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Welcome to today’s webinar.

Today’s audio will be broadcast through the internet.
Please be sure and turn up the volume on your
speakers.
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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.
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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

22.3 Compression Members
February 11, 2020

The design of columns — compression members, is the focus of this session. The
session will review the strength of compression members as defined by the
Specification. The session will review steel shapes and their behavior in
compression. The session will discuss the limit states of flexural buckling, local
buckling, torsional buckling, and flexural-torsional buckling. Members with and
without slender elements are reviewed. Design examples will be presented.
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Learning Objectives:

Describe the limit state of flexural buckling for the design of
compression members.

Describe the limit state of local buckling for the design of
compression members.

Describe the limit state of torsional buckling and flexural-
torsional buckling for the design of compression members.

List the design steps for members with and without slender
elements.

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

Night School 22
Lesson 3
Compression Members

T3 | Smarter.
S@% : Stronger.

e : Steel.
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Lesson 3 — Compression

» Compression Members
— Strength
— Flexural buckling
— Effective length
— Local buckling
— Torsional and flexural-torsional buckling
— Built-up shapes
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Compression Members

B3.1. For LRFD, design shall be performed in
accordance with:

Required Strength < Available Strength
< B3-1
R <R (B3-1)

where
R, = required strength (LRFD) defined in Chapter C
R, = nominal strength specified in Chapter E
¢ = resistance factor specified in Chapter E
¢R,= design strength = resistance factor (nominal strength)
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B3.2. For ASD, design shall be performed in
accordance with:

Required Strength < Available Strength

R <R / Q (83-2)
where

R, = required strength (ASD) defined in Chapter C
R, = nominal strength specified in Chapter E

(2 = safety factor specified in Chapter E

nominal strength
safety factor

R /Q = allowable strength =

é,ﬁ‘"‘a
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Compression Members

E1. “The design compressive strength, ¢.P,, and
the allowable compressive strength, P,/Q_, are
determined as follows:

The nominal compressive strength, P,, shall be
the lowest value obtained based on the applicable
limit states of flexural buckling, torsional buckling,
and flexural-torsional buckling.”

¢, =0.90 (LRFD) O, =1.67 (ASD)
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 Limit States
— Yielding: not mentioned in list of limit states to be

checked. But, it is the upper limit for all shapes.
— Flexural buckling: lateral buckling about a geometric
axis, Euler Buckling, considered for all shapes.
— Torsional buckling: Twist buckling of double symmetric

shapes.
— Flexural-Torsional buckling: Combined twist and

lateral buckling for singly- and non-symmetric shapes.

AT
g@é 3.13
Steel as a Material
Elastic F,= Ultimate Strength .
/ Plastic Behavior
R
73
3
5 . Slope = Modulus of Elasticity, £
&, = Yield Strain
TR Strain, € ]
g@é 3.14
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Inelastic behavior will be
discussed next

No strain
hardening in
compression

3

Plastic Behavior

Stress, F .M

Compression

Strain, ¢
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Members

Yielding is the upper limit for all shapes.
Only members with a length about twice
the depth or less will reach yielding. A
buckling limit state will occur first for
longer members.

3.15

Inelastic behavior results from the
presence of residual stresses in the rolled
shape. This will have an impact on column
strength that will be shown later.

Plastic Behavior

Stress, F .M

Strain, ¢
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Compression Members

Stub column test where actual
residual stresses impact stress-

strain curve 316
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Compression Members

» Limit States !
— Flexural buckling: — @

L

— Torsional buckling:

4 | —l—' )

Compression Members

 Limit States
— Flexural-Torsional buckling:
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Flexural Buckling

» Flexural buckling was first address by Leonhard
Euler, a Swiss mathematician, about 1744. It is
what we generally call Euler buckling.

« The theoretical derivation will not be addressed
here but there are many references available.

« Remember Euler’s Equation? It is given by

2 2
P - anzfl or F = T E2
d
AT ( r
S@é 3.19

Flexural Buckling

* Yielding and elastic flexural buckling
F

>>>>> / F \ vE

’ F“ =
Plastic Behavior !

Stress, F -1

Strain, ¢

Note that although the Euler Buckling solution gives stresses 7
greater than £, the column can not physically carry stresses
that high, thus the curve is “cut off” at F,

Usl 3.20
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Flexural Buckling

* Inealstic flexural buckling

FC,. Inelastic behavior
F \
Iz, F‘y I3 1'L“EZ
a i Plastic Behavior
i r
g
n
? L
~ Strain, &
Inelastic
L
Now the Euler Buckling solution is again reduced because r
of the presence of residual stresses in the real compression
Py member.
3.21
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Flexural Buckling

« Have already considered:
—Yielding
— Elastic flexural buckling
— Inelastic flexural buckling

 Additional factors influencing column
behavior that must be addressed to
produce the Specification provisions:
— End conditions: the K-factor and effective

length are introduced
— Out-of-straightness: the 0.877 multiplier is used

TR
oy 3.22
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Flexural Buckling

» Specification equations

Fv
Elastic buckling stress £, F, =(0.658)% F,

2 2

F:"_EZZ’T_E2 F, / F, =0877F,
“ (KLY (L \

) (3)

Dividing line between

inelastic and elastic buckling
KL E f - L _KL
—=4.71 [— " Inelastic Elastic oo
r F}

Both curves are reduced from theoretical to
account for out-of-straightness
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Compression Members

E2. Effective Length

“The effective length, L, for calculation of member
slenderness, L/, shall be determined in accordance
with Chapter C or Appendix 7,”

where

L. = KL = effective length of member, in. (mm)

K = effective length factor

L = laterally unbraced length of the member, in. (mm)

r = radius of gyration, in. (mm)

User Note: For members designed on the basis of compression, the
effective slenderness ratio, L /r, preferably should not exceed 200.

[
=
N

R 3.24
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Effective Length Factor

TABLE C-A-7.1
Approximate Values of Effective
Length Factor, K

(a) ®)

Buckled shape of
column is shown by
dashed ine

Rotation fixed and translation fixed

Rotation free and transiation fixad

Rotation fixed and transiation free
Rotation free and transiation free

Ry 3.25
Effective Length Factor
Braced frame members: ends do f; K Gg
. e
not sway relative to each other ?§gg/ T iigg
| toe EH
__ 2.0 4 -—2.0
| —to8 I
KL 1 383 1 =49
0.8— —0.8
0.7 0.7
0.6— 1 o7 0.6
0.5— —0.5
. T 0.4 1 Co0.4
t KL 0-3—: :—03
. S 0.2— o 0.2
\0'1\\__ —0.1
fﬁ""a T 0.0— 05 0.0
®
oy 3.26
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Effective Length Factor

« Compression member bracing

@@5@
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K=1.0 K=05 K=0.33
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#%7

K=0.25

The definition of K is dependent on the definition of L

K=0.67

3.27

Effective Length Factor

« Compression member bracing

itk @_f

ik

f

[
=
N

Luaep 72

L R S
L2 I D 2L/3
) s ) IL/4
K=1.0 K=0.5 K=033 K=025 K=0.67
= The definition of K is dependent on the definition of L

3.28
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Flexural Buckling

E3. Flexural Buckling of Members (Without
Slender Elements)

Nominal Compressive Strength

P = FcrAg (E3-1)

n

[

)
1§

N

By 3.29

Flexural Buckling

 Elastic buckling stress is based on
n’E

(%)

or Appendix 7.2.3(b) where F_ shall be

determined from a sidesway buckling
analysis for moment frames.

