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PREFACE

The AISC Design Examples CD provides examples on the application of the 2005 Al1SC Specification for Sructural
Steel Buildings (ANSI/AISC 360-05) and the AISC Steel Construction Manual, 13" Edition. The examples found
herein illustrate how the Specification and Manua can be used to determine solutions to common engineering
problems efficiently, and outline the background to many of the tabulated values found in the Manual.

The design examples on this CD do not represent a stand-alone document. They are intended to be used in
conjunction with the Specification, its Commentary, and the Manual.

Part | of these examples is organized to correspond with the organization of the Specification and the Chapters are
referred to by their corresponding letter reference from the Specification.

Part Il is devoted primarily to connection examples that draw on the tables from the Manual, recommended design
procedures, and the breadth of the Specification. The chapters of Part |1 are labeled 11-A, I1-B, 11-C, etc.

Part 111 addresses aspects of design that are linked to the performance of a building as a whole. This includes
coverage of lateral stability and second order analysis, illustrated through a four-story braced-frame and moment-
frame building.

The Design Examples are arranged with LRFD and ASD designs presented side by side, for consistency with the
Manual. Design with ASD and LRFD are based on the same nominal strength for each element so that the only
difference between the approaches is which set of load combinations from ASCE 7 are used for design and whether
the resistance factor for LRFD or the safety factor for ASD should be used.

CONVENTIONS

The following conventions are used throughout these examples:

1 The 2005 AISC Specification for Sructural Steel Buildings is referred to as the Specification and the AISC
Steel Construction Manual, 13" Edition, is referred to as the Manual.

2. The source of equations or tabulated values taken from the Specification or Manual is noted along the right-
hand edge of the page.

3. When the design process differs between LRFD and ASD, the designs equations are presented side-by-side.
Thisrarely occurs, except when the resistance factor, ¢, and the safety factor, Q, are applied.

4, The results of design equations are presented to 3 significant figures throughout these calculations.
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CHAPTER A
GENERAL PROVISIONS

GENERAL PROVISIONS

Al. SCOPE

All of the examples on this CD are intended to illustrate the application of the 2005 AISC Specification for
Structural Steel Buildings (ANSI/AISC 360-05) and the AISC Steel Construction Manual, 13" Edition in low-and
moderate-seismic applications, (i.e. with R equal to or less than 3). For information on design applications
involving R greater than 3, the AISC Seismic Design Manual, available at wwwe.aisc.org, should be consulted.

A2. REFERENCED SPECIFCATIONS, CODES AND STANDARDS

Section A2 includes a detailed list of the specifications, codes and standards referenced throughout the
Specification.

A3. MATERIAL

Section A3 includes a list of the steel materials that are acceptable for use in accordance with the Specification.
The complete ASTM standards for the most commonly used steel materials can be found in Selected ASTM
Standards for Structural Steel Fabrication, available at www.aisc.org.
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CHAPTER B
DESIGN REQUIREMENTS

Bl GENERAL PROVISIONS
B2. LOADS AND LOAD COMBINATIONS

In the absence of a building code to provide otherwise, the default load combinations to be used with this
Specification are taken from ASCE7-02.

B3. DESIGN BASIS
Chapter B of the Specification and Part 2 of the Manual, describe the basis of design, for both LRFD and ASD.

This Section describes three basic types of connections: Simple Connections, Fully Restrained (FR) Moment
Connections, and Partially Restrained (PR) Moment Connections. Several examples of the design of each of these
types of connection are given in Part Il of these design examples.

Information on the application of serviceability and ponding criteria may be found in Specification Chapter L, and its
associated commentary. Design examples and other useful information on this topic are given in AISC Design
Guide 3, Serviceability Design Consideration for Steel Buildings, Second Edition.

Information on the application of fire design criteria may be found in Specification Appendix 4, and its associated
commentary. Design examples and other useful information on this topic are presented AISC Design Guidel9, Fire
Resistance of Structural Steel Framing.

Corrosion protection and fastener compatibility are discussed in Chapter 2 of the Manual.
B4. CLASSIFICATION OF SECTIONS FOR LOCAL BUCKLING

Specification Table B4.1 gives the complete list of limiting width-thickness ratios for all compression and flexural
members defined by the Specification.

Except for one section, the W-shapes presented in the compression member selection tables as column sections meet
the criteria as non-slender element sections. The W-shapes presented in the flexural member selection tables as beam
sections meet the criteria for compact sections, except for 10 specific shapes. When non-compact or slender element
members are tabulated in the design aids, local buckling criteria are accounted for in the tabulated design values.

The shapes listing and other member-design tables in the Manual also include footnoting to highlight sections that
exceed local buckling limits in their most commonly available material grades. These footnotes include the
following notations:

¢ Shape is slender in compression

fShape exceeds compact limit for flexure

9 The actual size, combination, and orientation of fastener components should be compared with the geometry of
the cross-section to ensure compatibility

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

v Shape does not meet the h/t,, limit for shear in Specification Section G2.1
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CHAPTER C
STABILITY ANALYSIS AND DESIGN

Cl. STABILITY DESIGN REQUIREMENTS

The Specification has, for some time, required that design account for both the stability of the structural system as a
whole, and the stability of individual elements. Thus, the lateral analysis used to assess stability should include
consideration of the combined effect of gravity and lateral loads, including the resulting second-order effects, P-
Aand P-6 . The effects of “leaning columns” should also be considered, as illustrated in the four-story building
design example in Part I11 of AISC Design Examples.

P-4 and P-¢ effects are illustrated in Commentary Figure C-C1.1. Several methods for addressing stability, including
P-A and P-¢ effects are discussed in Section C2.

C2. CALCULATION OF REQUIRED STRENGTHS

The calculation of required strengths is illustrated in the four-story building design example in Part 1l of AISC
Design Examples.
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CHAPTER D
DESIGN OF MEMBERS FOR TENSION

INTRODUCTION

D1. SLENDERNESS LIMITATIONS

Section D1 does not establish a slenderness limit for tension members, but recommends limiting L/r to a
maximum of 300. This is not an absolute requirement, and rods and hangers are specifically excluded from this
recommendation.

D2. TENSILE STRENGTH

Both tensile yield strength and tensile rupture strengths must be considered for the design of tension members. It
is not unusual for tensile rupture strength to govern the design of a tension member, particularly for small
members with holes or heavier sections with multiple rows of holes.

For preliminary design, tables are provided in Part 5 of the Manual for W-shapes, L-shapes, WT shapes,
Rectangular HSS, Square HSS, Round HSS, Pipe and 2L-shapes. The calculations in these tables for available
tensile rupture strength assume an effective area, A, of 0.75A,. If the actual effective area is greater than 0.75A,,
the tabulated values will be conservative and manual calculations can be performed to obtain higher available
strengths. If the actual effective area is less than 0.75A,, the tabulated values will be unconservative and manual
calculations are necessary to determine the available strength.

D3. AREA DETERMINATION

The gross area, Ag, is the total cross-sectional area of the member.

In computing net area, A, an extra i in. is added to the bolt hole diameter and an allowance of Y in. is added to
the width of slots in HSS gusset connections.

A computation of the effective area for a chain of holes is presented in Example D.9.

Unless all elements of the cross-section are connected, A.=A,U, where U is a reduction factor to account for shear
lag. The appropriate values of U can be obtained from Table D3.1 of the Specification.

D4. BUILT-UP MEMBERS

The limitations for connections of built-up members are discussed in Section D4 of the Specification.
D5. PIN-CONNECTION MEMBERS

An example of a pin-connected member is given in Example D.7.

D6. EYEBARS

An example of an eyebar connection is given in Example D.8.
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Example D.1 W-Shape Tension Member

Given:

Select an 8 in. W-shape, ASTM A992, to carry a dead load of 30 kips and a live load of 90 kips in tension. The
member is 25 ft long. Verify the member strength by both LRFD and ASD with the bolted end connection shown.
Verify that the member satisfies the recommended slenderness limit.

1% 3@ 3.00
%" Dia bolts in e+
standard holes.
~
w8
Solution:
Calculate the required tensile strength
LRFD ASD
Py = 1.2(30 kips) + 1.6(90 kips) P, =30 kips + 90 Kkips
= 180 kips =120 kips
Try a W8x21
Material Properties:
W8x21  ASTM A992 F, =50 ksi F,=65ksi Manual
Table 2-3
Geometric Properties:
W8x21 A,=6.16in.? b;=5.27 in. t; = 0.400 in. d=8.28in. Manual
r,=1.26in. Table 1-1
y =0.831 in. (for WT4x10.5) Table 1-8
Check tensile yield limit state using tabulated values
LRFD ASD
277 Kips > 180 kips o.k. 184 kips > 120 kips o0.k. Manual
Table 5-1

Check the available tensile rupture strength at the end connection

Verify the table assumption that A, / A, > 0.75for this connection



Calculate U as the larger of the values from Table D3.1 case 2 or case 7

Case 2 — Check as 2 WT-shapes

X 1- 0.8311in.

U=1-— = —=0.908
| 9.00 in.
Case 7
b;=5.27in. d=8.28in. bs<2/3d
U= 0.85
Use U =0.908
Calculate A,

Ay = Ag - 4(dh + Y6 in.)tf

=6.16 in.? — 4("¥%e in. + Vi6 in.)(0.400 in.) = 4.76 in.?

Calculate A,

Ae =AU

=4.76 in.2(0.908) = 4.32 in.?

A./A;=4.321in?/6.16 in*=0.701 < 0.75 tabulated values for rupture n.a.

P, = FuA, = (65 ksi)(4.32

in.?) = 281 kips

LRFD ASD
¢;=0.75 Q,=2.00
&Py, = 0.75(281 kips) = 211 kips P/ = (281 kips)/2.00 = 141 kips
211 kips > 180 Kips 0.k. 141 kips > 120 kips 0.k.
Check the non-mandatory slenderness limit
Lyr=[ 220012000 58 300 ok
1.26in. ft
LRFD ASD
225 Kkips > 180 kips o.k. 150 kips > 120 kips o.k.

The W8x21 available tensile strength is governed by the tensile rupture limit state at the end

connection.

D-3

Commentary
Fig. C-D3.1

Table D3.1

Case 2

Table D3.1
Case 7

Section D3.2

Section D3.3

Eqgn. D3-1

Eqgn. D2-2

Section D2

Section D1

Manual
Table 5-1
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Example D.2 Single-Angle Tension Member

Given:

Verify, by both ASD and LRFD, the strength of an L4x4x%, ASTM A36, with one line of (4) % in. diameter
bolts in standard holes. The member carries a dead load of 20 kips and a live load of 60 kips in tension. Calculate
at what length this tension member would cease to satisfy the recommended slenderness limit.

D

3" Dia bolts in
standard holes.

L4x4xYs

Solution:

Material Properties:

L4x4xYs ASTM A36 F, = 36 ksi F,=58ksi Manual
Table 2-3

Geometric Properties:

LAx4xYs A,=375in%  r,=0.776in. y =118in.= X Manual
Table 1-7

Calculate the required tensile strength

LRFD ASD
Py = 1.2(20 kips) + 1.6(60 kips) P, = 20 Kips + 60 kips
=120 kips = 80.0 Kips

Calculate the available tensile yield strength

P, = F,A,= (36ksi)(3.75in.%) = 135 kips Eqn. D2-1
LRFD ASD
¢:=0.90 O, =1.67 Section D2
&Pn = 0.90(135 kips) = 122 kips P,/ = (135 kips)/1.67 = 80.8 kips

Calculate the available tensile rupture strength

Calculate U as the larger of the values from Table D3.1 case 2 or case 8

Case 2
X 1.18in.
U=1-—=1-——=0.869
| 9.00in. Table D3.1
Case 8 with 4 or more fasteners per line in the direction of loading Case 2
0T 0% Table D3.1
Case 8

Use U = 0.869
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Calculate A, Section D3.2
A=Ay - (dy + Viet
=3.75in% - (W in. + Y6 in.)(“2in.) = 3.31 in.?

Calculate A Section D3.3
A.= AU =3.31in.%0.869) = 2.88 in.? Eqgn. D3-1
P.= FuA. = (58 ksi)(2.88 in.%) = 167 kips Eqn. D2-2

LRFD ASD
¢ =0.75 0, =2.00 Section D2
&Py = 0.75(167 kips) = 125 kips P./Q = (167 kips)/2.00 = 83.5 Kips

The L4x4xY4 available tensile strength is governed by the tensile yielding limit state.

LRFD ASD
OPn = 125 Kips P./Q, = 83.5Kips
125 kips > 120 kips 0.k. 83.5 kips > 80.0 kips 0.k.

Calculate recommended L.

. ft
Lmax = 300I’Z = (300)(0776 In)(120|n] =19.4ft Section D1

Note: The L/r limit is a recommendation, not a requirement.



Example D.3 WT-Shape Tension Member

Given:
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A WT6x20, ASTM A992, member has a length of 30 ft and carries a dead load of 40 kips and a live load of 120
kips in tension. Assume the end connection is fillet welded and has a length of 16 in. Verify the member strength
by both LRFD and ASD. Assume that the gusset plate and the weld have been checked and are satisfactory.

Solution:

Material Properties:
WT6%20 ASTM A992  F, =50 ksi Fy =65 ksi

Geometric Properties:
WT6x20 A, =584 in.? r,=157in. 'y =1.09in.= X (in equation for U)

Calculate the required tensile strength

LRFD ASD

P, = 1.2(40.0 kips) + 1.6(120 kips) P,=40.0 kips + 120 kips
= 240 Kips = 160 Kips

Check tensile yielding limit state using tabulated values

LRFD ASD

&Pn = 263 Kkips > 240 kips o.k. | P/ = 175 kips > 160 kips o.k.

Check tensile rupture limit state using tabulated values

LRFD ASD

214 kips < 240 kips n.g. 142 kips < 160 kips n.g.

The tabulated available rupture strengths may be conservative for this case, therefore calculate
the exact solution.

Calculate U
U= 1_& _ 1_1.09?n.
I 16.0in.

=0.932

Manual
Table 2-3

Manual
Table 1-8

Manual
Table 5-3

Manual
Table 5-3

Table D3.1
Case 2



Calculate A,

A, =Ay=584 in.2 (because there are no holes)

Calculate A,

A. =AU
=5.84in.2(0.932) = 5.44 in.?

Calculate P,

Pn=F,Ac
= 65 ksi(5.44 in?) = 354 kips

LRFD

ASD

¢ =0.75
¢Py = 0.75(354 kips) = 266 kips

266 Kips > 240 kips o.k.

0,=2.00
P,/ = (354 kips)/2.00 = 177 kips

177 kips > 160 kips 0.k.

Alternately, the available tensile rupture strengths can be determined by modifying the

tabulated values.

The available tensile rupture strengths published in the tension member

selection tables are based on the assumption that A, = 0.75A,. The actual available strengths
can be determined by adjusting the table values as follows:

0.75(5.84 in.z)

=214 kips [ J = 266 kips

LRFD ASD
P, = 214 kips | — P.JO = 142 kips | 22
0.75A, 0.75A,
5.44in.? 5.44in.?

= 142 kips [0.75(5.84in.2)

J = 176 kips

The WT6x20 available tensile strength is governed by the tensile yielding limit state.

LRFD

ASD

OPn = 263 Kips
263 Kips > 240 kips 0.k.

P./Q = 175 Kips
175 kips > 160 kips o.k.

Check the non-mandatory slenderness limit

L/r =( 30'Oﬂj[12'0'“'j -229<300 ok

1.57in. ft

D-7

Section D3.2

Section D3.3

Egn. D3-1

Section D2

Manual
Table 5-3

Section D1



Example D.4 Rectangular HSS Tension Member

Given:
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Verify, by LRFD and ASD, the strength of an HSS6x4x3, ASTM A500 grade B, with a length of 30 ft. The
member is carrying a dead load of 35 kips and a live load of 105 kips in tension. Assume the end connection is

fillet welded to a %% in. thick single concentric gusset plate and has a length of 16 in.

Solution:

Material Properties:
HSS6x4x%& ASTM A500 grade B F, = 46 ksi F, =58 ksi

Member Geometric Properties:
HSS6x4x% A,=6.18in? ry=1.55in. t=0.349 in.

Calculate the required tensile strength

LRFD ASD

P,= 1.2(35.0 kips) + 1.6(105 kips) P,=35.0 kips + 105 kips
=210 kips = 140 kips

Check available tensile yield strength

LRFD ASD

&P, =256 kips > 210 kips o.k. | P/Q= 170 kips > 140 Kips o.k.

Check available tensile rupture strength

LRFD ASD

201 kips < 210 kips n.g. | 134 kips < 140 kips n.g.

The tabulated available rupture strengths may be conservative in this case, therefore calculate
the exact solution.

Calculate U
< = B?+2BH _ (4.00in)’+2(4.00in)(6.00in) _, ..
4(B+H) 4(4.00in.+6.00in) S
U = 1—? _ 1 160in._ o000

16.0in.

Manual
Table 2-3

Manual
Table 1-11

Manual
Table 5-4

Manual
Table 5-4

Table D3.1
Case 6



Allowing for a Vi in. gap in fit-up between the HSS and the gusset plate,
A= Ay- Z(tg + Ve in)t
=6.18in.2 - 2("2in. + Y6 in.)(0.349 in.) = 5.79 in.?
Calculate A,

A= AU
=5.79 in.2(0.900) = 5.21 in.?

Calculate P,

Pn=FuA;
=58 ksi(5.21 in?) = 302 kips

LRFD ASD

¢ =0.75 Q=2.00
¢Py = 0.75(302 kips) = 227 kips P,/ = (302 kips)/2.00 = 151 Kips

227 Kips > 210 kips o.k. | 151 kips > 140 Kkips

o.k.

The HSS available tensile strength is governed by the tensile rupture limit state.

Check the non-mandatory slenderness limit

Lyr=[ 3001 (120I0)_ 50 500 ok,
1.55in. ft

D-9

Section D3.2

Section D3.3

Eqgn. D3-1

Section D2

Section D1



Example D.5 Round HSS Tension Member

Given:
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See Figure D-5 below. An HSS6.000x0.500, ASTM A500 grade B, has a length of 30 ft. The member carries a
dead load of 40 kips and a live load of 120 kips in tension. Assume the end connection is a fillet welded - in.
thick single concentric gusset plate that has a length of 16 in. Verify the strength by both LRFD and ASD.

Solution:

Material Properties:
HSS6.000x0.500 ASTM A500 grade B F, =42 ksi F, =58 ksi

Member Geometric Properties:

HSS6.000x0.500 A, =8.09 in.2 r=1.96in. t=0.465 in.

Calculate the required tensile strength

LRFD ASD

P.= 1.2(40.0 kips) + 1.6(120 kips) P.=40.0 kips + 120 kips
= 240 kips = 160 kips

Check available tensile yield strength

LRFD ASD
&Py = 306 Kips > 240 0.k. P./Q = 203 Kips > 160 kips 0.k.
Check available tensile rupture strength
LRFD ASD
&P = 264 Kips > 240 kips 0.k. | P/Q =176 Kips > 160 kips o.k.

Check that A, >0.75A, as assumed in table

L=16.0in. D =6.00in. L/D=16.0in./(6.00in.) =2.67>1.3
Uu=10
Allowing for a %isin. gap in fit-up between the HSS and the gusset plate,

A=A - 2(t[3 + Vie in)t
=8.09 in.? = 2(0.500 in. + Y46 in.)(0.465 in.) = 7.57 in.?

Manual
Table 2-3

Manual
Table 1-13

Manual
Table 5-6

Manual
Table 5-6

Manual
Table D3.1
Case 5

Section D3.2
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Calculate A, Section D3.3

A. =AU Eqn. D3-1
=7.57in.2(1.0) = 7.57 in.?

A.IA,=757in2/(8.09in%) =00936in>>0.75A, ok

Check the non-mandatory slenderness limit Section D1

L/ =[300MY(120in)_ 10 200 ok
1.96in. ft
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Example D.6 Double-Angle Tension Member

Given:
A 2LA4x4x'/ (%-in. separation), ASTM A36, has one line of (8) %-in. diameter bolts in standard holes and is 25 ft

in length. The double angle is carrying a dead load of 40 kips and a live load of 120 kips in tension. Verify the
strength by both LRFD and ASD.

Solution:

Material Properties:

2L4x4xY, ASTM A36 F, = 36 ksi F, =58 ksi Manual
Table 2-3
Geometric Properties:
For a single L4x4x5 A;=3.75in? r.=1.21in. Manual
r, =1.83in. X =1.18in. Table 1-7

Calculate the required tensile strength

LRFD ASD
P,= 1.2(40.0 kips) + 1.6(120 Kips) Pn=40.0 kips + 120 kips
= 240 kips = 160 kips

Calculate the available tensile yield strength

P, = F,A, = (36ksi)(2)(3.75in.%) = 270 kips Eqn. D2-1
LRFD ASD
¢:=0.90 Q.= 1.67 Section D2
&P, =0.90(270 kips) = 243 kips P./Q = (270 Kips)/1.67 = 162 Kips

Calculate the available tensile rupture strength

Calculate U

X 1.18in. Table D3-1
U=1-—=1-——-"=0.944

| 21.0in. Case 2



Calculate A,

A= Ay - 2(dy + Vie in.)t
=2(3.75in.%) = 2(W¥is in. + Vis in.)(2in.) = 6.63 in.?

Calculate A,
A. = AU = 6.63in.%(0.944) = 6.26 in.?

P, = FuA. = (58ksi)(6.26 in.?) = 363 kips

LRFD ASD

& =0.75 Q;=2.00
&P, = 0.75(363 Kips) = 272 kips P,/ = (363 kips)/2.00 = 182 kips

The available strength is governed by the tensile yielding limit state.

LRFD ASD

243 Kips > 240 kips 0.k. 162 kips > 160 kips o.k.

Check the non-mandatory slenderness limit

Lyp=[ 20112010} 508 300 ok
121in )\ ft

D-13

Section D3.2

Eqgn. D3-1

Eqgn. D2-2

Section D2

Section D1
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Example D.7 Pin-Connected Tension Member

Given:

An ASTM A36 pin connected tension member with the dimensions shown below carries a dead load of 12 Kips
and a live load of 4 Kkips in tension. The diameter of the pin is 1 inch, in a '42—in. oversized hole. Assume that the
pin itself is adequate. Verify the strength by both LRFD and ASD.

Approx. Asf
O\\e J
: 1 '
R
© A d =1.00
b=1.63
e
12" thick ——»
w=425

Pin connected tension member
Solution:

Material Properties:

Plate ASTM A36 F, = 36 ksi F, =58 ksi Manual
Table 2-4
Geometric Properties:
w=4.25in. t=0.500 in. d=1.00in. a=225in. c=2.50in.
Check dimensional requirements: Section D5.2

1) beg = 2t + 0.63 in. = 2(0.500 in.) + 0.63 in. = 1.63 in.

2) a> 1.33bgg 2.25in. > (1.33)(1.63 in.) = 2.17 in. o0.k.
3) W > 2bgg + d 4.25in.>2(1.63in.) + 1.00 in. = 4.26in.=4.25in. o.k.
4)c>a 2.50in.>2.25in. 0.k.

Calculate the required tensile strength

LRFD ASD
P.=1.2(12.0 kips) + 1.6(4.00 kips) P.=12.0 kips + 4.00 Kkips
= 20.8 kips = 16.0 kips




Calculate the available tensile rupture strength on the net effective area

P, = 2thegF, = (2)(0.500 in.)(1.63 in.)(58 ksi) = 94.5 kips

LRFD

ASD

o =0.75
&Py = 0.75(94.5 Kips) = 70.9 kips

Q,=2.00
P./Q, = (94.5 Kips) / 2.00 = 47.3 kips

Calculate the available shear rupture strength

Aq= 2t(a + d/2) = 2(0.500 in.)[2.25 in. + (1.00 in. /2)] = 2.75 in.2

P, = 0.6F,Aq = (0.6)(58 ksi)(2.75 in.2) = 95.7 kips

LRFD

ASD

¢ =0.75
¢P = 0.75(95.7 Kips) = 71.8 kips

st =2.00
Pn/Qg = (95.7 kips) / 2.00 = 47.9 kips

Calculate the available bearing strength

Ay, =0.500 in.(1.00 in.) = 0.500 in.?

Ry = 1.8F,A,, = 1.8(36 ksi)(0.500 in.?) = 32.4 kips

LRFD

ASD

d)t =0.75
&P, = 0.75(32.4 kips) = 24.3 Kkips

0,=2.00
P./Q = (32.4 kips) / 2.00 = 16.2 Kips

Calculate the available tensile yielding strength

Ay=4.25in.(0.500in.) = 2.13 in.?

Pn = FyAg = 36 ksi (2.13 in.%) = 76.5 kips

LRFD

ASD

¢ =0.90
&P, = 0.90(76.5 Kips) = 68.9 kips

0.=167
P./Q, = (76.5 kips) / 1.67 = 45.8 kips

The available tensile strength is governed by the bearing strength limit state

LRFD

ASD

OPn = 24.3 Kips
24.3 kips > 20.8 kips

o.k.

P./Q = 16.2 Kips
16.2 kips > 16.0 kips

o.k.
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Eqgn. D5-1

Section D5.1

Section D5.1

Eqgn. D5-2

Section D5.1

Eqn. J7.1

Section J7

Section D2

Eqn. D2.1

Section D2
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Example D.8 Eyebar Tension Member

Given:

See Figure D-8 below. A % in. thick eyebar member, ASTM A36, carries a dead load of 25 Kips and a live load of
15 kips in tension. The pin diameter d is 3 in. Verify the strength by both LRFD and ASD.

