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Today’s live webinar will begin shortly.
Please standby.

Today’s audio will be broadcast through the internet.

Please type any questions or comments through the Chat
feature on the left portion of your screen.

AISC

(Nigh’r School

AlA Credit

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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Session Description

22.5 Compression + Bending
March 3, 2020

This lecture will discuss the behavior and design of beam-columns. The session
will review elastic and plastic interaction principles, AISC interaction equations
and design rules of thumb. The session will explore the design of members in
single axis bending as well as the design of single angles for bending plus
compression.
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Learning Objectives:

* Describe the behavior and design of steel beam-column members.

* Apply the AISC Specification interaction equations for the design of members
with bending plus compression.

* List the design aids for beam-columns and demonstrate how to apply in
design.

* Describe the design process for unsymmetric shapes with combined stress.

Basic Steel Design: A review of the
principles of steel design according to
ANSI/AISC 360-16

Night School 22
Lesson 5
Compression + Bending

B : Stronger.
~ : Steel.
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Lesson 5 — Compression +
Bending

« Combined force members
— Interaction with elastic stress distribution
— Interaction with plastic stress distribution
— Specification interaction equations
— Design aids for beam-columns
— Initial beam-column selection
— Single axis bending with axial load
— Unsymmetric shapes with combined stress

5.9

Compression + Bending

e Elastic stress distribution
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e Elastic stress distribution

— Could limit bending stress to a specific value,
Fb
— Could limit axial stress to a specific value, F,

— But these limits are likely not the same value
so what we really need is a way to limit the
combination

A 1

5.1

Compression + Bending

» Elastic stress distribution

— The usual way to apply these limits is through
an interaction equation

— The ratio of applied stress to the stress limit
for axial, f,/F,, and bending, f,/F,, are added

— The sum is limited to 1.0

— Thus, you can never use more than 100% of
the available stress

American Institute of Steel Construction
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Compression + Bending

» Elastic stress interaction

Compression + Bending
» Elastic stress interaction for two axis
bending
£ £+fb" +@sl.0
F, F, F,
1.0 Jn
F,
v 10
F,
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» But there is a problem with all this.

— We know that we are not looking at elastic
behavior.

— Columns may buckle elastically but they may
also buckle inelastically. They also have
yielding as their upper limit.

— Beams may behave plastically, inelastically, or
elastically.

Compression + Bending

» Consider a stub column with bending, a
member in which length plays no part.

F F

y y

Pure Compression, P, Pure Bending, M,

© Copyright 2020
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« What might the stress distribution look like
if the column carried both axial

compression and bending?
F

¥y

Combined Compression
and Bending, P,, M,,

5.17
For a W14x82
IH
1200 ‘/
- 1H

P, kip 800 wendmg IE

. H]:E \ y-axis bending \IFJ

2000 4000 6000 8000
M,, kip-in.
5.18
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« To nondimensionalize
— Divide the axial force by the pure axial
strength, P,
— Divide the x-axis moment by the pure x-axis
bending strength, M,,,
— Divide the y-axis moment by the pure y-axis
bending strength, M,

Compression + Bending

L

P,

W14x82

1.0

y-axis

e

X-axis /N

1.0

IS

<

5.20
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Compression + Bending

 To follow this approach for design

— Each shape requires its own interaction
diagrams for x- and y-axis bending.

— Each material with different yield stress will
require its own set of diagrams.

— Shapes other than W-shapes are quite
complex to deal with.

— Thus, the Specification makes a simplification.

5.21

Compression + Bending

« After studying the full set of W-shapes, two
straight line segments with a kink were
selected to represent the interaction
diagram.

5.22
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Compression + Bending

W14x82

0.2- /

09 1.0 \

Consider two straight lines to
approximate the actual behavior ’

<|s

5.23

Compression + Bending

* Notice that

— The proposed straight lines are quite
accurate, yet conservative, for x-axis bending
of this W14x82

— They are not very accurate for y-axis bending
but are very conservative
 Since the magnitude of moments for y-axis
bending are relatively small, compared to x-axis
bending, this error is not considered a critical
shortcoming.

5.24
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Compression + Bending

* How can we account for column length
effects?

— Look at plot for strength rather than nondimensionalized
strength. Th;j)s

y =

5.25

Compression + Bending

* How can we account for column length
effects?

— Look at plot for strength rather than nondimensionalized
strength. Th%s

Length influences Py,

. Length does not
axial strength

influence bending
strength

M 5.26
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Compression + Bending

* How can we account for other bending
limit states?

— Look at plot for strength rather than nondimensionalized
strength. Th;j)s

y

Unbraced length
does influence
bending strength

M, M 5.27

Compression + Bending

e Combine reductions in axial and flexural
strengths.

— Look at plot for strength rather than nondimensionalized
strength. Th%s

PKL

5.28
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Compression + Bending

Now look at this same column with  And with bending only about both
axial and bending about both axes.  axes.

px

5.29

Compression + Bending

* Now we can look at the Specification
equations and see that they are
nondimensionalized with the available
axial strength and the available bending
strength.

<

<

P
—~ and r
F,
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Design for Combined Forces

H1.1. Doubly and Singly Symmetric Members
subject to Flexure and Axial Force

P P 8 M, 6 M,
When ~->02 —+—|—+—|<1.0 H1-1
en P 0 P 9[Max M, (H1-1a)
P M_ M,
When £<0.2 — + x4+ 1<1.0 (H1-1b)
¢ 2[2 Mcx Mcy

Compression + Bending

Thus, the Specification interaction
equations describe two intersecting planes

P
P

Equation H1-1a

N

M, Equation H1-1b
M

American Institute of Steel Construction

5.16



AISC Night School
March 3, 2020

© Copyright 2020

Basic Steel Design

Session 5: Compression + Bending

Compression + Bending

* Definitions (ASD)
P = required compressive strength (ASD)
P =P /Q_ = allowable compressive strength
M, = required flexural strength (ASD)
M.=M,6/Q, = allowable flexural strength
Q. =1.67
Q, =1.67

‘ Determine required strength according to Chapter C

Compression + Bending

* Definitions (LRFD)
P. = required compressive strength (LRFD)
P =¢_ P = design compressive strength
M, = required flexural strength (LRFD)
M, =¢,M, = design flexural strength
¢, = 0.90
¢, = 0.90

