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Preface to the Second Edition

In 1989, the American Institute of Steel Construction published the ninth edition
of the Manual of Steel Construction which contains the ‘‘Specification for
Structural Steel Buildings—Allowable Stress Design (ASD) and Plastic De-
sign.”” This current specification is completely revised in format and partly in
content compared to the last one, which was published in 1978. In addition to
the new specification, the ninth edition of the Manual contains completely new
and revised design aids.

The second edition of this book is geared to the efficient use of the afore-
mentioned manual. To that effect, all of the formulas, tables, and explanatory
material are specifically referenced to the appropriate parts of the AISCM. Ta-
bles and figures from the Manual, as well as some material from the Standard
Specifications for Highway Bridges, published by the American Association of
State Highway and Transportation Officials (AASHTO), and from the Design
of Welded Structures, published by the James F. Lincoln Arc Welding Foun-
dation, have been reproduced here with the permission of these organizations
for the convenience of the reader.

The revisions which led to the second edition of this book were performed
by the first two authors, who are both experienced educators and practitioners.

Two major new topics can be found in Appendices A and B: design for re-
peated stresses (fatigue) and highway steel bridge design, respectively. Within
the body of the text, the following additions have been included: composite
design with formed metal deck; single-plate and tee framing shear connections;
and beam bearing plates. The remainder of the topics have been modified, ad-
justed, and in some cases expanded to satisfy the requirements given in the
ninth edition of the Manual. A solutions manual for all of the problems to be
solved at the end of each chapter is available to the instructor upon adoption of
the text for classroom use.

A one quarter course could include all of the material in Chapters 1 through
6 with the exception of Sects. 3.2 through 3.4. Chapters 7 through 10, as well

Xi



xii PREFACE TO THE SECOND EDITION

as the sections omitted during the first quarter can be covered during a second
quarter course. Any desired order of presentation can be used for the material
in the second quarter course since these chapters are totally independent of each
other. Similarly, Appendices A or B can be substituted in whole or in part for
one or more of Chapters 7 through 10.

A one semester course could include all of the material in Chapters 1 through
6 as well as Chapter 9 or 10. As was noted above, any parts of Chapters 7
through 10, Appendix A, or Appendix B can be substituted as desired.

The authors would like to thank Mr. Andre Witschi, S.E., P.E. who is Chief
Structural Engineer at Triton Consulting Engineers for his help in reviewing the
material in the Appendices. Thanks are also due to Mr. Tom Parrott and all of
the secretarial staff of the School of Architecture at the University of Illinois at
Chicago for all of their generous assistance. Finally, we would like to thank
our families for their patience and understanding.

DAvVID A. FANELLA
RENE AMON
Chicago, Illinois



Preface to the First Edition

This is an introductory book on the design of steel structures. Its main objective
is to set forth steel design procedures in a simple and straightforward manner.
We chose a format such that very little text is necessary to explain the various
points and criteria used in steel design, and we have limited theory to that
necessary for understanding and applying code provisions. This book has a
twofold aim: it is directed to the practicing steel designer, whether architect or
engineer, and to the college student studying steel design.

The practicing structural engineer or architect who designs steel structures
will find this book valuable for its format of centralized design requirements.
It is also useful for the veteran engineer who desires to easily note all the changes
from the seventh edition of the AISC Steel Design Manual and the logic behind
the revisions. Yet, the usefulness as a textbook is proven by field-testing. This
was done by using the appropriate chapters as texts in the following courses
offered by the College of Architecture of the University of Illinois at Chicago
Circle: Steel Design; Additional Topics in Structures; and Intermediate Struc-
tural Design (first-year graduate). The text was also field-tested with profes-
sionals by using the entire book, less Chapter 8, as text for the steel part of the
Review for the State of Illinois Structural Engineers’ Licence Examination, of-
fered by the University of Illinois at Chicago Circle. The text, containing per-
tinent discussion of the numerous examples, was effectively combined with sup-
plemental theory in classroom lectures to convey steel design requirements.
Unsolved problems follow each chapter to strengthen the skill of the student.

The American Institute of Steel Construction (AISC) is the authority that
codifies steel construction as applied to buildings. Its specifications are used by
most governing bodies, and, therefore, the material presented here has been
written with the AISC specifications in mind. We assumed—indeed, it is nec-
essary—that the user of this book have an eighth edition of the AISC Manual
of Steel Construction. Our book complements, but does not replace, the ideas

xiii



xiv PREFACE TO THE FIRST EDITION

presented in the Manual. Various tables from the Manual have been reprinted
here, with permission, for the convenience of the user.

We assume that the user is familiar with methods of structural analysis. It is
the responsibility of the designer to assure that proper loadings are used and
proper details employed to implement the assumed behavior of the structure.

In this book, the chapters follow a sequence best suited for a person familiar
with steel design. For classroom use, the book has been arranged for a two-
quarter curriculum as follows:

First quarter—Chapters 1 through 6. Section 3.2 and Examples 3.7 through
3.11 should be omitted and left for discussion in the second quarter. Fur-
thermore, examples in Section 3.1 could be merely introduced initially and
discussed fully after Chapters 5 and 6 have been covered. This amount of
material, if properly covered, will enable the student to understand the
fundamentals of steel design and to comprehensively design simple steel
structures.

Second quarter—Chapters 7 through 10 and Section 3.2. This material is
complementary to steel design. An instructor can follow any desired order
because these chapters are totally independent of each other.

This book can also be used for a one-semester course in steel design by cov-
ering Chapters 1 through 6, as discussed above for First quarter, and Chapters
9 and 10. An instructor may also want to include some material from Chapter
7.

In conclusion, we would like to thank all our friends, families, and colleagues
who provided help and understanding during the writing of this manuscript.
Without their help and cooperation, we might never have made this book a
reality.

RENE AMON
BRUCE KNOBLOCH
ATANU MAZUMDER
Chicago, lllinois



Symbols and Abbreviations
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A Cross-sectional area, in.
Gross area of an axially loaded compression member, in.?
A, Nominal body area of a fastener, in.?
A, Actual area of effective concrete flange in composite design, in.?
A, Concrete transformed area in compression, in.?

-

A, Effective net area of an axially loaded tension member, in.?
Af Area of compression flange, in.?

Ap, Effective tension flange area, in.’

A, Gross beam flange area, in.?

Ap, Net beam flange area, in.?

A, Gross area of member, in.?

A, Net area of an axially loaded tension member, in.?

A, Area of steel beam in composite design, in.’

A, Cross-sectional area of a stiffener or pair of stiffeners, in.>

A, Net tension area, in.?

A, Net shear area, in.2

A, Area of girder web, in.?

A, Area of steel bearing concentrically on a concrete support, in.>
A, Maximum area of the portion of the supporting surface that is ge-

ometrically similar to and concentric with the loaded area, in.?

AASHTO American Association of State Highway and Transportation Offi-
cials

AISCM American Institute of Steel Construction Manual of Steel Construc-
tion, Allowable Stress Design

AISCS American Institute of Steel Construction Specifications

B Allowable load per bolt, kips

Width of column base plate
XV
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SYMBOLS AND ABBREVIATIONS

Load per bolt, including prying action, kips

Area of column divided by its appropriate section modulus

Coefficient for determining allowable loads in kips for eccentrically
loaded connections

Coeflicient used in Table 3 of Numerical Values

Constant used in calculating moment for end-plate design: 1.13 for
36-ksi and 1.11 for 50-ksi steel

Bending coefficient dependent upon moment gradient

2
M, M,

=175+105{— ) +03(—
<M2> <M2>

Coefficient used in calculating moment for end-plate design

= Vbs/b,

Column slenderness ratio separating elastic and inelastic buckling

Coefficient applied to bending term in interaction equation for pris-
matic members and dependent upon column curvature caused by
applied moments

Ratio of ‘‘critical’’ web stress, according to the linear buckling the-
ory, to the shear yield stress of web material

Coefficient for web tear-out (block shear)

Increment used in computing minimum spacing of oversized and
slotted holes

Coefficient for web tear-out (block shear)

Increment used in computing minimum edge distance for oversized
and slotted holes

Factor depending upon type of transverse stiffeners

Outside diameter of tubular member, in.

Number of -inches in weld size

Clear distance between flanges of a built-up bridge section, in.

Dead load

Subscript indicating dead load

Modulus of elasticity of steel (29,000 ksi)

Modulus of elasticity of concrete, ksi

Maximum induced stress in the bottom flange of a bridge stringer
due to wind loading when the top flange is continuously sup-
ported, psi

Axial compressive stress permitted in a prismatic member in the
absence of bending moment, ksi

Bending stress permitted in a prismatic member in the absence of
axial force, ksi

Allowable bending stress in compression flange of plate girders as
reduced for hybrid girders or because of large web depth-to-
thickness ratio, ksi
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SYMBOLS AND ABBREVIATIONS xvii

Stress in the bottom flange of a bridge stringer due to wind loading,
psi

Euler stress for a prismatic member divided by factor of safety, ksi

Allowable bearing stress, ksi

Allowable axial tensile stress, ksi

Specified minimum tensile strength of the type of steel or fastener
being used, ksi

Allowable shear stress, ksi

Weld capacity, kips /in.

Specified minimum yield stress of the type of steel being used, ksi.
As used in the Manual, ‘‘yield stress’” denotes either the speci-
fied minimum yield point (for those steels that have a yield point)
or specified minimum yield strength (for those steels that do not
have a yield point)

The theoretical maximum yield stress (ksi) based on the width-
thickness ratio of one-half the unstiffened compression flange,
beyond which a particular shape is not ‘‘compact.”’ See AISC
Specification Sect. B5.1.

- [bf6/521j2

The theoretical maximum yield stress (ksi) based on the depth-
thickness ratio of the web below which a particular shape may
be considered ‘‘compact’’ for any condition of combined bending
and axial stresses. See AISC Specification Sect. B5.1.

_ [257 T

~ ld/,

Specified minimum column yield stress, ksi

Specified minimum yield stress of flange, ksi

Specified minimum stiffener yield stress, ksi

Specified minimum yield stress of beam web, ksi

Shear modulus of elasticity of steel (11,200 ksi)

Force in termination region of cover plate, kips

Length of a stud shear connector after welding, in.

