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WHAT IS STABILITY?

Stability: The capacity of a compression member, element or
frame to remain In position and support load, even if forced
slightly out of line or position by an added lateral force.

Instability: A condition reached during buckling under
Increasing load in a compression member, element or frame at
which the capacity for resistance to additional load is
exhausted and continued deformation results in a decrease In
load resisting capacity.
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Effective factors on STABILITY

(a) Flexural, shear and axial member deformations

(b) Second-order effects (including P-A and P-6 effects)

(c) Geometric imperfections

(d) Stiffness reductions due to inelasticity, including the effect of partial
yielding of the cross section which may be accentuated by the presence of
residual stresses




Ogo NG el o) Ak g Jlad Slal 3l a g Juad

Vst slags syl (mp Y st Sl bl Lol s s wileny Sla i S

|

s¥eé slalaisle G lats slaygim sdes a5 VY e b Fe o 08 o b slasysin o °
&S e Wl ]y oYL s Coenl Wlows slo S 052 el o ST

ﬂwﬁ hom g iz sl S80S0 8 ol 00 Qo 23 i 9525 Sl Jf—\
Sl pas Sl sl oG ys ) Sldes Sl bs S

| -

-FN- - A

; ;
N ( [[ Y,




&

I Gl ol Atk g Jelad el Y

1p g Juid

First-order analysis: Structural analysis in which
equilibrium conditions are formulated on the un-
deformed structure; second-order effects are

neglected.

Second-order analysis : Effect of loads acting on
the deformed configuration of a structure; includes
P-o effect and P-A effect.
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v' Eccentricity of axial loading
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v" Flexural, shear and axial member deformations
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: 2 The P-A and P-5 effects

P-A = Effect of loads acting on the displaced
location of joints or nodes in a structure

P-$ =Effect of loads acting on the deflected
shape of a member between joints or
nodes.

Fig C-C2.1. P-A and P-d effects in beam-columns.

R0 ¢

P-A v
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Magnification factor
2aS )  u pa

Equivalent uniform moment factor

or
Modification factor
a6y R Jales oy jua
Py
o = —
Pe

Amplification Factor
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Evaluation of C,,

The factor C,,, applies only to the braced condition. There are two categories of mem-
bers: those with transverse loads applied between the ends and those with no transverse
loads. Figure 6.8b and ¢ illustrate these two cases (member AB 1s the beam—column
under consideration).

1. If there are no transverse loads acting on the member.

C, =06 &4[ E‘ ] (AISC Equation A-8-4)

M, /M, is a ratio of the bending moments at the ends of the member. M, is the
end moment that is smaller in absolute value, M, 1s the larger, and the ratio is pos-
itive for members bent in reverse curvature and negative for single-curvature
bending (Figure 6.9). Reverse curvature (a positive ratio) occurs when M, and
M, are both clockwise or both counterclockwise.

2. For transversely loaded members, C,, can be taken as 1.0. A more refined pro-
cedure for transversely loaded members 15 provided in the Commentary to
Appendix 8 of the Specification. The factor C, 1s given as

C. =1+ lp[ af: ] (AISC Equation C-A-8-2)

£l
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(a) Unbraced
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(b) Braced (no (c) Braced (with
transverse loads) transverse loads)
=) —"
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Modification Factor Cm= 0.6 — 0.4(M/M>)
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TABLE 12.3.1 Suggested Values for Cm for Situations with No Joint

Translation?®

Co Can
Case (positve) inegatve | Primary Banding Momant
| moment) rmigment)
M M ]
I | P, P o0+ 02a! - My,
‘Fm';-
F W
T N N
L
. . Q
il 2 ‘I I = 0.2 — e
- — R .&
P, v Mo
4 I Il I = 03 1 — e &ﬁ
5| P : o
—_—  —— 1 - Ode I — 0 V&w
L My,
6|l e [271° § 1- -
dex I = 03
to x
L ’ : I — 6o 1= 0.2a
. g
8 _&; i I % Eq. (123.8) | not M
- ——— available
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TABLE 11.2  Amplification Factors (1) and Modification Factors
(Crm) for Beam Columns Subject to Transverse Loads between
Joints.

