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Course Description

Behavior of Beam-Columns — The Fundamentals
November 10, 2020

This lecture will begin with a review of basic concepts related to the stability of beam-
columns. Using thoughts from the lectures on compression members and flexural
members, an understanding of the basics of beam-columns will be gained. The speakers
will conclude by introducing the third learning module.

> | Smarter.
i : Stronger.
/| Steel.

AISC Live Webinars

Learning Objectives

Explain the development of the AISC interaction equation for beam-columns.

¢ Describe how the theoretical minor axis interaction curve and the theoretical
major axis interaction curve compare to the AISC interaction curve.

¢ List the five effects that must be considered for stability design per the AISC
Specification.

e Explain how to derive the P-3 moment amplification factor, B;. Explain how it
changes based on the moment gradient of a member.

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

Session 5: Behavior of Beam-Columns — The Fundamentals
November 10, 2020

Ronald D. Ziemian, PE, PhD
Professor
Bucknell University

' Craig Quadrato, PE, PhD
Senior Associate
Wiss, Janney, Elstner Associates, Inc.

Course Overview
* Topics
— Compression Members (Weeks 1 & 2)
— Flexural Members (Weeks 3 & 4)
— Beam-Columns (Weeks(5)& 6)
— Systems (Weeks 7 & 8)

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

e Case studies from the real world...

TV
P i, AT i Smarter.
@ @
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Course Overview (2)

_?.

. Strength/ q Stiffness/ MCompeut:ivel!r

Weight - Wei ht 4
T vy ‘ g==1w'-- e

Slender Systems, Members, and Cross-sections

¥

Design for Stability!

Course Overview (4)
"Buckling” Design Methods:
Load,

Load);,

Bffurcarron Theory

Ingfab,-[”-y stiffness |

deflections 1
ThéOf‘y bending 1

H Deflection
Deflection,

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

Copyright © 2020
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Session 5: Behavior of Beam-Columns — The Fundamentals

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 .

At first glance it would seem that such a force (P),
no matter how large, would never cause the
column to bend; because there would be no
reason why it should bend in either one sense or
another. But (at the bifurcation load P,,) the
slightest variation in the dimension of the column
- or the slightest (horizontal) force applied no
matter from what side, would furnish sufficient
cause to induce buckling in a special direction.
Leonard Euler (1759)

Load);,
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Course Overview (4) Course Overview (4)
"Buckling” Design Methods: "Buckling” Design Methods:

Load Load
Bifurcation Theory s

Clearly, the column can remain straight at or
above the bifurcation load only if it was initially
ideally straight, ideally concentrically loaded, and
free from even the minutest lateral load. This
means that any real column, with inevitable slight
imperfections, such as initial crookedness, load
- eccentricity, etc., will not fail to buckle and

collapse at, or even somewhat below its
bifurcation load.

William McGuire (Steel Structures 1968)

Bifurcation Theory s

If there always exists some form of imperfection,
which in turns causes bending, then all columns
are really beam-columns...so, let’s get started!

Ron and Craig (N524-2020)
| [ —

Deflection

Load);, Load);,

eflection,

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

) Course Overview (5)
Analysis acronyms:

LBA: linear buckling analysis; elastic critical load analysis; Modern Methods for Learning The Basics of
elastic eigenvalue analysis; assumes bifurcation theory Structural Stability: From Behavior to Practice

GNA: geometric nonlinear analysis; 2"9-order elastic
analysis; assumes equilibrium on the deformed shape and Course Introduction
linear elastic material, with no initial imperfections

GNIA: same as GNA, but includes initial imperfections Compression Members

MNA: material nonlinear analysis; 1%-order inelastic Flexural Members
analysis; assumes equilibrium on the undeformed shape
and accounts for yielding, with no initial imperfections |Beam'C0|Um ns |

GMNIA: geometric and material nonlinear analysis; 2"9-
order inelastic analysis; assumes equilibrium on the
deformed shape, accounts for yielding, and includes initial ;’""'/'Eﬂg\f. @:TQ:;;
imperfections N NS

M ¥  Steel.