Solution:

Material Properties:
Plate ASTM A36 F,=36ksi

Geometric Properties:
w = 3in. b=223in.
d, =3in. d,=3.03in.
Check dimensional requirements
1) t>%in.
2) w<$8t
3) d>7/8w
4) dp<d+1/32in.
5) R>d,+2b

6) 2/3w<b<3/4w

7.50

Dia. = 3.00

)
.99
R/

= 0.625
4—‘ ] w=3.00
[————————————

Eyebar tension member

F, =58 ksi Manual
Table 2-4
t=0.625in.
R=28.00in.
Section D4.2

0.625in.>0.500 in. o.k.
3.00in.<8(0.625in)=5in. o.k.
3.00in.>7/8 (3.00in.) =2.63in. o.k.
3.03in.<3.00in. +(1/32in.) =3.03in. o.k.
8.00in.>3.03in. +2(2.23in.)=7.50in. o.k.

2/3(3.001in.) <£2.23in. < 3/4(3.00 in.)
2.00in.<2.23in.<2.25in. o.k.
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Calculate the required tensile strength

LRFD ASD
P, =1.2(25.0 kips) + 1.6(15.0 Kips) P.=25.0 kips + 15.0 kips
=54.0 Kips = 40.0 Kips

Calculate the available tensile yield strength at the eyebar body (at w)

A;=3.00in.(0.625in.) = 1.88 in.?

P,= FyA, = (36 ksi)(1.88 in.?) = 67.7 kips Eqn. D2-1
LRFD ASD
¢:=0.90 Q=167 Section D2
&Pn =0.90(67.7 kips) = 60.9 kips P/ = (67.7 Kips)/1.67 = 40.5 Kkips
60.9 kips > 54.0 kips o.k. | 40.3 kips > 40.0 kips 0.k.

The eyebar tension member available strength is governed by the tension yield limit state.

Note: The eyebar detailing limitations ensure that the tensile yielding limit state at the eyebar
body will control the strength of the eyebar itself. The pin should also be checked for shear
yielding, and if the material strength is lower than that of the eyebar, bearing.
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Example D.9 Find A of a Plate with Staggered Bolts

Given:

See Fig. D-9 below. A 14 in. wide and % in. thick plate subject to tensile loading has staggered holes as shown.
Compute A, and A,

Solution:
Calculate net hole diameter Section D3.2
Onet = dp + Y6 in. = 0.875 in.
Compute the net width for all possible paths across the plate
Because of symmetry, many of the net widths are identical and need not be calculated
SZ
w=14.0->d + e Section D3.2
Line A-B-E-F: w=14.0in.-2(0.875in) =12.3in.
_ _ . (250in)" (250in)’ _
Line A-B-C-D-E-F: w=14.0in.-4(0.875in) + <+ —— =11.5in. (controls)
4(3.00in) 4(3.00in)
_ _ . (250in)’ ,
Line A-B-C-D-G: w=14.0in.-3(0.875in) + —————=11.9in.
4(3.00in)
_ _ . (250in)" (2:50in)’ _
Line A-B-D-E-F: w=14.0in.-3(0.875in) + .+ —~_=12.1in.
4(7.00in) 4(3.00in)
Therefore, A, = (11.5 in.)(0.500 in.) = 5.75 in.?
Calculate U
Since tension load is transmitted to all elements by the fasteners
Table D3.1
U=1.0 Case 1

A.=A,(1.0)=5.75in.2 Egn. D3-1
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CHAPTER E
DESIGN OF MEMBERS FOR COMPRESSION

This chapter covers the design of compression members, the most common of which are columns. The Manual
includes design tables for the following compression member types in their most commonly available grades:

wide-flange column shapes
HSS
double angles

[ ]
[ ]
[
e single angles

LRFD and ASD information is presented side by side for quick selection, design or verification. All of the tables
account for the reduced strength of sections with slender elements.

The design and selection method for both LRFD and ASD designs is similar to that of previous specifications, and
will provide similar designs. In the new Specification, ASD and LRFD will provide identical designs when the
live load is approximately three times the dead load.

The design of built-up shapes with slender elements can be tedious and time consuming, and it is recommended
that standard rolled shapes be used, when possible.

El. GENERAL PROVISIONS

The design compressive strength, ¢.P,, and the allowable compressive strength, P,/Q., are determined as follows:
P, = nominal compressive strength based on the controlling buckling mode
. = 0.90 (LRFD) Q. = 1.67 (ASD).

Because F is used extensively in calculations for compression members, it has been tabulated in Table 4-22 for
all of the common steel yield strengths.

E2. SLENDERNESS LIMITATIONS AND EFFECTIVE LENGTH

In this edition of the Specification, there is no limit on slenderness, KL/r. Per the Commentary, it is recommended
that KL/r not exceed 200, as a practical limit based on professional judgment and construction economics.

Although there is no restriction on the unbraced length of columns, the tables of the Manual are stopped at
common or practical lengths for ordinary usage. For example, a double 3x3xY4 angle, with a 3-in. separation has
an ryof 1.25in. Ata KL/r of 200, this strut would be 20°-10” long. This is thought to be a reasonable limit based
on fabrication and handling requirements.

Throughout the Manual, shapes that contain slender elements when supplied in their most common material grade
are footnoted with the letter “c”. For example, see a W14x22°,

E3. COMPRESSIVE STRENGTH FOR FLEXURAL BUCKLING OF MEMBERS WITHOUT
SLENDER ELEMENTS

Non-slender (compact and non-compact) sections, including non-slender built-up I-shaped columns and non-
slender HSS columns, are governed by these provisions. The general design curve for critical stress versus KL/r is
shown in Figure E-1.
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E3.2
_\ /_ Inelastic
‘\{/ buckling
~E3.3
Elastic
Critical \ buckling
stress, q

ksi
Transition between
KL/r [¢«—— equations (location
varies by Fy)
Figure E-1 Standard Column Curve
TRANSITION POINT LIMITING VALUES OF KL/r
F, ksi (MPa) Limiting KL/r 0.44F, ksi (MPa)
36 (248) 134 15.8 (109)
50 (345) 113 22.0 (152)
60 (414) 104 264. (182)
70 (483) 926 30.8 (212)

BRACING AND BRACE POINTS
The term L is used throughout this chapter to describe the length between points that are braced against lateral
and/or rotational displacement.

E4. COMPRESSIVE STRENGTH FOR TORSIONAL AND FLEXURAL-TORSIONAL BUCKLING
OF MEMBERS WITHOUT SLENDER ELEMENTS

This section is most commonly applicable to double angles and Tee sections, which are singly symmetric shapes
subject to torsional and flexural-torsional buckling. The available strength in axial compression of these shapes is
tabulated in Part 4 of the Manual and examples on the use of these tables have been included in this chapter, for
the shapes with KL, = KL,.

ES. SINGLE ANGLE COMPRESSION MEMBERS

The available strength of single-angle compression members is tabulated in Part 4 of the Manual.

EG6. BUILT-UP MEMBERS

There are no tables for built-up shapes in the Manual, due to the number of possible geometries. This section
makes suggestions as to how select built-up members to avoid slender elements, thereby making the analysis
relatively straightforward.
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E7. MEMBERS WITH SLENDER ELEMENTS

The design of these members is similar to members without slender elements except that the formulas are
modified by a reduction factor for slender elements, Q. Note the similarity of Equation E7-2 with Equation E3-2,
and the similarity of Equation E7-3 with Equation E3-3.

The Tables of Part 4, incorporate the appropriate reductions in available strength to account for slender elements.

Design examples have been included in this Chapter for built-up I-shaped members with slender webs and slender
flanges. Examples have also been included for a double angle, WT, and an HSS shape with slender elements.



Example E.la W-Shape Column Design with Pinned Ends
Given: f2 =140 kips

Select an ASTM A992 (F, = 50 ksi) W-shape column to carry an fo =420 kips
axial dead load of 140 kips and live load of 420 kips. The column is ‘LL%LM
30 feet long, and is pinned top and bottom in both axes. Limit the
column size to a nominal 14 in. shape.

=30 ft

B

Solution:

Calculate the required strength

LRFD ASD

Py = 1.2(140 kips) + 1.6(420 kips) = 840 kips | P, = 140 kips + 420 Kkips = 560 kips

Select a column using Manual Table 4-1
For a pinned-pinned condition, K = 1.0

Because the unbraced length is the same in both the x-x and y-y directions and r, exceeds r, for
all W-shapes, y-y axis bucking will govern.

Enter the table with an effective length, KL,, of 30 ft, and proceed across the table until
reaching the least weight shape with an available strength that equals or exceeds the required

strength. Select a W14x132.

E-4

Commentary
Table
C-C2.2



The available strengths in axial compression for a y-y axis effective length of 30 ft are:

LRFD

ASD

dcPn = 892 Kips > 840 kips

o.k.

P./Q. = 594 kips > 560 Kips

o.k.

Manual
Table 4-1

E-5
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Example E.1b  W-Shape Column Design with Intermediate Bracing

_ B =140 kips
Given: P =420 kips
Redesign the column from Example E.la assuming the lﬁ%di
column is laterally braced about the y-y axis and torsionally
braced at the midpoint. &
Te}
T =
Braced —=f——1 3
Y-direction 4
only f,

Solution: 777%77'

Calculate the required strength

LRFD ASD
Py = 1.2(140 kips) + 1.6(420 kips) = 840 kips | P, = 140 kips + 420 kips = 560 Kips

Select a column using Manual Table 4-1.
Commentary
For a pinned-pinned condition, K = 1.0 Table
Cc-C2.2
Since the unbraced lengths differ in the two axes, select the member using the y-y axis then
verify the strength in the x-x axis.

Enter Table 4-1 with a y-y axis effective length, KL, of 15 ft and proceed across the table until
reaching a shape with an available strength that equals or exceeds the required strength. Try a
W14x90. A 15 ft long W14x90 provides an available strength in the y-y direction of

LRFD ASD
P, = 1000 kips P./Q = 667 Kips

The ry /ry ratio for this column, shown at the bottom of Manual Table 4-1, is 1.66. The
equivalent y-y axis effective length for strong axis buckling is computed as

kL= 3001 _ e
166



From the table, the available strength of a W14x90 with an effective length of 18 ft is

LRFD

ASD

dc.Pn = 928 kips > 840 kips

o.k.

P./Q. = 618 kips > 560 Kips

o.k.

The available compression strength is governed by the x-x axis flexural buckling limit state.

Manual
Table 4-1

E-7
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The available strengths of the columns described in Examples E.la and E.1b are easily
selected directly from the Manual Tables. The available strengths can also be verified by hand
calculations, as shown in the following Examples E.1c and E.1d.

Example E.1c W-Shape Available Strength Calculation

Calculate the available strength of a W14x132 column with unbraced lengths of 30 ft in both
axes. The material properties and loads are as given in Example E.1a.

Material properties: Manual

ASTM A992 F,=50ksi  F,=65Kksi Table 2-3
Geometric Properties:
W14x132 A,=388in? r,=6.28in. r,=3.76in. Manual
Table 1-1
Calculate the available strength
Commentary
For a pinned-pinned condition, K = 1.0 Table
C-C2.2
Since the unbraced length is the same for both axes, the y-y axis will govern.
K,L, 1.0(30.0ft i
b 10 . )12.0|n:95.7
r, 3.76 in. ft
For F, = 50 ksi, the available critical stresses, ¢.Fc and Fc/Q. for KL/r = 95.7 are interpolated
from Manual Table 4-22 as
LRFD ASD
dcFer =23.0 ksi Fer/Qe = 15.3 ksi Manual
Table 4-22
¢.P, =38.81in.(23.0 ksi) P, /Q, =38.8in?(15.3 ksi)
= 892 kips > 840 kips 0.k. =594 kips > 560 Kips 0.k.

Note that the calculated values match the tabulated values.
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Example E.1d W-Shape Available Strength Calculation

Calculate the available strength of a W14x90 with a strong axis unbraced length of 30 ft and
weak axis and torsional unbraced lengths of 15 ft. The material properties and loads are as
given in Example E.1b.

Geometric Properties:

W14x90  A;=265in’ r,=6.14in. r,=3.70in. Manual
Table 1-1
Check both slenderness ratios
Commentary
K=1.0 Table
C-C2.2
1.0(30.0 ft) 12i
KL, = ( . )12 n._ 58.6 governs
r, 6.14in.  ft
KL, 1.0(15.0ft i
y _ ( . )12|n. 486
r, 3.701in. ft
The available critical stresses may be interpolated from Manual Table 4-22 or calculated
directly as follows.
Calculate the elastic critical buckling stress, Fe
7°E 7°29,000ksi .
- = = . =83.3ksi Eqgn. E3-4
(KLT (s8.6) "
r
Calculate flexural buckling stress, F,
Check limit
471 |5 — 47129000k 155686
F, 50 ksi
Because KL <4.71 /E
r Fy
il 50.0 ksi
F, =|0.658" F, = {0.65883-3 ksi}50.0 ksi=38.9ksi Eqgn. E3-2
Pr = ForAq = 38.9ksi(26.5in°) = 1030 kips Eqn. E3-1
LRFD ASD
d: =0.90 Q. =167
dcPn =0.90(1030 kips) P./Q. = (1030 kips) / 1.67
= 928 kips > 840 kips 0.k. = 618 kips > 560 kips 0.k.
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Example E.2  Built-up Column with a Slender Web

Given:

Verify that a built-up, ASTM A572 grade 50, column with PL1lin.x8in. flanges and a
PL'4in.x15in. web is sufficient to carry a dead load of 70 kips and live load of 210 kips in
axial compression. The column length is 15 ft and the ends are pinned in both axes.

B =70 kips
- ; Il
P =210 kips br=8 =
gg - 1 1 [
= tw=% ? ~
w0 <
i
-~
[ ]
;/ — W
Solution:
Material Properties:
ASTM A572 Grade 50  F, =50 ksi Fu = 65 ksi Manual

Table 2-3
Geometric Properties:

Built-up Column d=17.0in. b;=8.00in. t=1.00in. h=15.0in. t,=0.250in.

Calculate the required strength

LRFD ASD
Py = 1.2(70.0 kips) + 1.6(210 Kips) = 420 kips | P, =70.0 kips + 210 kips = 280 kips

Calculate built-up section properties (ignoring fillet welds)

A =2(8.00in.)(1.00 in.) + (15.0 in.)(0.250 in.) = 19.8 in.?

~ 2(1.00in.)(8.00in.)’ , (15.0in.)(0.250 in.)’
r 12 12

| in.‘
r= = [B2AIN )08 in.
VA V19.8in.
L= Ad*+>1,

= 2(8.00in.?)(8.00in.)" + (

=85.4in.*

0250in.)(15.00in.)" 2(8.0in))(L0 in.)
12

=1100in.*
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Calculate the elastic flexural buckling stress Section E7

For a pinned-pinned condition, K = 1.0 Commentary
Table

Since the unbraced length is the same for both axes, the y-y axis will govern by inspection. C-C2.2

KL, 1.0(15.0 ft)12.0in.

y

r. 208in. ft

y

=86.6

_ mE_ 7(29,000 ksi) _ .

KLY (@66)
r

Calculate the elastic critical torsional buckling stress

Note: Torsional buckling will not govern if KL, > KL,, however, the check is included here to
illustrate the calculation.

Design
I h? in.* in.)>? Guide No. 9
C, = y4o _ 85.4 in. 216.0 in.) — 5470 in.° Eqn. 3.5
) . ) . Design
5= E: 2(8.00in.)(1.00in.)" + (15.0in.)(0.250 in.) 51 int Guide No. 9
3 3 ' Eqn. 3-4
- anCVZV +Gy |t Eqn. E4-4
(K,L) L+,
n* (29,000 ksi)(5470in°
= ( )(2 )+(11, 200 ksi)(5.41in") — L 7
(180in.) 1100in.* +85.4in.
=92.2 ksi > 38.2 ksi
Therefore, the flexural buckling limit state controls.
Use F. = 38.2 ksi
Check for slender elements using Specification Section E7
Determine Q,, the unstiffened element (flange) reduction factor
Calculate k;
4 4 o Table B4.1
c= = 0.516 which is between 0.35 and 0.76 Note [a]

\/% ] \/15'%.250

' _s0< o064 [E = 0_64\/0.516(29,090 ksi) _ 114 Table B4.1
50 ksi Case 4

-+ | T
=
o
o
5|5
=
m



Therefore, the flange is not slender.

Q=10

Determine Q,, the stiffened element (web) reduction factor

D 15 0in. _ =60.0 > 1.49 =1.49 /29 000 ksi =35.9, therefore the web is slender.
t  0.250in. 50 ksi

Aeff

Q. =—— where A is effective area based on the reduced effective width of the web, be.

For equation E7-17, take fas F, withQ=1.0

KL /r = 86.6 from above

471 | B =471 [22000Ksi _ 1135666
QF, 1.0(50ksi)

When & <471 — E
r QF

y

QFy 1.0(50 ksi)
Fu=Q[0.658 % |F, :1.0{0.658 B2k }(50 ksi) = 28.9 ksi

be:1.92t\/E 1—034( < b, where b=h
(b/t)\ f
-1.92(0.250 in.) /22000 kst )y 034 29.000ksl |54,
28.9 ksi (15.0in.,/0.250 in.) V' 28.9 ksi

=12.5in.<15.0in., therefore compute A with reduced effective web width.

Ay =bt,+2b,t, =(12.5in.)(0.250 in.)+2(8.00 in.)(1.00 in.) =19.1 in.?

19.1in.2
Q, = ﬁ -

= =0.966
A 198in?

Q = Q:Qa = (1.00)(0.966) = 0.966
Determine whether Specification Equation E7-2 or E7-3 applies

KL/r = 86.6 from above

471 |-E = 471 [ 22000ksl 190,586
QF, 0.966(50 ksi)

Therefore, Specification Equation E7-2 applies.

E-12

Section E7.2

Eqn. E7-16

Eqgn. E7-2

Eqgn. E7-17

Eqgn. E7-16

Section E7
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QFy 0.966(50 ksi)
F,=Q|0.658 " F = 0.966{0.658 382 kst }(50 kSi) =28.5 ksi

Eqn. E7-2
Calculate the nominal compressive strength
. ., .
P, =F, A =285ksi(19.8 in®) =562 kips Eqn. E7-1
LRFD ASD
¢ =0.90 Q.=1.67 Section E1
¢,P, =0.90(562 kips) P /Q, =562 kips/1.67
= 505 Kips > 420 kips o.k. = 336 kips > 280 kips 0.k.
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Example E.3  Built-up Column with Slender Flanges

Given:

Determine if a built-up, ASTM A572 grade 50 column with PL3% in.x10% in. flanges and a
PLY% in.x7% in. web has sufficient available strength to carry a dead load of 40 kips and a live

load of 120 kips in axial compression. The column unbraced length is 15 ft in both axes and
the ends are pinned.

‘Ig =40 kips
E:

120 kips ©
>
J—%éML br=10% I
- tw="% L |§
w £
r
~
R
I.‘l~
Solution:
Material Properties: Manual
ASTM A572 Gr.50  F, =50 ksi F, = 65 ksi Table 2-3

Geometric Properties:
Built-up Column d=8.00in. bf=105in. =0375in. h=7.25in.
ty = 0.250 in.

Calculate the required strength
LRFD ASD

P, = 1.2(40.0 kips) + 1.6(120 kips) = 240 kips | P, =40.0 kips + 120 kips = 160 Kips

Calculate built-up section properties (ignoring fillet welds)
A =2(10.5in.)(0.375 in.) + (7.25 in.)(0.250 in.) = 9.69 in.?

Since the unbraced length is the same for both axes, the weak axis will govern.
o 2[(0.375 in.)(10.5 in.)3]+ (7.25n.)(0.250 in.)’

Y 12
I Ho

[ = [T ) 73in.
A 9.69 in.

lx= 2(10.5in.)(0.375in.)(3.81in.)" +
=122in.*

=724in*

(0:25in)(725in.)"  2(105in.)(0.375 in.)’
12 12
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Check web slenderness

For a stiffened element (web) in a doubly symmetric I-shaped section, under uniform
compression,

29,000 k3|
A =149 / =1.49 / 0 ksi Table B4.1
: Case 10
7.25in.
—=——"2=29.0<35.9 Therefore, the web is not slender.

t 0.250 in.

Note that the fillet welds are ignored in the calculation of h for built up sections.
Check flange slenderness

Calculate k;

=0.743 where 0.35 <k, < 0.76 0.k.
\/ 7.25in. Table B4.1
0.250 in. Note [a]
Use kc = 0.743

For flanges of a built-up I-shaped section under uniform compression;

k.E 0.743(29,000 ksi)
A, =0.64 = 0.64 - =133 Table B4.1

y Case 4

b = >:251n. =14.0 > 13.3 Therefore, the flanges are slender.

t 0.375in.

For compression members with slender elements, Section E7 of the Specification applies. The

nominal compressive strength, P,, shall be determined based on the limit states of flexural, Section E7
torsional, and flexural-torsional buckling. Depending on the slenderness of the column,

Specification Equation E7-2 or E7-3 applies. F. is used in both equations and is calculated as

the lesser of Specification Equations E3-4 and E4-4.

For a pinned-pinned condition, K = 1.0
Commentary
Since the unbraced length is the same for both axes, the weak axis will govern. Table
Cc-C2.2

K,L, 1.0(15.0ft)12 in.

yy

= _ =65.9
r, 2.73in. ft

Calculate the elastic critical stress, Fe, for flexural buckling
2 2 H
F.= nE _ m729,000 ksi — 65.9 ksi

2 2
[KL] (65.9) Eqn. E3-4
:




Calculate the elastic critical stress, F, for torsional buckling

Not likely to govern, but check for completeness

_Lh? _ 724in(7.631in.)?

Cu= 2= . =1050 in.°
3 . - \3 - - \3
_ bt _ 2(105in)(0375in.)" +7.25in.(0.25in.) _ .,
3 3
2
F, = T ECV; +GJ 1
K,L) Lo+,
| m*(29,000ksi)(1050in° ) 1

+(11,200 ksi)(0.407n* )

122in* +72.4in*

[ (180in)’°

=71.2 ksi > 65.9 ksi
Therefore, use F, = 65.9 ksi
Determine Q, the slenderness reduction factor
Q = QsQa,, where Q, = 1.0 because the web is not slender
Calculate Q, the unstiffened element (flange) reduction factor

Determine the proper equation for Q, by checking limits for Equations E7-7 to E7-9

% =14.0 from above

EK. _ 64 \/29,000 ksi(0.743)

0.64 = - =133
F 50 ksi
117 |Eke =1.17\/29 000 ksi(0.743) _,, o
F, 50 ksi
Ek b
0.64 ¢ ? therefore, Equation E7-8 applies.
y
b y
Q, =1.415-0.65| — |, | =
t Ek,
=1.415-0.65(14.0) 50 ksi =0.977
(29,000 ksi)(0.743)

Q =QsQ. = (0.977)(1.0) = 0.977

E-16

Design
Guide No. 3
Eqgn 3-5
Design

Guide No. 3
Egn 3-4

Eqn. E4-4

Section E7-1

Section
E7-1(b)

Egn. E7-8



Calculate nominal compressive strength

4.71 E =471 M =115>65.9 therefore, Specification Eqn. E7-2 applies.
QF, 0.977(50 ksi )

y 0.977(50 ksi)
F, =Q|0.658 " F,=0.977/0.658 9 (50 ksi) =35.8 ksi

P, =F, A =(35.8ksi)(9.69 in®) = 347 kips

LRFD ASD
. = 0.90 Q.= 1.67
¢,P, =0.90(347 kips) P, /Q, = (347 Kips)/1.67
= 312 Kips > 240 kips o.k. = 208 kips > 160 kips 0.k.

Note: Built-up sections are generally more expensive than standard rolled shapes; therefore,
a standard compact shape, such as a W8x35 might be a better choice even if the weight is
somewhat higher. This selection could be taken directly from Manual Table 4-1.
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Eqn. E7-2

Eqgn. E7-1

Section E1



Example E.4a W-Shape Compression Member (Moment Frame)
This example is primarily intended to W18x50
illustrate the use of the alignment chart for ¢ L =351t i L =35 ft .
sidesway uninhibited columns. I, =800 in* I, =800in*
Given: Ba
. 5 j‘: S € Webs of columns and
The member sizes shown for the moment TN i girders are in the
frame  illustrated  here  (sidesway IS i @ plane of the frame.
uninhibited in the plane of the frame) have sl il
been determined to be adequate for lateral
loads. The material for both the column W24x55 W24x55
and the girders is ASTM A992 grade 50. ? L =351t 4r L=351t )
The loads shown at each level are the Iy = 1350 in* I, = 1350 in*
accumulated dead loads and live loads at 28 <
that story. The column is fixed at the base oo Q1. <
- =

about the x-x axis of the column. R I« §

TR

e
Determine if the column is adequate to
support the gravity loads shown. Assume T
the column is continuously supported in
the transverse direction (the y-y axis of the
column).
Material Properties:
ASTM A992  F, =50 ksi F,=65ksi
Geometric Properties:
W18x50 l, =800 in.*
W24x55 I, = 1350 in.*
W14x82 Ag=240in? I, =881in.*

Calculate the required strength for the column between the roof and floor

LRFD ASD
P, =1.2(41.5 kips) +1.6(125 kips) = 250 kips | P, =41.5+125=167 kips

Calculate the effective length factor, K

LRFD ASD
P i . . P i . .
— = m =10.4 ksi < 18 ksi -2 = m =6.96 ksi <12 ksi
A, 240in. A, 240in.
7=1.00 7=1.00

Therefore, no reduction in stiffness for inelastic buckling will be used.
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Manual
Table 2-1

Manual
Table 1-1

Manual
Table 4-21



Determine Giop and Gpotiom

(881 in.“j
>a./L) (L.00) 14.0 ft _ 138

Gip=7 =
PTUS,IL) ,( 800 in.*
35.0 ft
2[881 in.“j
/L 14.0 ft
Ghottom = TM = (]_00)— =1.63
>,/ ,(1,350in.*
350 ft

From the alignment chart, K is slightly less than 1.5. Because the column available strength
tables are based on the KL about the y-y axis, the equivalent effective column length of the

upper segment for use in the table is:

(KL), 15(14.0ft)
S 244

KL = =8.61ft

Take the available strength of the W14x82 from

Manual Table 4.1

At KL = 9 ft, the available strength in axial compression is:
LRFD ASD
¢.P, =942 Kkips > 250 kips o.k. P, /1€, =627 kips > 167 Kips o.k.