Moment of inertia of a section, in.*

Impact factor

Subscript indicating impact

Effective moment of inertia of composite sections for deflection
computations, in.*

Moment of inertia of steel beam in composite construction, in.*

Moment of inertia of transformed composite section, in.*

Moment of inertia of a section about the X — X axis, in.*

Moment of inertia of a section about the ¥ — Y axis, in.*
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J

K

LL

n

<

range

n

22 ZXXRX

<

=z

Torsional constant of a cross-section, in.*

Polar moment of inertia of a bolt or weld group, in.*

Effective length factor for a prismatic member

Span length, ft

Length of connection angles, in.

Unbraced length of tensile members, in.

Unbraced length of member measured between centers of gravity
of the bracing members, in.

Plate length, in.

Column length, ft.

Live load

Subscript indicating live load

Maximum unbraced length of the compression flange at which the
allowable bending stress may be taken at 0.66F, or as determined
by AISC Specification Eq. (F1-3) or Eq. (F2-3), when applica-
ble, ft

Maximum unbraced length of the compression flange at which the
allowable bending stress may be taken at 0.6F,, ft

Span for maximum allowable web shear of uniformly loaded beam,
ft

Moment, kip-ft

Maximum factored bending moment, kip-ft

Smaller moment at end of unbraced length of beam-column, kip-ft

Larger moment at end of unbraced length of beam-column, kip-ft

Moment produced by dead load, kip-ft

Moment produced by live load, kip-ft

Moment produced by loads imposed after the concrete has achieved
75% of its required strength, kip-ft

Beam resisting moment, kip-ft

Moment induced in the bottom flange of a bridge stringer due to
wind loading, 1b-ft

Extreme fiber bending moment in end-plate design, kip-in.

Plastic moment, kip-ft

Range of the applied moment, kip-ft

Length of base plate, in.

Length of bearing of applied load, in.

Length at end bearing to develop maximum web shear, in.

Number of stud shear connectors on a beam in one transverse rib
of a metal deck, not to exceed 3 in calculations

Number of shear connectors required between point of maximum
moment and point of zero moment



SYMBOLS AND ABBREVIATIONS xix

Number of shear connectors required between concentrated load
and point of zero moment

Applied load, kips

Force transmitted by a fastener, kips

Factored axial load, kips

Normal force, kips

Force in the concrete slab in composite bridge sections, pounds

Force in the concrete slab in composite bridge sections, pounds

= AF,

Force in the concrete slab in composite bridge sections, pounds

= 0.85 f b1,

Beam reaction divided by the number of bolts in high-strength bolted
connection, kips

Plate bearing capacity in single-plate shear connections, kips

Tee stem bearing capacity in tee framing shear connections, kips

Factored beam flange or connection plate force in a restrained con-
nection, Kips

Maximum strength of an axially loaded compression member or
beam, kips

Euler buckling load, kips

Effective horizontal bolt distance used in end-plate connection de-
sign, in.

Distance between top or bottom of top flange to nearest bolt, in.

Force, from a beam flange or moment connection plate, that a col-
umn will resist without stiffeners, as determined using Eq. (K1-
1), kips

Force, from a beam flange or moment connection plate, that a col-
umn will resist without stiffeners, as determined using Eq. (K1-
8), kips

Force, in addition to P, that a column will resist without stiffe-
ners, from a beam flange or moment connection plate of one inch
thickness, as derived from Eq. (K1-9), kips

Force, from a beam flange or moment connection plate of zero
thickness, that a column will resist without stiffeners, as derived
from Eq. (K1-9), kips

Plastic axial load, equal to profile area times specified minimum
yield stress, kips

Applied load range, kips

Prying force per fastener, kips

First statical moment of the area used for horizontal shear compu-
tations, in.>
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SYMBOLS AND ABBREVIATIONS

Maximum end reaction for 35 in. of bearing, kips

Reaction or concentration load applied to beam or girder, kips

Radius, in.

Constant used in determining the maximum induced stress due to
wind in bottom flange of a bridge stringer

A constant used in web yielding calculations, from Eq. (K1-3), kips

= 0.66 F, 1, (2.5k)

A constant used in web yielding calculations, from Eq. (K1-3),
kips /in.

=0.66 F, t,

A constant used in web crippling calculations, from Eq. (K1-5),
kips

= 34 1} VF, .1 /1,

A constant used in web crippling calculations, from Eq. (K1-5),
kips /in. .

= 3412 [3<1> <i> } VE,.1 /1,

VAN :

Resistance to web tear-out (block shear), kips

Plate girder bending strength reduction factor

Hybrid girder factor

Increase in reaction R in kips for each additional inch of bearing

Net shear fracture capacity of the plate in single-plate shear con-
nections, kips

Net shear fracture capacity of the tee stem in tee framing shear
connections, kips

Plate capacity in yielding in single-plate shear connections, kips

Tee stem capacity in yielding in tee framing shear connection, kips

Shear capacity of the net section of connection angles

Allowable shear or bearing value for one fastener, kips

Elastic section modulus, in.’

Stringer spacing, ft.

Superimposed dead load

Subscript indicating superimposed dead load

Effective section modulus corresponding to partial composite ac-
tion, in.?

Range of horizontal shear at the slab-girder interface in composite
bridge sections, kips/in.

Section modulus of steel beam used in composite design, referred
to the bottom flange, in.?

Section modulus of transformed composite cross-section, referred
to the top of concrete, in.’
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SYMBOLS AND ABBREVIATIONS  xxi

Section modulus of transformed composite cross section, referred
to the bottom flange; based upon maximum permitted effective
width of concrete flange, in.>

Elastic section modulus about the X — X axis, in.’

Ultimate strength of a shear connector in composite bridge sections,
pounds

Horizontal force in flanges of a beam to form a couple equal to
beam end moment, kips

Bolt force, kips

Distance between web toes of fillet at top and at bottom of web,
in.

=d -2k

Specified pretension of a high-strength bolt, kips

Factor for converting bending moment with respect to ¥ — Y axis
to an equivalent bending moment with respect to X — X axis

S

= —bxtx
Fy,S,

Reduction coefficient used in calculating effective net area

Maximum web shear, kips

Statical shear on beam, kips

Shear produced by factored loading, kips

Total horizontal shear to be resisted by connectors under full com-
posite action, kips

Total horizontal shear provided by the connectors providing partial
composite action, kips

Range of shear due to live loads and impact, kips

Total uniform load, including weight of beam, kips

Ratio of yield stress of web steel to yield stress of stiffener steel

Plastic section modulus, in.?

Plastic section modulus with respect to the major (X — X) axis,
in.?

Plastic section modulus with respect to the minor (Y — Y) axis, in.>

Allowable range of horizontal shear on an individual shear connec-
tor in composite bridge sections, pounds

Distance from bolt line to application of prying force Q, in.

Clear distance between transverse stiffeners, in.

Dimension parallel to the direction of stress, in.

Distance beyond theoretical cut-off point required at ends of welded
partial length cover plate to develop stress, in.

Actual width of stiffened and unstiffened compression elements, in.

Dimension normal to the direction of stress, in.
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SYMBOLS AND ABBREVIATIONS

Fastener spacing vertically, in.

Distance from the bolt centerline to the face of tee stem or angle
leg in determining prying action, in.

Effective concrete slab width based on AISC Specification Sect. 11,
in.

Effective width of stiffened compression element, in.

Flange width of rolled beam or plate girder, in.

Beam flange width in end-plate design, in.

End-plate width, in.

Transformed concrete slab width, in.

Depth of column, beam or girder, in.

Nominal diameter of a fastener, in.

Stud diameter, in.

Bolt diameter, in.

Web depth clear of fillets, in.

Diameter of hole, in.

Eccentricity or distance from point of load application to bolt line

Distance from outside face of web to the shear center of a channel
section, in.

Axial compression stress on member based on effective area, ksi

Computed axial stress, ksi

Computed bending stress, ksi

Specified compression strength of concrete, ksi

Actual bearing pressure on support, ksi

Computed tensile stress, ksi

Computed shear stress, ksi

Shear between girder web and transverse stiffeners kips per linear
inch of single stiffener or pair of stiffeners

Transverse spacing locating fastener gage lines, in.

Clear distance between flanges of a beam or girder at the section
under investigation, in.

Nominal rib height for steel deck, in.

Distance from outer face of flange to web toe of fillet of rolled
shape or equivalent distance on welded section, in.

Shear buckling coefficient for girder webs

For beams, distance between cross sections braced against twist or
lateral displacement of the compression flange, in.

For columns, actual unbraced length of member, in.

Unsupported length of a lacing bar, in.

Length of weld, in.

Largest laterally unbraced length along either flange at the point of
load, in.
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Actual unbraced length in plane of bending, in.

Distance from centerline of fastener hole to free edge of part in the
direction of the force, in.

Distance from centerline of fastener hole to end of beam web, in.

Weld lengths, in.

Factor for converting bending to an approximate equivalent axial
load in columns subjected to combined loading conditions

Cantilever dimension of base plate, in.

Number of fasteners in one vertical row

Cantilever dimension of base plate, in.

Modular ratio (E/E,)

An equivalent cantilever dimension of a base plate, in.

Allowable horizontal shear to be resisted by a shear connector, Kips

Governing radius of gyration, in.

Radius of gyration of a section comprising the compression flange
plus § of the compression web area, taken about an axis in the
plane of the web, in.

Radius of gyration with respect to the X — X axis, in.

Radius of gyration with respect to the ¥ — Y axis, in.

Radius of gyration with respect to Y — Y axis of double angle mem-
ber, in.

Longitudinal center-to-center spacing (pitch) of any two consecu-
tive holes, in.

Thickness of a connected part, in.

Wall thickness of a tubular member, in.

Angle thickness, in.

Compression element thickness, in.

Thickness of concrete in compression, in.

Thickness of beam flange or moment connection plate at rigid beam-
to-column connection, in.

Thickness of flange used in prying, in.

Flange thickness, in.

Thickness of beam flange in end-plate connection design, in.

Thickness of concrete slab above metal deck, in.

End-plate thickness, in.

Stiffener plate thickness, in.

Thickness of concrete slab in composite bridge sections, in.

Web thickness, in.

Column web thickness, in.

Length of channel shear connectors, in.

Plate width (distance between welds), in.

Weld size, in.
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kip
ksi

SYMBOLS AND ABBREVIATIONS

Average width of rib or haunch of concrete slab on formed steel
deck, in.

Subscript relating symbol to strong axis bending

Subscript relating symbol to weak axis bending

Distance from neutral axis of steel section to bottom of steel, in.