F =

(E3-4)

R
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@
N
w
w
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* |nelastic
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Flexural Buckling

Response %s4.71\/§ or %sz.zs

y e

F,
F, =(0.658)% F, (E3-2)

. F
- Elastic Response %>4.71\/§ or 5225

¥y e

F, =0877F, (E3-3)

£, =(

F

cr

[
=
N

Luawes 72

Flexural Buckling

F,

0.658)'{’[;;7
\ F;r _ 0877176

Inelastic Elastic

LC
4.71 £ r
F,
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Flexural Buckling

« ASD
P, F,A4,
Q 167 g

Allowable Stress

C
« LRFD :
available stress values
(I) p y tabulated in Table 4-14
cn g
L Design Stress
3.33
Flexural Buckling
Table 4-14
Available Critical Stress for
Compression Members
Fy=35ksi Fy=36ksi Fy=46 ksi Fy=50ksi Fy=65ksi Fy=70ksi
L ForlQc | OcFer | FerlQ | OcFor | ForlQc | OcFer | ForlQq | OcFor | ForlQe | OcFor | ForlQe | OcFor
76 ksi ksi ksi ksi ksi ksi ksi ksi ksi ksi ksi ksi
ASD | LRFD | ASD LRFD | ASD LRFD | ASD | LRFD ASD LRFD | ASD LRFD
1) 21.0 315 216 32.4 215 414 29.9 45.0 38.9 58.5 419 63.0
2| 210 31.5 216 32.4 2715 414 29.9 45.0 38.9 58.5 419 63.0
3| 209 31.5 215 324 215 414 29.9 45.0 389 58.4 419 62.9
4| 209 315 215 32.4 215 1.4 29.9 449 389 58.4 41.8 62.9
5| 209 315 21.5 324 215 413 29.9 449 38.8 58.4 418 62.8
6| 209 314 215 32.3 215 4.3 29.9 449 388 58.3 41.8 62.8
71 209 314 215 323 275 413 298 448 387 58.2 M7 62.7
35| 197 29.6 20.2 304 254 38.1 274 41.2 346 52.1 37.0 55.6
36| 196 29.5 20.1 303 252 379 272 409 344 51.7 36.7 55.2
37| 195 294 20.1 30.1 251 37.8 271 40.7 34.2 514 36.4 54.8
38| 195 29.3 20.0 30.0 25.0 376 269 40.5 339 51.0 36.2 54.3
39| 194 291 19.9 299 249 374 26.8 403 33.7 50.6 35.9 539
40| 193 29.0 19.8 29.8 247 37.2 26.6 40.0 334 50.2 35.6 53.5
ASD LRFD
Q;=1.67|0=0.90
3.34
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Flexural Buckling

« A992 Wide flange members, F', =50 ksi

Ly £=113
F

r y

» A36 Angles, F, =36 ksi

£=4.71 £ =134
r Fy

Ty
@
N
w

w

[3)]

Luawes 72

Flexural Buckling

» A500 Gr C Rectangular HSS, F, =50 ksi

£:4.71 £:113
r Fy

« A500 Gr C Round HSS, F, =46 ksi

e 471/ =118

[y
%%
N
w

w

[}

Luawes 72
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70
60
50
40
30

Critical Stress, F,,

20
10

Flexural Buckling

For the yield stresses shown, 35 ksi to 70
ksi, the transition from inelastic to elastic
flexural buckling takes place in this range

/

In the elastic region, all
steels have the same

strength

50

100

150

200

Slenderness Ratio, L Jr

F, has no impact on available strength

Table 4-14 (continued)
Available Critical Stress for
Compression Members 19g [EEUY 16y [ 192 (R 169 [ 196 [eMSY 19U [ 19g [@mE 12U § 13 [emar 19y
gzl gagliog liaal g0l ion liaa | geolioe liaal gsolion biasl geolio0
oow [ oo [ 104 837|126 [134] 887 126 [134] 837[ 126 [134] 887 126 |134[ 837[ 126
o (R o (5l 135 | 826 | 124 [135| 825 [ 124 [135| 826 124 [135| 826|124 135| 825 124
et 196 | 88| 122 |136 | 813122 |136| 813122 |136| 843122 |136 | 818 122
me el 137 | 801 | 120 [137| 801 | 120 (137 801|120 |137 [ 801|120 f137 [ 801 (120
" :: K 138| 789|119 J138( 789|119 |138| 7.88( 119 |138 789|119 J138| 789|119
us [ome) o [ 91130 | 798| 117 |30 778 117 |130| 778|117 |1s0| 778|117 Jise| 778 117
1.7 (139 7.78| 11.7 (139| 7.78 | 11.7 (139 7.78 | 11.7
11.5 140 767|115 |140| 7.67 | 11.5 |140| 7.67 | 11.5
114 141 | 756 ) 11.4 141 | 756 | 11.4 141 | 7.56 | 11.4
1.2 (142 | 7.45| 11.2 Q142| 7.45|11.2 [142| 7.45]| 11.2
11.0 143 | 7.35| 11.0 |143| 7.35| 11.0 [143| 7.35| 11.0
109 144 725|109 |144| 7.25| 109 |144| 7.25| 10.9
107 145 715|107 |145| 7.15| 10.7 |145| 7.15]| 10.7
106 f146( 7.05| 106 {(146| 7.05( 106 J146| 7.05| 106
bR L A REE Bt Al MEEN 2 00 Al TN s A AT BG4 W
s[5 154 | B34 531154 6.34 | 953 |154| 6.34| 953 |154| 634 953 |154| 634 | 053
€155 | 626 0f155| 6.26| 9.40 |155| 6.26| 9.40|155| G.26| 9.40 |155| 6.26| 9.40
&166 | 618 156 | 618 | 9.26 [ 156 | 618 56| 618 | 9.28 |156| 6.18| 9.8
s 157 | 6.10 7157 | 810 | 9.7 |157 57| 610 9.17 J157] 830 917
158 | 6.02 51158 | 6.02| 9.05[158 | 6 5 158 | 602 905|158 602 9.05
150 | 695 159 | 505 | 894 150| 696| 894 [150| 696| 804 f159| 585 894
160 | 587 e.s2|1eo| 587| ss2|160| 587| 862|160 587| 0.82 |60 | 587| 8e2 |,
ASD_ [ LRFD
(=167 \ 9o =090
3.38
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Flexural Buckling

Table 4-1a (continued)
Available Strength in 0 e
I Axial Compression, kips = %" Table 4-1b
y w14 W-Shapes F,= 65 ksi

Shape W14x

Ib/ft 145 132 120 109 % % Table 4-1c

i N PalQ| OcPa | PalQc| GcPa | PalQ%| OcPa | PalQc| 0cPo | Pal%| OcPa | Pal| OcPa .
! Design F =70 ksi
X ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD y
; 1280 | 1920 | 1160 | 1750 | 1060 | 1590 | 958 | 1440 | 871 | 1310 | 793 | 1190
1250 | 1880 | 1130 | 1700 | 1030 | 1550 | 932 | 1400 | 848 | 1270 | 772 | 1160
1240 | 1860 | 1120 | 1680 | 1020 | 1530 | 923 | 1390 | 839 | 1260 | 764 | 1150
1230 | 1840 | 1110 | 1660 | 1010 | 1510 | 913 | 1370 | 830 | 1250 | 755 (1140
1210 | 1200 (4000 | 1640 | ‘a0 | 1400 | ant | 1250 | 1a | 1030 | 705 11120

lbo~o o

lation, r,

Effective length, L, (ft), with respect to least radius of gyration, r,

‘;:' 15 1100 | 1650 | 982 | 1480 [ 892 | 1340 | 808 | 1210 | 733 | 1100 | 667 (1000
% 16 1080 | 1620 | 960 | 1440 | 872 | 1310 | 789 | 1190 | 716 | 1080 | 652 | 979
2 17 1060 | 1590 | 937 | 1410 [ 850 | 1280 | 770 | 1160 | 698 | 1050 | 635 [ 955
@ 18 1030 | 1550 | 913 | 1370 | 828 | 1240 | 750 | 1130 | 680 | 1020 | 618 | 929
g | 1o o) e Fam) o [Fas] oo | 720 oo oot | o | sn] oo
For W-shapes, r, is the least radius of gyration
£ [ 5 [0 v [oia] e [l oo [Bea] o ] 7o ] o
% 30 703 | 1060 | 594 | 893 [ 537 | 807 | 485 | 729 | 438 658 | 397 | 597
5 32 @47 973 542 814 489 | 735 {141 663 ?95 598 | 361 543
3.39
« Consider a W14 x 120 column (A992)
— Shape without slender elements
» Determine the available compressive strength
by ASD and LRFD y
L=30ft —
X
F, =50 ksi
v KL KL
K. =1.0 — h
x v, =6.24 in.
K, =05 r,=3.74 in.
3.40
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Example 1

