AISC Night School Fundamentals of Stability
July 24, 2017 Session 6: Behavior and Design of Beam-Columns
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Thank you for joining our live webinar today.
We will begin shortly. Please standby.

Thank you.

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: 6600909.
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Today’s live webinar will begin shortly.

Please stand by.

As a reminder, all lines have been muted. Please type any
guestions 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.
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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 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

July 24, 2017 — Fundamentals of Stability for Steel Design:
Behavior and Design of Beam-Columns

This session builds on Lecture 5, starting with an overview of the
fundamental stability behavior and background to the AISC beam-column
strength Egs. H1-la & H1-1b. Several design examples are presented
highlighting (1) the important consideration of overall lateral stiffness in
beam-column design and (2) the efficient application of Egs. H1-1 using
Table 6-1 of the AISC 14t Edition Manual. The discussion then focuses on
the background and use of AISC Eqg. H1-2 to account more realistically for
the out-of-plane strength of I-section members loaded in axial
compression and major-axis bending. A more advanced application of Table
6-1 based on Eq. H1-2 is presented. The session closes with an explanation
and application of the C, modifier provided in AISC Section H1.2,
accounting for the beneficial effects of axial tension on I-section member
LTB strength.
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Learning Objectives

« Gain a broad understanding of the stability behavior of beam-
column members and the technical basis for the AISC Chapter H
design provisions

* Obtain simple estimates of the second-order amplification in
typical building frames using lateral stiffness design criteria

* Apply AISC Manual Table 6-1 in a streamlined/efficient manner
for proportioning of wide-flange section beam-columns

e Understand the basis for AISC Eq. H1-2

 Apply Eg. H1-2, with Table 6-1, to account for additional out-of-
plane capacity not realized by Egs. H1-1

« Understand the background to the C, modifier in AISC Section
H1.2

« Apply the C, modifier in Section H1.2 to account for additional
out-of-plane capacity of wide-flange members loaded in
concurrent axial tension
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Fundamentals of Stability for Steel Design
Session 6: Behavior and Design of Beam-Columns

July 24, 2017

Presented by

Donald W. White, Ph.D.
Professor

Georgia Institute of Technology

There’s always a solution in steel.

structural
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Fundamentals of
Stability for
Steel Design

Session 6
Behavior and Design of Beam-Columns

Donald W. White, Ph.D.
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AISC Night School
July 24, 2017

Fundamentals of Stability
Session 6: Behavior and Design of Beam-Columns

Session Outline

Fundamental stability behavior, key technical
background & application of AISC Egs. H1-1a & H1-1b
» Analysis/Demand side of the equations
... design considering lateral stiffness requirements
» Design/Capacity side of the equations
... Streamlined application of AISC Manual Table 6-1

Background to and use of AISC Eq. H1-2 to account more

realistically for out-of-plane strength of I-section members

loaded in axial compression & major-axis bending
...Streamlined application of AISC Manual Table 6-1

Modified C, accounting for beneficial effects of concurrent

axial tension on the LTB resistance of I-section members
... design example

10
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Basic AISC Interaction Equations
F
Simplistic, P
. but often more accurate v
than linear interaction, 1.0 h +8{M +—’y}31.0
. and practical ... o 9\ Mo M
Eg. (H1-1a)
p2|( . .
/// 10
0.9
| P M, M,
| ¥ <1.0
1.0 2P. M M
M, Eq. (H1-1b) 11
cy
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Basic AISC Interaction Equations

AISC Sections H1.1 & H1.2: Doubly and Singly Symmetric
Members in Flexure & Compression, or Flexure & Tension

14 Pr 3 er M"y Pr
—+— + <1.0 —2>0.2]|(H1-1a)
P 9\ M, M, R
0.8 \
0.6
P./P,
0.4 - (H1-1b) \
|
02 P (M . P
r 24— 1<1.0 £<0.2 )
2F, \ M, M, R ’
O I I I
0 0.2 0.4 0.6 0.8 1
Mr/Mc 12
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Definition of Terms (LRFD)
P, = P, =required axial strength (LRFD)

P. = ¢P, = design (provided) tensile strength
M, = M, = required flexural strength (LRFD)
M. = ¢,M, = design (provided) flexural strength

(I)c:(l)b:(l)tzo'g

P. = ¢.P, = design (provided) compressive strength

13
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Calculation of P,, M, & M,,

e Follow AISC Chapter C requirements

« Account for significant flexural, shear & axial
deformations in the structure

« Account for significant 2nd-order (P-6 & P-A)
effects

(Analysis/Demand Side of Egs. H1-1)

14
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Calculation of P,, M, & M,,

e Follow AISC Chapter C requirements

e Account for significant flexural, shear & axial
deformations in the structure

« Account for significant 2nd-order (P-6 & P-A)
effects

 When using the Direct Analysis Method (the DM),
account for:
» Effects of geometric imperfections
» Effects of stiffness reductions due to inelasticity
» Uncertainty in stiffness & strength

via stiffness reduction factors & imperfections
(or notional loads) in the structural analysis s
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American Institute of Steel Construction

15



Fundamentals of Stability

AISC Night School
July 24, 2017 Session 6: Behavior and Design of Beam-Columns

P-o effects

Equations for B,
L specified in AISC
Appendix 8.2.1

Mzpg = Myst + Pdapg

Approximations: 8,,4 = B8 Myng =B My
16
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P-A effects
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Equations for B,
specified in AISC
Appendix 8.2.2

Approximations: A, =B,A, Myng =B, My

17
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“It's the ECoramy Stupid”

Lateral Stiffness

e As long as the structure is NOT stability critical
(i.,e., when B, < 1.7), the AISC Direct Analysis (DM)
provisions do not require any consideration of geometric
Imperfections in the analysis, except for gravity-only load
combinations

« For members with P, /P, < 0.5 (LRFD), the AISC DM
provisions specify a stiffness reduction factor of t, = 1

« Therefore, in many practical cases, the only thing
“special” about the DM analysis requirements is simply
the application of a stiffness reduction factor of 0.8 to all
the elastic stiffnesses in the structural analysis

18
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Ao+1y/ Liv = Agi/ L
= 1/500 = 0.002
Where does Aofirt)
| | l l l l .
come fro m ') IR Al L= S s Level i+1
Li+1
ZPi+1 Aoir1y/ Lisg
=0.002 2Py — ~ Level i
YT
¥Pi+1 (sum of column axial loads in Level i+1)
[ 1
Notional Load N; Y; (Total gravity load at Level i) = XP; - ZP;.

