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Course Description

Bending Members

This session will discuss the design of structural steel beams and application of Chapter F
of the AISC Specification. The session will review plastic vs. elastic moment strength and
the various limit states of bending members. The lecture will address C,, the lateral-
torsional buckling modification factor for non-uniform moments and its effect on beam
designs. The session will also review the design of single angles and WT shapes. Design
examples will be presented.

GATR | Smarter.
i F) : Stronger.
ame | Steel.

AISC Live Webinars

Learning Objectives

e List the AISC Specification requirements for the design of flexural members.

e List the applicable limit states for the design of flexural members to ensure a
safe design.

» Define the lateral-torsional buckling modification factor, C,, for non-uniform
moment diagrams, and how it affects beam design.

e List the design steps for a structural T-shape in flexure.

GATR | Smarter.
i@ : Stronger.
< ¥ : Steel.
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Basic Steel Design: A review of the
principles of steel design according to
ANSI/AISC 360-16

Winter Webinar 2021
Lesson L3
Bending Members

{ Stronger.
/| Steel.

Lesson L3 — Bending

* Bending Members
— Plastic vs. elastic moment strength
— Lateral-torsional buckling
— Local buckling
— Beam design
— Tees and double angles
— Shear strength
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Bending Members

B3.1. For LRFD, design shall be performed in
accordance with:

Required Strength < Available Strength
R < (I)R (B3-1)
u n

where
R, = required strength (LRFD) defined in Chapter C
R, = nominal strength specified in Chapters F & G
¢ = resistance factor specified in Chapters F & G
¢R,= design strength = resistance factor (nominal strength)

Bending Members

B3.2. For ASD, design shall be performed in
accordance with:

Required Strength < Available Strength

Ra < Rn / Q (B3-2)
where

R, = required strength (ASD) defined in Chapter C
R, = nominal strength specified in Chapters F & G

Q) = safety factor specified in Chapters F & G

nominal strength

R,/Q = allowable strength =
safety factor

L3.10
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Bending Members

F1. The design flexural strength, ¢,M,, and
the allowable flexural strength, M,/Q3,, shall
be determined as follows:

(a) For all provisions in this chapter

9, =0.90 (LRFD) @, =1.67 (ASD)

and the nominal flexural strength, M,, shall be
determined according to Sections F2 through F13.

(b) The provisions in this chapter are based on the
assumption that points of support are restrained
against rotation about their longitudinal axis.

L3.11

Bending Members

e Limit States

— Yielding: as seen in the discussion of
compression, yielding is the upper limit for all
shapes.

— Lateral-torsional buckling: a combination of
lateral buckling and twist.

— Local buckling: buckling of elements before
they are able to reach yield.

L3.12
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Steel as a Material
F,= Ultimate Strength .

Elastic
Behavior 1 Fy =Yield Stress
/ Plastic Behavior
R
73
3
5 Slope = Modulus of Elasticity, £
&, = Yield Strain

Strain, ¢
L3.13

Bending Members

 Limit States
— The buckling limit states influence strength

differently depending on the shape

| NN

L3.14
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Bending Members

* First concentrate on doubly symmetric I-
shaped members

— Limit States
* Yielding
* Local Buckling
* Lateral-Torsional Buckling

L3.15

Bending Members

* Elastic response M = Sl _ f.S

X

C

Plastic Behavior E f;,

Stress, f ™

Sy Strain, € stress

elastic neutral axis '

(ena)

L3.16
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Bending Members

: F 1
 Elastic response M=2=-FS
yMx
r, ¢
L:)— Plastic Behavior F
g b=—
& €,
& Strain, & stress strain

ena

L3.17

Bending Members

 Partial plastic response

The elastic flexure formula we
are used to using no longer
works.

Plastic Behavior

Stress, F .0

stress [ = F} strain  €>g,

&, Strain, ¢

L3.18

Basic Steel Design
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Bending Members

 Full plastic response — the yield limit state

F, > e Strain is assumed to be infinite
= i Plastic Behavi ; ;
g i rlastic behavior Thus, stress is at the yield level
= i over the entire cross section
n :
teS . .
v Strain, ¢ stress F=F
5
P —— . plastic neutral axis ______

L3.19

Bending Members

» Determine the force in the flange and web

|

t— [

flange
pna Eveb
X _____________________ —_——
— F web
f F flange
Fﬂange =1 yAﬂange =1 ybf tf
A d

L3.20
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Bending Members

« Take moments about the plastic neutral axis
— F

flange L
. — Fa ey Y
F 1 [+%) [z,g]

web

flange

L3.21

Bending Members

« Simplifying
M, - {Aﬂw [zf_JA_(zf_HF
2 2 2 (4 2
=FZ

y

where Z = the plastic section modulus
= the moment of the area about pna

L3.22
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Bending Members

* How do we define the plastic neutral axis?

T=C
F 4, =F,A4,
A, = 4,

* Thus, the area above the pna must equal
the area below the pna.

L3.23

Bending Members

* For a rectangle the pna is in the middle.

3
o ;_bd
12
dr2 >
g_bd”
Yo 5
di2 :
S _of (d)d)_bd"
4 2)4) a4
b
Bzgzbjﬂﬂ,s Shape Factor
6

L3.24
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Bending Members

« For a shape not symmetric about the
bending axis, Ar= A;

A, =0.5(8)+0.58)=8.0 in>

A4, = A :—A’g"l =4.0 in.”

S$=9.39in’?
Z=17.0in’?
17.0

=——=1.81
P 9.39

L3.25

Thus the pna is at the flange-stem juncture.

Bending Members

» The shape factor relates the plastic
moment to the elastic moment.

« [tillustrates the extra strength that is
available if we consider the limit state of
yielding rather than the elastic limit.

» Throughout the specification the shape
factor is limited to a maximum of 1.6 in
order to limit the strain to something less

than the initiation of strain hardening.

L3.26
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Bending Members

« If a shape is capable of reaching the
plastic moment without local buckling it is
said to be a compact shape
—Yielding is the upper limit on strength

— However, lateral-torsional buckling based on
unbraced length may still control strength

F2. User note: All current ASTM A6 W, S, M, C and MC shapes except W21x48,
W14x99, W14x90, W12x65, W10X12, W8x31, W8x10, W6x15, W6x9, W6Xx8.5,
and M4x6 have compact flanges for £, = 50 ksi (345 MPa); all current ASTM A6
W, S, M, HP, C and MC shapes have compact webs at Fys 70 ksi (485 MPa).

L3.27

Bending Members

« Lateral-torsional buckling

— Compression portion of the bending member
tries to behave like a column but can't.
+ Tension region resists buckling down
+ Tension region also resists buckling laterally

— Thus, the shape twists as it buckles laterally

L3.28
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Bending Members

 To control lateral-torsional buckling the beam
must be properly braced.
— Supports must be restrained against twisting (a given)

— Intermediate points along the span may have the
compression flange braced against lateral translation.
Similar to column bracing but treated differently.
— Intermediate points may be braced against twisting by
torsional braces.
— The distance between braced points is referred to as
the unbraced length, L,.

L3.29

Bending Members

« If the member behaves either plastically or
elastically

L3.30
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Bending Members

* But we know it will behave inelastically,
just like columns thus, there is a transition

. Lp . . Lr .
plastic © inelastic elastic

L3.31

Lateral-Torsional Buckling

If L, = L,, the limit state of yielding
controls bending strength.