Calculate the required strength for the column

segment between the floor and the foundation

LRFD ASD
P, = 1.2(100 Kips) + 1.6 (300 kips) P, =100 Kips + 300 kips
= 600 kips = 400 kips
Calculate the effective length factor, K
LRFD ASD
By _C00KIPS _ 55 g s Py _200KIPS 16 7 gsi
A, 24.0in. A, 240in.
7=0.890 7=0.890
Z(Ij [881 in.“] Z( |) (88lin*)
L 14.0 ft L 14.0 ft
Gyp = 7—<+=(0.890) —~=145 | G, =1 L =(0.890) ————~ =145
Z(IJ ,( 1350 in. z(l) ,(1350in.)
L), 35.0 ft L/, 350t )

E-19

Commentary
C2.2

Commentary
C22&
Fig. C-C24

Manual
Table 4-1

Manual
Table 4-21

Commentary
Section
C2.2b



Gioom =1 (fixed)

From the alignment chart, K is approximately 1.42. Because the column available strengths
are based on the KL about the y-y axis, the effective column length of the lower segment for

use in the table is:

(KL), _142(140F) o

{&J 2.44
ry

Take the available strength of the W14x82 from Manual Table 4-1

KL =

at L = 9 ft, (conservative) the available strength in axial compression is:

LRFD ASD

o.k.

¢.P, =942 kips > 600 kips ok. | P, /Q, =627 kips > 400 kips

A more accurate strength could be determined by interpolation from Manual Table 4-1

E-20

Manual
Table 4-1



Example E.4b W-Shape Compression Member (Moment Frame)

: . . W18x50 )

Determine the available strength of the ¢ L=35f vy L=35f :

column shown subject to the same gravity I, = 800 in* I, =800 in*

loads shown in Example E.4a with the

column pinned at the base about the x-x 2 wn

. . . S o <

axis. All other assumptions remain the X2 o c Webs of columns and
Wip O = = . .

same. TV I+ girders are in the
o § P plane of the frame.
a2 Qs -

2 W24 x55 ‘ ' W24 x55 2
L=351t L=35ft

I, = 1350 in* I, =1350 in*
\n 0
aco <
L
t‘—
eS8 < R
non E i
CIY R

r

As determined in Example E.4a, for the column segment between the roof and the floor, the
column strength is adequate.

As determined in Example E.4a, for the column segment between the floor and the foundation,
G,, =145

top

At the base,
Gpot = 10 (pinned)

Note: this is the only change in the analysis.
From the alignment chart, K is approximately equal to 2.0. Because the column available

strength Tables are based on the effective length, KL, about the y-y axis, the effective column
length of the lower segment for use in the table is:

(KL), _2.0(140 ft)

[ r, J 2.44
I’y

Interpolate the available strength of the W14x82 from Manual Table 4-1

KL = =115 ft

LRFD ASD

¢,P, =863 kips > 600 Kips ok. | P /Q, =574 kips > 400 Kips ok

E-21

Commentary
Section
C2.2b

Commentary
Figure C-C2.4

Manual
Table 4-1



E-22

Example E.5 Double Angle Compression Member without Slender Elements

. B =20 kips
legn: ] . P =60 kips
Verify the strength of a 2L4x3%x3% LLBB (34-in. separation) strut
with a length of 8 ft and pinned ends carrying an axial dead load of 20 éé

kips and live load of 60 kips. Also, calculate the required number of [
fully tightened or welded intermediate connectors required.
=
0
]
-
Material Properties: Manual
ASTM A36  F, =36 ksi F, =58 ksi Table 2-3
Geometric Properties:
2L4x3%x% LLBB r,=0.719 in. (single angle) r,=125in. Manual
r, = 1.55 in. for % inch separation Table 1-15
r, = 1.69 in. for % inch separation Table 1-7
Calculate the required strength
LRFD ASD
P. = 1.2(20 kips) + 1.6(60 kips) = 120 kips P, = 20 kips + 60 Kips = 80.0 Kips
Select a column using Manual Table 4-9
K=1.0 Commentary
Table C-C2.2
For (KL), = 8 ft, the available strength in axial compression is taken from the upper (x-x)
ortion of the table as
LRFD ASD
¢ Pn=127 kips > 120 kips o.k. | Py/ Q. =84.2 kips > 80.0 kips 0.k. Manual
Table 4-9

For buckling about the y-y axis, the values are tabulated for a separation of % in.
To adjust to a spacing of % in., (KL), is multiplied by the ratio of the r, for a %-in. separation

to the r, for a 34-in. separation. Thus,

(KL), =1.0(8.00 ﬂ)(l'Ss i”'j ~7.34 ft

1.691in

The calculation of the equivalent (KL), above is a simplified approximation of Specification
Section E6.1. To ensure a conservative adjustment for a % in. separation, take (KL), = 8 ft.



The available strength in axial compression is taken from the lower (y-y) portion of the table
as

LRFD ASD

¢ P,= 130 Kips > 120 kips ok. | Pu/ Q.= 86.5 kips > 80.0 kips ok

Therefore, x-x axis flexural buckling governs.
Determine the number of intermediate connectors required

Per Table 4-12, at least two welded or pretensioned bolted intermediate connectors are
required. This can be verified as follows:

(8.00 ft)(lz I%)

3 spaces

a = distance between connectors = =32.0in.

The effective slenderness ratio of the individual components of the built-up member based
upon the distance between intermediate connectors, a, must not exceed three quarters of the
controlling slenderness ratio of the overall built-up member.

Therefore: Qgﬁ[ﬂ)
I, 4\ r

max

3r ( KLJ
r max

Solving for a gives, a<

4K
& _ 1.0(8.00 ft)(.12 in./ft) —76.8 controls
r, 1.25in.
& _ 1.0(8.00 ft)(.12 in./ft) ~ 568
r 1.69 in.

y

)
U r Jowe  3(0.719in.)(76.8)
4K 4(1.0)

Thus, a< =41.4in.>32.0in. o.k.

The available strength can be easily determined by using the tables of the Manual. Available
strength values can be verified by hand calculations, as shown below.

Calculation Solution:

Geometric Properties:
2L4x314x3% LLBB A;=534in? r,=169in. T, =233in. H=0.813

J=0.132in.? (single angle) r,=1.05in. (single angle)
X =0.947 in. (single angle)

Check for slender elements

b 4.0in.

t 0.375in.

- E/ _ 29,000 ksi B
d = 0.45 | /Fy =0.45,] 46 ks =12.8>107

Therefore, there are no slender elements.
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For compression members without slender elements, Specification Sections E3 and E4 apply.
The nominal compressive strength, P, shall be determined based on the limit states of flexural,

torsional, and flexural-torsional buckling.

Check flexural buckling about the x-x axis

KL 1.0(8.00ft)(12 in./ft) _
r 1.251n.

X

76.8

2 2 (29,000 ksi
Fo mE _m( S) - 485 ksi

: (KLJZ (76.8)*

471 |E — 471 [22000KS_ 15, 768, therefore
F 36 ksi

5 36 ksi
F, = [0.658 Fe ] F, = {0.65848-5 ksi }(36 ksi) =26.4 ksi controls

Check torsional and flexural-torsional buckling

For non-slender double angle compression members, Specification Equation E4-2 applies.

Fery is taken as F,, for flexural buckling about the y-y axis from Specification Equation E3-2 or

E3-3 as applicable.

Compute the modified KL for built up members with fully tightened or welded connectors
r

y

a=96.0in./3=32.0in.
rip = Iy (single angle) = 1.05 in.

h  2x+0.750in. _2(0.947in.)+0.750in.
2r, 2 - 2(1.051in.) -

() - () vome {2

:\/(56.8)2+0.82 (1.26) (32-0‘“-

1+(1.26)2 1.05in.
F_ "E _ % (29,000 ksi)
. ( KL)Z ~ (607

r

=77.7 ksi

K 36 ksi
Fcry = [0.658Fe ] Fy = {0.65877-7 ksi }(36 ksi) =29.7 ksi

2
] =60.7<134
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GJ (11,200 ksi)(2 angles)<0.132 in.“)

Fo="== 5 =102 ksi Eqgn. E4-3
AT (5.34in.)(2.33in.)

F - ( Fcry + Fcrz\ 1- - 4Fcry FcrzH Eqn E4-2
L 2H (Fcry + I:crz )2

_[29.7ksi+102ksi |, - 1_4(29.7ksi)(102|<si)(o.813)
2(0.813) (29.7 ksi +102ksi )’ =21.8 ksi

does not control

P, =F, A, =(26.4 ksi)5.34 in? =141 kips Eqn. E4-1
LRFD ASD
¢.=0.90 Q. =167 Section E1
0. P, =0.90(141 kips) =127 kIpS. P IO, - 141 Kips _ 84.4 kips
> 120 kips o.k.
> 80.0 Kips o.k.
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Example E.6  Double Angle Compression Member with Slender Elements
B =10 kips
Given: P =30 kips

Determine if a 2L5x3x% LLBB (3%-in. separation) strut with a length

of 8 ft and pinned ends has sufficient available strength to support a %
dead load of 10 kips and live load of 30 kips in axial compression.
Also, calculate the required number of fully tightened or welded
intermediate connectors.

L=8 ft

Material Properties:

ASTM A36 F, =36 ksi Fy = 58 ksi
Geometric Properties:
2L5x3x4 LLBB  r,=0.652 in. (single angle) r,=1.62in.
r,=1.19in. for % inch separation
ry=1.33in. for % inch separation
Calculate the required strength
LRFD ASD

P, =1.2(10.0 kips)+1.6(30.0 kips) =60.0 kips| P, =10.0 kips+30.0 Kips = 40.0 kips

Table Solution:
K=1.0

From the upper portion of Manual Table 4-9, the available strength for buckling about the x-x
axis, with (KL), =8 ftis

LRFD ASD

¢.P, =87.2 kips > 60.0 kips ok. | P /Q_=58.0 kips > 40.0 kips o.k.

For buckling about the y-y axis, the tabulated values are based on a separation of 3 in. To
adjust for a spacing of % in., (KL), is multiplied by the ratio of r, for a %-in. separation to r,
for a %4-in. separation.

=7.16 ft

I

This calculation of the equivalent (KL), does not completely take into account the effect of
section E6.1 and is slightly unconservative.

From the tabulated values in the lower portion of Manual Table 4-9, interpolate for a value at
(KL), =7.16 ft,

Manual
Table 2-3

Manual
Table 1-15
Table 1-7

Commentary
Table C-C2.2

Manual
Table 4-9



The available strength in compression is:

LRFD ASD

.R,, =65.1kips > 60.0 kips ok. | B, /Q, =433 kips>40.0 kips o.k.

These strengths are approximate due to the linear interpolation from the Table and the
approximate value of the equivalent (KL), noted above. These can be compared to the more
accurate values calculated in detail below.

Determine the number of intermediate connectors required.

From the tabulated values, it is determined that at least two welded or pretensioned bolted
intermediate connectors are required. This can be confirmed by calculation, as follows:

(8.00 ft)(12 '%)

3 spaces

a = distance between connectors = =32.0in.

The effective slenderness ratio of the individual components of the built-up member based
upon the distance between intermediate connectors, a, must not exceed three quarters of the
controlling slenderness ratio of the overall built-up member.

Therefore, ﬁ < E[ﬂ]
r, 4\ r

max

(%)
r max

Solving for a gives, a<

4K

r.,=r,=0.652 in.
KL, _ 1.0(8.0 ft)(1'2.0 m./ft) 593

r, 1.62in.
KL, 1.0(8.0 ft)(12.0 in./ft)

= : =722 controls
r, 1.33in.
3r. &
\r 3(0.652 in.)(72.2) . .
Thus, a < max. — =35.3in.>32.0in. o.k.
4K 4(1.0)

The governing slenderness ratio used in the calculations of the Manual Table include the
effects of the provisions of Section E6.1 and is slightly higher as a result. See below for these
calculations. As a result, the maximum connector spacing calculated here is slightly
conservative.

Available strength values can be verified by hand calculations, as shown below.
Calculation Solution:

Geometric Properties:

2L5x3x'% LLBB A;=3.88in? r,=1.33in. T, =259in. H=0.657
J=0.0438 in.* (single angle) r, = 0.853 in. (single angle)
X = 0.648 in. (single angle)
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Determine if the section is noncompact or slender

b 5.00in.

t 0250in.

Calculate the limiting width-thickness ratios

A, =045 FE =0.45 /%ﬁ)km =12.8<20.0 Therefore the angle has a slender element.
\/ Si
y

For a double angle compression member with slender elements, Specification Section E7
applies. The nominal compressive strength, P,, shall be determined based on the limit states
of flexural, torsional, and flexural-torsional buckling. Depending on the elastic critical
buckling stress, F., of the member, F., will be determined by Specification E7-2 or E7-3.
Determine Q, the slender element reduction factor

Q = Qs(Q,=1.0) for members composed of unstiffened slender elements.

Calculate Q; for the angles individually using Specification Section E7.1c

045 | £ —0.45,[22000kst 156900
Fy 36 ksi

001 |5 —001 /M =258>20.0
Fy 36 ksi

Therefore, Specification Equation E7-11 applies.

bY [F
~134-0.76| 2 |-
2 Bz
~1.34-0.76(200) |2 X__ 5804
29,000 ksi

Q, =1.0 (no stiffened elements)
Therefore, Q = Q,Q, =0.804(1.0) = 0.804

Determine the applicable equation for the critical stress, F,
From above, K=1.0

Specification Equation E7-2 requires the computation of F.. For singly symmetric members,
Specification Equations E3-4 and E4-5 apply.

E-28
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Check x-x axis flexural buckling

K,.L 10(80 ft)(120 in.ft)
roo 1.62in.
n’E n? (29, 000 kSi)

F,= _= =814 ksi
[KXLJ (59.3)

=59.3

r

X
Check torsional and flexural-torsional buckling

K,L _ 1.0(8.0 ft)(12.0 in./ft)
r 1.33in.

y

=722

Compute the modified KL for built up members with fully tightened or welded connectors
r

y
a=96.0in./3=32.0in.

rip = Iy (single angle) = 0.853 in.

h  2x+0.750in. 2(0.648in.)+0.750in. _

a=_—— .
2r, 2r 2(0.8531n.)

()5 ol

0.853in.

does not govern

=\/(7.2.2)2 +0.82 (120) ( 32.0in. Jz ~76.8

1+(1.20)°

2 2 (29,000 Ksi
F = n'E :n( )=48.6ksi

ey (KyLJ 2 (768)2

y

2
Fo= | S 46y |1
(K.L) AT

For double angles, omit term with C,, per User Note at end of Section E4.

Y (11,200 ksi)(2angles)(0.0438in.* )
ez — =

AT 3.88in.(2.59in.)’

[Fey + FQZJ 4F,F,H
= 1- f-——22
(F,+F.)

37.7ksi
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2(0.657) (48.6ksi +37.7ksi)’

_ [48.6 ksi+37.7 ksiJll_\/l_ 4(48.6ksi)(37.7 ksi)(0.657)]

= 26.6 ksi governs

0.44QF, = 0.44(0.804)(36 ksi) = 12.7 ksi < 26.6 ksi, therefore Equation E7-2 applies.

(0.804)(36 ksi)

QFy
F, = Q[0.658 E }FY - 0.804{0.658 %ok }(36 ksi)=18.4 ksi

P, =F, A =(184ksi)3.88 in.? = 71.3 kips

LRFD ASD
¢.=0.90 Q. =1.67
. 71.3 kips
P, =0.90(71.3 kips PIQ =—1—
. ( Ps) U 167
=64.1 kips > 60.0 kips o.k. =42.7 Kips >40.0 kips o.k.
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Example E.7  Design of a WT Compression Member without Slender Elements

B =20 kips

Given: ;
P =60 kips
Select a WT-shape compression member with a length of 20 ft to “éfm P

support a dead load of 20 kips and live load of 60 kips in axial
compression. The ends are pinned.

L[=20 ft

Because WT sections are cut from ASTM A992 W-shape beams, the material properties are:
Material Properties:
ASTM A992 F, =50 ksi Fu = 65 ksi Manual

Table 2-3

Calculate the required strength

LRFD ASD
P, =1.2(20.0 Kips)+1.6(60.0 kips) =120 kips | P, =20.0 kips+60.0 kips =80.0 kips

Table Solution:

K =1.0 Therefore (KL), = (KL), = 20.0 ft Commentary
Table C-C2.2

Select the lightest member from Table 4-7 with sufficient available strength about the both the

x-X (upper portion of the table) and the y-y axis (lower portion of the table) to support the

required strength.

TryaWT7x34
The available strength in compression is:
LRFD ASD
¢.P, =128 kips > 120 kips Controls o.k. | P, /Q_  =85.2 kips > 80.0 kips Controls o.k. Manual
9,P,, = 221 kips > 120 kips ok. | P, /Q, =147 kips >80.0 kips ok| Tabled-7

The available strength can be easily determined by using the tables of the Manual. Available
strength values can be verified by hand calculations, as shown below.

Calculation Solution:

Geometric Properties:
WT7x34 A =9.99in° r =18lin. r =246in. T, =319in. J=150in*

H =0.916 d=7.02in. tw =0.415in. bf =10.0in. tf =0.720in. Manual

Table 1-8



Check for slender elements

E = 7.02 |.n. =16.9<0.75 E =0.75 w =18.1 therefore, the web is not slender.
t, 0.415in. F 50ksi
b
Do 3000 694056 |[E — 056, 22000KST - 135 therefore, the flange is not
2t,  2(0.720in.) 50 ksi

slender.

There are no slender elements.

For compression members without slender elements, Specification Sections E3 and E4 apply.
The nominal compressive strength, P,, shall be determined based on the limit states of flexural,
torsional, and flexural-torsional buckling.

Check flexural buckling about the x-x axis

KL _1.0(20.0 ft)(12 in./ft) _

. 133
r, 1.81in.
4,71 f =4, 71,/295%03 ki =113 <133 therefore, Specification Equation E3-3 applies.
% (29,000 ksi)
=16.3 ksi

r
F, =0.877F, =0.877(16.3 ksi) = 14.3 ksi controls

F, = -
( & j (133)?

Because the WT7x34 section does not have any slender elements, Specification Section E4
will be applicable for torsional and flexural-torsional buckling. F., will be calculated using
Specification Equation E4-2

Calculate F¢y

Fer is taken as F¢. From Specification Section E3, where KL, = KL
r

Ty

KL 1.0(20.0 ft)(12 in./ft)
ro 2.46 in.

y

=97.6 < 113 therefore, Eqn. E3-2 applies

©’E n* (29,000 ksi)

F, = 5= ——==30.1 ksi
[KLJ (97.6)

r

cry

F 50.0ksi
F.=F, = [0.658Fe } F = {0.65830”5‘ }50.0 ksi = 24.9 ksi
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GJ (11,200 ksi)(1.50in.")

F,=—=-= =165 ksi Eqn. E4-3
AT (9.99in7)(3.19 in.)’
F _ [ FCI'y + Crz j 1 1 4FCW FCI'Z H
or 2H (ch + Fm)z Eqgn. E4-2

2[24.9 ksi +165 ksi}[l_ \/1_ 4(24.9 ksi) (165 ksi)(0.916)]

2(0.916) (24.9 ksi +165 ksi)’

= 24.5 ksi does not control

x-x axis flexural buckling governs, therefore

P, = F, A =(14.3ksi)9.99 in.2 =143 kips Eqn. E3-1
LRFD ASD
= i i Section E1
,P, =0.90(143Kkips) P/, - 1413;ps

=128 kips > 120 kips o0.k. =85.4 kips> 80.0 kips o.k.
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Example E.8  Design of a WT Compression Member with Slender Elements

‘ B =5Kkips
Given: P =15 kips
Select a WT-shape compression member with a length of 20 ft to
support a dead load of 5 kips and live load of 15 kips in axial L}é _
compression. The ends are pinned.
=
i
~J

g

Because WT sections are cut from ASTM A992 W-shape beams, the material properties are:

Material Properties:
ASTM A992 F, = 50 ksi Fu = 65 ksi

Calculate the required strength

LRFD ASD

P, =1.2(5.00 kips)+1.6(15.0 kips) = 30.0 kips| P, =5.00 kips +15.0 kips = 20.0 kips

Table Solution:

K = 1.0, therefore (KL), = (KL), = 20 ft.

Select the lightest member from Table 4-7 with sufficient available strength about the both the
x-X (upper portion of the table) and the y-y axis (lower portion of the table) to support the
required strength.

Try aWT7x15

Determine the available strength in axial compression from Manual Table 4-7

LRFD ASD

¢.P, =66.6 kips > 30.0 kips ok. | P,/Q, =443 kips > 20.0 kips o.k.
P, =36.5 Kips > 30.0 kips controls o.k. | B, /Q =24.3kips >20.0 kips controls o.k.

The available strength can be easily determined by using the tables of the Manual. Available
strength values can be verified by hand calculations, as shown below.

Calculation Solution:

Geometric Properties:

WT7x15 A, =4.42 in?  r =2.07in. r,=149in. T =290in. J=0.190 in.*
H=0.772 Qs =0.609 d=6.92in. t,=0.270in. b;=6.73in.
tr=0.385 in.

Manual
Table 2-3

Commentary
Table C-C2.2

Manual
Table 4-7

Manual
Table 1-8
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Check for slender elements

E= M =25.6> 0.75 £ = 0.75, /M =18.1 therefore, the web is slender. Table B4.1
t, 0.270in. F, 50 ksi

Case 8

b, 6.731in. Table B4.1

2, 2(0.385in.) Case 3
< therefore, the flange is not slender.
=8.74<0.56 |— = 056, 0K _ 154
F 50 ksi

Because this WT7x15 has a slender web, Specification Section E7 is applicable. The nominal
compressive strength, Py, shall be determined based on the limit states of flexural, torsional,
and flexural-torsional buckling.
Calculate the x-x axis critical elastic flexural buckling stress
KL 1.0(20.0 ft)(12 in./ft) B

roo 2.07in. -

2 2 H

F =" E__m(29,000ksi) 21.3 ksi does not control Eqn. E3-4

(e e

r

Calculate the critical elastic torsional and flexural-torsional buckling stress

K,L _ 1.0(20.0 ft)(12 in./ft)
r 1.49in.

y

=161

2 2 H
Fey — n°E - T (29,000 kSI) =11.0 kS| Eqn E4-10

[ KL JZ (161)°

Ty

2
F,= [ n EC, +GJ] 1 Omit term with C,, per User Note at end of Section E4 Eqgn. E4-11

(K,L)’ AT

z

_ GJ _11,200ksi(0.190in.")
“ AT 442in7(2.90in.)?

F +F, 4F F_H
F = &1 1_Y—2
2H (Fy+F,) Eqn. E4-5

=57.2 ksi
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=10.5 ksi controls

e

_(10.0ksi+57.2ksi \[, [~ 4LOKsI)(57.2ksi)(0.772)
2(0.772) (11.0Ksi +57.2Ksi)?

The cross section is composed of only unstiffened compression elements.
Therefore, Q. = 1.0

Q=0Q,(Q, =1.0) = 0.609
Check limit for the applicable equation

0.44QF, = 0.44(0.609)(50 ksi) = 13.4 ksi > 10.5 ksi  therefore Eqn. E7-3 applies

F, =0.877F, =0.877(10.5 ksi) = 9.21 ksi Eqn. E7-3
P, =F,A =(9.21ksi)4.42 in” = 40.7 kips Eqn. E7-1
LRFD ASD
d.=0.90 Q. =167 _
¢.P, =0.90(40.7kips) P./Q, = 40.7Kips/1.67 Section E1
= 36.5 Kips > 30.0 kips 0.k. = 24.3 kips > 20.0 kips 0.k.
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Example E.9 Design of a Rectangular HSS Compression Member without
Slender Elements

Given: B =85 kips

Select a rectangular HSS compression member, with a length of 20 ft, e
to support a dead load of 85 kips and live load of 255 Kips in axial l%ééd

compression. The base is fixed and the top is pinned. 3
=
o
N
1
~]
77
Material Properties:
ASTM A500 Gr. B F, = 46 ksi F, =58 ksi Manual
Table 2-3
Calculate the required strength
LRFD ASD
P, =1.2(85.0 kips)+1.6(255 kips) =510 kips | P, =85.0 Kips+ 255 kips = 340 kips
Table Solution:
K=0.8 Commentary
Table C-C2.2
(KL)x = (KL), = 0.8(20.0 ft) = 16.0 ft
Enter Manual Table 4-3 for rectangular sections or Table 4-4 for square sections.
Try an HSS12x10x %
Determine the available strength in axial compression
LRFD ASD
¢.P, =673 kips > 510 kips ok. | P,/Q, =448 kips > 340 kips o.k. Manual
Table 4-3
The available strength can be easily determined by using the tables of the Manual. Available
strength values can be verified by hand calculations, as shown below.
Calculation Solution:
Geometric Properties: Manual

HSS12x10xY5 A, =19.0in? 1, =456in. r,=3.96in.  te =0.465in. Table 1-11



Check for slender elements

Note: if the corner radius is not known, b and h shall be taken as the outside dimension less
three times the design wall thickness. This is generally a conservative assumption.

Calculate b/t of the most slender wall

D:12.0|n.-3(0._465|n.):22.8 <140 E _ 1.40 /29,000 _kSI —359
t 0.465in. F 46 ksi

Therefore, the section does not contain slender elements.