1
Case ifi é Co
iR NRRRRN RN RNARANR NN | 0 10
E 3 L
el
(). | — 04—
ST, 0.4 Py
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I.'l
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f.'l
. 03l 1-032-
L.-E—r? P,
N -]
f é
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N ]
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Modification Factors
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Modification factor NN 098 4w g0 Judxs ,G1 U
(E i
5 1IN p=0.2
[
03]
L
= 0.75-
5 - =0.6
= 0.5—0.4( p = L.
= 0.50 M sé/
ks y .
2 ,
5 | Po &P =pPe ™~
= 0.25 M, > M, p/=ID.B .
=
-
=1 D T T T T T T T T —
i -1 -0.75-05—-025 0 025 05 075 1

End Moment Ratio, M, /M.,

|
— — e —
Single curvature Double curvature

Analytical solution
— — — Approximate solution (Austin, 1961)

Fig. C-A-8.2. Eguivalent uniform moment factor, C,, for beam-columns
subjected to applied end moments.

15 Comparison of theoretical Cm with design recommendations for
members subject to end moments only, without joint translation
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(a) No sidesway and no transverse loading.
Moments bend member in single curvature.

e[ 40N _
Cn = 0.6 = (0.4) (= 55| = 0.92

(b) No sidesway and no transverse loading.
Moments bend member in reverse curvature.

.
C, = 06— 04 (+ %} = 0.30

oy Juab
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lzsu k
S (c) Member has restrained ends and transverse loading
— and is bent about x axis.
. i C, can be determined from Table 11.1
W10 x 49 %
(I, = 272 " —— (AISC Table C-A-8.1) as follows:
KL —KL, |< aP, = 280 k
X
= 20 ft) I p m’E ('r.r (29 % 10°)(272)
— et {KLJJ (12 x 20)?
~ = 1351k
oz 280" _
—1— < 9
Cpn=1 1]4L+ 135 1 =0.92
280k
121][] k
(d) Member has unrestrained ends and transverse loading
and is bent about x axis.
W12 % 58 C,, can be determined from Table 11.1
(I, = 475in%, [<— (AISC Table C-A-8.1).
KL, =KL, aP, =200k
=201t (@)(29 x 107)(475)
= — =2360k
P (12 x 20)°
_1_nal. 200N
Cpn=1 EI.ZLR— m}} = 0.98

19 TEG{]I{
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(a) First-order analysis: For equilibrium, Mg, + Mgy = H L,

Referring to Fig. 12.11.1, first-order equilibrium requires

% M{’rl + Mfr2 = HuLS
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(b) Second-order analysis: For equilibrium, By{(M; + My) = H L, + 2P, 4,

The final (including P—A effect) moment equilibrium may be expressed B = H,L;+ 2P, A,,

2 H L
By(Myy + Myy) = HL, + 3P, Ay, e

23
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(a) First-order analysis: For equilibrium, Mp,, + My, = H L,

24 A, = nH,
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{(b) Second-order analysis: For equilibrium, By(M;q + My} = H L + 2P 4A,,

The equivalent magnified lateral load in Fig. 12.11.1b,
that is, the total moment divided by L, may be taken as

25

2P, Ay,

Equivalent lateral load = H, + 7
£

A,, = n(Equivalent lateral load)

2P, Ay,
L

= n(Hu +
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Substituting A, for nH, gives

Alu EPH A2u
H,L;

Alru
- 3n( )