‘ Determine required strength according to Chapter C

American Institute of Steel Construction
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« Equations H1-1a and H1-1b apply to all
doubly and singly symmetric members

£L4

Equation H1-1a

/

Equation H1-1b

02 |-
0910 M.
M,

© Copyright 2020
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« Beam-Column Design using Manual Tables

" F=50ksi Table 3-10 (continued)
Table 4-1a (continued) Go=1 w. Sh( )
. . Ml | 0pM -ohapes
Available Strength in ! Wt | Kipft ! P
. - " Fy = 50 ksi 20T LR vs. Unbraced Length
Axial Compression, kips T U T
300 | 450 N T 2"
Wi4 W-Shapes %) ] E
Ak ael
Shape Widx 2\ ~\ 2\
b/t 145 132 120 109 % % =0 4 3
Desi PlS2c] GcPi | PlS2c] GcPo | FofS2e] 0cPo | Pl P | PlShe] GoPo | Pl ocPi i
esign
AsD | LrFo | AsD | LRFD | AsD [ LRFD [ ASD | LRFD [ ASD | LRFD | ASD | LRFD
0 | 1280 1920 [ 1160 | 1750 | 1060 1590 | 958 | 1440 | 871 | 1310 | 793 | 1190 20 | 40
R 6 | 1250 | 1880 | 1130 [ 1700 1030 | 1550 | 932 | 1400 | 848 | 1270 | 772 [1160
< 7 | 1240 | 1860 | 1120 [ 1680 | 1020 | 1530 | 923 | 300 | 839 | 1260 | 764 | 1150 |
H 8 | 1230 1840 | 1110 | 1660 | 101 |
g 1: :g;g lgﬁg :ggg mg gg Table 3-2 (continued) Z 05 Table 3-4 mm|
s 11 1180 | 1770 |1060 | 1600 | e6f F=50ksi W-Shapes X 2\, W-Shapes Fy=50ksi |||
2 12 | 1160 | 1750 | 1040 | 1570 Selection by Z, 7 Selection by Z,
g 13| 1140 | 1720 [1020 | 1540 B
k4 14 1120 | 1690 | 1000 | 1510 17
8 15 | 1100 | 1650 | 982 | 1480 Lot ] e | 7 [l
e | st Ko [t | Shae
2 16| 1080 [ 1620 | 960 | 1440 in? | 50
g 17 | 1060 | 1590 | 937 | 1410 ] wiaam
8 18 1030 | 1550 | 918 | 1370 367 Y 300
= 19 (1010 | 1510 | 888 | 1330 %7 2
E 20 | 980 | 1470 | 862 | 1300 Bl e
- = =
a s
™ 19
m i
= 20
k1 b
EA ]

Compression + Bending

« Beam-Column Design using Manual Tables

— Part 6 of the Manual contains a single table to
assist in the design of members for combined
forces.

— Table entries included strength for all W-shapes.

— Can be used to design for pure bending, pure
compression, and pure tension.

— Available for W-shapes only .

American Institute of Steel Construction
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These values can be found in Table 6-2 for all
W-shapes, unlike the tables in Parts 3 and 4.

Table 6-2 considers all appropriate limit states,
including effective length for column buckling
and unbraced length for beam lateral-torsional
buckling.

Table 6-2 also includes values for tension yield
and tension rupture.

All limit states considered in Lessons 2 through
4 are included.

5.39
Table 6-2 (continued)
. Available Strength for Members
Ava||ab|e Fy =50 ksi Subject to Axial, Shear,
F,=65ksi Flexural and Combined Forces
Compressive Strength _ W-Shapes wia
Widx fhape Widx
109 [ e | e b/t 109 9 [ oo
Pul0c] 0cPa | Pal [ 8cPo | Pal2c] 0cPn Masl o] QoMo | Mol QoM Mo/ @6Mne
. Available Compressive Strength, kips fesign Available Flexural Strength, kip-ft
The left half of Table 6-2 is N oo RN oo RNGON gy R o JRRSEM o [BREORT i
32 848 2 6 79 130 382
the same as Table 4-1a. A % m 12 = 2
e AR W (5 . =
o AR B - =
888 807 735 E-1 10/ 479 430 382
SEETEILT BRI
H H il - 4 &
However, it does include % m o <E |8l & = =
HEE R R TR R
all W-shapes, thus more b 76 o2 | o |5 [ 6]| ar oy
than Table 4-1a. ] o || 2R 8 & = =
708 642 | 90¢ | 583 EE | »f| ws 3% 38
664 602 o | s H 2|| s 388 49
620 561 43 | s09 sE | 2| 45 78 339
ven i AR B (R
The length given in the % B | @ (k8 ® % k]

. 40 398 % 361 £ 32 3?5 339 300
middle column are the = 2| @ | ZE 8l = £ L
Effective Lengths with o 2| o | me| o |E) [l | s | 2w o

o SRR R R TR
respect to the y-axis, just = HE 18| = & 2
Pr ties
as for Table 4-1a T "
Paly PalSdi| 0Py L | L, | &L [ | &
958 | 1240 | 870 798 | 119 132 | 45 | 135 | 43 | 151 | @5
0.754y), kips Area, in.?
m{&miﬂﬁi 20 21 ] %
780 709 )% 647 9 )
O ] b [ k] b [ k[h
A ﬂi'v_mii T260 | a7 | 0 | a0z | 99 | %2
2 38 128 | 8 yin.
‘Availabi Srength in Y Ais, kip-t. 3™ [ sn [ __3mn
0] GoMay Tty
3 167 ] 166 1.66
St ds compa it for fi with Fy = 50 ks
5.40
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Table 6-2 (continued)
. Available Strength for Members
Avallable F, =50 ksi Subject to Axial, Shear,

Fu=65ksi Flexural and Combined Forces

W-Shapes w14
Flexural Strength . — T

109 %9 %0 Ib/ft 109 99° [ eof
Pal[ 0cPa |PalQc] 0oy | PalD] 000 Mas/ o] @M o | Ml %] @M M| 05Mne

. Available Compressive Strength, ki esign il Strength, kip-ft

- ASD | LRFD | ASD | LRFD | ASD ASD | LRFD | ASD 0

The right half of Table 6-2 (DS oro (Do o [ B o [ oo OO
= - [ - = - =

does not have a ‘B B ‘H H-
comparable table in Part 3. o | 15 | o | oo | 78 | 7 | =
= . I - ([ = - = =

= ey e il = BS =

However, it provides the B o sl £
: : ; i e (e 2os e ol o [ =
same information as given B e | & i e
2 o e (g i = =

in Table 3-10. But again, for = =k = 2 2 =
ZEY G G = = 5

all W-shapes HIEAFHRE e &
‘H H Sk & =

“HE 2 = S = &

The lenath qi in th I 5HE Z = = 2
e length given in the & - ] - = = 5

| = 2 = = = =
middle column are the el = = (e ol =iz &
I il = i gl

Unbraced Lengths of the — .

