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ARCH 331 Note Set 18 F2013abn
Steel Design
Notation:
a = name for width dimension D = shorthand for dead load
A = name for area DL = shorthand for dead load
A, = areaof abolt e = eccentricity
A. = effective net area found from the E = shorthand for earthquake load
product of the net area A, by the = modulus of elasticity
shear lag factor U fc = axial compressive stress
Ay = gross area, equal to the total area fo = bending stress
ignoring any holes fo = bearing stress
Agy = gross area subjected to shear for fy = shear stress
block shear rupture fu-max = maximum shear stress
An = net area, equal to the gross area fy = yield stress
subtracting any holes, as is Anet F = shorthand for fluid load
Ant = net area subjected to tension for Fallow(able) = allowable stress
block shear rupture Fa = allowable axial (compressive) stress
Any = net area subjected to shear for block F, = allowable bending stress
shear rupture Fer = flexural buckling stress
A, = area of the web of a wide flange Fe = elastic critical buckling stress
section Fexx = yield strength of weld material
AISC= American Institute of Steel Fn = nominal strength in LRFD
Construction = nominal tension or shear strength of
ASD = allowable stress design a bolt
b = name for a (base) width Fo = allowable bearing stress
= total width of material at a F: = allowable tensile stress
horizontal section Fu = ultimate stress prior to failure
= name for height dimension F, = allowable shear stress
b = width of the flange of a steel beam Fy, = yield strength
Cross section Fyw = yield strength of web material
B; = factor for determining M, for F.S. = factor of safety
combined bending and compression g = gage spacing of staggered bolt
c = largest distance from the neutral holes
axis to the top or bottom edge of a G = relative stiffness of columns to
beam beams in a rigid connection, as is ¥
ci = coefficient for shear stress for a h = name for a height
rectangular bar in torsion he = height of the web of a wide flange
Cp = modification factor for moment in steel section
ASD & LRFD steel beam design H = shorthand for lateral pressure load
C. = column slenderness classification I = moment of inertia with respect to
constant for steel column design neutral axis bending
Cn = modification factor accounting for lriar = moment of inertia of trial section
combined stress in steel design l,ega = moment of inertia required at
Cy = web shear coefficient limiting deflection
d = calculus symbol for differentiation Iy, = moment of inertia about the y axis
= depth of a wide flange section J = polar moment of inertia

dp

nominal bolt diameter
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k = distance from outer face of W N = bearing length on a wide flange
flange to the web toe of fillet steel section
= shape factor for plastic design of = bearing type connection with
steel beams threads included in shear plane
K = effective length factor for columns, p = bolt hole spacing (pitch)
as is k P = name for load or axial force vector
I = name for length P. = allowable axial force
¢, = length of beam in rigid joint = required axial force (ASD)
¢. = length of column in rigid joint Pattowable = allowable axial force
¢ P. = available axial strength
L = name for Iength or span length Pa = Euler buckling strength
= shorthand for live load P, = nominal column load capacity in
L, = unbraced length of a steel beam LRFD steel design
L. = clear distance between the edge of a P, = required axial force
hole and edge of next hole or edge P, = factored column load calculated
of the connected steel plate in the from load factors in LRFD steel
direction of the load design
L. = effective length that can buckle for Q = first moment area about a neutral
column design, as is 7, axis
Lr = shorthand for live roof load = generic axial load quantity for
= maximum unbraced length of a LRFD design
steel beam in LRFD design for r = radius of gyration
inelastic lateral-torsional buckling r, = radius of gyration with respect to a
L, = maximum unbraced length of a y-axis
steel beam in LRFD design for full R = generic load quantity (force, shear,
plastic flexural strength moment, etc.) for LRFD design
L’ = length of an angle in a connector = shorthand for rain or ice load
with staggered holes = radius of curvature of a deformed
LL = shorthand for live load beam
LRFD = load and resistance factor design Ra = required strength (ASD)
M = internal bending moment R, = nominal value (capacity) to be
Ma = required bending moment (ASD) multiplied by ¢ in LRFD and
M, = nominal flexure strength with the divided by the safety factor Q in
full section at the yield stress for ASD
LRFD beam design R, = factored design value for LRFD
Mmax = maximum internal bending moment design
Mmax-adj = maximum bending moment s = longitudinal center-to-center
adjusted to include self weight spacing of any two consecutive
M, = internal bending moment when all holes
fibers in a cross section reach the S = shorthand for snow load
yield stress = section modulus
My = maximum moment from factored = allowable strength per length of a

loads for LRFD beam design

My - internal bending moment when the
extreme fibers in a cross section
reach the yield stress

n = number of bolts

n.a. = shorthand for neutral axis

weld for a given size

Sreqra = section modulus required at
allowable stress

Sreqa-adj= section modulus required at
allowable stress when moment is
adjusted to include self weight

SC = slip critical bolted connection
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t = thickness of the connected material y = vertical distance
s = thickness of flange of wide flange VA = plastic section modulus of a steel
tw = thickness of web of wide flange beam
T = torque (axial moment) Zy = plastic section modulus of a steel
= shorthand for thermal load beam with respect to the x axis
= throat size of a weld A acwal = actual beam deflection
U = shear lag factor for steel tension A aiowable = allowable beam deflection
member design A imit = allowable beam deflection limit
Ups = reduction coefficient for block A max = maximum beam deflection
shear rupture g, = yield strain (no units)
\Y = internal shear force .
V. = required shear (ASD) ¢ = resistance factor
Vimax = Maximum internal shear force = diameter symbol _
Viaxadj = Maximum internal shear force ¢, = resistance factor for bending for
adjusted to include self weight LRFD
Vnh = nominal shear strength capacity for ¢, = resistance factor for compression
LRFD beam design for LRED
Vu = maximum shear from factored loads # = resistance factor for tension for
for LRFD beam design
- b LRFD
w = name for distributed load o
Wagjusied = adjusted distributed load for ¢, = resistance factor for shear for
equivalent live load deflection limit LRFD
Wequivalent = the equivalent distributed load y = load factor in LRFD design
derived from the maximum bending 7 = pi(3.1415 radians or 180°)
moment 6 = slope of the beam deflection curve
Wseifwt = Name for distributed load from self o = radial distance
weight of member
w = sho?thand for wind load Q= safety facto.r for AS,D
X — horizontal distance ) = symbol for integration
X = bearing type connection with 2 = summation symbol
threads excluded from the shear
plane
W 18 x 50
Steel Design ] . '
, ———— Weight per linear foot
Structural design standards for steel are established {fﬁ’ﬁ;‘“}?}aﬂgﬁm
by the Manual of Steel Construction published by the
American Institute of Steel Construction, and uses C 9x15
Allowable Stress Design and Load and Factor ‘ L Weight per linear foot
Resistance Design. With the 13" edition, both ‘ Nominal depth
methods are combined in one volume which provides P IR
common requirements for analyses and design and L 6x4x1/2
requires the application of the same set of | | Thickiess
specifications. { L Leglengths

— Angle
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Materials

American Society for Testing Materials (ASTM) is the organization responsible for material and
other standards related to manufacturing. Materials meeting their standards are guaranteed to
have the published strength and material properties for a designation.

A36 — carbon steel used for plates, angles F,
A572 — high strength low-alloy use for some beams F,
A992 — for building framing used for most beams F,
(A572 Grade 50 has the same properties as A992)

ASD Ve
ASD R, <",

where R, = required strength (dead or live; force, moment or stress)
R, = nominal strength specified for ASD
Q = safety factor

36 ksi, F, =58 ksi, E = 29,000 ksi
60 ksi, F, = 75 ksi, E = 30,000 ksi
50 ksi, F, = 65 ksi, E = 30,000 ksi

Factors of Safety are applied to the limit stresses for allowable stress values:

bending (braced, L, < L;) Q=167

bending (unbraced, L, <Ly and Lp > L;) Q =1.67 (nominal moment reduces)
shear (beams) Q=150r1.67

shear (bolts) Q = 2.00 (tabular nominal strength)
shear (welds) Q=2.00

Ly, is the unbraced length between bracing points, laterally

L, is the limiting laterally unbraced length for the limit state of yielding

L is the limiting laterally unbraced length for the limit state of inelastic lateral-torsional
buckling

LRFD R, <¢R, where---R, =27,R,
where ¢ = resistance factor
v = load factor for the type of load
R = load (dead or live; force, moment or stress)
R, = factored load (moment or stress)

R, = nominal load (ultimate capacity; force, moment or stress)

Nominal strength is defined as the

capacity of a structure or component to resist the effects of loads, as determined by
computations using specified material strengths (such as yield strength, Fy, or ultimate
strength, F,) and dimensions and formulas derived from accepted principles of structural
mechanics or by field tests or laboratory tests of scaled models, allowing for modeling
effects and differences between laboratory and field conditions
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Factored Load Combinations

The design strength, ¢R,, of each structural element or structural assembly must equal or exceed
the design strength based on the ASCE-7 (2010) combinations of factored nominal loads:

1.4D

1.2D + 1.6L + 0.5(L, or Sor R)

1.2D + 1.6(L, or Sor R) + (L or 0.5W)
1.2D + 1.0W + L+ 0.5(L, or Sor R)
1.2D +1.0E+L+0.2S

0.9D + 1.0W

0.9D + 1.0E
Criteria for Design of Beams Mc

ForgF >f =—
Allowable normal stress or normal stress from LRFD should not be |
exceeded: (M, <M, /QorM, <4 M,)
Knowing M and Fy,, the minimum section modulus fitting the limit is: Sreq'd > M
F

b

Determining Maximum Bending Moment

Drawing V and M diagrams will show us the maximum values for design. Remember:

V =X (-w)dx ﬂ——w @—v
M =2(V)dx dx dx

Determining Maximum Bending Stress

For a prismatic member (constant cross section), the maximum normal stress will occur at the
maximum moment.

For a non-prismatic member, the stress varies with the cross section AND the moment.

Deflections
If the bending moment changes, M(x) across a beam of constant material and cross 1 - M (x)
section then the curvature will change: R El

1
The slope of the n.a. of a beam, 6, will be tangent to the radius of 6 = slope = —j M (x)dx
curvature, R: El

The equation for deflection, y, along a beam is: y= é adx :é” M (x)dx
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Elastic curve equations can be found in handbooks, textbooks, design manuals, etc...Computer
programs can be used as well. Elastic curve equations can be superimposed ONLY if the stresses
are in the elastic range.

The deflected shape is roughly the same shape flipped as the bending moment diagram but is
constrained by supports and geometry.

Allowable Deflection Limits

All building codes and design codes limit deflection for beam types and damage that could
happen based on service condition and severity.

ymax (X) = Aactual < Aallowable = I%alue

Use LL only DL+LL
Roof beams:
Industrial L/180 L/120
Commercial
plaster ceiling L/240 L/180
no plaster L/360 L/240
Floor beams:
Ordinary Usage L/360 L/240
Roof or floor (damageable elements) L/480

Lateral Buckling

With compression stresses in the top of a beam, a sudden “popping” or buckling can happen
even at low stresses. In order to prevent it, we need to brace it along the top, or laterally brace it,
or provide a bigger ly.

Local Buckling in Steel Wide-flange Beams— Web Crippling or Flange Buckling

Concentrated forces on a steel beam can cause the web to buckle (called web crippling). Web
stiffeners under the beam loads and bearing plates at the supports reduce that tendency. Web
stiffeners also prevent the web from shearing in plate girders.

Flange buckling failure

Crushing

7Euppor1
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The maximum support load and interior load can be
determined from:

P trex_enay = (2.9k + N )F £, N
Pn (interior) = (5k + N )watw
) Effective length of web
Where tw — thICkneSS Of the WEb for resistance to bearing

Fyw = yield strength of the web
N = bearing length
k = dimension to fillet found in beam section tables

¢ =1.00 (LRFD) Q =1.50 (ASD)

Beam Loads & Load Tracing

In order to determine the loads on a beam (or girder, joist, column, frame, foundation...) we can
start at the top of a structure and determine the tributary area that a load acts over and the beam
needs to support. Loads come from material weights, people, and the environment. This area is
assumed to be from half the distance to the next beam over to halfway to the next beam.

The reactions must be supported by the next lower structural element ad infinitum, to the ground.

LRFD - Bending or Flexure

For determining the flexural design strength, ¢,M ., for resistance to pure bending (no axial

load) in most flexural members where the following conditions exist, a single calculation will
suffice:

Sy,R =M, <¢,M, =0.9F,Z

where M, = maximum moment from factored loads
dp = resistance factor for bending = 0.9
M, = nominal moment (ultimate capacity)
Fy = yield strength of the steel
Z = plastic section modulus

. . f
Plastic Section Modulus
f,=50ksi |

Plastic behavior is characterized by a yield point and an l
increase in strain with no increase in stress. £ {
|
|
]

gy =0.001724
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Internal Moments and Plastic Hinges

Plastic hinges can develop when all of the material in a cross
section sees the yield stress. Because all the material at that section
can strain without any additional load, the member segments on
either side of the hinge can rotate, possibly causing instability.

For a rectangular section:

cto 5 | _bh? . _b(cf . _2be?
” % =:,;,. " Elastic to M, :E f, :? f, :T f, :T f,
Fully Plastic: My OF My = bc2fy :% M,

For a non-rectangular section and internal equilibrium at oy, the
n.a. will not necessarily be at the centroid. The n.a. occurs where
the Aension = Acompression- 1 Ne reactions occur at the centroids of the
tension and compression areas.

