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Session Description

22.4 Bending Members
February 25, 2020

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 Cb, 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.

C ﬁ?ght School

Learning Objectives:

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

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

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

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

Basic Steel Design: A review of the
principles of steel design according to
ANSI/AISC 360-16

Night School 22
Lesson 4
Bending Members
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Lesson 4 — Bending Bending Members
B3.1. For LRFD, design shall be performed in
* Bending Members accordance with:

— Plastic vs. elastic moment strength Required Strength < Available Strength

— Lateral-torsional buckling Ru < (I)Rn (B3-1)

— Local buckling where

—Beam design R, = required strength (LRFD) defined in Chapter C

— Tees and double angles R, = nominal strength specified in Chapters F & G

— Shear strength ¢ = resistance factor specified in Chapters F & G

¢R,= design strength = resistance factor (nominal strength)

4.9 4.10

Bending Members Bending Members
532 gg&ﬁg’gﬁfeefv'ﬁ’ﬁfha" be performed in F1. The design flexural strength, ¢, M,, and

the allowable flexural strength, M, /Q,, shall

Required Strength < Available Strength .
be determined as follows:

Ra < Rn /Q (B3-2) (a) For all provisions in this chapter
where ¢, =0.90 (LRFD) Q, =1.67 (ASD)
R, = required strength (ASD) defined in Chapter C and the nominal flexural strength, M, shall be

R, = nominal strength specified in Chapters F & G determined according to Sections F2 through F13.

{2 = safety factor specified in Chapters F & G (b) The provisions in this chapter are based on the

R JQ = allowable strength = nominal strength assumption that points of support are restrained
safety factor against rotation about their longitudinal axis.

4.1 4.12
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Bending Members Steel as a Material
F,,= Ultimate Strength

o Elastic _
 Limit States Behavior _F,=Yield Stress

— Yielding: as seen in the discussion of \\
compression, yielding is the upper limit for all N / Plastic Behavior

shapes.

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

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

Slope = Modulus of Elasticity, £

Stress, F

&= Yield Strain

Strain, €
414

4.13

Bending Members Bending Members
* First concentrate on doubly symmetric I-

* Limit States
— The buckling limit states influence strength shaped members

differently depending on the shape — Limit States
| * Yielding
. ~E . | B L=‘* * Local Buckling
' * Lateral-Torsional Buckling

4.16

4.15
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, I
 Elastic response M = L =18,
nl ¢
t,? Plastic Behavior E _ L i
§ —_—
3 g, g,
8}’ Strain, ¢ stress
VR elasticneutralaxis __ ¥ ¥V
(ena)

4.17

Basic Steel Design

Session 4: Bending Members

Bending Members

. F I

 Elastic response M=—2=-FS§S
yox

R — ¢

. , : F

5 Plastic Behavior v

E=—

n Sy

&y Strain, ¢ stress strain

Bending Members

 Partial plastic response

F, ———— The elastic flexure formula we
I, - - are used to using no longer
g Plastic Behavior works.
2
»n

& .

£ Strain, ¢ stress F=F stain  £>¢g,

X ‘ ‘
4.19
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Stress, F -3

Bending Members

* Full plastic response — the yield limit state

------ i Strain is assumed to be infinite
Plastic Behavior Thus, stress is at the yield level
over the entire cross section
& Strai
Y rain, & stress [ =F
X

plastic neutral axis
(pna)

4.20
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Bending Members Bending Members
* Determine the force in the flange and web » Take moments about the plastic neutral axis

4.21 4.22

Bending Members Bending Members
» Simplifying * How do we define the plastic neutral axis?
Tr=C
woan (-4 (54
F A =F A
~he A=A
where Z = the plastic section modulus * Thus, the area above the pna must equal
= the moment of the area about pna the area below the pna.

© Copyright 2020
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Bending Members

* For a rectangle the pna is in the middle.
_bd’
12
bd?
6

2o 2)2)- 4

bd®
_Z_ 4
TS bd?
6

=1.5 Shape Factor

4.25

Bending Members

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

4, =0.5(8)+0.5(8) =8.0 in?

A=A = A’;ﬂ" =4.0in’

Thus the pna is at the flange-stem juncture.

$=9.39in?
Z=17.01in?
17.0

=——=1.81
P 9.39

4.26

Bending Members

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

* Itillustrates 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.

4.27

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

W14x99, W14x90, W12x65, W10X12, W8x31, W8x10, W6x15, W6x9, W6X8.5,
and M4x6 have compact flanges for F, = 50 ksi (345 MPa); all current ASTM A6

F2. User note: All current ASTM A6 W, S, M, C and MC shapes except W21x48,

W, S, M, HP, C and MC shapes have compact webs at F, < 70 ksi (485 MPa).

4.28
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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

4.29

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,.

4.30

Bending Members

* If the member behaves either plastically or
elastically

4.31

Bending Members

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

L, L .
plastic “ inelastic elastic

4.32

© Copyright 2020
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Based on an unbraced

Lateral-Torsional Buckling fengtn 'esst“a“’\ Design Aid

equalto L,
Iif L, < L,, the limit state of yielding N
controls bending strength. Fy = soksi

Table 3-6 (continued)
Maximum Total
Uniform Load, kips

Shape

Design ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD
_— _— (F2 1 ) 6 316 A74 290 435
— — - 7 342 513 314 471 288 433 272 409
n p y X 5 3 3 % 5

