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4. 2. Unsupported and Effective Lengths of Compression Members
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4. 2. Unsupported and Effective Lengths of Compression Members

il gbjidl altal /, Jleall Jghall

\T)PCA SRR
Pc Pc

anlnial 2wy g alwoll ggipdl aliio a dalpall pnliell dgluy ponoll piay gf jalill o
elglw apip p4any.abalilig axnclll g jilgallg axoclll (o @ algoll adaall Joall gl o
Luibhaan pe jlbylallel gunll bl byl @ia ge bl il an afaall e jliagll cyiail
Slawllalail ggai g gaos . jlall sglwo aic Sulall jivl alin ayp aaj alg Jols Jauiiy

Jhjgallan Lija Jaiy éajan gl alnanin jlall

Saanlleguj.p.a 18




dhgenall pnliell 4 dalaill cl pili .4
hgenall jniell Jleall Jghllg agiwall j1é Jghll .2 .4
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(U oS adibwll athadall auali ga oy

: <l, <l, :LUulnaluibailjiall e aljlbyl o ahgoaall poliell 4, Jleall Jghll 136 O

2/, 9941 g ganug /,go pstladh Wil aaljinll aljlbyl a dagennll nliell /, Jleall Jghll O
Al g

JLoall g hll J_nlge 1137 Jaf (oo ddlill Jla bl 6 aag agall alahaall plaiinl anmy O
AV glen.Jigill e lpil aaljinllg Luil aaljiall e aljialll a kdhgenall pnlioll
LAlkai sl aic sgiwall a jilgall £,/,/L, ggnan Ll danclll £/, /L £gna0 (i dill
hgenall jniel

w = ZECIC/LC
XE,I/Ly

/,for T beams can be closely approximated as 2 times /, for the web.

Saanlleguj.p.a 19




dhgenall pnliell adalill alpili .4
hgenall jniell Jleall Jghllg agiwall j1é Jghll .2 .4

Wa k Y Va k [/}
500 T 10 L 500 o ] == 200 - =
100 = = 100 100.0 — = 100 —  100.0

= e = 50.0 _| aC — 50.0
5.0 - 0 — 5.0 30.0 — -1 5.0 — 30.0
30— — 30 20.0 — —+ 40 — 200
2.0 — = — 2.0 ] - —
— — 10.0 — — = aly — 10.0
o 1/ ] d= — 9.0
0.8 2.0 — T E
1.0 — — z)-g 7.0 — — 70
0.9 — — O 6.0 —| + -
0.8 — A 0.8 6.0
0.7 — — 07 5.0 — - — 5.0
0.6 — -1 o7 — 0.6 4.0 — — 2.0 — 4.0
0.5 — — 05 ] . —
I B 3.0 — -
0.4 — — 04 T .
i —— 0.6 B _ -1 15 -
0.2 — ) — 02 1
N In 1.0 — = — 1.0
= + — 0.1 ]| 1 B
0— —— 0.5 — 0 (| —1 10 L 0
Luila daljinll pié aljlialll a dhgenall pnliell Jleall Jghll Jnolgc Lila daljinll aljliayl .JCI dhgenall pnliell Jleall Jghll Jnlgc

Saanlleguj.p.a 20




dhgenanl |J_DLi_Q_||L=,_ﬁI('fI_(fI|_‘LiJ|G|JJ.__'i'i.'I'.4

4. 3. Radius of Gyration dllhell ha ani.3.4
r= |2
Ag
b >
r=0.3b r= 0250
\Ag

Jiaiwlll awljy abil o Glleadlh aelll o éjo 0.30 ] Lglwn r dllhell jha cani A anuwy
QA piall GJQQ_Q_D_DJU_DLI_Q_U pall jn dyn 0.25q althimnll ghlanll alh dhgennll jnlioll

Saanlleguj.p.a 21




dhgennl |J_DLi_Q_||L=,.ﬁI('fI_(fI|_‘LiJ|G|JJ.__'iTI'.4
ailill @ajall go gpall Julaill éoadiwnll ghldnll clanign 4 .4
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5. 2. Moment Magnification—Sway Frames

Agnell ablaiyo dalai Jaaic My apan pell *asljull* pgje | 6, M, ajianll "aaljll* pgjc calid

M; = Myns + 05 My

M, = Myps + 65 My
hgenoll pnioll @ alail aic dawguan apily dalj quni § il Joall ge ailill aenoll pjoll (M,
hgenall pnioll @ ajlaill aic wguan apil aalj qni il Joalll e qilill aenoll pjell M,
hgenoll nioll Q) alaill aic awguan apily dalj] eoni 4 il Joall ge ailill aonoll pjoll :M, ,
hgenall nioll ) ajlaill aic fwguan apil daalj cuni il Joalll e qilill aenoll pjell :M,,

aoljdl pjc yuai Jolc o

Ll aapnll go gyo Juai phaiwl piy M, aaljull pgjeg M, aaljlilll pgje alwa gi le agslill aay

Saanlleguj.p.a 31




pjell juaicljal .5

ailall @aljul élla - pjell puaidlac.2.5
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7. Second-order Analysis

It may be evident from the preceding examples that although the ACI moment magnifier
method works well enough for nonsway frames, its application to sway frames is
complicated, with many opportunities for error, especially when the following equation is
used to calculate 6..

