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COMPRESSION MEMBERS
AISC manual / Chapter B & E

Compression members are structural elements that subjected to
compression forces. These forces applied along longitudinal axis
through centered of the cross section.

The axial stress should be calculated using the following
expression:

[f:P/A}

Type of columns according to failure shape:

1- Long column which failed by buckling.

3- Intermediate columns which failed by inelastic buckling.
2- Short column failed by yielding.

Buckling is a slight bent around one or more side of column. In our
covered subject the buckling is around x or y axes of cross section.

So the column will be effected by normal axial load & side
deflection, therefore a moment should be calculated due to load x
deflection distance.

M=Pa,
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Euler Buckling of Columns:
Global buckling of a member happens when the member in

compression becomes unstable due to its slenderness and load.
Buckling can be elastic (longer thin members) or inelastic (shorter
members). Here we shall derive the Euler buckling (critical) load for
an elastic column.

Leonhard Euler (1707-1783).

P
v @ P, ®

Buckling or slight bent

Buckling  occurs
when a straight
column subjected
to axial
compression
suddenly
undergoes
bending as shown
in the Figure (b).
Buckling is identified
as a failure limit-

Buckling of axially loaded compression members
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The following differential equation giving the deflected shape of elastic member
subjected to bending:

(d2A / dz2) + PA/EI = 0

-The expression given by Euler to calculate the buckling load or critical load for
buckling is:

Pcr=1mEI/(L)?
Where, I = moment of inertia about axis of buckling.
-Then the developed expression to calculate the critical buckling stress is:
Fcr = (Pcr/ Ag) + (112 E / (L/r)3).
Where: (L /1) is the slenderness ratio.

According to AISC manual chapter E, the basic expression for compression load is:

Pus@cPn=Gc (AgFCr) .c.coviiiiiiiiiiiieie e (AISC / E3-1).

LRFD STRENGTH REDUCTION
FACTOR
@c=0.9

Pn is the nominal compressive strength.
@cPn is the design compressive strength.

Where @c is the resistance factor for compression members & Fcr is the critical
buckling stress (elastic or inelastic).

But the elastic buckling stress Fe is:
m* E
€Ok

Where, k = effective length factor based on end boundary conditions.

Fe = Fcr =

......................................... (AISC / E3-4).
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So the critical buckling load Pcr developed for columns is theoretically
computed by:
T*E I

Pcr = O ; Which represent critical buckling load.

m?E

Fer = —z=; Which represent critical buckling stress.

Tr

Equation for Pcr is valid only when the material everywhere in the
cross-section is in the elastic region. If the material goes inelastic
then this Equation becomes useless and cannot be used.

Effective length:

The effective length factor, K, for -calculation of member slenderness,
KL/r, shall be determined in accordance with Chapter C or Appendix
7, where:

L = laterally unbraced length of the member, in.
r = radius of gyration, in.

Maximum effective slenderness ratio:

[ KL/r < 200. }

Effective length factors are given on page 16.1-189 of the AISC manual.
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Relation of slenderness & reduction factor

General prevented & unprevented side sway:

- Braced frame (Side sway prevented) -1.0 2K > 0.5
- Un-braced frame (Side sway Unperfected) unstable— K> 1.0

Pinned connection: If Ic/Lc is large and Ig/Lg is small; the connection is more
pinned.

Fixed connection: If (Ic/Lc) is small and (Ig/Lg) is large the connection is more fixed.

Eq. (6.12)

+ Elastic buckling

> ——— KL/r
short medium long
| a ] 1 i
e
!

Figure show type of column related to kL/r
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Local buckling behavior and classification of plate elements

Evaluation of K factor:

1- By table C.C2.1 AISC manual page
2- By Stiffness of joint.
3- By Monograph.
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Table C.C2.1

Effective length factor K for axially loaded columns with various end conditions

Buckled shape of column is f&) (b) (C) (e} (f)
shown by dashed line J‘ I. l l 1 l % l
i m =3 @ p ':..1
T1% T 71T
E / : i
\ : : /
T T T '%’
Theoretical K Value 0.5 0.7 1.0 1.0 2.0 2.0
|[Recommended design value when,
0.85 0.80 1.2 1.0 210 2.0
ideal condition are approximated
B Centibori norie 44t Rotation fixed and translation fixed
‘?" Rotation free and translation fixed
B Rotation fixed and transiation free
T Rotation free and transiation free

In examples, home works, and exams, use the recommended design

values of K.

For unbraced frames, the structure depends on its own bending
stiffness for lateral stability. If a portal frame is not externally braced
in its own plane to prevent side sway, the effective length KL is larger

than the actual unbraced length, that is, K > 1. This will result in a
reduction of the load-carrying capacity of the columns when sideways

IS not prevented.

For unbraced portal frames, the effective column length can be

determined for the specific ratio of (I / L) beam / (I / L) col and the
condition of the foundation. If the actual footing provides a rotational
restraint between hinged and fixed bases, the K wvalue can be

obtained by interpolation.

The K values to be used for the design of unbraced multistory or
multibays frames can be obtained from the alignment chart.
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G is defined as:

{ G = XIc/Lc }
ZIb/Lb

In which Ic is the moment of inertia and Lc is the unbraced length of
the column, and b is the moment of inertia and Lb is the unbraced
length of the beam.

In practical design:

- For hinged column end with ground surface, use G = 10
(because G in this case is infinity).
- For rigid & fixed end column, use G = 1.0 (because the real

value is zero).

In the use of the chart, the beam stiffness Ib / Lb should be multiplied

by a factor as follows when the conditions at the far end of the beam
are known:

Factors consider for far end condition of beam (a)

Case Hinged far end of beam Fixed far end of beam
Side sway is prevented 1.5 2
Side sway is not prevented 0.5 0.67

So the stiffness ratio should be as follow:

Ic Lc

G = 15 Lb where a is the considered far end condition of beam
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Alignment charts (monograph)

50.0
10.0

3-CI—'_.
2.0

1.0

0.8 4
0.7 A
0.6 1

0.5 -
0.4 4

0.3 ~

0.2

(,

T L0

T 0.9

T 08

+07

T06

=05

SIDESWAY INHIBITED

l‘--Trln'
w

Fs00

- 10.0
5.0
L 3.0
Lan

=10

0.8
0.7
F 0.6

OS5
P4

F0.3
b 02

Fol

o, K G,
_.l'

A — ! — i
L0000 = 108 = 1000
30.0- = 50.0
30.0- I &0 =300
20 0 40 - 20.0
0.0 | 10.0

90 3.0 T4
EQ - &0
650 '3 6.0
ﬁ.G—: 20 5.0
40 4.0
304 . -1.75 30
| ,
20 ‘?@5’ 20
1.5 A
Lo ™ 1.19 - 1.0
1 0.26—}
- LO Lo
SIDESWAY UNINHIBITED

For pinned column base, use Gbottom =10

For fixed column base, use Gbottom=1.0

After determining GA and GB for

column section, the K value

constructing

a straight line

scales for GA and GB.

obtained

between
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EX: Determine the buckling strength of a W 12 x 50 column. Its length is 20 ft. For
major axis buckling, it is pinned at both ends. For minor buckling, it is pinned at one

end and fixed at the other end.