AN

Atension = Acompression i

Shape Factor:

The ratio of the plastic moment to the elastic moment at yield:

M p
K= M k = 3/2 for a rectangle
y k ~ 1.1 for an | beam
Plastic Section Modulus
M

Z:f—p and k:Z/S

y
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Design for Shear

V,<V. /QorV, <gV,

The nominal shear strength is dependent on the cross section shape. Case 1: With a thick or stiff
web, the shear stress is resisted by the web of a wide flange shape (with the exception of a
handful of W’s). Case 2: When the web is not stiff for doubly symmetric shapes, singly
symmetric shapes (like channels) (excluding round high strength steel shapes), inelastic web
buckling occurs. When the web is very slender, elastic web buckling occurs, reducing the
capacity even more:

Case 1) Forh/t, <2.24 /FE V,=06F,A,  ¢,=100(LRFD) Q=150 (ASD)
y

where h equals the clear distance between flanges less the fillet or corner
radius for rolled shapes
V, = nominal shear strength
Fyw = yield strength of the steel in the web
A, = tyd = area of the web

Case 2) Forh/t,, > 2.24 /FE V, =06F,A,C, ¢,=09(LRFD) Q=167 (ASD)
y

where C, is a reduction factor (1.0 or less by equation)
Design for Flexure
M, <M, /Qor M, <gM, o, =0.90 (LRFD) Q= 1.67 (ASD)
The nominal flexural strength M, is the lowest value obtained according to the limit states of
1. vyielding, limited at length L | :1.76ry\/FE, where ry is the radius of gyration in'y
y

2. lateral-torsional buckling limited at length L,

flange local buckling
4. web local buckling

w

Beam design charts show available moment, M,/2and ¢, M, for unbraced length, Ly, of the

compression flange in one-foot increments from 1 to 50 ft. for values of the bending coefficient
Cp = 1. For values of 1<Cy<2.3, the required flexural strength M, can be reduced by dividing it
by Cp. (Cp, = 1 when the bending moment at any point within an unbraced length is larger than
that at both ends of the length. C,, of 1 is conservative and permitted to be used in any case.
When the free end is unbraced in a cantilever or overhang, C, = 1. The full formula is provided
below.)

NOTE: the self weight is not included in determination of Mn/2 ¢,M
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Compact Sections

For a laterally braced compact section (one for which the plastic moment can be reached before
local buckling) only the limit state of yielding is applicable. For unbraced compact beams and
non-compact tees and double angles, only the limit states of yielding and lateral-torsional
buckling are applicable.

: b E h E
Compact sections meet the following criteria: <038 |— and —=<3.76 |—
2t, F, t,, F,

where:
b = flange width in inches
t; = flange thickness in inches
E = modulus of elasticity in ksi
Fy = minimum yield stress in ksi
h. = height of the web in inches
tw = web thickness in inches

M |
With lateral-torsional buckling the nominal flexural strength is | m

M. =C,[M,—(M —07F.5.) > " |l<m | W | |
n=Co| M, =(M, -0 yX)L—L = mHm)?*_ui’_f‘ v |
r T 7|

p

where Cy, is a modification factor for non-uniform moment
diagrams where, when both ends of the beam segment are braced:

c - 12.5M,
®25M__ +3M, +4M, +3M_

Mmax = absolute value of the maximum moment in the unbraced beam segment

Ma = absolute value of the moment at the quarter point of the unbraced beam segment

Mg = absolute value of the moment at the center point of the unbraced beam segment

Mc = absolute value of the moment at the three quarter point of the unbraced beam
segment length.

Available Flexural Strength Plots

Plots of the available moment for the unbraced length for wide flange sections are useful to find
sections to satisfy the design criteria of M, <M, /Qor M, <4 M. The maximum moment

that can be applied on a beam (taking self weight into account), M, or My, can be plotted against
the unbraced length, Ly. The limiting length, L, (fully plastic), is indicated by a solid dot (e),
while the limiting length, L, (for lateral torsional buckling), is indicated by an open dot (O).
Solid lines indicate the most economical, while dashed lines indicate there is a lighter section
that could be used. Cp, which is a modification factor for non-zero moments at the ends, is 1 for
simply supported beams (0 moments at the ends). (see figure)

10
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20

18

16

14

12

Unbraced Length (0.5-ft increments)

10

Table 3-10 (continued)
W Shapes
Available Moment vs. Unbraced Length

AMERICAN INSTITUTE OF STEEL CONSTRUCTION, INC.

=Ela n o " .
. TlelE B 8 § g 8 g g g g 2 g
S“C}g
2|8 8 g g - g g g & 8 4 g

(syuawasouy -y €) "o (siuawaiouy y-diy 2) 5w “uswoyy ejqejieny

Design Procedure

The intent is to find the most light weight member (which is economical) satisfying the section
modulus size.

1. Determine the unbraced length to choose the limit state (yielding, lateral torsional buckling
or more extreme) and the factor of safety and limiting moments. Determine the material.

2. Draw V & M, finding Vmax and Mpax.for unfactored loads (ASD, Va & M,) or from factored
loads (LRFD, Vy, & M,)

3. Calculate Z,.yq When yielding is the limit state. This step is equivalent to determining if

M M M M : o
fo=—"2<F, Zige 2~ =7"2and Z,,qq > ——— to meet the design criteria that
S F F/ ¢ F,
Q
M a <M n [Qor M u < ¢b M n TABLE 9.1 Load Factor Resistance Design Selection
F =36ksi
I the limit state is something other than yielding, 2 7 N N
determine the nominal moment, M, or use plots of Designation in."  ft fi kipft  kip-ft
available moment to unbraced length, L. W33x 141 514 101 300 1542 971
W30 x 148 500 9.50 30.6 1,500 945
W 24 > 162 468 12.7 452 1,404 897
4. For steel: use the section charts to find a trial Z and W24x146 418 125 420 1254 804
remember that the beam self weight (the second number W3x118 415 967 278 1245 778
in the section designation) will increase Z,., .« The W30 X124 408 929 282 1224 769
. . . . . W21 % 147 373 12.3 46.4 1,119 713
design charts show the lightest section within a grouping W24 131 370 124 393 110 713
of similar Z’s W18 x 158 356 114 565 1068 672

**** Determine the “updated” Vimax and Mpax including the
beam self weight, and verify that the updated Z,., s+ has been met.******

11
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5. Consider lateral stability.

6. Evaluate horizontal shear using Vmax. This step is equivalent to determining if f, <F, is
satisfied to meet the design criteria that V, <V, /Q or V, <4V,

For | beams: f =3Vz v =V

e S oA YA td V,=06F,A, orV,=06F,AC,
Others: ; _ VQ

V—max Ib

7. Provide adequate bearing area at supports. This step is equivalent to determining if f, = A <F,
is satisfied to meet the design criteria that P, <P,/ Q or P, <¢P,

. T T . .
8. Evaluate shear due to torsion f, = Por —— < F, (circular section or rectangular)

J c,ab
9. Evaluate the deflection to determine if A__... < A, _anoweds @NAON A 1ot < Arotal aliowed

**** note: when Acatculated > Alimit, lreq'a €N be found with: | > Aoobig |
and Z,., .« Will be satisfied for similar self weight ***** T A

trial

FOR ANY EVALUATION:

Redesign (with a new section) at any point that a stress or serviceability criteria is
NOT satisfied and re-evaluate each condition until it is satisfactory.

Load Tables for Uniformly Loaded Joists & Beams

Tables exist for the common loading situation of uniformly distributed load. The tables either
provide the safe distributed load based on bending and deflection limits, they give the allowable
span for specific live and dead loads including live load deflection limits. W2
If the load is not uniform, an equivalent uniform load can be calculated M, = —dulalnt
from the maximum moment equation: 8

If the deflection limit is less, the design live load to

check against allowable must be increased, ex. Wyjuste0 = W“hav{ LISGOJ table limit

L/400 ) wanted
Criteria for Design of Columns

. . T YIELD oTRE6 | - Algo ForMiLA
If we know the loads, we can select a section that is 1 il

adequate for strength & buckling.

If we know the length, we can find the limiting load
satisfying strength & buckling.

N
|

{
—

E DA (covpreseAVE S5 ki)
N LW
J
1
!
/

4 | by b
L4 ~Ap @ ~ | 2o =77) 200
SYRT&L,|  INTERVEDIATE LeNG cAUMN
(ORUSHING) celLUMN (BUCKLING)

SLENDERNESS RATIO KL
12 (A%, TeRL) r
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Allowable Stress Design

American Institute of Steel Construction (AISC) Manual of ASD, 9™ ed:

Long and slender: [ Le/r > C,, preferably < 200]
F 127°E

cr

Fatiowable = ES - 23(K%)2

The yield limit is idealized into a parabolic curve that blends into the Euler’s Formula at Ce.
2
With Fy = 36 ksi, C. = 126.1 c _ |27°E
C
With Fy = 50 ksi, C, = 107.0 F,

Short and stubby: [Le/r < Cd] ‘

\
A ZP YigLw 41RES BILBRY EQTIoN
ﬁ —
| |
(Ky)z F T T\ AlgC FRRIULAS
F =|1—<4F |_v ~ 2 T W BRFHTY FPETPR
a 2 > N
2C; |F.S. L — o~ _
. AL UL B ! Alse Fomdllp E2-2
Wlth oo & :‘_’C:‘,:‘r-%? ke .l \-"‘:-_\A‘_L;_;\____h_ﬁr Hazy
3 el Te| L2 i s SR
5 3(Ky) (Ky) 2 - ; } >
FS. ="+ r-_ r ¢ % log  Z=lts) 120 200
3 8C, 8C’ [ PHORT/ INTERMEDIATE L Lo [
L
r

Design for Compression

American Institute of Steel Construction (AISC) Manual 14" ed:

P, <P, /Qor P, <¢P, where P, =2y,P,

v is a load factor

P is a load type

¢ is a resistance factor

P, is the nominal load capacity (strength)

$=0.90 (LRFD) Q=1.67 (ASD)
For compression B, =F, A,

where : Ay is the cross section area and F is the flexural buckling stress

13



F2013abn

Note Set 18

ARCH 331

The flexural buckling stress, Fe;, is determined as follows:

E

Fy
|

<471
when & >4.71
r

KL

when

or (F, >0.44F):

r

5

0.658 "

< ]

Il
L

PRy
>
T
<
<
o
v
[}
_I_l @
~ _|7_l
= ~
© 0
- O
wy™
FC

where F. is the elastic critical buckling stress:

Design Aids

Tables exist for the value of the flexural buckling stress based on slenderness ratio. In addition,

tables are provided in the AISC Manual for Available Strength in Axial Compression based on
the effective length with respect to least radius of gyration, ry. If the critical effective length is

about the largest radius of gyration, ry, it can be turned into an effective length about the y axis

by dividing by the fraction r,/ry.

"ON] NOLLONALSNOD) "EELLS 40 HLNOLLLSN] NVOIIEAY

0610 ="0 91="5
0441 asy
086% 0855 0819 0069 0£LL u-y) .S\San
00€S1 001t 00681 00212 008tz |Gur .@:\ﬁs d
SLL SIL SLL SLL 'L 414 oney
20t Y0t S0°€ 10 60 (w%
vLL 61 912 172 0.2 (uy
€85 165 299 ovL £e8 )y
1’61 1’12 2'€e 962 44 Gu) v
1'Ge (253 6'6€ 0cy 99y w7
611 101 801 801 60t (1}
cot [ 689 | 921 [ow8 | 25t | wor | 81 | sar | sezc [ 25 (sdm) %
651 | 90k | €12 | ek | 82 | S8L | 99¢ | €v2 | Svv | 962 {sdm) *g
G6L | O€L | S1e | €pL | GeC | L6t | 8Sz | 2L | Sz | €81 A.csaznm
UL | 28L | 9L | 606 | 51 | ¥OL 181 12k | 902 181 (sdp) “'d
sajadosd
e | g | e | ozze | eie | wbo | 9gz | 2L | vz | 9L oy
681 | 92t | z1z | | vez | 9§t [ 292 | ¥ | 262 | g6L 8
iz | opr | 9sz | 280 | 192 | wL | 262 | ¥BL | 92¢ | L2 9 m
9¢z | 481 | s9z | oLt | e6c | 6L | sze | 812 | S9¢ | €2 ¥e w
92 | L1 | e6c | e6L | iee | 022 | 69¢ | ove | cuv | wie by g
g0c | 202 | ove | 92 | 9. | 02 | ozv | 622 | 69y | 2l 0
v | 182 | 68 | 6S2 | ocy | 982 | 6. | 61€ | veS | 9GE 8 w
e6¢ | 292 | ovy | €62 | 98y | €2€ | 1S | 098 | 209 | 1of 92
zv | w6 | cov | 826 | vvs | 298 | co9 | 200 | 29 | i 2 [
67 | 226 | ovS | S98 | €09 | 20 | 029 | ovp | vvL | S <4 2
1ws | 09 | €09 | oy | v99 | ewk | 9c. | o6k | 918 | €S 0e w
996 | & | 0e9 | 6k | v69 | 49y | 69, | LIS | 268 | 296 61
165 | €66 | 459 | e | €22 | 187 | 108 | €€§ | 888 | 169 8L
Gl9 | 60y | ¥89 | GGk | 2SL | K0S | €€8 | 8§ | €26 | ¥i9 i
669 | Gey | o1z | €0 | 18L | Oz | v98 | S8 | is6 | L£9 ol ot
299 | v | 9c. | o6y | 608 | 8es | 68 | 65 | 066 | 689 Si 3
589 | 9sy | 19. | 90 | 9e8 | 986 | vz6 | S19 | ozor | 089 vl a
90L | O | v8L | 228 | 298 | €48 | €s6 | €9 | osor | MOL £l 3
l2. | ¥8v | 208 | 266 | /88 | 06S | 086 | 259 | osoL | 022 4} g
. | 6y | 828 | 166 | o6 | 909 | ow0r | 699 | oLLL | 6L 1 e
G9, | 608 | 6v8 | S9S | ze6 | 029 | ocor | <89 | opiL | Q6L (1]} Q
28. | 02§ | 298 | 428 | ¢s6 | ¥€9 | 0s0r | 669 | 0911 | 2L 6 W
86, | 165 | v88 | 886 | 16 | 9¥9 | o0 | €1z | 0811 | 282 8
1g | ovs | 668 | 865 | 486 | 269 | o601 | S2 | oozl | 008 L <
ve8 | evs | €16 | 209 | ooor | 299 | owt | sez | ozzL | L8 9
658 | 126 | 156 | €69 | ovoL | ¥69 | osit | 99 | 021 | ¥8 0
a447 | @SY | add1 | asv | add1 | asv | addn | asv | a4 | asv i
1880
o |6/ | @ | Cord | 0o | Cura | e | Tord | 9 | urd
) 73 6L 18 96 UM
XZIM adeys
SIM sadeys m
sdi) ‘uoissaisdwo) jeixy po—

u1 yibuans sjqejieny
(panunuoo) |- ajqeL

U0ISSaIAWO0D [eIXY Ul YIDUaJlS a|qe[ieAy 0] a|gel DSV ajdwes

14



ARCH 331 Note Set 18 F2013abn

Procedure for Analysis

1. Calculate KL/r for each axis (if necessary). The largest will govern the buckling load.
2. Find F, or F as a function of KL/r from the appropriate equation (above) or table.
3. Compute Pajiowable = Fa-A 0OF Pn = Fer-Ag
or alternatively compute f. = P/A or P/A
4. s the design satisfactory?
IS P < Paiowable (O Pa < Pn/€) or Py < ¢cPn? = yes, itis; no, it is no good

or Is fo < F, (or <Fg/0) or ¢Fe? = yes, it is; no, it is no good

Procedure for Design

1. Guess a size by picking a section.
2. Calculate KL/r for each axis (if necessary). The largest will govern the buckling load.
3. Find F, or F¢ as a function of KL/r from appropriate equation (above) or table.
4. Compute Paowable = Fa-A 0F Pp = Fer-Ag
or alternatively compute f. = P/A or P/A
5. s the design satisfactory?

