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ALSC-LRFD #1432 (3™ ed.) : Als¢ - LRED 1935

CHAPTERF :
Aolok

' BEAMS AND OTHER FLEXURAL MEMBERS ~ ##%°%
52

This chapter applies to compact and noncompact prismatic members subject to flexure
and shear. For members subject to combined flexure and axial force, see Section H1. For
members subject to fatigue, see Section K3. For members with slender compression ele-
ments, see Appendix BS. For web-tapered members, see Appendix F3. For members with
slender web elements (plate girders), see Appendix G.

F1. DESIGN FOR FLEXURE

The nominal flexural strength M, is the lowest value obtained according to the limit
states of: (a) yielding; (b) lateral-torsional buckling; (c) flange local buckling; and
(d) web local buckling. For laterally braced compact beams with L, < L, only the
- limit state of yielding is applicable. For unbraced compact beams and noncompact
tees and double angles, only the limit states of yielding and lateral-torsional buck-
ling are applicable. The lateral-torsional buCkli'ng limit state is not applicable to
members subject to bendmg about the miinor axis, or to square or 01rcular shapes

This section apphes to homogeneous and hybrid shapes with at least one axis of
symmetry and which are subject to simple bendmg about one prmc1pa1 axis. For
simple bending, the beam is loaded in a plane parallel to a principal axis that passes
through the shear center or the beam is restrained against twisting at load points and
supports. Only the limit states of yielding and lateral-torsional buckling are consid-
ered in this section. The lateral-torsional buckling provisions are limited to doubly
‘symmetric shapes, channels, double angles, and tees. For lateral-torsional buckling
of other singly symmetric shapes and for the limit states of flange local buckling
and web local buckling of noncompact or slender-element sections, see Appendix

" F1. For unsymmetric shapes and beams subject to torsion combined with flexure,
see Section H2. For biaxial bending, see Section H1.

@ Yielding L L Lp g for Compuct Sections.

The flexural design strength of beams, deterﬁined by the limit state of yielding, is

GoM,: .
¢, = 0.90

M,=M, (F1-1)
where |

M, = plastic moment (= F; Z< 1.5M, for homogeneous sections), kip-in. (N-mm)

M moment corresponding to onset of yielding at the extreme fiber from an
elastic stress distribution (= £ S for homogeneous section and FS for hy-
brid sections), kip-in. (N-mm)

LRFD Specification for Structural Steel Buildings, December 27, 1999
AMERICAN INSTITUTE OF STEEL CONSTRUCTION
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16.1-32 DESIGN FOR FLEXURE [Sect. F1,

See Section B10 for further limitations on M, where there are holes in the tension @
flange.

Lateral-Torsional Buckling LTB
-——

This limit state is only applicable to members subject to major axis bending. The
flexural design strength, determined by the limit state of lateral-torsional buckling,

is GpM,:

¢, =0.90
M, =nominal flexural strength determined as follows

. Doubly Symmetric Shapes and Channels with L, < L,

The nominal flexural strength is:
S L-L,
M,=C, |M,—-(M,-M, <M, (F1-2)
? L-L, ;. . .
‘where
M L, ,alstance between pomts braced against lateral dlsplacement of the com- T
pression. flange, or between points .braced to prevent twist of the cross )’ Plistic
section, in. (mm)): co Akl
- _L,,. = limiting laterally unbraced length as defined, below in. (mm) A2
) Jy ¢ = limiting laterally unbraced length as defined below, in. (mm) UBY _
= 11m1t1ng buckhng moment as defined below, kip-in. (N-mm)

In the above equatron C,, is. a mod1ﬁcat10n factor for.non- unlform moment dia-
- grams where, when both ends of: the beam segment are braced:

 (F1-3)

C, =
Tt 2sM,, +3M +4M +3M,
1T F‘H’”a‘ Nt’,fT"H’VO’/t ¢(119)

where -
' Mm,x = absolute value of max1mum moment 1n the unbraced segment kip-in.
(N-mm) ,
M, = absolute value of moment at quarter poxnt of the unbraced segment

kip-in. (N-mm)
Mp . = absolute value of moment at centerllne of the unbraced beam segment
" Kip-in. (N-mm)
M. = absolute value of moment at three- quarter point of the unbraced beam

) segment, kip-in. (N-mm) - . L~ Very Conservative

'C”rs permitted to be conservatively:taken as l .0 for all cases. Equations F1-4 and
v L 6 are conservatively based on C, = 1.0. For cantilevers or ovefh"angs Where the
tree end 1s unbraced; C, = 0. |

C7Rsle S

The hmrtmg unbraced length . shall be determined as follows.
in the ter+

(a) For I—shaped members 1ncludmg hybnd sectrons and channels

e

"LRFD Specification for Structural Steel Buildings, December 27, 1999
‘AMERICAN INSTITUTE OF STEEL CONSTRUCTION



Sect. F1.] DESIGN FOR FLEXURE 16.1-33
A’[ﬁ(/’l’m:o 1794

=20 (mest) Mk &%
f ‘[f N E £73
¢ L,=176r, |— Al ~ (F1-4)
g "\ F, : 2y bt
. ' - g2 5W)
(b) For solid rectangular bars and box sections:
4""\ -
= O'EryE. JIA (F1-5)
P
where

A = cross-sectional area, in.2 (mm?)
J = torsional constant, in.* (mm®)

The limiting laterally unbraced lengtl'@and the corresponding buckling moment
M, shall be determined as follows.