_ H,L,+ 3P, Ay,
H, L

A2u = A]u +

from which solving for A,, gives

A2u =

B,

1 EP(A”)
- u
26 Bl




Multiplier B> for P-A Effects

The B, multiplier for each story and each direction of lateral translation is calculated

as:
|
B, :—]_ Py =1
PH story
where
o = 1.0 (LRFD); oo = 1.6 (ASD)
Psory = total vertical load supported by the story using LRFD or ASD load com-

binations

Pe siory = elastic critical buckling strength for the story in the direction of transla-
tion being considered, kips (N), determined by sidesway buckling
analysis or as:

HL

= Ry —
ML‘"I-H

27
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and

H = total story shear, in the direction of translation being considered, produced by
the lateral forces used to compute Ag, kips (N)

L = height of story, in. (mm)

Ry =1 —=0.15 (Pys/ Pstory)

Py = total vertical load in columns in the story that are part of moment frames, if
any, in the direction of translation being considered (=0 for braced-frame sys-
tems), kips (N)

Ap = first-order interstory drift, in the direction of translation being considered,
due to lateral forces, in. (mm). computed using the stiffness required to be
used in the analysis. (When the direct analysis method is used, stiffness is
reduced according to Section C2.3.) Where Ay varies over the plan area of
the structure, it shall be the average drift weighted in proportion to vertical
load or, alternatively, the maximum drift.

User Note: Ry can be taken as 0.85 as a lower bound value for stories that include
moment frames, and Ry;= 1 if there are no moment frames in the story. H and Ay
in Equation A-8-7 may be based on any lateral loading that provides a represen-
tative value of story lateral stiffness, H/Ay.

28
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M= BiMyt + BoMy;
Py = Py + By Py

where

B; = multiplier to account for P-0 effects, determined for each member subject
to compression and flexure, and each direction of bending of the member in
accordance with Section 8.2.1. By shall be taken as 1.0 for members not
subject to compression.

By = multiplier to account for P-A effects, determined for each story of the struc-
ture and each direction of lateral translation of the story in accordance with
Section 8.2.2

My = first-order moment using LRFD or ASD load combinations, due to lateral
translation of the structure only. kip-in. (N-mm)

My = first-order moment using LRFD or ASD load combinations, with the struc-
ture restrained against lateral translation, kip-in. (N-mm)

M, = required second-order flexural strength using LRFD or ASD load combi-
nations, Kip-in. (N-mm)

Py = first-order axial force using LRFD or ASD load combinations, due to lateral
translation of the structure only, kips (N)

Py = first-order axial force using LRFD or ASD load combinations, with the
structure restrained against lateral translation, kips (N)

P, = required second-order axial strength using LRFD or ASD load combina-
tions, kips (N) 30
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31
Fig. C-A-8.1. Moment amplification.
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Effective factors on STABILITY

(a) Flexural, shear and axial member deformations, and all other component

and connection deformations that contribute to the displacements of the
structure

(b) Second-order effects (including P-A and P-9 effects)

(c) Geometric imperfections

(d) Stiffness reductions due to inelasticity, including the effect of partial

yielding of the cross section which may be accentuated by the presence of
residual stresses

(e) Uncertainty in system, member, and connection strength and stiffness

37
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Direct Analysis Method (DM) ailiann Jodoxd' gy wlofydl U

355 plowil 29 A5 po Julows sledy 5l (o bl 2 b ojles Julos T

oolol 1 b (e jlge SlalB o) (il b o alices glail (gl y Lac] ol (g )Ldd Coglin  ®
38,5 (sl (K=1) waly 350 Job oo
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38,5 oo Jlos!l laisLs

N; = 0.002Y;; Notional load at level { where Y, =
aravity load at level i from each LRFD load combi-
nation being considered or 1.6 times the ASD load
combination.
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Direct Analysis Method (DM) ailiann Jodoxd' gy wlofydl U

gd 43,8 Hlas jo Notional ,l38,b el oz wb ojlu o sy (08 (il Jb 38,5 Jlas 0 sl ™

NOXD : (Base load case = DEAD 4 load Ratio = 0.002 5 O Global X)
NOXL : (Base load case = LIVE ; load Ratio = 0.002 5 O Global X)
NOYD : (Base load case = DEAD 4 load Ratio = 0.002 5 O Global Y)
NOYL : (Base load case = LIVE 4 load Ratio = 0.002 4 O Global Y)

