CIVL 3131

Steel Design - Beams 5.10c

Chapter 5 — Manual Table 6-1

» Manual Table 6-1 was discussed in Chapter 4 in connection

with compressive strength.

» This table can also be used to determine the flexural and
shear strengths of W shapes with F, = 50 ksi.

» The table includes all W shapes, including those not covered
in other tables or curves, so that it can be used in lieu of

those other design aids for F, = 50 ksi.

strength, M,/Q, or ¢,M,,.

unbraced length, L.
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» Most pages of the table cover three shapes.

» The headings for each shape are listed twice; once on the left
side of the page and once on the right side.

» The right side is used to determine the available flexural

» To obtain the strength, enter the middle column with the
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Table 6-1 (continued)
Available Strength for Members
:y=£ tsl Subject to Axial, Shear,
4 =65 ksi i
Flexural, or Combined Forces
W-Shapes w16
Wie: Wie . PR .
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o KA N R L
Z ity flexural strength, M,/Q, or §,M,,.
(Ao oo [Chso [ Lo [hSo ] [0 ] ] Ao ] i
o8 o £ @ BETE
™ £ 551 @ @ | o
3 @ k) & | [ |
b o @ | o s (G
o | 00 (s | e [0 | 70 sl s | oo | | 50w |
w2 | s 50| cso [ds3 | T ol | o || S (38| e
0 | o0 (s | ws fas | 7 il | o [ | s faoe | e
o @ | o s | e fld | oo (S| o [
= s | 70 (a7 | o | o4 s | 515 |28 | s
s A e | s s | i [ | 2
55 i | oo (s | 5o W | | s | | 2
s s | oo o | s 16| a0 @i | o || e
o aii | o a3 )| S| o1 || o
a2 | oo (a | s | s | 388 30 | w0 |0 | o
s | o faes | s fme | | s mo | s |2 | w0
a8 | e (@ | oo a9 | w0 )| %0 22 | o [ | 70
a5 | o (| e [ | 0 z|| s zn | oo |2 | w0
| e (20| oo fais | = | g% | )| 50 2 | o0 |20 | @
Sl B BRI 2 | o [ | w0
20 | w5 fiwe | oo s | o | <3 | =)| 2w = T
| o |60 | o0 [im | v | 3F | f| o a2 | o [ | o
I e R e R (e
| 0 [ | o || e | §5 | 0 (e o [ 2
(o [ e |wes| |35 (0w s (e e [ o
R R G IR T EY B R
106 | 159 | @9 | 135 | w4l 16 g oo | 25 | w7 | 21 (W15 | 172
2| 209 | 108 1682
ull i o | | 15
i o |z s
s 7 [ae| 1
2 gal

Table 6-1 (continued)
Available Strength for Members
:y=£ tsl Subject to Axial, Shear,
4 =65 ksi e
Flexural, or Combined Forces
W-Shapes w16
Sr T N N S — Enter the middle column with the
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Table 6-1 (continued)
Available Strength for Members
:y=£ tsl Subject to Axial, Shear,
4 =65 ksi e
Flexural, or Combined Forces
W-Shapes w16
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Table 6-1 (continued)
Available Strength for Members
Fy=50ksi Subject to Axial, Shear,

Steel Design - Beams 5.10c

2/6

Fu=65ksi e
Flexural, or Combined Forces
W-Shapes w16
Wise £ e : .
- e ey On the left side, you will find the
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Chapter 5 — Manual Table 6-1

» All strength values account for local buckling for noncompact
shapes.

» The strength values correspond to C, = 1.0.

» For other values of C,, multiply the tabulated values by C,,
just as you would when using the beam design curves.
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» Other useful values are given at the bottom of the table.
» On the left side, you will find:

the available strength in tension yielding,

the available strength in tension rupture (A, = 0.75A,),

the available strength in shear, and

the available flexural strength for bending about the y-axis

» On the right side, values include L,L,A, I, Iy, and r,.
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Table 6-1 (continued)
Available Strength for Members
Fy =50 ksi Subject to Axial, Shear,

Flexural, or Combined Forces I On the left side, you will find:
e

W-Shapes

«available strength in tension yielding
« available strength in tension rupture (based