Systems
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Limit States of Beam-Columns

* Full yielding (today!)
* Instability
—Along the member length

* Lateral-torsional buckling (slides on flexure)

* Flexural buckling (slides on compression)

* Torsional-flexural buckling (today!)
— At the cross section
* local buckling

1

Session 5: Behavior of Beam-Columns — The Fundamentals

From Section Strength to Member Strength:

Development of AISC Interaction Equation for
beam-columns (sort of!)

Limit the P-M strength to initial yield:

P M o P M
c +—+—Ko = =+ —+—K1
= A S % o, Ao*y Scry

Important Notes!

* For simplicity, not showing both M’s

* No factors of safety (¢’s or Q's) are
included in today’s lecture...learn
behavior based on nominal strengths

.0

12

From Section Strength to Member Strength:

Development of ALISC Interaction Equation for
beam-columns (sort of!)

Limit the strength to initial yield:

(o)
res + +
|o Ao
y y

P M
o F—t—
res A S

SO‘y =

Cross section strength )_,5":
(full yield):
8 M

P

Psor Z42%cip0
p P 9M

y y P

P

“<02 PLM 1o
P 2P M

y y p

P M |

13
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From Section Strength to Member Strength:

Development of AISC Interaction Equation for
beam-columns (sort of!)

Limit the strength to initial yield:

o
(9] +£+MSO' = res+ P + M|<10
“ A S 7 " _lo Ao, So |
y y y
Cross section strength 4™
(full yield): = Member strength:
P 8M
Fsos La2lamp PLEM 0
P 9M pe P 9M
y y P * N - n n
P 1P M
Py 2 F:" MP P Mﬂ 14
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P 1 | | Full Yielding
Beam-Column Strengths P.=Ac (Column)
Ty 2
Y
* Cross section strength (small L/r) Partial P X E:[')I_! l_l
— full yield S E=0—- JE ~_
— local buckling Y|e|d|ng ool ' EA=Q0 = +*0
* Elastic member strength (large L/r) ‘ /' EA<<(EA)gastic
— compressive (P) : flexural buckling (or torsional or “~ FZ0-2"F
flexural-torsional) P - E \9 x
— flexural (M,,;,): lateral torsional buckling EA<(E A)eiacti
— torsional-flexural buckling (P + M, ;,,) elastic
* Inelastic member strength (intermediate L/r) |°res b P,./A|=
— same possible failure modes as elastic, except reduced I
due to partial yielding accentuated by presence of

initial imperfections (geometric and residual stresses) (E A)elastic

15

Full Yielding (Beam) Full Yielding (Beam-Column)

MIm -
M, My=Zo,
Partial Yielding
M,=So, +0,
A EI<(E D™

M, El<(E l)elastlc | [ A El<(E I)elastlc

(-“-—-‘-‘ Opes + M/5| o,

“T\
(E I)elastlc "; Oy % 9 18

opyright © 2020
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Full Yielding (Beam-Column)
M“MP=ZUY

__

Partial Yielding Note: Distance
below Mp is

function of P

(E I)elas.tic *;OY 9

19

Full Yielding (Beam-Column)

P/P,

1.0

0.2+

2

Session 5: Behavior of Beam-Columns — The Fundamentals

Full Yielding (Beam-Column)

Copyright © 2020
American Institute of Steel Construction

Full Yielding (Beam-Column) )
Compression plus

biaxial bending!
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Full Yielding (Beam-Column) _ Full Yielding (Beam-Column)  compression plus
Compression plus o .
biaxial bending!

biaxial bending! P M.

L

24

Pz0and M=0 Elastic Member Strength

Beam-Column Strengths icompressionsiides) (P+M
p=n'el [

major)

* Cross section strength (small L/r)

