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Introduction Alown Williem

As shown in Fig. 6.1, a compression member is a structural element that supports loads
applied along its longitudinal axis. Axially loaded members are compression members
that are nominally free from applied bending moments and consist of the several
types illustrated. The column in a building frame, as shown in Fig. 6.1a, supports the
gravity loads applied to the frame. Failure of a column may cause complete collapse of
the structure abowve the failed column. A brace in a braced frame, as shown in Fig. 6.1b,
provides the lateral restraint to resist the horizontal forces caused by wind or earthquake.
Acstrut in a roof truss, as shown in Fig. 6.1c, is a web member that provides the required
compression force. Similarly, as shown in Fig. 6.1d, the top chord provides the compres-
sion members in a truss,

“,.fl':ulumn i Strut ‘Ir l l'
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— Brace 1' © i-
Introduction to — " e~
compression il il ,,?/\w
members (@) ) ' @

Figure 6.1 Types of compression members.



Stress for a compression member ﬁo/ﬂ \/0 V' mea

o Compression Members: Structural elements that are subjected to axial compressive forces
only are called coluwmrmns. Columns are subjected to axial loads thru the centroad.

e Stressg: The stress in the column cross-section can be calculated as

P
= — 2.1
v ; (2.1)
where, Fis assumed to be uniform over the entire cross-section.

- This 1deal state is never reached. The stress-state will be non-uniform duoe to: : Je L

s tal e
y2ee v

Voach

Accidental eccentricity of loading with respect to the centroad

Member out-of —straightness (crookedness), or

- Residual stresses in the member cross-section due to fabrication processes.

.cQ..______________________

o Accidental eccentricity and member out-of-straightness can cause bending moments in the
member. However, these are secondary and are usually ignored.
o Bending moments cannot be neglected if they are acting on the member. Members with axial

compression and bending moment are called beami-coluwmns.

Prepared by EngMaged Kamel.
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Single-angle members (a) are satislactory for use as bracing and compression
members m hight trusses. Equal-leg angles may be more economical than unequal-leg
angles, because their least r values are greater [or the same area ol steel. The top chord
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@ se ﬁ{@ué/é a”&/@& bo/ée/faaf Crisy — 76 P Chov o
members of bolted rool trusses might consist of a paor ol angles back (o back (b). There
will often be a space between them for the msertion of a gussetl or connechon plate at
the joints necessary [or connecthions (o other members, An examination of ths sechon
will show that 1t 15 probably desirable 1o use unequal-leg angles with the long legs back
1o back 1o give a betler balance between the r values aboul the x and y axes
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Double angle as compression member
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Four ans /o box section and 2 Gre Surtable

— L |
[or OC”@ - Four angle as box section as
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Modes of failure
/%CCO)/W&\ C

There are three seneral modes by which axially loaded columns can fail. These
are lexural buckling, local buckling, and torsional buckling. These modes ol buckling
are briefly defined as [ollows:

1. Flexural buckling (also called Euler buckling) is the primary type of buckling dis- Z L
cussed in this chapter. Members are subject to flexure, or bending, when they be- = ey
come unstable.

2. Local buckling occurs when some part or parts of the cross section of a column
ar¢ 50 thin that they buckle locally in compression before the other modes of

buckling can occur. The susceptibility of a column to local buckling is measured

by the width-thickness ratios of the parts of its cross section. This topic is ad-
dressed in Section 8.7. 7able B4./6

3. Mexgral torsional buckling may occur 1n columns that have cerlamn cross-
sechional configurations These columns [l by twisting (lorsion) or by a combi-
nation of torsional and [lexural buckling. This topic 15 mibally addressed
Section 6.10,



APPENDIX A Euler equation

Derivation of the Euler
Formula

The Euler formula is derived im this section for a straight, concentrically loadaed, homo-
eoencons, lome, slender, elastic, and weightless columon wilkh rounded ends. T is assumced
Lhal this porlfect coluammn has been latcrally dellected by some mcans, as shown im
Fig. A .1 and that, if the concentric load M were removed, the colummn would straightecm
ol compleioe iy

The x and v axes are located as shown in the MNHeure. A the bendimng muoment at

any paximil im Lhe columm s v ithe eqgualicon of the elastic curve can e wrillbom as
e =y
=r = — "
o x= ¥
FHoyr conmwenicrmnce imn imleceralion, bolh sides ol the ecguationmn are rmultipplicad by ey
ol s
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Fe & =2

el

ey ™+ -
E"{:E Py = Oy FIGURE A_1 = £ |
When v = & dwdx = 0, and the value of C; will equal P5° and

dy
o x

The preceding expression 15 arranged more conveniently as follows:

(""") - L (57 — »)

Er ) = —Py* + P5*

P
— e ,.-'32
d.:-: EX ¥
oy f &
- V77 b

Euler equation for pinned ends

Prepared by Eng Maged Kamel,
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Euler equation for load Euler equation for load

Intcgralting this expression, Lhe resall is

L £,
= —_ = — S i
arc sim 5 =7 i =
Wwhom x — (amd yw — (b, 5 — (L The column is oot into the shape of a sine cuarve

cxproesscod by the couation

e siy e — | Ll
arc sin-o =T~

Wvhom »x — 2, »w — &, resultimge in

In this expression, P is the critical buckling load, or the maximum load that the
column can support belore it becomes unstable. Solving [or P, we have



This expression is the Euler formula, but usually it is written in a little different
form involving the slenderness ratio. Since r = W I A and = A and I = A, the

Euler formula may be writlen as é/
P__=E _ o &,ﬂ\/ef t Loa

The Buler ;x pre&r-iun may be muclifiea (8 acmant for alterHative support conditions
I:ﬂ],r using the factor K to Eive

F =m’E/{KL/r)
Euler equation for stress
where KL /r=slenderness ratio

K = effective length factor
= factor that modifies actual column length and su pport conditions to an
Equivalent pin-eru:le::l column



] http://www.bgstructuralengineering.com/BGSCM14/BGSC
Local buckling M006/index.htm

Figuwure .1 .1
General vs. Local Buckling

Click: on image for larger wiew
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https://calcresource.com/statics-buckling-load.html

//)n o éhf Sourte % Except for the buckling of entire members, other types of instability can also occur n a structure, When, the

compressive stresses n & local area of amember either beam or column) become critcally high, local instabilties may
occur, assodlated with the slenderness of the plates, the cross-section is buit from, rather than the member
slenderness. These phenomena are classiied as local buckling, shear buckling and crippling.

Flexural, torsional and Flexural-
Torsional buckling

major minor

axis  axis
Flexural  Torsional ;L?’;i‘:;::l
Buckling Buckling Buckling
Member buckling modes dby Eng'Mw Kamel‘
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