. AR L] L] L [
compression flange. S e Lo oL
Available Strength in Tensile Rupture (A, = 0.754,), kips. Area, in2
[P oo [Pul0n] o, | Palb] 1P ED ] %
[0 [0 [0 [ oo 6 [ oo w
o Lo T -
VAR ] 00 Vo [ Vallhs | oV | ValG] 6oV 0 Tiio | a0 [ wes [ 00
‘vl Stength in Fleur about VY i, Kip-. I IS 1)
(Fl e, (W] ey [ o] iy
[ost | s oo | o [ te1 ] 275 W [ e [ i

" Stape exceeds compact it forfexre with F, =50 ks

5.41

Table 6-2 (continued)
. Available Strength for Members
Oth er Ava | | a b | e Fy=50ksi Subject to Axial, Shear,

Fu=65ksi Flexural and Combined Forces

Strengths W-Shapes i

Widx Shape Widx

109 [ e | e I/t 109 9 [ oo
Pulc] 0cPa | Pal [ 0cPo | Pal2e] ocPa Mo 96Ma | Mo/ Os] 0P [ Mol o] 05Mar
. ‘Available Compressive Strength, kips. Design Available Flexural Strength, kip-ft
ASD | LRFD | ASD | LRFD | ASD | LRFD ASD | LRFD 0
Strengths not a function of oo Lo Lo L ol [ L L L Lo
. = = = . [ = &l -
length: R R R R
RN R RO R TR & B
. . . a | 1510 | 708 | i [ 728 | v B | i | e 0 @ | o
Tensile Yield and Tensile G | || | (S| n| | | ||
826 | 1240 | 750 | 1130 | 82 | 1030 [ 2 u | a5 a1 a8 | 54
808 | 1210 | 738 | 1100 | 667 | 1000 |§E | 15 | a0 2 | s
Rupture, the same as Table o0 | 100 | 7| 1o | 2| o |G 2 | e | den| o | o
= s I AR el =
5-1 780 | 1130 | 680 | 1020 5| | 45| o 38 | 553
- . 729 | 1100 661 994 pey 19 450 676 363 -fm
708 | 1060 | 642 | 904 S| 2| 45| coo 38 [ 539
| el LM | o
620 | o1 | 61| 843 sE || 45 3% | 50
2 B LI 2| W
Shear, the same as Tables il = Byl =33 &
IR SIHE -
3-2 and 3-6. =K = FHE- el =
322 484 435 2 38 355 n 408
290 a7 261 393 E-] 40 345 262 394
263 | 30 | 27| 356 € || @ 22 | 79
; S L E ke 2|
Flexure about the y-axis, “H o les
ZIE RS s 05 2
]
the same as Table 3-4. p— LT .
Paly| 0iPo [ PalShi| 1P, Ly L Ly L L
958 | 1240 | 871 | 1310 132 | 485 | 135 | 453 | 161 | 425
5
PalQu] 0iPa [ PalO: | 01Pn 20| 21 [ %5
1170 709 | 1060 int
b b b |k
150 | 225 | 188 yin.
‘Available Strength in Flexure about -Y Axis, Kip-ft 373 |3 [_3m
[ oM, oM Tlty
3 2 2 e | e | 16

" Shape exceeds compact imitfor fexure with F, = 50 ks,

5.42
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Table 6-2 (continued)

. Available Strength for Members
Other Ava"able Fy =50 ksi Subject to Axial, Shear,
Fu=65ksi Flexural and Combined Forces
Data W-Shapes Wi
Widx Shape Widx
109 | 9 | %0 Ib/ft 109 99° [ oo
PalOc] 0cPa | PalD] 0cPo | Palc] 0cPa A Y A
Avail i kips Design Available Flexural Strength, kip-ft
RS0 [ Lro | ASo | LR | AsD | LirD Lo | AS0 | LwFo | ASD | LiF0
Unbraced lengths, L, and L, PN o TR ey R i —
w 1270 ! P w2
s @ =
a1s @ w
a0t @ =
Area = @ =
a7 P w2
o5 P @
b @ W
w5 o ®
. e 2 2
Moment of Inertia, /, and /, . =
y m a7
70 E
™ 8
78 B
Radius of gyration, r, and = Z
y 574 2
s =
rlr, e 5
y u| E
B 1
30 281
> m
20 F4
263 252
240 239
20 2
o 214
s B
7
Faii] ouP. [Pal] 0P " 6 [ &
e R T T s
‘Available Strength in Tensile Rupture (A, = 0.754y), kips Area, in?
PalQs| 0:Pa | Pl | &tPa | PalQs| :Pa 320 21 265
70 709 060 647 970 4
‘Availabl Strength in Shear, ks B b [ k| b [k [}
Vil oV [ Vol | 00Vo | Val%e] oV 1240 | a7 | 0 | 402 | 909 | %2
(0 I I N P
Y s, ki 3@ | an ] 3w
@My Gollay Golay ity
STy 21| 3 | 207 | 31 | 181 ] 213 T S T

N

5.43

Example 1 (ASD)

* An ASTM A992 W14x90 column
must carry an axial force of 333 kips,
an x-axis bending moment of 169 ft-
kips, and a y-axis bending moment
of 20 ft-kips.

* These results are from a second-
order Direct Analysis. (Considered in
Lessons 6 and 7)

»  Will this column adequately support
these loads?

The column is 14 ft long, is bending about both
axes, has a length of 14 ft about the x- and y-axis
and an unbraced length of the compression
flange of 14 ft.