Since ry < ryand (KL), = (KL)y, ry will govern the available strength.
Determine the applicable equation

K,L _0.8(20.0 ft)(12 in/ft)
3.96 in.

ry
4.71 FE =471 /%ESKS' =118 > 48.5, therefore, use Specification Equation E3-2.
\/ i
y

n’E_ n°(29,000)

i (KL)Z (48.5)°

=48.5

=122 ksi

r

F 46 ksi
F, = {0.658 Fe ] F = [0.658122 ksi j(46 ksi) =39.3 ksi

P, =F,A, =(39.3ksi)19.0 in.* = 746 kips

LRFD ASD
¢. =0.90 Q. =1.67
9.P, =0.90(746 kips) P/, = 120 Kips
e 1.67
= 673 kips > 510 Kips 0.k. = 448 Kips > 340 Kips 0.k.
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Example E.10 Design of a Rectangular HSS Compression Member with

Slender Elements

‘Ig = 26 kips

Given: P =77 kips
Select a rectangular HSS12x8 compression member with a length of iféfffi

30 ft, to support an axial dead load of 26 kips and live load of 77 Kips.
The base is fixed, the top is pinned.

A column with slender elements has been selected to demonstrate the
design of such member.

=30 ft

Y/
Material Properties:
ASTM A500 Gr. B F, = 46 ksi F, =58 ksi
Calculate the required strength
LRFD ASD

P, =1.2(26.0 kips)+1.6(77.0 kips) =154 kips | P, =26.0 kips+77.0 kips =103 kips

Table Solution:

K=0.8 Therefore (KL), = (KL), = 0.8(30.0 ft) = 24.0 ft
Enter Manual Table 4-3, in the HSS12x8 section and proceed across the page until the lightest
section is found with an available strength that is equal to or greater than the required strength,

in this case a HSS 12x8x¥s.

Determine the available strength in axial compression

LRFD ASD

¢.P, =155 Kkips > 154 kips ok. | P /Q, =103 kips= 103 kips o.k.

The available strength can be easily determined by using the tables of the Manual. Available
strength values can be verified by hand calculations, as shown below, including adjustments
for slender elements.

Calculation Solution:

Geometric Properties:
HSS12x8x¥is A =6.76 in? r = 456in. r,=3.35in. %: 43.0

%: 66.0 tees = 0.174 in.

Manual
Table 2-3

Commentary
Table C-C2.2

Manual
Table 4-3

Manual
Table 1-11
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Determine for slender elements
Calculate the limiting width-thickness ratios

A, =1.40 E =1.40 fw =35.2 <43.0 therefore both the 10-in. and 12-in. walls are Table B4.1
F 46 ksi Case 12

slender elements.

Note that for determining the width-thickness ratio, b is taken as the outside dimension minus
three times the design wall thickness.

For the selected shape

b= 8.00in.-3(0.174in.) =7.48in. Specification
h=12.0in.-3(0.174in.) =115in. Section
B4.2d

For an HSS member with slender elements, the nominal compressive strength, P,, shall be
determined based upon the limit states of flexural buckling. Torsional buckling will not
govern unless the torsional unbraced length greatly exceeds the controlling flexural unbraced
length.

Compute effective area, Act Section E7
Q.= ﬁ
a= A Eqn. E7-16
where

A« = summation of the effective areas of the cross section based on the reduced effective
widths be.

For flanges of square and rectangular slender element section of uniform thickness,

be= 1.92t |E[1-038 B}
f (b/t)\ f Eqn. E7-18

where f = P, /A¢, but can conservatively be taken as F,

For the 8-in. walls,

b = 1.92t E 1_% E Eqgn. E7-18
\/ F, (b/t)\l F,
- 1.92(0.174in) [22000kst |, 038 129,000ksi | _ ¢ oai <7.4gin.
46 ksi (43.0)\ 46ksi

Length that can not be used = b — b, = 7.48 in. — 6.53 in. = 0.950 in.

For the 12 inch walls.



b= 192t | £ |1-038 |E
F, | (b/t)\F,
= 1.92(0.174in), [22.000kst |y 038 [29.000ksi | _7 154 <1151,
46 ksi (66.0)\ 46ksi

Length that can not be used =11.5in. - 7.18 in. =4.32 in.

Therefore Ags= 6.76 in.2 — 2(0.174 in.)(0.950 in.) — 2(0.174 in.)(4.32 in.) = 4.93 in.
in 2

Therefore Q = Q, = Aa ﬂ =0.729
n.

Determine the appropriate equation for F¢,

K,L i / i
y- _ 0.8(30.0 ft)(_12 in/ft) _ 86.0 <4.71 E _ 471 29,000 k5|_ —139
r, 3.35in. QF, 0.729(46 ksi)

QFy
Therefore F, = Q{O.GSS Fe }Fy

E (29,000 ksi)
¢ (KLJZ 86.07
;

=38.7 ksi

QFy 0.729(46 ksi)
Fo = Q| 0.658 Fe Fy = 0.729|:0.658 38.7 ksi }46 ksi =23.3 ksi.

Py = FerAy = 23.3 ksi(6.76 in.%) = 158 Kips

LRFD ASD
¢c=0.90 Q.= 1.67
3 Loy _ . 158 Kips . .
.P, =0.90(158 kips) =142 kips < 154 kips | P, /Q =="""""=94.7 kips < 103 kips
See note below See note below

Note: A conservative initial assumption (f = F,) was made in applying Specification Equation
E7-18. A more exact solution is obtained by iterating from the Compute effective area, A
step using f = P./A¢ until the value of f converges. The HSS column strength tables in the
Manual were calculated using this iterative procedure.

E-41

Egn. E-16

Eqgn. E7-2

Egn. E3-4

Eqgn. E7-2

Eqn. 7-1

Section E1



Example E.11 Design of a Pipe Compression Member

‘ B =35 kips
Given: P =105 Kips
Select a Pipe compression member with a length 30 ft to
support a dead load of 35 kips and live load of 105 Kips in %
axial compression. The column is pin-connected at the ends
in both axes and braced at the midpoint in the y-y direction. ﬁ
T =
Braced —=fX——1 3
Y-direction 4
only f,.:,
Material Properties:
ASTM A53 Gr. B F, = 35 ksi Fy =60 ksi
Calculate the required strength
LRFD ASD

P, =1.2(35.0 kips)+1.6 (105 kips) = 210 kips | P, =35.0 kips+105 kips =140 kips

Table Solution:
K=1.0 Therefore, (KL), = 30.0 ft and (KL), = 15.0 ft Buckling about the x-x axis controls.

Enter Manual Table 4-6 with a KL of 30 ft and proceed across the table until reaching the
lightest section with sufficient available strength to support the required strength.

Try a 10 inch Standard Pipe. The available strength in axial compression is:

LRFD ASD
¢.P, =215 kips > 210 kips 0.k. P./Q, =143 kips > 140 kips 0.k.

The available strength can be easily determined by using the tables of the Manual. Available
strength values can be verified by hand calculations, as shown below.

Calculation Solution:

Geometric Properties:
Pipe 10 Std. A =111in? r=3.68in.

All Steel Pipes shown in Manual Table 4-10 are compact at 35 ksi, so no local buckling check is
required.

&: (30.0 ft)(1_2 m./ft) _o78
r 3.68in.
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Manual
Table 2-3

Commentary
Table C-C2.2

Manual
Table 4-10

Manual
Table 4-10

Section E3



471 |[E 2471 /220008 4a5 978
F, 35 ksi

n’E n°(29,000 ksi)

i (KL)Z (97.8)°

r

=29.9 ksi

R 35 ksi
F, = [0.6585 J F, = (0.65829-9 i J(35 ksi) =21.4 ksi

P, =F,A, =(21.4 ksi)11.1in.* = 238 kips

LRFD

ASD

¢c = 0.90
¢,P, =0.90(238 kips)

=215 kips > 210 kips  o.k.

Q. =1.67
P IO, = 238 kips
1.67

=143 kips > 140 kips

o.k.

Note that the design procedure would be similar for a round HSS column, except that local

buckling should also be checked.
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Egn. E3-4

Eqgn. E3-2

Eqgn. E3-1
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Example E.12 Built-up I-Shaped Member with Different Flange Sizes

Given:

Compute the available strength of a built-up compression member with a length of 14 ft. The
ends are pinned. The outside flange is PL34x5, the inside flange is PL%4x8, and the web is

PL34x10%4. Material is ASTM A572 Grade 50.

lPu orP, b=8
inside i
lﬁééld flange R
) tv=% 3
= RO
1 <
~
5"outside |, 1
flange ‘ | <
Ei S ! ! Il
-.g
Material Properties:
ASTM A572 F, =50 ksi F., = 65ksi
Solution:
User note: There are no tables for special built-up shapes.
Determine if the shape has any slender elements
Check outside flange slenderness
Calculate k,
4 4
k.= = — = 0.756 0.35<k, <0.76. ok
h \/ 10.5in.
t,, 0.375in.
b_2.50 _|n _333
t 0.75in

k.E \/0.756(29,000 ksi)
h, =0.64 |== =0.64 : =134
F 50 ksi

b . .
T <A, therefore, the outside flange is not slender.

Check inside flange slenderness
4.0in.

b
t 0750in.
b
t

<\, therefore, the inside flange is not slender.
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Manual
Table 2-4

Table B4.1
Note [a]

Table B4.1
Case 4

Table B4.1
Case 4
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Check web slenderness

h 105in.

t O 375 in. Table B4.1

29,000 K Case 14
_1.49 | £ _1.49 [22000ksi _
50 ksi

? <\, therefore, the web is not slender.

Calculate section properties (ignoring welds)

A, =byit,; +ht, +b,,t,, =(8.00 in.)(0.750 in.)+ (0.5 in.)(0.375 in.)+(5.00 in.)(0.75 in.)
=13.7in.2

_sAy (6.00in)(116 in.)+(3.94in.”)(6.00in.)+(3.75in.*)(0.375 in.)
"7 3A (600in7)+(3.94in?)+(3.75in”)

=6.92in.

Note that the neutral axis location is measured from the bottom of the outside flange.

- (80 i“-)ig'm ) +(80in.)(0.75in.)(4.71 in.)Z}

(0.375in.)(10.5 in.)’
12

+(0.375 in.)(10.5 in.)(0.92 in.)2]+

(5.0 in.)(0.750 in.)’
12

o4
=\E=,/334 N _494in.
A 13.7 in.2

. :[(0.75 in.)(8.0 in.)3}{(10.5 in.)(0.375 in.)3]+[(0.750 in.)(5.0 in.)j:sg9 4

+(5.0in.)(0.750 in.)(6.55 in.)2] =334 in.’

12 12 12

| H—
r = \/: 2 220 g 71in,
A 13.7in.
Calculate x-x axis flexural elastic critical buckling stress, F

K,L 1.0(14.0 ft)(12 in./ft)
ro 4.94 in.

X

=34.0 Section E3
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2 2 H
F=" E__m(29,000ksi) 247 ksi does not control Eqn. E3-4

) [ KLJZ (34.0)°

r

Calculate the flexural- torsional critical elastic buckling stress

=2.01in*

(bt (8.00in.)(0.750in.)* (10.5in.)(0.375in.)" (5.00 in.)(0.750 in.)’
J_Z(?J— 3 + 3 + 3

0.750 in. 0.750 ii.
2

=tfh;[ b’b,? j_(o.750 in.)(11.25 in.)z{ (8.00in.)’ (5.00in.)’ ]2795 .

Y12 12 (8.00in.)" +(5.00in.)’ '

=11.3in.

tf tf -
h =d-——-"=120in.—
2 2

b®+b}

Locate the shear center
Due to symmetry, both the centroid and the shear center lie on the y-axis. Therefore x, =0

3 H 3
e=h, % =11.3in. _(8'(3)0 In.) —— |=9.04in.
b’ +b, (8.00 in.)* +(5.00 in.)

Note that this shear center location is taken from the center of the outside flange. Therefore,
add one-half the flange thickness to determine the shear center location measured from the
bottom of the outside flange.

0.751n. _ 5 42 in,

t
e+—=9.04in.+
2

t
Therefore y, = (e+é}—7 =9.42 in.—6.92 in. = 2.50 in.

I +1 in? in.
T2 o 4y 4 204 (250 in)? 4 oot I 399N _ g3 5in 2
13.7in. Eqn. E4-7
2 2 H 2
H=1- %o t¥o g 0+(@S0IN) 4543 Eqn. E4-8
A 33.51n.
Since the ends are pinned, K =1.0 Commentary
Table
KL _10(140ft)(120in/ft) o CC22
r,o 1.71in. S
2 ?(29,000 ksi
F-_TE _T ( )= 29.7 ksi Egn. E4-10

” [ KyLJZ (98.2)°

Ty
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2
= T ECV; GJ 1_2 Eqn. E4-11
(K.L) AT,
[ 7% (29,000 ksi)(795 in.?
_| = I )2 +(11,200 ksi)(2.01 in*) _ L | ge6ksi
[(1.0)(14.0 ft)(12 in./ft) | (13.7in?)(335in.%)
- _ Fey+FezJ 1 1_4':ev—':esz Eqn. E4-5
2H (Fey + FEZ)
[ 29.7 ksi +66.6 ksi b 4(29.7 ksi)(66.6 ksi)(0.813)
2(0.813) (29.7 ksi +66.6 ksi)’

=26.4 ksi controls
Torsional and flexural-torsional buckling governs
0.44F, = 0.44(50 ksi) = 22.0 ksi < 26.4 ksi therefore Equation E3-2 applies

A 50 ksi
5 _ Eqn. E3-2
F, :{0.658& } F, = {0.65826-‘”“' }(so ksi) = 22.6 ki an
P, =F,A =(226 ksi)13.7 in* = 310 kips Eqn. E3-1
LRFD ASD
. = 0.90 Q. =1.67
i Section E1
4.P, =0.90(310 kips) = 279 Kips p 1 =310KIPS _ 166 kips
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CHAPTER F
DESIGN OF MEMBERS FOR FLEXURE

INTRODUCTION

This Specification chapter contains provisions for calculating the flexural strength of members subject to simple
bending about one principal axis. Included are specific provisions for I-shaped members, channels, HSS, tees,
double angles, single angles, rectangular bars, rounds and unsymmetrical shapes. Also included is a section with
proportioning requirements for beams and girders.

There are selection tables in the Manual for standard beams in the commonly available yield strengths. The
section property tables for most cross sections provide information that can be used to conveniently identify
noncompact and slender sections. LRFD and ASD information is presented side by side.

Most of the formulas from this chapter are illustrated by example below. The design and selection techniques
illustrated in the examples for both LRFD and ASD designs are similar to past practices and will result in similar
designs.

F1. GENERAL PROVISIONS

Selection and evaluation of all members is based on deflection requirements, and strength, which is determined
based on the design flexural strength, ¢,M,, or the allowable flexural strength, M,/Qy,, where:

M, = the lowest nominal flexural strength based on the limit states of yielding, lateral torsional-buckling and
local buckling, where applicable

¢, =0.90 (LRFD) Qp, = 1.67 (ASD).
This design approach is followed in all examples.

The term L, is used throughout this chapter to describe the length between points which are either braced against
lateral displacement of the compression flange or braced against twist of the cross section. Requirements for
bracing systems and the required strength and stiffness at brace points are given in Specification Appendix 6.

The use of C, is illustrated in several examples below. Manual Table 3-1 provides tabulated C;, values for many
common situations.

F2. DOUBLY-SYMMETRIC COMPACT I-SHAPED MEMBERS AND CHANNELS BENT ABOUT
THEIR MAJOR AXIS

Section F2 applies to the design of compact beams and channels. As indicated in the User Note in Section F2 of
the Specification, the vast majority of rolled I-shaped beams and channels fall into this category. The curve
presented as a solid line in Figure F-1 below is a generic plot of the moment capacity, M,, as a function of the
unbraced length, L,. The horizontal segment of the curve at the far left, between L, = 0 ft and L,, is the area where
the strength is limited by flexural yielding. In this region, the nominal strength is taken as the full plastic moment
strength of the section as given by Specification Equation F2-1. In the area of the curve at the far right, starting at
L., the strength is limited by elastic buckling. The strength in this region is given by Specification Equation F2-3.
Between these regions, within the linear region of the curve between M, = M, at L, on the left, and M, = 0.7M, =
0.7F,S, at L, on the right, the strength is limited by inelastic buckling. The strength in this region is provided in
Specification Equation F2-2.

The curve plotted as a heavy solid line represents the case where C, = 1.0, while the heavy dashed line represents
the case where C, exceeds 1.0. The nominal strengths calculated in both equations F2-2 and F2-3 are linearly
proportional to Cy, but are limited to not more than M, as shown in the figure.
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Mn =M, = F,Z, Eqgn. F2-1
L,-L
M,=C,| M, —(M, -0.70F S ) L—Lp <M, Eqgn. F2-2
T p
Mn = FerSx < Mp: where F, is evaluated as shown below
Eqgn. F2-3
C,E I ’
Fo= 275 00782 [ Lo
L, S,h,  r, Eqn. F2-4
T

The provisions of this section are illustrated in Example F.1(W-shape beam) and Example F.2 (channel).

Plastic design provisions are given in Appendix 1. Ly, the maximum unbraced length for plastic design is less
than L.
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F3. DOUBLY-SYMMETRIC I-SHAPED MEMBERS WITH COMPACT WEBS AND
NONCOMPACT OR SLENDER FLANGES, BENT ABOUT THEIR MAJOR AXIS

The strength of shapes designed according to this section is limited by local buckling of the compression flange.
Only a few standard wide flange shapes have noncompact flanges. For these sections, the strength reduction in
with F, = 50 ksi steel varies. The approximate percentages of M, about the strong axis that can be developed by
noncompact members when braced such that L, < L, are shown below:

W21x48 = 99% W14x99 =99% W14x90 = 96% W12x65 = 98%
W10x12 = 99% W8x31 =99% W8x10 =99% W6x15 =94%
W6x8.5 =97% M4x6  =85%

The strength curve for the flange local buckling limit state, shown in Figure F-2, is similar in nature to that of the

b
lateral-torsional buckling curve. The horizontal axis parameter is }L:?. The flat portion of the curve to the left
f
of Ay is the plastic yielding strength, M,. The curved portion to the right of A is the strength limited by elastic
buckling of the flange. The linear transition between these two regions is the strength limited by inelastic flange
buckling.

My =M, = F,Z, Eqn. F2-1
M,=|M_ —(M_-0.7FS,) Aoy Eqn. F3-1
nT P p U TySx . _kpf gn.
_ 0.9EKS,
nT T Eqgn. F3-2

The strength reductions due to local flange buckling of the few standard rolled shapes with noncompact flanges
are incorporated into the design tables in Chapter 3 of the Manual.

There are no standard I-shaped members with slender flanges. The noncompact flange provisions of this section
are illustrated in Example F.3.
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F4. OTHER I-SHAPED MEMBERS WITH COMPACT OR NONCOMPACT WEBS, BENT ABOUT
THEIR MAJOR AXIS

This section of the Specification applies to doubly symmetric I-shaped members with noncompact webs and
singly symmetric I-shaped members (those having different flanges) with compact or noncompact webs.

F5. DOUBLY-SYMMETRIC AND SINGLY-SYMMETRIC I-SHAPED MEMBERS WITH
SLENDER WEBS BENT ABOUT THEIR MAJOR AXIS

This section applies to I-shaped members with slender webs, formerly designated as “plate girders”.

F6. I-SHAPED MEMBERS AND CHANNELS BENT ABOUT THEIR MINOR AXIS

I-shaped members and channels bent about their minor axis are not subject to lateral-torsional buckling. Rolled or
built up shapes with noncompact or slender flanges, as determined by Specification Table B4.1, must be checked
for local flange buckling using Equations F6-2 or F6-3 as applicable.

The vast majority of W-, M-, C-, and MC-shapes have compact flanges, and can therefore develop the full plastic
moment, M, about the minor axis. The provisions of this section are illustrated in Example F.5.

F7. SQUARE AND RECTANGULAR HSS AND BOX-SHAPED MEMBERS

Square and rectangular HSS need only be checked for the limit states of yielding and local buckling. Although
lateral-torsional buckling is theoretically possible for very long rectangular HSS bent about the strong axis,
deflection will control the design as a practical matter.

The design and section property tables in the Manual were calculated using a design wall thickness of 93% of the
nominal wall thickness. Strength reductions due to local buckling have been accounted for in the Manual design
tables. The selection of rectangular or square HSS with compact flanges is illustrated in Example F.6. The
provisions for rectangular or square HSS with noncompact flanges are illustrated in Example F.7. The
provisions for HSS with slender flanges are illustrated in Example F.8.

F8. ROUND HSS AND PIPES

The definition of HSS encompasses both tube and pipe products.  The lateral-torsion buckling limit state does
not apply, but round HSS are subject to strength reductions from local buckling. Awvailable strengths of round
HSS and Pipe are listed in Manual Table 3-14 and 3-15. The tabulated properties and strengths of these shapes in
the Manual are calculated using a design wall thickness of 93% of the nominal wall thickness. The design of a
round HSS is illustrated in Example F.9.

Fo. TEES AND DOUBLE ANGLES LOADED IN THE PLANE OF SYMMETRY

The specification provides a check for flange local buckling, which applies only when the flange is in
compression due to flexure. This limit state will seldom govern. No explicit check for local buckling of the web
is provided, but the lateral-torsional limit state equation converges to the local buckling limit state strength as the
length approaches zero. Thus, this limit state must still be checked for members with very short or zero unbraced
length when the tip of the stem is in flexural compression. As noted in the commentary, when the unbraced

length is zero, the equation converges to M, = 0.4242. When the tip of the tee is in flexural tension and the

beam is continuously braced, this limit state need not be checked. Attention should be given to end conditions of
tees to avoid inadvertent fixed end moments which induce compression in the web unless this limit state is
checked. The design of a WT-shape in bending is illustrated in Example F.10.

F10.  SINGLE ANGLES

Section F10 permits the flexural design of single angles using either the principal axes or geometric axes (x-x and
y-y axes). When designing single angles without continuous bracing using the geometric axis design provisions,
M, must be multiplied by 0.80 for use in Equations F10-1, F10-2 and F10-3. The design of a single angle in
bending is illustrated in Example F.11.
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F11. RECTANGULAR BARS AND ROUNDS

There are no design tables in the Manual for these shapes. The local buckling limit state does not apply to any
bars. With the exception of rectangular bars bent about the strong axis, solid square, rectangular and round bars
are not subject to lateral-torsional buckling and are governed by the yielding limit state only. Rectangular bars
bent about the strong axis are subject to lateral torsional buckling and are checked for this limit state with
Equations F11-2 and F11-3 where applicable.

These provisions can be used to check plates and webs of tees in connections. A design example of a rectangular
bar in bending is illustrated in Example F.12. A design example of a round bar in bending is illustrated in
Example F.13.

F12. UNSYMMETRICAL SHAPES

Due to the wide range of possible unsymmetrical cross sections, specific lateral-torsional and local buckling
provisions are not provided in this Specification section. A general template is provided, but appropriate literature
investigation and engineering judgment are required for the application of this section. A Z-shaped section is
designed in Example F.14.

F13. PROPORTIONS FOR BEAMS AND GIRDERS

This section of the Specification includes a limit state check for tensile rupture due to holes in the tension flange
of beams, proportioning limits for I-shaped members, detail requirements for cover plates and connection
requirements for beams connected side to side.
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Example F.1-la  W-Shape Flexural Member Design in Strong-
Axis Bending, Continuously Braced.

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.

Solution:

Material Properties:

ASTM A992 F, =50 ksi F, =65 ksi Manual
Table 2-3
Calculate the required flexural strength
LRFD ASD

w, = 1.2(0.450 kip/ft) +1.6 (0.750 kip/ft) w, = 0.450 kip/ft + 0.750 kip/ft

= 1.74 kip/ft = 1.20 kip/ft

1.74kip/ft (35.0 ft)’ _ 1.20 kip/ft(35.0 ft)° _

My = 5 = 266 kip-ft M, = 5 = 184 kip-ft

Calculate the required moment of inertia for live-load deflection criterion of L/360

L 35.0ft(12 in/ft)

Ay =—— =1.17in.
360 360
Manual
Table 3-23
4 - 4 - 3
lieqs = swi™  5(0.750 kip/ft)(35.0 ft)" (12 in/ft)” _ 748 in 4 Diagram 1
384EA, 384 (29,000 ksi)(1.17in.)
Select a W18x50 from Table 3-2
Per the User Note in Section F2, the section is compact. Since the beam is continuously
braced and compact, only the yielding limit state applies.
LRFD ASD
i i M M . ] Manual
oM, =o,M , =379kip-ft > 266 kip-ft o.k. Q” = Q—"x =252 kip-ft > 184 kip-ft  o.k. Table 3-2
b b
l,=800in.">748in* ok. Manual

Table 3-2



Example F.1-1b ~ W-Shape Flexural Member Design in Strong-
Axis Bending, Continuously Braced.

Given:

Example F.1-1a can be easily solved by utilizing the tables of the AISC Steel Construction
Manual. Alternatively, this problem can be solved by applying the requirements of the AISC
Specification directly.

Solution:

Material Properties:
ASTM A992 F, =50 ksi F,=65ksi

Geometric Properties:
W18x50 Z,=101in2

Required strength from Example F.1-1a

LRFD ASD

M, = 266 Kip-ft M, = 184 Kip-ft

Calculate the nominal flexural strength, M,

Per the User Note in Section F2, the section is compact. Since the beam is continuously
braced and compact, only the yielding limit state applies.

M, = M, = Fy Z, = 50 ksi(101 in.?) = 5050 kip-in. or 421 kip-ft

Calculate the available flexural strength

LRFD ASD
d)b =0.90 Qb =1.67
oy M, = 0.90(421 kip-ft) M, /Q, = (421 kip-ft)/1.67
= 379 kip-ft > 266 kip-ft 0.k = 252 kip-ft > 184 kip-ft 0.k

F-7

Manual
Table 2-3

Manual
Table 1-1

Eqgn. F2-1

Section F1
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Example F.1-2a  W-Shape Flexural Member Design in Strong-Axis Bending,
Braced at Third Points

Given:

Verify the strength of the W18x50 beam selected in Example F.1-1a if the beam is braced at the ends and third
points rather than continuously braced.