Distance from neutral axis of composite beam to bottom of steel,
in.

Constant used in equation for hybrid girder factor R,, Ch. G

=06F,,/F, <10

Moment ratio used in prying action formula for end-plate design

Ratio S, /S or S,5/S,

Beam deflection, in.

Displacement of the neutral axis of a loaded member from its po-
sition when the member is not loaded, in.

Ratio of net area (at bolt line) to the gross area (at the face of the
stem on angle leg)

Poisson’s ratio, may be taken as 0.3 for steel

Reduction factor = 0.85

Angle of rotation, rad.

Symbol representing the diameter of a circular element

1,000 1b

Expression of stress in kips per sq. in.



Introduction

0.1 STEEL AS A BUILDING MATERIAL

From the dawn of history, man has been searching for the perfect building
material to construct his dwellings. Not until the discovery of iron and its man-
ufacture into steel did he find the needed material to largely fulfill his dreams.
All other building materials discovered and used in construction until then
proved to be either too weak (wood), too bulky (stone), too temporary (mud
and twigs), or too deficient in resisting tension and fracture under bending (stone
and concrete). Other than its somewhat unusual ability to resist compression
and tension without being overly bulky, steel has many other properties that
have made it one of the most common building materials today. Brief descrip-
tions of some of these properties follow. Some of the other concepts not dis-
cussed here have been introduced in treatments of the strength of materials and
similar courses and will not be repeated.

High strength. Today steel comes in various strengths, designated by its yield
stress F,, or by its ultimate tensile stress F,. Even steel of the lowest strengths
can claim higher ratios of strength to unit weight or volume than any of the
other common building materials in current use. This allows steel structures
to be designed for smaller dead loads and larger spans, leaving more room
(and volume) for use.

Ease of erection. Steel construction allows virtually all members of a struc-
ture to be prefabricated in the shops, leaving only erection to be completed
in the field. As most structural components are standard rolled shapes, readily
available from suppliers, the time required to produce all the members for a
structure can often be shortened. Because steel members are generally stan-
dard shapes having known properties and are available through various pro-
ducers, analyzing, remodeling, and adding to an existing structure are very
easily accomplished.

XXV
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75 AG572 High-strength, low-alloy steel (Gr 50}
F, =65 ksi
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Fig. 0.1. Typical stress-strain curves for two common classes of structural steel.
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Elastic deformation
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0.005 0.010 0.015 0.020 0.025
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Fig. 0.2. Initial portions of the typical stress-strain curves shown in Fig. 0.1.
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Uniformity. The properties of steel as a material and as structural shapes are
so rigidly controlled that engineers can expect the members to behave rea-
sonably as expected, thus reducing overdesign due to uncertainties. Figure
0.1 shows typical stress-strain curves for two types of structural steel. The
initial portions of these curves are shown in Fig. 0.2.

Ductility. The property of steel that enables it to withstand extensive defor-
mations under high tensile stresses without failure, called ductility, gives steel
structures the ability to resist sudden collapse. This property is extremely

Fig. 0.3. Fabrication of special trusses at a job site to be used for the wall and roof structural
system for the atrium lobby of an office building. Note that the trusses, made from tubular sections,
are partially prefabricated in the shop to transportable lengths and assembled at the site to form
each member.
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valuable when one considers the safety of the occupants of a building subject
to, for instance, a sudden shock, such as an earthquake.

Some of the other advantages of structual steel are (1) speed of erection, (2)
weldability, (3) possible reuse of structural components, (4) scrap value of un-
reusable components, and (5) permanence of the structure with proper mainte-
nance. Steel also has several disadvantages, among which are (1) the need to
fireproof structural components to meet local fire codes, (2) the maintenance
costs to protect the steel from excessive corrosion, and (3) its susceptibility to
buckling of slender members capable of carrying its axial loads but unable to
prevent lateral displacements. Engineers should note that under high tempera-
tures, such as those reached during building fires, the strength of structural steel
is severely reduced, and only fireproofing or similar protection can prevent the
structural members from sudden collapse. Heavy timber structural members
usually resist collapse much longer than unprotected structural steel. The most
common methods of protecting steel members against fire are a sprayed-on coat-
ing (about 2 in.) of a cementitious mixture, full concrete embedment, or en-
casement by fire-resistant materials, such as gypsum board.

0.2 LOADS AND SAFETY FACTORS

Components of a structure must be designed to resist applied loads without
excessive deformations or stresses. These loads are due to the dead weight of
the structure and its components, such as walls and floors; snow; wind; earth-
quakes; and people and objects supported by the structure. These loads can be
applied to a member along its longitudinal axis (axially), causing it to elongate
or shorten depending on the load; perpendicular to its axis (transversely), caus-
ing it to flex in a bending mode; by a moment about its axis (torsionally),
causing the member to twist about that axis; or by a combination of any two or
all three. It is very important for the engineer to recognize all the loads acting
on each and every element of a structure and on the entire structure as a whole
and to determine which mode they are applied in and the combinations of loads
that critically affect the individual components and the entire structure. The
study of these loads and their effects is primarily the domain of structural anal-
ysis.

Loads are generally categorized into two types, dead and live. Loads that are
permanent, steady, and due to gravity forces on the structural elements (dead
weight) are called dead loads. Estimating the magnitudes of dead loads is usu-
ally quite accurate, and Table 0.1 can be used for that purpose. Live loads,
however, are not necessarily permanent or steady and are due to forces acting
on a structure’s superimposed elements, such as people and furniture, or due to
wind, snow, earthquakes, etc. Unlike dead loads, live loads cannot be accu-
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Fig. 0.4. A typical steel-frame high-rise building under construction. Note how, in steel construc-
tion, the entire structure can be framed and erected before other trades commence work, thus
reducing conflict and interference among various trades.

rately predicted, but can only be estimated. To relieve the engineer of the bur-
den of estimating live loads, building codes often dictate the magnitude of the
loads, based on structure type and occupancy. National research and standard-
ization organizations, such as the American Society of Civil Engineers (ASCE),'
and other national and city building codes dictate the magnitude of wind, snow,
and earthquake loads based on extensive research data. It is important to deter-
mine which codes govern in a particular situation and then to find the applicable
loads which must act on the structure. Some average values for dead and live
loads for buildings that can be used for preliminary design are shown in Table
0.1.

A structure cannot be designed just to resist the estimated dead loads and the
estimated or code-specified live loads. If that were allowed, the slightest vari-
ation of loads toward the high side would cause the structure or member to
deform unacceptably (considered failure). To avoid this, the stresses in the
members are knowingly kept to a safe level below the ultimate limit. This safe
level is usually specified to be between one-half and two-thirds of the yield

'“‘Minimum Design Loads for Buildings and Other Structures,’" American Society of Civil Engi-
neers (ASCE 7-88; formerly ANSI A58.1-1982), New York, 1990.
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Table 0.1 Approximate Values of Some Common
Loads in Building Design

Material Weight Units

Dead Loads (Weights) of Some Common Building Materials®

Plain concrete (normal weight) 145 pcf
Reinforced concrete (normal weight) 150 pcf
Lightweight concrete 85-130 pef
Masonry (brick, concrete block) 120-145 pef
Earth (gravel, sand, clay) 70-120 pef
Steel 490 pef
Stone (limestone, marble) 165 pef
Brick walls

4 in. 40 psf

8 in. 80 psf

12 in. 120 psf

Hollow concrete block walls
Heavy aggregate

4 in. 30 psf
6 in. 43 psf
8 in. 55 psf
12 in. 80 psf
Light aggregate
4 in. 21 psf
6 in. 30 psf
8 in. 38 psf
12 in. 55 psf
Wood (seasoned) 25-50 pef

Live Loads”

Rooms (residences, hotels, etc.) 40 psf

Offices 50 psf

Corridors 80-100 psf

Assembly rooms, lobbies, theaters 100 psf

Wind (depends on location, terrain, and 15-60 psf
height above the ground)

Snow (depends on location and roof type) 10-80 psf

“See pages 6-7 through 6-9 of the AISCM for weights and specific gravities of
other materials.

’See AISCS A4 for specific rules about loading and AISCS AS5.2 for provisions
concerning wind and earthquake loads.

stress level, which means that from one-half to one-third of a member’s capacity
is kept on reserve for uncertainties in loading, material properties, and work-
manship. This reserve capacity is the safety factor.

In the United States, the American Institute of Steel Construction (AISC)
recommends what safety factors should be used for every type of structural steel
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Fig. 0.5. Wide-flange beam and girder floor system with sprayed-on cementitious fireproofing.
Note that openings in the webs are reinforced because they are large and occur at locations of large
shear.

component for buildings. These safety factors are usually determined from ex-
periments conducted or approved by the AISC. Most municipalities in the United
States have local building codes that require that the AISC specifications be
met. Structures other than buildings are designed according to other specifica-
tions, such as the American Association of State Highway and Transportation
Officials (AASHTO) for highway bridges and the American Railway Engineer-
ing Association (AREA) for railway bridges. Throughout this book, the AISC
specifications will be referred to as AISCS. These specifications can be found
in the AISC Manual of Steel Construction, Allowable Stress Design, from here
on called AISCM.

The design philosophy of the AISCS can be stated as follows: All structural
members and connections must be proportioned so that the maximum stresses
due to the applied loads do not exceed the allowable stresses given in Chapters
D through K of the specification (AISCS AS.1). These allowable stresses are
typically a function of the yield stress F, or the ultimate stress F, of the steel
divided by an appropriate factor of safety (as noted above). The allowable
stresses given in the AISCS may be increased by one-third if the stresses are
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produced by wind or seismic loads acting alone or in combination with the dead
and live loads, provided that the required section is satisfactory for only dead
and live loads without the increase (AISCS AS.2). The increase mentioned above
does not apply, however, to the allowable stress ranges for fatigue loading given
in Appendix K4 of the AISCS. It is important to note that when computing the
maximum bending stresses for simply supported beams or girders, the effective
length of the span should be taken as the distance between the centers of gravity
of the supporting members (AISCS BS).

