


, = ”L—E’f /“/o Y~ Early researchers soon found that Euler's equation did not give reliable results for

Equation 45 i identical t the Exferequation, except that £ is substtwted for .~ SIOCKY, Or less slender, compression members, The reason 15 that the small slenderness

reuress /N S Y g7 ratio for members of this type causes a large buckling stress (from Equation 44). If

i ond the stress at which buckling occurs 18 greater than the proportional limit of the mate-

A 5 1 /0 fernr 2 ol e ral, the relation between stress and strain 1s not Linear, and the modulus of elasticity

#ﬁ = (= — - (/e Ecunnolongerbe used. (In Example 4.1, the stres it buckling is P /A=2789/146=
L = 19.10 ksi, which is well below the proportional limit for any grade of structural steel.)

Zo 7 ﬁ E Zﬂ”ﬁ This difficulty was initially resolved by Friedrich Engesser, who proposed in 1889 the
Colupy | S E ;ﬁf? L G /v use of 4 variable tangent modulus, E,, in Equation 4.3, For a material with 2
: ) - 6 stress-strain curve like the one shown in Figure 4.5, E is not a constant for stresses

| : greater than the proportional it £y The tangent modulus E, 1 defined as the slope

Friedvieh of the tangent to the stress~strain curve for values of fbetween Fyand . It the com:
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pressive stress at buckling, P, /A, i in this region, it can be shown that

Relation is Nolue [for E s Va/“fﬁﬁm O—= /T/LL @’}mw



Engesser’s tangent modualus theory had its detractors, who pointed out several /D
inconsistencies. Engesser was convinced by their arguments, and in 1895 he refined //5
his theory o incorporate a reduced modulus, which has a value between E and E .
Test results. howewver, always agreed more closely with the tangent modulus theory.
Shanley (1947 ) resolved the apparent inconsistencies in the original theory. and
today the tangent modulus formula, Equation 4.5, is accepted as the correct one for
inmelasnice buckling., Although the load predicted by this equation i1s actually a lower
bound on the true value of the critical load. the difference is slight (Bleich, 1952).

For any material, the critical buckling stress can be plotted as a function of slen-
dermess, as shown in Figure 4.6. The tangent modulus curve is tangent to the Eunler curve
at the point corresponding to the proportional himiat of the material. The composite
curve., called a celwrrin strengrh curve, completely describes the swength of any column
of a given materal. Other than F,. £, and E,. which are properties of the material. the
strength is a function only of the slenderness ratio.
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The column buckling problem can also be formulated in terms of a fourth-order
differential equation instead of Equation 4.2. This proves to be convenient when
dealing with boundary conditions other than pinned ends.

For convenience, the equations for critical buckling load will be written as

P .5 7 e 4.6a/4.6b
= ar I, = ba/4.
RO 7 ¢ Ny T (KLfrY { )

column given by Equation 4.6b. Dividing it by the cross-sectional area gives the
buckling stress:

s, 6/7@/0/(_0/4 S]%(Z D@)jf)
“ (KL/r)? '\[\]/ /)Gm / S[;GU/

The rotational stiffness of a column in this state would be proportional to E I /L _,
the approprate value of & for use in the alignment chart 1s
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in hot-rolled, wide flange shapes which is about 0.3F,. To obtain 4 smooth transition
from the parabola to the Euler curve, the constant B was chosen to be FTIMnJE* The Because E, is less than E, G 18 less than G, .., and the effective length factor K
slmdgrﬂ'lﬁs ratio that corresponds to F, = 0, SF is designated as C, in which will be reduced, resulting in a more economical design. To evaluate E, /E, called the

stiffness reduction factor (denoted by 1,), consider the following relationship.
cn=\/(2“%5) C/ZC (O /W”” 293) - /f oo
: Fer inctastic " HIE{/{[KU”E i E, i éb = CY ¢