(a) Cross-section; (b) major-axis buckling; (c) minor-axis buckling

For the W12 x 50 (or any wide flange section), x is the major axis and y is the minor
axis. Major axis means axis about which it has greater moment of inertia (Ix > ly).

1- Sp, dim, properties:

Sec.

Ag

ly

ry

Ix

X

W12x50

56.3

391

According to Table C-C2.1 of the AISC Manual:

Ky Ly KLy kx Lx KLX
0.8 20 16 1.0 20 20
. : . m2E Ix .
Critical load for buckling about x — axis = Pcr — x = = 1940kips
(kx Lx)?2
. . . w2E Iy )
Critical load for buckling about y — axis = Pcr —y = o )E 682 kips
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Buckling strength of the column = Smaller of (Pcr-x, Pcr-y) = Pcr-y = 682 kips

So Minor (y) axis buckling governs.

Pcr 682

Let us find the critical stress Fcr = = Tie = 47 ksi which it is <

Fy = 50 Kksi, this mean that the critical stress within the elastic range
for a 50 ksi yield stress material.

EX: A WI10x30 is wused as a 16ft long pin-connected column. Using
the Euler expression. Use A36 steel material.

a) Determine the column’s critical or buckling load.
b) Resolve the example using L= 8ft.
Solution:

1- Spec, dimensions & properties:

steel Fy Fu sec A rxX ry Kk

A36 35 58 W10x 8.84 4.38 1.37 1.0

2- Use smaller ry, to have larger value of (%).

kL 16x12

Slenderness — = = 140.15 < 200 .o, O.K
r 1.37

2

"E _ 14.6ksi < 36ksi....0K

3- Buckling stress Fe =

The limit between elastic and inelastic buckling is defined to be:
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kL—471 £ fy = 2.25
ro Fy o Fe” “
These are the same as Fe = 0.44Fy that was used in the 2005

Specification.

For convenience, these I|imits are defined in Table C-E3.1 at 16.1 /
page 260, for the common values of Fy.

TABLE C-E3.1
Limiting values of KL/r and F

ksi ::I'-iPa) Limiting % ksi (anipa)
36 (250) 134 16.0 (111)
50 (345) 113 222 (153)
60 (415) 104 26.7 (184)
70 (485) 96 311 (215)
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Figure show columns, beams & bracing

Local Buckling:

Local buckling limit state:

- The AISC specifications for column strength assume that column buckling is the
governing limit state. However, if the column section is made of thin (slender) plate
elements, then failure can occur due to local buckling of the flanges or the webs.

- If local buckling of the individual plate elements occurs, then the column may not
be able to develop its buckling strength.

- Therefore, the local buckling limit state must be prevented from controlling the
column strength.

- Local buckling depends on the slenderness (width-to-thickness b/t ratio) of the
plate element and the yield stress (Fy) of the material.

- Each plate element must be stocky enough, i.e., have a b/t ratio that prevents
local buckling from governing the column strength.
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- The AISC specification B10 provides the slenderness (b/t) limits that the
individual plate elements must satisfy so that local buckling does not control.

- The AISC specification provides two slenderness limits (Ap and Ar) for the local
buckling of plate elements.

E3-2

___-'\\ /_ Inelastic
~ buckhng
- E3-3
/| Elastic

. buckling
Crtical
siress,
K \\<

ELY Transihion  between
[——equations  (location
varnes by F))

Relation of critical stress with effective slenderness ratio local buckling of flange

Local buckling is instability due to the plates of the member becoming unstable. The
local buckling of a member depends on its slenderness which is defined as the width-
thickness ratio (b/t ratio), b is the width of the section and t is its thickness. Steel
sections are classified as compact, noncom pact or slender depending on the width-
thickness ratio of their elements.

Compact section: is capable of developing a fully plastic stress distribution and
possess rotation capacity of approximately three before the onset of local buckling; i.e.,
local buckling is not an issue.

Noncom pact section: can develop the yield stress in compression elements before
local buckling occurs, but will not resist inelastic local buckling at strain levels required
for a fully plastic stress distribution. Local buckling can occur in the inelastic zone.

Compact sections have small b/t ratio and do not buckle locally; non compact section
can buckle locally; slender sections have a large b/t ratio. Let us define the width-
thickness ration of an element of the cross-section (flange or web of WF shapes) as

[ /1=b/t]
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Then the members are classified as follows:

Compact section: A< Ap for all elements.
Non compact sections: Ap< AL Ar.
Slender: A> Ar

The limiting values Ap and Ar for A are given in Table B5.1 of the LRFD Specifications.

The strength corresponding to any buckling mode cannot be developed if the elements
of the cross-section fail in local buckling. When b/t exceeds a limit Ar (Table B5.1 of the
LRFD Specifications), the member is classified as slender. Slender members can fail in
local buckling resulting in reduced design strength. For slender members, Appendix B
of the LRFD Specifications describes the reduction factors Q to be used for calculation
of the critical stress Fcr.

Basically, the design strength needs to be reduced if the member is slender. Table
B5.1 of the LRFD Specifications defines the following limits for sections that are not
slender:

: bf
Unstiffened elements (flange): 2t = Ar where Ar = 0.56,/E/Fy
Stiffened element (web): % < Ar where Ar = 1.49,/E/Fy

Note:
If the above values met the requirements so the member is not slender.

If the above values doesn’t met the requirements so the member is slender.
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TABLE B4d.1a
Width-to-Thickness Ratios: Compression Elements
Members Subject to Axial Compression
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Long, Short, and Intermediate Columns:

Columns are sometimes classed as being long, short, or intermediate. A brief
discussion of each of these classifications is presented below.

1) Long Columns: the Euler formula predicts very well the strength of long columns
where the axial buckling stress remains below the proportional limit. Such columns will
buckle elastically. The slenderness ratio of long column is greater than 150, ( kL/r >
150)

2) Short Columns: For very short columns, the failure stress will equal the yield
stress and no buckling will occur. For a column to fall into this class, it would have to
be so short as to have no practical application. Thus, no further reference is made to
them here. The slenderness ratio of short column is smaller than 40, (KL/r < 40).

3) Intermediate Columns: Some of the fibers will reach the yield stress and some
will not. The members will fail by both yielding and buckling, and their behavior is said
to be inelastic. Most columns fall into this range. The slenderness ratio of intermediate
column is between 40 and 150, ( 40 < kL/r <150).