— full yield P=0and M#0
— local buckling (flexure slides) p
* Elastic member strength (large L/r) 2 f
— compressive (P) : flexural buckling (or torsional or M :EJE; GJ+[£] Ic P:;,
flexural-torsional) Ly’ . Rl g
— flexural (M,,,): lateral torsional buckling {ﬁp
— torsional-flexural buckling (P + M, ..) P#0and M # 0 (Beam-Column) |
* Inelastic member strength (intermediate L/r) For a given M, P, is smallest root of: .l _
— same possible failure modes as elastic, except reduced 2 with: , _
due to partial yielding accentuated by presence of (P —-P )(P —-P ) =AM /l 'fp =l + "y
initial imperfections (geometric and residual stresses) B e a P A weEC,,
s R ;0( i )
Copyright © 2020
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P../Pe Elastic Member Strength s, 14 Elastic Member Strength y e
4 l:'cr'/ P = "I";// j
1 Y .'H""‘"\ (P + Mmajor) ‘5/ E (P + Mmajor) M — _::-_-;:I,'.')/ fdf" }
N Vg 0.8 LA /
0.8 N p@ f ;
L% — 2
N 0 | | A A
0.6 - \ (P.—P )(P.—P )=AM’ | M, = 0.4M} W14x132, L, = 60 ft
: P, = 0.6P, P.=302.6k
3 o \\4—— W14x132, L, = 60 ft PR e
sing spreadsheet, 04 - Bicking two = in-
04 - : W24x76, L, = 30 ft g
the theoretical \’ b random points...
elastic torsional- - Note L, > L,
02 | flexural bifurcation \ 0.2 = i =0.6M
solution is plotted \ Ip;: 0.2P, )
0 : : : : : 0 : . :
0 02 04 06 08 1 M/M, i 0 0.2 0.4 0.6 0.8 1 WM,
LBA LBA
NS24_L5_Example_1.mat W14x132, L, = 60 ft NS24 L5 Example_1.mat W14x132, L, = 60 ft
o ek P.=302.6 k
.\ Geametry  Properties  Condit T . E” _' Me = 6765 in‘k
Me = 6765 In-k Deflected Shape: Elastic Critical Load Mode # 1, Applied Load Ratio = 1.22%
M=1.23*2706 = 3328

M/M, = 3328/6765 = 0.49
P, =1.23*181.6 =223.4
P, /P, =223.4/302.6 =0.74

M, = +2706
P,=-181.6

|

M, = +2706
B .- 1816

S M1, = +4059
P, =-60.52

Copyright © 2020
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LBA
NS24 L5 Example_1.mat W14x132, L, = 60 ft
- - Pe=302.6k
M, = 6765 in-k

Shape: Elastic Critical Load, Mode # 2, Applied Load Ratio = 1,3941
M = 1.394*4059 = 5658
M/M, = 5658/6765 = 0.84
P. =1.394*60.52 = 84.36
P./P; = 84.36/302.6 = 0.28

Session 5: Behavior of Beam-Columns — The Fundamentals

1 4 Elastic Member Strength o P
Pcr/PE (P * Mmaior) b [

0.8 Pe_»

AR
More fun!!! I/

It's -
MASTANZ
time! _

0.4 - Pm——

(P.—P)(P. —PH)=AM’/)‘p
W14x132, L, = 60 ft

P.=302.6 k
M, = 6765 in-k
02 | M/M,=P_e/M,
M/M,= P, /P x Pce,/M,
. M/M, = P_/P:x 0.0447e,
0 0.2 0.4 0.6 0.8 1 MM,

Copyright © 2020
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1 Elastic Member Strength gy r’%
PCI"/PE (P + Mmajgrj - _---").;;:;/}
0.8 M =0.49M._ P«\L‘__jf/ f
*0|P_ = 0.74P;
3 '-l!|il‘ - _ _ _ 2
O Eé'”’ .’ (PE Pcr )(Pt Pcr} - AM /’p
’ M. =0.4M, W14x132, L, = 60 ft
Po = 0.6P¢ P,=302.6k
‘ M, = 6765 in-k
0.4
4 M = 0.84M,
1.394x0.2 = -0
0.28 L P, =0.28P;
0.2 B _L-="m,=0.6Mm,
. i P,=0.2P;
0 _—"‘/ 2 1394 x 0.6 =
: 1.23x0.4 = 0.84
0 02 0404 06 0.8 1 WM,
LBA
NS24_L5_Example_2.mat W14x132, L, = 60 ft
; : R P =302.6 k