IS P < Paiiowable (Pa <Pn/€2) or Py < ¢cPn? yes, it is; no, pick a bigger section and go
back to step 2.

Is fo < Fa (SFer/ ) or ¢cFer? = yes, it is; no, pick a bigger section and go back to
step 2.
6. Check design efficiency by calculating percentage of stress used:=

P -100% £-100% or i-100%

I:)allowable P%) ¢c Pn

If value is between 90-100%, it is efficient.

If values is less than 90%, pick a smaller section and go back to step 2.

Columns with Bending (Beam-Columns)

In order to design an adequate section for allowable stress, we have to start somewhere:

1. Make assumptions about the limiting stress from:
- buckling
- axial stress
- combined stress

2. See if we can find values forror Aor Z

3. Pick atrial section based on if we think r or A is going to govern the section size.
15
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4. Analyze the stresses and compare to allowable using the allowable stress method or
interaction formula for eccentric columns.

5. Did the section pass the stress test?
- If not, do you increase r or A or Z?
- 1f s0, is the difference really big so that you could decrease r or A or Z to make it
more efficient (economical)?

6. Change the section choice and go back to step 4. Repeat until the section meets the
stress criteria.

Design for Combined Compression and Flexure:

The interaction of compression and bending are included in the form for two conditions based on
the size of the required axial force to the available axial strength. This is notated as P, (either P
from ASD or P, from LRFD) for the axial force being supported, and P, (either P,/£2 for ASD or
@:Pn for LRFD). The increased bending moment due to the P-A effect must be determined and
used as the moment to resist.

M M
ForEZO.Z: L+§ M, + <10 R +§ M, +—>(<1.0
P, P/ 9 MW/ M., éP, 9\ 4M, 4M,,
Q Q Q
(ASD) (LRFD)
P M M M
For i<0.2: + — + Y |<1.0 R + My, +—>1<1.0
Pc ZP/ M n/ M ny 2¢c Pn ¢bM nx ¢bM ny
Q Q Q
(ASD) (LRFD)
where:
for compression dc =0.90 (LRFD) Q =1.67 (ASD)
for bending ¢ = 0.90 (LRFD) Q =1.67 (ASD)
C
For a braced condition, the moment magnification factor By is determined by B, = Tm/':’) >
AWMy / Ter

where Cy, is a modification factor accounting for end conditions
When not subject to transverse loading between supports in plane of bending:
= 0.6 — 0.4 (M1/M;) where M; and M are the end moments and M;<M,. Mi/M is
positive when the member is bent in reverse curvature (same direction), negative
when bent in single curvature.
When there is transverse loading between the two ends of a member:
= 0.85, members with restrained (fixed) ends ,
= 1.00, members with unrestrained ends p _7 EA
el —

- i KI/ ¥
Pe1 =Euler buckling strength ( %)
16
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Criteria for Design of Connections

F2013abn

Connections must be able to transfer any axial force, shear, or moment from member to member

or from beam to column.

Connections for steel are typically high strength bolts and electric arc welds. Recommended
practice for ease of construction is to specified shop welding and field bolting.

Cope
Beam N >
Failure by ftearing

t of shaded
< Shear ) K] 04 ¢ Shear
areq %< portion area

\—Tensile
area

Failure by fearing
out of shaded
portion

Tensile
area

h

Fig. C-J4.1. Failure for block shear rupture limit state.

Bolted and Welded Connections

+Small tension
force

l l Large shear

force
)

_ A
v

+—Large tension
force

K
|

I
L Small shear
Fy

force

(b)

Fig. C-J4.2. Block shear rupture in tension.

- o i 1=

f’<}:1§|‘

L |

The limit state for connections depends on the loads:

tension yielding
shear yielding
bearing yielding

o > w e

rupture

bending yielding due to eccentric loads

Welds must resist shear stress. The design
strengths depend on the weld materials.

Bolted Connection Design

]
'\ ‘

FAILUEE PLANE
IN SINGLE SHEAR

L 3 2
T S

FAILVFE PLANE S
PoUBLE SHEAR

—

PEARNG FAILVE #F |
PLATE PATea

Bolt designations signify material and type of connection where

SC: slip critical

N: bearing-type connection with bolt threads included in shear plane
X: bearing-type connection with bolt threads excluded from shear plane

A307: similar in strength to A36 steel (also known as ordinary, common or unfinished

bolts)

A325: high strength bolts (Group A)
A490: high strength bolts (higher than A325) (Group B)

17
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Bearing-type connection: no frictional resistance in the contact surfaces is assumed and
slip between members occurs as the load is applied. (Load transfer through bolt
only).

Slip-critical connections: bolts are torqued to a high tensile stress in the shank, resulting
in a clamping force on the connected parts. (Shear resisted by clamping force).
Requires inspections and is useful for structures seeing dynamic or fatigue loading.
Class A indicates the faying (contact) surfaces are clean mill scale or adequate paint
system, while Class B indicates blast cleaning or paint for p = 0.50.

Bolts rarely fail in bearing. The material with the hole will more likely yield first.

For the determination of the net area of a bolt hole the width is taken as 1/16” greater than the
nominal dimension of the hole. Standard diameters for bolt holes are /16" larger than the bolt
diameter. (This means the net width will be 1/8” larger than the bolt.)

Design for Bolts in Bearing, Shear and Tension

Available shear values are given by bolt type, diameter, and loading (Single or Double shear) in
AISC manual tables. Available shear value for slip-critical connections are given for limit states
of serviceability or strength by bolt type, hole type (standard, short-slotted, long-slotted or
oversized), diameter, and loading. Available tension values are given by bolt type and diameter
in AISC manual tables.

Available bearing force values are given by bolt diameter, ultimate tensile strength, F,, of the
connected part, and thickness of the connected part in AISC manual tables.

For shear OR tension (same equation) in bolts: R, <R, /Qor R, @R,
where R, =27 R,

= single shear (or tension) R =FA
= double shear R, =F,2A

where ¢ = the resistance factor
F, = the nominal tension or shear strength of the bolt
A, = the cross section area of the bolt

¢ =0.75 (LRFD) Q =2.00 (ASD)

For bearing of plate material at bolt holes: R, <R, /Qor R, @R,
where R, =27, R,
« deformation at bolt hole is a concern E:"%,, e
R, =1.2LtF, < 2.4d{F, 3

(RIPTVEE)

Rn = 15LCtFU S 30thU Figure 10.11  End tear-out.

o deformation at bolt hole is not a concern

o long slotted holes with the slot perpendicular to the load

R, =1.0L tF, < 2.0dtF,
18
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where R, = the nominal bearing strength
F, = specified minimum tensile strength
L. = clear distance between the edges of the hole and the next hole or edge in
the direction of the load
d = nominal bolt diameter
t = thickness of connected material

$»=0.75(LRFD)  Q =2.00 (ASD)
The minimum edge desistance from the center of the outer most bolt to the edge of a member is

generally 1% times the bolt diameter for the sheared edge and 1% times the bolt diameter for the
rolled or gas cut edges.

The maximum edge distance should not exceed 12 times the thickness of thinner member or 6 in.

Standard bolt hole spacing is 3 in. with the minimum spacing of 2 % times the diameter of the
bolt, d,. Common edge distance from the center of last hole to the edge is 1% in..

Tension Member Design

—_— 7 T -— q) ¢ . g |—T
In steel tension members, there

may be bolt holes that reduce the
size of the cross section.

5O >
"
_9_
&
-

g refers to the row spacing or gage
p refers to the bolt spacing or pitch
s refers to the longitudinal spacing of two consecutive holes

Effective Net Area:

The smallest effective are must be determined by subtracting the bolt hole areas. With staggered
holes, the shortest length must be evaluated.

A series of bolts can also transfer a portion of the tensile force, and some of the effective net
areas see reduced stress.

The effective net area, A, is determined from the net area, A,, multiplied by a shear lag factor, U,
which depends on the element type and connection configuration. If a portion of a connected
member is not fully connected (like the leg of an angle), the unconnected part is not subject to the

full stress and the shear lag factor can range from 0.6 to 1.0: A =AU
15 T—
1 ]
1]
// } Rs —% in. thick,
C Zq ' % ® connectors
} A ’ in standard holes T
o t 3 | —_—T e
S
2d |
N
B R PN N
AISC-1.16.5.1 1% | 1

I z ,K
_— Plate A

3@ 27 = 6"+ Plate 8 19
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2
S
A, = Ag - Aof all holes T tz@

The staggered hole path area is determined by: T &
&

For tension elements:

1. yielding R, =F/A

¢ =0.90 (LRFD) Q =1.67 (ASD)
2. rupture R, =FA

¢ =0.75 (LRFD) Q =2.00 (ASD)

where Ay = the gross area of the member
(excluding holes)

R, <R, /Qor R, <¢R,
where R, =27 R,

F2013abn
1 T
S e < Il © Sl
o \g{ e
=5 ~

FD

[ 7 TBARN oF THe

%\ES‘// - | AATE Ackess
/}(\(‘3 T [ THE BT Helps
i Sy

A = the effective net area (with holes, etc.)

Fy, = the yield strength of the steel

F, = the tensile strength of the steel (ultimate)

Welded Connections

Weld designations include the strength in the name, i.e.
E70XX has Fy = 70 ksi. Welds are weakest in shear and
are assumed to always fail in the shear mode.

The throat size, T, of a fillet weld is determined
trigonometry by: T =0.707 xweld size*

* When the submerged arc weld process is used, welds over 3/8” will have a
throat thickness of 0.11 in. larger than the formula.

Weld sizes are limited by the size of the parts being put
together and are given in AISC manual table J2.4 along
with the allowable strength per length of fillet weld,
referred to as S.

The maximum size of a fillet weld:

a) can’t be greater than the material thickness if it is /4"
or less

b) is permitted to be 1/16” less than the thickness of the
material if it is over 4”

20

o e i
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The minimum length of a fillet weld is 4 times the nominal size. If it is not, then the weld size
used for design is ¥4 the length.

TABLE J2.4
Intermittent fillet welds cannot Minimum Size of Fillet Welds
be less than four times the weld Material Thickness of Thicker Minimsvmlgjz(‘., 0); Fillet
. i i eld? (in.

size, not to be less than 1 '5”. Part Joined (in.)

To Ya inclusive Ya

Over % to V2 Ye

Over 'z to ¥ Ve

Over % 5he

,__j-fg dimension of fillet welds. Single-pass welds must be used.

AMERICAN INSTITUTE OF STEEL CONSTRUCTION

For fillet welds: R, <R, /Qor R, <¢R,
where R, =2Z7.R Auvailable Strength of Fillet Welds
! b per inch of weld (¢5)
Weld Size E60XX E70XX
for the weld metal: R, =0.6F,, Tl =SI (;-) (K/in.) (k/in.)
{s 3.58 4.18
$=0.75(LRFD)  Q=2.00 (ASD) " 177 5 57
where: As 5.97 6.96
T is throat thickness % 7.16 8.35
I is length of the weld s 8.35 9.74
o Ya 9.55 11.14
For a connected part, th_e oth_er limit s.tates for the 5 11.93 13.92
base metal, such as tension yield, tension rupture, \
Va 14.32 16.70

shear yield, or shear rupture must be considered.

(not considering increase in throat with
submerged arc weld process)

Framed Beam Connections

Coping is the term for cutting away part of the flange to connect a
beam to another beam using welded or bolted angles.

AISC provides tables that give bolt and angle available strength knowing number of bolts, bolt
type, bolt diameter, angle leg thickness, hole type and coping, and the wide flange beam being
connected. For the connections the limit-state of bolt shear, bolts bearing on the angles, shear
yielding of the angles, shear rupture of the angles, and block shear rupture of the angles, and bolt
bearing on the beam web are considered.

Group A bolts include A325, while Group B e
. e —
includes A490. - T ] e

|
There are also tables for bolted/welded - J n oo
double-angle connections and all-welded " for angles i
double-angle connections. i _L Y e

\%k q [ (e)

(a) (b)
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All-Bolted Double-Angle Connections

Sample AISC Table for Bolt and Angle Available Strength in

ARCH 331

tension rupture
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=27R;

where R,

R, <R, /Qor R, <¢R,
0.6F A, +U F A, <06F A, +U F A,

Q = 2.00 (ASD)
22

¢ = 0.75 (LRFD)

lateral torsional buckling
Rn

local web buckling

Block Shear Strength (or Rupture):



ARCH 331 Note Set 18 F2013abn

where:
Any IS the net area subjected to shear
Ant is the net area subjected to tension
Ay IS the gross area subjected to shear
Ups = 1.0 when the tensile stress is uniform (most cases)
= 0.5 when the tensile stress is non-uniform

Gusset Plates

Gusset plates are used for truss member connections where the geometry prevents the members
from coming together at the joint “point”. Members being joined are typically double angles.

Decking

Shaped, thin sheet-steel panels that span several joists or evenly spaced support behave as
continuous beams. Design tables consider a “1 unit” wide strip across the supports and
determine maximum bending moment and deflections in order to provide allowable loads
depending on the depth of the material.

The other structural use of decking is to construct what is called a diaphragm, which is a
horizontal unit tying the decking to the joists that resists forces parallel to the surface of the
diaphragm.

When decking supports a concrete topping or floor, the steel-concrete construction is called
composite.

