.mat

[
=

b\

EJ'G.I-i‘[iI:IE
i L

Cl

MP

2
J ien= 3,374 (nice!l)

36

(D)
>

N
M, = 8.85 x 1000

NS24 L3 Example_ 1.mat

=+ Deflected Shape: 1*'-Order inelastic, Incr # B3, Applied Load Ratio = B85 "

M, =2 F, = 8,850 (nice!)

38

11
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‘Mn * Elastic lateral-torsional buckling
Full yield \ 2
My M =£\/E/ GJ+(”—E] IC
¢ L v L, v

It's * Beam Curve — Take 2
MASTAN2 M, M,

ime! ?
Phoinc Y Acceptable: L, rullyield \ .

_ - - Mp n e
W24x68 (E=29,000, F, = 50, Z=177, include warping) M ( /‘*

e
24206 24600 8850 8850 i

300 3374 3450 8850 3374

39

* What about those assumptions?

Lateral Torsional Buckling

* Theoretical bifurcation
— solution
— assumptions

* Undoing those assumptions
(approaching reality)
— not fully elastic, partial yielding
— alternative loading and support conditions

Lateral Torsional Buckling (LTB)

¢ Bifurcation solution

* Assumptions!

— prismatic member
(I = constant)

— only major axis bending
occurs before buckling

— linear elastic behavior
(E = constant)

: M=M,
* Beam curves — uniform moment [y
distribution
e — braced at the ends g, [
—otierE . (frictionless) )
opyright © 2020

merican Institute of Steel Construction
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At the onset of loading, some
minor axis bending and twist
can be produced by factors,

such as initial member out-of- o
straightness and/or 010N
unintended eccentricities

M

43

Top View: Response including initial It's
: MASTANZ
M member out-of-straightness Hinel

M.
J,(x)

ME
o(x)=
0 (x)+
J,,(x)

M
W24x68 (E=29,000, F, = 50)

L =100 and §,=1/1000=0.10 LBAvs.GNIA

opyright © 2020
merican Institute of Steel Construction
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Top View:

Response including initial
M i member out-of-straightness

Elastic instability occurs as applied
moment M approaches M;

44

LBA vs. GNIA

| s | o b L Buczees, Analvais Congiste

Sycoess: Analysi

coled Loa Ratio = 45,00
M ¥ ol incrs

NS24 L3 Example_1.mat

46

13
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Lateral Torsional Buckling (LTB)

LBA vs. GNIA

* Bifurcation solution
* Assumptions!
— prismatic member
(I = constant) (
— only major axis bending
— e A occurs before buckling
Displacement o) T bidsd % \ — linear elastic behavior
: (E = constant)

-

[ o | : i S distribution
_m

— uniform moment
nm (

— braced at the ends

N524_L3_Exam ple_l.mat Y (frictionless)

Partial Yielding

* As loading is applied,
cross section may begin
to yield due to M
— major axis bending (

— minor axis bending b

— torsion (warping stresses)

* Yielding is accentuated by presence of residual

stresses
* Yielding results in loss of stiffness, which may 7
result in inelastic lateral torsional buckling. Occurin rolled wu!e flange shapes because !Dcatlcl.ns with high surface
area (e.g., flange tips) cool well before locations with smaller surface
4 area (flange-to-web intersections) 50
Copyright © 2020

American Institute of Steel Construction
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Partial Yielding (2) Partial Yielding (3)
M I
M -
> J_ Elastic Response Elastic LTB
My=Zo, M= ‘K.“““‘“““““—“—‘-‘
| .
Partial Yielding F o Mn__JI_ Inelastic LTB
M=Sa, N A !
T E1<(E etzsic* M, |-
My A M/S = o,
-0,
\ 5" M, = S(cry-a,.es)
I \ MY=[3S*:J,_’,,=[':1My ! .
(EDejastic  *9 6 Inelastic instability occurs well below M

* Beam Curve —Take 3
M

e\

Progress of the test

Acceptable?