= Net lateral load at Level i 0.002 SP: , |

equivalent to the effect of the ' '+1k l l l l l l l l l l l l l .

out-of-plumbness of 0.002 0.002 5P, —> T T T T Leveli
= 0.002 EPi - 0.002 Zpi+1 | |
=0.002Y; . . .
2P; (sum of column axial loads in Level i)
[ 1

Zpi Aoi/I—i l l l l i
S R e /I /i o Level i
= 0.002 =P;
L;
ZPiAoi/Li — - T* ******** T ********** T ********* T ******** Level i-1
Aoi 19
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Ao+1y ! Lis1= Aoi/ L
Where does Ao 1) = 1/500=0.002
N; = 0.002Y,
| | l l _
come from? ZPict Aoyl List #— |=qmmmmmmmmm e m e Level i+1
z:Pi+‘1 Ao(i+1)/ I—i+1
=0.002 2Py~~~
I
>Pi+1 (sum of column axial loads in Level i+1)
[ 1
Notional Load Ni Y; (Total gravity load at Level i) = ZP; - 2Pj+1
= Net lateral load at Level i 0.002 SP: , |
equivalent to the effect of the ' '+1k l l l l l l l l l l l l l _
out-of-plumbness of 0.002 0.002 3P, —* T T T T Level i
= 0.002 =P; - 0.002 ZP;:4 \ |
=0.002Y; . : ,
2P; (sum of column axial loads in Level i)
[ 1
P Asi/ L l l l l .
S T e e B Level i
= 0.002 z=P;
Li
EPi Aoi/I—i — = T* ******** T ********** T ********* T ******** Level i-1
Aoi 20
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Ao+1y/ Livg = Agi / L
= 1/500 = 0.002
Where does Bagi
l | | | | | .
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=0.002 =Py = Level i
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2Pi+1 (sum of column axial loads in Level i+1)
[ 1
Notional Load N; Y; (Total gravity load at Level i) = ZP; - ZPj+1

= Net lateral load at Level i 0.002 SP , |

equivalent to the effect of the i '+1k l l l l l l l l l l l l l _

out-of-plumbness of 0.002 0.002 3P, —*> T T T T =
=0.002 Zpi - 0.002 2Pi+1 | |
=0.002Y; . . .
2P, (sum of column axial loads in Level i)
[ 1
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Ao+1y/ Lis1 = Agi/ L
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N; = 0.002Y, o
come from? SPiot Aogiety List < |~ Y Y L evel it1
Pyt Aogirty/ List
=0.002 2Py T T T T Level i

>Pi+1 (sum of column axial loads in Level i+1)

' ' ' '

Notional Load N Y (Total gravity load at Level i) = ZP; - ZPj.1
= Net lateral load at Level i

equivalent to the effect of the O'OOZZPMF Il l l l l l l l l l l l ll

out-of-plumbness of 0.002 0.002 P, — T T T T Leveli
= 0.002 ZP; - 0.002 =P;44 | |
=0.002;
OO0 ZP; (sum of column axial loads in Level i)
f 1
ZPiAoi/ Ly l l l l _
B ey Rl Aty Ak Sty Level i
= 0.002 =P;
L;
EPi Ao/ Ly —>» --4-------- T ********** T ********* T ffffffff Level i-1
Aoi 23

Copyright © 2017
American Institute of Steel Construction 23




AISC Night School

Fundamentals of Stability

July 24, 2017 Session 6: Behavior and Design of Beam-Columns

Design Considering Lateral
Stiffness Requirements
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15t-Order Service Wind Drift Limit (y,) Based on
Holding the 2"-Order Service Drift to v,
(A ). 3 [ 1 } B, = sidesway amplification, service wind combo
<y, =——
L 400 (A.). H H L
: = : Or PLstory = >
L PLstory (Alst ) s
B, (Alst )s <y, P story = Story sidesway stiffness
Tl : o
Psiorys = Story vertical load, service wind combo
H, = story shear, service wind combo
1 H
* <
" P o wz RM =1 _0'15(me.s /Pstory.s)
1 _ story.s Lstory
RiPrstory P = total service wind combo vertical load in columns
of the story that are part of moment frames, in the
direction being considered
1 <y 1 <y v, < 1 B 1
- T2 - T2 1 — -
PLstory . Pstory.s 1 . Pstory.s 1 + Pstory.s 400+ story.s
Hs RMHS \‘|',1 RMHS \VZ RMHS RMHS
25
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Example Calculation
15-Order Service Wind Drift Limit (y,)

Pooyp = 884K Py =228k Pyoys =76k

ASCE 7 Service Wind Load Combination:
I:)story.s =1.0 I:)story.D +0.5 I:)story.L +0.5 Pstory_S = 1036 k

me.s = PStOW-S = 1036 k RM =1-0.15 me.s / I:)story.s =0.85

t ... all columns are part of the
moment frame in this example

From ASCE 7 10 Year Service Wind of 0.44 W: H, =49.2 k

2"d-Order Wind Dirift Limit of 1/y, = 1/400

1 1 1
Vis—p = 1036 k 425
+ story.s 400+
v, R,H, 0.85x49.2 k
26
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Estimating B, from Service Wind Drift, Seismic Drift
& Seismic P-A Limits

Lower-bound story lateral stiffness:

V, = story seismic shear force
h,, = story height

A, = allowable story seismic drift
P _ HS VXhSX PX y
Lstory.min — max ’ Al /C ’ 0 |l = importance factor
\Vl a'e / d max

C4 = seismic inelastic deflection factor

P, = story unfactored vertical load

0,..x = Max allowable stability coeff.