Frame Columns

Because joints can rotate in frames, the effective length of the column in a frame is harder to
determine. The stiffness (EI/L) of each member in a joint determines how rigid or flexible it is.
To find k, the relative stiffness, G or W, must be found for both ends, plotted on the alignment
charts, and connected by a line for braced and unbraced fames.

s El
EE%
where °

E = modulus of elasticity for a member
| = moment of inertia of for a member
L = length of the column from center to center

[y, = length of the beam from center to center

L, -
hu?

e For pinned connections we typically use a value of 10 for V.

o For fixed connections we typically use a value of 1 for V.

23
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P P P P
I 7 1 I T i l
L | L : ”/
: Bracing “
I ~) Je L L.
Braced — non-sway frame Unbraced — sway frame
Ya k Ve Ya k Ve
oo g<><> p— ;’80 >
50.0 T10 50.0 - !
o T ioe | | % CI Y
5.0 — 5.0 30.0 5.0 —30.0
—o09
3.0 =~ — 3.0 20.0 — 4.0 — 20.0
2.0 — 4= — 2.0 7 -
100 _] -
E - o 3.0 = |§:§
N 8.0 — 8.
49 — 39 7.0 — 7.0
0.8 — T — 0.8 6.0 — 6.0
0.7 — — 0.7 5.0 — 5.0
0.8 Loz — 0.6 4.0 2.0 = 40
0.5— - 0.5 S =
_ 3.0 — 3.0
0.4 1 — 0.4 ] .
0.3 - 0.3 2.0 — 2.0
1 - 1.5
0.2 o - 0.2 3
. - 1.0 — 1.0
0.1 . — 0.1 ] B
0 —1-05 -0 0 1.0 b

(a)

Nonsway Frames

(b)

Sway Frames
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*Hypothetically determine the size of section
Example 1 (pg 330) required when the deflection criteria is NOT met

Example Problem 9.16 (Figures 9.76 to 9.78)

A steel beam (A572/50) is loaded as shown. Assuming a
deflection requirement of A, = L/240 and a depth restric-
tion of 18" nominal, select the most economical section. (unified ASD)

F, =30 ksi; F, = 20 ksi; E = 30x10° ksi F, = 50 ksi

24k ] 24k

+24k

\ 10K
10k \
-24k

Mpmax=238k-ft

P = 20k
14 14

=
A = I

+

00+50=1,050 Ib/ft = 1.05 k/ft

=10
LT

\ = \

]

25
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14'
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Example 2

Given:

Select an ASTM A992 W-shape beam with a simple span of 35 feet. Limit the member to a
maximum nominal depth of 18 in. Limit the live load deflection to L/360. The nominal loads
are a uniform dead load of 0.45 kip/ft and a uniform live load of 0.75 kip/ft. Assume the beam
is continuously braced. Use ASD of the Unified Design method.

wp = 0.45 kip/fft
w, = 0.75 Kkip/ft

351t

Beam Loading & Bracing Diagram

(full lateral suppori)
Solution:
Material Properties:
ASTM A992 F, = 50ksi F, = 65 ksi

1. The unbraced length is 0 because it says it is fully braced.
2. Find the maximum shear and moment from unfactored loads: wa = 0.450 k/ft + 0.750 k/ft = 1.20 k/ft
Va =1.20 k/ft(35 ft)2 = 21 k
Ma = 1.20 k/ft(35 ft)2/8 = 184 k-ft
If Ma < My/Q, the maxmimum moment for design is MaQ): Mmax = 184 k-ft
3. Find Zreqa:
Zreqid = Mmax/Fb = Mmax(Q)/Fy = 184 k-ft(1.67)(12 in/ft)/50 ksi = 73.75in3 (Fy is the limit stress when fully braced)
4. Choose a trial section, and also limit the depth to 18 in as instructed:
W18 x 40 has a plastic section modulus of 78.4 in3 and is the most light weight (as indicated by the bold text) in Table 9.1
Include the self weight in the maximum values: W¥aadusted = 1.20 k/ft + 0.04 ki/ft
Vaadusted = 1.24 K/R(35 ft)/2 = 21.7 k
M*a-adjustes = 1.24 k/ft(35 ft)3/8 = 189.9 k
Zreqd = 189.9 k-ft(1.67)(12 in/ft)/50 ksi = 76.11in3  And the Z we have (78.4) is larger than the Z we need (76.11), so OK.
6. Evaluate shear (is Va< Vi/Q):  Aw = dtw so look up section properties for W18 x 40: d = 17.90 in and tw = 0.315in
V/Q = 0.6FwAW/Q = 0.6(50 ksi)(17.90 in)(0.315 in)/1.5 = 112.8 k which is much larger than 21.7 k, so OK.

9. Evaluate the deflection with respect to the limit stated of L/360 for the live load. (If we knew the total load limit we would
check that as well). The moment of inertia for the W18 x 40 is needed. Ix =612 in4

A e toad imit = 35 (12 in/ft)/360 = 1.17 in

A = 5wL4/384E1 = 5(0.75 k/ft)(35 ft)4(12 in/ft)3/384(29 x 108 ksi)(612 in#) = 1.42 in! This is TOO BIG (not less than the limit.
Find the moment of inertia needed:

lreqd = Ao big (Jtrial)/ Atimit = 1.42 in(612 in4)/(1.17 in) = 742.8 in4

From Table 9.1, a W16 x 45 is larger (by Z), but not the most light weight (efficient), as is W10 x 68, W14 x 53, W18 x 46, (W21 x
44 is too deep) and W18 x 50 is bolded (efficient). (Now look up I's). (In order: Ix = 586, 394, 541, 712 and 800 in4)

Choose a W18 x 50
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Example 3 P = 20k
For the same beam and loading of Example 1, select the most economical 4k
beam using Load and Resistance Factor Design (LRFD) with the 18” depth =1k
restriction. Assume the distributed load is dead load, and the point load is PVTTTHV T VR LT
live load. F, =50 ksi and E = 30x10° ksi ]
Z Z
0= (1 2)1k/ft 1.2kt ' '
P  H 1.To find Vi-max and Myu.max, factor the loads, construct a new load diagram,
3 | ! shear diagram and bending moment diagram.
28K = : 32.8 .
| +32.8k ; 2. To satisfy My < ¢oMn, we find A1, _M, 341677 379.6" 7 and
w @, 0.9
+16k . /
0 solve for Z needed: 7 = M, 3716 "(1273) 91.1in’
16 k!\ F, S0kst
M 3416 k-fi-32'8k Choose a trial section from the Listing of W Shapes in Descending Order
. of Z by selecting the bold section at the top of the grouping satisfying
our Z and depth requirement — W18 x 50 is the lightest with Z = 101 in3,
0 (W22 x 44 is the lightest without the depth requirement.) Include the
additional self weight (dead load) and find the maximum shear and
bending moment:
. 1.2(50%/, )28 fi
Vy usiea = 32.8k + 1205073281 _ 33 gax
2(1000%; )
. o 1.2(50%/,)(28f1 ) .
Mu adjusted = 3416]\ 7 + ( f)( f) = 3475]\ f
: 8(1000%/ )
. 347.5”’ 121 . -
Zra = > M, (1294) =92.7in", s0 Z (have) of 101 in® is greater than the Z (needed).
" g, F, 0.9( 50ksi )

3. Check the shear capacity to satisfy Vu < ¢V Awer = dtw and d=17.99in., ty = 0.355 in. for the W18x50
8.V, =$,0.6F A, =1.0(0.6)50ksi(17.99in )0.355in =191.6k So 33.64k < 191.6 k OK

4. Calculate the deflection from the unfactored loads, including the self-weight now because it is known,
and satisfy the deflection criteria of ALLSALLimit and Atwota<Atotarimit. (This is identical to what is done in
Example 1.) 1x =800 in? for the W18x50

Avotarimit = L1240 = 1.4 in., say A, = L/360 = 0.93 in

f)L3 N 5¥VL4 3 20k(28ﬁ);(12"7ﬁ) 5(1 050 ﬁ)(zgf,) (lzmﬁ)

A = — = ; =0.658+0.605=1.26in
48EI 384EI  48(30x10° ksi )800in’ 384(30x10° ksi )800in’

S01.26in.<1.4in., and 0.658 in. = 0.93 in. OK ..FINAL SELECTION IS W18x50
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Available Moment, M,/ (1 kip-ft increments)
®M,, (1.5 Kip-ft increments)

ARCH 331

Example 4

A steel beam with a 20 ft span is designed to be simply supported at the ends on columns and to carry a floor system
made with open-web steel joists at 4 ft on center. The joists span 28 feet and frame into the beam from one side only
and have a self weight of 8.5 Ib/ft. Use A992 (grade 50) steel and select the most economical wide-flange section

Note Set 18

for the beam with LRFD design. Floor loads are 50 psf LL and 14.5 psf DL.

?:_ 51'”‘5‘ Table 3-10 (continued)

e

/0 T oM, W Shapes

'::,ﬂ :',':F: Available Moment vs. Unbraced Length

2 | m - \?‘:9\ B AW VHEE K g
LWBxal N g L\ o b N Ly

43 72

“ 66

40 60 :

10 12
Unbraced Length (0.5-ft increments)
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Example 5
Select a A992 W shape flexural member (F, = 50 ksi, F, = 65 ksi) for a beam with distributed loads of 825 Ib/ft

(dead) and 1300 Ib/ft (live) and a live point load at midspan of 3 k using the Available Moment tables. The beam is
simply supported, 20 feet long, and braced at the ends and midpoint only (L, = 10 ft.) The beam is a roof beam for
an institution without plaster ceilings. (LRFD)

P =1.6(3k)=4.8k
10

SOLUTION: . 10 AN
To use the Available Moment tables, the maximum moment required is plotted against I
the unbraced length. The first solid line with capacity or unbraced length above what is +
needed is the most economical.
2(825 Ib/ft)+1.6(1300 Ib/ft) =3.07k/ft
DESIGN LOADS (load factors applied on figure): l l l FHHE 1 TTHTTT

—f A\V

u

2 K/, 2
M =%+Pb=w+4.8k(10ﬁ)=66zkﬁ V, =wl+P=3.07%,(20ft)+4.8k = 66.2k

Plotting 662 k-ft vs. 10 ft lands just on the capacity of the W21x83, but it is dashed (and not the most economical) AND we need to
consider the contribution of self weight to the total moment. Choose a trial section of W24 x 76. Include the new dead load:

b,/ 2
M g =662"‘ﬁ+1‘2(;?1’56ﬁf?)ﬁ) 680.2" V. usea = 662k +1.2(0.07617,)(20 ft ) = 68.0k
7k

Replot 680.2 k-ft vs. 10ft, which lands above the capacity of the W21x83. We can't look up because the chart ends, but we can
look for that capacity with a longer unbraced length. This leads us to a W24 x 84 as the most economical. (With the additional self
weight of 84 - 76 Ib/ft = 8 Ib/ft, the increase in the factored moment is only 1.92 k-ft; therefore, it is still OK.)

Evaluate the shear capacity'

oV, =@ 0.6F =1.000.6 )50ksi( 24.10in )0.47in=338.4k so yes, 68 k <338.4k OK

w lt

Evaluate the deflection with respect to the limits of L/240 for live (unfactored) load and L/180 for total (unfactored) load:
L/240 =1 in. and L/180 = 1.33 in.

203 — L 3k(1011)%(3-20-10/t )(127, )} 2209f’ 201 )% (12,
_Po’3l-b)  wL' _3k(10/1)°( f)(295)  ( )0/ (1293)° e 0,36 = 0.42in

A

Available Moment, M, /<2 (2 kip-ft increments) oM, (3 kip-ft increments)

roral = 61 24E] 6(30x10° ksi )2370in’ 24(30x10° ki 123700’
P =20k
Fy= 30 ksi Table 3-10 (continued) , ,
_L’,=1 10 10
wj | o, W Shapes - : AN
i | A
'::: :LFF;I Avaiiable.Moment vs Unbraced Length I
B o0 : . \ T 1 : Y : '.‘ll - +
=Y
2 j‘;-o z| \ w = 825 Ib/ft + 1300 Ib/ft + 84 Ib/ft =2.209k/ft
= gy
T | .Ia -
L A L
S A A
40 | 660 '%a :.:. S0, Aw=ALLimit and AtotarSAtota-imit:
k 0.06in.<1in. and 0.42in.<1.33n.
i ", UK (This section is so big to accommodate the large
bending moment at the cantilever support that it
deflects very little.)
420 | 630