1. Full ;'_p 2. Inelastic [ 3. Elastic
yield LTB LTB

Lateral Torsional Buckling Test
26,053 views + Jan 18,2017

* Where did L, and L, come from?

Civil Enginearing RWTH Aachen University
] 520K subscribera

* What about those assumptions?

opyright © 2020
merican Institute of Steel Construction
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* Where did L, come from?
— L, is unbraced length at transition from inelastic to
elastic LTB
— Equate M, (moment to produce first yield including
residual stresses) with M, (elastic LTB
moment)...and s“oly\e for L™\, :
S(oy-am):i—r- El GJ+[’EE] Ic,
b

Specificarion for Stricnuril Steel Buildings, July 7. 2016
Jinumc AN [\\I['I'I TE OF Sll[l {s\ﬁmurl)'\ b

Ly, the limiting unbraced length for the limit state of inelastic lateral-torsional
buckling, in. (mm), is:

[
| Je I Je

* Where did L, come from?

— L, is unbraced length at transition from full yielding
to inelastic LTB

— Game of darts in an AISC cigar filled room...
...not quite!

— Varies from code to code and is based on analytical
and experimental studies

— For a compact I-shaped member, AISC gives

L= 1.76ry‘/E/Fy

Specification for Structural Steel Buildings, July 7, 2016
AVIERICAN INSTITUTE OF STEEL CONSTRUCTION

Ly, the limiting laterally unbraced length for the limit state of yielding, in. (mm),
is:

W24x68 (E=29,000, F, = 50, include warping and &,)

24206 8850
300 3374 8850

. 2 \ o
Le=1950————+,] —] + 6. T(s| b ?_} | (F2-6)
0.7F, \ Sh \\ Siho E )
where YIkBSm
r, = radius of gyration about y-axis, in. (mm) =
I
2 _ Yot .7
o s (F2-T)
55

57

Copyright © 2020
American Institute of Steel Construction

L,=1.76r, FE‘ (F2-5)
GMNIA
NS24 L3 _Example_1.mat -—= 5,95 x 1000
M, = 2950

“** Deflected Sha ar Inelastic, Incr # 58, Applied Load Ratio = 5 ™

.

58

16
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M i Partial Yielding (3)
” J'_ Elastic Response Elastic LTB
pr—t————— R ————— e

Inelastic LTB

MASTANZ : M
|
W24x68 (E=29,000, F, = 50, include warping and &) e
-mm ;

24206 8850 8200 8200 $ose M =539

well below M
300 3374 8850 2950 2950

Flexural Strengths per FEA * Beam Curve —Take 3
M d FEA: 8, = L/1000 .
R W24x68 (A992) b3/ y :
= | |
600 -
2 Uniform moment I I
E 400 {L_,=188ft ! Acceptab[e? i
p | | l;
e 1. Full ,f'_p 2. Inelastic [ 3. Elastic
200 1 2 yield LTB LTB
100 - W14x53 (A992) I, =222t L, (f) * Where did L, and L, come from? (done!)
0 = * What about those assumptions? (hmmm...)
61 0 5 10 15 20 25 30 35 62

opyright © 2020
merican Institute of Steel Construction
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Lateral Torsional Buckling

» Bifurcation solution
* Assumptions!
— prismatic member
(I = constant)
— only major axis bending
occurs before buckling
— linear elastic behavior
(E = constant)

— uniform moment
distribution

— braced at the ends
(frictionless)

(LTB)

Session 3: Behavior of Flexural Members — The Fundamentals

63

Uniform Moment Distribution

* Provides for “simplest” differential equation and
corresponding solution to the elastic LTB
problem.

* Most conservative case
— M(x) = constant
— maximum compressive stress occurs along entire

unbraced length

* In place of formulating and solving for other
moment M(x) distributions, results can be
adequately approximated by scaling the uniform
moment in/elastic LTB solution.

64

Uniform Moment Moment gra

dient

M_>M,

M_=CM_ with C,>1.0

As expected, larger
LTB capacity!