Upper-bound sidesway amplification (DM, taking t, = 1):

B 1 o = 1.0 (LRFD), 1.6 (ASD)
2.max o.P Pwory = total vertical load supported by the
1— story story using LRFD or ASD load combinations
OSRM PLstory.min RM :1_0-15(me /Pstory) 21
Copyright © 2017
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Example Calculation
Lower-Bound Story Stiffness P

Lstory.min
H 49.2 k kip
- - e it S — =20,910 —
From Service Wind Drift Limit; v, 1/425 rad

From ASCE 7 Seismic Drift Limit:  V, =110k =10 A,=0.025h, C, =3

Vh, _ 110 k 13,200 kip
Al /C, 0.025x1.0/3 rad
_ . PAI
From ASCE 7 Seismic P-A Limit:  Assume 6, = 0.25 g=—2—>°
Vxhstd
Py = 1.0 Pgoryp + 0.5 Pgiory = 1.0 x 884 k + 0.5 x 228 k = 998 k
P 998 k ki H V h P ki
7203990 0 p o —max|—r,—x x |220,910-2
0, 025 rad ' v, Al /C, O rad
28
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Example Calculation
Upper-Bound Story Sidesway Amplifier

ASCE 7 Load Combination 2, AISC Direct Analysis Method (t, = 1.0):
Pstory = 1.2Pgioryp + 1.6Pgy + 0.5 P

story.S

=12x884k+1.6x228k+ 0.5x 76k =1464 Kk

a=1.0
1 1
B, mox = = =1.12
Zmax aP, 1.0x1464 k
1_ story 1_
0.8R0,Pstory min 0.8x0.85x20,910
29
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Calculation of P, M, & M,,,,
(Design/Capacity Side of Eqgs. H1-1)

» For flexure, determine M, using the AISC
Specification Chapter F provisions

* For axial tension, determine P, using the AISC
Specification Chapter D provisions

» For axial compression, determine P, using the
AISC Specification Chapter E provisions

30

Copyright © 2017
American Institute of Steel Construction

30



AISC Night School Fundamentals of Stability
July 24, 2017 Session 6: Behavior and Design of Beam-Columns

Calculation of P, M, & M,,,,

* For flexure, M, Is obtained using the AISC
Specification Chapter F provisions

« For axial tension, P,, is obtained using the AISC
Specification Chapter D provisions

e For axial compression, P, is obtained using the
AISC Specification Chapter E provisions

» When using the Effective Length Method (ELM),
account for geometric imperfection & stiffness
reduction effects by using KL > L in calculating P,
(for cases involving sidesway stability)

» When using the DM, use KL = L for routine design

» Account for uncertainties in stiffness & strength in
both the DM & the ELM via ¢ or Q factors

31
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Representative First-Yield & Fully-Plastic Strength
Envelopes, Compact Doubly-Symmetric W-Sections
Subjected to Major-Axis Bending
— WA40x167, fully-plastic resistance

LON — — — W40x167, nominal first yield
@ ——  W14x257, fully-plastic resistance
L 08 NN e W14x257, nominal first yield
(] )
= NN T AISC Egs. H1-1a and H1-1b
06 RN
[ RN (¢.=¢,=1.0,L>0)
X N
<
©
_&’ 0.4
©
=
32 02

0.0 —

0.0 0.2 0.4 0.6 0.8 1.0
Normalized Moment, M/M, 5
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Representative First-Yield & Fully-Plastic Strength
Envelopes, Compact Doubly-Symmetric W-Sections
Subjected to Minor-Axis Bending
— W40x167, fully-plastic resistance

1.0x — —— W40x167, nominal first yield

. ‘\\"\. — W14x257, fully-plastic resistance
N N

% 0.8 ‘\\ N TN T~ W14x257, nominal first yield
2] Sl Nl U T AISC Egs. H1-1a and H1-1b
o X, |
L o6 X (6.=b,=1.0,L->0)
© X
X N\,
< x
g 04 I | :
£ | |
o 0.2
Z

OO I I 1 T .T

0.0 0.2 0.4 0.6 0.8 1.0
33
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Representative In-Plane Strength Envelopes,
Finite-Length W-Section Members
|
7 W8x31
1.07 | LI L/r =80
: y Fy = 36 ksi
—t Lehigh residual stress pattern
0.87 | (Galambos and Ketter 1959)
\ I 80 = L/2
L/1000 o4
0.6- —p —YX [\\//] rc — Y. y
P/P, $ NIB%
0.4
0.2- Major-axis bending
Minor-axis bending
— — AISC Eqgs. H1-1a and H1-1b
OO ! I T T
0.0 0.2 0.4 0.6 0.8 1.0
34
(HL/4)/M,,
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Why the substantial difference between
weak-axis cross-section & member strengths?

112

2 3
b, t,h? +h't, /12

— /

xe

ho,| h Iye

112

3
2b3t, /12
1.0

0.8
bs /
0.6

El

Strong-axis / /
El 04 /
0.2 / \
/ / Weak-axis

0.0

A
A 4

b, 35
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Distributed Plasticity Analysis
(l.e., Test Simulation)

e Basic requirements and guidelines provided by
AISC Specification Appendix 1

* Refined method of determining design
capacities
Typical calculations include:

» Sinusoidal out-of-straightness with a maximum
amplitude of 5, = L/1000

» Out-of-plumbness of A, = L/500

» Lehigh residual stress pattern (although other
patterns are more appropriate in many situations)

» Elastic-perfectly plastic stress-strain response

36
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Lehigh Residual Stress Pattern

) i fc=0.3Fy
A
+ 3 f
bt
" fé/ I
cto+t, (d-2t,)

37
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Beam-Column Strength Envelopes
In Terms of Different Moments
W8x31
1.0- L/r = 80 (weak-axis bending)
' F, = 36 ksi
Q> Lehigh residual stress pattern
3 0.8- AISC Egs. H1-1 in (Galambos and Ketter 1959)
g . Pn terms of Mu - I\/|2.elastic P
H A '
LC_II; 0.67 N ~ Z( ~ M2.irelastic = —»—
— S~ M; + P(So + 6 .inela ic)
N ~ 1 2 st |
2 S < g | L/2
E 0.47 M1 = N | H _x_
= HL/4 . N\ |
g M2 elastic = ~. \ | Oo = L/2
g 0.21 I\/Il + P82.elastic /\ N . \ _L/iooo v
AISC Egs. H1-1
in terms of M T S
0.0 T T " 2.elastic
0.0 0.2 0.4 0.6 0.8 1.0 o * O2irelastic
Normalized Moment, M/M, 38
Copyright © 2017

American Institute of Steel Construction 38



AISC Night School Fundamentals of Stability
July 24, 2017 Session 6: Behavior and Design of Beam-Columns