Critical Slenderness

L, _0.5(30)(12)

C

r 3.74

y

—48.1 = 577

6.24

/

2 2
poo B _m(29.000) oo

‘ (Lcjz (57.7)

L, 1.0(30)(12) ¥

[

a2
1§

N

ugl 3.41

Example 1

Le =57.7<113 therefore use Eq. E3-2

r
50

F, =(0.658)%9(50)=39.2 ksi
P, =(39.2)(35.3) = 1380 kips

[
=
N

3.42

Luawes 72
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Example

P —1380:826 ki

ps

" ASD T T¢7

c

Available Strength in

Table 4-1a (continued)

. . . F, = 50 ksi
Axial Comjjilession, kips
To use Table 4-1a, when x-axis is critical | “wi w-Mapes
we must determine an equivalent L, stope wiac
Ib/ft 145 132 120 109
Design PolS| GcPo | PalS%| GcPo | PalSc| OcPy | PalS2| cPr | Pl
ASD | LRFD | ASD | LRFD [ ASD | LRFD | ASD | LRFD | AS
0 1280 | 1920 {1160 | 1750 | 1060 | 1590 87
L L 8 ! SIS0T 1700 THESHT 1550 248
(6 - ‘T 7 1240 | 1860 {1120 | 1680 | 1020 | 1530 839
Y equivalent _ ex H 8 | 1230 | 1840 [1110 | 1660 | 1010 | 1510 830
- e 9 1210 | 1820 (1090 | 1640 | 994 | 1490 35 819 3
r r =l 10 1200 | 1800 {1080 | 1620 | 980 | 1470 | 888 | 1340 [ 807 | 1210 | 735 | 1100
y X 3 n 1180 | 1770 {1080 | 1600 | 965 | 1450 | 874 | 1310 [ 794 | 1190 | 723 | 1090
2 12 1160 | 1750 [ 1040 | 1570 | 948 [ 1430 | 859 | 1290 [ 780 | 1170 | 710 | 1070
£ 13 1140 | 1720 {1020 | 1540 | 931 | 1400 | 843 | 1270 [ 766 | 1150 | 697 | 1050
L % 14 1120 | 1690 [1000 | 1510 | 812 | 1370 | 826 | 1240 | 750 | 1130 | 682 | 1030
L _ ‘cx k] 15 1100 | 1650 | 982 | 1480 | 892 | 1340 | 808 | 1210 | 733 | 1100 | 667 | 1000
o . - 2 16 1080 | 1620 | 960 | 1440 | 872 [ 1310 | 789 | 1190 [ 716 | 1080 | 652 | 979
Y Jequivalent g 1060 | 1500 | 937 | 1410 1280 | 770 | 1160 [ 698 | 1050 | 635 | 955
T, x T, g [1s_J 1030 | 1550 | 913 | 1370 [Cs28] 1240 | 750 | 1130 | 680 | 1020 | 618 | 929
y = 9 1010 | 1510 [ 888 | 1330 1210 | 729 (1100 | 661 994 | 601 | 903
z 20 980 | 1470 [ 862 | 1300 | 782| 1180 | 708 | 1060 | 642 | 964 | 583 | 877
30 3.98 3n 370
:_:18.0 ft |:> 159 166 166
oF 48900 31800 28600
f ”‘04% 1 -67 19400 15700 14200 12800 11500 10400
g & LRFD
5 9c=0.90
=,
.
« LRFD ¢ P =0.9(1380)=1240 kips
c n
Table 4-1a (continued)
Available Strength in )
. . . Fy = 50 ksi
Axial Comprejjkion, kips
To use Table 4-1a, when x-axis is critical | ‘. W-Sha
we must determine an equivalent L, stope (7
Ib/ft 145 132 120 109 90
Design PolS| GcPo | PalS%| GcPo | Palc| OcPy | PalS2c| GcPr | Pl OcPn
LRFD | ASD | LRFD | ASD | LRFD | ASI LRFD
1750 | 1060 | 1590 | 958 | 1440 | 871 1190
L L - 1700 | 1080 | 1550 [ 932 | 1400 | 848 1160
C Hp = 1680 | 1020 | 1530 [ 823 | 1390 | 839 1150
Y equivalent _ Tex H 1660 | 1010 | 1510 | 913 | 1370 | 830 1140
- ' 1640 | 994 (1490 | 801 | 1350 | 819 1120
7 7 3 1620 | 980 | 1470 | 888 | 1340 | 807 1100
y X 3 1600 | 965 | 1450 | 874 | 1310 | 794 1090
2 1570 | 948 | 1430 | 859 | 1290 | 780 1070
£ 1540 | 931 (1400 | 843 | 1270 | 766 1050
L % 1510 | 9121370 | 826 | 1240 | 750 1030
L _ ox k:d 1480 | 892 | 1340 | 808 | 1210 | 733 1000
- . = 2 1440 | 8721310 | 789 | 1190 | 716,
Y Jequivalent 7 / 7 g 1410 | 850 770 | 1160 | 698
680
X[y E 661
z 642

mx
=)
1§
N5
Il
’—‘
Il
—
®©
S
=

Luawes 72

398 371 370

159 1.66 166
48900 31800 28600
19400 15700 14200 12800 11500 10400
LRFD

American Institute of Steel Construction
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Compression Member Design

* For a compression member design

— We likely know
* Required strength
* Member length
» Some idea of effective length factor
— Unlike for tension members we don’t know
* The critical stress
— However, we could estimate

» Radius of gyration which leads to a slenderness ratio which
leads to critical stress

— Or rely on the design tables from the Manual

TEZ

[
=
&
N

ey 3.45

Example 2 (ASD)

Select a column section by ASD
P, =275 Kips
P, =600 Kips

ASD load combination (D+L)

L,=L, =18 ft

P =275+600=_875 kips

TEZy

SATIR
S@%
3.46

Ny
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Example 2 (ASD)