The steels which are approved for use are given in AISCS A3.1.a. Each of
the steels listed has an American Society for Testing and Materials (ASTM)
designation. The various types of steels and their corresponding values of F,
and F, are listed in Table 1, p. 1-7 of the AISCM. One of the steels which is
often used in building design is ASTM A36 (F, = 36 ksi, F, = 58 ksi). For
this reason, unless specifically stated otherwise, the reader should assume A36
steel for all examples and problems to be solved throughout this book. Addi-
tionally, because of their popularity, the same assumption should be made for
E70 electrodes when dealing with welds.
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Tension Members

1.1 TENSION MEMBERS'

A tension member is defined as an element capable of resisting tensile loads
along its longitudinal axis. Classic examples are bottom chords of trusses and
sag rods (Fig. 1.1). For the most part, the shape of the cross section has little
effect on the tensile capacity of a member. The net cross-sectional area will be
uniformly stressed except at points of load applications and their vicinity (St.
Venant’s principle). If fasteners are used, it may become necessary to design
for stress concentrations near the fasteners, referred to as shear lag. Other stress
buildups, in the form of bending stresses, will develop if the centers of gravity
of the connected members do not line up. This effect is usually neglected, how-
ever, in statically loaded members (AISCS J1.9).

Allowable stresses are computed for both gross member area and effective
net area. The gross area stress is designed to remain below the yield stress, at
which point excessive deformations will occur, and the effective net area is
designed to prevent local fracture.

To account for the effective net area, it is necessary to use reduction coeffi-
cients for tension members that are not connected through all elements of the
cross section. This provision is intended to account for the phenomenon of shear
lag. For example, the angle in Fig. 1.2 is connected through one leg. The shear
stress being transferred through its bolts will concentrate at the connection. The
effect of shear lag will diminish, however, as the number of fasteners increases.

1.2 GROSS, NET, AND EFFECTIVE NET SECTIONS

The gross section of a member, A4,, is defined as the sum of the products of the
thickness and the gross width of each element as measured normal to the axis

'This chapter deals with members subjected to pure tensile stresses only. For the case of members
subjected to tension and flexure, refer to Chap. 4, Sect. 4.5.
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Bottom
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of truss
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Fig. 1.1. Common examples of tension members.

of the member (AISCS B1). This is the cross-sectional area of the member with

no parts removed.

The net width multiplied by the member thickness is the net area. Net width
is determined by deducting from the gross width the sum of all holes in the
section cut. In AISCS B2, the code states: ‘‘The width of a bolt or rivet shall
be taken as ¢ in. larger than the nominal dimension of the hole.”’ AISC Table
J3.1 lists the diameter of holes as a function of fastener size. For standard holes,
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Tensile stress
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Fig. 1.2. Shear lag concept. Because the stress is transferred through the bolts, a concentration of
tensile stress occurs at the bolt holes. As the number of bolts increases, the magnitude of shear lag
decreases (see AISCS Commentary B3).
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Fig. 1.3. John Hancock Building, Chicago. (Courtesy of U.S. Steel)
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the hole diameter is 1% in. larger than the nominal fastener size. Thus, a value
of fastener diameter plus § in. (d + 15 + 75) must be used in computing net
sections.

Example 1.1. Determine the net area of a 4 X 4 X 5 angle with one line of
3-3-in. bolts as shown.

Solution. The net area is equal to the gross area less the sum of the nominal
hole dimension plus % in. (AISCS B2).

A, = 3.75 in.?

&

A, =3.75in? = [2in. + (Lin. + Lin)] x Lin. = 3.31in.?

If there is a chain of holes on a diagonal or forming a zigzag pattern, as in
Fig. 1.4, the net width is taken as the gross width minus the diameter of all the
holes in the chain and then adding for each gage space in the chain the quantity

% (1.1)

where s is the longitudinal spacing (pitch), in inches, of two consecutive holes
and g is the transverse spacing (gage), in inches, of the same two holes (AISCS
B2).

The critical net section is taken at the chain that yields the least net width. In
no case, however, shall the net section, when taken through riveted or bolted
splices, gusset plates, or other connection fittings subject to a tensile force ex-
ceed 85% of the gross section (AISCS B3).

For determining the areas of angles, the gross width is the sum of the widths
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Fig. 1.4, Gage and pitch spacing.
of the legs less the angle thickness (AISCS B1). The gage for holes in opposite

legs, as shown in Fig. 1.5, is the sum of the gages from the back of the angle
less the angle thickness (AISCS B2).
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Fig. 1.5. Measurement of gage dimension and gross width for angles.

Example 1.2. Determine the net area of the plate below if the holes are for
7 .
g-in. bolts.
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Solution. To find the net section, consult the AISC Code Section B2. The net
width must be calculated by considering all possible lines of failure and de-
ducting the diameters of the holes in the chain. Then for each diagonal path,

the quantity (s*/4g) is added, where s =

longitudinal spacing (pitch) of any

two consecutive holes and g = transverse spacing (gage) of the same two holes.
The critical net section is the chain that gives the least net width. The net critical
width is then multiplied by the thickness to obtain the net area (AISCS B2).

Chain

ACEG

BDFH

ACDEG

ACDFH

ACDEFH

Width — Holes
12 -2 x (3 +
12 -2 X (3 +
12 -3 x G+
12-3xd+

12 —4 x (7 +

2

+ 2 for each diagonal path
4g

1y = 10.0”

1y = 10.0”

Ly + (22/42.5)) + (22/42.5) = 9.8"
L) + (27/4(2.5)) = 9.4"

b +3x(2%/42.5) =9.2"

Critical section = 9.2 in. X §in. = 4.6 in.?

A, =4.6in.?

Example 1.3. For the two lines of bolt holes shown, determine the pitch (s)
that will give a net section along ABCDEF equal to a net section through two
holes. Holes are for 3-in. bolts.

A
B, [
T‘i’\ \;C RS |
S N o
=== 14% zix" :i::_:T—D:::::E:::
LT °
L

Solution. The section through four holes plus the quantity 2 X (s*/4g) must
equal the gross section minus two holes.
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3 1 s 3 1
145 —4x{2+=)+2 — 145 — 3.1
<4 8> “ax4 5 2><<4+8>

$2
11.0 + ri 12.75

=14 s =374in.
Use pitch of 33 in.
Example 1.4. A single angle tension member 6 X 4 X 3 has gage lines in the

legs as shown. Determine the pitch (s) for 3-in. rivets, so that the reduction in
area is equivalent to two holes in line.

|
-1z "21?’1 O B/ g
/l 21" 421
21_" /f | _ 3’ =4
3 y
—%‘ T cO | T 9%
i \ | cexax? L.
2 b 2k
i \J 2" 4 Rivets 'f
= O @) 1
1 ] 13
f

EX
a4
| —F
Solution. Because of the angle thickness, the gross width of the angle must be

(6 +4—3)=925in,
Path ABDE = path ABCDE

31
Path ABDE = 9.25 ~ 2 x <Z + §> = 7.5in.
3 1 s? 52
BCDE = 9.25 =3 x (> + =) +
Path A <4 8> ax4 3x25
Sz Sz
= 6625+ +<
625+ 16 * 10
Sz 52
75 = 6.625 + — + =
16 " 10
2
0875 = 0+ 8
80

s = 5.385 s = 2.32in.

Use pitch of 23 in.
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The calculation of the effective net area A, is given in AISCS B3 for bolted,
riveted, and welded connections.

If the tensile force is transmitted by bolts or rivets through some, but not all,
of the cross-sectional elements of the member, then A, is given by (B3-1):

A, = UA, (1.2)

where A, is the net area of the member as defined previously and U is a reduc-
tion coefficient. Values of U based on the requirements set forth in AISCS B3
can be found in Table 1.1.

When a tensile force is transmitted by welds through some, but not all, of the
cross-sectional elements of the member, then (B3-2) should be used to deter-
mine the value of A4,:

A, = UA (1.3)

8
where A, is the gross cross-sectional area of the member. When transverse welds
are used to transmit the tensile load to some, but not all, of the cross-sectional
elements of W, M, or S shapes and WT sections cut from these shapes, then
the effective area A, is defined in AISCS B3 as the area of the directly connected
elements only. An example of this provision is shown in Fig. 1.6.

For the case when the tensile load is transmitted to a plate by longitudinal
welds along both edges at the end of the plate, the effective net area A, is given
by (B3-2). The values of the reduction coefficients U to be used are given in
Fig. 1.7. Note that the length, /, of the longitudinal welds shall not be less than
the width of the plate for any case.

Although not stated in AISCS B3, the AISCS Commentary B3 gives a con-
servative method to determine U for situations not covered in the specification.

Table 1.1. Values for the Reduction Coefficient U Based
on AISCS B3.

No. of Fasteners
Shape” Per Line U

1) W, M, or S shapes where b, = 3 d.

Tee sections from above shapes

Connection to the flanges. 3 or more 0.90
2) W, M, or S shapes not meeting

above conditions and all other

shapes including built-up sections 3 or more 0.85
3) All members 2 0.75

“b; = flange width: d = member depth.
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Fig. 1.6. Calculation of 4, for a member with a transverse weld.

2> w (AISCS B3)

Length, ¢ U

Ag = wt L>2w 1.0
A, =UA 2w > 2> 1.5w 0.87
1.5w> > w 0.75

Fig. 1.7. Values of U for a plate with longitudinal welds on both edges.

Figure 1.8 illustrates this method for the case of a rolled member with longi-
tudinal welds along each edge of the flange only. Note that this method will
yield more conservative values of U than those which are specifically given in

AISCS B3 for both bolted and welded connections.
For the case of shapes which are connected by both longitudinal welds and
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X = distance from the centroid of the shape to the
plane of the connection, in.

¢ = weld length, in.

Fig. [.8. Determination of U as defined in AISCS Commentary B3.

transverse welds at the ends, it is the understanding of the authors that the
effective net area A, can be taken as 0.854, (i.e., U = 0.85). For plates, how-
ever, U should equal 1 since the tensile load is transmitted directly to the total
cross-sectional area of the member. When a tensile load is transmitted by lon-
gitudinal or a combination of longitudinal and transverse welds through one leg
of a single-angle tensile member, Sect. 2 of the Specification for Allowable
Stress Design of Single-Angle Members requires that A, = 0.854, (see eqn.
(2-1), p. 5-310).

Example 1.5. What is the effective net area of the angle in Example 1.1?

Solution. The effective net area is the product of the net area and the required
reduction coefficient (AISCS B3).

A, = U X 4,
U = 0.85 (from Table 1.1)
A, = 3.31 in.? (from Example 1.1)

A, = 0.85 x 3.31in.2 = 2.81 in.?

