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C1.1 Direct Analysis Method Using Rigorous Second-Order Elastic Analysis

The direct analysis method of design, which consists of the calculation of required strengths
[effects due to factored loads] in accordance with Section C1.1.1 and th&alculation of available
strengths [factored resistance] in accordance with Section C1.1.2, is permitted for all systems.
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JUIAJERBG: AISI VS AISC A[EZ4b:

AISI

(1) Notional loads shall be applied as lateral loads at all levels. The notional loads shall be
additive to other lateral loads and shall be applied in all load combinations, except as

indicated in (3), below. The magnitude of the notional loads shall be:
N; = (1/240)aY; (Egq. C1.1.1.2-1)

where
o = 1.0 (LRFD or LSD)
= 1.6 (ASD)
N; = Notional load applied at level i
Y; = Gravity load applied at level i from LRFD, LSD, or ASD load combinations, as
applicable
Where the applicable project or other quality assurance criteria stipulate a more

stringent imperfection criteria, (1/240) in the above equation is permitted to be
replaced by a lesser value.

(a) Notional loads shall be applied as lateral loads at all levels. The notional loads
shall be additive to other lateral loads and shall be applied in all load combina-
tions, except as indicated in Section C2.2b(d). The magnitude of the notional
loads shall be:

N;=0.002¢.Y, (C2-1)

where
o = 1.0 (LRFD); o= 1.6 (ASD)
N; = notional load applied at level i, kips (N)
Y; = gravity load applied at level i from the LRFD load combination or ASD
load combination, as applicable, kips (N)
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C1.1.1.3 Modification of Section Stiffness 1 . IE%{%}EH *&BE){*?&%E@%E?E—L)K%FE‘O

The analysis of the structure to determine the required strengths [effects due to factored

loads] of components shall use reduced stiffiesses, as follows:

a) A factor of[0.90]shall be applied to all stiffiresses considered to contribute to the

i stability of tgucture Adgilzionally, it is pj;f:mitted, but not required, to also apply 2 'f Eil*giﬁgﬂno . 0 0 1 GY| )—E_ , Tbﬂﬂy 1 . O
the stiffiiess reduction to those members that are not part of the lateral force resisting

AI S I system.

(b) An additional factor, 1, shall be applied to the flexural stiffiiesses of all members

whose flexural stiffitesses are considered to contribute to the stability of the structure.

For P /Py <0.5,

w=10 (Eq. C1.1.1.3-1)
For P /Py > 0.5,

= 4(aP /Py)[1- (P /Py)] (Eq. C1.1.1.3-2)

3. Adjustments to Stiffness

The analysis of the structure to determine the required strengths of components shall

use reduced stiffnesses, as follows:

(a) A factor ohall be applied to all stiffnesses that are considered to contribute
to the stability of the structure. It is permissible to apply this reduction factor to
all stiffnesses in the structure.

AI S C (b) An additional factor, 15, 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

I1.5 for the definition of 1, for composite members).

(1) When 0P, /P, < 0.5
- — =10 (C2-2a)

(2) When o.P/Pys > 0.5
T = AP/ Pos)[1- (0P, /Pyy)] (C2-2b)
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C1.1 Direct Analysis Method Using Rigorous Second-Order Elastic Analysis

The direct analysis method of design, which consists of the calculation of required strengths
[effects due to factored loads] in accordance with Section C1.1.1 and th&alculation of available
strengths [factored resistance] in accordance with Section C1.1.2, is permitted for all systems.
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Figure C-1-4 Stress Distribution in Stiffened Compression Elements
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Slenderness = | P; /P

Figure C-E1-1 Local and Distortional Direct Strength Curves
for a Braced Column (P = Py)
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Table C-1-1

_ iR/ BEie gt

case | Boundary Condition [ bed frecd- il
E3.1 Effective Width Method (a) ~es “ssle | | Compression 40
F*  ss  [*
For the Effective Width Method, the nominal axial strength [resistance], Py, for local buckling -
shall be calculated in accordance with the following: (b) 268, ssfe— |Compression 6.97
P, JAK, <P.. (Eq. E3.1-1) Fhed
where ‘ o (©) ~Has."*as s |compression 0.425
Fn = Compressive stress as defined in Section E2 3 Free [T
Ag = Effective area calculated at stress Fy T Foed T
Ppe = Nominal strength [resistance] considering yielding and global buckling, determined in (@ O - Compression 1217
accordance with Section E2
::I.S.MM :: Compression 5.42
The effective width, b, shall be calculated as follows: () ™ s [
b = pw (Eq. 1.1-1) —
where f) 1 L Shear 534
w = Flat width as shown in Figure 1.1-1
p = Local reduction factor Fhad
Fixed Sheal
-1 when & <0.673 W i B - A
= (1-022/AY%  whenk >0.673 (Eq. 1.1-2) -
where ) E g Bending 239
A = Slenderness factor
f - Fixed
=F 2 (Eq.1.1-3) m Bending a8

cr! t
. .12(1 —nH)\w
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Inelastic Regime Post-Buckling Regime