HEE H 3 [a onA,=0.75A,),
B = 2 - « available strength in shear, and
S ' HEH - « available flexural strength for bending
H HH about the y-axis.
H H H
= - Strength - . § Properties
Tensile Yielding, kips Limiting Unbraced Lengths, ft
PifS] 0P, [ P9 0P | PalSe] orPa L [ L[4 [ L[ [ L
784 | 1180 | 672 | 1020 | 587 | ss2 880 | 302 | 872 | 278 | 869 | 261
Available gth i ips Area, in?
PofSc ] oPa [ PalSe] 0:Po [ Pal@] oiPn %2 | 26 | 196

se0 889 | o29 [Lame | 117 oment ofnerta, in®

‘Avaiablo Srongth in Wajor Ais Shear, ips T & [ & h [ &k
Vax/Q| 0Vox [Vl | 0Vix | Ve Q| o4V 1300 | 163 | 1110 | 138 | 954 | 119
176 150 | 25 | 120 E [

Available Strength in Flexure about Y-Y Axis, kip-! 249 | 247 T 246
Wey/o] G0Moy [Mag/SBa] 02Moy [Mag/B0] 0:Mey ity
120 | o0 | 108 | ¢ | 886 | 1% | e | m

Kishape is slender for compression with F, = 50 ksi.
Note: Heavy line indicates L/ equal {0 or reater than 200.
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Table 6-1 (continued)
Available Strength for Members

HEm Subject to Axial, Shear,
¢ Flexural, or Combined Forces
W-Shapes

e Tom T

1,andr,.

2 [

LLLLE
ETTTT

5 88855 §6888 S|
LETERTEREEE

- - -
B i
= I3 = = E
Strength
in Tensile Yiel Limiting Unbraced Lengths, ft
PafQ| oiPn [Pl oiPo | P L | L Tt [ [ &
784 | 1180 | 677 | 1020 | 880 | 302 | 872 | 278 | 869 | 26.1
Available Strength in Tensile Rupt Area, in?
PalGe| oPo [ PlOi] oPo [P %2 26 196
640 553 | 829 | 478 ‘Moment of Inertia, in.*

i in Major Axis Shear, ki P P T T R )
Vol | 0V | Vi Q| 0Vir | Vi Dy 1300 163 1110 138 954 19
176 | 265 | 150 | 225 | 129 Ty in.

Av - 229 247 28
May[Qu] 01Mry [May/Qw] 0:Moy [May/ S| 0oMoy oy
_‘—‘—1120 T80 | 108 | 154|886 | 13 | em | 28

lshape is siender for compression with F, = 50 ksi
Note: Heay line indcates L/ equal t or reater than 200

10

On the right side, values include L, L, A, I,,

11
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> Example 5.13: A W12 x 50 of A992 steel (F,= 50 ksi; F, = 65 ksi)
has a simply supported span length of 14 ft with lateral bracing
only at the ends and at midspan. A concentrated live load of 40 k
is applied at midspan. The only dead load is the beam weight.

» Use Manual Table 6-1 and determine whether this beam has
enough strength.

LRFD Solution P, =1.6(40 k) =64k

w, =1.2(0.050k/ ft) =0.060k/ ft

M, _wl PL_ (0.06k/ft)(14ft)’ +(64k)14ft
8 4 8 4

=225.5kft

12
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» Example 5.13:

L,=7ft

#,M, =269kft
>M, =225.5kft

0.K.
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Fy=50ksi
Fu=

65 ksi

Subject to Axial, Shear,

Table 6-1 (continued)
Available Strength for Members
Flexural, or Combined Forces

W-Shapes wiz

Wiz

Shape Wiz

§5|§ H

wn 50 s
/] O (WU O | Mo/ ] Ol

)
20

240

83333 32382 3w

T

joassn seaes gnn

13

Check for shear

_wl F
“T 2 4
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» Example 5.13: Since this beam is adequate in flexure with
C, = 1.0, it will be adequate with any other value, since the
minimum value of C, is 1.

‘Table 6-1 (continued)

Available Strength for Members

el Subject to Axial, Shear,
=% Flexural, or Combined Forces
w.
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» Example 5.13: Since this beam is adequate in flexure with
C, = 1.0, it will be adequate with any other value, since the
minimum value of C, is 1.

Table 6-1 (continued)
Available Strength for Members
F=%0ks  Subject to Axial, Shear,

Flexural, or Combined Forces

Flzeska

Check for shear

N
2 4
_ (0.06k/ft)(14t) . (64k)
N 2 2
=32.42k

14

ngth__|
Available Strength it Tensile Yi iding, kips

2
=32.42k

¢V, =135>32.42k

O.K.