M, =M, =F_Z, (F2-1)

L3.32
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Based on an unbraced

length less than or\ DeS|gn A|d

equalto L,

Table 3-6 (continued)
Maximum Total

Fy =50 ksi Uniform Load, kips

Shape

Design ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD

:: 23 112 168 109 164 955 [ 143 921 | 138 828 | 124
s 24 107 161 105 158 915 | 138 88.2 | 133 793 | 119
3 25 103 155 101 151 87.8 | 132 847 | 127 76.2 | 114
20 aan 14a QR 7 14R 44 197 /1R 192 7?9 11n
L3.33
Based on an unbraced
L] L]
enginlessthanor— Dagign Aid
equalto L,
& 22 17 176 114 172 998 | 150 96.3 | 145 86.6 | 130
= 23 112 168 109 164 955 [ 143 921 | 138 828 | 124
s 24 107 161 105 158 915 [ 138 88.2 | 133 79.3 | 119
n 25 103 155 101 151 87.8 | 132 847 | 127 76.2 | 114
26 99.0 | 149 96.7 | 145 844 | 127 815 | 122 732 | 110
27 954 | 143 93.1 | 140 81.3 | 122 784 | 118 70.5 | 106
28 92.0 | 138 89.8 | 135 784 | 118 756 | 114 68.0 | 102
29 88.8 | 133 86.7 | 130 75.7 | 114 73.0 | 110 65.7 98.7
30 85.8 | 129 838 | 126 732 | 110 70.6 | 106 63.5 95.4
32 805 | 121 786 | 118 686 | 103 66.2 995 | 595 | 89.4
757 | 114 740 | 111 646 | 971 62.3 936 | 56.0 | 842
36 715 | 108 69.9 | 105 610 [ 917 | 588 88.4 | 529 | 795
38 67.8 | 102 66.2 995 [ 578 868 [ 55.7 83.8 | 50.1 75.3
644 | 968 | 629 | 945 | 549 | 825 | 529 | 796 | 476 | 716
42 61.3 92.1 59.9 90.0 523 78.6 50.4 758 | 453 68.1
4 585 | 88.0 | 57.2 859 | 499 [ 750 | 48.1 723 | 433 | 650
46 560 | 841 | 547 | 822 | 47.7 | 71.7 | 46.0 69.2 | 414 | 622
48 536 | 80.6 | 524 | 788 | 457 | 6838 | 441 66.3 | 397 | 59.6
50 515 | 774 | 503 | 756 | 439 | 66.0 | 424 63.7 | 38.1 57.2
52 49.5 74.4 48.4 727 422 63.5
Beam Properties
WeIQp | 0o, kip-ft| 2570 3870 2510 3780 2200 3300 | 2120 3180 1900 2860
Mp/Qp |0pMp, kip-ft| 322 484 314 473 274 413 265 398 238 358
M IQp |0pM,, kip-ft| 194 291 192 289 165 248 162 244 143 214
BFIQp | 0pBF, kips 134 20.3 108 16.3 121 18.3 9.89 14.8 1.1 16.8
ValQy | 04y, kips m 256 156 234 158 237 144 216 145 217
Zind 129 126 110 107 954
Ly ft 477 611 459 6,09 445
Ly, ft 14.3 7.4 13.6 16.5 13.0
ASD LRFD | 'Shape does not meet compact limit for flexure with £, = 50 ksi; tabulated values have been adjusted
accordingly.
Qp=1.67 | 05=0.90 | Nores: For beams laterally unsupported, see Table 3-10.
2=150] 0,=1.00 Available strength tabulated above heavy line is limited by available shear strength
L3.34
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Lateral-Torsional Buckling

« If L, > L, the limit state of elastic lateral-
torsional buckling controls

M,=FS <M, (F2-3)
2 2
F =GrE \/1+o.o78£(ij (F2-4)
ﬁ X 0 ’/;S

Vis

L3.35

Lateral-Torsional Buckling

 If L, <L, <L,the limit state of inelastic
lateral-torsional buckling controls
— Represented by a straight line between M,
and the moment that can be reached

elastically, assuming 0.3F is due to residual
stresses.

r p

L-L
M,=C, {Mp ~(M, —0.71~*ysx)(L - ﬂ <M, (F2:2)

L3.36
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Lateral-Torsional Buckling

* The dividing line between yielding and
inelastic lateral-torsional buckling is given
by L,

E
Lp = 1.76ry F (F2-5)

y

L3.37

Lateral-Torsional Buckling

*The dividing line between inelastic and
elastic lateral-torsional buckling is given by

2 2
0.7F
L=195r —L_ | Je I 6q6) 20| (F2)
“0.7F,\[ Sk, \\S.A, E

L3.38
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Lateral-Torsional Buckling

Mn
M,=FzZ,
Mp \ M, =C, [M,_ -(M, —0.717‘_5‘)[2 :i” HSM”
— o l
M}"

Unbraced Length, L,

L3.39

Lateral-Torsional Buckling

Rewrite Eq. F2-2 to simplify

M, =c,| M, (M, -07F5,)| 2t | <
n— b p_( p Y y)c) L L - P

becomes

L3.40
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Lateral-Torsional Buckling

* Thus,
M,=C,|M,-BF(L,~L,)|<M,

and the available strength is

OM, =C,| oM, —¢BF(L,~L,)|  (LRFD)

M M, 6 BF
r=C, _P__(Lb_Lp) (ASD)
Q, Q, Q

L3.41
Design Aid
Tabulate the Z Tabl\(lev3-§lf‘contmued)
terms in these X -ohapes Fy = 50 ksi
equations Selection by Z,
~
7 [/ 0] M | Ml 0] G0 | BF/2 | 00BF | L 1 [l outh
Shape * | kip-ft [ kip-ft [ kip-ft [ kip-ft [ kips | kips | * ! * | kips | kips
in® | ASD | LRFD | ASD | LRFD | ASD | LRFD ft ft in' | ASD | LRFD
W21x44 95.4 | 238 | 358 |143 214 | 111 | 168 445 | 130 | 843 [145 | 217
W16x50 920 | 230 | 345 |141 213 769 | 11.4 562 | 17.2 | 659 |124 186
W1Bx46 | 90.7 | 226 | 340 138 | 207 | 963|146 | 456 | 137 | 712 [130 | 195
Wi4x53 | 87.1 | 217 | 327 |136 | 204 | 522| 7.93| 678 | 223 | 541 [103 | 154
Wi2x58 | 864 | 216 | 324 |136 | 205 | 382 | 569| 867 | 29.8 | 475 | 878 132
W10x68 | 853 | 213 | 320 [132 | 199 | 258 | 3.85| 915 40.6 | 304 | 97.8 | 147
W16x45 823 | 205 | 309 |127 191 712 10.8 555 | 16.5 | 586 | 111 167
WiBx40 | 784 | 196 | 294 (119 | 180 | 894|132 | 449 | 131 | 612 [113 | 169
Widx48 | 784 | 196 | 204 [123 | 184 | 509 | 7.67| 675 | 21.1 | 484 | 938 | 141
W12x53 | 77.9 | 194 | 292 |123 | 185 | 365| 550 | 876 | 28.2 | 425 | 835|125
W10x60 746 | 186 | 280 | 116 175 254 | 3.82| 9.08| 36.6 | 341 85.7 | 129
W16x40 73.0 | 182 | 274 113 170 6.67 | 10.0 555 | 159 | 518 | 97.6 | 146
W12x50 719 | 179 | 270 | 112 169 397 | 598 | 6.92| 23.8 | 391 903 | 135
W8x67 701 | 175 | 263 | 105 159 175 | 259| 7.49 | 476 | 272 | 103 154
W14x43 69.6 | 174 | 261 | 109 164 488 | 728 | 668 | 20.0 | 428 83.6 | 125
L3.42
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th ?’ks' Table 3-10 (continued)
Whican | ooty W-Shapes
B C S k:;: :::r:: i M vs. Unbraced Length