9 286 | 430 [279 | 420 | 244 | 367 354 | 212 | 318
10 257 387 251 378 220 330 212 318 190 286
" 352 229 344 200 300 289 173 260
12 215 | 323 |21 315 (183 | 275 | 176 | 265 | 159 | 239
13 198 298 193 291 169 254 245 20

et 23 (112 [168 |109 | 164 | 955|143 | 921 | 138 | 828 | 124
£ 20 L1z g1 lqos | 1sa | orsla | aasl 13 | 702170
3 25 103 155 | 101 151 87.8 | 132 847 | 127 762 | 114
P aan | 10 |leasl s [Caaal 7 [Hadald 5 1325 1
4.33 4.34
Based on an unbraced
. . . .
length less than or Design Aid Lateral-Torsional Bucklin
equal to L
q P
= 22 4177|176 [4147| 172 7998 150 |96 145 [ 7866 130 . . .
= | 28 |12 |68 [109 | 164 | 955|143 | 921 | 138 | 828|124 ° If L L th | t t t f I t | t I_
§ | 5 |dor |d s [Bs | ois|is | a2 |i%s | 78510 p = L,nhe limit state of elastic latera
@ 25 103 155 101 151 87.8 | 132 847 | 127 762 | 114
2% 990 149 | 967 | 145 | 844|127 | 815|122 | 732 | 110 t . I b kl t I
27 954 | 143 | 931|140 | 813|122 | 784 | 118 | 705 | 106
2 PG s B s NN R e RS orsional buckling controls
29 888 | 133 | 867 | 130 | 757|114 | 730 | 110 | €57 | 987
30 858 | 129 | 838|126 | 782|110 | 706 | 106 | 635 | 954
32 805 | 121 | 786 | 118 | 686|103 | 662 | 995 | 595 | 89.4
757 | 114 | 740 | 111 | 646| o7.1 | 623 | 936 | 560 | 842 _ < F2-3
36 715 [ 108 | 699 | 105 | 610 o17 | 588 | 884 | 529 | 795 = ( - )
38 678 | 102 | 662 | 995 | 678 | 68 | 657 | 838 | 504 | 753 n cr’~x — P
) 644 | 965 | 629 | 945 | 549 | 825 | 529 | 796 | 476 | 716
a2 613 | 921 | 599 | 900 | 523 | 786 | 504 | 758 | 453 | 681
4 585 | 880 | 572 | 859 | 499 | 750 | 481 | 723 | 433 | 650
46 56.0 84.1 7 822 a7 n7 46.0 69.2 414 62.2
48 536 | 806 | 524 | 785 | 457 | 668 | 441 | 663 [ 397 [ 506 5 2
50 515 | 77.4 | 503 | 756 | 439 | 660 | 424 | 637 [ 381 | 572
52 495 | 744 | 484 | 727 | 422 635 F Cbn E 1 0 078 JC Lb (F2 4)
eam Properties a 2 +0.
WelQp | 0oW, kip-ft| 2570 3870 2510 3780 2200 3300 2120 3180 1900 2860 S r
Mol |ooM,, kip-t| 322 | 48s | 314 | 473 | 274 | 413 | 265 a9 | 238 | 358 L x %o s
M IQp |0pM,, kip-ft| 194 291 192 289 165 248 162 244 143 214 b
BFIQyp | 05BF, kips 134 203 108 16.3 121 183 989 148 111 16.8
WiQy | 0.V, kips m 256 156 234 158 237 144 216 145 27 r
i 2 7 I 0 asg Is
Loft 477 6.11 459 6.09 445
L# 14 174 136 165
ASD I LRFD " Shape does not meet compact limit for flexure with Fy= 50 ksi; tabulated values have been adjusted
67 o ogo ] ccourdngly
Qp=167 “”‘ Notes: For beams laterally unsupported, see Table 3-10.
Q=150 ¢,=1.00 Available strength tabulated above heavy line i limited by available shear strength.
4.35 4.36

© Copyright 2020
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Lateral-Torsional Buckling

* IfL, <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.

L-L
M, =C, {Mp ~(M, - 0.7Fny)(L — H <M, (F22)
r p

4.37

Basic Steel Design
Session 4: Bending Members

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

4.38

Lateral-Torsional Buckling

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

r

2 2
0.7F

L=195r L | T T 66| 2En | ()
“0.7F,\'S.h, \\S.A, E

4.39

© Copyright 2020
American Institute of Steel Construction

M,
M,=FzZ,
M M,=C,|M,~(M,~07Fs,) Lot <M,
) . =M, SN\ )
// P
M,
M,=F.s,

Unbraced Length, L,

4.40

4.10
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Lateral-Torsional Buckling Lateral-Torsional Buckling

Rewrite Eq. F2-2 to simplify * Thus,
i L M,=C|M,-BF(L,-L,)|<M,

M,=C,|M,~(M —07FS)(Lb_ "H<M
n b P P . yox L —L - P
r P

and the available strength is
becomes

OM, =C,[ M, -$BF(L,~L,)]  (LRFD)

M M, BF
n =Cb|: P__(Lb_Lp):| (ASD)
Qb Qb b

BF =
(£,-1,)
4.41 4.42
i Table 3-10 (continued)
K] W-Shapes
H 1 iﬁ Avai.!alble Mf)ment vs. Unbraced.Lenglh
Y LA
Design Aid Beam Curves =i
L .
Another design aid IVARR AR

Tabulate the Table 3-2 (continued) that will assist in =

terms in these Zx W-Shapes Fy =50 ksi design considering .

equations Selection by Zy unbraced length L ®
| o

2> [P/ S20] oMo [ M/ 20| M | BF/2 | 60BF | . 1 [/ ] ot ~
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 | 954 | 238 | 358 (143 | 214 |11 | 168 | 445 130 | 843 [145 |217
Wi6x50 | 920 | 280 | 345 141 | 213 | 7.69| 114 | 562 17.2 | 659 |124 | 186
W18x46 | 907 [ 226 | 340 |188 | 207 | 963|146 | 456 | 137 | 712 | 130 | 195
W14x53 | 87.1 | 217 | 327 |136 | 204 | 522| 7.93| 678 | 22.3 | 541 |103 | 154
Wi2x58 | 864 | 216 | 324 [136 | 205 | 382| 569 | 887 | 298 | 475 | 87.8 [ 132

W10x68 853 | 213 | 320 |132 199 258| 385( 9.15| 406 | 394 | 97.8 | 147 y{
W16x45 82.3 | 206 | 309 |127 191 712 108 555 [ 165 | 586 [111 167 L O —

W18x40 784 | 196 | 294 |119 180 894 | 132 449 | 131 | 612 (113 | 169 r

W14x48 784 [ 196 | 204 |128 | 184 | 500 | 7.67| 675 | 21.1 | 484 | 938 | 141 B

W12x53 77.9 | 194 | 292 |123 185 365| 550 876 | 28.2 | 425 | 835|125
W10x60 746 | 186 | 280 |116 175 254 | 382 9.08| 366 | 341 85.7 | 129

W16x40 730 | 182 | 274 | 113 170 6.67 | 100 555 | 159 | 518 | 976 | 146
W12x50 719 | 179 | 270 | 112 169 397 | 598 | 692 | 238 | 391 90.3 | 135

