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ALIGNMENT CHARTS OR NOMOGRAPHS

As already discusssd in this chapter, the alignment charts, or nomagraphs (see Figures 5-10 and
5-11 or see AISCM Figure C-A-7.2), is an altermnate method to Figure 54 that can be ased to
determine the effective length factor. K, for columns. These nomographs account for the moment
or rotational restraints provided at the ends of the column by the beams or girders framing into
the columns, They provide more accurate K values, but reguire knowledge of the sizes of the
beams, girders, and columns, and are mvore cumbersome to use. Two charta are presented in
the AISCM: sidesway inhibited (ie., buildings with braced frames or shear walls), reproduced
im Figure 5-10, and sidesway uninhibited (ie., buildings with moment framss), reproduaced in
Fipure 5-11. The following assumptions have been used in deriving these alignment chartas, or
nomagraphs [1):

The behavior of the frame is purely elastic; that is, elastic buckling of the columns is
assumed.

1

2. All members have prismatic or constant cross section.

3. Al the beam-to-column or girder-to-codumn joints are “rigid”™ or fully restrained (FR)
i Ta b T Al g i A ]

4. For columns in buildings with braced frames or shear walls as the lateral force resisting
system {ie., sidesway inkibited frames), but which have “rigid” beam-to-column and
girder-to-column connections, the rotations at opposite ends of the restrained beama or
girders are egual in magnitade and opposite in direction, resalting in single-curvature
5. For colummns in buildings with moment resisting frames as the lateral force resist-

ing system (i.e., sidesway unirnbibired frames), the rotations at opposite ends of the
restraining beams or girders are equal in magnitude and direction, resulting in double-
curvature bending in the beams and girders.
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3. For columns in sidesway-uninhibited frames, rotalions al opposite ends of the
restraining beams or girders are equal 1in magnitude and direction, producing
double- or reverse-curvature bending,

6. The stiffness parameters, L P/ EI, of all columns are equal.

7. Joint restraint 1s distributed to the column above and below the joint in proportion (o
El/L for the two columns.

8. All columns buckle simultancously.

9. Mo significant axial compression force exists in the beams or girders.,
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FIGURE 9.37 Column curvature.
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Cr = (C-A-T-3)

The subscripis A and 8 refer to the joints at the ends of the column being considered.
The symbeol L indicates a summation of all members rigidly connected to that joint
and located in the plane in which buckling of the column is being considered. E_,; is
the elastic modulus of the column. £, is the moment of inermia of the column. and
Lo is the unsupported length of the column. £, is the elastic modulas of the girder,
I is the moment of inertia of the girder. and I is the unsupported length of the girder
or other resiraining member. [, and £, are taken about axes perpendicular to the
plane of buckling being considered. The aligsnment chants are walid for different
materials if an appropriate effective rigidity, £/, is used in the calculation of Cr.

It is important to remember that the alignment chants are based on the assumptions
of idealized conditions previously discussed—and that these conditions seldom exist
in real siruciures. Therefore. adjustments are often reguired.
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Aeljre srrrrecrers For Colaerrrme s Wiekly IriffFe rinng Fred Coereedirfewrrys. For colormmem emds spyppecerted
by, but ot mgidily connecied o, 8 foolting or foumndareon,. O is theoretically infhmity
but aunless desigmed as a true fmiction-fres pin, meay be taken as 10 for practicsi

diesigmns. ['F the columm end is mgidiy attached o a properdy designed footing ., O rray
be mmbkien as 100, Smualler values may be used §F justified by amnalwvsis_

Al srrrrecrrrs  fror Crirders Wirfe D§ffering FEFrrd Condiricrsrse. For sidesway inhibiced
frames. these adjusomments for different girder end cormditions meay be made:s

(a) If rotaticomn at the far end of a ginder is prevented. mmualuply ¢(EL7L ), of the mremibeer
by 2
iy IF the far end of the girder is pinned, malviply (EFAL ), of the member by 1.5,

For sidesway mninhibited frames and girnders with different boonmnedary comnditions, the
modified girder length, £..7 should be aused in place of the acaal girder length, where

L = g (2 — M P AT (C-A-T—4)

AL e is the far end girder moment and Ay is the mear end girder mmroneene frooaomn a first-
arder lateral analysis of the frame. The rato of the oo moaments s positive 1 thee
girder is in reverse curvature. If Af /Ay is more thhan 2.0, then [ becomes megative,
i wwhich cass OF is megatine ared the alignmment chart equanion mast be used . For sidesway
uminnhibited frames. the following adjustmeents for different girnder ermnad  coredi tions
maEy e mmade:

{a) IFf rotation at the far end of a girder is prevented., multiply (EF£ 8 ), of the meernm-
ber by SFa.

(b If the far end of the girder is pinmed, multply (Ef/0), of the member by '/2.

S e S S N P S —.-



9.2.4 Portal Frames Yorsila SZ/fUC/L\AV&Z @”foﬁ M

Laterally loaded portal frames can also be analysed by the approx

employed in Sec. 9.2.3 for mill bents. Consider, for example, a fixed base porial /a/
frame of Fig. 9.1 la. Note that the deflected shape of a portal frame depends on 3

the relative stifiness of columns and girder. Two extreme cases are considered.

In Fig. 9.1156 the deflected shape of the frame when the girder is very stiff in K ’
comparison with the columns i1s given. The points of contra-flexure lie at about y 7, )O
mid-height of the columns. The deflected shape of the frame when the girder

is flexible in comparison with the columns is given in Fig. 9.11¢. The points of
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(a)

Fig.9.11 | (a) Portal fraome, (b) Frome with stiff girder, (c) Frome with flexible girder,
(d) Moment diagram for frame with stiff girder, (e) Moment diagram for
frome with flexible girder,
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