Another design aid
that will assist in

design considering
unbraced length L

Slender Elements

b b (1 b TABLE B4.1b
A === L= ==L Width-to-Thickness Ratios: Compression Elements
t 21 t Members Subject to Flexure
b :‘é widtho. widt:;to—l::m:::-gess Ratio
o

A
Description of [Thickness | (compact/ |(noncompact/
Element Ratio__| noncompact) | _slender) Examples
| 10| Flanges of rolled L Ly,
I-shaped sections, 't it b
[ T '

channels, and | D1 038 |E
tees FY

|
|
|
|
| t 11| Flanges of {al [b)
|
|
|

5
]

=
m

b b
f doubly and " "
) singly symmetric bt 038 |E 0.95 Y
H I-shaped built-up F, F
_______ [ — E sections - A
I w
| 7| 12| Legs of single = E b it
< angles bt 054 |[— 091 |— —
: £ Fy \F h: T b L
l g 13| Flanges of all
t
I shaped sectons | 04| oag[E | 10[E - ¢
and channels in Y y b
! flexure about the B L] b
: minor axis
! 14| Stems of tees at 0sa |E | 152 /E t i Iy
F, 3 )

Copyright © 2021
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Slend1er Elements

5| Webs of doubly
symmetric |- ity 570 E
FV

shaped sections
and channels

s |

Webs of singly
symmetric
h I-shaped he/ty

7\‘ _ sections

3

Flanges of
rectangular HSS b

®

Flange cover
plates and bt
diaphragm plates
between lines of
fasteners or
welds

Stiffened Elements

s

Webs of =
rectangular hn 242 I£
HSS and box \

/) P r______

Round HSS

[2%3

N
8

21 Flanges of box ot
sections

1 .49F
Fy

/71, shall not be taken less than 0.35 nor greater than 0.76 for calculation purposes.

7F, for slender web I-shaped members and major-axis bending of compact and noncompact web built-

p I-shaped members with Sy/Syc > 0.7; Fi = FySu/Sic > 0.5F, for major-axis bending of compact and
noncompact web built-up I-shaped members with Sy/Syc < 0.7, Where Sy, Sy = elastic section modulus
referred to compression and tension flanges, respectively, in.? (mm?).

&M s the moment at yielding of the extreme fiber. M, = F,,Z, plastic bending moment, kip-in. (N-mm), where

Z,= plastic section modulus taken about x-axis, in.” (mm) L3.45
odulus of elasticity of steel = 29,000 ksi (200 000 MPa) ENA = elastic neutral axis -
Fy= specified minimum yield stress, ksi (MPa) PNA = plastic neutral axis

Flange Local Buckling

» Compact W-shape

b
A=—L<h, =038 £
2, F,

* Noncompact W-shape

E
My =038 [ <

y f y

N
AN
| =

L3.46
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Flange Local Buckling

» Slender W-shape

b,
A, =10 £
F, 2,

L3.47

Flange Local Buckling

Nominal Strength
« Compact M, =M, =FZ (F2-1)

- Slender ,  _ 0.9Ek.S, (F3-2)
with &k = _ 4 Butshall not be taken less than 0.35

7 nor greater than 0.76 for calculation
w  purposes

L3.48
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Flange Local Buckling

* Noncompact

M,=M,—(M,—-0.7F,S.) ﬁ (F3-1)
rf of

L3.49

Flange Local Buckling

M, = F),Z/
Alp j'_ﬂ'f
M,=M,-(M,-0.7F,S, )| —2
— Fr =
M,=0.7FS, 0.9Ek,.S,
-« Mn = 12
Compact  Noncompact Slender
A xrf

f

Slenderness, b,/2t,

L3.50
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Flange Local Buckling

* Limits W-shape, A992

2, =038 | =
F,

y
A » = 9.15
— Ten W-shapes have noncompact flange for A992

F3. User Note: The following shapes have noncompact flanges for F, = 50
ksi (345 MPa): W21x48, W14x99, W14x90, W12x65, W10X12, W8x31,
W8x10, W6x15, W6x9, W6x8.5, and M4x6. All other ASTM A6 W, S and M
shapes have compact flanges for F, < 50 ksi (345 MPa).

A
EATIRE)
IR
ey L3.51
Flange Local Buckling
o kok
[ Table 1-1 (continued)
| x—-ff-—x |T W-Shapes
tw
Dimensions
el ™
Web Flange Distance
Area, | Depth, N N N Work-
K orl
Shape A d Thickness, tw Width, Thickness, K 7 | able
tw 2 br t Kaes l Kaot Gage
in2 in. in. in. in. in. in. [ in. | in. [in. | in.
W14x132 | 38.8 (14 H 0| 5
s 353»«J Note the footnote on the weight, f|’| *"
0 (14.3 [14%6]0.525] 2 | Va [14.6 [14%s[0.860] /s [1.46 [2%16 [17/2
x99 9.1 |14.2 |14Y8(0.485| 2 | Va [14.6 [14%s(0.780| /s |1.38 |2'6 [17/16
x90' 6.5 [14.0 (14 |0.440| /16 | Va (145 [14"2[0.710| e[ 1.31 |2 1e
W14x82 240 (143 |14/4{0.510 Y2 | Ya [10.1 [10Y8|0.855| 7/s |1.45 [1'V16|1"16 [1078| 5'2
TA n1 0 l1an laatnln aenl 700 1. l4n4 anii. In7vorl 13L.14 20 145/ LRI 1 1
X435~ 14.0 |15./ | 137/8|U.5UD| 716 V16 b.u| o u.o9u| 72 112 | 178 I \ \
\ © Shape is slender for compression with £, = 50 ksi.
" Shape exceeds compact limit for flexure with £, = 50 ksi.
9The actual size, combination and orientation of fastener components should be compared with the geometry of the cross section
s}q.e\"" S to ensure compatibility.
%g " Flange thickness greater than 2 in. Special may apply per AISC ification Section A3.1¢c.
A0k
ey L3.52
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Flange Local Buckling

Table 1-1 (continued)
W-Shapes

—

Properties
w14

Compact Torsional
Nom-|  Section Axis X-X Axis Y-Y Properties
inal | riteria rs | ho
wt.

b a1 s [r] [ sr] i
Ww/t) 2t | & | ind | in3 [in. | ind [ ind [ in3 [in.| ind [ in. [ in. | int in®
132 Note that (b;/2t;) exceeds 9.15 | 25w
120 22700
109 173 |622[192 | 447 |61.2 (373 927 | 417134 | 712 | 20200
99 157 | 617|173 | 402 | 552 [371| 836 | 414134 | 537 | 18000
90 143 | 614157 |362 |49.9 |370| 756 | 410[133 | 406 | 16000
82 123 | 605139 |148 |29.3 |248| 448 | 285/134 | 507 | 6710

|.ov‘ .o

uo | 190U

L3.53

Flange Local Buckling
Impact on Lateral-Torsional Buckling

Table 3-2 (continued)