WBx67 701 [ 175 | 263 |[105 | 159 | 1.75| 259 | 7.49 [ 476 | 272 | 103 | 154
W14x43 69.6 [ 174 | 261 |109 | 164 | 4.88| 7.28| 6.68 [ 200 | 428 | 836 125

0 1z 16
Unbraced Length (05-ft increments), ft

4.43 4.44

© Copyright 2020
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Slender Elements

TABLE B4.1b

Width-to-Thickness Ratios: Compression Elements

Members Subject to Flexure

|
/] — || =

Slender Elements

Webs of doubly
symmelr icI- it 3. 75
shaped sections \ F
|_|and channels

(E ¢ ¢
570/ detwh deten
VFy ! '

Webs of singly
symmetric

h

h,
h -shaped hetty M,
sections 054> ~0.09)|

[E |5 n
S70[E ] |2

Flanges of
rectanguiar HSS | b1

[E
[E
10 F

Flange cover
plates and I3 [E
diaphragm plates 2=
between lines of VA
fasteners or
welds

Stifened Elements.

(E P N
140 [ E et et
VA H

w 19| Webs of
rectangular

242 |E
HSS and box VFy

570 “5 “ '

0| Round HSS
E
007
F

E
o3tz

21 Flanges of box ot

[E |
e |

1

1

1

1

1

| =
| sections 112 =
| \F
|

|

|

=0.7F, for slender

e~ 4401y chal o botaken s than 0.35 o reter tan 076 o cacaton purposes

5 Lehaped mambers wih Sur6e = 07

asF, fo mz}or oy nsnmng of compact and
ere Sy, Sy = elastic section modulus

b ° Width-to- r'mﬁ('?.m Ratio
] Width-to- Ao A
©| Description of |Thickness (comp-:l/ (noncompact/
Element Ratio noncompact) slender) Examples
. | o] st s ) N IV
| ' e e R R %1
: l‘f 11/ Flanges of fal o) b b
| doubly and — c 4t e t
! IR e ool [+ ]
_______ 44— H sections = >t ]
l i i ot
i g ::g‘ss:mng\e " 054\}/% 0s1|E M b . ,,: ‘
| g
S| 13| Flanges of all 3 =
| wesstes | 01| 0sE | wni | \]
| !I_e‘fnir_ejiou( the o ‘ b
!
! 14 Stems of tees at 084 V% 1522 ]
4.45
» Compact W-shape
b E E
A=——<A ;=038 |—
2t P
f y
* Noncompact W-shape
E b 5 E
A.=038 [—<—<A, =10 |—
of ¢ f
y S y
4.47

Flange Local Buckling

» Slender W-shape

A, =1.0
y S

4.48

© Copyright 2020
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Flange Local Buckling Flange Local Buckling
Nominal Strength * Noncompact
« Compact M, =M, =FZ (F2-1)
A=A .
f !

0.9Ek S (F3-2) M,=M,-(M,-0.7F,S,) _ - 3
i it My =,
n 7\’2 P

4 But shall not be taken less than 0.35

with k, = ——
h nor greater than 0.76 for calculation

I, purposes

» Slender M

4.50

4.49

Flange Local Buckling

* Limits W-shape, A992
M,=FzZ, [

M, =0, -, 075 2 ] X, =038 /?

/
A, =9.15
— Ten W-shapes have noncompact flange for A992

A=Ay
2

M,=0.7FS,
—M, Ve
F3. User Note: The following shapes have noncompact flanges for F,= 50

Compact . Noncompact Slender
ksi (345 MPa): W21x48, W14x99, W14x90, W 12x65, W10X12, W8x31,
W8x10, W6x15, W6x9, W6x8.5, and M4x6. All other ASTM A6 W, S and M

xrf
shapes have compact flanges for F, < 50 ksi (345 MPa).

A

of
4.52

Slenderness, b,/2t,

4.51

4.13

© Copyright 2020
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x99 T\29.1 [14.2 [1
x90' _1/26.5 (14.0 (14 |0.440]

Flange Local Buckling

R LY
i { Table 1-1 (continued)
df X—f——x |T W-Shapes
b
Dimensions
‘ K
b
Web Flange Distance
Area, | Depth, Work-
K o
Shape d Thickness, t Width, Thickness, P 7 | able
tw 2 by 1 Kaes [ Kaet Gage
in2 in. in. in. in. in. in. | in. | in. | in. | in.
. y
s footnote on the weight, f | °*
14%/5( 0.525| a [14.6 [14%:0.860 Zhe 172
4'/g] 0.485| a [14.6 |14%s0.780 26 (17he
Ya |145 |14 [0.710 2 |1hs

a |10.1 [ 10Vs | 0.855
V00 PRI PPSVA pNEoees
oW 6 |U.0U]

W14x82 24.0 |14.3 14"/ 0.510)

210 l1an l1ainlaacal

1116|116 (1078|572
REVAN DIV I |

120 [10.0 19778 [ECHT v

u.aua‘ 16

© Shape is slender for compression with , = 50 ksi,

" Shape exceeds compact limit for flexure with £ = 50 ksi.

9 The actual size, combination and orientation of fastener components should be compared with the geometry of the cross section
o ensure compatibiliy.

" Flange thickness greater than 2 in. Special requirements may apply per AISC Specification Section A3.1c.

4.53

Flange Local Buckling

Table 1-1 (continued)
W-Shapes

Properties
w14
Compact Torsional
Nom-| - Section Axis X-X Axis Y-Y A Properties
el criteria fis | ho
: s [r] z | 71 [s]r J Cw
in2 [ in. [ in2 | in® | in2 [in.| in3 | in. | in. in® | ind

Note that (b,/2t;) exceeds 9.15 | zw

22700
173 | 6221192 | 447 | 612|373 927 | 417|134 712 20200
157 | 617|173 | 402 | 552 |3.71| 836 | 4.14{134 5.37 18000
143 | 614|157 | 362 | 499 |3.70| 756 | 4.10{133 4.06 16000
123 | 605 139 | 148 | 293 | 248 448 | 2.85/13.4 5.07 6710