é)\,,“ (7
X MMM‘ b

g

© Copyright 2020
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Example 1 (ASD)

Fy=50ksi

The use of the direct analysis
method means that we may use an

W-Shapes

Table 6-2 (continued)
Available Strength for Members
Subject to Axial, Shear,
Fu=65ksi Flexural and Combined Forces

w14
effective length equal to the actual & "¢ o | ot | T = [ =
length, thus K= 1.0 e B T I
ASD ASD ll'(ﬂ? 0 A‘S; ll:z? AZ: ll:Fg A;I; 7D
Also, since we used a second- S =
. . 12 479 430 382
order analysis there is no need to bR
amplify forces or moments. Again, o T |8 ] o o ]
th iS Wi” be Covered in Lessons 6 AvavlahleS(van;:mTen:vl:m\ul::'klns - P"’“"‘:D - Aljl‘l’l\mll‘:ll‘:hvaneﬂ‘:.::!!ms :n‘ -
and 7 o [t o A T
P, /Q, =682 kips A AT i T
Mmc /Qb = 382 ft-kIpS v,,/n,‘ Vs [ ValSy ;‘,2“;%\‘ A 12’10} 027 } n,:o} u’)yz } age } 322
150 225 138 207 123 185 Iy, in.
M, /Q, =181 ft-kips T bty b B E— —
\231 348 | 207 :r'nexw:f.v.;j: L 167 [ 1.66 [ 1.6
5.45
Determine which equation to use:
P /P =333/682=0.49 > 0.2
Therefore use Eq. H1-1a
M M
£+§ —=2 4+ 1<1.0
PL‘ 9 Mcx cy
333 8(169 20
—+—| —+—1=0.98<1.0
682 9382 181
Therefore the W14x90 is adequate
5.46
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Example 1 (LRFD)

An ASTM A992 W14x90 column
must carry an axial force of 500 Kips,
an x-axis bending moment of 253 ft-
kips, and a y-axis bending moment
of 30 ft-kips.

These results are from a second-
order Direct Analysis. (Considered in
Lessons 6 and 7)

Will this column adequately support
these loads?

The column is 14 ft long, is bending about both
axes, has a length of 14 ft about the x- and y-axis
and an unbraced length of the compression

—-. flange of 14 ft.

Example 1 (LRFD)

The use of the direct analysis
method means that we may use an

Table 6-2 (conti

nued)

Available Strength for Members
Subject to Axial, Shear,

I

effective length equal to the actual —& 1"

Fy =50 ksi |
Fu=65ksi Flexural and Combined Forces
W-Shapes Wi4
Wi4x Shape Wi4x
90 /it 109 99! [ oo

PalS2c] OcPa | PalS2c] GcPy | PalS2c| GcPn

Mt 2a] O6Ma Mol o] O0Max [ M/ 5] 05Max

length, thus K=1.0

ASD | LRFD [ ASD | LRFD

‘Available Compressive Strngth, kips Design
S|

Available Flexural Strength, kip-ft

Also, since we used a second-

LRFD
1%

[]
6
7
8
9

10

1
12

8% 88858 82

order analysis there is no need to

14

amplify forces or moments. Again, =

15

5

3057 458 | 255

291 4?zx‘ 243‘ 365

m‘ 2147 322

i3

204 | 306

this will be covered in Lessons 6 il 7]

Limiting Unbraced Lengths, ft

and 7

[T 5]

P

¢.P, =1030 kips

780 | 1170 | 709 [ 1060

%o [

&5

I

Womentof neria, in!
L | b b | K

Iy

¢, M, =574 ft-kips

o,M,, =273 ft-kips

‘Avalable Srength in Shear, kips by
o 1240 | 447 | 1110 | 402 | 999 | 362
1 in.
i Y-Y Axds, kip-ft 373 [ 371 [ 370
MaylS%| 0oMny | Moyl | 0oMry | Moyl Q| 65Mry relry
231 | 348 | 207 | 311 | 181 | 278 167 | 166 [ 166
1 Shape exceeds compact imit for fexure with = 50 ks
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Example 1 (LRFD)

Determine which equation to use:
P /P, =500/1030=0.49>0.2

Therefore use Eq. H1-1a

500 8(253 30
_— +—

— =0.97<1.0
1030 9\574 273

Therefore the W14x90 is adequate

5.49

Initial Beam-Column Selection

* How would we start a design if we
had the force and moments from
Example 1 but did not know what
size column we were using?

American Institute of Steel Construction
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Initial Beam-Column Selection

« Start with Equation H1-1a
5+§M’x +§%£1.0
I)C 9 MC)C 9 MCy
« Multiply both sides by P,
+§erPc +§M”J’I)C SP
O M, 9M, °

Initial Beam-Column Selection

« Multiply last term by M_,/M_, and reorganize

82, 8R M

P+ . —<M, <P
9MCX 9Mcx Mcy ”
» Let 8P,
m =
M.
U — MCX
M

American Institute of Steel Construction
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Initial Beam-Column Selection

» Substitute these new terms back into the
equation and

P+ 8E, M.+ 8, M”“M <P
9Mcx 9Mcx cy ”
becomes

B +mM,  +mUM, <P,

Initial Beam-Column Selection

» This can be thought of as

Effective required Available compressive
strength — strength

P, =P +mM, +mUM, <P,

So what can we do about m and U?

American Institute of Steel Construction
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Initial Beam-Column Selection

* Ignore the influence of length, thus no
column buckling or lateral-torsional buckling

 Assume both axial and flexural stresses are

F,.
8P 8F,A 84

m = = =
oM, 9FZ 9Z,
M, FZ 7

M, FZ,6 Z

<y

y

Initial Beam-Column Selection

. Evaluate m=-2 and U =2 for all W-shapes
97, Z,
Shape Mg Uavg
W6 4.41 3.01
W8 3.25 3.1
W10 2.62 3.62
W12 2.08 3.47
W14 1.72 2.86

Calculated m was multiplied by 12 to permit working in kips and ft.

American Institute of Steel Construction
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Initial Beam-Column Selection

« At this stage in design, the apparent level
of accuracy of these numbers is
unnecessary.

* Even these values are not all that accurate
since they represent an average.

» These will be simplified in order to make
them easy to remember and use.

Initial Beam-Column Selection

e Consider U

— Only the smallest of the shapes in each group
have U values appreciably greater than 3.

— Thus, a reasonable value will be taken as U =
3.0 for all W-shapes up to W14.
« Consider m

— Assume a moment arm of 0.89d for
determination of the plastic section modulus.