(0.06k/ ft)(14ft) N (64kK)

PofSc| 0P | Pl | oPo | Pal] o:Ps
467 437 3% | 5%
Available Strength i Tensile R pture, kips

Available Strength ir

Pofr| 0Py [ Pal [ 0Po | Pal@] oiPs
380 358 319 | 479
[

Available Strength in Fi ture about f-Y Axis, kip-ft

Mo/ 00y [Mey/2 W] 05Mey

oy
726 | 109 | 531 474 | 713

Note: Heavy line indicates L/ €U to or greater than 200.

15
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» Example 5.14: The beam shown below has lateral support only
at the ends. The uniform load is a superimposed dead load, and
the concentrated load is a live load. Use A992 steel (Fy= 50 ksi;
F, =65 ksi) and select a W shape. The live load deflection must
not exceed L/360. Use LRFD.

25k
2 k/ft
NIRRT TR REY
20 -I 20
40’

» Example 5.14:

Y 2

P, =1.6(25 k) =40k
w, =1.2(2k/ ft) =2.4k/ ft
A _ 40k +(2.4k/ft)40ft
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L,=40ft

68k

2 k/ft

7.

PEEEEEEEREE Ry
. .

7.

20"

20"

16

17
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» Example 5.14:
O > M,, =0 =M+(1.2k/ft)x* —68x

M =—(1.2k/ ft)x* +68x

0<x<20ft

gﬂj
M

68k

18
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» Example 5.14:

M,(x=10ft) =—(1.2k/ ft)(

M, (x=20ft) =—(1.2k/ft)(20 ft

M, (x=30ft)=M, M, =M

10ft)’ +68(10 ft ) = 560kft

" +68(20 ft ) = 880kft

—_ —

_ 12'5Mmax

" 2.5M,, +3M, +4M, +3M,

_ 12.5(880kft)

" 2.5(880kft)+3(560kft ) +4(880kft ) +3(560kft)

b

=1.211

19
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» Example 5.14: Enter Manual Table 6-1 with L, = 40 ft.
Table 6-1 (continued)
Available St th for Memb:
AV, SO0 |y M Sk T
= R I, or Combined F
c, 1.211 s wm
=727kft
C AN A
H B
W 12 x 152 s e e
B I
| e ) e
BH H
o | 11 | @ o
H H
& H H
= H H
bl o A
2 e =
- = I =
21
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» Example 5.14: Enter Manual Table 6-1 with L, = 40 ft.
Table 6-1 (continued)
Available St th for Memb:
4M,, _880.0Kft gl e
Do e = ! sl
Cb 1.211 Flexural, ol;N_sohrar:)l:Lned Forces .
=727kft malelmtalmte ol o
=
H
W 12 x 152 HE
H
W 14 x 145 i
W 18 x 143* -
xj 20 | 885
HHE
H I
23

Steel Design - Beams 5.10c
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» Example 5.14: Enter Manual Table 6-1 with L, = 40 ft and start
your search with W8 shapes.

#,M,  880.0kft
c, 1211
=727kft

No W8 satisfies the moment.
No W10 satisfies the moment.

Try W12 shapes.

20
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» Example 5.14: Enter Manual Table 6-1 with L, = 40 ft.
’ Table 6-1 (continued)
M., _ 880.0kft ot Ava';ﬁ:?eﬁ?o" /g-\t;;z;?rsr:z;"r,bers
Cb 1211 Flexural, ol;Nl_)sohrar:)l:Lned Forces s
=727kft ol
W 12 x 152
W 14 x 145 o
22
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» Example 5.14: Enter Manual Table 6-1 with L, = 40 ft.

Table 6-1 (continued)
Available Strength for Members

#,M,,  880.0kft

Subject to Axial, Shear, Fyiggtzii
Flexural, or Combined Forces "~
c, 1211 = Weshapes
i
= 727kft e
e P kot

[T o T-As0 | o [0 o

- oo | & Too |
| 1% | &
W12 x 152 & e
% | o0 |
@ | o | &
W 14 x 145 -
i | 150 | 70
W 18 x 143* e
X i | 1o | 110
o | 150 | 708
W 21 x 147 H
s | o0 | S
w | e | &t

o | o

ws | o2 | &
o9 o

Pt W @ e

G | o |38 | 5 i

s | oi: | m | o k

e M - i

24
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» Example 5.14: Enter Manual Table 6-1 with L, = 40 ft.