40| 1.04[014 V2D | 0.0z VIO c10[19.2

LU ‘ 10U

0.2 ‘ "o

vmﬂ‘ 1o

4.54

PR 2 4 [ 4 27 A IR R B o
Shape * |'kip-ft | kip-ft | kip-ft | kip-ft | kips | kips ? i * | kips | kips
Not compact in | ASD | LRFD | ASD | LRFD | ASD | LRFD | ft | ft | in‘ | ASD | LRFD

W24x62 | 153 | 382 | 574 | 229 | 344 | 161 | 241 | 487 | 144 | 1550 | 204 | 306
Wi6x77 | 150 | 374 | 563 | 234 | 352 | 7.34| 111 | 872 | 27.8 | 1110 | 150 | 225
wigxie [ 1us | 209 | avo [ v | coo | swy| 000 | 1us [ sro | v e | oy

Flange Local Buckling

Impact on Lateral-Torsional Buckling

Table 3-2 (continued)
Fy=50ksi W-Shapes Z X
Selection by Zx

—
21548 107 | 265 | 398|262 | 244 | 089 148 ((6.09) 165 | 959 (144 | 216
WGBS 39T | 161 | 242 | 7.98 120 183 | 758 [141 | 212
Wiax61 (102 | 254 | 383 | 161 | 2 493 | 748 865| 275 | 640 [104 | 156
W18x50 101 | 252 | 379 | 155 | 233 | 876|132 | 583 | 169 | 800 |128 | 192
W10x77 976 | 244 | 366 | 150 | 225 | 260| 390| 918 | 453 | 455 112 | 169
W12x65' | 96.8 | 237 | 356 | 154 | 231 | 358| 539|119 | 351 | 533 | 944 142

ASD | LRFD | "Shape exceeds compact limit for flexure with F; = 50 ksi; tabulated values have been adjusted
accordingly

Qp=1.67 | 45090 | " Shape does not meet the /t limit for shear in AISC Specification Section G2.1(a) with F, = 50 ks
Ov=150 | ou—1.00 | terefore, 6, =090 and = 1.67.

4.55

oM, =398 ft-Kips 1

Eq. F2-5, L= 5.86 ft — 1 L

Flange Local Buckling

W21x48
oM,
- OM, = 0F,Z _09(50)(107)
¢M » yox

4

oM,
Revised L,=6.09 ft

=401 ft-kips

4 r

Unbraced Length, L,

Impact on Lateral-Torsional Buckling

4.56

© Copyright 2020
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Table 3-10 (continued)
W-Shapes

e Available Moment vs. Unbraced Length
Ty Y \EEERREN

Flange Local Buckling Beam Curves = ¢

Table 3-2aCCOUNtS | ;g W.Shapes. Z, Unbraced length
for noncompact Seectonbr= charts for beams

9 PR L Lo g 7 K R P R [ R
unbraced |en th Shape " [kip-ft | Kip-ft | kip-ft | Kip-ft | Kips | kips 4 " * | kips | kips
g in® | ASD | LRFD | ASD | LRFD | ASD | LRFD | ft | ft | in‘ | ASD | LRFD
W24x62 153 382 574 229 344 1161 241 487 | 144 | 1550 | 204 306
Wi6x77 | 150 | 374 | 563 | 234 | 352 | 7.34| 111 | 872 | 27.8 | 1110 [ 150 | 225 — :
W21x48 oM, = 398 ft-kips
(I)Mn =398 ft-klpS ——>wztas 107 | 265 [ 506 ] 162 | 204 | 089|148 [[609] 165 | 050|144 | 216
W16x57 105 262 394 161 242 7.98 | 120 565 | 183 758 | 141 212
L =6.09 ft Wia6t [102 | 254 | 383 | 161 | 242 | 493 | 7.48| 865 | 27.5 | 640 |104 | 156
P wisxs0 [ 101 | 252 | 379 | 155 | 233 | 876132 | 583 | 169 | 800 [128 | 192
Wi0x77 | 976 | 244 | 366 | 150 | 225 | 260| 390| 918 | 453 | 455 |12 | 169
W12x65' 96.8 | 237 | 356 | 154 | 231 | 358 | 539 (119 | 351 | 533 | 944 142 L = 6 09 ft
D .
This is a noncompact flange shape
ASD LRFD imit for flexure with £, = 50 ksi; tabulated values have been adjusted

Qp=167 | 0p-090 |* t meet the /t, limit for shear in AISC Specification Section 62.1(a) with F, = 50 ks
2,=150 | 0,-1.00 0.90and Q,=1.67.

4.57

Web Local Buckling Lateral-Torsional Buckling

* Limits W-shape, A992 C, in equations F2-2 and F2-4 accounts for

E nonuniform moment diagrams between bracing
A, =376 |— points
F -
y

For uniform moment along an unbraced segment,
A =90.5
P C,=1.0 M M
« All W-shapes have compact webs for A992 [ 9

* Web local buckling then is only applicable to
built-up members which we will not consider. LTI E e TEA T

Moment diagram

459 4.60
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Lateral-Torsional Buckling Lateral-Torsional Buckling
* F1.(c) For singly symmetric members in » Moment diagram over unbraced length
single curvature and all doubly symmetric Braced points
members
M,

12.5M T
C, = max (F1-1) ﬂ\MB \
25M_ +3M ,+4M, +3M

four equal segments

Unbraced Length, L,

4.61 4.62

Table 3-1

Values of Cj, for Simply Supported Beams Li m it O n u Se Of Cb

Lateral Bracing
Along Span

Load

1 )
| Atload point *TJTT M
| "M
For Lo |

t ‘ ﬁl load poyin‘fAsu
" &

plastic inelastic elastic

5
Atload points

None

At midpoint

3 3

LI

I ‘A At third points m
T

L L Ly

At quarter
‘P r

points

At fifth points unbraced length

4.63 4.64
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Limit on use of C, Example 1(ASD)