.-

M, = 6765 in-k

P /P.=ALR,,

g M/M_=P_e/M,

| M/M, = P /P x Pee/M,

10
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LBA
W14x132, L, = 60 ft

P, =302.6 k
M, = 6765 in-k

Deflected Shapa: Elastic Critical Load Mode # 10, Applied Load Ratio = 1

NS24 L5 Example 2.mat

P./Pe=1

Bl M/M, =P, /P x 0.0447¢,
B M/M, =0

Session 5: Behavior of Beam-Columns — The Fundamentals

LBA
W14x132, L, = 60 ft

P, =302.6 k
M, = 6765 in-k

cal Load, Mode # 8, Applied Load Ratio = 0.84352

NS24 L5 Example 2.mat

Deflected Shape: Elastic

P../Pg = 0.844
ol M/M, = P_/P.x 0.0447¢,
il v/M, =0.377

LBA
W14x132, L, = 60 ft

P, =302.6 k
M, = 6765 in-k

Deflected Shape: Elastic Critical Load, Mode # 5, Applied Load Ratio = 0.56893

NS24 L5 Example 2.mat

P./P; =0.569

M/M, = P_/P;x 0.0447e,
M/M, = 0.636

Copyright © 2020
American Institute of Steel Construction

LBA
W14x132, L, = 60 ft

P, =302.6 k
M, = 6765 in-k

Deflected Shape: Elastic Critical Load, Mode # 3, Applied Load Ratio = 0.35276

NS24 L5 Example 2.mat

P,./P; = 0.353

dl M/M, = P_/P.x 0.0447¢,
@ M/M_=0.789

11
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LBA
NS24_L5_Example_2.mat W14x132, L, = 60 ft
P, =302.6 k
M, = 6765 in-k

Deflected Shape: Elastic Critical Load, Mode # 2, Applied Load Ratio = 0.25384

P./P; = 0.254
M/M, = P_/P:x 0.0447¢,
M/M, = 0.852

X

Session 5: Behavior of Beam-Columns — The Fundamentals

LBA
W14x132, L, = 60 ft
P, =302.6 k

M, = 6765 in-k

hape: Elastic Critical Load, Mede # 1, Applied Load Ratlo = 0.19794

NS24 L5 Example 2.mat

|

P,/P;=0.198
M/M, = P_/P; x 0.0447e,
M/M, = 0.885

it ¥

=25 (R=P)P-P)=AM/I,

10 Elastic Member Strength o Per
Pcp/PE &=0 (P + Mmajor) /f;i' E"
0.8 3;J/';!._—_——-" /

P/Pg Elastic Member Strength b K p
1 g (P+ Mmajor) %

0.6 P =0.877P, \ (P.—P,)P.—P,)=AM’/I,
O\ «—W14x132, L, = 60 ft

AISC Eq. H1-3 |
2
0.4 ;[1-5—0-5§]+[MEJ =10\ W24x76, L, = 30 ft

W\

P 8M Note L, > L
LSBT .
0.2 AISC — p g
Eq. H1-1 | y
1P M 10
2P M :
° e | MM
0o 02 04 06 08 1™% C

American Institute of Steel Construction

0.6 | Y
It's =
STk W14x132, L, = 60 ft
time! P =302.6 k
/| o = p— = in-
0.4 A i . e, =50 M, = 6765 in-k
P..=ALR_ x P, and let P,= P —
P./P: = ALR,, .
0.2 - M/MEZ Pcrei/Me o e, =100
M/M_ = P_/P.x Pee,/M,
; M/M, = P_ /P x 0.0447e,
0 0.2 0.4 0.6 0.8 1 MM,
Copyright © 2020
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Beam-Column Strengths

* Cross section strength (small L/r)
— full yield
— local buckling
* Elastic member strength (large L/r)
— compressive (P) : flexural buckling (or torsional or
flexural-torsional)
— flexural (M,j,): lateral torsional buckling
— torsional-flexural buckling (P + Mmair")
* Inelastic member strength (intermediate L/r)

— same possible failure modes as elastic, except reduced
due to partial yielding accentuated by presence of
initial imperfections (geometric and residual stresses)

43

Inelastic Member

Strength (Beam-Column)

P 1.0

8, = L/1000,
$,=0.001, and
Um(G&K}I

Investigate many
. combinations of

Inelastic Member 0] : qﬁw
Strength 1

5 087 ¢ W14x53
= L=15'-0"
E . cr‘,=50ksi

1 M/ M,

45

Copyright © 2020
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. P, My, and M,
02 04 06 08 1.0
m, = M,/M,, y
: = P
Inelastic Member 19 m,
Strength 087 + wigey -
P/P Soel [ e
Y I - o FEA:
0.6 = 5,20.001L
Eo4d - || ° 0,70.001
. * Opes=0.30,
o2 - Ll © *
0.4 O ] I UM,
DI4 {}fs OTB l0
AI‘SC' mx_MJMpx
&
0.2 - NN,
|FEA \
o [M/My, =023
0 0.2 04 0.6 08 M/M,,