Relation of moment to w/t ratio:

According to AISC-E3, The nominal strength (Pn) of Rolled compression members with
slender sections is calculated as follow:

PN = Ag FCr E7-1
@c Pn=dc Fcr Ag ... where @c = 0.9 in LRFD

For inelastic columns :

- If (KL/r) < 4.71 (V(E/Qfy)) Or Fe = 0.44QFy

SO Fcr=Q (0.658*) Fy oorieii E7-2
Where * = Q Fy/Fe

- If KL/r > 4.71 (N (E/Q fy)) or Fe <0.44Qfy

SOFCr=0.877F€ . i E7-3
Where Fe is elastic critical buckling stress.

Q = 1.0 For members with compact or noncompact sections.
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= Qs Qa for members with slender-element sections.
Two types of columns should be considered:

1- Unstiffened elements: unsupported along one edge parallel to the load direction,
(AISC table B4.1, p 16.1-16).

2- Stiffened elements: supported along both edges parallel to load direction, (AISC
table B4.1. p 16.1-17).

Steel shapes are classified as compact, non compact & slender. So section B4 of
AISC manual provides limiting values of width / thickness (denoted by Ar).

For slender unstiffened elements, Qs:
The reduction factor Qs is defined as follow:

A- For flanges, angles, & plates projecting from rolled columns or other compression
members:

(i) When b / t < 0.56 (VE/Fy)

SO QS = 1.0 E7-4
(i) When 0.56 (VE/Fy) < b/t < 1.03 (VE/Fy)

S0 Qs = 1.415 - 0.74 (b/t) (NFY/E) evveieeeeeeeeeeeeee e E7-5
(i) When b/t = 1.03 ( V/Fy)

S0 QS =0.69 E/FY (D)2 oo E7-6

B- For flanges, angles, & plates projecting from built up columns or other compression
members:

(i) When b / t < 0.64 (VEKCc/Fy)

S0: QS = 1.0 E7-7
(ii) When 0.64 (V(EKc/Fy)) < b/t < 1.17 (NEKc/Fy)

So: Qs = 1.415 - 0.65 (b/t) (V(FY/EKC)) oevvvvveiiiiieeeeereiens E7-8
(iii) When b/t 2 1.17 ( V(EKc/Fy))

S0: Qs =0.9EKC/Fy (bt ..o, E7-9
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Where Kc =4/ (N( h / tw))

C- for single angles:

(i) When b / t < 0.45 (N(E/Fy))

SO QS = 1.0 oo E7-10

» Slender stiffened elements, Qa:

* Reduction factor, Qa , for slender stiffened element is defined as follow:
Qa=Ae/Ag

Where: Ag = gross area of section.

Ae = summation of the effective area of the cross section based on effective width, be.
. The reduced effective width be is determined as follow:

A - For uniformly compressed slender element, with

b/t = 1.49 V(E/f) except flange of square & rectangular sections of uniform
thickness

be = 1.92 t V(E/f) [ 1- {(0.34/(b/t)} V(EM) 1€b ccovieiviin, E7-17
Where f is taken as Fcr with Fcr calculated based ion Q = 1.0

B- For flanges of square & rectangular slender-element sections of uniform thickness
withb /t= 1.4 [V(EM)]:

be=1.92t V(Ef)[1-{0.38/ b/} VEM)]<b ..cooevennn.... E7-18

Where f = Pn / Ae (note you may use f = Fy the result will be slightly conservative
estimate of column strength.

« For circular axially loaded section:

*When 0.11 (E/Fy) < (D/t) < 0.45 (E / Fy):
*Q=Qa=0.038[E/Fy(D/t)]1+2/3  .iiiiiiiiiin, E7-19

Where

D = outside diameter of round HSS & t = thickness of wall
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oucHle

Failure of column

How to Use Manual Table 4-2:
Design strength in axial compression is calculated as

- Table contains @cPnc for various values of KyLy, assuming buckling about y-axis.

- How to check buckling about x-axis:

If buckling is about x-axis.

kx Lx
rx/ry

ky Ly <

..... So buckling is about x axis.

- How to read @Pnc if buckling is about x-axis:

kxLx _ .
) in Table 4-2.
rx/ry

Use the length as (
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TABLE B4.1

Limiting Width-Thickness Ratios for
Compression Elements
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Limiting Width-Thickness Ratios for

TAELE B4.1 (cont.)

Compression Elements
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Table 4-22

Available Critical Stress for
Compression Members

F, = Bk F, - 3hsi F, = i F. - diksi - ks
o [ A | TRner | TRm ok | Thm,[ ek | 6 ok
U ke | |k | ke | ke aw | Y ke | hw !; ksi | A=

ASD | LAFD ASD | LAFD M50 |LAFD | | asD | LAFD ASD | LFFD
BENED BEREEERE A A R R
2 | o ;s |2 | me | ma |z sy lwe |2 w5 lee |2 |2 | eso
3 |a09 |35 |3 |25 [0 |5 |2s1 (we |2 ms we |3 e |ewn
i Mg | W5 4 .;l! o4 i ] H'l e 4 ars 4N 8 § 2208 &9
5 (o09 [z | s |25 {224 |5 |28 (mwr |5 o8 (i |5 | pen | e
6 (200 =4 |5 (205 (223 |6 |28 |omr |6 | 2vs lwis | 6 | 289 | edo
T 208 |14 - ] 0i T 251 nr T ars 1.3 T =R R
elaog |ma |z (25 (2|8 |omr | | ma lsie |6 | 2am | s
g 208 |34 |2 |25 |23 |2 oo (we o |za oz s |me |wr
10| 308 | 11 | 20 nz 10 | 220 qine o) FF4 | 411 10 | &7 4 7
v 2o (303 | | 2a [z Lo |20 [ws | | mma Laa [ sy | e
12208 [313 {2 |24 (202 2|20 [ws |23 lwo |1z ms | us
13 m na 13 il.l- ey | 132 | 248 i | 13| &2 418 12 | 3K i &
| aar ;2 [w ;3 (20 || 248 |73 || w2 e |4 B | we
15 [ a0r |30 |5 | ma [0 || 2m [ara [os | o ane |os | ms |
18 | 207 | 310 |6 | 213 120 It | 4.8 T G| FFq 407 i6 | 24 | 44.7
17 oar {30 {7 |22 [3e |ar | aar [ or | o | ane | v | ma |
1| oo |30 [ |@me [ne |a|ar (30 |a|mo  ans |zl me | as
19| 206 [208 [ |22 (22 |9 |26 [0 [0 20 | 0s |19 w2 | ae
A | 205 [300 |20 (29 (317 || 248 (60 | | 2em |a0s || 20 | aar
2 | 205 (308 |2 | ;a0 |37 |o | s |32 | | w7 oz Do | w0 | 428
= |08 (207 |22 |20 |26 |22 | ek | 367 |20 | 37 |40 [ 22| me | 404
2 (200 (307 |z |20 (315 |20 | 243 (38 |2 | s | d00 |22 | mmm | 423
24 | 283 | J0G =24 ﬂ:l'.l N4 2 | 243 | 3BS | .5 nE 2 | J.7T | 431
= | 203 (205 |25 | 208 |19 |25 | a2 | 364 |25 | %4 | 307 |25 | me | 430
% (202 (304 |20 | 208 |31 |20 | 240 |26 |26 | ms | e | = | ms |42
27| 22 | ana i) 5}? na & | 240 AT 0T 6. 4 i | A4 | 43T
a1 (300 {28 207 |30 |20 | a0 | 360 |2 | ma | a3 | @ | ma |40
2 |21 302 |20 | 208 | 210 |2 |2 |25 |2 | mo | |m | me |42
| 200 (201 {20 | 208 |209 |30 | 238 358 |30 | 20 | 300 |0 20 | 429
@ | 200 (300 |31 205 308 |31 |27 |56 |3 | me | ;|2 |40
| imn (oo |32 204 (207 |20 |2 |2ms |2 | =7 |me | ;e |4
198 (200 |23 204 (208 |39 |25 |34 |2 |36 |ms | x| @7 |0
24| 198 [207 | 3¢ | 203 |305 |34 |24 |352 |24 |25 |ama | |27 | 494
35 | 187 (208 |25 202 |04 |38 | ma 380 |5 |4 | || ma |4
3 | 196 (285 |36 200 |03 |36 |22 | 349 | |m2 |we . |22 | w0a
3|15 [2oe |37 200 |30t |37 |2 e |ar | ma | ara | o | 2 | 407
3 | 188 2808 |an | 200 |00 |20 |20 |2¢5 | |m0 |76 | | me |0
2 14 280 |30 1m9 |2an |30 | 2o | 344 |30 | e | 974 |30 | e |03
an | 193 |20 |40 tos | 208 |40 | 2 | 94a |40 | zar |ar2 |4n | me | 400
ASD | LAFD
(2 =167| 6= 090
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Table 4-22 [continued)