— Then m = 24/d (include the 12 for unit
conversion)

American Institute of Steel Construction
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» The simplified multipliers become

Initial Beam-Column Selection

Shape Mayg m=24/d Uavg U
W6 4.41 4.0 3.01 3.0
w8 3.25 3.0 3.1 3.0
W10 2.62 2.4 3.62 3.0
W12 2.08 2.0 3.47 3.0
W14 1.72 1.71 2.86 3.0

Remember, the inaccuracy inherent here is not a concern since
any final design must ultimately satisfy the interaction equations.

direct analysis.

m=1.71
U=3.0

An ASTM A992 column must carry an
ASD axial force of 333 kips, an x-axis
bending moment of 169 ft-kips, and a y-
axis bending moment of 20 ft-kips.

These results are from a second-order

The column is 14 ft long. Try a W14

Example 2 (ASD)

© Copyright 2020
American Institute of Steel Construction
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Example 2 (ASD)

* Determine the effective axial force.

P, =333+1.71(169)+1.71(3.0)(20) = 725 kips

* From Manual Table 4-1a, a W14x99 will
support 750 kips and a W14x90 will
support 682 Kips.

— We already know from Example 1 that the
W14x90 works.

Example 2 (LRFD)

An ASTM A992 column must carry an
LRFD axial force of 500 kips, an x-axis
bending moment of 253 ft-kips, and a y-
axis bending moment of 30 ft-kips.
These results are from a second-order
direct analysis.

The column is 14 ft long. Try a W14

m=1.71
U=3.0

American Institute of Steel Construction
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Example 2 (LRFD)

* Determine the effective axial force.

P, =500+1.71(253)+1.71(3.0)(30) = 1090 kips

* From Manual Table 4-1, a W14x99 will
support 1130 kips and a W14x90 will
support 1030 kips.

— We already know from Example 1 that the
W14x90 works.

Single Axis Bending

» Up to this point we have combined worst case
column buckling with worst case flexure.

* However, it is possible to separate beam-column
behavior into the in-plane effects and the out-of-
plane effects.

» The Specification provides for the special case

of doubly symmetric rolled compact members
subject to single axis flexure and compression

American Institute of Steel Construction
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Single Axis Bending

H1.3. Doubly Symmetric Rolled Compact

Members Subject to Single-Axis Flexure and
Compression

“For doubly symmetric rolled compact members with the
effective length for torsional buckling less than or equal to the
effective length for flexural-buckling, L., <L, subjected to
flexure and compression with moments primarily about their
major axis, it is permissible to address the two independent
limit states, in-plane instability and out-of-plane buckling or
lateral-torsional buckling, separately in lieu of the combined
approach provided in Section H1.1.”

Single Axis Bending

 (a) For the limit-state of in-plane instability,
Equations H1-1a and H1-1b are used with
P.and M_, determined in the plane of
bending.

— This means the column strength is determined
for x-axis buckling

— The bending strength is M,,. (no consideration
of lateral-torsional buckling)

© Copyright 2020
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Single Axis Bending

 (b) For the limit-state of out-of-plane plane
buckling and lateral-torsional buckling:

2
£ 1.5—0.5P’ + M, <1.0 (H1-3)
Cchx

<y })cy

where
P =available compressive strength out of the plane of bending

C, =lateral-torsional buckling moment gradient factor

M, =available lateral-torsional strength for strong axis flexure with C, =1.0

Example 3 (ASD)

» Check the adequacy of a
W16x57 column in single axis
bending using the alternate
provisions of Section H1.3

» Compare the results to a
solution if the alternate

provisions are not used.

r,=6.721in. r,=1.60 in. 4=16.8in.

American Institute of Steel Construction
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Example 3 (ASD)

* The column must carry an axial load, P, =
188 kips and moment about the strong
axis, M, = 100 ft-kips, at each end bending
the column in reverse curvature.

» The column has a length of 12 ft about the
x- and y-axis and an unbraced length of
the compression flange of 12 ft.

* Results are from a second-order Direct
Analysis, thus use K= 1.0.

Example 3 (ASD)

 For the limit-state of in-plane instability, P,
and M, are determined in the plane of
bending.

L_12012) s
r 672
2
. (29, 0(2)0) = 625 ksi
(21.4)

Note that there are no column tables for the W16’s and Table 6-2
does not include x-axis strength.

5.70
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Example 3 (ASD)

Since L 13
r

Therefore
F, = (0.658)(65205) (50) =48.4 ksi

P, =48.4(16.8) =813 kips

and
£=—813 =487 kips
Q 1.67

Basic Steel Design

© Copyright 2020

Example 3 (ASD)

* In-plane bending strength is M,,. From
Table 3-2

M :
P =262 ft-kips
Q

* Thus, in the plane of bending

188 811900 _h73<10  trra)
487 91 262

American Institute of Steel Construction

5.36



AISC Night School
March 3, 2020

© Copyright 2020

Basic Steel Design

Session 5: Compression + Bending

Example 3 (ASD)

For out-of-plane,

L _1202) gy 4113

r, 160
2

F, = T2000) 455y
(90.0)

Example 3 (ASD)

Therefore

50

F, = (0.658)(35.3j (50) =27.6 ksi

and
P = 27.6(16.8) =464 Kips

L _364_ 278 kips
Q 1.67

This could have been found in Table 6-2

5.74
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Example 3 (ASD)

* From the beam curves (Table 3-10), with
C, = 1.0 (or from Table 6-2)

M _ = M, =211 ft-kips
Q

cxX

» and, from Eq. F1-1, with equal and
opposite end moments,

C, =227

Example 3 (ASD)
For out-of-plane,

2
£ 1.5—0.5P’ + M, <1.0 (H1-2)
Cchx

cy <y

2
188 1.5_0.5[@j H 0| _083<1.0
278 278)) | 2.27(211)

Eq. H1-1a=0.73 < 1.0 and Eq. H1-2=0.83 < 1.0
Thus, the column is adequate

American Institute of Steel Construction
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Example 3 (ASD)

« Without using the alternate provisions
- EqH1-1a

(@ +§(@ =1.02>1.0

Bending strength, x-axis, using C,
M?
M, = 2.27(21 1) =479 > H’ =262

Compressive strength for buckling about y-axis

Example 3 (LRFD)

» Check the adequacy of a
W16x57 column in single axis
bending using the alternate
provisions of Section H1.3

» Compare the results to a
solution if the alternate
provisions are not used.

r,=6.721in. r,=1.60 in. 4=16.8in.