6 8 10 12 14 16 18 20 ) zzl ..FINAL SELECTION IS W24x84
Unbraced Length (0.5-ft increments)
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r 40 - 40 - 40 T
Example 6 o
. .. }
Select the most economical joist for the 40 ft P
grid structure with floors and a flat roof. The T
2 2
roof loads are 10 Ib/ft~ dead load and 20 Ib/ft
- 2 -
live load. The floor loads are 30 Ib/ft” dead 2
2 - - -
load 100 Ib/ft” live load. (Live load deflection
limit for the roof is L/240, while the floor is
L/360). Use the (LRFD) K and LH series - ! | L
charts provided. _
Figure 7,248 Framing plan for joists, girders, and columns on 40 ft x 40 ft grid.
(Top values are maximum total factored load in Ib/ft, while the lower (lighter) values
are maximum (unfactored) live load for a deflection of L/360)
STANDARD LOAD TABLE FOR OPEN WEB STEEL JOISTS, K-SERIES
Based on a 50 ksi Maximum Yield Strength - Loads Shown in Pounds per Linear Foot (plf)
Desq:;satfon 18K3| 18K4 | 18K5| 18K6 18K7| 18KS 18K10 || 20K3 | 20K4| 20K5| 20K6| 20KT7| 20K9| 20K10|| 22K4 22K5 | 22K6 | 22K7 | 22K9 |22K10 22K11
1l ([
Depth (In.) 18 18 18 18 18 18 18 20 20 20 20 20 20 20 22 22 22 22 22 22 22
AF;E:;’J;";V" 66 | 72 | 77| 85| 9 |102 17| 67 76 82 89| 93 |108 122| 8 88| 92| 97 | 13| 126 138
Span (ft.)
4
38 21 255 | 286 | 312 | 348 | 418 496 280 316 | 345 | 384 | 462 | 549 628
74 87 98 106 | 118 | 139 164 107 | 119 | 130 | 144 | 170 | 200 228
39 199 | 241 | 271 | 297 | 330 | 397 | 471 267 | 300 | 327 | 364 | 438 | 520 | 595
69 81 90 98 109 | 129 151 98 110 | 120 | 133 | 157 185 211
40 190 | 220 | 258 | 282 | 313 | 376 | 447 253 285 | 310 | 346 | 417 | 495 565
64 75 84 N 101 | 119 140 N 102 [ 111 123 | 146 171 195
41 241 271 | 295 | 330 | 396 | 471 538
85 95 103 | 114 | 135 159 181
Joist
Designation 24K4 24K5 24K6 24K7 24K8 24K9 24K10 | 24K12 26K5 26K6 26KT 26K8 26K9 26K10 | 26K12
Depth (In.) 24 24 24 24 24 24 24 24 26 26 26 26 26 26 26
A%S"jﬁl“;‘"" 8.4 93 97 10.1 15 | 120 | 131 16.0 9.8 106 | 109 | 121 | 122 | 138 | 166
Span (ft.)
v
a8 307 346 378 a1 465 507 601 691 76 411 457 505 550 654 691
128 143 156 172 189 204 240 275 169 184 204 223 241 284 209
39 292 328 358 389 441 480 570 673 357 390 433 480 522 619 673
118 132 144 158 174 189 222 261 156 170 188 206 223 262 283
40 277 312 340 379 420 456 541 657 340 370 412 456 496 589 857
109 122 133 148 161 175 206 247 145 157 174 191 207 243 269
4 264 297 324 361 399 435 516 640 322 352 393 433 472 561 640
101 114 124 137 150 162 191 235 134 146 162 177 192 225 256
Des‘:onlﬂsatticn 28K6 28K7 28K8 28K9 28K10 28K12 30K7 30K8 30K9 30K10 30K11 30K12
Depth (In.) 28 28 28 28 28 28 30 30 30 30 30 30
Aﬁ,{':?;ﬂ\;ﬂ 11.4 1.8 12.7 13.0 14.3 171 12.3 13.2 13.4 15.0 16.4 17.8
Span (ft.)
v
38 444 493 546 594 691 681 531 586 639 681 691 691
214 237 260 282 325 325 274 300 325 353 353 353
39 420 469 519 564 670 673 504 556 606 673 B73 673
198 219 240 260 306 308 253 277 300 333 333 333
40 399 445 492 535 636 657 478 529 576 657 657 657
183 203 222 241 284 291 234 256 278 315 315 315
41 379 424 468 510 606 640 | 454 502 547 640 640 640
170 189 206 224 263 277 217 238 258 300 300 300

30

Shaded areas indicate the bridging requirements.
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Example 6 (continued)

Note Set 18

(Top values are maximum total factored load in Ib/ft, while the lower (lighter) values

are maximum (unfactored) live load for a deflection of L/360)

F2013abn

STANDARD LOAD TABLE FOR LONGSPAN STEEL JOISTS, LH-SERIES

Based on a 50 ksi Maximum Yield Strength - Loads Shown in Pounds per Linear Foot (plf)

Approx. Wt | Depth | SAFE LOAD*
Joist in Lbs. Per in in Lbs. CLEAR SPAN IN FEET

Designation ~ Linear Ft | inches Between
(Joists only) 22-24 25 26 | 27 | 28 | 29 | 30 31 | 32 | 33 | 34 35 | 36 37 | 38
20LHD2 10 20 16950 663  B55 | 646 | 615 | 582 | 547 516 | 487 | 460 | 436 | 412 | 393 | 373 | 355
306 | 303 | 298 | 274 | 250 | 228 | 208 | 190 | 174 | 160 | 147 | 136 | 126 | 117
20LHO3 1 20 18000 703 694 | 687 | 678 | 651 | 621 592 | 558 | 528 | 499 474 | 448 | 424 | 403
337 | 333 | 317 | 302 | 280 | 258 238 | 218 | 200 | 184 169 | 156 | 143 | 133
20LHD4 12 20 22050 861 849 | 837 | 792 | 744 | 700 660 | 624 | 589 | 558 @ 529 | 502 | 477 | 454
428 | 406 | 386 | 352 | 320 | 291 | 265 | 243 | 223 | 205 189 | 174 | 161 | 149
20LHOS 14 20 23700 924 913 | 903 | 892 | 856 | 816 | 769 | 726 | 687 | 651 | 616 | 585 | 556 | 529
459 | 437 | 416 | 395 | 366 | 337 308 | 281 | 258 | 238 219 | 202 | 187 | 173
20LHO6 15 20 31650 1233 1186 1144 1084 | 1018 | 952 894 | 840 | 790 | 745 | 703 | 666 | 631 | 598
606 | 561 | 521 | 477 | 427 | 386 | 351 | 320 | 292 | 267 246 | 226 | 209 | 192
20LHO7 17 20 33750 1317 1267 | 1221 1179 | 1140 | 1066 1000 | 940 | 885 | 834 | 789 | 745 706 | 670
647 | 509 | 556 | 518 | 484 | 438 398 | 362 | 331 | 303 278 | 256 236 | 218
20LHD8 19 20 34800 1362 1309 1263 1219 | 1177 | 1140 1083 | 1030 981 | 931 882 | 837 | 795 | 754
669 | 619 | 575 | 536 | 500 | 468 428 | 395 | 365 | 336 309 | 285 | 262 | 242
20LHO9 21 20 38100 1485 1429 1377 1329 | 1284 | 1242 1203 | 1167 | 1132 [ 1068 | 1009 | 954 | 904 | 858
729  B75 | 626 | 581 | 542 | 507 | 475 | 437 | 399 | 366 336 | 309 | 285 | 264
20LH10 23 20 41100 1602 1542 | 1486 | 1434 | 1386 | 1341 1297 | 1258 | 1221 | 1186 | 1122 | 1060 | 1005 | 954
786 | 724 | 673 | 626 | 585 | 545 | 510 | 479 | 448 | 411 | 377 | 346 | 320 | 296
33 | 34 35 | 36 | 37 | 38 | 39 40 41 42 | 43 | 44 | 45 46
24 HO3 11 24 17250 513 [ 508 | 504 | 484 | 460 | 439 [ 418 | 400 | 382 [ 366 | 351 | 336 | 322 | 310
235 | 226 | 218 | 204 | 188 | 175 | 162 | 152 | 141 | 132 | 124 | 116 | 109 | 102
24LH04 12 24 21150 628 | 597 568 | 540 | 514 | 490 | 468 | 447 | 427 | 409 | 393 | 376 | 361 | 346
288 | 265 246 | 227 | 210 | 195 | 182 | 169 | 158 | 148 | 138 | 130 | 122 | 114
24LH05 13 24 22650 673 | 669 660 | 628 | 598 | 570 | 544 @ 520 | 496 | 475 | 456 | 436 | 420 | 403
308 | 297 | 285 | 264 | 244 | 226 | 210 | 196 | 182 | 171 | 160 | 150 | 141 | 132
24LH06 16 24 30450 906 | 868 832 | 795 | 756 | 720 | 685 655 625 | 598 | 571 | 546 | 6522 | 501
411 | 382 | 356 | 331 | 306 | 284 | 263 | 245 | 228 | 211 | 197 | 184 | 172 | 161
24LH07 17 24 33450 997 | 957 919 | 882 | 847 | 811 | 774 | 736 | 702 | 669 | 639 | 610 | 583 | 559
452 | 421 | 393 | 367 | 343 | 320 | 207 | 276 @ 257 | 239 | 223 | 208 | 195 | 182
24LH08 18 24 35700 1080 | 1015 973 | 933 | 895 | 858 | 817 780 745 | 712 | 682 | 652 | 625 600
480 | 447 | 416 | 388 | 362 | 338 | 314 | 292 | 272 | 254 | 238 | 222 | 208 | 196
24LH09 21 24 42000 1248 | 1212 1177| 1146 1096 | 1044 | 994 = 948 | 903 | 861 | 822 | 786 | 751 | 720
562 | 530 501 | 460 | 424 | 393 | 363 | 337 313 | 292 | 272 | 254 | 238 | 223
24LH10 23 24 44400 1323 | 1284 | 1248| 1213| 1182 1152 1105 1053 1002 955 | 912 | 873 | 834 | 799
596 | 559 528 | 500 | 474 | 439 | 406 | 378 | 351 | 326 | 304 | 285 | 266 | 249
24LH11 25 24 46800 1390 | 1350 | 1312| 1276 | 1243 | 1210 1180 1152 1101 1051 | 1006 | 963 | 924 | 885
624 | 588 555 | 525 | 498 | 472 | 449 | 418 | 388 | 361 | 337 | 315 | 294 | 276
33-40 41 | 42 43 | 44 | 45 | 46 | 47 48 49 | 50 | 51 | 52 53 54
28LH05 13 28 21000 505 | 484 | 465 | 445 | 429 | 412 | 397 | 382 | 367 | 355 | 342 | 330 | 319 | 309
219 | 205 | 192 | 180 | 169 | 159 | 150 | 142 | 133 | 126 | 119 | 113 | 107 | 102
28LH06 16 28 27900 672 | 643 618 | 502 | 568 | 546 | 525 505 486 469 | 451 | 436 421 @ 406
289 | 270 253 | 238 | 223 | 209 | 197 | 186 | 175 | 166 | 156 | 148 | 140 | 133
28LHO7 17 28 31500 757 | 726 | 696 | 667 | 640 | 615 | 591 568 547 528 | 508 | 490 474 | 457
326 | 305 285 | 267 | 251 | 236 | 222 | 209 | 197 | 186 | 176 | 166 | 158 | 150
28LHO8 18 28 33750 810 | 775 744 | 712 | 684 | 657 | 630 @ 604 @ 580 | 556 | 535 | 516 | 496 | 478
348 | 325 305 | 285 | 268 | 252 | 236 | 222 | 209 | 196 | 185 | 175 | 165 | 156
28LH09 21 28 41550 1000 | 958 | 918 | 879 | 844 | 810 | 778 | 748 | 721 | 694 | 669 | 645 | 622 601
428 | 400 375 | 351 | 329 | 309 | 291 | 274 | 258 | 243 | 228 | 216 | 204 193
28LH10 23 28 45450 1093 | 1056 1018| 976 | 937 | 900 | 864 831 799 | 769 | 742 | 715 | 690 666
466 | 439 | 414 | 388 | 364 | 342 | 322 | 303 | 285 | 269 | 255 | 241 | 228 | 215
28LH11 25 28 48750 1170 | 1143 1104 | 1066 | 1023 | 982 | 943 907 873 841 | 810 | 781 | 753 727
498 | 475 | 448 | 423 | 397 | 373 | 351 | 331 | 312 | 294 | 278 | 263 | 249 | 236
28LH12 27 28 53550 1285 | 12556 1227| 1200 1173 | 1149 | 1105 1063 1023 984 | 948 | 913 | 880 849
545 | 520 496 | 476 | 454 | 435 | 408 | 383 | 361 | 340 | 321 | 303 | 285 | 270
28LH13 30 28 55800 1342 | 1311 1281 1252 1224 | 1198 | 1173 1149 1126 1083 | 1041 | 1002| 964 | 930
560 | 543 518 | 495 | 472 | 452 | 433 | 415 | 396 | 373 | 352 | 332 | 314 | 297

Shaded areas indicate the bridging requirements.
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Example 7 (LRFD)
!Q(AMPI.E‘ 5.1 Open-Web Steel Joist Design

A fully exposed roof system for a commercial building, spanning 35 ft, located in Muncie, Indiana,
in an urban environment.

IBC specifies a 20 psf snow live load for Muncie, Indiana, home of Ball State University. Table
1.3 indicates the snow exposure factor: C, = 0.9. Table 1.4 indicates the snow thermal factor:
C; = 1.0. Table 1.7 indicates an occupancy importance factor (for Category l1): Is = 1.0. Fig. 1.2
indicates the ground snow load: pg = 20 psf

Ps = 0.7(0.9)1.0(1.0)20 psf = 13.9 psf

A typical roof construction might consist of:

Membrane roofing 1.0 psf
4 in. average tapered rigid insulation 6.0 psf
Steel deck (2—4 ft span) 1.0 psf

Estimated joist weight:
35 ft span would be a minimum 18 in. joist
An average 18 in. joist weight = 9.0 plf

Spaced @ 4 ft-0 in. 0.c. 9.0 plf/4 ft 2.3 psf
Ceiling suspension system 1.0 psf
13 in. gypsum ceiling 2.0 psf

Mechanical system estimates should also be included; the heavy sprinkler/drain piping running
parallel to a joist or pair of joists is especially critical.

Miscellaneous ductwork/electrical 1.0 psf

Total dead load 14.3 psf X 4 ft 0.c. = 57.2 plf

Total live load 13.9 psf X 4 fto.c. = 55.6 plf

Total factored live snow load + dead load = 1.2(55.6) + 1.6 (57.2) = 158.2 plf

Use joist load tables to select the best section:

At 35 ft, 18K3 joists carry 237 plf TFL and 84 plf LL

LL: deflection controls and the weight is 6.4 plf.
At least on the surface, this is the best choice, but depending upon the need to integrate mechani-
cal systems into the joist space, a 20K3 at 6.5 plf or even a 22K4 at 7.3 plf which is both deeper
and heavier than the previous selection may be best:

22in.

Lom. 18in. |,

LREFD

STANDARD LOAD TABLE FOR OPEN WEB STEEL JOISTS, K-SERIES
Based On A 50 ksi Maximum Yield Strength - Loads Shown In Pounds Per Linear Foot (plf)
b ..Jolst‘. 18K3| 18K4 18K5| 18KE| 18KT 18K9 18K10 | 20K3 20K4| 20K5| 20K6| 20K7 20K9| 20K10|| 22K4 | 22K5 22K6 | 22K7 22K9 |22K10 |22K11
Depth (In.) | 18 18 18 18 18 18 18 20 20 20 20 20 20 20 22 22 22 22 22 22 22

Approx-Wt.| g4 | 75| 77 | 84| 89 101|116 | 65 72| 7.7 | 84 | 89 101 116 | 7.3 | 7.7 | 85 | 9.0 | 102 | 11.7 | 119

Ibs./ft.)
Span (ft.)
34 237 | 285 321 | 349 | 390 | 468 | 555 | 264 318 358 391 435 523 | 621 || 352 | 397 432 | 481 | 579 | 687 | 774
84 98 110 | 120 | 132 | 156 | 184 105 | 122 | 137 [ 149 | 165 | 195 | 229 149 | 167 | 182 | 202 | 239 | 280 314
35 223 | 268 | 303 | 330 | 367 4M 523 249 300 339 369 411 493 | 585 331 | 373 408 | 454 546 | 648 74

7 90 101 | 110 | 121 | 143 | 168 96 112 | 126 | 137 | 151 | 179 | 210 137 | 163 | 167 | 185 | 219 | 257 292
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Example 8

A floor with multiple bays is to be supported by open-web steel joists spaced at 3 ft. on center and spanning 30 ft.
having a dead load of 70 Ib/ft? and a live load of 100 Ib/ft2. The joists are supported on joist girders spanning 30 ft.
with 3 ft.-long panel points (shown). Determine the member forces at the location shown in a horizontal chord and
the maximum force in a web member for an interior girder. Use factored loads. Assume a self weight for the open-
web joists of 12 Ib/ft, and the self weight for the joist girder of 35 Ib/ft.