Available Critical Stress for

Compression Members

F, - 35ksi F, = 38hsi F, = dihsi F, = ki F, - Sksi
i Folit.| 8. . Folit | a.F, . Fth, g F, . Bl | e, . Fallle| aFy
. | nso | Laro ASD | LRFD ASD | LRFD ASD  LRFD ASD | LEFD
af | 1R | 2§47 | 14T 2T a1 | =27 HA &1 | M5 . 41 | 2.5 G4 A
& (192 |ms |42 |96 |25 ez |28 | mon |er | 245 | aen | e 23 | 3as
alw w7 43|96 |mae Ja |z oy |a| s | ke | %2 | w3
W | 10D | MBA |44 | 198 |3 Jes | 223 | 336 fed | 242 | 365 | @ | 2D | 321
45 | MR8 | 284 |45 [ 194 | 391 Q45 | 222 | 304 | &5 | 240 | 36 | a8 | 288 | 32B
46 | 188 |83 |46 | 183 |20 (46 |21 | w2 | |28 | Be || 26 | 35
AT | IBT | 280 |47 |82 | |47 [ Z0 | ;0 |e7 | 238 | 35T |47 | 285 | am3
4 | 18E | 280 |48 |y |7 |48 |20 |28 | e8| 26 | 354 | e | 283 | amp
49 | 185 279 |40 |80 |8 e |5y | ns e |8 | 52 e s 57
B0 | 14 | 277 |0 |88 | 284 |0 (@06 |24 | 50| 233 | 0 | 50| ME | 3E
51 | 183 | 276 |51 |88 |83 |51 | Ha |22 s |30 | e | s | 48 | 3z
2| 183 | 274 |52 |87 |20 |52 = | mo =30 | s |2 | e | ma
£ | 182 | 273 |43 (88 | 280 |3 (32 |3 |53 | 2e | M |51 | M4 | W7
w4081 |27 |54 ms |27 |54 |00 |36 |5 | 26 | w0 || M2 | ma
50180 | 270 |55 |84 | 276 |o6 (208 |24 |5 |25 |98 |5 | 40 | 360
G [ 1Y0 | 268 |56 | M2 | 275 | SR |07 |37 )t | B3 | 35 | W | A8 | W
ST |2y |57 |82 |73 |57 |8 | mo |57 |2 | s |57 |28 | s
SB[ 176 | 265 |50 {181 |[270 |sa |8 |07 || 2o |0 || B4 | B2
S0 | 108 | 284 |58 179 |70 |9 |03 (305 |58 |HE | 328 || @2 | s
60 | 174 | 282 |60} 178 | 268 |60 | 202 | 203 |e0 |He | 328 |eo | 20 | 248
610173 | 280 [ 61 177 268 [ | 2008 |30 e |04 | 322 | &1 | 228 | 43
B2 1172 | 259 |62 |76 | 265 |62 | e |20 |62 | #3220 e | 28 | b
B3 (17 257 |63 | 175 | 260 {63 |07 | 208 |ea |:a |37 |ea | 224 | ;a7
g4 | 170 | 255 G2 | 174 2681 EL | THE | 294 BE | J0F | 314 B | 322 | 134
G5 | 188 | 254 |65 0173 | 259 |65 | a4 | 202 |65 | 207 |32 [es | 20 | a0
66 | 168 | 252 |66 [ 171 | 258 |66 | 182 | 209 |66 | 208 | 309 |66 | ;18 | 327
67 | 187 | 250 |67 [ 170 | 286 |67 [ ey |2e7 |67 | 204 | 306 |67 | 1B | 324
BE | 165 | 248 |68 | 169 (254 |66 | tB9 | 285 |66 | 202 | 303 |en | 14 |32
G0 | 164 | M7 |62 | 68 252 |60 | B8 | 2e2 |es | 200 | 300 (e8| ;0 | 318
TO| 183 | 25 | PO [ E&F 250 |70 |86 | 2e0 | 7D | 1ed | 208 |70 | 208 | 314
1| 962 | M3 |71 185 | M8 |71 )85 277 | v | el | 2as | ¢ | 20 | 3
72| 980 | M2 72|64 247 |2l grs |2 e |2az |7z | 205 | g0s
T 980 | M0 | ra 183 245 f7afar er2 |7 we2 |20 |73 | 208 | a0s
T4| 168 | 23B |74 182 23 |74 | B0 | 2ro | 7e | et |26 |74 | 281 | 30
75| 157 |26 |75 | 60 | 241 |7 1ve | 2sm |75 e | 2se |75 1B | 2ue
TE| 168 |24 | e | 188 | 230 |76 | 1WTE | 285 |76 | BT | 281 | 76 | 188 | 2a8
r|ss | B3 || se | ey e | imE | ema | e 1ms | zre | 77 194 | 2ag
7 | 154 1 Ta | 146 1.5 el 1*3 20 TE | 183 &5 s 1R 2EB
el 182 | e e S5 | ma el ma | ese | e 1E1 | 2re | e | 180 | 2as
By | 151 | 327 |60 | 154 | 231 | B0 |70 | 286 | oo | 17e | 2o |0 | 188 | 2E7
ASD LRFD

L= 1.67 | ¢, = .80
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Design procedure of steel column according to manual tables

Data:

. Column - length

. Support conditions

. Material properties — Fy

. Applied load - Pacual

Required:
. Column Size

1. Enter table with height.

Read allowable load for each section to
find the smallest adequate size.