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

P, =24 kips

" \ P, =8 kips

plastic inelastic elastic

L,

unbraced length

465 4.66
P 8 O 24 0 32 O k Table 3-2 (continued)
g U+ 24, . IPS 2 :x W-Shapes F, = 50 ki
Selection by Zy
v =320C0 _ 66 froki

a - I pS S Pl ] ol [ 2] e [BF] €0BF [ [ |, [Vorl ] ook

Shape " ['ip-ft [ kip-ft | kip-ft | kip-ft | kips | kips | i " | kips | kips

. in® | ASD | LRFD | ASD | LRFD | ASD | LRFD | ft | ft | in* | ASD | LRFD
for a con |paCt fu I |y braced SeCt|0n w21xa4 | 954 | 238 | 358 [143 [ 214 [11.1 [168 | 445 130 | 843 [145 217
’ Wi6x50 | 920 | 230 | 345 |141 | 213 | 769|114 | 562 17.2 | 659 124 | 186
W18x46 90.7 | 226 340 (138 207 9.63 | 14.6 4.56 | 137 712 | 130 195
W14x53 87.1 217 327 136 204 5221 793| 678 | 223 541 1103 154
WIUXd4 bb.b 100 20U 1o 108 2.45 3.0 Y.u4 33.0 3Us 14.1 e
160(1 2) ‘ W18x35 | 665 | 166 | 249 [101 | 151 | 814123 | 431 | 123 | 510 |106 | 159
_ _ 6 4 H) Wi2xa45 | 642 | 160 | 241 101 | 151 | 380 580 6.89 | 22.4 | 348 | 811 | 122
re - - . I n W16x36 64.0 | 160 240 98.7 | 148 6.24 | 9.36| 537 | 15.2 448 938 | 141
q (50 / 1 67) W14x38 231 | 954 | 143 | 537| 820 | 547 | 162 | 385 | 87.4 | 131
. W10x49 4 227 | 954 | 143 | 246 | 3.71| 897 | 316 | 272 | 680 | 102
W8x58 8 224 | 908 | 137 | 170 | 255| 7.42| 41.6 | 228 | 89.3 | 134
W12x40 57.0 2 214 89.9 | 135 366 | 554 | 6.85| 21.1 307 70.2 | 105
W10x45 | 549 | 137 | 206 | 858 | 129 | 259 | 389 | 7.10 | 269 | 248 | 707 | 106
w1424 RAR 126/ N5 faAQ 198 AN 78RR R an 15R 24n 7a8 | 192n

4.67 4.68
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Example 1(ASD) Example 1(LRFD)

Select W18x35 Simply supported 20 ft span beam with full
lateral support and concentrated loads at

Z =66.5in° >64.0in? midspan
M, /Q, =166 ft-kips > 160 ft-kips

L, =4.31ftis the maximum unbraced length

P, =24 kips
P, =8 kips

4.69 4.70
P 1 2 8 O 1 6 24 0 48 O k Z Table 3-2 (continued)
g 2(8.0)+1.6(24.0) .U KIPS X W-Shapes F, = 50 ksi
Selection by Zy
48.0(20) -~

M u - 240 |pS 20 Poe/ ] oMo [ Ml sl o0 [BF/] 06BF [ [ [ " [Whuf] oulhe
Shape * | kip-ft | kip-ft | Kip-ft | kip-ft | kips | kips | * " | ™ [ wips | Kips

. in? | ASD | LRFD | ASD | LRFD | ASD | LRFD | ft | ft | in | ASD | LRFD

for a con |paCt funy braced SeCt|On w21xa4 | 954 | 238 | 358 [143 [ 214 [11.1 [168 | 445 130 | 843 [145 217
! Wi6x50 | 920 | 230 | 345 141 | 213 | 7.69| 114 | 562 | 17.2 | 659 |124 | 186
W18x46 90.7 | 226 340 (138 207 963 | 14.6 456 | 137 | 712 [130 195
W14x53 87.1 | 217 327 1136 204 522| 793] 6781 223 | 541 |103 154
WIUXd4 bo.b 100 v 1o 198 .45 3.0 v.u4 33.0 BN 4.0 e
) [Wis35 | 665 | 166 | 249 [101 | 151 | 814|123 | 431 | 123 | 510 |106 | 159
240(1 2) 3 Wi2<5 | 642 | 160 | 241 |101 | 151 | 880| 580] 689 224 | 348 | 811122
- = In W16x36 64.0 | 160 240 987 | 148 6.24 | 936| 537 | 152 | 448 93.8 | 141
req : ' W14x38 153 954 | 143 | 537 | 820| 547 | 162 | 385 | 874 | 131
09(50) W10x49 L4 | 151 954 | 143 | 246 | 371| 897 | 316 | 272 | 680 102
W8x58 |8 | 149 908 | 137 | 170 | 255| 7.42 | 416 | 228 | 893 | 134
W12x40 57.0 | 142 214 899 | 135 366 | 554| 6.85 | 21.1 307 70.2 | 105
Wi0x45 | 549 | 137 | 206 | 858 | 120 | 259| 389| 7.10| 269 | 248 | 707 | 106
Wiav24 RAR 12/ 2R faQ 128 L 76RR Ran 1R R 24n 7a8 | 1920

4.71 4.72
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Example 1(LRFD) Example 2 (ASD)
‘E ' ‘ EREL he [l
SeleCt W1 8X35 + For the beam g w0 | 20 | E\'\\I‘vf \*
of Example 1,  : INATE
assumelateral E| | Eft
supports at ; ‘; \ |
Z. =66.5in">64.0in.’ ends only. il - A
B . . e L,=20ft 3 IREEAE \ 3
o, M , =249 ft-kips > 240 ft-kips . C,=10 [ SRR AR
L =431 ftis the maximum unbraced length (conservative) s it weomy
’ M, =160kipft | | ] T TV
’ il N e T \
i o m‘l é;u 2 u % .23 2w
4.73 4.74

Example 2 (ASD) Example 2 (LRFD)
Zx Tabl‘j"s-.;"‘:;insuem Fy=50ksi e For the beam 5 i\ i i
SeleCt W1 2X58 . Selection by Z, g 100 70 \ 2 e u\:
. of Example 1, : \ HEY Lk
Check using Table 3-2 .. [-F te] o[ - assume lateral %/ | i A
w supports at E A
S : - ends only. i |
M A H H BHEEE L - i \
2o 016 kip-it, 2 23,82 kips, L =8.87 ft L, =201t i i
0 Q ’ -+ C,=1.0 : i H
M (conservative) 2\ :
) =1.0[216-3.82(20-8.87) | =173 ft-kips 1, =240 Kip- \
> Ma = 160 ft_klps 18 20 2 2 2 30 32 l‘l\.\'ala
4.75 4.76
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Example 2 (LRFD)