Example 1.6. Determine A, for the WT 7 X 13 shown below.
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WT 7 X13

\//
=

Solution. A, = area of directly connected elements (AISCS B3)
=5.025in. X 0.42 in. = 2.11 in.?

Example 1.7. Determine A, for the I X 5 in. plate shown below if (a) [ = 7
in., (b)! = 8.5in., (c)/ = 11 in.

R S m—

Solution. A, = UA, (B3-2)

A lin. X 5in. = 5 in.?

8

Sin., 1.5w = 7.51in., 2w = 10 in.

w

a) Since 1.5w > | > w in this case, then U = 0.75 (see Fig. 1.7)
and A, = 0.75 x 5 = 3.75in.?

b) Since 2w > [ > 1.5w in this case, then U = 0.87
and A, = 0.87 x 5 = 4.35in.?

¢) Since I/ > 2w, then U = 1.0 and A, = S in.”

Example 1.8. Determine A, for the WT 5 X 15 shown below.

| WT5X15

x|
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Solution. Since this problem is not specifically referred to in AISCS B3, use
the procedure given in the commentary (see Fig. 1.8):

X
U=1--

l
x = 1.1 in. (see AISCM Properties Section)
[ = 6in.

1.1
U=1-—=0.82

6
A, = UA, = 0.82 X 442 = 3.61 in.”

1.3 ALLOWABLE TENSILE STRESSES

A tension member can fail in either of two modes: excessive elongation of the
gross section or localized fracture of the net section.

As an applied tensile force increases, the strain will increase linearly until the
stress reaches its yield stress F, (Fig. 1.9). At this point, inelastic strain will
develop and continue in the ultimate stress (F,) region, where additional stress
capacity is realized. Once the yield stress has been reached and inelastic elon-
gation occurs, the member’s usefulness is diminished. Furthermore, the failure
of other members in the structural system may result. To safeguard against yield
failure, the AISCS D1 states that stress on the gross member section (except

Stress strain region
for effective net area

Stress, ksi

Stress-strain region
for gross member area

Strain, in./in.

Fig. 1.9. Stress-strain diagram of mild steel. The design of tension members is based on strain
(rate of elongation) on the gross member area and stress on the effective net area.
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pin-connected members) shall not exceed
F, = 0.60F, (1.4)

Localized fracture will occur at the net section of least resistance. The value
of the load may be less than that required to yield the gross area. Therefore,
the stress on the effective net section, as defined in AISCS DI, shall not be
greater than

F, = 0.50F, (1.5)

Hence, a factor of safety of 1.67 against yielding of the entire member and 2.0
against fracture of the weakest effective net area has been established.

For pin-connected members, the allowable stress on its net section is given
in AISCS D3.1:

F, = 0.45F, (1.6)

Table 1.2. Allowable Stresses
for Tension Members.

On Net On Gross
Area Area

F, 045 F, 0.60 F,
36 16.2 22.0
42 18.9 25.2
45 20.3 27.0
50 22.5 30.0
55 24.8 33.0
60 27.0 36.0
65 29.3 39.0
90 40.5 54.0
100 45.0 60.0

On Nominal On Eff.

Rod Area Net Area

F, 0.33F, 0.50 F,
58.0 19.1 29.0
60.0 19.8 30.0
65.0 21.5 32.5
70.0 23.1 35.0
75.0 24.8 37.5
80.0 26.4 40.0
100.0 33.0 50.0

110.0 36.3 55.0
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The design of threaded rods incorporates the use of the nominal area of the
rod, that is, the area corresponding to its gross diameter. To allow for the re-
duced area through the threaded part, the allowable stress for threaded bars is
now limited to (see Table J3.2):

F, = 0.33F, (1.7)

Computed values of allowable yield stress and allowable ultimate stress are
provided in Table 1.2. These values can also be obtained from Tables 1 and 2
in the AISC Numerical Values Section, pp. 5-117 and 5-118.

Example 1.9. Determine the member capacity for the section shown in Ex-
ample 1.1.

Solution. From Ex. 1.1, A, = 3.75 in.”

A 3.31 in.2

I

n

2.81 in.?

I

From Ex. 1.5, A,

0.6F, A, = 22 x 3.75 = 82.5k

0.5F,A, = 29 x 2.81

P... = lesser of
81.5 k (governs)

Example 1.10. What tensile load can a 4 X 4 X 3 angle carry with the con-
nections shown?
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Solution.

Fora4 x 4 x 3 angle
A, = 2.86 in?
A, =286in> — [Jin. x Qin. + Lin. + & in)] = 2.53 in.

n

A

UXA,

a) U = 0.75 (from Table 1.1)
A, = 0.75 X 2.53 in.2 = 1.90 in.2

0.6F,A, = 22 X 2.86 = 62.9k

P .« = lesser of
0.5F,A, = 29 X 1.90 = 55.1 k (governs)

b) U=0.85
A, = 0.85 X 2.53 in.? = 2,15 in.?

22 X 2.86 = 629k

P..x = lesser of
29 X 2.15 = 62.4 k (govemns)

<)
From eqn. (2-1), p. 5-310,

A, = 0.85 X 2.86 in.? = 2.43 in.?
22 x 2.86 = 62.9 k (governs)

Pax = lesser of
29 X 243 =705k

From AISCS Commentary B3 (C-Bl1-1),

% 14
U=1 —§= 1 —1—10—=0.89;Ae = 0.89 X 2.86 = 2.55 in.2

22 X 2.86 = 62.9 k (governs)

P = lesser of
29 X 2.55 =73.8k
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Example 1.11. Determine the maximum tensile load a 3 X 7-in. plate connec-
tion fitting can carry if it has welded connections and punched holes as shown.
Use A572 Gr 50 steel.

l“ — %

e

Solution. The lesser of the critical loads which can be transmitted through the
bolts (P,) or through the longitudinal welds (P,) will govern.

e For the bolted connection:

A, =525-2x[0.75 X (1.25 + )] = 3.19in.”

A = 0.854, = 4.46 in.? for short connection fittings

n, max

Therefore, A, = 3.19 in.? (governs)
Since U= 1,4, = A, = 3.19 in.?

0.6F,A, = 30 X 5.25 = 157.5 k

P, = lesser of
0.5F,A, = 32.5 x 3.19 = 103.7 k (governs)
¢ For the welded connection:

A, = UA

8

I

10in., w= 7in., 1.5w = 10.5in.; therefore, U = 0.75
0.75 X 5.25 = 3.94 in.?

A,
30 X 5.25 = 1575k

P, = lesser of
32.5 X 3.94 = 128.1 k (governs)

Since P; = 103.7 k is less than P, = 128.1 k, the maximum load the plate
connection can resist is P,, = 103.7 k.
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Example 1.12. Calculate the allowable tensile load in the 3-in. X 14-in. plate.
The holes are for 3-in. bolts; use A36 steel.

“x1amp

o :
/[ T % ¢ Bolts

Solution.

2
Chain Width — Holes + :—g for each diagonal path (AISCS B2)

ABDG 14 -2 x (3 +1) =1225in.

ABDEF 14 — 3 x (3 + 1) + 2?/4(4) = 11.625 in.

ABCEF 14 —3 x (3 + 1) + 2?/4(4) = 11.625 in.

ABCDG 14 -3 x (2 + 1) +27/44) + 2°/4(3) = 11.96 in.
ABCDEF 14 —4 x 3+ }) +2 x (2°/44)) + 2°/4(3) = 11.33 in.

Critical section = 11.33in. X Jin. = 5.67in.2 = A

A, =104, = 5.67in.

22 x 7.0 = 154 k (governs)
P .« = lesser of
29 X 5.67 = 164.4 k

Example 1.13. A single angle tension member L 6 X 6 X 3 has two gage lines
in each leg as shown. Determine the allowable tension load that can be carried.
Holes are for 3-in. bolts.
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Solution.

Path ABFCGH <6 +6 —1> -4 x :
2 4x25
2.5)?
+ @) < =970 n.
4><<2+2——>
2
2
Path ABFCD 6+6—~)—3x(24+L)y @S
2 478) Tax2s
2.5)°
+ (2-5) I = 9,95 in
4x({2+2~-=
er2-3)
2
Path ABFGH 6+6-1)—3x (241}, @9
2 478) Taxas

= 9.5 in. (govems)
A, = 5.75in.?
A, =9.5in. X Lin. = 4.75in.?

A, = 1.0 X 475 = 4.75in.?

22 x 5.75
= lesser of
29 x 4.75

126.5 k (governs)
137.8 k

i
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Example 1.14. A threaded rod cut from A36 stock is to be used as a tie bar
carrying a 10-kip tensile force. Determine the diameter required.

Solution. The allowable tensile stress can be found in AISC Table J3.2, and is
repeated in Table 1.2 for convenience.

F, =033 F, = 19.1 ksi

The stress is to be calculated on the nominal body area

= 0.52 in.2

P 10k
A = — = -
F,  19.1 ksi

d2
WT > 0.52 in.?

d* > 0.66 in.?
d > 0.81 in.

Use minimum -in. ¢ rod.

1.4 AISC DESIGN AIDS

The AISCM provides a chart to determine net areas for double angles in tension.
Common double angles used as tension members are given on p. 4-96 for two,
four, and six holes out. To use, simply find the angle designation in the left
column and find the number of holes out in the fastener size in the top row. To
find A4,, as determined in accordance with AISCS B1 and B2, carry the angle
designation across and the fastener diameter down until the two lines intersect.
The appropriate U value is then applied to determine the effective net section.
Values for single angles can also be determined by assuming one hole out in-
stead of two for double angles, two holes out instead of four, and three holes
out instead of six, and noting that the area will be one-half of the value listed.

AISCM (p. 4-98) also provides a table for area reductions due to holes. The
thickness of steel along the left margin is matched with the hole diameter, and
the value determined is the area of the hole.

Values for s° /4g can be determined from the chart on p. 4-99 labeled ‘‘Net
Section of Tension Members.”’ Entering the chart on the side with the gage
value g, carry the line across until it intersects the curve for the appropriate
pitch s. The value found vertically above or below that point is 5°/4g.
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Fig. 1.10. Wind bracing for an office building, each made from four angles. Note the stiffeners
on the beam web to resist the large concentrated reactions from the braces.

Example 1.15. Using the AISC Design Aids, find the net area for two 4 X 4
X 3 angles with two rows of 3-in. bolts in each angle.