13
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0.6

0

Inelastic Member j
b ngth w14><53“\:{
P7P, NS24 L5 Example_3.mat o,-50ksi

0.2

L=15"-0"

FEA:
§,=0.001L

M NIA | ,=0.001
= |6,ei70.30, |
Apply:

It's
MASTANZ2
timel

e =

[m/m,,=023]

Session 5: Behavior of Beam-Columns — The Fundamentals

0 0.2 04 0.6 08 M/M,,

NS24 L5 Example_3.mat

2" Order Inelastic, Incr # 102, Applied Load Ratio = 1.017 ***

Axial Mmajor |Vlrr‘lmor

P/P,=134/780 M/M, = 1002/4355 | M/M, = 375/1100
P/P,=0.17 M/M, =0.23 M/M,=034

0.6

0

Inelastic Member
Strength

P7P, NS24 L5 Example_3.mat

0.2

| 8,20.001L
9,=0.001
| Ores=0.30, |

|
MASTAN2:
M,/M,, =0.23
M,/M,, =0.34

P/P . =0.17
It's
MASTANZ2
timel _

Sz

[m/m,,=023]

AISC Interaction Equation for Member Strength

™\
P and M are required strengths from
the structural analysis and must
account for effects that may impact
stability of member
P{ 8 M/
For —=0.2, S=eere—t
Pn Pn 2 Mn‘\ M, = flexural strength
1P M (earlier slides)
For —<0.2, —+—<1.0
2P M
n n
\ P, = Compressive strength
(earlier slides) |

0 0.2 04 0.6 08 M/M,,

Copyright © 2020
American Institute of Steel Construction
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Analysis Essentials to obtain Required Strengths Analysis Essentials to obtain Required Strengths
P P 8M
For 520.2 £+§ﬂ51_0 For—z0.2, "=y
P P 9M P F9M,

Effects that may impact stability of member:
 axial, flexural, shear, torsional,
connection deformations, ...

Effects that may impact stability of member:
* axial, flexural, shear, torsional,
connection deformations, ...
* second-order effects
* geometric imperfections
* stiffness reductions due to inelasticity

F& FL
— + —
12E1 GA,

51 52

Analysis Essentials to obtain Required Strengths P-5 (1)
For 02, £,8M 44 Equilibrium:
P Pn 9 Mn M, =0

M(x)+M_+Pv(x)=0
M(x)+ Pv(x) = -M,

Effects that may impact stability of member:
* second-order effects

Moment-curvature:

" i) M(x)=El dz"(zx )
dx

U lw WM
M\ﬁ‘ —J ﬁl o

li""”u’ﬂt:l: M+ par’.ld

53 54

opyright © 2020
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Axial plus uniform beBding: P-5 (2) Axial plus uniform bending: P-5 (3)

Equilibrium:

BT M,
i“é\_Mg ‘: V. M(x)+Pv(x)=—M, - gl\M v(x)=C cos(\/:x)+C sm(\f
| ' EB.D. Moment-curvature:
! | ' Mx)=Ef d’v(x) Boundary Conditions!
b A dx’
* V(x=0)=0 = € =M /P
v
p\H/;(x) EI—+Pv=—M 1—cos| EL)
vix=L)=0 = € =—2 £l

Solution:
=i x=1 P P
= - —y)—— 0O M i =
;}T’M" v(x) Clcos(J x)+C sm(J x) }P b sin( EIL)

wolframalpha.com: a2*y"(x)+al*y(x)=a3 55 56
Axial plus uniform bending: P-5 (4) Axial plus uniform bending: P-5 (5)
P
M . M,
d\ vix)=C COS([X)+C sm(Jﬁ d\ v M(x):—Cchos(\/Ex)—CzPsin(\/Ex)
El El
Moment-cu rvature Substituting C, and C, from previous slide
x*-M M(x) Mix) = Efd “v(x) M M(X)  and letting 1 ’
dx? B=|1—cos( £L) sin( Ea'.)
| El El
'l
P P
M(x)=~C,Pcos(,|—x)—C Psin(,|—x) Mix)=—M | cos,|Z-x)+ Bsin( | 2-x)
W El El W o £l £l