3. Tables assume weak axis buckling. If
the strong axis controls the length
must be divide by the ratio rx/ry

4.  Values stop in table (black line) at
slenderness limit, KL/r = 200

Analysis procedure of steel column according to manual tables

Data:

. Column - size, length

. Support conditions

. Material properties — Fy

. Applied load - Pactual
Required:

. Pactual < Pallowable

1.  Calculate slenderness ratios.
largest ratio governs.
2. In AISC Table look up Fa for given
slenderness ratio.
Compute: Pallowable = Fa  A.
4. Check column adequacy:
Pactual < Pallowable

g
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EX/ Given D.L = 140k, L.L = 420k & length of 30ft stand as shown. Select from W14
the required steel shapes. Assume A992 steel material.

.' A, m 140 klos
7, =470 klns
'I'.'I".ff!.
b
¥
'
llll-ll-:'-:
« Solution:
1- The required compressive loading:
LRFD

Pu=1.2D.L+1.6L.L=_3840kKips

2- From AISC specification, select from table C.C2.1, — k=1.0.
For cases of same bracing on both axes, the smaller (ry) will govern, so (kL)y = 30ft.

From column tables search for available load that equal or exceed the required
compressive load given above...represented by section W14x132..page

LRFD
@Pn = 893 > 840kips

28 of 46



borgh, KL 300, wth rapect b ket radhe of gresben, 1,

——

o

ERUTY BESNFT IICOAZ Boa—e

BHERE

33

i g

.
w
.
..

5

2:g

29 of 46

]
1 wom
4 o
a0
w0
1 %
-'
05
g W7
o R
w
o3 ™
LY

2
-4




EX: Redesign the column from example given above, assuming the column is laterally
braced about the y-y axis and torsionally braced at the midpoint.

i F, =140 klps
P =420 klps
P :-
e
Braced inl -
Y=rlrectlon s
Aand —sft—— &
Taorslonally < |0
-;? -
anly &
F
Tiif .E i
Solution:
1- The required compressive loading is:
LRFD

Pu = 1.2(140 Kkips) + 1.6(420 kips) = 840 kips

2- From  AISC  Specification, table C.C2,1 for a pinned-pinned
condition,— K = 1.0.

Because the unbraced lengths differ in the two axes, select the
member using the y-y axis then verify the strength in the x-x axis.

Enter AISC Manual Table 4-1 with a y-y axis effective length, KLy,
of 15ft and proceed across the table until reaching a shape with an
available strength that equals or exceeds the required strength. Try
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a W14x90. A 15 ft

the y-y direction of:

LRFD

@cPn = 1,000 kips

long W214x90 provides an available strength

in

The rx /ry ratio for this column, shown at the bottom of AISC Manual Table 4-1page

4-13, is 1.66. The equivalent y-y axis effective length for strong axis buckling is

computed as:

kL _30ft _ o
rx/ry 166 /

Table 4-1 {continuead)
Available Strength in

Fy = 50 ksi = " .
Axial Compression, kips
W-Shapes Wid
Shaps | : _ Wi .
Bh 145 132 120 1 H ]

i BHL| e [Aee] fofa | Bie] dofl | Alile| dofh [ Rolll| el | Pulile| ook
I]ﬂ | AoHE I..||| u ! HIMP | ANy | s I'”_"” A |||r|.| HIr .|||r|| o ||||u.
0 | 9280 1920 | 1160 | 1750 | 4060 | 1500 | 858 | 1440 | &M | 310 | A | 1180
o [ T2E0 | 1860 | 1130 | 1700 | S0S | 195 | R | 1400 | S48 | 02T | FEE ) 10ED
= 7| 20| 1860 | 1130 | 1600 | 0| 550 | S | 1300 | &38| im0 | M | 1150
E § | 9230 1340 | 1190 | 1660 | 4090 | 1510 | @93 | 1370 | &30 | 250 | 7SS | 114D
[ q 1210 | 1220 | W0 | 1540 | 994 | 1400 | @M | 1350 | B1@ | oran | 745 | 11E0
& 10 | 1200 | 1200 | 1080 | 1620 | BBH | 1470 | B8 | 1340 | 807 | 1210 | 73 | 1900
E m 118 | 1700 | p080 | 1800 | BEE | 450 | B | 1310 | T | 1130 | RER | 10480
g 12 T1ED | 1750 | BOMO | 1500 | G | 1430 | B ) 1290 | TR | 11| Tl | 1060
11 1140 1720 | M0 | 1540 | 831 | 1400 | B3 | 1770 | TR | 1150 | BEE | 1050
E 4| 1120 | 1680 | 1000 | 1510 | B2 | 1370 | 826 | 1240 | 7SO0 | 1130 | B&Z | 1030
15 1100 | 1650 | GEF | 1480 | B | 1040 | B8 | 120 ) WS | 1100 | BEE | 1000
E 1 DO | 1620 | O | 1440 | BFE | 10 | P38 ) 1000 | FRE | POE0 | BER | S
é 17 BEDF | 1200 | 937 | 1400 BER | 1280 | T | O19RD | &8 0l | B3 | 355
id 03 | 1550 | @43 | 4300 | 8% | d9an | 7SO0 | 1930 | €80 | «oon | B8 | oo
= 18 || 1510 | B8 | 1300 | B0 | 210 [ 728 100 | e8| o | B | 203
K il SR | 1470 | B2 | 13K | THE | T1ED | TRE | I0RD | BA3 | TR | BER | AT
i—' o BEF | 1380 | B0 | 1720 74 | 1100 | Bed | PAE | 602 | i | BT | 5T
o e | BFE | 130 | TE8 | 140 | 6BS | 05 | & b B3 | sy | 50F | ins
B | B8 | 1230 | P2 | 1060 | B3 | oss | B74 | s03 | B0 | 7E | 472 | oo
E | THR | 1080 | 4G | 074 | BEB | BRO | B39 ) TG | 4TH | 719 | 434 | £53
W | M3 | 1060 | 58 | B3 | B | a07 | &85 | 720 | 438 | 6% | 3EF | 547

From AISC Manual Table 4-1page 4-13, the available strength of a W14x90 with an
effective length of 18 ft is:

The available compressive strength is governed by the x-x axis flexural buckling

limit state.