Four holes out

Solution. The 4 X 4 X }-in. angle can be found in the **Connections’” section
of AISCM. With two %-in. bolts in each of the angles, there are a total of four
holes out. Finding the correct column for 3-in. fasteners with four holes out,
follow down until it intersects with the row of L 4 X 4 X 3 in. The value for
the net area is 4.41 in.?

A, = 4.41 in.?

Example 1.16. Using the AISC chart, find the net area for an angle 6 X 4 X
3 with two rows of 3-in. bolts.
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Solution. The angle 6 X 4 X 3 can be considered as one-half of a double angle.
Therefore, use the column for four holes out with a double angle. Reading down
the column for 3-in. fasteners and across for the L 6 x 4 X 3 in. yields a value
of 5.91 in.%. Because this gives the net area for two angles, the value must be
divided by 2, which gives a net area for a single angle as 2.95 in.?

A, =2.95in.?

Example 1.17. Two 6 X 4 X } angles are connected with long legs back to
back. Assume two rows of 3-in. bolts are used in the long legs and one row of
3-in. bolts is used in the short legs. Determine the maximum tensile load that
can be carried.

Lexaxy

Solution. Two methods will be shown, one using the tables in the AISCM.

a) Using the AISCM, determine the number of holes out, and read down the
column of the row corresponding to the angle designation.

From the AISCM

A, =2 x 475in? = 9.50 in.?

A, = 6.88 in.” (p. 4-96)
U
A,

22 X 9.5 =209 k
Pax = lesser of
29 x 6.88 = 199.5 k (governs)

1.0
1.0 X A, = 6.88 in.?

b) A, =2 X [4.75in.2 — 3 X }in. X (3in. + §in.)] = 6.88 in.?
The rest of the computation is the same as part a.

Example 1.18. Using the AISC charts for tension member net areas, determine
the net areas and maximum tensile load for
a) 6 X 6 x 3 angle connected by two lines of 3-3-in. bolts in one leg.
b) 6 X 6 x 3 angle connected by one line of 3-3-in. bolts in each leg, and
connected with lug angles.
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— )

o o o [I1 o
T o o + - o [I1 o *L‘
o o o FI1 o

(a) (b)

Solution.
A, = 844in’°

a) Using the column for 3-in. fasteners with four holes out (two holes out in
a single angle), and the row forL 6 X 6 X 3

A, = 143in.2/2 = 7.15in.2

A, =U X 4,

U = 0.85

A, = 0.85 x 7.15in.2 = 6.08 in.?
A, = 8.44in’

22 X 8.44
29 X 6.08

185.7 k
176.3 k (governs)

Il

P_.x = lesser of {

b) The load is transferred through both legs of the angle, and therefore no
reduction need be taken:

A, = 14.3in.2/2 = 7.15 in.?
U=1.0
A, = 7.15in.?
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22 x 8.44
29 x 7.15

185.7 k (govemns)
207.4 k

P .. = lesser of {

1.5 SLENDERNESS AND ELONGATION

To prevent lateral movement or vibrations, the AISC recommends limits to the
slenderness ratio //r for tension members other than rods. Although not essen-
tial to structural integrity, AISCS B7 recommends that the slenderness ratio I/r
be limited to 300, where [ is the length of the member in inches and r is the
least radius of gyration, equal to s/I/—A

Provided tension members are designed within stated allowable stresses,
elongations of tension members should not be critical. Should the elongation of
a member be desired, however, it can be calculated in the elastic range (f, <
F) by

A= Ll (1.8)
AE '
where [ is the member length in inches and E is the modulus of elasticity. For
this calculation, the area should be taken as the gross area, though at net sec-

tions the strain value will locally be greater.

Example 1.19. A WT 8 X 13 structural tee is used as a main tension member
with a length of 20 ft. Determine if the member is within recommended AISC
limits to the slenderness ratio.

Solution. (AISCS B7)

=< 300

~N e~

The member length in inches is 20 ft X 12 in. /ft = 240 in.

Checking properties for designing, r,, = 2.47 in., ry, = 1.12 in.
Use r,, = 1.12 in. (least value):

I 240in

- = = 21

r 1.12in 214
214 < 300 ok

The member satisfies the AISC recommended slenderness limit.
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Example 1.20. A 5 X 3 X -in. angle is used as a bracing member carrying

tension. The member is to be within recommended AISC slenderness ratio lim-
its. Determine the maximum length of the member to be within AISC limits.

Solution. (AISCS B7)

=< 300

[ =300 xr
= 1.61in.; r, =0.853in; r, = 0.658 in.

Use r,, = 0.658 in.
I < 300 X 0.658 in. = 197.4in. = 16.45 ft

To satisfy recommended AISC slenderness limits, the length of the member
cannot exceed 16 ft, 5 in.

Example 1.21. Design the 12 ft WT 4 structural tee shown to carry 60 kips
and satisfy the recommended slenderness ratio. Use g-in. bolts.

3- %” ¢ Bolts
,}ChSideN

Solution.
60 k
G ired = = 2.73 in.?
TOSS area require 2.0 kei 2.73 in
Effective net area required k 2.07 in.?
i rea required = = 2. .
q 29.0 ksi n

Using the tables for structural tees cut from W shapes, find the most economical
section by choosing one with the required area and the least weight.
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Try WT 4 x 10.5
A, =3.08in> > 2.73in> ok

A, =3.08in.% — 2 x [0.400 in. X (Zin. + in.)] = 2.28 in.?

U =090 (b = 5.27 in. > 2(4.14in.) = 2.76 in.)

A, =UXA4, =090 x2.28in.? = 2.05in.2 < 2.07in.?2 N.G.
Try WT 4 x 12

A, =3.54in? > 2.73in.> ok

g
. 2 . 7 . 1 . . 2
A, = 3.54 in.” — 2 X |0.400 in. X gm. + gm. = 2.74 in.

A, =090 X 2.74 in.> = 2.47 in.2 > 2.07 in.? ok

ree = 0999 in.; r,, = 1.61 in.

[ 12 ft X 12 in/ft 144 < 300 ok
- - = 0
r 0.999 in.

Use WT 4 X 12.

1.6 PIN-CONNECTED MEMBERS AND EYEBARS

Eyebar members and pin-connected plates are designed to carry the tensile load
through the bar and transfer the load through the pinhole to the pin. The allow-
able stress in the eyebar is F, = 0.45F, and is taken across the member net
area. Figures 1.11 and 1.12 show the requirements for eyebars and pin-con-
nected plates, as stated in AISCS D3. When exposed to weather, the pins and
the eyebar may have a tendency to rust, which could freeze the joint and cause
some distress. To avoid this, many designers prefer using plates of A588 steel
(Gr 50) and stainless steel pins.
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o,
&/
&

T

dhead dh

NN

Ah&ad =tX (dhead _dh)
t21/2in

Ttrans >dh&acl

w<8Xt

15w>d,  —d, >1.33w

dDin
dy =dg, +1/32in,
d, <5Xt (F, > 70 ksi)

Note: Eyebar shall be of uniform thickness,
without reinforcement at the pinholes.

> 7
23 Xw

Fig. 1.11. Design requirements of eyebars according to AISCS D3.3.

- sl
[_/—

/Q L

b3

N

WI’\B( =w— dh
b1 = Wnet/2
by <4Xt
by = 2/3 X W,
d, 2 1.25 X {b, or b,, whichever is smaller)
dy <dg, +1/32in.
Ane( = Wnet >< t
Anet 2 P/Ft
Fig. 1.12. Design requirements of pin-connected plates according to AISCS D3.2.

b

T

Example 1.22. Design an eyebar to carry a tensile load of 150 kips.

Solution. (AISCS D3)
F, = 0.45F, (AISCS D3.1)
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F. = 16.2 ksi
150 k

> = 9.26 in.2

A Z e 2ein

Try plate 15 in. X 73in.; A4, = 9.38 in.> > 150 k/0.6 x 36 = 6.9 in.” ok
(AISCS D3.1)

w=<2@8¢

74in. < 8 X 1}in. = 10in. ok
dpin = %W
dpn = § X Thin. = 6} in. (6.56 in.)

Use 63 in. diameter pin

d, = dy, + 35 in. = 62} in. (6.66 in.)

15w = dyesg — d, = 1.33w
1.5w = 1.5 X 7.5 in. = 11.25 in.
1.33w = 1.33 X 7.5 in. = 9.98 in.

6.66 + 11.25 = 17.91 in. = dyeq = 6.66 + 9.98 = 16.64 in.

Try dpeaq = 17.25 in.

1 21 1
A, = <17Zin. - 65 in.> x 1 in. = 13.24in.2 > 9.26 in.? ok

Tirans = dhead

Use 174-in. radius
Use eyebar as shown.
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Example 1.23. Design a pin-connected plate to carry a tensile load of 150 kips.
Assume the pin diameter to be 5; in.

Solution. (AISCS D3)

F, = 0.45F, = 16.2 ksi (AISCS D3.1)

Az 20X 926in
" 16.2 ksi '
b =41
Try t = 1§ in.
by =4t =4%Lin
Try b, = 4} in.
A, = (2 x 4}in) x 1}in. = 9.28 in.> > 9.26 in.2 ok
d, 2 1.25 X 4} in. = 5.16 in.
d, = 5}in. + & in. = 5% in. > 5.16 in. ok

by Z 3wy =% X (2 X 4)in) = 5tin.

Use pin-connected plate as shown.

o
|

-y

Qo = wk [

-
O
{

w

P
1 oi=,
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1.7 BUILT-UP MEMBERS

Requirements for built-up tension members are discussed in AISCS D2. For
two plates or a plate and a rolled shape, the longitudinal spacing of rivets, bolts,
or intermittent fillet welds shall not exceed 24 times the thickness of the thinner
plate nor 12 in. for painted members or unpainted members not subject to cor-
rosion; or 14 times the thickness of the thinner plate, nor 7 in. for unpainted
members of weathering steel subject to atmospheric corrosion. The longitudinal
spacing of rivets, bolts, or intermittent welds connecting two or more rolled

Fig. 1.13. Spacing requirements of tie plates for built-up tension members.
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shapes shall not exceed 24 in. For members separated by intermittent fillers,
connections must be made at intervals such that the slenderness ratio of either
component between the fasteners does not exceed 300.