Combo 1. 1.4DL

Combo 2: 1.2DL + 1.6LL
Combo 3: 1.2DL + LL + EX
Combo 4: 1.2DL + LL — EX
Combo 5: 1.2DL + LL 4+ EY
Combo 6: 1.2DL + LL —EY

40
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ogd 41,8 i 0 Notional o)l cll> ez Wb ojlo y2 sl (0,3 (il b 38,5, 50 sl

Combo 1

Combo 2:
Combo 3:
Combo 4:
Combo 5:

Combo 6:
Combo 7:
Combo 8:
Combo 9:
Combo 10
Combo 11
Combo 12

: 1.4DL + 1.4NOXD
1.4DL — 1.4NOXD
1.4DL + 1.4NOYD
1.4DL — 1.4NOYD
1.2DL + 1.6LL + 1.2NOXD + 1.6NOXL

1.2DL + 1.6LL — 1.2NOXD — 1.6 NOXL
1.2DL + 1.6LL + 1.2NOYD + 1.6 NOYL
1.2D1, + 1.6LL — 12NOYD — 1.6NOYL
1.2DL + LL + EX

: 1.2DL+ LL — EX

: 1L2DL + LL + EY

: 1.2DL + LL — EY

a5 s‘a.&‘)& O AR s ojl>l Vo dorn
s T i 53 U B2 wats cayi
Sope bl VY 51 S Lael azily pals
i (5,185,b ol 5 p0 hasd Ni (il
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S yualS

Use reduced member properties EI* = 0.8T,EIl
Apply the T reduction as follows:

T, = 1.0 when oF, /P, = 0.5

t, = 4(ap/P,)|1-(aP/P,)| when aB/P, >05

where
o=1.0(LRFD);: 00=1.6 (ASD)

Note: In lieu of applying 1, < 1.0, it is permissible
to apply additional additive notional loads, N;, of

0.001Y;at all levels.
42  e—)————————
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Direct Analysis Method (DM)
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B, <17\ ’Zz"d 17 5 atl e Tp = 1.0 51 eolial iz |

Combo 2:
Combo 3:
Combo 4.
Combo 5:
Combo 6:
Combo 7:
Combo 8:
Combo 9:

Combo 10:
Combo 11:
Combo 12:
Combo 13:
Combo 14:
Combo 15:
Combo 16:

1.4DL + 1.4x1.5 NOXD
1.4DL — 1.4x1.5 NOXD
1.4DL + 1.4 x1.5NOYD

1.4DL — 1.4x1.5 NOYD
1.2DL + 1.6LL + 1.2x1.5NOXD + 1.6x1.5 NOXL

1.2DL + 1.6LL — 1.2x1.5NOXD — 1.6x1.5NOXL
1.2DL + 1.6LL + 1.2x1.5NOYD + 1.6x1.5NOYL
1.2DL + 1.6LL — 1.2x1.5NOYD — 1.6x1.5NOYL
1.2DL + LL + EX + 1.2x0.5NOXD + 0.5NOXL

1.2DL + LL + EX — 1.2x0.5NOXD — 0.5NOXL

1.2DL + LL — EX + 1.2x0.5NOXD + 0.5NOXL

1.2DL + LL — EX —1.2%0.5NOXD — 0.5NOXL
1.2DL + LL + EY + 1.2x0.5NOYD + 0.5NOYL
1.2DL + LL + EY — 1.2x0.5NOYD — 0.5NOYL
1.2DL + LL — EY + 1.2x0.5NOYD + 0.5NOYL
1.2DL + LL — EY — 1.2x0.5NOYD — 0.5NOYL

» Bl S b
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