» Select W14x132
* Required Strength
Table 4-1a (continued)
. Available Strength in .
. . . Fy =50 ksi
= |pS AxiajgCompression, kips
a W14 W-Shapes
* Available strength
Ib/ft 145 132 120 109 9 90
Desi Pal2c| 0cPa | PalQe| 0cPa | PalQc| 0cPo | PalCc| 0cPa | Pal0| GcPo | PalQ0c| 0cPa
esign
ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD
P 0 1280 | 1920 {1160 | 1750 | 1060 | 1590 | 958 | 1440 [ 871 | 1310 | 793 | 1190
. 6 1250 | 1880 | 1130 | 1700 | 1030 | 1550 | 832 | 1400 | 848 | 1270 | 772 | 1160
}’l —_— < 7 1240 | 1860 {1120 | 1680 | 1020 | 1530 | 923 | 1390 | 839 | 1260 | 764 |1150
_ — I S _5 8 1230 | 1840 [ 1110 | 1660 [ 1010 | 1510 | 913 | 1370 | 830 | 1250 | 755 | 1140
E 9 1210 | 1820 {1090 | 1640 | 994 | 1490 | 901 | 1350 [ 819 | 1230 | 745 | 1120
! ! =) 10 1200 | 1800 | 1080 | 1620 980 | 1470 | 888 | 1340 | 807 | 1210 | 735 | 1100
: 1 1180 | 1770 | 1060 | 1600 965 | 1450 | 874 | 1310 | 794 | 1190 | 723 | 1090
-é 12 1160 | 1750 {1040 | 1570 | 948 | 1430 | 859 | 1290 [ 780 | 1170 | 710 | 1070
e 13 1140 | 1720 [ 1020 | 1540 931 | 1400 | 843 | 1270 | 766 | 1150 | 697 | 1050
[ E 14 1120 | 1690 {1000 | 1510 | 912 | 1370 | 826 | 1240 [ 750 | 1130 | 682 | 1030
K3 15 1100 | 1650 | 982 | 1480 892 | 1340 | 808 | 1210 [ 733 | 1100 | 667 | 1000
2 16 (1080 | 1620 | 960 | 1440 | 8721310 | 789 | 1190 | 716 | 1080 | 652 | 979
. § 1060 | 1590 141 850 | 1280 | 770 | 1160 | 698 | 1050 | 635 955
IS ade uate g2 f 18 1030 1590_f 370_{ 828 | 1240 | 790 1130} 680 | 1020 | 6181 929 1 .
= 19 1010 | 1510 | 888 | 1330 | 805 | 1210 | 729 | 1100 | 661 994 | 601 903
% 20 980 | 1470 | 862 | 1300 782 | 1180 | 708 | 1060
é 22 927 | 1390 | 810 | 1220 734 | 1100 | 664 998
:.: 24 872 | 1310 | 756 | 1140 | 6851030 | 620 | 931
£ 26 816 | 1230 | 702 | 1060 635 | 955 | 574 863
Ed 28 759 [ 1140 | 648 | 974 | 586 | 880 | 529 | 796
E | 5o | 7091000 | 804 | ooa | 57| eo7 | des | 720
2| w || ors| sz o | ase| 75 |asn | oes

Example 2 (LRFD)

Select a column section by LRFD
P, =275 Kips
P, =600 Kips

LRFD load combination (1.2D+1.6L)

L,=L, =18 ft

P, =1.2(275)+1.6(600) = 1290 kips

3.48
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Example 2 (LRFD)

Select W14x132
Required Strength

Table 4-1a (continued)
. Available Strength in .
. - . Fy =50 ksi
- |pS Axial pression, kips
u w14 -Shapes
* Available strength
Ib/ft 145 132 120 109
PolQc| 0cPn | PalS| 0cPa | Pal2c| GcPy | PalS2| 0Py | PalQc
Design
ASD | LRFD | ASD | LRFD [ ASD | LRFD | ASD | LRFD | ASD
- 0 1280 | 1920 | 1160 | 1750 | 1060 | 1590 | 958 | 1440 | 871 | 1310
— I S N 6 1250 | 1880 | 1130 | 1700 | 1030 | 1550 | 832 | 1400 | 848 | 1270
n = 7 1240 | 1860 {1120 | 1680 | 1020 | 1530 [ 923 | 1390 | 839 | 1260
H 8 1230 | 1840 [ 1110 | 1660 [ 1010 | 1510 | 13 | 1370 | 830 |1
4 9 | 1210 1820 1640 1490 350 1
El 10 1200 | 180 6: 1470
: 1 1180 | 1770
2 12 1160 | 1750
2 13 [ 1140 | 1720
7 14 120 90
* Therefore the column i &&=
E 16 1080 | 162(
. g 1060 | 1590
g 1 il
= 19 1010 | 1510 210 9
3z 20 | 98014 0 6 9
= 2 927 | 13 122 00 99
3 24 | 8721310 1140 931 7
& 26 816 | 123 5 63 7 09
f’“'”“é € | 2 | 7m0 97 0 79 &5
e 5 | o | 7091000 | soa | soa | 57| so7 | dss | 720 | 438 a7 | 507
g % 2 | s |oar| ora| sa2| o | ase| 755 | aar | oo | 0w | sos | e | s
3.49

- -

Slender Elements

* An element is slender if it would buckle
locally before it is able to reach yield.

» Two types of elements

— Unstiffened elements: those supported along
only one edge parallel to the direction of the
compression force; such as flanges

— Stiffened elements: those supported along

two edges parallel to the direction of the
compression force; such as webs

[
)
1§
N
w
15
s}
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Unstiffened Elements

b b1 b

t 2\t

TABLE B4.1a

Width-to-Thickness Ratios: Compression Elements
Members Subject to Axial Compression

Case

Element Ratio

Width-to- | Width-to-Thickness
Description of | Thickness Ratio A,

Limiting

)

Flanges of rolled
I-shaped sections,
plates projecting
from rolled I-shaped
sections, outstanding
legs of pairs of angles bt
connected with con-
tinuous contact,
flanges of channels,
and flanges of tees

n

Flanges of built-up
I-shaped sections
and plates or angle ot
legs projecting from
built-up I-shaped
sections

lal

©

Legs of single
angles, legs of
double angles with
separators, and all b/t
other unstiffened
elements

Unstiffened Elements

b

b.
i

==

Stems of tees

IS

at

Stiffened Elements

TABLE B4.1a

Width-to-Thickness Ratios: Compression Elements
Members Subject to Axial Compression

Limiting
Width-to- | Width-to-Thickness
8| Description of | Thickness Ratio A,
Element Ratio )
VA
5 | Webs of doubly .
symmetricoledand | 149 |E h
built-up I-shaped sec- w F, |
tions and channels
6 | Walls of
rectangular HSS ot 140 |E
“olE
2
£ 7 | Flange cover plates
s N
£ and diaphragm E
K3 plates between lines b/t 140 [—
w Fy
= of fasteners or welds
2
g 8 | All other stiffened E
@ elements b/t 149 |—
Fy
9 | Round HsS'
bt onk
Fy
@l ke = 4//h/ t,,., but shall not be taken less than 0.35 nor greater than 0.76 for calculation purposes.
3.52
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Slender Elements