Copyright © 2020
American Institute of Steel Construction
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Axial plus uniform bending: P-5 (6) Axial plus uniform bending: P-5 (7)

P
M e i) L
d\ E M(x):—Mo(cos(\/ExHBsin(\/gx)] f,l,'\ M= ) Y [cos(\f it pein \[;2]
> 5 . with = [1 cos( L)]/SIH[(L}
with ﬁ:[l—cos{ EL)J/sin( EL)

L/2}---=- M(x=L/2) Letting:
M(x=L/2) L/2 Pk

<

Let’s monitor the moment at some point, say the
mid-span (which should be the largest)

L :
M(x = E) =-M, (cos(u) + ﬁsun(u))

WMO M(x = —) =-M [cos(\/:—) + Bsin \/;2 ] H} with ﬁz(l—cos(ZU))/sin(Zu)
M

o 60

Axial plus uniform bending: P-5 (8) Axial plus uniform bending: P-5 (9)
L .
b M(x = E) =—M, (cos(u)+ ﬁsm(u)) P&\M M(x = %) = _Mo(;}
PL
Mo - with ﬁ:(l—cos(ZU))/sin(Zu) v cos( EE)
) : Employing trig. identities X » "
| =1-2sin? BUTII As .| —=—— =, ——— o
| c.OS((ZZU)) 21 . 2(5|)n (u() | L o L}_)
sin(2u) = 2sin(u)cos(u s
1/2| h after simplifying L/2 M(\{/z} Noting: f2
El PL_Z |P
M(X L/2) M(x __)_ with Uz\/E£ J;Z 2 —=F and B2 2\P
°\ cos(u) El 2 .
M(x:%):-M —r ‘ .
m/, cos( ££)
o E.f 2 61 62
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Axial plus uniform bending: P-6 (10)
P i 1P
{t\MQ f—————————————— — — — = -

M(x =—
L/2
M(\x’ﬁL/z)
M(x=L/2)
ﬁ’ Elastic instability occurs as compressive
M, force P approaches Euler critical load Pg

LBA vs. GNIA vs. GMNIA

1cr # 139, Applied Load Ratio = 1.39 ™

S IE- m-m _"_'_“
g Cancol [

N524_LS_ExampIe_4.mat "

opyright © 2020
merican Institute of Steel Construction
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L/2

Axial plus uniform bending:

MASTANZ

P-5 (10)

M(x=L/2)
W14x53 L =180in, A992, use non-proportional
HJM loading with M, .., = 0, M, = Mo = 330 in-k
° applied first and then apply P

6

v

i M(x)
\
Ms(x)

Mt

Axial plus uniform bending:

P M-diagrams:
v,

'Mo

Mist(x) = -Mo

Equilibrium on

undeformed shape
(1**-order analysis)

P-3 (11)

RQ@HD*@W

M(x)

Equilibrium on
deformed shape
(2"d-order analysis)

66
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Axial plus uniform bending: P-6 (12) At mid-span: L 1 P-6 (13)
; S REREE L M=D)=-m(——=)
m |P
M M(x)=—-M | cos \/Ex + fsin \/Ex M cos(—,[—)
AV, ()=, cosly =1+ Bsin( | ) DM, 2\p
X M(x) In terms of a moment | X In terms of a moment
W amplification factor, B,: - amplification factor, B;:
Miqx)\ M(x)=BM._(x) \3 b N
s =B Mg L/2 T Mix=2)=BM,,(x=2)
with S with 1
P _|P B=——o
B, = cos(,|—x)+ Bsin(y[—x) 1 z lp
El El cos(— |—)
d 2\ P
Equilibrium on an Equilibrium on
etormed shape P N P etormed shape
WMO ?Z"fﬂo—crdedr a:aTysis} ﬁ =[1—CDS{ E”] / 5"1( E” WMO ?2nfd0_crdedr a:aTysis} =5 M max = B 1M;ns:x
Axial plus uniform bending: P-6 (14) Approximate B;: Spring: il 4k A P-6 (15)
P | In terms of a moment P P o ’ L .
d‘M" @ amplification factor, B;: ’t‘Mo , ’t\Mo Equilibrium w/ M,=0, p;"k‘”des Per
max max M = P A ﬂ PEJ“ =
' M=y ' | ; " / M,#0 L
Equilibrium w/ M_#0,
5 with 1 2| \M, ° _ A
P S B=—— pring, M, =M,+P
p — 2) k L 1
cos(* [7) Wi A MW,
2 P A cr
3 L/2 p
which is often approximated by 0 M,=M_ +—M,
1 e
I§P Equilibri o p w W M =( L M =B M
quilibrium on = =D_Ivl
eformed shape — s P o - S
Mo ?2 "f”o—c rdedr a|:1 aTysis} 1 P MO MO 1 e
E | 69 PE{" 70
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P-6 (16)
What about cases where the M(x) is not uniform?