Cb - ﬁ Flexural, orw z_:sci‘r;tined Forces
—727kft
W 12 x 152
W 14 x 145
W 18 x 143*
W 21 x 147
W 24 x 146

Fy=50ksi
Fu=65ksi

BEERE2 88

A8 88233 2983

§8¢

25
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» Example 5.14: Enter Manual Table 6-1 with L, = 40 ft.

#,M, _ 880.0kft
c 1211

Table 6-1 (continued)
Available Strength for Members

Subject to Axial, Shear, ~ F=%0ksi

b Flexural, or Combined Forces =% *
W-Shapes
=727kft
- /S0
e o T
For C,=1.211 = i
it g
= a1 | &
#M, =1.211(771kft) | k|-
ML | = H
=934kft > M, LS Ak
u = CE
B H
oK. ‘HEH AR
H H
b -] = o2 |SI 7 "7
“H H C :

27
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» Example 5.14: Check beam weight:
1.2(0.146k/ft)(40 ft )’

M, =880kft + s =915.0kft <934kft
0.K.
Check deflection:
40 ft(12i
max_L=7f( /1) 1 33im
360 360
PP 25k(480in)’
=== ( » ) — =0.434in
48E]  48(29,000ksi)4,580in
0.K.

Steel Design - Beams 5.10c
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» Example 5.14: Enter Manual Table 6-1 with L, = 40 ft.

Table 6-1 (continued)
Available Strength for Members
#,M,, _ 880.0kft F=s0ksi  Subject to Axial, Shear, |
- =% Flexural, or Combined Forces
C, 1.211 W-Shapes War
i £ Vi
—7274ft .
e Ty —
I m
it s
W 12 x 152 H
W 14 x 145 =
| 120 | &
o @
W 18 x 143* & &
E n
™ b
W 21 x 147 b | [
o |
-
W24 x146 Smmmm i
oy et
W 27 x 146 &l = E
| bl ou

26
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» Example 5.14: Enter Manual Table 6-1 with L, = 0 ft to check
the upper limit.
oM, _ 880.0kft
C, 1.211

Table 6-1 (continued)
Available Strength for Members
Subject to Axial, Shear, Fy=50 ki

b Flexural, or Combined Forces =% *
it W-Shapes
=727kt e s
= -
ForL,=0

ssssgs

#M,, =1.211(771kft)

¥R

28

O.K.

=934kft > M, 1 1 EHEL
Vg z z @l
$M,, =1,570 kft 1HH

|iii§ NEN4E 82288
2888 88224 83888

&5
[assa

28

29

Chapter 5 — Manual Table 6-1
» Example 5.14: Check shear:

Subject to Axial, Shear, ~ Fr=50ksi

Table 6-1 (continued)
Available Strength for Members
F=65ksi

v, :427k+ 1.2(2.O+0.1426)k/ft(40ft)

=71.5k

Flexural, or Combined Forces
Was W-Shapes

iEasgacaEs ey
Hsaeh 2588% Y5azE REes BuEEE BEEE

wuunsus ovesasress 28885 2358 GRS

= |msweasanzsagzueeze aanes sansnafEs

REELTEELE T

E
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» Example 5.14: Check shear:

Table 6-1 (continued)
Available Strength for Members

, =40k 1.2(2.0+0.146)k/ ft(40t) I pamiRERS,, E
L= S - =
=71.5k

Sﬁeugm
Available Strength in Zcisue i
BjOr] oPn [ PfO 0P | Pl 6:Pn
1430 | 2150 [ 1290 1940 | 1160 | 1740
Available Strength in Tensile F upture, kips
O.K. o/ H Pl 0iPn | PalS4| oiPn
1170 | 1750 | 1080 1570 943 1410
Available Strength in i 5 Shear, kips
Vor/ D | 0 Ve | Vel oV | Ve Q| 64Vix
353 | 520 | 321 | 42 J 29 | as5
Available Strength in Fle: ure abou Y-Y Axis, kip-ft
Miy[Q| oMy |May| D 0Mry  May/Qp| 05Moy
262 394 233 350 203 306 |

Note: Heavy line indicates Lg/r equal to or greater than 200.

#V, =482k >71.5k
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Let’s work on some problems

%

i3

31
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Any questions?
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