American Institute of Steel Construction
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Example 3 (LRFD)

* The column must carry an axial load, P, =
282 kips and moment about the strong
axis, M, = 150 ft-kips, at each end bending
the column in reverse curvature.

» The column has a length of 12 ft about the
x- and y-axis and an unbraced length of
the compression flange of 12 ft.

* Results are from a second-order Direct
Analysis, thus use K= 1.0.

Example 3 (LRFD)

 For the limit-state of in-plane instability, P,
and M, are determined in the plane of
bending.

L_1202) 5 4crns

r, 6.72
2

F =" (29 080) — 625 ksi
(21.4)

Note that there are no column tables for the W16’s and Table 6-2
does not include x-axis strength.

5.80
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Example 3 (LRFD)

Since L 13
r

Therefore
50

F, = (0.658)(625) (50) = 48.4 ksi

and P, =48.4(16.8) =813 kips
0P, =0.9(813) = 732 kips

Example 3 (LRFD)

* In-plane bending strength is M,,. From
Table 3-2

oM , =394 ft-kips

» Therefore, in the plane of bending

&+§ 15—Oj=0.72<1.0 (H1-1a)
394

American Institute of Steel Construction
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Example 3 (LRFD)

For out-of-plane,

L _1202) _gg4113

r, 160
2

F, = T2000) 455y
(90.0)

Example 3 (LRFD)

Therefore

50

F, = (0.658)(35.3j (50)=27.6 ksi
and
P, =27.6(16.8) = 464 kips
0P, =0.9(464) = 418 Kips

This could have been found in Table 6-2

5.84
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Example 3 (LRFD)

* From the beam curves (Table 3-10), with
C, = 1.0 (or from Table 6-2)
M, =o¢M, =318 ft-kips

» and, from Eq. F1-1, with equal and
opposite end moments,

C, =227

Example 3 (LRFD)

For out-of-plane,

(H1-2)

<y

28211505224
418 418

<y

2
it {I.S—O.SP’]J{ M., <1.0

CbM X

150

2.27(318)

2
=0.83<1.0

Eq. H1-1a=0.72< 1.0 and Eq. H1-2=0.83 < 1.0
Thus, the column is adequate

© Copyright 2020
American Institute of Steel Construction
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Example 3 (LRFD)

« Without using the alternate provisions

25218 20 210110

i
Bending strength, x-axis, using C,
M, =227(318)=722> oM , =394

Compressive strength for buckling about y-axis

Compression + Bending

H2. Unsymmetric and Other Members Subject to
Flexure and Axial Force

— For all unsymmetric members

f;a +f;bw+f;bz
E, F, F

cbw chz

<1.0 (H2-1)

— This may be used for any member in place of the
equations in Section H1.

— It requires the superposition of the stresses at critical
points in the cross section

American Institute of Steel Construction
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Compression + Bending

S
f Equations H1-1a and H1-1b were given in
terms of force and moment but had they
1.0 been in terms of stress this is how they
would be shown.
/
Equation H2-1
0.2 |- == == \ -
0910 o
Serw

Single Angle

» Consider a single angle loaded as shown

z and w represent the
major and minor principal
axes.

e, and e, represent the
eccentricity of load, P,
from those axes.

Points A, B, and C are the
points on the section that
must be checked through
the interaction equation.

© Copyright 2020
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Example 4 (ASD)

+ Willa 5 ft long L8x4x7/16 A36 angle support a
compressive load of P, = 40 kips at an eccentricity of
0.328 in. from the back face of the leg?

This is similar to Example E.14 in the Design Examples V15

Point M, M,
A T T
B T C
C Cc T

5.91

Determine sense of bending stress

Example 4 (ASD)

* Interaction equations at the 3 critical points

w P z Compression is positive
. -
\ =
B 0328 in, o S S| <10
% F;a F;‘bw F;bz A
C
S S S| 10
Z -7 F;‘a F;bw F;bz B
A w f;a + <frbw _ f;bz <1.0
F;'a F;'bw F:‘bz C

Eq. H2-1 applied at each point
5.92
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Example 4 (ASD)

* Required strength P, =40.0 kips

Maw - Blw (ew)(l)a )
=1.02(40)(1.45)
=59.2 in.-Kips

Maz - Blz (ez)(f)a)
=1.27(40)(0.810)
=41.1in.-kips

2 B, and B, are second order amplifiers covered in Lesson 6

Example 4 (ASD)

» Determine the required stresses at points
A, B, and C.

» These calculations will use the section
modulus referred to each point about each

axis. S, =109 in.2 S, =1.61 in.>  These section

.3 . 3 properties are available
S, =14.6in. S ;=2.51in." inthe AISC Shapes

. 3 , 5 Database V15
S.c=7.041in. S.=5.07In.

American Institute of Steel Construction
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Example 4 (ASD)

» Determine the required stresses at points
A, B, and C.

P, =40.0 kips M, =592 in.-kips| M, =41.1in.-kips

Point A | fiksD) | S, | fuksi) | S| . (ksi)
A 511 | 7.83 | 109 | -543 | 161 | -255
B 511 | 7.83 | 146 | -4.05 | 251 16.4
C 511 | 7.83 | 7.04 | 841 | 507 | -8.M

Example 4 (ASD)

« Determine available strength

— Flexural buckling about the z-axis
P
—£ =78.4 Kips
%) p
— Lateral-torsional buckling about the w-axis
%=166 in.-kips
Q

— Yielding about the z-axis

M, =52.1in.-kips
Q

© Copyright 2020
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Example 4 (ASD)

» Determine the available stresses at points
A, B, and C.

5:78.4 kips %=166 in.-Kips ﬂ:ﬂ.l in.kips
Q Q Q

Point A | Fyksi) | S, |Fuksi)| S | F, (ks

A 5.11 15.3 10.9 15.2 1.61 324

B 5.1 15.3 14.6 11.4 2.51 20.8

C 5.1 15.3 7.04 23.6 5.07 10.3

Example 4 (ASD)

» Determine the results of Eq H2-1 at points

A, B, and C.
Point FIEN fodFou | f5/Fs <1.0
A +0.512 | -0.357 | -0.778 = -0.623
B +0.512 | -0.355| +0.788 = 0.945
C +0.512 | + 0.356 | -0.787 = 0.081

Point B is the critical point on the angle and the
column will support this load at this location.