Equations H1-1

o Established in large part by curve fitting to the

beam-column solutions similar to those
illustrated in the previous slide

results from a large number of compact I-section

39
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Equations H1-1

o Established in large part by curve fitting to the
results from a large number of compact I-section
beam-column solutions similar to those
llustrated in the previous slide

e The bilinear form gives an accurate to
conservative representation of the beam-column
strengths plotted in terms of P vs. M, _.«/ic

40
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Equations H1-1

Established in large part by curve fitting to the
results from a large number of compact I-section
beam-column solutions similar to those
llustrated in the previous slide

The bilinear form gives an accurate to
conservative representation of the beam-column
strengths plotted in terms of P vs. M, .stic

The accuracy Is improved, for the cases where
the design calculations under-predict M, ,«tic
the most, by using 0.8E in the structural analysis

41
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Equations H1-1 — Key Attributes

o Clear separation between:

» Calculation of member resistances

> Calculation of 2nd-order forces from structural analysis &

42
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Equations H1-1 — Key Attributes

o Clear separation between:

» Calculation of member resistances

“member stability”

> Calculation of 2nd-order forces from structural analysis &

 Combined consideration of “member strength” &

43
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Equations H1-1 — Key Attributes

o Clear separation between:
> Calculation of 2nd-order forces from structural analysis &
» Calculation of member resistances

« Combined consideration of “member strength” &
“member stability”

e For 0 <L/r<100, the bilinear form gives a
“superb” fit for W-sections in major-axis bending

44
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Equations H1-1 — Key Attributes

o Clear separation between:

» Calculation of member resistances

“member stability”
e For0<L/r<100, the bilinear form gives a

 For L/r <40, the bilinear form tends to be
measurably conservative for W-sections In
minor-axis bending

> Calculation of 2nd-order forces from structural analysis &

« Combined consideration of “member strength” &

“superb” fit for W-sections in major-axis bending

45
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Equations H1-1 — Key Attributes

o Clear separation between:
> Calculation of 2nd-order forces from structural analysis &
» Calculation of member resistances

« Combined consideration of “member strength” &
“member stability”

e For 0 <L/r<100, the bilinear form gives a
“superb” fit for W-sections in major-axis bending

 For L/r <40, the bilinear form tends to be
measurably conservative for W-sections in
minor-axis bending

 ForL/r> 120, the bilinear form is moderately
conservative for both axes "
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Design Example — Axial Compression &
Bending of a W-Section Beam-Column

ﬂjj « Sway-Frame Column
/43/ e Story height = 13.5 ft
* Preliminary P, & M, determined using
» Basic gravity load takedowns

» Portal frame analysis for lateral load

» Use of wind & seismic drift limits & stiffness
reduction of 0.8E in determining B; & B,

» Second-order service wind drift limit = 1/400

* Design by Direct Analysis Method ...
o Vs based solely on in-plane resistance

g

M, a7
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Required Strengths (LRFD)
" AISC Specification Appendix 8

Py=Ppe+ By Py (kips)
M,=1.0 M, + B, My (kip-t)

L Use B, = 1 for preliminary design of typical
moment frame columns

Combo | Py B Pk Pu  Mw My My
LC2 91.5 1.12 0.12 91.6 124 1.2 125
LC4 75.8 1.09 6.2 82.6 89.5 47.6 141

L B, factors calculated as shown in previous example
(preliminary design)

Select the lightest W14 section that will work

Design is via the Direct Analysis Method, so
KL, =KL, =KL, =L, =135t
48
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Table 6-1 of AISC Manual

P P, 8 M,
+_

E ions H1-1 (LRFD): For——>0.2 d <1 Hil-1a
quations H1-1 (LRFD) ) oF, g, - R
For it <0.2 & M, <1 (H1-1b)

i+
20.P, o.M,

c ' n

Equations H1-1, alternate format (LRFD):
pPu +bXMUX <

= ForP, /op.P,>0.2 <1 Hl-1la
ulcPn 2 1000 1000 ( )
1000
where p=—— & b, = 5000
(I)an 9(|)an
p 9b,
= ForP,/¢.P,<0.2 P + M, <1 (H1-1b)

2000 ° 8000

49
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Table 6-1 (continued)
Combined Flexure

F, = 50 ksi :
and Axial Force
W-Shapes w14
Shape W14x
43¢ 38¢ 34¢

px103 by x 103 px103 by x 108 px103 by x 103

Design (kips)-1 (kip-ft)-1 (kips)-1 (kip-ft)-1 (kips)-* (kip-ft)-1
AsD | LrD | ASD | LrFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD

0 268 | 1.78 | §.12 | 3.41 | 3.06 | 2.04 | 5.79 | 3.85 | 3.590 | 2.33 | 6.593 | 4.34
6 295 | 1.96 | 5.12 | 3.41 | 3.51 | 234 | 590 | 3.93 | 4.02 | 267 | 6.67 | 4.44
\\ 7 3.06 | 2.04 | 5.17 | 3.44 | 3.70 | 2.46 | 6.12 | 4.07 | 423 | 2.81 | 6.94 | 4.61
8 3.20 | 213 | 5.31 | 3.54 | 395 | 263 | 6.36 | 423 | 449 | 299 | 7.22 | 4.80

9 3.37 | 224 | 5.47 | 364 | 425 | 2.83 | 6.61 | 440 | 481 | 3.20 | 7.53 | 5.01
10 3.56 | 237 | 5.64 | 3.75 | 462 | 3.08 | 6.89 | 458 | 5.24 | 3.48 | 7.87 | 5.23

1 3.79 | 252 | 582 |3.87 | 507 | 3.37 | 719 | 478 | 5.76 | 3.83 | 8.24 | 5.48
12 405 | 270 | 6.01 |4.00 | 561 | 3.73 | 7.52 | 5.00 | 6.38 | 4.25 | 864 | 5.75
13 436 | 290 | 6.21 |4.13 | 6.25 | 4.16 | 7.88 | 5.24 | 7.14 | 475 | 9.09 | 6.05
14 472 | 314 | 642 | 427 | 7.04 | 468 | 827 | 5.50 | 8.07 | 537 | 9.58 | 6.37
15 515 | 342 | 666 | 443 | 8.01 | 533 | 871 | 5.80 | 9.21 | 6.13 |10.1 6.74

or Unbraced Length, L, (ft), for X-X axis bending

50

Effective length, KL (ft), with respect to least radius of gyration, ry,
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Determining “Required Resistances”

1) Assuming Eqg. (H1-1a) governs & P,/ P_. dominates the
Unity Check ... estimate b, & solve for p,

b.M_ 1000
preq <|1-
1000 ) P

u

2) Assuming Eqg. (H1-1b) governs ... estimate p & solve for
b

xred P, ) 8000
bX req S 1 o p -
' 2000 ) 9M

3) Assuming Eq. (H1-1a) governs & M,/ M. dominates the
Unity Check ... estimate p & solve for b

x.req

P 1000
b, <|1--
- 1000 | M, o
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Where to start?