Solution:

Required flexural strength at midspan from Example F.1-1a

LRFD ASD
M, = 266 kip-ft M, = 184 Kip-ft

_ 350ft

L, —11.7ft

By inspection, the middle segment will govern. For a uniformly loaded beam braced at the
ends and third points, C, = 1.01 in the middle segment. Conservatively neglect this small
adjustment in this case.

Manual
Table 3-1

Obtain the available strength from Table 3-10

Enter Table 3-10 and find the intersection of the curve for the W18x50 with an unbraced
length of 11.7 ft. Obtain the available strength from the appropriate vertical scale to the left.

LRFD ASD

M, ) . Manual
oM, ~ 302 kip-ft > 266 Kip-ft 0.k. o~ 201kip-ft > 184 kip-ft ok. Table 3-10

b
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Example F.1-2b ~ W-Shape Flexural Member Design in Strong-
Axis Bending, Braced at Third Points
Given:

Example F.1-2a was solved by utilizing the tables of the AISC Steel Construction Manual.
Alternatively, this problem can be solved by applying the requirements of the AISC
Specification directly.

Solution:

Material Properties: Manual
ASTM A992 F, =50 ksi F,=65ksi Table 2-3

Geometric Properties: Manual
W18x50 S.=889in3 Table 1-1

Required strength from Example F.1-2a

LRFD ASD
M, = 184 kip-ft

M, = 266 kip-ft

Calculate the nominal flexural strength, M,
Calculate C,

For the lateral-torsional buckling limit state, the nonuniform moment modification factor can
be calculated using Specification Equation F1.1.

12.5M .F1-
Cb - 5 max Rm <3.0 Eqn F1-1
25M__ +3M, +4M, +3M_

For the center segment of the beam, the required moments for Equation F1-1 can be calculated
as a percentage of the maximum midspan moment as: My = 1.00, My = 0.972, Mg = 1.00, Mc
=0.972.

Rm = 1.0 for doubly-symmetric members

c_ 12.5(1.00) (10)=101
" 25(1.00)+3(0.972)+4(1.00)+3(0.972)

For the end-span beam segments, the required moments for Equation F1-1 can be calculated as
a percentage of the maximum midspan moment as: My = 0.889, M, = 0.306, Mg = 0.556, and
Mc = 0.750.

c_ 12.5(0.889) (10)=146
" 2.5(0.889)+3(0.306)+4(0.556)+3(0.750)




Thus, the center span, with the higher required strength and lower Cy, will govern.

L,=5.83 ft
L, =17.0ft

Note: The more conservative formula for L, given in the User Note in Specification Section F2
can yield very conservative results.

For a compact beam with an unbraced length of L, < L, < L, the lesser of either the flexural
yielding limit-state or the inelastic lateral-torsional buckling limit-state controls the nominal

strength.

M, = 5050 kip-in. (from Example F.1-2a)

M= C M —M —07Fs)| ke ||<m
n b p ( p ' yX) L_L - p
r p

11.7ft —5.83ftﬂ

M, = 1.01{5050 kip-in. (5050 kip-in.—0.7(50 ksi)(88.9in.3))(17 T

< 5050kip-in.
= 4070 Kip-in. or 339 kip-ft

Calculate the available flexural strength

LRFD ASD
dp =0.90 Q=167
dp M, = 0.90(339 kip-ft) M, /Q, = (339 kip-ft)/1.67
= 305 kip-ft > 266 kip-ft o.k. =203 kip-ft > 184 kip-ft o.k.
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Example F.1-3a.

W-Shape Flexural Member design in Strong-

Axis Bending, Braced at Midspan

Given:

Verify the strength of the W18x50 beam selected in Example F.1-1a if the beam is braced at
the ends and center point rather than continuously braced.

Solution:

Required flexural strength at midspan from Example F.1-1a

LRFD

ASD

M, = 266 Kip-ft

M, = 184 kip-ft

_ 35.0ft _175ft

L,

For a uniformly loaded beam braced at the ends and at the center point, C, = 1.30. There are
several ways to make adjustments to Table 3-10 to account for C,, greater than 1.0.

Procedure A.

Available moments from the sloped and curved portions of the plots in from Manual Table 3-
10 may be multiplied by C,, but may not exceed the value of the horizontal portion (¢M, for

LRFD, M,/Q) for ASD).

Obtain the available strength of a W18x50 with an unbraced length of 17.5 ft from Manual

Table 3-10

Enter Table 3-10 and find the intersection of the curve for the W18x50 with an unbraced
length of 11.7 ft. Obtain the available strength from the appropriate vertical scale to the left.

LRFD

ASD

oM, = 222 kip-ft
dpM, = 379 Kip-ft (upper limit on C,M,)

Adjust for C,

(1.30)(222 Kip-ft) = 288 kip-ft

M, / Q, = 147 kip-ft
M, / Q, = 252 kip-ft (upper limit on C,M,)

Adjust for C,

(1.30)(147 Kip-ft) = 191 kip-ft
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Check Limit

288 Kip-ft < ¢oM, = 379 kip-ft 0.k.

Check available versus required strength

288 kip-ft > 266 Kip-ft  0.k.

Check Limit

191 kip-ft < M, / Q,, = 252 kip-ft o.k.
Check available versus required strength

191 kip-ft > 184 kip-ft o.k.

Procedure B.

For preliminary selection, the required strength can be divided by Cy, and directly compared to
the strengths in Table 3-10. Members selected in this way must be checked to ensure that the

required strength does not exceed the available plastic moment strength of the section.

Calculate the adjusted required strength

LRFD

ASD

My’ = 266 Kip-ft / 1.3 = 205 Kip-ft

M, = 184 Kip-ft / 1.3 = 142 Kip-ft

Obtain the available strength for a W18 x50 with an unbraced length of 17.5 ft from Manual

Table 3-10

LRFD

ASD

dpM, = 222 kip-ft > 205 kip-ft o0.k.

oM, ~ 379 Kip-ft > 266 kips  0.k.

M, / Qp ~ 147 kip-ft > 142 kip-ft  0.k.

Mp / Q= 252 kip-ft > 184 kips  0.k.
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Example F.1-3b. W-Shape Flexural Member Design in Strong-
Axis Bending, Braced at Midspan
Given:

Example F.1-3a was solved by utilizing the tables of the AISC Steel Construction Manual.
Alternatively, this problem can be solved by applying the requirements of the AISC
Specification directly.

Solution:

Geometric Properties:
W18x50 re = 1.98 in. 5,=889in® J=124int h, = 17.4 in.

Required strength from Example F.1-3a

LRFD ASD
M, = 266 Kip-ft M, = 184 Kip-ft

Calculate the nominal flexural strength, M,
Calculate C,

125M . R <30

© 25M,,, +3M,+4M,+3M, " Eqn. F1-1

Ch

The required moments for Equation F1-1 can be calculated as a percentage of the maximum
midspan moment as: Mpa= 1.00, M, = 0.438, Mg = 0.750, and M¢ = 0.938.

Rm = 1.0 for doubly-symmetric members

12.5(1.00)
C, = (1.0)=1.30
2.5(1.00)+3(0.438)+4(0.750)+3(0.938)
L,=5.83ft Manual
L =17.0 1t Table 3-6

For a compact beam with an unbraced length L, > L,, the limit state of elastic lateral-torsional
buckling applies.

Calculate F,, with L, =17.5ft

2 2
Fo = Cym E \/1+ 0_0788‘]—;(ij where ¢ = 1.0 for doubly symmetric I-shapes Eqn. F2-4
5 X 0 nS

T

S

_ 1.307%(29,000 ksi) \/1+0078 (L24in*)1.0 {17.5ft(12 in./ft)

2
3 — : : ] = 43.2 ksi
(175ft(12|n/ft)) (88.9in°)(17.4in.)\  1.98in.

1.98 in.



My = FerSe < M,

M, = 43.2 ksi(88.9 in.%) = 3840 kip-in. < 5050 Kip-in.
M, = 3840 kip-in or 320 kip-ft

Calculate the available flexural strength

LRFD ASD
¢ =090 0, =167
. M ip- .
9 Mo = 0.90(320 kip-ft) = 288 kip-ft w2 S20KPT _ 65 ip-ft
o, 167
288 kip-ft > 266 kip-ft  0.k. 192 kip-ft > 184 kip-ft  o.k.
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Example F.2-la  Compact Channel Flexural Member,
Continuously Braced

Given:

Select an ASTM A36 channel to serve as a roof edge beam with a simple span of 25 ft. Limit
the live load deflection to L/360. The nominal loads are a uniform dead load of 0.23 kip/ft and
a uniform live load of 0.69 kip/ft. The beam is continuously braced.

Solution:
Material Properties:
ASTM A36 F, = 36 ksi F, = 58 ksi Manual
Table 2-3
Calculate the required flexural strength
LRFD ASD
w, = 1.2(0.230 kip/ft) + 1.6(0.690 kip/ft) w, = 0.230 kip/ft + 0.690 kip/ft
= 1.38 kip/ft =0.920 kip/ft
1.38 kip/ft(25.0 ft)’ , 0.920 kip/ft(25.0 ft)’ ,
M, = 5 =108 kip-ft M, = 5 = 71.9 kip-ft
Select a trial section
Per the User Note in Section F2, all ASTM A36 channels are compact. Because the beam is
compact and continuously braced, the yielding limit state governs. Select C15x33.9 from
Manual Table 3-8.
LRFD ASD
$pM, = M, = 137 Kip-ft > 108 kip-ft o.k. |M./Qy = M,/Qy, = 91.2 Kip-ft > 71.9 Kip-ft 0.k.
Check live load deflection
25.0 ft(12 in./ft
nax = L # =0.8331in.
360 360- . Manual
For C15x33.9, I,=315in. Table 1-5
¢ 5(0.690 kip/ft)(25.0 ft)" (12 in./ft)’ Manual
L PIft)(25.0 ) { ) —o0664in. <0833 in. ok Table 3.23

~ 384EI 384 (29,000 ksi)(315 in.*



Example F.2-1b  Compact Channel Flexural Member,
Continuously Braced

Given:

Example F.2-1a can be easily solved by utilizing the tables of the AISC Steel Construction
Manual. Alternatively, this problem can be solved by applying the requirements of the AISC

Specification directly.
Solution:

Material Properties:

ASTM A36 F, = 36 ksi

Geometric Properties:

C15x33.9 Z,=50.8in?

Required strength from Example F.2-1a

F, =58 ksi

LRFD

ASD

M, = 108 kip-ft

M = 71.9 Kip-ft

Calculate the nominal flexural strength, M,

Per the User Note in Section F2, all ASTM A36 C- and MC-shapes are compact.

A channel that is continuously braced and compact is governed by the yielding limit state.

M,= M, = F,Z, = 36 ksi(50.8 in.%) = 1830 kip-in. or 152 kip-ft

LRFD

ASD

¢ =0.90
oo M, = 0.90(152 kip-ft)
= 137 kip-ft > 108 kip-ft

o.k.

Qp =1.67
M./Q, = 152 kip-ft / 1.67
=91.3 kip-ft > 71.9 kip-ft o.k.
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Example F.2-2a  Compact Channel Flexural Member
with Bracing at Ends and Fifth Points

Given:

Check the C15x33.9 beam selected in Example F.2-1a, assuming it is braced at the ends and
the fifth points rather than continuously braced.

Solution:

Material Properties:
ASTM A36 F, = 36 ksi F, =58 ksi

The center segment will govern by inspection.

Required strength at midspan from Example F.2-1a

LRFD ASD

M, = 108 Kip-ft

M, = 71.9 kip-ft

With an almost uniform moment across the center segment, C, = 1.0, so no adjustment is
required.

L, :@:5.001%

Obtain the strength of the C15x33.9 with an unbraced length of 5.00 ft from Manual Table 3-
11

Enter Table 3-11 and find the intersection of the curve for the C15%33.9 with an unbraced
length of 5.00 ft. Obtain the available strength from the appropriate vertical scale to the left.

LRFD ASD

dpM, = 130 kip-ft > 108 kip-ft o0.k. M./Qp = 87.0 kip-ft > 71.9 kip-ft  o.k.
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Example F.2-2b  Compact Channel Flexural Member with
Bracing at End and Fifth Points

Given:

Verify the results from Example F.2-2a by calculation using the provisions of the
Specification.

Solution:

Material Properties: Manual
ASTM A36 F,= 36 ksi F. =58 ksi Table 2-3

Geometric Properties: Manual
C15x33.9 Sy=42.0in’ Table 3-8

Required strength from Example F.2-2a

LRFD ASD
M, = 71.9 kip-ft

M, = 108 Kip-ft

Calculate the nominal flexural strength, M,

Per the User Note in Section F2, all ASTM A36 C- and MC-shapes are compact.

For the center segment of a uniformly loaded beam braced at the ends and the fifth points, Manual Table
C,=10 3-1
L,=3.75ft Manual

L, =145 ft Table 3-8

For a compact channel with L, < Ly < L,, the lesser of the flexural yielding limit state or the
inelastic lateral-torsional buckling limit-state controls the available flexural strength.

Lateral-torsional buckling limit state

From Example F.2-2a, M, = 1830 kip-in.

L -L

T p

L -L
Mn=cb[Mp—(Mp-o.7Fysx)( b *’Hs M, Eqn. F2-2

5.00ft —-3.75ft

M, = 1.0{1830 kip-in. - (1830 kip-in. — 0.7(36 ksi)(42.0 in.ﬂ){m

H <1830Kip-in.

= 1740 Kkip-in. < 1830 kip-in. o.k.

M, = 1740 Kkip-in. or 145 Kip-ft



Calculate the available flexural strength

LRFD ASD
dp =0.90 Q, = 1.67
& My = 0.90(145 kip-ft) = 131 kip-ft M, _ 145Kkip-ft _ 86.8 kip-ft
Q, 1.67

131 kip-ft > 108 kip-ft ok,

86.8 kip-ft > 71.9 kip-ft

o.k.
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Example F.3a W-Shape Flexural Member with Noncompact
Flanges in Strong-Axis Bending

Given:
Select an ASTM A992 W-shape beam with a simple span of 40 feet. The nominal loads are a

uniform dead load of 0.05 kip/ft and two equal 18 kip concentrated live loads acting at the
third points of the beam. The beam is continuously braced. Also calculate the deflection.

Note: A beam with noncompact flanges will be selected to demonstrate that the tabulated
values of the Steel Construction Manual account for flange compactness.

Solution:
Material Properties:
ASTM A992 F, =50 ksi Fy = 65 ksi

Calculate the required flexural strength at midspan

LRFD ASD
w, = 1.2(0.0500 kip/ft) = 0.0600 kip/ft W, = 0.0500 Kip/ft
P, = 1.6(18.0 kips) = 28.8 kips P, = 18.0 kips
_(0.0600 kip/ft)(40.0 ft)’ . - (0:0500 Kip/ft) (40.0 ft)’
" 8 o 8
+ (28.8kips) 40.0 1t +(18.0kips) 40.0 1t
= 396 kip-ft = 250 kip-ft

Select the lightest section with the required strength from the bold entries in Manual Table 3-2

Select W21x48.

This beam has a noncompact compression flange at F, = 50 ksi as indicated by footnote “f” in
Manual Table 3-2. This is also footnoted in Manual Table 1-1.
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Check the available strength

LRFD ASD

M. M . .
doMy = oMy = 398 Kip-ft > 396 kip-ft 0.k. Q— = —QP = 265 kip-ft > 250 kip-ft 0.k.
b b

Note: the value My, in Table 3-2 include strength reductions due the noncompact nature of the
shape

Calculate deflection
I, =959 in.*

_ 5wl* PP
384El  28El
5(0.0500 kip/ft)(40.0 ft)" (12 in/ft)"  18.0 kips(40.0 ft)" (12 in./ft)’
384 (29,000 ksi)(959 in.") 28(29,000ksi)(959in*)
2.66 in.

max

This deflection can be compared with the appropriate deflection limit for the application.
Deflection will often be more critical than strength in beam design.
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Example F.3b W-Shape Flexural Member with Noncompact
Flanges in Strong-Axis Bending
Given:

Verify the results from Example F.3a by calculation using the provisions of the Specification.
Solution:

Material Properties:

ASTM A992 F, =50 ksi F,=65ksi
Geometric Properties: Manual
W21x48 S¢=93.0in®  Zz,=107in? Table 2-3
Check flange slenderness
A= b_f =947 Manual
Table 1-1

f
The limiting width-thickness ratios for the compression flange are:

Aot = 0.38 E - 0.38 /w =9.15 Manual
F, 50 ksi Table 1-1
M= 1.0 |E = 1.0, [22000ksl _ 54 q Table B4.1

et > A > Ay, therefore, the compression flange is noncompact. This could also be determined
from the footnote “f” in Manual Table 1-1.

Calculate the nominal flexural strength, M,

Since the beam is continuously braced, and therefore not subject to lateral-torsional buckling,
the available strength is governed by Section F3

M, = F,Z, = 50 ksi(107 in.%) = 5350 kip-in. or 446 kip-ft.

) A=ty
Mo = | M, (M, —07F;S, )| -—— Eqn. F3-1

rf pf

My = | 5350 kip-in. - (5350 kip-in —0.7(50 ksi)(%.Oin.‘“’))(%ﬂ

= 5310 Kip-in. or 442 kip-ft.

Calculate the available flexural strength

LRFD ASD
¢p =0.90 Qp =1.67 Section F1
dpM,, = 0.90(442 kip-ft) My/Q, = 442 kip-ft/ 1.67
= 398 Kkip-ft > 396 kip-ft o.k. = 265 Kip-ft > 250 kip-ft o.k.

Note that these available strength values are identical to the tabulated values in Manual Table
3-2, which account for the non-compact flange.



Example F.4 W-shape Flexural Member, Selection by
Moment of Inertia for Strong-Axis Bending

Given:

Select an ASTM A992 W-shape flexural member by the moment of inertia, to limit the live
load deflection to 1 in. The span length is 30 ft. The nominal loads are a uniform dead load of
0.80 Kkip/ft and a uniform live load of 2 kip/ft. Assume the beam is continuously braced.

Solution:

Material Properties:
ASTM A992 F, =50 ksi F,=65ksi

Calculate the required flexural strength

LRFD ASD
W, = 1.2(0.800 ip/ft) + 1.6(2.00 kip/ft) W, = 0.800 Kip/ft + 2.00 Kip/ft
= 4.16 Kip/ft = 2.80 kip/ft
4.16 kip/ft(30.0 ft)’ 2.80 kip/ft(30.0 ft)°
M, = 1P 8( )"~ seskip-t M, = 1P 8( ) 315 kipte

Calculate the minimum required moment of inertia

The maximum deflection, Anay, occurs at mid-span and is calculated as
_ 5wl
384El

max

Rearranging and substituting Apax = 1.00 in.

~_ 5(2.00 Kips/ft)(30.0 ft)" (12in./ft)"
" 384(29,000 ksi)(1.00 in.)

=1,260in.*
Select the lightest section with the required moment of inertia from the bold entries in Manual
Table 3-3
Select a W24x55
l,=1,350in.*>1,260.in.* ok

Because the W24x55 is continuously braced and compact, its strength is governed by the
yielding limit state and Section F2.1
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Obtain the available strength from Manual Table 3-2

LRFD

ASD

GoMy = poMpy = 503 kip-ft

503 kip-ft > 468 kip-ft

o.k.

M. /Qy = MpX/Qb =334 klp-ft

334 kip-ft > 315 kip-ft

o.k.
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Example F.5 I-shaped Flexural Member in Minor-Axis
Bending

Given:

Select an ASTM A992 W-shape beam loaded in its minor axis with a simple span of 15 ft.
The nominal loads are a total uniform dead load of 0.667 kip/ft and a uniform live load of 2
kip/ft. Limit the live load deflection to L/240. Assume the beam is braced at the ends only.

Note: Although not a common design case, this example is being used to illustrate
Specification Section F6 (I-shaped members and channels bent about their minor axis).

Solution:

Material Properties:

ASTM A992 F, =50 ksi F, =65 ksi Manual
Table 2-3

Calculate the required flexural strength

LRFD ASD
w, = 1.2(0.667 kip/ft) + 1.6(2.00 Kip/ft) W, = 0.667 Kip/ft + 2.00 Kip/ft
= 4.00 Kip/ft = 2.67 kip/ft
H 2 H 2
M. = 4.00k|p/f;(15.0 M 1skipt M. = 2.67k|p/f;(15.0 M~ 750 kip-t

Calculate the minimum required moment of inertia

Apax = == = —————"—= =0.750in
240 240
. 4 3 Manual
o swlt 5(2.00 kIp/ft)(lS.O ft) (12 m./ft) - 105 in Table 3-23
17 384EA, 384(29,000 ksi)(0.750 in.) ' Diagram 1

Select the lightest section from the bold entries in Manual Table 3-3, due to the likelihood that
deflection will govern this design.



Try a W12x58

Geometric Properties:
W12x58 S,=214in® z,=325in® 1,=107in’

l,=107in.*>105in.* ok.

Specification Section F6 applies. Since the W12x58 has compact flanges per the User Note in
this Section, the yielding limit state governs the design.

M, =M, =F,Z, < 1.6F,S,
=50 ksi(32.5 in®) < 1.6(50 ksi)(21.4 in®)
= 1630 kip-in. < 1710 kip-in. 0.k.

= 1630 kip-in. or 135 kip-ft

Calculate the available flexural strength

LRFD ASD
op = 0.90 Q,=1.67
135 kip-ft .
dMj, = 0.90(135 kip-ft) = 122 kip-ft Mi/Q = =P = 81 1 kip-ft
122 kip-ft > 113 kip-ft  o.k. 81.1 kip-ft > 75.0 kip-ft o.k.

F-26

Manual
Table 3-3
Manual
Table 1-1

Eqgn. F6-1

Section F1



Example F.6

Given:

Select a square ASTM A500 Gr. B HSS beam to span 7.5 feet. The nominal loads are a
uniform dead load of 0.145 kip/ft and a uniform live load of 0.435 kip/ft. Limit the live load

HSS Flexural Member with Compact Flange

deflection to L/240. Assume the beam is continuously braced.

Solution:

Material Properties:

ASTM A500 Gr. B F, =46 ksi F., =58 ksi
Calculate the required strength
LRFD ASD
W, = 1.2(0.145 Kip/ft) + 1.6(0.435 kip/ft) W, = 0.145 Kip/ft + 0.435 kip/ft
=0.870 kip/ft = 0.580 kip/ft
0.870 kip/ft)(7.50 ft)’ 0.580 kip/ft)(7.50 ft)’
M, = ¢ P 8)( ) Ceazkipft | m,= L P 8)( ) _ 4,08 kip-t

Calculate the minimum required moment of inertia

Apay = —— = —— =2 77 = 0.375in
" 240 240
_ 5wl?
[req I
384EA,,,

_ 5(0.435 kip/ft)(7.50 ft)* (12 in./ft)’
~384(29,000 ksi)(0.375 in.)

=285in*

Select an HSS with a minimum I, of 2.85 in.*, using Manual Table 1-12, having adequate

available strength, using Manual Table 3-13.
Select HSS3x3x V4
l,=3.02in.*>2.85in* o.k.

Obtain the required strength from Table 3-13

LRFD

ASD

¢,M, =8.55 kip-ft > 6.12 kip-ft o.k.

M, /Q, =5.69 kip-ft > 4.08 kip-ft o.k.
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Example F.7a HSS Flexural Member with Noncompact Flange

Given:

Select a rectangular ASTM A500 Gr. B HSS beam with a span of 21 ft. The nominal loads
include a uniform dead load of 0.15 kip/ft and a uniform live load of 0.40 kip/ft. Limit the live
load deflection to L/240. Assume the beam is braced at the end points only. A noncompact
member was selected here to illustrate the relative ease of selecting honcompact shapes from
the Manual, as compared to designing a similar shape by applying the Specification
requirements directly, as shown in Example F.7b.

Solution:

Material Properties:

ASTM A500 Gr. B Fy =46 ksi F. =58 ksi
Calculate the required strength
LRFD ASD
w, = 1.2(0.150 kip/ft) + 1.6(0.400 kip/ft) w, = 0.150 kip/ft + 0.400 Kip/ft
= 0.820 kip/ft = 0.550 kip/ft

_0.820 kip/ft(21.0 ft)" _ s2kpf | M= 250 Kip/ft (21.0 ft)’
- = 45.2 kip- .=

= 30.3 kip-ft
8 8

u

Calculate the minimum moment of inertia

Apy = — = —— =777 =1 05in
" 240 240
Swl*
" 384

Rearranging and substituting Apa= 1.05 in.

_ 5(0.400 kip/ft)(21.0 ft)* (12 in./ft)’

in = =57.5in.
" 384(29,000 ksi)(1.05 in.) "

Select a HSS with a minimum I, of 57.5 in.*, using Manual Table 1-11, having adequate
available strength, using Manual Table 3-12.

Select a HSS10x6x%is oriented in the strong direction. This rectangular HSS section was
purposely selected for illustration purposes because it has a noncompact flange as noted by
footnote “f” in Manual Table 3-12.

l,=746in*>575in* o.k.
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Obtain the required strength from Table 3-12 Table 1-11

LRFD ASD Manual
$,M, =57.0 kip-ft >45.2 kip-ft o.k. M, /Q, =37.9 kip-ft > 30.3 kip-ft o0.k. Table 3-12
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Example F.7b HSS Flexural Member with Noncompact
Flanges

Given:

Notice that in Example F.8b the required information was easily determined by consulting the
tables of the Steel Construction Manual. The purpose of the following calculation is to
demonstrate the use of the Specification equations to calculate the flexural strength of a HSS
member with a noncompact compression flange.