M, M,<M

G '
P
P V™ =B M *‘g

T
/

M™ =wi*/8
max __ max — uniform M
M =BM,, BI - CmB1
with € <1

7

w
EEERRERERRRED

b

BFECIFICATION FOR THE
DESIGN. FARRICATION AND ERECTION
OF STRUCTURAL STECL FOR BUILDINGS

SECTION 12. COMBINED STRESSES.
1949 (a) Axial and Bending.
Members subject to both axial and bending stresses shall be so proportioned that
the quantity
fa fn Al A
— + — shall not exceed unity, in which
Fa Fn
SPECIFICATION
FoOR THE
DESIGM,
FABRICATION
& ERECTION
oF SECTION 1.6 COMBINED STRESSES
STRUCTURAL
STEEL FOR 1.6.1 Axial Compression and Bending
BUILDINGS
.................. Members subject to both axial compression and bending stresses shall be
proportioned to meet the requirements of both Formula (6) and Formula (7).
1961 i
F? + ( 2 ; <10 Formula (6}
B SR Y
F, 5 niform M
B =C B' i
i m 1
‘ with € <1
2"-order effects introduced before RZ and CQ were born... -

Comparison of Exact and Approximate B,'s  P-6 (17)
- ' ¢ %1
0.6—0.4(M, /M,) C

1=(R/R) [
0.8 !
[+~ 27 :
i " =1
m
0.6

R ﬁ=—

P cos(m P/F'E /2)
0.4 7

lF.L
0.2
AISC
o |FigC-A83 | M,
0 1 2 3 4 5 M2 72

SECTION 12. COMBINED STRESSES.

(a) Axial and Bending.
Members subject to both axial and bending stresses shall be so proportioned that
the quantity

SPECIFICATION
FOR THE

DESIGMN,
FABRICATION

£
2 4 " chall not exceed unity, in which
Fa Fn

& ERECTION
oF
STRUCTURAL
STEEL FOR
BUILDINGS

William C. Alsmeyer
Ethan F. Ball

Lynn S. Beedle
Walter E. Blessey
Reuben W. Binder
Frederick H. Dill
Milton E. Eliot
Edward R. Estes, Jr.

Edwin H. Gaylord, Jr.

Theodore R. Higgins

Sol Horwitz
John W. Hubler
Bruce G. Johnston

William J. LeMessurier ~ James Ruderman

Arthur 8. Marvin
Carl A. Metz

William A. Milek, Jr.

By the Committee,

James A. Munro
William H. Munse
Charles I. Orr
Egor P. Popov

Ivan M. Viest
David M. Wilson
George Winter
Robert J. Wood

T4

Copyright © 2020
American Institute of Steel Construction

20



AISC Night School 24 Session 5: Behavior of Beam-Columns — The Fundamentals
November 10, 2020

LM7. Second-order Effects 1st-order vs. 2"-order
(P-A and P-6) Effects M,IM, = +0.75, 0.0, -0.75
Learning Objectives M.~ Wi14xa8 My =0 010208
—Employ second-order elastic analysis e . ! :
—Observe the relationship between extent of " » Rigorous
moment amplification and P/P, Lg 1.0kip § VS.
—Investigate the impact of single or EgT PIP, = PIP, = B, B,
double(reverse) curvature bending has on ez . 0.000, ! 0.000,
the degree of moment amplification =l = 0122 z 0326,
s < 0.244, © 0.489,
—Compute and assess the AISC moment | J 0.367 s 0.652
amplification factor B, defined in App. 8 L g___
oad Ratio =1 """ 12
M,/M,=-0.75
BT —+—2nd-order elastic ~®-AISC B1
M,