Your best SWAG (Scientific Wild Angled Guess)

For our case, let’'s guess that LC4 & Eq. (H1-1a) governs,
& that M,/ M, dominates the Unity Check

Let's SWAG a value of pP,/1000 = 0.3

by eq <(1- 03)1000 5.0

x.req 141

Select a section for in-plane strength using L, = 0 &
KL =KL, /(r /1) ... we'll check out-of-plane strength later

Note: C, is typically large in moment frame columns, so the
“plateau strength” is likely to govern the flexural resistance

-.even if checking out-of-plane strength w/ Eq. (H1-1a),

select b, basedonL,=0
52
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= W14x

< Shape
5 43¢ 38¢ 34¢
;g' px103 by x 108 px103 byx 103 px103 by x 103
(=]
s B Design (kips)-1 (Kip-ft)-1 (kips)-1 (Kip-ft)-1 (Kips)-1 (Kip-ft)-1

D
é - ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD
® = o nn ) @
% ;; 0 268 | 1.78 | 512 | 341 | 3.06 | 2.04 | 5.79 | 3.85 | 3.50 < 2.33 >6.53 (434
2 6 295 | 196 | 512 | 341 | 3.51 | 234 | 590 | 3.93 | 4.02 \2.-67/ 6.67 | 4.44
E 2 N 7 3.06 | 204 | 517 | 344 | 3.70 | 246 | 6.12 | 4.07 | 423 | 2.81 | 6.94 | 4.61
§_ E N 8 320 | 213 | 531 [ 354 | 395 | 263 | 6.36 | 423 | 449 | 299 | 7.22 | 4.80
& 3 9 337 | 224 | 547 | 364 | 425 | 283 | 6.61 | 440 | 4.81 | 3.20 | 7.53 | 5.01
= g 10 3.56 | 2.37 | 564 |3.75 | 462 | 3.08 | 6.89 | 458 | 524 | 3.48 | 7.87 | 523
s =
S |byx103 (kip-fty1| 206 13.7 29.4 19.6 33.6 22.4
; 2 [t;x 103, (kips)" 2.65 1.76 2.98 1.98 3.34 2.22
= g trx 103, (kips)™ 3.26 217 3.66 2.44 410 2.74
-S, =
E ; rlry 3.08 3.79 3.81
2 ry, in. 1.89 1.55 1.53
E ¢ Shape is slender for compression with F,= 50 ksi. <«—— Tabulated values reflect this!
w Note: Heavy line indicates KL/ry equal to or greater than 200.

KL/ (r /1) =13.5/3.81 =35t p, = 2.33 + (2.67-2.33)(3.5/6) = 2.53
p,P, }1000 2.53x82.6 ) 1000 1000
b, <|1-—* =| 1- =(1-0.209)——=5.6
1000 ) M, 1000 ) 141 141 53
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Effective length, KL (ft), with respect to least radius of gyration, ry,

or Unbraced Length, L (ft), for X-X axis bending

W14x
Shape
30¢ 26° 22¢
px103 by x 103 px103 by x 103 px103 by x 103
Design (Kips)-1 (Kip-ft)-1 (Kips)-1 (kip-ft)-1 (kips)- (Kip-ft)-1
ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD
7 6 ) TTh
0 4.02 < 2.68 ) 7.53 ( 5.01 ) 473 | 3.15 | 886 | 590 | 5.82 | 3.87 (10.7 7.14
6 4.63 \3.08 /776 | 5.16 | 6.18 | 4.11 (10.0 | 6.67 | 7.65 | 509 |124 | 8.24
N 7 489 ( 3.25 | 809 | 5.38 | 6.85 | 4.56 |10.7 710 | 852 | 5.67 |13.3 8.83
Ne 8 920 | 346 | 844 | 562 | 7.75 | 5.16 |11.4 7.59 | 9.70 | 6.45 |14.3 9.51
9 559 | 3.72 | 883 | 5.88 | 9.02 | 6.00 |12.3 8.15 [11.3 7.54 (1585 |10.3
10 6.07 | 404 | 926 | 6.16 |10.7 7.13 (13.2 8.80 |13.6 9.08 |16.9 |11.2
by x 103, (kip-ft)~" 39.6 26.4 64.3 42.8 81.2 54.0
ty x 103, (kips)™ 3.77 2.51 4.34 2.89 5.15 3.42
trx 103, (kips)™ 4.64 3.09 5.33 3.56 6.32 4.21
rxlry 3.85 5.23 5.33
Iy, in. 1.49 1.08 1.04

¢ Shape is slender for compression with f,= 50 ksi.
Note: Heavy line indicates KL/ry equal to or greater than 200.

KL,/ (r,/t,) =13.5/3.85=3.5 ft

X

P
b <|1-Plu
1000

1000
=|1
MUX (

p, = 2.68 + (3.08-2.68)(3.5/6) = 2.91

- 2.91x82.6j 1000

1000

141

=(1-0.240)

1000

141

5.4
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The W14x30 works for LC4
Check LC2

+ p,=2.91,b,=501
+ P, =91.6 k, M, = 125 kip-ft
p,P,  2.91x91.6

= =0.267
1000 1000
P b M 5.01x125
Plu O _ 55674 =0.89 OK Eg.(H1l-1a)
1000 1000 1000

... the structural analysis should be repeated and
the members re-checked, given these member sizes

55

Copyright © 2017
American Institute of Steel Construction 55




AISC Night School Fundamentals of Stability
July 24, 2017 Session 6: Behavior and Design of Beam-Columns

Polling Question

True or False:

AISC Eqgs. H1-1 give the maximum second-order inelastic
Internal moments attained in a member at its ultimate
strength condition

56
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Session Outline

Fundamental stability behavior, key technical background
& application of AISC Egs. H1-1a & H1-1b