Thus, for columns with slenderness ratios less than or ﬁgual tu Cc,_ the CRC curve Foowio TE(KL/E E _/’///r, s les )’
assumes the shape of a parabola, and for slenderness ratios exceeding C., the CRC
curve takes the shape of a hyperbola, 1.¢. From Galambos (1998), F,, isetssic) A0d F rasic a0 be expressed as —
([ (&Lm?
F}'ll E W ¥ fﬂl’% = CJ: E‘I{II:IE|I151I.€:I -{ ]
For= s g J
U o KL (29.4) N 7S 4
{KL".F'}! ’ r £ Fm-:lam»:r < 3 6/ — /LJ
i C
Equation (2.9.4) can be rewritten in terms of P, as follows where 2) A 2
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Table 2.6 Column design equations T

Column curves Column cguations \

CRC curve By _ & _/ i, = 2
Pa L
F:I. = E ..E_E:- -...'1
P 1-A754

AISC-ASD curve & = 7 s . A = V2
b3 e N - gD
s RECRE T 1 € e > 2
P, T 233 i

.71 - 2. %4

AISC-PD curve % = T3 E J-.-.Il = 1.0 1. = 42
Y g + g2 - g AV2P

AISC-LRFD curve % - 0.658% A o= 1.5
3
P
F: = H}IST A= 1.5

Elastic

A

AC < \I\Z el aol iC



7
2%
W1\ <
e
A m/?
yﬂ%@f/
\)
/m/
N
o
N »
. L
N
S
N
A
AN
Q
\)




For jockotie - 75 Jer s kst el C

then

F,
E‘r(inclastic) = TbE‘r(clnstic) =T (_‘2-

T F, /\C
>\C= Fc*r(_imlr;snc) ‘ / 7L
From Equation 4.13, /LZ,/ /NEe Dl 1C
F;‘r(inclastic)=(l—'L.c)F\.=(l— Ty )Fv e, 71;/}443 OJ[
4 : 4Fcr(inclastic) :
VR ~ — — _
— /Z , /LCf/'O _ (4}/6—(“Cb/j>/z/j é/oj /T}
Terryer @ Fer Fos inelall<
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Lé/z 4F////’Z//[Zm >55 4I/C~Z/F
Using the nﬂtalmn F .. = F . Godasiicy and solving for 1, we c-l:/tafn )L— J 2
Fer Fer / _

L {F ][l_ﬂ-] S <,ar3 /’//md LL
This can be written in terms of forces as \/0\ / v &

e )1 4/ i tems of
[ﬂ][ Fi-] Fﬂ) O

P, = nominal compressive strength=F_A_ /Q /71

Py

r
P, = compressive yield strength= F A,

;
i



Substituting the required strength, P, for the available strength, P,. we have

w alP | aP
Ty = _."”T = "E" (AISC Equation C2-2b)

76 ger LARFD 2

where & = 1.0 for LRED and 1.6 for ASD. The required strength is computed at the ASP
V/ w( WO

tactored load level, and the 1.6 factor 15 used to adjust the ASD service load level to
a factored load level. The stiffness reduction factor, 7, is also used to adjust member OSe X
stiffnesses for frame analysis. This is discussed in Chapter 6, “Beam-Columns.”

()S/?j o o=l LRFD
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Sect. C3.]
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(b) An additional factor, T, shall be applied to the flexural stiffnesses of all mem-
bers whose flexural stiffnesses are considered to contribute to the stability of the
structure. For noncomposite members, T, shall be defined as follows (see Section
11.5 for the definition of T, for composite members).

CATCULATION OF AVAIT. ABILE STREMNGTHS 16.1-27

(1) When ao P /P,. =< 0.5 /?’ N /szlopf_PL /)SD

T, = 1.0 ﬂ_ /Q (C2-2a)

(2) When aP, /P, > 0.5

Th zdiﬁPr‘FPnIJ[I-{&Pranj}] (C2-2b)
where
o = 1.0(LRFD); cc= 1.6 (ASD)
P, =required axial compressive strength using L RFD or ASD load combina-
tions, kips (IN)
P,y = cross-section compressive strength: for nonslender-element sections. .
= FiyAg. and for slender-element sections, F,. = F,A.. where A, is as

defined in Section E7. kips (IN)

User Note: Taken together, Sections (a) and (b) require the use of 0.8t times
the nominal elastic flexural stiffness and 0.8 times other nominal elastic staff-
nesses for structural steel members in the analysis.

Prepared by Eng Maged Kamel.
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