Z,

F, = 50 ksi W-Shapes
Selection by Z,
z Mox/S2p| 0pMpx | Mox/ 20| 06Mix | BF/2p| 0pBF L L L Vax/ Q| Oubox
Shape * | kip-ft | kip-ft | kip-ft | kip-ft | kips | kips | ' " | kips | kips
Not compact in? | ASD | LRFD | ASD | LRFD | ASD | LAFD | ft | ft | in* | ASD | LRFD
Woax62 | 153 | 382 | 574 | 229 | 344 [164 | 241 | 487 14.4 | 1550 | 204 | 306
W16x77 150 374 563 234 352 734 | 111 8.72 | 27.8 [ 1110 | 150 225
wiexiz | s | 2oy | aws | 1w | o0 | swy| oo |1 | sio | ow [we | 1oy
2148 (107 | 265 | 398 |62 | 244 | 989|148 ((6.00) 165 | 959 (144 | 216
WiBST p——o 161 | 262 | 7.98| 120 |“5B5] 183 | 756 |141 | 212
W14x61 102 254 383 161 242 493 748 | 865 | 275 640 | 104 156
Wi8x50 [101 | 252 | 379 | 155 | 233 | 876|132 | 583 | 169 | 800 |128 | 192
Wi0x77 | 97.6 | 244 | 366 | 150 | 225 | 260 | 3.90 | 9.18 | 453 | 455 112 | 169
Wi2x65' | 968 | 237 | 356 | 154 | 231 | 358| 539 (119 | 351 | 533 | 944 142
ASD LRFD | ' Shape exceeds compact limit for flexure with £, = 50 ksi; tabulated values have been adjusted
accordingly.
Q=167 | 05=0.90 | " Shape does not meet the h/t, limit for shear in AISC Specification Section G2.1(a) with F, = 50 ksi;
Qy=150 | ,—1.00 | therefore, o, =0.90 and ©, = 1.67.

L3.54
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oM,

n

W21x48

P

oM, =398 ft-Kips

oM, —

M, =¢FZ, =

oM,

Revised L, =6

09 ft

09(50)(107)
12

Flange Local Buckling
Impact on Lateral-Torsional Buckling

=401 ft-kips

Eq. F2-5, L, = 5.86 ft — 1

L

r

Unbraced Length, L,

L3.55

Flange Local Buckling

Table 3-2 accounts
for noncompact

Table 3-2 (continued)

flange and
unbraced length

oM, = 398 ft-kipS —>
L,=6.09ft

F, = 50 ksi W-Shapes
Selection by Zy
2 Mpx/ 21| 0Mpx [ Mind 20| 06Myx | BF/2p | 05BF L L | Vi 2] Oulx
Shape * | kip-ft | kip-ft | kip-ft | kip-ft | kips | kips | i * | kips | kips
in? ASD | LRFD | ASD | LRFD | ASD | LRFD ft ft int ASD | LRFD
W24x62 153 382 574 229 344 | 161 241 487 | 144 | 1550 | 204 306
W16x77 150 374 563 234 352 734 | 111 872 | 27.8 | 1110 [ 150 225
wizxie [1us | 2oy | auo [ 1w | zoo | swy| oo | | sio | ow [we | roy
W21x48' | 107 | 265 162 | 244 | 989|148 s.osl 165 | 959 144 | 216
W16x57 105 262 394 161 242 7.98 | 12.0 5.65 | 18.3 758 | 141 212
W14x61 102 254 383 161 242 493 748 | 865 | 275 640 | 104 156
Wigx50 [ 101 | 252 | 379 | 155 | 233 | 876|132 | 583 | 16.9 | 800 [128 | 192
W10x77 97.6 | 244 366 150 225 260 | 3.90| 9.18 | 453 455 | 112 169
W12x65' 96.8 | 237 356 154 231 358 | 539|119 35.1 533 94.4 | 142
ASD LRFD | ' Shape exceeds compact limit for flexure with = 50 ksi; tabulated values have been adjusted
accordingly.
Qp=167 | 0,=0.90 | " Shape does not meet the A/, limit for shear in AISC Specification Section 62.1@) with F, = 50 ksi;
Q=150 | 0,~1.00 | therefore, o,=0.90 and 2, =167

L3.56
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Fy=S0ksi Table 3-10 (continued)
W<y | ony W-Shapes

Moment vs. Unbraced Length
T

Beam Curves ==y i

Unbraced length
charts for beams

7

W21x48 oM, =398 ft-kips/

L,=6.0 ft

This is a noncompact flange shape

Web Local Buckling

* Limits W-shape, A992

A, =376 | =
F

y

A, =90.5

 All W-shapes have compact webs for A992

* Web local buckling then is only applicable to
built-up members which we will not consider.

L3.58
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Lateral-Torsional Buckling

C, in equations F2-2 and F2-4 accounts for
nonuniform moment diagrams between bracing
points.

For uniform moment along an unbraced segment,
C,=1.0 M M

C 2
L

Moment diagram

L3.59

Lateral-Torsional Buckling

* F1.(c) For singly symmetric members in
single curvature and all doubly symmetric
members

. 12.5M
" 25M_ +3M,+4M, +3M,

(F1-1)

L3.60
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Lateral-Torsional Buckling

 Moment diagram over unbraced length

Braced points

Mm X
\\
M, My C

four equal segments

Unbraced Length, L,

ATy
gm
5
e L3.61
Table 3-1
Values of Cp, for Simply Supported Beams
Lateral Bracing
Load Along Span Cy
|8 None ¥ 1 X
i Nam i ¥ Taz
i 1 ;
At load paint AT 4 =T
|f — e |
' t
| [ 1 i
Athoad poite | by
H R R None L
R e I e
H [
Atlced points | ety
[TTTTITITIT]
Mane e
At midpaint B
1 | Atthird points
At quarter LTI LI
points s e 1]
At fifth points T-":-E;Tiﬁ‘ci:"u'_'&“-"g;"f
g% ot eer rang sty b oo Pt o supprpor G Specicatn Grapr .
B
e L3.62
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Limit on use of C,
MI’L
M
MP
Mr \
plastic inelastic elastic
L
L, L b
unbraced length
L3.63
Limit on use of C,
MI’L
C,M
Mp ........................................
Mr \
plastic inelastic elastic
L
L, L b
unbraced length
L3.64
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Example 1(ASD)

Simply supported 20 ft span beam with full
lateral support and concentrated loads at
midspan

P, = 24 Kips

P, = 8 kips

L3.65

Example 1(ASD)

P =8.0+24.0=32.0 kips

32.0(20)

M, = =160 ft-kips

for a compact, fully braced section

. :wzmg in®
7 (50/1.67)

L3.66

opyright © 2021
merican Institute of Steel Construction

L3.33



AISC Webinar Series Basic Steel Design
March 11, 2021 Session L3: Bending Members

Example 1(ASD)

Table 3-2 (continued)
Zx W-Shapes Fy = 50 ksi

Selection by Z,

MﬁXIQb ¢bMpx er/Qh ‘T)erx BF/ /Qb ‘T)DBF L L 1 an/Qv ‘vanx
Shape Kip-ft | kip-ft | kip-ft | kip-ft | kips | Kips 4 ’ * [ "kips | kips
ind | ASD | LRFD | AsD | LRFD | AsD [LRFD | ft [ ft | in* [ ASD | LRFD
W21x44 | 954 | 238 | 358 (143 | 214 |111 |16.8 | 445 | 13.0 | 843 [145 | 217
W16x50 | 920 | 230 | 345 [141 | 213 | 7.69|11.4 | 562 | 17.2 | 659 [124 | 186
Wi8x46 | 90.7 | 226 | 340 [138 | 207 | 963|146 | 456 | 13.7 | 712 [130 | 195
Wi4x53 | 871 | 217 | 327 136 | 204 | 522 7.93| 678 | 223 | 541 [108 | 154
W IuUxo4 bb.b 10 P4elV) 10 108 2.45 3./0 Y.u4 33.0 U3 14.1 1z