Uniform Moment Moment gradient

65

Copyright © 2020
American Institute of Steel Construction

' ’jw Case 1l

I. = | W

enﬂj\'a%‘am'
WE " As expected,
. larger LTB

M >M capacity!
M_=CM,_ with C,>1.0

W24x68 (E=29,000, F, = 50)
C,= 7

It's
MASTANZ
time!

— L=288 LBA

18
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W24x68 (E=29,000, F, = 50) Uniform Moment » Moment gradient ~
L=288 LBA (,=7??? j Case 2 " )
M. = 3.602 x 1000
M, = 3602 | -
|34

LBA
M., = 0.682 x (P/2xL/2)
M., = 0.682 x (50x144)
M,, = 4910

Only over a e
small

portion of L, As expected, even
larger LTB capacity!
2
M >M
E
V. :LEJEI’GH[T_] e M_=CM_ with C >10
NS24_L3_Example_2.mat b b o =CM, with €, >1.

67 68

W24x68 (E=29,000, F, = 50)
L=288 LBA C,=???

Uniform Moment Moment gradient

LBA
M, = 3.602 x 1000
M, = 3602

LBA
M., = 9.838 x 1000
M., = 9838

As expected, even

ZE 2 larger LTB capacity!
B+ | 1C, M. >M.

‘ M_=CM. with C,>1.0

It's
MASTANZ W24x68 (E=29,000, F, = 50)
ime!

Pomr— G L=288,k=+1 LBA C,=???

M, =

S8

NS24_L3_Example_2.mat

69

Copyright © 2020
American Institute of Steel Construction
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Moment Gradient Factor, C,

—5—CAN/CSA-516-01 i

¥ Eurocode 3 +
=——Proposed i 22
Ch # MNumerical L=8 m (Serna et al)
B Numerical L=16 m (Serna et al.)

A MNumerical (Suryoatmono & Ho)

X &

—S=ATSC 2005

28 A A
—#—Kirby and Nethercot $+8 "

- 5

—6—B55950-1 g .

26 i"§ K .-\-\-\-’H\\
—%—AS4100 - .
—+—Sema et al. ¢ 2.4 = .

® Numerical (Nethercot and Trahair) I
© Numerical (Clark and Hill)

“1.0 “0.8 “0.6 0.4 0.2 0.0 0.2 0.4 0.6

2010 AISC EJ paper by Wong and Driver K

1.0
7

LTB Moment Gradient Factor, C,

In/elastic LTB M, can be adequately approximated
by scaling the uniform moment in/elastic LTB

solution ca
M=CM*> <M
n b 'n P

Under no conditions can M, exceed M,
regardless of moment gradient

Many possibilities for C,, AISC uses
12.5m,_ |
C, =

25M, |+3

+3

MLb/4‘+4‘MLb/2

M3L /

b/ 4

See 2010 AISC EJ paper by Wong and Driver!

72

* Beam Curve — Final Take!

M,

M —

M

1. Full ip 2. Inelastic L, B Elastic
yield LTB LTB

73

Lateral Torsional Buckling (LTB)

Bifurcation solution
Assumptions!
— prismatic member

(I = constant) (
— only major axis bending
occurs before buckling
— linear elastic behavior
(E = constant)

— uniform moment
distribution

— braced at the ends
(frictionless)

opyright © 2020
merican Institute of Steel Construction
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* Not vertical supports!

* Braces should restrain
— twist
— lateral movement

* All rules apply with L,
reduced to distance
between brace points

* Must confirm strength
within each unbraced
span

* Design of braces!

Providing Additional Brace Points |P,

Ll =M L.C—>M
M <opM?  M? <pM°

n g5

Session 3: Behavior of Flexural Members — The Fundamentals

M

C W24x68
[

L =24 ft. (288 in.)

M-distribution:

M, (uniform)

Observations:

M. Case 1: Braces at ends
Case 2: Braces at ends
and mid-span

It's
MASTANZ2

timel

' I i .