Unstiffened Elements
W-shape Flange - Case 1

A992, F, =50 ksi

b
—fzés/z,,f:o.% £
2tf 5 Fy

A, =13.5

Slender Elements

Stiffened Element
W-shape Web - Case 5

A992, F, =50 ksi

h E

— <A, =149 [ =

t, F,
A, =359

Ty
@Jzﬁ
N
w

53

N

Luawes 72
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Slender Elements

by kK
|
i Table 1-1 (continued)
d x—f—x |7 W-Shapes
tw
Dimensions
Lo
Web Flange Distance
srane || PP ickness,| 4, | Width, | Thickness, | K | | Work-
Shape A i - i T | abie
tw 2 by t Kes | Kaot Gage
in? in. in. in. in. in. in. | in. | in. | in. | in.
W27x129° | 37.8 |27.6 |27 0610] % | %6 |10.0 |10 |1.10 [1%s |1.70 |2%6 [1%2 | 23 | 52
x114° | 336 [27.3 |27V4]0.570) %16 | 5o [10.1 |10 |0.930| 15[ 1.53 |2 |17
x102° | 30.0 [27.1 [27V6(0.515) 2 | V4 [10.0 [10 |0.830| "16|1.43 |21 17716
X94C | 27.6 (269 (2670 0.490) 2 | V4 {100 {10 |0.745| % |1.34 |1'%| 17/t
ot | 247 [267 |5 0.60| 7o | 0 [100 10 |os40| 5 |124 |17 |1 | Y| ¥
W24x370" 280 (28 (152 (1 | % |137 |13%|272 |2% (322 |4 |2 |20 | 5%
335" 275 (27138 1% | s [135 | 13Y2 [2.48 |2V 298 |3%s (1776
306" 27.1 276126 (14 | % |13.4 |13% [2.28 |2V |2.78 |3%6 | 196
279" 26.7 126%41.16 |1916 | % 113.3 [13V4 |2.00 |2V16 [2.59 |3% | 1196
X250
o Note the footnote on the weight, 117¢ |
X
X192 55 |25Y2]0.810] o] 716 [13.0 |13 | 146 |17 [196 |29 | 196
X176 252 (25|0.750 Y | Yo [12.9 | 127s [1.34 |156 [1.84 |2% | 196
162 250 (25 (0708 M| ¥ [130 [13 [1.22 |1 [172 [2% |19
il 24.7 |24%4|0.650| %o | e [12.9 | 127 [1.09 [1%16 [1.59 |2% | 196
x131 245 |24120.605| s | e [12.9 | 127s [0.960| 15| 1.46 |24 |1%2
x117¢ 24.3 | 24140550 % | e [12.8 | 12%4[0.850| s [135 |25 |1%2
f'w«% x104¢ 24.1 |24 (0500 V2 | Ya [12.8 | 1284 [0.750| %1 [1.25 |26 | 1706
g ! W24x103° 24.5 |24'2|0.550| %6 | %6 | 9.00| 9 0.980(1 148 [2's (172 | 20 | 572
oy 3.55
Table 1-1 (continued)
W-Shapes
Properties
W27-W24
Compact Torsional
Nom-| - section Axis X-X Axis Y-Y Properties
“‘w:' Criteria fis | ho
"o | 1 [ 8 [r] Zz [ 71 [s]r]2z J Gu
|/t 2t | tw | in® | in2 |in. | in® | int | ind | in. | in® | in. [ in. | in® inf®
129| 455\39.7 | 4760 | 345 |11.2 | 395 | 184 | 368 |221| 576 | 266[265 | 111 | 32500
114| 541\425 | 4080 | 209 [11.0 | 343 | 159 | 315 [218| 493 | 265264 | 733 | 27600
102| 6.03)47.1 | 3620 | 267 [11.0 | 305 | 139 |27.8 |215| 434 | 262(263 | 528 | 24000
94| 670495 | 3270 | 243 [109 | 278 | 124 | 248 |212| 388 | 259[262 | 403 | 21300
84| 778|527 | 2850 | 213 [107 | 244 | 106 | 212 |207| 332 | 254[261 | 281 | 17900
370| 251[14.2 [13400 | 957 [11.1 [1130 1160 [170 |3:27|267 | 3.92[253 | 201 186000
335| 273[156 (11900 | 864 [11.0 [1020 1030 [152 |323(238 | 386/250 | 152 | 161000
306 | 2.94[17.1 [10700 | 789 [109 | 922 | 919 [137 |320(214 | 381|248 | 117 | 142000
279| 318186 18 los 835 |83 liga 13970103 | 905 | 125000
250| 349207 666 | 108000
20 370225 | | Note that h/tw exceeds 35.9 513 | 96100
207| 414|248 383 | 84100
192| 443|266 | 6240 | 491|105 | 559 | 530 | 818 [307(126 | 360240 | 308 | 76300
176| 481|287 | 5680 | 450 [105 | 511 | 479 | 743 [304[115 | 357|239 | 239 | 68400
162| 531|306 Y5170 | 414 [10.4 | 468 | 443 | 684 [305[105 | 357|238 | 185 | 62600
146 | 5.9%852NB80 | 371 [103 | 418 | 391 [ 605 [301| 932 | 353|236 | 134 | 54600
131| 670|356 | 420 | 320 [10.2 | 370 | 340 | 530 297 815 | 3.49[235 | 950 | 47100
‘117 743[302 | 340 | 201 [101 | 327 | 207 |465|294| 714 | 346235 | 672 | 40800
f'w«% 104| 85431 | f100 | 258 [10.1 | 280 | 250 | 407 291 624 | 3.42(234 | 472 | 35200
g ! 103 | 4.59(39.2 | 3000 | 245 |10.0 | 280 19 265 |1.99| 415 | 240(235 707 16600
g
NEV. 3.56

© Copyright 2020
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Slender Elements

» All W-shapes have nonslender flanges for
compression with F, < 68 ksi.

* Only one “column” section has a slender
web for compression with A992 steel;

W14x43

« Many W-shapes, meant to be used as
beams, have slender webs for uniform
compression. For example those just

shown.
f#ﬁ ey

F3
@ﬂ
N
w

135

N

Luawes 72

Chapter E

« E7. Members with Slender Elements

— Stiffened and unstiffened elements treated
similarly (same effective width equation)

— The critical stress is the same, regardless of
element slenderness (E3-2, E3-3)

— Slender element comes into play through the
effective area

P=F, A4 o

[

)
5)

N

w

15

&
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Chapter E

 E7. Members with Slender Elements

—when Web of an I-shape
h F
— =A<, |7 24, =056 | =
t, F, N,

b =) (E7-2)

Chapter E

« E7. Members with Slender Elements

—when
F
L A>A /—y
tw F;r

Web of an I-shape

2, =056 | £
£

b . = b| 1— & el el (E7-3)
2
v /’Lr (E7-5)
AT Elastic local buckling stress F;l =|C— Fy
g@% /1 3.60

Luaep 72
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Chapter E

Table E7.1

Effective Width Imperfection Adjustment Factor, c,
and c, Factor.

Case Slender Element Cq Cy
(a) Stiffened elements except walls of square and rectangular HSS 0.18 1.31
(b)  Walls of square and rectangular HSS 0.20 1.38
(c) All other elements 0.22 1.49

Round HSS are treated differently
1—4/1-4c,
CZ e T ———

2¢,
gm 3.61
Example 3

» Determine the compressive strength of a built-up
slender flange I-shape. L. = KL =20 ft

Flange slenderness, Case 2
Flange: 24 x 0.5 in.

Web: 24 x0.75in. k = 4 _ 4 =0.707
r, =524 in. hjt,  [24.0/0.75
Ly =0.64\/k.E/F,
Web slenderness, Case 5
= 0.641/0.707(29,000)/50
h/t, =24.0/0.75=32

=13.0<b, /2t =24
), =149,JE[F, =359 /2

Thus, the web is not slender Thus, the flange is slender

R
@ 3.62

Luaep 72

A

[y

T
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Example 3

» Determine the compressive strength of a built-up
slender flange I-shape. L. = KL =20 ft

L. 20(12)
Flange: 24 x 0.5 in. r_z 524 =458
Web: 24 x 0.75 in. 7 )
_ . 2
1, =5.24 in. P = RE2:136ksi
(L./r)
F,
L= ﬂ =0.368 <2.25
F, 136

F, =0.658"* (50)=42.9 ksi

ST

=
1§

N

w

o

@

Luaep 72

Example 3

Table E7.1 Effective Width Imperfection Adjustment Factor, ¢, and ¢, Factor.

Case Slender Element C4 C,
(a) Stiffened elements except walls of square and rectangular HSS 0.18 1.31
(b)  Walls of square and rectangular HSS 0.20 1.38

(c) All other elements 022 1.4

We know that the flange will act as a
slender element if F;, = F,,.
But, at the actual compression stress will
it act as a slender element?