Local: Eq. E3.2-2

E3.2 Direct Strength Method
Distortional: Eq. E4-2

For the Direct Strength Method, the noninal axial strength [resistance], Py, for local buckling
- Elastic Critical Buckling

shall be determined as follows:

For A, <0.776; Pp¢ = Ppe Eq.E3.2-1
q
= Pcr( & l-)crf & Fﬂ
For A¢ > 0.776; Py = | 1-0.15| == P_ B (Eq.E3.2-2) P,
ne ne
where
A = \Pne/Pexr (Eq. E3.2-3)

Pne = Global column strength as defined in Section E2
Pey = Critical elastic local column buckling load, determined in accordance with

Appendix 2

0 T T
0 1 2 3 4

Slenderness = T, /T,

Figure C-E1-1 Local and Distortional Direct Strength Curves
for a Braced Column (Ppe = Py)
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The Direct Strength Method provides a means to incorporate all relevant global buckling

04 - modes into the design process. Further, all buckling modes are determined for the member as a
151 (2002) Ex. 1-8 whole rather than element by element. This ensures that compatibility and equilibrium are
assh ] maintained at element junctures. Consider, as an example, the lipped C-section shown in pure
compression in Figure C-2.2.2-2(a). The member’s local elastic buckling load from the analysis is:
sk P =48 42%ins | Perr = 0.12 x 48.42 kips = 5.81 kips (25.84 kN)
Flexural The column has a gross area (Ay) of 0.881 in? (568.4 mm2); therefore,

ozt 1 fore=Pee/ Ag = 6.59 ksi [45.44 MP) [EREGHNERES
. The Effective Width Method determines a plate buckling coefficient, k, for each element, then
&s 02r fer, and finally the effective width. The centerline dimensions (ignoring corner radii) are h = 8.94

in. (227.1 mm), b =2.44 in_ (62.00 mm), d = 0.744 in. (18.88 mm), and t = 0.059 in. (1.499 mm), the
critical buckling stress, f.;, of each element as determined from Appendix 1 of the Specification:

lipp k=043, feriip=043[n"E/(12(1-u?))](t/d)? = 72.1 ksi (497 MPa)

0151 LocalP /P =0\12 Distortional P, /P =0.26

o flange: k=4, fert flange= 40726/ (12(1-42)](t/b)? = 62.4 ksi (430 MPa)
el web: k=4, forrwen= $0[n%E/(12(142)](t/h)? = 4.6 ksi [32.0 MPa) [EERLE LA
Each element predicts a different buckling stress, even though the member is a connected
ol L - . group. These differences in the buckling stress are ignored in the Effective Width Method. The high
10 o hatt-wavelangh () o 10 flange and lip buckling stresses have little relevance given the low web buckling stress. The finite
’ strip analysis, which includes the interaction amongst the elements, shows that the flange aids
(a) 9CS2.5x059 of AISI Cold-Formed Steel Design Manual (2002), Example I-8 the web significantly in local buckling, increasing the web buckling stress from 4.6 ksi (32.0 MPa) to
6.59 ksi (45.4 MPa), but the buckling stress in the flange and lip are much reduced due to the same
interaction.

Figure C-2.2.2-2 Examples of Bending and Compression Elastic Buckling Analysis
With Finite Strip Method

BIRF ﬁ?i%ﬂﬁ?*ﬁfFZI‘EﬂE"J*EEM’E}Eﬁ, B a1H8Y MR ERFEEIREY
- SR E I 5= 7 45.4Mpa
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E2 Yielding and Global (Flexural, Flexural-Torsional, and Torsional) Buckling

The nominal axial strength [resistance], Ppe, for yielding, and global (flexural, torsional, or
flexural-torsional) buckling shall be calculated in accordance with this section. The applicable
safety factor and resistance factors given in this section shall be used to determine the available axial
strength [factored resistance] (¢cPpe or Pro/ Q) in accordance with the applicable design method
inSection B3.2.1, B3.2.2, or B3.2.3.