Solution:

Material Properties:

ASTM A500 Gr. B F, = 46 ksi Fu = 58 ksi Manual
. . Table 2-3
Geometric Properties:
HSS10x6X%s Z,=180in® S,=149in? Manual
Table 1-11
Check for flange compactness
_b Manual
r=g 73S Table 1-11

The limiting ratio for a compact HSS flange in flexure is

f E }29 000 ksi
Ap=112 |— =1.12,|—— =281
P F, 46 Kksi Table B4.1,

Case 12
Check flange slenderness

The limiting ratio for a slender HSS flange in flexure is

Ar = 1.40 E =1.40 }M =35.2 Table B4.1,
Fy 46 ksi Case 12

Ap < A <, therefore the flange is noncompact. For this situation, Specification Eqn. F7-2

applies Section F7
Check web slenderness
h
A= T =545 Manual
Table 1-11

The limiting ratio for a compact HSS web in bending is

Ap= 242 E - 2.42, /M = 60.8 > 54.5, therefore the web is compact. Table B4.1
Fy 46 ksi Case 13

For HSS with non-compact flanges and compact webs, Specification Section F7.2(b) applies.
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- b |F
My = Mp—<Mp—FyS)(3.57? Ey—4.0]s|v|p

Eqn. F7-2
M, = F,Z = 46 ksi(18.0 in.) = 828 kip-in.
M = (828 kip-in.) - [ (828 kip-in.)— (46 ksi)(14.9 in?) | 3.57(31.5) S LY
29,000 ksi
= 760 kip-in. or 63.3 kip-ft
Calculate the available flexural strength
LRFD ASD
¢, =0.90 Qp=1.67 Section F1
$,M, =0.90(63.3 Kip-ft) = 57.0 kip-ft M 1, = B3KPM g iptt




Example F.8a HSS Flexural Member with Slender Flanges

Given:

Verify the strength of an ASTM A500 Gr. B HSS8x8x%s with a span of 21 ft. The nominal
loads are a dead load of 0.125 Kip/ft and a live load of 0.375 kip/ft. Limit the live load
deflection to L/240 .

Solution:
Material Properties:
ASTM A500Gr.B  F, =46 ksi Fu =58 ksi

Calculate the required flexural strength

LRFD ASD
W, = 1.2(0.125 Kip/ft) + 1.6(0.375 kip/ft) W, = 0.125 kip/ft + 0.375 kip/ft
= 0.750 kip/ft = 0.500 kip/ft
0.750 kip/ft)(21.0 ft)* 0.500 kip/ft)(21.0 ft)’
w, = (070 Kip . JELOM _ 4y 3kiptt | m, = (050K - JELOR 57 6 kip-t
Obtain the flexural strength of the HSS8x8x7s from Manual Table 3-13
LRFD ASD
o.M, =453 kip-ft >41.3kip-ft o.k. M, /Q, =30.1kip-ft > 27.6 kip-ft o.k.
Check deflection
21.0 ft)(12 in.
A, _ )(12in/f) =1.05in.
240 240

I,=54.4in*

_swl* 5(0.375 kip/ft)’ (21.0ft)* (12in./t)’

i = = =1.04in. <1.05in. o.k.
384ElI 384(29,000 ksi)(54.4 in.*)
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Manual
Table 3-12

Manual
Table 1-12

Manual
Table 3-23
Case 1
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Example F.8b HSS Flexural Member with Slender Flanges

Given:

In Example F.8a the available strengths were easily determined from the tables of the Steel
Construction Manual. The purpose of the following calculation is to demonstrate the use of
the Specification equations to calculate the flexural strength of a HSS member with slender
flanges.

Solution:
Material Properties: Manual
Table 2-3
ASTM A500 Gr. B Fy =46 ksi F. =58 ksi
Geometric Properties: Manual
Table 1-12
HSS8x8x¥ie l,=544in*  z,=157in®  S,=13.6in?
bf=8.0in. tr=0.174in. b/t=43.0 h/it=43.0

Check flange slenderness

The assumed outside radius of the corners of HSS shapes is 1.5t. The design thickness is used
to check compactness. The limiting ratio for HSS flanges in bending is as follows:

The limiting ratio for a slender HSS flange in bending is:

A, =140 |E —1.40 /%E_ks' =352 Table B4.1
F, 46 ks Case 12

A= % =43.0 > A, therefore flange is slender.

Check for web compactness

The limiting ratio for a compact web in bending is:

1, =242 |5 =249 22000k g5 Table B4.1
Ry 46 ksi Case 13

A= % =43.0 > Ay, therefore the web is compact.

For HSS sections with slender flanges and compact webs, Specification F7-2(c) applies.
Mp = FySext Egn. F7-3

Where S is the effective section modulus determined with the effective width of the
compression flange taken as:
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be= 102t | = [1-938 1B |
F,l bItyF Eqn. F7-4

b=8.00 in.—3(0.174 in.) = 7.48 in.

be = 1.92(0.174 in.) /29;120'8 ksl {1— 2;2 /zgl'lzolf ki } ~653in.
S1 . Sl

The ineffective width of the compression flange is:

7.48in.-6.53in. =0.950 in.

An exact calculation of the effective moment of inertia and section modulus could be
performed taking into account the ineffective width of the compression flange and the resulting
neutral axis shift. Alternatively, a simpler but slightly conservative calculation can be
performed by removing the ineffective width symmetrically from both the top and bottom
flanges.

0.950 in.)(0.174 in.)®
lett ~ 54.4 in.* =2 (0.950 in.)(0.174 in.)(3.91)2 +( )1(2 ) =49.3in*
The effective section modulus can now be calculated as follows:
| s 4
5, = = 493N _1534ns
d/2 (8.00in.)/2
Calculate the nominal flexural strength, M,
M, = F, Serr = 46 ksi(12.3 in.%) = 567 kip-in. or 47.3 kip-ft
Eqgn. F7-3
Calculate the available flexural strength
LRFD ASD
¢, =0.90 Q, =167 Section F1
d, M, =0.90(47.3 kip-ft) M, /Q, = %
= 42.5 kip-ft > 41.3 kip-ft o.k. = 28.3 kip-ft > 27.6 kip-ft  o.k.

Note that the calculated available strengths are somewhat lower than those in Manual Table 3-
13 due to the use of the conservative calculation of the approximate effective section modulus
above.



Example F.9a Pipe Flexural Member

Given:

Select an ASTM A53 grade B Pipe shape with a simple span of 16 ft. The nominal loads are a
total uniform dead load of 0.32 kip/ft and a uniform live load of 0.96 Kip/ft. Assume there is

no deflection limit for this beam. The beam is braced only at the ends.

Solution:
Material Properties:
ASTM A500Gr.B  F,=35ksi

Calculate the required flexural strength

Fu =60 ksi

LRFD ASD
w, = 1.2(0.320 kip/ft) + 1.6(0.960 kip/ft) w, = 0.320 kip/ft + 0.960 kip/ft
= 1.92 kip/ft = 1.28 kip/ft
1.92 kip/ft(16.0 ft)’ _ 1.28 kip/ft(16.0 ft)’ _
M, = 5 = 61.4 kip-ft 2= 5 = 41.0 kip-ft

Select a member from Manual Table 3-15 having the required strength

Select Pipe 8 X-Strong.

LRFD

ASD

¢0,M_ =814 kip-ft >61.4 kip-ft 0.k.

M, /Q, =54.1Kip-ft>41.0 kip-ft o.k.
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Manual
Table 3-15
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Example F.9b Pipe Flexural Member

Given:

The available strength in Example F.9a was easily determined using Manual Table 3-15. The
following calculation demonstrates the calculation of the available strength by directly
applying the requirements of the Specification.

Solution:

Material Properties:

ASTMA53Gr.B  F,=35ksi Fy =60 ksi Manual
Table 2-3
Geometric Properties:
Manual
Pipe 8 X-Strong Z=31.0in? D =8.63in. t=0.465in. D/t=18.5 Table 1-14
Required flexural strength from Example F.9a
LRFD ASD
M, = 61.4 kip-ft M, = 41.0 kip-ft
Check compactness
For circular HSS in flexure, the limiting diameter to thickness ratio for a compact section is:
0.07E  0.07(29,000 ksi) Table B4.1
= = = 58.0
" TF, 35 ksi Case 15
A= % =18.5< A, , therefore the section is compact and the limit state of flange local
buckling does not apply.
. . D 0.45E L . . .
By inspection, T < , therefore Specification Section F8 applies. Section F8
y
Calculate the nominal flexural strength based on the flexural yielding limit state
M =M_=FzZ=(35ksi)(31.0in.*)=1080 kip-in. or 90.4 kip-ft
n PNy ( )( ) P P Eqgn. F8-1
Calculate the available flexural strength
LRFD ASD
o, =0.90 Q, =167 Section F1
d,M,, =0.90(90.4 Kip-ft) M, /Q, =%
=81.4 kip-ft > 61.4 kip-ft o.k. =54.1 kip-ft > 41.0 kip-ft o.k.
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Example F.10 WT Shape Flexural Member

Given:

Select an ASTM A992 WT beam with a simple span of 6 ft. The toe of the stem of the WT is
in tension. The nominal loads are a uniform dead load of 0.08 kip/ft and a uniform live load of
0.24 Kip/ft. There is no deflection limit for this member. Assume full lateral support.

Solution:

Material properties:

Manual
ASTM A992 F, = 50 ksi F,=65Kksi Table 2-3
Calculate the required flexural strength
LRFD ASD
w, = 1.2(0.0800 kip/ft) + 1.6(0.240 kip/ft) w, = 0.0800 kip/ft + 0.240 kip/ft
= 0.480 Kip/ft = 0.320 Kkip/ft
0.480 kip/ft(6.00 ft)’ _ 0.320 kip/ft(6.00 ft)’ _
M, = 5 = 2.16 kip-ft M, = 5 = 1.44 Kkip-ft
Try WT 5x6
Geometric Properties:
WT 5x6 L=435in*  Z,=220in> S=122in® b =3.96in. Manual
I 435 in.4 Table 1'8
tr =0.210in. y =1.361in. Se=—"%= —=3.20in.°
y. 1.36in.
Calculate the nominal flexural strength, M,
Flexural yielding limit state
M, =F,Z, <1.6M, for stems in tension Eqn. F9-2

1.6M, =16F,S, =1.6(50 ksi)(1.22 in.*) = 97.6 kip-in.
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M, = F,Z, = (50 ksi)(2.20 in*) =110 Kip-in. > 97.6 kip-in. , therefore use
M, = 97.6 Kip-in. or 8.13 Kip-ft

M, =M, =8.13kip-ft controls Eqn. F9-1
Lateral-torsional buckling limit state Section F9.2
Because the WT is fully braced and the stem is in tension, no check of the lateral-torsional

buckling limit state is required. Note that if the stem is in compression, Equation F9-4 must be

checked even for fully braced members, since the equation converges to the web local

buckling limit state check at an unbraced length of zero. See Commentary Section F9.

Flange local buckling limit state

Check flange compactness

by 3.96 in.

T2t 2(0210in)

A =0.38 £ =0.38 w =9.15 < 9.43; therefore the flange is not compact. Table B4.1,
P F, 50 ksi Case 7

Check flange slenderness

2, =10 E. 1.0, /w =24.1 > 9.43, therefore the flange in not slender. Table B4.1,
F, 50 ksi Case 7

Calculate critical flange local buckling stress

For a Tee with a noncompact flange, the critical stress is:

b, ) [F i
F=F,|119-050] | |2 | = (50 ksi)| 1.19-0.50(9.43) |2 KL_|_ 497 ksi Eqn. F9-7
2t, JVE 29,000 ksi

Calculate the nominal flexural strength

Mp = ForSee = 49.7 ksi(3.20 in.2) = 159 kip-in. or 13.3 kip-ft does not control Eqgn. F3-6
Calculate the available flexural strength
LRFD ASD
¢, =0.90 Q, =1.67 Section F1
o.M, =0.90(8.13 kip-ft) M, /Q, =%
=7.32 kip-ft > 2.16 kip-ft 0.k = 4.87lkip-ft >1.44 kip-ft ok
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Example F.11 Single Angle Flexural Member

Given:

Select an ASTM A36 single angle with a simple span of 6 ft. The vertical leg of the single
angle is down and the toe is in tension. The nominal loads are a uniform dead load of 0.05
kip/ft and a uniform live load of 0.15 kip/ft. There is no deflection limit for this angle.
Conservatively assume C, = 1.0. Assume bending about the geometric x-x axis and that there
is no lateral-torsional restraint.

Solution:
Material Properties: Manual
ASTM A36 F, = 36 ksi F, =58 ksi Table 2-3

Calculate the required flexural strength

LRFD ASD
w, = 1.2(0.05 kip/ft) + 1.6(0.15 kip/ft) W, = 0.05 Kkip/ft + 0.15 Kip/ft
= 0.300 kip/ft =0.200 kip/ft
(0.300 kip/ft)(6 ft)’ (0.200 kip/ft)(6 ft)’
M, = = Z - 1.35 kip-ft M, = = Z = 0.900 kip-ft
Try L4x4xYi
Geometric Properties: Manual
LAx4xV4 S,=1.03in? S,=0.419in.3 Table 1-7

Calculate the nominal flexural strength, M,

For all calculations, M, is taken as 0.80 times the yield moment calculated using the geometric
section modulus

M, =0.80S,F, =0.80(1.03in.%)(36 ksi) = 29.7 kip-in. Section
F10-2

Flexural yielding limit state

M, =15M, =1.5(29.7kip-in.) Egn. F10-1
=44.5 kip-in. or 3.71 kip-ft controls
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Lateral-torsional buckling limit state
Determine M,

For bending about one of the geometric axes of an equal-leg angle without continuous lateral-
torsional restraint and with maximum tension at the toe, use Equation F10-4b.

4 2 Eqgn. F10-4b
y, - OSEED'C, tcb[ oom ) +1J
L b

(72.01n.)(0.250 in.) | 1
(4.00 in.)’

~0.66(29,000 ksi)(4.00 in.)" (0.250 in.)(1.0)
) (720 in.)’

1+ 0.78[

=569 kip-in. > 29.7 kip-in. therefore, Equation F10-3 is applicable.

M
M, =[1.92—1.17 /M—YJMY <15M, Eqn. F10-3
= 1.02-1.07 [Z27 KRN g 2 ip-in. <1.5(29.7Kip-in.)
569 Kip-in.

=49.1 kip-in. < 44.5Kip-in. , therefore

M, =44.5 kip-in. or 3.71 kip-ft.

LRFD ASD
¢, =0.90 Q, =167 Section F1
o,M, =0.90(3.71 kip-ft) M Q, = 3.71Kip-ft
1.67
= 3.34 kip-ft > 1.35 kip-ft _ o.k. = 2.22 kip-ft > 0.900 Kip-ft o.k.

Note: In this example it is assumed that the toe of the vertical leg of the single angle is in
tension. If the toe of the outstanding leg is in compression, as in this example, the leg local
buckling limit state must also be checked. The designer should also consider the possibility
that restrained end conditions of a single angle member could unintentionally cause the
outstanding leg to be in compression.
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Example F.12 Rectangular Bar in Strong-Axis Bending

Given:

Select an ASTM A36 rectangular bar with a span of 12 ft. The bar is braced at the ends and at
the midpoint. Conservatively use C, = 1.0. Limit the depth of the member to 5 in. The
nominal loads are a total uniform dead load of 0.44 kip/ft and a uniform live load of 1.32
kip/ft.

Solution:
Material Properties: Manual
ASTM A36 F, = 36 ksi F, =58 ksi Table 2-3
LRFD ASD
wy = 1.2(0.440 kip/ft) + 1.6(1.32 kip/ft) w, = 0.440 kip/ft + 1.32 kip/ft
= 2.64 kip/ft = 1.76 kip/ft
2.64 kip/ft(12.0 ft)° 1.76kip/ft(12.0 ft)’
M, = P 8( ) - 47.5 kip-ft M, = i 8( ) - 31.7 kip-ft

Try a5in.x3 in. bar.

Geometric Properties:
bd?  (3.00in.)(5.00 in.)’

Rectangular bar 5x3 S, 5 =125in}
2 (3.00in.)(5.00 in.)’
Z, :&:( I ) =18.8in.2
4 4
Solution:
Calculate nominal flexural strength, M, Section

F11.1
Flexural yielding limit state

Check limit

L,d _0.08E
2 F

y



(72.0in)(5.00 in.) _ 0.08(29,000 ksi)

(300in)" ~  (36ksi)

40.0 < 64.4, therefore the yielding limit state applies.

M, =M, =F,Z<16M,

1.6M, =16F,S, =1.6(36 ksi)(12.5 in.*) = 720 Kip-in.
M, =F,Z, =(36 ksi)(18.8 in.* ) = 675 kip-in. < 720 kip-in.

Use M, =M =675 Kip-in. or 56.3 kip-ft

Lateral-torsional buckling limit state

d o . S
As calculated above, Lth < 0.08E , therefore the lateral-torsional buckling limit state does not
y
apply.
LRFD ASD
(I)b =0.90 Qb =1.67
d,M, =0.90(56.3 kip-ft) M./, = 56.3 lg;p-ft

= 50.6 kip-ft > 47.5 kip-ft

o.k.

=33.7 kip-ft > 31.7 kip-ft

o.k.
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Eqgn. F11-1

Section
F11.1

Section F1
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Example F.13 Round Bar in Bending

Given:

Select an ASTM A36 round bar with a span of 2.50 feet. The bar is unbraced. The material is
ASTM A36. Assume C, = 1.0. Limit the diameter to 2 in. The nominal loads are a
concentrated dead load of 0.10 kips and a concentrated live load of 0.25 kips at the center. The
weight of the bar is negligible.

Solution:
Material Properties: Manual
ASTM A36 F, = 36 ksi F, =58 ksi Table 2-3
Calculate the required flexural strength
LRFD ASD
P, =1.2(0.100 kip) + 1.6(0.250 kip) P, =0.100 Kkip + 0.250 kip
=0.520 kip =0.350 kip
0.520 kip)(2.50 ft 0.350 kip)(2.50 ft
M, = ( ':)( )_ 0.325 kip-ft a= ( 3)( ). 0.219 kip-ft
Try 1 in. diameter rod.
Geometric Properties:
3 m(1.00in.)’
Round bar S, = md :u =0.0982 in.°
32 32
3 (1.00in.)’
Z, :d_:—( ) =0.167 in.?
6 6
Calculate the nominal flexural strength, M,
Flexural yielding limit state
Mn=M, = F,Z,<1.6 M, Egn. F11-1

1.6M, = 1.6(36 ksi)(0.0982 in®) = 5.66 kip-in

F,Zx = 36 ksi(0.167 in®) = 6.00 kip-in > 5.66 kip-in.

Therefore, M, = 5.66 kip-in. or 0.471 kip-ft
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Lateral-torsional buckling limit state Sec. F11.2
This limit state need not be considered for rounds.

Calculate the available flexural strength

¢p =0.90 Q,=1.67 Section F1
0.471 Kip-ft
My = 0.90(0.471 kip-ft) M, /Q, = T;p
= 0.424 kip-ft > 0.325 kip-ft 0.k, = 0.282 kip-ft > 0.219 kip-ft  o.k.




Example F.14 Non-Symmetrical Z-shape in Strong-Axis

Bending
Given:

Determine the available strength of the ASTM A36 Z-shape shown for a simple span of 18 ft.
The Z-shape is braced at 6 ft on center. Assume a C, = 1.0. The nominal loads are a uniform

dead load of 0.025 kip/ft and a uniform live load of 0.10 kip/ft. The profile of the purlin is
shown below.

Eleo
=
g2 %
Y8
2% |
|
[ [ —
< %
©
%
Y Neutral Axis
I
. Y
—»'Tt
| [ *
- 2%
= - %
%

F-45



Solution:
Material properties:
Z Purlin F, = 36 ksi

Geometric Properties:

ty =t =0.250 in.

F,= 58 ksi

A=(250in.)(0.25in.)(2)+(0.25in.)(0.25 in.)(2) +(11.5 in.)(0.25 in.) = 4.25 in.?

. [(0.25 in)(0.25 in.)’
o 12

+[(2.5o in.)(0.25 in.)°
12

- - 3
,(0.25in)(11.5in)
12
=788in.’

¥ =6.00 in.
_1,_788in’
6.00 in.

[ 0.25 in. )(o 25 in.)’

=13.1in2

X

y
(

lozsm (250in.)’
(

11.5in.) 025m)
+

=2.88in.*

| P!
r = \ﬁ = 28N o823,
A 4.25in.
b

2.50 in.

+(0.25n.)° (5.62 in.)2](2)

+(2.50 in.)(0.25 in.)(5.87 in.)2](2)

+(0.25in.)°(2.25 in.)z}(z)

+(2.50 in.)(0.25 in.)(1.12 in.)Z](Z)

=0.543 in.

ts ~ f =
121+ ht, 12| 1+
6b,t,

Calculate the required flexural strength

(11.5in.)(0.250 in.)
6(2.50 in.)(0.250 in.)J

LRFD

ASD

w, = 1.2(0.025 kip/ft) + 1.6(0.10 kip/ft)
= 0.190 kip/ft

_(0.190 kip/ft)(18.0 ft)*
8

= 7.70 kip-ft

W, = 0.025 Kip/ft + 0.10 Kip/ft
= 0.125 Kip/ft

(0.125 kip/ft)(18.0 ft)’
8

M, = = 5.06 kip-ft
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Flexural yielding limit state
Fn=F, =36 ksi
M, = F,,S = 36 ksi(13.1 in.%) = 473 kip-in. or 39.4 kip-ft

Local buckling limit state

There are no specific local buckling provisions for Z-shapes in the Specification. Use

provisions for rolled channels from Specification Table B4.1.
Check for flange slenderness

Conservatively neglecting the end return:

b 2.50in.

t,  0.250in.

A =0.38 £ =0.38 w =10.8 > 10.0, therefore the flange is compact
P F, 36 ksi

Check for web slenderness

h  115in.

t  0.250in.

W

A, =3.76 E_ 3.76 IM =107 > 46.0, therefore the web is compact.
P F, 36 ksi

Therefore, no limit state for local buckling applies

Lateral-torsional buckling limit state

Per the User Note in Section F12, take the critical lateral-torsional buckling stress as half that

of the equivalent channel.

Calculate limiting unbraced lengths

For bracing at 6 ft on center, L, =(6.00 ft)(12 in./ft)=72.0 in.

L, =1.76r, E =1.76(0.823 in.) /w =41.1in.<72.0in.
Fy 36 ksi

(E ) 0.7F,S,h )’
L =1.95r | ——| |25 i+ 1v676] 275
0.7F, J\'S,h, \"Ex )

Per the user note in Specification Section F2, the square root term in Specification Equation
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Eqgn. F12-2

Eqgn. F12-1.

Table B4.1
Case 1

Table B4.1
Case 9

Egn. F2-5

Eqn. F2-6



F2-4 can conservatively be taken equal to one, therefore,

L =nr, |- £ —n(0543in) [22000K _ 57940 <720in.
0.7F, 0.7(36 ksi)

Calculate one half of the critical lateral-torsional buckling stress of the equivalent channel

Ly > L, therefore,

2 2
F, =(05) %"t \/1+0.078[ I J(ij
i thO rts

r

ts

Conservatively taking the square root term as 1.0,

=8.14 ksi

C,r’E _ (0.5)1.07:2 (29,000 ksi)

e

ts

F, =(05)

Fo=Fua<F
=8.14ksi <36 ksi o.k.

M,=FS
= (8.14 ksi)(13.1in.*) =107 Kip-in. or 8.89 k-ft  controls

Calculate the available strength

LRFD ASD
¢p = 0.90 0. = 167
d,M, =0.90(8.89 kip-ft) M /Q, - 8.82 Ig|7p-ft
=8.00 kip-ft > 7.70 kip-ft ~ o.k. =5.32 kip-ft > 5.06 kip-ft ~ o.k.
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CHAPTER G
DESIGN OF MEMBERS FOR SHEAR

INTRODUCTION

This chapter covers webs of singly or doubly symmetric members subject to shear in the plane of the web, single
angles, HSS sections, and shear in the weak direction of singly or doubly symmetric shapes.

Most of the formulas from this chapter are illustrated by example. Tables for all standard ASTM A992 W-shapes
and ASTM A36 channels are included in the Manual. In the tables, where applicable, LRFD and ASD shear
information is presented side-by-side for quick selection, design and verification.

LRFD shear strengths have been increased slightly over those in the previous LRFD Specification for members
not subject to shear buckling. ASD strengths are essentially identical to those in the previous ASD Specification.

LRFD and ASD will produce identical designs for the case where the live load effect is approximately three times
the dead load effect.

Gl GENERAL PROVISIONS

The design shear strength, ¢,V,, and the allowable shear strength, V,/Q, are determined as follows:
V, = nominal shear strength based on shear yielding or shear buckling
¢, = 0.90 (LRFD) Q,=1.67 (ASD).

Exception: For all current ASTM A6, W, S, and HP shapes except W44x230, W40x149, W36x135, W33x118,
W30x90, W24x55, W16x26, and W12x14 for F, = 50 ksi:

¢, = 1.00 (LRFD) Q, =150 (ASD).
Section G2 does not utilize tension field action. Section G3 specifically addresses the use tension field action.
Strong axis shear values are tabulated for W-shapes in Manual Tables 3-2 and 3-6, for S-shapes in Manual Table
3-7, for C-shapes in Manual Table 3-8 and for MC-shapes in Manual Table 3-9. Weak axis shear values for W-
shapes, S-shapes, C-shapes and MC-shapes and shear values for angles, rectangular HSS and box members, and
round HSS are not tabulated.
G2. MEMBERS WITH UNSTIFFENED OR STIFFENED WEBS
As indicated in the User Note of this section, virtually all W, S and HP shapes are not subject to shear buckling
and are also eligible for the more liberal safety and resistance factors, ¢, = 1.00 (LRFD) and Q, = 1.50 (ASD).
This is presented in Example G.1 for a W-shape. A channel shear strength design is presented in Example G.2.
G3. TENSION FIELD ACTION
A built-up girder with a thin web and vertical stiffeners is presented in Example G.8.

G4. SINGLE ANGLES

Rolled angles are typically made from ASTM A36 steel. All single angles listed in the Manual have aC, =1.0. A
single angle example is illustrated in Example G.3.