‘ W18x35 66.5 | 166 | 249 |101 151 814 | 12.3 431 ] 123 | 510 (106 | 159

W12x45 64.2 | 160 | 241 | 101 151 380 | 580 | 6.89 | 224 | 348 81.1 | 122
W16x36 64.0 i 240 98.7 | 148 6.24 | 9.36| 537 | 152 | 448 93.8 | 141

W14x38 3 231 954 | 143 537 | 820 | 547 | 16.2 | 385 87.4 | 131
W10x49 L4 227 95.4 | 143 246 | 371| 897 | 316 | 272 68.0 | 102

W8x58 .8 224 90.8 | 137 170 | 255| 7.42| 416 | 228 89.3 | 134
W12x40 57.0 | 142 | 214 89.9 | 135 366 | 554 | 6.85| 21.1 | 307 70.2 | 105
W10x45 54.9 | 137 | 206 85.8 | 129 259 | 389 | 7.10| 26.9 | 248 70.7 | 106

W14v24 RAR 126 2nR f4aQ 1928 Am 78R R AN 18R 24n 708 | 12n

L3.67

Example 1(ASD)

Select W18x35
Z_ =66.5in.°>64.0in.’

M, /Q, =166 ft-kips > 160 ft-kips
L,=4.31ftis the maximum unbraced length

L3.68

Copyright © 2021
American Institute of Steel Construction
L3.34




AISC Webinar Series
March 11, 2021

Basic Steel Design

Session L3: Bending Members

Example 1(LRFD)

Simply supported 20 ft span beam with full
lateral support and concentrated loads at
midspan

P, = 24 Kips

P, = 8 kips

L3.69

Example 1(LRFD)

P =1.2(8.0)+1.6(24.0) = 48.0 kips

48.0(20)

M, = =240 ft-kips

for a compact, fully braced section

_240(12) _

= 64.0 in.?
7 0.9(50)

L3.70
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Example 1(LRFD)

Z Table 3-2 (continued)
X W-Shapes F, = 50 ksi
Selection by Z,
Z MﬁXIQb ¢bMpx er/Qh ‘T)erx BF/ /Qb ‘T)DBF L L 1 an/Qv ‘vanx
Shape * | kip-ft | kip-ft | Kip-ft | kip-ft | kips | kips 4 ’ * [ "kips | kips
ind | ASD | LRFD | AsD | LRFD | AsD [LRFD | ft [ ft | in* [ ASD | LRFD
W21x44 | 954 | 238 | 358 (143 | 214 |111 [168 | 4.45 | 13.0 | 843 [145 | 217
W16x50 | 92.0 | 230 | 345 141 | 213 | 7.69 | 114 | 562 | 17.2 | 659 |124 | 186
W18x46 | 90.7 | 226 | 340 138 | 207 | 9.63| 146 | 456 | 137 | 712 [130 | 195
Wi4xs3 | 87.1 | 217 | 327 136 | 204 | 522 | 7.93| 678 | 223 | 541 [103 | 154
W IuUxo4 bb.b 10 P4elV) 10 108 2.45 3./0 Y.u4 33.0 U3 14.1 1z
‘ W18x35 | 66.5 | 166 | 249 (101 | 151 | 814 (123 | 431 | 123 | 510 [106 | 159
Wi2x45 | 64.2 | 160 | 241 101 | 151 | 3.80 | 580 | 6.89 | 22.4 | 348 | 811 | 122
W16x36 | 64.0 | 160 | 240 | 987 | 148 | 6.24 | 9.36| 537 | 152 | 448 | 938 | 141
W14x38 5 | 153 954 | 143 | 537 | 820| 547 | 162 | 385 | 87.4 | 131
W10x49 4 | 151 954 | 143 | 246 371 | 897 | 316 | 272 | 68.0 102
W858 8 | 149 90.8 | 137 | 1.70 | 255 | 7.42| 416 | 228 | 893 134
Wi2x40 | 57.0 | 142 | 214 | 89.9 | 135 | 366 554| 685 | 21.1 | 307 | 702|105
W10x45 | 549 | 137 | 206 | 858 | 129 | 259 | 389 | 7.10 | 269 | 248 | 70.7 | 106
W14v24 RA R 127 205 fAQ 128 AN 7 RR R AN 1R R 24n 7a8 | 12n

L3.71

Example 1(LRFD)

Select W18x35

Z_ =66.5in°>64.0in°
o,M , =249 ft-kips > 240 ft-kips

L, =4.31ftis the maximum unbraced length

L3.72
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Example 2 (ASD)

For the beam

of Example 1, -

assume lateral .

supports at

ends only. o K

L, =20 ft
Cb=1'0 168

Available Moment, M, /<2y (1 kip-ft increments) and oy

(conservative) i \
M, =160 kip-ft Y
ﬂ - 18 0 2 2 2 yzn % =

Unbraced Length (0.5-1t increments)

Example 2 (ASD)

Table 3-2 (continued)

Z X W-Shapes
Selection by Z,

Select W12x58.

Fy = 50 ksi

Check usi n Table 3_2 2 WMo 28] 05Mox [Mind 2] 06Mrx | BF/C25 | 6BF B B | [
g Shape " kip-ft | kip-ft | kip-ft | kip-ft | kips | kips | " | ™ [«ips | kips
in’ | ASD | LRFD | ASD | LRFD | ASD | LRFD | ft | ft | int | ASD | LRFD

w2144 | 954 | 238 | 358 [143 | 214 [11.1 [ 168 | 445|130 | 843 [145 [217

Wi6x50 | 920 [ 280 | 345 [141 | 213 | 7.69| 114 | s62| 17.2 [ 659 |124 | 186

Wisx46 | 907 | 226 | 340 [138 [ 207 | 963 (146 | 456 | 137 | 712 |130 | 195

WIS 1 217 221136 204 522 33 Wi 2.3, 5411103 154

W12x58 864 L 216 224 1136 205 3821 5691 88 98 L4 SL8L 132

W10x68 | 853 | 213 | 320 |132 | 199 | 258 3.85| 95| 40.6 | 394 | 97.8 147

309 |127 191 712 | 1 5. 16.5 586 | 111 167

M Wiexds | 823 | 205 08 | 555
> Z 216 kip-ft, S =3.82 kips, L =8.87 ft
Q Q i

<

*=1.0 216-3.82(20-8.87) | =173 ft-kips

> M, =160 ft-kips

L3.74
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Example 2 (LRFD)

RTBN ]

L

* For the beam
of Example 1,
assume lateral
supports at
ends only.

« L,=20ft
° Cb = 10 168
(conservative)

Available Moment, M, /<2y (1 kip-ft increments) and oy

M, =240 kip-ft

al - 4 L i 4 1 } 2 { Ll +
18 20 2 24 26 28 30 32 34
Unbraced Length (0.5-1t increments)

Example 2 (LRFD)

Table 3-2 (continued)
Zx W-Shapes F, =50 ksi

Select W12x58.