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

SeleCt W1 2X58. Selection by Z,
Check using Table 3-2 ] ot

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

4.77

Basic Steel Design
Session 4: Bending Members

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

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

4.79

© Copyright 2020
American Institute of Steel Construction

Table 3-1
Values of Cj, for Simply Supported Beams
s [ =132
P N 2
| Mo | )
f ‘ At load point x**;g$"l"7;'—f
PP None ,__V._l_ﬁ
478
Example 3 (ASD)
Ll [l [TTTIATTY
Check to be sure that & | w | 20 | \ ‘\I‘
the required strength £ \\. "\
does notexceed the £/ | \ [ENENENEL NR\VRRRENN
plastic moment g l \ \ [
strength. ! \ LN
E 132 | 1 :‘:x‘ T \\\ T \\ \ T
M A%E % | \ \\
2 196 i \ e
" 128 | 122 I \ \\ \()
>160 ft-kips ' \ \ \
= VTN
120 YIS FT T 3& \

18 2 2 % 2w a2 34
Unbraced Length (0.5-ft increments)

4.20
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Example 3 (LRFD) Example 3 (LRFD)
For the beam of Example 1, assume » Using C,, determine a modified required
lateral supports at ends only, L, = 20 ft, moment strength
and use the correct C, to determine the
. C, =1.32
lightest shape b
M, =240/1.32 =182 ft-kips
Values of Cj, for Simply Supported Beams
losag  [eralBracing C,=132 From Table 3-10 select, at L, = 20 ft
P e | ) W14x48
f A At load point 7—5—‘.74———7; =
P P None | ] i
Example 3 (LRFD) Design for Flexure

» Chapter F also includes:

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

— F6. Minor axis bending

Check to be sure that HE
the required strength
does not exceed the

m

gtlfjrt]';tmoment 5 — F7. Square and Rectangular HSS and Box Sections
Elm| = — F8. Round HSS
_ E — F9. Tees and Double Angles Loaded in the Plane of
oM, =294 y Symmetry
> 240 ft-kips — F10. Single Angles
. ok . — F11. Rectangular Bars and Rounds

— F12. Unsymmetrical Shapes
— F13. Proportions of beams and girders

LT 1 - 1 I . 1] | |
18 20 2 u % 28 30 32 34
Unbraced Length (0.5-ft incremes nts)

4.84

© Copyright 2020
American Institute of Steel Construction 4.21



AISC Night School Basic Steel Design

February 25, 2020 Session 4: Bending Members
Tees and Double Angles Tees and Double Angles
 Limit States * F9. Tees and Double Angles Loaded in the

—Yielding J_ T Plane of Symmetry
—F9.1 Yielding
— Lateral-Torsional Buckling J_ T (a) tee stems and web leg in tension
. (b) tee stems in compression
— Flange Local Buckling T (c) web legs in compression
. or this presentation — F9.2 Lateral-Torsional Buckling
— Stem Local Buckling J- gsssrr;epa Simpt'etbeam’ (a) stems and web legs in tension
thus compression is on
top (b) stems and web legs in compression
4.85 4.86
Tees and Double Angles Tees
* F9. Tees and Double Angles Loaded in the * F9.1. Yielding

Plane of Symmetry M, =M, (Fo-1)
— F9.3 Flange Local Buckling (a) For tee stems and web legs in tension T

* (a) for tee flanges

* (b) for double angle flange legs M =FZ7 <1.6M (F9-2)

— Use single angle Section F10.3 r r d

—F9.4 Tee stems and Web Legs Local Buckling (b) For tee stems in compression J.

* (a) for tee stems (Fo-4)

* (b) for double angle web legs M,=M,

— Use single angle Section F10.3
4.87 4.88
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Tees Tees
* F9.2 Lateral-Torsional Buckling * F9.2 Lateral-Torsional Buckling
(a) For stems and web legs in tension | (a) For stems and web legs in tension |
(1)When L, <L, (3)When L, > I,
LTB does not apply M, =M, (F9-7)
where
(2)WhenL <L, <L,
! ’ L —L M, :—l'iSE 1J [B+\/1+BZ} (F9-10)
M,,:Mp_(Mp_MV) b p (F9-6) b
J L _
» and
B=2.3[i] 1, (F9-11)
AR
Note that with the stem in tension, B is positive
4.89 4.90
Tees Tees
* F9.2 Lateral-Torsional Buckling * F9.3. Flange Local BucklingT
(b) For stems and web legs in compressionJ. (a) For tee flanges
(1) For tee stems (1) Compact flange
M,=M,<M, (F9-13) FLB does not apply
where Loss (2) Noncompact flange -
M, =— 1J [B+\/1+BZJ (F9-10) M,=M,~(M,-07FS, )| ——2|<1.6M,  (Fo-14)
Lh ¥y r P ) }\‘r‘/ 7)\’,)/_ Y
(3) ) Slender flange
B——2 3[1] L (F9-12) », < OTES. (F9-15)
®
Note that with the stem in compression, B is negative Y 1) Zt/

491 4.92
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Tees Tees
* F9.4. Stem Local BucklingJ. * F9.4. Stem Local Bucklingl
(a) For tee stems (a) For tee stems
M,=F,S, (Fo-10) (3) when d>1.52\/?
(1) when ?30.84\/1? t, F,

(F9-17) F == (F9-19)

F,=F,
cr ) . 3
d
(2) when 084 | £ <4 <150 | £ t,
o, F,
d [F,
F,=[143-0515—,|-2 |F,  (F9-18)
t,VE |

4.93 4.94

Example 4 Example 4
» Determine the nominal flexural strength of  Elastic Neutral Axis (ena)
a WT16.5x59 with an unbraced length, — Moment of Area above ena = Moment of Area
L, = 10 ft and the stem in tension. below ena
11.5
4,=174in?  d=164in. 07 .
4.47
S, =39.2in2  1,=0.550 in. ) .
' | " | 15.66 11.93 Sbottom =392 |n.3
Z =708in° J=264in*
1,=935in*  r =2321in, Hesso