G-2

G5. RECTANGULAR HSS AND BOX MEMBERS

The shear height, h, is taken as the clear distance between the radii. If the corner radii are unknown, the outside
radius is taken as 3 times the design thickness. An HSS example is provide in Example G.4.

G6. ROUND HSS

For all Round HSS and Pipes of ordinary length listed in the Manual, F. can be taken as 0.6F, in Specification
Equation G6-1. A round HSS example is illustrated in Example G.5.

G7. WEAK AXIS SHEAR IS SINGLE AND DOUBLY SYMMETRIC SHAPES
For a weak axis shear example see Example G.6 and Example G.7.
G8. BEAMS AND GIRDERS WITH WEB OPENINGS

For a beam and girder with web openings example see AISC Design Guide 2.



Example G.1la W-Shape in Strong-Axis Shear.

Given:
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Verify the shear strength of a W24x62 ASTM A992 beam with end shears of 48 kips from dead load and 145 kips

from live load.
Solution:

Material Properties:
W24x62 ASTM A992 F, =50 ksi Fy=65ksi

Geometric Properties:
W24x62 d=23.7in. ty = 0.430 in.

Calculate the required shear strength

LRFD ASD

Vy = 1.2(48.0 kips) + 1.6(145 kips) = 290 kips | V, =48.0 kips + 145 kips = 193 kips

Take the available shear strength from Manual Table 3-2

LRFD ASD

¢,Vh = 306 kips V. /Q, = 204 Kips
306 kips > 290 Kips 0.k. 204 kips > 193 kips 0.k.

Manual
Table 2-3

Manual
Table 1-1

Manual
Table 3-2



Example G.1b W-Shape in Strong-Axis Shear.

The available shear strength, which can be easily determined by the tabulated values of the
Steel Construction Manual, can be verified by directly applying the provisions of the
Specification.

Except for very few sections, which are listed in the User Note, Specification Section G2.1(a)
is applicable to the I-shaped beams published in the Manual when F, < 50 ksi.

C,=1.0 Eqgn. G2-2
Calculate A,

A, =dt, =23.7 in. (0.430 in.) = 10.2 in.?

Calculate V,

V, = 0.6F,A,,C, = 0.6(50 ksi)(10.2 in. *)(1.0) = 306 kips Eqgn. G2-1

Calculate the available shear strength

LRFD ASD
¢, =1.00 Q,=150 Section G2.1a
$V, = 1.00(306 kips) = 306 kips V/Q, =306 kips / 1.50 = 204 kips
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Example G.2a C-Shape in Strong-Axis Shear.

Given:

Verify the shear strength of a C15x33.9 channel with end shears of 17.5 kips from dead load
and 52.5 kips from live load.

Solution:

Material Properties:

C15x33.9 ASTM A36 F, = 36 ksi Fu=58ksi Manual
Table 2-3

Geometric Properties:

C15x33.9 d=15.0in. ty = 0.400 in. Manual
Table 1-5

Calculate the required strength

LRFD ASD
V, =1.2(17.5 kips) + 1.6(52.5 kips) V, = 17.5 kips + 52.5 Kkips
= 105 Kips = 70.0 kips

Take the available shear strength from Manual Table 3-8

LRFD ASD

dyVn =117 Kips Vi /Q, = 77.6 kips Manual Table
117 kips > 105 kips 0.k. 77.6 kips > 70.0 kips o.k. 3-8
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Example G.2b  C-Shape in Strong-Axis Shear.

The available shear strength, which can be easily determined by the tabulated values of the
Steel Construction Manual, can be verified by directly applying the provisions of the
Specification. C, is 1.0 for all rolled channels when F, < 36 ksi, and Specification Equation
G2-1is applicable.

C,=1.0 Egn. G2-2
Calculate A,

A, =15.0in.(0.400 in.) = 6.00 in.?

Calculate V,

V, = 0.6F,A,C, = 0.6(36 ksi)(6.00 in.?)(1.0) = 130 kips Egn. G2-1
Calculate the available shear strength

The values of ¢, = 1.00 (LRFD) and Q, = 1.50 (ASD) do not apply to channels. The general
values ¢, = 0.90 (LRFD) and Q, = 1.67 (ASD) must be used.

LRFD ASD
&V = 0.90(130 Kips) = 117 Kips V,/Q, =130 Kips / 1.67 = 77.6 kips




Example G.3 Angle in Shear.

Given:

Verify the shear strength of a 5x3x'4 (LLV) ASTM A36 angle with end shears of 3.5 kips
from dead load and 10.5 kips from live load.

Solution:

Material Properties:
L5x3x'4 angle ASTM A36 F, = 36 ksi F,=58ksi

Geometric Properties:
L5x3x'4 angle d=5.00in. ty = 0.250 in.

Calculate the required shear strength

LRFD ASD

V, =1.2(3.50 kips) + 1.6(10.5 kips) V, = 3.50 kips + 10.5 kips
= 21.0 kips = 14.0 kips

Note: There are no tables for angles in shear, but the shear strength can be calculated as
follows:

For angles in shear, use Specification Equation G2-1 with C, = 1.0.
Calculate A,

A, = dt, = (5.00in.)(0.250 in.) = 1.25 in.?

Calculate V,

V, = 0.6F,A,C, = 0.6(36 ksi)(1.25 in.?)(1.0) = 27.0 kips

Calculate the available shear strength

LRFD ASD
¢, =0.90 Q,=1.67
dVn = 0.90(27.0 kips) = 24.3 kips Vi /Q, = 27.0 kips / 1.67 = 16.2 kips
24.3 kips > 21.0 kips 0.k. 16.2 kips > 14.0 kips 0.k.

G-7
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Table 2-3

Manual
Table 1-7

Section G4

Egn. G2-1

Section G1



Example G.4

Given:

Rectangular HSS in Shear.
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Verify the shear strength of a HSS6x4x3% ASTM A500 grade B member with end shears of 11 kips from dead

load and 33 kips from live load. The beam is oriented with the shear parallel to the 6 in. dimension.

Solution:

Material Properties:

HSS6x4x% ASTM A500B  F, = 46 ksi Fy =58 ksi
Geometric Properties:
HSS6x4x¥%& h=6.00in. w =4.00in. t=0.349in.
Calculate the required shear strength
LRFD ASD
V,=1.2(11.0 kips) + 1.6(33.0 kips) V, = 11.0 kips + 33.0 kips
= 66.0 Kips = 44.0 kips

User note: There are no Manual Tables for shear in HSS shapes, but the shear strength can be

calculated as follows:

Calculate the nominal strength

For rectangular HSS in shear, use Section G2.1 with A,, = 2ht and k, = 5.

If the exact radius is unknown, the radius is taken as 3 times the design thickness.

h=d-2(3t,) =6.00in.-2(3)(0.349 in.) = 3.91 in.

h/t,=3.91in./0.349in. =11.2

1.10,fky E/Fy =1.10,/5(29,000 ksi/46 ksi) = 61.8

11.2<61.8 Therefore C,=1.0

Note: most standard HSS sections listed in the manual have C, = 1.0 at F, < 46 ksi.Calculate

Ay
A, = 2ht = 2(3.91in.)(0.349 in.) = 2.73 in.2

Calculate V,

V, = 0.6F,A,,C, = 0.6(46 ksi)(2.73 in.?)(1.0) = 75.2 kips

Calculate the available shear strength

LRFD

ASD

$,=0.90
¢,V = 0.90(75.2 kips) = 67.7 kips
67.7 kips > 66.0 Kips 0.k.

Q,=1.67
Vi /Q, =75.2 kips / 1.67 = 45.0 kips
45.0 kips > 44.0 kips 0.k.

Manual
Table 2-3

Manual
Table 1-11

Section G5

Eqn. G2-3

Egn. G2-1

Section G1



Example G.5 Round HSS in Shear.

Given:

Verify the shear strength of a round HSS16.000x0.375 ASTM A500 grade B member
spanning 32 feet with end shears of 30 kips from dead load and 90 Kips from live load.

Solution:

Material Properties:
HSS16.000x0.375 ASTM A500 Gr.B F, =42 ksi F, =58 ksi

Geometric Properties:
HSS16.000x0.375 D =16.0in. t=0.349in. A,=17.2in?
Note: There are no Manual tables for Round HSS in shear, but the strength can be calculated

as follows:

Calculate the required shear strength

LRFD ASD

V, =1.2(30.0 kips) + 1.6(90.0 kips) V, = 30.0 kips + 90.0 kips
= 180 kips =120 kips

Calculate Fcr as the smallest of:

Fer = _ L6OE take L, as half the span =192 in.

(o)

_ 1.60(29, 000ksi) .
= s =112 ksi

192 in. ( 16.0in. j4
16.0in.10.349 in.

or
F, = 0.78E3 _ 0.78(29,000k33|) 73 ksi
(D/t)2 ( 16.0 in. jz
0.349in.
or
Fer = 0.6F, = 0.6(42ksi) = 25.2ksi controls

Note: Equations G6-2a and G6-2b will not normally control for the sections published in the

Manual except when high strength steel is used or the span is unusually long.

Calculate V,

v o A (25.2ksi)(17.2in?)

= =217 kips
n 2 p
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Manual
Table 2-3

Manual
Table 1-13

Section G6

Egn. G6-2a

Eqgn. G6-2b

Section G6



Calculate the available shear strength

LRFD

ASD

¢, =0.90
$Vn = 0.90(217 kips) = 195 kips
195 kips > 190 kips 0.k.

Q, =167

V,/Q, = 217 Kips / 1.67 = 130 kips

130 kips > 120 kips

o.k.
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Example G.6 Doubly-Symmetric Shape in Weak-Axis Shear.

Given:

Verify the strength of a W21x48 ASTM A992 beam with end shears of 20 kips from dead load
and 60 Kips from live load in the weak direction.

Solution:

Material Properties:
W21x48 ASTM A992 F, =50 ksi Fy=65ksi

Geometric Properties:
W21x48 bi =8.14 in. tr =0.430 in.

Calculate the required shear strength

LRFD ASD

V, = 1.2(20.0 kips) + 1.6(60.0 kips) V, =20.0 kips + 60.0 kips = 80.0 Kips
=120 Kips

For weak axis shear, use Equation G2-1 and Section G2.1(b) with A,, = by; for each flange and
k,=1.2.

Calculate A, (multiply by 2 for both shear resisting elements)
A, =2bst; =2(8.14in.)(0.430in.) = 7.00 in’
Calculate C,

be/ts =8.14in./0.430 in. =18.9

1.10,ky E/Fy =1.10,/1.2(29,000 ksi/50 ksi) =29.0>18.9 therefore, C, = 1.0

Note: For all ASTM A6 W, S, M, and HP shapes, when F, <50 ksi, C, = 1.0.
Calculate V,
V, = 0.6F,A,C, = 0.6(50 ksi)(7.00 in.%)(1.0) = 210 kips

Calculate the available shear strength

LRFD ASD
¢, =0.90 Q, =167
dvVn = 0.90(210 kips) = 189 kips V/Q, =210 kips / 1.67 = 126 kips
189 kips > 120 kips 0.k. 126 kips > 80.0 Kips 0.k.
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Table 1-1
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Eqn. G2-3
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Section G1



Example G.7 Singly-Symmetric Shape in Weak-Axis Shear.

Given:
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Verify the strength of a C9x20 ASTM A36 channel with end shears of 5 kips from dead load and 15 kips from

live load in the weak direction.
Solution:

Material Properties:
C9x20 ASTM A36 Fy =36 ksi F, =58 ksi

Geometric Properties:
C9x20 by =2.65in. tr =0.413in.
Note: There are no Manual tables for this, but the strength can be calculated as follows:

Calculate the required shear strength

LRFD ASD

V, = 1.2(5.00 kips) + 1.6(15.0 kips) V, = 5.00 kips + 15.0 kips
= 30.0 kips =20.0 kips

For weak axis shear, use Equation G2-1 and Section G2.1(b) with A,, = bs; for each flange and
k,=1.2.

Calculate A, (multiply by 2 for both shear resisting elements)
A, =2bst; =2(2.65in.)(0.413in.) =2.19in.2
Calculate C,

b /tr=2.65in./0.413 in. =6.42

1.10,k, E/F, =1.10,1.2(29,000 ksi/36 ksi) =34.2>6.42 Therefore, C, = 1.0

Calculate V,
V, = 0.6F,A,C, = 0.6(36 ksi)(2.19 in.?)(1.0) = 47.3 kips

Calculate the available shear strength

LRFD ASD
¢, =0.90 Q, =167
dvVn = 0.90(47.3 kips) = 42.6 kips VW/Q, = 47.3 kips / 1.67 = 28.3 kips
42.5 kips > 30.0 kips 0.k. 28.3 kips > 20.0 kips o.k.

Manual
Table 2-3

Manual
Table 1-5

Section G7

Section G7

Section G2.1b

Eqgn. G2-3

Egn. G2-1

Section G1



Example G.8a Built-up Plate Girder with Transverse Stiffeners

Given:

A built up ASTM A36 I-shaped girder spanning 56 ft. has a uniformly distributed dead load of
0.92 kIf and a live load of 2.74 kif in the strong direction. The girder is 36 in. tall with 12 in. x
1% in. flanges and a % in. web. Determine if the member has sufficient available shear
strength to support the end shear, without and with tension field action. Use transverse
stiffeners, as required.

User note: This built-up girder was purposely selected with a thin web in order to illustrate the

design of transverse stiffeners. A more conventionally proportioned plate girder would have at
least a % in. web and slightly smaller flanges.

Solution:

Material Properties:

Built-up girder ASTM A36 F, = 36 ksi F, =58 ksi

Geometric Properties:

Built-up girder t,= 0.313in. d=36.0in. by = by =12.0in.
tr=1.50 in. h=33.0in.

Calculate the required shear strength at the support

LRFD ASD

Ry =[1.2(0.92 kIf) + 1.6(2.74 kIf)](28.0 ft) Ra = (0.92 kIf + 2.74 kIf)(28.0 ft)
= 154 kips = 102 Kips

Determine if stiffeners are required
A, = dt, =(36.0in.)(0.313in.) =11.3in.2
h/t, =33.0in./0.313in. =105

105 <260 Therefore, k, =5

1.37 Jk,E/Fy = 1.37 /5(29,000 ksi) /(36 ksi) = 86.9

105 > 86.9 therefore, use Specification Eqn. G2-5 to calculate C,
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1.51Ek, _ 1.51(29,000 ksi)(5) _

V= _ 0.547
(h/t,)*F, (105)% (36 ksi)

Calculate V,
V, = 0.6F,A,C, = 0.6(36 ksi)(11.3 in.%)(0.547) = 134 kips

Check the available shear strength without stiffeners

LRFD ASD
¢, =0.90 Q,=1.67
dVh = 0.90(134 kips) = 120 kips Vi /Q, = 134 kips / 1.67 = 80.0 kips
120 Kkips < 154 kips not o.k. 80.0 kips < 102 kips not o.k.
Therefore, stiffeners are required. Therefore, stiffeners are required.

Manual Tables 3-16a and 3-16b can be used to select stiffener spacings needed to develop the
required stress in the web.

Limits on the Use of Tension Field Action:

Consideration of tension field action is not permitted if any of the following are true:
a) end panels in all members with transverse stiffeners

b) members when a/h exceeds 3.0 or [260/(h/t,)]?

C) 2Ay /(AfC+Aft) >25

d) h/bg or hibg>6.0

Select stiffener spacing for end panel

Tension field action is not permitted for end panels, therefore use Table 3-16a.

LRFD ASD
Use V, =¢,V, to determine the required Use V, = V,/Q, to determine the required
stress in the web by dividing by the web area | stress in the web by dividing by the web area
vV i \Y, i
OV Y, _ 158KIDS _yg 6 v = Vo J102KIPS _ g 53
A, A, 113in QA, A, 113in

Use Table 3-16a from the Manual to select the required stiffener ratio a/h based on the h/t ratio

d)\/_nz

of the girder and the required stress. Interpolate and follow an available stress curve,

Vv
13.6 ksi for LRFD, O L =9.03 ksi for ASD, until it intersects the horizontal line for a h/t,,

value of 105. Project down from this intersection and take the maximum a/h value of 1.80
from the axis across the bottom. Since h = 33.0 in., stiffeners are required at (1.80)(33.0 in.) =
59.4 in. maximum. Therefore, use 59.0 in.

Select stiffener spacing for the second panel

Tension field action is allowed, but not required, since the second panel is not an end panel.
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Calculate the required shear strength at the start of the second panel, 59 in. from end

LRFD ASD

V, =154k - [l.2(0.92k|f)+1.6(2.74k|f)]{ f;;o '/:t\
n.

=127 Kips = 84.0 kips

V, = 102k - (0.92KIf + 2.74k|f)( 59.0 |n.)

12 in./ft

Check the available shear strength without stiffeners

LRFD ASD

¢, =0.90 Q,=1.67
From previous calculation From previous calculation
d,Vh = 0.90(134 Kips) = 120 kips Vi /Q, = 134 kips / 1.67 = 80.0 kips
120 Kkips < 127 Kips not o.k. 80.0 Kips < 84.0 kips not o.k.
Therefore additional stiffeners are Therefore additional stiffeners are
required. required.
Use V, =¢,V, to determine the required Use V, = V,/Q, to determine the required
stress in the web by dividing by the web area | stress in the web by dividing by the web area

\Y; i . V Oki .
- =V—“ = 127 Kips lflpzs =11.2 ksi L =V—a = 84.0 l_qus =7.43 ksi

A, A, 113in. QA, A, 113in.

Use Table 3-16b from the Manual to select the required stiffener a/h ratio based on the h/t ratio
of the girder and the required stress. Interpolate and follow an available stress curve,

%: 11.2 ksi for LRFD, QV'AN = 7.43 ksi for ASD, until it intersects the horizontal line for

v

a hft, value of 105. Because the available stress does not intersect the h/t, value of 105, the
maximum value of 3.0 for a’lh may be used. Since h = 33.0 in., an additional stiffener is
required at (3.0)(33.0 in.) = 99.0 in. maximum from the previous one.

Select stiffener spacing for the second panel

Tension field action is allowed, but not required, since the next panel is not an end panel.

Calculate the required shear strength at the start of the third pane, 158 in. from end

LRFD ASD

V, = 154 Kips V, = 102 Kips
158.0 in.j

12in./ft
=81.7 Kips = 53.8 kips

- [1.2(0.920 KIf) + 1.6(2.74 KIf
2 )+ 18 )]E 12in./ft

- (0.920 KIf + 2.74 ki) (Mj
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Check the available shear strength without stiffeners

LRFD

ASD

¢y =0.90

From previous calculation
dVn = 0.90(134 kips) = 120 kips
120 kips > 81.7 kips 0.k.

Therefore additional stiffeners are not
required.

Q,=1.67

From previous calculation
Vo/Q, = 134 kips / 1.67 = 80.0 kips
80.0 kips > 53.8 kips 0.k.

Therefore additional stiffeners are not
required.

The four Available Shear Stress tables, Manual Tables 3-16a, 3-16b, 3-17a and 3-17b, are
useful because they permit a direct solution for the required stiffener spacing. Alternatively,
you can select a stiffener spacing and check the resulting strength, although this process is
likely to be iterative. In the proof below, the stiffener spacings that were selected from the

charts in the example above are used.
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Example G.8b Built-up Plate Girder with Transverse Stiffeners

The stiffener spacings from Example G.8a, which were easily determined from the tabulated
values of the Steel Construction Manual, are verified below by directly applying the provisions
of the Specification.

Verify the shear strength of end panel Section G2.1b
kV=5+L2 = 5+L2=654
(a/h) (1.80)

h/t, =33.0in./0.313 in. =105

Check a/h limits

_ 59in.

ah=2"_180<30
33in.
260 | [2607T
a/h=1.80 < =22 =613
(hit)| | 105

Therefore, use k, = 6.54.

Tension field action is not allowed since the panel is an end panel.

Since h/t,>1.37,Jk,E/F, =1.37,/(6.54)(29,000ksi)/ (36 ksi) = 99.5,

1.51Ek, _ 1.51(29,000ksi)(6.54)
(h/t,)°F, (105)36 ksi

=0.721 Eqgn. G2-5

V, = 0.6F,A,C, = 0.6(36ksi)(11.3 in.?)(0.721) = 176 kips Eqgn. G2-1

Calculate the available shear strength

LRFD ASD
¢, =0.90 Q,=1.67 Section G1
dVn = 0.90(176 Kips) =159 kips V/Q, = (176 kips) / 1.67 = 106 Kips
159 kips > 154 kips 0.k. 106 kips > 102 kips 0.k.

Verify the shear strength of the second panel

a/h for the second panel was 3.0
kv =5+L2 = 5+L2 =5.56
(a/h) (3.0)

Check a/h limits
ah= 21" _300<30
33in.

2 2
ah=300< |29 | 2|20} _¢43
(h/t,) 105
Therefore use k, = 5.56

Section G2.1
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Since h/t,>1.37 fk,E/F, =1.37/(5.56) (29,000 ksi)/ (36 ksi) =91.7,

151EK, _ 1.51(29,000 ksi)(5.56) _
(h/t,)*F, (105)%(36 ki)

0.613 Eqn. G2-5

v —

Section G3.2

Since h/t,>1.10,Jk,E/F, =1.10 /5.56(29,000ksi) /(36ksi) = 73.6, use Eqn. G3-2

V, =06FA,|C 4+ Eqn. G3-2
1151+ (a/hy’

0.6(36 ksi)(11.3in.2)[o.613+ 1-0613 }

1.151+(3.0)?

V, = 176 Kkips

Calculate the available shear strength

LRFD ASD
¢,=0.90 Q,=1.67 Section G1
¢vVn = 0.90(176 Kips) =158 kips Vi/Q, = (176 kips) / 1.67 = 105 kips
156 kips > 127 Kips 0.k. 105 Kips > 84.0 kips 0.k.
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CHAPTER H
DESIGN OF MEMBERS FOR COMBINED FORCES AND TORSION

For all interaction equations in Specification Section H, the required forces and moments must include the results
of a second-order analysis, as required by Section C of the Specification. This represents a significant change for
ASD users, who are accustomed to using an interaction equation that includes a partial second-order
amplification.



Example H.1la

About Both Axes (braced frame).

Given:

W-shape Subjected to Combined Compression and Bending

Verify if an ASTM A992 W14x99 has sufficient available strength to support the axial forces and moments
listed below, obtained from a second order analysis that includes P-5 effects. The unbraced length is 14 ft and
the member has pinned ends. KL, = KL, = L, = 14.0 ft

LRFD ASD
P, =400 Kips P, =267 Kips
Mux = 250 kip-ft My = 167 kip-ft
M,y = 80.0 kip-ft M,y = 53.3 kip-ft
Solution:
Material Properties:
ASTM A992 F, =50 ksi Fy=65Kksi
Try a W14x99
Take combined strength parameters from Manual Table 6-1
LRFD ASD
0.886 1.33
p = 103 klpS at 14.0 ft p = 103 klpS at 14.0 ft
b, = :i at 14.0 ft b, = fi at 14.0 ft
10° kip-ft 10° kip-ft
- fi 429
Check limit for Equation H1-1a Check limit for Equation H1-1a
P, _ 400 kIPS _ P, _ 267 k.IpS — 0.356
¢.P, 1,130 kips P /Q,  751Kips
Since 2 >0.2,
¢ n P, /1Q,
pP, + bMy + bM,, < 1.0 PP, + byMay + b My, < 1.0
(0.866 ) (133
400 kips 267 Kips
klO3 klsz Ps) LlOe’ kip J Ps)
( 1.38 (208
+| 250 Kip-ft —_— 167 Kip-ft
i) 0k (s T
(285 ( 4.29
80.0 kip-ft _— 53.3 Kip-ft
A cooke (i) soke

=0.346 + 0.345 +0.228 =0.927<1.0 o.k.

= 0.356 + 0.347 + 0.229 = 0.93

1<10 o.k.

Manual Table 6-1 simplifies the calculation of Specification Equations H1-1a and H1-1b. A

direct application of these equations is shown in Example H.2.

Manual
Table 2-3

Manual
Table 6-1

Manual
Table 4-1

Section H1.1
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Example H.1b W-shape Column Subjected to Combined Compression and

Bending Moment About Both Axes (braced frame)

Verify if an ASTM A992 W14x99 has sufficient available strength to support the axial forces and moments
listed below, obtained from a second order analysis that includes second-order effects. The unbraced length is
14 ft and the member has pinned ends. KL, = KL, = L, = 14.0 ft

M,y = 80.0 kip-ft

LRFD ASD
P, =400 kips P, =267 kips
Mux = 250 kip-ft Max = 167 kip-ft

Moy, = 53.3 kip-ft

Solution:

Material Properties:

ASTM A992  F, =50 ksi F, = 65 ksi

Take the available axial and flexural strengths from the Manual Tables

LRFD

ASD

atKL, = 14.0 ft,
Pe = ¢cP, = 1130 Kips

atL,=14.0 ft,
Mee = dMoy = 642 Kip-ft

My = OM, = 311 kip-ft

P, 400 Kkips

u

= 2 =0.354
¢.P, 1,130 kips

Since PUP > 0.2, use Egn. H1.1a

c'n

M
B8 My My <10
P 9lM, M

X cy

400 kips +§ 250 kip-ft +80.0 kip-ft
1130 kips 9| 642 kip-ft 311 Kkip-ft

0354 + %(0.389 +0.257) =0.929 < 1.0

o.k.

atKL, =140 ft,
P = Py/Q= 751 Kips

atL,=14.0 ft,
Mex = M /Q = 428 Kip-ft

Mey = My, /Q = 207 Kip-ft

P, _ 267 kips _

a

= _ 356
P,/Q,  751Kips

Since R >0.2, use Eqn. H1.1a
P/Q

n [

M
B8 My My <10
P 9\ M M

X cy

267 kips +§ 167 kip-ft + 53.3 kip-ft
751 kips 9\ 428 kip-ft 207 kip-ft

=0.356 + 3(0.390 +0.257) =0.931 < 1.0

o.k.