ST

=
1§

N

w

>

X

Luaep 72
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Example 3

» Determine if the flange will actually act slender.
Ay, =13.0 and F, =429 ksi
b, [2t; =24.0> L, \F, |/ F, =13.0\/50/42.9 =14.0

Thus, the flange will behave as a slender element for a column with a stress of 42.9 ksi

* Determine the effective width

2
Fg,=[c2 ﬁ) F, (E7-5) b,=b|1-c¢ Fa | B (E7-3)
2’ F;V F(‘,‘V
2
13.0
:(1-49(7‘ 0]] (50) —12|1-022, 228 | 326 _g 45
: 429 N429

=326

Note there is no upper limit on b, since it
will always be less than b

[

)
1§

N

By 3.65

Example 3

» Then determine the effective area

A, =24(0.75)+2(12.0)(0.5)+2(12.0)(0.5) =42.0 in.?
web flange flange

A, =24(0.75) +2(8.45)(0.5) +2(8.45)(0.5) =34.9 in >

* Using the effective area, determine the nominal strength

P, =42.9(34.9) =1500 kips

Ty
@J%
N
w

»

>
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Example 3

Built-up I-shape with Slender Flange,
F, =50 ksi

bft, =24.0>0.64,fk, E/F, =12.96

— 1800k Flanges 24 in. x 0.5 in.
Web 24 in. x 0.75 in.

2500

2000

1500

2016 Pn

1000 & C S B TR w/o slender elements
) \\ P =F,A,
1500 4J4,=083 AJ4,=1.0

N

500
\ The worst case

reductionisat L,=0

P, kips

0 10 20 30 40 50 60 70 80 90 100 Ae/Ag = 0808

Effective Length, L,, (KL), ft

WAL
)
5
N
w
[}
<

Example 3

+ At what effective length, L, will there be no
reduction in effective area?

* when i:xgx £ b =b
r F’ e

2 t f cr

» therefore

b
O gg-13 29 thus, F, =14.7 ksi
th E?r

We could solve for L/r but we will use Manual Table 4-14.

S
T

b
g
o2}
®

f’“@'”“‘

Luaep 72
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Example 3

Table 4-14 (con ed)
Available Critical@tress for

. Compression mbers
¢F, =0.9(14.7)=13.2 ksi
Fy =35 ksi Fy=36 ksi Fy =46 ksi Fy =50 ksi Fy =65 ksi Fy=170 ksi
Lf =131 L ForlQq | OcFer | ForlQc | OcFor | ForlQc | OcFor | Ferl | OcFor | ForlQc | OcFor | ForlQc | OcFor
— C

| ksi ksi ksi ksi ksi ksi ksi ksi ksi ksi ksi ksi

ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD

thus’ 121 991 [ 149 | 10.0 15.0 103 | 154 [ 103 154 | 103 154 103 15.4
122 979 | 147 9.85 | 1438 101 | 152 | 101 152 | 104 152 [ 1041 15.2

— — — 1 123 967 | 145 972 | 146 994 | 149 994 | 149 994 | 149 994 | 149
Lc - 131ry - 131(524) - 686 1. 124 985 [ 143 959 | 144 978 | 14.7 978 | 147 978 | 147 978 | 147
125 943 | 142 947 | 142 962 | 145 962 | 145 962 | 145 962 | 145
= 572 ft 126 9.31 [ 14.0 935 | 14.0 947 | 142 947 | 142 947 | 142 947 | 142
127 919 [ 138 922 | 139 9.32 | 14.0 932 | 140 932 | 140 932 | 140
128 9.07 | 136 910 | 137 9.17 | 138 9.17 | 138 9.17 | 138 9.17 | 138
129 895 [ 134 898 | 135 903 | 136 9.03 | 136 9.03 | 136 9.03 | 136

130 8.83 [ 133 886 | 133 8.89 134 8.89 | 134 8.89 | 134
131 871 [ 131 873 | 131 8.7¢ 13.2 8.76 | 132 8.76 | 132
132 860 [ 129 861 | 129 8.6 . 13.0 863 | 13.0 863 | 13.0

133 848 | 127 849 | 128 8.50 | 12.8 850 | 128 850 | 128 850 | 1238
134 837 [ 126 837 | 126 837 | 126 837 | 126 8.37 | 126 837 | 126
135| 825 | 124 825 | 124 825 | 124 8.25 124 825 | 124 825 | 124
136] 8.13 | 12.2 813 | 122 813 | 122 813 | 122 813 | 122 813 | 122

3.69

Torsional Buckling

* Doubly symmetric members may exhibit
buckling in a torsional mode.

R ==

These shapes are arranged in order of increasing torsional strength

Strength of the cruciform is very likely to be controlled by the limit state
of torsional buckling while strength of the closed shapes will not.

© Copyright 2020
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Torsional Buckling

* The elastic torsional buckling stress for doubly
symmetric members is a function of two types of torsion,
pure torsion and warping torsion. The Specification

gives:
F =[“§Cw N L 11 (E4-2)
: 1,

cz

Warping Torsion

* This elastic torsional buckling stress is then used, like
the elastic flexural buckling stress, to obtain the critical
stress for this limit state.

[

)
5)

N

w

o

Luaep 72

Flexural-Torsional Buckling

 Singly symmetric members can buckle in a
mode that combines torsional and flexural
buckling which we call flexural-torsional

buckling.
LT

Ty
@Jzﬁ
N

w

~

N
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Flexural-Torsional Buckling

* For singly symmetric members the elastic
flexural-torsional buckling stress.

F, tF, ar, rH
F, = y2H - 1-—————— (E4-3)
(F,+F,)

The y-axis is the axis of symmetry and the z-axis
represents the torsional axis

[

)
5)

N

w

~

w
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Flexural-Torsional Buckling

» The elastic torsional buckling stress for a singly
symmetric member is given by

F - {anCW 1

: s (E4-7)

g o

+GJ}

» The elastic flexural buckling stress is given by
v'E

£y p
Lcy (E4_6)
ry

gm We will look at an example when we address built-up members

H

114 3.74
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Single Angle Compression
Members
« These members may be singly symmetric

(equal legs) or non-symmetric (unequal
legs)

» To be axially loaded, they must be loaded
at the centroid (unlikely)

Single Angle Compression
Members

« E5. Single-Angle Compression Members
— May consider only flexural buckling, if

b/t <0.71[E/F,

This is b/t =20 for F,=36ksi

This limit is met by all currently produced angles.
— Otherwise must consider flexural-torsional buckling
— There is also a special case described in Section E5

for when the single angle is not loaded at the centroid
but eccentricity may be neglected.

[

)
5)

N

w

~

o
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Single Angle Compression
Members

* If the member is
—loaded at its ends through same leg
— attached by welding or a minimum of two bolts
— has no intermediate transverse loads
— L /r determined here does not exceed 200
—long leg/shortleg < 1.7

* Then
Use the modified slenderness ratio and ignore

gm eccentricity
‘m...a\'E 3.77

Single Angle Compression
Members
« As an example, for equal leg angles that

are individual members or webs of planer
trusses

L L

when ££80: —<£=724+0.75— (E5-1)
r, Va ]/'a

when L >80: L— =32+1 .25£ (E5-2)
r r r

a a

Ty
@
N
w
~
©

Luawes 72
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Single Angle Compression
Members

» For the same equal leg angle that is part
of a box or space truss

L L
when £375: —<=60+0.8— (E5-3)
r, r r,
when L 7s. L _ 45 + L (E5-4)
r, r r

a

[T
)
1§
N
w
~
©

Lt 52

Example 4

* Determine the available compressive
strength of a 5 x 3 x %2 A36 angle used as
a web member of a truss. The web
member is 5 ft long and welded to the

chords. | 4 ft ]

|

éf 3ft

[
@J%
N5

w

®

S

Lt 52
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Example 4

* The angle is attached through its 5 in. leg at each
end. There are no intermediate transverse loads.
It satisfies the requirements of Section E5

4,=3.751in o

r.=1.58 in. l
. i ra:ry
r =0.824 In. ;y

r. =0.642 in.

