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& FIGURE 6.3
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shows a beam-column with an axial load and a transverse uniform load. Af an arbitrary
point O. there is a bending moment caused by the uniform load and an additional mo-
ment Py, caused by the axial load acting at an eccentricity from the longitudinal axis
of the member. This secondary moment is largest where the deflection is largest — in this
case, at the centerline, where the total moment is wL*/8 + P3. Of course, the additional
moment causes an additional deflection over and above that resulting from the trans-
verse load. Because the total deflection cannot be found directly, this problem is non-
linear; and without knowing:the deflection, we cannot compute the moment.

Ordinary structural analysis methods that do not take the displaced geometry into
account are referred to as first-order methods. lterative numerical techniques, called
second-order methods, can be used to find the deflections and secondary moments, but
these methods are impractical for manual calculations and are usually implemented with
a computer program. Most current design codes and specifications, including the AISC
Specification, permit the use of cither a sccond-order analysis or the moment amplifi-
cation method. This method entails computing the maximum bending moment result-
ing from flexural loading (transverse loads or member end moments) by a first-order
analysis, then multiplying by a momenr amplification factor 1o account for the secondary
moment, An expression for this factor will now be developed.

Figure 6.4 shows i <imply supported member with an axial load and an initial out-
of-straightness. This inttial crookedness can be approximated by

y sin o
,"() = €5 S
L
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# FIGURE 6.4
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where ¢ is the maximum initial displacement, occurring at midspan. For the wurdmlze
system shown, the rmoment - curvature relationship can be written as

dzy M

&k E ,
The bendmg moment M is caused by the eccemncny of the axxal load P wnt.h respect

additional deflection y resulung from bending. At any location, the momem is

M=P u(.Vo + )’)
Substituting this equation into the differential equation, we obtain
dy [ ( oo RX )
= =-=—lesmMm—+y
dx Ei L
Rearranging gives
2,

which is an ordinary, nonhomogeneous differential equation. Because it is a seconds' ,.
order equation, there are two boundary conditions. For the support conditions qhnwn,
the boundary conditions are

At x =0, y=0 andat x =L y=0

ential cquanon and the boundary condmons is

= Bsin-’E
L
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where 8 is a constant. Substituting into the differential equation, we get

2
X psin B hpga I Al g
L EI L El L
Solving for the constant gives
R
B = -EI = e e
F ”2 | — ' El L 1
E p: L
where
3
F = Z f’ = the Euler buckling load
N 3 ¢ .
v y=Bsin— =|—+——]sin —
L [li’:_!f:_i - I] L
M= F(p+)y

. T 4 . X
Pdesin — + | ————— | sin —
{ L [(mm—l] L}

The maximum moment occurs at x = Lf2:

(P/E) -1
= Pe tr’(fP“)_—_l_'i"_'l_
(PIP) ~ |

Y -
_ | = (B,IFP,)

Mmu

243

where M, is the unamplified maximum moment. [n this case, it results from initial
crookedness, but in general it can be the result of transverse loads or end moments. The

moment amplification factor is therefore

1
L= (R /F)

(6.4)

As we describe later, the exact form of the AISC moment amplification factor can

be slightly different from that shown in Expression 6.4.
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