76

# of Modes Calculated = 20 —-> Success: Analysis Complete

Elastic Critical Load Analysis

"I Max # oiModes: [<] 20 |-JNINN Aoy BN Cancel [0

opyright © 2020

merican Institute of Steel Construction

— ; Warping resistance
-______'"“:L / not included in analysis

—_

= 3602 kip-in
= 300 kip-ft

21
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File  View  Geometry 15 ns n

M,/M, = -1
MM, = +1

M, (uniform)

| Detine elementis) and parameters i Elemant{(s)) All g Al Cl / : | Success: Deflection shown

Il Dafl Line Type Scale | 15 W Wotps | 10 B Animate §<] 2 |> H Apply Cancel

File  View  Geometry

M/M,=-1 3602 12,120
M/M,=+1 9,838

Copyright © 2020
American Institute of Steel Construction

Session 3: Behavior of Flexural Members — The Fundamentals

File  View  Geometry  FPro

MM, =-1 3,602
M/M,=+1 9,838

| Define slementis) and parameters || Elementis)] All | Al| Cir FAQY : | Success: Deflection shown
Il Dafl Line Type Scale | 15 W Wotpts | 10 B Animate §<f 5 |.—-H Apply Cancel

M/M,=-1 3,602 12,120
M/M,=+1 9,838 27414

(nonuniform) lMu
Mcr

| Detine element(s) and parameters || Element(s)]

| Dell Line Type | Sobd 1) Seale | 15

All 1Al| Cir [AGVIS Status: J|  Success: Deflection shown

B ¥otpts | 10 W Animate W< 15 |.—-H Apply E Cancel

22



AISC Night School 24 Session 3: Behavior of Flexural Members — The Fundamentals
October 20, 2020

M, W24x68 M, Case 1: Braces at ends Inflection point (I.P.) _ I.P. and brace point __
g; T ) Case 2: Braces at ends at mid-span | ) at mid-span )
= . n. . .
and mid-span M 5w " &0
— 5 | v. 67— Im
e My/IM, = -1 3,602 == 12,120  [IK[:} M!—-__——f-‘--"“j' M—-*”““"’TI—;
romniform) gy} M IM _+1 9838¢\ 27 414 |— Lsz | L}L{ b-—2
| MM, = / : o w2ax68  |.-L. =5
L = 40'-0”
Observations: x e
" ™ ¢, =227 M, -CbEJE!yGJ+{Z] Ic, ¢, =167
L, =40'-0" L,=20'-0"
1 P
M, =319 kip-ft | wuhled - M_=677 kip-ft

Inflection point at mid-span FEA Results

Inflection point
at mid-span

Erid i B ) I.P. and brace point _

at mid-span

- Inflection point and brace point at mid-span
End View

Pona

Inflection point is not a brace point!

Why does FEA give a significantly higher M_, for
I.P. and B.P. case? ppA¢ —g77 vs. M =911

cr
86
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Lateral Torsional Buckling (LTB) Lateral Torsional Buckling

¢ Bifurcation solution
* Theoretical bifurcation

— solution

* Assumptions!

— prismatic member

(I = constant) — assumptions

* Undoing those assumptions
(approaching reality)
— not fully elastic, partial yielding
— alternative loading and support conditions

* Beam curves

— AISC
) — others .
AISC Flexural Strength AISC Flexural Strength
« Initial yield (compact I-shapes) s N (compact I-shapes)
—Moment, M =$(o, -0, )=0.750, =0.7M, £ sy _
— setting M, = M,, back solve for unbraced length L, 5 M R = Rasic Jeoomx e
* For shorter unbraced lengths (full yielding) £
L<L, M =20 =M, E"-E
* For longer unbraced lengths (elastic LTB) %
L,2L, M =CM, = cb%\/E/yGJ+(mE/Lb)2 IC, <M, . o L Cy= 1.0 (Basic Strength)
* For intermediate unbraced lengths (inelastic LTB) e deSig"*q_A,,t'”'p_i;dasﬁc i i TR
L <L<L,M=C [M -M -M )[Lb_l-”]] <M Unbraced Length, L,
p b r n b| "p P 7 Lr —Lp P ) Fig. C-F1.2. Nmmmr_ﬁ;».:;::;:r_:-::r-f:;i,;;;:&,E_:;:I,,(.,,-(,,, of unbraced length .
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s A|SC doubly-symmetric