4.95

4.96

© Copyright 2020
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Example 4 Example 4
« Plastic Neutral Axis (pna) * F9.1 Yielding
— Area above pna = Area below pna (a) Tee stemin tensionT
4 M,=FZ, <1.6M, (F9-2)
0.74 » Z,=70.81n. —50(70.8) = 3540 in.-kips
0862 M,=F,S, (F9-3)

e e 70.8 =50(39.2) =1960 in.-kips

p=——=1.81 1.6M, =1.6(1960) = 3140 in.-kips

thus,
T M,=M,=1.6M,=3140 in.-kips
497 / 4.98
Example 4 Example 4
* For lateral torsional buckling with the stem « Since L, <L, <L,
in tension, check unbraced length — This is inelastic lateral-torsional buckling
E E .
L, =1.76ry\/;=1.76(2.32)\/;=98.3 in. = 8.19 ft. (F9-8) M, =M, (M, _M}r){ib —ipj (F9-6)
ELJ F,\ds, 10.0-8.19
L =195 = 236 = | %1 (F9-9) =3140—(3140-1960)] ————
[FJ S, (Ej J ( )(53.3—8.19j
_ 1‘95( E j 93.5(2.64) \/236[ @j16-4(39-2) N =3090 in-kips
50 39.2 E 2.64
=640 in. = 533 ft
4.99 4.100
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Example 4 Example 4
« Flange local buckling T Summary | Limit State M, | oM, | M/Q
b In-kips | In-kips | In-kips
L =776<h =0.38 £ =9.15 Stemin | Yielding 3140
2t/ ! F) Tension Lateral-torsional 3090 | 2780 1850
— Therefore it is compact T buckling
. FI local
- Stem local buckling T buckling Compact
— The stem is not in compression, therefore this Stem local Not in
limit state is not applicable buckling >
4.101 4.102
Shear Shear
* Two methods of calculating shear strength are e Limit States
available. _ Yielding
— The method presented in Section G2.1 utilizes the Bucklin
post buckling strength of the member without using — buckiing _
tension field action. All rolled W-shapes fit here. * Post buckling strength
— The method presented in Section G2.2 utilizes * Post buckling strength through Tension Field
tension field action for interior stiffened panels. Action. Only applies to built-up I-shapes
— Shear Rupture
» Treated as a connection concern
4.103 4.104
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Shear Shear
* The nominal shear strength, V,, of * G2.1.(a) For webs of rolled I-shaped
unstiffened or stiffened webs according to members with
the limit states of shear yielding and shear h E
buckling, is —<2.24 {—
4
w y
V,=0.6FA4C, ©
C,=10  ©»

This means the web will yield in shear.

4.105 4.106

Shear Shear
* User Note: All current ASTM A6 W, S, and HP shapes « G2.1.(b)(1) For all other I-shaped
except W44x230, W40x149, W36x135, W33x118,
W30x90, W24x55, W16x26 and W12x14 meet the members and channels,
criteria stated in Section G2.1(a) for F, = 50 ksi (345 (|) when
MPa). i © E
—<1.10 |
For the shapes that meet the requirements of Section L, v
G2.1(a),
_ _ — G2-3
¢, =1.00 (LRFD)  Q =1.50 (ASD) C,=10 (62:3)
For others, th ly 8 W-sh , . o
orofhers, there are on'y Snapes This means the web will yield in shear.
) d, =090 (LRFD)  Q =1.67 (ASD)
/, 4.107 4.108
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Shear Shear
* G2.1.(b)(1) * Web plate shear buckling coefficient
(ii)) when — For webs without transverse stiffeners
ﬁ >1.10 kE
—Lo k, =534
» User Note: For all ASTM A6 W, S, M and HP shapes
1.10./k E/F except M12.5x12.4, M12.5x11.6, M12x11.8, M12x10.8,
= Y 4 (G2-4) M12x10, M10x8 and M10x7,5, when F, = 50 ksi (345
' hit, MPa), C,, = 1.0.

This means the web will buckle inelastically.

4.109 4.110

Shear Shear

All W-shapes will fall in this range

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

1.0 - 5 7
. S\ N soa [E
\ Fy

t
1.10\/? h/tw

w

¢, =1.00 (LRFD)  Q, =1.50 (ASD)

4111

4.112
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Shear Manual

8 W-shapes fall here Z, tables and uniform load tables show shear strength

204 |E
£ Table 3-2 (continued) Table 3-6 (continued) T

2 . . Maximum Total
10 : Vn/06FyAw 2 x W-Shapes F, = 50 ksi Fy =50 ksi u Load, kins
. i Selection by Z, Y —_—
! W-Shapes Wi1-W16

] ] B3]

Wis: Wit

! 3 | ASD | LRFD | ASD | LRFD | ASD | LRFD
: W4 | 954 | 238 | 358|143 | 214 [114 | 168
oV J0.6F AH O HAHHE
n . w wisss | e71 27 lase | 200 79l 6.
hit wode | ot
w W14x38 615

s lE
54 | £ e |0
F, Wios | 49

For W-shapes, k, = 5.34

4.113

4.114

Example 4(ASD) Example 4(ASD)

* For the beam designed in Example 1, Table 3-2 (continued)
. . —_ . Zx W-Shapes Fy = 50 ksi
confirm that it has sufficient strength in Selection by 2,

shear.

Va
2 o2 Gullo [ W] oM | BF] 0BF | | |, |, |[Vadh] ol
P 8 O + 2 4 O 32 O kl S V Shape * | kip-ft | kip-ft | kip-ft | kip-ft | kips | kips | ’ * | kips | kips
= 0. U= . p _n i in | ASD | LRFD | ASD | LRFD | ASD | LRFD | ft | ft | in‘ | ASD | LRFD
a 106 klpS W21x44 | 954 | 238 | 358 |143 | 214 | 111 | 168 | 445 | 130 | 843 | 145 | 217
Q WI6x50 | 920 | 280 | 345 141 | 213 | 7.69| 11.4 | 562 | 172 | 659 |124 | 186
32 0 Wigxa6 | 90.7 | 226 | 340 138 | 207 | 963|146 | 456 | 137 | 712 130 | 195
. . W14x53 871 217 327 1186 204 5.22 7.93 6.78 | 223 541 103 154
=" =16.0 k|ps Wivxon | b | 00| co0 [ | 15 |gaw| 65| 9s | 550 | sUs | a1

.

a 2 ) wis:a5 | 665 | 166 | 249 101 | 151 | 814|123 | 431 | 123 | 510 [q08_| 159
W12x45 | 64.2 | 160 | 241 101 | 151 | 380| 580 | 6.89 | 224 | 348 [ 811 | 122