» Analysis/Demand side of the equations

... design considering lateral stiffness requirements

» Design/Capacity side of the equations

... Streamlined application of AISC Manual Table 6-1

Background to and use of AISC Eq. H1-2 to account
more realistically for out-of-plane strength of I-section
members loaded in axial compression & major-axis
bending

...streamlined application of AISC Manual Table 6-1

Modified C, accounting for beneficial effects of concurrent
axial tension on the LTB resistance of I-section members
... design example 57
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¥
<

P M

W8x31
Fy, =36 ksi
L=11.6ft

Behavior

Twisting restrained,
warping & out-of-plane
rotation unrestrained,
top & bottom

0.97

Out-of-plane strength, Eqgs. H1-1
In-plane strength, Eqs. H1-1
Out-of-plane strength, Test Simulation
In-plane strength, Test Simulation
Out-of-plane strength, Eq. H1-2

Gtop = Gbot = 0-684

o8
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Out-of-Plane Strength, Eq. H1-2

2
i 1.5—0.5Pf + My <1.0
cy cy Cb Mcx(Cb:l)

... or, expressed in terms of the flexural capacity of a
member subjected to axial compression...

P P
M, <C,M, ., |1--|1.5-0.5-
'Dcy cy

Applicability: Axial compression + major-axis bending of
“compact” [-section members with (KL), < (KL),

59
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M, Analytical Basis

L
7 Mo (1 P PP

CZrZP P P P, P,

ey' ez ey

C, = moment gradient factor

T~
/[ +1/ 2Fl 2
I = — Pey:n yz: uxd 2’49
Ag (/(Ly) (/(Ly //‘y)

2 A
 _ nECV;-FG/ g
(KL,) I +1,

e = nE
: e M, =\Cir2P,P, =C, Z\/( ; j 1.C, +ElG

60
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M, Analytical Basis
it
/%/ ,
Mmax P P Py
- = 1-— || 1-———==| Ea.(®
CbMe(Cb:l) Pey Pey Pez
... Or...
P
/I//maX :Cb/l//e(Cb:]) ]_i ]_i ey
F Py Pz
x [(nEY
/k/ where Me(Cb=1) :Z (Tj /yCW +E/yG/
P
Mlski 61
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“Mapping” to
Nominal Strength Equation

* Replace P, by P,
* Replace Mgcp=1) BY Myycp=1)
« SetP,, 10 2.0P,,

KL, < KLy)
Set Pny to PCy & Mnx(Cbzl) to MCX(Cbzl)

(lower-bound for all W-Section members with

62
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Pe./Pny vs KL,/r,, W-Section Members with

KL, = KL,

. \\ / /
. \ W14x283 /
\ v W14x145 /

; \ S 7
b /P s \\\\ / W36x33%
“ \ s

0] 50 100 150 200
KL,/ r, 63

Copyright © 2017
American Institute of Steel Construction 63




AISC Night School Fundamentals of Stability
July 24, 2017 Session 6: Behavior and Design of Beam-Columns

Theoretical Elastic Out-of-Plane Strengths for
Simply-Supported I-Section Beam-Columns

1

0.8

0.6
)
Q.
Q
0.4
0.2 Eqg. (A), Pez/Pey = 1.0
0 | ‘
0 0.2 0.4 0.6 0.8 1
M /M 64
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Out-of-Plane Strength, Eq. H1-2

2
i 1.5—0.5Pf + My <1.0
cy cy Cb MCX(Cb:l)

... or, expressed in terms of the flexural capacity of a
member subjected to axial compression...

P P
M, <CM_, | 1-—|1.5-0.5-2
'Dcy cy

65
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Design Example — Axial Compression &
Bending of a W-Section Beam-Column

ﬂjj « Sway-Frame Column
/43/ e Story height = 13.5 ft
* Preliminary P, & M, determined using
» Basic gravity load takedowns

» Portal frame analysis for lateral load

» Use of wind & seismic drift limits & stiffness
reduction of 0.8E in determining B; & B,

» Second-order service wind drift limit = 1/400
e Check out-of-plane resistance

66

M,
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Check Out-of-Plane Resistance

« Alternate format of Eq. (H1-2)

2
P, P, 9b,M

By 1.5-0.5 By + —— | <1.0

1000 1000 38000C,

e For typical columns in multi-story buildings (moment
diagrams close to linear), use AISC Eq. (C-F1-1):

C, =1.75+1.05 M,/M, + 0.3 (M,/M,)? < 2.3

* For our case (fully-reversed curvature bending):
C,=175+1.05(1)+0.3(1)>°=3.1 (useC,=2.3)

67
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>
3 W14
5 Shape .
® 30¢ 26¢ 22¢
=
SE px 10 by x 103 px 10 by x 108 px 103 by x 108
o
@ 3 Design (kips)-1 (kip-ft)-1 (kips)-1 (Kip-ft)-1 (kips)-1 (Kip-ft)-1
§'§ ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD
%: 0 |402| 268 | 753 | 501 | 473 | 3.15 | 8.86 | 590 | 5.82 | 3.87 |10.7 | 7.14
£ .§ 6 |463| 308 | 776 | 5.16 | 6.18 | 4.11 |10.0 | 6.67 | 7.65 | 5.09 |124 | 8.24
SE 7 | 489 | 325|809 | 538 | 6.85 | 456 |10.7 | 7.10 | 852 | 567 |13.3 | 8.83
2 3 N 8 520 | 346 | 844 | 562 | 7.75 | 5.16 [11.4 | 7.59 | 9.70 | 6.45 (143 | 9.51
s S 9 559 | 3.72 | 883 | 588 | 9.02 | 6.00 [123 | 8.15 [11.3 | 7.54 (155 [10.3
ER 10 | 6.07 | 404 | 926 | 6.16 {10.7 | 7.13 [132 | 8.80 {136 | 9.08 [169 |[11.2
—
£ 11 6.70 | 4.46 | 9.74 | 6.48 [129 | 8.60 [144 | 9.56 [16.5 [11.0 [19.2 [12.8
< 8 12 | 747 | 497 |103 | 6.83 [154 |10.2 [165 [11.0 (197 [13.1 [223 [14.8
g2 13 | 841 @)10.8 @’1&1 120 [187 [124 [231 |153 [254 |[16.9
§x 14 | 956 N\6.36 f11.5 N7.654209 |13.9 |208 |139 |268 |[17.8 (285 [19.0
D
= p, = (5.60 + 6.36) / 2 = 5.98 b, =(7.21+7.65)/2=7.43
[=t)
E 2
P P M . . . . . 4y
for Lca: PP (1 e o5 P, 9 M, :598x826(1.5_0.5598x826j+(9x743x1414j _0.89<1.0
1000 1000 ) | 8000C, 1000 1000 8000x2.3
2 2
P P M . . : . . .
& for Lc2: v (150,52 |, [ oM, :598"916(1.5—0.5598’(91 6)+(9X743X125 3) ~0.88<1.0
1000 1000 ) | 8000C, 1000 1000 8000x2.3
68