LRFD

@cPn = 929 kips > 840 kips
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The available strengths of the columns described in the above examples are easily
selected directly from the AISC Manual Tables. The available strengths can also be
verified by hand calculations, as shown in the following examples.

EX: Calculate the available strength of a W14x132 column with unbraced lengths of
30 ft in both axes. Use A992 steel material

‘l' P, m 140 klos
7, w4710 klns

L

Lm 3=l

lll'-'l-:'-:

Solution:
From AISC Manual Table 2-4, the material properties are as follows:

1- Sp, dim, & properties:

steel |Fy Fu sec Ag d tw bf tf L
A992 |50 65 W14x132 | 38.8 30ft
X IX ry ly rx/ry KL D.L L.L

6.28 3.76 30

2- Slenderness Check:

From AISC Specification Commentary Table C-C2-1, for a pinned-pinned condition,
K=1.0.

Because the unbraced length is the same for both axes, the y-y axis will govern.

kL B 1x 30x12 — 957
ry 376 7
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For Fy = 50 ksi, the available critical stresses, @cFcr and Fcr/Qc for KL/r = 95.7 are
interpolated from AISC Manual Table 4-22 as follows:

LRFD
@cFcr = 23.0 ksi, @cPn =Ag x @cFcr

= 38.8in” x 23.0 ksi = 892 kips > 840 kips ... O.K.

Note that the calculated values are approximately equal to the tabulated values.
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EX: The member sizes shown for the moment frame illustrated here
(side  sway uninhibited in the plane of the frame) have been
determined to be adequate for lateral loads. The material for both the
column and the girders is ASTM A992. The Iloads shown at each level
are the accumulated dead loads and live loads at that story. The
column is fixed at the base about the x-x axis of the column.

Determine if the column is adequate to support the gravity loads
shown. Assume the column IS continuously  supported in  the
transverse direction (the y-y axis of the column).

) W 1850
L= 35 ft L=35ft
/, = 800 In! 'C I, =800 Inf
0 Of = = Webs of columns and
b Q-] QU glrders are In the
nn S|y T plane of the frame.
(il vy -
B
L W24x55 P—i24xE5
EEERD L=351
I, = 1350 Ind I, =1350 In?
g8
=51
SR Iwm
nw S|y T
oo -
LT
Solution:
1- Sp., dim., & properties:
steel Fy Fu sec IX sec IX sec Ag IX
A992 |50 65 W18x5 800 W24x5 1,35 W14x8 24 882
0 5 0 2
2- Loading:
LRFD

Pu = 1.2(41.5) + 1.6(125) = 250 kips

3- Effective Length Factor:

Determine Gtop and Gbottom:
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> (Eely /L)
881 in* |
140f |
(200 in* |
350t |

.,

29000 I-:u'[

= (1.00)
2(29, 000 ksi)

=1.38

. S (EI /L)
! = T—
- 2 (B, I /L)
! 4y

2(29,000 ksi)| 319;1 D“;'t |

= (1.00) L

2(29,000 1;,31][—1'35D - |

3504
=1.63

From the alignment chart, AISC Specification Commentary Figure C-
A-7.2, (monograph) K is slightly less than 1.5; therefore use K = 1.5.
Because the column available strength tables are based on the KL
about the vy-y axis, the equivalent effective column length of the upper
segment for use in the table is:

KL
KL = Er.
| r

LT
1.5(14.0 )

244
=861 &k

Take the available strength of the W14x82 from AISC Manual Table
4-1. At KL = 9 ft, the available strength in axial compression is:
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LRFD
@cPn = 940 kips > 250 kips O.K

Column A-B:

LRFD
Pu = 1.2(100 kips) + 1.6(300 kips) = 600 kips

Effective Length Factor

Gbottom = 1.0 (fixed) from AISC Specification Commentary Appendix
7, Section 7.2.
Z(ﬂ 2(29,000 x 881)
Gtop = —L€° — 14 = 1.63
Z(@) 2(29,000x1,350)
Lg 35

From the alignment chart, AISC Specification Commentary Figure C-
A-7.2, (monograph) K is approximately 1.40. Because the column
available strength tables are based on the KL about the y-y axis, the
effective column length of the lower segment for use in the table is:

kL=
1.40114.0 £t )
YT
=805 fi
Take the available strength of the W14x82 from AISC Manual Table
4-1. At KL = 9 ft, (conservative) the available strength in axial

compression is:

LRFD
@cPn = 940 kips > 600 kips O.K
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EX: Calculate the effective length factor for the W12 x 79 column AB of the frame
shown below. Assume that the column is oriented in such a way that major axis
bending occurs in the plane of the frame. Assume that the columns are braced at each
story level for out-of-plane buckling. Assume that the same column section is used for

the stories above and below.

10 f.
Wl4x68 ——P
10 f.
Wi4x68 ——p A
A
12 fi.
W14 x68 p
B
k=2 ) =
'; g Co|158
- o o
= = =

P P D

15 fi. 18 ft. 20 ft.

Solution:

1- Identify the frame type and calculate Lx, Ly, kx, and Ky if possible.
It is an unbraced (side sway prevented) frame.
Lx =Ly =12 ft.
ky =1.0
kx depends on boundary conditions, which involve restraints due to beams and
columns connected to the ends of column AB.
Need to calculate kx using alignment charts.

2- Calculate Kx

sec IX sec IX
W 12 x 79| 425 | W14x68 | 753

=1.021
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GB= =0.83

From Alignment Chart —-Using GA and GB— Kx = 1.3

EX: Determine the design compressive strength for a pin-ended (HSS8x8x3/8)
column of ASTM A500, Grade B steel with an unbraced length of 35-ft.
Solution:

1- Spec., Dimensions & Properties:

Steel Fy Fu Sec A ry = rx | Ky = kx L KLy KL/r
A500 46 10.4 3.1 1 35 35 135.5
b/t
19.9
Table 1-12
Square HSS
Dimensions and Properties
HSS16-HS58
h:":':.lmmlsrzﬁdﬁlx
i . —
in. | Ibm | in? n® | in? | im || W [ In* ] in? | AW
HesstBactech | 0560 [ 127.00] 350 | 245 245 | 1370 | 171 | 625 | 200 | 1¥e| 2170 | 27 | 507
wiie | 0.465( 10000{ 263 [ 204 [ 34| 1130 [ 141 [ &3 | 64 | 13| 1770 | 24 | 520
¥y (0343 7845 |25 | 425|428 873 | 108 | 37 | VA | 14%a| 1350 | W71 523
e 02001 | 6582 | 1B1 520|520 | 730 [ m23 G630 | D6 | 145 | 1140 | 184 | 535