M =200 k-in

M™ = =150 k-in

G W14x48

Moment Applificaiton, B1
-2

__[_Q%

; : =0.0
M =391 k-in M,* =+200 k-in (= M,y ) = ——
4
peommaion _ 391 _; o lllC = 0.6-0.4(~150/+200)=0.9
P,=05 B™=—"=18 £4+0.75
1-0.5
s B;‘“SC Mls‘ ’ 0 0.1 0.2 03 0.4 05 06 0.7 0.8 0.9 1

P/P,

- 724 1.8 %200 =360 k-in

max
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™
1
M,
»
0.8
0.6
PIJ ™
[ ™ 0.6-0.4(M, /M)
04 | 1=(R/R)
M, M.
e _;:‘_ P,
02 | s
M, ¢ .-" --Ii_\IMZ
0 | | |
0 1 2 3 4 5
M,
M2
Analytical Solution
Approximate Solution [Austin (1961)]

Analysis Essentials to obtain Required Strengths

For 2202, £4+3M <10
P P 9M

n

Effects that may impact stability of member:
* stiffness reductions due to inelasticity

Partial yielding accentuated by residual stresses:

M, Za,

“Partial Vielding _—
~ RIS -

=] .'._T‘g-dr--\ E1<<(E 1) yaupe ™"
T EI(E e
M Mp

N g, N PR
Y,\ = ZaL

Session 5: Behavior of Beam-Columns — The Fundamentals

Analysis Essentials to obtain Required Strengths

For 2202, £4+2M <4
5 P 9M

n

Effects that may impact stability of member:
* geometric imperfections

Member out-of-
straightness:

: _..6-:.?. ': / .

(compression and flexure slides) 80

81

Copyright © 2020
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Analysis Essentials to obtain Required Strengths

P
For =202, —+2M <10
P 9M

Effects that may impact stability of member:
* axial, flexural, shear, torsional,
connection deformations, ... /
* second-order effects
* geometric imperfections v
* stiffness reductions due to inelasticity ¢/

v

82
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Summary — Beam-Columns

* Stability of members
— Compression (earlier slides)
— Flexural (earlier slides)
— Combined compression and flexure
* Behavior of beam-columns (today!)
* Design
* Behavior of Beam-Columns
— full yield (interaction surface)
— member instability

* from flexural buckling -to- lateral torsional buckling,
including torsional-flexural buckling

— AISC Interaction Equations

83

Session 5: Behavior of Beam-Columns — The Fundamentals

Summary — Beam-Columns (cont.)

* Factors impacting stability

— axial, flexural, shear, torsional, connection
deformations, ...

— second-order effects
— geometric imperfections
— stiffness reductions due to inelasticity

Your virtual laboratory assignment...
Rerun examples presented in this lecture
Try to recreate Learning Module 7 results
Complete a portion of Learning Module 8

Thank You!

Hope you enjoyed this lecture!

Vo Y "\ | Smarter.
Eg 4 @ : Stronger.
g \"ﬁs/ i Steel.

opyright © 2020
merican Institute of Steel Construction

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!

) | Smarter.
i : Stronger.
~ | Steel.
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Single-Session Registrants

CEU / PDH Certificates

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

e Password: Same as AISC website password.

i Smarter.
i 7 Stronger.
e Steel.

8-Session Registrants
CEU / PDH Certificates

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

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.)
¢ 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.

GATI, | Smarter.
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!
A | Smarter.
i@ : Stronger.
L  Steel.

Copyright © 2020
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8-Session Registrants

Course Resources

Go to www.aisc.org and sign in.

USERNAME

PASSWORD

Session 5: Behavior of Beam-Columns — The Fundamentals

8-Session Registrants

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

N THIS SECTION MyAISC

MY PROFILE

MY PURCHASED DOWNLOADS

© VIEW DOWNLOADS

MY COURSE RESOURCES

VIEW RESOURCES

8-Session Registrants

Course Resources

Course Resources

Copyright © 2020
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8-Session Registrants

Course Resources

Might Schoal 24: Madern Methods for Learning Structural Stability

B-SESSION PACKAGE RESOURCES
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AT | Smarter.
§ 5@? : Stronger.
e Steel.

AISC | Thank you.
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