M o
g
0.753. P,

55M5 =

1

With the universal availability of computers in design offices, and because of the
complexity of the moment magnifier method, it is advantageous to apply rational
second-order frame analysis, or P-A analysis, in which the effects of lateral deflection on
moments, axial forces, and, in turn, lateral deflections are computed directly. The
resulting moments and deflections include the effects of slenderness, and so the
problem is strictly nonlinear, whether the model used for the analysis is elastic (ACI Code
6.7) or inelastic (ACI Code 6.8).
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7. Second-order Analysis

Elastic second-order analysis in accordance with ACI Code 6.7 must consider the effects
of axial loads, cracked regions within the members, and load duration, and although
elastic models are simpler to implement than nonlinear models, the key requirement for
El values for second-order frame analysis, whether elastic or inelastic, is that they be
representative of member stiffness just prior to failure. The values of E and | in ACI Code
6.6.3.1, meet that requirement and include a stiffness reduction factor of 0.875.




dalaill ailyili 331 aglill dajall go Julaill .7
7. Second-order Analysis

Inelastic second-order analysis in accordance with ACI Code 6.8 must account for the
effects of material nonlinearity, member curvature and lateral drift, load duration,
shrinkage and creep, and the interaction between the frame and the supporting
foundation.

ACl Code 6.8 requires that the second-order analysis procedure be one that provides a
strength prediction that is in “substantial agreement” with test results for reinforced
concrete columns in statically indeterminate frames. ACI Commentary 6.8 suggests that
a prediction within 15 percent of the test results is satisfactory. It also suggests that a
stiffness reduction factor ¢, of 0.80 be used to account for variations in actual member
properties and for consistency with elastic second-order analysis under ACI Code 6.7.

The member dimensions used in any second-order analysis must be within 10 percent of
the final dimensions. Otherwise, the frame must be reanalyzed.

A rational second-order analysis gives a better approximation of actual moments and
forces than the moment magnifier method. Differences are particularly significant for
irregular frames, frames subject to significant sway forces, and for lightly braced frames.
There may be important economies in the resulting design.
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8. Second Order P-Delta Effects in ETABS

Typically, design codes require that second order P-Delta effects be considered when
designing concrete frames. These effects are the global lateral translation of the frame
and the local deformation of members within the frame.
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Consider the frame object shown in fgure, which is extracted from a story level of a larger

structure. The overall global translation
deformation of the member is shown as

of this frame object is indicated by A. The local
0. The total second order P-Delta effects on this

frame object are those caused by both A and 6.

Original position of frame ==
element shown by vertical
line

Fosition of frame element
as a result of global latera
translation, A, shown by
dashed line

s

Final deflected position of
frame ele ment that
Includes the global lateral
translation, A, and the
local deformation of the
element, &
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8. Second Order P-Delta Effects in ETABS

The program has an option to consider P-Delta effects in the analysis. When P-Delta
effects are considered in the analysis, the program does a good job of capturing the
effect due to the A deformation shown in figure, but it does not typically capture the
effect of the 6 deformation (unless, in the model, the frame object is broken into multiple

elements over its length).

Original position of frame ==
element shown by vertical
line

Fosition of frame element

as a result of global Iateral\
translation, A, shown by
dashed line
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8. Second Order P-Delta Effects in ETABS

Consideration of the second order P-Delta effects is generally achieved by computing the
flexural design capacity using a formula similar to that shown in the following equation.

Mcap = a My + b My,

M,»= Flexural design capacity required

M_.= Required flexural capacity of the member assuming there is no joint translation of
the frame (i.e., associated with the § deformation)

M, = Required flexural capacity of the member as a result of lateral translation of the
frame only (i.e., associated with the A deformation)

a = Unitless factor multiplying M,

b = Unitless factor multiplying M, (assumed equal to 1 by the program)
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8. Second Order P-Delta Effects in ETABS

When the program performs concrete frame design, it assumes that the factor bis equal
to 1 and calculates the factor a. That 6 = 1 assumes that P-Delta effects have been

considered in the analysis. Thus, in general, when performing concrete frame design in
ETABS, consider P-Delta effects in the analysis before running the program.