Copyright © 2017
American Institute of Steel Construction 68




AISC Night School
July 24, 2017

Check W14x30 Web Compactness

e Flange is compact since Table 6-1 does not
provide a footnote about the flange compactness

e Use Appendix 1, Section 1.2.2 to check web
compactness

P, /0cP, = Peg) Py / 1000 = 2.68 (91.6 k) /1000 = 0.245

P
[A,=h/t,=454] < |1.12 Flass-fu 2234 |5 2562 ok
Fy d)ch Fy

69
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In-Plane & Out-of-Plane Strengths for
Selected W14x30

1 ] . .
In-plane resistance, Test S{mU|at'9n
H1-1 ® including residual
08 stress (Appendix 1)
 TestSimulation,
\ .
06 ~ zero residual stress
Pu/ 0P OPpy/GP,x = 0.446 > o
- - ~

0.4'; ~ 'D
§~§~. . %
-y ~
0.2 W ~

Out-of-plane (OOP)

' , 0OP resistanc§e," ~le
i resistance, Eq. H1-2 Eqs. H1-1 \%

0 0.2 0.4 0.6 0.8 1

Mux/(I)Mnx

70
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In-Plane & Out-of-Plane Strengths for
Selected W14x30
-plane resistance, Egs. H1-1
Pu/(I)an “Anchor Point” @

Cp My, = 2.3 oM,

-

-_—
—
-—
—

.6 0.8
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Polling Question

True or False:

For vertically oriented members in building frames, the
out-of-plane member resistance from Eq. H1-2
typically governs relative to the in-plane resistance
from Eqgs. H1-1

72
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Session Outline

 Fundamental stability behavior, key technical background
& application of AISC Egs. H1-1a & H1-1b
» Analysis/Demand side of the equations
... design considering lateral stiffness requirements
» Design/Capacity side of the equations
... Streamlined application of AISC Manual Table 6-1

 Background to and use of AISC Eg. H1-2 to account more
realistically for out-of-plane strength of I-section members
loaded in axial compression & major-axis bending
...Streamlined application of AISC Manual Table 6-1
e C, modifier accounting for beneficial effects of concurrent
axial tension on the LTB resistance of I-section members
... design example

73
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Increase in M, (LTB) due to the Presence of
Axial Tension

ek
A

Twisting restrained, warping
& out-of-plane rotation
unrestrained at ends

74
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Specific calculated values
determined in subsequent example

400
300
200

100
P, 0

Axial
Compression

-100
-200
-300
-400
-500
-600

Axial
Tension

Eq. (A) from Slide 61

M_ =CM \/(1+P“J(1+P“j
rx — “b'" " ex(Cb=1)
Pey Pez

Mechanics Based P-M Interaction
o e
1.5-0.5 +| ——— | =1.0
P, P, CoM s (cp-1)
Eq. (H1-2)
Egs. (H1-1) in-plane
\
Egs. (H1-1) in-plane
40 80 120 160 200 240
MUX
(kip-ft)
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Axial Tension & Bending — Derivation of
AISC Modified C, Factor

M =C.M 1+P“ 1+P“
rx — b ex(Chb=1)
Pey Pez

... Conservatively (for axial tension) assume P, is infinite compared to P,

Pu
er — Cchx(Cbzl) 1+ p

ey

... Incorporate the square root term as a modification to C, ... but then ...
“launder” this back through the bilinear strength interaction Egs. (H1-1a)

and (H1-1b)
A
Comod = Cb 1+ p
ey 76
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Axial
Compression

Axial
Tension

P
er = Cchx(Cbl)\/ [1 + P
ey

Comparison of Equations

2
J =1.0

Eq. (H1-2)

Eqgs. (H1-1) with the
use of Cp.moq in the
calculation of M,

P P M
—|1.5-05—/— |+ ——
P Pcy Cchx(Cbzl)

cy

Egs. (H1-1) in-plane

e

Egs. (H1-1)
without Cb.mod

Egs. (H1-1) in-plane

I I I I I 1

80 120 160 200 240

MUX
(kip-ft)

1
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Design Example - Axial Tension & Bending
of a W-Section Beam-Column

e Braced W12x40 Member

* KL, =KL, =KL, =40 ft

e Axial tension P, = 160 k

» Uniform major-axis bending M, = 100 kip-ft

* Check the adequacy of the member

* Assume tension yielding governs for the axial tension

resistance

Twisting restrained, warping & out-of-plane

rotation unrestrained at ends e
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Check using AISC Modified C, & Egs. (H1-1)
KL, := 40ft KLy =KL, KL, :=KL, Ly =KL,
I-“y := 50ksi E := 29000ks1
i :
Ag =11.71n (|)Py = 0.9-Fy-Ag = 526.5kip
: E-1
/ ™ - ;
I, = 44.1in" Bl > — 54.8kip
(KL,)?
L. = 2110 h.:=11.4in S, ;=51 5in3 J:=0 906in4 L = 2.20m
r o A - 0 e - X .- . MI._ - tS T Awe
2 2
Sy-h, Tr"-E-SX 1 (L -
X:= = 25.5 ¢M,; =09 ——— 1 + 0.078-—-| — | = 60.6-kip-ft
J 2 2|1
Lb X ts
Its 79
Copyright © 2017

American Institute of Steel Construction

79



AISC Night School Fundamentals of Stability
July 24, 2017 Session 6: Behavior and Design of Beam-Columns

Check using AISC Modified C, & Egs. (H1-1)

P, := 160kip M, := 100kip-ft

P
Cpi= |1+ — =198 M, = 214kip-ft  from Table 3-2
Pey

GM], := min( Cy,- My ,(|)Mp) = 120-kip-ft

P E g
— — 0304 e G e — [ NG
(I)Py (l)Py 9 (l)Mn

Almost ... but No Gravy!