Perforated cover plates or tie plates without lacing may be used on the open
sides of the built-up tension members (Fig. 1.13). Such tie plates must be de-
signed to satisfy the criteria below. The spacing shall be such that the slender-
ness ratio of any component in the length between tie plates will not exceed
300.

Example 1.24. A 30-ft pinned member is to consist of four equal leg angles
arranged as shown. The tensile load is to be 150 kips. One 3 in. bolt will be
used in each angle leg at the location of every tie plate.

[ . , |
E L/Tle plates (Typ,\J 12
| 1
| |
! 12 |
Solution.
150 k
Gross area required = = 6.82 in.”
area require 0 ksi in
2
Gross area for one angle = 6—824i = 1.7 in.?
150 k
Effective net area required = =5.17in.?
9 29.0 ksi n
5.17 in.?
Effective net area for one angle = 317 in.- = 1.29in.2

4
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Try L23 X 25 X §:

A, =2.25in? > 1.7in? ok
r,, = 0.487 in.
5 1 1
A, =225 -2x{{=+=)x=|=15in?
n KS + 8) 2] 1.5 in
A,=1xA,=15in2 > 1.29in% ok
I =1+ Ad> = 4 x [1.23 + 2.25(6 — 0.806)°] = 247.7 in.*
I } 247.7 .
r—\[/—;— m—s.%m.
[ 30x12
M 68.6 < 300 ok
X 0.
Maximum spacing of tie plates = [, = 3—027214—8—7- = 12.1 ft

Use 10 ft O in. spacing (third points).
Plate length = [, = Z¢

Useg = 12in. — 2 X 13 in.) = 9.25 in. (see Fig. 1.13 and p. 1-52 of the
AISCM for the usual gages for angles).

l

bt = 3(9.25 in.) = 6.167 in. Use 6} in.

Plate thickness =t = g/50 = 9.25 in. /50 = 0.185 in. Use & in.
Minimum width of tie plates = g + 21, .,

lymin = 1} in. (see Table J3.5)

Minimum width = 9.25in. + (2 X 1} in.) = 11.5 in.
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Use tie plates & X 65 X 115 in. at a maximum spacing of 10 ft O in.

Example 1.25. Design the most economical W 6 or W 8 shape to carry a
100-kip tensile load. The length is to be 20 ft, and two rows of 3-3-in. bolts
will be used in each flange.

Solution.
Gross area required = 2;0(()) :si = 4.55 in.?
Effective net area required = 2—;%)0—1% =3.45in?
Try W6 X 16
A=4.74in? 1 =0405in., b, =4.03in., d=6.28in.
A, =4.74in? — 4 x [(3in. + }in.) X 0.405in.] = 3.32 in.?

by = 4.03 in. < 2(6.28in.) = 4.19 in. .. U = 0.85

A, =UXA,=085x%332in? =282in? < 3.45in? N.G.

Try W8 X 18
A = 5.26in.2, ty=1033in., b;=35.25in., d = 8.14in.
. 3. 1. . N
A, =526in." — 4 X Zm. + 3 in.}] X 0.33in.| = 4.11 in.
. 2 . .
by=1525in. < 5(8.14 in.) =542 in. .U = 0.85

A, =UXx A, =085 x%x4.11in2 =3.49in? > 3.45in.? ok

€

=240 in.; r, = 1.23in.

Y
1 240 in.
r 1.23in.

= 195 < 300 ok

Use W 8 x 18.
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Example 1.26. Design the most economical common single angle to carry a
50-kip tensile load. The angle is to be 15 ft long and is to be connected by four
3.in. bolts in one line in one leg.

Solution.
50 k
G ired = =2.27 in.?
ross area require 2.0 ksi 2.27 in
. . 50 k . 2
Effective net area required = - = 1.72 in.* (U = 0.85)
29.0 ksi

In determining the most economical angle, choose the angle with the least area
that can carry the load. Therefore, the easiest method of investigating different
angles is to make a table, as shown below. Note that the only angle which will
not satisfy the strength requirements is L 3} X 3 X 3.

Lightest Angles Wt Gross Area of Effective
Available k/ft Area (in.%) One Hole (in.%)* Net Area (in.?)

3l x3x3 7.9 2.30 0.33 1.67

A x3ix3 8.5 2.48 0.33 1.83

4xX4x3 8.2 2.40 0.27 1.81

5x3 x5 8.2 2.40 0.27 1.81

*3 + #in.) X thickness.

Try L 33 x 35 x 3:

r,, = 0.687 in.

L Mm—/ﬂ = 262 < 300 ok, but not the lightest section.

r 0.687in.
TryL5 X 3 x &:
r, = 0.658 in.

15 ft x 12 in. /ft
0.658 in.

= 273.6 ok

L
=
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TryL4 X 4 X {:

r, = 0.791 in.

I 15 ft x 12 in. /ft
S22 e/ 9076 ok
" 0.791 in. 227.6 o

UseL4 x4 X ZorL5x3xg.

1.8 FATIGUE

Occasionally, it becomes necessary to design for fatigue if frequent variations
or reversals in stress occur. An example of a system that encounters fluctuations
is found in bridge structures. AISCS K4 and Appendix K4 give fatigue provi-
sions. See Appendix A in this text for a discussion on fatigue.

PROBLEMS TO BE SOLVED

1.1. Using AISCS, determine the tensile capacity for the following tension
members connected by welds:

a) One angle 4 X 6 X 3, A36 steel, 6-in. outstanding leg
b) One angle 4 X 6 X %, AS572 Gr 50, 4-in. outstanding leg
c) One W 8 X 24, A36 steel

d) One C 8 X 11.5, AS572 Gr 50 steel

(|
'

(@), (b)
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{c) (d)

1.2. Determine the capacity of the members connected as shown. Use -in.
diameter bolts.

W10 X 26
A
paces at 4 in.,
=234
Angled X4 X &
3,3
|
%—>P O O O jk—PP
} H—H—1+ i
o O O
nspacesat4in, n=1,23 nspacesat3in.,n=1,23

(b} (c)
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1.3. Determine the tensile capacity of -in.-thick plates connected as shown.
Use 3-in. diameter bolts.

I
|51
p-— - e) @) OH <~ —p
3
|}
(a)
T 'K
1%
o) o) O
P — < ; 6 < —p
o) o} o—l~~ 1
| 122
(b)
o) o) 0 ,[ 3
¥
P -— < ) O o) i <~ —r
A
o) O o) { 1"

(c)

1.4. Calculate P,.o fOr the plates shown if 7 = 1 in., and bolt diameter =
2 in. Use AS572 Gr 50 steel.

—_

v
1 |
T [
o e
p - ,_2: - —= P -— ol_z_ < —r
] olt
°T Lisz
l |4 o

o

(a) (b)
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1.5. Determine the tensile capacity of the plate shown if F, = 36 ksi, t = 5

in., and bolt diameter is 3 in.

—

O_

‘N’l“’?‘—

O
Lo

ISR

¥

— —|—
—-

—{ N N

s

bz

1.6. Determine the tensile capacity of a 7 X 4 X
diameter = 1 in. Holes in the 4-in. leg have a 13-in.

3

7 angle as shown if bolt

edge distance. Use A572

Gr 50 steel.

L

3

P — - ? —_—p

O =

2y

1% A 7 ¥

3" 3” 3 37— \L7><4><§

1.7. Calculate the pitch s, such that the net area is equal to the gross area less
the area of two holes. What is the allowable tensile force if bolt diameters is §
in. and AS572 Gr 50 steel is used?
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1.8. Determine the pitch s, such that the loss in area is equal to the loss of two
holes. Use A36 steel and 3-in. diameter bolts for the 7 X 4 X 3 angle.

L7><4><%\ 1
s
0O 0o O Lr—
3
<> ~=
o o 4
2t

4
s §—e—s s Lz%.%;,__

1.9. What is the maximum recommended length for a 4 X 4 X } angle tension
member?

1.10. A 30-ft-long angle of equal legs is to carry 150 kips. Design the tension
member so that it is within the recommended slenderness ratio. Assume the
angle will have longitudinal welds on one leg only.

1.11. Design a round tension bar to carry 100 kips. Use threaded ends and
A572 Gr 50 steel.

1.12. Design an eyebar to carry 200 kips. Use A36 steel.

1.13. Design a pin-connected plate to carry 200 kips. Assume 6-in. ¢ pin and
A36 steel.

1.14. Design the 14 X 14-in. tension member shown to carry 200 kips if L =
SQ\ft, F, = 36 ksi, and bolt diameter = % in. Use 3%-in. leg maximum.
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Members under Flexure: 1

2.1 MEMBERS UNDER FLEXURE

Flexural members are generally defined as structural members that support
transverse loads. This chapter will cover the design of simple flexural members
only.

According to Chapter F of the AISC, two types of flexural members are con-
sidered: beams and plate girders. Beams are distinguished from plate girders
when the web slenderness ratio 4 /1, is less than or equal to 760/ JF, , where
h is the clear distance between the flanges, ¢,, is the thickness of the web, and
F, is the allowable bending stress in ksi. The discussion of plate girders is given
in Chapter 3.

Beams can usually be categorized into the following:

® beams per se

¢ joists, which are closely spaced beams supporting floors and roofs of build-

ings

¢ lintels, which span openings in walls, such as doors and windows

¢ spandrel beams, which support the exterior walls of buildings and, in some

cases, part of the floor loads

® girders, which are generally large beams carrying smaller ones

Beams can be designed as simply supported, fixed-ended, partially fixed, or
continuous. It is very important that the designer verify that the support con-
ditions of the beam be detailed to satisfy design assumptions for the member to
behave as predicted in its analysis.

2.2 DETERMINING THE ALLOWABLE BENDING STRESS
Bending stress in a beam is determined by the flexure formula

Mc
sz_

7 2.1

39
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Fig. 2.1. A wide-flange beam and girder floor system.

where M is the bending moment, ¢ is the distance of the extreme fibers of the
beam from the neutral axis, and [ is the moment of inertia of the cross section.
Because the section modulus of a beam is defined as the value //c, the flexure
formula becomes

M
S

5= (2.2)

where S is the section modulus.

Example 2.1. Calculate the maximum bending stress f, due to a 170-ft-k mo-
ment about the strong axis on a:'

a) W 12 X 65 wide-flange beam
b) W 18 X 65 wide-flange beam

'd, 1, and S can be obtained in the Dimensions and Properties Section of the AISCM, pp. 1-10ft.
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Solution.
a) ForaW 12 x 65, S, = 87.9 in.3

170 ft-k x 12 in. /fi

Jon 87.9 in.> = 232 ksi
b) ForaW 18 X 65, S, = 117 in.?
170 ft-k X 12 in. /ft
foo = i/ 4 ks

117 in.?