“

3
o o 3 EH L L L Loy

‘ |
l‘ NN 30 L
y =, %

\/
Detail B

J {
f:a
Open web steel joist girder Open web joists

R/ |
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Example 9
A floor is to be supported by trusses spaced at 5 ft. on center and spanning 60 ft. having a dead load of 53 Ib/ft? and

a live load of 100 Ib/ft2. With 3 ft.-long panel points, the depth is assumed to be 3 ft with a span-to-depth ratio of
20. With 6 ft.-long panel points, the depth is assumed to be 6 ft with a span-to-depth ratio of 10. Determine the
maximum force in a horizontal chord and the maximum force in a web member. Use factored loads. Assume a self
weight of 40 Ib/ft.

Table 7.2 Computation of Truss Joint Loads

tributary widths — ¢y.0r Factored
Node-  Truss-  Area Factored Factored Total
area loads to- to- per Dead Live Load
W Node  Truss Node Pead Pive Load Load 1.2+ Pyt
Wead - Spacing Spacing A (=Woead - A)  (FWive - A) 1.2 Paeag 1.6°Pive 16" Plne
Truss (#/f@ (KD AR (KA () (ft) @ (K (K) K (K) (K
3ft
deep 53  0.053 100 0.100 3 5 15 0.795 1.50 0.954 2.40 335 +0.14=349
6 ft
deep 53 0053 100 0.100 6 5 30 1.59 3.00 1,908 4.80 671 +0.29=7.00
self weight 0.04 k/ft (distributed) 3 1.2Pdead = 1.2Wdead - tributary width = 0.14 K
6 1.2Pgead = 1.2Waead - tributary width = 0.29 K

NOTE - end panels only have half the tributary width of interior panels
AP P P P P P P P PP P P P P P P PP PO
i ; FBD 3. Maximum web force will be in the end
3R] i diagonal (just like maximum shear in a beam)
3'rtBaft 3ft 3ft 3ft 3ft 3ft 3ft 3ft I 3 3I” 3 3”3/ 3f 3f 3 3ft 3R

2Fy=10P1 - 0.5P1 — Fag-sin45°= 0

20 bays x3ft=60 ft

10P, 10P, Fas=9.5Py/sin45° = 9.5(3.49 k)/0.707 = 46.9 k
FBD 1 for 3 ft deep truss
FBD 2: Maximum chord force (top or bottom) will be at midspan
0‘5'01 P, "31 P1 P1 P1 F'1 P1 Pl P c 05P‘
{ G ! 2Me = -9.5P1(27%) + P1(24%) + P1(217) + P1(18%) + P4(15%)
3 D, . + P1(12%) + P1(9%) + P1(6%) + P1(3) + T+(3%) = 0
AB
33k 3R 3R 3R 3R 3N 3N N T, T1 = P1(148.51/3" = (3.49 k)(49.5) = 172.8 k
mp1 1P EFyz 10P1—9.5P1—D1'Sin450= 0
FBD 2 of cut just to the left of midspan FBD 3 of cut just to right D1 = 0.5(3.49 K)/0.707 = 2.5 k (minimum near midspan)
of left support
2F«=-C1+ T1+ D1-c0s45°=0 C1=1745k
oh 8 = 0§ @ d e U FBD 6. Maximum web force will be in the end
A | i diagonal
eft|] N | )
[ | 2Fy = 5P2— 0.5P2 — Fag-sin45°= 0
| B et 6ft 6ft 6l 6ft 6ft 6ft 6ft
- 10 bays x 6 ft = 60 ft Fag = 4.5P2/sin45° = 4.5(7 k)/0.707 = 44.5 k
5F, 5P,
FBD 4 for 6 ft deev truss . . _
05P, P, P, P, P, c 0.5P, EBD 5: Maximum chord (top or bottom) force will be at midspan
Y ? { | G ‘ <= 3Moc = -4.5P2(24%) + P5(181) + P2(12f) + P(6%) + T2(6") = 0
6ft B T2= Po(720)/6% = (7 k)(12) = 84 k
2 Fas B oo
== . = < 2Fy = 5P - 4.5P1 - Ds-sin45°= 0
5P, h 5P, D2 = 0.5(7 k)/0.707 = 4.9 k (minimum near midspan)
FBD 5 of cut just to the left of midspan FBD 6 of cut just to right SF, =-Cy + T + D2-c0s45°= 0 C,= 875k
of left support
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P P
Example 10 (pg 367) + LRFD 7@ @

Example Problem 10.10 (Figure 10.41)

\ Mid-height
bracing

A 24-ft.-tall, A572 grade 50, steel column (W14x82) with an \|
F, =50 ksi has pins at both ends. Its weak axis is braced at i
Iﬁidheight, but the column is free to buckle the full 24 ft. in ,' \
the strong direction. Determine the safe load capacity for | | KL=0.5x24'=12"
this column. using ASD and LRFD. / /

24'

L=

/
é —e
72 Z//é//%ﬁf
(a) (b)

Figure 10.41 (a) Strong axis buckling.
(b) Weak axis buckling.

Example 11 (pg 371) + chart method

Example Problem 10.14: Design of Steel
Columns (Figure 10.48)

Select the most economical W12 X column 18' in height to
support an axial load of 600 kips using A572 grade 50 steel.

Assume that the column is hinged at the top but fixed at E:'

the base. Use LRFD assuming that the load is a dead load I -

(factor of 1.4) = T
-

ALSO: Select the W12 column using the Available Strength charts.
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E.xample 12 P = 140 kips
Given: P =420 kips
Redesign the column from Example E.la assuming the —L[%[LL
column is laterally braced about the y-y axis and torsionally
braced at the midpoint. Use both ASD and LRFD. Fy =50 ksi. .
(Not using Available Strength charts) )
=
Braced —=f——1 8
Y-direction 4
. only ﬁ
Solution: L

ASD: 777;;7?

1.Pa=140k + 420 k = 560 k

2. The effective length in the weak (y-y) axis is 15 ft, while the effective length in the strong (x-x) axis is 30 ft. (K =1, KL = 1x30 ft).
To find kL/rx and kL/ry we can assume or choose values from the wide flange charts. ry's range from 1 to 3 in., while r«'s range from
3 to 14 inches. Let'stry ry=2in and rc = 9 in. (something in the W21 range, say.)

kL/ry = 15 ft(12 in/ft)/2 in. = 90 <= GOVERNS (is larger)
kL/rx = 30 ft(12 in/ft)/9 in. = 40
3. Find a section with sufficient area (which then will give us “real” values for rx and ry):
If Pa < Pn/Q, and Pn = Fer A, we can find A = PaQ/Fcr with Q = 1.67
The tables provided have ¢Fer, S0 we can get Fer by dividing by ¢ = 0.9
OFcr for 90 is 24.9 ksi, Fer =24.9ksil0.9 = 27.67 ksi so A =560 k(1.67)/27.67 ksi = 33.8 in2
4. Choose a trial section, and find the effective lengths and associated available strength, Fe :
Looking from the smallest sections, the W14's are the first with a big enough area:
TryaW14 x 120 (A =353 in2) withry=3.74inandrk =6.24in..  kL/r,=48.1 and kL/rx = 57.7 (GOVERNS)
dFcr for 58 is 35.2 ksi, Fer=39.1ksi so A =560 k(1.67)/39.1 ksi = 23.9 in2
Choose aW14 x 90 (Choosing a W14 x 82 would make kL/rx = 59.5, and Areqa = 24.3 in2, which is more than 24.1 in2!)

LRFD:
1. Py =1.2(140 k) + 1.6(420 k) = 840 k

2. The effective length in the weak (y-y) axis is 15 ft, while the effective length in the strong (x-x) axis is 30 ft. (K =1, KL = 1x30 ft).
To find kL/rc and kL/ry we can assume or choose values from the wide flange charts. ry's range from 1 to 3 in., while ry's range from
3to 14 inches. Let'stry ry=2in and rc = 9in. (something in the W21 range, say.)

kL/ry = 15 (12 in/ft)/2 in. = 90 <= GOVERNS (is larger)
kL/rx = 30 ft(12 in/ft)/9 in. = 40
3. Find a section with sufficient area (which then will give us “real” values for rx and ry):
If Py < ¢Pn, and ¢Pn = ¢Fcr A, we can find A = Py/oFcr with ¢ = 0.9
OF ¢ for 90 is 24.9 ksi, so A = 840 k/24.9 ksi = 33.7 in2
4. Choose a trial section, and find the effective lengths and associated available strength, ¢Fe :
Looking from the smallest sections, the W14's are the first with a big enough area:
TryaW14 x 120 (A =35.3 in) withry=3.74inand rx=6.24in..  kL/r,=48.1 and kL/r, = 57.7 (GOVERNS)
dF ¢ for 58 is 35.2 ksi, so A = 840 k/35.2 ksi = 23.9 in2
Choose a W14 x 90 (Choosing a W14 x 82 would make kL/rx = 59.5, and Areqa = 24.3 in2, which is more than 24.1 in2))
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Example 13

Example 6-1: For the building frame shown in Fig. 6-20, determine the effective column length factor, K, the
slenderness ratio, KL/r for each column. Assume the columns buckle and the beams bend about their

strong axis.
W12x26:
- G W14x34 H =204 in
5 r,=5.17 in!
i © ©
|12 o % W12x35:
& &
= 2 —mge i 4
D wiex36 E W14x34 F f,=285in*
i r,=5.25in.
| @ “ - W14x34:
[1a | & < Q
© S = g =340 in.*
= =
A B c W16x36:
o« . >
20" 18' I,=448 in.!
# 4 —

Figure 6-20: Building frame for Example 6-1.

Solution:

Note:  The diagonal bracing prevents sidesway of the first story columns only.

G, = 1.0 (fixed support) Gy = G¢ = 10.0 (pinned support)
285 285, 204
Gy = % =085 G = _4258 : 314:"0 =087
20 20 18
285 , 204 204
G, = ”’Tﬂu =191 Go=Gy= 31420 =0.90
18 18
Column Grop Gt K KLIr
AD 0.85 1.0 0.76 Braced  0.76(15)(12)/5.25 = 26.1
BE 0.87 10.0 0.85 Braced 0.85(15)(12)/5.25=29.1
CF 1.91 10.0 0.90 Braced 0.90(15)(12)/5.25 =30.9
EG 0.90 0.87 1.29 Unbraced 1.29(12)(12)/5.17 = 35.9
FH 0.90 1.91 1.43 Unbraced 1.43(12)(12)/5.17 = 39.8

Table 6-1: Column effective length factors and slenderness ratios for Example 6-1.
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350 k 350 k
Example 14 .
Investigate the accepatbility of a W16 x 67 used as a beam-column under the unfactored .
loading shown in the figure. It is A992 steel (F, = 50 ksi). Assume 25% of the load is dead — §‘1 R

load with 75% live load. I

SOLUTION: 15°-0" 1
DESIGN LOADS (shown on figure): I
Axial load = 1.2(0.25)(350k)+1.6(0.75)(350k)=525k I
Moment at joint = 1.2(0.25)(60 ) + 1.6(0.75)(60 k) = 90 k o T ¥ "E

Determine column capacity and fraction to choose the appropriate interaction equation:

350 k 350 k
k_Lzlsﬁ(lsz'):zs,g and k_L: lsﬁ(lzf,’,,ﬁ):73 (govems) 525k 525 k
r, 6.96in r, 2.46in /i\ 90 k-ft
, i "
P.=¢.P,=¢.F, A, =(30.5ksi)19.7in* = 600.85k ] §‘1 A Ot
I
] M,
b _ 5Bk 87500 souse B 8) M, M |\, I
P, 600.85k 4P, 9\ M, 4M, I -y
: I}
There is no bending about the y axis, so that term will not have any values. L h
I
Determine the bending moment capacity in the x direction: |
The unbraced length to use the full plastic moment (L) is listed as 8.69 ft, and we are H
over that so of we don't want to determine it from formula, we can find the beam in the — ¥y <§
Available Moment vs. Unbraced Length tables. The value of ¢M at L» =15 ft is 422 k-ft.
Determine the magnification factor when M1 =0, M2 = 90 k-ft: 525k 525k
k—fi 27 2 1083 bres . 2
c,=06-04M _06- 2" _06<10 p, = EA 7 OO KINDTin _ g o5 45
M, 90%/ ¢ (K/ ) (25.9)
-
1 C, 0.6 ~0.6421.0 USE10 M, = (1)90 k-t

T1-(P/P,) 1-(525k/8695.4k)

Finally, determine the interaction value: _
P 8[ M M J 8( 90k ) This is NOT OK. (and outside error tolerance).
2 =1.06£1.0

u ux

— 2 = + - — i
o.p, o\ gt o, ol 22277 The section should be larger.
Example 15 P
10.9 Determine the maximum load carrying capacity of <:1~$__.‘_ - _l___ﬁ[:g

this lap joint., assuming A36 steel with E60XX electrodes.

N

r
"ﬁ"i—
b3

E § FEMBLIINNIIE
L
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Example 16

10.44 assuming A36 steel with E70XX electrodes.

Note Set 18 F2013abn

" /

10.7 Determine the capacity of the connection in Figure . _ il
'<::j- 9

Solution:

Capacity of weld:

For a 6" fillet weld, ¢S = 6.96 k/in

TSI Ty

me

we'T HIck-PLATE

Weld length =8 in+6in+8in =22 in.