[

)
1§

N

w

X

Luawes 72

Example 4

* Determine the effective slenderness
L L 5002

= =72.8<80
r, r, 03824
» Therefore use Eq. E5-1 The limit for
determining use of
L, L Eqg. E3-2 or E3-3
7—72+0.75[FH] /

L _ 72+0.75(72.8) =127 < 4.71 /FE =134 Use Eq. E3-2
r y

[
)
1§
N
w
I}
N

Luawes 72
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Example 4

» Determine the elastic buckling stress from
Eq. E3-4
p_ TE__7°(29000) _
e (Lcjz (127)2

and the critical stress from Eq. E3-2

17.7

36
F, =(0.658)177(36) =15.4 ksi

Ccr

[

a2
1§

N

w

e}

@

Luawes 72

Example 4

* Nominal strength

P, =F,4,=15.4(3.75)=57.8 kips

cr’g
« ASD L =i'8=34.6 Kips
Q  1.67

c

« LRFD ¢.P, =0.9(57.8)=52.0 kips

[

a2
1§

N

w

o

N

Luawes 72
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Example 4

_127(0.642)

* To use the concentrically loaded single
angle tables, determine the effective L,
with respect to the z-axis based on the
slenderness ratio already determined

L/
ceﬁ’

=6.79 ft

CI,
AT
il B
g
uy 3.85
Y -
A Table 4-11 (continued)
Available Strength in )
x ¥ x . . . Fy = 36 ksi
Axial Compression, kips
v z  Concentrically Loaded Single Angles
L5 i
Interpolating
Shape L5x 3"2x L5x 3%
fa® 2 e 38 WACH e — H
Ib/it 7.00 128 113 9.80 820 6.60 Bz =34.7 klpS
_ Palc] 0cPn | Polc] 0oPa | Pl2c] 0cPr | Pul] cPa | Pol] GoPr | Pul2e] 0cPs .
Desion  |"aSD | LRFD | ASD | LRFD | ASD | LRFD| ASD | LRFD| ASD | LRFD| ASD| LRFD =52.1 kIpS
0 (370 | 556 | 808|122 | 71.4 | 107 | 608 | o1.4 | 478 | 718 |351 | 528
1 |367 | 551|794 119 | 704|105 | 599 900 | 47.1 | 708 | 346 | 520
2 |357 | 537|751 |113 | 663 | 997 | 57.3 | 860 | 451 | 67.8 |332 | 499
3 |342 | 514 | 685|103 | 605 | 910|524 | 787 | 419 | 630 | 309 | 465
2 | 4 |320 | 481|602 05533 800|461 | 693 | 379 | 569 [280 | 421
g 5 |291 | 438 [ 510 | 767 [ 452 | 67.9| 391 | 56.8 | 331 | 498 |246 | 37.0
£ 6 |259 | 389|417 | 627] 7.0 | 555|821 | 482 | 272 | 408 |210 | 316
7 |225 | 338 | 328 | 493 201 | 438 253 | 380 | 215 | 323 |17.4 | 26.1
3 8 [191 | 287 [252| 37.9| 224 | 337|195 | 203 | 166 | 249 |135 | 20.2
% 9 |154 | 232 [ 199 | 200( 177 | 266 | 154 | 231 | 131 | 197 |106 | 160
% | 10 125 | 188 | 161 | 242|143 | 215|125 | 187 | 106 | 159 | 861] 12
g
s | 1M [103 155
% | 12 | 8sg 13
g
1
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Single Angle

* If the requirements of Section E5 are not
met, eccentricity must be considered

equal_equal

| Table 4-12 (continued)

X £
N %‘ Available Strength in !
‘ . . . F, = 36 ksi
i Axial Compression, kips
Eccentricity will induce L5 Eccentrically Loaded Single Angles
bending moments. N T B
. . ! 2 i e Shet! hatt
Combined axial force win w0 | ne | ns | em | sw | o
. . N PalQ | 0cPa | PalSc| OcPn |Pal%| OcPa | PalQ| OcPa | PalQ| 0cPr | PalS2c| GcPn
and bendlng WI” be Design ASD | LRFD| ASD | LRFD | ASD | LRFD| ASD | LRFD| ASD | LRFD | ASD | LRFD

321 | 483 [86.2 | 544 847 | 522 [84.2 | 514 [81.9 | 47.9 | 800 |45.1
.3 | 485 853 | 532 51.1 (334 [ 50.3 [81.1 | 46.8 | 201 |439

486 9. 48.0 [81.2 | 47.1 | 289 | 437 | 268 | 406
3.4 | 278 | 422 | 257 | 39.0 [235 |358

addressed in Lesson 5.

38.1 (240 | 365 [221 | 33.8 | 200 |305
327 (203 | 31.0 [ 187 | 28.6 | 166 | 256
277 (169 | 260 [154 | 237 [137 |21.2
232 (140 | 216 [127 | 196 113 |17.5
94 1116 | 17.9 | 104 | 16.1 | 923|142
5.4 | 979 150 | 872 134 | 7.64(11.8
40 | 833 128 | 7.38| 11.3 | 643] 9.9

Ty
J

A
@ 1§
N2
1o least radius of gyrat
s 3

Lvwors

Built-Up Members

 Built-up members are composed of two
shapes interconnected with bolts or welds
or with at least one open side
interconnected by plates or lacing.

» The key to determining the strength of
built-up members is determining the
correct slenderness ratio.

[y
=
@ 1§
N2
w
®
®

Lvwors
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Built-Up Members

» Section EG6 requires
— “The end connection shall be welded or
connected by means of pretensioned bolts
with Class A or B faying surfaces.”
« Slip in the end connection could cause the
built-up member to loose strength and
behave as individual members.

[

)
5)

N

w

o}

©

Luawes 72

Built-Up Members

« Nominal strength is determined using a
modified slenderness ratio if connectors
are in shear in the buckling mode.

Buckling about the x-axis
X treat as two single angles

Buckling about y-axis treat
as a built-up member

American Institute of Steel Construction
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Built-Up Members

* When intermediate connectors are snug-
tight bolts,

2 2
(L_j _ (L_j | a (E6-1)
r m r o }/;

j =modified slenderness ratio

(

( “j =built-up member acting as a unit

~ ‘“_l“‘

~ |

a = distance between connectors
r,= minimum radius of gyration of component

[

)
5)

N

w

<L

Luawes 72

Built-Up Members

* \WWhen intermediate connectors are welds
or pretensioned bolts

L) _ &j (E6-2a)
r m r o

for <<40
}';.

American Institute of Steel Construction
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Built-Up Members

* Definitions:

(L—j =modified slenderness ratio
r m

(L—j = slenderness ratio of built-up member acting as a unit
r o

K.

1

0.50 for angles back-to-back

0.75 for channels back-to-back

0.86 for all other cases

a = distance between connectors

r.= minimum radius of gyration of component

[T
&
& IS
N
w
©
w

Lvwors

Example 5

* Determine the available compressive
strength of 2-L5 x 3 x /2 LLBB A36 angles
used as the top chord of a truss. The
angles are attached with welds at two

intermediate points and at the ends.

| 10 ft
[

|
|
AN J

‘ WQ%
@‘
&)

N5

w

©

=~

Lvwors
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N5
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Example 5

» Determine the available compressive
strength of 2-L5 x 3 x 72 LLBB A36 angles
used as the top chord of a truss.

Single Angle Table 1-7

e 3/8in.
4,=375in> 1,=943in?

r,=158in. 1 =255in"
r,=0.8241in. J=0322in
r.=0.642in. C,=0.444in°

A4,=2(3.75)=7.50 in.
1,=2(9.43)=18.9in.*
r.=1.58 in.

o= /ﬂzl.m in.
"N 7.50

J=2(0.322)=0.644 in.*
C,=2(0.444)=0.888 in.’

S

)
1§

N5

Luawes 72

Example 5
» Combined properties, Table 1-15 in red here

7 =2.51in.

I, :2(2.55+3.75(0.746+%6)2)=11.6 in.