(a) For doubly symmetric I-shaped members and channels:
‘\___\/

—

rX,

VvV o= rF VI R (F1-6)
L
M;' = FLS.\' (F1'7)
where
x =T |EG/A (F1-8)
s\ 2
2

X, =4S (g}) (F1-9)

S, = section modulus about major axis, in.> (mm®)

E = modulus of elasticity of steel, 29,000 ksi (200 000 MPa)

G = shear modulus of elasticity of steel, 11,200 ksi (77 200 MPa)

F, = smaller of (F\y — F,) or F,,,, ksi (MPa)

F, =compressive residual stress in flange; 10 ksi (69 MPa) for rolled
shapes, 16.5 ksi (114 MPa) for welded bu11t-up shapes

F; = yield stress of flange, ksi (MPa) -

F,,.= yield stress of web, ksi (MPa)

I, = moment of inertia about y-axis, in.* (mm®*)

C., = warping constant, in.® (mm®)

(b) For solid re(’:tan?ular barsand box sections:
— 2r ENJA
L y

No S il deielet
warpiny- . M.
M, =F,S, (F1-11)

(F1-10)

LRFD Specification for Structural Steel Buildings, December 27, 1999
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16.1-34  DESIGN FOR FLEXURE (Sect. F|.

2b. Doubly Symmetric Shapes and Channels with L, > L, @

The nominal flexural strength is:
Mn M(r-— M,, (F1-12)
where M., is the critical elastlc moment, determined as follows.

(a) For doubly symmetric I-shaped members and channels:

M. =Cy» L |EI,GI+| == nE I,C, (F1-13)
L, L,

_CyS:X:V2 " ,_xﬁxz
Ly /ry 2(Lb:/r}')-2'

(b) For solid rec'taiigtilar bars and symmetric box sections:

or Lb /""‘

2c. Tees andvl.)ouble Angles

For tees and double-angle beams loaded in the plane of symmetry:

m, /E1 GJ
M =M =——ii—[3+\/1+32] (F1-15)

n cr
b

where

M, <1.5M, for stems in tension -
M, < 1.0M, for stems in cornpressnon

B =x23@/L)T, 1T (F1-16)

The plus sign for B apphes when the stem isin ten51on and the minus sign applies
‘when the stem is in compression. If the tip of the stem is in compression anywhere
along the unbraced length, use the negatwe value of B.

; v : 2710 E LH &

3.  Design by Plastic Analysis _3 : _?fb'?,‘_i %T;PL f-j e: (Bwe £2 , TR
Design by plastic analysis, as limited in Section AS5.1; is permitted for a compact
section member bent about the major axis when the laterally unbraced length L, of
the compression flange adjacent to plastic hmge locations associated with the fail-
ure mechanism does not exceed- L,,,,, determmed as follows.

(a) For doubly symmetric and smgly symmetric I-shaped members with the com-
pression flange equal to or larger than the tension flange (including hybrid
members) loaded in the plane of the web:

LRFD Specification for Structural Steel Buildings, December 27, 1999
AMERICAN INSTITUTE OF STEEL. CONSTRUCTION



Sect. F2.] DESIGN FOR SHEAR 16.1-35 @

F2.

(M | E
LM:[O.12+O.076(EH(E]@ , (F1-17)

F, = specified minimum yield stress of the compression ﬂange ksi (MPa)
M, = smaller moment at end of unbraced length of beam, k1p in. (N-mm)
M= larger moment at end of unbraced length of beam, kip-in. (N-mm)

r, =radius of gyration about minor axis, in. (mm)

where

(M, / M,) is positive when moments cause reverse curvature and negative for
single curvature

(b) For solid rectangular bars and symmetric box beams:

L, =|0a7+010] XM E | 5000 £ | (F1-18)
M, J\F ) F,

There is no limit on L, for members w1th circular or square cross sectlonq nor for
any beam bent about its minor axis.

In the region of the last hmge to form and in regions not adj acenttoa plastxc hinge,

the flexural design strength shall be determined in accordance with Sectlon Fl.2.

DESIGN FOR SHEAR

This section applies to unstiffened webs of singly or doubly symmetric beams,
including hybrid beams, and channels subject to shear in the plane of the web. For
the design shear strength of webs with stiffeners, see Appendix F2 or Appendix G3.
For shear in the weak direction of the shapes above, pipes, and unsymmetric sec-
tions, see Section H2. For web panels subject to high shear, see Section K1.7. For
shear strength at connections, see Sections J4 and J5.

Web Area Determination

The web area A,, shall be taken as the overall depth d times the web thickness ¢,.

Design Shear Strength
The design shear strength of unstiffened webs, with 4 /¢, < 260, is ¢,V,

where

$,.=0.90
V,= nominal shear strength defined as follows.

(a) Forh/t,<245,/E/F,,
V, = 0.6F,, A, (F2-1)

(b) For245,/E/F,, <h/t,<307,/E/F,,

LRFD Specification for Structural Steel Buildings, December 27, 1999
AMERICAN INSTITUTE OF STEEL CONSTRUCTION
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