HESR<Rst l[IEH ZO11| 164 | DA | T0E| 145 | 365 | 299 | &7 | Whe | 244 | B22 | 230
wha [[L635 | ABTZ| 105 142 [ 142 125 | 32 | 304 | 775 | 5 | M | K24 | 253
Tal {0348 | 3761 | 104|188 | 188) 100 | 348 | 210 | 254 tRhe | piED | BT | 25T |
02¢ | M09 | B76 | 245 | 45| BRE | 214 | 313 | 280 | 13 | 8 2. |
Lk | 26ma | 70| Ha (N3] Ay 957 | a5 | 205 | 6% | 1 | | 280
D174 NAGT | BAF | 440 | 420) B4 146 | 318 | 147 | P | 845 | 23| 282 |
N196) 8325 | 6% &R0 | BRED) 374 | &34 | 17 | 107 | ™a | 573 | 144 | 283

|
MaiE: ¥ COMEactTESS Crlere, ek i e e of Tabde 1-02

¥y
=Y
ik
w i
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Table 4-=4 (continued)
Available Strength in o 46 ke
Axial Compression, kips ¥
H558-H553 Square HSS
HESH <8 HS5H < E=
I A" "te" “t kL fu e
[— (5] oie 0.521 0463 0.348 02
W na 180 581 8.7 376 e
RiL, | afy |PiG, of, [PAL | af |BA3,| 0 | R0, &6, [RIC,| of,
DS isn | LseD | ASD | LRFD | ASD | WD | A3 | LAFD | ASD | LRFD | ASD | LAFD
o | 13|20 | e4a)| 67| e8| 676 | am | 557 | 206 | 429 | 200 | 2
] 1% | 95 | BRA | 9B | &34 | G632 | 3T | A7 | 275 | 414 | 233 | 3D
7 | 13n | ter | GaE | 955 | & | f43 | M2 | 520 | 27e | 40m | 20 | WS
B | 1an | no6 | exalese| en| ez | sr| s | e | 402 | 2ee | w0
== o B4H | 18 1 SN | FHE | FUR | AU Bed | LD ) 13F | £Um ] 1P | 'em
2 (g7 1m | s vEa | nen | 2 | R | 245 [ 1m | 185 | 1|
e BRS | 133 | =) | M2 1B | 272 | WS4 | 231 | 12 ) 1B | WS | 153
30 | Bs0| 128 | 40| 726 e | 255 | s [ 117 | 118 | 173 | pas | 1@
1z ITA| 118 | 7| M 148 | =M vy | tE1 | vfeE | 15F | AFA | 130
3| 7o | 0% | a4 @83 | n3z | 198 | M3 | Ee | eee| 135 | 7R3 | T
3% | 60| 947 | ave| 62| me| 177 | e | 151 [ 80z | 121 | ean | 1
38 | 666 | 850 | M3 576 | 106 150 | S04 | 135 (72| w0s | g9 | 0
a0 | B10 | TR7| M8 25| 853 3 | 83| 122 [ 650 | 04 | 559 | 42
Progurtus
Ay I B 4.0 8.4 155 104 &7
= rp-“r"] Pt x5 | & 125 103 (i
r, = 15 362 188 L 110 313
&S50 LRFD im-mhwmﬁ:mﬁ.
ik, = 1.67 8, =050

From AISC Table 4-22, with KL/r =135.5, and Fy = 46 ksi obtained (ZcFcr)=12.3 ksi;
therefore, the design strength is:
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| Table 4-22 (continued)
Available Critical Stress for
Compression Members

Fo = ksl F, = 36ksi F = aimg F,= ksl £, - sk
r I e
F F
K _ll":]'r ';'l-:::r K I_l‘m'r F K it e fy X Ry, efy | ki ..‘F.n‘u.!j Ocler
r deal o R ) kel § ) kN R o kN | ke | ksl | kel
ASD | LRFD ASD | LAFD Ash | LAFD ASD | LRFD | k&0 | LRFD |

L0 0| Bas §1231 | 00 | 950 1R 12 | 154 e | 108 | 154 fr2n| 163 | 154
122 A AT |i22| G9E8) NdR |10 | EE ) omwm | ss (1| 1 | 15e
123 @67| 148 |123| 972 a5 173 | SEE| 4e 12 B 148 |12 | B4 | 148

134 855 143 |124| 858 944 124 | ST 47 Ji2d| ST 147 f12d| M |47

126 | S| 12 (28| GuF| 142 |1Em| BB 145 15| WEER| M5 1P| WER | 145
|11Ii BT 140 |26 93| a0 [176 | 94T 147 |1E| 94T 143 |1 947 | 142
137 ®I9| 158 (127 B ) 139 |1E | BEE| 140 |1E | X a0 (1E | iR ) 140
13| SO 136 |128) 80| 137 A 8AF| 1R || RIT| 13E | 87 | 13E
129 &85 124 1929 858 ) 135 |13 900|136 130 S| 196 J139| 88 | 138
130 &EF[ 133 |130) 888|133 130 BB 134 130 &E| 134 120 859|134
1) &R 13 || e Ey 3| BFe| 132 |13 | &me| 137 |13 | 8me ) 13z
132 &80 18 j132 | A& ) 129 11| BEd | 130 f132) SEd | a0 §132| 883 ) 130
133 @48 12T |133 | A48 ) 128 |13 | BS0| 928 |133 ) A&D| 122 J123| BED| 172
1| BEY| 126 144 § BAF | 126 138 BT 12E |134| BET| 126 (134 | 837|128
135 2% | 124 935 B35 | 184 (135 825 124 (136 a3 | 124 136 | A2 | 124
136 83| 122 |136] B3 ) 122 136 BA3| 122 |136| B3| 22 |136| B3| 127
1aF | &0n | 120 Ju3ar| B | 120 | 137 | B | 120 [137 | &g | 120 437 | Bad | 120

P

e - a2 m s - sa: FEEY -

So:
@c Pn = (dc Fcr) Ag = (12.3)(10.4) = 128 kips

Alternatively, the design strength could be obtained directly from the AISC column load
Table 4-4. Enter the table with KL = 35-ft and obtain @c Pn = 128 kips.