Manual
Table 2-3

Manual
Table 4-1

Manual
Table 3-10

Manual
Table 3-2

Eqg. Hl.1a
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Example H.2 W-Shape Column Subjected to Combined Compression and
Bending Moment About Both Axes
(by Specification Section H2)

Given:

Verify if an ASTM A992 W14x99 shown in Example H.1 has sufficient available strength, using
Specification Section H2.1. This example is included primarily to illustrate the use of Specification Section
H2. KLy=KL,=L,=14.0ft

LRFD ASD
P, = 400 kips P, =267 Kips
My = 250 kip-ft M,y = 167 kip-ft
My, = 80.0 kip-ft Mgy = 53.3 kip-ft
Solution:
Material Properties: Manual
ASTM A992 F, = 50 ksi Fu=65ksi Table 2-3
Geometric Properties: Manual
W14x99 A=291in?  S,=157in®  §,=552in? Table 1-1

Calculate the required flexural and axial stresses

LRFD ASD
= v J00KIBS _ 13 7si f, = 207KIBS g gy
A 29.1in. A 29.1in.
- M _ 250 k_lp-3ft 12in. 19 1kKsi - M., _ 167k_|p-3ft 12in. 12 8ksi
S, 157in. ft S, 157in. ft
- . M - .
oMy 80.0 k_|p3ft(12|n.j 17 4Ksi oMy 53.3k_|p3ft[12|n.j 116ksi
S, 55.2in. ft S, 55.2in. ft

Calculate the available flexural and axial stresses from the available strengths in Example H.1b

LRFD ASD
F, = F, = defn _LISOKIDS _ 0 gy Footer o P OLKIBS o5 g
A 29.1in. Q. QA 29.1in.
F o= PMyy _ 645k_|p-3ft(12|n.j _493ksi | F, = My _ 431k_|p-3ft(12 m.j 32 9ksi
S, 157in. ft Q,S, 157in. ft
M in- i M ip- i
F - %My _ 311k|.p :‘t(lmn.j 67 6 ki My 207 kl_p :t(lZm.) _ 45.0ksi
S, 55.2in. ft Q,S,  55.2in. ft

As shown in the LRFD calculation of Fy, above, the available flexural stresses can exceed the
yield stress in cases where the available strength is governed by yielding and the yielding strength
is calculated using the plastic section modulus.



Calculate the combined stress ratio

|13.7 ksi  19.1ksi  17.4 ksi| _
388 ksi  49.3Kksi  67.6 ksi|

0.998<1.0

o.k.

LRFD ASD
fa + fbw + sz <1.0 fa + fbw + sz <1.0
Fa Fbw bz Fa Fbw bz

|918k5| 12.8 ksi 116k5||
258 ksi  32.9ksi  45.0 ksi|

o.k.

A comparison of these results with those from Example H.1 shows that Equation H1-1a will

produce less conservative results than Equation H2-1 when its use is permitted.

Note: this check is made at a point. The designer must therefore select which point along the

length is critical, or check multiple points if the critical point can not be readily determined.

H-5

Egn. H2-1
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Example H.3 W-Shape Subject to Combined Axial Tension and Flexure.

Given:
Select an ASTM A992 W-shape with a 14-in. nominal depth to carry nominal forces of 29 kips from dead
load and 87 kips from live load in axial tension, as well as the following nominal moments:

Myo = 32.0 Kip-ft M, = 96.0 Kip-ft
M,p = 11.3 Kip-ft My, = 33.8 kip-ft

The unbraced length is 30 ft and the ends are pinned. Assume the connections are made with no holes.

Solution:
Material Properties: Manual
ASTM A992 Fy, =50 ksi F. =65 ksi Table 2-3

Calculate the required strength

LRFD ASD
P, =1.2(29.0 kips) + 1.6(87.0 kips) P, =29.0 kips + 87.0 kips
=174 kips =116 kips
Mux = 1.2(32.0 kip-ft) + 1.6(96.0 kip-ft) M,y = 32.0 kip-ft + 96 Kip-ft
=192 kip-ft =128 kip-ft
M,, = 1.2(11.3 kip-ft) + 1.6(33.8 kip-ft) M,y = 11.3 kip-ft + 33.8 kip-ft
= 67.6 Kip-ft = 45.1 kip-ft

Verify that a W14x82 has sufficient available strength

Geometric Properties: Manual
W14x82 A=240in>  S,=123in°  Z,=139in°®  §,=29.3in} Table 1-1
Z,=448in°  1,=148in*  L,=8.76ft L, =33.11t Table 3-2

Calculate the nominal gross tensile strength
P, = FyAg = (50 ksi)(24.0 in.%) = 1200 kips Egn. D2-1

Note that for a member with holes, the rupture strength of the member would also have to be
computed using Specification Equation D2-2.

Calculate the nominal flexural strength for bending about the x-x axis

Yielding limit state

My = M, = F,Z, = 50 ksi(139 in.’) = 6950 kip-in = 579 kip-ft Eqn. F2-1
Lateral-torsional buckling limit state

L, =30.0ft

Since L, < Ly < L,, Equation F2-2 applies



Calculate lateral-torsion buckling modification factor

From Manual Table 3-1, C, = 1.14, without considering the beneficial effects of the tension
force. However, C, may be increased because the column is in axial tension.

n?El,  7°(29,000 ksi)(148 in.*) _
P,=——~= - =327 kips
L, ((30.0 ft)(12.0 in /ft))

LRFD ASD
P i -
1+_u:\/1+ 174kips _, », | L5P _ |, L5(116kips) _
Py 327 kips P, 327kips

C,=1.24(1.14)=1.41

My = C,| M, -(M -07Fs)@ <M
n b P oYL L - P

T p

My = 1.41) 6950 kip-in. -(6950 kip-in. - 0.7(50 ksi)(123 in.*)) 30.0M-8.761t
33.1ft - 8.76 1t
= 6550 kip < M, therefore use:
M, = 6550 Kip-in. or 545 kip-ft controls
Local buckling limit state

Per Manual Table 1-1, the cross section is compact at F, = 50 ksi; therefore, the local buckling
limit state does not apply.

Calculate the nominal flexural strength for bending about the y-y axis
Yielding limit state
Since W14x82 has compact flanges, only the limit state of yielding applies.
My = M, = F,Z, < 1.6F,S,

=50 ksi(44.8 in.%) < 1.6(50 ksi)(29.3 in.*)

= 2240 Kip-in < 2344 kip-in., therefore use:

Mpy = 2240 kip-in. or 187 Kip-ft

H-7

Section H1.2

Eqgn. F2-2

Manual
Table 1-1

Eqgn. F6-1



0P P 1080 kips

LRFD ASD
b = b = 0.90 Q,= 0= 167
1200 Kips .
P, = &P, = 0.90(1200 Kips) = 1080 kips P.= P/Q, = T7'p =719 kips
545 kip-ft .
Mex = GpMpe = 0.90(545 kip-ft) = 491 kip-ft | Mx= M, /Q, = 1—6;’ =327 kip-ft
. . 187 kip-ft .
My, = oM, = 0.90(187 kip-ft) = 168 kip-ft | Moy = M, /9, == 6'7'0 — 112 kip-ft
Check limit for Equation H1-1a
LRFD ASD
Fo_ R _174KipS 161 02 R R _6Kibs 16102

P/Q, P/Q, 719 kips

Therefore, Equation H1-1b applies

2Fr’ +LM—’X+—WJ <1.0

[ [°% cy

LRFD

ASD

491 kip-ft 168 kip-ft

174 kips +(192 kip-ft  67.6 klp-ftj <1

2(1080 kips)

0.874<1.0 o.k.

116 Kips +[128 kip-ft | 45.1 klp-ftj <10

2(719 kips) | 327 kip-ft = 112 kip-ft

0.875<1.0 o.k.

Sections D2
and F1

Eqgn. H1-1b
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Example H.4 W-Shape Subject to Combined Axial Compression and
Flexure

Given: Select an ASTM A992 W-shape with a 10 in. nominal depth to carry nominal axial compression
forces of 5 kips from dead load and 15 kips from live load. The unbraced length is 14 ft and the ends are
pinned. The member also has the following nominal required moment strengths, not including second-order
effects:

Mo = 15 kip-ft My = 45 kip-ft
Myo = 2 Kip-ft My, = 6 kip-ft

The member is not subject to sidesway.

Solution:

Material Properties:
ASTM A992 Fy, =50 ksi F,=65ksi

Calculate the required strength, not considering second-order effects

LRFD ASD
P, = 1.2(5.00 kips) + 1.6(15.0 kips) P, =5.00 kips + 15.0 kips
= 30.0 kips =20.0 kips
My = 1.2(15.0 kip-ft) + 1.6(45.0 kip-ft) Max = 15.0 kip-ft + 45.0 kip-ft
=90.0 kip-ft = 60.0 kip-ft
M,, = 1.2(2.00 kip-ft) + 1.6(6.00 kip-ft) M., = 2.00 kip-ft + 6.00 kip-ft
= 12.0 Kip-ft = 8.00 Kip-ft
Try a W10x33
Geometric Properties:
W10x33 A=971in? §=350in%  Z=388in® I,=171in* Manual
$=920in®  Z,=140in>  1,=36.6in" Table 1-1
L,=6.85ft L, =128 ft Table 3-1
Calculate the available axial strength
Commentary
For a pinned-pinned condition, K = 1.0. Table
C-C2.2
Since KL = KL, = 14.0 ft and r, > ry, the y-y axis will govern.
LRFD ASD Manual

Pc = ¢c:Pn = 253 kips P. = P,/Q. = 168 Kips Table 4-1
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Calculate the required flexural strengths including second order amplification

Use “Amplified First-Order Elastic Analysis” procedure from Section C2.1b. Since the
member is not subject to sidesway, only P-6 amplifiers need to be added.

C

m

B=——_"m
' 1-aP /P, Eqgn. C2-2

Cnh=10

X-X axis flexural magnifier

2 7 (29,000 ksi)(171in.* Ean. C2-5
p, = TEL _ ( ) )z = 1730 kips |
(KiL)"  ((1.0)(14.0ft)(12in./ft))
LRFD ASD
a=1.0 a=1.6
1.0 1.0
B - = B, — =1.02 )

'~ 1-1.0(30.0 kips/1730 kips) '~ 1-1.6(20.0kips /1730 Kips) Eqn. C2-2

My = 1.02(90.0 Kip-ft) = 91.8 kip-ft Max = 1.02(60.0 Kip-ft) = 61.2 kip-ft

Y-Y axis flexural magnifier

wEl,  n°(29,000ksi)(36.6in.) _
P,= L= .- =371 kips Eqgn. C2-5
(KL,) ((10)(24.0ft)(12insft))

LRFD ASD
a=1.0 a=16
1.0 1.0

% = 121.0(30.0kips/371kips) | % = 1_16(200kips/371kips) T Eqn. C2-2

M, = 1.09(12.0 kip-ft) = 13.1 kip-ft M,y = 1.09 (8.00 kip-ft) = 8.76 kip-ft
Calculate the nominal bending strength about the x-x axis
Yielding limit state
My = M, = F,Z, = 50 ksi(38.8 in.%) = 1940 kip-in or 162 Kip-ft Eqgn. F2-1
Lateral-torsional buckling limit state
Since L, < L, < L,, Equation F2-2 applies
From Manual Table 3-1, C, = 1.14 Manual

Table 3-1



L

T p

Mu= C | M (M 07Es )| 25 || <M
= “p P(P'yX)LL =P

M, = 1.14{1940 Kip-in. -(1940 Kip-in. - 0.7 (50 ksi)(35.0 in.3))(

= 1820 Kip-in. < 1940 kip-in., therefore use:

My = 1820 Kip-in. or 152 kip-ft

Local buckling limit state

14.0ft - 6.85ft
21.8 ft - 6.851t

controls

Per Manual Table 1-1, the member is compact for F, = 50 ksi, so the local buckling limit state

does not apply

Calculate the nominal bending strength about the y-y axis

Since a W10x33 has compact flanges, only the yielding limit state applies.

Mp, = M, = F,Z, < 1.6F,S,

=50 ksi(14.0 in.%) < 1.6(50 ksi)(9.20 in.°)

= 700 kip-in < 736 Kip-in., therefore

Use M,, = 700 kip-in. or 58.3 kip-ft

LRFD

ASD

¢y = 0.90
Mex= 0sMax = 0.90(152 kip-ft) = 137 kip-ft
Mey = dpMp, = 0.90(58.3 Kip-ft) = 52.5 kip-ft

Q= 1.67
Mo = M/ = 152 Kip-ft/1.67 = 91.0 kip-ft
Mey = My,/Q, = 58.3 kip-ft/1.67 = 34.9 kip-ft

Check limit for Equation H1-1a

LRFD ASD
5: R = 300 k_'ps =0.119, therefore, &: R = 200 k_'ps =0.119, therefore
P ¢.P,  253kips P PR /Q, 168 Kkips

use Specification Equation H1.1b

M
i +(%+—WJ31.0

use Specification Equation H1.1b

M
i +[&+—WJ31.0

2Pc Mcx cy 2Pc Mcx cy
30.0 kips + 91.8 kip-ft N 13.1 kip-ft 20.0 kips + 61.2 kip-ft + 8.76 kip-ft
2(253 Kkips) 137 kip-ft ~ 52.5 kip-ft 2(168 Kips) 91.0 kip-ft ~ 34.9 kip-ft

0.0593+0.920 =0.979<1.0 o.k

0.0595 +0.924 =0.983<1.0 o.k

H-11

Eqgn. F2-2

Manual
Table 1-1

Section F6.2

Eqn. F6-1

Section F2

Section H1.1

Eqgn. H1.1b



Example H.5a Rectangular HSS Torsional Strength

Given:
Determine the available torsional strength of an ASTM A500 Gr. B HSS6x4x V4.

Solution:

Material Properties:
ASTM A500 Gr. B F, =46 ksi F, =58 ksi

Geometric properties:
b

HSS6x4xY4 % =228 " =14.2 t=0.233in.

Evaluate wall slenderness to determine the appropriate critical stress equation

E>E, therefore, — governs.

t t t

h < 245 £

t F,

22.8<2.45 %k()ks' = 61.5 therefore, use Eqn. H3-3
Si

Fer = 0.6 Fy = 0.6(46 ksi) = 27.6 ksi
Calculate the nominal torsional strength

To = FoC = 27.6 ksi (10.1 in.®) = 278 Kip-in.
Cc=101

Calculate the available torsional strength

LRFD ASD

d)T =0.90 QT =1.67
drTh = 0.90(278 Kip-in.) = 250 Kip-in. T/Q =278 Kip-in./1.67 = 166 Kip-in.

Note: For more complete guidance on design for torsion, see AISC Design Guide 9, Torsional
Analysis of Structural Steel Members.

H-12

Manual
Table 2-3

Manual
Table 1-11

Eqn. H3-3

Eqgn. H3-1

Manual
Table 1-11

Section H3.1
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Example H.5b Round HSS Torsional Strength

Given:

Determine the available torsional strength of an ASTM A500 Gr. B HSS5.000x0.250 that is
14 ft long.

Solution:
Material Properties: Manual
ASTM A500 Gr. B F, =42 ksi F, =58 ksi Table 2-3
Geometric properties:
HSS5.000x0.250 % =215 t=0233in.  D=500in, 'hlﬂa%qg?-lS

Calculate the critical stress as the larger of

1.23(29,000 ksi _
Fo=—228E ( T Eqn. H3-2a

5 N
D\t V 5.00 in.

and
0.60( 29,000 ksi .
- o.eoE _ 0.60( ( ) _ 175 ki Eqn. H3-2b
(o) (@
t

However, F, shall not exceed 0.60 F, = 0.60(42 ksi) = 25.2 ksi, therefore, Section H3.1
Fe =25.2 ksi
Calculate the torsional shear constant

. Manual
C =7.95in} Table 1-13

Calculate the nominal torsional strength
Tn = FoC = 25.2 ksi (7.95 in.%) = 200 kip-in. Egn. H3-1

Calculate the available torsional strength

LRFD ASD
or =0.90 Q=167 Section H3.1
¢rT, = 0.90(200 kip-in.) = 180 Kip-in. T./Q = 200 Kip-in./1.67 = 120 kip-in.

Note: For more complete guidance on design for torsion, see AISC Design Guide 9, Torsional
Analysis of Structural Steel Members.



Example H.5c

Given:

Verify the strength of an ASTM A500 Gr. B HSS6x4x1/4 loaded as shown. The beam is

simply supported with torsionally fixed ends.

HSS Combined Torsional and Flexural Strength

wp = 0.460 kip/ft applied 6 in. off centerline
w_ = 1.38 kip/ft applied 6 in. off centerline

8.00 ft
Solution:
Material Properties:
ASTM A500 Gr. B F, =46 ksi F, =58 ksi
Geometric properties:
HSS 6x4x Y4 % =228 % =142 t=0.233in. Z,=853in’
Calculate the required strengths
LRFD ASD
W, = 1.2(0.460 Kip/ft) + 1.6(1.38 kip/ft) W, = 0.460 Kip/ft + 1.38 kip/ft
= 2.76 kip/ft = 1.84 kip/ft
V=V, = V=V, =
r u 2 r a 2
2.76 kip/ft(8.00 ft) _ 1.84 kip/ft(8.00 ft) _
= =11.0 kips = = 7.36 kips
2 2
2 2
MrzMuzwUI M, =M, = !
8 8
_ 276 kip/ft(8.00 ft)° (12 in./ft) _ 1.84 kip/ft(8.00 ft)° (12 in./ft)
- 8 - 8
= 265 Kip-in. =177 Kip-in.
w, le w le
T, =Ty= u2 T, =T,= ;
_2.76 kip/ft(8.00 ft)(6.00in.) _ 1.84 Kip/ft(8.00 ft)(6.00 in.)
- 2 - 2
= 66.2 Kip-in. = 44.2 Kip-in.

H-14
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Calculate the nominal shear strength
h=6.00 in.?-3(0.233 in.) = 5.30 in.

A, =2ht=2(5.30in.)(0.233 in.) = 2.47 in.?
k=5

Calculate the web shear coefficient

22.8 < 1.10 kV—E = 1.10,/5(2L00_k3|) =61.7 therefore, C, =1.0
F 46 Ksi

V, = 0.6F,A,C, = 0.6(46 ksi)(2.47 in.2)(1.0) = 68.2 kips

h
tW

Calculate the available shear strength

LRFD ASD

¢y =0.90 Q,=167
V, = ¢V, = 0.90(68.2 kips) = 61.4 kips Ve = Vi/Q, = 68.2 kips/1.67 = 40.8 kips

Calculate the nominal flexural strength
Flexural yielding limit state
M, = M, = F,Z, = 46 ksi(8.53 in.®) = 392 kip-in.

Flange local buckling limit state

% =142 <112 ’FE =28.1 therefore the flange is compact and the flange local buckling
y

limit state does not apply.

Web local buckling limit state

? =228 <242 /FE =60.8 therefore the the web is compact and the web local buckling
y

limit state does not apply.
Therefore M,, = 392 kip-in., controlled by the flexural yielding limit state.

Calculate the available flexural strength

LRFD ASD

o, =0.90 Q, =167
M. = ¢ ,M, = 0.90(392 kip-in.) = 353 kip-in. M, =M, /Q, =392 Kip-in./1.67 =235 Kip-in.

Take the available torsional strength from Example H.5a

T. = ¢rT, = 0.90(278 Kip-in.) = 250 Kip-in. | T = T//Q; = 278 kip-in./1.67 = 166 Kip-in.

H-15

Section G5

Egn. G2-3

Eqgn. G2-1

Section G1

Section F7

Eqgn. F7-1

Table B4.1
Case 12

Table B4.1
Case 13

Section F1

Ex. H.5a



Check combined strength

LRFD

P Mo e I
P M v, T

0+ 265Kip-in.
353 kip-in.

2
J < 10

66.2 kip-in.

11.0 Kkips
+ +
61.4 Kips

=0.948<1.0 ok

250 kip-in.

:

0+ 177 Kip-in.
235 Kip-in.

N 7.36 kips + 44.2 Kip-in.
40.8 kips 166 kip-in.
=0953<1.0 ok

:

H-16
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Example H.6 W-Shape Torsional Strength.

This design example is taken from AISC Design Guide 9 — Torsion Analysis of Structural Steel
Members. As shown below, a W10x49 spans 15 ft (180 in.) and supports concentrated loads
at midspan that act at a 6 in. eccentricity with respect to the shear center. Determine the
stresses on the cross section and the adequacy of the section to support the loads.

Given:

Pp = 2.50 kips applied 6 in. off centerline
P, = 7.50 kips applied 6 in. off centerline

v

7.5 ft

15 ft

Beam Loading Diagram

The end conditions are assumed to be flexurally and torsionally pinned. The eccentric load
can be resolved into a torsional moment and a load applied through the shear center.

Solution:

Material Properties:

ASTM A992  F,=50ksi F, = 65 ksi Manual
Table 2-3
Geometric Properties:
W10x49 I, =272 in.* S,= 54.6in®  =0560in.  t,=0.340in. M"’g‘lua'
J=139in*  C,=2070in° Table 1-1
Additional Torsional Properties: Desi
W10x49 Sw= 33.0in* a=621in. Wio = 23.6 in.2 esign
Q=130in®  Q,=30.2in3 Guide 9
R v s Appendix A
Calculate the required strength
LRFD ASD
P, = 1.2(2.50 kips) + 1.6(7.50 kips) P. = 2.50 kips + 7.50 kips
=15.0 kips =10.0 kips
P .0 ki . P O ki .
V= = 150KIPS _ 2 56 kips Vaz 2= 100KIPS _ 5 16 kips
v = Rl _ 15.0Kips(15.0 ft)(12 in./ft) M. = Pl _ 100 Kips(15.0 ft)(12 in./ft)
YTy 4 g 4
= 675 Kip-in. = 450 Kip-in.
T, =P,e =15.0 kips(6.00 in.) = 90.0 kip-in. | T, = P,e = 10.0 kips(6.00 in.) = 60.0 kip-in.




Calculate the normal and shear stresses from flexure

LRFD ASD
M ip-in. M ip-in.
Gy :—“:675k—|_p|3n:12.4k5| Gy :—a:m—lplzn:8.24k5|
© S 54.6 in * S 54.6 in

(compression at top, tension at bottom)
V,Q, _7-5kips (302in?)

= = = 2.45 ksi
M1, 272in.(0.340 in.)
Vv, 7.5 kips (13.0in.?
Ty = qu = - p4 ( - ) =0.640 ksi
© It 272in.(0.560 in.)

(compression at top, tension at bottom)
V,Q, 5.00kips(30.2in.%)

Ty, SA= — /=163 ksi
"Lt  272in.*(0.340 in.
Vv 5.00 kips(13.0 in.?

Toa = Qs = — ( - )20.427 ksi
It,  272in.*(0.560 in.)

Calculate torsional stresses

The following functions are taken from AISC’s Design Guide 9 — Torsion Analysis of

Structural Steel Members Appendix B, Case 3, with a = 0.5.

| .
a  62.1in.

At midspan (z/1 = 0.5)

Using the graphs for 6, 6", 6" and 6™, select values

For6; 6x [i—r‘]j (Tl] = +0.09 Solve for 6 = +0.09 ;'J

For 0"; 0"x [i—;]] a =-044 Solve for 6" =-0.44 (;Ia
For@'; 6'x [i—;]} =0 Therefore 6' =0

For 6™; 6"'x [CT;_rﬂ a’ =-0.50 Solve for 6™ =-0.50 GTJeriz
At the support (z/l = 0)

For9; ©Ox [i—:]} [le =0 Therefore 6 =0

For@"; 0"x [%ﬂ a =0 Therefore 6"=0

For@; 6'x [%} =+0.28 Solve for 6' = +0.28 ;—3
For 6™; 6"x {%} a’ =-0.22 Solve for 6™'=-0.22 GT]YLZ

In the above calculations note that the applied torque is negative with the sign convention

used.
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for use below

Calculate T,
GJ

LRFD

ASD

T, -90.0 kip-in.

GJ (11,200 ksi)(1.39in.*)
=-5.78 x 10 rad/in.

T, -60.0 kip-in.

GJ (11,200 ksi)(1.39in.*)
=-3.85 x 10° rad/in.

Calculate the shear stresses due to pure torsion

1, =Gto'

LRFD ASD
At midspan At midspan
06'=0; 7, =0 6'=0;1,=0

At the support, for the web;

At the support, for the web;

. . —5.78rad . . -3.85rad
=11,200 ksi(0.340 in.)(0.28)| ———— =11,200 ksi(0.340 in.)(0.28)| ———
t =1t ( ) )( 10%in, J fa ( X )( 10° in. j
=-6.16 ksi =-4.11 ksi
At the support, for the flange; At the support, for the flange;
. . —5.78rad _
7, =11,200 ksi(0.560 In-)(0-28)[Tj .. =11,200 ksi(0.560 in.)(0.28) M
10%in. at 10%in.
=-10.2ksi = -6.76 ksi
Calculate the shear stresses due to warping
~ES,,0"
TL=———
tf
LRFD ASD
At midspan At midspan
—29,000ksi(33.0in.*)| ~0.50(5.78rad) —29,000ksi(33.0in.") | -0.50(~3.85rad)
Ty = - - Tow = -
0.560in. (62.1in.)" 10° 0.560in. (62.1in.)"10°
=-1.28 ksi =-0.853 ksi
At the support At the support

—29,000ksi(33.0in.*)| -0.22(-5.78rad)
‘E =
. 0.560in. (62.in.)" 10°
=-0.564ksi

—29,000ksi(33.0in.") | 0.22(~3.85rad)

Taw = .

" 0.560in. (62.1in.)" 10°
=-0.375ksi
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Calculate the normal stresses due to warping
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Eqn. 4.3a
LRFD ASD
At midspan At midspan
oo 5| —0.44(-5.78rad) oo .,y —0.44(-3.85rad) Design
G, =29,000 ksi(