Check using Table 3-2 S e e
g Shape " kip-ft | kip-ft | kip-ft | kip-ft | kips | kips | " | ™ [«ips | kips
in | ASD | LRFD | ASD | LRFD | ASD | LRFD | ft | ft | in | ASD | LRFD

W21x44 | 954 | 238 | 358 [143 | 214 |11.1 [168 | 445| 130 | 843 |145 | 217
WI6x50 | 920 | 280 | 345 |141 | 213 | 7.69|11.4 | 562 | 17.2 [ 659 [124 | 186

Wi8x46 | 907 | 226 | 340 [138 [ 207 | 963|146 | 456 | 137 | 712 [130 | 195
W1dxs: 1Lz | o7 la3s | ooq | 820l o3l 6781 223 | 541 1903 4
wioerg | sea 1216 | aps T9ag | o0s | agpl seol szl 208 | 4 82812
wi10x68 | 853 | 213 | 320 [132 | 199 | 288 3585 9.15| 406 | 304 | 97.8 147
Wi6x45 | 823 | 205 | 309 [127 [ 191 | 712|108 | 555| 165 | 586 [111 | 167

oM , =324 Kip-ft, $BF =5.69 kips, L, =8.87 ft
¢M, =1.0[324-5.69(20-8.87) | =261 ft-kips

> M =240 ft-kips

L3.76
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Example 3 (ASD)

For the beam of Example 1, assume
lateral supports at ends only, L, = 20 ft,
and use the correct C,to determine the
lightest shape

Table 3-1
Values of Cp, for Simply Supported Beams

Lateral Bracing C = 132
Load Along Span Co b

[ [

At load point —e—— 1

P P None

L3.77

Example 3 (ASD)

» Using C,, determine a modified required
moment strength

C, =132
M, =160/1.32 =121 ft-kips

From Table 3-10 select, at L, = 20 ft
W14x48

L3.78
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Example 3 (ASD)

Check to be sure that
the required strength
does not exceed the
plastic moment
strength.

M
£ =196

b

>160 ft-kips
. ok

Available Moment, M, /(2 (1 Kip-ft increments) an:

Example 3 (LRFD)

For the beam of Example 1, assume

lateral supports at ends only, L, = 20 ft,
and use the correct C,to determine the
lightest shape

Table 3-1

Values of Cj for Simply Supported Beams

Load

Lateral Bracing
Along Span

None
Load al midpoint

At load point

None

C,=132

L3.80
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Example 3 (LRFD)

» Using C,, determine a modified required
moment strength

C, =132
M, =240/1.32 =182 ft-kips

From Table 3-10 select, at L, = 20 ft
W14x48

L3.81

Example 3 (LRFD)

E < iy .':" A\ \ \
Check to be sure that % 140 | R ‘\-\ 11T \\ - ‘\
the required strength 2 =\ . \ \ \
does notexceedthe 2| | 7 \ _ Y\
plastic moment é S X \ \
= R4 \ \
strength. = 4k \ \ \
E| 122 08 <RI \ VTN
3 , \
oM, =294 i \.\ U\
: - TN % %]
> 240 ft-kips b \ \‘ -\\
. ok 124 \ '\i\l' \
._i. \\A: \\ ...\\
VEARRANNNNRNANNRRRUNAL
24 26 28 30 32 34
Unbraced Length (0.5-ft incremen ts)
13.82

opyright © 2021

merican Institute of Steel Construction

L3.41



AISC Webinar Series
March 11, 2021

Basic Steel Design

Session L3: Bending Members

Design for Flexure

» Chapter F also includes:

— F4, F5. Built-up I-shapes with non-compact or slender
webs

— F6. Minor axis bending
— F7. Square and Rectangular HSS and Box Sections
— F8. Round HSS

— F9. Tees and Double Angles Loaded in the Plane of
Symmetry

— F10. Single Angles

— F11. Rectangular Bars and Rounds

— F12. Unsymmetrical Shapes

— F13. Proportions of beams and girders

L3.83

Tees and Double Angles

* Limit States
~Yielding | T

— Lateral-Torsional Buckling J_ T

— Flange Local Buckling T

. For this presentation
- Stem Local BUCkIlng l assume a simp|e beam,

thus compression is on
top

L3.84
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Tees and Double Angles

* F9. Tees and Double Angles Loaded in the
Plane of Symmetry
—F9.1 Yielding
(a) tee stems and web leg in tension
(b) tee stems in compression
(c) web legs in compression
— F9.2 Lateral-Torsional Buckling
(a) stems and web legs in tension
(b) stems and web legs in compression

L3.85

Tees and Double Angles

* F9. Tees and Double Angles Loaded in the
Plane of Symmetry

— F9.3 Flange Local Buckling
* (a) for tee flanges
* (b) for double angle flange legs
— Use single angle Section F10.3
— F9.4 Tee stems and Web Legs Local Buckling
* (a) for tee stems

* (b) for double angle web legs
— Use single angle Section F10.3

L3.86
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Tees

* F9.1. Yielding
M, :Mp (F9-1)

(a) For tee stems and web legs in tension T
M,=FZ <1o6M,6 (F92)

(b) For tee stems in compression L

_ (Fo-4)
Mp B My

L3.87

Tees

« F9.2 Lateral-Torsional Buckling

(a) For stems and web legs in tension |
(1)When L, <L,

LTB does not apply

(2)WhenL <L <L,

Mn:Mp_(Mp_My)|:Lb_§p:l (F9-6)

L3.88
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Tees

« F9.2 Lateral-Torsional Buckling
(a) For stems and web legs in tension |
(3)When L, > L,

M, =M, (F9-7)
where

M _195E IyJ[B+\/1+Bz} (F9-10)

cr
b

and

d)\ |, -
3_2.3( 2 (F9-11)
L )\'J

Note that with the stem in tension, B is positive

L3.89

Tees

« F9.2 Lateral-Torsional Buckling
(b) For stems and web legs in compressionJ.
(1) For tee stems
M =M, SMy (F9-13)
where

1.95E 5
M, = i /IyJ [B+\/1+B } (F9-10)

b

B L)L (FO-12)
L N7

Note that with the stem in compression, B is negative

L3.90
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Tees

. F9.3. Flange Local Buckling T

(a) For tee flanges
(1) Compact flange
FLB does not apply
(2) Noncompact flange

A=A,
M,=M,-(M,-0.7F,S, ) 2 <1.6M
- Y

) (F9-14)
of o '
3) ) Slender flange
( ) ) g M :0.7ESM, (F9-15)
TR
2,
L3.91
Tees
- F9.4. Stem Local BucklingL
(a) For tee stems
M, =F,S. (F9-16)
(1) when dso.s4f
L, F,
F,=F, (F9-17)
(2) when 0.84\/F<d§1.52\/F
F 1, F,
ey
F, =[143-0.515—,|—= |F, (F9-18)
t,VE | -
L3.92
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Tees

* F9.4. Stem Local BucklingJ.
(a) For tee stems

(3) when L5152 F
t, F,

F == (F9-19)

L3.93

Example 4

« Determine the nominal flexural strength of
a WT16.5x59 with an unbraced length,

L, =10 ft and the stem in tension.
A4,=174in? d=1641in.
S .=39.2in° ¢ =0.550in.
Z =708in’ J=2.64in"
[,=935in*  r =232in.