Ppe = A (Eq. E2-1)
where
Ag = Gross area
Fn = Compressive stress and shall be calculated as follows:
Fori.<15 F,= [8.658;“2( jF}, (Eq. E2-2)
Foric>15 Fy _{D.}S;?]FY (Eq. E2-3)
ol
where
F
A = y (Eq. E2-4)
FCI’Q
where

Fere = Elastic global (flexural, torsional, or flexural-torsional) buckling  stress
determined in accordance with Appendix 2
Yield stress

[z~ ]
e
[}

HEREIRT

(SHh/E Hh/HA% = i/ S A IE)

F2.1 Initiation of Yielding and Global Buckling Strength

The nominal flexural strength [resistance], My, for yielding and global (lateral-torsional)
buckling considering capacity up to first yield shall be calculated in accordance with

Eq. F2.1-1.
Mpe = SgcFn < M_v
where

(Eq. F2.1-1)
Mne = Nominal flexural strength [resistance] for yielding and global buckling
Sge = Elastic section modulus of full unreduced section relative to extreme
compression fiber
M = S, (Eq. F2.1-2)
F, shall be determined as follows:
For Fre > 2.78Fy
Fn = Fy (Eq. F2.1-3)
For 2.78Fy > Fep > 0.56Fy
10F,
Bty (Eq. F2.14)
9 ¥ FOP
For Fepe < 0.56F,
Fn = Fare (Eq. F2.1-5)
T
Fore = Critical elastic lateral-torsional buckling srree;.-,] determined in accordance with
Appendix 2
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2.1 General Provisions

The elastic buckling stresses or elastic buckling stress resultants (forces or ﬂents ) that are
used in the Specification ters D through H are permitted to be calculated®fiumerically in
accordance with Section 2. Z¥analytically in accordance with Section 2.3, or in any combination.

HEx: ARFEwA ETIRTHERTE, BREREL
(EE: KE ﬁﬂwyﬁﬁﬁm%%%ﬁﬂmx%%@%ﬁmm%mmaﬁ
R, PRSI E /2 THERREESEIER. )

2.3 Analytical Solutions

The analytical solutions described in this section are permitted to be used for the given
boundary conditions and cross—sectlon geometry. For boundary conditions or cross-
section geometry, numerical an is as detailed in Section 2.2 shall be used.

A (UEATF IR R RETR, HitERs
(R,
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) EH H% ZH R
28,000 e Kyru [--] Kz [--] K1 [--] Kit [--]
1 1.00 0.50 1.00 100
D51 0313w EEZ70L1. ) EHHE | Global buckling ace. to AlSI 5100, E2 and E3
D51 0281 v EE2801. 0i) EFFIE | Distortional buckling acc. to AIS| $100. E4
R D351 0237 » FF3101. 00 ET5F| Yielding | Bending about y-axis acc. to AISI 5100, F2
EBE Ds1 0.258 v FF3301.00 EF5F | Lateral-torsional buckling | Bending about y-axis acc. to AlSI 5100, F2
+HH-> D51 0337« FF3501.40 EFHF| Local buckling | Bending about y-axis acc. to AlSI 5100, F3
ﬁ'; Ds1 0321 » FF3701. 00 EY5F | Distortional buckling | Bending about y-axis acc. to AlSI 5100, F4
D51 0.070 v GGAELOL. 66 EFHHG | Shear in z-axis acc. to AlS| $100, G2
D51 0.648 » HH7121. 46 EFEFH | Flexure with compression force acc. to AISI 5100, H1.2
Ds1 0.300 + HH7201. 88 EY5H | Bending about y-axis with shear acc. to AISI 5100, H2
D51 0.238 v EE2101. 00 §EF5E | Flexural buckling about principal y-axis acc. to AlS| 5100, E2 and E3
D51 0.236 v EEZ3601. 00 §FEE | Flexural buckling about principal z-axis acc. to AIS| 5100, E2 and E3
D51 0.299 » EEZ661 . 00 §FE | Flexural-torsional buckling ace. to AISI 5100, E2 and E3
D&l 0,281 » EEZB01.00 4E | Distertional buckling acc, to AISI 5100, E4
%75:1: /l_\\ D51 0237 v FF3101.00 %fmg about y-axis acc. to Alsl 5100, F2
Ds1 0.237 v FF3361.00 E¥F| Lateral-torsional buckling | Bending about y-axis acc. to AlSI $100, F2
—t: Ds1 0319+ FF3501.00 FEHF| Local buckling | Bending about y-axis acc. to AISI S100, F3
I% D51 0.321 v FF3701. 00 FH4F| Distortional buckling | Bending about y-axis acc. to AlSI 5100, F4
D51 0.070 « GGA101 .00 FEHIG | Shear in z-axis acc. to AISI 5100, G2
D51 0.618 » HH7121 .80 EFF7H | Flexure with compression force ace. to AlSI S100, H1.2
DS 0,300+ HH7201.00 E%5H | Bending about y-axis with shear acc. to AlSI 5100, H2
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