American Institute of Steel Construction
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Example 4 (ASD)

* Note that regardless of the point under

consideration, the value of the ratio came

out essentially the same, except for sign.

* This is because the same section modulus

or area occurs in the numerator and
denominator.

» Thus, all this could be simplified by taking

just ratios of moment or force.

Example 4 (ASD)

» Look at point B with equation H2-1 in

terms of force and moment.

Pd MCJVV MQZ S 1 '0

- +
T
40.0 592 411

—+ =
78.4 166 52.1
0.510-0.357+0.789=0.942<1.0

So why is equation H2-1 given in terms of stress?
To capture signs for tension and compression

5.100
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Example 4 (ASD)

P oz

-

70328 in,

« Look again at the problem we solved

The location of the load was not
selected by accident.

It is located at the midpoint of the
8 in. leg and at % the thickness of
the angle from the back of the
angle.

z
Manual Table 4-12 uses this
A ‘w location in tabulating the
available strength of eccentrically
loaded single angles
5.101
Table 4-12 (continued) g
able 4-12 (continue N ﬂ .
F -3 kei Available Strength in | %V F(: LSC ;vntharleizpse gt ftto the
= i . . . ' z-axi u .
v Axial Compression, kips | q
Eccentrically Loaded Single Angles L8-L7 P .
" —42.1 kips
L8x4x L7x4x Q
Shape
e 11! " ¥a s ° )
Ib/ft 219 196 172 262 221 179 Since
Design PalQc| OcPn | Pal%| OcPn [Pal% | GcPa | Palc| 0cPy | Pal| OcPa | Pa/Q| GcPn P
ASD | LRFD| ASD | LRFD | ASD | LRFD| ASD | LRFD | ASD | LRFD| ASD | LRFD — 1 n
0 60.0 | 90.2 | 57.8 | 87.0 | 55.5 | 83.4 | 65.1 | 97.9 | 625 | 940 | 59.5 | 89.4 Bl - 40'0 kIpS < Q
1 59.4 | 89.3 | 57.2 | 86.0 | 54.8 | 825 | 64.4 | 96.8 | 61.8 | 93.0 | 58.8 | 88.4
2 57.6 | 86.7 | 55.3 | 83.4 | 529 | 79.7 | 62.1 | 93.5 | 59.8 | 90.0 | 56.7 | 85.4 : .
3 547 | 825 | 524 | 79.2 | 50.0 | 755 | 58.7 | 88.6 | 56.5 | 85.3 | 63.4 | 80.6 the CO|umn WI” Carry thIS
4 51.0 | 77.2 | 487 | 738 701 | 548 | 829 | 523 | 79.3 | 492 | 746 i
5 46.7 | 709 | 446 | 67.7 | 421 | 64.0 | 50.3 | 76.4 | 47.7 | 72.4 | 444 | 67.5 Ioad at the g|Ven
pro— eccentricities.
Ag,in? 6.49 580 51 7.74 6.50 5.26 .
i 0859 0863 ‘ 0867 | 0,855 0.860 oes | This was a lot less work!
ASD LRFD Shape is slender for compression with F, = 36 ksi; tabulated values have been adjusted
accordingly,
Q=167 Ge=0.90 "'Shape exceeds compact limit for flexure with £, = 36 ki
Note: Heavy line indicates L. /r; equal to or greater than 200.
5.102
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Example 4 (LRFD)

+ Willa 5 ft long L8x4x7/16 A36 angle support a
compressive load of P, = 60 kips at an eccentricity of
0.328 in. from the back face of the leg?

This is similar to Example E.14 in the Design Examples V15

Determine sense of bending stress

Point M, M,
A T T
B T C
C Cc T

5.103

Example 4 (LRFD)

* Interaction equations at the 3 critical points

w P z Compression is positive
. -
\ =
B 0328 in, o S S| <10
% F;a F;‘bw F;bz A
C
S S S| 10
Z -7 F;‘a F;bw F;bz B
A w f;a + <frbw _ f;bz <1.0
F;'a F;'bw F:‘bz C

Eq. H2-1 applied at each point
5.104
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Example 4 (LRFD)

* Required strength P, =60.0 kips

Muw - Blw (ew)(l)u )
=1.02(60)(1.45)
= 88.7 in.-Kips

Muz = Blz (ez)(Ez)
=1.24(60)(0.810)
=60.3 in.-Kips

2 B, and B, are second order amplifiers covered in Lesson 6

5.105

Example 4 (LRFD)

» Determine the required stresses at points
A, B, and C.

» These calculations will use the section
modulus referred to each point about each

axis. S, =109 in.2 S, =1.61 in.>  These section

.3 . 3 properties are available
S, =14.6in. S ;=2.51in." inthe AISC Shapes

. 3 , 5 Database V15
S.c=7.041in. S.=5.07In.

5.106
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Example 4 (LRFD)

» Determine the required stresses at points

A, B, and C.
P, =60.0 kips | M, =88.7 in.-kips | M,. = 60.3 in.-kips
Point A Jo (ksi) S, Jin(ksi) S, Sz (ksi)
A 5.11 11.7 10.9 -8.14 1.61 -37.5
B 511 11.7 14.6 - 6.08 2.51 24.0
Cc 511 11.7 7.04 12.6 5.07 -11.9

5.107

« Determine available strength

— Flexural buckling about the z-axis
¢P, =118 Kips
— Lateral-torsional buckling about the w-axis
oM =249 in.-kips
— Yielding about the z-axis

oM _ =78.3 in.-Kips

Example 4 (LRFD)

5.108
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Example 4 (LRFD)

» Determine the available stresses at points
A, B, and C.

¢P, =118 Kips oM, =249 in.-kips | oM, =78.3 in.-kips

Point A F, (ksi) S, | Fyksi) S. F,_ (ksi)
A 5.1 231 10.9 22.8 1.61 48.6
B 5.1 231 14.6 171 2.51 31.2
C 5.1 231 7.04 35.4 5.07 15.4

5.109

Example 4 (LRFD)

» Determine the results of Eq H2-1 at points

A, B, and C. fu Lo L <10
F, Fcbw F;-bz 4
Point | f/F, | fo/Fie | fo/F <1.0
A | +0.506| -0.357 | -0.772 = -0.623
B |+0.506| -0.356 | +0.769 | = 0.919
C |+0.506|+0.356| -0.773| = 0.089

Point B is the critical point on the angle and the
column will support this load at this location.