L3.94
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Example 4

 Elastic Neutral Axis (ena)
— Moment of Area above ena = Moment of Area

below ena
0.749 s,
S e e
15.66 11.93 Sbottom =39.2 in.3
~H.550
L3.95
Example 4

 Plastic Neutral Axis (pna)
— Area above pna = Area below pna

S Z_=70.8in’°
15.66 15.54 B _ 70.8 181
39.2
550

L3.96
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Example 4
* F9.1 Yielding
(a) Tee stem in tensionT
M,=F,Z, <1.6M, (F9-2)
=50(70.8) =3540 in.-kips
M,=F,S, (F9-3)

=50(39.2) =1960 in.-kips
1.6M, =1.6(1960) = 3140 in.-kips

thus,
M,=M,=16M,=3140 in.-kips

L3.97

Example 4

 For lateral torsional buckling with the stem
in tension, check unbraced length

L,=176r, |5 =176(232), = =983 in. = 8.19ft.  (Fo-8)
F, 50

JLJ F,
L. =195 ERRLICe 236 = @+l (F9-9)
F, ) S, E)J

y
935(2.64
:1-95(EJMJ2.36[EJMH
50)7 392 E) 264
640 in. = 533t

L3.98
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Example 4

« Since L, <L, <L,
— This is inelastic lateral-torsional buckling

L-L
M,=M,-(M, —My)[ﬁJ (Fo-6)
r P

:3140—(3140—1960)(%j

=3090 in-kips

L3.99

Example 4

« Flange local buckling T

b,

O _776<n =038 [£ 015
2t, P F,

— Therefore it is compact

» Stem local bucklingT

— The stem is not in compression, therefore this
limit state is not applicable

L3.100
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Example 4
Summary | Limit State M, oM, M,/Q
In-kips | In-kips | In-kips
Stemin | Yielding 3140
Tension

Lateral-torsional

T buckling

3090 | 2780 1850

FIang_e local Compact
buckling

Stem local Not in
buckling comp.

L3.101

Shear

» Two methods of calculating shear strength are
available.

— The method presented in Section G2.1 utilizes the
post buckling strength of the member without using
tension field action. All rolled W-shapes fit here.

— The method presented in Section G2.2 utilizes
tension field action for interior stiffened panels.

L3.102
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Shear

 Limit States
—Yielding
— Buckling

* Post buckling strength

* Post buckling strength through Tension Field
Action. Only applies to built-up I-shapes

— Shear Rupture
» Treated as a connection concern

L3.103

Shear

* The nominal shear strength, V,, of
unstiffened or stiffened webs according to

the limit states of shear yielding and shear
buckling, is

V,=0.6FA4C, ©)

L3.104

opyright © 2021
merican Institute of Steel Construction

L3.52



AISC Webinar Series Basic Steel Design
March 11, 2021 Session L3: Bending Members

Shear

» G2.1.(a) For webs of rolled |-shaped
members with

%S2.24 £

w y

C,=10 @2

This means the web will yield in shear.

L3.105

Shear

* User Note: All current ASTM A6 W, S, and HP shapes
except W44x230, W40x149, W36x135, W33x118,
W30x90, W24x55, W16x26 and W12x14 meet the
criteria stated in Section G2.1(a) for F, = 50 ksi (345
MPa).

For the shapes that meet the requirements of Section
G2.1(a),

¢, =1.00 (LRFD) Q =1.50 (ASD)

For others, there are only 8 W-shapes,

@ 0. =090 (LRFD) Q=167 (ASD)

L3.106
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Shear

» G2.1.(b)(1) For all other I-shaped
members and channels,

(i) when
ﬁSl.lO kB
t, i

C,=10 @

This means the web will yield in shear.

L3.107

Shear

« G2.1.(b)(1)
(i) when . E
t—>1.10 >

w y

c - 1.101/kvE/Fy 24
vl h/tw

This means the web will buckle inelastically.

L3.108
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Shear

» Web plate shear buckling coefficient
— For webs without transverse stiffeners

k=534

* User Note: Forall ASTM A6 W, S, M and HP shapes
except M12.5x12.4, M12.5x11.6, M12x11.8, M12x10.8,
M12x10, M10x8 and M10x7,5, when F, = 50 ksi (345
MPa), C,, = 1.0.

L3.109

Shear

All W-shapes will fall in this range

1.0d 2

vl

LIO\/% h/tw

L3.110
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Shear

» G2.1.(a) For webs of rolled |-shaped
members with
h

t—£2.24 £

w y

¢, =1.00 (LRFD) O =1.50 (ASD)

L3.111

Shear

8 W-shapes fall here

V. /0.6F A,

OV, /0.6F A,
2.54 £
\F,

For W-shapes, k, = 5.34

hit,,

L3.112
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Manual

Z, tables and uniform load tables show shear strength

Table 3-2 (continued) Table 3-6 (continued)
Z Maximum Total
x W-Shapes F, = 50 ksi F, =50 ksi . .
Selection by Z, Uniform Load, kips
W-Shapes W18-W16
ol 24 o /2, Mex | BF/Qp| 0pBF Vol Q|
- 7, Mor/o] QoM [M/20| 0 LI R R A L A | shape Wisx Wibx
\ape kip-ft | Kip-ft | kip-ft | kip-ft | kips | kips kips kvEs I 55 50 % 20 35 100
in3 | ASD | LRFD | ASD | LRFD | ASD | LRFD | ft | ft | in | ASD | LRFD Design 20| LD 20| Lrr0 [TASDY| LRFD
W21x44 954 | 238 358 | 143 214 {111 | 168 445| 130 | 843 | 145 217 6 319
W16x50 920 | 230 345 | 141 213 769|114 562 | 17.2 | 659 | 124 186 7
W18x46 90.7 | 226 340 138 207 963 | 146 456 | 137 | 712 | 130 195 °
winss | 71 | aw | 327 |18 | 204 | s22| 75| 678 | 225 | 541 [108 | 15¢ .
WIUXDE | Db [TIBBI| LU [IUDTT| 19 | UEES| 500 | YU | S5 | SUS [ 112 ] ||
W18x35 665 | 166 249 |101 151 814|123 431 | 123 | 510 | 106 159
Wizx4s | 642 | 160 | 241 |101 | 151 | 380| 580 | 689 | 224 | 348 | 811 | 122 pen el e 2l ] o
Wibx3b | 64.0 | 160 | 240 | S8 { 146 | B2é| 9.36| 537 | 152 | 4i6 | 938 141 W10 H 155 oG] =
W14x38 61.5 | 153 231 954 | 143 537 | 820 | 547 | 162 | 385 874 | 131 9.15( 8. 814 7.
W10x49 60.4 | 151 227 954 | 143 246 | 371 | 897 | 316 | 272 68.0 | 102 W/ ) 128 06 199
WBx58 598 | 149 | 224 908 | 137 170 | 255( 742 | 416 | 228 893 | 134 a 12 101 665 198
W12x40 57.0 | 142 214 899 | 135 366 | 554| 685 211 307 702 | 105 L 5.90 583 431 887
W10x45 54.9 | 137 206 858 | 129 259 | 389 7.10| 269 | 248 707 | 106 L 178 109 123 28
T Fo e Ty g, 50 A 10
T A e e e T [P [ [ B “AS:!WI e o f insppo s .
o is0) or- 100

Example 4(ASD)

P

a

* For the beam designed in Example 1,
confirm that it has sufficient strength in
shear.