80
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Graphical lllustration of Resistance Checks

2
P P M
~115-05— |[+| —>—| =1.0
P Pcy Cchx(Cbzl)

Axial
Compression

Axial
Tension

Eq. (A) from Slide 61

P
er = Cchx{Cb=1) \/ [1 +

u

Eq. (H1-2)

Egs. (H1-1) with the
use of Cp moq in the
calculation of M,

<

Egs. (H1-1)

Force Demand

80

120

MUX
(kip-ft)

160 200 240
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Comparison to Test Simulation Results

2
P P M
~—|1.5-0.5—/— |+ = =1.0
Pcy Pcy Cb Mcx(Cbzl)

Eq. (H1-2)

e TlestSimulation (Appendix 1)
including residual stresses

400 -

Axial 300 - Egs. (H1-1) in-plane

Compression 200 -
100 -

Axial
Tension

-500 1 Egs. (H1-1) in-plane
'600 | | | | | 1

0 40 80 120 160 200 240
Eq. (A) from Slide 61 M

M C.M [1+ i ](1+—P“ ] (kip-Tt)
rx — “p'Vlexch=1)
Pey Pez 82
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Polling Question

True or False:

Equations H1-1a and H1-1b, without the modified C,
equation, tend to be grossly conservative for evaluation of
the LTB resistance of wide-flange members subjected to
flexure and concurrent axial tension

83
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Summary

AISC Egs. H1-1 provide an accurate to conservative estimate of the
strength envelope for wide-flange members

The sidesway amplification factor (B,) can be estimated readily in
preliminary design by using typical lateral stiffness design criteria

The AISC Manual Table 6-1, when used well, nicely streamlines the
design selection of wide-flange beam-columns

AISC Eqg. H1-2 gives significantly larger out-of-plane resistances,
compared to Eqgs. H1-1, for typical columns in building moment frames

The AISC Manual Table 6-1 can be used efficiently with Eq. H1-2
by first designing for in-plane strength with Egs. H1-1, then checking
out-of-plane strength with Eq. H1-2

The modified C,, factor in AISC Section H1.2 recognizes the potential
substantial increase in the LTB strength of wide-flange section
members due to concurrent axial tension

AISC Appendix 1 (Design by test simulation) allows for “high-end”

solutions that allow rigorous characterization of member resistances
84
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Up Next...

Session 7: July 31 —

Fundamental Concepts of Bracing Compression and
Flexural Members

by T.A. Helwig, PE, Ph.D.

This lecture will focus on the fundamental behavior related
to bracing of compression and flexural members. The dual
criteria of necessary stiffness and strength will be covered.
The effects of imperfections on brace forces will be
addressed, along with the impact of connection flexibility
and cross-sectional distortion on the effectiveness of the
bracing. An overview of the different classifications of
bracing including relative, nodal, continuous, and lean-on
bracing will be provided.

85
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Individual Webinar Registrants
CEU/PDH Certificates

Within 2 business days...

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

e 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!
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Individual Webinar Registrants

CEU/PDH Certificates

Within 2 business days...

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

e Username: Same as AISC website username.

e Password: Same as AISC website password.

< =
< NN 2

é

P T
BN
> 2\
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8-Session Registrants
CEU/PDH Certificates

One certificate will be issued at the conclusion of
all 8 sessions.
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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.
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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!
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Night School Resources for 8-session

package Registrants

Login
If you're an t e an
USERNAME DON'T HAVE AN ACCOUNT?
nter '.7_. AlISC allows you to access
PASSWORD ~:I oaded from the -7‘:>: kstore.
emember Me
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Night School Resources for 8-session
package Registrants

Go to www.aisc.org and sign in.

IN THIS SECTION MyAlSC
Edit Profile
MY PROFILE
My Downloads | ur contact and address information

EDIT PROFILE

5
5

2

*7)

b

o

My Events

Order Histary MY PURCHASED DOWNLOADS

Access articles and documents that you have purchased

VIEW DOWNLOADS

MY COURSE RESOURCES

View online resources for Night School ajd Live Webinar package registrations.

VIEW RESOURCES
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Night School Resources for 8-session

package Registrants

EDUCATION PUBLICATIONS MNASCC: THE STEEL STEEL SOLUTIONS AWARDS AND TECHNICAL
CONFERENCE CENTER COMPETITIONS RESOURCES

AISC » MYAISC » COURSE RESOURCES

Course Resources

Event Start Date
N5 13 B-Session Package-Might School 13 - Design of Industrial Buildings 1/30/2017 7:00:00 PM
NS 14 8-Session Package-Night School 14 - Fundamentals of Stability 6/5/2017 7:00:00 PM
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Night School Resources for 8-session

package Registrants

\\\'3“-"5"!( EDUCATION PUBLICATIONS NASCC: THE STEEL SAFETY STEEL SOLUTIONS AWARDS AND
CONFERENCE CENTER COMPETITIONS

N CONFERENCE CENTE
=
g - ey W == -

Night School 13: Design of Industrial Buildings

8-SESSION PACKAGE RESOURCES

RESEARCH

LIBRARY

Event Video Quiz Attendance
NS13 - Design Criteria — s Pass Pending
- Passcode: NS13DSN Score: 80
NS13 - Economic Considerations Available 02/08/2017 5pm EST Available 02/08/2017 Spm EST Pending
NS13 - Lateral Load Systems and Details Available 02/15/2017 Spm EST Available 02/15/2017 Spm EST Pending
NS13 - Preliminary Design Procedures Available 03/01/2017 Spm EST Availabie 03/01/2017 S5pm EST Pending
NS13 - Crane Girder Design and Frame Analysis Available 03/08/2017 Spm EST Available 03/08/2017 Spm EST Pending
NS13 - Frame Member and Connection Design Avaliable 03/15/2017 Spm EST Available 03/15/2017 Spm EST Pending
NS13 - Transfer Crane Girder & Longitudinal Bidg Bracing Dsn Available 03/29/2017 Spm EST Available 03/29/2017 Spm EST Pen
NS13 - Building Envelope and Bracing Design Available 04/05/2017 S5pm EST Available 04/05/2017 Spm EST Pending
NS13 - Final Exam Available 04 p 1
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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.
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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.
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Thank You

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

structural

OIEEL
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