Table 4-4 (continued)
Available Strength in o 46 Kei
- - " = |
Axial Compression, Kips ¥
HS59-HS558 Square HSS
f.ﬁﬁﬂxﬂx HE5R < E=
m" ) T Yt 'E'u__ B 3 . e
l;.,.,.,l,.-."'l- o174 L& .52 - OLAES 0345 02
 wwm | B3 150 58.1 4a.7 376 nas |
Design Felide| afy |Folihy| ouf |Fefid | afy | Falde| 85 | RT3, | 8 | M3y | 9ofa
850 | L=FD | ASD | LEFD | AsD |LRFD | ASD | LAFD | ASD | LAFD | ASD | LRFD
n 122 | om | #aal o7 | af1 | FeR | 11 | =57 | 2AR | 428 | 241 | 382
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; o] Br.H 147 8a| my e | 3323 g | 2 144 . 217 13 1564
a T 143 o1 TH2 T4 IR T3 | 200 137 i 117 176
F] m. 7 13 1N | -t 193 i) R | S 155 ! 111 167
= BE5 133 | 1.1 e 2 181 e o1 | 23 128 1F 105 153
30 | Bs0| 128 | 490 | TIE | wea | 255 | e8| 27 | 115 | 173 | oEA | 148
ar Tr.4 11E I 48,7 | 143 T2 N2 a1 1z 153 Ara 130
g8 | mor | o8 | g | 68x| naz | e | mia| ten | eas| 135 | A | nE
9% | Gan | g4y | ava| 22| me| 177 | wa| 51 | 8oz | t21 | a0 | M
a8 | B&8 | 450 | M3 | S7A | 06| 150 | 804 | 735 | 7240 | 108 | 619 | 240
W | 510|767 Mo 25| 883 43| B3| 122 | 650 | W05 | 559 &9
—
Ay In) | .08 4.08 184 155 10.4 ETE
|'J_.- |;_|jn‘| Ta.7 iR [F1-3 125 B HE.6
r= i, ) 153 LR2 | M 310 313
| K50 LAF[ @ Ehape m sk k0 compsnninn ailk Fr AE .
ik, = 157 8, = 050

Alternate Check:

E
— =199<35.1 0.K
Fy

Now determine the flexural buckling stress, Fcr:

b
- <14
t

E 29000
471 |— =

1 = 118.2
Fy 46

Since’;—; = 135.5 > 118.2 - use Eq.(E7.3)for Fe:

. ’ E
 (kL/T)?

Fe = 15.6 ksi

Fcr =0.877 Fe = 0.877(15.6) = 13.7 ksi

@c Pn =@c Fcr Ag =0.9 (13.7)(10.4)= 128 kips
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EX: Given an ASTM AS500 Grade B compression member with a length of 20
ft, to support a dead load of 85 kips and live load of 255 kips in axial
compression. The base is fixed and the top is pinned

Select, a suitable rectangular HSS.

O m il Hps
lL'-ELth:
Faig :f f
::?.‘:
=
Solution:

1- Specification, dimensions & properties: From AISC Manual Table 2-4;
steel Fy Fu PD PL L Kx=ky | KL
A500 46 58 85 255 20
GB

2- Loading:

LRFD

Pu=1.2PD + 1.6PL = 510kips

3- Using table Solution:
From AISC Specification Commentary Table C.C2.1, for a fixed-pinned
condition, K =0.8.
(KL)x = (KL)y = 0.8(20.0 ft) = 16.0 ft
Enter AISC Manual Table 4-3 for rectangular sections or AISC Manual
Table 4-4 for square sections. Try an HS512x10x3/8.
From  AISC Manual Table 4-3, the available strength in  axial
compression is:

LRFD
@c Pn =518 kips > 510 kips ....0.K
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4- Using equations calculations:
From AISC Manual Table 1-11, the geometric properties are as follows:

section A rx ry tdos

HSS12x10x%s 14.6 4.61 4.04 0.394

Slenderness Check:

Note: According to AISC Specification Section B4.1b, if the corner
radius is not known, b and h shall be taken as the outside dimension
minus three times the design wall thickness. This is generally a
conservative assumption.

Calculate b/t of the most slender wall:

h 12—-3(0.349
A= 0o 123039 344
t 0.349
Determine the wall limiting slenderness ratio, /17”, from AISC

Specification Table B4.1a Case 6:

Ir= 14 E 29000_352
r= 1 Fy YA

+ A< Ar — therefore, the section does not contain slender elements.

Because ry < rx and (KL)x = (KL)y, ry will govern the available strength.

kLy 0.8X20X12_479
4.01 -

ry
4.4.71\/E= 4.71 /29000 - 118 >
Fy 46

47.9, therefore, use AISC Specification Equation E3 — 2
2

kL
ry

Fy
Fe = = 125ksi Fer = ((0.658)5) Fy = 39.4ksi

G+)

Pn =Fcr x Ag = 39.4 x 14.6 = 575kips

From AISC Specification Section E1, the available compressive strength
is:

LRFD @c=0.9
@c Pn=0.9(575) =518k > 510k
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EX: Given an ASTM AS53 Grade B Pipe compression member with a length of
30 ft to support a dead load of 35 kips and live load of 105 kips in axial
compression. The column is pin-connected at the ends in both axes and
braced at the midpoint in the y-y direction.

Select the suitable pipe section.

i%-i’lb Hps
F w105 klps

T

15"

Braced —m¥ ——
Yedlrecton

anky

Lom 30-r

|4:I-I

-l
—

.l.".'-'l.l'.:."

Solution:

1- Specification, dimensions & properties:

steel Fy Fu PD PL Lu L
A53GB 35 60 35 105 15 30
2- Loading:
LRFD

Pu=1.2x35+1.6 x 105 = 210kips

3- Using tables:
From AISC Specification Commentary Table C-C2-1, for a pinned-pinned
condition, K =1.0.
Therefore, (KL)x = 30.0 ft and (KL)y = 15.0 ft. Buckling about the x-x axis
controls.
Enter AISC Manual Table 4-6 with a KL of 30 ft and proceed across the table
until reaching the lightest section with sufficient available strength to
support the required strength.
Try a 10-in. Standard Pipe.
From AISC Manual Table 4-6, the available strength in axial compression is:

LRFD
@c Pn = 222kips > 210kips O.K
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The available strength can be easily determined by using the tables of the
AISC Manual. Available strength values can be verified by hand calculations,
as follows.

4- Using equations calculations:

From AISC Manual Table 1-14, the geometric properties are as follows:

A D
sec g r 1= Z

Pipe 10 standard 11.5 3.68 31.6

No Pipes shown in AISC Manual Table 4-6 are slender at 35 ksi, so no local
buckling check is required; however, some round HSS are slender at higher
steel strengths. The following calculations illustrate the required check.

Limiting Width-to-Thickness Ratio:
E

Ar =0.11 E from AISC specifi.table B4.1a case 9
9000

2
r=011 22" =911
r 35

A < Ar;therefore the pipe section is not slender.

Finding critical stress Fcr;

kL _30x12 _
r 368
29000
4.71 / =4.71 ’ = 136 > 97.8; (therefore AISC spec.apply E3 — 2).
= 29.9ksi
(—)2

Fy
So; Fer = ((O.658)Fe) Fy = 21.4ksi

Nominal Compressive Strength:
Pn=Fcrx Ag =21.4 x11.5 = 246kips

45 of 46




From AISC Specification Section E1, the available compressive strength is:

Thanksfor emmg,readng & Semousnes