8.0+24.0=32.0 kips

% =16.0 kips

L3.114
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Example 4(ASD)

Z Table 3-2 (continued)
v W-Shapes F, = 50 ksi
Selection by Z,
V. =16.0<
z Mox/<2p| O6Mpx | Mix/ 25| GoMpx | BF/Qp| GpBF L L P Vil Q| dulx
V Shape * | 'kip-ft | kip-ft | kip-ft | kip-ft | kips | Kips 4 ’ * | kips | kips
no__ 106 klpS in? | ASD [ LRFD | ASD | LRFD | ASD | LRFD | ft ft | in® | ASD | LRFD
W21x44 | 95.4 | 238 | 358 [143 | 214 [111 |16.8 | 445 | 13.0 | 843 [145 | 217
Q W16x50 | 920 | 230 | 345 [141 | 213 | 7.69|11.4 | 562 | 172 | 659 | 124 | 186
W18x46 90.7 226 340 | 138 207 9.63 | 14.6 4.56 | 13.7 712 | 130 195
wi4x53 | 871 | 217 | 327 [136 | 204 | 522 7.93| 678 | 223 | 541 [108 | 154

W I1UX04 00.b 100 20U | 1D 106 240 | 5.0 | YU4 | 33.0 | SUS 14| 112

- W18x35 66.5 | 166 | 249 | 101 151 814 | 12.3 431 | 123 | 510 | 106_ | 159
W12x45 64.2 | 160 241 101 151 3.80 | 580 | 6.89 | 22.4 | 348 81.1 | 122
W16x36 64.0 | 160 240 98.7 | 148 6.24 | 936 | 537 | 15.2 | 448 93.8 | 141
W14x38 61.5 | 153 231 95.4 | 143 537 | 820 | 547 | 16.2 | 385 87.4 | 131
W10x49 60.4 | 151 227 954 | 143 246 | 3.71| 897 | 31.6 | 272 68.0 | 102

W8x58 59.8 | 149 224 90.8 | 137 170 | 255| 7.42 | 416 | 228 89.3 | 134
W12x40 57.0 | 142 214 899 | 135 366 | 554 | 6.85 | 21.1 | 307 70.2 | 105
W10x45 54.9 | 137 206 85.8 | 129 259 | 3.89| 7.10 | 26.9 | 248 70.7 | 106

W1424 RAR | 128 205 aaa | 190 &N 7661 Ran | 156 | 22n 7aa | 19n

L3.115

Example 4(LRFD)

* For the beam designed in Example 1,
confirm that it has sufficient strength in
shear.

P =1.2(8.0)+1.6(24.0) = 48.0 kips

= % =24.0 Kips

L3.116
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Example 4(LRFD)

Table 3-2 (continued)
2 :Y W-Shapes F, = 50 ksi
Selection by Z,

V. =24.0<
Mox/ 2| O6Mpx | Ml 26| G6Mix | BF/Qp| 0pBF Vnx/ Q| OuVnx

. Z, L, L, 1,

¢ V — 1 59 k| pS Shape * | 'kip-ft | kip-ft | kip-ft | kip-ft | kips | Kips 4 ’ * | kips | kips

n in® | ASD | LRFD | ASD | LRFD | ASD | LRFD | ft ft | in® | ASD | LRFD
W21x44 | 95.4 | 238 | 358 [143 | 214 [111 |16.8 | 445 | 13.0 | 843 [145 | 217
W16x50 92.0 | 230 | 345 |141 | 213 | 769|114 | 562 | 17.2 | 659 [124 | 186
W18x46 90.7 | 226 | 340 |138 | 207 | 963|146 | 456 | 137 | 712 [130 | 195
W14x53 87.1 | 217 | 327 |136 | 204 | 522| 7.93| 678 | 223 | 541 [103 | 154
W IUX04 ov.o 100 41V [1V) 100 £.40 3./0 v.u4 99.0 VA 4.1 e

- W18x35 66.5 | 166 | 249 | 101 151 814 | 12.3 431 | 123 | 510 | 106 | 159
W12x45 64.2 | 160 241 101 151 380 | 580 | 6.89 | 22.4 | 348 81.1 | 122
W16x36 64.0 | 160 240 98.7 | 148 6.24 | 936 | 537 | 15.2 | 448 93.8 | 141
W14x38 61.5 | 153 231 95.4 | 143 537 | 820 | 547 | 16.2 | 385 87.4 | 131
W10x49 60.4 | 151 227 954 | 143 246 | 3.71| 897 | 31.6 | 272 68.0 | 102

W8x58 59.8 | 149 224 90.8 | 137 170 | 255| 7.42 | 41.6 | 228 89.3 | 134
W12x40 57.0 | 142 214 899 | 135 366 | 554 | 6.85 | 21.1 | 307 70.2 | 105
W10x45 54.9 | 137 206 85.8 | 129 259 | 3.89| 7.10 | 26.9 | 248 70.7 | 106

Ty
A W14v24 ag | 128 | 205 | aaal 192 am | 785] sanl 156 | 22n | 702l 19n

&

L3.117

Summary

» Looked at elastic and plastic behavior of
beams

» Addressed the limit state of lateral-
torsional buckling

* Investigated the influence of local buckling
on beam strength

lllustrated the use of several design aids

f Reviewed how beam shear is addressed
{

mmﬂp

By L3.118
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Lesson L4

* The next lesson will consider the principles
of interaction of compression and bending.

» The Specification equations will be
addressed.

» We concentrate on Chapter H of the
Specification and Part 6 of the Manual

L3.119

Thank You

American Institute of Steel Construction
130 East Randolph St., Suite 2000
Chicago, IL 60601
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Single-Session Registrants
CEU / PDH Certificates

¢ You will receive an email on how to report attendance from:
registration@aisc.org.

e Be on the lookout: Check your spam filter! Check your junk folder!

e Completely fill out online form. Don’t forget to check the boxes next to each
attendee’s name!

: Smarter.
g : Stronger.
== : Steel.
Single-Session Registrants
CEU / PDH Certificates
¢ Reporting site (URL will be provided in the forthcoming email).
e Username: Same as AISC website username.
e Password: Same as AISC website password.
: Smarter.
g : Stronger.
7 : Steel.
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Course Package Registrants
CEU / PDH Certificates

One certificate will be issued at the conclusion of the course.

Saae | Smarter.
i@ : Stronger.
Zmaw : Steel.

Ly

Course Package Registrants
Attendance and PDH Certificates

¢ You have two options to receive credit for a given session.
* Option 1: Watch the live session. Credit for live attendance will be
displayed on the Course Resources table within two days of the session.
* Option 2: Watch the recording and pass the associated quiz.

Videos and Quizzes
e For each session, find access within two business days after the live air date. (An

email will be sent from webinars@aisc.org.)

e Quiz scores are displayed in the Course Resources table.

Distribution of Certificates
All certificates will be issued after the course is completed. Only the registrant will
receive a certificate for the course.

S | Smarter.
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Course Package Registrants
Course Resources

Find all your handouts, quizzes and quiz scores, recording access, and
attendance information in one place!

Course Package Registrants

Course Resources

Go to www.aisc.org and sign in.

USERMAME

PASSWORD

downioade bookstore.
JOUT passward
REGISTER NOW

LOGIN
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Course Package Registrants

Course Resources

Go to www.aisc.org and sign in.

IN THIS SECTION I‘ﬂyAbf_

MY PROFILE

EDIT PROFILE

rlar Hizt MY PURCHASED DOWNLOADS
MY COURSE RESOURCES

VIEW RESOURCES

Course Package Registrants

Course Resources
AT
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Course Package Registrants

Course Resources

Design of Facade Attachments

4-5ESSION PACKAGE RESOURCES

: Smarter.
§) : Stronger.
7 i Steel.

AISC | Thank you.
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