5.110
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Example 4 (LRFD)

* Note that regardless of the point under
consideration, the value of the ratio came
out essentially the same, except for sign.

* This is because the same section modulus
or area occurs in the numerator and
denominator.

» Thus, all this could be simplified by taking
just ratios of moment or force.

5111

Example 4 (LRFD)

» Look at point B with equation H2-1 in
terms of force and moment.

Pu MMM/' + Muz < 1 ‘0

(I)c})n d)anw d)anz -

60.0 88.7 N 60.3
118 249 783
0.508-0.356+0.770=0.922<1.0

So why is equation H2-1 given in terms of stress?
To capture signs for tension and compression

5.112

American Institute of Steel Construction

5.56



AISC Night School
March 3, 2020

Basic Steel Design

Session 5: Compression + Bending

Example 4 (LRFD)

P oz

-

70328 in,

« Look again at the problem we solved

The location of the load was not
selected by accident.

It is located at the midpoint of the
8 in. leg and at % the thickness of
the angle from the back of the

angle.

Manual Table 4-12 uses these

A w locations in tabulating the
available strength of eccentrically
loaded single angles

5.113
Table 4-12 (continued) g
able 4-12 (continue N ﬂ i
: : .8 For L with r t to th
F -3 kei Available Strength in Y%V Z .Sce alizpse 8 fto e
= i . . . ) Z-axi u .
v Axial Compression, kips q
Eccentrically Loaded Single Angles L8-L7 :
dP, = 64.0 Kips
Shape L8x4x L7x4x
16° 1! he"! ¥ /s 2 Since
Ib/ft 21.9 19.6 17.2 26.2 221 17.9
) PalQc| GcPn | PolQc| 0cPo | PalQc| cPo | PulQc| cPo | Palc| 0cPn | PulQc]| GcPn .
Desian ["as0 | wro | AsD | waFo | AsD | Laro| aSD | LRro| AsD | LRFD| ASD | LRED Pu =60.0 kIpS < (I)]Dn
0 | 600 902|578 870|555 | 834 | 651 979 | 625 | 940 | 595 | 804
1| 594 | 893 | 672 | 86.0 | 548 | 825 | 644 | 968 | 618 | 930 | 588 | 884 : :
2 57.6 | 86.7 | 55.3 | 83.4 | 52.9 79; 621 | 935 | 59.8 | 90.0 | 66.7 | 85.4 the CO|umn WI” Carry thls
3 547 | 825 | 524 | 79.2 | 50.0 | 755 | 58.7 | 88.6 | 56.5 | 85.3 | 63.4 | 80.6 i
4 51.0 | 772 | 487 | 738 | 46.2 54.8 | 829 | 523 | 79.3 | 49.2 | 746 Ioad at the g|Ven
5 | 467 | 700 [ 446 | 677 | 421 | 640 | 503 | 764 | 477 | 724 [ 444 | 675 | eccentricities.
Properties
Ag in? 649 580 511 74 650 5.26 .
ln 0859 0863 ‘ 0867 | 0855 0.860 oses | This was a lot less work!
ASD LRFD Shape is slender for compression with F, = 36 ksi; tabulated values have been adjusted
accordingly
Q=167 Ge=0.90 "'Shape exceeds compact limit for flexure with £, = 36 ki
Note: Heavy line indicates L. /r, equal to or greater than 200.
5.114
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Summary

» Looked at development of elastic and plastic

approaches to the interaction.

» Used a single Manual table to determine all

required strengths for combined forces.

» Derived a simple approach for initial selection of

beam-column members

* Investigated a special approach when bending is

only about the x-axis.
» Addressed the approach for unsymmetric

members

5.115

Lesson 6

» The next lesson will begin the discussion of
stability analysis and design

» This part 1 will look at determination of required
strength and second-order analysis

» We will concentrate on Chapter C and Appendix

5.116
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Thank You

American Institute of Steel Construction
130 East Randolph St., Suite 2000
Chicago, IL 60601

3.117

Individual Session Registrants

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!

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

American Institute of Steel Construction
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Individual Session Registrants

PDH Certificates

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

e Username: Same as AISC website username.

* Password: Same as AISC website password.

8-Session Registrants

PDH Certificates

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

© Copyright 2020
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8-Session Registrants

Access to the quiz

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

Quiz and attendance records
Posted Thursday mornings. www.aisc.org/nightschool -- Click on Current Course
Details.

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.

* REINFORCEMENT — Reinforce what you learn tonight. Get more out of the
course.

Note: If you attend the live presentation, you do not have
to take the quizzes to receive PDHs

8-Session Registrants

Access to the recording

Information for accessing the recording will be emailed to you by Thursday. The
recording will be available for four weeks. (For 8-session registrants only.)
EMAIL COMES FROM NIGHTSCHOOL@AISC.ORG.

PDHs via recording

If you watch a recorded session, you must take and pass the quiz for PDHs.

© Copyright 2020
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8-Session Registrants
Night School Resources

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

Night School Resources for 8-session
package Registrants

Go to www.aisc.org and sign in.

ALt sieg EDUCATION  PUBLICATIONS NASCC: THE STEEL

Login

- 2
USERNAME DON'T HAVE AN ACCOUNT?

PASSWORD

Desig e
REGISTER NOW

© Copyright 2020
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Night School Resources for 8-session

package Registrants

Go to www.aisc.org and sign in.

IN THIS SECTION MyA'SC

MY PROFILE

Update your contact and address information.
EDIT PROFILE

MY PURCHASED DOWNLOADS

Access articles and documents that you have purchased.

Order Histony
Course History =
VIEW DOWNLOADS

MY COURSE RESOURCES

View online resources for Night School ajd Live Webinal
VIEW RESOURCES

Please fill out our brief survey at the conclusion of
the webinar. We greatly appreciate your feedback.

: Smarter.

éeﬂ 37
5:st 3
AISC | Thank you g@i ESt:.-:T.ger

American Institute of Steel Construction

5.63