The weld size used is obviously too strong. What size,

Weld capacity = 22" x 6.96 k/in = 153.1 k then, can the weld be reduced to so that the weld strength

Capacity of plate:

#Pn = ¢FuAy $=0.9

Plate capacity = 0.9 x 36 k/in? x 3/8” x 6"=72.9 k

- Plate capacity governs, P,,,, = 72.9 k

Example 17

is more compatible to the plate capacity? To make the weld
capacity = plate capacity:

22" x (weld capacity perin.) = 72.9 k
Weld capacity per inch = 7222-__91<_ 3.31 k/in.
in.

From Available Strength table, use 3/16” weld
(¢S =4.18 k/in.)

Minimum size fillet = %6” based on a %" thick plate.

10.5 Using the AISC framed beam connection bolt shear in
Table 7-1, determine the shear adequacy of the connection
shown in Figure 10.28. What thickness and angle length are

required? Also determine the bearing

capacity of the wide flange sections.

Factored end beam reaction = 90 k.

~ P LM W | B R4S A %% STEBL
S— [ (A%, qe50)— - CUF ANGLES
tr=0.5751n. b / /—(ﬂ Y4'e A 225N
__________ =k /_{9) '?/ﬁ—u cP R S—
ABLS -N b _
______ _ — |
1 ' Fy=65ksi
I BEAM A [6x 5] :
M | . .___..,IJ.. A (AgTzrqﬁ;p‘Frggle)

tw = 4% Ta 1z 5y

Figure 10.28  Typical beam—celumn connection,
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Example 18 ‘
I i
10.2 The butt splice shown in Figure 10.22 uses two 8 x Y O |l ©
%" plates to “sandwich” in the 8 x 14" plates being joined. P \Ar——'\? /g i\ ’S/t:][> 9
Four 74”¢ A325-SC bolts are used on both sides of the | o | |
splice. Assuming A36 steel and standard round holes, : f Lreapnis wavass T
determine the allowable capacity of the connection. | RESTArkiarters
L cENTER FLATE
SOLUTION:
Shear, bearing and net tension will be checked to determine the critical conditions
that governs the capacity of the connection. A
Shear:  Using the AISC available shear in Table 7-3 (Group A): f’ 3 C + =72
3 7

JRn = 26.4 Kibolt x 4 bolts = 105.6 k ‘ ¥y
Bearing: Using the AISC available bearing in Table 7-4: A
There are 4 bolts bearing on the center (1/2”) plate, while there are 4 bolts bearing on SECTION 2UT A-A

a total width of two sandwich plates (3/4” total). The thinner bearing width will govern.
Assume 3 in. spacing (center to center) of bolts. For A36 steel, Fu= 58 ksi.

Ry = 91.4 Kiboltin. x 0.5in. x 4 bolts = 182.8 k (Table 7-4)

With the edge distance of 2 in., the bearing capacity might be smaller from Table 7-5
which says the distance should be 2 % in for full bearing (and we have 2 in.).

#Rn=T79.9 kibolt/in. x 0.5 in. x 4 bolts = 159.8 k

Tension: The center plate is critical, again, because its thickness is less than the combined
thicknesses of the two outer plates. We must consider tension yielding and tension rupture:

¢Qn =¢CyAg and wn =¢cuAe where Ae = AnetU

Ag=8in.x"%in. =4in2 4in. 2in.
¢=8in.x%in.=4in |
The holes are considered 1/8 in. larger than the bolt hole diameter = (7/8 + 1/8) = 1.0 in. l
|

An=(8in.-2holesx1.0in.) x 2in. = 3.0in2 P
The whole cross section sees tension, so the shear lag factor U = 1
A =09 x36 ksix4in2=129.6k !
PFuhe = 0.75 x 58 ksi x (1) x 3.0 in2= 130.5 k
The maximum connection capacity (smallest value) so far is govemed by bolt shear: dRn=105.6 k

Block Shear Rupture: 1t is possible for the center plate to rip away from the sandwich plates
leaving the block (shown hatched) behind:

@Rn =0.6FuAn + UssFulnt) £ H0.6FyAgy + UbsFuAny)

where An is the area resisting shear, An is the area resisting tension, Ag is the gross area resisting shear, and
Uss= 1 when the tensile stress is uniform.

Aw=2x(4+2in)x%in.=6in2

A=Ay —1%holes areas =6in2—1.5x 1in. x %2in. =5.25 in2

Ant=3.5in. xt-2(% hole areas) = 3.5in. x 2in— 1 x 1in. x %2in. = 1.25in2
#0.6FuAny + UpsFuAn) = 0.75 x (0.6 x 58 ksi x 5.25in2 + 1 x 58 ksi x 1.25in2) = 191.4 k
#0.6FyAgy + UpsFuAn) = 0.75 x (0.6 x 36 ksi x 6 in2+ 1 x 58 ksi x 1.25 in2) = 151.6 k

The maximum connection capacity (smallest value) is governed by block shear rupture: dRn=151.6k
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Example 19 ) "
- —\( I'eLeARe
. . , , . Ll & L Al

The steel used in the connection and beams is A992 with F, = 50 ksi, ‘ 4
and F, = 65 ksi. Using A490-N bolt material, determine the Jufiet —‘“‘*‘m 3 {— BEAM
maximum capacity of the connection based on shear in the bolts, E A $ W2|x9D
bearing in all materials and pick the number of bolts and angle length e g
(not staggered). Use A36 steel for the angles. R e

. . . Lo
W21x93: d = 21.62 in, t, = 0.58 in, t; = 0.93 in e
W10X54: t; = 0.615 in N _(P ar OL‘,’(Z";J
SOLUTION:

The maximum length the angles can be depends on how it fits between the top and bottom flange with some clearance allowed
for the fillet to the flange, and getting an air wrench in to tighten the bolts. This example uses 1” of clearance:

Available length = beam depth — both flange thicknesses — 1" clearance at top & 1” at bottom
=21.62in-2(0.93in) - 2(1in) = 17.76 in.
With the spaced at 3 in. and 1 % in. end lengths (each end), the maximum number of bolts can be determined:
Available length = 1.25in. + 1.25in. + 3 in. x (number of bolts - 1)
number of bolts < (17.76 in —2.5in. - (-3 in.))/3 in. = 6.1, 50 6 bolts.

It is helpful to have the All-bolted Double-Angle E/F - 50ksi )

Connection Tables 10-1. They are available for %", 7/8", |§| Y~ i Table 10-1 (continued) 77 .

and 1” bolt diameters and list angle thicknesses of ¥4, o|fu=65ksil  All-Bolted Double-Angle / 8-

5/16”, 3/8”, and 4”. Increasing the angle thickness is 2 F, =36 ksi Connections Boits

likely to increase the angle strength, although the limit & |Fu=58ksi Soit and Angle Avaiable Strength K8

states include shear yielding of the angles, shear rupture o Tows Angle Thickness, in

of the angles, and block shear rupture of the angles. W40, 36, 33,30, 27, ;::,, oy ff,',i s e Ys 2

24,21 ASD |LRFD | ASD |LRFD| ASD |LRFD | ASD |LRFD

For these diameters, the available shear (double) from : 2}3 332 ::2 123 122 ::g 333 }g-? 522

Table 7-1 for 6 bolts is (6)45.1 k/bolt = 270.6 kips, sc STD | 9351 148 1108 | 159 1106/ | 159 1106 § 150
vares .Tf. Group Vs 901 135 | 90.1| 135 | 90.1| 135 | 90.1] 135

p | ClassA sstT | 97.3] 146 [106 | 159 [106 | 159 |106 | 159

STD 986 | 148 [123 | 185 |148 | 222 |176 | 264
ovs 93.5 | 140 (117 | 175 |140 | 210 {150 | 225

(6)61.3 k/bolt = 367.8 kips, and (6)80.1 k/bolt = !
480.6 kips. :

SC

{ CossB | soir | o7.a) 146 |122 | 182 |146 | 219 [176 | 264

- I i T N STD 98.6 | 148 |123 | 185 |148 | 222 |197 | 296

Tab]es10 1 (not all prowdqd here) ||st3 a”bolt and angle }'j:‘i . N SO [ e A s ] 22 e

available Strength of 271 klpS for the %" bolts, 296 klpS ; : | o STD 986 | 148 |123 | 185 |133 | 199 [133 | 199

for the 7/8” bolts, and 281 kips for the 1" bolts. It [ B R =) B OUS | 935] 140 113 | 169 \113 | 169 |113 | 169

. . . woox B SSLT 97.3| 146 (122 | 182 |133 | 199 |133 [ 199

appears that increasing the bolt diameter to 1” will not < STD | 986 128 [123 | 185 [148 | 222 [197 | 29

i iti ” vs 935 140 (117 | 175 |140 | 210 |187 | 281

gain additional load. Use 7/8” bolts. || cess St B el % I - ) 8
¢Rn =367.8 kips for double shear of 7/8” bolts ¢Rn =296 kips for limit state in angles

We also need to evaluate bearing of bolts on the beam web, and column flange where there are bolt holes. Table 7-4 provides
available bearing strength for the material type, bolt diameter, hole type, and spacing per inch of material thicknesses.

a) Bearing for beam web: There are 6 bolt holes through the beam web. This is typically the critical bearing limit value
because there are two angle legs that resist bolt bearing and twice as many bolt holes to the column. The material is
A992 (Fu = 65 ksi), 0.58” thick, with 7/8” bolt diameters at 3 in. spacing.

¢Rn = 6 bolts-(102 k/boltinch)-(0.58 in) = 355.0 kips

b) Bearing for column flange: There are 12 bolt holes through the column. The material is A992 (F, = 65 ksi), 0.615” thick, with
1" bolt diameters.

¢Rn = 12 bolts- (102 kibolt/inch)-(0.615 in) = 752.8 kips

Although, the bearing in the beam web is the smallest at 355 kips, with the shear on the bolts even smaller at 324.6 kips,
lthe maximum capacity for the simple-shear connector is 296 kips limited by the critical capacity of the angles.
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Beam Design Flow Chart

Collect data: L, , y, Aimits; find beam charts
for load cases and Aactual €QUations

ASD
LRFD

Allowable Stress 0
LRFD Design?

Collect data: Fy, Fu, and Collect data: load factors, Fy,
safety factors Q Fu, and equations for shear
v capacity with ¢v
Find Vimax & Mmaxfrom V}

constructing diagrams or

using beam chart formulas Find V & My from

constructing diagrams or
using beam chart formulas
with the factored loads

A 4

Find Zreqa and pick a section
from a table with Zx greater or
equal to Zreqa

A 4

ick a steel section from a chart having
¢oMn > My for the known unbraced length

Y
etermine wserrwt (last number in

name) or calculate wserwt USING A /¢———
found. Find Mmax-adj & Vmax-adj.

OR
find Zreqq and pick a section from a table
with Zx greater or equal t0 Zreq '

2 [N

4

Determine wserrwt (last number in

name) or calculate wserrwt USing A
found. Factor with yo.

Find Mu-max-adj & Vu-max-adj.

Calculate Zreqa-adg using Mmax-ady
IS Zx(picked) = Zreqd-adi?

5

No
15 Vimaxaq < (0.6F yuAu)I€2? pick a new section with a

larger web area

[sVu< (I)\/(OGFyWAW)
No

pick a section
Calculate Amax (no load factors!) with a larger
using superpositioning and beam web area
chart equations with the Ix for the

section
| > A(oo big |

trial

reqd — A

N limit
0 l

pick a section with a larger Ix

iS Amax < Alimits?
This may be both the limit for live load
eflection and total load deflection.

Yes Y (DONE)
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Listing of W Shapes in Descending order of Z, for Beam Design

Note Set 18

F2013abn

Z,—US Iy—US Iy —SlI Z,—SI Z,—US Iy—US Iy —SlI Z,— Sl
(in.®) (in.%) Section | (10°mm.*) | (10°mm.3) | (in.) (in.%) Section | (10°mm.*) | (10°mm.3)
514 7450 W33X141 3100 8420 289 3100 W24X104 1290 4740
511 5680 W24X176 2360 8370 287 1900 W14X159 791 4700
509 7800 W36X135 3250 8340 283 3610 W30X90 1500 4640
500 6680 W30X148 2780 8190 280 3000 W24X103 1250 4590
490 4330 w18Xx211 1800 8030 279 2670 W21X111 1110 4570
487 3400 W14X257 1420 7980 278 3270 W27X94 1360 4560
481 3110 W12X279 1290 7880 275 1650 W12X170 687 4510
476 4730 W21X182 1970 7800 262 2190 W18X119 912 4290
468 5170 W24X162 2150 7670 260 1710 W14X145 712 4260
467 6710 W33X130 2790 7650 254 2700 W24X94 1120 4160
464 5660 W27X146 2360 7600 253 2420 W21X101 1010 4150
442 3870 W18X192 1610 7240 244 2850 W27X84 1190 4000
437 5770 W30X132 2400 7160 243 1430 W12X152 595 3980
436 3010 W14x233 1250 7140 234 1530 W14x132 637 3830
432 4280 W21X166 1780 7080 230 1910 W18X106 795 3770
428 2720 W12X252 1130 7010 224 2370 W24X84 986 3670
418 4580 W24X146 1910 6850 221 2070 W21X93 862 3620
415 5900 W33X118 2460 6800 214 1240 W12X136 516 3510
408 5360 W30X124 2230 6690 212 1380 W14X120 574 3470
398 3450 W18X175 1440 6520 211 1750 W18X97 728 3460
395 4760 W27X129 1980 6470 200 2100 W24X76 874 3280
390 2660 W14x211 1110 6390 198 1490 W16X100 620 3240
386 2420 W12X230 1010 6330 196 1830 W21x83 762 3210
378 4930 W30X116 2050 6190 192 1240 W14X109 516 3150
373 3630 W21X147 1510 6110 186 1530 W18X86 637 3050
370 4020 W24x131 1670 6060 186 1070 W12X120 445 3050
356 3060 W18X158 1270 5830 177 1830 W24X68 762 2900
355 2400 W14X193 999 5820 175 1300 W16X89 541 2870
348 2140 W12X210 891 5700 173 1110 W14X99 462 2830
346 4470 W30X108 1860 5670 172 1600 W21X73 666 2820
343 4080 W27X114 1700 5620 164 933 W12X106 388 2690
333 3220 W21X132 1340 5460 163 1330 W18X76 554 2670
327 3540 W24X117 1470 5360 160 1480 W21X68 616 2620
322 2750 W18X143 1140 5280 157 999 W14X90 416 2570
320 2140 W14X176 891 5240 153 1550 W24X62 645 2510
312 3990 W30X99 1660 5110 150 1110 W16X77 462 2460
311 1890 W12X190 787 5100 147 833 W12X96 347 2410
307 2960 W21X122 1230 5030 147 716 W10X112 298 2410
305 3620 W27X102 1510 5000 146 1170 W18X71 487 2390
290 2460 W18X130 1020 4750 (continued)
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Listing of W Shapes in Descending order of Z, for Beam Design (Continued)