© Copyright 2020
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Example 5

» For a singly symmetric compression
member we will see that the applicable
limit states are flexural-torsional buckling
about the axis of symmetry, y-axis, and
flexural buckling about the other axis, x-
axis. |

[y
=
@ 5)

NS
<

= 97

Example 5

 Since the double angle compression

member is a built-up member,

— if the buckling mode involves relative deformation that
produces shear forces in the connectors between
individual shapes, the modified slenderness ratio as a
function of connector spacing must be determined
according to Section EG6.

— If the buckling mode does not involve relative
deformation, the slenderness ratio using the actual
effective length and radius of gyration is used.

[
=
&
N

— 98
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Example 5

* For the x-axis (no connector shear)
— The slenderness ratio is
L, _10(12)

c

r, 1.58

=75.9

— and the elastic buckling stress is

2E  w° (29,000 .
g WE _T(29.000) g5

( I ]2 (75.9)°

x

[

)
1§

N

By 99

Example 5

* For the y-axis (connectors in shear)

— Buckling produces shear forces in the
connectors between individual shapes.

— For our example, place pretensioned
connectors at the 1/3 points of the column

a=40.0 in.

[
=
N

gl 100
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Example 5

* For the y—axis (connectors in shear)

— As a single unit [LJ 10(12)
—-< | = =96.8
) 1.24
— Between connectors
a_a_ 0 _ 3540
o1, 0.642

— Thus,
() ] oo (58 e e

101

S

=
1§

N

Luaep 72

Example 5

* For the y-axis (connectors in shear)
— With the slenderness ratio

i:[ij =102
— the elastic buckling stress is

2 2
F o E _m(29000) o5

ey [L J2 (102)2 (E3-4)

r,

ATER
S@%
b, A 102

© Copyright 2020
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Example

Buckling

symmetry

5

 E4. Torsional and Flexural-torsional

[

)
1§

N

F,+F, 4F, F H
F = }2H - [l-—2re
(F,+F,.)

If x is the axis of symmetry replace F,, by I,

— E4.(b) for singly symmetric members twisting
about the shear center where y is the axis of

(E4-3)

103

 For torsional buckling

o
F =t ZCW+GJ 1_2
L, Agro
i 2
F = | ZEO888) 1 200(0.644)
] (12(10))

=[17.5+7213]$= 153 ksi

[

)
1§

N

Luawes 72

Example 5

1

7.50(2.51)’

(E4-7)

3.104

© Copyright 2020
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Example 5

 For flexural-torsional buckling

F +F 4F F H R
F;:( ey ezj 1_ 1_ ey’ ez - (E43)
2H (F,+F,)

- _[27.5+153J{1\/l 4(27.5)(153)(0.646)}

< 2(0.646) (27.5+153)’
=25.7 ksi

This is less than F,, thus flexural-torsional buckling will control.

[

)
1§

N

By 3.105
Example 5
« Determine the critical stress
F, 36.0 This is the “other way” to
—=——=140<225 determine which equation to
F, 257 use in determining F,.
» Therefore use Eq. E3-2
36 _
F, =(0.658)27 (36) =20.0 ksi
AT
g@% 3.106

Luaep 72
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Example 5

* The nominal strength is then,
P =F,A, = 20.0(7.50) =150 kips

* The available strength is
For LRFD

OP, =0.9(150) =135 kips
For ASD

= li(; =89.8 kips

5|

3.107

Example 5

If back-to-back spacing is
greater than 3/8 in., the table
values are conservative.

Table 4-9 (continued)
F - 36 ksi Available Strength in
v Axial Compression, kips

Y

T

"
i
Double Angles—LLBB M
9 215 LLBB
shi 2L5x3x
. ape n s g 5/16° e -
(I)P = 1 3 6 k | pS b/t 256 26 195 164 182 |38
n [Pl | 0o [ Rl | 0cPo | Pl | 0ok | Bl ] 0cPr | Rl [ 0cPr | &
Design |7aso | LrrD | ASD | LRFD | ASD | LRFD | ASD | LRFD | AsD | LRFD
P [T olte2 |2as [aas | 214 [122 | 183 | 956 | 144 | 702 | 106
n —_ H E’ 140 n 121 181 99.9 | 150 760 | 114 506 76.0
— = . |pS H 129 | 194 [ 111 | 167 | 928 | 140 | 720 | 108 | 482
E 109 | 165 | 047 | 142 | 794 | 119 | 634 | 952 | 434
S ! 902 | 13 || 780 | 117 | 654 | o83 | 524 | 788 | 375
o
7a | 107 61.3 921 513 771 M2 619 301
538 80.8 46.3 69.6 388 584 | 31.4 4 £
4“5 62.4 35.9 53.9 30.2 ﬂ_—a’r 36.9 185
33.0 496 285 429 244 362 197 296 15.0
268 | 403 70 | 196 | 295 | 161 | 242
[
N ote 2 | n te rm ed iate Properties of 2 angles—3g in. back to back
. Ag, in? 750 6.62 572 482 3.88
con nectors re ulred Iy, in. 1.58 159 1.60 1.61 1.62
q . Iy, in. 124 123 122 1.21 119
Properties of single angle
I in [ ose [ osm 0646 | 0649 | o062 |
ASD LRFD

must be used.
Qo=167 [ 9c=0.90

For Y-Y axis, welded or pretensioned bolted intermediate connectors with Class A or B faying surfaces
t be use
of i

3.108
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Table 4-9 (continued) =
Available Strength in H [
Axial Compression, kips U

Exa I I l p | e 5 Double Angles—LLBB M
2L5 LLBB

Fy = 36 ksi

53«

x-axis strength is independent
of intermediate connectors

¢P, =179 kips

P
—£ =119 Kips
o) p

y-axis strength includes
flexural-torsional buckling
strength

P, =136 kips

Effective longth, L (1), with respect to indicated axis

5 90.2 kips
Q

AT
®

Luawes 72

Summary

» Looked at the limit states for compression
members

» Addressed flexural buckling
» Considered design of compression members
« Treated members with slender elements

* Discussed torsional and flexural-torsional
buckling

» Treated the special case of single angles
» Addressed built-up members

7
®
£
B 3.110

Lo
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Lesson 4

» The next lesson will look at the principles
of design for flexural members, including
shear

» We will look at the material in Chapters F
and G of the Specification and Part 3 of
the Manual

ATER
®
3.1

Nt

Thank You

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

ATER
S@%
b, s 3.112
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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!

[

)
5)

N

Luawes 72

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.

[
=
N

Luawes 72
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8-Session Registrants
PDH Certificates

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

[

)
5)

N

Luawes 72

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.

STEE

?‘Eﬁ Note: If you attend the live presentation, you do not have

3
d )  to take the quizzes to receive PDHs

Ny

American Institute of Steel Construction
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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.

TEZy

[
=
&
N

Lvwors

8-Session Registrants
Night School Resources

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

TEZy

[
=
&
N

Lvwors
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Night School Resources for 8-session

ALt sieg EDUCATION  PUBLICATIONS NASCC: THE STEEL

Login

USERNAME

PASSWORD

package Registrants

Go to www.aisc.org and sign in.

DON'T HAVE AN ACCOUNT?

REGISTER NOW

Night School Resources for 8-session

IN THIS SECTION MyA'SC

Edit Profile
MY PROFILE

My Downloads .
1y Download Update your contact and address information

My Pending Quizzes
EEInER EDIT PROFILE
My Events

MY PURCHASED DOWNLOADS

VIEW DOWNLOADS

MY COURSE RESOURCES

VIEW RESOURCES

package Registrants

Go to www.aisc.org and sign in.

Access articles and documents that you have purchased

View orlline resources for Night School aYd Live Webinar package registrations.

© Copyright 2020
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Please fill out our brief survey at the conclusion of
the webinar. We greatly appreciate your feedback.

a3 | Smarter.
S@ i Stronger.
AISC | Thank you uy ESteel.g

)
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