W16x36 | 64.0 | 160 | 240 | 987 | 148 | 624| 936| 537 | 152 | 448 | 938 141
W14x38 | 61.5 | 153 | 231 | 954 | 143 | 537| 820| 547 | 162 | 385 | 874 131
W10x49 | 604 | 161 | 227 | 954 | 143 | 246 | 3.71| 8.97 | 31.6 | 272 | 680 | 102
W8x58 | 59.8 | 149 | 224 | 908 | 137 | 170 | 255| 7.42 | 416 | 228 | 893 134
W12x40 | 57.0 | 142 | 214 | 89.9 | 135 | 366| 554| 685 211 | 307 | 702 105
W10x45 | 549 | 187 | 206 | 858 | 129 | 259 | 3.89 | 7.10| 269 | 248 | 707 | 106

wiav2a aa | 126 | ons |eaal 192 | sa | 7551 sanl 156 | 2an | 7an | 19n

4.115 4.116
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Example 4(LRFD) Example 4(LRFD)

» For the beam designed in Example 1, Table 3-2 (continued)
. . . . . Z X W-Shapes F, = 50 ksi
confirm that it has sufficient strength in Selection by Z,

Shear I/u =24.0< Mo/ 20| O6Mpx | Mol 25| G0Mrx | BF/25] 05BF Vol 2] Vo
. ¢V — 15 9 kIpS Shape % Tipft | Kip-ft | Kip-ft | Kip-ft | Kips | kips | * [“kips | Kips
I)u - 1.2(8.0) + 1 .6(24.0) - 48.0 klpS n in® | ASD | LRFD | ASD | LRFD | ASD | LRFD | ft | ft | in* | ASD | LRFD

W21x44 | 954 | 238 | 358 [143 | 214 111 | 168 | 4.45| 130 | 843 [145 | 217
W16x50 | 92.0 | 230 | 345 |141 | 213 | 7.69| 11.4 | 562 | 172 | 659 [124 | 186
4 8 O WiBx46 | 90.7 | 226 | 340 138 | 207 | 9.63 | 146 | 456 | 137 | 712 [130

. w453 | 87.1 | 217 | 327 [136 | 204 | 522| 7.93| 678 223 | 541 [103

L _—_24 0 kIpS W1Uxo4 bL.O [ 10D | Z5U | IUD 198 [UZAB| 3.0 | YU4 | 330 | SUS a1l
! 2

‘wwxas 66.5 | 166 | 249 |101 151 814 [ 123 | 431 | 123 | 510 | 106
Wi2x45 | 64.2 [ 160 | 241 [101 | 151 | 380 | 580 | 6.89 | 22.4 | 348 | 81.1

W16x36 64.0 | 160 240 98.7 | 148 6.24 [ 936 | 537 | 152 | 448 93.8
W14x38 61.5 | 153 231 95.4 | 143 537 | 820| 547 | 16.2 | 385 87.4
W10x49 60.4 | 151 227 95.4 | 143 246 | 371 | 897 | 31.6 | 272 68.0

W8x58 59.8 | 149 224 90.8 | 137 170 | 255| 742 | 41.6 | 228 89.3
W12x40 57.0 | 142 214 89.9 | 135 3.66 | 554| 685 21.1 307 70.2
W10x45 54.9 | 137 206 858 | 129 259 | 389 | 7.10 | 26.9 | 248 70.7

Summary Lesson 5
» Looked at elastic and plastic behavior of * The next lesson will consider the principles
beams of interaction of compression and bending.
* Addressed the limit state of lateral- * The Specification equations will be
torsional buckling addressed.
* Investigated the influence of local buckling » We concentrate on Chapter H of the
on beam strength Specification and Part 6 of the Manual
* lllustrated the use of several design aids
+ Reviewed how beam shear is addressed
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February 25, 2020

Individual Session Registrants

PDH Certificates

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

* Be onthe lookout: Check your spam filter! Check your
junk folder!

Thank You

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

American Institute of Steel Construction
130 East Randolph St., Suite 2000
Chicago, IL 60601

3.121

Individual Session Registrants
PDH Certificates

* Reporting site (URL will be provided in the
forthcoming email).

e Username: Same as AISC website username.

* Password: Same as AISC website password.

8-Session Registrants

PDH Certificates

One certificate will be issued at the conclusion of all 8
sessions.
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AISC Night School Basic Steel Design

February 25, 2020 Session 4: Bending Members
8-Session Registrants 8-Session Registrants
Access to the quiz Access to the recording
Information for accessing the quiz will be emailed to you by Thursday. It will Information for accessing the recording will be emailed to you by Thursday. The
contain a link to access the quiz. EMAIL COMES FROM recording will be available for four weeks. (For 8-session registrants only.)
NIGHTSCHOOL@AISC.ORG. EMAIL COMES FROM NIGHTSCHOOL@AISC.ORG.
Quiz and attendance records PDHs via recording
Posted Thursday mornings. www.aisc.org/nightschool -- Click on Current Course . .
Details. If you watch a recorded session, you must take and pass the quiz for PDHs.

Reasons for quiz

¢ EEU - You must take all quizzes and the final exam to receive EEU.

e PDHs—If you watch a recorded session, you must pass quiz for PDHs.

¢ REINFORCEMENT — Reinforce what you learn tonight. Get more out of the
course.

’“’wm“% Note: If you attend the live presentation, you do not have ’“’wm“%
i@s to take the quizzes to receive PDHs i@s
8-Session Registrants Night School Resources for 8-session

package Registrants
Night School Resources

Go to www.aisc.org and sign in.

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

Login
g?@% PASSWORD . i«
111 | [
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Night School Resources for 8-session

package Registrants

Go to www.aisc.org and sign in.

IN THIS SECTION MyAISC
trrol
MY PROFILE
Update your contact and address information.
My Events

Order Histor MY PURCHASED DOWNLOADS

ess articles and documents that you have purchased.

Course Histo A
VIEW DOWNLOADS

MY COURSE RESOURCES

VIEW RESOURCES

urces for Night School afd Live Webinar package registrations.

Please fill out our brief survey at the conclusion of
the webinar. We greatly appreciate your feedback.

P,
AISC | Thank you

i Smarter.
i Stronger.
: Steel.
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