Comparison of Flexural Strengths Comparison of Flexural

— A SC Singly-Symmetric
800

™ FEA: 8, = L/1000 . 7
N N 6e=1/1000 Strengths by Standard =

1.0 ik " EC3 rolled curve 1
. EC3 equivalent welded

M./ M,

0.8

EC3 rolled curve 2

EC3 general welded

0.6

0.4-

02 W27x84 (F,=50 ksi) -

.A992 L, (ft) uniform moment Lb/,’_p with L,= 1.1n, Ilf_'
} > : : - ; 0.0 1 1 : 1 N Y
9 ° 0 5 10 15 20 25 30 35 0 1 2 3 4 5 =
Summary — Flexure Summary — Flexure (cont.)
e Limit states of flexural members with focus on * AISC and other standards

full yielding and lateral torsional buckling
* LTB Theory -to- Flexural Strength Beam Curve
* Beam curve accounts for:

— full yielding
— bending due to initial imperfection (out-of- * Your virtual laboratory assignment...
straightness) — Try to recreate examples from this lecture
— partial yielding accentuated by presence of — Try to recreate Learning Module 5 results
residual stresses presented in this lecture (C, fun!)
— moment gradient and brace points — Complete a portion of Learning Module 4
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Q B

“Prediction is very difficult, especially about the future.”
Niels Bohr
DanishiPhysicist

Questions? (1885 - 1962)

Session 3: Behavior of Flexural Members — The Fundamentals

Thank You!

Hope you enjoyed this lecture!

structural

STEEL

96

Single-Session Registrants
CEU / PDH Certificates

¢ 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!

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

2 Stronger.
7 | Steel.
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Single-Session Registrants

CEU / PDH Certificates

« Reporting site (URL will be provided in the forthcoming email).
e Username: Same as AISC website username.

e Password: Same as AISC website password.

GATI, | Smarter.
i@?  Stronger.
L  Steel.
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8-Session Registrants
CEU / PDH Certificates

One certificate will be issued at the conclusion of the course.

4AT | Smarter.
ﬂ@? { Stronger.
e Steel.

8-Session Registrants
Attendance and PDH Certificates

¢ You have two options to receive credit for a given session.
¢ Option 1: Watch the live session. Credit for live attendance will be displayed on the
Course Resources table within two days of the session.
¢ Option 2: Watch the recording and pass the associated quiz.

Videos and Quizzes
e For each session, find access within two business days after the live air date. (An
email will be sent from nightschool@aisc.org.)
e 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.
* Reinforce what you learn in the lectures and get more out of the course!

Distribution of Certificates
All certificates will be issued after the course is completed. Only the registrant will
receive a certificate for the course.

: Smarter.

G
i@ Stronger.
=y Steel.

8-Session Registrants
Course Resources

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

Ta

AAT | Smarter.
ﬂ@? { Stronger.
S Steel.

8-Session Registrants

Course Resources

Go to www.aisc.org and sign in.

USERNAME DON'T HAVE AN ACCOUNT?

PASSWORD
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8-Session Registrants

Course Resources
Go to www.aisc.org and sign in.

1N THIS SECTION MyAISC

MY PROFILE
MY PURCHASED DOWNLOADS

© VIEW DOWNLOADS

MY COURSE RESOURCES

VIEW RESOURCES

8-Session Registrants

Course Resources

8-Session Registrants

Course Resources

Might Schaol 24; Modern Methods for Learning Structural Stability

B-SESSION PACKAGE RESOURCES

Copyright © 2020
American Institute of Steel Construction

AISC | Thank you.
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