Z,-US I, —US I, —SI z,-SI | z-uUs | I,-US I,—SI Z,— Sl
(in.®) (in.%) Section | (10°mm.*) | (10°mm.3) | (in.) (in.%) Section | (10°mm.*) | (10°mm.3)
144 1330 W21X62 554 2360 66.5 510 W18X35 212 1090
139 881 W14X82 367 2280 64.2 348 W12X45 145 1050
134 1350 W24X55 562 2200 64.0 448 W16X36 186 1050
133 1070 W18X65 445 2180 61.5 385 W14X38 160 1010
132 740 W12X87 308 2160 60.4 272 W10X49 113 990
130 954 W16X67 397 2130 59.8 228 W8X58 94.9 980
130 623 W10X100 259 2130 57.0 307 W12X40 128 934
129 1170 W21X57 487 2110 54.9 248 W10X45 103 900
126 1140 W21X55 475 2060 54.6 340 W14X34 142 895
126 795 W14X74 331 2060 54.0 375 W16X31 156 885
123 984 W18X60 410 2020 51.2 285 W12X35 119 839
119 662 W12X79 276 1950 49.0 184 W8x48 76.6 803
115 722 W14X68 301 1880 47.3 291 W14X30 121 775
113 534 W10X88 222 1850 46.8 209 W10X39 87.0 767
112 890 W18X55 370 1840 44.2 301 W16X26 125 724
110 984 W21X50 410 1800 43.1 238 W12X30 99.1 706
108 597 W12X72 248 1770 40.2 245 W14X26 102 659
107 959 W21X48 399 1750 39.8 146 W8x40 60.8 652
105 758 W16X57 316 1720 38.8 171 W10X33 71.2 636
102 640 W14xe1l 266 1670 37.2 204 W12X26 84.9 610
101 800 W18X50 333 1660 36.6 170 W10X30 70.8 600
97.6 455 W10X77 189 1600 34.7 127 W8X35 52.9 569
96.8 533 W12X65 222 1590 33.2 199 W14X22 82.8 544
95.4 843 W21x44 351 1560 31.3 144 W10X26 59.9 513
92.0 659 W16X50 274 1510 30.4 110 W8x31 45.8 498
90.7 712 W18X46 296 1490 29.3 156 W12X22 64.9 480
87.1 541 W14X53 225 1430 27.2 98.0 W8x28 40.8 446
86.4 475 W12X58 198 1420 26.0 118 W10X22 49.1 426
85.3 394 W10X68 164 1400 24.7 130 W12X19 54.1 405
82.3 586 W16X45 244 1350 23.1 82.7 W8X24 34.4 379
78.4 612 W18X40 255 1280 21.6 96.3 W10X19 40.1 354
78.4 484 W14X48 201 1280 20.4 75.3 w8x21 31.3 334
77.9 425 W12X53 177 1280 20.1 103 W12x16 42.9 329
74.6 341 W10X60 142 1220 18.7 81.9 W10X17 34.1 306
73.0 518 W16X40 216 1200 17.4 88.6 W12x14 36.9 285
71.9 391 W12X50 163 1180 17.0 61.9 W8x18 25.8 279
70.1 272 W8X67 113 1150 16.0 68.9 W10X15 28.7 262
69.6 428 W14X43 178 1140 13.6 48.0 W8X15 20.0 223
66.6 303 W10X54 126 1090 12.6 53.8 W10X12 22.4 206

11.4 39.6 W8X13 16.5 187
8.87 30.8 W8X10 12.8 145
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Available Critical Stress, ¢cFe, for Compression Members, ksi (F, = 36 ksi and ¢ = 0.90)

KL/r & Fer KL/r & Fer KL/r & Fer KL/r & Fer KL/r ¢ Fer
1 32.4 41 29.7 81 22.9 121 15.0 161 8.72
2 32.4 42 29.5 82 22.7 122 14.8 162 8.61
3 32.4 43 29.4 83 22.5 123 14.6 163 8.50
4 32.4 44 29.3 84 22.3 124 14.4 164 8.40
5 32.4 45 29.1 85 22.1 125 14.2 165 8.30
6 32.3 46 29.0 86 22.0 126 14.0 166 8.20
7 32.3 47 28.8 87 21.8 127 13.9 167 8.10
8 32.3 48 28.7 88 21.6 128 13.7 168 8.00
9 32.3 49 28.6 89 214 129 135 169 7.91
10 32.2 50 28.4 90 21.2 130 13.3 170 7.82
11 32.2 51 28.3 91 21.0 131 131 171 7.73
12 32.2 52 28.1 92 20.8 132 12.9 172 7.64
13 32.1 53 27.9 93 20.5 133 12.8 173 7.55
14 32.1 54 27.8 94 20.3 134 12.6 174 7.46
15 32.0 55 27.6 95 20.1 135 124 175 7.38
16 32.0 56 275 96 19.9 136 12.2 176 7.29
17 31.9 57 27.3 97 19.7 137 12.0 177 7.21
18 31.9 58 27.1 98 19.5 138 11.9 178 7.13
19 318 59 27.0 99 19.3 139 11.7 179 7.05
20 31.7 60 26.8 100 19.1 140 11.5 180 6.97
21 31.7 61 26.6 101 18.9 141 11.4 181 6.90
22 31.6 62 26.5 102 18.7 142 11.2 182 6.82
23 315 63 26.3 103 18.5 143 11.0 183 6.75
24 314 64 26.1 104 18.3 144 10.9 184 6.67
25 314 65 25.9 105 18.1 145 10.7 185 6.60
26 31.3 66 25.8 106 17.9 146 10.6 186 6.53
27 31.2 67 25.6 107 17.7 147 10.5 187 6.46
28 311 68 254 108 17.5 148 10.3 188 6.39
29 31.0 69 25.2 109 17.3 149 10.2 189 6.32
30 30.9 70 25.0 110 17.1 150 10.0 190 6.26
31 30.8 71 24.8 111 16.9 151 9.91 191 6.19
32 30.7 72 24.7 112 16.7 152 9.78 192 6.13
33 30.6 73 24.5 113 16.5 153 9.65 193 6.06
34 30.5 74 24.3 114 16.3 154 9.53 194 6.00
35 30.4 75 24.1 115 16.2 155 9.40 195 5.94
36 30.3 76 23.9 116 16.0 156 9.28 196 5.88
37 30.1 77 23.7 117 15.8 157 9.17 197 5.82
38 30.0 78 235 118 15.6 158 9.05 198 5.76
39 29.9 79 23.3 119 15.4 159 8.94 199 5.70
40 29.8 80 23.1 120 15.2 160 8.82 200 5.65
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Available Critical Stress, ¢cFe, for Compression Members, ksi (F, = 50 ksi and ¢ = 0.90)

KL/r & For KL/r & Fer KL/r & Fer KL/r & Fer KL/r & Fer

45.0 41 39.8 81 27.9 121 154 161 8.72
2 45.0 42 39.6 82 27.5 122 15.2 162 8.61
3 45.0 43 39.3 83 27.2 123 14.9 163 8.50
4 44.9 44 39.1 84 26.9 124 14.7 164 8.40
5 44.9 45 38.8 85 26.5 125 14.5 165 8.30
6 44.9 46 38.5 86 26.2 126 14.2 166 8.20
7 44.8 47 38.3 87 25.9 127 14.0 167 8.10
8 44.8 48 38.0 88 25.5 128 13.8 168 8.00
9 44.7 49 37.8 89 25.2 129 13.6 169 7.91
10 44.7 50 37.5 90 24.9 130 134 170 7.82
11 44.6 51 37.2 91 24.6 131 13.2 171 7.73
12 44.5 52 36.9 92 24.2 132 13.0 172 7.64
13 44.4 53 36.6 93 23.9 133 12.8 173 7.55
14 44 .4 54 36.4 94 23.6 134 12.6 174 7.46
15 44.3 55 36.1 95 23.3 135 12.4 175 7.38
16 44.2 56 35.8 96 22.9 136 12.2 176 7.29
17 44.1 57 35.5 97 22.6 137 12.0 177 7.21
18 43.9 58 35.2 98 22.3 138 11.9 178 7.13
19 43.8 59 34.9 99 22.0 139 11.7 179 7.05
20 43.7 60 34.6 100 21.7 140 11.5 180 6.97
21 43.6 61 34.3 101 21.3 141 11.4 181 6.90
22 43.4 62 34.0 102 21.0 142 11.2 182 6.82
23 43.3 63 33.7 103 20.7 143 11.0 183 6.75
24 43.1 64 334 104 20.4 144 10.9 184 6.67
25 43.0 65 33.0 105 20.1 145 10.7 185 6.60
26 42.8 66 32.7 106 19.8 146 10.6 186 6.53
27 42.7 67 324 107 19.5 147 10.5 187 6.46
28 42.5 68 321 108 19.2 148 10.3 188 6.39
29 42.3 69 31.8 109 18.9 149 10.2 189 6.32
30 42.1 70 314 110 18.6 150 10.0 190 6.26
31 41.9 71 311 111 18.3 151 9.91 191 6.19
32 41.8 72 30.8 112 18.0 152 9.78 192 6.13
33 41.6 73 30.5 113 17.7 153 9.65 193 6.06
34 41.4 74 30.2 114 17.4 154 9.53 194 6.00
35 41.1 75 29.8 115 17.1 155 9.40 195 5.94
36 40.9 76 29.5 116 16.8 156 9.28 196 5.88
37 40.7 77 29.2 117 16.5 157 9.17 197 5.82
38 40.5 78 28.8 118 16.2 158 9.05 198 5.76
39 40.3 79 28.5 119 16.0 159 8.94 199 5.70
40 40.0 80 28.2 120 15.7 160 8.82 200 5.65
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Bolt Strength Tables

Table 7-1
Available Shear
Strength of Bolts, kips

Nominal Bolt Diameter, d, in. 5/g 3 s
Nominal Bolt Area, in.2 0.307 0.442 0.601 0.785
ASTM | Thread F"'(kg’ m Load- Q| o |RIQ | On | R/Q | O0n | W/Q | o6
Desig. | Cond. ing
ASD | LRFD ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD
S | 829 124 | 118 | 179 | 162 | 243 | 21.2 | 318
eowp | N [0S | o | 166 | 249 | 239 ] 358 | 325 | 487 | 424 | 636
A S | 104 | 157 | 150 | 225 | 204 | 307 | 267 | 400
X |80 510 | | ang | 313 | 301 | 451 | 409 | 61.3 | 534 | 801
v Vaa0 o0 | S | 108 [157 [160 | 225 [ 204 | 307 [ 267 | 400
Group 05101 o | 2009 | 313 |30 | 451 | 409 | 61.3 | 534 | 801
B S | 129|193 [ 186 | 278 | 252 | 379 | 330 | 495
X | 420|830 | | 058 | 387 | 371 | 557 | 505 | 757 | 659 | 989
S | 414 623] 597 897| 811] 122 | 106 | 159
. - |85 1203 | o | 829|125 | 119 | 179 | 162 | 204 | 212 | 319
Nominal Bolt Diameter, d, in. 1Y 1Y, 135 1,
Nominal Bolt Area, in2 0.994 123 148 177
ASTM | Thread w &2; Load- | /R | O | rlQ | O |m/Q | Of | m/Q | O
Desig. | Cond. ing
_ [asp e ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD
v 220 |as | S | 28 | 403 882408 | 400|509 [478 | 717
Group 014051 o | 537|805 | 664 | 996 | 799 [120 | 56 [143
A S | 338 | 507 | 418 | 627 | 503 | 755 | 602 | 903
X |80 150 | o | gg |01 | 836|125 |11 [151 [120 st
v l3a0 ls10 | S | 38507 [ 418|627 [ 503 | 755 | 602 | %03
Group 340 1510 | o | 76 [101 | 836 125 |01 [151 [120 s
B S | 417 | 626 | 517 | 775 | 622 | 932 | 748 |12
< X | 4201630 | | g5 lio5 |103 155 [124 [185 [149 223
S | 134 | 202 | 166 | 250 | 200 | 300 | 239 | 359
A7 - | 185|203 | o | 565 | 404 | 332 | 499 | 400 | 601 | 4758 | 71.9
ASD LRFD For end loaded connections greater than 38 in., see AISC Specification Table J3.2 footnote b.
Q=200]0-075

Table 7-2
Available Tensile
Strength of Bolts, kips

Nominal Bolt Diameter, d, in. S/g 34 s
Nominal Bolt Area, in.2 0.307 0.442 0.601 0.785
FotlQ | OFn
ralQ I/ nlQ 1 rlQ o ralQ I
ok (ksi) | (ksi) n O n Ofn n n n Ora
ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD
Group A 45.0 67.5 138 20.7 19.9 298 271 40.6 353 53.0
Group B 56.5 848 17.3 26.0 25.0 374 34,0 51.0 444 66.6
A307 225 338 6.90 | 104 994 | 149 135 203 17.7 26.5
Nominal Boit Diameter, d, in. 1 114 135 172
Nominal Bolt Area, in.2 0.994 1.23 1.48 1.77
FotlQY | OFnt
niQ rlQ I rlQ I/ nlQ 7
Dosig. (ksi) | (ksi) n O n Oy n Orn n O
ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD
Group A 45,0 67.5 447 67.1 55.2 82.8 66.8 |[100 795 |119
Group B 56.5 84.8 56.2 84.2 69.3 (104 839 |[126 99.8 |150
A307 225 338 224 335 276 414 334 50.1 39.8 59.6
ASD LRFD
Q=200 6=0.75
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