Example 2.2. Determine the bending stress on a W 12 X 79 subjected to a
moment of 80 ft-k about a) the strong axis b) the weak axis.

Solution. Fora W 12 x 79, S, = 107 in.%, S, = 35.8 in.?

80 ft-k X 12 in./ft
107 in.?

a) Jox = = 8.97 ksi

80 ft-k X 12 in. /ft
35.8 in.}

b) foy = = 26.8 ksi

The allowable bending stresses are given in AISCS F1, F2, and F3 for strong
axis bending of I-shaped members and channels; weak axis bending of I-shaped
members, solid bars, and rectangular plates; and bending of box members, rect-
angular tubes, and circular tubes, respectively. The following discussion will
present these allowable stresses in detail.

Allowable Stress: Strong Axis Bending of I-Shaped Members and
Channels (AISCS F1)

For a compact member whose compression flange is adequately braced, the
allowable bending stress F, is given by (F1-1):
F, = 0.66F, (2.3)

Compact members are defined as those capable of developing their full plastic
moment before localized buckling occurs, provided that the conditions in AISCS
F1.1 are satisfied. The yield stresses beyond which a shape is not compact are
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labeled F} and F}” and are given in the properties tables in the AISCM.? The
limits for compactness are given in Table B5.1. Almost all of the W and S
shapes are compact for A36 steel, and only some are not compact for 50 ksi
steel.

Members bent about their major axis and having an axis of symmetry may
fail by buckling of their compression flange and twisting about the longitudinal
axis. To avoid this, the member must be ‘‘laterally braced’’ within certain in-
tervals to resist such buckling. When a transverse load is applied to a beam, the
compression flange behaves in the same manner as a column. As the length of
the member increases, the flange tends to buckle. The resulting displacements
in the weaker axis will induce torsion and may ultimately cause failure.

What constitutes lateral support is at times a matter of judgment. A beam
flange encased in a concrete slab is fully laterally supported. Cross beams fram-
ing into the sides of beams provide lateral support if an adequate connection is
made to the compression flange. However, care must be taken to provide rig-
idity to the cross beams. It may be necessary to provide diagonal bracing in one
section to resist movement in both directions. Bracing as shown in Fig. 2.2 will
provide rigidity for several bays.

Metal decking, in some cases, does not constitute lateral bracing. With ade-
quate connections, up to full lateral support may be assumed. Cases of partial
support are usually transformed to full support by a multiple of the actual spac-
ing. For instance, decking that is tack-welded every 4 ft may be considered to
provide a third of the full lateral support, yielding an equivalent full lateral
support every 12 ft.

In most situations, the compression flange is laterally supported, and there-
fore F,, = 0.66F,, as given in eqn. (2.3). At times, however, it is not possible
to brace the compression flange. In such cases, F;, = 0.66F,, provided that the
interval of lateral support L, is less than the smaller of the values of L. as given

’The stresses Fy and F\" are defined in the Symbols Section of the ninth edition of the AISCS
(preceding the Index). For the benefit of the reader, these definitions are as follows:

F} The theoretical maximum yield stress (ksi) based on the width-thickness ratio of one-half the
unstiffened compression flange, beyond which a particular shape is not ‘‘compact.”’

- [b,ﬁ/SZIIT

F" The theoretical maximum yield stress (ksi) based on the depth-thickness ratio of the web below
which a particular shape may be considered *‘compact’’ for any condition of combined bending

and axial stresses.
_ {231
/i,
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I I I
I I I
I ak I
I I I
I I a

Fig. 2.2. Lateral bracing of a floor or roof framing system. Bracing in one bay can offer rigidity
for several bays.

in (F1-2):

76by 20,000
L. = — or ———, whichever is smaller 2.4
JF, d/ApF,

The AISC, in Section F1.3, specifies the stresses that can be used for certain
unbraced lengths. Considering lateral instability, F, = 0.66F,, provided that
the unsupported length of a beam is less than or equal to L.. The value F}, =
0.60F, may be used when the unsupported length falls between L, and another
established length L,,.

The value of L, is the length which provides the equality for the largest F, in
eqns. (F1-6) or (F1-7) and (F1-8) as applicable:

f102 x 10°C, I 510 x 10°C,
— =< — =< |/
\ F ry F,

y

When
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Fig. 2.3. Lateral bracing for a floor system made with channel sections.

F, [2 Fl/rry ]F 0.60 F 2.5
= - - - <
P73 1530 x 10°c, | T T Y 2.5)
When
{ 510 x 10°C,
- = [/
ry F,
g 10X 100G, _ o 2.6)
oy T ‘
For any value of I /ry:
poo12X106 97
b ld/A/ -~ . ¥ ()

where all quantities are defined in the AISCM. In general, for any unsupported
length L, greater than L,, the largest F,,, as determined by eqns. (2.5) or (2.6)
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£l \
\
066 F 9~~~ ——— ~XZ —Calculated stress could
\ be larger than 0.60 Fy,
0.60 F, — but may not be used
Largest of values
determined by eqs.
(2.5) or (2.6) and (2.7)
but less than 0.60 Fy
L. L, Unsupported length, L,

| |
Limit determined by  Limit determined
AISCS F1.1 by F, =0.60 F,

Fig. 2.4. Bending stress versus unsupported length. In the range of relatively short, unsupported
lengths, the allowable stress is given as a step function. For longer, unsupported lengths, the stress
is determined by a hyperbolic-type function.

and (2.7), is the one that governs. Figure 2.4 indicates the values of the allow-
able stress for different unsupported lengths.

For noncompact members as, defined in AISCS F1.2, with their compression
flanges braced at a distance less than L., the allowable bending stress is given
in (F1-3):

F,=F {079—0002——\/—} 2.8)

Note that for noncompact members with compression flanges braced at a dis-
tance greater than L., the discussion given above for the allowable bending
stresses of compact members is also valid. The study of more slender beams
(i.e., those sections that exceed the noncompact limits of Table B5.1) is beyond
the scope of this text. The use of design aids that are available in the AISCM
will be discussed in the following examples.

Examples 2.3 and 2.7. Select the most economical® W sections for the beams
shown. Assume full lateral support and compactness. Neglect the weight of the
beam.

3Usually, ‘‘most economical’’ means the lightest section. However, in some cases (e.g., conditions
of clearance), it may be different.
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Example 2.3
40 kip
Ay | o}
}-—17'—0"4—;17'-0"—1
Solution 2.3.
PL 40k X 34 ft
M=—="——""""— =340 fi-k
2 ) 340 ft
F, = 0.66 F, for full lateral support (AISCS F1.1)

F, = 0.66 X 36 ksi = 24.0 ksi (for A36 steel; Numerical Values
Table 1, p. 5-117)
340 ft-k X 12 in. /ft

M
Sed = — = =170 in.}
~ ~ F, 24 ksi n

W shapes that are satisfactory (from properties tables)

W 12 X 136 S = 186 in.>
W 14 X 109 =173
W 16 x 100 =175
W 18 x 97 S =188
W21 x 83 S =171
W 24 x 76 S =176
W 27 x 84 § =213
W 30 x 99 S =269
W33 x 118 S =359
W 36 x 135 S =439

The last number represents the member weight per foot length. Therefore, W
24 X 76 is the lightest satisfactory section.

The AISCM has provided design aids which facilitate the selection of an
economical W or M shape in accordance with AISCS F1 (see AISCM, p. 2-4).
If the beam satisfies the requirements of compactness and lateral support as
given in AISCS F1.1 (i.e., F, = 0.66F,), then the most economical beam can
be obtained for steels having F, = 36 ksi or F,, = 50 ksi (shaded in gray) by
utilizing the Allowable Stress Design Selection Table, which begins on p. 2-7.
Once the maximum moment for the beam has been determined, enter the table
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and choose the first beam that appears in boldface type with a moment capacity
My greater than or equal to the maximum applied moment. This is the most
economical beam for this moment. Note that all of the beams above (and, pos-
sibly, some of the beam below) have sufficient capacity but are not the most
economical. Similarly, the required section modulus S, can be determined (i.e.,
Se = My, /(0.66F,)), and the table can be used to obtain an economical beam
in the same way as for My It is important to note that if the stress F,, is different
from 0.66F), then the method described previously that uses the required sec-
tion modulus S, can only be used to obtain an economical beam size.

For this case, a W 24 X 76 is the lightest section which satisfies the moment
requirements (i.e., Mg = 348 ft-k is larger than the applied moment M = 340
ft-k). If there was a restriction on the depth of this beam equal to 20 in., then
aW 18 X 97, W 16 x 100, or W 14 X 109 could be used. Obviously, the W
18 X 97 would be the most economical section in this case.

Example 2.4
2.35 kip/ft.
- |
Solution 2.4.
L[> 2.35k X (34 ft)?
M, =M _2BKXCIMNT_ a6y
8 8
F, = 0.66 F, = 24.0 ksi
M 339.6 ft-k x 12 in.
Swq = — = frk in/f _ 69,8 in?

F, 24 ksi

W shapes that are satisfactory are the same W shapes that are satisfactory for
Example 2.3.
The lightest section is W 24 X 76, §, = 176 in.3

Alternative approach
Seeq = 169.8 in.?

From S, tables (Part 2), W 24 X 76 (in bold print) has an S, of 176 in.? and
for F,, = 36 ksi can carry a moment of 348 ft-k.
Use W 24 X 76
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Example 2.5

Solution 2.5.

M, = (15k x 10 ft) + (10 k X 15 ft) = 300 ft-k
F, = 24.0 ksi

M 300 ft-k X 12 in./ft .3
= = - = 150 in.
F, 24.0 ksi

Sreq =

Through investigation, W 24 X 68 is the lightest section, S = 154 in.?
Alternative approach

M = 300 ft-k

From the AISCM, W 24 X 68 (in bold print) has a moment capacity of 305
ft-k.

W 24 X 68 is satisfactory and is the lightest section.

Example 2.6
W0k 38 kip/ft.
RENEEREE HHU}B
A
k- 17 17—

Solution 2.6. To determine the maximum moment, either (a) draw shear and
moment diagrams, (b) use the method of sections, or (c) use superposit<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>